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1 Introduction
                                                  

This chapter describes:

Section 1.1, Product Summary
Section 1.2, Document Purpose
Section 1.3, Number Representation

Section 1.4, Naming Conventions
Section 1.5, Applicable Documents

The Marvell® ARMADA 16x Applications Processor Family (also referred to as the ARMADA 16x 
Applications Processor Family) is a high-performance and highly integrated family of devices 
optimized for digital picture frames, personal media players, and other personal consumer devices. 
Featuring an advanced 1 GHz processor ARM v5TE-compatible core with an integrated 2-D 
graphics engine, the ARMADA 16x Applications Processor Family offers performance headroom 
and flexibility for today and future applications. The common software base provides a scalable 
platform to cover a breadth of product offerings. 

Multiple complete turn-key hardware/software reference designs are available for digital picture 
frame, personal navigation, and portable media applications for rapid development and quick time to 
market. The digital picture frame platform is based on the optimized chipset of the ARMADA 16x 
Applications Processor Family, Marvell Power Management IC, and Marvell Wi-Fi component. Ideal 
for digital picture frame applications, the ARMADA 16x Applications Processor Family-based 
platform delivers fast response time for sophisticated user interfaces, image processing, and 
multimedia applications. Software supports multiple A/V standards and photo-editing capabilities for 
pan, zoom, and media effects. The ARMADA 16x Applications Processor Family is designed for high 
performance and low power, delivering extended battery life for personal consumer devices.

1.1 Product Summary
The ARMADA 16x Applications Processor Family comprises several products. These products 
support a variety of options for packaging, speed, on-chip cache and peripheral support. Table 1 
shows a breakdown of the ARMADA 16x Applications Processor Family and the options available.

Refer to Table 2 for the basic features of the ARMADA 16x Applications Processor Family.

Note

Here’s how to correlate the various Public Release versions of Marvell® ARMADA 16x 
Applications Processor Family documentation:

Rev. - : signifies initial version of any release.

Rev. A: first revision of any release.

Rev. B: second revision of any release.

Rev. B1: first minor revision of Rev. B, usually to correct documentation errors not 
attributed to engineering or spec changes.
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Table 1: ARMADA 16x Applications Processor Family Feature Breakdown

ARMADA 162 ARMADA 166 ARMADA 166E ARMADA 168

Package BGA-320 BGA-320 BGA-320 BGA-320

Max CPU Speed 400 MHz 800 MHz 800 MHz 1.066 GHz

WMMX2 Yes Yes Yes Yes

Memory
(x16 DRAM)

LP-DDR1-200
DDR2-400
DDR3-400

LP-DDR1-200
DDR2-800
DDR3-800

LP-DDR1-200
DDR2-800
DDR3-800

LP-DDR1-200
DDR2-1066
DDR3-1066

L1, L2 Caches 32/32/64 KB 32/32/128 KB 32/32/128 KB 32/32/128 KB

LCD Max Res, 
Color

XGA 24bpp WUXGA 24bpp WUXGA 24bpp WUXGA 24bpp

2D and Qdeo™ 
ICR

Yes Yes Yes Yes

USB2.0 HS + PHY* 1 OTG, 1 host 1 OTG, 1 host 1 OTG, 1 host 1 OTG, 1 host

xD Picture Card Yes Yes Yes Yes

CompactFlash+ Yes Yes Yes Yes

FE MAC - Yes Yes Yes

PCIe2.0 x1 Lane - - - Yes

ElectroPhoretic 
Display (EPD)

- - Yes -

Table 2: ARMADA 16x Applications Processor Family Hardware Features2

Feature Group Feature Descript ion

Marvell® Sheeva™ Core 
and Internal Memory

Marvell® Sheeva™ Embedded CPU 
Technology

ARM* v5TE instruction set compliant

L1 Instruction and Data Cache 32 KB I$ + 32 KB D$

L2 Cache 128 KB 

Internal Boot ROM Support boot from 8-bit NAND, 16-bit NAND, 
MMC, SD, OneNAND, SLC, MLC NAND, 
SSP SPI, and XIP

MULTIMEDIA Hardware acceleration with WMMX 

Hardware 2D graphics

• Decode H.264 up to WVGA and 
MPEG-4 up to 720p

• Scaling
• Color Space Conversion
• Overlaying
• Rotation
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2D Graphics Bit blt

Qdeo™ Intelligent Color Remapping • Qdeo™ ICR enhances color to make 
vivid images without hue shifts or 
clipping

• Part of the award-winning Qdeo suite of 
video processing

CCIR-656 Camera Interface 

LCD Controller • Up to WUXGA (1920x1200)
• 16-, 18- or 241-bpp color depth

DMA DMA Controller Interface

EXTERNAL MEMORY

DDR Memory Controller • 2 Chip Selects 

• 16-bit DDR2/3 at up to 533 MHz 
• LP-DDR1 

Static Memory Controller • 2 Chip Selects
• AA/D and A/D Muxed Mode support
• Support for VLIO or Companion Chips

NAND Memory Controller • 2 Chip Selects 

• SLC and MLC NAND
• x8 and x161 small block and large block

Compact Flash Controller • 2 Chip Selects
• Compliant with CompactFlash (CF+) 

Spec 4.1

xD Card Controller • 1 Chip Select
• Compliant with xD-Picture Card 

Specification Version 1.20

MultiMediaCard/SD/SDIO Card and 
MS/MSPRO Controller

• Up to 4 MMC/SD/SDIO Controllers 

• 1 Memory Stick Pro Controller w/ support 
for 1 Card and support serial interface 
and 4-bit parallel interface

Table 2: ARMADA 16x Applications Processor Family Hardware Features2 (Continued)

Feature Group Feature Descript ion
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1.2 Document Purpose
This document constitutes the software specifications and register programming information for the 
ARMADA 16x Applications Processor Family. For hardware specifications, refer to the Marvell® 
PXA128 Application Processor and Marvell® PXA16x Application Processor Family Hardware 
Manual (MV-S301545-00).

1.3 Number Representation
All numbers in this document are decimal (base 10) unless designated otherwise. Hexadecimal 
numbers have a prefix of 0x, and binary numbers have a prefix of 0b. For example, 107 is 
represented as 0x6B in hexadecimal and 0b110_1011 in binary.

PERIPHERALS USB 2.0 Host Controller 1 High-Speed USB2.0 Host with integrated 
transceiver

USB 2.0 OTG Controller 1 High-Speed USB2.0 OTG with integrated 
transceiver and boot support

Fast Ethernet Interface • MII interface support 10/100 Ethernet 
Operation

• MDC/MDIO interface for external PHY 
control

Synchronous Serial Port Controller • Up to 52 MHz with Master and Slave 
modes for frame sync and bit clock

• I2S support
• Up to 5 general purpose SSPs

Universal Asynchronous Serial Port 
Controller

• 3 UART Controllers
• Up to 3.6 Mbps data rate

Two Wire Serial Bus Interface (TWSI)1 • Interfaces to TWSI* peripherals
• Up to 3.4 Mbps with 7-bit addressing

Power Two Wire Serial Bus Interface 
(PWR_TWSI)1

• Interfaces to TWSI* peripherals
• Up to 400 kbps with 7-bit addressing

JTAG Controller JTAG support for debugging and testing
Program Flash

Pulse Width Modulator (PWM) Controller 4 PWM Controllers

HW Timers • Provides three 32-bit General Purpose 
Timers 

• Provides one 16-bit Watchdog timer

AC ‘97 Interface Supports the Audio CODEC’97 Component 
Specification, Revision 2.3

One-Wire Interface Serial bus operation to receive/transmit 
1-Wire bus data

Keypad Controller • Support for up to 8x8 Matrix Keys
• Support for up to 8 Direct Keys

General Purpose Input/Output (GPIO) 
Controller

Up to 123 Multi-Function Pins with alternate 
GPIO functionality

1. Two-Wire Serial Interface (formerly referred to as I2C)
2. Not all features may be present in all SKUs - contact your Marvell sales rep.

Table 2: ARMADA 16x Applications Processor Family Hardware Features2 (Continued)

Feature Group Feature Descript ion
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1.4 Naming Conventions
All signal and register-bit names appear in uppercase. Active low items are prefixed with a 
lowercase “n”.

Pins within a signal name are enclosed in angle brackets:

EXTERNAL_ADDRESS<31:0>
nCS<1>

Bits within a register bit field are enclosed in square brackets:

REGISTER_BITFIELD[3:0]

REGISTER_BIT[0]

Single-bit items have either of two states:

Clear — the item contains the value 0b0

Set — the item contains the value 0b1

1.5 Applicable Documents
Table 3 lists supplemental information sources for the ARMADA 16x Applications Processor Family. 
Contact a Marvell representative for the latest document revisions and ordering instructions.
                         

Table 3: Supplemental ARMADA 16x Applications Processor Family 
Documentation, Releases, and Availability

Document Title Avai lable

ARMADA 16x Applications Processor Family Hardware Manual (MV-S301545-00) Now

ARMADA 16x Applications Processor Family Software Manual (MV-S301544-00) Now

ARMADA16x Applications Processor Family Alternate Function Spreadsheet Now

ARMADA 16x Applications Processor Family Boot ROM Reference Manual Now

ARMADA 16x Applications Processor Family PMIC Application Note Now

USB 2.0 PHY Calibration/ Compliance Guidelines for ARMADA 16x Applications 
Processor Family (MV-S301722-00)

Now

ARMADA 16x Applications Processor Family JTAG Application Note 
(MV-S301720-00)

Now

ARMADA 16x Applications Processor Family Board Design and Layout Guidelines 
(MV-S301721-00)

Now

ARMADA 16x Applications Processor Family Temperature Sensor App Note 
(MV-S301707-00)

Now

ARMADA16x Applications Processor Family Spec Update(s) Spec Updates 
are released on 
a periodic basis

Check the Marvell website for the latest versions of available documents
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Note

The Appendix A of this document is generated from XML and is not, therefore, part of 
the original book build that allows cross-referencing to those tables from outside 
Appendix A. Cross-references do point to the Appendix title page, however, and from 
inside that document, cross-references work.

Simply refer to the corresponding register table sections in Appendix A to locate the 
register table in question. 

Note

Refer to the Marvell® ARMADA 16x Applications Processor Family Specification 
Update (MV-S501140-00) for corrections and updates to content between 
documentation releases. The specification update is revised on a periodic basis.
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2 Product Overview
The ARMADA 16x Applications Processor Family application is an integrated system-on-a-chip 
microprocessor targets mid- to high-end picture frame, personal navigation devices, and 
smart-monitor applications, among others. It incorporates the Marvell® Sheeva™ Embedded CPU 
Technology microarchitecture with sophisticated power management to provide optimum MIPS/mW 
performance across its wide range of operating frequencies. The ARMADA 16x Applications 
Processor Family complies with the ARM* Architecture V5TE instruction set (excluding floating point 
instructions) and follows the ARM* programmers model. The ARMADA 16x Applications Processor 
Family multimedia coprocessor provides enhanced Intel® WMMX 2 instructions to accelerate audio 
and video processing. The ARMADA 16x Applications Processor Family is available in a discrete 
package configuration.

The ARMADA 16x Applications Processor Family memory architecture provides greater flexibility 
and higher performance than that of previous products. The ARMADA 16x Applications Processor 
Family provides the configuration support for two dedicated memory interfaces to support 
high-speed DDR SDRAM, VLIO devices, and NAND Flash devices. This flexibility enables high 
performance “store and download” as well as “execute-in-place” system architectures. The 
ARMADA 16x Applications Processor Family memory architecture features a memory switch that 
allows multiple simultaneous memory transactions between different sources and targets. For 
example, the ARMADA 16x Applications Processor Family architecture allows memory traffic 
between the core and DDR SDRAM to move in parallel with DMA-generated traffic between the 
camera interface and the LCD Controller. 

Figure 1 illustrates the ARMADA 16x Applications Processor Family. The diagram shows a 
multi-port memory switch and system bus architecture with the core attached, along with an LCD 
Controller and hardware accelerators for graphics and color remapping. The key features of all of 
the sub-blocks are described in this section, with more detail provided in the respective chapters.
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Figure 1: ARMADA 16x Applications Processor Family Block Diagram
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3 Pin Listing and Signal Definitions
This chapter describes the signals and pins for the ARMADA 16x Applications Processor Family.

Section 3.1, Signal Descriptions

Section 3.2, ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions

Section 3.3, ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions

Section 3.4, ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions

Section 3.5, ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions

Many of the package pins are multiplexed so that they can be configured for use as a 
general-purpose I/O signal or any one of the alternate functions using the Multi-Function Pin 
Alternate-Function Select registers. Some signals can be configured to appear on one of several 
different pins using alternate function controls.

Table 4 describes external ARMADA 16x Applications Processor Family signals. Table 5 includes 
the ball number, ball name, Multi-Function Pin Register (MFPR) address, and the state of each pin 
with respect to reset. Additionally, at the beginning of each group of pins is the power domain that 
powers all the pins in that group. 

Not all signals are present on each package.

3.1 Signal Descriptions
                          

Table 4:   External Signal Descriptions

Signal Name Direction Description

Clocks and Power Signals

PXTAL_IN Input Processor Crystal Input — Can be connected to an external 26 MHz crystal or 
to an external clock source.

RT_SEN Analog RT_SEN is the only analog input from the remote diode. It must be connected to 
the anode of a remote-diode-connected temperature-sensing transistor.
NOTE: Leave unconnected if no remote diode is used.

PXTAL_OUT Analog Processor Crystal Output — Can be connected to an external 26 MHz crystal 
or to an external clock source (which must be complementary to PXTAL_IN).
NOTE: If an external 26 MHz oscillator is used, PXTAL_OUT MUST remain as 

floating.

RESET_IN_N Input Reset — This active-low, level-sensitive input is used to start the processor from 
the reset vector at Address 0. Assertion causes the current instruction to 
terminate abnormally and causes a reset. When nRESET is driven high, the 
processor starts execution from Address 0. nRESET must remain low until the 
power supply is stable.
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PWR_SCL Bidirectional Power Manager TWSI Clock — The TWSI clock that connects to the external 
Power Management Controller (PMIC). When a PMIC is not being used, this 
signal can be connected to any TWSI device.

PWR_SDA Bidirectional Power Manager TWSI Data — The TWSI data signal that connects to the 
external PMIC. When a PMIC is not being used, this signal can be connected to 
any TWSI device.

A_ISET Output Bandgap calibration resistor. Externally connect a 6k ±1% to ground.

VDD_CORE Power Supply for internal logic

VDD_OSC Power Supply for PLL and oscillator

VDD_M Power Supply for DDR Controller SDRAM PHY

VDD_IO<4:0> Power Supply for Multi-Function Pins 

AVDD_UHC Power Supply for USB Host Controller

AVDD_OTG Power Supply for USB OTG Controller

AVDD5_USB Power 5-Volt supply for USB OTG Controller when configured as Host Controller. 
Remain as floating when VBUS is being supplied from an external source. 

AVDD_PCI Power Supply for PCI Express Controller

JTAG Signals

PRI_TRST_N Input Primary JTAG Test Reset—IEEE 1194.1 test reset

PRI_TDI Input Primary JTAG Test Data Input — Data from the external JTAG Controller is sent 
to the ARMADA 16x Applications Processor using this signal.

PRI_TDO Output Primary JTAG Test Data Output — Data from the processor is returned to the 
external JTAG Controller using this signal.

PRI_TMS Input Primary JTAG Test Mode Select — Selects the test mode required from the 
external JTAG Controller.

PRI_TCK Input Primary JTAG Test Clock — For all transfers on the JTAG test interface.

JTAG_SEL Input JTAG Select — Externally connect to ground

DDR Memory Controller Signals

MA<14:0>; Output Address Bus — Used for DDR SDRAM addressing

MDQ<15:0> Bidirectional Data Bus— Provides data to the DDR SDRAM device 

nSDCS0 Output SDRAM Chip Select 0 — Chip Select 0 for DDR SDRAM memory devices 

nSDCS1 Output SDRAM Chip Select 1 — Chip Select 1 for DDR SDRAM memory devices 
(connects to second DDR device Chip Select)

nSDWE Output SDRAM Write Enable — Connects to the Write enable of DDR SDRAM memory 
devices.

nSDRAS Output SDRAM RAS — Connects to the row address strobe (RAS) pins for all banks of 
DDR SDRAM.

nSDCAS Output SDRAM CAS — Connects to the column address strobe (CAS) pins for all banks 
of DDR SDRAM. Also functions as the active-low address-valid strobe for 
synchronous flash.

SDBA<2:0> Output Bank Address - 

Table 4:   External Signal Descriptions (Continued)

Signal Name Direction Description
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DQM<1:0> Output SDRAM DQM Data Byte Mask Control — Connects to the data output mask 
enables (DQM) for DDR SDRAM (DQM0 corresponds to MD<7:0> and DQM1 
corresponds to MD<15:8>).

DQS<1:0> Bidirectional Data Strobe for DDR SDRAM — Used by the Memory Controller to latch data 
during Reads from DDR SDRAM. On Writes to DDRSDRAM, DQS<1:0> are 
used by DDR SDRAM to latch data. Data is latched on both rising and falling 
edges.

DQS<1:0>_N Bidirectional Data Strobe for DDR SDRAM — Used by the Memory Controller to latch data 
during Reads from DDR SDRAM. On Writes to DDR SDRAM, DQS<1:0> are 
used by DDR SDRAM to latch data. Data is latched on both rising and falling 
edges.

SDCLK0
SDCLK0_N

Output DDR SDRAM Differential Clock — Connect SDCLK0 to the (+) and SDCLK0_N 
to the (-) differential clock pins of DDR SDRAM. 

SDCKE0 Output SDRAM Clock Enable — Connects to the clock-enable pin of the DDR SDRAM 
on nSDCS0.

SDCKE1 Output SDRAM Clock Enable — Connects to the clock-enable pin of the DDR SDRAM 
on nSDCS1.

ODT Output Control pin to the DRAM device for on-die termination for nSDCS0 

ODT1 Output Control pin to the DRAM device for on-die termination for nSDCS1 

VREF Input Reference voltage for DDR PHY. Set to 0.5V * VDD_M (or 0.9V).

nDDR_RESET Output Connects to DDR3 device reset signal.

CALPAD Input Connect to a 300-ohm resistor +/-1%

SEC_CS_EN Input When using the second DDR chip select (nSDCS1) or DDR3, connect to 
VDD_IO3.

DFI Static Memory Controller Signals

SMC_nADV Output Output address valid signal for A/D mode — same signal is used as nLUA 
Latch Upper Address for AA/D mode; used to latch the high-order address bits of 
the cycle from the address bus in an external device.

SMC_SCLK Output Output clock for SMC — generated by the clocks unit so it is an output from the 
chip but an input to the SMC 

SMC_nCS<1:0> Output Chip selects for static memory on the DFI

SMC_nLUA Output Latch Upper Address — Can be used to latch the high-order address bits of the 
cycle from the address bus in an external device in AA/D mode. 

SMC_nLLA Output Latch Lower Address — Can be used to latch the low-order address bits of the 
cycle from the address bus in an external device during AA/D mode.

SMC_nBE<2:1> Output Data byte enable — nBE<1> corresponds to DF_IO<7:0>, nBE<2> corresponds 
to DF_IO<15:8> .
0 = Do not mask out corresponding byte
1 = Mask out corresponding byte

SMC_RDY Input Signal for inserting wait states

SMC_IRQ Input Interrupt signal

SMC_ADDR<3:0> Input Lower 4 addressing signals used for Low Order Addressing mode. 

DFI NAND Flash Controller Signals

Table 4:   External Signal Descriptions (Continued)

Signal Name Direction Description



Marvell® ARMADA 16x Applications Processor Family Software Manual

                         

                         

Doc. No. MV-S301544-00  Rev. -   Copyright © 2010 Marvell

Page 46 November 2010 PUBLIC RELEASE

ND_nCS<1:0> Output Chip Enables

ND_nWE Output Write Enable

ND_nRE Output Read Enable

ND_CLE Output Command Latch Enable

ND_ALE Output Address Latch Enable

ND_RnB<1:0> Input Ready/Busy_n (Low when Busy)

Compact Flash Controller Signals

CF_ADDR<10:0> Output These address lines are muxed on the DF_IO<15:0> signals. Along with 
CF_nREG these address signals select the following:
• The I/O Port Address registers within the CF+ Card
• The Memory Mapped Port Address registers with the CompactFlash Storage 

Card or CF+ Card
• A byte in the card information structure and its Configuration and Control 

Status registers

CF_ALE Output Address Latch Enable

CF_nCE<2:1> Output Memory Mode — Used both to select the card and to indicate to the card 
whether a byte or a word operation is being performed. nCE2 always 
accesses the odd byte of the word and. –CE1 access the even byte or the 
Odd byte of the word depending on the C0 and –CE2. A multiplexing scheme 
based on A0, -CE1, -CE2 allows 8 bit hosts to access all data on D0-D7

I/O Mode — Same as Memory mode
True IDE Mode — nCE1 is the chip select for the task file registers while nCE2 is 

used to select the Alternate Status Register and the Device Control Register.

CF_nCD<2:1> Input Card-detect signals used to determine if the card is fully inserted in the socket.

CF_RDY Input Memory Mode — Set high when the CompactFlash Storage Card or CF+ Card is 
ready to accept new data and is held low when the card is busy.

I/O Mode — Used as Interrupt Request. This line is strobed low to generate a 
pulse-mode interrupt or held low for a level-mode interrupt.

True IDE Mode — Active high Interrupt Request from the device
NOTE: At power up and at Reset, the READY signal is held low (busy) until the 

CF+ Card has completed its power up or reset function. No access of any 
type should be made to the CF+ Card during this time.

CF_nWE Output Memory Mode — Write Enable used for latching memory Write data to the 
registers of the CompactFlash Storage card or CF+ card.

I/O Mode — Writes to the Configuration registers.
True IDE Mode — Not used

CF_nOE Output Memory Mode — Read Enable
I/O Mode — Reads CIS and Configuration registers.
True IDE Mode — Grounded by the host

CF_IOWR Output Memory Mode — Not used
I/O Mode — Write Enable
True IDE Mode — Write Enable

CF_IORD Output Memory Mode — Not used
I/O Mode — Read Enable
True IDE Mode — Read Enable

Table 4:   External Signal Descriptions (Continued)

Signal Name Direction Description
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CF_nRESET Output Memory Mode — Reset from host
I/O Mode — Reset from host
True IDE Mode — Active low hardware reset from the Host
NOTE: The CompactFlash Storage Card or CF+ Card is also Reset when the 

Soft Reset bit in the Card Configuration Option Register is set.

CF_nSTSCHG Input
Output

Memory Mode — Not supported
I/O Mode — Asserted low to alert the host to changes in the READY and Write 

Protect states, while the I/O Interface is configured. Its use is controlled by the 
Card Config and Status Register.

True IDE Mode — the Pass Diagnostic signal in the Master/Slave handshake 
protocol

CF_nREG Output Memory Mode — Used during Memory cycles to distinguish between Common 
memory and Register (Attribute) memory accesses. High for Common 
memory, low for Attribute memory.

I/O Mode — Must also be active (low) during I/O cycles when the I/O address is 
on the bus.

True IDE Mode — While DMA operations are not active, the card ignores the 
CF_nREG signal, including a floating condition.

CF_nINPACK Memory Mode — Not used for this mode.
I/O Mode — DMA Request that is used for DMA transfers; asserted by the 

Storage card when it is ready to transfer data to or from the host.
True IDE Mode — While a DMA operation is in progress, CF_nCS1 and 

CF_nCS0 are held negated; width of transfers must be 16 bits.

CF_nIOIS16 Input Memory Mode — CompactFlash Storage Card or CF+ Card does not have a 
write-protect switch; held low after the completion of the reset initialization 
sequence.

I/O Mode — Used for the I/O Selected is 16-bit Port when the CompactFlash 
Storage Card or CF+ Card is configured for I/O operation; low signal indicates 
that a 16- bit or odd-byte-only operation can be performed.

True IDE Mode — Asserted low when the device is expecting a word data- 
transfer cycle. 

CF_nWAIT Input Memory Mode — Driven low by the CompactFlash Storage card or CF+ card to 
signal the host to delay completion of memory cycle that is in progress. 

I/O Mode — Driven low by the CompactFlash Storage Card or CF+ Card to signal 
the host to delay completion of I/O cycle that is in progress.

True IDE Mode -— In True IDE Mode, except in Ultra DMA modes, this output 
signal may be used as IORDY. 

CF_nSPKR Input
Output

Memory Mode — Not supported 
I/O Mode — Binary audio output from the card; if the card does not support the 

binary audio function, this line should be held low.
True IDE Mode — this input/output is the Disk Active/Slave Present Signal in the 

Master/Slave handshake protocol.

Arbitrated DFI Signals

DF_IO<15:0> Input/Output Bi-directional address/data bus used for the Static Memory Controller (SMC), 
NAND Flash Controller (NFC) and Compact Flash Controller (CFC).

ND_ALE_SMC_nW
E_CF_nWE

Output Address Latch Enable (ALE) for the NFC (ND_ALE)
Write Enable for the SMC (SMC_nWE)
Write Enable for the CFC (CF_nWE)

Table 4:   External Signal Descriptions (Continued)

Signal Name Direction Description
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ND_CLE_SMC_nO
E_CF_nOE

Output Command Latch Enable (CLE) for the NFC (ND_CLE)
Output Enable for the SMC (SMC_nOE)
Read Enable for the CFC (CF_nOE)

ND_nWE_SMC_nL
UA_CF_IOWR

Output Write Enable for the NFC (ND_nWE)
Latch Upper Address for the SMC (SMC_nLUA)
I/O Write Enable for the CFC (CF_IOWR)

ND_nRE_SMC_nL
LA_CF_IORD

Output Read Enable for the NFC (ND_nRE)
Latch Upper Address for the SMC (SMC_nLUA)
I/O Read Enable for the CFC (CF_IORD)

XD Controller Signals

XD_DATA<7:0> Bidirectional Data Signals 

XD_nCE Output Chip Enable

XD_nWE Output Write Enable

XD_nRE Output Read Enable

XD_CLE Output Command Latch Enable

XD_ALE Output Address Latch Enable

XD_RnB Input Ready/Busy_n (Low when Busy)

XD_DETECT Input Card detect

MSPro Signals

MSP_DAT<3:0> Bidirectional Data Signals

MSP_SCLK Output Output clock

MSP_BS Output Bus State

MSP_INS Input Card insertion detection

Camera (IPOD) Signals

CCIC_VSYNC Input Vertical Sync

CCIC_HSYNC Input Pixel Valid/Horizontal Sync

CCIC_PCLK Input Pixel Clock

CCIC_DAT7 Input Pixel Data

CCIC_DAT6 Input Pixel Data

CCIC_DAT5 Input Pixel Data

CCIC_DAT4 Input Pixel Data

CCIC_DAT3 Input Pixel Data

CCIC_DAT2 Input Pixel Data

CCIC_DAT1 Input Pixel Data

CCIC_DAT0 Input Pixel Data

CCIC_MCLK Output Pixel Master Clock

CCIC_VLCK Output Pixel Clock

MMC/SD/SDIO Signals

MMCx_CLK Output MultiMediaCard and SD Card Bus Clock
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MMCx_CMD Bidirectional MultiMediaCard Command
MMC and SD — Bidirectional line for command and response tokens
SPI -— Output for Command and Write data

MMCx_DAT0 Bidirectional MultiMediaCard Data 0 
MMC and SD — Bidirectional line for Read and Write data 
SPI — Iinput for response token and Read data

MMCx_DAT1 Bidirectional MultiMediaCard Data 1
MMC and SD — Bidirectional line for Read and Write data 
SDIO — Signals an interrupt condition to the controller

MMCx_DAT2/MMC
x_CS0

Bidirectional MultiMediaCard Data 2
MMC and SD: Bidirectional line for Read and Write data
MultiMediaCard Chip Select 0—MMC/SD/SDIO Controller
SPI — Chip Select 0

MMCx_DAT3/MMC
x_CS1

Bidirectional MultiMediaCard Data 3
MMC and SD — Bidirectional line for Read and Write data 
MultiMediaCard Chip Select 1—MMC/SD/SDIO Controller
SPI — Chip Select 1

MMCx_DAT4 Bidirectional MultiMediaCard Data 4 
MMC — Bidirectional line for Read and Write data 

MMCx_DAT5 Bidirectional MultiMediaCard Data 5 
MMC — Bidirectional line for Read and Write data 

MMCx_DAT6 Bidirectional MultiMediaCard Data 6
MMC — Bidirectional line for Read and Write data 

MMCx_DAT7 Bidirectional MultiMediaCard Data 7 
MMC — Bidirectional line for Read and Write data 

UART Signals

RXD Input Serial Input 
Serial data input to the Receive Shift register; in Infrared mode, it is connected to 
the infrared receiver input .

TXD Output Serial Output
Serial data output to the communications-link peripheral, modem, or data set. 
The TXD signal is set to the logic 1 state upon a reset operation. It is connected 
to the output of the infrared transmitter in Infrared mode.
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CTSn Input Clear to Send
When asserted, indicates that the modem or data set is ready to exchange data. 
The CTSn signal is a modem status input, and its condition can be tested by 
reading the <CTS> field in the Modem Status Register. The <CTS> field is the 
complement of the CTSn signal. The <Delta Clear to Send> field in the Modem 
Status Register indicates whether the CTSn input has changed state since the 
last time the Modem Status Register was read. CTSn has no effect on the 
transmitter. 
When the <CTS> field changes state and the modem-status interrupt is enabled, 
an interrupt is generated.

Non-auto-flow mode:
When not in auto-flow mode, the <CTS> field indicates the state of CTSn. The 
<Delta Clear to Send> field indicates whether the CTSn input has changed state 
since the previous reading of MSR. CTSn has no effect on the transmitter. The 
user can program the UART to interrupt the processor when DCTS changes 
state. Software can then stall the outgoing data stream by starving the Transmit 
FIFO or disabling the UART with the Interrupt Enable Register. 
NOTE: If UART transmission is stalled by disabling the UART, no Modem Status 

Register interrupt is received when CTSn re-asserts because disabling 
the UART also disables interrupts. To get around this issue, use either 
auto-CTS in auto-flow mode or program the CTSn GPIO pin to interrupt.

Auto-flow mode: 
In this mode, the UART transmit circuity checks the state of CTSn before 
transmitting each byte. No data is transmitted when CTSn is high.

DSRn Input Data Set Ready
When asserted, indicates that the modem or data set is ready to establish a 
communications link with a UART. The DSRn signal is a modem-status input and 
its condition can be tested by reading the <Data Set Ready> field in the Modem 
Status Register, which is the complement of DSRn. The <Delta Data Set Ready> 
field in the Modem Status Register indicates whether the DSRn input has 
changed state since the Modem Status Register was last read.
When the <Data Set Ready> changes state, an interrupt is generated if the 
modem-status interrupt is enabled.

DCDn Input Data Carrier Detect 
When asserted, indicates that the data carrier has been detected by the modem 
or data set. The DCDn signal is a modem-status input and its condition can be 
tested by reading the <Data Carrier Detect> field in the Modem Status Register, 
which is the complement of the DCDn signal. The <Delta Data Carrier Detect> 
field in the Modem Status Register indicates whether the DCDn input has 
changed state since the previous reading of the Modem Status Register. DCDn 
has no effect on the receiver.
An interrupt is generated when the <Data Carrier Detect> field changes state and 
the modem-status interrupt is enabled.
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RIn Input Ring Indicator 
When asserted, indicates that the modem or data set has received a telephone 
ringing signal. The RIn signal is a modem-status input and its condition can be 
tested by reading the <Ring Indicator> field in the Modem Status Register, which 
is the complement of the RIn signal. The <Trailing Edge Ring Indicator> field in 
the Modem Status Register indicates whether the RIn input has changed from 
low to high since the Modem Status Register was last read.
An interrupt is generated when the RI bit of the Modem Status Register changes 
from a high to low state and the modem-status interrupt is enabled.

DTRn Output Data Terminal Ready
When asserted, signals the modem or the data set that the UART is ready to 
establish a communications link. To assert the DTRn output (active low), set the 
<Data Terminal Ready> field in the Modem Control Register, which is the 
complement of the output signal. A reset operation de-asserts this signal (high). 
Loop-mode operation holds DTRn de-asserted. 

RTSn Output Request To Send 
When asserted, signals the modem or the data set that the UART is ready to 
exchange data. To assert the RTSn output (active low), set the <Request to 
Send> field in the Modem Control Register, which is the complement of the 
output signal. A reset operation de-asserts this signal (high). Loop-mode 
operation holds RTSn de-asserted.

Non-auto-flow mode: 
To assert the RTSn output (active low), set <Request to Send>.

Auto-flow mode: 
RTSn is asserted automatically by the auto-flow circuitry when the receive buffer 
exceeds its programmed trigger threshold. It is de-asserted when enough bytes 
are removed from the buffer to lower the data level back to the trigger threshold.

SSP Signals

SSPx_RXD Input Synchronous Serial Protocol Receive Data
Serial data in. Sample length is selected by the <Extended Data Size Select> and 
<Data Size Select> fields, as defined in Appendix A of the Marvell® ARMADA 16x 
Applications Processor Family Software Manual.

SSPx_TXD Output Synchronous Serial Protocol Transmit Data
Serial data out. Sample length is selected by the <Extended Data Size Select> 
and <Data Size Select> fields in the SSP Control Register 0, as defined in 
Appendix A of the Marvell® ARMADA 16x Applications Processor Family 
Software Manual.

SSPx_CLK I/O Synchronous Serial Protocol Serial Clock
Controls the timing of a serial transfer. SSPx_CLK can be generated internally 
(master mode) or taken from an external source (slave mode)
See the <SSP Serial Bit Rate Clock (SSPx_CLK) Direction> field in the SSP 
Control Register 1, as defined in Appendix A of the Marvell® ARMADA 16x 
Applications Processor Family Software Manual.
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SSPx_FRM I/O Synchronous Serial Protocol Serial Frame Indicator
Indicates the beginning and the end of a serialized data sample. The SSPx_FRM 
can be generated internally (master mode) or taken from an external source 
(Slave mode).
See the <SSP Frame (SSPx_FRM) Direction> field in the SSP Control Register 
1, as defined in Appendix A of the Marvell® ARMADA 16x Applications Processor 
Family Software Manual.

ASYSYSCLK Output AC’97 and SSP System Clock
The ASYSCLK is used by the AC’97 and SSP controllers for an audio system 
clock. The frequency for this clock is determined by programming the numerator 
and denominator values in the MPMU Audio SYSCLK Dithering Divider Register 
(MPMU_ASYSDR). For programming details, refer to Appendix A of the Marvell® 

ARMADA 16x Applications Processor Family Software Manual.

Two-Wire Serial Interface (TWSI) Signals

SDA Bidirectional TWSI serial address/data signal

SCL Bidirectional TWSI serial clock line signal

Pulse-Width Modulator Signals

PWM1-4 Output Pulse-width modulated signal for PWM 1 through 4

AC97 Signals

AC97_nACRESET Output Asynchronous, active-low CODEC reset; CODEC registers are reset when is 
asserted. 

AC97_BITCLK Input 12.288 MHz bit-rate clock

AC97_SYNC Output 48-kHz frame indicator and synchronizer

AC97_SDATA_OUT Output Serial audio output data to CODEC, for digital-to-analog conversion

AC97_SDATA_IN0 Input Serial audio input data, from primary CODEC

AC97_SDATA_IN1 Input Serial audio input data, from secondary CODEC 01

AC97_SYSCLK
(same signal as 
SSP_SYSCLK)

Output Optional clock output (nominally 24.576 MHz)

One Wire Signals

ONE_WIRE In/Out One-Wire Data Line
This open-drain line is the One-Wire bidirectional data bus signal. One-Wire slave 
devices are connected to this pin. This pin must be pulled high by an external 
resistor, nominally 5 KΩ.

Keypad Signals

KP_DKIN<7:0> Input Direct Key Inputs
These are the input signals from the direct keys and the rotary-encoder sensors. 
Pins KP_DKIN<7:0> are dedicated input signals for direct keys 7 through 0. Pins 
KP_DKIN<3:2> are either input signals for direct keys 3 and 2 or input-sensor 
signals for rotary encoder 1 (if it is enabled). Pins KP_DKIN<1:0> are either input 
signals for direct keys 1 and 0 or input sensor signals for rotary encoder 0 (if it is 
enabled).

KP_MKIN<7:0> Input Matrix Key Inputs (Returns)
These are the input signals from the matrix keypad (matrix-keypad row readings) 
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KP_MKOUT.<7:0> Output Matrix Key Column-Scan Outputs
The Keypad Controller sends column-scan output signals to the columns of the 
matrix keypad to detect any key(s) that are pressed. If an automatic scan is 
occurring, these column-scan output signals are driven by the automatic scan 
logic. At other times, they are driven by the settings of bits MS7 through MS0 in 
the Keypad Control Register.

Ethernet Signals

RX_DV Input Rx data valid

MDC Output SMI clock 

MDIO Bidirectional SMI data 

RX_DQ3 Input Rx data bit [3]

RX_DQ2 Input Rx data bit [2]

RX_DQ1 Input Rx data bit [1]

RX_DQ0 Input Rx data bit [0]

RX_ER Input Rx error

TX_CLK Input Tx clock

RX_CLK Input Rx clock

CRS Input Carrier sense

COL Input Collision

TX_EN Output Tx enable

TX_DQ3 Output Tx data 3

TX_DQ2 Output Tx data 2

TX_DQ1 Output Tx data 1

TX_DQ0 Output Tx data 0

USB OTG Signals

USBOTG_P Bidirectional USB D+

USBOTG_N Bidirectional USB D-

USBVBUS Input VBUS selection — Input in Device mode, unused in Host mode; Input/Output for 
OTG mode to supply +5V@10mA during session negotiation.

USBID Input Indicates whether the connected plug is a mini-A or mini-B.

USBHPEN Input USB Full Speed Host Power Control — Controls power to the USB host.

USB Host Signals

USBH_P Bidirectional USB D+

USBH_N Bidirectional USB D-

Dumb Panel LCD Signals

LCD_FCLK_RD Output LCD Frame Clock — Frame clock used by the LCD display module to signal the 
start of a new frame of pixels that resets the line pointers to the top of the screen. 
This pin is also the vertical synchronization signal for active (TFT) displays.

LCD_LCLK_A0 Output LCD Line Clock — Indicates the start of a new line; also referred to as HSYNC 
for active panels. 
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LCD_PCLK_WR Output LCD Pixel Clock — Pixel clock used by the LCD display module to clock the 
pixel data into the Line Shift register.
NOTE: In Passive mode, the pixel clock toggles only when valid data is available 

on the data pins. In Active mode, the pixel clock toggles continuously, and 
the AC bias pin is used as an output to signal when data is valid on the 
LCD data pins.

LCD_DENA_BIAS Output DENA — Pixel Valid Indication
BIAS — AC bias used to signal the LCD display module to switch the polarity of 
the power supplies to the row and column axis of the screen to counteract DC 
offset. In Active (TFT) mode, it is used as the output enable to signal when data 
should be latched from the data pins using the pixel clock.

LCD_DD<23:0> Bidirectional Pixel data

LCD Smart Panel Signals1

SMPN_DB<17:0> Bidirectional Parallel data bus, 8 bits

SMPN_CSB<1:0> Output Parallel bus chip select, active low

SMPN_A0 Output Indicates index, data or instruction, an internal Control Register determines its 
value. For some Smart Panels (such as S6D0129), this pin is low for index, high for 
both data and instruction. For other Smart Panels, (such as 
NLMG-128FA3-CVW1G), this pin is low for instruction, high for data.

SMPN_WRB Output Write enable for ISA80s configuration, active low
Read or write (low) indication for ISA68s configuration 

SMPN_RDB Output Read enable for ISA80s configuration, active low
Command enable indication for ISA68s configuration, active high

SPI_CSB<1:0> Output SPI port 1/0 chip select, active low

SPI_DCLK Bidirectional SPI clock
Supports continuous write, continuous read, or write then read

SPI_DIN Bidirectional 
or Output

SPI output from the processor to the Smart Panel
If 4-wire is used, this pin is output only.
If 3-wire is used, this pin is bi-directional. 

SPI_DOUT Bidirectional If 4-wire is used, SPI input from Smart Panel to the processor. 
If 3-wire is used, this pin is ignored. 

SMPN_RSTB Output Panel reset, active low

EPD Signals

Gate Drivers: 3  pins

GDCLK Output Gate Driver Clock

GDSP Output Gate Driver Start Pulse

GDRL (6” panel) Output Gate Driver Right or Left

Source Drivers: 16 pins

SDCLK Output Source Driver Clock

SDLE[3:0] Output Source Driver Latch Enable

SDDO[7:0] Output Source Driver Data Output 

SDCE_L Output Source Driver Chip Enable

SDOE Output Source Driver Output Enable
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SDSHR (6” panel) Output Source Driver Shift Right

Power Switches:  10 (or 6)  pins

PWR[4:0] Output Panel power Signals

PWR_N[4:1] Output Inverted power signals

PWRCOM Output Vcom signal

Smart  Card security  chip i / f:  5 pins

NDS_CLK Output NDS Clock

NDS_RST Output NDS Reset

NDS_C4 Bidirectional NDS security pin

NDS_C8 Bidirectional NDS security pin

NDS_IO Bidirectional NDS security pin

Vcom Voltage setting:  3  pins

DPOT_SCLK Output DPOT clock

DPOT_CE# Output DPOT CE#

DPOT_DIN Output DPOT DIN

PCI Express Signals

PCIETXP Output Differential output

PCIETXN Output Differential output

PCIECLKP Input Differential clock source

PCIECLKN Input Differential clock source

PCIERXN Input Differential input

PCIERXP Input Differential input

General-Purpose I/O Signals

GPIO<122:0> Bidirectional General-Purpose I/O signals—These software managed logical I/O channels 
support interrupt generation with rising and/or falling edge detection. GPIO 
channels may be mapped to multiple package balls, but not all balls support a 
GPIO alternate function option. 

NOTE:
1. The LCD Smart Panel signals are presented on the same alternate functions as the LCD signals depending on which 

mode is being used. For a complete mapping of the smart panel signals refer to the LCD Controller Chapter.

Table 4:   External Signal Descriptions (Continued)

Signal Name Direction Description



Marvell® ARMADA 16x Applications Processor Family Software Manual

                         

                         

Doc. No. MV-S301544-00  Rev. -   Copyright © 2010 Marvell

Page 56 November 2010 PUBLIC RELEASE

3.2 ARMADA 168 (88AP168) Processor 15mm x 15mm 
TFBGA Pin List with Alternate Functions
                         

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions
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PRI_TDI VDD_IO3 L4 FLOAT PULL_DOWN 0xD401_E1F4
PRI_TDI PWM1 UART2_CTS_ MMC4_CLK SSP5_CLK XD_nWE MMC4_DAT3

PULL_DOWN PULL_UP FLOAT PULL_DOWN FLOAT PULL_UP

PRI_TMS VDD_IO3 M1 FLOAT PULL_DOWN 0xD401_E1F8
PRI_TMS PWM2 UART2_RTS_ SSP5_FRM XD_ALE MMC4_DAT2

PULL_DOWN PULL_DOWN PULL_UP

PRI_TCK VDD_IO3 M2 FLOAT PULL_DOWN 0xD401_E1FC
PRI_TCK PWM3 UART2_RXD UART2_TXD SSP5_RXD XD_CLE MMC4_DAT1

PULL_DOWN PULL_UP PULL_DOWN PULL_UP

PRI_TDO VDD_IO3 M3 FLOAT FLOAT 0xD401_E200
PRI_TDO PWM4 UART2_TXD UART2_RXD SSP5_TXD XD_RnB MMC4_DAT0

FLOAT PULL_UP PULL_UP PULL_UP

PRI_TRST_N VDD_IO3 M4 FLOAT PULL_UP 0xD401_E204
PRI_TRST_N ONE_WIRE SSP2_FRM SSP3_FRM

ASYSCLK
XD_nCE MMC4_CMD

PULL_UP FLOAT PULL_DOWN PULL_DOWN PULL_UP

JTAG_SEL VDD_IO3 N2

EXT_WAKEU
P

VDD_IO3 N3 FLOAT PULL_DOWN 0xD401_E208

EXT_WAKEU
P ONE_WIRE PWM1 PWM2 SSP2_FRM GPIO_86 MMC4_CLK

PULL_DOWN FLOAT PULL_DOWN PULL_UP FLOAT

MDQ0 VDD_M P2 FLOAT FLOAT MD0

MDQ1 VDD_M P3 FLOAT FLOAT MD1

MDQ2 VDD_M P4 FLOAT FLOAT MD2

MDQ3 VDD_M R3 FLOAT FLOAT MD3

MDQ4 VDD_M T3 FLOAT FLOAT MD4

MDQ5 VDD_M U1 FLOAT FLOAT MD5

MDQ6 VDD_M U2 FLOAT FLOAT MD6

MDQ7 VDD_M V1 FLOAT FLOAT MD7

MDQ8 VDD_M V3 FLOAT FLOAT MD8

MDQ9 VDD_M U4 FLOAT FLOAT MD9

MDQ10 VDD_M R5 FLOAT FLOAT MD10

MDQ11 VDD_M T5 FLOAT FLOAT MD11

MDQ12 VDD_M P6 FLOAT FLOAT MD12

MDQ13 VDD_M R6 FLOAT FLOAT MD13

MDQ14 VDD_M T6 FLOAT FLOAT MD14

MDQ15 VDD_M U7 FLOAT FLOAT MD15

MA0 VDD_M R10 FLOAT FLOAT MA0

MA1 VDD_M U10 FLOAT FLOAT MA1
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MA2 VDD_M V10 FLOAT FLOAT MA2

MA3 VDD_M R11 FLOAT FLOAT MA3

MA4 VDD_M U11 FLOAT FLOAT MA4

MA5 VDD_M V11 FLOAT FLOAT MA5

MA6 VDD_M V12 FLOAT FLOAT MA6

MA7 VDD_M U12 FLOAT FLOAT MA7

MA8 VDD_M T12 FLOAT FLOAT MA8

MA9 VDD_M R12 FLOAT FLOAT MA9

MA10 VDD_M V13 FLOAT FLOAT MA10

MA11 VDD_M U13 FLOAT FLOAT MA11

MA12 VDD_M R13 FLOAT FLOAT MA12

MA13 VDD_M P13 FLOAT FLOAT MA13

MA14 VDD_M R14 FLOAT FLOAT MA14

SDBA0 VDD_M T9 FLOAT FLOAT SDBA0

SDBA1 VDD_M R9 FLOAT FLOAT SDBA1

SDBA2 VDD_M P10 FLOAT FLOAT SDBA2

nSDRAS VDD_M V8 FLOAT FLOAT nSDRAS

nSDCAS VDD_M V9 FLOAT FLOAT nSDCAS

ODT VDD_M U8 FLOAT FLOAT ODT

ODT1 VDD_M U14 FLOAT FLOAT ODT1

VREF VDD_M N1 FLOAT FLOAT VREF

CALPAD VDD_M N4 FLOAT FLOAT CALPAD

DQM0 VDD_M P1 FLOAT FLOAT DQM0

DQM1 VDD_M V2 FLOAT FLOAT DQM1

DQS0 VDD_M T1 FLOAT FLOAT DQS0

DQS0_N VDD_M R1 FLOAT FLOAT nDQS0

DQS1 VDD_M V5 FLOAT FLOAT DQS1

DQS1_N VDD_M V4 FLOAT FLOAT nDQS1

SDCLK0 VDD_M V6 FLOAT FLOAT SDCLK0

SDCLK0_N VDD_M V7 FLOAT FLOAT SDCLK0_N

SDCKE0 VDD_M R7 FLOAT FLOAT SDCKE0

SDCKE1 VDD_M N9 FLOAT FLOAT SDCKE1

nSDWE VDD_M U9 FLOAT FLOAT nSDWE

nSDCS0 VDD_M R8 FLOAT FLOAT nSDCS0

nSDCS1 VDD_M N10 FLOAT FLOAT nSDCS1

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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nDDR_
RESET

V14 FLOAT
nDDR_
RESET

PXTAL_IN VDD_OSC R18 PXTAL_IN

PXTAL_OUT VDD_OSC T18 PXTAL_OUT

USBOTG_P VDD_OTG N17 USBOTG_P

USBOTG_N VDD_OTG N18 USBOTG_N

USBVBUS VDD_OTG P17 USBVBUS

USBID VDD_OTG L17 USBID

USBH_P VDD_UHC M17 USBH_P

USBH_N VDD_UHC M18 USBH_N

MFP_86 VDD_IO4 A3 FLOAT PULL_UP 0xD401_E158
GPIO_86 MMC2_DAT7 UART2_CTS_ PRI_TDI TX_CLK SSP5_TXD SSP5_RXD

PULL_UP PULL_UP PULL_UP PULL_DOWN FLOAT PULL_DOWN

MFP_87 VDD_IO4 B3 FLOAT PULL_UP 0xD401_E15C
GPIO_87 MMC2_DAT6 UART2_RTS_ PRI_TMS TX_EN SSP5_RXD SSP5_TXD

PULL_UP PULL_UP PULL_DOWN PULL_DOWN PULL_DOWN

MFP_88 VDD_IO4 A2 FLOAT PULL_UP 0xD401_E160
GPIO_88 MMC2_DAT5 UART2_RXD UART2_TXD PRI_TCK TX_DQ3 RX_DQ3 SSP5_CLK

PULL_UP PULL_UP PULL_UP PULL_DOWN FLOAT FLOAT PULL_DOWN

MFP_89 VDD_IO4 D4 FLOAT PULL_UP 0xD401_E164
GPIO_89 MMC2_DAT4 UART2_TXD UART2_RXD PRI_TDO TX_DQ2 RX_DQ2 SSP5_FRM

PULL_UP PULL_UP PULL_UP FLOAT FLOAT PULL_DOWN

MFP_90 VDD_IO4 B2 FLOAT PULL_UP 0xD401_E168
GPIO_90 MMC2_DAT3 SSP3_CLK PRI_TRST_N TX_DQ1 RX_DQ1

PULL_UP PULL_UP PULL_DOWN PULL_UP FLOAT FLOAT

MFP_91 VDD_IO4 C3 FLOAT PULL_UP 0xD401_E16C
GPIO_91 MMC2_DAT2 SSP3_FRM SSP4_FRM TX_DQ0 RX_DQ0

PULL_UP PULL_UP PULL_DOWN PULL_DOWN FLOAT FLOAT

MFP_92 VDD_IO4 A1 FLOAT PULL_UP 0xD401_E170
GPIO_92 MMC2_DAT1 SSP3_RXD SSP3_TXD CRS

PULL_UP PULL_UP PULL_DOWN FLOAT

MFP_93 VDD_IO4 B1 FLOAT PULL_UP 0xD401_E174
GPIO_93 MMC2_DAT0 SSP3_TXD SSP3_RXD COL

PULL_UP PULL_UP PULL_DOWN FLOAT

MFP_94 VDD_IO4 D3 FLOAT PULL_UP 0xD401_E178
GPIO_94 MMC2_CMD SSP3_FRM

ASYSCLK
AC97_SYNC RX_CLK

PULL_UP PULL_UP PULL_DOWN FLOAT

MFP_95 VDD_IO4 C2 FLOAT PULL_UP 0xD401_E17C
GPIO_95 MMC2_CLK AC97_nACRE RX_ER

PULL_UP FLOAT FLOAT

MFP_96 VDD_IO4 E4 FLOAT PULL_UP 0xD401_E180
GPIO_96 PWM3 MMC2_CLK RX_DQ3 TX_DQ3

PULL_UP FLOAT FLOAT FLOAT

MFP_97 VDD_IO4 C1 FLOAT PULL_UP 0xD401_E184
GPIO_97 PWM2 ONE_WIRE RX_DQ2 TX_DQ2

PULL_UP FLOAT FLOAT FLOAT

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_98 VDD_IO4 D2 FLOAT PULL_UP 0xD401_E188
GPIO_98 PWM1 UART3_TXD UART3_RXD RX_DQ1 TX_DQ1

PULL_UP PULL_UP FLOAT FLOAT

MFP_99 VDD_IO4 E3 FLOAT PULL_UP 0xD401_E18C
GPIO_99 ONE_WIRE UART3_RXD UART3_TXD RX_DQ0 TX_DQ0

PULL_UP FLOAT PULL_UP FLOAT FLOAT

MFP_100 VDD_IO4 F4 FLOAT PULL_UP 0xD401_E190
GPIO_100 UART3_CTS_ UART3_RTS_ MDC

PULL_UP PULL_UP FLOAT

MFP_101 VDD_IO4 D1 FLOAT PULL_UP 0xD401_E194
GPIO_101 UART3_RTS_ UART3_CTS_ MDIO

PULL_UP PULL_UP FLOAT

MFP_102 VDD_IO4 E2 FLOAT PULL_UP 0xD401_E198
GPIO_102 I2C_SDA UART3_DSR SSP4_CLK

PULL_UP PULL_UP PULL_UP PULL_UP

MFP_103 VDD_IO4 F3 FLOAT PULL_UP 0xD401_E19C
GPIO_103 I2C_SCL UART3_DCD SSP4_FRM SSP2_FRM RX_DV

PULL_UP PULL_UP PULL_UP PULL_DOWN PULL_DOWN FLOAT

MFP_104 VDD_IO4 E1 FLOAT PULL_UP 0xD401_E1A0
GPIO_104 PWM4 UART1_DSR SSP4_RXD SSP4_TXD AC97_SYNC KP_MKOUT5

PULL_UP PULL_UP PULL_DOWN PULL_DOWN

MFP_105 VDD_IO4 F2 FLOAT PULL_UP 0xD401_E1A4
GPIO_105 I2C_SDA UART1_DCD SSP4_TXD SSP4_RXD AC97_nACRE KP_MKOUT4

PULL_UP PULL_UP PULL_UP PULL_DOWN PULL_DOWN

MFP_106 VDD_IO4 F1 FLOAT PULL_UP 0xD401_E1A8
GPIO_106 I2C_SCL PWM1

ASYSCLK
MMC2_CLK KP_MKOUT3

PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_37 VDD_IO1 L15 FLOAT PULL_UP 0xD401_E000
GPIO_37 MMC1_DAT7 KP_MKOUT0 CCIC_DAT7 XD_DATA7 KP_MKIN4 KP_DKIN0

PULL_UP PULL_UP PULL_DOWN PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_38 VDD_IO1 L16 FLOAT PULL_UP 0xD401_E004
GPIO_38 MMC1_DAT6 KP_MKOUT1 CCIC_DAT6 XD_DATA6 KP_MKIN5 KP_DKIN1

PULL_UP PULL_UP PULL_DOWN PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_39 VDD_IO1 M15 FLOAT PULL_UP 0xD401_E008
GPIO_39 KP_MKOUT2 CCIC_DAT5 XD_DATA5 KP_MKIN6 KP_DKIN2

PULL_UP PULL_DOWN PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_40 VDD_IO1 K15 FLOAT PULL_UP 0xD401_E00C
GPIO_40 MMC1_DAT1 MSP_DAT1 KP_MKOUT3 CCIC_DAT4 XD_DATA4 KP_MKIN0 KP_DKIN0

PULL_UP PULL_UP FLOAT PULL_DOWN PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_41 VDD_IO1 K16 FLOAT PULL_UP 0xD401_E010
GPIO_41 MMC1_DAT0 MSP_DAT0 CCIC_DAT3 XD_DATA3 KP_MKIN1 KP_DKIN1

PULL_UP PULL_UP FLOAT PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_42 VDD_IO1 K17 FLOAT PULL_UP 0xD401_E014
GPIO_42 I2C_SDA MSP_BS CCIC_DAT2 XD_DATA2 KP_MKIN7 KP_DKIN3

PULL_UP PULL_UP PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_43 VDD_IO1 K18 FLOAT PULL_UP 0xD401_E018
GPIO_43 MMC1_CLK MSP_DAT2 MSP_INS KP_MKIN2 KP_DKIN2

PULL_UP FLOAT FLOAT FLOAT PULL_DOWN PULL_DOWN

MFP_44 VDD_IO1 J15 FLOAT PULL_UP 0xD401_E01C
GPIO_44 MMC1_CLK MSP_DAT3 MSP_DAT1 CCIC_DAT1 XD_DATA1 KP_MKIN3 KP_DKIN3

PULL_UP FLOAT FLOAT FLOAT PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_45 VDD_IO1 J16 FLOAT PULL_UP 0xD401_E020
GPIO_45 MSP_DAT0 CCIC_DAT0 XD_DATA0 KP_DKIN4

PULL_UP FLOAT PULL_DOWN FLOAT PULL_DOWN

MFP_46 VDD_IO1 J17 FLOAT PULL_UP 0xD401_E024
GPIO_46 MMC1_WP MSP_INS MSP_DAT2 CCIC_VSYN KP_MKOUT0 KP_DKIN5

PULL_UP FLOAT FLOAT FLOAT PULL_DOWN PULL_DOWN PULL_DOWN

MFP_47 VDD_IO1 J18 FLOAT PULL_UP 0xD401_E028
GPIO_47 MSP_INS XD_WE KP_DKIN6

PULL_UP FLOAT PULL_DOWN

MFP_48 VDD_IO1 H18 FLOAT PULL_UP 0xD401_E02C
GPIO_48 MMC1_DAT4 MSP_DAT3 CCIC_HSYN XD_ALE KP_DKIN7

PULL_UP PULL_UP FLOAT PULL_DOWN PULL_DOWN

MFP_49 VDD_IO1 H17 FLOAT PULL_UP 0xD401_E030
GPIO_49 MMC1_CMD MSP_BS XD_CLE KP_MKOUT1

PULL_UP PULL_UP PULL_DOWN

MFP_50 VDD_IO1 H16 FLOAT PULL_UP 0xD401_E034
GPIO_50 I2C_SCL MSP_SCLK CCIC_VCLK XD_RnB KP_MKOUT2

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_51 VDD_IO1 H15 FLOAT PULL_UP 0xD401_E038
GPIO_51 MMC1_DAT3 MSP_BS XD_nCE KP_MKOUT3

PULL_UP PULL_UP PULL_DOWN

MFP_52 VDD_IO1 G18 FLOAT PULL_UP 0xD401_E03C
GPIO_52 MMC1_DAT2 MSP_BS XD_nRE KP_MKOUT4

PULL_UP PULL_UP PULL_DOWN

MFP_53 VDD_IO1 G17 FLOAT PULL_UP 0xD401_E040
GPIO_53 MMC1_DETE XD_RnB KP_MKOUT6

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_54 VDD_IO1 G16 FLOAT PULL_UP 0xD401_E044
GPIO_54 MMC1_DAT5 CCIC_MCLK XD_DETECT KP_MKOUT7

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_55 VDD_IO1 G15 FLOAT PULL_UP 0xD401_E048
GPIO_55 MSP_BS CCIC_PCLK XD_DETECT KP_MKOUT5

PULL_UP PULL_DOWN PULL_UP PULL_DOWN

MFP_56 VDD_IO2 D11 FLOAT PULL_UP 0xD401_E0E0

GPIO_56 LCD_FCLK_R

PULL_UP PULL_UP

MFP_57 VDD_IO2 C11 FLOAT PULL_UP 0xD401_E0E4
GPIO_57

LCD_LCLK_A
0

PULL_UP PULL_DOWN

MFP_58 VDD_IO2 B11 FLOAT PULL_UP 0xD401_E0E8
GPIO_58

LCD_PCLK_
WR

PULL_UP PULL_UP

MFP_59 VDD_IO2 A11 FLOAT PULL_UP 0xD401_E0EC
GPIO_59

LCD_DENA_
BIAS

PULL_UP PULL_DOWN

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_60 VDD_IO2 E10 FLOAT PULL_UP 0xD401_E0F0
GPIO_60 LCD_DD0

PULL_UP FLOAT

MFP_61 VDD_IO2 D10 FLOAT PULL_UP 0xD401_E0F4
GPIO_61 LCD_DD1

PULL_UP FLOAT

MFP_62 VDD_IO2 B10 FLOAT PULL_UP 0xD401_E0F8
GPIO_62 LCD_DD2

PULL_UP FLOAT

MFP_63 VDD_IO2 A10 FLOAT PULL_UP 0xD401_E0FC
GPIO_63 LCD_DD3

PULL_UP FLOAT

MFP_64 VDD_IO2 A9 FLOAT PULL_UP 0xD401_E100
GPIO_64 LCD_DD4

PULL_UP FLOAT

MFP_65 VDD_IO2 B9 FLOAT PULL_UP 0xD401_E104
GPIO_65 LCD_DD5

PULL_UP FLOAT

MFP_66 VDD_IO2 D9 FLOAT PULL_UP 0xD401_E108
GPIO_66 LCD_DD6

PULL_UP FLOAT

MFP_67 VDD_IO2 E9 FLOAT PULL_UP 0xD401_E10C
GPIO_67 LCD_DD7

PULL_UP FLOAT

MFP_68 VDD_IO2 A8 FLOAT PULL_UP 0xD401_E110
GPIO_68 LCD_DD8 XD_DATA7

PULL_UP FLOAT FLOAT

MFP_69 VDD_IO2 B8 FLOAT PULL_UP 0xD401_E114
GPIO_69 LCD_DD9 XD_DATA6

PULL_UP FLOAT FLOAT

MFP_70 VDD_IO2 C8 FLOAT PULL_UP 0xD401_E118
GPIO_70 LCD_DD10 XD_DATA5

PULL_UP FLOAT FLOAT

MFP_71 VDD_IO2 D8 FLOAT PULL_UP 0xD401_E11C
GPIO_71 LCD_DD11 XD_DATA4

PULL_UP FLOAT FLOAT

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_72 VDD_IO2 A7 FLOAT PULL_DOWN 0xD401_E120
GPIO_72 LCD_DD12 XD_DATA3

PULL_DOWN FLOAT FLOAT

MFP_73 VDD_IO2 B7 FLOAT PULL_DOWN 0xD401_E124
GPIO_73 LCD_DD13 XD_DATA2

PULL_DOWN FLOAT FLOAT

MFP_74 VDD_IO2 D7 FLOAT PULL_DOWN 0xD401_E128
GPIO_74 LCD_DD14 PWM4 XD_DATA1

PULL_DOWN FLOAT FLOAT

MFP_75 VDD_IO2 E7 FLOAT PULL_DOWN 0xD401_E12C
GPIO_75 LCD_DD15 PWM3 XD_DATA0 ONE_WIRE

PULL_DOWN FLOAT FLOAT FLOAT

MFP_76 VDD_IO2 A6 FLOAT PULL_DOWN 0xD401_E130
GPIO_76 LCD_DD16 PWM2 I2C_SDA MSP_INS

PULL_DOWN PULL_UP PULL_UP FLOAT

MFP_77 VDD_IO2 B6 FLOAT PULL_UP 0xD401_E134
GPIO_77 LCD_DD17 PWM1 I2C_SCL ONE_WIRE XD_DETECT

PULL_UP PULL_UP PULL_UP FLOAT PULL_UP

MFP_78 VDD_IO2 D6 FLOAT PULL_UP 0xD401_E138
GPIO_78 LCD_DD18 MMC4_DAT3

PULL_UP PULL_UP PULL_UP

MFP_79 VDD_IO2 E6 FLOAT PULL_DOWN 0xD401_E13C

GPIO_79 LCD_DD19 ONE_WIRE MMC4_DAT2

PULL_DOWN PULL_UP FLOAT PULL_UP

MFP_80 VDD_IO2 A5 FLOAT PULL_UP 0xD401_E140
GPIO_80 LCD_DD20 I2C_SDA MMC4_DAT1

PULL_UP PULL_UP PULL_UP PULL_UP

MFP_81 VDD_IO2 B5 FLOAT PULL_UP 0xD401_E144
GPIO_81 LCD_DD21 I2C_SCL ONE_WIRE MMC4_DAT0

PULL_UP PULL_UP PULL_UP FLOAT PULL_UP

MFP_82 VDD_IO2 C5 FLOAT PULL_UP 0xD401_E148
GPIO_82 LCD_DD22 PWM4 MMC4_CMD

PULL_UP PULL_UP PULL_UP

MFP_83 VDD_IO2 D5 FLOAT PULL_UP 0xD401_E14C
GPIO_83 LCD_DD23 PWM3 RESET_OUT MMC4_CLK

PULL_UP PULL_UP FLOAT

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_84 VDD_IO2 A4 FLOAT PULL_UP 0xD401_E150
GPIO_84 PWM2 ONE_WIRE PWM1 EXT_32K_IN

PULL_UP FLOAT FLOAT

MFP_85 VDD_IO2 B4 FLOAT PULL_UP 0xD401_E154
GPIO_85 PWM1 USBHPEN

PULL_UP FLOAT

MFP_0 VDD_IO0 F18 FLOAT FLOAT 0xD401_E04C
DF_IO15 MSP_SCLK MMC3_CMD GPIO_00 MMC3_DAT7

FLOAT PULL_UP PULL_UP PULL_UP

MFP_1 VDD_IO0 F17 FLOAT FLOAT 0xD401_E050
DF_IO14 MSP_BS MMC3_CLK GPIO_01 MMC3_DAT6

FLOAT FLOAT PULL_UP PULL_UP

MFP_2 VDD_IO0 F16 FLOAT FLOAT 0xD401_E054
DF_IO13 MSP_BS GPIO_02 MMC3_DAT5

FLOAT PULL_UP PULL_UP

MFP_3 VDD_IO0 F15 FLOAT FLOAT 0xD401_E058
DF_IO12 GPIO_03 MMC3_DAT4

FLOAT PULL_UP PULL_UP

MFP_4 VDD_IO0 E18 FLOAT FLOAT 0xD401_E05C
DF_IO11 MSP_DAT3 GPIO_04 MMC3_DAT3

FLOAT FLOAT PULL_UP PULL_UP

MFP_5 VDD_IO0 E17 FLOAT FLOAT 0xD401_E060
DF_IO10 MSP_DAT2 GPIO_05 MMC3_DAT2

FLOAT FLOAT PULL_UP PULL_UP

MFP_6 VDD_IO0 E16 FLOAT FLOAT 0xD401_E064
DF_IO9 MSP_DAT1 GPIO_06 MMC3_DAT1

FLOAT FLOAT PULL_UP PULL_UP

MFP_7 VDD_IO0 E15 FLOAT FLOAT 0xD401_E068
DF_IO8 MSP_DAT0 GPIO_07 MMC3_DAT0

FLOAT FLOAT PULL_UP PULL_UP

MFP_8 VDD_IO0 D18 FLOAT PULL_UP 0xD401_E06C
DF_IO7 MMC2_DAT7 UART3_TXD MMC2_CMD GPIO_08 MMC3_CLK

PULL_UP PULL_UP PULL_UP PULL_UP FLOAT

MFP_9 VDD_IO0 D17 FLOAT PULL_UP 0xD401_E070
DF_IO6 MMC2_DAT6 UART3_RXD MMC2_CLK GPIO_09 MMC3_CMD

PULL_UP PULL_UP PULL_UP FLOAT PULL_UP PULL_UP

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_10 VDD_IO0 D16 FLOAT PULL_UP 0xD401_E074
DF_IO5 MMC2_DAT5

UART3_CTS_
N GPIO_10

MSP_DAT3

PULL_UP PULL_UP PULL_UP PULL_UP PULL_UP

MFP_11 VDD_IO0 D15 FLOAT PULL_UP 0xD401_E078
DF_IO4 MMC2_DAT4

UART3_RTS_
N GPIO_11

MSP_DAT2

PULL_UP PULL_UP PULL_UP FLOAT

MFP_12 VDD_IO0 C18 FLOAT PULL_UP 0xD401_E07C
DF_IO3 MMC2_DAT3

UART3_DSR
_N GPIO_12

MSP_DAT1

PULL_UP PULL_UP PULL_UP PULL_UP FLOAT

MFP_13 VDD_IO0 C17 FLOAT PULL_UP 0xD401_E080
DF_IO2 MMC2_DAT2

UART3_DCD
_N GPIO_13

MSP_DAT0

PULL_UP PULL_UP PULL_UP PULL_UP FLOAT

MFP_14 VDD_IO0 B18 FLOAT PULL_UP 0xD401_E084
DF_IO1 MMC2_DAT1 GPIO_14 MSP_SCLK

PULL_UP PULL_UP PULL_UP

MFP_15 VDD_IO0 B17 FLOAT PULL_UP 0xD401_E088
DF_IO0 MMC2_DAT0 GPIO_15 MSP_BS

PULL_UP PULL_UP PULL_UP

MFP_16 VDD_IO0 A18 FLOAT PULL_UP 0xD401_E08C
GPIO_16 ND_nCS0 SMC_nCS0 SMC_nCS1

MMC3_DETE
CT

PULL_UP PULL_UP

MFP_17 VDD_IO0 A17 FLOAT HIGH 0xD401_E090

ND_nWE_SM
C_nLUA_CF_

IOWR GPIO_17 MSP_BS

PULL_UP

MFP_18 VDD_IO0 B16 FLOAT PULL_UP 0xD401_E094
GPIO_18 ND_nCS1 SMC_nCS1 SMC_nCS0

PULL_UP

MFP_19 VDD_IO0 A16 FLOAT FLOAT 0xD401_E098
SMC_nCS0 CF_nCE1 GPIO_19

PULL_UP

MFP_20 VDD_IO0 C15 FLOAT PULL_UP 0xD401_E09C
GPIO_20 SMC_nCS1 CF_nCE2 CF_RDY

PULL_UP PULL_DOWN

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_21 VDD_IO0 B15 FLOAT HIGH 0xD401_E0A0

ND_ALE_SM
C_nWE_CF_

nWE MMC2_CLK GPIO_21

PULL_UP

MFP_22 VDD_IO0 A15 FLOAT HIGH 0xD401_E0A4

ND_CLE_SM
C_nOE_CF_n

OE MMC2_CMD GPIO_22

PULL_UP PULL_UP

MFP_23 VDD_IO0 D14 FLOAT HIGH 0xD401_E0A8
SMC_nLUA ND_nCS0 CF_nALE GPIO_23

PULL_UP

MFP_24 VDD_IO0 C14 FLOAT LOW 0xD401_E0AC

ND_nRE_SM
C_nLLA_CF_I

ORD GPIO_24

PULL_UP

MFP_25 VDD_IO0 D13 FLOAT LOW 0xD401_E0B0
SMC_nLLA CF_nRESET GPIO_25

PULL_UP

MFP_26 VDD_IO0 E13 FLOAT PULL_UP 0xD401_E0B4
GPIO_26 ND_RnB0 CF_STSCHG

PULL_UP PULL_UP PULL_UP

MFP_27 VDD_IO0 C13 FLOAT PULL_DOWN 0xD401_E0B8
SMC_IRQ ND_RnB1 SMC_BE1 SMC_RDY GPIO_27

PULL_DOWN PULL_UP PULL_DOWN PULL_UP

MFP_28 VDD_IO0 B14 FLOAT PULL_DOWN 0xD401_E0BC
SMC_RDY MMC4_CMD SMC_BE2 CF_RDY GPIO_28 MMC2_CMD

PULL_DOWN PULL_UP PULL_DOWN PULL_UP PULL_UP

MFP_29 VDD_IO0 A14 FLOAT LOW 0xD401_E0C0
SMC_SCLK MMC4_CLK CF_STSCHG GPIO_29 MMC2_CLK KP_DKIN0

PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_30 VDD_IO0 B13 FLOAT LOW 0xD401_E0C4
SMC_ADDR0 MMC4_DAT0 UART3_TXD CF_nREG GPIO_30 MMC2_DAT0 KP_DKIN1

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_31 VDD_IO0 A13 FLOAT LOW 0xD401_E0C8
SMC_ADDR1 MMC4_DAT1 UART3_RXD CF_nIOIS16 GPIO_31 MMC2_DAT1 KP_DKIN2

PULL_UP PULL_UP PULL_UP PULL_UP PULL_UP PULL_DOWN

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_32 VDD_IO0 D12 FLOAT LOW 0xD401_E0CC
SMC_ADDR2 MMC4_DAT2

UART3_CTS_
N CF_nCD1 GPIO_32 MMC2_DAT2 KP_DKIN3

PULL_UP PULL_UP PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_33 VDD_IO0 B12 FLOAT LOW 0xD401_E0D0
SMC_ADDR3 MMC4_DAT3

UART3_RTS_
N CF_nCD2 CF_nINPACK GPIO_33 MMC2_DAT3 KP_DKIN4

PULL_UP PULL_UP PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_34 VDD_IO0 C12 FLOAT PULL_UP 0xD401_E0D4
GPIO_34 SMC_nCS1 CF_nSPKR CF_nWAIT

MMC3_DETE
CT KP_DKIN5

PULL_UP PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_35 VDD_IO0 A12 FLOAT PULL_UP 0xD401_E0D8
GPIO_35 SMC_BE1 CF_nINPACK MMC3_CMD KP_DKIN6

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_36 VDD_IO0 E12 FLOAT PULL_UP 0xD401_E0DC
GPIO_36 SMC_BE2 CF_nWAIT MMC3_CLK KP_DKIN7

PULL_UP PULL_UP FLOAT PULL_DOWN

SEC_CS_EN VDD_IO3 N5
nSDCS1 
Enable

MFP_107 VDD_IO3 G4 FLOAT PULL_UP 0xD401_E1AC
GPIO_107 UART1_TXD UART1_RXD SSP2_RXD MSP_DAT3 KP_MKIN3

PULL_UP PULL_UP PULL_DOWN FLOAT PULL_DOWN

MFP_108 VDD_IO3 G3 FLOAT PULL_UP 0xD401_E1B0
GPIO_108 UART1_RXD UART1_TXD SSP2_TXD MSP_DAT2 KP_MKIN2

PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_109 VDD_IO3 G2 FLOAT PULL_UP 0xD401_E1B4
GPIO_109

UART1_CTS_
N

UART1_RTS_
N

ASYSCLK
MSP_DAT1 KP_MKIN1

PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_110 VDD_IO3 G1 FLOAT PULL_UP 0xD401_E1B8
GPIO_110

UART1_RTS_
N

UART1_CTS_
N SMC_RDY MSP_DAT0 KP_MKIN0

PULL_UP PULL_UP PULL_DOWN FLOAT PULL_DOWN

MFP_111 VDD_IO3 H4 FLOAT PULL_UP 0xD401_E1BC
GPIO_111

UART1_nRI
UART1_DSR

_N
SSP3_FRM SSP2_CLK

MSP_SCLK XD_nRE KP_MKOUT7

PULL_UP PULL_UP PULL_UP PULL_DOWN PULL_DOWN PULL_DOWN

MFP_112 VDD_IO3 H3 FLOAT PULL_UP 0xD401_E1C0
GPIO_112

UART1_DTR
UART1_DCD

_N ONE_WIRE
SSP2_FRM

MSP_BS XD_RnB KP_MKOUT6

PULL_UP PULL_UP FLOAT PULL_DOWN PULL_UP PULL_DOWN

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_113 VDD_IO3 H2 FLOAT PULL_UP 0xD401_E1C4
GPIO_113

ASYSCLK

PULL_UP

MFP_114 VDD_IO3 H1 FLOAT PULL_UP 0xD401_E1C8
GPIO_114

SSP1_FRM
AC97_SDATA

_IN_0 

PULL_UP PULL_DOWN FLOAT

MFP_115 VDD_IO3 J4 FLOAT PULL_UP 0xD401_E1CC
GPIO_115

SSP1_CLK
AC97_BITCL

K 

PULL_UP PULL_DOWN FLOAT

MFP_116 VDD_IO3 J3 FLOAT PULL_UP 0xD401_E1D0
GPIO_116

SSP1_TXD SSP1_RXD
AC97_SDATA

_IN_1 

PULL_UP PULL_DOWN FLOAT

MFP_117 VDD_IO3 J2 FLOAT PULL_UP 0xD401_E1D4
GPIO_117

SSP1_RXD SSP1_TXD
MMC2_CMD

AC97_SDATA
_OUT

PULL_UP PULL_DOWN PULL_UP

MFP_118 VDD_IO3 J1 FLOAT PULL_UP 0xD401_E1D8
GPIO_118 SSP2_CLK MMC2_CLK AC97_SYNC KP_MKIN7

PULL_UP PULL_DOWN FLOAT PULL_DOWN

MFP_119 VDD_IO3 K1 FLOAT PULL_UP 0xD401_E1DC
GPIO_119

SSP2_FRM
MMC2_DAT0

AC97_nACRE
SET KP_MKIN6

PULL_UP PULL_DOWN PULL_UP PULL_DOWN

MFP_120 VDD_IO3 K2 FLOAT PULL_UP 0xD401_E1E0
GPIO_120 SSP2_RXD SSP2_TXD MMC2_DAT1 KP_MKIN5

PULL_UP PULL_DOWN PULL_UP PULL_DOWN

MFP_121 VDD_IO3 K3 FLOAT PULL_UP 0xD401_E1E4
GPIO_121 SSP2_TXD SSP2_RXD MMC2_DAT2 KP_MKIN4

PULL_UP PULL_DOWN PULL_UP PULL_DOWN

MFP_122 VDD_IO3 K4 FLOAT PULL_UP 0xD401_E1E8
GPIO_122

ASYSCLK

SSP2_FRM PWM3 MMC2_DAT3

PULL_UP PULL_DOWN PULL_UP

RESET_IN_N VDD_IO3 L1 PULL_UP PULL_UP RESET_IN_N

PWR_SCL VDD_IO3 L2 FLOAT PULL_UP 0xD401_E1EC
PWR_SCL GPIO_88 MMC4_CLK

PULL_UP PULL_UP FLOAT

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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PWR_SDA VDD_IO3 L3 FLOAT PULL_UP 0xD401_E1F0
PWR_SDA GPIO_87

PULL_UP PULL_UP

A_ISET R17

RT_SEN R16

PCIETXP
AVDD_P

CIE
U15

PCIERXP
AVDD_P

CIE
U17

PCIECLKP
AVDD_P

CIE
U18

PCIETXN
AVDD_P

CIE
V15

PCIERXN
AVDD_P

CIE
V17

PCIECLKN
AVDD_P

CIE
V18

RFU_R15 R15

AVDDT_PCIE T15

AVDD_PCIE U16

VDD_CORE E8

VDD_CORE E11

VDD_CORE G5

VDD_CORE G14

VDD_CORE H5

VDD_CORE H14

VDD_CORE L5

VDD_CORE L14

VDD_CORE M5

VDD_CORE M14

VDD_CORE P8

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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VDD_CORE P11

VDD_CORE T17

AVDD_UHC M16

AVDD_OTG N15

AVDD_OSC P16

AVDD5_USB P18

VDD_IO0 E14

VDD_IO0 F14

VDD_IO1 J14

VDD_IO1 K14

VDD_IO2 C4

VDD_IO2 C7

VDD_IO2 C9

VDD_IO3 J5

VDD_IO3 K5

VDD_IO4 E5

VDD_IO4 F5

VDD_M P9

VDD_M R2

VDD_M R4

VDD_M T7

VDD_M T10

VDD_M T13

VDD_M U3

VDD_M U5

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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VSS C6

VSS C10

VSS C16

VSS F7

VSS F8

VSS F9

VSS F10

VSS F11

VSS F12

VSS G6

VSS G7

VSS G8

VSS G9

VSS G10

VSS G11

VSS G12

VSS G13

VSS H6

VSS H7

VSS H8

VSS H9

VSS H10

VSS H11

VSS H12

VSS H13

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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VSS J6

VSS J7

VSS J8

VSS J9

VSS J10

VSS J11

VSS J12

VSS J13

VSS K6

VSS K7

VSS K8

VSS K9

VSS K10

VSS K11

VSS K12

VSS K13

VSS L6

VSS L7

VSS L8

VSS L9

VSS L10

VSS L11

VSS L12

VSS L13

VSS L18

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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VSS M6

VSS M7

VSS M8

VSS M9

VSS M10

VSS M11

VSS M12

VSS M13

VSS N7

VSS N8

VSS N11

VSS N12

VSS N14

VSS N16

VSS P5

VSS P7

VSS P12

VSS P14

VSS P15

VSS T2

VSS T4

VSS T8

VSS T11

VSS T14

VSS T16

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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3.3 ARMADA 166 (88AP166) Processor 15mm x 15mm 
TFBGA Pin List with Alternate Functions
                                                                                                    

VSS U6

VSS V16

NOTE: The pullup and pulldown resistors are only valid when a multi-function pin is configured as an input.

Table 5: ARMADA 168 (88AP168) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions
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PRI_TDI VDD_IO3 L4 FLOAT PULL_DOWN 0xD401_E1F4
PRI_TDI PWM1 UART2_CTS_ MMC4_CLK SSP5_CLK XD_nWE MMC4_DAT3

PULL_DOWN PULL_UP FLOAT PULL_DOWN FLOAT PULL_UP

PRI_TMS VDD_IO3 M1 FLOAT PULL_DOWN 0xD401_E1F8
PRI_TMS PWM2 UART2_RTS_ SSP5_FRM XD_ALE MMC4_DAT2

PULL_DOWN PULL_DOWN PULL_UP

PRI_TCK VDD_IO3 M2 FLOAT PULL_DOWN 0xD401_E1FC
PRI_TCK PWM3 UART2_RXD UART2_TXD SSP5_RXD XD_CLE MMC4_DAT1

PULL_DOWN PULL_UP PULL_DOWN PULL_UP

PRI_TDO VDD_IO3 M3 FLOAT FLOAT 0xD401_E200
PRI_TDO PWM4 UART2_TXD UART2_RXD SSP5_TXD XD_RnB MMC4_DAT0

FLOAT PULL_UP PULL_UP PULL_UP

PRI_TRST_N VDD_IO3 M4 FLOAT PULL_UP 0xD401_E204
PRI_TRST_N ONE_WIRE SSP2_FRM SSP3_FRM

ASYSCLK
XD_nCE MMC4_CMD

PULL_UP FLOAT PULL_DOWN PULL_DOWN PULL_UP

JTAG_SEL VDD_IO3 N2
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EXT_WAKEU
P

VDD_IO3 N3 FLOAT PULL_DOWN 0xD401_E208

EXT_WAKEU

P ONE_WIRE PWM1 PWM2
SSP2_FRM

GPIO_86 MMC4_CLK

PULL_DOWN FLOAT PULL_DOWN PULL_UP FLOAT

MDQ0 VDD_M P2 FLOAT FLOAT MD0

MDQ1 VDD_M P3 FLOAT FLOAT MD1

MDQ2 VDD_M P4 FLOAT FLOAT MD2

MDQ3 VDD_M R3 FLOAT FLOAT MD3

MDQ4 VDD_M T3 FLOAT FLOAT MD4

MDQ5 VDD_M U1 FLOAT FLOAT MD5

MDQ6 VDD_M U2 FLOAT FLOAT MD6

MDQ7 VDD_M V1 FLOAT FLOAT MD7

MDQ8 VDD_M V3 FLOAT FLOAT MD8

MDQ9 VDD_M U4 FLOAT FLOAT MD9

MDQ10 VDD_M R5 FLOAT FLOAT MD10

MDQ11 VDD_M T5 FLOAT FLOAT MD11

MDQ12 VDD_M P6 FLOAT FLOAT MD12

MDQ13 VDD_M R6 FLOAT FLOAT MD13

MDQ14 VDD_M T6 FLOAT FLOAT MD14

MDQ15 VDD_M U7 FLOAT FLOAT MD15

MA0 VDD_M R10 FLOAT FLOAT MA0

MA1 VDD_M U10 FLOAT FLOAT MA1

MA2 VDD_M V10 FLOAT FLOAT MA2

MA3 VDD_M R11 FLOAT FLOAT MA3

MA4 VDD_M U11 FLOAT FLOAT MA4

MA5 VDD_M V11 FLOAT FLOAT MA5

MA6 VDD_M V12 FLOAT FLOAT MA6

MA7 VDD_M U12 FLOAT FLOAT MA7

MA8 VDD_M T12 FLOAT FLOAT MA8

MA9 VDD_M R12 FLOAT FLOAT MA9

MA10 VDD_M V13 FLOAT FLOAT MA10

MA11 VDD_M U13 FLOAT FLOAT MA11

MA12 VDD_M R13 FLOAT FLOAT MA12

MA13 VDD_M P13 FLOAT FLOAT MA13

MA14 VDD_M R14 FLOAT FLOAT MA14

SDBA0 VDD_M T9 FLOAT FLOAT SDBA0

Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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SDBA1 VDD_M R9 FLOAT FLOAT SDBA1

SDBA2 VDD_M P10 FLOAT FLOAT SDBA2

nSDRAS VDD_M V8 FLOAT FLOAT nSDRAS

nSDCAS VDD_M V9 FLOAT FLOAT nSDCAS

ODT VDD_M U8 FLOAT FLOAT ODT

VREF VDD_M N1 FLOAT FLOAT VREF

CALPAD VDD_M N4 FLOAT FLOAT CALPAD

DQM0 VDD_M P1 FLOAT FLOAT DQM0

DQM1 VDD_M V2 FLOAT FLOAT DQM1

DQS0 VDD_M T1 FLOAT FLOAT DQS0

DQS0_N VDD_M R1 FLOAT FLOAT nDQS0

DQS1 VDD_M V5 FLOAT FLOAT DQS1

DQS1_N VDD_M V4 FLOAT FLOAT nDQS1

SDCLK0 VDD_M V6 FLOAT FLOAT SDCLK0

SDCLK0_N VDD_M V7 FLOAT FLOAT SDCLK0_N

SDCKE0 VDD_M R7 FLOAT FLOAT SDCKE0

nSDWE VDD_M U9 FLOAT FLOAT nSDWE

nSDCS0 VDD_M R8 FLOAT FLOAT nSDCS0

nSDCS1 VDD_M N10 FLOAT FLOAT nSDCS1

nDDR_RESET V14 nDDR_RESET

PXTAL_IN VDD_OSC R18 PXTAL_IN

PXTAL_OUT VDD_OSC T18 PXTAL_OUT

USBOTG_P VDD_OTG N17 USBOTG_P

USBOTG_N VDD_OTG N18 USBOTG_N

USBVBUS VDD_OTG P17 USBVBUS

USBID VDD_OTG L17 USBID

USBH_P VDD_UHC M17 USBH_P

USBH_N VDD_UHC M18 USBH_N

MFP_86 VDD_IO4 A3 FLOAT PULL_UP 0xD401_E158
GPIO_86 MMC2_DAT7 UART2_CTS_ PRI_TDI TX_CLK SSP5_TXD SSP5_RXD

PULL_UP PULL_UP PULL_UP PULL_DOWN FLOAT PULL_DOWN

MFP_87 VDD_IO4 B3 FLOAT PULL_UP 0xD401_E15C
GPIO_87 MMC2_DAT6 UART2_RTS_ PRI_TMS TX_EN SSP5_RXD SSP5_TXD

PULL_UP PULL_UP PULL_DOWN PULL_DOWN PULL_DOWN

MFP_88 VDD_IO4 A2 FLOAT PULL_UP 0xD401_E160
GPIO_88 MMC2_DAT5 UART2_RXD UART2_TXD PRI_TCK TX_DQ3 RX_DQ3 SSP5_CLK

PULL_UP PULL_UP PULL_UP FLOAT PULL_DOWN FLOAT FLOAT PULL_DOWN

Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_89 VDD_IO4 D4 FLOAT PULL_UP 0xD401_E164
GPIO_89 MMC2_DAT4 UART2_TXD UART2_RXD PRI_TDO TX_DQ2 RX_DQ2 SSP5_FRM

PULL_UP PULL_UP PULL_UP FLOAT FLOAT FLOAT PULL_DOWN

MFP_90 VDD_IO4 B2 FLOAT PULL_UP 0xD401_E168
GPIO_90 MMC2_DAT3 SSP3_CLK PRI_TRST_N TX_DQ1 RX_DQ1

PULL_UP PULL_UP PULL_DOWN PULL_UP FLOAT FLOAT

MFP_91 VDD_IO4 C3 FLOAT PULL_UP 0xD401_E16C
GPIO_91 MMC2_DAT2 SSP3_FRM SSP4_FRM TX_DQ0 RX_DQ0

PULL_UP PULL_UP PULL_DOWN PULL_DOWN FLOAT FLOAT

MFP_92 VDD_IO4 A1 FLOAT PULL_UP 0xD401_E170
GPIO_92 MMC2_DAT1 SSP3_RXD SSP3_TXD CRS

PULL_UP PULL_UP PULL_DOWN FLOAT

MFP_93 VDD_IO4 B1 FLOAT PULL_UP 0xD401_E174
GPIO_93 MMC2_DAT0 SSP3_TXD SSP3_RXD COL

PULL_UP PULL_UP PULL_DOWN FLOAT

MFP_94 VDD_IO4 D3 FLOAT PULL_UP 0xD401_E178
GPIO_94 MMC2_CMD SSP3_FRM

ASYSCLK
AC97_SYNC RX_CLK

PULL_UP PULL_UP PULL_DOWN FLOAT

MFP_95 VDD_IO4 C2 FLOAT PULL_UP 0xD401_E17C
GPIO_95 MMC2_CLK AC97_nACRE RX_ER

PULL_UP FLOAT FLOAT

MFP_96 VDD_IO4 E4 FLOAT PULL_UP 0xD401_E180
GPIO_96 PWM3 MMC2_CLK RX_DQ3 TX_DQ3

PULL_UP FLOAT FLOAT FLOAT

MFP_97 VDD_IO4 C1 FLOAT PULL_UP 0xD401_E184
GPIO_97 PWM2 ONE_WIRE RX_DQ2 TX_DQ2

PULL_UP FLOAT FLOAT FLOAT

MFP_98 VDD_IO4 D2 FLOAT PULL_UP 0xD401_E188
GPIO_98 PWM1 UART3_TXD UART3_RXD RX_DQ1 TX_DQ1

PULL_UP PULL_UP FLOAT FLOAT

MFP_99 VDD_IO4 E3 FLOAT PULL_UP 0xD401_E18C
GPIO_99 ONE_WIRE UART3_RXD UART3_TXD RX_DQ0 TX_DQ0

PULL_UP FLOAT PULL_UP FLOAT FLOAT

MFP_100 VDD_IO4 F4 FLOAT PULL_UP 0xD401_E190
GPIO_100 UART3_CTS_ UART3_RTS_ MDC

PULL_UP PULL_UP FLOAT

MFP_101 VDD_IO4 D1 FLOAT PULL_UP 0xD401_E194
GPIO_101 UART3_RTS_ UART3_CTS_ MDIO

PULL_UP PULL_UP FLOAT

MFP_102 VDD_IO4 E2 FLOAT PULL_UP 0xD401_E198
GPIO_102 I2C_SDA UART3_DSR SSP4_CLK

PULL_UP PULL_UP PULL_UP PULL_UP

MFP_103 VDD_IO4 F3 FLOAT PULL_UP 0xD401_E19C
GPIO_103 I2C_SCL UART3_DCD SSP4_FRM SSP2_FRM RX_DV

PULL_UP PULL_UP PULL_UP PULL_DOWN PULL_DOWN FLOAT

MFP_104 VDD_IO4 E1 FLOAT PULL_UP 0xD401_E1A0
GPIO_104 PWM4 UART1_DSR SSP4_RXD SSP4_TXD AC97_SYNC KP_MKOUT5

PULL_UP PULL_UP PULL_DOWN PULL_DOWN

MFP_105 VDD_IO4 F2 FLOAT PULL_UP 0xD401_E1A4
GPIO_105 I2C_SDA UART1_DCD SSP4_TXD SSP4_RXD AC97_nACRE KP_MKOUT4

PULL_UP PULL_UP PULL_UP PULL_DOWN PULL_DOWN

Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)

P
in

 N
am

e 
  

S
u

p
p

ly

B
G

A
 B

al
l N

u
m

b
er

R
es

et
 S

ta
te

 w
it

h
 n

o
 V

D
D

_C
O

R
E

R
es

et
 S

ta
te

P
ad

 C
o

n
tr

o
l A

d
d

re
ss

P
ri

m
ar

y 
F

u
n

ct
io

n
 a

t 
R

es
et

 (
A

lt
 F

N
 0

)
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 1
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 2
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 3
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 4
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 5
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 6
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 7
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0



Pin Listing and Signal Definitions
ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate Functions

                         

Copyright © 2010 Marvell Doc. No. MV-S301544-00  Rev. -

November 2010 PUBLIC RELEASE Page 77

MFP_106 VDD_IO4 F1 FLOAT PULL_UP 0xD401_E1A8
GPIO_106 I2C_SCL PWM1

ASYSCLK
MMC2_CLK KP_MKOUT3

PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_37 VDD_IO1 L15 FLOAT PULL_UP 0xD401_E000
GPIO_37 MMC1_DAT7 KP_MKOUT0 CCIC_DAT7 XD_DATA7 KP_MKIN4 KP_DKIN0

PULL_UP PULL_UP PULL_DOWN PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_38 VDD_IO1 L16 FLOAT PULL_UP 0xD401_E004
GPIO_38 MMC1_DAT6 KP_MKOUT1 CCIC_DAT6 XD_DATA6 KP_MKIN5 KP_DKIN1

PULL_UP PULL_UP PULL_DOWN PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_39 VDD_IO1 M15 FLOAT PULL_UP 0xD401_E008
GPIO_39 KP_MKOUT2 CCIC_DAT5 XD_DATA5 KP_MKIN6 KP_DKIN2

PULL_UP PULL_DOWN PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_40 VDD_IO1 K15 FLOAT PULL_UP 0xD401_E00C
GPIO_40 MMC1_DAT1 MSP_DAT1 KP_MKOUT3 CCIC_DAT4 XD_DATA4 KP_MKIN0 KP_DKIN0

PULL_UP PULL_UP FLOAT PULL_DOWN PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_41 VDD_IO1 K16 FLOAT PULL_UP 0xD401_E010
GPIO_41 MMC1_DAT0 MSP_DAT0 CCIC_DAT3 XD_DATA3 KP_MKIN1 KP_DKIN1

PULL_UP PULL_UP FLOAT PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_42 VDD_IO1 K17 FLOAT PULL_UP 0xD401_E014
GPIO_42 I2C_SDA MSP_BS CCIC_DAT2 XD_DATA2 KP_MKIN7 KP_DKIN3

PULL_UP PULL_UP PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_43 VDD_IO1 K18 FLOAT PULL_UP 0xD401_E018
GPIO_43 MMC1_CLK MSP_DAT2 MSP_INS KP_MKIN2 KP_DKIN2

PULL_UP FLOAT FLOAT FLOAT PULL_DOWN PULL_DOWN

MFP_44 VDD_IO1 J15 FLOAT PULL_UP 0xD401_E01C
GPIO_44 MMC1_CLK MSP_DAT3 MSP_DAT1 CCIC_DAT1 XD_DATA1 KP_MKIN3 KP_DKIN3

PULL_UP FLOAT FLOAT FLOAT PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_45 VDD_IO1 J16 FLOAT PULL_UP 0xD401_E020
GPIO_45 MSP_DAT0 CCIC_DAT0 XD_DATA0 KP_DKIN4

PULL_UP FLOAT PULL_DOWN FLOAT PULL_DOWN

MFP_46 VDD_IO1 J17 FLOAT PULL_UP 0xD401_E024
GPIO_46 MMC1_WP MSP_INS MSP_DAT2 CCIC_VSYN KP_MKOUT0 KP_DKIN5

PULL_UP FLOAT FLOAT FLOAT PULL_DOWN PULL_DOWN PULL_DOWN

MFP_47 VDD_IO1 J18 FLOAT PULL_UP 0xD401_E028
GPIO_47 MSP_INS XD_WE KP_DKIN6

PULL_UP FLOAT FLOAT PULL_DOWN

MFP_48 VDD_IO1 H18 FLOAT PULL_UP 0xD401_E02C
GPIO_48 MMC1_DAT4 MSP_DAT3 CCIC_HSYN XD_ALE KP_DKIN7

PULL_UP PULL_UP FLOAT PULL_DOWN PULL_DOWN

MFP_49 VDD_IO1 H17 FLOAT PULL_UP 0xD401_E030
GPIO_49 MMC1_CMD MSP_BS XD_CLE KP_MKOUT1

PULL_UP PULL_UP PULL_DOWN

MFP_50 VDD_IO1 H16 FLOAT PULL_UP 0xD401_E034
GPIO_50 I2C_SCL MSP_SCLK CCIC_VCLK XD_RnB KP_MKOUT2

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_51 VDD_IO1 H15 FLOAT PULL_UP 0xD401_E038
GPIO_51 MMC1_DAT3 MSP_BS XD_nCE KP_MKOUT3

PULL_UP PULL_UP PULL_DOWN

MFP_52 VDD_IO1 G18 FLOAT PULL_UP 0xD401_E03C
GPIO_52 MMC1_DAT2 MSP_BS XD_nRE KP_MKOUT4

PULL_UP PULL_UP PULL_DOWN

Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_53 VDD_IO1 G17 FLOAT PULL_UP 0xD401_E040
GPIO_53 MMC1_DETE XD_RnB KP_MKOUT6

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_54 VDD_IO1 G16 FLOAT PULL_UP 0xD401_E044
GPIO_54 MMC1_DAT5 CCIC_MCLK XD_DETECT KP_MKOUT7

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_55 VDD_IO1 G15 FLOAT PULL_UP 0xD401_E048
GPIO_55 MSP_BS CCIC_PCLK XD_DETECT KP_MKOUT5

PULL_UP PULL_DOWN PULL_UP PULL_DOWN

MFP_56 VDD_IO2 D11 FLOAT PULL_UP 0xD401_E0E0
GPIO_56 LCD_FCLK_R

PULL_UP PULL_UP

MFP_57 VDD_IO2 C11 FLOAT PULL_UP 0xD401_E0E4
GPIO_57 LCD_LCLK_A

PULL_UP PULL_DOWN

MFP_58 VDD_IO2 B11 FLOAT PULL_UP 0xD401_E0E8

GPIO_58 LCD_PCLK_

PULL_UP PULL_UP

MFP_59 VDD_IO2 A11 FLOAT PULL_UP 0xD401_E0EC
GPIO_59

LCD_DENA_
BIAS

PULL_UP PULL_DOWN

MFP_60 VDD_IO2 E10 FLOAT PULL_UP 0xD401_E0F0
GPIO_60 LCD_DD0

PULL_UP FLOAT

MFP_61 VDD_IO2 D10 FLOAT PULL_UP 0xD401_E0F4
GPIO_61 LCD_DD1

PULL_UP FLOAT

MFP_62 VDD_IO2 B10 FLOAT PULL_UP 0xD401_E0F8
GPIO_62 LCD_DD2

PULL_UP FLOAT

MFP_63 VDD_IO2 A10 FLOAT PULL_UP 0xD401_E0FC
GPIO_63 LCD_DD3

PULL_UP FLOAT

MFP_64 VDD_IO2 A9 FLOAT PULL_UP 0xD401_E100
GPIO_64 LCD_DD4

PULL_UP FLOAT

MFP_65 VDD_IO2 B9 FLOAT PULL_UP 0xD401_E104
GPIO_65 LCD_DD5

PULL_UP FLOAT

MFP_66 VDD_IO2 D9 FLOAT PULL_UP 0xD401_E108
GPIO_66 LCD_DD6

PULL_UP FLOAT

Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_67 VDD_IO2 E9 FLOAT PULL_UP 0xD401_E10C
GPIO_67 LCD_DD7

PULL_UP FLOAT

MFP_68 VDD_IO2 A8 FLOAT PULL_UP 0xD401_E110
GPIO_68 LCD_DD8 XD_DATA7

PULL_UP FLOAT FLOAT

MFP_69 VDD_IO2 B8 FLOAT PULL_UP 0xD401_E114
GPIO_69 LCD_DD9 XD_DATA6

PULL_UP FLOAT FLOAT

MFP_70 VDD_IO2 C8 FLOAT PULL_UP 0xD401_E118
GPIO_70 LCD_DD10 XD_DATA5

PULL_UP FLOAT FLOAT

MFP_71 VDD_IO2 D8 FLOAT PULL_UP 0xD401_E11C
GPIO_71 LCD_DD11 XD_DATA4

PULL_UP FLOAT FLOAT

MFP_72 VDD_IO2 A7 FLOAT PULL_DOWN 0xD401_E120
GPIO_72 LCD_DD12 XD_DATA3

PULL_DOWN FLOAT FLOAT

MFP_73 VDD_IO2 B7 FLOAT PULL_DOWN 0xD401_E124
GPIO_73 LCD_DD13 XD_DATA2

PULL_DOWN FLOAT FLOAT

MFP_74 VDD_IO2 D7 FLOAT PULL_DOWN 0xD401_E128
GPIO_74 LCD_DD14 PWM4 XD_DATA1

PULL_DOWN FLOAT FLOAT

MFP_75 VDD_IO2 E7 FLOAT PULL_DOWN 0xD401_E12C
GPIO_75 LCD_DD15 PWM3 XD_DATA0 ONE_WIRE

PULL_DOWN FLOAT FLOAT FLOAT

MFP_76 VDD_IO2 A6 FLOAT PULL_DOWN 0xD401_E130
GPIO_76 LCD_DD16 PWM2 I2C_SDA MSP_INS

PULL_DOWN PULL_UP PULL_UP FLOAT

MFP_77 VDD_IO2 B6 FLOAT PULL_UP 0xD401_E134
GPIO_77 LCD_DD17 PWM1 I2C_SCL ONE_WIRE XD_DETECT

PULL_UP PULL_UP PULL_UP FLOAT PULL_UP

MFP_78 VDD_IO2 D6 FLOAT PULL_UP 0xD401_E138
GPIO_78 LCD_DD18 MMC4_DAT3

PULL_UP PULL_UP PULL_UP

Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_79 VDD_IO2 E6 FLOAT PULL_DOWN 0xD401_E13C
GPIO_79 LCD_DD19 ONE_WIRE MMC4_DAT2

PULL_DOWN PULL_UP FLOAT PULL_UP

MFP_80 VDD_IO2 A5 FLOAT PULL_UP 0xD401_E140
GPIO_80 LCD_DD20 I2C_SDA MMC4_DAT1

PULL_UP PULL_UP PULL_UP PULL_UP

MFP_81 VDD_IO2 B5 FLOAT PULL_UP 0xD401_E144

GPIO_81 LCD_DD21 I2C_SCL ONE_WIRE MMC4_DAT0

PULL_UP PULL_UP PULL_UP FLOAT PULL_UP

MFP_82 VDD_IO2 C5 FLOAT PULL_UP 0xD401_E148
GPIO_82 LCD_DD22 PWM4 MMC4_CMD

PULL_UP PULL_UP PULL_UP

MFP_83 VDD_IO2 D5 FLOAT PULL_UP 0xD401_E14C
GPIO_83 LCD_DD23 PWM3 RESET_OUT MMC4_CLK

PULL_UP PULL_UP FLOAT

MFP_84 VDD_IO2 A4 FLOAT PULL_UP 0xD401_E150
GPIO_84 PWM2 ONE_WIRE PWM1 EXT_32K_IN

PULL_UP FLOAT FLOAT

MFP_85 VDD_IO2 B4 FLOAT PULL_UP 0xD401_E154
GPIO_85 PWM1 USBHPEN

PULL_UP FLOAT

MFP_0 VDD_IO0 F18 FLOAT FLOAT 0xD401_E04C
DF_IO15 MSP_SCLK MMC3_CMD GPIO_00 MMC3_DAT7

FLOAT PULL_UP PULL_UP PULL_UP

MFP_1 VDD_IO0 F17 FLOAT FLOAT 0xD401_E050
DF_IO14 MSP_BS MMC3_CLK GPIO_01 MMC3_DAT6

FLOAT FLOAT PULL_UP PULL_UP

MFP_2 VDD_IO0 F16 FLOAT FLOAT 0xD401_E054
DF_IO13 MSP_BS GPIO_02 MMC3_DAT5

FLOAT PULL_UP PULL_UP

MFP_3 VDD_IO0 F15 FLOAT FLOAT 0xD401_E058
DF_IO12 GPIO_03 MMC3_DAT4

FLOAT PULL_UP PULL_UP

MFP_4 VDD_IO0 E18 FLOAT FLOAT 0xD401_E05C
DF_IO11 MSP_DAT3 GPIO_04 MMC3_DAT3

FLOAT FLOAT PULL_UP PULL_UP

Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)

P
in

 N
am

e 
  

S
u

p
p

ly

B
G

A
 B

al
l N

u
m

b
er

R
es

et
 S

ta
te

 w
it

h
 n

o
 V

D
D

_C
O

R
E

R
es

et
 S

ta
te

P
ad

 C
o

n
tr

o
l A

d
d

re
ss

P
ri

m
ar

y 
F

u
n

ct
io

n
 a

t 
R

es
et

 (
A

lt
 F

N
 0

)
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 1
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 2
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 3
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 4
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 5
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 6
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 7
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0



Pin Listing and Signal Definitions
ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate Functions

                         

Copyright © 2010 Marvell Doc. No. MV-S301544-00  Rev. -

November 2010 PUBLIC RELEASE Page 81

MFP_5 VDD_IO0 E17 FLOAT FLOAT 0xD401_E060
DF_IO10 MSP_DAT2 GPIO_05 MMC3_DAT2

FLOAT FLOAT PULL_UP PULL_UP

MFP_6 VDD_IO0 E16 FLOAT FLOAT 0xD401_E064
DF_IO9 MSP_DAT1 GPIO_06 MMC3_DAT1

FLOAT FLOAT PULL_UP PULL_UP

MFP_7 VDD_IO0 E15 FLOAT FLOAT 0xD401_E068
DF_IO8 MSP_DAT0 GPIO_07 MMC3_DAT0

FLOAT FLOAT PULL_UP PULL_UP

MFP_8 VDD_IO0 D18 FLOAT PULL_UP 0xD401_E06C
DF_IO7 MMC2_DAT7 UART3_TXD MMC2_CMD GPIO_08 MMC3_CLK

PULL_UP PULL_UP PULL_UP PULL_UP FLOAT

MFP_9 VDD_IO0 D17 FLOAT PULL_UP 0xD401_E070
DF_IO6 MMC2_DAT6 UART3_RXD MMC2_CLK GPIO_09 MMC3_CMD

PULL_UP PULL_UP PULL_UP FLOAT PULL_UP PULL_UP

MFP_10 VDD_IO0 D16 FLOAT PULL_UP 0xD401_E074
DF_IO5 MMC2_DAT5

UART3_CTS_
N GPIO_10

MSP_DAT3

PULL_UP PULL_UP PULL_UP PULL_UP PULL_UP

MFP_11 VDD_IO0 D15 FLOAT PULL_UP 0xD401_E078
DF_IO4 MMC2_DAT4

UART3_RTS_
N GPIO_11

MSP_DAT2

PULL_UP PULL_UP PULL_UP FLOAT

MFP_12 VDD_IO0 C18 FLOAT PULL_UP 0xD401_E07C
DF_IO3 MMC2_DAT3

UART3_DSR
_N GPIO_12

MSP_DAT1

PULL_UP PULL_UP PULL_UP PULL_UP FLOAT

MFP_13 VDD_IO0 C17 FLOAT PULL_UP 0xD401_E080
DF_IO2 MMC2_DAT2

UART3_DCD
_N GPIO_13

MSP_DAT0

PULL_UP PULL_UP PULL_UP PULL_UP FLOAT

MFP_14 VDD_IO0 B18 FLOAT PULL_UP 0xD401_E084
DF_IO1 MMC2_DAT1 GPIO_14 MSP_SCLK

PULL_UP PULL_UP PULL_UP

MFP_15 VDD_IO0 B17 FLOAT PULL_UP 0xD401_E088
DF_IO0 MMC2_DAT0 GPIO_15 MSP_BS

PULL_UP PULL_UP PULL_UP

MFP_16 VDD_IO0 A18 FLOAT PULL_UP 0xD401_E08C
GPIO_16 ND_nCS0 SMC_nCS0 SMC_nCS1

MMC3_DETE
CT

PULL_UP PULL_UP

Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_17 VDD_IO0 A17 FLOAT HIGH 0xD401_E090

ND_nWE_SM
C_nLUA_CF_I

OWR GPIO_17 MSP_BS

PULL_UP

MFP_18 VDD_IO0 B16 FLOAT PULL_UP 0xD401_E094
GPIO_18 ND_nCS1 SMC_nCS1 SMC_nCS0

PULL_UP

MFP_19 VDD_IO0 A16 FLOAT FLOAT 0xD401_E098
SMC_nCS0 CF_nCE1 GPIO_19

PULL_UP

MFP_20 VDD_IO0 C15 FLOAT PULL_UP 0xD401_E09C
GPIO_20 SMC_nCS1 CF_nCE2 CF_RDY

PULL_UP PULL_DOWN

MFP_21 VDD_IO0 B15 FLOAT HIGH 0xD401_E0A0

ND_ALE_SMC
_nWE_CF_nW

E MMC2_CLK GPIO_21

FLOAT PULL_UP

MFP_22 VDD_IO0 A15 FLOAT HIGH 0xD401_E0A4

ND_CLE_SMC
_nOE_CF_nO

E MMC2_CMD GPIO_22

PULL_UP PULL_UP

MFP_23 VDD_IO0 D14 FLOAT HIGH 0xD401_E0A8
SMC_nLUA ND_nCS0 CF_nALE GPIO_23

PULL_UP

MFP_24 VDD_IO0 C14 FLOAT LOW 0xD401_E0AC

ND_nRE_SMC
_nLLA_CF_IO

RD GPIO_24

PULL_UP

MFP_25 VDD_IO0 D13 FLOAT LOW 0xD401_E0B0
SMC_nLLA CF_nRESET GPIO_25

PULL_UP

MFP_26 VDD_IO0 E13 FLOAT PULL_UP 0xD401_E0B4
GPIO_26 ND_RnB0 CF_STSCHG

PULL_UP PULL_UP PULL_UP

MFP_27 VDD_IO0 C13 FLOAT PULL_DOWN 0xD401_E0B8
SMC_IRQ ND_RnB1 SMC_BE1 SMC_RDY GPIO_27

PULL_DOWN PULL_UP PULL_DOWN PULL_UP

Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_28 VDD_IO0 B14 FLOAT PULL_DOWN 0xD401_E0BC
SMC_RDY MMC4_CMD SMC_BE2 CF_RDY GPIO_28 MMC2_CMD

PULL_DOWN PULL_UP PULL_DOWN PULL_UP PULL_UP

MFP_29 VDD_IO0 A14 FLOAT LOW 0xD401_E0C0
SMC_SCLK MMC4_CLK CF_STSCHG GPIO_29 MMC2_CLK KP_DKIN0

FLOAT PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_30 VDD_IO0 B13 FLOAT LOW 0xD401_E0C4
SMC_ADDR0 MMC4_DAT0 UART3_TXD CF_nREG GPIO_30 MMC2_DAT0 KP_DKIN1

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_31 VDD_IO0 A13 FLOAT LOW 0xD401_E0C8
SMC_ADDR1 MMC4_DAT1 UART3_RXD CF_nIOIS16 GPIO_31 MMC2_DAT1 KP_DKIN2

PULL_UP PULL_UP PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_32 VDD_IO0 D12 FLOAT LOW 0xD401_E0CC
SMC_ADDR2 MMC4_DAT2

UART3_CTS_
N CF_nCD1 GPIO_32 MMC2_DAT2 KP_DKIN3

PULL_UP PULL_UP PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_33 VDD_IO0 B12 FLOAT LOW 0xD401_E0D0
SMC_ADDR3 MMC4_DAT3

UART3_RTS_
N CF_nCD2 CF_nINPACK GPIO_33 MMC2_DAT3 KP_DKIN4

PULL_UP PULL_UP PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_34 VDD_IO0 C12 FLOAT PULL_UP 0xD401_E0D4
GPIO_34 SMC_nCS1 CF_nSPKR CF_nWAIT

MMC3_DETE
CT KP_DKIN5

PULL_UP PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_35 VDD_IO0 A12 FLOAT PULL_UP 0xD401_E0D8
GPIO_35 SMC_BE1 CF_nINPACK MMC3_CMD KP_DKIN6

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_36 VDD_IO0 E12 FLOAT PULL_UP 0xD401_E0DC
GPIO_36 SMC_BE2 CF_nWAIT MMC3_CLK KP_DKIN7

PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_107 VDD_IO3 G4 FLOAT PULL_UP 0xD401_E1AC
GPIO_107 UART1_TXD UART1_RXD SSP2_RXD MSP_DAT3 KP_MKIN3

PULL_UP PULL_UP PULL_DOWN FLOAT PULL_DOWN

MFP_108 VDD_IO3 G3 FLOAT PULL_UP 0xD401_E1B0
GPIO_108 UART1_RXD UART1_TXD SSP2_TXD MSP_DAT2 KP_MKIN2

PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_109 VDD_IO3 G2 FLOAT PULL_UP 0xD401_E1B4
GPIO_109

UART1_CTS_
N

UART1_RTS_
N

ASYSCLK
MSP_DAT1 KP_MKIN1

PULL_UP PULL_UP FLOAT PULL_DOWN

Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_110 VDD_IO3 G1 FLOAT PULL_UP 0xD401_E1B8
GPIO_110

UART1_RTS_
N

UART1_CTS_
N SMC_RDY MSP_DAT0 KP_MKIN0

PULL_UP PULL_UP PULL_DOWN FLOAT PULL_DOWN

MFP_111 VDD_IO3 H4 FLOAT PULL_UP 0xD401_E1BC
GPIO_111

UART1_nRI
UART1_DSR

_N
SSP3_FRM SSP2_CLK

MSP_SCLK XD_nRE KP_MKOUT7

PULL_UP PULL_UP PULL_UP PULL_DOWN PULL_DOWN PULL_DOWN

MFP_112 VDD_IO3 H3 FLOAT PULL_UP 0xD401_E1C0
GPIO_112

UART1_DTR
UART1_DCD

_N ONE_WIRE
SSP2_FRM

MSP_BS XD_RnB KP_MKOUT6

PULL_UP PULL_UP PULL_UP FLOAT PULL_DOWN PULL_UP PULL_DOWN

MFP_113 VDD_IO3 H2 FLOAT PULL_UP 0xD401_E1C4
GPIO_113

ASYSCLK

PULL_UP

MFP_114 VDD_IO3 H1 FLOAT PULL_UP 0xD401_E1C8
GPIO_114

SSP1_FRM
AC97_SDATA

_IN_0 

PULL_UP PULL_DOWN FLOAT

MFP_115 VDD_IO3 J4 FLOAT PULL_UP 0xD401_E1CC
GPIO_115

SSP1_CLK
AC97_BITCL

K 

PULL_UP PULL_DOWN FLOAT

MFP_116 VDD_IO3 J3 FLOAT PULL_UP 0xD401_E1D0
GPIO_116

SSP1_TXD SSP1_RXD
AC97_SDATA

_IN_1 

PULL_UP PULL_DOWN FLOAT

MFP_117 VDD_IO3 J2 FLOAT PULL_UP 0xD401_E1D4
GPIO_117

SSP1_RXD SSP1_TXD
MMC2_CMD

AC97_SDATA
_OUT

PULL_UP PULL_DOWN PULL_UP

MFP_118 VDD_IO3 J1 FLOAT PULL_UP 0xD401_E1D8
GPIO_118 SSP2_CLK MMC2_CLK AC97_SYNC KP_MKIN7

PULL_UP PULL_DOWN FLOAT PULL_DOWN

MFP_119 VDD_IO3 K1 FLOAT PULL_UP 0xD401_E1DC
GPIO_119

SSP2_FRM
MMC2_DAT0

AC97_nACRE
SET KP_MKIN6

PULL_UP PULL_DOWN PULL_UP PULL_DOWN

MFP_120 VDD_IO3 K2 FLOAT PULL_UP 0xD401_E1E0
GPIO_120 SSP2_RXD SSP2_TXD MMC2_DAT1 KP_MKIN5

PULL_UP PULL_DOWN PULL_UP PULL_DOWN

MFP_121 VDD_IO3 K3 FLOAT PULL_UP 0xD401_E1E4
GPIO_121 SSP2_TXD SSP2_RXD MMC2_DAT2 KP_MKIN4

PULL_UP PULL_DOWN PULL_UP PULL_DOWN

Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_122 VDD_IO3 K4 FLOAT PULL_UP 0xD401_E1E8
GPIO_122

ASYSCLK

SSP2_FRM PWM3 MMC2_DAT3

PULL_UP PULL_DOWN PULL_UP

RESET_IN_N VDD_IO3 L1 PULL_UP PULL_UP RESET_IN_N

PWR_SCL VDD_IO3 L2 FLOAT PULL_UP 0xD401_E1EC
PWR_SCL GPIO_88 MMC4_CLK

PULL_UP PULL_UP FLOAT

PWR_SDA VDD_IO3 L3 FLOAT PULL_UP 0xD401_E1F0
PWR_SDA GPIO_87

PULL_UP PULL_UP

A_ISET R17

RT_SEN R16

RFU_U15 U15

RFU_U17 U17

RFU_U18 U18

RFU_V15 V15

RFU_V17 V17

RFU_V18 V18

RFU_R15 R15

RFU_T15 T15

RFU_U16 U16

VDD_CORE E8

VDD_CORE E11

VDD_CORE G5

VDD_CORE G14

VDD_CORE H5

VDD_CORE H14

VDD_CORE L5

Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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VDD_CORE L14

VDD_CORE M5

VDD_CORE M14

VDD_CORE P8

VDD_CORE P11

VDD_CORE T17

AVDD_UHC M16

AVDD_OTG N15

AVDD_OSC P16

AVDD5_USB P18

VDD_IO0 E14

VDD_IO0 F14

VDD_IO1 J14

VDD_IO1 K14

VDD_IO2 C4

VDD_IO2 C7

VDD_IO2 C9

VDD_IO3 J5

VDD_IO3 K5

VDD_IO4 E5

VDD_IO4 F5

VDD_M P9

VDD_M R2

VDD_M R4

VDD_M T7

Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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VDD_M T10

VDD_M T13

VDD_M U3

VDD_M U5

VSS C6

VSS C10

VSS C16

VSS F7

VSS F8

VSS F9

VSS F10

VSS F11

VSS F12

VSS G6

VSS G7

VSS G8

VSS G9

VSS G10

VSS G11

VSS G12

VSS G13

VSS H6

VSS H7

VSS H8

VSS H9

Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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VSS H10

VSS H11

VSS H12

VSS H13

VSS J6

VSS J7

VSS J8

VSS J9

VSS J10

VSS J11

VSS J12

VSS J13

VSS K6

VSS K7

VSS K8

VSS K9

VSS K10

VSS K11

VSS K12

VSS K13

VSS L6

VSS L7

VSS L8

VSS L9

VSS L10

Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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VSS L11

VSS L12

VSS L13

VSS L18

VSS M6

VSS M7

VSS M8

VSS M9

VSS M10

VSS M11

VSS M12

VSS M13

VSS N5

VSS N7

VSS N8

VSS N9

VSS N10

VSS N11

VSS N12

VSS N14

VSS N16

VSS P5

VSS P7

VSS P12

VSS P14

Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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3.4 ARMADA 166E (88AP166E) Processor 15mm x 
15mm TFBGA Pin List with Alternate Functions
                                                                                                    

VSS P15

VSS T2

VSS T4

VSS T8

VSS T11

VSS T14

VSS T16

VSS U6

VSS U14

VSS V14

VSS V16

NOTE: The Pull Up and Pull Down resistors are only valid when a Multi-Function Pin is configured as an input.

Table 6: ARMADA 166 (88AP166) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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Table 7: ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions

P
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PRI_TDI VDD_IO3 L4 FLOAT PULL_DOWN 0xD401_E1F4
PRI_TDI PWM1 UART2_CTS_ MMC4_CLK SSP5_CLK NDS_RST XD_nWE MMC4_DAT3

PULL_DOWN PULL_UP FLOAT PULL_DOWN FLOAT FLOAT PULL_UP

PRI_TMS VDD_IO3 M1 FLOAT PULL_DOWN 0xD401_E1F8
PRI_TMS PWM2 UART2_RTS_ SSP5_FRM PWRCOM XD_ALE MMC4_DAT2

PULL_DOWN PULL_DOWN PULL_DOWN PULL_UP

PRI_TCK VDD_IO3 M2 FLOAT PULL_DOWN 0xD401_E1FC
PRI_TCK PWM3 UART2_RXD UART2_TXD SSP5_RXD NDS_IO XD_CLE MMC4_DAT1

PULL_DOWN PULL_UP PULL_DOWN FLOAT PULL_UP

PRI_TDO VDD_IO3 M3 FLOAT FLOAT 0xD401_E200
PRI_TDO PWM4 UART2_TXD UART2_RXD SSP5_TXD DPOT_SCLK XD_RnB MMC4_DAT0

FLOAT PULL_UP FLOAT PULL_UP PULL_UP

PRI_TRST_N VDD_IO3 M4 FLOAT PULL_UP 0xD401_E204
PRI_TRST_N ONE_WIRE SSP2_FRM SSP3_FRM

ASYSCLK
DPOT_CEN XD_nCE MMC4_CMD

PULL_UP FLOAT PULL_DOWN PULL_DOWN FLOAT PULL_UP

JTAG_SEL VDD_IO3 N2

EXT_WAKEUP VDD_IO3 N3 FLOAT PULL_DOWN 0xD401_E208
EXT_WAKEUP ONE_WIRE PWM1 PWM2 SSP2_FRM DPOT_DIN GPIO_86 MMC4_CLK

PULL_DOWN FLOAT PULL_DOWN FLOAT PULL_UP FLOAT

MDQ0 VDD_M P2 FLOAT FLOAT MD0

MDQ1 VDD_M P3 FLOAT FLOAT MD1

MDQ2 VDD_M P4 FLOAT FLOAT MD2

MDQ3 VDD_M R3 FLOAT FLOAT MD3

MDQ4 VDD_M T3 FLOAT FLOAT MD4

MDQ5 VDD_M U1 FLOAT FLOAT MD5

MDQ6 VDD_M U2 FLOAT FLOAT MD6

MDQ7 VDD_M V1 FLOAT FLOAT MD7

MDQ8 VDD_M V3 FLOAT FLOAT MD8

MDQ9 VDD_M U4 FLOAT FLOAT MD9

MDQ10 VDD_M R5 FLOAT FLOAT MD10

MDQ11 VDD_M T5 FLOAT FLOAT MD11

MDQ12 VDD_M P6 FLOAT FLOAT MD12

MDQ13 VDD_M R6 FLOAT FLOAT MD13

MDQ14 VDD_M T6 FLOAT FLOAT MD14

MDQ15 VDD_M U7 FLOAT FLOAT MD15

MA0 VDD_M R10 FLOAT FLOAT MA0

MA1 VDD_M U10 FLOAT FLOAT MA1

MA2 VDD_M V10 FLOAT FLOAT MA2

MA3 VDD_M R11 FLOAT FLOAT MA3
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MA4 VDD_M U11 FLOAT FLOAT MA4

MA5 VDD_M V11 FLOAT FLOAT MA5

MA6 VDD_M V12 FLOAT FLOAT MA6

MA7 VDD_M U12 FLOAT FLOAT MA7

MA8 VDD_M T12 FLOAT FLOAT MA8

MA9 VDD_M R12 FLOAT FLOAT MA9

MA10 VDD_M V13 FLOAT FLOAT MA10

MA11 VDD_M U13 FLOAT FLOAT MA11

MA12 VDD_M R13 FLOAT FLOAT MA12

MA13 VDD_M P13 FLOAT FLOAT MA13

MA14 VDD_M R14 FLOAT FLOAT MA14

SDBA0 VDD_M T9 FLOAT FLOAT SDBA0

SDBA1 VDD_M R9 FLOAT FLOAT SDBA1

SDBA2 VDD_M P10 FLOAT FLOAT SDBA2

nSDRAS VDD_M V8 FLOAT FLOAT nSDRAS

nSDCAS VDD_M V9 FLOAT FLOAT nSDCAS

ODT VDD_M U8 FLOAT FLOAT ODT

VREF VDD_M N1 FLOAT FLOAT VREF

CALPAD VDD_M N4 FLOAT FLOAT CALPAD

DQM0 VDD_M P1 FLOAT FLOAT DQM0

DQM1 VDD_M V2 FLOAT FLOAT DQM1

DQS0 VDD_M T1 FLOAT FLOAT DQS0

DQS0_N VDD_M R1 FLOAT FLOAT nDQS0

DQS1 VDD_M V5 FLOAT FLOAT DQS1

DQS1_N VDD_M V4 FLOAT FLOAT nDQS1

SDCLK0 VDD_M V6 FLOAT FLOAT SDCLK0

SDCLK0_N VDD_M V7 FLOAT FLOAT SDCLK0_N

SDCKE0 VDD_M R7 FLOAT FLOAT SDCKE0

nSDWE VDD_M U9 FLOAT FLOAT nSDWE

nSDCS0 VDD_M R8 FLOAT FLOAT nSDCS0

nSDCS1 VDD_M N10 FLOAT FLOAT nSDCS1

nDDR_RESET V14 nDDR_RESET

PXTAL_IN VDD_OSC R18 PXTAL_IN

PXTAL_OUT VDD_OSC T18 PXTAL_OUT

USBOTG_P VDD_OTG N17 USBOTG_P

Table 7: ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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USBOTG_N VDD_OTG N18 USBOTG_N

USBVBUS VDD_OTG P17 USBVBUS

USBID VDD_OTG L17 USBID

USBH_P VDD_UHC M17 USBH_P

USBH_N VDD_UHC M18 USBH_N

MFP_86 VDD_IO4 A3 FLOAT PULL_UP 0xD401_E158
GPIO_86 MMC2_DAT7 UART2_CTS_ PRI_TDI TX_CLK SSP5_TXD SSP5_RXD

PULL_UP PULL_UP PULL_UP PULL_DOWN FLOAT PULL_DOWN

MFP_87 VDD_IO4 B3 FLOAT PULL_UP 0xD401_E15C
GPIO_87 MMC2_DAT6 UART2_RTS_ PRI_TMS TX_EN SSP5_RXD SSP5_TXD

PULL_UP PULL_UP PULL_DOWN PULL_DOWN PULL_DOWN

MFP_88 VDD_IO4 A2 FLOAT PULL_UP 0xD401_E160
GPIO_88 MMC2_DAT5 UART2_RXD UART2_TXD PRI_TCK TX_DQ3 RX_DQ3 SSP5_CLK

PULL_UP PULL_UP PULL_UP FLOAT PULL_DOWN FLOAT FLOAT PULL_DOWN

MFP_89 VDD_IO4 D4 FLOAT PULL_UP 0xD401_E164
GPIO_89 MMC2_DAT4 UART2_TXD UART2_RXD PRI_TDO TX_DQ2 RX_DQ2 SSP5_FRM

PULL_UP PULL_UP PULL_UP FLOAT FLOAT FLOAT PULL_DOWN

MFP_90 VDD_IO4 B2 FLOAT PULL_UP 0xD401_E168
GPIO_90 MMC2_DAT3 SSP3_CLK PRI_TRST_N TX_DQ1 RX_DQ1

PULL_UP PULL_UP PULL_DOWN PULL_UP FLOAT FLOAT

MFP_91 VDD_IO4 C3 FLOAT PULL_UP 0xD401_E16C
GPIO_91 MMC2_DAT2 SSP3_FRM SSP4_FRM TX_DQ0 RX_DQ0

PULL_UP PULL_UP PULL_DOWN PULL_DOWN FLOAT FLOAT

MFP_92 VDD_IO4 A1 FLOAT PULL_UP 0xD401_E170
GPIO_92 MMC2_DAT1 SSP3_RXD SSP3_TXD CRS

PULL_UP PULL_UP PULL_DOWN FLOAT

MFP_93 VDD_IO4 B1 FLOAT PULL_UP 0xD401_E174
GPIO_93 MMC2_DAT0 SSP3_TXD SSP3_RXD COL

PULL_UP PULL_UP PULL_DOWN FLOAT

MFP_94 VDD_IO4 D3 FLOAT PULL_UP 0xD401_E178
GPIO_94 MMC2_CMD SSP3_FRM

ASYSCLK
AC97_SYNC RX_CLK

PULL_UP PULL_UP PULL_DOWN FLOAT

MFP_95 VDD_IO4 C2 FLOAT PULL_UP 0xD401_E17C
GPIO_95 MMC2_CLK AC97_nACRE RX_ER

PULL_UP FLOAT FLOAT

MFP_96 VDD_IO4 E4 FLOAT PULL_UP 0xD401_E180
GPIO_96 PWM3 MMC2_CLK RX_DQ3 TX_DQ3

PULL_UP FLOAT FLOAT FLOAT

MFP_97 VDD_IO4 C1 FLOAT PULL_UP 0xD401_E184
GPIO_97 PWM2 ONE_WIRE RX_DQ2 TX_DQ2

PULL_UP FLOAT FLOAT FLOAT

MFP_98 VDD_IO4 D2 FLOAT PULL_UP 0xD401_E188
GPIO_98 PWM1 UART3_TXD UART3_RXD RX_DQ1 TX_DQ1

PULL_UP PULL_UP FLOAT FLOAT

MFP_99 VDD_IO4 E3 FLOAT PULL_UP 0xD401_E18C
GPIO_99 ONE_WIRE UART3_RXD UART3_TXD RX_DQ0 TX_DQ0

PULL_UP FLOAT PULL_UP FLOAT FLOAT

MFP_100 VDD_IO4 F4 FLOAT PULL_UP 0xD401_E190
GPIO_100 UART3_CTS_ UART3_RTS_ MDC

PULL_UP PULL_UP FLOAT

Table 7: ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_101 VDD_IO4 D1 FLOAT PULL_UP 0xD401_E194
GPIO_101 UART3_RTS_ UART3_CTS_ MDIO

PULL_UP PULL_UP FLOAT

MFP_102 VDD_IO4 E2 FLOAT PULL_UP 0xD401_E198
GPIO_102 I2C_SDA UART3_DSR SSP4_CLK

PULL_UP PULL_UP PULL_UP PULL_UP

MFP_103 VDD_IO4 F3 FLOAT PULL_UP 0xD401_E19C
GPIO_103 I2C_SCL UART3_DCD SSP4_FRM SSP2_FRM RX_DV

PULL_UP PULL_UP PULL_UP PULL_DOWN PULL_DOWN FLOAT

MFP_104 VDD_IO4 E1 FLOAT PULL_UP 0xD401_E1A0
GPIO_104 PWM4 UART1_DSR SSP4_RXD SSP4_TXD AC97_SYNC KP_MKOUT5

PULL_UP PULL_UP PULL_DOWN PULL_DOWN

MFP_105 VDD_IO4 F2 FLOAT PULL_UP 0xD401_E1A4
GPIO_105 I2C_SDA UART1_DCD SSP4_TXD SSP4_RXD AC97_nACRE KP_MKOUT4

PULL_UP PULL_UP PULL_UP PULL_DOWN PULL_DOWN

MFP_106 VDD_IO4 F1 FLOAT PULL_UP 0xD401_E1A8
GPIO_106 I2C_SCL PWM1

ASYSCLK
MMC2_CLK KP_MKOUT3

PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_37 VDD_IO1 L15 FLOAT PULL_UP 0xD401_E000
GPIO_37 MMC1_DAT7 KP_MKOUT0 CCIC_DAT7 XD_DATA7 KP_MKIN4 KP_DKIN0

PULL_UP PULL_UP PULL_DOWN PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_38 VDD_IO1 L16 FLOAT PULL_UP 0xD401_E004
GPIO_38 MMC1_DAT6 KP_MKOUT1 CCIC_DAT6 XD_DATA6 KP_MKIN5 KP_DKIN1

PULL_UP PULL_UP PULL_DOWN PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_39 VDD_IO1 M15 FLOAT PULL_UP 0xD401_E008
GPIO_39 KP_MKOUT2 CCIC_DAT5 XD_DATA5 KP_MKIN6 KP_DKIN2

PULL_UP PULL_DOWN PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_40 VDD_IO1 K15 FLOAT PULL_UP 0xD401_E00C
GPIO_40 MMC1_DAT1 MSP_DAT1 KP_MKOUT3 CCIC_DAT4 XD_DATA4 KP_MKIN0 KP_DKIN0

PULL_UP PULL_UP FLOAT PULL_DOWN PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_41 VDD_IO1 K16 FLOAT PULL_UP 0xD401_E010
GPIO_41 MMC1_DAT0 MSP_DAT0 CCIC_DAT3 XD_DATA3 KP_MKIN1 KP_DKIN1

PULL_UP PULL_UP FLOAT PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_42 VDD_IO1 K17 FLOAT PULL_UP 0xD401_E014
GPIO_42 I2C_SDA MSP_BS CCIC_DAT2 XD_DATA2 KP_MKIN7 KP_DKIN3

PULL_UP PULL_UP PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_43 VDD_IO1 K18 FLOAT PULL_UP 0xD401_E018
GPIO_43 MMC1_CLK MSP_DAT2 MSP_INS KP_MKIN2 KP_DKIN2

PULL_UP FLOAT FLOAT FLOAT PULL_DOWN PULL_DOWN

MFP_44 VDD_IO1 J15 FLOAT PULL_UP 0xD401_E01C
GPIO_44 MMC1_CLK MSP_DAT3 MSP_DAT1 CCIC_DAT1 XD_DATA1 KP_MKIN3 KP_DKIN3

PULL_UP FLOAT FLOAT FLOAT PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_45 VDD_IO1 J16 FLOAT PULL_UP 0xD401_E020
GPIO_45 MSP_DAT0 CCIC_DAT0 XD_DATA0 KP_DKIN4

PULL_UP FLOAT PULL_DOWN FLOAT PULL_DOWN

MFP_46 VDD_IO1 J17 FLOAT PULL_UP 0xD401_E024
GPIO_46 MMC1_WP MSP_INS MSP_DAT2 CCIC_VSYN KP_MKOUT0 KP_DKIN5

PULL_UP FLOAT FLOAT FLOAT PULL_DOWN PULL_DOWN PULL_DOWN

MFP_47 VDD_IO1 J18 FLOAT PULL_UP 0xD401_E028
GPIO_47 MSP_INS XD_WE KP_DKIN6

PULL_UP FLOAT FLOAT PULL_DOWN

Table 7: ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_48 VDD_IO1 H18 FLOAT PULL_UP 0xD401_E02C
GPIO_48 MMC1_DAT4 MSP_DAT3 CCIC_HSYN XD_ALE KP_DKIN7

PULL_UP PULL_UP FLOAT PULL_DOWN PULL_DOWN

MFP_49 VDD_IO1 H17 FLOAT PULL_UP 0xD401_E030
GPIO_49 MMC1_CMD MSP_BS XD_CLE KP_MKOUT1

PULL_UP PULL_UP PULL_DOWN

MFP_50 VDD_IO1 H16 FLOAT PULL_UP 0xD401_E034
GPIO_50 I2C_SCL MSP_SCLK CCIC_VCLK XD_RnB KP_MKOUT2

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_51 VDD_IO1 H15 FLOAT PULL_UP 0xD401_E038
GPIO_51 MMC1_DAT3 MSP_BS XD_nCE KP_MKOUT3

PULL_UP PULL_UP PULL_DOWN

MFP_52 VDD_IO1 G18 FLOAT PULL_UP 0xD401_E03C
GPIO_52 MMC1_DAT2 MSP_BS XD_nRE KP_MKOUT4

PULL_UP PULL_UP PULL_DOWN

MFP_53 VDD_IO1 G17 FLOAT PULL_UP 0xD401_E040
GPIO_53 MMC1_DETE XD_RnB KP_MKOUT6

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_54 VDD_IO1 G16 FLOAT PULL_UP 0xD401_E044
GPIO_54 MMC1_DAT5 CCIC_MCLK XD_DETECT KP_MKOUT7

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_55 VDD_IO1 G15 FLOAT PULL_UP 0xD401_E048
GPIO_55 MSP_BS CCIC_PCLK XD_DETECT KP_MKOUT5

PULL_UP PULL_DOWN PULL_UP PULL_DOWN

MFP_56 VDD_IO2 D11 FLOAT PULL_UP 0xD401_E0E0
GPIO_56 LCD_FCLK_R GDCLK

PULL_UP PULL_UP FLOAT

MFP_57 VDD_IO2 C11 FLOAT PULL_UP 0xD401_E0E4
GPIO_57 LCD_LCLK_A GDSP

PULL_UP PULL_DOWN FLOAT

MFP_58 VDD_IO2 B11 FLOAT PULL_UP 0xD401_E0E8

GPIO_58 LCD_PCLK_ SDCLK

PULL_UP PULL_UP FLOAT

MFP_59 VDD_IO2 A11 FLOAT PULL_UP 0xD401_E0EC
GPIO_59

LCD_DENA_
BIAS GDRL

PULL_UP PULL_DOWN FLOAT

MFP_60 VDD_IO2 E10 FLOAT PULL_UP 0xD401_E0F0
GPIO_60 LCD_DD0 SDLE0

PULL_UP FLOAT FLOAT

MFP_61 VDD_IO2 D10 FLOAT PULL_UP 0xD401_E0F4
GPIO_61 LCD_DD1 SDD07

PULL_UP FLOAT FLOAT

MFP_62 VDD_IO2 B10 FLOAT PULL_UP 0xD401_E0F8
GPIO_62 LCD_DD2 SDD06

PULL_UP FLOAT FLOAT

Table 7: ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_63 VDD_IO2 A10 FLOAT PULL_UP 0xD401_E0FC
GPIO_63 LCD_DD3 SDD05

PULL_UP FLOAT FLOAT

MFP_64 VDD_IO2 A9 FLOAT PULL_UP 0xD401_E100
GPIO_64 LCD_DD4 SDD04

PULL_UP FLOAT FLOAT

MFP_65 VDD_IO2 B9 FLOAT PULL_UP 0xD401_E104
GPIO_65 LCD_DD5 SDD03

PULL_UP FLOAT FLOAT

MFP_66 VDD_IO2 D9 FLOAT PULL_UP 0xD401_E108
GPIO_66 LCD_DD6 SDD02

PULL_UP FLOAT FLOAT

MFP_67 VDD_IO2 E9 FLOAT PULL_UP 0xD401_E10C
GPIO_67 LCD_DD7 SDD01

PULL_UP FLOAT FLOAT

MFP_68 VDD_IO2 A8 FLOAT PULL_UP 0xD401_E110
GPIO_68 LCD_DD8 XD_DATA7 SDD00

PULL_UP FLOAT FLOAT FLOAT

MFP_69 VDD_IO2 B8 FLOAT PULL_UP 0xD401_E114
GPIO_69 LCD_DD9 XD_DATA6 SDCE_L

PULL_UP FLOAT FLOAT FLOAT

MFP_70 VDD_IO2 C8 FLOAT PULL_UP 0xD401_E118
GPIO_70 LCD_DD10 XD_DATA5 SDOE

PULL_UP FLOAT FLOAT FLOAT

MFP_71 VDD_IO2 D8 FLOAT PULL_UP 0xD401_E11C
GPIO_71 LCD_DD11 XD_DATA4 SDSHR

PULL_UP FLOAT FLOAT FLOAT

MFP_72 VDD_IO2 A7 FLOAT PULL_DOWN 0xD401_E120
GPIO_72 LCD_DD12 XD_DATA3 PWR4

PULL_DOWN FLOAT FLOAT PULL_DOWN

MFP_73 VDD_IO2 B7 FLOAT PULL_DOWN 0xD401_E124
GPIO_73 LCD_DD13 XD_DATA2 PWR3

PULL_DOWN FLOAT FLOAT PULL_DOWN

MFP_74 VDD_IO2 D7 FLOAT PULL_DOWN 0xD401_E128
GPIO_74 LCD_DD14 PWM4 XD_DATA1 PWR2

PULL_DOWN FLOAT FLOAT PULL_DOWN

Table 7: ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_75 VDD_IO2 E7 FLOAT PULL_DOWN 0xD401_E12C
GPIO_75 LCD_DD15 PWM3 XD_DATA0 ONE_WIRE PWR1

PULL_DOWN FLOAT FLOAT FLOAT PULL_DOWN

MFP_76 VDD_IO2 A6 FLOAT PULL_DOWN 0xD401_E130
GPIO_76 LCD_DD16 PWM2 I2C_SDA MSP_INS PWR0

PULL_DOWN PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_77 VDD_IO2 B6 FLOAT PULL_UP 0xD401_E134
GPIO_77 LCD_DD17 PWM1 I2C_SCL ONE_WIRE XD_DETECT NDS_CLK

PULL_UP PULL_UP PULL_UP FLOAT PULL_UP FLOAT

MFP_78 VDD_IO2 D6 FLOAT PULL_UP 0xD401_E138
GPIO_78 LCD_DD18 MMC4_DAT3 NDS_RST

PULL_UP PULL_UP PULL_UP FLOAT

MFP_79 VDD_IO2 E6 FLOAT PULL_DOWN 0xD401_E13C
GPIO_79 LCD_DD19 ONE_WIRE MMC4_DAT2 PWRCOM

PULL_DOWN PULL_UP FLOAT PULL_UP PULL_DOWN

MFP_80 VDD_IO2 A5 FLOAT PULL_UP 0xD401_E140
GPIO_80 LCD_DD20 I2C_SDA MMC4_DAT1 NDS_IO

PULL_UP PULL_UP PULL_UP PULL_UP FLOAT

MFP_81 VDD_IO2 B5 FLOAT PULL_UP 0xD401_E144

GPIO_81 LCD_DD21 I2C_SCL ONE_WIRE MMC4_DAT0 DPOT_SCLK

PULL_UP PULL_UP PULL_UP FLOAT PULL_UP FLOAT

MFP_82 VDD_IO2 C5 FLOAT PULL_UP 0xD401_E148
GPIO_82 LCD_DD22 PWM4 MMC4_CMD DPOT_CEN

PULL_UP PULL_UP PULL_UP FLOAT

MFP_83 VDD_IO2 D5 FLOAT PULL_UP 0xD401_E14C
GPIO_83 LCD_DD23 PWM3 RESET_OUT MMC4_CLK DPOT_DIN

PULL_UP PULL_UP FLOAT FLOAT

MFP_84 VDD_IO2 A4 FLOAT PULL_UP 0xD401_E150
GPIO_84 PWM2 ONE_WIRE PWM1 NDS_C4 EXT_32K_IN

PULL_UP FLOAT FLOAT FLOAT

MFP_85 VDD_IO2 B4 FLOAT PULL_UP 0xD401_E154
GPIO_85 PWM1 NDS_C8 USBHPEN

PULL_UP FLOAT FLOAT

MFP_0 VDD_IO0 F18 FLOAT FLOAT 0xD401_E04C
DF_IO15 MSP_SCLK MMC3_CMD GPIO_00 MMC3_DAT7

FLOAT PULL_UP PULL_UP PULL_UP

Table 7: ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_1 VDD_IO0 F17 FLOAT FLOAT 0xD401_E050
DF_IO14 MSP_BS MMC3_CLK GPIO_01 MMC3_DAT6

FLOAT FLOAT PULL_UP PULL_UP

MFP_2 VDD_IO0 F16 FLOAT FLOAT 0xD401_E054
DF_IO13 MSP_BS GPIO_02 MMC3_DAT5

FLOAT PULL_UP PULL_UP

MFP_3 VDD_IO0 F15 FLOAT FLOAT 0xD401_E058
DF_IO12 GPIO_03 MMC3_DAT4

FLOAT PULL_UP PULL_UP

MFP_4 VDD_IO0 E18 FLOAT FLOAT 0xD401_E05C
DF_IO11 MSP_DAT3 GPIO_04 MMC3_DAT3

FLOAT FLOAT PULL_UP PULL_UP

MFP_5 VDD_IO0 E17 FLOAT FLOAT 0xD401_E060
DF_IO10 MSP_DAT2 GPIO_05 MMC3_DAT2

FLOAT FLOAT PULL_UP PULL_UP

MFP_6 VDD_IO0 E16 FLOAT FLOAT 0xD401_E064
DF_IO9 MSP_DAT1 GPIO_06 MMC3_DAT1

FLOAT FLOAT PULL_UP PULL_UP

MFP_7 VDD_IO0 E15 FLOAT FLOAT 0xD401_E068
DF_IO8 MSP_DAT0 GPIO_07 MMC3_DAT0

FLOAT FLOAT PULL_UP PULL_UP

MFP_8 VDD_IO0 D18 FLOAT PULL_UP 0xD401_E06C
DF_IO7 MMC2_DAT7 UART3_TXD MMC2_CMD GPIO_08 MMC3_CLK

PULL_UP PULL_UP PULL_UP PULL_UP FLOAT

MFP_9 VDD_IO0 D17 FLOAT PULL_UP 0xD401_E070
DF_IO6 MMC2_DAT6 UART3_RXD MMC2_CLK GPIO_09 MMC3_CMD

PULL_UP PULL_UP PULL_UP FLOAT PULL_UP PULL_UP

MFP_10 VDD_IO0 D16 FLOAT PULL_UP 0xD401_E074
DF_IO5 MMC2_DAT5

UART3_CTS_
N GPIO_10

MSP_DAT3

PULL_UP PULL_UP PULL_UP PULL_UP PULL_UP

MFP_11 VDD_IO0 D15 FLOAT PULL_UP 0xD401_E078
DF_IO4 MMC2_DAT4

UART3_RTS_
N GPIO_11

MSP_DAT2

PULL_UP PULL_UP PULL_UP FLOAT

MFP_12 VDD_IO0 C18 FLOAT PULL_UP 0xD401_E07C
DF_IO3 MMC2_DAT3

UART3_DSR
_N GPIO_12

MSP_DAT1

PULL_UP PULL_UP PULL_UP PULL_UP FLOAT

Table 7: ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_13 VDD_IO0 C17 FLOAT PULL_UP 0xD401_E080
DF_IO2 MMC2_DAT2

UART3_DCD
_N GPIO_13

MSP_DAT0

PULL_UP PULL_UP PULL_UP PULL_UP FLOAT

MFP_14 VDD_IO0 B18 FLOAT PULL_UP 0xD401_E084
DF_IO1 MMC2_DAT1 GPIO_14 MSP_SCLK

PULL_UP PULL_UP PULL_UP

MFP_15 VDD_IO0 B17 FLOAT PULL_UP 0xD401_E088
DF_IO0 MMC2_DAT0 GPIO_15 MSP_BS

PULL_UP PULL_UP PULL_UP

MFP_16 VDD_IO0 A18 FLOAT PULL_UP 0xD401_E08C
GPIO_16 ND_nCS0 SMC_nCS0 SMC_nCS1

MMC3_DETE
CT

PULL_UP PULL_UP

MFP_17 VDD_IO0 A17 FLOAT HIGH 0xD401_E090

ND_nWE_SMC
_nLUA_CF_IO

WR GPIO_17 MSP_BS

PULL_UP

MFP_18 VDD_IO0 B16 FLOAT PULL_UP 0xD401_E094
GPIO_18 ND_nCS1 SMC_nCS1 SMC_nCS0

PULL_UP

MFP_19 VDD_IO0 A16 FLOAT FLOAT 0xD401_E098
SMC_nCS0 CF_nCE1 GPIO_19

PULL_UP

MFP_20 VDD_IO0 C15 FLOAT PULL_UP 0xD401_E09C
GPIO_20 SMC_nCS1 CF_nCE2 CF_RDY

PULL_UP PULL_DOWN

MFP_21 VDD_IO0 B15 FLOAT HIGH 0xD401_E0A0

ND_ALE_SMC
_nWE_CF_nW

E MMC2_CLK GPIO_21

FLOAT PULL_UP

MFP_22 VDD_IO0 A15 FLOAT HIGH 0xD401_E0A4

ND_CLE_SMC
_nOE_CF_nOE MMC2_CMD GPIO_22

PULL_UP PULL_UP

MFP_23 VDD_IO0 D14 FLOAT HIGH 0xD401_E0A8
SMC_nLUA ND_nCS0 CF_nALE GPIO_23

PULL_UP

Table 7: ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_24 VDD_IO0 C14 FLOAT LOW 0xD401_E0AC

ND_nRE_SMC
_nLLA_CF_IOR

D GPIO_24

PULL_UP

MFP_25 VDD_IO0 D13 FLOAT LOW 0xD401_E0B0
SMC_nLLA CF_nRESET GPIO_25

PULL_UP

MFP_26 VDD_IO0 E13 FLOAT PULL_UP 0xD401_E0B4
GPIO_26 ND_RnB0 CF_STSCHG

PULL_UP PULL_UP PULL_UP

MFP_27 VDD_IO0 C13 FLOAT PULL_DOWN 0xD401_E0B8
SMC_IRQ ND_RnB1 SMC_BE1 SMC_RDY GPIO_27

PULL_DOWN PULL_UP PULL_DOWN PULL_UP

MFP_28 VDD_IO0 B14 FLOAT PULL_DOWN 0xD401_E0BC
SMC_RDY MMC4_CMD SMC_BE2 CF_RDY GPIO_28 MMC2_CMD

PULL_DOWN PULL_UP PULL_DOWN PULL_UP PULL_UP

MFP_29 VDD_IO0 A14 FLOAT LOW 0xD401_E0C0
SMC_SCLK MMC4_CLK CF_STSCHG GPIO_29 MMC2_CLK KP_DKIN0

FLOAT PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_30 VDD_IO0 B13 FLOAT LOW 0xD401_E0C4
SMC_ADDR0 MMC4_DAT0 UART3_TXD CF_nREG GPIO_30 MMC2_DAT0 KP_DKIN1

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_31 VDD_IO0 A13 FLOAT LOW 0xD401_E0C8
SMC_ADDR1 MMC4_DAT1 UART3_RXD CF_nIOIS16 GPIO_31 MMC2_DAT1 KP_DKIN2

PULL_UP PULL_UP PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_32 VDD_IO0 D12 FLOAT LOW 0xD401_E0CC
SMC_ADDR2 MMC4_DAT2

UART3_CTS_
N CF_nCD1 GPIO_32 MMC2_DAT2 KP_DKIN3

PULL_UP PULL_UP PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_33 VDD_IO0 B12 FLOAT LOW 0xD401_E0D0
SMC_ADDR3 MMC4_DAT3

UART3_RTS_
N CF_nCD2 CF_nINPACK GPIO_33 MMC2_DAT3 KP_DKIN4

PULL_UP PULL_UP PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_34 VDD_IO0 C12 FLOAT PULL_UP 0xD401_E0D4
GPIO_34 SMC_nCS1 CF_nSPKR CF_nWAIT

MMC3_DETE
CT KP_DKIN5

PULL_UP PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_35 VDD_IO0 A12 FLOAT PULL_UP 0xD401_E0D8
GPIO_35 SMC_BE1 CF_nINPACK MMC3_CMD KP_DKIN6

PULL_UP PULL_UP PULL_UP PULL_DOWN

Table 7: ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_36 VDD_IO0 E12 FLOAT PULL_UP 0xD401_E0DC
GPIO_36 SMC_BE2 CF_nWAIT MMC3_CLK KP_DKIN7

PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_107 VDD_IO3 G4 FLOAT PULL_UP 0xD401_E1AC
GPIO_107 UART1_TXD UART1_RXD SSP2_RXD MSP_DAT3 KP_MKIN3

PULL_UP PULL_UP PULL_DOWN FLOAT PULL_DOWN

MFP_108 VDD_IO3 G3 FLOAT PULL_UP 0xD401_E1B0
GPIO_108 UART1_RXD UART1_TXD SSP2_TXD MSP_DAT2 KP_MKIN2

PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_109 VDD_IO3 G2 FLOAT PULL_UP 0xD401_E1B4
GPIO_109

UART1_CTS_
N

UART1_RTS_
N

ASYSCLK
MSP_DAT1 KP_MKIN1

PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_110 VDD_IO3 G1 FLOAT PULL_UP 0xD401_E1B8
GPIO_110

UART1_RTS_
N

UART1_CTS_
N SMC_RDY MSP_DAT0 KP_MKIN0

PULL_UP PULL_UP PULL_DOWN FLOAT PULL_DOWN

MFP_111 VDD_IO3 H4 FLOAT PULL_UP 0xD401_E1BC
GPIO_111

UART1_nRI
UART1_DSR

_N
SSP3_FRM SSP2_CLK

MSP_SCLK XD_nRE KP_MKOUT7

PULL_UP PULL_UP PULL_UP PULL_DOWN PULL_DOWN PULL_DOWN

MFP_112 VDD_IO3 H3 FLOAT PULL_UP 0xD401_E1C0
GPIO_112

UART1_DTR
UART1_DCD

_N ONE_WIRE
SSP2_FRM

MSP_BS XD_RnB KP_MKOUT6

PULL_UP PULL_UP PULL_UP FLOAT PULL_DOWN PULL_UP PULL_DOWN

MFP_113 VDD_IO3 H2 FLOAT PULL_UP 0xD401_E1C4
GPIO_113

ASYSCLK

PULL_UP

MFP_114 VDD_IO3 H1 FLOAT PULL_UP 0xD401_E1C8
GPIO_114

SSP1_FRM
AC97_SDATA

_IN_0 

PULL_UP PULL_DOWN FLOAT

MFP_115 VDD_IO3 J4 FLOAT PULL_UP 0xD401_E1CC
GPIO_115

SSP1_CLK
AC97_BITCL

K 

PULL_UP PULL_DOWN FLOAT

MFP_116 VDD_IO3 J3 FLOAT PULL_UP 0xD401_E1D0
GPIO_116

SSP1_TXD SSP1_RXD
AC97_SDATA

_IN_1 

PULL_UP PULL_DOWN FLOAT

MFP_117 VDD_IO3 J2 FLOAT PULL_UP 0xD401_E1D4
GPIO_117

SSP1_RXD SSP1_TXD
MMC2_CMD

AC97_SDATA
_OUT

PULL_UP PULL_DOWN PULL_UP

Table 7: ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_118 VDD_IO3 J1 FLOAT PULL_UP 0xD401_E1D8
GPIO_118 SSP2_CLK MMC2_CLK AC97_SYNC KP_MKIN7

PULL_UP PULL_DOWN FLOAT PULL_DOWN

MFP_119 VDD_IO3 K1 FLOAT PULL_UP 0xD401_E1DC
GPIO_119

SSP2_FRM
MMC2_DAT0

AC97_nACRE
SET KP_MKIN6

PULL_UP PULL_DOWN PULL_UP PULL_DOWN

MFP_120 VDD_IO3 K2 FLOAT PULL_UP 0xD401_E1E0
GPIO_120 SSP2_RXD SSP2_TXD MMC2_DAT1 KP_MKIN5

PULL_UP PULL_DOWN PULL_UP PULL_DOWN

MFP_121 VDD_IO3 K3 FLOAT PULL_UP 0xD401_E1E4
GPIO_121 SSP2_TXD SSP2_RXD MMC2_DAT2 KP_MKIN4

PULL_UP PULL_DOWN PULL_UP PULL_DOWN

MFP_122 VDD_IO3 K4 FLOAT PULL_UP 0xD401_E1E8
GPIO_122

ASYSCLK

SSP2_FRM PWM3 MMC2_DAT3

PULL_UP PULL_DOWN PULL_UP

RESET_IN_N VDD_IO3 L1 PULL_UP PULL_UP RESET_IN_N

PWR_SCL VDD_IO3 L2 FLOAT PULL_UP 0xD401_E1EC
PWR_SCL GPIO_88 MMC4_CLK

PULL_UP PULL_UP FLOAT

PWR_SDA VDD_IO3 L3 FLOAT PULL_UP 0xD401_E1F0
PWR_SDA GPIO_87

PULL_UP PULL_UP

A_ISET R17

RT_SEN R16

RFU_U15 U15

RFU_U17 U17

RFU_U18 U18

RFU_V15 V15

RFU_V17 V17

RFU_V18 V18

RFU_R15 R15

RFU_T15 T15

Table 7: ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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RFU_U16 U16

VDD_CORE E8

VDD_CORE E11

VDD_CORE G5

VDD_CORE G14

VDD_CORE H5

VDD_CORE H14

VDD_CORE L5

VDD_CORE L14

VDD_CORE M5

VDD_CORE M14

VDD_CORE P8

VDD_CORE P11

VDD_CORE T17

AVDD_UHC M16

AVDD_OTG N15

AVDD_OSC P16

AVDD5_USB P18

VDD_IO0 E14

VDD_IO0 F14

VDD_IO1 J14

VDD_IO1 K14

VDD_IO2 C4

VDD_IO2 C7

VDD_IO2 C9

Table 7: ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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VDD_IO3 J5

VDD_IO3 K5

VDD_IO4 E5

VDD_IO4 F5

VDD_M P9

VDD_M R2

VDD_M R4

VDD_M T7

VDD_M T10

VDD_M T13

VDD_M U3

VDD_M U5

VSS C6

VSS C10

VSS C16

VSS F7

VSS F8

VSS F9

VSS F10

VSS F11

VSS F12

VSS G6

VSS G7

VSS G8

VSS G9

Table 7: ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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VSS G10

VSS G11

VSS G12

VSS G13

VSS H6

VSS H7

VSS H8

VSS H9

VSS H10

VSS H11

VSS H12

VSS H13

VSS J6

VSS J7

VSS J8

VSS J9

VSS J10

VSS J11

VSS J12

VSS J13

VSS K6

VSS K7

VSS K8

VSS K9

VSS K10

Table 7: ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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VSS K11

VSS K12

VSS K13

VSS L6

VSS L7

VSS L8

VSS L9

VSS L10

VSS L11

VSS L12

VSS L13

VSS L18

VSS M6

VSS M7

VSS M8

VSS M9

VSS M10

VSS M11

VSS M12

VSS M13

VSS N5

VSS N7

VSS N8

VSS N9

VSS N10

Table 7: ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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3.5 ARMADA 162 (88AP162) Processor 15mm x 15mm 
TFBGA Pin List with Alternate Functions
                                                  

VSS N11

VSS N12

VSS N14

VSS N16

VSS P5

VSS P7

VSS P12

VSS P14

VSS P15

VSS T2

VSS T4

VSS T8

VSS T11

VSS T14

VSS T16

VSS U6

VSS U14

VSS V14

VSS V16

NOTE: The pullup and pulldown resistors are valid only when a multi-function pin is configured as an input.

Table 7: ARMADA 166E (88AP166E) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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Table 8: ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions

P
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PRI_TDI VDD_IO3 L4 FLOAT PULL_DOWN 0xD401_E1F4
PRI_TDI PWM1 UART2_CTS_ MMC4_CLK SSP5_CLK XD_nWE MMC4_DAT3

PULL_DOWN PULL_UP FLOAT PULL_DOWN PULL_UP

PRI_TMS VDD_IO3 M1 FLOAT PULL_DOWN 0xD401_E1F8
PRI_TMS PWM2 UART2_RTS_ SSP5_FRM XD_ALE MMC4_DAT2

PULL_DOWN PULL_DOWN PULL_UP

PRI_TCK VDD_IO3 M2 FLOAT PULL_DOWN 0xD401_E1FC
PRI_TCK PWM3 UART2_RXD UART2_TXD SSP5_RXD XD_CLE MMC4_DAT1

PULL_DOWN PULL_UP PULL_DOWN PULL_UP

PRI_TDO VDD_IO3 M3 FLOAT FLOAT 0xD401_E200
PRI_TDO PWM4 UART2_TXD UART2_RXD SSP5_TXD XD_RnB MMC4_DAT0

FLOAT PULL_UP PULL_UP PULL_UP

PRI_TRST_N VDD_IO3 M4 FLOAT PULL_UP 0xD401_E204
PRI_TRST_N ONE_WIRE SSP2_FRM SSP3_FRM

ASYSCLK
XD_nCE MMC4_CMD

PULL_UP FLOAT PULL_DOWN PULL_DOWN PULL_UP

JTAG_SEL VDD_IO3 N2

EXT_WAKEUP VDD_IO3 N3 FLOAT PULL_DOWN 0xD401_E208
EXT_WAKEUP ONE_WIRE PWM1 PWM2 SSP2_FRM GPIO_86 MMC4_CLK

PULL_DOWN FLOAT PULL_DOWN PULL_UP FLOAT

MDQ0 VDD_M P2 FLOAT FLOAT MD0

MDQ1 VDD_M P3 FLOAT FLOAT MD1

MDQ2 VDD_M P4 FLOAT FLOAT MD2

MDQ3 VDD_M R3 FLOAT FLOAT MD3

MDQ4 VDD_M T3 FLOAT FLOAT MD4

MDQ5 VDD_M U1 FLOAT FLOAT MD5

MDQ6 VDD_M U2 FLOAT FLOAT MD6

MDQ7 VDD_M V1 FLOAT FLOAT MD7

MDQ8 VDD_M V3 FLOAT FLOAT MD8

MDQ9 VDD_M U4 FLOAT FLOAT MD9

MDQ10 VDD_M R5 FLOAT FLOAT MD10

MDQ11 VDD_M T5 FLOAT FLOAT MD11

MDQ12 VDD_M P6 FLOAT FLOAT MD12

MDQ13 VDD_M R6 FLOAT FLOAT MD13

MDQ14 VDD_M T6 FLOAT FLOAT MD14

MDQ15 VDD_M U7 FLOAT FLOAT MD15

MA0 VDD_M R10 FLOAT FLOAT MA0

MA1 VDD_M U10 FLOAT FLOAT MA1

MA2 VDD_M V10 FLOAT FLOAT MA2

MA3 VDD_M R11 FLOAT FLOAT MA3
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MA4 VDD_M U11 FLOAT FLOAT MA4

MA5 VDD_M V11 FLOAT FLOAT MA5

MA6 VDD_M V12 FLOAT FLOAT MA6

MA7 VDD_M U12 FLOAT FLOAT MA7

MA8 VDD_M T12 FLOAT FLOAT MA8

MA9 VDD_M R12 FLOAT FLOAT MA9

MA10 VDD_M V13 FLOAT FLOAT MA10

MA11 VDD_M U13 FLOAT FLOAT MA11

MA12 VDD_M R13 FLOAT FLOAT MA12

MA13 VDD_M P13 FLOAT FLOAT MA13

MA14 VDD_M R14 FLOAT FLOAT MA14

SDBA0 VDD_M T9 FLOAT FLOAT SDBA0

SDBA1 VDD_M R9 FLOAT FLOAT SDBA1

SDBA2 VDD_M P10 FLOAT FLOAT SDBA2

nSDRAS VDD_M V8 FLOAT FLOAT nSDRAS

nSDCAS VDD_M V9 FLOAT FLOAT nSDCAS

ODT VDD_M U8 FLOAT FLOAT ODT

VREF VDD_M N1 FLOAT FLOAT VREF

CALPAD VDD_M N4 FLOAT FLOAT CALPAD

DQM0 VDD_M P1 FLOAT FLOAT DQM0

DQM1 VDD_M V2 FLOAT FLOAT DQM1

DQS0 VDD_M T1 FLOAT FLOAT DQS0

DQS0_N VDD_M R1 FLOAT FLOAT nDQS0

DQS1 VDD_M V5 FLOAT FLOAT DQS1

DQS1_N VDD_M V4 FLOAT FLOAT nDQS1

SDCLK0 VDD_M V6 FLOAT FLOAT SDCLK0

SDCLK0_N VDD_M V7 FLOAT FLOAT SDCLK0_N

SDCKE0 VDD_M R7 FLOAT FLOAT SDCKE0

nSDWE VDD_M U9 FLOAT FLOAT nSDWE

nSDCS0 VDD_M R8 FLOAT FLOAT nSDCS0

nSDCS1 VDD_M N10 FLOAT FLOAT nSDCS0

nDDR_RESET V14 nDDR_RESET

PXTAL_IN VDD_OSC R18 PXTAL_IN

PXTAL_OUT VDD_OSC T18 PXTAL_OUT

USBOTG_P VDD_OTG N17 USBOTG_P

Table 8: ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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USBOTG_N VDD_OTG N18 USBOTG_N

USBVBUS VDD_OTG P17 USBVBUS

USBID VDD_OTG L17 USBID

USBH_P VDD_UHC M17 USBH_P

USBH_N VDD_UHC M18 USBH_N

MFP_86 VDD_IO4 A3 FLOAT PULL_UP 0xD401_E158
GPIO_86 MMC2_DAT7 UART2_CTS_ PRI_TDI SSP5_TXD SSP5_RXD

PULL_UP PULL_UP PULL_UP PULL_DOWN PULL_DOWN

MFP_87 VDD_IO4 B3 FLOAT PULL_UP 0xD401_E15C
GPIO_87 MMC2_DAT6 UART2_RTS_ PRI_TMS SSP5_RXD SSP5_TXD

PULL_UP PULL_UP PULL_DOWN PULL_DOWN

MFP_88 VDD_IO4 A2 FLOAT PULL_UP 0xD401_E160
GPIO_88 MMC2_DAT5 UART2_RXD UART2_TXD PRI_TCK SSP5_CLK

PULL_UP PULL_UP PULL_UP PULL_DOWN PULL_DOWN

MFP_89 VDD_IO4 D4 FLOAT PULL_UP 0xD401_E164
GPIO_89 MMC2_DAT4 UART2_TXD UART2_RXD PRI_TDO SSP5_FRM

PULL_UP PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_90 VDD_IO4 B2 FLOAT PULL_UP 0xD401_E168
GPIO_90 MMC2_DAT3 SSP3_CLK PRI_TRST_N

PULL_UP PULL_UP PULL_DOWN PULL_UP

MFP_91 VDD_IO4 C3 FLOAT PULL_UP 0xD401_E16C
GPIO_91 MMC2_DAT2 SSP3_FRM SSP4_FRM

PULL_UP PULL_UP PULL_DOWN PULL_DOWN

MFP_92 VDD_IO4 A1 FLOAT PULL_UP 0xD401_E170
GPIO_92 MMC2_DAT1 SSP3_RXD SSP3_TXD

PULL_UP PULL_UP PULL_DOWN

MFP_93 VDD_IO4 B1 FLOAT PULL_UP 0xD401_E174
GPIO_93 MMC2_DAT0 SSP3_TXD SSP3_RXD

PULL_UP PULL_UP PULL_DOWN

MFP_94 VDD_IO4 D3 FLOAT PULL_UP 0xD401_E178
GPIO_94 MMC2_CMD SSP3_FRM

ASYSCLK
AC97_SYNC

PULL_UP PULL_UP PULL_DOWN

MFP_95 VDD_IO4 C2 FLOAT PULL_UP 0xD401_E17C
GPIO_95 MMC2_CLK AC97_nACRE

PULL_UP FLOAT

MFP_96 VDD_IO4 E4 FLOAT PULL_UP 0xD401_E180
GPIO_96 PWM3 MMC2_CLK

PULL_UP FLOAT

MFP_97 VDD_IO4 C1 FLOAT PULL_UP 0xD401_E184
GPIO_97 PWM2 ONE_WIRE

PULL_UP FLOAT

MFP_98 VDD_IO4 D2 FLOAT PULL_UP 0xD401_E188
GPIO_98 PWM1 UART3_TXD UART3_RXD

PULL_UP PULL_UP

MFP_99 VDD_IO4 E3 FLOAT PULL_UP 0xD401_E18C
GPIO_99 ONE_WIRE UART3_RXD UART3_TXD

PULL_UP FLOAT PULL_UP

MFP_100 VDD_IO4 F4 FLOAT PULL_UP 0xD401_E190
GPIO_100 UART3_CTS_ UART3_RTS_

PULL_UP PULL_UP

Table 8: ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_101 VDD_IO4 D1 FLOAT PULL_UP 0xD401_E194
GPIO_101 UART3_RTS_ UART3_CTS_

PULL_UP PULL_UP

MFP_102 VDD_IO4 E2 FLOAT PULL_UP 0xD401_E198
GPIO_102 I2C_SDA UART3_DSR SSP4_CLK

PULL_UP PULL_UP PULL_UP PULL_UP

MFP_103 VDD_IO4 F3 FLOAT PULL_UP 0xD401_E19C
GPIO_103 I2C_SCL UART3_DCD SSP4_FRM SSP2_FRM

PULL_UP PULL_UP PULL_UP PULL_DOWN PULL_DOWN

MFP_104 VDD_IO4 E1 FLOAT PULL_UP 0xD401_E1A0
GPIO_104 PWM4 UART1_DSR SSP4_RXD SSP4_TXD AC97_SYNC KP_MKOUT5

PULL_UP PULL_UP PULL_DOWN PULL_DOWN

MFP_105 VDD_IO4 F2 FLOAT PULL_UP 0xD401_E1A4
GPIO_105 I2C_SDA UART1_DCD SSP4_TXD SSP4_RXD AC97_nACRE KP_MKOUT4

PULL_UP PULL_UP PULL_UP PULL_DOWN PULL_DOWN

MFP_106 VDD_IO4 F1 FLOAT PULL_UP 0xD401_E1A8
GPIO_106 I2C_SCL PWM1

ASYSCLK
MMC2_CLK KP_MKOUT3

PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_37 VDD_IO1 L15 FLOAT PULL_UP 0xD401_E000
GPIO_37 MMC1_DAT7 KP_MKOUT0 CCIC_DAT7 XD_DATA7 KP_MKIN4 KP_DKIN0

PULL_UP PULL_UP PULL_DOWN PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_38 VDD_IO1 L16 FLOAT PULL_UP 0xD401_E004
GPIO_38 MMC1_DAT6 KP_MKOUT1 CCIC_DAT6 XD_DATA6 KP_MKIN5 KP_DKIN1

PULL_UP PULL_UP PULL_DOWN PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_39 VDD_IO1 M15 FLOAT PULL_UP 0xD401_E008
GPIO_39 KP_MKOUT2 CCIC_DAT5 XD_DATA5 KP_MKIN6 KP_DKIN2

PULL_UP PULL_DOWN PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_40 VDD_IO1 K15 FLOAT PULL_UP 0xD401_E00C
GPIO_40 MMC1_DAT1 MSP_DAT1 KP_MKOUT3 CCIC_DAT4 XD_DATA4 KP_MKIN0 KP_DKIN0

PULL_UP PULL_UP FLOAT PULL_DOWN PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_41 VDD_IO1 K16 FLOAT PULL_UP 0xD401_E010
GPIO_41 MMC1_DAT0 MSP_DAT0 CCIC_DAT3 XD_DATA3 KP_MKIN1 KP_DKIN1

PULL_UP PULL_UP FLOAT PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_42 VDD_IO1 K17 FLOAT PULL_UP 0xD401_E014
GPIO_42 I2C_SDA MSP_BS CCIC_DAT2 XD_DATA2 KP_MKIN7 KP_DKIN3

PULL_UP PULL_UP PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_43 VDD_IO1 K18 FLOAT PULL_UP 0xD401_E018
GPIO_43 MMC1_CLK MSP_DAT2 MSP_INS KP_MKIN2 KP_DKIN2

PULL_UP FLOAT FLOAT FLOAT PULL_DOWN PULL_DOWN

MFP_44 VDD_IO1 J15 FLOAT PULL_UP 0xD401_E01C
GPIO_44 MMC1_CLK MSP_DAT3 MSP_DAT1 CCIC_DAT1 XD_DATA1 KP_MKIN3 KP_DKIN3

PULL_UP FLOAT FLOAT FLOAT PULL_DOWN FLOAT PULL_DOWN PULL_DOWN

MFP_45 VDD_IO1 J16 FLOAT PULL_UP 0xD401_E020
GPIO_45 MSP_DAT0 CCIC_DAT0 XD_DATA0 KP_DKIN4

PULL_UP FLOAT PULL_DOWN FLOAT PULL_DOWN

MFP_46 VDD_IO1 J17 FLOAT PULL_UP 0xD401_E024
GPIO_46 MMC1_WP MSP_INS MSP_DAT2 CCIC_VSYN KP_MKOUT0 KP_DKIN5

PULL_UP FLOAT FLOAT FLOAT PULL_DOWN PULL_DOWN PULL_DOWN

MFP_47 VDD_IO1 J18 FLOAT PULL_UP 0xD401_E028
GPIO_47 MSP_INS XD_nWE KP_DKIN6

PULL_UP FLOAT PULL_DOWN

Table 8: ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_48 VDD_IO1 H18 FLOAT PULL_UP 0xD401_E02C
GPIO_48 MMC1_DAT4 MSP_DAT3 CCIC_HSYN XD_ALE KP_DKIN7

PULL_UP PULL_UP FLOAT PULL_DOWN PULL_DOWN

MFP_49 VDD_IO1 H17 FLOAT PULL_UP 0xD401_E030
GPIO_49 MMC1_CMD MSP_BS XD_CLE KP_MKOUT1

PULL_UP PULL_UP PULL_DOWN

MFP_50 VDD_IO1 H16 FLOAT PULL_UP 0xD401_E034
GPIO_50 I2C_SCL MSP_SCLK CCIC_VCLK XD_RnB KP_MKOUT2

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_51 VDD_IO1 H15 FLOAT PULL_UP 0xD401_E038
GPIO_51 MMC1_DAT3 MSP_BS XD_nCE KP_MKOUT3

PULL_UP PULL_UP PULL_DOWN

MFP_52 VDD_IO1 G18 FLOAT PULL_UP 0xD401_E03C
GPIO_52 MMC1_DAT2 MSP_BS XD_nRE KP_MKOUT4

PULL_UP PULL_UP PULL_DOWN

MFP_53 VDD_IO1 G17 FLOAT PULL_UP 0xD401_E040
GPIO_53 MMC1_DETE XD_RnB KP_MKOUT6

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_54 VDD_IO1 G16 FLOAT PULL_UP 0xD401_E044
GPIO_54 MMC1_DAT5 CCIC_MCLK XD_DETECT KP_MKOUT7

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_55 VDD_IO1 G15 FLOAT PULL_UP 0xD401_E048
GPIO_55 MSP_BS CCIC_PCLK XD_DETECT KP_MKOUT5

PULL_UP PULL_DOWN PULL_UP PULL_DOWN

MFP_56 VDD_IO2 D11 FLOAT PULL_UP 0xD401_E0E0
GPIO_56 LCD_FCLK_R

PULL_UP PULL_UP

MFP_57 VDD_IO2 C11 FLOAT PULL_UP 0xD401_E0E4
GPIO_57 LCD_LCLK_A

PULL_UP PULL_DOWN

MFP_58 VDD_IO2 B11 FLOAT PULL_UP 0xD401_E0E8
GPIO_58 LCD_PCLK_

PULL_UP PULL_UP

MFP_59 VDD_IO2 A11 FLOAT PULL_UP 0xD401_E0EC

GPIO_59 LCD_DENA_

PULL_UP PULL_DOWN

MFP_60 VDD_IO2 E10 FLOAT PULL_UP 0xD401_E0F0
GPIO_60 LCD_DD0

PULL_UP FLOAT

MFP_61 VDD_IO2 D10 FLOAT PULL_UP 0xD401_E0F4
GPIO_61 LCD_DD1

PULL_UP FLOAT

MFP_62 VDD_IO2 B10 FLOAT PULL_UP 0xD401_E0F8
GPIO_62 LCD_DD2

PULL_UP FLOAT

Table 8: ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_63 VDD_IO2 A10 FLOAT PULL_UP 0xD401_E0FC
GPIO_63 LCD_DD3

PULL_UP FLOAT

MFP_64 VDD_IO2 A9 FLOAT PULL_UP 0xD401_E100
GPIO_64 LCD_DD4

PULL_UP FLOAT

MFP_65 VDD_IO2 B9 FLOAT PULL_UP 0xD401_E104
GPIO_65 LCD_DD5

PULL_UP FLOAT

MFP_66 VDD_IO2 D9 FLOAT PULL_UP 0xD401_E108
GPIO_66 LCD_DD6

PULL_UP FLOAT

MFP_67 VDD_IO2 E9 FLOAT PULL_UP 0xD401_E10C
GPIO_67 LCD_DD7

PULL_UP FLOAT

MFP_68 VDD_IO2 A8 FLOAT PULL_UP 0xD401_E110
GPIO_68 LCD_DD8 XD_DATA7

PULL_UP FLOAT FLOAT

MFP_69 VDD_IO2 B8 FLOAT PULL_UP 0xD401_E114
GPIO_69 LCD_DD9 XD_DATA6

PULL_UP FLOAT FLOAT

MFP_70 VDD_IO2 C8 FLOAT PULL_UP 0xD401_E118
GPIO_70 LCD_DD10 XD_DATA5

PULL_UP FLOAT FLOAT

MFP_71 VDD_IO2 D8 FLOAT PULL_UP 0xD401_E11C
GPIO_71 LCD_DD11 XD_DATA4

PULL_UP FLOAT FLOAT

MFP_72 VDD_IO2 A7 FLOAT PULL_DOWN 0xD401_E120
GPIO_72 LCD_DD12 XD_DATA3

PULL_DOWN FLOAT FLOAT

MFP_73 VDD_IO2 B7 FLOAT PULL_DOWN 0xD401_E124
GPIO_73 LCD_DD13 XD_DATA2

PULL_DOWN FLOAT FLOAT

MFP_74 VDD_IO2 D7 FLOAT PULL_DOWN 0xD401_E128
GPIO_74 LCD_DD14 PWM4 XD_DATA1

PULL_DOWN FLOAT FLOAT

Table 8: ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_75 VDD_IO2 E7 FLOAT PULL_DOWN 0xD401_E12C
GPIO_75 LCD_DD15 PWM3 XD_DATA0 ONE_WIRE

PULL_DOWN FLOAT FLOAT FLOAT

MFP_76 VDD_IO2 A6 FLOAT PULL_DOWN 0xD401_E130
GPIO_76 LCD_DD16 PWM2 I2C_SDA MSP_INS

PULL_DOWN PULL_UP PULL_UP FLOAT

MFP_77 VDD_IO2 B6 FLOAT PULL_UP 0xD401_E134
GPIO_77 LCD_DD17 PWM1 I2C_SCL ONE_WIRE XD_DETECT

PULL_UP PULL_UP PULL_UP FLOAT PULL_UP

MFP_78 VDD_IO2 D6 FLOAT PULL_UP 0xD401_E138
GPIO_78 LCD_DD18 MMC4_DAT3

PULL_UP PULL_UP PULL_UP

MFP_79 VDD_IO2 E6 FLOAT PULL_DOWN 0xD401_E13C
GPIO_79 LCD_DD19 ONE_WIRE MMC4_DAT2

PULL_DOWN PULL_UP FLOAT PULL_UP

MFP_80 VDD_IO2 A5 FLOAT PULL_UP 0xD401_E140
GPIO_80 LCD_DD20 I2C_SDA MMC4_DAT1

PULL_UP PULL_UP PULL_UP PULL_UP

MFP_81 VDD_IO2 B5 FLOAT PULL_UP 0xD401_E144
GPIO_81 LCD_DD21 I2C_SCL ONE_WIRE MMC4_DAT0

PULL_UP PULL_UP PULL_UP FLOAT PULL_UP

MFP_82 VDD_IO2 C5 FLOAT PULL_UP 0xD401_E148

GPIO_82 LCD_DD22 PWM4 MMC4_CMD

PULL_UP PULL_UP PULL_UP

MFP_83 VDD_IO2 D5 FLOAT PULL_UP 0xD401_E14C
GPIO_83 LCD_DD23 PWM3 RESET_OUT MMC4_CLK

PULL_UP PULL_UP FLOAT

MFP_84 VDD_IO2 A4 FLOAT PULL_UP 0xD401_E150
GPIO_84 PWM2 ONE_WIRE PWM1 EXT_32K_IN

PULL_UP FLOAT FLOAT

MFP_85 VDD_IO2 B4 FLOAT PULL_UP 0xD401_E154
GPIO_85 PWM1 USBHPEN

PULL_UP FLOAT

MFP_0 VDD_IO0 F18 FLOAT FLOAT 0xD401_E04C
DF_IO15 MSP_SCLK MMC3_CMD GPIO_00 MMC3_DAT7

FLOAT PULL_UP PULL_UP PULL_UP

Table 8: ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_1 VDD_IO0 F17 FLOAT FLOAT 0xD401_E050
DF_IO14 MSP_BS MMC3_CLK GPIO_01 MMC3_DAT6

FLOAT FLOAT PULL_UP PULL_UP

MFP_2 VDD_IO0 F16 FLOAT FLOAT 0xD401_E054
DF_IO13 MSP_BS GPIO_02 MMC3_DAT5

FLOAT PULL_UP PULL_UP

MFP_3 VDD_IO0 F15 FLOAT FLOAT 0xD401_E058
DF_IO12 GPIO_03 MMC3_DAT4

FLOAT PULL_UP PULL_UP

MFP_4 VDD_IO0 E18 FLOAT FLOAT 0xD401_E05C
DF_IO11 MSP_DAT3 GPIO_04 MMC3_DAT3

FLOAT FLOAT PULL_UP PULL_UP

MFP_5 VDD_IO0 E17 FLOAT FLOAT 0xD401_E060
DF_IO10 MSP_DAT2 GPIO_05 MMC3_DAT2

FLOAT FLOAT PULL_UP PULL_UP

MFP_6 VDD_IO0 E16 FLOAT FLOAT 0xD401_E064
DF_IO9 MSP_DAT1 GPIO_06 MMC3_DAT1

FLOAT FLOAT PULL_UP PULL_UP

MFP_7 VDD_IO0 E15 FLOAT FLOAT 0xD401_E068
DF_IO8 MSP_DAT0 GPIO_07 MMC3_DAT0

FLOAT FLOAT PULL_UP PULL_UP

MFP_8 VDD_IO0 D18 FLOAT PULL_UP 0xD401_E06C
DF_IO7 MMC2_DAT7 UART3_TXD MMC2_CMD GPIO_08 MMC3_CLK

PULL_UP PULL_UP PULL_UP PULL_UP FLOAT

MFP_9 VDD_IO0 D17 FLOAT PULL_UP 0xD401_E070
DF_IO6 MMC2_DAT6 UART3_RXD MMC2_CLK GPIO_09 MMC3_CMD

PULL_UP PULL_UP PULL_UP FLOAT PULL_UP PULL_UP

MFP_10 VDD_IO0 D16 FLOAT PULL_UP 0xD401_E074
DF_IO5 MMC2_DAT5

UART3_CTS_
N GPIO_10

MSP_DAT3

PULL_UP PULL_UP PULL_UP PULL_UP PULL_UP

MFP_11 VDD_IO0 D15 FLOAT PULL_UP 0xD401_E078
DF_IO4 MMC2_DAT4

UART3_RTS_
N GPIO_11

MSP_DAT2

PULL_UP PULL_UP PULL_UP FLOAT

MFP_12 VDD_IO0 C18 FLOAT PULL_UP 0xD401_E07C
DF_IO3 MMC2_DAT3

UART3_DSR
_N GPIO_12

MSP_DAT1

PULL_UP PULL_UP PULL_UP PULL_UP FLOAT

Table 8: ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_13 VDD_IO0 C17 FLOAT PULL_UP 0xD401_E080
DF_IO2 MMC2_DAT2

UART3_DCD
_N GPIO_13

MSP_DAT0

PULL_UP PULL_UP PULL_UP PULL_UP FLOAT

MFP_14 VDD_IO0 B18 FLOAT PULL_UP 0xD401_E084
DF_IO1 MMC2_DAT1 GPIO_14 MSP_SCLK

PULL_UP PULL_UP PULL_UP

MFP_15 VDD_IO0 B17 FLOAT PULL_UP 0xD401_E088
DF_IO0 MMC2_DAT0 GPIO_15 MSP_BS

PULL_UP PULL_UP PULL_UP

MFP_16 VDD_IO0 A18 FLOAT PULL_UP 0xD401_E08C
GPIO_16 ND_nCS0 SMC_nCS0 SMC_nCS1

MMC3_DETE
CT

PULL_UP PULL_UP

MFP_17 VDD_IO0 A17 FLOAT HIGH 0xD401_E090

ND_nWE_SMC
_nLUA_CF_IO

WR GPIO_17 MSP_BS

PULL_UP

MFP_18 VDD_IO0 B16 FLOAT PULL_UP 0xD401_E094
GPIO_18 ND_nCS1 SMC_nCS1 SMC_nCS0

PULL_UP

MFP_19 VDD_IO0 A16 FLOAT FLOAT 0xD401_E098
SMC_nCS0 CF_nCE1 GPIO_19

PULL_UP

MFP_20 VDD_IO0 C15 FLOAT PULL_UP 0xD401_E09C
GPIO_20 SMC_nCS1 CF_nCE2 CF_RDY

PULL_UP PULL_DOWN

MFP_21 VDD_IO0 B15 FLOAT HIGH 0xD401_E0A0

ND_ALE_SMC
_nWE_CF_nW

E MMC2_CLK GPIO_21

FLOAT PULL_UP

MFP_22 VDD_IO0 A15 FLOAT HIGH 0xD401_E0A4

ND_CLE_SMC
_nOE_CF_nO

E MMC2_CMD GPIO_22

PULL_UP PULL_UP

MFP_23 VDD_IO0 D14 FLOAT HIGH 0xD401_E0A8
SMC_nLUA ND_nCS0 CF_nALE GPIO_23

PULL_UP

Table 8: ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_24 VDD_IO0 C14 FLOAT LOW 0xD401_E0AC

ND_nRE_SMC
_nLLA_CF_IO

RD GPIO_24

PULL_UP

MFP_25 VDD_IO0 D13 FLOAT LOW 0xD401_E0B0
SMC_nLLA CF_nRESET GPIO_25

PULL_UP

MFP_26 VDD_IO0 E13 FLOAT PULL_UP 0xD401_E0B4
GPIO_26 ND_RnB0 CF_STSCHG

PULL_UP PULL_UP PULL_UP

MFP_27 VDD_IO0 C13 FLOAT PULL_DOWN 0xD401_E0B8
SMC_IRQ ND_RnB1 SMC_BE1 SMC_RDY GPIO_27

PULL_DOWN PULL_UP PULL_DOWN PULL_UP

MFP_28 VDD_IO0 B14 FLOAT PULL_DOWN 0xD401_E0BC
SMC_RDY MMC4_CMD SMC_BE2 CF_RDY GPIO_28 MMC2_CMD

PULL_DOWN PULL_UP PULL_DOWN PULL_UP PULL_UP

MFP_29 VDD_IO0 A14 FLOAT LOW 0xD401_E0C0
SMC_SCLK MMC4_CLK CF_STSCHG GPIO_29 MMC2_CLK KP_DKIN0

FLOAT PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_30 VDD_IO0 B13 FLOAT LOW 0xD401_E0C4
SMC_ADDR0 MMC4_DAT0 UART3_TXD CF_nREG GPIO_30 MMC2_DAT0 KP_DKIN1

PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_31 VDD_IO0 A13 FLOAT LOW 0xD401_E0C8
SMC_ADDR1 MMC4_DAT1 UART3_RXD CF_nIOIS16 GPIO_31 MMC2_DAT1 KP_DKIN2

PULL_UP PULL_UP PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_32 VDD_IO0 D12 FLOAT LOW 0xD401_E0CC
SMC_ADDR2 MMC4_DAT2

UART3_CTS_
N CF_nCD1 GPIO_32 MMC2_DAT2 KP_DKIN3

PULL_UP PULL_UP PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_33 VDD_IO0 B12 FLOAT LOW 0xD401_E0D0
SMC_ADDR3 MMC4_DAT3

UART3_RTS_
N CF_nCD2 CF_nINPACK GPIO_33 MMC2_DAT3 KP_DKIN4

PULL_UP PULL_UP PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_34 VDD_IO0 C12 FLOAT PULL_UP 0xD401_E0D4
GPIO_34 SMC_nCS1 CF_nSPKR CF_nWAIT

MMC3_DETE
CT KP_DKIN5

PULL_UP PULL_UP PULL_UP PULL_UP PULL_DOWN

MFP_35 VDD_IO0 A12 FLOAT PULL_UP 0xD401_E0D8
GPIO_35 SMC_BE1 CF_nINPACK MMC3_CMD KP_DKIN6

PULL_UP PULL_UP PULL_UP PULL_DOWN

Table 8: ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_36 VDD_IO0 E12 FLOAT PULL_UP 0xD401_E0DC
GPIO_36 SMC_BE2 CF_nWAIT MMC3_CLK KP_DKIN7

PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_107 VDD_IO3 G4 FLOAT PULL_UP 0xD401_E1AC
GPIO_107 UART1_TXD UART1_RXD SSP2_RXD MSP_DAT3 KP_MKIN3

PULL_UP PULL_UP PULL_DOWN FLOAT PULL_DOWN

MFP_108 VDD_IO3 G3 FLOAT PULL_UP 0xD401_E1B0
GPIO_108 UART1_RXD UART1_TXD SSP2_TXD MSP_DAT2 KP_MKIN2

PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_109 VDD_IO3 G2 FLOAT PULL_UP 0xD401_E1B4
GPIO_109

UART1_CTS_
N

UART1_RTS_
N

ASYSCLK
MSP_DAT1 KP_MKIN1

PULL_UP PULL_UP FLOAT PULL_DOWN

MFP_110 VDD_IO3 G1 FLOAT PULL_UP 0xD401_E1B8
GPIO_110

UART1_RTS_
N

UART1_CTS_
N SMC_RDY MSP_DAT0 KP_MKIN0

PULL_UP PULL_UP PULL_DOWN FLOAT PULL_DOWN

MFP_111 VDD_IO3 H4 FLOAT PULL_UP 0xD401_E1BC
GPIO_111

UART1_nRI
UART1_DSR

_N
SSP3_FRM SSP2_CLK

MSP_SCLK XD_nRE KP_MKOUT7

PULL_UP PULL_UP PULL_UP PULL_DOWN PULL_DOWN PULL_DOWN

MFP_112 VDD_IO3 H3 FLOAT PULL_UP 0xD401_E1C0
GPIO_112

UART1_DTR
UART1_DCD

_N ONE_WIRE
SSP2_FRM

MSP_BS XD_RnB KP_MKOUT6

PULL_UP PULL_UP PULL_UP FLOAT PULL_DOWN PULL_UP PULL_DOWN

MFP_113 VDD_IO3 H2 FLOAT PULL_UP 0xD401_E1C4
GPIO_113

ASYSCLK

PULL_UP

MFP_114 VDD_IO3 H1 FLOAT PULL_UP 0xD401_E1C8
GPIO_114

SSP1_FRM
AC97_SDATA

_IN_0 

PULL_UP PULL_DOWN FLOAT

MFP_115 VDD_IO3 J4 FLOAT PULL_UP 0xD401_E1CC
GPIO_115

SSP1_CLK
AC97_BITCL

K 

PULL_UP PULL_DOWN FLOAT

MFP_116 VDD_IO3 J3 FLOAT PULL_UP 0xD401_E1D0
GPIO_116

SSP1_TXD SSP1_RXD
AC97_SDATA

_IN_1 

PULL_UP PULL_DOWN FLOAT

MFP_117 VDD_IO3 J2 FLOAT PULL_UP 0xD401_E1D4
GPIO_117

SSP1_RXD SSP1_TXD
MMC2_CMD

AC97_SDATA
_OUT

PULL_UP PULL_DOWN PULL_UP

Table 8: ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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MFP_118 VDD_IO3 J1 FLOAT PULL_UP 0xD401_E1D8
GPIO_118 SSP2_CLK MMC2_CLK AC97_SYNC KP_MKIN7

PULL_UP PULL_DOWN FLOAT PULL_DOWN

MFP_119 VDD_IO3 K1 FLOAT PULL_UP 0xD401_E1DC
GPIO_119

SSP2_FRM
MMC2_DAT0

AC97_nACRE
SET KP_MKIN6

PULL_UP PULL_DOWN PULL_UP PULL_DOWN

MFP_120 VDD_IO3 K2 FLOAT PULL_UP 0xD401_E1E0
GPIO_120 SSP2_RXD SSP2_TXD MMC2_DAT1 KP_MKIN5

PULL_UP PULL_DOWN PULL_UP PULL_DOWN

MFP_121 VDD_IO3 K3 FLOAT PULL_UP 0xD401_E1E4
GPIO_121 SSP2_TXD SSP2_RXD MMC2_DAT2 KP_MKIN4

PULL_UP PULL_DOWN PULL_UP PULL_DOWN

MFP_122 VDD_IO3 K4 FLOAT PULL_UP 0xD401_E1E8
GPIO_122

ASYSCLK

SSP2_FRM PWM3 MMC2_DAT3

PULL_UP PULL_DOWN PULL_UP

RESET_IN_N VDD_IO3 L1 PULL_UP PULL_UP RESET_IN_N

PWR_SCL VDD_IO3 L2 FLOAT PULL_UP 0xD401_E1EC
PWR_SCL GPIO_88 MMC4_CLK

PULL_UP PULL_UP FLOAT

PWR_SDA VDD_IO3 L3 FLOAT PULL_UP 0xD401_E1F0
PWR_SDA GPIO_87

PULL_UP PULL_UP

A_ISET R17

RT_SEN R16

RFU_U15 U15

RFU_U17 U17

RFU_U18 U18

RFU_V15 V15

RFU_V17 V17

RFU_V18 V18

RFU_R15 R15

AVDD_UHC M16

Table 8: ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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RFU_T15 T15

RFU_U16 U16

VDD_CORE E8

VDD_CORE E11

VDD_CORE G5

VDD_CORE G14

VDD_CORE H5

VDD_CORE H14

VDD_CORE L5

VDD_CORE L14

VDD_CORE M5

VDD_CORE M14

VDD_CORE P8

VDD_CORE P11

VDD_CORE T17

AVDD_OTG N15

AVDD_OSC P16

AVDD5_USB P18

VDD_IO0 E14

VDD_IO0 F14

VDD_IO1 J14

VDD_IO1 K14

VDD_IO2 C4

VDD_IO2 C7

VDD_IO2 C9

Table 8: ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)

P
in

 N
am

e 
  

S
u

p
p

ly

B
G

A
 B

al
l N

u
m

b
er

R
es

et
 S

ta
te

 w
it

h
 n

o
 V

D
D

_C
O

R
E

R
es

et
 S

ta
te

P
ad

 C
o

n
tr

o
l A

d
d

re
ss

P
ri

m
ar

y 
F

u
n

ct
io

n
 a

t 
R

es
et

 (
A

lt
 F

N
 0

)
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 1
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 2
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 3
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 4
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 5
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 6
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0

A
lt

. F
N

 7
P

u
ll 

S
ta

te
 w

h
en

 P
U

L
L

_S
E

L
 =

 0



Pin Listing and Signal Definitions
ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate Functions

                         

Copyright © 2010 Marvell Doc. No. MV-S301544-00  Rev. -

November 2010 PUBLIC RELEASE Page 121

VDD_IO3 J5

VDD_IO3 K5

VDD_IO4 E5

VDD_IO4 F5

VDD_M P9

VDD_M R2

VDD_M R4

VDD_M T7

VDD_M T10

VDD_M T13

VDD_M U3

VDD_M U5

VSS C6

VSS C10

VSS C16

VSS F7

VSS F8

VSS F9

VSS F10

VSS F11

VSS F12

VSS G6

VSS G7

VSS G8

VSS G9

Table 8: ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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VSS G10

VSS G11

VSS G12

VSS G13

VSS H6

VSS H7

VSS H8

VSS H9

VSS H10

VSS H11

VSS H12

VSS H13

VSS J6

VSS J7

VSS J8

VSS J9

VSS J10

VSS J11

VSS J12

VSS J13

VSS K6

VSS K7

VSS K8

VSS K9

VSS K10

Table 8: ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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VSS K11

VSS K12

VSS K13

VSS L6

VSS L7

VSS L8

VSS L9

VSS L10

VSS L11

VSS L12

VSS L13

VSS L18

VSS M6

VSS M7

VSS M8

VSS M9

VSS M10

VSS M11

VSS M12

VSS M13

VSS N5

VSS N7

VSS N8

VSS N9

VSS N10

Table 8: ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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VSS N11

VSS N12

VSS N14

VSS N16

VSS P5

VSS P7

VSS P12

VSS P14

VSS P15

VSS T2

VSS T4

VSS T8

VSS T11

VSS T14

VSS T16

VSS U6

VSS U14

VSS V14

VSS V16

NOTE: The pullup and pulldown resistors are valid only when a multi-function pin is configured as an input.

Table 8: ARMADA 162 (88AP162) Processor 15mm x 15mm TFBGA Pin List with Alternate 
Functions (Continued)
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4 Processor and Memory Subsystem 
This section describes the following:

4.1 Overview
4.2 Marvell® Sheeva™ Embedded Core Technology Features

4.3 Marvell® Sheeva™ PJ1 CPU
4.4 Marvell® Sheeva™ PJ1 Core Memory Management Unit
4.5 SIMD Coprocessor

4.6 Level Two Cache
4.7 Extended Instructions
4.8 Register Descriptions

4.1 Overview
The ARMADA 16x Applications Processor Family contains one embedded high-performance 
Marvell® SheevaTM PJ1 core that is compatible with the ARM V5TE instruction set processors, as 
shown in Figure 2. 
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4.2 Marvell® Sheeva™ Embedded Core Technology 
Features

Core processor implementing the ARM Instruction Set Architecture (ISA) Version 5TE

Core processor implementation includes the ARM DSP instruction set
Core processor implementing the standard ARM instruction set embedded ICE-RT logic
Tightly coupled 64-bit internal data buses between the processor core and external memory 

ARM mode (32-bit) or Thumb mode (16-bit) instruction support
32 KB direct-mapped Cache memory for instructions and 32 KB four-way set-associative Cache 
Writeback 128 KB Level 2 Cache supported Marvell® Sheeva™ CPUs

Marvell® Sheeva™ CPU (Sheeva also supports Single-Instruction Multiple Data (SIMD) 
coprocessor fully compliant with Intel® Wireless MMX 2™ v1.5)

4.3 Marvell® Sheeva™ PJ1 CPU 

4.3.1 Features
A high-performance, high-end embedded CPU that is configurable for different system 
applications based on available options

Figure 2: ARMADA 16x device CPU Subsystem Block Diagram
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unit clock; aclk = AXI clock

mcb2dram

ratio

(dclk) (dclk)(dclk)

(pclk)
(pclk)

(baclk)

pclk

dclk

aclk (aclk)

baclk

m8

xpclk

External DDR
Memory

mcb2dram

(dclk)

L2
I/D$

Unified 
Cashe
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Compliant with ARM v5TE architecture

• 32-bit instruction set for performance and flexibility

• 16-bit instruction set for code density

• DSP-extended instructions to boost performance for signal-processing applications

• Coprocessor instructions

Single-Instruction Multiple Data (SIMD) coprocessor fully compliant with Intel® Wireless MMX 
2™ v1.5
Endianness - big and little endian
MMU supports virtual-memory features required by OS platforms such as Windows CE.NET 
and Linux 

• Single, unified, 64-entry Translation Lookaside Buffer (TLB) for instruction fetches and data 
accesses

• Eight-entry mini Instruction TLB (ITLB) and eight-entry mini Data TLB (DTLB) to speed up 
address translation and save power

AMBA AXI Bus
Cache Memory Systems

• Level 1 Instruction-/Data-Cache:

– 32 KB Direct-mapped Instruction Cache (I-Cache) and 32 KB 4-way set-associative Data 
Cache (D-Cache)

– 8-word line size

– Streaming support 

– 64-bit internal data bus

– I-Cache, D-cache are virtually tagged. D-cache also stores physical tags for cache-line 
clean operations.

• Level 2 Cache:

– Unified configurable cache up to 128 KB

– 8-way set associative

– Writethrough and Writeback modes

– Physically tagged and addressed for fast clean operations using simple program loop

– Each cache block holds two sub-blocks, with each sub-block holding one cache line (32 
bytes, 8 words)

– Sub-block prefetch mechanism to improve performance

– Pseudo-random replacement algorithm

– Parity/ECC error support

Low-power mode with WFI support
16-entry FIFO Write Buffer

• Each entry holds up to 64 bits

• Write coalesce support with configurable wait cycles (0-15 cycles)

Variable length pipeline 

• 5 to 8 stages for optimal throughput of each instruction type

• Data forwarding support

• In-order retire via ROB

• Branch return stack

8-entry return stack for subroutine call and return for BL/BX Instructions (BL to push and BX to 
pop the stack) with round-robin replacement (non-blocking)
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4.3.2 Functional Description
The Sheeva PJ1 core integrates Marvell’s proprietary SoC and Intel XScale® design technology for 
applications such as digital photo frames, disk drives, storage controllers, routers, switches, smart 
phones, portable media players, networked storage, media vaults, wired and wireless networking, 
and printers as well as other products. 

The Sheeva PJ1 core components are suitable for RTOS time-slice and VM embedded applications 
that require large memory spaces, on-chip cache, L2 memory, and hardware-based optimization of 
compiled microcode. The Sheeva Embedded Core Technology integrates a CPU core, SIMD 
accelerator, MMU, multilevel TLB, and L1 caches on a full Harvard bus architecture. A Level 2 cache 
is programmable to enable it as part of the CPU. The core supports ARM and Thumb instructions, as 
well as hardware acceleration of Intel® Wireless MMX 2™ v1.5 instructions (SSE 1.0 with 
new media and wireless extensions). 

The core variable-length pipeline retires instructions in order, performing Branch prediction and data 
forwarding in hardware, so existing applications do not require recompilation for higher instruction 
throughput. Marvell’s optimizing compilers can enhance performance even further.

See Figure 4 for a block diagram of the CPU.

4.4 Marvell® Sheeva™ PJ1 Core Memory Management 
Unit
Together with the ARM Architecture Version 5TE Specification, this section describes the Memory 
Management Unit (MMU) implemented by the Sheeva™ PJ1 Core.

4.4.1 Overview
The Marvell® Sheeva™ PJ1 Core implements the ARM Memory Management Unit (MMU) defined 
by the ARM Architecture Version 5TE Specification with some extensions, including support for 
shared memory and an L2 cache.This chapter describes the Sheeva™ PJ1 Core-specific MMU 
features and assumes the reader has prior knowledge of the ARM MMU architecture.

Sheeva™ PJ1 Core supports the multi-level page table structure and page table entries defined by 
the ARM MMU architecture. The page table allows various size regions of memory to be defined 
with similar attributes. The individual entries in the table (known as Descriptors) specify the virtual to 
physical address translation, memory protection, and memory attribute information for a specific 
region of memory. 

Sheeva™ PJ1 Core extends the ARM MMU architecture with two new Descriptor types: 
supersection and extended small page. A supersection provides a 16 MB memory page (see the  
Supersection Descriptor section); the extended small page is similar to a small page, except it allows 
additional memory attributes to be specified for 4 KB pages of memory (see the  Extended Small 
Page Descriptor section).

The memory protection used by Sheeva™ PJ1 Core is the same as that defined by the ARM MMU 
architecture (see ARM Architecture Version 5TE Specification).

Sheeva™ PJ1 Core extends the memory attributes defined by the ARM MMU architecture to support 
additional capabilities such as an L2 cache and shared memory. The Sheeva™ PJ1 Core page 
tables allow system software to associate the following attributes with regions of memory:

Cacheable in Level 1 (L1) instruction cache and data cache (see 4.4.2.5 L1 Instruction Cache, 
Data Cache Behavior)
Cacheable in L2 cache (see 4.4.2.6 L2 Cache Behavior)

Shared memory (downgrades cacheable accesses to non-cacheable) 
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Write-back vs. write-through L1 data cache write policy (see Section 4.4.2.4 "Memory Attribute 
Encodings")
Coalescing (see Section 4.4.2.4 "Memory Attribute Encodings")

To accelerate virtual to physical address translation, Sheeva™ PJ1 Core uses a unified main TLB 
along with two separate 8-entry mini TLBs to cache the latest translation information for data and 
instruction access. In addition to the address translation, the TLBs contain memory access 
permissions and memory region attributes. The TLBs can be managed using the TLB functions 
available in CP15. Refer to Appendix A - Register Tables.

On a TLB miss, the core invokes a hardware mechanism, known as a “table walk.” The table walk 
reads the page table in backing memory to get the virtual-to-physical address mapping, as well as 
memory attributes for the region of memory being accessed. 

Following a table walk, the address translation and memory attribute information is placed in the 
TLB. 

For additional details on the address translation process, refer to Section 4.4.2.1 "Address 
Translation Process".

The MMU may report prefetch aborts (for instruction fetches) or data aborts (for data accesses) 
during the address translation process. The types of aborts which may be generated are described 
in Section 4.4.2.7 "Exceptions". Software may control and manage the MMU using registers and 
functions in Appendix A - Register Tables.

4.4.2 Architecture Model

4.4.2.1 Address Translation Process
The MMU accesses the TLB and does table walks based on the modified virtual address (MVA). 
This means that all operations which operate on a virtual address (instruction fetches, data 
accesses, DC line allocate) are first remapped by the registers (see Appendix A - Register Tables). It 
is this remapped address, the MVA, that is used when searching the TLB or, in the case of a TLB 
miss, for reading the page table in memory.

When an MVA does not hit in the TLB, a table walk is required. During a page table walk, bits in the 
Translation Table Base Register can be used to specify certain memory attributes to use during the 
table walk. In particular - the shared memory attribute, the ASSP specific attribute and L2 
cacheability - may be applied to the table walk. For more information on programming these 
attributes, refer to Appendix A - Register Tables.

4.4.2.2 Page Table Descriptor Formats
Sheeva™ PJ1 Core extends the Descriptors defined in ARM MMU architecture with the supersection 
and extended small-page Descriptors. Table 9 through Table 11 show the page-table Descriptor 
formats supported by Sheeva™ PJ1 Core.
                         

Table 9: First-level Descriptors
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Supersection Descriptor
Sheeva™ PJ1 Core defines a first-level Descriptor, known as a supersection, to support physical 
addressing of up to 36 bits. Sheeva™ PJ1 Core implements only 32 bits of physical address. The 
supersection Descriptor, shown in Table 9 is based on the section Descriptor format, with bit 18 of 
the Descriptor used to differentiate between the two.

Figure 3 shows the process for translating a 32-bit virtual address into a 36-bit physical address 
using a supersection Descriptor.

A supersection defines a 16 MB region of memory and must start on a 16 MB boundary. 
Supersections always use Domain 0.

In Figure 3, the virtual address shows the lower 4 bits of the first-level table index overlapping with 
the upper four bits of the supersection index. Since a supersection covers 16 MB of memory, it 
consumes 16 consecutive Descriptor entries in the first-level page table. All 16 entries must be 
programmed with the same Descriptor value, otherwise the results are unpredictable. 

Supersection base address Base 
address 
[35:32]

S
B
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1 S
B
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S S
B
Z

TEX AP P SBZ 0 C B 1 0

Fine page table base address SBZ P Domain SBZ 1 1

Table 10: Second-level Descriptors for Coarse Page Table
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Extended small page base address SBZ S TEX AP C B 1 1

Table 11: Second-level Descriptors for Fine Page Table
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Small page base address AP3 AP2 AP1 AP0 C B 1 0

Tiny Page Base Address S
B
Z

TEX AP C B 1 1

Table 9: First-level Descriptors (Continued)
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Extended Small Page Descriptor
Sheeva™ PJ1 Core defines a second-level Descriptor, known as an extended small page, to allow 
memory attributes to be specified on a 4 KB page size. The extended small page is defined only for 
a coarse second-level page table (refer to Table 10).

The address translation for an extended small page is the same as for a small page (refer to the 
ARM Architecture Version 5TE Specification).

4.4.2.3 Memory Attributes
The attributes associated with a region of memory are configured in the page table and control the 
behavior of accesses to the L1 caches (instruction and data), L2 cache, and Write buffers. 

When the MMU is disabled, the memory attributes defined in the page table are ignored. All 
instruction fetches default to L1 cacheable and L2 uncacheable. Data accesses default to strongly 
ordered (refer to Section 4.4.2.4 "Memory Attribute Encodings" for a definition of strongly ordered).

Refer to Section 4.4.2.5 "L1 Instruction Cache, Data Cache Behavior" and Section 4.4.2.6 "L2 
Cache Behavior" for more information on L1 and L2 cache behavior.

Figure 3: Address Translation for Supersection
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Inner/Outer Cacheability
Sheeva™ PJ1 Core provides support for multiple layers of cache, referred to as the inner and outer 
caches. Inner/Outer refers to the levels of caches that may be built in a system. “Inner” refers to the 
inner-most caches, including L1. “Outer” refers to the outer-most caches. Inner cache on Sheeva™ 
PJ1 Core is defined to be the L1 instruction and data caches. The outer cache is defined to be the 
L2 cache, when present.

The inner/outer cacheability attributes are not controlled by any individual bits but rather by a 
combination of Descriptor bits and also by whether the L2 is present. For memory regions defined as 
Low Locality Reference (see Section  "Low Locality of Reference (LLR)"), attribute bits in the 
Auxiliary Control Register (see Appendix A - Register Tables) also control inner/outer cacheability.

Coherent Memory Attribute (S-bit)
The coherent memory attribute is used to define a region of memory as being shared by multiple 
agents. Sheeva™ PJ1 Core downgrades cacheable memory regions to non-cacheable based on 
whether the region is defined to be shared.

The shared attribute is supported for all page types, except for small pages and tiny pages. It is 
represented by the S-bit in the Descriptors (see Table 9, Table 10, and Table 11).

Low Locality of Reference (LLR)
Certain page table encodings define the L1 data cache to be LLR. This feature allows an application 
to confine data in LLR memory regions to a single way of the L1 data cache instead of polluting the 
entire cache. The current PJ1 implementation does not treat LLR memory regions any differently 
than normal cacheable regions.

The L1 and L2 cache Write policies for LLR regions are defined in the Appendix A - Register Tables.

ASSP Specific Attribute (P-bit)
This bit is present only in the first-level Descriptors, so the attribute can be used only to specify 
behavior at 1 megabyte and 16 megabyte (supersection) memory granularity. 

It provides a method for allowing ASSPs to define their own attribute for a region of memory. ASSPs 
can use the P-bit in the first-level Descriptors to assign its own page attribute to a memory region1.

4.4.2.4 Memory Attribute Encodings
The memory attributes are encoded within the page table Descriptors using the C-, B-, and shared 
(S) bits, and type extension (TEX) field. Table 9, Table 10, and Table 11 show the location of these 
bits in the Descriptors. 

Table 12 through Table 19 are a complete listing of the Sheeva™ PJ1 Core page attributes. These 
tables use the following terms for non-cacheable memory:

Strongly ordered defines a non-cacheable, non-coalesceable memory region to which memory 
accesses behave as bi-directional fences, where all agents in a system experience explicit 
memory accesses in program order relative to a strongly ordered memory access. Explicit 
memory access refers to instructions that perform loads and/or stores. Strongly ordered 
memory is implied to be shared (regardless of the S-bit value in the Descriptor).
Device memory is non-cacheable memory well-suited for memory-mapped peripherals. The 
processor does not coalesce Writes to device memory. Instruction fetches to non-shared device 
memory may result in unpredictable behavior. However, for compatibility with previous 
processors, instruction fetches may be performed to shared device memory.
Inner/Outer Uncacheable is non-cacheable memory that allows Writes to coalesce and be 
re-ordered.

1. PJ1 bus transactions are never influenced by this ASSP attribute, so it will never by used by any ASSP (SOC)
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In the following tables, use of ‘X’ in a bit position (that is, 1X0) indicates that bit may be 1 or 0.
                         

Table 12:  Cache Attributes with L2 present, S=0

TEX C B L1 I -cache 
Cacheable

L1 
D-cache 
Cacheable

L1 DC
Write  
Pol icy

L2 
Cacheable

Writes 
May 
Coalesce

Description

000 0 0 N N - N N Strongly ordered 
(shared)

000 0 1 N N - N Y Shared Inner/Outer 
uncacheable1

000 1 0 Y Y WT N Y Inner writethrough;
Outer uncacheable

000 1 1 Y Y WB Y Y Inner writeback; 
Outer writeback

001 0 0 N N - N Y Inner/Outer 
uncacheable

001 0 1 N N - N N Shared Device

001 1 0 Y Y See 
Description

See 
Description

Y Low Locality of 
Reference (LLR) 
Memory
Auxiliary Control 
Register specifies L1 
D-cache write policy 
and L2 cacheability. 
See Table 14 for 
details

001 1 1 Y Y WB Y Y Inner writeback;
Outer writeback

010 0 0 N N - N N Non-shared device

010 0 1 N/A N/A N/A N/A N/A RESERVED

010 1 0 N/A N/A N/A N/A N/A RESERVED

010 1 1 N/A N/A N/A N/A N/A RESERVED

011 X X N/A N/A N/A N/A N/A RESERVED

1X0 0 0 N N - N Y Inner/Outer 
uncacheable

1X0 0 1 Y Y WB N Y Inner writeback; 
Outer uncacheable

1X0 1 0 Y Y WT N Y Inner writethrough; 
Outer uncacheable

1X0 1 1 Y Y WB N Y Inner writeback; 
Outer uncacheable



Marvell® ARMADA 16x Applications Processor Family Software Manual

                         

                         

Doc. No. MV-S301544-00  Rev. -   Copyright © 2010 Marvell

Page 134 November 2010 PUBLIC RELEASE

                         

1X1 0 0 N N - Y Y Inner uncacheable; 
Outer writeback

1X1 0 1 Y Y WB Y Y Inner writeback; 
Outer writeback

1X1 1 0 Y Y WT Y Y Inner writethrough;
Outer writeback

1X1 1 1 Y Y WB Y Y Inner writeback; 
Outer writeback

1. The inner/outer uncacheable behavior for TEX CB encoding “000 01” is deprecated on Sheeva™ PJ1 Core. TEX CB 
encoding “001 00” should be used instead if inner/outer uncacheable memory is required.

Table 12:  Cache Attributes with L2 present, S=0 (Continued)

TEX C B L1 I -cache 
Cacheable

L1 
D-cache 
Cacheable

L1 DC
Write  
Pol icy

L2 
Cacheable

Writes 
May 
Coalesce

Description

Table 13: Cache Attributes with L2 present, S=1

TEX C B L1 I -cache 
Cacheable

L1 
D-cache 
Cacheable

L1 
D-cache 
Write  
Policy

L2 
Cacheable

Writes 
May 
Coalesce

Description

000 0 0 Y Y - Y N Strongly ordered 
(shared)

000 0 1 Y Y - Y Y Inner/Outer 
uncacheable

000 1 0 Y Y - Y Y Inner/Outer 
uncacheable

000 1 1 Y Y - Y Y Inner/Outer 
uncacheable

001 0 0 Y Y - Y Y Inner/Outer 
uncacheable

001 0 1 Y Y - Y N Shared Device

001 1 0 Y Y Y Y Y
Inner/Outer 
uncacheable

001 1 1 Y Y - Y Y
Inner/Outer 
uncacheable

010 0 0 Y Y - Y N Inner/Outer 
uncacheable

010 0 1 N/A N/A N/A N/A N/A RESERVED
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010 1 0 N/A N/A N/A N/A N/A RESERVED

010 1 1 N/A N/A N/A N/A N/A RESERVED

011 X X N/A N/A N/A N/A N/A RESERVED

1X0 0 0 Y Y - Y Y Inner/Outer 
uncacheable

1X0 0 1 Y Y - Y Y Inner/Outer 
uncacheable

1X0 1 0 Y Y - Y Y Inner/Outer 
uncacheable

1X0 1 1 Y Y Y Y Y Inner/Outer 
uncacheable

1X1 0 0 Y Y Y Y Y Inner/Outer 
uncacheable

1X1 0 1 Y Y - Y Y Inner/Outer 
uncacheable

1X1 1 0 Y Y - Y Y Inner/Outer 
uncacheable

1X1 1 1 Y Y - Y Y Inner/Outer 
uncacheable

Table 13: Cache Attributes with L2 present, S=1 (Continued)

TEX C B L1 I -cache 
Cacheable

L1 
D-cache 
Cacheable

L1 
D-cache 
Write  
Policy

L2 
Cacheable

Writes 
May 
Coalesce

Description

Table 14: LLR Page Attributes, L2 Present Case, S=0

Auxiliary Control  
Register  Sett ing

L1 I-cache 
Cacheable

L1 
D-cache 
Cacheable

L1 
D-Cache 
Write 
Policy

L2 
Cacheable

Writes 
May 
Coalesce

Description

inner writethrough
outer uncacheable

Y Y WT N Y -

inner writethrough
outer writeback

Y Y WT Y Y -

inner writeback
outer uncacheable

Y Y WB N Y -

inner writeback
outer writeback

Y Y WB Y Y -



Marvell® ARMADA 16x Applications Processor Family Software Manual

                         

                         

Doc. No. MV-S301544-00  Rev. -   Copyright © 2010 Marvell

Page 136 November 2010 PUBLIC RELEASE

                         

Table 15: LLR Page Attributes, L2 Present Case, S=1

Auxil iary Control 
Register  Sett ing

L1 I -cache 
Cacheable

L1 
D-cache 
Cacheable

L1 
D-cache 
Write 
Policy

L2 
Cacheable

Writes 
May 
Coalesce

Description

inner writethrough
outer uncacheable

Y Y Y Y Y Inner/Outer 
uncacheable

inner writethrough
outer write-back

Y Y - Y Y Inner/Outer 
uncacheable

inner writeback
outer uncacheable

Y Y Y Y Y Inner/Outer 
uncacheable

inner writeback
outer writeback

Y Y - Y Y Inner/Outer 
uncacheable

Table 16: Cache Attributes with no L2, S=0

TEX C B L1 I-cache 
Cacheable

L1 D-cache 
Cacheable

L1 
D-cache 
Write  
Pol icy

Writes 
May 
Coalesce

Description

000 0 0 N N - N Strongly Ordered (shared)

000 0 1 N N - Y Shared Inner uncacheable1

000 1 0 Y Y WT Y Inner writethrough

000 1 1 Y Y WB Y Inner writeback

001 0 0 N N - Y Inner uncacheable

001 0 1 N N - N Shared Device

001 1 0 Y Y See 
Description

Y Low Locality of Reference (LLR) 
memory
Auxiliary Control Register specifies L1 
D-cache write policy.
See Table 18 for details.

001 1 1 Y Y WB Y Inner writeback

010 0 0 N N - N Non-shared device

010 0 1 N/A N/A N/A N/A RESERVED

010 1 0 N/A N/A N/A N/A RESERVED

010 1 1 N/A N/A N/A N/A RESERVED

011 X X N/A N/A N/A N/A RESERVED

1XX 0 0 N N - Y Inner uncacheable
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1XX 0 1 Y Y WB Y Inner writeback

1XX 1 0 Y Y WT Y Inner writethrough

1XX 1 1 Y Y WB Y Inner writeback

1. The inner/outer uncacheable behavior for TEX CB encoding “000 01” is deprecated on Sheeva™ PJ1 Core. TEX CB 
encoding “001 00” should be used instead if inner/outer uncacheable memory is required.

                         

Table 17: Cache Attributes with no L2, S=1

TEX C B L1 I-cache 
Cacheable

L1 D-cache 
Cacheable

L1 
D-cache 
Write 
Policy

Writes 
May 
Coalesce

Description

000 0 0 Y Y Y N Strongly ordered (shared)

000 0 1 Y Y Y Y Inner/Outer uncacheable

000 1 0 Y Y Y Y Inner/Outer uncacheable

000 1 1 Y Y Y Y Inner/Outer uncacheable

001 0 0 Y Y Y Y Inner/Outer uncacheable

001 0 1 Y Y Y N Shared Device

001 1 0 Y Y Y Y
Inner/Outer uncacheable

001 1 1 Y Y Y Y Inner/Outer uncacheable

010 0 0 Y Y Y N Inner/Outer uncacheable

010 0 1 N/A N/A N/A N/A RESERVED

010 1 0 N/A N/A N/A N/A RESERVED

010 1 1 N/A N/A N/A N/A RESERVED

011 X X N/A N/A N/A N/A RESERVED

1XX 0 0 Y Y Y Y Inner uncacheable

1XX 0 1 Y Y Y Y Inner/Outer uncacheable

1XX 1 0 Y Y Y Y Inner/Outer uncacheable

1XX 1 1 Y Y Y Y Inner/Outer uncacheable

Table 16: Cache Attributes with no L2, S=0 (Continued)

TEX C B L1 I-cache 
Cacheable

L1 D-cache 
Cacheable

L1 
D-cache 
Write  
Pol icy

Writes 
May 
Coalesce

Description



Marvell® ARMADA 16x Applications Processor Family Software Manual

                         

                         

Doc. No. MV-S301544-00  Rev. -   Copyright © 2010 Marvell

Page 138 November 2010 PUBLIC RELEASE

                         

                         

4.4.2.5 L1 Instruction Cache, Data Cache Behavior
While the MMU is disabled all page table attributes are ignored. All instruction accesses are 
considered to be cacheable and are cached in the L1 instruction cache when it is enabled. Data 
accesses are treated as strongly ordered.

When the MMU is enabled, the following conditions must be met to enable L1 instruction caching:

Specified address must be marked as L1 cacheable in the page table attributes

Similarly, the following conditions must be met to enable L1 data caching:

Data cache must be enabled (bit 2, register 1 of CP15 Control Register is set)

Specified address must be marked as L1 cacheable in the page table attributes
The S bit must not be set

The cache attributes in the page table also inform the caches how to handle Write data that hits the 
L1 data cache. The two methods of handling Write data are writeback and writethrough. Writeback 
updates the data only in the L1 data cache, while writethrough updates the data both in the L1 data 

Table 18: LLR Page Attributes, no L2 case, S=0

Auxil iary Control 
Register Setting

L1 I -cache 
Cacheable

L1 
D-cache 
Cacheable

L1 
D-cache 
Write 
Policy

Writes 
May 
Coalesce

Description

inner writethrough
outer uncacheable

Y Y WT Y -

inner writethrough
outer writeback

Y Y WT Y -

inner writeback
outer uncacheable

Y Y WB Y -

inner writeback
outer writeback

Y Y WB Y -

Table 19: LLR Page Attributes, no L2 case, S=1

Auxil iary Control 
Register Setting

L1 I -cache 
Cacheable

L1 
D-cache 
Cacheable

L1 
D-cache 
Write  
Policy

Writes 
May 
Coalesce

Description

inner writethrough
outer uncacheable

Y Y Y Y Inner/Outer uncacheable

inner writethrough
outer writeback

Y Y Y Y Inner/Outer uncacheable

inner writeback
outer uncacheable

Y Y Y Y Inner/Outer uncacheable

inner writeback
outer writeback

Y Y Y Y Inner/Outer uncacheable
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cache and the backing memory. The L1 Instruction Cache allocates only a line in the cache for 
instruction that misses the cache (that is, L1 Instruction Cache supports Read-allocate only). 

4.4.2.6 L2 Cache Behavior
Sheeva™ PJ1 Core offers the option of an L2 cache. The discussion in this section assumes that the 
L2 is present. If the L2 cache is not present, ignore this section.

When the MMU is disabled or the L2 cache is disabled, neither instructions nor data are cached in 
the L2 cache. Accesses to addresses previously cached in the L2 cache do not result in a cache hit.

When the MMU and the L2 cache are enabled, instructions and data are cached in the L2 cache if 
the target region is defined as L2 cacheable/writeback by the page-table attributes. 

Page-table accesses by the hardware table walk mechanism are cached in the L2 when the 
following conditions are met:

MMU is enabled AND
L2 cache is enabled AND 
Table Walk Outer Cache Attributes field (in the Translation Table Base Register) enables the 
caching of table walks in the L2 cache. See Section 4.8 "[R2] Translation Table Base Register".

The page tables dictate the cacheability for associated memory regions. 

For more information on the L2 Cache, refer to Section 4.6 "Level Two Cache".

4.4.2.7 Exceptions
The MMU may generate aborts on instruction fetches or data accesses. 

For an instruction fetch, the MMU generates a prefetch abort for: 

Translation faults
External abort on translation

Domain faults
Permission faults

On a data access, the MMU generates a data abort for:

Alignment faults

Translation faults
External abort on translation
Domain faults 

Permissions faults.
Lock abort (data abort on TLB lock or IC fetch and lock)

Data address alignment checking is enabled by setting bit 1 of the Control Register (CP15, 
register 1). Alignment faults continue to be reported when the MMU is disabled. No other MMU 
exceptions are generated when the MMU is disabled. 

Specific information about which abort was generated is reported in the Fault Status Register. In 
some cases, the target address is also reported in the Fault Address Register. More information on 
these registers can be found in Appendix A - Register Tables. 
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4.4.2.8 Marvell® SheevaTM PJ1 CPU Implementation Details
The CPU is compliant with the ARM v5TE instruction set architecture. Implementation-specific 
details are listed below.

The CPU issues “undefined” for the following unsupported instructions (when accessing 
coprocessors that are disabled or do not exist): 

• MCRR

• MRCC

• CDP

• LDC

• STC

• MCR/MRC

User-mode access to CP15 causes an “undefined” exception unless specified otherwise in this 
document.

Figure 4: Marvell® Sheeva™ CPU Block Diagram
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The Sheeva core implements PLD instructions. The CPU has four-entry PLD buffers such that it 
can have up to four outstanding PLDs without stalling the LDST pipeline.
The CPU assumes that a bus error for a cacheable region can only happen at a cache line 
boundary. If a bus error occurs on only some of the words in the cache line during a line fill, the 
result is unpredictable.

If an instruction already resides in the I-Cache and later on the cacheability bit is changed to 0, 
the software is responsible for flushing that cache line before changing the cacheability bit.

Ensure that the bus slaves cover all 4 GB of the memory space. For any illegal space being 
accessed, the bus slave can return a bus-error response. It is important not to allow the bus 
hang without a response.

4.4.2.9 Data Abort Model
The Sheeva core-based processors all implement the base restored Data Abort model. When a 
Data Abort exception occurs, the processor hardware always restores the base register’s value to 
that before an instruction is executed. This operation removes the requirement for the Data Abort 
handler to unwind any base register.

If data abort and base update is performed, the base register will not be updated. If PC is being used 
as Rd for STM and STR, the Rd value becomes current PC+12. This change can happen for 32-bit 
mode only. All other PC operands use PC+8 and PC+4 for 32- and 16-bit modes, respectively.

4.4.2.10 Data Abort Sources
The following sources can cause data aborts: 

Data transactions to an external memory space that return an error response; all aborts are 
precise; for buffered Writes, the error is dropped and no abort taken 
Unaligned data accesses (when data alignment checking is enabled)
MMU translation error

Access permission fault

4.4.2.11 Prefetch Abort Sources
The following sources can cause Prefetch aborts1:

Instruction fetches from an external memory space that return an error response
Executing a Breaking Point (BKPT) Instruction causes the Prefetch abort exception to be 
entered 
MMU translation error

Access permission fault

Refer to the ARM Architecture Reference Manual for more details.

4.4.2.12 CPU Interrupt Timing
The Sheeva CPU does not allow interrupts to be taken on any instruction that can update CPSR. 
Each of the Thumb BL and BLX[1] instructions contain two back-to-back branches. The first branch 
doesn’t actually perform a Branch operation but rather sets up an offset used by the second branch. 

1. Prefetch aborts occur when the instruction fetch is carried out.



Marvell® ARMADA 16x Applications Processor Family Software Manual

                         

                         

Doc. No. MV-S301544-00  Rev. -   Copyright © 2010 Marvell

Page 142 November 2010 PUBLIC RELEASE

The ARMADA 16x device does not allow interrupts to be taken between such two back-to-back 
branches.

4.4.2.13 Core Coprocessors
For configuration and control, the Sheeva core-based processors include several built-in 
coprocessors, containing proprietary extensions to enable, monitor, and control the processor core.

Within all Sheeva core-based processors, there are at least two coprocessors:

CP14–Enables software access to the debug communications channel. For details, see CP14 
Coprocessor (Debug) in the Appendix A - Register Tables. 
CP15–Configures MMU, Caches, write buffer, performance counters, and other system options 
such as endianness. For details, see CP15 Coprocessor (Processor Configuration) in the 
Appendix A - Register Tables.

The coprocessor registers are accessible via MCR and MRC instructions. See the Register section 
in the appendix of this document for more information on coprocessor register conventions. 

Specific implementations may include additional internal coprocessors.

4.5 SIMD Coprocessor
Located at CP0 and CP1, the Single-Instruction Multiple Data (SIMD) coprocessor accelerates 
functions where the same instruction frequently applies to a sequential series of data values. Such 
functions frequently occur in vector, array, and DSP manipulations. 

4.5.1 Enabling the SIMD Coprocessor
After power-up and reset, the SIMD coprocessor is disabled by default. To enable SIMD 
acceleration, turn on the SIMD coprocessor by enabling CP0 and CP1 via the Coprocessor Enable 
Register as described in the Appendix A - Register Tables.

4.5.2 SIMD Coprocessor Instruction Set
The SIMD coprocessor is fully compliant with the Intel® Wireless MMX™ 2 v1.5 instruction set. 
Supported instructions include: 

MMX™ 2 Instructions–WADD, WAND, WANDN, WCMPEQ, WCMPGT, WMUL, WMADD, 
WOR, WPACK, WSLL, WSRA, WSRL, WSUB, WUNPCKEH, WUNPCKIH, WUNPCKEL, 
WUNPCKIL, and WXOR

SSE instructions–WAVG2, WMAX, WMIN, WSAD, and WSHUFH
New Media instructions–WABS, WABSDIFF, WADDSUBX, WAVG4, WMERGE, WMIAxy, 
WMIAWxy, WMULW, WQMIAXY, WQMULM, WQMULWM, WSUBADDX, and WADDBHUS 
Transfer Instruction Mapping instructions–TANDC, TBCST, TEXTRC, TEXTRM, TINSR, 
TMCR, TMCRR, TMIA, TMIAPH, TMIAXY, TMOVMSK, TMRC, TMRRC, and TORC
Other Instructions–WACC, WALIGNI, WALIGNR, WMAC, and WROR
Load/Store Instructions–WLDR and WSTR 

Synthetic Instructions–WMOV and WZERO 
These supported instructions are described in more detail in Table 20 through Table 26. 

Note

Implementation of interrupts: The ARMADA 16x device allows an instruction in ROB 
entry 0 to finish when an interrupt arrives. If this interrupt is an LDSTM, the CPU needs 
the entire LDSTM to be completed first. If this instruction in ROB entry 0 causes an 
exception, the exception is taken before the interrupts are handled. The ARMADA 16x 
device takes the interrupts on the next valid instruction.
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4.5.2.1 SIMD MMX™ 2 Instructions
                         

Table 20: MMX™ 2 Compliant Instructions 

Instruction Description

WADD Performs vector addition of wRn and wRm for vectors of 8-, 16-, or 32-bit 
signed or unsigned data, and places the result in wRd. Saturation can be 
specified as signed, unsigned, or no saturation. The use of the carry flags from 
the wCASF register may be optionally supplied as the Carry-in to the addition 
operation using the C-qualifier. The add with carry-in option is valid for 16- and 
32-bit operands only. 

WAND Performs a bitwise logical AND between wRn and wRm and places the result in 
the Destination register, wRd.

WANDN Performs a bitwise logical “AND” between wRn and “NOT” wRm and places the 
result in the Destination register, wRd.

WCMPEQ Performs vector-equality comparison of wRn and wRm for vectors of 8-, 16-, or 
32-bit data, setting the corresponding data elements of wRd to all ones when 
source operands are equal; else all zeros 

WCMPGT Performs vector-magnitude comparison of wRn and wRm for vectors of 8-, 16-, 
or 32-bit data, setting the corresponding data elements of wRd to all ones when 
corresponding fields of wRn and greater than wRm; else all zeros; operation 
can be performed on either signed or unsigned data. 

WMUL Performs a vector multiplication of wRn and wRm on vectors of 16-bit data 
only; M-qualifier indicates that the higher order 16 bits of the result are to be 
stored in wRd, the L-qualifier indicates that the lower 16 bits of the result are to 
be stored in wRd; can be performed on signed or unsigned data. Biased 
rounding is available with the M-qualifier through the use of the R-qualifier.

WMADD Performs a 16-bit vector multiplication and then sums the lower two products 
into the bottom word of wRd, and the upper two products into the upper word of 
wRd; intermediate products are 32 bit; can operate on either signed or 
unsigned data. The operands may be cross multiplied with the use of the 
X-qualifier and may be optionally subtracted with the use of the N-qualifier. The 
X-qualifier may only be used with the default multiply-add operation. 

WOR Performs a bitwise logical “OR” between wRn and wRm and places the result in 
the Destination register, wRd. 

WPACK Packs data from wRn and wRm into wRd, with wRm being packed into the 
upper half, and wRn being packed into the lower half for vectors of 16, 32-, or 
64-bit data, and saturate the results and place in the Destination register wRd; 
packing can be performed with signed saturation or unsigned saturation. 

WSLL Performs vector logical shift-left of wRn by wRm, or a Control register (wCx), or 
a 5-bit immediate for vectors of 16-, 32-, or 64-bit data and places the result in 
wRd. 

WSRA Performs vector arithmetic shift-right of wRn by wRm, or a Control register 
(wCx), or a 5-bit immediate for vectors of 16-, 32-, or 64-bit data and places the 
result in wRd. 

WSRL Performs vector logical shift-right of wRn by wRm, or a Control register (wCx), 
or a 5-bit immediate for vectors of 16-, 32-, or 64-bit data and places the result 
in wRd.
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4.5.2.2 SIMD SSE Instructions
                         

4.5.2.3 SIMD New Media Technology Instructions
                         

WSUB Performs vector subtraction of wRm from wRn for vectors of 8-, 16-, or 32-bit 
signed or unsigned data, and places the result in wRd. Saturation can be 
specified as signed, unsigned, or no saturation. 

WUNPCKEH Unpacks 8-bit, 16-bit, or 32-bit data from the top half of wRn (the source 
register), and either zero or signed- extends each field, and places the result 
into the Destination register, wRd. 

WUNPCKIH Unpacks either 8-bit, 16-bit, or 32 bit data from the top half of wRn, interleaves 
with the top half of wRm, and places the result into the Destination register, 
wRd. 

WUNPCKEL Unpacks either 8-bit, 16-bit, or 32 bit data from the lower half of wRn (the 
source register), and either zero- or sign-extends each field, and places the 
result into the Destination register, wRd. 

WUNPCKIL Unpacks either 8-bit, 16-bit, or 32 bit data from the lower half of wRn and the 
lower half of wRm, and places the result into the Destination register, wRd. 

WXOR Performs a bitwise logical “XOR” between wRn and wRm, and places the result 
in wRd. 

Table 20: MMX™ 2 Compliant Instructions  (Continued)

Instruction Description

Table 21: SSE Instructions 

Instruction Description

WAVG2 Performs a 2-pixel average of wRn and wRm on unsigned vectors of 8- or 
16-bit data with optional biased rounding and places the result in the 
Destination register, wRd. 

WMAX Performs vector maximum selection of elements from wRn and wRm for 
vectors of 8-, 16-, or 32bit data and places the maximum fields in the 
Destination register, wRd; can be performed on signed or unsigned data. 

WMIN Performs vector minimum selection of elements from wRn and wRm for vectors 
of 8-, 16-, or 32bit data, and places the minimum fields in the Destination 
register, wRd; can be performed on signed or unsigned data. 

WSAD Performs the sum of absolute differences of wRn and wRm, and accumulates 
the result with wRd; can be applied to 8-bit or 16-bit unsigned data vectors. 

WSHUFH Selects (shuffle) 16-bit data values in Destination register, wRd, from 16-bit 
fields in source register specified by the 8-bit immediate value.

Table 22: New Media Instructions 

Instruction Description

WABS Performs a vector absolute value of wRn on 8-bit, 16-bit, or 32-bit signed data 
and places the result into the Destination register, wRd. 

WABSDIFF Performs a vector absolute value of the differences of wRm and wRn for 
vectors 8-bit, 16-bit, or 32-bit unsigned data and places the result in wRd. 
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WADDSUBX Performs complex vector addition/subtraction of wRn and wRm for vectors of 
16-bit data, and places the result in wRd. The four operands from each of the 
source registers are alternately added and subtracted using a cross-selection 
in each of the parallel operations. The result of the operation is saturated to the 
signed limits, for example, 0x8000 to 0x7FFF or -32768 to 32767. 

WAVG4 Performs seven 4-pixel averages of unsigned 8-bit operands obtained from the 
bytes of the wRn and wRm source registers. Biased rounding is supported 
through the use of the R-qualifier. The seven 4-pixel averages are packed into 
the lower seven bytes of the Destination register with the most significant byte 
written with 0x00. 

WMERGE Extracts a 64-bit value that contains elements from the two 64-bit source 
registers (wRn, wRm), and places a merged 64-bit result in the Destination 
register, wRd. The number of adjacent elements from each register is 
represented with a 3-bit immediate. 

WMIAxy Performs a signed parallel 16-bit multiply, or multiply-negate, followed by 64-bit 
accumulation. The upper or lower 16-bits of each source register half is 
selected by specifying either the B (bottom) or T (top) in each of the xy 
positions of the mnemonic. The xy selection is the same for both the upper and 
lower halves of the 64-bit operand source registers, wRn and wRm. The 
resulting product for the upper and lower halves are then added to the 64-bit 
accumulator which occupies the Destination register wRd. The N-qualifier 
optionally provides for a multiply-negater accumulate operation instead of the 
default multiply-accumulate. 

WMIAWxy Performs multiply-accumulate using signed 32-bit operands from the two 
source wRm and wRn, and accumulates the result with the Destination register, 
wRd. The upper or lower 32-bits of each source register half is selected by 
specifying either the B (bottom) or T (top) in each of the xy positions of the 
mnemonic.The N-qualifier optionally provides for a multiply-negate-accumulate 
operation instead of the default multiply-accumulate. 

WMULW Performs a vector multiplication of wRn and wRm on vectors of 32-bit data 
only; UM-qualifier indicates that the higher order 32 bits of the result of the 
unsigned multiplication are to be stored inwRd, the SM-qualifier indicates that 
the higher order 32 bits of the signed multiplication are to be stored in wRd, and 
the L-qualifier indicates that the lower 32 bits of the result are to be stored in 
wRd. Biased rounding is available with the UM and SM options through the use 
of the R-qualifier. 

WQMIAXY Performs a signed fractional parallel 16-bit multiply, or multiply-negate, followed 
by parallel 32-bit accumulation. The upper or lower 16-bits of each Intel® 
Wireless MMX 2™ coprocessor source register half is selected by specifying 
either the B (bottom) or T (top) in each of the xy positions of the mnemonic. The 
xy selection is the same for both the upper and lower halves of the 64-bit 
operand source registers, wRn and wRm. The resulting product for the upper 
and lower halves are then added to the two 32-bit accumulators which occupy 
the upper and lower halves of the 64-bit Destination register wRd. A left shift 
correction is applied following the multiplication and saturation is provided with 
the addition for 32-bit signed operands.

WQMULM Performs a vector multiplication of wRn and wRm on vectors of signed 
fractional 16-bit Qm.n values. The upper half of the results are stored in wRd 
with a left-shift correction to renormalize the fractional data. Biased rounding, 
“round to nearest” is supported with the R-qualifier with truncation as the 
default behavior. 

Table 22: New Media Instructions  (Continued)

Instruction Description
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WADDSUBX Performs complex vector addition/subtraction of wRn and wRm for vectors of 
16-bit data, and places the result in wRd. The four operands from each of the 
source registers are alternately added and subtracted using a cross-selection 
in each of the parallel operations. The result of the operation is saturated to the 
signed limits, for example, 0x8000 to 0x7FFF or -32768 to 32767. 

WAVG4 Performs seven 4-pixel averages of unsigned 8-bit operands obtained from the 
bytes of the wRn and wRm source registers. Biased rounding is supported 
through the use of the R-qualifier. The seven 4-pixel averages are packed into 
the lower seven bytes of the Destination register with the most significant byte 
written with 0x00. 

WMERGE Extracts a 64-bit value that contains elements from the two 64-bit source 
registers (wRn, wRm), and places a merged 64-bit result in the Destination 
register, wRd. The number of adjacent elements from each register is 
represented with a 3-bit immediate. 

WMIAxy Performs a signed parallel 16-bit multiply, or multiply-negate, followed by 64-bit 
accumulation. The upper or lower 16-bits of each source register half is 
selected by specifying either the B (bottom) or T (top) in each of the xy 
positions of the mnemonic. The xy selection is the same for both the upper and 
lower halves of the 64-bit operand source registers, wRn and wRm. The 
resulting product for the upper and lower halves are then added to the 64-bit 
accumulator which occupies the Destination register wRd. The N-qualifier 
optionally provides for a multiply-negater accumulate operation instead of the 
default multiply-accumulate. 

WMIAWxy Performs multiply-accumulate using signed 32-bit operands from the two 
source wRm and wRn, and accumulates the result with the Destination register, 
wRd. The upper or lower 32-bits of each source register half is selected by 
specifying either the B (bottom) or T (top) in each of the xy positions of the 
mnemonic.The N-qualifier optionally provides for a multiply-negate-accumulate 
operation instead of the default multiply-accumulate. 

WMULW Performs a vector multiplication of wRn and wRm on vectors of 32-bit data 
only; UM-qualifier indicates that the higher order 32 bits of the result of the 
unsigned multiplication are to be stored inwRd, the SM-qualifier indicates that 
the higher order 32 bits of the signed multiplication are to be stored in wRd, and 
the L-qualifier indicates that the lower 32 bits of the result are to be stored in 
wRd. Biased rounding is available with the UM and SM options through the use 
of the R-qualifier. 

WQMIAXY Performs a signed fractional parallel 16-bit multiply, or multiply-negate, followed 
by parallel 32-bit accumulation. The upper or lower 16-bits of each Intel® 
Wireless MMX 2™ coprocessor source register half is selected by specifying 
either the B (bottom) or T (top) in each of the xy positions of the mnemonic. The 
xy selection is the same for both the upper and lower halves of the 64-bit 
operand source registers, wRn and wRm. The resulting product for the upper 
and lower halves are then added to the two 32-bit accumulators which occupy 
the upper and lower halves of the 64-bit Destination register wRd. A left shift 
correction is applied following the multiplication and saturation is provided with 
the addition for 32-bit signed operands.

WQMULM Performs a vector multiplication of wRn and wRm on vectors of signed 
fractional 16-bit Qm.n values. The upper half of the results are stored in wRd 
with a left-shift correction to renormalize the fractional data. Biased rounding, 
“round to nearest” is supported with the R-qualifier with truncation as the 
default behavior. 

Table 22: New Media Instructions  (Continued)

Instruction Description
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4.5.2.4 SIMD Transfer Instruction Mapping (Wireless Extensions) 
These instructions are mapped onto the coprocessor transfer instructions. 
                         

WQMULWM Performs a vector multiplication of wRn and wRm on vectors of signed 
fractional 32-bit Qm.n values. The upper half of the results are stored in wRd 
with a left shift correction to renormalize the fractional data. Biased rounding, 
“round to nearest” is supported with the R-qualifier with truncation as the 
default behavior. 

WSUBADDX Performs complex vector subtraction/addition of wRn and wRm for vectors of 
16-bit data, and places the result in wRd. The four operands from each of the 
source registers are alternately added and subtracted using a cross selection in 
each of the parallel operations.The result of the operation is saturated to the 
signed limits, for example, 0x8000 to 0x7FFF or -32768 to 32767. 

WADDBHUS Performs vector mixed mode addition of four 16-bit elements and four 8-bit 
zero-extended elements from wRn and wRm. The result of the operation 
places four 8-bit values saturated to the unsigned limits, for example, 0-255, 
into the upper or lower half of wRd.

Table 22: New Media Instructions  (Continued)

Instruction Description

Table 23: Transfer Instruction Mapping Instructions 

Instruction Description

TANDC Performs “AND” across the fields of the SIMD Processor Status Register (PSR) 
(wCASF) and sends the result to the ARM* CPSR; can be performed after a 
byte, half-word, or word operation that sets the flags. 

TBCST Broadcasts a value from the ARM* Source Register, Rn, or to every SIMD 
position in the Intel® Wireless MMX 2™ Coprocessor Destination Register, 
wRd. Can operate on 8-, 16-, and 32-bit data values. 

TEXTRC Extracts 4-/8-/16-bit field specified by the 3-bit immediate field data from the 
SIMD PSR (wCASF), and transfers to the ARM* CPSR. 

TEXTRM Extracts 8-/16-/32-bit field specified by the 3-bit immediate field data from Intel® 
Wireless MMX 2™ coprocessor Source register, wRn, and transfers to the 
specified ARM* core register, Rd. 

TINSR Transfers and inserts 8-/16-/32-bit data from ARM* source register, Rn, to the 
position in Intel® Wireless MMX 2™ Coprocessor Destination register, wRd, 
specified by the 3-bit immediate. 

TMCR TMCR is a pseudo-instruction that maps onto ARM* MCR instruction, and is 
provided for convenience; TMCR transfers the contents of the Rn ARM* core 
registers to a 32-bit wCx Intel® Wireless MMX 2™ Coprocessor Control 
register. 

TMCRR TMCRR is a pseudo-instruction that maps onto an ARM* MCRR instruction and 
is provided for convenience; TMCRR transfers the contents of the two ARM* 
registers (RdHi and RdLo) to wRd (the 64-bit Intel® Wireless MMX 2™ 
Coprocessor Destination register). 

TMIA Provides the same functionality as the XScale® microarchitecture MIA 
instruction; performs multiply-accumulate using signed 32-bit operands from 
the two source ARM* core registers (Rm, Rs), and accumulates the result with 
the Intel® Wireless MMX 2™ coprocessor Destination register, wRd. 
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4.5.2.5 SIMD Other Instructions
                         

TMIAPH Provides the same functionality as the Intel XScale® microarchitecture MIAPH 
instruction. Performs multiply-accumulate using signed 16-bit operands from 
the two source ARM* core registers (Rm.Rs) and accumulates the result with 
the Intel® Wireless MMX 2™ coprocessor Destination register, wRd. 

TMIAXY Provides same functionality as Intel XScale® microarchitecture MIAXY 
instruction. Performs a 16- bit multiply-accumulate using two signed operands 
from the ARM* core registers (Rm, Rs) and accumulates the result with the 
Intel® Wireless MMX 2™ coprocessor Destination register; upper or lower 
16-bits of each source register is selected by specifying either a B (bottom) or T 
(qualifier) in each of the xy positions of the mnemonic. 

TMOVMSK Transfers the most significant bit of each SIMD field of the Intel® Wireless 
MMX 2™ coprocessor source register (wRn) to the least significant 8, 4, or 2 
bits of the specified ARM* Destination register (Rd); this instruction operates on 
8-,16-, and 32-bit data values. 

TMRC TMRC is a pseudo- instruction that maps onto an ARM* core MRC instruction 
and is provided for convenience. TMRC transfers the contents of the 32-bit 
Intel® Wireless MMX 2™ coprocessor Control register (wCx) to the ARM* core 
Destination register (Rd). 

TMRRC TMRRC is a pseudo-instruction that maps onto a standard ARM* MRRC 
instruction and is provided for convenience. TMRRC transfers the contents of 
the wRn 64-bit Intel® Wireless MMX 2™ coprocessor Data register to two 
ARM* core Destination registers (RdHi, RdLo). 

TORC Performs “OR” across the fields of the SIMD PSR (wCASF) and sends the 
result to the ARM* CPSR. Operation can be performed after a byte, half-word 
or word operation that sets the flags. 

TORVSC Performs “OR” across the fields of the SIMD saturation flags (wCSSF) and 
sends the result to the ARM* CPSR Overflow, (V), flag; operation can be 
performed after a byte, half-word or word operation that sets the flags. 

Table 23: Transfer Instruction Mapping Instructions  (Continued)

Instruction Description

Table 24: Transfer Instruction Mapping Instructions 

Instruction Description

WACC Performs an unsigned accumulate across the source register (wRn) fields, and 
writes result to Destination register, wRd. Operation can be performed on fields 
of byte, half-word, and word size. 

WALIGNI Extracts an 64-bit value from the two 64-bit source registers (wRn, wRm), and 
places the result in the Destination register, wRd. Instruction uses a 3-bit 
immediate value to specify the byte offset of the value to extract. 

WALIGNR Extracts a 64-bit value from the two 64-bit source registers (wRn, wRm), and 
places the result in the Destination register, wRd. Instruction uses a 3-bit value 
stored in the specified general-purpose register to specify the byte offset of the 
value to extract. 



Processor and Memory Subsystem
SIMD Coprocessor

                         

Copyright © 2010 Marvell Doc. No. MV-S301544-00  Rev. -

November 2010 PUBLIC RELEASE Page 149

4.5.2.6 SIMD Load/Store Instructions
                         

4.5.2.7 SIMD Synthetic Instructions 
These instructions are aliases to specific forms of other instructions: 
                         

4.5.2.8 SIMD Coprocessor Instruction Details
For more details, refer to the Intel XScale® Technology: Intel® Wireless MMX 2™ Coprocessor 
Programmers Reference Manual, Revision 1.5, (Intel Corp, July, 2006).

WMAC Performs a vector multiplication of wRn and wRm and can accumulate the 
result with wRd on vectors of 16-bit data only. 

WROR Performs vector logical rotate-right of wRn by wRm, or a control register (wCx), 
or a 5-bit immediate for vectors of 16-, 32-, or 64-bit data and places the result 
in the Destination register, wRd. 

Table 24: Transfer Instruction Mapping Instructions  (Continued)

Instruction Description

Table 25: Load/Store Instructions 

Instruction Description

WLDR Performs a load from memory into either a data register (wRd) or a control 
register (wCx); 8-,16-, 32-, and 64-bit data values can be loaded in the data 
registers and 32-bit values only can be loaded into the control registers. 
Loaded data is zero-extended. The immediate Offset Addressing mode is 
provided for Data and Control Register Load operations. The Register Offset 
Addressing mode is provided for 64-bit loads to the data registers. A left shift 
may be applied optionally to the offset when using the Register Offset 
Addressing mode. 

WSTR Performs a store from the source register (either wRm or wCx) into the memory 
location whose address is specified by the Rn register and corresponding 
address modifiers; 8-, 16-, 32-, and 64bit data values can be stored from the 
data registers (wRm), and 32-bits only can be stored from the Control registers 
(wCx). The immediate offset addressing mode is provided for both data and 
control register store operations. The Register Offset Addressing mode is 
provided for 64-bit store operations from the Data registers. A left shift may be 
optionally applied to the offset when using the Register Offset Addressing 
mode. 

Table 26: Synthetic Instructions 

Instruction Description

WMOV This pseudo-instruction moves register wRn to register wRd. This instruction is 
a form of WOR. 

WZERO This pseudo-instruction zeros the Intel® Wireless MMX 2™ coprocessor 
Destination register, wRd. This instruction is a form of the WANDN instruction. 
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4.6 Level Two Cache

4.6.1 Introduction

4.6.1.1 Overview
An on-chip unified Level 2 Cache in the Sheeva core-based processor greatly enhances CPU 
performance in the case of a cache miss occurring at the L1 Cache. The Sheeva L2 Cache is 
designed to allow larger cache memories to be attached to the CPU while keeping the L1 Caches 
small and tightly coupled to the core. Cache size depends on product SKU.

4.6.1.2 L2 Cache Features
The L2 Cache supports the following features:

Configurable cache sizes up to 128 kB
8-way set associative
Writethrough and writeback modes

Physically tagged and addressed
Each cache block holds two sub-blocks, with each sub-block holding one cache line (32 bytes, 8 
words)
Sub-block Prefetch mechanism to improve performance 
Pseudo-random replacement algorithm

Parity/ECC Error Support

4.6.1.3 Block Diagram
The L2 Cache interface to the Sheeva CPU Core is shown in Figure 5:

Note
Appendix D in the above document is not relevant to the Marvell implementation.
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Figure 5: L2 Cache High-Level System Interface
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4.6.1.4 L2 Cache Datapath
Figure 6 shows the internal sub-blocks of the L2 Cache.
                         

4.6.1.5 Cache Memories
L2 Cache Memory mainly consists of six types of memories: 

Tag RAM
Valid RAM

Data RAM
ECC RAM (only for system that needs ECC)
Dirty RAM

Lock RAM

Figure 6: L2 Cache Internal Sub-Blocks
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4.6.1.6 Supported Configurations
Table 27 describes the memory (different L2 Cache sizes that can be configured with 8-way 
set-associative structures).
                         

4.6.2 L2 Cache Functional Description
The following sections describe the L2 Cache Operations.

4.6.2.1 L2 Cache Operation
Memory access regions are categorized into four types: 

1. Non-cacheable, non-bufferable 

2. Non-cacheable, bufferable 
3. Cacheable, non-bufferable 
4. Cacheable, bufferable

The L2 Cache is not involved in any of the first two types of access because they are 
non-cacheable. The following sections describe the different cacheable operations.

4.6.2.2 Cacheable Read Access
1. When the core has a cacheable Read access, it first looks in the L1 Caches. If there is a L1 

Cache hit, the L1 Cache returns the requested data, and the L2 Cache is not accessed. 
2. If the L1 Cache has a cache miss, the L1 Cache sends the access request to the L2 Cache. 

The L2 Cache looks in the tag RAM and valid RAM, to determine if there is an L2 Cache hit or 
miss.

• If there is an L2 Cache hit, the L2 Cache reads the entire cache line from Data RAM and puts 
it in the L2 Cache cache line buffer. The L2 Cache then returns the cached data to the L1 
Cache with 64 bits transferred up in each cycle.

• If there is an L2 Cache miss, the L2 Cache sends a line fill request to the external bus 
interface unit (BIU). When data is returned from the external bus, the L2 Cache writes the 
data into Data RAM, as well as the cache line buffer. At the end of the line fill, the L2 Cache 
updates the tag RAM and valid RAM.

                         

4.6.2.3 Cacheable Write Access
1. When the core has a cacheable Write access, it will first look into Level 1 Caches. 

• If L1 cache has a cache hit and is in Writeback mode, no operation is needed for L2 since the 
cache line in L1 will be marked as “dirty”. 

• If L1 cache has a cache hit and is in Writethrough mode, the Write request is forwarded to L2 
as well as the main memory. 

Table 27: Supported L2 Cache Memory Size Configurations 1

1. ECC RAM size is not stated here; it is implementation-specific.

L2 Cache Sizes Data RAM Tag RAM Valid  RAM

128 kB 1 x 4096 x 256 bits 8 x 256 x (18 Tag bits + 2 Dirty bits) 64 x 64 bits

Note

When a L2 Cache cache miss is detected, the L2 Cache also checks if the evicted 
cache line is dirty. If the evicted line is dirty, the line will be cleaned to the bus line Write 
buffer.
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• When L1 Cache detects a cache miss, the Write request is sent to L2 as well as the main 
memory.

2. Whenever the L2 Cache receives a Write request, it checks whether it is an L2 Cache hit. 

• If not, the Write request is forwarded to the main memory. 

• If it is a cache hit, the Write request is served and Write data is written into the Data RAM. 

• If the request has a writeback attribute in L2, the corresponding cache line is also marked as 
a dirty line. 

• If the request has a writethrough attribute in L2, it is forwarded to the main memory as well.

4.6.2.4 Replacement Strategy
The L2 Cache controller uses a proprietary pseudo-random replacement strategy that combines the 
advantages of round-robin and LRU algorithms.

4.6.2.5 Cache Structure and Prefetch Logic
The following two sections describe cache structure and prefetch logic:

Cache Tag and Line Structure
Each cache block has two cache lines while each cache line consists of 32 bytes of data. These two 
cache lines share the same cache tag, but they have their own valid bits. By sharing the same tag, 
TAG RAM sizes can be reduced, as illustrated in Figure 7.
                         

Prefetch Logic
Sub-block prefetch is a feature available in the L2 Cache to improve overall performance. This 
feature allows the L2 Cache to prefetch the next cache line so that L2 Cache hit rate can be 
improved. 

Sub-block prefetch can be enabled and disabled by using CP15 instructions. (Refer to the L2 Cache 
Extra Features Register as described in the Appendix A - Register Tables.) 

If there is cache miss on the first cache line in a cache block, then the sub-block prefetch (if enabled) 
prefetches the next cache line after the current line fill. 

For example, suppose a cache miss occurs at address 0x0000.4000. The L2 Cache then requests a 
line fill at address 0x0000.4000. When this line fill completes, the L2 Cache automatically sends a 
line fill request on the next cache line (0x0000.4020).

Figure 7: Cache Tag and Line Structure
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4.6.2.6 L2 Cache Data Coherency (PA Mode)
In PA mode, the L2 Cache contents are all physically addressed. No cache maintenance operations 
are needed during a context switch. If certain cache maintenances are really required in the L2 
Cache, they can be performed using the CP15 instruction dedicated for L2 Cache maintenance (see 
R7 Operations: L2 Cache Instructions in the Appendix A - Register Tables for more information).

4.6.2.7 Clocking Scheme
The L2 Cache contains two clock domains: PCLK and XPCLK. The majority of the L2 Cache design 
is operated in XPCLK domain, while PCLK is only used for the interface logic with the processor 
core. XPCLK is a divided clock from PCLK. It must be a 1:N ratio, where N is any integer. In addition, 
the clock trees of XPCLK and PCLK must be balanced, to minimize the clock skew between them.

4.6.2.8 Error Protection
The L2 Cache provides support for memories with error protection. However, the method of error 
protection is implementation-specific. Unless byte parity or byte ECC is used, the error protection 
bits are generated using data which is larger than a byte. When a Write request is sent to the L2 
Cache, it must perform a Read-Modify-Write cycle, to generate the correct error protection bits. 

Some error protection methods support error correction. The L2 Cache responds differently if an 
uncorrectable error or a correctable error occurs. 

If an uncorrectable error is detected on a Read access, a transaction abort is returned to the L1 
Cache. The core takes an instruction abort or data abort, depending on whether it is an instruction 
fetch or data Read request. If a correctable error is detected on a Read access, the L2 Cache 
obtains the corrected data and no transaction abort is needed. If an uncorrectable or correctable 
error is detected on a Write access, the corresponding cache line in L2 Cache becomes invalidated.

Error Monitor Counters
Error Monitor Counters are added into L2 Cache to keep track of memory errors status. Error Flags 
are generated when the number of errors exceeds a certain threshold. The following two registers 
are added for this purpose.

L2 Error Counter Register–The lower 16-bits is used to indicate the number of uncorrectable 
errors while the upper 16-bits is used to indicate the number of correctable errors, as shown in 
Figure 8.
L2 Error Threshold Register–The lower 16-bits is used to indicate the threshold value of 
uncorrectable errors while the upper 16-bits is used to indicate the threshold value of 
correctable errors. Whenever the number of errors exceeds the threshold value, error flags are 
asserted. If the threshold value is set to zero, no error flag is asserted regardless how many 
errors have been detected.

Note

If a cache miss occurs at 0x0000.4020, no prefetch occurs, because the next cache line 
(0x0000.4040) is not in the same cache block.
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ECC Integration Example
The method of error protection on data RAM is implementation-specific; however, ECC is commonly 
used. Figure 9 illustrates how ECC modules and memories are connected to the L2 Cache data 
RAM.
                         

For more information, refer to the L2 Cache Error Counter Register and the L2 Cache Error 
Threshold Register as described in Appendix A - Register Tables.

4.7 Extended Instructions

4.7.1 ALU Instructions
These optional instructions can be used to accelerate certain applications.The following is a 
description of the instructions:

4.7.1.1 CNT32 Rd, Rn
Counts the number of "ones" in a 32-bit register.
Use MRC p6, with opcode1=2, opcode2=0, CRn=source, Rd=dest

Syntax: MRC p6, 2, Rd, Rn, Rm, 0

Figure 8: L2 Cache Error Monitor Counters

                         

Figure 9: L2 Cache ECC RAM Integration Example
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Example:

The number of "ones" in register Rn is stored into Rd. For example, if Rn = 0x0000F0F1, then Rd 
contains the value 0x9 after the instruction is executed.

The behavior of the instruction if the PC (reg15) is used for Rd or Rn is UNPREDICTABLE.

4.7.1.2 BITCNT2 Rd, Rn, Rm
Returns number of bits set in two 32bit words.

It is suitable for armv6 (and higher) SIMD instructions.
Syntax: MRC p6, 2, Rd, Rn, Rm, 1

Result:

    Rd[15-0]  = number of bits set in register Rn

    Rd[31-16]  = number of bits set in register Rm

Example:

If Rn = 0x0000_FFF0 and Rm = 0x8000_FFFF, then Rd contains the value 0x00011_000C after the 
instruction is executed.

The behavior of the instruction if the PC (reg15) is used for Rd, Rn, or Rm is UNPREDICTABLE.

4.7.1.3 AND3 Rd, Rn, Rm, Rm+1
Bitwise AND of 3 32-bit registers, where any of the three sources can be inverted

Use MRC p6, with Opcode1=3, CRn=source1, CRm=source2/source3, CRm is source2, and 
CRm+1 is source3. CRm must be an even numbered register, Rd=dest.

Opcode2(bits7:5) indicates which of the sources are inverted:

• Bit5=1 means ~Rn, else Rn

• Bit6=1 means ~Rm, else Rm

• Bit7=1 means ~Rm+1, else Rm+1 (source3)

Syntax: MRC p6, 3, Rd, Rn, Rm, 0

Rd[31-0]  = Result of the expression (Rn & Rm & Rm+1). The expression may contain the inverted 
forms of the source registers, depending on bits 5, 6, and 7.

The behavior of the instruction if the PC (reg15) is used for Rd, Rn, or Rm is UNPREDICTABLE.

The behavior of the instruction if Rm is an odd numbered register is UNPREDICTABLE.

4.7.1.4 AND3ONE Rd, Rn, Rm, Rm+1
Bitwise AND of 3 32-bit registers followed by bit count operation, where any of the 3 sources 
can be inverted
Use MRC p6, with opcode1=3, CRn=source1, CRm=source2/source3, CRm is source2, and 
CRm+1 is source3. Note that CRm must be an even numbered register) Rd=dest 
Opcode2(bits7:5) indicates which of the sources are inverted:

• Bit5=1 means ~Rn, else Rn

• Bit6=1 means ~Rm, else Rm

• Bit7=1 means ~Rm+1, else Rm+1 (source3)

Syntax: MRC p6, 4, Rd, Rn, Rm, 0

Result:

Rd[31-0]  = Result of the expression count32[(Rn & Rm & Rm+1)]. The expression may contain the 
inverted forms of the source registers, depending on bits 5, 6, and 7.

The behavior of the instruction if the PC (reg15) is used for Rd, Rn, or Rm is UNPREDICTABLE.
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The behavior of the instruction if Rm is an odd numbered register is UNPREDICTABLE.

4.7.1.5 QADDSUB
QADDSUB performs QADD and QSUB in parallel1. This instruction has the following attributes:

Syntax: MRC p6, 5, Rd, Rn, Rm, Opcode2

It performs saturated arithmetic with the following result:

Rd = Rm -* Rn

Opcode2 = Rm +* Rn

*saturated add/sub

Opcode2 is used to specify which register to place the add results in. This results in a limitation of 
only using registers 0-7.

The behavior of the instruction if the PC is used for Rd, Rn, Rm is UNPREDICTABLE.

If the two destinations are the same (that is, if Rd and Opcode2 specify the same register), the result 
is UNPREDICTABLE.

4.7.1.6 QDADDSUB
QDADDSUB performs QDADD and QDSUB in parallel2. This instruction has the following attributes:

Syntax: MRC p6, 6, Rd, Rn, Rm, Opcode2

It performs saturated arithmetic with the following result:

Rd = Rm -* (Rn <<* 1)

Opcode2 = Rm +* (Rn <<* 1)

*saturated add/sub operation. Opcode 2 behaves as in QADDSUB.

Opcode2 is used to specify which register to place the add results in. This results in a limitation of 
only using registers 0-7.

The behavior of the instruction if the PC is used for Rd, Rn, Rm is UNPREDICTABLE.

If the two destinations are the same (that is, if Rd and Opcode2 specify the same register), the result 
is UNPREDICTABLE.

4.8 Register Descriptions
Refer to Appendix A - Register Tables for coprocessor register information.

1. Q-flag is set if either the add (QADD) or the subtract (QSUB) operation causes saturation
2. The Q-flag is set if either the QDADD or QDSUB saturates. Note that like the standard QDADD and QDSUB 

instructions, saturation is considered to have happened for purposes of setting the Q-flag if either the doubling operation 
(of Rn) or the addition/subtraction operation saturates.
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5 Memory Map

5.1 Overview
This chapter presents the physical address map for the ARMADA 16x Applications Processor 
Family. Software can use the memory management unit in the processor to map these registers into 
a virtual address map, as required. 

Accessing reserved portions of a particular peripheral address space does not cause a data-abort 
exception, but the data returned is undefined. 

Refer to Table 28 for the ARMADA 16x Applications Processor Family memory map definitions.

                         

Note

SQU is available only in ARMADA 16x Applications Processor Family as L2 remap 
region.

Table 28: ARMADA 16x Applications Processor Family Memory Map 

Memory Map

0x0000_0000 DDR

0x2000_0000 Reserved

0x4000_0000 Reserved

0x8000_0000 NOR Flash

0xB000_0000 DDR Configuration Registers

0xB001_0000 Reserved

0xB004_0000 Reserved

0xC000_0000 Reserved

0xC000_1000 Reserved

0xC000_2000 Reserved

0xC000_3000 Reserved

0xC000_4000 Reserved

0xC000_5000 Reserved

0xC000_6000 Reserved

0xC000_7000 Reserved
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0xC030_0000 Reserved

0xC040_0000 2D Graphics

0xC050_0000 EPD

0xC060_0000 Reserved

0xC080_0000 Ethernet Controller

0xC080_1000 Reserved

0xC080_2000 Color Management Unit

0xC080_3000 Reserved

0xC090_0000 Reserved

0xD000_0000 Reserved

0xD100_0000 SQU

0xD110_0000 Reserved

0xD120_0000 Reserved

0xD120_0000 PCIE DMA

0xD120_1000 PCIE Reg Ctrl

0xD120_2000 PCIE PHY

0xD120_3000 PCIE DBI

0xD120_4000 PCIE AXI Fabric

0xD1E0_0000 Reserved

0xD200_0000 Reserved

0xD283_8000 Reserved

0xD300_0000 Reserved

0xD400_0000 DMA

0xD401_0000 RTC

0xD401_1008 TWSI0

0xD401_1800 One-WIRE

0xD401_2000 Keypad

0xD401_3000 Reserved

0xD401_3100 Software JTAG

Table 28: ARMADA 16x Applications Processor Family Memory Map  (Continued)

Memory Map
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0xD401_4000 Hardware Timers

0xD401_5000 APB1 Clock

0xD401_5800 APB2 Clock

0xD401_6000 Reserved

0xD401_7000 UART1

0xD401_8000 UART2

0xD401_9000 GPIO

0xD401_A000 PWM1

0xD401_A400 PWM2

0xD401_A800 PWM3

0xD401_AC00 PWM4

0xD401_B000 SSP1*

0xD401_C000 SSP2*

0xD401_D000 Reserved

0xD401_E000 MFPRs

0xD401_F000 SSP3

0xD402_0000 SSP4

0xD402_1000 SSP5

0xD402_2000 Reserved

0xD402_3000 Reserved

0xD402_4000 Reserved

0xD402_5008 TWSI5

0xD402_6000 UART3

0xD402_7000 Reserved

0xD402_8000 Reserved

0xD402_9000 Reserved

0xD402_A000 Reserved

0xD402_B000 AC97

0xD402_C000 Reserved

Table 28: ARMADA 16x Applications Processor Family Memory Map  (Continued)

Memory Map
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0xD402_D000 Reserved

0xD402_E000 Reserved

0xD402_F000 PMU registers

0xD403_0000 Reserved

0xD403_1000 Reserved

0xD403_2000 Reserved

0xD403_3000 Reserved

0xD403_4000 Reserved

0xD403_5000 Reserved

0xD403_6000 Reserved

0xD403_7000 Reserved

0xD403_8000 Reserved

0xD403_9000 Reserved

0xD403_A000 Reserved

0xD403_B000 Reserved

0xD403_C000 Reserved

0xD403_D000 Reserved

0xD403_E000 Reserved

0xD403_F000 Reserved

0xD404_0000 Reserved

0xD404_1000 Reserved

0xD404_2000 Reserved

0xD404_3000 Reserved

0xD404_4000 Reserved

0xD404_5000 Reserved

0xD404_6000 Reserved

0xD404_7000 Reserved

0xD404_8000 Reserved

0xD404_9000 Reserved

Table 28: ARMADA 16x Applications Processor Family Memory Map  (Continued)

Memory Map
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0xD404_A000 Reserved

0xD404_B000 Reserved

0xD404_C000 Reserved

0xD404_D000 Reserved

0xD404_E000 Reserved

0xD404_F000 Reserved

0xD405_0000 Main PMU

0xD420_0000 Reserved

0xD420_1000 Fuses

0xD420_2000 Reserved

0xD420_3000 Reserved

0xD420_4000 Reserved

0xD420_5000 Reserved

0xD420_6000 USB PHY (SPH)

0xD420_7000 USB PHY (OTG)

0xD420_8000 USB OTG

0xD420_9000 USB SPH

0xD420_A000 CCIC

0xD420_B000 LCD Controller

0xD420_C000 Reserved

0xD421_0000 AXI Fabric

0xD421_4000 Reserved

0xD427_E000 SD Host 2

0xD428_0000 SD Host 1

0xD428_2000 Interrupt Controller

0xD428_2800 Application PMU

0xD428_2C00 CPU Interface Unit

0xD428_3000 NAND Flash

0xD428_3800 Static Memory Controller

Table 28: ARMADA 16x Applications Processor Family Memory Map  (Continued)

Memory Map
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0xD428_4000 xD Controller

0xD428_5000 Compact Flash Controller

0xD428_6000 MS/MSPRO

0xD428_7000 Reserved

0xD428_8000 Reserved

0xD428_9000 Reserved

0xD428_A000 Reserved

0xD428_B000 Reserved

0xD428_C000 Reserved

0xD428_E000 Reserved

0xD429_0000 Reserved

0xD429_1000 Reserved

0xD429_2000 Reserved

0xD429_3000 Reserved

0xD429_4000 Reserved

0xD429_5000 Reserved

0xD429_6000 Reserved

0xD429_7000 Reserved

0xD429_8000 Reserved

0xD429_9000 Reserved

0xD429_A000 Reserved

0xD429_B000 Reserved

0xD429_C000 Reserved

0xD429_D000 Reserved

0xD429_E000 Reserved

0xD429_F000 Reserved

0xD42A_0C00 Reserved

0xD42A_1000 Reserved

0xD42A_2000 Reserved

Table 28: ARMADA 16x Applications Processor Family Memory Map  (Continued)

Memory Map
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0xF000_0000 Reserved

0xFFA8_0000 Reserved

0xFFD0_0000 Reserved

0xFFE0_0000 ROM mem

Table 28: ARMADA 16x Applications Processor Family Memory Map  (Continued)

Memory Map
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6 Memory to SQU
Section 6.1, Mapping the L2 Cache Memory to SQU 
Section 6.2, Switching Back from SQU to L2 Cache 

6.1 Mapping the L2 Cache Memory to SQU
The L2 Cache memory can be re-mapped to appear at Bank 3 of the SQU to be re-used as scratch 
memory. The steps for mapping the cache memory to the SQU are as follows:

1. Disable the L2 cache by clearing the L2 Cache_Enable bit (bit 26) in the “CP15R1 Control 
Register.”

2. Clean the L2 cache using the “L2 Cache Clean All” instruction.

3. Clear L2_RAM_SEL bit in the Marvell® Sheeva™_CPU_CONF register.
4. Invalidate the L2 cache using the “L2 Cache Invalidate All” instruction.
5. Wait for the L2 to become idle by polling the L2C_IDLE bit in the MOHAWK_CPU_CONF 

register.
6. Set the L2C_RAM_SEL bit in the MOHAWK_CPU_CONF register.

7. Turn on Bank 3 in the SQU by setting the EN_BK3 bit in the SQU register SQU_CTRL_2

The cache memory now appears at SQU Bank 3, in the range 0xD102_0000 to D103_FFFF.

6.2 Switching Back from SQU to L2 Cache

1. Copy data from Bank 3 to some other system location (for example, DDR memory).

2. Disable Bank 3 in the SQU by clearing the EN_BK3 bit in the SQU_CTRL_2 register.
3. Clear L2_RAM_SEL bit in the PJ1 CPU_Conf register
4. Enable the L2 cache by clearing L2 Cache_Enable bit (bit 26) in CP15R1 Control Register

5. Invalidate the L2 cache using the “L2 Cache Invalidate All” (CP15R7) instruction.

Note

Commands to enable, clean or invalidate the L2 cache are performed using bit 26 of the 
CP15 coprocessor instructions. The operations (CP15 Register 1) that affect the L2 
cache are described in the registers in Appendix A - Register Tables.

Caution
N

When returning the L2 cache memory back from the SQU, Step 4 is required. The L2 
cache is not automatically invalidated when it is enabled.
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7 Interrupt Controller
This chapter describes:

Section 7.1, Overview 
Section 7.2, Interrupt Priority Scheme 

Section 7.3, Register Descriptions 

7.1 Overview
The Interrupt Controller provides a simple firmware interface to control the ARM core interrupt 
system. There are two interrupts for the ARM core:

Fast Interrupt Request (FIQ) for fast, low-latency interrupts handling
Interrupt Request (IRQ) for standard interrupt handling

The Interrupt Controller generates two sets of interrupts for the Marvell® Sheeva™ Embedded 
Technology core. The interrupts are connected as follows:

For the PJ1 (Sheeva) CPU:

• FIQ1 

• IRQ1 

The Interrupt Controller also generates a wakeup signal for the ARM core. The wakeup signal is 
generated without clock. It is asserted when any interrupt that is assigned to that processor 
becomes active.

The Interrupt Controller has 64 asynchronous level interrupt inputs from functional modules. Every 
interrupt can be steered to the FIQ or IRQ of any processor or, optionally, it can route to both 
processors. 

The controller generates the IRQ and FIQ request signals along with a selected IRQ interrupt 
number register and a selected FIQ interrupt number register for each processor. All registers are 
located on the internal AXI bus for fast access.

Features:

Complete interrupt priority driven

•  Select highest priority interrupt for both FIQ and IRQ of each processor

•  Individual 4-bit priority setting

•  Ordered (from low to high) selection within same priority settings

• Interrupt masked when its priority equal 0

Selected interrupt number register 

• One read to branch to proper interrupt service routine

• Interrupt to be cleared at source module

• Continue servicing other interrupt by reading this register

The Interrupt Controller (ICU) can be programmed through a 32-bit AXI interface (see Figure 10). 
Two main read-only registers (FIQ/IRQ) interrupt numbers show which interrupt source asserts the 
interrupt. Individual registers for each interrupt source can be programmed to set the priority and 
whether to route to IRQ or FIQ. Refer to Appendix A - Register Tables for ICU register tables. 

The 64 interrupt sources are propagated according to the priority to the appropriate FIQ/IRQ 
interrupt number register (see Figure 11). FIQ or IRQ to the CPU are then asserted whenever an 
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interrupt occurs. A wakeup signal is also asserted if an interrupt occurs for power management logic 
to awaken the appropriate blocks in the system. 
                         

                         

7.2 Interrupt Priority Scheme
The 64 asynchronous interrupt is separate into two pools: FIQ and IRQ based on the IRQ/FIQ field 
of the ICU_INT_CONF registers and each interrupt is assigned an interrupt priority based on the 
Priority/Masking field. 

The priority encoder then looks at the FIQ and IRQ interrupts independently, seeking the highest 
priority interrupt that is being asserted. The highest priority interrupt is determined by the Priority 
field (15 - highest, 1 - lowest, 0 - mask off) and position of the interrupt (low to high). The winning 
interrupt of each category, FIQ and IRQ, has its interrupt position stored in the Selected Interrupt 
Number field of the ICU_FIQ_SEL_INT_NUM and CU_IRQ_SEL_INT_NUM registers, respectively.

7.2.1 Example:
All the even-number interrupts are configured as IRQ and all the odd-number interrupts are 
configured as FIQ. Their interrupt priority is assigned based on Table 29 and the interrupts 
highlighted in RED are asserted. Base on this scenario, the ICU_FIQ_SEL_INT_NUM equals to 0x7 
(INT7) and ICU_IRQ_SEL_INT_NUM equals to 0x16 (INT22). Table 29 shows interrupt 
assignments.

Figure 10: Interrupt Controller Register Set Diagram

                         

Figure 11: Interrupt Controller Priority Block Diagram
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Refer to Table 30 for more information on interrupt assignments.
                         

Table 29: Interrupt Priorities

Prior ity FIQ IRQ

15 INT1, INT7, INT13, INT55, 
INT57

14 INT33 INT22

13 INT9

12 INT23 INT30, INT32, INT42, INT44

11 INT 15, INT39, INT53 INT28

10 INT35, INT51 INT24, INT26, INT34, INT36, 
INT38, INT40

9 INT5, INT7

8 INT29, INT63

7 INT31, INT43, INT47, INT 49, 
INT61

6 INT11, INT27 INT14, INT18, INT20

5 INT37 INT2, INT46, INT54

4 INT25, INT59 INT50, INT52, INT56, INT58

3 INT19, INT41 INT0, INT4, INT62

2 INT21 INT16, INT48, INT60

1 INT17, INT45 INT6, INT8, INT10, INT12

0 IRQ3

Table 30: Interrupt Assignment Table

Interrupt  Number Source Module Source Description ICU_INT_CONF offset

0 SSP4 SSP4 0x0000

1 SSP3 SSP3 0x0004

2 SSP2 SSP2 0x0008

3 SSP1 SSP1 0x000C

4 Reserved — 0x0010

5 RTC HZCLK RTC equals 1-Hz clock occurred 0x0014

6 RTC SLP Alarm RTC equals alarm register 0x0018

7 TWSI0 Two-Wire Serial Interface 0 
(TWSI) service request

0x001C

8 GC300 GC300 2D Graphics Controller 0x0020

9 Keypad Keypad 0x0024

10 Reserved — 0x0028

11 Reserved — 0x002C

12 One_wire One Wire 0x0030
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13 Timer1 Timer 1 0x0034

14 Timer2 Timer 2 0x0038

15 Timer3 Timer 3 0x003C

16 CMU Color Management Unit 0x0040

17 SSP5 SSP5 0x0044

18 Reserved — 0x0048

19 MSP wakeup MS Pro wakeup event 0x004C

20 CF wakeup CF wakeup event 0x0050

21 XD Wakeup XD wakeup event 0x0054

22 Fast Ethernet 
interrupt

Fast Ethernet Interrupt 0x0058

23 MSP Interrupt MS Pro Interrupt 0x005C

24 CF interrupt CF Interrupt 0x0060

25 XD Interrupt XD Interrupt 0x0064

26 L2 Cache and DDR 
Errors

Marvell Sheeva Core L2 Cache 
errors and DDR Controller errors

0x0068

27 UART1 UART 1 0x006C

28 UART2 UART 2 0x0070

29 UART3 UART 3 0x0074

30 Reserved — 0x0078

31 Reserved — 0x007C

32 PCIE DMA PCI Express DMA 0x0080

33 PCIE MSI PCI Express 0x0084

34 Reserved — 0x0088

35 WDT IRQ Watch Dog Timer 0x008C

36 Main PMU Wakeup interrupt from MPMU 0x0090

37 Core interrupt for 
Frequency Change

Frequency change interrupt 0x0094

38 Reserved — 0x0098

39 SDH1 SD1 and SD2 0x009C

40 SDH2 SD3 and SD4 0x00A0

41 LCD LCD Controller 0x00A4

42 CCIC CMOS Camera Interface 
Controller

0x00A8

43 Reserved — 0x00AC

44 USB OTG PHY USB OTG PHY 0x00B0

45 NAND NAND Flash Controller 0x00B4

46 SQU L2 Cache 0x00B8

Table 30: Interrupt Assignment Table (Continued)

Interrupt  Number Source Module Source Description ICU_INT_CONF offset
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7.3 Register Descriptions
Refer to Appendix A - Register Tables for details on the Interrupt Controller registers.

47 Reserved — 0x00BC

48 DMA_INT DMA 0x00C0

49 GPIO Combined GPIO Interrupt 
request

0x00C4

50 Reserved — 0x00C8

51 USB Host USB Host 0x00CC

52 Reserved — 0x00D0

53 Reserved — 0x00D4

54 Reserved — 0x00D8

55 Reserved EPD_interrupt[0] 0x00DC

56 Reserved EPD_interrupt[1] 0x00E0

57 AC97 AC97 service request 0x00E4

58 TWSI5 Two-Wire Serial Interface 5 
(PWR_TWSI) service request

0x00E8

59 Reserved — 0x00EC

60 Reserved — 0x00F0

61 AXI Fabric AXI fabric service request 0x00F4

62 Reserved — 0x00F8

63 SMC Static Memory Controller (SMC) 
(SMC_IRQ)

0x00FC

Table 30: Interrupt Assignment Table (Continued)

Interrupt  Number Source Module Source Description ICU_INT_CONF offset
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8 DMA Controller
This chapter describes the ARMADA 16x Applications Processor Family on-board DMA Controller 
(DMAC):

Section 8.1, Overview 
Section 8.2, Features 
Section 8.3, Operation 

Section 8.4, Programming Tips 
Section 8.5, Quick Reference to DMA Programming 
Section 8.6, Examples 

Section 8.7, Register Descriptions 

8.1 Overview
The processor contains a Direct-Memory Access Controller (DMAC) that transfers data to and from 
memory in response to requests generated by peripheral devices on APB1, APB2, and AXI Fabric 1. 
The peripheral devices do not directly supply addresses and commands to the Memory Controller. 
Instead, the states required to manage a data stream are maintained in 32 DMA channels, 
DMA[31:0], in the DMAC. Every DMA request from a peripheral device generates a memory-bus 
transaction. The processor can access the peripheral bus through the bridge portion of the DMA, 
thus bypassing the system DMA. Therefore, this document refers to DMA as the “DMA Bridge.”

The DMAC supports flowthrough transfers. Figure 12 provides an overview of the DMAC. Table 31 
provide a channel priority list.

8.2 Features
The DMAC provides the following features:

Supports memory-to-memory, peripheral-to-memory, and memory-to-peripheral transfers
Supports transfers between flash and DDR SDRAM 
Employs a priority mechanism to process active channels (four channels with outstanding DMA 
requests, at any given time
Allows each of the 32 channels to operate for Descriptor-fetch or no-Descriptor-fetch transfers 
(see Section 8.3.2, DMA Descriptors )
Supports special Descriptor modes (Descriptor comparison and Descriptor branching)

Retrieves trailing bytes in the Receive peripheral-device buffers
Supports programmable data-burst sizes (8, 16, or 32 bytes) and programmable peripheral 
device data widths (byte, half-word or word)

Supports up to 8191 bytes of data transfer per Descriptor; larger transfers can be performed by 
chaining multiple Descriptors.

Supports flow-control bits to process requests from peripheral devices; requests are not 
processed unless the flow-control bit is set.

8.3 Operation
The DMAC can be configured to transfer data using flowthrough DMA. The DMAC has 32 
configurable channels (see Figure 12).
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8.3.1 DMA Channels
Each one of the 32 DMA channels can be controlled by four 32-bit registers: DDADRx, DSADRx, 
DTADRx, and DCMDx. Each channel can be configured to service any kind of transfer. Each 
channel is serviced in increments of that device burst size and delivered in the granularity of the 
device port width. The burst size and port width for each device are programmed in the channel 
registers and are based on the device FIFO depth and bandwidth requirements. When multiple 
channels are actively executing, each channel is serviced with a burst of data. After each burst of 

Figure 12: DMAC Block Diagram
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data, the DMA Controller performs a context switch to another active channel. The DMA Controller 
performs context switches based on whether a channel is active, whether its target device is 
currently requesting service, and the channel priority.

8.3.1.1 DMA Channel-Priority Scheme
The DMA channel-priority scheme helps to ensure that peripherals are serviced according to their 
bandwidth requirements. Assign a higher priority to peripherals with higher bandwidth requirements 
and a lower priority to peripherals with lower bandwidth requirements. This assignment ensures that 
higher-bandwidth peripherals are serviced more often than lower-bandwidth peripherals. 

The DMA channels are divided internally into four sets of eight channels each. The channels in each 
set use a round-robin priority. Set 0 has the highest priority and Set 3 has the lowest. Program the 
modules that have the most severe latency requirements into Set 0. Program memory-to-memory 
moves and low-bandwidth peripherals to use sets 2 and 3. Refer to Table 31 for details. 

When all the channels are running concurrently, Set 0 is serviced four out of every eight consecutive 
channel-servicing instances, Set 1 is serviced twice, and Sets 2 and 3 are each serviced one time.

For example, if all the channels request data transfers, the sets are prioritized in the following order: 
Set 0, Set 1, Set 0, Set 2, Set 0, Set 1, Set 0, Set 3. After eight channel-servicing instances, the 
pattern repeats. The channels in each set are given a round-robin priority.
                         

8.3.1.2 Channel States
The following states apply to the DMA channels:

Uninitialized — occurs after a reset. DCSRx[STOPINTR] is set when uninitialized.
Not running — occurs when either a valid Descriptor has been loaded into the DDADRx 
register during a Descriptor-fetch transfer or valid DSADRx, DTADRx, and DCMDx registers 
have been programmed during a no-Descriptor-fetch transfer, but the corresponding run bit, 
DCSRx[RUN], is not set. For a no-Descriptor-fetch transfer, DCSRx[STOPINTR] is not cleared 
when the DSADRx, DTADRx and DCMDx registers are programmed. For a Descriptor-fetch 
transfer, DCSRx[STOPINTR] is cleared when the DMA Controller updates the DDADRx 
register.

Running — For a Descriptor-fetch transfer, after programming DDADRx and setting 
DCSRx[RUN], four words of Descriptors are fetched from the memory and DCSRx[STOPINTR] 
continues to be clear. For a no-Descriptor-fetch transfer, after programming the DSADRx, 
DTADRx and DCMDx registers and setting DCSRx[RUN], the corresponding channel clears the 
DCSRx[STOPINTR], skips the “Descriptor-fetch, running” state and enters the “Wait for 
Request” or “Transfer Data” state (see Figure 14).
Wait for request — occurs as the channel waits for a request before it starts to transfer data; 
DCSRx[STOPINTR] is clear.
Transfer data — transferring data between the source and the target; DCSRx[STOPINTR] is 
clear.

Table 31: Channel Priority

Set Channels Prior i ty Number of Times 
Served

0 0, 1, 2, 3, 16, 17, 18, 19 Highest 4 / 8

1 4, 5, 6, 7, 20, 21, 22, 23 Higher than 2 and 3. Lower 
than 0.

2 / 8

2 8, 9, 10, 11, 24, 25, 26, 27 Higher than 3. Lower than 0 
and 1.

1 / 8

3 12, 13, 14, 15, 28, 29, 30, 31 Lowest 1 / 8
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Channel error — the channel with the error remains in the stopped state until software clears 
the error condition by writing 1 to error status bit, re-initializes the channel, and sets the 
DCSRx[RUN] bit and the DCSRx[BUSERRINTR] bit. See DMA Interrupt Register (DINT) and 
DMA Channel Control/Status Registers (DCSRx) in the Appendix of this document for details.
Stopped — the channel is stopped. DCSRx[STOPINTR] is set. For a no-Descriptor-fetch 
transfer, a stopped channel is re-initialized by updating the DSADRx, DTADRx and DCMDx 
registers, then setting DCSRx[RUN]. For a Descriptor-fetch transfer, a stopped channel is 
re-initialized by updating the DDADRx register and setting DCSRx[RUN].

Table 32 summarizes the DMAC channel states.
                         

Table 32: Channel States Based on Software Configuration

Descriptor  
Mode

Software 
Configuration

DCSRx[RUN] DCSRx[STOPINTR] Result ing 
Channel  State

Descriptor-
Fetch
mode

Power-up 0 1 Uninitialized

Write to DDADRx before 
DCSRx[RUN] is set 
(recommended flow)

0 0 Valid Descriptor, not 
running

Set DCSRx[RUN] after 
writing to DDADRx 
(recommended flow)

1 0 Running

Set DCSRx[RUN] before 
writing to DDADRx 
(not recommended)

1 1 Invalid

Write to DDADRx after 
DCSRx[RUN] is set 
(not recommended)

1 0 Descriptor fetch, 
running. 

Stop running channel by 
clearing DCSRx[RUN] 
and DCSRx[MASKRUN]

0 0 -> 1 Channel, if not 
immediately, will 
eventually switch to a 
stopped state 
(identified by 
DCSRx[STOPINTR] 
toggling from low to 
high).
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8.3.2 DMA Descriptors
The DMA Descriptor consists of four 32-bit words in memory. This structure is loaded into the four 
Control registers. The DMA Descriptor describes the next DMA operation for the particular channel. 
The DMA Descriptors must be aligned on 16-byte boundaries in memory:

Word 0 contains a value for the DDADRx register and a single flag bit (STOP)

Word 1 contains a value for the DSADRx register
Word 2 contains a value for the DTADRx register
Word 3 contains a value for the DCMDx register

The DMAC can operate in two distinct modes based on the DCSRx[NODESCFETCH] bit: 

DCSRx[NODESCFETCH] = 0 Descriptor-fetch transfer
DCSRx[NODESCFETCH] = 1 No Descriptor-fetch transfer

8.3.2.1 Descriptor-Fetch Transfer Operation
A Descriptor-fetch transfer operation proceeds as follows:

1. Software clears the DCSRx[RUN] bit and then clears the DCSRx[NODESCFETCH] bit. 

2. Software writes a valid Descriptor address to the DDADRx register and then sets DCSRx[RUN].
This sequence enables the DMAC to fetch the four-word Descriptor (if the memory is already 
set up with the Descriptor chain) from the memory indicated by the DDADRx register. 

3. The channel either waits for a request or starts the data transfer, as determined by the 
DCMDx[FLOW] source and target bits. 

No-
Descriptor-
Fetch
mode

Power-on 0 1 Uninitialized

Write to DSADRx, 
DTADRx and DCMDx 
before DCSRx[RUN] is 
set (recommended flow)

0 1 Valid Descriptor, not 
running

Set DCSRx[RUN] after 
configuring DSADRx, 
DTADRx, and DCMDx 
(recommended flow)

1 0 Running

Set DCSRx[RUN] before 
configuring DSADRx, 
DTADRx, and DCMDx 
(not recommended)

1 0 Wait for Request, 
running. Channel 
uses current 
DSADRx, DTADRx 
and DCMDx for the 
transfer and may 
lead to unpredictable 
results.

Stop running channel, by 
clearing DCSRx[RUN] 
and DCSRx[MASKRUN]

0 0 -> 1 Channel, if not 
immediately, will 
eventually switch to a 
stopped state 
(identified by 
DCSRx[STOPINTR] 
toggling from low to 
high)

Table 32: Channel States Based on Software Configuration (Continued)

Descriptor  
Mode

Software 
Configuration

DCSRx[RUN] DCSRx[STOPINTR] Result ing 
Channel  State
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4. After the channel transfers a number of bytes equal to the smaller of DCMDx[SIZE] and 
DCMDx[LEN], it either waits for the next request or continues with the data transfer until the 
DCMDx[LEN] reaches zero. 

5. The channel stops or continues with a new Descriptor fetch from the memory, as determined by 
the DDADRx[STOP] bit. 

Figure 13 summarizes this operation. If an error occurs during the fetch operation, the channel 
enters the stopped state and remains there unless software clears the error condition, re-initializes 
the channel, and sets the DCSRx[RUN] bit. The DTADR and DSADR registers are not writable in 
Descriptor-fetch mode.

Figure 13: Flow of Descriptor Fetch Transfer Operation
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Although software loads the DDADRx register, the DSADRx, DTADRx, and DCMDx registers must 
be loaded indirectly from the DMA Descriptors. The DMA Descriptors pointed to by the DDADRx 
register are loaded into the registers of the associated DMA channel when a Write to the 
DCSRx[RUN] bit switches the channel from stopped to running.

Reset (Hardware or Sleep)

UninitializedUninitialized Channel
Error

DCSRx[RUN] = 0

DCSRx[RUN] = 0, 
DCSRx[NODESCFETCH] = 0,
DDADRx Points to
a Valid Descriptor

DCSRx[RUN] = 1

DCMDx[FLOWSRC] XOR
DCMDx[FLOWTRG] = 1

DCMDx[FLOWSRC] XOR
DCMDx[FLOWTRG] = 1

Request Asserted

Descriptor
Fetch

(Running)

Wait For
Request

Stopped

Transferring
Data

Valid
Descriptor

Not Running

DDADRx[STOP] = 1
DDADRx[STOP] = 1

DCMDx[LEN] = 0 and
DCMDx[FLOWSRC] = 0,
and 
DCMDx[FLOWTRG] = 0

DCMDx[FLOWSRC] and
DCMDx[FLOWTRG] = 1

DDADRx[STOP] = 0

DCSRx[BUSERRINTR]

Note

When a channel switches between a Descriptor-fetch transfer and a 
no-Descriptor-fetch transfer, it must be stopped before the mode switch.



DMA Controller
Operation

                         

Copyright © 2010 Marvell Doc. No. MV-S301544-00  Rev. -

November 2010 PUBLIC RELEASE Page 181

Bit 0 (STOP) of word 0 of a DMA Descriptor (the low bit of the DDADRx field) is used to mark the 
special Descriptor, which resides at the end of a Descriptor list. The value of the stop bit does not 
affect the loading of the fields of a Descriptor into Channel registers in any way; however, if a 
Descriptor with the stop bit set is loaded into a Channel register, the channel stops after completely 
transferring the data pertaining to that channel.
                         If DDADRx[BREN] and DCSRx[CMPST] are set, the DMAC fetches the next Descriptor from the 
address in the DDADRx register + 32 bytes. If either of the bits is cleared, the DMAC fetches the 
next Descriptor from the address in the DDADRx register. DDADRx[BREN] is relevant only for 
Descriptor-fetch transfers (DCSRx[NODESCFETCH] is cleared).

8.3.2.2 Descriptor Branching
If DDADRx[BREN] and DCSRx[CMPST] are set, the DMAC fetches the next Descriptor from (the 
address in the DDADRx register + 32 bytes). If either of the bits is cleared, DMAC fetches the next 
Descriptor from the address in the DDADRx register. 

DDADRx[BREN] is relevant only for Descriptor-fetch transfers (DCSRx[NODESCFETCH] is 
cleared). Figure 14 shows the process for Descriptor branching.

Figure 14: Flow Chart for Descriptor Branching
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8.3.2.3 No-Descriptor-Fetch Transfer Operation
For the typical no-Descriptor-fetch transfer (DCSRx[NODESCFETCH] = 1) operation, the channel is 
uninitialized after reset. A no-Descriptor-fetch data transfer proceeds as follows:
1. Software clears DCSRx[RUN] and then sets DCSRx[NODESCFETCH]. 

2. Software must write a valid source physical address to the DSADRx register, a target physical 
address to the DTADRx register, and a command to the DCMDx register. 

The DDADRx register is reserved in this mode and must not be written. 

3. Next, the DCSRx[RUN] bit must be set. A Descriptor fetch is not performed. 
4. Depending on the values of the DCMDx[FLOWSRC] and DCMDx[FLOWTRG] bits, the channel 

either waits for a request or starts the data transfer. 
5. After transferring the number of bytes equal to the smaller of DCMDx[SIZE] and DCMDx[LEN], 

the channel either waits for the next request or continues with the data transfer until the 
DCMDx[LEN] reaches zero, depending on the priority of the enabled DMA channels. 

6. The channel stops when DCMDx[LEN] reaches zero.

Figure 15 summarizes this operation. Setting DCSRx[STOPIRQEN] to trigger a stop interrupt may 
cause the DMAC to trigger the stop interrupt prematurely, possibly even before the channel enters 
active-run mode. To detect stoppage of a channel as the result of an end-of-receive (EOR) from a 
peripheral, software must validate the stoppage by checking the status of DCSR[information on the 
EORINT bit. Detect normal channel stoppage by using the end interrupt (DCSRx[ENDINTR]), not 
the stop interrupt (DCSRx[STOPINTR]). 

If an error occurs during the fetch operation, the channel stops until software clears the error 
condition and sets the DCSRx[RUN] bit.

A few DMA channels can be used for a Descriptor-fetch transfer and the remaining channels in a 
no-Descriptor-fetch transfer simultaneously. Do not program the DDADRx register of the channels 
during a no-Descriptor-fetch transfer. 

Note

When a channel switches between a Descriptor-fetch transfer and a 
no-Descriptor-fetch transfer, the channel must be stopped before the switch occurs.
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8.3.3 Transferring Data
The on-chip peripherals connected to the DMA via the AXI bus transfers. Although the source or 
destination of a DMA transfer is usually a peripheral intended to be used as a source or sink of DMA 
data, the DMAC can transfer data to or from any memory location through memory-to-memory 
moves.

8.3.3.1 Servicing Internal Peripherals
The processor has two types of internal peripherals: the peripheral-bus peripherals and the system- 
bus (AXI) peripherals. Peripherals such as SSP and UART are examples of peripheral bus 
peripherals. The DMAC provides DMA requests to channel map registers (DRCMRx) that contain 
five bits of channel number for each possible DMA request. These peripheral requests are mapped 
to 32 available channels. If the internal peripheral address resides in the DSADRx register, the 
DCMDx[FLOWSRC] bit must be set to allow the processor to wait for the request before it initiates 
the transfer. If the internal peripheral address resides in the DTADRx register, the 
DCMDx[FLOWTRG] bit must be set. 

If DCMDx[ENDIRQEN] is set, a DMA interrupt is requested at the end of the last cycle associated 
with the byte that caused DCMDx[LEN] to decrement to zero.

Figure 15: No-Descriptor-Fetch Transfer Channel Operation
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DMA Read Cycles
A DMA Read cycle is a read from memory and a Write to the peripheral. A DMA Read begins when 
an internal peripheral sends a request to a channel in the DMAC while the channel is running. The 
number of bytes to be transferred is specified using DCMDx[LEN]. The following process begins 
when the request is recognized: 

1. The DMAC prompts the Memory Controller to read from memory the required number of bytes 
addressed by DSADRx into a 32-byte buffer in the DMAC.

2. The DMAC transfers the data to the peripheral device addressed in DTADRx[31:0]. The 
DCMDx[WIDTH] specifies the width of the internal peripheral to which the transfer is being 
made. 

3. At the end of the transfer, DSADRx is increased and DCMDx[LEN] is decreased by the smaller 
of DCMDx[LEN] and DCMDx[SIZE].

Use the following settings for the DMAC register bits for a DMA Read from an internal peripheral:

DSADRx[SRCADDR] = memory address
DTADRx[TRGADDR] = internal peripheral address

DCMDx[INCSRCADDR] = 1
DCMDx[INCTRGADDR] = 0
DCMDx[FLOWSRC] = 0

DCMDx[FLOWTRG] = 1

DMA Write Cycles
A DMA Write cycle is a Read from the peripheral and a Write to memory. A DMA Write begins when 
an internal peripheral sends a request to a channel in the DMAC while the channel is running. The 
number of bytes to be transferred is specified by DCMDx[SIZE]. When the request is recognized, the 
following process begins: 

1. The DMAC processes the request by transferring the required number of bytes from the 
peripheral device addressed by DSADRx[31:0] into a DMAC buffer. 

2. The DMAC transfers the data to the Memory Controller. The DCMDx[WIDTH] specifies the 
width of the internal peripheral that is the source of the transfer. 

3. At the end of the transfer, DTADRx is increased and DCMDx[LEN] is decreased by the smaller 
of DCMDx[LEN] and DCMDx[SIZE].

Use the following settings for the DMAC register bits for a DMA Write from an internal peripheral:

DSADRx[SRCADDR] = internal peripheral address
DTADRx[TRGADDR] = memory address
DCMDx[INCSRCADDR] = 0

DCMDx[INCTRGADDR] = 1
DCMDx[FLOWSRC] = 1
DCMDx[FLOWTRG] = 0

                         

8.3.3.2 Memory-to-Memory Moves
Memory-to-memory moves do not involve request signals. The processor writes to the DCSRx[RUN] 
bit indicated by the channel that is configured to perform a memory-to-memory move. Software must 
clear the DCMDx[FLOWSRC] and DCMDx[FLOWTRG] bits as soon as the Descriptor is fetched. 

Note

Memory-to-memory moves can be performed from internal SRAM to external memory, 
and vice versa.
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The transfer then begins. If DCMDx[ENDIRQEN] is set, a DMA interrupt is requested at the end of 
the last cycle associated with the byte that caused DCMDx[LEN] to decrement to zero.
                         

DMA Read/Write Cycles
A DMA memory-to-memory Read or Write begins when the processor sets the DCSRx[RUN] bit. If 
the channel is in a Descriptor-fetch transfer, it fetches the four-word Descriptor. The 
DCMDx[FLOWSRC] and DCMDx[FLOWTRG] bits must be cleared for a memory-to-memory move. 
The channel begins to transfer data without waiting for a PREQassertion. The number of bytes to be 
transferred is specified using DCMDx[LEN]. Processing begins as follows:

1. The DMAC prompts the Memory Controller to read the required number of bytes addressed by 
DSADRx into a 32-byte buffer in the DMAC. 

2. The DMAC generates a Write cycle to the to the location addressed by DTADRx. 
3. At the end of the transfer, DSADRx and DTADRx are increased and DCMDx[LEN] is decreased 

by the smaller of DCMDx[LEN] and DCMDx[SIZE].

Use the following settings for the DMAC register bits for memory-to-memory moves:

DSADRx[SRCADDR]= memory address
DTADRx[TRGADDR]= memory address

DCMDx[INCSRCADDR] = 1
DCMDx[INCTRGADDR] = 1
DCMDx[FLOWSRC] = 0

DCMDx[FLOWTRG] = 0

8.4 Programming Tips
This section provides information concerning software requirements, instruction ordering, and 
misaligned memory accesses.

8.4.1 Software Management Requirements
The information that must be maintained on a per-stream basis (for example, the memory address, 
the peripheral address, the transfer count, and the implied direction of data flow) is maintained in 
Descriptor registers in the DMAC. The Descriptor registers are loaded from memory locations 
specified by the software. Multiple DMA Descriptors can be chained together in a list to allow a DMA 
channel to transfer data to and from a number of separate locations. The Descriptor-based DMA 
design allows Descriptors to be added dynamically to an active DMA channel Descriptor chain, 
which is particularly useful in applications that involve network-transmit lists and network-receiver 
buffer-free lists.

Each demand for data that a peripheral generates is a memory data Read or Write. A peripheral 
must not request a DMA transfer unless it is prepared to read or write the full data block (8, 16, or 32 
bytes) and can handle trailing bytes that may occur at the end of a DMA transfer.

8.4.1.1 Programmed I/O Operations
The processor can read and write the peripheral registers and FIFOs on the peripheral bus. The 
peripherals’ internal registers must be accessed using word-access loads and stores. Internal 
register and FIFO space must be mapped as non-cacheable. Byte and half-word accesses to 

Note

Memory-to-memory moves can be performed from internal SRAM to external memory, 
and vice versa.
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internal registers are not allowed. The FIFOs of some of the peripherals on the peripheral bus are 
accessed using byte, half-word, or word-access loads and stores. Refer to the individual peripheral 
sections for details.

8.4.1.2 Instruction Ordering
The DMAC executes programmed I/O instructions in the order specified by the software. 

References to internal addresses generally complete more quickly than those issued to external 
addresses. This means that memory accesses can be sent in one order and completed in a different 
order.

The DMAC ensures that memory references made by a single DMA channel are presented to 
memory in order and that the Descriptor fetches occur between the data blocks. The order in which 
the accesses are completed cannot be guaranteed unless the channels refer to only one type of 
memory (either to the external memory or to the internal SRAM).

The channel references must not reference both internal and external memory in a DMA Descriptor 
chain for the following operations:

Self-modifying DMA Descriptor chains
Channels that write data blocks followed by status blocks while another channel (generally the 
processor) polls a field in the status block

8.4.1.3 Misaligned Memory Accesses
The DMAC is a 64-bit device that can access memory on byte-aligned boundaries. The DMAC may 
encounter misaligned (not aligned to 64-bit boundary) addresses while it accesses memory.

Only the following type of data transfers may access misaligned addresses:

1. Memory-to-memory transfers
2. Memory-to-peripheral transfers or peripheral-to-memory transfers. In this case, the peripheral 

addresses are 32-bit aligned
                         

Addresses must be 64-bit aligned in the compare-Descriptor mode.

The DMAC employs channel-specific alignment buffers that hold either the leading or the lagging 
misaligned data. These buffers must be empty when the DMAC performs a context switch to service 
the next pending channel. When the DMAC completes a Descriptor transfer, it ensures that all of the 
data in the alignment buffers is properly flushed to its respective targets.

Because the DMAC encounters overhead while it works with misaligned data, restricting memory 
addresses to 8-byte boundaries can be helpful. Align the source and target addresses to 32-byte 
boundaries for optimal DMAC and Memory Controller performance.

By default, during data transfers the DMA Controller forces the least significant three bits of all 
external addresses to zeros and the least significant two bits of all peripheral addresses to zeros. To 
activate byte-aligned addressing, software must activate the alignment register. See DMA Alignment 
Register for details.

8.4.2 How DMA Handles Trailing Bytes
DMA normally transfers bytes equal to the transaction size specified by DCMDx[SIZE]. But if the 
Descriptor is reaching its end, the number of trailing bytes in the DCMDx[LEN] field could be smaller 

Note

All companion-chip-related transfers must use 64-bit aligned addresses for both source 
and target locations.
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than the transfer size. The DMA can transfer the exact number of trailing bytes if the 
DCMDx[FLOWSRC] and DCMDx[FLOWTRG] bits are both 0, or if it receives a corresponding 
request from the on-chip/off-chip peripheral or companion chip. The following cases are possible:

Memory-to-memory moves. The DMA transfers bytes equal to the smaller of DCMDx[LEN] or 
DCMDx[SIZE]. 

Memory-to-internal peripheral transfers. Most internal peripherals send a request for trailing 
bytes. Refer to the appropriate chapter of this manual for details on the operation of a specific 
peripheral. The DMA Controller transfers a number of bytes equal to the smaller of 
DCMDx[LEN] and DCMDx[SIZE].
Internal peripheral-to-memory transfers. Special handshaking signals and interrupts are 
employed for transferring trailing bytes from an internal peripheral to memory. The conditions 
that use the handshaking signals and interrupts are as follows:

• End of Packet (EOP) — the peripheral receives its last data sample from an external CODEC 
and detects an EOP based on its receive protocol. Any remaining data samples in the 
peripheral receive FIFO are treated as trailing bytes. The peripheral can be programmed to 
initiate a DMA request, even if it has fewer bytes than its receive trigger threshold. The DMA 
responds to this request and reads out the trailing bytes. CPU intervention is not required as 
long as the Descriptor chain has not ended.

• Time Out (TO) — peripherals that do not support EOP protocols use a time-out mechanism 
to determine if they have received their last data sample. Refer to the peripheral sections for 
details of the time out implementation. Any remaining data samples in the peripheral receive 
FIFO are treated as trailing bytes. The peripheral can be programmed to initiate a DMA 
request, even if it has fewer bytes than its receive trigger threshold. The DMA responds to 
the DMA request and reads out the trailing bytes. CPU intervention is not required as long as 
the Descriptor chain has not ended.

                         

• End-of-Descriptor chain (EOC) — indicates that a DMA channel is at the end of its last 
Descriptor. After the current transfer, DCMDx[LEN]=0 and DDADRx[STOP] = 1. DMA signals 
the peripheral on an EOC and the peripheral interrupts the CPU to retrieve any trailing bytes. 
Refer to the individual peripheral sections for details on the processor interrupt 
implementation. EOC is the only trailing-bytes case that requires programmed 
I/O to retrieve data.

• Request-after-channel-stops (RAS) — status bit in the DMAC Control Status register 
(DCSRx). This bit is set when a peripheral asserts a DMA request after the channel to which 
the peripheral is mapped has stopped. See DMA Channel Control/Status Registers 0-31 for 
details.

The following cases illustrate the handling of various trailing bytes using EOR, EOC, and RAS.

Case 1.  The peripheral signals a DMA request to service trailing bytes in its Receive FIFO 
(RxFIFO). The current Descriptor DCMDx[LEN] is equal to or greater than the trailing-byte count.

1. The peripheral signals a Receive DMA request.

2. The DMAC responds and reads out all trailing bytes including the last byte.
3. The peripheral signals an EOR.
4. The DMAC transfers all trailing bytes to the channel target and then updates DCSRx[EORINT].

Note

When a peripheral signals either an EOP or a TO from an external device, the DMAC 
sets the end-of-receive (EOR) status bit in the corresponding channel Control Status 
register (DCSRx). See DMA Channel Control/Status Registers 0-31 for details.
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5. The DMA channel can be configured to stop, jump, or just wait for another request after 
receiving EOR, depending on DCSRx[EORSTOPEN] and DCSRx[EORJMPEN]. The EORINT 
bit must be cleared before a channel is restarted.

6. DCSRx[EORINT] set indicates that all trailing bytes were read and transferred to the required 
target.

Case 2.  The peripheral signals a DMA request to signal an EOR only (RxFIFO is empty). The 
current Descriptor DCMDx[LEN] is greater than zero.

1. The peripheral signals a Receive DMA request.
2. The peripheral responds to the DMAC that the RxFIFO is empty, and the DMAC does not read 

any data from the RxFIFO.
3. The peripheral signals an EOR.
4. The DMAC transfers any previously read data (temporarily stored in a local DMA buffer) to the 

channel target and then updates DCSRx[EORINT].
5. The DMA channel can be configured to stop, jump, or just wait for another request after 

receiving EOR, depending on DCSRx[EORSTOPEN] and DCSRx[EORJMPEN]. The EORINT 
bit must be cleared before a channel is restarted.

6. DCSRx[EORINT] set indicates that all trailing bytes were read and transferred to the required 
target.

Case 3.  The peripheral signals a DMA request to service trailing bytes in its RxFIFO. The current 
Descriptor DCMDx[LEN] is less than the trailing-bytes count. More Descriptors are available in the 
Descriptor chain.

1. The peripheral signals a Receive DMA request.
2. The DMAC responds and reads only the number of trailing bytes programmed by DCMDx[LEN].

3. The current Descriptor DCMDx[LEN] decrements to zero. This condition forces the DMAC to 
transfer all the data read from the peripheral’s RxFIFO to the channel target.

4. The DMAC fetches the next Descriptor.
5. Because the peripheral still has trailing bytes in its RxFIFO, it must make another request. The 

peripheral must continue to issue such requests until the DMAC reads out all the trailing bytes 
and until an EOR is signaled.

6. DCSRx[EORINT] set indicates that all trailing bytes are read and transferred to the required 
target. The EORINT bit must be cleared before a channel is restarted.

Case 4.  The peripheral signals a DMA request to service trailing bytes in its RxFIFO. The current 
Descriptor DCMDx[LEN] is less than the trailing-bytes count. No more Descriptors are available in 
the Descriptor chain.

1. The peripheral signals a Receive DMA request.

2. The DMAC responds and reads only the number of trailing bytes programmed by DCMDx[LEN].
3. The current Descriptor DCMDx[LEN] decrements to zero. This condition forces the DMAC to 

transfer all the data read from the peripheral RxFIFO to the channel target.
4. The DMA channel stops because there are no more Descriptors in the Descriptor chain.
5. If the DMAC signaled an end-of-chain (EOC) while reading the last byte, the peripheral must set 

a status bit in a local (peripheral) status register. This setting indicates that software should 
handle the remainder of the trailing bytes in the peripheral RxFIFO.

6. If the DMAC fails to signal an EOC, the peripheral signals a DMA request. Because the DMA 
channel has already stopped, the DMAC sets DCSRx[RAS]. This setting indicates that software 
should handle the remainder of the trailing bytes in the peripheral RxFIFO.
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Peripherals that require the DMA services for processing trailing bytes must support the preceding 
signals (TO, EOP, EOR, EOC, and RAS). 

The following peripherals require DMA services to process trailing bytes:
UART1, UART2, UART3
SSP1, SSP2, SSP3, SSP4, SSP5

8.5 Quick Reference to DMA Programming
Table 33, Table 34, Table 35, and Table 36 tabulate width, alignment, and address increment modes 
for various DMA data transfers.
                         

If a memory address is byte-aligned, then the DALGN register must be programmed. Refer to DMA 
Alignment Register (DALGN) in the Appendix of this document for details.

If DCMDx[INCSRCADDR] or DCMDx[INCTRGADDR] is set, then the DMAC increments the source 
or target address, after each transaction, by a number equal to the width of the peripheral bus 
peripheral. For example, if the DMAC is transferring 32 bytes of data from memory to a 4-byte wide 
peripheral bus peripheral, then the DMAC writes four bytes to the peripheral bus peripheral eight 
times and increments the target address by four bytes after each of the eight transactions.
                         

Note

The DMAC signals an EOC only if the last Descriptor DCMDx[LEN] of the Descriptor 
chain is greater than zero.

Table 33: Configuration for Peripheral Bus Peripheral Related Data Transfers

Source Target Source
Alignment
(bytes)

Target
Alignment
(bytes)

DCMD
[INCSRCADDR]
(binary)

DCMD
[INCTRGADDR]
(binary)

DCMD
[WIDTH]
(binary)

Peripheral 
Bus 
Peripheral

Memory 4 1 0 or 1 1 01, 10 or 
11

Memory Peripheral 
Bus 
Peripheral

1 4 1 0 or 1 01, 10 or 
11

NOTE: Memory refers to all types of memory explained in the Memory Controller chapter (including internal memory, 
external memory, variable-latency I/O memory, and expansion memory implemented in non-FIFO mode).

Table 34: Configuration for Memory-to-Memory Data Transfers

Source Target Source
Alignment
(bytes)

Target
Alignment
(bytes)

DCMD
[INCSRCADDR]
(binary)

DCMD
[INCTRGADDR]
(binary)

DCMD
[WIDTH]
(binary)

Memory Memory 1 1 1 1 00

Expansion 
memory 
FIFO

Memory 1 1 0 1 00
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If a memory address is byte aligned, then DALGN register must be programmed. Refer to DMA 
Alignment Register (DALGN) in the Appendix of this document for details.
                         

If DCMDx[INCSRCADDR] or DCMDx[INCTRGADDR] is set, the DMAC increments the source or 
target address after each bursting transaction by a number equal to the transaction burst size (8, 16, 
or 32 bytes) or DCMDx[LEN]. The latter is used if DCMDx[LEN] is less than the burst size. For 
example, if the DMAC is transferring 48 bytes of data from memory to the system bus peripheral in 
bursts of 32 bytes, the DMAC increments the target address by 32 after the first burst and then by 16 
after the second burst.

Table 36 provides a quick reference for programming the DMAC for the on-chip peripherals.

Memory Expansion 
memory 
FIFO

1 1 1 0 00

Expansion 
memory 
FIFO

Expansion 
memory 
FIFO

1 1 0 0 00

NOTE: Memory refers to all types of memory explained in the Memory Controller chapter (including internal memory, 
external memory, variable-latency I/O memory, and expansion memory implemented in non-FIFO mode).

Table 34: Configuration for Memory-to-Memory Data Transfers (Continued)

Source Target Source
Alignment
(bytes)

Target
Alignment
(bytes)

DCMD
[INCSRCADDR]
(binary)

DCMD
[INCTRGADDR]
(binary)

DCMD
[WIDTH]
(binary)

Table 35:  System Bus Peripheral Related Data Transfer Configuration

Source Target Source
Alignment
(bytes)

Target
Alignment
(bytes)

DCMD
[INCSRCADDR]
(binary)

DCMD
[INCTRGADDR]
(binary)

DCMD
[WIDTH]
(binary)

System 
Bus 
Peripheral

Memory 8 8 0 or 1 1 00

Memory System 
Bus 
Peripheral

8 8 1 0 or 1 00

System 
Bus 
Peripheral

Expansion 
memory 
FIFO

8 8 0 or 1 0 00

Expansion 
memory 
FIFO

System 
Bus 
Peripheral

8 8 0 0 or 1 00

NOTE: Memory refers to all types of memory explained in the Memory Controller chapter (including internal memory, 
external memory, variable-latency I/O memory, and expansion memory implemented in non-FIFO mode).
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Table 36: DMA Quick Reference for On-Chip Peripherals

Unit Function FIFO 
Address

Width 
(bytes)

DCMDx 
Width 
(binary)

Burst Size 
(bytes)

Source 
or  
Target

DRCMRx

TWSI0

Receive 0xD401_1008 1 01 8 or trailing Source 0x13C

Transmit 0xD401_1008  2 10 8, 16 or 
trailing

Target 0x140

TWSI5

Receive 0xD401_5008 1 01 8 or trailing Source 0x144

Transmit 0xD401_5008  2 10 8, 16 or 
trailing

Target 0x148

UART 1

Receive 0xD401_7000 1 or 4 01 or 11 8, 16, 32, or 
trailing

Source 0x014C

Transmit 0xD401_7000 1 or 4 01 or 11 8, 16, 32, or 
trailing

Target 0x0150

UART 2

Receive 0xD401_8000 1 or 4 01 or 11 8, 16, 32, or 
trailing

Source 0x0154

Transmit 0xD401_8000 1 or 4 01 or 11 8, 16, 32, or 
trailing

Target 0x0158

UART3

Receive 0xD402_6000 1 or 4 01 or 11 8, 16, 32, or 
trailing

Source 0x015C

Transmit 0xD402_6000 1 or 4 01 or 11 8, 16, 32, or 
trailing

Target 0x0160

NAND Flash

Data 0xD428_3040 1, 2, or 4 01, 10, or 
11

8, 16, 32 or 
trailing

Source or 
Target

0x188

Command 0xD428_3048 4 11 16 Target 0x18C

CF Card IREQ5 0x198

AC97

PCM audio 
Tx

0xD402_B040 4 11 8, 16, 32 Target 0x01A8

PCM audio 
Surround Tx

0xD402_B02C 4 11 8, 16, 32 Target 0x01AC

PCM audio 
center Tx

0xD402_B038 4 11 8, 16, 32 Target 0x01B0

PCM audio 
RX

0xD402_B040 4 11 8, 16, 32 Source 0x01B4

Modem 
DMA Tx

0xD402_B140 4 11 8, 16, 32 Target 0x01B8

Modem 
DMA Rx

0xD402_B140 4 11 8, 16, 32 Source 0x01BC

Microphone 0xD402_B060 4 11 8, 16, 32 Source 0x01C0

SSP 1

Receive 0xD401_B010 1, 2, or 4 01, 10, or 
11

8, 16, 32, or 
trailing

Source 0x01D0

Transmit 0xD401_B010 1, 2, or 4 01, 10, or 
11

8, 16, 32, or 
trailing

Target 0x01D4
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8.6 Examples

8.6.1 Setting Up and Starting a Channel
The following example of code shows how to set up and start a channel to transfer LEN words that 
start at the address in the DSADRx register to peripheral address in the DTADRx register. In this 
example, the stop bit in the DDADRx register is set so that the DMA channel stops after it completely 
transfers LEN bytes of data associated with this Descriptor.

// build real Descriptor

desc[0].ddadr = STOP;

desc[0].dsadr = DSADR;

desc[0].dtadr = DTADR;

desc[0].dcmd = DCMD;

// start the channel

DMANEXT[CHAN] = &desc[0];

DRUN = 1;

8.6.2 Creating a Zero-Length Descriptor
The following example of code shows how to initialize a Descriptor list for a channel that is running:

// Allocate a new Descriptor, and make it an End-

// Descriptor whose “ddadr” field points back at itself

newDesc = New Desc();

SSP 2

Receive 0xD401_C010 1, 2, or 4 01, 10, or 
11

8, 16, 32 or 
trailing

Source 0x01D8

Transmit 0xD401_C010 1, 2, or 4 01, 10, or 
11

8, 16, 32 or 
trailing

Target 0x01DC

SSP 3

Receive 0xD401_F010 1, 2, or 4 01, 10, or 
11

8, 16, 32 or 
trailing

Source 0x01E0

Transmit 0xD401_F010 1, 2, or 4 01, 10, or 
11

8, 16, 32 or 
trailing

Target 0x01E4

SSP 4

Receive 0xD402_0010 1, 2, or 4 01, 10, or 
11

8, 16, 32 or 
trailing

Source 0x01E8

Transmit 0xD402_0010 1, 2, or 4 01, 10, or 
11

8, 16, 32 or 
trailing

Target 0x01EC

SSP 5

Receive 0xD402_1010 1, 2, or 4 01, 10, or 
11

8, 16, 32 or 
trailing

Source 0x01F0

Transmit 0xD402_1010 1, 2, or 4 01, 10, or 
11

8, 16, 32 or 
trailing

Target 0x01F4

XD Controller

Data 0xD428_4040 1, 2, or 4 01, 10, or 
11

8, 16, 32 or 
trailing

Source or 
Target

0x1110

Command 0xD428_4048 4 11 16 Target 0x1114

Table 36: DMA Quick Reference for On-Chip Peripherals (Continued)

Unit Function FIFO 
Address

Width 
(bytes)

DCMDx 
Width 
(binary)

Burst Size 
(bytes)

Source 
or  
Target

DRCMRx
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newDesc->ddadr = newDesc | STOP;

// make it a zero length Descriptor

newDesc->dcmd = ZERO;

// Start the channel

DMANEXT[CHAN] = newDesc;

DRUN = 1;
                         The channel starts up, loads the Descriptor into its registers, detects that the transfer length is zero 
and the stop bit is set, and stops the channel. No data transfer occurs in this case. To restart the 
channel, write to its DDADRx register, then set the DCSRx[RUN] bit.

8.6.3 Initializing a Channel to Be Used by Direct DMA Master
The most effective way to move data between a peripheral device and memory is to use the built-in 
Descriptor-based DMA system. In most applications, a free DMA channel is readily available. Some 
applications demand true DMA. Each application has different requirements, so a Descriptor-based 
DMA may be best for some applications while a non-Descriptor-based DMA is best for others. For 
applications that cannot tolerate the time required to fetch a Descriptor before each DMA transfer, 
choose the non Descriptor-based DMA method. For applications that can tolerate it, a 
Descriptor-based DMA method can reduce the amount of CPU intervention. By programming the 
Descriptor-based DMA system, you can offer true DMA to devices that require it.

In the following example, the companion processor requires the DMAC to read four Descriptor 
words, program a channel as indicated by Descriptor, and continue the transfer based on the new 
Descriptor. Such a companion processor makes the following requirements:

1. The companion processor must connect to a GPIO or external interrupt pin through software.
2. Software then fetches four Descriptor words from one of the ports.
3. Based on the information contained in the Descriptor, transfer data from the source address to 

the destination address without waiting for another request from the companion processor.
4. Transfer the number of bytes mentioned in DCMDx[LEN] and then return to Step 1.

Such an external device can use a constant Descriptor in memory. A channel used by a direct DMA 
master must be initialized in a special way. The following example code shows how to initialize such 
a channel:

struct {long ddadr;
long dsadr; 
long dtadr; 
short len; 
short dcmd; 

} desc[2];
desc[0].ddadr = &desc[1]; 
desc[0].dsadr = I_ADR + I_DESC_OFFS; 
desc[0].dtadr = &desc[1].dsadr; 
desc[0].len = 8; 
desc[0].dcmd = CMD_IncTrgAdr | CMD_FlowThru;
desc[1].ddadr = &desc[0];
desc[1].dtadr = I_ADR + I_DATA_OFFS;
desc[1].dsadr = 0;
desc[1].len = 0;
desc[1].dcmd = 0;
                         When the external device has data to transfer, it sends a standard DMA request. The DMAC wakes 
up and reads four words from the device I_DESC_OFFS address. The DMAC transfers only four 
32-bit words because the first Descriptor has an eight-byte count. The four words supplied by the 
external device are written over the DSADRx, DTADRx, and DCMDx registers of the next Descriptor. 
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The DMAC then steps into the next (dynamically modified) Descriptor and uses the devices 
I_DATA_OFFS address to process the requested transfer. When the data transfer is complete, the 
DMAC steps back to the first Descriptor and the process repeats.

8.6.4 Adding a Descriptor to End-of-Descriptor List (Channel 
Running)
                         

DMA Descriptor lists are used as queues of full buffers for network transmitters and as queues of 
empty buffers for network receivers. Because each buffer can be small, on-the-fly manipulation of 
DMA Descriptor lists must be as efficient as possible.

To add a Descriptor to the end of a Descriptor list for a running channel:

1. Write DCSRx[RUN] = 0.

2. Wait for the channel to stop. The stop status is indicated in DCSRx[STOPINTR].
3. Create the end Descriptor in the memory with the stop bit set.
4. Manipulate the DDADRx register of the last Descriptor of the current chain in the memory to 

ensure that the DDADRx register points to the newly created end Descriptor in Step 3.
5. Create a new Descriptor with values in the DDADRx, DSADRx, DTADRx, and DCMDx registers 

that match those in the stopped DMA channel. The new Descriptor is the next Descriptor for this 
Descriptor list. 

6. Examine the DMA channel registers and determine if the channel stopped in the last Descriptor 
of the chain. If it did, manipulate the DDADRx register of this Descriptor so that it points to the 
newly created end Descriptor.

7. Program the channel DDADRx register with the next Descriptor created in Step 5.
8. Set DCSRx[RUN] = 1.

8.6.5 Using Software Implementation of Full and Empty Bits
This example shows how to use the compare Descriptor and branch Descriptor modes to allow the 
software to implement full and empty bits. As shown in Figure 16, this implementation can be used 
to create a circular Descriptor chain to transfer a large amount of data. The full and empty bits are 
maintained in a memory table and are cleared prior to a DMA transfer. The DMAC uses the 
Compare-Descriptor mode to determine that the full and empty bits are cleared before it performs a 
data transfer. If either bit is set, the DMAC uses the Branch Descriptor mode to branch to a 
Descriptor in which the DDADRx[STOP] bit is set, which terminates the transfer. If the full and empty 
bits are both cleared, the DMAC continues to perform a regular data transfer. After the DMAC 
completes the data transfer, it updates the full and empty memory table by setting the full and empty 
bits, which indicates a successful transfer. 

Note
The following example assumes that a Descriptor-fetch transfer is active.
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This example assumes the following memory addresses:

SRC0, SRC1: source-address locations

TRG0, TRG1: target-address locations

FEUPDT: address pointing to data 0x0000_0003. Bit]1:0] = [Full:Empty].

In the example, the memory table contains the following full and empty bit information before the 
DMA transfers. Only the two least significant bits are valid. Bit[1:0] = [Full:Empty].

FETBL0: 0x0000_0000

FETBL1: 0x0000_0000

After successful DMA transfers, the same memory table contains the following information: 

FETBL0: 0x0000_0003

FETBL1: 0x0000_0003

The following code is a chain of Descriptors for full- and empty-bit implementation:

8.6.5.1 First Descriptor Set
First Descriptor

//Compare and Branch Descriptor modes enabled.

//No data transferred by this Descriptor.

//Source is indirectly addressed and target is directly addressed 

//On a successful compare of &FETBL0 with 0x0000, 

// Descriptor chain branches to desc[1] + 4*32bits, i.e desc[2]. 

//If Compare fails, then Descriptor chain jumps to desc[1].

//Desc[1] stops the channel as Full and Empty bits were not both 0.

desc[0].ddadr = &desc[1], BrEn = 1;

Figure 16: Descriptor Chain for Software Implementation of Full and Empty Bits

                         

Note

The setting of the DALGNx bit is relevant even when DTADRx contains immediate data 
rather than an address. If DALGNx is not set, then the lowest three bits of the fetched 
data are forced to 0 (as they would in an address case, forcing data to be 8-byte 
aligned). Thus, for any comparisons with DALGNx not set, the least significant 3 bits 
must always be 0 for a comparison with immediate data to work. This restriction is not 
present when DALGN is set.

desc[0] desc[1]: Stop = 1

desc[2] desc[3] desc[4] desc[5]: Stop = 1

desc[6] desc[7]
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desc[0].dsadr = FETBL0;

desc[0].dtadr = 0x0000;

desc[0].dcmd = CmpEn=1, AddrMode = b01;

Second Descriptor

//Error setting Descriptor, which stops the channel as 

//(Full:Empty) != 0b00

//No data transferred. Stop interrupt triggered.

desc[1].ddadr = (Stop = 1); 

desc[1].dsadr = ignored;

desc[1].dtadr = ignored;

desc[1].dcmd = Len=0; 

Third Descriptor

//Data transferring Descriptor

desc[2].ddadr = &desc[3]; 

desc[2].dsadr = SRC0;

desc[2].dtadr = TRG0;

desc[2].dcmd = Len=4K bytes;

Fourth Descriptor

//FullEmpty table updating Descriptor

desc[3].ddadr = &desc[4]; 

desc[3].dsadr = FEUPDT;

desc[3].dtadr = FETBL0;

desc[3].dcmd = Len=4 bytes; 

8.6.5.2 Second Descriptor Set
First Descriptor

//Compare and Branch Descriptor modes enabled.

//No data transferred by this Descriptor.

//Source is indirectly addressed and target is directly addressed

//On a successful compare of &FETBL1 with 0x0000, 

// Descriptor chain branches to desc[5] + 4*32bits, i.e desc[6]. 

//If Compare fails, then Descriptor chain jumps to desc[5].

//Desc[5] stops the channel as Full and Empty bits were not both 0.

desc[4].ddadr = &desc[5], BrEn = 1; 

desc[4].dsadr = FETBL1;

desc[4].dtadr = 0x0000;

desc[4].dcmd = CmpEn=1, AddrMode = b01; 

Second Descriptor

//Error setting Descriptor, which stops the channel as 

//(Full:Empty) != 0b00

//No data transferred. Stop interrupt triggered.



DMA Controller
Register Descriptions

                         

Copyright © 2010 Marvell Doc. No. MV-S301544-00  Rev. -

November 2010 PUBLIC RELEASE Page 197

desc[5].ddadr = (Stop = 1); 

desc[5].dsadr = ignored;

desc[5].dtadr = ignored;

desc[5].dcmd = Len=0; 

Third Descriptor

//Data transferring Descriptor

desc[6].ddadr = &desc[7]; 

desc[6].dsadr = SRC1;

desc[6].dtadr = TRG1;

desc[6].dcmd = Len=4K bytes; 

Fourth Descriptor

//FullEmpty table updating Descriptor

//Notice that the chain jumps back to desc[0].

//All ok, if software has loaded new data at the address pointed to by

//desc[0] and has also updated FETBL0

desc[7].ddadr = &desc[0];

desc[7].dsadr = FEUPDT;

desc[7].dtadr = FETBL1;

desc[7].dcmd = Len=4 bytes;
                         

8.7 Register Descriptions
Refer to Appendix A - Register Tables for details on the DMA Controller registers.
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9 Real-Time Clock (RTC)
This chapter describes the Real-Time Clock (RTC) for the ARMADA 16x Applications Processor 
Family.

The ARMADA 16x Applications Processor Family contains an RTC unit that provides a 
general-purpose, real-time reference clock for the system. The RTC unit contains a free running 
RTC Counter Register, which increments on each rising edge of a 1-Hz clock.

In this chapter:

Section 9.1, Overview 
Section 9.2, Interrupts 
Section 9.3, Trim Procedure 

Section 9.4, Register Descriptions 

9.1 Overview
In addition to the RTC Counter Register (RTC_RCNR), the RTC incorporates a 32-bit RTC Alarm 
Register. The RTC Alarm Register (RTC_RTAR) can be programmed with a value to be compared 
against the counter. On each rising edge of the 1-Hz clock, the counter is incremented and 
compared to the RTC Alarm Register (RTC_RTAR). If the values match and the enable bit is set, the 
corresponding status bit in the RTC Status Register (RTC_RTSR) is set and an interrupt is 
generated. Another interruptible status bit which sets for every 1-Hz clock tick is available. If the 
enable bit is set, the corresponding status bit in the RTC Status Register is set and an interrupt is 
generated.

Each status bit can be cleared by writing a 1 to the RTC Status Register (RTC_RTSR) in the 
required bit position. The 1-Hz clock is generated internally in the RTC module by dividing down the 
32.768 kHz crystal oscillator output. 

The programmable divider logic for generating the 1-Hz clock allows users to “trim” the counter to 
adjust for inherent inaccuracies in the 32.768 kHz crystal frequency. This trimming mechanism lets 
users adjust the RTC to an accuracy of ±5 seconds per month. The trimming procedure is described 
later in this section. 

Not all registers in the RTC unit are reset by hardware; the RTC unit reset is software controlled only. 
For more details on RTC reset, refer to the Clock/Reset Control Register for RTC in Appendix A - 
Register Tables in this document. 

9.2 Interrupts
The RTC has two interrupt outputs, which are used by processor as follows:

Level alarm interrupt (rtc_slp_alarm) - This interrupt is generated (if enabled) when a match 
occurs between the RTC Counter register (RTC_RCNR) and the RTC Alarm Register 
(RTC_RTAR), or when software sets the SW_ALARM field in the RTC Control Register 
(RTC_RTPR). The interrupt is enabled by writing a 1 to the <RTC alarm interrupt enable> field 
in the RTC Status Register (RTC_RTSR), and cleared by writing a 1 to the <RTC alarm 
detected> field in the RTC Status Register (RTC_RTSR). Just before enabling the interrupt, it 
must be cleared because it “remembers” past events (matches) even when not enabled. The 
interrupt is routed to the Interrupt Controller (ICU). 
Level 1-Hz interrupt (rtc_hzclk_int) - This interrupt is generated (if enabled) every 1-Hz clock 
tick. The interrupt is enabled by writing a 1 to the <1-Hz interrupt enable> field in the RTC Status 
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Register (RTC_RTSR), and cleared by writing a 1 to the <1-Hz rising-edge detected> field in the 
RTC Status Register (RTC_RTSR). The interrupt is routed to the Interrupt Controller (ICU). 

9.3 Trim Procedure
The 1-Hz clock feeding the RTC is obtained by dividing the output of the oscillator multiplexor down 
approximately 32 kHz. The inherent inaccuracies of crystals, aggravated by varying capacitance of 
the board connections and other issues, cause the time base to be somewhat inaccurate, requiring a 
periodic adjustment in the 1 Hz clock period. The device, through the RTC Trim Register 
(RTC_RTTR), allows for adjustments or trimming of the 1 Hz time. When the trim circuitry is set to 
0x00, the 1 Hz clock feeding the RTC maintains a high-level signal. 0x01 divides the output 
frequency of the oscillator multiplexor by two. 

9.3.1 Oscillator Frequency Calibration
To generate the value to be entered into the RTC Trim Register (RTC_RTTR), first measure the 
output frequency at the oscillator multiplexor, which would be approximately 32 kHz using an 
accurate time base, such as a frequency counter. The trim is accomplished by dividing the output of 
the oscillator by an integer value and then performing a fine-grain fractional adjustment by 
periodically deleting clocks from the stream feeding this integer divider.

9.3.2 RTTR Value Calculations
After the true oscillator frequency is known, it must be divided into integer and fractional portions. 
The integer portion of the value (minus one) is loaded into the <Clock divider count> field in the RTC 
Trim Register (RTC_RTTR). This value is compared against a 16-bit counter clocked by the output 
of the oscillator multiplexor (approximately 32 kHz). The counter resets and generates a pulse when 
the two values are equal. This pulse constitutes the raw 1-Hz signal.

The fractional part of the adjustment is performed by periodically deleting clocks from the clock 
stream feeding the integer counter. The period, called the trim interval, is hard wired to be (210 -1) 
seconds (approximately 17 minutes). The number of clocks deleted, called the trim delete value, is a 
10-bit programmable counter allowing from 0 to (210 -1) 32 kHz clocks to be deleted from the input 
clock stream once per trim interval. The <Trim delete count> field in the RTC Trim Register 
represents the number of clocks deleted per trim operation. 

In summary, every (210 -1) seconds, the integer counter stops clocking for a period equal to the 
fractional error that has accumulated. If this counter is programmed to a zero, then no trim 
operations occur and the RTC is clocked with the raw 32 kHz clock. The relationship between the 
nominal 1-Hz clock frequency and the nominal 32 kHz clock (f1 and f32K, respectively) is illustrated 
in the following equation.
                         

9.3.2.1 Trim Example #1 – Measured Value Has No Fractional Component
In this example, the oscillator output is measured to be 36045.000 cycles/s (Hz). This output is 
exactly 3277 cycles over the nominal crystal frequency and has no fractional component. As such, 
only the integer trim function is needed (fractional trim is not required). Accordingly, the <Clock 
divider count> field in the RTC Trim Register is loaded with the binary equivalent of 36045-1 or 
0x8CCC. The <Trim delete count> field remains at zero (power-up state) to disable fractional 
trimming. This trim exercise produces an error of zero in trimming.

                         

f1=
(2^10-1)*(C<15...0> +1) -D<9...0>

(2^10-1)*(C<15...0> +1)
*

f32k

(C<15...0> +1)
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9.3.2.2 Trim Example #2 – Measured Value Has a Fractional Component
This example is a more common case in that the measured oscillator frequency has a fractional 
component. If the oscillator output is measured at 32768.92 cycles/s (Hz), an integer trim is 
necessary so that the average number of cycles counted before generating one 1-Hz clock is 
32768.92. Similar to the previous example, the integer <Clock divider count> field is loaded with the 
hexadecimal equivalent of 32768-1 or 0x7FFF (reset value).

Because the actual clock frequency is 0.92 cycles per second faster than the integer value, the 1-Hz 
clock generated by just the integer trimming is slightly faster than needed and must be slowed down. 
Accordingly, the fractional trim must be programmed to delete 0.92 cycles per second on average to 
bring the 1-Hz output frequency down to the proper value. Since the trimming procedure is 
performed only every 210-1=1023 seconds, the trim must be set to delete (.92*1023) = 941.16 clocks 
every 1023 seconds. The fractional component of this value cannot be trimmed out and constitutes 
the error in trimming, described below. Load the counter with the hexadecimal equivalent of 941 or 
0x3AD.

This trim setting produces an error of 16 cycles per 1023 seconds. The error calculation yields (in 
parts-per-million (ppm)):
                         

9.3.2.3 Maximum Error Calculation Versus Real-Time Clock Accuracy
As seen from Trim Example #2, the maximum possible error approaches 1 clock per (210-1) 
seconds. Calculating the ppm error for this scenario yields:
                         

To maintain an accuracy of ±5 seconds per month, the required accuracy is calculated to be:
                         

This calculation indicates that the accuracy of the trim mechanism is more than adequate to 
compensate for the static environmental and manufacturing variables.

9.4 Register Descriptions
Refer to Appendix A - Register Tables for details on RTC register tables.

                         

Error 0.16 cycles
1023 sec

---------------------------X 1 sec
32768 cycles
------------------------------- 0.002 ppm= =

                         

                         

Error (maximum) 1 cycle
1023 sec
---------------------X 1 sec

32768 cycles
------------------------------- 0.03 ppm= =

Error 5 sec
month
---------------X 1 month

2592000 sec
------------------------------ 1.9 ppm= =
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10 Hardware Timers
This chapter discusses:

Section 10.1, Operation
Section 10.2, Register Descriptions

The ARMADA 16x Applications Processor Family uses a triple timer plus a Watchdog timer. The 
three 32-bit general-purpose timers are based on a selectable functional clock (13, 6.5, 3.25, 1 MHz 
and 32 kHz). This section provides information about the timer operation.

10.1 Operation
The operating system timers and Watchdog timer module consists of three 32-bit up counters and 
one 16-bit WDT up counter. The module has two clock inputs: selectable fast clock (13, 6.5, 3.25, 
1 MHz and 32 kHz) and slow clock (32.768 kHz). The fast clock is selectable through the 
<Functional Clock Select> field (FNCLKSEL) in the Clock/Reset Control Register for Timers (refer to 
Appendix A in this manual for more information on all registers).

Timer #1 operates at fast clock, slow clock of 32.768 kHz
Timer #2 operates at fast clock, slow clock of 32.768 kHz

Timer #3 operates at fast clock, slow clock of 32.768 kHz
16-bit Watchdog timer operates using a timer module-derived clock of 256 Hz

Each of the three Timer Count registers (TMR_CRn) has three 32-bit Timer Match registers 
(TMR_Tn_Mm) associated with it (resulting in a total of 9 Timer Match registers). When the value in 
the Timer Count register matches the value defined in any of the associated Match registers, and the 
corresponding interrupt enable bit is set in the Timer Interrupt Enable register (TMR_IERn), the 
corresponding bit in the Timer Status register (TMR_SRn) is set. These bits are also routed to the 
interrupt controller where they generate an interrupt. 

Reprogramming any Timer Control register (TMR_CCR, TMR_Tn_Mm, TMR_PLVRn, 
TMR_PLCRn, TMR_CMRn, or TMR_ILRn) while the timer is operating is not guaranteed to be valid. 
To safely reprogram any of these registers, disable the timer, reprogram it, and re-enable it. The 
functionality of one enabled timer is not affected by the programming of another timer.

See Figure 17 for a block diagram of the timers.
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10.1.1 Watchdog Timer (WDT) Operation
                         

When the value in the Watchdog timer matches the value defined in the Timers Watchdog Match 
Register (TMR_WMR) and the TMR_WMER[WRIE] bit is set, the WDT reset output is asserted, 
creating a Watchdog-timer reset event in the system.

Watchdog Reset mode is invoked when the software fails to prevent the Watchdog timeout from 
occurring. Watchdog resets are generated when the software is not executing properly due to the 
use of corrupt data. 

During Watchdog Reset mode, most internal registers in the system are reset to their defined default 
values. An exception is the real-time clock.

To avoid a Watchdog timer reset, the processor must restart the Watchdog timer before it reaches 
the match value. Set the <WCR> bit in the Timers Watchdog Counter Reset Register (TMR_WCR) 
to restart the Watchdog timer.

Figure 17: Timers Block Diagram

                         

13 MHz

32 kHz

6.5 MHz

3.25 Mhz

1 MHz

APBC_TIMERS_CLK_RST[FNCLKSEL]
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Timer_3_IRQ
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Timer 3

128 
Divider
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16 bit

WDT_IRQ

WDT_RST_SRC

32.768kHz

Note

Before the Watchdog timer is used for the first time (for example, after reset), it must be 
initialized by setting the <WDTR> bit (WDT Module Reset) in the CPRR or APRR 
registers in the main PMU.



Hardware Timers
Register Descriptions

                         

Copyright © 2010 Marvell Doc. No. MV-S301544-00  Rev. -

November 2010 PUBLIC RELEASE Page 205

                         

When a WDT reset event occurs, the WDT generates a 15.625 msec-wide pulse on the WDT reset 
output. As a consequence, the system is held in reset state for this period of time. The system goes 
through a reset sequence when the reset signal is de-asserted.

Writing to the WDT registers is protected by the two Timers Watchdog Access Registers 
(TMR_WFAR and TMR_WSAR). Follow these steps to enable Writes to any WDT register:

1. Write the proper key value to the TMR_WFAR register

2. Write the proper key value to the TMR_WSAR register
3. Perform the write operation on the required WDT register; once, the Write operation is 

complete, the WDT registers are relocked 

This sequence must be repeated to perform another Write operation.

10.2 Register Descriptions
Refer to Appendix A - Register Tables for details on the Hardware Timers registers.

Note

The Timers Watchdog Status Register (TMR_WSR) (and some other internal WDT 
flops) is reset when a power-on-reset is asserted; all the other registers are reset upon 
the assertion of power-on-reset or Watchdog-timer reset. 

Thus, TMR_WSR can be used to determine whether a match event has occurred.
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11 Power Management Unit
The following sections describe the ARMADA 16x Applications Processor Family power 
management unit.

Section 11.1, Overview 
Section 11.2, Clock Distribution 
Section 11.3, Power Modes and Control 

Section 11.4, Frequency Changes 
Section 11.5, Resets 
Section 11.6, Wakeup Sources for Core Idle and System Sleep Modes 

Section 11.7, Programming Model User Notes 
Section 11.8, Register Descriptions 

11.1 Overview
The   power management consists of two separate units:

Main Power Management Unit (MPMU)–Manages the PLLs, system sleep mode, system 
resets, clock distribution, and clock gating to the main subsystem

Application Subsystem Power Management Unit (APMU) – Manages the core idle mode, 
reset control, clock distribution, and clock gating to the Application Subsystem, which contains 
the Marvell® Sheeva™ PJ1 Core, buses, memories, and peripherals

The ARMADA 16x Applications Processor Family power management control structure and its main 
components are shown in Figure 18. 
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11.1.1 Main Power Management Unit (MPMU)
The MPMU is responsible for the chip-level power management. Once the Application Subsystem 
PMU (APMU) enters the lowest power mode, the MPMU takes control of the chip-level low power 
modes. 

The Main PMU features include:

Controls power-on sequence and resets
Controls chip-level entry to and exit from System-Sleep mode; Core-Idle mode is handled by 
the APMU
Controls the PLLs
Controls the reset tree and delivers software-driven reset capabilities

Gates the chip-level clock tree as required and according to software control

Figure 18:   Power Management Blocks

                         

1. The registers shown above can be found in the Main PMU, APMU, and APB Clock sections in 
Appendix A.
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Overheating control (temperature sensor)

11.1.2 Application Subsystem Power Management Unit (APMU)
The APMU consists of two major parts:

Marvell® Sheeva™ PJ1 Core clocking and Core Idle mode control–The APMU controls the 
clock generation for the Marvell® Sheeva™ PJ1 Core and its interfaces. It controls the entry 
and the exit conditions and the sequence in and out of the Marvell® Sheeva™ PJ1 Core Core 
Idle mode. 
Bus and DDR clocking and Core Idle mode control–The APMU controls the clock generation 
for the internal buses and the DDR Controller. Once the Marvell® Sheeva™ PJ1 Core is in 
Core-Idle mode, it controls the entry and exit sequence in and out of the bus and DDR 
Controller Low-Power modes. 

The APMU controls the clock gating and Core-Idle mode on the Marvell® Sheeva™ PJ1 Core core, 
internal buses and DDR controller. Once the APMU enters the lowest power mode, the MPMU takes 
control and may place the system in System-Idle modes according to the MPMU controls. 

Features of the Application Subsystem PMU are:

Controls Marvell® Sheeva™ PJ1 Core Core clock generators and Idle mode entry and exit
Controls the DDR and AXI clock generators, and Idle mode entry and exit
Controls the frequency and frequency change of the Marvell® Sheeva™ PJ1 Core Core, and 
AXI/DDR
Generates and distributes clocks and resets to fast peripherals, such as the LCD interface and 
the camera interface.

11.2   Clock Distribution
This section describes the clock distribution in the ARMADA 16x Applications Processor Family.

Figure 19 shows the clocks generation for the Marvell® Sheeva™ PJ1 Core core and internal 
buses. The clock generator generates the following clocks:

CPU Clocks

• Core Clock (PCLK) –Core clocks are generated by either PLL1 or PLL2 clock sources 
divided between 1 to 8 programmable values using APMU_CCR[CORE_CLK_DIV]

• Bus Interface Clock (BACLK) – Core clock is further divided to generate the bus interface 
clock of the respective CPUs. The divider ratio is programmable between 1 to 8 using 
APMU_CCR[BIU_CLK_DIV].

• L2 Interface Clock (XPCLK) – Core clock is further divided to generate the L2 interface 
clock of the respective CPUs. The divider ratio is programmable between 1 to 8 using 
APMU_CCR[XP_CLK_DIV].

DDR Controller Clock (DCLK)–DCLK is generated by either PLL1 or PLL2 clock sources 
divided between 1 to 8 programmable values using APMU_CCR[DDR_CLK_DIV]. DCLK and 
PCLK share the same clock select as defined in the MPMU Frequency Change Control 
Register (MPMU_FCCR).

AXI1 Fabric Clock (ACLK)–ACLK is generated by either PLL1 or PLL2 clock sources divided 
between 1 to 8 programmable values using APMU_CCR[BUS_CLK_DIV].

AXI2 Fabric Clock (ACLK2)–ACLK2 is generated by either PLL1 or PLL2 clock sources 
divided between 1 to 8 programmable values using APMU_CCR[BUS2_CLK_DIV]. ACLK and 
ACLK2 share the same clock select as defined in the MPMU Frequency Change Control 
Register (MPMU_FCCR).
APB Bus and Peripheral Clocks - The Main PMU is used to generate all clocks for the APB 
buses and peripherals on each bus. The APB Bus is fixed at 26 MHz while the APB2 bus has 
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the option of running at 26 MHz or 52 MHz as defined in the Marvell® Sheeva™ PJ1 Core 
Clock Gating Register (MPMU_ACGR[APB2_26M_EN]).
Fast Peripheral Clocks - the APMU is used to generate all AXI fast peripheral clocks using the 
APMU Clock/Reset Control Registers (APMU_<Unit>_CLK_RES_CTRL)

                         

11.2.1 Main PMU Clock Generators
The MPMU controls the output frequency for PLL1 and PLL2, and is used to determine the source 
clocks for the core, bus and DDR controller. PLL1 is used to generate all fixed clocks of the system. 
PLL1 is the only PLL that is active at power up. Because the fixed system frequencies are generated 
from the 312 MHz clock, during normal operation, PLL1 has a fixed setting and outputs 312 MHz 

Figure 19: Marvell® Sheeva™ PJ1 Core and Bus Clock Generators

                         

1. The Clock Gating Register (MPMU_ACGR) is used to enable the PLL outputs to the 
application subsystem PMU.

2. The Power Control Register (MPMU_APCR) register is used to enable system sleep mode.
3. CORECLKSEL and AXICLKSEL in the Frequency Change Control Register (MPMU_FCCR) 

are used to select the clock sources.
4. The Idle Configuration Register (APMU_IDLE_CFG) is used to allow the core to go into idle.
5. PLL clock source is divided using the APMU_CCR[CORE_CLK_DIV] register.
6. PLL clock source is divided using the APMU_CCR[DDR_CLK_DIV] register.
7. PCLK clock source is divided using the APMU_CCR[BIU_CLK_DIV] register. 
8. PCLK clock source is divided using the APMU_CCR[XP_CLK_DIV] register.
9. PLL clock source is divided using the APMU_CCR[BUS_CLK_DIV] register.
10. PLL clock source is divided using the APMU_CCR[BUS2_CLK_DIV] register.
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and 624 MHz. The MPMU also uses a combination of programmable and fixed hardware dividers to 
divide the PLL1 output for fixed frequencies to the remainder of the Application Subsystem and APB 
peripherals.

The PLL clock source to the first-level dividers (PCLK, DCLK, ACLK and ACLK2) is determined by 
the Frequency Change Control Register (FCCR). PCLK and DCLK share the same clock source. 
ACLK and ACLK2 share the same clock source. PCLK and DCLK is configured to use PLL1 
312 MHz, PLL1 624 MHz, or PLL2. ACLK and ACLK2 is configured to use PLL1 312 MHz.

The PLL2 Control Register (PLL2CR) is used to control activation of PLL2 and determine the output 
frequency using divisors. By default, PLL2 provides 800 MHz frequency output for the Application 
Subsystem. To activate PLL2, the software must set its multiplication factor, enable it 
(MPMU_PLL2CR[CTRL] = 1, MPMU_PLL2CR[EN] = 1), and wait its stabilization time. The main 
PMU hardware addresses the stabilization time of both PLLs during resets and Idle mode wakeups. 
Refer to Section 11.6, Wakeup Sources for Core Idle and System Sleep Modes for more information 
on wakeup sources. The PLL stabilization time should be set to the longer one between PLL1 and 
PLL2.

The Marvell® Sheeva™ Clock Gating Register (MPMU_ACGR) controls the clock source inputs to 
the APB buses and APMU. By default, all clock sources from the MPMU are disabled. Software 
must enable all clocks being used in the APB and APMU. Refer to Table 37 for a list of clock outputs 
from the MPMU. To save power, software must enable any clock source being used and disable 
those that are not being used.

Table 37: MPMU Clock Outputs

Functional Clock Frequency Destinat ion

PLL2 Output APMU

624 MHz APMU

312 MHz APMU

156 MHz APMU

104 MHz APMU

78 MHz APMU

62.4 MHz APMU

52 MHz APMU

48 MHz APMU

39 MHz APMU

26 MHz APMU

19.5 MHz APMU

General Purpose M/N Clock Divider APMU

ASYSCLK1 APB

58.5 MHz APB UART Controllers

52 MHz APB

26 MHz APB

13 Mhz APB

6.5 MHz APB
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11.2.2 Application Subsystem PMU Clock Muxing
The Application Subsystem PMU generates the clocks for Marvell® Sheeva™ PJ1 Core, AXI buses 
and DDR Controller, and fast AXI peripherals.

                                                                           

11.2.3 Fast AXI Peripheral Clock Generators
The APMU uses Clock/Reset Control Registers (APMU_<Unit>_CLK_RES_CTRL) to select 
frequencies and gate clocks to the fast peripheral controllers on the AXI bus. The APMU also gates 
clocks between the peripherals and the AXI bus. Refer to Table 38 for the peripheral clocks 
controlled by the APMU along with the frequency options for each. 
                         

1 MHz APB

500 kHz APB

I2C APB

Slow UART M/N Dividers APB UART Controllers

1. ASYSCLK is the audio clock used for the SSP and AC’97 
Controllers.

Table 37: MPMU Clock Outputs

Functional Clock Frequency Destinat ion

Table 38: Fast AXI Peripheral Clock Generators

Module
Clock Select  

Options(CLK_SEL)1
Clock Source(s)

LCD interface 0x0: 624 MHz
0x1: 312 MHz

Application Subsystem clock generator

EPD interface 0x0: 624 MHz
0x1: 312 MHz

Application Subsystem clock generator

CMOS Camera interface 
Controller (CCIC)

0x0: 156 MHz
0x1: 78 MHz

Application Subsystem clock generator

CMOS Camera interface 
Controller (CCIC) PHY

0x0: 104 MHz
0x1: 52 MHz

Application Subsystem clock generator

SDH0 0x0: 48 MHz
0x1: 52 MHz
0x2: 78 MHz

Application Subsystem clock generator

SDH1 0x0: 48 MHz
0x1: 52 MHz
0x2: 78 MHz

Application Subsystem clock generator

NAND Memory Controller 0x0: 156 MHz
0x1: 78 MHz

PLL1 312 MHz

NAND Memory Controller 
ECC clock

0x0: 312 MHz
0x1: 156 MHz

PLL1 312 MHz

2D Graphics Controller 0x0: 156 MHz
0x1: 312 MHz
0x2: PLL2 
0x3: 624 MHz 

PLL1 or PLL2
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11.2.4 APB Peripheral Clock Mux
The clock sources for the APB peripherals are derived from the MPMU Clock Gating Register 
(ACGR). The clock sources provided by the MPMU are then muxed by the APB Clock Unit to 
provide the correct clocks to each peripheral. The APBC uses Clock/Reset Control Registers 
(APBC_<Unit>_CLK_RST) to select the correct clock frequency and to gate peripheral clocks and 
clocks between the peripheral and the APB bus. Refer to Table 39 for a list of APB1 peripherals and 
supported clock frequencies and Table 40 for a list of APB2 peripherals and supported clock 
frequencies.
                         

Static Memory Controller 0x0: 31.2 MHz
0x1: 62.4 MHz

Application Subsystem clock generator

XD Controller 0x0: 78 MHz
0x1: 52 MHz
0x2: 26 MHz

PLL1 312 MHz

XD Controller ECC 0x0: 156 MHz
0x1: 104 MHz
0x2: 52 MHz

PLL1 312 MHz

SDH2 0x0: 48 MHz
0x1: 52 MHz
0x2: 78 MHz

Application Subsystem clock generator

SDH3 0x0: 48 MHz
0x1: 52 MHz
0x2: 78 MHz

Application Subsystem clock generator

CompactFlash+ 
Controller

0x0: 26 MHz
0x1: 52 MHz
0x2: 78 MHz

Application Subsystem clock generator

MSPro Controller 0x0: 19.5 MHz
0x1: 39 MHz

Application Subsystem clock generator

Color Management Unit 
(CMU)

156 MHz Application Subsystem clock generator

Ethernet Controller PXTAL_IN Application Subsystem clock generator

1. The APMU Clock/Reset Control Registers (APMU_<Unit>_CLK_RES_CTRL) are used to select 
the functional clocks

Table 38: Fast AXI Peripheral Clock Generators (Continued)

Module
Clock Select  

Options(CLK_SEL)1
Clock Source(s)

Table 39: APB1 Peripherals Clocks

Peripheral Functional  Clock Select  Options 
[FNCLKSEL]

UART1 0x0 = 58.5 MHz
0x1 = 14.7456 MHz

UART2 0x0 = 58.5 MHz
0x1 = 14.7456 MHz

UART3 0x0 = 58.5 MHz
0x1 = 14.7456 MHz
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PWM1 0x0 = 13 MHz
0x1 = 32.768 kHz

PWM2 0x0 = 13 MHz
0x1 = 32.768 kHz

PWM3 0x0 = 13 MHz
0x1 = 32.768 kHz

PWM4 0x0 = 13 MHz
0x1 = 32.768 kHz

RTC NA - Always 32.768 kHz

GPIO NA - Always 26 MHz

TWSI 0x0 = 31.2 MHz
0x2 = 62.4 MHz

PWR_TWSI 0x0 = 31.2 MHz
0x2 = 62.4 MHz

Keypad 0x0 = 32.768 kHz
0x1 = 16 kHz
0x2 = 26 MHz

SW JTAG NA - Always 26 MHz

Timer 1 0x0 = 13 MHz
0x1 = 32.768 kHz
0x2 = 6.5 MHz
0x3 = 3.25 MHz
0x4 = 1 MHz

Timer 2 0x0 = 13 MHz
0x1 = 32.768 kHz
0x2 = 6.5 MHz
0x3 = 3.25 MHz
0x4 = 1 MHz

Timer 3 0x0 = 13 MHz
0x1 = 32.768 kHz
0x2 = 6.5 MHz
0x3 = 3.25 MHz
0x4 = 1 MHz

OneWire NA - Always 26 MHz

AC97 0x0 - AC97 BITCLK

NOTE: The UART clock is generated by a programmable divider. Refer to the 
Slow UART (UART 1) Clock Generation Control Register (SUCCR) in 
the Main PMU Registers in the ARMADA 16x Registers in Appendix A 
for more details.

Table 39: APB1 Peripherals Clocks (Continued)

Peripheral Functional  Clock Select  Options 
[FNCLKSEL]
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11.3 Power Modes and Control
The PXA16x Application Processor Family may exist in any of the following power modes: 

System Active - Marvell® Sheeva™ PJ1 Core is active.
Core Idle – Marvell® Sheeva™ PJ1 Core is in idle. 

Table 40: APB2 Peripherals Clocks

Peripheral Functional  Clock Select  Options 
[FNCLKSEL]

SSP1 0x0 = 6.5 MHz
0x1 = 13 MHz
0x2 - 26 MHz
0x3 - 52 MHz
0x4 - Programmable SSPx_CLK
0x5 - 1 MHz
0x6 - 500 kHz
0x7 Reserved

SSP2 0x0 = 6.5 MHz
0x1 = 13 MHz
0x2 - 26 MHz
0x3 - 52 MHz
0x4 - Programmable SSPx_CLK
0x5 - 1 MHz
0x6 - 500 kHz
0x7 Reserved

SSP3 0x0 = 6.5 MHz
0x1 = 13 MHz
0x2 - 26 MHz
0x3 - 52 MHz
0x4 - Programmable SSPx_CLK
0x5 - 1 MHz
0x6 - 500 kHz
0x7 Reserved

SSP4 0x0 = 6.5 MHz
0x1 = 13 MHz
0x2 - 26 MHz
0x3 - 52 MHz
0x4 - Programmable SSPx_CLK
0x5 - 1 MHz
0x6 - 500 kHz
0x7 Reserved

SSP5 0x0 = 6.5 MHz
0x1 = 13 MHz
0x2 - 26 MHz
0x3 - 52 MHz
0x4 - Programmable SSPx_CLK
0x5 - 1 MHz
0x6 - 500 kHz
0x7 Reserved
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System Sleep - The Marvell® Sheeva™ PJ1 Core core and AXI bus and peripherals are idle. 
The DDR Memory Controller is in Sleep mode and the DDR device is put into Low-Power mode. 
Both PLLs are placed into reset along with the APB bus and any peripherals not required for 
wake up.
Hibernate mode – Power to the ARMADA 16x Applications Processor Family is removed while 
the DDR is kept in Self-Refresh mode. The boot sequence restores from DDR during the 
power-on sequence.
Power Off - All logic modules including DDR are turned off (power removed).

Refer to Table 41 for a list of ARMADA 16x Applications Processor Family power modes and uses. 
For more information on the Active Power Modes, refer to Section 11.4, Frequency Changes .

11.3.1 Power Mode Transitions
Figure 20 shows the ARMADA 16x Applications Processor Family power modes and the transitions 
among them.

Table 41:   Power Modes

Mode AXI 
Peripherals

APB 
Peripherals

DDR Control ler Core /  PLL1 / 
PLL2 /
Osci l lator

Active High
(heavy load, high 
MIPS)1

On4 On4 On On / On / On / On

Active Medium 
(Heavy Load, 
Medium MIPS)2

On4 On4 On On / On / On / On

Active Low (Heavy 
Load, Low MIPS)3

On4 On4 On On / On / Idle / On

Core Idle On4,7 On4,7 On Idle / On / Idle / On

System Sleep Idle Idle Off5 Idle / Idle / Idle / On

Hibernate Off Off Off6 Off / Off / Off / Off

Power Off Off Off Off Off / Off / Off/ Off

1. Used for applications that require the core to run 1 GHz or above and DDR run at or below 533 MHz.
2. Used for applications that do not require the core to run above 800 MHz/624 MHz and DDR to run at or below 400 MHz.
3. Used for applications that do not require the core to run above 624 MHz and DDR to run at or below 312 MHz.
4. Any inactive peripherals should be clock gated to save power.
5. The DDR device can be placed in Self-Refresh, Active, Pre-charge or Deep Powerdown modes.
6. The DDR device is placed in Self-Refresh state prior to removing power.
7. Any peripheral being used as a wakeup from Idle modes must be enabled.
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11.3.2 System Active Modes
System active modes are operating modes where each bus is configured to run at a defined 
frequency. For specific bus settings for each operating point, refer to Section 11.4, Frequency 
Changes .

11.3.3 Supported Idle Modes
The ARMADA 16x Applications Processor Family uses Idle modes for power management. Once a 
WFI command is issued the processor starts to transition into these idle modes depending on the 
register settings (see Section 11.3, Power Modes and Control ).

Figure 21 shows the sequence used to enter each Idle mode after the WFI command has been 
issued. Once software issues the WFI command, the system continues to enter Idle modes as 
determined by the register configurations up to the system Sleep mode where the AXI and APB 
buses, PLLs and peripherals, except those that are required as a wakeup source, are in Idle mode. 
As the system enters each Idle mode, the power consumption is decreased.

Figure 20:   Power Modes and Power Mode Transitions
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Figure 21:  Power Modes and Power Control

                         

1. The IDLE bit in the Marvell® Sheeva™ PJ1 Core Idle Configuration Register (AMPU_IDLE_CFG) must be set to 1 prior 
to the WFI command.

2. The AXISDD bit in the Marvell® Sheeva™ PJ1 Core Power Control Register (MPMU_APCR) must be set to 1 prior to the 
WFI command.

3. The SLPEN and APBSD bits in the Marvell® Sheeva™ PJ1 Core Power Control Register (MPMU_APCR) must be set to 
1 prior to the WFI command.

4. The APBSD bit in the Marvell® Sheeva™ PJ1 Core Power Control Register (MPMU_APCR) must be set to 1 prior to the 
WFI command.

5. The DDRCORSD bit in the Marvell® Sheeva™ PJ1 Core Power Control Register (MPMU_APCR) must be set to 1 prior 
to the WFI command to turn the clock to the DDR device off.

6. All register changes including the MFC bit in the Frequency Change Control Register (MPMU_FCCR) must be 
programmed prior to issuing the WFI command.
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11.3.3.1 Software Sequences for Entering and Exiting Idle Modes

Core Idle Entry
1. Enable all wakeup sources for exiting Idle modes.

a) Refer to Section 11.6, Wakeup Sources for Core Idle and System Sleep Modes for details on
configuring wakeup sources.

2. For Marvell® Sheeva™ PJ1 Core idle, set the IDLE bit in the Idle Configuration Register 
(APMU_IDLE_CFG). 
a) APMU_IDLE_CFG = 0x0030_0302

3. Set the global interrupt mask in the ICU Register to mask the SYNC IRQ to the core.
a) ICU_GBL_IRQ_MSK = 0x0000_0003

4. To allow the DDR device to be placed in a Low-Power mode prior to entering a Sleep mode, 
software must program the Memory Controller Hardware Sleep Type Register 
(APMU_MC_HW_SLP_TYPE).

5. To allow entry into Core Idle mode program the Marvell® Sheeva™ PJ1 Core Power Control 
Register (MPMU_APCR) with 0x1200_4000 

6. Software issues WFI to the core.

System Sleep Entry
1. Enable all wakeup sources for exiting Idle modes.

a) Refer to Section 11.6, Wakeup Sources for Core Idle and System Sleep Modes for details on
configuring wakeup sources.

2. For Marvell® Sheeva™ PJ1 Core idle, set the IDLE bit in the Idle Configuration Register 
(APMU_IDLE_CFG). 

a) APMU_IDLE_CFG = 0x0030_0302
3. Set the global interrupt mask in the ICU Register to mask the SYNC IRQ to the core.

a) ICU_GBL_IRQ_MSK = 0x0000_0003
4. To allow the DDR device to be placed in a Low-Power mode prior to entering a Sleep mode, 

software must program the Memory Controller Hardware Sleep Type Register 
(APMU_MC_HW_SLP_TYPE).

5. To allow entry into System Sleep mode set the AXISDD, SLPEN, DDRCORSD, and APBSD 
bits in the Marvell® Sheeva™ PJ1 Core Power Control Register (MPMU_APCR) to 1. 

a) MPMU_APCR = 0xBE00_4000
6. Software issues WFI to the core.

Exit from Core Idle
Refer to Section 11.6, Wakeup Sources for Core Idle and System Sleep Modes for procedures 
required to wakeup from Core Idle mode.

Exit from System Sleep
When the processor goes into system sleep, the PLLs along with the AXI and APB buses are placed 
into reset. The functional clock for any peripheral used to wakeup from system sleep must be 
sourced directly from the 26 MHz oscillator input. The wake up sources must be enabled through the 
MPMU Power Control Register (MPMU_APCR), MPMU Wakeup and Clock Resume Lines Mask 
Register (MPMU_AWUCRM), and the Interrupt Controller Configuration Registers 
(ICU_INT_CONF[63:0]). Refer to Section 11.6, Wakeup Sources for Core Idle and System Sleep 
Modes for available wakeup sources for System Sleep mode.



Marvell® ARMADA 16x Applications Processor Family Software Manual

                         

                         

Doc. No. MV-S301544-00  Rev.  -   Copyright © 2010 Marvell

Page 220 November 2010 PUBLIC RELEASE

                         

11.3.4 Hibernate Mode
Hibernate mode is a platform-level power mode where the DDR device is put into Self-Refresh mode 
while the main power to the ARMADA 16x Applications Processor Family is removed (VDD_IOx 
supplies may remain on). Software must handle all handshaking required to place the platform in 
Hibernate mode, which includes saving any register states and configurations that are needed to 
place the processor in the same state prior to having the power removed. The saved-state 
information must be placed in external memory where the data remains when the power to the 
processor is removed. The following sections detail the software and system-level hardware 
requirements needed to support Hibernate mode.
                         

11.3.4.1 Software Requirements
Software is responsible for entering Hibernate mode and for restoring the processor back to a known 
state after exiting Hibernate mode. The following sequences are recommendations used after 
software has determined that the platform must enter Hibernate mode. The platform can enter 
Hibernate mode from any System Active mode following the sequences below. 

Entering Hibernate Mode
The following sequences are recommended for entering Hibernate mode. Actual sequences are 
platform dependent.

1. Save physical resume address to DDR (0x0000_0000)
2. Save resume parameter to DDR (0x0000_0004)

3. Save resume flag to DDR (0x0000_00008)
a.  Boot code uses this resume flag to determine if the power on sequence was a normal start of 
day or resume from Hibernate mode.

4. Save the processor-register states in DDR
5. Place the DDR device into Self-Refresh mode using the User Initiated Command Register 

(USER_INITIATED_COMMAND) 
a.  Self Refresh Request (user_sr_req) = 1

b.  Chip Select Enable (chip_select_0, chip_select_1) = 1

6. Send a command or signal to the external power-control circuit to remove the power to the 
processor.

7. At this point, the DDR device is in Self-Refresh mode and the power to ARMADA 16x 
Applications Processor Family is removed.

Exiting Hibernate Mode
1. A wakeup from Hibernate mode is sent to the power-control circuit.

Note

Before accessing DDR, software must set the PHY_SYNC_EN bit in the PHY Control 
Register 14 (PHY_CNTRL_14) to 1 to synchronize the DCLK and PHY clocks.

Note

When entering Hibernate mode, all peripherals, including the RTC and hardware 
timers, stop operating. Systems requiring clocks must use an external device that will 
remain powered when the platform enters Hibernate mode.
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a. Wakeup signal must be an input to the power-control circuit to initiate a power on sequence 
to the processor.

2. Power-control circuit applies power-on sequences to the processor.
3. The boot code configures the DDR Controller and brings the DDR device out of Self-refresh 

mode.
a. DDR configuration can be done through the NTIM header.

4. The boot code reads the Resume flag from DDR to determine if the power on reset was from 
Hibernate mode.

5. Before accessing DDR, software must set the PHY_SYNC_EN bit in the PHY Control Register 
14 (PHY_CNTRL_14) to 1 to synchronize the DCLK and PHY clocks.

6. To return the processor to its pre-power off condition the processor is programmed with the 
saved state data.

7. Software begins executing code without reloading the Operating System.

11.3.4.2 Hardware Requirements
External devices must be configured properly to support Hibernate mode. The following 
requirements are necessary for a platform to support Hibernate mode.

1. The DDR device power supplies must be separate from the VDD_M supply and remain on 
when the platform goes into Hibernate mode.

2. The DDR signal termination power supply (VTT) must be from a separate source with power 
being removed when entering Hibernate mode.

3. Power to any other devices being used to save state data or a Hibernate-mode indicator must 
remain on when the platform goes into Hibernate mode.

4. The power control circuit must be able to initiate a power-on sequence when a wakeup request 
is applied. 

• If a peripheral can send an interrupt or wake up from an Idle mode signal to the processor as 
well as one for waking up from Hibernate mode, the external power-control circuit must 
detect what state the platform is in so that the correct signals or power-on sequences are 
sent to the processor.

• If the power-on button is the only wakeup from Hibernate mode, the power control circuit 
always applies a power-on sequence when it is pressed.

11.4 Frequency Changes
The PXA16x Application Processor Family supports three kinds of frequency changes that depend 
on the input to the PLLs.

• Dynamic Frequency Change (DFC) - A dynamic frequency change is used when only the 
bus clocks or PLL sources are changed. The PLL output frequency does not change. 

• Dynamic Master Frequency Change (DMFC) - A dynamic master frequency change is 
used when changing the PLL2 output frequency. PLL2 is disabled while operating in a mode 
using the PLL1 reference clock.

• Master Frequency Change (MFC) - A master frequency change is used when only the PLL 
input values are changed. No bus clock changes occur during a master frequency change. 
The processor must be placed into system Sleep mode while the PLLs are updated.

11.4.1 Supported Active Operating Modes
Table 42 shows a set of supported clock frequencies for the ARMADA 16x Applications Processor 
Family. The bus clocks must match as shown for each operating mode. The registers used to select 
each clock frequency are also shown. 
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Frequency changes between each active operating mode may require changes to the VDD_CORE 
voltage level. Software is responsible for changing voltages, depending on the level required for the 
operating mode being transferred to. When increasing operating modes to one that requires a higher 
voltage level, software must change the voltage prior to switching to the new operating mode. When 
decreasing operating modes to one that requires a lower voltage level, software must change the 
voltage after switching to the new operating mode. For more information on the required voltage 
levels for VDD_CORE, refer to the Marvell®ARMADA 16x Applications Processor Family Hardware 
Manual.
                         

                         

11.4.2 Dynamic Frequency Changes
A dynamic frequency change is used when only the system clocks (pclk, dclk, xpclk, baclk, aclk, 
aclk2) or the PLL sources are changed. The PLL output frequencies are not changed during a DFC. 
Refer to Figure 22 for the sequences required for a DFC.

Table 42:   Supported Active Operating Modes

M
o

d
e

P
C

L
K

D
C

L
K

X
P

C
L

K

B
A

C
L

K

A
C

L
K

A
C

L
K

2 MPMU_
FCCR

APMU_
CCR1

MPMU_
PLL2CR

MPMU_
PLL2_
REG1

MPMU_
PLL2_
REG2

MPMU_
PLL1_
REG1

MPMU_
PLL1_
REG2

4.1 1066 
MHz

355 
MHz

355 
MHz

266 
MHz

156 
MHz

312 
MHz

0x4000_4290 0x8FC0_84C0 0x0009_EF00 0x900C_0664 0x8400_0070 0x9104_0664 0x8400_0030

4 1066 
MHz

533 
MHz 

533 
MHz

266 
MHz

156 
MHz

312 
MHz

0x4000_4290 0x8FC0_82C0 0x0009_EF00 0x9004_0664 0x8400_0070 0x9104_0664 0x8400_0030

3.1 800 
MHz

200 
MHz

400 
MHz

200 
MHz

156 
MHz

312 
MHz

0x4000_4290 0x8FC0_92C0 0x0009_7300 0x9002_0464 0x8400_0070 0x9104_0664 0x8400_0030

3 800 
MHz

400 
MHz

400 
MHz

200 
MHz

156 
MHz

312 
MHz

0x4000_4290 0x8FC0_82C0 0x0009_7300 0x9002_0464 0x8400_0070 0x9104_0664 0x8400_0030

2.3 624 
MHz

156 
MHz

312 
MHz

156 
MHz

156 
MHz

156 
MHz

0x4000_4290 0x8FC4_92C0 0x000A_4300 0x9114_0664 0x8400_0070 0x9104_0664 0x8400_0030

2 624 
MHz

312 
MHz

312 
MHz

156 
MHz

156 
MHz

156 
MHz

0x2000_4290 0x8FC4_92C0 EN=0 NA NA 0x9104_0664 0x8400_0030

1 400 
MHz

200 
MHz

200 
MHz

200 
MHz

156 
MHz

156 
MHz

0x4000_4290 0x8FC4_8240 0x0009_7300 0x9112_0464 0x8400_0070 0x9104_0664 0x8400_0030

0 156 
MHz

156 
MHz

156 
MHz

156 
MHz

156 
MHz

156 
MHz

0x0000_4290 0x8FC4_8001 EN=0 NA NA 0x9104_0664 0x8400_0030

1. APMU_CCR[31] is programmed during the dynamic frequency change process to initiate the frequency change.
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Figure 22: Dynamic Frequency Change Sequences
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11.4.3 Dynamic Master Frequency Changes (DMFC)
A DMFC is used instead of a MFC when the PLL2 input values are changed. When a DMFC is used, 
software transitions to an Active mode using PLL1 as the reference clock, disables PLL2, updates 
the PLL2 inputs, re-enables PLL2, waits for PLL2 stabilization, and uses a DFC to update the PLL2 
output frequency. Software then performs a dynamic frequency change to switch the PCLK and 
DCLK sources to use PLL2 with the new output frequency. Refer to Figure 23 for the sequences 
required for a DMFC.
                         

Figure 23: Dynamic Master Frequency Change Sequences

                         

1. Refer to Section 11.4.2, Dynamic Frequency Changes for details on executing a DFC

System Active

Disable PLL2 
MPMU_PLL2CR[CTRL] = 1

MPMU_PLL2CR[EN] = 0

Update PLL2 Divisors in MPMU_PLL2CR

Execute a DFC to a PLL1 reference clock mode
MPMU_FCCR[CORECLKSEL] = 1

Wait for PLL2 Stabilization time

Execute a  DFC to the new  PLL2 operating mode1

If required update MPMU_PLL2REG1, 
MPMU_PLL2REG2, and MPMU_PLL2SSC 

Registers

Enable PLL2
MPMU_PLL2CR[CTRL] = 1

MPMU_PLL2CR[EN] = 1
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11.4.4 Master Frequency Changes (MFC)
A MFC can be used to change the PLL output frequency after the processor enters system Sleep 
mode. When the system enters system Sleep mode, the PLL is disabled and updated with the new 
output frequency when the processor exits system Sleep mode. See the MFC sequence flow in 
Figure 24.

NOTE:MPMU_FCCR[PLL1CEN] is used to enable changing the PLL outputs during a master 
frequency change. Setting PLL1CEN = 1 prior to an MFC allows the PLL1 output frequency 
to change. Setting PLL1CEN = 1 during dynamic frequency changes or during normal 
operation does not affect the output of PLL1. To read the current PLL1REFD and PLL1FBD 
values in the MPMU_POSR register, PLL1CEN must be set to 1.

An MFC is recommended for debug purposes only to change the PLL output settings. 
Software should use a Dynamic Frequency Changes or Dynamic Master Frequency 
Changes (DMFC) when switching operating modes.

                         

Figure 24: Master Frequency Change Sequences

                         

1. For more information on the steps required to enter System Sleep refer to Section 11.3.3.1, 
Software Sequences for Entering and Exiting Idle Modes 

2. Software must enable wakeups prior to issuing the WFI command. Refer to Section 11.6, Wakeup 
Sources for Core Idle and System Sleep Modes for more information on enabling wakeups.

System Active

Update PLL Divisors 
PLL2 - MPMU_PLL2CR
PLL1 – MPMU_FCCR

Issue WFI Command

Allow  MFC during Idle MPMU_FCCR[MFC] = 1

If required, update PLL registers
MPMU_PLL2_REG1, MPMU_PLL2_REG2, 

MPMU_PLL2_SSC,
MPMU_PLL1_REG1, MPMU_PLL1_REG2

Hardware completes Master Frequency Change 
and resets the PLL

Wakeup Event occurs2

System Enters System Sleep State

Mask the Main PMU Interrupt (36) in the 
ICU_INT_36_CONF register (0x90)

Setup for System Sleep1

Enable PLL1 Control MPMU_FCCR[PLL1CEN] = 1
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11.5 Resets

11.5.1 System Reset Domains
The PMU supports five reset event types:

Power-on Reset (POR) – Sets off the power up sequence of the system
External Master Reset (EXT) — Issued from external device
Watchdog Timer reset (WDT) – Issued upon expiration of the watchdog timer

Overheat Watchdog Reset (OHCR) — Overheat sensor watchdog interrupt expiration
Core Programmable Hardware Reset (HR) — The core may drive hardware reset to some 
segments of the system.

All reset events assert the receiving module hardware reset ports asynchronously and typically 
negate them synchronously. Specifically on power up, the POR is driven to all recipients via 
combinational logic through the PMU as soon as the power supply stabilizes.

POR and WDT reset inputs to the PMU are negated synchronously. See Section 11.5.2, System 
Reset Inputs Synchronization for further details.

All reset events are routed to the PMU, which drives a single hardware reset signal to each reset 
domain in the system based on the definition in Figure 25. An output of reset excluding WDT reset is 
also available to enable product-specific logic, which is not reset by the WDT.

11.5.2 System Reset Inputs Synchronization
POR and WDT resets are asynchronously driven into the PMU when asserted; however, their 
negation is synchronized at the entry point to the PMU. 

The impact of the synchronization circuit is that ARMADA 16x Applications Processor Family is not 
actually released from reset until the 32 kHz clock generated from the 26 MHz oscillator has begun 
toggling and the release is synchronous.

Figure 25 shows the synchronization circuit of which there are four such circuits in the PMU, one for 
each system reset event.
                         

Figure 25: POR, EXT, WDT and OHCR Reset Synchronizer
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11.5.3 Temperature Sensor Resets
The main PMU is equipped with a temperature sensor that can detect and indicate several unique 
temperatures in the range of 75-110 degrees Celsius. The temperature sensor can cause a system- 
level reset during an “overheat” condition in one of two ways.

1. Initiate interrupt according to a programmable temperature value to provide time for the 
application subsystem to cool the unit.

2. Initiate a WDT reset according to a programmable overheat temperature value. This WDT reset 
resets the system immediately to protect the unit from damage. After the WDT reset, the 
application subsystem has indication on the WDT reset overheating fault and can “cool” the unit 
by lowering voltage and frequency. Cooling continues until the temperature readings are 
normal.

11.6 Wakeup Sources for Core Idle and System Sleep 
Modes

11.6.1 System Sleep
The wakeup sources from System Sleep mode are shown in Figure 26. The Marvell® Sheeva™ 
Power Control Register (MPMU_APCR) is used to enable the wakeup sources defined by the 
Wakeup and Clock Resume Lines Mask Register (MPMU_AWUCRM). When the SLPWPx bit in the 
MPMU_APCR register is cleared to 0b0, the unmasked wakeup sources (WAKEUPx) from the 
MPMU_AWUCRM register wake the MPMU from System Sleep mode. For those WAKEUPx bits 
with more than one source, each source can be masked individually through the individual source 
bits (KEYPRESS) defined in the MPMU_AWUCRM register.

11.6.2 Core Idle
For the processor to wake up from Core Idle mode, the corresponding Interrupt 0-63 Configuration 
Register (ICU_INT_CONF[0:63]) must be enabled. Refer to Chapter 7, Interrupt Controller  for more 
information on the ICU_INT_CONF interrupt assignments. 

All wakeup and interrupt sources must be enabled prior to the WFI command to enter Core Idle 
mode.
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11.7 Programming Model User Notes

11.7.1 Overheating Control
The solution is based on using the hardware to detect a high-temperature condition but allowing the 
software to address the cooling (by either decreasing system frequency or entering a Low-Power 
mode). It does provide an overriding hardware mechanism to prevent any permanent damage to the 
processor.

The following Overheating Control Register (OHCR) bits are used:

OHCR[TEMP_EN_DIS] – Enable / disable the temperature sensor

• Bit is locked after Overheating WDR Masking (OHCR[OWM]) is set to 0b1

OHCR[OTIF[2:0]] – Overheating Temperature Interrupt Field

• Selects the temperature at which the “Overheat” interrupt is generated.

• Software must use this interrupt to lower heat by decreasing voltages and/or operating 
modes.

OHCR[OVWF[2:0]] – Overheating Voltage WDT Field

• Selects the temperature at which the watchdog reset due to overheating event is generated

Figure 26: System Sleep and Core Idle Wakeups
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• Bit is locked after OWM = 1

OHCR[OWM] – Overheating WDR Masking (Lock bit)

• Enables overheating WDR mechanism

OHCR[TSS[2:0]] – Temperature sensor status

• Software uses the TSS bits to determine the temperature.

OHCR[OWI] – Overheating WDR Software Indication

• Provides a notification to software if the reset was due to overheating WDR event:

OHCR[TIE] – Throttle / Overheating Interrupt Enable
OHCR[TIS] – Throttle / Overheating Interrupt Status

11.7.2 Slow UART Clock Divider Programming
The frequency of the slow UART functional clock is exactly 14.7456 MHz, which is generated using 
a fractional divider. 

The programmable divider should be driven with the minimal integer numerator and denominator 
that would create twice the target frequency from the source frequency, as the formula in Table 43 
shows:

Table 43: Slow UART Clock Divider Programming

The double frequency is used because the frequency of the events creating both positive and 
negative clock edges of the output clock is double the output clock frequency. 

The input clock must be at least twice as fast than the output clock. The output clock might be 
jittered and may have imperfect duty cycle values.

The clock divider of the UART has an input clock in the frequency of the main PMU divided by 2 or in 
other words, the frequency of the main PLL output divided by 4.

A similar divider for generating the general-purpose clock has an input clock with a frequency of 26 
MHz (26 MHz oscillator). 

Table 44 shows an example of the divider programming. 
                         

11.8 Register Descriptions
Refer to Appendix A - Register Tables for details on the Power Management registers.

Table 44: UART Clock Divider Programming Values Examples

PLL Output Division factor Numerator Denominator

624 MHz                          0x1FBD 0x600

Numerator
Denominator
----------------------------------- InputClock

2 OutputClock×
-------------------------------------------=

156 000 000, ,
2 2× 14 745 600, ,×
------------------------------------------------ 8125

1536
------------=
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12 LCD Controller 
This section describes the following:

Section 12.1, Introduction 
Section 12.2, Interfaces 

Section 12.3, Color Formats 
Section 12.4, Signal Descriptions 
Section 12.5, Display Planes 

Section 12.6, Pixel Formats 
Section 12.7, Functional Description 
Section 12.8, Bandwidth Calculation 

Section 12.9, I/O Pin Assignment 
Section 12.10, Interface Protocol Description 
Section 12.11, Clock Domains 

Section 12.12, Register Descriptions 

12.1 Introduction
The Display Controller in the ARMADA 16x Applications Processor Family is a hardware block used 
to transfer data from the AHB or AXI bus to the Smart Panel through a parallel interface and the SPI, 
or to the Dumb LCD Panel through regular Vsync/Hsync digital monitor interface. 

When this module interfaces to the AHB slave, it interacts with the CPU through registers and 
interrupts to process Smart Panel data. When this module interfaces to the AXI master, the DMA 
function moves display commands and pixels from the system display area into the Smart Panel or 
Dumb LCD Panel, reducing the CPU loading. 

During AXI DMA Master mode, this module supports:
Video and graphic overlay

Alpha and color keys
Color space conversion
Video contrast/saturation/brightness/Hue adjustment

Palette color lookup
Hardware cursor/low power SRAM pattern overlay
Video and graphic image scaling

Test mode color bars
Color horizontal smoothing
Various RGB and YUV color formats

Gamma correction

The Smart Panel also supports line-buffer mode between the sensor and LCD display. 

12.2 Interfaces 
AHB 32-bit slave and AXI 64-bit master interfaces access to Smart Panel
Supports 8-/16-/18-bit parallel Smart Panel interface

Supports SPI 3-wire/4-wire Smart Panel serial interface
AXI 64-bit master interface access to Dumb LCD Panel



Marvell® ARMADA 16x Applications Processor Family Software Manual

                         

                         

Doc. No. MV-S301544-00  Rev. -   Copyright © 2010 Marvell

Page 232 November 2010 PUBLIC RELEASE

Dumb (bufferless) LCD Panel interface supports Vsync/Hsync/pixel 16-/18-/24-bit bus (24-bit for 
TFBGA Only)
150 MHz maximum Pixel clock frequency

12.3 Color Formats
RGB565

RGB1555
RGB888 packed
RGB888 unpacked

RGBA888
YUV422 packed
YUV422 planar

YUV420 planar
Palette color 4-bit per pixel
Palette color 8-bit per pixel

12.3.1 Smart Panel Interface Color Format
RGB565, 8-bit interface, two bus cycles per pixel
RGB565, 16-bit interface, one bus cycles per pixel

RGB888, 8-bit interface, three bus cycles per pixel
RGB666, 8-bit interface, three bus cycles per pixel
RGB666, 18-bit interface, one bus cycles per pixel

Supports DMA to command port and DMA to data port
Screen size is programmable to any aspect ratio up to 4K x 4K
Maximum resolution of 1920 x 1200

12.3.2 Dumb Panel Interface Color Format
RGB565, 16-bit interface, one pixel transfer per pixel clock
RGB888, 24-bit interface, one pixel transfer per pixel clock

Screen size is programmable to any aspect ratio up to 4K x 4K
Maximum resolution of 1920 x 1200

12.3.3 Hardware Cursor/SRAM Pattern Size
2 bits/pixel size supports up to 64 pixels x 64 lines 
1 bit/pixel size supports up to 128 pixels x 64 lines
Cursor overlay supports four modes:

• Transparent

• Inverted

• Color 1

• Color 2

12.4 Signal Descriptions
Refer to Table 45 for a list of LCD Controller signal descriptions. Refer to Section 12.9, I/O Pin 
Assignment for a list of pin assignments for each signal.
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Table 45: LCD Controller Signal Descriptions

Name Type Descript ion

Dumb Panel LCD Signals

LCD_FCLK_RD Output LCD Frame Clock—Frame clock used by the LCD 
display module to signal the start of a new frame of 
pixels that resets the line pointers to the top of the 
screen. This pin is also the vertical synchronization 
signal for active (TFT) displays.

LCD_LCLK_A0 Output LCD Line Clock—Indicates the start of a new line; 
also referred to as HSYNC for active panels. 

LCD_PCLK_WR Output LCD Pixel Clock—Pixel clock used by the LCD 
display module to clock the pixel data into the Line 
Shift register.
NOTE: In Passive mode, the pixel clock toggles only 

when valid data is available on the data pins. 
In Active mode, the pixel clock toggles 
continuously, and the AC bias pin is used as 
an output to signal when data is valid on the 
LCD data pins.

LCD_DENA_BIAS Output DENA - Pixel Valid Indication

BIAS—AC bias used to signal the LCD display 
module to switch the polarity of the power supplies 
to the row and column axis of the screen to 
counteract DC offset. In Active (TFT) mode, it is 
used as the output enable to signal when data 
should be latched from the data pins using the pixel 
clock.

LCD_DD<23:0> Bidirectional Pixel data

LCD Smart Panel Signals1

SMPN_DB<17:0> Bidirectional Parallel data bus, 8 bits

SMPN_CSB<1:0> Output Parallel bus chip select, active low

SMPN_A0 Output Indicates index, data or instruction, an internal control 
register decides its value.
For some Smart Panels (such as S6D0129), this pin is 
low for index, high for both data and instruction. For 
other Smart Panels, (such as 
NLMG-128FA3-CVW1G), this pin is low for 
instruction, high for data.

SMPN_WRB Output Write enable for ISA80s configuration, active low
Read or Write (low) indication for ISA68s 
configuration. 

SMPN_RDB Output Read enable for ISA80s configuration, active low
Command enable indication for ISA68s 
configuration, active high.

SPI_CSB<1:0> Output SPI port 1/0 chip select, active low

SPI_DCLK Bidirectional SPI clock
Supports continuous Write, continuous Read, or 
Write then Read.
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12.5 Display Planes
The LCD Controller supports a base plane (also referred to as graphics plane), video overlay (also 
referred to as video plane) and hardware cursor. Figure 28 shows the display of the hardware 
cursor, graphics and video planes on the LCD panel. The display order is fixed as shown in Table 46.
                         

12.6 Pixel Formats
The LCD Controller supports basic palletized bitmap formats and several formats that contain raw 
RBG data. Table 47 shows the pixel formats supported by the display planes, which can be 
programmed independently to support one of the allowed pixel formats.
                         

SPI_DIN Bidirectional or 
Output

SPI output to the Smart Panel
If 4-wire is used, this pin is output only.
If 3-wire is used, this pin is bi-directional. 

SPI_DOUT Bidirectional If 4-wire is used, SPI input from Smart Panel.
If 3-wire is used, this pin is ignored. 

SMPN_RSTB Output Panel reset, active low

Table 45: LCD Controller Signal Descriptions (Continued)

Name Type Descript ion

Table 46: Display Order of Two Layers and Cursor on LCD Panel

Layer Number Plane

TOP or First Hardware Cursor

Second Video Plane

Third Graphics Plane

Table 47: Support for Color/Pixel Formats

Bits per Pixel  (bpp) Graphics Plane Video Plane

RGB565 Yes Yes

RGB1555 Yes Yes

RGBA888 Yes Yes

RGB888 Packed Yes Yes

RGB888 Unpacked Yes Yes

YUV420 Planar No Yes

YUV422 Planar No Yes

YUV422 Packed Yes Yes

Palette4bit Yes Yes

Palette8bit Yes Yes
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12.7 Functional Description

12.7.1 Color Format in Memory
When DMA moves pixel data into the Smart Panel or Dumb LCD Interface, the pixel format in 
system memory is as shown in Table 48.
                         

12.7.2 Smart Panel Command Format in Memory
When the CPU reads from or writes to the Smart Panel or when DMA moves Smart Panel 
commands into the 8-bit Smart Panel, the command format in system memory is 16-bits per bus 
cycle and bit allocation is as described in Table 49 and Table 50. The Dumb Panel screen setup is 
shown in Figure 27.

Table 48: Pixel Data Format in Memory 

Memory Color Format Bit  
Al location

Red and Blue Colors Can Swap
U and V, Y and U Can Swap

Comments

RGB 565 [4:0] 
[10:5] 
[15:11]

Red color
Green color
Blue color

2 bytes per pixel

RGB 1555 [4:0] 
[9:5] 
[14:10] 
[15] 

Red color
Green color
Blue color
alpha, 1 = this pixel, 0 = the other pixel

2 bytes per pixel

RGB 888 packed [7:0] 
[15:8] 
[23:16] 

Red color
Green color
Blue color

3 bytes per pixel

RGB888unpacked [7:0] 
[15:8] 
[23:16] 
[31:24] 

Red color
Green color
Blue color
empty, useless

4 bytes per pixel

RGB A888 [7:0] 
[15:8] 
[23:16] 
[31:24] 

Red color
Green color
Blue color
alpha[7:0] for overlay

4 bytes per pixel

YUV 422 packed [7:0] 
[15:8] 
[23:16] 
[31:24] 

U, Cb
Y0, Y of pixel0 
V, Cr
Y1, Y of pixel1

2 bytes per pixel

 YUV 422 planar [7:0] 
[7:0] 
[7:0] 

Y, in Y plane
U, in U plane, one U for two Y
V, in V plane, one V for two Y

1 byte y per pixel
1 byte u per two pixels
1 byte v per two pixels

YUV 420 planar [7:0] 
[7:0] 
[7:0] 

Y, in Y plane
U, in U plane, one U for two Y
V, in V plane, one V for two Y
One U/V line for two Y lines

1 byte y per pixel
1 byte u per four pixels
1 byte v per four pixels

Palette color 4-bit/pixel [3:0] Color index, lookup 16x24 color table 1 byte per two pixels

Palette color 8-bit/pixel [7:0] Color index, lookup 256x24 color table 1 byte per pixel
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Table 49: Smart Panel Command Format in Memory for 8-Bit Bus

Smart Panel 
Command for 8-bit  
Bus

Bit  Allocation Comments

AHB slave path command 
format is two bytes per 
command.
Command[15:0]

[7:0] 8-bit data
[9:8] = 2’b01 Write command
[9:8] = 2’b10 Read command
[9:8] = others NOP
[15] = 1’b1 Read/Write with A0 is high
[15] = 1’b0 Read/Write with A0 is low
 Other bits reserved

Each command is2 bytes, 
write the command into 
AHB slave data port to 
generate Smart Panel bus 
cycle;
One pixel transfer needs 
two bus cycles for 
16-bit/pixel; 3 bus cycles 
for 18-bit/24-bit per pixel

CSB[1:0] Bus select, active low Two ports supported

RD_WRB Write active low for 8080 series;
High read, low write for 6800 series;

EN_RDB Read active low for 8080 series;
High command enable for 6800 series;

A0 A0 control, 0=status, 1=data;

Data[7:0] 8 bits data bus

Table 50: Smart Panel Command Format in Memory for 16-/18-Bit Bus

Smart Panel 
Command for 
16-/18-bit  Bus

Bit  Allocation Comments

AHB slave path command 
format is four bytes per 
command.
Command[31:0]

[23:0] 24-bit data, only [17:0] have I/O 
pins, [23:18] is hidden, useless
[25:24] = 2’b01 Write command
[25:24] = 2’b10 Read command
[25:24] = others NOP
[31] = 1’b1 read/write with A0 is high
[31] = 1’b0 read/write with A0 is low
 Other bits reserved

Each command is 4 bytes, 
write the command into 
AHB slave data port to 
generate Smart Panel bus 
cycle.
One pixel transfer needs 
1/2/3 bus cycles 
depending on the smart 
panel color format.

CSB[1:0] Bus select Two ports supported

RD_WRB Write active low for 8080 series;
High read, low write for 6800 series;

EN_RDB Read active low for 8080 series;
High command enable for 6800 series;

A0 A0 control, 0=status, 1=data;

Data[17:0] 16/18 bits data bus
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12.7.3 Data and Command Sequence and CPU Handshake
When Smart Panel is enabled:

CPU can write commands to the Smart Panel
CPU can update pixel data to Smart Panel
In DMA mode:

• CPU sets up a data area (window) for the LCD Controller

• CPU also sets up a command area (8 bytes aligned). If additional commands need to be sent 
in between the lines in the Smart Panel Interface, DMA reads those commands from memory 
and sends them to the Smart Panel. 

CPU slave commands and DMA data/commands in sync

CPU can set up DMA to move a block of pixel data to the Smart Panel and after the transfer has 
been completed, an interrupt is sent to the CPU

To maintain data integrity, the CPU should not send command and pixel data to the Smart Panel 
during DMA transfer

After the CPU enables DMA transfer, the LCD Controller waits for VSYNC (trigger command) to 
start DMA

When Dumb Panel is enabled:

CPU initializes the DMA Configuration Register and DMA starts to move the data after VSYNC

See Table 51 for DMA setup.

Figure 27: Dumb Panel Screen Set Up
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12.7.4 DMA Transfer Mechanism
The DMA engine can issue eight outstanding requests (four Video Path and four Graphics Path) to 
the Memory Controller. This back-to-back request mechanism increases the efficiency of the 
memory bus as there is a spatial relationship between requests of the video and graphics engine. 
The number of outstanding requests is programmable: 1, 2, or 4 (default). If the outstanding 
requests is set to 1, then the DMA engines fetch one Read burst at a time, making data transfer from 
memory very inefficient and would be able to meet the memory bandwidth and latency requirements 
of high-end display devices such as WXVGA, etc. However, limiting the outstanding requests to four 
per DMA engine ensures that the Display Controller does not occupy the memory bus for too long 
and adversely affect the bandwidth and latency requirement of other masters.

See Figure 28 for picture overlay screen for DMA transfer.

Table 51: DMA Set Up 

Video Path 
Configuration

Graphic Path 
Configuration

Comments

Starting address of Y/U/V in 
system memory

Starting address of the graphic 
picture in system memory

Address pitch in bytes (length 
of each display line) of Y/U/V

Address pitch in bytes (length 
of each display line) of graphic

Screen size, horizontal pixels 
and vertical lines

Screen size, horizontal pixels 
and vertical lines

Supports blank color if the 
object size is smaller than 
screen size

Video starting point in the 
screen, horizontal pixels and 
vertical lines

Graphic starting point in the 
screen, horizontal pixels and 
vertical lines

Hardware cursor also 
programmable starting point in 
the screen, horizontal pixels 
and vertical lines

Video size, horizontal pixels 
and vertical lines

Graphic size, horizontal pixels 
and vertical lines

Hardware cursor also 
programmable cursor size in 
the screen, horizontal pixels 
and vertical lines

Video size after zooming, which 
is the actual size of the image 
on the screen, horizontal pixels 
and vertical lines

Graphic size after zooming, 
which is the actual size of the 
image on the screen, horizontal 
pixels and vertical lines
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12.8 Bandwidth Calculation

12.8.1 Smart Panel Case
DMA target performance is to send data into the Smart Panel without line breaks, which helps in 
sending video data as quickly as possible without any glitches. To avoid data overlap, the Smart 
Panel data transfer rate should be faster than the LCD refresh rate (60-100 fps).

One frame memory bandwidth requirement: 320 x 240 x 60 Hz x 3 bytes/pixel = 14 MB/sec.

An overlay with two pictures requires 28 MB/sec.

12.8.2 Dumb LCD Panel Case
One pixel per clock transfer and the entire display line is transferred once the valid indication is high, 
with no gaps between pixels

The following settings are programmable to meet any panel requirement:

Pixel clock. As the pixel clock generated by the M/N divider cannot always meet the frequency 
and clock ratio requirement of the LCD panel, there is an additional option of using an external 
clock generator to drive both the LCD Controller and panel.

Sync width
Front porch and back porch for Vsync and Hsync 

One frame memory bandwidth requirement: 640 x 480 x 60 Hz x 3 bytes/pixel = 56 MB/sec.

An overlay with two pictures requires 112 MB/sec.

Figure 28: Three Pictures Overlay on the Screen for DMA Transfer
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12.9 I/O Pin Assignment
There are a total of 28 available LCD pins and nine definition modes for Dumb Panel and Smart 
Panels, as described in Table 52.
                         

Table 52: LCD Pin Allocation for Dumb Panel and Smart Panel

LCD 
Pin

Dumb Panel Smart Panel

Mode 0 Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7 Mode 8

24-bit  
Color 
without 
SPI

18-bit  
Color 
with SPI

18-bit  
Color 
without 
SPI

16-bit  
Color 
with SPI

16-bit  
Color 
without  
SPI

12-bit  
Color

18-bit  Bus 16-bit  Bus 8-bit  Bus

MFP_60 LCD_DD<0> LCD_DD<0> LCD_DD<0> LCD_DD<0> LCD_DD<0> LCD_DD<0> SMPN_DB[0] SMPN_DB[0] SMPN_DB[0]

MFP_61 LCD_DD<1> LCD_DD<1> LCD_DD<1> LCD_DD<1> LCD_DD<1> LCD_DD<1> SMPN_DB[1] SMPN_DB[1] SMPN_DB[1]

MFP_62 LCD_DD<2> LCD_DD<2> LCD_DD<2> LCD_DD<2> LCD_DD<2> LCD_DD<2> SMPN_DB[2] SMPN_DB[2] SMPN_DB[2]

MFP_63 LCD_DD<3> LCD_DD<3> LCD_DD<3> LCD_DD<3> LCD_DD<3> LCD_DD<3> SMPN_DB[3] SMPN_DB[3] SMPN_DB[3]

MFP_64 LCD_DD<4> LCD_DD<4> LCD_DD<4> LCD_DD<4> LCD_DD<4> LCD_DD<4> SMPN_DB[4] SMPN_DB[4] SMPN_DB[4]

MFP_65 LCD_DD<5> LCD_DD<5> LCD_DD<5> LCD_DD<5> LCD_DD<5> LCD_DD<5> SMPN_DB[5] SMPN_DB[5] SMPN_DB[5]

MFP_66 LCD_DD<6> LCD_DD<6> LCD_DD<6> LCD_DD<6> LCD_DD<6> LCD_DD<6> SMPN_DB[6] SMPN_DB[6] SMPN_DB[6]

MFP_67 LCD_DD<7> LCD_DD<7> LCD_DD<7> LCD_DD<7> LCD_DD<7> LCD_DD<7> SMPN_DB[7] SMPN_DB[7] SMPN_DB[7]

MFP_68 LCD_DD<8> LCD_DD<8> LCD_DD<8> LCD_DD<8> LCD_DD<8> LCD_DD<8> SMPN_DB[8] SMPN_DB[8] LCDGPIO[0]

MFP_69 LCD_DD<9> LCD_DD<9> LCD_DD<9> LCD_DD<9> LCD_DD<9> LCD_DD<9> SMPN_DB[9] SMPN_DB[9] LCDGPIO[1]

MFP_70 LCD_DD<10> LCD_DD<10> LCD_DD<10> LCD_DD<10> LCD_DD<10> LCD_DD<10
>

SMPN_DB[10] SMPN_DB[10] LCDGPIO[2]

MFP_71 LCD_DD<11> LCD_DD<11> LCD_DD<11> LCD_DD<11> LCD_DD<11> LCD_DD<11
>

SMPN_DB[11] SMPN_DB[11] LCDGPIO[3]

MFP_72 LCD_DD<12> LCD_DD<12> LCD_DD<12> LCD_DD<12> LCD_DD<12> LCDGPIO[0] SMPN_DB[12] SMPN_DB[12] LCDGPIO[4]

MFP_73 LCD_DD<13> LCD_DD<13> LCD_DD<13> LCD_DD<13> LCD_DD<13> LCDGPIO[1] SMPN_DB[13] SMPN_DB[13] LCDGPIO[5]

MFP_74 LCD_DD<14> LCD_DD<14> LCD_DD<14> LCD_DD<14> LCD_DD<14> LCDGPIO[2] SMPN_DB[14] SMPN_DB[14] LCDGPIO[6]

MFP_75 LCD_DD<15> LCD_DD<15> LCD_DD<15> LCD_DD<15> LCD_DD<15> LCDGPIO[3] SMPN_DB[15] SMPN_DB[15] LCDGPIO[7]

MFP_76 LCD_DD<16> LCD_DD<16> LCD_DD<16> LCDGPIO[0] LCDGPIO[0] LCDGPIO[4] SMPN_DB[16] SMPN_CS1 SMPN_CS1

MFP_77 LCD_DD<17> LCD_DD<17> LCD_DD<17> LCDGPIO[1] LCDGPIO[1] LCDGPIO[5] SMPN_DB[17] SMPN_CS0 SMPN_CS0

MFP_78 LCD_DD<18] SPI_CS1 LCDGPIO[0] SPI_CS1 LCDGPIO[2] SPI_CS1 SMPN_CS0 SPI_CS1 SPI_CS1

MFP_79 LCD_DD<19] SPI_CS0 LCDGPIO[1] SPI_CS0 LCDGPIO[3] SPI_CS0 SPI_CS0 SPI_CS0 SPI_CS0

MFP_80 LCD_DD<20] SPI_DIN LCDGPIO[2] SPI_DIN LCDGPIO[4] SPI_DIN SPI_DIN SPI_DIN SPI_DIN
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12.10 Interface Protocol Description
                         

MFP_81 LCD_DD<21] SPI_DOUT LCDGPIO[3] SPI_DOUT LCDGPIO[5] SPI_DOUT SPI_DOUT SPI_DOUT SPI_DOUT

MFP_82 LCD_DD<22] SPI_DCLK LCDGPIO[4] SPI_DCLK LCDGPIO[6] SPI_DCLK SPI_DCLK SPI_DCLK SPI_DCLK

MFP_83 LCD_DD<23] BIAS BIAS BIAS BIAS BIAS SMPN_RSTB SMPN_RSTB SMPN_RSTB

MFP_57 LCLK LCLK LCLK LCLK LCLK LCLK SMPN_A0 SMPN_A0 SMPN_A0

MFP_56 VFCLK VFCLK VFCLK VFCLK VFCLK VFCLK SMPN_RDB SMPN_RDB SMPN_RDB

MFP_58 PCLK PCLK PCLK PCLK PCLK PCLK SMPN_WRB SMPN_WRB SMPN_WRB

MFP_59 DENA DENA DENA DENA DENA DENA SMPN_VSYNC SMPN_VSYNC SMPN_VSYNC

1. Modes 0, 2, or 4 have no SPI, SPI I/O will be multiplexed with other GPIO pins
2. Mode 5 supports only 12-bit color
3. Mode 6 has only one chip select for Smart Panel parallel bus and another for SPI
4. If desired, all LCDGPIO pins can be removed to reduce pin count
5. If SPI_DIN, SPI_DOUT, SPI_DCLK, SPI_CS1, and SPI_CS0 are multiplexed with other GPIO pins, these SPI pins can be 

removed to reduce pin count. For example, mode8 may require a minimum of 15 pins.
6. All LCD_DD<27:0> are bi-directional pins, LVCMOS 0-1.8V or 0-3.0V

Table 52: LCD Pin Allocation for Dumb Panel and Smart Panel (Continued)

LCD 
Pin

Dumb Panel Smart Panel

Mode 0 Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7 Mode 8

24-bit  
Color 
without 
SPI

18-bit  
Color 
with SPI

18-bit  
Color 
without 
SPI

16-bit  
Color 
with SPI

16-bit  
Color 
without  
SPI

12-bit  
Color

18-bit  Bus 16-bit  Bus 8-bit  Bus

Note

In Figure 23 through Figure 35: 

TAS is 1 clock cycle. 

TCYCLE (read) = TAH_RD + TDSW_RD + 2 clock cycles and TCYCLE (write) = TAH_WR 
+ TDSW_WR + 2 clock cycles.

TDHW (read) = TAH_RD - 1 ns and TDHW (write) = TAH_WR - 1 ns. 
TACC is controlled by Smart Panel and should be < 20 ns. 
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Figure 29: SPU Interface 8-bit 8080-Series Parallel Mode Read Interface Protocol 

                         

Figure 30: SPU Interface 8-bit 8080-Series Parallel Mode Write Interface Protocol 
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Figure 31: SPU Interface 8-bit 6800-Series Parallel Mode Read Interface Protocol 

                         

Figure 32: SPU Interface 8-bit 6800-Series Parallel Mode Write Interface Protocol 
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Figure 33: Display Controller Write/Read Protocol 
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Figure 34: Dumb LCD Panel Horizontal Timing

                         

1 2 3 4  

THSW
THBP

TH_TOTAL

TH_ACTIVE

THFP

R[7:0]
G[7:0]
B[7:0]

CLK

DEN

HSYNC

1 2 3 4 1 2 3

HTotal

Hsync Pulse

HActive



LCD Controller
Clock Domains

                         

Copyright © 2010 Marvell Doc. No. MV-S301544-00  Rev. -

November 2010 PUBLIC RELEASE Page 245

                         

                         

12.11 Clock Domains
The Display Controller consists of three clock domains that are asynchronous to each other:

AXI: This clock domain controls the master interface of the Display Controller and is the clock of 
the AXI fabric. The controller uses the fabric to communicate with the Memory Controller to get 
data from the memory. This clock would normally operate at very high frequency and is 
dependent of the data throughput requirement of the system.
AHB: This is a slave interface of the Display Controller and CPU reads/writes the controller 
registers through this interface. This is slower clock domain compared to the AXI fabric.
PIXEL: This clock controls the display panel (both Smart/Dumb). The frequency of this clock 
depends on the requirement of the display. As the chip intends to support multiple display 
panels, this clock must be generated in multiple frequencies. To support this requirement, 
Marvell has provided multiple input clocks to be selected from by setting appropriate register 
controls. A M/N divider generates the appropriate frequency required by the display panel from 
the selected clock. However, not all pixel clocks can be generated due to the requirement of the 
pixel clock being within 5-10% of the actual frequency required by the display and also to be of 

Figure 35: Dumb LCD Panel Vertical Timing
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Table 53: Dumb LCD Panel Timing

Symbol Parameter Condition Min Type Max Units

THBP Horizontal back porch 0 programmable 4000 PCLK cycles

THFP Horizontal front porch 0 programmable 4000 PCLK cycles

THSW Hsync pulse width 1 programmable 4000 PCLK cycles

TVBP Vertical back porch 0 programmable 4000 PCLK cycles

TVFP Vertical front porch 0 programmable 4000 PCLK cycles

TVSW Vsync pulse width 1 programmable 4000 PCLK cycles
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45-55 duty cycle. To support this condition, using a crystal or an oscillator is an option to input 
an appropriate clock to generate the preferred pixel clock frequency. Set LCD register 
SPU_GRA_RD_CNTL bit 31 to 1 to enable external pixel clock input.

The Display Controller has an internal PMU that can be used to turn off the clocks to different 
functional modules that are not being used for a particular application. For example, in a typical 
scenario, if the graphics path is not used, then the graphics DMA can be turned off by gating the 
clock to the module in the power-saving mode.

Table 54 and Figure 36 show the different clocks of the Display Controller and their typical values.
                          

Table 54: Typical Clock Frequencies of the Display Controller

Clock Domains Typical  Input Freq (MHz) Typical Output Freq (MHz)

AXI 312 312

AHB 156 156

PIXEL 624 20-200
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12.12 Register Descriptions
Refer to Appendix A - Register Tables for details on the LCD Controller registers.

Figure 36: Display Controller Clock Domains

                         

2 to 1 
Mux

smpn_sclk

aclk

PCLK domain DISPLAY

Chip boundary

hclk

2 to 1 
Mux

2 to 1 
Mux

m/n 
divider

2 to 1 
Mux

lcd_cfg_sclk_div[30]

lcd_cfg_sclk_div[31]

lcd_cfg_sclk_div[28]

spu_gra_rd_cntl[31]

LCD_IOPAD_en[26]

LCD_IOPAD_out[26]

LCD_IOPAD_in[26]

AHBCLK domain

AXICLK domain

LCD PMU

clk_gate



Marvell® ARMADA 16x Applications Processor Family Software Manual

                         

                         

Doc. No. MV-S301544-00  Rev. -   Copyright © 2010 Marvell

Page 248 November 2010 PUBLIC RELEASE



ElectroPhoretic Display (EPD) Controller
Introduction

                         

Copyright © 2010 Marvell Doc. No. MV-S301544-00 Rev. -

November 2010 PUBLIC RELEASE Page 249

13 ElectroPhoretic Display (EPD) Controller
This section describes the following:

Section 13.1, “Introduction”
Section 13.2, “Feature Highlights”

Section 13.3, “Signal Descriptions”
Section 13.4, “Functional Specification and Operation”
Section 13.5, “Power Mode and Initialization”

Section 13.6, “Register Descriptions”

13.1 Introduction
The ElectroPhoretic Display (EPD) Controller (EPDC) is an IP block optimized for products using 
ElectroPhoretic Displays (EPDs). It enables an SoC solution with a direct connection to the EPD 
module. The EPD Controller differentiates itself through

High-level SoC integration
Presentation of complex content on EPDs
Ease of software implementation

Content security
Significant power, device count, and cost savings

Due to its intrinsic bi-stable nature, power is not required when there is no change to the display 
image. EPDs are reflective displays so backlighting is not necessary. Also, EPDs have excellent 
readability, are lightweight, ultra thin, and flexible. 

The EPDC is based on a unified memory architecture (UMA), eliminating the need for additional 
DRAM to support an EPD.

An EPD system block diagram is shown in Figure 37.

If an EPD display controller is in a typical EPD display system, it can drive an EPD panel through the 
source driver and gate driver chips. 
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The EPDC is integrated into an ARMADA 16x Applications Processor so that it can share the same 
memory with the following design characteristics:

Memory blocks: 16K Byte dual-port SRAM for Lookup table (LUT) (4K x 32)
Three FIFOs: 128x68 (2), 32x68 (1)
Pin count: 40 pins, 3.3V TTL

13.2 Feature Highlights
Major EPDC features include:

Frame resolution:

• From SVGA (600 x 800) up to UXGA (1200 x 1600)

Programmable Pixel Bit Depth

• 1, 3, or 4 bits per pixel

Very Low Power Consumption
Partial Update

Parallel Update
Capable of displaying videos and animations
Conventional software programming model

Flexible interface to various EPD panels
Power management

• If no new pixel changes after an image update, the display stops rendering to save power.

• Auto Stop and Auto Sleep to achieve significant power savings

Faster update - Each pixel can detect its own waveform length and stops at the end. Shorter 
waveforms end sooner.
Support content security though NDS secure IC
Appear as conventional Frame buffer

Superior display performance.

Figure 37: EPD Display System Diagram
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Host interrupt capability 

13.3 Signal Descriptions
The EPDC has the I/O pins shown in Table 55.
                         

13.4 Functional Specification and Operation

13.4.1 SoC Level Block Diagram
The EPDC is an IP block in the ARMADA 166E Applications Processor Family. The EPDC registers 
can be accessed through the AHB_Lite bus. The EPDC accesses the DRAM through an AXI bus 
which supports all the pixel data traffic. A chip-level block diagram is shown in Figure 38.
                         

Table 55: EPDC Signal Pin List

Signal I /O Description

Gate Drivers: 3 pins

GDCLK OUT Gate Driver Clock

GDSP OUT Gate Driver Start Pulse

GDRL (6” panel) OUT Gate Driver Right or Left

Source Drivers: 16 pins

SDCLK OUT Source Driver Clock

SDLE[3:0] OUT Source Driver Latch Enable

SDDO[7:0] OUT Source Driver Data Output 

SDCE_L OUT Source Driver Chip Enable

SDOE OUT Source Driver Output Enable

SDSHR (6” panel) OUT Source Driver Shift Right

Power Switches: 10 (or 6) pins

PWR[4:0] OUT Panel power Signals

PWR_N[4:1] OUT Inverted power signals

PWRCOM OUT Vcom signal

Smart Card security chip i / f :  5  pins

NDS_CLK OUT NDS Clock

NDS_RST OUT NDS Reset

NDS_C4 I/O NDS security pin

NDS_C8 I/O NDS security pin

NDS_IO I/O NDS security pin

Vcom Voltage sett ing: 3 pins

DPOT_SCLK OUT DPOT clock

DPOT_CE# OUT DPOT CE#

DPOT_DIN OUT DPOT DIN
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13.4.2 EPDC Functional Description
The EPDC takes the pixel data from the frame buffer (FB) and filters it multiple times through a 
sequence of look-up tables (LUT) to drive the EPD panel. This multiple-stepping operation causes a 
waveform-like pulse-width modulation (PWM) on each TFT pixel on the EPD panel.

Since the EPD panel is bi-stable, it has a strong history effect. The amount of driving depends not 
only on the new pixel value, but also on the old pixel value. Therefore, the EPDC must also retain 
the old pixel value and use that for LUT entry selection.

The number of times the LUT is accessed in a sequence is called steps. The EPDC also must keep 
track of these steps to properly format the waveform. A typical waveform has 40 steps.

13.4.3 Pixel Data Types
There are three types of pixel data:

Current pixels - these are the current frame pixels in the frame buffer, which is visible to the 
software. Software can change this at any time.

New pixels - this is a copy of the current pixels. In that sense, the frame buffer is double 
buffered. New pixels are located in the SDRAM.

Old pixels - these are the pixels from the previous frame. They are one frame older than the 
new pixels. Old pixels are located in the SDRAM.

13.4.4 SDRAM Bandwidth Requirement
The source driver data clock (SDCLK) is 25 MHz. The LUT is accessed at twice the frequency of the 
source driver data clock so PCLK = 50 MHz.

Figure 38: SoC-Level Block Diagram

                         

DRAM
DDR

Controller

AXI Fabric

EPD
Controller

64
16

3

6

32

5

Security
Chip

AHB Lite

Display Source Driver

Display Gate Driver

Display Power Switches



ElectroPhoretic Display (EPD) Controller
Functional Specification and Operation

                         

Copyright © 2010 Marvell Doc. No. MV-S301544-00 Rev. -

November 2010 PUBLIC RELEASE Page 253

For each PCLK, the EPDC must read 4 bytes; 2 new pixels (4 bits + 4 bits = 1 byte), 2 old pixels 
(4 bits + 4 bits = 1 byte), and 16 bits of other information. Therefore, the EPDC must sustain an 
SDRAM Read pixel data rate of 200 MB/sec.

At the same time, the EPDC must write 4 bytes for each PCLK; 2 new pixels (4 bits + 4 bits = 1 
byte), 2 old pixels (4 bits + 4 bits = 1 byte), and 16 bits of other information. Therefore, the 
EPDC must sustain an SDRAM Write rate of 200 MB/sec.
In addition, the EPDC must read two current pixels (4+4 bits) on each PCLK, which requires 50 
MB/sec read bandwidth from the SDRAM.

Add the three requirements above together to calculate the peak SDRAM bandwidth (BW) of 
450 MB/sec.

13.4.5 EPDC Data Organization in SDRAM
The EPDC uses about 5 MB of SDRAM arranged in two memory blocks: 1) the frame buffer (1 MB) 
and 2) the working area (4 MB). These blocks are shown in Figure 39. The frame buffer is used for 
the current pixel data. The starting location is defined in the FB_base register. The host can write 
new pixel data into the frame buffer area at any time to be displayed. The working area starting 
location is defined in the Working_mem_base register. This is the EPDC private working memory 
area and only the EPDC can access this area. The DRAM data size can be broken down as follows 
for the largest screen size:

• New pixel area size: 1200x1600x4 = 0.96 MB

• Old pixel area size: 1200x1600x4 = 0.96 MB

• Other pixel information: 1200x1600x8 = 1.92 MB

• The Current pixels are in the frame buffer. The size is 1200x1600x4 = 0.96 MB 

• So the whole SDRAM size should be ~5 MB
                         

Pixel data is organized in little-endian format.

If using 32-bit wide SDRAM, the current pixel data in the frame buffer should be organized in 
SDRAM as shown in Table 56.

Figure 39: SDRAM Memory Partition
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If the AXI bus is 64-bit wide, then the current pixel data in the frame buffer should look like that 
shown in Table 57.
                         

13.4.6 Bus Interface
The EPDC has two bus interfaces. It uses the AHB_Lite bus for Reads and Writes to registers and 
the LUT interface. The EPDC uses the AXI bus for pixel data transfer.

Figure 40 shows the EPDC functional blocks and its interface to AHB_Lite and AXI buses.

Table 56: Current Pixel Data for 32-Bit Wide SDRAM

SDRAM (8Mx32)

Row# 4-bits 4-bits 4-bits 4-bits 4-bits 4-bits 4-bits 4-bits

0 Current7 Current6 Current5 Current4 Current3 Current2 Current1 Current0

1 Current15 Current14 Current13 Current12 Current11 Current10 Current9 Current8

2

3

4

 SDRAM output: 32 bits wide 

Table 57: Current Pixel Data for 64-Bit Wide SDRAM

AXI bus: 64-bits

Read# 4-bits 4-bits 4-bits 4-bits 4-bits 4-bits

0 Current15 ………. Current9 Current8 Current7 ………. Current1 Current0

1 Current31 ………. Current25 Current24 Current23 ………. Current17 Current16

2

3

 64 bits wide 



ElectroPhoretic Display (EPD) Controller
Functional Specification and Operation

                         

Copyright © 2010 Marvell Doc. No. MV-S301544-00 Rev. -

November 2010 PUBLIC RELEASE Page 255

                         

13.4.6.1 AHB_Lite Bus Interface
The AHB_Lite bus is a subset of the AHB specification. It has only a single master with multiple 
slaves and does not support split transaction or retry responses. The EPDC is one of the AHB_Lite 
slaves and uses a 32-bit wide AHB_Lite bus.

The EPDC reserves 64K bytes of AHB_Lite address space from 0xC050_0000-0xC050_FFFF.

The EPDC AHB Address space:

• EPDC registers = 0 - 16 KB

• EPDC LUT    = 16 - 32 KB

• NDS register = 32 - 40 KB

The EPDC and NDS appear as a single slave on the AHB_Lite bus.

Figure 40: EPDC Bus Interfaces
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13.4.6.2 AXI Bus Interface
The EPDC uses the AXI bus for DRAM data transfer which includes the pixel data in the frame buffer 
and the data in the EPDC working memory area.

The EPDC uses a 64-bit-wide AXI master to interface to the AXI bus.

13.4.7 Clock Domains
Table 58 shows the clock domains used by the EPDC.
                         

The AXI_Clk is for the AXI bus interface and the data traffic on the AXI side of the FIFOs. The 
AHB_Clk is for the AHB_Lite bus interface, the EPDC registers, and the LUT accesses.

The Core_Clk is used as a clock source. It is divided down to generate the programmable PCLK. 
SDCLK is the source driver clock and is always half of the PCLK frequency. The programmable 
NDS_Clk is for NDS Smart chip. See Figure 41.

Table 58: EPDC Clock Domains

Clock Frequency Usage Comment

AXI_Clk 156 or 312 MHz AXI bus and data traffic Gated

AHB_Clk 156 MHz AHB_Lite bus, Registers and LUT

Core_Clk = 624 MHz Divide down to generate PCLK Gated

PCLK 104, 78, 52, 24, 12.48, 6.24 MHz Pixel clock Programmable

SDCLK = Half of PCLK Source driver clock

NDS_Clk 12.48, 6.24, 5.03 MHz For security Programmable
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13.4.8 Pixel Data Processing Flow
The following is a detailed description of the pixel flow.

For each pixel clock (PCLK), two current pixels are read from the FIFO1.

For each PCLK, two new pixels, two old pixels, and other data is read out from FIFO2.
Two pixels are processed each PCLK.
If the current pixel and the new pixel are the same, and it is not the end of an update sequence, 
then this old-new pixel pair and other data are sent to the LUT to generate source driver data for 
the current step. If the update sequence reaches the end, then the new pixel is copied to the old 
pixel, which causes the LUT to output a zero.

If the current pixel and the new pixel are different, it means this current pixel has changed. If it is 
NOT in the middle of an update sequence, then the EPDC simply copies the new pixel the old 
pixel, and copy the current pixel to the new pixel, and start a new update sequence for this pixel.
If the current pixel and the new pixel are different, and it is in the middle of a update sequence, 
then the EPDC continues the updating sequence.

Figure 41: EPDC Clock Domain Diagram
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In both cases above, the new, old, and other data is sent to the LUT to generate output data.
The updated new, and old pixel values, and the other data should be written back into the 
SDRAM after each pixel is processed.

13.4.8.1 Waveform Ending Detection
The Display Step register (DISPLAY0[DP_STEP]) defines the maximum steps for updating 
waveforms in a LUT. However, not all waveforms have the same length. A smaller old-to-new 
transition should have a shorter waveform. To detect a waveform ending, the EPDC utilizes an 
unused state in the LUT output.

The 2-bit LUT output maps to three states driving panel voltage as shown in Table 59:
                         

The EPDC can consolidate 00 and 11 to 00 for zero volt, and use 11 to mark the ending of a 
waveform. So, if LUT output = 11, the waveform is ended.

The Pixel flow diagram is Figure 43 is a conceptual diagram. The actual Pixel Pipeline diagram in 
reference to the clock cycles is shown is Figure 60.

Table 59: LUT Output States

STATE VOLTAGE

00 0 V

01 +15 V

10 -15 V

11 0 V
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13.4.8.2 Partial Update
In a regular pixel processing, after completion of one screen update, all the new and current pixels 
are the same. In the next scanning loop, if some parts of the current pixels are changed, these pixels 
start to update while the rest of the screen is unchanged.

13.4.8.3 Parallel Update
Whenever a pixel value is changed in the framebuffer, it starts to update right away without waiting 
for others. In Parallel update, the current and new pixels are compared. If the current pixel is the 
same as the new pixel (no change), the new and old pixels and other data are sent to the LUT to 
produce output data until the waveform reaches the end. If the current pixel is different than the new 

Table 60: Pixel Pipeline Diagram for Parallel Update Mode
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pixel (changed), then the pixel FSM will take actions to process it. The Pixel FSM has to reach the 
end before starting a new waveform for the newly changed current pixel.

13.4.8.4 Pixel Look-up Table (LUT)
For each frame, the LUT is loaded in a dual-port RAM. Each LUT has up to 256 LUT_step tables.

If the EPD panel has eight levels of grayscale, ARMADA 16x devices use three bits per pixel. The 
LBS of new and old pixels are ignored. Only six bits of the new/old pixel pair are used as an address 
to point out which entry to select, so each LUT_step has 64 entries (2(3+3) = 64). 

If the EPD panel has 16 levels of grayscale, ARMADA 16x devices use four bits per pixel. Eight bits 
of the new/old pixel pair are used as an address to point out which entry to select, so each LUT_step 
has 256 entries (2(4+4) = 256). The LUT generates two bits of output data, which is written into the 
8-bit shift register to be sent out to the source driver.

A dual-port RAM is used here so the two pixel pairs can be processed on each PCLK. Collision 
detection logic may be needed to detect if the two pixel pairs are the same, and generate the same 
2-bit output data. See Figure 42.
                         

Two pairs of pixel data are fed into the LUT and generate two 2-bit outputs. They are shifted into the 
Shift Register at PCLK. Then the SDCLK clocks the SDDO data out for the source drivers.

Figure 42: LUT and Shift Register
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13.4.8.5 Look Up Table (LUT) Data
The host can write and read the LUT data through the Master0 block. The LUT Read/Write data bus 
width is 16 bits and can have bursts of up to four read/write transitions. See Figure 43.
                         

13.4.8.6 Interrupts
The EPDC has two active-low, level-triggered Interrupt signals to the host: EPD_Interrupt[1:0]. 
EPD_Interrupt[0] is for the EPDC; EPD_Interrupt[1] is for the NDS.

Different events can generate interrupts, so a 12-bit Interrupt register, EPD_INTERRUPT, is used. 
Any bit that goes high can cause an internal level-triggered interrupt. An Interrupt Mask Register, 
EPD_INTERRUPT_CONTROL[INT_MASK], masks any of the Interrupt register bits. If all interrupt 
bits are masked then the interrupt is disabled. The default interrupt signal is active-low; however, an 
Interrupt polarity bit, EPD_INTERRUPT_CONTROL[INT_POLARITY], controls whether an interrupt 
is active high or active low. Once the host processes the interrupt, it can write a 1 to the interrupting 
bit to clear it.

Refer to  Appendix A - Register Tables for specific information on the interrupt registers.

Table 61 shows the interrupt assignments to an ARMADA 16x Applications Processor.
                         

Figure 43: Pixel Data Flow Waveform

                         

Table 61: Interrupt Assignment Table

Interrupt 
Number

Source 
Module

Source 
Descript ion

ICU_INT_CO
NF Offset

55 epd_interrupt[0] EPD Interrupt 0x00DC

56 epd_interrupt[1] EPD NDS 
Interrupt

0x00E0
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13.4.9 Frame Buffer Interleaving
The EPDC frame buffer is defined in the Frame Buffer Base Register, FB_BASE. While the EPDC 
displays current pixel data in the frame buffer, the host can prepare image data in the working area. 
Once the current display update is completed, the host can change the FB_BASE register to point to 
the newly prepared area. Frame tearing is avoided when this frame buffer interleaving scheme is 
used.

13.4.10 Display Auto-Stop
Since the EPD display is bi-stable, once a frame is updated, it does not require continuous refresh. 
Therefore, once a frame update completes, the display pipeline can be stopped to save power. This 
feature is controlled by the CONTROL1[DISP_AUTO_STOP] register bit.

A frame update is performed when all the waveform steps reach the end and all the current and new 
pixels are equal. At this point, the EPDC sets the EPD_STATUS[UPDATE_DONE] and 
EPD_INTERRUPT[UPDATE_DONE] register bits to 1. If the CONTROL1[DISP_AUTO_STOP] bit is 
set to 1, the display engine stops running.

The EPDC has DRAM memory bus snooping capability. If the host updates pixels in the frame 
buffer, the frame buffer tag RAM becomes dirty. The EPDC display restarts to perform an update. If 
the host changes the FB_BASE register, the EPDC also updates the new frame.

13.5 Power Mode and Initialization
The EPDC has three different power modes:

Active

Standby
Sleep

13.5.1 Standby Mode
The EPDC Standby mode is controlled by the DISPLAY0[STDBY] bit. The DISPLAY0[STDBY] bit is 
double buffered which means the master value does not change until the current frame update is 
completed. The EPDC enters the Standby mode when the DISPLAY0[STDBY] bit is set and current 
frame update ends.

In the Standby mode, the display engine stops running, thereby stopping the display panel updates.

If the CONTROL1[DISP_AUTO_STOP] bit is set, then the EPDC can enter the Standby mode 
automatically and an update is performed. The EPDC returns to Active mode automatically 
whenever new pixels appear.

13.5.2 Sleep Mode
Sleep mode is controlled by the host. In this mode, the EPDC Core_Clk and the AXI_Clk are 
stopped for maximum power saving.

When the EPDC finishes a display update, it can be placed into Sleep mode. If the 
CONTROL3[SLEEP_EN] bit is asserted, then the EPD_ready_to_sleep signal asserts internally to 
inform the host to stop Core_clk. CACTIVE de-asserts to request AXI_Clk stop. The sleep request 
mode logic is shown in Figure 44.
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13.5.3 Power Management by Host
The host has several registers to manage the EPDC power (see Figure 45). 

The APMU_CLK_RES_CTRL[EPD_FCN_CG_CTRL] bit determines whether the EPDC clock 
gating is controlled by hardware or software. If APMU_CLK_RES_CTRL[EPD_FCN_CG_CTRL] = 0, 
hardware performs the gating, then the internal signal, EPD_RDY_TO_SLP, gates the core clock, 
and APMU_CLK_RES_CTRL[EPD_CACTIVE] bit gates the AXI clock. If 
APMU_CLK_RES_CTRL[EPD_FCN_CG_CTRL] = 1, software performs the gating, then the 
APMU_CLK_RES_CTRL[EPD_HCLK_EN] bit gates core clock, and the 
APMU_CLK_RES_CTRL[EPD_AXICLK_EN] bit gates the AXI clock.

Figure 44: Sleep Mode Request Logic
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13.5.4 Initialization
After the SoC power-up sequence completes, the software must enter the following initialization 
procedure.

After power on, the EPDC is in Standby mode so that the pixel scan is not running.
Write any non-default values into control registers if necessary.

Load the initialization waveforms into the LUT.
Load the old/new pixel pairs into the SDRAM.
Load the current pixels into the framebuffer in SDRAM, which is not equal to the old/new pixel 
values. (This is necessary to cause the INIT waveforms to trigger).
Clear the DISPLAY0[STDBY] bit to start display rendering.

The screen initialization should take about six seconds. When it is finished, an Update_Done 
interrupt is generated.

Set the DISPLAY0[STDBY] bit to stop display rendering.
Write 0 values to the frame buffer and working memory.
Load grayscale update waveforms into the LUT.

Clear the DISPLAY0[STDBY] bit to start display rendering again.
Initialization procedure completes and the EPDC is ready to render images.

13.5.5 APIs
All APIs supported by the EPDC driver are documented in the file kermit_api.h. Refer to this header 
file for API descriptions and definitions.

13.6 Register Descriptions
Refer to  Appendix A - Register Tables for EPD register table information.

Figure 45: Power (Core Clock) Management by Host
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14 CMOS Camera Interface Controller (CCIC)
This chapter describes:

Section 14.1, Features 
Section 14.2, Signal Descriptions 
Section 14.3, Block Diagram 

Section 14.4, Supported Parallel Interface Modes 
Section 14.5, Input/Output Matrix 
Section 14.6, Video Timing Reference Codes (SAV and EAV) 

Section 14.7, Clock Domains 
Section 14.8, Register Descriptions 

14.1 Features
Still images up to 5.0 Megapixels; supported video resolutions:

• 176 x 144

• 352 x 288

• 320 x 240

• 640 x 480

• 480 x 320; 640 x 240 (HVGA)

Interfaces:

• Parallel input: 8 bits

• Supports embedded hsync/vsync format (BT-656)

• Apple® iPod

Parallel input capture modes:

• RGB: 4:4:4, 5:5:5, 5:6:5

• YCbCr 4:2:2

• Raw capture modes: Bayer

Converted output formats to downstream processing units and peripherals on the AXI master 
bus include: 

• YCbCr

– Scaled [16,235]

– Unscaled [0,255]

– 4:2:2 (planar and packed)

– 4:2:0 (planar)

• Raw Bayer

• RGB: 

– 4:4:4

– 5:5:5

– 5:6:5

Interrupts (among others):

• Frame-start and Frame-end
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• FIFO overrun

2x downscale on YCbCr and RGB output formats (Y direction uses drop line method instead of 
blinear or bicubic interpolation. From an image processing perspective, this method causes 
alias, especially for large ratio downsizing in the Y direction).
Aggressive clock gating

LCD interfaces:

• Circular two frame buffers

• Line buffers mode to preserve memory (See register spec control-2 bit [16])

14.2 Signal Descriptions
For a complete list of CCIC signal descriptions, refer to Table 62.
                         

Table 62: CCIC Module-Level I/O Signal Descriptions 

Signal Pin 
Type

Definition

CCIC_VSYNC Input Vertical Sync

CCIC_HSYNC Input Pixel Valid/Horizontal Sync

CCIC_PCLK Input Pixel Clock

CCIC_DAT7 Input Pixel Data

CCIC_DAT6 Input Pixel Data

CCIC_DAT5 Input Pixel Data

CCIC_DAT4 Input Pixel Data

CCIC_DAT3 Input Pixel Data

CCIC_DAT2 Input Pixel Data

CCIC_DAT1 Input Pixel Data

CCIC_DAT0 Input Pixel Data

CCIC_MCLK Output Pixel Master Clock

CCIC_VLCK Output Pixel Clock
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14.3 Block Diagram
                         

14.4 Supported Parallel Interface Modes 
CCIC supports 8-bit data parallel interface with and without embedded hsync/vsync. See Table 63 
for supported parallel interface modes.
                         

Figure 46: CCIC Block Diagram 
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Table 63: CCIR Supported Parallel Interface Modes 

Data Bus 
Width

PIXVLD 
and VSYNC

Descript ions

8-bit Yes External CMOS Sensor drives PIXCLK, PIXVLD, VSYNC, and 
PIXDATA[7:0]

8-bit No External CMOS Sensor drives PIXCLK and PIXDATA[7:0] 
Start-of-Active-Video (SAV) and End-of-Active-Video (EAV) are 
encoded in the data stream
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14.5 Input/Output Matrix
                         

Table 64 shows the color I/O matrix. 
                         

Figure 47: I/O Matrix
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Table 64: Expected CMOS Sensor Output Data Ordering 

Mode Byte PIXDATA

[7] [6] [5] [4] [3] [2] [1] [0]

RGB 5:6:5

RGB 565
(<RGBENDFMT> = 0x0)

First R7 R6 R5 R4 R3 G7 G6 G5

Second G4 G3 G2 B7 B6 B5 B4 B3

RGB 565
(<RGBENDFMT> = 0x1)

First G4 G3 G2 R7 R6 R5 R4 R3

Second B7 B6 B5 B4 B3 G7 G6 G5

RGB 565
(<RGBENDFMT> = 0x2)

First G4 G3 G2 B7 B6 B5 B4 B3

Second R7 R6 R5 R4 R3 G7 G6 G5

RGB 565
(<RGBENDFMT> = 0x3)

First B7 B6 B5 B4 B3 G7 G6 G5

Second G4 G3 G2 R7 R6 R5 R4 R3

RGB 4:4:4

RGB 444
(<RGBENDFMT> = 0x0)

First R7 R6 R5 R4 G7 G6 G5 G4

Second B7 B6 B5 B4 0 0 0 0

RGB 444
(<RGBENDFMT> = 0x1)

First 0 0 0 0 R7 R6 R5 R4

Second G7 G6 G5 G4 B7 B6 B5 B4
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14.6 Video Timing Reference Codes (SAV and EAV)
This section is derived from the ITU-R BT.656-R Specification, Section 2.4.

There are two timing reference signals:
SAV, which occurs at the beginning of each video data block 
EAV, which occurs at the end of each video data block

Each timing reference signal consists of a four-word sequence in the following format: FF 00 00 XY. 
(Values are expressed in hexadecimal notation. FF 00 values are reserved for use in the timing 
reference signals.) The first three words are a fixed preamble. The fourth word contains information 
defining field two identification, the state of field blanking, and the state of line blanking. The bit 
assignments within the timing reference signal are shown in Table 65. 
                         

RGB 444
(<RGBENDFMT> = 0x2)

First B7 B6 B5 B4 G7 G6 G5 G4

Second R7 R6 R5 R4 0 0 0 0

RGB 444
(<RGBENDFMT> = 0x3)

First 0 0 0 0 B7 B6 B5 B4

Second G7 G6 G5 G4 R7 R6 R5 R4

RGB 5:5:5

RGB 555
(<RGBENDFMT> = 0x0)

First R7 R6 R5 R4 R3 G7 G6 G5

Second G4 G3 B7 B6 B5 B4 B3 0

RGB 555
(<RGBENDFMT> = 0x1)

First 0 R7 R6 R5 R4 R3 G7 G6

Second G5 G4 G3 B7 B6 B5 B4 B3

RGB 555
(<RGBENDFMT> = 0x2)

First B7 B6 B5 B4 B3 G7 G6 G5

Second G4 G3 R7 R6 R5 R4 R3 0

RGB 555
(<RGBENDFMT> = 0x3)

First 0 B7 B6 B5 B4 B3 G7 G6

Second G5 G4 G3 R7 R6 R5 R4 R3

Table 64: Expected CMOS Sensor Output Data Ordering  (Continued)

Mode Byte PIXDATA

[7] [6] [5] [4] [3] [2] [1] [0]

Table 65: Video Timing Reference Codes 

Data Bit 
Number

1st Word (FF) 2nd Word(00) 3rd Word (00) 4th Word (XY)

7 1 0 0 1

6 1 0 0 F

5 1 0 0 V

4 1 0 0 H

3 1 0 0 P3

2 1 0 0 P2

1 1 0 0 P1

0 1 0 0 P0
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Bits P0, P1, P2, and P3, have states dependent on the states of the bits F, V, and H, as shown in 
Table 66. At the receiver, this arrangement permits correction of 1-bit errors and detection of 2-bit 
errors. 
                         

14.7 Clock Domains
The CCIC consists of four clock domains which are asynchronous to each other:

AXI: This clock domain controls the master interface of the camera controller and is the clock of 
the AXI fabric. The controller uses the fabric to communicate with the memory controller to send 
data to the memory. This clock would normally operate at a frequency that is dependent on the 
data throughput requirement of the system.

AXI2: This is the slave interface of the CCIC and CPU reads/writes the controller registers 
through this interface. This clock has the same frequency as the AXI fabric.

PIXEL: This clock is used to process data captured from the camera interface. The camera 
provides the input clock (PCLK) and the input data (DAT0-7) in a source synchronized way. The 
CCIC captures the data using the clock provided by the camera interface. Then the data is 
transferred to the pixel clock domain using an asynchronous clock domain crossing method. 
The frequency of this clock depends on the size of the camera interface but is of the same 
frequency as the input PCLK of the camera. A M/N divider generates the appropriate frequency 
to match the camera PCLK frequency. 
CCMASTER: All cameras need an input clock to generate the PCLK. To reduce BOM, the 
PXA128/PXA16x applications processor family generates the master clock for the camera. The 
frequency of this clock can be different than PCLK, if required, but has to be within 45-55 duty 
cycles of the generated clock. A M/N divider generates the appropriate frequency. However, if a 
master clock can not be generated by the M/N divider, an external crystal or oscillator can be 
used to generate the appropriate master clock frequency.

Table 67 shows typical Display Controller clock frequencies. Figure 48 illustrates the CCIC clock 
domains.
                         

Table 66: Bits States 

F V H P3 P2 P1 P0 Descript ions

0 0 0 0 0 0 0 SAV: Field 1 Active Video

0 0 1 1 1 0 1 EAV: Field 1 Active Video

0 1 0 1 0 1 1 SAV: Field 1 Blanking

0 1 1 0 1 1 0 EAV: Field 1 Blanking

1 0 0 0 1 1 1 SAV: Field 2 Active Video

1 0 1 1 0 1 0 EAV: Field 2 Active Video

1 1 0 1 1 0 0 SAV: Field 2 Blanking

1 1 1 0 0 0 1 EAV: Field 2 Blanking

Table 67: Typical Clock Frequencies of the Display Controller

Clock Domains Typical  Input Freq (MHz) Typical Output Freq (MHz)

PIXEL 156 13-78

CCMASTER 156 10-48



CMOS Camera Interface Controller (CCIC)
Register Descriptions

                         

Copyright © 2010 Marvell Doc. No. MV-S301544-00  Rev. -

November 2010 PUBLIC RELEASE Page 271

                         

14.8 Register Descriptions
Refer to Appendix A - Register Tables for details on the CCIC registers.

Figure 48: CCIC Clock Domains

                         

M/N 
Divider

A

isim_vclk_div

isim_vclk_out

4 to 1 
Mux

isim_vclk_in

isim_vclk_pll

axiclk

CCIC logic

Camera
Interface

isim_vclk_gate

Chip boundary

M/N 
Divider 

B

isim_mclk_out

2 to 1 
Mux

CCIC AHBCLK 
domain

CCIC  AXICLK 
domain

CCIC_CLOCK_CTRL[30:29]

hclk



Marvell® ARMADA 16x Applications Processor Family Software Manual

                         

                         

Doc. No. MV-S301544-00  Rev. -   Copyright © 2010 Marvell

Page 272 November 2010 PUBLIC RELEASE



2D Graphics Controller
Overview

                         

Copyright © 2010 Marvell Doc. No. MV-S301544-00  Rev. -

November 2010 PUBLIC RELEASE Page 273

15 2D Graphics Controller
This chapter describes:

Section 15.1, Overview 
Section 15.2, Applications 

Section 15.3, Major Features 
Section 15.4, Development Platform 
Section 15.5, Summary 

Section 15.6, Register Descriptions 

15.1 Overview
The 2D Graphics Controller is a graphics processing unit core designed for HD TV, settop box, 
picture frame, portable navigation devices, and portable media players. It includes full featured 2D 
graphics, video acceleration, and related software drivers. Refer to the block diagram of the GC300 
2D core in Figure 49. Additional 2D Graphics Controller documentation is available from the Marvell 
extranet.

The innovative architecture enables the 2D Graphics Controller to have a power to performance 
ratio two to three times better than the leading 2D graphics solution on the market today. The 2D 
Graphics Controller provides native support for DirectDraw and GDI. These features allow it to 
achieve optimal performance on existing applications. 

Figure 49: 2D Core Block Diagram

15.2 Applications
The 2D Graphics Controller’s powerful graphics capabilities and low-power dissipation allow for a 
perfect fit in mobile computing, communications, and entertainment devices. Typical applications 
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include toys, mobile phones, portable navigation devices, and portable media players. See 
Figure 50 for an example of the 2D Graphic Engine’s 2D core applications.
                         

The 2D Graphics Controller can be integrated easily into system-on-a-chip products. It provides both 
AXI and AHB host interfaces.

15.3 Major Features
AHB Interface

• 256kB addressable register space

• 32-bit data bus

AXI Interface

• AMBA AXI Protocol (v1.0) compliant

• 32-bit address bus and 64-bit data bus

• Multiple burst lengths (8, 16, 32 or 64 bytes)

• Multiple outstanding requests

Figure 50:  2D Core Applications
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• AXI bus speed up to 400 MHz

• Asynchronous interface to the graphics core

Performance

• 1 pixel per cycle. Peak performance depends on the 2D Graphics Controller clock setting; up 
to 312 millions pixels per second

Power management features

• Low power CMOS technology

• Automatic clock gating

• Adaptive frequency and voltage scaling

Recommended for Resolution

• Up to 1080p, HD

15.4 Development Platform
The 2D Graphics Controller comes with a development platform for creating graphics applications. 
The kit includes the 2D Graphics Controller, drivers and a software development kit. 

15.5 Summary
The G2D Graphics Controller’s combination of high performance, low-power consumption, and low 
cost sets a new standard for mobile 2D processors. With native hardware support for the major 2D 
graphics APIs, the 2D Graphics Controller improves the performance of existing applications and 
enables innovative uses of graphics technology.

15.6 Register Descriptions
Refer to the 2D Graphics Controller library APIs distributed as part of the board support package 
(BSP) software for programming the 2D Graphics Controller.
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16 Marvell Qdeo™ Intelligent Color 

Remapping (ICR)
This chapter describes:

Section 16.1, Introduction
Section 16.2, Feature Set

Section 16.3, Qdeo Block Diagram
Section 16.4, Color Format in Memory
Section 16.5, Data Flow

Section 16.6, Data and Command Sequence and CPU Handshake
Section 16.7, DMA Set Up
Section 16.8, Interfaces

Section 16.9, ICR Data Path
Section 16.10, Clock Domains
Section 16.11, Programming Restrictions

Section 16.12, Register Re-Configuration While Playing Video
Section 16.13, Register Descriptions

16.1 Introduction
The Marvell Qdeo™ Intelligent Color Remapping (ICR) in the ARMADA 16x Applications Processor 
Family is a hardware block to transfer video data from system memory through AXI bus to ICR data 
path, process data, and then transfer the data back to system memory through the AXI bus. During 
AXI DMA transfer, the ICR data path takes RGB data, converts it to YUV format, then processes the 
video data for color enhancement, and finally converts it back to RGB format. When this module 
interfaces to the AHB bus, the CPU can configure the ICR Control registers with color processing 
parameters, trigger DMA transfer, and receive interrupts from the ICR.

16.2 Feature Set 

The ICR supports the following features.

16.2.1 Interfaces
AXI 64-bit master interface

AHB 32-bit slave interface
Interrupts to CPU

16.2.2 Memory Color Format
RGB888 packed
RGB888 unpacked

16.2.3 Frame Resizing and Object Overlay
Configurable display screen and video display size
Video overlay on display screen
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16.2.3.1 Color Management Features
RGB888 to YUV444 color space conversion

Intelligent color re-mapping – Flesh tone detection and correction, and hue-saturation 
calibration

Global color space conversion (YUV444 to RGB888)
Gamut compression

16.3 Qdeo Block Diagram
Figure 51 is a functional block diagram of Qdeo Intelligent Color Remapping. 
                         

The color management unit is shown in Figure 52, which includes functional blocks of a color 
management data path, Tx FIFO, Tx DMA, AXI master, Rx DMA, Rx FIFO, processing control, 
control registers, AHB slave, and interrupt logic.

16.4 Color Format in Memory
When the DMA moves pixel data into the ICR, the pixel format in system memory is as shown in 
Table 68.

                         

Figure 51: Qdeo Intelligent Color Remapping (ICR) Block Diagram
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NOTE: All instances of “CMU” refer to the Qdeo Intelligent Color Remapping (ICR) Technology in all 
illustrations throughout this manual.
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16.5 Data Flow
The ICR performs receive, process, and forward functions.

The DMA moves a block of continuous data from source (in system memory) to the Rx FIFO of ICR, 
then sends it to the ICR data path for processing, stores in Tx FIFO, and finally moves this block of 
data back to the destination (in system memory). Figure 52 shows the DMA operation and color 
management processing.
                         

In system memory, ping-pong buffer spaces store raw video data in the source and processed video 
data in the destination. This arrangement enables one set of source/destination memory space to 
service the ICR processing, while the other set space services other IPs for video/graphic 
processing. This pipeline operation optimizes the system performance for video and graphics flow.

Table 68: Pixel Format in System Memory
Memory Color Format Bit Al location Comments
RGB 888 packed [7:0] Red color

[15:8] Green color
[23:16] Blue color

3 bytes per pixel

RGB 888 unpacked [7:0] Red color
[15:8] Green color
[23:16] Blue color
[31:24] empty, useless.

4 bytes per pixel

Figure 52: DMA and ICR Processing
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16.6 Data and Command Sequence and CPU Handshake
The ICR interacts with the CPU through control registers and interrupts.

CPU can write commands to 

ICR data path, and configure the Control registers with color processing parameters

DMA blocks to set up data area (window) in system memory for ICR, which includes source and 
destination spaces

Trigger DMA blocks move a block of pixel data from system memory to ICR, or from ICR to 
system memory.

After the DMA is finished, it sends an interrupt to the CPU.

16.7 DMA Set Up
The CPU must set up the parameters shown in Table 69 for DMA transfer.
                         

The original video pixel data are linearly stored in the source space of system memory, and the 
processed pixel data (by ICR) can be overlaid on the display screen and stored in a portion of the 
destination space in system memory. Therefore, the Rx DMA reads all data from the source space, 
and the Tx DMA writes data only into the video portion of the destination space (see Figure 53).

Table 69: DMA Transfer Parameters

Video Source 
Configuration

Video Destination 
Configuration

Comments

Starting address of RGB 
in system memory

Starting address of display 
screen in system memory

Video screen size, 
horizontal pixels and 
vertical lines.

Display screen size, horizontal 
pixels and vertical lines.

Video source takes full 
screen size, but video 
destination either takes full 
screen size or partial screen 
size.

Video starting point in the 
screen

The video starting point can 
be either inside the 
boundary of display screen 
or outside of display screen

Video size, horizontal pixels 
and vertical lines.

The video size in destination 
is equal to or less than the 
display screen size
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16.8 Interfaces
Two major interfaces are used to connect the ICR to the rest of the SoC: the AXI master interface, 
and the AHB slave interface. The AXI interface is used to fetch or forward data from/to the system 
memory through AXI interconnect. The AHB slave interface is used by the SoC CPU to access the 
ICR registers used for configuration, debug, and testing. Additional miscellaneous pins include clock 
and reset pins, as well as some test pins.

16.8.1 AXI Interfaces
Main features include the following:

64-bit independent read and write data buses
Multiple Burst length (up to 128 bytes)
High performance multiple outstanding accesses

“INCR” burst size support
Asynchronous interface to the ICR core

16.8.2 AHB Interface
4K addressable registers space
32-bit access only (no burst)
32-bit data bus

Handles error response for illegal accesses
Asynchronous interface to the ICR core
Interrupt support

                         

Figure 53: Video Picture Overlay on the Screen for DMA Transfer
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16.9 ICR Data Path
Figure 54 shows the functional block diagram of the ICR data path. The ICR supports the functions 
of RGB to YUV color space conversion; the intelligent color re-mapping includes flesh tone detection 
and correction, hue and saturation calibration; the YUV to RGB color space conversion; and the 
gamut compression. 

16.9.1 Input Color Space Converter
The Input Color Space Converter (ICSC) is a linear 3x3 matrix transformation with 3x1 offsets. The 
ICSC implements the following equation:

Where [x y z] is the input vector (R G B) and [X Y Z] is the output vector (Y U V). The coefficients and 
offsets are fully programmable.

16.9.2 Intelligent Color Remapper
The Intelligent Color Remapper (ICR) is a part of the color management unit. The ICR is a highly 
flexible block that can perform diverse tasks such as flesh tone correction and identification and 
enhancement of specific colors that can be programmed using software. The ICR block operates 
with YUV (YCbCr) 4:4:4 format, and it performs enhancement on chroma only and does not modify 
the luma. The ICR also handles global saturation control that can be tapered in flesh-like regions. 
The ICR consists of the flesh tone detection and correction, and the hue-saturation calibration 
blocks.

Figure 54: ICR Data Path Block Diagram
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16.9.2.1 Flesh Tone Detection and Correction (FTDC)

Detection
The ICR detects flesh tone by thresholding the hue, chroma and luma of the input video signal. 
Since the detection of flesh tone is an intrinsically non-accurate procedure, the FTDC block uses a 
multi-bit detection scheme with inner and outer hue ranges. A pixel that falls inside the inner hue 
range is given a higher flesh grading. This grading reduces for pixels that fall within the inner and 
outer hue ranges while pixels that fall outside the outer range are given a flesh grading of zero; that 
is, they are three chroma thresholds: the first and third mark the boundaries of the flesh region while 
the second is used to split the flesh region into two for correction.

Correction 
Flesh-tone correction is achieved using a 2x2 matrix transformation with programmable coefficients 
and offsets. The equation is of the form:

There are six sets of coefficients for the six flesh regions using the inner and outer hue ranges and 
the three chroma thresholds.

16.9.2.2 Hue-Saturation Calibration
The Hue-Saturation calibration can be used to identify colors and enhance them by changing their 
saturation and/or hue. This block identifies colors by calibrating an input color pixel with respect to a 
set of 14 programmable axes on the YUV color plane. These axes can be programmed to point in 
any preferred direction with respect to the U and V axes (to have any hue) with the condition that the 
first axis must be 0 degrees and the 14th axis must be at 360 degrees. The preciseness of their 
position is limited to 1 degree. Each axis has a saturation and hue change input. Pixels that lie on an 
axis are subjected to exactly that change while the changes for other pixels are calculated by a 
linear interpolation using the parameters of the two adjacent axes.

The ICR block also handles global saturation. All the input pixels undergo the same saturation, 
which is read in from a register. The ICR can also taper the effect of global saturation on pixels that 
have been detected as flesh so that flesh like pixels are not changed.

The ICR uses an intelligent algorithm to prevent a pixel from being over saturated and therefore not 
valid in RGB space. For each input pixel it automatically calculates the maximum saturation that a 
pixel can undergo without becoming non-valid and ensures this limit is not crossed, providing 
pictures free from artifacts due to change in hue, brightness etc.

16.9.3 Global Color Space Converter
The Global Color Space Converter (GCSC) is a general 3x3, 3x1 linear matrix transformation with 
programmable coefficients and offsets. It implements the following equation.

Where [x y z] is the input vector (Y U V) and [X Y Z] is the output vector (R G B).
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16.9.4 Gamut Compression
The Gamut Compression block detects non-valid RGB pixels and “correct” them. It is programmed 
to detect non-valid YCbCr pixels that are getting converted to RGB. Most color processing is done in 
YCbCr space but not every valid 30-bit YCbCr triplet is a valid RGB pixel. Many color processing 
algorithms can take a valid YCbCr pixel and process it, resulting in a non-valid output. The usual 
way to deal with this problem is to clamp the RGB value at 0 and 1023 during color conversion; but 
this can lead to artifacts when heavy color processing occurs. The Gamut Compression block 
“corrects” these non-valid pixels by applying amount of de-saturation to bring the input pixel within 
RGB range. This block accepts the 10-bit output from the GCSC and gives 8-bit RGB output.

16.10 Clock Domains
There are three clock domains in the ICR:

Core clock (156 MHz)

AHB (AXI2) clock (up to 312 MHz)
AXI clock (312 MHz)

The communication between different clock domains is mostly handled through asynchronous 
FIFOs or double-flopped synchronizer.

16.11 Programming Restrictions
Software must address the following restrictions when programming DMA control registers:

1. Both source and destination frame size must be greater than 0 pixels, and they have the same 
size (with the same number of pixels).
CFG_DMA_SRC#_HPXL = CFG_DMA_DST#_HPXL > 0, and

CFG_DMA_SRC#_VLN = CFG_DMA_DST#_VLN > 0.

2. Both source and destination memory must be allocated within 4GB space (32-bit address). If it 
crosses 4GB boundary, DMA address will wrap around.

3. The fields “CFG_DMA_VSP#_HPXL” and “CFG_DMA_VSP#_VLN” of destination video start 
point on screen registers are 2’s-complement numbers

4. The destination display screen size registers, destination video start point on screen registers, 
and destination video frame size registers must be programmed to meet the following 
conditions:

a) Video display in full-screen mode (high priority)
CFG_DMA_VSP#_HPXL = 0, and CFG_DMA_VSP#_VLN = 0, and

CFG_DMA_DST#_HPXL = CFG_DMA_DISP#_HPXL, and

CFG_DMA_DST#_VLN = CFG_DMA_DISP#_VLN

b) Video overlay within display screen boundary (medium priority)
CFG_DMA_VSP#_HPXL >= 0, and CFG_DMA_VSP#_VLN >= 0, and

(CFG_DMA_VSP#_HPXL + CFG_DMA_DST#_HPXL) < CFG_DMA_DISP#_HPXL, and

(CFG_DMA_VSP#_VLN + CFG_DMA_DST#_VLN) < CFG_DMA_DISP#_VLN

c) Video overlay crossing display screen boundary (low priority)

All combinations that make the video cross the display-screen boundary. Any programming 
combination that causes the entire video to be outside of the display screen is illegal.

16.12 Register Re-Configuration While Playing Video
The sequence of data path register re-configuration while playing video is as following:
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1. Program data path double buffering trigger register to value 0x1 (enable double buffering 
function).

2. Program data path registers for re-configuration.
3. Program data path double buffering trigger register to value 0x5 (load all new registers value at 

the next frame interval).

The sequence of DMA registers re-configuration is as following:

1. Read Rx/Tx DMA control 0/1 registers.

2. If source/destination memory 0/1 is owned by CPU, then program the corresponding 
configuration registers.

3. Program the DMA Control Register to turn the ownership of memory back to CMU (all new 
programmed registers will take effect at the beginning of this new DMA operation).

16.13 Register Descriptions
Refer to  Appendix A - Register Tables for details on the Marvell Qdeo™ Intelligent Color Remapping 
registers.
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17 DDR Memory Controller
This section describes the following:

Section 17.1, Introduction 
Section 17.2, Signal Descriptions 

Section 17.3, Functional Description 
Section 17.4, Memory Controller Bridge (MCB) 
Section 17.5, Programming Guidelines 

Section 17.6, Register-based Dynamic Frequency Change (DFC) 
Section 17.7, Register Descriptions 

17.1 Introduction
The on-chip DDR Memory Controller supports several different types of DDR SDRAM. It is tightly 
coupled with the CPU, offering fast-access latency. It also has several options for interfacing to the 
system bus.

17.1.1 Supported System Features
Four generic Memory Controller Bridge (MCB) master ports that can be interfaced to CPU or 
DMA bus with the provided bridges. 
Dynamic priority-based arbitration in both DDR Memory Controller and Memory Controller 
Bridge (MCB).
Each master port is 64-bit wide. A dword signal indicates 32-bit or 64-bit transfers.

Byte Enable (BE) strobe to write individual byte locations within any burst.
Supports burst length up to 8 cycles. MCB can support burst length up to 16 (AXI compatible).
A burst can start on any address aligned to its word size (32-bit bursts can burst from any 
32-bit-aligned address, and 64-bit bursts can burst from any 64-bit-aligned address).

17.1.2 Supported SDRAM Functions 
DDR3, DDR2, and LPDDR1 devices 
Up to 12 Column address and 15 row address signals.
x8 and x16 DRAM devices (1 DQS per 8 DQ)

Up to 3 Bank Address signals
Up to two chip selects (CS) and up to eight banks per CS 
DRAM banks are left open after access unless auto-precharge is enabled

Auto-precharge; only the last burst in a contiguous access is issued with auto-precharge
Two banks interleave operation; when one bank is pending timer expiration, another bank can 
do precharge and active, but data transfer is always in order
Deep data pipeline for high bandwidth utilization
Burst length of 2 (LPDDR1 only), 4, and 8 for the applicable DDR type

(DDR2) Flexible configuration for PAD termination and SDRAM ODT switching logic
Programmable address order: 

• Fast-bank order: Address = {Row, Bank, Column} (RBC)

• Regular order: Address = {Bank, Row, Column (BRC) (default)
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Supports all CAS values up to the maximum DDR Memory Controller frequency
Supports power-saving features (active/precharge power down, self-refresh). These can be 
controlled automatically after an idle timer expires, issued manually by writing to registers, or 
controlled with dedicated external ports.
(LPDDR1) Deep powerdown mode, either by register operation or external control 
(LPDDR1) Automatic clock-stop – auto-disable DDR Clock when idle 

Up to seven posted-auto-refreshes when idle, providing more effective bandwidth 
User can manually issue E/MRS commands after updating the corresponding register values 

17.1.3 DDR Memory Controller Special Features
Support for critical-word-first, 32-Byte cache line Read
Supports 2T addressing mode when there is a big load on the address/command bus
Programmable pad calibration and driving strength control

Performance counters
Test mode provides full control over address/command bus (no data control)

17.2 Signal Descriptions
Refer to Table 70 for a list of DDR Memory Controller signal descriptions.

Table 70: DDR Memory Controller Signal Descriptions

Name Type Descript ion

MA<14:0>; Output DDR Memory Controller (MC) Address Bus— used for DDR 
SDRAM addressing

MDQ<15:0> Bidirectional Data Bus— provides data to the DDR SDRAM device 

nSDCS0 Output SDRAM Chip Select 0 — Chip select 0 for DDR SDRAM 
memory devices 

nSDCS1 Output SDRAM Chip Select 1 — Chip select 1 for DDR SDRAM 
memory devices 

nSDWE Output SDRAM Write Enable—Connects to the write enable of DDR 
SDRAM memory devices

nSDRAS Output SDRAM RAS—Connects to the row address strobe (RAS) pins 
for all banks of DDR SDRAM

nSDCAS Output SDRAM CAS—Connects to the column address strobe (CAS) 
pins for all banks of DDR SDRAM. Also functions as the active 
low address valid strobe for synchronous flash.

SDBA<2:0> Output Bank Address - 

DQM<1:0> Output SDRAM DQM Data Byte Mask Control—Connects to the data 
output mask enables (DQM) for DDR SDRAM (DQM0 
corresponds to MD<7:0> and DQM1 corresponds to MD<15:8>)

DQS<1:0> Bidirectional Data Strobe for DDR SDRAM— Pulldown to GND

DQS<1:0>_N Bidirectional Data Strobe for DDR SDRAM—Pullup to VDD_M

SDCLK0
SDCLK0_N

Output DDR SDRAM Differential Clock—Connect SDCLK0 to the (+) 
and SDCLK0_N to the (-) differential clock pins of DDR SDRAM 

SDCKE0 Output SDRAM Clock Enable—Connects to the clock-enable pin of 
the DDR SDRAM on nSDCS0
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17.3 Functional Description

17.3.1 Interface Initialization and Mode Setting
After system reset, the SDRAM device is in unknown state and must be initialized in a pre-defined 
manner before data access. Different DRAM types (LPDDR1, DDR2) have different initialization 
routines. First program all the appropriate registers such as the CAS latency. The initialization 
routine is triggered setting sdram_init_req bit in the User Initiated Command Register 
(USER_INITIATED_COMMAND). The Memory Controller then loads the Mode registers with the 
corresponding values. After system reset, initialization has to be triggered at least once before the 
controller takes any data transaction requests.

17.3.2 Data Request Arbitration
The DDR Memory Controller (DMC) has four symmetrical master ports. Each of these can be 
connected to a CPU or an MCB (DMA bridge). A sample configuration is shown in Figure 55. The 
ARMADA 16x Applications Processor Family CPU is connected to Port 3 and the remainder of the 
MCB bridges are connected to Ports 0, 1, and 2.

SDCKE1 Output SDRAM Clock Enable—Connects to the clock-enable pin of 
the DDR SDRAM on nSDCS1

ODT Output Control pin to the DRAM device for on-die termination for 
nSDCS0

ODT1 Output Control pin to the DRAM device for on-die termination for 
nSDCS1

VREF Input Reference voltage for DDR PHY. VDDQ +/-1%.

nDDR_RESET Output Reset signal for DDR3

CALPAD Input Connect to a 300-ohm resistor to ground +/-1%

SEC_CS_SEL Input When using the second DDR chip select (nSDCS1) or DDR3, 
connect to VDD_IO3.

Table 70: DDR Memory Controller Signal Descriptions (Continued)

Name Type Descript ion
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The arbitration among the four DDR Memory Controller masters (assumes masters to be M0, M1, 
M2, and M3) uses Dynamic Priority based on Programmable Weights, and is a per-request 
based arbitration scheme. Four-bit weights for the DMC arbitration are programmed in SDRAM 
Control Register 5 (SDRAM_CNTRL_5). The MCB can also use the same arbitration scheme if 
wrr_en is enabled in MCB Control Register 4 (MCB_CNTRL_4). Weights for MCB arbitration are 
programmed in MCB Control Register - Arbiter Weights (MCB_ARB_WT).

The arbitration and weights for DMC and MCB are independent. The DMC has a two-deep request 
queue, and the MCB has either a four-deep or eight-deep request queue. MCB first arbitrates 
requests into its own queue, then the request queue output goes to the DMC arbiter. Consider this 
two-level arbitration when programming the arbitration weights. The arbitration rules are described 
below:

1. The arbiter grants the actively-requesting master with the highest remaining weight.
2. If two or more requesting masters have the same highest-remaining weight, the arbiter breaks 

the tie using a fixed priority of M0, M1, M2, and then M3.
3. Once a master is granted a request, its remaining weight is decremented by one.

4. The remaining weights of all four masters are reset to their initial values when all actively 
requesting masters have zero remaining weight.

17.3.2.1 Arbitration Example
Consider the following scenario:

Initial Weight (M0, M1, M2, M3) = (3, 2, 2, 1). 

M1 requests.

1. Grant M1. Remaining Weight (M0, M1, M2, M3) = (3, 1, 2, 1) M0 and M2 continuously request.
2. Grant M0. Remaining Weight (M0, M1, M2, M3) = (2, 1, 2, 1)
3. Grant M0. Remaining Weight (M0, M1, M2, M3) = (1, 1, 2, 1)

Figure 55: Illustration of DDR Memory Controller Arbitration
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4. Grant M2. Remaining Weight (M0, M1, M2, M3) = (1, 1, 1, 1)
5. Grant M0. Remaining Weight (M0, M1, M2, M3) = (0, 1, 1, 1)

6. Grant M2. Remaining Weight (M0, M1, M2, M3) = (0, 1, 0, 1)
7. Grant M0. Remaining Weight (M0, M1, M2, M3) = (3, 2, 2, 1)
8. Grant M0. Remaining Weight (M0, M1, M2, M3) = (2, 2, 2, 1)
                         

17.3.3 Timing Registers

17.3.3.1 AC Timing
DRAMs are analog devices with associated AC timing parameters that must be met when accessing 
the memory. Commands used to access the DRAM often do not scale with frequency (see 
Figure 56). At all frequencies, the tRRD (RAS to RAS delay) timer for DDR2 is 10ns. A 200 MHz 
clock needs two cycles while a 400 MHz clock needs four cycles. Even though the 400 MHz has a 
higher cycle latency, the time latency is the same.

Figure 56: AC Timing Explanation

                         

DDR devices come in slow and fast parts, which usually offer a certain AC timing parameter across 
the different frequencies. Fast parts generally have a one- or two-cycle latency advantage over the 
slow parts for several key timers. Even though higher frequency implies longer latency, the ultimate 
goal is to be able to provide data every cycle, in which case the high the frequency, the higher the 
peak data bandwidth.

17.3.3.2 JEDEC Registers
Five timing registers are used to make sure that the state machine does not violate the DRAM 
protocol when issuing commands. These timers are mostly minimum values in the nanosecond and 
microsecond range. The minimum value should be divided by the clock period and rounded-up to 
obtain the appropriate register value. Except for “trwd_ext_dly” and “tCCD_ccs_ext_dly”, do NOT 
program a value of 1 to other registers. Some timer exceptions are listed below:

1. Write recovery (tWR) is converted internally to a value used for the DRAM Mode Register.
2. Write/read latency are located in SDRAM Control Register 4 and CAS Latency Mapping.

When the DRAM clock frequency is changed, minimum values that work at the highest frequency 
also work at lower frequencies. See Section 17.3.4, DRAM Refresh  for notes on tREFI.

17.3.3.3 Non-JEDEC Registers
These timers are not part of JEDEC, but some may be required for normal operation. See each 
register definition for more information.
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SDRAM Timing Register 4 - trwd_ext_dly

SDRAM Timing Register 5 - tCCD_ccs_ext_dly

SDRAM Timing Register 5 - tCCD_ccs_wr_ext_dly

17.3.4 DRAM Refresh
DRAM must be refreshed constantly with the Auto-Refresh command to maintain value. In 
Self-Refresh mode, the DRAM automatically handles the internal refresh. The refresh interval, 
tREFI, is the only major timer that is a maximum value. Therefore, if frequency changing is 
necessary, tREFI is clocked with a dedicated slow clock, fclk (26 MHz), allowing the refresh interval 
to remain the same regardless of the DRAM clock frequency.

The Memory Controller supports posted auto-refresh. When idle, the DDR Memory Controller can 
continuously issue Auto-Refresh until a maximum of seven (the value is configurable) have been 
“posted.” During heavy traffic, when the auto-refresh interval expires, the DDR Memory Controller 
decreases the posted refresh counter by 1 instead of issuing Auto-Refresh When the counter is 0 
(no additional posted refreshes), the DDR Memory Controller issues Auto-Refresh normally, which 
could potentially yield better bandwidth utilization.

17.3.5 Data Transfer
All data transfer from the internal system bus to the DRAM is handled by the datapath, which is 
separated into a Read and Write path. Multiple Read and Write queues are used for pipelining 
requests that have long latencies. Each data queue stores the parameters of one request so that the 
command queue can retire its slot after issuing all commands for the corresponding request.

Data requests can burst from any address with one exception: the start address must be aligned to 
the burst-width boundary (for example, for a 32-bit burst, address[1:0] = 0, for a 64-bit burst, 
address[2:0] = 0). Burst width is determined by the mstr#_dword and mstr#_qword signals (see 
Table 71). The DDR Memory Controller automatically converts each data request into the 
appropriate number of DRAM bursts. The DDR Memory Controller can not take requests that cross 
a page boundary, but the MCB bridge can split requests that cross a line boundary according to 
sdram_line_boundary in SDRAM Control Register 2 (SDRAM_CNTRL_2).
                         

17.3.6 On-Die Termination (ODT)
The Memory Controller has toggling logic for SDRAM ODT (DDR2) and the DDR PHY Pad 
termination. ODT is controllable in SDRAM Control Register 6 and 7. If [switch_mode=0b10], 
SDRAM ODT switches according to its corresponding Write/Read enables, which allows for a 
flexible ODT toggling scheme in a multi-chip-select system. The PAD termination cannot be 
configured for individual chip selects. The Pad termination values are controlled in their respective 
PHY control register, depending on the PHY used.

Because SDRAM ODT has the internal delay, the switching logic has been adjusted so that its 
internal valid window coincides with the valid DQS window. Because of tAOND, however, ODT does 
not correctly work for [CAS latency = 3]. SDRAM ODT must switch ON one cycle before the Write 
command, which essentially degenerates the CAS latency to 4. SDRAM ODT is delayed for higher 

Table 71: Data Burst Address Alignments

Mstr#_dword Mstr#_qword Transfer Width Address Requirement

0 0 32-bit mstr#_addr[1:0] = 0

1 0 64-bit mstr#_addr[2:0] = 0

0 1 Reserved Reserved 

1 1 Reserved Reserved
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CAS latency. If [odt_switch_mode=01], then ODT toggles whenever it has any data request in the 
pipeline. This mode works for all CAS latencies.

17.3.7 User-Initiated Command Register
The User Initiated Command Register (USER_INITIATED_COMMAND) is a write-only register that 
lets software initiate certain DDR commands and operations. It is the recommended method for 
entering Hibernate mode. Only one type of command can be requested during each register access. 
Requesting more than one command is unpredictable. Subsequent requests are stalled until the 
previous command request is serviced.

SDRAM Initialization and power-saving commands such as Self-Refresh are always issued to all 
chip selects. These DRAM commands are issued once per register Write.

17.3.8 DRAM Power-Saving Modes

17.3.8.1 Powerdown
Powerdown deactivates most IO buffers on the DRAM module. Entering powerdown with all banks 
closed is referred to as precharge powerdown. Entering powerdown with at least one open bank is 
referred to as active powerdown. A precharge powerdown request explicitly issues a precharge-all 
command if any banks are opened. An active powerdown request enters precharge powerdown 
mode if all banks are already closed. Precharge powerdown saves more power than active 
powerdown, with the trade off that banks are closed upon exit (potentially worse performance). 
Powerdown duration is limited by the auto-refresh interval, so the DDR Memory Controller wakes up 
the DRAM, issues auto-refresh, and re-enters powerdown if no data requests are pending. DDR2 
has an option to select “fast-exit” or “slow-exit” powerdown, which controls whether the DRAM DLL 
is frozen during powerdown.

17.3.8.2 Self-Refresh
The DRAM automatically refreshes its banks in Self-Refresh mode. This method is recommended 
for entering Hibernate mode. Within a refresh period, precharge powerdown and self-refresh have 
similar power savings, but self-refresh has a higher exit delay. For extended periods, self-refresh 
saves more power because precharge powerdown must wake up and issue an auto-refresh. LPDDR 
have the partial-array self-refresh (PASR) feature, which specifies how many banks are refreshed 
during self-refresh. Each chip select has its own PASR configuration in the SDRAM Configuration 
Register, so software must keep track of memory usage because PASR causes un-refreshed banks 
to lose data.

17.3.8.3 Deep Powerdown (LPDDR only)
Deep powerdown (DPD) achieves maximum power savings by cutting off power to the memory 
array. Data is NOT retained. Upon exit, a full DRAM initialization is required before data access.

17.3.8.4 Automatic Clock-Stop (LPDDR only)
LPDDR allows the DRAM clock to be stopped any time there are no pending DRAM operations. 
Automatic clock stop (ACS) works independently from other power-saving modes and can be used 
simultaneously.

17.3.9 Power Saving Control
The Memory Controller supports all power-saving features such as clock stop (LPDDR), pre-charge 
powerdown, active powerdown, self-refresh, or deep powerdown (LPDDR). There are three ways of 
issuing the power-saving commands: external control, manual issue, or automatic issue.
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Power-saving commands are issued manually via the User-Initiated Command Register. These 
events are issued once per Write request. Issuing another request causes the Memory Controller to 
wake up from the current power-saving mode.

The Memory Controller can also automatically enter a specified power-saving state (active or 
precharge powerdown) after a configured number of idle cycles. This is controlled in SDRAM Control 
Register 1 (SDRAM_CNTRL_1). Deep powerdown may not be issued automatically due to its 
resetting nature. Automatic self-refresh is not supported either.

17.3.9.1 Clocking
There are three main clock domains in the Memory Controller subsystem: pclk (processor clock), 
dclk (SDRAM clock), and sclk (system bus clock). The two clocks dclk and sclk can be divided-down 
clocks generated from pclk, which would yield a synchronous phase relationship. The benefit of 
using synchronous clocks is that signals crossing to the dclk domain do not need to go through extra 
synchronization circuit, saving extra latency cycles. 

17.3.9.2 Test Mode
Set the Test mode bit in SDRAM Control Register 2 (SDRAM_CNTRL_2) to enter the DMC Test 
mode to allow access to Test Mode Register 1 and 2. Write a 0 to “testmode” to exit Test mode.

Immediately after entering Test mode, the firmware must issue a “precharge all” command to all 
chips to synchronize the DRAM bank status with the Memory Controller. Software has full control 
over the available commands and address bus and are allowed to issue command sequences that 
do not adhere to the DDR protocol (for example, issue MRS command without precharging). 
Immediately before exiting Test mode, the firmware must also issue a PRECHARGE ALL command 
to all chips.

While in Test mode, all normal DDR data requests and auto-refresh are disabled. The firmware code 
executing during Test mode must come from a source other than DRAM (flash memory).

To issue commands in Test mode, first program the chip-select, bank address, and address values 
to Test Mode Register 1 (store the command parameters). Then write three bits to Test Mode 
Register 0 (write only), which pulses the corresponding commands out to the SDRAM for one cycle. 
Test mode commands bypass the datapath, so avoid issuing commands that could affect the DQ 
bus (for example, do not issue a Write command if the DRAM is in Normal Operating mode, or else 
the DRAM may be in an Error state). Test mode is usually used to place the DRAM into Test mode, 
without any feedback from the DRAM.

17.3.10 DDR PHY Configuration (Universal PHY)

17.3.10.1 Description
This section describes features of the Universal PHY (U-PHY). Several registers are used to 
configure parts of the PHY such as drive strength and termination. Refer to the register descriptions 
in the Appendix for additional details. Configurations are generally divided into DQ or DQS for data 
and data strobe; ADCM or AC for address and command; and CK for clock. The following sections 
are guidelines for configuring the PHY.

17.3.10.2 Read Delay Locked Loop (DLL)
The Delay-Locked Loop (DLL) and the associated delay chain are used to delay the input data 
strobe (DQS) so that it aligns at the center of the data (DQ), resulting in a maximally-balanced setup 
and hold time. Ninety-degrees phase shift is the default value and is recommended. Values between 
45 to 135 degrees can be used to optimize the data eye window.
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To calibrate the DLLs, it is essential that the preferred DDR clock speed be set and stabilized before 
the calibration is enabled. The master DLL is continuously calibrating itself to determine the proper 
delay value for a 90-degree phase shift. The result of the master DLL calibration is provided in 
PHY_DLL_CNTRL_14[15:8]. If PHY_CNTRL_13[Dll_auto_manual_update_en] is set then the mas-
ter DLL auto calibration delay value is used, along with the preferred phase values in 
PHY_CNTRL_13 and PHY_DLL_CNTRL_1, to control/update the two slave DQS DLLs (DQ[7:0] 
and DQ[15:0]). This update happens only when the Memory Controller has been idle for 512 cycles. 
Refer to Figure 58 for a block diagram showing the DLL control. This is the safest “auto” method, but 
periodic updates are not guaranteed, especially during heavy traffic. 

There are two DLL registers in PHY Control Register 13 (PHY_CNTRL_13) and PHY Control 
Register 1 (PHY_CNTRL_1). PHY_CNTRL_13 controls DQ byte 0 and PHY_CNTRL_1 controls 
byte 1. The DLL is used to delay the input-read data strobe so that it aligns at the center of the data 
and has enough setup/hold time to latch the Read data.

In DLL-On mode (dll_test_mode=0 and dll_bypass=0), the default is configured automatically for 90- 
degree phase delay and can be adjusted to be earlier or later. The DLL0 delay output can be read in 
bits[15:8] of PHY Control Register 14 (PHY_CNTRL_14).

In DLL-Bypass or Test mode, the delay is determined by the DLL_delay_test register field. This 
value can be either swept from 0 to max to determine a midpoint (take the midpoint of all successful 
values), or it can be taken from the DLL0 output.

In both DLL-On and Off (bypass/test) mode, the delay can be manually updated into the delay chain 
by setting the update_en_static bit in the PHY Control Register 14 (PHY_CNTRL_14) register. The 
DLL may require up to 512 cycles to update.

Figure 57: Phase Shifting DQS by 90 Degrees

                         



Marvell® ARMADA 16x Applications Processor Family Software Manual

                         

                         

Doc. No. MV-S301544-00  Rev. -   Copyright © 2010 Marvell

Page 296 November 2010 PUBLIC RELEASE

                         

17.3.10.3 Read Margin
The PHY can be configured to capture Read data at a later time. Information for programming the 
Read delay is provided in PHY Control Register 3 (PHY_CNTRL_3). The Read-to-Write delay timer 
(trwd_ext_dly) in PHY Control Register 3 (PHY_CNTRL_3) should also be updated with the same 
number. Start with a high delay and keep lowering until Reads begin to fail.

17.3.10.4 Drive Strength
ZPDRV[3:0] and ZNDRV[3:0] control the PMOS and NMOS coarse drive strength (there is a 
separate control for DQ/DQS and ADCM [CK is shared with ADCM]). Higher values are 
recommended for higher loads and DIMMs. Bit[0] controls four mini-drivers, Bit[1] controls two, and 
Bit[3:2] both control one each. Thus, drive strength does not increase linearly with ZPDRV and 
ZNDRV. Table 72 shows recommended driver settings.

ZPR and ZNR are fine-tune drivers enabled by ZD. They are 1/8 the strength of one regular 
mini-driver, and do increase linearly with ZPR/ZNR. DQ/DQS, ADCM, and CK have separate 
controls.

Figure 58: DLL Control Diagram
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ZPTRM[3:0] and ZNTRM[3:0] control the pad termination when it is enabled in PHY Control Register 
7 (PHY_CNTRL_7). This can improve the Read performance.
                         

17.3.10.5 PAD Calibration
In addition to ZPDRV/ZNDRV, which are the coarse drive-strength configuration bits, ZD can enable 
the fine drive-strength configuration, with values determined by ZPR/ZNR. The PAD calibration 
calibrates the pad against an external 300-ohm resistor and determine the value for ZPR/ZNR. By 
setting Pad_cal_auto_sel in bits[19:17] of PHY Control Register 10 (U-PHY), the PHY uses either 
the calibrated value, which constantly updates (and can be read out via bits[23:16] of PHY Control 
Register 14 (U-PHY)), or the fixed ZPR/ZNR values in PHY Control Register 7 (U-PHY), PHY 
Control Register 8 (U-PHY), and PHY Control Register 9 (U-PHY).

17.3.10.6 ASIC Termination
Termination is used to improve signal integrity when running at high speed. In general, termination 
should be applied to the receiving side, which means ODT is used on Writes and ASIC (PHY) 
termination is used on Reads. Termination can not be used with the CMOS receiver.

ZPTRM and ZNTRM control the ASIC termination in the PHY. When they are non-zero (and 
ZPR/ZNR are non-zero), and the PHY is not driving, then the termination is enabled. The toggling 
logic for ZPTRM and ZNTRM is controlled by SDRAM Control Register 7. Regardless of ZPTRM and 
ZNTRM values, the toggling logic can override it to zero to disable termination.

0x3 - Reserved. Termination is always disabled.

0x2 - Z*TRM enabled during read cycles. This provides the most power saving benefits.
0x1 - Z*TRM enabled when MC has an active data request. This is the most stable option.
0x0 - Termination enabled. Strength is controlled by ZPTRM and ZNTRM.

Marvell recommends that the different but equal-strength fingers be enabled during termination. The 
suggested settings are shown in Table 73.
                         

17.3.10.7 Receiver
DQ and DQS have independent receivers for Read data. The PHY has two types of receivers.

Table 72: Some Recommended Driver Settings

DDR Type ZPDRV ZNDRV ZPTRM ZNTRM

Impedance Match (~50 ohms driving, no 
termination)

0011 0011 0000 0000

DDR1 (~30 ohms driving; termination on PCB 1111 1111 0000 0000

DDR2 (~35 ohms driving; on-die 150 ohms 
termination to VDDQ and GND)

0111 0111 1100 0010

Table 73: Suggested Termination Settings

Termination strength ZPTRM ZNTRM

Weak termination 1000 0100

Medium termination 1100 0010

Strong termination 1110 0001
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Differential Receiver:
The differential receiver is higher-power and has better performance. Choose a VREF_SEL settings, 
which selects a VREF (reference voltage) used to compare in the differential receiver.

Differential VREF uses DQSB, which is recommended for DDR2. DQ does not have the 
differential VREF option. 
External VREF uses an external VREF, which is a voltage-divided value.
Internal VREF is generated internally. It does not need to be used.

Receiver gain is only used by the differential receiver. It will make the signal stronger, but noise 
could also be strengthened.

CMOS Receiver:
The CMOS receiver is low power but noisy, and it only looks at DQS (recommended for LP/DDR1, 
but it can still be used for other DDR types). It does not need a VREF. Do not enable termination 
when using CMOS receiver. This option is stable and easy to use at low speed.

17.4 Memory Controller Bridge (MCB)

17.4.1 Feature List
Fully pipelined request and data path
Independent request, read data, write data and response queue with non-blocking architecture

Asynchronous FIFO design for independent sclk and dclk application 
Support back-to-back requests up to eight pending entries 
Support back-to-back Read and Write data phase, up to 512 total entries

Back-to-back burst Read and Write, up to 16 consecutive double words
MC bus line boundary handling
Weighted round-robin arbitration

Page-mode arbitration; grant transactions within same DRAM page boundary for better memory 
throughput 

High priority master support
AXI slave interface support
Configurable queue depth, data port width

Support Sleep mode, clock gating operation
MC bus register output option for better timing
Write and Read transaction merge for 8- or 16-bit access

Request queue address tag compare with on/off option
Optional user field for transaction ID expansion
Optional address comparing logic to avoid out-of-range memory access

Optional AXI wrapping Burst-mode support, current cache line size fixed at 32 byte

17.4.2 Operation
Figure 59 shows the peripherals connected to each MCB. The MCB Control 4 (MCB_CNTRL_4) and 
MCB_ARB_WT_x registers are used to configure each MCB. Port 0 on each MCB is connected to a 
MC port. Ports 1, 2, and 3 are used to connect to the AXI fabric.
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17.4.2.1 MCB Arbiter Weight Registers
Each of the four masters receives a weight register (four bits) set by users.

There is a credit register for each master, and when all the credit of active requests are zero, all the 
credits are set to the correspondent static weight number in the same cycle, and among the active 
request master, the one has highest credit receives the acknowledgment. In the next clock cycle, the 
credit of the acknowledged request is decreased by one.
                         

Figure 59: Memory Controller Bridge Connections
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Note

When in WRR mode (wrr_en = 1), page compare and default round-robin arbitration is 
disabled. When no priority bit is set, master with highest current weight is always 
granted as next bus owner. If priority bit is set for one master, it is the next bus owner 
(overrides WRR result). If more than one master set priority bit, WRR is used to 
determine next bus owner (if wrr_en = 1).
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17.4.2.2 DDR Line Boundary Support
MCB master can issue a burst or non-burst request at any starting address. The MCB handles 
non-aligned bursts to the Memory Controller by separating each request to the Memory Controller at 
pre-defined line boundaries.

DDR SDRAM uses an inherent burst sequence of four or eight; Liner or Wrap mode. MCB 
configuration port controls how the Memory Controller request is generated. When an unaligned 
request burst is beyond the DDR line, MCB first issues the starting request up to the current line 
boundary; then follows up with remaining burst data beats until the original burst requested 
length is complete.

MCB bus support is up to 16 burst data beats per request. To support memory with a maximum eight 
burst data beats per request, SDRAM_CNTRL_2[sdram_line_boundary] must be programmed to 
ensure MCB does not generate more than eight data bursts per request.

17.4.2.3 Master Arbitration
Two arbitration modes are supported among master requests:

Weighted round-robin with programmable weight value
Page address compare arbitration

Each of the three masters get a weight register (4 bits) set by software.

There is a credit register for each master, and when all credit of an active request is zero, all credits 
are set to the corresponding static weight number in the same cycle. Among the active request 
masters, the one with the highest credit receives acknowledgment. And in the next clock cycle, the 
credit of the acknowledged request is decremented by one.
                         

17.5 Programming Guidelines

17.5.1 DDR Controller Initialization Sequence
The following sequences are recommended for initializing the DDR Controller. Depending on the 
SDRAM device being used, some registers may be excluded.

1. Program Memory Address Map Register (MMAP0_0/MMAP0_1) for each chip-select. This 
affects all future transactions to the system bus decoder. Register access should already be 
non-bufferable and non-cacheable, but also make sure to allow enough NOPs for the decoder 
to settle. The same goes for Configuration Register Decode Address, which is used to change 
the register base address.

2. Program the SDRAM Configuration Register 0 (SDRAM_CONFIG_0) to select the number of 
column and row address bits, number of banks, output driver strength and ODT. If ODT is 
required, ensure to program the RTT values.

3. Program the SDRAM Configuration Register 1 (SDRAM_CONFIG_1) to select the number of 
column and row address bits, number of banks, output driver strength and ODT.

Note

Arbitration is supported among regular and high priority requests (Level 1), then 
between winning regular requests and winning high priority requests (Level 2). In Fix 
Priority mode, the priority order for each master is programmable. When enabled, the 
highest priority request wins the arbitration. In WRR mode, the weight for each master 
is programmable. When enabled (Fix Priority mode is not enabled), the request from a 
master having the highest current weight always wins the arbitration. The order among 
equal weights is round robin. In Page mode (fix priority and weighted round robin are 
not enabled), the request from a master hit on the same SDRAM page of the previous 
request wins the arbitration or round robin if more than one request hits the page. The 
programmable limit applies to continuous winning master in this mode.
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• Only needed when using second chip select

4. Using the SDRAM specifications, program all five timing registers by taking the required 
minimum value and dividing it by the SDRAM clock period (DCLK), rounded up.

• SDRAM Timing Register 1 (SDRAM_TIMING_1) - tCCD, tRTP, tWTR, tRC, tREFI

• SDRAM Timing Register 2 (SDRAM_TIMING_2) - tRP, tRRD, tRCD, tWR, tRFC, tMRD

• SDRAM Timing Register 3 (SDRAM_TIMING_3) - tMOD, tXSNR, tXSRD, tXARDS, tXP

• SDRAM Timing Register 4 (SDRAM_TIMING_4) - tCKE, init_count, trwd_ext_dly, 
init_count_nop

• SDRAM Timing Register 5 (SDRAM_TIMING_5) - 1.tRAS, tFAW, tCCD

5. Set the SDRAM line boundary by programming the SDRAM Control Register 2 
(SDRAM_CNTRL_2) to 0x00080000.

6. Program the SDRAM Control Register 3 (SDRAM_CNTRL_3) to flop the memory requests

• Recommended value: =0xC000_0000

7. Program the SDRAM Control Register 4 (SDRAM_CNTRL_4) to select the DDR type, burst 
length, bus width, and CAS latency.

8. Program the SDRAM Control Register 5 (SDRAM_CNTRL_5) to set the Memory Controller port 
arbitration weights

9. If ODT is required, program SDRAM Control Register 6 (SDRAM_CNTRL_6) and SDRAM 
Control Register 7 (SDRAM_CNTRL_7). Asserting ODT when writing to the chip select 
(ODTx_WRITE_ENx = 1) is recommended.

10. Program the MCB Control Register 4 (MCB_CNTRL_4) to configure each MCB and the 
preferred arbitration scheme.

11. Program the MCB Control Registers - Arbiter Weights (MCB_ARB_WT[3:1]) to define the 
dynamic weights for each master port.

12. Program the PHY Control Register 11 (PHY_CNTRL_11) to 0x0 to enable the PHY clock.

13. Values for the PHY registers are specific to each design and should be measured in the lab for 
optimal settings:

• Program PHY Control Register 7 (PHY_CNTRL_7) to configure the termination and drive 
strengths, and reference voltage selection.

• Program PHY Control Register 8 (PHY_CNTRL_8) to configure the receiver type and drive 
strengths for the Address and Command signals.

• Program PHY Control Register 9 (PHY_CNTRL_9) to configure the receiver type and drive 
strengths for the DQ and DQS signals.

• Program PHY Control Register 13 (PHY_CNTRL_13) to configure the DLL for DQ<7:0> and 
to enable the auto DLL updates (DLL_AUTO_MANUAL_UPDATE_EN = 1)

• Program the PHY DLL Control Register 1 (PHY_DLL_CNTRL_1) to configure the DLL for 
DQ<15:8>

• Program PHY Control Register 10 (PHY_CNTRL_10) to configure the calibration and drive 
strengths for each signal.

14. Program the update_static_en bit in the PHY Control Register 14 (PHY_CNTRL_14) to 1 to 
propagate the DLL value to the slave delay chain.

15. Wait at least 512 cycles.
16. Program the update_static_en bit in the PHY Control Register 14 (PHY_CNTRL_14) to 1 to 

invert the update_static_en bit.
17. Synchronize the DDR and PHY clocks by setting the phy_sync_en bit in PHY_CNTRL_14.
18. Program the PHY Control Register 3 (PHY_CNTRL_3) to correctly allow enough setup time 

when reading from SDRAM:

• Recommended value - 0x000044xx where xx is 11, 22, 33,... 77 depending on the frequency.
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19. Start the initialization process by setting the SDRAM_INIT_REQ bit to 1 in the User Initiated 
Command Register (USER_INITIATED_COMMAND).

20. Poll the INIT_DONE bit in the DRAM_STATUS Register until initialization process is complete.
21. Issue 128 dummy Reads.

17.6 Register-based Dynamic Frequency Change (DFC)
1. CPU must exit DRAM memory map; otherwise, instruction fetches occur when data access is 

blocked, when clock is not stable, or when DRAM is not ready.

The second option is to prefetch the code into L2$ and lock it there.

2. Program the block bit in SDRAM Control Register 14 (0x7E0) to block all data access. Skip this 
step if all DMA masters are guaranteed to be in Sleep mode.

3. The frequency change procedure is different for each DDR type:
a) LPDDR1: No powerdown necessary
b) DDR2: Place in self-refresh
c) Write 0x40 to Memory Controller offset 0x0120 to enter self-refresh

4. Change the frequency using the PMU.
5. DDR2: if in self-refresh, exit self-refresh.

6. Write to PHY_CNTRL14[PHY_SYBNC_EN] to resynchronize the new PHY clock before any 
changes on the DRAM command bus.

7. DDR2: Set the DLL_reset bit in SDRAM_CNTRL_1 and reset the DRAM DLL by issuing an 
MRS command to the Mode Register (MR) using the User-Initiated Command Register.

8. If needed, change MC registers for better timing.
9. If the CAS latency has been changed, issue the corresponding MRS commands.
10. If using fixed delay for DLL, program the appropriate delay for that frequency.

11. DLL_auto_manual_up_en should remain enabled. Wait at least 1100 DRAM clock cycles to 
update the DLL with the new delay.

12. Clear the data access block bit, then resume CPU access.

17.7 Register Descriptions
Refer to Appendix A - Register Tables for details on the DDR Memory Controller registers.
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18 NAND Flash Controller
This section describes the ARMADA 16x Applications Processor Family NAND Flash Controller 
(NFC) used to communicate with the external NAND flash memory. The usage model for the NAND 
flash memory is that of a hard-disk drive for the ARMADA 16x Applications Processor Family. A 
Flash File System (FFS) performs tasks such as wear leveling, garbage collection, and bad-block 
replacement for the flash media. The NAND Flash Controller accepts commands from the file 
system, controls the flash device according to these commands, and performs error correction when 
enabled. 

This section describes:

Section 18.1, Overview 

Section 18.2, Features 
Section 18.3, Signal Descriptions 
Section 18.4, Operation 

Section 18.5, Examples of Use 
Section 18.6, Usage Models 
Section 18.7, Register Descriptions 

18.1 Overview
The NAND Flash Controller interfaces to the external NAND device using the signals listed in 
Section 18.3, Signal Descriptions . These multi-function pins must be configured with the 
appropriate directions before using the NAND Flash Controller. NAND flash devices use a 
multi-cycle addressing scheme, so the number of interface pins remains the same for all memory 
densities. ND_IO<15:0> are used for sending command and addresses to the flash device. 
ND_IO[7:0] are used for data transfer in 8-bit devices; ND_IO<15:0> are used for data transfer in 
16-bit devices. The NAND Flash Controller controls these interface pins for the specific command 
that has been put in its Command buffer.

The NFC can be used with DMA enabled or disabled. In DMA mode, the NAND Flash Controller 
uses the services of the system DMA Controller for command and data transfers. In DMA Disabled 
mode, software can write the commands to the registers corresponding to the Command buffer and 
can write to and read from the Data buffer.
                         

18.2 Features
Following are the major features supported by this interface:

Two chip selects and 8-/16-bit interface to the NAND flash device
Ganging of 8-bit devices into a logical 16-bit device

32/64/128/256 page block sizes
Support for 512B, 1KB, 2KB, and 4KB page sizes
Supports DMA mode and non-DMA modes of operation

Computes ECC and corrects single-bit errors and detects 2-bit errors per 512B using Hamming.
Computes ECC and corrects up to 16 errors per 2048 bytes using BCH
Programmable interface timing

Interrupts can be enabled to indicate page and command completion, bad blocks, bit errors, 
flash-ready status and command, and data-Write/Read requests
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18.3 Signal Descriptions
The signals shown in Table 74 are used by the NAND Flash Controller to access external NAND 
devices.
                         This 

18.3.1 NAND Flash Interface
The NAND Flash Controller supports both 8- and 16-bit-wide data buses. Two chip selects 
(ND_nCS0 and ND_nCS1) interface to the NAND devices. As many as seven address cycles can be 
sent on ND_IO<15:0> bus to address flash devices interfaced using these chip selects. The chip 
select to be selected for activation can be specified in the command for the NAND Flash Controller. 

Figure 60 shows a typical connection between the NAND Flash Controller and two 8 bit NAND 
devices. 

Table 74: NAND Flash Signal Descriptions

Signal Name  Type Descript ion

DF_IO<15:0> Bidirectional Data bus 
NOTE: Arbitrated with the Static Memory Controller and 

Compact Flash data bus

ND_nCS<1:0> Output Chip Enable

ND_nWE Output Write Enable
NOTE: Arbitrated with the Static Memory Controller Latch 

Upper Address (SMC_nLUA) and Compact Flash 
Write Enable (CF_IOWR) signals

ND_nRE Output Read Enable
NOTE: Arbitrated with the Static Memory Controller Latch 

Lower Address (SMC_nLLA) and Compact Flash 
Read Enable (CF_IORD) signals

ND_CLE Output Command Latch Enable
NOTE: Arbitrated with the Static Memory Controller Output 

Enable (SMC_nOE) and Compact Flash Read 
Enable (CF_nOE) signals

ND_ALE Output Address Latch Enable
NOTE: Arbitrated with the Static Memory Controller Write 

Enable (SMC_nWE) and Compact Flash Write 
Enable (CF_nWE) signals

ND_RnB[1:0] Input Ready/Busy_n (Low when Busy)
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18.3.2 Data Flash Interface (DFI) Arbitration
The Data Flash Interface (MFP[36:0]) is a set of signals that are shared between the peripherals 
shown in Figure 61. The NAND Flash Controller, Static Memory Controller (SMC), and Compact 
Flash Controller (CFC) has hardware arbitration that is used to arbitrate the shared pins. When 
using the other peripherals software must be used to arbitrate the use of the pins to avoid conflicts.

The NFC is the master for the hardware arbitration. The Data Flash Interface (ND_ARB_EN) bit in 
the NAND Flash Control Register (NFC_NDCR) is used to enable the hardware arbitration on the 
DFI. The Arbitration Count (ARB_CNT) field in the NAND DFI Arbitration Control Register 
(NFC_NDARBCR) is used to give the NFC a minimum number of cycles before the SMC or CFC 
interrupts the NFC access.

Figure 60: Typical NAND Flash Memory System Example Using ND_nCS0 and 
ND_nCS1
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18.4 Operation
NAND flash devices accept a variety of commands from the NAND Flash Controller to perform 
functions such as program, erase, and different types of Reads. This section provides information for 
configuring the NAND Flash Controller to perform successful Program, Erase, and Reads as well as:

DMA and non-DMA operating modes
Operation in low-power modes 
Error checking and correction (ECC)

Bad-block management support

18.4.1 DMA and Non-DMA Operating Modes
The NAND Flash Controller can be used in one of two modes: DMA mode or non-DMA mode.

DMA mode is selected by setting the DMA_EN bit in the NAND Flash Control register. The NAND 
Flash Controller can be used in non-DMA mode by clearing the DMA_EN bit and enabling the 
required interrupts for command and data transfer (see Section 18.4.3, Non-DMA Operating Mode ). 

Figure 61: Data Flash Interface Peripherals
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18.4.2 DMA Operating Mode
In DMA Operating mode, the NAND Flash Controller uses the services of the system DMA controller 
for command and data transfers. Command DMA and data DMA services are requested for the 
transfer of a command to the Command buffer and data to/from the Data buffer.

18.4.2.1 Command DMA 
Command DMA transfers the command and address to be sent to the external NAND flash device, 
from the source to the NAND Flash Controller Command buffer. The Command DMA Descriptor 
must be programmed to transfer exactly 12 or 16 bytes of command (which contains the command 
for the NAND flash as well as the address and command-control information (CMD_CTRL), as 
defined in the format shown in Table 75). These three or four 32-bit register Writes are all performed 
to the same address, NDCB0.

The CMD_TYPE field in CMD_CTRL defines the type of command. The double-byte command 
(DBC) bit in the CMD_CTRL field indicates that the present command is a two-byte command, 
where CMD1 and CMD2 are the commands sent to the flash device in the CMD1-ADDR-CMD2 (or 
CMD1-ADDR-DATA-CMD2 in case of program commands) sequence. If the current command is a 
single-byte command, only CMD1 and address are sent, and the sequence would be CMD1-ADDR 
(or CMD1-ADDR-DATA in case of program commands). The addressing (ADDR phase) is 
performed in multiple cycles using pins I/O0 to I/O7. ADDR1 through ADDR5 are the addresses sent 
in Address Cycles 1 through 5, respectively. The CMD_CTRL field contains information about the 
number of address cycles, single/double CMD etc. as illustrated in Table 75. One command 
Descriptor always corresponds to a single- or double-byte NAND flash command. It is possible to 
chain multiple Command Descriptors, so that the NAND Flash Controller executes them 
sequentially. A command-DMA request is triggered only when one of the following conditions is met:

ND_RUN bit is set in the NAND Flash Control register (NDCR) to fetch the first command, and 
the Command buffer is empty.

Ready/Busy_ (R/B_) input is asserted low by the addressed NAND flash device, after the 
transfer of program or an Erase-type of command, with NC (next command) bit set in the 
CMD_CTRL field.
The execution is completed and Data buffer emptied by data DMA for Read-type commands 
with NC (next command) bit set in CMD_CTRL field.

                         

                         

Note

When operating in DMA mode, software should not access command and Data buffers 
in the NAND Flash Controller. Similarly, when the NAND Flash Controller is operating in 
non-DMA mode, the DMA controller should not access command and Data buffers.

Note

If any program/erase command with NC set results in a bad-block error, additional 
command DMA requests are not sent. Software reprograms the Descriptor chain in 
such instances.

Table 75: Command Format

Command Format

Byte 7 6 5 4 3 2 1 0
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Having CMD1 and CMD2 fields in the command gives users the flexibility to choose the appropriate 
commands because the commands can vary widely between flash vendors and for different product 
families of the same vendor. This format also supports future additions to the command set as long 
as the command, address, and data sequence remains the same. The type of command is defined 
using the CMD_TYPE field of CMD_CTRL. The chip select to be asserted for the NAND flash 
access is specified by CSEL bit. The AUTO_RS bit specifies whether an automatic status check 
must be performed by the NAND Flash Controller after the command completion. See NAND 
Controller Command buffers (NDCBx) in the Appendix in this manual for the command programming 
details.

18.4.2.2 Command Sequence and Parallel Execution
In a command sequence, the NAND Flash Controller typically asserts the command DMA request to 
fetch the next command (if the NC bit is set for the current command) during the busy phase (that is, 
when NAND_RnB input is low) of a NAND flash transaction. The NAND Flash Controller can overlap 
the command execution to improve the bandwidth of the interface, if the currently executed 
command (Command1, the command whose execution is resulting in the busy phase that triggers 
the next command fetch) and the newly fetched command (Command2) meet the following 
requirement:

Command1 is an Erase or Monolithic program (that is, no naked semantics) command for 
device(s) interfaced using a particular chip select and Command2 is a command for device(s) 
interfaced using the other chip select.

For example, Command1 and Command2 are successive single-page Program commands in the 
command sequence for device(s) interfaced using ND_nCS0 and ND_nCS1, respectively. 
Command DMA fetches Command2 during the busy phase of Command1 execution. Because 
Command1 and Command2 meet the requirement for parallel execution, data DMA is triggered for 
Command2 data and Command2 is executed in an overlapped fashion. When the busy phase has 
ended (that is, when both NAND_RnB signals go high), status Reads are performed on both flash 
devices to check the successful completion of Command1 and Command2, and corresponding 
status bits are updated. If the next-command (NC) bit is set for Command2, the next command 
(Command3) is fetched and the command sequence continues.

If Command3 and Command4 meet the above condition for parallel execution and Command3 is a 
multi-page program command, Command4 execution begins only during the last busy phase (while 
the last page for Command3 is being programmed). 

When ND_nCS0 and ND_nCS1 are used to interface to NAND flash devices, faster operation can 
be achieved by programming the devices in an interleaved fashion (alternating between ND_nCS0 
and ND_nCS1), rather than programming them sequentially.

ADDR4 ADDR3 ADDR2 ADDR1 CMD_CTRL CMD2 CMD1

ADDR7 ADDR6 NDLENCNT Status 
Mask

Status 
Cmd.

Page 
Count

ADDR5

CMD_CTRL Field Format

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CMD_XTYPE

LE
N

_O
V

R
D

R
D

Y
_B

Y
P

S
T

_R
O

W
_E

N

A
U

T
O

_R
S

C
S

E
L

CMD_TYPE N
C

D
B

C

ADDR_CYC

Table 75: Command Format (Continued)
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Table 76 illustrates which command(s) can be executed in parallel or in combination on both chip 
selects. 
                         

                         

18.4.2.3 Data DMA
A NAND flash page consists of a main-memory area and spare area. The main-memory area is 
where data is stored, and spare area is used to store ECC and file-system-dependent information 

Note

NAND_RnB is intended to remain low and only rise once when two commands are 
overlapped. Follow these steps if it is necessary to know when the flash device has truly 
completed the transaction and when it has been issued by the NAND Flash Controller:

Note

If the commands do not meet the requirement for parallel execution, they are executed 
sequentially.

Table 76: Parallel Execution Combination Table
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Monolythic Read Second Command not fetched.

Read Dispatch Second Command not fetched - does not generate busy.

Naked Read Second Command not fetched, Data buffer is busy

Monolythic Program execute if 
CS !=

N/A execute if 
CS !=

N/A execute if CS != No execute if 
CS !=

Program Dispatch Second Command not fetched - does not generate busy.

Program Naked Write Second Command not fetched, Data buffer is busy

Program Complete Second Command not fetched - does not generate busy.

Erase execute if 
CS !=

N/A execute if 
CS !=

N/A execute if CS != No execute if 
CS !=

Read ID Second Command not fetched.

Status Read Second Command not fetched.

Reset Second Command not fetched.

Naked Command Second Command not fetched - does not generate busy

Naked Address Second Command not fetched - does not generate busy
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(known as metadata). While there is no physical difference between main data area and spare, 
(there is only a difference in absolute address) the use of the main data and spare was shown in 
Table 80 and Table 81 and Table 82. Data DMA is used to write to and read from main memory and 
the spare areas of one or more pages. The same Data buffer and DMA request is used for both 
Read and Write transactions because only one of the two transactions is ongoing at any given time.

If the command transferred to the Command buffer is a Write, data DMA is first used to fill up the 
Data buffer. The number of data bytes that can be written per page could vary, depending on the 
settings of PAGE_SZ, SPARE_EN, ECC_EN in the NAND Flash Control Register and BCH_EN in 
the ECC Control Register. Because of restrictions in the DMA Descriptors, the total number of bytes 
transferred to the Data buffer for a page program must be a multiple of 32 bytes. For example, if the 
page size is 512 bytes and spare area is 16 bytes, the available space per page is 520 bytes if ECC 
is enabled, (512 bytes of main memory and 8 bytes of spare area). In this example, the data DMA 
should transfer 24 bytes of additional “dummy” data so that 544 bytes get transferred to the Data 
buffer for a single-page program because 544 is the closest number that is greater than 520 and is a 
multiple of 32. The “dummy” bytes can be thought of as a kind of round-up.

The 24 bytes of “dummy” data are only transferred from global memory to the Data buffer and are 
not written to the flash. The dummy bytes are added so that a single data Descriptor could service 
multiple pages. For a multi-page program command, set up the data-DMA Descriptor(s) to transfer a 
multiple of 544 bytes in the above-mentioned case where each 544-byte group consists of 520 bytes 
of “actual” data to be written to flash and an additional 24 bytes of “dummy” data to satisfy the DMA 
Descriptor round-up requirements. Set up the Write-data DMA Descriptor(s) to transfer the required 
number of bytes with the NAND controller Data buffer as the target location. Multiple-Write data 
descriptors can be chained to accomplish the data transfer corresponding to a single command. 
Partial-page programming is not supported by the NAND Flash Controller. 

If command and data DMA Descriptor(s) are configured for a multiple-page program, the 
NAND-Flash Controller Data buffer fills with a page of data. After the Data buffer is emptied by the 
completion of a page program, data DMA resumes loading the next page data in the Data buffer. 
This sequence continues until the specified number of pages in the command are transferred to the 
flash device, or a bad block is encountered.

When a Read command is transferred to the NAND-Flash Controller Command buffer, the Read 
command is issued to the flash memory. The number of bytes DMA requires per page is a multiple of 
32 bytes. The NAND Flash Controller stuffs zeroes as dummy bytes at the end of the spare-area 
data so that the data Read by DMA per page is a multiple of 32 bytes. The application ignores the 
added zeroes read from the Flash Controller Data buffer. Partial page Reads are supported by the 
NAND Flash Controller when using NDCB3[NDLENCNT]. 

If a multiple-page Read is attempted in a single command, the operation proceeds in a 
page-by-page manner; that is, after reading a page of data, the NAND Flash Controller waits until 
the Data buffer is emptied by data (read) DMA, before reading the next page data from flash. For a 
Read status and Read ID commands, set up data DMA to transfer 8 bytes of data. The ID consists of 
two or four bytes, so the remaining 4 or 6 bytes are not defined. The Status consists of one (or two, 
in the case of ganged 8-bit devices) byte(s) so the remaining 6 or 7 bytes are not defined.

A data DMA request is not asserted for erase and reset commands.
                         

18.4.2.4 Data DMA Requirements
The following list summarizes the programing model for data DMA. Each set of data DMA 
descriptors for a command should meet these requirements.

The burst length (size) for the data DMA must be programmed as 32 bytes.
For Write commands, the data-Flash Controller Data buffer (NDDB) must be the target of the 
data DMA and for Read commands; NDDB must be the source.
The number of bytes of data written to a page must be a multiple of 32 bytes. Software must pad 
enough dummy data to make the data length a multiple of 32 bytes. Refer to the “Data Area 
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Available to Programmer When PAGE_SZ = 01” and “Data Area Available to Programmer 
When PAGE_SZ = 00” tables in the Appendix A - Register Tables for the number of bytes of 
data that must be transferred per page by Write-data DMA.

For Read commands (except status Read and Read ID), the number of bytes of data expected 
per page must be a multiple of 32 bytes, because the NAND Flash Controller always stuffs 
zeroes at the end of spare data to make the number of bytes per page a multiple of 32 bytes. 
Refer to Appendix A - Register Tables for more information on these registers.
For Read-ID and Read-status commands, the data-DMA Descriptor must be set up to transfer 8 
bytes because the NAND Flash Controller allocates one buffer entry (8 bytes) to hold the Read 
data for these commands. Valid data is aligned to the LSB, so discard invalid bytes, for 
example, for a 5-byte Read-ID command, Bytes 0 through 4 are valid while Bytes 5 through 7 
should be ignored.

18.4.3 Non-DMA Operating Mode
In non-DMA Operating mode, the following interrupts should be enabled by clearing the appropriate 
mask bits in NAND Flash Controller Register (NDCR) (see Appendix A - Register Tables).

Write-data request interrupt

Read-data request interrupt
Write-command request interrupt

In this mode, the NDCR[ND_RUN] bit must be set after configuring the data-flash registers, and 
software responds to a Write-command request interrupt by writing the command to the Command 
buffer (NDCBx). NDCBx should be written only after receiving a Write-command request. If the 
command is a Write (single page or multi-page), the Write-data request interrupt is activated, and 
software writes data corresponding to a page to the NAND Controller Data buffer (NDDB) (see 
Appendix A - Register Tables). For multi-page Writes, the Write-data request interrupt gets activated 

multiple times, requesting software attention for a page of data each time. Similarly for Read 
operations, the Read-data request interrupt is activated after reading a page of data from the flash 
device, and the   responds to this interrupt by emptying the Data buffer.

For Read ID and Read Status commands, software reads 8 bytes from NDDB, because the NAND 
Flash Controller allocates one buffer entry (8 bytes) to hold the Read data for these commands. 
Valid data is aligned to the LSB; discard non-valid bytes, for example, for a 5-byte Read-ID 
command, bytes 0 through 4 are valid while bytes 5 through 7 should be ignored.
                         

Note
(

Even if interrupts are not enabled, software can poll NAND Controller Status Register 
(NDSR) (see Appendix A - Register Tables) bits corresponding to the above-mentioned 
interrupts to do Write/Read data and Write commands in non-DMA Operating mode.

If writing/reading to/from the NDDB from the ISR, ensure the WRDREQ/RDDREQ 
status bits are cleared by writing to NDSR before accessing the NDDB. This action 
prevents missing WRDREQ/RDDREQ interrupts for subsequent pages during 
multi-page PROGRAM and multi-page READ cycles. 

WRDREQ is a status bit that gets set for a Program command requesting data to be 
written to NDDB to be sent to flash. This sticky bit is cleared by software writing a 1 to it, 
but the clearing of this bit has no bearing on protection of NDDB. Similarly for 
RDDREQ, the bit asserts when there is data to be read from NDDB and clearing it has 
no negative repercussions for NDDB.

If issuing a command with the next-command (NC) bit set, the next command should 
not be Read ID or Read status because of difficulties with servicing interrupts. Read ID 
and Read status commands are too short for the interrupt service routine to finish 
servicing the first command-done interrupt in time to acknowledge the second 
command-done interrupt; therefore, it remains undetected.
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18.4.4 Error Checking and Correction (ECC)
Error-detection code/error-correction code (EDC/ECC) is required in the NAND Flash Controller to 
detect and correct errors occurring in the flash device due to bit flipping (Bit flipping occurs when a 
bit is either reversed, or is reported reversed). ECC is computed when Write data is transferred from 
Data buffer to the NAND flash. After completing the Write, the computed ECC bytes are written to 
the spare area of the flash. Table 77 shows the available spare area and spare-area bytes used for 
storing the ECC for different page sizes. When ECC is enabled, the number of spare area bytes 
required for use by ECC are shown in the middle column of Table 77. These bytes are not available 
for use by the system software and cannot be written to or read from.

In addition the number of bytes read from and written to the NAND that pass through the data FIFO 
must be a multiple of 8.

For example, if the page size is 512 bytes with ECC and the spare area enabled, Bytes 0 through 
511 are written with data and first 8 bytes of the spare area (Bytes 512 through 519) are written with 
spare data (file-system-dependent information). Next, 6 bytes of spare area (Bytes 520 through 525) 
are used by the NAND Flash Controller to write the ECC data. The remaining two bytes cannot be 
written or read from.

When the Read operation is completed, ECC bytes are read from the spare area, and any bit errors 
are computed and corrected. Depending on the ECC mode, the NAND Flash Controller uses 
Hamming code to correct 1-bit random error in a page and detects 2-bit errors or a BCH algorithm to 
correct multiple bit errors. Interrupts can be enabled to get information about single and double 
errors. 
                         

18.4.4.1 Hamming Code for ECC
During a page Write, data is split into even and odd streams before computing the ECC. This data 
split lessens the error-correcting requirement on the ECC algorithm to 1 bit. If Dij represents the jth 
bit of the ith byte, Table 78 and Table 79 show the data streams used for ECC computation for an 
8-bit wide data bus. Figure 62 is a flow diagram for Hamming Error detection. For NAND flash device 
that are 16 bits wide, the lower and upper bytes are treated as successive bytes of read data. 
However, where two 8-bit devices are interfaced through a single chip select, the ECC computations 
are performed independently on upper and lower bytes of the data bus. The ECC algorithm can 
correct 1 bit of random error in a chunk of 256 bytes, deinterleaved from 512 bytes. Each of the odd 
and even data streams are 256 bytes long, and the computed ECC for this data stream occupies 3 
bytes. Therefore, 6 bytes of ECC data are written for a NAND flash with page size of 512 bytes. The 

Table 77: Spare Area Used for ECC

NAND Flash 
Page Size 
(Bytes)

Typical  Spare 
Area in NAND 
Flash (Bytes)

Number of 
Spare Area 
Bytes used 
for Hamming 
ECC

Number of 
Spare Area 
Bytes used 
for BCH ECC

Inaccessible 
Bytes

512 16 0 N/A 0

512 16 6 N/A 2

2048 64 0 0 0

2048 64 24 0 0

2048 64 0 30 2

4096 128 48 0

4096 128 0 60 4



NAND Flash Controller
Operation

                         

Copyright © 2010 Marvell Doc. No. MV-S301544-00  Rev. -

November 2010 PUBLIC RELEASE Page 313

same ECC computation process is employed four times for page size of 2048 bytes, resulting in 24 
bytes of ECC. 

During a page Read, the Read data is again split into odd and even streams. The associated ECC 
data is read and is compared with the computed ECC from the received data stream. If a 1-bit error 
is detected in a data stream, it is corrected.For two errors in any or both of the data streams, the 
ECC algorithm detects this scenario and flags an uncorrectable error to reflect fields in the ND_SR.

The ECC logic is initialized at the end of every 512 bytes (256 bytes per data stream) of transfer.
                         

                         

                         

Table 78: Even Data Stream

Bit 7 6 5 4 3 2 1 0

Di+1 

6

Di+1 

4

Di+1 

2

Di+1 

0

Di 6 Di 4 Di 2 Di 0

Table 79: Odd Data Stream

Bit 7 6 5 4 3 2 1 0

Di+1 

7

Di+1 

5

Di+1 

3

Di+1 

1

Di 7 Di 5 Di 3 Di 1
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18.4.4.2 BCH Error Correction
BCH is an acronym for “Bose, Ray-Chaudhuri, Hocquenghem”, three individuals who collectively 
developed the mathematical background for multilevel, cyclic, error-correcting, variable-length digital 
codes. There are three parameters which define BCH codes: symbol size, field length, and 
correction power.

For this purpose, the symbol is a binary digit. While this may seem obvious it is somewhat 
unfortunate because the NAND interface is byte parallel whereas the BCH algorithm is inherently bit 
serial. 

The mathematics of BCH is based on operations on Galois fields where the size of the field is (2m -1) 
symbols (bits). Since BCH error correction is not intended for small block NAND devices, the field is 
chosen to cover all 2048 bytes in a large block page, plus whatever spare is defined. There are 
16384 bits in 2048 bytes, but when the ECC bits and the spare bits are added, the next larger power 
of two (minus one) is required, which is 32767. This means that the BCH parameter for the field size, 
(“m”), is 15.

There is a usage phenomenon called “Read Disturb” where reading a page in a block causes a very 
weak Write in other pages in the block. This Write shows up as an increase in error bits over time. 
There is a programmable threshold for the BCH error correction to signal when the ECC needs have 
exceeded the threshold but are still correctable so that the Read Disturb can be managed. The 

Figure 62: Hamming Error Detection Process

                         

XOR results 
in all bits 
equal to 

zero

No error Error detected

No

Yes

Original ECC code XORed with 
new generated ECC code

Generate ECC code during 
program operation

Generate New ECC code during 
data read
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corrective action that is taken is to erase and rewrite the block. In addition, if there is an 
uncorrectable error in the BCH, additional processing of control blocks is terminated similar to how 
bad-block detection of program or Erase commands terminates processing.

18.4.5 Page Allocation
There are three potential types of data in a page: the main data, the so-called spare data, and ECC. 
In addition, in certain corner cases some bytes are simply inaccessible. The layout of the data 
depends on the programming of ND_CR[PAGE_SZ], ND_CR[SPARE_EN], ND_CR[ECC_EN], and 
ECCCTRL[BCH_EN]. Table 49 shows how bytes are allocated in the page according to the various 
cases. Because of the 64-bit Data buffer, the size of any area must be evenly divisible by 8 bytes, so 
certain combinations result in unusable spare bytes. Unusable bytes must be programmed to zero in 
DMA data blocks.

18.4.5.1 Small Page Devices
For small page devices, there can be a single Hamming 6-byte ECC and its location depends on the 
spare usage. For small block devices there is a maximum of 16 bytes of spare area. Since the BCH 
ECC produces a 30 byte syndrome, BCH cannot be used for small block NAND. See Table 80.
                         

Table 80: Small Page Allocation

PAGE_SZ == 0b00 (512 
bytes)

SPARE_EN == 0x0 ECC_EN == 0x0 BCH_EN == don’t  care

0 511 512 527

512 byte Data Inaccessible

PAGE_SZ == 0b00 (512 
bytes)

SPARE_EN == 0x1 ECC_EN == 0x0 BCH_EN == don’t  care

0 511 512 527

512 byte Data 16 byte Spare

PAGE_SZ == 0b00 (512 
bytes)

SPARE_EN == 0x0 ECC_EN == 0x1 BCH_EN == 0x0

0 511 512 517 518 527

512 byte Data Hamming ECC Inaccessible

PAGE_SZ == 0b00 (512 
bytes)

SPARE_EN == 0x1 ECC_EN == 0x1 BCH_EN == 0x0

0 511 512 519 520 525 526,
527

512 byte Data 8 bytes Unprotected 
Spare

Hamming ECC Inaccessible
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18.4.5.2 2K Large Page Devices
For large page devices with 2K page size, there can be 4 concatenated 6-byte Hamming ECC 
syndromes or a single 30-byte BCH syndrome. The location of the ECC depends on the spare 
usage as shown in Table 81.
                         

Table 81: Large Block Page Allocation

PAGE_SZ == 0b01 
(2048 bytes)

SPARE_EN == 0x0 ECC_EN == 0x0 BCH_EN == don’t  care

0 2047 2048 2111

2048 byte Data Inaccessible

PAGE_SZ == 0b01 
(2048 bytes)

SPARE_EN == 0x1 ECC_EN == 0x0 BCH_EN == don’t  care

0 2047 2048 2111

2048 byte Data 64 bytes Spare Data

PAGE_SZ == 0b01 
(2048 bytes)

SPARE_EN == 0x0 ECC_EN == 0x1 BCH_EN == 0x0

0 2047 2048 2071 2072 2111

2048 byte Data (4) Hamming ECC Inaccessible

PAGE_SZ == 0b01 
(2048 bytes)

SPARE_EN == 0x1 ECC_EN == 0x1 BCH_EN == 0x0

0 2047 2048 2087 2088 2111

2048 byte Data 40 bytes Spare Data (4) Hamming ECC

PAGE_SZ == 0b01 
(2048 bytes)

SPARE_EN == 0x0 ECC_EN == 0x1 BCH_EN == 0x1

0 2047 2048 2077 2078 2111

2048 byte Data BCH ECC Inaccessible

PAGE_SZ == 0b01 
(2048 bytes)

SPARE_EN == 0x1 ECC_EN == 0x1 BCH_EN == 0x1

0 2047 2048 2079 2080 2109 2110,
2111

2048 byte Data 32 Bytes Spare Data BCH ECC Inacces
sible
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18.4.5.3 4K Large Page Devices
The 4KB pages always use 2KB chunks packed together (see Table 82). The same logic applies to 
8KB chunks. For the BCH ECC cases, the BCH ECC must be padded with two zero bytes to 
maintain the 8-byte alignment.

If 4KB pages scale, the result would be 4096 bytes of main area and 128 bytes of spare. There 
would also be more than 128 bytes of spare area (due to MLC requirements) but these additional 
bytes are not accessible by the NAND Flash Controller.
                         

Table 82: 4KB Physical or Logical Page Allocation Using 2KB Chunks

PAGE_SZ == 0b01 
(2048 bytes)

SPARE_EN == 0x0 ECC_EN == 0x1 BCH_EN == 0x0

0 2047 2048 2071 2072 4119 4120 4143 4144...

2KB Data (4) 6 byte Hamming ECC 2KB Data (4) 6 byte Hamming ECC Inaccessible

PAGE_SZ == 0b01 
(2048 bytes)

SPARE_EN == 0x0 ECC_EN == 0x1 BCH_EN == 0x1

0 2047 2048 2077 2078 4125 4126 4155 4156...

2KB Data 30 byte BCH ECC 2KB Data 30 byte BCH ECC Inaccessible

PAGE_SZ == 0b01 
(2048 bytes)

SPARE_EN == 0x1 ECC_EN == 0x1 BCH_EN == 0x0

0 2047 2048,
2087

2088,
2111

2112 4159 4160,
4199

4200,
4223

(4224...)

2KB Data 40 byte 
Spare

(4) 6 byte 
Hammin
g ECC

2KB Data 40 byte 
Spare

(4) 6 byte 
Hammin
g ECC

Inaccessible

PAGE_SZ == 0b01 
(2048 bytes)

SPARE_EN == 0x1 ECC_EN == 0x1 BCH_EN == 0x1

0 2047 2048 -
2079

2080 -
2109

2110 4157 4158 -
4189

4190 -
4219

(4220...)

2KB Data 32 byte 
Spare

30 byte 
BCH 
ECC

2KB Data 32 byte 
Spare

30 byte 
BCH 
ECC

Inaccessible

PAGE_SZ == 0b01 
(2048 bytes)

SPARE_EN == 0x1 ECC_EN == 0x0 BCH_EN == 0x0

0 2047 2048 -
2011

2112 to 4159 4159 4160 -
4223

2KB Data 64 byte 
Spare

2KB Data 64 byte Spare

PAGE_SZ == 0b01 
(2048 bytes)

SPARE_EN == 0x0 ECC_EN == 0x0 BCH_EN == 0x0
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The two ECC cases provide two different strengths for ECC. The Hamming ECC provides two bits of 
detection and one bit of correction per 512 byte sector. The BCH engine implements 16-bit 
correction across the entire page NDCR[PAGE_SZ]

The chunk size can be reduced from 2048 to 1024 using the variable length register 
(NDCB3[NDLENCNT]). This action reduces the field size over which the 16-bits of correction is 
applied and allows for correcting to 32 bits per 2KB page, although because of the lower 
combination coverage, not with the same strength as a simple 32-bit correction would.

This can be extended yet again by using BCH on a 512 byte sector, again wasting four bytes per 
syndrome. To make this work, the spare area would have to be doubled from 64 bytes per 2KB page 
to at least 120 bytes per 2KB page.

The same logic applies to 4KB pages.

18.4.6 Command Semantics
The command semantics are defined in the NDCB0 register and define how each NAND command 
type is to proceed and how or if it may be overlapped. There are eight basic semantics: Read, 
Program, Erase, Read ID, Read Status and Reset, Naked Command, and Naked Address. The 
semantics differ in the sequence of operations and in the count of operations but each semantic runs 
as a continuous operation. Read and Program semantics can be decomposed into their “naked” 
pieces, and Program and Erase semantics allow overlap of commands to a different chip select.

Figure 63 is a flow chart for Read semantics; Figure 64 is a flow chart for Write semantics; and 
Figure 65 is a flow chart for Erase semantics.

0 2047 2048 -
4095

2KB Data 2KB Spare

Table 82: 4KB Physical or Logical Page Allocation Using 2KB Chunks (Continued)
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Figure 63: Read Semantic Flow Chart
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Figure 64: Write Semantic Flow Chart
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18.4.6.1 Read ID Semantic
The Read ID semantic is very similar to the Read semantic—only the length is fixed by a different 
field RD_ID_CNT in the NDCR Register. There is no concept of spare or ECC, but the flow chart is 
very similar and so is not replicated.

18.4.6.2 Read Status Semantic
The Read Status semantic is very similar to the Read semantic—only the length is fixed to one byte. 
There is no concept of spare or ECC, but the flow chart is very similar and so is not replicated.

18.4.6.3 Reset Semantic
The Reset semantic issues a single command (CMD1) to the NAND, regardless of the programming 
of other command block parameters (such as NDCB0[DBC]). Address bytes have no meaning, 
regardless of the address count. There is no data transfer regardless of any length settings. See 
Figure 66 for the Reset semantic flow chart.

Figure 65: Erase Semantic Flow Chart
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18.4.7 Bad Block Management Support
The NAND Flash Controller performs a status check after each program/erase operation to 
determine if the transaction is successful. This status check can be disabled by clearing the 
AUTO_RS bit in the NAND Controller Command buffer 0 Register (NDCB0). If a status check 
returns an error, as indicated by a 1 in the Chip Select Bad Block Detect status bits (CS0_BBD, 
CS1_BBD) in the NAND Controller Status Register (NDSR), a bad-block-detect interrupt (if enabled) 
is sent to the Interrupt Controller. The NAND Controller Bad Block registers (NDBBR0 and NDBBR1) 
can be read to determine the address of the bad block. The OS file system software marks the 
detected bad block as non-valid. 

If a bad-block error is encountered at the end of a page program, additional transactions to that 
block are aborted. If the error happens during a page program in Block A, software transfers other 
valid pages in Block A to another unassigned Block B and marks Block A as non-valid. If an error 
occurs during a block erase, software is expected to mark the block as non-valid. 

Since blocks are allocated together, if either block fails when two 8-bit devices are ganged into a 
logical 16-bit device, both blocks are expected to be marked as non-valid even though it is probably 
true that only one block truly failed.

18.4.7.1 Command Execution When Bad Blocks are Detected
When a bad block is detected, the behavior of the NAND Flash Controller remains the same, 
regardless of whether commands are executed sequentially or in parallel. The command without a 
bad-block detection is completed, but the command that resulted in a bad-block detection is 
considered as “not executed.” (If it is a program command, it must be executed again after the 
command Descriptors have been reprogrammed to handle the bad-block scenario.) However, no 
new command is fetched by command DMA even if the NC bit is set for the last command, since a 
bad-block scenario is encountered. As a result of a bad-block detection, the ND_RUN bit in NDCR is 
cleared after the Command buffer is emptied. Resume the operation by setting ND_RUN after 
command-Descriptor modifications.

Figure 66: Reset Semantic Flow Chart

                         

Assert CS[NDCB0.CSEL]

Write NDCB0.CMD1

!RnB

Done
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18.5 Examples of Use
The following tables show how the DMA interacts with the NAND Flash Controller to schedule 
operations. (It is not necessary to use the DMA; the following only documents that use model. It 
would be possible to substitute individual register control from the application processor in place of 
any or all DMA operations.) Each table shows resources in columns and steps in rows and the tables 
are intended to show how the hardware resources are used in sequence and in time. The right-most 
column is the time equation (that is, how to compute the time taken for this step).

For each of the following tables, time increases as one moves down the rows, although the time 
taken for each row is not constant. For most examples, the time equation column defines the time 
taken by each step. Each column describes the activities executed by the various hardware pieces 
that make up the system.

Table 83 shows the sequence for reading a 2KB page from a MLC device with BCH enabled.
                         

Table 83: Read 2KB MLC Page

DMA and 
System Bus

NAND 
Registers 
and Control

NAND I /F 
Pins

Data buffer BCH Decoder Time 
Equation

Read Command 
control block 
from memory

Read commands 
from memory

Write “NAND 
Read” command 
sequence to 
NDCB0

Read Data Move 
control block 
from memory

Read cmd 1 tWC

Stall 5-cycle address 5 * tWC

Read cmd 2 tWC

Busy tR

Reset

Read data Write NAND data 
into Buffer

Compute 
syndrome

2048*tRC

Read spare Write NAND 
Spare into Buffer

(64-ECC)*tRC

Read ECC ECC*tRC

Load BMA

Compute BMA

Load Chien 
search

Read data block 
from memory

Read data block 
from NDDB

Read buffer data 
to system bus

Compute ECC 
bits with Chien 
search

Interrupt
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Table 84 shows the sequence for reading a 4KB page from a MLC device with BCH enabled. A 4KB 
page can arise because a single NAND device has a 4KB page or there are two 8-bit devices on the 
same chip select making a logical 16-bit 4KB page device. Because the buffer is not large enough to 
contain the entire page, the data is read from the NAND in 2KB chunks.
                         

Table 84: Read 4KB MLC Page

DMA and 
System Bus

NAND 
Registers 
and Control

NAND I /F 
Pins

Data buffer BCH Decoder Time 
Equation

Read Command 
control block 
from memory

Read commands 
from memory

Write “NAND 
Read” command 
sequence to 
NDCB0

Read Data Move 
control block 
from memory

Read cmd 1 tWC

Stall 5-cycle address 5 * tWC

Read cmd 2 tWC

Busy tR

Reset

Read data Write NAND data 
into Buffer

Compute 
syndrome

2048*tRC

Read spare Write NAND 
Spare into Buffer

(64-ECC)*tRC

Read ECC ECC*tRC

Load BMA

Compute BMA

Load Chien 
search

Read data block 
from memory

Read data block 
from NDDB

Read buffer data 
to system bus

Compute ECC 
bits with Chien 
search

Read Command 
control block 
from memory

Read commands 
from memory

Write “Naked 
Read” command 
sequence to 
NDCB0

Read Data Move 
control block 
from memory
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Table 85 shows the sequence for writing a 2KB page to a MLC device with BCH enabled.
                         

Stall

Reset

Read data Write NAND data 
into Buffer

Compute 
syndrome

2048*tRC

Read spare Write NAND Spare 
into Buffer (64-ECC)*tRC

Read ECC ECC*tRC

Load BMA

Compute BMA

Load Chien 
search

Read data block 
from memory

Read data block 
from NDDB Read data block Compute ECC bits 

with Chien search

Interrupt

Table 84: Read 4KB MLC Page (Continued)

DMA and 
System Bus

NAND 
Registers 
and Control

NAND I /F 
Pins

Data buffer BCH Decoder Time 
Equation

Table 85: Program (Write) 2KB MLC Page

DMA and 
System Bus

NAND 
Registers 
and Control

NAND I /F 
Pins

Data buffer BCH Encoder Time 
Equation

Read Command 
control block 
from memory

Read commands 
from memory

Write “NAND 
Write” command 
sequence to 
NDCB0

Read Data Move 
control block 
from memory

Read data block 
from memory

Write data block 
to NDDB

Write system bus 
data to Buffer

Write cmd 1 tWC

5-cycle address Reset 5 * tWC

Write data Read data from 
buffer to NAND

Compute 2048*tWC

Write spare Read Spare from 
buffer to NAND

Compute (64-ECC)*tWC

Write ECC Read Stall ECC*tWC

Write cmd 2 tWC

Busy tPROG

Interrupt
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Table 86 shows the sequence for writing a 4KB page to a MLC device with BCH enabled. 
                         

Table 86: Program (Write) 4KB MLC Page

DMA and 
System Bus

NAND 
Registers 
and Control

NAND I /F 
Pins

Data buffer BCH Encoder Time 
Equation

Read Command 
control block 
from memory

Read commands 
from memory

Write “NAND 
Write dispatch” 
command 
sequence to 
NDCB0

Write cmd 1 tWC

5-cycle address 5 * tWC

Read Command 
control block 
from memory

Read commands 
from memory

Write “Naked 
Write” command 
sequence to 
NDCB0

Read Data Move 
control block 
from memory

Read data block 
from memory

Write 2KB data 
block to NDDB

Write system bus 
data to Buffer

Reset

Write data Read data from 
buffer to NAND

Compute 2048*tWC

Write spare Read Sparedata 
from buffer to 
NAND

Compute (64-ECC)*tWC

Write ECC Read Stall ECC*tWC

Read Command 
control block 
from memory

Read commands 
from memory

Write “Naked 
Write” command 
sequence to 
NDCB0

Read Data Move 
control block 
from memory

Read data block 
from memory

Write 2KB data 
block to NDDB

Write system bus 
data to Buffer

Reset
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18.6 Usage Models
With the introduction of the new semantics and the so-called “Naked” semantics, using these 
command sequences to achieve any given goal may not be obvious. This section presents each 
basic command in sequence and shows how it is used to construct the range of command 
sequences that each command type can support.

18.6.1 Entering A First Command Without DMA
There are two operations to be performed to enter a first command: the NFC must be started (that is, 
NDCR[ND_RUN] must be set) and a three- or four-word command must be written to the command 
FIFO at NDCB0. If the NFC is idle, these operations can be performed in either sequence. 

In Figure 67 and Figure 68, a dark line signifies an event caused by a DMA or processor operation, 
a narrow line indicates an internal NFC state, a circle on a vertical edge indicates an event that 
causes a state change (where the arrow indicates the cause-effect relation) and a circle on a 
horizontal line indicates a sampling operation (where the arrow indicates the reason for the sample). 
These diagrams indicate the sequence of operations and events, and are not intended to convey 
absolute time.

Write data Read data from 
buffer to NAND

Compute 2048*tWC

Write spare Read Sparedata 
from buffer to 
NAND

Compute (64-ECC)*tWC

Write ECC Read Stall ECC*tWC

Read Command 
control block 
from memory

Read commands 
from memory

Write Final 
Command 
sequence to 
NDCB0

Write cmd 2 tWC

Busy tPROG

Interrupt

Table 86: Program (Write) 4KB MLC Page (Continued)

DMA and 
System Bus

NAND 
Registers 
and Control

NAND I /F 
Pins

Data buffer BCH Encoder Time 
Equation
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18.6.2 Reset Usage
A reset semantic is a single command cycle followed by RDY sensing. For this semantic, the value 
of NDCB0[CMD2], NDCB0[ADDR_CYC], NDCB0[DBC], NDCB0[ST_ROW_EN], 
NDCB0[LEN_OVRD[, NDCB0[CMD_XTYPE], NDCB1, NDCB2 or optionally NDCB3 are “don’t 
care”, but it would be preferable to leave all of these fields as zero. For a Reset semantic, the only 
fields that matter are NDCB0[CMD1], NDTR1CS0[tR] and NDTR1CS0[WAIT_MODE]. 
NDCB0[AUTO_RS] should be false.

As is true of any semantic, a Reset semantic is not required to actually issue a reset command. So 
long as the preferred operation is a single command cycle followed by RDY sensing, the semantic 
can be useful. An example of a non-reset use of this Reset semantic would be as follows:

Issue a Naked Command cycle of “0x00” (that is, NDBC0[CMD_TYPE] == 0b110)

Issue a 5-beat Naked Address cycle (that is, NDBC0[CMD_TYPE] == 0b111 and NDCB{1,2} 
contains Address)

Issue a Reset command of “0x30”
Issue a Naked Read (that is, NDBC0[CMD_TYPE] == 0b000 and CMD_XTYPE == 0b001)

What should be recognized immediately is that this sequence of four commands has the same effect 
as a “Monolithic Read”. The Naked command issues the first Read command cycle (0x00), the 
Naked address issues the 5-cycles of Read address, the Reset command issues the Read Commit 
command cycle (0x30) and waits for RDY. The last command actually reads the data from the NAND 
and requests that NDDB be emptied. While this example is a contrived one, it illustrates the point 
that semantics can be strung together in novel ways according to need.

Previous implementations of the NFC made platform discovery sensing a challenge because of the 
characteristics of Reset instruction behavior. There is, of course, no transition on RDY when a 
NAND is not present, so waiting for NDSR.RDY would time out, and waiting for CMDD would not 
guarantee that the command had finished because when a NAND is present, the NFC waits for 
RDY. As a consequence, there was no ideal mechanism to measure completion in all possible 
platform conditions. Because of the problems associated with this situation, the Reset semantic was 
slightly altered. Whereas the previous implementation would wait forever for RDY to assert, the new 
implementation uses the NDTR1CS0[tR] timing value and NDTR1CS0[WAIT_MODE] to wait for 
RDY.

Figure 67: First Command Event Causality Diagram

                         

NDCR NDCB0

ND_RUN

WRCMDREQ

NDSR

DFC Register 
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DFC Register 
Reads
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The busy time for a Reset command can vary considerably, from microseconds to milliseconds, 
depending on the exact circumstances and individual NAND. The tR register has a limited dynamic 
range since it is just 16 bits, and can measure 420 microseconds only at the maximum value. To 
implement the Reset in the initial platform case, set the tR register to a value greater than the NAND 
data sheet value for tWB (the time from the rising edge of WE# to the falling edge of RnB) and set 
NDTR1CS0[WAIT_MODE]. The software should wait for CMDD to become true. When CMDD 
becomes true, if RDY has been set, there is a NAND present because it cycled RnB, and if RDY has 
not been set, there is no NAND in that chip-enable position. In this way, the NFC is guaranteed to 
execute the Reset command to completion in the “NAND present” case and is guaranteed to 
correctly sense the absence of a NAND.
                         

18.6.3 Read ID Usage
A Read ID semantic is a CMD1 command cycle, 0-7 address cycles, a max(tAR,tWHR) timing wait 
and 0-7 data cycles. There is no RnB wait. Required fields are NDCB0[CMD1], 
NDCB0[ADDR_CYC] and either NDCR[RD_ID_CNT] or NDCB0[LEN_OVRD] and 
NDCB3[NDLENCNT]. NDCB0.CMD_XTYPE, NDCB0.DBC, NDCB0.ST_ROW_EN and 
NDCB0.CMD2 are “don’t care” but should be set to zero. NDCB0[AUTO_RS] should be false. The 
number of required ADDR fields in NDCB{1,2} are a function of the ADDR_CYC value.

The most obvious use for a Read ID is to read the NAND ID. In addition, for NAND devices that are 
ONFI compliant, the Read ID can be used to determine this compliance. In the normal ID example, 
there is a single 0x00 address cycle and at 2, 4, or 5 data cycles. For the ONFI ID case, the address 
cycle is set to 0x20, presenting 4 data cycles: “O”, “N”, “F”, “I”.

Another possible usage model for the Read ID is for block-unlock commands on NAND devices that 
support the lock, lock-tight, and unlock region commands. The Unlock command typically is a 
command cycle followed by three block-address cycles to specify the start of the unlocked region 

Figure 68: Reset Command Event Causality Diagram
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followed by another command cycle with three block address cycles to specify the end of the 
unlocked region. There should be no data cycles, so using this semantic as an Unlock Region 
command requires that the NDCR[RD_ID_CNT] field be set to zero.

There are certain NAND devices (or NAND device specifications) that have command-address 
sequences where the single command is a function and the single address is like an argument for 
the function. These sequences can be generated as a Read ID with NDCR[RD_ID_CNT] set to zero.
                         

18.6.4 Program (Write) Usage
The Program command can be implemented in a number of ways. There are rules for overlapping 
operations, supporting larger pages and ganging, and in general the issues with program operations 
have become more complex.

18.7 Register Descriptions
Refer to Appendix A - Register Tables for details on the NAND Flash Controller registers.

Note

The address cycle counts and data cycle counts are now allowed to be zero. If zero 
address cycles are specified, no address cycles are generated. If zero data cycles are 
specified, no data cycles are generated. Previously the minimum value for either of 
these fields was defined to be 1 but if either of these fields were set to zeroes, a 
minimum of one cycle of each type would have been generated.
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19 Static Memory Controller (SMC)
This section describes the external static memory interface structures and static memory-related 
registers supported by the ARMADA 16x Applications Processor Family.

Section 19.1, Data Flash Interface (DFI)
Section 19.2, SMC Features
Section 19.3, Static Memory Controller Signal Descriptions

Section 19.4, Supported Memory Types
Section 19.5, Operation
Section 19.6, Programming Static Memory Control Registers

Section 19.7, DFI SRAM Controller
Section 19.8, DFI Synchronous NOR Flash Controller
Section 19.9, DFI Asynchronous NOR Flash Controller

Section 19.10, DFI VLIO Controller
Section 19.11, DFI Managed NAND with SRAM/NOR Flash Interface
Section 19.12, AAAD Usage

Section 19.13, Register Descriptions

The Static Memory Controller (SMC) supports multiple static-memory types. In particular, it supports 
synchronous and asynchronous flash devices, SRAMs and SRAM-like Variable Latency 
Input/Output (VLIO) devices, and NAND devices with SRAM interfaces (for example OneNAND, 
Pseudo RAM (PSRAM) and Sandisk DiskonChip (MDOC)). It connects only to the DFI.

19.1 Data Flash Interface (DFI)
The DFI is shared between the NFC and the SMC. It is a 16-bit data interface with multiplexed 
address and data signals. Two sets of control signals exist: one permanently controlled by the SMC 
and one controlled by the NFC. Access to the data bus is arbitrated by both controllers when an 
operation is to be performed. 
                         

19.2 SMC Features
The SMC provides the following features:

Connection to the DFI bus 

Interface to SRAM-like devices, VLIO devices, and various types of eXecute In Place (XIP) 
NOR Flash

Synchronous access that supports both burst Read and Write 
Asynchronous access that supports both Read and Write
Directly supports A/D (Address/Data), AA/D (Address/Address/Data) and Alternate AA/D 
(Address/Address/Data) modes 

Note

NFC access may require an extended amount of time, for example, performing block 
Reads and other operations. The NFC can initiate an access and then either allow it to 
proceed in the memory device independently without access to the bus, or the NFC 
interrupts a stream of bus accesses, allowing the SMC to gain access. Refer to the 
NAND Flash Controller chapter for detailed behavior and settings for the arbitration.
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NAND Flash devices with SRAM/NOR Flash interfaces on the DFI; Read burst and Write burst 
capabilities:

• PSRAM with support for CellularRAM, COSMORAM, and UtRAM

• OneNAND

• Sandisk mDOC

Supports maximum memory size of 256 MB, and minimum memory size of 16 MB
Each partition has a 28-bit logical address (with byte significance)

Interfaces to two partitions of static memory all types of memory supported on each of the 
partitions, each with a separate chip select 

Supports flexible memory addressing (internal memory mapping for start addresses) for all chip 
selects 

Supports DFI arbitration with the NAND Flash Controller
I/O maximum speed of 62.4 MHz
Supports 16-bit data interfaces

Supports maximum 64-byte burst size

19.3 Static Memory Controller Signal Descriptions
Refer to Table 87 for a complete list of SMC signal descriptions. Table 88 shows the mode of 
operation for A/D and AA/D accesses.
                          

Table 87:   External Signal Descriptions

Signal Name Direction Descript ion

SMC_SCLK Output Output clock for SMC 
Generated by the clocks unit so it is an output from the chip 
but an input to the SMC 

SMC_nCS<1:0> Output Chip selects for static memory on the DFI

SMC_nLUA Output Latch Upper Address
Latch Upper Address for AA/D mode
Address valid signal for A/D mode, same signal is used as 
nLUA.
NOTE: Arbitrated with the Write Enable for the NFC 

(ND_nWE) and I/O Write Enable for the CFC 
(CF_IOWR)

SMC_nLLA Output Latch Lower Address
Can be used to latch the low-order address bits of the cycle 
from the address bus in an external device during AA/D mode
NOTE: Arbitrated with the Read Enable for the NFC 

(ND_nRE) and I/O Read Enable for the CFC 
(CF_IORD)

SMC_nBE<2:1> Output Data byte enable
nBE<1> corresponds to DF_IO<7:0>, nBE<2> corresponds 
to DF_IO<15:8> 
0 = Do not mask out corresponding byte
1 = Mask out corresponding byte

SMC_RDY Input Signal for inserting wait states

SMC_IRQ Input Interrupt signal
NOTE: Connects directly to the Interrupt Controller.
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SMC_ADDR<3:0> Input Lower 4 addressing signals used for Low Order Addressing 
mode 

DF_IO<15:0> Input/Output Bi-directional address/data bus used for the Static Memory 
Controller (SMC), 
NOTE: Arbitrated with the NAND Flash Controller (NFC) and 

Compact Flash Controller (CFC)

SMC_nWE Output Write Enable
NOTE: Arbitrated with the Address Latch Enable (ALE) for 

the NFC (ND_ALE) and Write Enable for the CFC 
(CF_nWE)

SMC_nOE Output Output Enable
NOTE: Arbitrated with the Command Latch Enable (CLE) for 

the NFC (ND_CLE) and Read Enable for the CFC 
(CF_nOE)

Table 88: Modes of Operation and Interface Pin Usage

Signal Name A/D Descript ion AA/D Description

A        
Address 
phase

D          
Data 
phase

A       
Upper 
Address

A        
Lower 
Address

D 

Data

DF_IO<0> add<0> data<0> add<16> add<0> data<0>

DF_IO<1> add<1> data<1> add<17> add<1> data<1>

DF_IO<2> add<2> data<2> add<18> add<2> data<2>

DF_IO<3> add<3> data<3> add<19> add<3> data<3>

DF_IO<4> add<4> data<4> add<20> add<4> data<4>

DF_IO<5> add<5> data<5> add<21> add<5> data<5>

DF_IO<6> add<6> data<6> add<22> add<6> data<6>

DF_IO<7> add<7> data<7> add<23> add<7> data<7>

DF_IO<8> add<8> data<8> add<24> add<8> data<8>

DF_IO<9> add<9> data<9> add<25> add<9> data<9>

DF_IO<10> add<10> data<10> add<26> add<10> data<10>

DF_IO<11> add<11> data<11> add<27> add<11> data<11>

DF_IO<12> add<12> data<12> - add<12> data<12>

DF_IO<13> add<13> data<13> - add<13> data<13>

DF_IO<14> add<14> data<14> - add<14> data<14>

DF_IO<15> add<15> data<15> - add<15> data<15>

SMC_nLLA Latch Lower add (nLLA)

SMC_nLUA Address Valid (nADV) Latch Upper add (nLUA)

SMC_nCS<0> Chip select 0 Chip select 0

SMC_nCS<1> Chip select 1 Chip select 1

Table 87:   External Signal Descriptions (Continued)

Signal Name Direction Descript ion
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19.4 Supported Memory Types
Several memory types are supported in the system. Different widths of memories are supported on 
different interfaces as described in Table 89.

For different memory types that are required in the system, each must be allocated a different chip 
select and that chip select must be configured using configuration registers in the relevant Memory 
Controller.
                         

19.4.1 A/D Memories
The term “A/D Memories” refers to the way addresses and data are supplied to the memory devices 
and to the number of cycles on the main data bus to produce an access, which can be a burst or a 
single operation.

In A/D multiplexed memory, the lower 16 address bits are multiplexed with the 16-bit data line. One 
additional address cycle is provided before the data cycle. The address lines are latched using 
SMC_nADV signal

SMC_SCLK Clock external Clock external

SMC_nWE Write Enable Write Enable

SMC_nOE Output Enable Output Enable

SMC_BE<2>n Byte Enable 2 Byte Enable 2

SMC_BE<1>n Byte Enable 1 Byte Enable 1

SMC_RDY variable latency ready variable latency ready

Table 88: Modes of Operation and Interface Pin Usage (Continued)

Signal Name A/D Descript ion AA/D Description

A        
Address 
phase

D          
Data 
phase

A       
Upper 
Address

A        
Lower 
Address

D 

Data

Table 89: Memory Types

Memory Type Control ler Interface Memory 
Width

Description

NAND Flash NFC DFI 8 or 16 Refer to NAND Flash Controller Chapter

SRAM SMC DFI 8 or 16 Refer to Section 19.7, DFI SRAM 
Controller

NOR Flash SMC DFI 8 or 16 Async and sync Read and async Write 
are supported

NAND Flash with 
SRAM/NOR Flash Interface 
(Managed NAND)

SMC DFI 8 or 16 Pseudo SRAM, OneNAND and 
M-Systems DOC, async and sync Read 
and async Write 

VLIO SMC DFI 8 or 16 Async Read and Write supported

For devices that do not support A/D or AA/D address data muxing, external memory devices are required to support latching of 
the address external to the device . The ability to meet this requirement can be integrated into a companion chip.
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19.4.2 AA/D XIP Memories
The “AA/D Memories” refers to the way addresses are supplied to the memory devices and to the 
number of cycles on the main data bus to produce an access, which can be a burst or a single 
operation.

Two types of AA/D Memories are supported: AA/D Memory (AAD) and Alternate AA/D Memory 
(AAAD). In both, two additional address cycles are provided before the data cycle for the memory 
device.

For AAD memory, no dedicated address pins are used, the SMC_nADV is replaced with two 
separate pins nLUA and nLLA. The upper address and lower address cycles are indicated on the 
DF_IO<15:0> bus using nLUA and nLLA, respectively. Upper and lower address cycles could be 
latched externally using the nLUA and nLLA, respectively.    

In AAAD memory, the combination of SMC_nADV and the nOE signals are used to distinguish 
between the high and low address parts. SMC_nADV is used to indicate address contents on the 
DF_IO<15:0> bus. Simultaneously use the SMC_nOE low and high values to indicate high and low 
address parts, respectively. Similar to AAD, the combination of the SMC_nADV and SMC_nOE 
could be used to latch the upper and lower address parts. 

For AA/D memory, lower address pins can be supplied optionally via dedicated low address pins (in 
addition to being sent out on the data bus), which allows higher performance operations. This 
arrangement is referred to as low-order addressing in AA/D mode.

19.4.3 Transfer Processing Order
Memory requests are placed in two processing queues: one for Read requests and one for Write 
requests and are processed in the order they are received from each queue. No out-of-order 
processing is performed within each queue and with respect to the other queue. The queues for the 
SMC are independent of that for the NFC.

19.5 Operation
This section describes the operation and features for the SMC.
                         

19.5.1 Reset
At reset assertion, all SMC registers default to their reset values. Before any accesses can be 
performed, they must be configured appropriately depending on which devices the Memory 
Controller is interfacing to. Refer to Section 19.6, Programming Static Memory Control Registers for 
the proper sequence of programming the SMC registers after reset.
                         

As was mentioned previously, the SMC arbitrates with the NFC for the DFI. Therefore, the 
controllers must also be configured properly before performing any SMC operations. Refer to 
“NAND Flash Controller” for details on configuring the NFC and arbitration settings and operation. 

When the processor exits reset, it always begins to execute from internal ROM. However, the ROM 
could program the Memory Controllers and then begin fetching and executing instructions at an 
external address predetermined by additional configurations.

Note

If booting from nCSx, the Boot ROM changes startup values of the SMC registers. 
Read registers values to ensure reset values.
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19.5.2 Memory Address Mapping
The ARMADA 16x Applications Processor Family allows different memory sizes for the SMC 
ranging from 16 to 256 MB for each chip select nCSx. The memory address map is programmable 
with the default values as shown in Table 90.

Static memory has four partitions, one for each chip select available. No memory bursts across the 
boundary between any two adjacent partitions.

Memory sizes less than 16 MB could also be supported with a limitation of address mapping being 
set to the minimum 16 MB boundary only. This limitation means some gaps could not be avoided if a 
smaller than 16 MB memory is placed at the beginning or in the middle of the SMC address map.   
One way to avoid gaps in the middle of the SMC memory map is to assign smaller memory as the 
last memory device within the SMC memory map, so that such gaps are placed at the end (works 
only for one such small device). 

To remap the memory address, specify the top portion of the address and size of the memory, which 
are both set by the user during setup in the Address Mapping Control Registers, as described in 
Appendix A - Register Tables. Ensure that no intersection between memory allocations occurs and 

that the start address and size are chosen such that no part of the memory would be allocated 
outside memory map for the SMC.

Do not access unpopulated memory space that results from non-existent devices, gaps between 
smaller than default devices, or gaps for smaller than 16 MB devices. In all of these instances, 
indeterminate behavior up to SMC hanging indefinitely could occur. If such error in access occurs, 
mainly when a ready response is expected from the memory device before access would occur, 
activate a watchdog timer before accessing the memory as a safety precaution.

The programmable mapping of new memory locations and sizes should maintain order of memory 
location, that is nCS<0>, and nCS<1>, should keep their relational position with respect to each 
other.
                         

19.5.3 Memory Interface Options
The memory type on a particular chip select is configured by the DFI Configuration Control Register 
for Chip Selects for that chip select, as shown in Table 89.

19.5.3.1 Restrictions on Chip-Select Use
Each chip select can be configured for any of the legal memory types. No checking is performed to 
ensure that a particular memory type is allowable on the DFI for which it is configured. 

19.5.3.2 Restriction on Frequency for DFI Clock
The maximum frequency for the DFI clock (SMC_SCLK) is dictated by the multi-function pins (for the 
ARMADA 16x Applications Processor Family, it is 62.4 MHz).

19.5.4 Types and Sizes of Memory Accesses
The SMC can generate only certain types of memory access. As the SMC is a slave on the AXI bus, 
the maximum burst size is 64 bytes. For a 16-bit data bus, this amounts to a 32 data transfer (32 
data beats), and for an 8-bit data bus, this equates to a 64 data transfer (64 data beats).    

Table 90: Static Memory Controller Address Map

Name Minimum Size Maximum Size Default  Address Region

nCS<0> 16 MB 256 MB 0x0000_0000–0x0FFF_FFFF 

nCS<1> 16 MB 256 MB 0x1000_0000–0x1FFF_FFFF 
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19.5.5 Reads and Writes
nBE<2:1> is data masking, or active low byte-enable bits. When de-asserted (high), the 
corresponding bit masks out the associated byte of data on the DF_IO<15:0> bus. When asserted 
(low), the corresponding bit does not mask the associated byte of data on the bus. 

For Writes, the nBE<2:1> lines are active-low enables for the corresponding byte of the data bus 
based on the AXI byte-enable Write request values. Flash memory-space Writes must be exactly the 
width of the flash data bus, and thus the byte enables are both set low. See Section 19.6.2, Byte 
Enables and Byte Address for more details.

For Reads from all memory types, the nBE<2:1> lines are always asserted (low) to read 2 bytes 
(1 byte for 8-bit DFI bus) bytes at one time. 

19.5.6 Aborts and Nonexistent Memory
If a memory is not occupying all allocated megabytes of a partition according to its memory mapping 
selection (mapping selection is done according to the setting of the <Start Address Bits> and 
<Memory Size> fields, see the Register tables appendix in this document for allowed values), but is 
occupying only a portion (see Section 19.5.2, Memory Address Mapping for mapping options), 
Reads and Writes to or from the unoccupied portion are processed as if the memory occupies the 
entire allocation of the memory partition. This memory processing is true for any memory type.

Accesses to or from unpopulated memory locations are not detected in hardware. Indeterminate 
data is returned when unpopulated memory is selected on a Read.

A burst access to a partition that is not configured correctly returns non-valid data and produces an 
indeterminate behavior. Also burst accesses to reserved Memory Controller register space are not 
allowed, and they should always be 32-bit data width; otherwise, they result in indeterminate 
behavior.

In all instances, configure the memory correctly and access valid locations for memory space; 
otherwise, unpredictable behavior—up to system hang—can result from not following the proper 
instructions.

19.5.7 Addressing Operations
The   provides a number of addressing bits depending on the whether A/D, AAD or AAAD mode is 
being used. Various forms of address multiplexing enable connecting to different types of memories. 
All address ranges are described based on the full byte address. Thus, the logical A<0> bit always 
has byte significance.

There are general guidelines to follow for address configuration using the SMC_CSDFICFGx 
register:

<Address Base> field should be 0x1 or 0x0 for 16- or 8-bit data width on the DFI bus 
respectively. For 16-bit data width, it means the lowest address bit (byte address) is not required 
for a 16-bit data bus.
<ADDMODE> should be 0x1 for AA/D mode or 0x0 for A/D mode<Low Address Setup> field 
should be set to 0x1 when using the low-order addressing signals SMC_ADDR<3:0>. This field 
should be cleared to 0x0 when using Full Latch mode where every address cycle requires an 
address latch cycle.

For AA/D mode, the low and high addresses are sent normally, and the A<4:1>are sent also on 
SMC_ADDR<3:0>.

Each chip select should be configured to a different address mapping, such that no two chip 
select address spaces would intersect; otherwise, undetermined behavior can occur.
No automatic configuration of address bits is performed. The DFI Configuration Control Register 
for Chip Selects must be set up for the relevant chip select before an operation is performed.

Figure 69 shows the different utilization of the address bus muxing during AA/D mode. 
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For A/D mode, Figure 70 shows options for sharing address bits with data based on the <Low 
Address Setup> setting.
                         

19.5.8 Address Options
The address can be supplied on the DFI in A/D mode or AA/D mode. A/D and AA/D modes could 
also be supported with programmable low-order addressing width. These modes are configured 
independently for each chip select in the DFI Configuration Control Register for Chip Selects. Refer 
to Appendix A - Register Tables of this document.

Figure 69: Useful Address Multiplexing Options for AA/D Mode

                         

Figure 70: Address Multiplexing Options for A/D Mode
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19.5.8.1 A/D (Partial-Latch) Mode
In A/D (partial-latch) mode, at the start of each transfer, the address phase is performed in one 
cycle, and the data in the next cycle(s). This is a simple mechanism for non-A/D interfaces that 
require latches controlled with the SMC_nADV control signal for full address and data access 
memories.

19.5.8.2 AA/D (Full-Latch) Mode
In AA/D (full-latch) mode, at the start of each transfer, both an upper phase and a lower address 
phase are sent. Then, for each next data phase, the lower address phase is sent with the next lower 
address (no need to send the high address again if it has not changed). This simple mechanism is 
for full address and data access memories that require latches. These latches are controlled with the 
nLUA and LLAn control signals.

19.5.8.3 Low-Order Addressing for AA/D and A/D Modes
After configuring the interface correctly for low-order addressing using AA/D or A/D modes, the full 
address is supplied at the start of the transfer operation using address latch operations, and the 
lowest bits of the address are supplied using a set of low-order dedicated address signals 
(SMC_ADDR<3:0>). For subsequent data transfers and as long as only the lower address signals 
are changing; no low or high address cycles are required. See Figure 69 and Figure 70 for examples 
of how to use the low-order addressing.

Low-order addressing cannot be used for Non-Muxed mode.

19.6 Programming Static Memory Control Registers
This section is intended as an aid and not a substitute to the overall programming of the SMC. In 
particular, read the relevant register definitions closely.

The programmable fields are combined together to specify the characteristics of the interface and in 
turn the type of memory and access configuration.

19.6.1 DFI Configuration
Follow these steps to configure the DFI:

1. Configure the interface based on the memory type
a) Configure the CSDFICFGx[ADDMODE] for proper address muxing from the restricted set of

DFI options. Default is AA/D muxing.
b) For the proper sync/async for both Read/Write operations on the DFI, configure the

CSDFICFGx[RDSYNC] and CSDFICFGx[WRSYNC] fields. These could be independently
set for Read and Write. The default for both Read and Write is asynchronous.

c) Configure CSDFICFGx[RDY_SPEC] to indicate the usage and specifications of the RDY
(WAIT) signal on the DFI. By default, the RDY signal is not enabled.

2. Configure proper address and data multiplexing on lower and higher address parts
a) Configure the CSDFICFGx[ADDRBASE] field for proper use of addr<0>. The default is byte

addressing.
b) Configure the CSDFICFGx[LOWADD] field if the lower address must be separate from the

data bus. By default, it is not enabled.

3. Configure the proper timing for signals on the DFI:

a) Address timing setup: CSDFICFGx[ALTS/ALW/ALTH] depends on the hardware
configuration. Reasonable values would be CSDFICFGx[ALTS] = 0x1, CSDFICFGx[ALW] =
0x1, and CSDFICFGx[ALTH] = 0x1.

b) In the Static Memory Control Register (MSCx), configure one of the following fields:
WE_D_HO, WE_D_SU, WE_LEN, or WE_GEN for proper Write timing access and one of
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the following fields: OE_D_SU, OE_D_HO, OE_SU, OE_HO, or OE_GEN for proper read
access timing. 
All values should be programmed based on device timings.

c) For synchronous access, configure the SXCNFGx[SXWA/SXRA] based on memory timing
and the external SMC clock frequency.

As shown previously, the SMC provides some degree of flexibility in programming different interface 
specifications. Users must set the proper values for a specific interface for the interface to work 
properly.

19.6.2 Byte Enables and Byte Address
The ARMADA 16x Applications Processor Family calculates 28 bits of byte address for accesses of 
up to 256 MBs per chip select. This byte address is sent out as a single address in A/D and in two 
parts in AA/D mode according to the programming of the DFI Configuration Control Register for Chip 
Selects. 

For programmers not concerned about the byte address, the lowest bit can be truncated (can be 
performed by not connecting up the address at the system level or by using the <Address Base> 
field). For all Reads, the byte-enable bits are 0x0. For Writes, the byte-enable bits usage is 
summarized in Table 91. 
                         

                         

                                                                           

19.7 DFI SRAM Controller
The nCS<1:0> signals select the SRAM bank. The nOE signal is asserted on Reads, and nWE is 
asserted on Writes. Logical-address bits <27:0> provide addressability of up to 256 MBs of SRAM 
per bank.

For Reads, nBE<2:1> are asserted to 0x0. During Writes, data pins are actively driven by the 
processor (that is, they are not three-stated), regardless of the state of the individual BEn pins. For 
SRAM Writes, the BEn pins are used as byte enables.

Note

Write transactions can be generated from the SMC when the nWE signal is asserted, 
but neither of the byte enables is turned on. For such instances, if the transaction is 
performed to a VLIO, it is expected the RDY signal is returned (asserted); otherwise, 
the system could hang indefinitely waiting for the RDY signal. To prevent indefinite 
hangs, set the watchdog timer when starting a VLIO transfer and the system reset if no 
response is received from the VLIO. If a transaction comes to the SMC with both byte 
enables off, it occupies time on the external bus and is not skipped.

Note

Table 91 shows the LSb of the logical address. This address may not actually come out 
of the chip, depending on the setting of the <Address Base> field. For example, if set to 
0x1, then the least significant address sent out would be address <1>.

Table 91: 16-Bit Byte Address Bit Based on nBE<2:1>

SMC_nBE<2:1> Addr<0>

0x0 0

0x2 0

0x1 1

0x3 0
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Proper setting for SRAM memory would not use the RDY signal. Refer to the SRAM chip parameter 
to set the other options.

19.8 DFI Synchronous NOR Flash Controller
Sixteen-bit NOR Flash is supported on the DFI. See the Synchronous Static Memory Control 
Registers and the Static Memory Control Registers in the appendix of this document for the specific 
programming registers used to configure the synchronous static memory.

Operation of synchronous NOR Flash resets to Asynchronous mode (page mode for Reads and 
asynchronous single-word Writes). The NOR Flash device changes to Synchronous mode 
(burst-timing synchronous Reads and asynchronous single-word Writes) only through user 
programming of the Read Configuration Register (RCR). At boot up, therefore, the synchronous 
NOR Flash operates as an asynchronous device. For synchronous NOR Flash, Table 92 lists 
sample programming values for the Read Configuration Register to ensure proper operation with the 
ARMADA 16x Applications Processor Family. 

When the <Address Latch Timing Hold> is programmed with non-zero cycles of hold, the latency for 
the address valid latched to the data on the bus is not affected. 

The values in Table 92 for synchronous NOR Flash are examples provided for reference only. 
Consult the datasheet for the actual part being used. The frequency configuration must be 
determined based on the CLK-to-output delay, the CLK period, and the SMC_nADV-to-output delay 
timing parameters of the NOR Flash device.
                         

19.9 DFI Asynchronous NOR Flash Controller
The DFI is a flexible interface that allows the Memory Controller to perform operations that are not 
valid for the NOR Flash. Setup and software must ensure that these operations are not performed.

Reads from NOR Flash memory have several requirements.

Because NOR Flash defaults to Read-array mode, burst Reads are permitted out of the NOR 
Flash, which allows instruction caching and burst Reads from the NOR Flash by the DMA, LCD, 
and USB host.

Table 92: Synchronous NOR Flash Sample Read Configuration Register 
Programming Values

Bits Field Name Value to Program

15 Read Mode Synchronous operation
Asynchronous operation

14 Reserved 0

13:11 Frequency Configuration This value must be chosen based on the AC 
characteristics - read-only operation section of the NOR 
Flash device datasheet. Check allowed frequency codes 
based on the actual NOR Flash part being used. 

10 Wait Signal Polarity 1 = High - true1

9 Reserved Clear bit to zero

8 Wait Configuration 1 = Wait de-asserted one clock cycle before valid data1 

1. nWAIT from the NOR Flash device could be used or ignored by the   based on the RDY 
programming

7:3 Reserved 0x00

2:0 Burst Length 0x7 = Continuous word burst



Marvell® ARMADA 16x Applications Processor Family Software Manual

                         

                         

Doc. No. MV-S301544-00  Rev. -   Copyright © 2010 Marvell

Page 342 November 2010 PUBLIC RELEASE

Some areas of NOR Flash may not permit burst Reads. When trying to read from these areas, 
do not attempt burst Reads or plan on using the RDY signal. Consult the NOR Flash datasheet 
for more information.

Software is responsible for partitioning commands and data and for writing the commands out to 
the NOR Flash before the Read. The Memory Controller does not insert any commands before 
NOR Flash Reads.

Writes to NOR Flash memory have several requirements. 

NOR Flash memory space must be uncacheable and unbuffered. 

There are no burst Writes to the NOR Flash. Writes to NOR Flash must be the exact width of the 
populated NOR Flash devices on the data bus and must be a burst length of one Write (no 
Writes of 1 byte to a 16-bit bus). The allowable Writes to NOR Flash are same width as data 
bus.
For Writes to the NOR Flash, the command and data must be given in separate Write 
instructions to the Memory Controller, with the first instruction carrying the command and the 
next instruction carrying the data. 

Software is responsible for partitioning commands and data and for writing them out to the NOR 
Flash in the appropriate sequence. The Memory Controller does not insert any commands 
before NOR Flash Writes.
Because NOR Flash Writes cannot be bursts in Asynchronous mode, the DMA and USB host 
must never try to write to NOR Flash in this mode.

19.10 DFI VLIO Controller
The VLIO interface allows the use of a data-ready input signal, RDY, to insert a variable number of 
memory-cycle wait states. The signal RDY might need to be re-synchronized on input via a 
two-stage synchronizer, and when the synchronized signal is high, the I/O device is ready for data 
transfer. RDY can be tied high to cause a zero-wait-state I/O access.

In addition, VLIO Read accesses differ from SRAM Read accesses in that the nOE toggles for each 
beat of a burst. 

For both Reads and Writes from/to VLIO, a special DMA mode exists that causes the address to not 
be incremented to the VLIO. This mode allows port-type VLIO chips to interface to the processor. 
The only memory types for which this mode is valid are VLIO and card devices. For information on 
this mode, refer to the DMA chapter. 

The Memory Controller waits indefinitely for the RDY signal to be asserted. This wait can hang the 
system if the external VLIO is not responding. To prevent indefinite hangs, set the watchdog timer 
when starting a VLIO transfer and the system reset if no response is received from the VLIO.

19.11 DFI Managed NAND with SRAM/NOR Flash Interface
Managed NAND with SRAM/NOR Flash interface are commonly used such as OneNAND, Sandisk 
mDOC, and PSRAM (supported types CellularRAM, CosmoRAM, and UtRAM). These devices are 
used to improve access times vs. memory size.

As NAND devices, these chips have long access times, internal refresh needs arbitration with the 
external access, an external signal RDY is used to hold data transfer for such events.

These devices rely on software to setup block/page/sector address by setting the correct 
configuration registers.

Software is responsible for partitioning commands and data and for writing them out to Managed 
NAND in the appropriate sequence. The Memory Controller does not insert any commands before 
NAND Flash Writes.
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19.12 AAAD Usage
The AAAD is achieved by setting the <OE_AP_VAL> field in the nOE Address Phase Control 
Registers as described in Appendix A - Register Tables.

19.13 Register Descriptions
Refer to Appendix A - Register Tables for details on the Static Memory Controller registers.
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20 USB Host and OTG Interface Controllers
The ARMADA 16x Applications Processor Family USB Interface includes one USB OTG-capable 
dual-role host/device controller and one USB Host Controller that is compliant with the USB 2.0 
specification. The USB OTG and USB Host Controllers integrate one transceiver. This chapter 
describes:

Section 20.1, Features 
Section 20.2, Signal Descriptions 

Section 20.3, Functional Description 
Section 20.4, USB Controller Operation 
Section 20.5, Register Descriptions 

20.1 Features
Full USB OTG functionality with integrated transceiver, allowing support for an Enhanced Host 
Controller Interface (EHCI) host or a device

Support High-Speed USB 2.0 Host/Device/OTG interface to external USB 2.0 compliant hosts 
and devices 

Up to 4 configurable bi-directional endpoints, which may be configured as IN/OUT for control, 
Bulk or Isochronous; Endpoint 0 is always present and may not be reconfigured 

Control signals for external power supply and detection of voltages for OTG signalling
Capability to respond as self or bus powered device and control to allow charging from bus 
Full 1 KB Transmit FIFOs for each endpoint 

2 KB shared Receive buffer for all incoming data 

The following sections briefly describe each of the major blocks shown in Figure 71.
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20.1.1 DMA Engine
The DMA Engine Block presents a bus initiator (master) interface to the internal bus. It is responsible 
for moving all of the data to be transferred over the USB between the USB core and buffers in the 
system memory. 

The DMA Controller must access both the control information and packet data from the system 
memory. The control information is contained in the link list-based queue structures. The DMA 
Controller has state machines that are able to parse all of the data structures defined in this 
controller specification. 

20.1.2 Dual Port RAM Controller
The Dual Port RAM Controller is used for context information and to build configurable FIFOs 
between the Protocol Engine block and the DMA Controller. These FIFOs decouple the system 
processor memory bus request from the extremely tight timing required by the USB itself. The use of 
the FIFO buffers differs between Host and Device mode operation. In Host mode, a single data 
channel is maintained in each direction through the dual-port memory. In Device mode, multiple 
FIFO channels are maintained for each of the active endpoints in the system. 

Figure 71: USB Controller Block Diagram
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20.1.3 Protocol Engine 
The Protocol Engine parses all the USB tokens and generates the response packets. It is 
responsible for checking for errors, checking field generation, formatting all handshaking, ping, and 
data response packets on the bus, and for generating any signals based on a USB-based 
timeframe. In Host mode, the Protocol Engine also generates all of the token packets that are 
required by the USB protocol. The Protocol Engine contains several sub-functions: 

The token state machines track all of the tokens on the bus and filter the traffic based on the 
address and endpoint information in the token. In Host mode, these state machines also 
generate the tokens required for data transfer and bus control. 

The CRC5 and CRC16 CRC generator/checker circuits check and generate the CRC check 
fields for the token and data packets. 

The data and handshake state machines generate any responses required on the USB and 
move the packet data through the dual-memory FIFOs to the DMA Controller block. 

The Interval timers provide timing strobes that identify important bus timing events: bus timeout 
interval, microframe interval, start of frame interval, and bus reset, resume, and suspend 
intervals. 
Reports all transfer status to the DMA engine.

20.1.4 Port Controller 
The Port Controller block interfaces to the UTMI, UTMI+ compatible transceiver macrocell core or 
component. The primary function of the Port Controller block is to isolate the remainder of the 
USB-HS core from the transceiver and to move all of the transceiver signaling into the primary clock 
domain of the USB-HS core. This process allows the core to run synchronously with the system 
processor and its associated resources.

20.2 Signal Descriptions
Table 93 describes the USB OTG signals and Table 94 describes the Host Controller signals.
                         

Table 93: USB OTG Controller Signal Descriptions

Name Type Description

USBOTG_P Bidirectional USB D+

USBOTG_N Bidirectional USB D-

USBVBUS Input VBUS selection - Input in 
device mode, unused in host 
mode, Input/Output for OTG 
mode to supply +5V@10mA 
during session negotiation

USBID Input Indicates whether the 
connected plug is a mini-A or 
mini-B

USBHPEN Input USB Full Speed Host Power 
Control—controls power to the 
USB host
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20.3 Functional Description
The USB OTG Controller is a fully-compliant USB peripheral device that can also assume the role of 
a USB host. The OTG state machines determine the role of the device based on the connector 
signals and then initializes the device in the appropriate mode of operation (host or peripheral) 
based upon its method of connection. After connecting, the devices can negotiate using the OTG 
protocols to assume the role of host or peripheral depending on the task to be accomplished. The 
attached peripherals share USB bandwidth through a host-scheduled, token-based protocol. 

Figure 72 displays the endpoint queue head organization.
                         

20.3.1 Host Data Structure 
The Host data structures are used to communicate control, status, and data between software and 
the Host Controller. The Periodic Frame List, as shown in Figure 73, is an array of pointers for the 
periodic schedule. A sliding window on the Periodic Frame List is used. The Asynchronous Transfer 
List is where all the control and bulk transfers are managed. 

Table 94: USB Host Controller Signal Descriptions

Name Type Description

USBH_P Bidirectional USB D+

USBH_N Bidirectional USB D-

Figure 72: End Point Queue Head Organization
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20.4 USB Controller Operation

20.4.1 FIFO Operation in Device Mode

20.4.1.1 Streaming Mode:

Device mode - ISO IN - Streaming mode
The controller starts fetching data after the software primes the endpoint, and fills the TX FIFO 
channel to the available space.

When the respective IN arrives from the Host, the controller sends the data, fetching more data 
from system memory to TX FIFO as space becomes available.

If the IN arrives and the packet is not fully in TX FIFO (packet smaller than TX FIFO), or if the 
TX FIFO is not yet full (packet larger than TX FIFO), the device controller sends a zero-length 
packet.
Using an ISO packet size larger than the TX FIFO size is not a problem, as long as the system 
bus has enough bandwidth to backfill the TX buffer after the packet started being sent.

Device mode - ISO OUT - Streaming mode
When the ISO OUT comes and data is sent from Host, the device controller begins storing it to 
the RX buffer.

The device controller starts sending data from RX FIFO to system memory as soon as a burst 
size of data is available.

After all the ISO OUT data is received, and while the RX FIFO still has data inside waiting to be 
transferred to system memory, the device controller can receive other packets.

Figure 73: Periodic Schedule Organization
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If RX FIFO buffer is full, the device “BTO” the OUT/DATA from Host.
If there is more than 1 position free, the device accepts OUT/DATA from Host but if the FIFO is 
not read to system memory, an overflow occurs anyway, and the packet NAKed.

Device mode - Bulk IN - Streaming mode
When the Host sends the IN, if the device has not primed the EP yet, it “NAKs” the IN.
After the EP is primed, the DMA engine in the device controller starts fetching data to the TX 
buffer.
When the protocol engine part of the controller is primed (after synchronization), the device 
controller responds to an IN with data.
The device controller continues to fetch data as space is available in the TX buffer (at least one 
burst worth of data of free space available).
If during a packet the system bus is unable to buffer all the data for that packet on time, the 
packet is cut short due to underrun.
During a transfer, the device controller “NAKs” an IN if the TX buffer is empty, or more 
specifically, if no data was loaded for the next packet.

Device mode - Bulk OUT - Streaming mode
When the Bulk OUT arrives and data is sent from Host, the device controller begins storing it to 
the RX buffer.
The device controller starts sending data from RX FIFO to system memory as soon as a burst 
worth of data is available.
After all the Bulk OUT data is received and the RX FIFO still has data inside waiting to be 
transferred to system memory, the device controller can receive other packets.
If RX FIFO buffer is full, the device “BTOs” the OUT/DATA from Host.

If there is more than 1 position free, the device accepts OUT/DATA from the Host; if the FIFO is 
not read to system memory, an overflow occurs anyway, and the packet NAKed.

20.4.1.2 Additional notes on TX FIFO Buffering – IN Endpoints
Initial priming:

• When the priming is started on the DMA side, the controller loads the leading data into the TX 
buffer, and only then completes the priming operation (PE is primed). This pre-buffering is 
performed for the entire first packet, or until the TX FIFO is full.

Buffering after the first packet:

• After the first packet, the second packet in a dTD is sent as long as at least one byte was 
loaded to the FIFO for the second packet.

• Once the FIFO is loaded with the first packet, the entire dTD (all the packets in one dTD) are 
sent for every IN from the Host, and the system bus must continue back-filling the TX FIFO to 
keep up with the data being sent for the several packets.

BTO or NAK from Host to a data packet:

• If a packet is NAKed or BTOed by the Host, the device flushes the TX buffer and removes the 
priming state.

• It then returns to repeat the buffer operation.

• If an IN arrives from the host in the meantime, it is NAKed.

• Once the packet is fully loaded inside the TX buffer again, or the TX buffer is full, the prime 
state in the PE is set to active.

• Only then does the device controller respond to the Host IN token with the data packet.

Underrun of the Device TX FIFO:
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• If a TX FIFO underrun occurs, the device clears the prime, flushes the TX buffer, and then 
reloads all of the failing packet to the TXFIFO.

• At the same time, the device “NAKs” an IN from the Host.

• Only when the entire packet is in the FIFO again or the FIFO is full does the Device respond 
to the Host IN with a data packet.

Buffering between dTDs

• When the Host sends an ACK to the last data packet of the first dTD, the device disables the 
primed state.

• This last data packet can either be max packet sized, a short packet or a zero-length packet, 
depending on the transfer total length and the ZLT bit in the Queue head. Either one is 
ACKed by the Host, and the priming disabled after that.

• The device then retires the dTD back to system memory, and loads the new dTD.

• In the meantime, any IN packet from the Host is NAKed.

• After loading the new dTD, the device starts buffering the first packet into the TX buffer.

• Once the packet is fully loaded inside the TX buffer again, or the TX buffer is full, the prime 
state in the PE is set to active.

• Only then the device controller respond to the Host IN token with the data packet.

20.4.1.3 Non-Streaming Mode:

Device mode - ISO IN - Non-Streaming mode
Same as Streaming mode

Device mode - ISO OUT - Non-Streaming mode
Same as Streaming mode

Device mode - Bulk IN - Non-Streaming mode
When the Host sends the IN, if the device has not yet primed the EP; it “NAKs” the IN.
After the EP is primed, the DMA engine in the device controller starts fetching data to the TX 
buffer.
The device controller continues fetching data as space is available in the TX buffer.
The device controller responds only to the first IN with data when the entire packet is fetched to 
the TX FIFO or the TX FIFO is full. In the meantime, it responds to the IN with NAK.
The following packets are sent only if the next packet is fully in the FIFO, or if the FIFO is full 
again.

Device mode - Bulk OUT - Non-Streaming mode
When the Bulk OUT arrives and data is sent from the Host, the device controller begins storing 
it to the RX buffer.

The device controller starts sending data from RX FIFO to system memory as soon as a burst 
size of data is available.

The device controller responds with NYET to this first packet of a transfer, so the Host sends 
PINGs after that.

The device controller sends NAKs to the PINGs as long as data is still in the RX FIFO (RX FIFO 
not yet empty).

Only when the RX FIFO is empty again does the device controller ACK the PING, and the Host 
sends the next IN.
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20.4.2 FIFO Operation in Host Mode

Host mode - ISO IN/OUT - Streaming mode
Taking the example of using Streaming mode: It is a 760-byte transfer, using a max packet size 
of 370 bytes, MULT=3.

For OUT direction:

• Assuming a watermark value of 512 bytes (larger than the 370-byte packet), the controller 
uses the packet size as watermark.

• Behavior is the same as in Non-Streaming mode.

• Host Controller starts fetching the data to TX FIFO after the SOF is sent.

• In Host ISO OUT, the TXFIFOTHRES watermark applies to every packet in a transfer.

• Assuming a packet size of 1024 bytes, TX FIFO with a size of 1024 bytes, and a TX 
watermark of 512 bytes as well: The DMA write the Packet Start TAG to the TX FIFO, and 
then proceeds to fill with data. As the Start TAG is read just after it is written, 512 bytes are 
again available on the FIFO. The DMA then fills the TX FIFO to the 512 bytes watermark. 
Only then does the controller send the OUT token and start the packet. As the controller 
reads the first bytes from the TX FIFO, it makes space available for the missing End Packet 
TAG, which then fits without any problems. 

• If the packet size is 1024 for a transfer size of 3072, MULT=3, and using a TX watermark of 
512 bytes, the behavior is the same as in the previous example, except that when the first 
packet starts being sent, the controller backfills the TX FIFO with the remaining data for the 
packet, as soon as one burst of data space is available. The behavior is the same for each of 
the MULT=3 packets.

• Using an ISO packet size larger than the TX FIFO size is not a problem, as long as the 
system bus has enough bandwidth to backfill the TX buffer after the packet started being 
sent.

• For a packet size = 1024 bytes, TX watermark set to 512 and TX FIFO size is 1024, the 
controller fills the TX FIFO to 512 bytes before sending the OUT token, and then continues 
backfilling the FIFO.

For IN direction:

• Behavior is the same as in Non-Streaming mode in the sense that the Host Controller is 
working with one packet at a time.

• Controller starts sending data from RX FIFO to system memory as soon as one burst of data 
is available.

• Controller always waits for all the packet data to be stored in system memory, and only then 
proceeds to the next packet; that is, it sends only the IN token for the next packet when the 
RX FIFO is empty.

• If the packet size is 1024 for a transfer size of 3072, MULT=3, the behavior is the same, each 
packet is taken care of as described above.

Host mode - ISO IN/OUT - Non-Streaming mode
The available slot for HS ISO within a micro-frame is up to 80%. This means that the buffering could 
extend until that time is exhausted, with the resulting side effect of wasted bandwidth. It does work, 
but can become a low efficiency method.

Using Non-Streaming mode, 760 byte transfer, using a Max packet size of 370 bytes, MULT=3.
For OUT direction:

• After the SOF is sent, the Host Controller begins fetching the data from memory to the TX 
FIFO.
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• Only after the first 370 bytes are fetched (a full packet), it sends the first OUT token to the 
line.

• During the first OUT/DATA, the controller continues fetching data for the remaining packets 
(370+20 bytes).

• Controller continues fetching data (within the limit of the buffer size) until all data is fetched 
and all packets are sent;

• Non-Streaming mode is the same behavior as Streaming mode with the TX Fill level set to 
the same size as the TX FIFO.

• If the packet size is 1024 for a transfer size of 3072, MULT=3, the behavior is the same as in 
the previous example, except that when the first packet starts being sent, the controller 
backfills the TX FIFO with the remaining data for the packet, as soon as one burst of data 
space is available. The behavior is the same for each of the MULT=3 packets.

• For packet size = 1024 bytes, TX watermark set to 512 and TX FIFO size is 2048, the 
controller fills the TX FIFO to 1024 bytes before sending the OUT token.

For IN direction:

• After the SOF is sent, the Host Controller starts fetching the iTD from system memory. As 
soon as the iTD has been read, it issues the IN token if the RX buffer is empty.

• While data is being received from the device and being stored to the RX buffer, the controller 
writes data to system memory as soon as one burst worth of data is available.

• Only after all data has been stored from the RX buffer to system memory does the Host 
Controller issue the second IN, and the same for the third IN.

• If the RX buffer is not empty at the calculated time to send the IN, the host delays issuing IN 
token until the buffer is empty of packet data.

• If the packet size is 1024 for a transfer size of 3072, MULT=3, the behavior is the same, each 
packet is taken care of as described above.

Host mode - Bulk OUT - Streaming mode
For every packet in a transfer, the Host Controller pre-fetches the data until the TX FIFO is filled 
up to the level specified by the TXFIFOTHRES Register. Only then is the OUT token sent while 
the controller continues fetching more data to the TX FIFO. This is the same TXFIFOTHRES 
behavior as in ISO OUT.
TXFIFOTHRES is set in number of bursts; that is, if TXFIFOTHRES=2, the actual watermark 
level is, for example, 2xINCR8, or 2x (INCR of VUSB_HS_TX_BURST length)

• If the TX FIFO is full, the Host Controller refetches data for the next packet as soon as there 
is one burst worth of free space available on the TX FIFO, regardless of the current packet 
being sent. So as soon as the first bytes are transmitted for the current packet, the Host 
Controller starts fetching for the next one. This method is valid in Streaming and 
Non-Streaming modes.

Host mode - Bulk IN - Streaming mode
Host issues IN token when the RX FIFO is empty which is valid for all packets in a transfer 
(qTD).

• The Host Controller starts sending data from RX FIFO to system memory as soon as there is 
one burst worth of data available on the RX FIFO (example: 1x INCR8, or 1x(INCR of 
VUSB_HS_TX_BURST length)), regardless of the current packet being received. This is 
valid in Streaming and Non-Streaming modes.
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Host mode - Bulk OUT - Non-Streaming mode
Host issues OUT token when entire data packet is in the TX FIFO, or the FIFO is full.

• The Host Controller starts fetching data for the next packet as soon as there is one burst 
worth of free space available on the TX FIFO, regardless of the current packet being sent. So 
as soon as the first bytes are transmitted for the current packet, the Host Controller starts 
fetching for the next one. This is valid in Streaming and Non-Streaming modes.

Host mode - Bulk IN - Non-Streaming mode
Host issues IN token when the RX FIFO is empty.

The Host Controller starts sending data to system memory as soon as there is one burst worth 
of data available on the RX FIFO, regardless of the current packet being received. This is valid 
in Streaming and Non-Streaming modes.

20.4.3 Clock Control and Enables
The USB OTG and Host Controllers have separate clock enables for their system and USB clocks. 
The APMU USB Clock/Reset Control Register (APMU_USB_CLK_RES_CTRL) is used to enable 
the AXI interface to the USB OTG and Host Controllers.

20.4.3.1 Programming Guidelines
Both USB Controllers receive their clocks from their respective USB UTMI physical layer interfaces. 
To use the USB EHCI Host Controller or the USB EHCI OTG Controller their physical layer 
interfaces must be initialized prior to any USB Controller operation such as register write access.

The following pseudo-code illustrates the initialization of the clock sources and the USB physical 
interfaces:

print "******main PMU turn on all clocks\n"

set val *(unsigned long *)PMUM_ACGR=0x001EFFFF

print "******PMUap USBCLK Reset Control\n" 

set val *(unsigned long *)PMUA_USB_CLK_RES_CTRL=0x1B

print "******UTMI ID\n" 

eval /hex *(unsigned long *)UTMI_REVISION

print "******power up UTMI PHY\n" 

set val *(unsigned long *)UTMI_CTRL=(*(unsigned long *)UTMI_CTRL | 0x03)

print "******turn on UTMI PHY OTG extension\n" 

set val *(unsigned long *)UTMI_OTG_ADDON=(*(unsigned long *)UTMI_OTG_ADDON | 0x01)

print "set OTG PLL for 26MHz Ref clock, and put chargepump current to 10uA\n" 

set val *(unsigned long *)UTMI_PLL=((*(unsigned long *)UTMI_PLL & 0x9FFF9000) | 
0x60001EEB)

//    PLL VCO and TX Impedance Calibration Timing:
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      //    PU                __________|----------------------------------|

      //    VOCAL STAR        ___________________|--|______________________|

      //    REG_RCAL_START    ________________________________|--|_________|

      // | 200us  |40| 400us   |40| 400us   | USB PHY READY 
//----------------------------------------------------------------------------

      // Calibrate PHY

      // Make sure PHY PLL is ready

      uiDelay = 0;

      while((pPHY->UTMI_PLL & PLL_READY) == 0)

      {

            PauseMsec(1);

            uiDelay++;

            if (uiDelay > 100)

            {

                  USB_LOG_ALL("Warning! PLL_READY not set before USB PHY 
calibration");

                  break;

            }

      }

      // Toggle VCOCAL_START bit of U2PLL for PLL calibration

      PauseUsec(200);

      pPHY->UTMI_PLL |= VCOCAL_START; // Write VCOCAL_START bit to 1

      //USB_LOG_ALL("2 UTMI_PLL @0x%x = 0x%x", (unsigned int)&pPHY->UTMI_PLL, 
pPHY->UTMI_PLL);

      PauseUsec(40);

      pPHY->UTMI_PLL &= ~VCOCAL_START; // Write VCOCAL_START bit back to 0

      // Toggle REG_RCAL_START bit of U2PTX for impedance calibration

      PauseUsec(400);

      pPHY->UTMI_TX |= REG_RCAL_START; // Write REG_RCAL_START bit to 1

      PauseUsec(40);

      pPHY->UTMI_TX &= ~REG_RCAL_START; // Write REG_RCAL_START back to 0

      PauseUsec(400);

      // Make sure PHY PLL is ready again

      uiDelay = 0;

      while((pPHY->UTMI_PLL & PLL_READY) == 0)

      {

            PauseMsec(1);

            uiDelay++;



Marvell® ARMADA 16x Applications Processor Family Software Manual

                         

                         

Doc. No. MV-S301544-00  Rev. -   Copyright © 2010 Marvell

Page 356 November 2010 PUBLIC RELEASE

            if (uiDelay > 100)

            {

                  USB_LOG_ERROR("PLL_READY not set after USB PHY calibration");

                  break;

            }

      }

20.5 Register Descriptions
Refer to  Appendix A - Register Tables for details on the USB OTG Controller registers.
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21 USB PHY Calibration
This chapter shows how to calibrate the USB2 PHY for the ARMADA 16x Applications Processor 
Family, and presents other compliance guidelines. This chapter also provides details on USB test 
modes with guidelines on how to implement them.

Section 21.1, Background

Section 21.2, Transmit (Tx) Tuning

Section 21.3, Jitter

Section 21.4, Eye Diagram Shape

Section 21.5, Tx Tuning Procedures

Section 21.6, Receive (Rx) Tuning

Section 21.7, High Speed Sync

Section 21.8, PLL Lock Gate Bypass

Section 21.9, Test Mode

Section 21.10, Register Descriptions

21.1 Background 
The USB2 PHY in the ARMADA 16x Applications Processor Family is designed for use across 
multiple platforms, and usually does not require separate calibration (or fine tuning) for specific 
platforms or environments. However, some platforms have an environment that can cause a few 
performance parameters to have unacceptable values. This situation requires the PHY to be fine 
tuned. 

Unacceptable variance in performance parameters is usually caused by reference clock jitter, power 
noise, and/or board impedance. This chapter shows how to minimize the affect of all three by 
changing values in the PHY programmable register fields. Both the PHY Transmit (Tx) and Receive 
(Rx) settings are covered. 

This chapter functions as a guideline for configuring the PHY, but is not an in depth discussion on 
internal electrical properties of the PHY.

21.2 Transmit (Tx) Tuning
The USB compliance High-Speed Eye Diagram is used as a measurement tool for Tx tuning. If the 
Eye Diagram fails, the PHY must be re-calibrated. 

There are two common problems that cause Eye Diagram failures: jitter, and the shape of the eye of 
the Eye Diagram.

21.3 Jitter
The two main sources of jitter are reference clock jitter and power supply noise. These jitter sources 
can occur even when the reference clock and/or power supply is of high quality. 

Reference clock jitter and power supply noise can be controlled to a certain degree by changing the 
values of the UTMI_PLL[ICP] and UTMI_PLL[KVCO] register fields, according to the following 
criteria: 
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If the source of jitter is reference clock jitter, decrease the product of ICP and KVCO. 
If the source of jitter is power supply noise, increase the product of ICP and KVCO.

If the source of jitter is unknown, refer to the process outlined in Section 21.5.1 for determining 
the best values of ICP and KVCO. 

Note

Note UTMI_PLL[PLLVDD12] and UTMI_PLL[PLLVDD18] can also have an effect on jitter.

The value of ICP also affects the PLL. If ICP is too low, the PLL can lose lock, which can cause a 
loss of data. Under ideal power conditions, constant voltage, and little noise, all values of ICP are 
acceptable. But it is difficult to achieve ideal power conditions, so Marvell recommends having a 
value of ICP no less than 0x2 to avoid loss of PLL lock. 

21.4 Eye Diagram Shape
An ideal USB HS Eye Diagram has symmetric rise and fall times, which easily clear the reference 
eye on all sides. A common place of failures on the Eye Diagram is the top left corner because of 
issues with the rise time. The biggest impact on the rise time is the board impedance, which should 
be 90 ohms differential. A board that has an impedance higher or lower than 90 ohms experiences a 
slower rise time or step rise time caused by reflections. Even though the impedance might not be 
exactly 90 ohms, it is possible to compensate for a resultant slow rise time by programming the PHY 
registers. Figure 75 shows a transmit eye diagram. Refer to Section 21.5.2 for details on improving 
eye shape and rise times.

Figure 75: Transmit Eye Diagram
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21.5 Tx Tuning Procedures

21.5.1 Reducing Jitter

                         

21.5.2 Improving Eye Shape/ Rise Time
Figure 76 (UTMI_TX[AMP] = 0) and Figure 77 (UTMI_TX[AMP] = 3) show the effect on the eye diagram 
amplitude when changing the AMP settings. TXVDD12 is programmed to 3 in both figures. 

Table 95: Jitter Reduction

Action Comments

1. Vary the value of the UTMI_PLL[ICP] field until the best jitter 
results are achieved. Start by trying the high, mid, and low 
values, measuring the resultant jitter each time the value is 
changed. Once a general trend is seen, zero in on the exact 
ICP value. 

Observe closely the status of the PLL and make 
ensure it does not lose lock during tuning. PLL lock 
can be monitored using UTMI_PLL[PLL_READY]. 
This bit transitions to 0 when the PLL is not locked. Try 
to capture several eye diagrams for each value, as 
there can be a variance in eye diagram results. Once 
the final settings across the registers are achieved, the 
variance should decrease greatly.

2. Set the calibrate mode to manual by setting 
UTMI_PLL[KVCO_EXT]=1.

3. Vary the value of the UTMI_PLL[KVCO] field manually until 
the best jitter results are achieved. Start by trying the high, 
mid, and low values, measuring the resultant jitter each time 
the value is changed. Once a general trend is seen, zero in 
on the exact KVCO value

This step is located here because the granularity of 
tuning is better when done manually, using the 3-bit 
KVCO field. However, it is possible to skip this step 
and go immediately to Step 5. If the results from Step 5 
are satisfactory, this step is not longer needed.

4. Once the best KVCO value has been determined in Step 3, 
switch back to Auto-calibrate mode by clearing 
UTMI_PLL[KVCO_EXT]=0.

It is best to use KVCO in Auto-calibrate mode, as this 
helps with variations across parts.

5. Vary the value of the UTMI_PLL[PLLCAL12] field to match 
the best KVCO value from Step 3. 

The UTMI_PLL[PLLCAL12] field sets the correct PLL 
VCO calibration voltage, depending on the value of 
KVCO. This step can be done instead of Step 3, if the 
jitter results are already satisfactory. In this case, vary 
the value of the PLLCAL12 field to match the existing 
KVCO value. 

6. To get even better jitter results (if needed), vary the values of 
the UTMI_PLL[PLLVDD12] and UTMI_PLL[PLLVDD18] 
fields. 

The UTMI_PLL[PLLVDD12] and 
UTMI_PLL[PLLVDD18] fields also have an affect on 
jitter results. Usually the biggest changes are seen 
during the ICP and KVCO stages. This may help with 
final tuning.

Table 96: Improving Eye Shape/Rise Time

Action Comments

1. For a slow rise time (that is, the reference eye on the upper 
left is not cleared), increase the value of the 
UTMI_TX[TXVDD12] field until the rise time is shortened 
enough. 

2. If the eye diagram amplitude is too large, vary the 
UTMI_TX[AMP] field to adjust the eye diagram amplitude. 

450mV is the largest eye diagram amplitude allowed 
for USB compliance.
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Figure 76:  Eye Diagram Amplitude (AMP = 0)



USB PHY Calibration

                         

Copyright © 11/12/10 Marvell Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page 361

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

21.5.3 USB2 PHY Auto-Calibration
The USB2 PHY can auto-calibrate its impedance and the KVCO of the USB2 PLL. The timing 
diagram in Figure 78 gives the details of the auto-calibration sequence to be performed whenever 
the UTMI_CTRL[PU] bit is changed from 0 to 1. The USB2 PHY READY indication can be obtained 
from the UTMI_PLL[PLL_READY] bit.

Note

Note Perform the VCOCAL_START sequence also whenever the UTMI_CTRL[PU] bit 
remains 0 and only the UTMI_CTRL[PU_PLL] bit is changed from 0 to 1.

Figure 77:  Eye Diagram Amplitude (AMP = 3)
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21.6 Receive (Rx) Tuning
The USB compliance Rx squelch and Rx sensitivity tests are used as a measurement tool for Rx 
tuning. For Rx squelch, the preferred voltage is between 100-150mV, as it is at these values that the 
PHY does not respond to packets. For Rx sensitivity, the maximum preferred value is usually 
150mV, but it can be as high as 200mV.

The main problem with Rx tuning is finding the compromise between Rx squelch and Rx sensitivity 
settings.

Figure 78: USB2 PHY Auto-calibration Timing

                         

NOTE: The VCOCAL_START bit is located in the UTMI_PLL register and the REG_RCAL_START bit 
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21.6.1 Rx Tuning Procedures

21.7 High Speed Sync
With default settings, the first bit of the HS sync field is double the correct length, which does not 
cause a functional failure but could cause a compliance failure. Clear U2PTX[TXDATA_BLOCK_EN] 
to return the sync bit to correct length.

21.8 PLL Lock Gate Bypass
An accurate PLL is needed to clock the data because of the high speeds used for USB bit times. The 
PHY has a feedback loop that checks the PLL at all times. The status of the PLL is updated in 
UTMI_PLL[PLL_READY]. When this bit is high, the PLL is locked.

The PHY uses a standard 8-bit UTMI interface to connect to the USB Controller. Part of this interface 
is a 60-MHz clock provided by the PHY. All of the data from the controller is latched using this clock.

The default PHY setup uses the PLL lock signal to gate the 60-MHz clock. If the PLL loses lock, the 
60-MHz clock is not output. The criterion used to determine that the PLL has lost lock is more strict 
than needed. The PHY can still send and receive data accurately when the PLL_READY bit is low, 
as long as the PLL is not too far out of sync.

Set Reserve[PLL_LOCK_BYPASS] to enable the 60-MHz clock output regardless of PLL lock.

21.9 Test Mode
Refer to Table 98 for a list of supported USB test modes.

Table 97: Rx Tuning Procedures

Action Comments

1. Change the UTMI_RX[SQ_THRESH] field value until the 
best Rx results are achieved. Vary the 
UTMI_RX[SQ_THRESH] field and record the values of both 
Rx squelch and Rx sensitivity until the best compromise is 
reached.

While the general trend is that lower values of this 
register have higher Rx voltage levels, this field is 
non-linear.

2. While UTMI_RX[SQ_THRESH] is used for fine tuning the Rx 
sensitivity, the UTMI_IVREF[RXVDD18] and 
UTMI_IVREF[SQ_CM_SEL] fields are used as a reference 
voltage shift. If none of the SQ_THRESH values are in 
range, changing the RXVDD18 or SQ_CM_SEL values may 
put the Rx in range. Start by changing RXVDD18 first, then 
add SQ_CM_SEL if needed

Both these changes are optional; do not change if 
already in range by just changing SQ_THRESH.

Table 98: USB Test Modes

USB2.0 Test Modes Operational Mode Transmitted Data XcvrSelect and 
TermSelect

SE0_NAK Normal No Transmit High Speed

J Disable All 1's High Speed

K Disable All 0's High Speed

Test Packet Normal Test Packet Data High Speed
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21.9.1 Procedures for Testing in Loopback Mode
1. Set the UTMI_TEST_GRP_3[test_xcvr_select], UTMI_TEST_GRP_3[test_op_mode], 

UTMI_TEST_GRP_3[test_term_select], UTMI_TEST_GRP_3[test_suspendm] and 
UTMI_TEST_GRP_3[test_reset] to desired operation mode

2. Set the UTMI_TEST_GRP_1[test_lpbk_en] = 1, (optional setting 
UTMI_TEST_GRP_1[test_dig_lpbk]= 1 for digital loopback mode and 
UTMI_TEST_GRP_1[test_skip] to any value to preferred starting phase).

3. Set UTMI_TEST_GRP_1[test_length] to preferred test length.

4. Set UTMI_TEST_GRP_1[test_mode] to preferred test mode.
5. Set UTMI_TEST_GRP_1[test_en] = 1 to start the test.
6. Wait until the test finishes (Monitor UTMI_TEST_GRP_1[test_done] = 1),

7. Verify test passes by reading UTMI_TEST_GRP_1[test_flag]

21.10 Register Descriptions
Refer to  “Appendix A - Register Tables” for details on the USB PHY registers.
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22 Fast Ethernet MAC

22.1 Overview
This chapter describes:

Section 22.1, Overview 
Section 22.2, Signal Descriptions 
Section 22.3, Functional Description 

Section 22.4, DMA Transfer 
Section 22.5, DMA Receive Operation 
Section 22.6, DMA Transmit Operation 

Section 22.7, MII Serial Management Interface 
Section 22.8, Fast Ethernet MIB Counters 
Section 22.9, LED Interface 

Section 22.10, Register Descriptions 

The 10/100BASE-T Fast Ethernet MAC handles all functionality associated with moving packet data 
between local memory and a Media Independent Interface (MII) interface. The Fast Ethernet MAC 
connects to one port capable of running at either 10 or 100 Mbps (Half- or Full-Duplex mode). See 
Figure 79 for a simplified block diagram of the Fast Ethernet MAC.

The   Fast Ethernet Port includes:

One 10/100BASE-T port compliant with the IEEE 802.3 and 802.3u standards

Auto-Negotiated 10/100 Mbps half- and Full-Duplex modes
Media Independent Interface (MII)
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The   Fast Ethernet MAC features include:

Integrated MAC fully compliant with IEEE 802.3, 802.3u, 802.x standards
Flow control features:

• IEEE 802.3x flow-control for full-duplex operation

• Back pressure for half-duplex operation

Receive functions:

• 1/2k or 8k address filtering capability

• Perfect filtering 

• Reverse filtering

• Promiscuous mode

• Broadcast reject mode

• Automatic discard of errored frames, short (less than 64 bytes) or collided

• Reception of long frames (programmable up to 64 kB)

• Cyclic Redundancy Check (CRC)

• Pass bad frames mode

• On-the-fly IGMP packet trapping (layer 3 analysis in hardware)

Transmit functions:

• Short frame (less than 64 bytes) zero padding

• Long frames transmission (limited only by external memory size)

• Programmable values for Inter-Packet Gap (IPG) and Blinder timers

• CRC generation (programmable per packet)

• Automatic frame retransmission upon collision (with programmable retransmit limit)

• Backoff algorithm execution

Proprietary hash function for address table management

Figure 79: Fast Ethernet MAC Simplified Block Diagram
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Supports Multicast and Unicast address entries
Multiple priority queues

• Four Receive priority queues

• Two Transmit priority queues

Internal and external Loopback modes
Error reporting
Two dedicated DMA engines, one each for Receive and Transmit operations

Wire-speed operation even in 100 Mbps Full-Duplex mode

22.2 Signal Descriptions
Refer to Table 99 for a list of Fast Ethernet Mac signal descriptions.
                         

22.3 Functional Description
The Fast Ethernet MAC logic performs all functions of the 802.3 protocol such as frame formatting, 
frame stripping, collision handling, deferral to link traffic, etc. The FE MAC also ensures that any 
outgoing packet complies with the 802.3 specification in terms of preamble structure. Fifty-six 
preamble bits are transmitted before Start of Frame Delimiter (SFD). The FE MAC operates in 
half-duplex or Full-Duplex modes. 

When operating in Full-Duplex mode, the port transmits and receives frames simultaneously. In 
Full-Duplex mode, the CrS signal is associated with received frames only and has no effect on 
transmitted frames. The Col signal is ignored while in Full-Duplex mode. Transmission starts when 
TxEn goes active, regardless of the state of CrS. Reception starts when the CrS signal asserts, 
indicating traffic on the receive port of the PHY. 

Table 99: Fast Ethernet Mac Signal Descriptions

Name Type Descript ion

RX_DV Input Rx data valid

MDC Output SMI clock 

MDIO Bidirectional SMI data 

RX_DQ3 Input Rx data bit [3]

RX_DQ2 Input Rx data bit [2]

RX_DQ1 Input Rx data bit [1]

RX_DQ0 Input Rx data bit [0]

RX_ER Input Rx error

TX_CLK Input Tx clock

RX_CLK Input Rx clock

CRS Input Carrier sense

COL Input Collision

TX_EN Output Tx enable

TX_DQ3 Output Tx data 3

TX_DQ2 Output Tx data 2

TX_DQ1 Output Tx data 1

TX_DQ0 Output Tx data 0
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In Half-Duplex mode, the transmit logic of the FE MAC checks to make sure no competitors exist for 
the network media before transmission. 

In addition to waiting for idle before transmitting, the port handles collisions in a predetermined way. 
If two nodes attempt to transmit at the same time, the signals collide and the data on the line is 
garbled. The port listens while it transmits and can detect a collision. If a collision is detected, a 
“JAM” pattern is transmitted, and retransmission is delayed for a random time period determined by 
the Backoff algorithm. In Full-Duplex mode, the port transmits unconditionally.

Table 100 lists the registers used to program the functions of the Fast Ethernet MAC. 

22.3.1 Backoff Algorithm Options
The port implements the truncated exponential Backoff algorithm defined by the 802.3 standard.

Limit4 controls the number of consecutive packet collisions that occur before the collision counter 
resets. When Limit4 is disabled, the port resets its collision counter after 16 consecutive retransmit 
trials and restarts the Backoff algorithm. Retransmission occurs using data already stored in the 
FIFO.

When Limit4 is enabled, the port resets its collision counter and restarts the Backoff algorithm after 4 
consecutive transmit trials. This makes the port more aggressive in locating the media following a 
collision. This may result in better overall throughput in standardized tests.

The Limit4 bit in the Serial Parameters Register (SPR) controls aggressiveness of the Backoff 
algorithm.

22.3.2 Data Blinder
Serial Parameters Register (SPR) sets the period of time during which the port does not sense the 
wire before transmission (inhibit time). The default value is 32-bit times.

22.3.3 IPG
IPG is the minimum idle time between transmission of any two successive packets from the same 
port. The default (from the standard) is 9.6 µs for 10 Mbps Ethernet, and 960 ns for 100 Mbps Fast 
Ethernet. 

For IPG settings smaller or larger than the standard definition, program the IPG_DATA bit in the 
Serial Parameters Register (SPR).

22.3.4 Half-Duplex Flow Control (Back Pressure)
The port implements a back pressure algorithm, which is for use only when the port is operating in 
Half-Duplex mode.

While in Back Pressure mode, the port transmits a JAM pattern for a programmable period of time 
(controlled by the JAM_Length bits in the Serial Parameters (SPR), Offset 0x420[1:0]). The IPG 
between two consecutive JAM patterns (or between the last transmit and the first JAM) is also a 
programmable value (controlled by the JAM_IPG bits in the Serial Parameters (SPR), Offset 
0x420[6:2]).

Table 100: Fast Ethernet MAC Registers 

Register

Port Configuration Register (PCR)

Port Configuration Extend Register (PCXR)

Serial Parameters Register (SPR))



Fast Ethernet MAC
Functional Description

                         

Copyright © 2010 Marvell Doc. No. MV-S301544-00  Rev. -

November 2010 PUBLIC RELEASE Page 369

22.3.5 Full-Duplex Flow Control
IEEE 802.3x flow control is enabled while in Full-Duplex mode. 

The port supports 802.3x flow control (PAUSE packets), if it operates in Full-Duplex mode and if the 
F_Ctl bit in the Port Configuration Extend Register (PCXR) is set to 1.

When the port receives a PAUSE packet, it does not transmit a new packet for a period of time 
specified in this PAUSE packet.

A received packet is recognized as flow control PAUSE if it was received without errors and is either 
of the following:

DA = 01-80-C2-00-00-01 and type=88-08 and MAC_Control_Opcode=01

DA = (the port address) and type=88-08 and MAC_Control_Opcode=01. This address is also a 
source address for PAUSE packets generated by the port to DA=01-80-C2-00-00-01.

The port sends PAUSE packets when instructed to do so by the CPU.

22.3.6 Auto-Negotiation
The Duplex Operation mode of the port (either half- or full-duplex) is auto-negotiated or set by the 
CPU. Flow control mode (either enabled or disabled) is auto-negotiated or set by the CPU.

22.3.7 Retransmission (Collision)
Full collision support is integrated into the Ethernet port for half-duplex Operation mode. 

In half-duplex operation mode, a collision event is indicated each time Receive and Transmit are 
active simultaneously. When that happens, active transmission stops, a jam pattern transmits, and 
the collision count for the packet increments. The packet retransmits after a waiting period, which 
conforms to the binary Backoff algorithm specified in the IEEE 802.3 standard. The retransmit 
process continues for multiple collision events as long as a specified limit is not reached. This 
retransmit limit, which sets the maximum number or transmit retries for a single packet, is defined by 
the IEEE 802.3 as 16. However, a different value can be programmed. The event of a single packet 
colliding 16 times is known as Excessive Collision. 

As long as a packet is retransmitting, its last Descriptor is kept under port ownership. When a 
successful transmission takes place (no collision), a status word containing collision information is 
written to the last Descriptor and ownership returns to the CPU.

If a retransmit limit is reached with no successful transmission, a status word with error indication is 
written to the last Descriptor of the packet, and the transmit process continues with the next packet.

It is important to note that collision is considered legal only if it occurs before transmitting the 65th 
byte of a packet. Any collision event that occurs outside the first 64-byte window is known as Late 
Collision, and is considered a fatal network error. Late collision is reported to the CPU through 
packet status, and no retransmission is performed.
                         

22.3.8 Zero Padding (Short Packets)
Zero Padding is when zero bytes are added to a packet. This feature is used for CPU off-loading. 

The Ethernet port offers a per-packet padding request bit in the Tx Descriptor. This causes the port 
logic to enlarge packets shorter than 64 bytes by appending zero bytes. When this feature is used, 

Note

A collision occurring during the transmission of the last two bytes of the transmit packet 
are not detected.
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only packets equal to or larger than 64 bytes transmit as is. Packets smaller than 64 bytes are zero 
padded and transmit as 64-byte packets. 

22.3.9 CRC Generation
Ethernet CRC appends four bytes of Frame-Check-Sequence to each packet. CRC logic is 
integrated into the port and is used to automatically generate and append CRC to a transmitted 
packet. One bit in the Tx Descriptor specifies if CRC generation is required for a specific packet.

22.3.10 Ethernet Address Recognition
This section describes the Hash algorithm and hash table data structure. The CPU must build this 
table before enabling the Ethernet port.

22.3.10.1 Hash Table Structure
The hash table is a data structure prepared by the CPU. It resides in the system DRAM. Its location 
is identified by a 32-bit pointer stored in the EHTP internal register. The hash table must be 
octet-byte aligned. The lowest three bits of the EHTP register are hard-wired to 0.

Two possible sizes exist for the hash table:

8 kB address table. 256 kB of DRAM required (4 x 64 kB banks)
1/2 kB address table. 16 kB of DRAM required (4 x 4 kB banks)

A multiple of 4 banks is used to reduce the number of addresses mapped to the same table entry.
                         

Each Address entry is a two word data field (64 bits) as shown in Figure 80.
                         

Note
Initialize the hash table before enabling the Ethernet Controller.

Figure 80: Fast Ethernet Hash Table Entry
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Table 101 shows the Hash table entry fields. 

22.3.10.2 Hash Mode 0
In Hash mode 0, the Hash entry address is calculated in the following manner:

HashResult[14:0] = hashFunc0(EthernetADD[47:0])

Hash Result is the 15-bit Hash entry address.
EthernetADD is a 48-bit number derived from the Ethernet MAC address by nibble-swapping in 
every byte (that is, MAC address 0x123456789abc translates to EthernetADD of 
0x21436587a9cb)

Inverse every nibble (that is, EthernetADD of 0x21436587a9cb translates to 0x482c6a1e593d)

HashFunc0 calculates the hashResult in the following manner:

HashResult[14:9] = EthernetADD[7:2]
HashResult[8:0]= EthernetADD[14:8,1,0] XOR EthernetADD[23:15] XOR EthernetADD[32:24]

Table 101: Hash Table Entry Fields

Bit Command Usage

63:53 Reserved Fill With 0

52:51 Priority Priority queue of a packet sent to this Ethernet address, 
where there are no other priority signals (that is, QoS or 
WLAN).

50:47 Ethernet Address[47:44] Mapped to Ethernet MAC address[7:4]

46:43 Ethernet Address[43:40] Mapped to Ethernet MAC address[3:0]

42:39 Ethernet Address[39:36] Mapped to Ethernet MAC address[15:12]

38:35 Ethernet Address[35:32] Mapped to Ethernet MAC address[11:8]

34:31 Ethernet Address[31:28] Mapped to Ethernet MAC address[23:20]

30:27 Ethernet Address[27:24] Mapped to Ethernet MAC address[19:16]

26:23 Ethernet Address[23:20] Mapped to Ethernet MAC address[31:28]

22:19 Ethernet Address[19:16] Mapped to Ethernet MAC address[27:24]

18:15 Ethernet Address[15:12] Mapped to Ethernet MAC address[39:36]

14:11 Ethernet Address[11:8] Mapped to Ethernet MAC address[35:32]

11:7 Ethernet Address[7:4] Mapped to Ethernet MAC address[47:44]

6:3 Ethernet Address[3:0] Mapped to Ethernet MAC address[43:40]

2 Receive/Discard (RD) 0 = Discard packet upon match
1 = Receive packet upon match

1 Skip Skip empty entry in a chain

0 Valid Indicates Valid Entry
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22.3.10.3 Hash Mode 1
In Hash mode 1, the Hash entry address is calculated in the following manner:

HashResult[14:0] = hashFunc1(EthernetADD[47:0])

HashResult is the 15-bit Hash entry address.
EthernetADD is a 48-bit number derived from the Ethernet MAC address by nibble-swapping in 
every byte (i.e MAC address 0x123456789abc translates to EthernetADD of 0x21436587a9cb)
Inverse every nibble (that is, EthernetADD of 0x21436587a9cb translates to 0x482c6a1e593d)

HashFunc1 calculates the hashResult in the following manner:

HashResult[14:9] = EthernetADD[0:5] 
HashResult[8:0] = EthernetADD[6:14] XOR EthernetADD[15:23] XOR EthernetADD[24:32]

22.3.10.4 Hash Entry 
For each Ethernet address, the hash table entry address is the lower 13 bits of the hashResult for 
the 8 kB address table, or the lower 9 bits for the 0.5 kB address table. The entry is an offset from 
the address base and is octet-byte aligned. The address entry is therefore:

8K Address Table: tblEntryAdd = EHTP + {hashResult[14:0],000}
1/2K Address Table:tblEntryAdd = EHTP + {hashResult[10:0],000}

22.3.10.5 Hash Table Filling
When preparing the hash table data structure, the CPU must first (typically at boot time) initialize the 
hash table memory to 0.

The table filling algorithm is described in the following section. Select and initialize the hopNumber 
before entering this routine. The hash table hopNumber (Number of Hops) is 12. After 12 attempts to 
identify an address, the   passes the address to the CPU and sets the Hash Expired (HE) bit in the 
Descriptor status field. Therefore, the hopNumber is the number of times the CPU attempts to write 
a newly learned Ethernet address into the hash table.

1. Calculate tblEntryAdd according to mode of operation (Hash Mode 1 or Hash Mode 0).
2. Check that tblEntry is empty (Valid Bit is 0).

3. If tblEntry is empty, Write the hashEntry (Valid, Skip and RD bits and Ethernet Address); If 
tblEntry is occupied (that is, Valid bit is 1 and Skip bit is 0), move to tblEntry+1. 

4. If less than hopNumber of tries, repeat Step 3.

If, after hopNumber of failed tries, the CPU has been unable to locate a free table entry, the CPU can 
then: 

Defragment the table
Create a new hash table using the alternate Hash Mode (which may redistribute the addresses 
more evenly in the table)

When more than one address is mapped to the same table entry, an address chain is created. In this 
case, when the CPU needs to erase an address that is part of an address chain, it cannot clear its 
Valid bit since this would cut the chain. Instead, the CPU should set the Skip bit to 1, as shown in 
Figure 81.
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In Example A, where Add1-6 have the same Hash function and thus start with the same tblEntry, the 
CPU allocates them in the table by increasing tblEntry by one entry each time. Add1 is the first 
address written into the table and Add6 is the last.

When the CPU must remove Add2 from the table, it cannot clear its Valid bit, since that would break 
the chain from Add1 to Add3. Instead, it sets the Skip bit of Add2 to 1. The CPU should defragment 
the table from time to time.

22.3.10.6 Address Recognition Process
Table 102 shows the terms used to describe the address recognition process. 

Figure 81: Address Chain
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Table 102: Address Recognition Terms

Term Definition

Broadcast Frame MAC DA is a Broadcast Address

Reject BM Reject BM (RBM)
Determined by the RBM bit in the Port Configuration Register (PCR) 
in Appendix A - Register Tables.

PM Promiscuous Mode
When enabled, all packets pass to the CPU. The ARMADA 16x Applications 
Processor Family still executes the Hash process reporting to the CPU, 
regardless of whether the address is in the hash table or not. 
Determined by the PM bit in the Port Configuration Register (PCR) in Appendix 
A - Register Tables.

IGMP Frame is Internet Group Management Protocol (IGMP) Packet 
To enable capture, set IGMP in the Port Configuration Extend Register (PCXR) 
in Appendix A - Register Tables.

BPDU Frame is Bridge Protocol Data Unit (BPDU)
To enable capture, set BPDU in the Port Configuration Extend Register (PCXR) 
in Appendix A - Register Tables.

Valid/Skip Valid Hash
Valid hash table entry has its Valid bit set, or the temporarily removed hash 
table entry has its Skip bit set.
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Figure 82 shows the address recognition process. The ARMADA 16x Applications Processor Family  
uses the HE (Hash Expired) and M (Match) bits in the Descriptor to report packet filtering status.

Match Frame MAC DA equals the hash table entry DA.

RD Bit Receive/Discard the frame bit from the hash table entry.

HOP Expired Number of hash table entries fetched exceed 12.

HDM HDM
See the HDM bit the Port Configuration Register (PCR)

Miss Address Not Found in Table
Indication copied to transmit Descriptor M bit [12].

HE Hash Expired
Hash expired indication copied to transmit Descriptor HE bit [13].

Table 102: Address Recognition Terms (Continued)

Term Definition
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Figure 82: Address Filtering Process
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Table 103 shows the packet filtering status reports. 

22.4 DMA Transfer
Data is stored in memory buffers with any single packet spanning multiple buffers, if necessary. 
Upon completion of packet transmission or reception, the Fast Ethernet MAC writes a status report 
(which includes error indications) to the first or last Descriptor associated with this packet.

The buffers are allocated by the CPU and are managed through chained Descriptor lists. Each 
Descriptor points to a single memory buffer and contains all relevant information relating to that 
buffer (that is, buffer size, buffer pointer, etc.) and a pointer to the next Descriptor. Data is read from 
the buffer or written to the buffer according to information contained in the Descriptor. Whenever a 
new buffer is needed (end of buffer or end of packet), a new Descriptor is fetched automatically, and 
the data movement operation continues using the new buffer.

Figure 83 shows memory arrangement for a single packet using three buffers.

Table 103: Packet Filtering Status

HE M Condition

0 0 Hash Table No Hit
Address was not found in the hash table, but Promiscuous Mode is enabled (Port 
Configuration Register (PCR) in Appendix A - Register Tables.

0 1 Hash Table Hit
Either by an address found in the hash table and RD bit set OR by an address that 
was not found in the hash table in case that the HDM bit is set in (Port 
Configuration Register (PCR) in Appendix A - Register Tables.

1 0 Hash Table Expired
The hopNumber expired before the address was found in the hash table.

1 1 Not used
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The following sections show detailed information about the operation and user interface of the Fast 
Ethernet MAC and its logic subsections.

22.5 DMA Receive Operation
To initialize a receive operation, the CPU must:

1. Prepare a chained list of Descriptors and packet buffers.

2. Write the pointer to the first Descriptor to the DMA’s first and current Descriptor registers 
(RxFDP, RxCDP) associated with the priority queue to start. If multiple priority queues are 
needed, the user must initialize RxFDP and RxCDP for each queue.

3. Initialize and enable the Ethernet port.

4. Initialize and enable the DMA channel.
                         

After completing these steps, the port waits for a Receive frame to arrive at the MII. When this 
occurs, Receive data is packed and transferred to the RxFIFO. At the same time, an address filtering 
test is performed to determine if the packet is destined for this port. If the packet passes the address 
filtering check, the packet is transferred to a destination queue, and actual data transfer to memory 
occurs. 

Figure 83: Fast Ethernet Descriptors and Buffers
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Note

RxDMA supports four priority queues. To take advantage of this capability, prepare a 
separate list of Descriptors and buffers for each priority queue.
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For packets that span more than one buffer in memory, the DMA fetches new Descriptors as 
necessary. However, the first Descriptor pointer does not change until packet reception is complete. 

When reception completes, status is written to the first long word of the first Descriptor, and the 
address of the Next Descriptor is written to both first and current Descriptor pointer registers. This 
process repeats for each received packet.
                         

22.5.1 Rx DMA Descriptors
Figure 84 shows the format of Rx DMA Descriptors. 

The following set of restrictions apply to Rx Descriptors:
Descriptor length is 4LW and must be 4LW aligned (that is, Descriptor_Address[3:0]=0000).

Descriptors reside anywhere in the CPU address space except Null address (0x00000000), 
which is used to indicate end of Descriptor chain.

Rx buffers associated with Rx Descriptors are limited to 64 kB and must be 64-bit aligned. 
Minimum size for Rx buffers is 8 bytes.

Table 104 lists the registers used to program the Fast Ethernet Rx DMA Descriptors. Table 109 
shows Command/Status Word settings for Fast Ethernet Rx Descriptor; Table 106 describes Buffer 
Size/Byte Count for Fast Ethernet Rx Descriptor; Table 107 describes the Buffer Point settings; and 
Table 108 describes the Next Point Descriptor for Fast Ethernet Rx Descriptor.

Note
Packets that fail address filtering are dropped and not transferred to memory.

Note

The RxCDP and RxFDP point to the same Descriptor whenever the DMA is ready 
to receive a new packet. RxFDP is not modified during packet reception, and points 
to the first Descriptor. The ownership bit is reset only after the packet has been fully 
received and status information is written to the first long word of the first 
Descriptor (that is, the Descriptor returns to CPU ownership).
Ownership of any Descriptor (other than the first) returns to the CPU after data 
transfers to the buffer pointed to by that Descriptor; in other words, the first 
Descriptor of a packet is the last Descriptor to return to CPU ownership (per 
packet).

Table 104: Rx DMA Registers (See Appendix A - Register Tables)

Register

Port Configuration Register (PCR)

SDMA Configuration Register (SDCR)
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Figure 84: Fast Ethernet Rx DMA Descriptor
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Table 105: Fast Ethernet Rx Descriptor—Command/Status Word

Bits Name Description

31 O Ownership Bit
0 = Buffer owned by CPU
1 = Buffer owned by device

30 AM Auto Mode
When set, the DMA does not clear the Ownership bit at the end of buffer processing.

29:24 Reserved Reserved

23 EI Enable Interrupt
The device generates a maskable interrupt upon closing the Descriptor.
To limit the number of interrupts and prevent an interrupt-per-buffer situation, set the EI bits 
in all the Rx Descriptors and set the RIFB bit in SDMA Configuration Register (SDCR) 
in Appendix A - Register Tables. The RxBuffer interrupt is set only on frame (rather than 
buffer) boundaries.

22:18 Reserved Reserved

17 F First
Indicates first buffer of a packet.

16 L Last
Indicates last buffer of a packet.

15 ES Error Summary
ES = CE or COL or LC or OR or MFL or SF
Valid only if F (bit [17]) is set.

14 IGMP IGMP Identification
Set to indicate that this packet has been identified as an IGMP packet. Valid only if F (bit 
[17]) is set.

13 HE Hash Table Expired
Set to indicate that hash process was not completed in time. This means there is no definite 
answer as to whether the address of this packet is in the hash table or not. Also, set when 
there is no room in the table for this address. Valid only if F (bit [17]) is set.
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12 M Missed Frame
0 = Match
1 = Miss
Set to indicate that the destination address of this packet is not found in the address table. 
This bit can be set if HDM or PM are set in the Port Configuration register in Appendix A - 
Register Tables. Also, set to receive broadcast packets regardless of the HDM or PM 
settings in the Port Configuration register. Valid only if F (bit [17]) is set.

11 FT Frame Type
0 = Ethernet
1 = 802.3
Set to 1 when the Type/Length field in the received packet has a value not bigger than 1500 
(decimal).
Valid only if F (bit [17]) is set.

10:9 RSRVD Reserved

8 SF Short Frame Error
Indicates that a frame shorter than 64 bytes was received. In normal operation mode, the 
port automatically discards short packets. 
Short packets are accepted only when the PBF bit is set in Port Configuration Register 
(PCR) in Appendix A - Register Tables.
Valid only if F (bit [17]) is set.

7 MFL Max Frame Length Error
Indicates that a frame longer than MAX_FRAME_LEN was received. The maximum frame 
length is programmable. Valid only if F (bit [17]) is set.

6 OR Overrun Error
Indicates that the Rx DMA was unable to transfer data from RxFIFO to memory fast 
enough, causing data overrun in the FIFO. Valid only if F (bit [17]) is set.

5 RSRVD Reserved

4 COL Collision
Collision was sensed during packet reception. In normal operation mode, the port 
automatically discards collided packets (packets shorter than 64 bytes). 
Collided packets are accepted only when the PBF bit is set in Port Configuration Register 
(PCR) in Appendix A - Register Tables.
Valid only if F (bit [17]) is set.

3:1 RSRVD Reserved

0 CE CRC Error
Received CRC does not match calculated CRC for the received packet. Valid only if F (bit 
[17]) is set.

Table 105: Fast Ethernet Rx Descriptor—Command/Status Word (Continued)

Bits Name Description
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22.5.2 Rx DMA Pointers
The Rx DMA employs two 32-bit pointers per queue: RxFDP and RxCDP. 

22.5.2.1 RxFDP—Rx DMA First Descriptor Pointer
RxFDP is a 32-bit register used to point to the first Descriptor of a receive packet. The CPU must 
initialize this register before enabling DMA operation. The initialization value should be the address 
of the first Descriptor to use.

22.5.2.2 RxCDP—Rx DMA Current Descriptor Pointer
RxCDP is a 32-bit register used to point to the current Descriptor of a receive packet. The CPU must 
initialize this register before enabling DMA operation. The initialization value should be the same as 
the value used for initializing RxFDP (that is, address of first Descriptor to use).

22.5.2.3 Type of Service Queuing
The Type of Service queuing algorithm is based on the decoding of the Differentiated Services Code 
Point (DSCP) field from the IP header. The DSCP field is located in the 6-MSB bits of the second 
byte in the IP header (see Figure 85). This field indexes the 64 IPT table entries, which reside in the 
Fast Ethernet MAC registers (Ethernet 0 IP Differentiated Services Code Point to Priority 0 Low, 
Offset 0x460–Ethernet 0 IP Differentiated Services Code Point to Priority 1 High, Offset 0x46C). The 
2-bit priority output of this table is referred to in the algorithm as tos_priority.

The tos_priority is valid only if the tos2prio enable bit [21] in the Port Configuration Extend (PCXR), 
Offset 0x408, referred to in the algorithm as tos2prio_en, is set.

Table 106: Fast Ethernet Rx Descriptor–Buffer Size / Byte Count

Name Description

Buffer Size Buffer Size in Bytes
When number of bytes written to this buffer is equal to Buffer Size value, the DMA closes the Descriptor 
and moves to the next Descriptor. Bits [18:16] must be set to 0.

Byte Count When the Descriptor is closed this field is written by the device with a value indicating number of bytes 
actually written by the DMA into the buffer.

Table 107: Fast Ethernet Rx Descriptor–Buffer Pointer

Name Descript ion

Buffer 
Pointer

32-bit Pointer to the Beginning of the Buffer Associated with the Descriptor
Rx buffers have to be 64-bit aligned, so bits [2:0] must be set to 0.

Table 108: Fast Ethernet Rx Descriptor–Next Descriptor Pointer

Name Description

Next
Descriptor
Pointer

32-bit Next Descriptor Pointer to the Beginning of Next Descriptor
Bits [3:0] must be set to 0. DMA operation stops when a null value in the Next Descriptor Pointer field is 
encountered.
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If a VLAN tag exists in the packet, the VLAN priority tag is decoded from the 3-MSB bits of the 2nd 
word in the VLAN tag. This field is the index to the eight entries in the VPT table, which reside in the 
Fast Ethernet MAC register (Ethernet 0 VLAN Priority Tag to Priority, Offset 0x470). The 2-bit priority 
output of this table is referred to in the algorithm as vlan_priority.

The Fast Ethernet MAC can decode BPDU and IGMP protocol packets. These packets are referred 
to in the algorithm as frame_bpdu and frame_igmp respectively. Protocol detection is controlled by 
the SPAN and IGMP bits in the Port Configuration Extend (PCXR), Offset 0x408 register, referred to 
in the algorithm as bpdu_capture and igmp_capture respectively.

BPDU and IGMP protocol packets are sent to the highest value queue unless protocol detection is 
turned off.

The PRIOrx Override bit in the Port Configuration Extend (PCXR), Offset 0x408 register, referred to 
in the algorithm as overide_priority, takes precedence over tos_priority or vlan_priority. If this bit is 
set, all packets (except frame_bpdu and frame_igmp) are sent to the default_priority queue. The 
algorithm notation for the PRIOrx 2-bit field in the Port Configuration Extend (PCXR), Offset 0x408 
register is default_priority.

The packet type is checked after checking the source address VLAN tag (if it exists), and LLC-SNAP 
(if it exists). The packet type is compared to 0x8100, referred to in the algorithm as vlan_type, or to 
0x800, referred to in the algorithm as ip_type. If vlan_type or ip_type with VALID tos_priority, or both, 
are found on the packet, the packet is referred to in the algorithm as frame_tagged.

Broadcast packets, which are referred to in the algorithm as frame_broadcast and are not marked as 
frame_tagged are also sent to the default_priority queue.

If the packet is marked as frame_tagged, the Fast Ethernet MAC sends the packet to the tos_priority 
queue or vlan_priority queue. If both tos_priority and vlan_priority are extracted from the packet, the 
Fast Ethernet MAC sends the packet to the higher value queue.

If both tos_priority and vlan_priority are missing from the packet, the Fast Ethernet MAC uses the 
priority value found in the matched hash tale entry. The hash table entry match, referred to in the 
algorithm as da_found, occurs when the destination address matches the entry’s address and the 
entry is valid.

The 2-bit priority value, referred to in the algorithm as ht_priority, is located on bits [52:51] of the 
hash table entry. The address to be compared is located on bits [50:3] of the hash table entry. The 
validity of the entry is slated in bits [2:0].

When the hash table entry does not return a priority value, the packet is sent to the default_priority 
queue.
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22.6 DMA Transmit Operation
To initialize a Transmit operation, the CPU must:

1. Prepare a chained list of Descriptors and packet buffers.

Figure 85: Type of Service Queuing Algorithm
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2. Write the pointer to the first Descriptor to the DMA current Descriptor registers (TxCDP) 
associated with the priority queue to be started. If both priority queues are needed, initialize 
TxCDP for each queue.

3. Initialize and enable the Ethernet port.
4. Initialize and enable the DMA channel.
                         

After completing these steps, the DMA starts and performs arbitration between the transmit queues. 
The DMA then fetches the first Descriptor from the specific queue it decided to serve and transfers 
data from the memory buffer to the Tx-FIFO. 

The port initiates transmission of the packet across the MII when either 384 bytes of packet data are 
in the FIFO or when the entire packet is in the FIFO (for packets shorter than 384 bytes). New data 
is written into the FIFO by the DMA while data is read from the FIFO. The DMA fetches new 
Descriptors and buffers as necessary for packets that span more than one buffer in memory. 

When transmission completes, status is written to the first long word of the last Descriptor. The 
address of the Next Descriptor (which belongs to the next packet in the queue) is written to the 
current Descriptor pointer register.

This process (starting with DMA arbitration) repeats as long as pending packets exist in the transmit 
queues.

Figure 86 shows how the Tx Descriptors are managed when a two buffer packet is transmitted.

Note

The TxDMA supports two priority transmit queues—high and low. To take advantage of 
this capability, prepare a separate list of Descriptors and buffers for each priority queue.
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Figure 86: Fast Ethernet Packet Transmission Example
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Ownership of any Descriptor (other than the last) is returned to the CPU upon completion of data 
transfer from the buffer pointed by that Descriptor. The Last Descriptor, however, is returned to CPU 
ownership only after the actual transmission of the packet completes. The DMA also writes status 
information while changing the ownership bit of the last Descriptor to indicate any errors that might 
have occurred during transmission of this packet.

22.6.1 Tx DMA Descriptors
Restrictions that apply to Tx Descriptors include:

Descriptor length is 4LW and it must be 4LW aligned (that is, Descriptor_Address[3:0]=0000).
Descriptors may reside anywhere in CPU address space except for Null address (0x00000000), 
which is used to indicate end of Descriptor chain.
Last Descriptor in the linked chain must have a null value in its NextDescriptorPointer field.
Tx buffers associated with Tx Descriptors are limited to 64 kB and can reside anywhere in 
memory. However, buffers with a payload smaller than 8 bytes must be aligned to 64-bit 
boundary. 

Figure 87 shows the format of Tx DMA Descriptors. 
                         

Figure 88 shows the possible alignments for 5-byte payload.
                         

Table 105, Table 110, Table 111, and Table 112 show detailed information about the Tx Descriptor. 

Figure 87: Fast Ethernet Tx Descriptor

                         

Figure 88: Fast Ethernet Tx Buffer Alignment Restrictions (5 Byte Payload)
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Table 109: Fast Ethernet Tx Descriptor—Command/Status Word

Bits Name Description

31 O Ownership Bit
0 = buffer is owned by the CPU. Buffers owned by the CPU are not processed by the DMA
1 = buffer is owned by the device

30 AM Auto Mode
When set, the DMA does not clear the Ownership bit at the end of buffer processing.

24:29 RSRVD Reserved

23 EI Enable Interrupt
The device generates a maskable TxBuffer interrupt upon closing the descriptor.
To limit the number of interrupts and prevent an interrupt per buffer situation, set this bit only 
in descriptors associated with LAST buffers. If this is done, TxBuffer interrupt is set only 
when transmission of a frame completes.

22 GC Generate CRC
When set, CRC is generated and appended to this packet. Valid only if L (bit [16]) is set.

18 P Padding
When this bit is set, 0 bytes are appended to the packet if the packet is smaller than 64 
bytes. Use this feature to prevent transmission of fragments. Valid only if L (bit [16]) is set.

17 F First
Indicates first buffer of a packet.

16 L Last
Indicates last buffer of a packet.

15 ES Error Summary
ES = LC or UR or RL
Set by the device to indicate an error event that occurred during packet the packet.
Valid only if L (bit [16]) is set.

14 RSRVD Reserved

13:10 RC[3:0] Retransmit Count
Indicates actual number of retransmits for this packet. RC is valid only if L (bit [16]) is set.

9 COL Collision
When set, indicates that at least one collision event occurred during transmission of the 
packet.
Valid only if L (bit [16]) is set.

8 RL Retransmit Limit (Excessive Collision) error
Indicates that retransmit count reached the limit specified in the DMA configuration register.
Valid only if L (bit [16]) is set.

7 RSRVD Reserved

6 UR Under-Run Error
Indicates that part of the packet’s data was not available while transmission was in 
progress, probably due to memory access delays). Valid only if L (bit [16]) is set.
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22.6.2 Tx DMA Pointers
The Tx DMA employs a single 32-bit pointer per queue: TxCDP. TxCDP is a 32-bit register that 
points to the current Descriptor of a transmit packet. The CPU must initialize this register before 
enabling DMA operation. The initialization value should be the address of the first Descriptor to use.

22.6.3 Tx DMA Notes
The Transmit DMA process is packet-oriented. The Transmit DMA does not close the last Descriptor 
of a packet until the packet has fully transmitted. When closing the last Descriptor, the DMA writes 
packet transmission status to the Command/Status word and resets the ownership bit. A TxBuffer 
maskable interrupt is generated if the EI bit in the last Descriptor is set.

Transmit DMA stops processing a Tx queue whenever a Descriptor with a null value in the Next 
Descriptor Pointer field is reached, or when a CPU-owned Descriptor is fetched. When that 
happens, a Tx_End maskable interrupt generates. To restart the queue, the CPU should issue a 
Start_Tx command by writing 1 to the Start_Tx bit in the DMA command register. 

The Transmit DMA does not expect a Null Next Descriptor Pointer or a CPU-owned Descriptor in the 
middle of a packet. When that happens, the DMA aborts transmission and stops queue processing. 
A Tx_Resource_Error maskable interrupt is generated. To restart the queue, the CPU should issue a 
Start_Tx command.

5 LC Late Collision Error
Collision occurred outside the collision window (i.e. more than 512 bits were transmitted 
before collision assertion). Valid only if L (bit [16]) is set.

4:0 RSRVD Reserved

Table 109: Fast Ethernet Tx Descriptor—Command/Status Word (Continued)

Bits Name Description

Table 110: Fast Ethernet Tx Descriptor—Byte Count

Name Description

Byte Count Number of bytes to be transmitted from associated buffer. This is the payload size in bytes.

Table 111: Fast Ethernet Tx Descriptor—Buffer Pointer

Name Description

Buffer Pointer 32-bit pointer to the beginning of the buffer associated with this descriptor. 
The alignment restrictions for buffers that have Byte-Count smaller than 8 bytes (see Figure 88).

Table 112: Fast Ethernet Tx Descriptor—Next Descriptor Pointer

Name Description

Next
Descriptor
Pointer 

32-bit pointer that points to the beginning of next descriptor. Bits [3:0] must be set to 0. 
DMA operation is stopped when a null (all zero) value in the Next Descriptor Pointer field is 
encountered.
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A transmit underrun occurs when the DMA cannot access the memory fast enough and packet data 
is not transferred to the FIFO before the FIFO gets empty. Here, the DMA aborts transmission and 
closes the last Descriptor with a UR bit set in the status word. Also, a Tx_Underrun maskable 
interrupt is generated. Transmit process continues with the next packet.

To stop DMA operation before the DMA reaches the end of Descriptor chain, the CPU should issue 
a STOP command by writing 1 to the Stop_Tx bit in the DMA command register. The DMA stops 
queue processing as soon as the current packet transmission completes and its last Descriptor 
returns to CPU ownership. In addition, a Tx_End maskable interrupt is generated. To restart this 
queue, the CPU should issue a Start_Tx command.

Most of the terms used to denote either DMA commands (Start_Tx and Stop_Tx) or interrupts 
(TxBuffer, Tx_End, Tx_Resource_Error) actually reflect multiple terms (one per queue). For 
example, the Fast Ethernet MAC provides two Start_Tx commands. There is a separate 
Start_Tx_High command, associated with the high priority queue, and a Start_Tx_low command 
that is related to the low priority queue. The same applies to the other commands and interrupts 
listed above.
When the DMA stops due to Null Descriptor Pointer, the CPU has to write TxCDP before issuing 
a Start_Tx command. Otherwise, TxCDP remains null and the DMA cannot restart queue 
processing. 

22.7 MII Serial Management Interface
The Fast Ethernet MAC has an integrated MII Serial Management Interface (SMI). The SMI is 
compliant to the IEEE 802.3u Standard Section 22, and consists of two signals: serial data (MDIO) 
on the PAD[14] pin and clock (MDC) on the PAD[15] pin. The MDIO requires an external 1.5 kΩ 
pull-up resistor. These signals enable control and status parameters to be passed between the PHY 
and the port logic (or CPU). 

Typically, the SMI unit continuously queries the PHY device for link status without the need for CPU 
intervention. A CPU can write/read to/from all PHY addresses/registers by writing and reading 
to/from the SMI control register. The SMI lets the CPU directly control a MII-compatible PHY device 
via the SMI control register. This enables the driver firmware to program the PHY into specific 
operation modes such as Full-Duplex, Loopback, Power Down, 10/100BASE-T speed selection, as 
well as control of the Auto-Negotiation function of the PHY device. 

The CPU writes commands to the SMI register and the SMI unit performs the actual data transfer via 
MDIO, which is a bi-directional data pin. These serial data transfers are clocked by the MDC clock 
output. The MDC runs at a maximum of 8.33 MHz.

22.7.1 MII Management Frame Structure
The SMI cycles in the ARMADA 16x Applications Processor Family support the MII management 
frame structure. Table 113 shows the structure of the frames transmitted on the MII management 
interface. The order of bit transmission is from left to right.   
                         

Table 114 shows the format of the bit transmission.

Table 113: MII Management Frame Format

R/W PRE ST OP PhyAd RegAd TA Data IDLE

READ 1...1 01 10 AAAAA RRRRR Z0 D...D(16) Z

WRITE 1...1 01 01 AAAAA RRRRR 10 D...D(16) Z
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22.7.2 SMI Timing Requirements
When the MDIO signal is driven by the PHY, it is sampled synchronously with respect to the rising 
edge of MDC. Per the IEEE 802.3 specification, the MDC-to-output delay must be a minimum of 0 ns 
and a maximum of 300 ns. Further, when the MDIO signal is driven by the port, it has a minimum of 
10 ns setup time and minimum of 10 ns hold time. 

Figure 89 shows the setup and hold time for the SMI.

Table 114: Bit Transmission

Part Description

PRE Preamble
At the beginning of each transaction, the port sends a sequence of 32 contiguous 
logic one bits on MDIO with 32 corresponding cycles on MDC to provide the PHY with 
a pattern it can use to establish synchronization.

ST Start of Frame
A Start of Frame pattern of 01.

OP Operation Code
01 = write
10 = read

PhyAd PHY Address
A 5-bit address of the PHY device (32 possible addresses). The first PHY address bit 
transmitted by the port is the MSB of the address.

RegAd Register Address
A 5-bit address of the PHY register (32 possible registers in each PHY). The first 
register address bit transmitted by the port is the MSB of the address. The port 
always queries the PHY device for status of the link by reading register 1 bit [2].

TA Turnaround
The turnaround time is a 2-bit time spacing between the Register Address field and 
the Data field of the SMI frame to avoid contention during a read transaction. During a 
Read transaction the PHY should not drive MDIO in the first bit time and drive 0 in the 
second bit time. During a write transaction, the port drives a ‘10’ pattern to fill the TA 
time.

Data Data
The data field is 16 bits long. The PHY drives the data field during Read transactions. 
The port drives the data field during write transactions. The first data bit transmitted 
and received is bit [15] of the PHY register being accessed.

IDLE Idle
The IDLE condition on MDIO is a high impedance state. The MDIO requires an 
external 1.5 kΩ pull-up resistor.
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22.8 Fast Ethernet MIB Counters 
The Fast Ethernet MAC includes a set of counters to count events occurring on the segment to 
which the port is connected. All counters are 32-bit wide. The CPU must read all the MIB counters 
during initialization to reset the counters to 0.

Table 115 lists the definition of terms used in the counter descriptions. 
                          

Figure 89: MII Serial Management Timing

                         

Valid Data

MDC
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SU_MDIO

MDC
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P_MDC
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DLY_MDIO
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MDIO (Input)

T
H_MDC

T
L_MDC

Table 115: FE MIB Counter Descriptions

Term Definit ion

Packet Data Section All data bytes in the packet following the SFD until the end of the packet

Packet Data Length Number of data bytes in the packet data section

Data Octet Single byte from the packet data section

Nibble 4 bits (half byte) of a data octet

Misaligned Packet Packet with an odd number of nibbles

Received Good Packet Received packet which is well-formed

Received Bad Packet Received packet which has an error (that is, bad CRC, Rx Error Event, 
Invalid size)
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22.9 LED Interface
The LEDs can be controlled by the CPU or the external PHY.

The LED interface supports a 2-pin parallel interface for the Fast Ethernet port.

Some of the statuses can be pulse stretched. Pulse stretching is necessary because the duration of 
these status events might be too short to be observable on the LEDs. The pulse stretch duration can 
be programmed via the PulseStretch bits. The default pulse stretch duration is set to 170 to 340 ms. 
The pulse stretch duration applies to all applicable LEDs.

22.10 Register Descriptions
Refer to Appendix A - Register Tables for details on the Fast Ethernet MAC registers.

Transmitted Packet Transmitted packet (not including collision fragments)

Collision Event Collision event indicated by assertion of MII_COL signal within collision 
window interval

Late Collision Event Collision event indicated by assertion of MII_COL signal outside collision 
window interval

Rx Error Event Error event that is indicated by assertion of MII_RX_ERR signal

Dropped Packet Received packet dropped by port due to lack of resources (that is, no Rx 
buffers available)

MIBctrMode MIBctrMode bit in the Port Configuration Extend register

MaxFrameSize 1518, 1536, 2K or 64 kB depending on setting of Port Configuration Extend 
register

Table 115: FE MIB Counter Descriptions (Continued)

Term Definit ion
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23 Universal Asynchronous 

Receiver/Transmitter (UART)
This section describes the universal asynchronous receiver/transmitter (UART) serial ports. The 
serial ports are controlled via direct-memory access (DMA) or programmed I/O.

Section 23.1, Overview
Section 23.2, Three UART Controllers
Section 23.3, Compatibility with 16550A and 16750

Section 23.4, Features
Section 23.5, Signal Descriptions
Section 23.6, Operation

Section 23.7, Register Descriptions

23.1 Overview
The ARMADA 16x Applications Processor Family has three UARTs named UART 1, UART 2, and 
UART 3 and each shares the same programming model. See the Marvell® ARMADA 16x 
Applications Processor Family Hardware Manual (MV-S301545-00)or Alternate Function 
Spreadsheet for details.

Each port contains a UART and a slow serial infrared Transmit encoder and Receive decoder that 
conform to the IrDA serial infrared specification.1

Each UART performs serial-to-parallel conversion on data characters received from a peripheral 
device or a modem and parallel-to-serial conversion on data characters received from the  . 

The ARMADA 16x Applications Processor Family can read a complete UART status for the Line 
Status Register. Status information includes the type and condition of transfer operations and error 
conditions (parity, overrun, framing, or break interrupt) associated with the UART.

Each serial port operates in either FIFO or non-FIFO mode. In FIFO mode, a 64-byte Transmit FIFO 
holds data from the   until it is transmitted on the serial link; a 64-byte Receive FIFO buffers data 
from the serial link until it is read by the ARMADA 16x Applications Processor Family. In non-FIFO 
mode, the Transmit and Receive FIFOs are bypassed, and the Transmit Holding Register and 
Receive buffer Register are used instead.

Each UART includes a programmable baud-rate generator that can divide the input clock by 1 to 
(216 – 1), which produces a 16X clock that can be used to drive the internal transmit and receive 
logic. Software can program interrupts to meet its requirements, which minimizes the number of 
computations required to handle the communications link. Each UART operates in an environment 
that is either controlled by software and can be polled or is interrupt driven.

All three UARTs support the 16550A and 167502 functions, but support slightly different features as 
described in the following sections.

23.2 Three UART Controllers
All three UARTs support baud rates of 9600, 19.2K, 38.4K, 57.6K, 115.2K, 230K, 460K, 921K, 1.8M 
and 3.6M.

1. Infrared Data Association, Serial Infrared Physical Layer Link Specification, October 17, 1995, Version 1.1
2. The 16550A was originally produced by National Semiconductor Inc. The 16750 is produced as the TL16C750 by Texas 

Instruments.
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They support the following modem control signals:

UART 1—CTSn, RTSn, Rx, Tx, DSRn, DTRn, RIn, and DCD; and is sometimes called FFUART

UART 2 - CTSn, RTSn, Rx and Tx; and is sometimes called BTUART since it is similar to the 
previous generation PXA BTUART

UART 3—CTSn, RTSn, Rx, Tx, DSR, and DCD; and is sometimes called uniflow UART since 
DTE can flow control the DCE, but not the other way around.

23.3 Compatibility with 16550A and 16750
The UARTs are functionally compatible with the 16550A and 16750 industry standards. Each UART 
supports most of the 16550A and 16750 functions as well as the following features:

DMA requests for Transmit and Receive data services
Serial infrared asynchronous interface
Non-Return to Zero (NRZ) encoding/decoding function

64 byte Transmit/Receive FIFO buffers
Programmable Receive FIFO trigger threshold
Auto baud-rate detection

Auto flow

23.4 Features
The UARTs share the following features:

Functionally compatible with the 16550A and 16750

Ability to add or delete standard asynchronous communications bits (start, stop, and parity) in 
the serial data

Independently controlled transmit, receive, line status, and data-set interrupts
Modem control functions (CTSn and RTSn on all three UARTs. Additionally, UART 2 has DSRn, 
DTRn, RIn, and DCDn signals)
Auto-flow capability controls data I/O without generating interrupts:

• RTSn (output) controlled by UART Receive FIFO

• CTSn (input) from modem controls UART transmitter

Programmable serial interface:

• 7- or 8-bit characters

• Even, odd, or no parity detection

• 1 stop-bit generation

• Baud-rate generation up to 3.6 Mbps for all UARTs

• False start-bit detection

64-byte Transmit FIFO

64-byte Receive FIFO
Complete status-reporting capability
Ability to generate and detect line breaks

Internal diagnostic capabilities that include:

• Loopback controls for communications link fault isolation

• Break, parity, and framing-error simulation

Fully prioritized interrupt system controls

Separate DMA requests for Transmit and Receive data services
Serial infrared asynchronous interface that conforms to the Infrared Data Association (IrDA) 
specification
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23.5 Signal Descriptions
Table 116 lists and describes each external signal that is connected to a UART module and how 
these pins function as modem control lines. The pins transmit digital CMOS-level signals and are 
connected to the through GPIOs. Refer to Multi-Function pin registers for details on the 
alternate-function pin configuration.
                         

Table 116: UART Signal Descriptions

Name Type Description

RXD Input Serial Input 
Serial data input to the Receive Shift register; in Infrared mode, it is connected 
to the infrared receiver input 

TXD Output Serial Output
Serial data output to the communications-link peripheral, modem, or data set. 
The TXD signal is set to the logic 1 state upon a reset operation. It is 
connected to the output of the infrared transmitter in infrared mode.

CTSn Input Clear to Send
When asserted, indicates that the modem or data set is ready to exchange 
data. The CTSn signal is a modem status input, and its condition can be tested 
by reading the <CTS> field in the Modem Status Register. The <CTS> field is 
the complement of the CTSn signal. The <Delta Clear to Send> field in the 
Modem Status Register indicates whether the CTSn input has changed state 
since the last time the Modem Status Register was read. CTSn has no effect 
on the transmitter. 
When the <CTS> field changes state and the modem-status interrupt is 
enabled, an interrupt is generated.

Non-auto-flow mode:
When not in auto-flow mode, the <CTS> field indicates the state of CTSn. The 
<Delta Clear to Send> field indicates whether the CTSn input has changed 
state since the previous reading of MSR. CTSn has no effect on the 
transmitter. The user can program the UART to interrupt the   when DCTS 
changes state. Software can then stall the outgoing data stream by starving 
the Transmit FIFO or disabling the UART with the Interrupt Enable Register. 
NOTE: If UART transmission is stalled by disabling the UART, no Modem 

Status Register interrupt is received when CTSn re-asserts because 
disabling the UART also disables interrupts. To get around this issue, 
use either auto-CTS in auto-flow mode or program the CTSn GPIO pin 
to interrupt.

Auto-flow mode: 
In this mode, the UART transmit circuity checks the state of CTSn before 
transmitting each byte. No data is transmitted when CTSn is high.

DSRn Input Data Set Ready
When asserted, indicates that the modem or data set is ready to establish a 
communications link with a UART. The DSRn signal is a modem-status input 
and its condition can be tested by reading the <Data Set Ready> field in the 
Modem Status Register, which is the complement of DSRn. The <Delta Data 
Set Ready> field in the Modem Status Register indicates whether the DSRn 
input has changed state since the Modem Status Register was last read.
When the <Data Set Ready> changes state, an interrupt is generated if the 
modem-status interrupt is enabled.
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DCDn Input Data Carrier Detect 
When asserted, indicates that the data carrier has been detected by the 
modem or data set. The DCDn signal is a modem-status input and its condition 
can be tested by reading the <Data Carrier Detect> field in the Modem Status 
Register, which is the complement of the DCDn signal. The <Delta Data 
Carrier Detect> field in the Modem Status Register indicates whether the 
DCDn input has changed state since the previous reading of the Modem 
Status Register. DCDn has no effect on the receiver.
An interrupt is generated when the <Data Carrier Detect> field changes state 
and the modem-status interrupt is enabled.

RIn Input Ring Indicator 
When asserted, indicates that the modem or data set has received a telephone 
ringing signal. The RIn signal is a modem-status input and its condition can be 
tested by reading the <Ring Indicator> field in the Modem Status Register, 
which is the complement of the RIn signal. The <Trailing Edge Ring Indicator> 
field in the Modem Status Register indicates whether the RIn input has 
changed from low to high since the Modem Status Register was last read.
An interrupt is generated when the RI bit of the Modem Status Register 
changes from a high to low state and the modem-status interrupt is enabled.

DTRn Output Data Terminal Ready
When asserted, signals the modem or the data set that the UART is ready to 
establish a communications link. To assert the DTRn output (active low), set 
the <Data Terminal Ready> field in the Modem Control Register, which is the 
complement of the output signal. A reset operation de-asserts this signal 
(high). Loop-mode operation holds DTRn de-asserted. 

RTSn Output Request To Send 
When asserted, signals the modem or the data set that the UART is ready to 
exchange data. To assert the RTSn output (active low), set the <Request to 
Send> field in the Modem Control Register, which is the complement of the 
output signal. A reset operation de-asserts this signal (high). Loop-mode 
operation holds RTSn de-asserted.

Non-auto-flow mode: 
To assert the RTSn output (active low), set <Request to Send>.

Auto-flow mode: 
RTSn is asserted automatically by the auto-flow circuitry when the Receive 
buffer exceeds its programmed trigger threshold. It is de-asserted when 
enough bytes are removed from the buffer to lower the data level back to the 
trigger threshold.

Table 116: UART Signal Descriptions (Continued)

Name Type Description
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23.6 Operation
Figure 90 shows the format of a UART data frame.
                         

The receive-data sample-counter frequency is 16 times the value of the bit frequency. The 16X clock 
is created by the baud-rate generator. Each bit is sampled three times in the middle. Shaded bits in 
Figure 90 are optional and can be programmed by software. 

Each data frame is between 9 and 11 bits long, depending on the size of the data programmed, 
whether parity is enabled A data frame begins by transmitting a start bit that is represented by a high 
to low transition. The start bit is followed by 8 bits of data that begin with the Least Significant bit 
(LSb). The data bits are followed by an optional parity bit. The parity bit is set if: even parity is 
enabled and the data byte has an odd number of ones or if odd parity is enabled and the data byte 
has an even number of ones. The data frame ends with 1 stop bit. The stop bit represented by 1 
successive bit period of logic one.

Each UART has two FIFOs: one Transmit and one Receive. The Transmit FIFO is 64 bytes deep 
and 8 bits wide. The Receive FIFO is 64 bytes deep and 11 bits wide. Three bits are used for 
tracking errors.

The UART can use NRZ coding to represent individual bit values. To enable NRZ coding, set the 
<NRZ Coding Enable> field in the Interrupt Enable Register. A bit value of 1 is represented by a line 
transition, and 0 is represented by no line transition. Figure 91 shows the data byte 0b0100_1011 in 
NRZ coding. The LSb in the byte is transmitted first.
                         

Figure 90: Example UART Data Frame
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Figure 91: Example NRZ Bit Encoding — 0b0100_1011
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23.6.1 Reset
The UARTs are disabled on reset. To enable a UART, software must program the Multi-function Pin 
registers, then set the <UART Unit Enable> field in the Interrupt Enable Register. When the UART is 
enabled, the receiver waits for a frame start bit and, the transmitter sends data if it is available in the 
Transmit Holding Register. Transmit data can be written to the Transmit Holding Register before the 
UART unit is enabled. In FIFO mode, data is transmitted from the FIFO to the Transmit Holding 
Register before it goes to the pin.

When the UART unit is disabled, the transmitter or receiver finishes the current byte and stops 
transmitting or receiving more data. Data in the FIFO is not cleared and transmission resumes when 
the UART is enabled.

23.6.2 FIFO Operation
Each UART has a Transmit FIFO and a Receive FIFO, with each FIFO holding 64 characters of 
data. There are two methods for moving data into and out of the FIFOs: DMA and Program I/O. In 
DMA mode, interrupts are used to control the data flow, whereas in Program I/O mode, polling is 
used.
                         

In DMA mode, software must set the DMA stop interrupt on the last Descriptor in the chain to avoid 
errors.

23.6.2.1 FIFO Interrupt Mode Operation
                         

23.6.2.2 Receive Interrupt
For a receive interrupt to occur, the Receive FIFO and receive interrupts must be enabled. The 
<Interrupt Source Encoded> field in the Interrupt Identification Register changes to show that 
receive data is available when the FIFO reaches its trigger threshold. The <Interrupt Source 
Encoded> field changes to show the next waiting interrupt when the FIFO drops below the trigger 
threshold. A change in the <Interrupt Source Encoded> field triggers an interrupt to the core. 
Software reads the <Interrupt Source Encoded> field to determine the cause of the interrupt.

The receive-line-status interrupt (Interrupt Identification Register = 0xC6) has the highest priority; the 
received-data-available interrupt (Interrupt Identification Register = 0xC4) is lower. The line-status 
interrupt occurs only when the character at the front of the FIFO has errors.

The <Data Ready> field in the Line Status Register is set when a character is transferred from the 
Shift register to the Receive FIFO. <Data Ready> is cleared when the FIFO is empty.

Note
The end-of-chain interrupt does not occur in polled mode. 

Note

The <OUT2 Signal Control> field in the Modem Control Register is a global UART 
interrupt enable bit and must be set to enable UART interrupts.
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23.6.2.3 Character Timeout Interrupt
A character timeout interrupt occurs when the Receive FIFO and receive timeout interrupt are 
enabled and all of the following conditions exist:

At least one character is in the FIFO.

The most recently received character was received more than four continuous character times 
ago.

The most recent FIFO Read was performed more than four continuous character times ago.

After the   reads one character from the Receive FIFO or a new start bit is received, the timeout 
interrupt is cleared, and the timeout is reset. If a timeout interrupt has not occurred, the timeout is 
reset when a new character is received or the   reads the Receive FIFO.

23.6.2.4 Transmit Interrupt
Transmit interrupts can occur only when the Transmit FIFO and transmit interrupt are enabled. The 
transmit data-request interrupt occurs when the Transmit FIFO is at least half empty. The interrupt is 
cleared when the Transmit Holding Register is written or the Interrupt Identification Register is read.

23.6.2.5 Removing Trailing Bytes 
The   must remove trailing bytes when not in DMA mode or when DMA mode bit (<Trailing Bytes> 
field in the FIFO Control Register) is not set. The presence of trailing bytes is signaled by the 
assertion of a character timeout interrupt. When servicing a character timeout interrupt, the   uses 
the following procedure:

1. Read the Line Status Register and check for errors.
2. Disable the receiver timeout interrupt via <Receiver Time-out Interrupt Enable> field in the 

Interrupt Enable Register.
3. Read data from the UART FIFO.
4. Read the Line Status Register, check for errors, and LOOP back to Step 3. If the <Data Ready> 

field is SET, go to Step 5.
5. No more data in FIFO: Re-enable RTO interrupt via the <Modem Interrupt Enable> field in the 

Interrupt Enable Register.
6. Done

23.6.2.6 FIFO Polled Mode Operation
When the FIFOs are enabled, clearing both the <DMA Requests Enable> field and bits [4:0] in the 
Interrupt Enable Register places the port in FIFO polled operating mode. The receiver and the 
transmitter are controlled separately. Either one or both can be in polled mode. In polled mode, 
software checks receiver and transmitter status via the Line Status Register. The ARMADA 16x 
Applications Processor Family polls the following bits for receive and transmit data service:

Receive Data Service—the  ARMADA 16x Applications Processor Family checks the <Data 
Ready> field, which is set when one or more bytes remain in the Receive FIFO or Receive 
buffer Register.
Transmit Data Service—the ARMADA 16x Applications Processor Family checks the <Transmit 
Data Request> field in the Line Status Register, which is set when the transmitter needs data.

The ARMADA 16x Applications Processor Family can also check the <Transmitter Empty> field in 
the Line Status Register, which is set when the Transmit FIFO.

23.6.2.7 FIFO DMA Mode Operation
The UART has two DMA requests: one for transmit data service and one for receive data service. 
DMA requests are generated in FIFO mode only. The requests are activated by setting the <DMA 
Requests Enable> field in the Interrupt Enable Register.
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Data Transmitter Data Service—when <DMA Requests Enable> is set, if the Transmit FIFO is 
absolutely less than half full, the transmit-DMA request is generated. The DMA Controller 
(DMAC) then writes data to the FIFO. For each DMA request, the DMAC can send 8, 16, or 32 
bytes of data to the FIFO. The UART FIFO accepts partial-word or full-word transfers of 1, 2, 3, 
or 4 consecutive bytes from the DMAC or Program I/O. The actual number of bytes to be 
transmitted is programmed in the DMAC.

Data Receiver Data Service—when <DMA Requests Enable> is set, the receive-DMA request 
is generated when the Receive FIFO reaches its trigger threshold with no errors in its entries. 
The DMAC then reads data from the FIFO. For each DMA request, the DMAC can read 8, 16, or 
32 bytes of data from the FIFO. When in 32-bit peripheral bus mode, the DMAC always 
attempts to read 4 bytes of data per transfer. Where less than 4 bytes are being transferred, the 
valid bytes are indicated by a data-valid bus shared between the UART and the DMAC. The 
UART can send 1, 2, 3, or 4 bytes of data per bus transaction. The actual number of bytes to be 
read is programmed in the DMAC along with the bus width.

23.6.2.8 DMA Receive Programming Errors
If the DMA channel stops prematurely due to the end of a Descriptor chain or other error, the   must 
be notified since the DMAC can no longer service the UARTs FIFOs. If this occurs, the   must correct 
the situation by programming another Descriptor or by servicing the FIFOs via interrupt or polling 
mode, as described above. There are two methods for notifying the   of a stopped DMA channel:

Program the DMAC to interrupt on the event of a stopped channel by setting DCSR[StopIrqEn].
For the receive channel, the UART interrupts with an end-of-Descriptor chain (EOC) interrupt if 
<Trailing Bytes> is set, such that the UART makes a DMA request to remove trailing bytes (see 
Section 23.6.2.10, Removing Trailing Bytes In DMA Mode). Using the UART interrupt for the 
receive channel is preferable to the DMA DCSR interrupt because extra logic exists to ensure 
that the UART EOC interrupt asserts only when necessary. For example, a UART EOC interrupt 
does not assert if the UART has completed the reception of its message (indicated by the 
character timeout timer) and the Receive FIFO is empty. The <DMA End of Descriptor Chain> 
field in the Interrupt Identification Register interrupt does not assert if <Trailing Bytes> is 
cleared.

23.6.2.9 DMA Error Handling
If an error occurs while in DMA mode, the receive-DMA requests are disabled and the error interrupt, 
<Interrupt Source Encoded>, is generated.

The ARMADA 16x Applications Processor Family must now read out the error bytes through 
Programmed Input/Output (PIO). After all errors have been removed from the FIFO, the Receive 
DMA requests are once again enabled by the UART. 

If an error occurs when the Receive FIFO trigger threshold has been reached such that a receive 
DMA request is set, software must wait for the DMA to finish the transfer before reading out the error 
bytes through PIO. Otherwise, FIFO underflow could occur.
                         

23.6.2.10 Removing Trailing Bytes In DMA Mode
When the number of entries in the Receive FIFO is less than its trigger threshold and no additional 
data is received, the remaining bytes are called trailing bytes. Set <Trailing Bytes> to program the 
UART to make a DMA request to remove the trailing bytes. Setting <Trailing Bytes> also enables the 

Note

Ensure that the DMAC has completed the previous receive DMA requests before the 
error-interrupt handler begins to clear the errors from the FIFO. Otherwise, FIFO 
underflow could occur.
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<DMA End of Descriptor Chain> interrupt, as described in Section 23.6.2.5, Removing Trailing 
Bytes.

A request is issued automatically for the remaining number of bytes left in the Receive buffer when 
the DMAC is removing trailing bytes. The DMAC then empties the contents of the Receive buffer 
unless the DMA reaches the end of its Descriptor chain. If the DMA reaches the end of the 
Descriptor chain while removing trailing bytes, the ARMADA 16x Applications Processor Family  is 
forced to take over because the DMAC can no longer service the UART request until a new chain is 
linked. In this situation, the UART sets <DMA End of Descriptor Chain> if data exists in the Receive 
FIFO, and if <Receiver Time-out Interrupt Enable> is set, it also sets the <Time Out Detected> field 
in the Interrupt Identification Register.The remaining bytes must then be removed using Processor 
I/O mode as described in Section 23.6.2.1, FIFO Interrupt Mode Operation.

23.6.2.11 False EOR Due to Character Time-out Expiration
It is possible for a false EOR to be asserted by the UART in the middle of receiving a message if a 
pause in the remote data transmissions is long enough to cause the timeout counter to expire. This 
situation causes an EOR to be sent to the DMAC if in DMA mode. If this situation occurs, the EOR is 
applied to the last byte of data in the FIFO when the DMA responds to the EOR request. The EOR is 
not applied to the last byte in the FIFO at the time of the character timeout. Therefore, if remote 
transmission resumes before the DMA responds to the EOR request, the EOR flag is applied to the 
new data that entered the FIFO and not to the last byte in the FIFO at the time of the character 
timeout.

23.6.2.12 EOR Must be Serviced Prior to Transmission of New Message
A caveat to this behavior could be encountered under legitimate EOR situations: for example, if 
message A ends with 3 bytes in the FIFO, an EOR request is made to the DMAC to remove these 
bytes. If transmission of a new message B resumes before the DMAC responds to the EOR request 
of message A, the EOR could be applied to the first byte of message B if this byte is written into the 
FIFO before the DMAC responds to message A’s EOR request. Although this situation could occur, 
it would be considered a programming error because the higher communication protocol must 
prevent message B transmission until the local receiver acknowledges the receipt of message A. 
The exception to this scenario would be if enough new bytes enter the FIFO to push the FIFO level 
to its programmed data threshold. If this situation occurs, the request is treated as a normal service 
request and no EOR flag is asserted to the DMAC.

23.6.3 Auto-Flow Control
Auto-flow control uses the Clear to Send (CTSn) and Request to Send (RTSn) signals to 
automatically control the flow of data between the UART and external modem. When auto-flow is 
enabled, the remote device is not allowed to send data unless the UART asserts (that is, sets to 0) 
RTSn. If the UART de-asserts (that is, sets to 1) RTSn while the remote device is sending data, the 
remote device is allowed to send 1 additional byte after RTSn is de-asserted. An overflow could 
occur if the remote device violates this rule. Likewise, the UART is not allowed to transmit data 
unless the remote device asserts CTSn (that is, sets to 0). Marvell recommends using this feature 
because it increases system efficiency and eliminates the possibility of a receive-FIFO-overflow 
error due to long interrupt latency. 

Auto-flow mode can be used in two ways: full auto-flow, automating both CTSn and RTSn; and half 
auto-flow, automating only CTSn. Set the <Request to Send> and <Auto-flow Control Enable> fields 
in the Modem Control Register to enable full auto-flow. Set <Auto-flow Control Enable> and clear 
<Request to Send> to enable auto-CTSn-only mode.

23.6.3.1 RTSn (UART Output)
When in full auto-flow mode, RTSn is asserted (0) when the UART FIFO is ready to receive data 
from the remote transmitter. This scenario occurs when the amount of data in the Receive FIFO is 
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below the programmable trigger threshold value. RTSn is de-asserted (set to 1) when the amount of 
data in the Receive FIFO reaches the programmable trigger threshold. It is asserted again when 
enough bytes are removed from the FIFO to lower the data level below the trigger threshold.

23.6.3.2 CTSn (UART Input)
When in full- or half-auto-flow mode, CTSn is asserted (set to 0) by the remote receiver when the 
receiver is ready to receive data from the UART. The UART checks CTSn before sending the next 
byte of data and does not transmit the byte until CTSn is low. The transmitter completes this byte if 
CTSn goes high while the transfer of a byte is in progress.

If UART transmission is stalled by disabling the UART, none of the interrupts in the Modem Status 
Register indicate an interrupt when CTSn re-asserts because disabling the UART also disables 
interrupts. Marvell recommends using auto-CTS in auto-flow mode.
                         

23.6.4 Auto-Baud-Rate Detection
Each UART supports auto-baud-rate detection. When enabled, the UART counts the number of 
clock cycles within the start-bit pulse. This number is then written into the Auto-Baud Count Register 
(as described in the   Registers) and is used to calculate the baud rate. When the Auto-Baud Count 
Register is written, an auto-baud-lock interrupt is generated (if enabled), and the UART 
automatically programs the Divisor Latch Registers with the appropriate baud rate. If preferred, the   
can read the Auto-Baud Count Register and use this information to program the Divisor Latch Low 
Byte Register and Divisor Latch High Byte Register with a baud rate calculated by the ARMADA 16x 
Applications Processor Family. After the baud rate has been programmed, the   verifies that the 
predetermined characters (usually AT or at) are being received correctly.

If the UART is to program the Divisor Latch Registers, software can use either of two methods for 
auto-baud calculation: table-based and formula-based. The method is selected via the <ABT> field 
in the Auto-Baud Control Register. The baud rates that are seen in most commercial electronics, 
which are referred to as “common”, include:

Formula method—any baud rate shown in Table 117 can be programmed by the UART. This 
method works well for higher baud rates, but it could fail below 28.8 kbps if the remote 
transmitter’s actual baud rate differs by more than one percent of its target.
Table method—is more immune to such errors, because the table rejects uncommon baud 
rates and rounds to the common ones. The table method allows any baud rate defined by the 
formula in Section 23.6.7, Programmable Baud-Rate Generator above 28.8 kbps. Below 28.8 
kbps, the only baud rates that can be programmed by the UART are 19200, 14400, 9600, 4800, 
1200, and 300 baud.

When the baud rate is detected, the auto-baud circuitry disables itself by clearing the <ABE> field in 
the Auto-Baud Count Register. To re-enable auto-baud detection, set the <ABE> field again. 
                         

See the Auto-Baud Control Register as described in the Appendix of this document for more 
information on auto-baud.

Note
Auto-flow mode can be used only in conjunction with FIFO mode.

Note

Changing the baud rate is not permitted when actively transmitting or receiving data.

Auto-baud-rate detection is not supported in IrDA (serial infrared) mode.
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23.6.5 32-Bit Peripheral Bus
Each UART supports an 8- (default) or 32-bit peripheral bus. If a 32-bit bus is preferred, set the 
<32-Bit Peripheral Bus> field in the FIFO Control Register. The bytes are written in Little Endian 
format (7:0) with byte 3 (the most recent byte) starting at bit 31, byte 2 starting at bit 23, and so on.

8-bit mode—only the least significant byte contains valid data on the peripheral bus. The upper 24 
bits are ignored.

32-bit mode—the UART can read or write partial words of 1, 2, 3, or 4 continuous bytes from the 
peripheral bus. The method in which the valid bytes of data are determined differs depending on 
whether the transaction is being handled by the DMAC or PIO.

DMA—the DMAC can read or write 1, 2, 3, or 4 continuous bytes per word. The number of valid 
bytes available per word is determined internally between the DMAC and the UART.

PIO—the   is restricted to reading or writing 1, 2, or 4 bytes per word. When reading, the   must read 
the Receive FIFO Occupancy Register to retrieve the number of bytes available in the Receive 
buffer. If the number of bytes available is 4 or greater, the   can request any number of bytes per 
word (except 3). If the number is less than 4, software must request the proper number of bytes. 
When 3 bytes are remaining, software must request either 2 bytes followed by 1 byte or 1 byte 
followed by 2 bytes. The UART retrieves unusable data for the invalid bytes if the   reads more than 
the number of bytes available in the Receive buffer. The Receive FIFO counters do not increment.
                         

23.6.6 Serial Infrared Asynchronous Interface
The Slow Serial Infrared (SIR) interface is used with all three UARTs to support two-way wireless 
communication that uses infrared transmission. The SIR interface provides a Transmit encoder and 
Receive decoder to support a physical link that conforms to the IrDA Serial Infrared Specification.

The SIR interface does not contain the actual IR LED driver or the receive amplifier. The I/O pins 
attached to the SIR interface have only digital CMOS-level signals. SIR supports two-way 
communication, but full-duplex communication is not possible because reflections from the transmit 
LED enter the receiver. SIR supports frequencies up to 115.2 kbps. The baud divisor must be eight 
or more because the input clock is 14.857 MHz.
                         

23.6.6.1 Operation
The SIR modulation technique works with 7- or 8-bit characters with an optional parity bit. The data 
is preceded by a zero-value start bit and ends with one stop bit. The encoding scheme sends a 
1.6-µs pulse 3/16 of a bit wide in the middle of every zero-value bit and sends no pulses for bits with 
a value of one. The pulse for each zero-value bit must occur, even for consecutive bits with no edge 
between them. Figure 92 shows an example of Transmit/Receive operation.

Note
The Receive and Transmit FIFOs must be enabled when in 32-bit mode.

Note

This SIR interface should be turned on and off only while the UART module is 
completely idle and disabled. On-the-fly changes are likely to produce problems and 
are not recommended.

The <Transmit Pulse Width Select> field in the Infrared Selection Register must be set 
to 1.
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The top line in Figure 92 shows an asynchronous transmission as it is sent from the UART. The 
second line shows the pulses generated by the IR encoder at the TXD pin. A 1.6 µs pulse is 
generated in the middle of the START bit and any data bit that is a zero. The third line shows the 
values received at the RXD input pin. The fourth line shows the receive-decoder output. The 
Receive decoder drives the receive data line low when it detects a pulse. The bottom line shows 
how the UART receiver interprets the decoder action. This last line is the same as the first, but it is 
shifted half a bit period. Marvell strongly recommends setting the <Transmit Pulse Width Select> 
field in the Infrared Selection Register for the transmit-pulse width. When the <Transmit Pulse Width 
Select> is clear, each zero bit has a pulse width of 3/16 of a bit time. The <Transmit Pulse Width 
Select> field must be set to 0x1 so a pulse of 1.6 µs is generated in the middle of each zero bit. The 
shorter infrared pulse generated when the <Transmit Pulse Width Select> field is set reduces the 
LED power consumption. At 2400 bps, the LED is normally on for 78 µs for each zero bit that is 
transmitted. When the <Transmit Pulse Width Select> field is set, the LED is on for only 1.6 µs. 
Figure 93 shows an example of XMODE operation.
                         

Figure 92: IR Transmit and Receive Example

                         

Note

<Transmit Pulse Width Select>=1 toggles only the transmit-pulse width. It does not 
affect the receive-pulse width, which is always set to XMODE = 1.
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To prevent transmitter LED reflection feedback to the receiver, disable the IR Receive decoder when 
the IR Transmit encoder transmits data, and disable the IR Transmit encoder Receive decoder when 
the IR Receive decoder receives data. RCVEIR and XMITIR must not be set at the same time.
                         

23.6.7 Programmable Baud-Rate Generator
Each UART contains a programmable baud-rate generator that can take a fixed-input clock and 
divide it down to generate the preferred baud rate. The baud rate is calculated by taking the 
14.7456 MHz fixed-input clock (in regular mode (<High Speed UART Enable> field in the Interrupt 
Enable Register = 0)) or the 58.5 MHz clock (in High-speed mode (<High Speed UART 
Enable> = 1)) and dividing it by the Divisor Latch Low Register. For High-Speed mode, a divisor of 1 
or 2 is required.

The baud-rate generator output frequency is 16 times the baud rate. Two 8-bit Divisor Latch 
Registers (Divisor Latch Low Register and Divisor Latch High Register as described in the Appendix 
of this document) store the divisor in a 16-bit binary format. Load these divisor latches during 
initialization to ensure that the baud-rate generator operates properly. The 16X clock stops if each 
Divisor Latch register is loaded with 0x0. 

The baud rate of the data shifted into or out of a UART is given by the formula:

In High-Speed mode, (<High Speed UART Enable> = 1)

                         

Figure 93: XMODE Example

                         

Note

This restriction specifically is to ensure no feedback; no filtering is performed to remove 
this feedback data.

1 7 11 16

1.6μs

3 16X BAUD Clock periodsIR_TXD Pin value
XMODE = 1

IR_TXD Pin value
XMODE = 0

Transmit Start bit
followed by 1

16X Baud Clock
(14.7456 MHz)

Note
Only divisors of 1 and 2 are valid in High-Speed mode.

BaudRate
 58.5 MHz

16xDivisor( )
----------------------------------=
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In Regular mode, (<High Speed UART Enable> = 0)

For example: if the divisor is 24 (in Regular mode), the baud rate is 38400 bps.
                         

Refer to Table 117 for a list of recommended baud rates based on divisor values (Divisor Latch High 
Byte Register: Divisor Latch Low Byte Register).
                         

The divisor reset value is 0x0002. Changing the baud rate (writing to registers Divisor Latch Low 
Byte Register and Divisor Latch High Byte Register) is not permitted while actively transmitting or 
receiving data.

23.7 Register Descriptions
Refer to Appendix A - Register Tables for details on the UART registers.

Note
Changing the baud rate is not permitted when actively transmitting or receiving data.

Table 117: Recommended Baud Rates

Required Baud Rate Divisor 58.5 MHz 
Actual  Baud 
Rate

9600 96 —

19200 48 —

38400 24 —

57600 16 —

115200 8 —

230400 4 —

460800 2 —

921600 1 —

1842000 2 1828125

3686400 1 3656250

BaudRate
 14.7456 MHz
16xDivisor( )

----------------------------------=
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24 PCI Express Controller

24.1 Overview
The Product Family PCIe module acts as a PCIe root complex (RC). It can talk to one or more 
endpoints (EPs) that reside off chip. The RC core consists of a single off-chip link. To talk to more 
than one endpoint an external PCIe switch is required.

Section 24.1, Overview 

Section 24.2, Signal Descriptions 

Section 24.3, Inbound Logic 

Section 24.4, Outbound DMA 

Section 24.5, Error Handling 

Section 24.6, Message Signal Interrupts 

Section 24.7, Legacy Interrupts 

Section 24.8, Vendor/Device ID 

Section 24.9, Programming Guidelines 

Section 24.10, Register Descriptions 

24.1.1 Outbound vs Inbound
In this document, outbound refers to packets going off-chip. Inbound refers to packets coming into 
the chip. PCIe supports split transactions. Where necessary, the distinction is made between 
inbound/outbound requests and inbound/outbound completions. 

24.1.2 System/Application
This document refers to “system” or “system side” to indicate the rest of the ARMADA 16x 
Applications Processor Family system. References to the application software refer to the software 
running on ARMADA 16x Applications Processor Family products.

24.1.3 The PCIe Module Features
Addresses 64 bit PCIe address space for outbound transactions.
Addresses 32 bit system address space for inbound transactions.
Outbound memory Write transactions with payload up to 1 Kilobytes in size.

Outbound memory Read transactions with payload up to 128 bytes in size (DMA splits larger 
bursts to several bursts <=128 bytes).

Inbound memory transactions with payload up to 512 bytes in size.
Maximum of 4 (total) outstanding outbound PCIe Read or Write transactions.
Maximum of 4 (total) outstanding inbound PCIe Read or Write transactions.

Outbound configuration Reads and Writes.
Message service interrupt support.
Legacy interrupts.

Programmed I/O mode in outbound DMA for 32-bit configuration/memory Read/Writes.
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Byte strobes are supported for programmed I/O Writes.
x1 lane support.

24.1.4 Features Not Supported
Inbound PCIe configuration Reads and Writes.
PCIe I/O Reads or Writes.

Legacy PCI and PCI-X endpoints.
Inbound vendor specific messages.
External PCIe slots (assume closed system).

Hot plug.
Virtual channels - only TC0/VC0 are supported.
Non-incrementing address sequences (either to PCIe or system address space).

24.2 Signal Descriptions
Refer to Table 118 for a list of PCI Express signal descriptions.
                         

24.3 Inbound Logic

24.3.1 Tag Manager
DesignWare Bridge to Local Fabric

The DesignWare AXI bridge master module can generate bursts with up to 32 unique tags (ARID, 
AWID). The rest of the Product Family system is not capable of handling this many tags. Additionally 
Product Family slaves are not capable of re-ordering transactions based on their tags, so the tags 
serve no purpose. However, the AXI protocol requires that the correct tags are returned back to the 
DW bridge. The tag manager stores all of the outgoing tags in FIFO order (separately for reads and 
writes). Transactions on each of the AXI Read and Write channels (respectively) are returned in 
order. The tag manager stores the tags for inbound transactions and returns the correct tag back to 
the DW bridge when the response is returned.

Table 118: PCI Express Signal Descriptions

Name Type Descript ion

PCIETXP Output Differential output

PCIETXN Output Differential output

PCIECLKP Input Differential clock source

PCIECLKN Input Differential clock source

PCIERXN Input Differential input

PCIERXP Input Differential input

Note

The tag manager is a combinational block of logic.
The tag queues are 8-deep. The PCIe local fabric back-pressures requests such 
that the FIFOs do not overflow.
The ARID, AWID and WID fields do not get passed on the PCIe local fabric. The 
absence of a tag indicates “tag==0” to the fabric.
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Read Case
When an incoming Read transaction is seen, the tag manager stores the tag (ARID field) in its Read 
tag FIFO. Some time later a Read response is returned. The RID field for each response is replaced 
with the tag stored in the Read tag FIFO (for every response beat). When the last Read response is 
seen (RLAST == 1) the head of the FIFO is popped.

Write Case
When an incoming Write transaction is seen the tag manager stores the tag (AWID field) in its Write 
tag FIFO. The tag with the incoming Write data (WID) is ignored by the tag manager and is not 
passed onwards. Some time later a Write response is returned. The BID field for the single Write 
response is replaced with the tag stored in the Write tag FIFO.

System Slave Port
The system slave port delivers six tag bits with each request. The tag manager stores a single entry 
for reads and a single entry for writes. The tag manager back-pressures the AXI link when its FIFO is 
full. None if the incoming ID bits are passed to the PCIe local fabric. When responses are returned 
from the PCIe local fabric, the tag manager supplies the original tag and place it in the response. 
This is used in the system to route the response back to the original master.

24.4 Outbound DMA
The outbound DMA handles transactions going from the ARMADA 16x Applications Processor 
Family to PCIe. The following capabilities are supported:

Four DMA channels.

Up to eight outstanding AXI requests to system per DMA channel.
A single outstanding PCIe request per DMA channel.
Outgoing requests up to 1 Kilobytes in size.

• Up to 1 Kilobytes can be moved in a non-chained transaction.

• Up to 1K Kilobytes can be moved for each Descriptor in a chained transaction.

Individual AXI ID for each DMA channel on PCIe AXI.
Chained (Descriptor-based)/non-chained transfers.

Programmed I/O access to simplify PCIe configuration Reads and Writes.
Programmed I/O access to simplify PCIe 32-bit memory Reads and Writes.
Byte strobe support for 32-bit programmed I/O memory Writes.

Error status logging with maskable interrupt capability.

24.4.1 DMA Structure
Figure 94 shows the structure of the outbound DMA. The outbound DMA acts as a master to the 
system (the chip) and is also a master to the PCIe core. At the PCIe AXI interface, the DMA is 
capable of AXI transactions with 64 bit addresses and a length of up to 128 beats (awlen or arlen = 
127). At the system AXI side it is capable of issuing AXI transactions with 32 bit addresses and 
length of up to 16 beats.

There are four DMA channels. Each DMA channel can have up to eight outstanding transaction to 
the system side and one outstanding transaction tot the PCIe side. Each PCIe transaction consumes 
a DMA channel since the transactions may be returned out-of-order with respect to one another.
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Figure 94:  Outbound DMA Structure

24.4.2 Non-Chained Transactions
This section describes simple block (non-chained) transactions. 

24.4.2.1 PCIe Outbound Write
The DMA is programmed with the (system) source address of the data and the (PCIe) destination 
address. The transaction type is programmed in the PCIeType field in the DMA PCIe Control 
Register. The byte count is programmed in the DMA control register byte count field. The maximum 
transfer size on the PCIe AXI is 1K Bytes. The requested byte count for a single transaction must be 
1 Kilobytes or less. Each DMA channel may have up to 8 transactions outstanding to the system at 
any time. The channel begins by issuing a single Read burst to the system memory. 

Note

The outbound DMA acts as a master (initiates Read and Write transactions) to system 
and is also a master to the PCIe AXI bridge. 
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The DMA transaction begins when the Start bit is programmed to 1. Once the first burst of system 
data has been fetched to the DMA channels storage buffer (128 Bytes in size), the channel issues a 
single AXI Write transaction of with a size corresponding to the byte count (up to 1 Kilobytes) to the 
PCIe AXI interface. When the PCIe-side Write is accepted, the DMA channel reads the rest of the 
data from the system. As each burst transfer is received on the system side, it is sent out on the 
PCIe side of the DMA. Each time a transfer is accepted on the PCIe AXI interface, the bytes in the 
transfer are subtracted from the byte count. When all of the data has been moved (the byte count is 
0) and the PCIe Write response (BRESP) has been returned, the DMA start bit is set to 0 to indicate 
the transaction is completed. The CPU ISR bit for this DMA channel is also set. 

24.4.2.2 PCIe Outbound Read
The DMA is programmed with the (PCIe) source address of the data and the (system) destination 
address. The transaction type is programmed in the PCIeType field in the DMA PCIe Control 
Register. The byte count is programmed in the DMA control register byte count field. The byte 
enable masks for the first and last DWord are programmed in the byte enable fields. The maximum 
transfer size on the PCIe AXI is 128 Bytes, but the DMA can be programmed to transfer up to 
1KBytes at a time (per block transfer or per Descriptor). If the transaction size is larger than 128 
bytes, the DMA issues multiple PCIe reads to service the request. In this case, the first Read 
request(s) is 128 bytes in size and the last one handles the remaining data to be fetched. No attempt 
is made to align the outbound Read transactions to 128 byte boundaries. The direction of the DMA 
transfer and the chained/non-chained bit must be set in the DMA mode register.

The DMA transaction begins when the Start bit is programmed to 1. When the PCIe Read data is 
returned on the PCIe AXI interface, the DMA channel starts to accept the data. The data is written 
into the internal buffer in the DMA channel, which can hold up to 128 bytes. Each time the internal 
buffer fills, or when the last data transfer is received from the PCIe AXI, the data is written to system 
memory using burst of up to 16 beats long. The DMA channel backpresures the Read data from the 
PCIe AXI channel whenever its storage buffer is full. The DMA channel continues to chop the PCIe 
Read data into smaller Write bursts on the system side until all of the PCIe Read completion data 
has been committed to system memory. As each data transfer is sent out on the system side, its size 
in bytes is subtracted from the DMA byte count. If the byte count is zero and the last Write response 
(BRESP) has been received from the system AXI, the DMA start bit is set to 0 to indicate the 
transaction is completed. The CPU ISR bit for this DMA channel also is set. If this bit is not masked, 
an interrupt is generated to the CPU.

24.4.3 Descriptor-based Transactions
It is possible to chain together transfers under software control using Descriptors. The Descriptor 
format is described in Table 119.

Note

All DMA accesses must have source and destination addresses that are 8-byte aligned 
in memory. For DW (data-word, =4 byte) aligned accesses to PCIe memory space, 
programmed I/O should be used. Additionally, programmed I/O transactions can specify 
byte strobes on Write transactions.

Note

Each DMA channel is capable of issuing 8 outstanding bursts on the system side at a 
time. However, if the channel is performing an outbound Write it can only fetch one 
burst of data from the system, until it has won AXI arbitration at the PCIe AXI port. Once 
PCIe AXI arbitration has been won, the DMA channel can have 8 Read transactions 
outstanding. This restriction is present to prevent a possible deadlock condition.
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A Descriptor access is configured as follows. The NxtDescPtr register is programmed with the 
memory location of the first Descriptor in the chain. The PCIe control registers are programmed with 
the attributes of the PCIe transaction. The DMA start bit is set to 1. The DMA loads the first 
Descriptor entry from memory. Descriptors are always 32 bytes in size and 32-byte aligned in 
memory. Descriptors are always fetched from memory using an incrementing address pattern. The 
DMA processes the transfer, which can be up to 1 Kilobytes in size. When all of the data has been 
successfully moved from source to destination, the DMA fetches the next Descriptor from the 
memory location contained in the NxtDescPtr register, and then proceeds to process that Descriptor. 
If the NxtDescPtr register contains a value of 0x0 (NULL), this indicates the end of the Descriptor 
chain. At this point, the Start bit is de-asserted to indicate that the DMA channel is stopped. The ISR 
bit for the DMA channel is set to 1 to interrupt the CPU.

An example Descriptor chain is shown in Figure 95.

Figure 95: Example Descriptor Chain

Table 119: Outbound DMA Descriptor format

Byte Offset Bits Description

0x0 11:0 Number of bytes to fetch (8-1024). Must be multiple of 8.

0x8 31:0 Lower 32 bits of start address. Must be 8-byte aligned.

0xC 31:0 Upper 32 bits of start address

0x10 31:0 Lower 32 bits of destination address. Must be 8-byte aligned.

0x14 31:0 Upper 32 bits of destination address

0x18 31:0 Pointer to next Descriptor. 0 indicates end of Descriptor chain.

0x20 n/a Reserved

Next descriptor pointer (0x100)

Byte count

Reserved

Source address

Next descriptor pointer (0x200)

Destination address

Destination address

Source address

Reserved

Byte count

Reserved

Source address

Next descriptor pointer (0x220)

Destination address

Destination address

Source address

Reserved

Byte count

Reserved

Source address

Null Pointer (0x0)

Destination address

Destination address

Source address

Reserved

0x100

0x104

0x108

0x110

0x114

0x10C

0x11C

0x118

0x200

0x204

0x208

0x210

0x214

0x20C

0x21C

0x218

0x220

0x224

0x228

0x230

0x234

0x22C

0x23C

0x238
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24.4.4 PIO Accesses
Each DMA channel is capable of issuing programmed input/output (PIO) accesses from the system 
CPU to PCIe address space. These can be (PCIe) configuration reads, configuration writes, memory 
reads or memory writes. PIO accesses are always 32 bits in size. 

PIO accesses are set up by the CPU through the register access port. After a transaction is initiated 
to PCIe, the CPU can read the DMA channels registers to check the status of the transfer and also 
read back data if the transaction is a completed Read. The process of issuing a PIO Read is as 
follows:

1. The CPU programs the (PCIe) destination address.
2. The CPU programs the PCIe control fields (in the DMA_PCIE_CTRL_CH<n> register).

If the transaction is a PCIe configuration transactions, the CPU programs the configuration 
address register (PIO_ADDR_LS_CH).

3. If the transaction is a Write, the CPU writes the value to be written to the PIO Write data 
register. Optionally byte enables can be specified by programming the PIO Write data strobe 
register for the DMA channel.

4. The CPU set the PIO start bit to 1 for the DMA channel. 
5. The transaction is issued to PCIe. 

6. When the transaction completed, the PIO start bit is cleared and the ISR bit for the channel is 
set to 1. An interrupt is also generated, unless ISR is masked.

7. If the access is a Read transaction, the CPU can now read the fetched data from the PIO Read 
data register.

24.4.5 AXI Tags
When AXI transactions are sent to the system via the PCIe local fabric, the AXI tags (ARID, AWID, 
WID) used by each DMA channel are 0; because the only tag value is 0, these signals do not need 
to be generate on the system side.

On the PCIe AXI, the downstream PCIe domain can re-order transactions based on their tag. Each 
DMA channel uses its channel number as a tag. So, for example, DMA channel 2 always drives 2 on 
the ARID, AWID and WID fields. All transactions returned from the PCIe AXI for DMA channel 2 
have BID (for a Write response) or RID (for Read responses) set to 2.

24.4.6 Arbitration
Each of the DMA channels must arbitrate for the DMA master ports.The PCIe AXI master port 
implements simple round-robin arbitration. The system master port inside the PCIe local AXI fabric 
implements programmable least-recently-granted arbitration.

24.4.7 Byte Aligned Transactions
Inbound reads are always 8-byte aligned. If partial reads are requested by a PCIe endpoint, the 
PCIe module over-fetches data such that it issues 8 byte aligned reads to the system. For inbound 
writes, the AXI byte strobes are set to indicate which bytes are valid. Inbound reads and writes can 
only access system memory, and are never directed to any devices that have a fixed addressing 
scheme (such as a FIFO).

Note

Each Descriptor chain must use the same PCIe transaction type for the entire chain. It 
is not possible to modify the PCIe transaction type after the DMA channel has started.
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For outbound transactions, each DMA is only capable of performing 8-byte aligned transactions. The 
number of bytes requested must always be a multiple of 8 bytes. The source and destination 
address must always be aligned on a 8 byte boundary. DMA transactions are always 8 bytes wide. It 
is not possible to specify any byte strobes for DMA transactions. PIO transactions are always 4 
bytes wide. It is possible to specify an optional byte mask for outbound PIO writes.

24.5 Error Handling

24.5.1 Errors During DMA transactions
A DMA channel cannot be stopped during operation. Any errors that occur during a DMA transfer 
are logged and an interrupt is generated to the CPU.

24.5.1.1 Outbound Write
When processing an outbound Write, a DMA channel reads data from system memory (as a master) 
and Write the data out to PCIe. It is possible for an AXI Read to the system to be returned as a 
decode error (the address is not mapped in the system) or a slave error (the slave is incapable of 
processing the request). In these case, the requested number of Read responses are returned by 
the slave, but some or all of them have an error indication. In either case, the DMA channel 
completes the outbound Write as if the data was correctly returned from the system (although the 
data values are undefined). 

Not all PCIe errors can be detected by the DMA. Errors in outbound configuration writes can be 
detected, and causes an interrupt to be asserted. Outbound memory writes are posted and so no 
completion is generated. The DMA channel AXI error ISR registers logs any AXI errors that occur 
and optionally interrupt the CPU.

                         

24.5.1.2 Outbound Read
An outbound Read fetches Read data from the PCIe domain. The data is read by the DMA on the 
PCIe AXI interface. The DMA then issues AXI writes to system memory. AXI slave or decode errors 
can occur on either of these steps. In these cases the received PCIe data may not be committed to 
system memory at all, or may only be partially committed.

The DMA channel AXI error ISR registers log any AXI errors that occur (on either the system of PCIe 
AXI interfaces) and optionally interrupt the CPU.

24.5.2 Errors During Inbound Transactions
Errors on inbound PCIe transactions are detected and logged in ISR registers in the PCIe control 
register block. These generate (maskable) interrupts to the CPU. Inbound Read and Write 

Note

AXI errors during outbound writes are only expected to occur during debug. In normal 
operation data fetched from mapped system memory and the system slave is assumed 
to be capable of processing the requested Read burst.

Note

If an outbound PCIe request returns a completion that has an error condition, it is 
turned into an AXI slave error, which is logged by the DMA and can optionally generate 
an interrupt to the CPU.

If an inbound request from PCIe generates an AXI request that has a response of slave 
error (SLVERR) or decode error (DECERR), it returns a unsupported request (UR) 
completion to the sender.
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transactions should be configured by software to target valid system memory. In the case that an 
inbound memory Read or Write results in an AXI slave or decode error, the RC turns the completion 
into an unsupported request (UR).

24.6 Message Signal Interrupts
Native PCIe devices signal interrupts using message signalled interrupts (MSI). Despite the name, 
MSI does not use PCIe messages. Instead it is signalled using a memory Write. At configuration 
time, the system programs each endpoint to tell it how to issue MSIs.

The MSI register is located at 0xD120_1000. Each endpoint device has a message address register. 
System software programs this register with the address of the MSI register. In the PCIe 
specification each device can have up to 32 MSI messages, but the system is not required to 
support as many as the device requests. In the PCIe module only 1 MSI per device is supported, 
and up to 8 devices are supported. 

Each endpoint is programmed with a device identifier, as well as the number of messages that it has 
been allocated. The process of programming an endpoint with MSI information is shown in 
Figure 96. Note that the flowchart is specific to the ARMADA 16x Applications Processor Family in 
the number of devices (8 vs PCIe max. 256), number of messages (1 vs PCIe max. 32 per device) 
and the system address of the MSI register (0xD120_1000).



Marvell® ARMADA 16x Applications Processor Family Software Manual

                         

                         

Doc. No. MV-S301544-00  Rev. -   Copyright © 2010 Marvell

Page 416 November 2010 PUBLIC RELEASE

                         

Figure 96: Programming PCIe Endpoint with MSI Information

When the endpoint issues an MSI, it performs a PCIe memory Write. The 16 LSBs of the Write data 
indicate the device and the message. The 5 LSBs indicate the message - this is always 0 because 
only one message is supported per device. Bits 7:5 indicate the device identifier. Each device is told 
its device identifier by system software at configuration time.

Inbound MSI memory writes are routed to the PCIe registers (based on the address). When a Write 
occurs to the MSI register, the Write data is decoded. Bits 7:5 indicated the device number. Each 
device has a corresponding MSI ISR register. When the device is decoded, bit 0 (corresponding to 
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message 0) of the MSI ISR for that device is set. If the ISR is not masked, an interrupt is generated 
to the CPU. The CPU services the MSI request and then clears the ISR by writing a 1 to the ISR bit.

24.7 Legacy Interrupts
Legacy interrupts are supported using the legacy interrupt ISR. Legacy interrupts are received as 
messages at the root complex core. Each of the interrupts (INTA#, INTB#, INTC#, INTD#) has a 
separate message to indicate assertion and de-assertion. There is a separate interrupt bit for each 
message in the legacy interrupt ISR, so there are 8 interrupt bits (4 legacy interrupts each with 
assert and de-assert bit).

24.8 Vendor/Device ID
Vendor ID: 0x11AB

Device ID: 0xA168

Revision ID: 0x0

Class code: 0x04 (multimedia device).

Sub-class code: 0x80

Prog. Intf.: 0x00

24.9 Programming Guidelines
The inbound path of the RC module should never receive 64-bit requests, since the system address 
space is limited to a 4 GB (32-bit) range. However, if an endpoint is incorrectly programmed to send 
64-bit requests on the inbound path, the upper 32 bits are simply ignored. If the upper 32 bits are 
non-zero this leads to undefined behavior and potentially corrupt the entire system. Software must 
take care to avoid this error condition.

24.10 Register Descriptions
Refer to  Appendix A - Register Tables for details on the PCI Express registers.
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25 AXI Fabric

25.1 Overview
Section 25.1, Overview 

Section 25.2, Description 

Section 25.3, Register Access Paths 

Section 25.4, Timeout Mechanism 

Section 25.5, 32-bit Peripheral Accesses 

Section 25.6, Register Descriptions 

There is a single AXI fabric at the top-level of the application subsystem. This consists of four 
internal sub-fabrics. Figure 97 shows the arrangement of the top level fabric within the application 
subsystem. In the diagram it is labelled “fabric_top”.

Caution

In this chapter the ARM AXI terminology is used to describe the fabric interfaces. The 
interface that connects a master core to the fabric is referred to as a Slave Interface 
(SI). The interface that connects the fabric to a slave core is referred to as a Master 
Interface (MI). This terminology is also followed in the register descriptions.
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Table 120 describes the Slaves Interfaces on the top-level fabrics. A Slave Interface connects a 
master core to the fabric. The interfaces are a mixture of 32- and 64-bit data width, and AXI as well 
as AHB protocol. The AHB interfaces use the AHB-Lite protocol, which is a subset of the AMBA AHB 
protocol. Refer to the AMBA 3 AHB-Lite Protocol Specification v1.0 (ARM IHI 0033A). 

Figure 97: AXI Fabric Block Diagram
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Table 120: AXI Slave Interfaces (Connects Master to Fabric)

Fabric  Port Master Data 
Width

Protocol Outstanding 
Reads/Writes

*ID bits
(for tags)

s00 Marvell® 
Sheeva™

64 AXI 4/4 4

s01 SDH2 32 AXI 1/1 3

s02 DMA 64 AXI 4/4 5

s03 SDH1 32 AXI 1/1 0

s04 FE 32 AHB 1/1 0

s05 USB 
(OTG)

32 AHB 1/1 0
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The fabric internally limits the number of outstanding Read and Write transactions (bursts). The 
limitations for each Slave Interface are described in the table. Where a master can have 0 
outstanding Reads or Writes, the fabric is always configured to have at least one outstanding 
Read/Write transaction, but the attached master may not be capable of generating this type of 
transaction.

Some masters support AXI tags to allow re-ordering of requests. The number of ID bits supported for 
this purpose is described in the last column. This number determines the width of the AXI ARID, 
AWID, WID, RID and BID fields. Internally the fabric appends additional ID bits to uniquely identify 
the master so that responses can be returned to the correct master, thus resulting in more ID bits 
being presented at the master interfaces than were present at the slave interfaces. Each Master 
Interface has 6 ID bits.

Table 121 describes the master interfaces on the top-level fabric. The interfaces are a mixture of 32 
and 64 bit data widths as well as AXI and AHB interface protocols. The AHB interfaces use the 
AHB-Lite protocol.

The sub-fabrics are auto-generated using the ARM PL-301 IP within the AMBA Designer tool. 

There are multiple fabric ports connecting to the SQU and SDRAM slaves. Each sub-fabric connects 
to at most one port at each of these slaves. This arrangement means that no address aliasing is 
required - each master can access these slaves using a single address range, as specified in the 
system address map.

s06 USB Host 32 AHB 1/1 0

s07 CI 64 AXI 0/2 3

s08 GC300 64 AXI 8/4 3

s09 ICR 64 AXI 4/4 0

s10 LCD 64 AXI 8/0 3

s11 PCIe

Table 121: AXI Master Interfaces (Connects Slave to Fabric)

Fabric  Port Master Data 
Width

Protocol * ID bits
(for tags)

m00 SDRAM port 0 64 AXI 6

m01 SQU port 0 64 AXI 6

m02 AXI2AHB 64 AXI 6

m03 CF 32 AHB 6

m04 MS PRO 32 AHB 6

m05 SQU port 1 64 AXI 6

m06 SDRAM port 1 64 AXI 6

m07 SQU port 2 64 AXI 6

m08 SDRAM port 2 64 AXI 6

m09 SDRAM port 3 64 AXI 6

Table 120: AXI Slave Interfaces (Connects Master to Fabric) (Continued)

Fabric  Port Master Data 
Width

Protocol Outstanding 
Reads/Writes

*ID bits
(for tags)
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25.2 Description

25.2.1 Connectivity
Figure 98 shows the arrangement of the four sub-fabrics within the single top level module.
                         

Table 122 shows the permitted connections between masters and slaves. The LCD connects to 
SQU Port 2 using a path which starts in Fabric 4 and goes through Fabric 3.
                         

Figure 98: Top Level Fabric Showing Sub-fabrics
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Table 122: AXI Fabric Connectivity

Marvel l® 
Sheeva™

SDH1 DMA SDH2 FE USB 
Host

USB 
OTG

CI GC300 ICR fab4 
to  
fab3

LCD

SDRAM Port 0 X X X

SQU Port 0 X X X X

AXI2AHB X X
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25.2.2 Clock Domains 
Sub-fabrics 1 and 2 operate at 156 MHz. Sub-fabrics 3 and 4 can be operated at a 2:1 ratio 312 
MHz) or at a 1:1 ratio (156 MHz). All of the SQU ports must be clocked at the same frequency 156 
MHz. The same is true for the SDRAM ports, except that the frequency may be either 156 MHz or 
312 MHz. To achieve this, three synchronous clock domain crossing inside the fabric. SDRAM Ports 
1 and 2 use a converter to connect between the 156 MHz and 312 MHz clock domains. SQU Port 2 
has a converter to connect between the 312 MHz and 156 MHz clock domains. An asynchronous 
clock domain crossing in the fabric at the port connects to Marvell® Sheeva™ core.

25.3 Register Access Paths
Port m02 on the main fabric is used to programming registers for most of the cores in the application 
subsystem. A number of different decoder/fabric components reside on these paths that are 
summarized in Table 123. Refer to Figure 97 to see the connections between these components 
and the cores.
                         

25.3.1 Main Fabric Register Programming
The top-level fabric has a single APB port for programming the fabric registers. Internally, each 
sub-fabric has 4K Bytes of address space allocated for its programming registers, which results in a 
total address space of 16K Bytes for the fabric programming registers. The registers are accessed 
via the AXI2AHB Master Interface on the top-level fabric. Refer to the system address map and 
register descriptions in the appendix for more detail on the AXI programming registers.

CF X X

MSPRO X X

SQU Port 1 X X X X

SDRAM port 1 X X X X

SQU port 2 X X X

SDRAM port 2 X X

SDRAM port 3 X

fab4 to fab3 X

Table 122: AXI Fabric Connectivity (Continued)

Marvel l® 
Sheeva™

SDH1 DMA SDH2 FE USB 
Host

USB 
OTG

CI GC300 ICR fab4 
to  
fab3

LCD

Table 123: Components on Register Access Path

Component Descript ion

AXI_SLV_MUX0 One input, one output AXI splitter. 64-bit data width. Limits each sender to one 
outstanding transaction.

AXI_SLV_MUX1 One input, five output AXI splitter. 64-bit data width. Limits each sender to one 
outstanding transaction.

AXI_DECODER One input, four outputs. Input is 64-bit data width AXI. Outputs are32-bit AXI.

AXI to AHB Converts 32-bit AXI to 32-bit AHB.

AHB_DECODER One 32-bit AHB input, 10 32-bit AHB outputs.

AHB_IF Converts 32-bit AHB to APB.
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25.3.2 Programmable Arbitration
The top level fabric uses programmable arbitration. The arbitration mechanism is separately 
programmed for access to each slave. The arbitration scheme uses a combination of a group priority 
value with least-recently-granted (LRG) arbitration to select between requestors of equal priority. 
The arbiter can be programmed as:

A pure LRG scheme

A fixed priority encoder
A combination of the two

All masters with the same priority form a priority group. Arbitration is granted to the highest priority 
group that is participating in the arbitration. The arbitration winner within the selected priority group is 
then chosen according to the least-recently-granted requestor. If the arbitration is programmed so 
that all masters are in one priority group, then pure LRG arbitration is achieved. If the arbitration is 
programmed so that every master has a unique priority value, then a pure fixed priority scheme is 
achieved. If an intermediate scheme is chosen, some masters share a priority group while others 
have a dedicated priority group.There are no restrictions on the number of priority groups or the 
number of members in each. 

The AXI protocol provides for separate Read and Write channels. The arbitration scheme is 
programmed separately for the Read and Write channels.

Refer to the ARM PrimeCell High-Performance Matrix (PL301) Technical Summary (ARM DDI 
0422B) document for more detail on the programmable arbitration scheme.

The register descriptions provide information on programming the arbitration scheme in the fabric. 

                         

25.4 Timeout Mechanism
The AXI fabric monitors each of the Read and Write channels at each of the master interfaces (the 
connections between the fabric and the slaves). If a request is presented but not accepted within the 
timeout period, a timeout interrupt is triggered. There is a single interrupt line for the top-level fabric. 
Status registers are provided to determine which master port(s) time out. To reduce hardware cost, 
the timeout mechanism is imprecise. The actual timeout period can vary between 1 and 3 times the 
programmed number of clock cycles. To clear a timeout interrupt, write any value to the Timeout 
Control register. This also clears all timeout status bits.

25.5 32-bit Peripheral Accesses
All register accesses must be performed as 32-bit accesses. The CPU subsystem treats the 
peripheral address range as non-cacheable and non-bufferable. Load and store instructions to/from 
a single register are preserved as 32-bit accesses on the main AXI fabric. The AXI DMA unit can 
also generate 32-bit (word), half-word, and byte accesses.

Caution

There is one arbitration programming register for each MI (= fabric to Slave Interface). 
To completely program the arbitration, this register must be written to multiple times. 
Each Write contains an SI (= Master to Slave Interface) number, a priority value and a 
slot number. The arbitration is programmed by writing to the MI register once for every 
arbitration slot.

Caution

The top level fabric consists of four sub-fabrics. Each sub-fabric has a separate 4 KB 
register region. Each sub-fabric must be programmed separately. The MI and SI 
numbers begin at 0 for each sub-fabric and follow incremental order. The number of 
each SI and MI within each sub-fabric is shown in Figure 98.
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25.6 Register Descriptions
Refer to Appendix A - Register Tables for details on the AXI Fabric registers.
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26 Synchronous Serial Port (SSP)
This chapter describes the signal definitions and operation of the five Synchronous Serial Protocol 
(SSP) ports SSP1, SSP2, SSP3, SSP4, and SSP5 for the ARMADA 16x Applications Processor. All 
five SSPs are identical in operation and differ only in the memory-map base-address location for 
each SSP.
                         

Section 26.1, Overview 
Section 26.2, Features 
Section 26.3, Signal Descriptions 

Section 26.4, Operation 
Section 26.5, I2S Emulation Using SSP 
Section 26.6, Register MC 

26.1 Overview
The SSP port is a synchronous serial controller that can be connected to a variety of external 
Analog-to-Digital converters (ADC), audio and telecommunication CODECs, and many other 
devices that use serial protocols for data transfer. The SSP controllers directly support the following 
protocols:

Texas Instruments* Synchronous Serial Protocol (SSP)
Motorola* Serial Peripheral Interface (SPI)

National Semiconductor* Microwire
Programmable Serial Protocol (PSP)

• Inter-IC Sound (I2S) protocol is supported through the PSP mode.

The SSP ports operate as full-duplex devices for the SSP, SPI, and PSP protocols and as a 
half-duplex device for the Microwire protocol.

The SSP ports are configurable to operate in Master mode (the attached peripheral functions as a 
slave) or Slave mode (the attached peripheral functions as a master). The SSP ports support serial 
bit rates from 6.3 Kbps (minimum recommended speed) up to 52 Mbps. Serial data sample size can 
be set to 8, 16, 18, or 32 bits in length. A FIFO is provided for Transmit data and a second, 
independent FIFO is provided for Receive data. The two FIFOs are both 16 samples deep x 32 bits 
wide or both 32 samples deep x 16 bits wide.

The FIFOs can be loaded or emptied by the ARMADA 16x Applications Processor using the 
Marvell® Sheeva™ Core (Programmed I/O (PIO)) or by DMA burst transfers.

26.2 Features
The enhanced SSP port features are:

Directly supports National Semiconductor* Microwire, Texas Instruments* Synchronous Serial 
Protocol (SSP), and Motorola* Serial Peripheral Interface (SPI). 

Note

Throughout this chapter there are many references to registers and their values. For 
more information on any of the SSPx registers, refer to the ARMADA 16x Applications 
Processor Registers, Appendix A - Register Tables in this manual.
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The I2S protocol is supported by programming the PSP. Data sample sizes can be set to 8, 16, 
18, or 32 bits
One FIFO for Transmit data (TXFIFO) and a 2nd, independent, FIFO for Receive data 
(RXFIFO); for non-packed data mode, the two FIFOs are each 16 rows deep x 32 bits wide for a 
total of 16 samples

FIFO packed mode allows double depth FIFOs if the samples are 8 bits or 16 bits wide; for 
packed data mode, both FIFOs are 32 locations deep x 16 bits wide for a total of 32 samples

6.3 kbps minimum and 52 Mbps maximum serial bit-rate (see Section 26.4.1, FIFO Operation  
and Section 26.4.1.2, FIFO Operation in Packed Mode  regarding limitation)

Master mode and Slave mode operation supported 
Receive-without-Transmit operation
Network mode with up to eight time slots for PSP formats, and independent Transmit/Receive in 
any/all/none of the time slots
Audio clock control to provide a 4x or 8x output clock to support most standard audio 
frequencies

26.3 Signal Descriptions
Refer to Table 124 for a list of SSP signal descriptions.
                         

Table 124: SSP Signal Descriptions

Name Type Descript ion

SSPx_RXD Input Synchronous Seria l  Protocol Receive Data
Serial data in. Sample length is selected by the <Extended Data 
Size Select> and <Data Size Select> fields, as defined in 
Appendix A 

SSPx_TXD Output Synchronous Seria l  Protocol Transmit  Data
Serial data out. Sample length is selected by the <Extended 
Data Size Select> and <Data Size Select> fields in the SSP 
Control Register 0, as defined in Appendix A

SSPx_CLK I/O Synchronous Seria l  Protocol Seria l Clock
Controls the timing of a serial transfer. SSPx_CLK can be 
generated internally (master mode) or taken from an external 
source (slave mode)
See the <SSP Serial Bit Rate Clock (SSPx_CLK) Direction> 
field in the SSP Control Register 1, as defined in Appendix A

SSPx_FRM I/O Synchronous Seria l  Protocol Seria l Frame 
Indicator
Indicates the beginning and the end of a serialized data sample. 
The SSPx_FRM can be generated internally (master mode) or 
taken from an external source (slave mode).
See the <SSP Frame (SSPx_FRM) Direction> field in the SSP 
Control Register 1, as defined in Appendix A

ASYSCLK Output AC’97 and SSP System Clock:
The ASYSCLK is used by the AC’97 and SSP controllers for an 
audio system clock. The frequency for this clock is determined 
by programming the numerator and denominator values in the 
MPMU Audio SYSCLK Dithering Divider Register 
(MPMU_ASYSDR). For programming details, refer to Appendix 
A
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26.4 Operation
Serial data is transferred between the ARMADA 16x Applications Processor and an external 
peripheral through FIFOs in the SSPx port. Data transfers between an SSPx port and memory are 
initiated by the ARMADA 16x Applications Processor using the Marvell® Sheeva™ Core 
(Programmed I/O (PIO)) or by DMA bursts. Separate Transmit and Receive FIFOs and serial data 
paths permit simultaneous transfers in both directions to and from the external peripheral, 
depending on the protocols chosen.

PIO can transfer data between:

The Marvell® Sheeva™ Core and the FIFO Data Register for the TXFIFO
The Marvell® Sheeva™ Core and the FIFO Data Register for the RXFIFO
The Marvell® Sheeva™ Core and the SSP Control Registers 1 and 2 or SSP Status Register

DMA bursts can transfer data between: 

The memory and the FIFO Data Register for the TXFIFO
The memory and the FIFO Data Register for the RXFIFO

Data written to the FIFO Data Register by either the Marvell® Sheeva™ Core or DMA is 
automatically transferred to the Transmit FIFO. When reading the FIFO Data Register by either the 
Marvell® Sheeva™ Core or DMA, the “oldest” data in the Receive FIFO is transferred automatically 
to the FIFO Data Register.

26.4.1 FIFO Operation
Two separate and independent FIFOs are present for transmitting (TXFIFO to peripheral) and 
receiving (RXFIFO from peripheral) serial data. The FIFOs are filled or emptied by programmed I/O 
or DMA bursts.

The data is accessed through the TXFIFO and RXFIFO. A Marvell® Sheeva™ Core access takes 
the form of PIO, transferring one FIFO entry per access (see Section 26.4.1.2, FIFO Operation in 
Packed Mode ). The Marvell® Sheeva™ Core accesses are normally triggered by an interrupt 
caused by an SSP Status Register event (see the Appendix in this manual) and must always be 
32-bits wide. The Marvell® Sheeva™ Core writes to the TXFIFO are 32-bits wide, but the serializing 
logic ignores all bits beyond the programmed FIFO data size (see SSP_SSCR0[EDSS] and 
SSP_SSCR0[DSS] fields in Appendix A). The Marvell® Sheeva™ Core Reads from the RXFIFO are 
also 32-bits wide, but the data that is received by the RXD interface signal is written, with zeroes 
inserted in the MSBs down to the programmed data size, into the RXFIFO.

The TXFIFO and RXFIFO can also be accessed by DMA bursts, which must be 8, 16, or 32 bytes in 
length, and must transfer one FIFO entry per access. When the SSP_SSCR0[EDSS] bit is set, the 
SSPx port must be configured as a 32-bit peripheral. The DMA_CMDX[WIDTH] field must be 
programmed to at least the same data size programmed into this SSP_SSCR0[EDSS] and 
SSP_SSCR0[DSS] fields (see the SSP register tables in Appendix A.)

The TXFIFO and RXFIFO are each seen as one 32-bit location by the Marvell® Sheeva™ Core. For 
data transmission, the SSPx port takes the data from the TXFIFO, serializes it, and transmits it via 
the SSPx_TXD serial interface signal to the external peripheral. Data received from the external 
peripheral via the SSPx_RXD interface signal is converted to parallel words and written into the 
RXFIFO.

A programmable FIFO trigger threshold, when exceeded, will generate an interrupt, if enabled, or 
DMA service request, if enabled, that will signal the Marvell® Sheeva™ Core or DMA, respectively, 
to empty the RXFIFO or to refill the TXFIFO.

The TXFIFO and RXFIFO are differentiated by whether the access is a Read or a Write transfer. 
Reads from the FIFO Data Register automatically target the RXFIFO. Writes to the FIFO Data 
Register automatically target the TXFIFO. From a memory-map perspective, the TXFIFO and the 
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RXFIFO are at the same address. Each FIFO is 16 rows deep x 32 bits wide for a total of 16 data 
samples. Each sample can be 8, 16, 18, or 32 bits in length.

26.4.1.1 Parallel Data Formats for FIFO Storage
All Marvell® Sheeva™ Core and DMA accesses transfer one FIFO entry per access. Data in the 
FIFOs are either stored with one 32-bit value per data sample. Within each 32-bit field, the stored 
data sample is right-justified, with the LSb of the word in bit 0. In the Receive FIFO, unused bits are 
packed as zeroes above the MSb. In the Transmit FIFO, unused “don’t-care” bits are above the 
MSb. For example, DMA and Marvell® Sheeva™ Core accesses do not have to write to the unused 
bit locations. Logic in the SSP automatically formats data in the Transmit FIFO so that the sample is 
properly transmitted on SSPx_TXD in the selected frame format.

26.4.1.2 FIFO Operation in Packed Mode
When the TXFIFO and RXFIFO are operating in packed mode, each FIFO is 32 rows deep x 16-bits 
wide for a total of 32 data samples. For packed mode, each sample can be 8 or 16 bits in length. 
When the data is serialized and data is transmitted MSb first.

When the TXFIFO and RXFIFO are operating in packed mode, they may best be thought of as a 
single entry of 32 bits holding two 8- or 16-bit samples. Thus, the Marvell® Sheeva™ Core or the 
DMA should write and read 32 bits of data at a time where each Write or Read operation transfers 
two samples. The entire FIFO width (32 bits) must be read/written in this mode. The SSPx port does 
not support writing two separate 16-bit samples in this mode. Calculate the thresholds based on the 
number of 32-bit Writes or Reads, not the number of 16-bit or less values.
                         

26.4.1.3 Trailing Bytes in RXFIFO
When the number of samples in the RXFIFO is less than its trigger threshold level and no additional 
data is received, the remaining bytes are called RXFIFO trailing bytes. RXFIFO trailing bytes can be 
handled by either the Marvell® Sheeva™ Core or by DMA, as indicated by the Trailing Byte field in 
the SSP Control Register 1, SSP_SSPCR1[TRAIL] (see the Marvell® Sheeva™ Core Registers in 
Appendix A of this manual). RXFIFO trailing bytes are identified by means of a time-out mechanism 
and the existence of data within the RXFIFO after timeout.
                         

Timeout
A timeout condition exists when the RXFIFO has been idle for a period of time defined by the value 
programmed within the SSP_SSTO[Timeout Value] field, see the SSP Registers in Appendix A of 
this manual. When a timeout occurs, the Receiver Time-out Interrupt bit, SSP_SSSR[TINT], is set to 
1, and if the Receiver Time-out Interrupt Enable bit, SSP_SSCR1[TINTE], is set, a timeout interrupt 
gives the Marvell® Sheeva™ Core a signal that a timeout condition has occurred. The timeout timer 
is reset after a new data sample is received into the RXFIFO. Once the SSP_SSSR[TINT] bit is set, 
it must be cleared by writing 0x1 to the SSP_SSSR[TINT] bit. Clearing it also causes the timeout 
interrupt, if enabled, to be de-asserted.

Note

At serial bit rates approaching 13 MHz for continuous data transfers, the DMA might not 
be able to access the RXFIFO or TXFIFO fast enough to avoid overflow or underflow, 
respectively. Using packed mode improves performance.

Note

When FIFO packed mode is used, the DMA cannot be used to handle the RXFIFO 
trailing bytes. The RXFIFO trailing bytes must be handled by the Marvell® Sheeva™ 
Core.
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Peripheral Trailing Byte Interrupt
It is possible for the DMA to reach the end of its Descriptor chain while removing RXFIFO data. 
When this happens, the Marvell® Sheeva™ Core must take over because the DMA can no longer 
service the SSPx port until a new chain is linked. When the DMA has reached the end of its 
Descriptor chain with data in the RXFIFO, the SSPx port:

1. Sets the Peripheral Trailing Byte Interrupt bit, SSP_SSSR[PINT].

2. Asserts the SSPx port interrupt to signal to the Marvell® Sheeva™ Core that a peripheral 
trailing-byte interrupt condition has occurred (if the interrupt is enabled by setting the Peripheral 
Trailing Byte Interrupt Enable bit, SSP_SSCR1[PINTE]).

3. Sets the End Of Chain, SSP_SSSR[EOC], field in the SSP Status Register. If more data is 
received after the SSP_SSSR[EOC] field was set (and it remains set), then the 
SSP_SSSR[PINT] field is set. The SSP_SSSR[EOC] field must be cleared by writing 0x1 to it.

4. Once the SSP_SSSR[PINT] field is set, the Marvell® Sheeva™ Core must clear the bit by 
writing 0x1 to it. Clearing it also de-asserts the SSP interrupt if it has been enabled 
(SSP_SSCR1[PINTE] = 1).

The remaining bytes must then be removed with the PIO method by the Marvell® Sheeva™ Core as 
described in Removing FIFO Trailing Bytesor by reprogramming a new Descriptor chain and 
restarting the DMA. Software need to be aware of this possibility. Refer to the DMA chapter for 
details on Descriptor programming and End-of-Chain (EOC) events.

Removing FIFO Trailing Bytes
When the Trailing Byte, SSP_SSCR1[TRAIL], bit is cleared, trailing bytes left in the RXFIFO are 
handled by the Marvell® Sheeva™ Core programmed I/O method. This is the default method.

If a timeout occurs, the Marvell® Sheeva™ Core is only interrupted by a timeout interrupt if it has 
been enabled by setting the Receiver Time-out Interrupt Enable SSP_SSCR1[TINTE] field. To read 
out the trailing bytes from the RXFIFO, software waits for the timeout interrupt and then reads all 
trailing bytes as indicated by the Odd Sample Status, SSP_SSSR[OSS], Receive FIFO Level, 
SSP_SSSR[RFL], and Receive FIFO Not Empty, SSP_SSSR[RNE] fields in the SSP Status 
Register. To remove trailing bytes using PIO, enable the timeout interrupt by setting the 
SSP_SSCR1[TINTE] field.
                         

When the Trailing Byte SSP_SSCR1[TRAIL] bit is set, trailing bytes left in the RXFIFO are handled 
by the DMA Controller.

A DMA service request is issued automatically after the SSP_SSCR1[TRAIL] field is set and a 
timeout occurs, SSP_SSSR[TINT]=1. The DMA empties the RXFIFO unless the DMA reaches the 
end of its Descriptor chain (see Peripheral Trailing Byte Interrupt). When handling trailing bytes 
using the DMA, if a timeout occurs and the RXFIFO is empty (SSP_SSSR[RNE]=0), an 
end-of-receive (EOR) is sent to the DMA. Refer to Section 8, DMA Controller  for details regarding 
EOR.

If a DMA EOC occurs (SSP_SSSR[EOC]=1) at the time that the last sample is read out of the 
RXFIFO (the DMA Descriptor chain was just exactly long enough) and the timeout counter is still 
running (that is, a timeout has not occurred and SSP_SSTO[TIMEOUT] is non-zero), then, when the 
timeout does occur, the SSPx port generates a DMA request. When this occurs, re-initialize the 
DMA registers and re-enable the channel for the SSPx port to send its EOR to the DMA controller. 
For more information on the SSP Status Register, see the SSP Registers, Appendix A in this 
manual.

Note

If FIFO Packed mode is enabled (SSP_SSRC0[FPCKE]=1), trailing bytes must be 
removed using programmed I/O. If the SSP_SSSR[OSS] field in SSP Status Register is 
set, then the last FIFO line only contains one sample.
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26.4.2 Using Programmed I/O Data Transfers
FIFO filling and emptying can be performed by the Marvell® Sheeva™ Core in response to an 
interrupt from the FIFO logic. Each FIFO has a programmable FIFO trigger threshold that triggers an 
interrupt. When the number of entries in the RXFIFO exceeds the RXFIFO Trigger Threshold 
(SSP_SSCR1[RFT]) field in the SSP Control Register 1, an interrupt is generated (if enabled) that 
signals the Marvell® Sheeva™ Core to empty the RXFIFO. When the number of entries in the 
TXFIFO is less than or equal to the TXFIFO Trigger Threshold (SSP_SSCR1[TFT]) field in the SSP 
Control Register 1 plus 1, an interrupt is generated (if enabled) that signals the Marvell® Sheeva™ 
Core to refill the TXFIFO.

The SSP Status Register can be polled to determine how many samples are in a FIFO and whether 
the FIFO is full or empty. Software is responsible for ensuring that the proper RXFIFO Trigger 
Threshold and TXFIFO Trigger Threshold values are chosen to prevent Receive FIFO Overrun and 
Transmit FIFO Underrun (in the SSP Status Register) error conditions.

26.4.3 Using DMA Data Transfers
The DMA controller can also be programmed to transfer data to and from the FIFOs. To prevent 
underruns of the TXFIFO or overruns of the RXFIFO when using the DMA, be careful when setting 
the FIFO trigger threshold levels by setting the correct DMA burst sizes. TXFIFO underruns and 
RXFIFO overruns are silent errors: There is no indication of the overrun or underrun condition other 
than missing data at the receiving end of the link. The DMA burst size must be smaller than the 
trigger threshold.

The programming model for using DMA is:

Program the total number of transmit/receive byte lengths, burst sizes, and peripheral width. 
When not using the FIFO packed mode, program the Width (DMA_DCMDx[WIDTH]) field in the 
DMA Command Registers 0-31 to 0x1 for FIFO data sizes of 8 bits, 0x2 for FIFO data sizes of 
16 bits, and 0x3 for FIFO data sizes of more than 16 bits. When not using packed mode, the 
SSP stores one data sample per FIFO location where each FIFO has 16 locations. For 
example, the DMA burst size (DMA_DCMDx[Size]) must not exceed 16 bytes when 
DMA_DCMDx[WIDTH] is set to 0x1 (byte wide). 
When using FIFO packed mode (see Section 26.4.1.2, FIFO Operation in Packed Mode ), 
program the DMA_DCMDx[WIDTH] field to 0x3. When using packed mode, the SSP stores two 
data samples per FIFO location where each FIFO has 16 locations. Therefore, the DMA burst 
size (Maximum burst size DMA_DCMDx[SIZE] field in the DMA Command Registers 0-31) 
must not exceed 16 bytes when DMA_DCMDx[WIDTH] is set to 0x3 (more than 16 bits wide).

Note

When the SSPx port is running in Network mode and the FIFO Packing Enable 
SSP_SSPSCR0[FPCKE] bit is set, use the Marvell® Sheeva™ Core to handle trailing 
bytes in the RXFIFO with the SSP_SSCR1[TRAIL] bit cleared and the 
SSP_SSCR1[PINTE] bit set. After the Peripheral Trailing Byte Interrupt 
SSP_SSSR[PINT]=1 occurs, the interrupt service routine must clear the 
SSP_SSCR0[MOD] bit and wait for SSP_SSTSS[NMBSY] bit to go low before 
removing any extra or trailing samples from the RXFIFO, which can be discarded.

When the SSP_SSCR0[MOD] bit is set, the SSPx port continues transceiving data 
even after the TXFIFO is empty and until the SSP_SSCR0[MOD] bit is cleared. Since 
the DMA does not have a way to clear the SSP_SSCR0[MOD] bit, it is possible that 
extra samples will be received in the RXFIFO. Since software must clear the 
SSP_SSCR0[MOD] bit, the Marvell® Sheeva™ Core must also handle the trailing 
bytes.
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Because the SSP is not flow-controlled and has only 16 location FIFOs, software must program 
the TXFIFO threshold (SSP_SSCR1[TFT]) field, RXFIFO threshold (SSP_SSCR1[RFT]) field, 
and the DMA burst size to ensure that a TXFIFO underrun or RXFIFO overrun does not occur. 
Software must also ensure that the SSP DMA requests are properly prioritized in the system to 
prevent overruns and underruns.
Program the preferred values into the SSP Control Registers 0 and 1
Enable the SSP by setting the Synchronous Serial Port Enable (SSP_SSCR0[SSE]) field in the 
SSP Control Register 0.
Set the run bits in the DMA Command Register.

The DMA waits for either the TXFIFO or RXFIFO service request.
If the receive byte length is not an even multiple of the transfer burst size, a trailing-byte 
condition may occur as described in Section 26.4.1.3, Trailing Bytes in RXFIFO .

In full-duplex formats where the SSP always receives the same number of data samples that it 
transmits, the DMA channel should be set up to transmit and receive the same number of bytes.
                         

The DMA transmit-burst size is limited because the smallest TFT value is zero, which equates to 
one sample left in the TXFIFO. Software must program the TXFIFO threshold and the DMA burst 
size (DMA_DCMDx[SIZE]) such that an overflow of the TXFIFO does not occur. Software must 
program the RXFIFO threshold and the DMA burst size such that an underflow of the RX FIFO does 
not occur. 
                         

26.4.4 Data Formats
This section describes the types of formats used to transfer serial data between the ARMADA 16x 
Applications Processor and external peripherals.

26.4.4.1 Serial Data Formats for Transfer to/from Peripherals
Four interface signals for each SSPx port transfer data between the ARMADA 16x Applications 
Processor and external peripherals. Although serial-data formats exist, each has the same basic 
structure, and in all cases, the interface signals used are:

SSPx_CLK⎯Defines the bit rate at which serial data is driven onto and sampled from the port

Table 125: SSP_SSCR1[TFT] and SSP_SSCR1[RFT] Values with DMA Burst Sizes

SSP Sample 
Size (bits)

DMA Width
(DMA_DCMDx[WIDTH])

Burst  Size
DMA_DCMDx[SIZE]

TXFIFO Trigger 
Threshold
(SSP_SSCR1[TFT])

RXFIFO Trigger 
Threshold
(SSP_SSCR1[RFT])

8 1 byte
WIDTH = 0x1

8 7 8

16, 18, or 32 4 bytes
WIDTH = 0x3

16 3 4

16, 18, or 32 4 bytes
WIDTH = 0x3

32 7 8

Note

When the FIFO Packing Enable (SSP_SSCR0[FPCKE]) field in the SSP Control 
Register 0 is set to 0x1, the SSP_SSCR1[TFT] and SSP_SSCR1[RFT] fields represent 
twice the number of FIFO entries as when the packing enable bit is 0x0. So, when in 
packed mode, the maximum allowed DMA burst size (8 or 16) in Table 125 could be 
doubled.
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SSPx_FRM⎯Defines the boundaries of a basic data “unit” which is comprised of multiple serial 
bits
SSPx_TXD⎯The serial datapath for transmitted data from the SSPx port to the peripheral
SSPx_RXD⎯The serial datapath for received data from peripheral to the SSPx port

A data frame can contain 8, 16, 18, or 32 bits (see SSP_SSCR0[EDSS] and SSP_SSCR0[DSS] 
fields in the SSP Registers, Appendix A in this manual). Serial data is transmitted with the MSb first. 
The formats directly supported are the Motorola* SPI, and Texas Instruments* SSP, and the National 
Semiconductor* Microwire. The I2S protocol is supported by programming the PSP format.

The SSPx_FRM function and use varies between each format. SSPx_FRM is programmable in 
direction, delay, polarity, and width. Both Master and Slave modes are supported.

SPI format: SSPx_FRM functions as a chip select to enable the external device (target of the 
transfer) and is held active-low during the data transfer. During continuous transfers, the 
SSPx_FRM signal can be either held low or pulsed depending upon the value of the Motorola* 
SPI SSPx_CLK phase setting, SSP_SSCR1[SPH], field in the SSP Control Register 1. Master 
and Slave modes are supported. SPI is a full-duplex format.

SSP format: SSPx_FRM is pulsed high for one (serial) data period at the start of each frame. 
Master and Slave modes are supported. SSP is a full-duplex format.

Microwire format: SSPx_FRM functions as a chip select to enable the external device (target of 
the transfer) and is held active-low during the data transfer. Slave mode is not supported. 
SSPx_FRM is also held low during continuous transfers. This is a half-duplex protocol.
PSP format (I2S): SSPx_FRM is programmable in direction, delay, polarity, and width. Master 
and Slave modes are supported. PSP can be programmed to be either full- or half-duplex 
format.

The SSPx_CLK function and use varies between each format:

SPI format: Software choose which edge of SSPx_CLK to use for switching Transmit data and 
for sampling Receive data. In addition, moving the phase of SSPx_CLK can be user-initiated, 
shifting its active state one-half cycle earlier or later at the start and end of a frame. Master and 
Slave modes are supported, and in both, the SSPx_CLK only toggles during active transfers 
(does not run continuously).
SSP format: Data sources switch Transmit data on the rising edge of SSPx_CLK and sample 
Receive data on the falling edge. Master and Slave modes are supported. When driven by the 
SSPx port, the SSPx_CLK only toggles during active transfers (not continuously) unless the 
SSP_SSCR1[SCFR], SSP_SSCR1[ECRA], or SSP_SSCR1[ECRB] functions are used. (See 
Table 124 for a description of each of the SSP signals.) When the SSPx_CLK is driven by 
another device, it is allowed to be either continuous or only driven during transfers.

Microwire format: Both data sources switch transmit data (change to the next bit) on the falling 
edge of SSPx_CLK and sample receive data on the rising edge. Slave mode is not supported.

PSP format (I2S): Software choose falling or rising edge of SSPx_CLK to transmit data and for 
sampling receive data. In addition, software can control the Idle state for SSPx_CLK and the 
number of active clocks that precede and follow the data transmission. Master and Slave 
modes are supported. When driven by the SSPx port, the SSPx_CLK toggles only during active 
transfers, not continuously, unless the SSP_SSCR1[SCFR], SSP_SSCR1[ECRA], or 
SSP_SSCR1[ECRB] functions are used. When the SSPx_CLK is driven by another device, it is 
allowed to be either continuous or driven only during transfers, but certain restrictions on PSP 
parameters apply (see Section 26.4.4.5, Programmable Serial Protocol (PSP) Format ).

Microwire uses a half-duplex, master-slave messaging protocol. At the start of a frame, the controller 
transmits a one-or two-byte control message to the peripheral; no data is sent by the peripheral. The 
peripheral interprets the message and if the message is a read request, the peripheral, responds 
with the requested data, one clock after the last bit of the request message. Return data—part of the 
same frame—can be from eight to 16-bits in length. The total frame length is 13 to 33 bits. 
SSPx_CLK is active during the entire frame.
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Normally, if the serial clock (SSPx_CLK) is driven by the SSPx port, it toggles only while an active 
data transfer is underway. However, there are several conditions that may cause the clock to run 
continuously. If the Receive-without-Transmit mode is enabled by setting the Receive Without 
Transmit, SSP_SSCR1[RWOT], field and the frame format is not Microwire then the SSPx_CLK 
toggles regardless of whether Transmit data exists within the Transmit FIFO. The SSPx_CLK also 
toggles continuously if the SSPx port is in Network mode, or if the SSP_SSCR1[ECRA] or 
SSP_SSCR1[ECRB] bits are enabled. At other times, SSPx_CLK is held in an inactive or idle state, 
as defined by the specified protocol under which it operates.

26.4.4.2 TI-SSP Format Details
When outgoing data in the SSP controller is ready to transmit, SSPx_FRM asserts for one clock 
period. On the following clock, data to be transmitted is driven on SSPx_TXD one bit at a time, with 
the MSb first. For Receive data, the peripheral similarly drives data on the SSPx_RXD pin. Word 
length can be 8, 16, 18, or 32 bits. All output transitions occur on the rising edge of SSPx_CLK while 
data sampling occurs on the falling edge. The SSPx_TXD signal either retains the value of the last 
bit sent (bit 0) (see Figure 99 and Figure 100) or goes to a high impedance (see Figure 109 and 
Figure 110) state at the end of the transfer. If the SSPx port is disabled or reset, SSPx_TXD is forced 
to zero (unless the TXD Three-State Enable, SSP_SSCR1[TTE], bit is set, in which case it goes into 
a high impedance state).

Figure 99 shows the TI Synchronous Serial Protocol for a single transmitted frame. Figure 100 
shows the TI Synchronous Serial Protocol for when back-to-back frames are transmitted. Once the 
Transmit FIFO contains data, SSPx_FRM is pulsed high for one SSPx_CLK period and the value to 
be transmitted is transferred from the Transmit FIFO to the Transmit Logic Serial Shift register. On 
the next rising edge of SSPx_CLK, the most significant bit of the data is shifted to the SSPx_TXD 
pin. Likewise, the MSB of the received data is shifted onto the SSPx_RXD pin by the off-chip serial 
slave device. Both the SSP port and the off-chip serial slave device then latch each data bit into the 
serial shifter on the falling edge of each SSPx_CLK. The received data is transferred from the serial 
shifter to the Receive FIFO on the first rising edge of SSPx_CLK after the last bit has been latched.

For back-to-back transfers, the start of one frame immediately follows the completion of the 
previous. The MSb of one transfer immediately follows the LSb of the preceding with no “dead” time 
between them.

When the enhanced SSPx port is a master to the frame synch (SSPx_FRM) and a slave to the clock 
(SSPx_CLK), then at least three extra clocks (SSPx_CLK) are needed at the beginning and end of 
each block of transfers to synchronize control signals from the ARM* peripheral bus (APB) clock 
domain into the SSP clock domain (a block of transfers is a group of back-to-back continuous 
transfers).
                         

Note

When configured as either master or slave to SSPx_CLK or SSPx_FRM, the SSP port 
continues to drive SSPx_TXD until the last bit of data is sent (the LSB) or the 
SSPx_TXD line becomes high impedance (see Figure 109 and Figure 110). If 
SSP_SSCR0[SSE] is cleared, the SSPx_TXD line goes low. SSP_SSPSP[EDTS] has 
no effect when in SSP mode. SSPx_RXD is undefined before the MSB is sent and after 
the LSB is sent. SSPx_RXD must not float. 
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26.4.4.3 Motorola* SPI Format Details
The SPI format has four sub-modes depending on the phase mode of SSPx_CLK, and the edges 
used to transmit and receive data (see Serial Clock Phase (SPH) for a complete description of each 
sub-mode).
                         

When the SSP port is disabled or in idle mode, SSPx_CLK and SSPx_TXD are low and SSPx_FRM 
is high. When transmit data is ready to be sent, SSPx_FRM goes low (one clock period before the 
first rising edge of SSPx_CLK) and stays low for the remainder of the frame. The most significant bit 
of the serial data is driven onto SSPx_TXD one half-cycle later. Halfway into the first bit period, 
SSPx_CLK asserts high and continues toggling for the remaining data bits. Data transitions on the 
falling edge of SSPx_CLK and is sampled on the rising edge of SSPx_CLK. 8, 16, 18, or 32 bits can 
be transferred per frame.

Figure 99: Texas Instruments* Synchronous Serial Frame Protocol (Single 
Transfers)

Figure 100:Texas Instruments* Synchronous Serial Frame Protocol (Multiple 
Transfers)

SSPx_CLK

SSPx_FRM

SSPx_TXD

SSPx_RXD

Bit[N] Bit[N-1] Bit[1] Bit[0]

Bit[N] Bit[N-1] Bit[1] Bit[0] UndefinedUndefined

MSB LSB4-32 bits

SSPx_CLK

SSPx_FRM

SSPx_TXD

SSPx_RXD

Note

The following description applies only when SPH = 0 and SPO = 0. Other combinations 
of SPH and SPO result in different polarities and timings (see Figure 102 and 
Figure 103).
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With the assertion of SSPx_FRM, Receive data is driven simultaneously from the peripheral on 
SSPx_RXD, MSb first. Data transitions on SSPx_CLK falling edges and is sampled by the controller 
on SSPx_CLK rising edges. At the end of the frame, SSPx_FRM is de-asserted high one clock 
period (one half clock cycle after the last falling edge of SSPx_CLK) after the last bit has been 
latched at its destination and the completed incoming word is shifted into the “incoming” FIFO. The 
peripheral can drive SSPx_RXD to a high-impedance state after sending the last bit of the frame. 
SSPx_TXD retains the last value transmitted when the controller goes into Idle mode, unless the 
enhanced SSPx port is disabled or reset (which forces SSPx_TXD to zero).

For back-to-back transfers, start and completion are like those of a single transfer, but SSPx_FRM 
does not de-assert between words. Both transmitter and receiver are configured for the word length 
and internally track the start and end of frames. There are no “dead” bits; the LSb of one frame is 
followed immediately by the MSb of the next.

When in Motorola* SPI format, the enhanced SSPx port can be either a master or a slave device, 
but the clock and frame direction must be the same. For example, the SSP Serial Bit Rate Clock 
Direction, SSP_SSCR1[SCLKDIR], and the SSP Frame Direction, SSP_SSCR1[SFRMDIR], fields 
must either both be set or cleared.

When in Motorola* SPI format, if the SSP port is the master and SSP_SSPSP[ETDS] is cleared, the 
end-of-transfer data state for SSPx_TXD is low. If the SSP port is the master and 
SSP_SSPSP[ETDS] is set, the end-of-transfer data state for SSPx_TXD remains at the last bit 
transmitted (LSB). If the SSP port is the slave, then the SSP_SSPSP[ETDS] is undefined. 
SSPx_RXD is undefined before the frame is active and after the LSB is received. SSPRXD must not 
float. When the SSP port is configured as a master and SSP_SSCR1[TTE] is set, 
SSP_SSPSP[ETDS] is ignored and SSPx_TXD becomes high impedance between active transfers 
(see Figure 111).
                         

                         

Figure 101 shows one of the four possible configurations for the Motorola* SPI frame protocol for a 
single transmitted frame. Figure 102 shows when back-to-back frames are transmitted for the 
Motorola* SPI frame protocol.
                         

Note
The input clock to the SSPx port must not be active when SSPx_FRM is de-asserted.

Note
When the SSP port is slave to clock and frame, SSP_SSCR1[SCFR] must be set.
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Serial Clock Phase (SPH)
The phase relationship between SSPx_CLK and SSPx_FRM when the Motorola* SPI protocol is 
selected is controlled by SSP_SSCR1[SPH]. 

The combination of the SSP_SSCR1[SPO] and SSP_SSCR1[SPH] settings determine when 
SSPx_CLK is active during the assertion of SSPx_FRM and which SSPx_CLK edge transmits and 
receives data on SSPx_TXD and SSPx_RXD. 

When SPH is cleared, SSPx_CLK remains in its inactive (idle) state (as determined by 
SSP_SSCR1[SPO]) for one full cycle after SSPx_FRM is asserted low at the beginning of a frame. 
SSPx_CLK continues to toggle for the rest of the frame. It is then held in its inactive state for 
one-half of an SSPx_CLK period before SSPx_FRM is de-asserted high at the end of the frame. 

When SPH is set, SSPx_CLK remains in its inactive or idle state (as determined by 
SSP_SSCR1[SPO]) for one-half cycle after SSPx_FRM is asserted low at the beginning of a frame. 
SSPx_CLK continues to toggle for the remainder of the frame and is then held in its inactive state for 
one full SSPx_CLK period before SSPx_FRM is de-asserted high at the end of the frame. 

Figure 101:Motorola* SPI Frame Protocol (Single Transfers)

Note

The phase and polarity of SSPx_CLK can be configured for four different modes. This 
example shows just one of those modes (SSP_SSCR1[SPO] and SSP_SSCR1[SPH] 
cleared). Other settings for SPO and SPH result in different polarities and timing.

Figure 102:Motorola* SPI Frame Protocol (Multiple Transfers)
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When programming SSP_SSCR1[SPO] and SSP_SSCR1[SPH] to the same value (both set or both 
cleared), transmit data is driven on the falling edge of SSPx_CLK and receive data is latched on the 
rising edge of SSPx_CLK. When programming SSP_SSCR1[SPO] and SSP_SSCR1[SPH] to 
opposite values (one set and the other cleared), transmit data is driven on the rising edge of 
SSPx_CLK and receive data is latched on the falling edge of SSPx_CLK. 
                         

Figure 103 and Figure 104 show the timing for all four programming combinations of 
SSP_SSCR1[SPO] and SSP_SSCR1[SPH]. SSP_SSCR1[SPO] inverts the polarity of SSPx_CLK 
and SSP_SSCR1[SPH] determines the phase relationship between SSPx_CLK and SSPx_FRM, 
shifting SSPx_CLK one-half phase to the left or right during the assertion of SSPx_FRM.
                         

Note

SSP_SSCR1[SPH] is ignored for all data frame formats except for the Motorola* SPI 
protocol.

Figure 103:Motorola* SPI Frame Protocols for SPO and SPH Programming (SPH 
Set)

1. SSPx_TXD will be tri-stated at this point if the TTE bit is set.
2. SSPx_RXD should not float
3. SPH = 1
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26.4.4.4 Microwire Protocol
The Microwire protocol is similar to SPI, except transmission is half-duplex instead of full-duplex and 
it uses master-slave message passing. While in the Idle state or when the SSP port is disabled, 
SSPx_CLK and SSPx_TXD are low and SSPx_FRM is high. 

Each serial transmission begins with SSPx_FRM asserting low, followed by an eight or 16-bit 
command word sent from the controller to the peripheral on SSPx_TXD. The command word data 
size is selected by the Microwire transmit data size, SSP_SSCR1[MWDS], bit. SSPx_RXD is 
controlled by the peripheral and remains in a high-impedance state. SSPx_CLK asserts high (rising 
edge) midway into the command’s most significant bit and continues toggling at the configured 
SSPx_CLK bit rate.

One bit period after the last command bit, the peripheral returns the serial-data-requested most 
significant bit first on SSPx_RXD. Data transitions on the falling edge of SSPx_CLK and is sampled 
on the rising edge. The last falling edge of SSPx_CLK coincides with the end of the last data bit on 
SSPx_RXD and SSPx_CLK remains low after that. If it is the only word or the last word of the 
transfer. SSPx_FRM de-asserts high one-half clock period later. 

The start and end of a series of back-to-back transfers are like those of a single transfer; however, 
SSPx_FRM remains asserted (low) throughout the transfer. The end of a data word on SSPx_RXD 
is followed immediately by the start of the next command on SSPx_TXD with no dead time. If 
SSP_SSCR1[TTE] is set (selecting SSPx_TXD to be high impedance between active transfers), 
then a three-wire Microwire mode can be supported where SSPx_TXD and SSPx_RXD are 
externally tied together (shorted).

When using the Microwire protocol, the SSP port can function only as a master (frame and clock are 
outputs). Therefore, both SSP_SSCR1[SCLKDIR] and SSP_SSCR0[SFRMDIR] must both be 
cleared. Figure 105 shows the National Semiconductor* Microwire frame protocol with 8- or 16-bit 
command words for a single transmitted frame. Figure 106 shows the National Semiconductor* 
Microwire frame protocol with eight-bit command words when back-to-back frames are transmitted.

Figure 104:Motorola* SPI Frame Protocols for SPO and SPH Programming (SPH 
Cleared)
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26.4.4.5 Programmable Serial Protocol (PSP) Format

The PSP format defines programmable parameters that determine the transfer timings between data 
samples.

Four serial clock modes are defined in the Serial Bit-rate Clock Mode, SSP_SSPSP[SCMODE], field 
in the SSP Programmable Serial Protocol Register. These modes select the SSPx_CLK rising and 
falling edges for driving data and sampling received data.

As shown in Table 126, the Idle and Disable modes of the SSPx_TXD, SSPx_CLK, and SSPx_FRM 
interface signals are programmable using the following fields in the SSP Programmable Serial 
Protocol Register: End Of Transfer Data State (SSP_SSPSP[ETDS]), Serial Frame Polarity 
(SSP_SSPSP[SFRMP]), and Serial Bit-rate Clock Mode (SSP_SSPSP[SCMODE]). When Transmit 
data is ready, SSPx_CLK remains in its Idle state for the number of serial clock (SSPx_CLK) periods 
programmed into the Start Delay (SSP_SSPSP[STRTDLY]) field in the SSP Programmable Serial 
Protocol Register.

SSPx_CLK then starts toggling. SSPx_TXD remains in the idle state for the number of serial clock 
periods programmed into the Dummy Start (SSP_SSPSP[DMYSTRT]) field in the SSP 
Programmable Serial Protocol Register. SSPx_FRM is asserted after the number of half serial clock 
periods programmed into the Serial Frame Delay (SSP_SSPSP[SFRMDLY]) field. SSPx_FRM 
remains asserted for the number of serial clock periods programmed into the Serial Frame Width 
(SSP_SSPSP[SFRMWDTH]) field in the SSP Programmable Serial Protocol Register, then 
SSPx_FRM de-asserts.

Figure 105:National Semiconductor* Microwire Frame Protocol (Single Transfer)

Figure 106:National Semiconductor* Microwire Frame Protocol (Multiple Transfers)
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Serial data of 8, 16, 18, or 32 bits can be transferred per frame by setting the SSP_SSCR0[EDSS] 
and SSP_SSCR0[DSS] fields to the preferred data size select. Once the last bit (LSb) is transferred, 
SSPx_CLK continues toggling for the number of serial clock periods programmed into the Dummy 
Stop (SSP_SSPSP[DMYSTOP]) field. Depending on the value programmed into the End Of 
Transfer Data State (SSP_SSPSP[EDTS]) field when the SSPx port goes into Idle mode, 
SSPx_TXD either retains the last bit-value transmitted or is forced to 0 when the SSPx port is 
disabled or reset.

With the assertion of SSPx_FRM, Receive data is driven simultaneously from the peripheral onto 
SSPx_RXD, MSb first. Data transitions on the SSPx_CLK edge based on the serial-clock mode that 
is selected (SSP_SSPSP[SCMODE]) and is sampled by the SSPx port on the opposite clock edge. 
When the SSPx port is a master to SSPx_FRM and a slave to SSPx_CLK, at least three extra 
SSPx_CLKs are needed at both the beginning and end of each block of transfers to synchronize 
control signals from the APB clock domain into the SSP clock domain (a block of transfers is a group 
of back-to-back continuous transfers).

In general, because of the programmable nature of the PSP protocol, this protocol can be used to 
achieve a variety of serial protocols. For example: some DigRF protocol timing can be achieved by 
programming these values: Start Delay (SPP_SSPSP[STRTDLY]) = 0, Dummy Start 
(SPP_SSPSP[DMYSTRT]) = 0, Dummy Stop (SPP_SSPSP[DMYSTOP]) = 0, and Serial Frame 
Delay (SPP_SSPSP[SFRMDLY]) = 0. The SSPx port should be configured as a clock slave (SSP 
Serial Bit Rate Clock Direction (SSP_SSCR1[SCLKDIR]) = 1) and frame master (SSP Frame 
Direction (SSP_SSCR1[SFRMDIR]) = 0). Also, the Frame Sync Relative Timing Bit 
(SSP_SSPSP[FSRT]) field in the SSP Programmable Serial Protocol Register must be set for 
continuous transfers, and the Serial Frame Width (SSP_SSPSP[SFRMWDTH]) field should be 
equal to the data sample size.
                         

Note

The PSP mode should not be configured as: 

sfrmdly/2 + sfrmwidth = dmystrt + dmystop + frame_size & dmystop = 0

This is an obscure case and the PSP mode will give an error if it is configured in this 
way.
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Figure 107:Programmable Serial Protocol Format

                         

NOTE: If SSPx port is the master of SSPx_CLK (output) and SSPSP_x[ETDS=0],the 
end-of-transfer-data state for the SSPx_TXD line is 0. If the SSP is the master of the 
SSPx_CLK, and the SSPSP[ETDS] bit is set, then the SSPx_TXD line remains at the last bit 
transmitted (LSB). If the SSPx port is a slave to SSPx_CLK (input), and modes 1 or 3 are used, 
then the End of Transfer data state (ETDS) can only change from the LSB if more SSPx_CLKs 
are sent to the SSPx port 

Figure 108:Programmable Protocol Format (Consecutive Transfers)
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The SSPx_FRM delay (T5) must not extend beyond the end of T4. The SSPx_FRM width (T6) must 
be asserted for at least one SSPx_CLK period and should be de-asserted before the end of T4 (for 
example, in terms of time, not bit values

(T5 + T6) <= (T1 + T2 + T3 + T4), 1<= T6 < (T2 + T3 + T4), and (T5 + T6) >= (T1 + 1) 

to ensure that SSPx_FRM is asserted for at least one SSPx_CLK period). Program T1 to 0b0 when 
SSPx_CLK is enabled by any of the SSP_SSCR1[SCFR], SSP_SSCR1[ECRA], or 
SSP_SSCR1[ECRB] fields in the SSP Control Register 1. While the PSP can be programmed to 
generate the assertion of SSPx_FRM during the data transfer (for example, after the MSB has been 
sent), the SSPx port is unable to Receive data in frame-Slave mode (SSP_SSPSP[SFRMDIR] is set, 
if the assertion of the frame is not before the MSB is sent (for example, T5 <= T2 if the 
SSP_SSCR1[SFRMDIR] bit is set). Transmit data transitions from the end-of-transfer-data state 
(SSP_SSPSP[ETDS]) to the next MSB data value upon assertion of the internal version of 
SSPx_FRM. Program the SSP_SSPSP[STRTDLY] field to 0x00 whenever SSPx_CLK or 
SSPx_FRM is configured as an input (for example, SSP_SSCR1[SCLKDIR] and 
SSP_SSCR1[SFRMDIR] are cleared.
                         

Table 126: Programmable Protocol Parameters

Symbol Definit ion Range Units

- Serial clock mode
(SSP_SSPSP[SCMODE])

(Drive, Sample, 
SSPx_CLK Idle)
0 = Fall, rise, low
1 = Rise, fall, low
2 = Rise, fall, high
3 = Fall, rise, high

-

- Serial frame polarity
(SSP_SSPSP[SFRMP])

High or low -

T1 Start delay
(SSP_SSPSP[STRTDLY])

0 to 7 Clock period

T2 Dummy start
(SSP_SSPSP[EDMYSTRT] + 
SSP_SSPSP[DMYSTRT])

0 to 15 Clock period

T3 Data size
(SSP_SSCR0[EDSS] and 
SSP_SSCR0[DSS])

4 to 32 Clock period

T4 Dummy stop
(SSP_SSPSP[EDMYSTOP] + 
SSP_SSPSP[DMYSTOP])

0 to 31 Clock period

T5 SSPSFRM delay 
(SSP_SSPSP[SFRMDLY])

0 to 127 Half-clock period

T6 SSPSFRM width 
(SSP_SSPSP[SFRMWDTH])

1 to 63 Clock period

- End of transfer data state 
(SSP_SSPSP[ETDS])

Low or bit 0 -

Note

When the SSPx port is slave to the frame, the sum of T1+T2+T3+T4 can be less than 
the actual time from the beginning of the current frame to the beginning of the next 
frame. For example, when the rate of SSPx_CLK is 13 MHz and the data sample size is 
16-bits, the beginning of the frame can occur at a rate of 8 kHz.
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26.4.5 High Impedance on SSPx_TXD
The SSP supports placing the SSPx_TXD into high impedance during idle times instead of driving 
SSPx_TXD as controlled by the TXD Three-State Enable (SSP_SSCR1[TTE]) and TXD Three-state 
Enable (SSP_SSCR1[TTELP]) fields in the SSP Control Register 1. The SSP_SSCR1[TTE] enables 
a high-impedance state on SSPx_TXD. The SSP_SSCR1[TTELP] determines on which SSPx_CLK 
phase SSPx_TXD becomes high impedance.

26.4.5.1 TI SSP Format
When SSP_SSCR1[TTE] =0, the enhanced SSPx port behaves as described in Section 26.4.5.4, 
PSP Format .

When SSP_SSCR1[TTE] is set, SSPx_TXD behaves as shown in Figure 109 or Figure 110, 
depending on the value in the SSP_SSCR1[TTELP] bit.

Figure 109:TI SSP with SSP_SSCR1[TTE] = 1 and SSP_SSCR1[TTELP]] = 0

Figure 110:TI SSP with SSP_SSCR1[TTE] = 1 and SSP_SSCR1[TTELP] = 1

26.4.5.2 Motorola* SPI Format
When SSP_SSCR1[TTE] is cleared, refer to Section 26.4.4.3, Motorola* SPI Format Details .

For Motorola* SPI format, SSP_SSCR1[TTELP] must be cleared. If SSP_SSCR1[TTE] = 1, see 
Figure 111 for SSPx_TXD functionality. For Motorola* SPI format, SSPx_TXD goes to a 
high-impedance state whenever SSPx_FRM is not asserted.
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26.4.5.3 National Microwire Format
When SSP_SSCR1[TTE] is cleared, the SSP port behaves as described in Section 26.4.4.4.

When SSP_SSCR1[TTE] is set, SSPx_TXD behaves as in Figure 26.4.5.4. SSP_SSCR1[TTELP] 
must be cleared for National Microwire format, and SSPx_TXD becomes high impedance whenever 
SSPx_FRM is inactive and after the LSB is sent on SSPx_TXD.
                         

26.4.5.4 PSP Format
For PSP functionality, clear SSP_SSCR1[TTE] (refer to Section 26.4.4.5, Programmable Serial 
Protocol (PSP) Format ).

For SSPx_TXD functionality when SSP_SSCR1[TTE] = 1, see Figure 113 and Figure 114.

Figure 111:Motorola* SPI with <TXD Three-State Enable> = 1 and <TXD Three-state 
Enable On Last Phase> = 0
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Figure 112:National Microwire with SSP_SSCR1[TTE] = 1 and SSP_SSCR1[TTELP] = 0
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26.4.6 Network Mode
The SSP_SSCR0[MOD] bit selects between Normal and Network modes. Normal mode (MOD 0x0) 
is used when using the Texas Instruments* Synchronous Serial Protocol (SSP), National 

Figure 113:PSP Format with SSP_SSCR1[TTE] = 1, SSP_SSCR1[TTELP] = 0, and 
SSP_SSCR1[SFRMDIR] = 1
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Figure 114:PSP Format with SSP_SSCR1[TTE] = 1, and either SSP_SSCR1[TTELP] = 1, or 
SSP_SSCR1[SFRMDIR] = 0
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Semiconductor* Microwire, and the Motorola* Serial Peripheral Interface (SPI). Network mode 
(MOD = 0x1) is used for emulating the I2S protocol. Software should set MOD only when using the 
PSP format. If the SSPx port is a master of the clock and SSP_SSCR1[SCLKDIR] is cleared, then 
setting MOD causes the SSPx_CLK to run continuously.

When in Network mode, only one SSPx_FRM is sent (master mode) or received (slave mode) for 
the number of time slots programmed into the SSP_SSCR0[FRDC] field + 1. When beginning in 
Network mode, while the SSPx port is a master to the SSPx_FRM interface signal, the first 
SSPx_FRM signal does not occur until data is in the TXFIFO. After assertion of the first SSPx_FRM 
signal, if the SSP is a master to SSPx_FRM, subsequent SSPx_FRM signals continue to assert 
regardless of whether data resides in the TXFIFO. Therefore, the transmit underrun bit, 
SSP_SSSR[TUR], is set to 0b1 if there is no data in the TXFIFO and the SSPx port is programmed 
to drive SSPx_TXD data in the current time slot, even if the SSPx port is master to SSPx_FRM. 
When using PSP format in Network mode, the parameters SFRMDLY, STRTDLY, DMYSTOP, 
DMYSTRT must all be 0b0. The other parameters SFRMP, SCMODE, FSRT, SFRMWDTH are 
programmable.

When the SSPx port is a master to the SSPx_FRM signal and a need arises to exit from Network 
mode, software should:

Clear the SSP_SSCR0[MOD] bit. SSP_SSCR0[SSE] does not need to change.

Wait until SSP_SSTSS[NMBSY] is cleared.
Disable the SSPx port by clearing SSP_SSCR0[SSE].
Before exiting Network mode, verify the TXFIFO is empty (SSP_SSSR[TFL]=0b0000 and 
SSP_SSSR[TNF]=0b1.)
If data remains in the TXFIFO after the Network mode is exited, a non-Network mode frame will 
be sent.

Due to synchronization delay between the internal bus and the SSPx port clock domain, one extra 
frame may be transmitted after software clears the SSP_SSCR0[MOD] bit. The SSPx port continues 
to drive SSPx_CLK (if SSP_SSCR1[SCLKDIR] is cleared) and SSPx_FRM (if 
SSP_SSCR1[SFRMDIR] is cleared) until the end of the last valid time slot.

If the SSPx port is a slave to both SSPx_CLK (SSP_SSCR1[SCLKDIR] set) and SSPx_FRM 
(SSP_SSCR1[SFMRDIR] set), the SSP_SSTSS[NMBSY] bit remains asserted until the 
SSP_SSCR0[MOD] bit is cleared or until one SSPx_CLK after the end of the last valid time slot.
                         

                         

Figure 115 shows an example diagram using Network mode with a PSP data format with a data size 
of 5 bits (SSP_SSCR0[EDSS,DSS]=0b0,0b0101). In this example the SSPx controller is a master of 
the SSPx_CLK and SSPx_FRM. The SSPx controller has been programmed for 4 time slots 
(SSP_SSCR0[FRDC] = 0x3). The SSP controller is programmed to receive data in time slots 1 and 
2 (SSP_SSRSA[RTSA] = 0x6) and transmit data in time slots 1 and 3 (SSP_SSTSA[TTSA] = 0xA).

Note

When operating in Slave mode (SSP_SSCR1[SCLKDIR] = SSP_SSCR1[SFRMDIR] = 
1) the external codec must provide the correct number of bits as determined by the 
frame width (SSP_SSPSP[SFRMWDTH]) and number of time slots 
(SSP_SSCR0[FRDC]). When the number of bits read in during a Frame cycle do not 
match the number expected, a Bit Count Error will occur (SSP_SSSR[BCE]) and the 
contents in the FIFO cannot be guaranteed. Software must be used to handle any error 
conditions when they occur.

Note

In the next example, a data format of 5 is used. However, a data format of 5 is not a 
supported data size for the SSP controller. A data size of 5 was used only to reduce the 
size of the diagram.
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26.4.6.1 Network Mode Registers
The register bits and fields that must be programmed for the Network Mode are SSP_SSCR0[MOD], 
SSP_SSCR0[FRDC], SSP_SSPSP[FSRT], SSP_SSPSP[SFRMWDTH], SSP_SSPSP[SCMODE], 
SSP_SSPSP[SFRMP], and SSP_SSPSP[SFRMDLY]. The definitions of each of these bits and 
fields can be found in Appendix A.
                         

26.4.7 Baud-Rate Generation
When the SSP is configured as the master (output) of SSPx_CLK as determined by clearing the 
SSP_SSCR1[SCLKDIR] field, the baud rate (or serial bit-rate clock SSPx_CLK) is obtained by 
selecting from one of the six fixed clock sources (500 KHz, 1 MHz, 6.5 MHz, 13 MHz, 26 MHz, 52 
MHz) from the Application PMU. A variable clock source is available from the output of two dithering 
dividers external to the SSP unit. Clock selection is achieved by writing to the Functional Clock 
Select (APBC_SSPx_CLK_RST[FNCLKSEL]) field of the SSPx Clock/Reset Control Register.

The dithering dividers are primarily intended for generating flexible clock frequencies based on the 
audio sampling rates. The read-write Audio SYSCLK Dithering Divider Register (MPMU_ASYSDR) 
and SSPx_CLK Dithering Divider Register (MPMU_SSPDR) determine the output (ASYSCLK and 
SSPx_CLK respectively) frequency of the dithering-frequency dividers. These registers are identical 
and have a 15-bit numerator field (NUM) and a 12-bit denominator field (DENOM) that are used to 
generate the dithered audio clock frequency according to the formula in equations.

ASYSCLK = 312MHz / (MPMU_ASYSDR[ASYSCLK_NUM] / MPMU_ASYSDR[ASYSCLK_DENOM])

SSPx_CLK = ASYSCLK / (MPMU_SSPDR[SSPCLK_NUM] / (MPMU_SSPDR[SSPCLK_DENOM])

When the source clock is to be changed, software must:

Disable the SSPx port by writing 0x0 to SSP_SSCR0[SSE].

Disable the SSP port internal clock by clearing the appropriate bit in the Clock Enable Register.
Write 0x1 to the appropriate bits in the Main PMU ACGR register to enable functional clocks to 
the SSP units.
If applicable, set appropriate NUM and DEN values for the dithering-frequency dividers.
Enable APB clock to the SSP unit by programming the APBC_SSPx_CLK_RST register.

Figure 115:Network Mode (Example Using 4 Time Slots)

                         

NOTE: A data format of 5 is not a supported data size for the SSP controller. A data size of 5 was used only to reduce the 
size of the diagram.

SSPSCLK

SSPTXD

SSPSFRM

SSPRXD

This example has 5 bits of data per sample. The TXD three-state 
enable bit and the TXD three-state enable on last phase bit are both 0b1. The SSP is a master of 
SSPSCLK and SSPSFRM. The SSP has been programmed for 4 t ime slots (SSCR0_x[FRDC=0b11]), the 
TX Time Slot Active register is programmed to 0x0000 000A (SSTSA[TTSA] = b00001010), and the 

Note:

Time Slot 0 Time Slot 1 Time Slot 2 Time Slot 3Time Slot 0 Time Slot 1 Time Slot 2 Time Slot 3 Time Slot 0

...

...
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...

...
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RX Time Slot Active register has been set to 0x0000 0006 (SSRSA[RTSA] = b00000110).
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Set the Synchronous Serial Port Enable (SSP_SSCR0[SSE]) bit to re-enable the SSPx port.
Whenever the baud rate is to be changed, software must:

Disable the SSPx port by clearing the Synchronous Serial Port Enable (SSP_SSCR0[SSE]) bit.
Set the Synchronous Serial Port Enable (SSP_SSCR0[SSE]) bit to re-enable the SSPx port.
Wait two SSPx_CLK cycles before writing new data to the TXFIFO.

                         

26.5 I2S Emulation Using SSP
Network Mode (SSCR0[MOD] = 1) is used along with the Programmable Serial Protocol (PSP) 
Format to emulate I2S mode. Figure 117 shows a frame cycle where four time slots are being used 
and time slots 0 and 3 are being accessed. The total number of time slots to use is defined by the 
SSCR0[FRDC] register. The slots that data is read into is defined by the RTSA field in the SSTRA 
register, and the slots that data is transmitted out on is defined by the TTSA field in the SSTSA 
register. The number of bits used for each time slot is defined by the Data Size Select bits (EDSS, 
DSS) in the SSCR0 register. When using master mode (SSCR1[SFRMDIR] = 0x0) the Serial Frame 
Width (SSPSP[SFRMWDTH]) is used to determine the number of SSPx_CLK for the left and right 
channels. Refer to Section 26.5.0.1 and Section 26.5.0.2 for more details on specific configurations 
used to emulate I2S

Figure 116: SSP Baud Rate Generation
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26.5.0.1 “Normal” Mode
The following bit fields must be configured for normal I2S mode as shown in Figure 118:

SSP_SSCR0[EDSS] = 0b1 (32-bit data) 

SSP_SSCR0[DSS] = 0b1111 (32-bit data) 

SSP_SSCR0[FRF] = 0b11 (PSP format) 
SSP_SSCR0[FRDC] = 0b01 (Number of Time Slots+1) 
SSP_SSCR1[SCLKDIR] = 0b0 (SSP port is master of SSPx_CLK)

SSP_SSCR1[SFRMDIR] = 0b0 (SSP port is master of SSPx_FRM)
SSP_SSPSP[SFRMWDTH] = 0b100000 (Frame Width - 32 SSPx_CLK cycles)
SSP_SSPSP[SFRMP] = 0b0 (Frame Polarity - Low)

SSP_SSPSP[FSRT] = 0b1 (Frame Sync Timing - Delay audio data 1 SSPx_CLK cycle after 
SSPx_FRM transition)

SSP_SSPSP[SCMODE] = 0x0 (Data driven on falling edge and sampled on rising)
SSP_SSPSP[DMYSTOP] = 0b00 (Extended Dummy Stop)
SSP_SSPSP[EDMYSTOP] = 0b000 (Extended Dummy Stop)

SSP_SSTSA[TTSA] = 0x3 (Transmit Active Time Slots)
SSP_SSRSA[RTSA] = 0x3(Receive Active Time Slots)

Figure 117:Network Mode and PSP Frame Format
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26.5.0.2 “MSB-justified” Mode
The following bit fields must be configured for MSB-Justified I2S mode as shown in Figure 119:

SSP_SSCR0[EDSS] = 0b1 (32-bit data) 

SSP_SSCR0[DSS] = 0b1111 (32-bit data) 

SSP_SSCR0[FRF] = 0b11 (PSP format) 
SSP_SSCR0[FRDC] = 0b01 (Number of Time Slots+1) 
SSP_SSCR1[SCLKDIR] = 0b0 (SSP port is master of SSPx_CLK)

SSP_SSCR1[SFRMDIR] = 0b0 (SSP port is master of SSPx_FRM)
SSP_SSPSP[SFRMWDTH] = 0b100000 (Frame Width - 32 SSPx_CLK cycles)
SSP_SSPSP[SFRMP] = 0b0 (Frame Polarity - Low)

SSP_SSPSP[FSRT] = 0b0 (Frame Sync Timing - Audio data aligned with SSPx_FRM)
SSP_SSPSP[SCMODE] = 0x0 (Data driven on falling edge and sampled on rising)
SSP_SSPSP[EDMYSTOP] = 0b000 (Extended Dummy Stop)

SSP_SSTSA[TTSA] = 0x3 (Transmit Active Time Slots)
SSP_SSRSA[RTSA] = 0x3(Receive Active Time Slots)

Figure 118:Normal I2S Format
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26.6 Register MC
Refer to Appendix A - Register Tables for details on the SSP registers.

Figure 119:MSB-Justified I2S Format
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27 Two-Wire Serial Interface (TWSI) Bus 

Interface Unit
The Two-Wire Serial Interface (TWSI) bus is a true multi-master bus including collision detection and 
arbitration. For full details of TWSI bus operation, refer to the TWSI Bus Specification.

Section 27.1, Overview

Section 27.2, Features

Section 27.3, Signal Descriptions

Section 27.4, Operation

Section 27.5, Master Mode Operation

Section 27.6, Slave Operations

Section 27.7, TWSI SCL Clock Programming Guidelines

Section 27.8, Register Descriptions

27.1 Overview
The TWSI bus interface unit allows the ARMADA 16x Applications Processor Family to serve as a 
master and slave device residing on the TWSI bus, which is a serial bus consisting of a two-pin 
interface. SDA is the data pin for input and output functions and SCL is the clock pin for reference 
and control of the TWSI bus.

The TWSI bus allows the TWSI unit to interface to other TWSI peripherals and the TWSI Controllers. 
The serial bus requires minimal hardware for an economical system to communicate status and 
control information between the ARMADA 16x Applications Processor Family and external devices.

The TWSI bus interface unit is a peripheral device that resides on the ARMADA 16x Applications 
Processor Family APB1 bus. Data is transmitted to and received from the TWSI bus via a buffered 
interface. Control and status information is relayed through a set of memory-mapped registers. 
Refer to the I2C Bus Specification for complete details on TWSI bus operation.

Note

Note The ARMADA 16x Applications Processor Family implementation of the TWSI unit 
does not support the hardware general call (see Section 27.4.10 for a description of the 
General Call Address), 10-bit slave addressing or CBUS compatibility.

27.2 Features
TWSI bus interface unit features:

TWSI unit is compliant to I2C Bus Specification Version 2.1 with the exception of support for the 
hardware general call (see Table 131 for a description of the General Call Address), 10-bit slave 
addressing and CBUS compatibility.
Multi-master and arbitration support

Supports standard mode operation, up to 100 kHz
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Supports fast mode operation, up to 400 kHz
Supports high speed mode (HS mode) operation, up to 3.4 bps

                         

27.3 Signal Descriptions
Table 127 describes the TWSI bus signals, SDA, and SCL.
                         

27.4 Operation
The I2C Bus Specification defines a serial protocol for passing information between agents on the 
bus, using the two-pin interface shown in Table 127: a serial data and address (SDA) line and a 
serial clock line (SCL). Each device on the TWSI bus is recognized by a unique seven-bit address 
and can operate as a transmitter or as a receiver in master or slave mode. Table 128 defines the 
TWSI-bus terminology.
                         

Note

TWSI operational bus clock frequency during standard/fast mode decreases due to 
pullup resistors on the bus. Therefore, SCL frequency is affected by the R value, but is 
not proportional.

Actual bus clock frequencies are set according to TWSI_LCR and TWSI_WCR register 
configurations. For more information, refer to the TWSI Load Count Register 
(TWSI_LCR) and the TWSI Wait Count Register (TWSI_WCR).

Table 127: TWSI Signal Descriptions

Signal Name Input/Output Description

I2C_SDA Bidirectional TWSI0 serial data/address signal

I2C_SCL Bidirectional TWSI0 serial clock line signal

PWR_SDA Bidirectional TWSI5 serial data/address signal

PWR_SCL Bidirectional TWSI5 serial clock line signal

Table 128: TWSI Bus Definitions

TWSI Device Definit ion

Transmitter Sends data over the TWSI bus

Receiver Receives data over the TWSI bus

Master Initiates transfers, generates clock signals, and terminates transactions

Slave Device addressed by a master; it responds by transmitting or receiving data 
over the TWSI bus

Multi-master More than one master can attempt to control the bus at the same time without 
corrupting the message

Arbitration Ensures that only one master controls the bus when more than one master 
simultaneously tries to control the bus; this technique avoids message 
corruption



Two-Wire Serial Interface (TWSI) Bus Interface Unit
Operation

                          -

Copyright © 2010 Marvell Doc. No. MV-S301544-00  Rev. -

November 2010 PUBLIC RELEASE Page 457

For example, the ARMADA 16x Applications Processor Family TWSI can act as a master on the bus 
to address an EEPROM as the slave to receive data (see Figure 120). When the TWSI interface 
addresses the EEPROM, it serves as a master transmitter and the EEPROM as a slave receiver. 
When the TWSI interface reads data, it serves as a master receiver and the EEPROM as a slave 
transmitter. Whether as a transmitter or receiver, the master generates the clock, initiates the 
transaction, and terminates the transaction.
                                                  

During standard/fast mode, the TWSI bus uses an open-drain wired-AND structure, which allows 
multiple devices to drive the bus lines and to communicate status about events such as arbitration, 
wait states, and error conditions. When a master drives the clock (SCL) line during a data transfer, it 
transfers a bit on every instance that the clock is high. When the slave is unable to accept or drive 
data at the rate requested by the master, the slave can hold SCL low between the high states to 
insert wait intervals. The master clock can be altered only by another master during arbitration or by 
a slow slave peripheral that keeps the clock line low.

The TWSI bus allows multiple masters, which means that more than one device can initiate data 
transfers at the same time. Bus arbitration resolves conflicts between masters. Two masters can 
drive the bus simultaneously, provided they drive identical data. A master loses the arbitration if it 
tries to drive SDA high while another master is driving SDA low. The SCL line is a synchronized 
combination of clocks generated by the masters using the wired-AND connection to the SCL line.

TWSI transactions are either initiated by the TWSI interface as a master or received by the TWSI 
interface as a slave. Both conditions can result in reads, writes, or both over the TWSI bus.

27.4.1 Operational Blocks
The TWSI unit resides on the ARMADA 16x Applications Processor Family APB1 bus. The 
ARMADA 16x Applications Processor Family interrupt mechanism can be used to notify the CPU 

Acknowledge The receiver response to the master generated acknowledge clock pulse on 
SCL. The acknowledge can be either a positive-acknowledge (ACK) or a 
negative-acknowledge (NAK).

ACK The condition on the TWSI bus where the master generates an acknowledge 
clock pulse and the receiver holds the SDA line low during the high period of the 
clock pulse.

NAK The condition on the TWSI bus where the master generates an acknowledge 
clock pulse and the receiver holds the SDA line high during the high period of 
the clock pulse.

Figure 120:TWSI Bus Configuration Example

                         

Table 128: TWSI Bus Definitions (Continued)
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that there is activity on the TWSI bus. Software polling of the TWSI Status register bits can be used 
instead of interrupts. The TWSI interface consists of the two-wire interface to the TWSI bus, an 
eight-bit buffer for passing data to and from the ARMADA 16x Applications Processor Family, a set 
of Control and Status registers, and a Shift register for parallel/serial conversions (see Figure 121). 
For FIFO mode, a TX FIFO with eight entries and an RX FIFO with 16 entries are used. Also, the 
FIFOs have read and write pointer registers so that they can be cleared by software when the FIFOs 
need to be flushed after a critical interrupt (see Figure 122).
                         The TWSI interface initiates an interrupt to the ARMADA 16x Applications Processor Family in 
several cases, as described in the TWSI Status Register (TWSI_CR).

All interrupt conditions must be cleared explicitly by software. See TWSI_CR for details.

The TWSI Control, Status, and Data registers are located in the TWSI memory-mapped address 
space. Appendix A defines the registers and their functions. The eight-bit TWSI Data Buffer register 
(TWSI_DBR) is used to transmit and receive data to and from the TWSI bus using an internal Shift 
register that is not user accessible.
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27.4.1.1 FIFO MODE Block Diagram

Figure 122:TX and RX FIFOs Shown in FIFO Mode

The unshaded blocks are new for FIFO mode. The TX FIFO has control and data bits for both read 
and write transactions; RX FIFO has data received from a read transaction. In FIFO mode, both PIO 
and DMA modes are supported. Therefore, an interrupt or a DMA request is made when the TX 
FIFO is empty or the RX FIFO is half full.

The interrupt bits for the FIFO mode are described in the TWSI Status Register (TWSI_CR).
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27.4.2  TWSI Bus Interface Modes
The TWSI unit can accomplish a transfer in different operational modes. Table 129 summarizes the 
different modes.
                         

While the TWSI interface is idle, it defaults to Slave-Receive mode, which allows the interface to 
monitor the bus and receive any slave addresses intended for the ARMADA 16x Applications 
Processor Family TWSI interface.

If the TWSI unit receives a slave address that matches a HS mode master code (Slave address 
equal to 00001XX, where X is either a 1 or a 0) and if the TWSI unit is enabled for high-speed mode 
(Bit 16 of the TWSI_CR register is set to 0b1), the TWSI unit enters high-speed mode and remains 
in the Slave-Receive mode. When the TWSI interface receives an address that matches the 
seven-bit address in the TWSI Slave Address register (TWSI_SAR) or the general-call address (see 
Appendix A), the interface either remains in Slave-Receive mode or switches to Slave-Transmit 
mode. The read/write bit (R/nW) determines which mode the interface enters. The R/nW bit is the 
least significant bit of the byte containing the slave address. If R/nW is clear, the master that initiated 
the transaction intends to write data, and the TWSI interface remains in Slave-Receive mode. If the 
R/nW bit is set, the master that initiated the transaction intends to read data, and the TWSI interface 
switches to Slave-Transmit mode. Section 27.6 further defines slave operation.

When the ARMADA 16x Applications Processor Family initiates a read or write on the TWSI bus, it 
switches the interface from the default Slave-Receive mode to the Master-Transmit mode. If the 
transaction is a write, the TWSI interface remains in Master-Transmit mode after the address 
transfer is completed. If the transaction is a read, the TWSI interface transmits the slave address, 
then switches to Master-Receive mode. Section 27.5 further defines master operation.

27.4.3 Start and Stop Bus States
The TWSI bus specification defines a Start transaction used at the beginning of a transfer, and a 
Stop transaction used at the end of a transfer. A Start condition occurs if a high-to-low transition 
occurs on the SDA line when SCL is high. A Stop condition occurs if a low-to-high transition occurs 
on the SDA line when SCL is high. Figure 123 shows the relationship between the SDA and SCL 
lines for Start and Stop.

Table 129: Modes of Operation

Mode Description

Master-transmit • TWSI interface acts as a master
• Used for Transmit operations
• TWSI interface sends the data
• TWSI interface generates the clock
• Slave device is in Slave-Receive mode

Master-receive • TWSI interface acts as a master
• Used for Receive operations
• TWSI interface receives the data
• TWSI interface generates the clock
• Slave device is in Slave-Transmit mode

Slave-transmit • TWSI interface acts as a slave
• Responds to a master Read operation
• TWSI interface sends the data
• Master device is in Master-Receive mode

Slave-receive (default) • TWSI interface acts as a slave
• Responds to a master Write operation
• TWSI interface receives the data
• Master device is in Master-Transmit mode
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The TWSI unit uses the TWSI_CR[START] and TWSI_CR[STOP] bits to:

Initiate an additional byte transfer
Initiate a Start condition on the TWSI bus
Enable data chaining (repeated Start)

Initiate a Stop condition on the TWSI bus

Table 130 defines the START and STOP bits in the TWSI_CR.
                         

Figure 123:SDA and SCL Signals During Start and Stop Conditions

                         

SDA

SCL

Start condition 
 

~ ~
~ ~

~ ~

Stop condition 
 

Table 130: START and STOP Bit Definitions

STOP 
Bit

START 
Bit

Condit ion Notes

0 0 No Start or Stop The TWSI interface sends a no Start or Stop condition when multiple 
data bytes are to be transferred.

0 1 Start condition and 
repeated Start

The TWSI interface sends a Start condition and transmits the 
TWSI_DBR eight-bit contents. The TWSI_DBR must contain the 
seven-bit slave address and the R/nW bit before a Start is initiated.
For a repeated start, the TWSI_DBR contains the target slave 
address and the R/nW bit. This allows a master to make multiple 
transfers to different slaves without giving up the bus.
The interface stays in Master-Transmit mode for Writes and switches 
to Master-Receive mode for Reads.

1 X Stop condition In Master-Transmit mode, the TWSI interface transmits the 
TWSI_DBR eight-bit contents and sends a Stop condition on the 
TWSI bus.
In Master-Receive mode, TWSI_CR[ACKNAK] must be set, which 
defines a negative-Acknowledge (NAK) pulse (see Section 27.4.6). 
The TWSI interface transmits the NAK pulse, places the received data 
byte into the TWSI_DBR, and sends a Stop condition on the TWSI 
bus.
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27.4.3.1 Start Condition
The Start condition (TWSI_CR[START]=1, TWSI_CR[STOP]=0) initiates a master transaction or 
repeated Start. Before it sets TWSI_CR[START], software must load the target slave address and 
the R/nW bit in the TWSI_DBR (see Appendix A). The Start and the TWSI_DBR contents are 
transmitted on the TWSI bus after TWSI_CR[TB] is set. The TWSI bus stays in Master-Transmit 
mode for Write requests and enters Master-Receive mode for Read requests. For a repeated Start, a 
change in Read or Write, or a change in the target slave address, the TWSI_DBR contains the 
updated target slave address and the R/nW bit. A repeated Start enables a master to make multiple 
transfers to different slaves without surrendering the bus.

The Start condition is not cleared by the TWSI interface. If the TWSI interface loses arbitration while 
initiating a Start, it may re-attempt the Start when the bus is freed. See Section 27.4.7 for details on 
how the TWSI interface functions in those circumstances.

27.4.3.2 No Start or Stop Condition
The no Start or Stop condition (TWSI_CR[START]=0, TWSI_CR[STOP]=0) is used in 
Master-Transmit and Master-Receive modes while the TWSI interface is transmitting or receiving 
multiple data bytes (see Figure 124). For example, in Master-Transmit mode, software writes the 
data byte, and the TWSI interface sets TWSI_SR[ITE] and clears TWSI_CR[TB]. Software then 
writes a new byte to the TWSI_DBR and sets TWSI_CR[TB], which initiates the new byte 
transmission. This process continues until software sets TWSI_CR[START] or TWSI_CR[STOP]. 
TWSI_CR[START] and TWSI_CR[STOP] are not cleared automatically by the TWSI interface after 
the transmission of a Start, Stop, or repeated Start.

After each byte transfer, including the Acknowledge pulse defined by the TWSI_CR[ACKNAK] 
control bit, the TWSI interface holds the SCL line low to insert wait states until TWSI_CR[TB] is set. 
This action notifies the TWSI interface to release the SCL line and allow the next information transfer 
to proceed.

27.4.3.3 Stop Condition
The Stop condition (TWSI_CR[START]=X, TWSI_CR[STOP]=1) terminates a data transfer. In 
Master-Transmit mode, TWSI_CR[STOP] and TWSI_CR[TB] must be set to initiate the last byte 
transfer (see Figure 124). In Master-Receive mode, the TWSI interface must set 
TWSI_CR[ACKNAK], TWSI_CR[STOP], and TWSI_CR[TB] to initiate the last transfer. Software 
must clear TWSI_CR[STOP] after the Stop condition is transmitted.
                         

Figure 124:Start and Stop Conditions
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27.4.4 Data Transfer Sequence
The TWSI unit transfers data in 1-byte increments and always follows this sequence:
1. Start

2. Seven-bit slave address
3. R/nW bit
4. Acknowledge pulse

5. Eight bits of data
6. Acknowledge pulse
7. Repeat of steps 5 and 6 for the required number of bytes

8. Repeated Start (repeat step 1) or Stop

27.4.5 Data and Addressing Management
The TWSI Data Buffer register (TWSI_DBR) and the TWSI Slave Address register (TWSI_SAR) 
manage data and slave addressing. The TWSI_DBR (see Appendix A) contains one byte of data or 
a seven-bit slave address and the R/nW bit. The TWSI_SAR contains the ARMADA 16x 
Applications Processor Family programmable slave address. The TWSI interface puts received data 
into the TWSI_DBR after a full byte is received and acknowledged. To transmit data, the CPU writes 
to the TWSI_DBR, and the TWSI interface passes the information to the serial bus when 
TWSI_CR[TB] is set. See Appendix A - Register Tables.

When the TWSI interface is in Master- or Slave-Transmit mode:

Software writes data to the TWSI_DBR over the internal bus, which initiates a master 
transaction or sends the next data byte after TWSI_SR[ITE] is set. 
TWSI interface transmits data from the TWSI_DBR when TWSI_CR[TB] is set. 
When enabled with the TWSI_CR[ITEIE] bit set, an TWSI_DBR transmit-empty interrupt is 
signalled when a byte is transferred on the TWSI bus and the acknowledge cycle is complete. 
When the TWSI interface is ready to transfer the next byte before the CPU has written the 
TWSI_DBR and a Stop condition is not in place, the TWSI interface inserts wait states until the 
CPU writes a new value to the TWSI_DBR and sets TWSI_CR[TB].

When the TWSI interface is in Master- or Slave-Receive mode:

TWSI interface transfers data from the Shift register to the TWSI_DBR after the acknowledge 
cycle completes.
The ARMADA 16x Applications Processor Family reads TWSI_DBR data over the internal bus 
after the TWSI_DBR receive-full interrupt is signalled (if enabled with the TWSI_CR[DRFIE] bit 
set). 

TWSI interface inserts wait states until the TWSI_DBR is read. See Section 27.4.6 for 
information about the Acknowledge pulse in receive mode. 

After the CPU reads the TWSI_DBR, the TWSI interface unit updates the TWSI_CR[ACKNAK] 
and TWSI_CR[TB] bits, allowing the next byte transfer to proceed.

Note

In FIFO mode, software writes control and data information to the TX FIFO instead of 
the TWSI_DBR. For more information on FIFO mode, see Section 27.4.9.
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27.4.5.1 Addressing a Slave Device

As a master device, the TWSI interface must compose and send the first byte of a transaction. This 
byte consists of the slave address for the intended device and a R/nW bit for transaction definition. 
This byte can also be a master code indicating the start of a high-speed transaction. 

See Section 27.4.8, High Speed Mode for a description of HS mode transfers. To address a slave 
device, write the slave address and the R/nW bit to the TWSI_DBR (see Figure 125).
                         

The first byte transmission must be followed by a positive-acknowledge (ACK) pulse from the 
addressed slave. When the transaction is a write, the TWSI interface remains in Master-Transmit 
mode and the addressed slave device stays in Slave-Receive mode. When the transaction is a 
Read, the TWSI interface switches to Master-Receive mode immediately following the ACK, and the 
addressed slave device switches to Slave-Transmit mode. When a negative-acknowledge (NAK) is 
returned, the TWSI interface aborts the transaction by automatically sending a Stop and setting 
TWSI_SR[BED].

When the TWSI interface is enabled and idle, it remains in Slave-Receive mode and monitors the 
TWSI bus for a Start signal. When it detects a Start condition, the TWSI interface reads the first 
seven bits and compares them to those in the TWSI_SAR and the general call address (0x00). 
When the bits match those in the TWSI_SAR register, the TWSI interface reads the eighth bit (R/nW 
bit) and transmits an ACK pulse. The TWSI interface either remains in Slave-Receive mode (R/nW = 
0) or switches to Slave-Transmit mode (R/nW = 1). See Section 27.4.10 for actions when a general 
call address is detected.

27.4.6 TWSI Acknowledge
Every TWSI byte transfer must be accompanied by an Acknowledge pulse that the master or slave 
receiver must generate. The transmitter must release the SDA line for the receiver to transmit the 
Acknowledge pulse (see Figure 126).

Note

 In FIFO mode, software reads from the RX FIFO instead of the TWSI_DBR. For more 
information on FIFO mode, see Section 27.4.9.

Figure 125:Data Format of First Byte in Master Transaction
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In Master-Transmit mode, if the target slave receiver cannot generate the positive-acknowledge 
(ACK) pulse, the SDA line remains high, which indicates a negative-acknowledge (NAK). The lack of 
an ACK causes the TWSI interface to set TWSI_SR[BED] and generate the associated interrupt 
when enabled. The TWSI interface automatically generates a Stop condition and aborts the 
transaction.

In Master-Receive mode, the TWSI interface sends a negative-acknowledge (NAK) pulse to signal 
the slave transmitter to stop sending data. The TWSI_CR[ACKNAK] bit controls the ACK/NAK pulse 
value driven onto the TWSI bus. As required by the TWSI bus protocol, TWSI_SR[BED] is not set for 
a Master-Receive mode NAK. The TWSI interface automatically transmits the ACK pulse after it 
receives each byte from the serial bus. Before the unit receives the last byte, software must set 
TWSI_CR[ACKNAK] to generate a NAK. The NAK pulse, sent after the last byte, signals that the last 
byte has been sent.

In slave mode, the TWSI interface automatically acknowledges its own slave address, regardless of 
the TWSI_CR[ACKNAK] setting. In Slave-Receive mode, an ACK response automatically follows a 
data byte, regardless of the TWSI_CR[ACKNAK] setting. The TWSI unit sends the ACK value after 
receiving the eighth data bit of the byte.

In Slave-Transmit mode, receiving a NAK from the master indicates the last byte is transferred. The 
master then sends either a Stop or repeated Start. The TWSI_SR[UB] remains set until a Stop or 
repeated Start is received.
                         

27.4.7 Arbitration
TWSI bus arbitration is required due to the multi-master capabilities of the TWSI bus. Arbitration is 
used when two or more masters simultaneously generate a Start condition within the minimum TWSI 
hold time of the Start condition. 

Arbitration can continue for a long period of time. If the address field and the R/nW bit are the same, 
the arbitration moves to the data. Due to the wired-AND nature of the TWSI bus, no data is lost if 
both (or all) masters are outputting the same bus states. If the address, the R/nW bit, or the data are 
different, the master, which transitioned to the high state (master data is different from SDA), loses 
arbitration and shut off its data drivers. When losing arbitration, the TWSI bus interface unit shuts off 
the SDA or SCL drivers for the remainder of the byte transfer, set the arbitration loss detected bit 
(TWSI_SR[ALD]), then return to idle (Slave-Receive) mode. 

In FIFO mode, software must flush the FIFOs on arbitration loss. This can be done by clearing the 
read and write pointer registers for both the transmit and receive FIFOs.

Figure 126:Acknowledge pulse on the TWSI Bus
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27.4.7.1 SCL Arbitration
Each master on the TWSI bus generates its own clock on the SCL line for data transfers. As a result, 
clocks with different frequencies may be connected to the SCL line. Because data is valid when a 
clock is in the high period, bit-by-bit arbitration requires a defined clock synchronization procedure.

Clock synchronization is through the wired-AND connection of the TWSI interfaces to the SCL line. 
When a master clock changes from high to low, the master holds down the SCL line for its 
associated period (see Figure 127). A clock cannot switch from low to high if another master has not 
completed its period. The master with the longest low period holds down the SCL line. Masters with 
shorter periods are held in a high wait-state until the master with the longest period completes. After 
the master with the longest period completes, the SCL line changes to the high state and masters 
with the shorter periods continue the data cycle.
                         

27.4.7.2 SDA Arbitration
Arbitration on the SDA line can continue for a long time because it starts with the address and R/nW 
bits and continues through the data bits. Figure 128 shows the arbitration procedure for two masters. 
More than two masters may be involved if more than two masters are connected to the bus. If the 
address bit and the R/nW are the same, the arbitration scheme considers the data. Because the 
TWSI bus has a wired-AND nature, a transfer does not lose data if multiple masters signal the same 
bus states. If the address and the R/nW bit or the data they contain are different, the master that sent 
the first high data bit loses arbitration and shuts off its data drivers. If the TWSI interface loses 
arbitration, it shuts off the SDA or SCL drivers for the rest of the byte transfer, sets TWSI_SR[ALD], 
and returns to Slave-Receive mode.

Figure 127:Clock Synchronization During Arbitration
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If the TWSI interface loses arbitration as the address bits are transferred and it is not addressed by 
the address bits, the TWSI interface re-sends the address when the TWSI bus becomes free. A 
re-send is possible because registers TWSI_DBR and TWSI_CR are not overwritten by the TWSI 
unit when arbitration is lost. 

Caution

Caution

Software must not allow the TWSI unit to write to its own slave address as it can cause 
the TWSI bus to enter an indeterminate state.

Boundary conditions exist for arbitration when an arbitration process is in progress and a repeated 
Start or Stop condition is transmitted on the TWSI bus. 

To prevent errors, the TWSI unit, acting as a master, provides for the following sequences:
No arbitration occurs between a repeated Start condition and a data bit

No arbitration occurs between a data bit and a Stop condition
No arbitration occurs between a repeated Start condition and a Stop condition

These situations arise only when different masters write the same data to the same target slave 
simultaneously and arbitration is not resolved after the first data-byte transfer. 

Note

Note Software must ensure that arbitration is resolved quickly. For example, software can 
ensure that masters send unique data by requiring that each master transmit its TWSI 
address as the first data byte of any transaction. When arbitration is resolved, the 
winning master sends a restart and begins a valid data transfer. The slave discards the 
master address and uses the other data.

Figure 128:Arbitration Procedure for Two Masters
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27.4.8 High Speed Mode
The TWSI unit supports the HS mode of operation which allows slave data rates up to 3.4 Mbps and 
master data rates up to 3.3 Mbps. HS mode devices are backward compatible with Fast and 
Standard mode (F/S mode) devices. When running in HS mode, the same bus protocol and data 
format is maintained with the exception that clock synchronization and arbitration are not performed 
when in HS mode since clock synchronization and bus arbitration will be completed before HS mode 
is entered.

HS mode is entered when a master running in F/S mode sends a master code and wins arbitration. 
At this point the master switches to HS mode and generate TWSI transactions. HS mode ends when 
a Stop condition is generated by the master.

The master codes are a set of reserved slave addresses that are used to indicate the start of a HS 
mode transfer. The master codes always win arbitration over any other slave address. In the case of 
a multi-master, HS mode system, each master is assigned an unique master code. This ensures that 
the clock synchronization and bus arbitration will finish in F/S mode. Therefore, clock 
synchronization and bus arbitration is performed as described in Section 27.4.7.

There are 8 possible master codes of the form:

8’b0000_1xxx (x is 0 or 1)

Thus, a maximum of 8 masters are allowed in a multi-master HS mode system.

27.4.8.1 Data Transfer in HS Mode
HS mode is entered when a master running in F/S mode sends and detects the following:

Send Start condition

Send Master Code (0x0000_1xxx)

Detect not-acknowledge bit (A)

During this sequence clock sync and arbitration will have completed in F/S mode and one winning 
master remains. The master then switches to HS mode and begins a bus transaction by issuing a 
repeated Start condition. Additional high speed data transfers can be linked by separating them with 
repeated start conditions. HS mode ends when a Stop condition is sent. This sequence is shown in 
Figure 129.

To use the TWSI unit in HS mode as either a master or a slave, the TWSI_CR[MODE] bits must be 
set to 0b10 or 0b11. When MODE = 0b10, all non-high-speed transmits occur in Standard mode. 
When MODE = 0b11, all non-high-speed transmits occur in Fast mode. 
                         . 

Figure 129:Entry into HS Mode Sequence
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27.4.8.2 HS Mode Data Rate
According to TWSI Bus Specification Version 2.1, the maximum data rate supported in HS mode is 
dependent on the capacitive load of each bus line. When the capacitive load of the bus lines is less 
than 100 pF, the maximum possible slave data rate is up to 3.4 Mbps and master data rate is up to 
3.3 Mbps. At a higher capacitive load on the bus lines, the data rate decreases gradually. The 
capacitive load of each bus line must be less than 400 pF. The maximum possible data rate when 
the capacitive load is 400 pF up to half of the data rate with a 100 pF load. For capacitive loads 
between 100 pF and 400 pF, the maximum data rate is linearly interpolated. In Master mode, the 
data rate can be controlled by programming TWSI_LCR and TWSI_WCR registers.
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27.4.9 FIFO Mode
FIFO mode is an extension to the TWSI module. The main features of FIFO mode are as follows:

TX and RX FIFOs used to reduce the number of TWSI_DBR empty/full interrupts.

Instead of the CPU writing or reading to/from TWSI_DBR register one byte at a time, FIFO 
mode permits reading and writing multiple bytes without interrupting the CPU after each byte.

DMA mode used to reduces the number of FIFO interrupts and CPU read/writes from/to FIFO.

• DMA improves as the CPU does not need to read the data in Receive mode from FIFO or 
write the data in Transmit mode to FIFO. This improvement is especially noted in long TWSI 
transactions, in dumb TWSI controllers, for example, where a complete transaction can be 
programmed in DMA, which reduces the number of FIFO interrupts.

                         There are two FIFOs.

The TX FIFO has the following characteristics:
Twelve bits wide with eight entries.

Each entry contains eight LSB bits that are for data and four MSB bits that are for control.
In a Write transaction, data contains the slave address followed by data to be sent to the slave.
In a Read transaction, data contains the slave address followed by dummy data, as actual data 
goes to the RX FIFO.
Control bits are actual TWSI_CR [3:0] bits:

• Start

• Stop

• ACKNAK

• TB (Transfer Byte)

An INT/DMA request is asserted on TX empty.

The RX FIFO has the following characteristics:

Eight bits wide with 16 entries.
Each entry contains eight bits of data read by the TWSI module.
An INT/DMA request is asserted on RX FIFO half full and on RX FIFO full.

Transmit FIFO has a width of 12 (a 4 bit control word and 8 bits of data) and the number of entries is 
8. Each entry has a data byte concatenated with the corresponding control word. The control word is 
the TWSI_CR[3:0] bits, which are required for each data byte. After a byte is transferred out, the 
next byte is copied from the TX FIFO into the Shift register and the control word is copied into the 
TWSI_CR. This byte is now transferred. This process continues until the STOP bit is set.

Receive FIFO has a width of 8 (only data) and the number of entries is 16. Each entry stores the 
received byte. The control word for each read byte concatenated with dummy data is put in the 
transmit FIFO. When the receive FIFO is half full, an interrupt or DMA request is sent out and the 
FIFO entries must be read out. Meanwhile, if new data bytes are read, they are stored in the 
remaining free entries in the FIFO.
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The Transmit and Receive FIFOs are shown in Figure 130. 
                         

To support FIFO mode and fully utilize its capabilities, the following status and control bits were 
added:

The TWSI_CR[FIFO_EN] bit enables FIFO mode.
The TWSI_CR[TXBEGIN] bit is used to start a transaction.

New status bits in TWSI_SR have been added for FIFO mode interrupts and a bit to indicate 
that a transaction is done was also added. TWSI_CR has the enable bits for all these interrupts.

A TXDONE interrupt is generated at the end of each transaction, when the STOP bit is sent.
The TWSI_CR[DMA_EN] bit is used to enable/disable DMA mode and switch between DMA 
and PIO mode.

In DMA mode, all FIFO related interrupts must be disabled in TWSI_CR and the 
TWSI_CR[DMA_EN] bit must be set. This ensures that only DMA requests are sent to the DMA and 
that interrupts are not sent to the core. Similarly in PIO mode, interrupts have to be enabled and the 
TWSI_CR[DMA_EN] bit cleared. Therefore, interrupts to the core are only generated when the 
transmit FIFO is empty or when the receive FIFO is half-full, full, or overrun. TWSI_CR[TXDONE_IE] 
enables the Transaction Done Interrupt and needs to be set in both PIO and DMA modes. The core 
needs to get an interrupt after each transaction is done.

The LSB 8 bits in the TX FIFO are for data and the MSB 4 bits are for control. For a write transaction, 
data consists of the slave address followed by actual write data.The control bits are the 
TWSI_CR[3:0] bits.
                         For a read transaction, data consists of the slave address followed by dummy data. (Actual read 
data from the slave goes into the RX FIFO.) The control bits are the TWSI_CR[3:0] bits.

Each entry in the RX FIFO is like the TWSI_DBR register. Only 8-bit data received is stored in each 
entry.
                         

Figure 130:Transmit and Receive FIFOs
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27.4.10 General Call Address
A general call address is a transaction with a slave address of 0x00. When a device requires the 
data from a general call address, it acknowledges the transaction and stays in Slave-Receive mode. 
Otherwise, the device ignores the general call address. The other bytes in a general call transaction 
are acknowledged by every device that uses it on the bus. Devices that do not use these bytes must 
not send an ACK. The meaning of a general call address is defined in the second byte sent by the 
master transmitter. Figure 131 shows a general call address transaction. The least significant bit of 
the second byte, called B, defines the transaction. Table 131 shows the valid values and definitions 
when B = 0.

The TWSI unit supports sending and receiving general call address transfers on the TWSI bus. 
When software sends a general call message from the TWSI interface, software must set the 
TWSI_CR[GCD] bit to prevent the ARMADA 16x Applications Processor Family TWSI interface from 
responding as a slave.

If the TWSI interface acts as a slave and receives a general call address while the TWSI_CR[GCD] 
bit is clear, it:

Sets the TWSI_SR[GCAD] bit

Sets the TWSI_SR[SAD] bit
Interrupts the ARMADA 16x Applications Processor Family (if the interrupt is enabled)

If the TWSI interface receives a general call address and the TWSI_CR[GCD] bit is set, it ignores 
the general call address.
                          

                         

Caution

If the TWSI_CR[GCD] is not set when software sends a general call message from the 
TWSI interface, the TWSI bus enters an indeterminate state.

Figure 131:General Call Address

                         

Table 131: General Call Address Second Byte Definitions (Sheet 1 of 2)

Least Signif icant 
Bit  of  2nd Byte (B)

2nd Byte 
Value

Definit ion

0 0x06 2-byte transaction in which the second byte tells the slave to 
reset and store this value in the programmable part of its 
address. 

0 0x04 2-byte transaction in which the second byte tells the slave to 
store this value in the programmable part of its address. No 
reset.

0 0x00 Not allowed as a second byte

Master to Slave Slave to Master

START 00000000 ACK
Data
Byte ACK

Data
Byte STOP

N Bytes + ACK

Least Significant Bit of Master Address

ACK

Second Byte

Second Byte 0 ACK

First Byte

Defines Transaction
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Software must ensure that the TWSI interface is not busy before it asserts a reset. Software must 
also ensure that the TWSI bus is idle when the unit is enabled after reset. When directed to reset, 
the TWSI interface, except for TWSI_SAR, returns to the default reset condition. TWSI_SAR is not 
affected by a reset.

When B=1, the sequence is a hardware general call and is not supported by the TWSI interface. 
Refer to the I2C Bus Specification for information on hardware general calls.

TWSI 10-bit addresses and CBUS compatibility are not supported.

27.4.11 Glitch Suppression Logic
The TWSI unit has built-in glitch-suppression logic. The glitch suppression logic is implemented 
differently depending on whether the TWSI unit is in F/S mode or High-speed mode. 

27.4.12 Reset Conditions
Software must ensure that the TWSI unit is not busy (TWSI_SR[UB] = 0) before it asserts a reset. If 
the bus gets stuck in the busy state due to unexpected transaction termination, then it is possible to 
reset the unit while the unit is busy. However, in this case, software must ensure that there is no 
protocol violation. When directed to reset, the TWSI interface, except for TWSI_SAR, returns to the 
default reset condition. TWSI_SAR is not affected by a reset.

When the TWSI_CR[UR] bit is set, the TWSI interface resets but the associated TWSI MMRs 
remain intact. When resetting the TWSI interface with the TWSI_CR unit reset, use the following 
guidelines:
1. Set the reset bit in the TWSI_CR register and clear the remainder of the register.

2. Clear the TWSI_SR register.

3. Clear reset in the TWSI_CR.

27.4.13 Disabling the Unit
When software must disable the TWSI unit at the end of a transaction, it must:

1. Disable the TWSI unit and output clock by clearing TWSI_CR [CLKEA] and TWSI_CR [IUE].
2. Turn off the TWSI functional clock (31.2 MHz or 62.4 MHz).

27.5 Master Mode Operation
When software initiates a Read or Write on the TWSI bus, the TWSI unit switches from the default 
Slave-Receive mode to Master-Transmit mode. The seven-bit slave address and the R/nW bit follow 
the Start pulse. 

After the master receives an ACK, the TWSI interface enters one of two master modes:
Master-Transmit — TWSI interface writes data

Master-Receive — TWSI interface reads data

When transmitting the master code, the master should receive a NAK and then enter HS mode. The 
seven-bit slave address and the R/nW bit follow a repeated Start condition. The master receives an 
ACK and the TWSI unit enters one of two master modes listed above.

NOTE: Other values are not fixed and must be ignored.

Table 131: General Call Address Second Byte Definitions (Sheet 2 of 2)

Least Signif icant 
Bit  of  2nd Byte (B)

2nd Byte 
Value

Definit ion
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The CPU writes to the TWSI_CR register to initiate a master transaction. Data is read and written 
from the TWSI unit through the memory-mapped registers. Table 132 describes the TWSI unit 
responsibilities as a master device.
                         

Table 132: Master Transactions

TWSI 
Master  
Action

Mode of 
Operat ion

Definit ion

Generate 
clock output

Master-transmit
Master-receive

• The master drives the SCL line.
• TWSI_CR[SCLE] and TWSI_CR[IUE] must be set.

Write target 
slave address 
to TWSI_DBR

Master-transmit
Master-receive

• The CPU writes to TWSI_DBR bits [7:1] before enabling a 
Start condition.

• The first seven bits are sent on the TWSI bus after Start.
See Section 27.4.3.

Write R/nW bit 
to TWSI_DBR

Master-transmit
Master-receive

• CPU writes to least significant TWSI_DBR bit with target 
slave address.

• If R/nW bit is low, master remains a master-transmitter. If 
high, master switches to a master receiver. 

See Section 27.4.5.

Signal Start 
condition

Master-transmit
Master-receive

See Generate clock output action in this table.
After the target slave address and R/nW bit are in the 
TWSI_DBR,
• Software sets TWSI_CR[START].
• Software sets TWSI_CR[TB] to initiate the Start condition.
See Section 27.4.3.

Initiate first 
data byte 
transfer

Master-transmit
Master-receive

• The CPU writes a data byte to the TWSI_DBR
• The TWSI interface transmits the byte when TWSI_CR[TB] 

is set.
• The TWSI interface clears TWSI_CR[TB] and sets 

TWSI_SR[ITE] when the transfer is complete.

Arbitrate for 
TWSI bus

Master-transmit
Master-receive

If two or more masters signal a Start within the same clock 
period, arbitration must occur.
• The TWSI interface arbitrates for as long as needed. 

Arbitration takes place during slave address and R/nW bit 
or data transmission and continues until all but one master 
loses the bus. No data is lost.

• If the TWSI interface loses arbitration, it sets 
TWSI_SR[ALD] after the byte transfer is completed and 
switches to Slave-Receive mode.

• If the TWSI interface loses arbitration as it attempts to send 
the target address byte, it attempts to resend the byte when 
the bus becomes free.

Software must ensure that the boundary conditions described 
in Section 27.4 do not occur.
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Write one data 
byte to the 
TWSI_DBR

Master-transmit 
only

• Occurs when TWSI_SR[ITE] is set and TWSI_CR[TB] is 
clear. If the TWSI_DBR transmit-empty interrupt is enabled, 
the interrupt is generated. 

• The CPU writes one data byte to the TWSI_DBR, sets the 
appropriate START/STOP bit combination, and sets 
TWSI_CR[TB] to send the data. Eight bits are taken from 
the Shift register and written to the serial bus. The eight bits 
are followed by a Stop, if requested by TWSI_CR[STOP] 
being set.

Wait for 
Acknowledge 
from slave 
receiver

Master-transmit 
only

As a master transmitter, the ARMADA 16x Applications 
Processor Family TWSI interface generates the clock for the 
Acknowledge pulse. The ARMADA 16x Applications Processor 
Family TWSI interface releases the SDA line to allow 
slave-receiver acknowledge transmission.
See Section 27.4.6.

Read one byte 
of TWSI data 
from the 
TWSI_DBR

Master-receive 
only

Eight bits are read from the serial bus, collected in the Shift 
register, then transferred to the TWSI_DBR after the 
TWSI_CR[ACKNAK] bit is read. 
• The CPU reads the TWSI_DBR when TWSI_SR[IRF] is set 

and TWSI_CR[TB] is clear. If the TWSI_DBR receive-full 
interrupt is enabled, it is signalled to the CPU.

• When the TWSI_DBR is read, if TWSI_SR[ACKNAK] is 
clear (indicating ACK), the software must clear the 
TWSI_CR[ACKNAK] bit and set TWSI_CR[TB] to initiate 
the next byte read.

• If TWSI_SR[ACKNAK] is set (indicating NAK), 
TWSI_CR[TB] is clear, TWSI_CR[STOP] is set, and 
TWSI_SR[UB] is set, then the last data byte has been read 
into the TWSI_DBR, and the TWSI interface is sending the 
Stop.

• If TWSI_SR[ACKNAK] is set (indicating NAK) and 
TWSI_CR[TB] is clear, but TWSI_CR[STOP] is clear, then 
the software has two options:
1. Set TWSI_CR[START], write a new target address to the 
TWSI_DBR, and set TWSI_CR[TB], which sends a 
repeated Start.
2. Set TWSI_CR[MA] and leave TWSI_CR[TB] clear, which 
sends a Stop only.

Transmit 
acknowledge 
to slave 
transmitter

Master-receive 
only

• As a master receiver, the ARMADA 16x Applications 
Processor Family TWSI interface generates the clock for 
the Acknowledge pulse and drives the SDA line during the 
acknowledge cycle.

• If the next data byte is to be the last transaction, the user 
software sets TWSI_CR[ACKNAK] for NAK generation.

See Section 27.4.6.

Table 132: Master Transactions (Continued)

TWSI 
Master  
Action

Mode of 
Operat ion

Definit ion
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When the software needs to read data, the TWSI unit transitions from Slave-Receive mode to 
Master-Transmit mode to transmit the start address. Immediately following the ACK pulse, the TWSI 
unit transitions to Master-Receive mode to wait for the reception of the read data from the slave 
device (see Figure 132). It is also possible for multiple transactions to occur during an TWSI 
operation, such as transitioning from master-receive to master-transmit through a repeated start.

For example, switching from master-receive to master-transmit through a repeated start or data 
chaining (see Figure 133). 

Generate a 
repeated Start 
to chain TWSI 
transactions

Master-transmit
Master-receive

Data chaining takes place by using a repeated Start condition 
instead of a Stop condition.
• The repeated Start is generated after the last data byte of a 

transaction has been transmitted on the TWSI bus, as 
described in Section 27.4.4.

• The software must write the next target slave address and 
the R/nW bit to the TWSI_DBR, sets TWSI_CR[START], 
and sets TWSI_CR[TB].

See Section 27.4.3.

Generate a 
Stop

Master-transmit
Master-receive

• A Stop is generated after the last data byte of a transaction 
has been transmitted on the TWSI bus, as described in 
Section 27.4.4.

• TWSI_CR[STOP] must be set in order to generate the Stop 
condition.

See Section 27.4.3.

Figure 132:Master Receiver Read from Slave Transmitter

                         

Table 132: Master Transactions (Continued)

TWSI 
Master  
Action

Mode of 
Operat ion

Definit ion

Master to Slave Slave to Master

START Slave Address
R/nW

1 ACK
Data
Byte ACK

Data
Byte STOP

N Bytes + ACK

NACK

Default
Slave-Receive

Mode

First Byte Read
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27.5.1 Master Mode Programming Examples

27.5.1.1 Initialize Unit
1. Turn on the TWSI functional clock if it is not already enabled. For Fast/Standard modes, use a 

32.4 MHz clock. For HS mode, use a 62.4 MHz clock.

2. Set the slave address in the TWSI_SAR.
3. Enable the preferred interrupts in the TWSI_CR. Enable the preferred mode in the TWSI_CR 

(non FIFO, FIFO mode, PIO/DMA mode) via TWSI_CR [FIFOEN], TWSI_CR [DMA_EN], and 
TWSI_CR[GPIOEN].

4. Set TWSI_CR[MODE] to the preferred bus rate.

• For the HS mode bus rate, TWSI_CR [MODE] should be 0b10 or 0b11. Software should 
always set the HS mode bit (TWSI_CR[16]) as that bit makes the TWSI HS capable. This bit 
does not affect the non-HS transfers.

• For the non HS mode bus rate, TWSI_CR[MODE] should be 0b00 or 0b01 for Standard or 
Fast modes.

5. Configure the bits IUE and SCLE in the TWSI Control Register (TWSI_CR) to enable the TWSI 
interface and SCL.

6. Wait for at least half the SCL cycle so that EBB bit is updated and only then initiate the 
transaction. It is possible to start a transaction if TWSI_SR[IBB], TWSI_SR[EBB], or 
TWSI_SR[IUB] are set because the transaction does not start until the bus is free again.

Figure 133:Master-Receiver Read from Slave-Transmitter / Repeated 
Start/Master-Transmitter Write to Slave-Receiver

                         

Figure 134:A Complete Data Transfer
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27.5.1.2 Non-FIFO Programming Examples
The following are several non-FIFO programming examples.

Write One Byte as a Master
1. Load the target slave address and the R/nW bit in the TWSI_DBR. R/nW must be 0 for a write.
2. Configure the following fields in the TWSI Control Register (TWSI_CR):

Set START, clear STOP, clear ALDIE, set ITEIE, set TB
3. When an TWSI_DBR transmit-empty interrupt occurs, read the TWSI Status Register 

(TWSI_SR):
ITE = 1, UB = 1, RWM = 0

4. Write 1 to the TWSI_SR[ITE] bit to clear the interrupt.
5. Write 1 to the TWSI_SR[ALD] bit if set.

If the master loses arbitration, it performs an address retry when the bus becomes free. The 
arbitration-loss-detected interrupt is disabled to allow the address retry.

6. Load the data byte to be transferred in the TWSI_DBR.
7. Write the following fields in the TWSI Control Register (TWSI_CR):

Clear START, set STOP, set ALDIE, set TB, set MSDE, set MSDIE
8. When a Master Stop Detect interrupt occurs (unit has sent Stop), read the TWSI Status Register 

(TWSI_SR):
ITE = 1, UB = 0, RWM = 0, MSD=1

9. Write 1 to the TWSI_SR[MSD] bit to clear the interrupt.
10. Clear the TWSI_CR[STOP] bit.

Read One Byte as a Master
1. Load the target slave address and the R/nW bit in the TWSI_DBR. R/nW must be 1 for a read.
2. Write the following fields in the TWSI Control Register (TWSI_CR):

Set START, clear STOP, clear ALDIE, set ITEIE, set TB
3. When an TWSI_DBR transmit-empty interrupt occurs, read the TWSI Status Register 

(TWSI_SR):
ITE = 1, UB = 1, RWM = 1

4. Write 1 to the TWSI_SR[ITE] bit to clear the interrupt.
5. Configure the following fields in the TWSI Control Register (TWSI_CR):

Clear START, set STOP, set ALDIE, set ACKNAK, set MSD, set MSDIE, set TB
6. When a Master Stop Detect interrupt occurs (unit has sent Stop), read the TWSI_SR register: 

IRF = 1, UB = 0, RWM = 0, ACKNAK = 1, MSD = 1
7. Write 1 to the TWSI_SR[MSD] bit to clear the interrupt.

8. Read TWSI_DBR data.
9. Clear the TWSI_CR[STOP] and TWSI_CR[ACKNAK] bits.

Write Two Bytes and Repeated Start Read One Byte as a Master
1. Load the target slave address and the R/nW bit in the TWSI_DBR. R/nW must be 0 for a write.
2. Configure the following fields in the TWSI Control Register (TWSI_CR):

Set START, clear STOP, clear ALDIE, set ITEIE, set TB
3. When an TWSI_DBR transmit-empty interrupt occurs, read the TWSI Status Register 

(TWSI_SR):
ITE = 1, UB = 1, RWM = 0

4. Write 1 to the TWSI_SR[ITE] bit to clear the interrupt.
5. Load the data byte to be transferred in the TWSI_DBR.
6. Configure the following fields in the TWSI Control Register (TWSI_CR):

Clear START, clear STOP, set ALDIE, set ITEIE, set TB
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7. When an TWSI_DBR transmit-empty interrupt occurs, Configure the following fields in the 
TWSI Control Register (TWSI_CR):
ITE = 1, UB = 1, RWM = 0

8. Write 1 to the TWSI_SR[ITE] bit to clear the interrupt.
9. Repeat steps 5-8 one time.
10. Load the target slave address and R/nW bit in the TWSI_DBR. R/nW must be 1 for a read.

11. Send a repeated Start as a master.
Set TWSI_CR[START], clear TWSI_CR[STOP], clear TWSI_CR[ALDIE], set TWSI_CR[ITE], 
set TWSI_CR[TB]

12. When an TWSI_DBR transmit-empty interrupt occurs, read the TWSI Status Register 
(TWSI_SR):
ITE = 1, UB = 1, RWM = 1

13. Write 1 to the TWSI_SR[ITE] bit to clear the interrupt.
14. Configure the following fields in the TWSI Control Register (TWSI_CR):

Clear START, set STOP, set ALDIE, set ACKNAK, set MSDE, set MSDIE, set TB
15. When a Master Stop Detect interrupt occurs (unit has sent Stop), read the TWSI Status Register 

(TWSI_SR):
IRF = 1,UB = 0, RWM = 0, ACKNAK = 1, MSD=1

16. Write 1 to the TWSI_SR[MSD] bit to clear the interrupt.
17. Read the TWSI_DBR data.

18. Clear the TWSI_CR[STOP] and TWSI_CR[ACKNAK] bits.

Read Two Bytes as a Master—Send Stop Using the Abort
1. Load the target slave address and the R/nW bit in the TWSI_DBR. R/nW must be 1 for a read.

2. Configure the following fields in the TWSI Control Register (TWSI_CR):
Set START, clear STOP, clear ALDIE, set ITEIE, set TB

3. When an TWSI_DBR transmit-empty interrupt occurs, read the TWSI Status Register 
(TWSI_SR): 
ITE = 1, UB = 1, RWM = 1

4. Write 1 to the TWSI_SR[ITE] bit to clear the interrupt.

5. Configure the following fields in the TWSI Control Register (TWSI_CR):
Clear START, clear STOP, set ALDIE, clear ACKNAK, set IRFIE, set TB

6. When an TWSI_DBR receive-full interrupt occurs, read the TWSI Status Register (TWSI_SR):
IRF = 1, UB = 1, RWM = 1, ACKNAK = 0

7. Write 1 to the TWSI_SR[IRF] bit to clear the interrupt.
8. Read TWSI_DBR data.
9. Clear the TWSI_CR[STOP] and TWSI_CR[ACKNAK] bits.

10. Configure the following fields in the TWSI Control Register (TWSI_CR):
Clear START, clear STOP, set ALDIE, set ACKNAK, set IRFIE, set TB

The field STOP is not set because Stop or repeated Start is decided by the byte read.

11. When an TWSI_DBR receive-full interrupt occurs, read the TWSI Status Register (TWSI_SR): 
IRF = 1, UB = 1, RWM = 1, ACKNAK = 1

12. Write 1 to the TWSI_SR[IRF] bit to clear the interrupt.
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13. Read the TWSI_DBR data.
14. Initiate a Stop abort condition (Stop with no data transfer).

Set TWSI_CR[MA]

High-speed Mode: Write One Byte as a Master
1. Load master code in the TWSI_DBR.

Note that for HS mode, set TWSI_CR [GPIOEN].
2. Configure the following fields in the TWSI Control Register (TWSI_CR):

Set MODE, set START, clear STOP, clear ALDIE, set ITEIE, set TB
3. When an TWSI_DBR transmit-empty interrupt occurs, read the TWSI_SR:

TWSI_DBR transmit empty = 1, unit busy = 1, ACKNAK = 1
4. Write 1 to the TWSI_SR[ITE] bit to clear the interrupt.

5. Send a repeated start and slave address.
Load the slave address and the R/W bit in the TWSI_DBR.

6. Configure the following fields in the TWSI Control Register (TWSI_CR):
Set START, clear STOP, set TB

7. Wait for the TWSI_DBR transmit-empty interrupt.
8. Write 1 to the TWSI_SR[ITE] bit to clear the interrupt.
9. Load a data byte to be transferred in the TWSI_DBR.

10. Configure the following fields in the TWSI Control Register (TWSI_CR):
Clear START, set STOP, set MSDE, set MSDIE, set TB

11. When a Master Stop Detect interrupt occurs (unit has sent Stop), read TWSI_SR: 
TWSI_DBR transmit empty = 1, unit busy = 0, R/nW bit = 0, master stop detect = 1

12. Write 1 to the TWSI_SR[MSD] bit to clear the interrupt.

High-speed Mode: Read One Byte as a Master
1. Load master code in the TWSI_DBR.

Note that for HS mode, set TWSI_CR [GPIOEN].
2. Write the following fields in the TWSI Control Register (TWSI_CR):

Set START, clear STOP, clear ALDIE, set ITEIE, set TB
3. When an TWSI_DBR transmit-empty interrupt occurs, read the TWSI_SR:

TWSI_DBR transmit empty = 1, unit busy = 1, ACKNAK = 1
4. Write 1 to the TWSI_SR[ITE] bit to clear the interrupt.

5. Send a repeated start and slave address.
Load the slave address and the R/W bit (1) in the TWSI_DBR.

6. Write the following fields in the TWSI Control Register (TWSI_CR):
Set START, clear STOP, set TB

7. Wait for the TWSI_DBR transmit empty interrupt.
8. Write 1 to the TWSI_SR[ITE] bit to clear the interrupt.
9. Read the following fields in the TWSI Control Register (TWSI_CR):

Clear START, set STOP, set ACKNAK, set MSDE, set MSDIE, set TB
10. When a Master Stop Detect interrupt occurs (unit has sent Stop), read the TWSI_SR:

TWSI_DBR receive full = 1, unit busy = 0, R/nW bit = 0, ACKNAK = 1, TWSI_SR [MSD] = 1
11. Write 1 to the TWSI_SR[MSD] bit to clear the interrupt.

Note

If a NAK is not sent in Step 11, the next transaction must involve another data byte 
read.
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12. Read the TWSI_DBR data.
13. Clear the TWSI_CR[STOP] and TWSI_CR[ACKNAK] bits.

27.5.1.3 FIFO Programming Examples
The following are several FIFO programming examples.

Write N Bytes As a Master in PIO Mode
1. For FIFO mode using PIO mode, configure the following fields in the TWSI Control Register 

(TWSI_CR):
Set FIFOEN and clear DMA_EN. Set TXE_IE, RXHF_IE, RXF_IE, RXOV_IE, and TXDONE_IE.

Clear registers WFIFO_WPTR, WFIFO_RPTR, RFIFO_WPTR, and RFIFO_RPTR to ensure 
that all pointers are initialized to zero.

An interrupt is generated here if the TX FIFO Empty interrupt is enabled.

2. Fill up the TX FIFO with control and data in the correct format. The TWSI controller starts 
transmitting when it detects the FIFO go from empty to not empty. There is no need to set 
TWSI_CR [TX_BEGIN] to start the transaction in this case.

3. Write 1 to the TWSI_SR[TXE] bit to clear the TX FIFO empty interrupt.
4. While the data transfer is occurring, either the TX FIFO empty interrupt or TX Done interrupt 

occurs. The length of the transaction determines which type of interrupt occurs.
5. Depending on the type of interrupt that occurs, do one of the following:

• If a TX FIFO empty interrupt occurs, refill the FIFO with more control and data, and write 1 to 
the TWSI_SR[TXE] bit to clear the TX FIFO empty interrupt. 
Go to step 4.

Or —

• If a TX DONE interrupt occurs, clear TWSI_SR [TXDONE].

Read N Bytes As a Master in PIO Mode
1. For FIFO mode using PIO mode, configure the following fields in the TWSI Control Register 

(TWSI_CR): Set FIFOEN and clear DMA_EN. Set TXE_IE, RXHF_IE, RXF_IE, RXOV_IE, and 
TXDONE_IE. Clear registers WFIFO_WPTR, WFIFO_RPTR, RFIFO_WPTR, and 
RFIFO_RPTR to ensure that all pointers are initialized to zero.
An interrupt is generated here if the TX FIFO Empty interrupt is enabled.

2. Fill up the TX FIFO with control and data in the correct format. The TWSI controller starts 
transmitting when it detects that the FIFO goes from empty to not empty. There is no need to set 
TWSI_CR [TX_BEGIN] to start the transaction in this case.

3. Write 1 to the TWSI_SR[TXE] bit to clear the TX FIFO empty interrupt.
4. While the data transfer is occurring, either the RX FIFO Half Full interrupt, TX FIFO empty 

interrupt, or TX Done interrupt occurs.
The length of the transaction determines which type of interrupt occurs.

5. Depending on the type of interrupt that occurs, do one of the following:

• If an RX FIFO Half Full interrupt occurs, read data from the RX FIFO, then write 1 to the 
TWSI_SR[RXHF] bit to clear the RX FIFO Half Full interrupt.
Go to step 4.

• If a TX FIFO empty interrupt occurs, refill the TX FIFO with more control and data, then write 
1 to the TWSI_SR[TXE] bit to clear the TX FIFO empty interrupt.
Go to step 4.

• If a TX DONE interrupt occurs, it means STOP occurred and software must clear TWSI_SR 
[TXDONE] and read data from the RX FIFO.
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Write N Bytes As a Master in DMA Mode
1. Program the DMA descriptors by doing the following:

• Program the destination address to be the WFIFO address

• Program DCMD.WIDTH to 0b11 (4 bytes)

• Program DCMD.SIZE to 0b11 (32 bytes) since TX FIFO is eight entries that is composed of 
32 bytes

2. Write the control and data in memory in the correct format.
3. In the TWSI Control Register (TWSI_CR), set FIFOEN = 1 to enable FIFO mode and set 

DMAEN = 1 to enable DMA mode. Clear TXE_IE, clear RXHF_IE, disable TX FIFO empty and 
RX full interrupts, and set TXDONE_IE = 1. In addition, clear the registers WFIFO_WPTR, 
WFIFO_RPTR, RFIFO_WPTR, and RFIFO_RPTR.
A TX FIFO empty DMA request is generated immediately since the TX FIFO is empty when 
TWSI comes out of reset.

4. DMA services the request and fills up the TX FIFO with control and data.
5. The TWSI starts the transaction on the bus and when the TX FIFO is empty, a TX FIFO empty 

DMA request is generated.
6. Repeat steps 4 and 5 until a TX DONE interrupt is received.

7. When a TX DONE is received, which means a STOP occurred, the software must clear the 
TWSI_SR[TX_DONE] bit.

                         

Read N Bytes As a Master in DMA Mode
1. Program the DMA descriptors by doing the following:

• Program two channels: one channel with the source address, which is the RXFIFO address; 
the other channel with the destination address, which is the TXFIFO address.

• Program DCMD.WIDTH to 0b11 (4 bytes)

• Program DCMD.SIZE to 0b11 (32 bytes) since RX Half FIFO is eight entries, which is 
composed of 32 bytes

2. Write the control and data in memory in the correct format.

3. In the TWSI Control Register (TWSI_CR), set FIFOEN = 1 to enable FIFO mode and set 
DMAEN = 1 to enable DMA mode. Clear TXE_IE, clear RXHF_IE, disable TX FIFO empty and 
RX full interrupts, and set TXDONE_IE = 1. In addition, clear the registers WFIFO_WPTR, 
WFIFO_RPTR, RFIFO_WPTR, and RFIFO_RPTR.
A TX FIFO empty DMA request is generated immediately since the TX FIFO is empty when 
TWSI comes out of reset.

4. DMA services the request and fills up the TX FIFO with control and data.
5. The TWSI starts the transaction on the bus.

• When the TX FIFO is empty, a TX FIFO empty DMA request is generated.

• When the RX Half FIFO is full, an RX Half FIFO Full DMA request is generated.

6. Repeat steps 4 and 5 until a TX DONE interrupt is received.
7. When a TX DONE is received, which means a STOP occurred, the software must clear the 

TWSI_SR[TX_DONE] bit, and read the trailing bytes in the FIFO.
                         

Note

In case of a back-to-back transaction, if a TX DONE interrupt is received, clear 
TWSI_SR and program TWSI_CR for the next transaction. Once the FIFO has the 
control and data, set the TWSI_CR[TXBEGIN] bit. This bit starts the next transaction.
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27.5.1.4 FIFO Use Case Examples

Case 1: Write 10 Bytes
                         

Programming model for Case 1:
1. The core initially programs the TWSI_CR for FIFO mode. Then it receives a TX FIFO empty 

interrupt if it is in PIO mode or a DMA request if it is in DMA mode.
2. The core/DMA writes one address byte and seven data bytes (byte1-byte7) to the TX FIFO. 

(Each byte has a corresponding control word.)
3. TWSI starts sending out the bytes and when the TX FIFO is empty, it generates a TX FIFO 

empty interrupt/DMA request.
4. The core/DMA writes the last three bytes (byte8-byte10) to the TX FIFO.

5. TWSI sends out the last three bytes and when it sees that STOP has been sent out, it sets the 
TWSI_SR[TX_DONE] bit and generates an interrupt.

6. The core cleans up the control and status registers. For example, clear TWSI_CR[STOP] bit, 
clear TWSI_SR[TX_DONE] bit, and then starts the next transaction (set TWSI_CR[TX_BEGIN] 
bit).

Case 2: Read Eight Bytes Followed by Write Two Bytes
                         

Figure 135:Write 10 Bytes

                         

Figure 136:Read Eight Bytes Followed by Write Two Bytes
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Programming model for Case 2:
1. The core initially programs the TWSI_CR for FIFO mode. Then it receives a TX FIFO empty 

interrupt if it is in PIO mode or a DMA request if it is in DMA mode.
2. The core/DMA then writes one address and seven data bytes to the TX FIFO. (This is a control 

word and dummy data since it is a read transaction.)
3. After the address is sent out on the bus, for each control word, a read byte is received and 

saved in the RX FIFO. Once the TX FIFO is empty, (when there are seven bytes in the RX 
FIFO), an interrupt/DMA request is made and the remaining bytes (one data byte from the read 
transaction and three bytes from the next write transaction) are loaded into the TX FIFO.

4. After the eight bytes are received into the RX FIFO, the RX FIFO half full interrupt/DMA request 
is set. This read data now needs to be read out of the FIFO.

5. By now, the read transaction is also done. But since there is no stop bit after the read and 
instead repeated start is used for the write transaction, the TWSI_SR[TX DONE] status bit is 
not set as it would have normally been set at the end of a transaction.

6. TWSI now starts the write transaction by sending out the address followed by the two write 
bytes.

7. Once the write transaction is done, TWSI_CR[TX_BEGIN] is automatically cleared and the 
TWSI_SR[TX_DONE] bit is set, which generates an interrupt to the core.

27.6 Slave Operations
Table 133 describes how the TWSI unit operates as a slave device.
                         

Table 133: Slave Transactions

TWSI Slave 
Action

Mode of 
Operat ion

Defin ition

Slave-receive
(default mode)

Slave-receive 
only

• The TWSI interface monitors all slave address transactions.
• TWSI_CR[IUE] must be set.
• The TWSI interface monitors bus for Start conditions. When a Start is detected, 

the interface reads the first 8 bits and compares the most significant seven bits 
with the seven-bit TWSI_SAR and the general call address (0x00). If there is a 
match, the TWSI interface sends an ACK.

• If the first 8 bits are zeros, this is a general call address. If TWSI_CR[GCD] is 
clear, both the TWSI_SR[GCAD] and TWSI_SR[SAD] are set. See 
Section 27.4.10.

• If the eighth bit of the first byte (R/nW bit) is low, the TWSI interface stays in 
Slave-Receive mode, and TWSI_SR[SAD] is cleared. If R/nW bit is high, the 2C 
unit switches to Slave-Transmit mode, and TWSI_SR[SAD] is set.

Set the 
slave-address- 
detected bit

Slave-receive
Slave-transmit

• Indicates the interface has detected an TWSI operation that addresses the 
ARMADA 16x Applications Processor Family (this includes general call address). 
The ARMADA 16x Applications Processor Family can distinguish an TWSI_SAR 
match from a general call by reading TWSI_SR[GCAD].

• An interrupt is generated, if enabled, after the matching slave address is received 
and acknowledged.
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Figure 137 through Figure 139 are examples of TWSI transactions and show the relationships 
between master and slave devices.
                          

Read one byte 
of TWSI data 
from the 
TWSI_DBR

Slave-receive 
only

• This operation occurs when TWSI_SR[IRF] is set and TWSI_CR[TB] is clear. If 
enabled, the TWSI_DBR receive-full interrupt is generated. 

• Eight bits are read from the serial bus into the shift register. When a full byte has 
been received and the ACK/NAK bit is completed, the byte is transferred from the 
Shift register to the TWSI_DBR.

• Occurs when the TWSI_DBR receive full bit in the TWSI_SR is set and the 
transfer byte bit is clear. If enabled, the TWSI_DBR receive-full interrupt is 
signalled to the CPU. 

• Software reads one data byte from the TWSI_DBR. When the TWSI_DBR is 
read, the software must write the preferred TWSI_CR[ACKNAK] bit and sets 
TWSI_CR[TB]. This causes the TWSI interface to stop inserting wait states and 
let the master transmitter transmit the next chunk of information.

Transmit 
Acknowledge 
to master 
transmitter

Slave-receive 
only

• As a slave receiver, the TWSI interface pulls the SDA line low to generate the 
ACK pulse during the high SCL period.

• TWSI_CR[ACKNAK] controls the Acknowledge pulse that the TWSI interface 
drives. See Section 27.4.6.

Write one byte 
of TWSI data to 
the TWSI_DBR

Slave-transmit 
only

• This operation occurs when TWSI_SR[ITE] is set and TWSI_CR[TB] is clear. If 
enabled, the TWSI_DBR transmit-empty interrupt is generated. 

• The software must write a data byte to TWSI_DBR and sets TWSI_CR[TB] to 
start the transfer.

Wait for 
Acknowledge 
from master 
receiver

Slave-transmit 
only

• As a slave transmitter, the TWSI interface releases the SDA line to allow the 
master receiver to pull the line low for the ACK. See Section 27.4.6.

Table 133: Slave Transactions (Continued)

TWSI Slave 
Action

Mode of 
Operat ion

Defin ition

Figure 137:Master Transmitter Write to Slave Receiver
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27.6.1 Slave Mode Programming Examples

27.6.1.1 Initialize Unit
1. Set the slave address in the TWSI_SAR.
2. Enable preferred interrupts in the TWSI_CR.

3. If the TWSI unit is a HS mode slave, set TWSI_CR[MODE] = 0b10 or 0b11. Software should 
always set the HS mode bit (TWSI_CR[16]) as that bit makes the TWSI HS capable. This bit 
does not affect the non-HS transfers.

4. Set the TWSI_CR[IUE] bit to enable the TWSI interface.

27.6.1.2 Write N Bytes as a Slave
1. When a slave-address-detected interrupt occurs.

Read TWSI_SR register: TWSI_SR[SAD] = 1, TWSI_SR[UB] = 1, TWSI_SR[RWM] = 1, 
TWSI_SR[ACKNAK] = 0

2. Write 1 to the TWSI_SR[SAD] bit to clear the interrupt.

3. Return from interrupt.
4. Load data byte to transfer in the TWSI_DBR.
5. Set TWSI_CR[TB] bit.

6. When a TWSI_DBR transmit-empty interrupt occurs.
Read TWSI_SR register: TWSI_SR[ITE] = 1, TWSI_SR[ACKNAK] = 0, TWSI_SR[RWM] = 0

Figure 138:Master Receiver Read from Slave-Transmitter

                         

Figure 139:Master-Receiver Read to Slave-Transmitter, Repeated Start, 
Master-Transmitter Write to Slave Receiver
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7. Load data byte to transfer in the TWSI_DBR.
8. Set the TWSI_CR[TB] bit.

9. Write 1 to the TWSI_SR[ITE] bit to clear interrupt.
10. Return from interrupt.
11. Repeat steps 6 to 10 for n-1 times. If, at any time, the slave does not have data, the TWSI 

interface keeps SCL low until data is available.
12. When a TWSI_DBR transmit-empty interrupt occurs.

Read TWSI_SR register: TWSI_SR[ITE] = 1, TWSI_SR[ACKNAK] = 1, TWSI_SR[RWM] = 0
13. Write 1 to the TWSI_SR[ITE] bit to clear interrupt.

14. Return from interrupt
15. When a slave-Stop-detected interrupt occurs.

Read TWSI_SR register: TWSI_SR[UB] = 0, TWSI_SR[SSD] = 1
16. Write 1 to the TWSI_SR[SSD] bit to clear interrupt.

27.6.1.3 Read N Bytes as a Slave
1. When a slave-address-detected interrupt occurs.

Read TWSI_SR register: TWSI_SR[SAD] = 1, TWSI_SR[UB] = 1, TWSI_SR[RWM] = 0
2. Write 1 to the TWSI_SR[SAD] bit to clear the interrupt.
3. Return from interrupt.

4. Set TWSI_CR[TB] bit to initiate the transfer.
5. When an TWSI_DBR receive-full interrupt occurs.

Read TWSI_SR register: TWSI_SR[IRF] = 1, TWSI_SR[ACKNAK] = 0, TWSI_SR[RWM] = 0
6. Read TWSI_DBR to get the received byte.
7. Write 1 to the TWSI_SR[IRF] bit to clear interrupt.

8. Return from interrupt.
9. Repeat steps 4 to 8 for n-1 times. Once the TWSI_DBR is full, the TWSI interface keeps SCL 

low until the data is read.
10. Set TWSI_CR[TB] bit to release TWSI bus and allow next transfer.
11. When a slave-stop-detected interrupt occurs.

Read TWSI_SR register: TWSI_SR[UB] = 0, TWSI_SR[SSD] = 1
12. Write 1 to the TWSI_SR[SSD] bit to clear interrupt.

27.6.1.4 High-speed Mode: Write 1 Byte as a Slave
1. Enable slave address detect interrupts.

Set TWSI_CR[SADIE]
2. Enable high speed mode

Set TWSI_CR[MODE] = 0b10 or 0b11
3. A master sends a master code at the standard mode or fast mode data rate. Then, a slave 

address is sent at the high speed mode data rate.
4. Wait for the slave address detect interrupt.

Read the TWSI_SR: slave address detect (1), Unit Busy (1), R/nW bit (1), ACK/NAK (0).
5. Write 1 to the TWSI_SR[SAD] bit to clear the interrupt.

6. Load the TWSI_DBR with the data to be written (read by the master).
7. Set the TWSI_CR[TB] bit.
8. When an TWSI_DBR transmit-empty interrupt occurs.

Read TWSI_SR: TWSI_DBR transmit empty (1), unit busy (1), ACKNAK (1), R/nW bit (0).
9. Write 1 to the TWSI_SR[ITE] bit to clear interrupt.

10. Return from interrupt.
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11. Wait for a slave stop detect interrupt.
Read TWSI_SR: slave stop detect (1), Unit Busy (0);

12. Write 1 to the TWSI_SR[SSD] bit to clear interrupt.

27.6.1.5 High-Speed Mode: Read 1 Byte as a Slave
1. Enable slave address detect interrupts.

Set TWSI_CR[SADIE]
2. Enable high speed mode

Set TWSI_CR[MODE] = 0b10 or 0b11
3. A master sends a master code at the standard mode or fast mode data rate. Then a slave 

address is sent at the high speed mode data rate.
4. Wait for the slave address detect interrupt.

Read the TWSI_SR: slave address detect (1), Unit Busy (1), R/nW bit (0), ACK/NAK (0).
5. Write 1 to the TWSI_SR[SAD] bit to clear the interrupt.
6. Set the TWSI_CR[TB] bit to initiate transfer.

7. When an TWSI_DBR receive-full interrupt occurs.
Read TWSI_SR: TWSI_DBR receive full (1), unit busy (1), ACKNAK (0), R/nW bit (0).

8. Read TWSI_DBR to get the received byte.
9. Write 1 to the TWSI_SR[IRF] bit to clear interrupt.
10. Return from interrupt.

11. Set TWSI_CR[TB] bit to release TWSI bus and allow the next transfer.
12. Wait for a slave stop detect interrupt.

Read TWSI_SR: slave stop detect (1), Unit Busy (0);
13. Write 1 to the TWSI_SR[SSD] bit to clear interrupt.

27.7 TWSI SCL Clock Programming Guidelines
The TWSI functional clock is configured through the APB PWM Clock/Reset Control 
(APBC_PWMx_CLK_RST) Registers in the APB Peripheral Clock Control Unit. The functional clock 
frequency (31.2 or 62.4 MHz) is used along with TWSI registers to determine the SCL clock period 
used to transmit the data. The register settings required to program the SCL clock frequency for 
each supported mode are shown in Section 27.7.1 through Section 27.7.3. 

27.7.1 Standard Mode:
APBC_TWSI0_CLK_RST[FNCLKSEL] = 0x0 (31.2 MHz functional clock)
APBC_PWR_TWSI_CLK_RST[FNCLKSEL] = 0x0 (31.2 MHz functional clock)
TWSI_LCR [SLV] = decimal 152

TWSI_WCR [COUNT] = don't care. 
TWSI_CR[MODE] = 0x0

27.7.2 Fast Mode: 
APBC_TWSI0_CLK_RST[FNCLKSEL] = 0x0 (31.2 MHz functional clock)
APBC_PWR_TWSI_CLK_RST[FNCLKSEL] = 0x0 (31.2 MHz functional clock)
TWSI_LCR [FLV] = decimal 23

TWSI_WCR [COUNT] = decimal 20.
TWSI_CR[MODE] = 0x1

27.7.3 High-Speed Mode:
APBC_TWSI0_CLK_RST[FNCLKSEL] = 0x2 (62.4 MHz functional clock)
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APBC_PWR_TWSI_CLK_RST[FNCLKSEL] = 0x2 (62.4 MHz functional clock)
TWSI_LCR [HLVL] = decimal 9

TWSI_LCR [HLVH]=decimal 1
TWSI_WCR [COUNT] =don't care.
TWSI_CR[MODE] = 0x2 or 0x3

27.8 Register Descriptions
Refer to Appendix A - Register Tables in this document for information on the TWSI Registers.
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28 One-Wire Bus Master Interface
This section describes how the ARMADA 16x Applications Processor Family works with the 
One-Wire* bus master interface controller and the related processor-supported registers.

Section 28.1, Overview 
Section 28.2, Signal Descriptions 
Section 28.3, Operation 

Section 28.4, Register Descriptions 

28.1 Overview
The One-Wire Bus Master Interface Controller is designed to receive and transmit One-Wire bus 
data and provides complete control of the One-Wire bus through 8-bit commands. The processor 
loads commands, reads and writes data, and sets interrupt control through five registers. All of the 
One-Wire bus timing and control are generated within the One-Wire Bus Master Interface Controller 
after the host loads a command or data. When bus activity has generated a response that the CPU 
needs to receive, the One-Wire Bus Master Interface COne-Wire Bus Master Interface 
Controllerontroller sets a status bit and, if enabled, generates an interrupt to the CPU.

The operation of the One-Wire bus is described in detail in the Book of iButton* Standards1. Refer to 
this document for details on specific slave implementations.

A block diagram of the One-Wire bus master is shown in Figure 140.
                         

1. For more information about the Book of iButton Standards see 
http://www.maxim-ic.com/appnotes.cfm/appnote_number/937.
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28.2 Signal Descriptions
Refer to Table 134 for a list of One-Wire signal descriptions.

28.3 Operation
This section describes the procedure for reading and writing using the One-Wire interface. The 
One-Wire Bus Master Interface ControllerOne-Wire Bus Master Interface Controller is located on 

Figure 140:One-Wire Bus Master Block Diagram
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Table 134: One-Wire Signal Descriptions

Name Direction Description

ONE_WIRE In/Out One-Wire Data Line
This open-drain line is the One-Wire bidirectional data bus 
signal. One-Wire slave devices are connected to this pin. 
This pin must be pulled high by an external resistor, 
nominally 5 KΩ.
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Peripheral bus #2. The 1-Wire protocol requires a reset before any bus communication. Generating 
a One-Wire reset on the bus is covered in Section 28.3.3.1, Initialization Sequence .

The One-Wire Bus Master Interface ControllerOne-Wire Bus Master Interface Controller generates 
Read, Write or Reset commands on the One-Wire bus. The One-Wire reset is a special command 
that must precede commands given on the bus. 

28.3.1 Writing a Byte
To send a byte on the One-Wire bus, write the byte to be transferred to the Transmit Buffer. The data 
is then moved to the internal Tx Shift Register (see note in Figure 140) where it is shifted serially 
onto the bus, LSb first. A new byte of data can then be written to the Transmit Buffer. As soon as the 
internal Tx Shift Register is empty, the new data is transferred from the Transmit Buffer and the 
process repeats. Each of these registers has a flag that can be used as an interrupt source. The 
Transmit Buffer empty flag, <Transmit Buffer empty> field in the One-Wire Interrupt Register, is set 
when the Transmit Buffer is empty and ready to accept a new byte. The <Transmit Buffer empty> 
field is cleared as soon as a byte is written into the Transmit Buffer. The <Tx Shift register empty> 
flag in the One-Wire Interrupt Register is set when the internal Tx Shift Register has no data in it and 
is ready to accept a new byte. As soon as a byte of data is transferred from the Transmit Buffer, the 
<Tx Shift register empty> field is cleared and the <Transmit Buffer empty> field is set. 

28.3.2 Reading a Byte
To read data from a slave device, the device must first be prepared to transmit data. The slave 
device is prepared through commands previously received from the CPU. Data is retrieved from the 
bus in a similar fashion to a Write operation. The host initiates a Read by writing to the Transmit 
Buffer. The data that is then shifted into the internal Rx Shift Register (see note in Figure 140) is the 
wired-AND of the written data and the data from the slave device. Therefore, to read a byte from a 
slave device, the host must write 0xFF. When the internal Rx Shift Register is full, the data is 
transferred to the Receive Buffer where the host can access it. 

Additional bytes can now be read by sending 0xFF again. If the slave device is not ready to transmit, 
the data received is identical to that which was transmitted. The One-Wire Transmit/Receive Buffer 
Register can also generate interrupts. The Receive Buffer flag, <Receive Buffer full> field in the 
One-Wire Interrupt Register is set when data is transferred from the internal Rx Shift Register and 
cleared when the host reads the internal Rx Shift Register. If the <Receive Buffer full> field is set, 
additional transmissions on the One-Wire bus must not be made since the byte in the Receive Buffer 
is overwritten by the next received byte, resulting in lost data. Interrupt flags are explained in more 
detail in the One-Wire Interrupt Register in the Appendix of this manual. Write and Read operations 
are detailed in Figure 142 and Figure 143.

28.3.3 I/O Signaling 
The One-Wire bus requires strict signaling protocols to ensure data integrity. The four protocols used 
by the 1-Wire Controller are as follows: 

Initialization sequence (reset pulse followed by presence pulse)
Write 0 
Write 1 

Read data 

The master initiates all of these types of signaling except the presence pulse.

28.3.3.1 Initialization Sequence
Figure 141 shows the initialization sequence required to begin any communication with the bus 
slave. The One-Wire bus master controller transmits a reset pulse. The One-Wire bus line is then 
pulled high by the external pullup resistor. After detecting the rising edge on the ONE_WIRE pin, the 
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slave waits for a required amount of delay time and then transmits the presence pulse. The master 
samples the bus during the presence pulse after the slave responds to test for a valid-presence 
pulse. The result of this sample is stored in the <Presence detect result> field in the One-Wire 
Interrupt Register. The reset time slot ends a specified amount of time after the master releases the 
bus.
                         

28.3.3.2 Write Time Slots
A Write time slot is initiated when the One-Wire bus master drives the One-Wire bus line from a 
logic-high (inactive) level to a logic-low level. The One-Wire bus master generates a Write-1 time 
slot by releasing the bus line after the required amount of logic-low time for a Write-1 allowing the 
bus line to pull up to a logic-high level. The One-Wire bus master generates a Write-0 time slot by 
holding the bus line low for the required amount of logic-low time. A slave device then samples the 
bus line a specified amount of time after the bus line transitions from a logic-high to a logic-low state. 
A Write-1 occurs if the bus line is logic-high when sampled; a Write-0 occurs if the bus line is 
logic-low when sampled (see Figure 142). 
                         

Figure 141:One-Wire Initialization Sequence (Reset and Presence Pulses)
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28.3.3.3 Read Time Slots
A Read time slot is initiated when the One-Wire bus master pulls the bus line low for the minimum 
required time and then releases it. If the slave device is responding with a 0, the slave continues to 
hold the bus line low for up to a specified amount of time before the slave releases the bus line; the 
bus line is then pulled high by the external pullup resistor. If the slave device is responding with a 1, 
the slave does not hold the bus line low and the bus line is pulled to a logic-high immediately after 
the master releases the line. The master samples the data after a specified amount of time after the 
start of the Read time slot. The master ends the Read slot after the required amount of time (see 
Figure 143). 

Figure 142:One-Wire Write Slots
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28.4 Register Descriptions
Refer to Appendix A - Register Tables for details on the One-Wire Bus Master Interface registers.

Figure 143:One-Wire Read Time Slots
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29 Pulse-Width Modulator Controller
This chapter describes:

Chapter 29.1: Overview
Chapter 29.2: Features

Chapter 29.3: Signal Descriptions
Chapter 29.4: Operation
Chapter 29.5: Register Descriptions

The Pulse-Width Modulator (PWM) Controller generates four independent PWM signals. Specific 
applications of the PWM Controller vary. Examples include:

Controlling the brightness of an LED output by modulating the “on” time

LCD contrast control

29.1 Overview
The ARMADA 16x Applications Processor Family contains four PWMs: PWM1 to PWM4. Each 
PWM operates independently of the others, is configured by its own set of registers, and provides a 
pulse-width modulated signal on a multi-function pin. Because each PWM contains identical 
circuitry, this chapter describes a generic PWMx, where x is 1, 2, 3, or 4.

Each PWM function enables the control of rising- and falling-edge timing of a single output channel. 
The edge timing can be set up to run indefinitely or adjusted on the fly to adapt to variable 
requirements. Power-saving modes include the ability to stop the internal clock source 
(PSCLK_PWM) used to source the PWMx and drive the PWM_OUTx signals to a steady high or low 
state.

The frequency range supporting a 50% duty cycle varies from 198.4 Hz to 6.5 MHz. Other 
duty-cycle options depend on the choice of preferred frequency.

29.2 Features
Four pulse-width modulated signal channels

Enhanced period controlled through 6-bit clock divider and 10-bit period counter
10-bit Duty cycle control

29.3 Signal Descriptions
For a complete list of PWM signal descriptions, refer to Chapter 3: Pin Listing and Signal Definitions.

Output signals are the four single-bit output channels defined as PWM1, PWM2, PWM3, and PWM4 
(see Table 135). These signals are sent to multi-function pins (MFPs).
                         

Table 135: Pulse Width Modulator I/O Signal Descriptions

Signal Name Direct ion Description

PWM1 Output Pulse-width modulated signal for PWM 1

PWM2 Output Pulse-width modulated signal for PWM 2
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29.4 Operation
Figure 144 shows the block diagram for the PWM control logic.
                         

To program the PWM Controller, determine the period and pulse-width values. The period value is 
based on two registers, PWM Period Control Registers and PWM Control Registers.

The output waveform in Figure 145 is derived by writing the PWM Period Control Registers with a 
value of 10 (0x00A) and writing the PWM Duty Cycle Registers with 0x06.

Pulse-width modulated signals, once programmed, output a specified waveform until the value in 
any associated register is altered. The time from the register change to the associated signal change 
depends on <Period Value> field in the PWM Period Control Registers.

For <Period Value> field values 0x005 or larger—After a register value is altered, the 
PWM_OUTx signal changes when the previously programmed waveform cycle is complete. 

PWM3 Output Pulse-width modulated signal for PWM 3

PWM4 Output Pulse-width modulated signal for PWM 4

Table 135: Pulse Width Modulator I/O Signal Descriptions (Continued)

Signal Name Direction Description

Figure 144:PWMx Block Diagram  
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For <Period Value> field values less than 0x005—After a register value is altered, the 
PWM_OUTx signal changes after two waveform cycles.

                         

Programming the <PRESCALE> field in the PWM Control Registers configures the prescaled 
counter clock (refer to Figure 144). Two timing examples are provided in Figure 146. Two examples 
both have 50% Duty cycle with PWM Duty Cycle Registers and PWM Period Control Register 
setting. The first example shows the effect on the scaled counter clock effectively being divided by 
two with a setting of 0x01, while the second example shows the scaled counter clock being divided 
by four with a setting of 0x03. See Chapter 29.4.3: Programming Considerations for more 
information regarding the calculation of waveform values.

Figure 145:Basic Pulse Width Modulated Waveform
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29.4.1 Interdependencies
Each PWMx is controlled by three registers: the PWM Control Registers, the PWM Duty Cycle 
Register, and the PWM Period Control Register. Using the values in these registers, the PWMx unit 
produces a pulse-width modulated signal. The registers contain the values for PWMx counters and 
PWMx Power-Management mode.

The PWMx clock is controlled by the APBC_PWMx_CLK_RST register.

29.4.2 Reset Sequence
During system reset, the PWM Control Registers and PWM Duty Cycle Registers are reset to 0x0 
and the PWM Period Control Registers is set to 0x004. Reset places the PWM_OUTx channels in a 
steady low state. Internally, the 6-bit down counter is reset to 0x0 and passes PSCLK_PWMx on to 
the scaled count clock and to the 10-bit up counter, which causes the 10-bit up counter to count 
continuously from 0x0 to 0x4. The PWM_OUTx channel remains reset to 0x0 until the PWM Duty 
Cycle Registers is programed with a non-zero value. Therefore, system reset results in no 
pulse-width modulated signal.

29.4.3 Programming Considerations
The PWMs use three registers to configure the output of each PWMx signal: PWM Control 
Registers, PWM Duty Cycle Registers, and PWM Period Control Registers.

Figure 146:Effects of PWMCRx Settings

                         

Internal counter

PSCLK_PWMx

 

 
 

PWMCRx[PRESCALE] = 0x001 †
 

PWMDCRx[DCYCLE] = 0x001 

PWM_OUTx

PSCLK_PWMx

PWMPCRx[PV]  = 0x001
†  

PWMDCRx[DCYCLE]  = 0x001

PWMCRx[PRESCALE]  = 0x003
†

Internal counter

PWM_OUTx

0x000 0x001 0x000 0x001

0x000 0x001 0x000

50% duty cycle

Example 1: Clock divided by 2

Example 2: Clock divided by 4

PWMPCRx[PV] = 0x001 †

† The effective value of this field is one greater than the programmed value. Refer to register descriptions.

register setup

50% duty cycle
register setup

(internal clock) NOT CURRENT

(internal clock)
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PWMx timing is based on the input clock to the PWMx controller, PSCLK_PWMx, which is fixed at 
13 MHz or 32 kHz. This signal is divided by (<PRESCALE> (PWMx_CRX[5:0])+1 to generate the 
scaled counter clock. The 6-bit <PRESCALE> field allows the input clock to be divided by values 
between 1 (<PRESCALE> = 0) and 64 (<PRESCALE> = 63). The scaled counter clock is further 
divided by contents of the PWM Duty Cycle Registers and PWM Period Control Registers to 
generate the duty cycle and period of the PWMx signal.

Use the following equation to calculate the frequency of the scaled counter clock:

Scaled counter clock frequency = 13 MHz / (<PRESCALE> + 1)

Use the following equation to calculate the cycle time of the scaled counter clock:

Scaled counter clock cycle time = 76.9 ns x (<PRESCALE> + 1)

Both the period and the duty cycle of the PWM are based on the scaled counter clock cycle time. 
The PWM_OUTx signal is asserted for the number of scaled counter clock cycles equal to the <Duty 
Cycle of PWM_OUTx> field in PWM Duty Cycle Registers. 

To calculate the duty cycle time of the PWM, use the following equation:

Duty cycle time = Scaled counter clock cycle time x <Duty Cycle of 

PWM_OUTx>

which also equals:

Duty cycle time = 76.9 ns x ([PRESCALE] + 1) x <Duty Cycle of 

PWM_OUTx>

The PWM Period Control Registers determines the number of scaled counter clock cycles each 
PWM period contains. The actual number of clocks is the value of <Period Value> field in the PWM 
Period Control Registers plus one. When the RST comparator in Figure 144 equals (<Period Value> 
+ 1), the comparators and the flip-flop are reset, and the values of the PWMDCR_HOLDx, 
PWMCR_HOLDx, and PWMPCR_HOLDx registers are loaded from the control block.

Use the following equation to calculate the period of the PWM:

PWM period = Scaled Counter Clock period x (<Period Value> + 1)

which also equals:

PWM cycle time = 76.9 ns x (<PRESCALE> + 1) x (<Period Value> + 1)

Calculate values based on the necessary PWM cycle time and duty cycle with the following 
equations:

Choose a <PRESCALE> value that is appropriate for all required PWM 

outputs.

<Period Value> = PWM cycle time / (76.0 ns X (<PRESCALE> + 1)) - 1

Duty cycle time = PWM cycle time x Duty Cycle%
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<Duty Cycle of PWM_OUTx> = Duty cycle time / (76.0 ns X 

(<PRESCALE> + 1))

For example, to create a 60% duty cycle 500 kHz signal, set <PRESCALE> to 0, <Period Value> to 
26 (0x1A), and <Duty Cycle of PWM_OUTx> to 16 (0x10).
                         

The <Full Duty Cycle> field in the PWM Duty Cycle Registers determines if PWM_OUTx is always 
asserted. When this bit is set, PWM_OUTx remains high until <Full Duty Cycle> is cleared. 

29.4.4 Power Management
Each PWMx can be disabled through a pair of clock-enable bits (see the clocks chapters). If the 
clock is disabled, the unit shuts down abruptly or gracefully (as selected by the <Pulse Width 
Modulator Shutdown Mode> field in the PWM Control Registers, as described in Appendix A - 
Register Tables).

For a graceful shutdown (<Pulse Width Modulator Shutdown Mode>=0), PWM_OUTx 
completes the current PWM_OUTx cycle before it stops.
For an abrupt shutdown (<Pulse Width Modulator Shutdown Mode>=1), PWM_OUTx stops 
after at most one PSCLK_PWM and the internal counters are reset.

Shutdown for the PWM modules is defined as the clock stopping. If power is removed after the clock 
is stopped, the registers are placed in an unknown state and must be rewritten.

29.5 Register Descriptions
Refer to Appendix A - Register Tables for details on the PWM registers.

Note

To produce a toggle of the signal, the value of the <Period Value> must be equal to or 
greater than <Duty Cycle of PWM_OUTx>. If <Period Value> is less than <Duty Cycle 
of PWM_OUTx>, the PWM_OUTx signal remains high. If <Duty Cycle of PWM_OUTx> 
equals zero, the signal remains low.
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30 AC ’97 Controller Unit
This chapter describes the Audio CODEC ’97 (AC ’97) controller included in the ARMADA 16x 
Applications Processor Family. 

Section 30.1, Overview
Section 30.2, Features
Section 30.3, Signal Descriptions

Section 30.4, Operation
Section 30.5, Register Descriptions

30.1 Overview
The AC ’97 controller supports the Audio CODEC '97 Component Specification1, Revision 2.3, 
features listed in Section 30.2, Features. The AC-link is a synchronous, fixed-rate serial bus 
interface to the digital AC ’97 controller for transferring digital audio, modem, microphone input 
(MIC-in), CODEC register control, and status information.

The AC ’97 CODEC sends the digitized audio samples to the AC ’97 controller, which stores them in 
memory. For playback or synthesized audio production, the Product Family retrieves stored audio 
samples and sends them to the CODEC through the AC-link. The external digital-to-analog 
converter (DAC) in the CODEC then converts the audio sample to an analog audio waveform.

This chapter describes the programming model for the AC ’97 controller. The information in this 
chapter requires an understanding of the AC ’97 specification, Revision 2.3.

30.2 Features
The AC ’97 controller supports the following AC ’97 features:

Independent channels for stereo pulse code modulated (PCM) In, stereo PCM Out, surround 
PCM out, center/LFE PCM out, MODEM Out, MODEM-In and mono Mic-in
All channels support only 16-bit samples in hardware. Samples less than 16 bits are supported 
through software. All PCM samples are paired together when written to or read from registers or 
FIFOs and the pairs are treated like 32-bit values.

Multiple sample rate AC ’97 2.3 CODECs (48 kHz and below). The AC ’97 controller depends 
on the CODEC to control the varying rate.

Read/Write access to AC ’97 registers
Supports one primary CODEC and secondary CODEC.
Optional AC97_SYSCLK output (support for CODECs without oscillators or crystals)

The AC ’97 controller does not support the following optional AC ’97 Rev 2.3 features:

Optional double-rate sampling (n+1 sample for PCM L, R)
18- and 20-bit sample lengths.

1. The AC ‘97 specification is available from Intel at http://www.intel.com/support/motherboards/desktop/sb/cs-025406.htm
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30.3 Signal Descriptions
The AC ’97 signals form the AC-link, which is a point-to-point synchronous serial interconnect that 
supports full-duplex data transfers. All digital-audio streams, modem-line CODEC streams, and 
command/status information are communicated over the AC-link. The AC-link uses the 
multi-function pins (MFPs). Software must reconfigure the MFPs to use them as the AC-link. The 
AC-link pins are listed and described in Table 136.
                         

30.3.1 Example AC-Link
Figure 147 is an example interconnect for the AC-link. Optionally, the AC ’97 Controller can be 
programmed to supply AC97_SYSCLK (not shown). The ACUNIT (the Product Family AC ’97 
Controller) supports two up to four CODECs on the AC-link. By definition there can be one primary 
CODEC (ID 00) and one up to three secondary CODECs (IDs 01,10, and 11). The CODEC ID 
functions as a chip select. When connecting only a primary CODEC on the AC-link, the 
AC97_SDATA_IN1, AC97_SDATA_IN2, and AC97_SDATA_IN3 signals are not needed.

Table 136: External Interface to CODECs

Name Type Description

AC97_nACRESET Output Asynchronous, active-low CODEC reset; CODEC registers are 
reset when AC97_RESET is asserted 

AC97_BITCLK Input 12.288 MHz bit-rate clock

AC97_SYNC Output 48-kHz frame indicator and synchronizer

AC97_SDATA_OUT Output Serial audio output data to CODEC, for digital-to-analog conversion

AC97_SDATA_IN0 Input Serial audio input data, from primary CODEC

AC97_SDATA_IN1 Input Serial audio input data, from secondary CODEC 01

AC97_SYSCLK
(same signal as 
SSP_SYSCLK)

Output Optional clock output (nominally 24.576 MHz)
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30.4 Operation
Access to the AC ’97 controller unit is through either programmed I/O (PIO) or the DMA controller. 
The processor use programmed I/O instructions to access the AC ’97 controller unit. The four types 
of registers can be accessed by the processor:

AC ’97 controller unit registers: Accessible at 32-bit boundaries and are listed in Appendix A - 
Register Tables.
CODEC registers: An audio or modem CODEC can contain up to sixty-four 16-bit registers. A 
CODEC uses a 16-bit address boundary for registers. The ACUNIT supplies access to the 
CODEC registers by mapping them to its 32-bit address domain boundary. Appendix A 
describes the mapping from the 32-bit to 16-bit boundary. A Write or Read operation targeting 
these registers is sent across the AC-link.
Modem CODEC GPIO register: If the ACUNIT is connected to a modem CODEC, the CODEC 
GPIO register can also be accessed. The CODEC GPIO register has an access address of 
0x0054 within the CODEC domain. While the GPIO Write operation goes across the AC-link, a 
Read does not. The register contents are updated continuously into a register in the controller 
domain whenever a frame is received from the CODEC. So, when the processor tries to read 
the CODEC GPIO register, this shadow register is read instead.

AC ’97 controller unit FIFO data: AC: The ACUNIT has four Transmit FIFOs and three Receive 
FIFOs. The four Transmit FIFOs are comprised of one for PCM-out, one for PCM-surround-out, 
one for PCM-LFE/center-out and one for modem-out. The three Receive FIFOs are comprised 
of one for PCM-in, one for modem-in, and one for Mic-in. The Transmit FIFOs are written by 
writing to one of the following: PCM Data register (PCDR), PCM Surround Data register 
(PCSDR), PCM Center/LFE Data register (PCCLDR) or the Modem Data register (MODR). A 
Write to any register updates a Transmit FIFO entry, which is pointed to by the respective Write 

Figure 147:Data Transfer Through the AC Link
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pointer. Receive FIFO entries are read by reading the PCDR, the MODR or the MCDR 
registers. A Read returns data from the Receive FIFO based on the Read pointer. 

DMA controller accesses are made through the AC ’97 Controller unit FIFO data registers as 
explained in the previous paragraph.The DMA controller accesses FIFO data in 32-bit aligned 
blocks of 32 bytes. DMA responds to the ACUNIT DMA requests when not disabled.

Programmed I/O (PIO) access requirements of the FIFOs are the same as for DMA. PIO uses the 
same data register and requires a 32-bit-aligned data block of 32 bytes. PIO responds to ACUNIT 
interrupt requests when they are enabled.

DMA requests or PIO interrupts are made for the following conditions. Do not set up a FIFO in the 
ACUNIT for both DMA and PIO access.

PCM FIFO service requests (Transmit and Receive) are made when the PCM Transmit and 
Receive FIFOs are half full.
Modem FIFO service requests (Transmit and Receive) are made when the modem Transmit 
and Receive FIFOs are half full.
Mic-in FIFO service requests (Receive) are made when the Mic-in Receive FIFO is half full.
PCM surround FIFO service requests (Transmit) are made when the PCM surround Transmit 
FIFO is half full.
PCM center/LFE FIFO service requests (Transmit) are made when the PCM center/LFE 
Transmit FIFO is half full.

The unit signals an end-of-chain interrupt when the DMA signals an end of chain (EOC) and data is 
present in a Receive FIFO. Read the remaining data out of the FIFOs and then write to the 
appropriate status register (PCMISR Bit Definitions, MCSR Bit Definitions, or MISR Bit Definitions,) 
to clear the interrupt. 

30.4.1 AC-Link Digital Serial Interface Protocol
Each AC97 CODEC incorporates a 5-pin digital-serial interface that links it to the AC ’97 Controller. 
AC-link is a full-duplex, fixed-clock, serial pulse-code-modulated (PCM) digital stream. It handles 
multiple input and output audio streams as well as control-register accesses employing a 
time-division multiplexed (TDM) scheme. The AC-link architecture divides each audio frame into 12 
outgoing and 12 incoming data streams, each with 20-bit sample resolution (with a minimum 
required DAC and ADC resolution of 16-bits). Table 137 shows the data streams supported by the 
ACUNIT.
                         

Table 137: Supported Data Stream Formats (Sheet 1 of 2)

Channel Slots Comments

PCM Playback 2 output slots 2 channel composite PCM output stream

PCM Record data 2 input slots 2 channel composite PCM input stream

PCM surround 2 output slots 2 channel composite PCM surround output stream

PCM Center/LFE 2 output slots 2 channel composite PCM Center/LFE output stream

CODEC control 2 output slots Control register write port

CODEC status 2 input slots Control register read port

Modem Line CODEC 
Output

1 output slot Modem line CODEC DAC input stream
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The AC ’97 Controller, ACUNIT, provides synchronization for all data transaction on the AC-link. A 
frame is a data transaction consists of 256 bits of information broken up into groups of 13 time slots. 
Time Slot 0 is called the tag phase and is 16-bits long. The tag phase contains one bit that identifies 
a valid frame and 12 bits that identify which of the subsequent 12 time slots contain valid data. 
Those 12 time slots are called the data phase.

AC97_SYNC transitioning high defines the beginning of a frame. The time that it is high corresponds 
to the tag phase. AC ’97 frames occur at fixed 48-kHz intervals and are synchronous to the 
12.288-MHz-bit-rate clock (AC97_BITCLK). The AC97_BITCLK has an uncertainty factor. Each of 
the subsequent 12-time slots are 20-bits long. For more information on the uncertainty of the clock, 
refer to the clock control chapters. 

Both the controller and the CODEC use the AC97_SYNC and AC97_BITCLK bits to determine when 
to send transmit data and when to sample Receive data. A transmitter transitions the serial-data 
stream on each rising edge of AC97_BITCLK, while a receiver samples the serial-data stream on 
the falling edges of AC97_BITCLK. The transmitter is responsible for tagging (in Slot 0) which slots 
are valid in its serial-data stream.

Serial data on the AC-link is in most-significant-bit (MSB)-to-least significant-bit (LSB) order. The first 
bit of the tag phase is Bit 15, while the first bit of each slot in the data phase is Bit 19. The last bit of 
any slot is Bit 0.

Figure 148 shows the organization of the tag phase and the data phase for both the controller and 
the CODEC. Also listed in the figure are the slot definitions that the ACUNIT supports.
                         

Modem Line CODEC 
Input

1 input slot Modem line CODEC ADC output stream

Dedicated Microphone 
Input

1 input slot Dedicated microphone input stream in support of stereo 
AEC, and/or other voice applications

I/O Control 1 output slot One slot dedicated to GPOs on the modem CODEC

I/O Status 1 input slot One slot dedicated to status from GPIs in the modem 
CODEC, data returned on every frame

Table 137: Supported Data Stream Formats (Sheet 2 of 2)

Channel Slots Comments

Figure 148:AC97 Standard Bidirectional Audio Frame

                         slot# 0 1 2 3 4 5 6 7 8 9 10 11 12

SYNC

TAG
CMD 
ADDR

CMD 
DATA

PCM 
LEFT

PCM 
RIGHT

MDM 
CDC

PCM 
CENTER

PCM      
L SURR

PCM      
R SURR

PCM      
LFE

RSRVD RSRVD io control

TAG
STATUS 
ADDR

STATUS 
DATA

PCM 
LEFT

PCM 
RIGHT

MDM 
CDC

MIC RSRVD RSRVD RSRVD RSRVD RSRVD io control

DATA PHASE

OUTGOING STREAMS

INCOMING STREAMS

TAG 
PAHSE



Marvell® ARMADA 16x Applications Processor Family Software Manual 

                         

                         

Doc. No. MV-S301544-00  Rev. -   Copyright © 2010 Marvell

Page 508 November 2010 PUBLIC RELEASE

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

30.4.2 AC-link Audio Output Frame (AC97_SDATA_OUT)
The audio-output-frame-data stream corresponds to the multiplexed bundles of all 
digital-output-data targeting the AC ’97 DAC inputs and control registers. As mentioned previously, 
each audio-output frame supports up to twelve 20-bit outgoing-data-time slots. The ACUNIT does 
not generate samples greater than 16 bits. The four least significant bits are padded with zeroes. 
                         

A new audio-output frame begins with a low-to-high transition of AC97_SYNC, which is synchronous 
to the rising edge of AC97_BITCLK. On the immediately following falling edge of AC97_BITCLK, the 
AC ’97 Controller samples the assertion of AC97_SYNC. This falling edge marks the time when both 
sides of AC-link are aware of the start of a new audio frame. On the next rising edge of 
AC97_BITCLK, the AC ’97 Controller transitions AC97_SDATA_OUT into the first bit position of Slot 
0 (valid-frame bit). Each new bit position is presented to AC-link on a rising edge of AC97_BITCLK 
and subsequently sampled by the AC ‘97 Controller on the following falling edge of AC97_BITCLK. 
This sequence ensures that data transitions and subsequent sample points for both incoming and 
outgoing data streams are time aligned.
                         

The AC97_SDATA_OUT composite stream is MSB justified (MSB first). The AC ’97 Controller stuffs 
zeroes in all non-valid slot-bit positions. For fewer than 20 valid bits within an assigned valid time 
slot, the AC ’97 Controller always stuffs all trailing non-valid bit positions of the 20-bit slot with 0’s.

Figure 149:AC-link Audio Output Frame
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Figure 150:Start of Audio Output Frame
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For example, consider an 8-bit sample stream that is being sent to an AC ’97 DACs. The first 8-bit 
positions are presented to the DAC (MSB justified), followed by the next 12 bit positions that the AC 
’97 Controller stuffs with zeroes. This process ensures that regardless of the resolution of the 
implemented DAC (16, 18, or 20 bit), no DC biasing is introduced by the least significant bits. 

Note

Note When the AC ’97 Controller outputs mono audio-sample streams, software must ensure 
that both left and right sample-stream time slots are filled with the same data.

30.4.2.1 Slot 0: Tag Phase
                         

Within Slot 0, the first bit is a global bit (AC97_SDATA_OUT Slot 0, Bit 15) that indicates that the 
entire audio frame is valid. If the valid-frame bit is a 1, the current audio frame contains at least one 
slot time of valid data. The next 12-bit positions sampled by AC ‘97 indicate which of the 
corresponding 12-time slots contain valid data. Bits 0 and 1 of Slot 0 are used as CODEC ID bits for 
I/O Reads and Writes to the CODEC registers. This way, data streams of differing sample rates can 
be transmitted across AC-link at its fixed 48-KHz-audio-frame rate. The CODEC can control the 
output sample rate of the controller using the SLOTREQ bits as described Section 30.4.3, AC-link 
Audio Input Frame (AC97_SDATA_IN).

Table 138: Slot 0: Tag Phase

Bit Description

15 Frame Valid

14 Slot 1 Primary CODEC Valid Command Address bit (primary CODEC 
only)

13 Slot 2 Primary CODEC Valid Command Data bit (primary CODEC only)

12 Slot 3: PCM Left channel Valid Data bit

11 Slot 4: PCM Right channel Valid Data bit

10 Slot 5: Modem Line 1 Valid Data bit

9 Slot 6: PCM Center Valid Data bit

8 Slot 7: PCM Left Surround Valid Data bit

7 Slot 8: PCM Right Surround Valid Data bit

6 Slot 9: PCM LFE Valid Data bit

5 Reserved (Set to 0)

4 Reserved (Set to 0)

3 Slot 12: I/O Control Valid Data bit

2 Reserved (Set to 0)

1-0 2-bit CODEC ID field (00 reserved for primary; 01, 10, 11 indicate 
secondary)
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CODEC ready, sent by the CODEC on its data-out stream in Slot 0 bit 15, is not expected to change 
during normal operation. The AC97 revision 2.3 requires that a CODEC only change its CODEC- 
ready status in response to a PR state change1 issued by the controller. The controller hardware by 
itself does not monitor the CODEC ready for sending or receiving data. The controller stores 
CODEC-ready in GSR[PCRDY] for a primary CODEC and GSR[S1CRDY], GSR[S2CRDY], 
GSR[S3CRDY] for a secondary CODEC-only software can trigger a DMA or a PIO operation. The 
controller samples CODEC-ready-valid only once and then ignores it for subsequent frames. 
CODEC ready is only re-sampled after a PR state change.1 

30.4.2.2 Slot 1: Command Address Port
The command port controls features and monitors status for AC ’97 functions including, but not 
limited to, mixer settings and power management (refer to AC ’97 revision 2.3 spec for more details).

The control-interface architecture supports up to sixty-four 16-bit read/write registers, addressable 
on even-byte boundaries. Only accesses to even registers (0x00, 0x02, etc.) are valid; accesses to 
odd registers (0x01, 0x03, etc.) are not.

Audio-output frame-slot 1 communicates control-register address and write/read command 
information to the AC ’97 CODEC.

Register Access
Because there are four CODECs connected to the single AC97_SDATA_OUT, the ACUNIT 
hardware uses the following mechanism to access the primary and secondary CODECs individually.

When software accesses the primary CODEC, the ACUNIT hardware configures the outgoing frame 
as follows:

Slot 0 – The valid bits for Slots 1 and 2 are set to 1.
Slot 1 – Bit 19 is set to 1 or 0 for a Read or a Write, respectively. Bits 18-12 (of Slot 1) are 
configured to specify the index to the CODEC register. 
Slot 2 – Configured with the Write data (in case of a Write).

When software accesses one of the secondary CODECs, the ACUNIT hardware configures the 
outgoing frame as follows:

Slot 0 – the valid bits for Slots 1 and 2 are set to 0. Bits 1 and 0 (of Slot 0) are set to one of the 
values: 01,10, and 11 to select one of the secondary CODECs. 
Slot 1 – Bit 19 is set to 1 or 0 for a Read or a Write, respectively. Bits 18-12 (of Slot 1) are 
configured to specify the index to the CODEC register.
Slot 2 – configured with the Write data (in case of a Write). 

                         

Only one I/O cycle can be pending across the AC-link at any time. The ACUNIT uses Write and 
Read posting on I/O accesses across the link. For instance, a read of a CODEC register returns 
immediately before the access crosses the link. To get the real data, software must monitor register 
bit CAR[CAIP]. Software must verify that bit is not set before an access attempt to ensure it is the 
first access. A set CAR[CAIP] bit indicates that a CODEC access is pending. Once cleared, the next 
CODEC access (read or write) can go through. 

1. “PR state change” refers to the act of changing the PR bits in the Powerdown Control/Status register. This register is in 
the AC ’97 CODEC to which the ARMADA processor interfaces. It is not defined in the Intel AC ’97 Controller 
Specification. It is not a ARMADA processor register.

Bit Name Description

Bit(19) RW 1= read, 0 = write

Bit(18:12) IDX Code register index

Bit(11:0) Reserved Stuff with 0s
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The exception to posted accesses is Reads to offset 0x54, GPIO Pin Status register. CODEC GPIO 
pin-status Reads are returned immediately with the data from the last Slot-12 Receive. A CODEC 
with a GPIO Pin Status register must constantly send the status of the register in Slot 12.

On Reads to the CODEC, the controller gives the CODEC a maximum of four frames to respond, 
after which, if no response is received, it returns a dummy Read completion to the CPU 
(0x0000_FFFF), and also sets the read-completion status bit in the Global Status Register.

30.4.2.3 Slot 2: Command Data Port
The command data port delivers 16-bit Control register Write data in the event that the current 
command port operation is a Write cycle (as indicated by Slot 1, Bit 19).
                         

If the current command port operation is a Read, the AC ’97 Controller stuffs the entire slot time with 
0’s.

30.4.2.4 Slot 3: PCM Playback Left Channel
Audio-output frame-Slot 3 is the composite digital-audio left-playback stream. If a sample stream is 
transferred with a resolution of less than 20 bits, the AC ’97 Controller stuffs 0’s to all trailing 
non-valid bit positions within this time slot.

30.4.2.5 Slot 4: PCM Playback Right Channel
Audio-output frame-Slot 4 is the composite digital-audio right-playback stream. If a sample stream is 
transferred with a resolution of less than 20 bits, the AC ’97 Controller stuffs 0’s to all trailing 
non-valid bit positions within this time slot.

30.4.2.6 Slot 5: Modem Line CODEC
Audio-output frame-Slot 5 contains the MSB-justified modem DAC input data if the line CODEC is 
supported. The optional modem DAC input resolution can be implemented as 16, 18, or 20 bits. At 
boot time, if the modem-line CODEC is supported, the AC ’97 Controller driver determines the DAC 
resolution. During normal runtime operation, the AC ’97 Controller then stuffs 0’s to any non-valid 
trailing bit positions within this time slot. The modem CODEC may be integrated with the audio 
CODEC, or may be a separate CODEC on the secondary line.

30.4.2.7 Slot 6: PCM Center DAC
Slot 6 carries PCM center data in 6-channel configurations (either single or multiple CODEC 
implementations).

30.4.2.8 Slot 7: PCM L Surround DAC
Slot 7 carries PCM L surround data in 4- or 6-channel configurations (either single or multiple 
CODEC implementations).

30.4.2.9 Slot 8: PCM R Surround DAC
Slot 8 carries PCM R surround data in 4- or 6-channel configurations (either single or multiple 
CODEC implementations).

Bit Name Description

Bit(19:4) Control register write 
data

Stuffed with 0’s if current operation is a read

Bit(3:0) Reserved Stuffed with 0’s
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30.4.2.10 Slot 9: PCM LFE DAC
Slot 9 carries PCM LFE data in 6-channel configurations (either single or multiple CODEC 
implementations).

30.4.2.11 Slots 10-11: Reserved
These audio-output frame slots are reserved for future use and are always stuffed with 0’s by the 
ACUNIT.

30.4.2.12 Slot 12: I/O Control
Sixteen MSB bits of GPIO control (output) and status (input) have been directly assigned to bits on 
Slot 12 to minimize latency of access to changing conditions. The value of the bits in this slot are the 
values written to the GPIO Control register at offset 0x54 in the modem CODEC I/O space. These 
rules govern Slot 12 usage:

Slot 12 is marked nonvalid by initial default.
A Write operation to offset 0x54 in CODEC I/O space transfers the data out on Slot 12 in the 
next frame, with the Slot 12 marked valid. The data is also sent out on Slots 1 and 2 (like any 
other Write).
After the Write operation to offset 0x54, Slot 12 remains valid for all subsequent frames. The 
data transmitted on Slot 12 is the data last written to offset 0x54. Any subsequent Write to the 
register follows the flow starting as stated in the previous.

Slot 12 is invalidated following the occurrence of any of these three events:

• System reset

• AC ’97 cold reset

• Slot 12 remains invalid until the next Write to the offset 0x54

30.4.3 AC-link Audio Input Frame (AC97_SDATA_IN)
There are four AC97_SDATA_IN lines: a primary and three secondary. Each of these can have 
CODECs attached. Depending upon which CODEC is attached, various slots are valid or non-valid. 
The data slots on the four inputs are completely orthogonal (no two data slots at the same location 
can be valid on both lines).

The multiple-input data streams are received and multiplexed on slot boundaries as dictated by the 
slot-valid bits in each stream. As is the case for the audio-output frame, each AC-link audio-input 
frame consists of twelve 20-bit time slots. Slot 0 is a special reserved time slot containing 16 bits that 
are used for AC-link protocol infrastructure.

Before placing the AC ’97 Controller into operation, it should poll the first bit in the audio-input frame 
(AC97_SDATA_IN Slot 0, Bit 15) for an indication that the controller has attained “CODEC- ready” 
status. Once the controller is sampled “CODEC ready,” for the next 12 bit positions the controller 
samples indicate which of the corresponding 12 time slots are assigned to input-data streams, and 
whether they contain valid data. Figure 151 illustrates the timeslot-based AC-link protocol.
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                         A new audio-input frame begins with a low-to-high transition of AC97_SYNC, which is synchronous 
to the rising edge of AC97_BITCLK. On the next falling edge of AC97_BITCLK, AC ’97 samples the 
assertion of AC97_SYNC. This falling edge marks the time when both sides of AC-link are “aware” 
of the start of a new audio frame. On the next rising of AC97_BITCLK, the controller transitions 
AC97_SDATA_IN into the first bit position of Slot 0 (“CODEC-ready” bit). Each new bit position is 
presented to AC-link on a rising edge of AC97_BITCLK, and subsequently sampled by the AC ‘97 
controller on the following falling edge of AC97_BITCLK. This sequence ensures that data 
transitions and subsequent sample points are time aligned for both incoming and outgoing data 
streams.
                         

The AC97_SDATA_IN composite stream is MSB justified (MSB first) with all non-valid bit positions 
(for assigned or unassigned time slots) stuffed with 0s by the AC ’97 CODEC. AC97_SDATA_IN 
data is sampled on the falling edge of AC97_BITCLK.

30.4.3.1 Slot 0: Tag Phase
Within Slot 0, the first bit is a global bit (AC97_SDATA_IN Slot 0, Bit 15) that flags whether the AC 
’97 Controller is in the CODEC-ready state. If the CODEC-ready bit is a 0, the AC ’97 Controller is 
not ready for normal operation. This condition is normal following the de-assertion of power on reset 
for example, while the AC ’97 Controller voltage references settle. When the AC-link CODEC ready 
indicator bit is a 1, the AC-link and AC97 control and status registers are in a fully operational state. 

Figure 151:AC ’97 Input Frame

                         

SYNC

BIT_CLK

SDATA_IN slot(1)

Time Slot "Valid"
Bits

20.8uS
(48 KHz)

Slot 1 Slot 2

0 19 0 19 0 19 0

Slot 3 Slot 12

81.4 nS

12.288 MHz

slot(2) "0""0""0"slot(12)

("1" = time slot contains valid PCM data)

19Codec
Ready

End of previous
Audio Frame

Tag Phase Data Phase

Figure 152:Start of an Audio Input Frame
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Once the CODEC-ready bit is 1 then the next 12 bit positions sampled by the AC’97 Controller 
indicate which of the corresponding 12 time slots contain valid data.

30.4.3.2 Slot 1: Status Address Port/SLOTREQ bits
The status port monitors the status for the AC ’97 Controller functions including, but not limited to, 
mixer settings and power management (refer to section 6.3 of this document).

Audio-input frame-Slot 1 stream echoes the control register index for the data to be returned in Slot 
2, if Slots 1 and 2 had been tagged “valid” by the controller during Slot 0.

The controller only accepts status data if the accompanying status address matches the last 
valid-command address issued during the most recent read command.

For multiple sample rate outputs, the CODEC examines its sample-rate control registers, the state of 
its FIFOs, and the incoming AC97_SDATA_OUT tag bits at the beginning of each audio output frame 
to determine which SLOTREQ bits to set active (low). SLOTREQ bits asserted during the current 
audio-input frame signal which output slots require data from the controller in the next audio-output 
frame. For fixed 48-kHz operation, the SLOTREQ bits are always set active (low), and a sample is 
transferred each frame.

For multiple sample-rate inputs, the tag bit for each input slot indicates whether valid data is present. 
For Slot 1 (status address port) of the audio-input frame delivers CODEC Control-register-read 
address and multiple-sample-rate slot-request flags for all output slots. AC ’97 defines the ten least 
significant bits of Slot 1 as on-demand data-request flags for output Slots 3-12. However, for 
2-channel audio, just CODEC-only data-request flags corresponding to Slots 3 and 4 are 
meaningful. See Table 139.

Audio-input frame Slot 1 tag bit pertains only to status-address port data. SLOTREQ bits are always 
valid independent of the Slot 1 tag bit.

Table 139: Input Slot 1 Bit Definitions

Bit Description

19 Reserved (stuffed with 0)

18-12 Control register index (filled with 0’s if tagged “non-valid” by AC ‘97)

11  Slot 3 request: PCM left channel

10  Slot 4 request: PCM right channel 

9  Slot 5 request: MODEM line 1

8  Slot 6 request: PCM center

7  Slot 7 request: PCM left surround

6  Slot 8 request: PCM right surround

5  Slot 9 request: PCM LFE

4  Slot 10 request: N/A

3  Slot 11 request: N/A

2  Slot 12 request: N/A

1,0 Reserved (stuffed with 0)
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Note

Note Slot requests for Slots 3 and 4 are always set or cleared in tandem (both set or both 
cleared).

30.4.3.3 Input Slot 2: Status Data Port
The status data port delivers 16-bit Control register Read data.
                         

Note

Note If Slot 2 is tagged “non-valid” by the AC ’97 Controller, the ACUNIT stuffs the entire slot 
with 0’s.

30.4.3.4 Slot 3: PCM Record Left Channel
Audio-input frame Slot 3 is the AC ’97 Controller CODEC left-channel output. 

The AC ’97 Controller transmits its ADC output data (MSB first) and stuffs any trailing non-valid bit 
positions with 0’s to fill its 20-bit time slot.

30.4.3.5 Slot 4: PCM Record Right Channel
Audio-input frame Slot 4 is the AC ’97 Controller CODEC right-channel output. 

The AC ’97 Controller transmits its ADC output data (MSB first), and stuffs any trailing non-valid bit 
positions with 0’s to fill its 20-bit time slot.

30.4.3.6 Slot 5: Modem Line CODEC
Audio-input frame Slot 5 contains MSB-justified, modem ADC output data (if the line CODEC is 
supported).

The ADC output resolution supported by the processor Slot 6: dedicated microphone-record data

Audio-input frame Slot 6 is an optional third PCM system-input channel available for dedicated use 
by a microphone. This input channel would supplement a true stereo output that would then enable 
a more precise echo-cancellation algorithm for speakerphone applications.

The ACUNIT supports only 16-bit resolution for the Mic-in channel.

30.4.3.7 Slots 7-11: Reserved
Audio-input frame Slots 7-11 are reserved for future use and are ignored by the ACUNIT.

Table 140: Input Slot 2 Bit Definitions

Bit Name Description

Bit(19:4) Control register Read data Stuffed with 0’s if tagged “non-valid” by AC ‘97 
Controller

Bit(3:0) Reserved Stuffed with 0’s
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30.4.3.8 Slot 12: I/O Status
The status of the GPIOs configured as inputs are returned on this slot every frame. The data 
returned on the latest frame is stored in a register in the ACUNIT and is accessible to software by 
reading the register at offset 0x54 in the modem CODEC I/O space. For this reason, Reads to 
modem 0x54 do not go external on the AC-link. Only the 16 MSBs are used to return GPIO status. 
Of the 4 LSBs, Bit 0 of this slot indicates a GPIO input-interrupt event. See the AC ’97 revision 2.3 
spec for more information.

Reads from 0x54 are not transmitted across the link. Instead, data received in Slot 12 is stored 
internally in the controller and the data from the most recent Slot 12 is returned on Reads from offset 
0x54.

30.4.4 Initialization
The AC ’97 CODEC and ACUNIT circuitry are reset on power-up with the AC97_nACRESET signal, 
which remains asserted (low) until either the audio or modem driver sets the Global Control register 
(GCR) bit cold reset# (GCR[nCRST]). 

The following procedure describes the required steps to initialize the ACUNIT.

1. Program the MFPRx registers to assign the correct alternate functions for the various ACUNIT 
ports. Refer to Section 30.3, Signal Descriptions for details. 

2. Program the AC97 Clock/Reset Control Register (APBC_AC97_CLK_RST) register in the 
APB1 Clock Control Unit to take the AC ‘97 Controller out of reset and to enable the clocks.

3. Enable either DMA requests in the GCR or PIO interrupts in their respective Control registers. 
The FIFO service requests do not support programmable FIFO thresholds. 

4. De-assert AC97_nACRESET by setting register bit GCR[nCRST]. De-asserting 
AC97_nACRESET has these effects:
a) All registers (AC ‘97 Controller and CODEC) are in their reset state.
b) Frames filled with zeroes are transmitted because the Transmit FIFO is still empty. However,

this situation does not cause an error condition because nothing is tagged as valid.
c) The ACUNIT does not record any data until it receives a CODEC-ready indication from the

CODEC, and the CODEC tags an input frame (and slot) as valid.

5. Enable primary-ready interrupt-enable (GCR[PRDY_IE]) or secondary-ready interrupt-enable 
(GCR[S1RDY_IE]). Software can also poll the primary-CODEC-ready and 
secondary-CODEC-bits (GSR[PCRDY] GSR[S1CRDY]).

6. Software responds to primary/secondary-ready interrupts by triggering the DMA or programmed 
IO operation. The ACUNIT triggers a PCM-out FIFO service request. DMA or programmed IO 
responds by filling up the Transmit FIFOs.

7. The ACUNIT continues to transmit zeroes until the Transmit FIFO is half full. Once half full, valid 
FIFO data is sent across the AC-link.

Note

Note When AC97_nACRESET is de-asserted, a Read of the CODEC Mixer register 0x00 
returns the type of hardware that resides in the CODEC. If the CODEC is not present or 
if AC ’97 is not supported, the ACUNIT does not set the CODEC-ready bit, 
GCR[PCRDY] for the primary CODEC or GCR[S1CRDY] for the secondary CODEC.

30.4.5 Trailing Bytes and Clean Shutdown
Transmit trailing bytes: The AC ’97 Controller does not support trailing bytes. Transmit buffers 
must be a multiple of 32 bytes. Software must satisfy this condition or remaining data in a Transmit 
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FIFO is never transmitted. Software must pad a Transmit buffer with zeroes if its size is less than a 
multiple of 32 bytes. 

Receive trailing bytes: The ACUNIT stops recording data for that CODEC when the CODEC stops 
transmitting valid data (as defined by valid tag bits). The ACUNIT holds the trailing bytes in the 
Receive FIFO if the data is not a multiple of 32 bytes. ACUNIT does not make a FIFO service 
request for these trailing bytes. These bytes can be discarded by software initiating a clean 
shutdown (by setting GCR[ACOFF]).

Clean shutdown: Setting GCR[ACOFF] shuts down the ACUNIT. The ACUNIT de-asserts any 
active Transmit and Receive FIFO service request (DMA or programmed IO interrupt) and stops 
transmitting and receiving data. The ACUNIT then discards any remaining data in the TX and RX 
FIFOs and drives AC97_SYNC and AC97_SDATA_OUT to a logic-level low. When all FIFOs are 
empty and the sync and sdata_out are pulled low, the ACUNIT sets GSR[ACOFFD] to indicate a 
complete clean shutdown.

Software can detect if the clean shutdown has finished by reading GSR[ACOFFD]. Clearing 
GCR[nCRST] causes an immediate shutdown of the AC-link and reset of the ACUNIT circuitry. The 
GCR[nCRST] bit supersedes GCR[ACOFF] and therefore prevents a clean shutdown if set during or 
before the shutdown sequence.

30.4.6 Operational Flow for Accessing CODEC Registers
Software accesses the CODEC registers by translating a 7-bit CODEC address to a 32-bit processor 
address. Refer to Appendix A for details regarding the address translation. There is no need to go 
external on the AC-link if the access is a Read to the Modem GPIO Pin Status register at offset 0x54 
because the ACUNIT captures GPIO status from Slot 12 every frame and stores the data in a local 
register. Therefore, a Read of this address returns valid data, and there is no need to do anything 
else. Use the following procedure for all other access:

Software must first lock the AC-link by reading the CODEC Access register (CAR). The AC-link 
is free if CAR[CAIP] (CODEC access in progress) is clear.
The Read access to CAR automatically sets CAR[CAIP]. The ACUNIT clears CAIP after the 
CODEC-Write or CODEC-Read command is sent out on the AC-link. Software can also clear 
CAR[CAIP] by writing 0b0 to it. 

After locking the AC-link, software can either write or read a CODEC register using the 
appropriate processor physical address. 

The ACUNIT sets GSR[CDONE] after the completion of a CODEC Write operation. Software 
clears this bit by writing a 0b1 to the CDONE bit location. 

Software can read a CODEC register by using these steps:
a) Software first issues a “dummy” Read to the CODEC register. The ACUNIT responds to this

Read operation with invalid data. The ACUNIT then initiates the Read access across the
AC-link.

b) The ACUNIT sets GSR[SDONE] when the CODEC Read operation completes. Software
clears this bit by writing 0b1 to GSR[SDONE].

c) Software now repeats the Read operation as in Step 1. The ACUNIT now returns the data
sent by the CODEC. The second Read operation also initiates a Read access across the
AC-link.

d) The ACUNIT times out the Read operation if the CODEC fails to respond in four
AC97_SYNC frames. In this situation, the second Read operation returns a timed-out data
value of 0x0000_FFFF.

30.4.7 Clocks and Sampling Frequencies
By default, the ACUNIT transmits and receives data at a sampling frequency of 48 kHz. It can, 
however, sample data at frequencies of less than 48 kHz if the CODEC supports “on-demand” slot 
requests. The CODEC in this instance executes a certain algorithm and informs the controller not to 
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transmit valid data in certain frames. For example, if the controller sends out 480 frames, and the 
CODEC instructs the controller to send valid data in 441 of those 480 frames, the CODEC would 
have in effect sampled data at 44.1 kHz. When the CODEC transmits data (Controller-Receive 
mode), it can use the same algorithm to transmit valid frames with some empty frames mixed in 
between the valid frames.

All data transfers across the AC-link are synchronized to the rising edge of the AC97_SYNC signal. 
The ACUNIT divides the AC97_BITCLK by 256 to generate the AC97_SYNC. This calculation yields 
a 48-kHz AC97_SYNC signal whose period defines a frame. Data is transitioned on the AC-link on 
every rising edge of AC97_BITCLK, and subsequently sampled on the receiving side of AC-link on 
each immediately following falling edge of AC97_BITCLK. 

An optional clock output is available via the AC97_SYSCLK signal for CODECs that lack oscillators 
or crystals. Out of reset, this operates at 24.576 MHz. This frequency can be modified by altering the 
values in the Main Power Management Unit Audio SYSCLK Divisor Register (MPMU_ASYSDR). To 
configure AC97_SYSCLK to operate at 13 MHz, configure ASYSDR[ASYSCLK_NUM] to be 0x0318 
and ASYSDR[ASYSCLK_DENOM] to be 0x020.

30.4.8 FIFOs
The AC ’97 Controller unit has seven FIFOs:

PCM Transmit FIFO, with sixteen 32-bit entries
PCM Receive FIFO, with sixteen 32-bit entries
Modem Transmit FIFO, with sixteen 16-bit entries

Modem Receive FIFO, with sixteen 16-bit entries
Mic-in Receive FIFO, with sixteen 16-bit entries
PCM surround Transmit FIFO, with sixteen 32-bit entries

PCM center/LFE Transmit FIFO, with sixteen 32-bit entries

A Receive FIFO triggers a FIFO service request when the FIFO has eight or more entries. A 
Transmit FIFO triggers a FIFO service request when it holds less than eight entries. A Transmit FIFO 
must be half-full, that is, filled with eight entries before any data is transmitted across the AC-link.

30.4.8.1 Transmit FIFO Errors
Channel-specific status bits are updated during transmit-underrun or transmit-overrun conditions, 
and if enabled, these bits trigger interrupts. Refer to the AC ‘97 tables found in Appendix A - 
Register Tables for details regarding the status bits. 

If a transmit-underrun occurs, the last valid sample is sent out continuously across the AC-link and 
pointers do not increment. Transmit-underrun occurs under these conditions:

Valid transmit data is still available in memory, but PIO or DMA starves the Transmit FIFO as it 
is busy servicing other higher priority peripherals.

PIO or DMA has transferred all valid data from memory to the Transmit FIFO. This task prompts 
for the last valid sample to be repeated across the AC-link until the ACUNIT is turned off by 
asserting AC97_nACRESET.

If a transmit-overrun occurs, the data in the Transmit FIFO is overwritten and pointers do not 
increment. Transmit-overrun occurs when PIO tries to update a Transmit FIFO when it is already full, 
resulting in data loss. Software must re-align the data buffer to be a multiple of the request size, 
clear the error, and then wait for a FIFO service request before attempting to write the FIFO again.

30.4.8.2 Receive FIFO Errors
Channel-specific status bits are updated during receive overrun conditions, and if enabled, these 
bits can trigger interrupts. Refer to Appendix A - Register Tables for details regarding the status bits. 
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If a receive-overrun occurs, the incoming data from the AC-link is not written into the FIFO (data is 
lost) and pointers do not increment. Receive underruns occur when DMA does not have sufficient 
priority to handle the bandwidth and latency requirements for the AC ‘97 Controller.

If a receive-underrun occurs, invalid data is read and pointers do not increment. This situation 
occurs only if PIO tries to read the Receive FIFO when it is empty. 

30.4.8.3 FIFO And Register Interaction
Three types of FIFOs are in the processor AC ‘97 Controller:

32-bit sample size Receive and Transmit FIFO
16-bit sample size Receive and Transmit FIFO
16-bit sample size Receive-only FIFO

While the operation of each type is similar, there are some differences in how the data is passed 
between the Transmit/Receive FIFOs and the data register. All AC ’97 data samples are 16-bits in 
length, and the data registers within the AC ’97 Controller contain either 16 bits or 32 bits of valid 
data. 

For data registers that contain two samples, the FIFOs are 32 bits wide and all 32 bits are written to 
or read from whenever the data register is accessed. Refer to Figure 153 for a conceptual diagram 
of this operation. These registers are PCDR, PCCLDR and PCSDR.
                         

The MODEM data register ( Appendix A - Register Tables) contains only a single sample. The 
Receive and Transmit FIFOs are 16 bits wide and only 16 bits are written to or read from whenever 
the data register is accessed. The upper 16 bits of the data register are not used when either reading 
or writing the FIFOs. Refer to Figure 154 for a conceptual diagram of this operation. 

Figure 153: 32-Bit Sample Size Transmit and Receive FIFO Operation
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The Mic-In data register ( Appendix A - Register Tables) contains only a single sample. The Receive 
FIFO is 16 bits wide and only 16 bit samples are written to the data register. The upper 16 bits of the 
data register are not used when either reading the FIFO. Refer to Figure 155 for a conceptual 
diagram of this operation. 

Figure 154:16-Bit Sample Size Transmit and Receive FIFO Operation
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30.4.9 Interrupts
Table 141 show the status bits that, if enabled, interrupt the processor.
                         

Figure 155:16-Bit Sample Size Receive-Only FIFO Operation
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Table 141: Interrupts

 Interrupt Description

Mic-in FIFO error Mic-in Receive FIFO overrun or underrun error

Modem-in FIFO error Modem Receive FIFO overrun or underrun error

PCM-in FIFO error Audio Receive FIFO overrun or underrun error

Modem-out FIFO error Modem Transmit FIFO overrun or underrun error

PCM-out FIFO error Audio Transmit FIFO overrun or underrun error

PCM-Surround-out FIFO error Surround Transmit FIFO overrun or underrun error

PCM-Center/LFE FIFO error Center/LFE Transmit FIFO overrun or underrun error

Mic-in FIFO Service Request Mic-in Receive FIFO contains more than 16 bytes

Modem-in FIFO Service Request Modem Receive FIFO contains more than 16 bytes

PCM-in FIFO Service Request Audio Receive FIFO contains more than 32 bytes

Modem-out FIFO Service Request Modem Transmit FIFO contains less than 16 bytes

PCM-out FIFO Service Request Audio Transmit FIFO contains less than 32 bytes
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30.4.10 Waking Up the AC-Link

30.4.10.1 Wakeup Triggered by CODEC
A CODEC drives its AC97_SDATA_IN to a logic-high level to wake up the AC-link (for example, in 
response to an event such as caller-ID or wake-on-ring operation of a MODEM). The rising edge 
only triggers a wakeup if that CODEC resume-enable bit is set (GCR[PRES_IE] for the primary 
CODEC; GCR[S1RES_IE] for the secondary CODEC). The slave power-management unit detects 
the AC ’97 wakeup event (AC97_SDATA_IN high for more than 1μs) via MFPR wake-up operation. 
The processor then initiates either a cold- or warm-reset sequence of the CODEC. The ACUNIT 
uses a warm reset to wake the primary CODEC. 

PCM-Surround-out FIFO Service 
Request 

Surround Transmit FIFO contains less than 32 bytes

PCM-Center/LFE FIFO Service 
Request 

Center/LFE Transmit FIFO contains less than 32 bytes

Modem CODEC GPIO Status Change 
Interrupt 

Interrupts the CPU if bit0 of slot12 is set; indicates that 
one of the bits in the modem CODEC GPIO register 
changed.

Primary CODEC Resume Interrupt A Status register bit is set once the primary CODEC 
resumes from a lower power mode. This bit is cleared by 
software writing 0b1 to it.

Secondary ID 01 CODEC Resume 
Interrupt 

A Status register bit is set once the secondary CODEC 
resumes from a lower power mode. This bit is cleared by 
software writing 0b1 to it.

CODEC Command Done Interrupt Interrupts the CPU when a CODEC register command 
has completed. This bit is cleared by software writing 
0b1 to it.

CODEC Status Done Interrupt Interrupts the CPU when a CODEC register status 
address and data reception has completed. This bit is 
cleared by software writing 0b1 to it.

Primary CODEC Ready Interrupt A status register bit is set once the primary CODEC is 
ready. The CODEC signals the readiness by setting 
bit15 of slot0 on the input frame. Clear this bit by writing 
0b1 to GSR[PCRDY]. 

Secondary CODEC ID 01 Ready 
Interrupt 

A status register bit is set once the secondary CODEC is 
ready. The code signals the readiness, by setting bit15 
of slot0 on the input frame. Clear this bit by writing 0b1 to 
GSR[S1CRDY].

EOC interrupt A status bit is set when there is data in a Receive FIFO 
when the DMA signals an end of chain. The unit signals 
an end of chain interrupt when this occurs. The interrupt 
is cleared when software reads remaining data out of the 
FIFOs and writes to the appropriate status register (refer 
to Section 30.4, Operation).

Table 141: Interrupts (Continued)

 Interrupt Description
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The CODEC detects a warm reset in the absence of AC97_BITCLK when AC97_SYNC is high for 
more than 1 µs. The CODEC must wait until it samples AC97_SYNC low before it can start 
AC97_BITCLK. The CODEC that has signaled the wakeup event must keep its AC97_SDATA_IN 
high until it detects the completion of warm reset, and only then transition its AC97_SDATA_IN low.

Figure 156 shows the AC-link timing for a wake-up triggered by a CODEC. 
                         

30.4.10.2 Wake Up Triggered by AC ’97 Controller
AC-link protocol provides for a “cold AC ’97 reset” and a “warm AC ’97 reset.” A warm reset 
maintains the value of the AC ’97 Controller registers. A cold reset resets the value of the AC ’97 
Controller registers to their reset values. 

Once powered down, re-activation of the AC-link via re-assertion of the AC97_SYNC signal must 
not occur for a minimum of four audio-frame times following the frame in which the powerdown was 
triggered. When AC-link powers up, it indicates readiness via the CODEC-ready bit (Input Slot 0, Bit 
15).

Cold AC ‘97 Reset
A cold reset is achieved by asserting the AC97_nACRESET pin using GCR[nCRST]. Asserting and 
de-asserting AC97_nACRESET activates AC97_BITCLK (if supplied by the CODEC) and 
AC97_SDATA_OUT. All AC ’97 Control registers are initialized to their default power-on-reset 
values. 

If a cold reset is performed “on-the-fly” without a preceding powerdown, then these few extra steps 
are required to reset the internal logic of the AC ’97 Controller:

1. Clear GCR[nCRST] to initiate cold reset.

2. Enable the clocks and take the AC’ 97 Controller out of reset by programming the 
APBC_AC97_CLK_RST register.

3. Set GCR[CLKBPB] to enable the internal AC ’97 clock.
4. Clear GCR[CLKBPB] to disable the internal AC ’97 clock.
5. Set GCR[nCRST] to de-assert the AC97_nACRESET reset signal to the CODEC. Do not 

perform this step until AC97_nACRESET has been asserted for at least the minimum amount of 
time required in the AC ’97 specification.

Figure 156: AC97_SDATA_IN Wake Up Signaling
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Warm AC ’97 Reset
A warm AC ’97 reset re-activates the AC-link without altering the current AC ’97 register values. A 
warm reset is initiated by writing a 0b1 to GCR[WRST], which drives AC97_SYNC high for a 
minimum of 1μs in the absence of AC97_BITCLK. The warm reset is not initiated if software 
attempts to perform a warm reset (by writing a 0b1 to GCR[WRST]) while AC97_BITCLK is running. 

Within normal audio frames, AC97_SYNC is a synchronous CODEC input. But, in the absence of 
AC97_BITCLK, AC97_SYNC is treated as an asynchronous input used in the generation of a warm 
reset to the CODEC.

The CODEC must not respond with the activation of AC97_BITCLK until AC97_SYNC has been 
sampled low again by the CODEC, which precludes the false detection of a new audio frame.

Note

Note The polarity of the bitfields in GCR that initiate warm and cold resets are opposite. A 
warm reset is initiated simply by setting GCR[WRST]. A cold reset requires that 
GCR[nCRST] be cleared, a minimum reset time delay observed, and then 
GCR[nCRST] must be set.

30.5 Register Descriptions
Refer to Appendix A - Register Tables for details on the AC ’97 registers.
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31 Compact Flash Controller
This chapter describes the implementation of the 8/16-bit CompactFlash (CF+) Host Controller and 
discusses:

Section 31.1, Overview
Section 31.2, Features
Section 31.3, Functional Description

Section 31.4, Signal Descriptions
Section 31.5, Operation
Section 31.6, Register Descriptions

31.1 Overview
CompactFlash (and CF+) is a small form-factor card standard that encompasses CompactFlash 
(CF) flash data storage cards, magnetic disk drives and I/O Cards including, but not limited to serial 
cards, Ethernet cards, fax/modem cards and wireless pager cards. There are two types of 
CompactFlash devices: Compact-Flash Storage Cards (CF), and CF+ Cards. CF Cards consist only 
of common memory data storage, whereas CF+ is expanded to include the I/O devices or magnetic 
disk data storage, depending on the specific application. This controller implements the CF+ 
functionality. 

There are three basic modes of operation: PC Card ATA using I/O Mode, and PC Card ATA using 
Memory Mode, and True IDE Mode. CF Cards are required to operate in all three modes, but for the 
CF+ Cards the True IDE Mode is optional. The CFHOST Controller implements CF+ Host side 
interface utilizing PC Card ATA using I/O Mode, PC Card ATA using Memory Mode and True IDE 
Mode. 

The CompactFlash interface consists of two main components: the Host Bus Interface (HBA) and 
the card-side interface. The former resides on the host side of the interface, which typically is built 
into the socket of a personal computer or Personal Digital Assistant (PDA). The card-side interface 
resides on the CF or CF+ card itself. 

31.2 Features
Compliant with compactflash(cf+)4.1, PC card standard 8.0, PCMCIA 2.1/JIEDA 4.2, and 
ATA/ATAP-6 specification
Supports True IDE mode for CF/CF+ device access through register set in CF/CF+ device

Supports PC card memory and I/O modes for CF+ card access using 8-bit or 16-bit data path
Supports attribute memory, common memory, and I/O access in PC Cards/PCMCIA mode
Multiword DMA in True IDE mode between CF/CF+ host and CF/CF+ device

Supports Mode0 through Mode4, and Multiword DMA timing mode with Multiword DMA in 
TrueIDE mode

Supports UltraDMA timing mode, UDMA Mode0 through UDMA Mode 6, when transferring data 
using UltraDMA mode.

UltraDMA mode in PC-card memory, I/O and TrueIDE modes for accessing CF/CF+ card using 
16-bit data path

Advanced timing mode for memory and I/O access (CF+ Rev 4.1)
Supports Mode0 through Mode6, and PIO timing mode in TrueIDE mode
Two 32 bits x 128 FIFOs for data transfer between CPU and CF/CF+Host Controller
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Transfer up to 256 blocks (each block size is 512-byte) in true IDE PIO mode
Support variable length data transfer in memory and I/O modes

Support variable length data transfer for PIO mode or Req/Ack based for slave DMA mode
Supports wakeup event based on card insertion

31.3 Functional Description
The CFHOST Controller provides a control interface to connect a CompactFlash Storage or CF+ 
Card to the AMBA AHB Target Interface. The controller supports Common memory and Attribute 
memory (in PC Card Memory Mode), I/O access to the CompactFlash Storage or CF+ Card (in PC 
Card I/O mode), and True IDE Modes of operation. In addition, the CFHOST Controller supports 
Ultra DMA Transfer Protocol to transfer data between the Host Controller and the CF/CF+ Device, 
for increased data transfer rates. The controller also supports advanced timing modes when 
generating transfers in PC Card Memory mode and PC Card I/O mode, True IDE mode and Ultra 
DMA mode.

The CFHOST Controller supports transfer sizes of 1 Byte and up to 256 blocks, where a block size is 
512 bytes, between the AHB bus and the CF/CF+ device. In PC-Card Memory/IO modes, the 
transfer size can be 8-bit or 16-bits on the CF/CF+ Interface. Whereas with TrueIDE PIO mode, 
TrueIDE MultiWord DMA mode, and UltraDMA mode, the transfer size is always 16-bit wide. The 
Block data transfers increase the performance on the CPU by offloading the complexity of 
performing individual transactions on the CF/CF+ Interface to the CFHOST Controller.

For TrueIDE mode support, the CFHOST Controller provides direct access to ATA Command/ 
Control Register set in the CF/CF+ device. For data transfers in TrueIDE mode (PIO), the CPU can 
directly read/write the ATA DataPort register transparently for transferring data or let the CFHOST 
Controller perform PIO transfer protocol by performing the INTRQ monitoring from the 
CompactFlash device for every block of transfer, with DRQ size set to 512 (default), 1024, 2048 or 
4096 Bytes. The CFHOST Controller supports complete PIO transfer protocol by monitoring INTRQ 
signal and BSY/DRQ for every block size (which is default of 512 bytes). 

For Write transfers, the CFHOST Controller monitors the INTRQ signal and DRQ status for every 
sector (512 bytes default) that is to be transferred to the CF/CF+ device. For Read transfers, the 
CFHOST Controller monitors the INTRQ signal and DRQ status for every sector (512 bytes default) 
that is to be read from the CF/CF+ device. In this mode, the performance is increased dramatically 
as the CPU is transferring only data to/from data port FIFO in the CFHOST Controller in Burst mode, 
while the CFHOST Controller is performing the actual PIO transfer on the CF/ CF+ interface. 

31.4 Signal Descriptions
For a complete list of Compact Flash Controller signal descriptions, refer to Table 142.
                         

Table 142: CompactFlash Signal Descriptions

Signal Pin 
Type

Definition

CF_IO<15:0> Output Data signals

CF_ADDR<10:0> Output These address lines are muxed on the DF_IO<15:0> signals. Along with 
CF_nREG these address signals select the following:
• The I/O port address registers within the CF+ Card
• The Memory Mapped Port Address registers with the CompactFlash Storage 

Card or CF+ Card
• A byte in the card information structure and its configuration and control status 

registers

CF_ALE Output Address Latch Enable
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CF_nCE<2:1> Output Memory Mode - Used both to select the card and to indicate to the card whether a 
byte or a word operation is being performed. nCE2 always accesses the odd 
byte of the word and. –CE1 access the even byte or the Odd byte of the word 
depending on the C0 and –CE2. A multiplexing scheme based on A0, -CE1, 
-CE2 allows 8 bit hosts to access all data on D0-D7

I/O Mode - Same as Memory mode
True IDE Mode - nCE1 is the chip select for the task file registers while nCE2 is 

used to select the Alternate Status Register and the Device Control Register.

CF_nCD<2:1> Input Card detect signals used to determine if the card is fully inserted in the socket

CF_RDY Input Memory Mode - Set high when the CompactFlash Storage Card or CF+ Card is 
ready to accept new data and is held low when the card is busy.

I/O Mode - Used as –Interrupt Request. This line is strobed low to generate a pulse 
mode interrupt or held low for a level mode interrupt

TrueIDE Mode - active high Interrupt Request from the device
NOTE: At power up and at Reset, the READY signal is held low (busy) until the 

CF+ Card has completed its power up or reset function. No access of any 
type should be made to the CF+ Card during this time.

CF_nWE Output Memory Mode - Write Enable used for latching memory write data to the registers 
of the CompactFlash Storage card or CF+ card

I/O Mode - writes the Configuration registers
TrueIDE Mode - Not used

CF_nOE Output Memory Mode - Read Enable
I/O Mode - Reads CIS and Configuration registers
TrueIDE Mode - Grounded by the host

CF_IOWR Output Memory Mode - Not Used
I/O Mode - Write Enable
TrueIDE Mode - Write Enable

CF_IORD Output Memory Mode - Not Used
I/O Mode - Read Enable
TrueIDE Mode - Read Enable

CF_nRESET Output Memory Mode - Reset from host
I/O Mode - Reset from host
TrueIDE Mode - Active low Hardware reset from the Host
NOTE: The CompactFlash Storage Card or CF+ Card is also Reset when the Soft 

Reset bit in the Card Configuration Option Register is set

CF_nSTSCHG Input
Output

Memory Mode - Not supported
I/O Mode - asserted low to alert the host to changes in the READY and Write 

Protect states, while the I/O Interface is configured. It’s use is controlled by the 
Card Config and Status Register

TrueIDE Mode - the Pass Diagnostic signal in the Master/Slave handshake 
protocol

CF_nREG Output Memory Mode - used during Memory cycles to distinguish between Common 
memory and Register (Attribute) memory accesses. High for Common 
memory, low for Attribute memory.

I/O Mode - Must also be active (low) during I/O Cycles when the I/O address is on 
the bus

TrueIDE Mode - While DMA operations are not active, the card ignores the 
CF_nREG signal, including a floating condition

Table 142: CompactFlash Signal Descriptions (Continued)

Signal Pin 
Type

Definition
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31.5 Operation

31.5.1 CFHOST Controller Initialization
Enable CFHOST Controller clock by setting Control Register in PMU.

Enable the CFHost Controller by setting the CFHOST Enable bit in the Operation Mode 
Register

Enable ICU wakeup interrupt signal
Enable ICU CF interrupt signal
Program the interrupt Enable Register to enable the bits so that the Interrupt events can be 
monitored
Wait for the wakeup interrupt

Clean wakeup and card detect interrupt
Program CF Reset bit in Operation Mode Register to reset the attached card.
The Card is reset, wait for the Card Ready Interrupt from card which indicates that the card is 
ready for operation and self-initialization of the card is ready
 Read and clean the Card-Ready IRQ from the IRQ Register

31.5.2 Card Detection
CF_nCD1 and CF_CD2 are two card-detection pins. When a CompactFash card inserts to the card 
slot, one or both of the-up interrupt signal to the Interrupt Controller (ICU). 

CF_nINPACK Memory Mode - Not used for this mode
I/O Mode - DMA Request that is used for DMA transfers; asserted by the Storage 

card when it is ready to transfer data to or from the host
TrueIDE Mode - While a DMA operation is in progress, CF_nCS1 and CF_nCS0 

are held negated; width of transfers must be 16 bits

CF_nIOIS16 Input Memory Mode - CompactFlash Storage Card or CF+ Card does not have a write- 
protect switch; held low after the completion of the reset initialization sequence

I/O Mode - Used for the I/O Selected is 16 bit Port when the CompactFlash 
Storage Card or CF+ Card is configured for I/O operation; low signal indicates 
that a 16- bit or odd-byte-only operation can be performed

TrueIDE Mode - Asserted low when the device is expecting a word data transfer 
cycle 

CF_nWAIT Input Memory Mode - Driven low by the CompactFlash Storage card or CF+ card to 
signal the host to delay completion of memory cycle that is in progress 

I/O Mode - Driven low by the CompactFlash Storage Card or CF+ Card to signal 
the host to delay completion of I/O cycle that is in progress

TrueIDE Mode - In True IDE Mode, except in Ultra DMA modes, this output signal 
may be used as IORDY 

CF_nSPKR Input
Output

Memory Mode - Not supported 
I/O Mode - Binary audio output from the card; if the card does not support the 

binary audio function, this line should be held low
TrueIDE Mode - this input/output is the Disk Active/Slave Present Signal in the 

Master/Slave handshake protocol

Table 142: CompactFlash Signal Descriptions (Continued)

Signal Pin 
Type

Definition
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31.5.3 Typical Write Data Transfer Sequence
Program Transfer Address Register required only for MEM/IO Transactions in PC-Card Memory 
and PC-Card IO mode
Program the Transfer Control Register with the transfer with the transfer parameters

• Transfer count

• Transfer direction (Read/Write)

• MEM/IO (valid only for PC-Card Memory/PC-card IO mode and non-DMA mode)

• 8-bit/16-bit (valid only for MEM/IO transaction)

• Common memory/Attribute memory (valid only for MEM Transactions)

• DMA mode (if multiword/UltraDMA modes are enabled)

• Slave DMA transfer mode

Transfer data from the memory to the Write data FIFO in the CFHOST Controller using 
single/burst Write transactions on the AHB target bust to the Write data port (at offset 0x0024 or 
0x0200 -0x03fc) in the CFHOST Controller. This transfer can be based on buffer available 
interrupt monitoring or slave DMA Transfer mode.
Transfer data from internal Write data FIFO onto individual transactions (MEM/IO/PIO/DMA) on 
the CF/CF+ Interface based on the selected operating mode, Timing mode, transaction type, 
etc.

31.5.4 Typical Read Data Transfer Sequence
Program transfer address register (required only for MEM/IO transactions in PC-Card memory 
and PC-card IO mode
Program the Transfer Control Register with the transfer parameters

• Transfer count

• Transfer direction (read)

• MEM/IO (valid only for PC-card memory/PC-card IO mode and no DMA mode)

• 8-bit/16-bit (valid only for MEM/IO transitions)

• Common memory/Attribute memory (valid only for MEM transactions)

• DMA mode (if Multiword/UltraDMA mode are enabled)

• Slave DMA Transfer mode

Read data from CF/CF+ interface using individual transfers (MEM/IO/PIO/DMA) and based on 
the selected operating mode, timing mode, transaction type etc. into the internal Read data 
FIFO.
Transfer data from the Read data FIFO in the CFHOST Controller to the system memory.

31.6 Register Descriptions
Refer to Appendix A - Register Tables for details on the Compact Flash Controller registers.
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32 SD/SDIO/MMC Host Controller
This chapter describes:

Section 32.1, Overview 
Section 32.2, Features 

Section 32.3, Signal Descriptions 
Section 32.4, SD Bus Protocol Description 
Section 32.5, Special Bus Transactions 

Section 32.6, Card Detection 
Section 32.7, SPI Mode 
Section 32.8, MMC Mode 

Section 32.9, Clock Configuration 
Section 32.10, Clock Gating 
Section 32.11, Register Descriptions 

32.1 Overview
The SD Host Controller is a hardware block that acts as a host of the SD/MMC bus to transfer data 
between SD, MMC, and SDIO cards and the internal bus master. Each SD Host Controller 
supports two sockets (two controllers support four sockets).

One side of this block interfaces with an internal bus. The internal interface access can be 
programmed in three modes:

ADMA mode. This block acts as an internal master that accesses the DMA Descriptor list and 
performs the complete DMA according to the descriptor list (scatter gather list). ADMA mode 
may provide better performance than SDMA mode. ADMA mode provides uninterrupted data 
transfer between system memory and the SD card.

SDMA mode. This block acts as an internal master which performs data transfer as 
programmed and generates an interrupt after completion of each data transfer. SDMA mode 
provides better performance than PIO or non-DMA mode. In SDMA mode, the CPU must 
intervene at every page boundary.
PIO mode. The CPU accesses the data through the internal bus. 

The SD Host Controller block diagram is shown in Figure 157.
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Figure 157:SD Host Block Diagram 
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32.2 Features 
SD 2.0 specification compliant with two-socket support
Supports ADMA1 and ADMA2
1-bit/4-bit SDmem and SDIO

1-bit/4-bit/8-bit MMC
SPI mode supported for both SD and MMC cards
High-speed mode supported with max clock frequency of 48 MHz for SD/SDIO and 52 MHz for 
MMC
Supports read wait control in SDIO cards

Hardware generation/checking of CRC on all command and data transaction on the card bus
True dual-port Data buffer (128 x 32) used as internal buffer
Suspend/Resume in SDIO cards

Card insertion/removal detection 
Programmable burst size of 32 or 64 bytes on the DMA interface
Compliant with EMMC Standard Rev. 4.3

32.3 Signal Descriptions
Refer to Table 143 for the MMC/SD/SDIO signal descriptions. 
                          

Note

Refer to the AXI Fabric Specification for more information on terminology or concepts 
described below. 

SD AXI master always generates an INCR (AWBURST/ARBURST = 0x1) burst 
and 4-bytes burst size (AWSIZE/ARSIZE = 0x2).

SD AXI master always generates burst which are noncacheable and nonbufferable 
(AWCACHE/ARCACHE = 0x0).

SD AXI master bursts are normal, non-secure data accesses 
(AWPROT/ARPROT = 0x2).

SD AXI master never generates atomic accesses (AWLOCK/ARLOCK = 0x0).
SD AXI slave does not support “WRAP” burst type.
SD AXI slave does not support exclusive, protected, or atomic accesses. The 
response signaling is always “OKAY” (RRESP/BRESP = 0x0) or “SLVERR” 
(RRESP/BRESP = 0x2). The “SLVERR” response is signalled if an address is 
accessed where no registers exist.

Table 143:   MMC/SD/SDIO Signal Descriptions

Signal Name Direction Description

MMCx_CLK Output MultiMediaCard and SD Card Bus Clock—MMC/SD/SDIO Controller

MMCx_CMD Bidirectional MultiMediaCard Command—MMC/SD/SDIO Controller
MMC and SD:bidirectional line for command and response tokens
SPI:output for command and write data

MMCx_DAT0 Bidirectional MultiMediaCard Data 0—MMC/SD/SDIO Controller 
MMC and SD: Bidirectional line for read and write data 
SPI: input for response token and read data

MMCx_DAT1 Bidirectional MultiMediaCard Data 1—MMC/SD/SDIO Controller
MMC and SD: Bidirectional line for read and write data 
SDIO:Signals an interrupt condition to the controller
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32.4 SD Bus Protocol Description 
Communication over the SD bus is based on commands and data bit streams that are initiated by a 
start bit and terminated by a stop bit.

Command: A command is a token that starts an operation. It is sent from the host to the card(s) 
and is transferred serially on the SDCMD line (1 bit).

Command Response: A command response is a token that is sent from an addressed card to 
the host as an answer to a previously received host command. It is transferred serially on the 
SDCMD line since the SDCMD line is a bidirectional signal.

Data: There are four data lines. Data can be transferred from the card to the host or vice versa. 
Data is transferred via Data line, and they are bidirectional signals. In 1-bit mode, SDDATA[0] is 
used, and the other is in Z-state.

Figure 158, Figure 159, and Figure 160 show basic operations of the SD cards.
                         

MMCx_DAT2/MMC
x_CS0

Bidirectional MultiMediaCard Data 2—MMC/SD/SDIO Controller
MMC and SD: Bidirectional line for read and write data
MultiMediaCard Chip Select 0—MMC/SD/SDIO Controller
SPI:Chip Select 0

MMCx_DAT3/MMC
x_CS1

Bidirectional MultiMediaCard Data 3—MMC/SD/SDIO Controller
MMC and SD: Bidirectional line for read and write data 
MultiMediaCard Chip Select 1—MMC/SD/SDIO Controller
SPI:Chip Select 1

MMCx_DAT4 Bidirectional MultiMediaCard Data 4—MMC/SD/SDIO Controller 
MMC: Bidirectional line for read and write data 

MMCx_DAT5 Bidirectional MultiMediaCard Data 5—MMC/SD/SDIO Controller 
MMC: Bidirectional line for read and write data 

MMCx_DAT6 Bidirectional MultiMediaCard Data 6—MMC/SD/SDIO Controller 
MMC: Bidirectional line for read and write data 

MMCx_DAT7 Bidirectional MultiMediaCard Data 7—MMC/SD/SDIO Controller 
MMC: Bidirectional line for read and write data 

Table 143:   MMC/SD/SDIO Signal Descriptions (Continued)

Signal Name Direction Description

Figure 158:“No Response” and “No Data” Operation

                         

Command ResponseSDCMD

SDDATA[3:0]

From host to card From host to card From card to host

Command
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32.5 Special Bus Transactions

32.5.1 Read Wait Command
The host usually stops the clock to stop the read data output from the card whenever the host cannot 
accept any more data. During the clock stop, the host capabilities are limited as it cannot issue 
commands during a Read. A Read Wait command allows the host to stop the read data while the 
clock is still on. A Read Wait command is issued after the data block ends. See Figure 161.

Figure 159:Multiple Block Read Operation

                         

Figure 160:Multiple Block Write with Card Busy Operation
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32.5.2 Packet Format
Figure 162, Figure 163, Figure 164, and Figure 165 show the formats of commands from the host 
and responses from cards and data. 
                         

Figure 161:Read Wait Controlled by Stopping Clock
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Figure 162:Command Token Format
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Figure 163:Response Token Format 

                         

Figure 164:Data Packet Format, Standard Bus (Only SDDATA[0] Used)
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32.5.3 Sequences of Host and Card Interaction
SD cards are connected to the host with a dedicated interface, such as its own SDCLK, SDCMD, or 
SDDATA[3:0] lines.

The host and SD cards go through two phases after power on reset, software reset, or if a new card 
is plugged in:

Card identification phase: The host looks for new cards on the bus. While in this phase, the 
host resets all the cards that are in Card Identification mode. Cards previously identified are not 
reset. Then the host sends the command to validate operation voltage range, identifies cards 
and requests they publish the Relative Card Address (RCA). This operation is performed 
separately for each card on its own SDCMD line for SD memory. All data communication in the 
Card Identification phase uses the SDCMD line only. 
Data transfer phase: The host enters this phase after identifying all the cards on the bus. In 
this phase, the host is ready to transfer data.

After the host driver sets up the Host Controller, it starts the transfer by writing to the Command 
Register, which is written last. 

Refer to SD Specifications Part A2 SD Host Controller Simplified Specification Version 2.00 
February 8, 2007 available from http://www.sdcard.org/home/.

32.6 Card Detection
The Armada 16x Applications Processor Family design supports card detection (insertion/removal) 
based on the card detect switch level on the SD socket. The card detection features can be 
accessed through the Normal Interrupt Status Enable bits. If enabled, an interrupt is generated when 
a logic change is detected on the card detect switch input. This logic change is debounced before 
generating an interrupt.

32.7 SPI Mode
SPI mode is enabled by setting the <spi_en> field in the SPI Mode Register. The remainder of the 
flow is similar to the SD flow except for error interrupts. If an error occurs in the SPI mode then the 

Figure 165:Data Packet Format, Wide Bus (All Four Data Lines Used)
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<spi_err> field in the Error Interrupt Status Register. The cause of this error can be seen in the 
<spi_err_token> field in the SPI Mode Register.

32.8 MMC Mode
This mode is enabled by setting the <mmc_card> field in the CE-ATA Register 2. The remainder of 
the data flow is similar to the regular SD mode. When 8 bit data width setting is required, the 
<mmc_width> field in the CE-ATA Register 2 should be set to 0x1, which would override the 
<Data_width> field in the Host Control Register, and MMC_CARD should be set to 0x1.

32.9 Clock Configuration
Figure 166 shows the clocks and registers used by the SD Host Controller to configure the external 
clocks (MMCx_CLK). The clocks are generated in the Main Power Management Unit (MPMU) and 
enabled in the Application Subsystem Unit (APMU). The SD Host Controller is used to program the 
SD Host clock.
                         

32.10 Clock Gating
Figure 167 shows the SD clock gating.

Figure 166: SD Clock Configuration
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Figure 167:SD Clock Gating
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32.11 Register Descriptions
Refer to Appendix A - Register Tables for details on the SD/SDIO/MMC Host Controller registers.
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33 XD Picture Card Controller
This chapter describes the ARMADA 16x Applications Processor Family XD Controller used to 
communicate to external XD picture card memory.

Section 33.1, Overview
Section 33.2, Features
Section 33.3, Signal Descriptions

Section 33.4, Operation
Section 33.5, Register Descriptions

33.1 Overview
The XD Controller provides a dedicated interface to external XD card memory that allows the 
ARMADA 16x Applications Processor Family to access the card without impacting the bandwidth of 
other types of memories (such as SDRAM, SRAM, and NOR flash). 

Figure 168 shows the major submodules of the XD Controller. 

The XD Controller interfaces to the external card using the signals listed in Section 33.3, Signal 
Descriptions.

All of these pins are multi-function in nature and must be configured with the appropriate directions 
before using the XD Controller. XD cards use a multi-cycle addressing scheme, so the number of 
interface pins remains the same for all memory densities. ND_IO<7:0> are used for sending 
command and addresses to the flash device. ND_IO<7:0> are used for data transfer. The XD 
Controller controls these interface pins for the specific command placed in its Command Buffer.

The XD Controller can be used with DMA enabled or disabled. In DMA Operating mode, the XD 
Controller uses the services of the system DMA Controller for command and data transfers. In DMA 
Disabled mode, software can write the commands to the registers corresponding to the Command 
Buffer, and write to and read from the Data Buffer.
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33.2 Features
Following are the major features supported by this interface:

One chip select and 8-bit interface
32-page block sizes
512-byte page size

Conventional XD-Picture card, Type M, M+, H XD-picture cards
Use of the system DMA for data transfers
Computes ECC and corrects single-bit errors and detects 2-bit errors per page using Hamming

Programmable interface timings
Interrupts can be enabled to indicate page and command completion, bad blocks, bit errors, 
flash-ready status and command, and data-Write/Read requests, card insertion and removal

33.3 Signal Descriptions
Refer to Table 144 for a list of signals used by the XDC.
                         This 

Figure 168:XD Controller Block Diagram
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Table 144: xD card Signal Descriptions

Signal  Name  Type Description

XD_DATA<7:0> Bidirectional Data port 
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33.3.1 XD Card Interface
The XD Controller supports 8-bit wide data bus. One chip select interfaces to the underlying XD 
device in the XD-picture card. As many as five cycles of addresses can be sent on XD_DATA<7:0> 
bus to address flash device interfaced using this chip select. The XD picture card specification 
requires the ability to correct 1 bit of error in the main data area and 2-bit error detection. The 
hardware ECC engine inside the XD Controller supports the Hamming ECC algorithm that performs 
1-bit error correction and 2-bit error detection. The XD-picture card supports only 512-byte page size 
today and therefore only the following settings of the XD Controller Control Register (XDCR) are 
valid. When SPARE_EN is set in XDCR, the available space is 522 bytes. If CPU or non-DMA mode 
is used for data transfer, software must transfer 528 bytes of data to the Data Buffer (XDDB) and 
ensure that the last 6 bytes (522-527) are all zeros during a program operation. During a Read, the 
XD Controller pads zeroes on bytes (522-527). See Table 145, Available Bytes.

33.4 Operation
XD devices accept a variety of commands from the XD Controller to perform functions such as 
program, erase, and different types of Reads. This section provides information for configuring the 
XD Controller to perform successful program, erase, and Reads.

DMA and non-DMA operating modes
Operation in low-power modes
Error checking and correction (ECC)

Bad-block management support
                         

33.4.1 DMA and Non-DMA Operating Modes
The XD Controller can be used in either DMA or non-DMA mode.

XD_nCE Output Chip Enable

XD_nWE Output Write Enable

XD_nRE Output Read Enable

XD_CLE Output Command Latch Enable

XD_ALE Output Address Latch Enable

XD_RnB Input Ready/Busy_n (Low when Busy)

XD_DETECT Input Card detect

Table 144: xD card Signal Descriptions (Continued)

Signal  Name  Type Description

Table 145: Available Bytes

SPARE_EN ECC_EN Available 
Space 
(Bytes)

DMA Data 
(Bytes)

Non-DMA 
Data (CPU) 
(bytes)

0 0 512 512 512

1 0 528 544 528

1 1 520 544 528
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DMA mode is selected by setting the DMA_EN bit in the NAND flash Control register (see Appendix 
A). The XD Controller can be used in non-DMA mode by clearing the DMA_EN bit and enabling the 
required interrupts for command and data transfer (see Section 33.4.1.3, Non-DMA Operating 
Mode). To use this mode requires two dedicated channels in the DMA Controller: one to support 
command block fetches, and a second to support data transfers.

In non-DMA mode, software is responsible for all command and data movement and status 
checking. In DMA mode, control blocks are fetched by the command DMA channel that corresponds 
to the next command. Read Status and Read ID commands are issued and then the read data is 
moved with the DMA using the second data DMA channel. Write commands move the data into the 
buffer before issuing the command. Reset or erase commands are dispatched without data transfer. 
Using features of the DMA, these control blocks may be chained in an unlimited fashion.
                         

33.4.1.1 DMA Operating Mode
In DMA operating mode, the XD Controller uses the services of the system DMA Controller for 
command and data transfers. Command DMA and data DMA services are requested for the transfer 
of a command to the Command Buffer and data to/from the Data Buffer. There are two DMA 
requests: command DMA, and data DMA. Each request asserts according to the appropriate 
condition, and remain asserted until the condition is satisfied (with one exception in the data DMA 
request). These two requests are mutually exclusive in time.

33.4.1.2 Command DMA 
Command DMA is a DMA request expected to be assigned to a DMA channel that transfers the 
command and address to be sent to the external XD device, from the source (typically system 
memory) to the Data-Flash Controller Command Buffer, NDCB{0..3}. The command DMA Descriptor 
must be programmed to transfer exactly 12 or 16 bytes of command (which contains the command 
for the XD device as well as the address and command-control information (CMD_CTRL), as 
defined in the format shown in Table 146). These three or four 32-bit register Writes are all 
performed to the same address, NDCB0. The XDC continues to assert the command DMA request 
until NDCB{0..3} have been written. The Command DMA request asserts only once for a multi-page 
Read or program operation.

The CMD_TYPE field in CMD_CTRL defines the type of command. The double-byte command 
(DBC) bit in the CMD_CTRL field indicates that the present command is a two-byte command, 
where CMD1 and CMD2 are the commands sent to the flash device in the CMD1-ADDR-CMD2 (or 
CMD1-ADDR-DATA-CMD2 in case of program commands) sequence. If the current command is a 
single-byte command, only CMD1 and address are sent, and the sequence would be CMD1-ADDR 
(or CMD1-ADDR-DATA in case of program commands). The addressing (ADDR phase) is 
performed in multiple cycles using pins I/O0 to I/O7. ADDR1 through ADDR5 are the addresses sent 
in address cycles 1 through 5, respectively. The CMD_CTRL field contains information about the 
number of address cycles, single/double CMD etc. as illustrated in Table 146. One command 
Descriptor always corresponds to a single- or double-byte XD device command. It is possible to 
chain multiple command Descriptors so that the XD Controller executes them sequentially. A 
command-DMA request is triggered only when one of the following conditions is met:

ND_RUN bit is set in the XD Control register (NDCR) to fetch the first command, and the 
Command Buffer is empty.
Ready/Busy_ (R/B_) input is asserted low by the addressed XD device, after the transfer of any 
command except Read ID and Read status, with NC (next command) bit set in the CMD_CTRL 
field.

Note

When operating in DMA mode, software should not access command and Data Buffers 
in the Data-Flash Controller. Similarly, when the XD Controller is operating in non-DMA 
mode, the DMA Controller should not access command and Data Buffers. 
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The execution is completed and Data Buffer emptied by data DMA for Read ID or Read status 
commands with NC (next command) bit set in CMD_CTRL field.

                         

                         

                         

Having CMD1 and CMD2 fields in the command provides the flexibility to choose the appropriate 
commands because the commands can vary widely among flash vendors and for different product 
families for the same vendor. This format also supports future additions to the command set as long 
as the command, address, and data sequence remains the same. The type of command is defined 
using the CMD_TYPE field of CMD_CTRL. The chip select to be asserted for the XD device access 
is specified by CSEL bit. The AUTO_RS bit specifies whether an automatic status check must be 
performed by the XD Controller after the command completion. See Appendix A - Register Tables 
for the command programming details.

Data DMA
Data DMA is a DMA request expected to be assigned to a DMA channel that transfers the data 
between the external XD device from the source or destination (typically system memory) to the 
Data-Flash Controller Data Buffer FIFO, NDDB. A XD page consists of a main memory area and 
spare area. The main memory area is where data is stored, and spare area is used to store ECC and 
file-system-dependent information (known as Metadata). While there is no physical difference 
between main data area and spare, (there is only a difference in absolute address) the use of the 
main data and spare is shown in Table 148. Data DMA is used to write to and read from main 
memory and the spare areas of one or more pages. The same Data Buffer and DMA request is used 
for both Read and Write transactions because only one of the two transactions is ongoing at any 
given time. There are multiple assertions of a data DMA request in multi-page Read or program 
operations, one assertion per page transferred.

Note

If any program/erase command with NC set results in a bad-block error, additional 
command DMA requests are not sent and software reprograms the Descriptor chain.

Table 146: Command Format

Command Format

Byte 7 6 5 4 3 2 1 0

ADDR4 ADDR3 ADDR2 ADDR1 CMD_CTRL CMD2 CMD1

ADDR7 ADDR6 NDLENCNT Status 
Mask

Status 
Cmd.

Page 
Count

ADDR5

Table 147: Command Control Field Format

CMD_CTRL Field Format

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CMD_XTYPE

LE
N

_O
V

R
D

R
D

Y
_B

Y
P

S
T

_R
O

W
_E

N

A
U

T
O

_R
S

C
S

E
L

CMD_TYPE NC

D
B

C

ADDR_CYC
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If the command transferred to the Command Buffer is a Write, data DMA is first used to fill up the 
Data Buffer. The number of data bytes that can be written per page could vary, depending on the use 
of the spare area of the XD device (see Table 148). Because of restrictions in the DMA Descriptors, 
the total number of bytes transferred to the Data Buffer for a page program must be a multiple of 32 
bytes. For example, if the page size is 512 bytes and spare area is 16 bytes, the available space per 
page is 520 bytes if ECC is enabled, (512 bytes of main memory and 8 bytes of spare area). In this 
example, the data DMA should transfer 24 bytes of additional “dummy” data so that 544 bytes get 
transferred to the Data Buffer for a single-page program because 544 is the closest number that is 
greater than 520 and is a multiple of 32. The “dummy” bytes can be thought of as a kind of round-up.

The 24 bytes of “dummy” data are transferred only from global memory to the Data Buffer and are 
not written to the flash. The dummy bytes are added so that a single data Descriptor could service 
multiple pages. For a multi-page program command, set up the data-DMA Descriptor(s) to transfer a 
multiple of 544 bytes in the above-mentioned case where each 544 byte group consists of 520 bytes 
of “actual” data to be written to flash and an additional 24 bytes of “dummy” data to satisfy the DMA 
Descriptor round-up requirements. Set up the Write-data DMA Descriptor(s) to transfer the required 
number of bytes with the data controller Data Buffer as the target location. Multiple-Write data 
Descriptors can be chained to accomplish the data transfer corresponding to a single command. 
Partial-page programming is not supported by the XD Controller. 

If command and data DMA Descriptor(s) are configured for a multiple-page program, the Data-Flash 
Controller Data Buffer fills with a page of data. After the Data Buffer is emptied by the completion of 
a page program, data DMA resumes loading the next page data in the Data Buffer. This sequence 
continues until the specified number of pages in the command are transferred to the flash device, or 
a bad block is encountered.

When a Read command is transferred to the Data-Flash Controller Command Buffer, the Read 
command is issued to the flash memory. The number of bytes DMA requires per page is a multiple of 
32 bytes. The XD Controller stuffs zeroes as dummy bytes at the end of the spare-area data so that 
the data Read by DMA per page is a multiple of 32 bytes. The application ignores the added zeros 
read from the flash controller Data Buffer.

If a multiple-page Read is attempted in a single command, the operation proceeds in a 
page-by-page manner; that is, after reading a page of data, the XD Controller waits until the Data 
Buffer is emptied by data (read) DMA, before reading the next page data from flash. For a Read 
status and Read ID commands, set up data DMA to transfer 8 bytes of data. The ID consists of two 
or four bytes, so the remaining 4 or 6 bytes are not defined. The status consists of one (or two, in the 
case of ganged 8-bit devices) byte(s) so the remaining 6 or 7 bytes are not defined.

A data DMA request is not asserted for erase, reset, naked command or naked address commands.
                         

Data DMA Requirements
The following list summarizes the programing model for data DMA. Each set of data DMA 
Descriptors for a command should meet these requirements.

The burst length (size) for the data DMA must be programmed as 32 bytes.
For Write commands, the NAND Flash Controller Data Buffer (NDDB) must be the target of the 
data DMA and for Read commands; NDDB must be the source.
The number of bytes of data written to a page must be a multiple of 32 bytes. Software must pad 
enough dummy data to make the data length a multiple of 32 bytes. 

Note
The XD data length must match the DMA Descriptor length for any data DMA transfer.
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For Read commands (except status Read and Read ID), the number of bytes of data expected 
per page must be a multiple of 32 bytes, because the XD Controller always stuffs zeroes at the 
end of spare data to make the number of bytes per page a multiple of 32 bytes. 

For Read-ID and Read-status commands, the data DMA Descriptor must be set up to transfer 8 
bytes because the XD Controller allocates one buffer entry (8 bytes) to hold the read data for 
these commands. Valid data is aligned to the LSB and users must discard invalid bytes, for 
example, for a 5-byte Read-ID command, Bytes 0 through 4 are valid while Bytes 5 through 7 
should be ignored.

33.4.1.3 Non-DMA Operating Mode
The following interrupts should be enabled by clearing the appropriate mask bits in NDCR in 
non-DMA Operating mode.

Write-data request interrupt

Read-data request interrupt
Write-command request interrupt

In this mode, the NDCR.ND_RUN bit must be set after configuring the data-flash registers, and 
software responds to a Write-command request interrupt by writing the command to the Command 
Buffer (NDCBx). NDCBx should be written only after receiving a Write-command request. If the 
command is a Write (single page or multi-page), the Write-data request interrupt is activated, and 
software writes data corresponding to a page to the Data Controller Data Buffer (NDDB). For 
multi-page Writes, the Write-data request interrupt gets activated multiple times, requesting software 
attention for a page of data each time. Similarly for Read operations, the Read-data request interrupt 
is activated after reading a page of data from the flash device, and the ARMADA 16x processor 
responds to this interrupt by emptying the Data Buffer.

For Read ID and Read status commands, software reads 8 bytes from NDDB, because the XD 
Controller allocates one buffer entry (8 bytes) to hold the read data for these commands. Valid data 
is aligned to the LSB; discard non-valid bytes. For example, for a 5-byte Read-ID command, Bytes 0 
through 4 are valid while Bytes 5 through 7 should be ignored.
                         

                         

33.4.2 Error Checking and Correction (ECC)
Error-detection code/error-correction code (EDC/ECC) is required in the XD Controller to detect and 
correct errors occurring in the flash device due to bit flipping (bit flipping occurs when a bit is either 
reversed or is reported reversed). ECC is computed when Write data is transferred from Data Buffer 
to the XD device. After completing the Write, the computed ECC bytes are written to the spare area 
of the flash. Table 148 shows the available spare area and spare-area bytes used for storing the 
ECC for different page sizes. When ECC is enabled, the number of spare area bytes required for 

Note

Even if interrupts are not enabled, software can poll NDSR bits corresponding to the 
above-mentioned interrupts to do Write/Read data and Write commands in non-DMA 
operating mode. 

When writing/reading to/from the NDDB from the ISR, ensure the WRDREQ/RDDREQ 
status bits are cleared by writing to NDSR before accessing the NDDB to prevent 
missing WRDREQ/RDDREQ interrupts for subsequent pages during multi-page 
PROGRAM and multi-page READ cycles.

If issuing a command with the next-command (NC) bit set, the next command should 
not be Read ID or Read status because of difficulties with servicing interrupts. Read ID 
and Read Status commands are too short for the interrupt-service routine to finish 
servicing the first command-done interrupt in time to acknowledge the second 
command-done interrupt; therefore, it is not detected.
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use by ECC are shown in the middle column of Table 148. These bytes are not available for use by 
the system software and cannot be written to or read from.

In addition, the number of bytes read from and written to the XD that pass through the data FIFO 
must be a multiple of 8.

For example, if the page size is 512 bytes with ECC and the spare area enabled, bytes 0 through 
511 are written with data and first 8 bytes of the spare area (bytes 512 through 519) are written with 
spare data (file-system-dependent information). Next, 6 bytes of spare area (bytes 520 through 525) 
are used by the XD Controller to write the ECC data. The remaining two bytes cannot be written and 
any data Read must be ignored.

When the Read operation is completed, ECC bytes are read from the spare area, and any bit errors 
are computed and corrected. Depending on the ECC mode, the XD Controller uses Hamming code 
to correct 1-bit random error in a page and detects 2-bit errors or a BCH algorithm to correct multiple 
bit errors. Interrupts can be enabled to get information about single and double errors. 

There is an interaction between the ganging configuration and the ECC choice in that ganging 512- 
byte page size devices is supported only with the Hamming ECC engine and the ganging of 2048- 
(or 4096) byte page size devices is supported only with the BCH ECC engine.
                         

                         

33.4.3 Page Allocation
There are three potential types of data in a page: the main data, the so-called “spare data”, and 
ECC. In certain corner cases, some bytes are simply inaccessible. The layout of this data depends 
on the programming of ND_CR[PAGE_SZ], ND_CR[SPARE_EN], and ND_CR[ECC_EN]. Because 
of the 64-bit Data Buffer, the size of any area must be evenly divisible by 8 bytes, so certain 
combinations result in unusable spare bytes. Unusable bytes must be programmed to zero in DMA 
data blocks.
                         .

33.4.4 Bad Block Management Support
The XD Controller performs a status check after each program/erase operation to determine if the 
transaction was successful. This status check can be disabled by clearing the AUTO_RS bit in the 
Command Buffer. If a status check returns an error, as indicated by a 1 in the LSB of the status-Read 
data, a bad-block-detect interrupt (if enabled) is sent out and Bad Block registers can be read to 
determine the address of the bad block. The OS file system software marks the detected bad block 
as non-valid. If a bad-block error is encountered at the end of a page program, additional 
transactions to that block are aborted. If the error happens during a page program in block A, 
software transfers other valid pages in block A to another unassigned block B and marks block A as 
non-valid. If an error occurs during a block erase, software is expected to mark the block as 
non-valid. Since blocks are allocated together, if either block fails when two 8-bit devices are ganged 
into a logical 16-bit device, both blocks are expected to be marked as non-valid even though it is 
probably true that only one block truly failed.

Table 148: Spare Area Used for ECC

XD Page Size 
(Bytes)

Typical  Spare 
Area in XD 
(Bytes)

Number of  Spare 
Area Bytes used 
for Hamming 
ECC

512 16 0

512 16 6
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33.4.4.1 Command Execution When Bad Blocks are Detected
When a bad block is detected, the behavior of the XD Controller remains the same, regardless of 
whether commands are executed sequentially or in parallel. The command without a bad-block 
detection is completed, but the command that resulted in a bad-block detection is considered as “not 
executed.” (If it is a program command, it must be executed again after the command Descriptors 
have been reprogrammed to handle the bad-block scenario.) However, no new command is fetched 
by command DMA even if the NC bit is set for the last command, since a bad-block scenario is 
encountered. As a result of a bad-block detection, the ND_RUN bit in NDCR is cleared after the 
Command Buffer is emptied. Resume the operation by setting ND_RUN after command-Descriptor 
modifications.

33.5 Register Descriptions
Refer to Appendix A - Register Tables for details on the XDC registers.
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34 Memory Stick (MS/MSPro) Controller
This chapter describes:

Section 34.1, Overview
Section 34.2, Features

Section 34.3, Signal Descriptions
Section 34.4, MS/MSPro Clock
Section 34.5, MSHC FIFO

Section 34.6, Register Descriptions

34.1 Overview
The MS/MSPro Controller provides a software-accessible hardware link between the ARMADA 16x 
Applications Processor Family and the Memory Stick device.

34.2 Features
Data transfer clock up to 19.5 MHz (19.5 Mbps 1-bit transfer / 156 Mbps 4-bit transfer)
Supports DMA and Programmed IO operation

Two FIFOs:

• One Command FIFO

• One Data FIFO (both transmit and receive)

1-bit and 4-bit data MSPro support

For FIFO access, only 8 byte transfers are supported
Turns clock on and off based on status of FIFOs to prevent overflows and under-runs
Interrupt-based notifications to system software

Supports hardware card insertion and removal detection
Supports wake-up event based on card insertion
Support transfer size up to 2048 bytes

34.3 Signal Descriptions
Refer to Table 149 for a list of MS/MSPro Controller signal descriptions.
                         

Table 149: MS Pro Signal Descriptions 

Signal Pin Type Definit ion

MSP_DAT<3:0> Bidirectional Data Signals

MSP_SCLK Output Output clock

MSP_BS Output Bus State

MSP_INS Input Card insertion detection
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34.4 MS/MSPro Clock
The MS/MSPro clock is generated in the clock module externally and is selected using the APMU 
Memory Stick Pro Clock/Reset Control Register (APMU_MSP_CLK_RES_CTRL).  The MS/MSPro 
defaults to 19.5 MHz and when it switches from serial to parallel interface, the clock can increase to 
39 MHz.

34.5 MSHC FIFO
The MS/MCPro FIFO size is 32 bytes and organized as a 4 x 64 FIFO. It is used for MS/MSPro data 
transfer.  Depending on the MS/MSPro command, the data transfer size is different and can be 1 to 
2048 bytes of data.  However, for the MS/MSPro to transmit and receive the data, the data FIFO 
must be accessed 8 bytes at a time. For example, if the transfer size is 5 bytes and current 
command is a Write command, software must pad bytes 6-8 and write into the FIFO. Otherwise, the 
MSPRO does not transmit the data (clock is gated) until it has received 8 bytes of data.  For the 
Read command, software must read all 8 bytes of data because MS/MSPro pads bytes 6-8 and 
writes it into the FIFO.

To support trailing bytes on the DMA, software can read the MSHC DMA FIFO status register, whihc 
includes the current FIFO_CNT and the DMA_CNT so that software can support trailing bytes.

After software has read or written all the data, software can set the FCLR bit to clear the FIFO.

34.6 Register Descriptions
Refer to Appendix A - Register Tables for details on the MS/MSPro registers.
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35 Keypad Controller
This section describes the ARMADA 16x Applications Processor Family Keypad Controller. 

Section 35.1, Overview
Section 35.2, Features

Section 35.3, Signal Description
Section 35.4, Operation
Section 35.5, Register Descriptions

The Keypad Controller supports a keypad matrix of up to 8x8 keys and up to eight direct keys. 
Instead of eight external direct keys, the controller can be connected to six external direct keys and 
one rotary encoder (at the expense of two direct keys) or to four external direct keys and two rotary 
encoders (at the expense of four direct keys). The rotary encoder device can be a scroll key, jog-dial, 
or thumbwheel.

In addition, the ARMADA 16x Applications Processor Family includes an enhanced-rotary controller 
that supports one rotary encoder. See a detailed description in Section 35.4.2.2, Rotary Encoders.

35.1 Overview
The Keypad Controller provides an interface to two styles of keypads simultaneously through the 
Matrix and Direct keypad interface: 

See Section 35.4.1, Matrix Keypad Interface for more details on Matrix Keypad operation.

See Section 35.4.2, Direct-Key Interface for more details on Direct Keypad operation.
The Keypad Controller supports both manual and automatic scan for all its keys and rotaries.

35.1.1 Matrix Keypad Scan Options

35.1.1.1 Manual Scan
Stable keypad activity that lasts longer than the debounce interval generates an interrupt. A manual 
matrix scan can then be conducted by setting appropriate bits in the Keypad Control Register to 
sequentially assert the scan lines. The row readings for each of the columns are read from the 
Keypad Matrix Key Register as they are being scanned.

If the <Ignore Multiple Keypress> field in the Keypad Control Register is set, only one interrupt is 
generated for a debounced keypress. For example, if three keys are pressed and held, only one 
interrupt is generated after the first key is pressed and held.

35.1.1.2 Automatic Scan
The column-scan signals are asserted automatically in sequence by the automatic scan logic in the 
Keypad Controller, and the row readings are stored in the automatic scan registers. Automatic scans 
can be initiated by either of the following methods:

If there is stable keypad activity for a period greater than the specified key debounce interval 
while the <Automatic Scan on Activity> field in the Keypad Control Register is set, completion of 
the scan generates an interrupt.

If the <Automatic Scan> field in the Keypad Control Register is set, user software determines 
when to initiate an automatic scan. This option does not generate an interrupt.
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Depending on whether the <Ignore Multiple Keypress> field is set or clear, manual scan and 
automatic scan on keypad activity occur as follows:

Ignore multiple keypress: (<Ignore Multiple Keypress> set) Multiple keypresses are ignored 
and not considered as new keypad activity. For example, if an automatic scan is conducted for a 
keypress activity, another automatic scan is not conducted until all keys are released.

Do not ignore multiple keypress: (<Ignore Multiple Keypress> clear) For automatic scan on 
keypad activity, an automatic scan is conducted after a debounce interval for all of the time that:

• One or more keys have been pressed (new activity), or

• All keys have been released.

An interrupt is generated if the scanned activity is new.

35.2 Features
The Keypad Controller is divided into two blocks: one for the Matrix Keypad and one for the Direct 
Keypad. The Direct Keypad block supports up to eight input signals while the Matrix Keypad block 
supports up to eight output signals and up to eight input signals.

Direct keypad:

• Up to eight input signals

• Up to eight direct keys and up to two rotary encoders in one of the following combinations:

– Eight direct keys

– Six direct keys and one rotary encoder (two pins for the rotary encoder)

– Four direct keys and two rotary encoders (two pins each for the two rotary encoders)

Matrix keypad:

• Eight scan output signals and eight input signals (returns)

• Up to 64 keys

• Manual or automatic scan

Simultaneous operation of Direct Keypad and Matrix Keypad
Interrupt generated on keypad activity:

• Separate Matrix Keypad and Direct Keypad interrupt enables

• One interrupt signal, generated by merging the Matrix Keypad interrupt and Direct Keypad 
interrupt

Continuous keypad polling
Key-debounce logic for both the Matrix Keypad and the Direct Keypad
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35.3 Signal Description
                         The interface signals (I/O) for the Keypad Controller are summarized in Table 150

35.4 Operation
This section describes the functions of the Keypad Controller. The Keypad Controller supports up to 
an eight-by-eight Matrix Keypad, up to eight direct keys, and up to two rotary encoders. The Keypad 
Control Register controls the following operational items:

Automatic scan initiation (<Automatic Scan> field)
Enable/disable automatic-scan-on-activity (<Automatic Scan on Activity> field)
Number of rows (<Matrix Keypad Row Number> field) and columns (<Keypad Column 
Number> field) in the Matrix Keypad
Enable/disable ignore-multiple-keypresses (<Ignore Multiple Keypress> field). Applies to Matrix 
Keypad only.
Enable/disable Matrix Keypad (<Matrix Keypad Enable> field)

Enable/disable matrix interrupt (<Matrix Interrupt Enable> field)
Select direct-keypad debounce-interval source (<Direct Keypad Debounce Select> field)
Number of keys in the Direct Keypad (<Direct Key Number> field)

Enable/disable rotary-encoder zero-debounce interval (<Rotary Encoder Zero Debounce 
Interval> field)

Enable/disable rotary encoder 1 (<Rotary Encoder 1 Enable> field)
Enable/disable rotary encoder 0 (<Rotary Encoder 0 Enable> field)
Enable/disable Direct Keypad (<Direct Keypad Enable> field)

Enable/disable direct-keypad interrupt (<Direct Keypad Interrupt Enable> field)

The Keypad Controller connects the processor to a Matrix Keypad and a Direct Keypad with rotary 
encoders. Direct keypad and Matrix Keypad operations can be enabled independently or 
simultaneously.

Table 150: Keypad Interface (I/O) Signals

Name Type Description

KP_DKIN<7:0> Input Direct Key Inputs
These are the input signals from the direct keys and the 
rotary-encoder sensors. Pins KP_DKIN[7:0] are dedicated input 
signals for Direct Keys 7 through 0. Pins KP_DKIN[3:2] are either 
input signals for Direct Keys 3 and 2 or input-sensor signals for 
Rotary Encoder 1 (if it is enabled). Pins KP_DKIN[1:0] are either 
input signals for Direct Keys 1 and 0 or input sensor signals for 
Rotary Encoder 0 (if it is enabled).

KP_MKIN<7:0> Input Matrix Key Inputs (Returns)
These are the input signals from the Matrix Keypad (matrix-keypad 
row readings).

KP_MKOUT<7:0> Output Matrix Key Column-Scan Outputs
The Keypad Controller sends column-scan output signals to the 
columns of the Matrix Keypad to detect any key(s) that are pressed. 
If an automatic scan is occurring, these column-scan output signals 
are driven by the automatic scan logic. At other times, they are driven 
by the settings of bits MS7 through MS0 in the Keypad Control 
Register.
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Figure 169 shows the Keypad Controller connected to a typical 8x8 Matrix Keypad and to a Direct 
Keypad with six direct keys and one rotary encoder.
                         

Figure 169:Keypad Interface Diagram to 8x8 Matrix Keys, 6 Direct Keys, Rotary Encoder
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35.4.1 Matrix Keypad Interface
The matrix-keypad interface outputs eight KP_MKOUT[7:0] column-scan signals to the columns of 
the Matrix Keypad and inputs eight KP_MKIN[7:0] sense signals from the rows of the Matrix Keypad 
(see Section 35.3, Signal Description for signal names). This 8x8 (or less) organization supports up 
to 64 keys.

Up to eight scan signals, corresponding to columns in the Matrix Keypad, are sent to the keypad to 
activate the columns. Up to eight input (sense) signals, corresponding to rows in a column that has 
been activated, are read into the following registers, depending on the mode of operation:

Manual scans: Keypad Matrix Key Register as described in the Appendix of this document.
Automatic scans: Keypad Interface Automatic Scan Register and Keypad Automatic Scan 
Multiple Keypress Registers 0-3 as described in the Appendix of this document.

The Keypad Controller requires pulldown resistors on the KP_MKOUT[7:0] and KP_MKIN[7:0] pins 
for correct operation of the Matrix Keypad interface. These resistors must be enabled internally in 
the pad ring via software. Software enables the pulldown resistors by setting the appropriate bits of 
the Multi-function (MF) pin registers corresponding to the KP_MKOUT[7:0] and KP_MKIN[7:0] pins. 
For more details on these registers and their use, refer to the multi-function pin chapter.

The Matrix Keypad block of the Keypad Controller has three scanning modes:

Manual scan

Automatic scan initiated by keypad activity
Automatic scan initiated by user software

35.4.1.1 Manual Matrix Scan
To enable manual Matrix Keypad scanning:

1. Clear the <Automatic Scan on Activity> field in the Keypad Control Register.

2. Clear the <Automatic Scan> field in the Keypad Control Register.
3. Assert all column (scan output) lines by setting bits KPC[MS7:MS0] (see Keypad Control (KPC) 

Register).
In this polling mode of operation, all keypad columns remain constantly activated. Any keypress that 
exceeds the key-debounce interval generates an interrupt. Service the interrupt as follows:

1. De-assert all of the columns by clearing bits KPC[MS7:MS0] (see Keypad Control (KPC) 
Register).

2. Sequentially assert bits KPC[MS7:MS0] so as to scan all keypad columns (see Keypad Control 
(KPC) Register). 

3. As the columns are being scanned, read each column row (scan input) value, which appear in 
bits KPMK[MR7:MR0] (see Keypad Matrix Key (KPMK) Register).

4. After servicing the interrupt, assert all column (scan output) lines by setting bits KPC[MS7:MS0] 
(see Keypad Control (KPC) Register).

5. This positions the scanning logic ready to detect the next keypress.
Manual scanning operates in one of two modes, depending on the setting of the <Ignore Multiple 
Keypress> field in the Keypad Control Register:

To ignore multiple keypresses, set the <Ignore Multiple Keypress> field:

• If a key is pressed or multiple keys are pressed and held, a single keypad interrupt is 
generated after the first key is pressed. For example, if three keys are pressed and held, only 
one interrupt is generated after the first key is pressed and held.
In another example, If one key is pressed for a long duration, based on software, the 
operating system determines whether that key pressed is 'a' or 'aaaaa...'. At the beginning of 
a long key press, the software driver receives a keypad interrupt, which enables a timer. 
When the timer expires, software reads the KPAS value until the key release interrupt is 
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captured to get the key value. In this example, the operating system got several of the same 
key.
In general, if one key is pressed longer than the keypad debounce time, a keypad interrupt is 
generated to represent the key press and another interrupt occurs when the key is released. 
If the key is pressed once again, another key press interrupt and separate key release 
interrupt are both generated.

• An interrupt is generated after all keys are released.

To not ignore multiple keypresses, clear the <Ignore Multiple Keypress> field:

• If a key is pressed or multiple keys are pressed and held, an interrupt is generated after 
every debounce interval expires for as long as any key is pressed. For example, if three keys 
are pressed and held for four debounce intervals, four interrupts are generated.

• An interrupt is generated after all keys are released.

35.4.1.2 Automatic Matrix Scan Initiated by Keypad Activity
To enable automatic Matrix Keypad scanning initiated by keypad activity:

1. Set the <Automatic Scan on Activity> field in the Keypad Control Register.

2. Clear the <Automatic Scan> field in the Keypad Control Register.
In this polling mode of operation, the value of the <Ignore Multiple Keypress> field defines keypress 
activity. An interrupt is generated after the automatic scan is completed if new keypad activity has 
been detected. The scanning logic automatically performs the following sequence of events:
                         

1. Detect Matrix Keypad activity.

2. Assert the column scan lines sequentially, storing the associated row readings from the 
KP_MKIN[7:0] inputs into the internal Keypad Automatic Scan Multiple Keypress Register 0.

3. Allow one debounce interval to elapse, as defined in the <Matrix Key Debounce Interval> field 
in the Keypad Key Debounce Interval Register.

4. Assert the column scan lines sequentially, storing the associated row readings from the 
KP_MKIN[7:0] inputs into the internal Keypad Automatic Scan Multiple Keypress Register 1.

5. If internal Keypad Automatic Scan Multiple Keypress Register 0 match the corresponding 
internal Keypad Automatic Scan Multiple Keypress Register 1 (that is, the activity is stable) and 
the internally stored activity differs from the user-accessible Keypad Interface Automatic Scan 
Multiple Keypress Registers 0-3 signifying that the activity is new, then the internal values are 
copied into the user-readable Keypad Automatic Scan Register and Keypad Automatic Scan 
Multiple Keypress Registers 0-3.

The <Multiple Keys Pressed> field in the Keypad Automatic Scan Register identifies whether a 
single key or multiple keys were pressed. For single keypresses, read the column and row 
information directly from the <Column Pressed> and <Row Pressed> fields in the Keypad Automatic 
Scan Register. For multiple keypresses, read the column and row information from the KPASMKPx 
registers (see Keypad Interface Automatic Scan Multiple Keypress (KPASMKPx) Registers 0-3.

Automatic scanning operates in one of two modes, depending upon the setting of the <<Ignore 
Multiple Keypress>> field:

To ignore multiple keypresses, set the <Ignore Multiple Keypress> field. After a keypad activity 
has been scanned, no additional automatic scans occur until all keys pressed have been 
released.

Note

User software cannot access the internal Keypad Automatic Scan Multiple Keypress 
Registers 0 and 1 that are used in this procedure (see Appendix A - Register Tables in 
this document for all register details).
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• If a key is pressed or multiple keys are pressed and held, a single keypad interrupt is 
generated after the first key is pressed. For example, if three keys are pressed and held, only 
one interrupt is generated after the first key is pressed and held.

• An interrupt is generated after all keys are released.

To not ignore multiple keypresses, clear the <Ignore Multiple Keypress> field. Automatic scans 
occur for every keypress that exceeds the key debounce interval for as long as any key is 
pressed. Automatic scans end when all keys are released:

• If a key is pressed or multiple keys are pressed and held, an interrupt is generated after 
every debounce interval expires for as long as any key is pressed. For example, if three keys 
are pressed and held for four debounce intervals, four interrupts are generated.

• An interrupt is generated after all keys are released.

35.4.1.3 Automatic Matrix Scan Initiated By Software
To enable automatic matrix-keypad scanning initiated by user software, set the <Automatic Scan> 
field. In this mode of operation, the keypad is scanned only once, and the row readings are stored in 
the Keypad Automatic Scan Register and the Keypad Automatic Scan Multiple Keypress Registers 
0-3. No interrupt is generated because user software initiates the scan.

35.4.2 Direct-Key Interface
The direct-key interface receives eight KP_DKIN[7:0] input signals from a combination of up to eight 
direct keys and up to two rotary encoders, and stores them in the Keypad Direct Key Register. When 
the direct-key block of the Keypad Controller detects debounced activity in the direct keys or the 
rotary encoders, it sets the <Direct Keypad Interrupt> field in the Keypad Control Register to cause a 
keypad interrupt.

Two options are available for the direct key and rotary encoder debounce intervals, depending on 
the state of the <Direct Keypad Debounce Select> field in the Keypad Control Register:

Regular debounce interval, <Direct Keypad Debounce Select> = 0: This is the default debounce 
interval. The direct-key debounce interval is the same as the <Matrix Key Debounce Interval> 
field in the Keypad Key Debounce Interval Register. The rotary-encoder debounce interval can 
be either the matrix key debounce interval or zero, depending on the state of the <Rotary 
Encoder Zero Debounce Interval> field in the Keypad Control Register.
Direct-key debounce interval, <Direct Keypad Debounce Select> = 1: The direct-key debounce 
interval is different from the matrix-key debounce interval and is specified in the <Direct Key 
Debounce Interval> field in the Keypad Key Debounce Interval Register. This is the debounce 
interval for the direct key and rotary-encoder logic if the <Direct Keypad Debounce Select> field 
is set. The rotary-encoder debounce interval can be either the direct-key debounce interval or 
zero, depending on the state of the <Rotary Encoder Zero Debounce Interval> field.

It is not necessary for every direct-key input to be connected to the keypad interface if the 
corresponding GPIO pins are being used as inputs or outputs for other blocks. For example, if GPIO 
pins corresponding to direct-key inputs 2 and 3 are being used as inputs/outputs for other blocks, 
they would be unavailable for the keypad interface. In such a case, the KP_DKIN[3:2] input signals 
are guaranteed to be logic 0 at all times, which means that no activity is detected for direct keys 2 
and 3. Software uses the remaining direct-key inputs, KP_DKIN[1:0] and KP_DKIN[7:4], that are 
connected to either rotary encoders or direct keys by specifying the number of direct keys in the 
Keypad Control Register as eight (<Direct Key Number> = 0x7). Although the direct-key inputs 2 and 
3 are used for other applications, the Keypad Controller always detects no activity on them.

35.4.2.1 Direct Keys
The direct-key interface reads up to eight direct keys and stores them in the bits [7:0] of the Keypad 
Direct Key Register. Power and reset keys can be implemented as direct keys.
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35.4.2.2 Rotary Encoders
A rotary encoder consists of a cylindrical rotor with metal strips and a pair of sensors (see 
Figure 170). It can implement items such as scroll keys, jog dials, and thumbwheels. The direct-key 
interface supports up to two rotary encoders and stores the sensor outputs in bits [3:0] of the Keypad 
Direct Key Register.
                         

When the encoder is rotated, the sensors send logic highs or logic lows, depending on whether they 
sense the metal strip. The direct-key block of the Keypad Controller uses an up/down counter to 
determine the amount of scroll. Table 151 shows the effect of rotary-encoder sensor outputs on 
count values.
                         

Figure 171 illustrates the waveforms generated by the rotary-encoder sensors. The sensor output 
determines the scroll direction. At every rising edge of the keypad clock, the rotary-encoder counter 

Figure 170:Rotary Encoder

                         

Table 151: Effect of Rotary-Encoder Sensor Outputs on Count Value

Previous A Previous B Current A Current B Effect

L L L H Count up

L L H L Count down

L H L L Count down

L H H H Count up

H L L L Count up

H L H H Count down

H H L H Count down

H H H L Count up

All other combinations No effect
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increments, decrements, or remains unchanged, depending on the scroll direction. The Keypad 
Rotary Encoder Count Register stores the following items for each of the two encoders:

Count value
Underflow (count value < 0, the minimum possible value)

Overflow (count value > 255, the maximum possible value)

The change in these values over any period of time determines the direction and magnitude of scroll 
during that period.
                         

35.4.3 Debounce Check
The debounce intervals for the matrix keys and direct keys are specified in the Keypad Key 
Debounce Interval Register. Clear all bits in the <Direct Key Debounce Interval> field in the Keypad 
Key Debounce Interval Register to disable debounce checking. In practice, the minimum value that 
should be used for the debounce interval is 10 ms.

The input signals, direct or matrix, are considered debounced if they remain stable for the debounce 
intervals specified in the <Direct Key Debounce Interval> field. The optimum debounce interval 
depends on the type of keypad and the scan mode. See Keypad Key Debounce Interval Register for 
detailed information on the intervals available.

The rotary encoder debounce interval is equal to the Direct Keypad debounce interval unless 
<Rotary Encoder Zero Debounce Interval> = 1, in which case the rotary encoder debounce interval 
is zero.

The following debouncing procedures, described here to clarify operation, occur transparently. No 
action is required by user software.

Figure 171:Waveforms Illustrating Operation of Rotary Encoder
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35.4.3.1 Matrix Keypad, Manual Scan Procedure
In manual-matrix scan, only the keypress or no-keypress information is detected and stored. The 
user software must scan the entire keypad to determine the individual states of all keys.

1. Read the Matrix Keypad inputs; determine if any key(s) or no keys were pressed.

2. Wait one debounce interval.
3. Read the Matrix Keypad inputs again; determine if any key(s) or no keys were pressed.
4. If the results from the two successive Reads match, the keys have debounced. Otherwise, 

repeat steps 2 and 3 until two successive Reads match.

35.4.3.2 Matrix Keypad, Automatic Scan Procedure
The debounce check occurs only for automatic scans initiated by keypad activity (<Automatic Scan 
on Activity> is set), not for automatic scans initiated by setting the <Automatic Scan> field.

1. Automatically conduct a full scan of the Matrix Keypad to obtain the state of all keys.
2. Automatically wait one debounce interval.

3. Automatically conduct another full scan of the Matrix Keypad to obtain the state of all keys.
4. If the results from the two successive scans match, the keys have debounced. Otherwise, 

automatically repeat steps 2 and 3 until two successive scans match.

35.4.3.3 Direct Keypad Procedure
1. Read the Direct Keypad inputs.
2. Wait one debounce interval.
3. Read the Direct Keypad inputs again.

4. If the results from the two successive Reads match, the keys have debounced. Otherwise, 
repeat steps 2 and 3 until two successive Reads match.

35.4.4 Interrupt Generation
The keypad-controller interrupt is generated by merging the <Matrix Keypad Interrupt> and the 
<Direct Keypad Interrupt> fields in the Keypad Control Register. Use the <Matrix Interrupt Enable> 
and the <Direct Keypad Interrupt Enable> fields in the Keypad Control Register to enable/disable 
each type of interrupt.

The following referenced sections describe interrupt generation:

Section 35.4.1.1, Manual Matrix Scan
Section 35.4.1.2, Automatic Matrix Scan Initiated by Keypad Activity
Section 35.4.1.3, Automatic Matrix Scan Initiated By Software

Section 35.4.2, Direct-Key Interface

35.4.5 Low Power Operation and Wakeup
The keypad, along with the connected multi-functions pins in the padring, are capable of waking up 
the   from various low power states. This detection occurs in the padring itself and uses the edge 
detectors provided there (reporting back to the Application Subsystem PMU via one of the keypad or 
generic wakeup functions) the function is described in the slave power management unit chapter.

A wakeup detection has only that function, that is, to cause the part to transition to a run state. It is 
not intended to necessarily identify what function caused the transition. However, the keypad will 
perform the normal actions during run mode once it has left the low power state and this will cause 
an interrupt and identification of the pressed key, provided that the relevant key is still pressed (note 
the same applies to the rotary encoder functions).

A typical scenario would be as follows:
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In a low power state, the enabled keypad output pins are driven high via the low power state in 
the padring. The keypad input signals are inputs with pulldown resistors. (Refer to Table 150 for 
signal names.)

A matrix key is pressed, which causes a transition on the KPIN wires from low to high and 
provokes a wakeup to be detected in the padring and reported to the PMU. 

The part now transitions to a run state.
After the part reaches a run state, the Keypad Controller may be either completely reset (D3 
exit) or still configured. 
If still configured, the controller begins to operate (the <Automatic Scan on Activity> field has 
been set, and in this example, an automatic scan is started) Based on the key still being 
pressed, it simply appears that the key was just pressed the instant run mode was entered.

If the controller was reset, then software can reconfigure the controller quickly and it behaves as 
if a key was just pressed by performing a scan (assuming <Automatic Scan on Activity> was 
set).
In all examples, the two events are separate, the wakeup and the resumption of normal 
operation for the keyboard controller causing the interrupt.
The rotary and direct keys operate similarly to the matrix keys, with the exception that a quickly 
rotating wheel may miss a couple of “ticks” as the low power state is exited.

If only one transition is enabled for wakeup on a transition from low to high, and the key was pressed 
before entering low-power state, a wakeup would not happen. When the key is released and a high- 
to-low transition occurs followed by a subsequent key press, the wakeup function would occur but 
the Keypad Controller would not be aware that the key had been released and then re-pressed. As a 
result, no interrupt would be detected. 

35.5 Register Descriptions
Refer to Appendix A - Register Tables for details on the keypad registers.
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36 General-Purpose Input/Output (GPIO) 

Unit
This section describes the operation of the General-Purpose Input/Output (GPIO) unit of the 
ARMADA 16x Applications Processor Family.

Section 36.1, Overview 
Section 36.2, Features 
Section 36.3, Signal Descriptions 

Section 36.4, Register Descriptions 

36.1 Overview
The GPIO module provides 128 GPIO ports for use in generating and capturing application-specific 
input and output. All ports are brought out of the device via the alternate function muxing. When 
programmed as an input, a GPIO port can also serve as an interrupt source. At the assertion of all 
resets, all 128 ports are configured as inputs and remain inputs until they are configured either by 
the boot process or by user software. 

The GPIO logic is best thought of as a logical function only that gives software the ability to configure 
and examine the value of a port, but does not control the selection of which logical function is 
connected to the actual physical pins.

For a GPIO port multiplexed on a particular multi-function I/O pin to have effect, two conditions must 
be met:

The GPIO alternate function (sometimes referred to as a GPIO_REG alternate function) must 
be selected by using the MFPRx registers in the pad configuration registers.

The GPIO unit registers must be configured correctly. 

It is important to understand the operation of both the GPIO control logic and the pin control logic to 
understand the operation of the GPIOs in the ARMADA 16x Applications Processor Family . For 
detailed information regarding configuring the pins as GPIOs, refer to the GPIO registers in 
Appendix A - Register Tables of this document. 

The direction of the GPIO ports are controlled by writing to the GPIO Pin Direction Register. When 
programmed as an output, the port can be set by writing to the GPIO Pin Output Set Register, and 
cleared by writing to the GPIO Pin Output Clear Register. The set and clear registers can be written 
regardless of whether the port is configured as an input or an output. If a port is configured as an 
input, the programmed output state takes effect when the port is reconfigured as an output.

The value of each GPIO port can be read through the GPIO Pin-Level Register. This register can be 
read at any time and can confirm the port state for both input and output configurations. In addition, 
users can program each GPIO port to detect a rising and/or falling edge through the GPIO 
Rising-Edge Detect Enable Register and GPIO Falling-Edge Detect Enable Register. The state of 
the edge-detect can be read through the GPIO Edge Detect Status Register. These edge-detects 
can be programmed to generate interrupts. 

See Figure 172 for GPIO block diagram.
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The GPIO information described in this section applies ONLY to the GPIO alternate function. Still, it 
is possible for a system to use the GPIO functions internally and not actually connect to a physical 
pin.

36.2 Features
The general features of the GPIOs include the following:

As inputs, they can be programmed to generate an interrupt from a rising edge, a falling edge, 
or both
As outputs, they can be cleared or set individually
As inputs, the values can be read individually

36.3 Signal Descriptions
For a complete list of GPIO signal descriptions, refer to Section 3, Pin Listing and Signal Definitions .

36.4 Register Descriptions
Refer to Appendix A - Register Tables for details on the GPIO registers.

Note

The GPIO port does not control the pullup and pulldown state of an I/O pin even when 
the GPIO function is selected for this pin. Refer to the Pad Configuration registers for 
information on how to control the pullup and pulldown states.

Figure 172:General-Purpose I/O Block Diagram
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37 JTAG
This chapter describes the JTAG features of the ARMADA 16x Applications Processor Family. JTAG 
provides a way to drive and sample the external pins of the device, regardless of the core state. 
Therefore, you can test both the device electrical connections to the circuit board and (in conjunction 
with other devices on the circuit board with a similar interface) the integrity of the circuit board 
connections between devices. JTAG also provides a mechanism for device debug through the 
Marvell® Sheeva™ PJ1 Core debug features.

JTAG logic includes a test-access port (TAP) Controller, TAP pins, an instruction register, and test 
data registers (TDRs). The registers include the Boundary Scan Register (BSR) to control the IO 
pins directly, a Bypass Register, a Device Identification (ID) Register, and data-specific registers, as 
shown in Figure 173. Data are shifted into all registers most significant bit (MSB) first serially. The 
JTAG interface is controlled through five dedicated TAP controller pins that interface to the TAP 
Controller: PRI_TDI, PRI_TMS, PRI_TCK, PRI_TRST_N, and PRI_TDO. 

37.1 Features
The JTAG interface has the following features and conformities:

Provides access to IEEE STd. 1149.1 compatible registers such as IDCODE, BYPASS, 
EXTEST, etc. through the JTAG port.
Support for hardware/software debug via the core’s TAP controller in concatenation mode.

Refer to the IEEE Std. 1149.1 for an explanation of the terms used in this section and for a complete 
description of the TAP controller states. 

37.2 Signal Descriptions
                          

37.3 Operation
This section describes the TAP controller, hardware connection, JTAG instruction set (Instruction 
register), test-data registers, and data-specific register.

Table 152:   External Signal Descriptions

Signal Name Direction Description

PRI_TRST_N Input Primary JTAG Test Reset—IEEE 1194.1 test reset

PRI_TDI Input Primary JTAG Test Data Input—Data from the external JTAG Controller is sent 
to the ARMADA 16x processor using this signal

PRI_TDO Output Primary JTAG Test Data Output—Data from the processor is returned to the 
external JTAG Controller using this signal

PRI_TMS Input Primary JTAG Test Mode Select—Selects the test mode required from the 
external JTAG Controller 

PRI_TCK Input Primary JTAG Test Clock—For all transfers on the JTAG test interface

JTAG_SEL Input JTAG Select—Externally connect to ground
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37.3.1 JTAG Board Connection
Figure 173 shows the recommended connections to a 20-pin, 100-mil JTAG-keyed connector.

37.3.2 TAP Controller Reset
The JTAG interface includes a TAP Controller state machine. To force the TAP Controller into the 
test-logic-reset state (TLRS) at power-on, the PRI_TRST_N pin can be asserted low, or the 
PRI_TMS pin can be held high for five PRI_TCK cycles. 

A valid reset signal on the PRI_TRST_N pin is not necessary to reset the TAP controller at 
power-on. After power-on, the TAP Controller can be reset by holding PRI_TMS high for five 
PRI_TCK cycles. Marvell recommends connecting PRI_TRST_N to an external reset signal at 
power-on to ensure the TAP Controller and JTAG unit are reset correctly. For designs not using 
JTAG the PRI_TRST_N signal can be connected to GND. 

37.3.3 Instruction Register
The Instruction Register (IR) controls JTAG circuitry by selecting a specific Test Data Register (TDR) 
to be connected between PRI_TDI and PRI_TDO and controlling the operation affecting that data. 
These tasks are accomplished through a set of predefined instructions that can be either mandatory 
or optional as set forth in the IEEE Std. 1149.1a-1993, user defined, or private. 

The IR is 9 bits wide in normal operation and 13 bits in concatenation mode. Concatenation mode 
allows access to the internal core’s 4-bit IR for use in core debug (refer to the core debug 
documentation for more details). To enable concatenation mode, write 16’b0000000000001010 to the 
tap_ctl TDR. Any subsequent IR accesses must be 13 bits (the 9 MSB bits corresponding to the 
main TAP’s IR, the lower 4 bits for the core IR). To access only the core TAP, Marvell recommends 

Figure 173:PCB JTAG Connection

                         

NOTES:
1. Pulldown resistor (R5) on TRST_N only used when JTAG or Boundary Scan support are not 

required.
2. Do not populate both resistors (R4 and R5) on TRST_N.
3. When connecting TRST_N and RESET_IN _N to the same signal the TAP Controller and processor 

cannot be reset independently.
4. RTCK, DBGRQ and DBGACK are not used by the ARMADA 16x Applications Processor Family.
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shifting in all 1s into the main TAP, thus putting it in bypass mode (that is, shift in 1FF followed by the 
4 bits for the core IR). Refer to the JTAG Instruction Description table below for more information. 

Writing all 0s into the tap_ctl TDR reverts the system to normal 9-bit IR mode.

Three mandatory public instructions are managed: extest, sample/preload, and bypass. Three 
optional public instructions are managed: idcode, clamp, and highz. Finally, one user-defined 
instruction is managed: tap_ctl, which is used to enable access to the core internal TAP Controller 
via IR concatenation. The optional public instructions runbist, intest, and usercode are not 
supported. Table 153 describes each of these instructions.
                         

Table 153: JTAG Instruction Description 

Instruction
/Requisite

Opcode Description

extest
IEEE 1149.1
Required

0x0AA Initiates testing of external circuitry, typically board-level interconnects and external 
circuitry. extest connects the BSR between TDI and TDO in the Shift_DR state only. 
When extest is selected, all output signal pin values are driven by values shifted into 
the BSR and can change only on the falling-edge of TCK in the Update_DR state. Also, 
when extest is selected, all system input pin states must be loaded into the BSR on the 
rising-edge of TCK in the Capture_DR state. Values shifted into input latches in the 
BSR are never used by the internal logic of the processor.

clamp 0x0AB Allows the state of the signals driven from the pins to be determined from the BSR 
while the Bypass register is selected as the serial path between TDI and TDO. Signals 
driven from the component pins do not change while the clamp instruction is selected.

highz 0x0A9 Floats all three-statable output and input pins. Also, when this instruction is active, the 
Bypass register is connected between TDI and TDO. This register can be accessed 
through the JTAG test-access port throughout the device operation. Access to the 
Bypass register can also be obtained with the bypass instruction. 

sample/
preload
IEEE 1149.1
Required

0x0AC Performs two functions:
• When the TAP Controller is in the Capture-DR state, the sample instruction occurs 

on the rising edge of TCK and provides a non-interfering snapshot of the 
component’s normal operation. The instruction causes BSR cells associated with 
output pins to sample the value driven by or to the processor. Similarly, BSR cells 
associated with input pins sample the value driven on the inputs.

• When the TAP Controller is in the Update-DR state, the preload instruction occurs 
on the falling edge of TCK. It causes the transfer of data held in the boundary-scan 
cells to the slave register cells. Typically, the slave-latched data is then applied to 
the system outputs with the extest instruction. 

idcode
IEEE 1149.1
Optional

0x0FF Used in conjunction with the Device Identification register. It connects the ID register 
between TDI and TDO in the Shift_DR state. When selected, idcode parallel-loads the 
hard-wired identification code (32 bits) on TDO into the ID register on the rising edge of 
TCK in the Capture_DR state.
NOTE: The ID register is not altered by data being shifted in on TDI.

tap_ctl 0x098 Enables the concatenation of the core TAP Controller IR onto the main TAP Controller 
IR chain by writing the following data into this 16-bit TDR:
tap_ctl[15:0] = 0000000000001010

bypass
IEEE 1149.1
Required

0x1FF Selects the Bypass register between TDI and TDO pins while in SHIFT_DR state, 
effectively bypassing the processor test logic. 0x0 is captured in the CAPTURE_DR 
state. While this instruction is in effect, all other test data registers have no effect on the 
operation of the system. Test data registers with both test and system functionality 
perform their system functions when this instruction is selected.
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37.3.4 Test Data Registers
The test data registers include the Bypass Register, Boundary Scan Register (BSR), and the Device 
Identification (ID) Register. 

37.3.4.1 Bypass Register
The single-bit Bypass Register is selected as the path between PRI_TDI and PRI_TDO so that the 
device can be bypassed during JTAG testing. Therefore, test data can move more rapidly to and 
from other components on a board that must perform JTAG test operations. When the bypass, 
highz, or clamp instruction is the current instruction in the IR, serial data is transferred from PRI_TDI 
to PRI_TDO in the shift-DR state with a delay of one PRI_ TCK cycle. A logic 0x0 is loaded from the 
parallel input of the Bypass Register in the capture-DR state. There is no parallel output from the 
Bypass Register.

37.3.4.2 Boundary Scan Register (BSR)
The Boundary Scan Register (BSR) consists of a serially connected set of cells around the periphery 
of the device at the interface between the core logic and the system input/output pads. This register 
can be used to isolate the pins from the core logic and then drive or monitor the system pins. The 
connected BSR cells constitute a Shift Register. 

For any instructions that use the BSR, the RESET_IN_N pin must always be de-asserted because 
the BSR logic powers down when either of these pins is asserted. No JTAG instructions using the 
BSR can be performed with these pins asserted. 

The BSR is selected as the TDR to be connected between PRI_TDI and PRI_TDO only during the 
sample/preload and extest instructions. Values in the BSR are used but are not changed when the 
clamp instruction is executed.

In the normal (system) mode of operation, straight-through connections between the core logic and 
pins are maintained, and normal system operation is unaffected (the same is true when the 
sample/preload instruction is selected).

When EXTEST is the currently selected instruction, values can be applied to the output pins 
regardless of the actual values on the input pins and core logic outputs. 

The BSR has indeterminate values after power-on and after a JTAG reset (from asserting nTRST or 
entering the TLR state). 
                         

37.3.5 TAP Controller
The TAP Controller is a 16-state synchronous state machine that controls the sequence of JTAG 
operations. The TAP Controller can be controlled through a bus master. It changes state only in 
response to a rising edge on PRI_TCK or power on. The value of the test-mode state (PRI_TMS) 
input signal at a rising edge of PRI_TCK controls the sequence of the state machine. The TAP 
Controller is reset automatically on reset exit sequences through PRI_TRST_N. In addition, the TAP 
Controller can be reset by applying a high signal level on the PRI_TMS input for five PRI_TCK 
periods.

Refer to IEEE 1149.1 Standard Test Access Port and Boundary-Scan Architecture document for 
information on the state transitions that occur in the TAP Controller.

Note
The high-speed interfaces (DDR, USB and PCIE) are not part of the BSCAN chain.
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37.4 Register Descriptions
The JTAG logic has no memory-mapped associated registers.

Figure 174:TAP Controller State Diagram
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38 JTAG Software Emulation Module
This chapter describes:

38.1 Overview 
38.2 Signal Descriptions 

38.3 Implementation 
38.4 Register Descriptions 

38.1 Overview
The JTAG software module imitates JTAG functionality via software. It gets a signal of a real and a 
simulated JTAG and generates control signals that cause switching between real and simulated 
JTAG signals according to control commands given by the APB bus. See Figure 175 block diagram 
of the JTAG software module.
                         

38.2 Signal Descriptions
For a complete list of JTAG signal descriptions, refer to 3 Pin Listing and Signal Definitions .

38.3 Implementation
The implementation of the JTAG software module is shown in Figure 176.

The JTAG software module includes three addresses:

Enable Address–enables the JTAG software module operation
Simulated Word Address–enables receiving the simulated JTAG through the APB bus

Figure 175: JTAG Software Module Block Diagram
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TDO Address–causes the JTAG software module to drive out the TDO value
A multiplexer (M1) chooses switching between the real JTAG and the simulated one.

A register (R1) enables the JTAG software module operation. Once a high signal is written into R1 
through the APB bus, M1 switches the simulated JTAG lines to output. The default value of R1 is 0, 
which causes the real JTAG lines to be connected to the output in a reset state.

Then, the simulated JTAG line values are written through the APB data bus into a second register 
(R2). The R2 address must be driven by the APB for proper execution. Each write operation through 
the APB bus causes the simulated JTAG to be toggled and connected to the output.

Once regular mode operation must be executed, R1 should be written with a low signal. Then M1 
switches the real JTAG lines to the output.
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Figure 176:Logic Design of the JTAG Software Module
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38.4 Register Descriptions
Refer to  Appendix A - Register Tables for details on the JTAG registers.
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39 Room Temperature Sensor
This chapter provides guidelines for using the temperature sensor A/D converter on the ARMADA 
16x Applications Processor. The temperature sensor consists of a diode, along with a general 
purpose 10-bit A/D converter. Temperature ranges between 0° and 125° C can be measured with a 
± 5°C accuracy. When the internal diode is selected (EXT_EN = 0) the internal die temperature is 
measured. When the external diode is selected (EXT_EN = 1) the external temperature is 
measured. Refer to Figure 177 for the block diagram of the temperature sensor. 

Section 39.1, Signal Descriptions

Section 39.2, Software Guidelines

Section 39.3, Hardware Guidelines

Section 39.4, Register Descriptions

39.1 Signal Descriptions
Refer to Table 154 for a description for the temperature sensor external signals.

Figure 177:Temperature Sensor Block Diagram
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39.2 Software Guidelines

The ADC returns a value in the TSC_CONFIG[DATA_OUT[9:0]) bits. Software must read this value 
and convert the data into a temperature. the equations in Section 39.2.1, Temperature Calculation 
show the typical relation between DATA_OUT and temperature (T).

39.2.1 Temperature Calculation
This section provides general guidelines for programming the ADC and calculating the temperature 
based on the output data. The following procedures are used to calculate temperatures based on 
the value returned by the sensor.

1. Take the GPIO unit out of reset and enable the APB bus clock by programming the 
APBC_GPIO_CLK_RST register.

2. Program the TSC_CONFIG[ADC_CAL] for normal calibration (0b00)
3. Program the TSC_CONFIG[MODE_SEL] to 0b0

4. Program the TSC_CONFIG[TS_SEL] to measure the internal (0b0) or external (0b1) 
temperature

5. Program the TSC_CONFIG[CLK_SEL] for the preferred frequency range (recommended value 
is 0b0)

6. Disable the test mode by clearing TSC_CONFIG[TST_SEL] to 0b00
7. Enable the temperature calculation by setting the TSC_CONFIG[TS_EN] bit to 0b1

8. Wait for the calculation to complete (TSC_CONFIG[DATA_RDY] = 1)
9. Read the calculated data from TSC_CONFIG[DATA_OUT[9:0]]
10. Calculate the temperature using DATA_OUT[9:0] and TSC_CALx registers.

39.2.1.1 Mode 0 Temperature Calculation
Mode 0 is used to read temperature ranges between 0° and 125° C with ± 5° C accuracy 
(MODE_SEL = 0b0). The temperature is a function of A/D reading and an offset correction. This 
offset can be added by reading the Temperature Sensor Calibration Registers (TSC_CALx). The 
slope of COUNT/C or A/D value per degree Centigrade is 1.94 A/D counts per degree C.

INT_TEMP = Internal Die temperature in degrees C

EXT_TEMP = External temperature in degrees C

OFFSET = INT_OFFSET[3:0] when measuring internal temperature

OFFSET = EXT_OFFSET[3:0] when measuring external temperature

INT_TEMP = ( (DATA_OUT - 525.9)/1.988 ) + OFFSET

EXT_TEMP = ( (DATA_OUT - 531.1)/1.9 ) + OFFSET

Table 154: External Signal Descriptions

Signal Name Ball  Number Type Description

RT_SEN R16 Analog RT_SEN is the only analog input from the remote diode. 
It must be connected to the anode of a remote-diode- 
connected temperature-sensing transistor. Leave 
unconnected if no remote diode is used. 

AVDD_OSC P16 Power Analog supply for the PLL, oscillator and temperature 
sensor
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39.2.1.2 Mode 1 Temperature Calculation
Mode 1 is used to read temperature ranges between 10° and 50° C (MODE_SEL = 0b1). The 
temperature is a function of A/D reading and an offset correction. This offset can be added by 
reading the Temperature Sensor Calibration Registers (TSC_CALx). The slope of COUNT/C or A/D 
value per degree Centigrade is 2.85 A/D counts per degree C.

INT_TEMP = Internal Die temperature in degrees C

EXT_TEMP = External temperature in degrees C

OFFSET = INT_OFFSET[3:0] when measuring internal temperature

OFFSET = EXT_OFFSET[3:0] when measuring external temperature

INT_TEMP = ( (DATA_OUT - 785.3)/2.87 ) + OFFSET

EXT_TEMP = ( (DATA_OUT - 792.6)/2.75 ) + OFFSET

39.3 Hardware Guidelines
When measuring the outside temperature, an external remote diode is required. Marvell 
recommends using a 2N3904 transistor for the remote diode. Refer to Figure 178 for a typical 
connection to the RT_SEN signal.
                         

39.3.1 Routing Guidelines
Use the following guidelines to reduce the measurement errors when measuring remote 
temperature.

39.3.1.1 Diode Placement
Place the remote diode as close as possible to the RT_SEN signal. In noisy environments, this 
distance can be 4 to 8 inches. This distance can be increased when noise sources such as clock 
sources and memory buses are avoided.

Note

Offset correction is read from the Temperature Sensor Calibration Registers 
(TSC_CALx). The EXT_SIGN/INT_SIGN is the sign with 3 bits of correction for ±7° C. If 
the EXT_SIGN/INT_SIGN is set to 1, then the offset correction is -(A/D temperature is 
too high). 

Figure 178:Room Temperature Circuit

RT_SEN

2N3904 Diode Transistor
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39.3.1.2 Trace Routing
1. Do not route RT_SEN traces across fast digital signals

2. Route RT_SEN traces away from any high voltages traces such as a 12V DC supply.
3. Route through as few vias and crossunders as possible to minimize copper/solder 

thermocouple affects.
4. Avoid the effect of trace resistance on temperature readings using long, narrow traces use as 

wide of traces as possible. 5-mil to 10-mil traces are typical.

39.3.2 Series Resistance
Some thermal diodes can have excessive series resistance due to both on-board trace resistance 
and on-chip routing resistance. Series resistance causes the temperature sensor to report the 
temperature higher than what the temperature of the thermal diode actually is (mostly offset error). If 
assuming the series resistance is around 1 Ohm, it introduces ±0.85°C error. 

39.3.3 Discrete Remote Diodes
When the remote-sensing diode is a discrete transistor, its collector and base must be connected 
together. The transistor must be a small-signal type with a relatively high forward voltage. Large 
power transistors must not be used. Also, ensure that the base resistance is less than 100 ohms. 
Tight specifications for forward current gain (50 < ß, for example) indicate that the manufacturer has 
good process controls and that the devices have consistent VBE characteristics. Manufacturers of 
discrete transistors normally do not specify or guarantee an ideality factor. This is normally not a 
problem since good-quality discrete transistors tend to have ideality factors that fall within a 
relatively narrow range. Table 155 lists examples of discrete transistors that are appropriate for use 
with the temperature sensor. 
                         

39.4 Register Descriptions
Refer to Appendix A - Register Tables for details on the Room Temperature Sensor registers.

Table 155: Remote-Sensors Transistor Manufacturers

Manufacturer Model Number

Rohm Semiconductor SST3904

Fairchild Semiconductor 2N3904/MMBT3904

ON Semiconductor MMBT3904

Zetex FFMT3904

NOTE: Discrete-transistors must be diode connected (base shorted to collector)
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ARMADA 16x Applications Processor Family Register Tables
A ARMADA 16x Applications Processor 
Family  Register Information

Table 1:  ARMADA 16x Applications Processor Family  Register Memory Map

Unit Base Address Details

A.1 Multi-Function Pins 0xD401_E000 Page: A-5

A.2 CPU Interface (CPU_Interface) 0xD428_2C00 Page: A-13

A.3 Marvell® Sheeva™ PJ1 Core Registers Page: A-22

A.4 Interrupt Controller (ICU) 0xD428_2000 Page: A-65

A.5 DMA (DMA) 0xD400_0000 Page: A-73

A.6 Hardware Timers (HW_Timers)  0xD401_4000 Page: A-98

A.7 Real Time Clock (RTC) 0xD401_0000 Page: A-112

A.8 Main Power Management (MPMU) 0xD405_0000 Page: A-117

A.9 Application Subsystem Power Management (APMU) 0xD428_2800 Page: A-144

A.10 APB1 Peripheral Clock Control (APB1_Clock)  0xD401_5000 Page: A-180

A.11 APB2 Peripheral Clock Control (APB2_Clock)  0xD401_5800 Page: A-196

A.12 AXI Fabric (AXIFab)  0xD421_0000 Page: A-201

A.13 LCD (LCD) 0xD420_B000 Page: A-219

A.14 EPD Control Registers 0xC050_0000 Page: A-267

A.15 CMOS Camera Interface Controller (CCIC) 0xD420_A000 Page: A-286

A.16 Intelligent Color Remapping (CMU) 0xC080_2000 Page: A-306

A.17 NAND Flash Controller (NFC) 0xD428_3000 Page: A-320

A.18 Static Memory Controller (SMC) 0xD428_3800 Page: A-364

A.19 DDR Memory Controller (DDR_MC) 0xB000_0000 Page: A-378

A.20 USB (USB)
USB Host Controller: 0xD420_9000 

Page: A-430
USB OTG Controller: 0xD420_8000 

A.21 USB PHY OTG PHY: 0xD420_7000 
Host PHY: 0xD420_6000

Page: A-479

A.22 Fast Ethernet Controller (Fast_Ethernet) 0xC080_0000 Page: A-479

A.23 PCI Express Controller (PCIe) 0xD120_0000 Page: A-531

A.24 PCI Express DBI Registers 0xD120_0000 Page: A-563
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ARMADA 16x Applications Processor Family Register Tables
A.25 UART (UART)

UART1: 0xD401_7000 

Page: A-603UART2: 0xD401_8000

UART3: 0XD402_6000

A.26 SSP (SSP) 

SSP1: 0xD401_B000 

Page: A-625
 
 
 
 

SSP2: 0xD401_C000 

SSP3: 0xD401_F000 

SSP4: 0xD402_0000 

SSP5: 0xD402_1000 

A.27 Two Wire Serial Interface (TWSI) 
Standard TWSI (TWSI0): 0xD401_1000 

Page: A-652
 PWR_TWSI (TWSI5): 0xD402_5000 

A.28 One-Wire Serial Interface (One_Wire) 0xD401_1800 Page: A-669

A.29 Pulse Width Modulator (PWM)

PWM 1: 0xD401_A000

Page: A-675
 
 

PWM 2: 0xD401_A400 

PWM 3: 0xD401_A800 

PWM 4: 0xD401_AC00

A.30 AC97 (AC97) 0xD402_B000 Page: A-678

A.31 SD/MMC (SD_MMC)

SD1: 0xD428_0000 

Page: A-701
 
 

SD2: 0xD428_1000 

SD3: 0xD427_E000 

SD4: 0xD427_F000

A.32 Compact Flash Controller (Compact_Flash) 0xD428_5000 Page: A-747

A.33 XD Controller (XDC) 0xD428_4000 Page: A-780

A.34 Memory Stick/Memory Stick Pro (Memory_Stick) 0xD428_6000 Page: A-807

A.34 Keypad Controller 0xD401_2000 Page: A-819

A.36 General Purpose I/O (GPIO) 0xD401_9000 Page: A-832

A.37 JTAG Software (SW_JTAG) 0xD401_3100 Page: A-844

A.38 Room Temperature Sensor  Page: A-847

A.39 SQU Control 2 Register (SQU_CTRL_2) 0x0030 Page: A-850

Table 1:  ARMADA 16x Applications Processor Family  Register Memory Map

Unit Base Address Details
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-4



ARMADA 16x Applications Processor Family Register Tables
A.1 Multi-Function Pins
The AIB Clock/Reset Control Register (APBC_AIB_CLK_RST) must be programmed to take the AIB 
interface out of reset and enable the clocks prior to accessing Multi_Function Pin Registers.

A.1.1 Multi-Function Pin Drive Strength
Two different configurations are available for setting the drive strength for each multi-function pin. 
For normal IO pins, MFPR_<xx11:10> are used for each pin. For Fast IO pins, the combination of 
the four pins MFPR_58[11:10]  and MFPR_56[11:10] are used to determine the P and N drive 
strengths for the entire block of fast IO pins (MFPR_<56:85>). Refer to Table 2 for example drive 
strength settings for the fast IO pins using PMOS and NMOS drivers. Refer to Table 3 for MFPR bit 
assignments used to program the PMOS and NMOS drivers.

                         .

Note

Note Refer to  "Electrical Specifications" in the Marvell® ARMADA 16x Applications Processor Family 
Hardware Manual (MV-S301545-00) for current values for each drive strength setting.

Table 2: Fast IO Multi-Function Pin Drive Strengths

ZPR[2:1] ZNR[2:1] Drive Strength

00 00 1X

01 01 2X

10 10 3X

11 11 4X

Table 3: ZPR and PNR MFPR Assignments

ZPR/ZNR MFPR Bit Assignments

ZPR[1] MFPR58[11]

ZPR[2] MFPR58[10]

ZNR[1] MFPR56[11]

ZNR[2] MFPR57[10]
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ARMADA 16x Applications Processor Family Register Tables
A.1.2 Multi-Function Pin Control Register x (MFPR_X)
The MFP Registers are not reset to their default values when a hardware reset occurs.  Power must 
be removed to reset these registers to their default values.

The AIB Clock/Reset Control Registers (APBC_AIB_CLK_RST) in the APB1 Peripheral Clock 
Control (APB1_Clock) Unit must be programmed prior to accessing the MFPR registers.

Base Address: 0xD401_E000
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ARMADA 16x Applications Processor Family Register Tables
Instance Name Offset
MFP_37 0x0000

MFP_38 0x0004

MFP_39 0x0008

MFP_40 0x000C

MFP_41 0x0010

MFP_42 0x0014

MFP_43 0x0018

MFP_44 0x001C

MFP_45 0x0020

MFP_46 0x0024

MFP_47 0x0028

MFP_48 0x002C

MFP_49 0x0030

MFP_50 0x0034

MFP_51 0x0038

MFP_52 0x003C

MFP_53 0x0040

MFP_54 0x0044

MFP_55 0x0048

MFP_00 0x004C

MFP_01 0x0050

MFP_02 0x0054

MFP_03 0x0058

MFP_04 0x005C

MFP_05 0x0060

MFP_06 0x0064

MFP_07 0x0068

MFP_08 0x006C

MFP_09 0x0070

MFP_10 0x0074

MFP_11 0x0078

MFP_12 0x007C

MFP_13 0x0080

MFP_14 0x0084

MFP_15 0x0088

MFP_16 0x008C

MFP_17 0x0090

MFP_18 0x0094

MFP_19 0x0098

MFP_20 0x009C

MFP_21 0x00A0

MFP_22 0x00A4

MFP_23 0x00A8

MFP_24 0x00AC

MFP_25 0x00B0

MFP_26 0x00B4

MFP_27 0x00B8

MFP_28 0x00BC
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-7



ARMADA 16x Applications Processor Family Register Tables
MFP_29 0x00C0

MFP_30 0x00C4

MFP_31 0x00C8

MFP_32 0x00CC

MFP_33 0x00D0

MFP_34 0x00D4

MFP_35 0x00D8

MFP_36 0x00DC

MFP_56 0x00E0

MFP_57 0x00E4

MFP_58 0x00E8

MFP_59 0x00EC

MFP_60 0x00F0

MFP_61 0x00F4

MFP_62 0x00F8

MFP_63 0x00FC

MFP_64 0x0100

MFP_65 0x0104

MFP_66 0x0108

MFP_67 0x010C

MFP_68 0x0110

MFP_69 0x0114

MFP_70 0x0118

MFP_71 0x011C

MFP_72 0x0120

MFP_73 0x0124

MFP_74 0x0128

MFP_75 0x012C

MFP_76 0x0130

MFP_77 0x0134

MFP_78 0x0138

MFP_79 0x013C

MFP_80 0x0140

MFP_81 0x0144

MFP_82 0x0148

MFP_83 0x014C

MFP_84 0x0150

MFP_85 0x0154

MFP_86 0x0158

MFP_87 0x015C

MFP_88 0x0160

MFP_89 0x0164

MFP_90 0x0168

MFP_91 0x016C

MFP_92 0x0170

MFP_93 0x0174

MFP_94 0x0178

MFP_95 0x017C

MFP_96 0x0180

Instance Name Offset
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MFP_97 0x0184

MFP_98 0x0188

MFP_99 0x018C

MFP_100 0x0190

MFP_101 0x0194

MFP_102 0x0198

MFP_103 0x019C

MFP_104 0x01A0

MFP_105 0x01A4

MFP_106 0x01A8

MFP_107 0x01AC

MFP_108 0x01B0

MFP_109 0x01B4

MFP_110 0x01B8

MFP_111 0x01BC

MFP_112 0x01C0

MFP_113 0x01C4

MFP_114 0x01C8

MFP_115 0x01CC

MFP_116 0x01D0

MFP_117 0x01D4

MFP_118 0x01D8

MFP_119 0x01DC

MFP_120 0x01E0

MFP_121 0x01E4

MFP_122 0x01E8

PWR_SCL 0x01EC

PWR_SDA 0x01F0

PRI_TDI 0x01F4

PRI_TMS 0x01F8

PRI_TCK 0x01FC

PRI_TDO 0x0200

PRI_TRST_N 0x0204

EXT_WAKEUP 0x0208

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

P
U

LL
_S

E
L

P
U

LL
U

P
_E

N

P
U

LL
D

N
_E

N

R
es

er
ve

d

D
R

IV
E

Reserved AF_SEL

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? ? ? ? ? ? ? ? 1 0 0 ? 0 0 0

Table 5: Multi-Function Pin Control Register x (MFPR_X)  (Sheet 1 of 4)

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
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ARMADA 16x Applications Processor Family Register Tables
15 PULL_SEL R/W 0x0 PULL SEL
This field selects between two sets of controls for the pullup 
and pulldown functionality.
During low-power states, this field is overridden to 1 and 
controlled by the <PULLUP EN> and <PULLDN EN> fields. 
In these low-power states, this field is effectively 1, although 
the register value is not changed.

0x0: The pullup and pulldown resistors are controlled by 
the selected alternate function for the pin

0x1: The pullup and pulldown resistors are controlled by 
the <PULLUP EN> and <PULLDN EN> fields in this 
register, overriding the function indicated by the 
selected alternate function.

14 PULLUP_EN R/W -- PULLUP EN
This field bit controls the output function while the <PULL 
SEL> field is set to 1 (or is effectively 1).

Note: The address and reset value is on a pin-by-pin basis. 
Do not rely on the reset value of this field as it must 
be configured by software to the preferred settings.

0x0: The internal pullup resistor of the pin is disabled

0x1: The internal pullup resistor of the pin is enabled

13 PULLDN_EN R/W -- PULLDN EN
This field bit controls the output function while <PULL SEL> 
is set to 1 (or is effectively 1).

Note: The address and reset value is on a pin-by-pin basis. 
Do not rely on the reset value of this field as it must 
be configured by software to the preferred settings.

0x0: The internal pulldown resistor of the pin is disabled

0x1: The internal pulldown resistor of the pin is enabled

12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 5: Multi-Function Pin Control Register x (MFPR_X)  (Sheet 2 of 4)

Bits Name Type Reset Description
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ARMADA 16x Applications Processor Family Register Tables
11:10 DRIVE R/W -- DRIVE
                           DRIVE (Normal IO)                        
This field defines the drive strength and slew rate for this 
pin (in functional mode when the pin is driving HIGH or 
LOW value).

Note: For normal IO multi-function pins. Refer to Section 7 
Electrical Specifications in the Marvell® ARMADA 
16x Applications Processor Family Hardware Manual 
(MV-S301545-00) for current values for each drive 
strength setting. The address and reset value is on a 
pin-by-pin basis. Do not rely on the reset value of this 
field as it must be configured by software to the 
preferred settings. See table data.   

0x0: 1X (Normal IO drive)

0x1: 1X (Normal IO drive)

0x2: 2X (Normal IO drive)

0x3: 3X (Normal IO drive)                                 

                           DRIVE (FAST IO)                        
This field defines the drive strength and slew rate for this 
pin (in Functional mode when the pin is driving HIGH or 
LOW value).

Note: For Fast IO pins, the combination of the four pins 
MFPR_<59:56> are used to determine the P and N 
drive strengths for the entire block of fast IO pins 
(MFPR_<56:85>). Refer to Table 2 for example drive 
strength settings for the fast IO pins using PMOS and 
NMOS drivers. Refer to Table 3 for MFPR bit 
assignments used to program the PMOS and NMOS 
drivers.

                           VOLTAGE CONFIGURATION                               
Five different voltage domains are used to supply power to 
the multi-function pins (VDD_IO0, VDD_IO1, VDD_IO2, 
VDD_IO3, and VDD_IO4). At reset, the default voltage level 
is 3.3 volts (1 = 3.3v; 0 = 1.8v). To operate the pins at 1.8v, 
software must configure the pins to operate at that voltage 
level. The table below shows the MFPR registers used to 
program the voltage level for each VDD_IO domain.

VOLTAGE DOMAIN CONTROL                        
Voltage Domain                           MFPR Source                        
VDD_IO0                                       MFPR_60[10]
VDD_IO1                                       MFPR_60[11]
VDD_IO2                                       MFPR_61[10]
VDD_IO3                                       MFPR_61[11]
VDD_IO4                                       MFPR_62[11]

9:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 5: Multi-Function Pin Control Register x (MFPR_X)  (Sheet 3 of 4)

Bits Name Type Reset Description
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ARMADA 16x Applications Processor Family Register Tables
2:0 AF_SEL R/W 0x0 AF SEL
This field is used for alternate function selection for a pin. It 
selects between the eight possible alternate functions for 
the pin. Alternate function 0 is always the reset case.

0x0: Alternate function 0 (primary function at reset)

0x1: Alternate function 1

0x2: Alternate function 2

0x3: Alternate function 3

0x4: Alternate function 4

0x5: Alternate function 5

0x6: Alternate function 6

0x7: Alternate function 7

Table 5: Multi-Function Pin Control Register x (MFPR_X)  (Sheet 4 of 4)

Bits Name Type Reset Description
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ARMADA 16x Applications Processor Family Register Tables
A.2 CPU Interface (CPU_Interface)
Base Address: 0xD428_2C00

                         

A.2.1 Chip ID Register (CHIP_ID)
                         

A.2.2 CPU Configuration Register (CPU_CONF)

Table 6:  CPU Interface Register Summary 

Offset Name Description Details

 0x0000 CHIP_ID Chip ID Register Page: A-13

0x0008 CPU_CONF CPU Configuration Register Page: A-13

0x001C MCB_CONF MCB Configuration Register Page: A-15

0x0024 SW_BRANCH_ADDR Software Branch Address Register Page: A-17

0x0028 PERF_COUNT0_CNTRL Performance Counter 0 Control Register Page: A-17

0x002C PERF_COUNT1_CNTRL Performance Counter 1 Control Register Page: A-18

0x0030 PERF_COUNT2_CNTRL Performance Counter 2 Control Register Page: A-19

0x0034 PERF_COUNT0 Performance Count 0 Register Page: A-20

0x0038 PERF_COUNT1 Performance Count 1 Register Page: A-20

0x003C PERF_COUNT2 Performance Count 2  Register Page: A-20

0x0040 MC_CONF MC Configuration Register Page: A-21

Instance Name Offset
CHIP_ID 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved REV_ID CHIP_ID

Default ? ? ? ? ? ? ? ? 1 0 1 0 0 0 0 0 1 0 1 0 0 0 0 1 0 1 1 0 1 0 0 0

Table 7: Chip ID Register (CHIP_ID)  

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:16 REV_ID RO 0xA0 Revision ID
A0 - 0xA0
B0 - 0xB0

15:0 CHIP_ID RO 0xA168 Chip ID
S0 - 0xC910
A0 - 0xA168
B0 - 0xA168
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ARMADA 16x Applications Processor Family Register Tables
                         

Instance Name Offset
CPU_CONF 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? 0 1 1 1 0 1 ? 1 ? 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1

Table 8: CPU Configuration Register (CPU_CONF)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23 cpu_firewall_mask R/W 0x0 CPU Firewall Mask
For Power domain control

22 cpu_power_taken R/W 0x1 CPU Power Taken
For Power Domain Control

21 lf_cwf_en R/W 0x1 Line fill critical word first

20 L2C_BURST8_ 
ENABLE

R/W 0x1 L2 Cache burst of 8 enable
0x0: Burst of 4 used

0x1: Burst of 8 used

19:17 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

16 L2C_IDLE RO 0x1 L2 Cache Idle
Set to indicate L2C is idle

15 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

14 MMU_NOT_CA R/W 0x0 L2C MMU Not Cacheable
0x1: Disable MMU accesses be cached by L2C

13 NO_TRANS_ABT R/W 0x0 L2C No MMU Translation abort
0x1: Disable MMU translation abort for L2C

12 L2C_ATTR_SEL R/W 0x0 L2 Cache Attribute Select
0x0:  Select XSCALE (outer) attributes for L2C
0x1:  Select ARM (inner) attributes for L2C. 

11 L2C_ECC_CHK_EN R/W 0x1 L2 Cache ECC Check Enable
0x0: Disable ECC checking
0x1: Enable ECC checking.  

10 REMAP_EN R/W 0x0 DDR Shadow Re-Map Enable
Default to set if this CPU is selected to boot from chip reset. 
DDR memory shadow is removed if this bit is cleared.

9 PCLK_WFI_EN R/W 0x0 PCLK Wait for Interrupt Enable
0x1: Allow CPU in WFI be waken by ICE as well as by 

interrupt
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ARMADA 16x Applications Processor Family Register Tables
A.2.3 MCB Configuration Register (MCB_CONF)
                         

8 SEL_MRVL_ID R/W 0x0 Select Marvell ID
0x1: Select Marvell ID in cp15 c0

0x0: Select ARM946 ID in cp16 c0

7 CG_BPASS1 R/W 0x0 Clock Gate Bypass 1
0x1: Bypass local clock gate in ATPG  test

0x0: Normal function

6 CG_BPASS0 R/W 0x0 Clock Gate Bypass 0
0x1: Bypass global clock gate

5 AFIFO_MERGE_DIS R/W 0x0 FIFO Merge Disable

0x1: Disable write buffer merge

4 L2C_RAM_SEL R/W 0x0 L2 Cache RAM Select
0x1: Select L2C RAM belong to SQU

3 L2C_EXIST R/W 0x1 L2 Cache Exist
0x1: L2C can be enabled by cp15 c15                 

programming

2 L2C_WT_MODE R/W 0x0 L2 Cache Write Mode
0x1: Writethrough mode

0x0: Writeback mode

1 NONMMU_MODE R/W 0x0 Non-MMU Mode
0x1: Disable ARM926, enable ARM946

0 VINITHI R/W 0x1 Vector Init High
Default to strap input if this CPU is selected to be boot from 
chip reset; otherwise, set to place vector high and clear to 
place vector low

Instance Name Offset
MCB_CONF 0x001C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 ? ? ? ? ? 0 0 0 ? 1 0 1 ? 1 1 1

Table 8: CPU Configuration Register (CPU_CONF)  (Sheet 2 of 2)

Bits Name Type Reset Description
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ARMADA 16x Applications Processor Family Register Tables
Table 9: MCB Configuration Register (MCB_CONF)  

Bits Name Type Reset Description

31:22 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

21 MCB3_CLK_GATE_EN R/W 0x0 MCB3 Clock Gating Enable

20 MCB3_CLK_STOP_EN R/W 0x0 MCB3 Clock Stop Enable

0x1: Enable MCB3 clock stop feature

19 MCB2_CLK_GATE_EN R/W 0x0 MCB2 Clock Gating Enable

18 MCB1_CLK_GATE_EN R/W 0x0 MCB1 Clock Gating Enable

17 MCB2_CLK_STOP_EN R/W 0x0 MCB2 Clock Stop Enable
0x1: Enable MCB2 clock stop feature

16 MCB1_CLK_STOP_EN R/W 0x0 MCB1 Clock Stop Enable

0x1: Enable MCB1 clock stop feature

15:11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

10 MCB1_S7_PRI R/W 0x0 MCB1 s7 Port Priority
0x1: Assert priority for s7 port accesses

9 MCB1_S5_PRI R/W 0x0 MCB1 s5 Port Priority

0x1: Assert priority for s5 port accesses

8 MCB1_S0_PRI R/W 0x0 MCB1 S0 Port Priority
0x1: Assert priority for s0 port accesses

7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6 MCB2_S7_SEL R/W 0x1 MCB s7 Select
Enable MCB1 AXI Fabric#2 s7 port

0x0: MCB1 s7 selected

0x1: MCB2 s7 selected

5 MCB2_S5_SEL R/W 0x0 MCB s5 Select
Enable MCB1 AXI Fabric#1 s5 port

0x0: MCB1 s5 selected

0x1: MCB2 s5 selected

4 MCB2_S0_SEL R/W 0x1 MCB s0 Select
Enable MCB1 AXI Fabric#1 s0 port

0x0: MCB1 s0 selected

0x1: MCB2 s0 selected

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 MCB1_S7_ENB R/W 0x1 MCB1 s7 Port Enable

0x1: Enable MCB1 AXI Fabric#2 s7 port

1 MCB1_S5_ENB R/W 0x1 MCB1 s5 Port Enable
0x1: Enable MCB1 AXI Fabric#1 s5 port

0 MCB1_S0_ENB R/W 0x1 MCB1 s0 Port Enable
0x1: Enable MCB1 AXI Fabric#1 s0 port
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A.2.4 Software Branch Address Register (SW_BRANCH_ADDR)
                         

A.2.5 Performance Counter 0 Control Register 
(PERF_COUNT0_CNTRL)

                         

Instance Name Offset
SW_BRANCH_ADDR 0x0024

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field BRANCH_ADDR

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 10: Software Branch Address Register (SW_BRANCH_ADDR)  

Bits Name Type Reset Description

31:0 BRANCH_ADDR R/W 0x0 Branch Address
Used by software to set branch address for CPUs

Instance Name Offset
PERF_COUNT0_CNTRL 0x0028

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0

Table 11: Performance Counter 0 Control Register (PERF_COUNT0_CNTRL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

10:8 MCB1_QU_THRE R/W 0x0 MCB1 Qu Threshold
MCB1 Req Qu threshold for count

7 MCB1_QU_BEL_THRE_CNT_EN R/W 0x0 MCB1 Qu below three Count Enable
Enable count fpr MCB1 Req Qu < three cycles

6 MCB1_QU_ABV_THRE_CNT_EN R/W 0x0 MCB1 Qu threshold Count  Enable
Enable count for MCB1 Req Qu >= three cycles

5 MCB1_IDLE_CNT_EN R/W 0x0 MCB1 Idle Count Enable
Enable Count for MCB1 IDLE cycles

4 MCB1_QU_FULL_CNT_EN R/W 0x0 MCB1 Qu Full Count Enable
Enable Count for MCB1 Req Qu full cycles
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A.2.6 Performance Counter 1 Control Register 
(PERF_COUNT1_CNTRL)

                         

3 MCB1_QU_EMPTY_CNT_EN R/W 0x0 MCB1 Qu Empty Count Enable
Enable Count for MCB1 Req Qu empty cycles

2 s0_RD_BYTE_COUNT_EN R/W 0x0 Read Byte Count Enable
Enable Count for Read Bytes for s0

1 s0_WR_BYTE_COUNT_EN R/W 0x0 Write Byte Count Enable
Enable Count for Write Bytes for s0

0 CLR_COUNT R/W 0x0 Clear Counter
When set clears the counter

Instance Name Offset
PERF_COUNT1_CNTRL 0x002C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0

Table 12: Performance Counter 1 Control Register (PERF_COUNT1_CNTRL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

10:8 MCB2_QU_THRE R/W 0x0 MCB2 Qu Threshold
MCB2 Req Qu threshold for count

7 MCB2_QU_BEL_THRE_CNT_EN R/W 0x0 MCB2 Qu below three Count Enable
Enable count fpr MCB2 Req Qu < three cycles

6 MCB2_QU_ABV_THRE_CNT_EN R/W 0x0 MCB2 Qu above thre Count  Enable
Enable count for MCB2 Req Qu >= three cycles

5 MCB2_IDLE_CNT_EN R/W 0x0 MCB2 Idle Count Enable
Enable count for MCB2 IDLE cycles

4 MCB2_QU_FULL_CNT_EN R/W 0x0 MCB2 Qu Full Count Enable
Enable count for MCB2 Req Qu full cycles

Table 11: Performance Counter 0 Control Register (PERF_COUNT0_CNTRL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.2.7 Performance Counter 2 Control Register 
(PERF_COUNT2_CNTRL)

                         

3 MCB2_QU_EMPTY_CNT_EN R/W 0x0 MCB2 Qu Empty Count Enable
Enable count for MCB2 Req Qu empty cycles

2 s5_RD_BYTE_COUNT_EN R/W 0x0 Read Byte Count Enable
Enable count for Read Bytes for s5

1 s5_WR_BYTE_COUNT_EN R/W 0x0 Write Byte Count Enable
Enable count for Write Bytes for s5

0 CLR_COUNT R/W 0x0 Clear Counter
When set clears the counter

Instance Name Offset
PERF_COUNT2_CNTRL 0x0030

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0

Table 13: Performance Counter 2 Control Register (PERF_COUNT2_CNTRL)  

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 s7_RD_BYTE_COUNT_EN R/W 0x0 Read Byte Count Enable
Enable Count for Read Bytes for s7

1 s7_WR_BYTE_COUNT_EN R/W 0x0 Write Byte Count Enable
Enable Count for Write Bytes for s7

0 CLR_COUNT R/W 0x0 Clear Counter
When set clears the counter

Table 12: Performance Counter 1 Control Register (PERF_COUNT1_CNTRL)  (Sheet 2 of 2)

Bits Name Type Reset Description
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-19



ARMADA 16x Applications Processor Family Register Tables
A.2.8 Performance Count 0 Register (PERF_COUNT0)
                         

A.2.9 Performance Count 1 Register (PERF_COUNT1)
                         

A.2.10 Performance Count 2 Register (PERF_COUNT2)
                         

Instance Name Offset
PERF_COUNT0 0x0034

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field COUT_VALUE

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 14: Performance Count 0 Register (PERF_COUNT0)  

Bits Name Type Reset Description

31:0 COUT_VALUE RO 0x0 Performance Count Value

Instance Name Offset
PERF_COUNT1 0x0038

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field COUT_VALUE

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 15: Performance Count 1 Register (PERF_COUNT1)  

Bits Name Type Reset Description

31:0 COUT_VALUE RO 0x0 Performance Count Value

Instance Name Offset
PERF_COUNT2 0x003C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field COUT_VALUE

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 16: Performance Count 2 Register (PERF_COUNT2)  

Bits Name Type Reset Description

31:0 COUT_VALUE RO 0x0 Performance Count Value
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A.2.11 MC Configuration Register (MC_CONF)
                         

Instance Name Offset
MC_CONF 0x0040

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0

Table 17: MC Configuration Register (MC_CONF)  

Bits Name Type Reset Description

31:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 MC_PHY_DLL_DIS R/W 0x0 MC Phy DLL Disable
SOC override disable to MC Phy DLL

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.3 Marvell® Sheeva™ PJ1 Core Registers
Section A.3.1, CP14 Coprocessor (Debug) 

Section A.3.2, CP15 Coprocessor (Processor Configuration) 
Section A.3.3, L2 Cache Programmers Model 

A.3.1 CP14 Coprocessor (Debug)
The CP14 coprocessor enables software access to the debug communications channel. 

A.3.1.1 CP14 Register Summary
Table 17 summarizes the CP14 registers. 
                         Table 7-3 

A.3.1.2 CP14 Debug Channel Status Register–R0 
The Communications Channel Status Register is read-only. It controls synchronized handshaking between the 
processor and the debugger. 

To read this register: 

MRC p14, 0, <Rd>, c0, c0, 0; <-- Read Communications Channel Status Register 
                         

A.3.1.3 CP14 Debug Channel Data Register–R1
The Debug Channel Data Register allows passing data into and out of the debug register. 

Table 17: CP14 Register Map   

Register Access Name Details

R0 Read-only Debug Channel Status Register page A- 22

R1 Read/Write Debug Channel Data Register page A- 22

R2 Read/Write Debug Channel Monitor Register page A- 23

Table 18: Debug Channel Status Register (CP14.0.R0.C0.0) 

Bits Field
(Short)

Type
Init  Val

Descript ion

31:28 DbgV RO
0x6

Debug Version number
This is equivalent to the EmbeddedICE-RT version number. a

a. May vary depending on implementation. 

27:2 Reserved RO
SBZ

Reserved

1 DbgW RO Debug Write Flag
This flag indicates whether the CPU core can write data to the CP14 
coprocessor. 
0x0: Channel is ready for new data from processor
0x1: Processor has written data to the CP14 coprocessor

0 DbgR RO Debug Read Flag
This flag indicates whether the CPU core can read data from the CP14 
coprocessor. 
0x0: Channel is ready for new data from the debugger
0x1: Data is ready for the CPU core to read. Debug software should continue to 
read data until DbgR is 0. 
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Before reading the Debug Channel Data Register, check the Debug Channel Status Register, to see if the processor is 
ready for access: 

MRC p14, 0, <Rd>, c0, c0, 0 <-- Returns Debug Channel Status Register into Rd.

To write to the Debug Channel Data Register:

MCR p14, 0, <Rn>, c1, c0, 0 <-- Writes Rn to Debug Channel Data Register.

To read from the Debug Channel Data Register:

MRC p14, 0, <Rd>, c1, c0, 0 <-- Reads Debug Channel Data into Rd.
                         

A.3.1.4 CP14 Debug Channel Monitor Register–R2
This read-only register supports a debug monitor when the processor core is running in monitor mode. To read the 
register:

MRC p14, 0, <Rd>, c2, c0, 0 <-- Reads Debug Channel Monitor Register.
                         

A.3.2 CP15 Coprocessor (Processor Configuration)
The CP15 Processor provides control and configuration of the processor core components, including the MMU and 
caches. 

A.3.2.1 CP15 Register Summary
Registers 0, 5, 9, 13, and 15 provide access to several deeper registers selected by bank and opcode, as shown in 
Table 21. 
                         

Table 19: Debug Channel Data Register (CP14.0.R1.C0.0) 

Bits Field
(Short)

Type
Init  Val

Descript ion

31:0 DbgData RO
SBZ

Debug Data
Reading the coprocessor may return different data than that last written to the 
coprocessor. 

Table 20: Debug Channel Monitor Register (CP14.0.R2.C0.0)  

Bits Field
(Short)

Type
Init  Val

Descript ion

31:1 Reserved RO
SBZ

Reserved (should be zero)

0 DbgAbt RO
--

Debug Abort
A flag to indicate aborts caused by breakpoints or watchpoints. To check if an 
abort derived externally or internally, abort handlers can examine the DbgAbt bit 
in real time. 
0x1: A breakpoint or watchpoint is causing a Prefetch Abort or Data Abort 
(“internal aborts”)
0 = Either there is no internal abort or there are both internal and external aborts

Table 21: CP15 Register Map  

Register  
(Abbr.)

Register (Ful l  Addr.) Read Write Page#

R0 CP15.0.R0.c0.{0, 3-7} ID Code UNP page A- 26

R0 CP15.0.R0.c0.1 Cache type UNP page A- 26
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R0 CP15.1.R0.c0.0 L2 System ID UNP page A- 26

R0 CP15.1.R0.c0.1 L2 Cache Type UNP page A- 26

R1 CP15.0.R1.c0.0 Control Control page A- 28

R2 CP15.0.R2.c0.0 Translation table base Translation table base page A- 32

R3 CP15.0.R3.c0.0 Domain access control Domain access control page A- 33

R4 CP15.0.R4.c{0-15}.{0-7} RSVD RSVD page A- 34

R5 CP15.0.R5.c0.0 Data fault status Data fault status page A- 34

R5 CP15.0.R5.c0.1 Instruction fault status Instruction fault status page A- 34

R6 CP15.0.R6.c0.0 Fault address Fault address page A- 37

R7 CP15.0.R7.c{0-14}.{0-2} Cache operations Cache operations page A- 37

R8 CP15.0.R8.c{5-7}.{0-1} UNP TLB operations page A- 41

R9 CP15.0.R9.c0.0 DCache lockdown DCache lockdown page A- 41

R9 CP15.0.R9.c0.1 ICache lockdown ICache lockdown page A- 41

R10 CP15.0.R10.c0.0 TLB lockdown TLB lockdown page A- 44

R11 CP15.0.R11.c{0-15}.{0-7} RSVD RSVD page A- 45

R12 CP15.0.R12.c{0-15}.{0-7} RSVD RSVD page A- 45

R13 CP15.0.R13.c0.0 FCSE PID FCSE PID page A- 46

R13 CP15.0.R13.c0.1 Context ID Context ID page A- 46

R14 CP15.0.R14.c{0-15}.{0-7} RSVD RSVD page A- 47

Counters (including L2 Cache-related) and Monitor-related Registers

R15 CP15.0.R15.c12.(0-3) Counter configuration Counter operations page A- 47

R15 CP15.0.R15.c13.{0-7} Read counters Set/reset counters page A- 52

R15 CP15.0.R15.c14.0 Interrupt Enable for 
Performance Counter 
Monitoring

Interrupt Enable for 
Performance Counter 
Monitoring

page A- 53

R15 CP15.0.R15.c14.1 Overflow Status Flag 
Register for Performance 
Counter Monitoring

Overflow Status Flag 
Register for Performance 
Counter Monitoring

page A- 53

Extra Features Registers (provides additional features to the CPU)

R15 CP15.0.R15.c1.0 Coprocessor enable Coprocessor enable page A- 55

R15 CP15.1.R15.c1.1 Control configuration Control configuration page A- 57

R15 CP15.0.R15.c9.0 Privileged access Privileged access page A- 59

R15 CP15.1.R15.c12.0 CPU ID code extension UNP page A- 59

R15 CP15.1.R15.c12.4 UNP BPU flush page A- 59

L2 Cache-related Registers
For register details, see Section A.3.3, L2 Cache Programmers Model, on page A- 60.

R7 CP15.1.R7.c11.0 L2C Clean All L2C Clean All page A- 60

R7 CP15.1.R7.c7.0 L2C Invalidate All L2C Invalidate All page A- 60

R7 CP15.1.R7.c11.{1-3} L2C Clean Single Entry 
operations

L2C Clean Single Entry 
operations

page A- 60

R7 CP15.1.R7.c7.{1-3} L2C Invalidate Single Entry 
Operations

L2C Invalidate Single Entry 
Operations

page A- 61

Table 21: CP15 Register Map  (Continued)

Register  
(Abbr.)

Register (Ful l  Addr.) Read Write Page#
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1

A.3.2.2 Address Types
Table 22 describes the address types in the CPU when operating in MMU mode.
                         

If in MMU mode, the following steps summarize the event sequence when the CPU fetches an instruction:

1. The CPU core issues the instruction’s Virtual Address (VA).
2. If the Fast Context-Switch Extension (FCSE) is enabled, the MMU translates the VA into a Modified Virtual 

Address (MVA), using the MVA FCSE PID value. For more information, see the FCSE PID Register–R13 
(CP15.0.R13.c0.0) (Table 44 page A- 46). If the FCSE PID is disabled (0), then the VA is treated as an MVA. 

3. The I-Cache, D-Cache, and MMU receive the MVA. 
4. The MMU translates the MVA to a Physical Address (PA). If the address passes all protection checks and the 

addressed location has not been cached, then the processor core passes the PA to the bus interface, and the bus 
interface performs an external access at the supplied PA. 

A.3.2.3 CP15 Status Registers–R0
These registers read either the device ID or the cache type, depending on the opcode_2 value: 

opcode_2 = 0 --> ID 

opcode_2 = 1 --> Instruction and data cache type

To read the ID code: 

MRC p15, 0, Rd, c0, c0, {0, 3-7}  --> Read ID Code

To read the cache type: 

MRC p15, 0, Rd, c0, c0, 1         --> Read Cache Type

When reading from these registers, the CRm field value should be 0. Writes to R0 are UNP.

CPU ID Code Registers are described in Section A.3.2.3.1, ID Code Register–R0 (CP15.0.R0.c0.{0, 3-7}), on page A-
 26 and Cache Type Register is described in Section A.3.2.3.2, Cache Type Register–R0 (CP15.0.R0.c0.1), on page 
A- 26.

R7 CP15.1.R7.c15.{1-3} L2C Clean and Invalidate 
Single Entry Operations

L2C Clean and Invalidate 
Single Entry Operations

page A- 61

R15 CP15.1.R15.c15.c1.0 Extra Features Register Extra Features Register page A- 61

R15 CP15.1.R15.c10.7 L2C Way Lockdown Register L2C Way Lockdown Register page A- 62

R15 CP15.1.R15.c9.6 L2C Error Counter L2C Error Counter page A- 62

R15 CP15.1.R15.c9.7 L2C Error Threshold L2C Error Threshold page A- 62

R15 CP15.1.R15.c11.7 L2C Error Capture Register UNP page A- 64

Table 22: Address Types 

Domain Address Type Acronym

CPU Core Virtual Address VA

Caches and MMU Modified Virtual Address MVA

CPU External Bus Physical Address PA

Table 21: CP15 Register Map  (Continued)

Register  
(Abbr.)

Register (Ful l  Addr.) Read Write Page#
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-25



ARMADA 16x Applications Processor Family Register Tables
A.3.2.3.1 ID Code Register–R0 (CP15.0.R0.c0.{0, 3-7}) 
This read-only register returns a 32-bit device code and is read only. ID code register can be accessed by reading 
Register R0 with opcode_2 set to any value other than 1 or 2. An example instruction is given below:

MRC p15, 0, Rd, c0, c0, {0, 3-7} --> Returns ID

Table 23 describes the bit fields in the ID Code Register.
                         

A.3.2.3.2 Cache Type Register–R0 (CP15.0.R0.c0.1) 
This read-only register contains information about the size and architecture of the Instruction Cache (I-Cache) and the 
Data Cache (D-Cache). This register helps operating systems to establish how to perform functions such as cache 
cleaning and lockdown.

The Cache Type Register can be accessed by reading Register R0 with opcode_2 set to 1. An example instruction is 
given below:

MRC p15, 0, Rd, c0, c0, 1 --> Returns cache details

Table 24 describes the bit fields in the Cache Type Register. 
                         

Table 23: Bit Fields in ID Code Register–R0 (CP15.0.R0.c0.{0, 3-7})  

Bits Field
(Short)

Type
Init  Val

Descript ion

31:24 Impl RO
0x56

Implementer
0x56 = Marvell® as implementer

23:20 Variant RO
0X1

Major Revision Number

19:16 Arch RO
0x5 

v5TE Architecture
0x5 = V5TE

15:13 Core Generation RO
0x4

Part number

12:10 Core Revision RO
0x0

Core Revision Number

9:4 Product Number RO
0x00

Product Number

3:0 Product Revision 
Number

RO
0x0

Product Revision Number

Table 24: Cache Type Register–R0 (CP15.0.R0.c0.1)  

Bits Field
(Short)

Type
Init  Val

Descript ion

31:29 Reserved RSVD Reserved. Always write 0. Ignore read value.

28:25 cType RO
0xE

Cache Type
Reports the field type. It also specifies if the cache supports lockdown and the 
cleaning of the cache. 

24 S RO
SBO

Split
The S bit reveals if the cache is unified or separate.
0x0: Cache is unified, The iSize and dSize fields both describe the unified 
cache, and are identical
0x1: Harvard architecture, I-Cache and D-Cache are separate
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A.3.2.3.3 L2 System ID Register (L2ID)
In the L2 System ID Register, only the implementation trademark field is valid. The rest of the bits are reserved and will 
return unpredictable values when read.
                         

23:22 Reserved RSVD Reserved. Always write 0. Ignore read value.

21:18 dSize RO
0x6

D-Cache Size
The default implementation has a 32 KB D-Cache size. 
0x3 = 4 KB
0x4 = 8 KB
0x5 = 16 KB
0x6 = 32 KB
0x7 = 64 KB
0x8 = 128 KB

17:15 dAssoc RO
0x2

D-Cache Set Associativity
Reports whether cache is direct mapped or has multiple ways. The default 
implementation is 4-way set associative. 
0x2: 4-way set associative

14 dMode RO
0x0

D-Cache Mode
The dMode and the dSize fields together report the cache size. The dMode and 
dAssoc fields together report the cache associativity. 

13:12 dLen RO
0x2

D-Cache Line Length
0x2: 8 words (32 bytes) per line

11:10 Reserved RSVD Reserved. Always write 0. Ignore read value.

9:6 iSize RO
0x6

I-Cache Size
The default is 32 KB.
0x3: 4 KB
0x4: 8 KB
0x5: 16 KB
0x6: 32 KB
0x7: 64 KB
0x8: 128 KB

5:3 iAssoc RO
0x0

I-Cache Set Associativity
0x0: Direct mapped

2 iMode RO
0x0

I-Cache Mode 
The iMode and the iSize fields together report the cache size. The iMode and 
iAssoc fields together report the cache associativity. 

1:0 iLen RO
0x2

I-Cache Line Length
0x2: 8 words (32 bytes) per line

Table 25: L2 System ID Register (L2ID)  (CP15.1.R0.C0.0)

Bits Field
(Short)

Type
Init  Val

Descript ion

31:24 Implementation 
Trademark

RO
0x56

Implementation Trademark
0x56: Marvell Semiconductor

23:0 Reserved RSVD Reserved. Always write 0. Ignore read value.

Table 24: Cache Type Register–R0 (CP15.0.R0.c0.1)  (Continued)

Bits Field
(Short)

Type
Init  Val

Descript ion
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A.3.2.3.4 L2 Cache Type Register (L2CTYPE)
For the L2 Cache TYpe Register, note that bits [23:12] and bits [11:0] are duplicated. Bits [23:12] are defined as the 
data cache configuration and bits [11:0] are defined as the instruction cache configuration. However, since the  
ARMADA 16x Applications Processor Family implements a unified L2 cache, the information in bits [23:12] is required 
to be duplicated in both fields.
                         

A.3.2.4 CP15 Control Register–R1
This read/write register defines the configuration used to enable and disable the MMU, caches, WB, and BPU. This 
register is also used to control a few other miscellaneous CPU functions. Software should always access this register 
with a read-modify-write sequence.

To read the Control Register:

MRC p15, 0, Rd, c1, c0, 0 --> Read control register

To write the Control Register:

MCR p15, 0, Rd, c1, c0, 0 --> Write control register

Table 26: L2 Cache Type Register (L2CTYPE)  (CP15.1.R0.C0.1)

Bits Field
(Short)

Type
Init  Val

Descript ion

31:29 Reserved RSVD Reserved. Always write 0. Ignore read value.

28:25 Cache Class RO
0x5

Cache Class
0x5: The caches support locking, write back, and clean by Register 7 
operations.

24 Unified Cache RO
0x0

Unified Cache

23:20 L2 Unified Cache 
Way Size

RO
0x2

L2 Unified Cache Way Size
0x2: 32 KB
0x3: 64 KB

19:15 L2 Unified Cache 
Associativity

RO L2 Unified Cache Associativity
0x00: L2 Cache not present
0x08: 8-way

14 Reserved RSVD Reserved. Always write 0. Ignore read value.

13:12 L2 Unified Cache 
Line Length

RO
0x0

L2 Unified Cache Line Length
0x0: 32 bytes/line

11:8 L2 Unified Cache 
Way Size

RO
0x2

L2 Unified Cache Way Size
0x2: 32 KB
0x3: 64 KB

7:3 L2 Unified Cache 
Associativity

RO L2 Unified Cache Associativity
0x00: L2 Cache not present
0x08: 8-way

2 Reserved RSVD Reserved. Always write 0. Ignore read value.

1:0 L2 Unified Cache 
Line Length

RO
0x0

L2 Unified Cache Line Length
0x0: 32 bytes/line
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Table 27: Control Register–R1 (CP15.0.R1.c0.0) 

Bits Field
(Short)

Type
Init  Val

Descript ion

31:27 Reserved RSVD
SBZP

Reserved. Always write 0. Ignore read value.

26 L2C Enable RW L2C Enable
The init value for this field depends on the value of the <L2 
Cache Enable> field in the Marvell® Sheeva™ PJ1 Core  
Configuration Register.

25:19 Reserved RSVD
SBZP

Reserved. Always write 0. Ignore read value.

18 Reserved RSVD
SBO

Reserved. Always write 0. Ignore read value.

17 Reserved RSVD
SBZ

Reserved. Always write 0. Ignore read value.

16 Reserved RSVD
SBO

Reserved. Always write 0. Ignore read value.

15 L4 RW
0x0

PC Sets T Bit
Determines if the T bit is set when load instructions change the 
PC:
0x1: Loads to PC do not set bit T
0x0: Loads to PC set bit T
For further details refer to the ARM Architecture Reference 
Manual, Second Edition.

14 RR RO
0x0

Cache Replacement Algorithm
Reports replacement strategy for I-Cache and D-Cache.
0x0: Random replacement
0x1: Round-robin replacement
This bit is always zero and ignores writes.

13 V RW Exception Vector Address
Defines the location of exception vectors. 
0x0: Normal exception vectors selected, address range = 
0x0000 0000 to 0x0000 001C
0x1: High exception vectors selected, address range = 
0xFFFF 0000 to 0xFFFF 001C

12 I RW
0x0

I-Cache Enable
The I-Cache is disabled by default. 
0x0:  I-Cache disabled
0x1:  I-Cache enabled

11 BPU RW
0x1

BPU Enable
Branch prediction is enabled by default. 
0x0:  Branch prediction unit is disabled
0x1:  Branch prediction unit is enabled

10 Reserved RSVD Reserved. Always write 0. Ignore read value.
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9 RO RW
0x0

ROM Protection
This bit disables ROM protection. 
0x0: ROM protection enabled, unprivileged pages and 
sections are not permitted access to read-only areas
0x1: ROM protection disabled, pages and sections with user 
permissions are permitted access to read-only areas
Either the S or RO bit may be 1, but not both; otherwise, results 
for pages with AP bits set to 0 is UNP. See Domain Access 
Control Register–R3 (CP15.0.R3.c0.0) (Table 31 page A- 33). 

8 S RW
0x0

System Protection
This bit modifies the MMU protection system. 
0x0: System protection disabled
0x1: If the access permission (AP) bits in the page and section 
descriptors are both 0, then privileged pages and sections are 
read only
Either the S or RO bit may be 1, but not both; otherwise, results 
for pages with AP bits set to 0 is UNP. See Domain Access 
Control Register–R3 (CP15.0.R3.c0.0) (Table 31 page A- 33). 

7 B RW
On reset, this bit is set to the 
value on the BIGENDINIT pin

Endianness
0x0: Small Endian operation
0x1: Big Endian operation

6:3 Reserved RO
0xF

Write Buffer Enable
Exception handlers entered in 32-bit modes and 26-bit address 
exception checking disabled. 
Writes to this field are ignored.

2 C RW
0x0 on reset

D-Cache Enable
The D-Cache is disabled by default. 
0x0: D-Cache disabled
0x1: D-Cache enabled

1 A RW
0x0 on reset

Alignment Fault Checking
Alignment fault checking is disabled by default. 
0x0: Data address alignment fault checking disabled
0x1: Data address alignment fault checking enabled

0 M RW
0x0 on reset

MMU Enabled
The MMU is disabled by default. 
0x0: MMU disabled
0x1: MMU enabled

Table 27: Control Register–R1 (CP15.0.R1.c0.0) (Continued)

Bits Field
(Short)

Type
Init  Val

Descript ion
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A.3.2.4.1 Auxiliary Control Register
The Auxiliary Control Register contains the cache-attribute bits for the L1 data cache and L2 cache for Low-Locality of 
Reference (LLR) memory regions. This register also contains a bit that allows an ASSP defined memory attribute to be 
applied to translation table walks.

The configuration of LLR cache attributes should be setup before any data access is made that may be cached in the 
L1 data cache or L2 cache. Once data is cached, software must ensure that the L1 data cache and L2 cache have 
been cleaned and invalidated before the LLR cache attributes can be changed. Software must also invalidate the ITLB 
and DTLB.

The Page Table Memory Attribute (P) bit allows an ASSP defined attribute to be applied for memory requests 
generated by the hardware when doing a translation table walk. Example behavior may be enforcing ECC (error 
correction) on the memory access. Hardware will logically OR this bit with Translation Table Base Register P bit. The P 
bit in the Auxiliary Control Register is deprecated on Manzano; the page table memory attribute should be 
programmed through the Translation Table Base Register.
                         fg

A.3.2.4.2 Effects of R1 on Caches
The I-Cache and D-Cache behavior are affected by the R1 register’s M, C, and I fields. The caches behave as shown 
in Table 29.

Table 28: Auxiliary Control Register  

Bits Field
(Short)

Type
Init  Val

Descript ion

31:12 Reserved RSVD Reserved. Always write 0. Ignore read value.

11:10 LLR Outer Cache 
Attributes (OC)

RW
0x0

LLR Outer Cache Attributes (OC)
0x0: Out Non-cacheable
0x1: Outer Write back
0x2 to 0x3: Reserved

9:6 Reserved RSVD Reserved. Always write 0. Ignore read value.

5:4 LLR Inner (Data) 
Cache Attributes 
(IC)

RW
0x0

LLR Inner (Data) Cache Attributes (IC)
All configurations of LLR caching are cacheable, stores are buffered in the write 
buffer and stores may coalesce in the write buffer.
Mapping LLR caching to shared memory will change the definition of this field. 
0x0: Inner write back, read allocate
0x1: Inner write back, read allocate
0x2: Inner write through, read allocate
0x3: Inner write back, read allocate

3:2 Reserved RSVD Reserved. Always write 0. Ignore read value.

1 Page Table 
Memory Attribute 
(P)

RW
0x0

Page Table Memory Attribute (P)
Hardware will logically OR the value of this bit with TTBASE.P. The P bit in the 
Auxiliary Control Register is deprecated. 
THe effect of this bit is defined by the ASSP.
0x0: ASSP attribute not applied during page table access
0x1: ASSP attribute is applied during page table access

0 Reserved RSVD Reserved. Always write 0. Ignore read value..
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Note: When software disables a cache, its contents are inaccessible. If software then enables a cache, its contents 
are the same as when it was disabled. As a result, software must clean the D-Cache before disabling it, to 
guarantee data coherency.

A.3.2.5 CP15 Translation Table Base Register (TTBR)–R2
This read/write register specifies the base address of the first-level translation table. 

To read this register:

MRC p15, 0, Rd, c2, c0, 0 --> Read TTBR

To write this register: 

MCR p15, 0, Rd, c2, c0, 0 --> Write TTBR
                         

Table 29: Effect of Control Register’s M, C, and I Bits on Caches  

I  ( I -
Cache 
Enable)

M (MMU 
Enable)

C (D-
Cache 
Enable)

Behavior

0 X X All instruction fetches are from external memory (across the external bus).

X X 0 All data accesses are across the external bus.

X 0 X All data accesses are non-cacheable, non-bufferable. All addresses are flat 
mapped. That is VA = MVA = PA.

X 1 1 Data accesses can be cacheable or non-cacheable, and protection checks are 
performed. Depending on the MMU page entry, all addresses are translated 
from a VA to PA. (The VA is mapped to an MVA, and all addresses are 
translated from MVA to PA).

1 0 X All instruction fetches are cacheable with no protection checks. All addresses 
are flat mapped. That is VA = MVA = PA. 

1 1 X Instruction fetches can be cacheable or non-cacheable, and protection checks 
are performed. Depending on the MMU page entry, all addresses are 
translated from a VA to a PA. (The VA is mapped to an MVA, and all 
addresses are translated from an MVA to a PA). 

Table 30: Translation Table Base Register–R2 (CP15.0.R2.c0.0) 

Bits Field
(Short)

Type
Init  Val

Description

31:14 BASE RW
0x0.0000

Translation Table Base
Physical address of the base of the first-level table. Reading this field returns 
the pointer to the currently active first-level translation table. Writing this field 
updates the pointer to the first-level translation table.

13:5 Reserved RSVD
UNP/Write-as-
Zero
UNP/SBZP

Reserved. Always write 0. Ignore read value.

4:3 Table Walk Outer 
Cache Attributes 
(OC)

RW Table Walk Outer Cache Attributes (OC)
0x0: Outer non-cacheable
0x1: Reserved
0x2: Outer non-cacheable 
0x3: Outer Write back
NOTE: This is defined by ARM as Outer write-through, which Marvell® 

Sheeva™ PJ1 Core downgrades to Outer Non-cacheable)
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A.3.2.6 CP15 Domain Access Control Register–R3
This read/write register has 16 2-bit fields.Each 2-bit field defines the access permissions for one of 16 domains (D0-
D15). 

To read this register:

MRC p15, 0, Rd, c3, c0, 0 --> Read domain access permissions

To write this register:

MCR p15, 0, Rd, c3, c0, 0 --> Write domain access permissions
                         

2 P RW
0x0

Table Walk Memory Attribute
0x0: ASSP attribute not applied during page table access
0x1: ASSP attribute is applied during page table access
NOTE: The value of this bit will appear on the core output signal when the 

request on the XSI Bus is for a hardware page table walk. An ASSP 
may use this bit to direct the external bus controller to perform some 
special operation on the memory access.

Hardware will logically OR the value of this bit with the Auxiliary Control 
Register P bit. The P bit in the Auxiliary Control Register is deprecated on 
Manzano (original Marvell Sheeva™ architecture). The effect of this bit is 
defined by the ASSP. 

1 S RW
0x0

Table Walk Shared Attribute
0x0: Page table walk is not shared
0x1: Page table walk is shareable

0 Reserved RSVD
UNP/Write-as-
Zero
UNP/SBZP

Reserved. Always write 0. Ignore read value.

Table 31: Domain Access Control Register–R3 (CP15.0.R3.c0.0) 

Bits Field
(Short)

Type
Init  Val

Descript ion

31:30 D15 RW
0x0

Domain 15
Access permissions for this domain, encoded as follows:
0x0: No Domain Access. If software accesses D15, the CPU generates a 
domain fault. 
0x1: Client Domain Access. If software accesses D14, the CPU compares the 
access permission bits to the section or page descriptor access permissions.
0x2: Reserved. If set, behavior is currently the same as for “No Domain 
Access”. 
0x3 = Manager Domain Access. Access permission bits are not compared 
against accesses. Permission faults are not generated.

29:28 D14 RW
0x0

Domain 14. 
Refer to <D15> field description.

27:26 D13 RW
0x0

Domain 13. 
Refer to <D15> field description.

25:24 D12 RW
0x0

Domain 12. 
Refer to <D15> field description.

Table 30: Translation Table Base Register–R2 (CP15.0.R2.c0.0) (Continued)

Bits Field
(Short)

Type
Init  Val

Description
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Note: If this register is not programmed before enabling the MMU, then the default value, (No Domain Access) causes 
data or instruction aborts on all subsequent accesses. Software must program this register before enabling the 
MMU. 

A.3.2.7 CP15 Reserved Register–R4
This register causes UNP behavior if accessed.

A.3.2.8 CP15 Fault Status Registers (FSR)–R5
These read/write registers provide the source of the last instruction or data fault. The processor contains separate 
FSRs for instructions and data. The opcode_2 field selects between instruction and data FSRs:

opcode_2 = 0 --> Data Fault Status Register (DFSR)

opcode_2 = 1 --> Instruction Fault Status Register (IFSR)

When the MMU is disabled, the processor core still updates alignment faults and external aborts in the FSR. 

Data Fault Status Register (Table 32)–This read/write register is for debug only. 
To read the Data FSR (DFSR): 

MRC p15, 0, Rd, c5, c0, 0 --> Read DFSR

To write the Data FSR: 

MCR p15, 0, Rd, c5, c0, 0 --> Write DFSR

23:22 D11 RW
0x0

Domain 11. 
Refer to <D15> field description.

21:20 D10 RW
0x0

Domain 10. 
Refer to <D15> field description.

19:18 D09 RW
0x0

Domain 9. 
Refer to <D15> field description.

17:16 D08 RW
0x0

Domain 8. 
Refer to <D15> field description.

15:14 D07 RW
0x0

Domain 7. 
Refer to <D15> field description.

13:12 D06 RW
0x0

Domain 6. 
Refer to <D15> field description.

11:10 D05 RW
0x0

Domain 5. 
Refer to <D15> field description.

9:8 D04 RW
0x0

Domain 4. 
Refer to <D15> field description.

7:6 D03 RW
0x0

Domain 3. 
Refer to <D15> field description.

5:4 D02 RW
0x0

Domain 2. 
Refer to <D15> field description.

3:2 D01 RW
0x0

Domain 1. 
Refer to <D15> field description.

1:0 D00 RW
0x0

Domain 0. 
Refer to <D15> field description.

Table 31: Domain Access Control Register–R3 (CP15.0.R3.c0.0) (Continued)

Bits Field
(Short)

Type
Init  Val

Descript ion
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Instruction Fault Status Register (Table 33)–This read/write register is for debug only. 
To read the Instruction FSR (IFSR): 

MRC p15, 0, Rd, c5, c0, 1 --> Read IFSR

To write the Instruction FSR: 

MCR p15, 0, Rd, c5, c0, 1 --> Write IFSR
                         

                         

Table 34 shows how the processor core encodes the fault type in the <Status> field in the Data Fault Status and 
Instruction Fault Status Registers.

Table 32: Data Fault Status Register 

Bits Field
(Short)

Type
Init  Val

Descript ion

31:11 Reserved RSVD
UNP/Write-
as-Zero
UNP/SBZP

Reserved. Always write 0. Ignore read value.

10 S RW
0x0

Status Field Extension
This bit extends the encoding of the Status field for prefetch aborts and certain 
types of data aborts. The encoding of this field is provided in Table 35 for Data 
Aborts and in Table 36 for Pre-Fetch aborts. 

9:8 Reserved RSVD Reserved. Always write 0. Ignore read value.

7:4 Domain RW
0x0

Domain Fault
Specifies which of the 16 domains was being accessed.

3:0 Status RW
0x0

Fault Status
Type of prefetch or data abort that occurred. Refer to Table 34. 

Table 33: Instruction Fault Status Register 

Bits Field
(Short)

Type
Init  Val

Descript ion

31:8 Reserved RSVD Reserved. Always write 0. Ignore read value.

7:4 Domain RW
0x0

Domain Fault
Specifies which of the 16 domains was being accessed.

3:0 Status RW
0x0

Fault Status
Type of prefetch or data abort that occurred. Refer to Table 34. 
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Table 34: FSR Status Field Encoding  

Value Domain Source Size Prior i ty

0x3a

a. The ARM specifications permit either 0x1 or 0x3 for alignment faults. Marvell implements 0x3. 

Invalid Alignment -- Highest

0xC Invalid External abort on translation First level

0xE Valid Second level

0x5 Invalid Translation Section

0x7 Valid Page

0x9 Valid Domain Section

0xB Valid Page

0xD Valid Permission Section

0xF Valid Page

0x8 Invalid External Abort Section

0xA Invalid Page Lowest

Table 35: Encoding of Fault Status Register Data Aborts 

Prior ity Sources FS[10,3:0]a

a. All other encodings not listed are reserved.

Domain FAR

Highest Alignment 0x3 Invalid Valid 

-- External Abort on 
Translation 

First level 0xC Invalid Valid 

Second level 0xE Valid Valid

-- Translation Section 0x5 Invalid Valid 

Page 0x7 Valid Valid

-- Domain Section 0x9 Valid Valid 

Page 0xB Valid Valid

-- Permission Section 0xD Valid Valid 

Page 0xF Valid Valid

-- Lock Abort 0x14 Invalid Invalid

-- Co-processor Data Abort 0x1A Invalid Invalid

-- Imprecise External Data Abort 0x16 Invalid Invalid

Lowest Data Cache Parity Error Exception** 0x18 Invalid Invalid
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A.3.2.9 CP15 Fault Address Register (FAR)–R6
This read/write register returns the MVA for the address being accessed when a data abort occurs. To read the FAR: 

MRC p15, 0, Rd, c6, c0, 0 --> Read FAR

Writing a data to the FAR is useful for debugging purposes to restore the value of FAR to a previous state. To write the 
FAR: 

MCR p15, 0, Rd, c6, c0, 0 --> Write FAR

When reading or writing to FAR, CRm and opcode_2 should be zero. 

When the MMU is disabled, any alignment faults and external data aborts that occur are still updated in the FAR. 
Instruction aborts are not updated in the FAR. 
                         

A.3.2.10 CP15 Cache Operations Register - R7
This read/write register controls the write buffer and the caches. To perform a cache operation, write to this register as 
follows:

MCR p15, 0, Rd, c7, c{0-14}, {0-2}--> Perform Cache Operation

The CRm and opcode_2 fields define the cache operation performed. Writing unsupported opcode_2 or CRm values 
yields unpredictable results. 

Except during test and clean operations, reading this register results in unpredictable results. 

A write to this register can perform certain operations listed below:

• Flush the I-Cache and D-Cache
• Prefetch an I-Cache line
• Drain the write buffer
• Clean and flush the D-Cache

Table 36: Encoding of Fault Status for Prefetch Aborts 

Prior ity Sources FS[10,3:0]a 

a. All other encodings not listed are reserved.

Domain FAR

Highest Instruction MMU Exception
Several exceptions can generate this 
encoding: 
• translation faults
• external abort on translation 
• domain faults, and
• permission faults 
It is up to software to figure out which one 
occurred.

0x10 Invalid Invalid 

- External Instruction Error Exception 0x16 Invalid Invalid 

Lowest Instruction Cache Parity Error Exception 0x18 Invalid Invalid 

Table 37: Fault Address Register–R6 (CP15.0.R6.c0.0)  

Bits Field
(Short)

Type
Init  Val

Descript ion

31:0 fAddr RW Data Fault Address
The MVA of the data that caused a fault. 
If the MMU is disabled, the processor still updates this register for data aborts 
(but not for prefetch aborts). 
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Operations can either access cached data via its MVA tag, or via its index (and its way, if the cache is not direct 
mapped). Table 38 shows the available cache operations. The Rd column indicates how the Rd value is interpreted.
                         

Table 38: Cache Operations Register–R7 (CP15.0.R7.c{0-14}.{0-2})   

Operation Rd Descript ion

MCR p15, 0, Rd, c7, c0, 4 X Wait for Interrupt
Sets the core into power-saving mode. The core ensures the write buffer has 
been drained, the bus has completed all pending transactions, and blocks all 
further requests onto the bus before putting the core in sleep mode. Upon 
receiving an IRQ or FIQ interrupt, the core resumes regular operation. The CPU 
can wake through debug request if the pclk_wfi_en signal is set to 1.

MCR p15, 0, Rd, c7, c5, 0 X I-Cache Invalidate
Invalidates all data in the I-Cache and also flushes BPU. 

MCR p15, 0, Rd, c7, c5, 1 MVA I-Cache Invalidate Single Entry
Invalidates a single I-Cache line.

MCR p15, 0, Rd, c7, c5, 2 Set/Way

MCR p15, 0, Rd, c7, c5, 6 X BPU Invalidate
This operation is similar to that available in the BPU Operations Register–R15 
(CP15.1.R15.c12.4) (Table 55 page A- 60). 

MCR p15, 0, Rd, c7, c6, 0 X D-Cache Invalidate
Invalidates all data in the D-Cache, including dirty data.

MCR p15, 0, Rd, c7, c6, 1 MVA D-Cache Invalidate Single Entry
Invalidate a single D-Cache line and also throws away dirty data.

MCR p15, 0, Rd, c7, c6, 2 Set/Way

MCR p15, 0, Rd, c7, c7, 0 X D-Cache and I-Cache Invalidate
Invalidates all data in both caches and also in the BPU, discarding any dirty 
data.

MCR p15, 0, Rd, c7, c10, 0 X D-Cache Clean All. 
Cleans all lines in the D-Cache. 

MCR p15, 0, Rd, c7, c10, 1 MVA D-Cache Clean Single Entry
If the D-Cache line is marked valid and dirty, then the selected D-Cache line is 
written back to main memory. The line is marked as not dirty. The valid bit is the 
same.

MCR p15, 0, Rd, c7, c10, 2 Set/Way

MRC p15, 0, Rd, c7, c10, 3 X D-Cache Test and Clean
Tests the whole D-Cache for dirty lines. The operation stops when it finds the 
first dirty line and cleans the cache line. The operation returns the status of the 
cache in bit 30 (this bit is set to 1 if no dirty lines are found). 

MCR p15, 0, Rd, c7, c10, 4, 
or
MCR p15, 0, Rd, c7, c10, 5a

X Drain Write Buffer (also available in user mode) 
Writes all the contents of the write buffer (from memory stores) into the main 
memory before allowing any further instruction from being executed. 

MCR p15, 0, Rd, c7, c13, 1 MVA Prefetch I-Cache Line
Brings a specific instruction (by providing the virtual address of the instruction) 
into the I-Cache. The address of the instruction to be prefetched has to be 
cacheable. 
For direct-mapped caches, lockdown must be enabled before prefetching a 
cache line. For set-associative caches, lockdown does not need to be enabled. 
To lock down the cache, see Section A.3.2.12, CP15 
Cache Lockdown Registers - R9, on page A- 41. 
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For instructions accessing only one cache entry or line, the value of Rd provides the destination operand. If Rd is set to 
R15 in an MRC instruction, then the value read does not affect the PC. Figure 1 and Figure 2 show the bit fields for the 
Cache Operations Register in MVA and Set/Way mode, respectively. 

MCR p15, 0, Rd, c7, c14, 1 MVA D-Cache Clean and Invalidate Single Entry
If the D-Cache line is marked valid and dirty, then this operation writes the 
selected D-Cache line to main memory. Then the line is marked as invalid. MCR p15, 0, Rd, c7, c14, 2 Set/Way

MRC p15, 0, Rd, c7, c14, 3 X D-Cache Test, Clean, and Invalidate
Tests the whole D-Cache for dirty lines. The operation stops when it finds the 
first dirty line and cleans the cache line. The operation returns the status of the 
cache in bit 30 (this bit is set to 1 if no dirty lines is found). The operation then 
invalidates the whole D-Cache when there are no dirty lines found. 

MCR p15, 0, Rd, c7, c14, 0 X D-Cache Clean All and Invalidate
Cleans all lines in the D-Cache, then invalidates the cache. 

MCR p15, 0, Rd, c7, c5, 4 X Prefetch Flush (also available in user mode)
Flushes the pipeline. The command is typically used after the flush all I-Cache 
command. 

MCR p15, 0, Rd, c7, c5, 5 X D-Cache line allocate
(Available in user mode also). Implemented as NOP. 

L2 Cache-related 
See also Section A.3.3, L2 Cache Programmers Model, on page A- 60.

MCR p15, 1, Rd, C7, c11, 0 X L2C Clean All (see Table 56)

MCR p15, 1, Rd, C7, c7, 0 X L2C Invalidate All (see Table 57)

MCR p15, 1, Rd, C7, c11, 1 MVA L2C Clean Single Entry (MVA) (see Table 58)

MCR p15, 1, Rd, C7, c11, 2 Set/Way L2C Clean Single Entry (Set/Way) (see Table 58)

MCR p15, 1, Rd, C7, c11, 3 PA L2C Clean Single Entry (PA) (see Table 58)

MCR p15, 1, Rd, C7, c7, 1 MVA L2C Invalidate Single Entry (MVA) (see Table 59)

MCR p15, 1, Rd, C7, c7, 2 Set/Way L2C Invalidate Single Entry (Set/Way) (see Table 59)

MCR p15, 1, Rd, C7, c7, 3 PA L2C Invalidate Single Entry (PA) (see Table 59)

MCR p15, 1, Rd, C7, c15, 0 X Extra Features Register (see Table 61)

MCR p15, 1, Rd, C7, c15, 1 MVA L2C Clean and Invalidate Single Entry (MVA) (see Table 60)

MCR p15, 1, Rd, C7, c15, 2 Set/Way L2C Clean and Invalidate Single Entry (Set/Way) (see Table 60)

MCR p15, 1, Rd, C7, c15, 3 PA L2C Clean and Invalidate Single Entry (PA) (see Table 60)

MCR p15, 1, Rd, C15, c9, 6 X L2C Error Counter (see Table 63)

MCR p15, 1, Rd, C15, c9, 7 X L2C Error Threshold (see Table 64)

MCR p15, 1, Rd, c15, c10, 7 X L2C Way Lockdown Register (see Table 62)

MRC p15, 1, Rd, C15, c11, 7 X L2C Error Capture Register (see Table 67)

a. Both instruction can be used to drain Write Buffer. 

Table 38: Cache Operations Register–R7 (CP15.0.R7.c{0-14}.{0-2})  (Continued) 

Operation Rd Descript ion
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Figure 1: Bit Fields in MVA Mode

Figure 2: Bit Fields in Set/Way Mode

Note

Note For direct-mapped caches, Way = 00.

The tag and word fields define the MVA. Word should be zero (SBZ) for all cache operations.
                         

A.3.2.10.1 Test-and-Clean Operations
The test-and-clean operations provide a way to clean the entire D-Cache with a simple program loop. These 
operations are different from virtually all other CP15 operations in that they are invoked by MRC, rather than MCR, 
instructions. 

There are two cache operations invoked by MRC instead of MCR instructions: 

• Test-and-Clean D-Cache (MRC p15, 0, r15, c7, c10, 3) 
• Test, Clean, and Invalidate D-Cache (MRC p15, 0, r15, c7, c14, 3) 

These instructions have a special encoding that uses r15 as a destination operand. However, the PC is not changed by 
using this instruction. These MRC instructions also set the condition code flags.

Test-and-Clean Example 
                          

Note

Note Although the following examples are simple to use because the software does not need to know the 
cache type or size, they are not recommended since these operations scan the D-Cache from the 
beginning of the cache line to the first dirty line found in each loop, which can degrade 
performance.Instead, use “Clean (and Invalidate) by Set/Way”, or “Clean (and Invalidate) All”. In 
order to clean and invalidate all of the D-Cache, the “Clean (and Invalidate) All” operation is 
recommended. See D-Cache Clean All and Invalidate. 

31 N+1 N 5 4 2 1 0

Tag Index Word SBZ

31 30 29 N+1 N 5 4 2 1 0

Way SBZ Set (=Index) Word SBZ

Table 39: Index Fields for Supported Cache Sizes  

Cache Size Direct-Mapped Cache Index 4-way Cache Index

4 KB ADDR[11:5] ADDR[9:5]

8 KB ADDR[12:5] ADDR[10:5]

16 KB ADDR[13:5] ADDR[11:5]

32 KB ADDR[14:5] ADDR[12:5]

64 KB ADDR[15:5] ADDR[13:5]

128 KB ADDR[16:5] ADDR[14:5]
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This example tests the whole D-Cache for dirty lines. It stops when it finds the first dirty line and cleans the cache line. 
It returns the status of the cache in bit 30 of r15. This bit is set to 1 if no dirty lines are found. However, if the cache 
contains any dirty lines, bit 30 is set to 0. Thus, the following loop cleans the entire D-Cache:

tc_loop ->

MRC p15, 0, r15, c7, c10, 3 --> Test and clean

BNE tc_loop

The test, clean and invalidate D-Cache instruction is the same as test and clean D-Cache, except that when the entire 
cache has been cleaned, it is also invalidated.Thus, the following loop cleans and invalidates the entire D-Cache.

tci_loop ->

MRC p15, 0, r15, c7, c14, 3 --> Test, clean and invalidate

BNE tci_loop

A.3.2.11 CP15 TLB Operations Register - R8
This write-only register controls the Translation Lookaside Buffer (TLB). To perform a TLB operation, write to this 
register as follows:

MCR p15, 0, Rd, c8, c{5-7}, {0-1}

The function to be performed is decided by the opcode_2 and CRm in the MCR instruction. Writing unsupported 
opcode_2 or CRm values yields unpredictable results. 

Attempting to read this register yields unpredictable results. 

Table 40 describes the available TLB operations.
                         

For invalidating a single entry (as shown in Table 40 above), Table 41 shows the format for the MVA data in Rd.
                         

A.3.2.12 CP15 Cache Lockdown Registers - R9
These two read/write registers lock down instruction and data caches. To read the Cache Lockdown Registers: 

MRC p15, 0, Rd, c9, c0, 0 --> Read DCache lockdown register. 

MRC p15, 0, Rd, c9, c0, 1 --> Read ICache lockdown register. 

Table 40: TLB Operations–R8 (CP15.0.R8.c{5-7}.{0-1})  

Operation Data Set-Associative Operat ion

MCR p15, 0, Rd, c8, c7, 0 X Invalidate All Entries in TLB

MCR p15, 0, Rd, c8, c7, 1 MVA Invalidate Single Entry in TLB

MCR p15, 0, Rd, c8, c5, 0 X Invalidate All Instruction Entries in TLB

MCR p15, 0, Rd, c8, c5, 1 MVA Invalidate Single Instruction Entry in TLB

MCR p15, 0, Rd, c8, c6, 0 X Invalidate All Data Entries in TLB

MCR p15, 0, Rd, c8, c6, 1 MVA Invalidate Single Data Entry in TLB

Table 41: Format for Invalidating a Single Entry in the TLB  

Bits Field
(Short)

Type
Init  Val

Descript ion

31:16 MVA WO
--

Modified Virtual Address
For more information, see Section A.3.2.2, Address Types, on page A- 25. 

15:4 RSVD SBZ Reserved. Always write 0. Ignore read value.
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To write the Cache Lockdown Registers.

MCR p15, 0, Rd, c9, c0, 0 --> Write DCache lockdown register. 

MCR p15, 0, Rd, c9, c0, 1 --> Write ICache lockdown register. 
                         

Note

Note Extra Features Registers also alter cache locking behavior. See L2 Cache Extra Features Register 
(CP15.1.15.c1.0), on page A- 61. 

A.3.2.12.1 Cache Lockdown Procedures
For predictable code behavior in embedded systems, software can lock code and data in the  
I-Cache and D-Cache. Some examples where lockdown is particularly useful include:

Keeping high-priority interrupt routines in the cache (if there are real-time constraints)

Holding coefficients for a DSP filter routine (to reduce external bus traffic)

A software routine to lock down code or data must meet the following requirements:
The lockdown routine must be in a non-cachable area of memory (to avoid the lockdown code itself code from 
being locked into the cache). 
The instructions or data to lock down must be in a cacheable area of memory and not already in the cache. 
The cache must be enabled. 

Interrupts must be disabled.
If the caches have been used after the last reset, the software must ensure that the cache in question is cleaned, 
if appropriate, and then flushed.

When locking instructions in an I-Cache, the lockdown routine uses MCR instructions on a previously locked cache. 
When locking data in a D-Cache, the lockdown routines use LDR instructions to fill an unlocked cache way.

Example Procedure The procedure is as follows:

1. For a direct-mapped cache, set any or all L bits to 1. For example, when locking instructions in a direct-mapped I-
Cache: 

Table 42: Cache Lockdown Registers–R9 (CP15.0.R9.c0.{0-1})  

Bits Field
(Short)

Type
Init  Val

Descript ion

31:16 Reserved RSVD
SBZP

Reserved. Always write 0. Ignore read value.
Reads are unpredictable, and writes should preserve the original value. 

15:4 Reserved RSVD
0xFFF

Reserved. Always write 0. Ignore read value.

3 L3 RW
–

Lock bit, Way 3:0
The purpose of locking the cache line is so that the line cannot be replaced with 
another line fill. 
For a 4-way cache, the L bits indicate which set/way is to be allocated during a 
line fill. If all of the L bits are 1, then Way 3 will be used for line-fill allocation.
0x0: Allocation to the cache way is determined by the standard replacement 
algorithm
0x1: No allocation is performed
For a direct-mapped cache, the L bits are used to lock a cache line during line 
fills. If any of the L bits are set to 1, then the lock is set. For locked lines in a 
direct-mapped I-Cache, another line fill can replace the locked portion if the new 
line fill is an I-Cache prefetch instruction with its lockdown bit set.

2 L2 RW
–

1 L1 RW
–

0 L0 RW
–
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MRC p15, 0, r3, c9, c0, 1

ORR r3, r3, #0xF

MCR p15, 0, r3, c9, c0, 1 

When locking instructions in a direct-mapped D-Cache: 

MRC p15, 0, r3, c9, c0, 0

ORR r3, r3, #0xF

MCR p15, 0, r3, c9, c0, 0

For a 4-way cache, make sure that L=0 for the way to lock: For example, when locking down I-Cache Way 3:

MRC p15, 0, r3, c9, c0, 1

MOV r2, r3                 --> Save old value 

                                   to restore after lockdown completes

BIC r3, r3, #0x8           --> Clear L bit for Way 3

ORR r3, r3, #0x7           --> Set L bits to 1 for Way 0, 1, 2

MCR p15, 0, r3, c9, c0, 1 

When locking down D-Cache Way 3:

MRC p15, 0, r3, c9, c0, 0

MOV r2, r3                 --> Save old value 

                                   to restore after lockdown completes

BIC r3, r3, #0x8           --> Clear L bit for Way 3

ORR r3, r3, #0x7           --> Set L bits to 1 for Way 0, 1, 2

MCR p15, 0, r3, c9, c0, 0 

2. Initialize a pointer to the address of the first word that is to be locked in the cache, and align the pointer to the first 
word in the line. For an address in r1: 

BIC r1, r1, #0x7F

3. For an I-Cache, force a linefill, so that the instructions can be allocated into that way: 
MCR p15, 0, r1, c7, c13, 1

The resulting line fill is trapped in the I-Cache (for more information, see Prefetch I-Cache Line). 

For D-Cache lockdown, load a word from memory with an LDR or PLD instruction, for example: 

LDR rd, [r1, #0] 

or: 

PLD [r1]

The load instruction forces a line fill of eight words that are trapped in the cache. 

4. Increment the pointer by the number of bytes in a cache line (32 by default): 

ADD r1, r1, #0x20

5. Repeat steps 3 and 4, until all words are loaded in the cache. 
6. For a direct-mapped cache, set all L bits to 0. For example, after locking instructions in a direct-mapped I-Cache: 

BIC r3, r3, #0xF

MCR p15, 0, r3, c9, c0, 1

After locking instructions in a direct-mapped D-Cache: 

BIC r3, r3, #0xF

MCR p15, 0, r3, c9, c0, 0

For a 4-way cache, restore the L bits from before the lockdown and set L bit to 1 for the way to lock. For example, 
when locking down I-Cache Way 3: 
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MOV r3, r2

ORR r3, r3, #0x8

MCR p15, 0, r3, c9, c0, 1

When locking down D-Cache Way 3: 

MOV r3, r2

ORR r3, r3, #0x8

MCR p15, 0, r3, c9, c0, 0

Cache Unlock Procedures
To unlock a locked line in a direct-mapped cache, software must invalidate the cache line. If performing a prefetch and 
lockdown act, software can replace the I-Cache locked line by another line fill. For operations that control cache flush 
and prefetch, see Cache Lockdown Registers–R9 (CP15.0.R9.c0.{0-1}) (Table 42 page A- 42).

To unlock a set-associative cache, software can simply reprogram the lockdown register. For example, to unlock I-
Cache Way 3: 

MRC p15, 0, r3, c9, c0, 1

BIC r3, r3, #0x8

MCR p15, 0, r3, c9, c0, 1

A.3.2.13 CP15 TLB Lockdown Register - R10
This read/write register lets software lock down up to eight TLB slots. Its V field selects a slot to lock down, the P bit 
selects whether to lock the slot, and Rd contains the MVA for the locked down entry in the TLB.

To read the TLB Lockdown Register: 

MRC p15, 0, Rd, c10, c0, 0 --> Read TLB lockdown victim, Rd = MVA

To write the TLB Lockdown Register: 

MCR p15, 0, Rd, c10, c0, 0 --> Write data TLB, Rd = MVA
                         

Table 43: TLB Lockdown Register–R10 (CP15.0.R10.c0.0)  

Bits Field
(Short)

Type
Init  Val

Descript ion

31.29 Reserved RSVD
SBZ

Reserved. Always write 0. Ignore read value.

28:26 V RW
0x0

Victim
TLB slot to write or lock down. 
b000= Slot 1
b001= Slot 2
b010= Slot 3
b011= Slot 4
b100= Slot 5
b101= Slot 6
b110= Slot 7
b111= Slot 8
The TLB contains a lockable region and an unlockable region. The 8 lockdown 
slots may be anywhere in the lockable region of the TLB. 

25:1 Reserved RSVD
SBZ/UNP

Reserved. Always write 0. Ignore read value.
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The main TLB is unified, meaning that it holds entries for both data and instructions. It has two zones:

• Lockable zone, containing eight slots
• Unlockable zone, containing all other slots

In the Feroceon® architecture, both zones are fully associative. The Feroceon® architecture also includes two mini 
TLBS (an eight-entry instruction TLB and an eight-entry data TLB) which speed up address translation and save 
power. 

The TLB Operations Register (described in Section A.3.2.11, CP15 TLB Operations Register - R8, on page A- 41) can 
invalidate the entire TLB or individual entries. When invalidating the entire TLB, locked-down TLB entries are 
preserved. When invalidating single TLB entries, the victim automatically increments after any entry is placed in the 
TLB lockdown region.

A.3.2.13.1 Example TLB Lockdown
The following example locks down a single entry in the TLB. 

ADR r1,LockAddr       --> Set r1 to the value of the address to be locked down

MCR p15,0,r1,c8,c7,1  --> Invalidate single entry so Addr is not in TLB

MRC p15,0,r0,c10,c0,0 --> Read TLB lockdown register

ORR r0,r0,#1          --> Set the preserve bit

MCR p15,0,r0,c10,c0,0 --> Write TLB lockdown register

LDR r1,[r1]           --> Read address. TLB misses & entry is loaded

MRC p15,0,r0,c10,c0,0 --> Read the lockdown register (V will have incremented)

BIC r0,r0,#1          --> Clear the P bit

MCR p15,0,r0,c10,c0,0 --> Write TLB lockdown register

The above example does not preserve the r0-r1 registers. If they are needed by other software and their contents 
could be corrupted, preserve their state before the example starts, and restore the contents upon subroutine 
completion.

A.3.2.14 CP15 Reserved Registers–R11 and R12
These registers cause “unpredictable” behavior if accessed.

A.3.2.15 CP15 Process ID Registers–R13
These read/write registers access the process ID and context ID, as determined by the operating system, to determine 
the current process or context. The opcode_2 field determines if the register returns the process or context ID: 

If opcode_2 = 0, the Fast Context Switch Extension (FCSE) Process IDentifier (PID) register is selected.

If opcode_2 = 1, the Context ID register is selected.

At reset, the process identifier is set to 0. 

The following sections describe the two Process ID Registers.

0 P RW
0x0

Preserve
Sets whether the slot should be locked or unlocked.
0= Subsequent page-table walks place the entry in the unlocked region. 
1= Locks the next address translation into the selected lockable slot. 

Table 43: TLB Lockdown Register–R10 (CP15.0.R10.c0.0)  (Continued)

Bits Field
(Short)

Type
Init  Val

Descript ion
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A.3.2.15.1 FCSE PID Register–R13 (CP15.0.R13.c0.0)
The FCSE PID is a 7-bit field for mapping the processor’s 32 MB virtual address into one of 128 segments in a 4 GB 
range. To read the FCSE PID Register: 

MRC p15, 0, Rd, c13, c0, 0 --> Read FCSE PID

To write the FCSE PID Register: 

MCR p15, 0, Rd, c13, c0, 0 --> Write FCSE PID
                         

Note

Note The MMU should not be disabled for the FCSE PID translation to occur. 

Performing a Fast Context Switch Software can perform a fast context switch by writing a new PID to the 
FCSE PID Register. After a fast context switch, the contents of the caches and the TLB still have valid address tags, so 
they do not need to be flushed. However, after writing the FCSE PID, some instructions may have been prefetched for 
the previous context, and should be discarded. In the following example, X1, X2, and X3 are the three instructions 
following the fast context switch instruction: 

{FCSE PID}

M0V r0, #1:SHL:25           --> Fetched with FCSE PID = 0

MCR p15, 0, r0, c13, c0, 0  --> Changes FCSE PID to 1 

X1                          --> Fetched with FCSE PID = 0

X2                          --> Fetched with FCSE PID = 0

X3                          --> Fetched with FCSE PID = 1

A.3.2.15.2 Context ID Register–R13 (CP15.0.R13.c0.1)
This register provides the context ID for real-time trace tools. 

To read the Context ID Register:

MRC p15, 0, Rd, c13, c0, 1 ---> Read Context ID

To write the Context ID Register:

MCR p15, 0, Rd, c13, c0, 1 ---> Write Context ID

Table 44: FCSE PID Register–R13 (CP15.0.R13.c0.0)  

Bits Field
(Short)

Type
Init  Val

Descript ion

31.25 PID 0 Process ID
The CPU issues addresses in the range 0~32 MB. These addresses are 
translated in accordance with the value contained in this register. Address X is 
converted to:
 
X + (PID x 32). 
This address is then received by the MMU and the caches.
If PID = 0, then there is a flat mapping between the VA output by the CPU and 
the VA used by MMU and caches. 
FCSE translation is not applied for addresses used for any entry-based cache 
or TLB maintenance operations.

24:0 Reserved RSVD
SBZ

Reserved. Always write 0. Ignore read value.
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A.3.2.16 CP15 Reserved Register–R14
This register is reserved.

A.3.2.17 CP15 Performance Counters - R15 
When opcode_1 = 0, the R15 bank 12 and bank 13 registers access four performance counters. Together, the 
counters can monitor up to four events at the same time. Each counter is 64 bits and increments each time a selected 
event occurs. Software can configure the counters to count different kinds of events, but each counter may only track 
one kind of event at a given time.

Each counter has a different overlapping set of events that it can log. Attempting to track two kinds of event using one 
counter yields unpredictable results. 

The counters can be preloaded with a value or reset to zero. Refer to the following registers for more information on 
counters. 

Performance Counters:

Counter Operations Registers–R15 (CP15.0.R15.c12.{0-3}), on page A- 47

Performance Counter Value Registers–R15 (CP15.0.R15.c13.{0-7}), on page A- 52
Monitors of the Performance Counters:

Performance Monitoring Unit, on page A- 53

The access mode for all registers related to performance counters/monitors is programmable through the Privileged 
Mode Access Register–R15 (CP15.0.R15.C9.0) (Table 53 page A- 59)).

A.3.2.18 Counter Operations Registers–R15 (CP15.0.R15.c12.{0-3})
R15 bank 12 contains four Read/Write registers to program the counters. The Counter Operations Registers can turn 
each counter on and off, and they can set each counter to count a particular kind of event. 

To perform a counter operation, the following write instructions can be used: 

MCR p15, 0, Rd, c15, c12, 0 -> Write to counter 0 ops register

MCR p15, 0, Rd, c15, c12, 1 -> Write to counter 1 ops register

MCR p15, 0, Rd, c15, c12, 2 -> Write to counter 2 ops register

MCR p15, 0, Rd, c15, c12, 3 -> Write to counter 3 ops register

The following instructions can be used to read the current counter configuration:

MRC p15, 0, Rd, c15, c12, 0 -> Read counter 0 configuration

MRC p15, 0, Rd, c15, c12, 1 -> Read counter 1 configuration

MRC p15, 0, Rd, c15, c12, 2 -> Read counter 2 configuration

MRC p15, 0, Rd, c15, c12, 3 -> Read counter 3 configuration

Bit 0 in the bank 12 registers enable and disable the counters. The other bits set which kind of events each counter 
tracks. Setting bit 0 and one other event bit will program the counter to log each time that event occurs. Setting more 
than one event bit will have unpredictable results. 

Table 46 lists the values for Rd that set the Performance Counter to perform different operations. 

Table 45: Context ID Register–R13 (CP15.0.R13.c0.1)  

Bits Field
(Short)

Type
Init  Val

Descript ion

31.0 ID
0x0000.0000

Context ID
This ID allows real-time trace tools to identify the currently executing process in 
multi-tasking environments. 
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Table 46: Setting “Kind of Performance Counter” via R12 

Value Counter 0  
(c0)

Counter 1  
(c1)

Counter  2  
(c2)

Counter 3   
(c3)

0x0000.0000 Disable Counter
Does not affect counter value. 

0x0000.0001 Enable Counter
The counter starts to count the last programmed kind of event. If the counter was 
not previously programmed to count a particular kind of event, results are 
unpredictable. 

0x0000.0003 Cycle Count Cycle Count Cycle Count Cycle Count

0x0000.0005 D-Cache Read Hit I-Cache Read 
Miss

– D-Cache Read 
Miss

0x0000.0009 D-Cache Read 
Miss

D-Cache Read 
Miss

D-Cache 
Access

D-Cache Write 
Miss

0x0000.0011 D-Cache Write Hit D-Cache Write 
Miss

DTLB Miss TLB Miss

0x0000.0021 D-Cache Write 
Miss

ITLB Miss -- --

0x0000.0041 Retired Instruction Single Issue -- --

0x0000.0081 -- -- -- --

0x0000.0101 -- Branch Retired Branch Predict 
Miss

Branches Taken

0x0000.0201 -- ROB Full WB Write Beat WB Full

0x0000.0401 MMU Bus Request 
(Read Latency)

MMU Read Beat A1 Stall --

0x0000.0801 I-Cache Bus 
Request 
(Read Latency)

I-Cache Read 
Beat

D-Cache Read 
Latency

D-Cache Read 
Beat

0x0000.8001 Hold IS

0x0000.1001 WB Bus Request 
(Write Latency)

WB Write Beat D-Cache Write 
Latency

D-Cache Write 
Beat

0x0000.2001 Hold LDM/STM -- -- --

0x0001.0001 -- Data Read 
Access Count

BIU 
Simultaneous 
Access

BIU any Access

0x0004.0001 Data Write Access 
Count

-- -- --

0x0008.0001 Data Read Access 
Count

0x0040.0001 -- -- -- Data Write 
Access Count

0x0100.0001 SIMD Cycle Count SIMD Retired 
Instructions

SIMD Hold IS SIMD Hold 
Writeback Stage

0x0200.0001 Predicted Branch 
Count

SIMD Store FIFO 
Full

SIMD Instr 
Buffer Full

SIMD Retire 
FIFO Full

L2 Cache Related
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Note

Note Only one feature of each counter can be set. All counters can be enabled at the same time. 

Table 47 describes the kinds of countable events. 
                         

0x2000.0001 L2C Write Hit L2C Write Hit L2C Read Hit L2C Read Hit

0x4000.0001 L2C Write Miss L2C Write Miss L2C Read Miss L2C Read Miss

0x8000.0001 L2C Read Count L2C Latency -- --

Table 47: Kinds of Countable Events  

Descript ion Counts Ops Register  Value

c0 c1 c2 c3

A1 Stall
Counts the number of cycles ALU A1 is stalled. 

Events -- -- 0x401 --

BIU any Access
Counts the number of cycles the BIU is accessed by 
any unit.

Cycles -- -- -- 0x10001

BIU Simultaneous Access
Counts the number of cycles the bus is requested by 
more than one master. 

Cycles -- -- 0x10001 --

Branch Predict Miss
Counts the number of times branch prediction causes 
the wrong branch to be prefetched. 

Events -- -- 0x101 --

Branch Retired
Counts the number of times one branch retires. 

Events -- 0x101 -- --

Branches Taken
Counts the number of times branch prediction 
correctly prefetches the required branch. 

Events -- -- -- 0x101

Cycle Count
Counts the number of clock cycles. Every clock cycle 
increments the counter. 

Cycles 0x3 0x3 0x3 0x3

Data Read Access Count
Counts all data reads. 

Events 0x8.0001 0x1.0001 -- --

Data Write Access Count
Counts all data writes

Events 0x4.0001 -- -- 0x40.0001

D-Cache Access
Include cache hits and misses for reads and writes.

Events -- -- 0x9 --

D-Cache Read Beat
Counts the number of times the bus returns data to 
the data cache during read requests. 

Events -- -- -- 0x801

D-Cache Read Hit
Counts the number of data-cache read hits. 

Events 0x5 -- -- --

Table 46: Setting “Kind of Performance Counter” via R12 (Continued)

Value Counter 0  
(c0)

Counter 1  
(c1)

Counter  2  
(c2)

Counter 3   
(c3)
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D-Cache Read Latency 
Counts the number of cycles the data cache requests 
the bus for a read.

Cycles -- -- 0x801 --

D-Cache Read Miss
Counts the number of data-cache read misses 
(including non-cacheable and non-bufferable cache 
accesses). 

Events 0x9 0x9 -- 0x5

D-Cache Write Beat
Counts the number of times the bus returns ready to 
the data cache during write requests. 

Events -- -- -- 0x1001

D-Cache Write Hit
Counts the number of data-cache write hits. 

Events 0x11 -- -- --

D-Cache Write Latency
Counts the number of cycles the data cache requests 
the bus for a write. 

Cycles -- -- 0x1001 --

D-Cache Write Miss
Counts the number of data-cache write misses 
(including non-cacheable and non-bufferable 
misses). 

Events 0x21 0x11 -- 0x9

DTLB Miss
Counts the number of TLB misses for data entries. 

Events -- -- 0x11 --

Hold IS
Count the number of cycles the instruction issue is 
stalled.

Cycles -- 0x8001 -- --

Hold LDM/STM
Counts the number of cycles the pipeline is blocked 
because of multiple load/store operations. 

Cycles 0x2001 -- -- --

I-Cache Bus Request (Read Latency)
Counts the number of cycles the Instruction cache 
requests the bus until the data returns. 

Cycles 0x801 -- -- --

I-Cache Read Beat
Counts the number of times the bus returns RDY to 
the instruction cache, useful to determine the cache’s 
average read latency (also known as “read miss” or 
“read count”). 

Events -- 0x801 -- --

I-Cache Read Miss
Counts the number of instruction-cache read misses. 

Events 0x5 -- -- --

ITLB Miss
Counts the number of instruction TLB misses. 

Events -- 0x21 -- --

MMU Bus Request (Read Latency)
Counts the number of cycles to complete a request 
via the MMU bus. This request can derive from 
multiple masters. 

Cycles 0x401 -- -- --

MMU Read Beat
Counts the number of times the bus returns RDY to 
the MMU, useful when determining bus efficiency. A 
user can use the signal that the MMU is requesting 
the bus and how long it takes on average for the data 
to return. (mmu_bus_req / mmu_read_count).

Events -- 0x401 -- --

Table 47: Kinds of Countable Events  (Continued)

Descript ion Counts Ops Register  Value

c0 c1 c2 c3
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Predicted Branch Count
Counts the number of times a branch is predicted 
successfully. 

Events 0x02000001 -- -- --

Retired Instruction
Counts every time an instruction is retired. 

Events 0x41 -- -- --

ROB Full
Counts the number of cycles the ROB is full. 

Cycles -- 0x201 -- --

SIMD Cycle Count
Counts the number of SIMD cycles.

Cycles 0x01000001 -- -- --

SIMD Instr Buffer Full
Counts the number of cycles the SIMD coprocessor 
instruction buffer is full. 

Cycles -- -- 0x02000001 --

SIMD Hold IS
Counts the number of cycles the SIMD coprocessor 
holds in its Issue (IS) stage. 

Cycles -- --  
0x01000001

--

SIMD Hold Writeback Stage
Counts the number of cycles the SIMD coprocessor 
holds in its writeback stage. 

Cycles -- -- -- 0x01000001

SIMD Retire FIFO Full
Counts the number of cycles the SIMD coprocessor 
retire FIFO is full. 

Cycles -- -- -- 0x02000001 

SIMD Store FIFO Full
Counts the number of cycles the SIMD coprocessor 
store FIFO is full. 

Cycles -- 0x0200.001 -- --

SIMD Retired Instructions
Counts the number of retired SIMD instructions. 

Events -- 0x01000001 -- --

Single Issue
Counts the number of cycles the processor single-
issues instructions. 

Cycles -- 0x41 -- --

TLB Miss
Counts the number of instruction and data TLB 
misses. 

Events -- -- -- 0x11

WB Bus Request (Write Latency)
Counts the number of cycles the write-back buffer 
requests the bus until the data is written to the bus. 

Cycles 0x1001 -- -- --

WB Full
Counts the number of cycles WB is full. 

Cycles -- -- -- 0x201 

WB Write Beat
Counts the number times the bus returns RDY to the 
write buffer, useful to determine the write buffer’s 
average write latency (WB Write Latency/WB Write 
Beat). 

Events -- 0x1001 0x201 --

L2 Cache Write Hit (L2C_whit) 
The number of write accesses to addresses already 
in the L2 Cache.

Events 0x40000001 0x40000001 -- --

L2 Cache Read Hit (L2C_rhit) 
The number of read accesses served from the L2 
Cache.

Events -- -- 0x20000001 0x20000001

Table 47: Kinds of Countable Events  (Continued)

Descript ion Counts Ops Register  Value

c0 c1 c2 c3
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A.3.2.18.1 Performance Counter Value Registers–R15 (CP15.0.R15.c13.{0-7})
R15 bank 13 reads and writes the counter values. Each counter is 64 bits, so it takes two read/write operations to get/
set the total value in a counter. After programming a counter with R15 bank 12, typically software resets the counter to 
0 via a write to the R15 bank 13 register at the time the count operation is to start. Writes to R15 bank 13 can also set 
the counter to any desired value at any time. After changing the kind of event being counted via the bank 12 registers, 
then the count continues from whatever previous value was present in the counter until the counter value is reset. A 
hardware reset always sets all Performance Counter values to 0. The 64-bit counter is represented by:

Counter 0 --> {C1[31:0], C0[31:0]}

Counter 1 --> {C3[31:0], C2[31:0]}

Counter 2 --> {C5[31:0], C4[31:0]}

Counter 3 --> {C7[31:0], C6[31:0]}

The following example shows how to read all counter values:
MRC p15, 0, Rd, c15, c13, 0 --> Reads the lower 32 bits of counter 0

MRC p15, 0, Rd, c15, c13, 1 --> Reads the upper 32 bits of counter 0

MRC p15, 0, Rd, c15, c13, 2 --> Reads the lower 32 bits of counter 1

MRC p15, 0, Rd, c15, c13, 3 --> Reads the upper 32 bits of counter 1

MRC p15, 0, Rd, c15, c13, 4 --> Reads the lower 32 bits of counter 2

MRC p15, 0, Rd, c15, c13, 5 --> Reads the upper 32 bits of counter 2

MRC p15, 0, Rd, c15, c13, 6 --> Reads the lower 32 bits of counter 3

MRC p15, 0, Rd, c15, c13, 7 --> Reads the upper 32 bits of counter 3

The following example shows how to write all counter values:

MCR p15, 0, Rd, c15, c13, 0 --> Writes the lower 32 bits of counter 0

MCR p15, 0, Rd, c15, c13, 1 --> Writes the upper 32 bits of counter 0

MCR p15, 0, Rd, c15, c13, 2 --> Writes the lower 32 bits of counter 1

MCR p15, 0, Rd, c15, c13, 3 --> Writes the upper 32 bits of counter 1

MCR p15, 0, Rd, c15, c13, 4 --> Writes the lower 32 bits of counter 2

MCR p15, 0, Rd, c15, c13, 5 --> Writes the upper 32 bits of counter 2

L2 Cache Write Miss (L2C_wmiss) 
The number of write accesses to addresses not in the 
L2C

Events -- -- 0x40000001 0x40000001

L2 Cache Read Miss (L2C_rmiss) 
The number of L2 Cache read accesses that resulted 
in an external read request.

Events -- -- 0x40000001 0x40000001

L2 Cache Read Count (L2C_rcount) 
The number of L2 Cache cache-to-bus external read 
requests.

Events 0x80000001 -- -- --

L2 Cache Latency (L2C_lat) 
The latency for the most recent L2 Cache read from 
the external bus.

Cycles -- 0x80000001 -- --

L2 Line Castout (L2C_Eviction) 
Counts the number of evictions (Castouts) of a line 
from the L2 cache.

Cycles -- 0x80000001 -- --

Table 47: Kinds of Countable Events  (Continued)

Descript ion Counts Ops Register  Value

c0 c1 c2 c3
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MCR p15, 0, Rd, c15, c13, 6 --> Writes the lower 32 bits of counter 3

MCR p15, 0, Rd, c15, c13, 7 --> Writes the upper 32 bits of counter 3

A.3.2.18.2 Performance Monitoring Unit

Monitoring Performance Counters Registers  This unit monitors to alert if a performance counter 
reaches its maximum value. When a performance counter reaches its maximum value 0xFFFF_FFFF, the next event it 
needs to count causes it to roll over to zero and set the overflow flag (bits 1-4) in the register called FLAG. An interrupt 
request occurs if the corresponding bits in the INTEN register are set. The Interrupt Enable register and the FLAG 
(overflow) Register can be accessed by CP15 instructions and are described in Table 48.
                         

Interrupt Enable Register R15 (cp15.0.R15.c14.0) Each counter can cause an interrupt request to occur 
on an overflow. The INTEN enables interrupt requesting for each counter. 
                         

Overflow Flag Status Register R15 (cp15.0.R15.c14.1) The FLAG register identifies which counter has 
overflowed and also indicates an interrupt is being requested if the overflowing register’s corresponding interrupt 
enable bit is asserted. An overflow is cleared by writing a 1 to the overflow bit. Hence, a back to back read/write will 
clear any overflow bits.

Table 48: Accessing the Performance Counter Interrupt Enable & FLAG (Overflow) Registers 

Funct ion CRm (Register  #) CRm (Register #) Instruct ion

Read INTEN 0b1111 0b1110 MRC p15, 0, Rd, c15, c14, 0

Write INTEN 0b1111 0b1110 MCR p15, 0, Rd, c15, c14, 0

Read FLAG 0b1111 0b1110 MRC p15, 0, Rd, c15, c14, 1

Write FLAG 0b1111 0b1110 MCR p15, 0, Rd, c15, c14, 1

Table 49: Interrupt Enable Register (INTEN)–R15 (cp15.0.R15.c14.0) 

Bits Field
(Short)

Type
Init  Val

Descript ion

31:4 Reserved RSVD Reserved. Always write 0. Ignore read value.

3 RW
0x0

Counter3 Interrupt Enable (C3) 
0x0: interrupt on Counter3 overflow disabled
0x1: interrupt on Counter3 overflow enabled

2 RW
0x0

Counter2 Interrupt Enable (C2) 
0x0: interrupt on Counter2 overflow disabled
0x1: interrupt on Counter2 overflow enabled

1 RW
0x0

Counter1 Interrupt Enable (C1) 
0x0: interrupt on Counter1 overflow disabled
0x1: interrupt on Counter1 overflow enabled

0 RW
0x0

Counter0 Interrupt Enable (C0) 
0x0: interrupt on Counter0 overflow disabled
0x1: interrupt on Counter0 overflow enabled
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A.3.2.18.3 Counter Usage
Usage of the counters normally involves the following:

1. Reset the counter values.
2. Write to one of the R15 registers to activate the counters and select the type of event to track.
3. Run a program.

4. Write to the counter control registers to stop the count.
5. Read the counter registers to obtain the results of the counters.
Be careful when counting events exactly, as the code to set up and read the counters may itself cause some countable 
events. 

Application Example To configure the counters, before starting the program to monitor: 

LDR r0, = 0x5

LDR r1, = 0x9

Table 50: Overflow Flag Status Register (FLAG) R15 (cp15.0.R15.c14.1) 

Bits Field
(Short)

Type
Init  Val

Descript ion

31:4 Reserved RSVD Reserved. Always write 0. Ignore read value.

3 RW
0x0

Counter3 Overflow Flag (C3)
Read Values:
0x0: no overflow on Counter3 
0x1: overflow on Counter3 occurred

Write Values:
0x0: no change
0x1: clear this bit

2 RW
0x0

Counter2 Overflow Flag (C2) 
Read Values:
0x0: no overflow on Counter2
0x1: overflow on Counter2occurred

Write Values:
0x0: no change
0x1: clear this bit

1 RW
0x0

Counter1 Overflow Flag (C1) 
Read Values:
0x0: no overflow on Counter1
0x1: overflow on Counter1 occurred

Write Values:
0x0: no change
0x1: clear this bit

0 RW
0x0

Counter0 Overflow Flag (C0) 
Read Values:
0x0: no overflow on Counter0 
0x1: overflow on Counter0 occurred

Write Values:
0x0: no change
0x1: clear this bit
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LDR r2, = 0x101

LDR r3, = 0x3

LDR r4, = 0x0

MCR p15, 0, r4, c15, c13, 0 --> Resets c0 low word

MCR p15, 0, r4, c15, c13, 1 --> Resets c0 high word

MCR p15, 0, r4, c15, c13, 2 --> Resets c1 low word

MCR p15, 0, r4, c15, c13, 3 --> Resets c1 high word

MCR p15, 0, r4, c15, c13, 4 --> Resets c2 low word

MCR p15, 0, r4, c15, c13, 5 --> Resets c2 high word

MCR p15, 0, r4, c15, c13, 6 --> Resets c3 low word

MCR p15, 0, r4, c15, c13, 7 --> Resets c3 high word

MCR p15, 0, r0, c15, c12, 0 --> Enable c0. DCache read hit is tracked

MCR p15, 0, r1, c15, c12, 1 --> Enable c1. DCache read miss is tracked

MCR p15, 0, r2, c15, c12, 2 --> Enable c2. Branch misprediction is tracked

MCR p15, 0, r3, c15, c12, 3 --> Enable c3. Cycle count is tracked

After running the program to monitor: 

MCR p15, 0, r4, c15, c12, 0 --> Disable c0

MCR p15, 0, r4, c15, c12, 1 --> Disable c1

MCR p15, 0, r4, c15, c12, 2 --> Disable c2

MCR p15, 0, r4, c15, c12, 3 --> Disable c3

MRC p15, 0, r0, c15, c13, 0 --> Read c0’s lower word

MRC p15, 0, r1, c15, c13, 1 --> Read c0’s upper word

MRC p15, 0, r2, c15, c13, 2 --> Read c1’s lower word

MRC p15, 0, r3, c15, c13, 3 --> Read c1’s upper word

MRC p15, 0, r4, c15, c13, 4 --> Read c2’s lower word

MRC p15, 0, r5, c15, c13, 5 --> Read c2’s upper word

MRC p15, 0, r6, c15, c13, 6 --> Read c3’s lower word

MRC p15, 0, r7, c15, c13, 7 --> Read c3’s upper word

A.3.2.19 CP15 Extra Features Registers - R15
The other R15 registers, besides those for the performance counters, provide additional features. 

A.3.2.19.1 Coprocessor Enable Register–R15 (CP15.0.R15.c1.0)
This read/write register provides control of whether coprocessors CP0 to CP13 are, if present, enabled. 

To read this register:

MRC p15, 0, Rd, c15, c1, 0

To write this register:

MCR p15, 0, Rd, c15, c1, 0
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Table 51: Coprocessor Enable Register–R15 (CP15.0.R15.c1.0)  

Bits Field
(Short)

Type
Init  Val

Descript ion

31:14 RSVD SBZ Reserved. Always write 0. Ignore read value.

13 cp13En 0x0 Coprocessor Enable
Enables CP13, if present. 
0x0: Coprocessor disabled
0x1: Coprocessor enabled

12 cp12En 0x0 Coprocessor Enable
Enables CP12, if present. 
0x0: Coprocessor disabled
0x1: Coprocessor enabled

11 cp11En 0x0 Coprocessor Enable
Enables CP11, if present. 
0x0: Coprocessor disabled
0x1: Coprocessor enabled

10 cp10En 0x0 Coprocessor Enable
Enables CP10, if present. 
0x0: Coprocessor disabled
0x1: Coprocessor enabled

9 cp9En 0x0 Coprocessor Enable
Enables CP9, if present. 
0x0: Coprocessor disabled
0x1: Coprocessor enabled

8 cp8En 0x0 Coprocessor Enable
Enables CP8, if present. 
0x0: Coprocessor disabled
0x1: Coprocessor enabled

7 cp7En 0x0 Coprocessor Enable
Enables CP7, if present. 
0x0: Coprocessor disabled
0x1: Coprocessor enabled

6 cp6En 0x0 Coprocessor Enable
Enables CP6, if present. 
0x0: Coprocessor disabled
0x1: Coprocessor enabled

5 cp5En 0x0 Coprocessor Enable
Enables CP5, if present. 
0x0: Coprocessor disabled
0x1: Coprocessor enabled

4 cp4En 0x0 Coprocessor Enable
Enables CP4, if present. 
0x0: Coprocessor disabled
0x1: Coprocessor enabled

3 cp3En 0x0 Coprocessor Enable
Enables CP3, if present. 
0x0: Coprocessor disabled
0x1: Coprocessor enabled
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A.3.2.19.2 Control Configuration Register–R15 (CP15.1.R15.c1.1)
This read/write register provides access to additional Marvell® Sheeva™ PJ1 Core-specific features. 

To read the Control Configuration Register: 

MRC p15, 1, Rd, c15, c1, 0 --> Read control configuration register setting

To write the Control Configuration Register: 

MCR p15, 1, Rd, c15, c1, 0 --> Write control configuration register setting

When writing to this register, Marvell recommends performing the read-modify-write operation so that only the 
required bits are set or reset. Writing to reserved bits does not have any effect. 

                         

2 cp2En 0x0 Coprocessor Enable
Enables CP2, if present. 
0x0: Coprocessor disabled
0x1: Coprocessor enabled

1 cp1En 0x0 Coprocessor Enable
Enables CP1, if present. 
0x0: Coprocessor disabled
0x1: Coprocessor enabled

0 cp0En 0x0 Coprocessor Enable
Enables CP0, if present. 
0x0: Coprocessor disabled
0x1: Coprocessor enabled

Table 52: Control Configuration Register–R15 (CP15.1.R15.c1.1)  

Bits Field
(Short)

Type
Init  Val

Descript ion

31 Reserved RSVD Reserved. Always write 0. Ignore read value.

30 ncnb_wait RW
0x1

NCNB Wait Flag
For a non-cacheable non-bufferable (NCNB) access (Read/Write), this flag 
status indicates whether to wait until the write buffer is drained before the 
request is sent to the bus. 
0x0: NCNB can go on as long as there is no data conflict in the write buffer
This feature was made programmatically selectable so that users can 
determine the best setting for their application. 
0x1: NCNB accesses must wait until the write buffer is empty

29 stream_en RW
0x1

D-Cache Streaming Switch
Changes D-Cache streaming behavior.
0x0: Missed words are forwarded to the core after the cache line fills
The switch is for D-Cache streaming only. I-Cache streaming is always enabled.
0x1: Any missed word that is observed during line fill will be forwarded to the 
core. Execution then continues without waiting for the rest of the cache line to 
fill. 

28:25 RSVD          - Reserved

Table 51: Coprocessor Enable Register–R15 (CP15.0.R15.c1.0)  (Continued)

Bits Field
(Short)

Type
Init  Val

Descript ion
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24 l2pf_disable RW
0x0

L2 Prefetch Disable
0x1: Disable L2-Cache prefetch
0x0: Enable L2-Cache prefetch

23 l2c_errd_en RW L2C Error Detection Enable
The init value for this field depends on the value of the <L2 Cache ECC Check 
Enable > field in the Marvell® Sheeva™ PJ1 Core CPU Configuration Register.
0x0: Disable ECC error detection
0x1: Enable ECC error detection

22:20 Reserved RSVD
SBZP

Reserved. Always write 0. Ignore read value.

19 Return stack 
disable

RW
0x0

0x1: Disable branch return stack
0x0: Enable branch return stack

The return stack is used to speed up the returning from a subroutine through a 
prediction. An entry is pushed into the return stack entry on a jump to subroutine 
(unconditional BL).  An entry is popped out of the return stack entry on a reeturn 
from subroutine (unconditional BX R14).  The return stack allows “BX R14” to 
get a target address from its entry at an earlier stage of the pipeline before the 
BX instruction is resolved. When BX finally resolves, it will flush and refetch 
from the correct target in case the return stack predicts incorrectly.

18 Conditional 
indirect branch 
hold

RW
0x0

0x1: Holds the instruction fetch after a conditional indirect branch instruction 
has been detected
0x0: Does not hold the instruction fetch after a conditional indirect branch 
instruction has been detected.

17:12 Reserved RSVD
SBZP

Reserved. Always write 0. Ignore read value.

11:9 wb_wait_cycle RW
0x0

0x0: No wait cycle
0x1: 2 wait cycles
0x2: 4 wait cycles
0x3: 8 wait cycles
0x4: 16 wait cycles

For the pre-FIFO:
0x6 - 0x7:  16 wait cycles

For the main FIFO:
0x5: 32 wait cycles
0x6 - 0x7:  64 wait cycles

8 WB_COALESCE
_EN

RW
b0

0x0: Enable Write buffer coalescing
0x1: Disable Write buffer coalescing

7 wp_sparse_wstrb
_disable

RW
0x0

0x1: Disable sparse write strobes when merging store data
0x0: Enable sparse write strobes when merging store data

6:4 Reserved RSVD Reserved

3:0 Reserved RSVD
SBZP

Reserved. Always write 0. Ignore read value.

Table 52: Control Configuration Register–R15 (CP15.1.R15.c1.1)  (Continued)

Bits Field
(Short)

Type
Init  Val

Descript ion
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A.3.2.19.3 Privileged Mode Access Register–R15 (CP15.0.R15.c9.0)
This read/write register provides control of whether internal features may be accessed when in user mode. 

To read this register:

MCR p15, 0, Rd, c15, c9, 0

To write this register:

MRC p15, 0, Rd, c15, c9, 0

Table 53 describes the bit fields in the Privileged Mode Access Register.
                         

A.3.2.19.4 CPU ID Code Extension Register–R15 (CP15.1.R15.c12.0) 
This read-only register provides extra information on the processor architecture. MCR p15, 1, Rd c15, c12, 0. To read 
the CPU ID Code Extension Register

Table 54 describes the bit fields in the CPU ID Code Extension Register.
                         

A.3.2.19.5 BPU Operations Register–R15 (CP15.1.R15.c12.4)
This write-only register provides control of the processor’s Branch Prediction Unit (BPU). The processor core 
implements three-level branch prediction: 

• First, a 4-entry Branch Target Buffer (BTB) with 0-cycle penalty
• Second, a 1,024-entry branch history table
• Third, static branch prediction

To write the BPU Operations Register:

MCR p15, 1, Rd, c15, c12, 4 --> Flush the BPU History Table

Table 55 describes the operations available in the BPU Operations Register. 

Table 53: Privileged Mode Access Register–R15 (CP15.0.R15.C9.0)  

Bits Field
(Short)

Type
Init  Val

Descript ion

31:1 Reserved RSVD
SBZ

Reserved. Always write 0. Ignore read value.

0 cAccess RW
0x0

Counter Access
Enables user-mode access to performance counters. 
0x0: Privilege mode required
0x1: User mode access permitted

Table 54: CPU ID Code Extension Register–R15 (CP15.1.R15.c12.0)  

Bits Field
(Short)

Type
Init  Val

Descript ion

[31:0] H RO
0x3

Reports the width of the hrdata bus. It is always 64-bits wide (0x3).
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                         Note: 

A.3.3 L2 Cache Programmers Model
Cache maintenance operations of L2 Cache are done using CP15 Coprocessor instructions. The operations in R7 
(CP15 Register 7) that affect the L2 Cache, are described in the following sections.

A.3.3.1 R7 Operations: L2 Cache Instructions
                         

                         

                         

Table 55: BPU Operations Register–R15 (CP15.1.R15.c12.4)  

Funct ion Descriptions

Bflush BPU Flush History Table
This command flushes the Branch Prediction Unit (BPU) history table. 
After reset, the processor automatically flushes the BPU history table. If, later in 
a program, the software remaps the instruction space, then it is recommended 
that the BPU be flushed. If not flushed, the misprediction does eventually 
correct itself. 
The flush may take several cycles. During a flush, the BPU does not use the 
BPU history table, so at that time, the branch prediction is on the Branch Target 
Buffer and static branch prediction only.
The same operation is available in the Cache Operations Register. For more 
information, see BPU Invalidate. 

Only the second level 1,024-entry is flushed. BTB is self-checking and will self-flush in 
the case of context-switching or self-modifying code.

Table 56: L2 Cache Clean All (CP15.1.R7.c11.0) 

Syntax MCR p15, 1, Rd, c7, c11, 0 --> L2C Clean All

Descript ion If an L2 Cache is present in the SoC, this operation cleans all entries in the L2 Cache. If the L2 Cache 
line is marked valid and dirty, then the selected line is written back to main memory. The line is marked 
as not dirty. The valid bit is the same. The operation does not affect the L1 Cache. 
If an L2 Cache is not present, the instruction acts as a NOP.

Table 57: L2 Cache Invalidate All (CP15.1.R7.c7.0) 

Syntax MCR p15, 1, Rd, c7, c7, 0 --> L2C Invalidate All.

Descript ion If an L2 Cache is present in the SoC, this operation invalidates all L2 Cache entries. The operation 
does not affect the L1 Cache. 
If an L2 Cache is not present, the instruction acts as a NOP.

Table 58: L2 Cache Clean Single Entry (CP15.1.R7.c11.{1-3}) 

Syntax MCR p15, 1, Rd, c7, c11, 1 --> L2C Clean Single Entry (MVA). 
MCR p15, 1, Rd, c7, c11, 2 --> L2C Clean Single Entry (Set/Way). 
MCR p15, 1, Rd, c7, c11, 3 --> L2C Clean Single Entry (PA).

Descript ion If the cache line is marked valid and dirty, then the selected L2 Cache line (identified in Rd) is written 
back to main memory. The line is marked as not dirty. The valid bit is the same. The operation does not 
affect the L1 Cache. 
If an L2 Cache is not present, the instruction acts as a NOP.
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L2 Cache Extra Features Register (CP15.1.15.c1.0) This register can be accessed by the following 
MCR command:

MCR p15, 1, Rd, c15, c1, 0
                         

L2 Cache Way Lockdown Register This register can be accessed through the following instruction: 

MCR p15, 1, Rd, c15, c10, 7

Table 59: L2 Cache Invalidate Single Entry (CP15.1.R7.c7.{1-3}) 

Syntax MCR p15, 1, Rd, c7, c7, 1 --> L2C Invalidate Single Entry (MVA). 
MCR p15, 1, Rd, c7, c7, 2 --> L2C Invalidate Single Entry (Set/Way). 
MCR p15, 1, Rd, c7, c7, 3 --> L2C Invalidate Single Entry (PA).

Descript ion If an L2 Cache is present in the SoC, this operation invalidates a single L2 Cache entry (identified by 
set/way in Rd), also discarding any dirty data. The operation does not affect the L1 Cache. 
If an L2 Cache is not present, the instruction acts as a NOP.

Table 60: L2 Cache Clean and Invalidate Single Entry (CP15.1.R7.c15.{1-3} 

Syntax MCR p15, 1, Rd, c7, c15, 1 --> L2C Clean and Invalidate Single Entry (MVA). 
MCR p15, 1, Rd, c7, c15, 2 --> L2C Clean and Invalidate Single Entry (Set/Way). 
MCR p15, 1, Rd, c7, c15, 3 --> L2C Clean & Invalidate single entry (PA).

Descript ion This operation is only effective in SoC designs containing an L2 Cache; otherwise, the instruction acts 
as a NOP. If the L2 Cache line is marked valid and dirty, this operation first writes the selected line 
(identified by Rd) to main memory, then marks the line as invalid. L1 Cache is not affected. 
If an L2 Cache is not present, the instruction acts as a NOP.

Table 61: Extra Features Register (CP15.1.15.1.0) 

Bits Field
(Short)

Type
Init  Val

Description

24 nL2PF
0x0

L2 Prefetch Disable
Disabling prefetch mechanism. nL2PF (default 0). If an L2 Cache is present in 
the SoC, this bit disables L2 prefill.
NOTE: L2 enable bit is in bit 26 of Register 1 (accessed using MCR p15, 0, 

Rd, c1, 0, 0 command)

23 L2ECCOn L2 ECC Enable
Reset value is determined by ‘l2_errd_en’ pin

22 L2Enable L2 enable
Reset value is determined by ‘nonL2’ pin
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L2 Cache Error Counter (CP15.1.R15.9.6) The Error Monitor Counters are added into the L2 Cache to 
keep track of memory errors status. The command to read/write this register is: 

MCR/MRC p15, 1, Rd, c15, c9, 6 
                         

L2 Cache Error Threshold Register (CP15.1.15.9.7) The command to read/write this register is: 

MCR/MRC p15, 1, Rd, c15, c9, 7 
                         

Table 62: L2C Way Lockdown Register 

Bits Field
(Short)

Type
Init  Val

Descript ion

31:24 L2DL
0x0

Data Way Lock
Each bit maps to different way. 
[24] – way 0 
[25] – way 1 
…. 
[31] – way 7 
0x1: Its related way is locked for data linefill updating
When all the ways are locked, way0 of L2 will remain unlocked.

23:8 RSVD RSVD Reserved. Always write 0. Ignore read value.

7:0 L2IL
0x0

Instruction Way Lock
Each bit maps to different way. 
[0] – way 0 
[1] – way 1 
…. 
[7] – way 7 
0x1: Its related way is locked for instruction linefill updating
When all the ways are locked, way0 of L2 will remain unlocked

Table 63: L2C Error Counter (CP15.1.R15.C9.6) 

Bits Field
(Short)

Type
Init  Val

Descript ion

31:16 eCorr
0x0

Correctable Error Count
Count stays at maximum value 0xFFFF when it reaches it max limit.

15:0 euUnc
0x0

Uncorrectable Error Count
Count stays at maximum value 0xFFFF when it reaches it max limit.

Table 64: L2C Error Threshold Register (CP15.1.15.9.7) 

Bits Field
(Short)

Type
Init  Val

Descript ion

31:16 ecLmt
0x0

Correctable Error Threshold
lc2_cerr flag is asserted when the number of errors exceeds this threshold. If 
the threshold value is set to zero, no interrupt will be asserted regardless how 
many errors have been detected. 

15:0 euLmt
0x0

Uncorrectable Error Threshold
lc2_uerr flag is asserted when the number of errors exceeds this threshold. If 
the threshold value is set to zero, no interrupt is asserted regardless how many 
errors have been detected.
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L2 Cache Performance Counters Table 65 summarizes the extra bits for L2 Cache support in the 
Performance Counter Operations Register (CP15.0.R15.12.(0~3)).
                         

Table 66 describes the types of countable events for the L2 Cache.
                         

L2 Cache ECC Error Capture Register The L2 Cache Error Address Capture Register is located at a 
register in CP15. It is accessed by the following MCR command: MRC p15, 1, rd, c15, c11, 7

Table 65: L2 Cache Bits in Performance Counter Operations Register 

Register Counter  0 (c0) Counter 1(c1)  Counter  02(c2) Counter  3 (c3)

Locat ion CP15.0.R15.c12.0 CP15.0.R15.c12.1 CP15.0.R15.c12.2 CP15.0.R15.c12.3

Value Descript ion

0x0000.0000 Disable Counter
Does not affect counter value.

0x0000.0001 Enable Counter
The counter starts to count the last programmed kind of event. If the counter was not previously 
programmed to count a particular kind of event, results are unpredictable.

0x2000.0000 L2C Write Hit L2C Write Hit L2C Read Hit L2C Read Hit

0x4000.0000 L2C Write Miss L2C Write Miss L2C Read Miss L2C Read Miss

0x8000.0000 L2C Read Count L2C Latency -- --

Table 66: L2 Cache Types of Countable Events 

Field  
(Name)

Counter  Values Counts Descript ion

c0 c1 c2 c3

L2_lat -- 0x8000.0000 -- -- Cycles L2 Cache Latency
The latency for the most 
recent L2 Cache read 
from the external bus

L2_rcount 0x8000.0000 -- -- -- Events L2 Cache Read Count
The number of L2 Cache 
cache-to-bus external 
read requests.

L2_rhit -- -- 0x2000.0000 0x2000.0000 Events L2 Cache Read Hit
The number of read 
accesses served from 
the L2 Cache.

L2_wmiss -- -- 0x4000.0000 0x4000.0000 Events L2 Cache Read Miss
The number of L2 Cache 
read accesses that 
resulted in an external 
read request.

L2_whit 0x2000.0000 0x2000.0000 -- -- Events L2 Cache Write Hit
The number of write 
accesses to addresses 
already in the L2 Cache.

L2_wmiss 0x4000.0000 0x4000.0000 -- -- Events L2 Cache Write Miss
The number of write 
accesses to addresses 
not in the L2 Cache.
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-63



ARMADA 16x Applications Processor Family Register Tables
The register is read only register.
                         

L2 Cache Performance Counter Code Sample The following example illustrates how to count L2 Cache 
write hits and misses. 

ldr r0, =0x20000001 --> set bit_29 and bit_0 

ldr r1, =0x40000001 --> set bit_30 and bit_0 

ldr r4, =0x00000000 

MCR p15, 0, r4, c15, c13, 0 --> Resets c0 low word 

MCR p15, 0, r4, c15, c13, 1 --> Resets c0 high word 

MCR p15, 0, r4, c15, c13, 2 --> Resets c1 low word 

MCR p15, 0, r4, c15, c13, 3 --> Resets c1 high word 

MCR p15, 0, r0, c15, c12, 0 --> Enable counter 0 for L2C write hits 

MCR p15, 0, r1, c15, c12, 1 --> Enable counter 1 for L2C write misses 

When ready to count L2C events: 

MCR p15, 0, r4, c15, c12, 0 --> Disable counter 0 

MCR p15, 0, r4, c15, c12, 1 --> Disable counter 1 

MRC p15, 0, r0, c15, c13, 0 --> Read lower 32 bits of counter 0 

MRC p15, 0, r1, c15, c13, 1 --> Read upper 32 bits of counter 0 

MRC p15, 0, r0, c15, c13, 2 --> Read lower 32 bits of counter 1 

MRC p15, 0, r1, c15, c13, 3 --> Read upper 32 bits of counter 1

Table 67: L2C Error Capture Register 

Bits Field
(Short)

Type
Init  Val

Descript ion

31:2 CapErrAddr 0 Capture Error Physical Address
This field captures the first error address. 
NOTE: When <CapErrValid> is set, this field is locked.

1 RSVD - Reserved. Always write 0. Ignore read value.

0 CapErrValid RC
0x0

Captured Error Valid
Reading from this register always clears this bit.
This bit is set on the first occurrence of an uncorrectable error.
0x0: Captured address is not valid
0x1: captured address is valid
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A.4 Interrupt Controller (ICU)
Base Address:  0xD428_2000

Table 68:  Interrupt Controller Register Summary (Sheet 1 of 3)

Offset Name Description Details

0x0000 ICU_INT_CONF0 SSP4 Interrupt Configuration Register Page: A-67 

0x0004 ICU_INT_CONF1 SSP3 Interrupt Configuration Register Page: A-67 

0x0008 ICU_INT_CONF2 SSP2 Interrupt Configuration Register Page: A-67 

0x000C ICU_INT_CONF3 SSP1 Interrupt Configuration Register Page: A-67 

0x0010 ICU_INT_CONF4 Reserved

0x0014 ICU_INT_CONF5 RTC HZCLK Interrupt Configuration Register Page: A-67 

0x0018 ICU_INT_CONF6 RTC Alarm Interrupt Configuration Register Page: A-67 

0x001C ICU_INT_CONF7 TWSI0 Interrupt Configuration Register Page: A-67 

0x0020 ICU_INT_CONF8 GC300 Interrupt Configuration Register Page: A-67 

0x0024 ICU_INT_CONF9 Keypad Interrupt Configuration Register Page: A-67 

0x0028 ICU_INT_CONF10 Reserved

0x002C ICU_INT_CONF11 Reserved

0x0030 ICU_INT_CONF12 One Wire Interrupt Configuration Register Page: A-67 

0x0034 ICU_INT_CONF13 Timer 1 Interrupt Configuration Register Page: A-67 

0x0038 ICU_INT_CONF14 Timer 2 Interrupt Configuration Register Page: A-67 

0x003C ICU_INT_CONF15 Timer 3 Interrupt Configuration Register Page: A-67 

0x0040 ICU_INT_CONF16 Color Management Unit Interrupt Configuration Register Page: A-67 

0x0044 ICU_INT_CONF17 SSP5  Interrupt Configuration Register Page: A-67 

0x0048 ICU_INT_CONF18 Reserved

0x004C ICU_INT_CONF19 MSPro wakeup Interrupt Configuration Register Page: A-67 

0x0050 ICU_INT_CONF20 CF wakeup Interrupt Configuration Register Page: A-67 

0x0054 ICU_INT_CONF21 XD wakeup Interrupt Configuration Register Page: A-67 

0x0058 ICU_INT_CONF22 Fast Ethernet Interrupt Configuration Register Page: A-67 

0x005C ICU_INT_CONF23 MSPro Interrupt Configuration Register Page: A-67 

0x0060 ICU_INT_CONF24 Compact Flash Interrupt Configuration Register Page: A-67 

0x0064 ICU_INT_CONF25 XD Controller Interrupt Configuration Register Page: A-67 

0x0068 ICU_INT_CONF26 L2 Cache and DDR Errors

0x006C ICU_INT_CONF27 UART 1 Interrupt Configuration Register Page: A-67 

0x0070 ICU_INT_CONF28 UART 2 Interrupt Configuration Register Page: A-67 
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0x0074 ICU_INT_CONF29 UART 3 Interrupt Configuration Register Page: A-67 

0x0078 ICU_INT_CONF30 Reserved

0x007C ICU_INT_CONF31 Reserved

0x0080 ICU_INT_CONF32 PCI Express DMA Interrupt Configuration Register Page: A-67 

0x0084 ICU_INT_CONF33 PCIE MSI Interrupt Configuration Register Page: A-67 

0x0088 ICU_INT_CONF34 Reserved

0x008C ICU_INT_CONF35 Watch Dog Timer Interrupt Configuration Register Page: A-67 

0x0090 ICU_INT_CONF36 Main PMU Interrupt Configuration Register Page: A-67 

0x0094 ICU_INT_CONF37 Frequency change Interrupt Configuration Register Page: A-67 

0x0098 ICU_INT_CONF38 Reserved

0x009C ICU_INT_CONF39 SD1 and SD2 Interrupt Configuration Register Page: A-67 

0x00A0 ICU_INT_CONF40 SD3 and SD4 Interrupt Configuration Register Page: A-67 

0x00A4 ICU_INT_CONF41 LCD Controller Interrupt Configuration Register Page: A-67 

0x00A8 ICU_INT_CONF42 CMOS Camera Interface Controller Interrupt 
Configuration Register

Page: A-67 

0x00AC ICU_INT_CONF43 Reserved

0x00B0 ICU_INT_CONF44 USB OTG Interrupt Configuration Register Page: A-67 

0x00B4 ICU_INT_CONF45 NAND Flash Controller Interrupt Configuration Register Page: A-67 

0x00B8 ICU_INT_CONF46 SQU Interrupt Configuration Register Page: A-67 

0x00BC ICU_INT_CONF47 Reserved  

0x00C0 ICU_INT_CONF48 DMA Interrupt Configuration Register Page: A-67 

0x00C4 ICU_INT_CONF49 GPIO Interrupt Configuration Register Page: A-67 

0x00C8 ICU_INT_CONF50 Reserved

0x00CC ICU_INT_CONF51 USB Host Interrupt Configuration Register Page: A-67 

0x00D0 ICU_INT_CONF52 Reserved

0x00D4 ICU_INT_CONF53 Reserved

0x00D8 ICU_INT_CONF54 Reserved

0x00DC ICU_INT_CONF55 EPD_interrupt[0] Interrupt Configuration Register Page: A-67 

0x00E0 ICU_INT_CONF56 EPD_interrupt[1] Interrupt Configuration Register Page: A-67 

0x00E4 ICU_INT_CONF57 AC97 Interrupt Configuration Register Page: A-67 

0x00E8 ICU_INT_CONF58 TWSI5 (PWR_TWSI) Interrupt Configuration Register Page: A-67 

0x00EC ICU_INT_CONF59 Reserved

Table 68:  Interrupt Controller Register Summary (Sheet 2 of 3)

Offset Name Description Details
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A.4.1 Interrupt 0 to 63 Configuration Registers 
(ICU_INT_0_TO_63_CONF)

0x00F0 ICU_INT_CONF60 Reserved Page: A-67 

0x00F4 ICU_INT_CONF61 AXI fabric service request Interrupt Configuration Register Page: A-67 

0x00F8 ICU_INT_CONF62 Reserved

0x00FC ICU_INT_CONF63 SMC (SMC_IRQ) Interrupt Configuration Register Page: A-67 

0x0108 ICU_FIQ_SEL_INT_NUM FIQ Selected Interrupt Number Register Page: A-68

0x010C ICU_IRQ_SEL_INT_NUM IRQ Selected Interrupt Number Register Page: A-68

0x0114 ICU_GBL_IRQ_MSK Global Interrupt Mask Register Page: A-69

0x011C ICU_DMA_INT_MSK DMA Interrupt Mask Register Page: A-69

0x0124 ICU_DMA_INT_STATUS DMA Interrupt Status Register Page: A-70

0x0128 ICU_INT_STATUS_0 Interrupt Status Register 0 Page: A-70

0x012C ICU_INT_STATUS_1 Interrupt Status Register 1 Page: A-70

0x0130 ICU_DDR_ARM_L2_INT_MSK DDR and ARM L2 cache Interrupt Mask Register Page: A-71

0x0134 ICU_DDR_ARM_L2_INT_STAT
US

DDR and ARM L2 Cache Interrupt Status Register Page: A-71

Instance Name Offset Count Step
ICU_INT_CONF[0:63] 0x0000 64 0x4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved IN
T

R
es

er
ve

d

IR
Q

_F
IQ

P
R

IO
R

IT
Y

_M
A

S
K

IN
G

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 ? 0 0 0 0 0

Table 69: Interrupt 0 to 63 Configuration Registers (ICU_INT_0_TO_63_CONF)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6 INT R/W 0x1 Marvell Sheeva Interrupt
0x1: Route to Marvell Sheeva Interrupt

5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 68:  Interrupt Controller Register Summary (Sheet 3 of 3)

Offset Name Description Details
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A.4.2 FIQ Selected Interrupt Number Register 
(ICU_FIQ_SEL_INT_NUM)

A.4.3 IRQ Selected Interrupt Number Register 
(ICU_IRQ_SEL_INT_NUM)

4 IRQ_FIQ R/W 0x0 IRQ/FIQ
0x1: Route to IRQ

0x0: Route to FIQ

3:0 PRIORITY_MASKING R/W 0x0 Priority/Masking
0xF to 0x1: Interrupt arbitration priority

0x0: Interrupt is masked

Instance Name Offset
ICU_FIQ_SEL_INT_NUM 0x0108

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

IN
T

_P
E

N
D

IN
G

SEL_INT_NUM

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0

Table 70: FIQ Selected Interrupt Number Register (ICU_FIQ_SEL_INT_NUM)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6 INT_PENDING RO 0x0 Interrupt Pending
Interrupt status bit

5:0 SEL_INT_NUM RO 0x0 Selected Interrupt Number

Instance Name Offset
ICU_IRQ_SEL_INT_NUM 0x010C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

IN
T

_P
E

N
D

IN
G

SEL_INT_NUM

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0

Table 69: Interrupt 0 to 63 Configuration Registers (ICU_INT_0_TO_63_CONF)  (Sheet 2 of 2)

Bits Name Type Reset Description
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-68



ARMADA 16x Applications Processor Family Register Tables
A.4.4 Global Interrupt Mask Register (ICU_GBL_IRQ_MSK)

A.4.5 DMA Interrupt Mask Register (ICU_DMA_INT_MSK)

Table 71: IRQ Selected Interrupt Number Register (ICU_IRQ_SEL_INT_NUM)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6 INT_PENDING RO 0x0 Interrupt Pending
Interrupt status bit

5:0 SEL_INT_NUM RO 0x0 Selected Interrupt Number

Instance Name Offset
ICU_GBL_IRQ_MSK 0x0114

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

IR
Q

_M
S

K

F
IQ

_M
S

K

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0

Table 72: Global Interrupt Mask Register (ICU_GBL_IRQ_MSK)  

Bits Name Type Reset Description

31:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 IRQ_MSK R/W 0x0 Mask IRQ
Global interrupt masking bit, can be cleared by PMU 
hardware.

0 FIQ_MSK R/W 0x0 Mask FIQ
Global interrupt masking bit, can be cleared by PMU 
hardware.

Instance Name Offset
ICU_DMA_INT_MSK 0x01C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field DMA_INT_MSK

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 73: DMA Interrupt Mask Register (ICU_DMA_INT_MSK)  

Bits Name Type Reset Description

31:0 DMA_INT_MSK R/W 0x0 DMA Marvell Sheeva Interrupt Mask
One bit for each DMA channel interrupt masking

0x1: Interrupt is masked
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A.4.6 DMA Interrupt Status Register (ICU_DMA_INT_STATUS)

A.4.7 Interrupt Status Register 0 (ICU_INT_STATUS_0)

A.4.8 Interrupt Status Register 1 (ICU_INT_STATUS_1)

Instance Name Offset
ICU_DMA_INT_STATUS 0x0124

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field DMA_INT1_Status

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 74: DMA Interrupt Status Register (ICU_DMA_INT_STATUS)  

Bits Name Type Reset Description

31:0 DMA_INT1_Status RO 0x0 DMA Interrupt 1 Status
DMA Marvell Sheeva Interrupt Status
One bit for each DMA channel interrupt pending (after 
masking)

Instance Name Offset
ICU_INT_STATUS_0 0x0128

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field INT_Status_0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 75: Interrupt Status Register 0 (ICU_INT_STATUS_0)  

Bits Name Type Reset Description

31:0 INT_Status_0 RO 0x0 Interrupt Status [31:0] (after masking)

Instance Name Offset
ICU_INT_STATUS_1 0x012C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field INT_Status_1

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 76: Interrupt Status Register 1 (ICU_INT_STATUS_1)  

Bits Name Type Reset Description

31:0 INT_Status_1 RO 0x0 Interrupt Status [63:32] (after masking)
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A.4.9 DDR and ARM L2 cache Interrupt Mask Register 
(ICU_DDR_ARM_L2_INT_MSK)

A.4.10 DDR and ARM L2 Cache Interrupt Status Register 
(ICU_DDR_ARM_L2_INT_STATUS)

Instance Name Offset
ICU_DDR_ARM_L2_INT_MSK 0x0130

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

D
D

R
_I

N
T

_M
S

K

L2
_U

E
C

C
_I

N
T

_M
S

K

L2
_E

C
C

_I
N

T
_M

S
K

L2
_P

A
_E

C
C

_I
N

T
_M

S
K

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? ? ?

Table 77: DDR and ARM L2 cache Interrupt Mask Register (ICU_DDR_ARM_L2_INT_MSK)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6 DDR_INT_MSK R/W 0x0 DDR Interrupt Mask
0x1: Interrupt is masked

5 L2_UECC_INT_MSK R/W 0x0 Marvell Sheeva L2 UECC Interrupt Mask

0x1: Interrupt is masked

4 L2_ECC_INT_MSK R/W 0x0 Marvell Sheeva L2 ECC Interrupt Mask
0x1: Interrupt is masked

3 L2_PA_ECC_INT_MSK R/W 0x0 Marvell Sheeva L2 PA ECC Interrupt Mask
0x1: Interrupt is masked

2:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
ICU_DDR_ARM_L2_INT_STATUS 0x0134

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

D
D

R
_I

N
T

_S
TA

T
U

S

L2
_U

E
C

C
_I

N
T

_S
TA

T
U

S

L2
_E

C
C

_I
N

T
_S

TA
T

U
S

L2
_P

A
_E

C
C

_I
N

T
_S

TA
T

U
S

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? ? ?
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-71



ARMADA 16x Applications Processor Family Register Tables
Table 78: DDR and ARM L2 Cache Interrupt Status Register (ICU_DDR_ARM_L2_INT_STATUS)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6 DDR_INT_STATUS RO 0x0 DDR Interrupt Status

5 L2_UECC_INT_STATUS RO 0x0 Marvell Sheeva L2 UECC Interrupt Status

4 L2_ECC_INT_STATUS RO 0x0 Marvell Sheeva L2 ECC Interrupt Status

3 L2_PA_ECC_INT_STATUS RO 0x0 Marvell Sheeva L2 PA ECC Interrupt Status

2:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.5 DMA (DMA)
The DMA Clock/Reset Control Register (APMU_DMA_CLK_RES_CTRL) in the Application 
Subsystem Power Management (APMU) Unit must be programmed prior to accessing the DMA 
registers.

Base Address:  0xD400_0000

Table 79:  DMA Register Summary (Sheet 1 of 9)

Offset Name Description Details

0x0000 DMA_DCSR0 DMA Channel Control/Status Register 0 Page: A-82 

0x0004 DMA_DCSR1 DMA Channel Control/Status Register 1 Page: A-82 

0x0008 DMA_DCSR2 DMA Channel Control/Status Register 2 Page: A-82 

0x000C DMA_DCSR3 DMA Channel Control/Status Register 3 Page: A-82 

0x0010 DMA_DCSR4 DMA Channel Control/Status Register 4 Page: A-82 

0x0014 DMA_DCSR5 DMA Channel Control/Status Register 5 Page: A-82 

0x0018 DMA_DCSR6 DMA Channel Control/Status Register 6 Page: A-82 

0x001C DMA_DCSR7 DMA Channel Control/Status Register 7 Page: A-82 

0x0020 DMA_DCSR8 DMA Channel Control/Status Register 8 Page: A-82 

0x0024 DMA_DCSR9 DMA Channel Control/Status Register 9 Page: A-82 

0x0028 DMA_DCSR10 DMA Channel Control/Status Register 10 Page: A-82 

0x002C DMA_DCSR11 DMA Channel Control/Status Register 11 Page: A-82 

0x0030 DMA_DCSR12 DMA Channel Control/Status Register 12 Page: A-82 

0x0034 DMA_DCSR13 DMA Channel Control/Status Register 13 Page: A-82 

0x0038 DMA_DCSR14 DMA Channel Control/Status Register 14 Page: A-82 

0x003C DMA_DCSR15 DMA Channel Control/Status Register 15 Page: A-82 

0x0040 DMA_DCSR16 DMA Channel Control/Status Register 16 Page: A-82 

0x0044 DMA_DCSR17 DMA Channel Control/Status Register 17 Page: A-82 

0x0048 DMA_DCSR18 DMA Channel Control/Status Register 18 Page: A-82 

0x004C DMA_DCSR19 DMA Channel Control/Status Register 19 Page: A-82 

0x0050 DMA_DCSR20 DMA Channel Control/Status Register 20 Page: A-82 

0x0054 DMA_DCSR21 DMA Channel Control/Status Register 21 Page: A-82 

0x0058 DMA_DCSR22 DMA Channel Control/Status Register 22 Page: A-82 

0x005C DMA_DCSR23 DMA Channel Control/Status Register 23 Page: A-82 

0x0060 DMA_DCSR24 DMA Channel Control/Status Register 24 Page: A-82 

0x0064 DMA_DCSR25 DMA Channel Control/Status Register 25 Page: A-82 

0x0068 DMA_DCSR26 DMA Channel Control/Status Register 26 Page: A-82 
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0x006C DMA_DCSR27 DMA Channel Control/Status Register 27 Page: A-82 

0x0070 DMA_DCSR28 DMA Channel Control/Status Register 28 Page: A-82 

0x0074 DMA_DCSR29 DMA Channel Control/Status Register 29 Page: A-82 

0x0078 DMA_DCSR30 DMA Channel Control/Status Register 30 Page: A-82 

0x007C DMA_DCSR31 DMA Channel Control/Status Register 31 Page: A-82 

0x00A0 DMA_ALGN DMA Alignment Register Page: A-87

0x00A4 DMA_PCSR DMA Programmed I/O Control Status Register Page: A-88

0x00E0 DMA_RQSR0 DREQ Status Register 0 Page: A-89

0x00F0 DMA_INT DMA Interrupt Register Page: A-90

0x0100 DMA_DRCMR0 Reserved

0x0104 DMA_DRCMR1 Reserved

0x0108 DMA_DRCMR2 Reserved

0x010C DMA_DRCMR3 Reserved

0x0110 DMA_DRCMR4 Reserved

0x0114 DMA_DRCMR5 Reserved

0x0118 DMA_DRCMR6 Reserved

0x011C DMA_DRCMR7 Reserved

0x0120 DMA_DRCMR8 Reserved

0x0124 DMA_DRCMR9 Reserved

0x0128 DMA_DRCMR10 Reserved

0x012C DMA_DRCMR11 Reserved

0x0130 DMA_DRCMR12 Reserved

0x0134 DMA_DRCMR13 Reserved

0x0138 DMA_DRCMR14 Reserved

0x013C DMA_DRCMR15 DMA Request to Channel Map Register for TWSI0 receive request Page: A-91

0x0140 DMA_DRCMR16 DMA Request to Channel Map Register for TWSI0 transmit request Page: A-91

0x0144 DMA_DRCMR17 DMA Request to Channel Map Register for TWSI5 receive request Page: A-91

0x0148 DMA_DRCMR18 DMA Request to Channel Map Register for TWSI5 transmit request Page: A-91

0x014C DMA_DRCMR19 DMA Request to Channel Map Register for UART1 receive request Page: A-91

0x0150 DMA_DRCMR20 DMA Request to Channel Map Register for UART1 transmit request Page: A-91

0x0154 DMA_DRCMR21 DMA Request to Channel Map Register for UART2 receive request Page: A-91 

Table 79:  DMA Register Summary (Sheet 2 of 9)

Offset Name Description Details
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0x0158 DMA_DRCMR22 DMA Request to Channel Map Register for UART2 transmit request Page: A-91 

0x015C DMA_DRCMR23 DMA Request to Channel Map Register for UART3 receive request Page: A-91 

0x0160 DMA_DRCMR24 DMA Request to Channel Map Register for UART3 transmit request Page: A-91 

0x0164 DMA_DRCMR25 Reserved

0x0168 DMA_DRCMR26 Reserved

0x016C DMA_DRCMR27 Reserved

0x0170 DMA_DRCMR28 Reserved

0x0174 DMA_DRCMR29 Reserved

0x0178 DMA_DRCMR30 Reserved

0x017C DMA_DRCMR31 Reserved

0x0180 DMA_DRCMR32 Reserved

0x0184 DMA_DRCMR33 Reserved

0x0188 DMA_DRCMR34 DMA Request to Channel Map Register for NAND Flash Controller 
Data

Page: A-91 

0x018C DMA_DRCMR35 DMA Request to Channel Map Registers for NAND Flash Controller 
Commands

Page: A-91 

0x0190 DMA_DRCMR36 DMA Request to Channel Map Register for MSPRO Page: A-91 

0x0194 DMA_DRCMR37 Reserved

0x0198 DMA_DRCMR38 DMA Request to Channel Map Register for Compact Flash Page: A-91 

0x019C DMA_DRCMR39 Reserved

0x01A0 DMA_DRCMR40 Reserved

0x01A4 DMA_DRCMR41 Reserved

0x01A8 DMA_DRCMR42 DMA Request to Channel Map Register for PCM audio Tx Page: A-91 

0x01AC DMA_DRCMR43 DMA Request to Channel Map Register for PCM audio Surround Tx Page: A-91 

0x01B0 DMA_DRCMR44 DMA Request to Channel Map Register for PCM audio center Tx Page: A-91 

0x01B4 DMA_DRCMR45 DMA Request to Channel Map Register for PCM audio RX Page: A-91 

0x01B8 DMA_DRCMR46 DMA Request to Channel Map Register for Modem DMA Tx Page: A-91 

0x01BC DMA_DRCMR47 DMA Request to Channel Map Register for Modem DMA Rx Page: A-91 

0x01C0 DMA_DRCMR48 DMA Request to Channel Map Register for AC97 Microphone Page: A-91 

0x01C4 DMA_DRCMR49 Reserved

0x01C8 DMA_DRCMR50 Reserved

0x01CC DMA_DRCMR51 Reserved

Table 79:  DMA Register Summary (Sheet 3 of 9)

Offset Name Description Details
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0x01D0 DMA_DRCMR52 DMA Request to Channel Map Register for SSP1 receive request Page: A-91 

0x01D4 DMA_DRCMR53 DMA Request to Channel Map Registers for SSP1 transmit request Page: A-91 

0x01D8 DMA_DRCMR54 DMA Request to Channel Map Register for SSP2 receive request Page: A-91 

0x01DC DMA_DRCMR55 DMA Request to Channel Map Registers for SSP2 transmit request Page: A-91 

0x01E0 DMA_DRCMR56 DMA Request to Channel Map Register for SSP3 receive request Page: A-91 

0x01E4 DMA_DRCMR57 DMA Request to Channel Map Registersfor SSP3 transmit request Page: A-91 

0x01E8 DMA_DRCMR58 DMA Request to Channel Map Register for SSP4 receive request Page: A-91 

0x01EC DMA_DRCMR59 DMA Request to Channel Map Registers for SSP4 transmit request Page: A-91 

0x01F0 DMA_DRCMR60 DMA Request to Channel Map Register for SSP5 receive request Page: A-91 

0x01F4 DMA_DRCMR61 DMA Request to Channel Map Registers for SSP5 transmit request Page: A-91 

0x01F8 DMA_DRCMR62 Reserved

0x01FC DMA_DRCMR63 Reserved

0x0200 DMA_DADR0 DMA Descriptor Address Registers Page: A-91

0x0204 DMA_SADR0 DMA Source Address Registers 0-31 Page: A-92

0x0208 DMA_TADR0 DMA Target Address Registers 0-31 Page: A-93

0x020C DMA_CMD0 DMA Command Registers 0-31 Page: A-94

0x0210 DMA_DADR1 DMA Descriptor Address Registers Page: A-91

0x0214 DMA_SADR1 DMA Source Address Registers 0-31 Page: A-92

0x0218 DMA_TADR1 DMA Target Address Registers 0-31 Page: A-93

0x021C DMA_CMD1 DMA Command Registers 0-31 Page: A-94

0x0220 DMA_DADR2 DMA Descriptor Address Registers Page: A-91

0x0224 DMA_SADR2 DMA Source Address Registers 0-31 Page: A-92

0x0228 DMA_TADR2 DMA Target Address Registers 0-31 Page: A-93

0x022C DMA_CMD2 DMA Command Registers 0-31 Page: A-94

0x0230 DMA_DADR3 DMA Descriptor Address Registers Page: A-91

0x0234 DMA_SADR3 DMA Source Address Registers 0-31 Page: A-92

0x0238 DMA_TADR3 DMA Target Address Registers 0-31 Page: A-93

0x023C DMA_CMD3 DMA Command Registers 0-31 Page: A-94

0x0240 DMA_DADR4 DMA Descriptor Address Registers Page: A-91

0x0244 DMA_SADR4 DMA Source Address Registers 0-31 Page: A-92

0x0248 DMA_TADR4 DMA Target Address Registers 0-31 Page: A-93

Table 79:  DMA Register Summary (Sheet 4 of 9)

Offset Name Description Details
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0x024C DMA_CMD4 DMA Command Registers 0-31 Page: A-94

0x0250 DMA_DADR5 DMA Descriptor Address Registers Page: A-91

0x0254 DMA_SADR5 DMA Source Address Registers 0-31 Page: A-92

0x0258 DMA_TADR5 DMA Target Address Registers 0-31 Page: A-93

0x025C DMA_CMD5 DMA Command Registers 0-31 Page: A-94

0x0260 DMA_DADR6 DMA Descriptor Address Registers Page: A-91

0x0264 DMA_SADR6 DMA Source Address Registers 0-31 Page: A-92

0x0268 DMA_TADR6 DMA Target Address Registers 0-31 Page: A-93

0x026C DMA_CMD6 DMA Command Registers 0-31 Page: A-94

0x0270 DMA_DADR7 DMA Descriptor Address Registers Page: A-91

0x0274 DMA_SADR7 DMA Source Address Registers 0-31 Page: A-92

0x0278 DMA_TADR7 DMA Target Address Registers 0-31 Page: A-93

0x027C DMA_CMD7 DMA Command Registers 0-31 Page: A-94

0x0280 DMA_DADR8 DMA Descriptor Address Registers Page: A-91

0x0284 DMA_SADR8 DMA Source Address Registers 0-31 Page: A-92

0x0288 DMA_TADR8 DMA Target Address Registers 0-31 Page: A-93

0x028C DMA_CMD8 DMA Command Registers 0-31 Page: A-94

0x0290 DMA_DADR9 DMA Descriptor Address Registers Page: A-91

0x0294 DMA_SADR9 DMA Source Address Registers 0-31 Page: A-92

0x0298 DMA_TADR9 DMA Target Address Registers 0-31 Page: A-93

0x029C DMA_CMD9 DMA Command Registers 0-31 Page: A-94

0x02A0 DMA_DADR10 DMA Descriptor Address Registers Page: A-91

0x02A4 DMA_SADR10 DMA Source Address Registers 0-31 Page: A-92

0x02A8 DMA_TADR10 DMA Target Address Registers 0-31 Page: A-93

0x02AC DMA_CMD10 DMA Command Registers 0-31 Page: A-94

0x02B0 DMA_DADR11 DMA Descriptor Address Registers Page: A-91

0x02B4 DMA_SADR11 DMA Source Address Registers 0-31 Page: A-92

0x02B8 DMA_TADR11 DMA Target Address Registers 0-31 Page: A-93

0x02BC DMA_CMD11 DMA Command Registers 0-31 Page: A-94

0x02C0 DMA_DADR12 DMA Descriptor Address Registers Page: A-91

0x02C4 DMA_SADR12 DMA Source Address Registers 0-31 Page: A-92

Table 79:  DMA Register Summary (Sheet 5 of 9)

Offset Name Description Details
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0x02C8 DMA_TADR12 DMA Target Address Registers 0-31 Page: A-93

0x02CC DMA_CMD12 DMA Command Registers 0-31 Page: A-94

0x02D0 DMA_DADR13 DMA Descriptor Address Registers Page: A-91

0x02D4 DMA_SADR13 DMA Source Address Registers 0-31 Page: A-92

0x02D8 DMA_TADR13 DMA Target Address Registers 0-31 Page: A-93

0x02DC DMA_CMD13 DMA Command Registers 0-31 Page: A-94

0x02E0 DMA_DADR14 DMA Descriptor Address Registers Page: A-91

0x02E4 DMA_SADR14 DMA Source Address Registers 0-31 Page: A-92

0x02E8 DMA_TADR14 DMA Target Address Registers 0-31 Page: A-93

0x02EC DMA_CMD14 DMA Command Registers 0-31 Page: A-94

0x02F0 DMA_DADR15 DMA Descriptor Address Registers Page: A-91

0x02F4 DMA_SADR15 DMA Source Address Registers 0-31 Page: A-92

0x02F8 DMA_TADR15 DMA Target Address Registers 0-31 Page: A-93

0x02FC DMA_CMD15 DMA Command Registers 0-31 Page: A-94

0x0300 DMA_DADR16 DMA Descriptor Address Registers Page: A-91

0x0304 DMA_SADR16 DMA Source Address Registers 0-31 Page: A-92

0x0308 DMA_TADR16 DMA Target Address Registers 0-31 Page: A-93

0x030C DMA_CMD16 DMA Command Registers 0-31 Page: A-94

0x0310 DMA_DADR17 DMA Descriptor Address Registers Page: A-91

0x0314 DMA_SADR17 DMA Source Address Registers 0-31 Page: A-92

0x0318 DMA_TADR17 DMA Target Address Registers 0-31 Page: A-93

0x031C DMA_CMD17 DMA Command Registers 0-31 Page: A-94

0x0320 DMA_DADR18 DMA Descriptor Address Registers Page: A-91

0x0324 DMA_SADR18 DMA Source Address Registers 0-31 Page: A-92

0x0328 DMA_TADR18 DMA Target Address Registers 0-31 Page: A-93

0x032C DMA_CMD18 DMA Command Registers 0-31 Page: A-94

0x0330 DMA_DADR19 DMA Descriptor Address Registers Page: A-91

0x0334 DMA_SADR19 DMA Source Address Registers 0-31 Page: A-92

0x0338 DMA_TADR19 DMA Target Address Registers 0-31 Page: A-93

0x033C DMA_CMD19 DMA Command Registers 0-31 Page: A-94

0x0340 DMA_DADR20 DMA Descriptor Address Registers Page: A-91

Table 79:  DMA Register Summary (Sheet 6 of 9)

Offset Name Description Details
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0x0344 DMA_SADR20 DMA Source Address Registers 0-31 Page: A-92

0x0348 DMA_TADR20 DMA Target Address Registers 0-31 Page: A-93

0x034C DMA_CMD20 DMA Command Registers 0-31 Page: A-94

0x0350 DMA_DADR21 DMA Descriptor Address Registers Page: A-91

0x0354 DMA_SADR21 DMA Source Address Registers 0-31 Page: A-92

0x0358 DMA_TADR21 DMA Target Address Registers 0-31 Page: A-93

0x035C DMA_CMD21 DMA Command Registers 0-31 Page: A-94

0x0360 DMA_DADR22 DMA Descriptor Address Registers Page: A-91

0x0364 DMA_SADR22 DMA Source Address Registers 0-31 Page: A-92

0x0368 DMA_TADR22 DMA Target Address Registers 0-31 Page: A-93

0x036C DMA_CMD22 DMA Command Registers 0-31 Page: A-94

0x0370 DMA_DADR23 DMA Descriptor Address Registers Page: A-91

0x0374 DMA_SADR23 DMA Source Address Registers 0-31 Page: A-92

0x0378 DMA_TADR23 DMA Target Address Registers 0-31 Page: A-93

0x037C DMA_CMD23 DMA Command Registers 0-31 Page: A-94

0x0380 DMA_DADR24 DMA Descriptor Address Registers Page: A-91

0x0384 DMA_SADR24 DMA Source Address Registers 0-31 Page: A-92

0x0388 DMA_TADR24 DMA Target Address Registers 0-31 Page: A-93

0x038C DMA_CMD24 DMA Command Registers 0-31 Page: A-94

0x0390 DMA_DADR25 DMA Descriptor Address Registers Page: A-91

0x0394 DMA_SADR25 DMA Source Address Registers 0-31 Page: A-92

0x0398 DMA_TADR25 DMA Target Address Registers 0-31 Page: A-93

0x039C DMA_CMD25 DMA Command Registers 0-31 Page: A-94

0x03A0 DMA_DADR26 DMA Descriptor Address Registers Page: A-91

0x03A4 DMA_SADR26 DMA Source Address Registers 0-31 Page: A-92

0x03A8 DMA_TADR26 DMA Target Address Registers 0-31 Page: A-93

0x03AC DMA_CMD26 DMA Command Registers 0-31 Page: A-94

0x03B0 DMA_DADR27 DMA Descriptor Address Registers Page: A-91

0x03B4 DMA_SADR27 DMA Source Address Registers 0-31 Page: A-92

0x03B8 DMA_TADR27 DMA Target Address Registers 0-31 Page: A-93

0x03BC DMA_CMD27 DMA Command Registers 0-31 Page: A-94

Table 79:  DMA Register Summary (Sheet 7 of 9)

Offset Name Description Details
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0x03C0 DMA_DADR28 DMA Descriptor Address Registers Page: A-91

0x03C4 DMA_SADR28 DMA Source Address Registers 0-31 Page: A-92

0x03C8 DMA_TADR28 DMA Target Address Registers 0-31 Page: A-93

0x03CC DMA_CMD28 DMA Command Registers 0-31 Page: A-94

0x03D0 DMA_DADR29 DMA Descriptor Address Registers Page: A-91

0x03D4 DMA_SADR29 DMA Source Address Registers 0-31 Page: A-92

0x03D8 DMA_TADR29 DMA Target Address Registers 0-31 Page: A-93

0x03DC DMA_CMD29 DMA Command Registers 0-31 Page: A-94

0x03E0 DMA_DADR30 DMA Descriptor Address Registers Page: A-91

0x03E4 DMA_SADR30 DMA Source Address Registers 0-31 Page: A-92

0x03E8 DMA_TADR30 DMA Target Address Registers 0-31 Page: A-93

0x03EC DMA_CMD30 DMA Command Registers 0-31 Page: A-94

0x03F0 DMA_DADR31 DMA Descriptor Address Registers Page: A-91

0x03F4 DMA_SADR31 DMA Source Address Registers 0-31 Page: A-92

0x03F8 DMA_TADR31 DMA Target Address Registers 0-31 Page: A-93

0x03FC DMA_CMD31 DMA Command Registers 0-31 Page: A-94

0x1100 DMA_DRCMR64 Reserved  

0x1104 DMA_DRCMR65 Reserved

0x1108 DMA_DRCMR66 Reserved

0x110C DMA_DRCMR67 Reserved

0x1110 DMA_DRCMR68 DMA Request to Channel Map Registers  for XD Data Page: A-91

0x1114 DMA_DRCMR69 DMA Request to Channel Map Registers  for XD commands Page: A-91

0x1118 DMA_DRCMR70 Reserved

0x111C DMA_DRCMR71 Reserved

0x1120 DMA_DRCMR72 Reserved

0x1124 DMA_DRCMR73 Reserved

0x1128 DMA_DRCMR74 Reserved

0x112C DMA_DRCMR75 Reserved

0x1130 DMA_DRCMR76 Reserved

0x1134 DMA_DRCMR77 Reserved

0x1138 DMA_DRCMR78 Reserved

Table 79:  DMA Register Summary (Sheet 8 of 9)

Offset Name Description Details
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0x113C DMA_DRCMR79 Reserved

0x1140 DMA_DRCMR80 Reserved

0x1144 DMA_DRCMR81 Reserved

0x1148 DMA_DRCMR82 Reserved

0x114C DMA_DRCMR83 Reserved

0x1150 DMA_DRCMR84 Reserved

0x1154 DMA_DRCMR85 Reserved

0x1158 DMA_DRCMR86 Reserved

0x115C DMA_DRCMR87 Reserved

0x1160 DMA_DRCMR88 Reserved

0x1164 DMA_DRCMR89 Reserved

0x1168 DMA_DRCMR90 Reserved

0x116C DMA_DRCMR91 Reserved

0x1170 DMA_DRCMR92 Reserved

0x1174 DMA_DRCMR93 Reserved

0x1178 DMA_DRCMR94 Reserved

0x117C DMA_DRCMR95 Reserved

0x1180 DMA_DRCMR96 Reserved

0x1184 DMA_DRCMR97 Reserved

0x1188 DMA_DRCMR98 Reserved

0x118C DMA_DRCMR99 Reserved

Table 79:  DMA Register Summary (Sheet 9 of 9)

Offset Name Description Details
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A.5.1 DMA Channel Control/Status Registers 0-31 
(DMA_DCSR[0:31])
These read/write registers contain the control and status bits for the channels. Ignore reads from 
reserved bits. Write 0b0 to reserved bits.

Instance Name Offset Count Step
DMA_DCSRx[0:31] 0x0000 32 0x4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
U

N

N
O

D
E

S
C

F
E

T
C

H

S
T

O
P

IR
Q

E
N

E
O

R
IR

Q
E

N

E
O

R
JM

P
E

N

E
O

R
S

T
O
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E

N
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E
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C

M
P

S
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C
LR

C
M

P
S

T

R
A

S
IR
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E
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M
A

S
K

R
U

N

Reserved

C
M

P
S

T

E
O

R
IN

T

R
E

Q
P

E
N

D

R
es

er
ve

d

R
A

S
IN

T
R

S
T

O
P

IN
T

R

E
N

D
IN

T
R

S
TA

R
T

IN
T

R

B
U

S
E

R
R

IN
T

R

Default 0 0 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? ? ? 0 1 0 0 0

Table 80: DMA Channel Control/Status Registers 0-31 (DMA_DCSR[0:31])  (Sheet 1 of 6)

Bits Name Type Reset Description

31 RUN R/W 0x0 Run
This bit allows software to start or stop the channel. If the 
RUN bit is cleared in the middle of the burst, the burst is 
completed before the channel stops. Setting RUN starts the 
stopped channel.
If the channel is in a Descriptor-fetch transfer and RUN is 
set before writing a valid Descriptor address to register 
DDADRx, no-Descriptor fetch occurs.
This bit is reset as soon as it is cleared and when the 
channel stops normally. After the channel stops, 
DCSRx[STOPINTR] is set. STOPINTR must be polled to 
read the channel status or to set DCSRx[STOPIRQEN] and 
expect an interrupt after the channel stops.

0x0: Stops the channel

0x1: Starts the channel

30 NODESCFETCH R/W 0x0 No-Descriptor Fetch
This bit controls whether or not a channel has a Descriptor. 
If NODESCFETCH is set, the channel is considered a 
simple channel with no Descriptors. In this case, the DMA 
does not initiate Descriptor fetches when software sets 
DCSRx[RUN] or when the byte count for the current 
transfer reaches zero.
To program the channel for a no-Descriptor-fetch transfer, 
software must set, then write to the individual DSADRx, 
DTADRx, and DCMDx registers for that channel. The 
DDADRx register is not used in this mode and must not be 
written. DCSRx[RUN] must be set to allow the channel to 
start the transfer.
If DCSRx[NODESCFETCH] is cleared, the DMAC initiates 
Descriptor-fetches when software writes to the DDADRx 
register, when the byte count for the current transfer 
reaches zero.

0x0: Descriptor-fetch transfer

0x1: No-Descriptor-fetch transfer
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29 STOPIRQEN R/W 0x0 Stop interrupt enabled
This bit enables the interrupt when DCSRx[STOPINTR] is 
set. If STOPIRQEN is cleared, no interrupt is generated 
after the channel stops.
DCSRx[STOPINTR] is set after system reset de-assertion. 
Thus, if STOPINTR is set before the channel is started, an 
interrupt is generated.

0x0: no interrupt if the channel is in uninitialized or 
stopped state

0x1: interrupt enabled if the channel is in uninitialized or 
stopped state

28 EORIRQEN R/W 0x0 Setting the End-of-Receive interrupt enable
This bit triggers an interrupt on an EOR condition. Clearing 
this bit does not generate an EOR-related interrupt.

0x0: Interrupt not triggered even if DCSRx[EORINT] is set

0x1: Enable Interrupt if DCSRx[EORINT] is set

27 EORJMPEN R/W 0x0 Jump to the next Descriptor on EOR
This bit controls the Descriptor flow when the mapped 
peripheral signals an EOR to the DMAC. See Descriptor 
Behavior on End-of-Receive (EOR) figure for the behavior 
of the Descriptor during this condition.
This control bit has no effect on the channel for no-
Descriptor-fetch transfers (DCSRx[NODESCFETCH] set). 
The DMAC completes the peripheral-to-memory data 
transfer on an EOR, regardless of EORJMPEN.

0x0: DMAC continues to hold the current Descriptor and 
waits until the mapped peripheral makes another 
receive request.

0x1: DMAC jumps to the channel's next Descriptor on 
receiving an EOR from the mapped peripheral.

26 EORSTOPEN R/W 0x0 Stop channel on EOR
This bit has no effect on the channel for no-Descriptor-fetch 
transfers (DCSRx[NODESCFETCH] set). The DMAC 
completes the peripheral-to-memory data transfer on an 
EOR, regardless of DCSRx[EORSTOPEN].
Setting EORSTOPEN causes the DMAC to stop the 
channel on an EOR and set the corresponding 
DCSRx[STOPINTR] bit. If DCSRx[STOPIRQEN] is set 
when EORSTOPEN is set, an interrupt occurs.
See Descriptor Behavior on End-of-Receive (EOR) figure 
for the behavior of the Descriptor.

0x0: DMAC continues to hold the current Descriptor and 
waits until the mapped peripheral makes another 
receive request

0x1: DMAC stops the channel that received an EOR from 
the mapped peripheral

Table 80: DMA Channel Control/Status Registers 0-31 (DMA_DCSR[0:31])  (Sheet 2 of 6)

Bits Name Type Reset Description
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25 SETCMPST WO 0x0 Set Descriptor compare status
This bit partially controls DCSRx[CMPST]. Setting this bit 
sets DCSRx[CMPST]. Clearing SETCMPST has no effect 
on DCSRx[CMPST]. Software can set DCSRx[CMPST] 
even if the Descriptor is not configured in the compare 
mode (DCMDx[CMPEN] = 0).

0x0: No effect on DCSRx[CMPST]

0x1: Set DCSRx[CMPST]

24 CLRCMPST WO 0x0 Clear Descriptor compare status
This bit partially controls DCSRx[CMPST]. Setting 
CLRCMPST clears DCSRx[CMPST]. Clearing CLRCMPST 
has no effect on DCSRx[CMPST]. Software can set 
DCSRx[CMPST] even if the Descriptor is not configured in 
the compare mode.

0x0: No effect on DCSRx[CMPST]

0x1: Clear DCSRx[CMPST]

23 RASIRQEN R/W 0x0 Request after channel stopped interrupt enable
0x0: Interrupt not triggered when a peripheral asserts a 

DMA request after the channel has stopped

0x1: Set interrupt bit for that channel in the 
DINT[CHLINTR] when a peripheral asserts a DMA 
request after the channel has stopped

22 MASKRUN WO 0x0 MASKRUN
Mask DCSR[RUN] during a programmed IO write to the 
DCSR register

0x0: Software (programmed IO write) can modify 
DCSR[RUN] during a Write transaction

0x1: Software (programmed IO write) can not modify 
DCSR[RUN] during a Write transaction

21:11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 80: DMA Channel Control/Status Registers 0-31 (DMA_DCSR[0:31])  (Sheet 3 of 6)

Bits Name Type Reset Description
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10 CMPST RO 0x0 Descriptor compare status
This bit indicates the most recent status of the source and 
target compare operation. CMPST is set on a successful 
compare of the source and target fields. An unsuccessful 
comparison clears CMPST. Refer to the description of 
DCMDx[ADDRMODE] for the various addressing modes 
used for this comparison. For details regarding the 
Descriptor-Compare mode, refer to DCMDx[CMPEN].
The DMAC updates CMPST only in Descriptor-Compare 
mode (DCMDx[CMPEN] = 1).
CMPST can be set and cleared by setting 
DCSRx[SETCMPST] and DCSRx[CLRCMPST], 
respectively.
If software attempts to concurrently set and clear CMPST 
by setting both DCSRx[SETCMPST] and 
DCSRx[CLRCMPST], DCSRx[SETCMPST] has higher 
precedence. Modifying this bit after DCSRx[RUN] is set and 
the channel is actively running leads to faulty behavior of 
the Descriptor chain. The channel must be stopped before 
setting or clearing CMPST.

0x0: Indicates an unsuccessful address compare in 
Descriptor-compare mode

0x1: Indicates a successful compare of the current 
Descriptor source and target addresses in 
Descriptor-Compare mode

9 EORINT R/W 0x0 End of Receive Interrupt
EORINT pertains only to internal peripherals. This bit 
indicates the status of the mapped peripheral Receive data. 
EORINT is set after the DMAC reads out the last trailing 
sample from the peripheral Receive FIFO. The Descriptor 
Behavior on End-of-Receive (EOR) figure illustrates the 
behavior of the Descriptor during this condition.

Note: The EORINT bit must be cleared before restarting a 
channel.

0x0: DMA continues with current Descriptor because the 
internal peripheral is still actively receiving data

0x1: Channel mapped internal peripheral has no data 
remaining in its Receive FIFO and has completed all 
Receive transactions. Refer to the description of 
DCSRx[EORJmpEn] for the behavior of the DMAC 
during this condition.

Table 80: DMA Channel Control/Status Registers 0-31 (DMA_DCSR[0:31])  (Sheet 4 of 6)

Bits Name Type Reset Description
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8 REQPEND RO 0x0 Request pending
This bit indicates a pending request for the DMA channel.
REQPEND is cleared for a channel if that channel has no 
pending request or the request has just been issued to the 
memory interface in case of a Read or Write from the 
external companion chip to memory.
If DREQ assertion sets REQPEND and DCSRx[RUN] is 
cleared to stop that channel, REQPEND and the internal 
registers that hold the DREQ assertion information, do not 
remain set. If the channel is restarted, REQPEND must be 
reset by a Descriptor that transfers dummy data (for 
example, a memory-to-memory transfer from a temporary 
location to another temporary location).

0x0: No request is pending for the channel

0x1: A request is pending for the channel

7:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 RASINTR R/W 0x0 Request after channel stopped
This bit reset by writing a 1

0x0: No interrupt

0x1: Interrupt caused due to a request made by the 
peripheral after the respective channel stopped

3 STOPINTR RO 0x1 Stop interrupt
This is a read-only bit that reflects the channel state.
Software must clear DCSRx[STOPIRQEN] to reset the 
interrupt. Reprogramming DDADRx and setting 
DCSRx[RUN] restarts the channel.

0x0: Channel is running

0x1: Channel is in uninitialized or stopped state; if 
DCSRx[STOPIRQEN] is set, DMAC generates 
interrupt

2 ENDINTR R/W 0x0 End interrupt
This bit indicates that the current Descriptor finished 
successfully and that DCMDx[ENDIRQEN] is set.

0x0: No interrupt

0x1: Interrupt was caused due to successful completion 
of the current transaction and DCMDx[LEN] = 0

1 STARTINTR R/W 0x0 Start interrupt
This bit indicates that the current Descriptor was loaded 
successfully and that DCMDx[STARTIRQEN] is set.

0x0: No interrupt

0x1: Interrupt was caused due to successful Descriptor 
fetch

Table 80: DMA Channel Control/Status Registers 0-31 (DMA_DCSR[0:31])  (Sheet 5 of 6)

Bits Name Type Reset Description
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A.5.2 DMA Alignment Register (DMA_ALGN)
DALGN activates byte alignment for source and target addresses. Each bit in the register 
corresponds to a DMA channel. By default, during data transfers, the DMAC forces the least-
significant three bits for all external addresses to zeros, and the least significant two bits of all 
peripheral addresses to zeros.

Setting a channel-specific bit in DALGN causes the corresponding channel to access the complete 
user-specified address (none of the LSB bits of the address are forced to zeros). For example, if 
Channel 31 is programmed to transfer data involving a misaligned address, software must write 0b1 
to Bit 31 of DALGN.

Clearing a bit position in the DALGN register causes the DMAC to treat the corresponding channel 
as the default, a 64-bit aligned channel, the source and target addresses are forced to zeros as 
explained earlier.

DALGN must be updated before setting DCSR[Run] and then must not be altered until the channel 
stops.

0 BUSERRINTR R/W 0x0 Bus error interrupt
This bit indicates that an error occurred during a data 
transfer on the internal bus. The error may be due to a bad 
Descriptor source or target address (any address that is in 
the non-burstable or reserved space can cause a bus error 
on the system bus).Only one error per channel is logged. 
The channel that caused the error is not updated at the end 
of the transfer and is not accessible until it is reprogrammed 
and the corresponding RUN bit is set.

0x0: No interrupt

0x1: Interrupt was caused by bus error

Instance Name Offset
DMA_ALGN 0x00A0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field DALGNX

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 81: DMA Alignment Register (DMA_ALGN)  

Bits Name Type Reset Description

31:0 DALGNX R/W 0x0 Alignment control for channel x
0x0: Source and target addresses of channel x are 

default aligned (internal peripherals default to 4 byte 
alignment, external bus addresses default to 8- byte 
alignment)

0x1: Source and target addresses of channel x are as 
defined by user (byte aligned)

Table 80: DMA Channel Control/Status Registers 0-31 (DMA_DCSR[0:31])  (Sheet 6 of 6)

Bits Name Type Reset Description
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A.5.3 DMA Programmed I/O Control Status Register (DMA_PCSR)
DPCSR is used for activating and monitoring posted Writes and split Reads on the system bus when 
software uses programmed I/O (PIO) instructions to access the peripheral address domain via the 
DMA bridge.

Setting DPCSR[BRGSPLIT] activates the following DMA behavior: If the PIO transaction is a Read 
from a peripheral address domain, the DMA split responds to the Read instruction. The DMA bridge 
releases the system bus, then uses micro-coded instructions to read data from the peripheral bus. 
Once the Read completes across the peripheral bus, the DMAC completes the split transaction by 
recapturing the system bus and completing the PIO Read transaction. The core stalls until the Read 
is returned because this is programmed IO. Any PIO transactions (Reads or Writes) that occurs 
while the current PIO Read transaction is between the split response and the split completion are 
retried. If the PIO transaction is a Write instruction to a peripheral address domain, the DMA posts 
the Write instruction. The DMA bridge indicates to the system bus that the PIO Write is complete and 
then release the system bus. The actual Write transaction is then sent across the peripheral bus 
using microcoded instructions. If software requires that a Write complete on the peripheral bus 
before continuing, then software must write the address, then immediately read the same address, 
which guarantees that the address has been updated before allowing the core to continue 
execution.

Clearing DPCSR[BRGSPLIT] deactivates the posted Write and split response behavior. A Write 
transaction on the system bus is completed only after the Write is sent across the peripheral bus. 
The targeted address location is guaranteed to be updated by the time the transaction completes on 
the system bus. A Read transaction on the system bus is completed only after the DMA bridge 
receives the data from across the peripheral bus. There are no split responses, split completions, or 
retries in this mode.

Note

Note If software requires that a Write complete on the peripheral bus before continuing, then software 
must write the address, then immediately read the same address, which guarantees that the 
address has been updated before allowing the core to continue execution. Perform this Read-after-
Write transaction to ensure the processor is in a correct state before the core continues execution.

Note

Note The DPCSR[BRGSPLIT] must be modified only when DPCSR[BRGBUSY] is clear (no pending 
peripheral PIO transactions). Modifying this control bit when a PIO transaction is still pending might 
lead to unpredictable results and therefore is not recommended.

The PIO transactions are always completed in the order they were issued, regardless of 
DPCSR[BRGSPLIT].

Note

Note DPCSR[BRGSPLIT] is set by default (reset value).

DPCSR[BRGBUSY] is a status bit which, when set, indicates a pending PIO transaction across the 
peripheral bus. Any further PIO transactions on the system bus are retried when 
DPCSR[BRGBUSY] is set. This bit cannot be modified by software. When DPCSR[BRGBUSY] is 
clear, there are no pending PIO transactions across the peripheral bus. A new PIO transaction is not 
retried in this case.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.
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A.5.4 DREQ Status Register 0 (DMA_RQSR0)
This register logs the number of pending requests made by an external companion chip on the 
corresponding DREQ pin. The register reflects the status of a 5-bit counter that is controlled by the 
DMAC in the following manner:  For a Write to an external peripheral, the DMAC decreases the 
counter after it completes the Write. For a Read from an external peripheral, the DMAC decreases 
the counter after it sends the corresponding Read request to the memory controller.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.
                         

Instance Name Offset
DMA_PCSR 0x00A4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

B
R

G
S

P
LI

T

Reserved

B
R

G
B

U
S

Y

Default 1 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0

Table 82: DMA Programmed I/O Control Status Register (DMA_PCSR)  

Bits Name Type Reset Description

31 BRGSPLIT R/W 0x1 Activate posted writes and split reads
Activate posted Writes and split Reads

0x0: De-activate posted Writes, split responses, split 
completions and retries

0x1: Activate posted Writes, split responses, split 
completions and retries

30:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 BRGBUSY R/W 0x0 Bridge busy status
0x0: No pending PIO transactions across peripheral bus. 

A new PIO transaction is not retried in this case.

0x1: Pending PIO transaction across peripheral bus. Any 
further PIO transactions on the system bus are 
retried.

Instance Name Offset
DMA_RQSR0 0x00E0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

C
LR

R
es

er
ve

d

REQPEND

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? ? ? 0 0 0 0 0

Table 83: DREQ Status Register 0 (DMA_RQSR0)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.5.5 DMA Interrupt Register (DMA_INT)
Read-only register DINT logs the interrupt information for each channel. An interrupt is generated if 
any of the following conditions occur: Any transaction error occurs on the internal bus associated 
with the relevant channel. The current transfer finishes successfully and the DCMDx[ENDIRQEN] bit 
is set. The current Descriptor is loaded successfully and the DCMDx[STARTIRQEN] bit is set. 
DCSRx[STOPIRQEN] is set and the channel is in an uninitialized or stopped state. 
DCSRx[EORIRQEN] is set and DCSRx[EORINT] is set (EOR signaled by a peripheral). 
DCSRx[RASIRQEN] is set and the peripheral makes a DMA request after the channel has stopped. 
All DMAC interrupts, except the one that corresponds to DCSRx[STOPINTR], are cleared by writing 
1 to the corresponding interrupt bit in the DCSRx register.

                         

8 CLR WO 0x0 Clearing pending request
Writing 0b1 to this bit clears DRQSR[REQPEND] and 
thereby clears all pending requests made by the external 
DMA request pin DREQ. Writing 0b0 to this bit has no 
effect. This bit can be used for clearing the requests if the 
channel mapped to DREQ was prematurely stopped by 
software. CLR must be set only after the mapped channel 
has stopped (DCSRx[STOPINTR] set). Clearing the 
requests of a running channel results in unpredictable 
behavior.

0x0: No effect on DRQSRx[REQPEND]

0x1: Clear all pending requests registered in 
DRQSRx[REQPEND]

7:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4:0 REQPEND RO 0x0 Request pending
Indicates the number of pending requests on DREQ

Instance Name Offset
DMA_INT 0x00F0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CHLINTRX

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 84: DMA Interrupt Register (DMA_INT)  

Bits Name Type Reset Description

31:0 CHLINTRX RO 0x0 Channel interrupt
This bit indicates that DMA channel x has been interrupted.

0x0: No interrupt

0x1: Interrupt

Table 83: DREQ Status Register 0 (DMA_RQSR0)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.5.6 DMA Request to Channel Map Registers 0-63 and 64-99 
(DMA_DRCMRX)
These registers map the DMA request to a channel.

These are read/write registers. Ignore reads from reserved bits. Write 0b0 to reserved bits.

A.5.7 DMA Descriptor Address Registers (DMA_DADRX)
These registers contain the memory address of the next Descriptor for a channel. The bits in this 
register, except DDADRx[STOP], are undefined on power up. DDADRx[STOP] is cleared on power 
up. The address must be aligned to a 128-bit (4-word) boundary. DDADRx must not contain the 
address of any other internal peripheral register or DMA register as this causes a bus error.

The DDADRx Register is reserved if the channel is performing a no-Descriptor-fetch transaction.

These are read/write registers. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Instance Name Offset Count Step
DMA_DRCMR[0:63] 0x0100 64 0x4

DMA_DRCMR[64:99] 0x1100 36

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

M
A

P
V

LD

R
es

er
ve

d

CHLNUM

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? ? 0 0 0 0 0

Table 85: DMA Request to Channel Map Registers 0-63 and 64-99 (DMA_DRCMRX)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 MAPVLD R/W 0x0 Map valid channel
Defines whether the request is mapped to a valid channel. 
If the bit is set, the request is mapped to a valid channel 
indicated by DRCMRx[CHLNUM]. If the bit is cleared, the 
request is unmapped.
This bit can also be used to mask the request.

0x0: Request is unmapped

0x1: Request is mapped to a valid channel indicated by 
DRCMRx[4:0]

6:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4:0 CHLNUM R/W 0x0 Channel number
Indicates the valid channel number if DRCMRx[MapVld] is 
set. Do not map two active requests to the same channel 
since it produces unpredictable results.
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A.5.8 DMA Source Address Registers 0-31 (DMA_SADRX)
These registers are read-only for Descriptor-fetch transactions and read/write for no-Descriptor-
fetch transactions.

These registers contain the source address of the current Descriptor for a channel. The source 
address is the address of the on-chip peripheral, external peripheral, companion chip, or the 
address of a memory location. DSADRx cannot contain addresses of any other internal DMA 
registers as they cause a bus error.

If (1) the source address is the address of a memory location, and if (2) the Alignment Register is 
properly configured, the address can be aligned to a byte boundary (see DMA Alignment Register 
(DALGN)). Improper configuration of the Alignment Register defaults the source address to an 8-
byte boundary.

Instance Name Offset Count Step
DMA_DADR[0:31] 0x0200 32 0x10

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field DESCRIPTOR_ADDRESS

R
es

er
ve

d

B
R

E
N

S
T

O
P

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? 0 0

Table 86: DMA Descriptor Address Registers (DMA_DADRX)  

Bits Name Type Reset Description

31:4 DESCRIPTOR_ADD
RESS

R/W 0x0 Descriptor address
Contains address of next Descriptor

3:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 BREN R/W 0x0 Enable Descriptor Branch
Works with DCSRx[CMPST] to determine which Descriptor 
is fetched next. If both DDADRx[BREN] and 
DCSRx[CMPST] are set, the DMAC fetches the next 
Descriptor from (DDADRx + 32 bytes). If either of the bits is 
cleared, DMAC fetches the next Descriptor from the 
DDADRx register.
DDADRx[BREN] is relevant only for Descriptor-fetch 
transactions (DCSRx[NODESCFETCH] = 0).
See DREQ Timing Requirements figure for details about 
the operational flow.

0x0: Disable Descriptor branching. Fetch the next 
Descriptor from register DDADRx.

0x1: Enable Descriptor branching

0 STOP R/W 0x0 Stop
If DDADRx[STOP] is cleared, a new Descriptor fetch based 
on register DDADRx and other control information is 
initiated after the current Descriptor is completely 
processed.

0x0: Run channel

0x1: Stop channel after completely processing this 
Descriptor and before fetching the next Descriptor 
(DCMDx[LEN] = 0)
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Other restrictions on byte-boundary alignment can apply for special DMA operations (see 
Misaligned Memory Accesses Section.

These are read/write registers. Ignore reads from reserved bits. Write 0b0 to reserved bits.

A.5.9 DMA Target Address Registers 0-31 (DMA_TADRX)
These registers are read-only for Descriptor-fetch transfers and read/write for no-Descriptor-fetch 
transfers.

The registers contain the target address of the current Descriptor for a channel. The target address 
is the address of the on-chip peripheral or the address of a memory location. DTADR cannot contain 
addresses of any other internal DMA registers as they cause a bus error.

If (1) the target address is the address of a memory location, and (2) if the Alignment register is 
properly configured, the address can be aligned to a byte boundary (see DMA Alignment Register 
(DALGN)). Improper configuration of the Alignment register defaults the target address to an 8-byte 
boundary.

Instance Name Offset Count Step
DMA_SADR[0:31] 0x0204 32 0x10

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SRCADDR

S
R

C
A

D
D

R
2

S
R

C
A

D
D

R
0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 87: DMA Source Address Registers 0-31 (DMA_SADRX)  

Bits Name Type Reset Description

31:3 SRCADDR R/W 0x0 Source address
Source address of the on-chip peripheral, external 
peripheral, companion chip, or address of a memory 
location

2 SRCADDR2 R/W 0x0 SRCADDR2
SRCADDR[2] if DSADRx[SRCADDR] is a memory location 
and alignment register is configured. See DMA Alignment 
Register (DALGN) for programming details and restrictions.
SRCADDR[2] if DSADRx[SRCADDR] is an on-chip 
peripheral.
Reserved for all companion-chip or external peripheral-
related transfers.
Reserved for special DMA modes, such as Compare 
modes.

1:0 SRCADDR0 R/W 0x0 SRCADDR0
SRCADDR[1:0] if DSADRx[SRCADDR] is a memory 
location and alignment register is configured. See DMA 
Alignment Register (DALGN) for programming details and 
restrictions.
Reserved if DSADRx[SRCADDR] is an on-chip peripheral.
Reserved for all companion-chip or external peripheral-
related transfers.
Reserved for special DMA modes, such as Compare 
modes.
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Other restrictions on byte boundary alignment can apply for special DMA operations (see Misaligned 
Memory Accesses Section.

These are read/write registers. Ignore reads from reserved bits. Write 0b0 to reserved bits.

A.5.10 DMA Command Registers 0-31 (DMA_CMDX)
These read-only registers are for Descriptor-fetch transfers and read/write for no-Descriptor-fetch 
transfers.

These are read/write registers. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Instance Name Offset Count Step
DMA_TADR[0:31] 0x0208 32 0x10

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field TRGADDR

T
R

G
A

D
D

R
2

T
R

G
A

D
D

R
0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 88: DMA Target Address Registers 0-31 (DMA_TADRX)  

Bits Name Type Reset Description

31:3 TRGADDR R/W 0x0 Target address
Target address of the on-chip peripheral, external 
peripheral, companion chip, or address of a memory 
location

2 TRGADDR2 R/W 0x0 TRGADDR2
TRGADDR[2] if DTADRx[TRGADDR] is a memory location 
and alignment register is configured. See DMA Alignment 
Register (DALGN) for programming details and restrictions.
TRGADDR[2] if DTADRx[TRGADDR] is an on-chip 
peripheral.
Reserved for all companion-chip or external peripheral-
related transfers.
Reserved for special DMA modes, such as Compare 
modes.

1:0 TRGADDR0 R/W 0x0 TRGADDR0
TRGADDR[1:0], if Target address is a memory location and 
alignment register is configured. See DMA Alignment 
Register (DALGN) for programming details and restrictions.
Reserved if target address is an on-chip peripheral.
Reserved for all companion-chip or external peripheral-
related transfers.
Reserved for special DMA modes, such as Compare 
modes.
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Instance Name Offset Count Step
DMA_CMD[0:31] 0x020C 32 0x10

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

IN
C

S
R

C
A

D
D

R

IN
C

T
R

G
A

D
D

R

F
LO

W
S

R
C

F
LO

W
T

R
G

R
es

er
ve

d

C
M

P
E

N

R
es

er
ve

d

A
D

D
R

M
O

D
E

S
TA

R
T

IR
Q

E
N

E
N

D
IR

Q
E

N

R
es

er
ve

d

SIZE

W
ID

T
H

R
es

er
ve

d

LEN

Default 0 0 0 0 ? ? 0 ? 0 0 0 ? ? ? 0 0 0 0 ? 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 89: DMA Command Registers 0-31 (DMA_CMDX)  (Sheet 1 of 3)

Bits Name Type Reset Description

31 INCSRCADDR R/W 0x0 Source address increment
If the source address is an internal peripheral FIFO address 
or external I/O address, the address is not incremented on 
each successive access. In these cases, 
DCMDx[INCSRCADDR] must be cleared.

0x0: Do not increment source address

0x1: Increment source address

30 INCTRGADDR R/W 0x0 Target address increment
If the target address is an internal peripheral FIFO address 
or external I/O address, the address is not incremented on 
each successive accesses. In these cases, 
DCMDx[INCTRGADDR] must be cleared.

0x0: Do not increment target address

0x1: Increment target address

29 FLOWSRC R/W 0x0 Source flow control
The flow control of the source bit must be set if the source is 
an on-chip peripheral or external companion chip.
Setting both the FLOWSRC and FLOWTRG bits causes 
unpredictable behavior.

0x0: Do not wait for request signals associated with this 
channel

0x1: Wait for a request signal before initiating the data 
transfer

28 FLOWTRG R/W 0x0 Target flow control
The flow control of the target bit must be set if the target is 
an on-chip peripheral or external companion chip.
Setting both the FLOWSRC and FLOWTRG bits causes 
unpredictable behavior.

0x0: Do not wait for request signals associated with this 
channel

0x1: Wait for a request signal before initiating the data 
transfer

27:26 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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25 CMPEN R/W 0x0 Descriptor compare enable
This bit must be cleared for normal DMA operations.
Setting the bit enables the Descriptor-compare mode, in 
which the DMAC treats the current Descriptor as a special 
case and compares data that corresponds to the source 
and target fields.
DCMDx[ADDRMODE] is used to determine the addressing 
mode before the Compare operation.

0x0: DMA does not perform any address-compare 
operations

0x1: DMA recognizes the current Descriptor as a special 
case and compares data based on the source 
address and target address fields. If the compare is 
set to 1, the channel's DCSRx[CMPST] bit is set. If 
the compare is cleared to 0, DCSRx[CMPST] is 
cleared.

24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23 ADDRMODE R/W 0x0 Addressing mode
This bit controls the addressing mode for Descriptor 
comparison and is valid only in the Descriptor Compare 
mode (DCMDx[CMPEN] = 1).
Reserved if DCMDx[CMPEN = 0.
If DCMDx[CMPEN] is set, the bits specify the addressing 
modes of the source address and target address fields. If 
either field contains an address, the DMAC fetches the data 
at that address and uses it for the Compare operation.
If DALGNx is clear, then the lowest three bits of immediate 
data are forced to be 0 before comparison. If DALGNx is 
set, then the lowest three bits of immediate data are not 
forced to be 0 before comparison.

0x0: Source address field contains address, and target 
address field contains address

0x1: Source address field contains address, and target 
address field contains data

22 STARTIRQEN R/W 0x0 Start interrupt enable
This bit indicates that the interrupt is enabled as soon as 
the Descriptor is loaded.
In no-Descriptor-fetch transfers, this bit is reserved.

0x0: Interrupt not triggered after Descriptor is loaded

0x1: Set interrupt bit for that channel in the 
DINT[CHLINTR] when the Descriptor (4 words) for 
the channel is loaded

21 ENDIRQEN R/W 0x0 End interrupt enable
0x0: Interrupt is not triggered when LENGTH decrements 

to zero

0x1: Set the DINT interrupt bit for the channel when 
LENGTH decrements to zero

20:18 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 89: DMA Command Registers 0-31 (DMA_CMDX)  (Sheet 2 of 3)

Bits Name Type Reset Description
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17:16 SIZE R/W 0x0 Maximum burst size
Maximum burst size of each data transfer
The size must be less than or equal to the serviced 
peripheral FIFO trigger threshold to properly handle the 
respective FIFO trailing bytes

0x0: Reserved

0x1: 8 bytes

0x2: 16 bytes

0x3: 32 bytes

15:14 WIDTH R/W 0x0 Width of the on-chip peripheral
This bit is a reserved field for operations that do not involve 
on-chip peripherals, such as memory-to-memory moves 
and companion-chip-related operations.
WIDTH must be 0x0 for memory-to-memory moves or 
companion-chip-related operations.

0x0: Reserved for on-chip peripheral-related transactions

0x1: 1 byte

0x2: half-word (2 bytes)

0x3: word (4 Bytes)

13 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

12:0 LEN R/W 0x0 Length of the transfer in bytes
This bit is the length of transfer in bytes. LEN = 0 means 
zero bytes for Descriptor-fetch transactions. LEN = 0 is an 
invalid setting for no-Descriptor-fetch transactions. 
Programming LEN = 0 in the Descriptor-fetch mode when 
DCMD[CmpEn] is clear (normal data transfer mode) causes 
the channel to immediately discard the Descriptor after it is 
fetched from memory. If the Descriptor chain has more 
Descriptors, the channel fetches the next valid Descriptor. 
The channel stops if the Descriptor chain has no more 
Descriptors. The maximum transfer length is (8K-1) bytes.
If the transfer is of the memory-to-memory type, the length 
of the transfer may be any value (except for the 
DCMDx[LEN] = 0 restriction in no-Descriptor-fetch mode) 
up to a maximum of (8K -1) bytes. If the transfer involves an 
external peripheral (or a companion chip), then the length of 
the transfer must be an integer multiple of the peripheral 
FIFO threshold (or water-mark).
If the transfer involves any of the on-chip peripherals, the 
length of the transfer must be as follows:

1. For AC '97 and MMC/SDIO, LEN must be an integer 
multiple of 32 bytes

2. For all other on-chip peripherals, LEN must be an integer 
multiple of the peripheral sample width 
(DCMDx[WIDTH])

3. LEN is ignored in the Compare Descriptor mode (when 
DCMD[CMPEN] is set).

Table 89: DMA Command Registers 0-31 (DMA_CMDX)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.6 Hardware Timers (HW_Timers)
Base Address:  0xD401_4000

The Timers Clock/Reset Control Register (APBC_TIMERS_CLK_RST) must be programmed prior to 
accessing the Hardware Timers registers.

Table 90:  Hardware Timers Register Summary (Sheet 1 of 2)

Offset Name Description Details

0x0000 TMR_CCR Timer Clock Control Register Page: A-99

0x0004 TMR_T1_M0 Timer Match Registers

Page: A-100
 

0x0008 TMR_T1_M1 Timer Match Registers

0x000C TMR_T1_M2 Timer Match Registers

0x0010 TMR_T2_M0 Timer Match Registers

0x0014 TMR_T2_M1 Timer Match Registers

0x0018 TMR_T2_M2 Timer Match Registers

0x001C TMR_T3_M0 Timer Match Registers

0x0020 TMR_T3_M1 Timer Match Registers

0x0024 TMR_T3_M2 Timer Match Registers

0x0028 TMR_CR1 Timer Count Registers

Page: A-101
 

0x002C TMR_CR2 Timer Count Registers

0x0030 TMR_CR3 Timer Count Registers

0x0034 TMR_SR1 Timer Status Registers

Page: A-101
 

0x0038 TMR_SR2 Timer Status Registers

0x003C TMR_SR3 Timer Status Registers

0x0040 TMR_IER1 Timer Interrupt Enable Registers

Page: A-102
 

0x0044 TMR_IER2 Timer Interrupt Enable Registers

0x0048 TMR_IER3 Timer Interrupt Enable Registers

0x004C TMR_PLVR1 Timer Preload Value Registers

Page: A-1030x0050 TMR_PLVR2 Timer Preload Value Registers

0x0054 TMR_PLVR3 Timer Preload Value Registers

0x0058 TMR_PLCR1 Timer Preload Control Registers

Page: A-1030x005C TMR_PLCR2 Timer Preload Control Registers

0x0060 TMR_PLCR3 Timer Preload Control Registers

0x0064 TMR_WMER Timers Watchdog Match Enable Register Page: A-104

0x0068 TMR_WMR Timers Watchdog Match Register Page: A-105

0x006C TMR_WVR Timers Watchdog Value Register Page: A-105
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A.6.1 Timer Clock Control Register (TMR_CCR)
The Timer Clock Control Register defines the source clock for the three timers. The watchdog timer 
operates using only the 256 Hz clock.

0x0070 TMR_WSR Timers Watchdog Status Register Page: A-105

0x0074 TMR_ICR1 Timer Interrupt Clear Registers

Page: A-106
 

0x0078 TMR_ICR2 Timer Interrupt Clear Registers

0x007C TMR_ICR3 Timer Interrupt Clear Registers

0x0080 TMR_WICR Timers Watchdog Interrupt Clear Register Page: A-107

0x0084 TMR_CER Timers Count Enable Register Page: A-107

0x0088 TMR_CMR Timers Count Mode Register Page: A-108

0x008C TMR_ILR1 Timer Interrupt Length Registers

Page: A-109 0x0090 TMR_ILR2 Timer Interrupt Length Registers

0x0094 TMR_ILR3 Timer Interrupt Length Registers

0x0098 TMR_WCR Timers Watchdog Counter Reset Register Page: A-109

0x009C TMR_WFAR Timers Watchdog First Access Register Page: A-110

0x00A0 TMR_WSAR Timers Watchdog Second Access Register Page: A-111

0x00A4 TMR_CVWR Timer Counters Value Write for Read Request Page: A-111

Instance Name Offset
TMR_CCR 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CS_3

R
es

er
ve

d

CS_2 CS_1

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 ? 0 0 0 0

Table 91: Timer Clock Control Register (TMR_CCR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:5 CS_3 R/W 0x0 Clock source for Timer #3
0x0: Fast clock

0x1: Reserved

0x2: 32.768 kHz

0x3: Reserved

Note:   Fast clock is determined by the 
APBC_Timers_CLK_RST(FNCLK1). All timers must 
use the same fast clock source.

Table 90:  Hardware Timers Register Summary (Sheet 2 of 2)

Offset Name Description Details
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A.6.2 Timer Match Registers (TMR_TN_MM)
In the Timer Match Register (TMR_Tn_Mm), n=1, 2, 3 and m=0, 1, 2. These nine registers are 32 
bits wide and are readable and writable by software. The letter "n" represents the timer number and 
"m" represents the number of a Match Register for that timer. They are compared with their 
corresponding CR[TCRN] following every rising edge of the corresponding timer clock. If any of 
these registers match their Counter Register, and the corresponding interrupt enable bit is set, then 
the corresponding status bit in the TSR is set. The status bits are routed to the Interrupt Controller to 
cause an interrupt.

4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:2 CS_2 R/W 0x0 Clock source for Timer #2
0x0: Fast clock

0x1: 32.768 kHz

0x2: Reserved

0x3: Reserved

0x4: Reserved

Note:   Fast clock is determined by the 
APBC_Timers_CLK_RST[FNCLKSEL]. All timers 
must use the same fast clock source.

1:0 CS_1 R/W 0x0 Clock source for Timer #1

0x0: Fast clock

0x1: 32.768 kHz

0x2: Reserved

0x3: Reserved

Note:   Fast clock is determined by the 
APBC_Timers_CLK_RST[FNCLKSEL]. All timers 
must use the same fast clock source.

Instance Name Offset
TMR_T1_M0 0x0004

TMR_T1_M1 0x0008

TMR_T1_M2 0x000C

TMR_T2_M0 0x0010

TMR_T2_M1 0x0014

TMR_T2_M2 0x0018

TMR_T3_M0 0x001C

TMR_T3_M1 0x0020

TMR_T3_M2 0x0024

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field TMR_TN_MM

Default 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Table 91: Timer Clock Control Register (TMR_CCR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.6.3 Timer Status Registers (TMR_SR)
These three Status registers contain status bits indicating whether a match has occurred on any of 
the three Match registers of a given Timer Count Register. These bits are set when the event occurs 
(the following rising edge of the respective clock) and cleared by writing a logical one to the proper 
bit position of TMR_ICRn. This register reflects level-sensitive interrupt status only; edge-sensitive 
interrupts are not captured in this register.

A.6.4 Timer Count Registers (TMR_CR)
Three read-only Timer Count registers (CRn, where n = 1, 2, 3) are 32-bit counters that increment at 
the rising edge of their selected clocks.

The timer values are read under risk of metastability. Therefore, reading each one of the CR 
Register values in the timer clock time base is accomplished by either of the following: Double-read 
procedure and comparing the two read values to ensure that the value is valid using the CVWR 
Register, especially effective for fast clock timers.

Table 92: Timer Match Registers (TMR_TN_MM)  

Bits Name Type Reset Description

31:0 TMR_TN_MM R/W 0xFFFF_FFFF Timer n Match register m value

Instance Name Offset Count Step
TMR_SR[1:3] 0x0034 3 0x4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved M2 M1 M0

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0

Table 93: Timer Status Registers (TMR_SR)  

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 M2 RO 0x0 Match status of TMR_Tn_M2
0x0: Timer Match Register TMR_Tn_M2 has not matched 

the counter since the last interrupt clear

0x1: Timer Match Register TMR_Tn_M2 has matched the 
counter since the last interrupt clear

1 M1 RO 0x0 Match status of TMR_Tn_M1
0x0: Timer Match Register TMR_Tn_M1 has not matched 

the counter since the last interrupt clear

0x1: Timer Match Register TMR_Tn_M1 has matched the 
counter since the last interrupt clear

0 M0 RO 0x0 Match status of TMR_Tn_M0
0x0: Timer Match Register TMR_Tn_M0 has not matched 

the counter since the last interrupt clear

0x1: Timer Match Register TMR_Tn_M0 has matched the 
counter since the last interrupt clear
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The counters are pre-loaded with a value from the PLVR Register. When enabled, counters start 
from pre-loaded values (corresponding PLCRn Register), and count up to a maximum or matched 
value.

Note

Note This request requires up to three timer clock cycles. If the selected timer is working at slow clock, the 
request could take longer.

A.6.5 Timer Interrupt Enable Registers (TMR_IER)
These three registers contain three enable bits each, indicating whether a match between one of the 
Match registers and the operating-system timer counter sets a status bit in the SR and asserts the 
timer#_irq output. Clearing an enable bit does not clear the corresponding interrupt status bit if that 
bit is already set.

Instance Name Offset Count Step

TMR_CR[1:3] 0x0028 3 0x4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field TCRN

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 94: Timer Count Registers (TMR_CR)  

Bits Name Type Reset Description

31:0 TCRN RO 0x0 Timer n count register
The counter is incremented at the rising edge of the 
selected clock. These registers are read under risk of 
metastability. Read the CVWRn Register to avoid 
metastability.

Instance Name Offset Count Step
TMR_IER[1:3] 0x0040 3 0x4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved IE
3

IE
2

IE
1

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0

Table 95: Timer Interrupt Enable Registers (TMR_IER)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 IE3 R/W 0x0 Interrupt enable for Match Comparator 2
0x0: Do not allow a match between Match Register 2 to 

its OS timer to assert interrupt bit M2 in the 
corresponding TSRn or assert timer#_irq output

0x1: Allow a match between Match Register 2 to its OS 
timer to assert interrupt bit M2 in the corresponding 
TSRn or assert timer#_irq output
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A.6.6 Timer Preload Value Registers (TMR_PLVR)
Each TCR has a 32-bit-wide Preload Value Register that loads the TCRn when a match occurs 
between TMR_Tn_Mm and CRn. The corresponding PLCRn register selects the Match Comparator.

A.6.7 Timer Preload Control Registers (TMR_PLCR)
Each TCR has a Preload Control register.

1 IE2 R/W 0x0 Interrupt enable for Match Comparator 1
0x0: Do not allow a match between Match Register 1 to 

its OS timer to assert interrupt bit M1 in the 
corresponding TSRn or assert timer#_irq output

0x1: Allow a match between Match Register 1 to its OS 
timer to assert interrupt bit M1 in the corresponding 
TSRn or assert timer#_irq output

0 IE1 R/W 0x0 Interrupt enable for Match Comparator 0
0x0: Do not allow a match between Match Register 0 to 

its OS timer to assert interrupt bit M0 in the 
corresponding TSRn or assert timer#_irq output

0x1: Allow a match between Match Register 0 to its OS 
timer to assert interrupt bit M0 in the corresponding 
TSRn or assert timer#_irq output

Instance Name Offset Count Step
TMR_PLVR[1:3] 0x004C 3 0x4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field TPLVRN

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 96: Timer Preload Value Registers (TMR_PLVR)  

Bits Name Type Reset Description

31:0 TPLVRN R/W 0x0 TPLVRn
Timer n preload value that is loaded into TCRn when a 
match occurs between TMR_Tn_Tm and TCRn. The 
corresponding TPLCRn Register selects the Match 
Comparator.

Table 95: Timer Interrupt Enable Registers (TMR_IER)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.6.8 Timers Watchdog Match Enable Register (TMR_WMER)
The Watchdog Enable Register contains a WDT enable bit, which only the user sets. The WFAR 
and WSAR Access registers protect Write access to this register.

Instance Name Offset Count Step
TMR_PLCR[1:3] 0x0058 3 0x4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved MCS

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0

Table 97: Timer Preload Control Registers (TMR_PLCR)  

Bits Name Type Reset Description

31:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1:0 MCS R/W 0x0 Match comparator select
0x0: Free running mode (up to max value)

0x1: Enable preload with Match Comparator 0

0x2: Enable preload with Match Comparator 1

0x3: Enable preload with Match Comparator 2

Instance Name Offset
TMR_WMER 0x0064

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

W
R

IE

WE

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0

Table 98: Timers Watchdog Match Enable Register (TMR_WMER)  

Bits Name Type Reset Description

31:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 WRIE R/W 0x0 Watchdog reset/interrupt enable
0x0: Watchdog timer expiration generates a watchdog 

interrupt, a watchdog timer reset is not generated

0x1: Watchdog timer expiration generates a watchdog 
timer reset, a watchdog interrupt is not generated

0 WE R/W 0x0 WDT count enable
Due to the chain of synchronizers that transform this signal 
from domain to domain, the WDT timer enable and disable 
operations do not occur immediately.

0x0: Disable WDT count, reset WDT value to zero

0x1: Enable counting, the WDT always starts from zero
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A.6.9 Timers Watchdog Match Register (TMR_WMR)
This Match Register is compared to the watchdog timer. The watchdog timer resets the processor 
when there is a match and the WER[WRIE] bit is set.

A.6.10 Timers Watchdog Value Register (TMR_WVR)

A.6.11 Timers Watchdog Status Register (TMR_WSR)
This register indicates whether a WDT reset has occurred and caused a system reset. This bit is set 
when wdt_src_rst# is asserted and is cleared by writing a logical 0 to this register. Clearing this bit is 
not required for the WDT to be re-activated after a WDT reset event.

Instance Name Offset
TMR_WMR 0x0068

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved WTM

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Table 99: Timers Watchdog Match Register (TMR_WMR)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:0 WTM R/W 0xFFFF 16-bit watchdog timer match

Instance Name Offset
TMR_WVR 0x006C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved WTV

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 100: Timers Watchdog Value Register (TMR_WVR)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:0 WTV RO 0x0 Watchdog timer value
Read the current value of WDT. The value may be read 
while the register is in transition, so the reading must be 
completed in a double Read procedure and a comparison 
of the two Read values.
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A.6.12 Timer Interrupt Clear Registers (TMR_ICR)
These three registers contain three clear bits (one per corresponding interrupt source) that reset the 
timers level-sensitive interrupt request to the interrupt controller. Each Match register has a 
corresponding clear bit. The interrupt is cleared by setting the respective bit position. The register is 
not used for an edge-sensitive interrupt.

Instance Name Offset
TMR_WSR 0x0070

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

W
T

S

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0

Table 101: Timers Watchdog Status Register (TMR_WSR)  

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 WTS R/W 0x0 Watchdog timer reset indication
Indicates that reset was caused by the WDT

0x0: Watchdog timer did not cause reset. Writing clears 
status.

0x1: Watchdog timer caused reset; write has no effect.

Instance Name Offset Count Step
TMR_ICR[1:3] 0x0074 3 0x4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

T
C

LR
3

T
C

LR
2

T
C

LR
1

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0

Table 102: Timer Interrupt Clear Registers (TMR_ICR)  

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 TCLR3 WO 0x0 Interrupt clear for Match Comparator 2
Write

0x0: No affect

0x1: Clear level interrupt and corresponding status bit

1 TCLR2 WO 0x0 Interrupt clear for Match Comparator 1
Write

0x0: No affect

0x1: Clear level interrupt and corresponding status bit

0 TCLR1 WO 0x0 Interrupt clear for Match Comparator 0
Write

0x0: No affect

0x1: Clear level interrupt and corresponding status bit
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A.6.13 Timers Watchdog Interrupt Clear Register (TMR_WICR)
This register contains a clear bit that resets the WDT interrupt request to the Interrupt Controller.

A.6.14 Timers Count Enable Register (TMR_CER)
This register contains a count enable bit for each timer. After being enabled, the corresponding TCR 
restarts the count from the value prescribed by the PLVR.

Instance Name Offset
TMR_WICR 0x0080

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

W
IC

LR

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0

Table 103: Timers Watchdog Interrupt Clear Register (TMR_WICR)  

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 WICLR WO 0x0 WDT Interrupt clear
Write

0x0: No affect

0x1: Clear interrupt

Instance Name Offset

TMR_CER 0x0084

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

T
3E

N

T
2E

N

T
1E

N

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0

Table 104: Timers Count Enable Register (TMR_CER)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 T3EN R/W 0x0 Timer #3 count enable
Due to the chain of synchronizers that transform this signal 
from domain to domain, the timers enable and disable 
operation does not occur immediately.

0x0: Count is disabled

0x1: Count is enabled

1 T2EN R/W 0x0 Timer #2 count enable
Due to the chain of synchronizers that transform this signal 
from domain to domain, the timers enable and disable 
operation does not occur immediately.

0x0: Count is disabled

0x1: Count is enabled
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A.6.15 Timers Count Mode Register (TMR_CMR)
The TCMR contains a Count mode bit for each timer. The timers do not operate in One-Shot mode.

0 T1EN R/W 0x0 Timer #1 count enable
Due to the chain of synchronizers that transform this signal 
from domain to domain, the timers enable and disable 
operation does not occur immediately.

0x0: Count is disabled

0x1: Count is enabled

Instance Name Offset
TMR_CMR 0x0088

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

T
3M

O
D

E

T
2M

O
D

E

T
1M

O
D

E

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0

Table 105: Timers Count Mode Register (TMR_CMR)  

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 T3MODE R/W 0x0 Timer #3 count mode
0x0: Periodic  timer mode

0x1: Free-running mode.  Count wraps around when it 
hits 0xFFFF_FFFF

1 T2MODE R/W 0x0 Timer #2 count mode
0x0: Periodic  timer mode

0x1: Free-running mode.  Count wraps around when it 
hits 0xFFFF_FFFF

0 T1MODE R/W 0x0 Timer #1 count mode
0x0: Periodic  timer mode

0x1: Free-running mode.  Count wraps around when it 
hits 0xFFFF_FFFF

Table 104: Timers Count Enable Register (TMR_CER)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.6.16 Timer Interrupt Length Registers (TMR_ILR)
These three registers contain three length bits each (one per corresponding interrupt source).These 
registers must remain in default mode because the INTCs are working as level-sensitive INTCs.

A.6.17 Timers Watchdog Counter Reset Register (TMR_WCR)
This register restarts the WDT counter.

Instance Name Offset Count Step
TMR_ILR[1:3] 0x008C 3 0x4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

T
N

IL
3

T
N

IL
2

T
N

IL
1

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0

Table 106: Timer Interrupt Length Registers (TMR_ILR)  

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 TNIL3 R/W 0x0 Interrupt length for Match Comparator 3
Status of this interrupt can be read in SRn[2]. The interrupt 
should be cleared via writing logical 1 to ICLRn[2]

0x0: Level interrupt, lasts more then one timer clock.

0x1: Reserved

1 TNIL2 R/W 0x0 Interrupt length for Match Comparator 2
Status of this interrupt can be read in SRn[1]. The interrupt 
should be cleared via writing logical 1 to ICLRn[1]

0x0: Level interrupt, lasts more then one timer clock.

0x1: Reserved

0 TNIL1 R/W 0x0 Interrupt length for Match Comparator 1
Status of this interrupt can be read in SRn[0]. The interrupt 
should be cleared via writing logical 1 to ICLRn[0]

0x0: Level interrupt, lasts more then one timer clock.

0x1: Reserved

Instance Name Offset
TMR_WCR 0x0098

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

W
C

R

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0

Table 107: Timers Watchdog Counter Reset Register (TMR_WCR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.6.18 Timers Watchdog First Access Register (TMR_WFAR)

0 WCR WO 0x0 Watchdog timer counter value reset
Write

0x0: No effect

0x1: Clears the value of WDT counter

Instance Name Offset
TMR_WFAR 0x009C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved KEY

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 108: Timers Watchdog First Access Register (TMR_WFAR)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:0 KEY WO 0x0 Watchdog access key
Writing the value of 0xBABA to this register matches the 
key.

Table 107: Timers Watchdog Counter Reset Register (TMR_WCR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.6.19 Timers Watchdog Second Access Register (TMR_WSAR)

A.6.20 Timer Counters Value Write for Read Request (TMR_CVWR)

Instance Name Offset
TMR_WSAR 0x00A0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved KEY

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 109: Timers Watchdog Second Access Register (TMR_WSAR)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:0 KEY WO 0x0 Watchdog access key
Writing the value of 0xEB10 to this register matches the 
key.

Instance Name Offset
TMR_CVWR 0x00A4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field TCVWR

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 110: Timer Counters Value Write for Read Request (TMR_CVWR)  

Bits Name Type Reset Description

31:0 TCVWR R/W 0x0 This register prevents the risk of instability on counter value 
reading
Write:
0x0: No effect

0x1: Capture value of CRn

Read:
Returns the captured value of CRn Register
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A.7 Real Time Clock (RTC)
The RTC Clock/Reset Control Registers (APBC_RTC_CLK_RST) in the APB1 Peripheral Clock 
Control (APB1_Clock) Unit must be programmed prior to accessing the RTC registers.

Base Address: 0xD401_0000

A.7.1 RTC Counter Register (RTC_RCNR)
The 32-bit read/write RTC Counter register (RCNR) can be written to by the processor at any time, 
although Marvell recommends that the operating system prevent inadvertent Writes to the RCNR 
through the use of the MMU protection mechanisms.

RCNR is not initialized after a hardware reset (main reset) or a watchdog reset. It is a free-running 
counter that users set to the preferred value. The value of the counter is unaffected by transitions 
into and out of Sleep or Idle modes. The counter increases on rising edges of the 1-Hz clock.

A hardware mechanism controls Writes to this counter because of the asynchronous nature of the 1-
Hz clock relative to the processor clock. The hardware mechanism delays the actual Write to the 
counter after the processor store is performed.

For multiple Writes to RCNR in quick succession, the final update to the RCNR counter can be 
delayed by up to more than two 32 kHz clock cycles. The final Write to the RCNR is guaranteed to 
eventually update the RCNR counter. The RCNR can be read at any time. Reads reflect the value in 
the counter after it increments or loads. The bit definitions are provided in the RTC Counter Register 
(RCNR).

Table 111:  Real-Time Clock Register Summary 

Offset Name Description Details

0x0000 RTC_RCNR RTC Counter Register Page: A-112

0x0004 RTC_RTAR RTC Alarm Register  Page: A-113

0x0008 RTC_RTSR RTC Status Register Page: A-113

0x000C RTC_RTTR RTC Trim Register Page: A-114

0x0010 RTC_RTPR RTC Control Register Page: A-115

0x0014 RTC_RTBR0 RTC Backup Register

Page: A-116

0x0018 RTC_RTBR1 RTC Backup Register

0x001C RTC_RTBR2 RTC Backup Register

0x0020 RTC_RTBR3 RTC Backup Register

0x0024 RTC_RTBR4 RTC Backup Register
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A.7.2 RTC Alarm Register (RTC_RTAR)
The 32-bit Real-Time Clock Alarm Register (RTAR) is readable and writable by software. Following 
each rising edge of the 1-Hz clock, this register is compared to the RCNR. If the two are equal and 
the enable bit is set, the alarm bit in the RTC Status register is set.

Because of the asynchronous nature of the 1-Hz clock relative to the processor clock, a hardware 
mechanism controls Writes to this register. This hardware mechanism delays the actual Write to the 
register after the processor store is performed. The bit definitions are provided in the RTC Alarm 
Register (RTAR).

A.7.3 RTC Status Register (RTC_RTSR)
RTSR is not cleared at hardware reset. Software writes the ALE and HZE bits. The AL and HZ bits 
are status bits and are set by the RTC logic if the ALE and HZE bits are set (respectively), and 
cleared by writing 1's to the AL and HZ bits. The AL and HZ bits in this register are routed to the 
Interrupt Controller where they can be enabled to generate a first-level interrupt. All reserved bits 
should be written as zeros and Reads to these bits must be ignored.

When the device is in Sleep mode, AL is updated if an RTC alarm is detected. The 1-Hz clock tick is 
not registered in Sleep mode because it is a recurring event. The bit definitions are provided in the 
RTC Status Register (RTSR)

Instance Name Offset
RTC_RCNR 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field TC

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 112: RTC Counter Register (RTC_CNR)  

Bits Name Type Reset Description

31:0 TC R/W -- Time Count

Instance Name Offset

RTC_RTAR 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field AT

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 113: RTC Alarm Register (RTC_RTAR)  

Bits Name Type Reset Description

31:0 AT R/W -- Alarm time
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A.7.4 RTC Trim Register (RTC_RTTR)
Users program the RTC Trim Register (RTTR) to select the frequency of the 1-Hz clock.  The bit 
definitions are provided in the RTC Trim Register (RTTR). All reserved bits should be written as 
zeros and Reads to these bits should be ignored. To safeguard the validity of the data written into 
RTTR, bit 31 is used as a lock bit. The data in RTTR can be changed only if RTTR[LCK] is 0.

Instance Name Offset
RTC_RTSR 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

H
Z

E

A
LE HZ AL

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 114: RTC Status Register (RTC_RTSR)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 HZE R/W -- 1-Hz interrupt enable
0x0: 1-Hz interrupt is not enabled
0x1: 1-Hz interrupt is enabled

2 ALE R/W -- RTC alarm interrupt enable
0x0: RTC alarm interrupt is not enabled
0x1: RTC alarm interrupt is enabled
This interrupt must be cleared just prior of enabling it since 
it remembers past events (matches) even when not 
enabled.

1 HZ R/W1C -- 1-Hz rising-edge detected
0x0: No rising edge has been detected
0x1: A rising edge has been detected and HZE bit is set
Writing 1 to this field clears the 1-HZ level interrupt 
(RTC_HZCLK and RTC_HZCLK_INT).

0 AL R/W1C -- RTC alarm detected
0x0: No alarm has been detected
0x1: An alarm has been detected (RCNR matches 
RTAR).and ALE bit is set
Writing 1s to this field clears the alarm level interrupt 
(RTC_SLP_ALARM).
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A.7.5 RTC Control Register (RTC_RTPR)
The SW_ALARM bit of the Power Island Control Register (RTPR) enables software control on the 
ALARM signal that is generated by the processor and signals any external device that it is currently 
running. The SW_ALARM bit is OR ed with the ALARM event to produce the ALARM signal (routed 
to the ALARM I/O pad), so the alarm signal could be asserted by either software or hardware. 

 All reserved bits should be written as with zeros and data read from these bits should be ignored.

Instance Name Offset
RTC_RTTR 0x000C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

LC
K

Reserved D9_D0 C15_C0

Default 0 ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Table 115: RTC Trim Register (RTC_RTTR)  

Bits Name Type Reset Description

31 LCK R/W 0x0 Locking bit for the trim value

Note: After this bit is set to 1 the value of RTTR cannot be 
changed until a reset occurs

30:26 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

25:16 D9_D0 R/W 0x0 Trim delete count
This value represents the number of 32 kHz clocks to delete 
when clock trimming begins.

15:0 C15_C0 R/W 0x7FFF Clock divider count
This value is the integer portion of the clock trim logic.

Instance Name Offset
RTC_RTPR 0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

S
W

_A
LA

R
M

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 116: RTC Control Register (RTC_RTPR)  

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 SW_ALARM R/W -- Controls the ALARM signal
0x0: Off (ALARM negated)
0x1: On (ALARM asserted)
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A.7.6 RTC Backup Registers (RTC_RTBRn)
The processor RTC has five back-up registers that store erasable data. Software can read and write 
to all five 32-bit registers. The bit definitions are provided in the RTC Backup Registers (RTBRn).

Instance Name Offset Count
RTC_RTBR0
RTC_RTBR1
RTC_RTBR2
RTC_RTBR3
RTC_RTBR4

0x0014
0x0018
0x001C
0x0020
0x0024

5

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field DATA

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 117: RTC Backup Registers (RTC_RTBRn)  

Bits Name Type Reset Description

31:0 DATA R/W -- Backup Data
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A.8 Main Power Management (MPMU)
The PMU registers reside in the APMU APB slave address space.

Base Address: 0xD405_0000

Table 118:  Main Power Management Register Summary 

Offset Name Description Details

0x0008 MPMU_FCCR Frequency Change Control Register Page: A-118

0x000C MPMU_POCR PLL and Oscillator Control Register Page: A-119

0x0010 MPMU_POSR PLL and Oscillator Status Register Page: A-120

0x0014 MPMU_SUCCR Slow  UART Clock Control Register Page: A-120

0x001C MPMU_OHCR Overheating Control Page: A-121

0x0034 MPMU_PLL2CR PLL2 Control Register Page: A-124

0x0050 MPMU_PLL1_REG1 PLL1 Register 1 Page: A-125

0x0054 MPMU_PLL1_REG2 PLL1 Register 2 Page: A-126

0x0060 MPMU_PLL2_REG1 PLL2 Register 1 Page: A-127

0x0064 MPMU_PLL2_REG2 PLL2 Register 2 Page: A-129

0x0068 MPMU_PLL2_SSC PLL2 Spread Spectrum Control Register Page: A-130

0x0080 MPMU_TS MPMU Temperature Sensor Register Page: A-131

0x0200 MPMU_WDTPCR Watch Dog Timer Page: A-131 

0x1000 MPMU_APCR Power Control Register Page: A-132

0x1004 MPMU_APSR Power Status Register  Page: A-134

0x1020 MPMU_APRR Programmable Reset Register Page: A-134

0x1024 MPMU_ACGR Clock Gating Register Page: A-136

0x1028 MPMU_ARSR Reset Status Register Page: A-139

0x1048 MPMU_AWUCRS Wakeup and Clock Resume Lines Status Register Page: A-140

0x104C MPMU_AWUCRM Wakeup and Clock Resume Lines Mask Register Page: A-141

0x1050 MPMU_ASYSDR Audio SYSCLK Dithering Divider Register Page: A-142

0x1054 MPMU_SSPDR SSPx_CLK Dithering Divider Register Page: A-143
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A.8.1 Frequency Change Control Register (MPMU_FCCR)

Instance Name Offset
MPMU_FCCR 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

C
O

R
E

C
LK

S
E

L

R
es

er
ve

d

A
X

IC
LK

S
E

L

Reserved

M
F

C

P
LL

1C
E

N

PLL1REFD PLL1FBD

Default 0 0 0 ? ? ? 0 0 0 ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 119: Frequency Change Control Register (MPMU_FCCR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:29 CORECLKSEL R/W 0x0 Marvell Sheeva Core and DDR Controller clock  
selection
Marvell Sheeva Core and DDR Controller clock selection:

Note: This value comes into effect only when Marvell 
Sheeva core issue frequency change.

0x0: PLL1 312 MHz

0x1: PLL1 624 MHz

0x2: PLL2

0x3: Reserved

0x4: Reserved

0x5: Reserved

0x6: Reserved

0x7: Reserved

28:26 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

25:23 AXICLKSEL R/W 0x0 AXI clock selection
AXI clock selection for AXI1 (aclk) and AXI2 (aclk2):

Note: This value comes into effect only when Marvell 
Sheeva core issue AXI frequency change

0x0: PLL1 312 MHz

Note: All other values are reserved

22:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15 MFC R/W 0x0 Master Frequency Change
To request a MFC software should write 1 to this bit. Once 
the system goes into system sleep state, the MFC 
procedure occurs and the system wakes with the updated 
PLL frequencies.  

14 PLL1CEN R/W 0x0 PLL1 control enable
0x0: PLL1 control is disabled

0x1: PLL1 control is enabled

Note: PLL1 Control must be enabled before software can 
update REFDIV, FBDIV, MPMU_PLL1_REG1 or 
MPMU_PLL1_REG2.
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A.8.2 PLL and Oscillator Control Register (MPMU_POCR)

13:9 PLL1REFD R/W 0x0 PLL1 REFDIV
Reference clock divider select
[4] [3:0]
x 0001: div3

Note: All other values are reserved

Note: Must be programmed with 0x1

8:0 PLL1FBD R/W 0x00 PLL1 FBDIV

Note: Must be programmed with 0x90

Note: Used along with PLL1REFDIV to program the PLL1 
VCO frequency.

PLL1 VCO Frequency = PXTAL_IN * (PLL1FBDIV/
(PLL1REFDIV[4:0]+2)) = 26 MHz * (PLL1FBDIV/3)

Note: The PLL1 frequency can only be changed during a 
Master Frequency Change

Instance Name Offset
MPMU_POCR 0x000C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

F
O

R
C

E

Reserved OSC26M Reserved PLLLOCK

Default 0 ? ? ? ? ? ? ? 0 0 0 0 0 1 1 1 ? ? ? ? 0 0 0 0 1 0 0 1 0 0 0 0

Table 120: PLL and Oscillator Control Register (MPMU_POCR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 FORCE R/W 0x0 FORCE
Force all PMU clocks to be free running

0x0: This field does not affect PMU clock gating

0x1: All PMU output clocks are never gated

30:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:16 OSC26M R/W 0x7 26MOSC
Determines the wait time for 26 MHz Osc stabilization
...
0xE5 wait time = 230 32.768 kHz clock cycles
0xE6 Reserved
...
0xFF Reserved

0x0: wait time = one 32.768 kHz clock cycle

0x1: wait time = two 32.768 kHz clock cycles

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 119: Frequency Change Control Register (MPMU_FCCR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.8.3 PLL and Oscillator Status Register (MPMU_POSR)

A.8.4 Slow UART Clock Control Register (MPMU_SUCCR)
The SUCCR register is used as a fractional divisor to generate the slower 14.7456 MHz clock 
(default) used by the UART controllers to generate the appropriate baud rate. Refer to section 10.7.2 
Slow UART Clock Divider Programming in the Power Management Chapter for more information on 
programming the slow UART clock.

11:0 PLLLOCK R/W 0x90 PLLLOCK
Determines the wait time for PLL lock. This value 
determines lock time for both PLLs (PLL1 and PLL2).
...
0xFFF Main PLL lock time = 4096 VCTCXO/2 cycles

0x0: Main PLL lock time = 1 VCTCXO/2 cycle

0x1: Main PLL lock time = 2 VCTCXO/2 cycles

Instance Name Offset
MPMU_POSR 0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved PLL2REFD PLL2FBD PLL1REFD PLL1FBD

Default ? ? ? ? 0 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 121: PLL and Oscillator Status Register (MPMU_POSR)  

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:23 PLL2REFD RO 0x0B PLL2REFD
PLL2 REFDIV

22:14 PLL2FBD RO 0x190 PLL2FBD
PLL2 FBDIV

13:9 PLL1REFD RO 0x0 PLL1REFD
PLL1 REFDIV

Note: Only valid when MPMU_FCCR[PLL1CEN] = 1

8:0 PLL1FBD RO 0x00 PLL1FBD
PLL1 FBDIV

Note: Only valid when MPMU_FCCR[PLL1CEN] = 1

Table 120: PLL and Oscillator Control Register (MPMU_POCR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.8.5 Overheating Control (OHCR)

Instance Name Offset
MPMU_SUCCR 0x0014

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

UARTDIVN

R
es

er
ve

d

UARTDIVD

Default ? ? ? 1 1 1 1 1 1 0 1 1 1 1 0 1 ? ? ? 0 0 1 1 0 0 0 0 0 0 0 0 0

Table 122: Slow UART (UART_1)  

Bits Name Type Reset Description

31:29 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

28:16 UARTDIVN R/W 0x1FBD UARTDIVN
UART clock generation programmable divider numerator 
value.
The UART clock is generated using a fractional divider. This 
divider configuration is common to all UART modules

15:13 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

12:0 UARTDIVD R/W 0x600 UARTDIVD
UART clock generation programmable divider denominator 
value.
The UART clock is generated using a fractional divider. This 
divider configuration is common to all UART modules.

Instance Name Offset
MPMU_OHCR 0x001C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved COOL HYSTE T
IS

T
IE

O
W

I

TSS

O
W

M

OVWF OTIF

T
E

M
P

_E
N

_D
IS

Default ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 123: Overheating Control (OHCR)  (Sheet 1 of 3)

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:19 COOL R/W 0x0 COOL
Delay after interrupt occurs to allow time for software to 
respond before the next interrupt.

Note: Number of 1kHz clock cycles
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18:14 HYSTE R/W 0x0 HYSTE
Delay after temperature is reached before updating the 
status register.

Note: Number of 1kHz clock cycles

13 TIS R/W 0x0 Throttle / Overheating Interrupt Status
0x0: No interrupt occurred
0x1: Overheating interrupt occurred

12 TIE R/W 0x0 Throttle / Overheating Interrupt Enable
0x0: Disabled
0x1: Enabled

Note: Interrupt does not connect directly to the Interrupt 
Controller (ICU). Software must read TIS to deter

11 OWI R/W 0x0 Overheating WDR SW Indication
Provides a notification to software if reset was due to 
overheating WDR event.
0x0: Normal reset
0x1: Reset due to Overheating WDR event

Note: Cleared by hardware reset. Software must write 1 to 
clear after a WDR reset.

10:8 TSS RO 0x0 Temperature sensor status
0x0: unused code

0x1: unused code

0x2: 75C< Tj<85C

0x3: 85C< Tj<95C

0x4: 95C< Tj<105C

0x5: 105C< Tj<115C

0x6: 115< Tj<125C

0x7: 125C< Tj

Note: Ignore these bits when TEMP_EN_DIS = 0

7 OWM R/W 0x0 Overheating WDR Masking
Enables overheating WDR
0x0: Overheating WDR disabled
0x1: Overheating WDR enabled

Note: Once OWM is programmed it cannot be cleared by 
software. A reset must occur to clear this bit. When 
OWM is set OVWF and TEMP_EN_DIS are also 
locked until a reset occurs.

Table 123: Overheating Control (OHCR)  (Sheet 2 of 3)

Bits Name Type Reset Description
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6:4 OVWF R/W 0x0 Over Voltage WDT Field
Selects the temperature at which the watchdog reset due to 
overheating event is generated.
0x0: Reserved
0x1: 80C
0x2: 85C
0x3: 90C
0x4: 95C
0x5: 100C
0x6: 105C
0x7: 110C

Note: Once OWM==1, OVWF field is locked and cannot be 
changed by software. Unlocking of OVWF occurs 
after a power on reset, software reset or watch dog 
reset.

3:1 OTIF R/W 0x0 Over Temperature Interrupt Field
Selects the temperature at which the overheat interrupt is 
generated.
0x0: Reserved
0x1: 80C
0x2: 85C
0x3: 90C
0x4: 95C
0x5: 100C
0x6: 105C
0x7: 110C

0 TEMP_EN_DIS R/W 0x0 Enable / disable the temperature sensor
0x0: Disabled
0x1: Enabled

Table 123: Overheating Control (OHCR)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.8.6 PLL2 Control Register (MPMU_PLL2CR)

Instance Name Offset
MPMU_PLL2CR 0x0034

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved PLL2REFD PLL2FBD

C
T

R
L

EN Reserved

Default ? ? ? ? ? ? ? ? 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 ? ? ? ? ? ? ? ?

Table 124: PLL2 Control Register (MPMU_PLL2CR)  

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:19 PLL2REFD R/W 0x1F PLL2 REFDIV
Reference clock divider select
[4] [3:0]
x 0001: div3

Note: All other values are reserved; Must be programmed 
with 0b0001

18:10 PLL2FBD R/W 0x0 PLL2 FBDIV
Feedback clock divider select

Note: Used along with PLL2_REFDIV to program the PLL2 
VCO frequency.

PLL2 VCO Frequency = PXTAL_IN * (PLL2FBDIV/
(PLL2REFD+2)) = 26 MHz * (PLL2FBDIV/3)

9 CTRL R/W 0x1 PLL2 Activation Control
0x0: PMU controls PLL2 activation

0x1: Software controls PLL2 activation (via PLL2CR[EN])

8 EN R/W 0x0 PLL2 Enable
Only used when software PLL control is selected via 
MPMU_PLL2CR[CTRL].
At power up - PLL2 is disabled and the system uses PLL1

0x0: PLL2 is disabled

0x1: PLL2 is enabled

7:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.8.7 PLL1 Register 1 (MPMU_PLL1_REG1)

Instance Name Offset
MPMU_PLL1_REG1 0x0050

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

P
LL

1_
O

V
R

D
_I

N
P

U
T

R
es

er
ve

d

INTPI

V
C

O
D

IV
_S

E
L_

S
E

R
es

er
ve

d

V
C

O
_V

R
N

G

TEST_MON KVCO VDDL VDDM ICP

V
C

O
F

B
S

T

Default 1 ? 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 1 0 0

Table 125: PLL1 Register 1 (MPMU_PLL1_REG1)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 PLL1_OVRD_INPUT R/W 0x1 PLL1 Override Input
Set this bit to override the input bits from PLL1_1_REG, 
PLL1_2_REG and PLL1_SSC_REG 

Note: Only updates PLL inputs during a Frequency change.

Note: Must be set to 0b1

30 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

29:27 INTPI R/W 0x2 Interpolator bias current selection
Recommended value of 0b010

26:23 VCODIV_SEL_SE R/W 0x0 Post divider for single ended output
0x0: Divide by 1

Note: All other values are reserved; PLL1 output is equal to 
the VCO frequency as defined by PLL1REFD and 
PLL1FBD values divided by VCODIV_SEL_SE

PLL1 VCO Frequency =  PXTAL_IN * (PLL1FBDIV/
(PLL1REFDIV[4:0]+2))

PLL1 output = PLL1 VCO Frequency / VCODIV_SEL_SE

22:19 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

18:16 VCO_VRNG R/W 0x4 PLL V to I gain
For 1.248 GHz VCO frequency, program with 0b0100

15:12 TEST_MON R/W 0x0 DC points test control register

11:8 KVCO R/W 0x6 VCO Select
For 1.248 GHz VCO frequency, program with 0b0110

7:6 VDDL R/W 0x1 Internal VDD supply control

5:4 VDDM R/W 0x2 VCO supply control
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A.8.8 PLL1 Register 2 (MPMU_PLL1_REG2)

3:1 ICP R/W 0x2 Charge Pump Current Control Bits
0x0: 2.5μA

0x1: 5.0μA

0x2: 7.5μA

0x3: 10μA

0x4: 12.5μA

0x5: 15μA

0x6: 17.5μA

0x7: 20μA

0 VCOFBST R/W 0x0 VCO output buffer supply level select

Instance Name Offset
MPMU_PLL1_REG2 0x0054

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

C
A

P
_S

E
L

Rserved

S
et

A
lw

ay
s

Reserved

S
et

A
lw

ay
s

S
et

A
lw

ay
s

Reserved

Default 1 ? ? 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 ? 0 0 ?

Table 126: PLL1 Register 2 (MPMU_PLL1_REG2)  

Bits Name Type Reset Description

31 CAP_SEL R/W 0x1 Capacitor Select
For better stability set to 1

0x0: C2=20pF

0x1: C2=2.5PF

30:27 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

26 SetAlways SetAlways 0x1 Must be set to 0b1.

25:6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5 SetAlways SetAlways 0x1 Must be set to 0b1.

4 SetAlways SetAlways 0x1 Must be set to 0b1.

3:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 125: PLL1 Register 1 (MPMU_PLL1_REG1)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.8.9 PLL2 Register 1 (MPMU_PLL2_REG1)

Instance Name Offset
MPMU_PLL2_REG1 0x0060

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

P
LL

2_
O

V
R

D
_I

N
P

U
T

R
es

er
ve

d

INTPI

V
C

O
_D

IV
_S

E
L_

S
E

V
C

O
D

IV
_S

E
L_

D
IF

F

V
C

O
_V

R
N

G

TEST_MON KVCO VDDL VDDM ICP

V
C

O
F

B
S

T

Default 0 ? 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 1 0 0 1 0 0

Table 127: PLL2 Register 1 (MPMU_PLL2_REG1)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 PLL2_OVRD_INPUT R/W 0x0 PLL2 Override Input
Software must set this bit to override the input bits from 
PLL2_1_REG, PLL2_2_REG and PLL2_SSC_REG. 

Note:  Only updates PLL inputs during a Frequency 
change.

Note: Software must set this bit to 0b1 when using PLL2

30 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

29:27 INTPI R/W 0x2 Interpolator bias current selection
Recommended value is 0b010

26:23 VCO_DIV_SEL_SE R/W 0x0 Post divider for single-ended output
0x0: Divide by 1
0x1: Divide by 1.5
0x2: Divide by 2

Note: All other values are reserved; PLL2 output is equal to 
the VCO frequency as defined by PLL2REFD and 
PLL2FBD values divided by VCODIV_SEL_SE

PLL2 VCO Frequency = PXTAL_IN * (PLL1FBDIV/
(PLL1REFDIV[4:0]+2))

PLL2 SE output = PLL2 VCO Frequency / 
VCODIV_SEL_SE
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22:19 VCODIV_SEL_DIFF R/W 0x0 Post divider for differential output
0x0: 1 
0x1: 1.5
0x2: 2
0x3: 2.5
0x4: 3

Note: PLL2 output is equal to the VCO frequency as 
defined by PLL2REFD and PLL2FBD values divided 
by VCODIV_SEL_DIFF

PLL2 VCO Frequency = PXTAL_IN / PLL1REFDIV[4:0] * 
PLL1FBDIV

PLL2 DIFF output = PLL2 VCO Frequency / 
VCODIV_SEL_DIFF

Note: PLL2 Differential Output supplies the DDR clock 
(DCLK)

18:16 VCO_VRNG R/W 0x2 PLL V to I gain
For 800 MHz VCO frequency, program with 0b010
For 1066 MHz VCO frequency, program with 0b100

15:12 TEST_MON R/W 0x0 DC Points Test Control Register
Software must always write 0b000

11:8 KVCO R/W 0x3 VCO Select
For 800 MHz VCO frequency, program with 0b0100
For 1066 MHz VCO frequency, program with 0b0110

7:6 VDDL R/W 0x1 Internal VDD supply control
Must be programmed with 0b1

5:4 VDDM R/W 0x2 VCO supply control
Must be programmed with 0b10

3:1 ICP R/W 0x2 Charge Pump Current Control Bits

0 VCOFBST R/W 0x0 VCO output buffer supply level select
Must be programmed with 0b0

Table 127: PLL2 Register 1 (MPMU_PLL2_REG1)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.8.10 PLL2 Register 2 (MPMU_PLL2_REG2)

Instance Name Offset
MPMU_PLL2_REG2 0x0064

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

C
A

P
_S

E
L

R
es

er
ve

d

R
es

er
ve

d

F
R

E
Q

_O
F

F
S

E
T

_M
O

D
E

_S
E

LE
C

T
IO

N

F
R

E
Q

_O
F

F
S

E
T

_V
A

LD

R
E

S
E

T
_E

X
T

R
es

er
ve

d

FREQ_OFFSET

F
R

E
Q

_O
F

F
S

E
T

_E
N

D
IF

F
C

LK
_E

N

S
E

L_
V

C
O

_C
LK

_S
E

S
E

L_
V

C
O

_C
LK

_D
IF

F

Reserved

Default 1 ? ? 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 ? ? ? ?

Table 128: PLL2 Register 2 (MPMU_PLL2_REG2)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 CAP_SEL R/W 0x1 Capacitor Select
Must be programmed with 0b1

30:29 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

28 FREQ_OFFSET_MODE_S
ELECTION

R/W 0x0 Freq Offset Mode Selection

27 FREQ_OFFSET_VALD R/W 0x0 Frequency offset value valid

26 RESET_EXT R/W 0x0 External interpolator reset signal
0x0:  Phase Interpolator out of reset

0x1:  Phase Interpolator in reset

25 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

24:8 FREQ_OFFSET R/W 0x0 Frequency offset value

7 FREQ_OFFSET_EN R/W 0x0 Frequency offset control
0x0:  Disable
0x1:  Enable
When both SSC_EN and FREQ_OFFSET_EN are 0, the 
whole SSC and frequency offset generation block can 
be disabled. The VCO_CLK can be sent out directly.

6 DIFFCLK_EN R/W 0x1 Single ended clock output or differential output 
0x0:  Single-ended clock output
0x1: Differential clock output 
Must be set to 0b1 when using PLL2

5 SEL_VCO_CLK_SE R/W 0x0 Single ended clock output select
0x0: SSC enabled PI output
0x1: Output the PLL clock directly. In this mode, SSC is 
disabled. 
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A.8.11 PLL2 Spread Spectrum Control Register 
(MPMU_PLL2_SSC)

4 SEL_VCO_CLK_DIFF R/W 0x0 Differential clock output select
0x0: SSC enabled PI output 
0x1: Output the PLL clock directly. In this mode, SSC is 
disabled. 

3:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset

MPMU_PLL2_SSC 0x0068

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

S
S

C
_R

E
S

E
T

_E
X

T

S
S

C
_E

N

S
S

C
_M

O
D

E

SSC_RNGE SSC_FREQ_DIV

Default ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 129: PLL2 Spread Spectrum Control Register (MPMU_PLL2_SSC)  

Bits Name Type Reset Description

31:29 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

28 SSC_RESET_EXT R/W 0x0 SSC Internal reset enable
0x0: Internal reset used
0x1: External reset used

27 SSC_EN R/W 0x0 Spread Spectrum control
0x0: Disable
0x1: Enable

26 SSC_MODE R/W 0x0 SSC mode selection
0x0: Center spread
0x1: Down spread

25:15 SSC_RNGE R/W 0x0 SSC Range selection
SSC_RNGE[10:0] = Required SSC amplitude 

Note: Round to integer

Note: Controls the SSC dither amplitude range

14:0 SSC_FREQ_DIV R/W 0x0 SSC frequency selection
SSC frequency = FVCO/ 2 / ( SSC_FREQ_DIV[14:0])

Table 128: PLL2 Register 2 (MPMU_PLL2_REG2)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.8.12 MPMU Temperature Sensor Register (MPMU_TS)

A.8.13 Watch Dog Timer (MPMU_WDTPCR)

Instance Name Offset
MPMU_TS 0x0080

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

O
V

D
_T

S
_C

H
O

P
_E

N

O
V

D
_T

S
_C

H
O

P
_V

A
L

O
V

D
_T

S
_T

E
S

T
S

E
L_

E
N

O
V

D
_T

S
_T

E
S

T
S

E
L_

V
A

L

O
V

D
_T

S
E

N
_T

E
S

T
_E

N

O
V

D
_T

S
E

N
_T

E
S

T
_V

A
L

O
V

D
_T

S
E

N
_E

N
_E

N

O
V

D
_T

S
E

N
_E

N
_V

A
L

O
V

D
_B

G
_E

N

O
V

D
_B

G
_V

A
L

O
V

D
_P

TA
T

_E
N

O
V

D
_P

TA
T

_V
A

L

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ?

Table 130: MPMU Temperature Sensor Register (MPMU_TS)  

Bits Name Type Reset Description

31:22 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

21 OVD_TS_CHOP_EN R/W 0x0 Enable override value of TS_CHOP_EN

20 OVD_TS_CHOP_VAL R/W 0x0 Override value of TS_CHOP_EN

19 OVD_TS_TESTSEL_EN R/W 0x0 Enable override value of TS_TESTSEL_EN

18:16 OVD_TS_TESTSEL_VAL R/W 0x0 Override value of TS_TESTSEL_EN

15 OVD_TSEN_TEST_EN R/W 0x0 Enable override value of TSEN_TEST_EN

14 OVD_TSEN_TEST_VAL R/W 0x0 Override value of TSEN_TEST_EN

13 OVD_TSEN_EN_EN R/W 0x0 Enable override value of TSEN_EN

12 OVD_TSEN_EN_VAL R/W 0x0 Override value of TSEN_EN

11 OVD_BG_EN R/W 0x0 Enable override value of BG decode bits

10:7 OVD_BG_VAL R/W 0x0 Override value of BG decode bits

6 OVD_PTAT_EN R/W 0x0 Enable override value of PTAT decode bits

5:3 OVD_PTAT_VAL R/W 0x0 Override value of PTAT decode bits

2:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
MPMU_WDTPCR 0x0200

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

A
W

D
T

R
S

T

F
N

C
LK

A
B

C
LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0
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A.8.14 Power Control Register (MPMU_APCR)

Table 131: Watch Dog Timer (MPMU_WDTPCR)  

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 AWDTRST R/W 0x0 APB WDT Reset
Timers hardware reset generation (resets both APB and 
functional domains)

0x0: No reset

0x1: Reset

1 FNCLK R/W 0x0 Timers + WDT functional clock enable/disable
0x0: Clock off

0x1: Clock on

0 ABCLK R/W 0x0 WDT APB bus clock enable/disable
0x0: Clock off

0x1: Clock on

Instance Name Offset
MPMU_APCR 0x1000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

A
X

IS
D

D

R
es

er
ve

d

S
LP

E
N

S
et

 A
lw

ay
s

D
D

R
C

O
R

S
D

A
P

B
S

D

S
et

 A
lw

ay
s

IN
T

C
LR

S
et

 A
lw

ay
s

S
et

 A
lw

ay
s

S
et

 A
lw

ay
s

S
LP

W
P

3

R
es

er
ve

d

S
LP

W
P

4

S
et

 A
lw

ay
s

S
et

 A
lw

ay
s

S
et

 A
lw

ay
s

S
et

 A
lw

ay
s

Reserved

Default 0 ? 0 1 0 0 1 0 0 0 0 0 ? 0 0 0 0 1 ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 132: Power Control Register (MPMU_APCR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 AXISDD R/W 0x0 AXI Shutdown
Allow AXI bus and agents shut down after AP core enters 
Idle state

0x0: AXI shutdown not allowed

0x1: AXI shutdown allowed

30 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

29 SLPEN R/W 0x0 Sleep Mode
Allow PMU to switch the system to Sleep mode once it 
reaches system Idle mode

0x0: Sleep mode not allowed

0x1: Sleep mode allowed

28 Set Always Set Always -- Must be set to 0b1
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27 DDRCORSD R/W 0x0 Allow Marvell Sheeva core and DDR clocks shutdown 
The clocks are halted when Marvell Sheeva core is in Idle 
mode.

0x0: Marvell Sheeva core and DDR clocks shutdown 
not allowed

0x1: Marvell Sheeva core and DDR clocks shutdown 
allowed

26 APBSD R/W 0x0 APB Shutdown
Allow PMU to shut down APB clock to all of its recipients, 
overriding other per-module fields. The APB clock is 
actually shut down once the Marvell Sheeva core is idle.

0x0: APB clock shutdown not allowed

0x1: APB clock shutdown allowed

25 SetAlways SetAlways -- Must be set to 0b1.

24 INTCLR R/W 0x0 Interrupt Clear Register
A write of 1 followed by a write of 0 to this field clears the 
pm_Moh_wakeup_int output of PMU.
The Read value is the last value written to this field.

23 SetAlways SetAlways -- Must be set to 0b1.

22 SetAlways SetAlways -- Must be set to 0b1.

21 SetAlways SetAlways -- Must be set to 0b1.

20 SLPWP3 R/W 0x0 Sleep mode wake-up decoder Port 3 disable

Note: Port 3 is the keypad interrupt

0x0: Wake-up Port 3 is enabled

0x1: Wake-up Port 3 is disabled

19 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

18 SLPWP4 R/W 0x0 Sleep mode wake-up decoder Port 4 disable

Note: Port 4 is the Watchdog timer interrupt

0x0: Wake-up Port 4 is enabled

0x1: Wake-up Port 4 is disabled

17 SetAlways SetAlways -- Must be set to 0b1.

16 SetAlways SetAlways -- Must be set to 0b1.

15 SetAlways SetAlways -- Must be set to 0b1.

14 SetAlways SetAlways -- Must be set to 0b1.

13:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 132: Power Control Register (MPMU_APCR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.8.15 Power Status Register (MPMU_APSR)

A.8.16 Programmable Reset Register (MPMU_APRR)

Instance Name Offset
MPMU_APSR 0x1004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

A
P

ID
L

Reserved

Default ? 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 133: Power Status Register (MPMU_APSR)  

Bits Name Type Reset Description

31 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

30 APIDL RO 0x0 Reflects the state of the Marvell Sheeva core
0x0: Marvell Sheeva core is currently not in Idle state

0x1: Marvell Sheeva core is currently in Idle state

29:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
MPMU_APRR 0x1020

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

S
LA

V
E

_R

R
es

er
ve

d

W
D

T
R

Reserved

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 ? 0 ? ? ? ?

Table 134: Programmable Reset Register (MPMU_APRR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6 SLAVE_R R/W 0x1 Slave_Set_Reset_Out

0x1: SLAVE_RESET_OUT is low.

0x0: SLAVE_RESET_OUT may be high base on 
RESET_IN and WDT Reset.

Note: MFP_83 must be programmed to alternate function 4 
to enable the RESET_OUT signal.

5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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4 WDTR R/W 0x0 Negate hardware reset to the WDT after system reset. 
This field is reset due to a WDT reset event.
Reading 0 = WDT reset is still asserted from the last system 
reset
Reading 1 = WDT reset is negated
Writing 0 = Operation is ignored
Writing 1 = Enables the WDT reset

Note: The actual release of the WDT reset signal may be 
delayed by up to 1-1/2 cycles of the 32.768 kHz 
clock; Must be set to 1 prior to programming the 
MPMU_WDTPCR register.

3:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 134: Programmable Reset Register (MPMU_APRR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.8.17 Clock Gating Register (MPMU_ACGR)

Instance Name Offset
MPMU_ACGR 0x1024

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

A
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B
2_
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A
P

B
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0k

_E
N

A
P

B
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M

_E
N

A
P

M
U
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S

Y
S

C
LK

A
P

M
U

_1
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A
P

M
U
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9M

R
es

er
ve

d

A
P

M
U

_6
24

M

A
P

M
U

_P
LL

2

A
P

M
U

_3
12

M

A
P

M
U

_1
04

M

A
P

M
U

_5
2M

A
P

M
U

_4
8M

G
P

C

A
P

_F
U

A
R

T

A
P

_5
2M

A
P

_I
2C

R
es

er
ve

d

A
P

_2
6M

A
P

_1
3M

A
P

_6
.5

M

A
P

_S
U

A
R

T

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? 0 0 0 0 ?

Table 135: Clock Gating Register (MPMU_ACGR)  (Sheet 1 of 3)

Bits Name Type Reset Description

31:23 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

22 APB2_1M_EN R/W 0x0 APB2_1M_EN
Enable the functional 1 MHz clock output of the main PMU 
to the Application Processor APB portion.
0x0: Clock not enabled
0x1: Clock enabled

21 APB2_500k_EN R/W 0x0 APB2_500k_EN
Enable the functional 500 kHz clock output of the main 
PMU to the Application Processor APB portion.
0x0: Clock not enabled
0x1: Clock enabled

20 APB2_26M_EN R/W 0x0 APB2 clock frequency

0x0: 52 MHz

0x1: 26 MHz

19 APMU_ASYSCLK R/W 0x0 APMU_ASYSCLK
Enable the function ASYSCLK output used for AC97 and 
SSP Controllers

0x0: Clock not enabled

0x1: Clock enabled

18 APMU_156M R/W 0x0 APMU_156M
Enable the functional 156 MHz clock output of the main 
PMU to the APMU 

0x0: Clock not enabled

0x1: Clock enabled

17 APMU_39M R/W 0x0 APMU_39M
Enable the functional 39 MHz clock output of the main PMU 
to the APMU 

0x0: Clock not enabled

0x1: Clock enabled
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16 APMU_19P5M RSVD 0x0 APMU_19P5M
Enable the functional 19.5 MHz clock output of the main 
PMU to the APMU 

0x0: Clock not enabled

0x1: Clock enabled

15 APMU_624M R/W 0x0 APMU_624M
Enable the functional 624 MHz clock output of the main 
PMU to the APMU 

0x0: Clock not enabled

0x1: Clock enabled

14 APMU_PLL2 R/W 0x0 APMU_PLL2
Enable the functional PLL2 clock output of the main PMU to 
the APMU 

0x0: Clock not enabled

0x1: Clock enabled

13 APMU_312M R/W 0x0 APMU_312M
Enable the functional 312 MHz clock output of the main 
PMU to the APMU 

0x0: Clock not enabled

0x1: Clock enabled

12 APMU_104M R/W 0x0 APMU_104M
Enable the functional 104 MHz clock output of the main 
PMU to the APMU 

0x0: Clock not enabled

0x1: Clock enabled

11 APMU_52M R/W 0x0 APMU_78M
Enable the functional 78 MHz clock output of the main PMU 
to the APMU 

0x0: Clock not enabled

0x1: Clock enabled

10 APMU_48M R/W 0x0 APMU_48M
Enable the functional 48 MHz clock output of the main PMU 
to the APMU 

0x0: Clock not enabled

0x1: Clock enabled

9 GPC R/W 0x0 GPC
Enable the M/N clock generator of the main PMU. This 
clock is available for use according to pin mux.

0x0: Clock not enabled

0x1: Clock enabled

8 AP_FUART R/W 0x0 AP_FUART
Enable the functional fast UART clock output (58.5 MHz) of 
the main PMU to the Application Processor APB portion.

0x0: Clock not enabled

0x1: Clock enabled

Table 135: Clock Gating Register (MPMU_ACGR)  (Sheet 2 of 3)

Bits Name Type Reset Description
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7 AP_52M R/W 0x0 AP_52M
Enable the functional 52 MHz clock output of the main PMU 
to the Application Processor APB portion.

0x0: Clock not enabled

0x1: Clock enabled

6 AP_I2C R/W 0x0 AP_I2C
Enable the functional I2C clock output of the main PMU to 
the Application Processor APB portion.

0x0: Clock not enabled

0x1: Clock enabled

5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 AP_26M R/W 0x0 AP_26M
Enable the functional 26 MHz clock output of the main PMU 
to the Application Processor APB portion.

0x0: Clock not enabled

0x1: Clock enabled

3 AP_13M R/W 0x0 AP_13M
Enable the functional 13 MHz clock output of the main PMU 
to the Application Processor APB portion.

0x0: Clock not enabled

0x1: Clock enabled

2 AP_6.5M R/W 0x0 AP_6.5M
Enable the functional 6.5 MHz clock output of the main 
PMU to the Application Processor APB portion.

0x0: Clock not enabled

0x1: Clock enabled

1 AP_SUART R/W 0x0 AP_SUART
Enable the functional M/N slow UART clock output 
(configured through SUCCR) of the main PMU to the 
Application Processor APB portion.

0x0: Clock not enabled

0x1: Clock enabled

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 135: Clock Gating Register (MPMU_ACGR)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.8.18 Reset Status Register (MPMU_ARSR)

Instance Name Offset
MPMU_ARSR 0x1028

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved SWR Reserved

W
D

T
R

E
M

R

P
O

R

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? ? ? ? ? 0 0 0

Table 136: Reset Status Register (MPMU_ARSR)  

Bits Name Type Reset Description

31:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:8 SWR R/W 0x0 Software controlled, reset events tracking field. 
This field may be written (and read) to any value between 
0x0 and 0xF.
Field content does not affect PMU functionality in any way.

7:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 WDTR RO 0x0 Indicates whether the last system reset was caused by a 
watchdog timer reset event.
Depending on the type of reset the device has experienced, 
one of the reset values in [2:0] is 1 and the others are 0.

0x0: Last system reset was not caused by watchdog timer 
reset

0x1: Last system reset was caused by watchdog timer 
reset

1 EMR RO 0x0 Indicates whether the last system reset was caused by an 
external master reset event.
Depending on the type of reset the device has experienced, 
one of the reset values in [2:0] is 1 and the others are 0.

0x0: Last system reset was not caused by external 
master reset

0x1: Last system reset was caused by external master 
reset

0 POR RO 0x0 Indicates whether the last system reset was caused by a 
power on reset event.
Depending on the type of reset the device has experienced, 
one of the reset values in [2:0] is 1 and the others are 0.

0x0: Last system reset was not caused by power on reset

0x1: Last system reset was caused by power on reset
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A.8.19 Wakeup and Clock Resume Lines Status Register 
(MPMU_AWUCRS)

Instance Name Offset
MPMU_AWUCRS 0x1048

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

P
M

_W
A

K
E

U
P

R
es

er
ve

d

P
M

_X
S

C
_C

LK
R

E
S

R
es

er
ve

d

A
P

_A
S

Y
N

C
_I

N
T

A
P

_F
U

LL
_I

D
LE

R
es

er
ve

d

K
E

Y
P

R
E

S
S

R
es

er
ve

d

W
D

T

R
T

C
_A

LA
R

M

R
es

er
ve

d

Reserved

A
P

1_
T

IM
E

R
_3

A
P

1_
T

IM
E

R
_2

A
P

1_
T

IM
E

R
_1

Reserved

W
A

K
E

U
P

4

W
A

K
E

U
P

3

Reserved

Default ? ? ? 0 ? ? 0 0 0 0 0 ? ? 0 0 ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 137: Wakeup and Clock Resume Lines Status Register (MPMU_AWUCRS)  

Bits Name Type Reset Description

31 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

30 PM_WAKEUP RO 0x0 Wakeup from AP Sleep

29 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

28 PM_XSC_CLKRES RO 0x0 Pm_xsc_clkres

27:26 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

25 AP_ASYNC_INT RO 0x0 AP ASYNC INT

24 AP_FULL_IDLE RO 0x0 AP Full idle

23:22 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

21 KEYPRESS RO 0x0 KeyPress

20:19 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

18 WDT RO 0x0 WDT

17 RTC_ALARM RO 0x0 RTC ALARM

16:11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

10 AP1_TIMER_3 RO 0x0 AP1 Timer 3

9 AP1_TIMER_2 RO 0x0 AP1 Timer 2

8 AP1_TIMER_1 RO 0x0 AP1 Timer 1

7:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 WAKEUP4 RO 0x0 Wakeup4 line in status

Timer 1, 2 and 3, WDT and RTC

3 WAKEUP3 RO 0x0 Wakeup3 line in status
Keypad, GPIO and EXT_WAKEUP

2:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.8.20 Wakeup and Clock Resume Lines Mask Register 
(MPMU_AWUCRM)

Instance Name Offset
MPMU_AWUCRM 0x104C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
A

P
_A

S
Y

N
C

_I
N

T

A
P

_F
U

LL
_I

D
LE

R
es

er
ve

d

K
E

Y
P

R
E

S
S

R
es

er
ve

d

W
D

T

R
T

C
_A

LA
R

M

Reserved

A
P

1_
T

IM
E

R
_3

A
P

1_
T

IM
E

R
_2

A
P

1_
T

IM
E

R
_1

Reserved

W
A

K
E

U
P

4

W
A

K
E

U
P

3

Reserved

Default ? ? ? ? ? ? 0 0 0 0 0 ? ? 0 0 ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 138: Wakeup and Clock Resume Lines Mask Register (MPMU_AWUCRM)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:26 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

25 AP_ASYNC_INT R/W 0x0 Mask AP ASYNC INT from Pm_xsc_clkres
0x0: Mask wakeup

0x1: Enable wakeup

24 AP_FULL_IDLE R/W 0x0 AP Full idle
Mask AP full Idle from Pm_xsc_clkres

0x0: Mask wakeup

0x1: Enable wakeup

23:22 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

21 KEYPRESS R/W 0x0 KeyPress
Mask wakeup3 KeyPress

0x0: Mask wakeup

0x1: Enable wakeup

20:19 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

18 WDT R/W 0x0 WDT
Mask WDT input

0x0: Mask wakeup

0x1: Enable wakeup

17 RTC_ALARM R/W 0x0 RTC ALARM
Mask  RTC ALARM

0x0: Mask wakeup

0x1: Enable wakeup

16:11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

10 AP1_TIMER_3 R/W 0x0 AP1 Timer 3
Mask AP Timer 3

0x0: Mask wakeup

0x1: Enable wakeup

Note: Functional Clock must be 32 kHz 
(APBC_TIMERS_CLK_RST[FNCLKSEL] = 1
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A.8.21  (MPMU_ASYSDR)
ASYSCLK = 312 MHz / (ASYSCLK_NUM / ASYSCLK_DENOM ) 

9 AP1_TIMER_2 R/W 0x0 AP1 Timer 2
Mask  AP Timer 2

0x0: Mask wakeup

0x1: Enable wakeup

Note: Functional Clock must be 32 kHz 
(APBC_TIMERS_CLK_RST[FNCLKSEL] = 1

8 AP1_TIMER_1 R/W 0x0 AP1 Timer 1
Mask AP Timer 1

0x0: Mask wakeup

0x1: Enable wakeup

Note: Functional Clock must be 32 kHz 
(APBC_TIMERS_CLK_RST[FNCLKSEL] = 1

7:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 WAKEUP4 R/W 0x0 Wakeup4
Mask Wakeup4 input for Timers, RTC alarm and Watchdog 
TImer

0x0: Mask wakeup

0x1: Enable wakeup

3 WAKEUP3 R/W 0x0 Wakeup3
Mask Wakeup3 input for keypad, GPIO and EXT_WAKEUP

0x0: Mask wakeup

0x1: Enable wakeup

2:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset

MPMU_ASYSDR 0x1050

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

ASYSCLK_NUM Reserved ASYSCLK_DENOM

Default ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 139:  (MPMU_ASYSDR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

30:16 ASYSCLK_NUM R/W 0x0 ASYSCLK Numerator
Audio SYSCLK clock generation programmable divider 
numerator value

Table 138: Wakeup and Clock Resume Lines Mask Register (MPMU_AWUCRM)  (Sheet 2 of 2)

Bits Name Type Reset Description
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•  (MPMU_SSPDR)

SSPx_CLK = ASYSCLK / (SSPSCLK_NUM / SSPSCLK_DENOM) 

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 ASYSCLK_DENOM R/W 0x0 ASYSCLK Denominator
Audio SYSCLK clock generation programmable divider 
denominator value

Instance Name Offset
MPMU_SSPDR 0x1054

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

SSPSCLK_NUM Reserved SSPSCLK_DENOM

Default ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 140:  (MPMU_SSPDR)  

Bits Name Type Reset Description

31 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

30:16 SSPSCLK_NUM R/W 0x0 SSPSCLK Numerator
SSPx_CLK clock generation programmable divider 
numerator value

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 SSPSCLK_DENOM R/W 0x0 SSPSCLK Denominator
SSPx_CLK clock generation programmable divider 
denominator value

Table 139:  (MPMU_ASYSDR)  (Sheet 2 of 2)

Bits Name Type Reset Description
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-143



ARMADA 16x Applications Processor Family Register Tables
A.9 Application Subsystem Power Management (APMU)
Base Address: 0xD428_2800

Table 141:  Application Subsytem Power Management Register Summary (Sheet 1 of 2)

Offset Name Description Details

0x0000 APMU_PCR Power Control Register Page: A-145

0x0004 APMU_CCR Clock Control Register Page: A-146

0x000C APMU_CCSR Clock Control Status Register  Page: A-148

0x0010 APMU_FC_TIMER Frequency Change Timer Register Page: A-148

0x0018 APMU_IDLE_CFG Idle Configuration Register Page: A-149

0x00C8 APMU_SYNC_MODE_BYPASS Sync Mode Bypass Register Page: A-150

0x004C APMU_LCD_CLK_RES_CTRL LCD Clock/Reset Control Register Page: A-151

0x0050 APMU_CCIC_CLK_RES_CTRL CCIC Clock/Reset Control Register Page: A-151

0x0054 APMU_SD1_CLK_RES_CTRL SD1 Clock/Reset Control Register Page: A-153

0x0058 APMU_SD2_CLK_RES_CTRL SD2 Clock/Reset Control Register Page: A-154

0x005C APMU_USB_CLK_RES_CTRL USB Clock/Reset Control Register Page: A-157

0x0060 APMU_NFC_CLK_RES_CTRL NAND Flash Controller Clock/Reset Control Register Page: A-158

0x0064 APMU_DMA_CLK_RES_CTRL DMA Clock/Reset Control Register Page: A-158

0x006C APMU_BUS_CLK_RES_CTRL BUS Clock/Reset Control Register Page: A-159

0x007C APMU_WAKE_CLR Wake Clear Register Page: A-159

0x0090 APMU_CORE_STATUS Core Status Register Page: A-161

0x0094 APMU_RES_FRM_SLP_CLR Resume from Sleep Clear Register Page: A-161

0x0098 APMU_IMR PMU Interrupt Mask Register Page: A-162

0x009C APMU_IRWC Interrupt READ/WRITE Clear Register Page: A-163

0x00A0 APMU_ISR Interrupt Status Register  Page: A-164

0x00B0 APMU_MC_HW_SLP_TYPE Memory Controller Hardware Sleep Type Register Page: A-165

0x00B4 APMU_MC_SLP_REQ Memory Controller Sleep Request Register Page: A-165

0x00C0 APMU_MC_SW_SLP_TYPE Memory Controller Software Sleep Type Register Page: A-166

0x00C4 APMU_PLL_SEL_STATUS PLL Clock Select Status Register Page: A-167

0x00C8 APMU_SYNC_MODE_BYPASS Sync Mode Bypass Register Page: A-168

0x00CC APMU_GC_CLK_RES_CTRL GC300 2D Graphics Controller Clock/Reset Control 
Register

Page: A-169

0x00D4 APMU_SMC_CLK_RES_CTRL Static Memory Controller Clock/Reset Control Register Page: A-170

0x00DC APMU_XD_CLK_RES_CTRL XD Controller Clock/Reset Control Register Page: A-171

0x00E0 APMU_SD3_CLK_RES_CTRL SD3 Clock/Reset Control Register Page: A-154
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-144



ARMADA 16x Applications Processor Family Register Tables
A.9.1 Power Control Register (APMU_PCR)
                         

Table 142: Power Control Register (APMU_PCR)

0x00E4 APMU_SD4_CLK_RES_CTRL SD4 Clock/Reset Control Register Page: A-155

0x00F0 APMU_CF_CLK_RES_CTRL CompactFlash Controller Clock/Reset Control Register Page: A-172

0x00F4 APMU_MSP_CLK_RES_CTRL Memory Stick Pro Clock/Reset Control Register Page: A-173

0x00F8 APMU_CMU_CLK_RES_CTRL CMU Clock/Reset Control Register Page: A-174

0x00FC APMU_FE_CLK_RES_CTRL FE Clock/Reset Control Register Page: A-175

0x100 APMU_PCIE_CLK_RES_CTRL PCIe Clock/Reset Control Register Page: A-175

0x104 APMU_EPD_CLK_RES_CTRL EPD Clock/Reset Control Register Page: A-177

Instance Name Offset
APMU_PCR 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d
  

S
et

A
lw

ay
s

Reserved

P
C

IE
_T

C
H

IP
_A

N
_O

V
R

_E
N

P
C

IE
_T

C
H

IP
_A

N
_O

V
R

P
C

IE
_M

X
_P

D
N

_2
_O

V
R

_E
 N

P
C

IE
_M

X
_P

W
D

N
_2

_O
V

R

P
C

IE
_M

X
_P

D
N

_1
_O

V
R

_E
 N

P
C

IE
_M

X
_P

W
D

N
_1

_O
V

R

P
C

IE
_M

X
_P

D
N

_0
_O

V
R

_E
 N

P
C

IE
_M

X
_P

W
D

N
_0

_O
V

R

P
C

IE
_M

X
_R

F
C

K
_O

V
R

_E
N

P
C

IE
_M

X
_R

F
C

K
_O

V
R

Default ? ? 0 ? 1 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27 SetAlways SET 0x1 Must be set to 0b1

26:10 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

9 PCIE_TCHIP_AN_OVR_EN R/W 0x0 PCIE tchip_pd_ana override control

8 PCIE_TCHIP_AN_OVR R/W 0x0 PCIE tchip_pd_ana override value (bit 9 must be set to 
take effect)

7 PCIE_MX_PDN_2_OVR_E N R/W 0x0 mx_powerdown_l0_a[2] override control

6 PCIE_MX_PWDN_2_OVR R/W 0x0 mx_powerdown_l0_a[2] override value (bit 7 must be set 
to take effect)

5 PCIE_MX_PDN_1_OVR_E N R/W 0x0 mx_powerdown_l0_a[1] override control

4 PCIE_MX_PWDN_1_OVR R/W 0x0 mx_powerdown_l0_a[1] override value (bit 5 must be set 
to take effect)

Table 141:  Application Subsytem Power Management Register Summary (Sheet 2 of 2)

Offset Name Description Details
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A.9.2 Clock Control Register (APMU_CCR)
                         

3 PCIE_MX_PDN_0_OVR_E N R/W 0x0 mx_powerdown_l0_a[0] override control

2 PCIE_MX_PWDN_0_OVR R/W 0x0 mx_powerdown_l0_a[0] override value (bit 3 must be set 
to take effect)

1 PCIE_MX_RFCK_OVR_EN R/W 0x0 PCIE mx_refclk_off override control

0 PCIE_MX_RFCK_OVR R/W 0x0 PCIE mx_refclk_off override value (bit 1 needs to be set to 
take effect)

Instance Name Offset

APMU_CCR 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

S
et

A
lw

ay
s

A
C

LK
_D

Y
N

_F
C

D
C

LK
_D

Y
N

_F
C

C
O

R
E

_D
Y

N
_F

C

C
O

R
E

_A
LL

O
W

_S
P

D
_C

H
G

B
U

S
_F

R
E

Q
_C

H
G

_R
E

Q

D
D

R
_F

R
E

Q
_C

H
G

_R
E

Q

F
R

E
Q

_C
H

G
_R

E
Q

S
et

A
lw

ay
s

R
es

er
ve

d

B
U

S
2_

C
LK

_D
IV

B
U

S
_C

LK
_D

IV

D
D

R
_C

LK
_D

IV

X
P

_C
LK

_D
IV

B
IU

_C
LK

_D
IV

R
es

er
ve

d

C
O

R
E

_C
LK

_D
IV

Default ? 0 0 0 0 0 0 0 1 1 ? 0 1 1 0 1 1 0 0 1 0 0 1 0 0 1 1 1 1 0 0 1

Table 143: Clock Control Register (APMU_CCR)  (Sheet 1 of 3)

Bits Name Type Reset Description

31 SetAlways SET – Must be set to 0b1

30 ACLK_DYN_FC R/W 0x0 Dynamic ACLK and ACLK2 Clock Change
Writing this bit changes the bus clock without hardware 
handshaking

0x0: Do not allow ACLK1/2 Dynamic Frequency Change 
Request

0x1: Allow ACLK1/2 Dynamic Frequency Change 
Request

Note: Cleared by hardware when frequency change is 
done (APMU_ISR[FC_DONE] = 1).

29 DCLK_DYN_FC R/W 0x0 Dynamic DCLK Clock Change
Writing this bit changes the bus clock without hardware 
handshaking

0x0: Do not allow DCLK Dynamic Frequency Change 
Request

0x1: Allow DCLK Dynamic Frequency Change Request

Note: Cleared by hardware when frequency change is 
done (APMU_ISR[FC_DONE] = 1).

Bits Name Type Reset Description
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28 CORE_DYN_FC R/W 0x0 Dynamic Core Clock Change
Writing this bit changes the bus clock without hardware 
handshaking

0x0: Do not allow PCLK Dynamic Frequency Change 
Request

0x1: Allow PCLK Dynamic Frequency Change Request

Note: Cleared by hardware when frequency change is 
done (APMU_ISR[FC_DONE] = 1).

27 CORE_ALLOW_SPD_CHG R/W 0x0 Marvell Sheeva Speed Change Voting
0x0: Do not allow Marvell  Sheeva Core frequency 

change

0x1: Allow Marvell Sheeva Core frequency change

26 BUS_FREQ_CHG_REQ R/W 0x0 ACLK Frequency Change Request
0x0: Do not ACLK1/2 frequency change

0x1: Allow ACLK1/2 frequency change

Note: CORE_ALLOW_SPD_CHG must be set to 0b1. 
Cleared by hardware when FC_INTR is enabled.  
Write 0x0 to clear by software

25 DDR_FREQ_CHG_REQ R/W 0x0 DCLK Frequency Change Request
0x0: Do not DCLK frequency change

0x1: Allow DCLK frequency change

Note: CORE_ALLOW_SPD_CHG must be set to 0b1. 
Cleared by hardware when FC_INTR is enabled.  
Write 0x0 to clear by software

24 FREQ_CHG_REQ R/W 0x0 Marvell Sheeva Frequency Change Request
0x0: Do not allow Marvell Sheeva Core frequency 

change

0x1: Allow Marvell Sheeva Core frequency change

Note: CORE_ALLOW_SPD_CHG must be set to 0b1. 
Cleared by hardware when FC_INTR is enabled.  
Write 0x0 to clear by software

23:22 SETALWAYS SET 0x1 Set Always. Software must write a 1 to this bit.

21 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

20:18 BUS2_CLK_DIV R/W 0x3 Clock Divider Selection for ACLK2
ACLK2 = PLL Clock Source / (BUS2_CLK_DIV + 1)

17:15 BUS_CLK_DIV R/W 0x3 Clock Divider Selection for ACLK
ACLK = PLL Clock Source / (BUS_CLK_DIV + 1)

14:12 DDR_CLK_DIV R/W 0x1 Clock Divider Selection for DCLK
DCLK = PLL Clock Source / (2 * (DDR_CLK_DIV + 1))

11:9 XP_CLK_DIV R/W 0x1 Clock Divider Selection for XPCLK
XPCLK = PCLK / (XP_CLK_DIV +1)

8:6 BIU_CLK_DIV R/W 0x1 Clock Divider Selection for BACLK
BACLK = PCLK / (BIU_CLK_DIV +1)

5:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 143: Clock Control Register (APMU_CCR)  (Sheet 2 of 3)

Bits Name Type Reset Description
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A.9.3 Clock Control Status Register (APMU_CCSR)
                         

A.9.4 Frequency Change Timer Register (APMU_FC_TIMER)
                         

2:0 CORE_CLK_DIV R/W 0x1 Clock Divider Selection for PCLK
PCLK = PLL Clock Source/ (CORE_CLK_DIV + 1)

Instance Name Offset
APMU_CCSR 0x000C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
B

U
S

2_
C

LK
_D

IV

B
U

S
_C

LK
_D

IV

D
D

R
_C

LK
_D

IV

X
P

_C
LK

_D
IV

B
IU

_C
LK

_D
IV

R
es

er
ve

d

C
O

R
E

_C
LK

_D
IV

Default ? ? ? ? ? ? ? ? ? ? ? 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 ? ? ? 0 0 1

Table 144: Clock Control Status Register (APMU_CCSR)  

Bits Name Type Reset Description

31:21 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

20:18 BUS2_CLK_DIV R/W 0x1 Clock Divider Selection for ACLK2
ACLK2 = PLL Clock Source / (BUS2_CLK_DIV + 1)

17:15 BUS_CLK_DIV RO 0x1 Clock Divider Selection for ACLK

14:12 DDR_CLK_DIV RO 0x0 Clock Divider Selection for DCLK

11:9 XP_CLK_DIV RO 0x0 Clock Divider Selection for XPCLK

8:6 BIU_CLK_DIV RO 0x0 Clock Divider Selection for BACLK1

5:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2:0 CORE_CLK_DIV RO 0x1 Clock Divider Selection for PCLK

Instance Name Offset
APMU_FC_TIMER 0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved FC_CLK_PRE FC_TIMER

R
es

er
ve

d

F
C

_T
IM

E
R

_E
N

Default ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? 0

Table 143: Clock Control Register (APMU_CCR)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.9.5 Idle Configuration Register (APMU_IDLE_CFG)
                         

Table 145: Frequency Change Timer Register (APMU_FC_TIMER)  

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:19 FC_CLK_PRE R/W 0x0 Clock Prescaler
Clock divider prescaler for the timer count.

0x0: divider by one

0x1: divide by 1

0x2: divider by 2.>p> rest incremental divider

18:3 FC_TIMER R/W 0x0 Frequency Change Timer
This field defines the frequency change timer value in 26 
MHz clock unite

2:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 FC_TIMER_EN R/W 0x0 Timer Enable
This field defines the timer for frequency change sequence.

0x0: Timer expiration is not required before applying the 
new clock divider settings

0x1: Timer expiration is required before starting the clock 
divider settings

Instance Name Offset
APMU_IDLE_CFG 0x0018

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

D
IS

_M
C

_S
W

_R
E

Q

M
C

_W
A

K
E

_E
N

Reserved

S
et

A
lw

ay
s

S
et

A
lw

ay
s

Reserved

ID
LE

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? 0 0 ? ? ? ? ? ? ? ? 0 0 1 1 ? ? ? ? ? ? 0 ?

Table 146: Idle Configuration Register (APMU_IDLE_CFG)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:22 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

21 DIS_MC_SW_REQ R/W 0x0 Marvell Sheeva Disable MC SW REQ
Disable the MC entry to Idle mode using the MC sleep 
request bits. MC always enters Idle mode based on the 
hardware SM request.

0x0: Enable the idle entry using software register bits

0x1: Disable the idle entry using the software register bits
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A.9.6 Sync Mode Bypass Register 
(APMU_SYNC_MODE_BYPASS)

                         

20 MC_WAKE_EN R/W 0x0 Marvell Sheeva MC Wake EN
Wake up the MC when Marvell Sheeva wakes up from Core 
iIdle mode. MC is awakened before the interrupt to the core 
is released.

0x0: MC wake disabled

0x1: MC wake up enabled on Marvell Sheeva wake

19:10 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

9 SETALWAYS R/W 0x1 Set Always. Software must write a 1 to this bit.

8 SETALWAYS R/W 0x1 Set Always. Software must write a 1 to this bit.

7:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 IDLE R/W 0x0 Marvell Sheeva Idle
0x1: When core issue idle (WFI command), the core clock 

is gated externally

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
APMU_SYNC_MODE_BYPASS 0x00C8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
D

_A
_C

LK
_S

Y
N

C
_B

Y
P

A
S

S

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 ? ?

Table 147: Sync Mode Bypass Register (APMU_SYNC_MODE_BYPASS)  

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 D_A_CLK_SYNC_BYPASS R/W 0x0 Dclk/Aclk Sync Bypass
0x1: DCLK/ACLK Sync Bypass

Bypass the SYNC mode 

1:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 146: Idle Configuration Register (APMU_IDLE_CFG)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.9.7 LCD Clock/Reset Control Register 
(APMU_LCD_CLK_RES_CTRL)

                         

A.9.8 CCIC Clock/Reset Control Register 
(APMU_CCIC_CLK_RES_CTRL)

Instance Name Offset
APMU_LCD_CLK_RES_CTRL 0x004C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

LC
D

_C
LK

_S
E

L

LC
D

_H
C

LK
_E

N

LC
D

_C
LK

_E
N

LC
D

_A
X

IC
LK

_E
N

LC
D

_H
C

LK
_R

S
T

LC
D

_R
S

T

LC
D

_A
X

I_
R

S
T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0

Table 148: LCD Clock/Reset Control Register (APMU_LCD_CLK_RES_CTRL)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6 LCD_CLK_SEL R/W 0x0 LCD Controller Clock Select

0x0: 624 MHz

0x1: 312 MHz

5 LCD_HCLK_EN R/W 0x0 LCD HCLK Clock Enable
0x0: HCLK disabled

0x1: HCLK enabled

4 LCD_CLK_EN R/W 0x0 LCD Peripheral Clock Enable

0x0: Peripheral clock disabled

0x1: Peripheral clock enabled

3 LCD_AXICLK_EN R/W 0x0 LCD AXI Clock Enable (ACLK2)
0x0: AXI clock disabled

0x1: AXI clock enabled

2 LCD_HCLK_RST R/W 0x0 LCD HCLK Reset

0x0: Reset

1 LCD_RST R/W 0x0 LCD Peripheral Reset
0x0: Reset

0 LCD_AXI_RST R/W 0x0 LCD AXI Reset (ACLK2)
0x0: Reset
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Instance Name Offset
APMU_CCIC_CLK_RES_CTRL 0x0050

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

C
C

IC
_P

H
Y

S
LO

W
_P

R
E

R

C
C

IC
_P

H
Y

S
LO

W
C

LK
_E

N

C
C

IC
_P

H
Y

S
LO

W
_R

S
T

C
C

IC
_P

H
Y

C
LK

_S
E

L

C
C

IC
_C

LK
_S

E
L

C
C

IC
_P

H
Y

C
LK

_E
N

C
C

IC
_C

LK
_E

N

C
C

IC
_A

X
IC

LK
_E

N

C
C

IC
_P

H
Y

_R
S

T

C
C

IC
_R

S
T

C
C

IC
_A

X
I_

R
S

T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0

Table 149: CCIC Clock/Reset Control Register (APMU_CCIC_CLK_RES_CTRL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:15 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

14:10 CCIC_PHYSLOW_PRER R/W 0x1A CCIC PHY Slow Clock Prescaler
Clock divider prescaler for generating the CCIC PHY slow 
clock.
All other values use an incremental divider.

0x0: divide by one

0x1: divide by 1

0x2: divide by 2

9 CCIC_PHYSLOWCLK_EN R/W 0x0 CCIC PHY SLOW Clock Enable
0x0: PHY Slow clock disabled

0x1: PHY clock enabled

8 CCIC_PHYSLOW_RST R/W 0x0 CCIC PHY Slow Reset
0x0: Reset

7 CCIC_PHYCLK_SEL R/W 0x0 CCIC PHY Clock Select

0x0: 104 MHz

0x1: 52 MHz

6 CCIC_CLK_SEL R/W 0x0 CCIC Clock Select
0x0: 156 MHz

0x1: 78 MHz

5 CCIC_PHYCLK_EN R/W 0x0 CCIC PHY Clock Enable

0x0: PHY clock disabled

0x1: PHY clock enabled

4 CCIC_CLK_EN R/W 0x0 CCIC Peripheral Clock Enable
0x0: Peripheral clock disabled

0x1: Peripheral clock enabled

3 CCIC_AXICLK_EN R/W 0x0 CCIC AXI Clock Enable

0x0: AXI clock disabled

0x1: AXI clock enabled

2 CCIC_PHY_RST R/W 0x0 CCIC PHY Reset
0x0: Reset
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A.9.9 SD1 Clock/Reset Control Register 
(APMU_SD1_CLK_RES_CTRL)
The APMU_SD1_CLK_RES_CTRL register is used to configure the peripheral clocks for SD1 and 
the connection to the AXI bus for both SD1 and SD2. The APMU_SD2_CLK_RES_CTRL register is 
used to control the peripheral clocks for SD2 only. When using SD2 the 
APMU_SD1_CLK_RES_CTRL must also be programmed to enable the connection to the AXI bus.

                         

1 CCIC_RST R/W 0x0 CCIC Peripheral Reset
0x0: Reset

0 CCIC_AXI_RST R/W 0x0 CCIC AXI Reset

0x0: Reset

Instance Name Offset
APMU_SD1_CLK_RES_CTRL 0x0054

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

S
D

1_
C

LK
_S

E
L

R
es

er
ve

d

S
D

1_
C

LK
_E

N

S
D

1_
S

D
2_

A
X

IC
LK

_E
N

R
es

er
ve

d

S
D

1_
R

S
T

S
D

1_
S

D
2_

A
X

I_
R

S
T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 ? 0 0 ? 0 0

Table 150: SD1 Clock/Reset Control Register (APMU_SD1_CLK_RES_CTRL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:6 SD1_CLK_SEL R/W 0x0 SD1 Clock Select
0x0: 48 MHz

0x1: 52 MHz

0x2: 78 MHz

0x3: Reserved

5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 SD1_CLK_EN R/W 0x0 SD1 Peripheral Clock Enable
0x0: Peripheral clock disabled

0x1: Peripheral clock enabled

3 SD1_SD2_AXICLK_EN R/W 0x0 SD1 and SD2 AXI Clock Enable
Enables the connection to the AXI bus for SD1 and SD2

0x0: AXI clock disabled

0x1: AXI clock enabled

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 149: CCIC Clock/Reset Control Register (APMU_CCIC_CLK_RES_CTRL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.9.10 SD2 Clock/Reset Control Register 
(APMU_SD2_CLK_RES_CTRL)

                         

A.9.11 SD3 Clock/Reset Control Register 
(APMU_SD3_CLK_RES_CTRL)

1 SD1_RST R/W 0x0 SD1 Peripheral Reset
0x0: Reset

0 SD1_SD2_AXI_RST R/W 0x0 SD1 and SD2 AXI Reset
Resets the connection to the AXI bus for SD1 and SD2

0x0: Reset

Instance Name Offset
APMU_SD2_CLK_RES_CTRL 0x0058

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

S
D

2_
C

LK
_S

E
L

R
es

er
ve

d

S
D

2_
C

LK
_E

N

R
es

er
ve

d

S
D

2_
R

S
T

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? 0 ? ? 0 ?

Table 151: SD2 Clock/Reset Control Register (APMU_SD2_CLK_RES_CTRL)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6 SD2_CLK_SEL R/W 0x0 SD2 Clock Select

0x0: 48 MHz

0x1: 52 MHz

0x2: 78 MHz

0x3: Reserved

5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 SD2_CLK_EN R/W 0x0 SD2 Peripheral Clock Enable

0x0: Peripheral clock disabled

0x1: Peripheral clock enabled

3:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 SD2_RST R/W 0x0 SD2 Peripheral Reset

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 150: SD1 Clock/Reset Control Register (APMU_SD1_CLK_RES_CTRL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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The APMU_SD3_CLK_RES_CTRL register is used to configure the peripheral clocks for SD3 and 
the connection to the AXI bus for both SD3 and SD4. The APMU_SD4_CLK_RES_CTRL register is 
used to control the peripheral clocks for SD4 only. When using SD4 the 
APMU_SD3_CLK_RES_CTRL must also be programmed to enable the connection to the AXI bus.

                         

A.9.12 SD4 Clock/Reset Control Register 
(APMU_SD4_CLK_RES_CTRL)

Instance Name Offset
APMU_SD3_CLK_RES_CTRL 0x00E0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

S
D

3_
C

LK
_S

E
L

R
es

er
ve

d

S
D

3_
C

LK
_E

N

S
D

3_
S

D
4_

A
X

IC
LK

_E
N

R
es

er
ve

d

S
D

3_
R

S
T

S
D

3_
S

D
4_

A
X

I_
R

S
T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 ? 0 0 ? 0 0

Table 152: SD3 Clock/Reset Control Register (APMU_SD3_CLK_RES_CTRL)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:6 SD3_CLK_SEL R/W 0x0 SD3 Clock Select
0x0: 48 MHz

0x1: 52 MHz

0x2: 78 MHz

0x3: Reserved

5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 SD3_CLK_EN R/W 0x0 SD3 Peripheral Clock Enable
0x0: Peripheral clock disabled

0x1: Peripheral clock enabled

3 SD3_SD4_AXICLK_EN R/W 0x0 SD3 and SD4 AXI Clock Enable
Enables the connection to the AXI bus for SD3 and SD4

0x0: AXI clock disabled

0x1: AXI clock enabled

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 SD3_RST R/W 0x0 SD3 Peripheral Reset
0x0: Reset

0 SD3_SD4_AXI_RST R/W 0x0 SD3 and SD4 AXI Reset
Resets the connection to the AXI bus for SD3 and SD4

0x0: Reset
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Instance Name Offset
APMU_SD4_CLK_RES_CTRL 0x00E4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

S
D

4_
C

LK
_S

E
L

R
es

er
ve

d

S
D

4_
C

LK
_E

N

R
es

er
ve

d

S
D

4_
R

S
T

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 ? 0 ? ? 0 ?

Table 153: SD4 Clock/Reset Control Register (APMU_SD4_CLK_RES_CTRL)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:6 SD4_CLK_SEL R/W 0x0 SD4 Clock Select
0x0: 48 MHz

0x1: 52 MHz

0x2: 78 MHz

0x3: Reserved

5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 SD4_CLK_EN R/W 0x0 SD4 Peripheral Clock Enable
0x0: Peripheral clock disabled

0x1: Peripheral clock enabled

3:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 SD4_RST R/W 0x0 SD4 Peripheral Reset

0x0: Reset

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.9.13 USB Clock/Reset Control Register 
(APMU_USB_CLK_RES_CTRL)

                         

Instance Name Offset
APMU_USB_CLK_RES_CTRL 0x005C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

U
S

B
_S

P
H

_A
X

IC
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_E
N

U
S

B
_A

X
IC

LK
_E

N

R
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U
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B
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P
H
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X

I_
R

S
T

U
S

B
_A

X
I_

R
S

T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 ? 0 0

Table 154: USB Clock/Reset Control Register (APMU_USB_CLK_RES_CTRL)  

Bits Name Type Reset Description

31:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 USB_SPH_AXICLK_EN R/W 0x0 USB Host Controller AXI Clock Enable

0x0: AXI clock disabled

0x1: AXI clock enabled

3 USB_AXICLK_EN R/W 0x0 USB OTG Controller AXI Clock Enable
0x0: AXI clock disabled

0x1: AXI clock enabled

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 USB_SPH_AXI_RST R/W 0x0 USB Host Controller AXI Reset
0x0: Reset

0 USB_AXI_RST R/W 0x0 USB OTG Controller AXI Reset
0x0: Reset
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A.9.14 NAND Flash Controller Clock/Reset Control Register 
(APMU_NFC_CLK_RES_CTRL)

                         

A.9.15 DMA Clock/Reset Control Register 
(APMU_DMA_CLK_RES_CTRL)

Instance Name Offset
APMU_NFC_CLK_RES_CTRL 0x0060

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

N
F

_E
C

C
_R

E
S

N
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C
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_E

N

N
F
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L
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d

N
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S

T

N
F

_A
X

I_
R

S
T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 1 1 ? 1 1 ? 1 1

Table 155: NAND Flash Controller Clock/Reset Control Register (APMU_NFC_CLK_RES_CTRL)  

Bits Name Type Reset Description

31:9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

8 NF_ECC_RES R/W 0x1 NFC ECC Reset

0x0: Reset

7 NF_ECC_CLK_EN R/W 0x1 NFC ECC Clock Enable
0x0: ECC clock disabled

0x1: ECC clock enabled

6 NF_CLK_SEL R/W 0x1 NFC Clock Select
0x0: NFC 156 MHz and NFC ECC clock 312 MHz

0x1: NFC clock 78 MHz and NFC ECC clock 156 MHZ

5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 NF_CLK_EN R/W 0x1 NFC Peripheral Clock Enable
0x0: Peripheral clock disabled

0x1: Peripheral clock enabled

3 NF_AXICLK_EN R/W 0x1 NFC AXI Clock Enable

0x0: AXI clock disabled

0x1: AXI clock enabled

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 NF_RST R/W 0x1 NFC Peripheral Reset
0x0: Reset

0 NF_AXI_RST R/W 0x1 NFC AXI Reset

0x0: Reset
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A.9.16 BUS Clock/Reset Control Register 
(APMU_BUS_CLK_RES_CTRL)

                         

A.9.17 Wake Clear Register (APMU_WAKE_CLR)

Instance Name Offset
APMU_DMA_CLK_RES_CTRL 0x0064

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

D
M

A
_A

X
IC

LK
_E

N

R
es

er
ve

d

D
M

A
_A

X
I_

R
S

T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 ? ? 1

Table 156: DMA Clock/Reset Control Register (APMU_DMA_CLK_RES_CTRL)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 DMA_AXICLK_EN R/W 0x1 DMA AXI Clock Enable
0x0: AXI clock disabled

0x1: AXI clock enabled

2:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 DMA_AXI_RST R/W 0x1 DMA AXI Reset

0x0: Reset

Instance Name Offset

APMU_BUS_CLK_RES_CTRL 0x006C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

B
U

S
_R

S
T

M
C

_R
S

T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 1

Table 157: BUS Clock/Reset Control Register (APMU_BUS_CLK_RES_CTRL)  

Bits Name Type Reset Description

31:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 BUS_RST R/W 0x1 BUS Reset

0x0: Fabrics are reset

0 MC_RST R/W 0x1 MC Reset
0x0: Memory controller in reset
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-159



ARMADA 16x Applications Processor Family Register Tables
                         

Instance Name Offset
APMU_WAKE_CLR 0x007C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 158: Wake Clear Register (APMU_WAKE_CLR)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 KP_WK_CLR R/W 0x0 KP Wake Clear
0x1: KP wake event clear

6 CFI_WK_CLR R/W 0x0 CFI Wake Clear
0x1: CF wake event clear

5 XD_WK_CLR R/W 0x0 XD Wake Clear

0x1: XD wake event clear

4 MSP_WK_CLR R/W 0x0 MSP Wake Clear
0x1: MSP wake event clear

3 SD4_WK_CLR R/W 0x0 SD4 Wake Clear
0x1: SD4 wake event clear

2 SD3_WK_CLR R/W 0x0 SD3 Wake Clear

0x1: SD3 wake event clear

1 SD2_WK_CLR R/W 0x0 SD2 Wake Clear
0x1: SD2 wake event clear

0 SD1_WK_CLR R/W 0x0 SD1 Wake Clear
0x1: SD1 wake event clear
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A.9.18 Core Status Register (APMU_CORE_STATUS)
                         

A.9.19 Resume from Sleep Clear Register 
(APMU_RES_FRM_SLP_CLR)

                         

Instance Name Offset
APMU_CORE_STATUS 0x0090

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

ID
LE

W
F

I_
ID

LE

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 ? ?

Table 159: Core Status Register (APMU_CORE_STATUS)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 IDLE RO 0x0 Marvell Sheeva "core idle mode" Indication
0x1: Marvell Sheeva is in core Idle mode

2 WFI_IDLE RO 0x0 Marvell Sheeva "WFI idle mode" Indication

0x1: Marvell Sheeva is in WFI Idle mode

1:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
APMU_RES_FRM_SLP_CLR 0x0094

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

C
LR

_R
S

M
_F

R
M

_S
LP

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0

Table 160: Resume from Sleep Clear Register (APMU_RES_FRM_SLP_CLR)  

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 CLR_RSM_FRM_SLP R/W 0x0 Clear Resume from Sleep Indication
0x1: Clear the status signal
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A.9.20 PMU Interrupt Mask Register (APMU_IMR)
                         

Instance Name Offset
APMU_IMR 0x0098

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

ID
LE

_W
A

K
E

_I
N

T
R

_M
A

S
K

R
es

er
ve

d

A
C

LK
_F

C
_D

O
N

E
_I

N
T

R
_M

A
S

K

D
C

LK
_F

C
_D

O
N

E
_I

N
T

R
_M

A
S

K

F
C

_D
O

N
E

_I
N

T
R

_M
A

S
K

R
es

er
ve

d

F
C

_I
N

T
R

_M
A

S
K

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ?

Table 161: PMU Interrupt Mask Register (APMU_IMR)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 IDLE_WAKE_INTR_MA
SK

R/W 0x0 Idle Wake up Interrupt Mask
0x1: Interrupt enabled
0x0: Interrupt disabled

6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5 ACLK_FC_DONE_INTR
_MASK

R/W 0x0 ACLK Frequency Change Done Interrupt Mask
0x1: Interrupt enabled
0x0: Interrupt disabled

4 DCLK_FC_DONE_INTR
_MASK

R/W 0x0 DCLK Frequency Change Done Interrupt Mask
0x1: Interrupt enabled
0x0: Interrupt disabled

3 FC_DONE_INTR_MASK R/W 0x0 Frequency Change Done Interrupt Mask
0x1: Interrupt enabled
0x0: Interrupt disabled

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 FC_INTR_MASK R/W 0x0 Frequency Change done by Marvell Sheeva Interrupt Mask
0x0: Interrupt disabled

0x1: Interrupt enabled

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.9.21 Interrupt READ/WRITE Clear Register (APMU_IRWC)
                         

Instance Name Offset
APMU_IRWC 0x009C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

ID
LE

_W
A

K
E

_I
N

T
R

_I
R

S
T

R
es

er
ve

d

A
C

LK
_F

C
_D

O
N

E
_I

N
T

R
_I

R
S

T

D
C

LK
_F

C
_D

O
N

E
_I

N
T

R
_I

R
S

T

F
C

_D
O

N
E

_I
N

T
R

_I
R

S
T

R
es

er
ve

d

F
C

_I
N

T
R

_I
R

S
T

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ?

Table 162: Interrupt READ/WRITE Clear Register (APMU_IRWC)  

Bits Name Type Reset Description

31:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 IDLE_WAKE_INTR_I
RST

R/W 0x0 Idle Wake up Interrupt Read Clear
0x0: Interrupt write 0x0 to clear

0x1: Read clear

Note: Used to determine how software clears the 
APMU_ISR[FC_ISR] interrupt status bit.

6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5 ACLK_FC_DONE_IN
TR_IRST

R/W 0x0 ACLK Frequency Change Done Interrupt Read Clear

0x0: Interrupt write 0x0 to clear

0x1: Read clear

Note: Used to determine how software clears the 
APMU_ISR[FC_ISR] interrupt status bit.

4 DCLK_FC_DONE_IN
TR_IRST

R/W 0x0 DCLK Frequency Change Done Interrupt Read Clear
0x0: Interrupt write 0x0 to clear

0x1: Read clear

Note: Used to determine how software clears the 
APMU_ISR[FC_ISR] interrupt status bit.

3 FC_DONE_INTR_IR
ST

R/W 0x0 Frequency Change Done Interrupt Read Clear
0x0: Interrupt write 0x0 to clear

0x1: Read clear

Note: Used to determine how software clears the 
APMU_ISR[FC_ISR] interrupt status bit.

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.9.22 Interrupt Status Register (APMU_ISR)
                         

Instance Name Offset
APMU_ISR 0x00A0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

ID
LE

_W
A

K
E

_I
N

T
R

_I
S

R

R
es

er
ve

d

A
C

LK
_F

C
_D

O
N

E
_I

N
T

R
_I

S
R

D
C

LK
_F

C
_D

O
N

E
_I

N
T

R
_I

S
R

F
C

_D
O

N
E

_I
N

T
R

_I
S

R

R
es

er
ve

d

F
C

_I
S

R

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ?

Table 163: Interrupt Status Register (APMU_ISR)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 IDLE_WAKE_INTR_I
SR

R/W 0x0 Idle Wake up Interrupt Status
0x1: Interrupt active

6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5 ACLK_FC_DONE_IN
TR_ISR

R/W 0x0 ACLK Frequency Change Done Interrupt Status
0x1: Interrupt active

4 DCLK_FC_DONE_IN
TR_ISR

R/W 0x0 DCLK Frequency Change Done Interrupt Status
0x1: Interrupt active

3 FC_DONE_INTR_IS
R

R/W 0x0 Frequency Change Done Interrupt Status
0x1: Interrupt active

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 FC_ISR R/W 0x0 Marvell Sheeva FC Interrupt Status

0x1: Interrupt active

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.9.23 Memory Controller Hardware Sleep Type Register 
(APMU_MC_HW_SLP_TYPE)

                         

A.9.24 Memory Controller Sleep Request Register 
(APMU_MC_SLP_REQ)

                         

Instance Name Offset
APMU_MC_HW_SLP_TYPE 0x00B0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

M
C

_H
W

_S
LP

_T
Y

P
E

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0

Table 164: Memory Controller Hardware Sleep Type Register (APMU_MC_HW_SLP_TYPE)  

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2:0 MC_HW_SLP_TYPE R/W 0x0 Memory Controller Hardware Sleep Type
Memory Controller Hardware Sleep Type during Application 
Subsystem idle mode memory controller hardware sleep type.

0x0: Self-refresh powerdown

0x1: Active powerdown

0x2: Precharge powerdown

0x3: Deep powerdown

Instance Name Offset
APMU_MC_SLP_REQ 0x00B4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

M
C

_S
LP

_A
C

K

M
C

_S
LP

_R
E

Q
_M

O
H

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0

Table 165: Memory Controller Sleep Request Register (APMU_MC_SLP_REQ)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 MC_SLP_ACK RO 0x0 Memory Controller Low Power Acknowledge
0x1: Memory Controller in Low Power mode
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A.9.25 Memory Controller Software Sleep Type Register 
(APMU_MC_SW_SLP_TYPE)

                         

0 MC_SLP_REQ_MOH R/W 0x0 Memory Controller Marvell Sheeva Sleep Request
This field is used for Marvell  Sheeva core request to the 
Memory Controller to enter into sleep mode.

0x1: Allows MC to enter into Sleep mode

Note: This is a self-clearing bit that is used by software to 
put the DDR into a low power state as defined by the 
APMU_MC_SW_SLP_TYPE. For Debug Only.  
When using software to place the DDR in self refresh 
mode, use the Memory Controller 
USER_INITIATED_COMMAND register.

Instance Name Offset
APMU_MC_SW_SLP_TYPE 0x00C0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

M
C

_S
W

_S
LP

_T
Y

P
E

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0

Table 166: Memory Controller Software Sleep Type Register (APMU_MC_SW_SLP_TYPE)  

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2:0 MC_SW_SLP_TYPE R/W 0x0 Software Controlled Sleep Type for Memory Controller
0x0: Self-refresh powerdown

0x1: Active powerdown

0x2: Precharge powerdown

0x3: Deep powerdown

Table 165: Memory Controller Sleep Request Register (APMU_MC_SLP_REQ)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.9.26 PLL Clock Select Status Register 
(APMU_PLL_SEL_STATUS)

                         

Instance Name Offset
APMU_PLL_SEL_STATUS 0x00C4
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A.9.27 Sync Mode Bypass Register 
(APMU_SYNC_MODE_BYPASS)

                         

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

A
C

LK
_P

LL
_S

E
L

D
C

LK
_P

LL
_S

E
L

P
C

LK
_P

LL
_S

E
L

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 ? ?

Table 167: PLL Clock Select Status Register (APMU_PLL_SEL_STATUS)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:6 ACLK_PLL_SEL RO 0x0 ACLK Clock PLL Select
ACLK and ACLK2  PLL Select

0x0: PLL1 (312 MHz)

Note: All other values reserved

5:4 DCLK_PLL_SEL RO 0x0 DCLK PLL Select
0x0: PLL1 (312 MHz)

0x1: PLL1 (624 MHz)

0x2: PLL2

0x3: Reference clock

3:2 PCLK_PLL_SEL RO 0x0 Marvell (RO) Sheeva(TM) Core PLL Select
0x0: PLL1 (312 MHz)

0x1: PLL1 (624 MHz)

0x2: PLL2

0x3: Reference clock

1:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
APMU_SYNC_MODE_BYPASS 0x00C8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

D
_A

_C
LK

_S
Y

N
C

_B
Y

P
A

S
S

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 ? ?
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A.9.28 GC300 2D Graphics Controller Clock/Reset Control 
Register (APMU_GC_CLK_RES_CTRL)

                         

Table 168: Sync Mode Bypass Register (APMU_SYNC_MODE_BYPASS)  

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 D_A_CLK_SYNC_BYPASS R/W 0x0 Dclk/Aclk Sync Bypass
0x1: DCLK/ACLK Sync Bypass

1:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset

APMU_GC_CLK_RES_CTRL 0x00CC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

G
C

_C
LK

_S
E

L

G
C

_A
C

LK
2_

E
N

G
C

_C
LK

_E
N

G
C

_H
C

LK
_E

N

G
C

_A
C

LK
2_

R
S

T

G
C

_R
S

T

G
C

_H
C

LK
_R

S
T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 169: GC300 2D Graphics Controller Clock/Reset Control Register 
(APMU_GC_CLK_RES_CTRL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:6 GC_CLK_SEL R/W 0x0 2D Graphics Controller Clock Select
0x0: 156 MHz

0x1: 312 MHz

0x2: PLL2

0x3: 624 MHz clock

5 GC_ACLK2_EN R/W 0x0 2D Graphics Controller AXI2 CLK Enable
0x0: ACLK2 disabled

0x1: ACLK2 enabled

4 GC_CLK_EN R/W 0x0 2D Graphics Controller Peripheral Clock Enable
0x0: Peripheral clock disabled

0x1: Peripheral clock enabled

3 GC_HCLK_EN R/W 0x0 2D Graphics Controller HCLK Enable
0x0: HCLK disabled

0x1: HCLK enabled

2 GC_ACLK2_RST R/W 0x0 2D Graphics Controller AXI2 CLK Reset
0x0: Reset
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A.9.29 Static Memory Controller Clock/Reset Control Register 
(APMU_SMC_CLK_RES_CTRL)

                         

1 GC_RST R/W 0x0 2D Graphics Controller Peripheral Reset 
0x0: Reset

0 GC_HCLK_RST R/W 0x0 2D Graphics Controller HCLK Reset

0x0: Reset

Instance Name Offset

APMU_SMC_CLK_RES_CTRL 0x00D4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

S
M

C
_C

LK
_S

E
L

R
es

er
ve

d

S
M

C
_C

LK
_E

N

S
M

C
_A

X
IC

LK
_E

N

R
es

er
ve

d

S
M

C
_R

S
T

S
M

C
_A

X
I_

R
S

T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? 1 1 ? 1 1

Table 170: Static Memory Controller Clock/Reset Control Register (APMU_SMC_CLK_RES_CTRL)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6 SMC_CLK_SEL R/W 0x0 SMC Peripheral Clock Select
0x1: 62.4 MHz

0x0: 31.2 MHz

5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 SMC_CLK_EN R/W 0x1 SMC Peripheral Clock Enable
0x0: Peripheral clock disabled

0x1: Peripheral clock enabled

3 SMC_AXICLK_EN R/W 0x1 SMC AXI Clock Enable
0x0: AXI clock disabled

0x1: AXI clock enabled

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 SMC_RST R/W 0x1 SMC Peripheral Reset
0x0: Reset

0 SMC_AXI_RST R/W 0x1 SMC AXI Reset
0x0: Reset

Table 169: GC300 2D Graphics Controller Clock/Reset Control Register 
(APMU_GC_CLK_RES_CTRL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.9.30 XD Controller Clock/Reset Control Register 
(APMU_XD_CLK_RES_CTRL)

                         

Instance Name Offset
APMU_XD_CLK_RES_CTRL 0x00DC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

X
D

_C
LK

_S
E

L

X
D

_E
C

C
_C

LK
_E

N

X
D

_C
LK

_E
N

X
D

_A
X

IC
LK

_E
N

X
D

_E
C

C
_R

E
S

X
D

_R
S

T

X
D

_A
X

I_
R

S
T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 1 1 1 1 1 1 1

Table 171: XD Controller Clock/Reset Control Register (APMU_XD_CLK_RES_CTRL)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:6 XD_CLK_SEL R/W 0x1 XD Clock Select

0x0: XD 78 MHz and XD ECC clock 156 MHz

0x1: XD clock 52 MHz and XD ECC clock 104 MHZ.,

0x2:    XD 26 MHz and XD ECC 52 MHz

5 XD_ECC_CLK_EN R/W 0x1 XD ECC Clock Enable
0x0: ECC clock disabled

0x1: ECC clock enabled

4 XD_CLK_EN R/W 0x1 XD Peripheral Clock Enable
0x0: Peripheral clock disabled

0x1: Peripheral clock enabled

3 XD_AXICLK_EN R/W 0x1 XD AXI Clock Enable
0x0: AXI clock disabled

0x1: AXI clock enabled

2 XD_ECC_RES R/W 0x1 XD ECC Reset
0x0: Reset

1 XD_RST R/W 0x1 XD Peripheral Reset
0x0: Reset

0 XD_AXI_RST R/W 0x1 XD AXI Reset
0x0: Reset
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A.9.31 CompatFlash Controller Clock/Reset Control Register 
(APMU_CF_CLK_RES_CTRL)

Instance Name Offset
APMU_CF_CLK_RES_CTRL 0x00F0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

C
F

_C
LK

_S
E

L

R
es

er
ve

d

C
F

_C
LK

_E
N

C
F

_A
X

IC
LK

_E
N

R
es

er
ve

d

C
F

_R
S

T

C
F

_A
X

I_
R

S
T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 1 ? 0 0 ? 0 0

Table 172: CompatFlash Controller Clock/Reset Control Register (APMU_CF_CLK_RES_CTRL)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:6 CF_CLK_SEL R/W 0x1 CF Clock Select
0x0: 26 MHz

0x1: 52 MHz

0x2: 78 MHz

0x3: 104 MHz

5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 CF_CLK_EN R/W 0x0 CF Peripheral Clock Enable
0x0: Peripheral clock disabled

0x1: Peripheral clock enabled

3 CF_AXICLK_EN R/W 0x0 CF AXI Clock Enable
0x0: AXI clock disabled

0x1: AXI clock enabled

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 CF_RST R/W 0x0 CF Peripheral Reset
0x0: Reset

0 CF_AXI_RST R/W 0x0 CF AXI Reset
0x0: Reset
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A.9.32 Memory Stick Pro Clock/Reset Control Register 
(APMU_MSP_CLK_RES_CTRL)

Instance Name Offset
APMU_MSP_CLK_RES_CTRL 0x00F4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

M
S

P
_C

LK
_S

E
L

R
es

er
ve

d

M
S

P
_C

LK
_E

N

M
S

P
_A

X
IC

LK
_E

N

R
es

er
ve

d

M
S

P
_R

S
T

M
S

P
_A

X
I_

R
S

T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 1 ? 0 0 ? 0 0

Table 173: Memory Stick Pro Clock/Reset Control Register (APMU_MSP_CLK_RES_CTRL)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:6 MSP_CLK_SEL R/W 0x1 MSP Clock Select
0x0: 19.5 MHz

0x1: 39 MHz

0x2: Reserved

0x3: Reserved

5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 MSP_CLK_EN R/W 0x0 MSP Peripheral Clock Enable
0x0: Peripheral clock disabled

0x1: Peripheral clock enabled

3 MSP_AXICLK_EN R/W 0x0 MSP AXI Clock Enable
0x0: AXI clock disabled

0x1: AXI clock enabled

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 MSP_RST R/W 0x0 MSP Peripheral Reset
0x0: Reset

0 MSP_AXI_RST R/W 0x0 MSP AXI Reset
0x0: Reset
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A.9.33 CMU Clock/Reset Control Register 
(PMUA_CMU_CLK_RES_CTRL)

Instance Name Offset
PMUA_CMU_CLK_RES_CTRL 0x00F8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

C
M

U
_A

C
LK

2_
E

N

C
M

U
_C

LK
_E

N

C
M

U
_H

C
LK

_E
N

C
M

U
_A

C
LK

2_
R

S
T

C
M

U
_R

S
T

C
M

U
_H

C
LK

_R
S

T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0

Table 174: CMU Clock/Reset Control Register (PMUA_CMU_CLK_RES_CTRL)  

Bits Name Type Reset Description

31:6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5 CMU_ACLK2_EN R/W 0x0 CMU AXI2 CLK Enable

0x0: ACLK2 disabled

0x1: ACLK2 enabled

4 CMU_CLK_EN R/W 0x0 CMU Peripheral Clock Enable
0x0: Disabled

0x1: Enabled

3 CMU_HCLK_EN R/W 0x0 CMU HCLK Enable

0x0: HCLK disabled

0x1: HCLK enabled

2 CMU_ACLK2_RST R/W 0x0 CMU AXI2 CLK Reset
0x0: Reset

1 CMU_RST R/W 0x0 CMU Peripheral Reset
0x0: Reset

0 CMU_HCLK_RST R/W 0x0 CMU HCLK Reset
0x0: Reset
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A.9.34 FE Clock/Reset Control Register 
(APMU_FE_CLK_RES_CTRL)

A.9.35 PCIe Clock/Reset Control Register 
(APMU_PCIE_CLK_RES_CTRL)
This register manages power, core, sticky, and non-sticky resets for the Clock/Control registers

Instance Name Offset
APMU_FE_CLK_RES_CTRL 0x00FC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
E

_H
C

LK
_E

N

R
es

er
ve

d

F
E

_H
C

LK
_R

S
T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? ? 0

Table 175: FE Clock/Reset Control Register (APMU_FE_CLK_RES_CTRL)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 FE_HCLK_EN R/W 0x0 FE HCLK Enable
0x0: HCLK disabled

0x1: HCLK enabled

2:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 FE_HCLK_RST R/W 0x0 FE HCLK Reset
0x0: Reset

Instance Name Offset

PMUA_PCIE_CLK_RES_CTRL 0x100

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

P
C

IE
_P

W
R

_R
S

T

P
C

IE
_C

O
R

E
_R

S
T

P
C

IE
_S

T
IC

K
Y

_R
S

T

P
C

IE
_N

_S
T
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K

Y
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T
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C

IE
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C
LK
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E

N
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C

IE
_A

C
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_E
N

P
C
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A

C
LK

2_
R

S
T

P
C

IE
_A

C
LK

_R
S

T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 176: PCIe Clock/Reset Control Register (APMU_PCIE_CLK_RES_CTRL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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7 PCIE_PWR_RST R/W 0x0 PCIE Power Reset
Reset is the power-on reset of the PCIE. Will not be 
released until 400 microseconds after reference clock and 
this bit have been set

6 PCIE_CORE_RST R/W 0x0 PCIE Core Reset
Reset to the remainder of the PCIE RC core except the 
power management logic and some registers

5 PCIE_STICKY_RST R/W 0x0 PCIe Sticky Reset
Sticky reset to the PCIE registers

4 PCIE_N_STICKY_RST R/W 0x0 PCIE Non-Sticky Reset
Reset to PCIE Register bit

3 PCIE_ACLK2_EN R/W 0x0 PCIE AXI2 CLK Enable
1=ACLK enabled
0=ACLK disabled

2 PCIE_ACLK_EN R/W 0x0 PCIE ACLK Enable
1=ACLK enabled
0=ACLK disabled

1 PCI_ACLK2_RST R/W 0x0 PCIE AXI2 CLK reset
0x0:  ACLK2 in reset

0 PCIE_ACLK_RST R/W 0x0 PCIE ACLK reset
0x0:  ACLK in reset

Table 176: PCIe Clock/Reset Control Register (APMU_PCIE_CLK_RES_CTRL)  (Sheet 2 of 2)

Bits Name Type Reset Description
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-176



ARMADA 16x Applications Processor Family Register Tables
A.9.36 EPD Clock Reset Control Register 
(APMU_EPD_CLK_RES_CTRL)
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-177



ARMADA 16x Applications Processor Family Register Tables
Instance Name Offset
APMU_EPD_CLK_RES_CTRL 0x0104

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

E
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P
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P
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P
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R
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T

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Table 177: EPD Clock Reset Control Register (APMU_EPD_CLK_RES_CTRL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:12 Reserved RSVD 0x00000 Reserved. Always write 0. Ignore read value.

11 EPD_CACTIVE RO 0x0 EPD CACTIVE
Status bit from the EPDC that shows the CACTIVE state for 
possible EPD_ACLK gating.
(if EPD_FCN_CG_CTRL=0)

0x0: EPD AXI clock enabled

0x1: EPD AXI clock disabled

10 EPD_RDY_TO_SLP RO 0x0 EPD Ready for Sleep
Status bit from the EPDC that shows the HW wants to gate 
EPD_CLK
(if EPD_FCN_CG_CTRL=0)

0x0: EPD Core clock enabled

0x1: EPD core clock disabled

9 EPD_FCN_CG_CTR
L

R/W 0x1 EPD Functional Clock Gate Control
0x0: HW Controls Pixel clock gate enable

0x1: SW controls pixel clock gate enable

8 EPD_FREE_AXICLK
_RST

R/W 0x0 EPD AXI free Clock Reset (ACLK2)
0x0: Reset

Note: To be out of reset unless the EPDC is not in use.

7 EPD_FREE_AXICLK
_EN

R/W 0x0 EPD AXI Free Clock Enable (ACLK2)
0x0: AXI Disabled

0x1: AXI Enabled

Note: This clock is to be free running unless the EPDC is 
not in use.

6 EPD_CLK_SEL R/W 0x0 EPD Core Clock Select

0x0: 624 MHz

0x1: 312 MHz

5 EPD_AXICLK_EN R/W 0x0 EPD AXIClock Enable (ACLK2)
(if EPD_FCN_CG_CTRL=1)

0x0: EPD AXI Clock disabled

0x1: EPD AXI Clock Enabled
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4 EPD_CLK_EN R/W 0x0 EPD Core Clock Enable
(if EPD_FCN_CG_CTRL=1)

0x0: EPD Core Clock disabled

0x1: EPD Core Clock Enabled

3 EPD_HCLK_EN R/W 0x0 EPD HCLK Enable (ACLK2)
(if EPD_FCN_CG_CTRL=1)

0x0: EPD HCLK Clock disabled

0x1: EPD HCLK Clock Enabled

2 EPD_AXICLK_RST R/W 0x0 EPD AXI Reset
0x0: Reset

1 EPD_RST R/W 0x0 EPD Unit/Peripheral Reset
0x0: Reset

0 EPD_HCLK_RST R/W 0x0 EPD HCLK Reset

0x0: Reset

Table 177: EPD Clock Reset Control Register (APMU_EPD_CLK_RES_CTRL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.10 APB1 Peripheral Clock Control (APB1_Clock)
Base Address: 0xD401_5000

A.10.1 UART 1 Clock/Reset Control Register 
(APBC_UART1_CLK_RST)

Table 178:  APB1 Clock Register Summary 

Offset Name Description Details

0x0000 APBC_UART1_CLK_RST UART 1 Clock/Reset Control Register Page: A-180

0x0004 APBC_UART2_CLK_RST UART2 Clock/Reset Control Register Page: A-182

0x0008 APBC_GPIO_CLK_RST GPIO Clock/Reset Control Register Page: A-183

0x000C APBC_PWM1_CLK_RST PWM1 Clock/Reset Control Register Page: A-183

0x0010 APBC_PWM2_CLK_RST PWM2 Clock/Reset Control Register Page: A-184

0x0014 APBC_PWM3_CLK_RST PWM3 Clock/Reset Control Register Page: A-185

0x0018 APBC_PWM4_CLK_RST PWM4 Clock/Reset Control Register Page: A-186

0x0028 APBC_RTC_CLK_RST RTC Clock/Reset Control Register Page: A-187

0x002C APBC_TWSI0_CLK_RST TWSI0 Clock/Reset Control Register Page: A-188

0x0030 APBC_KPC_CLK_RST Keypad Controller Clock/Reset Control Register Page: A-190

0x0034 APBC_TIMERS_CLK_RST Timers Clock/Reset Control Register Page: A-190

0x003C APBC_AIB_CLK_RST AIB Clock/Reset Control Register  Page: A-192

0x0040 APBC_SW_JTAG_CLK_RST Software emulated JTAG Clock/Reset Control Register Page: A-193

0x0048 APBC_ONEWIRE_CLK_RST OneWire Clock/Reset Control Register Page: A-193

0x006C APBC_PWR_TWSI_CLK_RST PWR_TWSI Clock/Reset Control Register Page: A-189

0x0070 APBC_UART3_CLK_RST UART3 Clock/Reset Control Register Page: A-194

0x0084 APBC_AC97_CLK_RST AC97 Clock/Reset Control Register Page: A-195

Instance Name Offset
APBC_UART1_CLK_RST 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
N

C
LK

S
E

L

R
es

er
ve

d

R
S

T

F
N

C
LK

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? 1 0 0

Table 179: UART 1 Clock/Reset Control Register (APBC_UART1_CLK_RST)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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6:4 FNCLKSEL R/W 0x0 Functional Clock Select
0x0: 58.5 MHz

0x1: Slow UART (default = 14.7456 MHz)

All other values = No clock
NOTE: Refer to Section 10.7.2, Slow UART Clock Divider 

Programming in the Clocks and Power 
Management Chapter for more information on 
programming the Slow UART frequency.

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 UART 1 Reset Generation
This field resets both APB and Functional domains

0x0: No reset

0x1: Reset

1 FNCLK R/W 0x0 UART 1 Functional Clock Enable/Disable
0x0: Clock off

0x1: Clock on

0 APBCLK R/W 0x0 UART 1 APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on

Table 179: UART 1 Clock/Reset Control Register (APBC_UART1_CLK_RST)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.10.2 UART2 Clock/Reset Control Register 
(APBC_UART2_CLK_RST)

Instance Name Offset
APBC_UART2_CLK_RST 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
N

C
LK

S
E

L

R
es

er
ve

d

R
S

T

F
N

C
LK

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? 1 0 0

Table 180: UART2 Clock/Reset Control Register (APBC_UART2_CLK_RST)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:4 FNCLKSEL R/W 0x0 Functional Clock Select
0x0: 58.5 MHz

0x1: Slow UART (default = 14.7456 MHz)

All other values = No clock
NOTE: Refer to Section 10.7.2, Slow UART Clock Divider 

Programming in the Clocks and Power 
Management Chapter for more information on 
programming the Slow UART frequency.

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 UART 2 Reset Generation
This field resets both APB and Functional domains.

0x0: No Reset

0x1: Reset

1 FNCLK R/W 0x0 UART 2 Functional Clock Enable/Disable
0x0: Clock off

0x1: Clock on

0 APBCLK R/W 0x0 UART 2 APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-182



ARMADA 16x Applications Processor Family Register Tables
A.10.3 GPIO Clock/Reset Control Register 
(APBC_GPIO_CLK_RST)

A.10.4 PWM1 Clock/Reset Control Register 
(APBC_PWM1_CLK_RST)

Instance Name Offset
APBC_GPIO_CLK_RST 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

R
S

T

R
es

er
ve

d

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 ? 0

Table 181: GPIO Clock/Reset Control Register (APBC_GPIO_CLK_RST)  

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 GPIO Reset Generation
This field resets both APB and Functional domain

0x0: No Reset

0x1: Reset

1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 APBCLK R/W 0x0 GPIO APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on

Instance Name Offset

APBC_PWM1_CLK_RST 0x000C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
N

C
LK

S
E

L

R
es

er
ve

d

R
S

T

F
N

C
LK

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? 1 0 0

Table 182: PWM1 Clock/Reset Control Register (APBC_PWM1_CLK_RST)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:4 FNCLKSEL R/W 0x0 Functional Clock Select
0x0: 13 MHz

0x1: 32 kHz

All other values = No clock

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.10.5 PWM2 Clock/Reset Control Register 
(APBC_PWM2_CLK_RST)

2 RST R/W 0x1 PWM1 and PWM2 Reset Generation
This field resets both APB and Functional domain for 
PWM1 and PWM2

0x0: No Reset

0x1: Reset

1 FNCLK R/W 0x0 PWM Functional Clock Enable/Disable
0x0: Clock off

0x1: Clock on

0 APBCLK R/W 0x0 PWM1 and PWM2 APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on

Instance Name Offset
APBC_PWM2_CLK_RST 0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
N

C
LK

S
E

L

R
es

er
ve

d

F
N

C
LK

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? 1 0 0

Table 183: PWM2 Clock/Reset Control Register (APBC_PWM2_CLK_RST)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:4 FNCLKSEL R/W 0x0 Functional Clock Select
0x0: 13 MHz

0x1: 32 kHz

All other values = No clock

3:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 FNCLK R/W 0x0 PWM2 Functional Clock Enable/Disable
0x0: Clock off

0x1: Clock on

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 182: PWM1 Clock/Reset Control Register (APBC_PWM1_CLK_RST)  (Sheet 2 of 2)

Bits Name Type Reset Description
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-184



ARMADA 16x Applications Processor Family Register Tables
A.10.6 PWM3 Clock/Reset Control Register 
(APBC_PWM3_CLK_RST)

Instance Name Offset
APBC_PWM3_CLK_RST 0x0014

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
N

C
LK

S
E

L

R
es

er
ve

d

F
N

C
LK

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? 1 0 0

Table 184: PWM3 Clock/Reset Control Register (APBC_PWM3_CLK_RST)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:4 FNCLKSEL R/W 0x0 Functional Clock Select
0x0: 13 MHz

0x1: 32 kHz

All other values = No clock

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 PWM3 Reset Generation
This field resets both APB and Functional domain for 
PWM3 and PWM4

0x0: No Reset

0x1: Reset

1 FNCLK R/W 0x0 PWM3 Functional Clock Enable/Disable
0x0: Clock off

0x1: Clock on

0 APBCLK R/W 0x0 PWM3 and PWM4 APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on
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A.10.7 PWM4 Clock/Reset Control Register 
(APBC_PWM4_CLK_RST)

Instance Name Offset
APBC_PWM4_CLK_RST 0x0018

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
N

C
LK

S
E

L

R
es

er
ve

d

R
S

T

F
N

C
LK

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? 1 0 0

Table 185: PWM4 Clock/Reset Control Register (APBC_PWM4_CLK_RST)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:4 FNCLKSEL R/W 0x0 Functional Clock Select
0x0: 13 MHz

0x1: 32 kHz

All other values = No clock

3:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 FNCLK R/W 0x0 PWM4 Functional Clock Enable/Disable
0x0: Clock off

0x1: Clock on

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.10.8 RTC Clock/Reset Control Register (APBC_RTC_CLK_RST)

Instance Name Offset
APBC_RTC_CLK_RST 0x0028

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

P
M

_P
O

W
E

R
_S

E
N

S
O

R

F
N

C
LK

S
E

L

R
es

er
ve

d

R
S

T

F
N

C
LK

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? 1 0 0

Table 186: RTC Clock/Reset Control Register (APBC_RTC_CLK_RST)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 PM_POWER_SENS
OR

R/W 0x0 Power Enabled bit
This bit enables the register read/writes for the RTC module 
by indicating power enable. Set this bit to 0x1 before 
enabling RTC operations.

6:4 FNCLKSEL R/W 0x0 Functional Clock Select
0x0: 32 kHz

All other values = No clock

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 RTC Reset Generation
This field resets both APB and Functional domain

0x0: No Reset

0x1: Reset

1 FNCLK R/W 0x0 RTC Functional Clock Enable/Disable

0x0: Clock off

0x1: Clock on

0 APBCLK R/W 0x0 RTC APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on
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A.10.9 TWSI0 Clock/Reset Control Register 
(APBC_TWSI0_CLK_RST)

Instance Name Offset
APBC_TWSI0_CLK_RST 0x002C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
N

C
LK

S
E

L

R
es

er
ve

d

R
S

T

F
N

C
LK

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? 1 0 0

Table 187: TWSI0 Clock/Reset Control Register (APBC_TWSI0_CLK_RST)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:4 FNCLKSEL R/W 0x0 Functional Clock Select
0x0: 31.2 MHz

0x2: 62.4 MHz

Note: All other values are reserved

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 TWSI0 Reset Generation
This field resets both APB and Functional domain

0x0: No Reset

0x1: Reset

1 FNCLK R/W 0x0 TWSI0 Functional Clock Enable/Disable
0x0: Clock off

0x1: Clock on

0 APBCLK R/W 0x0 TWSI0 APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on
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A.10.10 PWR_TWSI Clock/Reset Control Register 
(APBC_PWR_TWSI_CLK_RST)

Instance Name Offset
APBC_PWR_TWSI_CLK_RST 0x006C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
N

C
LK

S
E

L

R
es

er
ve

d

R
S

T

F
N

C
LK

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? 1 0 0

Table 188: PWR_TWSI Clock/Reset Control Register (APBC_PWR_TWSI_CLK_RST)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:4 FNCLKSEL R/W 0x0 Functional Clock Select
0x0: 31.2 MHz

0x2:    62.4 MHz 

Note: All other values are reserved

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 TWSI5 Reset Generation
This field resets both APB and Functional domain.

0x0: No Reset

0x1: Reset

1 FNCLK R/W 0x0 TWSI5 Functional Clock Enable/Disable
0x0: Clock off

0x1: Clock on

0 APBCLK R/W 0x0 TWSI5 APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on
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A.10.11 Keypad Controller Clock/Reset Control Register 
(APBC_KPC_CLK_RST)

A.10.12 Timers Clock/Reset Control Register 
(APBC_TIMERS_CLK_RST)

Instance Name Offset
APBC_KPC_CLK_RST 0x0030

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
N

C
LK

S
E

L

R
es

er
ve

d

R
S

T

F
N

C
LK

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? 1 0 0

Table 189: Keypad Controller Clock/Reset Control Register (APBC_KPC_CLK_RST)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:4 FNCLKSEL R/W 0x0 Functional Clock Select
0x0: 32 kHz

0x1: 16 kHz

0x2: 26 MHz

All other values = No clock

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 Keypad Controller Reset Generation
This field resets both APB and Functional domain

0x0: No Reset

0x1: Reset

1 FNCLK R/W 0x0 Keypad Controller Functional Clock Enable/Disable
0x0: Clock off

0x1: Clock on

0 APBCLK R/W 0x0 Keypad Controller APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on

Instance Name Offset
APBC_TIMERS_CLK_RST 0x0034

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
N

C
LK

S
E

L

R
es

er
ve

d

R
S

T

F
N

C
LK

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? 1 0 0
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Table 190: Timers Clock/Reset Control Register (APBC_TIMERS_CLK_RST)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:4 FNCLKSEL R/W 0x0 Functional Clock Select
0x0: 13 MHz

0x1: 32 kHz

0x2: 6.5 MHz

0x3: 3.25 MHz

0x4: 1 MHz

All other values = No clock

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 Timers Reset Generation
This field resets both APB and Functional domain

0x0: No Reset

0x1: Reset

1 FNCLK R/W 0x0 Timers Functional Clock Enable/Disable
0x0: Clock off

0x1: Clock on

0 APBCLK R/W 0x0 Timers APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on
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A.10.13 AIB Clock/Reset Control Register (APBC_AIB_CLK_RST)
APBC_AIB_CLK_RST must be programmed to take the AIB interface out of reset and enable the 
clocks prior to accessing Multi-Function Pin or Room Temperature Sensor Registers.

Instance Name Offset
APBC_AIB_CLK_RST 0x003C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

R
S

T

R
es

er
ve

d

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? 1 0 0

Table 191: AIB Clock/Reset Control Register (APBC_AIB_CLK_RST)  

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 AIB Reset Generation
This field resets both APB and Functional domain

0x0: No Reset

0x1: Reset

1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 APBCLK R/W 0x0 AIB APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on
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A.10.14 Software emulated JTAG Clock/Reset Control Register 
(APBC_SW_JTAG_CLK_RST)

A.10.15 OneWire Clock/Reset Control Register 
(APBC_ONEWIRE_CLK_RST)

Instance Name Offset
APBC_SW_JTAG_CLK_RST 0x0040

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

R
S

T

R
es

er
ve

d

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? 1 0 0

Table 192: Software emulated JTAG Clock/Reset Control Register (APBC_SW_JTAG_CLK_RST)  

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 SW_JTAG Reset Generation
This field resets both APB and Functional domain

0x0: No Reset

0x1: Reset

1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 APBCLK R/W 0x0 SW_JTAG APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on

Instance Name Offset

APBC_ONEWIRE_CLK_RST 0x0048

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

R
S

T

R
es

er
ve

d

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? 1 0 0

Table 193: OneWire Clock/Reset Control Register (APBC_ONEWIRE_CLK_RST)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 Onewire Reset Generation
This field resets both APB and Functional domain

0x0: No Reset

0x1: Reset

1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.10.16 UART3 Clock/Reset Control Register 
(APBC_UART3_CLK_RST)

0 APBCLK R/W 0x0 Onewire APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on

Instance Name Offset
APBC_UART3_CLK_RST 0x0070

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
N

C
LK

S
E

L

R
es

er
ve

d

R
S

T

F
N

C
LK

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? 1 0 0

Table 194: UART3 Clock/Reset Control Register (APBC_UART3_CLK_RST)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:4 FNCLKSEL R/W 0x0 Functional Clock Select
0x0: 58.5 MHz

0x1: 14.7456 MHz

All other values = No clock

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 UART3 Reset Generation
This field resets both APB and Functional domains

0x0: No Reset

0x1: Reset

1 FNCLK R/W 0x0 UART3 Functional Clock Enable/Disable
0x0: Clock off

0x1: Clock on

0 APBCLK R/W 0x0 UART3 APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on

Table 193: OneWire Clock/Reset Control Register (APBC_ONEWIRE_CLK_RST)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.10.17 AC97 Clock/Reset Control Register 
(APBC_AC97_CLK_RST)

Instance Name Offset
APBC_AC97_CLK_RST 0x0084

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
N

C
LK

S
E

L

R
es

er
ve

d

R
S

T

F
N

C
LK

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? 1 0 0

Table 195: AC97 Clock/Reset Control Register (APBC_AC97_CLK_RST)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:4 FNCLKSEL R/W 0x0 Functional Clock Select
0x0: AC97 bitclk

All other values = No clock

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 AC97 Reset Generation
This field resets both APB and Functional domain

0x0: No Reset

0x1: Reset

1 FNCLK R/W 0x0 AC97 Functional Clock Enable/Disable

0x0: Clock off

0x1: Clock on

0 APBCLK R/W 0x0 AC97 APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on
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A.11 APB2 Peripheral Clock Control (APB2_Clock)
Base Address: 0xD401_5800

A.11.1 SSP1 Clock/Reset Control Register 
(APBC_SSP1_CLK_RST)

Table 196:  APB2 Clock Register Summary 

Offset Name Description Details

0x001C APBC_SSP1_CLK_RST SSP1 Clock/Reset Control Register Page: A-196

0x0020 APBC_SSP2_CLK_RST SSP2 Clock/Reset Control Register Page: A-197

0x004C APBC_SSP3_CLK_RST SSP3 Clock/Reset Control Register Page: A-198

0x0058 APBC_SSP4_CLK_RST SSP4 Clock/Reset Control Register Page: A-199

0x005C APBC_SSP5_CLK_RST SSP5 Clock/Reset Control Register Page: A-200

Instance Name Offset
APBC_SSP1_CLK_RST 0x001C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
Reserved

 

F
N

C
LK

S
E

L

R
es

er
ve

d

R
S

T

F
N

C
LK

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? 1 0 0

Table 197: SSP1 Clock/Reset Control Register (APBC_SSP1_CLK_RST)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:4 FNCLKSEL R/W 0x0 Functional Clock Select

0x0: 6.5 MHz

0x1: 13 MHz

0x2: 26 MHz

0x3: 52 MHz

0x4: Programmable SSPx_CLK

0x5: 1 MHz

0x6: 500 kHz

0x7: Reserved

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 SSP1 Reset Generation
This field resets both APB and Functional domain

0x0: No Reset

0x1: Reset

1 FNCLK R/W 0x0 SSP1 Functional Clock Enable/Disable
0x0: Clock off

0x1: Clock on
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A.11.2 SSP2 Clock/Reset Control Register 
(APBC_SSP2_CLK_RST)

0 APBCLK R/W 0x0 SSP1 APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on

Instance Name Offset
APBC_SSP2_CLK_RST 0x0020

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
Reserved

 

F
N

C
LK

S
E

L

R
es

er
ve

d

R
S

T

F
N

C
LK

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? 1 0 0

Table 198: SSP2 Clock/Reset Control Register (APBC_SSP2_CLK_RST)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:4 FNCLKSEL R/W 0x0 Functional Clock Select
0x0: 6.5 MHz

0x1: 13 MHz

0x2: 26 MHz

0x3: 52 MHz

0x4: Programmable SSPx_CLK

0x5: 1 MHz

0x6: 500 kHz

0x7: Reserved

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 SSP2 Reset Generation
This field resets both APB and Functional domain

0x0: No Reset

0x1: Reset

1 FNCLK R/W 0x0 SSP2 Functional Clock Enable/Disable

0x0: Clock off

0x1: Clock on

0 APBCLK R/W 0x0 SSP2 APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on

Table 197: SSP1 Clock/Reset Control Register (APBC_SSP1_CLK_RST)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.11.3 SSP3 Clock/Reset Control Register 
(APBC_SSP3_CLK_RST)

Instance Name Offset
APBC_SSP3_CLK_RST 0x004C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
Reserved

 

F
N

C
LK

S
E

L

R
es

er
ve

d

R
S

T

F
N

C
LK

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? 1 0 0

Table 199: SSP3 Clock/Reset Control Register (APBC_SSP3_CLK_RST)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:4 FNCLKSEL R/W 0x0 Functional Clock Select
0x0: 6.5 MHz

0x1: 13 MHz

0x2: 26 MHz

0x3: 52 MHz

0x4: Programmable SSPx_CLK

0x5: 1 MHz

0x6: 500 kHz

0x7: Reserved

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 SSP3 Reset Generation
This field resets both APB and Functional domain

0x0: No Reset

0x1: Reset

1 FNCLK R/W 0x0 SSP3 Functional Clock Enable/Disable

0x0: Clock off

0x1: Clock on

0 APBCLK R/W 0x0 SSP3 APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on
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A.11.4 SSP4 Clock/Reset Control Register 
(APBC_SSP4_CLK_RST)

Instance Name Offset
APBC_SSP4_CLK_RST 0x0058

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
Reserved

 

F
N

C
LK

S
E

L

R
es

er
ve

d

R
S

T

F
N

C
LK

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? 1 0 0

Table 200: SSP4 Clock/Reset Control Register (APBC_SSP4_CLK_RST)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:4 FNCLKSEL R/W 0x0 Functional Clock Select
0x0: 6.5 MHz

0x1: 13 MHz

0x2: 26 MHz

0x3: 52 MHz

0x4: Programmable SSPx_CLK

0x5: 1 MHz

0x6: 500 kHz

0x7: Reserved

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 SSP4 Reset Generation
This field resets both APB and Functional domain

0x0: No Reset

0x1: Reset

1 FNCLK R/W 0x0 SSP4 Functional Clock Enable/Disable

0x0: Clock off

0x1: Clock on

0 APBCLK R/W 0x0 SSP4 APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on
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A.11.5 SSP5 Clock/Reset Control Register 
(APBC_SSP5_CLK_RST)

Instance Name Offset
APBC_SSP5_CLK_RST 0x005C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
Reserved

 

F
N

C
LK

S
E

L

R
es

er
ve

d

R
S

T

F
N

C
LK

A
P

B
C

LK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? 1 0 0

Table 201: SSP5 Clock/Reset Control Register (APBC_SSP5_CLK_RST)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:4 FNCLKSEL R/W 0x0 Functional Clock Select
0x0: 6.5 MHz

0x1: 13 MHz

0x2: 26 MHz

0x3: 52 MHz

0x4: Programmable SSPx_CLK

0x5: 1 MHz

0x6: 500 kHz

0x7: Reserved

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RST R/W 0x1 SSP5 Reset Generation
This field resets both APB and Functional domain

0x0: No Reset

0x1: Reset

1 FNCLK R/W 0x0 SSP5 Functional Clock Enable/Disable

0x0: Clock off

0x1: Clock on

0 APBCLK R/W 0x0 SSP5 APB Bus Clock Enable/Disable
0x0: Clock off

0x1: Clock on
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A.12 AXI Fabric (AXIFab)
Base Address: 0xD421_0000

Table 202:  AXI Fabric Register Summary 

Offset Name Description Details

0x0220 FAB_TIMEOUT AXI Fabric Time-Out Register Page: A-202

0x0240 FAB_TIMOUT_STATUS AXI Fabric Time-Out Status Register Page: A-202

0x0408 FAB_0_ARB_CTRL_READ_0 Sub-fabric 0 Master Port 0 Read Arbitration Control Register Page: A-204

0x040C FAB_0_ARB_CTRL_WRITE_0 Sub-fabric 0 Master Port 0 Write Arbitration Control Register Page: A-204

0x0428 FAB_0_ARB_CTRL_READ_1 Sub-fabric 0 Master Port 1 Read Arbitration Control Register Page: A-205

0x042C FAB_0_ARB_CTRL_WRITE_1 Sub-fabric 0 Master Port 1 Write Arbitration Control Register Page: A-206

0x0448 FAB_0_ARB_CTRL_READ_2 Sub-fabric 0 Master Port 2 Read Arbitration Control Register Page: A-206

0x044C FAB_0_ARB_CTRL_WRITE_2 Sub-fabric 0 Master Port 2 Write Arbitration Control Register Page: A-207

0x0468 FAB_0_ARB_CTRL_READ_3 Sub-fabric 0 Master Port 3 Read Arbitration Control Register Page: A-207

0x046C FAB_0_ARB_CTRL_WRITE_3 Sub-fabric 0 Master Port 3 Write Arbitration Control Register Page: A-208

0x0488 FAB_0_ARB_CTRL_READ_4 Sub-fabric 0 Master Port 4 Read Arbitration Control Register Page: A-209

0x048C FAB_0_ARB_CTRL_WRITE_4 Sub-fabric 0 Master Port 4 Write Arbitration Control Register Page: A-210

0x1408 FAB_1_ARB_CTRL_READ_0 Sub-fabric 1 Master Port 0 Read Arbitration Control Register Page: A-210

0x140C FAB_1_ARB_CTRL_WRITE_0 Sub-fabric 1 Master Port 0 Write Arbitration Control Register Page: A-211

0x1428 FAB_1_ARB_CTRL_READ_1 Sub-fabric 1 Master Port 1 Read Arbitration Control Register Page: A-212

0x142C FAB_1_ARB_CTRL_WRITE_1 Sub-fabric 1 Master Port 1 Write Arbitration Control Register Page: A-212

0x2408 FAB_2_ARB_CTRL_READ_0 Sub-fabric 2 Master Port 0 Read Arbitration Control Register Page: A-213

0x240C FAB_2_ARB_CTRL_WRITE_0 Sub-fabric 2 Master Port 0 Write Arbitration Control Register Page: A-214

0x2428 FAB_2_ARB_CTRL_READ_1 Sub-fabric 2 Master Port 1 Read Arbitration Control Register Page: A-214

0x242C FAB_2_ARB_CTRL_WRITE_1 Sub-fabric 2 Master Port 1 Write Arbitration Control Register Page: A-215

0x3408 FAB_3_ARB_CTRL_READ_0 Sub-fabric 3 Master Port 0 Read Arbitration Control Register Page: A-216

0x340C FAB_3_ARB_CTRL_WRITE_0 Sub-fabric 3 Master Port 0 Write Arbitration Control Register Page: A-216

0x3428 FAB_3_ARB_CTRL_READ_1 Sub-fabric 3 Master Port 1 Read Arbitration Control Register Page: A-217

0x342C FAB_3_ARB_CTRL_WRITE_1 Sub-fabric 3 Master Port 1 Write Arbitration Control Register Page: A-217
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A.12.1 AXI Fabric Time-Out Register (FAB_TIMEOUT)
This register stores the time-out value for the main AXI fabric in the Application Subsystem. An 
interrupt is asserted when a pending request is present in the AXI fabric, and the pending time is 
greater than the time-out value. The interrupt can be de-asserted by writing 0 into this register. The 
default time-out value is 0xC000. One unit is one AXI clock cycle on the slow AXI clock. The timeout 
mechanism is approximate. The actual timeout period may be up to three times the programmed 
value.

A.12.2 AXI Fabric Time-Out Status Register 
(FAB_TIMOUT_STATUS)
This register holds time-out status for each port. When a Read or Write time out occurs on a port, the 
corresponding Status bit is set to 1, which causes a fabric time-out interrupt to be triggered. Writing 
a 0 to the Fabric Time Out Register (offset 0x220) simultaneously clears the interrupt and all the 
Status bits in this register.

Instance Name Offset
FAB_TIMEOUT 0x0220

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved BIT_SAMPL

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 203: AXI Fabric Time-Out Register (FAB_TIMEOUT)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:0 BIT_SAMPL R/W 0xC000 Time-out Value
This field indicates the time-out value for all ports on the 
AXI fabrics. The unit is one AXI clock cycle.

Instance Name Offset
FAB_TIMOUT_STATUS 0x0240

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 204: AXI Fabric Time-Out Status Register (FAB_TIMOUT_STATUS)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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19 STATUS_MAST_PORT9_RD RO 0x0 Status Master Port 9 Write
Status of pending read when timeout occurs

18 STATUS_MAST_PORT9_WR RO 0x0 Status Master Port 9 Read
Status of pending write when timeout occurs

17 STATUS_MAST_PORT8_RD RO 0x0 Status Master Port 8 Write
Status of pending read when timeout occurs

16 STATUS_MAST_PORT8_WR RO 0x0 Status Master Port 8 Read
Status of pending write when timeout occurs

15 STATUS_MAST_PORT7_RD RO 0x0 Status Master Port 7 Write
Status of pending read when timeout occurs

14 STATUS_MAST_PORT7_WR RO 0x0 Status Master Port 7 Read
Status of pending write when timeout occurs

13 STATUS_MAST_PORT6_RD RO 0x0 Status Master Port 6 Write
Status of pending read when timeout occurs

12 STATUS_MAST_PORT6_WR RO 0x0 Status Master Port 6 Read
Status of pending write when timeout occurs

11 STATUS_MAST_PORT5_RD RO 0x0 Status Master Port 5 Write
Status of pending read when timeout occurs

10 STATUS_MAST_PORT5_WR RO 0x0 Status Master Port 5 Read
Status of pending write when timeout occurs

9 STATUS_MAST_PORT4_RD RO 0x0 Status Master Port 4 Write
Status of pending read when timeout occurs

8 STATUS_MAST_PORT4_WR RO 0x0 Status Master Port 4 Read
Status of pending write when timeout occurs

7 STATUS_MAST_PORT3_RD RO 0x0 Status Master Port 3 Write
Status of pending read when timeout occurs

6 STATUS_MAST_PORT3_WR RO 0x0 Status Master Port 3 Read
Status of pending write when timeout occurs

5 STATUS_MAST_PORT2_RD RO 0x0 Status Master Port 2 Write
Status of pending read when timeout occurs

4 STATUS_MAST_PORT2_WR RO 0x0 Status Master Port 2 Read
Status of pending write when timeout occurs

3 STATUS_MAST_PORT1_RD RO 0x0 Status Master Port 1 Write
Status of pending read when timeout occurs

2 STATUS_MAST_PORT1_WR RO 0x0 Status Master Port 1 Read
Status of pending write when timeout occurs

1 STATUS_MAST_PORT0_RD RO 0x0 Status Master Port 0 Write
Status of pending read when timeout occurs

0 STATUS_MAST_PORT0_WR RO 0x0 Status Master Port 0 Read
Status of pending write when timeout occurs

Table 204: AXI Fabric Time-Out Status Register (FAB_TIMOUT_STATUS)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.12.3 Sub-fabric 0 Master Port 0 Read Arbitration Control 
Register (FAB_0_ARB_CTRL_READ_0)

A.12.4 Sub-fabric 0 Master Port 0 Write Arbitration Control 
Register (FAB_0_ARB_CTRL_WRITE_0)

Instance Name Offset
FAB_0_ARB_CTRL_READ_0 0x0408

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field READ_SN_ID_0 Reserved READ_PRI_VAL_0 READ_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 205: Sub-fabric 0 Master Port 0 Read Arbitration Control Register 
(FAB_0_ARB_CTRL_READ_0)  

Bits Name Type Reset Description

31:24 READ_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 READ_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.

7:0 READ_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed

Instance Name Offset
FAB_0_ARB_CTRL_WRITE_0 0x040C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field WRITE_SN_ID_0 Reserved WRITE_PRI_VAL_0 WRITE_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 206: Sub-fabric 0 Master Port 0 Write Arbitration Control Register 
(FAB_0_ARB_CTRL_WRITE_0)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 WRITE_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 WRITE_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.
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A.12.5 Sub-fabric 0 Master Port 1 Read Arbitration Control 
Register (FAB_0_ARB_CTRL_READ_1)

7:0 WRITE_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed.

Instance Name Offset
FAB_0_ARB_CTRL_READ_1 0x0428

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field READ_SN_ID_0 Reserved READ_PRI_VAL_0 READ_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 207: Sub-fabric 0 Master Port 1 Read Arbitration Control Register 
(FAB_0_ARB_CTRL_READ_1)  

Bits Name Type Reset Description

31:24 READ_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 READ_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.

7:0 READ_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed.

Table 206: Sub-fabric 0 Master Port 0 Write Arbitration Control Register 
(FAB_0_ARB_CTRL_WRITE_0)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.12.6 Sub-fabric 0 Master Port 1 Write Arbitration Control 
Register (FAB_0_ARB_CTRL_WRITE_1)

A.12.7 Sub-fabric 0 Master Port 2 Read Arbitration Control 
Register (FAB_0_ARB_CTRL_READ_2)

Instance Name Offset
FAB_0_ARB_CTRL_WRITE_1 0x042C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field WRITE_SN_ID_0 Reserved WRITE_PRI_VAL_0 WRITE_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 208: Sub-fabric 0 Master Port 1 Write Arbitration Control Register 
(FAB_0_ARB_CTRL_WRITE_1)  

Bits Name Type Reset Description

31:24 WRITE_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written.

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 WRITE_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.

7:0 WRITE_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed.

Instance Name Offset
FAB_0_ARB_CTRL_READ_2 0x0448

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field READ_SN_ID_0 Reserved READ_PRI_VAL_0 READ_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 209: Sub-fabric 0 Master Port 2 Read Arbitration Control Register 
(FAB_0_ARB_CTRL_READ_2)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 READ_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 READ_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-206



ARMADA 16x Applications Processor Family Register Tables
A.12.8 Sub-fabric 0 Master Port 2 Write Arbitration Control 
Register (FAB_0_ARB_CTRL_WRITE_2)

A.12.9 Sub-fabric 0 Master Port 3 Read Arbitration Control 
Register (FAB_0_ARB_CTRL_READ_3)

7:0 READ_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed.

Instance Name Offset
FAB_0_ARB_CTRL_WRITE_2 0x044C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field WRITE_SN_ID_0 Reserved WRITE_PRI_VAL_0 WRITE_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 210: Sub-fabric 0 Master Port 2 Write Arbitration Control Register 
(FAB_0_ARB_CTRL_WRITE_2)  

Bits Name Type Reset Description

31:24 WRITE_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 WRITE_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.

7:0 WRITE_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed.

Instance Name Offset
FAB_0_ARB_CTRL_READ_3 0x0468

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field READ_SN_ID_0 Reserved READ_PRI_VAL_0 READ_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 209: Sub-fabric 0 Master Port 2 Read Arbitration Control Register 
(FAB_0_ARB_CTRL_READ_2)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.12.10 Sub-fabric 0 Master Port 3 Write Arbitration Control 
Register (FAB_0_ARB_CTRL_WRITE_3)

Table 211: Sub-fabric 0 Master Port 3 Read Arbitration Control Register 
(FAB_0_ARB_CTRL_READ_3)  

Bits Name Type Reset Description

31:24 READ_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 READ_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.

7:0 READ_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed.

Instance Name Offset
FAB_0_ARB_CTRL_WRITE_3 0x046C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field WRITE_SN_ID_0 Reserved WRITE_PRI_VAL_0 WRITE_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 212: Sub-fabric 0 Master Port 3 Write Arbitration Control Register 
(FAB_0_ARB_CTRL_WRITE_3)  

Bits Name Type Reset Description

31:24 WRITE_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 WRITE_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.

7:0 WRITE_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed
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A.12.11 Sub-fabric 0 Master Port 4 Read Arbitration Control 
Register (FAB_0_ARB_CTRL_READ_4)

Instance Name Offset
FAB_0_ARB_CTRL_READ_4 0x0488

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field READ_SN_ID_0 Reserved READ_PRI_VAL_0 READ_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 213: Sub-fabric 0 Master Port 4 Read Arbitration Control Register 
(FAB_0_ARB_CTRL_READ_4)  

Bits Name Type Reset Description

31:24 READ_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 READ_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.

7:0 READ_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed
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A.12.12 Sub-fabric 0 Master Port 4 Write Arbitration Control 
Register (FAB_0_ARB_CTRL_WRITE_4)

A.12.13 Sub-fabric 1 Master Port 0 Read Arbitration Control 
Register (FAB_1_ARB_CTRL_READ_0)

Instance Name Offset
FAB_0_ARB_CTRL_WRITE_4 0x048C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field WRITE_SN_ID_0 Reserved WRITE_PRI_VAL_0 WRITE_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 214: Sub-fabric 0 Master Port 4 Write Arbitration Control Register 
(FAB_0_ARB_CTRL_WRITE_4)  

Bits Name Type Reset Description

31:24 WRITE_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 WRITE_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.

7:0 WRITE_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed

Instance Name Offset
FAB_1_ARB_CTRL_READ_0 0x1408

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field READ_SN_ID_0 Reserved READ_PRI_VAL_0 READ_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 215: Sub-fabric 1 Master Port 0 Read Arbitration Control Register 
(FAB_1_ARB_CTRL_READ_0)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 READ_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 READ_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.
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A.12.14 Sub-fabric 1 Master Port 0 Write Arbitration Control 
Register (FAB_1_ARB_CTRL_WRITE_0)

7:0 READ_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed

Instance Name Offset
FAB_1_ARB_CTRL_WRITE_0 0x140C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field WRITE_SN_ID_0 Reserved WRITE_PRI_VAL_0 WRITE_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 216: Sub-fabric 1 Master Port 0 Write Arbitration Control Register 
(FAB_1_ARB_CTRL_WRITE_0)  

Bits Name Type Reset Description

31:24 WRITE_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 WRITE_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.

7:0 WRITE_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed

Table 215: Sub-fabric 1 Master Port 0 Read Arbitration Control Register 
(FAB_1_ARB_CTRL_READ_0)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.12.15 Sub-fabric 1 Master Port 1 Read Arbitration Control 
Register (FAB_1_ARB_CTRL_READ_1)

A.12.16 Sub-fabric 1 Master Port 1 Write Arbitration Control 
Register (FAB_1_ARB_CTRL_WRITE_1)

Instance Name Offset
FAB_1_ARB_CTRL_READ_1 0x1428

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field READ_SN_ID_0 Reserved READ_PRI_VAL_0 READ_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 217: Sub-fabric 1 Master Port 1 Read Arbitration Control Register 
(FAB_1_ARB_CTRL_READ_1)  

Bits Name Type Reset Description

31:24 READ_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 READ_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.

7:0 READ_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed

Instance Name Offset
FAB_1_ARB_CTRL_WRITE_1 0x142C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field WRITE_SN_ID_0 Reserved WRITE_PRI_VAL_0 WRITE_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 218: Sub-fabric 1 Master Port 1 Write Arbitration Control Register 
(FAB_1_ARB_CTRL_WRITE_1)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 WRITE_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 WRITE_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.
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A.12.17 Sub-fabric 2 Master Port 0 Read Arbitration Control 
Register (FAB_2_ARB_CTRL_READ_0)

7:0 WRITE_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed

Instance Name Offset
FAB_2_ARB_CTRL_READ_0 0x2408

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field READ_SN_ID_0 Reserved READ_PRI_VAL_0 READ_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 219: Sub-fabric 2 Master Port 0 Read Arbitration Control Register 
(FAB_2_ARB_CTRL_READ_0)  

Bits Name Type Reset Description

31:24 READ_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 READ_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.

7:0 READ_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed

Table 218: Sub-fabric 1 Master Port 1 Write Arbitration Control Register 
(FAB_1_ARB_CTRL_WRITE_1)  (Sheet 2 of 2)

Bits Name Type Reset Description
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-213



ARMADA 16x Applications Processor Family Register Tables
A.12.18 Sub-fabric 2 Master Port 0 Write Arbitration Control 
Register (FAB_2_ARB_CTRL_WRITE_0)

A.12.19 Sub-fabric 2 Master Port 1 Read Arbitration Control 
Register (FAB_2_ARB_CTRL_READ_1)

Instance Name Offset
FAB_2_ARB_CTRL_WRITE_0 0x240C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field WRITE_SN_ID_0 Reserved WRITE_PRI_VAL_0 WRITE_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 220: Sub-fabric 2 Master Port 0 Write Arbitration Control Register 
(FAB_2_ARB_CTRL_WRITE_0)  

Bits Name Type Reset Description

31:24 WRITE_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 WRITE_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.

7:0 WRITE_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed

Instance Name Offset
FAB_2_ARB_CTRL_READ_1 0x2428

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field READ_SN_ID_0 Reserved READ_PRI_VAL_0 READ_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 221: Sub-fabric 2 Master Port 1 Read Arbitration Control Register 
(FAB_2_ARB_CTRL_READ_1)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 READ_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 READ_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.
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A.12.20 Sub-fabric 2 Master Port 1 Write Arbitration Control 
Register (FAB_2_ARB_CTRL_WRITE_1)

7:0 READ_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed

Instance Name Offset
FAB_2_ARB_CTRL_WRITE_1 0x242C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field WRITE_SN_ID_0 Reserved WRITE_PRI_VAL_0 WRITE_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 222: Sub-fabric 2 Master Port 1 Write Arbitration Control Register 
(FAB_2_ARB_CTRL_WRITE_1)  

Bits Name Type Reset Description

31:24 WRITE_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 WRITE_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.

7:0 WRITE_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed

Table 221: Sub-fabric 2 Master Port 1 Read Arbitration Control Register 
(FAB_2_ARB_CTRL_READ_1)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.12.21 Sub-fabric 3 Master Port 0 Read Arbitration Control 
Register (FAB_3_ARB_CTRL_READ_0)

A.12.22 Sub-fabric 3 Master Port 0 Write Arbitration Control 
Register (FAB_3_ARB_CTRL_WRITE_0)

Instance Name Offset
FAB_3_ARB_CTRL_READ_0 0x3408

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field READ_SN_ID_0 Reserved READ_PRI_VAL_0 READ_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 223: Sub-fabric 3 Master Port 0 Read Arbitration Control Register 
(FAB_3_ARB_CTRL_READ_0)  

Bits Name Type Reset Description

31:24 READ_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 READ_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.

7:0 READ_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed

Instance Name Offset
FAB_3_ARB_CTRL_WRITE_0 0x340C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field WRITE_SN_ID_0 Reserved WRITE_PRI_VAL_0 WRITE_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 224: Sub-fabric 3 Master Port 0 Write Arbitration Control Register 
(FAB_3_ARB_CTRL_WRITE_0)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 WRITE_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 WRITE_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.
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A.12.23 Sub-fabric 3 Master Port 1 Read Arbitration Control 
Register (FAB_3_ARB_CTRL_READ_1)

A.12.24 Sub-fabric 3 Master Port 1 Write Arbitration Control 
Register (FAB_3_ARB_CTRL_WRITE_1)

7:0 WRITE_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed

Instance Name Offset
FAB_3_ARB_CTRL_READ_1 0x3428

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field READ_SN_ID_0 Reserved READ_PRI_VAL_0 READ_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 225: Sub-fabric 3 Master Port 1 Read Arbitration Control Register 
(FAB_3_ARB_CTRL_READ_1)  

Bits Name Type Reset Description

31:24 READ_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 READ_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.

7:0 READ_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed

Instance Name Offset
FAB_3_ARB_CTRL_WRITE_1 0x342C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field WRITE_SN_ID_0 Reserved WRITE_PRI_VAL_0 WRITE_SP_ID_0

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 224: Sub-fabric 3 Master Port 0 Write Arbitration Control Register 
(FAB_3_ARB_CTRL_WRITE_0)  (Sheet 2 of 2)

Bits Name Type Reset Description
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-217



ARMADA 16x Applications Processor Family Register Tables
Table 226: Sub-fabric 3 Master Port 1 Write Arbitration Control Register 
(FAB_3_ARB_CTRL_WRITE_1)  

Bits Name Type Reset Description

31:24 WRITE_SN_ID_0 WO 0x0 Slave Port Slot Number
The arbitration slot number for the data (priority and SI 
number) that is being written

23:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 WRITE_PRI_VAL_0 WO 0x0 Priority Value
Priority value of the slot that is being programmed. Lower 
values have higher priority.

7:0 WRITE_SP_ID_0 WO 0x0 Slave Port ID
The slave interface (SI) number (within sub-fabric0) for the 
slot that is being programmed
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A.13 LCD (LCD)
LCD operates in Slave mode and DMA mode. Slave mode is for the CPU to read/write Smart Panel 
and DMA mode is for LCD to move pixel to either Smart Panel or Dumb Panel. Besides background 
color,  three objects that can be overlaid onto 

Video
Graphic
Hardware cursor pattern

The following operations are completed during DMA transfer:

CSC
Contrast/saturation/brightness/Hue adjust
Palette color lookup
Color key and alpha overlay
Gamma correction
Horizontal/Vertical scaling
Hardware cursor overlay

The LCD Clock/Reset Control Register (APMU_LCD_CLK_RES_CTRL) in the Application 
Subsystem Power Management (APMU) Unit must be programmed prior to accessing the LCD 
registers.

Base Address: 0xD420_B000

Table 227:  LCD Register Summary (Sheet 1 of 3)

Offset Name Description Details

0x00C0 LCD_SPU_DMA_START_ADDR_Y0 Video Frame 0 Y Starting Address Register Page: A-221

0x00C4 LCD_SPU_DMA_START_ADDR_U0 Video Frame 0 U Starting Address Register Page: A-222

0x00C8 LCD_SPU_DMA_START_ADDR_V0 Video Frame 0 V Starting Address Register Page: A-222

0x00CC LCD_CFG_DMA_START_ADDR_0 Video Frame 0 Command Starting Address Register Page: A-223

0x00D0 LCD_SPU_DMA_START_ADDR_Y1 Video Frame 1 Y Starting Address Register Page: A-223

0x00D4 LCD_SPU_DMA_START_ADDR_U1 Video Frame 1 U Starting Address Register Page: A-224

0x00D8 LCD_SPU_DMA_START_ADDR_V1 Video Frame 1 V Starting Address Register Page: A-224

0x00DC LCD_CFG_DMA_START_ADDR_1 Video Frame 1 Command Starting Address Register Page: A-224

0x00E0 LCD_SPU_DMA_PITCH_YC Video Y and C Line Length Page: A-225

0x00E4 LCD_SPU_DMA_PITCH_UV Video U and V Line Length Page: A-225

0x00E8 LCD_SPU_DMA_OVSA_HPXL_VLN Video Starting Point on Screen Register Page: A-226

0x00EC LCD_SPU_DMA_HPXL_VLN Video Size Register Page: A-226

0x00F0 LCD_SPU_DZM_HPXL_VLN Video Size After Zooming Register Page: A-227

0x00F4 LCD_CFG_GRA_START_ADDR0 Graphic Frame 0 Starting Address Register Page: A-227

0x00F8 LCD_CFG_GRA_START_ADDR1 Graphic Frame 1 Starting Address Register Page: A-228

0x00FC LCD_CFG_GRA_PITCH Graphic Line Length Page: A-228

0x0100 LCD_SPU_GRA_OVSA_HPXL_VLN Graphic Starting Point on Screen Register Page: A-229

0x0104 LCD_SPU_GRA_HPXL_VLN Graphic Size Register Page: A-229
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0x0108 LCD_SPU_GZM_HPXL_VLN Graphic Size after Zooming Register Page: A-230

0x010C LCD_SPU_HWC_OVSA_HPXL_VLN Hardware Cursor Starting Point on Screen Register Page: A-231

0x0110 LCD_SPU_HWC_HPXL_VLN Hardware Cursor Size Register Page: A-232

0x0114 LCD_SPU_V_H_TOTAL Total Screen Size Register Page: A-232

0x0118 LCD_SPU_V_H_ACTIVE Total Screen Active Size Register Page: A-233

0x011C LCD_SPU_H_PORCH Screen Horizontal Porch Register Page: A-233

0x0120 LCD_SPU_V_PORCH Screen Vertical Porch Register Page: A-234

0x0124 LCD_SPU_BLANKCOLOR Screen Blank Color Register Page: A-234

0x0128 LCD_SPU_ALPHA_COLOR1 Hardware Cursor Color 1 Register Page: A-235

0x012C LCD_SPU_ALPHA_COLOR2 Hardware Cursor Color 2 Register Page: A-235

0x0130 LCD_SPU_COLORKEY_Y Video Y Color Key Control Page: A-236

0x0134 LCD_SPU_COLORKEY_U Video U Color Key Control Register Page: A-237

0x0138 LCD_SPU_COLORKEY_V Video V Color Key Control Register Page: A-237

0x0140 LCD_SPU_SPI_RXDATA SPI Read Data Register Page: A-238

0x0144 LCD_SPU_ISA_RXDATA Smart Panel Read Data Register Page: A-238

0x0148 LCD_SPU_DBG_ISA Smart Panel Debug Read Register Page: A-239

0x0158 LCD_SPU_HWC_RDDAT Hardware Cursor SRAM Read Data Register Page: A-239

0x015C LCD_SPU_GAMMA_RDDAT Gamma Table SRAM Read Data Register Page: A-240

0x0160 LCD_SPU_PALETTE_RDDAT Palette Table SRAM Read Data Register Page: A-240

0x0170 LCD_SPU_DBG_SLVTOP Smart Panel AHB Slave Path Debug Register Page: A-240

0x0178 LCD_SPU_IOPAD_IN I/O Pads Input Read Only Register Page: A-241

0x017C LCD_CFG_RDREG5F Reserved Read Only Registers Page: A-242

0x0180 LCD_SPU_SPI_CTRL SPI Control Register Page: A-242

0x0184 LCD_SPU_SPI_TXDATA SPI Tx Data Register Page: A-244

0x0188 LCD_SPU_SMPN_CTRL Smart Panel 8-bit Bus Control Register Page: A-244

0x018C LCD_SPU_SLV_PORT AHB Slave Path Data Port Register Page: A-246

0x0190 LCD_SPU_DMA_CTRL0 DMA Control 0 Register Page: A-247

0x0194 LCD_SPU_DMA_CTRL1 DMA Control 1 Register Page: A-251

0x0198 LCD_SPU_SRAM_CTRL SRAM Control Register Page: A-253

0x019C LCD_SPU_SRAM_WRDAT SRAM Write Data Register Page: A-254

0x01A4 LCD_SPU_SRAM_PARA1 SRAM Power Down Control Register Page: A-254

Table 227:  LCD Register Summary (Sheet 2 of 3)

Offset Name Description Details
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A.13.1 Video Frame 0 Y Starting Address Register 
(LCD_SPU_DMA_START_ADDR_Y0)

0x01A8 LCD_CFG_SCLK_DIV Smart Panel or Dumb Panel Clock Divider Page: A-256

0x01AC LCD_SPU_CONTRAST Video Contrast Register Page: A-257

0x01B0 LCD_SPU_SATURATION Video Saturation Register Page: A-258

0x01B4 LCD_SPU_CBSH_HUE Video Hue Adjust Register Page: A-258

0x01B8 LCD_SPU_DUMB_CTRL Dumb LCD Panel Control Register Page: A-259

0x01BC SPU_IOPAD_CONTROL LCD I/O Pads Control Register Page: A-260

0x01C0 SPU_IRQ_ENA LCD Interrupt Control Register Page: A-262

0x01C4 SPU_IRQ_ISR LCD Interrupt Status Register Page: A-264

0x01C8 LCD_MISC_CNTL Miscellaneous LCD Control Page: A-266

Instance Name Offset
LCD_SPU_DMA_START_ADDR_Y0 0x00C0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_SA_Y0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 228: Video Frame 0 Y Starting Address Register (LCD_SPU_DMA_START_ADDR_Y0)  

Bits Name Type Reset Description

31:0 CFG_DMA_SA_Y0 R/W 0x0 Video Frame 0 Y Starting Address
Video Frame 0 Y starting address in bytes

Table 227:  LCD Register Summary (Sheet 3 of 3)

Offset Name Description Details
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A.13.2 Video Frame 0 U Starting Address Register 
(LCD_SPU_DMA_START_ADDR_U0)

A.13.3 Video Frame 0 V Starting Address Register 
(LCD_SPU_DMA_START_ADDR_V0)

Instance Name Offset
LCD_SPU_DMA_START_ADDR_U0 0x00C4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_SA_U0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 229: Video Frame 0 U Starting Address Register (LCD_SPU_DMA_START_ADDR_U0)  

Bits Name Type Reset Description

31:0 CFG_DMA_SA_U0 R/W 0x0 Video Frame 0 U Starting Address
Video Frame 0 U starting address in bytes

Instance Name Offset
LCD_SPU_DMA_START_ADDR_V0 0x00C8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_SA_V0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 230: Video Frame 0 V Starting Address Register (LCD_SPU_DMA_START_ADDR_V0)  

Bits Name Type Reset Description

31:0 CFG_DMA_SA_V0 R/W 0x0 Video Frame 0 V Starting Address
Video Frame 0 V starting address in bytes
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A.13.4 Video Frame 0 Command Starting Address Register 
(LCD_CFG_DMA_START_ADDR_0)

A.13.5 Video Frame 1 Y Starting Address Register 
(LCD_SPU_DMA_START_ADDR_Y1)

Instance Name Offset
LCD_CFG_DMA_START_ADDR_0 0x00CC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_SA_C0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 231: Video Frame 0 Command Starting Address Register (LCD_CFG_DMA_START_ADDR_0)  

Bits Name Type Reset Description

31:0 CFG_DMA_SA_C0 R/W 0x0 Video Frame 0 C Starting Address
Video Frame 0 C starting address in bytes
Command frame is to write Smart Panel commands before 
each DMA line transfer, command format is defined in 
0x018c description.

Instance Name Offset

LCD_SPU_DMA_START_ADDR_Y1 0x00D0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_SA_Y1

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 232: Video Frame 1 Y Starting Address Register (LCD_SPU_DMA_START_ADDR_Y1)  

Bits Name Type Reset Description

31:0 CFG_DMA_SA_Y1 R/W 0x0 Video Frame 1 Y Starting Address
Video Frame 1 Y starting address in bytes
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A.13.6 Video Frame 1 U Starting Address Register 
(LCD_SPU_DMA_START_ADDR_U1)

A.13.7 Video Frame 1 V Starting Address Register 
(LCD_SPU_DMA_START_ADDR_V1)

A.13.8 Video Frame 1 Command Starting Address Register 
(LCD_CFG_DMA_START_ADDR_1)

Instance Name Offset
LCD_SPU_DMA_START_ADDR_U1 0x00D4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_SA_U1

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 233: Video Frame 1 U Starting Address Register (LCD_SPU_DMA_START_ADDR_U1)  

Bits Name Type Reset Description

31:0 CFG_DMA_SA_U1 R/W 0x0 Video Frame 1 U Starting Address
Video Frame 1 U starting address in bytes

Instance Name Offset
LCD_SPU_DMA_START_ADDR_V1 0x00D8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_SA_V1

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 234: Video Frame 1 V Starting Address Register (LCD_SPU_DMA_START_ADDR_V1)  

Bits Name Type Reset Description

31:0 CFG_DMA_SA_V1 R/W 0x0 Video Frame 1 V Starting Address
Video Frame 1 V starting address in bytes

Instance Name Offset
LCD_CFG_DMA_START_ADDR_1 0x00DC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_SA_C1

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 235: Video Frame 1 Command Starting Address Register (LCD_CFG_DMA_START_ADDR_1)  

Bits Name Type Reset Description

31:0 CFG_DMA_SA_C1 R/W 0x0 Video Frame 1 C Starting Address
Video Frame 1 C starting address in bytes
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A.13.9 Video Y and C Line Length (LCD_SPU_DMA_PITCH_YC)

A.13.10 Video U and V Line Length (LCD_SPU_DMA_PITCH_UV)

Instance Name Offset
LCD_SPU_DMA_PITCH_YC 0x00E0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SPU_DMA_PITCH_C SPU_DMA_PITCH_Y

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 236: Video Y and C Line Length (LCD_SPU_DMA_PITCH_YC)  

Bits Name Type Reset Description

31:16 SPU_DMA_PITCH_C R/W 0x0 Video C Pitch
Video C pitch in bytes

15:0 SPU_DMA_PITCH_Y R/W 0x0 Video Y Pitch
Video Y Pitch in bytes

Instance Name Offset
LCD_SPU_DMA_PITCH_UV 0x00E4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved SPU_DMA_PITCH_V Reserved SPU_DMA_PITCH_U

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 237: Video U and V Line Length (LCD_SPU_DMA_PITCH_UV)  

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:16 SPU_DMA_PITCH_V R/W 0x0 Video V Pitch
Video V pitch in bytes

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 SPU_DMA_PITCH_U R/W 0x0 Video U Pitch
Video U Pitch in bytes
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A.13.11 Video Starting Point on Screen Register 
(LCD_SPU_DMA_OVSA_HPXL_VLN)

A.13.12 Video Size Register (LCD_SPU_DMA_HPXL_VLN)

Instance Name Offset
LCD_SPU_DMA_OVSA_HPXL_VLN 0x00E8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_DMA_OVSA_VLN Reserved CFG_DMA_OVSA_HPXL

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 238: Video Starting Point on Screen Register (LCD_SPU_DMA_OVSA_HPXL_VLN)  

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:16 CFG_DMA_OVSA_VLN R/W 0x0 Video Starting Vertical Line on Screen
Valid values are from 0 to 0xFFF. The sum of the value in 
this field and the <Video Vertical Line Number after 
Zooming> field in the Video Size After Zooming Register 
cannot be greater than the active display lines defined in 
the <Screen Active Vertical Lines> field in the Total 
Screen Active Size Register.

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 CFG_DMA_OVSA_HPXL R/W 0x0 Video Starting Horizontal Pixel on Screen
Valid values are from 0x0 to 0xFFF.
The sum of this field and the <Video Horizontal Pixel 
Number after Zooming> field in the Video Size After 
Zooming Register cannot be greater than the active 
display horizontal width defined in the <Screen Horizontal 
Active Pixels> field in the Total Screen Active Size 
Register.

Instance Name Offset
LCD_SPU_DMA_HPXL_VLN 0x00EC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_DMA_VLN Reserved CFG_DMA_HPXL

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 239: Video Size Register (LCD_SPU_DMA_HPXL_VLN)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:16 CFG_DMA_VLN R/W 0x0 Video Vertical Line Number
Vertical size of the video object in memory before zooming

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.13.13 Video Size After Zooming Register 
(LCD_SPU_DZM_HPXL_VLN)

A.13.14 Graphic Frame 0 Starting Address Register 
(LCD_CFG_GRA_START_ADDR0)

11:0 CFG_DMA_HPXL R/W 0x0 Video Horizontal Pixel Number
Horizontal size of the video object in memory before 
zooming

Instance Name Offset
LCD_SPU_DZM_HPXL_VLN 0x00F0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_DZM_VLN Reserved CFG_DZM_HPXL

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 240: Video Size After Zooming Register (LCD_SPU_DZM_HPXL_VLN)  

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:16 CFG_DZM_VLN R/W 0x0 Video Vertical Line Number after Zooming
This field sets the vertical display size.
Zooming down if the <Video Vertical Line Number> field in 
the Video Size Register is greater than this field.
Zooming up if the <Video Vertical Line Number> field in the 
Video Size Register is less than this field.
If equal, no zooming.

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 CFG_DZM_HPXL R/W 0x0 Video Horizontal Pixel Number after Zooming
This field sets the horizontal display size.
Zooming down if the <Video Horizontal Pixel Number> field 
in the Video Size Register is greater than this field.
Zooming up if this field is less than the <Video Horizontal 
Pixel Number> field in the Video Size Register.
If equal, no zooming.

Instance Name Offset
LCD_CFG_GRA_START_ADDR0 0x00F4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_GRA_SA0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 239: Video Size Register (LCD_SPU_DMA_HPXL_VLN)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.13.15 Graphic Frame 1 Starting Address Register 
(LCD_CFG_GRA_START_ADDR1)

A.13.16 Graphic Line Length (LCD_CFG_GRA_PITCH)

Table 241: Graphic Frame 0 Starting Address Register (LCD_CFG_GRA_START_ADDR0)  

Bits Name Type Reset Description

31:0 CFG_GRA_SA0 R/W 0x0 Graphic Frame 0 Starting Address
Graphic Frame 0 starting address in bytes

Instance Name Offset
LCD_CFG_GRA_START_ADDR1 0x00F8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_GRA_SA1

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 242: Graphic Frame 1 Starting Address Register (LCD_CFG_GRA_START_ADDR1)  

Bits Name Type Reset Description

31:0 CFG_GRA_SA1 R/W 0x0 Graphic Frame 1 Starting Address
Graphic Frame 1 starting address in bytes

Instance Name Offset
LCD_CFG_GRA_PITCH 0x00FC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_BKLIGHTDIV CFG_GRA_PITCH

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 243: Graphic Line Length (LCD_CFG_GRA_PITCH)  

Bits Name Type Reset Description

31:16 CFG_BKLIGHTDIV R/W 0x0 Dumb Panel Backlight Clock Divider
This field is used for the clock divider to generate the Dumb 
Panel backlight control clock.
...
When the <Duty Cycle Control> field and this field are 
0x0000, the backlight clock function is disabled and 
backlight is controlled by the <Dumb LCD Panel GPIO 
Control Pin> field in the Dumb LCD Panel Control Register 
(cfg_bias_out).

0xFFF:Generates 32 kHz divided by 4096

0x1: Generates 32 kHz divided by 2

15:0 CFG_GRA_PITCH R/W 0x0 Graphic Memory Pitch
Graphic memory pitch in bytes
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A.13.17 Graphic Starting Point on Screen Register 
(LCD_SPU_GRA_OVSA_HPXL_VLN)

A.13.18 Graphic Size Register (LCD_SPU_GRA_HPXL_VLN)

Instance Name Offset
LCD_SPU_GRA_OVSA_HPXL_VLN 0x0100

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_GRA_OVSA_VLN Reserved CFG_GRA_OVSA_HPXL

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 244: Graphic Starting Point on Screen Register (LCD_SPU_GRA_OVSA_HPXL_VLN)  

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:16 CFG_GRA_OVSA_V
LN

R/W 0x0 Graphic Starting Vertical Line on Screen
The sum of this field and the <Graphic Vertical Line Number 
after Zooming> field in the Graphic Size after Zooming 
Register cannot be greater than the value defined in the 
<Screen Active Vertical Lines> field in the Total Screen 
Active Size Register.

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 CFG_GRA_OVSA_H
PXL

R/W 0x0 Graphic Starting Horizontal Pixel on Screen
Graphic starting horizontal pixel on screen
The sum of this field and the <Graphic Horizontal Pixel 
Number after Zooming> field in the Graphic Size after 
Zooming Register cannot be greater than the value defined 
in the <Screen Horizontal Active Pixels> field in the Total 
Screen Active Size Register.

Instance Name Offset
LCD_SPU_GRA_HPXL_VLN 0x0104

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_GRA_VLN Reserved CFG_GRA_HPXL

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 245: Graphic Size Register (LCD_SPU_GRA_HPXL_VLN)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:16 CFG_GRA_VLN R/W 0x0 Graphic Vertical Line Number
This field sets the vertical size of the graphic object in 
memory before zooming.

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.13.19 Graphic Size after Zooming Register 
(LCD_SPU_GZM_HPXL_VLN)

11:0 CFG_GRA_HPXL R/W 0x0 Graphic Horizontal Pixel Number
This field sets the horizontal size of the graphic object in 
memory before zooming.

Instance Name Offset
LCD_SPU_GZM_HPXL_VLN 0x0108

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_GZM_VLN Reserved CFG_GZM_HPXL

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 246: Graphic Size after Zooming Register (LCD_SPU_GZM_HPXL_VLN)  

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:16 CFG_GZM_VLN R/W 0x0 Graphic Vertical Line Number after Zooming
This field sets the vertical display size.
Zooming down if the <Graphic Vertical Line Number> field 
in the Graphic Size Register is greater than this field.
Zooming up if the <Graphic Vertical Line Number> field in 
the Graphic Size Register is less than this field.
If equal, no zooming.

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 CFG_GZM_HPXL R/W 0x0 Graphic Horizontal Pixel Number after Zooming
This field sets the horizontal display size.
Zooming down if the <Graphic Horizontal Pixel Number> 
field in the Graphic Size Register is greater than this field.
Zooming up if the <Graphic Horizontal Pixel Number> field 
in the Graphic Size Register is less than this field.
If equal, no zooming.

Table 245: Graphic Size Register (LCD_SPU_GRA_HPXL_VLN)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.13.20 Hardware Cursor Starting Point on Screen Register 
(LCD_SPU_HWC_OVSA_HPXL_VLN)

Instance Name Offset
LCD_SPU_HWC_OVSA_HPXL_VLN 0x010C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_HWC_OVSA_VLN Reserved CFG_HWC_OVSA_HPXL

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 247: Hardware Cursor Starting Point on Screen Register 
(LCD_SPU_HWC_OVSA_HPXL_VLN)  

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:16 CFG_HWC_OVSA_VLN R/W 0x0 Hardware Cursor Vertical Starting Line Number on 
Screen
The sum of this field and the <Hardware Cursor Vertical 
Line Number> field in the Hardware Cursor Size Register 
cannot be greater than the value defined in the <Screen 
Active Vertical Lines> field in the Total Screen Active Size 
Register.

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 CFG_HWC_OVSA_HPXL R/W 0x0 Hardware Cursor Horizontal Starting Pixel Number on 
Screen
The sum of this field and the <Hardware Cursor Horizontal 
Pixel Number> field in the Hardware Cursor Size Register 
cannot be greater than the value defined in the <Screen 
Horizontal Active Pixels> field in the Total Screen Active 
Size Register.
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A.13.21 Hardware Cursor Size Register 
(LCD_SPU_HWC_HPXL_VLN)

A.13.22 Total Screen Size Register (LCD_SPU_V_H_TOTAL)

Instance Name Offset
LCD_SPU_HWC_HPXL_VLN 0x0110

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_HWC_VLN Reserved CFG_HWC_HPXL

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 248: Hardware Cursor Size Register (LCD_SPU_HWC_HPXL_VLN)  

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:16 CFG_HWC_VLN R/W 0x0 Hardware Cursor Vertical Line Number
This field sets the cursor vertical size on screen.
If the <Hardware Cursor 1-bit or 2-bit Mode Enable> field in 
the DMA Control 0 Register is set to 1, the maximum cursor 
size is 8,192 dots.
The value defined in this field multiplied by the value in the 
<Hardware Cursor Horizontal Pixel Number> field should 
be less than 8192; for example, 128x64.
Otherwise it is 2-bit mode, with a maximum cursor size is 
4,096 dots, like 64x64.

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 CFG_HWC_HPXL R/W 0x0 Hardware Cursor Horizontal Pixel Number
This field sets the cursor horizontal size on screen.

Instance Name Offset
LCD_SPU_V_H_TOTAL 0x0114

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_V_TOTAL Reserved CFG_H_TOTAL

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 249: Total Screen Size Register (LCD_SPU_V_H_TOTAL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:16 CFG_V_TOTAL R/W 0x0 Screen Total Vertical Lines for Dumb Panel
The sum of active lines, vertical front porch, vertical back 
porch, and vsync pulse width is equal to total vertical lines.

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.13.23 Total Screen Active Size Register (LCD_SPU_V_H_ACTIVE)

A.13.24 Screen Horizontal Porch Register (LCD_SPU_H_PORCH)

11:0 CFG_H_TOTAL R/W 0x0 Screen Total Horizontal Pixels for Dumb Panel
Screen total horizontal pixels for dumb panel.
The sum of active width, horizontal front porch, horizontal 
back porch, and hsync pulse width is equal to total 
horizontal pixels.

Instance Name Offset
LCD_SPU_V_H_ACTIVE 0x0118

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_V_ACTIVE Reserved CFG_H_ACTIVE

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 250: Total Screen Active Size Register (LCD_SPU_V_H_ACTIVE)  

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:16 CFG_V_ACTIVE R/W 0x0 Screen Active Vertical Lines
This field sets the screen display vertical size.

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 CFG_H_ACTIVE R/W 0x0 Screen Horizontal Active Pixels
This field sets the screen display horizontal width.

Instance Name Offset
LCD_SPU_H_PORCH 0x011C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_H_BACK_PORCH Reserved CFG_H_FRONT_PORCH

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 251: Screen Horizontal Porch Register (LCD_SPU_H_PORCH)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:16 CFG_H_BACK_POR
CH

R/W 0x0 Horizontal Back Porch for Dumb Panel
This field sets the pixel gap between hsync and the first 
active pixel of the line.

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 249: Total Screen Size Register (LCD_SPU_V_H_TOTAL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.13.25 Screen Vertical Porch Register (LCD_SPU_V_PORCH)

A.13.26 Screen Blank Color Register (LCD_SPU_BLANKCOLOR)

11:0 CFG_H_FRONT_PO
RCH

R/W 0x0 Horizontal Front Porch for Dumb Panel
This field sets the pixel gap between hsync and the last 
active pixel of the line.

Instance Name Offset
LCD_SPU_V_PORCH 0x0120

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_V_BACK_PORCH Reserved CFG_V_FRONT_PORCH

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 252: Screen Vertical Porch Register (LCD_SPU_V_PORCH)  

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:16 CFG_V_BACK_PORCH R/W 0x0 Vertical Back Porch for Dumb Panel
This field sets the line gap between vsync and the first 
active line of the screen.

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 CFG_V_FRONT_PORCH R/W 0x0 Vertical Front Porch for Dumb Panel
This field sets the line gap between vsync and the last 
active line of the screen.

Instance Name Offset
LCD_SPU_BLANKCOLOR 0x0124

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_BLANKCOLOR

Default ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 253: Screen Blank Color Register (LCD_SPU_BLANKCOLOR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 251: Screen Horizontal Porch Register (LCD_SPU_H_PORCH)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.13.27 Hardware Cursor Color 1 Register 
(LCD_SPU_ALPHA_COLOR1)

A.13.28 Hardware Cursor Color 2 Register 
(LCD_SPU_ALPHA_COLOR2)

23:0 CFG_BLANKCOLOR R/W 0x0 Background Color
This field sets the display background color, which is the 
screen color when no objects overlay on it or there are no 
valid pixels.
[7:0] are used for red
[15:8] are used for green
[23:16] are used for blue

Instance Name Offset
LCD_SPU_ALPHA_COLOR1 0x0128

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_HWC_COLOR1

Default ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 254: Hardware Cursor Color 1 Register (LCD_SPU_ALPHA_COLOR1)  

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:0 CFG_HWC_COLOR1 R/W 0x0 Hardware Cursor Color 1
[7:0] are used for red
[15:8] are used for green
[23:16] are used for blue

Instance Name Offset
LCD_SPU_ALPHA_COLOR2 0x012C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_HWC_COLOR2

Default ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 255: Hardware Cursor Color 2 Register (LCD_SPU_ALPHA_COLOR2)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 253: Screen Blank Color Register (LCD_SPU_BLANKCOLOR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.13.29 Video Y Color Key Control (LCD_SPU_COLORKEY_Y)

23:0 CFG_HWC_COLOR2 R/W 0x0 Hardware Cursor Color 2
[7:0] are used for red
[15:8] are used for green
[23:16] are used for blue

Instance Name Offset
LCD_SPU_COLORKEY_Y 0x0130

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_CKEY_Y2 CFG_CKEY_Y1 CFG_CKEY_Y CFG_ALPHA_Y

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 256: Video Y Color Key Control (LCD_SPU_COLORKEY_Y)  

Bits Name Type Reset Description

31:24 CFG_CKEY_Y2 R/W 0x0 Color Key Y2
If Y >= <CFG_CKEY_Y1> and y <= <CFG_CKEY_Y2>, the 
alpha for this point is <CFG_ALPHA_Y>, Y for this point is 
<CFG_CKEY_Y>. Replace Y with RO if graphic color key is 
enabled.

23:16 CFG_CKEY_Y1 R/W 0x0 Color Key Y1
If Y >= <CFG_CKEY_Y1> and y <= <CFG_CKEY_Y2>, the 
alpha for this point is <CFG_ALPHA_Y>, Y for this point is 
<CFG_CKEY_Y>. Replace Y with RO if graphic color key is 
enabled

15:8 CFG_CKEY_Y R/W 0x0 Color Key Y
If Y >= <CFG_CKEY_Y1> and y <= <CFG_CKEY_Y2>, the 
alpha for this point is <CFG_ALPHA_Y>, Y for this point is 
<CFG_CKEY_Y>. Replace Y with RO if graphic color key is 
enabled

7:0 CFG_ALPHA_Y R/W 0x0 Color Alpha Y
If Y >= <CFG_CKEY_Y1> and y <= <CFG_CKEY_Y2>, the 
alpha for this point is <CFG_ALPHA_Y>, Y for this point is 
<CFG_CKEY_Y>. Replace Y with RO if graphic color key is 
enabled

Table 255: Hardware Cursor Color 2 Register (LCD_SPU_ALPHA_COLOR2)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.13.30 Video U Color Key Control Register 
(LCD_SPU_COLORKEY_U)

A.13.31 Video V Color Key Control Register 
(LCD_SPU_COLORKEY_V)

Instance Name Offset
LCD_SPU_COLORKEY_U 0x0134

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_CEY_U2 CFG_CKEY_U1 CFG_CKEY_U CFG_ALPHA_U

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 257: Video U Color Key Control Register (LCD_SPU_COLORKEY_U)  

Bits Name Type Reset Description

31:24 CFG_CEY_U2 R/W 0x0 Color Key U2
If U >= <Color Key U1> and U <= this field, the alpha for 
this point is <Color Alpha U>, U for this point is <Color Key 
U>. Replace U with G if graphic color key is enabled.

23:16 CFG_CKEY_U1 R/W 0x0 Color Key U1
If U >= this field and U <= <Color Key U2>, the alpha for 
this point is <Color Alpha U>, U for this point is <Color Key 
U>. Replace U with G if graphic color key is enabled.

15:8 CFG_CKEY_U R/W 0x0 Color Key U
If U >= <Color Key U1> and U <= <Color Key U2>, the 
alpha for this point is <Color Alpha U>, U for this point is 
this field. Replace U with G if graphic color key is enabled.

7:0 CFG_ALPHA_U R/W 0x0 Color Alpha U
If U is greater than or equal to <Color Key U1> and U is less 
than or equal to <Color Key U2>, the alpha for this point is 
this field, U for this point is <Color Key U>. Replace U with 
G if graphic color key is enabled.

Instance Name Offset

LCD_SPU_COLORKEY_V 0x0138

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_CKEY_V2 CFG_CKEY_V1 CFG_CKEY_V CFG_ALPHA_V

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 258: Video V Color Key Control Register (LCD_SPU_COLORKEY_V)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 CFG_CKEY_V2 R/W 0x0 Color Key V2
If V >= <Color Key V1> and V <= this field, the alpha for this 
point is <Color Alpha V>, V for this point is <Color Key V>. 
Replace V with B if graphic color key is enabled.
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A.13.32 SPI Read Data Register (LCD_SPU_SPI_RXDATA)

A.13.33 Smart Panel Read Data Register (LCD_SPU_ISA_RXDATA)
                         

23:16 CFG_CKEY_V1 R/W 0x0 Color Key V1
If V >= this field and V <= <Color Key V2>, the alpha for this 
point is <Color Alpha V>, V for this point is <Color Key V>. 
Replace V with B if graphic color key is enabled.

15:8 CFG_CKEY_V R/W 0x0 Color Key V
If V >= <Color Key V1> and V <= <Color Key V2>, the alpha 
for this point is <Color Alpha V>, V for this point is this field. 
Replace V with B if graphic color key is enabled.

7:0 CFG_ALPHA_V R/W 0x0 Color Alpha V
If V is greater than or equal to <Color Key V1> and V is less 
than or equal to <Color Key V2>, the alpha for this point is 
this field, V for this point is <Color Key V>. Replace V with B 
if graphic color key is enabled.

Instance Name Offset
LCD_SPU_SPI_RXDATA 0x0140

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SPI_RXDATA

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 259: SPI Read Data Register (LCD_SPU_SPI_RXDATA)  

Bits Name Type Reset Description

31:0 SPI_RXDATA RO 0x0 SPI Read Data

Instance Name Offset
LCD_SPU_ISA_RXDATA 0x0144

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field ISA_RXDATA

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 258: Video V Color Key Control Register (LCD_SPU_COLORKEY_V)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.13.34 Smart Panel Debug Read Register (LCD_SPU_DBG_ISA)

A.13.35 Hardware Cursor SRAM Read Data Register 
(LCD_SPU_HWC_RDDAT)

Table 260: Smart Panel Read Data Register (LCD_SPU_ISA_RXDATA)  

Bits Name Type Reset Description

31:0 ISA_RXDATA RO 0x0 16-bit or 8-bit Smart Panel Read Data
If the cfg_cmd32or16b is set to 16-bit format:
[7:0] are used for the last read data
[15:8] are used for the second last read data
[23:16] are used for the third last read data
[31:24] are used for the fourth last read data
When cfg_cmd32or16b is set to 32-bit format:
[23:0] are used for the last read back data
[31:24] = 0x0 (don't care)

Instance Name Offset

LCD_SPU_DBG_ISA 0x0148

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_RDREG52

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 261: Smart Panel Debug Read Register (LCD_SPU_DBG_ISA)  

Bits Name Type Reset Description

31:0 CFG_RDREG52 RO 0x0 CFG_RDREG52
Used for debug

Instance Name Offset
LCD_SPU_HWC_RDDAT 0x0158

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_HWC_RDDAT

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 262: Hardware Cursor SRAM Read Data Register (LCD_SPU_HWC_RDDAT)  

Bits Name Type Reset Description

31:0 CFG_HWC_RDDAT RO 0x0 Hardware Cursor SRAM Read Data
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A.13.36 Gamma Table SRAM Read Data Register 
(LCD_SPU_GAMMA_RDDAT)

A.13.37 Palette Table SRAM Read Data Register 
(LCD_SPU_PALETTE_RDDAT)

A.13.38 Smart Panel AHB Slave Path Debug Register 
(LCD_SPU_DBG_SLVTOP)

Instance Name Offset
LCD_SPU_GAMMA_RDDAT 0x015C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_GAMMA_RDDAT

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 263: Gamma Table SRAM Read Data Register (LCD_SPU_GAMMA_RDDAT)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 CFG_GAMMA_RDDAT RO 0x0 Gamma Table SRAM Read Data

Instance Name Offset
LCD_SPU_PALETTE_RDDAT 0x0160

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_PALETTE_RDDAT

Default ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 264: Palette Table SRAM Read Data Register (LCD_SPU_PALETTE_RDDAT)  

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:0 CFG_PALETTE_RDDAT RO 0x0 Palette Table SRAM Read Data

Instance Name Offset
LCD_SPU_DBG_SLVTOP 0x0170

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field DBG_SLVTOP SLV_SPACECNT SLV_DATACNT Reserved

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ?
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A.13.39 I/O Pads Input Read Only Register (LCD_SPU_IOPAD_IN)

Table 265: Smart Panel AHB Slave Path Debug Register (LCD_SPU_DBG_SLVTOP)  

Bits Name Type Reset Description

31:20 DBG_SLVTOP RO 0x0 DBG_SLVTOP
Used for debug

19:12 SLV_SPACECNT RO 0x0 Slave FIFO Space Count
This field indicates slave FIFO space.

0x0: full, no space

0x20: empty, no data

11:4 SLV_DATACNT RO 0x0 Slave FIFO Data Count
This field indicates slave FIFO data. The sum of the <Slave 
FIFO Space Count> field and this field should be 0x20.

0x0: no data, empty

0x20: 32-bit data, full

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2:0 Cur_St[2:0] RO -- Current State of SLVTOP
0x0:   Idle
0x1:   Transferring low 16 bits
0x2:   Transferring high 16 bits.

Instance Name Offset
LCD_SPU_IOPAD_IN 0x0178

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved I/O Pins Input

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 266: I/O Pads Input Read Only Register (LCD_SPU_IOPAD_IN)  

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:0 I/O Pins Input RO 0x0 I/O Pins Input
This field is used to read the status of the I/O pads.
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A.13.40 Reserved Read Only Registers (LCD_CFG_RDREG5F)

A.13.41 SPI Control Register (LCD_SPU_SPI_CTRL)

Instance Name Offset
LCD_CFG_RDREG5F 0x017C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 267: Reserved Read Only Registers (LCD_CFG_RDREG5F)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:6 IRE_FRAME_CNT RO 0x0 Current IRE Frame Number

5:4 IPE_FRAME_CNT RO 0x0 Current IPE Frame Number

3:2 GRA_FRAME_CNT RO 0x0 Current Graphic Frame Number

1:0 DMA_FRAME_CNT RO 0x0 Current Video Frame Number

Instance Name Offset
LCD_SPU_SPI_CTRL 0x0180

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_SCLKCNT CFG_RXBITS CFG_TXBITS
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Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 268: SPI Control Register (LCD_SPU_SPI_CTRL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 CFG_SCLKCNT R/W 0x0 Configure SPI Clock Divider
Valid values are from 0xFF to 0x2 to generate SPI clock.

23:16 CFG_RXBITS R/W 0x0 Configure SPI Receive
Valid values are from 0x1F to 0x1 to read/receive 32 to 2 bits.

0x0: No receiving

15:8 CFG_TXBITS R/W 0x0 Configure SPI Transmit
Valid values are from 0x1F to 0x1 to transfer from 32 to 2 bits.

0x0: Do not transfer
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7 CFG_CLKINV R/W 0x0 Configure Clock Inverse
0x0: SPI clock rising edge samples the data, falling edge sends 

out data

0x1: SPI clock falling edge samples the data, rising edge sends 
out data

6 CFG_KEEPXFER R/W 0x0 Configure Transfer
0x1: SPI chip select is forced to low until this bit is set to 0. This 

field is useful when keep shifting out bit stream or shifting in 
bits.

5 CFG_RXBITSTO0 R/W 0x0 Configure Receive
0x0: Receive from higher bit to bit 0

0x1: Receive from bit 0 to higher bit

4 CFG_TXBITSTO0 R/W 0x0 Configure Transmit

0x0: Transfer from higher bit to bit 0

0x1: Transfer from bit 0 to higher bit

3 CFG_SPI_ENA R/W 0x0 Enable SPI
0x1: Enabled

0x0: Disabled

2 CFG_SPI_SEL R/W 0x0 Configure SPI Port
0x1: Select SPI port 1

0x0: Select SPI port 0

1 CFG_SPI_3W4WB R/W 0x0 Configure 3-/4-Wire SPI
0x1: 3-wire SPI

0x0: 4-wire SPI

0 CFG_SPI_START R/W 0x0 Start SPI Transfer
0x1: Transfer starts, the <Enable SPI> field must also be set to 1.

0x0: Transfer is not started

Table 268: SPI Control Register (LCD_SPU_SPI_CTRL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.13.42 SPI Tx Data Register (LCD_SPU_SPI_TXDATA)

A.13.43 Smart Panel 8-bit Bus Control Register 
(LCD_SPU_SMPN_CTRL)

Instance Name Offset
LCD_SPU_SPI_TXDATA 0x0184

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_SPI_TXDATA

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 269: SPI Tx Data Register (LCD_SPU_SPI_TXDATA)  

Bits Name Type Reset Description

31:0 CFG_SPI_TXDATA R/W 0x0 SPI Transfer Data

Instance Name Offset
LCD_SPU_SMPN_CTRL 0x0188

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
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Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 270: Smart Panel 8-bit Bus Control Register (LCD_SPU_SMPN_CTRL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:28 CFG_ISA_RXLOW R/W 0x0 Configure ISA Receive Low
This field programs the bus read active low time.
Valid values are from 0xF to 0x0 to get active low time from 
16 to 1 clock cycles.

27:24 CFG_ISA_RXHIGH R/W 0x0 Configure ISA Receive High
This field programs the bus read hold time.
Valid values are from 0xF to 0x0 to get hold time from 16 to 
1 clock cycles.

23:20 CFG_ISA_TXLOW R/W 0x0 Configure ISA Transmit Low
This field programs the bus write active low time.
Valid values are from 0xF to 0x0 to get active low time from 
16 to 1 clock cycles.

19:16 CFG_ISA_TXHIGH R/W 0x0 Configure ISA Transmit High
This field programs the bus read hold time.
Valid values are from 0xF to 0x0 to get hold time from 16 to 
1 clock cycles.

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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11:8 CFG_SMPNMODE R/W 0x0 Configure Pixel Format
When in DMA transfer, this field defines the pixel format.

0x0: RGB888, 3 cycles per pixel

0x1: RGB666, 3 cycles per pixel

0x2: RGB565, 2 cycles per pixel

0x3: RGB888, 1 cycle per pixel

0x4: RGB666, 1 cycle per pixel

0x5: RGB565 1 cycle per pixel

7 CFG_CMD32OR16B R/W 0x0 Configure Command Format
0x1: 32-bit command format, used for up to 24-bit bus 

width (I/O pins limited to 18-bit)

0x0: 16-bit command format, used for 8-bit bus width

6 CFG_SWAPBYTES R/W 0x0 Write Byte Order
This field is needed when one pixel is written out by 2 or 3 
byte-write.

0x0: Write 8-bit bus from low byte to high byte

0x1: Write 8-bit bus from high byte to low byte

5 SMPN_SEL R/W 0x0 Smart Panel Parallel Bus Chip Select

0x0: Select CSB[0]

0x1: Select CSB[1]

4 CFG_SLV_ENA R/W 0x0 AHB Slave Path Enable
0x1: Enabled

0x0: Disabled

3 SMPN_RSTB R/W 0x0 Smart Panel Reset

0x0: Reset pin is high

0x1: Reset pin is low

2 CFG_68S80SB R/W 0x0 Configure 8086/6800
0x0: 8-bit bus read/write conforming to 8086 series

0x1: 8-bit bus read/write conforming to 6800 series

1 CFG_KEEPXFER R/W 0x0 Configure Transfer
This field is useful when a Smart Panel wants the chip 
select always low during Read and Write.

0x1: Keep to force chip select to low until this bit is set to 
0

0 CFG_SMPN_ENA R/W 0x0 Smart Panel Enable
When this bit and the <AHB Slave Path Enable> field is 
high, writing command word into the AHB Slave Path Data 
Port Register generates Smart Panel parallel bus cycles.
The command word is 16-bit format, two commands per 32-
bit word, if the <Configure Command Format> field is high, 
otherwise, it should be 32-bit format, one command per 32-
bit word.

0x1: Enabled

0x0: Disabled

Table 270: Smart Panel 8-bit Bus Control Register (LCD_SPU_SMPN_CTRL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.13.44 AHB Slave Path Data Port Register (LCD_SPU_SLV_PORT)

Instance Name Offset
LCD_SPU_SLV_PORT 0x018C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

S
LV

_C
O

M
M

A
N

D
1_

A
0

Reserved
S

LV
_C

O
M

M
A

N
D

1_
R

E
A

D

S
LV

_C
O

M
M

A
N

D
1_

W
R

IT
E

S
LV

_C
O

M
M

A
N

D
1_

D
A

TA

S
V

L_
C

O
M

M
A

N
D

0_
A

0

C
M

D
_F

M
T

_D
A

TA
32

S
LV

_C
O

M
M

A
N

D
0_

R
E

A
D

S
LV

_C
O

M
M

A
N

D
0_

W
R

IT
E

S
LV

D
_C

O
M

M
A

N
D

0_
D

A
TA

Default 0 ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 271: AHB Slave Path Data Port Register (LCD_SPU_SLV_PORT)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 SLV_COMMAND1_A0 WO 0x0 Command 1 A0

30:26 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

25 SLV_COMMAND1_READ WO 0x0 Command 1 Read

24 SLV_COMMAND1_WRITE WO 0x0 Command 1 Write

23:16 SLV_COMMAND1_DATA WO 0x0 Command 1 Data
This field is command 1 8-bit data if the <Configure 
Command Format> field in the Smart Panel 8-bit Bus 
Control Register is set to 16-bit command format.
If the <Configure Command Format> field is set to 32-
bit command format, [23:0] is Smart Panel data[23:0].

15 SVL_COMMAND0_A0 WO 0x0 Command 0 A0
This field is command 0 A0 if the <Configure Command 
Format> field is set to 16-bit command format.
If the <Configure Command Format> field is set to 32-
bit command format, all [23:0] is Smart Panel 
data[23:0].

14:10 CMD_FMT_DATA32 WO 0x0 32-bit Command Format Data
If <Configure Command Format> field is set to 16-bit 
command format, this field is reserved for future use 
(don't care). If the <Configure Command Format> field 
is set to 32-bit command format, [23:0] is Smart Panel 
data[23:0].

9 SLV_COMMAND0_READ WO 0x0 Command 0 Read
This field is command 0 read if the <Configure 
Command Format> field is set to 16-bit command 
format. If the <Configure Command Format> field is set 
to 32-bit command format, [23:0] is Smart Panel 
data[23:0].
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A.13.45 DMA Control 0 Register (LCD_SPU_DMA_CTRL0)

8 SLV_COMMAND0_WRITE WO 0x0 Command 0 Write
This field is command 0 write if the <Configure 
Command Format> field is set to 16-bit command 
format. If the <Configure Command Format> field is set 
to 32-bit command format, [23:0] is Smart Panel 
data[23:0].

7:0 SLVD_COMMAND0_DATA WO 0x0 Command 0 Data
This field is command 0 data if the <Configure 
Command Format> field is set to 16-bit command 
format. If the <Configure Command Format> field is set 
to 32-bit command format, [23:0] is Smart Panel 
data[23:0].

Instance Name Offset
LCD_SPU_DMA_CTRL0 0x0190

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 272: DMA Control 0 Register (LCD_SPU_DMA_CTRL0)  (Sheet 1 of 4)

Bits Name Type Reset Description

31 CFG_NOBLENDING R/W 0x0 Disable RGBA888 and RGB1555 Alpha Mode

0x1: RGBA888 and RGB1555 Alpha modes are 
disabled and <Configure Alpha> in the DMA 
Control 1 Register is used instead

30 CFG_GAMMA_ENA R/W 0x0 Gamma Correction Enable
0x1: Enabled

0x0: Disabled

29 CFG_CBSH_ENA R/W 0x0 Video Contrast/Saturation/Brightness/Hue Adjust 
Enable
0x1: Enabled

0x0: Disabled

Table 271: AHB Slave Path Data Port Register (LCD_SPU_SLV_PORT)  (Sheet 2 of 2)

Bits Name Type Reset Description
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28 CFG_PALETTE_ENA R/W 0x0 Palette Color Enable
This field enables the palette color SRAM table.
When the color format selected in <Video Memory Color 
Format> field is palette4bit or palette8bit, this bit should 
be 1.

0x1: Enabled

0x0: Disabled

27 CFG_ARBFAST_ENA R/W 0x0 DMA AXI Bus Arbiter Enable
0x1: DMA AXI bus arbiter generate two pipelines

0x0: Arbiter switch after whole cycle is done, no two 
pipeline function

26 CFG_HWC_1BITMOD R/W 0x0 Hardware Cursor Color in 1-bit Mode
When the hardware cursor 1-bit mode is enabled, this bit 
controls the cursor color.

0x1: 1-bit mode chooses color1 or color2

0x0: 1-bit mode chooses transparent or color1

25 CFG_HWC_1BITENA R/W 0x0 Hardware Cursor 1-bit or 2-bit Mode Enable
0x1: 1-bit per pixel mode is enabled

0x0: 2-bit per pixel mode is enabled

24 CFG_HWC_ENA R/W 0x0 Hardware Cursor Enable
0x1: Enabled

0x0: Disabled

23:20 CFG_DMAFORMAT R/W 0x0 Video Memory Color Format
Others = Reserved

0x0: RGB565

0x1: RGB1555

0x2: RGB888packed

0x3: RGB888unpacked

0x4: RGBA888

0x5: YUV422packed

0x6: YUV422planar

0x7: YUV420planar

0x8: smpncmd

0x9: palette4bit

0xA: palette8bit

Table 272: DMA Control 0 Register (LCD_SPU_DMA_CTRL0)  (Sheet 2 of 4)

Bits Name Type Reset Description
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19:16 CFG_GRAFORMAT R/W 0x0 Graphic Memory Color Format
Others = Reserved

0x0: RGB565

0x1: RGB1555

0x2: RGB888packed

0x3: RGB888unpacked

0x4: RGBA888

0x5: YUV422packed

0x6: reserved

0x7: reserved

0x8: reserved

0x9: palette4bit

0xA: palette8bit

15 CFG_GRA_FTOGGLE R/W 0x0 Configure Memory Toggle
This field toggles the memory starting address.

0x1: Enabled, when frame0 is done, starting address 
automatically switched to frame1

0x0: Keep using frame0 starting address

14 CFG_GRA_HSMOOTH R/W 0x0 Horizontal U/V Smooth Enable
0x1: Enabled

0x0: Disabled

13 CFG_GRA_TSTMODE R/W 0x0 Graphic Path Test Mode Enable
0x1: Enabled

0x0: disabled

12 CFG_GRA_SWAPRB R/W 0x0 Swap RO and B
This field swaps RO and B. For example, RGB is 
swapped to BGR.

0x1: Swap enabled

0x0: Swap disabled

11 CFG_GRA_SWAPUV R/W 0x0 Swap U and V
This field swaps U and V. For example, YUYV is 
swapped to YVYU.

0x1: Swap enabled

0x0: Disabled

10 CFG_GRA_SWAPYU R/W 0x0 Swap Y and U/V
This field swaps Y and U/V. For example, UYVY is 
swapped to YUYV.

0x1: Swap enabled

0x0: Swap disabled

9 CFG_YUV2RGB_GRA R/W 0x0 Graphic YUV to RGB Color Space Conversion
0x1: Enabled

0x0: Disabled

Table 272: DMA Control 0 Register (LCD_SPU_DMA_CTRL0)  (Sheet 3 of 4)

Bits Name Type Reset Description
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8 CFG_GRA_ENA R/W 0x0 Graphic Transfer Enable
0x1: Enable

0x0: Disabled

7 CFG_DMA_FTOGGLE R/W 0x0 Configure Memory Toggle
This field toggles the memory starting address.

0x1: Enabled, when frame0 is done, starting address 
automatically switched to frame1

0x0: Keep using frame0 starting address

6 CFG_DMA_HSMOOTH R/W 0x0 Horizontal U/V Smooth Enable
0x1: Enabled

0x0: Disabled

5 CFG_DMA_TSTMODE R/W 0x0 Video Path Test Mode Enable
0x1: Enabled

0x0: Disabled

4 CFG_DMA_SWAPRB R/W 0x0 Swap RO and B
This field swaps RO and B. For example, RGB is 
swapped to BGR.

0x1: Swap enabled

0x0: Swap disabled

3 CFG_DMA_SWAPUV R/W 0x0 Swap U and V
This field swaps U and V. For example, YUYV is 
swapped to YVYU.

0x1: Swap enabled

0x0: Disabled

2 CFG_DMA_SWAPYU R/W 0x0 Swap Y and U/V
This field swaps Y and U/V. For example, UYVY is 
swapped to YUYV.

0x1: Swap enabled

0x0: Swap disabled

1 CFG_YUV2RGB_DMA R/W 0x0 Video YUV to RGB Color Space Conversion
Graphic YUV to RGB Color Space Conversion

0x1: Enabled

0x0: Disabled

0 CFG_DMA_ENA R/W 0x0 Video and Command Transfer Enable
0x1: Enabled

0x0: Disabled

Table 272: DMA Control 0 Register (LCD_SPU_DMA_CTRL0)  (Sheet 4 of 4)

Bits Name Type Reset Description
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A.13.46 DMA Control 1 Register (LCD_SPU_DMA_CTRL1)

Instance Name Offset
LCD_SPU_DMA_CTRL1 0x0194

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 273: DMA Control 1 Register (LCD_SPU_DMA_CTRL1)  (Sheet 1 of 3)

Bits Name Type Reset Description

31 CFG_FRAME_TRIG R/W 0x0 DMA Transfer Trigger
This field is useful when Smart Panel VSYNC input is 
not available.

0x1: DMA transfer is triggered, this is equivalent to 
VSYNC pulse

30:28 CFG_VSYNC_MODE R/W 0x0 VSYNC Input Triggers DMA Transfer Start
Other values reserved

0x0: Smart Panel vsync input triggers DMA start 
transfer

0x1: Smart Panel vsync input triggers DMA transfer, 
and generate asynchronous interrupt to CPU

0x2: Dumb panel vsync triggers DMA transfer

0x3: IPE frame done triggers DMA transfer if bit[22] is 
0, otherwise IPE frame start, half line buffer full 
and line buffer full triggers DMA transfer

0x4: IRE frame done triggers DMA transfer if bit[22] is 
0, otherwise IRE frame start, half line buffer full 
and line buffer full triggers DMA transfer

0x7: write 1 into bit[31] triggers DMA transfer

27 CFG_VSYNC_INV R/W 0x0 Rising/Falling Edge Triggers DMA Transfer
0x0: Rising edge triggers

0x1: Falling edge

26:24 COLOR_KEY_MODE R/W 0x0 Color Key Mode
0x0: disable color key function

0x1: Video Y color key is enabled

0x2: Video U color key is enabled

0x3: Graphic RGB color key is enabled

0x4: Video V color key is enabled

0x5: Graphic RO color key is enabled

0x6: Graphic G color key is enabled

0x7: Graphic B color key is enabled
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23 CFG_CARRY R/W 0x0 Configure Low Bits
0x1: Low bits are the extension of the maximum bit 

when converting RGB565/1555/4-bit color into 
24-bit RGB color

0x0: Fill zeros into low bits when converting RGB565/
1555/4-bit color into 24-bit RGB color

22 CFG_LNBUF_ENA R/W 0x0 Line Buffer Enable
Line Buffer mode is for power and memory reduction.
In regular mode, LCD displays a frame after IPE/IRE 
captures the whole frame. In Line Buffer mode, LCD 
display starts after half the line buffer is full, which could 
be 32 lines. The LCD starts another half line buffer 
when the line buffer is full and turns around to wait for 
full line buffer ready again. This significantly reduces 
display buffer area, and is useful for preview function 
when no CPU processing is required and video capture 
is only for video display.
The display must be Smart Panel and bus transfer rate 
should be faster than video capture bus rate.

0x1: Enable Line Buffer mode between IPE/IRE and 
LCD

0x0: Disable Line Buffer mode

21 CFG_GATED_ENA R/W 0x0 Gated Clock Enable
0x1: Enabled

0x0: Disabled

20 CFG_PWRDN_ENA R/W 0x0 Power Save Enable
0x1: Enabled

0x0: Disabled

19:18 CFG_DSCALE R/W 0x0 Configure Scaling
This field configures scaling down when Smart Panel is 
enabled.
For example, when the original HV = 160x120 and 
zooming HV = 80x60, if this setting is 0x1, the final 
picture is 40x30.

0x0: No scaling down

0x1: Scaling down by 1/2 besides the zooming 
function

0x2: Scaling down by 1/4 besides the zooming 
function

17:16 CFG_ALPHA_MODE R/W 0x0 Configure Video/Graphic Path
Others = Reserved

0x0: Video path alpha

0x1: Graphic path alpha

0x2: Configurable alpha

Table 273: DMA Control 1 Register (LCD_SPU_DMA_CTRL1)  (Sheet 2 of 3)

Bits Name Type Reset Description
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A.13.47 SRAM Control Register (LCD_SPU_SRAM_CTRL)

15:8 CFG_ALPHA R/W 0x0 Configure Alpha
When there is no video color key and no graphic alpha, 
this configurable alpha is used for alpha blending.
Otherwise, proportionally select video and graphic.

0xFF: Selects all video, no graphic

7:0 CFG_PXLCMD R/W 0x0 Pixel Command
0x81 should be set
Others = Reserved

Instance Name Offset
LCD_SPU_SRAM_CTRL 0x0198

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 274: SRAM Control Register (LCD_SPU_SRAM_CTRL)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:14 CFG_SRAM_INIT_WR_RD R/W 0x0 SRAM Init Write/Read
0x0: Read SRAM

0x2: Write SRAM

0x3: Initialize SRAM to default value

13:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:8 CFG_SRAM_ADDR_LCDID R/W 0x0 SRAM Address LCD ID
0x0: LCDID_gamma_yr

0x1: LCDID_gamma_ug

0x2: LCDID_gamma_vb

0x3: LCDID_palette

0xF: LCDID_hwc

7:0 CFG_SRAM_ADDR R/W 0x0 SRAM Address[7:0]

Table 273: DMA Control 1 Register (LCD_SPU_DMA_CTRL1)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.13.48 SRAM Write Data Register (LCD_SPU_SRAM_WRDAT)

A.13.49 SRAM Power Down Control Register 
(LCD_SPU_SRAM_PARA1)

Instance Name Offset
LCD_SPU_SRAM_WRDAT 0x019C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_SRAM_WRDAT

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 275: SRAM Write Data Register (LCD_SPU_SRAM_WRDAT)  

Bits Name Type Reset Description

31:0 CFG_SRAM_WRDAT R/W 0x0 SRAM Write
When generating SRAM Write command, this Write 
data is moved into SRAM.

Instance Name Offset
LCD_SPU_SRAM_PARA1 0x01A4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? ? ? ? ? 0 0 0 ? 0 0 0 0

Table 276: SRAM Power Down Control Register (LCD_SPU_SRAM_PARA1)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15 cfg_CSB_256x32 R/W 0x0 Configure CSB 256x32 Memory
This field is useful when updating the cursor pattern.

0x1: Enable read/write hardware cursor SRAM when 
hardware cursor function is disabled

0x0: SRAM is enabled only when the <Hardware Cursor 
Enable> field in the DMA Control Register 0 is 0x1.

14 cfg_CSB_256x24 R/W 0x0 Configure CSB 256x24 Memory
This field is useful when updating the palette pattern.

0x1: Enable read/write palette lookup table SRAM when 
cfg_palette_ena function is disabled

0x0: SRAM is enabled only when the <Palette Color 
Enable> field in the DMA Control Register 0 is 0x1.
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13 cfg_CSB_256x8 R/W 0x0 Configure CSB 256x8 Memory
This field is useful when updating the gamma table.

0x1: Enable read/write gamma table SRAM when 
cfg_gamma_ena function is disabled

0x0: SRAM is enabled only when the <Gamma 
Correction Enable> field in the DMA Control Register 
0 is 0x1.

12:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 CFG_PDWN256x32 R/W 0x0 Power Down SRAM/DPRAM for 256x32 Memory
0x1: Power down enabled

0x0: Power down disabled

6 CFG_PDWN256x24 R/W 0x0 Power Down SRAM/DPRAM for 256x24 Memory
0x1: Power down enabled

0x0: Power down disabled

5 CFG_PDWN256x8 R/W 0x0 Power Down SRAM/DPRAM for 256x8 Memory
0x1: Power down enabled

0x0: Power down disabled

4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 CFG_PDWN32x32 R/W 0x0 Power Down SRAM/DPRAM for 32x32 Memory
0x1: Power down enabled

0x0: Power down disabled

2 CFG_PDWN16x66 R/W 0x0 Power Down SRAM/DPRAM for 16x66 Memory
0x1: Power down enabled

0x0: Power down disabled

1 CFG_PDWN32x66 R/W 0x0 Power Down SRAM/DPRAM for 32x66 Memory
0x1: Power down enabled

0x0: Power down disabled

0 CFG_PDWN64x66 R/W 0x0 Power Down SRAM/DPRAM for 64x66 Memory
0x1: Power down enabled

0x0: Power down disabled

Table 276: SRAM Power Down Control Register (LCD_SPU_SRAM_PARA1)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.13.50 Smart Panel or Dumb Panel Clock Divider 
(LCD_CFG_SCLK_DIV)

Instance Name Offset
LCD_CFG_SCLK_DIV 0x01A8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
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CLK_FRAC_DIV CLK_INT_DIV

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 277: Smart Panel or Dumb Panel Clock Divider (LCD_CFG_SCLK_DIV)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 SCLK_SOURCE_SE
LECT

R/W 0x0 SCLK Source Select
0x0: Select AXI/AHB bus clock as pixel clock source

0x1: Select 312 MHz PLL clock as pixel clock source

30 sclk_ahb_or_axi R/W 0x0 Select AHB or AXI Bus Clock
This field is used in conjunction with the <SCLK Source 
Select> field.
This field is not used when the <SCLK Source Select> field 
is 1.

0x1: Select the AXI bus clock when the <SCLK Source 
Select> field is 0

0x0: Select the AHB bus clock when the <SCLK Source 
Select> field is 0

29 NOCLKBUTTON R/W 0x0 Disable SCLK Resync
0x0: SCLK updates after vsync

0x1: SCLK updates immediately after register setting

28 sclk_int_or_ext R/W 0x0 Select external or internal Clock
Select internal or external clock
This field is used in conjunction with the <SCLK Source 
Select> and <SCLK ahb or axi> fields.
This field is not used when the <SCLK Source Select> field 
is 1.

0x0: Select the clock selected by <SCLK Source Select> 
and <SCLK ahb or axi> fields, bypassed if set to 0

0x1: Select the input PCLK clock as the SCLK source
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A.13.51 Video Contrast Register (LCD_SPU_CONTRAST)

27:16 CLK_FRAC_DIV R/W 0x0 Clock Fraction Divider
This field further adjusts the clock to a special value which 
cannot be exactly divisible by integer divider. For example, 
to obtain 80 MHz, this register should be set to (83-80)/
83*4096=0x94
In this example, three clocks are suppressed, 80 clocks are 
used, and the duty cycle is not 50%. Refer to the <Clock 
Integer Divider> field for more information.

Note: Due to clock jitter added by fractional divider, use of 
this field is limited to smart panel device which has its 
own pixel clock source.

15:0 CLK_INT_DIV R/W 0x0 Clock Integer Divider
The PLL clock could be AXI bus clock or PLL312 MHz 
clock, this integer divider generates the clock that Smart 
and Dumb panels require. Integer divider is from 2 (0x2) to 
65535 (0xFFFF) to divide down the source clock. For 
example, when the source AXI bus clock is 166 MHz, 
setting this register to 2 generates 83 MHz clock.

Instance Name Offset
LCD_SPU_CONTRAST 0x01AC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_BRIGHTNESS CFG_CONTRAST

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 278: Video Contrast Register (LCD_SPU_CONTRAST)  

Bits Name Type Reset Description

31:16 CFG_BRIGHTNESS R/W 0x0 Configure Brightness
[15:8] are used for sign extension
[7:0] are used for integer of brightness control
All adjustments are performed before CSC, brightness 
change range is +/- 0 to 255. These bits are 2's 
complement code.

15:0 CFG_CONTRAST R/W 0x0 Configure Contrast
[15] is used for sign
[14] is used for integer
[13:0] are used for fraction of contrast control
These bits are 2's complement code.

Table 277: Smart Panel or Dumb Panel Clock Divider (LCD_CFG_SCLK_DIV)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.13.52 Video Saturation Register (LCD_SPU_SATURATION)

A.13.53 Video Hue Adjust Register (LCD_SPU_CBSH_HUE)

Instance Name Offset
LCD_SPU_SATURATION 0x01B0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_C_MULT_S CFG_SATURATION

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 279: Video Saturation Register (LCD_SPU_SATURATION)  

Bits Name Type Reset Description

31:16 CFG_C_MULT_S R/W 0x0 Configure Multiplier
[15] is used for sign
[14:13] is used for integer
[12:0] are used for fraction of multiplier of contrast and 
saturation
These bits are 2's complement code.

15:0 CFG_SATURATION R/W 0x0 Configure Saturation
[15] is used for sign
[14] is used for integer
[13:0] are used for fraction of saturation control
These bits are 2's complement code.

Instance Name Offset

LCD_SPU_CBSH_HUE 0x01B4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_SIN0 CFG_COS0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 280: Video Hue Adjust Register (LCD_SPU_CBSH_HUE)  

Bits Name Type Reset Description

31:16 CFG_SIN0 R/W 0x0 Configure Sine
[15] is used for sign
[14] Is used for integer
[13:0] are used for fraction of sine (delta phase)
These bits are 2's complement code.

15:0 CFG_COS0 R/W 0x0 Configure Cosine
Configure Cosin
[15] is used for sign
[14] is used for integer
[13:0] are used for fraction of cosine (delta phase)
These bits are 2's complement code.
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-258



ARMADA 16x Applications Processor Family Register Tables
A.13.54 Dumb LCD Panel Control Register 
(LCD_SPU_DUMB_CTRL)

Instance Name Offset
LCD_SPU_DUMB_CTRL 0x01B8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 281: Dumb LCD Panel Control Register (LCD_SPU_DUMB_CTRL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:28 CFG_DUMBMODE R/W 0x0 Configure Dumb Mode
Other values output blank color LDD[23:0] = 
0x0124[23:0]

0x0: LDD[15:0] is 16-bit RGB565

0x1: LDD[23:8] is 16-bit RGB565

0x2: LDD[17:0] is 18-bit RGB666

0x3: LDD[23:6] is 18-bit RGB666

0x4: LDD[11:0] is 12-bit RGB444

0x5: LDD[23:12] is 12-bit RGB444

0x6: LDD[23:0]=RGB888

27:20 CFG_LCDGPIO_O R/W 0x0 LCD GPIO Output Data

19:12 CFG_LCDGPIO_ENA R/W 0x0 LCD GPIO Output Data Enable

11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

10 CFG_DENA2BIAS R/W 0x0 Swap DENA and BIAS
This field swaps LDD[27] and LDD[23] when in 
Dumb Panel mode.

9 CFG_NO_IOPAD R/W 0x0 I/O Pads Output Disable
0x1: disabled after next vsync

0x0: enabled after next vsync

8 CFG_BIAS_OUT R/W 0x0 Dumb LCD Panel GPIO Control Pin
When the <Dumb Panel Backlight Clock Divider> 
and <Duty Cycle Control> fields in the Graphic Line 
Length (Pitch) Register are 0x0000, this field 
controls the backlight.

7 CFG_REVERSE_RGB R/W 0x0 Configure Reverse RGB Bit Order
0x1: Reverse the RGB bit order, for example 

RO[7:0] G[7:0] B[7:0] are reversed to 
RO[0:7] G[0:7] B[0:7]

0x0: Do not reverse
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A.13.55 LCD I/O Pads Control Register (SPU_IOPAD_CONTROL)

6 CFG_INV_COMPBLANK R/W 0x0 Invert Composite Blank Signal
0x1: Invert

0x0: Do not invert

5 CFG_INV_COMPSYNC R/W 0x0 Ivert Composite Sync Signal
0x1: Invert

0x0: Do not invert

4 CFG_INV_HENA R/W 0x0 Invert Pixel Valid Enable
0x1: Invert

0x0: Do not invert

3 CFG_INV_VSYNC R/W 0x0 Invert VSYNC
0x1: Invert

0x0: Do not invert

2 CFG_INV_HSYNC R/W 0x0 Invert HSYNC
0x1: Invert

0x0: Do not invert

1 CFG_INV_PCLK R/W 0x0 Invert Pixel Clock
0x1: Invert

0x0: Do not invert

0 CFG_DUMB_ENA R/W 0x0 Enable Dumb LCD Panel
Smart Panel should be disabled when this bit is 1.

0x1: Enabled

0x0: Disabled

Instance Name Offset
SPU_IOPAD_CONTROL 0x01BC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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R
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C
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G
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D
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E

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 ? 0 ? 0 0 0 0 ? 0 0 0 0 0 0 0

Table 281: Dumb LCD Panel Control Register (LCD_SPU_DUMB_CTRL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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Table 282: LCD I/O Pads Control Register (SPU_IOPAD_CONTROL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:17 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

16 DMA_RREADY_WAIT_
DISABLE

R/W 0x0 Disable DMA RREADY Wait State
This bit disable wait state added on DMA RREADY
0x0: 1T wait state added to DMA RREADY between 
back to back requests. 
0x1: no wait state added.

15 CFG_GRA_VM_ENA R/W 0x0 Graphic Vertical Mirror Enable
This field enables the graphic picture vertical mirror 
function.

0x1: Enabled, NOTE: the starting address should be 
set to the last line starting address and DMA 
reversely fetches from last line to first line

0x0: Disabled

14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13 CFG_DMA_VM_ENA R/W 0x0 Video Image Vertical Mirror Enable
This field enables the video image vertical mirror 
function.

0x1: Enabled, NOTE: the starting address should be 
set to the last line starting address and DMA 
reversely fetches from last line to first line

0x0: Disabled

12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11 CFG_CMD_VM_ENA R/W 0x0 Command Vertical Mirror Enable
0x1: Smart Panel commands before each line 

vertical mirror is enabled, NOTE: the starting 
address should be set to the last line starting 
address and DMA reversely fetches from last 
line to first line

0x0: Command transfer vertical mirror function is 
disable

10 CFG_BIAS2GPIO4 R/W 0x0 Swap DENA and LCDGPIO[4]
This field swaps LDD[27] and LDD[20] when in Dumb 
Panel mode.

9:8 CFG_CSC R/W 0x0 Configure Color Space Conversion
0x0: CCIR601 YUV convert to Computer system 

RGB

0x1: CCIR601 YUV convert to Studio RGB

0x2: CCIR709 YUV convert to Computer system 
RGB

0x3: CCIR709 YUV convert to Studio RGB

7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.13.56 LCD Interrupt Control Register (SPU_IRQ_ENA)

6 CFP_AXICTRL3 R/W 0x0 AXI Bus Master Control
Used to indicate higher (16) cycle burst to supplement 
bit [4]:

0x0: use the selection of bit [4]

0x1: 16 cycles burst and ignore bit [4] selection

5 CFG_AXICTRL2 R/W 0x0 AXI Bus Master Control
Used to indicate boundary

0x0: no crossing 4 KB boundary

0x1: no crossing 1 KB boundary

4 CFG_AXICTRL1 R/W 0x0 AXI Bus Master Control
 Used to indicate cycle burst

0x0: 8 cycles burst

0x1: 4 cycles burst

3:0 CFG_IOPADMODE R/W 0x0 I/O Pin Allocation Mode
Refer to the LCD specification document for detailed 
pin arrangement.

0x0: Dumb panel 24-bit data width

0x1: Dumb panel 18-bit with SPI

0x2: Dumb panel 18-bit with GPIO

0x3: Dumb panel 16-bit with SPI

0x4: Dumb panel 16-bit with GPIO

0x5: Dumb panel 12-bit with both

0x6: Smart panel 18-bit with SPI

0x7: Smart panel 16-bit with SPI

0x8: Smart panel 8-bit with both GPIO and SPI

Instance Name Offset

SPU_IRQ_ENA 0x01C0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
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R
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R
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O
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R
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N
A

S
P

I_
IR

Q
_E

N
A

P
W

R
D

N
_I

R
Q

_E
N

A

E
R

R
_I

R
Q

_E
N

A

RSR

Default 0 0 0 ? 0 0 0 ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 282: LCD I/O Pads Control Register (SPU_IOPAD_CONTROL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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Table 283: LCD Interrupt Control Register (SPU_IRQ_ENA)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 DMA_FRAME_IRQ0_ENA R/W 0x0 DMA Path Frame 0 Done IRQ Enable
DMA Path Frame 0 IRQ Enable

0x1: Enabled

0x0: Disabled

30 DMA_FRAME_IRQ1_ENA R/W 0x0 DMA Path Frame 1 Done IRQ Enable
0x1: Enabled

0x0: Disabled

29 DMA_FF_UNDERFLOW_ENA R/W 0x0 DMA Path FIFO Underflow IRQ Enable
0x1: Enabled

0x0: Disabled

28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27 GRA_FRAME_IRQ0_ENA R/W 0x0 Graphic Path Frame 0 IRQ Enable

0x1: Enabled

0x0: Disabled

26 GRA_FRAME_IRQ1_ENA R/W 0x0 Graphic Path Frame 1 IRQ Enable
0x1: Enabled

0x0: Disabled

25 GRA_FF_UNDERFLOW_ENA R/W 0x0 Graphic Path FIFO Underflow IRQ Enable

0x1: Enabled

0x0: Disabled

24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23 VSYNC_IRQ_ENA R/W 0x0 VSYNC Input Rising Edge IRQ Enable
0x1: Enabled

0x0: Disabled

22 DUMB_FRAMEDONE_ENA R/W 0x0 Dumb LCD Panel Frame Done IRQ Enable
0x1: Enabled

0x0: Disabled

21 TWC_FRAMEDONE_ENA R/W 0x0 Smart Panel Frame Done IRQ Enable
0x1: Enabled

0x0: Disabled

20 HWC_FRAMEDONE_ENA R/W 0x0 Hardware Cursor/OSD Frame Done IRQ Enable
0x1: Enabled

0x0: Disabled

19 SLV_IRQ_ENA R/W 0x0 AHB Slave Path All Command Empty IRQ Enable
0x1: Enabled

0x0: Disabled

18 SPI_IRQ_ENA R/W 0x0 SPI Bus Transfer Complete IRQ Enable
0x1: Enabled

0x0: Disabled
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A.13.57 LCD Interrupt Status Register (SPU_IRQ_ISR)

17 PWRDN_IRQ_ENA R/W 0x0 Power Down Request IRQ Enable
0x1: Enabled

0x0: Disabled

16 ERR_IRQ_ENA R/W 0x0 AXI Bus Latency Too Long IRQ Enable
0x1: Enabled

0x0: Disabled

15:0 RSR R/W 0x0 Read spu_irq_ISR Clean ISR[31:16] Enable

Instance Name Offset

SPU_IRQ_ISR 0x01C4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Default 0 0 0 ? 0 0 0 ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 284: LCD Interrupt Status Register (SPU_IRQ_ISR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 DMA_FRAME_IRQ0 R/W 0x0 DMA Path Frame 0 Done Rising Edge IRQ
Even the DMA transfer is triggered by IPE/IRE, this 
is decided by DMA frame counter itself.

30 DMA_FRAME_IRQ1 R/W 0x0 DMA Path Frame 1 Done Rising Edge IRQ
Even the DMA transfer is triggered by IPE/IRE, this 
is decided by DMA frame counter itself.

29 DMA_FF_UNDERFLOW R/W 0x0 DMA Path FIFO Underflow IRQ

28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27 GRA_FRAME_IRQ0 R/W 0x0 Graphic Path Frame 0 Done Rising Edge IRQ
Even the DMA transfer is triggered by IPE/IRE, this 
is decided by graphic frame counter itself.

26 GRA_FRAME_IRQ1 R/W 0x0 Graphic Path Frame 1 Done Rising Edge IRQ
Even the DMA transfer is triggered by IPE/IRE, this 
is decided by graphic frame counter itself.

25 GRA_FF_UNDERFLOW R/W 0x0 Graphic Path FIFO Underflow IRQ

Table 283: LCD Interrupt Control Register (SPU_IRQ_ENA)  (Sheet 2 of 2)

Bits Name Type Reset Description
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24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23 VSYNC_IRQ R/W 0x0 VSYNC Input Rising Edge IRQ

22 DUMB_FRAMEDONE R/W 0x0 Dumb LCD Panel Display Screen Done IRQ

21 TXC_FRAMEDONE R/W 0x0 Smart Panel Display Area DMA Done IRQ

20 HWC_FRAMEDONE R/W 0x0 Hardware Cursor/OSD Frame Done IRQ

19 SLV_IRQ R/W 0x0 AHB Slave Path All Commands Output Done 
IRQ

18 SPI_IRQ R/W 0x0 SPI Bus Transfer Done IRQ

17 PWRDN_IRQ R/W 0x0 Power Down Request IRQ

16 ERR_IRQ R/W 0x0 AXI Bus Latency Too Long IRQ
This interrupt occurs when the response time is 
more than 512 bus clocks.

15 DMA_FRAME_IRQ0_LEVEL RO 0x0 Level of [31]

14 DMA_FRAME_IRQ1_LEVEL RO 0x0 Level of [30]

13:12 DMA_FRAME_CNT RO 0x0 dma_frame_cnt[1:0]
This field indicates the frame number of the DMA 
path.

11 GRA_FRAME_IRQ0_LEVEL RO 0x0 Level of [27]

10 GRA_FRAME_IRQ1_LEVEL RO 0x0 Level of [26]

9:8 GRA_FRAME_CNT RO 0x0 gra_frame_cnt[1:0]
This field indicates the frame number of the graphic 
path.

7 VSYNC_IRQ_LEVEL RO 0x0 Level of [23]

6 DUMB_FRAMEDONE_LEVEL RO 0x0 Level of [22]

5 TWC_FRAMEDONE_LEVEL RO 0x0 Level of [21]

4 HWC_FRAMEDONE_LEVEL RO 0x0 Level of [20]

3 SLV_FF_EMPTY RO 0x0 AHB Slave Path FIFO Empty
0x1: AHB slave path FIFO empty

2 DMA_FF_ALLEMPTY RO 0x0 DMA Path FIFO Empty
0x1: DMA path FIFO empty

1 GRA_FF_ALLEMPTY RO 0x0 Graphic Path FIFO Empty
0x1: graphic path FIFO empty

0 PWRDN_IRQ_LEVEL RO 0x0 Level of [16]

Table 284: LCD Interrupt Status Register (SPU_IRQ_ISR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.13.58 Miscellaneous LCD Control Register (LCD_MISC_CNTL)

Instance Name Offset
LCD_MISC_CNTL 0x01C8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

IN
V

_P
C

LK
_I

N

Reserved

G
R

A
_R

D
_C

N
T

L

V
ID

_R
D

_C
N

T
L

Default 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 285: Miscellaneous LCD Control Register (LCD_MISC_CNTL)  

Bits Name Type Reset Description

31 INV_PCLK_IN R/W 0x0 Inverted Pixel Clock Input
When sclk_int_or_ext (LCD_CFG_SCLK_DIV bit 28) is set 
to select external pixel clock, this bit is used to determine 
polarity of external PCLK:
0x0: Do not invert external PCLK
0x1: Invert external PCLK

30:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:2 GRA_RD_CNTL R/W 0x0 Graphics DMA read FIFO level control
0x0: 4 FIFO entries for outstanding DMA Read
0x1: 1 FIFO entry for outstanding DMA Read
0x2: 2 FIFO entries for outstanding DMA Read
0x3: reserved
Note: Recommended value is 0b1

1:0 SPU_RD_CNTL R/W 0x0 VID DMA read FIFO level control
0x0: 4 FIFO entries for outstanding DMA Read
0x1: 1 FIFO entry for outstanding DMA Read
0x2: 2 FIFO entries for outstanding DMA Read
0x3: reserved
Note: Recommended value is 0b1
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A.14 EPD Control Registers  
The EPDC operation is controlled mostly through driver APIs. However, there are thirty-two 32-bit-
wide registers that software can read and write to that are described below. 

The EPD Clock/Reset Control Register (APMU_EPD_CLK_RES_CTRL) in the Application 
Subsystem Power Management (APMU) Unit must be programmed prior to accessing the EPD 
registers.

Base Address: 0xC050_0000

Table 286:  EPD Register Summary (Sheet 1 of 2)

Offset Name Description Details

0x0000 DISPLAY0 Display Register 0 (DISPLAY0) Page: A-268

0x0004 DISPLAY1 Display Register 1 (DISPLAY1) Page: A-269

0x0008 DISPLAY2 Display Register 2 (DISPLAY2) Page: A-270

0x000C DISPLAY3 Display Register 3 (DISPLAY3) Page: A-270

0x0010 DISPLAY4 Display Register 4 (DISPLAY4) Page: A-271

0x0014 DISPLAY5 Display Register 5 (DISPLAY5) Page: A-271

0x0018 VCOM_VOLT VCOM Voltage Register (VCOM_VOLT) Page: A-272

0x0020 CONTROL1 Control Register 1 (CONTROL1) Page: A-273

0x0024 CONTROL2 Control Register 2 (CONTROL2) Page: A-274

0x0028 CONTROL3 Control Register 3 (CONTROL3) Page: A-274

0x0030 POWER_0 Power Register 0 (POWER_0) Page: A-275

0x0034 POWER_1 Power Register 1 (POWER_1) Page: A-275

0x0038 POWER_2 Power Register 2 (POWER_2) Page: A-276

0x003C POWER_3 Power Register 3 (POWER_3) Page: A-276

0x0040 DISP_SIZE Display Size Register (DISP_SIZE) Page: A-277

0x0044 SYNC_SIZE Sync Size Register (SYNC_SIZE) Page: A-278

0x0050 FB_BASE Frame Buffer Base Register (FB_BASE) Page: A-278

0x0054 WORK_MEM Working Memory Buffer Base Register (WORK_MEM) Page: A-278

0x0058 FIFO_PARAM1 FIFO Parameters Register 1 (FIFO_PARAM1) Page: A-279

0x005C FIFO_PARAM2 FIFO Parameters Register 2 (FIFO_PARAM2) Page: A-279

0x0060 UART_CONTROL UART Control Register (UART_CONTROL) Page: A-280

0x0064 UART_ADDRESS UART Address Register (UART_ADDRESS) Page: A-281

0x0068 UART_DATA_INPUT UART Data Input Register (UART_DATA_INPUT) Page: A-281

0x006C UART_DATA_OUTPUT UART Data Output Register (UART_DATA_OUTPUT) Page: A-281

0x0070 EPD_INTERRUPT EPD Interrupt Register (EPD_INTERRUPT) Page: A-282
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A.14.1 Display Register 0 (DISPLAY0)

0x0074 EPD_INTERRUPT_CONTR
OL

EPD Interrupt Control Register 
(EPD_INTERRUPT_CONTROL)

Page: A-283

0x0078 EPD_STATUS EPD Status Register (EPD_STATUS) Page: A-283

0x007C FRAME_COUNTER Frame Counter Register (FRAME_COUNTER) Page: A-284

0x0080 EPD_SCRATCH EPD Scratch Register (EPD_SCRATCH) Page: A-284

0x00E0 EPD_DEBUG EPD Debug Register (EPD_DEBUG) Page: A-285

0x00F0 EPD_REV_ID EPD Revision ID Register (EPD_REV_ID) Page: A-285

Instance Name Offset

DISPLAY0 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SDOEE SDOES Reserved DP_STEP

S
T

D
B

Y

Default 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Table 287: Display Register 0 (DISPLAY0)  

Bits Name Type Reset Description

31:22 SDOEE R/W 0x008 Source Driver OE End Point

21:12 SDOES R/W 0x008 Source Driver OE Start Point

11:9 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

8:1 DP_STEP R/W 0x7F Display Steps
Total number of display steps in a frame.

0 STDBY R/W 0x1 Standby Mode

Table 286:  EPD Register Summary (Sheet 2 of 2)

Offset Name Description Details
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A.14.2 Display Register 1 (DISPLAY1)

Instance Name Offset
DISPLAY1 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

G
D

S
P

P

GDCKE GDCKS

G
D

O
E

P

G
D

R
L

S
D

S
H

R

S
D

O
R

S
D

C
E

R

SDCES SDCEOSZ

Default 0 0 1 0 1 0 1 1 0 0 0 0 1 1 1 0 0 1 0 1 0 0 0 0 1 1 0 0 1 0 0 0

Table 288: Display Register 1 (DISPLAY1)  

Bits Name Type Reset Description

31 GDSPP R/W 0x0 Gate Driver Start Pulse Polarity
0x0: Positive

0x1: Negative

30:20 GDCKE R/W 0x2D0 Gate Driver GDCK End Point
This value is equal to (HSW + 2*GDSPW)

19:16 GDCKS R/W 0xE Gate Driver GDCK Start Point

15 GDOEP R/W 0x0 Gate Driver OE Polarity

0x0: Positive

0x1: Negative

14 GDRL R/W 0x1 Gate Driver Right or Left
0x0: Left

0x1: Right

13 SDSHR R/W 0x0 Source Driver Shift Right

0x0: Shift left

0x1: Shift right

12 SDOR R/W 0x1 Source Driver Output Reverse
0x0: No reverse

0x1: Reverse

11 SDCER R/W 0x0 Source Driver CE Sequence Order Reserve

10:8 SDCES R/W 0x0 Source Driver CE Sequence Order

7:0 SDCEOSZ R/W 0xC8 Source Driver SDCE Length
Supports any size from 0-255
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A.14.3 Display Register 2 (DISPLAY2)

A.14.4 Display Register 3 (DISPLAY3)

Instance Name Offset
DISPLAY2 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field GDSPL GDCKL

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Table 289: Display Register 2 (DISPLAY2)  

Bits Name Type Reset Description

31:16 GDSPL R/W 0x0002 Gate Driver Start Pulse Start Line

15:0 GDCKL R/W 0x0002 Gate Driver GDCK Start Line

Instance Name Offset

DISPLAY3 0x000C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

S
D

C
LK

_I
N

V

4S
D

LE
_S

TA
G

G
E

R

P
IX

_D
E

P
T

H

VDLC GDSPE GDSPS

Default 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 1 0 0 0 0

Table 290: Display Register 3 (DISPLAY3)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:30 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

30 SDCLK_INV R/W 0x0 SDCLK Invert
0x1: Invert SDCLK

29 4SDLE_STAGGER R/W 0x0 Staggered 4 SDLE Enable
0x0: Single SDLE (Registers 10 and 14 must have the 

same values)

0x1: Staggered 4 SDLE

28:27 PIX_DEPTH R/W 0x0 Pixel Depth
0x0: 4-bit

0x1: 1-bit

0x2: Reserved

0x3: 3-bit

26:16 VDLC R/W 0x640 Visible Display Line Count
Value = Number of visible image lines - 1

15:8 GDSPE R/W 0x30 Gate Driver Start Pulse End
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A.14.5 Display Register 4 (DISPLAY4)

A.14.6 Display Register 5 (DISPLAY5)

7:0 GDSPS R/W 0x50 Gate Driver Start Pulse Start

Instance Name Offset
DISPLAY4 0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SDLE1E SDLE1S SDLE0E SDLE0S

Default 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0

Table 291: Display Register 4 (DISPLAY4)  

Bits Name Type Reset Description

31:24 SDLE1E R/W 0x08 Source Driver LE1 End Point

23:16 SDLE1S R/W 0x02 Source Driver LE1 Start Point

15:8 SDLE0E R/W 0x08 Source Driver LE0 End Point

7:0 SDLE0S R/W 0x02 Source Driver LE0 Start Point

Instance Name Offset
DISPLAY5 0x0014

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SDLE3E SDLE3S SDLE2E SDLE2S

Default 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0

Table 292: Display Register 5 (DISPLAY5)  

Bits Name Type Reset Description

31:24 SDLE3E R/W 0x08 Source Driver LE3 End Point

23:16 SDLE3S R/W 0x02 Source Driver LE3 Start Point

15:8 SDLE2E R/W 0x08 Source Driver LE2 End Point

7:0 SDLE2S R/W 0x02 Source Driver LE2 Start Point

Table 290: Display Register 3 (DISPLAY3)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.14.7 VCOM Voltage Register (VCOM_VOLT)

Instance Name Offset
VCOM_VOLT 0x0018

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

S
W

_D
P

O
T

D
P

O
T

_D
IN

D
P

O
T

_C
E

_n

D
P

O
T

_S
C

LK

C
E

_n
_P

O
LA

R
IT

Y

G
O

_D
P

O
T

B
Y

T
E

_C
O

U
N

T

DATA_VALUE

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 293: VCOM Voltage Register (VCOM_VOLT)  

Bits Name Type Reset Description

31 SW_DPOT R/W 0x0 SW_DPOT mode enable
0x0: Hardware mode DPOT transmission. The 

programmer writes transferring data in bits 23:0, 
number of transferring bytes in bits 25:24, and 
GO_DPOT=1 to start the data transfer. 
Programmers can transfer 3 bytes, followed by 1 
byte to program DPOT setting.

0x1: Software mode DPOT transmission. The software 
controls bits 30:28 toggle sequence to program 
DPOT.

30 DPOT_DIN R/W 0x0 Connect to DPOT_DIN in SW_DPOT mode

29 DPOT_CE_n R/W 0x0 Connect to DPOT_CE_n in SW_DPOT mode

28 DPOT_DCLK R/W 0x0 Connect to DPOT_SCLK in SW_DPOT mode

27 CE_n_POLARITY R/W 0x0 CE_n polarity:
0x0: Active low

0x1: Active high

26 GO_DPOT R/W 0x0 Start transmission
0x1:Start the transfer
Self-clear after transmission.

25:24 BYTE_COUNT R/W 0x0 Number of bytes to be transmitted

23:0 DATA_VALUE R/W 0x0 Data value to be transmitted
In the DATA_VALUE field, the upper 8 bits are for the 
command, the middle 10 bits are the data, the lowest 6 bits 
are “don’t care” bits.
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-272



ARMADA 16x Applications Processor Family Register Tables
A.14.8 Control Register 1 (CONTROL1)

Instance Name Offset
CONTROL1 0x0020

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
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Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 294: Control Register 1 (CONTROL1)  

Bits Name Type Reset Description

31 SOFT_RESET R/W 0x0 Software Reset
This bit resets the EPD controller except AHB slave. It does 
not self clear.

30 DEBUG_MODE R/W 0x0 Debugging mode

29 CRASH_STOP R/W 0x0 To enable crash detection and stop feature

28:24 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

23:16 TEST_MUX_SEL R/W 0x0 Test MUX Selection

15:7 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

6 LUT_PWR_EN R/W 0x0 LUT Memory Power Enable
After LUT_PWR_EN = 1, the memory needs many cycles to 
become accessible

0x0: Disable

0x1: Enable

5 VCOM_AUTO_OFF R/W 0x0 Panel VCOM auto turn off when no display
0x0: Disable VCOM power auto off

0x1: Enable VCOM power auto off

4 PANEL_PWR_AUTO
_OFF

R/W 0x0 Panel power auto turn off when no display

0x0: Disable panelpower auto off

0x1: Enable panel power auto off

3 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

2 DISP_AUTO_STOP R/W 0x0 Display auto stop enable
0x0: Disable auto stop

0x1: Enable auto stop

1:0 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.
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A.14.9 Control Register 2 (CONTROL2)

A.14.10 Control Register 3 (CONTROL3)

Instance Name Offset
CONTROL2 0x0024

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
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_S

C
R

E
E

N
_U

P
D
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E

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 295: Control Register 2 (CONTROL2)  

Bits Name Type Reset Description

31:1 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

0 FULL_SCREEN_UP
DATE

WO 0x0 Full screen update. Software set, hardware clear.
0x0: Only changed pixel update

0x1: Full screen update

Instance Name Offset

CONTROL3 0x0028

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

S
LE

E
P

_E
N

PCLK_DIVIDE

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1

Table 296: Control Register 3 (CONTROL3)  

Bits Name Type Reset Description

31:13 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

12 SLEEP_EN R/W 0x0 Sleep mode enable bit
0x0: Disable sleep mode

0x1: Enable sleep mode

11:0 PCLK_DIVIDE R/W 0x00D PCLK frequency = 624 / PCLK_DIVIDE
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A.14.11 Power Register 0 (POWER_0)

A.14.12 Power Register 1 (POWER_1)

Instance Name Offset
POWER_0 0x0030

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PPWR_DN1 PPWR_UP1 PPWR_DN0 PPWR_UP0

Default 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0

Table 297: Power Register 0 (POWER_0)  

Bits Name Type Reset Description

31:24 PPWR_DN1 R/W 0x20 PWR[1] (Vee) down delay from PANEL_PWR signal down
Value = # PANEL_PWR_DELAY_GRANULARITY

23:16 PPWR_UP1 R/W 0x10 PWR[1] (Vee) up delay from PANEL_PWR signal up
Value = # PANEL_PWR_DELAY_GRANULARITY

15:8 PPWR_DN0 R/W 0x30 PWR[0] (V_3.3) down delay from PANEL_PWR signal down
Value = # PANEL_PWR_DELAY_GRANULARITY

7:0 PPWR_UP0 R/W 0x00 PWR[0] (V_3.3) up delay from PANEL_PWR signal up
Value = # PANEL_PWR_DELAY_GRANULARITY

Instance Name Offset

POWER_1 0x0034

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PPWR_DN3 PPWR_UP3 PPWR_DN2 PPWR_UP2

Default 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0

Table 298: Power Register 1 (POWER_1)  

Bits Name Type Reset Description

31:24 PPWR_DN3 R/W 0x10 PWR[3] (Vpos) down delay from PANEL_PWR signal down
Value = # PANEL_PWR_DELAY_GRANULARITY

23:16 PPWR_UP3 R/W 0x30 PWR[3] (Vpos) up delay from PANEL_PWR signal up
Value = # PANEL_PWR_DELAY_GRANULARITY

15:8 PPWR_DN2 R/W 0x10 PWR[2] (Vneg) down delay from PANEL_PWR signal down

Value = # PANEL_PWR_DELAY_GRANULARITY

7:0 PPWR_UP2 R/W 0x20 PWR[2] (Vneg) up delay from PANEL_PWR signal up
Value = # PANEL_PWR_DELAY_GRANULARITY
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A.14.13 Power Register 2 (POWER_2)

A.14.14 Power Register 3 (POWER_3)

Instance Name Offset
POWER_2 0x0038

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PPWR_DN5 PPWR_UP5 PPWR_DN4 PPWR_UP4

Default 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0

Table 299: Power Register 2 (POWER_2)  

Bits Name Type Reset Description

31:24 PPWR_DN5 R/W 0x00 PWR[5] (Gate CK start pulse) down delay from PANEL_PWR 
signal down

Value = # PANEL_PWR_DELAY_GRANULARITY

23:16 PPWR_UP5 R/W 0x60 PWR[5] (Gate CK start pulse) up delay from PANEL_PWR sig-
nal up

Value = # PANEL_PWR_DELAY_GRANULARITY

15:8 PPWR_DN4 R/W 0x10 PWR[4] (Vgate) down delay from PANEL_PWR signal down
Value = # PANEL_PWR_DELAY_GRANULARITY

7:0 PPWR_UP4 R/W 0x40 PWR[4] (Vgate) up delay from PANEL_PWR signal up
Value = # PANEL_PWR_DELAY_GRANULARITY

Instance Name Offset

POWER_3 0x003C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Table 300: Power Register 3 (POWER_3)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:16 Reserved RSVD 0x0000 Reserved. Always write 0. Ignore read value.
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A.14.15 Display Size Register (DISP_SIZE)

15 DISPC R/W 0x0 Disable common power (VCOM control)
0x0: Enabled

0x1: Disabled

14 PANEL_PWR R/W 0x0 Control the panel power up and down

13:8 DEW R/W 0x00 End width for double wide frame buffer support
Value = # pixels - 1

7:2 Reserved RSVD 0x00 Reserved. Always write 0. Ignore read value.

1:0 PANEL_PWR_DELA
Y_GRANULARITY

R/W 0x1 Panel Power Delay Granularity
0x0: Delay Granularity = 0.25ms

0x1: Delay Granularity = 0.5ms

0x2: Delay Granularity = 1ms

0x3: Delay Granularity = 2ms

Instance Name Offset
DISP_SIZE 0x0040

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved DISP_Y_SIZE Reserved DISP_X_SIZE

Default 0 0 0 0 0 1 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0

Table 301: Display Size Register (DISP_SIZE)  

Bits Name Type Reset Description

31:27 Reserved RSVD 0x00 Reserved. Always write 0. Ignore read value.

26:16 DISP_Y_SIZE R/W 0x4B0 Display Y dimension

15:11 Reserved RSVD 0x00 Reserved. Always write 0. Ignore read value.

10:0 DISP_X_SIZE R/W 0x640 Display Xdimension

Table 300: Power Register 3 (POWER_3)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.14.16 Sync Size Register (SYNC_SIZE)

A.14.17 Frame Buffer Base Register (FB_BASE)

A.14.18 Working Memory Buffer Base Register (WORK_MEM)

Instance Name Offset
SYNC_SIZE 0x0044

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Vertical Sync Size Reserved Horizontal Sync Size

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0

Table 302: Sync Size Register (SYNC_SIZE)  

Bits Name Type Reset Description

31:16 VSYNC_SIZE R/W 0x0006 Vertical Sync Size

15:11 Reserved RSVD 0x00 Reserved. Always write 0. Ignore read value.

10:0 HSYNC_SIZE R/W 0x064 Horizontal Sync Size

Instance Name Offset
FB_BASE 0x0050

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Frame Buffer Base Pointer

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 303: Frame Buffer Base Register (FB_BASE)  

Bits Name Type Reset Description

31:0 FB_BASE R/W 0x0 Frame Buffer Base Pointer

Instance Name Offset
WORK_MEM 0x0054

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Working Memory Buffer Base Pointer

Default 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 304: Working Memory Buffer Base Register (WORK_MEM)  

Bits Name Type Reset Description

31:0 WORK_MEM R/W 0x200000 Working Memory Buffer Base Pointer
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A.14.19 FIFO Parameters Register 1 (FIFO_PARAM1)

A.14.20 FIFO Parameters Register 2 (FIFO_PARAM2)

Instance Name Offset
FIFO_PARAM1 0x0058

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved FIFO_WRITE_TRHD Reserved FIFO_BURST_SIZE

Default 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

Table 305: FIFO Parameters Register 1 (FIFO_PARAM1)  

Bits Name Type Reset Description

31:24 Reserved RSVD 0x00 Reserved. Always write 0. Ignore read value.

23:16 FIFO_WRITE_TRHD R/W 0x40 FIFO Write Threshold

15:8 Reserved RSVD 0x00 Reserved. Always write 0. Ignore read value.

7:0 FIFO_BURST_SIZE R/W 0x40 FIFO Burst Size
4bpp: 64, 32

1bpp: 64

Instance Name Offset
FIFO_PARAM2 0x005C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved FIFO_READ_TRHD

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

Table 306: FIFO Parameters Register 2 (FIFO_PARAM2)  

Bits Name Type Reset Description

31:8 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

7:0 FIFO_READ_TRHD R/W 0x40 FIFO Read Threshold
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A.14.21 UART Control Register (UART_CONTROL)

Instance Name Offset
UART_CONTROL 0x0060

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 1 0

Table 307: UART Control Register (UART_CONTROL)  

Bits Name Type Reset Description

31:10 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

9:8 UART_SC_CLK_RATE R/W 0x2 UART Smart Card Clock Rate
0x0: 12.5 MHz

0x1: 6.25 MHz

0x2: 5.0 MHz

0x3: 3.333 MHz

7 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

6 UART_SETVPP RO 0x1 UART SETVPP Output

5 UART_SETVCC RO 0x1 UART SETVCC Output

4 UART_DETECT R/W 0x1 UART Detect Pin (tie to high)

3 UART_DATA_TRAN_ACK R/W 0x1 UART Data Transaction Acknowledge

2 UART_ADDR_STROBE R/W 0x1 UART Address Strobe

1 UART_R_W_n R/W 0x1 UART Read Write (active low)

0 UART_RESET_n R/W 0x0 UART Reset (active low)
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A.14.22 UART Address Register (UART_ADDRESS)

A.14.23 UART Data Input Register (UART_DATA_INPUT)

A.14.24 UART Data Output Register (UART_DATA_OUTPUT)

Instance Name Offset
UART_ADDRESS 0x0064

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved UART_ADDR

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 308: UART Address Register (UART_ADDRESS)  

Bits Name Type Reset Description

31:5 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

4:0 UART_ADDR R/W 0x00 UART Address

Instance Name Offset

UART_DATA_INPUT 0x0068

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved UART_DATA_IN

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 309: UART Data Input Register (UART_DATA_INPUT)  

Bits Name Type Reset Description

31:8 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

7:0 UART_DATA_IN WO 0x00 UART Data Input

Instance Name Offset
UART_DATA_OUTPUT 0x006C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved UART_DATA_OUT

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 310: UART Data Output Register (UART_DATA_OUTPUT)  

Bits Name Type Reset Description

31:8 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

7:0 UART_DATA_OUT RO 0x00 UART Data Output
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A.14.25 EPD Interrupt Register (EPD_INTERRUPT)

Instance Name Offset
EPD_INTERRUPT 0x0070

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Table 311: EPD Interrupt Register (EPD_INTERRUPT)  

Bits Name Type Reset Description

31:12 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

11 FIFO_OVERFLOW R/W 0x0 FIFO 3 Overflow

10 FIFO_UNDERFLOW R/W 0x0 FIFO 1 and 2 Underflow

9 AXI_BUS_ERR R/W 0x0 AXI Bus Error Flag

8 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

7 CRASH R/W 0x0 EPD Controller Crash

6 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

5 UPDATE_START R/W 0x0 Asserts when a frame update starts

4 PWR_INIT_DONE R/W 0x0 Panel Power Initialization Complete

3:1 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

0 UPDATE_DONE R/W 0x1 Asserts when a frame update completes
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A.14.26 EPD Interrupt Control Register 
(EPD_INTERRUPT_CONTROL)

A.14.27 EPD Status Register (EPD_STATUS)

Instance Name Offset
EPD_INTERRUPT_CONTROL 0x0074

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
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Y

Reserved INT_MASK

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 312: EPD Interrupt Control Register (EPD_INTERRUPT_CONTROL)  

Bits Name Type Reset Description

31 INT_POLARITY R/W 0x0 Interrupt Polarity

0x0: Active high

0x1: Active Low

30:12 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

11:0 INT_MASK R/W 0x000 Interrupt Mask Bits
0x0: Disabled

0x1: Enabled

Instance Name Offset
EPD_STATUS 0x0078

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1

Table 313: EPD Status Register (EPD_STATUS)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:12 Reserved RSVD 0x000
00

Reserved. Always write 0. Ignore read value.

11 FIFO_OVERFLOW RO 0x0 FIFO 3 Overflow

10 FIFO_UNDERFLOW RO 0x0 FIFO 1 and 2 Underflow

9 AXI_BUS_ERR RO 0x0 AXI Bus Error Flag
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A.14.28 Frame Counter Register (FRAME_COUNTER)

A.14.29 EPD Scratch Register (EPD_SCRATCH)

8 PWR_DOWN_DONE RO 0x1 Panel Power Down Complete

7 CRASH R/W 0x0 EPD Controller Crash

6 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

5 UPDATE_START R/W 0x0 Frame Update is Running (This bit is inverted from 
UPDATE_DONE

4 PWR_INIT_DONE R/W 0x0 Panel Power Initialization Complete

3:1 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

0 UPDATE_DONE R/W 0x1 Asserts when a frame update completes
If DISP_AUTO_STOP_EN = 0, then display state machine is still 
running after frame update is done.

Instance Name Offset

FRAME_COUNTER 0x007C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field FRAME_COUNT

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 314: Frame Counter Register (FRAME_COUNTER)  

Bits Name Type Reset Description

31:0 FRAME_COUNT R/W 0x0 Frame Counter

Instance Name Offset
EPD_SCRATCH 0x0080

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field EPD_SCRATCH

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 315: EPD Scratch Register (EPD_SCRATCH)  

Bits Name Type Reset Description

31:0 EPD_SCRATCH R/W 0x0 EPD Scratch Register

Table 313: EPD Status Register (EPD_STATUS)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.14.30 EPD Debug Register (EPD_DEBUG)

A.14.31 EPD Revision ID Register (EPD_REV_ID)

Instance Name Offset
EPD_DEBUG 0x00E0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field EPD_DEBUG

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 316: EPD Debug Register (EPD_DEBUG)  

Bits Name Type Reset Description

31:0 EPD_DEBUG RO 0x0 EPD Debug Register

Instance Name Offset
EPD_REV_ID 0x00F0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved EPD_REV_IID1 EPD_REV_ID0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Table 317: EPD Revision ID Register (EPD_REV_ID)  

Bits Name Type Reset Description

31:16 Reserved RSVD 0x0000 Reserved. Always write 0. Ignore read value.

15:8 EPD_REV_ID1 RO 0x01 Major Revision ID
Used for new features, etc.

7:0 EPD_REV_ID0 RO 0x00 Minor Revision ID
Used for bug fixes, etc.
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-285



ARMADA 16x Applications Processor Family Register Tables
A.15 CMOS Camera Interface Controller (CCIC)
The CCIC Clock/Reset Control Register (APMU_CCIC_CLK_RES_CTRL) in the Application 
Subsystem Power Management (APMU) Unit must be programmed prior to accessing the CCIC 
registers.

Base Address: 0xD420_A000

Table 318:  CCIC Register Summary 

Offset Name Description Details

0x0000 CCIC_Y0_BASE_ADDR Y0-Base Address Register Page: A-287

0x0004 CCIC_Y1_BASE_ADDR Y1-Base Address Register Page: A-287

0x0008 CCIC_Y2_BASE_ADDR Y2-Base Address Register Page: A-287

0x000C CCIC_U0_BASE_ADDR U0-Base Address Register Page: A-288

0x0010 CCIC_U1_BASE_ADDR U1-Base Address Register Page: A-288

0x0014 CCIC_U2_BASE_ADDR U2-Base Address Register Page: A-288

0x0018 CCIC_V0_BASE_ADDR V0-Base Address Register Page: A-289

0x001C CCIC_V1_BASE_ADDR V1-Base Address Register Page: A-289

0x0020 CCIC_V2_BASE_ADDR V2-Base Address Register Page: A-289

0x0024 CCIC_IMG_PITCH Image Pitch Register Page: A-290

0x0028 CCIC_IRQ_RAW_STATUS IRQ RAW Status Register Page: A-290

0x002C CCIC_IRQ_MASK IRQ Mask Register Page: A-292

0x0030 CCIC_IRQ_STATUS IRQ Status Register Page: A-293

0x0034 CCIC_IMG_SIZE Image Size Register Page: A-295

0x0038 CCIC_IMG_OFFSET Image Offset Register Page: A-295

0x003C CCIC_CTRL_0 Control 0 Register Page: A-296

0x0040 CCIC_CTRL_1 Control 1 Register Page: A-298

0x0044 CCIC_CTRL_2 Control 1 Register Page: A-300

0x0060 CCIC_LNNUM Line Number Register Page: A-301

0x0088 CCIC_CLOCK_CTRL Clock Control Register Page: A-301

0x008C CCIC_SRAM_TC0_TEST_ONLY SRAM TC0 Register Page: A-302

0x0090 CCIC_SRAM_TC1_TEST_ONLY SRAM TC1 Register Page: A-302

0x00B4 CCIC_GPR General Purpose Register Page: A-302

0x00B8 CCIC_TWSI_CTRL_0 TWSI Control 0 Register Page: A-303

0x00BC CCIC_TWSI_CTRL_1 TWSI Control 1 Register Page: A-304

0x01EC CCIC_MCLK_CTRL MCLK Control Register Page: A-305
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A.15.1 Y0-Base Address Register (CCIC_Y0_BASE_ADDR)

A.15.2 Y1-Base Address Register (CCIC_Y1_BASE_ADDR)

A.15.3 Y2-Base Address Register (CCIC_Y2_BASE_ADDR)

Instance Name Offset
CCIC_Y0_BASE_ADDR 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field YBASE0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 319: Y0-Base Address Register (CCIC_Y0_BASE_ADDR)  

Bits Name Type Reset Description

31:0 YBASE0 R/W 0x0 Y0 Base Address
This field can also be used as the RGB 0 Base Address.

Instance Name Offset
CCIC_Y1_BASE_ADDR 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field YBASE1

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 320: Y1-Base Address Register (CCIC_Y1_BASE_ADDR)  

Bits Name Type Reset Description

31:0 YBASE1 R/W 0x0 Y1 Base Address
This field can also be used as the RGB 1 Base Address.

Instance Name Offset
CCIC_Y2_BASE_ADDR 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field YBASE2

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 321: Y2-Base Address Register (CCIC_Y2_BASE_ADDR)  

Bits Name Type Reset Description

31:0 YBASE2 R/W 0x0 Y2 Base Address
This field can also be used as the RGB 2 Base Address.
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A.15.4 U0-Base Address Register (CCIC_U0_BASE_ADDR)

A.15.5 U1-Base Address Register (CCIC_U1_BASE_ADDR)

A.15.6 U2-Base Address Register (CCIC_U2_BASE_ADDR)

Instance Name Offset
CCIC_U0_BASE_ADDR 0x000C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field UBASE0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 322: U0-Base Address Register (CCIC_U0_BASE_ADDR)  

Bits Name Type Reset Description

31:0 UBASE0 R/W 0x0 U0 Base Address
This register is irrelevant when image format is RGB or 
YUV packed.

Instance Name Offset
CCIC_U1_BASE_ADDR 0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field UBASE1

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 323: U1-Base Address Register (CCIC_U1_BASE_ADDR)  

Bits Name Type Reset Description

31:0 UBASE1 R/W 0x0 U1 Base Address
This register is irrelevant when image format is RGB or 
YUV packed.

Instance Name Offset
CCIC_U2_BASE_ADDR 0x0014

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field UBASE2

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 324: U2-Base Address Register (CCIC_U2_BASE_ADDR)  

Bits Name Type Reset Description

31:0 UBASE2 R/W 0x0 U2 Base Address
This register is irrelevant when image format is RGB or 
YUV packed.
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A.15.7 V0-Base Address Register (CCIC_V0_BASE_ADDR)

A.15.8 V1-Base Address Register (CCIC_V1_BASE_ADDR)

A.15.9 V2-Base Address Register (CCIC_V2_BASE_ADDR)

Instance Name Offset
CCIC_V0_BASE_ADDR 0x0018

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field VBASE0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 325: V0-Base Address Register (CCIC_V0_BASE_ADDR)  

Bits Name Type Reset Description

31:0 VBASE0 R/W 0x0 V0 Base Address
This register is irrelevant when image format is RGB or 
YUV packed.

Instance Name Offset
CCIC_V1_BASE_ADDR 0x001C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field VBASE1

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 326: V1-Base Address Register (CCIC_V1_BASE_ADDR)  

Bits Name Type Reset Description

31:0 VBASE1 R/W 0x0 V1 Base Address
This register is irrelevant when image format is RGB or 
YUV packed.

Instance Name Offset
CCIC_V2_BASE_ADDR 0x0020

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field VBASE2

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 327: V2-Base Address Register (CCIC_V2_BASE_ADDR)  

Bits Name Type Reset Description

31:0 VBASE2 R/W 0x0 V2 Base Address
This register is irrelevant when image format is RGB or 
YUV packed.
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A.15.10 Image Pitch Register (CCIC_IMG_PITCH)

A.15.11 IRQ RAW Status Register (CCIC_IRQ_RAW_STATUS)

Instance Name Offset
CCIC_IMG_PITCH 0x0024

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

UVPITCH Reserved YPITCH

R
es

er
ve

d

Default ? ? 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 ? ?

Table 328: Image Pitch Register (CCIC_IMG_PITCH)  

Bits Name Type Reset Description

31:30 Reserved RO -- Reserved Read Only

29:18 UVPITCH R/W 0x0 UV Pitch
UV Pitch (distance in unit of 32-bit between two vertically 
adjacent pixels)
Must be programmed when output format is YUV Planar.

17:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:14 Reserved RO -- Reserved Read Only

13:2 YPITCH R/W 0x0 Y Pitch
Y Pitch (distance in unit of 32-bit between two vertically 
adjacent pixels)

1:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset

CCIC_IRQ_RAW_STATUS 0x0028

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 329: IRQ RAW Status Register (CCIC_IRQ_RAW_STATUS)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11 AXI_WRERR_IRQ RO 0x0 AXI Write Error IRQ
0x0: No interrupt (Default)

0x1: AXII Error
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10 TWSIEIRQR RO 0x0 TWSI Error IRQ
0x0: No interrupt (Default)

0x1: TWSI Error

9 TWSIRIRQR RO 0x0 TWSI Read IRQ
0x0: No interrupt (Default)

0x1: Read data from Sensor is available

8 TWSIWIRQR RO 0x0 TWSI Write IRQ
0x0: No interrupt (Default)

0x1: Write to Sensor is done

7 LINEIRQR RO 0x0 Programmable Line IRQ
0x0: No interrupt (Default)

0x1: Programmable Line IRQ occurs

6 FIFOFULLIRQR RO 0x0 FIFO Full (Overflow) IRQ
0x0: No interrupt (Default)

0x1: FIFO Overflow

5 SOF2IRQR RO 0x0 Start of Frame 2 IRQ
0x0: No interrupt (Default)

0x1: Starting to write frame #2

4 SOF1IRQR RO 0x0 Start of Frame 1 IRQ
0x0: No interrupt (Default)

0x1: Starting to write frame #1

3 SOF0IRQR RO 0x0 Start of Frame 0 IRQ
0x0: No interrupt (Default)

0x1: Starting to write frame #0

2 EOF2IRQR RO 0x0 End of Frame 2 IRQ
0x0: No interrupt (Default)

0x1: Done writing complete frame #2

1 EOF1IRQR RO 0x0 End of Frame 1 IRQ
0x0: No interrupt (Default)

0x1: Done writing complete frame #1

0 EOF0IRQR RO 0x0 End of Frame 0 IRQ
0x0: No interrupt (Default)

0x1: Done writing complete frame #0

Table 329: IRQ RAW Status Register (CCIC_IRQ_RAW_STATUS)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.15.12 IRQ Mask Register (CCIC_IRQ_MASK)

Instance Name Offset
CCIC_IRQ_MASK 0x002C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

A
X

I_
W

R
E

R
R

_I
R

Q
S

T
W

S
IE

IR
Q

M

T
W

S
IR

IR
Q

M

T
W

S
IW

IR
Q

M

LI
N

E
IR

Q
R

M

F
IF

O
F

U
LL

IR
Q

M

S
O

F
2I

R
Q

M

S
O

F
1I

R
Q

M

S
O

F
0I

R
Q

M

E
O

F
2I

R
Q

M

E
O

F
1I

R
Q

M

E
O

F
0I

R
Q

M

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 330: IRQ Mask Register (CCIC_IRQ_MASK)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11 AXI_WRERR_IRQS R1/
W11CLR

0x0 AXI Write Error IRQ
0x0: Disable Interrupt (Default)

0x1: Enable Interrupt

10 TWSIEIRQM R/W 0x0 TWSI Error IRQ
0x0: Disable Interrupt (Default)

0x1: Enable Interrupt

9 TWSIRIRQM R/W 0x0 TWSI Read IRQ
0x0: Disable Interrupt (Default)

0x1: Enable Interrupt

8 TWSIWIRQM R/W 0x0 TWSI Write IRQ
0x0: Disable Interrupt (Default)

0x1: Enable Interrupt

7 LINEIRQRM R/W 0x0 Programmable Line IRQ
0x0: Disable Interrupt (Default)

0x1: Enable Interrupt

6 FIFOFULLIRQM R/W 0x0 FIFO Full (Overflow) IRQ
0x0: Disable Interrupt (Default)

0x1: Enable Interrupt

5 SOF2IRQM R/W 0x0 Start of Frame 2 IRQ
0x0: Disable Interrupt (Default)

0x1: Enable Interrupt

4 SOF1IRQM R/W 0x0 Start of Frame 1 IRQ
0x0: Disable Interrupt (Default)

0x1: Enable Interrupt

3 SOF0IRQM R/W 0x0 Start of Frame 0 IRQ
0x0: Disable Interrupt (Default)

0x1: Enable Interrupt
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A.15.13 IRQ Status Register (CCIC_IRQ_STATUS)

2 EOF2IRQM R/W 0x0 End of Frame 2 IRQ
0x0: Disable Interrupt (Default)

0x1: Enable Interrupt

1 EOF1IRQM R/W 0x0 End of Frame 1 IRQ
0x0: Disable Interrupt (Default)

0x1: Enable Interrupt

0 EOF0IRQM R/W 0x0 End of Frame 0 IRQ
0x0: Disable Interrupt (Default)

0x1: Enable Interrupt

Instance Name Offset
CCIC_IRQ_STATUS 0x0030

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 331: IRQ Status Register (CCIC_IRQ_STATUS)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11 AXI_WRERR_IRQS R1/
W11CLR

0x0 AXI Write Error IRQ
0x0: Disable Interrupt (Default)

0x1: Enable Interrupt

10 TWSIEIRQS R1/
W11CLR

0x0 TWSI Error IRQ
read 0 = No interrupt
read 1 = Interrupt is asserted
write 0 = No effect
write 1 = Clear interrupt

9 TWSIRIRQS R1/
W11CLR

0x0 TWSI Read IRQ
read 0 = No interrupt
read 1 = Interrupt is asserted
write 0 = No effect
write 1 = Clear interrupt

Table 330: IRQ Mask Register (CCIC_IRQ_MASK)  (Sheet 2 of 2)

Bits Name Type Reset Description
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-293



ARMADA 16x Applications Processor Family Register Tables
8 TWSIWIRQS R1/
W11CLR

0x0 TWSI Write IRQ
read 0 = No interrupt
read 1 = Interrupt is asserted
write 0 = No effect
write 1 = Clear interrupt

7 LINEIRQRS R1/
W11CLR

0x0 Programmable Line IRQ
read 0 = No interrupt
read 1 = Interrupt is asserted
write 0 = No effect
write 1 = Clear interrupt

6 FIFOFULLIRQS R1/
W11CLR

0x0 FIFO Full (Overflow) IRQ
read 0 = No interrupt
read 1 = Interrupt is asserted
write 0 = No effect
write 1 = Clear interrupt

5 SOF2IRQS RO 0x0 Start of Frame 2 IRQ
read 0 = No interrupt
read 1 = Interrupt is asserted
write 0 = No effect
write 1 = Clear interrupt

4 SOF1IRQS RO 0x0 Start of Frame 1 IRQ
read 0 = No interrupt
read 1 = Interrupt is asserted
write 0 = No effect
write 1 = Clear interrupt

3 SOF0IRQS RO 0x0 Start of Frame 0 IRQ
read 0 = No interrupt
read 1 = Interrupt is asserted
write 0 = No effect
write 1 = Clear interrupt

2 EOF2IRQS RO 0x0 End of Frame 2 IRQ
read 0 = No interrupt
read 1 = Interrupt is asserted
write 0 = No effect
write 1 = Clear interrupt

1 EOF1IRQS RO 0x0 End of Frame 1 IRQ
read 0 = No interrupt
read 1 = Interrupt is asserted
write 0 = No effect
write 1 = Clear interrupt

0 EOF0IRQS RO 0x0 End of Frame 0 IRQ
read 0 = No interrupt
read 1 = Interrupt is asserted
write 0 = No effect
write 1 = Clear interrupt

Table 331: IRQ Status Register (CCIC_IRQ_STATUS)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.15.14 Image Size Register (CCIC_IMG_SIZE)

A.15.15 Image Offset Register (CCIC_IMG_OFFSET)

Instance Name Offset
CCIC_IMG_SIZE 0x0034

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
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d

VSIZE
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d

HSIZE

Default ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 332: Image Size Register (CCIC_IMG_SIZE)  

Bits Name Type Reset Description

31:29 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

28:16 VSIZE R/W 0x0 Image Length in Scanline

15:14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13:0 HSIZE R/W 0x0 Image Width in byte Unit

Instance Name Offset
CCIC_IMG_OFFSET 0x0038

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
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d

VOFF
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HOFF

Default ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 333: Image Offset Register (CCIC_IMG_OFFSET)  

Bits Name Type Reset Description

31:29 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

28:16 VOFF R/W 0x0 Image Line Offset in Scanline
Starts capturing external CMOS sensor image at VOFF 
line.

0x0: CCIC starts capturing at line #0 for every frame

15:14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13:0 HOFF R/W 0x0 Image Pixel Offset in PIXCLK
Starts capturing external CMOS sensor image at HOFF 
pixel.

0x0: CCIC starts capturing at pixel #0 for every line in the 
frame.
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A.15.16 Control 0 Register (CCIC_CTRL_0)

Instance Name Offset
CCIC_CTRL_0 0x003C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Default 0 0 0 0 0 ? ? ? 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 ? 0 0 ? 0

Table 334: Control 0 Register (CCIC_CTRL_0)  (Sheet 1 of 3)

Bits Name Type Reset Description

31:30 SIFMODE R/W 0x0 Sensor Interface Mode
Others = Reserved

0x0: Master mode with hsync/vsync (Default)

0x1: Master mode without hsync/vsync (BT 656)

29:27 DSCALE R/W 0x0 Down Scaler
Others = Reserved
Down Scale is not supported when <DOUTFMT> = 0x0 
(YCbCr) and <YUVOUTFMT> = 0x4 (YCbCr 422).

0x0: Disable (Default)

0x1: 1:2 scale down

26 VCLKPOL R/W 0x0 VCLK Polarity
VCLK Polarity, with respect to data sampling

0x0: Sample CMOS Sensor Data at rising-edge of VCLK 
(Default)

0x1: Sample CMOS Sensor Data at falling-edge of VCLK

25 VPOL R/W 0x0 CMOS Sensor VSYNC Polarity

0x0: Active high (Default)

0x1: Active low

24 HPOL R/W 0x0 CMOS Sensor HSYNC Polarity
0x0: Active high (Default)

0x1: Active low

23 VEDGE_CTRL R/W 0x0 VSYNC Edge Control 

This field controls the detection of VSYNC.

0x0: Detect at rising edge.

0x1: Detect at falling edge

22 EOF_CTRL R/W 0x0 EOF Control 
This field controls the generation of EOF (internal signal)

0x0: Based on VSIZE

0x1: Based on VSYNC

Note: Program to 1 when VSIZE is bigger than actual 
number of line sent by CMOS sensor.

21:18 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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17:16 YUVENDFMT R/W 0x0 YCbCr Endianness Format
when <YUVOUTFMT> = 0x5, this bit defines the 
Endianness of the external CMOS sensor's output (CCIC's 
input).
{MSB:LSB}:
0x0: Y1CbY0Cr (Default)
0x1: Y1CrY0Cb
0x2: CrY1CbY0
0x3: CbY1CrY0
when <YUVOUTFMT> = 0x4, this bit controls byte 
swapping before data is written to memory:

0x0: no byte swapping

0x1: swap 1st and 3rd byte

0x2: swap 2nd and 4th byte

0x3: swap 1st and 3rd, 2nd and 4th byte

15:13 YUVOUTFMT R/W 0x0 YCbCr Output Format
Others = Reserved

0x0: 422 8 bpp planar (Default)

0x4: 422 8 bpp packed

0x5: 420 8 bpp planar

12 RGBOUTEND R/W 0x0 RGB Output Endianness
0x0: MSB: Blue, LSB: Red (Default)

0x1: MSB: Red, LSB: Blue

11:9 RGBINOUTFMT R/W 0x0 RGB Input and Output Format
RGB Input and Output Format (when <DOUTFMT> = RGB)
Defines the CCIC input (CMOS Sensor output) and the 
CCIC output RGB format.
Others = Reserved

0x0: 565 (Default)

0x1: 555

0x4: 444

8:7 DOUTFMT R/W 0x0 CCIC Output Data Format
Possible values of DOUTFMT based on <DINFMT>: 
DINFMT = 0x0, DOUTFMT = 0x0 DINFMT = 0x1, 
DOUTFMT = 0x1 DINFMT = 0x2, DOUTMFT = 0x2

0x0: YCbCr (Default)

0x1: RGB

0x2: Reserved

0x3: Reserved

6:5 DINFMT R/W 0x0 CCIC Input Data Format
CCIC Input Data Format (CMOS Sensor Output Data 
Format)

0x0: YCbCr (Default)

0x1: RGB

0x2: Reserved

0x3: Reserved

4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 334: Control 0 Register (CCIC_CTRL_0)  (Sheet 2 of 3)

Bits Name Type Reset Description
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A.15.17 Control 1 Register (CCIC_CTRL_1)

3:2 RGBENDFMT R/W 0x0 RGB Endianness Format
Refer to the Expected CMOS Sensor Data Ordering Table 
in CCIC Chapter for the settings when 
<RGBINOUTFMT> = 0x0 (RGB 565), 
<RGBINOUTFMT> = 0x4 (RGB 444), and 
<RGBINOUTFMT> = 0x1 (RGB 555)

1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 EN R/W 0x0 CCIC Enable
Write 1 only after all registers have been initialized to proper 
values.

0x0: Disable (Default)

0x1: Enable

Instance Name Offset
CCIC_CTRL_1 0x0040

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

D
M

A
R

E
Q

C
T

R
L

R
es

er
ve

d

P
W

R
D
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R

M
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U
M

S
E

L

D
M

A
B

R
S

T
S

E
L

Y
U

V
42

0S
E

L

RGBALPHA Reserved HSYNCCNT

S
E

N
S

O
R

C
LK

G
A

T
E

Default ? 0 ? 1 0 1 0 0 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 1 1 1 0 0

Table 335: Control 1 Register (CCIC_CTRL_1)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

30 DMAREQCTRL R/W 0x0 Controls DMA Outstanding Request
0x1: New DMA can start immediately following the 

previous one.

0x0: New DMA must wait until previous DMA data has 
been written completely to memory.

29 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

28 PWRDNEN R/W 0x1 Power Down Enable
0x0: Normal Operation

0x1: Power Down. External Sensor is assumed to be in 
power-off state. All CCIC's output PADs are tristated. 
All CCIC input PADs are gated. The actual tristating 
and gating of the PADs is only done when external 
sensor power is off, which is controlled by GPIO.

Table 334: Control 0 Register (CCIC_CTRL_0)  (Sheet 3 of 3)

Bits Name Type Reset Description
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27 FRMNUMSEL R/W 0x0 Frame Number Select
Controls the number of CCIC 'ping-pong' buffers.

0x0: 3 Frames

0x1: 2 Frames

26:25 DMABRSTSEL R/W 0x2 DMA Burst Select
0x0:   64-byte burst
0x1:  128-byte burst
0x2:  256-byte burst
0x3:  Reserved

24 YUV420SEL R/W 0x0 YUV 420 Select
Program to 0x1 only when down-scale is enabled 
(<DSCALE> = 0x1), and output format is YUV420 
(<YUVOUTFMT> = 0x5).

0x0: Drop Odd Line

0x1: Drop Even Line

23:20 RGBALPHA R/W 0x0 RGB Alpha
This field defines the Alpha Blending value when 
<RGBINOUTFMT> is set to the following values:

0x1: ARGB 1555, <RGBALPHA> bit [0] is used as Alpha 
value

0x4: aRGB 4444, <RGBALPHA> bit [3:0] are used as 
Alpha value

19:6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5:1 HSYNCCNT R/W 0x1E HSYNCCNT
Reserved for test only.

0 SENSORCLKGATE R/W 0x0 Sensor Clock Gate
This field programs according to clock gating feature of the 
CMOS sensor.

0x1: CMOS sensor gates its output clock when not 
needed<0>0 = CMOS sensor outputs free running 
clock

Table 335: Control 1 Register (CCIC_CTRL_1)  (Sheet 2 of 2)

Bits Name Type Reset Description
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-299



ARMADA 16x Applications Processor Family Register Tables
A.15.18 Control 2 Register (CCIC_CTRL_2)

Instance Name Offset
CCIC_CTRL_2 0x0044

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

LINEBUFCNT

LI
N

E
B

U
F

N
U

M
E

N
A

R
es

er
ve

d

LINECNTIRQ

Default ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 336: Control 1 Register (CCIC_CTRL_2)  

Bits Name Type Reset Description

31:30 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

29:17 LINEBUFCNT R/W 0x0 Line Buffer Number
This field defines the number of lines to write before 
switching to new line buffers. Programs to actual value 
minus 1.

16 LINEBUFNUMENA R/W 0x0 Line Buffer Number Enable
This field enables/disables the feature to switch buffer after 
writing a certain number of lines. When enabled, CCIC is 
configured to write pixel data to two line buffers. Each line 
buffer size is defined in <LINEBUFNUM>. The line buffer 
start address is defined by CCIC_Y0/Y1/U0/U1/V0/
V1_BASE_ADDR.

0x0: Disable

0x1: Enable

15:13 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

12:0 LINECNTIRQ R/W 0x0 LINECNTIRQ Interrupt
This field generates an interrupt after writing LINECNTIRQ 
lines.

0x0: No interrupt is generated

0x1: Interrupt is generated
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A.15.19 Line Number Register (CCIC_LNNUM)

A.15.20 Clock Control Register (CCIC_CLOCK_CTRL)

Instance Name Offset
CCIC_LNNUM 0x0060

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved LINENUM

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 337: Line Number Register (CCIC_LNNUM)  

Bits Name Type Reset Description

31:13 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

12:0 LINENUM RO 0x0 Line Number
This field shows the line number on the current frame being 
written to memory.

Instance Name Offset
CCIC_CLOCK_CTRL 0x0088

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

IN
T

P
IX

C
LK

S
E

L

Reserved CLKDIV

Default ? 0 0 ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 338: Clock Control Register (CCIC_CLOCK_CTRL)  

Bits Name Type Reset Description

31 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

30:29 INTPIXCLKSEL R/W 0x0 Internal PCLK Select
0x0: PCLK from divider

0x1: PCLK from sensor

0x2: AXI Clock

0x3: Clock from PLL

28:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:0 CLKDIV R/W 0x0 Clock Divider Value for PCLK
0x0: PCLK is gated (no clock)

0x1: - 0xFFFF:  PCLK is core clock divided by CLKDIV
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A.15.21 SRAM TC0 Register (CCIC_SRAM_TC0_TEST_ONLY)

A.15.22 SRAM TC1 Register (CCIC_SRAM_TC1_TEST_ONLY)

A.15.23 General Purpose Register (CCIC_GPR)

Instance Name Offset
CCIC_SRAM_TC0_TEST_ONLY 0x008C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SRAMTC0

Default 0 1 0 0 1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 0 1 0 0 0 1 0 0 0 1 0 0

Table 339: SRAM TC0 Register (CCIC_SRAM_TC0_TEST_ONLY)  

Bits Name Type Reset Description

31:0 SRAMTC0 R/W 0x4999_9444 SRAM Timing Control 0

Instance Name Offset
CCIC_SRAM_TC1_TEST_ONLY 0x0090

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SRAMTC1

Default 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0

Table 340: SRAM TC1 Register (CCIC_SRAM_TC1_TEST_ONLY)  

Bits Name Type Reset Description

31:0 SRAMTC1 R/W 0x4400_4444 SRAM Timing Control 1

Instance Name Offset
CCIC_GPR 0x00B4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

C
T

L1
P

A
D

E
N

C
T

L0
P

A
D

E
N

R
es

er
ve

d

C
T

L1

C
T

L0

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 ? ? 0 0

Table 341: General Purpose Register (CCIC_GPR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5 CTL1PADEN R/W 0x0 SENSOR_CTL1 Pad Enable
0x0: SENSOR_CTL1 Pad is tristated

0x1: CTL1 drives SENSOR_CTL1 Pad
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A.15.24 TWSI Control 0 Register (CCIC_TWSI_CTRL_0)

4 CTL0PADEN R/W 0x0 SENSOR_CTL0 Pad Enable
0x0: SENSOR_CTL0 Pad is tristated

0x1: CTL0 drives SENSOR_CTL0 Pad

3:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 CTL1 R/W 0x0 Sensor Control 1
Controls SENSOR_CTL1 Pad.

0 CTL0 R/W 0x0 Sensor Control 0
Controls SENSOR_CTL0 Pad.

Instance Name Offset
CCIC_TWSI_CTRL_0 0x00B8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

T
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R
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W

S
I_

S
W
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W
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S
W

M
D

_C
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W
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S
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N

TWSICLKDIV TWSIID

T
W

S
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O
D

E

T
W

S
IE

N

Default ? ? ? ? ? ? ? 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 342: TWSI Control 0 Register (CCIC_TWSI_CTRL_0)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:25 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

24 TWSI_DRIVE_SEL R/W 0x0 TWSI Drive Select
This field selects the way the TWSI_SDATA pad is driven.
In both cases, external resistor pullup is required.

0x0: CCIC drives pad enable only

0x1: CCIC drives both pad enable and pad input

23 TWSI_RDSTP R/W 0x0 TWSI Read Stop
This field inserts a Stop before re-start during TWSI read 
access. This bit must be set when using Omnivision sensor.

0x0: No Stop before re-start during read access

0x1: Stop is inserted before re-start during read access

22 TWSI_MASKACK R/W 0x0 TWSI Acknowledge Mask
When enabled, allow CCIC's TWSI controller to ignore the 
Ack bit driven by the TWSI slave.

0x0: Ack from slave is not masked

0x1: Ack from slave is masked

Table 341: General Purpose Register (CCIC_GPR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.15.25 TWSI Control 1 Register (CCIC_TWSI_CTRL_1)

21 TWSI_SWMD_DTA R/W 0x1 TWSI Software Mode Data
When <TWSI_SWMD_EN> = 1, this bit controls 
TWSI_SDATA PAD.

20 TWSI_SWMD_CLK R/W 0x1 TWSI Software Mode CLK
When <TWSI_SWMD_EN> = 1, this bit controls 
TWSI_SCLK PAD.

19 TWSI_SWMD_EN R/W 0x0 TWSI Software Mode Enable

0x0: Hardware mode

0x1: TWSI PADs (TWSI_SCLK and TWSI_SDATA) are 
controlled by TWSI_SWMD_CLK and 
TWSI_SWMD_DTA

18:10 TWSICLKDIV R/W 0x0 TWSI Clock Divider
This field defines the divider value for TWSI_SCLK.
TWSI_SCLK frequency = PCI Clock / (4*(TWSICLKDIV+1))

9:2 TWSIID R/W 0x0 Slave ID Register

1 TWSIMODE R/W 0x0 TWSI Mode

0x0: 8-bit (Default)

0x1: 16-bit

0 TWSIEN R/W 0x0 TWSI Enable
0x0: Disable (Default)

0x1: Enable

Instance Name Offset

CCIC_TWSI_CTRL_1 0x00BC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

T
W

S
IE

R
R

T
W

S
IR

V
LD

T
W

S
IW

S
TA

T

T
W

S
IR

N
W

TWSIADDR TWSIDATA

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 343: TWSI Control 1 Register (CCIC_TWSI_CTRL_1)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27 TWSIERR R/W 0x0 TWSI Error Indication
TWSI Error Indication, due to NACK by CMOS sensor
Write 0 to clear.

0x0: No error (Default)

0x1: Error

Table 342: TWSI Control 0 Register (CCIC_TWSI_CTRL_0)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.15.26 MCLK Control Register (CCIC_MCLK_CTRL)

26 TWSIRVLD RO 0x0 TWSI Ready
TWSIRVLD is immediately reset to 0 following a write to this 
register.

0x0: Read data (bit [15:0]) is not ready (Default)

0x1: Read data (bit [15:0]) is ready

25 TWSIWSTAT RO 0x0 TWSI Write Stat
TWSIWSTAT is immediately set to 1 following a write to this 
register with <TWSIRnW> = 0.

0x0: No write or write is done (Default)

0x1: Write is in progress.

24 TWSIRNW R/W 0x0 TWSIRnW
0x0: Write (Default)

0x1: Read

23:16 TWSIADDR R/W 0x0 TWSI Address

15:0 TWSIDATA R/W 0x0 TWSI Data
A write to this register triggers TWSI access.

Instance Name Offset
CCIC_MCLK_CTRL 0x01EC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CLKDIV

Default ? 0 0 ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 344: Clock Control Register (CCIC_MCLK_CTRL)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:0 CLKDIV R/W 0x0 Clock Divider Value for MCLK
0x0: Reserved

0x1 - 0xFFFF:  MCLK is core clock divided by CLKDIV

Table 343: TWSI Control 1 Register (CCIC_TWSI_CTRL_1)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.16 Intelligent Color Remapping (CMU)
The CMU Clock/Reset Control Register (APMU_CMU_CLK_RES_CTRL) in the Application 
Subsystem Power Management (APMU) Unit must be programmed prior to accessing the CMU 
registers.

Base Address: 0xC080_2000

Table 345:  Intelligent Color Remapping Register Summary 

Offset Name Description Details

0x0000 SOURCE_VIDEO_FRAME_0_RGB_ 
STARTING_ADDRESS

Source Video Frame 0 RGB Starting 
Address Register

Page: A-307

0x0004 SOURCE_VIDEO_FRAME_1_RGB_ 
STARTING_ADDRESS

Source Video Frame 1 RGB Starting 
Address Register

Page: A-307

0x0008 SOURCE_VIDEO_FRAME_0_SIZE Source Video Frame 0 Size Register Page: A-307

0x000C SOURCE_VIDEO_FRAME_1_SIZE Source Video Frame 1 Size Register Page: A-308

0x0010 DESTINATION_FRAME_0_DISPLAY_ 
SCREEN_STARTING_ADDRESS

Destination Frame 0 Display Screen 
Starting Address Register

Page: A-308

0x0014 DESTINATION_FRAME_1_DISPLAY_SCREEN
_STARTING_ADDRESS

Destination Frame 1 Display Screen 
Starting Address Register

Page: A-309

0x0018 DESTINATION_FRAME_0_DISPLAY_SCREEN
_SIZE

Destination Frame 0 Display Screen Size 
Register

Page: A-309

0x001C DESTINATION_FRAME_1_DISPLAY_SCREEN
_SIZE

Destination Frame 1 Display Screen Size 
Register

Page: A-310

0x0020 DESTINATION_FRAME_0_VIDEO_STARTING
_POINT_ON_SCREEN

Destination Frame 0 Video Starting Point 
on Screen Register

Page: A-310

0x0024 DESTINATION_FRAME_1_VIDEO_STARTING
_POINT_ON_SCREEN

Destination Frame 1 Video Starting Point 
on Screen Register

Page: A-311

0x0028 DESTINATION_FRAME_0_VIDEO_SIZE Destination Frame 0 Video Size Register Page: A-311

0x002C DESTINATION_FRAME_1_VIDEO_SIZE Destination Frame 1 Video Size Register Page: A-312

0x0030 RX_DMA_CONTROL_0 Rx DMA Control 0 Register Page: A-312

0x0034 RX_DMA_CONTROL_1 Rx DMA Control 1 Register Page: A-313

0x0038 TX_DMA_CONTROL_0 Tx DMA Control 0 Register Page: A-313

0x003C TX_DMA_CONTROL_1 Tx DMA Control 1 Register Page: A-314

0x0040 DMA_GLOBAL_CONTROL DMA Global Control Register Page: A-315

0x0044 CMU_INTERRUPT_MASK CMU Interrupt Mask Register Page: A-316

0x0048 CMU_INTERRUPT_CLEAR_SELECT CMU Interrupt Clear Select Register Page: A-316

0x004C CMU_INTERRUPT_STATUS_MASK CMU Interrupt Status Mask Register Page: A-317

0x0050 CMU_INTERRUPT_STATUS CMU Interrupt Status Register Page: A-317

0x0058 DATA_PATH_DOUBLE_BUFFERING_ 
TRIGGER

Data Path Double Buffering Trigger 
Register

Page: A-318
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A.16.1 Source Video Frame 0 RGB Starting Address Register 
(SOURCE_VIDEO_FRAME_0_RGB_STARTING_ADDRESS)

A.16.2 Source Video Frame 1 RGB Starting Address Register 
(SOURCE_VIDEO_FRAME_1_RGB_STARTING_ADDRESS)

A.16.3 Source Video Frame 0 Size Register 
(SOURCE_VIDEO_FRAME_0_SIZE)

Instance Name Offset
SOURCE_VIDEO_FRAME_0_RGB_STARTI
NG_ADDRESS

0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_SA_RGB0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 346: Source Video Frame 0 RGB Starting Address Register 
(SOURCE_VIDEO_FRAME_0_RGB_STARTING_ADDRESS)  

Bits Name Type Reset Description

31:0 CFG_DMA_SA_RGB0 R/W 0x0 Source video frame 0 RGB starting address

Instance Name Offset
SOURCE_VIDEO_FRAME_1_RGB_STARTI
NG_ADDRESS

0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_SA_RGB1

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 347: Source Video Frame 1 RGB Starting Address Register 
(SOURCE_VIDEO_FRAME_1_RGB_STARTING_ADDRESS)  

Bits Name Type Reset Description

31:0 CFG_DMA_SA_RGB1 R/W 0x0 Source video frame 1 RGB starting address

Instance Name Offset
SOURCE_VIDEO_FRAME_0_SIZE 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_SRC0_VLN CFG_DMA_SRC0_HPXL

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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A.16.4 Source Video Frame 1 Size Register 
(SOURCE_VIDEO_FRAME_1_SIZE)

A.16.5 Destination Frame 0 Display Screen Starting Address 
Register 
(DESTINATION_FRAME_0_DISPLAY_SCREEN_STARTING_
ADDRESS)

Table 348: Source Video Frame 0 Size Register (SOURCE_VIDEO_FRAME_0_SIZE)  

Bits Name Type Reset Description

31:16 CFG_DMA_SRC0_VLN R/W 0x0 Source frame 0 video vertical line number

15:0 CFG_DMA_SRC0_HPXL R/W 0x0 Source frame 0 video horizontal pixel number

Instance Name Offset
SOURCE_VIDEO_FRAME_1_SIZE 0x000C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_SRC1_VLN CFG_DMA_SRC1_HPXL

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 349: Source Video Frame 1 Size Register (SOURCE_VIDEO_FRAME_1_SIZE)  

Bits Name Type Reset Description

31:16 CFG_DMA_SRC1_VLN R/W 0x0 Source frame 1 video vertical line number

15:0 CFG_DMA_SRC1_HPXL R/W 0x0 Source frame 1 video horizontal pixel number

Instance Name Offset
DESTINATION_FRAME_0_DISPLAY_SCRE
EN_STARTING_ADDRESS

0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_DA_DISP0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 350: Destination Frame 0 Display Screen Starting Address Register 
(DESTINATION_FRAME_0_DISPLAY_SCREEN_STARTING_ADDRESS)  

Bits Name Type Reset Description

31:0 CFG_DMA_DA_DISP0 R/W 0x0 Destination frame 0 display screen starting address
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A.16.6 Destination Frame 1 Display Screen Starting Address 
Register 
(DESTINATION_FRAME_1_DISPLAY_SCREEN_STARTING_
ADDRESS)

A.16.7 Destination Frame 0 Display Screen Size Register 
(DESTINATION_FRAME_0_DISPLAY_SCREEN_SIZE)

Instance Name Offset
DESTINATION_FRAME_1_DISPLAY_SCRE
EN_STARTING_ADDRESS

0x0014

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_DA_DISP1

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 351: Destination Frame 1 Display Screen Starting Address Register 
(DESTINATION_FRAME_1_DISPLAY_SCREEN_STARTING_ADDRESS)  

Bits Name Type Reset Description

31:0 CFG_DMA_DA_DISP1 R/W 0x0 Destination frame 1 display screen starting address

Instance Name Offset
DESTINATION_FRAME_0_DISPLAY_SCRE
EN_SIZE

0x0018

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_DISP0_VLN CFG_DMA_DISP0_HPXL

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 352: Destination Frame 0 Display Screen Size Register 
(DESTINATION_FRAME_0_DISPLAY_SCREEN_SIZE)  

Bits Name Type Reset Description

31:16 CFG_DMA_DISP0_VLN R/W 0x0 Destination frame 0 display screen vertical line 
number

15:0 CFG_DMA_DISP0_HPXL R/W 0x0 Destination frame 0 display screen horizontal pixel 
number
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A.16.8 Destination Frame 1 Display Screen Size Register 
(DESTINATION_FRAME_1_DISPLAY_SCREEN_SIZE)

A.16.9 Destination Frame 0 Video Starting Point on Screen 
Register 
(DESTINATION_FRAME_0_VIDEO_STARTING_POINT_ON_
SCREEN)

Instance Name Offset
DESTINATION_FRAME_1_DISPLAY_SCRE
EN_SIZE

0x001C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_DISP1_VLN CFG_DMA_DISP1_HPXL

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 353: Destination Frame 1 Display Screen Size Register 
(DESTINATION_FRAME_1_DISPLAY_SCREEN_SIZE)  

Bits Name Type Reset Description

31:16 CFG_DMA_DISP1_VLN R/W 0x0 Destination frame 0 display screen vertical line number

15:0 CFG_DMA_DISP1_HPXL R/W 0x0 Destination frame 0 display screen horizontal pixel number

Instance Name Offset
DESTINATION_FRAME_0_VIDEO_STARTIN
G_POINT_ON_SCREEN

0x0020

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_VSP0_VLN CFG_DMA_VSP0_HPXL

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 354: Destination Frame 0 Video Starting Point on Screen Register 
(DESTINATION_FRAME_0_VIDEO_STARTING_POINT_ON_SCREEN)  

Bits Name Type Reset Description

31:16 CFG_DMA_VSP0_VLN R/W 0x0 Destination frame 0 video starting vertical line on screen

15:0 CFG_DMA_VSP0_HPXL R/W 0x0 Destination frame 0 video starting horizontal pixel on 
screen
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A.16.10 Destination Frame 1 Video Starting Point on Screen 
Register 
(DESTINATION_FRAME_1_VIDEO_STARTING_POINT_ON_
SCREEN)

A.16.11 Destination Frame 0 Video Size Register 
(DESTINATION_FRAME_0_VIDEO_SIZE)

Instance Name Offset
DESTINATION_FRAME_1_VIDEO_STARTIN
G_POINT_ON_SCREEN

0x0024

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_VSP1_VLN CFG_DMA_VSP1_HPXL

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 355: Destination Frame 1 Video Starting Point on Screen Register 
(DESTINATION_FRAME_1_VIDEO_STARTING_POINT_ON_SCREEN)  

Bits Name Type Reset Description

31:16 CFG_DMA_VSP1_VLN R/W 0x0 Destination frame 1 video starting vertical line on screen

15:0 CFG_DMA_VSP1_HPXL R/W 0x0 Destination frame 1 video starting horizontal pixel on 
screen

Instance Name Offset
DESTINATION_FRAME_0_VIDEO_SIZE 0x0028

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_DST0_VLN CFG_DMA_DST0_HPXL

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 356: Destination Frame 0 Video Size Register (DESTINATION_FRAME_0_VIDEO_SIZE)  

Bits Name Type Reset Description

31:16 CFG_DMA_DST0_VLN R/W 0x0 Destination frame 0 video vertical line number

15:0 CFG_DMA_DST0_HPXL R/W 0x0 Destination frame 0 video horizontal pixel number
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A.16.12 Destination Frame 1 Video Size Register 
(DESTINATION_FRAME_1_VIDEO_SIZE)

A.16.13 Rx DMA Control 0 Register (RX_DMA_CONTROL_0)

Instance Name Offset
DESTINATION_FRAME_1_VIDEO_SIZE 0x002C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CFG_DMA_DST1_VLN CFG_DMA_DST1_HPXL

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 357: Destination Frame 1 Video Size Register (DESTINATION_FRAME_1_VIDEO_SIZE)  

Bits Name Type Reset Description

31:16 CFG_DMA_DST1_VLN R/W 0x0 Destination frame 1 video vertical line number

15:0 CFG_DMA_DST1_HPXL R/W 0x0 Destination frame 1 video horizontal pixel number

Instance Name Offset
RX_DMA_CONTROL_0 0x0030

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 0 0

Table 358: Rx DMA Control 0 Register (RX_DMA_CONTROL_0)  

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2:1 CFG_DMA_RX_XFER0 R/W 0x2 Rx DMA 0 transfer size select.
0x0: reserved
0x1: 32 bytes
0x2: 64 bytes
0x3: 128 bytes

0 CFG_DMA_SRC0_OWN R/W 0x0 Source frame 0 memory ownership.
0x0: owned by CPU 
0x1: owned by CMU
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A.16.14 Rx DMA Control 1 Register (RX_DMA_CONTROL_1)

A.16.15 Tx DMA Control 0 Register (TX_DMA_CONTROL_0)

Instance Name Offset
RX_DMA_CONTROL_1 0x0034

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 0 0

Table 359: Rx DMA Control 1 Register (RX_DMA_CONTROL_1)  

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2:1 CFG_DMA_RX_XFER1 R/W 0x2 Rx DMA 1 transfer size select.
0x0: reserved
0x1: 32 bytes
0x2: 64 bytes
0x3: 128 bytes

0 CFG_DMA_SRC1_OWN R/W 0x0 Source frame 1 memory ownership
0x0: owned by CPU 
0x1: owned by CMU

Instance Name Offset

TX_DMA_CONTROL_0 0x0038

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 0 0

Table 360: Tx DMA Control 0 Register (TX_DMA_CONTROL_0)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.16.16 Tx DMA Control 1 Register (TX_DMA_CONTROL_1)

2:1 CFG_DMA_TX_XFER0 R/W 0x2 Tx DMA 0 transfer size select.
0x0: reserved
0x1: 32 bytes
0x2: 64 bytes
0x3: 128 bytes

0 CFG_DMA_DST0_OWN R/W 0x0 Destination frame 0 memory ownership
0x0: owned by CPU 
0x1: owned by CMU

Instance Name Offset
TX_DMA_CONTROL_1 0x003C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

C
F

G
_D

M
A

_T
X

_X
F

E
R

1

C
F

G
_D

M
A

_D
S

T
1_

O
W

N

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 0 0

Table 361: Tx DMA Control 1 Register (TX_DMA_CONTROL_1)  

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2:1 CFG_DMA_TX_XFER1 R/W 0x2 Tx DMA 1 transfer size select.
0x0: reserved
0x1: 32 bytes
0x2: 64 bytes
0x3: 128 bytes

0 CFG_DMA_DST1_OWN R/W 0x0 Destination frame 1 memory ownership
0x0: owned by CPU 
0x1: owned by CMU

Table 360: Tx DMA Control 0 Register (TX_DMA_CONTROL_0)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.16.17 DMA Global Control Register (DMA_GLOBAL_CONTROL)

Instance Name Offset
DMA_GLOBAL_CONTROL 0x0040

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 1 1 0 0 0 0

Table 362: DMA Global Control Register (DMA_GLOBAL_CONTROL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:13 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

12 CFG_SOFT_RESET R/W 0x0 Soft reset, active high. 
This bit does not affect register values.

11 CFG_RX_WPTR_RST R/W 0x0 Rx FIFO write pointer reset, active high

10 CFG_RX_RPTR_RST R/W 0x0 Rx FIFO read pointer reset, active high

9 CFG_TX_WPTR_RST R/W 0x0 Tx FIFO write pointer reset, active high

8 CFG_TX_RPTR_RST R/W 0x0 Tx FIFO read pointer reset, active high

7 DMA_RX_MOA_EN R/W 0x0 DMA RX Multiple outstanding transaction enable

6 DMA_TX_MOA_EN R/W 0x0 DMA TX Multiple outstanding transaction enable

5 CFG_DMA_SRC_FRMT R/W 0x1 Source memory color format

0x0: RGB888 packed

0x1: RGB888 unpacked

4 CFG_DMA_DST_FRMT R/W 0x1 Destination memory color format
0x0: RGB888 packed

0x1: RGB888 unpacked

3 CFG_DMA_RX_EN1 R/W 0x0 Enable Rx DMA to transfer data from Source Frame 1 
memory space to CMU
0x0: Disable

0x1: Enable

2 CFG_DMA_RX_EN0 R/W 0x0 Enable Rx DMA to transfer data from Source Frame 0 
memory space to CMU
0x0: Disable

0x1: Enable

1 CFG_DMA_TX_EN1 R/W 0x0 Enable Tx DMA to transfer data from Destination Frame 
1 memory space.
0x0: Disable

0x1: Enable
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A.16.18 CMU Interrupt Mask Register (CMU_INTERRUPT_MASK)

A.16.19 CMU Interrupt Clear Select Register 
(CMU_INTERRUPT_CLEAR_SELECT)

0 CFG_DMA_TX_EN0 R/W 0x0 Enable Tx DMA to transfer data from CMU to Destina-
tion Frame 0 memory space.
0x0: Disable

0x1: Enable

Instance Name Offset
CMU_INTERRUPT_MASK 0x0044

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_INTR_MASK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 363: CMU Interrupt Mask Register (CMU_INTERRUPT_MASK)  

Bits Name Type Reset Description

31:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 CFG_INTR_MASK R/W 0x0 CFG_INTR_MASK
0x1: The corresponding bit in the Interrupt Status 

Register sets the CMU Interrupt

0x0: The corresponding bit in the Interrupt Status 
Register does NOT set the CMU Interrupt

Instance Name Offset
CMU_INTERRUPT_CLEAR_SELECT 0x0048

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_INTR_CLR_SEL

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 364: CMU Interrupt Clear Select Register (CMU_INTERRUPT_CLEAR_SELECT)  

Bits Name Type Reset Description

31:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 CFG_INTR_CLR_SEL R/W 0x0 CFG_INTR_CLR_SEL
0x1: The corresponding bit in the Interrupt Status 

Register is cleared on Read

0x0: The corresponding bit in the Interrupt Status 
Register is cleared on Write

Table 362: DMA Global Control Register (DMA_GLOBAL_CONTROL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.16.20 CMU Interrupt Status Mask Register 
(CMU_INTERRUPT_STATUS_MASK)
The status bit of this register can be cleared by either a Read or writing a 0, which is selected by the 
corresponding bit of the Interrupt Clear Select Register. Writing a 1 does not affect the register 
values.

A.16.21 CMU Interrupt Status Register (CMU_INTERRUPT_STATUS)

Instance Name Offset
CMU_INTERRUPT_STATUS_MASK 0x004C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CFG_INTR_STAT_MASK

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 365: CMU Interrupt Status Mask Register (CMU_INTERRUPT_STATUS_MASK)  

Bits Name Type Reset Description

31:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 CFG_INTR_STAT_MASK R/W 0x0 CFG_INTR_STAT_MASK

0x1: The signal of the corresponding bit in the Interrupt 
Status Register generates an interrupt status bit

0x0: The signal of the corresponding bit in the Interrupt 
Status Register does NOT generate an interrupt 
status bit

Instance Name Offset

CMU_INTERRUPT_STATUS 0x0050

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 366: CMU Interrupt Status Register (CMU_INTERRUPT_STATUS)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11 DMA_DST1_OVRFL R/W 0x0 Destination memory 1 overflow, tx DMA does not com-
plete successfully

10 DMA_DST0_OVRFL R/W 0x0 Destination memory 0 overflow, tx DMA does not com-
plete successfully
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A.16.22 Data Path Double Buffering Trigger Register 
(DATA_PATH_DOUBLE_BUFFERING_TRIGGER)

Note

Note This register supports double buffering for data path registers only.

9 DMA_DST1_UNDFL R/W 0x0 Destination memory 1 underflow, tx DMA does not 
complete successfully

8 DMA_DST0_UNDFL R/W 0x0 Destination memory 0 underflow, tx DMA does not 
complete successfully

7 FIFO_RX_OVRFL R/W 0x0 Rx FIFO overflow status

6 FIFO_RX_UNDFL R/W 0x0 Rx FIFO underflow status

5 FIFO_TX_OVRFL R/W 0x0 Tx FIFO overflow status

4 FIFO_TX_UNDFL R/W 0x0 Tx FIFO underflow status

3 DMA_RX_FRM1_DONE R/W 0x0 Rx DMA path Frame 1 Receive done successfully

2 DMA_RX_FRM0_DONE R/W 0x0 Rx DMA path Frame 0 Receive done successfully

1 DMA_TX_FRM1_DONE R/W 0x0 Tx DMA path Frame 1 Transmit done successfully

0 DMA_TX_FRM0_DONE R/W 0x0 Tx DMA path Frame 0 Transmit done successfully

Instance Name Offset

DATA_PATH_DOUBLE_BUFFERING_TRIGG
ER

0x0058

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0

Table 367: Data Path Double Buffering Trigger Register 
(DATA_PATH_DOUBLE_BUFFERING_TRIGGER)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 366: CMU Interrupt Status Register (CMU_INTERRUPT_STATUS)  (Sheet 2 of 2)

Bits Name Type Reset Description
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2 CFG_UPDATE_NXT R/W 0x0 CFG_UPDATE_NXT
Register update trigger.

0x0: no operation

0x1: Load double buffered registers at next frame 
interval. This bit is cleared by hardware after 
registers are loaded.

1 CFG_UPDATE_NOW R/W 0x0 CFG_UPDATE_NOW
Register update trigger.
This bit is cleared by hardware after registers are loaded.

0x0: no operation

0x1: Load double buffered registers immediately.

0 CFG_REGDB_EN R/W 0x0 CFG_REGDB_EN
Register double buffer enable.

0x0: disabled

0x1: enabled

Table 367: Data Path Double Buffering Trigger Register 
(DATA_PATH_DOUBLE_BUFFERING_TRIGGER)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.17 NAND Flash Controller (NFC)
The registers for the NFC allow for control over the configuration of the interface to a particular 
NAND or set of NANDs and the control over the operations performed on those NANDs. The NFC 
can be programmed directly from the host software for all operations or it can use the DMA for 
command processing.

In non-DMA mode, software can write directly to the Command Buffer Register NDCB0 to program 
NDCB0, NDCB1, NDCB2 and NDCB3 (NAND Controller Command Buffer 0 Register, NAND 
Controller Command Buffer 1 Register, NAND Controller Command Buffer 2 Register, and NAND 
Controller Command Buffer 3 Register) in FIFO order, and data buffer NDDB (NAND Controller Data 
Buffer Register) to send commands and data to the flash device. Similarly for a Read, software can 
read from the data buffer.

The Status registers contain bits that signal the error status of ECC, flash ready, Bad-Block-
Detected, end-of-command execution, finish-of-page and read/write requests for the data buffer, and 
write request for the command buffer. Each of these hardware-detected events can signal an 
interrupt request to the interrupt controller.

The following information is required to program the NFC, but this information is not sufficient. To 
correctly program the Control register, Timing registers, and Delay registers it is necessary to have 
information from both the Hardware Specifications Manual as well as the data sheet of the particular 
NAND flash being interfaced to.

The NFC Clock/Reset Control Register (APMU_NFC_CLK_RES_CTRL) in the Application 
Subsystem Power Management (APMU) Unit must be programmed prior to accessing the NFC 
registers.

Base Address: 0xD428_3000

Table 368:  NAND Flash Controller Register Summary (Sheet 1 of 2)

Offset Name Description Details

0x0000 NFC_NDCR NAND Flash Control Register Page: A-321

0x0004 NFC_NDTR0CS0 NAND Controller Timing Parameter 0 Register for ND_nCS0 Page: A-331

0x000C NFC_NDTR1CS0 NAND Controller Timing Parameter 1 Register for ND_nCS0 Page: A-333

0x0014 NFC_NDSR NAND Controller Status Register Page: A-336

0x0018 NFC_NDPCR NAND Controller Page Count Register Page: A-342

0x001C NFC_NDBBR0 NAND Controller Bad Block Register 0 Page: A-343

0x0020 NFC_NDBBR1 NAND Controller Bad Block Register 1 Page: A-343

0x0024 NFC_NDREDEL Read Enable Return Delay Register Page: A-344

0x0028 NFC_NDECCCTRL ECC Control Register Page: A-345

0x002C NFC_NDBZCNT Timer for ND_RnB0 and ND_RnB1 Page: A-348

0x0030 NFC_NDMUTEX NAND Controller MUTEX Lock Register Page: A-349

0x0034 NFC_NDCMDMAT0 Partition Command Match Registers
Page: A-350

0x0038 NFC_NDCMDMAT1 Partition Command Match Registers

0x003C NFC_DCMDMAT2 Partition Command Match Registers

0x0040 NFC_NDDB NAND Controller Data Buffer Register Page: A-352

0x0048 NFC_NDCB0 NAND Controller Command Buffer 0 Page: A-353
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A.17.1 NAND Flash Control Register (NFC_NDCR)
Program the Timing Parameter registers (NDTR0CSx and NDTR1CSx) and Control registers before 
writing to this register. This register must be programmed before the partition registers are written 
because writing any protection regions into the Protection registers disallows updates to the 
PG_PER_BLK and RA_START fields. This blocking prevents malicious updates of the Control 
register to confuse the partition address matching functions.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

0x004C NFC_NDCB1 NAND Controller Command Buffer 1 Page: A-358

0x0050 NFC_NDCB2 NAND Controller Command Buffer 2 Page: A-359

0x0054 NFC_NDCB3 NAND Controller Command Buffer 3 Page: A-360

0x005C NFC_NDARBCR NAND DFI Arbitration Control Register Page: A-361

0x0060 NFC_NDPT0CS0 Partition Region Control Registers for CS0

Page: A-361

0x0064 NFC_NDPT1CS0 Partition Region Control Registers for CS0

0x0068 NFC_NDPT2CS0 Partition Region Control Registers for CS0

0x006C NFC_NDPT3CS0 Partition Region Control Registers for CS0

0x0070 NFC_NDPT0CS1 Partition Region Control Registers for CS1

0x0074 NFC_NDPT1CS1 Partition Region Control Registers for CS1

0x0078 NFC_NDPT2CS1 Partition Region Control Registers for CS1

0x007C NFC_NDPT3CS1 Partition Region Control Registers for CS1

Table 368:  NAND Flash Controller Register Summary (Sheet 2 of 2)

Offset Name Description Details
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Instance Name Offset
NFC_NDCR 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1

Table 369: NAND Flash Control Register (NFC_NDCR)  (Sheet 1 of 9)

Bits Name Type Reset Description

31 SPARE_EN R/W 0x0 Spare Area Enable                                                                  
Set the spare-area enable (SPARE_EN) bit to use the 
spare area of the NAND Flash for data storage. If the 
SPARE_EN bit is set and ECC is not enabled (ECC_EN 
cleared), it is possible to write to and read from the entire 
data area and spare area. If SPARE_EN is clear, the spare 
area is not available to users. If SPARE_EN and ECC_EN 
are set, the remaining spare bytes after ECC is written are 
available to software. Refer to the tables in the Data Area 
Available to Programmer When PAGE_SZ=01 and Data 
Area Available to Programmer When PAGE_SZ=00 which 
specifies the data byes available for program/read, to the 
user per page for different SPARE_EN and ECC_EN 
settings. The number specified in the DMA data column in 
these tables is the number of bytes that the DMA 
Descriptors must be configured to transfer per page when 
the NAND Flash controller is operating in DMA mode. The 
new ECCCTRL register defines the number of bytes used 
by ECC in ECCCTRL.ECC_SPARE. For Hamming ECC, 
the compatible definition is used. For extended ECC 
additional bytes are required to achieve the needed error 
recovery.         
                                                                                                    
0x0: Write/Read to available spare area disabled                   
0x1: Write/Read to available spare area enabled

30 ECC_EN R/W 0x0 ECC Enable
When the ECC enable (ECC_EN) bit is set, it enables the 
computation of ECC and error detection and correction. 
When ECC_EN bit is clear, ECC computation and error 
checks are not performed.
The new ECCCTRL register defines the type of ECC to be 
performed. The compatible algorithm is to use a single bit 
error correct, double bit detect Hamming code where a 
syndrome is generated for each 512 bytes. For extended 
correction a BCH algorithm with 16-bit per 2K byte page 
correcting code is used.

0x0: ECC is disabled for write and read data

0x1: ECC is enabled for write and read data
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29 DMA_EN R/W 0x0 DMA Request Enable
Set the DMA request-enable (DMA_EN) bit to enable 
command and data DMA requests. When this bit is clear, no 
DMA requests are asserted.

0x0: Data and Command DMA are disabled

0x1: Data and Command DMA are enabled

28 ND_RUN R/W 0x0 NAND Controller Run Mode
When the NAND-controller run mode (ND_RUN) bit is set, 
the NAND controller starts to execute the command in the 
command buffer. If the command buffer is empty when the 
ND_RUN bit is set, the NAND controller asserts the 
command-DMA request if the DMA request is enabled. The 
ND_RUN bit is cleared when the NAND flash controller 
finishes the execution of a command with the next 
command (NC) bit clear, indicating the end of the command 
sequence. For a Bad-Block-Detect, ND_RUN is cleared 
after the command buffer is emptied. Clearing the ND_RUN 
bit during a command execution results in an immediate 
termination of transactions to the flash device and clears 
the data and command buffers.

0x0: NAND controller is not in Run mode

0x1: NAND controller is in Run mode

27 DWIDTH_C R/W 0x0 Data Bus Width of the NAND Flash Controller
Flash-controller data width (DWIDTH_C) defines the data-
bus width used by the NAND flash controller to 
communicate to the flash memory device(s).
When DWIDTH_C = 1 and DWIDTH_M = 0, two flash 
devices are connected to the same chip select. 

0x0: Data bus width is 8 bits

0x1: Data bus width is 16 bits

26 DWIDTH_M R/W 0x0 Data Bus Width of the NAND Flash Memory
Flash-memory data width (DWIDTH_M) defines the data 
bus width of the NAND flash-memory devices used in the 
memory system. DWIDTH_M and DWIDTH_C determine 
the way NAND flash devices are interfaced. Table 3-9 on 
page 3-21 shows the valid data-width settings. The 
DWIDTH_C = 0 and DWIDTH_M = 1 is a non-valid setting, 
and should not be used, the flash controller behavior 
defaults to DWIDTH_C = 0 and DWIDTH_M = 0.

0x0: Data bus width is 8 bits

0x1: Data bus width is 16 bits

Table 369: NAND Flash Control Register (NFC_NDCR)  (Sheet 2 of 9)

Bits Name Type Reset Description
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25:24 PAGE_SZ R/W 0x0 Page Size of the Flash device
The page-size (PAGE_SZ) field defines the page size of the 
flash memory. All memory devices used in the flash-
memory system must have the same bus width, page size, 
command set, and timing parameters.
Refer to the tables on Data Area Available to Programmer 
When PAGE_SZ = 01 and Data Area Available to 
Programmer When PAGE_SZ = 00 which describe the data 
area available to the programmer when PAGE_SZ is set to 
0x0 and 0x1.

0x0: 512 bytes main and 16 bytes spare area, 520 bytes 
total

0x1: 2048 bytes main and 64 bytes spare area, 2112 
bytes total

0x2: Reserved

0x3: Reserved

23 SEQ_DIS R/W 0x0 Sequential page read disable
This bit should be set if sequential page read is not wanted. 
When SEQ_DIS bit is clear, all multi-page reads are 
completed sequentially. The device is addressed only when 
the first page is read, and subsequent page reads are 
performed by toggling ND_nRE when the device is ready. 
Consult the data sheet of the flash part under 'Sequential 
Row Read' or similar for details.

Note: Sequential read is supported only when the entire 
page (including the spare area) is read by the NAND 
Flash controller. The cases where sequential read is 
supported are: {PAGE_SZ = 00, SPARE_EN = 1, 
ECC_EN = 0}, {PAGE_SZ = 00, SPARE_EN = 0, 
ECC_EN = 0},  {PAGE_SZ = 01, SPARE_EN = 0, 
ECC_EN = 0}, {PAGE_SZ = 01, SPARE_EN = 1, 
ECC_EN = 0} and {PAGE_SZ = 01, SPARE_EN = 1, 
ECC_EN = 1} . For all other settings of PAGE_SZ, 
SPARE_EN and ECC_EN sequential read are not 
supported, the SEQ_DIS bit must be set, and multi-
page reads are performed after addressing each 
page individually.

0x0: Sequential page reads (without commands) are 
supported

0x1: All sequential page reads require command cycles

22 Reserved Reserved -- Reserved. Always write 0. Ignore read value.

Table 369: NAND Flash Control Register (NFC_NDCR)  (Sheet 3 of 9)

Bits Name Type Reset Description
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21 FORCE_CSX R/W 0x0 Force chip select false on busy
If the FORCE_CSX bit is set, then the CE for the addressed 
flash must be de-asserted during the time where Busy is 
expected to be asserted. In addition during all operations 
DFI arbitration must be allowed during the command and/or 
data transfer phases. Under normal operation, CE shall 
stay asserted throughout the command and also throughout 
data transfer phases, but if the DFI is being arbitrated away 
from the NFC, the command sequence or data sequence 
shall be interrupted at the beginning of the current cycle by 
first de-asserting CE and then relinquishing the DFI to the 
other slave. During an address phase where ALE is 
asserted, ALE is de-asserted along with CE. When the NFC 
requires the DFI, CE asserts and data transfers continue 
with WE strobes.

0x0: Assert chip select during entire command, except 
during command overlap.

0x1: De-assert chip select during busy phases.

20 CLR_PG_CNT R/W 0x0 Clear Page Count
The clear-page-count (CLR_PG_CNT) bit, when set, clears 
the Page Count register (see NDPCR). After the NAND 
Interface Page Count register is cleared, the CLR_PG_CNT 
bit is reset. When a program failure occurs, CLR_PG_CNT 
can be used to clear the page count values after software 
reads the number of pages programmed correctly.

0x0: Page count not cleared

0x1: Clear page count

19 STOP_ON_UNCOR R/W 0x0 Stop On Uncorrectable Error
If an uncorrectable error is received on a read and this bit is 
set, NDCB0.NC is reset and further command DMA 
processing is halted.

0x0: Do not stop on uncorrectable error.

0x1: Stop on uncorrectable error.

18:16 RD_ID_CNT R/W 0x2 Read ID Byte Count
The read-ID byte-count (RD_ID_CNT) bit specifies the 
number of data bytes to read from the flash device when a 
read-ID command is issued. Valid values for RD_ID_CNT 
are 1 to 7. For a read ID command, the page count should 
be set to 1 (NDCB2[Page_Count] should be zero).
Values from 1 to 7. Specifies the number of bytes of read ID 
data to be read from the flash device

Table 369: NAND Flash Control Register (NFC_NDCR)  (Sheet 4 of 9)

Bits Name Type Reset Description
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15 RA_START R/W 0x0 Row Address Start Position
The row-address start-position (RA_START) bit specifies 
the address cycle where row address starts in the 
addressing sequence. When RA_START is clear, 
NDCB1[ADDR2] (address sent out in the second 
addressing cycle) contains the first row address. When 
RA_START is set, NDCB1[ADDR3] (address sent out in the 
third addressing cycle) contains the first row address. (See 
NDCB1.)
The purpose of this bit is to support older NAND 
configurations that had three (or maybe four) bytes of 
address. Certain old small capacity and small block devices 
have the column address separated into a byte of address 
(NDBC1[ADDR1]) where the most significant bit of the 
column was addressed if necessary by the first command 
byte. To access bytes 0-255 the first command byte was 
0x00 and to access bytes 256-511, the first command byte 
is 0x01. However most of the time an entire page is read 
anyway, so sub block addressing is not commonly used. 
For large page NAND devices, this bit should always be set 
to 1.

0x0: Row address supplied to flash from second address 
cycle onwards

0x1: Row address supplied to flash from third address 
cycle onwards

14:13 PG_PER_BLK R/W 0x0 Pages Per Block
The pages-per-block (PG_PER_BLK) bit specifies the 
number of pages in one block of the flash device. The 
PG_PER_BLK bit, when cleared, indicates 32 pages/block, 
and when set, indicates 64 pages/block. PG_PER_BLK 
along with RA_START is used by the NAND Flash 
controller to increment the row address in multi-page 
commands.

Note: The order of bits seems backwards due to 
compatibility. Previously bit 13 was reserved.

0x0: Flash device has 32 pages per block

0x2: Flash device has 64 pages per block

0x1: Flash device has 128 pages per block

0x3: Flash device has 256 pages per block

Table 369: NAND Flash Control Register (NFC_NDCR)  (Sheet 5 of 9)

Bits Name Type Reset Description
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12 ND_ARB_EN R/W 0x0 Data Flash Interface Arbiter Enable
The data-flash Interface-arbiter enable (ND_ARB_EN) bit 
enables the bus arbiter in the NAND Flash controller, which 
controls the ownership of data-flash bus. The data flash 
interface is shared between the Static Memory Controller, 
Compact Flash Controller and the NAND Flash Controller to 
transfer data to/from external memory devices. The 
ownership of DF_SCLK (the clock supplied to external 
memory devices on the data flash interface) is also 
controlled by the bus arbiter. When the NAND Flash 
controller is granted the data flash Interface, DF_SCLK is 
driven low. When ND_ARB_EN is clear, the bus arbiter in 
the NAND Flash controller is disabled, and the data flash 
Interface and DF_SCLK are granted permanently to the 
static memory controller. The ND_ARB_EN bit must be set 
when NAND Flash controller operation is preferred.

Note: ND_ARB_EN bit must be set before the static 
memory controller is configured to do accesses on 
the DF interface. Setting ND_ARB_EN bit while static 
memory controller is doing accesses on the DF 
interface results in incorrect operation.

0x0: Data flash Interface arbiter is disabled

0x1: Data flash Interface arbiter is enabled

11 RDYM R/W 0x1 Flash Device Ready Interrupt Mask
The flash-device ready-mask (RDYM) bit is used to mask 
an interrupt request that is asserted when RO/B_ (Ready/
Busy_) makes a transition from low to high, as indicated by 
NDSR.RDY. When RDYM is cleared, the interrupt is 
enabled, and whenever NDSR[RDY] is set, an interrupt 
request is made to the interrupt controller. When RDYM is 
set, the interrupt is masked and the state of the RDY status 
bit does not generate an interrupt.
If more than one RnB signal is used, this mask bit enables/
disables interrupts for both.

0x0: Flash device ready interrupt is enabled

0x1: Flash device ready interrupt is disabled

10 CS0_PAGEDM R/W 0x1 ND_nCS0 Page Done Interrupt Mask
The CS0 Page-Done mask (CS0_PAGEDM) bit is used to 
mask or enable an interrupt request that is asserted when a 
page transaction (read or write) to a flash device interfaced 
using ND_nCS0 is completed, as indicated by 
NDSR[CS0_PAGED]. When CS0_PAGEDM is cleared, the 
interrupt is enabled and whenever NDSR[CS0_PAGED] is 
set, an interrupt request is made to the interrupt controller. 
When CS0_PAGEDM is set, the interrupt is masked and 
the state of the PAGE_DN status bit does not generate an 
interrupt.

0x0: ND_nCS0 Page-Done interrupt is enabled

0x1: ND_nCS0 Page-Done interrupt is disabled

Table 369: NAND Flash Control Register (NFC_NDCR)  (Sheet 6 of 9)

Bits Name Type Reset Description
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9 CS1_PAGEDM R/W 0x1 ND_nCS1 Page Done Interrupt Mask
CS1 Page Done Mask (CS1_PAGEDM) is used to mask or 
enable an interrupt request that is asserted when a page 
transaction (read or write) to flash device interfaced using 
ND_nCS1 is completed as indicated by 
NDSR[CS1_PAGED]. When CS1_PAGEDM is cleared, the 
interrupt is enabled, and whenever NDSR[CS1_PAGED] is 
set, an interrupt request is made to the interrupt controller. 
When CS1_PAGEDM is set, the interrupt is masked and 
the state of the PAGE_DN status bit does not generate an 
interrupt.

0x0: ND_nCS1 Page-Done interrupt is enabled

0x1: ND_nCS1 Page-Done interrupt is disabled

8 CS0_CMDDM R/W 0x1 ND_nCS0 Command Done Interrupt Mask
The CS0 Command-Done mask (CS0_CMDDM) bit is used 
to mask or enable an interrupt request that is asserted 
when the command for the flash device interfaced using 
ND_nCS0 has been executed, as indicated by 
NDSR[CS0_CMDD]. When CS0_CMDDM is cleared, the 
interrupt is enabled and whenever NDSR[CS0_CMDD] is 
set, an interrupt request is made to the interrupt controller. 
When CS0_CMDDM is set, the interrupt is masked and the 
state of the CS0_CMDD status bit does not generate an 
interrupt.

0x0: ND_nCS0 Command-Done interrupt is enabled

0x1: ND_nCS0 Command-Done interrupt is disabled

7 CS1_CMDDM R/W 0x1 ND_nCS1 Command Done Interrupt Mask
The CS1 Command-Done mask (CS1_CMDDM) bit is used 
to mask or enable an interrupt request that is asserted 
when the command for the flash device interfaced using 
ND_nCS1 has been executed, as indicated by 
NDSR[CS1_CMDD]. When CS1_CMDDM is cleared, the 
interrupt is enabled, and whenever NDSR[CS1_CMDD] is 
set, an interrupt request is made to the interrupt controller. 
When CS1_CMDDM is set, the interrupt is masked and the 
state of the CS1_CMDD status bit does not generate an 
interrupt.

0x0: ND_nCS1 Command-Done interrupt is enabled

0x1: ND_nCS1 Command-Done interrupt is disabled

6 CS0_BBDM R/W 0x1 ND_nCS0 Bad Block Detect Interrupt Mask
The CS0 bad-block-detect mask (CS0_BBDM) bit is used to 
mask or enable an interrupt request that is asserted when 
the status check at the end of a page write or block erase to 
a device interfaced using ND_nCS0 returns a bad-block 
error, as indicated by NDSR[CS0_BBD]. When CS0_BBDM 
= 0, the interrupt is enabled and whenever 
NDSR[CS0_BBD] is set, an interrupt request is made to the 
interrupt controller. When CS0_BBDM=1, the interrupt is 
masked and the state of the CS0_BBD status bit does not 
generate an interrupt.

0x0: ND_nCS0 Bad-Block-Detect interrupt is enabled

0x1: ND_nCS0 Bad-Block-Detect interrupt is disabled

Table 369: NAND Flash Control Register (NFC_NDCR)  (Sheet 7 of 9)

Bits Name Type Reset Description
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5 CS1_BBDM R/W 0x1 ND_nCS1 Bad Block Detect Interrupt Mask
CS1 Bad Block Detect Mask (CS1_BBDM) is used to mask 
or enable an interrupt request that is asserted when the 
status check at the end of a page write or block erase to a 
device interfaced using ND_nCS1 returns a bad block error, 
as indicated by NDSR[CS1_BBD]. When CS1_BBDM is 
cleared, the interrupt is enabled, and whenever 
NDSR[CS1_BBD] is set, an interrupt request is made to the 
interrupt controller. When CS1_BBDM is set, the interrupt is 
masked and the state of the CS1_BBD status bit does not 
generate an interrupt.

Note: For the reliable operation of flash media, always 
enable CS0_BBD and CS1_BBD interrupts 
(CS0_BBDM and CS1_BBDM cleared), and have 
software perform block replacement based on these 
interrupts.

0x0: ND_nCS1 Bad-Block-Detect interrupt is enabled

0x1: ND_nCS1 Bad-Block-Detect interrupt is disabled

4 UNCERRM R/W 0x1 ECC Failure Error Interrupt Mask
The ECC Failure-Error mask (UNCERRM) bit is used to 
mask or enable an interrupt request that is asserted when 
an uncorrectable Hamming double-bit error is detected in 
any of the data streams as indicated by NDSR[UNCERR]. 
When in extended ECC mode, this bit indicates a failure 
with the BCH ECC. When UNCERRM is cleared, the 
interrupt is enabled and whenever NDSR[UNCERR] is set, 
an interrupt request is made to the interrupt controller. 
When UNCERRM is set, the interrupt is masked and the 
state of the UNCERR status bit does not generate an 
interrupt. No data correction is possible for either kind of 
failure.

0x0: ECC Failure-Error interrupt is enabled.

0x1: ECC Failure-Error interrupt is disabled.

3 CORERRM R/W 0x1 Correctable Error Interrupt Mask
The correctable error mask (CORERRM) bit is used to 
mask or enable an interrupt request that is asserted when 
either a single-bit error is detected in any of the data 
streams when in Hamming ECC mode) or when the number 
of error exceeds the threshold defined in the ECCCTRL 
register when in BCH mode. This condition is indicated by 
NDSR[CORERR]. When CORERRM is cleared, the 
interrupt is enabled and whenever NDSR[CORERR] is set, 
an interrupt request is made to the interrupt controller. 
When CORERRM is set, the interrupt is masked and the 
state of the CORERR status bit does not generate an 
interrupt. This interrupt is an indication only and can be 
used to determine if read disturbs require a block to be 
rewritten.

0x0: Correctable error (single-bit for Hamming) and (<= 
16 for BCH) enabled

0x1: Correctable error (single-bit for Hamming) and (<= 
16 for BCH) is disabled.

Table 369: NAND Flash Control Register (NFC_NDCR)  (Sheet 8 of 9)

Bits Name Type Reset Description
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2 WRDREQM R/W 0x1 Write Data Request Interrupt Mask
The Write-Data-Request mask (WRDREQM) bit is used to 
mask or enable an interrupt request that is asserted when a 
write command is loaded into command buffer and data 
buffer is empty, as indicated by NDSR[WRDREQ]. When 
WRDREQM is cleared, the interrupt is enabled and 
whenever NDSR[WRDREQ] is set, an interrupt request is 
made to the interrupt controller. When WRDREQM is set, 
the interrupt is masked and the state of the WRDREQ 
status bit does not generate an interrupt.

0x0: Write data request interrupt is enabled.

0x1: Write data request interrupt is disabled.

1 RDDREQM R/W 0x1 Read Data Request Interrupt Mask
Read data request mask (RDDREQM) is used to mask or 
enable an interrupt request that is asserted when the data 
buffer has been loaded with a page of read data, as 
indicated by NDSR[RDDREQ]. When RDDREQM is 
cleared, the interrupt is enabled, and whenever 
NDSR[RDDREQ] is set, an interrupt request is made to the 
interrupt controller. When RDDREQM is set, the interrupt is 
masked and the state of the RDDREQ status bit does not 
generate an interrupt.

0x0: Read data request interrupt is enabled.

0x1: Read data request interrupt is disabled.

0 WRCMDREQM R/W 0x1 Write Command Request Interrupt Mask
Write command request mask (WRCMDREQM) is used to 
mask or enable an interrupt request that is asserted when a 
write to the command buffer is requested, as indicated by 
NDSR[WRCMDREQ]. When WRCMDREQM is cleared, the 
interrupt is enabled, and whenever NDSR[WRCMDREQ] is 
set, an interrupt request is made to the interrupt controller. 
When WRCMDREQM is set, the interrupt is masked and 
the state of the RDDREQ status bit does not generate an 
interrupt.

0x0: Write command request interrupt is enabled.

0x1: Write command request interrupt is disabled.

Table 369: NAND Flash Control Register (NFC_NDCR)  (Sheet 9 of 9)

Bits Name Type Reset Description
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A.17.2 NAND Controller Timing Parameter 0 Register for ND_nCSx 
(NFC_DTR0CS0)
Program the NAND Interface Timing Parameter 0 Register (NDTR0CS0) to configure the setup and 
hold times of outputs driven by the NAND flash controller (ND_ALE, ND_CLE, ND_nCS1 and 
ND_nCS0) and the pulse widths and cycle times of ND_nRE and ND_nWE. Accesses to NAND 
flash devices interfaced using ND_nCS0 and ND_nCS1 are controlled by the settings in 
NDTR0CS0. Programmable timing parameters enable the interface to a wide variety of NAND flash 
devices. All timing parameters in NDTR0CS0 are set in terms of NAND controller clock periods. The 
NAND controller clock runs at a frequency of 156 MHz or 78 MHz depending on the NF_CLK_SEL 

setting in the APMU_NFC_CLK_RES_CTRL register. Refer to the Marvell® ARMADA 16x 
Applications Processor Family Hardware Manual (MV-S301545-00) for frequency limitations of the 
NAND Flash Controller timing parameters. The NDTR0CS0 and NDTR1CS0 registers define the 
timings as integer multiples of the NFC clock. This--in combination with the finer phase alignment 
achievable with the NDREDEL Register--allows for considerable interface timing flexibility. This is a 
read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Instance Name Offset
NFC_NDTR0CS0 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field tADL
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R
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TRH TRP

Default 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 ? ? 1 1 1 1 1 1 0 1 1 1 1 1 1 1

Table 370: NAND Controller Timing Parameter 0 Register for ND_nCS0 (NFC_NDTR0CS0)  (Sheet 1 
of 3)

Bits Name Type Reset Description

31:27 tADL R/W 0x1F Address to Write Data delay
This parameter controls the time between the rising edge of 
the WE# strobe for the last address cycle until the first rising 
edge of the WE# strobe for a write operation.
Value is from 0 to31 and specifies in terms of NAND 
controller clock periods. The tWP of the first WE# is 
subtracted from this value as well as a constant to account 
for internal state transition delays.
ADD_to_DATA_LATCH = (max(tWH,tCH) +   max(0, tADL-
tWP-3) +  tWP + 8)

26 SELCNTR R/W 0x0 Select Read Counter
This bit determines the source of the read strobe.

0x0: Strobe is measured by phase values in the 
NDDRDDEL register.

0x1: Strobe is Rd_Cnt_Del+1 NFC clocks from the rising 
edge of nRE.

25:22 RD_CNT_DEL R/W 0x0 Read Strobe Count Delay
When enabled by SelCntr, this value is the number of NFC 
clocks after the rising edge of nRE to latch read data into 
the NFC from the DFI.
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21:19 TCH R/W 0x7 Enable Signal Hold Time
Enable signal hold time (tCH) defines the hold time (with 
respect to the rising edge of ND_nWE) of ND_nCS0, 
ND_nCS1, ND_ALE and ND_CLE.
Value from 0 to 7. Specifies the hold time for ND_nCS0, 
ND_nCS1, ND_ALE, and ND_CLE outputs in terms of 
NAND controller clock periods.
Hold time = (max(tWH, tCH) + 1).

18:16 TCS R/W 0x7 Enable Signal Setup Time
Enable signal setup time (tCS) defines the setup time (with 
respect to the falling edge of ND_nWE) of ND_nCS0, 
ND_nCS1, ND_ALE and ND_CLE.
Value from 0 to 7. Specifies the setup time for ND_nCS0, 
ND_nCS1, ND_ALE, and ND_CLE outputs in terms of 
NAND controller clock periods.
Setup time = tCS+1.

15:14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13:11 TWH R/W 0x7 ND_nWE high duration
The period for which ND_nWE remains high, while address 
or data is being input to the NAND flash device in multiple 
ND_nWE cycles, is specified by ND_nWE high duration 
(tWH). The valid values for tWH are 0 through 7. Actual 
high duration of ND_nWE is tWH+1 NAND controller clock 
cycles.
Value from 0 to 7. Specifies the ND_nWE high duration, in 
terms of NAND controller clock periods.
ND_nWE high duration = tWH+1 for a series of write 
pulses. For the last write pulse of a command, the duration 
is max(tWH,tCH)+1.

Note: The minimum duration that is guaranteed. The 
maximum duration for which the ND_nWE is high is 
greater than tWH NAND clock cycles if the DFI bus is 
granted to SMC during this time. If 
NDCR.ECC_EN=1 and NDECCCTRL.BCH_EN=1, 
then tWH+tWP should be greater than or eqal to 2.

10:8 TWP R/W 0x7 ND_nWE pulse width
The period for which ND_nWE is asserted low is specified 
in WE_Pulse width (tWP). The valid values for tWP are 0 
through 7. Actual high duration of ND_nWE pulse would be 
tWP+1 NAND controller clock cycles. The ND_nWE cycle 
time is tWH+tWP+2 NAND controller clock cycles.
Value from 0 to 7. Specifies the ND_nWE pulse width, in 
terms of NAND controller clock periods.
ND_nWE pulse width = tWP+1.

Note: If NDCR.ECC_EN=1 and NDECCCTRL.BCH_EN=1, 
then tWH+tWP should be greater than or eqal to 2

Table 370: NAND Controller Timing Parameter 0 Register for ND_nCS0 (NFC_NDTR0CS0)  (Sheet 2 
of 3)

Bits Name Type Reset Description
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A.17.3 NAND Controller Timing Parameter 1 Register for ND_nCSx 
(NFC_NDTR1CS0)
The NAND Interface Timing Parameter Register 1 (NDTR1CS0) can be programmed to set the 
timing information for Read, Status Read, and Read-ID commands. Accesses to NAND flash 
devices interfaced using both ND_nCS0 and ND_nCS1 are controlled by the settings in NDTR1CS0. 
All timing parameters in NDTR1CS0 are set in terms of NAND controller-clock periods. The NAND 
controller clock runs at a frequency of 156 MHz or 78 MHz depending on the NF_CLK_SEL setting 

in the APMU_NFC_CLK_RES_CTRL register. Refer to the Marvell® ARMADA 16x Applications 
Processor Family Hardware Manual (MV-S301545-00) for frequency limitation of the NAND Flash 
Controller timing parameters. Although there is only one Definition register, because it is possible to 
overlap operations on the two chip selects, there are two actual timers--one for each chip select.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits. A detailed 
explanation of the above timing parameters and diagrams to illustrate the same are given in the 

Marvell® ARMADA 16x Applications Processor Family Hardware Manual (MV-S301545-00).

7 sel_NRE_edge R/W 0x0 Select Read Strobe edge for Read data capture
0x0: Select rising edge of nRE as reference to latch read 

data

0x1: Select falling edge of nRE as reference to latch read 
data.

6 ETRP R/W 0x1 Extended tRP
This bit is the MSB for the tRP value.

5:3 TRH R/W 0x7 ND_nRE high duration
The period for which ND_nRE remains high while ND_nRE 
is being toggled to access data during a read operation is 
specified by ND_nRE high duration (tRH). The valid values 
for tRH are 0 through 7. Actual high duration of ND_nRE is 
tRH+1 NAND controller-clock cycles. 
Value from 0 to 7. Specifies the ND_nRE high duration, in 
terms of NAND controller clock periods.
ND_nRE high duration = tRH+1.

Note: The minimum duration that is guaranteed. The 
maximum duration for which the ND_nRE is high is 
greater than tRH NAND clock cycles if the DFI bus is 
granted to SMC during this time

2:0 TRP R/W 0x7 ND_nRE pulse width
These 3 bits in conjunction with bit 6 above (eTRP) 
determine the period for which ND_nRE is asserted low. 
The valid values for tRP are 0 through 16. Actual high 
duration of ND_nRE pulse is {etRP,tRP}+1 NAND controller 
clock cycles. The ND_nRE cycle time would be tRH+tRP+2 
NAND controller clock cycles.
Value from 0 to 16. Specifies the ND_nRE pulse width, in 
terms of NAND controller clock periods.
ND_nRE pulse width = {eTRP, tRP} +1.

Table 370: NAND Controller Timing Parameter 0 Register for ND_nCS0 (NFC_NDTR0CS0)  (Sheet 3 
of 3)

Bits Name Type Reset Description
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Instance Name Offset
NFC_NDTR1CS0 0x000C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field TR

W
A

IT
_M

O
D

E

P
R

E
S

C
A

LE

Reserved tRHW TWHR TAR

Default 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 ? ? ? ? 0 0 1 1 1 1 1 1 1 1

Table 371: NAND Controller Timing Parameter 1 Register for ND_nCS0 (NFC_NDTR1CS0)  (Sheet 1 
of 2)

Bits Name Type Reset Description

31:16 TR R/W 0x1FFF ND_nWE high to ND_nRE Low for Read
Value from 1 to 65535. Specifies the delay between 
ND_nWE high and ND_nRE low for read, in terms of NAND 
controller clock periods. This delay depends on the value 
programmed in tCH (in NDTR0CS0) in addition to tR 
programmed value.
Delay = (max(tWH, tCH) + 1 + tR + 2)

15 WAIT_MODE R/W 0x0 Wait_Mode
This bit determines how the information in this register is 
used to determine state machine transitions on read 
operations.
For all Reads, the timer always counts after the Read 
command has been issued and this bit only determines the 
actual state machine proceed condition.

Note: This bit may be changed from a 1 to a 0 while an 
operation is in progress to provide a mechanism to 
reset in the event of RnB deadlock. If for some 
reason RnB should remain de-asserted, resetting this 
bit after the time has expired allows the state 
machine to proceed. This releases the controller; the 
NAND device should be issued a Reset command. In 
the event of RnB lockup, the result of the Read 
operation is not defined.

0x0: The tR time value specified in this register solely 
determine the duration. When this count has not 
expired, the state machine stalls and when the count 
reaches tR, regardless of the state of RnB, the 
operation proceeds. In other words, RnB is ignored.

0x1: The tR time value specified in this register determine 
the minimum duration. When this count has not 
expired, the state machine stalls. When this count 
has expired, there may be an additional stall if RnBx 
is still indicating busy. The proceed condition is the 
AND of the time out from the defined timer and RnBx 
that is, to proceed, both the time value must have 
expired and RnBx must be signaling Ready.
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14 PRESCALE R/W 0x0 Prescale tR
clocks to wait to begin to sample tR (in Wait_Mode) or to 
simply wait (when not in Wait_Mode). NFC clocks, that is, 
the tR value, is prescaled by 16. Regardless of the setting 
of the PRESCALE bit, a tR value of zero produces a 
minimum of one clock delay. A value for tR of 1 produces a
two clock additional delay without PRESCALE and a 17 
clock additional delay with PRESCALE.

0x0: The tR time value specified in this register is the 
number of NFC

0x1: The tR time value specified in this register is 1/16 of 
the number of

13:10 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

9:8 tRHW R/W 0x0 Read to Write delay
The tRHW parameter is the delay between the rising edge 
of a RE# strobe to the falling edge of a WE# strobe. This 
situation occurs when a Read command (of any type) is 
followed by another command. The RE# generates a Read 
cycle that must be completely removed from the bus (that 
is, three-stated) before the host can drive a command to 
write. The value of this field is multiplied by 16 to determine 
the number of clocks to guarantee between Reads and the 
next command.

0x0: 0 added clocks

0x1: 16 added clocks

0x2: 32 added clocks

0x3: 48 added clocks

7:4 TWHR R/W 0xF ND_nWE High to ND_nRE Low for a Read Status
For a Status-Read command, ND_nWE high to ND_nRE 
Low Delay (tWHR) specifies the delay between de-
assertion of ND_nWE and assertion of ND_nRE. The actual 
delay depends on tAR, tWH, and tCH (the latter two in 
NDTR0CS0) as well. 

Delay = ( max(tWH,tCH) +  max(tAR, max(0, tWHR-
max(tWH,tCH) ) ) + 3)

Note: The minimum duration that is guaranteed. The 
maximum duration is greater than tWHR NAND clock 
cycles if the DFI bus is granted to SMC during this 
time

3:0 TAR R/W 0xF ND_ALE Low to ND_nRE Low Delay
For a read-ID command, ND_ALE Low to ND_nRE Low 
delay (tAR) specifies the delay between de-assertion of 
ND_ALE and assertion of ND_nRE. The valid values for 
tAR are 0 - 15. The actual delay depends on tAR, tWH, and 
tCH (the latter two in NDTR0CS0) as well.

Delay = max(tAR, max(0, tWHR - max(tWH, tCH)))+2

Table 371: NAND Controller Timing Parameter 1 Register for ND_nCS0 (NFC_NDTR1CS0)  (Sheet 2 
of 2)

Bits Name Type Reset Description
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A.17.4 NAND Controller Status Register (NFC_NDSR)
The NAND Controller Status register (NDSR) contains bits that signal flash ready status, bad block 
detected, read-data-error conditions, data-read/write requests, completion of a page, and command. 
Unless masked, each of these hardware-detected events signals an interrupt request to the interrupt 
controller. Once set, each of the status bits is cleared by writing 0b1 to the corresponding bit 
position. Writing 0b0 has no effect on the status bits. Each of the NDSR bits signals an interrupt 
request as long as the bit is set and the corresponding interrupt is not masked. Once the bit is 
cleared, the interrupt is cleared.

NDSR status bits are set in both DMA and non-DMA modes of operation, and they can be polled 
and cleared by software in either mode. This is a read/write register. Ignore reads from reserved bits. 
Write 0b0 to reserved bits.

Instance Name Offset
NFC_NDSR 0x0014

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ERR_CNT
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Default ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 372: NAND Controller Status Register (NFC_NDSR)  (Sheet 1 of 7)

Bits Name Type Reset Description

31:21 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

20:16 ERR_CNT RO 0x0 Block Error Count
If ECC_EN is set to 1 in the NDCR Register, BCH_EN is set 
to 1 in the NDECCCTRL Register and a ECC check has 
been performed, and (ERR_CNT > 
NDECCCTRL.ECC_THRESH), these bits indicate the 
number of errors encountered. If either ECC_EN or 
BCH_EN are cleared to 0, or (ERR_CNT <= 
ECC_THRESH) this field is 0x00. The error count is the 
number of non-zero syndromes. Writing 0x1f into this field 
resets the error count. NOTE: If it is preferred to see the 
BCH error count in all cases, it is
necessary to set the ECC_THRESH to 0.

15 TRUSTVIO RO 0x0 Trust Violation
This bit is set when a trusted partition access violation 
occurs.

14:13 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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12 RDY R/W 0x0 RDY
The NAND flash-ready (RDY) status bit is set when 
NAND_RnB (NAND Flash Ready/Busy) has made a low-to-
high transition, indicating the ready state entry of flash 
device(s). The NAND flash-ready condition can be 
programmed to cause an interrupt by clearing the Flash-
Device-Ready interrupt mask (RDYM). This status bit is 
updated continuously each time NAND_RnB input makes a 
low-to-high transition, regardless of the type of command 
sent to the flash device.
In a ganged configuration (two 8-bit parts connected as a 
logical 16-bit part, where the RnB signals of each part are 
wire ANDed) the RDY reflects the worst case time from the 
two ganged parts.

Note: Although the reset value of RDY is 0, this bit is 
updated as soon as the NFC interface clock begins 
pulsing so that NDSR most likely is set to 
0x00001800 by the time it is captured. Both bits 12 
and 11 are set together and must be reset together.

0x0: Ready/Busy_ input has not transitioned from low to 
high

0x1: Ready/Busy_ input has transitioned from low to high

11 NRDY R/W 0x0 NAND Flash Ready
The NAND flash-ready (RDY) status bit is set when 
NAND_RnB (NAND Flash Ready/Busy) has made a low-to-
high transition, indicating the ready state entry of flash 
device(s). The NAND flash-ready condition can be 
programmed to cause an interrupt by clearing the Flash-
Device-Ready interrupt mask (RDYM). This status bit is 
updated continuously each time NAND_RnB input makes a 
low-to-high transition, regardless of the type of command 
sent to the flash device.
In a ganged configuration (two 8-bit parts connected as a 
logical 16-bit part, where the RnB signals of each part are 
wire ANDed) the RDY reflects the worst case time from the 
two ganged parts.

Note: Although the reset value of RDY is 0, this bit is 
updated as soon as the NFC interface clock begins 
pulsing so that NDSR most likely is set to 
0x00001800 by the time it is captured. Both bits 12 
and 11 are set together and must be reset together.

0x0: The Ready/Busy_ input has not transitioned from 
low to high.

0x1: The Ready/Busy_ input has transitioned from low to 
high

Table 372: NAND Controller Status Register (NFC_NDSR)  (Sheet 2 of 7)

Bits Name Type Reset Description
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10 CS0_PAGED R/W 0x0 ND_nCS0 Page Done
The CS0 Page-Done (CS0_PAGED) status bit is set when 
the read or write transaction to flash device(s) interfaced 
using ND_nCS0 has completed a page of access including 
any user-defined spare-area access and ECC. 
CS0_PAGED is not set if an auto-status check after a 
program command results in a failure. CS0_PAGED bit is 
not set for read ID, read status, and erase commands. 
Page-done condition can be programmed to cause an 
interrupt by clearing the page- done interrupt mask 
(CS0_PAGEDM).

0x0: Current read/write transaction on ND_nCS0 has not 
reached a page boundary

0x1: Current read/write transaction on ND_nCS0 has 
reached a page boundary

9 CS1_PAGED R/W 0x0 ND_nCS1 Page Done
The ND_nCS1 Page-Done (CS1_PAGED) status bit is set 
when the read or write transaction to flash device(s) 
interfaced using ND_nCS1 has completed a page of access 
including any user- defined spare-area access and ECC. 
CS1_PAGED is not set if an auto-status check after a 
program command results in a failure. The CS1_PAGED bit 
is not set for read ID, read status, and erase commands. 
Page-done condition can be programmed to cause an 
interrupt by clearing the page- done interrupt mask 
(CS1_PAGEDM).

0x0: The current read/write transaction on ND_nCS1 has 
not reached a page boundary

0x1: The current read/write transaction on ND_nCS1 has 
reached a page boundary

8 CS0_CMDD R/W 0x0 ND_nCS0 Command Done
The ND_nCS0 Command-Done (CS0_CMDD) bit is set 
when the execution of the command sent to the flash 
device(s) on ND_nCS0 is completed successfully. 
CS0_CMDD is not set if an auto-status check after a 
program/erase command returns a failure. Command-done 
condition can be programmed to cause an interrupt by 
clearing the ND_nCS0 Command-Done mask 
(CS0_CMDDM). Command done is set when the command 
has finished being sequenced to the DFI, but whether or not 
a particular command is finished depends on the specific 
command. A read type command is done when it has been 
sequenced but it is still required that the data buffer be 
emptied, so setting CS0_CMDD does not signify that the 
NFC is ready for the next operation.

0x0: The command execution on ND_nCS0 has not 
successfully completed

0x1: The command execution on ND_nCS0 has 
successfully completed

Table 372: NAND Controller Status Register (NFC_NDSR)  (Sheet 3 of 7)

Bits Name Type Reset Description
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7 CS1_CMDD R/W 0x0 ND_nCS1 Command Done
The ND_nCS1 Command-Done (CS1_CMDD) bit is set 
when the execution of the command sent to the flash 
device(s) on ND_nCS0 is completed successfully. 
CS1_CMDD is not set if an auto-status check after a 
program/erase command returns a failure. Command-done 
condition can be programmed to cause an interrupt by 
clearing the ND_nCS0 Command-Done mask 
(CS1_CMDDM). Command done is set when the command 
has finished being sequenced to the DFI, but whether or not 
a particular command is finished depends on the specific 
command. A read type command is done when it has been 
sequenced but it is still required that the data buffer be 
emptied, so setting CS0_CMDD does not signify that the 
NFC is ready for the next operation.

0x0: The command execution on ND_nCS1 has not 
successfully completed

0x1: The command execution on ND_nCS1 has 
successfully completed

6 CS0_BBD R/W 0x0 ND_nCS0 Bad Block Detect
The ND_nCS0 Bad-Block-Detect (CS0_BBD) status bit is 
set when the status read after a program/erase operation to 
flash device(s) interfaced using ND_nCS0 returns a 
program/erase failure. A Bad-Block-Detect condition can be 
programmed to cause an interrupt by clearing the 
ND_nCS0 Bad-Block-Detect interrupt mask (CS0_BBDM). 
When two 8-bit NAND flash devices are interfaced to the 
16-bit NAND flash controller data bus (NDCR[DWIDTH_C] 
= 1 and NDCR[DWIDTH_M] = 0) using ND_nCS0, a 
program/erase failure in any one of the two devices results 
in the CS0_BBD bit getting set. Because both flash devices 
are addressed at the same time, software must mark the 
corresponding blocks as non-valid.

0x0: No bad block is encountered while a Write/Erase on 
ND_nCS0

0x1: Bad block is encountered while a Write/Erase on 
ND_nCS0

Table 372: NAND Controller Status Register (NFC_NDSR)  (Sheet 4 of 7)

Bits Name Type Reset Description
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5 CS1_BBD R/W 0x0 ND_nCS1 Bad Block Detect
The ND_nCS1 Bad-Block-Detect (CS1_BBD) status bit is 
set when the status read after a program/erase operation to 
flash device(s) interfaced using ND_nCS1 returns a 
program/erase failure. A Bad-Block-Detect condition can be 
programmed to cause an interrupt by clearing the 
ND_nCS1 Bad-Block-Detect interrupt mask (CS1_BBDM). 
When two 8-bit NAND flash devices are interfaced to the 
16-bit NAND flash controller data bus (NDCR[DWIDTH_C]= 
1 and NDCR[DWIDTH_M] = 0) using ND_nCS1, a program/
erase failure in any one of the two devices results in 
CS1_BBD bit getting set. Because both flash devices are 
addressed at the same time, software can mark the 
corresponding blocks as non-valid.

0x0: No bad block is encountered while a Write/Erase on 
ND_nCS1

0x1: Bad block is encountered while a Write/Erase on 
ND_nCS1

4 UNCERR R/W 0x0 Uncorrectable Error
The Uncorrectable-Error (UNCERR) status bit is set when 
an Uncorrectable-Error is detected in any of the Read data 
streams. Uncorrectable error condition can be programmed 
to cause an interrupt by clearing the Uncorrectable Error 
mask (UNCERRM).
For NDECCCTRL.BCH_EN == 0 && NDCR.ECC_EN == 1 
(that is, Hamming ECC is enabled) an Uncorrectable-Error 
is the detection of two errors in a syndrome range. 
Hamming codes are guaranteed to detect all possible two 
bit errors over their syndrome range. For 
NDECCCTRL.BCH_EN == 1&& NDCR.ECC_EN == 1 (that 
is, BCH ECC is enabled) an Uncorrectable-Error is the 
detection of more errors than be corrected. BCH codes are 
not guaranteed to detect all possible error cases in excess 
of their correction ability, and it is possible (although highly 
unlikely) for the BCH engine to report a false correction 
success.
When an Uncorrectable-Error is detected, the Bad-Block-
Detect bits (CS0_BBD, CS1_BBD) are not set and NAND 
Control Bad Block registers (NDBBRx) are not updated. 
Software must take corrective action in this scenario. 
Software could read NDCBx registers to get the block 
address that returned erroneous data and mark this block 
as invalid.

0x0: No Uncorrectable-Error is encountered in any of the 
page Read data streams

0x1: Uncorrectable error is encountered in one of the 
page Read data streams

Table 372: NAND Controller Status Register (NFC_NDSR)  (Sheet 5 of 7)

Bits Name Type Reset Description
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3 CORERR R/W 0x0 Correctable Error
The CORERR status bit is set when a correctable error is 
detected in any of the Read data streams. A correctable 
error condition can be programmed to cause an interrupt by 
clearing the Correctable Error mask (CORERRM).
For NDECCCTRL.BCH_EN == 0 && NDCR.ECC_EN == 1 
(that is, Hamming ECC is enabled) a correctable error is the 
detection of one error in a syndrome range. For 
NDECCCTRL.BCH_EN == 1&& NDCR.ECC_EN == 1 (that 
is, BCH ECC is enabled) a correctable error is the detection 
of greater than NDECCCTRL.ECC_THRESH errors and 
less than or equal to the maximum number of errors the 
BCH can detect.

0x0: No correctable error is encountered in any of the 
page Read data streams

0x1: Correctable error is encountered in one of the page 
Read data streams

2 WRDREQ R/W 0x0 Write Data Request
The Write-Data-Request (WRDREQ) status bit is set when 
a write command is loaded into the NAND flash controller 
command buffer and data buffer is empty. The write data 
request status bit can be programmed to cause an interrupt 
by clearing the Write-Data-Request mask (WRDREQM).

0x0: No write to the data buffer is required

0x1: Current command is a Page Write and Data Buffer 
has not been loaded

1 RDDREQ R/W 0x0 Read Data Request
The read-data-request (RDDREQ) status bit is set when the 
data buffer is loaded with a complete page (including spare 
data if SPARE_EN is set) of read data for a read operation. 
For read ID and read-status operations, RDDREQ is set 
when the data buffer is loaded with the requested number 
of read data bytes as specified in the command.
When ECC is enabled for Hamming, RDDREQ is set once 
per entire data buffer transfer. When BCH ECC is enabled, 
RDDREQ is set once per 32 bytes of read data transfer. If 
not in DMA mode, the processor must check that this bit is 
set after each 32 byte read from NDDB.

0x0: No read from the data buffer is required.

0x1: Data buffer has read data available.

Table 372: NAND Controller Status Register (NFC_NDSR)  (Sheet 6 of 7)

Bits Name Type Reset Description
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A.17.5 NAND Controller Page Count Register (NFC_NDPCR)
The NAND Controller Page Count register (NDPCR) can be read to determine the completed 
number of pages for multi-page program/read operations. Writes to NDPCR are ignored. This is a 
read-only register. Ignore reads from reserved bits.

0 WRCMDREQ R/W 0x0 Write Command Request
The write-command-request (WRCMDREQ) status bit is set 
when one of the following conditions is met, indicating a 
request to write a command to the NAND flash controller 
command buffer.

• NDCR[ND_RUN] is set and the command buffer is 
empty.

• The Ready/Busy_ (RO/B_) input is asserted low after 
the transfer of any command except read ID and read 
status, with 3 (next command) bit set, to the addressed 
NAND flash device.

• After the completion of read-ID or read-status 
commands with next command (NC) bit set.

Write command request can be programmed to cause an 
interrupt by clearing the write-command request mask 
(WRCMDREQM).

0x0: No write to the Command Buffer is required

0x1: New command needs to be written to the Command 
Buffer

Instance Name Offset
NFC_NDPCR 0x0018

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved PG_CNT_1 Reserved PG_CNT_0

Default ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 373: NAND Controller Page Count Register (NFC_DPCR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:16 PG_CNT_1 RO 0x0 Page count for device interfaced using ND_nCS1
The page count for a flash device on ND_nCS1 
(PG_CNT_1) indicates the number of pages completed 
(programmed or read) for a given NAND flash-controller 
command. NDCB0[AUTO_RS] (see NDCB0) must be set 
for a multi-page program. The page count gets reset when 
a command execution is finished. PG_CNT_1 is 
incremented after each page of data is programmed or 
read. However, if the status check after programming a 
page indicates a failure, PG_CNT_1 is not incremented and 
software can read this value to find out the last page 
programmed correctly and then set NDCR[CLR_PG_CNT] 
to clear the page count values (see Spare Area Used for 
ECC table).

Table 372: NAND Controller Status Register (NFC_NDSR)  (Sheet 7 of 7)

Bits Name Type Reset Description
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A.17.6 NAND Controller Bad Block Registers 0 and 1 
(NFC_NDBBRX)
The NAND Controller Bad Block registers (NDBBR0 and NDBBR1) hold the bad-block information 
when a bad block is detected. NDBBR0 holds the bad-block information for a bad- block detected for 
a device interfaced using ND_nCS0 (NDSR[CS0_BBD] is set). Similarly, NDBBR1 holds the bad-
block information for a device interfaced using ND_nCS1 (NDSR[CS1_BBD] set).

These are read-only registers. Ignore reads from reserved bits.

15:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 PG_CNT_0 RO 0x0 Page count for device interfaced using ND_nCS0
Page count for Flash Device on ND_nCS0 (PG_CNT_0) 
indicates the number of pages completed (programmed or 
read) for a given NAND flash controller command. 
NDCB0[AUTO_RS] (see NDCB0 must be set for a multi-
page program. The page count gets reset when a 
command execution is finished. PG_CNT_0 is incremented 
after each page of data is programmed or read. However, if 
the status check after programming a page indicates a 
failure, PG_CNT_0 is not incremented and software can 
read this value to find out the last page programmed 
correctly and then set NDCR[CLR_PG_CNT] to clear the 
page count values (see NDCR).

Instance Name Offset
NFC_NDBBR0 0x001C

NFC_NDBBR1 0x0020

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field BAD_BLOCK_INFORMATION

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 373: NAND Controller Page Count Register (NFC_DPCR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.17.7 Read Enable Return Delay Register (NFC_NDREDEL)
The NAND Read Enable Return Delay Register (NDREDEL) is used to specify the amount of delay 
added to the latching edge of ND_nRE during Reads of NAND devices. The Return Clk Unit consists 
of a chain of 820 programmable delay units. The 20 delay units are divided into 8 separate 
groupings where each delay unit in a specific grouping is controlled by the same register bits. The 
bits of NDREDEL are input to the Return Clk Unit to program these delay units and also to select 
which delay unit output is used to latch Read data. Bits 31 to 28 are reserved. Bits 27 to 24 are used 
to select the preferred delay unit output. Bits 23 to 0, divided into 8 sets of 3 successive bits each, 
store the information for controlling the amount of delay for each of the 8 delay units groupings, 
respectively. The actual delay values in nanoseconds is documented in the EMTS.

Table 374: NAND Controller Bad Block Registers 0 and 1 (NFC_NDBBRX)  

Bits Name Type Reset Description

31:0 BAD_BLOCK_
INFORMATION

RO 0x0 Bad Block Information
For a program command bBad block information contained 
in these registers consists of ADDR5, ADDR4, ADDR3, and 
ADDR2 for the command that resulted in a bad block 
detection. ADDR5 occupies the most significant byte and 
ADDR2 the least significant byte in NDBDRx. For an erase 
command bad block information contained in these 
registers consists of ADDR4, ADDR3, ADDR2, and ADDR1 
for the command that resulted in a bad block detection. 
ADDR4 occupies the most significant byte and ADDR1 the 
least significant byte in NDBDRx.
When a bad block is detected (the CS0_BBD or CS1_BBD 
bits in NDSR gets set), software reads the corresponding 
NDBDRx registers, uses the relevant portions of the bad-
block information to get the bad-block address, and mark 
these blocks addresses as non-valid. Writes to the 
NDBBRx registers are ignored.

Instance Name Offset
NFC_NDREDEL 0x0024

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

N
D
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E
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E

L
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D
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E
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D

_R
E

_D
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D
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E

_D
E

L_
5
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D
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E

_D
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3
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D

_R
E

_D
E
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2

N
D

_R
E

_D
E

L_
1

N
D

_R
E

_D
E

L_
0

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 375: Read Enable Return Delay Register (NFC_NDREDEL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.17.8 ECC Control Register (NFC_NDECCCTRL)
The roadmaps presented from the NAND suppliers all point to the conclusion that future devices will 
have a greater need for a more robust ECC algorithm. This is true for SLC devices as process 
geometries shrink and is particularly true for MLC devices as the total stored charge per cell per bit 
is 1/4 of that of a SLC. In addition, smaller geometries are making Read Disturbs more likely. The 
typical NAND topology is to connect 32 cells in series. This chain of cells is in a single Erase block 
and is the same bit in a series of pages in that Erase block.

27:24 ND_RE_SEL R/W 0x0 nd_re_sel
These bits select which delayed nd_re_n to output for 
latching data
0XXX = Use nd_re_n with no delay

0x8: Use nd_re_n out of first delay element

0x9: Use nd_re_n out of second delay element

0xA: Use nd_re_n out of third delay element

0xB: Use nd_re_n out of fourth delay element

0xC: Use nd_re_n out of fifth delay element

0xD: Use nd_re_n out of sixth delay element

0xE: Use nd_re_n out of seventh delay element

0xF: Use nd_re_n out of eighth delay element

23:21 ND_RE_DEL_7 R/W 0x0 nd_re_del_7
Bits[23:21] specify the delay of the eighth delay unit

20:18 ND_RE_DEL_6 R/W 0x0 nd_re_del_6
Bits[20:18] specify the delay of the seventh delay unit

17:15 ND_RE_DEL_5 R/W 0x0 nd_re_del_5
Bits[17:15] specify the delay of the sixth delay unit

14:12 ND_RE_DEL_4 R/W 0x0 nd_re_del_4
Bits[14:12] specify the delay of the fifth delay unit

11:9 ND_RE_DEL_3 R/W 0x0 nd_re_del_3
Bits[11:9] specify the delay of the fourth delay unit

8:6 ND_RE_DEL_2 R/W 0x0 nd_re_del_2
Bits[8:6] specify the delay of the third delay unit

5:3 ND_RE_DEL_1 R/W 0x0 nd_re_del_1
Bits[5:3] specify the delay of the second delay unit

2:0 ND_RE_DEL_0 R/W 0x0 nd_re_del_0
Bits[2:0] specify the delay of the first delay unit

Table 375: Read Enable Return Delay Register (NFC_NDREDEL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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For example, a 32-cell chain can be bit 0 of byte 0 in pages 0-31 in Erase Block 0. Reading Page 0 
of Erase Block 0 grounds the word line for Transistor Cell 0 with all of the gates of the rest of the 
cells being at VCC. This behaves as a weak program of cells 1-31 with the effect that over time, the 
cells become written to 0. This effect occurs in the pages not read. Since smaller geometries and 
MLC introduce a much higher probability of a Read Disturb effect, the robustness of the ECC 
mechanism must increase substantially. In addition, it is highly preferable to enable a qualitative 
estimate of Read Disturb degradation so that as pages become worn from the Read Disturb 
mechanism, they can be erased and rewritten. Detection of Read Disturb upsets required periodic 
page sniffing.

The NDECCCTRL Register controls the algorithm used to perform ECC, either the conventional 
Hamming or a extended ECC, and allows for the setting of a threshold for error detection. Error 
counts exceeding this threshold generate the CORERR condition, and by enabling the Correctable 
Error Interrupt, the processor can be notified when a page should be considered for rewrite or 
migration. This capability is required to support Read-after-Write for MLC as well as Disturb sniffing.

By definition, correctable errors are within the boundaries of the algorithm, but the CORERR 
condition serves as a warning that the boundary is close.

Because of the nature of the NAND roadmap, low-level driver monitoring of the overall health of the 
storage media will become increasingly important. SLC NAND devices have lifetime ratings (that is, 
Erase/Write cycles) in the range of 100,000 cycles. MLC is expected to reduce that to 10,000 cycles, 
and it may be even lower. To avoid overuse of any given Erase block, flash drivers implement wear 
leveling so that all Erase blocks tend to have the same number of cycles. One way to implement this 
wear leveling is to simply count the number of Erase cycles per block, but this method requires that 
the counts be stored someplace non-volatile (such as inside the NAND itself) and for each erasure, 
a new count would be generated, written into the NAND and this overhead itself contributes to wear.
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Instance Name Offset
NFC_NDECCCTRL 0x0028

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ECC_SPARE ECC_THRESH

B
C

H
_E

N

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 376: ECC Control Register (NFC_NDECCCTRL)  

Bits Name Type Reset Description

31:15 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

14:7 ECC_SPARE RO 0x0 ECC Bytes used in Spare Area
This read-only value determines the number of bytes in the 
spare area that are dedicated to ECC storage. The number 
of bytes is determined by the ECC_EN in the NDCR and 
BCH_EN. To compute the number of available spare bytes 
available to the programmer, take the spare size (16 bytes 
for a small block and 64 bytes for a large block) and 
subtract the value in ECC_SPARE. Note that this value is 
per chunk, so for a 4K page size that is read and written in 
two chunks this value specifies the ECC storage per chunk, 
not in total.

6:1 ECC_THRESH R/W 0x0 ECC Warning Threshold
ECC threshold. When BCH_EN is set to 1 and ECC_EN in 
the NDCR is set to 1, and the number of corrected errors 
exceeds this value, the CORERR status is set. Currently, 
with a maximum of 16 errors correctable, values greater 
than 15 have the effect of disabling CORERR status. 
NOTE: Set this field to 0 to always see all correctable 
errors.

0 BCH_EN R/W 0x0 BCH Enable
When ECC_EN in the NDCR is set to 1, Reads from a page 
perform ECC to the following degrees of correctability:

0x0: 2 bits per 512 byte page and 8 bits per 2048 byte 
page, distributed as one error in every other bit per 
512 byte sector.

0x1: 16 bits per 2048 byte page (plus spare area, if 
enabled).

Note: Must be cleared to 0 when issuing a Read ID 
command (NDCB0[CMD_TYPE] = 0x3)
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A.17.9 Timer for ND_RnB0 and ND_RnB1 (NFC_NDBZCNT)
Because of the nature of the internal workings of NAND devices, Read, Program and Erase times 
can vary. Under initial conditions, these times are more at one end or the other of the specification 
range but as the device is used, these times tend to change. Internally to the NAND, program and 
erase algorithms repeatedly attempt to read the cell state to verify the data. As the cells wear, it 
becomes increasingly difficult to erase a cell to 1 and/or increasingly easy program a cell to 0. This 
shows up as a change in the length of time the internal NAND algorithm takes to perform the 
operation. Measuring the length of these operations can be used to determine the overall health of a 
particular block and to predict incipient failure. In other words, the length of time the operations take 
is related to the wear state of the Erase block and so the time can be used to estimate the erase 
count obviating the need for independent storage of the counts.

These busy counts are to support wear leveling and are not related to bad-block management. 
Blocks have a specified lifetime, but this is not a precise number. Instead, it is a target and the actual 
maximum erase counts have a statistical distribution around some mean. Once any given block 
goes bad, it is bad and must be dealt with accordingly.

The length of the operation is the time that the ND_RnB is in the Busy state. The exact semantic 
meaning of the Busy indication is context sensitive and device dependent. To correctly use the 
NDBZCNT Register, take into account the order of operations, the presence of caching and the 
manufacturers performance data for a specific part. The NDBZCNT Register is described in the 
Timer for ND_RnB0 and ND_RnB1 Register.

To measure the ND_RnB for each connection, two 16-bit registers in the NDBZCNT Register simply 
count the number of cycles that each ND_RnB wire is low (that is, busy). When the respective 
ND_RnB signal has a ready to busy transition (goes low), the value is initialized to zero. When the 
ND_RnB signal indicates ready (high), the appropriate count freezes for that ND_RnBx wire. If the 
count is about to overflow, the value stops at 0xFFFF. The count frequency is the base frequency of 
the NAND controller and not the bus frequency.

This register is not synchronized between the NAND clock domain and the bus (register Read) 
domain, nor does it need to be. The value in this register is valid only at the end of an operation 
when RnB is signalling ready and therefore the value is stable. The usage model is for the software 
driver to receive a RnB interrupt on the Ready transition, and to read the value in the register before 
another operation is programmed. Real-time Reads of this register are not advised because the 
value in the register must always be interpreted in a context-sensitive manner (erase cycles always 
take longer than program cycles, which always take longer than read cycles).

Note

Note Each counter has 4 hidden bits that scale the count value, so the count value represents the NFC 
clock frequency divided by 16.

Instance Name Offset
NFC_NDBZCNT 0x002C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field ND_RNBCNT1

R
es

er
ve

d

ND_RNBCNT0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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A.17.10 NAND Controller MUTEX Lock Register (NFC_NDMUTEX)
For multi-core processors whose cores can be in different power states and if it is possible that they 
both may need to access data on the NAND, there must be an ownership MUTEX in the same 
power state as the NAND controller itself. To support multi-threaded file systems, the OS maintains 
file system locks that the threads compete for. This lock serializes and atomizes the OS update. To 
share the NAND controller, ensure that the operations are atomic. For this reason, a MUTEX register 
is added that allows the application processor to lock out the low-power well processor and vice 
versa. This lockout is not intended to be permanent nor does the MUTEX actually enforce 
exclusiveness, it only allows a mechanism for the software on the two processors to communicate. 
This register is shown in the next table.The intent is to allow NAND sharing, not necessarily file 
sharing. It is expected that either the two processors would be assigned different partitions to own or 
that file sharing complexity would be handled elsewhere.

Table 377: Timer for ND_RnB0 and ND_RnB1 (NFC_NDBZCNT)  

Bits Name Type Reset Description

31:16 ND_RNBCNT1 RO 0x0 RnB Busy Count 1
This field is cleared to zero on the 1 -> 0 transition of RnB[1] 
and while RnB[1] is low, the field counts basic NFC 
controller clocks. When RnB[1] has a 0 -> 1 transition, the 
count freezes.

15 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

14:0 ND_RNBCNT0 RO 0x0 RnB Busy Count 0
This field is cleared to zero on the 1 -> 0 transition of RnB[1] 
and while RnB[0] is low, the field counts basic NFC 
controller clocks. When RnB[0] has a 0 -> 1 transition, the 
count freezes.

Instance Name Offset

NFC_NDMUTEX 0x0030

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

M
U

T
E

X

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0

Table 378: NAND Controller MUTEX Lock Register (NFC_NDMUTEX)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.17.11 Partition Command Match Registers (NFC_NDCMDMAT)
The partition Match registers define regions where operations can be allowed or disallowed. These 
registers define the commands to be disallowed. There are three registers only to increase the 
number of possible matches, otherwise each register (in fact each subfield group of each register) is 
identical. There are three command-match fields in each register and three registers so a total of 
nine commands can be matched.

The command match is made only against CMD1 in NDCB0 because CMD1 is sufficient to 
guarantee that users understand if the operation is to be disallowed and also because there are 
corner cases where the CMD1/CMD2 match combination could be spoofed (by using Naked 
semantics).

These registers are write once (the valid field count can be set to non-zero and fields written only 
one time). These registers can be written before or after the partition registers, in any order.

0 MUTEX R/W 0x0 Mutex lock
This bit implements a test-and-set operation on the Flash 
controller MUTEX lock.
When the controller is idle (both NDRnB bits indicate ready 
and ND_RUN is cleared to 0) and this register is read, the 
current value of MUTEX is returned and is set immediately 
after. If the MUTEX was already set, it remains set.
When the controller is not idle (if either NDRnB bits indicate 
busy or ND_RUN is set to 1) MUTEX returns true, and the 
register bit is not changed.
Consecutive back-to-back reads of this register is never 
both return 0. The MUTEX can never be set when the 
controller is not idle (that is, either NDRnB bits indicate busy 
or ND_RUN is set to 1) but it can be cleared.
The intent of this register is to support a mutually exclusive 
ownership lock for the NAND controller which is guaranteed 
to be in the same power state as the NAND controller itself. 
This supports multiple asymmetric core implementations 
where the two cores may wish to declare ownership of the 
NAND controller resource and/or these two cores may be in 
different power states.
Writing a 1 to the MUTEX bit clears the bit if it was set. The 
processor that read a 0 from this register is the only 
processor permitted to write the 1 to clear, however there is 
no hardware protection to enforce this.

Table 378: NAND Controller MUTEX Lock Register (NFC_NDMUTEX)  (Sheet 2 of 2)

Bits Name Type Reset Description
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Instance Name Offset
NFC_NDCMDMAT0 0x0034

NFC_NDCMDMAT1 0x0038

NFC_NDCMDMAT2 0x003C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

V
A

LI
D

C
N

T

N
A

K
E

D
D

IS
2

R
O

W
A

D
D

2

CMD2

N
A

K
E

D
D

IS
1

R
O

W
A

D
D

1

CMD1

N
A

K
E

D
D

IS
0

R
O

W
A

D
D

0

CMD0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 379: Partition Command Match Registers (NFC_NDCMDMAT)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:30 VALIDCNT R/W 0x0 Valid Count
If this field is zero, the register may be written. if this register 
is not zero, it defines the number of fields (from LSB to 
MSB) that contain valid values. 

Note: If this field is 0b01 only CMD0 ([9:0]) is defined.

Note: If this field is 0b10 CMD2 ([29:20) must be defined 
the same as CMD0 ([9:0]) or CMD1 ([19:10]).

29 NAKEDDIS2 R/W 0x0 Naked Disallow
If this bit is a one, the associated CMD field cannot be 
issued as either a Reset semantic or as a Naked Command 
semantic. This prevents a malicious entity from creating 
command sequences where the address is not present with 
the command byte.

28 ROWADD2 R/W 0x0 Row Address
If this bit is a one, the address to be matched to the partition 
register starts at ADD1 (that is, like an Erase semantic). If 
the bit is a zero, the address to be matched is a function of 
NDCR.RA_START. If RA_START is zero, the address 
match starts at ADD2, and if RA_START is one the address 
match starts at ADD3.
In addition, the value of NDCR.PG_PER_BLK determines 
which bits of the block address are ignored to obtain the 
'true' block address. Partition matches are not on a page 
boundary but on a block boundary as the true protection is 
per NAND block.

27:20 CMD2 R/W 0x0 Command Match
This is the bit pattern to match to CMD1

19 NAKEDDIS1 R/W 0x0 Naked Disallow
If this bit is a one, the associated CMD field cannot be 
issued as either a Reset semantic or as a Naked Command 
semantic. This prevents a malicious entity from creating 
command sequences where the address is not present with 
the command byte.
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A.17.12 NAND Controller Data Buffer Register (NFC_NDDB)
NAND controller data buffer (NDDB) is the Read/Write port of the NAND controller data buffer. 
NDDB is the source for Read-data DMA, and the destination for Write-data DMA. In DMA- disabled 
mode, the application processor can access NDDB. Only four byte Writes and four byte Reads are 
supported for software accesses to NDDB, mainly because the application processor cannot 
perform an 8-byte read. Read/Write operations to NDDB must occur in the following order: The first 
Write corresponds to the lower four bytes of the data buffer and the following operation corresponds 
to the upper four bytes. Eight-byte Writes and Reads are supported for DMA access to NDDB.

This register behaves as though it were a FIFO to the actual 2176-byte data buffer. The buffer 
contains 2KB for the Main data area plus an additional 128 bytes to accommodate the currently 
defined spare size as well as allow for increases in the future.

18 ROWADD1 R/W 0x0 Row Address
If this bit is a one, the address to be matched to the partition 
register starts at ADD1 (that is, like an Erase semantic). If 
the bit is a zero, the address to be matched is a function of 
NDCR.RA_START. If RA_START is zero, the address 
match starts at ADD2, and if RA_START is one the address 
match starts at ADD3.
In addition, the value of NDCR.PG_PER_BLK determines 
which bits of the block address are ignored to obtain the 
'true' block address. Partition matches are not on a page 
boundary but on a block boundary as the true protection is 
per NAND block.

17:10 CMD1 R/W 0x0 Command Match
This is the bit pattern to match to CMD1.

9 NAKEDDIS0 R/W 0x0 Naked Disallow
If this bit is a one, the associated CMD field cannot be 
issued as either a Reset semantic or as a Naked Command 
semantic. This prevents a malicious entity from creating 
command sequences where the address is not present with 
the command byte.

8 ROWADD0 R/W 0x0 Row Address
If this bit is a one, the address to be matched to the partition 
register starts at ADD1 (that is, like an Erase semantic). If 
the bit is a zero, the address to be matched is a function of 
NDCR.RA_START. If RA_START is zero, the address 
match starts at ADD2, and if RA_START is one the address 
match starts at ADD3.
In addition, the value of NDCR.PG_PER_BLK determines 
which bits of the block address are ignored to obtain the 
'true' block address. Partition matches are not on a page 
boundary but on a block boundary as the true protection is 
per NAND block.

7:0 CMD0 R/W 0x0 Command Match
This is the bit pattern to match to CMD1

Table 379: Partition Command Match Registers (NFC_NDCMDMAT)  (Sheet 2 of 2)

Bits Name Type Reset Description
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When ECC is enabled for Hamming, NDSR.RDDREQ is set once per entire data buffer transfer. 
When BCH ECC is enabled, NDSR.RDDREQ is set once per 32 bytes of data read transfer. If not in 
DMA mode, the processor must check that this bit is set after each 32 byte read from NDDB.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

A.17.13 NAND Controller Command Buffer 0 (NFC_NDCB0)
The NAND controller-command buffer 0 (NDCB0) holds the commands (CMD1, CMD2) to be sent to 
the NAND flash device and command-control (CMD_CTRL) information. This register determines 
the overall semantic structure of the command sequence. This is a read/write register. Ignore reads 
from reserved bits. Write 0b0 to reserved bits.

Instance Name Offset
NFC_NDDB 0x0040

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field NAND_FLASH_DATA

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 380: NAND Controller Data Buffer Register (NFC_NDDB)  

Bits Name Type Reset Description

31:0 NAND_FLASH_DATA R/W 0x0 NAND flash data
Holds the write/read data
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Instance Name Offset
NFC_NDCB0 0x0048

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

C
M

D
_X

T
Y

P
E

LE
N

_O
V

R
D

R
D

Y
_B

Y
P

S
T

_R
O

W
_E

N

A
U

T
O

_R
S

C
S

E
L

C
M

D
_T

Y
P

E

NC

D
B

C

ADDR_CYC CMD2 CMD1

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 381: NAND Controller Command Buffer 0 (NFC_NDCB0)  (Sheet 1 of 5)

Bits Name Type Reset Description

31:29 CMD_XTYPE R/W 0x0 Command Extended Type
This field extends the command type semantic field and is 
defined only for read and write semantics.The read 
semantic is divided into three sections, command dispatch, 
data transfer (after ready is high) and DMA transfer. If the 
third section is disabled, the operation being performed is 
referred to as 'read sniffing'. Here the purpose is to read a 
page and compute the number of ECC correction bits to 
make sure that the total correction is within the safe range 
of the NAND management algorithm.The write semantic is 
divided into three sections, initial command dispatch, data 
transfer and command issue. The reason for this extended 
field is to enable larger block support. All blocks larger than 
2KB is composed of 2KB chunks, and to simplify the 
controller logic, these chunks are moved to and from the 
NAND as a separate command semantic.
Read Semantics:
Write Semantics:

0x0: Monolithic Read/Write

0x1: Last Naked Read/Naked Write wtih Final Command

0x2: Illegal/Naked Write with Final command

0x3: Illegal/Command Dispatch with Write

0x4: Read/Command Dispatch with Write

0x5: Naked Read/Naked Write

0x6: Command dispatch

0x7: Illegal

28 LEN_OVRD R/W 0x0 Length Override
0x0: Use the lengths defined by NDCR.PAGE_SZ for the 

operation. A command block consists of 3 writes and 
the NDLENCNT value in NDCB3 may not be written.

0x1: Use the length defined in NDCB3.NDLENCNT for 
the operation, regardless of the programming of 
NDCR.PAGE_SZ. A command block consists of 4 
writes and the NDCB3 register must be written.
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27 RDY_BYP R/W 0x0 Ready Bypass
The purpose for this function is to enable a real-time 
schedule of operations to the two chip selects where 
operations on one NAND can continue while operations on 
the other NAND are in progress. This is useful to enable 
striping where multiple identical operations are scheduled 
to the two chip selects.

0x0: The current command waits for the timeout as 
specified in NDTR1CS0 for the indicated CSEL to be 
true before proceeding.

0x1: The current command continues to the next 
command (if there is one as defined by the NC bit).

26 ST_ROW_EN R/W 0x0 Status Row Address Enable
For ONFI NAND parts, the status command may be 
performed on a per logical unit basis. The logical unit is 
addressed by the row address defined in the read, program 
or erase command.
If this bit is set, both the automatic status cycle at the end of 
each read or write or any 'manual' status read supplies the 
row address where the row address is defined by the 
ADDR_CYC bits and the RA_START bit in the NDCR.
For read and program commands the ADDR_CYC defines 
the total number of address cycles and the RA_START bit 
defines which address bytes form the row address.
For the erase command, the ADDR_CYC itself defines the 
number of row address cycles and the RA_START bit is 
ignored.

Table 381: NAND Controller Command Buffer 0 (NFC_NDCB0)  (Sheet 2 of 5)

Bits Name Type Reset Description
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25 AUTO_RS RO 0x0 Auto Read Status
When set, the auto-read status bit (AUTO_RS) enables the 
automatic checking of the program/erase status by issuing 
a read status command. The bit pattern to be used for the 
status command is defined in NDCB2. When AUTO_RS is 
clear, no automatic status check is performed. When 
automatic status check is performed, status-read data is not 
written into the data buffer. The status-read data is checked 
by the NAND Flash controller for the success of program/
erase operation, and in case of failure, the appropriate bad-
block-detected bits are updated in NDSR (NDSR), the 
address of the bad block is saved in the NDBBRLx registers 
(NDBBRx) and further DMA mode processing is halted.
Set AUTO_RS for program and erase commands only. 
Setting AUTO_RS for commands other than program or 
erase may result in incorrect operation by the NAND Flash 
controller.

AUTO_RS must be set for multipage program commands 
(when NDCB2[Page_Count] (NDCB2) is non-zero) to 
ensure that a read-status command is issued after every 
page program to verify the success of the program 
operation.

0x0: No automatic read status command execution after 
program/erase

0x1: Automatic read status command execution after 
program/erase

24 CSEL R/W 0x0 Chip Select Select
The CS-select bit selects the chip-select signal (ND_nCS0 
or ND_nCS1) to be activated for the command execution.

0x0: ND_nCS0 is asserted for the access.

0x1: ND_nCS1 is asserted for the access.

Table 381: NAND Controller Command Buffer 0 (NFC_NDCB0)  (Sheet 3 of 5)

Bits Name Type Reset Description
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23:21 CMD_TYPE R/W 0x0 Command Type
Command type (CMD_TYPE) defines the type of NAND 
flash command represented by CMD1 (and CMD2 if for a 
double byte command).
No data transfer occurs when erase or reset commands are 
executed. The NDSR bits for read-data request and write-
data request (see NDSR) are not set and DMA requests are 
not made in DMA mode of operation when these 
commands are executed.
The Naked Command issues CMD1 as a command cycle 
and continues. The reason for this semantic is to enable the 
creation of 'outlier' command semantics such as 'Read 
Unique ID'.
The Naked Address issues ADDDR1 as a command cycle 
and continues. The reason for this semantic is to enable the 
creation of 'outlier' command semantics such as 'Read 
Unique ID'. The format of the data provided by a Read ID 
and Status Read is defined by the NAND manufacturer. 
Note that when devices are ganged, both the status and ID 
information is replicated on each half of each 16-bit word. 
Note also that for status, the value for each part in the gang 
is device dependent.

0x0: Read

0x1: Program (Write)

0x2: Erase

0x3: Read ID

0x4: Status Read

0x5: Reset

0x6: Naked Command Cycle

0x7: Naked Address Cycle

Note: When issuing the Read ID (0x3) or Status Read (0x4) 
commands BCH must be disabled 
(NDECCCTRL[BCC_EN] = 0)

20 NC R/W 0x0 Next Command
The next-command (NC) bit (if set) indicates the presence 
of another valid command following the current command. 
The NAND flash controller makes the next command DMA 
request if the NC bit is set. The last command of a 
command sequence must have the NC bit clear.

0x0: No valid command following the current command.

0x1: Valid command following the current command.

19 DBC R/W 0x0 Double Byte Command
The double-byte command (DBC) bit (if set) indicates that 
the current command involves the transfer of two 
commands to the NAND flash. DBC must be clear for a 
single-byte command.

0x0: Current command is a single-byte command.

0x1: Current command is a double-byte command.

Table 381: NAND Controller Command Buffer 0 (NFC_NDCB0)  (Sheet 4 of 5)

Bits Name Type Reset Description
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A.17.14 NAND Controller Command Buffer 1 (NFC_NDCB1)
NAND controller-command buffer 1 (NDCB1) contains the addresses to be sent to the NAND flash 
in multiple cycles. In NAND-flash mode, I/O<7:0> pins are used to send ADDRx<7:0>, in as many 
cycles as defined by NDCB0[ADDR_CYC]. The ADDR5 field in NAND controller command buffer 2 
(NDCB2) is used to specify the fifth cycle of address for devices supporting five addressing cycles. 
Contents of the ADDRx fields are sent out sequentially by the NAND controller during the 
addressing phase. Program these fields with address values based on the cycle-by-cycle 
addressing specified by the NAND-flash device.

This is a read-only register. Ignore reads from reserved bits.

18:16 ADDR_CYC R/W 0 Number of Address Cycles
Address cycles (ADDR_CYC) specifies the number of 
address cycles in which the NAND flash is to be addressed. 
Valid values for address cycles are 1 to 5 for NAND 
commands Program, Read, Erase and Read-Id. For 
example, if ADDR_CYC value is programmed as 4, 
ADDR1, ADDR2, ADDR3, and ADDR4 are sent to the flash 
device in successive address cycles, while ADDR5 is 
ignored

Valid values for address cycles for Reset and Read-status 
commands is 0. If the SW programs a non-zero value for 
these commands the NAND controller will simply ignore it.

15:8 CMD2 R/W 0 Second Command
The second command (CMD2) contains the second byte of 
command sent to NAND flash after CMD1 and address in a 
double-byte command.

7:0 CMD1 R/W 0 First command
The first command (CMD1) contains the first byte command 
sent to the NAND flash when the command execution 
begins. 

Instance Name Offset
NFC_NDCB1 0x004C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field ADDR4 ADDR3 ADDR2 ADDR1

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 382: NAND Controller Command Buffer 1 (NFC_NDCB1)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 ADDR4 R/W 0x0 ADDR4
Address sent out to the flash device on the fourth 
addressing cycle

Table 381: NAND Controller Command Buffer 0 (NFC_NDCB0)  (Sheet 5 of 5)

Bits Name Type Reset Description
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A.17.15 NAND Controller Command Buffer 2 (NFC_NDCB2)
The NAND controller-command buffer 2 (NDCB2) holds the address (ADDR5) for the fifth 
addressing cycle in NAND-flash mode and the page count for the command. This is a read-only 
register. Ignore reads from reserved bits.

23:16 ADDR3 R/W 0x0 ADDR3
Address sent out to the flash device on the third addressing 
cycle

15:8 ADDR2 R/W 0x0 ADDR2
Address sent out to the flash device on the second 
addressing cycle

7:0 ADDR1 R/W 0x0 ADDR1
Address sent out to the flash device on the first addressing 
cycle

Instance Name Offset
NFC_NDCB2 0x0050

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field ST_MASK ST_CMD PAGE_COUNT ADDR5

Default 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 383: NAND Controller Command Buffer 2 (NFC_NDCB2)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 ST_MASK R/W 0x1 Status Mask
This is the mask applied to the status field to determine 
failure. This value is ANDed with the status word and the 
resulting byte is ORed over the [7:0] field, and if any result 
is set to 1, the status is indicating failure.
A Status Mask of 0x00 is singular in that it defines a mask 
of 0x01 instead. If software issues 0x00 to this field, the 
value actually loaded is 0x01. This singularity is to achieve 
compatibility with current DMA Descriptors and other 
software which should have reserved fields set to zero.

23:16 ST_CMD R/W 0x70 Status Command
The default status command is 0x70 but ONFI allows 
logical unit status checks. This field allows the non-standard 
status command to be defined for both status commands as 
well as auto status reads.
A Status Command of 0x00 is singular in that it defines a 
status command of 0x70 instead. If software issues 0x00 to 
this field, the value actually loaded is 0x70. This singularity 
is to achieve compatibility with current DMA Descriptors 
and other software which should have reserved fields 
programmed to zeros.

Table 382: NAND Controller Command Buffer 1 (NFC_NDCB1)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.17.16 NAND Controller Command Buffer 3 (NFC_NDCB3)
For increased flexibility and to support ONFI, this register allows arbitrary length Read data 
transfers. For any transfer that uses this arbitrary length count, NDCR.SPARE_EN must be disabled 
or the result is unpredictable. If NDCR.ECC_EN is enabled, ECC is applied as described elsewhere. 

The register address is after the NDCBx registers and the register is written as an optional extension 
of writing a Command block to NDCB0. If NDCB0.LEN_OVRD is cleared to 0 and 
NDCB0.ADDR_CYC < 6, this register must not be written. If NDCB0.LEN_OVRD is set to 1 or 
NDCB0.ADDR_CYC >= 6, this register must be written, even if it is not changing value.

15:8 PAGE_COUNT R/W 0x0 Page Count
Page_Count specifies the number of pages of data to be 
transferred for a program or read command. Set this field to 
zero for all commands except multipage program/read 
commands (commands where more than one page is 
programmed or read), in which case Page_Count + 1 
specifies the number of pages serviced.
Value from 0 to 255. Specifies the number of pages of data 
to be transferred for the current command.
Number of pages to be transferred = Page_Count +1

7:0 ADDR5 R/W 0x0 ADDR5
Address sent out to the flash device on the fifth addressing 
cycle.

Instance Name Offset

NFC_NDCB3 0x0054

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field ADDR7 ADDR6 NDLENCNT

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 384: NAND Controller Command Buffer 3 (NFC_NDCB3)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 ADDR7 R/W 0x0 ADDR7
Address sent out to the flash device on the seventh 
addressing cycle

23:16 ADDR6 R/W 0x0 ADDR6
Address sent out to the flash device on the sixth addressing 
cycle

Table 383: NAND Controller Command Buffer 2 (NFC_NDCB2)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.17.17 NAND DFI Arbitration Control Register (NFC_NDARBCR)
The NFC shares the DFI bus with the Static Memory Controller and Compact Flash Controller. The 
arbitration for the DFI is located in the NFC. Because the NFC checks for SMC arbitration requests 
after every cycle, the fact that the average transfer length of the SMC on the DFI is longer than the 
average read or write cycle time for the NFC means that the NFC can get starved for access to the 
DFI by the SMC. Some application environments may need to adjust this access bias. The 
NDARBCR guarantees that the NFC retains the DFI for a minimum of ARB_CNT cycles. The 
optimal value is a function of the application and usage model.

A.17.18 Partition Region Control Registers for CS0 and CS1 
(NFC_NDPTXCSX)
There are 8 partition registers, four assigned to CE0 and four assigned to CE1. The Partition 
registers define the boundaries between a maximum of four partitions (where the number four 
comes from the industry standard boot block table). There is an implied boundary of Block Zero (not 
defined in these registers) and Last Block (the highest addressed block in the NAND) which is 
defined in the last partition register for each chip select.

15:0 NDLENCNT R/W 0x0 NDLENCNT
When the arbitrary length count is selected, this value is 
used to count the data cycles for any and all selected 
operations. As a practical matter, this value should not 
exceed the 2176 byte buffer size.
When ECC is enabled and BCH is selected, this value must 
be a multiple of 32 bytes.

Note: The value 0 is defined to be valid, and when this field 
is zero, no data transfer is performed

Instance Name Offset
NFC_NDARBCR 0x005C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ARB_CNT

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 385: NAND DFI Arbitration Control Register (NFC_NDARBCR)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:0 ARB_CNT R/W 0x0 Arbitration Count
The NFC maintains the DFI for a minimum of ARB_CNT 
clock cycles. The values programmed into the timing 
registers determine the number of actual NAND cycles this 
represents.

Table 384: NAND Controller Command Buffer 3 (NFC_NDCB3)  (Sheet 2 of 2)

Bits Name Type Reset Description
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To help enforce trust zones, partition tables must determine the disallowed operations in each 
partition when not in Trust mode. Implementations that do not implement trust zone in hardware 
simply perform partition exclusion tests by comparing CMD1 commands to the NDCMDMAT 
registers.

In the interests of simplicity, only one partition register is documented. The partition entry at address 
0x4310_0060 specifies a partition block with an implied start address of greater than or equal to zero 
and an ending of the value in the entry. The partition entry at address 0x4310_0064 specifies a 
partition block with a start address greater than that in address 0x4310_0060 and less than or equal 
to the address in 0x4310_0064, and so on. Address 0x4310_006C specifies the last block in the 
NAND, and in fact it must be set to the maximum block number and that maximum block number 
must be a power of two minus one. If there are 8192 blocks in the NAND, NDPT3CSx must be set to 
8191, the address of the last block because out-of-range address behavior on the NAND devices is 
not well specified or not specified at all. If one sets up a protection region at Block zero, it might be 
possible to program block 0xFFFF and have the NAND device alias the address to Block zero, 
meaning that Block zero could be programmed even though it was set up in an excluded partition. 
The block address in NDPT3CSx is ANDed with the block address extracted from NDCB{2,3} before 
being compared to any partition region, which prevents address wrap spoofing. It is assumed that 
the block count is a power of two; in fact, this must be true.

The partition boundaries must be placed on erase block boundaries so the BLOCKADD field is a 
block number field. The bits of address which specify the block number are determined by 
NDCR.PG_PER_BLK and NDCR.RA_START. PG_PER_BLK causes a bit shift of 5, 6, 7 or 8 bits, 
depending on the field value. RA_START causes the block field to start either at ADDR2 or ADDR3, 
depending on the value. The number of bits is a function of the number of pages per block. There is 
no hardware enforcement for this Erase block boundary condition so the NAND driver software must 
ensure the consistency of operations.

Generally, the addresses in these registers must be assigned in strictly monotonically increasing 
order up to the last addressed block. This raises the question of what values should be programmed 
if there are less than four partitions. Consider the example of only two partitions, where NDPT0CSx 
would contain a value which defines the last block in the first partition and NDPT1CSx contains the 
last block in the NAND. What values should NDPT{2,3}CSx be set to? NDPT3CSx is special and 
must always be set to the last addressable NAND block. NDPT2CSx can be set to any value in this 
example because NDPT{0,1}CSx completely specify the NAND block address space and there is no 
number that can cause NDPT2CSx to match because it would have to be greater than the last block 
but less than or equal to itself. Obviously no value can be greater than the last block when it has 
been masked with the last block number. Alternatively NDPT2CSx could be set to INVALID (the 
VALID bit is clear).

Instance Name Offset

NFC_NDPT0CS0 0x0060

NFC_NDPT1CS0 0x0064

NFC_NDPT2CS0 0x0068

NFC_NDPT3CS0 0x006C

NFC_NDPT0CS1 0x0070

NFC_NDPT1CS1 0x0074

NFC_NDPT2CS1 0x0078

NFC_NDPT3CS1 0x007C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

V
A

LI
D

LO
C

K

T
R

U
S

T
E

D

Reserved BLOCKADD

Default 0 0 0 ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-362



ARMADA 16x Applications Processor Family Register Tables
Table 386: Partition Region Control Registers for CS0 and CS1 (NFC_NDPTXCSX)  

Bits Name Type Reset Description

31 VALID R/W 0x0 Valid Entry
When set, this block address boundary is valid and partition 
matches are performed. Valid entries must be allocated 
consecutively for each chip enable group.

30 LOCK R/W 0x0 Lock Entry
When set, this block address boundary cannot be rewritten 
except with a hardware reset. In general, it is expected that 
this bit is always be set during normal usage of these 
registers.
If it is preferred to allow access to the entire NAND device 
but to prevent update of the partition registers as part of a 
Denial-of-Service, all partition registers could be locked 
without being either valid or trusted.

29 TRUSTED R/W 0x0 Trusted Region
When set, this block address boundary below this entry can 
only be accessed when in trusted zone. Any access by a 
non-trusted access to the trust region causes the operation 
which matches a value in the NDCMDMAT registers, to 
never be issued, the status to set TRUSTVIO, and further 
command processing stops.
It is possible to lock the entire NAND device.
A trusted region matches all CMD1 values against the 
NDCMDMAT registers and if there is any match, the 
address is compared. If the address matches, the operation 
is prevented.
In general, it is expected that a trusted region would prefer 
to disallow program and Erase type commands, and these 
commands would appear in the NDCMDMAT registers.

Note: It is possible to have a trust region become unusable 
in a system that does not support TrustZone. If all 
opcodes which allow NAND operation appear in the 
NDCMDMAT registers, the effect would be to prevent 
any access to that region.

28:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:0 BLOCKADD R/W 0x0 Block Address
This entry defines the boundary of the block address (as 
defined by the command) for this partition. BLOCKADD for 
the last partition register for each chip select must be set to 
the address of the last block in the NAND device. This value 
is ANDed with the ADDx values to prevent address 
spoofing.
If not all four partitions make sense, allocate partitions as 
preferred and replicate the last partition value on unneeded 
partitions. Block addresses must be assigned in strictly 
monotonically increasing order.
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A.18 Static Memory Controller (SMC)
These registers must be mapped as non-cacheable and non-bufferable and can be accessed only 
as a word. They are grouped together within one page and thus all have the same memory 
protections. 

The Static Memory Controller Clock/Reset Control Register (APMU_SMC_CLK_RES_CTRL) in the 
Application Subsystem Power Management (APMU) Unit must be programmed prior to accessing 
the SMC registers.

Base Address: 0xD428_3800

A.18.1 Static Memory Control Registers (SMC_MSCx)
The read/write MSC0/1 registers contain control information for configuring static memories that 
correspond to chip-select 0 (SMC_nCS0) and chip-select 1 (SMC_nCS1). Timing fields are 
specified as numbers of memory clock cycles. One register for each chip select.

When a chip select is configured for synchronous memory, the entries in the corresponding MSCx 
registers are still used.

These are read/write registers. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Table 387:  Static Memory Controller Register Summary 

Offset Name Description Details

0x0020 SMC_MSC0 Static Memory Control Register 0
Page: A-364

0x0024 SMC_MSC1 Static Memory Control Register 1

0x0030 SMC_SXCNFG0 Synchronous Static Memory Control Register 0  
Page: A-366

0x0034 SMC_SXCNFG1 Synchronous Static Memory Control Register 1

0x0068 SMC_MEMCLKCFG Clock Configuration Control Register Page: A-367

0x0090 SMC_CSDFICFG0 DFI Configuration Control Register for Chip Select 0  
Page: A-368

0x0094 SMC_CSDFICFG1 DFI Configuration Control Register for Chip Select 1

0x00B0 SMC_CLK_RET_DEL Synchronous NOR Flash Clock Return Delay Register Page: A-372

0x00C0 SMC_CSADRMAP0 Address Mapping Control Register 0
Page: A-373

0x00C4 SMC_CSADRMAP1 Address Mapping Control Register 1

0x00E0 SMC_WE_AP0 nWE Address Phase Control Registers
Page: A-375

0x00E4 SMC_WE_AP1 nWE Address Phase Control Registers

0x00F0 SMC_OE_AP0 nOE Address Phase Control Registers  
Page: A-376

0x00F4 SMC_OE_AP1 nOE Address Phase Control Registers

0x0100 SMC_ADV_AP0 nADV Address Phase Control Registers  
Page: A-377

0x0104 SMC_ADV_AP1 nADV Address Phase Control Registers
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Instance Name Offset
SMC_MSC0 0x0020

SMC_MSC1 0x0024

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

W
E

_G
E

N

R
es

er
ve

d

W
E

_D
_H

O

W
E

_D
_S

U

WE_LEN

O
E

_G
E

N

O
E

_H
O

OE_SU

O
E

_D
_H

O

OE_D_SU

Default 1 1 ? ? 0 1 1 0 1 1 0 0 1 1 1 1 1 1 1 1 0 1 1 0 1 1 0 0 1 1 1 1

Table 388: Static Memory Control Registers (SMC_MSCx)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:30 WE_GEN R/W 0x3 WE_GEN
WE_GENx is a programmable number of external clock 
cycles which varies for each interface setup and memory 

type. Consult the Marvell® ARMADA 16x Applications 
Processor Family Hardware Manual (MV-S301545-00) for 
specific use based on memory type.                                

29:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:25 WE_D_HO R/W 0x3 WE_D_HO
WE_D_HOx is a programmable number of external clock 
cycles which indicates data hold cycles after nWE latching 

the data. Consult the Marvell® ARMADA 16x Applications 
Processor Family Hardware Manual (MV-S301545-00)for 
detailed use.                                

24:22 WE_D_SU R/W 0x3 WE_D_SU
WE_D_SUx is a programmable number of external clock 
cycles which indicates nWE data setup before nWE latching 

the data. Consult the Marvell® ARMADA 16x Applications 
Processor Family Hardware Manual (MV-S301545-00) for 
specific use.                                

21:16 WE_LEN R/W 0xF WE_LEN
WE_LENx is a programmable number of external clock 
cycles which indicates the length of the nWE latch. Consult 

the Marvell® ARMADA 16x Applications Processor Family 
Hardware Manual (MV-S301545-00)  for detailed use.                                

15:14 OE_GEN R/W 0x3 OE_GEN
OE_GENx is a programmable number of external clock 
cycles which varies for each memory type and interface. 

Consult the Marvell® ARMADA 16x Applications Processor 
Family Hardware Manual (MV-S301545-00) or specific use 
based on memory type.                                

13:12 OE_HO R/W 0x3 OE_HO
OE_HOx is a programmable number of external clock 
cycles which indicates nOE signal hold. Consult the 

Marvell® ARMADA 16x Applications Processor Family 
Hardware Manual (MV-S301545-00)  for detailed use.                                
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A.18.2 Synchronous Static Memory Control Registers 
(SMC_SXCNFGX)
All synchronous static memory timing is controlled by the read/write SXCNFGx registers. In addition, 
the MSCx Register must be set correctly for timing and data width. Refer to the Synchronous Static 
Memory Control Register (SXCNFGx) and the Static Memory Control Registers (MSCx). SXCNFGx 
registers contain synchronous control information for chip select nCSx <1:0>.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

11:9 OE_SU R/W 0x3 OE_SU
OE_SUx is a programmable number of external clock 
cycles which indicates nOE signal setup. Consult the 

Marvell® ARMADA 16x Applications Processor Family 
Hardware Manual (MV-S301545-00) for detailed use.                                

8:6 OE_D_HO R/W 0x3 OE_D_HO
OED_HOx is a programmable number of external clock 
cycles which indicates data hold during read. Consult the 

Marvell® ARMADA 16x Applications Processor Family 
Hardware Manual (MV-S301545-00)  for detailed use.                                

5:0 OE_D_SU R/W 0xF OE_D_SU
OEL_D_SUx is a programmable number of external clock 
cycles which indicates data hold during read. Consult the 

Marvell® ARMADA 16x Applications Processor Family 
Hardware Manual (MV-S301545-00) for detailed usage.                                

Instance Name Offset
SMC_SXCNFG0 0x0030

SMC_SXCNFG1 0x0034

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved SXWA

R
es

er
ve

d

SXRA

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 1 0 0 0 ? ? 0 0 1 0 0 0

Table 389: Synchronous Static Memory Control Registers (SMC_SXCNFGX)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 388: Static Memory Control Registers (SMC_MSCx)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.18.3 Clock Configuration Control Register (SMC_MEMCLKCFG)
Used to enable the DF_SCLK output or disabling it using the CKEN value.

13:8 SXWA R/W 0x8 Frequency Code for nCSx
Access time for synchronous Write only
The number of external SCLK cycles between latching of 
the address and latching of the data.
0xB to 0xF = reserved

0x0: Reserved

0x1: Reserved

0x2: Reserved

0x3: 3 clocks

0x4: 4 clocks

0x5: 5 clocks

0x6: 6 clocks

0x7: 7 clocks

0x8: 8 clocks

0x9: 9 clocks

0xA: 10 clocks

7:6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5:0 SXRA R/W 0x8 Frequency Code for nCSx
Access time for synchronous Reads only
The number of external SCLK cycles between latching of 
the address and latching of the data.
0xB to 0xF = Reserved

0x0: Reserved

0x1: Reserved

0x2: Reserved

0x3: 3 clocks (Frequency Code Configuration = 2)

0x4: 4 clocks (Frequency Code Configuration = 3)

0x5: 5 clocks (Frequency Code Configuration = 4)

0x6: 6 clocks (Frequency Code Configuration = 5)

0x7: 7 clocks (Frequency Code Configuration = 6)

0x8: 8 clocks (Frequency Code Configuration = 7)

0x9: 9 clocks (Frequency Code Configuration = 8)

0xA: 10 clocks (Frequency Code Configuration = 9)

Instance Name Offset

SMC_MEMCLKCFG 0x0068

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CKEN

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 1

Table 389: Synchronous Static Memory Control Registers (SMC_SXCNFGX)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.18.4 DFI Configuration Control Register for Chip Selects 
(SMC_CSDFICFGX)
There is one DFI Configuration register for each of the two chip selects. Each is used to configure 
the address and access operations for that chip select.

These are read/write registers. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Table 390: Clock Configuration Control Register (SMC_MEMCLKCFG)  

Bits Name Type Reset Description

31:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1:0 CKEN R/W 0x1 CKEN
Clock Output Enable enables the output clock DF_SCLK 
output.

0x0: DF_SCLK output is not enabled

0x1: Reserved

0x2: DF_SCLK output is enabled during syncrhonous 
operation only (CSx is asserted)

0x3: DF_SCLK output is alway enabled
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Instance Name Offset
SMC_CSDFICFG0 0x0090

SMC_CSDFICFG1 0x0094

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field ALTS ALTH
R

es
er

ve
d

ALW

R
D

Y
_P

O
LA

R
IT

Y

R
D

Y
_C

Y
C

LE

R
D

Y
_U

S
A

G
E

R
D

Y
_S

Y
N

C

R
es

er
ve

d

A
D

D
R

B
A

S
E

R
es

er
ve

d

WRSYNC

R
es

er
ve

d

RDSYNC

R
es

er
ve

d

LOWADD

R
B

W

A
D

D
M

O
D

E

Default 0 0 0 0 ? 0 0 1 0 0 0 0 0 ? 0 0 ? 0 0 0 ? 0 0 0 ? 0 0 0 1 0 0 1

Table 391: DFI Configuration Control Register for Chip Selects (SMC_CSDFICFGX)  (Sheet 1 of 3)

Bits Name Type Reset Description

31:30 ALTS R/W 0x0 Address Latch Timing Setup
Used to set the Setup timing for an address to be valid on 
the data bus for the nLUA/nADV and nLLA signals. Timings 
are identical for both signals.

Note: Do not reprogram this field while the relevant chip 
selects are still active for the current transaction.

0x0: No setup is provided. The address is sent out at the 
same time as the nLXA/nADV signal is asserted.

0x1: One DF_SCLK cycles of setup is provided.(such that 
the address is maintained for one DF_SCLK before 
the assertion of the nLXA/nADV signal).

0x2: Two DF_SCLK cycles of setup are provided.

0x3: reserved

29:28 ALTH R/W 0x0 Address Latch Timing Hold
Used to set the timing for an address to be valid on the data 
bus for the nLUA/nADV and nLLA signals. Timings are 
identical for both signals.
For asynchronous NOR Flash, hold time is in general 
required on the address so 0x1 or 0x2 are normally 
required.
For synchronous Reads and Writes, an extra cycle(s) of 
hold does not affect the latency to the Read or Write. The 
latency is the address valid signal latched to valid data on 
the bus.

Note: Do not reprogram this field while the relevant chip 
selects are still active for the current transaction.

0x0: No hold is provided. The address is removed at the 
same time as the nLXA/nADV signal is de-asserted.

0x1: One DF_SCLK of hold is provided (such that the 
address is maintained for one DF_SCLK beyond the 
de-assertion of the nLXA/nADV signal).

0x2: Two DF_SCLK cycles of hold are provided.

0x3: Reserved

27 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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26:24 ALW R/W 0x1 Address Latch Width
Used to set the width of the nLUA/nADV and nLLA signals 
on the DFI. Timings are identical for both signals.
The encoding here is the number of cycles of external 
DF_SCLKs that the nLxA\nADV signal is asserted.

Note: Do not reprogram this field while the relevant chip 
selects are still active for the current transaction.

0x0: No latch signals are generated for address cycle, 
regardless of the values for ALTS and ALTH, 
address is sent on the address lines as the CS is 
issued, as an example, this could be used in the 
lower address selection for a small size memory that 
does not need the higher address values, or in Non 
muxed mode of operation with an SRAM.

0x1: One DF_SCLK cycle width of nLUA/nADV and nLLA

0x2: Two DF_SCLK cycles width of nLUA/nADV and 
nLLA

0x3: Three DF_SCLK cycles width of nLUA/nADV and 
nLLA

0x4: Four DF_SCLK cycles width of nLUA/nADV and 
nLLA

0x5: Five DF_SCLK cycles width of nLUA/nADV and 
nLLA

0x6: Six DF_SCLK cycles width of nLUA/nADV and nLLA

0x7: Seven DF_SCLK cycles width of nLUA/nADV and 
nLLA

23 RDY_POLARITY R/W 0x0 Active Polarity
0x0: Active Low

0x1: Active High

22 RDY_CYCLE R/W 0x0 Cycle Assertion (consider frequency and delay when 
set)
0x0: Set same cycle

0x1: Set Previous cycle

21:20 RDY_USAGE R/W 0x0 RDY Usage

0x0: RDY Not used

0x1: RDY used for read only

0x2: RDY used for write only

0x3: RDY used for read and write

19 RDY_SYNC R/W 0x0 RDY signal synchronization
0x0: RDY signal is synchronized to local logic

0x1: RDY asynchronous, internal synchronizer used (2-
stage)

18 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 391: DFI Configuration Control Register for Chip Selects (SMC_CSDFICFGX)  (Sheet 2 of 3)

Bits Name Type Reset Description
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17:16 ADDRBASE R/W 0x0 Address Base
For relevant chip select, the least significant address to be 
sent out as part of the low-order address. Setting this field 
to 0x1 is the guideline to follow:

Note: Do not reprogram this field while the relevant chip 
selects are still active for the current transaction.

0x0: Byte address bit <0>

0x1: Byte address bit <1> (thus half word address)

0x2: Reserved

0x3: Reserved

15 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

14:12 WRSYNC R/W 0x0 Control use of Synchronized interface during the 
WRITE cycle
0x3 to 0x7 = Reserved

0x0: Asynchronous WRITE

0x1: Synchronous WRITE

0x2: Asynchronous Write cycle nWE toggles each beat of 
burst

11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

10:8 RDSYNC R/W 0x0 Control use of Synchronized interface during the READ 
cycle
0x3 to 0x7 = Reserved

0x0: Asynchronous READ cycle nOE does not toggle 
within burst

0x1: synchronous READ cycle nOE does toggle

0x2: Asynchronous READ cycle nOE toggles each beat 
of burst (VLIO)

7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:4 LOWADD R/W 0x0 Low Address Setup
Controls low-order special operations on the address bus.
0x2 to 0x7 = Reserved
Refer to "Supported Memory Types" section for more 
information.

0x0: Low order addressing operation not enabled, Non-
Muxed mode

0x1: 4-bit Low-order addressing in operation for both A/D 
and AA/D.

3 RBW R/W 0x1 Memory Bus Width
0x0: 8 bits

0x1: 16 bits

2:0 ADDMODE R/W 0x1 ADDMODE
Addressing Type nCS<1:0> are used only on the DFI.
0x3 to 0x7 = Reserved

0x0: A/D address data muxing mode

0x1: AA/D address data muxing mode (default)

0x2: Non-Muxed address data interface

Table 391: DFI Configuration Control Register for Chip Selects (SMC_CSDFICFGX)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.18.5 Synchronous NOR Flash Clock Return Delay Register 
(SMC_CLK_RET_DEL)
Use this register to select the return delay for the SCLK in latching data from synchronous operation 
on the DFI.

Instance Name Offset
SMC_CLK_RET_DEL 0x00B0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

R
D

Y
_D

LY
_V

A
L

R
es

er
ve

d

RDY_DLY_VAL DIN_DLY_VAL LLA_DLY_VAL LUA_DLY_VAL SCLK_DLY_VAL
FLOP_CLK_DLY

_VAL

Default ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 392: Synchronous NOR Flash Clock Return Delay Register (SMC_CLK_RET_DEL)  

Bits Name Type Reset Description

31:26 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

25 SCLK_FLOP_SEL R/W 0x0 Flop Select
0x0:  Use delayed DF_IO[15:0] input, SMC_nLUA, 
SMC_nLLA and SMC_RDY.
0x1:   Use flop_clk (delayed SMC_SCLK) clocked 
DF_IO[15:0] input, SMC_nLUA, SMC_nLLA and 
SMC_RDY.

24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:20 RDY_DLY_VAL R/W 0x0 RDY Delay Value
This field is used for the number of (delay element) RDY 
delay to controller.

19:16 DIN_DLY_VAL R/W 0x0 DIN Delay Value
This field is used for the number of (delay element) DIN 
delay to controller.

15:12 LLA_DLY_VAL R/W 0x0 LLA Delay Value
This field is used for the number of (delay element) LLA 
delay to device.

11:8 LUA_DLY_VAL R/W 0x0 LUA Delay Value
This field is used for the number of (delay element) LUA 
delay to device.

7:4 SCLK_DLY_VAL R/W 0x0 SMC_SCLK Out Delay Value
This field is used for the number of (delay element) 
SMC_SCLK out delay to device.

3:0 FLOP_CLK_DLY_VA
L

R/W 0x0 SMC_SCLK Delay Value
This field is used for the number of (delay element) 
SMC_SCLK delay when used as flop clock.
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A.18.6 Address Mapping Control Registers (SMC_CSADRMAPX)
There is one Address Mapping register for each of the two chip selects. Each is used to remap the 
address for that chip select and determine size of that chip select.

Users are responsible for assigning correct values for fields in this register. Correct values are not 
supposed to intersect different memory allocations, not to exceed the memory map with bigger size 
at start address and to match the devices it is attached to.

These are read/write registers. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Instance Name Offset
SMC_CSADRMAP0 0x00C0

SMC_CSADRMAP 0x00C4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

M
E

M
U

S
E

D

Reserved STADD Reserved MEMSIZE Reserved

W
R

_S
TA

R
T

R
D

_S
TA

R
T

Default ? ? ? 1 ? ? ? ? ? ? 0 0 0 0 0 0 ? ? ? ? 1 1 1 1 ? ? ? ? ? ? 0 0

Table 393: Address Mapping Control Registers (SMC_CSADRMAPX)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:29 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

28 MEMUSED R/W 0x1 MEMUSED
Used to indicate a memory device is occupying the space 
as defined by STADD and MEMSIZE space.

0x0: No memory is present at space specified by STADD 
and MEMSIZE

0x1: Memory is present at space specified by STADD and 
MEMSIZE

27:22 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

21:16 STADD R/W 0x0 Start Address Bits
Used to set the start address of the nCSx, default values 
are
nCS0 STADD0 0x00 = default for nCS0 start address is 
0x000_0000
nCS1 STADD1 = 0x10 = default for nCS1 start address is 
0x400_0000

Note: The start address default values are different for 
each nCSx. This field represent the top 6-bits of the 
start address, the rest of the start address bits are 
zeros.

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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11:8 MEMSIZE R/W 0xF Memory Size

Note: Setting the size of memory make sure the STADD 
field does not cause any part of the memory to 
extend beyond the 28-bit address space, for example 
setting STADD to 0b111111 any size more 16 MB 
would cause the memory to overflow address space.

0x0: 16 MB

0x1: 32 MB

0x2: 48 MB

0x3: 64 MB

0x4: 80 MB

0x5: 96 MB

0x6: 112 MB

0x7: 128 MB

0x8: 144 MB

0x9: 160 MB

0xA: 176 MB

0xB: 192 MB

0xC: 208 MB

0xD: 224 MB

0xE: 240 MB

0xF: 256 MB (default value)

7:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 WR_START R/W 0x0 Write start address within the AXI bus width

0x0: Start address aligned to received value (aligned to 
memory data width)

0x1: Start address aligned to AXI width

0 RD_START R/W 0x0 Read start address within the AXI bus width

0x0: Start address aligned to received value (aligned to 
memory data width)

0x1: Start address aligned to AXI width

Table 393: Address Mapping Control Registers (SMC_CSADRMAPX)  (Sheet 2 of 2)

Bits Name Type Reset Description
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-374



ARMADA 16x Applications Processor Family Register Tables
A.18.7 nWE Address Phase Control Registers (SMC_WE_APX)
Use this register to select the nWE value during the Address phase on the DFI.

Instance Name Offset
SMC_WE_AP0 0x00E0

SMC_WE_AP1 0x00E4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved WE_AP_VAL

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 1 1 1 1 1 1 1 1 1 1 1

Table 394: nWE Address Phase Control Registers (SMC_WE_APX)  

Bits Name Type Reset Description

31:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 WE_AP_VAL R/W 0xFFF WE_AP_VAL
WE_AP_val[11] - value of nWE during High address Setup 
for Write
WE_AP_val[10] - value of nWE during High address Setup 
for Read
WE_AP_val[9] - value of nWE during High address Width 
for Write
WE_AP_val[8] - value of nWE during High address Width 
for Read
WE_AP_val[7] - value of nWE during High address Hold for 
Write
WE_AP_val[6] - value of nWE during High address Hold for 
Read
WE_AP_val[5] - value of nWE during Low address Setup 
for Write
WE_AP_val[4] - value of nWE during Low address Setup 
for Read
WE_AP_val[3] - value of nWE during Low address Width 
for Write
WE_AP_val[2] - value of nWE during Low address Width 
for Read
WE_AP_val[1] - value of nWE during Low address Hold for 
Write
WE_AP_val[0] - value of nWE during Low address Hold for 
Read

Note: For example setting for OneNand would be 0x555.
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A.18.8 nOE Address Phase Control Registers (SMC_OE_APX)
Use this register to select the output value for nOE value during the Address phase on the DFI.

Instance Name Offset
SMC_OE_AP0 0x00F0

SMC_OE_AP1 0x00F4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved OE_AP_VAL

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 1 1 1 1 1 1 1 1 1 1 1

Table 395: nOE Address Phase Control Registers (SMC_OE_APX)  

Bits Name Type Reset Description

31:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 OE_AP_VAL R/W 0xFFF OE_AP_VAL
OE_AP_val[11] - value of nOE during High address Setup 
for Write
OE_AP_val[10] - value of nOE during High address Setup 
for Read
OE_AP_val[9] - value of nOE during High address Width for 
Write
OE_AP_val[8] - value of nOE during High address Width for 
Read
OE_AP_val[7] - value of nOE during High address Hold for 
Write
OE_AP_val[6] - value of nOE during High address Hold for 
Read
OE_AP_val[5] - value of nOE during Low address Setup for 
Write
OE_AP_val[4] - value of nOE during Low address Setup for 
Read
OE_AP_val[3] - value of nOE during Low address Width for 
Write
OE_AP_val[2] - value of nOE during Low address Width for 
Read
OE_AP_val[1] - value of nOE during Low address Hold for 
Write
OE_AP_val[0] - value of nOE during Low address Hold for 
Read

Note: For example this is used to enable Qualcomm AA/D 
(QAAD) mode by setting the OE_AP_VAL to 0x3F, 
and the Intel AA/D (IAAD) mode would be the default 
value.
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A.18.9 nADV Address Phase Control Registers (SMC_ADV_APX)
Use this register to select the output value for nADV value at during the Address phase on the DFI.

Instance Name Offset
SMC_ADV_AP0 0x0100

SMC_ADV_AP1 0x0104

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ADV_AP_VAL

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 1 0 0 1 1 1 1 1 1 1 1

Table 396: nADV Address Phase Control Registers (SMC_ADV_APX)  

Bits Name Type Reset Description

31:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 ADV_AP_VAL R/W 0xCFF ADV_AP_VAL
ADV_AP_val[11] - value of nOE during High address Setup 
for Write
ADV_AP_val[10] - value of nOE during High address Setup 
for Read
ADV_AP_val[9] - value of nOE during High address Width 
for Write
ADV_AP_val[8] - value of nOE during High address Width 
for Read
ADV_AP_val[7] - value of nOE during High address Hold 
for Write
ADV_AP_val[6] - value of nOE during High address Hold 
for Read
ADV_AP_val[5] - value of nOE during Low address Setup 
for Write
ADV_AP_val[4] - value of nOE during Low address Setup 
for Read
ADV_AP_val[3] - value of nOE during Low address Width 
for Write
ADV_AP_val[2] - value of nOE during Low address Width 
for Read
ADV_AP_val[1] - value of nOE during Low address Hold for 
Write
ADV_AP_val[0] - value of nOE during Low address Hold for 
Read

Note: For example, this is used to enable Qualcomm AA/D 
(QAAD) mode by setting the OE_AP_VAL to 0x19F3, 
and the Intel AA/D (IAAD) mode would be the default 
value.
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A.19 DDR Memory Controller (DDR_MC)
Base Address: 0xB000_0000

Table 397:  DDR Memory Controller Register Summary (Sheet 1 of 2)

Offset Name Description Details

0x0000 MEM_ID_REV Memory Controller ID and Revision Page: A-379

0x0010 CONFIG_REG_ADDR_DEC Configuration Register Decode Address Page: A-380

0x0020 SDRAM_CONFIG_0_0 SDRAM Configuration Register 0 - CS0 Page: A-381

0x0030 SDRAM_CONFIG_0_1 SDRAM Configuration Register 0 - CS1 Page: A-381

0x0050 SDRAM_TIMING_1 SDRAM Timing Register 1 Page: A-382

0x0060 SDRAM_TIMING_2 SDRAM Timing Register 2 Page: A-383

0x0190 SDRAM_TIMING_3 SDRAM Timing Register 3 Page: A-384

0x01C0 SDRAM_TIMING_4 SDRAM Timing Register 4 Page: A-385

0x0650 SDRAM_TIMING_5 SDRAM Timing Register 5 Page: A-387

0x0660 SDRAM_TIMING_6 SDRAM Timing Register 6 Page: A-387

0x0760 SDRAM_CNTRL_6 SDRAM Control Register 6 Page: A-399

0x0080 SDRAM_CNTRL_1 SDRAM Control Register 1 Page: A-389

0x0090 SDRAM_CNTRL_2 SDRAM Control Register 2 Page: A-390

0x00F0 SDRAM_CNTRL_3 SDRAM Control Register 3 Page: A-392

0x01A0 SDRAM_CNTRL_4 SDRAM Control Register 4 Page: A-394

0x0280 SDRAM_CNTRL_5 SDRAM Control Register 5 Page: A-398

0x0770 SDRAM_CNTRL_7 SDRAM Control Register 7 Page: A-400

0x07D0 SDRAM_CNTRL_13 SDRAM Control Register 13 Page: A-401

0x07E0 SDRAM_CNTRL_14 SDRAM Control Register 14 Page: A-402

0x00D0 ERROR_STATUS Error Status Register Page: A-402

0x0100 MMAP0_0 Memory Address Map Register 0 - CS0  
Page: A-403

0x0110 MMAP0_1 Memory Address Map Register 0 - CS1

0x0120 USER_INITIATED_COMMAND User Initiated Command Register Page: A-404

0x01B0 DRAM_STATUS DRAM Status Register Page: A-406

0x0E10 PHY_DLL_CNTRL_1 PHY DLL Control Register 1 Page: A-419

0x0E80 PHY_CNTRL_TEST PHY Control Register TestMode Page: A-420

0x0140 PHY_CNTRL_3 PHY Control Register 3 Page: A-407

0x01D0 PHY_CNTRL_7 PHY Control Register 7 Page: A-409

0x01E0 PHY_CNTRL_8 PHY Control Register 8 Page: A-411
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A.19.1 Memory Controller ID and Revision (MEM_ID_REV)

0x01F0 PHY_CNTRL_9 PHY Control Register 9 Page: A-412

0x0200 PHY_CNTRL_10 PHY Control Register 10 Page: A-413

0x0210 PHY_CNTRL_11 PHY Control Register 11 Page: A-415

0x0230 PHY_CNTRL_13 PHY Control Register 13 Page: A-416

0x0240 PHY_CNTRL_14 PHY Control Register 14 Page: A-417

0x04C0 TEST_MODE_0 Test Mode Register 0 Page: A-420

0x04D0 TEST_MODE_1 Test Mode Register 1 Page: A-421

0x0510 MCB_ARB_WT_1 MCB Control Register 1 - Arbiter Weights

Page: A-422
 
 

0x0520 MCB_ARB_WT_2 MCB Control Register 2 - Arbiter Weights

0x0530 MCB_ARB_WT_3 MCB Control Register 3 - Arbiter Weights

0x0540 MCB_CNTRL_4 MCB Control Register 4 Page: A-423

0x0F00 PERF_COUNT_CNTRL_0 Performance Counter Control Register 0 Page: A-424

0x0F10 PERF_COUNT_CNTRL_1 Performance Counter Control Register 1 Page: A-425

0x0F20 PERF_COUNT_STAT Performance Counter Status Register Page: A-426

0x0F40 PERF_COUNT_SEL Performance Counter Select Register Page: A-427

0x0F50 PERF_COUNT Performance Counter Register Page: A-429

Instance Name Offset
MEM_ID_REV 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

A
rc

hi
te

ct
ur

eV
er

si
on

A
rc

hi
te

ct
ur

eV
ar

ia
nt

RevisionNo

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0

Table 398: Memory Controller ID and Revision (MEM_ID_REV)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:12 ArchitectureVersion RO 0x3 ArchitectureVersion
MC Architecture generation

11:8 ArchitectureVariant RO 0x0 ArchitectureVariant
Indicates any variant of the current architecture

Table 397:  DDR Memory Controller Register Summary (Sheet 2 of 2)

Offset Name Description Details
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A.19.2 Configuration Register Decode Address 
(CONFIG_REG_ADDR_DEC)

Note

Note ConfigAddr resets to a value based on the external input, config_reg_default_addr. This can be 
reset strapped to any 16-bit value/

7:0 RevisionNo RO 0x6 RevisionNo
MC Revision Number

Instance Name Offset
CONFIG_REG_ADDR_DEC 0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field ConfigAddr Signature

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 1 0 1 0 1 0 1 1 0

Table 399: Configuration Register Decode Address (CONFIG_REG_ADDR_DEC)  

Bits Name Type Reset Description

31:16 ConfigAddr R/W 0x0 ConfigAddr
This field defines the 64KB address space of the regular 
configuration registers (non-CM).
If this field is changed, then all configuration registers, 
including this one, use the new address.

Note: A recommended default value is 0xB000.

15:0 Signature RO 0x4D56 Signature
Signature = "MV" in ASCII code

Table 398: Memory Controller ID and Revision (MEM_ID_REV)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.3 SDRAM Configuration Register 0 (SDRAM_CONFIG_0)

Instance Name Offset
SDRAM_CONFIG_0_0 0x0020

SDRAM_CONFIG_0_1 0x0030

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

PASR# Reserved RTT#

R
es

er
ve

d

ODS#

C
S

_N
oB

an
k

CS_NoRow CS_NoCol Reserved

Default ? 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 ? 0 0 1 0 0 0 1 1 0 0 1 1 ? ? ? ?

Table 400: SDRAM Configuration Register 0 (SDRAM_CONFIG_0)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

30:28 PASR# R/W 0x0 Partial array self refresh (see DRAM specification).

Note: LPDDR1 only. 

Note: Requires Mode Register update

27:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

19:17 RTT# R/W 0x0 ODT (On-Die Termination) (see DRAM specification).
DDR3: RTT_Nom, 3 bits
DDR2: RTT, 2 bits

Note: Requires Mode Register update

16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:14 ODS# R/W 0x0 Output driver strength (see DRAM specification).
DDR3: Output Driver Impedance Control, 2 bits
DDR2: Output Driver Impedance Control, 1 bit
LPDDR1: Drive Strength, 2 bits

Note: Requires Mode Register update

13:12 CS_NoBank R/W 0x2 Number of Banks, encoded:
0x0: 2

0x1: 4

0x2: 8

0x3: Reserved

11:8 CS_NoRow R/W 0x3 Number of Row address bits, encoded:
All other values are reserved.

0x1: 11

0x2: 12

0x3: 13

0x4: 14

0x5: 15

0x6: Reserved

0x7: Reserved
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A.19.4 SDRAM Timing Register 1 (SDRAM_TIMING_1)

7:4 CS_NoCol R/W 0x3 Number of Column address bits, encoded
All other values are reserved.

0x1: 8

0x2: 9

0x3: 10

0x4: 11

0x5: 12

3:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
SDRAM_TIMING_1 0x0050

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field tCCD tRTP tWTR tRC tREFI

Default 0 1 0 0 1 0 0 1 0 0 0 1 0 1 0 1 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0

Table 401: SDRAM Timing Register 1 (SDRAM_TIMING_1)  

Bits Name Type Reset Description

31:29 tCCD R/W 0x2 CAS# to CAS# command delay

28:26 tRTP R/W 0x2 Internal READ-to-PRECHARGE command delay

25:22 tWTR R/W 0x4 Delay from start of internal write transaction to internal 
read command

21:16 tRC R/W 0x15 ACTIVE-to-ACTIVE or REFRESH (same bank) command 
delay

15:0 tREFI R/W 0x5A0 AUTO-REFRESH interval counter
The reference clock used for tREFI is the 26 MHz PXTAL 
input clock.
tREFI = (Average Refresh Period) / (1/26000000)
For an average refresh cycle of 7.8us (8192 cycles/64ms):
tREFI = 7.8us / (1/26000000) = 202.8 = 203
tREFI = 0xCB

Note: The default value equals to about 55.4 us with a 26 
MHz refresh clock.

Table 400: SDRAM Configuration Register 0 (SDRAM_CONFIG_0)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.5 SDRAM Timing Register 2 (SDRAM_TIMING_2)

Instance Name Offset
SDRAM_TIMING_2 0x0060

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field tRP tRRD tRCD tWR

R
es

er
ve

d

tRFC

R
es

er
ve

d

tMRD

Default 0 1 1 0 0 0 1 1 0 0 1 1 0 0 1 1 ? ? ? 0 0 0 1 1 0 0 1 1 ? 0 1 0

Table 402: SDRAM Timing Register 2 (SDRAM_TIMING_2)  

Bits Name Type Reset Description

31:28 tRP R/W 0x6 PRECHARGE command period

27:24 tRRD R/W 0x3 ACTIVE bank A to ACTIVE bank B command period

23:20 tRCD R/W 0x3 ACTIVE to internal read or write delay time

19:16 tWR R/W 0x3 Write recovery (effective value)
Different DDR types use different values when programming 
to the Mode Register, so the memory controller internally 
encodes the values. Program the actual time of tWR in units of 
DRAM clock.
NOTE: If there is no 1-to-1 mapping of tWR to the WR value in 
the Mode Register, then the Mode Register is programmed 
with the next lowest WR value.

Note: Requires Mode Register update

15:13 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

12:4 tRFC R/W 0x33 REFRESH-to-ACTIVE or REFRESH-to-REFRESH interval

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2:0 tMRD R/W 0x2 Mode Register Set command cycle time
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A.19.6 SDRAM Timing Register 3 (SDRAM_TIMING_3)

Instance Name Offset
SDRAM_TIMING_3 0x0190

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field tMOD
R

es
er

ve
d

tX
S

N
R

_8
tXSRD tXSNR tXARDS tXP

Default 0 1 1 0 ? 0 0 0 1 1 0 0 1 0 0 0 0 0 0 1 1 1 0 0 1 1 1 1 1 0 1 0

Table 403: SDRAM Timing Register 3 (SDRAM_TIMING_3)  

Bits Name Type Reset Description

31:28 tMOD R/W 0x6 Mode Register Set command update delayDDR3: Mode 
Register Set to power-down entry
Other DDR types:
.

Note: Recommeded value is 2.

27 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

26 tXSNR_8 R/W 0x0 Bit[8] of tXSNR

25:16 tXSRD R/W 0xC8 DDR3: tXSDLL (or tDLLK) - Exit self-refresh to first command 
requiring a locked DLL
DDR2: tXSRD - Exit self-refresh to first read command
LPDDR1: tXSR (repeat tXSNR value here)

15:8 tXSNR R/W 0x1C DDR3: tXS - Exit self-refresh to first command not requiring a 
locked DLL
DDR2: tXSNR - Exit self-refresh to first non-read com-
mand
LPDDR1: tXSR - Exit self-refresh to first valid command
This timer is extended in bit[26]

7:3 tXARDS R/W 0x1F DDR3: tXPDLL - Set to 7. Exit precharge power down with 
DLL frozen to commands requiring a locked DLL.
DDR2: Exit active power down to read command delay 
(slow exit, lower power)
LPDDR1: tXP (repeat the tXP value here)

2:0 tXP R/W 0x2 DDR3: Exit power-down w/ DLL on to any valid command, or 
Exit precharge power-down w/ DLL frozen to commands not 
requiring locked DLL
DDR2: Exit precharge power-down to any non-READ 
command delay
DDR2: Exit active power mode to read command delay 
(fast exit)
LPDDR1: Exit power-down to next valid command delay
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A.19.7 SDRAM Timing Register 4 (SDRAM_TIMING_4)

Instance Name Offset
SDRAM_TIMING_4 0x01C0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

tCKE init_count

tr
w

d_
ex

t_
dl

y

reset_count init_count_nop

Default ? 0 1 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0

Table 404: SDRAM Timing Register 4 (SDRAM_TIMING_4)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

30:28 tCKE R/W 0x3 CKE minimum high/low time
LPDDR1, DDR2: tCKE - CKE minimum high/low 
time.DDR3: tCKESR - Minimum time that SDRAM must 
remain in self-refresh

27:20 init_count R/W 0x28 Initialization Count
DDR3: On a cold reset (the first initialization), RESET# is 
asserted for this many cycles before asserting CKE.
Other DDR types: At the start of initialization, wait this 
period after stable power and reset before asserting CKE 
high.
Treat this field as the upper 8 bits of an 18-bit value 
(resolution of 1024 cycles).
Must be configured to meet the DDR device timing 
requirements (200us)
Set to 200us

19:17 trwd_ext_dly R/W 0x0 READ to WRITE command delay
Because the turn-around delay for read data depends on 
the entire system, increasing this timer ensures that the 
Write data does not contend with the Read data.
When increasing the read delay in PHY Control Register 3 
(PHY_CNTRL_3) (U-PHY), be sure to also increase this 
field.

Note: This is not part of the DDR specification and is a 
physical system requirement

16:10 reset_count R/W 0x28 reset_count
DDR3: RESET# is asserted for this many cycles during a 
warm reset (any initialization after the first one).
For DDR3, the resolution is 1 cycle.
DDR3: 100ns
Other DDR types: Don't care. Timer not used.
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9:0 init_count_nop R/W 0x50 Initialization NOP Count
DDR3: After deasserting RESET#, wait this many cycles 
before asserting CKE.
Other DDR types:During initialization, after power is stable 
and CKE is high, wait this many cycles of NOPs.
For DDR3, treat this field as the upper 10 bits of a 19-bit 
value (resolution of 512 cycles).
For Other DDR types, The resolution is 1 cycle
DDR3: 500us
DDR2: 400ns
LPDDR1: Set to 2

Table 404: SDRAM Timing Register 4 (SDRAM_TIMING_4)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.8 SDRAM Timing Register 5 (SDRAM_TIMING_5)

A.19.9 SDRAM Timing Register 6 (SDRAM_TIMING_6)

Instance Name Offset
SDRAM_TIMING_5 0x0650

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved tRAS

R
es

er
ve

d

tC
C

D
_c

cs
_w

r_
ex

t_
dl

y

R
es

er
ve

d

tFAW

R
es

er
ve

d

tC
C

D
_c

cs
_e

xt
_d

ly

Default ? ? ? ? ? ? ? ? ? ? 0 1 0 0 0 0 ? 0 0 0 ? ? 0 0 1 0 1 0 ? 0 0 1

Table 405: SDRAM Timing Register 5 (SDRAM_TIMING_5)  

Bits Name Type Reset Description

31:22 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

21:16 tRAS R/W 0x10 ACTIVE-to-PRECHARGE command

15 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

14:12 tCCD_ccs_wr_ext_dly R/W 0x0 tCCD_ccs_wr_ext_dly
(For DDR3 write-leveling. NOT part of DDR specification. 
Physical system requirement.)
Extra CAS# to CAS# delay when issuing two WRITE across 
different chip-selects.
DDR3 write-leveling: Set to 2 or higher
All other topology: Set to 0

11:10 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

9:4 tFAW R/W 0xA DDR2/3: Maximum of 4 ACTIVE commands within this 
period
LPDDR1: Recommended value is 2.

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2:0 tCCD_ccs_ext_dly R/W 0x1 Extra CAS# to CAS# delay when issuing two READ 
across different chip-selects.
At least 1 cycle is required to prevent DQS pre and post-
amble contention.

Note: This is not part of the DDR specification and is a 
physical system requirement
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Instance Name Offset
SDRAM_TIMING_6 0x0660

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

tZQCS

R
es

er
ve

d

tZQOPER tZQINIT

Default ? ? ? 0 0 1 0 0 0 0 0 0 ? 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Table 406: SDRAM Timing Register 6 (SDRAM_TIMING_6)  

Bits Name Type Reset Description

31:29 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

28:20 tZQCS R/W 0x40 tZQCS
DDR3 only.
ZQ Normal operation short calibration time.
Other DDR types: Don't care.

19 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

18:10 tZQOPER R/W 0x100 tZQOPER
DDR3 only.
ZQ Normal operation full calibration time.
Other DDR types: Don't care.

9:0 tZQINIT R/W 0x200 tZQINIT
DDR3 only.
ZQ power-up & reset calibration time.
Other DDR types: Don't care.
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A.19.10 SDRAM Control Register 1 (SDRAM_CNTRL_1)

Instance Name Offset
SDRAM_CNTRL_1 0x0080

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

ap
s_

en

ap
s_

ty
pe

aps_value

R
es

er
ve

d

ac
s_

ex
it_

dl
y

Reserved

ac
s_

en

D
LL

_r
es

et

R
es

er
ve

d

ca
s_

bt

ou
te

n

w
rit

e_
le

ve
l_

en

tw
2r

_d
is

R
es

er
ve

d

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? 0 0 0 ? ? ? ? 0 0 ? 0 0 0 0 ?

Table 407: SDRAM Control Register 1 (SDRAM_CNTRL_1)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 aps_en R/W 0x0 Power Savings Mode Enable
MC automatically enters the power-saving (power-down) 
state after it is idle for the number of cycles specified in 
aps_value

0x0: Disable auto-power-saving mode

0x1: Enable auto-power-saving mode

30:28 aps_type R/W 0x0 Power Savings Mode Type
If automatic power-savings is enabled, the MC 
automatically enters the specified power-saving state
All other values are reserved

0x2: Precharge power-down

0x1: Active power-down

27:16 aps_value R/W 0x0 Power Savings Wait
If automatic power-savings is enabled, the MC waits for this 
number of idle cycles before entering power-saving state.

15 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

14:12 acs_exit_dly R/W 0x0 Number of cycles to wait after exiting auto-clock-stop

11:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 acs_en R/W 0x0 MC automaticallys enter clock-stop mode when idle
0x0: Disable auto clock stop mode

0x1: Enable auto clock stop mode (LPDDR1 ONLY)

6 DLL_reset R/W 0x0 DLL Reset
DDR2/3 only

Note: See SDRAM specification for the correct register 
setting. 

0x0: No effect on the DRAM DLL

0x1: When writing to the corresponding Mode Register, 
the DRAM DLL is reset

Note: Requires Mode Register update

5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.19.11 SDRAM Control Register 2 (SDRAM_CNTRL_2)

4 cas_bt R/W 0x0 DRAM burst type
0x0: Sequencial mode

Note: Requires Mode Register update

3 outen R/W 0x0 Output enable in DRAM mode register

Note: Requires Mode Register update

2 write_level_en R/W 0x0 Enable Write-levelization to calibrate the DQS delay when 
using a DDR3 DIMM.
Enable Write level mode in SDRAM Control Register 2 after 
enabling this bit in Mode Register 1 (MR1), and disable it 
before enabling this bit in MR1.
1: Enable Write-levelization.
0: Disable Write-levelization.
NOTE: DDR3 only.

Note: Requires Mode Register update

1 tw2r_dis R/W 0x0 tw2r_dis
tW2R is the same as tWTR except without the actual tWTR 
value (it includes WL & Burst length). The read command 
will be delayed until the end of the write data.
This is only needed for the U-PHY because read 
commands need to be asserted AFTER the write data 
enable.
Disabling this will yield better performance for cross-chip-
select write-to-read operations.

0x1: Disable use of tW2R

0x0: Enable tW2R

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
SDRAM_CNTRL_2 0x0090

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

re
f_

po
st

ed
_e

n

re
f_

po
st

ed
_m

ax

R
es

er
ve

d

sd
ra

m
_l

in
e_

bo
un

da
ry

Reserved

pd
_m

od
e

R
es

er
ve

d

2T
_M

od
e

R
D

IM
M

_m
od

e

ap
re

ch
ar

ge

R
es

er
ve

d

W
rit

e 
le

ve
l m

od
e

R
es

er
ve

d

Te
st

_m
od

e

Default ? ? ? ? 0 0 0 0 ? ? 0 0 1 0 0 0 ? ? ? ? ? ? ? 0 ? 0 0 0 ? ? ? 0

Table 408: SDRAM Control Register 2 (SDRAM_CNTRL_2)  (Sheet 1 of 3)

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 407: SDRAM Control Register 1 (SDRAM_CNTRL_1)  (Sheet 2 of 2)

Bits Name Type Reset Description
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27 ref_posted_en R/W 0x0 Refresh Posted Enable
Improves performance by posting multiple refreshes when 
the MC is idle and not sending refreshes when MC is busy.

0x0: Auto-refresh commands are sent only when the 
minimum timer is up

0x1: Enable MC to post auto-refresh commands 
whenever there is no data transfer

26:24 ref_posted_max R/W 0x0 Refresh Posted Max
Determines the maximum number of posted refreshes 
when ref_posted_en is set.

23:21 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

20:16 sdram_line_boundary R/W 0x8 sdram line boundary
Signal used by the MCB to split a request if the burst 
crosses the boundary set by this signal.
This feature is mainly used to split a length-16 burst down 
to length-8.
Minimum Master Data-Width is 32 if mstr_dword and 
mstr_qword can be zero. 
Use the following formula:
(8-beats x Minimum Master Data-Width) / 8 bits = Bytes/
Line
b10000 = line_64b - 64 Bytes (align @ addr[6])
b01000 = line_32b - 32 Bytes (align @ addr[5])

15:9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

8 pd_mode R/W 0x0 Power down mode
Controls DDR2 SDRAM DLL during active power down
1 = Slow Exit (Low Power)
0 = Fast exit (Normal)
DDR3: Controls DRAM DLL during precharge PD

0x:0 Fast exit (DLL on)

0x:1 Slow exit (DLL off)

Note: See SDRAM specification for the correct register 
setting. 

Note: Requires Mode Register update

7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6 2T_Mode R/W 0x0 2T Mode
2T mode is used in a multi-chip select setup with a heavy 
load on the command bus. 2T gives a wide margin for setup 
time at the cost of bandwidth.

0x0: Normal address mode

0x1: 2T mode (Assert address & command for 2 cycles. 
Assert CSn, CKE, & ODT for 1 cycle)

5 RDIMM_mode R/W 0x0 RDIMM mode enable
0x0: Normal mode

0x1: Support RDIMM (Registered DIMM). Increase the 
effective CAS latency by 1 cycle.

Table 408: SDRAM Control Register 2 (SDRAM_CNTRL_2)  (Sheet 2 of 3)

Bits Name Type Reset Description
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A.19.12 SDRAM Control Register 3 (SDRAM_CNTRL_3)
1. Bits [11:2] control the counter [wfifo2ack_count], which counts the number of words in 

the write FIFO. [wfifo2ack_count] is compared to DRAM burst size (# of words per 
DRAM burst) to see if the FIFO has enough data for a burst. To predict CAS, 
[wfifo2ack_count] can be loaded with an initial value other than 0.

2. The default setting allows MC to predict when to assert CAS command for CPU 
master writes. Sideband currently does not use any prediction, but software may 
program this register accordingly if they know how the SB master and the mcb2dram 
module behave.

3. Refer to Table 409 for early_write_uservalue guidelines.

4 aprecharge R/W 0x0 Auto-Precharge Enable
0x0: Disable auto-precharge

0x1: Enable auto-precharge

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 Write level mode RW 0x0 1: Enable MC write level mode. This blocks auto-refreshes, 
drives DQS to low and DQSb to high, and turns on DQ 
receiver. Do this after enabling write_level_en in Mode 
Register 1 and before disabling it.

0: Disable MC write level mode. This is normal operation.

1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 Test_mode R/W 0x0 Test mode enable

Note: This blocks refresh signals, which could lead to data 
loss

0x0: Exit test mode (normal operation).

0x1: Allows use of test mode registers

Table 409: Burst Guidelines

BL x16 x32

4 BS  =2
EV = 1

BS  =4
EV = 2

8 BS  =4
EV = 2

BS  =8
EV = 4

Note: 
1. BL = DRAM Burst Length
2. BS = DRAM Burst  Size
3. EV = early_write_value

Table 408: SDRAM Control Register 2 (SDRAM_CNTRL_2)  (Sheet 3 of 3)

Bits Name Type Reset Description
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Instance Name Offset
SDRAM_CNTRL_3 0x00F0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

S
E

TA
LW

A
Y

S

m
c_

flo
p_

re
q_

en

Reserved

m
st

r3
_e

ar
ly

_w
rit

e_
en

m
st

r2
_e

ar
ly

_w
rit

e_
en

m
st

r3
_f

as
t_

w
rit

e_
en

m
st

r2
_f

as
t_

w
rit

e_
en

Reserved

sb
_e

ar
ly

_w
rit

e_
us

er
va

lu
e

cp
u_

ea
rly

_w
rit

e_
us

er
va

lu
e

sb
_e

ar
ly

_w
rit

e_
us

er

cp
u_

ea
rly

_w
rit

e_
us

er

sb
_e

ar
ly

_w
rit

e_
en

cp
u_

ea
rly

_w
rit

e_
en

sb
_f

as
t_

w
rit

e_
en

cp
u_

fa
st

_w
rit

e_
en

Default 1 0 ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 0 1 0 1

Table 410: SDRAM Control Register 3 (SDRAM_CNTRL_3)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 SETALWAYS — 0x1 SETALWAYS
Set Always. Software must write a 1 to this bit.

30 mc_flop_req_en R/W 0x0 Flop memory requests

Note: This allows for very high-speed operation

0x0: Normal mode

0x1: Flop the requests going to MC. This adds one cycle 
to the initial access latency.

29:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

19 mstr3_early_write_en R/W 0x0 mstr3_early_write_en
Master 3, see bit [2]

18 mstr2_early_write_en R/W 0x0 mstr2_early_write_en
Master 2, see bit [2]

17 mstr3_fast_write_en R/W 0x0 mstr3_fast_write_en
Master 3, see bit [0]

16 mstr2_fast_write_en R/W 0x0 mstr2_fast_write_en
Master 2, see bit [0]

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:9 sb_early_write_uservalue R/W 0x0 sb_early write_uservalue
Same as [cpu_early write_uservalue], except change to 
sideband master.

8:6 cpu_early_write_uservalue R/W 0x0 cpu_early write_uservalue
Software can program the initial value to load into 
[wfifo2ack_count].

Note: Only valid if [cpu_early_write_user] = 
[cpu_early_write_en] = 1.

5 sb_early_write_user R/W 0x0 sb_early_write_user
Same as [cpu_early write_user], except change to 
sideband master.
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A.19.13 SDRAM Control Register 4 (SDRAM_CNTRL_4)

4 cpu_early_write_user R/W 0x0 cpu_early_write_user
If [cpu_early_write_en] = 1, then

0x0: Initialize [wfifo2ack_count] with default formula 
described bit[2].

0x1: Initialize [wfifo2ack_count] with 
[cpu_early_write_uservalue]

3 sb_early_write_en R/W 0x0 sb_early_write_en
Same as [cpu_early_write_en], except change to sideband 
master.

2 cpu_early_write_en R/W 0x1 cpu_early_write_en
When this bit is set to 1, the default formula for the initial 
value (DDR2) is: (DRAM burst size / 2)

Note: Only enable when write data from cpu master is 
guaranteed to be continuous.

0x0: Always initialize [wfifo2ack_count] with 0.

0x1: [wfifo2ack_count] can be initialized with a non-zero 
value.

1 sb_fast_write_en R/W 0x0 sb_fast_write_en (Master 1)
Same as [cpu_fast_write_en], except change to sideband 
master.

0 cpu_fast_write_en R/W 0x1 cpu_fast_write_en (Master 0)
Used to preempt cpu_early_write_en where applicable, 
enabling a faster CAS command.

Note: Only enable when write data from cpu master is 
guaranteed to be continuous.

0x0: MC must wait for enough data in the write fifo before 
asserting CAS write.

0x1: When the cpu is same speed or faster than DRAM, 
MC can assert the CAS write command upon 
receiving the first data.

Table 410: SDRAM Control Register 3 (SDRAM_CNTRL_3)  (Sheet 2 of 2)

Bits Name Type Reset Description
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Instance Name Offset
SDRAM_CNTRL_4 0x01A0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

S
D

R
A

M
_D

LL
_e

n

D
qs

b_
en

F
as

t_
ba

nk

Reserved

B
ur

st
_l

en
gt

h

A
L_

nu
m

be
r

A
l_

en

R
D

Q
S

_e
n

C
A

S
_l

at
en

cy

C
A

S
 la

te
nc

y 
lo

w
er

C
A

S
 w

rit
e 

La
te

nc
y 

(C
W

L)

R
es

er
ve

d

A
S

R

S
R

T

M
P

R

S
D

R
A

M
_t

yp
e

D
at

a_
W

id
th

Default 0 0 0 ? ? ? ? 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 ? ? 0 0 0 0 0 1 0 1

Table 411: SDRAM Control Register 4 (SDRAM_CNTRL_4)  (Sheet 1 of 3)

Bits Name Type Reset Description

31 SDRAM_DLL_en R/W 0x0 SDRAM DLL Enable
Enable DLL on the DRAM device.
This bit disables DLL on the DRAM devices. Doing so 
allows out-of-spec operation at clock speed under 125MHz

Note: DDR2/3 only 

0x0: Enable DLL

0x1: Disable DLL

Note: Requires Mode Register update

30 Dqsb_en R/W 0x0 Differential DQS# Enable
Enable differential DQS# on the DRAM device.
This bit disables DQSB (or DQS, DQS#) on the DRAM 
device. The DQSB generation and receiver are still 
controlled by the PHY registers.

Note: DDR2 only 

0x0: Differential Data Strobe

0x1: Single Ended Data Strobe

Note: Requires Mode Register update

29 Fast_bank R/W 0x0 Fast bank
Mapping of request address to DRAM address.

Note: Fast bank changes the physical address mapping, so 
it must be enabled/disabled during initialization 
before any data transaction.

0x0: Normal. Address = {bank, row, column}

0x1: Fast bank. Address = {row, bank, column}

28:25 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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24:22 Burst_length R/W 0x2 Burst length
Set the DDR burst length (BL)
For DDR3, use BL8 for performance reasons because 
tCCD = 4

0x1: BL2 (LP/DDR1 only)

0x2: BL4

0x3: BL8 (Suggested value for DDR3)

Note: Requires Mode Register update

21:19 AL_number R/W 0x0 Additive latency value

Note: DDR2/3  only 

Note: Requires Mode Register update

18 Al_en R/W 0x0 Additive latency Enable

Note: DDR2/3  only 

0x0: Disable Additive latency

0x1: Enable Additive latency (not supported)

Note: Requires Mode Register update

17 RDQS_en R/W 0x0 Enable RDQS

Note: DDR2 only 

0x0: Disable RDQS

0x1: Enable RDQS

Note: Requires Mode Register update

16:14 CAS_latency R/W 0x4 CAS Latency Cycles
Programs the CAS latency using the register values in the 
corresponding DRAM specification.
For DDR3, use [16:14] as the upper bits of CAS latency 
together with bit[13] as the lower bit.
Other DDR types use only [16:14].
Refer to Table 412 for more information on CAS latency 
mapping 

Note: Requires Mode Register update

13 CAS_latency_lower R/W 0x0 CAS latency lower
Use as an extension of the CAS latency.

Note: Refer to Table 412 for more information on CAS 
latency mapping 

Note: Requires Mode Register update

Note: DDR3 only.

Table 411: SDRAM Control Register 4 (SDRAM_CNTRL_4)  (Sheet 2 of 3)

Bits Name Type Reset Description
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12:10 CAS_write_Latency_
CWL

R/W 0x0 CAS write Latency (CWL)
Program according to Mode Register 2:
The Memory Controller will automatically decode this into 
the correct logical latency.

0x3: WL 8 ( 1.5ns > tCK(avg) = 1.25ns )

0x2: WL 7 ( 1.875ns > tCK(avg) = 1.5ns )

0x1: WL 6 ( 2.5ns > tCK(avg) = 1.875ns )

0x0: WL 5 ( tCK(avg) = 2.5ns )

Note: DDR3 only. 

Note: Requires Mode Register update

11:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 ASR R/W 0x0 ASR
0x0: Manual SR Reference (SRT)

0x1: Auto Self-Refresh (ASR) enable

Note: DDR3 only.

Note: Requires Mode Register update

6 SRT R/W 0x0 SRT
0x0: Normal operating temperature range

0x1: Extended (optional) operating self-refresh 
temperature range

Note: DDR3 only.

Note: Requires Mode Register update

5 MPR R/W 0x0 MPR
0x0: Normal operation

0x1: Dataflow from MPR (multi-purpose register)

Note: DDR3 only.

Note: Requires Mode Register update

4:2 SDRAM_type R/W 0x1 SDRAM Memory type
0x4: LPDDR1

0x2: DDR3

0x1: DDR2

Note: Requires Mode Register update

1:0 Data_Width R/W 0x1 DRAM data bus width
All other values are Reserved

0x0: x16 DRAM data bus width

Table 411: SDRAM Control Register 4 (SDRAM_CNTRL_4)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.19.14 SDRAM Control Register 5 (SDRAM_CNTRL_5)

Note

Note This register contains the weights use for the MC master request arbitration for 4 masters. The 
register definition may change according to the type of arbitration used.

Table 412: CAS Latency Mapping 

Bits  
[16:14]

DDR2 DDR3 LPDDR1

000 - - -

001 - 5 -

010 - 6 2

011 3 7 3

100 4 8 -

101 5 9 -

110 6 10 -

111 7 11 -

Instance Name Offset
SDRAM_CNTRL_5 0x0280

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

M
as

te
r_

3_
W

ei
gh

t

Reserved

M
as

te
r_

2_
W

ei
gh

t

Reserved

M
as

te
r_

1_
W

ei
gh

t

Reserved

M
as

te
r_

0_
W

ei
gh

t
Default ? ? ? ? 0 0 0 1 ? ? ? ? 0 0 0 1 ? ? ? ? 0 0 0 1 ? ? ? ? 0 0 0 1

Table 413: SDRAM Control Register 5 (SDRAM_CNTRL_5)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:24 Master_3_Weight R/W 0x1 Master 3 Weight
See Master 0 Weight

23:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

19:16 Master_2_Weight R/W 0x1 Master 2 Weight
See Master 0 Weight

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.19.15 SDRAM Control Register 6 (SDRAM_CNTRL_6)

11:8 Master_1_Weight R/W 0x1 Master 1 Weight
See Master 0 Weight

7:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 Master_0_Weight R/W 0x1 Master 0 Weight
Reset value for dynamic weights in the MC arbiter. Used for 
bandwidth and/or priority allocation amongst the requesting 
masters.

Instance Name Offset
SDRAM_CNTRL_6 0x0760

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
O

D
T

1_
re

ad
_e

n1

O
D

T
1_

re
ad

_e
n0

R
es

er
ve

d

O
D

T
1_

w
rit

e_
en

1

O
D

T
1_

w
rit

e_
en

0

R
es

er
ve

d

O
D

T
0_

re
ad

_e
n1

O
D

T
0_

re
ad

_e
n0

R
es

er
ve

d

O
D

T
0_

w
rit

e_
en

1

O
D

T
0_

w
rit

e_
en

0

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 ? ? 0 0 ? ? 0 0 ? ? 0 0

Table 414: SDRAM Control Register 6 (SDRAM_CNTRL_6)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13 ODT1_read_en1 R/W 0x0 ODT1 Read Enable
Controls the ODT toggling behavior.

0x0: Do not assert ODT1 when reading chip select 1

0x1: Assert ODT1 when reading chip select 1

12 ODT1_read_en0 R/W 0x0 ODT1 Read Enable
Controls the ODT toggling behavior.

0x0: Do not assert ODT1 when reading chip select 0

0x1: Assert ODT1 when reading chip select 0

11:10 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

9 ODT1_write_en1 R/W 0x0 ODT1 Write Enable
Controls the ODT toggling behavior.

0x0: Do not assert ODT1 when writing chip select 1

0x1: Assert ODT1 when writing chip select 1

8 ODT1_write_en0 R/W 0x0 ODT1 Write Enable
Controls the ODT toggling behavior.

0x0: Do not assert ODT1 when writing chip select 0

0x1: Assert ODT1 when writing chip select 0

7:6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 413: SDRAM Control Register 5 (SDRAM_CNTRL_5)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.16 SDRAM Control Register 7 (SDRAM_CNTRL_7)

5 ODT0_read_en1 R/W 0x0 ODT0 Read Enable
Controls the ODT toggling behavior.

0x0: Do not assert ODT0 when reading chip select 1

0x1: Assert ODT0 when reading chip select 1

4 ODT0_read_en0 R/W 0x0 ODT0 Read Enable
Controls the ODT toggling behavior.

0x0: Do not assert ODT0 when reading chip select 0

0x1: Assert ODT0 when reading chip select 0

3:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 ODT0_write_en1 R/W 0x0 ODT0 Write Enable
Controls the ODT toggling behavior.

0x0: Do not assert ODT0 when writing chip select 1

0x1: Assert ODT0 when writing chip select 1

0 ODT0_write_en0 R/W 0x0 ODT0 Write Enable
Controls the ODT toggling behavior.

0x0: Do not assert ODT0 when writing chip select 0

0x1: Assert ODT0 when writing chip select 0

Instance Name Offset

SDRAM_CNTRL_7 0x0770

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

P
ad

_t
er

m
_s

w
itc

h_
m

od
e

Reserved
O

D
T

1_
sw

itc
h_

m
od

e

O
D

T
0_

sw
itc

h_
m

od
e

Default ? ? ? ? ? ? 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 415: SDRAM Control Register 7 (SDRAM_CNTRL_7)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:26 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

25:24 Pad_term_switch_mode R/W 0x0 Pad Termination Mode
Enables termination when receiving data from the DRAM.

0x0: Termination disabled

0x1: Termination enabled during ANY read/write data 
requests

0x2: Termination enabled during all reads

0x3: Reserved

Table 414: SDRAM Control Register 6 (SDRAM_CNTRL_6)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.17 SDRAM Control Register 13 (SDRAM_CNTRL_13)

23:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:2 ODT1_switch_mode R/W 0x0 ODT1 Switch Mode
Refer to ODT0_switch_mode, but uses corresponding 
signals for ODT1

1:0 ODT0_switch_mode R/W 0x0 ODT0 Switch Mode

0x0: Termination disabled

0x1: Termination enabled during ANY read/write data 
requests

0x2: Termination is controlled by ODT0_write_en and 
ODT0_read_en in

0x3:    Reserved

Instance Name Offset

SDRAM_CNTRL_13 0x07D0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

M
st

r_
w

ra
p_

en

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? ? ?

Table 416: SDRAM Control Register 13 (SDRAM_CNTRL_13)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 Mstr_wrap_en R/W 0x0 Critical-word-first support for CPU
Enabling this bit allows wrapping burst reads that are 64-
bits by 4 beats (32B cacheline reads) and aligned to the 64-
bit boundary. All other bursts are treated as sequential.

0x0: Disable wrapping burst read for this master

0x1: Enable wrapping burst read for this master

2:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 415: SDRAM Control Register 7 (SDRAM_CNTRL_7)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.18 SDRAM Control Register 14 (SDRAM_CNTRL_14)

A.19.19 Error Status Register (ERROR_STATUS)

Note

Note This register interrupts the CPU when a sideband out-of-range access is detected. The bits clear on 
read.

Instance Name Offset
SDRAM_CNTRL_14 0x07E0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

B
lo

ck
_a

ll_
da

ta
_r

eq

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0

Table 417: SDRAM Control Register 14 (SDRAM_CNTRL_14)  

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 Block_all_data_req R/W 0x0 Block All Data Requests

Caution: Setting this bit may cause the system to hang if 
not handled properly. If the register requests are 
coming from CPU, ensure that software jumps to 
code stored in SRAM or Flash (something other 
than DRAM) so that CPU does not read 
instructions from SDRAM.

0x0: Normal operation

0x1: Block all data requests. Only register requests and 
other automatic DRAM commands (auto-refresh) are 
allowed.

Instance Name Offset
ERROR_STATUS 0x00D0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

m
st

r3
_o

or

m
st

r2
_o

or

m
st

r1
_o

or

m
st

r0
_o

or

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 418: Error Status Register (ERROR_STATUS)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.19.20 Memory Address Map Register 0 (MMAP0)

Note

Note Define the address range mapped for the chip select. The upper bits are used as the starting 
address for comparing address hits to each chip select. The area length determines the appropriate 
range for the starting address to compare. The address mask is the same as what area length does, 
but offers more flexibility (good for aliasing different base addresses to the same chip select).

3 mstr3_oor RO 0x0 Master 3 Out Of Range Error
0x0: No error

0x1: Indicates that a MC Master 3 address is out of range

2 mstr2_oor RO 0x0 Master 2 Out Of Range Error
0x0: No error

0x1: Indicates that a MC Master 2 address is out of range

1 mstr1_oor RO 0x0 Master 1 Out Of Range Error
0x0: No error

0x1: Indicates that a MC Master 1 address is out of range

0 mstr0_oor RO 0x0 Master 0 Out Of Range Error
0x0: No error

0x1: Indicates that a MC Master 0 address is out of range

Instance Name Offset

MMAP0_0 0x0100

MMAP0_1 0x0110

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Start_Address

R
es

er
ve

d

A
re

a_
Le

ng
th

Address_Mask Reserved

C
S

_V
al

id

Default 0 0 0 0 0 0 0 0 0 ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? ? ? 0

Table 419: Memory Address Map Register 0 (MMAP0)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:23 Start_Address R/W 0x0 Starting address [31:23] of memory block
The actual bits for comparing are determined by area length 
and mask

22:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 418: Error Status Register (ERROR_STATUS)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.21 User Initiated Command Register 
(USER_INITIATED_COMMAND)

Note

Note WRITE-ONLY register

Note

Note ZQ calibration (DDR3) and Load Mode Register are used with chip-select. The individual bits may 
be programmed simultaneously.

Note

Note Software can exit self-refresh and deep powerdown with the exit commands or with any data 
requests.

19:16 Area_Length R/W 0x0 Area Length
Length of memory block. The selected area generates an 
appropriate mask size to mask out the start address.
All other values are reserved.

0x7: 8 MB

0x8: 16 MB

0x9: 32 MB

0xA: 64 MB

0xB: 128 MB

0xC: 256 MB

0xD: 512 MB

0xE: 1024 MB

0xF: 2048 MB

15:7 Address_Mask R/W 0x0 Address Mask
Address mask masks out any bits in the start address 
[31:23]. This can be used to alias multiple addresses to the 
same physical memory block

0x1: Mask out the corresponding address bit

0x0: Do not mask.

6:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 CS_Valid R/W 0x0 CS Valid
0x1: Map this chip select to the start address

0x0: Disable this chip select

Table 419: Memory Address Map Register 0 (MMAP0)  (Sheet 2 of 2)

Bits Name Type Reset Description
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Instance Name Offset
USER_INITIATED_COMMAND 0x0120

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

us
er

_d
pd

_r
eq

R
es

er
ve

d

C
hi

p_
se

le
ct

_1

C
hi

p_
se

le
ct

_0

Reserved

us
er

_l
m

r3
_r

eq

us
er

_l
m

r2
_r

eq

us
er

_l
m

r1
_r

eq

us
er

_l
m

r0
_r

eq

us
er

_s
r_

re
q

us
er

_p
re

_p
s_

re
q

us
er

_a
ct

_p
s_

re
q

R
es

er
ve

d

sd
ra

m
_i

ni
t_

re
q

Default ? ? 0 0 ? ? 0 0 ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 ? ? ? 0

Table 420: User Initiated Command Register (USER_INITIATED_COMMAND)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:30 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

29:28 user_dpd_req WO 0x0 Deep Power-Down Request
LPDDR only.
0b1? = Exit from Deep-Power-Down mode
0b01 = Enter Deep-Power-Down mode

27:26 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

25 Chip_select_1 WO 0x0 Chip-select 1 Enable

Note: Used together with Load Mode register and ZQ 
calibration.

0x1: Send the command to this chip select

24 Chip_select_0 WO 0x0 Chip-select 0 Enable

Note: Used together with Load Mode register and ZQ 
calibration.

0x1: Send the command to this chip select

23:142 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13 user_zq_short W 0x0 user_zq_short
DDR3 only.

0x1: Initiate ZQ calibration short

12 user_zq_long W 0x0 user_zq_long
DDR3 only.

0x1: Initiate ZQ calibration long

11 user_lmr3_req WO 0x0 Initiate EMRS3 command
0x1: Initiate Mode Register Set (MRS) or Load Mode 

(LMR) command to Extended Mode Register 3

10 user_lmr2_req WO 0x0 Initiate EMRS2 command
0x1: Initiate Mode Register Set (MRS) or Load Mode 

(LMR) command to Extended Mode Register 2

9 user_lmr1_req WO 0x0 Initiate EMRS1 command

0x1: Initiate Mode Register Set (MRS) or Load Mode 
(LMR) command to Extended Mode Register 1

8 user_lmr0_req WO 0x0 Initiate MRS command
0x1: Initiate Mode Register Set (MRS) or Load Mode 

(LMR) command to Mode Register
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A.19.22 DRAM Status Register (DRAM_STATUS)

7:6 user_sr_req WO 0x0 Self Refresh Request
0b01 = Enter Self-Refresh
0b1? = Exit Self-Refresh

5 user_pre_ps_req WO 0x0 Initiate precharge powerdown state
0x1: Initiate precharge powerdown state

4 user_act_ps_req WO 0x0 Initiate active powerdown state
0x1: Initiate active powerdown state

3:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 sdram_init_req WO 0x0 Start DRAM initialization
0x1: Start DRAM initialization

Instance Name Offset
DRAM_STATUS 0x01B0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

in
it_

do
ne

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0

Table 421: DRAM Status Register (DRAM_STATUS)  

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 init_done RO 0x0 Initialization done
0x0: DRAM not yet initialized

0x1: Initialization done

Table 420: User Initiated Command Register (USER_INITIATED_COMMAND)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.23 PHY Control Register 3 (PHY_CNTRL_3)

Note

Note For DDR3 mode, use 0x0000_40##.

Note

Note For LPDDR1, CAS latency 2, see bits[15:14]. Use 0x0000_04## or 0x0000_C4##).

Note

Note For all other configurations, use 0x0000_44##.

Note

Note To compensate for long dqs trace delay, increase rd_ext_dly and dq_ext_dly by the same number to 
get a wider read setup-time margin. Also adjust 'twrd_ext_dly' in SDRAM_TIMING_4 by the same 
number. In general, increasing the delays will improve setup time margin for capturing read data and 
have no functionality impact other than increasing the read latency. However, setting the delay too 
high may cause a FIFO overflow.

Note

Note Example: For DDR2, high frequency, a good value would be 0x0000_4433 or 0x0000_4444.

Instance Name Offset

PHY_CNTRL_3 0x0140

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

P
hy

_r
fif

o_
rd

rs
t_

ea
rly

ph
y_

rf
ifo

_r
dr

st
_e

n

R
es

er
ve

d

dq
_o

en
_e

xt
en

d

dq
_o

en
_d

ly

rd
_e

xt
_d

ly

ph
y_

rf
ifo

_r
pt

r_
dl

y_
va

l

dq
_e

xt
_d

ly

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 1 ? 1 0 0 0 0 1 0 1 0 0 0 0 0

Table 422: PHY Control Register 3 (PHY_CNTRL_3)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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15 Phy_rfifo_rdrst_early R/W 0x0 Phy_rfifo_rdrst_early
For CAS latency 2, either enable both phy_rifo_rdrst_early 
and phy_rfifo_rdrst_en or disable both.

0x0: Normal mode. PHY FIFO is reset 1 cycle after 
turning on the PHY receiver.

0x1: If phy_rfifo_rdrst_en is enabled, the PHY FIFO reset 
comes 1 cycle earlier, simultaneously with turning on 
the PHY receiver. This can potentially reduce the 
glitch margin.

14 phy_rfifo_rdrst_en R/W 0x1 phy_rfifo_rdrst_en
For CAS latency 2, either enable both phy_rifo_rdrst_early 
and phy_rfifo_rdrst_en or disable both.

0x0: Disable the fifo reset.

0x1: Enable automatically resetting the read fifo write 
pointer after every non-consecutive read, to avoid 
glitch problems.

13 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

12 dq_oen_extend R/W 0x1 Delay DQ Enable

0x0: dq output enable is same as (Burst Length / 2)

0x1: Extend dq output enable by 1 cycle

11:10 dq_oen_dly R/W 0x0 Delay DQ Cycles
Delay dq output enable by this number of cycles

9:7 rd_ext_dly R/W 0x1 rd_ext_dly
Sets when to begin reading data from the PHY fifo

Note: Recommended value 0b000

6:4 phy_rfifo_rptr_dly_val R/W 0x2 phy_rfifo_rptr_dly_val
Sets when to begin reading data from the PHY fifo, relative 
to read_ctrl (which is also delayed by rd_ext_dly, generated 
in mc_qm)

3:0 dq_ext_dly R/W 0x0 dq_ext_dly
Delays the dq_in valid window for capturing read data from 
the PHY

Note: To compensate for long round-trip delay, increase 
phy_rfifo_rptr_dly_val and this signal with the same 
value. 

Table 422: PHY Control Register 3 (PHY_CNTRL_3)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.24 PHY Control Register 7 (PHY_CNTRL_7)

Instance Name Offset
PHY_CNTRL_7 0x01D0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

ph
y_

qs
_v

re
f_

se
l

ph
y_

dq
_z

pd
rv

ph
y_

dq
_z

nd
rv

ph
y_

dq
_z

pt
rm

ph
y_

dq
_z

nt
rm

ph
y_

dq
_z

nr

ph
y_

dq
_z

pr

ph
y_

dq
_v

re
f_

se
l

ph
y_

dq
_z

d

ph
y_

dq
_m

od
e

Default ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 423: PHY Control Register 7 (PHY_CNTRL_7)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:30 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

29:28 phy_qs_vref_sel R/W 0x0 DQS/DQSb reference voltage selector
Select a VREF when DQS is using the differential receiver. 
CMOS receiver does not use this.

0x0: Illegal

0x1: Differential - DQSb

0x2: External - VREFD

0x3: Internal

27:24 phy_dq_zpdrv R/W 0x0 DQ, DM, DQS, and DQSb PMOS driver strength coarse 
configuration
A total of 8 drivers can be enabled.
[27] = Enable driver[7]
[26] = Enable driver[6]
[25] = Enable driver[5:4]
[24] = Enable driver[3:0]
The strength of each driver is controlled by phy_dq_zpr.

23:20 phy_dq_zndrv R/W 0x0 DQ, DM, DQS, and DQSb NMOS driver strength coarse 
configuration
A total of 8 drivers can be enabled.
[23] = Enable driver[7]
[22] = Enable driver[6]
[21] = Enable driver[5:4]
[20] = Enable driver[3:0]
The strength of each driver is controlled by phy_dq_znr.

19:16 phy_dq_zptrm R/W 0x0 DQ, DM, DQS, and DQSb PMOS termination strength 
configuration
If pad termination is desired, the recommended value for 
ZPTRM/ZNTRM is 0x84, 0xC2, or 0xE1.
Pad termination is used during reads and is controlled by 
SDRAM Control Register 7.
A total of 8 termination resistors can be enabled.
[19] = Enable termination[7]
[18] = Enable termination[6]
[17] = Enable termination[5:4]
[16] = Enable termination[3:0]
The strength of each termination resistor is controlled by 
phy_dq_zpr.
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15:12 phy_dq_zntrm R/W 0x0 DQ, DM, DQS, and DQSb NMOS termination strength 
configuration
If pad termination is desired, the recommended value for 
ZPTRM/ZNTRM is 0x84, 0xC2, or 0xE1.
Pad termination is used during reads and is controlled by 
SDRAM Control Register 7.
A total of 8 termination resistors can be enabled.
[15] = Enable termination[7]
[14] = Enable termination[6]
[13] = Enable termination[5:4]
[12] = Enable termination[3:0]
The strength of each termination resistor is controlled by 
phy_dq_znr.

11:8 phy_dq_znr R/W 0x0 DQ, DM, DQS, and DQSb NMOS driver strength fine 
configuration
This controls the strength of each driver or termination 
finger in phy_dq_zndrv and phy_dq_zntrm.
A full strength resistor, 0xF, is 300ohms.

7:4 phy_dq_zpr R/W 0x0 DQ, DM, DQS, and DQSb PMOS driver strength fine 
configuration
This controls the strength of each driver or termination 
finger in phy_dq_zpdrv and phy_dq_zptrm.
A full strength resistor, 0xF, is 300ohms.

3:2 phy_dq_vref_sel R/W 0x0 DQ reference voltage selector
Select a VREF when DQ is using the differential receiver. 
CMOS receiver does not use this.

0x0: Illegal

0x1: Differential - Not applicable

0x2: External - VREFD

0x3: Internal

1 phy_dq_zd R/W 0x0 DQ, DM, DQS, DQSb driver strength fine configuration 
enable
0x1: Increase phy_dq_zpr and phy_dq_znr by 1 to a 

maximum of 16.

0 phy_dq_mode R/W 0x0 PHY DQ Mode
0x0: When receiver is off, internal dq/dqs is high

0x1: When receiver is off, internal dq/dqs is low

Table 423: PHY Control Register 7 (PHY_CNTRL_7)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.25 PHY Control Register 8 (PHY_CNTRL_8)

Note

Note ADCM (Address/Command) does not use the receiver.

Instance Name Offset
PHY_CNTRL_8 0x01E0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

ph
y_

ad
cm

_z
pd

rv

ph
y_

ad
cm

_z
nd

rv
Reserved

ph
y_

ad
cm

_z
nr

ph
y_

ad
cm

_z
pr

R
es

er
ve

d

ph
y_

ad
cm

_z
d

R
es

er
ve

d

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 424: PHY Control Register 8 (PHY_CNTRL_8)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:24 phy_adcm_zpdrv R/W 0x0 Address/Command PMOS driver strength coarse configuration
A total of 8 drivers can be enabled.
[27] = Enable driver[7]
[26] = Enable driver[6]
[25] = Enable driver[5:4]
[24] = Enable driver[3:0]
For address/command, the strength of each driver is controlled by 
phy_adcm_zpr.
For clock, the strength of each driver is controlled by phy_ck_zpr.

23:20 phy_adcm_zndrv R/W 0x0 Address/Command NMOS driver strength coarse configuration
A total of 8 drivers can be enabled.
[23] = Enable driver[7]
[22] = Enable driver[6]
[21] = Enable driver[5:4]
[20] = Enable driver[3:0]
The strength of each driver is controlled by phy_dq_znr.

19:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:8 phy_adcm_znr R/W 0x0 Address/Command NMOS driver strength fine configuration
This controls the strength of each address/command driver in 
phy_adcm_zndrv.
A full strength resistor is 300ohms.

7:4 phy_adcm_zpr R/W 0x0 Address/Command PMOS driver strength fine configuration
This controls the strength of each address/command driver in 
phy_adcm_zpdrv.
A full strength resistor is 300ohms.

3:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.19.26 PHY Control Register 9 (PHY_CNTRL_9)

1 phy_adcm_zd R/W 0x0 Address/Command driver strength fine configuration enable
0x1: Increase phy_adcm_zpr and phy_adcm_znr by 1 to a 

maximum of 16.

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
PHY_CNTRL_9 0x01F0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

P
hy

_d
q_

rc
vt

yp
e

P
hy

_q
s_

rc
vt

yp
e

P
hy

_d
q_

rc
ve

p

P
hy

_d
q_

rc
ve

n

R
es

er
ve

d

P
hy

_c
k_

zd

R
es

er
ve

d

ph
y_

w
ck

_d
q_

dl
y

ph
y_

w
ck

_q
s_

dl
y

ph
y_

w
ck

_a
c_

dl
y

ph
y_

w
ck

_c
k_

dl
y

ph
y_

ck
_z

nr

ph
y_

ck
_z

pr

Default 0 0 0 0 0 0 0 0 ? ? 0 ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 425: PHY Control Register 9 (PHY_CNTRL_9)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 Phy_dq_rcvtype R/W 0x0 DQ Receiver Type
0x0: DQ uses differential receiver (cleaner signal, higher 

power). Pad termination should be enabled to improve 
signal integrity.

0x1: DQ uses CMOS receiver (noisier, lower power). Pad 
termination should not be enabled when using this mode.

30 Phy_qs_rcvtype R/W 0x0 DQS Receiver Type

Note: DDR2 case when dqsb is disabled.

0x0: DQS uses differential receiver (cleaner signal, higher 
power). Pad termination should be enabled to improve 
signal integrity.

0x1: DQS uses CMOS receiver (noisier, lower power). Pad 
termination should not be enabled when using this mode.

29:27 Phy_dq_rcvep R/W 0x0 DQ receiver gain settings for Ppair.

26:24 Phy_dq_rcven R/W 0x0 DQ receiver gain settings for Npair.

23:22 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

21 Phy_ck_zd R/W 0x0 Clock driver strength fine configuration enable
0x1: Increase phy_ck_zpr and phy_ck_znr by 1 to a maximum 

of 16.

20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 424: PHY Control Register 8 (PHY_CNTRL_8)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.27 PHY Control Register 10 (PHY_CNTRL_10)

19:17 phy_wck_dq_dly R/W 0x0 DQ delay adjustment controls for 2X clock.
This only affects internal setup time and should not need to be 
adjusted.

16:14 phy_wck_qs_dly R/W 0x0 DQS delay adjustment controls for 2X clock.
This only affects internal setup time and should not need to be 
adjusted.

13:11 phy_wck_ac_dly R/W 0x0 Address/command delay adjustment controls for 2X clock.
This only affects internal setup time and should not need to be 
adjusted.

10:8 phy_wck_ck_dly R/W 0x0 Clock delay adjustment controls for 2X clock.
This only affects internal setup time and should not need to be 
adjusted.

7:4 phy_ck_znr R/W 0x0 NMOS driver strength fine configuration
This controls the strength of each clock driver in phy_adcm_zndrv.
A full strength resistor is 300ohms.

3:0 phy_ck_zpr R/W 0x0 PMOS driver strength fine configuration
This controls the strength of each clock driver in phy_adcm_zpdrv.
A full strength resistor is 300ohms.

Instance Name Offset
PHY_CNTRL_10 0x0200

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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d
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d

W
rit
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sb
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ne
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t_
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q_
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y_
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nc

_d
is

W
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dq

sb
_e

na
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e

R
es
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d

dq
sb

_p
d

dq
s_

pd

dq
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d
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k_

pd

ac
_p

d
Default ? ? ? ? ? ? ? ? ? ? 0 1 0 0 0 1 ? ? 1 1 ? 0 0 1 ? ? ? 1 1 1 0 0

Table 426: PHY Control Register 10 (PHY_CNTRL_10)  (Sheet 1 of 3)

Bits Name Type Reset Description

31:22 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 425: PHY Control Register 9 (PHY_CNTRL_9)  (Sheet 2 of 2)

Bits Name Type Reset Description
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21:20 Pad_cal_interval R/W 0x1 Calibration Interval
Choose time intervals between each automatic calibration

Note: A good value is to keep the interval @ 40ns = tCK x 
pad_cal_interval

0x0: 8 cycles

0x1: 16 cycles

0x2: 32 cycles

0x3: 64 cycles

19:17 Pad_cal_auto_sel R/W 0x0 Pad Auto-Calibration Select
The auto-calibration circuit will output a ZPR/ZNR value. 
Use this register to apply the calibration output to the input 
of each type of pad.
[19] DQ/DQS pads
[18] Address/Command pads
[17] Clock pads
The drive strength will be updated when MC is idle. This 
mode is not recommended. Instead, users should read the 
output of the calibration to use as a reference.

0x1: Use ZPR/ZNR value from auto-calibration.

0x0: Use fixed ZPR/ZNR value from PHY Control 
Registers 7, 8 and 9.

16 Pad_cal_auto R/W 0x1 Pad Auto-Calibrate
Calibrates PAD to determine the fine-configuration driver 
strength (ZPR/ZNR)

Note: If not used, set to 0 to reduce power consumption.

0x0: Disable

0x1: Enable automatic pad calibration

15:14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13:12 Read_Fifo_depth R/W 0x3 Read Fifo Depth
Set the PHY read-FIFO depth.
All other values are reserved

0x3: 8-deep (PHY 65G)

11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

10 Write_dqsb_one R/W 0x0 Write dqsb enable1
See bit[8], "Write dqsb enable"
Make sure dqsb is disabled in the DDR side

0x0: When write dqsb is disabled, DQSB is tri-stated 
(recommended)

0x1: When write dqsb is disabled, set DQSB to 1

9 ext_req_phy_sync_dis R/W 0x0 ext_req_phy_sync_dis
This signal is related to [phy_sync_en]. The system may 
disable this bit (set to 1) and choose to manually 
synchronize with PHY Control Register bit[31]

0x0: Synchronize PHY clock after an external sleep 
request (recommended)

0x1: Do not synchronize PHY clock after an external 
sleep request

Table 426: PHY Control Register 10 (PHY_CNTRL_10)  (Sheet 2 of 3)

Bits Name Type Reset Description
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-414



ARMADA 16x Applications Processor Family Register Tables
A.19.28 PHY Control Register 11 (PHY_CNTRL_11)

8 Write_dqsb_enable R/W 0x1 Write dqsb enable
This controls only the PHY write dqsb enable
To set the DDR dqsb enable, see SDRAM_CNTRL_4

0x0: Disable write dqsb

0x1: Enable dqsb on Writes

7:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 dqsb_pd R/W 0x1 DQSB Pull Down Enable
0x0: Disable PD

0x1: Enable internal PHY dqs pulldown (recommended)

3 dqs_pd R/W 0x1 DQS Pull Down Enable
0x0: Disable PD

0x1: Enable internal PHY dqs pulldown (recommended)

2 dq_pd R/W 0x1 DQ Pull Down Enable
0x0: Disable PD

0x1: Enable internal PHY dq pulldown

1 clk_pd R/W 0x0 Clock Pull Down Enable

0x0: Disable PD (recommended)

0x1: Enable internal PHY clock pulldown

0 ac_pd R/W 0x0 Address/Command Pull Down Enable
0x0: Disable PD (recommended)

0x1: Enable internal PHY address/command pulldown

Instance Name Offset

PHY_CNTRL_11 0x0210

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

m
c_

sy
nc

_t
yp

e

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1

Table 427: PHY Control Register 11 (PHY_CNTRL_11)  

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 mc_sync_type R/W 0x1 Sync Type
0x0: Enable the PHY clock

0x1: Disable the PHY clock

Note:  This bit must be cleared to 0.

Table 426: PHY Control Register 10 (PHY_CNTRL_10)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.19.29 PHY Control Register 13 (PHY_CNTRL_13)

Note

Note This controls Byte 0 of the DDR PHY.

Instance Name Offset
PHY_CNTRL_13 0x0230

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

D
ll_
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se

t_
tim

er

D
ll_
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da

te
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ta
ll_

m
c_

di
s

R
es

er
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d

Dll_delay_test Reserved Dll_phsel

D
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d

D
ll_
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n

D
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_e

n

Default 0 0 1 0 0 ? ? 0 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? 1 0 0 0 0 0 1 0 0

Table 428: PHY Control Register 13 (PHY_CNTRL_13)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:28 Dll_reset_timer R/W 0x2 Dll_reset_timer
Loads the following timer when resetting DLL via PHY 
Control register XIV: {dll_reset_timer, 8'h0}
0x1: 256 cycles
0x2: 512 cycles
...
0xF = 3840 cycles

27 Dll_update_stall_mc_dis R/W 0x0 Dll_update_stall_mc_dis
0x1: Don't stall the MC when updating the DLL delay via 

PHY control register bit[30]

0x0: Stall the MC when updating the DLL delay 
(recommended)

26:25 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

24:16 Dll_delay_test R/W 0x0 Tap delay value for the slave delay chain.
When dll_test_en or dll_bypass_en is set (when DLL is off), 
this value is used to delay DQS.
This controls DLL0, which controls DQ[7:0].

15:9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

8:4 Dll_phsel R/W 0x10 Adjust the DLL phase delay
All other values are scaled between 45 and 135 degrees.
This bit controls DLL0, which controls DQ[7:0].

0x0: 45 degree

0x10: 90 degree

0x1F: 135 degree
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A.19.30 PHY Control Register 14 (PHY_CNTRL_14)

3 Dll_auto_manual_update
_en

R/W 0x0 Dll_auto_manual_update_en

Note: Do not enable Dll_auto_update_en if using this bit.

This bit controls all the DLL.

0x1: Automatically assert UPDATE_EN whenever MC is 
idle. DLL will only update when MC is idle for more 
than 512 cycles. (recommended)

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 Dll_test_en R/W 0x0 DLL test mode enable. 
Same as dll_bypass_en. DLL is only enabled when both 
Dll_test_en and Dll_bypass_en are 0.
This bit controls DLL0, which controls DQ[7:0].

0x0: Enable DLL (use the delay value generated by the 
DLL circuit)

0x1: Bypass DLL (use fixed delay value for 
dll_delay_test)

0 Dll_bypass_en R/W 0x0 Bypass DLL Enable. 
DLL is only enabled when both Dll_test_en and 
Dll_bypass_en are 0.
This bit controls DLL0, which controls DQ[7:0].

0x0: Enable DLL (use the delay value generated by the 
DLL circuit)

0x1: Bypass DLL (use fixed delay value for 
dll_delay_test)

Instance Name Offset
PHY_CNTRL_14 0x0240

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
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Dll_delay_out Reserved
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Default 0 ? 0 0 0 ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? 0 0 ? ?

Table 429: PHY Control Register 14 (PHY_CNTRL_14)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 Phy_sync_en WO 0x0 PHY Syncronize Enable
0x1: Synchronize dclk2x and dclk in the PHY

30 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 428: PHY Control Register 13 (PHY_CNTRL_13)  (Sheet 2 of 2)

Bits Name Type Reset Description
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29 Phy_dll_rst WO 0x0 Phy DLL Reset

Note: This blocks all MC access until the dll_reset_timer in 
PHY Control XIII expires.

0x1: Reset the PHY DLL

28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27 update_en_static R1/
W11TGL

0x0 Update Enable Static 
Writing 1 to this bit will invert the value. This bit asserts 
UPDATE_EN, which when held high for at least 512 cycles, 
will propagate the DLL value (whether in DLL enabled or 
bypass mode) to the slave delay chain. Write 1 again to 
change it back to 0. When using UPDATE_EN, turn off 
dll_auto_update_en.

0x1: Invert this bit

0x0: No effect

26:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:20 Phy_cal_zpr RO 0x0 Auto-calibration PMOS driver strength fine configura-
tion result.
This can be used as a reference to program the ZPR value 
of data, address, and clock.

19:16 Phy_cal_znr RO 0x0 Auto-calibration NMOS driver strength fine configura-
tion result.
This can be used as a reference to program the ZNR value 
of data, address, and clock.

15:8 Dll_delay_out RO 0x0 Delay information from the DLL
This is the tap delay value determined by the master DLL 
circuit.

7:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 phy_cal_err RO 0x0 Pad Calibration Error
Indicates error in pad calibration. This bit will be updated 
each time pad_cal_auto is turned from off->on.

0x1: Indicates an error during pad calibration. This could 
mean that calibration went out of bounds.

2 phy_cal_done RO 0x0 Calibration Done
Indicates pad calibration has gone through one calibration 
cycle. This bit will be updated each time pad_cal_auto is 
turned from off->on.

0x1: Indicates that the pad calibration is done.

1:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 429: PHY Control Register 14 (PHY_CNTRL_14)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.31 PHY DLL Control Register 1 (PHY_DLL_CNTRL_1)

Note

Note These registers can control the individual DLL in each byte of the PHY. This is mainly used in 
bypass mode, when the DLL is off.

Instance Name Offset
PHY_DLL_CNTRL_1 0x0E10

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved Dll_delay_test Reserved Dll_phsel

R
es

er
ve

d

D
ll_

te
st

_e
n
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ll_

by
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_e

n

Default ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? 1 0 0 0 0 ? 1 0 0

Table 430: PHY DLL Control Register 1 (PHY_DLL_CNTRL_1)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:25 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

24:16 Dll_delay_test R/W 0x0 Testing slave delay chain
When dll_test_en or dll_bypass_en is set (when DLL is off), 
this value is used to delay DQS.
This bit controls DLL1, which controls DQ[15:8].

15:9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

8:4 Dll_phsel R/W 0x10 Adjust the DLL phase delay
All other values are scaled between 45 and 135 degrees.
This bit controls DLL1, which controls DQ[15:8].

0x0: 45 degree

0x10: 90 degree

0x1F: 135 degree

3:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 Dll_auto_update_en R/W 0x1 Dll_auto_update_en

Note: The setting of UPDATE_EN signal is ignored when 
this signal is set

This bit controls DLL1, which controls DQ[15:8].

0x0: Do nothing. (recommended)

0x1: Automatically update the delay information from 
master DLL to slave delay

1 Dll_test_en R/W 0x0 DLL test mode enable 
Same as dll_bypass_en.
This bit controls DLL1, which controls DQ[15:8].
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A.19.32 PHY Control Test Mode Register  (PHY_CNTRL_TEST)

A.19.33 Test Mode Register 0 (TEST_MODE_0)

Note

Note In test mode, software can directly control RAS#, CAS#, and WE# by writing to this register.

Note

Note Address bus signals are take from Test Mode Register 1.

0 Dll_bypass_en R/W 0x0 DLL Bypass Enable
This bit controls DLL1, which controls DQ[15:8].

0x0: Enable DLL (use the delay value generated by the 
DLL circuit)

0x1: Bypass DLL (use fixed delay value for 
dll_delay_test)

Instance Name Offset
PHY_CNTRL_TEST 0x0E80

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

ph
y_

S
I

ph
y_

T
M

S

ph
y_

T
D

O
E

ph
y_

S
E

ph
y_

A
S

E

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0

Table 431: PHY Control Test Mode Register  (PHY_CNTRL_TEST)  

Bits Name Type Reset Description

31:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 phy_SI R/W 0x0 phy_SI

3 phy_TMS R/W 0x0 phy_TMS

2 phy_TDOE R/W 0x0 phy_TDOE

1 phy_SE R/W 0x0 phy_SE

0 phy_ASE R/W 0x0 phy_ASE

Table 430: PHY DLL Control Register 1 (PHY_DLL_CNTRL_1)  (Sheet 2 of 2)

Bits Name Type Reset Description
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Note

Note For reference 0[b111=NOP], [0b011=Active], [0b010=Precharge], [0b101=Read], [0b100=Write], 
[0b000=MRS]

A.19.34 Test Mode Register 1 (TEST_MODE_1)

Instance Name Offset
TEST_MODE_0 0x04C0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

R
A

S
_

C
A

S
_

W
E

_

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0

Table 432: Test Mode Register 0 (TEST_MODE_0)  

Bits Name Type Reset Description

31:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 RAS_ WO 0x0 RAS#
Assert RAS# active-low by writing 0 to this bit.

1 CAS_ WO 0x0 CAS#
Assert CAS# active-low by writing 0 to this bit.

0 WE_ WO 0x0 WE#
Assert WE# active-low by writing 0 to this bit.

Instance Name Offset
TEST_MODE_1 0x04D0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

C
S

1

C
S

0

R
es

er
ve

d

B
an

k_
ad

dr
es

s

R
es

er
ve

d

Address

Default ? ? ? ? ? ? ? ? ? ? 0 0 ? 0 0 0 ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 433: Test Mode Register 1 (TEST_MODE_1)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:22 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

21 CS1 R/W 0x0 CS1
Value for the chip select 1 bus (active low)

20 CS0 R/W 0x0 CS0
Value for the chip select 0 bus (active low)

19 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.19.35 MCB Control Register - Arbiter Weights (MCB_ARB_WT)

Note

Note These weights are used for MCB bridge arbitration .

18:16 Bank_address R/W 0x0 Bank address
Bank address for the command to be sent out

15:14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13:0 Address R/W 0x0 Address
Address for the command to be sent out

Instance Name Offset
MCB_ARB_WT_1 0x0510

MCB_ARB_WT_2 0x0520

MCB_ARB_WT_3 0x0530

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

M
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r_
2_

W
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t
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t
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M
C

B
_M
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W
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t

Default ? ? ? ? 0 0 0 1 ? ? ? ? 0 0 0 1 ? ? ? ? 0 0 0 1 ? ? ? ? 0 0 0 1

Table 434: MCB Control Register - Arbiter Weights (MCB_ARB_WT)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:24 MCB_Master_3_Weight R/W 0x1 MCB Master 3 Weight
See bits[3:0].

23:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

19:16 MCB_Master_2_Weight R/W 0x1 MCB Master 2 Weight
See bits[3:0].

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:8 MCB_Master_1_Weight R/W 0x1 MCB Master 1 Weight
See bits[3:0].

7:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 433: Test Mode Register 1 (TEST_MODE_1)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.36 MCB Control Register 4 (MCB_CNTRL_4)
All bits corresponding to MC master x=0 are reserved (Port 0 is used for Memory Controller port).

3:0 MCB_Master_0_Weight R/W 0x1 MCB Master 0 Weight
Reset value for dynamic weights in the arbiter. Used for 
bandwidth and/or priority allocation amongst the requesting 
masters.

Instance Name Offset
MCB_CNTRL_4 0x0540

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
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Reserved

Default 0 0 0 ? 0 0 0 ? 0 0 0 ? 0 0 0 ? 0 1 1 ? 0 1 1 ? ? ? ? ? ? ? ? ?

Table 435: MCB Control Register 4 (MCB_CNTRL_4)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:29 mcbx_req_qu4_en R/W 0x0 Command Queue Depth

0x0: Set MCB command queue to 8-deep

0x1: Set MCB command queue to 4-deep

28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:25 mcbx_wrap_burst_en R/W 0x0 Wrap Burst  Support
0x0: Disable wrap burst support

0x1: Enable wrap burst support (AXI feature)

24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:21 mcbx_tag_enable R/W 0x0 Tag Enable
0x0: Disable tag hit compare.

0x1: Enable tag hit compare. Blocks CPU access on MCB 
queue address match.

NOTE: Used for read-after-write coherency.

20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

19:17 mcbx_rgerr_en R/W 0x0 Out -Of-Range Error Detection Enable
0x1: Enable out-of-range access error detection

0x0: Disable (let MC handle detection)

16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 434: MCB Control Register - Arbiter Weights (MCB_ARB_WT)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.37 Performance Counter Control Register 0 
(PERF_COUNT_CNTRL_0)

Note

Note Writing 0 has no effect on any of the registers.

Note

Note Each bit location corresponds to one of the four counters, as specified.

15:13 mcbx_page_en R/W 0x7 Page Address Arbitration Enable
0x1: Enable page-address-based arbitration

0x0: Disable page-address based arbitration

NOTE: Only used when mcbx_wrr_en = 0 

12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:9 mcbx_wrr_en R/W 0x7 Weighted Round Robin Enable

Note: Enabling this bit makes it the arbitration scheme used 
by the MCB.

0x0: Disable WRR.

0x1: MCB performs weighted-round-robin arbitration 
based on weights in MCB control Registers 1,2, and 
3

8:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
PERF_COUNT_CNTRL_0 0x0F00

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

pc
_i

nt
_e

n_
cl

ea
r

pc
_i

nt
_e

n_
se

t

pc
_r

eg
_e

n_
cl

ea
r

pc
_r

eg
_e

n_
se

t

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 436: Performance Counter Control Register 0 (PERF_COUNT_CNTRL_0)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 435: MCB Control Register 4 (MCB_CNTRL_4)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.38 Performance Counter Control Register 1 
(PERF_COUNT_CNTRL_1)

15:12 pc_int_en_clear WO 0x0 Performance Counter Interrupt Disable
[15] Disable interrupt for counter 3
[14] Disable interrupt for counter 2
[13] Disable interrupt for counter 1
[12] Disable interrupt for counter 0

0x1: Disable interrupt for this counter

11:8 pc_int_en_set WO 0x0 Performance Counter Interrupt Enable
If enabled, interrupt is generated when the counter 
overflows
[11] Enable interrupt for counter 3
[10] Enable interrupt for counter 2
[9] Enable interrupt for counter 1
[8] Enable interrupt for counter 0

0x1: Enable interrupt for this counter

7:4 pc_reg_en_clear WO 0x0 Performance Counter Disable
[7] Disable performance counter 3
[6] Disable performance counter 2
[5] Disable performance counter 1
[4] Disable performance counter 0

0x1: Disable this performance counter

3:0 pc_reg_en_set WO 0x0 Performance Counter Enable
[3] Enable performance counter 3
[2] Enable performance counter 2
[1] Enable performance counter 1
[0] Enable performance counter 0

0x1: Enable this performance counter

Instance Name Offset
PERF_COUNT_CNTRL_1 0x0F10

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

pc
_c

lk
_d

iv

Reserved

pc
_s

to
p_

co
nd

pc
_s

ta
rt

_c
on

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 437: Performance Counter Control Register 1 (PERF_COUNT_CNTRL_1)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:19 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 436: Performance Counter Control Register 0 (PERF_COUNT_CNTRL_0)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.39 Performance Counter Status Register 
(PERF_COUNT_STAT)

18:16 pc_clk_div R/W 0x0 Performance Counter Clock Divide
0x0: Divide clock by 1

0x1: Divide clock by 2

0x2: Divide clock by 4

0x3: Divide clock by 8

0x4: Divide clock by 16

0x5: Divide clock by 32

0x6: Divide clock by 64

0x7: Divide clock by 128

15:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:4 pc_stop_cond R/W 0x0 Performance Counter Stop
0x1: Continue counting on any counter overflow

0x0: Stop on any counter overflow

3:0 pc_start_cond R/W 0x0 Performance Counter Start

0x1: Enabled counters start on first data access

0x0: Enabled counters begin counting

Instance Name Offset
PERF_COUNT_STAT 0x0F20

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

pc
_o

vf
lo

w

Reserved

pc
_i

nt
_e

n

pc
_r

eg
_e

n
Default ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 438: Performance Counter Status Register (PERF_COUNT_STAT)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

19:16 pc_ovflow RO 0x0 Performance Counter Overflow Indicator
[19] Counter 3 overflow
[18] Counter 2 overflow
[17] Counter 1 overflow
[16] Counter 0 overflow

0x0: Indicates no overflow on this counter

0x1: Indicates overflow on this counter

15:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 437: Performance Counter Control Register 1 (PERF_COUNT_CNTRL_1)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.40 Performance Counter Select Register (PERF_COUNT_SEL)

7:4 pc_int_en RO 0x0 Performance Counter Interrupt Enable
[7] Interrupt enabled on counter 3
[6] Interrupt enabled on counter 2
[5] Interrupt enabled on counter 1
[4] Interrupt enabled on counter 0

0x0: Interrupt is disabled for this counter

0x1: Interrupt is enabled for this counter

3:0 pc_reg_en RO 0x0 Performance Counter Enable
[3] Counter 3 enable
[2] Counter 2 enable
[1] Counter 1 enable
[0] Counter 0 enable
Even if a counter is enabled, it only starts and stops 
counting according to the condition specified in 
Performance Counter Control Register 1 
(PERF_COUNT_CNTRL_1).

0x0: Counter is disabled

0x1: Counter is enabled

Instance Name Offset
PERF_COUNT_SEL 0x0F40

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

pc
_e

ve
nt

_u
pd

at
e

Reserved

pc
_e

ve
nt

_s
el

pc
_r

eg
_s

el

Default 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0

Table 439: Performance Counter Select Register (PERF_COUNT_SEL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 pc_event_update WO 0x0 Program Counter Event Update

0x0: Do not update the event

0x1: Update the event

30:9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 438: Performance Counter Status Register (PERF_COUNT_STAT)  (Sheet 2 of 2)

Bits Name Type Reset Description
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8:4 pc_event_sel R/W 0x0 Program Counter Event Selection
Write 1 to bit[31] to update the event for the selected 
counter. When updating, also select the preferred counter 
in bit[3:0].
Unspecified values are reserved.

0x0: Clock (divided by pc_clk_div)

0x1: Idle cycles (MC pipeline empty)

0x2: Non-Idle cycles when waiting for tRFC

0x3: (reserved) Non-idle cycles waiting for tWTR

0x4: Non-idle cycles with no data bus utilization

0xC: PRECHARGE command (all)

0xD: PRECHARGE command (data)

0xE: PRECHARGE command (non-data)

0x10: ACTIVE command

0x14: Read + Write command

0x15: Read command

0x16: Write command

0x18: All data request

0x19: Read request

0x1A: Write request

0x1C: Auto-refresh (all)

0x1D: Auto-refresh (non-idle)

3:0 pc_reg_sel R/W 0x0 Program Counter Select
0x0: Select counter 0

0x1: Select counter 1

0x2: Select counter 2

0x3: Select counter 3

Table 439: Performance Counter Select Register (PERF_COUNT_SEL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.19.41 Performance Counter Register (PERF_COUNT)

Instance Name Offset
PERF_COUNT 0x0F50

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field pc_counter

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 440: Performance Counter Register (PERF_COUNT)  

Bits Name Type Reset Description

31:0 pc_counter R/W 0x0 Performance Counter 
This is the shadow register of the performance counter. Use 
pc_reg_sel in Performance Counter Select Register 
(PERF_COUNT_SEL) to select a counter. Write to this 
register to set to any preferred value.
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A.20 USB (USB)
The USB Clock/Reset Control Register (APMU_USB_CLK_RES_CTRL) in the Application 
Subsystem Power Management (APMU) Unit must be programmed prior to accessing the USB 
registers.

Base Address: USB Host Controller: 0xD420_9000

Base Address: USB OTG Controller: 0xD420_8000

Table 441:  USB Register Summary (Sheet 1 of 2)

Offset Name Description Details

0x0000 USB_ID Identification Register Page: A-431

0x0004 USB_HWGENERAL General Hardware Parameters Register Page: A-432

0x0008 USB_HWHOST Host Hardware Parameters Register Page: A-432

0x000C USB_HWDEVICE Device Hardware Parameters Register  Page: A-433

0x0010 USB_HWTXBUF TX Buffer Hardware Parameters Register Page: A-433

0x0014 USB_HWRXBUF RX Buffer Hardware Parameters Register Page: A-434

0x0080 USB_GPTIMER0LD General Purpose Timer 0 Load Register Page: A-434

0x0084 USB_GPTIMER0CTRL General Purpose Timer  0 Control Register Page: A-435

 0x0088 USB_GPTIMER1LD General Purpose Timer 1 Load Register Page: A-436

0x008C USB_GPTIMER1CTRL General Purpose Timer  1 Control Register Page: A-436

0x0100 USB_CAPLENGTH Capability Register Length - EHCI Compliant Register  Page: A-437

0x0102 USB_HCIVERSION Host Interface Version Number - EHCI Compliant Register Page: A-438

0x0104 USB_HCSPARAMS Host Ctrl. Structural Parameters EHCI Compliant with Page: A-438

0x0108 USB_HCCPARAMS Host Ctrl. Capability Parameters EHCI Compliant Page: A-439

0x0120 USB_DCIVERSION Dev. Interface Version Number Register Page: A-441

0x0124 USB_DCCPARAMS Device Ctrl. Capability Parameters Register  Page: A-441

0x0140 USB_CMD USB Command Register Page: A-442

0x0144 USB_STS USB Status Register Page: A-445

0x0148 USB_INTR USB Interrupt Enable Register Page: A-449

0x014C USB_FRINDEX USB Frame Index Register Page: A-451

0x0154 HOST_BASEADR Host Controller Frame List Base Address Register Page: A-452

0x0154 DEVICE_USBADR Device Controller USB Device Address Register Page: A-452

0x0158 HOST_LISTADR Host Controller Next Asynchronous List Address Register  Page: A-453

0x0158 DEVICE_LISTMEM Address at Endpoint List in Memory Register Page: A-454

0x0160 USB_BURSTSIZE Programmable Burst Size Register - Host Controller Page: A-454

0x0164 USB_TXFILLTUNING Host Performance Tuning Register Page: A-455
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A.20.1 Identification Register (USB_ID)
                          

0x0178 USB_ENDPTNAK Endpoint NAK Register Page: A-456

0x017C USB_ENDPTNAKEN Endpoint NAK Enable Register Page: A-457

0x0184 USB_PORTSC Port Status/Control Register Page: A-458

0x01A4 OTG_ONLY OTG Status and Control Register Page: A-465

0x01A8 USB_MODE USB Device Mode Register Page: A-467

0x01AC USB_ENDPTSETUPSTAT Endpoint Setup Status Register Page: A-470

0x01B0 USB_ENDPTPRIME Endpoint Initialization Register Page: A-470

0x01B4 USB_ENDPTFLUSH Endpoint De-Initialize Register Page: A-472

0x01B8 USB_ENDPTSTAT Endpoint STAT Register Page: A-473

0x01BC USB_ENDPTCOMPLETE Endpoint Complete Register Page: A-474

0x01C0 USB_ENDPTCTRL0 Endpoint Control 0 Register Page: A-475

0x01C4 USB_ENDPTCTRL1 Endpoint Control 1 to Endpoint Control Register 1

Page: A-4760x01C8 USB_ENDPTCTRL2 Endpoint Control 1 to Endpoint Control Register 2

0x01CC USB_ENDPTCTRL3 Endpoint Control 1 to Endpoint Control Register 3

Instance Name Offset
USB_ID 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved REVISION

R
es

er
ve

d

NID

R
es

er
ve

d

ID

Default ? ? ? ? ? ? ? ? 0 1 0 0 0 0 0 1 ? ? 1 1 1 0 1 0 ? ? 0 0 0 1 0 1

Table 442: Identification Register (USB_ID)  

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:16 REVISION RO 0x41 Revision Number
Revision Number of the Core

15:14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13:8 NID RO 0x3A Ones Complement Version of ID[5:0]

7:6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5:0 ID RO 0x5 Configuration Number
This number is set to 0x05 and indicates that the peripheral 
is the USB-HS USB 2.0 core.

Table 441:  USB Register Summary (Sheet 2 of 2)

Offset Name Description Details
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A.20.2 General Hardware Parameters Register 
(USB_HWGENERAL)

A.20.3 Host Hardware Parameters Register (USB_HWHOST)

Instance Name Offset
USB_HWGENERAL 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved SM PHYM PHYW

B
W

T

CLKC RT

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 1 0 0 0 0 0 1 0 1

Table 443: General Hardware Parameters Register (USB_HWGENERAL)  

Bits Name Type Reset Description

31:11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

10:9 SM RO 0x0 Serial Mode
This field indicated whether the SIE Logic is present or not.
0x0: Not Present
0x1: Present

8:6 PHYM RO 0x4 PHY Type
This field controls which Transceiver Interface has being 
used. This has been set to 0x4, indicating the default PHY 
is UTMI, but with a software controlled reset.”

5:4 PHYW RO 0x0 PHY Data Interface Width 
This field controls the data interface to the UTMI. This has 
been set to 0x0 to indicate an 8 bit data bus.

3 BWT RO 0x0 BWT
Reserved for Internal Testing

2:1 CLKC RO 0x2 Clock Configuration 
This field controls the clocking architecture. This has been 
set to 0x2 to indicate a mixed clock design approach.

0 RT RO 0x1 RT Reset Type
This field denotes the reset type.
0x0: Synchronous
0x1: Asynchronous

Instance Name Offset
USB_HWHOST 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field TTPER TTASY Reserved NPORT HC

Default 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 ? ? ? ? ? ? ? ? ? ? ? ? 0 0 1 1
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A.20.4 Device Hardware Parameters Register (USB_HWDEVICE)

A.20.5 TX Buffer Hardware Parameters Register (USB_HWTXBUF)

Table 444: Host Hardware Parameters Register (USB_HWHOST)  

Bits Name Type Reset Description

31:24 TTPER RO 0x10 Number of Periodic Transaction Translation Contexts
This field specifies the number of Periodic Contexts for a 
Hub Transaction Translator. This has been set to 0x10.”

23:16 TTASY RO 0x2 Number of Asymc Transaction Translation Contexts
Reserved for Internal Testing

15:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:1 NPORT RO 0x1 Number of Downstream Ports. 
This field indicates the number of downstream ports.

0 HC RO 0x1 Host Capable
This field indicates whether the controller is host capable.

0x0: Not host capable

0x1: Host capable

Instance Name Offset
USB_HWDEVICE 0x000C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved DEVEP DC

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 0 0 0 0 1

Table 445: Device Hardware Parameters Register (USB_HWDEVICE)  

Bits Name Type Reset Description

31:6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5:1 DEVEP RO 0x10 Number of Endpoints Supported 
This field indicates the number of Endpoints Supported

0 DC RO 0x1 Device Capable
0x0: Host-only Controller
0x1: OTG Controller

Instance Name Offset
USB_HWTXBUF 0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

T
X

LC
R

Reserved TXCHANADD TXADD TXBURST

Default 1 ? ? ? ? ? ? ? 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0
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A.20.6 RX Buffer Hardware Parameters Register (USB_HWRXBUF)

A.20.7 General Purpose Timer 0 Load Register 
(USB_GPTIMER0LD)

Table 446: TX Buffer Hardware Parameters Register (USB_HWTXBUF)  

Bits Name Type Reset Description

31 TXLCR RO 0x1 TX Local Context Register
This bit is fixed to 1’b1 so that the local context registers are 
included in the design.

30:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:16 TXCHANADD RO 0x8 TXCHANADD[7:0]
Reserved for Internal Testing

15:8 TXADD RO 0xC TX Address 
This field indicates the number of address bits for the TX 
Buffer. It is normally log2(Transmit Buffer Size).

7:0 TXBURST RO 0x8 System Bus TX Burst Size
It is the default DMA Burst Size, and it has been set to 0x8 
(8 32 bit words).

Instance Name Offset
USB_HWRXBUF 0x0014

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved RXADD RXBURST

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0

Table 447: RX Buffer Hardware Parameters Register (USB_HWRXBUF)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 RXADD RO 0xA RX Address
This field indicates the number of address bits for the RX 
Buffer. It is normally log2(Receive Buffer Size).

7:0 RXBURST RO 0x8 System Bus RX Burst Size
It is the default DMA Burst Size, and it has been set to 0x8 
(8 32 bit words).

Instance Name Offset
USB_GPTIMER0LD 0x0080

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved GPTLD

Default ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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A.20.8 General Purpose Timer 0 Control Register 
(USB_GPTIMER0CTRL)

Table 448: General Purpose Timer 0 Load Register (USB_GPTIMER0LD)  

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:0 GPTLD R/W 0x0 General Purpose Timer Load Value.  
This field is the value to be loaded into the GPTCNT 
countdown timer on a reset action. This value in this 
register represents the the time in microseconds minus 1 
for the timer duration. Example: for a one millisecond timer, 
load 1000 - 1 = 999 or 0x0003E7. Note: Max value is 
0xFFFFFF or 16.777215 seconds.

Instance Name Offset
USB_GPTIMER0LD 0x0084

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

G
P

T
R

U
N

G
P

T
R

S
T

Reserved

G
P

T
M

O
D

E

GPTCNT

Default 0 0 ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 449: General Purpose Timer 0 Control Register (USB_GPTIMER0CTRL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 GPTRUN R/W 0x0 General Purpose Timer Run
This bit enables the general-purpose timer to run. Setting 
on clearing this bit will not have an effect on the GPTCNT 
counter value.
0x0: Timer stop.
0x1: Timer run.

30 GPTRST R/W 0x0 General Purpose Timer Reset
Writing a 1 to this bit will reload the GPTCNT with the value 
in GPTLD.
0x0: No action.
0x1: Load counter value.

29:25 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

24 GPTMODE R/W 0x0 General Purpose Timer Mode
This bit selects between a single timer countdown and a 
looped countdown. In one-shot, the timer will count down to 
0, generate and interrupt, and stop until the counter is reset 
by software. In repeat mode, the timer will count down to 0, 
generate and interrupt, and automatically reload the 
counter to begin again.
0x0: One shot.
0x1: Repeat.
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-435



ARMADA 16x Applications Processor Family Register Tables
A.20.9 General Purpose Timer 1 Load Register 
(USB_GPTIMER1LD)

A.20.10 General Purpose Timer 1 Control Register 
(USB_GPTIMER1CTRL)

23:0 GPTCNT RO 0x0 General Purpose Timer Counter
This field is the value of the running timer.

Instance Name Offset

USB_GPTIMER1LD 0x0088

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved GPTLD

Default ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 450: General Purpose Timer 1 Load Register (USB_GPTIMER1LD)  

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:0 GPTLD R/W 0x0 General Purpose Timer Load Value.  
This field is the value to be loaded into the GPTCNT 
countdown timer on a reset action. This value in this 
register represents the the time in microseconds minus 1 
for the timer duration. Example: for a one millisecond timer, 
load 1000 - 1 = 999 or 0x0003E7. Note: Max value is 
0xFFFFFF or 16.777215 seconds.

Instance Name Offset
USB_GPTIMER1LD 0x008C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

G
P

T
R

U
N

G
P

T
R

S
T

Reserved

G
P

T
M

O
D

E

GPTCNT

Default 0 0 ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 449: General Purpose Timer 0 Control Register (USB_GPTIMER0CTRL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.20.11 Capability Register Length - EHCI Compliant Register 
(USB_CAPLENGTH)

Table 451: General Purpose Timer 1 Control Register (USB_GPTIMER1CTRL)  

Bits Name Type Reset Description

31 GPTRUN R/W 0x0 General Purpose Timer Run
This bit enables the general-purpose timer to run. Setting 
on clearing this bit will not have an effect on the GPTCNT 
counter value.
0x0: Timer stop.
0x1: Timer run.

30 GPTRST R/W 0x0 General Purpose Timer Reset
Writing a 1 to this bit will reload the GPTCNT with the value 
in GPTLD.
0x0: No action.
0x1: Load counter value.

29:25 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

24 GPTMODE R/W 0x0 General Purpose Timer Mode
This bit selects between a single timer countdown and a 
looped countdown. In one-shot, the timer will count down to 
0, generate and interrupt, and stop until the counter is reset 
by software. In repeat mode, the timer will count down to 0, 
generate and interrupt, and automatically reload the 
counter to begin again.
0x0: One shot.
0x1: Repeat.

23:0 GPTCNT RO 0x0 General Purpose Timer Counter
This field is the value of the running timer.

Instance Name Offset
USB_CAPLENGTH 0x0100

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CAPLENGTH

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 1 0 0 0 0 0 0

Table 452: Capability Register Length - EHCI Compliant Register (USB_CAPLENGTH)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 CAPLENGTH RO 0x40 Capability Register Length
This field indicates which offset to add to the register base 
address at the beginning of the Operational Register.”
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A.20.12 Host Interface Version Number - EHCI Compliant Register 
(USB_HCIVERSION)

A.20.13 Host Ctrl. Structural Parameters EHCI Compliant with 
(USB_HCSPARAMS)

Instance Name Offset
USB_HCIVERSION 0x0102

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved HCIVERSION

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Table 453: Host Interface Version Number - EHCI Compliant Register (USB_HCIVERSION)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:0 HCIVERSION RO 0x100 Host Interface Version Number
This field contains the BCD encoding of the EHCI revision 
number supported by the host controller. The most signifi-
cant byte represents a major revision, and the least signifi-
cant byte represents the minor revision.

Instance Name Offset
USB_HCSPARAMS 0x0104

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved N_TT N_PTT

R
es

er
ve

d

PI N_CC N_PCC
R

es
er

ve
d

P
P

C

N_PORTS

Default ? ? ? ? 0 0 0 0 0 0 0 0 ? ? ? 1 0 0 0 0 0 0 0 0 ? ? ? 1 0 0 0 1

Table 454: Host Ctrl. Structural Parameters EHCI Compliant with (USB_HCSPARAMS)  (Sheet 1 of 
2)

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:24 N_TT RO 0x0 Number of Transaction Translators (N_TT)
This field indicates the number of embedded transaction 
translators associated with the USB2.0 Host Controller.
This in a non-EHCI field to support embedded TT.

23:20 N_PTT RO 0x0 Number of Ports per Transaction Translator (N_PTT)
This field indicates the number of ports assigned to each 
transaction translator within the USB2.0 Host Controller.
This in a non-EHCI field to support embedded TT.

19:17 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.20.14 Host Ctrl. Capability Parameters EHCI Compliant 
(USB_HCCPARAMS)

16 PI RO 0x1 Port Indicators (P INDICATOR)
This bit indicates whether the ports support port indicator 
control. When set to one, the port status and control 
registers include a read/writeable field for controlling the 
state of the port indicator.
This field is always set to 1.

15:12 N_CC RO 0x0 Number of Companion Controller (N_CC)
This field indicates the number of companion controllers 
associated with this USB2.0 Host Controller.
A zero in this field indicates there are no internal companion 
controllers. Port ownership hand-off is not supported.
This field is always cleared to 0

11:8 N_PCC RO 0x0 Number of Ports per Companion Controller
This field indicates the number of ports supported per 
internal Companion Controller. It indicates the port routing 
configuration to the system software.
The number in this field must be consistent with N_PORTS 
and N_CC.
This field is always cleared to 0

7:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 PPC RO 0x1 Port Power Control
This field indicates whether the Host Controller 
implementation includes port power control. A zero 
indicates the ports do not have port power switches. The 
value of this field affects the functionality of the port power 
field in each port Status and Control register.
This field is always set to 1.

3:0 N_PORTS RO 0x1 Number of Downstream Ports
This field specifies the number of physical downstream 
ports implemented on this Host Controller.
This field is always set to 1.

Instance Name Offset
USB_HCCPARAMS 0x0108

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved EECP IST

R
es

er
ve

d

A
S

P

P
F

L

A
D

C

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 ? 1 1 0

Table 454: Host Ctrl. Structural Parameters EHCI Compliant with (USB_HCSPARAMS)  (Sheet 2 of 
2)

Bits Name Type Reset Description
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Table 455: Host Ctrl. Capability Parameters EHCI Compliant (USB_HCCPARAMS)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 EECP RO 0x0 EHCI Extended Capabilities Pointer
This optional field indicates the existence of a capabilities 
list. A value of 00h indicates no extended capabilities are 
implemented. A non-zero value in this register indicates the 
offset in PCI configuration of the first EHCI extended 
capability. The pointer value must be 40h or greater if 
implemented to maintain the consistency of the PCI header 
defined for this class of device. 
This field is always set to 1.

7:4 IST RO 0x0 Isochronous Scheduling Threshold
This field indicates relative to the current position of the 
executing host controller where software can reliably 
update the isochronous schedule. When bit [7] is zero, the 
value of the least significant 3 bits indicates the number of 
micro-frames a Host Controller can hold a set of 
isochronous data structures (one or more) before flushing 
the state. When bit[7] is set to 1, then host software 
assumes the host controller may cache an isochronous 
data structure for an entire frame.
This field is always 0.

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 ASP RO 0x1 Asynchronous Schedule Park Capability
If this bit =1, then the Host Controller supports the park 
feature for high-speed queue heads in the asynchronous 
schedule. The feature can be disabled or enabled and set 
to a specific level by using the ASPE and ASP fields in the 
USB Command Register.
This field is always 1.

1 PFL RO 0x1 Programmable Frame List Flag
If set to a one, then the system software can specify and 
use a smaller frame list and configure the host controller via 
the FS field in the USB Command Register. The frame list 
must always be aligned on a 4K-page boundary. This 
requirement ensures that the frame list is always physically 
contiguous. If set to zero, then the system software must 
use a frame list length of 1024 elements with this host 
controller. The FS field of the USB Command Register is 
read-only and must be set to zero.
This field is always 1.

0 ADC RO 0x0 64-bit Addressing Capability
This field is always 0. No 64-bit addressing capability is 
supported.
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A.20.15 Dev. Interface Version Number Register 
(USB_DCIVERSION)

A.20.16 Device Ctrl. Capability Parameters Register 
(USB_DCCPARAMS)

Instance Name Offset
USB_DCIVERSION 0x0120

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved DCIVERSION

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Table 456: Dev. Interface Version Number Register (USB_DCIVERSION)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:0 DCIVERSION RO 0x1 Device Interface Version Number
BCD encoding of the revision number supported by the 
device controller.

Instance Name Offset
USB_DCCPARAMS 0x0124

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved HC DC

R
es

er
ve

d

DEN

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 1 ? ? 0 0 1 0 0

Table 457: Device Ctrl. Capability Parameters Register (USB_DCCPARAMS)  

Bits Name Type Reset Description

31:9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

8 HC RO 0x1 Host Capable
When this bit is 1, this controller can operate as an EHCI 
compatible USB 2.0 Host Controller.

7 DC RO 0x1 Device Capable
When this bit is 1, this controller can operate as a USB 2.0 
device.

6:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4:0 DEN RO 0x4 Device Endpoint Number
This field indicates the number of endpoints built into the 
device controller. If this controller is not device capable, 
then this field is zero. Valid values are 0 to 16.
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A.20.17 USB Command Register (USB_CMD)

Instance Name Offset
USB_CMD 0x0140

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ITC
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E

R
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FS

R
S

T

RS

Default ? ? ? ? ? ? ? ? 0 0 0 0 1 0 0 0 0 0 0 0 1 ? 1 1 ? 0 0 0 0 0 0 0

Table 458: USB Command Register (USB_CMD)  (Sheet 1 of 4)

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:16 ITC R/W 0x8 Interrupt Threshold Control
The system software uses this field to set the maximum rate 
at which the host/device controller issues interrupts. ITC 
contains the maximum interrupt interval measured in micro-
frames. Valid values are as follows:
Value Maximum Interrupt Interval:
0x0:     Immediate (no threshold)

0x1: 1 micro-frame

0x2: 2 micro-frames

0x4: 4 micro-frames

0x8: 8 micro-frames (Default)

0x10: 16 micro-frames

0x20: 32 micro-frames

0x40: 64 micro-frames

15 FS2 R/W 0x0 FS[2]
This is used along with FS[1] and FS[0] to determine the 
Frame List Size.

14 ATDTW R/W 0x0 Add dTD TripWire
[device mode only] This bit is used as a semaphore to 
ensure the proper addition of a new dTD to an active 
(primed) endpoint’s linked list. This bit is set and cleared by 
software. This bit is also cleared by hardware when state 
machine is in a hazard region for which adding a dTD to a 
primed endpoint may go unrecognized.

13 SUTW R/W 0x0 Setup TripWire
[device mode only] This bit is used as a semaphore to 
ensure that the setup data payload of 8 bytes is extracted 
from a QH by the DCD without being corrupted. If the setup 
lockout mode is off (See USBMODE) then there exists a 
hazard when new setup data arrives while the DCD is 
copying the setup data payload from the QH for a previous 
setup packet. This bit is set and cleared by software and is 
cleared by hardware when a hazard exists.

12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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11 ASPE R/W 0x1 ASPE
Asynchronous Schedule Park Mode Enable (Optional)
If the ASP field in the Host Controller Capability Parameters 
(HCCPARAMS) EHCI Compliant Register is a one, then 
this bit defaults to a 1h and is RW. Software uses this bit to 
enable or disable Park mode. When this bit is one, Park 
mode is enabled.

10 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

9:8 ASP R/W 0x3 Asynchronous Schedule Park Mode Count (Optional)
If the ASP field in the Host Controller Capability Parameters 
(HCCPARAMS) EHCI Compliant Register is set to 1, then 
this field defaults to 0x3 and is RW. Otherwise the bit must 
be a zero and is RO.. It contains a count of the number of 
successive transactions the Host Controller is allowed to 
execute from a high-speed queue head on the 
Asynchronous schedule before continuing traversal of the 
Asynchronous schedule. Software must not write a zero to 
this bit when ASPE is set to 1 as this results in undefined 
behavior.
Valid values are 0x1 to 0x3. This field is set to 0x3 in this 
implementation

7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6 IAA R/W 0x0 Interrupt on Async Advance Doorbell
This bit is used as a doorbell by software to tell the Host 
Controller to issue an interrupt the next time it advances 
Asynchronous schedule. Software must write a 1 to this bit 
to ring the doorbell.
When the Host Controller has evicted all appropriate 
cached schedule states, it sets the AAI  field in the USB 
Status (USBSTS) Register. If the AAE field in the USB 
Interrupt Enable (USBINTR) Register =1, then the Host 
Controller asserts an interrupt at the next interrupt 
threshold.
The Host Controller sets this bit to zero after it has set the 
AAI field in the USB Status (USBSTS) Register to one. 
Software should not write a 1 to this bit when the 
Asynchronous schedule is inactive. Doing so yields 
undefined results.
This bit is used only in Host mode. Writing a 1 to this bit 
when Device mode is selected has undefined results.

5 ASE R/W 0x0 Asynchronous Schedule Enable
This bit controls whether the Host Controller skips 
processing the Asynchronous schedule.
Only the Host Controller uses this bit.

0x0: Do not process the Asynchronous Schedule.

0x1: Use the Host Controller Next Asynchronous List 
Address (ASYNCLISTADDR) Register (Host Mode) 
to access the Asynchronous Schedule.

Table 458: USB Command Register (USB_CMD)  (Sheet 2 of 4)

Bits Name Type Reset Description
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4 PSE R/W 0x0 Periodic Schedule Enable
This bit controls whether the Host Controller skips 
processing the Periodic schedule.
Only the Host Controller uses this bit.

0x0: Do not process the Periodic Schedule

0x1: Use the Host Controller Frame List Base Address 
(PERIODICLISTBASE) Register (Host Mode) to 
access the Periodic Schedule.

3:2 FS R/W 0x0 Frame List Size
This field is RW only if the PFL field in the HCCPARAMS 
Register is set to one. This field specifies the size of the 
frame list that controls which bits in the Frame Index 
Register should be used for the Frame List Current index. 
This field consists of USBCMD bits 15, 3, and 2.
Only the Host Controller uses this field.

0x0: 1024 elements (4096 bytes) (Default)

0x1: 512 elements (2048 bytes)

0x2: 256 elements (1024 bytes)

0x3: 128 elements (512 bytes)

0x4: 64 elements (256 bytes)

0x5: 32 elements (128 bytes)

0x6: 16 elements (64 bytes)

0x7: 8 elements (32 bytes)

Used along with FS[2] to determine the Frame List Size

1 RST R/W 0x0 Controller Reset (RESET)
Software uses this bit to reset the controller. This bit is set to 
zero by the Host/Device Controller when the reset process 
is complete. Software cannot terminate the reset process 
early by writing a zero to this register.
Host Controller: When software writes a 1 to this bit, the 
Host Controller resets its internal pipelines, timers, 
counters, state machines etc. to their initial value. Any 
transaction currently in progress on USB is immediately 
terminated. A USB reset is not driven on downstream ports. 
Software should not set this bit to a one when the HCH field 
in the USB Status (USBSTS) Register is a zero. Attempting 
to reset an actively running Host Controller results in 
undefined behavior.
Device Controller: When software writes a 1 to this bit, the 
Device Controller resets its internal pipelines, timers, 
counters, state machines etc. to their initial value. Writing a 
1 to this bit when the device is in the attached state is not 
recommended, because the effect on an attached host is 
undefined. To ensure that the device is not in an attached 
state before initiating a device controller reset, flush all 
primed endpoints and the RS field in set the USB 
Command (USBCMD) Register to 0.

Table 458: USB Command Register (USB_CMD)  (Sheet 3 of 4)

Bits Name Type Reset Description
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A.20.18 USB Status Register (USB_STS)

0 RS R/W 0x0 Run/Stop (RS)
Host Controller: When set to a 1, the Host Controller 
proceeds with the execution of the schedule. The Host 
Controller continues execution as long as this bit is set to a 
one. When this bit is set to 0, the Host Controller completes 
the current transaction on the USB and then halts. The 
HCH field in the USB Status (USBSTS) Register indicates 
when the Host Controller has finished the transaction and 
has entered the stopped state. Software should not write a 
1 to this field unless the Host Controller is in the Halted 
state (when the HCH bit is set to 1).
Device Controller: Writing a 1 to this bit causes the Device 
Controller to enable a pullup on D+ and initiate an attach 
event. This control bit is not directly connected to the pullup 
enable, as the pullup becomes disabled upon transitioning 
into High-Speed mode. Software should use this bit to 
prevent an attach event before the Device Controller has 
been properly initialized. Writing a 0 to this causes a detach 
event.

0x0: Stop (Default)

0x1: Run

Instance Name Offset
USB_STS 0x0144

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved T
I1
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Default ? ? ? ? ? ? 0 0 ? ? ? ? 0 0 ? 0 0 0 0 1 ? 0 ? 0 0 0 0 0 0 0 0 0

Table 459: USB Status Register (USB_STS)  (Sheet 1 of 4)

Bits Name Type Reset Description

31:26 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

25 TI1 R/W1C 0x0 General Purpose Timer Interrupt 1 (GPTINT1)
This bit is set when the counter in GPTIMER1CTRL 
Register transitions to zero. Writing a one to this bit will 
clear it

24 TI0 R/W1C 0x0 General Purpose Timer Interrupt 0 (GPTINT0)
This bit is set when the counter in GPTIMER0CTRL 
Register transitions to zero. Writing a one to this bit will 
clear it

23:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 458: USB Command Register (USB_CMD)  (Sheet 4 of 4)

Bits Name Type Reset Description
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19 UPI R/W1C 0x0 USB Host Periodic Interrupt (USBHSTPERINT)
This bit is used by the Host Controller when the cause of an 
interrupt is a completion of a USB transaction where the 
Transfer Descriptor (TD) has an Interrupt On Complete 
(IOC) bit set and the TD was from the periodic schedule.
This bit is also set by the Host Controller when a short 
packet is detected AND the packet is on the periodic 
schedule. A short packet is when the actual number of 
bytes received was less than the expected number of bytes.
This bit is not used in the Device Controller and will always 
be zero.”

18 UPA R/W1C 0x0 USB Host Asynchronous Interrupt 
(USBHSTASYNCINT)
This bit is used by the Host Controller when the cause of an 
interrupt is a completion of a USB transaction where the 
Transfer Descriptor (TD) has an Interrupt On Complete 
(IOC) bit set and the TD was from the asynchronous 
schedule.
This bit is also set by the Host Controller when a short 
packet is detected AND the packet is on the asynchronous 
schedule. A short packet is when the actual number of 
bytes received was less than the expected number of bytes.
This bit is not used in the Device Controller and will always 
be zero.

17 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

16 NAKI RO 0x0 NAK Interrupt Bit
It is set by hardware when for a particular endpoint both the 
EPTN and EPRN field in the ENDPTNAK and the 
corresponding EPTNE and EPRNE field in the 
ENDPTNAKEN are set. This bit is cleared automatically by 
hardware when all the enabled EPTN and EPRN bits are 
cleared.

15 AS RO 0x0 Asynchronous Schedule Status
[host only] This bit reports the current real status of the 
Asynchronous Schedule. When set to zero the 
asynchronous schedule status is disabled and if set to one 
the status is enabled. The Host Controller is not required to 
immediately disable or enable the Asynchronous Schedule 
when software transitions the ASE field in the USB 
Command Register. When this bit and the Asynchronous 
Schedule Enable bit are the same value, the Asynchronous 
Schedule is either enabled (1) or disabled (0).

14 PS RO 0x0 Periodic Schedule Status
[host only] This bit reports the current real status of the 
Periodic Schedule. When set to zero the periodic schedule 
is disabled, and if set to one the status is enabled. The Host 
Controller is not required to immediately disable or enable 
the Periodic Schedule when software transitions the PSE 
field in the USB Command Register. When this bit and the 
PSE field are the same value, the Periodic Schedule is 
either enabled (1) or disabled (0).

Table 459: USB Status Register (USB_STS)  (Sheet 2 of 4)

Bits Name Type Reset Description
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13 RCL RO 0x0 Reclamation
[host only] This is a read-only status bit used to detect an 
empty asynchronous schedule.

12 HCH RO 0x1 HaIted
[host only] This bit is a zero whenever the RS field in the 
USB Command Register is a one. The Host Controller sets 
this bit to one after it has stopped executing because of the 
RS being set to 0, either by software or by the Host 
Controller hardware (e.g. internal error).

11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

10 ULPII R/W1C 0x0 ULPI Interrupt
Used by both Host and Device controller. Only present in 
designs where configuration constant 
VUSB_HS_PHY_ULPI = 1.
When ULPI Viewpoint is present in the design, and event 
completion will set this interrupt. This is used in both 
controllers.

9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

8 SLI R/W1C 0x0 DCSuspend
[device controller only]  When a device controller enters a 

suspend state from an active state, this bit is set to a 
one. The device controller clears the bit upon exiting 
from a suspend state.

7 SRI R/W1C 0x0 SOF Received
Since the Device Controller is initialized to FS before 
connect, this bit is set at an interval of 1 ms during the 
prelude to connect and chirp.
In Host mode, this bit is set every 125 us and can be used 
by the Host Controller driver as a time base.
Software writes a 1 to this bit to clear it.
This is a non-EHCI status bit.
When the device controller detects a Start Of (micro) 
Frame, this bit is set to a one. When a SOF is extremely 
late, the device controller automaticallys set this bit to 
indicate that an SOF was expected. Therefore, this bit is set 
roughly every 1 ms in device FS mode and every 125 ms in 
HS mode and is synchronized to the actual SOF that is 
received.

6 URI R/W1C 0x0 USB Reset Received
[device controller only] When the device controller detects a 
USB Reset and enters the default state, this bit is set to a 
one. Software can write a 1 to this bit to clear the USB 
Reset Received status bit.

5 AAI R/W1C 0x0 Interrupt on Async Advance
[host controller only] System software can force the host 
controller to issue an interrupt the next time the host 
controller advances the asynchronous schedule by writing a 
one to the IAA field in the USB Command Register. This 
status bit indicates the assertion of that interrupt source.

Table 459: USB Status Register (USB_STS)  (Sheet 3 of 4)

Bits Name Type Reset Description
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4 SEI R/W1C 0x0 System Error
This bit is not used and is always set to 0

3 FRI R/W 0x0 Frame List Rollover
[host controller only] The Host Controller sets this bit to a 
one when the Frame List Index rolls over from its maximum 
value to zero. The exact value at which the rollover occurs 
depends on the frame list size. For example. If the frame list 
size (as programmed in the FS field in the USB Command 
Register) is 1024, the USB Frame Index Register rolls over 
every time FRINDEX[13] toggles. Similarly, if the size is 
512, the Host Controller sets this bit to a one every time 
FHINDEX[12] toggles.

2 PCI R/W1C 0x0 Port Change Detect
The Host Controller sets this bit to a one when on any port a 
Connect Status occurs, a Port Enable/Disable Change 
occurs, or the FPR field in the Port Status/Control Register 
is set as the result of a J-K transition on the suspended 
port.
The Device Controller sets this bit to a one when the port 
controller enters the full or high-speed operational state.
When the port controller exits the full or high-speed 
operation states due to Reset or Suspend events, the 
notification mechanisms are the IAA field in the USB 
Command Register and the SLI bits respectively.
This bit is not EHCI compatible.

1 UEI R/W1C 0x0 USB Error Interrupt (USBERRINT)
When completion of a USB transaction results in an error 
condition, this bit is set by the Host/Device Controller. This 
bit is set along with the UI, if the TD on which the error 
interrupt occurred also had its interrupt on complete (IOC) 
bit set.
The device controller detects resume signaling only.

0 UI R/W 0x0 USB Interrupt (USBINT)
This bit is set by the Host/Device Controller when the cause 
of an interrupt is a completion of a USB transaction where 
the Transfer Descriptor (TD) has an interrupt on complete 
(IOC) bit set.
This bit is also set by the Host/Device Controller when a 
short packet is detected. A short packet is when the actual 
number of bytes received was less than the expected 
number of bytes.

Table 459: USB Status Register (USB_STS)  (Sheet 4 of 4)

Bits Name Type Reset Description
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A.20.19 USB Interrupt Enable Register (USB_INTR)

Instance Name Offset
USB_INTR 0x0148

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? 0 0 ? ? ? ? 0 0 ? 0 ? ? ? ? ? 0 ? 0 0 0 0 0 0 0 0 0

Table 460: USB Interrupt Enable Register (USB_INTR)  (Sheet 1 of 3)

Bits Name Type Reset Description

31:26 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

25 TIE1 R/W 0x0 General Purpose Timer Interrupt Enable 1
When this bit is a one, and the GPTINT1 bit in the USBSTS 
Register is a one, the controller will issue an interrupt. This 
interrupt is acknowledged by software clearing the 
GPTINT1 bit.

24 TIE0 R/W 0x0 General Purpose Timer Interrupt Enable 0
When this bit is a one, and the GPTINT0 bit in the USBSTS 
Register is a one, the controller will issue an interrupt. This 
interrupt is acknowledged by software clearing the 
GPTINT0 bit.

23:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

19 UPIE R/W 0x0 USB Host Periodic Interrupt Enable
When this bit is a one, and the USBHSTPERINT bit in the 
USBSTS Register is a one, the host controller will issue an 
interrupt at the next interrupt threshold. The interrupt is 
acknowledged by software clearing the USBHSTPERINT 
bit.

18 UAIE R/W 0x0 USB Host Async Interrupt Enable
When this bit is a one, and the USBHSTASYNCINT bit in 
the USBSTS Register is a one, the host controller will issue 
an interrupt at the next interrupt threshold. The interrupt is 
acknowledged by software clearing the 
USBHSTASYNCINT bit.

17 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

16 NAKE R/W 0x0 NAK Interrupt Enable
This bit is set by software if it must enable the hardware 
interrupt for the NAKI field in the USB Status Register. If 
both this bit and the corresponding NAKI bit are set, a 
hardware interrupt is generated.

15:11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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10 ULPIE R/W 0x0 ULPI Enable
When this bit is a 1, and the ULPI interrupt bit in the 
USBSTS Register transitions, the controller will issue an 
interrupt. The interrupt is acknowledged by software writing 
a one to the ULPI Interrupt bit.
Used by both host and device controllers.

9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

8 SLE R/W 0x0 Sleep Enable
When this bit is set to 1, and the SLI field in the USB Status 
Register transitions, the Device Controller issues an 
interrupt. The interrupt is acknowledged by software writing 
a 1 to the SLI bit.
Used only by the Device Controller.

7 SRE R/W 0x0 SOF Received Enable
When this bit is set to 1, and the SRI field in the USB Status 
Register is set to 1, the Device Controller issues an 
interrupt. The interrupt is acknowledged by software 
clearing the SRI bit.

6 URE R/W 0x0 USB Reset Enable
When this bit is set to 1 and the URI field in the USB Status 
Register is set to 1, the Device Controller issues an 
interrupt. The interrupt is acknowledged by software 
clearing the URI bit.
Used only by the Device Controller.

5 AAE R/W 0x0 Interrupt on Async Advance Enable
When this bit is set to 1, and the AAI field in the USB Status 
Register is set to 1, the Host Controller issues an interrupt.
Used only by the host controller.

4 SEE R/W 0x0 System Error Enable
When this bit is set to 1, and bit SEI field in the USB Status 
Register is set to 1, the Host/Device controller issues an 
interrupt. The interrupt is acknowledged by software 
clearing bit SEI field in the USB Status Register.

3 FRE R/W 0x0 Frame List Rollover Enable
When this bit is set to 1, and the FRI field in the USB Status 
Register bit  is set to 1, the Host Controller issues an 
interrupt. The interrupt is acknowledged by software 
clearing the FRI bit.
Used only by the Host Controller.

2 PCE R/W 0x0 Port Change Detect Enable
When this bit is set to 1, and the PCI field in the USB Status 
Register is set to 1, the Host/Device controller issues an 
interrupt. The interrupt is acknowledged by software 
clearing the PCI bit.

Table 460: USB Interrupt Enable Register (USB_INTR)  (Sheet 2 of 3)

Bits Name Type Reset Description
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A.20.20 USB Frame Index Register (USB_FRINDEX)

1 UEE R/W 0x0 USB Error Interrupt Enable
When this bit is set to 1 and the UEI field in the USB Status 
Register is set to 1, the Host Controller issues an interrupt 
at the next interrupt threshold. The interrupt is 
acknowledged by software clearing the UEI bit.

0 UE R/W 0x0 USB Interrupt Enable
When this bit is set to 1, and the UI field in the USB Status 
Register is set to 1, the Host/Device controller issues an 
interrupt at the next interrupt threshold. The interrupt is 
acknowledged by software clearing the UI bit.

Instance Name Offset
USB_FRINDEX 0x014C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved FRINDEX

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 461: USB Frame Index Register (USB_FRINDEX)  

Bits Name Type Reset Description

31:14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13:0 FRINDEX R/W 0x0 Frame Index
The value in this register increments at the end of each time 
frame (micro-frame). Bits [N:3] are used for the frame list 
current index, meaning that each location of the frame list is 
accessed 8 times (frames or micro-frames) before moving 
to the next index.
The following illustrates values of N based on the value of 
the FS field in the USB Command Register, when used in 
Host mode.
USBCMD [Frame List Size] Number Elements N
0x0 (1024) = 12
0x1 (512) = 11
0x2 (256) = 10
0x3 (128) = 9
0x4 (64) = 8
0x5 (32) = 7
0x6 (16) = 6
0x7 (8) = 5
In Device mode, the value is the current frame number of 
the last frame transmitted. It is not used as an index.
In either mode, bits 2:0 indicate the current microframe.

Table 460: USB Interrupt Enable Register (USB_INTR)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.20.21 Host Controller Frame List Base Address Register 
(HOST_BASEADR)

A.20.22 Device Controller USB Device Address Register 
(DEVICE_USBADR)

Instance Name Offset
HOST_BASEADR 0x0154

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field BASEADR Reserved

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ?

Table 462: Host Controller Frame List Base Address Register (HOST_BASEADR)  

Bits Name Type Reset Description

31:12 BASEADR R/W 0x0 Base Address
These bits correspond to memory address signals [31:12], 
respectively. Used only by the Host Controller.

11:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
DEVICE_USBADR 0x0154

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field USBADR

U
S

B
A

D
R

A

Reserved

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 463: Device Controller USB Device Address Register (DEVICE_USBADR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:25 USBADR R/W 0x0 Device Address
These bits correspond to the USB device address.
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A.20.23 Host Controller Next Asynchronous List Address Register 
(HOST_LISTADR)

24 USBADRA R/W 0x0 Device Address Advance
Hardware automatically clears this bit on the following 
conditions:

1.  IN is ACKed to Endpoint 0. (USBADR is updated from 
staging register).

2.  OUT/SETUP occur to Endpoint 0. (USBADR is not 
updated).

3.  Device Reset occurs (USBADR is reset to 0).

Note: After the status phase of the SET_ADDRESS 
Descriptor, the DCD has 2 ms to program USBADR. 
This mechanism ensures this specification is met 
when the DCD cannot write to the device address 
within 2 ms from the SET_ADDRESS status phase. If 
the DCD writes the USBADR with USBADRA set to 1 
after the SET_ADDRESS data phase (before the 
prime of the status phase), the USBADR is 
programmed instantly at the correct time and meets 
the 2 ms USB requirement.

0x0: Any writes to USBADR are instantaneous

0x1: At the same time or before USBADR is written, the 
write to the USBADR field is staged and held in a 
hidden register. After an IN occurs on endpoint 0 and 
is ACKed, USBADR is loaded from the holding 
register.

23:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
HOST_LISTADR 0x0158

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field ASYBASE Reserved

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? ?

Table 464: Host Controller Next Asynchronous List Address Register (HOST_LISTADR)  

Bits Name Type Reset Description

31:5 ASYBASE R/W 0x0 Link Pointer Low (LPL)
These bits correspond to memory address signals [31:5], 
respectively. This field may only reference a Queue Head 
(OH). Used only by the Host Controller.

4:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 463: Device Controller USB Device Address Register (DEVICE_USBADR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.20.24 Address at Endpoint List in Memory Register 
(DEVICE_LISTMEM)

A.20.25 Programmable Burst Size Register - Host Controller 
(USB_BURSTSIZE)

Instance Name Offset
DEVICE_LISTMEM 0x0158

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field EPBASE Reserved

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ?

Table 465: Address at Endpoint List in Memory Register (DEVICE_LISTMEM)  

Bits Name Type Reset Description

31:11 EPBASE R/W 0x0 Endpoint List Pointer (Low)
These bits correspond to memory address signals [31:11], 
respectively. This field references a list of up to 32 QHs. 
(that is, one queue head per endpoint and direction.)

10:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
USB_BURSTSIZE 0x0160

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved TXPBURST RXPBURST

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0

Table 466: Programmable Burst Size Register - Host Controller (USB_BURSTSIZE)  

Bits Name Type Reset Description

31:17 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

16:8 TXPBURST R/W 0x8 Programmable TX Burst Length
This register represents the maximum length of a the burst 
in 32-bit words while moving data from system memory to 
the USB bus.

7:0 RXPBURST R/W 0x8 Programmable RX Burst Length
This register represents the maximum length of a the burst 
in 32-bit words while moving data from the USB bus to 
system memory.
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A.20.26 Host Performance Tuning Register (USB_TXFILLTUNING)

Instance Name Offset
USB_TXFILLTUNING 0x0164

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved TXFIFOTHRES

R
es

er
ve

d

TXSCHEALTH
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es

er
ve

d

TXSCHOH

Default ? ? ? ? ? ? ? ? ? ? 0 0 0 0 1 0 ? ? ? 0 0 0 0 0 ? 0 0 0 0 0 0 0

Table 467: Host Performance Tuning Register (USB_TXFILLTUNING)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:22 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

21:16 TXFIFOTHRES R/W 0x2 FIFO Burst Threshold
This register controls the number of data bursts that are 
posted to the TX latency FIFO in Host mode before the 
packet begins on to the bus. The minimum value is 2 and 
this value should be as low as possible to maximize USB 
performance. A higher value can be used in systems with 
unpredictable latency and/or insufficient bandwidth where 
the FIFO may underrun because the data transferred from 
the latency FIFO to USB occurs before it can be 
replenished from system memory. This value is ignored if 
the Stream Disable bit is set in the USBMODE register.

15:13 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

12:8 TXSCHEALTH R/W1C 0x0 Scheduler Health Counter
This register increments when the Host Controller fails to fill 
the TX latency FIFO to the level programmed by 
TXFIFOTHRES before running out of time to send the 
packet before the next Start Of Frame.
This health counter measures the number of times this 
occurs to provide feedback to selecting a proper 
TXSCHOH. Writing to this register clears the counter and 
this counter maxes at 31.

7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.20.27 Endpoint NAK Register (USB_ENDPTNAK)

6:0 TXSCHOH R/W 0x0 Scheduler Overhead 
This register adds an additional fixed offset to the schedule 
time estimator described above as Tff. As an 
approximation, the value chosen for this register should 
limit the number of backoff events captured in the 
TXSCHHEALTH to less than 10 per second in a highly 
utilized bus. Choosing a value that is too high for this 
register is not preferred as it can needlessly reduce USB 
utilization.
The time unit represented in this register is 1.267us when a 
device is connected in High-Speed mode for OTG and 
SPH.
The time unit represented in this register is 6.333us when a 
device is connected in Low/Full-Speed mode for OTG and 
SPH.
The time unit represented in this register is always 1.267 
times the MPH product.

Instance Name Offset

USB_ENDPTNAK 0x0178

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field EPTN EPRN

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 468: Endpoint NAK Register (USB_ENDPTNAK)  

Bits Name Type Reset Description

31:16 EPTN R/W1C 0x0 TX Endpoint NAK
Each TX endpoint has 1 bit in this field. The bit is set when 
the device sends a NAK handshake on a received IN token 
for the corresponding endpoint.
Bit 3 - Endpoint #3
Bit 2 - Endpoint #2
Bit 1 - Endpoint #1
Bit 0 - Endpoint #0
All other bits are reserved.

15:0 EPRN R/W1C 0x0 RX Endpoint NAK
Each RX endpoint has 1 bit in this field. The bit is set when 
the device sends a NAK handshake on a received OUT or 
PING token for the corresponding endpoint.
Bit 3 - Endpoint #3
Bit 2 - Endpoint #2
Bit 1 - Endpoint #1
Bit 0 - Endpoint #0
All other bits are reserved.

Table 467: Host Performance Tuning Register (USB_TXFILLTUNING)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.20.28 Endpoint NAK Enable Register (USB_ENDPTNAKEN)

Instance Name Offset
USB_ENDPTNAKEN 0x017C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field EPTNE EPRNE

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 469: Endpoint NAK Enable Register (USB_ENDPTNAKEN)  

Bits Name Type Reset Description

31:16 EPTNE R/W 0x0 TX Endpoint NAK Enable
Each bit is an enable bit for the corresponding EPTN field in 
the ENDPTNAK. If this bit is set and the corresponding 
EPTN bit is set, the NAKI field in the USB Status Register is 
set.
Bit 3 - Endpoint #3
Bit 2 - Endpoint #2
Bit 1 - Endpoint #1
Bit 0 - Endpoint #0
All other bits are reserved.

15:0 EPRNE R/W 0x0 RX Endpoint NAK Enable
Each bit is an enable bit for the corresponding EPRN field in 
the ENDPTNAK. If this bit is set and the corresponding 
EPRN bit is set, the NAKI field in the USB Status Register is 
set.
Bit 3 - Endpoint #3
Bit 2 - Endpoint #2
Bit 1 - Endpoint #1
Bit 0 - Endpoint #0
All other bits are reserved.
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A.20.29 Port Status/Control Register (USB_PORTSC)

Instance Name Offset
USB_PORTSC 0x0184

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PTS
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Default 0 0 ? 0 0 0 ? 0 0 0 0 0 0 0 0 0 0 0 ? 1 0 0 0 0 0 0 0 0 0 0 0 0

Table 470: Port Status/Control Register (USB_PORTSC)  (Sheet 1 of 7)

Bits Name Type Reset Description

31:30 PTS RO 0x0 Parallel Transceiver Select
UTMI/UTMI+
This bit is not defined in the EHCI specification.

29 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

28 PTW RO 0x0 Parallel Transceiver Width
8-bit [60 MHz] UTMI.
This bit is not defined in the EHCI specification.

27:26 PSPD RO 0x0 Port Speed
This register field indicates the speed at which the port is 
operating. For HS mode operation in the Host Controller 
and HS/FS operation in the Device Controller the port 
routing steers data to the protocol engine. For FS and LS 
mode operation in the Host Controller, the port routing 
steers data to the protocol engine w/ Embedded 
Transaction Translator.
This bit is not defined in the EHCI specification.

0x0: Full Speed

0x1: Low Speed

0x2: High Speed

25 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

24 PFSC R/W 0x0 Port Force Full Speed Connect
Writing this bit to a 1b forces the port to only connect at full 
speed. It disables the chirp sequence that allows the port to 
identify itself as high speed, which is useful for testing FS 
configurations with a HS host, hub or device.
This bit is not defined in the EHCI specification.
This bit is used for debugging purposes.
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23 PHCD R/W 0x0 PHCD
PHY Low Power Suspend - Clock Disable (PLPSCD)
Reading this bit indicates the status of the PHY clock.
The PHY clock cannot be disabled if it is being used as the 
system clock.
In Device mode, the PHY can be placed into Low-Power 
Suspend Clock Disable when the device is not running (RS 
field in the USB Command (USBCMD) Register is cleared 
to 0) or the host has signaled the suspend (SUSP field in 
the Port Status/Control (PORTSC) Register is set to 1). Low 
Power Suspend is cleared automatically when the host has 
signaled resume. Before forcing a resume from the device, 
the Device Controller driver must clear this bit.
In Host mode, the PHY can be put into Low Power Suspend 
Clock Disable when the downstream device has been put 
into Suspend mode or when no downstream device is 
connected. Low Power Suspend is completely under the 
control of software.
This bit is not defined in the EHCI specification.

0x0: Enables the PHY clock

0x1: Disables the PHY clock

22 WKOC R/W 0x0 Wake on Disconnect Enable 
Writing this bit to a 1 enables the port to be sensitive to 
over-current conditions as wake-up events. This field is 
zero if PP is zero. This bit is output from the controller as 
signal pwrctl_wake_ovrcurr_en (OTG/host core only) for 
use by an external power control circuit.

21 WKDS R/W 0x0 Wake on Disconnect Enable
Writing this bit to a one enables the port to be sensitive to 
device disconnects as wake-up events.
This field is zero if PP field in the Port Status/Control 
Register is zero or in device mode.
This bit is output from the controller as signal 
pwrctl_wake_cnnt_en (OTG/host core only) for use by an 
external power control circuit.

20 WKCN R/W 0x0 Wake on Connect Enable 
Writing this bit to a one enables the port to be sensitive to 
device connects as wake-up events.
This field is zero if PP field in the Port Status/Control 
(PORTSC) Register is zero or in Device mode.
This bit is output from the controller as signal 
pwrctl_wake_dscnnt_en (OTG/host core only) for use by an 
external power control circuit.

Table 470: Port Status/Control Register (USB_PORTSC)  (Sheet 2 of 7)

Bits Name Type Reset Description
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19:16 PTC R/W 0x0 Port Test Control
The FORCE_ENABLE_FS and FORCE ENABLE_LS are 
extensions to the Test mode support specified in the EHCI 
specification. Writing the PTC field to any of the 
FORCE_ENABLE_{HS/FS/LS} values force the port into 
the connected and enabled state at the selected speed. 
Writing the PTC field back to TEST_MODE_DISABLE 
allows the port state machines to progress normally from 
that point.
Low speed operations are not supported as a peripheral 
device.

0x0: TEST_MODE_DISABLE (Default)

0x1: J_ STATE

0x2: K_STATE

0x3: SE0 (host) / NAK (device)

0x4: Packet

0x5: FORCE_ENABLE_HS

0x6: FORCE_ENABLE_FS

0x7: FORCE_ENABLE_LS

0x8 to 0xF:  Reserved
Any other value than zero indicates that the port is 
operating in Test mode.

15:14 PIC R/W 0x0 Port Indicator Control
Writing to this field has no effect if the PI field in the Host 
Ctrl. Structural Parameters (HCSPARAMS) EHCI 
Compliant with Extensions Register is a zero. If the PI bit is 
a one, then the bit is:
0x0:  Port indicators are off
0x1:  Amber
0x2:  Green
0x3:  Undefined
Refer to the USB Specification Revision 2.0 [3] for a 
description on how these bits are to be used.
This field is output from the controller as signals 
port_ind_ctl_1 and port_ind_ctl_0 for use by an external 
LED driving circuit.

13 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 470: Port Status/Control Register (USB_PORTSC)  (Sheet 3 of 7)

Bits Name Type Reset Description
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12 PP RO 0x1 Port Power 
The function of this bit depends on the value of the PPC 
field in the Host Controller Structural Parameters 
(HCSPARAMS) EHCI Compliant with Extensions Register. 
The behavior is as follows:
PPC PP Operation
0x0 RO -- A Device Controller with no OTG capability does 
not have port power control switches.
0x1 1/0 - RW. Host/OTG Controller requires port power 
control switches. This bit represents the current setting of 
the switch (0=off, 1=on). When power is not available on a 
port (that is, PP equals a 0), the port is non-functional and 
not report attaches, detaches, etc.
When an over-current condition is detected on a powered 
port and PPC is a one, the PP bit in each affected port may 
be transitioned by the Host Controller driver from a one to a 
zero (removing power from the port).
This feature is implemented in the Host/OTG Controller 
(PPC is set to 1).
In a device-only implementation, port power control is not 
necessary, thus PPC and PP is cleared to 0.

11:10 LS RO 0x0 Line Status
These bits reflect the current logical levels of the D+ (bit 11) 
and D- (bit 10) signal lines. The encoding of the bits are:
0x0: SE0
0x1:  K-state
0x2: J-state
0x3: Undefined
In Host mode, the use of linestate by the Host Controller 
driver is not necessary (unlike EHCI), because the port 
controller state machine and the port routing manage the 
connection of LS and FS.
In Device mode, the use of linestate by the Device 
Controller driver is not necessary.

9 HSP RO 0x0 High-Speed Port

Note: HSP is redundant with PSPD field in the Port Status/
Control Register but remains in the design for 
compatibility.

This bit is not defined in the EHCI specification.

0x0: Host/device connected to the port is not in a high-
speed mode.

0x1: Host/device connected to the port is in high-speed 
mode

Table 470: Port Status/Control Register (USB_PORTSC)  (Sheet 4 of 7)

Bits Name Type Reset Description
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8 PR R/W 0x0 Port Reset
This field is zero if PP is zero.
In Host Mode:
When software writes a 1 to this bit the bus-reset sequence 
is started as defined in the USB Specification Revision 2.0. 
This bit automatically changes to zero after the reset 
sequence is complete. This behavior is different from EHCI 
where the Host Controller driver is required to set this bit to 
a zero after the reset duration is timed in the driver.

0x0: Port is not in Reset (Default)

0x1: Port is in Reset

In Device mode: This bit is a read-only status bit. Device 
reset from the USB bus is also indicated in the USB Status 
Register.

7 SUSP R/W 0x0 Suspend
In Host mode:
The PE field in the Port Status/Control Register and 
Suspend bit of this register define the port states as follows:

0xB: Disable

0x2: Enable

0x3: Suspend

When in Suspend state, downstream propagation of data is 
blocked on this port except for port reset. The blocking 
occurs at the end of the current transaction if a transaction 
was in progress when this bit was written to 1. In the 
Suspend state, the port is sensitive to resume detection. 
The bit status does not change until the port is suspended 
and that there may be a delay in suspending a port if a 
transaction currently is in progress on the USB.
The Host Controller sets this bit unconditionally to zero 
when software sets the FPR bit to zero. The Host Controller 
ignores a write of zero to this bit.
If the host software sets this bit to 1 when the port is not 
enabled (that is, PE bit is a zero), the results are undefined.
This field is zero if PP is zero in Host mode.
In Device mode:
In device mode, this bit is a read-only status bit.

0x0: Port not in suspend state (Default)

0x1: Port in suspend state

Table 470: Port Status/Control Register (USB_PORTSC)  (Sheet 5 of 7)

Bits Name Type Reset Description
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6 FPR R/W 0x0 Force Port Resume
In Host mode: Software sets this bit to one to drive resume 
signaling. The Host Controller sets this bit to one if a J-to-K 
transition is detected while the port is in the Suspend state. 
When this bit transitions to a one because a J-to-K 
transition is detected, the PCI field in the USB Status 
Register is also set to one. This bit automatically changes to 
zero after the resume sequence is complete. This behavior 
is different from EHCI where the Host Controller driver is 
required to set this bit to a zero after the resume duration is 
timed in the driver.

Note: When the Host Controller owns the port, the resume 
sequence follows the defined sequence documented 
in the USB Specification Revision 2.0. The resume 
signaling (full-speed K) is driven on the port as long 
as this bit remains a one. This bit remains a one until 
the port has switched to the high-speed idle. Writing 
a zero has no effect because the port controller times 
the resume operation clear the bit the port control 
state switches to HS or FS idle.

This field is zero if PP bit is zero in Host mode.
This bit is not EHCI compatible.
In Device mode:
After the device has been in Suspend state for 5 ms or 
more, software must set this bit to one to drive resume 
signaling before clearing. The Device Controller sets this bit 
to one if a J-to-K transition is detected while the port is in 
the Suspend state. The bit is cleared when the device 
returns to normal operation. Also, when this bit transitions 
to a one because a J-to-K transition detected, the PCI bit is 
also set to one.

0x0: No resume (K-state) detected/driven on port 
(Default)

0x1: Resume detected/driven on port

5 OCC R/W1C 0x0 Overcurrent Change
0x0: Default 
0x1: Change to over-current Active. 
Software clears this bit by writing a 1 to this bit position.
For device-only implementations this bit shall always be 0

4 OCA RO 0x0 Over-current Active
0x0: This port does not have an over-current condition. 

This bit automatically transitions from one to zero 
when the over current condition is removed. 
(Default)

0x1: This port currently has an over-current condition

For device-only implementations this bit shall always be 0.

Table 470: Port Status/Control Register (USB_PORTSC)  (Sheet 6 of 7)

Bits Name Type Reset Description
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3 PEC R/W1C 0x0 Port Enable/Disable Change
In Host mode: For the root hub, this bit gets set to a one 
only when a port is disabled due to disconnect on the port 
or due to the appropriate conditions existing at the EOF2 
point (see Chapter 11 of the USB Specification). Software 
clears this by writing a one to it.
This field is zero if PP is zero.
In Device mode: The device port is always enabled (this bit 
is zero).

0x0: No change (Default)

0x1: Port enabled/disabled status has changed

2 PE R/W 0x0 Port Enabled/Disabled
In Host mode: Ports can only be enabled by the Host 
Controller as a part of the reset and enable. Software 
cannot enable a port by writing a 1 to this field. Ports can be 
disabled by either a fault condition (disconnect event or 
other fault condition) or by the host software. The bit status 
does not change until the port state actually changes. There 
may be a delay in disabling or enabling a port due to other 
Host Controller and bus events.
When the port is disabled, (0b) downstream propagation of 
data is blocked except for reset.
This field is zero if PP is zero in Host mode.
In Device mode: The device port is always enabled (this bit 
is one).

0x0: Disable (Default)

0x1: Enable

1 CSC R/W1C 0x0 Connect Status Change
In Host mode: Indicates a change has occurred in the port 
Current Connect Status. The Host/Device Controller sets 
this bit for all changes to the port-device connect status, 
even if system software has not cleared an existing connect 
status change. For example, the insertion status changes 
twice before system software has cleared the changed 
condition, hub hardware is setting an already-set bit (that is, 
the bit remains set). Software clears this bit by writing a one 
to it.
This field is zero if PP is zero in Host mode.
In Device mode: This bit is undefined in Device Controller 
mode.

0x0: No change (Default)

0x1: Change in Current Connect Status

0 CCS RO 0x0 Current Connect Status
In Host mode: 
0x0:  No device is present/not attached (Default)
0x1:  Device is present/attached on port
In Device mode: 
0x0:  Not Attached (Default)

0x1:  Attached

Table 470: Port Status/Control Register (USB_PORTSC)  (Sheet 7 of 7)

Bits Name Type Reset Description
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A.20.30 OTG Status and Control Register (OTG_ONLY)

Instance Name Offset
OTG_ONLY 0x01A4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Default ? 0 0 0 0 0 0 0 ? 0 0 0 0 0 0 0 ? 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

Table 471: OTG Status and Control Register (OTG_ONLY)  (Sheet 1 of 3)

Bits Name Type Reset Description

31 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

30 DPIE R/W 0x0 Data Pulse Interrupt Enable

29 MSE1 R/W 0x0 1 millisecond Timer Interrupt Enable

28 BSEIE R/W 0x0 B Session End Interrupt Enable
Setting this bit enables the B Session End interrupt.

27 BSVIE R/W 0x0 B Session Valid Interrupt Enable
Setting this bit enables the B Session Valid interrupt.

26 ASVIE R/W 0x0 A Session Valid Interrupt Enable
Setting this bit enables the A Session Valid interrupt.

25 AVVIE R/W 0x0 A VBus Valid Interrupt Enable
Setting this bit enables the A VBus Valid interrupt.

24 IDIE R/W 0x0 USB ID Interrupt Enable
Setting this bit enables the USB ID interrupt.

23 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

22 DPIS R/W1C 0x0 Data Pulse Interrupt Status
This bit is set when data bus pulsing occurs on DP or DM. 
Data bus pulsing is detected only when the CM field in the 
USB Device Mode Register is set to Host (0x3) and the PP 
field in the Port Status/Control Register = Off (0).
Software must write a 1 to clear this bit.

21 MSS1 R/W1C 0x0 1 millisecond Timer Interrupt Status
This bit is set once every millisecond.
Software must write a 1 to clear this bit.

20 BSEIS R/W1C 0x0 B Session End Interrupt Status
This bit is set when VBus has fallen below the B session 
end threshold.
Software must write a 1 to clear this bit

19 BSVIS R/W1C 0x0 B Session Valid Interrupt Status
This bit is set when VBus has either risen above or fallen 
below the B session valid threshold (0.8 VDC).
Software must write a 1 to clear this bit.
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18 ASVIS R/W1C 0x0 A Session Valid Interrupt Status
This bit is set when VBus has either risen above or fallen 
below the A session valid threshold (0.8 VDC).
Software must write a 1 to clear this bit.

17 AVVIS R/W1C 0x0 A VBus Valid Interrupt Status
This bit is set when VBus has either risen above or fallen 
below the VBus valid threshold (4.4 VDC) on an A device.
Software must write a 1 to clear this bit.

16 IDIS R/W1C 0x0 USB ID Interrupt Status
This bit is set when a change on the ID input has been 
detected.
Software must write a 1 to clear this bit.

15 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

14 DPS RO 0x0 Data Bus Pulsing Status
A 1 indicates data bus pulsing is being detected on the port.

13 MST1 RO 0x0 1 millisecond Timer Toggle
This bit toggles once per millisecond.

12 BSE RO 0x0 B Session End
Indicates VBus is below the B session end threshold.

11 BSV RO 0x0 B Session Valid
Indicates VBus is above the B session valid threshold.

10 ASV RO 0x0 A Session Valid
Indicates VBus is above the A session valid threshold.

9 AVV RO 0x0 A VBus Valid
Indicates VBus is above the A VBus valid threshold.

8 ID RO 0x0 USB ID

0x0: A device

0x1: B device

7 HABA R/W 0x0 Hardware Assist B-Disconnect to A-Connect
0x0: Disabled

0x1: Enable automatic B-disconnect to A-connect 
sequence

6 HADP R/W 0x0 Hardware Assist Data Pulse (write to set)
0x1: Start Data Pulse Sequence

5 IDPU R/W 0x1 ID Pullup
This bit provides control over the ID Pullup Register.
When this bit is 0, the ID input is not sampled.

0x0: Off

0x1: On (Default)

4 DP R/W 0x0 Data Pulsing
Setting this bit causes the pullup on DP to be asserted for 
data pulsing during SRP.

Table 471: OTG Status and Control Register (OTG_ONLY)  (Sheet 2 of 3)

Bits Name Type Reset Description
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A.20.31 USB Device Mode Register (USB_MODE)

3 OT R/W 0x0 OTG Termination
This bit must be set when the OTG device is in Device 
mode; this controls the pulldown on DM.

2 HAAR R/W 0x0 Hardware Assist Auto-Reset
0x0: Disabled

0x1: Enable automatic reset after connect on host port

1 VC R/W 0x0 VBUS Charge
Setting this bit causes the VBus line to be charged, and is 
used for VBus pulsing during SRP.

0 VD R/W 0x0 VBUS Discharge
Setting this bit causes VBus to discharge through a resistor.

Instance Name Offset
USB_MODE 0x01A8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

V
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D

IS

S
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M

ES CM

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0

Table 472: USB Device Mode Register (USB_MODE)  (Sheet 1 of 3)

Bits Name Type Reset Description

31:6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5 VBPS R/W 0x0 VBus Power Select
This bit is connected to the vbus_pwr_select output and can 
be used by any generic control but is named to be used by 
logic that selects between an on-chip VBus power source 
(charge pump)and an off-chip source in systems when both 
are available.”

Table 471: OTG Status and Control Register (OTG_ONLY)  (Sheet 3 of 3)

Bits Name Type Reset Description
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4 SDIS R/W 0x0 Stream Disable Mode
Device mode: Setting to a 1 disables double priming on 
both RX and TX for low bandwidth systems. This mode 
ensures that when the RX and TX buffers are sufficient to 
contain an entire packet, that the standard double buffering 
scheme is disabled to prevent overruns/underruns in 
bandwidth limited systems.

Note: In High Speed mode, all packets received are 
responded to with a NYET handshake when stream 
disable is active.

Host mode: Setting to a 1 ensures that overruns/underruns 
of the latency FIFO are eliminated for low bandwidth 
systems where the RX and TX buffers are sufficient to 
contain the entire packet. Enabling stream disable also has 
the effect of ensuring the TX latency is filled to capacity 
before the packet is launched onto the USB.

Note: Time duration to pre-fill the FIFO becomes significant 
when stream disable is active. See TXFILLTUNING 
and TXTTFILLTUNING [MPH Only] to characterize 
the adjustments needed for the scheduler when 
using this feature. The use of this feature 
substantially limits the overall USB performance that 
can be achieved.

0x0: Inactive (Default)

0x1: Active

3 SLOM R/W 0x0 Setup Lockout Mode
In Device mode, this bit controls behavior of the setup lock 
mechanism. See Control Endpoint Operation Model.

0x0: Setup Lockouts On (Default)

0x1: Setup Lockouts Off (DCD requires use of Setup Data 
Buffer Tripwire in USBCMD)

2 ES R/W 0x0 Endian Select
This bit can change the byte ordering of the transfer buffers 
to match the host microprocessor bus architecture. The bit 
fields in the microprocessor interface and the DMA data 
structures (including the setup buffer within the device QH) 
are unaffected by the value of this bit, because they are 
based upon 32-bit words.

0x0: Little Endian - first byte referenced in least significant 
byte of 32-bit word (Default)

0x1: Big Endian - first byte referenced in most significant 
byte of 32-bit word

Table 472: USB Device Mode Register (USB_MODE)  (Sheet 2 of 3)

Bits Name Type Reset Description
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1:0 CM R/W 0x0 Controller Mode
Controller mode is defaulted to the proper mode for host 
only and device only implementations. For those designs 
that contain both host and device capability, the controller 
defaults to an Idle state and must be initialized to the 
preferred operating mode after reset. For combination Host/
Device controllers, this register can only be written once 
after reset. If it is necessary to switch modes, software must 
reset the controller by writing to the RST field in the USB 
Command Register before reprogramming this register.

0x0: Idle (Default)

0x1: Reserved

0x2: Device Controller

0x3: Host Controller

Table 472: USB Device Mode Register (USB_MODE)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.20.32 Endpoint Setup Status Register (USB_ENDPTSETUPSTAT)

A.20.33 Endpoint Initialization Register (USB_ENDPTPRIME)

Instance Name Offset
USB_ENDPTSETUPSTAT 0x01AC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

E
N
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P
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T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 473: Endpoint Setup Status Register (USB_ENDPTSETUPSTAT)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 ENDPTSETUPSTAT R/W1C 0x0 Setup Endpoint Status
For every setup transaction that is received, a 
corresponding bit in this register is set to 1. Software must 
clear or acknowledge the setup transfer by writing a 1 to a 
respective bit after it has read the setup data from Queue 
head. The response to a setup packet as in the order of 
operations and total response time is crucial to limit bus 
time outs while the setup lock our mechanism is engaged. 
See Managing Endpoints in the Device Operational Mode.
This register is only used in Device mode.

Instance Name Offset

USB_ENDPTPRIME 0x01B0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved PETB Reserved PERB

Default ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 474: Endpoint Initialization Register (USB_ENDPTPRIME)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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19:16 PETB R1/W1S 0x0 Prime Endpoint Transmit Buffer
For each endpoint a corresponding bit is used to request 
that a buffer prepare for a Transmit operation to respond to 
a USB IN/INTERRUPT transaction. Software should write a 
1 to the corresponding bit when posting a new transfer 
Descriptor to an endpoint. Hardware automatically uses this 
bit to begin parsing for a new transfer Descriptor from the 
queue head and prepare a Transmit buffer.

Note: Hardware clears this bit when the associated 
endpoint(s) is (are) successfully primed.

These bits are momentarily set by hardware during 
hardware re-priming operations when a dTD is retired, and 
the dQH is updated.
PETB[3] - Endpoint #3
PETB[2] - Endpoint #2
PETB[1] - Endpoint #1
PETB[0] - Endpoint #0

15:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 PERB R1/W1S 0x0 Prime Endpoint Receive Buffer
For each endpoint, a corresponding bit is used to request a 
buffer prepare for a Receive operation for when a USB host 
initiates a USB OUT transaction. Software should write a 1 
to the corresponding bit whenever posting a new transfer 
Descriptor to an endpoint. Hardware automatically uses this 
bit to begin parsing for a new transfer Descriptor from the 
queue head and prepare a Receive buffer. 

Note: Hardware clears this bit when the associated 
endpoint(s) is (are) successfully primed.

These bits are momentarily set by hardware during 
hardware re-priming operations when a dTD is retired, and 
the dQH is updated.
Bit 3 - Endpoint #3
Bit 2 - Endpoint #2
Bit 1 - Endpoint #1
Bit 0 - Endpoint #0

Table 474: Endpoint Initialization Register (USB_ENDPTPRIME)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.20.34 Endpoint De-Initialize Register (USB_ENDPTFLUSH)

Instance Name Offset
USB_ENDPTFLUSH 0x01B4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved FETB Reserved FERB

Default ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 475: Endpoint De-Initialize Register (USB_ENDPTFLUSH)  

Bits Name Type Reset Description

31:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

19:16 FETB R1/W1S 0x0 Flush Endpoint Transmit Buffer
Writing a one to a bit(s) in this register causes the 
associated endpoint(s) to clear any primed buffers. If a 
packet is in progress for one of the associated endpoints, 
then that transfer continues until completion. 

Note: Hardware clears this register after the endpoint flush 
operation is successful.

FETB[3] - Endpoint #3
FETB[2] - Endpoint #2
FETB[1] - Endpoint #1
FETB[0] - Endpoint #0

15:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 FERB R1/W1S 0x0 Flush Endpoint Receive Buffer
Writing a one to a bit(s) causes the associated endpoint(s) 
to clear any primed buffers. If a packet is in progress for one 
of the associated endpoints, then that transfer continues 
until completion. 

Note: Hardware clears this register after the endpoint flush 
operation is successful.

Bit 3 - Endpoint #3
Bit 2 - Endpoint #2
Bit 1 - Endpoint #1
Bit 0 - Endpoint #0
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A.20.35 Endpoint STAT Register (USB_ENDPTSTAT)

Instance Name Offset
USB_ENDPTSTAT 0x01B8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ETBR Reserved ERBR

Default ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 476: Endpoint STAT Register (USB_ENDPTSTAT)  

Bits Name Type Reset Description

31:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

19:16 ETBR RO 0x0 Endpoint Transmit Buffer Ready
One bit for each endpoint indicates status of the respective 
endpoint buffer. This bit is set to a one by the hardware as a 
response to receiving a command from a corresponding bit 
in the Endpoint Initialization Register. There is always a 
delay between setting a bit in the Endpoint Initialization 
Register and endpoint indicating "ready." This delay time 
varies based upon the current USB traffic and the number 
of bits set in the Endpoint Initialization Register. Buffer 
ready is cleared by USB reset, by the USB DMA system, or 
through the ENDPTFLUSH register.

Note: These bits are momentarily cleared by hardware 
during hardware endpoint re-priming operations 
when a dTD is retired, and the dQH is updated.

ETBR[3] - Endpoint #3
ETBR[2] - Endpoint #2
ETBR[1] - Endpoint #1
ETBR[0] - Endpoint #0

15:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 ERBR RO 0x0 Endpoint Receive Buffer Ready
One bit for each endpoint indicates status of the respective 
endpoint buffer. This bit is set to a 1 by the hardware in 
response to receiving a command from a corresponding bit 
in the Endpoint Initialization Register. There is always a 
delay between setting a bit in the Endpoint Initialization 
Register and endpoint indicating "ready." This delay time 
varies based upon the current USB traffic and the number 
of bits set in the Endpoint Initialization Register. Buffer 
ready is cleared by USB reset, by the USB DMA system, or 
through the ENDPTFLUSH register.

Note: These bits are momentarily cleared by hardware 
during hardware endpoint re-priming operations 
when a dTD is retired, and the dQH is updated.

ERBR[3] - Endpoint #3
ERBR[2] - Endpoint #2
ERBR[1] - Endpoint #1
ERBR[0] - Endpoint #0
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A.20.36 Endpoint Complete Register (USB_ENDPTCOMPLETE)

Instance Name Offset
USB_ENDPTCOMPLETE 0x01BC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ETCE Reserved ERCE

Default ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 477: Endpoint Complete Register (USB_ENDPTCOMPLETE)  

Bits Name Type Reset Description

31:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

19:16 ETCE R/W1C 0x0 Endpoint Transmit Complete Event
Each bit indicates a Transmit event (IN/INTERRUPT) 
occurred and software should read the corresponding 
endpoint queue to determine the endpoint status. If the 
corresponding IOC bit is set in the Transfer Descriptor, then 
this bit is set simultaneously with the USBINT. Writing a one 
clears the corresponding bit in this register.
ETCE[3] - Endpoint #3
ETCE[2] - Endpoint #2
ETCE[1] - Endpoint #1
ETCE[0] - Endpoint #0

15:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 ERCE R/W1C 0x0 Endpoint Receive Complete Event
Each bit indicates a Received event (OUT/SETUP) 
occurred and software should read the corresponding 
endpoint queue to determine the transfer status. If the 
corresponding IOC bit is set in the Transfer Descriptor, then 
this bit is set simultaneously with the USBINT. Writing a one 
clears the corresponding bit in this register.
ERCE[3] - Endpoint #3
ERCE[2] - Endpoint #2
ERCE[1] - Endpoint #1
ERCE[0] - Endpoint #0
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A.20.37 Endpoint Control 0 Register (USB_ENDPTCTRL0)

Instance Name Offset
USB_ENDPTCTRL0 0x01C0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? 1 ? ? ? 0 0 ? 0 ? ? ? ? ? ? ? ? 1 ? ? ? 0 0 ? 0

Table 478: Endpoint Control 0 Register (USB_ENDPTCTRL0)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23 TXE RO 0x1 TX Endpoint Enable
Endpoint0 is always enabled.

0x1: Enabled

22:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

19:18 TXT R/W 0x0 TX Endpoint Type
Endpoint0 is fixed as a Control End Point.

0x0: Control

17 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

16 TXS R/W 0x0 TX Endpoint Stall
Software can write a 1 to this bit to force the endpoint to 
return a STALL handshake to the Host. It continues 
returning STALL until the bit is cleared by software or it is 
cleared automatically upon receipt of a new SETUP 
request.
After receiving a SETUP request, this bit will continue to be 
cleared by hardware until the associated 
ENDPTSETUPSTAT bit is cleared.

Note: There is a slight delay (50 clocks max) between the 
ENDPTSETUPSTAT being cleared and hardware 
continuing to clear this bit. In most systems it is 
unlikely the DCD software will observe this delay. 
However, should the DCD observe that the stall bit is 
not set after writing a 1 to it then follow this 
procedure: continually write this stall bit until a new 
setup has been received by checking the associated 
ENDPTSETUPSTAT bit.

0x0: End Point OK (Default)

0x1: End Point Stalled

15:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 RXE RO 0x1 RX Endpoint Enable
Endpoint0 is always enabled.

0x1: Enabled

6:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.20.38 Endpoint Control 1 to Endpoint Control 3 Registers 
(USB_ENDPTCTRL1_ENDPTCTRL3)

3:2 RXT R/W 0x0 RX Endpoint Type
Endpoint0 is fixed as a Control Endpoint.

0x0: Control

1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 RXS R/W 0x0 RX Endpoint Stall
Software can write a 1 to this bit to force the endpoint to 
return a STALL handshake to the Host. It continues 
returning STALL until the bit is cleared by software or it is 
automatically cleared upon receipt of a new SETUP 
request.
After receiving a SETUP request, this bit will continue to be 
cleared by hardware until the associated 
ENDPTSETUPSTAT bit is cleared.

Note: There is a slight delay (50 clocks max) between the 
ENDPTSETUPSTAT being cleared and hardware 
continuing to clear this bit. In most systems it is 
unlikely the DCD software will observe this delay. 
However, should the DCD observe that the stall bit is 
not set after writing a 1 to it then follow this 
procedure: continually write this stall bit until a new 
setup has been received by checking the associated 
ENDPTSETUPSTAT bit.

0x0: End Point OK. (Default)

0x1: End Point Stalled

Instance Name Offset
USB_ENDPTCTRL1 0x01C4

USB_ENDPTCTRL2 0x01C8

USB_ENDPTCTRL3 0x01CC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

T
X

E

T
X

R
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X

I

R
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d

TXT

T
X

D

T
X

S

Reserved

R
X

E

R
X

R

R
X

I

R
es

er
ve

d

RXT

R
X

D

R
X

S

Default ? ? ? ? ? ? ? ? 0 0 0 ? 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 ? 0 0 0 0

Table 479: Endpoint Control 1 to Endpoint Control 3 Registers (USB_ENDPTCTRL1_ENDPTCTRL3)  
(Sheet 1 of 3)

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 478: Endpoint Control 0 Register (USB_ENDPTCTRL0)  (Sheet 2 of 2)

Bits Name Type Reset Description
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23 TXE R/W 0x0 TX Endpoint Enable
An endpoint should be enabled only after it has been 
configured.

0x0: Disabled (Default)

0x1: Enabled

22 TXR R/W 0x0 TX Data Toggle Reset (WS)
Write 1 Reset PID Sequence
Whenever a configuration event is received for this 
endpoint, software must write a 1 to this bit to synchronize 
the data PIDs between the Host and device.

21 TXI R/W 0x0 TX Data Toggle Inhibit
This bit is only used for test and should always be written as 
0. Writing a 1 to this bit causes this endpoint to ignore the 
data toggle sequence and always transmit DATA0 for a 
data packet.

0x0: PID Sequencing Enabled (Default)

0x1: PID Sequencing Disabled

20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

19:18 TXT R/W 0x0 TX Endpoint Type
0x0: Control

0x1: Isochronous

0x2: Bulk

0x3: Interrupt

17 TXD R/W 0x0 TX Endpoint Data Source
Should always be written as 0.

0x0: Dual Port Memory Buffer/DMA Engine (Default)

16 TXS R/W 0x0 TX Endpoint Stall
This bit is set automatically upon receipt of a SETUP 
request if this Endpoint is not configured as a Control 
Endpoint. It is cleared automatically upon receipt of a 
SETUP request if this Endpoint is configured as a Control 
Endpoint.
Software can write a 1 to this bit to force the endpoint to 
return a STALL handshake to the Host. It continues to 
returning STALL until this bit is either cleared by software or 
automatically cleared as above.

0x0: End Point OK

0x1: End Point Stalled

15:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 RXE R/W 0x0 RX Endpoint Enable
An endpoint should be enabled only after it has been 
configured.

0x0: Disabled (Default)

0x1: Enabled

Table 479: Endpoint Control 1 to Endpoint Control 3 Registers (USB_ENDPTCTRL1_ENDPTCTRL3)  
(Sheet 2 of 3)

Bits Name Type Reset Description
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6 RXR R/W 0x0 RX Data Toggle Reset (WS) Write
Whenever a configuration event is received for this 
endpoint, software must write a 1 to this bit to synchronize 
the data PIDs between the host and device.

0x1: Reset PID Sequence

5 RXI R/W 0x0 RX Data Toggle Inhibit
This bit is used only for test and should always be written as 
0. Writing a 1 to this bit causes this endpoint to ignore the 
data toggle sequence and always accept data packet 
regardless of their data PID.

0x0: Disabled (Default)

0x1: Enabled

4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:2 RXT R/W 0x0 RX Endpoint Type
0x0: Control

0x1: Isochronous

0xA: Bulk

0xB: Reserved

1 RXD R/W 0x0 RX Endpoint Data Sink (TBD)
Should always be written as 0.

0x0: Dual Port Memory Buffer/DMA Engine (Default)

0 RXS R/W 0x0 RX Endpoint Stall
This bit is set automatically upon receipt of a SETUP 
request if this endpoint is not configured as a Control 
endpoint. It is cleared automatically upon receipt a SETUP 
request if this endpoint is configured as a Control endpoint.

Note: This bit will continue to be cleared by hardware until 
the associated ENDPTSETUPSTAT bit is cleared.

Software can write a 1 to this bit to force the endpoint to 
return a STALL handshake to the Host. It continues to 
returning STALL until this bit is either cleared by software or 
automatically cleared as above.

0x0: End Point OK (Default)

0x1: End Point Stalled

Table 479: Endpoint Control 1 to Endpoint Control 3 Registers (USB_ENDPTCTRL1_ENDPTCTRL3)  
(Sheet 3 of 3)

Bits Name Type Reset Description
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A.21 USB PHY
Base Address: OTG PHY: 0xD420_7000

Base Address: Host PHY: 0xD420_6000

Note

Note For details on USB PHY Registers refer to the ARMADA 16x Applications Processor Family  USB 
2.0 PHY Calibration and Compliance Guidelines Application Note

                         

                                                                                                                                                                                                                                                                                   

A.21.1 USB PHY Revision (UTMI_Revision)
                         

Table 480: USB PHY Register Summary

Offset Name Descript ion Detai ls

0x0000 UTMI_REVISION USB PHY Revision  Page: A-480

0x0004 UTMI_CTRL USB PHY Control Register Page: A-480

0x0008 UTMI_PLL PLL Register  Page: A-481

0x000C UTMI_TX Tx Register Page: A-482

0x0010 UTMI_RX Rx Register Page: A-484

0x0014 UTMI_IVREF IVREF Register Page: A-486

0x0018 UTMI_TEST_GRP_0 Test Group 0 Register Page: A-487

0x001C UTMI_TEST_GRP_1 Test Group 1 Register Page: A-490

0x0020 UTMI_TEST_GRP_2 Test Group 2 Register  Page: A-491

0x0024 UTMI_TEST_GRP_3 Test Group 3 Register Page: A-491

0x0028 UTMI_TEST_GRP_4 Test Group 4 Register Page: A-492

0x002C UTMI_TEST_GRP_5 Test Group 5 Register Page: A-493

0x0030 UTMI_RESERVE Reserve Register Page: A-493

0x0034 UTMI_USB_INT USB Interrupt Register Page: A-494

0x0038 UTMI_DBG_CTL Debug Control Register Page: A-495

0x003C UTMI_OTG_ADDON OTG Addon Register Page: A-495

Instance Name Offset

UTMI_Revision 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PHY_REV CORE_REV

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1
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A.21.2 USB PHY Control Register (UTMI_CNTRL)
                                                                                                                             

A.21.3 PLL Register (UTMI_PLL)
                         

Table 481: USB PHY Revision (UTMI_Revision)  

Bits Name Type Reset Description

31:16 PHY_REV RO 0x0 PHY_REV
USB PHY Revision. 

15:0 CORE_REV RO 0x803 CORE_REV
USB Core Revision

Instance Name Offset

UTMI_CNTRL 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SetAlways

R
es

er
ve

d

P
U

_L
LL

P
U

Default 1 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 ? ? 0 0

Table 482: USB PHY Control Register (UTMI_CNTRL) 

Bits Name Type Reset Description

31:4 SetAlways SetAlways 0xB200940 SetAlways 
Must be programmed with the default value

3:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 PU_PLL R/W 0x0 PLL Power Up 
0x0:  Disable
0x1:  Enable

0 PU R/W 0x0 Power Up the PHY. 
0x0:  power down; 
0x1:  powerup. 
Software must also turn on OTG addon part with 
OTG_ADDON[0] for USBOTG

Instance Name Offset

UTMI_PLL 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

P
LL
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D

D
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D
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12

P
LL

C
A
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C
LK

_B
LK

_E
N

P
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_R
E

A
D
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K
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C
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_E
X
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A
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S
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T

R
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d

LO
C

K
E

D
E

L_
IS

E
L

K
V

C
O

IC
P FBDIV REFDOV

Default ? 0 1 0 1 0 1 0 0 0 0 ? ? 0 0 1 1 0 1 0 0 1 1 1 0 1 1 0 1 0 0 0
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Table 483: PLL Register (UTMI_PLL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

30:29 PLLVDD18 R/W 0x1 PLL 1.8v regulator output voltage control.
0x0:  1.9v
0x1:   2.0v
0x2:   2.1v
0x3:   2.2v

28:27 PLLVDD12 R/W 0x1 PLL 1.2v(1.0v) regulator output voltage control 
0x0:   VDD 
0x1:   1.0v(default)
0x2:   1.1v
0x3:   1.2v 

26:25 PLLCALI12 R/W 0x1 PLL VCO calibration voltage
0x0:   VDDv
0x1:   0.9v
0x2:   1.0v
0x3:   1.1v

24 CLK_BLK_EN R/W 0x0 CLK Block Enable
480 MHz clock block enable to avoid overshooting 
0x0:  When lock detect and KVCO calibration done, send 
the clock out
0x1:  Always send out the clock

23 PLL_READY RO 0x0 PLL READY
0x0:   USB clock is not stable
0x1:   USB clock is stable

22 KVCO_EXT R/W 0x0 KVCO EXT
0x0:   Select calibration KVCO
0x1:   Select register control KVCO

21 VCOCAL_START R/W 0x0 VCOCAL START
Control KVCO calibration for PLL, every 0->1->0 transition 
will start VCO Calibration.
0x0:  Default
0x1:  Start Auto-calibration

20:19 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

18 LOCKDET_ISEL R/W 0x0 Lock Detect Select
Adjusts phase-offset tolerence of the PLL phase lock 
detector circuit.
0x0:  1.25uA
0x1:  2.5uA

17:15 KVCO R/W 0x3 PLL KVCO control.
0x0:   High KVCO
0x7:   Low KVCO
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A.21.4 Tx Register (UTMI_TX)
                         

14:12 ICP R/W 0x2 PLL charge-pump current select
0x2:  15uA 
0x3:  20uA
0x4:   25uA
All other values reserved

11:4 FBDIV R/W 0x76 Feedback clock divider select
FBDIV[7:0] N Divider (N+2)
0x5E: 96
0x76: 120
0x94: 150
0x9E: 160
0xEE: 240
NOTE: Recommended value for this field is 0xEE

3:0 REFDIV R/W 0x8 Reference clock divider select 
REFDIV [3:0] M divider (M+2)
0x3: 5
0x4: 6
0x7: 9
0x8: 10
0x9: 11
0xA: 12
0xB: 13
NOTE: Recommended value for this field is 0xB

Instance Name Offset

UTMI_TX 0x000C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Setalways
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Setalways
AMP

Default 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 ? 0 1 1 1 1 1 1 0 0 0 0 1 1

Table 484: Tx Register (UTMI_TX) (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 SetAlways SetAlways 0x41 SetAlways 
Must be programmed with the default value

Table 483: PLL Register (UTMI_PLL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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23:22 TXVDD12 R/W 0x1 Change TX regulator voltage.
0x0: VDD
0x1: 1.0V
0x2: 1.1V
0x3: 1.2V

21 TXDATA_BLOCK_E
N

R/W 0x0 TXDATA Block Enable
0x0: 32 SYNC. Bit Length
0x1: Change SYNC Bit Length.

20:17 CK60_PHSEL R/W 0x0 Adjust the Tx 60 MHz Clock Timing

16:14 IMPCAL_VTH R/W 0x4 Impedance calibration threshold setting.
Vth[2:0] Imp.
0x0: 900/16 = 56 ohms
0x1: 900/17 = 53 ohms
0x4: 900/20 = 45 ohms 
0x7: 900/23 = 39 ohms

13 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

12  RCAL_START R/W 0x0 Auto impedance Calibration Enable
0x0: Default
0x1: Start Auto Calibration 
NOTE: Every 0 to 1 to 0 transition will force the impedance 

calibration circuit to restart

11 LOWVDD_EN R/W 0x1 LOW VDD Enable
The design supports low regulator voltage for HS drive, 
When the regulator voltage for HS drive is low, the driver 
requires larger device. 
0x0: 1.2v
0x1: 1.0v

10:3 SetAlways SetAlways 0xF8 SetAlways 
Must be programmed with the default value

2:0 AMP R/W 0x3 TX output driver amplitude control.
AMP[2:0] I(total) Amplitude
0x0: 12.6mA 283.5mv
0x1: 14.4mA 324.0mv
0x2: 16.2mA 364.5mv
0x3: 18.0mA 405.0mv
0x4: 19.8mA 445.5mv
0x5: 21.6mA 486.0mv
0x6: 23.4mA 526.5mv
0x7: 25.2mA 567.0mv

Table 484: Tx Register (UTMI_TX) (Sheet 2 of 2)

Bits Name Type Reset Description
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A.21.5 Rx Register (UTMI_RX)
Instance Name Offset

UTMI_RX 0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Setalways
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F

INTPI

Default 0 1 1 1 0 0 1 1 0 0 0 1 1 1 0 0 1 0 0 0 0 0 1 0 0 1 1 1 0 0 0 1

Table 485: Rx Register (UTMI_RX) (Sheet 1 of 2)

Bits Name Type Reset Description

31:20 SetAlways SetAlways 0xE31 SetAlways 
Must be programmed with the default value

19  USQ_LENGTH R/W 0x1 USQ LENGTH
Set the length of USQ needs to be been before jump to 
USQ state. 
0x0: 2 
0x1: 4

18:17  ACQ_LENGTH R/W 0x2 ACQ LENGTH
Delay control from ST3 to ST4 for the CDR settling.
0x0: 8 clock cycle (480MHz)
0x1: 12 clock cycle
0x2: 16 clock cycle
0x3: 20 clock cycle

16:15  SQ_LENGTH R/W 0x1 Squelch Length
Defines the condition for the FSM jump from ST1 to ST2.
0x0: Continuous 3 squelch high
0x1: Continuous 6 squelch high
0x2: Continuous 9 squelch high
0x3: Continuous 12 squelch high

14:13 DLL_SEL R/W 0x0 DLL speed select
0x0: lowest speed
0x3: highest speed.

12:10 CAP_SEL R/W 0x0 CAP Select
Control the loading on the interpolator output nodes to 
adjust the interpolator linearity.
0x0: lowest cap loading
0x7: highest cap loading
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9:8 DISCON_THRESH R/W 0x2 Host disconnect detector threshold select.
Thresh[1:0] VL VH (mv)
0x0: 222.5 252.5
0x1: 232.5 262.5
0x2: 242.5 272.5
0x3: 252.5 282.5

7:4 SQ_THRESH R/W 0x7 RX Squelch threshold Control
Th[3:0] vos v100h v150h vosl vosh(mv)
0x0: 480 640 652.5 160 172.5
0x2: 450 600 612.5 150 162.5
0x4: 420 560 572.5 140 152.5
0x6: 390 520 532.5 130 142.5
0x8: 360 480 492.5 120 132.5
0xA: 330 440 452.5 110 122.5
0xC: 300 400 412.5 100 112.5
0xE: 270 360 372.5 90 102.5
0x1: 320 480 492.5 160 172.5
0x3: 300 450 462.5 150 162.5
0x5: 280 420 432.5 140 152.5
0x7: 260 390 402.5 130 142.5
.
0xD: 200 300 312.5 100 112.5
0xF: 180 270 282.5 90 102.5

3:2 LPF_COEF R/W 0x0 Up-Down counter coefficient select.
0x0: 1/8
0x1: 1/4
0x2: 1/2
0x3: 1/1

1:0 INTPI R/W 0x1 Interpolator current select.
0x0: 10uA
0x1: 20uA
0x2: 30uA
0x3: 40uA

Table 485: Rx Register (UTMI_RX) (Sheet 2 of 2)

Bits Name Type Reset Description
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A.21.6  IVREF Register (UTMI_IVREF)  
                         

Instance Name Offset

UTMI_IVREF 0x0014

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

S
Q

_C
M

_S
E

L

R
es

er
ve

d

R
X

V
D

D
12

FSDRV_EN

IM
P

_C
A

L_
D

LY

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? ? 0 1 1 1 1 1 1 0

Table 486: IVREF Register (UTMI_IVREF)  

Bits Name Type Reset Description

31:11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

10 SQ_CM_SEL R/W 0x0 Squelch Select
Squelch & un-squelch threshold common mode Voltage 
move down 120mv~240mv When = 1 

9:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:6 RXVDD12 R/W 0x1 RX regulator output voltage control
0x0: VDD
0x1: 1.0v
0x2: 1.1v
0x3: 1.2v

5:2 FSDRV_EN R/W 0xF FS Driver Enable
The whole FS driver include 12 programmable
Driver cell and 17 calibration driver cell.
0x1: 3 programmable cell on
0x3: 6 programmable cell on
0x7: 9 programmable cell on
0x7: 12 programmable cell on 

1:0  IMP_CAL_DLY R/W 0x2 Impedance Calibration Delay
The Delay between FS and HS impedance. Calibration.
0x0: no delay
0x1: delay 1 bit
0x2: delay 2 bit
0x3: delay 3 bit
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A.21.7 Test Group 0 Register (UTMI_TEST_GRP_0)
                         

Instance Name Offset

UTMI_TEST_GRP_0 0x0018

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Default 0 0 ? 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0

Table 487: Test Group 0 Register (UTMI_TEST_GRP_0) (Sheet 1 of 3)

Bits Name Type Reset Description

31  FIFO_OV RO -- Flag for HS RX FIFO Overflow indicator

30  FIFO_UF RO -- Flag for HS RX FIFO Underflow indicator

29 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

28  ARC_DPDM_MODE R/W 0x1 ARC DPDM MODE
use dp_pulldown and dm_pulldown from ARC controller.
0x0: Default
0x1: Enable DPDM control by controller
NOTE: Must be written with 1 before USB2 PHY is powered 

up after a system reset.

27  DP_PULLDOWN R/W 0x0 Pull down DP.
0x0: no DP pulldown.(default)
0x1: manual DP pulldown

26  DM_PULLDOWN R/W 0x0 Pull down DM.
0x0: no DM pulldown.(default)
0x1: manual DP pulldown

25  FIFO_S2P_SEL R/W 0x0 Select old FIFO 2 bit to 8 bit interface

24:21  FIFO_FILL_NUM R/W 0x6 FIFO FILL NUMBER
Select FIFO pre-fill number. Only valid when 
FIFO_FILL_SEL = 0

20  SQ_SYNC_SEL R/W 0x0 Select old SQ synchronization scheme

19  FIFO_FILL_SEL R/W 0x0 Select old FIFO fill scheme

18  FIFO_OVUF_SEL R/W 0x0 Select old FIFO OV/UF scheme

17  UTMI_LAT R/W 0x0 Latch UTMI data signals (for test chip purposes)
0x0: un latch 
0x1: latch

16  FIFO_SP R/W 0x0 Enable FIFO output re-sample

15  FIFO_SQ_RST R/W 0x0 Enable FIFO squelch reset
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14 CLK_OUT_SEL R/W 0x0 CLK OUT SELECT
Enable CLK_OUT to use analog clock phase selected by 
CK60_PHSEL

13 EARLY_TX_ENABLE R/W 0x0 EARLY TX ENABLE
Enable early out_en signal to turn on the HS driver 1 60MHz 
clock earlier

12 OVUF_RST_EN R/W 0x1 Enable overflow/underflow reset at FIFO

11 EOP_RST_EN R/W 0x1 Enable EOP reset at FIFO

10:9  SYNC_NUM R/W 0x0 Minimum SYNC detect number:
0x0: 4
0x1: 6
0x2: 8
0x3: 10

8 TEST_FIFO_R_POL R/W 0x0 FIFO read test polarity

7 TEST_FIFO_W_POL R/W 0x0 FIFO write test polarity

6 TEST_FIFO_EN R/W 0x0 FIFO test enable.
0x0: disable 
0x1: enable

Table 487: Test Group 0 Register (UTMI_TEST_GRP_0) (Sheet 2 of 3)

Bits Name Type Reset Description
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A.21.8 Test Group 1 Register (UTMI_TEST_GRP_1)
                         

5:0 TESTMON R/W 0x0 DC points testing control register.
0x00: Tri-state the test pin
0x21: PBIAS_TX
0x22: SQ
0x23: USQ_TP
0x24: SQ_TP
0x25: BIAS_P
0x26: BIAS_N
0x27: NBIAS_INTP
0x28: AVDD18_DLL
0x29: VDDR_INTP
0x2A: AVDD18_RX
0x2B: VDDR_RX
0x2C: DLL_PMPBP
0x2D: VDDR_DIV
0x2E: VDDR_1P0
0x2F: AVDD18_PLL
0x30: VDDVCOF
0x31: PLL_LOCK
0x32: AVDDR_TX
0x33: AVDDR_TXDRV
0x34: REGVDD_TX
0x35: IPP50UA
0x36: V1P2V_DLL
0x37: V1P2V_CALI
0x38: VDD_USB2_DIG_TOP
0x39: VOSH
0x3A: VOSL
0x3B: VDDR18_TX
0x3C: VDDR18_RX
0x3D: VDDR18_IVREF
0x3E: AVDD18V_RX
0x3F: AVDDR20V

Instance Name Offset

UTMI_TEST_GRP_1 0x001C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

 H
S

_H
D

L_
S

Y
N

C

F
S

_H
D

L_
O

P
M

D

Reserved

T
E

S
T

_T
X

_B
IT

S
T

U
F

F
_E

N
H

T
E

S
T

_D
IG

_L
P

B
K

T
E

S
T

_S
K

IP

T
E

S
T

_F
LA

G

T
E

S
T

_D
O

N
E

T
E

S
T

_L
E

N
G

T
H

TEST_TX_PATTERN

T
E

S
T

_M
O

D
E

T
E

S
T

_L
P

B
K

_E
N

T
E

S
T

_B
Y

P
A

S
S

T
E

S
T

_E
N

Default 1 1 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 487: Test Group 0 Register (UTMI_TEST_GRP_0) (Sheet 3 of 3)

Bits Name Type Reset Description
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Table 488: Test Group 1 Register (UTMI_TEST_GRP_1)  

Bits Name Type Reset Description

31  HS_HDL_SYNC R/W 0x1 Enable HS RX FSM to do SYNC DET only from RX_WAIT

30  FS_HDL_OPMD R/W 0x1 Enable FS send EOP if op_mode changes to 2 during TX

29:22 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

21 TEST_TX_BITSTUF
F_ENH

R/W 0x0 UTMI test mode tx_bitstuff_enh

20 TEST_DIG_LPBK R/W 0x0 Enable digital loop-back

19:17 TEST_SKIP R/W 0x0 Digital loopback starting position
0x0: rotate by 1 bit
0x1: rotate by 2 bit
0x2: rotate by 3 bit
0x3: rotate by 4 bit
0x4: rotate by 5 bit
0x5: rotate by 6 bit
0x6: rotate by 7 bit
0x7: rotate by 1 bit

16 TEST_FLAG RO -- Test error flag

15 TEST_DONE RO -- Test finish indicator

14:13 TEST_LENGTH R/W 0x0 TEST_LENGTH[1:0]
Programmable TX length.
0x0: none stop
0x1: 1 byte
0x2: 64 byte
0x3: 1023 byte

12:5 TEST_TX_PATTERN R/W 0x0 Programmable TX pattern

4:3 TEST_MODE R/W 0x0 Programmable predefined TX pattern.
0x0: all 0
0x1: all 1
0x2: prbs
0x3: use TX_pattern register.

2  TEST_LPBK_EN R/W 0x0 Enable loop-back test mode

1  TEST_BYPASS R/W 0x0 Enable bypass mode (bypass bit stuff / encoder).

0  TEST_EN R/W 0x0 Test enable (enable all the test registers)
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A.21.9  Test Group 2 Register (UTMI_TEST_GRP_2)
                         

A.21.10 Test Group 3 Register (UTMI_TEST_GRP_3)
                         

Instance Name Offset

UTMI_TEST_GRP_2 0x0020

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field  TEST_FIFO_R_PNT TEST_FIFO_W_PNT

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 489:  Test Group 2 Register (UTMI_TEST_GRP_2)

Bits Name Type Reset Description

31:16 TEST_FIFO_R_PNT R/W 0x0 FIFO read test pointer

15:0 TEST_FIFO_W_PNT R/W 0x0 FIFO write test pointer

Instance Name Offset

UTMI__TEST_GRP_3 0x0024

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

 F
S

_E
O

P
_M

O
D

E

H
O

S
T

_D
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C
O

N
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E
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O
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N
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E
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F
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E
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E

LE
C

T

 T
E

S
T

_S
U
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E

S
T
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E
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E
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R

_S
E
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P
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E
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R

R
O

R
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O
D

E
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F
S

_R
X

_E
R

R
O

R
_M

O
D

E
1

F
S

_R
X

_E
R

R
O

R
_M

O
D

E

 F
O

R
C

E
_E

N
D

_E
N

E
X

T
_T

X
_C

LK
_S

E
L

T
X

_B
IT

S
T

U
F

F
_E

N
H

T
X

_B
IT

S
T

U
F

F
_E

N

MON_SEL Reserved

Default 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1 0 0 0 0 0 0 ? ? ? ? ? ? ?

Table 490: Test Group 3 Register (UTMI_TEST_GRP_3) (Sheet 1 of 2)

Bits Name Type Reset Description

31 FS_EOP_MODE R/W 0x1 Enable 1-3 SE0 FS EOP detection

30 HOST_DISCON_SEL1 R/W 0x0 HOST_DISCON_SEL1
0x0: Enable suspendm to gate off HOST_DISCONNECT
0x1: suspendm does not gate off HOST_DISCONNECT

29 HOST_DISCON_SEL0 R/W 0x0 HOST_DISCON_SEL0
0x0:  sample HS_DISCONNECT at SOF EOP only
0x1:  continuously detect HS_DISCONNECT

28 TEST_TX_BITSTUFF_EN R/W 0x0 UTMI test mode tx_bitstuff_en

27 TEST_TERM_SELECT R/W 0x0 UTMI test mode term_select

26 TEST_SUSPENDM R/W 0x0 UTMI test mode suspendm

25 TEST_RESET R/W 0x0 UTMI test mode reset

24:23 TEST_XVCR_SELECT R/W 0x0 UTMI test mode xcvr_select[1:0]
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A.21.11 Test Group 4 Register (UTMI_TEST_GRP_4)  
                         

22:21 TEST_OP_MODE R/W 0x0 UTMI test mode op_mode

20  EST_UTMI_SEL R/W 0x0 Enable all UTMI test registers

19 FS_RX_ERROR_MODE2 R/W 0x1 Disable multiple FS_RX_ERROR within a packet

18 FS_RX_ERROR_MODE1 R/W 0x1 Enable fast FS_RX_ERROR return to 0
Valid only with RX_ERROR_MODE = 1

17 FS_RX_ERROR_MODE R/W 0x1 Enable FS RX_ERROR return to 0 @1 FS bit time

16 FORCE_END_EN R/W 0x1 Enable force RX_ACTIVE to 0 when there are consecutive 
bit stuff errors with length over 14FS bits time

15 EXT_TX_CLK_SEL R/W 0x0 Select clock from another PHY block

14 TX_BITSTUFF_ENH R/W 0x1 Control the TX_BITSTUFF_ENH bit in USB PHY

13 TX_BITSTUFF_EN R/W 0x1 Control the TX_BITSTUFF_EN bit in USB PHY

12:7 MON_SEL R/W 0x0 Phy_mon output select. *

6:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset

UTMI_TEST_GRP_4 0x0028

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field TP_7_SEL TP_6_SEL TP_5_SEL TP_4_SEL TP_3_SEL TP_2_SEL TP_1_SEL TP_0_SEL

Default 0 1 1 1 0 1 1 0 0 1 0 1 0 1 0 0 0 0 1 1 0 0 1 0 0 0 0 1 0 0 0 0

Table 491: Test Group 4 Register (UTMI_TEST_GRP_4)  

Bits Name Type Reset Description

31:28 TP_7_SEL R/W 0x7 PHY_MON[7] selection

27:24 TP_6_SEL R/W 0x6 PHY_MON[6] selection

23:20 TP_5_SEL R/W 0x5 PHY_MON[5] selection

19:16 TP_4_SEL R/W 0x4 PHY_MON[4] selection

15:12 TP_3_SEL R/W 0x3 PHY_MON[3] selection

11:8 TP_2_SEL R/W 0x2 PHY_MON[2] selection

7:4 TP_1_SEL R/W 0x1 PHY_MON[1] selection

3:0 TP_0_SEL R/W 0x0 PHY_MON[0] selection

Table 490: Test Group 3 Register (UTMI_TEST_GRP_3) (Sheet 2 of 2)

Bits Name Type Reset Description
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A.21.12 Test Group 5 Register (UTMI_TEST_GRP_5)
                         

A.21.13 Reserve Register (UTMI_RESERVE) 
                         

Instance Name Offset

UTMI_TEST_GRP_5 0x002C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field TP_F_SEL TP_E_SEL TP_D_SEL TP_C_SEL TP_B_SEL TP_A_SEL TP_9_SEL TP_8_SEL

Default 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0 1 0 1 1 1 0 1 0 1 0 0 1 1 0 0 0

Table 492: Test Group 5 Register (UTMI_TEST_GRP_5)

Bits Name Type Reset Description

31:28 TP_F_SEL R/W 0xF PHY_MON[f] selection

27:24 TP_E_SEL R/W 0xE PHY_MON[e] selection

23:20 TP_D_SEL R/W 0xD PHY_MON[d] selection

19:16 TP_C_SEL R/W 0xC PHY_MON[c] selection

15:12 TP_B_SEL R/W 0xB PHY_MON[b] selection

11:8 TP_A_SEL R/W 0xA PHY_MON[a] selection

7:4 TP_9_SEL R/W 0x9 PHY_MON[9] selection

3:0 TP_8_SEL R/W 0x8 PHY_MON[8] selection

Instance Name Offset

UTMI_RESERVE 0x0030

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

P
LL

_L
O

C
K

_B
Y

P
A

S
S

R
es

er
ve

d

V
D

D
_U

S
B

2_
D

IG
_T

O
P

_S
E

L

V
R

_D
IG

Reserved

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? 0 0 1 ? ? ? ? ? ? ? ? ? ? ?

Table 493: Reserve Register (UTMI_RESERVE) (Sheet 1 of 2)

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15 PLL_LOCK_BYPASS R/W 0x0 PLL LOCK BYPASS
In USB2_PHY block, connect to PLL_LOCK_BYPASS.  
0x1: UTMI clock not gated by PLL_LOCK.
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A.21.14 UTMI_USB_INT (UTMI_USB_INT)
                         

14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13 VDD_USB2_DIG_TO
P_SEL

R/W 0x0 VDD_USB2_DIG_TOP_SEL
0x0: VDD_USB2_DIG_TOP control by VR_DIG[1:0].
0x1:  VDD_USB2_DIG_TOP = VDD.

12:11 VR_DIG R/W 0x1 VR_DIG
VDD_USB2_DIG_TOP
0x0: 1.0V
0x1: 1.1V
0x2: 1.2V
0x3: VDD

10:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset

UTMI_USB_INT 0x0034

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

R
E

S
U

M
E

_I
N

T

R
es

er
ve

d

LI
N

E
_I

N
T

_E
N

IN
T

E
R

R
U

P
T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? 0 0

Table 494: UTMI_USB_INT (UTMI_USB_INT)

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 RESUME_INT RO 0x0 RESUME Interrupt

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 LINE_INT_EN R/W 0x0 enable line resume interrupt

0 INTERRUPT RO 0x0 interrupt from USB core

Table 493: Reserve Register (UTMI_RESERVE) (Sheet 2 of 2)

Bits Name Type Reset Description
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A.21.15  UTMI_DBG_CTL (UTMI_DBG_CTL
                         

A.21.16 UTMI_OTG_ADDON (UTMI_OTG_ADDON) 
                                                  

Instance Name Offset

UTMI_DBG_CTL 0x0038

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Test_bus Reserved

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 495:  UTMI_DBG_CTL (UTMI_DBG_CTL) 

Bits Name Type Reset Description

31:16 Test_bus RO -- 16-bit test bus read out

15:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset

UTMI_OTG_ADDON 0x003C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

T
E

S
T

M
O

N
_S

E
L

O
T

G
_O

N

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 496: UTMI_OTG_ADDON (UTMI_OTG_ADDON) 

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:1 TESTMON_SEL R/W 0x0 OTG ADDON TESTMON selector

0 OTG_ON R/W 0x0 OTG ON
0x1:  power on OTG addon block
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A.22 Fast Ethernet Controller (Fast_Ethernet)
The FE Clock/Reset Control Register (APMU_FE_CLK_RES_CTRL) in the Application Subsystem 
Power Management (APMU) Unit must be programmed prior to accessing the FE registers.

Base Address: 0xC080_0000

Table 497:  Fast Ethernet Controller Register Summary (Sheet 1 of 3)

Offset Name Description Details

0x0000 PHY_ADDRESS PHY Address Page: A-498

0x0010 SMI SMI Page: A-498

0x0400 PORT_CONFIGURATION Port Configuration Page: A-499

0x0408 PORT_CONFIGURATION_EXTEND Port Configuration Extend Page: A-501

0x0410 PORT_COMMAND Port Command Page: A-503

0x0418 PORT_STATUS Port Status Page: A-504

0x0420 SERIAL_PARAMETERS Serial Parameters Page: A-505

0x0428 HASH_TABLE_POINTER Hash Table Pointer Page: A-506

0x0430 FLOW_CONTROL_SOURCE_ADDRESS_LOW Flow Control Source Address Low Page: A-507

0x0438 FLOW_CONTROL_SOURCE_ADDRESS_HIGH Flow Control Source Address High Page: A-507

0x0440 SDMA_CONFIGURATION SDMA Configuration Page: A-508

0x0448 SDMA_COMMAND SDMA Command Page: A-509

0x0450 INTERRUPT_CAUSE Interrupt Cause Page: A-510

0x0454 INTERRUPT_WRITE_TO_CLEAR Interrupt Write to Clear Page: A-513

0x0458 INTERRUPT_MASK Interrupt Mask Page: A-513

0x0460 ETHERNET_0_IP_DIFFERENTIATED_SERVICES_
CODE_POINT_TO_PRIORITY_0_LOW

Ethernet 0 IP Differentiated Services 
Code Point to Priority 0 Low

Page: A-514

0x0464 ETHERNET_0_IP_DIFFERENTIATED_SERVICES_
CODE_POINT_TO_PRIORITY_0_HIGH

Ethernet 0 IP Differentiated Services 
Code Point to Priority 0 High

Page: A-514

0x0468 ETHERNET_0_IP_DIFFERENTIATED_SERVICES_
CODE_POINT_TO_PRIORITY_1_LOW

Ethernet 0 IP Differentiated Services 
Code Point to Priority 1 Low

Page: A-515

0x046C ETHERNET_0_IP_DIFFERENTIATED_SERVICES_
CODE_POINT_TO_PRIORITY_1_HIGH

Ethernet 0 IP Differentiated Services 
Code Point to Priority 1 High

Page: A-515

0x0470 ETHERNET_0_VLAN_PRIORITY_TAG_TO_
PRIORITY

Ethernet 0 VLAN Priority Tag to 
Priority

Page: A-516

0x0480 ETHERNET_FIRST_RX_DESCRIPTOR_POINTER_
0

Ethernet First Rx Descriptor Pointer 
0

Page: A-516
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0x0484 ETHERNET_FIRST_RX_DESCRIPTOR_POINTER_
1

Ethernet First Rx Descriptor Pointer 
1

Page: A-517
0x0488 ETHERNET_FIRST_RX_DESCRIPTOR_POINTER_

2
Ethernet First Rx Descriptor Pointer 
2

0x048C ETHERNET_FIRST_RX_DESCRIPTOR_POINTER_
3

Ethernet First Rx Descriptor Pointer 
3

0x04A0 ETHERNET_CURRENT_RX_DESCRIPTOR_
POINTER_0

Ethernet Current Rx Descriptor 
Pointer 0

Page: A-518

0x04A4 ETHERNET_CURRENT_RX_DESCRIPTOR_
POINTER_1

Ethernet Current Rx Descriptor 
Pointer 1

Page: A-518

0x04A8 ETHERNET_CURRENT_RX_DESCRIPTOR_
POINTER_2

Ethernet Current Rx Descriptor 
Pointer 2

Page: A-519

0x04AC ETHERNET_CURRENT_RX_DESCRIPTOR_
POINTER_3

Ethernet Current Rx Descriptor 
Pointer 3

Page: A-519

0x04E0 ETHERNET_CURRENT_TX_DESCRIPTOR_
POINTER_0

Ethernet Current Tx Descriptor 
Pointer 0

Page: A-520

0x04E4 ETHERNET_CURRENT_TX_DESCRIPTOR_
POINTER_1

Ethernet Current Tx Descriptor 
Pointer 1

Page: A-520

0x0500 BYTES_RECEIVED Bytes Received Page: A-521

0x0504 BYTES_SENT Bytes Sent Page: A-521

0x0508 FRAMES_RECEIVED Frames Received Page: A-521

0x050C FRAMES_SENT Frames Sent Page: A-522

0x0510 TOTAL_BYTES_RECEIVED Total Bytes Received Page: A-522

0x0514 TOTAL_FRAMES_RECEIVED Total Frames Received Page: A-522

0x0518 BROADCAST_FRAMES_RECEIVED Broadcast Frames Received Page: A-523

0x051C MULTICAST_FRAMES_RECEIVED Multicast Frames Received Page: A-523

0x0520 CRC_ERROR CRC Error Page: A-523

0x0524 OVERSIZE_FRAMES Oversize Frames Page: A-524

0x0528 FRAGMENTS Fragments Page: A-524

0x052C JABBER Jabber Page: A-525

0x0530 COLLISION Collision Page: A-525

0x0534 LATE_COLLISION Late Collision Page: A-526

0x0538 FRAMES_64BYTES Frames 64 Bytes Page: A-526

0x053C FRAMES_65_127BYTES Frames 65-127 Bytes Page: A-527

0x0540 FRAMES_128_255BYTES Frames 128-255 Bytes Page: A-527

Table 497:  Fast Ethernet Controller Register Summary (Sheet 2 of 3)

Offset Name Description Details
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-497



ARMADA 16x Applications Processor Family Register Tables
A.22.1 PHY Address (PHY_ADDRESS)

A.22.2 SMI (SMI)

0x0544 FRAMES_256_511BYTES Frames 256-511 Bytes Page: A-527

0x0548 FRAMES_512_1023BYTES Frames 512-1023 Bytes Page: A-528

0x054C FRAMES_1024_MAXFRAMESIZEBYTES Frames 1024-Maximum Frame Size 
Bytes

Page: A-528

0x0550 RX_ERROR Rx Error Page: A-528

0x0554 OUT_MULTICAST_FRAMES Multicast Frames Sent Page: A-529

0x0558 OUT_BROADCAST_FRAMES Broadcast Frames Sent Page: A-529

0x055C OUT_UNICAST_FRAMES Unicast Frames Out Page: A-530

0x0560 UNDERSIZE_FRAMES Undersize Frames Page: A-530

Instance Name Offset
PHY_ADDRESS 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved Phy_AD2 Phy_AD1 Phy_AD0

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 1 1 0 0 0 1 0 1 0 0 1 0 0

Table 498: PHY Address (PHY_ADDRESS)  

Bits Name Type Reset Description

31:15 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

14:10 Phy_AD2 R/W 0x6 PHY Device Address for Port 2

9:5 Phy_AD1 R/W 0x5 PHY Device Address for Port 1

4:0 Phy_AD0 R/W 0x4 PHY Device Address for Port 0

Instance Name Offset
SMI 0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

A
lw

ay
s0

B
us

y

R
ea

d_
V

al
id

O
p_

C
od

e

Reg_Ad Phy_Ad Data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 497:  Fast Ethernet Controller Register Summary (Sheet 3 of 3)

Offset Name Description Details
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A.22.3 Port Configuration (PORT_CONFIGURATION)

Table 499: SMI (SMI)  

Bits Name Type Reset Description

31:29 Always0 R/W 0x0 Must be written as 0 for any write to the SMI register

28 Busy RO 0x0 Busy Signal
0x0: operation not in progress

0x1: operation in progress and CPU must not write to the 
SMI register at this time

27 Read_Valid RO 0x0 Read Valid Indicator
0x0: read operation not completed

0x1: read operation has been completed for the 
addressed RegAd and data is valid on the Data field

26 Op_Code R/W 0x0 Op Code
0x0: write

0x1: read

25:21 Reg_Ad R/W 0x0 PHY Device Address

20:16 Phy_Ad R/W 0x0 PHY Device Address

15:0 Data R/W 0x0 SMI READ Operation
Two transactions are required:
When reading back the SMI register, the Data is the 
addressed PHY register contents if the ReadValid bit[27] is 
1. The Data remains undefined as long as ReadValid is 0.
SMI WRITE Operation
One transaction is required. Write to the SMI register with 
OpCode = 0, PhyAd, RedAd with the Data to be written to 
the addressed PHY register.

Instance Name Offset

PORT_CONFIGURATION 0x0400

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

A
cc

_S
lo

t_
T

im
e

Reserved HD

H
D

M

HM HS

R
es

er
ve

d

FC LPBK EN Reserved

P
B

F

R
B

M

PM

Default 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? 0 0 0 0 ? ? ? ? 0 0 0

Table 500: Port Configuration (PORT_CONFIGURATION)  (Sheet 1 of 3)

Bits Name Type Reset Description

31 Acc_Slot_Time R/W 0x0 Accelerate Slot Time
0x0: normal mode

0x1: reserved

30:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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15 HD R/W 0x0 Duplex Mode
Valid only when auto-negotiation for duplex mode is 
disabled.

0x0: half duplex

0x1: full duplex

14 HDM R/W 0x0 Hash Default Mode
0x0: discard addresses not found in address table

0x1: pass addresses not found in address table

13 HM R/W 0x0 Hash Mode
0x0: hash function 0

0x1: hash function 1

12 HS R/W 0x0 Hash Size
0x0: 8K address filtering (256 kB of memory space 

required)

0x1: 1/2K address filtering (16 kB of memory space 
required)

11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

10 FC R/W 0x0 Force Collision

0x0: normal mode

0x1: force Collision on any Tx frame (For RXM test in 
Loopback mode)

9:8 LPBK R/W 0x0 Loop Back Mode
Tx data is looped back to the Rx lines. No transition seen 
on interface pins.
Tx data is looped back to the Rx lines and also transmitted 
out to the MII interface pins.

0x0: normal mode

0x1: internal loopback mode

0x2: external loopback mode

0x3: reserved

7 EN R/W 0x0 Ethernet Port Control
When enabled, the Ethernet port is ready to transmit/
receive.

0x0: disable Ethernet port

0x1: enable Ethernet port

6:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 PBF R/W 0x0 Pass Bad Frames
The Ethernet receiver passes to the CPU errored frames 
(like fragments and collided packets) that are normally 
rejected.
Frames are only passed if they successfully pass address 
filtering.

0x0: normal mode

0x1: pass bad frames

Table 500: Port Configuration (PORT_CONFIGURATION)  (Sheet 2 of 3)

Bits Name Type Reset Description
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A.22.4 Port Configuration Extend 
(PORT_CONFIGURATION_EXTEND)

1 RBM R/W 0x0 Reject Broadcast Mode
Overridden by the promiscuous mode.

0x0: receive broadcast address

0x1: reject frames with broadcast address

0 PM R/W 0x0 Promiscuous Mode
Frames are only received if the destination address is found 
in the hash table.
Frames are received regardless of their destination 
address. Errored frames are discarded unless the Port 
Configuration register PBF bit is set.

0x0: normal mode

0x1: promiscuous mode

Instance Name Offset
PORT_CONFIGURATION_EXTEND 0x0408

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

T
W

O
_B

yt
e_

S
tu

ff_
M

od
e

TBD1 TBD0

D
S

C
_P

en

R
M

II_
E

n

S
pe

ed
_E

n

S
pe

ed

R
es

er
ve

d

M
IB

_C
lr_

M
od

e

E
n_

6K
_B

uf
f

Lo
ng

_E
n

R
es

er
ve

d

F
_C

tr
l

F
LP

F
_C

tr
l_

E
n

D
pl

x_
E

n

P
rio

_R
x_

O
ve

rr
id

e

P
rio

_R
x

P
rio

_T
x

P
ar

_E
n

B
P

D
U

IG
M

P

Default ? ? ? 0 0 0 0 0 0 0 0 0 0 0 ? 0 0 0 ? 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 501: Port Configuration Extend (PORT_CONFIGURATION_EXTEND)  (Sheet 1 of 3)

Bits Name Type Reset Description

31:29 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

28 TWO_Byte_Stuff_Mode R/W 0x0 Two Byte Stuffing Mode
This mode prefixes the received frame (before D/A) with 
two dummy bytes. The total buffer size is also incremented 
by two.

27:24 TBD1 R/W 0x0 TBD1

23:22 TBD0 R/W 0x0 TBD0

21 DSC_Pen R/W 0x0 DSCP Enable
0x0: IP DSCP field decoding disabled

0x1: IP DSCP field decoding enabled

Table 500: Port Configuration (PORT_CONFIGURATION)  (Sheet 3 of 3)

Bits Name Type Reset Description
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20 RMII_En R/W 0x0 RMII Enable
0x0: port functions as MII port

0x1: port functions as RMII port

19 Speed_En R/W 0x0 Auto-negotiation for Speed
0x0: enable

0x1: disable

18 Speed R/W 0x0 Port Speed
Only valid if SpeedEn bit is set.

0x0: 10 Mbps

0x1: 100 Mbps

17 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

16 MIB_Clr_Mode R/W 0x0 MIB Counters Clear Mode

0x0: clear

0x1: no effect

15 En_6K_Buff R/W 0x0 6 KB (6144 bytes) Packet Support

14 Long_En R/W 0x0 Enable 6 KB (6144 bytes) Bytes

13 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

12 F_Ctrl R/W 0x0 Flow Control Mode
Only valid when auto negotiation for flow control is disabled.

0x0: enable IEEE 802.3x flow control

0x1: disable IEEE 802.3x flow control

11 FLP R/W 0x0 Force Link Pass

0x0: force Link Pass

0x1: do not Force Link pass

10 F_Ctrl_En R/W 0x0 Auto-negotiation for 802.3x Flow Control
When enabled, 1 is written (through SMI access) to the 
PHY Register 4 bit 10 to advertise flow-control capability.
Only enables flow control after the PHY address is set by 
the CPU. When changing the PHY address the flow control 
auto-negotiation must be disabled.

0x0: enable

0x1: disable

9 Dplx_En R/W 0x0 Auto-negotiation for Duplex Mode
0x0: enable

0x1: disable

8 Prio_Rx_Override R/W 0x0 Override Priority for Packets Received on this Port

0x0: do not override

0x1: override with PrioRx field

7:6 Prio_Rx R/W 0x0 Default Priority for Packets Received on this Port
0x0: lowest priority

0x3: highest priority

Table 501: Port Configuration Extend (PORT_CONFIGURATION_EXTEND)  (Sheet 2 of 3)

Bits Name Type Reset Description
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A.22.5 Port Command (PORT_COMMAND)

5:3 Prio_Tx R/W 0x0 Round-Robin Priority Weight Between High and Low 
priority Tx Queues
Low is served only if high is empty. If the high queue is 
emptied before finishing the count, the count is reset until 
the next first high comes in.

0x0: 1 packet transmitted from high, 1 packet from low

0x1: 2 packets transmitted from high, 1 packet from low

0x2: 4 packets transmitted from high, 1 packet from low

0x3: 6 packets transmitted from high, 1 packet from low

0x4: 8 packets transmitted from high, 1 packet from low

0x5: 10 packets transmitted from high, 1 packet from low

0x6: 12 packets transmitted from high, 1 packet from low

0x7: All packets transmitted from high, 0 packet from low

2 Par_En R/W 0x0 Partition Enable
When more than 61 collisions occur while transmitting, the 
port enters Partition mode. It waits for the first good packet 
from the wire and then goes back to Normal mode.
Under Partition mode it continues transmitting, but it does 
not receive.

0x0: normal mode

0x1: partition mode

1 BPDU R/W 0x0 BPDU Tree Packets Capture Enable
0x0: BPDU (Bridge Protocol Data Unit) packets are 

treated as normal Multicast packets

0x1: BPDU packets are trapped and sent to high priority 
Rx queue

0 IGMP R/W 0x0 IGMP Packets Capture Enable
0x0: IGMP packets treated as normal Multicast packets

0x1: IGMP packets on IPv4/Ipv6 over Ethernet/802.3 are 
trapped and sent to high priority Rx queue

Instance Name Offset
PORT_COMMAND 0x0410

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved FJ Reserved

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 502: Port Command (PORT_COMMAND)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 501: Port Configuration Extend (PORT_CONFIGURATION_EXTEND)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.22.6 Port Status (PORT_STATUS)

15 FJ R/W 0x1 Force Jam / Flow Control
When in half-duplex mode, the CPU uses this bit to force 
collisions on the Ethernet segment. When the CPU 
recognizes that it is going to run out of receive buffers, it 
can force the transmitter to send jam frames, forcing 
collisions on the wire.
To allow transmission on the Ethernet segment, the CPU 
must clear the FJ bit when more resources are available.
When in full-duplex and flow-control is enabled, this bit 
causes the port transmitter to send flow-control Pause 
packets. The CPU must reset this bit when more resources 
are available.

14:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
PORT_STATUS 0x0418

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

T
x_

In
P

ro
g

T
x_

H
ig

h

T
x_

Lo
w

P
au

se

Li
nk

F
C

tl

D
up

le
x

S
pe

ed

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 503: Port Status (PORT_STATUS)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 Tx_InProg RO 0x0 Tx in Progress
Indicates that the port transmitter is in an active 
transmission state.

6 Tx_High RO 0x0 Tx High Priority Status
Indicates the status of the high priority transmit queue:

0x0: stopped

0x1: running

5 Tx_Low RO 0x0 Tx Low Priority Status
Indicates the status of the low priority transmit queue:

0x0: stopped

0x1: running

4 Pause RO 0x0 Port Flow Control Disabled State Indicator
This bit is set when an IEEE 802.3x flow-control Pause 
(XOFF) packet is received (assuming that flow-control is 
enabled and the port is in full-duplex mode).
Reset when XON is received, or when the XOFF timer has 
expired.

Table 502: Port Command (PORT_COMMAND)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.22.7 Serial Parameters (SERIAL_PARAMETERS)

3 Link RO 0x0 Link Status Indicator
0x0: link down

0x1: link up

2 FCtl RO 0x0 Flow-control Mode Indicator
0x0: flow-control mode enabled

0x1: flow-control mode disabled

1 Duplex RO 0x0 Port Duplex Mode Indicator
0x0: half duplex

0x1: full duplex

0 Speed RO 0x0 Port Speed Indicator
0x0: 10 Mbps

0x1: 100 Mbps

Instance Name Offset
SERIAL_PARAMETERS 0x0420

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

Li
m

it4

Data_Blind IPG_Data

IP
G

_J
A

M
_T

o_
D

at
a

JAM_IPG

JA
M

_L
en

gt
h

Default ? ? ? ? ? ? ? ? ? 0 1 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 1

Table 504: Serial Parameters (SERIAL_PARAMETERS)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:23 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

22 Limit4 R/W 0x0 The number of consecutive packet collisions that occur 
before the collision counter is reset.

0x0: port resets its collision counter after 16 consecutive 
retransmit trials and restarts the Backoff algorithm

0x1: port resets its collision counter and restarts the 
Back-off algorithm after 4 consecutive transmit trials

Table 503: Port Status (PORT_STATUS)  (Sheet 2 of 2)

Bits Name Type Reset Description
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-505



ARMADA 16x Applications Processor Family Register Tables
A.22.8 Hash Table Pointer (HASH_TABLE_POINTER)

21:17 Data_Blind R/W 0x10 Data Blinder
The number of nibbles from the beginning of the IPG, in 
which the IPG counter is restarted when detecting a carrier 
activity.
Following this value, the port enters the Data Blinder zone 
and does not reset the IPG counter. This ensures fair 
access to the medium.
Value must be written in hexadecimal format.
The default is 0x10 (64-bit times - 2/3 of the default IPG). 
The step is 4-bit times. Valid range is 3 to 1F hex nibbles.
These bits may be only changed when the Ethernet port is 
disabled.

16:12 IPG_Data R/W 0x18 Inter-Packet Gap (IPG)
The step is 4 bit-times. Value may vary between 12-bit time 
to 124.
May be changed only when the Ethernet port is disabled.

11:7 IPG_JAM_To_Data R/W 0x10 IPG JAM to DATA (5 bits)
The step is 4 bit-times.
The value may vary between 4-bit time to 124.

6:2 JAM_IPG R/W 0x8 JAM IPG (5 bits)
The step is 4 bit-times.
The JAM IPG varies between 4-bit time to 124.

1:0 JAM_Length R/W 0x3 2-bit JAM Length (in backpressure):
0x0: 12K-bit times

0x1: 24K-bit times

0x2: 32K-bit times

0x3: 48K-bit times

Instance Name Offset
HASH_TABLE_POINTER 0x0428

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field HTP

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 505: Hash Table Pointer (HASH_TABLE_POINTER)  

Bits Name Type Reset Description

31:0 HTP R/W 0x0 32-bit Address Table Pointer
Bits [2:0] must be set to 0.

Table 504: Serial Parameters (SERIAL_PARAMETERS)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.22.9 Flow Control Source Address Low 
(FLOW_CONTROL_SOURCE_ADDRESS_LOW)

A.22.10 Flow Control Source Address High 
(FLOW_CONTROL_SOURCE_ADDRESS_HIGH)

Instance Name Offset
FLOW_CONTROL_SOURCE_ADDRESS_L
OW

0x0430

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved SA

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 506: Flow Control Source Address Low (FLOW_CONTROL_SOURCE_ADDRESS_LOW)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:0 SA R/W 0x0 Source Address
The LSbs of the source address for the port.
This address is used for Flow Control.

Instance Name Offset
FLOW_CONTROL_SOURCE_ADDRESS_HI
GH

0x0438

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SA

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 507: Flow Control Source Address High (FLOW_CONTROL_SOURCE_ADDRESS_HIGH)  

Bits Name Type Reset Description

31:0 SA R/W 0x0 Source Address
The MSbs of the source address for the port.
This address is used for Flow Control.
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A.22.11 SDMA Configuration (SDMA_CONFIGURATION)

Instance Name Offset
SDMA_CONFIGURATION 0x0440

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved B_Sz

R
es

er
ve

d

R
IF

B

P
_O

vr

B
LM

T

B
LM

R

RC

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 ? ? 0 0 0 0 0 0 0 0 ? ?

Table 508: SDMA Configuration (SDMA_CONFIGURATION)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13:12 B_Sz R/W 0x0 Burst Size
Sets the maximum burst size for SDMA transactions:

0x0: burst limited to 1 32-bit words

0x1: burst limited to 2 32-bit words

0x2: burst limited to 4 32-bit words

0x3: burst limited to 8 32-bit words

11:10 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

9 RIFB R/W 0x0 Receive Interrupt on Frame Boundaries
When set, the SDMA Rx generates interrupts only on frame 
boundaries (that is, after writing the frame status to the 
Descriptor).

8 P_Ovr R/W 0x0 PCI Override
When set, causes the SDMA to direct all its accesses in 
PCI_0 direction and overrides normal address decoding 
process.

7 BLMT R/W 0x0 Big/Little Endian Transmit Mode
The DMA supports Big or Little Endian configurations on a 
per channel basis. The BLMT bit only affects data transfer 
from memory.

0x0: big Endian

0x1: little Endian

6 BLMR R/W 0x0 Big/Little Endian Receive Mode
The DMA supports Big or Little Endian configurations on a 
per channel basis. The BLMR bit only affects data transfer 
to memory.

0x0: big Endian

0x1: little Endian

5:2 RC R/W 0x0 Retransmit Count
Sets the maximum number of retransmits per packet.
After executing retransmit for RC times, the Tx SDMA 
closes the Descriptor with a Retransmit Limit error 
indication and processes the next packet.

0x0: number of retransmits is unlimited. In this case, the 
retransmit process is only terminated if CPU issues 
an Abort command.
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A.22.12 SDMA Command (SDMA_COMMAND)

1:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
SDMA_COMMAND 0x0448

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field AT Reserved

T
x_

D
_L

ow

T
x_

D
_H

ig
h

Reserved

S
_T

x_
D

_L
ow

S
_T

x_
D

_H
ig

h

AR Reserved

E
R

D

Reserved

Default 0 ? ? ? ? ? ? 0 0 ? ? ? ? ? 0 0 0 ? ? ? ? ? ? ? 0 ? ? ? ? ? ? ?

Table 509: SDMA Command (SDMA_COMMAND)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 AT R/W 0x0 Abort Transmit
Set to 1 by the CPU to abort a transmit DMA operation. 
When the AT bit is set, the SDMA aborts its current 
operation and moves to IDLE. No Descriptor is closed.
Cleared upon entering IDLE.
After setting AT bit, the CPU must poll it in order to verify 
that the abort sequence is completed.

30:25 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

24 Tx_D_Low R/W 0x0 Start Tx Low
Set to 1 by the CPU to cause the SDMA to fetch the first 
Descriptor and start a transmit process from the low priority 
Tx queue.

0x0: do no reset S_Tx_D_Low bit

0x1: reset S_Tx_D_Low bit

23 Tx_D_High R/W 0x0 Start Tx High
Set to 1 by the CPU in order to cause the SDMA to fetch the 
first Descriptor and start a transmit process from the high 
priority Tx queue.

0x0: do not reset S_Tx_D_High bit

0x1: reset S_Tx_D_High bit

22:18 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

17 S_Tx_D_Low R/W 0x0 Stop Tx Low
Set to 1 by the CPU to stop the transmission process from 
the low priority queue at the end of the current frame. An 
interrupt is generated when the stop command has been 
executed.

0x0: do no reset Tx_D_Low bit

0x1: reset Tx_D_Low bit

Table 508: SDMA Configuration (SDMA_CONFIGURATION)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.22.13 Interrupt Cause (INTERRUPT_CAUSE)

16 S_Tx_D_High R/W 0x0 Stop Tx High
Set to 1 by the CPU to stop the transmission process from 
the high priority queue at the end of the current frame. An 
interrupt is generated when the stop command has been 
executed.

0x0: do not reset Tx_D_High bit

0x1: reset Tx_D_High bit

15 AR R/W 0x0 Abort Receive
Set to 1 by the CPU to abort a receive SDMA operation. 
When the AR bit is set, the SDMA aborts its current 
operation and moves to IDLE. No Descriptor is closed.
The AR bit is cleared upon entering IDLE.
After setting the AR bit, the CPU must poll the bit to verify 
that the abort sequence is completed.

14:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 ERD R/W 0x0 Enable Rx DMA.
Set to 1 by the CPU to cause the SDMA to start a receive 
process. Cleared when the CPU issues an Abort Receive 
command.

6:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
INTERRUPT_CAUSE 0x0450

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

E
th

er
_I

nt
_S

um

R
es

er
ve

d

S
M

I_
D

on
e

M
II_

P
hy

_S
t_

C
hg

Reserved

R
x_

E
rr

or
_Q

ue
ue

3

R
x_

E
rr

or
_Q

ue
ue

2

R
x_

E
rr

or
_Q

ue
ue

1

R
x_

E
rr
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_Q

ue
ue

0

R
x_

B
uf

fe
r_

Q
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ue
3

R
x_

B
uf

fe
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Q
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ue
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R
x_

B
uf
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r_

Q
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1

R
x_

B
uf

fe
r_

Q
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0

R
es

er
ve

d

T
x_

U
dr

R
x_

O
vr

T
x_

E
rr

or
_L

ow

T
x_

E
rr

or
_H

ig
h

R
es

er
ve

d

R
x_

E
rr

or

T
x_

E
nd

_L
ow

T
x_

E
nd

_H
ig

h

R
es

er
ve

d

T
x_

B
uf

fe
r_
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w

T
x_

B
uf

fe
r_

H
ig

h

R
es

er
ve

d

R
x_

B
uf

fe
r

Default 0 ? 0 0 ? ? ? ? 0 0 0 0 0 0 0 0 ? ? 0 0 0 0 ? 0 0 0 ? ? 0 0 ? 0

Table 510: Interrupt Cause (INTERRUPT_CAUSE)  (Sheet 1 of 3)

Bits Name Type Reset Description

31 Ether_Int_Sum R/W 0x0 Ethernet Interrupt Summary
Logical OR of the (unmasked) bits [30:4].

30 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

29 SMI_Done R/W 0x0 SMI Command Done
Indicates that the SMI completed an MII management 
command (RW) that was initiated by the CPU writing to the 
SMI .

Table 509: SDMA Command (SDMA_COMMAND)  (Sheet 2 of 2)

Bits Name Type Reset Description
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28 MII_Phy_St_Chg R/W 0x0 MII PHY Status Change
Indicates a status change reported by the PHY connected 
to this port.
Set when the MII management interface block identifies a 
change in PHY 1.

27:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23 Rx_Error_Queue3 R/W 0x0 Rx Resource Error in Priority Queue[3]
Indicates a Rx resource error event in receive priority 
queue[3].

22 Rx_Error_Queue2 R/W 0x0 Rx Resource Error in Priority Queue[2]
Indicates a Rx resource error event in receive priority 
queue[2].

21 Rx_Error_Queue1 R/W 0x0 Rx Resource Error in Priority Queue[1]
Indicates a Rx resource error event in receive priority 
queue[1].

20 Rx_Error_Queue0 R/W 0x0 Rx Resource Error in Priority Queue[0]
Indicates a Rx resource error event in receive priority 
queue[0].

19 Rx_Buffer_Queue3 R/W 0x0 Rx Buffer Return in Priority Queue[3]
Indicates a Rx buffer returned to CPU ownership or that the 
port completed reception of a Rx frame in a receive priority 
queue[3].

18 Rx_Buffer_Queue2 R/W 0x0 Rx Buffer Return in Priority Queue[2]
Indicates a Rx buffer returned to CPU ownership or that the 
port completed reception of a Rx frame in a receive priority 
queue[2].

17 Rx_Buffer_Queue1 R/W 0x0 Rx Buffer Return in Priority Queue[1]
Indicates a Rx buffer returned to CPU ownership or that the 
port completed reception of a Rx frame in a receive priority 
queue[1].

16 Rx_Buffer_Queue0 R/W 0x0 Rx Buffer Return in Priority Queue[0]
Indicates a Rx buffer returned to CPU ownership or that the 
port completed reception of a Rx frame in a receive priority 
queue[0]

15:14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13 Tx_Udr R/W 0x0 Tx Underrun
Indicates an underrun event that occurred during 
transmission of packet from either queue.

12 Rx_Ovr R/W 0x0 Rx Overrun
Indicates an overrun event that occurred during reception of 
a packet.

11 Tx_Error_Low R/W 0x0 Tx Resource Error for Low Priority Queue
Indicates a Tx resource error event during packet 
transmission from the low priority queue.

Table 510: Interrupt Cause (INTERRUPT_CAUSE)  (Sheet 2 of 3)

Bits Name Type Reset Description
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10 Tx_Error_High R/W 0x0 Tx Resource Error for High Priority Queue
Indicates a Tx resource error event during packet 
transmission from the high priority queue.

9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

8 Rx_Error R/W 0x0 Rx Resource Error
Indicates a Rx resource error event in either priority 
queues.
To get a Rx Resource Error Indication per priority queue, 
use bits [23:20]. event

7 Tx_End_Low R/W 0x0 Tx End for Low Priority Queue
Indicates that the Tx DMA stopped processing the low 
priority queue after stop command, or that it reached the 
end of the low priority Descriptor chain.

6 Tx_End_High R/W 0x0 Tx End for High Priority Queue
Indicates that the Tx DMA stopped processing the high 
priority queue after stop command, or that it reached the 
end of the high priority Descriptor chain.

5:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 Tx_Buffer_Low R/W 0x0 Tx Buffer for Low Priority Queue
Indicates a Tx buffer returned to CPU ownership or that the 
port finished transmission of a Tx frame.
This bit is set upon closing any Tx Descriptor which has its 
EI bit set. To limit the interrupts to frame (rather than buffer) 
boundaries, the user must set EI only in the last Descriptor.

2 Tx_Buffer_High R/W 0x0 Tx Buffer for High priority Queue
Indicates a Tx buffer returned to CPU ownership or that the 
port finished transmission of a Tx frame.
This bit is set upon closing any Tx Descriptor which has its 
EI bit set. To limit the interrupts to frame (rather than buffer) 
boundaries, the user must set EI only in the last Descriptor.

1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 Rx_Buffer R/W 0x0 Rx Buffer Return
Indicates an Rx buffer returned to CPU ownership or that 
the port finished reception of a Rx frame in either priority 
queues.
To get a Rx Buffer return per priority queue, use bits 
[19:16]. This bit is set upon closing any Rx Descriptor which 
has its EI bit set.

Table 510: Interrupt Cause (INTERRUPT_CAUSE)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.22.14 Interrupt Write to Clear (INTERRUPT_WRITE_TO_CLEAR)

A.22.15 Interrupt Mask (INTERRUPT_MASK)

Instance Name Offset
INTERRUPT_WRITE_TO_CLEAR 0x0454

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Various

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 511: Interrupt Write to Clear (INTERRUPT_WRITE_TO_CLEAR)  

Bits Name Type Reset Description

31:0 Various R/W 0x0 Interrupt Cause Register Mask Bits

0x0: write to clear Interrupt Cause (ICR), Offset 0x450

0x1: read to clear Interrupt Cause (ICR), Offset 0x450

Instance Name Offset
INTERRUPT_MASK 0x0458

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Various

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 512: Interrupt Mask (INTERRUPT_MASK)  

Bits Name Type Reset Description

31:0 Various R/W 0x0 Interrupt Cause Register Mask Bits
0x0: mask

0x1: enable
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A.22.16 Ethernet 0 IP Differentiated Services Code Point to Priority 
0 Low 
(ETHERNET_0_IP_DIFFERENTIATED_SERVICES_CODE_P
OINT_TO_PRIORITY_0_LOW)

A.22.17 Ethernet 0 IP Differentiated Services Code Point to Priority 
0 High 
(ETHERNET_0_IP_DIFFERENTIATED_SERVICES_CODE_P
OINT_TO_PRIORITY_0_HIGH)

Instance Name Offset
ETHERNET_0_IP_DIFFERENTIATED_
SERVICES_CODE_POINT_TO_PRIORITY_
0_LOW

0x0460

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Priority0_Low

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 513: Ethernet 0 IP Differentiated Services Code Point to Priority 0 Low 
(ETHERNET_0_IP_DIFFERENTIATED_SERVICES_CODE_POINT_TO_PRIORITY_0_LOW) 
 

Bits Name Type Reset Description

31:0 Priority0_Low R/W 0x0 LSB Priority Bit for DSCP[31:0] Entries

Instance Name Offset
ETHERNET_0_IP_DIFFERENTIATED_
SERVICES_CODE_POINT_TO_PRIORITY_
0_HIGH

0x0464

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Priority0_High

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 514: Ethernet 0 IP Differentiated Services Code Point to Priority 0 High 
(ETHERNET_0_IP_DIFFERENTIATED_SERVICES_CODE_POINT_TO_PRIORITY_0_HIGH
)  

Bits Name Type Reset Description

31:0 Priority0_High R/W 0x0 LSB Priority Bit for DSCP[63:32] Entries
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A.22.18 Ethernet 0 IP Differentiated Services Code Point to Priority 
1 Low 
(ETHERNET_0_IP_DIFFERENTIATED_SERVICES_CODE_P
OINT_TO_PRIORITY_1_LOW)

A.22.19 Ethernet 0 IP Differentiated Services Code Point to Priority 
1 High 
(ETHERNET_0_IP_DIFFERENTIATED_SERVICES_CODE_P
OINT_TO_PRIORITY_1_HIGH)

Instance Name Offset
ETHERNET_0_IP_DIFFERENTIATED_
SERVICES_CODE_POINT_TO_PRIORITY_
1_LOW

0x0468

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Priority1_Low

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 515: Ethernet 0 IP Differentiated Services Code Point to Priority 1 Low 
(ETHERNET_0_IP_DIFFERENTIATED_SERVICES_CODE_POINT_TO_PRIORITY_1_LOW) 
 

Bits Name Type Reset Description

31:0 Priority1_Low R/W 0x0 MSB Priority Bit for DSCP[31:0] Entries

Instance Name Offset
ETHERNET_0_IP_DIFFERENTIATED_
SERVICES_CODE_POINT_TO_PRIORITY_
1_HIGH

0x046C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Priority1_High

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 516: Ethernet 0 IP Differentiated Services Code Point to Priority 1 High 
(ETHERNET_0_IP_DIFFERENTIATED_SERVICES_CODE_POINT_TO_PRIORITY_1_HIGH
)  

Bits Name Type Reset Description

31:0 Priority1_High R/W 0x0 MSB Priority Bit for DSCP[63:32] Entries
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A.22.20 Ethernet 0 VLAN Priority Tag to Priority 
(ETHERNET_0_VLAN_PRIORITY_TAG_TO_PRIORITY)

A.22.21 Ethernet First Rx Descriptor Pointer 0 
(ETHERNET_FIRST_RX_DESCRIPTOR_POINTER_0)

Instance Name Offset
ETHERNET_0_VLAN_PRIORITY_TAG_TO_
PRIORITY

0x0470

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved Priority1 Priority0

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 1 1 1 0 0 0 0 1 1 0 0 1 1 0 0

Table 517: Ethernet 0 VLAN Priority Tag to Priority 
(ETHERNET_0_VLAN_PRIORITY_TAG_TO_PRIORITY)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 Priority1 R/W 0xF0 MSB Priority Bit for VLAN Priority[7:0] Entries

7:0 Priority0 R/W 0xCC LSB Priority Bit for VLAN Priority[7:0] Entries

Instance Name Offset
ETHERNET_FIRST_RX_DESCRIPTOR_
POINTER_0

0x0480

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Descriptor

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 518: Ethernet First Rx Descriptor Pointer 0 
(ETHERNET_FIRST_RX_DESCRIPTOR_POINTER_0)  

Bits Name Type Reset Description

31:0 Descriptor R/W 0x0 First Rx Descriptor Pointer 0 for Receive Priority Queue 0
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A.22.22 Ethernet First Rx Descriptor Pointer 1 
(ETHERNET_FIRST_RX_DESCRIPTOR_POINTER_1)

A.22.23 Ethernet First Rx Descriptor Pointer 2 
(ETHERNET_FIRST_RX_DESCRIPTOR_POINTER_2)

A.22.24 Ethernet First Rx Descriptor Pointer 3 
(ETHERNET_FIRST_RX_DESCRIPTOR_POINTER_3)

Instance Name Offset
ETHERNET_FIRST_RX_DESCRIPTOR_
POINTER_1

0x0484

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Descriptor

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 519: Ethernet First Rx Descriptor Pointer 1 
(ETHERNET_FIRST_RX_DESCRIPTOR_POINTER_1)  

Bits Name Type Reset Description

31:0 Descriptor R/W 0x0 First Rx Descriptor Pointer 1 for Receive Priority Queue 1

Instance Name Offset
ETHERNET_FIRST_RX_DESCRIPTOR_
POINTER_2

0x0488

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Descriptor

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 520: Ethernet First Rx Descriptor Pointer 2 
(ETHERNET_FIRST_RX_DESCRIPTOR_POINTER_2)  

Bits Name Type Reset Description

31:0 Descriptor R/W 0x0 First Rx Descriptor Pointer 2 for Receive Priority Queue 2

Instance Name Offset
ETHERNET_FIRST_RX_DESCRIPTOR_
POINTER_3

0x048C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Descriptor

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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A.22.25 Ethernet Current Rx Descriptor Pointer 0 
(ETHERNET_CURRENT_RX_DESCRIPTOR_POINTER_0)

A.22.26 Ethernet Current Rx Descriptor Pointer 1 
(ETHERNET_CURRENT_RX_DESCRIPTOR_POINTER_1)

Table 521: Ethernet First Rx Descriptor Pointer 3 
(ETHERNET_FIRST_RX_DESCRIPTOR_POINTER_3)  

Bits Name Type Reset Description

31:0 Descriptor R/W 0x0 First Rx Descriptor Pointer 3 for Receive Priority Queue 3

Instance Name Offset
ETHERNET_CURRENT_RX_DESCRIPTOR
_POINTER_0

0x04A0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Descriptor

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 522: Ethernet Current Rx Descriptor Pointer 0 
(ETHERNET_CURRENT_RX_DESCRIPTOR_POINTER_0)  

Bits Name Type Reset Description

31:0 Descriptor R/W 0x0 Current Rx Descriptor Pointer 0 for Receive Priority Queue 0

Instance Name Offset
ETHERNET_CURRENT_RX_DESCRIPTOR
_POINTER_1

0x04A4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Descriptor

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 523: Ethernet Current Rx Descriptor Pointer 1 
(ETHERNET_CURRENT_RX_DESCRIPTOR_POINTER_1)  

Bits Name Type Reset Description

31:0 Descriptor R/W 0x0 Current Rx Descriptor Pointer 1 for Receive Priority Queue 1
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A.22.27 Ethernet Current Rx Descriptor Pointer 2 
(ETHERNET_CURRENT_RX_DESCRIPTOR_POINTER_2)

A.22.28 Ethernet Current Rx Descriptor Pointer 3 
(ETHERNET_CURRENT_RX_DESCRIPTOR_POINTER_3)

Instance Name Offset
ETHERNET_CURRENT_RX_DESCRIPTOR
_POINTER_2

0x04A8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Descriptor

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 524: Ethernet Current Rx Descriptor Pointer 2 
(ETHERNET_CURRENT_RX_DESCRIPTOR_POINTER_2)  

Bits Name Type Reset Description

31:0 Descriptor R/W 0x0 Current Rx Descriptor Pointer 2 for Receive Priority Queue 2

Instance Name Offset
ETHERNET_CURRENT_RX_DESCRIPTOR
_POINTER_3

0x04AC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Descriptor

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 525: Ethernet Current Rx Descriptor Pointer 3 
(ETHERNET_CURRENT_RX_DESCRIPTOR_POINTER_3)  

Bits Name Type Reset Description

31:0 Descriptor R/W 0x0 Current Rx Descriptor Pointer 3 for Receive Priority Queue 3
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A.22.29 Ethernet Current Tx Descriptor Pointer 0 
(ETHERNET_CURRENT_TX_DESCRIPTOR_POINTER_0)

A.22.30 Ethernet Current Tx Descriptor Pointer 1 
(ETHERNET_CURRENT_TX_DESCRIPTOR_POINTER_1)

Instance Name Offset
ETHERNET_CURRENT_TX_DESCRIPTOR_
POINTER_0

0x04E0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Descriptor

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 526: Ethernet Current Tx Descriptor Pointer 0 
(ETHERNET_CURRENT_TX_DESCRIPTOR_POINTER_0)  

Bits Name Type Reset Description

31:0 Descriptor R/W 0x0 Current Tx Descriptor Pointer 0 for the Transmit Priority Queue 0

Instance Name Offset
ETHERNET_CURRENT_TX_DESCRIPTOR_
POINTER_1

0x04E4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Descriptor

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 527: Ethernet Current Tx Descriptor Pointer 1 
(ETHERNET_CURRENT_TX_DESCRIPTOR_POINTER_1)  

Bits Name Type Reset Description

31:0 Descriptor R/W 0x0 Current Tx Descriptor Pointer 1 for Transmit Priority Queue 1
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A.22.30.1 Bytes Received (BYTES_RECEIVED)
Increments once for every data octet of good packets (Unicast + Multicast + Broadcast) received by 
the port.

A.22.30.2 Bytes Sent (BYTES_SENT)
Increments once for every data octet of transmitted packets sent by the port.

A.22.30.3 Frames Received (FRAMES_RECEIVED)
Increments once for every good packet (Unicast + Multicast + Broadcast) received by the port.

Instance Name Offset
BYTES_RECEIVED 0x0500

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field BYTES_RECEIVED

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 528: Bytes Received (BYTES_RECEIVED)  

Bits Name Type Reset Description

31:0 BYTES_RECEIVED RO 0x0 Bytes Received

Instance Name Offset

BYTES_SENT 0x0504

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field BYTES_SENT

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 529: Bytes Sent (BYTES_SENT)  

Bits Name Type Reset Description

31:0 BYTES_SENT RO 0x0 Bytes Sent

Instance Name Offset

FRAMES_RECEIVED 0x0508

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field FRAMES_RECEIVED

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 530: Frames Received (FRAMES_RECEIVED)  

Bits Name Type Reset Description

31:0 FRAMES_RECEIVED RO 0x0 Frames Received
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A.22.30.4 Frames Sent (FRAMES_SENT)
Increments once for every transmitted packet sent by the port.

A.22.30.5 Total Bytes Received (TOTAL_BYTES_RECEIVED)
Increments once for every data octet of all received packets. This includes data octets of BAD 
packets, which might be automatically rejected by the port (that is, fragments). This counter reflects 
all the data octets received from the line.

A nibble is not counted as a whole byte.

A.22.30.6 Total Frames Received (TOTAL_FRAMES_RECEIVED)
Increments once for every received packet. This includes BAD packets. This counter reflects all 
packets received from the line.

Instance Name Offset
FRAMES_SENT 0x050C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field FRAMES_SENT

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 531: Frames Sent (FRAMES_SENT)  

Bits Name Type Reset Description

31:0 FRAMES_SENT RO 0x0 Frames Sent

Instance Name Offset
TOTAL_BYTES_RECEIVED 0x0510

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field TOTAL_BYTES_RECEIVED

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 532: Total Bytes Received (TOTAL_BYTES_RECEIVED)  

Bits Name Type Reset Description

31:0 TOTAL_BYTES_RECEIVED RO 0x0 Total Bytes Received

Instance Name Offset
TOTAL_FRAMES_RECEIVED 0x0514

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field TOTAL_FRAMES_RECEIVED

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-522



ARMADA 16x Applications Processor Family Register Tables
A.22.30.7 Broadcast Frames Received (BROADCAST_FRAMES_RECEIVED)
Increments once for every good broadcast packet received.

A.22.30.8 Multicast Frames Received (MULTICAST_FRAMES_RECEIVED)
Increments once for every good Multicast packet received. This counter does not count Broadcast 
packets.

A.22.30.9 CRC Error (CRC_ERROR)
Increments once for every received packet which meets all the following conditions (that is, logical 
AND of the following conditions):

Packet data length is between 64 and MaxFrameSize bytes inclusive (that is, valid packet data 
length per IEEE standard).

Packet has invalid CRC.

Collision Event has not been detected.

Table 533: Total Frames Received (TOTAL_FRAMES_RECEIVED)  

Bits Name Type Reset Description

31:0 TOTAL_FRAMES_RECEIVED RO 0x0 Total Frames Received

Instance Name Offset
BROADCAST_FRAMES_RECEIVED 0x0518

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field BROADCAST_FRAMES_RECEIVED

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 534: Broadcast Frames Received (BROADCAST_FRAMES_RECEIVED)  

Bits Name Type Reset Description

31:0 BROADCAST_FRAMES_
RECEIVED

RO 0x0 Broadcast Frames Received

Instance Name Offset
MULTICAST_FRAMES_RECEIVED 0x051C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field MULTICAST_FRAMES_RECEIVED

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 535: Multicast Frames Received (MULTICAST_FRAMES_RECEIVED)  

Bits Name Type Reset Description

31:0 MULTICAST_FRAMES_
RECEIVED

RO 0x0 Multicast Frames Received
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Late Collision Event has not been detected.

Rx Error Event has not been detected.

A.22.30.10 Oversize Frames (OVERSIZE_FRAMES)
Increments once for every received packet which meets all the following conditions (that is, logical 
AND of the following conditions):

Packet data length is greater than MaxFrameSize.

Packet has valid CRC.

Rx Error Event has not been detected.

A.22.30.11 Fragments (FRAGMENTS)
Increments once for every received packet which meets all the following conditions (that is, logical 
AND of the following conditions):

Packet data length is less than 64 bytes -OR- packet without SFD and is less than 64 bytes in 
length.

Collision Event has not been detected.

Late Collision Event has not been detected.

Rx Error Event has not been detected.

Packet has INVALID CRC.

Instance Name Offset
CRC_ERROR 0x0520

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CRC_ERROR

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 536: CRC Error (CRC_ERROR)  

Bits Name Type Reset Description

31:0 CRC_ERROR RO 0x0 CRC Error

Instance Name Offset
OVERSIZE_FRAMES 0x0524

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field OVERSIZE_FRAMES

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 537: Oversize Frames (OVERSIZE_FRAMES)  

Bits Name Type Reset Description

31:0 OVERSIZE_FRAMES RO 0x0 Oversize Frames
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-524



ARMADA 16x Applications Processor Family Register Tables
A.22.30.12 Jabber (JABBER)
Increments once for every received packet which meets all the following conditions (that is, logical 
AND of the following conditions):

Packet data length is greater than MaxFrameSize.

Packet has invalid CRC.

Rx Error Event has not been detected.

A.22.30.13 Collision (COLLISION)
Increments once for every received packet which meets both of the following conditions (that is, 
logical AND of the following conditions):

Collision Event has been detected.

Rx Error Event has not been detected.

Instance Name Offset
FRAGMENTS 0x0528

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field FRAGMENTS

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 538: Fragments (FRAGMENTS)  

Bits Name Type Reset Description

31:0 FRAGMENTS RO 0x0 Fragments

Instance Name Offset
JABBER 0x052C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field JABBER

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 539: Jabber (JABBER)  

Bits Name Type Reset Description

31:0 JABBER RO 0x0 Jabber
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A.22.30.14 Late Collision (LATE_COLLISION)
Increments once for every received packet which meets both of the following conditions (that is, 
logical AND of the following conditions):

Late Collision Event has been detected.

Rx Error Event has not been detected.

A.22.30.15 Frames 64 Bytes (FRAMES_64BYTES)
Increments once for every received and transmitted packet with size of 64 bytes. This counter does 
not count BAD received packets.

Instance Name Offset
COLLISION 0x0530

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field COLLISION

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 540: Collision (COLLISION)  

Bits Name Type Reset Description

31:0 COLLISION RO 0x0 Collision

Instance Name Offset
LATE_COLLISION 0x0534

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field LATE_COLLISION

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 541: Late Collision (LATE_COLLISION)  

Bits Name Type Reset Description

31:0 LATE_COLLISION RO 0x0 Late Collision

Instance Name Offset

FRAMES_64BYTES 0x0538

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field FRAMES_64BYTES

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 542: Frames 64 Bytes (FRAMES_64BYTES)  

Bits Name Type Reset Description

31:0 FRAMES_64BYTES RO 0x0 Frames 64 Bytes
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A.22.30.16 Frames 65-127 Bytes (FRAMES_65_127BYTES)
Increments once for every received and transmitted packet with size of 65 to 127 bytes. This counter 
does not count BAD received packets.

A.22.30.17 Frames 128-255 Bytes (FRAMES_128_255BYTES)
Increments once for every received and transmitted packet with size of 128 to 255 bytes. This 
counter does not count BAD received packets.

A.22.30.18 Frames 256-511 Bytes (FRAMES_256_511BYTES)
Increments once for every received and transmitted packet with size of 256-511 bytes. This counter 
does not count BAD received packets.

Instance Name Offset
FRAMES_65_127BYTES 0x053C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field FRAMES_65_127BYTES

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 543: Frames 65-127 Bytes (FRAMES_65_127BYTES)  

Bits Name Type Reset Description

31:0 FRAMES_65_127BYTES RO 0x0 Frames 65-127 Bytes

Instance Name Offset
FRAMES_128_255BYTES 0x0540

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field FRAMES_128_255BYTES

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 544: Frames 128-255 Bytes (FRAMES_128_255BYTES)  

Bits Name Type Reset Description

31:0 FRAMES_128_255BYTES RO 0x0 Frames 128-255 Bytes

Instance Name Offset
FRAMES_256_511BYTES 0x0544

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field FRAMES_256_511BYTES

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 545: Frames 256-511 Bytes (FRAMES_256_511BYTES)  

Bits Name Type Reset Description

31:0 FRAMES_256_511BYTES RO 0x0 Frames 256-511 Bytes
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-527



ARMADA 16x Applications Processor Family Register Tables
A.22.30.19 Frames 512-1023 Bytes (FRAMES_512_1023BYTES)
Increments once for every received and transmitted packet with size of 512-1023 bytes. This 
counter does not count BAD received packets.

A.22.30.20 Frames 1024-Maximum Frame Size Bytes 
(FRAMES_1024_MAXFRAMESIZEBYTES)
Increments once for every received and transmitted packet with size of 1024 to Max_Frame_Size 
bytes. This counter does not count BAD received packets.

A.22.30.21 Rx Error (RX_ERROR)
Increments once for every received packet in which the Rx Error Event has been detected. When a 
Rx Error event occurs, the following counters do not increment: CRC Error, Oversize Frames, 
Fragments, Jabbers, Collision and Late Collision.

Instance Name Offset
FRAMES_512_1023BYTES 0x0548

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field FRAMES_512_1023BYTES

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 546: Frames 512-1023 Bytes (FRAMES_512_1023BYTES)  

Bits Name Type Reset Description

31:0 FRAMES_512_1023
BYTES

RO 0x0 Frames 512-1023 Bytes

Instance Name Offset
FRAMES_1024_MAXFRAMESIZEBYTES 0x054C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field FRAMES_1024_MAXFRAMESIZEBYTES

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 547: Frames 1024-Maximum Frame Size Bytes (FRAMES_1024_MAXFRAMESIZEBYTES)  

Bits Name Type Reset Description

31:0 FRAMES_1024_
MAXFRAMESIZEBYTES

RO 0x0 Frames 1024-Maximum Frame Size Bytes
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A.22.30.22 Multicast Frames Sent (OUT_MULTICAST_FRAMES)
Number of Multicast frames sent by the port.

This counter does not count Broadcast packets.

A.22.30.23 Broadcast Frames Sent (OUT_BROADCAST_FRAMES)
Number of Broadcast frames sent by the port.

Instance Name Offset
RX_ERROR 0x0550

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field RX_ERROR

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 548: Rx Error (RX_ERROR)  

Bits Name Type Reset Description

31:0 RX_ERROR RO 0x0 Rx Error

Instance Name Offset
OUT_MULTICAST_FRAMES 0x0554

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field OUT_MULTICAST_FRAMES

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 549: Multicast Frames Sent (OUT_MULTICAST_FRAMES)  

Bits Name Type Reset Description

31:0 OUT_MULTICAST_FRAMES RO 0x0 Multicast Frames Sent

Instance Name Offset
OUT_BROADCAST_FRAMES 0x0558

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field OUT_BROADCAST_FRAMES

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 550: Broadcast Frames Sent (OUT_BROADCAST_FRAMES)  

Bits Name Type Reset Description

31:0 OUT_BROADCAST_
FRAMES

RO 0x0 Broadcast Frames Sent
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A.22.30.24 Unicast Frames Out (OUT_UNICAST_FRAMES)
Calculated from:

Frames Sent
Out Multicast Frames
Out Broadcast Frames

A.22.30.25 Undersize Frames (UNDERSIZE_FRAMES)
Increments once for every received packet which meets all the following conditions (that is, logical 
AND of the following conditions):

Packet data length is less than 64 bytes
Collision Event has not been detected
Late Collision Event has not been detected
Rx Error Event has not been detected
Packet has valid CRC

Instance Name Offset
OUT_UNICAST_FRAMES 0x055C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field OUT_UNICAST_FRAMES

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 551: Unicast Frames Out (OUT_UNICAST_FRAMES)  

Bits Name Type Reset Description

31:0 OUT_UNICAST_FRAMES RO 0x0 Unicast Frames Out

Instance Name Offset

UNDERSIZE_FRAMES 0x0560

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field UNDERSIZE_FRAMES

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 552: Undersize Frames (UNDERSIZE_FRAMES)  

Bits Name Type Reset Description

31:0 UNDERSIZE_FRAMES RO 0x0 Undersize Frames
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A.23  PCI Express Controller (PCIe)
This section lists the location of all of the PCIe module registers.

The PCIe Clock/Reset Control Register (APMU_PCIE_CLK_RES_CTRL) in the Application 
Subsystem Power Management (APMU) Unit must be programmed prior to accessing the PCIe 
registers.

Base Address: 0xD120_0000

Note

Note If an undefined register within the PCIe module register space is read or written to, the transaction 
will be ignored. The PCIe module will return an AXI response of OKAY.

Table 553:  PCIe Module Register Summary (Sheet 1 of 4)

Offset Name Description Details

0x0000 DMA_CTRL_CH0 DMA Control Channel 0  Page: A-535 

0x0004 DMA_PCIE_CTRL_CH0 DMA PCIe control Channel 0 Page: A-535

0x000C DMA_START_CH0 DMA Start Channel 0  Page: A-536 

0x0010 DMA_SRC_ADDR_LS_CH0 DMA Channel Source Address lower Channel 0 Page: A-537

0x0014 DMA_SRC_ADDR_MS_CH0 DMA Channel Source Address upper Channel 0 Page: A-537

0x0018 DMA_DEST_ADDR_LS_CH0 DMA Channel Destination Address lower Channel 0 Page: A-538

0x001C DMA_DEST_ADDR_MS_CH0 DMA Channel Destination Address upper Channel 0 Page: A-538

0x0020 DMA_NEXT_DESC_CH0 DMA Next Descriptor Pointer Channel 0 Page: A-539

0x0024 DMA_MODE_CH0 DMA Mode Channel 0 Page: A-539

0x0030 PIO_RD_DATA_CH0 PIO Read Data Channel 0 Page: A-540

0x0034 PIO_START_CH0 PIO Start Channel 0 Page: A-541

0x0038 PIO_WR_DATA_CH0 PIO Write Data Channel 0 Page: A-541

0x003C PIO_WR_STRB_CH0 PIO Write Data Strobes Channel 0 Page: A-542

0x0040 PIO_ADDR_LS_CH0 PIO address LSBs Channel 0 Page: A-542

0x0044 PIO_ADDR_MS_CH0 PIO address MSBs Channel 0 Page: A-543

0x0060 DMA_RD_RESP_STAT0 DMA Read Response Status Channel 0 Page: A-544

0x0064 DMA_WR_RESP_STAT0 DMA Write Response Status Channel 0 Page: A-544

0x0080 DMA_CTRL_CH1 DMA Control Channel 1 Page: A-535 

0x0084 DMA_PCIE_CTRL_CH1 DMA PCIe control Channel 1 Page: A-535

0x008C DMA_START_CH1 DMA Start Channel 1  Page: A-536 

0x0090 DMA_SRC_ADDR_LS_CH1 DMA Channel Source Address lower Channel 1 Page: A-537

0x0094 DMA_SRC_ADDR_MS_CH1 DMA Channel Source Address upper Channel 1 Page: A-537
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0x0098 DMA_DEST_ADDR_LS_CH1 DMA Channel Destination Address lower Channel 1 Page: A-538

0x009C DMA_DEST_ADDR_MS_CH1 DMA Channel Destination Address upper Channel 1 Page: A-538

0x00A0 DMA_NEXT_DESC_CH1 DMA Next Descriptor Pointer Channel 1 Page: A-539

0x00A4 DMA_MODE_CH1 DMA Mode Channel 1 Page: A-539

0x00B0 PIO_RD_DATA_CH1 PIO Read Data Channel 1 Page: A-540

0x00B4 PIO_START_CH1 PIO Start Channel 1 Page: A-541

0x00B8 PIO_WR_DATA_CH1 PIO Write Data Channel 1 Page: A-541

0x00BC PIO_WR_STRB_CH1 PIO Write Data Strobes Channel 1 Page: A-542

0x00C0 PIO_ADDR_LS_CH1 PIO address LSBs Channel 1 Page: A-542

0x00C4 PIO_ADDR_MS_CH1 PIO address MSBs Channel 1  Page: A-543

0x00E0 DMA_RD_RESP_STAT1 DMA Read Response Status Channel 1 Page: A-544

0x00E4 DMA_WR_RESP_STAT1 DMA Write Response Status Channel 1 Page: A-544

0x0100 DMA_CTRL_CH2 DMA Control Channel 2 Page: A-535 

0x0104 DMA_PCIE_CTRL_CH2 DMA PCIe control Channel 2 Page: A-535

0x010C DMA_START_CH2 DMA Start Channel 2 Page: A-536 

0x0110 DMA_SRC_ADDR_LS_CH2 DMA Channel Source Address lower Channel 2 Page: A-537

0x0114 DMA_SRC_ADDR_MS_CH2 DMA Channel Source Address upper Channel 2 Page: A-537

0x0118 DMA_DEST_ADDR_LS_CH2 DMA Channel Destination Address lower Channel 2 Page: A-538

0x011C DMA_DEST_ADDR_MS_CH2 DMA Channel Destination Address upper Channel 2 Page: A-538

0x0120 DMA_NEXT_DESC_CH2 DMA Next Descriptor Pointer Channel 2 Page: A-539

0x0124 DMA_MODE_CH2 DMA Mode Channel 2 Page: A-539

0x0130 PIO_RD_DATA_CH2 PIO Read Data Channel 2 Page: A-540

0x0134 PIO_START_CH2 PIO Start Channel 2 Page: A-541

0x0138 PIO_WR_DATA_CH2 PIO Write Data Channel 2 Page: A-541

0x013C PIO_WR_STRB_CH2 PIO Write Data Strobes Channel 2 Page: A-542

0x0140 PIO_ADDR_LS_CH2 PIO address LSBs Channel 2 Page: A-542

0x0144 PIO_ADDR_MS_CH2 PIO address MSBs Channel 2  Page: A-543

0x0160 DMA_RD_RESP_STAT2 DMA Read Response Status Channel 2 Page: A-544

0x0164 DMA_WR_RESP_STAT2 DMA Write Response Status Channel 2 Page: A-544

0x0180 DMA_CTRL_CH3 DMA Control Channel 3 Page: A-535 

0x0184 DMA_PCIE_CTRL_CH3 DMA PCIe control Channel 3 Page: A-535

Table 553:  PCIe Module Register Summary (Sheet 2 of 4)

Offset Name Description Details
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0x018C DMA_START_CH3 DMA Start Channel 3 Page: A-536 

0x0190 DMA_SRC_ADDR_LS_CH3 DMA Channel Source Address lower Channel 3 Page: A-537

0x0194 DMA_SRC_ADDR_MS_CH3 DMA Channel Source Address upper Channel 3 Page: A-537

0x0198 DMA_DEST_ADDR_LS_CH3 DMA Channel Destination Address lower Channel 3 Page: A-538

0x019C DMA_DEST_ADDR_MS_CH3 DMA Channel Destination Address upper Channel 3 Page: A-538

0x01A0 DMA_NEXT_DESC_CH3 DMA Next Descriptor Pointer Channel 3 Page: A-539

0x01A4 DMA_MODE_CH3 DMA Mode Channel 3 Page: A-539

0x01B0 PIO_RD_DATA_CH3 PIO Read Data Channel 3 Page: A-540

0x01B4 PIO_START_CH3 PIO Start Channel 3 Page: A-541

0x01B8 PIO_WR_DATA_CH3 PIO Write Data Channel 3 Page: A-541

0x01BC PIO_WR_STRB_CH3 PIO Write Data Strobes Channel 3 Page: A-542

0x01C0 PIO_ADDR_LS_CH3 PIO address LSBs Channel 3 Page: A-542

0x01C4 PIO_ADDR_MS_CH3 PIO address MSBs Channel 3  Page: A-543

0x01E0 DMA_RD_RESP_STAT3 DMA Read Response Status Channel 3 Page: A-544

0x01E4 DMA_WR_RESP_STAT3 DMA Write Response Status Channel 3 Page: A-544

0x0F80 DMA_ISR DMA Channel Interrupt Status Register Page: A-545

0x0F84 DMA_ISRM DMA Interrupt Status Register Mask Page: A-545

0x0F90 DMA_AXI_SLVERR_ISR DMA Channel AXI Slave Error Interrupt Status Register Page: A-546

0x0F94 DMA_AXI_SLVERR_ISRM DMA Channel AXI Slave Error Interrupt Status Register 
Mask

Page: A-546

0x0F98 DMA_AXI_DECERR_ISR DMA Channel AXI Decode Error Interrupt Status Register Page: A-547

0x0F9C DMA_AXI_DECERR_ISRM DMA Channel AXI Decode Error Interrupt Status Register 
Mask

Page: A-547

0x0FA0 DMA_COMPL_SC_ISR DMA Channel PCIe Successful Completion Interrupt Status 
Register

Page: A-548

0x0FA4 DMA_COMPL_SC_ISRM DMA Channel PCIe Successful Completion Interrupt Status 
Register Mask

Page: A-548

0x0FA8 DMA_COMPL_UR_ISR DMA Channel PCIe Unsupported Request Completion 
Interrupt Status Register

Page: A-549

0x0FAC DMA_COMPL_UR_ISRM DMA Channel PCIe Unsupported REquest Completion 
Interrupt Status Register Mask

Page: A-549

0x0FB0 DMA_COMPL_CR_S_ISR DMA Channel PCIe Configuration Request Retry 
Completion Interrupt Status Register

Page: A-550

0x0FB4 DMA_COMPL_CR_S_ISRM DMA Channel PCIe Configuration Request Retry 
Completion Interrupt Status Register Mask

Page: A-550

Table 553:  PCIe Module Register Summary (Sheet 3 of 4)

Offset Name Description Details
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-533



ARMADA 16x Applications Processor Family Register Tables
0x0FB8 DMA_COMPL_CA_ISR DMA Channel PCIe Completer Abort Interrupt Status 
Register

Page: A-551

0x0FBC DMA_COMPL_CA_ISRM DMA Channel PCIe Completer Abort Interrupt Status 
Register Mask

Page: A-551

0x1000 PCIE_MSI PCIe Control Page: A-552

0x1400 PCIE_MSI_ISR_0 MSI ISR 0 Page: A-552

0x1404 PCIE_MSI_ISRM0 MSI ISR Mask 0 Page: A-553

0x1408 PCIE_MSI_ISR_1 MSI ISR 1 Page: A-552

0x140C PCIE_MSI_ISRM1 MSI ISR Mask 1 Page: A-553

0x1410 PCIE_MSI_ISR_2 MSI ISR 2 Page: A-552

0x1414 PCIE_MSI_ISRM2 MSI ISR Mask 2 Page: A-553

0x1418 PCIE_MSI_ISR_3 MSI ISR 3 Page: A-552

0x141C PCIE_MSI_ISRM3 MSI ISR Mask 3 Page: A-553

0x1420 PCIE_MSI_ISR_4 MSI ISR 4 Page: A-552

0x1424 PCIE_MSI_ISRM4 MSI ISR Mask 4 Page: A-553

0x1428 PCIE_MSI_ISR_5 MSI ISR 5 Page: A-552

0x142C PCIE_MSI_ISRM5 MSI ISR Mask 5 Page: A-553

0x1430 PCIE_MSI_ISR_6 MSI ISR 6 Page: A-552

0x1434 PCIE_MSI_ISRM6 MSI ISR Mask 6 Page: A-553

0x1438 PCIE_MSI_ISR_7 MSI ISR 7 Page: A-552

0x143C PCIE_MSI_ISRM7 MSI ISR Mask 7 Page: A-553

0x1800 PCIE_ISR0 PCIe Control ISR 0 register Page: A-553

0x1804 PCIE_ISRM0 PCIe Control ISR 0 mask register Page: A-554

0x1808 PCIE_ISR1 PCIe Control ISR 1 register Page: A-553

0x180C PCIE_ISRM1 PCIe Control ISR 1 mask register Page: A-554

0x1820 PCI_LEGACY_ISR0 PCIe legacy interrupt ISR Page: A-558

0x1824 PCI_LEGACY_ISRM0 PCI legacy interrupt ISR mask Page: A-558

0x1840 PCIE_CTRL0 PCIe Control0 register Page: A-558

0x1844 PCIE_CTRL1 PCIe Control1 register Page: A-559

0x1880 PCIE_STAT0 PCIe Status0 register Page: A-561

0x2110 PCIE_PHY_MAC PCIe Mac Control Enforce Register Page: A-562

0x2250 PCIE_PHY PCIe PHY Analog Control Register Page: A-562

Table 553:  PCIe Module Register Summary (Sheet 4 of 4)

Offset Name Description Details
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A.23.1 Outbound DMA Registers
This section lists the registers used to configure the outbound DMA.

A.23.1.1 DMA Control Registers (channel 0-3) (DMA_CTRL)
The DMA Control registers determines the number of bytes to transfer. The number of bytes must 
always be a multiple of 8.

A.23.1.2 DMA PCIe Control Registers (channel 0-3) (DMA_PCIE_CTRL)
The DMA PCIe Control registers are used to program the sideband information needed to inform the 
PCIe bridge about the type of outbound PCIe request. This information is passed to the Synopsys 
DW bridge on the slv_awmisc_info (for writes) and slv_armisc_info fields (for reads). 

The PCIeType field has restrictions. Configuration request can only be performed in PIO mode. The 
DMA can only perform memory Read and memory Write transactions. IO type requests are not 
allowed. The DMA does not generate any completion transaction types, so these values are not 
allowed.

Instance Name Offset
DMA_CTRL_CH0 0x0000

DMA_CTRL_CH1 0x0080

DMA_CTRL_CH2 0x0100

DMA_CTRL_CH3 0x0180

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved Byte_Count

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 554: DMA Control Registers (channel 0-3) (DMA_CTRL)  

Bits Name Type Reset Description

31:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:0 Byte_Count R/W 0x0 Byte Count
Number of bytes to be moved.

Instance Name Offset
DMA_PCIE_CTRL_CH0 0x0004

DMA_PCIE_CTRL_CH1 0x0084

DMA_PCIE_CTRL_CH2 0x0104

DMA_PCIE_CTRL_CH3 0x0184

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved PCIeMsgCode PCIeTC

P
C

Ie
A

ttr

P
C

Ie
T

D

P
C

Ie
E

P

P
C

Ie
B

C
M

PCIeType

Default ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 555: DMA PCIe Control Registers (channel 0-3) (DMA_PCIE_CTRL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:21 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.23.1.3 DMA Start Registers (DMA_START)
The Start Register controls when a DMA transfer begins. The other DMA Control Register must be 
programmed before the start bit is asserted. When the channel completes the movement of all data 
(which could be chained or non-chained), the start bit de-asserts.

20:13 PCIeMsgCode R/W 0x0 Transaction type for messages.

12:10 PCIeTC R/W 0x0 Traffic class. 
Reserved. Always write 0. Ignore read value.

9:8 PCIeAttr R/W 0x0 PCIeAttr
Bit 9: Relaxed ordering.
0 = No relaxed ordering
1 = PCI-X relaxed ordering enabled
Bit 8: No snoop
0 = Indicates PCI-type cache snoop protection is required
1 = Indicates that no cache coherency issues exist with this 
packet

7 PCIeTD R/W 0x0 Transaction digest present. 
Reserved. Always write 0. Ignore read value.

6 PCIeEP R/W 0x0 Packet is poisoned. 
Reserved. Always write 0. Ignore read value.

5 PCIeBCM R/W 0x0 PCI-X byte count modified.
Reserved. Always write 0. Ignore read value.

4:0 PCIeType R/W 0x0 TLP type:
0x0:  Memory Read Request (MRd)
0x1: Memory Read Lock Request (MRdLk)
0x0: Memory Write Request (IOWr)
0x4: Config Type 0 Read Request (CfgRd0)
0x4: Config Type 0 Write Request (CfgWr0)
0x5: Config Type 1 Read Request (CfgRd1)
0x5: Config Type 1 Write Request (CfgWr1)

Instance Name Offset
DMA_START_CH0 0x000C

DMA_START_CH1 0x008C

DMA_START_CH2 0x010C

DMA_START_CH3 0x018C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

S
ta

rt

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0

Table 555: DMA PCIe Control Registers (channel 0-3) (DMA_PCIE_CTRL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.23.1.4 DMA Channel Source Lower Address (DMA_SRC_ADDR_LS)
The DMA channel source address registers consist of upper (most-significant) address bits and 
lower (least-significant) address bits. The upper address bits are used to access the 64-bit PCIe 
address space.

A.23.1.5 DMA Channel Source Upper Address (DMA_SRC_ADDR_MS)
The DMA channel source address registers consist of upper (most-significant) address bits and 
lower (least-significant) address bits. The upper address bits are used to access the 64-bit PCIe 
address space.

Table 556: DMA Start Registers (DMA_START)  

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 Start R/W 0x0 DMA Start
0 - DMA channel is halted.
1 - Start DMA channel.

Instance Name Offset
DMA_SRC_ADDR_LS_CH0 0x0010

DMA_SRC_ADDR_LS_CH1 0x0090

DMA_SRC_ADDR_LS_CH2 0x0110

DMA_SRC_ADDR_LS_CH3 0x0190

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SrcAddrLS

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 557: DMA Channel Source Lower Address (DMA_SRC_ADDR_LS)  

Bits Name Type Reset Description

31:0 SrcAddrLS R/W 0x0 Lower 32 bits of source address.

Instance Name Offset
DMA_SRC_ADDR_MS_CH0 0x0014

DMA_SRC_ADDR_MS_CH1 0x0094

DMA_SRC_ADDR_MS_CH2 0x0114

DMA_SRC_ADDR_MS_CH3 0x0194

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SrcAddrMS

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 558: DMA Channel Source Upper Address (DMA_SRC_ADDR_MS)  

Bits Name Type Reset Description

31:0 SrcAddrMS R/W 0x0 Upper 32 bits of source address.
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A.23.1.6 DMA Channel Destination Lower Address (channel 0-3) 
(DMA_DEST_ADDR_LS)
The DMA Channel Destination Address registers consist of upper (most-significant) address bits 
and lower (least-significant) address bits. The upper address bits are used to access the 64-bit PCIe 
address space.

A.23.1.7 DMA Channel Destination Upper Address (channel 0-3) 
(DMA_DEST_ADDR_MS)
The DMA Channel Destination Address registers consist of upper (most-significant) address bits 
and lower (least-significant) address bits. The upper address bits are used to access the 64-bit PCIe 
address space.

Instance Name Offset
DMA_DEST_ADDR_LS_CH0 0x0018

DMA_DEST_ADDR_LS_CH1 0x0098

DMA_DEST_ADDR_LS_CH2 0x0118

DMA_DEST_ADDR_LS_CH3 0x0198

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field DestAddrLS

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 559: DMA Channel Destination Lower Address (channel 0-3) (DMA_DEST_ADDR_LS)  

Bits Name Type Reset Description

31:0 DestAddrLS R/W 0x0 Lower 32 bits of destination address.

Instance Name Offset
DMA_DEST_ADDR_MS_CH0 0x001C

DMA_DEST_ADDR_MS_CH1 0x009C

DMA_DEST_ADDR_MS_CH2 0x011C

DMA_DEST_ADDR_MS_CH3 0x019C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field DestAddrMS

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 560: DMA Channel Destination Upper Address (channel 0-3) (DMA_DEST_ADDR_MS)  

Bits Name Type Reset Description

31:0 DestAddrMS R/W 0x0 Upper 32 bits of destination address.
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A.23.1.8 DMA Next Descriptor Pointer (channel 0-3) (DMA_NEXT_DESC)
This register points to the address of the next Descriptor in memory and is used only for Descriptor-
based transactions. If a value of 0x0 is loaded into this register on a Descriptor fetch, it indicates that 
this is the last Descriptor in the chain.

A.23.1.9 DMA Mode (Channel 0-3) (DMA_MODE)
This register controls the direction of a DMA transfer and whether it is chained/non-chained. The 
destination domain indicates the direction of the transaction (system -> PCIe or PCIe -> system). 
The Chain mode and destination domain can be programmed only once for chained/non-chained 
DMA transactions. These bits must remain constant from the moment the DMA start bit asserts until 
it de-asserts.

Caution: The DestDomain field must always be set correctly to correspond with the PCIeType 
field in the DMA PCIe Control Register.

The correct setting for DestDomain corresponding to the TLP type is:

1 - Memory Read Request (MRd)
1 - Memory Read Lock Request (MRdLk)
0 - Memory Write Request (IOWr)
1 - Config Type 0 Read Request (CfgRd0)
0 - Config Type 0 Write Request (CfgWr0)
1 - Config Type 1 Read Request (CfgRd1)
0 - Config Type 1 Write Request (CfgWr1)

The DestDomain field must always be set correctly to correspond with the PCIeType field in the 
DMA PCIe Control Register.

Instance Name Offset
DMA_NEXT_DESC_CH0 0x0020

DMA_NEXT_DESC_CH1 0x00A0

DMA_NEXT_DESC_CH2 0x0120

DMA_NEXT_DESC_CH3 0x01A0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field NxtDescPtr

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 561: DMA Next Descriptor Pointer (channel 0-3) (DMA_NEXT_DESC)  

Bits Name Type Reset Description

31:0 NxtDescPtr R/W 0x0 Address of next Descriptor.
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A.23.1.10 PIO Read Data (Channel 0-3) (PIO_READ_DATA)
This register contains the Read data that is fetched from PCIe for a PIO Read.

Instance Name Offset
DMA_MODE_CH0 0x0024

DMA_MODE_CH1 0x00A4

DMA_MODE_CH2 0x0124

DMA_MODE_CH3 0x01A4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

D
es

tD
om

ai
n

C
ha

in
M

od
e

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0

Table 562: DMA Mode (Channel 0-3) (DMA_MODE)  

Bits Name Type Reset Description

31:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 DestDomain R/W 0x0 Destination Domain
0 = Destination domain is PCIe (outbound PCIe Write)
1 = Destination domain is system (outbound PCIe Read)

0 ChainMode R/W 0x0 Chain Mode
0 = Non-chained (non-Descriptor) mode
1 = Chained mode

Instance Name Offset
PIO_RD_DATA_CH0 0x0030

PIO_RD_DATA_CH1 0x00B0

PIO_RD_DATA_CH2 0x0130

PIO_RD_DATA_CH3 0x01B0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 563: PIO Read Data (Channel 0-3) (PIO_READ_DATA)  

Bits Name Type Reset Description

31:0 data R/W 0x0 Data read by system PIO access to PCIe.
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A.23.1.11 PIO Start Registers (PIO_START)
The Start Register controls when a DMA PIO transfer begins. When the transfer completes, the start 
bit is de-asserted.

A.23.1.12 PIO Write Data (Channel 0-3) (PIO_WRITE_DATA)
This register contains the Write data that is sent in a PIO Write.

Instance Name Offset
PIO_START_CH0 0x0034

PIO_START_CH1 0x00B4

PIO_START_CH2 0x0134

PIO_START_CH3 0x01B4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

S
ta

rt

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0

Table 564: PIO Start Registers (PIO_START)  

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 Start R/W 0x0 DMA Start
0 = DMA channel halted
1 = Start DMA channel

Instance Name Offset

PIO_WR_DATA_CH0 0x0038

PIO_WR_DATA_CH1 0x00B8

PIO_WR_DATA_CH2 0x0138

PIO_WR_DATA_CH3 0x01B8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 565: PIO Write Data (Channel 0-3) (PIO_WRITE_DATA)  

Bits Name Type Reset Description

31:0 data R/W 0x0 Data to be written by system PIO to PCIe.
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A.23.1.13 PIO Data Strobes (Channel 0-3) (PIO_WR_STRB)
This register contains byte strobes that are sent with a PIO Read or Write.

A.23.1.14 PIO Lower Addresss (PIO_ADDR_LS)
The DMA Channel Source Address registers consist of upper (most-significant) address bits and 
lower (least-significant) address bits. The upper address bits are used only to access the PCIe 
address space.

Caution: The PIO Address Lower Register is used in two different ways: for memory Reads and 
Writes, it contains the LSBs of the address. For configuration Writes, it contains 
addressing information in the format bus/device/function etc.

If a configuration request is being performed, the LSBs of the PIO address are used to carry 
addressing information.

This field provides addressing information (bus/device/function number) when a PCIe configuration 
Read or Write is issued to PCIe. If the outgoing PCIe transaction is a configuration Read or Write, 
these bits are driven on the address bus (bits 31:0) to the AXI bridge. Configuration Reads and 
Writes are performed using PIO only.

Instance Name Offset
PIO_WR_STRB_CH0 0x003C

PIO_WR_STRB_CH1 0x00BC

PIO_WR_STRB_CH2 0x013C

PIO_WR_STRB_CH3 0x01BC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved strobe

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 566: PIO Data Strobes (Channel 0-3) (PIO_WR_STRB)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 strobe R/W 0x0 Strobes for Read and Write data. 
This byte mask is applied to outgoing PIO Reads and 
Writes. For Writes, any strobe pattern can be specified and 
the address should be DW aligned. For Reads, the 
following strobe patterns are allowed and the address 
should reflect the starting byte:
0x1: address = xx0
0x2: address = xx1
0x4: address = xx2
0x8: address = xx3
0x3: address = xx0
0xC: address = xx2
0xF: address = xx0
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A.23.1.15 PIO Upper Addresss (PIO_ADDR_MS)
The DMA Channel Source Address registers consist of upper (most-significant) address bits and 
lower (least-significant) address bits. The upper address bits are used only to access the PCIe 
address space.

Instance Name Offset
PIO_ADDR_LS_CH0 0x0040

PIO_ADDR_LS_CH1 0x00C0

PIO_ADDR_LS_CH2 0x0140

PIO_ADDR_LS_CH3 0x01C0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field bus_num dev_num

fu
nc

_n
um

de
st

_a
dd

r1

ex
t_

re
g_

nu
m

reg_num

de
st

_a
dd

r0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 567: PIO Lower Addresss (PIO_ADDR_LS)  

Bits Name Type Reset Description

31:24 bus_num R/W 0x0 Bus number to be addressed by the configuration 
transaction.

23:19 dev_num R/W 0x0 Device number to be addressed by the configuration 
transaction

18:16 func_num R/W 0x0 Function number to be addressed by the configuration 
transaction.

15:12 dest_addr1 R/W 0x0 Destination Address

11:8 ext_reg_num R/W 0x0 Extended PCIe configuration space register number.

7:2 reg_num R/W 0x0 PCI configuration space register number

1:0 dest_addr0 R/W 0x0 Destination Address

Instance Name Offset

PIO_ADDR_MS_CH0 0x0044

PIO_ADDR_MS_CH1 0x00C4

PIO_ADDR_MS_CH2 0x0144

PIO_ADDR_MS_CH3 0x01C4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field DestAddrMS

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 568: PIO Upper Addresss (PIO_ADDR_MS)  

Bits Name Type Reset Description

31:0 DestAddrMS R/W 0x0 Upper 32 bits of source address.
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A.23.1.16 DMA PCIe Read Response Status (DMA_RD_RESP)
This register is provided for debug purposes. It records the status of the last Read response from 
PCIe.

A.23.1.17 DMA PCIe Write Response Status (DMA_WR_RESP)
This register is provided for debug purposes. It records the status of the last Write response from 
PCIe.

Instance Name Offset
DMA_RD_RESP_STAT0 0x0060

DMA_RD_RESP_STAT1 0x00E0

DMA_RD_RESP_STAT2 0x0160

DMA_RD_RESP_STAT3 0x01E0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0

Table 569: DMA PCIe Read Response Status (DMA_RD_RESP)  

Bits Name Type Reset Description

31:11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

10 non_post RO 0x0 Indicates that AXI response is for a non-posted request

9:7 resp_status RO 0x0 AXI response transactions status defined as the same 
location of PCIe completion header status files

6:5 resp_trans_attr RO 0x0 AXI response transaction attributes

4:2 resp_TC RO 0x0 AXI response transaction traffic class

1 resp_TD RO 0x0 AXI response transaction transactions digest (= digest 
present)

0 resp_BCM RO 0x0 AXI response transaction byte count modified (BCM)

Instance Name Offset
DMA_WR_RESP_STAT0 0x0064

DMA_WR_RESP_STAT1 0x00E4

DMA_WR_RESP_STAT2 0x0164

DMA_WR_RESP_STAT3 0x01E4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0
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A.23.1.18 DMA Channel Interrupt Status Register (DMA_ISR)
This register contains the interrupt status for each DMA channel. The interrupt bit is asserted when a 
DMA channel finishes moving all data (when the start bit de-asserts). Each interrupt bit can be 
cleared by writing a 1 to that bit position. Multiple interrupt bits can be cleared at the same time by 
writing a 1 in multiple positions.

A.23.1.19 DMA Channel Interrupt Mask Register (DMA_ISRM)
The register allows each DMA channel interrupt to be masked. All interrupts are masked in the 
Default mode.

Table 570: DMA PCIe Write Response Status (DMA_WR_RESP)  

Bits Name Type Reset Description

31:10 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

9:7 resp_status RO 0x0 AXI response transaction status defined as the same 
location of PCIe completion header status field

6:5 resp_trans_attr RO 0x0 AXI response transaction attributes

4:2 resp_TC RO 0x0 AXI response transaction traffic class

1 resp_TD RO 0x0 AXI response transactions transaction digest (= digest 
present)

0 resp_BCM RO 0x0 AXI response byte count modified (BCM)

Instance Name Offset
DMA_ISR 0x0F80

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ISR

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 571: DMA Channel Interrupt Status Register (DMA_ISR)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 ISR R1/
W11CLR

0x0 Bit vector. Corresponding bit set when DMA channel 
generates an interrupt.

Instance Name Offset
DMA_ISRM 0x0F84

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ISRM

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-545



ARMADA 16x Applications Processor Family Register Tables
A.23.1.20 DMA Channel AXI Slave Error Interrupt Status Register 
(DMA_AXI_SLVERR_ISR)
This Interrupt Status Register records the occurence of an AXI slave error. There is one bit per DMA 
channel.

A.23.1.21 DMA Channel AXI Slave Error Interrupt Mask Register 
(DMA_AXI_SLVERR_ISRM)
The register allows each DMA channel AXI slave error interrupts to be masked. All interrupts are 
masked in Default mode.

Table 572: DMA Channel Interrupt Mask Register (DMA_ISRM)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 ISRM R/W 0x0 Writing a 1 in any bit position drives the interrupt line 
whenever the corresponding ISR bit is high.

Instance Name Offset
DMA_AXI_SLVERR_ISR 0x0F90

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

A
X

I_
S

LV
E

R
R

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 573: DMA Channel AXI Slave Error Interrupt Status Register (DMA_AXI_SLVERR_ISR)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 AXI_SLVERR R1/
W11CLR

0x0 Bit vector. Corresponding bit set when an AXI Read or Write 
to system memory generates a slave error. Used for debug.

Instance Name Offset

DMA_AXI_SLVERR_ISRM 0x0F94

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ISRM

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 574: DMA Channel AXI Slave Error Interrupt Mask Register (DMA_AXI_SLVERR_ISRM)  
(Sheet 1 of 2)

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.23.1.22 DMA Channel AXI Decode Error Interrupt Status Register 
(DMA_AXI_DECERR_ISR)
This Interrupt Status Register records the occurence of an AXI Slave Address Decode error. There 
is one bit per DMA channel.

A.23.1.23 DMA Channel AXI Decode Error Interrupt Mask Register 
(DMA_AXI_DECERR_ISRM)
The register allows each DMA Channel AXI Decode error interrupts to be masked. All interrupts are 
masked in default mode.

3:0 ISRM R/W 0x0 Writing a 1 in any bit positions drives the interrupt line 
whenever the corresponding ISR bit is high.

Instance Name Offset
DMA_AXI_DECERR_ISR 0x0F98

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

A
X
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C

E
R

R

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 575: DMA Channel AXI Decode Error Interrupt Status Register (DMA_AXI_DECERR_ISR)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 AXI_DECERR R1/
W11CLR

0x0 Bit vector. Corresponding bit set when an AXI Read or Write 
to system memory generates a decode error. Used for 
debug.

Instance Name Offset

DMA_AXI_DECERR_ISRM 0x0F9C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ISRM

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 576: DMA Channel AXI Decode Error Interrupt Mask Register (DMA_AXI_DECERR_ISRM)  
(Sheet 1 of 2)

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 574: DMA Channel AXI Slave Error Interrupt Mask Register (DMA_AXI_SLVERR_ISRM)  
(Sheet 2 of 2)

Bits Name Type Reset Description
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A.23.1.24 DMA Channel PCIe Successful Completion Interrupt Status Register 
(DMA_COMPL_SC_ISR)
This register generates an interrupt when there is a successful completion. There is one bit per DMA 
channel.

A.23.1.25 DMA Channel PCIe Completion Interrupt Mask Register 
(DMA_COMPL_SC_ISRM)
The register allows each DMA channel channel interrupts to be masked. All interrupts are masked in 
Default mode.

3:0 ISRM R/W 0x0 Writing a 1 in any bit positions drives the interrupt line 
whenever the corresponding ISR bit is high.

Instance Name Offset
DMA_COMPL_SC_ISR 0x0FA0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved SC

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 577: DMA Channel PCIe Successful Completion Interrupt Status Register 
(DMA_COMPL_SC_ISR)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 SC R1/
W11CLR

0x0 Successful completion. 
Corresponding bit set when there is a successful PCIe 
completion. This ISR is for debug only, to check that 
completions are being returned.

Instance Name Offset
DMA_COMPL_SC_ISRM 0x0FA4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ISRM

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 578: DMA Channel PCIe Completion Interrupt Mask Register (DMA_COMPL_SC_ISRM)  
(Sheet 1 of 2)

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 576: DMA Channel AXI Decode Error Interrupt Mask Register (DMA_AXI_DECERR_ISRM)  
(Sheet 2 of 2)

Bits Name Type Reset Description
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A.23.1.26 DMA Channel PCIe Unsupported Request Completion Interrupt 
Status Register (DMA_COMPL_UR_ISR)
This register allows an interrupt to be assserted when and Unsupported Request completion is 
recieved from PCIe. There is one bit per DMA channel.

A.23.1.27 DMA Channel PCIe Unsupported Request Completion Interrupt Mask 
Register (DMA_COMPL_UR_ISRM)
The register allows each DMA channel interrupts to be masked. All interrupts are masked in Default 
mode.

3:0 ISRM R/W 0x0 Writing a 1 in any bit positions drives the interrupt line 
whenever the corresponding ISR bit is high.

Instance Name Offset
DMA_COMPL_UR_ISR 0x0FA8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved UR

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 579: DMA Channel PCIe Unsupported Request Completion Interrupt Status Register 
(DMA_COMPL_UR_ISR)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 UR R1/
W11CLR

0x0 Unsupported request

Instance Name Offset
DMA_COMPL_UR_ISRM 0x0FAC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ISRM

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 580: DMA Channel PCIe Unsupported Request Completion Interrupt Mask Register 
(DMA_COMPL_UR_ISRM)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 ISRM R/W 0x0 Writing a 1 in any bit positions drives the interrupt line 
whenever the corresponding ISR bit is high.

Table 578: DMA Channel PCIe Completion Interrupt Mask Register (DMA_COMPL_SC_ISRM)  
(Sheet 2 of 2)

Bits Name Type Reset Description
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A.23.1.28 DMA Channel PCIe Configuration Request Retry Completion Interrupt 
Status Register (DMA_COMPL_CR_S_ISR)
This register allows an interrupt to be asserted when a completion is returned with Configuration 
Request Retry status. There is one bit per DMA channel.

A.23.1.29 DMA Channel PCIe Completion Interrupt Mask Register 
(DMA_COMPL_CR_S_ISRM)
The register allows each DMA channel channel interrupts to be masked. All interrupts are masked in 
Default mode.

Instance Name Offset
DMA_COMPL_CR_S_ISR 0x0FB0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CR_S

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 581: DMA Channel PCIe Configuration Request Retry Completion Interrupt Status Register 
(DMA_COMPL_CR_S_ISR)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 CR_S R1/
W11CLR

0x0 Configuration request retry status

Instance Name Offset

DMA_COMPL_CR_S_ISRM 0x0FB4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ISRM

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 582: DMA Channel PCIe Completion Interrupt Mask Register (DMA_COMPL_CR_S_ISRM)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 ISRM R/W 0x0 Writing a 1 in any bit positions drives the interrupt line 
whenever the corresponding ISR bit is high.
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A.23.1.30 DMA Channel PCIe Completion Interrupt Status Register 
(DMA_COMPL_CA_ISR)
This register allows an interrupt to be asserted when a completion is returned with Completer Abort 
status. There is one bit per DMA channel.

A.23.1.31 DMA Channel PCIe Completion Interrupt Mask Register 
(DMA_COMPL_CA_ISRM)
The register allows each DMA channel interrupt to be masked. All interrupts are masked in Default 
mode.

The PCIe register control block holds the control, status and interrupt registers that are needed to 
access the PCIe core, except for those belonging to the outbound DMA.

A.23.2 PCIe Control Registers

Instance Name Offset
DMA_COMPL_CA_ISR 0x0FB8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CA

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 583: DMA Channel PCIe Completion Interrupt Status Register (DMA_COMPL_CA_ISR)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 CA R1/
W11CLR

0x0 Completer abort

Instance Name Offset
DMA_COMPL_CA_ISRM 0x0FBC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 584: DMA Channel PCIe Completion Interrupt Mask Register (DMA_COMPL_CA_ISRM)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 ISRM R/W 0x0 Writing a 1 in any bit positions drives the interrupt line 
whenever the corresponding ISR bit is high.
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The PCIe register control block holds the control, status and interrupt registers that are needed to 
access the PCIe core, except for those belonging to the outbound DMA.

A.23.2.1 PCIe MSI Register (PCIE_MSI)
This is a system register that PCIe endpoints write to in order to signal a message served interrupt 
(MSI). Note that the MSI message number is indicated by the 5 LSBs of the MSI Write. The PCIe 
module only supports Message 0 so the 5 MSBs in this register are reserved.

A.23.2.2 MSI ISR (0-7) (PCIE_MSI_ISR)
A Write to the PCIe MSI register causes an Interrupt Status Register to record the interrupt. Eight 
devices (0-7) are supported.

Instance Name Offset
PCIE_MSI 0x1000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved device Reserved

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? ? ? ? ?

Table 585: PCIe MSI Register (PCIE_MSI)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:5 device R/W 0x0 Device that is signalling an interrupt

4:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset Count Step

PCIE_MSI_ISR_[0:7] 0x1400 8 0x8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

st
at

us

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0

Table 586: MSI ISR (0-7) (PCIE_MSI_ISR)  

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 status R1/
W11CLR

0x0 Interrupt status for Message 0
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A.23.2.3 MSI ISR Mask (0-7) (PCIE_MSI_ISRM)
Writing a 1 to the mask bit enables the corresponding MSI ISR bit to drive the interrupt line.

A.23.2.4 PCIe Control ISR0 Register (PCIE_ISR0)
These registers log interrupts from the PCIe root complex and generate an interrupt to the CPU. The 
interrupts can all be masked by programming the PCIe Control ISR Mask Register. The interrupts in 
ISR0 are all cleared by interacting with the PCIe RC core (rather than writing 1 to clear the register 
bit directly).

Instance Name Offset Count Step
PCIE_MSI_ISRM[0:7] 0x1404 8 0x8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

IS
R

M

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0

Table 587: MSI ISR Mask (0-7) (PCIE_MSI_ISRM)  

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 ISRM R/W 0x0 Mask bit of interrupt status for Message 0

Instance Name Offset
PCIE_ISR0 0x1800

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

rd
lh

_l
in

k_
up

 

xm
lh

_l
in

k_
up

Reserved

cf
g_

pm
e_

in
t

R
es

er
ve

d

cl
k_

re
q_

en

Reserved

cf
g_

bw
_m

gt
_i

nt

cf
g_

lin
k_

au
to

_b
w

_i
nt

Reserved

cf
g_

ae
r_

rc
_e

rr
_i

nt

Default ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? 0 ? ? ? ? ? ? 0 0 ? ? ? ? ? ? ? 0

Table 588: PCIe Control ISR0 register (PCIE_ISR0)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 rdlh_link_up RO 0x0 Data Link Layer up/down
This status from the Flow Control Initialization indicates that 
flow control has been initiated and the Data Link Layer is 
ready to transmit and receive packets.
0x0: Link down
0x1: Link up

30 xmlh_link_up RO 0x0 PHY Link up/down
Indicates PHY link up/down.
0x0: Link down
0x1: Link up

29:19 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.23.2.5 PCIe Control ISR0 Mask Register (PCIE_ISRM0)
These bits mask off the interrupts in the PCIe Control ISR0 registers. The default is 0 (masked).

18 cfg_pme_int RO 0x0 The RC core asserts cfg_pme_int when all of the following 
conditions are true:
- INTx Assertion Disable bit in the Command Register is 0.
- PME Interrupt Enable bit in the Root Control Register is 
set to 1.
- PME Status bit in the Root Status Register is set to 1.

17 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

16 clk_req_en RO 0x0 Indicates application clock generation is allowed to turn off 
RC core clock based on the current power management 
state:
1: The current power state allows core_clk to be shut down.
0: core_clk is required to be active for the current power 
state.

15:10 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

9 cfg_bw_mgt_int RO 0x0 This interrupt is set as a notificaiton when the Link 
Bandwidth Management Status register (link status register 
bit 14) is updated and the Link Bandwidth Management 
interrupt Enable (Link Control Register bit 10) is set.

8 cfg_link_auto_bw_int RO 0x0 This interrupt is set as a notification when the Link 
Autonomous Bandwidth Status register (Link Status register 
bit 15) is updated and the Link Autonomous Bandwidth 
Interrupt Enable (Link Control Register bit 11) is set.

7:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 cfg_aer_rc_err_int RO 0x0 Advanced error reporting. Set when an internally generated 
error message is generated/received by the RC. Since the 
RC itself generates it, this needs to be propagated up to the 
system software which would then need to read the error 
registers to see which error occurred.

Instance Name Offset
PCIE_ISRM0 0x1804

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

IS
R

M
4

R
es

er
ve

d

IS
R

M
3

Reserved

IS
R

M
2

IS
R

M
1

Reserved

IS
R

M
0

Default ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? 0 ? ? ? ? ? ? 0 0 ? ? ? ? ? ? ? 0

Table 589: PCIe Control ISR0 Mask register (PCIE_ISRM0)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:19 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 588: PCIe Control ISR0 register (PCIE_ISR0)  (Sheet 2 of 2)

Bits Name Type Reset Description
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18 ISRM4 R/W 0x0 Mask bit 4

17 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

16 ISRM3 R/W 0x0 Mask bit 3

15:10 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

9 ISRM2 R/W 0x0 Mask bit 2

8 ISRM1 R/W 0x0 Mask bit 1

7:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 ISRM0 R/W 0x0 Mask bit 0

Table 589: PCIe Control ISR0 Mask register (PCIE_ISRM0)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.23.2.6 PCIe Control ISR1 Register (PCIE_ISR1)
These registers log interrupts from the PCIe root complex and generate an interrupt to the CPU. The 
interrupts can all be masked by programming the PCIe Control ISR Mask Register.

Instance Name Offset
PCIE_ISR1 0x1808

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

lin
k_

re
q_

rs
t_

no
t

ra
dm

_v
en

do
r_

m
sg

ra
dm

_p
m

_t
o_

ac
k

ra
dm

_p
m

_p
m

e

ra
dm

_f
at

al
_e

rr

ra
dm

_n
on

fa
ta

l_
er

r

ra
dm

_c
or

re
ct

ab
le

_e
rr

Reserved

cf
g_

sy
s_

er
r_

rc

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 ? ? ? ? ? ? ? 0

Table 590: PCIe Control ISR1 register (PCIE_ISR1)  

Bits Name Type Reset Description

31:15 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

14 link_req_rst_not R1/
W11CLR

0x0 Reset request due to Link Down status. Indicates that the 
core is requesting external logic to reset the core because 
the PHY link is down. The SII signal transitions from high to 
low to indicate the reset request. This register bit is then set 
high until the CPU clears it.

13 radm_vendor_msg R1/
W11CLR

0x0 Set if RC receives a vendor message.
Debug only. Aspen RC does not support vendor-specific 
messages so this interrupt should never be set.

12 radm_pm_to_ack R1/
W11CLR

0x0 Indicates that the RC core received a PME_TO_Ack 
message

11 radm_pm_pme R1/
W11CLR

0x0 Indicates that the RC core received a PM_PME message

10 radm_fatal_err R1/
W11CLR

0x0 Indicates that the RC core received an ERR_FATAL 
message

9 radm_nonfatal_err R1/
W11CLR

0x0 Indicates that the RC core received an ERR_NONFATAL 
message

8 radm_correctable_err R1/
W11CLR

0x0 Indicates that core received an ERR_COR message

7:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 cfg_sys_err_rc R1/
W11CLR

0x0 System error detected. **Note** spec. says 1 bit per fn. 
Need clarification.
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A.23.2.7 PCIe Control ISR1 Mask register (PCIE_ISRM1)
These mask off the interrupts in the PCIe Control ISR0 registers. The default is 0 (masked).

A.23.2.8 PCIe Legacy ISR0 (PCIE_LEGACY_ISR0)
These registers log legacy interrupts received by the PCIe root complex and optionally generate an 
interrupt to the CPU. 

Instance Name Offset
PCIE_ISRM1 0x180C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ISRM1 Reserved

IS
R

M
0

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 ? ? ? ? ? ? ? 0

Table 591: PCIe Control ISR1 Mask register (PCIE_ISRM1)  

Bits Name Type Reset Description

31:15 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

14:8 ISRM1 R/W 0x0 Mask bits

7:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 ISRM0 R/W 0x0 Mask bits

Instance Name Offset
PCI_LEGACY_ISR0 0x1820

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

IN
T

D
_D

E
A

S
S

E
R

T

IN
T

D
_A

S
S

E
R

T

IN
T

C
_D

E
A

S
S

E
R

T

IN
T

C
_A

S
S

E
R

T

IN
T

B
_D

E
A

S
S

E
R

T

IN
T

B
_A

S
S

E
R

T

IN
TA

_D
E

A
S

S
E

R
T

IN
TA

_A
S

S
E

R
T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 592: PCIe Legacy ISR0 (PCIE_LEGACY_ISR0)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 INTD_DEASSERT R1/
W11CLR

0x0 A De-Assert Interrupt D message was received from a 
downstream device.

6 INTD_ASSERT R1/
W11CLR

0x0 An Assert Interrupt D message was received from a 
downstream device.

5 INTC_DEASSERT R1/
W11CLR

0x0 A De-assert Interrupt C message was received from a 
downstream device.

4 INTC_ASSERT R1/
W11CLR

0x0 An Assert Interrupt C message was received from a 
downstream device.
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A.23.2.9 PCIe Leagcy ISRM0 (PCIE_LEAGCY_ISRM0)
These mask off the interrupts in the PCIe Legacy ISR0 registers. The default is 0 (masked).

A.23.2.10 PCIe Control0 register (PCIE_CTRL0)
The PCIe Control 0 registers

3 INTB_DEASSERT R1/
W11CLR

0x0 A De-assert Interrupt B message was received from a 
downstream device.

2 INTB_ASSERT R1/
W11CLR

0x0 An Assert Interrupt B message was received from a 
downstream device.

1 INTA_DEASSERT R1/
W11CLR

0x0 A De-assert Interrupt A message was received from a 
downstream device.

0 INTA_ASSERT R1/
W11CLR

0x0 An Assert Interrupt A message was received from a 
downstream device.

Instance Name Offset
PCI_LEGACY_ISRM0 0x1824

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ISRM

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 593: PCIe Leagcy ISRM0 (PCIE_LEAGCY_ISRM0)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 ISRM R/W 0x0 Mask bits

Instance Name Offset
PCIE_CTRL0 0x1840

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

ap
p_

re
ad

y_
en

tr
_l

23

ap
p_

re
q_

ex
it_

l1

ap
p_

re
q_

en
tr

_l
1

Reserved

ap
p_

lts
sm

_e
na

bl
e

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? ? ? ? ? ? ? ? 0

Table 592: PCIe Legacy ISR0 (PCIE_LEGACY_ISR0)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.23.2.11 PCIe Control1 register (PCIE_CTRL1)
This shows the PCIe Control 1 registers. When a 1 is written to any of these register bits, a single 
pulse cycle pulse is generated to the RC core on the respective bit. These registers are not intended 
to be read. If read, the returned value is undefined.

Table 594: PCIe Control0 register (PCIE_CTRL0)  

Bits Name Type Reset Description

31:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11 app_ready_entr_l23 R/W 0x0 Indication from application that it is ready to enter the L23 
state. This is provided for application that must control 
when the L23 state is entered. The RC core delays sending 
PM_Enter_L23 (in response to PM_Turn_off) until this 
signal becomes active. Default is 1. Application should set 
to 0 if control is needed.

10 app_req_exit_l1 R/W 0x0 Request from application to exit L1

9 app_req_entr_l1 R/W 0x0 Request from application to PCIe to enter ASPM state L1. 
Only effective if L1 is enabled. The RC core ignores this 
request while it is processing a transaction.

8:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 app_ltssm_enable R/W 0x0 Driven low by the application after reset to hold the LTSSM 
in the detect state until the application is ready. When the 
application has finished initializing the RC Core 
Configuration registers, it asserts app_ltssm_enable to 
allow the LTSSM to continue link establishment.

Instance Name Offset
PCIE_CTRL1 0x1844

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

ap
ps

_p
m

_x
m

t_
tu

rn
of

f.

Reserved

ap
p_

un
lo

ck
_m

sg

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? ? ? ? ? ? ? 0

Table 595: PCIe Control1 register (PCIE_CTRL1)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

8 apps_pm_xmt_turnoff. WO 0x0 Writing 1 to this bit by the system indicates a request to the 
PCIe RC to issue a PM_Turn_off message.There is no 
acknowledgement associated with the request.

7:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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0 app_unlock_msg WO 0x0 Writing 1 to this bit by the system indicates a request to the 
PCIe RC to issue an unlock message. There is no 
acknowledgement associated with the request.

Table 595: PCIe Control1 register (PCIE_CTRL1)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.23.2.12 PCIe Status0 register (PCIE_STAT0)
This shows the PCIe Status 0 registers.

Instance Name Offset
PCIE_STAT0 0x1880

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
ra

dm
_t

im
eo

ut
_c

pl
_t

ag
radm_timeout_cpl_len

ra
dm

_t
im

eo
ut

_c
pl

_a
ttr

ra
dm

_t
im

eo
ut

_c
pl

_t
c

ra
dm

_t
im

eo
ut

_f
un

_n
um

Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 596: PCIe Status0 register (PCIE_STAT0)  

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27:20 radm_timeout_cpl_tag RO 0x0 Tag field of the timed-out completion

19:8 radm_timeout_cpl_len RO 0x0 Length (in bytes) of the time-out completion. For a split 
completion, it indicates the number of bytes remaining to be 
delivered when the completion timed out.

7:6 radm_timeout_cpl_attr RO 0x0 Attributes field of time-out completion

5:3 radm_timeout_cpl_tc RO 0x0 Traffic class of timed-out completion

2:0 radm_timeout_fun_num RO 0x0 Function number of timed-out completion
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A.23.2.13 PCIe Mac Control Enforce Register (PCIE_PHY_MAC)

A.23.2.14 PCIe PHY Analog Control Register (PCIE_PHY)

Instance Name Offset
PCIE_PHY 0x2110

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

T
X

_D
E

T
E

C
T

_R
X

Reserved

Default ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? ?

Table 597: PCIe Mac Control Enforce Register (PCIE_PHY_MAC)  

Bits Name Type Reset Description

15:3 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

2 TX_DETECT_RX R/W 0x0 Tx detect Rx 
(this bit self clears when detect done)

1:0 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.

Instance Name Offset
PCIE_PHY 0x2250

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SetAlways

C
lo

ck
 P

ha
se

 C
on

tr
ol

Reserved

Default 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0

Table 598: PCIe PHY Analog Control Register (PCIE_PHY)  

Bits Name Type Reset Description

15:8 SetAlways SET 0xFF SetAlways
Program with 0xFF

7:4 Clock Phase Control R/W 0x0 Clock Phase Control
Must be programmed with 0x5 to meet electrical 
compliance testing

3:0 Reserved RSVD 0x0 Reserved. Always write 0. Ignore read value.
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-562



ARMADA 16x Applications Processor Family Register Tables
A.24 PCI Express DBI Registers

Note

Note Refer to the PCIE Express Base Specification Revision 2.0 (http://www.pcisig.com/specifications/
pciexpress/base2/) for detailed descriptions of each DBI register field.

Table 599:  PCI Express DBI Register Summary (Sheet 1 of 5)

Offset Name Description Details

0x3000 ID Device and Vendor ID Register page A- 567

0x3004 STS_CMD_RGSTR Status and Command Register page A- 568

0x3008 CLS_REV_ID Class and Revision ID Register page A- 568

0x300C HEAD_LAT_CACH Header Type, Master Latency and Cache Line Size Register page A- 568

0x3010 BAS_ADR_0 Base Address Register 0 page A- 569

0x3014 BAS_ADR_1 Base Address Register 1 page A- 570

0x3018 LT_SP_BUS_N Secondary Latency and Bus Numbers Register page A- 570

0x301C SS_IO_LT_BAS I/O Base and I/O Limit Register page A- 571

0x3020 MEM_LT_BAS Memory Base and Limit Register page A- 571

0x3024 PF_MEM_LT_BAS Prefetchable Memory Base and Limit Register page A- 572

0x3028 PF_BAS_U32 Prefetchable Base Upper 32 Bits Register page A- 572

0x302C PF_LT_U32 Prefetchable Limit Upper 32 Bits Register page A- 573

0x3030 IO_LT_BAS I/O Base and Limit Upper 16 bits Register page A- 573

0x3034 CAPPTR Capability Pointer Register page A- 573

0x3038 EXP_ROM_ADDR Expansion ROM Base Address Register page A- 574

0x303C BRDG_INT Interrupt Line, Pin and Bridge Control Register page A- 574

0x3040 CFG_PWR_CAP Power Management Capabilities Register page A- 575

0x3044 PWR_CSR Power Management Control Status Register page A- 575

0x3050 MSG_CTR MSI Capability Register Details Register page A- 575

0x3054 MSI_L32 MSI Lower 32 Bits Address Register page A- 576

0x3058 MSI_U32 MSI Upper 32 Bits Address Register page A- 576

0x305C MSI_DATA MSI Data Register page A- 576

0x3070 PCIE_CAP PCI Express Capabilities Register page A- 577

0x3074 DEV_CAP Device Capabilities Register page A- 577

0x3078 DEV_STS_CTRL Device Control and Status Register page A- 577

0x307C LNK_CAP Link Capabilities Register page A- 578
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0x3080 LNK_STS_CTRL Link Control and Status Register page A- 578

0x3084 SLT_CAP Slot Capabilities Register page A- 579

0x3088 SLT_STS_CTRL Slot Control and Status Register page A- 579

0x308C RC_CAP_CTRL Root Capabilities and Control Register page A- 579

0x3090 RC_STS Root Status Register page A- 580

0x30B0 MSIX_CTR MSI-X Control Register page A- 580

0x30B4 MSIX_TBL MSI-X Table Offset and Branch Indicator Register page A- 580

0x30B8 MSIX_PBA MSI-X PBA Offset and Branch Indicator Register page A- 581

0x30D0 VPD_CAP VPD Control and Slot Numbering Capabilities Register page A- 581

0x30D4 VPD_DATA VPD Data Register page A- 581

0x3100 PCIE_EN_CAP PCIE Express Enhanced Capability Register page A- 582

0x3104 UN_ERR_ST Uncorrectable Error Status Register page A- 582

0x3108 UN_ERR_MS Uncorrectable Error Mask Register page A- 582

0x310C UN_ERR_SV Uncorrectable Error Severity Register page A- 583

0x3110 CO_ERR_ST Correctable Error Status Register page A- 583

0x3114 CO_ERR_MS Correctable Error Mask Register page A- 583

0x3118 ADERR_CAP_CR Advanced Capabilities and Control Register page A- 584

0x311C HD_L_R0 Header Log Register 1 page A- 584

0x3120 HD_L_R4 Header Log Register 2 page A- 584

0x3124 HD_L_R8 Header Log Register 3 page A- 585

0x3128 HD_L_R12 Header Log Register 4 page A- 585

0x312C RT_ERR_CMD Root Error Command Register page A- 585

0x3130 RT_ERR_STS Root Error Status Register page A- 586

0x3134 ERR_SRC_ID Error Source Identification Register page A- 586

0x3140 PCIE_EN_CAP VC Enhanced Capability Register page A- 586

0x3144 PVC_CAP_R1 Port VC Capability Register 1 page A- 587

0x3148 P_CAP_R2 Port VC Capability Register 2 page A- 587

0x314C PVC_STS_CTRL Port VC Status and Control Register page A- 587

0x3150 VC_CAP VC Resource Capability Register page A- 588

0x3154 VC_CTL VC Resource Control Register page A- 588

0x3158 VC_STS_RSV VC Resourse Status Register page A- 588

Table 599:  PCI Express DBI Register Summary (Sheet 2 of 5)

Offset Name Description Details
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0x315C VCR_CAP_R1 VC Resource Capability Register 1 page A- 589

0x3160 VCR_CTRL_R1 VC Resource Control Register 1 page A- 589

0x3164 VCR_STS_R1 VC Resource Status Register 1 page A- 589

0x3300 DEV_EN_CAP Device Serial Number Enhanced Capability Register page A- 590

0x3304 SN_R1 Serial Number Regsister 1 page A- 590

0x3308 SN_R2 Serial Number Register 2 page A- 590

0x3700 LAT_REL_TIM ACK Latency Timer and Replay Timer Register page A- 591

0x3704 OT_MSG Other Message Register page A- 591

0x3708 PT_LNK Port Force Link Register page A- 591

0x370C ACk_FREQ ACK Frequency Register page A- 592

0x3710 PT_LNK_CTRL Port Link Control Register page A- 592

0x3714 LN_SKW Lane Skew Register page A- 592

0x3718 SYMB_N Symbol Number Register page A- 593

0x371C SYMB_T Symbol Timer and Filter Mask Register page A- 593

0x3720 FL_MSK_R2 Filter Mask Register page A- 593

0x3728 DB_R0 Debug Register 0 page A- 594

0x372C DB_R1 Debug Register 1 page A- 594

0x3730 TR_P_STS Transmit Posted FC Credit Status Register page A- 594

0x3734 TR_NP_STS Transmit Non-Posted FC Credit Status Register page A- 595

0x3738 TR_C_STS Transmit Completion FC Credit Status Register page A- 595

0x373C Q_STS Queue Status Register page A- 595

0x3740 VC_TR_A_R1 VC Transmit Arbitration Register 1 page A- 596

0x3744 VC_TR_A_R2 VC Transmit Arbitration Register 2 page A- 596

0x3748 VC0_PR_Q_C VCx Posted Receive Queue Control Register page A- 597

0x374C VC0_NPR_Q_C VCx Non-Posted Queue Control Register page A- 598

0x3750 VC0_CR_Q_C VCx Completion Receive Queue Control Register page A- 598

0x3754 VC1_PR_Q_C VCx Posted Receive Queue Control Register page A- 597

0x3758 VC1_NPR_Q_C VCx Non-Posted Queue Control Register page A- 598

0x375C VC1_CR_Q_C VCx Completion Receive Queue Control Register page A- 598

0x3760 VC2_PR_Q_C VCx Posted Receive Queue Control Register page A- 597

0x3764 VC2_NPR_Q_C VCx Non-Posted Queue Control Register page A- 598

Table 599:  PCI Express DBI Register Summary (Sheet 3 of 5)

Offset Name Description Details
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0x3768 VC2_CR_Q_C VCx Completion Receive Queue Control Register page A- 598

0x376C VC3_PR_Q_C VCx Posted Receive Queue Control Register page A- 597

0x3770 VC3_NPR_Q_C VCx Non-Posted Queue Control Register page A- 598

0x3774 VC3_CR_Q_C VCx Completion Receive Queue Control Register page A- 598

0x3778 VC4_PR_Q_C VCx Posted Receive Queue Control Register page A- 597

0x377C VC4_NPR_Q_C VCx Non-Posted Queue Control Register page A- 598

0x3780 VC4_CR_Q_C VCx Completion Receive Queue Control Register page A- 598

0x3784 VC5_PR_Q_C VCx Posted Receive Queue Control Register page A- 597

0x3788 VC5_NPR_Q_C VCx Non-Posted Queue Control Register page A- 598

0x378C VC5_CR_Q_C VCx Completion Receive Queue Control Register page A- 598

0x3790 VC6_PR_Q_C VCx Posted Receive Queue Control Register page A- 597

0x3794 VC6_NPR_Q_C VCx Non-Posted Queue Control Register page A- 598

0x3798 VC6_CR_Q_C VCx Completion Receive Queue Control Register page A- 598

0x379C VC7_PR_Q_C VCx Posted Receive Queue Control Register page A- 597

0x37A0 VC7_NPR_Q_C VCx Non-Posted Queue Control Register page A- 598

0x37A4 VC7_CR_Q_C VCx Completion Receive Queue Control Register page A- 598

0x37A8 VC0_PB_D VCx Posted Buffer Depth Registers page A- 599

0x37AC VC0_NPB_D VCx Non-Posted Buffer Depth Register page A- 599

0x37B0 VC0_CB_D VCx Completion Buffer Depth Register page A- 600

0x37B4 VC1_PB_D VCx Posted Buffer Depth Registers page A- 599

0x37B8 VC1_NPB_D VCx Non-Posted Buffer Depth Register page A- 599

0x37BC VC1_CB_D VCx Completion Buffer Depth Register page A- 600

0x37C0 VC2_PB_D VCx Posted Buffer Depth Registers page A- 599

0x37C4 VC2_NPB_D VCx Non-Posted Buffer Depth Register page A- 599

0x37C8 VC2_CB_D VCx Completion Buffer Depth Register page A- 600

0x37CC VC3_PB_D VCx Posted Buffer Depth Registers page A- 599

0x37D0 VC3_NPB_D VCx Non-Posted Buffer Depth Register page A- 599

0x37D4 VC3_CB_D VCx Completion Buffer Depth Register page A- 600

0x37D8 VC4_PB_D VCx Posted Buffer Depth Registers page A- 599

0x37DC VC4_NPB_D VCx Non-Posted Buffer Depth Register page A- 599

0x37E0 VC4_CB_D VCx Completion Buffer Depth Register page A- 600

Table 599:  PCI Express DBI Register Summary (Sheet 4 of 5)

Offset Name Description Details
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A.24.1 Device and Vendor ID Register

                         

A.24.2 Status and Command Register

0x37E4 VC5_PB_D VCx Posted Buffer Depth Registers page A- 599

0x37E8 VC5_NPB_D VCx Non-Posted Buffer Depth Register page A- 599

0x37EC VC5_CB_D VCx Completion Buffer Depth Register page A- 600

0x37F0 VC6_PB_D VCx Posted Buffer Depth Registers page A- 599

0x37F4 VC6_NPB_D VCx Non-Posted Buffer Depth Register page A- 599

0x37F8 VC6_CB_D VCx Completion Buffer Depth Register page A- 600

0x37FC VC7_PB_D VCx Posted Buffer Depth Registers page A- 599

0x3800 VC7_NPB_D VCx Non-Posted Buffer Depth Register page A- 599

0x3804 VC7_CB_D VCx Completion Buffer Depth Register page A- 600

0x380C GEN2 Port Logic Register page A- 601

0x3810 PHY_STS PHY Status Register page A- 601

0x3814 PHY_CTRL PHY Control Register page A- 602

Instance Name Offset
ID 0x3000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field DeviceID VendorID

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 600: Device and Vendor ID Register (ID)

Bits Name Access
Default 
Value

Description

31:16 DeviceID RO 0x0 Device ID

15:0 VendorID RO 0x0 Vendor ID

Instance Name Offset
STS_CMD_RGSTR 0x3004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field STS_RGSTR CMD_RGSTR

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 599:  PCI Express DBI Register Summary (Sheet 5 of 5)

Offset Name Description Details
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A.24.3 Class and Revision ID Register 

                         

A.24.4 Header Type, Master Latency and Cache Line Size Register

Table 601: Status and Command Register (STS_CMD_RGSTR)

Bits Name Access
Default 
Value

Description

31:16 STS_RGSTR RO 0x0 Status Register

15:0 CMD_RGSTR RO 0x0 Command Register

Instance Name Offset
CLS_REV_ID 0x3008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CLS_CD RevID

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 602: Class and Revision ID Register (CLS_REV_ID)

Bits Name Access
Default 
Value

Description

31:8 CLS_CD RO 0x0 Class Code

7:0 RevID RO 0x0 Revision ID

Instance Name Offset
HEAD_LAT_CACH 0x300C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 603: Header Type, Master Latency and Cache Line Size Register (HEAD_LAT_CACH)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data.
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A.24.5 Base Address Register 0

                         

Instance Name Offset
BAS_ADR_0 0x3010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field BAR0

M
E

M
_B

A
R

B
A

R
0_

T
Y

P
E

M
E

M
0_

S
P

A
C

E
_D

E
C

O
D

E
R

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 604: Base Address Register 0 (BAS_ADR_0)

Bits Name Access
Default 
Value

Description

31:4 BAR0 RO 0x0 Base address bits

3 MEM_BAR R/W 0x0 If BAR 0 is a memory BAR, bit 3 indicates if the memory 
region is prefetchable:
0x0: Non-Prefetchable
0x1: Prefetchable
If BAR 0 is an IO BAR, bit 3 is the second least significant 
bit of the base address

2:1 BAR0_TYPE R/W 0x0 If BAR 0 s a memory BAR, bits [2:1] indicates determines 
the BAR type:
0x0: 32 bit BAR
0x2: 64 bit BAR
If BAR 0 is an IO BAR, bit 2 is the least significant bit of the 
base address and bit 1 is 0

0 MEM0_SPACE_DEC
ODER

R/W 0x0 0x0: BAR 0 is a memory BAR
0x1: BAR 1 is an I/O BAR
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A.24.6 Base Address Register 1

                         

A.24.7 Secondary Latency and Bus Numbers Register

                         

Instance Name Offset
BAS_ADR_1 0x3014

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 605: Base Address Register 1 (BAS_ADR_1)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data.

Instance Name Offset
LT_SP_BUS_N 0x3018

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SEC_LT SUB_BUS_N SEC_BUS_N PRIM_BUS_N

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 606: Secondary Latency and Bus Numbers Register (LT_SP_BUS_N)

Bits Name Access
Default 
Value

Description

31:24 SEC_LT RO 0x0 Secondary Latency Timer

23:16 SUB_BUS_N RO 0x0 Subordinate Bus Number

15:8 SEC_BUS_N RO 0x0 Secondary Bus Number

7:0 PRIM_BUS_N RO 0x0 Primary Bus Number
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A.24.8 I/O Base and I/O Limit Register

                         

A.24.9 Memory Base and Limit Register

                                                  

Instance Name Offset
SS_IO_LT_BAS 0x301C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SEC_STS IO_LT IO_BAS

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 607: I/O Base and I/O Limit Register (SS_IO_LT_BAS)

Bits Name Access
Default 
Value

Description

31:16 SEC_STS RO 0x0 Secondary Status

15:8 IO_LT RO 0x0 I/O Limit

7:0 IO_BAS RO 0x0 I/O Base

Instance Name Offset
MEM_LT_BAS 0x3020

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field MEM_LT MEM_BAS

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 608: Memory Base and Limit Register (MEM_LT_BAS)

Bits Name Access
Default 
Value

Description

31:16 MEM_LT RO 0x0 Memory Limit

15:0 MEM_BAS RO 0x0 Memory Base
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A.24.10 Prefetchable Memory Base and Limit Register

                                                  

A.24.11 Prefetchable Base Upper 32 Bits Register

                         

Instance Name Offset
PF_MEM_LT_BAS 0x3024

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PF_MEM_LT PF_MEM_BAS

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 609: Prefetchable Memory Base and Limit Register (PF_MEM_LT_BAS) 

Bits Name Access
Default 
Value

Description

31:16 PF_MEM_LT RO 0x0 Prefetchable Memory Limit

15:0 PF_MEM_BAS RO 0x0 Prefetchable Memory Base

Instance Name Offset
PF_BAS_U32 0x3028

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 610: Prefetchable Base Upper 32 Bits Register (PF_BAS_U32)

Bits Name Access
Default 
Value

Description

31:0 UPPER_ADDRESS R/W 0x0 Upper 32 bits of Base Address of Prefetchable Memory 
Space.
Used only when 64 bit pre-fetchable memory addressing is 
enabled.
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A.24.12 Prefetchable Limit Upper 32 Bits Register

                         

A.24.13 I/O Base and Limit Upper 16 bits Register

                         

A.24.14 Capability Pointer Register

Instance Name Offset
PF_LT_U32 0x302C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field UPPER_LIMIT

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 611: Prefetchable Limit Upper 32 Bits Register (PF_LT_U32) 

Bits Name Access
Default 
Value

Description

31:0 UPPER_LIMIT RO 0x0 Upper 32 bits of Limit Address of Prefetchable Memory 
Space.
Used only when 64 bit pre-fetchable memory addressing is 
enabled.

Instance Name Offset
IO_LT_BAS 0x3030

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field IO_LT_32 IO_BAS_32

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 612: I/O Base and Limit Upper 16 bits Register (O_LT_BAS)

Bits Name Access
Default 
Value

Description

31:16 IO_LT_32 RO 0x0 I/O Limit Upper 32Bits

15:0 IO_BAS_32 RO 0x0 I/O Base Upper 32Bits

Instance Name Offset
CAPPTR 0x3034

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field RESERVE1 Captr

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 613: Capability Pointer Register (CAPPTR)

Bits Name Access
Default 
Value

Description

31:8 RESERVED RSVD — Reserved
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A.24.15 Expansion ROM Base Address Register

                         

A.24.16 Interrupt Line, Pin and Bridge Control Register

                         

A.24.17 Power Management Capabilities Register

7:0 Captr RO 0x0 CapPtr

Instance Name Offset
EXP_ROM_ADDR 0x3038

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 614: Expansion ROM Base Address Register (EXP_ROM_ADDR)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data.

Instance Name Offset
BRDG_INT 0x303C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 615: Interrupt Line, Pin and Bridge Control Register (BRDG_INT)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data.

Instance Name Offset
CFG_PWR_CAP 0x3040

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 613: Capability Pointer Register (CAPPTR)

Bits Name Access
Default 
Value

Description
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A.24.18 Power Management Control Status Register

                         

A.24.19 MSI Capability Register Details Register

                         

Table 616: Power Management Capabilities Register (CFG_PWR_CAP)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data.

Instance Name Offset
PWR_CSR 0x3044

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 617: Power Management Control Status Register (PWR_CSR)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data.

Instance Name Offset
MSG_CTR 0x3050

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field MSG_CTR_RGS MSI_NX_PTR CAP_ID

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 618: MSI Capability Register Details Register (MSG_CTR)

Bits Name Access
Default 
Value

Description

31:16 MSG_CTR_RGS RO 0x0 Message Control Register

15:8 MSI_NX_PTR RO 0x0 Next Capability Pointer

7:0 CAP_ID RO 0x0 Capability ID
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A.24.20 MSI Lower 32 Bits Address Register

                         

A.24.21 MSI Upper 32 Bits Address Register

                         

A.24.22 MSI Data Register

Instance Name Offset
MSI_L32 0x3054

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 619: MSI Lower 32 Bits Address Register (MSI_L32) 

Bits Name Access
Default 
Value

Description

31:0 Data — — Data.

Instance Name Offset
MSI_U32 0x3058

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 620: MSI Upper 32 Bits Address Register (MSI_U32)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data.

Instance Name Offset

MSI_DATA 0x305C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field reserved MSI_DATA_F

Default x x x x x x x x x x x x x x x x 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 621: MSI Data Register (MSI_DATA)

Bits Name Access
Default 
Value

Description

31:16 reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:0 MSI_DATA_F R/W 0x0 MSI Data
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A.24.23 PCI Express Capabilities Register

                         

A.24.24 Device Capabilities Register

                         

A.24.25 Device Control and Status Register

Instance Name Offset
PCIE_CAP 0x3070

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PCIE_CAP_R PCIE_NX_PTR CAP_ID

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 622: PCI Express Capabilities Register (PCIE_CAP)

Bits Name Access
Default 
Value

Description

31:16 PCIE_CAP RO 0x0 PCIE Capability Register

15:8 PCIE_NX_PTR RO 0x0 Next Capability Pointer

7:0 CAP_ID RO 0x0 Capability ID

Instance Name Offset
DEV_CAP 0x3074

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 623: Device Capabilities Register (DEV_CAP)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data.

Instance Name Offset
DEV_STS_CTRL 0x3078

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field DEV_STS DEV_CTRL

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 624: Device Control and Status Register (DEV_STS_CTRL)

Bits Name Access
Default 
Value

Description

31:16 DEV_STS RO 0x0 PCIE Capability Device Status
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A.24.26 Link Capabilities Register

                         

A.24.27 Link Control and Status Register

                         

15:0 DEV_CTRL RO 0x0 PCIE Capability Device Control

Instance Name Offset
LNK_CAP 0x307C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 625: Link Capabilities Register (LNK_CAP)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data.

Instance Name Offset
LNK_STS_CTRL 0x3080

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field LNK_STS LNK_CTRL

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 626: Link Control and Status Register (LNK_STS_CTRL)

Bits Name Access
Default 
Value

Description

31:16 LNK_STS RO 0x0 PCIE Capability Link Status

15:0 LNK_CTRL RO 0x0 PCIE Capability Link Control

Table 624: Device Control and Status Register (DEV_STS_CTRL)

Bits Name Access
Default 
Value

Description
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A.24.28 Slot Capabilities Register

                         

A.24.29 Slot Control and Status Register

                         

A.24.30 Root Capabilities and Control Register

Instance Name Offset
SLT_CAP 0x3084

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 627: Slot Capabilities Register (SLT_CAP)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data.

Instance Name Offset
SLT_STS_CTRL 0x3088

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SLT_STS SLT_CTRL

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 628: Slot Control and Status Register (SLT_STS_CTRL)

Bits Name Access
Default 
Value

Description

31:16 SLT_STS RO 0x0 PCIE Capability Slot Status

15:0 SLT_CTRL RO 0x0 PCIE Capability Slot Control

Instance Name Offset
RC_CAP_CTRL 0x308C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field RC_CAP RC_CTRL

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 629: Root Capabilities and Control Register (RC_CAP_CTRL)

Bits Name Access
Default 
Value

Description

31:16 RC_CAP RO 0x0 Root Capability

15:0 RC_CTRL RO 0x0 Root Control
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A.24.31 Root Status Register

                         

A.24.32 MSI-X Control Register

                         

A.24.33 MSI-X Table Offset and Branch Indicator Register

Instance Name Offset
RC_STS 0x3090

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 630: Root Status Register (RC_STS)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data.

Instance Name Offset
MSIX_CTR 0x30B0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field MSIX_CTR_RGS MSIX_NX_PTR CAP_ID

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 631: MSI-X Control Register (MSIX_CTR)

Bits Name Access
Default 
Value

Description

31:16 MSIX_CTR_RGS RO 0x0 MSI-X Control Register

15:8 MSIX_NX_PTR RO 0x0 Next Capability Pointer

7:0 CAP_ID RO 0x0 Capability ID

Instance Name Offset
MSIX_TBL 0x30B4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 632: MSI-X Table Offset and Branch Indicator Register (MSIX_TBL)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data
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A.24.34 MSI-X PBA Offset and Branch Indicator Register

                         

A.24.35 VPD Control and Slot Numbering Capabilities Register

                         

A.24.36 VPD Data Register

Instance Name Offset
MSIX_PBA 0x30B8

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 633: MSI-X PBA Offset and Branch Indicator Register (MSIX_PBA)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset
VPD_CAP 0x30D0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 634: VPD Control and Slot Numbering Capabilities Register (VPD_CAP)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset

VPD_DATA 0x30D4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 635: VPD Data Register (VPD_DATA)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data
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A.24.37 PCIE Express Enhanced Capability Register

                         

A.24.38 Uncorrectable Error Status Register

                         

A.24.39 Uncorrectable Error Mask Register

Instance Name Offset
PCIE_EN_CAP 0x3100

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 636: PCIE Express Enhanced Capability Register (PCIE_EN_CAP)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset
UN_ERR_ST 0x3104

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 637: Uncorrectable Error Status Register (UN_ERR_ST)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset

UN_ERR_MS 0x3108

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 638: Uncorrectable Error Mask Register (UN_ERR_MS)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data
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A.24.40 Uncorrectable Error Severity Register

                         

A.24.41 Correctable Error Status Register

                         

A.24.42 Correctable Error Mask Register 

Instance Name Offset
UN_ERR_SV 0x310C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 639: Uncorrectable Error Severity Register (UN_ERR_SV)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset
CO_ERR_ST 0x3110

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 640: Correctable Error Status Register (CO_ERR_ST)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset

CO_ERR_MS 0x3114

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 641: Correctable Error Mask Register (CO_ERR_MS)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data
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A.24.43 Advanced Capabilities and Control Register

                         

A.24.44 Header Log Register 1

                         

A.24.45 Header Log Register 2

Instance Name Offset
ADERR_CAP_CR 0x3118

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 642: Advanced Capabilities and Control Register (ADERR_CAP_CR)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset
HD_L_R0 0x311C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 643: Header Log Register (HD_L_RO)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset

HD_L_R4 0x3120

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 644: Header Log Register 2 (HD_L_R4)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data
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A.24.46 Header Log Register 3

                         

A.24.47 Header Log Register 4

                         

A.24.48 Root Error Command Register

Instance Name Offset
HD_L_R8 0x3124

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 645: Header Log Register 3 (HD_L_R8)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset
HD_L_R12 0x3128

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 646: Header Log Register 4 (HD_L_R12)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset

RT_ERR_CMD 0x312C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 647: Root Error Command Register (RT_ERR_CMD)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data
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A.24.49 Root Error Status Register

                         

A.24.50 Error Source Identification Register

                         

A.24.51 VC Enhanced Capability Register

Instance Name Offset
RT_ERR_STS 0x3130

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 648: Root Error Status Register (RT_ERR_STS)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset
ERR_SRC_ID 0x3134

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 649: Error Source Identification Register (ERR_SRC_ID)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset

PCIE_EN_CAP 0x3140

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 650: VC Enhanced Capability Register (PCIE_EN_CAP)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data
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A.24.52 Port VC Capability Register 1

                         

A.24.53 Port VC Capability Register 2

                         

A.24.54 Port VC Status and Control Register

Instance Name Offset
PVC_CAP_R1 0x3144

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 651: Port VC Capability Register 1 (PVC_CAP_R1)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset
P_CAP_R2 0x3148

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 652: Port VC Capability Register 2 (PVC_CAP_R2)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset

PVC_STS_CTRL 0x314C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PVC_STS PVC_CTRL

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 653: Port VC Status and Control Register (PVC_STS_CTRL)

Bits Name Access
Default 
Value

Description

31:16 PVC_STS RO 0x0 Port VC Status Register

15:0 PVC_CTRL RO 0x0 Port VC Control Register
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A.24.55 VC Resource Capability Register

                         

A.24.56 VC Resource Control Register

                         

A.24.57 VC Resourse Status Register

Instance Name Offset
VC_CAP 0x3150

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 654: VC Resource Capability Register (VC_CAP)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset
VC_CTL 0x3154

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 655: VC Resource Control Register (VC_CTL)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset

VC_STS_RSV 0x3158

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field VC_STS RSVDP

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 656: VC Resourse Status Register (VC_STS_RSV)

Bits Name Access
Default 
Value

Description

31:16 VC_STS RO 0x0 VC Resource Status Register

15:0 RSVDP RO 0x0 RSVDP
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A.24.58 VC Resource Capability Register 1

A.24.59 VC Resource Control Register 1

                         

A.24.60 VC Resource Status Register 1

Instance Name Offset
VCR_CAP_R1 0x315C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 657: VC Resource Capability Register 1 (VCR_CAP_R1)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset
VCR_CTRL_R1 0x3160

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 658: VC Resource Control Register 1 (VRC_CTRL_R1)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset

VCR_STS_R1 0x3164

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field VC_STS1 RSVDP1

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 659: VC Resource Status Register 1 (VCR_STS_R1)

Bits Name Access
Default 
Value

Description

31:16 VC_STS1 RO 0x0 VC Resource Status Register 1

15:0 RSVDP1 RO 0x0 RSVDP 1
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A.24.61 Device Serial Number Enhanced Capability Register

                         

A.24.62 Serial Number Regsister 1

                         

A.24.63 Serial Number Register 2

Instance Name Offset
DEV_EN_CAP 0x3300

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 660: Device Serial Number Enhanced Capability Register (DEV_EN_CAP)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset
SN_R1 0x3304

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 661: Serial Number Regsister 1 (SN_R1)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset

SN_R2 0x3308

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 662: Serial Number Register 2 (SN_R2)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-590



ARMADA 16x Applications Processor Family Register Tables
                         

A.24.64 ACK Latency Timer and Replay Timer Register

                         

A.24.65 Other Message Register

                         

A.24.66 Port Force Link Register

Instance Name Offset
LAT_REL_TIM 0x3700

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 663: ACK Latency Timer and Replay Timer Register (LAT_REL_TIM)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset
OT_MSG 0x3704

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 664: Other Message Register (OT_MSG)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset

PT_LNK 0x3708

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 665: Port Force Link Register (PT_LNK)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data
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A.24.67 ACK Frequency Register

                         

A.24.68 Port Link Control Register

                         

A.24.69 Lane Skew Register

Instance Name Offset
ACk_FREQ 0x370C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 666: ACK Frequency Register (ACK_FREQ)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset
PT_LNK_CTRL 0x3710

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 667: PCIE Link Control Register (PT_LNK_CTRL)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset

LN_SKW 0x3714

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 668: Lane Skew Register (LN_SKW)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data
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A.24.70 Symbol Number Register

                         

A.24.71 Symbol Timer and Filter Mask Register

                         

A.24.72 Filter Mask Register

Instance Name Offset
SYMB_N 0x3718

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 669: Symbol Number Register (SYMB_N)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset
SYMB_T 0x371C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 670: Symbol Timer and Filter Mask Register (SYMB_T)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset

FL_MSK_R2 0x3720

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 671: Filter Mask Register (FL_MSK_R2)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data
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A.24.73 Debug Register 0

                         

A.24.74 Debug Register 1

                         

A.24.75 Transmit Posted FC Credit Status Register

Instance Name Offset
DB_R0 0x3728

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 672: Debug Register 0 (DB_R0)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset
DB_R1 0x372C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 673: Debug Register 1 (DB_R1)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset

TR_P_STS 0x3730

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 674: Transmit Posted FC Credit Status (TR_P_STS)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data
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A.24.76 Transmit Non-Posted FC Credit Status Register

                         

A.24.77 Transmit Completion FC Credit Status Register

                         

A.24.78 Queue Status Register

Instance Name Offset
TR_NP_STS 0x3734

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 675: Transmit Non-Posted FC Credit Status (TR_NP_STS)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset
TR_C_STS 0x3738

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 676: Transmit Completion FC Credit Status (TR_C_STS)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data

Instance Name Offset

Q_STS 0x373C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 677: Queue Status (Q_STS)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data
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A.24.79 VC Transmit Arbitration Register 1

                         

A.24.80 VC Transmit Arbitration Register 2

                         

Instance Name Offset
VC_TR_A_R1 0x3740

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 678: VC Transmit Arbitration Register 1 (VC_TR_A_R1)

Bits Name Access
Default 
Value

Description

31:24  R/W 0x0 WRR Weight for VC7

23:16  R/W 0x0 WRR Weight for VC6

15:8  R/W 0x0 WRR Weight for VC5

7:0  R/W 0x0 WRR Weight for VC4

Instance Name Offset
VC_TR_A_R2 0x3744

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 679: VC Transmit Arbitration Register 2 (VC_TR_A_R2)

Bits Name Access
Default 
Value

Description

31:24  R/W 0x0 WRR Weight for VC3

23:16  R/W 0x0 WRR Weight for VC2

15:8  R/W 0x0 WRR Weight for VC1

7:0  R/W 0x0 WRR Weight for VC0
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A.24.81 VCx Posted Receive Queue Control Register

                         

A.24.82 VCx Non-Posted Queue Control Register

Instance Name Offset
VC0_PR_Q_C 0x3748

VC1_PR_Q_C 0x3754

VC2_PR_Q_C 0x3760

VC3_PR_Q_C 0x376C

VC4_PR_Q_C 0x3778

VC5_PR_Q_C 0x3784

VC6_PR_Q_C 0x3790

VC7_PR_Q_C 0x379C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 680: VCx Posted Receive Queue Control Register (VCx_PR_Q_C)

Bits Name Access
Default 
Value

Description

31:24 Reserved RSVD — Reserved. Always write 0. Ignore read value.

23:21 RO 0x0 Posted TLP Queue Mode
Bit 23 = Bypass
Bit 22 = Cut-Through
Bit 21 = Store and Forward

20 Reserved RSVD — Reserved. Always write 0. Ignore read value.

19:12 RO 0x0 Posted Header Credits

11:0 RO 0x0 Posted Data Credits

Instance Name Offset
VC0_NPR_Q_C 0x374C

VC1_NPR_Q_C 0x3758

VC2_NPR_Q_C 0x3764

VC3_NPR_Q_C 0x3770

VC4_NPR_Q_C 0x377C

VC5_NPR_Q_C 0x3788

VC6_NPR_Q_C 0x3794

VC7_NPR_Q_C 0x37A0

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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A.24.83 VCx Completion Receive Queue Control Register

                         

Table 681: VCx Non-Posted Receive Queue Control Register (VCx_NPR_Q_C)

Bits Name Access
Default 
Value

Description

31:24 Reserved RSVD — Reserved. Always write 0. Ignore read value.

23:21 RO 0x0 Non-Posted TLP Queue Mode
Bit 23 = Bypass
Bit 22 = Cut-Through
Bit 21 = Store and Forward

20 Reserved RSVD — Reserved. Always write 0. Ignore read value.

19:12 RO 0x0 Non-Posted Header Credits

11:0 RO 0x0 Non-Posted Data Credits

Instance Name Offset
VC0_CR_Q_C 0x3750

VC1_CR_Q_C 0x375C

VC2_CR_Q_C 0x3768

VC3_CR_Q_C 0x3774

VC4_CR_Q_C 0x3780

VC5_CR_Q_C 0x378C

VC6_CR_Q_C 0x3798

VC7_CR_Q_C 0x37A4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 682: VCx Completion Receive Queue Control Register (VCx_CR_Q_C)

Bits Name Access
Default 
Value

Description

31:24 Reserved RSVD — Reserved. Always write 0. Ignore read value.

23:21 RO 0x0 Completion TLP Queue Mode
Bit 23 = Bypass
Bit 22 = Cut-Through
Bit 21 = Store and Forward

20 Reserved RSVD — Reserved. Always write 0. Ignore read value.

19:12 RO 0x0 Completion Header Credits

11:0 RO 0x0 Completion Data Credits
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A.24.84 VCx Posted Buffer Depth Registers

                         

A.24.85 VCx Non-Posted Buffer Depth Register

Instance Name Offset
VC0_PB_D
VC1_PB_D
VC2_PB_D
VC3_PB_D
VC4_PB_D
VC5_PB_D
VC6_PB_D
VC7_PB_D

0x37A8
0x37B4
0x37C0
0x37CC
0x37D8
0x37E4
0x37F0
0x37FC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 683: VCx Posted Buffer Depth Register (VCx_PB_D)

Bits Name Access
Default 
Value

Description

31:26 Reserved RSVD — Reserved. Always write 0. Ignore read value.

25:16 POST_H_Q_D R/W RADM_
PQ_HD
P_VCx

Posted Header Queue Depth
Sets the number of entries in the Posted Header queue 
when using the segmented-buffer configuration

15:14 Reserved RSVD — Reserved. Always write 0. Ignore read value.

13:0 POST_D_Q_D R/W RADM_
PQ_DD
P_VCx

VCx Posted Data Queue Depth
Sets the number of entries in the Posted Data queue when 
using the segmented-buffer configuration

Instance Name Offset
VC0_NPB_D
VC1_NPB_D
VC2_NPB_D
VC3_NPB_D
VC4_NPB_D
VC5_NPB_D
VC6_NPB_D
VC7_NPB_D

0x37AC
0x37B8
0x37C4
0x37D0
0x37DC
0x37E8
0x37F4
0x3800

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 684: VCx Non-Posted Buffer Depth Register (VCx_NPB_D)

Bits Name Access
Default 
Value

Description

31:26 Reserved RSVD — Reserved. Always write 0. Ignore read value.
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A.24.86 VCx Completion Buffer Depth Register

                         

25:16 POST_H_Q_D R/W RADM_
NPQ_H
DP_VCx

Non-Posted Header Queue Depth
Sets the number of entries in the Posted Header queue 
when using the segmented-buffer configuration

15:14 Reserved RSVD — Reserved. Always write 0. Ignore read value.

13:0 POST_D_Q_D R/W RADM_
NPQ_D
DP_VCx

Non-Posted Data Queue Depth
Sets the number of entries in the Posted Data queue when 
using the segmented-buffer configuration

Instance Name Offset
VC0_CB_D
VC1_CB_D
VC2_CB_D
VC3_CB_D
VC4_CB_D
VC5_CB_D
VC6_CB_D
VC7_CB_D

0x37B0
0x37BC
0x37C8
0x37D4
0x37E0
0x37EC
0x37F8
0x3804

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 685: VCx Completion Buffer Depth Register (VCx_CB_D)

Bits Name Access
Default 
Value

Description

31:26 Reserved RSVD — Reserved. Always write 0. Ignore read value.

25:16 POST_H_Q_D R/W RADM_
CPLQ_H
DP_VCx

Completion Header Queue Depth
Sets the number of entries in the Completion Header queue 
when using the segmented-buffer configuration

15:14 Reserved RSVD — Reserved. Always write 0. Ignore read value.

13:0 POST_D_Q_D R/W RADM_
CPLQ_D
DP_VCx

Completion Data Queue Depth
Sets the number of entries in the Completion Data queue 
when using the segmented-buffer configuration

Table 684: VCx Non-Posted Buffer Depth Register (VCx_NPB_D)

Bits Name Access
Default 
Value

Description
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A.24.87 Port Logic Register 

                         

A.24.88 PHY Status Register

Instance Name Offset
GEN2 0x080C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 686: Port Logic Register (GEN2)

Bits Name Access
Default 
Value

Description

31:21 Reserved RSVD — Reserved. Always write 0. Ignore read value.

20 SEL_DE_EMPHASIS R/W 0x0 Used to set the de-emphasis for upstream ports

19 CONF_TX_RX R/W 0x0 Configure Tx Compliance Receive Bit
When set to 1 signals LTSSM to transmit TS ordered sets 
with the compliance receive bit assert (equal to 1)

18 CONF_PHY_TX_SW
ING

R/W 0x0 Configure PHY Tx Swing
Indicates the voltage level the PHY should drive.

0x0: Low Swing

0x1: Full Swing

17 DIRECT_SPEED R/W 0x0 Direct Speed Change
Indicates to LTSSM whether or not to initiate a speed 
change.

16:9 LANE_ENABLE R/W 0x0 Lane Enable
Indicates the number of lanes to check for exit from 
electrical idle in Polling.Active and Polling.Compliance.
0x1: x1
0x2: x2

7:0 N_FTS R/W GEN2 
N_FTS

Sets the Number of Fast Training Sequences that the core 
advertises as its N_FTS during GEN2 Link training.

Note: Do not clear to 0x0

Instance Name Offset

PHY_STS 0x0810

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 687: PHY Status Register (PHY_STS)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data
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A.24.89 PHY Control Register
Instance Name Offset
PHY_CTRL 0x0814

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field data

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 688: PHY Control Register (PHY_CTRL)

Bits Name Access
Default 
Value

Description

31:0 Data — — Data
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A.25 UART (UART)
Each UART has 13 registers: 12 for UART operation and one for slow serial infrared configuration. 
They are all 32-bit registers, but only the lower eight bits have valid data. The 12 UART operation 
registers share nine address locations in the I/O address space.

The base address for each UART is 32 bits. The state of the <Divisor Latch Access Bit> field in the 
Line Control Register affects the selection of some UART registers. Software must set the <Divisor 
Latch Access Bit> field to access the Baud Rate Generator Divisor Latch registers.

Base Address: UART1: 0xD401_7000

Base Address: UART2: 0xD401_8000

Base Address: UART3: 0XD402_6000

The UARTx Clock/Reset Control Registers (APBC_UARTx_CLK_RST) in the APB1 Peripheral 
Clock Control (APB1_Clock) Unit must be programmed prior to accessing the UARTx registers

Table 689:  UART Register Summary 

Offset Name Description Details

0x0000 UART_RBR Receive Buffer Register Page: A-604

0x0000 UART_THR Transmit Holding Register Page: A-604

0x0000 UART_DLL Divisor Latch Low Byte Register Page: A-605

0x0004 UART_DLH Divisor Latch High Byte Register Page: A-605

0x0004 UART_IER Interrupt Enable Register Page: A-605

0x0008 UART_IIR Interrupt Identification Register Page: A-607

0x0008 UART_FCR FIFO Control Register Page: A-610

0x000C UART_LCR Line Control Register Page: A-612

0x0010 UART_MCR Modem Control Register Page: A-614

0x0014 UART_LSR Line Status Register Page: A-616

0x0018 UART_MSR Modem Status Register Page: A-619

0x001C UART_SCR Scratchpad Register Page: A-620

0x0020 UART_ISR Infrared Selection Register Page: A-621

0x0024 UART_FOR Receive FIFO Occupancy Register Page: A-622

0x0028 UART_ABR Auto-Baud Control Register Page: A-623

0x002C UART_ACR Auto-Baud Count Register Page: A-624
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A.25.1 Receive Buffer Register (UART_RBR) (UART_RBR)
In non-FIFO mode, this register holds the character(s) received by the UART Receive Shift Register. 
If this register is configured to use fewer than eight bits, the bits are right-justified and the most 
significant bits (MSB) are zeroed. Reading the register empties the register and clears the <Data 
Ready> field in the Line Status Register.

RBR latches the value of the data byte at the front of the FIFO in FIFO mode.

A.25.2 Transmit Holding Register (UART_THR) (UART_THR)
This register holds the data byte(s) to be transmitted next in non-FIFO mode. When the Transmit 
Shift Register is emptied, the contents of this register are loaded into the Transmit Shift Register and 
the <Transmit Data Request> field in the Line Status Register is set.

A write to Transmit Holding Register puts data into the top of the FIFO in FIFO mode. The data at 
the front of the FIFO is loaded into the TSR when the TSR is empty.

Instance Name Offset
UART_RBR 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field BYTE_3 BYTE_2 BYTE_1 BYTE_0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 690: Receive Buffer Register (UART_RBR) (UART_RBR)  

Bits Name Type Reset Description

31:24 BYTE_3 RO 0x0 Byte 3 (valid only in 32-bit Peripheral Bus mode)

23:16 BYTE_2 RO 0x0 Byte 2 (valid only in 32-bit Peripheral Bus mode)

15:8 BYTE_1 RO 0x0 Byte 1 (valid only in 32-bit Peripheral Bus mode)

7:0 BYTE_0 RO 0x0 Byte 0

Instance Name Offset
UART_THR 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field BYTE_3 BYTE_2 BYTE_1 BYTE_0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 691: Transmit Holding Register (UART_THR) (UART_THR)  

Bits Name Type Reset Description

31:24 BYTE_3 WO 0x0 Byte 3 (valid only in 32-bit Peripheral Bus mode)

23:16 BYTE_2 WO 0x0 Byte 2 (valid only in 32-bit Peripheral Bus mode)

15:8 BYTE_1 WO 0x0 Byte 1 (valid only in 32-bit Peripheral Bus mode)

7:0 BYTE_0 WO 0x0 Byte 0
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-604



ARMADA 16x Applications Processor Family Register Tables
A.25.3 Divisor Latch Low Byte Register (UART_DLL) (UART_DLL)

A.25.4 Divisor Latch High Byte Register (UART_DLH)

A.25.5 Interrupt Enable Register (UART_IER)
IER enables the five types of interrupts that set a value in the Interrupt Identification Register. 
Software must clear the appropriate bit in this register to disable an interrupt. Software can enable 
some interrupts by setting the appropriate bit.

The character timeout-indication interrupt is separated from the received data-available interrupt to 
ensure that the Marvell® Sheeva™ PJ1 Core and the DMA controller do not service the receive 
FIFO at the same time. When a character-timeout-indication interrupt occurs, the Marvell® 
Sheeva™ PJ1 Core must handle the data in the receive FIFO through programmed I/O.

An error interrupt is used when DMA requests are enabled. The interrupt is generated when the 
<FIFO Error Status> field in the Line Status Register is set, because a receive DMA request is not 
generated when the receive FIFO has an error. The error interrupt tells the Marvell® Sheeva™ PJ1 
Core to handle the data in the receive FIFO through programmed I/O. The error interrupt is enabled 
when DMA requests are enabled, and it cannot be masked. Receiver line-status interrupts occur 
when the error is at the front of the FIFO.

Instance Name Offset
UART_DLL 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved DLL

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 1 0

Table 692: Divisor Latch Low Byte Register (UART_DLL) (UART_DLL)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 DLL R/W 0x2 Low-byte compare value to generate baud rate

Instance Name Offset
UART_DLH 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved DLH

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 693: Divisor Latch High Byte Register (UART_DLH)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 DLH RO 0x0 High-byte compare value to generate baud rate.
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Note

Note When DMA requests are enabled and an interrupt occurs, software must first read Line Status 
Register to see if an error interrupt exists, then check Interrupt Identification Register for the source 
of the interrupt. Software must read Infrared Selected Register to determine the error condition if an 
interrupt occurs and LSR[FIFOE] is clear. DMA requests are automatically enabled when the last 
error byte is read from the FIFO. Software is not required to check for the error interrupt if DMA 
requests are disabled because an error interrupt occurs only when DMA requests are enabled.

The <FIFO Error Status> field is used to enable DMA requests. This register also contains the unit 
enable and NRZ coding enable control bits. Bits 7 through 4 are used differently from the standard 
16550A register definition.

Software must not set the <DMA Requests Enable> field while the <Transmit Data Request Interrupt 
Enable> or <Receiver Data Available Interrupt Enable> fields are set to ensure that the DMA 
controller and programmed I/O do not access the same FIFO.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Instance Name Offset
UART_IER 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

H
S

E

D
M

A
E

U
U

E

N
R

Z
E

R
T

O
IE

M
IE

R
LS

E

T
IE

R
A

V
IE

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0

Table 694: Interrupt Enable Register (UART_IER)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

8 HSE R/W 0x0 High Speed UART Enable
When High-Speed mode is enabled, the UART uses a 58.5 
MHz input clock rather than a 14.7456 MHz input clock. 
High- Speed mode should be used only for baud rates of 
1.8 Mbps or 3.6 Mbps.

0x0: High speed mode is disabled (Regular mode)

0x1: High speed mode is enabled

7 DMAE R/W 0x0 DMA Requests Enable
0x0: DMA requests are disabled

0x1: DMA requests are enabled

6 UUE R/W 0x0 UART Unit Enable
0x0: the unit is disabled

0x1: the unit is enabled

5 NRZE R/W 0x0 NRZ Coding Enable
NRZ encoding/decoding is used only in UART mode, not in 
Infrared mode. If the serial infrared receiver or transmitter is 
enabled, NRZ coding is disabled.

0x0: NRZ coding disabled

0x1: NRZ coding enabled
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A.25.6 Interrupt Identification Register (UART_IIR)

4 RTOIE R/W 0x0 Receiver Time-out Interrupt Enable
Receiver Time-out Interrupt Enable (Source IIR[TOD])

0x0: Receiver data time-out interrupt disabled

0x1: Receiver data time-out interrupt enabled

3 MIE R/W 0x0 Modem Interrupt Enable
Modem Interrupt Enable (Source IIR[IID])

0x0: Modem status interrupt disabled

0x1: Modem status interrupt enabled

2 RLSE R/W 0x0 Receiver Line Status Interrupt Enable
Receiver Line Status Interrupt Enable (Source IIR[IID])

0x0: Receiver line status interrupt disabled

0x1: Receiver line status interrupt enabled

1 TIE R/W 0x0 Transmit Data Request Interrupt Enable
Transmit Data Request Interrupt Enable (Source IIR[IID])

0x0: Transmit FIFO data request interrupt disabled

0x1: Transmit FIFO data request interrupt enabled

0 RAVIE R/W 0x0 Receiver Data Available Interrupt Enable
Receiver Data Available Interrupt Enable (Source IIR[IID])

0x0: Receiver data available (trigger threshold reached) 
interrupt disabled

0x1: Receiver data available (trigger threshold reached) 
interrupt enabled

Instance Name Offset
UART_IIR 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
IF

O
E

S
10

E
O

C

A
B

L

T
O

D

IID
10

N
IP

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 1

Table 695: Interrupt Identification Register (UART_IIR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:6 FIFOES10 RO 0x0 FIFO Mode Enable Status
0x0: Non-FIFO mode is selected

0x1: Reserved

0x2: reserved

0x3: FIFO mode is selected (<Transmit and Receive 
FIFO Enable> field in the FIFO Control Register = 1)

Table 694: Interrupt Enable Register (UART_IER)  (Sheet 2 of 2)

Bits Name Type Reset Description
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The UART prioritizes interrupts in four levels (see Table 696) and records them in the IIR. The IIR stores information 
that indicates that a prioritized interrupt is pending and identifies the source of the interrupt.

The error interrupt is reported separately in LSR. In non-DMA mode, IIR is updated immediately to signify the error 
interrupt. In DMA mode, IIR is not updated until the error is at the bottom of the FIFO, which could be much later than 
when the error interrupt occurred. Software must check for the error interrupt before it checks IIR.

The interrupt is de-asserted if additional data is received before a receiver time-out interrupt is serviced.

IIR contains an interrupt-pending bit (nIP). An interrupt is pending from the UART when IIR[nIP] is clear. When IIR[nIP] 
is set, no interrupt is pending, regardless of the state of the other bits in the IIR register. This condition may occur when 
the condition that causes an interrupt is removed before the interrupt is cleared.

This is a read-only register. Ignore reads from reserved bits.
                         

5 EOC RO 0x0 DMA End of Descriptor Chain                         
0x0: DMA has not signaled the end of its programmed 

Descriptor chain.

0x1: DMA has signaled the end of its programmed 
Descriptor chain.

4 ABL RO 0x0 Auto-baud Lock                                
0x0: Auto-baud circuitry has not programmed Divisor 

Latch registers (DLR).

0x1: Divisor Latch registers (DLR) programmed by auto-
baud circuitry.

3 TOD RO 0x0 Time Out Detected                                 
0x0: No time out interrupt is pending

0x1: Time out interrupt is pending. (FIFO mode only)

2:1 IID10 RO 0x0 Interrupt Source Encoded
0x0: Modem Status (CTS, DSR, RI, DCD modem signals 

changed state)

0x1: Transmit FIFO requests data

0x2: Received data available

0x3: Receive error (Overrun, parity, framing, break, FIFO 
error. See Modem Status Register)

0 NIP RO 0x1 Interrupt Pending
0x0: Interrupt is pending (active low)

0x1: No interrupt is pending

Table 696: Interrupt Conditions (Sheet 1 of 2)

Prior ity 
Level

Interrupt Orig in

1 (highest) Receiver line status: one or more error bits were set.

2 Received data is available. In FIFO mode, the trigger threshold was reached. In non-
FIFO mode, RBR has data.

Table 695: Interrupt Identification Register (UART_IIR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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Table 697 shows the priority, type, and source of the Interrupt Identification register interrupts. It also gives the reset 
condition used to de-assert the interrupts. Bits[3:0] of the IIR register represent priority encoded interrupts. Bits[7:4] do 
not.
                         

2 Receiver time-out occurred. Occurs only in FIFO mode, when data is in the receive 
FIFO but no data has been sent for a set time period.

3 Transmitter requests data. In FIFO mode, the transmit FIFO is at least half empty. In 
non-FIFO mode, the THR has been transmitted.

4 (lowest) Modem status: one or more modem input signals have changed state.

Table 697: Interrupt Identification Register (IIR) Decode 

Interrupt  ID 
bits

Interrupt  SET/RESET Funct ion

3 2 1 0 Priori ty Type Source RESET Control

nIP 0 0 0 1 — None No interrupt is pending. —

IID[11] 0 1 1 0 Highest Receiver 
Line Status

Overrun Error, Parity Error, 
Framing Error, Break Interrupt.

Reading the Line Status register.

IID[10] 0 1 0 0 Second 
Highest

Received 
Data 
Available.

Non-FIFO mode: receive buffer 
is full.

Non-FIFO mode: Reading the 
Receiver Buffer register.

FIFO mode: trigger threshold 
was reached.

FIFO mode: Reading bytes until 
the receive FIFO drops below 
trigger threshold or setting.

TOD 1 1 0 0 Second 
Highest

Character 
Time-out 
indication.

FIFO mode only: At least 1 
character is left in the receive 
buffer indicating trailing bytes.

Reading the receive FIFO or 
setting FCR[RESETRF].

IID[01] 0 0 1 0 Third 
Highest

Transmit 
FIFO Data 
Request

Non-FIFO mode: Transmit 
Holding register Empty

Reading the IIR register (if the 
source of the interrupt) or writing 
into the Transmit Holding register.

FIFO mode: transmit FIFO has 
half or less than half data.

Reading the IIR register (if the 
source of the interrupt) or writing to 
the transmit FIFO.

IID[00] 0 0 0 0 Fourth 
Highest

Modem 
Status

Clear to Send, Data Set Ready, 
Ring Indicator, Received Line 
Signal Detect.

Reading the Modem Status 
register.

 Non Prioritized Interrupts:

ABL 4 None Auto-baud 
Lock 
indication

Auto-baud circuitry has locked 
onto the baud rate.

Reading the IIR register

Table 696: Interrupt Conditions (Sheet 2 of 2)

Prior ity 
Level

Interrupt Orig in
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A.25.7 FIFO Control Register (UART_FCR)
This is a write-only register that is located at the same address as the Interrupt Identification 
Register, which is a read-only register. FCR enables/disables the transmit/receive FIFOs, clears the 
transmit/receive FIFOs, and sets the receive FIFO trigger threshold.

Note

Note The trigger level must be equal to the DMA burst length programmed in the DMA registers.

Interrupt Trigger Level -- When the number of bytes in the receive FIFO equals the interrupt trigger 
level programmed into this field and the received-data-available interrupt is enabled (via Interrupt 
Enable Register), an interrupt is generated and appropriate bits are set in the Interrupt Identification 
Register. The receive DMA request is generated as well when trigger level is reached. The trigger 
level must be greater than or equal to the DMA burst size programmed in the DMA registers.

32-Bit Peripheral Bus -- When clear, the UART ignores any information in the upper three bytes of 
the 32-bit bus. A full- or partial-word read or write to the UART with this bit clear increments the FIFO 
counters by only one byte. If this bit is set, a full- or partial-word read or write increments the counter 
by the number of valid bytes within the word.

Trailing Bytes -- When clear, trailing bytes are handled by the Marvell® Sheeva™ PJ1 Core. When 
set, trailing bytes are handled automatically by the DMA controller. See the DMA chapter for more 
information.

Transmit Interrupt Level -- Setting TIL causes transmitter interrupts and DMA requests to occur 
when the transmit FIFO is empty. Clearing TIL causes transmitter interrupts and DMA requests to 
occur when the transmit FIFO is half empty.

Transmit and Receive FIFO Enable -- TRFIFOE enables and disables the transmit and receive 
FIFOs. When TRFIFOE is set, both FIFOs are enabled (FIFO mode). When TRFIFOE is clear, the 
FIFOs are both disabled (non-FIFO mode). Writing 0b0 to this bit clears all bytes in both FIFOs. 
When changing from FIFO mode to non-FIFO mode and vice versa, data is cleared automatically 
from the FIFOs. Any DMA or FIFO-service-request interrupts are cleared when TRFIFOE is clear.

Note

Note This bit must be 1 when other bits in this register are written, or the other bits are not programmed.

This is a write-only register. Write 0b0 to reserved bits.

EOC 5  None DMA End of 
Descriptor 
Chain

The DMA has reached the end 
of its programmed descriptor 
chain.

Reading the IIR register

Table 697: Interrupt Identification Register (IIR) Decode (Continued)

Interrupt  ID 
bits

Interrupt  SET/RESET Funct ion

3 2 1 0 Priori ty Type Source RESET Control
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Instance Name Offset
UART_FCR 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ITL

B
U

S

T
R

A
IL

T
IL

R
E

S
E

T
T

F

R
E

S
E

T
R

F

T
R

F
IF

O
E

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 698: FIFO Control Register (UART_FCR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:6 ITL WO 0x0 Interrupt Trigger Level (threshold)
When the number of bytes in the Receive FIFO equals the 
interrupt trigger threshold programmed into this field and 
the received-data-available interrupt is enabled via the IER, 
an interrupt is generated and appropriate bits are set in the 
IIR. The Receive DMA request is also generated when the 
trigger threshold is reached.

0x0: 1 byte or more in FIFO causes interrupt (Not valid in 
DMA mode)

0x1: 8 bytes or more in FIFO causes interrupt and DMA 
request

0x2: 16 bytes or more in FIFO causes interrupt and DMA 
request

0x3: 32 bytes or more in FIFO causes interrupt and DMA 
request

5 BUS WO 0x0 32-Bit Peripheral Bus
0x0: 8-bit peripheral bus

0x1: 32-bit peripheral bus

4 TRAIL WO 0x0 Trailing Bytes
0x0: Trailing bytes are removed by the Marvell® 

Sheeva™ PJ1 Core

0x1: Trailing bytes are removed by the DMAC

3 TIL WO 0x0 Transmitter Interrupt Level
0x0: Interrupt/DMA request when FIFO is half empty.

0x1: Interrupt/DMA request when FIFO is empty

2 RESETTF WO 0x0 Reset Transmit FIFO
When this field is set, all the bytes in the Transmit FIFO are 
cleared. The TDRQ bit in the LSR is set and the IIR shows 
a transmitter requests data interrupt, if the TIE bit in the IER 
register is set. The Transmit Shift register is not cleared, 
and it completes the current transmission.

0x0: Writing 0 has no effect

0x1: The transmit FIFO is cleared
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A.25.8 Line Control Register (UART_LCR)
This register specifies the format for the asynchronous data-communications exchange. The serial-
data format consists of a start bit, eight data bits, an optional parity bit, and one stop bit. This register 
has bits that allow access to the Divisor Latch registers and bits that can cause a break condition.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

1 RESETRF WO 0x0 Reset Receive FIFO
When RESETRF is set, all the bytes in the Receive FIFO 
are cleared. The DR bit in the LSR is reset to 0. All the error 
bits in the FIFO and the FIFOE bit in the LSR are cleared. 
Any error bits, OE, PE, FE or BI, that had been set in LSR 
are still set. The Receive Shift Register is not cleared. If the 
IIR had been set to "received data available", it is cleared.

0x0: Writing 0 has no effect

0x1: The receive FIFO is cleared

0 TRFIFOE WO 0x0 Transmit and Receive FIFO Enable
TRFIFOE enables/disables the Transmit and Receive 
FIFOs. When TRFIFOE is set, both FIFOs are enabled 
(FIFO mode). When TRFIFOE is clear, the FIFOs are both 
disabled (non-FIFO mode). Writing 0b0 to this bit clears all 
bytes in both FIFOs. When changing from FIFO mode to 
non-FIFO mode and vice versa, data is cleared 
automatically from the FIFOs. This bit must be set when 
other bits in this register are written or the other bits are not 
programmed.

0x0: FIFOs are disabled

0x1: FIFOs are enabled

Instance Name Offset
UART_LCR 0x000C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

D
LA

B

SB

S
T

K
Y

P

E
P

S

P
E

N

S
T

B

W
LS

10

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 699: Line Control Register (UART_LCR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 698: FIFO Control Register (UART_FCR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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7 DLAB R/W 0x0 Divisor Latch Access Bit
Must be set to access the Divisor Latch registers of the 
baud-rate generator during a Read or Write operation. Must 
be clear to access the Receive buffer, the Transmit Holding 
Register, or the IER.

0x0: access Transmit Holding Register, Receive Buffer 
Register, and Interrupt Enable Register.

0x1: access Divisor Latch registers (DLL and DLH)

6 SB R/W 0x0 Set Break
Causes a break condition to be transmitted to the receiving 
UART. Acts only on the TXD pin and has no effect on the 
Transmit logic. In FIFO mode, wait until the transmitter is 
idle (LSR[TEMT]=1] to set and clear SB.

0x0: no effect on TXD output

0x1: forces TXD output to 0 (space)

5 STKYP R/W 0x0 Sticky Parity
Forces the bit value at the parity bit location to be the 
opposite of the EPS bit rather than the parity value. This 
stops parity generation. If PEN = 0, STKYP is ignored.

0x0: no effect on parity bit

0x1: forces parity bit to be opposite of EPS bit value

4 EPS R/W 0x0 Even Parity Select
If PEN = 0, EPS is ignored.

0x0: Sends or checks for odd parity

0x1: Sends or checks for even parity

3 PEN R/W 0x0 Parity Enable
Enables a parity bit to be generated on transmission or 
checked on reception.

0x0: No parity

0x1: Parity

2 STB R/W 0x0 Stop Bits
Specifies the number of stop bits transmitted and received 
in each character. When receiving, the receiver checks only 
the first stop bit.
This bit must be clear.

0x0: 1 stop bit

1:0 WLS10 R/W 0x0 Word Length Select
Specifies the number of data bits in each transmitted or 
received character.
0x0, 0x1, 0x2: 7-bit character

0x3: 8-bit character

Table 699: Line Control Register (UART_LCR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.25.9 Modem Control Register (UART_MCR)
This register uses the modem control pins nRTS and nDTR to control the interface with a modem or 
data set. This register also controls the Loopback mode, which must be enabled before the UART is 
enabled.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Instance Name Offset
UART_MCR 0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

A
F

E

LO
O

P

O
U

T
2

O
U

T
1

R
T

S

D
T

R

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0

Table 700: Modem Control Register (UART_MCR)  (Sheet 1 of 3)

Bits Name Type Reset Description

31:6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5 AFE R/W 0x0 Auto-flow Control Enable
0x0: Auto-RTS and auto-CTS are disabled.

0x1: Auto-CTS is enabled. If <Request to Send> is also 
set, both auto-CTS and auto-RTS are enabled.
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4 LOOP R/W 0x0 Loopback Mode
This bit provides a local loopback feature for diagnostic 
testing of the UART. When LOOP is set, the following 
occurs: The transmitter serial output is set to a logic 1 state. 
The receiver serial input is disconnected from the pin. The 
output of the Transmit Shift Register is looped back into the 
Receive Shift Register input. The four modem control inputs 
(nCTS, nDSR, nDCD, and nRI) are disconnected from the 
pins and the modem control output pins (nRTS and nDTR) 
are forced to their inactive state.
Coming out of the Loopback mode may result in 
unpredictable activation of the delta bits (bits 30) in the 
Modem Status Register. Marvell recommends that MSR be 
read once to clear the MSR delta bits.
Loopback mode must be configured before the UART is 
enabled.
The lower four bits of the MCR are connected to the upper 
four Modem Status Register bits

• DTR = 1 forces DSR to a 1
• RTS = 1 forces CTS to a 1
• OUT1 = 1 forces RI to a 1
• OUT2= 1 forces DCD to a 1
In Loopback mode, data that is transmitted is received 
immediately. This feature allows the ARMADA 16x 
processor to verify the Transmit and Receive data paths of 
the UART. The Transmit, Receive, and Modem-Control 
interrupts are operational, except that the Modem Control 
interrupts are activated by MCR bits, not by the modem-
control pins. A break signal can also be transferred from the 
transmitter section to the receiver section in Loopback 
mode.

0x0: normal UART operation

0x1: loopback-mode UART operation

3 OUT2 R/W 0x0 OUT2 Signal Control
OUT2 connects the UART interrupt output to the Interrupt 
Controller unit. When LOOP is clear
When LOOP is set, interrupts always go to the ARMADA 
16x processor.

0x0: UART interrupt is disabled; MSR[DCD] forced to 0b0

0x1: UART interrupt is enabled; MSR[DCD] forced to 0b1

2 OUT1 R/W 0x0 Test Bit
Used only in Loopback mode. It is ignored otherwise.

0x0: Force MSR[RI] to 0b0

0x1: Force MSR[RI] to 0b1

1 RTS R/W 0x0 Request to Send
nRTS pin is 1
nRTS pin is 0
Auto-RTS disabled. Auto-flow works only with auto-CTS.
Auto-RTS enabled. Auto-flow works with both auto-CTS 
and auto-RTS.

0x0: Non-auto-flow mode

0x1: Auto-flow mode

Table 700: Modem Control Register (UART_MCR)  (Sheet 2 of 3)

Bits Name Type Reset Description
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A.25.10 Line Status Register (UART_LSR)
This register provides data-transfer status information to the software. In non-FIFO mode, LSR[4:2] 
show the error status of the character that has just been received. In FIFO mode, LSR[4:2] show the 
status bits of the character that is currently at the front of the FIFO.

LSR[4:1] produce a receiver-line-status interrupt when the corresponding conditions are detected 
and the interrupt is enabled. In FIFO mode, the receiver-line-status interrupt occurs only when the 
erroneous character reaches the front of the FIFO. If the erroneous character is not at the front of 
the FIFO, a line-status interrupt is generated after the other characters are read, and the erroneous 
character becomes the character at the front of the FIFO.

LSR must be read before the erroneous character is read. LSR[4:1] remain set until software reads 
LSR.

See the FIFO DMA Mode Operation section in the DMA chapter for details on using the DMAC to 
receive data.

This is a read-only register. Ignore reads from reserved bits.

0 DTR RO 0x0 Data Terminal Ready
0x0: nDTR pin is 1

0x1: nDTR pin is 0

Instance Name Offset
UART_LSR 0x0014

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
F

IF
O

E

T
E

M
T

T
D

R
Q

BI FE PE OE DR

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 1 1 0 0 0 0 0

Table 701: Line Status Register (UART_LSR)  (Sheet 1 of 4)

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 700: Modem Control Register (UART_MCR)  (Sheet 3 of 3)

Bits Name Type Reset Description
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-616



ARMADA 16x Applications Processor Family Register Tables
7 FIFOE RO 0x0 FIFO Error Status
This bit is clear in non-FIFO mode. In FIFO mode, FIFOE is 
set when there is at least one parity error, framing error, or 
break indication for any of the characters in the FIFO. A 
ARMADA 16x processor Read of the LSR does not reset 
this bit. FIFOE is reset when all erroneous characters have 
been read from the FIFO. If DMA requests are enabled (IER 
bit 7 set) and FIFOE is set, the error interrupt is generated, 
and no Receive DMA request is generated even when the 
Receive FIFO reaches the trigger threshold. Once the 
errors have been cleared by reading the FIFO, DMA 
requests are re-enabled automatically. If DMA requests are 
not enabled (IER bit7 clear), FIFOE set does not generate 
an error interrupt.

0x0: No FIFO or no errors in receive FIFO

0x1: At least one character in receive FIFO has errors

6 TEMT RO 0x1 Transmitter Empty
Set when the Transmit Holding Register and the Transmit 
Shift Register are both empty. It is cleared when either the 
Transmit Holding Register or the Transmit Shift Register 
contains a data character. In FIFO mode, TEMT is set when 
the Transmit FIFO and the Transmit Shift Register are both 
empty.

0x0: There is data in the transmit shift register, the 
Transmit Holding Register, or the FIFO.

0x1: All the data in the transmitter has been shifted out.

5 TDRQ RO 0x1 Transmit Data Request
Indicates that the UART is ready to accept a new character 
for transmission. In addition, this bit causes the UART to 
issue an interrupt to the ARMADA 16x processor when the 
transmit-data request interrupt-enable is set and generates 
the DMA request to the DMA Controller if DMA requests 
and FIFO mode are enabled. The TDRQ bit is set when a 
character is transferred from the Transmit Holding Register 
into the Transmit Shift Register. The bit is cleared with the 
loading of the Transmit Holding Register. In FIFO mode, 
TDRQ is set when half of the characters in the FIFO have 
been loaded into the Shift Register or the RESETTF bit in 
FCR has been set. It is cleared when the FIFO has more 
than half data. If more than 64 characters are loaded into 
the FIFO, the excess characters are lost.

0x0: There is data in the holding register or FIFO waiting 
to be shifted out

0x1: The transmit FIFO has half or less than half data

Table 701: Line Status Register (UART_LSR)  (Sheet 2 of 4)

Bits Name Type Reset Description
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4 BI RO 0x0 Break Interrupt
BI is set when the received data input is held low for longer 
than a full-word transmission time (the total time of start bit 
+ data bits + parity bit + stop bit). BI is cleared when the 
ARMADA 16x processor reads the LSR. In FIFO mode, 
only one character equal to 0x00, is loaded into the FIFO 
regardless of the length of the break condition. BI shows 
the break condition for the character at the front of the 
FIFO, not the most recently received character.

0x0: No break signal has been received

0x1: Break signal received

3 FE RO 0x0 Framing Error
FE indicates that the received character did not have a valid 
stop bit. FE is set when the bit following the last data bit or 
parity bit is detected to be 0. FE is cleared when the 
ARMADA 16x processor reads the LSR. The UART 
resynchronizes after a framing error. To do this, it assumes 
that the framing error was due to the next start bit, so it 
samples this start bit twice and then reads in the data. In 
FIFO mode, FE shows a framing error for the character at 
the front of the FIFO, not for the most recently received 
character.

0x0: No Framing error

0x1: Invalid stop bit has been detected

2 PE RO 0x0 Parity Error
Indicates that the received data character does not have 
the correct even or odd parity, as selected by the even 
parity select bit. PE is set upon detection of a parity error 
and is cleared when the ARMADA 16x processor reads the 
LSR. In FIFO mode, PE shows a parity error for the 
character at the front of the FIFO, not the most recently 
received character.

0x0: No Parity error

0x1: Parity error has occurred

1 OE RO 0x0 Overrun Error
In non-FIFO mode, indicates that data in the Receive Buffer 
register was not read by the ARMADA 16x processor 
before the next character was received. The new character 
is lost. In FIFO mode, OE indicates that all 64 bytes of the 
FIFO are full and the most recently received byte has been 
discarded. OE is set upon detection of an overrun condition 
and cleared when the ARMADA 16x processor reads the 
LSR.

0x0: No data has been lost

0x1: Receive data has been lost

Table 701: Line Status Register (UART_LSR)  (Sheet 3 of 4)

Bits Name Type Reset Description
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A.25.11 Modem Status Register (UART_MSR)
MSR provides the current state of the control lines from the modem or data set (or a peripheral 
device emulating a modem) to the software. In addition to this current state information, four MSR 
bits provide change information. MSR[3:0] are set when a control input from the modem changes 
state. They are cleared when the software reads MSR. The status of the modem control lines does 
not affect the FIFOs. IER[MIE] must be set to use these lines for flow control. The interrupt service 
routine must disable the UART when an interrupt occurs on one of the flow-control pins. The UART 
continues transmission/reception of the current character and then stops. The contents of the FIFOs 
are preserved. If the UART is re-enabled, transmission continues where it stopped.

Note

Note When bit 0, 1, 2, or 3 is set, a modem-status interrupt is generated if IER[MIE] is set.

This is a read-only register. Ignore reads from reserved bits.

0 DR RO 0x0 Data Ready
Set when a complete incoming character has been received 
and transferred into the Receive Buffer Register or the 
FIFO. In non-FIFO mode, DR is cleared when the Receive 
buffer is read. In FIFO mode, DR is cleared if the FIFO is 
empty (last character has been read from RBR) or the FIFO 
is reset with FCR[RESETRF].

0x0: No data has been received

0x1: Data is available in RBR or the FIFO

Instance Name Offset
UART_MSR 0x0018

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

D
C

D

RI

D
S

R

C
T

S

D
D

C
D

T
E

R
I

D
D

S
R

D
C

T
S

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 702: Modem Status Register (UART_MSR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 DCD RO 0x0 Data Carrier Detect
Complement of the data-carrier-detect (nDCD) input. 
Equivalent to MCR[OUT2] if MCR[LOOP] is set.

0x0: nDCD pin is 1

0x1: nDCD pin is 0

Table 701: Line Status Register (UART_LSR)  (Sheet 4 of 4)

Bits Name Type Reset Description
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A.25.12 Scratchpad Register (UART_SCR)
This register has no effect on the UART. It is intended as a scratchpad register for use by 
programmers and is included for 16550A compatibility.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

6 RI RO 0x0 Ring Indicator
Complement of the ring-indicator (nRI) input. Equivalent to 
MCR[OUT1] if MCR[LOOP] is set.

0x0: nRI pin is 1

0x1: nRI pin is 0

5 DSR RO 0x0 Data Set Ready
Complement of the data-set-ready (nDSR) input. Equivalent 
to MCR[DTR] if MCR[LOOP] is set.

0x0: nDSR pin is 1

0x1: nDSR pin is 0

4 CTS RO 0x0 Clear to Send
Complement of the clear-to-send (nCTS) input. Equivalent 
to MCR[RTS] if MCR[LOOP] is set.

0x0: nCTS pin is 1

0x1: nCTS pin is 0

3 DDCD RO 0x0 Delta Data Carrier Detect
0x0: No change in nDCD pin since last read of MSR

0x1: nDCD pin has changed state

2 TERI RO 0x0 Trailing Edge Ring Indicator
0x0: nRI pin has not changed from 0 to 1 since last read 

of MSR

0x1: nRI pin has changed state

1 DDSR RO 0x0 Delta Data Set Ready
0x0: No change in nDSR pin since last read of MSR

0x1: nDSR pin has changed state

0 DCTS RO 0x0 Delta Clear to Send
0x0: No change in nCTS pin since last read of MSR

0x1: nCTS pin has changed state

Instance Name Offset
UART_SCR 0x001C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved SCRATCHPAD

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 702: Modem Status Register (UART_MSR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.25.13 Infrared Selection Register (UART_ISR)
Each UART can manage an IrDA module associated with it. ISR controls the IrDA functions (see 
Serial Infrared Asynchronous Interface in the UART Chapter).

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Table 703: Scratchpad Register (UART_SCR)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 SCRATCHPAD RO 0x0 SCRATCHPAD
No effect on UART functions.

Instance Name Offset
UART_ISR 0x0020

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

R
X

P
L

T
X

P
L

X
M

O
D

E

R
C

V
E

IR

X
M

IT
IR

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0

Table 704: Infrared Selection Register (UART_ISR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 RXPL R/W 0x0 Receive Data Polarity
0x0: SIR decoder takes positive pulses as zeros

0x1: SIR decoder takes negative pulses as zeros

3 TXPL R/W 0x0 Transmit Data Polarity
0x0: SIR encoder generates a positive pulse for a data bit 

of zero

0x1: SIR encoder generates a negative pulse for a data 
bit of zero

2 XMODE R/W 0x0 Transmit Pulse Width Select
When XMODE is clear, the UART 16x clock is used to clock 
the IrDA Transmit and Receive logic. When XMODE is set, 
Receive decoder operation does not change, and the 
Transmit encoder generates 1.6 ms pulses (that are 3/16 of 
a bit time at 115.2 kbps) instead of pulses 3/16 of a bit time 
wide. Marvell recommends setting XMODE.

0x0: Transmit pulse width is 3/16 of a bit time wide

0x1: Transmit pulse width is 1.6 ms
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A.25.14 Receive FIFO Occupancy Register (UART_FOR)
This register shows the number of bytes currently remaining the Receive FIFO. FOR can be used to 
determine the number of trailing bytes to remove in the case when the DMA reaches the end of its 
Descriptor chain or when FCR[TRAIL] is clear, which indicates that the Marvell® Sheeva™ PJ1 
Core removes trailing bytes as opposed to the DMA (see Removing Trailing Bytes in DMA Mode 
section in the DMA Chapter). FOR is incremented once for each byte of data written to the Receive 
FIFO and decremented once for each byte read.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

1 RCVEIR R/W 0x0 Receiver SIR Enable
When RCVEIR is set, the signal from the RXD pin is 
processed by the IrDA decoder before it is fed to the UART. 
If RCVEIR is clear, then all clocking to the IrDA decoder is 
blocked and the RXD pin is fed directly to the UART.

0x0: Receiver is in UART mode

0x1: Receiver is in infrared mode

0 XMITIR R/W 0x0 Transmitter SIR Enable
When XMITIR is set, the normal TXD output from the UART 
is processed by the IrDA encoder before it is fed to the 
device pin. If XMITIR is clear, all clocking to the IrDA 
encoder is blocked and the UART's TXD signal is 
connected directly to the device pin.
When transmitter SIR enable is set, the TXD output pin, 
which is in a normally high default state, switches to a 
normally low default state. This switch can cause a false 
start bit unless the infrared LED is disabled before XMITIR 
is set.

0x0: Transmitter is in UART mode

0x1: Transmitter is in infrared mode

Table 704: Infrared Selection Register (UART_ISR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.25.15 Auto-Baud Control Register (UART_ABR)
This register controls the functionality and options for auto-baud-rate detection within the UART. 
Through this register, software can enable/disable the auto-baud-lock interrupt, direct either the 
software or the UART to program the final baud rate in the Divisor Latch registers, and choose 
between two methods used to calculate the final baud rate.

The auto-baud circuitry counts the number of clocks in the start bit and writes this count into the 
Auto-Baud Count Register (ACR). It then interrupts the processor if ABR[ABLIE] is set. It also 
programs automatically the Divisor Latch registers (DLL and DLH) if ABR[ABUP] is set.

See Auto-Baud-Rate Detection section in UART Chapter for more information on auto-baud rate.

Auto-baud-rate detection is not supported in IrDA Serial-Infrared mode.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Instance Name Offset
UART_FOR 0x0024

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved BYTE_COUNT

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0

Table 705: Receive FIFO Occupancy Register (UART_FOR)  

Bits Name Type Reset Description

31:6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5:0 BYTE_COUNT R/W 0x0 Number of bytes (0-63) remaining in the Receive FIFO.

Instance Name Offset
UART_ABR 0x0028

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

A
B

T

A
B

U
P

A
B

LI
E

A
B

E

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 706: Auto-Baud Control Register (UART_ABR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 ABT R/W 0x0 0x0: Formula used to calculate baud rates, allowing all 
possible baud rates to be chosen by UART as 
shown in  the UART chapter

0x1: Table used to calculate baud rates, which limits 
UART to choosing common baud rates

2 ABUP R/W 0x0 0x0: Software Programs Divisor Latch registers

0x1: UART Programs Divisor Latch registers

1 ABLIE R/W 0x0 0x0: Auto-baud-lock interrupt disabled (Source IIR[ABL])

0x1: Auto-baud-lock interrupt enabled (Source IIR[ABL])
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A.25.16 Auto-Baud Count Register (UART_ACR)
This register stores the number of 14.7456-MHz clock cycles within a start-bit pulse. This value is 
then used by software or the UART to calculate the baud rate. If auto-baud mode (ABR[ABE]) and 
auto-baud interrupts (ABR[ABLIE]) are enabled, the UART interrupts the processor with the auto-
baud-lock interrupt (IIR[ABL]) after it has written the count value into ACR. The value is written 
regardless of the state of the auto-baud UART program bit, (ABR[ABUP]).

This is a read-only register. Ignore reads from reserved bits.

0 ABE R/W 0x0 0x0: Auto-baud disabled

0x1: Auto-baud enabled

Instance Name Offset
UART_ACR 0x002C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved COUNT_VALUE

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 707: Auto-Baud Count Register (UART_ACR)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:0 COUNT_VALUE RO 0x0 Number of  14.7456-MHz clock cycles within a start-bit 
pulse.

Table 706: Auto-Baud Control Register (UART_ABR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.26 SSP (SSP)
Each SSPx consists of twelve registers: seven control, one data, two status, one time-out, and one 
test. 

The SSP Control registers specify the baud rate, data length, frame format, data-transfer 
mechanism, and port enabling. In addition, they permit setting the FIFO trigger thresholds that 
trigger an interrupt.
All registers must be accessed using aligned words.
In SSP Control Register 0 (SSP_SSCR0), DSS, FRF, EDSS,  and FPCKE must be modified 
before SSE is set to 0b1. All bits in SSP Control Register 1 (SSP_SSCR1) must be written 
before the SSCR0-x[SSE] is set. Any writable bits in the SSP Status Register (SSP_SSSR), 
SSP Time Out Register (SSP_SSTO), and SSP Interrupt Test Register (SSP_SSITR) can be 
modified at any time. All bits in the SSP Programmable Serial Protocol Register (SSP_SSPSP) 
must be written before the <Synchronous Serial Port Enable> field in the SSP Control Register 
0 (SSP_SSCR0) is set. All bits in the SSP RX Time Slot Active Register (SSP_SSRSA)and 
SSP TX Time Slot Active Register (SSP_SSTSA) should be written before the <Synchronous 
Serial Port Enable> field in the SSP Control Register 0 (SSP_SSCR0) bit is set.
The SSP Time Out Register (SSP_SSTO) programs the time-out value that signals a specified 
period of RXFIFO inactivity.
The SSP Programmable Serial Protocol Register (SSP_SSPSP) programs the parameters 
used to define PSP format data transfer.
The SSP Data Register (SSP_SSDR) is mapped as one 32-bit location, which physically points 
to either of two 32-bit registers: one register is for Writes of data transfers to the TXFIFO, while 
the other register is for Reads that take data from the RXFIFO. A Marvell® Sheeva™ PJ1 Core 
Write cycle or burst DMA Write cycle loads successive words into the SSDR_x Write Register 
and then into the TXFIFO. A -read cycle or burst-DMA read cycle takes data from the SSDR_x 
Read register, and the RXFIFO reloads it with available data samples when available. Read 
and write DMA bursts should not increment the address of the SSDR_x Register. All accesses 
to the SSDR_x Register address target either the DDSR_x Read Register or the SSDR_x Write 
register. The TXFIFO and RXFIFO are independent buffers that allow full-duplex operation.
Besides showing the state of the FIFO buffers, the SSP Status Register shows whether the 
programmable FIFO trigger thresholds has been passed and whether a transmit or receive 
FIFO service request is active. The SSSR_x Register also shows the actual "fullness" of either 
FIFO. Flag bits in the SSSR_x Register indicate if the SSPx port is actively transmitting data, if 
the TXFIFO is not full, and if the RXFIFO is not empty. The SSSR_x[ROR] bit signals an 
overrun of the RXFIFO, in which case newly received data would be discarded (see the 
Transmit FIFO Level (TFL) section).

Base Address: SSP1: 0xD401_B000

Base Address: SSP2: 0xD401_C000

Base Address: SSP3: 0xD401_F000

Base Address: SSP4: 0xD402_0000

Base Address: SSP5: 0xD402_1000

The SSPx Clock/Reset Control Registers (APBC_SSPx_CLK_RST) in the APB2 Peripheral Clock 
Control (APB2_Clock) Unit must be programmed prior to accessing the SSPx registers

Table 708:  SSP Register Summary (Sheet 1 of 2)

Offset Name Description Details

0x0000 SSP_SSCR0 SSP Control Register 0 Page: A-626

0x0004 SSP_SSCR1 SSP Control Register 1 Page: A-631

0x0008 SSP_SSSR SSP Status Register Page: A-639

0x000C SSP_SSITR SSP Interrupt Test Register Page: A-639
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A.26.1 SSP Control Register 0 (SSP_SSCR0)
The SSP Control 0 registers contain bit fields that control various functions within the SSP port. The 
following table shows the bit locations corresponding to the different control bit fields within the SSP 
Control 0 Register. The reset state of all bits are as shown, but they must be programmed to their 
preferred values before enabling the SSP port.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

0x0010 SSP_SSDR SSP Data Register Page: A-645

0x0028 SSP_SSTO SSP Time Out Register Page: A-645

0x002C SSP_SSPSP SSP Programmable Serial Protocol Register Page: A-646

0x0030 SSP_SSTSA SSP TX Time Slot Active Register Page: A-649

0x0034 SSP_SSRSA SSP RX Time Slot Active Register Page: A-650

0x0038 SSP_SSTSS SSP Time Slot Status Register Page: A-650

Instance Name Offset
SSP_SSCR0 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

M
O

D

R
es

er
ve

d

F
P

C
K

E

R
es

er
ve

d

FRDC T
IM

R
IM

R
es

er
ve

d

E
D

S
S

Reserved

S
S

E

R
es

er
ve

d

FRF DSS

Default 0 0 0 ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 709: SSP Control Register 0 (SSP_SSCR0)  (Sheet 1 of 3)

Bits Name Type Reset Description

31 MOD R/W 0x0 Mode
0x0: Normal SSP mode

0x1: Network mode

30 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

29 FPCKE R/W 0x0 FIFO Packing Enable
0x0: FIFO packing mode disabled

0x1: FIFO packing mode enabled

28:27 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

26:24 FRDC R/W 0x0 Frame Rate Divider Control
Value of 0x0-0x7 specifies the number of time slots per 
frame when in network mode (the actual number of time 
slots is this field +1, so 1 to 8 time slots can be specified).

23 TIM R/W 0x0 Transmit FIFO Underrun Interrupt Mask
0x0: TUR events generate an SSP interrupt

0x1: TUR events do NOT generate an SSP interrupt

Table 708:  SSP Register Summary (Sheet 2 of 2)

Offset Name Description Details
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22 RIM R/W 0x0 Receive FIFO Overrun Interrupt Mask
0x0: ROR events generate an SSP interrupt

0x1: ROR events do NOT generate an SSP interrupt

21 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

20 EDSS R/W 0x0 Extended Data Size Select
0x0: A 0 is pre-appended to the DSS value to set the DSS 

range from 8 to 16 bits.

0x1: A 1 is pre-appended to the DSS value to set the DSS 
range from 18 to 32 bits.

19:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 SSE R/W 0x0 Synchronous Serial Port Enable

0x0: SSPx port is disabled

0x1: SSPx port is enabled

6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5:4 FRF R/W 0x0 Frame Format
0x0: Motorola* Serial Peripheral Interface (SPI)

0x1: Texas Instruments* Synchronous Serial Protocol 
(SSP)

0x2: National Semiconductor Microwire*

0x3: Programmable Serial Protocol (PSP)

Table 709: SSP Control Register 0 (SSP_SSCR0)  (Sheet 2 of 3)

Bits Name Type Reset Description
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Mode Select (MOD)

The MOD bit selects between normal and network modes. Use network mode in systems where several devices are 
connected to the same SSPx_TXD, SSPx_RXD, SSPx_FRM and SSPx_CLK interface signals. In network mode, from 
1-8 time slots can be specified using the SSP TX Time Slot Active Register (SSP_SSTSA) and SSP RX Time Slot 
Active Register (SSP_SSRSA). The SSPx port can transmit or receive in any of the time slots (see SSP Time Slot 
Status Register). Software should set MOD only when using the PSP (see Figure 3) format. Setting MOD causes the 
SSPx_CLK to run continuously, if the SSP port is a master of the clock (SSCR1[SCLKDIR] cleared, see SSP Control 
Register 1). 
                         

3:0 DSS R/W 0x0 Data Size Select
EDSS DSS Data Size
0x00: reserved, undefined
0x01: reserved, undefined
0x02: reserved, undefined
0x03: reserved, undefined
0x04: reserved, undefined
0x05: reserved, undefined
0x06: reserved, undefined
0x07: 8-bit data
0x08: reserved, undefined
0x09: reserved, undefined
0x0A: reserved, undefined
0x0B: reserved, undefined
0x0C: reserved, undefined
0x0D: reserved, undefined
0x0E: reserved, undefined
0x0F: 16-bit data
0x10: reserved, undefined
0x11: 18-bit data
0x12: reserved, undefined
0x13: reserved, undefined
0x14: reserved, undefined
0x15: reserved, undefined
0x16: reserved, undefined
0x17: 24-bit data
0x18: reserved, undefined
0x19: reserved, undefined
0x1A: reserved, undefined
0x1B: reserved, undefined
0x1C: reserved, undefined
0x1D: reserved, undefined
0x1E: reserved, undefined
0x1F: 32-bit data

In PSP format, the interface signal SSPx_FRM can be delayed by a programmable 
value SSPSP[SFRMDLY], see SSP Programmable Serial Protocol Register. The 
SPSFRMx interface signal can assert with internal frame sync or some SFRMDLY 
delay after assertion of internal frame sync. 

Table 709: SSP Control Register 0 (SSP_SSCR0)  (Sheet 3 of 3)

Bits Name Type Reset Description
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When in network mode, only one SSPx_FRM is sent (master mode) or received (slave mode) for the number of time 
slots programmed into the SSCR0[FRDCF] field. When beginning in network mode, while the SSPx port is a master to 
the SSPx_FRM interface signal, the first SSPx_FRM signal does not occur until SSCR0[FRDC] field +1 time slots after 
all data is sent to TXFIFO. After assertion of the first SSPx_FRM signal, if the SSP is a master to SSPx_FRM, 
subsequent SSPx_FRM signals continue to assert regardless of whether data resides in the TXFIFO. Therefore, the 
transmit underrun bit SSSR_x[TUR], see SSP Status Register, is set to 0b1 if there is no data in the TXFIFO and the 
SSP port is programmed to drive SSPx_TXD data in the current time slot, even if the SSPx port is master to 
SSPx_FRM. When using PSP format in network mode, the parameters SFRMDLY, STRTDLY, DMYSTP, DMYSTRT 
must all be 0b0. The other parameters SFRMP, SCMODE, FSRT, SFRMWDTH are programmable.

When the SSP port is a master to the SSPx_FRM signal and a need arises to exit from network mode, software 
should:

Clear MOD. SSCR0_x[SSE] does not need to change.

Wait until SSTSS_x[NMBSY] (see SSP Time Slot Status Register) is cleared.
Disable the SSP port by clearing SSCR0_x[SSE]).
Before exiting network mode, verify the TXFIFO is empty (SSSR_x[TFL]=0b0000 and SSSR_x[TNF]=0b1.)

If data remains in the TXFIFO after the network mode is exited, a non-network mode frame will be sent. 
Due to synchronization delay between the internal bus and the SSPx port clock domain, one extra frame may be 
transmitted after software clears MOD. The SSP port continues to drive SSPx_CLKs (if SSCR1_x[SCLKDIR] is 
cleared, see SSP Control Register 1) or SSPx_FRM (if SSCR1_x[SFRMDIR] is cleared) until the end of the last valid 
time slot. 

If the SSP port is a slave to both SSPx_CLK (SSCR1_x[SCLKDIR] set) and SSPx_FRM (SSCR1_x[SFRMDIR] set), 
NMBSY remains asserted until MOD is cleared or until one SSPx_CLK after the end of the last valid time slot. 
                         

FIFO Packing Enable (FPCKE)

When the FIFO packing is enabled, SSCR0_x[FPCKE=1], the sample size of the TXFIFO and RXFIFO doubles from 
16 to 32 samples, which is 32 locations deep, with a maximum data sample size of 16 bits. If the extended data-size 
select (SSCR0_x[EDSS]) bit is set to 0b1, then the SSCR0_x[FPCKE] bit is ignored and the FIFO sizes remain 16 
samples, which is one sample wide by 16 locations deep. If the SSCR0_x[FPCKE] bit is set to 0b1 while 
SSCR0_x[EDSS] is cleared, then the FIFO threshold values SSCR1_x[TFT] and SSCR1_x[RFT], see SSP Control 
Register 1, are effectively doubled and the FIFO fill levels SSSR_x[TFL] and SSSR_x[RFL], see SSP Status Register, 
become 2x to 2x - 2 times their previous values.

Figure 3: Network Mode (Example Using 4 Time Slots)

                         

NOTE: This example has 5 bits of data per sample. The TXD three-state enable bit and the TXD three-state enable on last 
phase bit are both 0b1. The SSP is a master of SSPx_CLK and SSPx_FRM. The SSP has been programmed for 4 
time slots (SSCR0_x[FRDC=0b11]), the TX Time Slot Active register is programmed to 0x0000_000A 
(SSTSA[TTSA] = b00001010), and the RX Time Slot Active register has been set to 0x0000_0006 (SSRSA[RTSA] 
= b00000110).
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SSPx_TXD

SSPx_FRM

SSPx_RXD

Time Slot 0 Time Slot 1 Time Slot 2 Time Slot 3Time Slot 0 Time Slot 1 Time Slot 2 Time Slot 3 Time Slot 0

...

...

Undefined 4 3 2 1 0

4 3 2 1 0

4 3 2 1 0

...

...

4 3 2 1 0

4 3 2 1 0

4 3 2 1 0

4 3 2 1 0

4 3 2 1 0

Undefined Undefined
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Frame Rate Divider Control (FRDC)

The FRDC field indicates the number of time slots (FRDC + 1) used when in network mode (SSCR0[MOD] set).  The 
SSPx port supports from 1 to 8 time slots. A value of 0b000 indicates 1 time slot, and a value of 0b111 indicates 8 time 
slots.

Transmit FIFO Underrun Interrupt Mask (TIM)

When set to 0b1, the TIM bit masks the TXFIFO underrun event (SSSR_x[TUR], see SSP Status Register) from 
generating an SSPx port interrupt even though SSSR_x[TUR] still indicates that a TUR event has occurred. The TIM 
bit can be written to at any time, before or after SSP port is enabled.

RXFIFO Overrun Interrupt Mask (RIM)

When set to 0b1, the RIM bit masks the RXFIFO overrun event (SSSR_x[ROR], see SSP Status Register) from 
generating an SSPx port interrupt even though SSSR_x[ROR] still indicates that an ROR event has occurred. The RIM 
bit can be written to at any time, before or after SSP is enabled.

Extended Data Size Select (EDSS)

Use the EDSS bit in conjunction with the DSS field to select the size of the data sample that is transmitted and 
received by the SSPx port.

Synchronous Serial Port Enable (SSE)

The SSE bit enables and disables all SSPx port operations:

SSCR0_x[SSE] cleared⎯The SSPx port is disabled.
SSCR0_x[SSE] set⎯The SSPx port is enabled. 

When the SSPx port is disabled, all of its clocks can be stopped to minimize power consumption (see the CKEN 
register in the Clocks and Power Management chapters). On reset, the SSPx port is disabled.

Clearing the SSCR0_x[SSE] during active operation has the following effects:

SSPx port is disabled immediately;
the current transmit or receive frame is terminated;

resets the SSPx port FIFOs and SSSR_x status bits ( the SSPx ports control registers SSCR0_x and SSCR1_x 
are not reset).

                         

NOTE: Special conditions when FIFO packing is enabled:

The SSSR_x[TNF] (TXFIFO Not Full) bit is not valid. The TXFIFO full condition is 
when SSSR_x[TFL=15]. This means there is one less usable line in the TXFIFO.

The amount of data in the RXFIFO is read from SSSR_x[RFL] and SSSR_x[RNE], 
but must be qualfied by the SSSR_x[OSS] bit. SSSR_x[OSS] specifies whether 
there are 1 or 2 samples in the RXFIFO.
The SSSR[OSS] bit indicates whether an even or odd number of samples have 
been stored in the RXFIFO. The software must poll this bit to determine if the last 
entry in the RXFIFO has 1 or 2 valid entries.
DMA usage is recommended in Packed mode but the burst size must be less than 
or equal to the threshold.
When using SSP Packed mode, the blocks of data transmitted must be of even 
length. 

After reset or after clearing SSCR0_x[SSE], ensure the SSCR0_x, SSCR1_x, 
SSITR_x, SSTO_x, and SSPSP_x registers are properly re-configured, and reset the 
SSSR_x register before re-enabling the SSPx port by setting SSCR0_x[SSE]. Other 
bits in SSCR0_x can be written at the same time as SSCR0_x[SSE].
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When any SSPx port is disabled, its interface pins can be configured for use as other alternate functions or used as 
GPIOs. 

Frame Format (FRF)

The FRF bit field selects which frame format to use: Motorola* SPI (FRF = 0b00), Texas Instruments* SSP (FRF = 
0b01), National Semiconductor Microwire* (FRF=0b10), or the Programmable Serial Protocol (PSP) format (FRF = 
0b11).

Data Size Select (DSS)

Use the DSS field in conjunction with EDSS to select the size of the data transmitted and received by the SSP port. 
The concatenated 5-bit value of EDSS and DSS provides data sizes of 8, 16, 18, 24, and 32 bits in length. Other 
values are reserved and undefined.
                         

A.26.2 SSP Control Register 1 (SSP_SSCR1)
The SSP Port Control 1 registers contain bit fields that control various SSP port functions. The 
following table shows bit locations corresponding to control bit fields in SSP_SSCR1. The reset state 
of all bits is shown, but must be set to the preferred value before enabling the SSP port by setting 
the <Synchronous Serial Port Enable> field in the SSP Control Register 0.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

Note: When the data size is programmed to be less than 32 bits, right-justify the data before 
loading it into the TXFIFO. 

Instance Name Offset
SSP_SSCR1 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 710: SSP Control Register 1 (SSP_SSCR1)  (Sheet 1 of 4)

Bits Name Type Reset Description

31 TTELP R/W 0x0 TXD Three-state Enable On Last Phase
0x0: TXDx is three-stated 1/2 clock cycle after the 

beginning of the LSB.

0x1: TXDx output signal is three-stated on the clock edge 
that ends the LSB.

30 TTE R/W 0x0 TXD Three-State Enable
0x0: TXDx output signal is not three-stated.

0x1: TXD is three-stated when not transmitting data.

29 EBCEI R/W 0x0 Enable Bit Count Error Interrupt
0x0: Interrupt due to a bit count error is disabled.

0x1: Interrupt due to a bit count error is enabled.
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28 SCFR R/W 0x0 Slave Clock Free Running
0x0: Clock input to SSPx_CLK is continuously running

0x1: Clock input to SSPx_CLK is only active during data 
transfers. (ob1 Required for slave mode.)

27:26 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

25 SCLKDIR R/W 0x0 SSP Serial Bit Rate Clock (SSPx_CLK) Direction
0x0: Master mode, SSPx port drives SSPx_CLK

0x1: Slave mode, SSPx port receives SSPx_CLK

24 SFRMDIR R/W 0x0 SSP Frame (SSPx_FRM) Direction
0x0: Master mode, SSPx port drives SSPx_FRM

0x1: Slave mode, SSPx port receives SSPx_FRM

23 RWOT R/W 0x0 Receive Without Transmit

0x0: Transmit/Receive mode

0x1: Receive without Transmit mode

Note: Only use RWOT when the SSP controller is 
configured in slave mode to only receive data. 

22 TRAIL R/W 0x0 Trailing Byte
0x0: Trailing bytes are handled by the Marvell® Sheeva™ 

PJ1 Core

0x1: Trailing bytes are handled by DMA bursts

21 TSRE R/W 0x0 Transmit Service Request Enable
0x0: DMA service request is disabled

0x1: DMA service request is enabled

20 RSRE R/W 0x0 Receive Service Request Enable
0x0: DMA service request is disabled

0x1: DMA service request is enabled

19 TINTE R/W 0x0 Receiver Time-out Interrupt Enable
0x0: Receiver time-out interrupt is disabled.

0x1: Receiver time-out interrupt is enabled.

18 PINTE R/W 0x0 Peripheral Trailing Byte Interrupt Enable
0x0: Peripheral trailing byte interrupt is disabled.

0x1: Peripheral trailing byte interrupt is enabled.

17 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

16 IFS R/W 0x0 Invert Frame Signal
0x0: SSPx_FRM polarity is determined by the PSP 

polarity bits.

0x1: SSPx_FRM is inverted from normal-SSPx_FRM (as 
defined by the PSP polarity bits). (Works in all frame 
formats: SPI, SSP, and PSP)

Table 710: SSP Control Register 1 (SSP_SSCR1)  (Sheet 2 of 4)

Bits Name Type Reset Description
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15 STRF R/W 0x0 Select FIFO For Efwr
Select FIFO For Efwr (Test Mode Bit). Only when EFWR = 
1

0x0: TXFIFO is selected for both writes and reads 
through the SSP Data Register.

0x1: RXFIFO is selected for both writes and reads 
through the SSP Data Register.

14 EFWR R/W 0x0 Enable FIFO Write/read
Enable FIFO Write/read (Test Mode Bit)

0x0: FIFO write/read special function is disabled (normal 
SSPx operational mode).

0x1: FIFO write/read special function is enabled.

13:10 RFT R/W 0x0 RXFIFO Trigger Threshold
Sets threshold level at which RXFIFO asserts interrupt. 
Level should be set to the preferred threshold value minus 
1.

9:6 TFT R/W 0x0 TXFIFO Trigger Threshold
Sets threshold level at which TXFIFO asserts interrupt. 
Level should be set to the preferred threshold value minus 
1.

5 MWDS R/W 0x0 Microwire Transmit  Data Size
0x0:  8-bit command words are transmitted.

0x1: 16-bit command words are transmitted.

4 SPH R/W 0x0 Motorola SPI SSPx_CLK phase setting
0x0: SSPx_CLK is inactive until one cycle after the start 

of a frame and active until 1/2 cycle before the end of 
a frame.

0x1: SSPx_CLK is inactive until 1/2 cycle after the start of 
a frame and active until one cycle

3 SPO R/W 0x0 Motorola SPI SSPx_CLK Polarity Setting
0x0: The inactive or idle state of SSPx_CLK is low.

0x1: The inactive or idle state of SSPx_CLK is high.

2 LBM R/W 0x0 Loopback Mode
Loopback Mode (Test Mode Bit)

0x0: Normal serial port operation is enabled.

0x1: Output of TX serial shifter is internally connected to 
input of RX serial shifter.

1 TIE R/W 0x0 Transmit FIFO Interrupt Enable
0x0: TXFIFO threshold-level-reached interrupt is 

disabled.

0x1: TXFIFO threshold-level-reached interrupt is enabled.

Table 710: SSP Control Register 1 (SSP_SSCR1)  (Sheet 3 of 4)

Bits Name Type Reset Description
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TXD Three-State Enable On Last Phase (TTELP)

Use TTELP in conjunction with TTE. When TTE is set, SSPx_TXD is three-stated when not transmitting data. If TTELP 
is set, the SSPx_TXD output signal goes to the high-impedance state  
1/2 clock cycle earlier than that specified in the TTE bit description. 

TXD Three-State Enable (TTE)

If TTE is cleared, the SSPx_TXD output signal is always driven. When TTE is set, the SSPx_TXD output signal goes 
into high-impedance during the time that the SSPx port is not transmitting data. The timing for the high-impedance 
enable/disable varies according to the different serial formats and frame direction. For Motorola SPI format, the 
SSPx_TXD output signal goes into high-impedance if the SSPx_FRM interface signal is de-asserted (at 0b1).

For PSP format, if the SSPx port is a slave to frame (SSCR1_x[SFRMDIR] set), the SSPx_TXD output signal goes into 
high impedance on the same clock edge that ends the SSPx_TXD LSB. If the SSP is a master to frame 
(SSCR1_x[SFRMDIR] cleared), the SSPx_TXD output signal goes into high impedance on the clock edge after the 
beginning of the SSPx_TXD LSB, even if the clock edge does not appear on SSPx_CLK.

Enable Bit Count Error Interrupt (EBCEI)

When EBCEI is set, a bit-count error interrupt is generated. A bit-count error occurs when the SSPx port is a slave to 
clock (SCLKDIR set) or slave to frame (SFRMDIR set) and the SSPx port detects a new frame before the internal bit 
counter has reached zero, or before the SSPx_TXD LSB is driven.

Slave Clock is Free Running (SCFR)

When in slave mode (SCLKDIR set), the SCFR bit informs the SSPx port that the external clock that is input to the 
SSPCLKx signal is running continuously (SCFR cleared) or not (SCFR set). When SCLKDIR is cleared, the SSPCLKx 
signal is an output and SCFR is ignored. 

SSP Serial Bit-Rate Clock Direction (SCLKDIR)

SCLKDIR is a read-write bit that determines whether the SSPx port is the master or slave with respect to SSPx_CLK:

SCLKDIR cleared — The SSPx port generates SSPx_CLK internally, acts as the master, and drives the 
SSPx_CLK output signal. 

SCLKDIR set — The SSPx port acts as the slave, receives the SSPx_CLK input signal from an external clock 
source, and uses SSPx_CLK to determine when to drive transmit data on SSPx_TXD and when to sample receive 
data on SSPx_RXD. 

Depending on the frame format selected, each transmitted bit is driven on either the rising or falling edge of 
SSPx_CLK, and is sampled on the opposite clock edge. When the GPIO alternate function is selected for the SSPx 
port, the SCLKDIR bit has precedence over the GPIO direction bit. Therefore, Marvell recommends programming 
SCLKDIR and SFRMDIR before writing to the GPIO direction bits to prevent any possible contention on the 
SSPx_CLK or SSPx_FRM interface signals. Also, when SCLKDIR is set, SSCR0_x[ECS] and SSCR0_x[NCS] must 
both be cleared.

SSP Frame Direction (SFRMDIR)

The read-write SFRMDIR bit determines whether the SSPx port is the master or slave with respect to the SSPx_FRM 
interface signal:

0 RIE R/W 0x0 Receive FIFO Interrupt Enable
0x0: RXFIFO threshold-level-reached interrupt is 

disabled.

0x1: RXFIFO threshold-level-reached interrupt is 
enabled.

Table 710: SSP Control Register 1 (SSP_SSCR1)  (Sheet 4 of 4)

Bits Name Type Reset Description
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SFRMDIR cleared — The SSPx port internally generates frame, acts as the master, and drives the SSPx_FRM 
output signal. 

SFRMDIR set — The SSPx port acts as the slave and receives the SSPx_FRM input signal from an external 
device. 

When the SSPx port is configured as a slave to frame, the SSPx port is enabled by setting SSCR0_x[SSE] (see SSP 
Control Register 0.) Then the software must wait until SSRSR_X[CSS] is cleared automatically (see SSP Status 
Register) before enabling the external device so it can begin asserting the SSPx_FRM input signal.

When the GPIO alternate function is selected for the SSPx port, SFRMDIR has precedence over the GPIO direction 
bit. 

Normally SCLKDIR and SFRMDIR are the same value, either both set or both cleared; however, this is not a 
requirement. When SFRMDIR and SCLKDIR are different values, the SSP is said to be configured in “mixed mode” - 
meaning that the frame signal and the clock signal are not sourced by the same device. 
                         

Receive Without Transmit (RWOT)

The RWOT bit is a read-write bit used to place the SSPx port into a mode similar to half- duplex. When the SSPx port 
is in the transmit/receive mode determined by RWOT cleared, the SSPx port transmits and receives data 
simultaneously as supported by the individual formats (for example, normally all modes are full-duplex) and the 
SSPx_CLK interface signal only toggles while an active data transfer is underway. When in Receive-without-Transmit 
mode as determined by RWOT set, the SSPx port continues to receive data independent of whether data resides in 
the TXFIFO. Data is transmitted/received according to the selected format immediately after the SSPx port 
SSCR0_x[SSE]) is set (see SSP Control Register 0). This allows the SSPx port to receive data without transmitting 
data (half-duplex only). When RWOT is set, if there is no data to transmit, disable the DMA service requests and 
interrupts for the TXFIFO by clearing both TSRE and TIE. If the TXFIFO is empty, the SSPx_TXD output signals is 
driven to 0b0. The TXFIFO underrun condition does not occur when RWOT is set. When RWOT is set, 
SSSR_x[BUSY] (see SSP Status Register) remains active (set to 0b1) until software clears RWOT. If the SSPx port 
has been in RWOT mode and software disables RWOT mode by clearing RWOT, an extra frame cycle may occur due 
to the synchronization delay between the internal bus and SSPx port clock domains. Do not set RWOT when 
SSCR0_x[MOD] is set (see SSP Control Register 0).
                         

Trailing Byte (TRAIL)

Use the read-write TRAIL bit to configure how trailing bytes are handled:

TRAIL cleared — Trailing bytes are handled by the PXA410. 

TRAIL set — Trailing bytes are handled by the DMA bursts.
See Trailing Bytes in RX FIFO section in PXA410 Datasheet for details.

Transmit Service Request Enable (TSRE)

Use TSRE to enable the DMA service request for the TXFIFO:

TSRE cleared — The DMA service request for the TXFIFO is masked and the state of the service request 
(SSSR_x[TFS], see SSP Status Register) for the TXFIFO is ignored. 
TSRE set — The DMA service request for the TXFIFO is enabled and whenever the SSSR_x[TFS] is set, a DMA 
service request is generated. 

Marvell recommends programming SCLKDIR and SFRMDIR before programming the 
GPIO direction bits to prevent any possible contention on the SSPx_CLK or 
SSPx_FRM interface signals. When SCLKDIR is set, the SSCR0_x[NCS] and 
SSCR0_x[ECS] (see SSP Control Register 0) must both be cleared.

In general, RWOT must be set for a full-duplex transfer where SSPx port is transmitting/
receiving data simultaneously to allow for the SSPx port to receive data correctly even 
when there is no data in TxFIFO to transmit. If this is not done, then an underflow on 
TxFIFO can cause receive data corruption, which is an undesirable condition.
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Clearing TSRE does not affect the current state of SSSR_x[TFS] or the ability of the TXFIFO logic to set and clear 
SSSR_x[TFS] as it only blocks generation of the DMA service request. The state of TSRE does not affect the interrupt 
request that is generated (if enabled by setting TIE) whenever SSSR_x[TFS] is set.

Receive Service Request Enable (RSRE)
Use RSRE to enable the DMA service request for the RXFIFO:

RSRE cleared — The DMA service request for the RXFIFO is masked and the state of the service request 
(SSSR_x[RFS], see SSP Status Register) bit for the RXFIFO is ignored. 
RSRE set — The DMA service request for the RXFIFO is enabled and whenever SSSR_x[RFS] is set, a DMA 
service request for the RXFIFO is generated. 

Clearing RSRE does not affect the current state of SSSR_x[RFS] or the ability of the RXFIFO logic to set and clear 
SSSR_x[RFS] as it only blocks the generation of a DMA service request for the RXFIFO. The state RSRE does not 
affect the interrupt request that is generated (if enabled by setting RIE) whenever SSSR_x[RFS] is set.

Receiver Time-Out Interrupt Enable (TINTE)

Use the read-write TINTE bit to mask or enable the receiver time-out interrupt:

TINTE cleared — The receiver time-out interrupt is masked and the state of SSSR_x[TINT] (see SSP Status 
Register) is ignored.
TINTE set — The receiver time-out interrupt is enabled and whenever SSSR_x[TINT] is set, an interrupt request is 
generated. 

Clearing TINTE does not affect the current state of SSSR_x[TINT] or the ability of the RXFIFO logic to set and clear 
SSSR_x[TINT] as it only blocks the generation of the interrupt request.

Peripheral Trailing Byte Interrupt Enable (PINTE)

Use the read-write PINTE bit to enable the peripheral trailing byte interrupt. 

PINTE cleared – The interrupt request is masked and the state of SSSR_x[PINT] (see SSP Status Register) is 
ignored. 
PINTE set – The interrupt request is enabled and whenever SSSR_x[PINT] is set, an interrupt request is sent to 
the interrupt controller. 

Clearing PINTE does not affect the current state of SSSR_x[PINT] or the ability of the RXFIFO logic to set and clear 
SSSR_x[PINT] as it only blocks the generation of the interrupt request.

Invert Frame Signal (IFS)

Set IFS to invert the frame signal input to or output from the SSPx port. When set, this will invert the input or output 
frame signal for all frame formats (SPI, SSP, PSP).

Select FIFO For (EFWR set) Test Mode (STRF)

When EFWR is set: 

STRF cleared — Enables both reads from and writes to the TXFIFO.

STRF set — Enables both reads from and writes to the RXFIFO.

Enable FIFO Write/Read Function (EFWR)

Use EFWR to enable a test mode for the SSPx port:

EFWR cleared — The SSPx port operates in the normal mode. 

EFWR set – All  reads from or writes to the SSPx Port Data register (SSDR_x, see SSP Data Register) cause the 
SSPx port to read from and write to either the TXFIFO or the RXFIFO, depending on the programmed state of the 
STRF bit. 

When STRF is cleared, all writes to the SSDR_x register are transferred to the TXFIFO, and reads from the SSDR 
register read back the data that was transferred into the TXFIFO, in first-in-first-out order. When STRF is set, all writes 
to the SSDR register are transferred into the RXFIFO, and reads from the SSDR register read back the data 
transferred into the RXFIFO, in first-in-first-out order. When EFWR is set to enable test mode, data is not transmitted 
on the SSPTXD output signal, data input from the SSPRXD input signal is not stored in the RXFIFO, and 
SSSR_x[Busy] and SSSR_x[ROR] are ignored. The SSP Interrupt Test Register, however, is still functional. When 
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EFWR is set, software can test whether the TXFIFO or the RXFIFO operates properly as a FIFO memory stack. 
Software should verify that SSSR_x[CSS] is set or cleared before reading the TXFIFO.

Receive FIFO (Interrupt/DMA) Trigger Threshold (RFT)

The RFT bits set the level at which the RXFIFO logic triggers a DMA service request (if enabled) or an interrupt 
request (if enabled - refer to SSP Status Register). The service request is triggered when the number of RXFIFO 
entries that contain data is greater than the value programmed into RFT.

If FIFO packing is enabled, SSCR0_x[FPCKE=1], while SSCR0_x[EDSS] is cleared, the effective RFT value is (2 x 
(RFT +1)) when SSSR_x[OSS]=1.

Transmit FIFO (Interrupt/DMA) Trigger Threshold (TFT)

The TFT bits set the level at which the TXFIFO logic triggers a DMA service request (if enabled) or an interrupt request 
(if enabled - refer to SSP Status Register). The service request is triggered when the number of TXFIFO entries that 
contain data is less than or equal to TFT + 1.

If SSCR0_x[FPCKE] is set while SSCR0_x[EDSS] is cleared, the effective TFT value is (2 x (TFT + 1) + 1).

Serial Clock Phase (SPH)

Use SPH to determine the phase relationship between the SSPx_CLK and the SSPx_FRM interface signals when the 
Motorola* SPI format is selected by SSCR0_x[FRF] = 0, see SSP Control Register 0:

SPH cleared – SSPx_CLK remains in its inactive/idle state (as determined by the SPO bit) until one full clock cycle 
after the SSPx_FRM signal is asserted to 0b0 at the beginning of a frame. SSPx_CLK continues to transition for 
the rest of the frame and is then held in its inactive state one-half of an SSPx_CLK cycle before the SSPx_FRM 
signal is de-asserted to 0b1 at the end of the frame. 
SPH set – SSPx_CLK remains in its inactive/idle state (as determined by the SPO bit) until one-half clock cycle 
after the SSPx_FRM signal is asserted to 0b0 at the beginning of a frame. SSPx_CLK continues to transition for 
the remainder of the frame and is then held in its inactive state one full SSPx_CLK cycle before the SSPx_FRM 
signal is de-asserted to 0b1at the end of the frame. The combination of SPO and SPH determines when 
SSPx_CLK is active during the assertion of the SSPx_FRM signal, and which SSPx_CLK edge transmits data via 
the SSPTXD output signal and which SSPx_CLK edge receives data via the SSPRXDx input signal. 

When SPO and SPH are both programmed to the same value (both cleared or both set), transmit data is driven 
via the SSPx_TXD signal on the falling edge of SSPx_CLK and data received via the SSPRXDx signal is latched 
on the rising edge of SSPx_CLK. When SPO and SPH are programmed to opposite values, one cleared and the 
other to set, transmit data is driven via the SSPx_TXD signal on the rising edge of SSPx_CLK and data received 
via the SSPRXDx signal is latched on the falling edge of SSPx_CLK. Figure 4 shows the interface signal timings 
for all four programming combinations of SPO and SPH. SPO determines the polarity of SSPx_CLK and SPH 
determines the phase relationship between SSPx_CLK and the SSPx_FRM signal, shifting SSPx_CLK one-half 
clock cycle to the left or right during the assertion of the SSPx_FRM signal.  
 
SPH is ignored for all data frame formats except for the Motorola* SPI format (SSCR0[FRF] = 00).
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Serial Clock Polarity (SPO)

Use SPO to select the polarity of the inactive state of SSPx_CLK when the Motorola* SPI format is selected 
(SSCR0_x[FRF] = 00, see SSP Control Register 0):

SPO cleared – SSPx_CLK is held at 0b0 in the inactive or idle state when the enhanced SSPx port is not 
transmitting/receiving data. 

SPO set – SSPx_CLK is held at 0b1 during the inactive/idle state. 
The programmed value of SPO does not alone determine which SSPx_CLK edge transmits or receives data. SPO in 
combination with SPH determines which SSPx_CLK edge transmits data via the SSPx_TXD output signal and which 
SSPx_CLK edge latches data received via the SSPRXDx input signal. 
                         

Loop-Back Mode (LBM)

Use LBM to enable and disable enhanced SSP transmit and receive logic communication:

Figure 4: Motorola SPI Formats for SPO and SPH Programming

                         

NOTE: When in Motorola SPI format, if SSPx is the master and the SSPSP_x[ETDS] bit is 0b0, the 
end-of-transfer- data state for the SSPTXDx output signal is 0b0. If SSPx is the master and the 
SSPSP_x[ETDS] bit is 0b1, the SSPx_TXD output signal will remain at last bit transmitted 
(LSB). If SSPx is the slave and SPH = 0, the ETDS value is ignored. If SSPx is the slave and 
SPH = 1, the SSPTXDx output signal will remain at the LSB value until the SSPx_FRM signal is 
deasserted, and will then be undefined. The SSPx_RXD input signal is undefined before the 
frame is active and after the LSB is received. No assumptions are made about it except that it 
should not float.

Note: SPO is ignored for all data frame formats except for the Motorola* SPI format 
(SSCR0[FRF] = 00).
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LBM cleared — The enhanced SSPx port operates normally. The transmit and receive data paths are independent 
and communicate data via their respective SSPx_TXD or SSPRXDx interface signals. 

LBM set —The output of the TX serial shifter is internally connected to the input of the RX serial shifter. 

During loopback mode, the SSPTXD output signal continues to function as normal.
                         Transmit FIFO Interrupt Enable (TIE)

Use TIE to enable the TXFIFO service-interrupt request:

TIE cleared — The TXFIFO service-interrupt request is masked and the state of the TXFIFO service-interrupt 
request (SSSR_x[TFS], see SSP Status Register) is ignored. 

TIE set — The TXFIFO service-interrupt request is enabled and whenever the service interrupt request 
(SSSR_x[TFS]) is set, an interrupt request is generated. 

Clearing SSCR1_x[TIE] (see SSP Control Register 1) does not affect the current state of SSSR_x[TFS] or the ability of 
the TXFIFO logic to set (0b1) and clear (0b0) SSSR_x[TFS] — it only blocks generation of the interrupt request. The 
state of SSCR1_x[TIE] does not effect the TXFIFO DMA service request, which is generated whenever SSSR_x[TFS] 
is set.

Receive FIFO Interrupt Enable (RIE)

Use RIE to enable the RXFIFO service-interrupt request:

RIE cleared — The RXFIFO service-interrupt request is masked and the state of the RXFIFO service-interrupt 
request (SSSR_x[RFS], see SSP Status Register) is ignored. 
RIE set — The RXFIFO service-interrupt request is enabled and whenever the service-interrupt request 
(SSSR_x[RFS], see SSP Status Register) is set, an interrupt request is generated. 

Clearing RIE does not affect the current state of SSSR_x[RFS] or the ability of the RXFIFO logic to set and clear 
SSSR_x[RFS] as it only blocks generation of the interrupt request. The state of SSCR1_x[RIE] (see SSP Control 
Register 1) does not affect generation of the RXFIFO DMA service request, which is asserted whenever SSSR_x[RFS] 
is set.

A.26.3 SSP Status Register (SSP_SSSR)
The SSP Port Status registers contain bits that signal overrun errors as well as the TXFIFO and 
RXFIFO service requests. Each of these hardware-detected events signals an interrupt request to 
the interrupt controller, or a DMA request. The Status register also contains flags that indicate if the 
SSPx port is actively transmitting data, if the TXFIFO is not full, and if the RXFIFO is not empty. A 
signal- interrupt signal is sent to the interrupt controller for each SSPx port. These events can cause 
an interrupt request or a DMA request: end-of-chain, receiver time-out, peripheral trailing byte, 
RXFIFO overrun, RXFIFO service request, and TXFIFO service request.

Bits that cause an interrupt request remain set until they are cleared by writing a 0b1 to each bit. 
Once a status bit is cleared, the interrupt is cleared. Read-write bits are called status bits (status bits 
are referred to as sticky and once set by hardware, they can only be cleared by writing a 0b1 to each 
bit), read-only bits are called flags. Writing a 0b1 to a sticky status bit clears it, writing a 0b0 has no 
effect. Read-only flags are set to 0b1 and are cleared automatically to 0b0 by hardware, and writes 
have no effect. Some bits that cause interrupt requests have corresponding mask bits in the Control 
registers and are indicated in the section headings that follow.

The following table shows the bit locations corresponding to the status and flag bits within the SSP 
Port Status Register. All bits are read-only except the <Receive FIFO Overrun>, <Peripheral Trailing 
Byte Interrupt>, <Transmit FIFO Underrun>, <Bit Count Error>, <Receiver Time-out Interrupt>, and 
<End of Chain>, which are all read-write. The reset state of read-write bits is 0b0 and all bits return 
to their reset state when <Synchronous Serial Port Enable> field in the SSP Control Register 0 is 
cleared.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.
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Instance Name Offset
SSP_SSSR 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

O
S

S

T
X

_O
S

S

Reserved

B
C

E

C
S

S

T
U

R

E
O

C

T
IN

T

P
IN

T

R
es

er
ve

d

RFL TFL

R
O

R

R
F

S

T
F

S

B
S

Y

R
N

E

T
N

F

R
es

er
ve

d

Default 0 0 ? ? ? ? ? ? 0 0 0 0 0 0 ? ? 1 1 1 1 0 0 0 0 0 0 0 0 0 1 ? ?

Table 711: SSP Status Register (SSP_SSSR)  (Sheet 1 of 3)

Bits Name Type Reset Description

31 OSS RO 0x0 Odd Sample Status
This bit must be looked at only when FIFO Packing is 
enabled (<FIFO Packing Enable> field in SSP Control 
Register 0 is set). Otherwise, this bit = 0.
When SSPx port is in Packed mode, and the CPU is used 
instead of DMA to read the RxFIFO, CPU should make sure 
that <Receive FIFO Not Empty>=1 AND this field=0 before 
it attempts to read the RxFIFO.

0x0: RxFIFO entry has 2 samples

0x1: RxFIFO entry has 1 sample.

30 TX_OSS RO 0x0 TX FIFO Odd Sample Status
When SSPx port is in Packed mode, the number of samples 
in the TX FIFO is:
(<Transmit FIFO Level>*2 + this field), when <Transmit 
FIFO Not Full>=1
32, when <Transmit FIFO Not Full>=0.
The TX FIFO cannot accept new data when <Transmit 
FIFO Not Full>=1 and <Transmit FIFO Level>=15 and this 
field=1. (The TX FIFO has 31 samples).
Note that this bit needs to be read only when FIFO Packing 
is enabled (<FIFO Packing Enable> in the SSP Control 
Register 0 set). Otherwise this bit is zero.

0x0: TxFIFO entry has an even number of samples

0x1: TxFIFO entry has an odd number of sample.

29:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23 BCE R/W 0x0 Bit Count Error

0x0: The SSPx port has not experienced a bit count error.

0x1: The SSPx_FRM signal was asserted when the bit 
counter was not zero.

22 CSS RO 0x0 Clock Synchronization Status

0x0: The SSPx port is ready for slave clock operations.

0x1: The SSPx port is currently busy synchronizing slave 
mode signals.

21 TUR R/W 0x0 Transmit FIFO Underrun

0x0: The TXFIFO has not experienced an underrun.

0x1: A read from the TXFIFO was attempted when the 
TXFIFO was empty, causes an interrupt if it is 
enabled (<Transmit FIFO Underrun Interrupt Mask> 
in the SSP Control Register 0 is 0).
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20 EOC R/W 0x0 End Of Chain
0x0: DMA has not signaled an end of chain condition.

0x1: DMA has signaled an end of chain condition.

19 TINT R/W 0x0 Receiver Time-out Interrupt
0x0: No receiver time-out is pending.

0x1: Receiver time-out pending, causes an interrupt 
request.

18 PINT R/W 0x0 Peripheral Trailing Byte Interrupt
0x0: No peripheral trailing byte interrupt is pending.

0x1: Peripheral trailing byte interrupt is pending.

17:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:12 RFL RO 0xF Receive FIFO Level
Number of entries minus one in RXFIFO

Note: When the value 0xF is read, the RXFIFO is either 
empty or full, and software should read the <Receive 
FIFO Not Empty> field.

11:8 TFL RO 0x0 Transmit FIFO Level
Number of entries in TXFIFO

Note: When the value 0x0 is read, the TXFIFO is either 
empty or full, and software should read the <Transmit 
FIFO Not Full> field.

7 ROR R/W 0x0 Receive FIFO Overrun
0x0: RXFIFO has not experienced an overrun.

0x1: Attempted data write to full RXFIFO, causes an 
interrupt request.

6 RFS RO 0x0 Receive FIFO Service Request
0x0: RXFIFO level is at or below RFT threshold (RFT), or 

SSPx port is disabled

0x1: RXFIFO level exceeds RFT threshold (RFT), causes 
an interrupt request

5 TFS RO 0x0 Transmit FIFO Service Request
0x0: TX FIFO level exceeds the TFT threshold (TFT + 1), 

or SSPx port disabled.

0x1: TXFIFO level is at or below TFT threshold (TFT + 1), 
causes an interrupt request.

4 BSY RO 0x0 SSP Busy
0x0: SSPx port is idle or disabled.

0x1: SSPx port is currently transmitting or receiving 
framed data.

3 RNE RO 0x0 Receive FIFO Not Empty
0x0: RXFIFO is empty.

0x1: RXFIFO is not empty.

Table 711: SSP Status Register (SSP_SSSR)  (Sheet 2 of 3)

Bits Name Type Reset Description
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Odd Sample Status (OSS) OSS is a read-only status bit that indicates whether the RX FIFO entry has 1 or 2 
samples. This bit needs to be checked only when FIFO packing is enabled; otherwise, this bit is zero. When the SSPx 
port is using FIFO packing and using CPU programmed I/O to read the RX FIFO, the software should ensure the RX 
FIFO is not empty (SSSR[RNE]=1) and that there are two samples in the RX FIFO Entry (SSSR[OSS]=0) before it 
reads the RX FIFO.

TX FIFO Odd Sample Status (TX_OSS)                          

Bit Count Error (BCE) BCE is a read-write, one-to-clear status bit that indicates that the SSPx port detects that 
the SSPx_FRM interface signal has been asserted at the wrong time. This detection causes an interrupt (if enabled by 
SSCR1_[BCEI], see SSP Control Register 1). BCE bit set indicates that an error has occurred and there is a need to 
re-synchronize with the master external device. The SSPx port may, depending upon the timing of the event, disregard 
both the sample that had  re-asserted in the middle of it and the next sample.

Clock Synchronization Status (CSS) The CSS bit is a read-only flag bit that indicates that the SSPx port is 
busy synchronizing control signals into the SSPx_CLK domain. Software need only read CSS when the SSPx port is a 
slave to frame (SSCR1_x[SFRMDIR] set, see SSP Control Register 1) or when the SSPx port is in the special FIFO 
test mode (SSCR1_x[EFWR] set). Software should wait until CSS is clear before allowing an external device to assert 
the external SSPx_FRM or SSPx_CLK interface signals.

Transmit FIFO Underrun (TUR) TUR is a read-write, one-to-clear status bit that indicates that the transmitter 
tried to send data from the TXFIFO when the TXFIFO was empty. When TUR is set, an interrupt request is generated, 
if it is not masked by SSCR0_x[TIM], (see SSP Control Register 0). TUR set does not generate a DMA service 
request. TUR remains set until software clears it by writing a 0b1, which also resets its interrupt request. Writing a 0b0 
to TUR has no effect. 

TUR can be set only when the SSPx port is a slave to the SSPx_FRM interface signal (SSCR1_x[SFRMDIR] set, see 
SSP Control Register 1), or if the SSPx port is a master to the SSPx_FRM interface signal (SSCR1_x[SFRMDIR] 
cleared and the SSPx port is in network mode (SSCR0_x[MOD] set). TUR is not set if the SSPx port is in Receive-
without-Transmit mode (SSCR1_x[RWOT] set).

End Of Chain (EOC) EOC is a read-write, one-to-clear status bit that indicates that the DMA controller has 
signaled an end-of-chain event. EOC set indicates that the DMA controller has signaled an end-of-chain event. EOC 
clear indicates that the DMA has not signaled an end-of-chain event. EOC is cleared by software writing a 0b1 to it. 
The end-of-chain event indicates that the DMA descriptor for the RXFIFO is ending (described in more detail in the 
DMA chapter. This event requires software intervention if data remains in the RXFIFO.

2 TNF RO 0x1 Transmit FIFO Not Full
0x0: TXFIFO is full.

0x1: TXFIFO is not full.

1:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

TX_OSS is a read only status bit that indicates whether the TX FIFO entry has an odd 
or even number of samples. This bit needs to be read only when FIFO packing is 
enabled; otherwise, this bit is zero. In packed mode, the TX FIFO cannot accept new 
data when TNF=1 and TFL=15 and TX_OSS=1(TX FIFO has 31 samples). If data is 
written with the above conditions, the write data will be dropped. 

Table 711: SSP Status Register (SSP_SSSR)  (Sheet 3 of 3)

Bits Name Type Reset Description
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Receiver Time-Out Interrupt (TINT) TINT is a read-write, one-to-clear status bit that is set when the RXFIFO 
has been idle (no samples received) for a period of time defined by the value programmed into the Timeout register 
(SSTO_x, see SSP Time Out Register). TINT set signals an interrupt request (if it is not masked by SSCR1_x[TINTE], 
see SSP Control Register 1). TINT is cleared by software writing a 0b1 to it.

Peripheral Trailing Byte Interrupt (PINT) PINT is a read-write, one-to-clear status bit that is set anytime the 
DMA controller signals an end-of-chain event and data remains in the RXFIFO. This event signals an interrupt request, 
if not masked by SSCR1_x[PINTE] (see SSP Control Register 1), that requires the PXA410 to transfer the remaining 
data from the RXFIFO. PINT is cleared by software writing a 0b1 to it.

Receive FIFO Level (RFL) The 4-bit RFL bit field shows how many valid data entries minus 1 are currently in 
the RXFIFO. When the value 0xF is read, the RXFIFO is either empty or full, and software should read the RNE bit 
(FIFO is empty when RNE=0, FIFO is not empty when RNE=1.)

If FIFO packing is enabled (SSCR0_x[FPCKE] (see SSP Control Register 0) is set) and the sample size is 8 or 16 bits 
(SSCR0_x[EDSS] is clear), the number of valid data entries in the RXFIFO is either (2 x RFL) + 1 or (2 x RFL) + 2. 
Reading SSSR_x[OSS] shows whether the RX FIFO entry has one or two samples.

Transmit FIFO Level (TFL) The 4-bit TFL bit field shows how many valid data entries are currently in the 
TXFIFO. When the value 0x0 is read, the TXFIFO is either empty or full and software should read TNF.

If FIFO packing is enabled (SSCR0_x[FPCKE] (see SSP Control Register 0) is set) and the sample size is 8 or 16 bits 
(SSCR0_x[EDSS] is clear), then number of valid data entries in the TXFIFO is either 2 x TFL or 2 x TFL + 1. Reading 
SSSR_x[OSS] will tell you if the RX FIFO entry has one or two samples.

Receiver Overrun (ROR) The ROR bit is a read-write, one-to-clear status bit that is set when the receive logic 
attempts to place data into the RXFIFO after the RXFIFO has been completely filled. If the RXFIFO is full and new data 
is received, the newly received data is discarded. This process is repeated for each new datum received until at least 
one empty RXFIFO entry exists. When ROR is set, an interrupt request is generated if not masked by SSCR0_x[RIM] 
(see SSP Control Register 0). Setting ROR does not generate any DMA service request. ROR remains set until 
cleared by writing a 0b1 to it, which also clears its interrupt request. Writing a 0b0 to ROR does has no effect.

Receive FIFO Service Request (RFS) The read-only RFS flag bit is a flag bit that is set when the RXFIFO 
requires service to prevent an overrun. RFS set signals an interrupt request if it is not disabled by SSCR1_x[RIE] (see 
SSP Control Register 1). RFS is set any time the RXFIFO has more entries of valid data than the number allowed by 
the RXFIFO trigger threshold; RFS is cleared automatically when the RXFIFO has the same or fewer valid data entries 
than allowed by threshold value. Setting RFS also signals a DMA service request, if SSCR1_x[RSRE] is set. After the 
PXA410 or DMA reads the RXFIFO such that the RXFIFO now has the same or fewer data entries than the allowed 
threshold, RFS (and the DMA service request or interrupt request) is cleared automatically. Both SSCR1_x[RSRE] and 
SSCR1_x[RIE] should not be set at the same time

Transmit FIFO Service Request (TFS) The TFS bit is a read-only flag bit that is set to generate an interrupt 
request when the TXFIFO requires service to prevent an underrun. TFS is set any time the TXFIFO has the same or 
fewer entries of valid data than allowed by the TXFIFO trigger threshold value (that is, when the number of TXFIFO 
valid data entries is less than or equal to TFT, see SSP Control Register 1). TFS is cleared automatically when the 
TXFIFO has more entries of valid data than allowed by the trigger threshold value. When TFS is set, an interrupt 
request is generated (if not masked by SSCR1_x[TIE], see SSP Control Register 1). TFS set also generates a DMA 
service request (if enabled by SSCR1_x[TSRE]). After the PXA410 or the DMA fills the TXFIFO to a point where the 
trigger threshold value is exceeded, TFS bit (and the DMA service request or interrupt request) is cleared 
automatically; if filling the TXFIFO does not exceed trigger threshold value, another DMA service request or another 
interrupt request is generated. Software should not set both SSCR1_x[TSRE] and SSCR1_x[TIE].

SSP Busy (BSY)  The BSY bit is a read-only flag bit that is set when the SSPx port is actively transmitting or 
receiving data, and is cleared automatically when the SSPx port is idle or disabled (SSCR0_x[SSE] cleared, see SSP 
Control Register 0). BSY does not generate an interrupt request or a DMA service request. When the SSPx port is a 
master to the SSPx_CLK interface signal (output) and if software needs to know if the SSPx port is actively 
transmitting data, software must monitor TFL and BSY to determine when all bits have been transmitted. If the SSPx 
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port is a slave to the SSPx_CLK interface signal (input) and software needs to know if the SSPx port is actively 
transmitting or receiving data, software should monitor TFL, RFL, and BSY, and software should use the Timeout 
register (SSTO_x, see SSP Time Out Register).

Receive FIFO Not Empty (RNE)  The RNE bit is a read-only flag bit that is set when the RXFIFO contains one 
or more entries of valid data. RNE is cleared automatically when the RXFIFO no longer contains any data. When RNE 
is set, an interrupt request is not generated. Software can poll RNE using programmed I/O to determine if it is 
necessary to remove trailing bytes of data from the RXFIFO. 

Transmit FIFO Not Full (TNF)  The TNF is a read-only flag bit that is set to 0b1 when the TXFIFO has one or 
more entries that do not contain valid data (TNF=1 when the TX FIFO is not full). The TNF bit is cleared automatically 
to 0b0 when the TXFIFO is completely full. The TNF bit does not generate an interrupt. Software polls the TNF bit 
using programmed I/O to determine if it is necessary to fill the TXFIFO over its trigger threshold level. 
                         

A.26.4 SSP Interrupt Test Register (SSP_SSITR)
Setting the <Test TXFIFO Service Request> field generates a non-maskable interrupt request and a 
DMA service request for the TXFIFO.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

In packed mode, TNF=0 does not indicate a full TXFIFO. When using packed mode, 
treat TFL=15 as the FIFO full condition.

Instance Name Offset
SSP_SSITR 0x000C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

T
R

O
R

T
R

F
S

T
T

F
S

Reserved

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? ? ? ? ?

Table 712: SSP Interrupt Test Register (SSP_SSITR)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 TROR R/W 0x0 Test RXFIFO Overrun
0x0: No RXFIFO-overrun service request.

0x1: Generates a non-maskable RXFIFO-overrun 
interrupt request. No DMA request is generated

6 TRFS R/W 0x0 Test RXFIFO Service Request
0x0: No RXFIFO-service request.

0x1: Generates a non-maskable RXFIFO-service 
interrupt request and DMA request

5 TTFS R/W 0x0 Test TXFIFO Service Request

0x0: No TXFIFO-service request

0x1: Generates a non-maskable TXFIFO-service interrupt 
request and DMA request

4:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.26.5 SSP Data Register (SSP_SSDR)
The SSP Data Registers are two phsical registers with same address. One SSDR_x is temporary 
storage for data that is transferred automatically into the TXFIFO, the other SSDR_x is temporary 
storage for data that is transferred automatically from the RXFIFO.

As programmed I/O or DMA access the SSDR_x, the TXFIFO or RXFIFO control logic transfers data 
automatically between the SSDR_x and the FIFO as fast as the system moves it. Data in the 
TXFIFO shifts up to accommodate new data that is written to the SSDR_X, unless it is an attempted 
write to a full TXFIFO. Data in the RXFIFO shifts down to accommodate data that is read from the 
SSP Data Register. The <Transmit FIFO Level>, <Receive FIFO Level>, <Receive FIFO Not 
Empty>, and <Transmit FIFO Not Full> fields in the SSP Status Register show whether the FIFO is 
full, above/below a programmable FIFO trigger threshold level, or empty.

When using programmed I/O, data can be written to the SSP Data Register anytime the TXFIFO 
falls below its trigger threshold level.

When a data sample size of less than 32-bits is selected, or 16 bits for packed mode, software 
should right-justify the data that is written to the SSP Data Register for automatic insertion into the 
TXFIFO. The transmit logic left-justifies the data and ignores any unused bits. Received data of less 
than 32 bits is right-justified automatically in the RXFIFO. The TXFIFO and RXFIFO are cleared to 
0b0 when the SSPx port is reset or disabled (by writing a 0b0 to the <Synchronous Serial Port 
Enable> field in the SSP Control Register 0).

The reset state of SSDR_x is undetermined. The following table shows the location of the SSPx port 
SSDR_x.

A.26.6 SSP Time Out Register (SSP_SSTO)
The SSPx Time Out registers specify the time-out(TIMEOUT) value used to define the time-out 
interval.  When a timeout occurs, the <Receiver Time-out Interrupt> field in the SSP Status Register 
is set. When the TIMEOUT value is set to 0x000000, no timeout occurs and the <Receiver Time-out 
Interrupt> field is not set. The TIMEOUT interval is given by the calculation in the TIMEOUT Interval 
Equation.

 TimeOut Interval = <Timeout Value> / APB2 Bus Clock Frequency

Note

Note APB2 bus clock frequency is selected by programming the MPMU[APB2_26M_EN] register field.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

Instance Name Offset
SSP_SSDR 0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field DATA

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 713: SSP Data Register (SSP_SSDR)  

Bits Name Type Reset Description

31:0 DATA R/W 0x0 DATA
Data to be written to the TXFIFO read from the RXFIFO
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A.26.7 SSP Programmable Serial Protocol Register (SSP_SSPSP)
The SSP Programmable Serial Protocol registers contain fields that program the various 
programmable serial-protocol (PSP) parameters. When using Programmable Serial Protocol (PSP) 
format in network mode, the parameters <Serial Frame Delay>, <Serial Frame Delay>, <Start 
Delay>, <Dummy Stop>, <Extended Dummy Stop>, <Dummy Start>, and <Extended Dummy Start> 
must be set to 0b0. The other parameters <Serial Frame Polarity>, <Serial Bit-rate Clock Mode>, 
<Frame Sync Relative Timing Bit>, and <Serial Frame Width> are programmable.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

Instance Name Offset
SSP_SSTO 0x0028

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved TIMEOUT

Default ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 714: SSP Time Out Register (SSP_SSTO)  

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:0 TIMEOUT R/W 0x0 Timeout Value
TIMEOUT value Is the value (0 to 2 24 -1) that defines the 
time-out interval, which is given by the equation shown in 
the TIMEOUT Interval Equation.

Instance Name Offset
SSP_SSPSP 0x002C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
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T
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S
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P
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Default ? 0 0 0 0 0 0 0 0 ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 715: SSP Programmable Serial Protocol Register (SSP_SSPSP)  (Sheet 1 of 3)

Bits Name Type Reset Description

31 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

30:28 EDMYSTOP R/W 0x0 Extended Dummy Stop
The most-significant bits of the dummy stop delay

Note: 

27:26 EDMYSTRT R/W 0x0 Extended Dummy Start
The most-significant bits of the dummy start delay

Note: Do not use in PSP Network mode.
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25 FSRT R/W 0x0 Frame Sync Relative Timing Bit
0x0: Next frame is asserted after the end of the 

DMYSTOP timing.

0x1: Next frame is asserted with the LSB of the previous 
frame.

24:23 DMYSTOP R/W 0x0 Dummy Stop
The least-significant bits of the dummy stop delay
Programmed value of <Extended Dummy Stop> + this field 
specifies the number (0-31) of active clocks (SSPx_CLK) 
that follow the end of the transmitted data.

Note: Do not use in PSP Network mode.

22 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

21:16 SFRMWDTH R/W 0x0 Serial Frame Width
Least-significant bits of the serial frame width
Programmed value of this field specifies the frame width 
from 0x00 (one SSPx_CLK cycle) to 0x3F (64 SSPx_CLK 
cycles).

Note: Only valid when SSPx_FRM is configured in master 
mode (SSP_SSCR1[SFRMDIR] = 0x0)

15:9 SFRMDLY R/W 0x0 Serial Frame Delay
Programmed value specifies the number (0 -127) of active 
one-half clocks (SSPx_CLK) asserted from the most-
significant bit of TXDx (output) or RXD (input) being driven 
to SSPx_FRM.

Note: Do not use in PSP Network mode.

8:7 DMYSTRT R/W 0x0 Dummy Start
Least-significant bits of the dummy start delay
Programmed value of this field specifies the number (0-15) 
of active clocks (SSPx_CLKs) between the end of start 
delay and when the most-significant bit of transmit/receive 
data is driven

Note: Do not use in PSP Network mode.

6:4 STRTDLY R/W 0x0 Start Delay
Programmed value specifies the number (0-7) of non-active 
clocks (SSPx_CLK) that define the duration of idle time

Note: Do not use in PSP Network mode.

3 ETDS R/W 0x0 End Of Transfer Data State
0x0: Low

0x1: Last Value <Bit 0>

2 SFRMP R/W 0x0 Serial Frame Polarity
0x0: SSPx_FRM is active low (0b0).

0x1: SSPx_FRM is active high (0b1).

Table 715: SSP Programmable Serial Protocol Register (SSP_SSPSP)  (Sheet 2 of 3)

Bits Name Type Reset Description
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Extended Dummy Stop (EDMYSTOP) The three EDMYSTOP bits specify the most significant bits of the 
dummy stop delay. The EDMYSTOP bits supplement the DMYSTOP bits to generate a dummy stop delay of 0 to 31 
SSPx_CLK cycles.

Extended Dummy Start (EDMYSTRT) The two EDMYSTRT bits specify the most significant bits of the 
dummy start delay. The EDMYSTRT bits supplement the DMYSTRT bits to generate a dummy start delay of 0 to 15 
SSPx_CLK cycles.

Frame Sync Relative Timing (FSRT) Clearing FSRT causes the frame to be determined as illustrated in 
Section 26.4.4.5, Programmable Serial Protocol (PSP) Format . When set, FSRT causes the assertion of the 
SSPx_FRM interface signal that corresponds to the next sample during the transmission of the LSB of the current 
sample (see Figure 5). If FSRT is set, the EDMYSTRT, DMYSTRT, SFRMDLY, STRTDLY, EDMYSTOP and 
DMYSTOP fields must be set to 0b0.
                         

Dummy Stop (DMYSTOP) The two-bit dummy DMYSTOP field specifies the least-significant bits of the dummy 
stop delay (see T4 in Figure 108, “Programmable Protocol Format (Consecutive Transfers). The DMYSTOP bits 
supplement the EDMYSTOP bits to specify the number (0-31) of active clocks (SSPx_CLK) between the end of the 
LSB (bit 0) of the transmitted or received data SSPRXD and the beginning of the idle time.

Serial Frame Width (SFRMWDTH) The six-bit SFRMWDTH field specifies the number (0-63) of active clocks 
(SSPx_CLK) that the SSPx_FRM interface signal remains active for each timeslot. The programmed value must not 

1:0 SCMODE R/W 0x0 Serial Bit-rate Clock Mode
0x0: Data Driven (Falling), Data Sampled (Rising), Idle 

State (Low)

0x1: Data Driven (Rising), Data Sampled (Falling), Idle 
State (Low)

0x2: Data Driven (Rising), Data Sampled (Falling), Idle 
State (High)

0x3: Data Driven (Falling), Data Sampled (Rising), Idle 
State (High)

Figure 5: Programmable Serial Protocol Format (example with consecutive transfers and FSRT 
bit set)

                         

Table 715: SSP Programmable Serial Protocol Register (SSP_SSPSP)  (Sheet 3 of 3)

Bits Name Type Reset Description

Bit 3

SSPx_CLK

SSPx_TXD

SSPx_RXD

SSPx_FRM

Bit 2 Bit 1 Bit 0 Bit 3 Bit 2 Bit 1 Bit 0 Bit 3 Bit 2 Bit 1 Bit 0

Bit 3 Bit 2 Bit 1 Bit 0 Bit 3 Bit 2 Bit 1 Bit 0 Bit 3 Bit 2 Bit 1 Bit 0Undefined Undefined

NOTE: This example uses a frame width of two, dummy start = 0b0, dummy stop = 0b0, start delay = 0b0, 
frame delay = 0b0, scmode = 1, TXDx three-state = 1, FSRT = 0b1, and frame polarity = 1.
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cause the SSPx_FRM interface signal to be asserted past the end of the dummy stop delay (see T4 in Figure 108, 
“Programmable Protocol Format (Consecutive Transfers)). 

In slave mode (SSCR1_x[SFRMDIR] set, see SSP Control Register 1), the SFRMWDTH field is ignored; however, the 
SSPx_FRM interface signal (input) must be asserted for at least one active clock (SSPx_CLK) before the MSB of the 
received data sample is latched and de-asserted for at least one active clock (SSPx_CLK) before the beginning of the 
next received data sample.

Serial Frame Delay (SFRMDLY) The seven-bit SFRMDLY field specifies the number (0-127) of active and/or 
inactive half-clocks (SSPx_CLK) between the end of the dummy stop delay (see T4 in Programmable Protocol 
Parameters table in the PXA410 Datasheet) and the assertion of the next SSPx_FRM interface signal (see T5 in 
Figure 108, “Programmable Protocol Format (Consecutive Transfers)). 

Dummy Start (DMYSTRT) The two-bit DMYSTRT field contains the least-significant bits of the dummy start 
delay. The DMYSTRT field supplements the EDMYSTRT field to specify the number (0 to 15) of active clocks 
(SSPx_CLK) between the end of start delay (see T1 in Figure 108, “Programmable Protocol Format (Consecutive 
Transfers) and when the MSP of transmitted or received data sample is driven(see T2 in Figure 108, “Programmable 
Protocol Format (Consecutive Transfers).

Start Delay (STRTDLY) The three-bit STRTDLY field specifies the number of inactive clocks (SSPx_CLK) that 
define the length of the idle time between data sample transfers. STRTDLY must be programmed to 0b0 if the 
SSPx_CLKEN interface input signal and SSCR1_x[ECRA] is set or SSCR1_x[ECRB] is set. The STRTDLY field must 
be programmed to 0b0 whenever any of the SSPx_CLK or SSPx_FRM interface signals are configured as an input 
(SSCR1_[SCLKDIR] set and/or SSCR1_x[SFRMDIR] set).

End of Transfer Data State (ETDS) The ETDS bit determines the state of the SSPTXDx interface-output 
signal at the end of a transfer:

ETDS cleared ⎯ The state of the SSPTXDx interface-output signal is forced to 0b0 after the last bit (bit 0) of the 
frame has been sent and remains at 0b0 throughout the next idle period.
ETDS set ⎯ The state of the SSPTXDx interface-output signal retains the value of the last bit sent (bit 0) 
throughout the next idle period.

Serial Frame Polarity (SFRMP) The SFRMP bit specifies the active state of the SSPx_FRM interface signal:

SFRMP cleared ⎯ The active state of the SSPx_FRM interface signal is low. 

SFRMP set ⎯ The active state of the SSPx_FRM interface signal is high. 
During the idle state or when the SSPx port is disabled (SSCR0_x[SSE] cleared, see SSP Control Register 0), the 
SSPx_FRM interface signal is in its inactive state. In slave mode (SSCR1_x[SFRMDIR] set, see SSP Control Register 
1), the SFRMP bit specifies the polarity of the incoming SSPx_FRM interface signal.

Serial Clock Mode (SCMODE) The two-bit SCMODE field specifies one of four clock (SSPx_CLK) modes. 

A.26.8 SSP TX Time Slot Active Register (SSP_SSTSA)
Only used in Network mode (<Mode> in SSP Control Register 0 set), the read-write SSP TX Time 
Slot Active registers specify in which time slot the SSPx port transmits data. See Network Mode 
(Example Using 4 Time Slots) figure for an example of the use of time slots when in Network mode.

The eight-bit <TX Time Slot Active> field specifies in which time slots the SSPx port transmits data 
and in which time slots the SSPx port does not transmit data. Bits beyond the <Frame Rate Divider 
Control> field in the SSP Control Register 0 value are ignored (for example, if <Frame Rate Divider 
Control>= 0x3, specifying that four time slots are used, then <TX Time Slot Active> bits 7:4 are 
ignored). If the <TXD Three-State Enable> field in the SSP Control Register 1 is set, the SSPx port 
three-states the SSPx_TXD interface output signal line during time slots that have associated TTSA 
bits programmed to 0b0.
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This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

A.26.9 SSP RX Time Slot Active Register (SSP_SSRSA)
Only used in Network mode (<Mode> in SSP Control Register 0 set), the read-write SSP RX Time 
Slot Active registers specify in which time slot the SSPx port receives data. See Network Mode 
(Example Using 4 Time Slots) figure for an example of the use of time slots when in Network mode.

The eight-bit <RX Time Slot Active> field specifies in which time slots the SSPx port receives data 
and in which time slots the SSPx port does not receive data. Bits beyond the <Frame Rate Divider 
Control> field in the SSP Control Register 0 value are ignored. For example, if <Frame Rate Divider 
Control>=0x3, specifying that four time slots are used, then <<RX Time Slot Active> bits 7:4 are 
ignored.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

A.26.10 SSP Time Slot Status Register (SSP_SSTSS)
The <Network Mode Busy> field shows when the SSPx port is within a frame only when in Network 
mode (<Mode> in SSP Control Register 0 set). It can be used by software to determine when a 
clean shutdown of the SSPx port can be initiated. Software should:

Instance Name Offset
SSP_SSTSA 0x0030

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved TTSA

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 716: SSP TX Time Slot Active Register (SSP_SSTSA)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 TTSA R/W 0x0 TX Time Slot Active
0x0: SSPx port does NOT transmit data in this time slot.

0x1: SSPx port does transmit data in this time slot.

Instance Name Offset
SSP_SSRSA 0x0034

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved RTSA

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 717: SSP RX Time Slot Active Register (SSP_SSRSA)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 RTSA R/W 0x0 RX Time Slot Active
0x0: SSPx port does not receive data in this time slot.

0x1: SSPx port receives data in this time slot.
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-650



ARMADA 16x Applications Processor Family Register Tables
1. Determine that the TXFIFO is either empty or is emptied at the end of the next frame.
2. Deactivate the TXFIFO DMA service requests.
3. Clear <Mode> in SSP Control Register 0 (to exit network mode).
4. Then poll <Network Mode Busy> until it is cleared before disabling the SSPx port by 

clearing the <Synchronous Serial Port Enable> field in the SSP Control Register 0.
When the SSPx port is a master of the frame signal (<SSP Frame (SSPx_FRM) Direction> field in 
SSP Control Register 1 set), <Network Mode Busy> is set as long as the port remains in Network 
mode. When the SSPx port is a slave of the frame signal, the <Network Mode Busy> field is cleared 
if the current frame (number of bits per sample * number of time slots per frame) has not expired 
since the last SSPx_FRM interface signal (in/out) was asserted.

Time Slot Status (TSS)

The three-bit <Time Slot Status> field value identifies the time slot in which the SSPx port is 
operating. Due to synchronization between the SSPx_CLK domain and an internal bus clock 
domain, the TSS value becomes stable approximately two internal bus clock cycles after the 
beginning of the associated time slot. The <Time Slot Status> value is not valid if the <Network 
Mode Busy> field is cleared.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

Instance Name Offset

SSP_SSTSS 0x0038

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

N
M

B
S

Y

Reserved TSS

Default 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0

Table 718: SSP Time Slot Status Register (SSP_SSTSS)  

Bits Name Type Reset Description

31 NMBSY RO 0x0 Network Mode Busy
0x0: SSPx port is in network mode and no frame is 

currently active.

0x1: SSPx port is in network mode and a frame is 
currently active.

30:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2:0 TSS RO 0x0 Time Slot Status
Value indicates which time slot is currently active. Because 
of synchronization between the SSPx port SSPx_CLK 
domain and an internal bus clock domain, the value in this 
field becomes stable between the beginning and end of the 
currently active time slot.
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A.27 Two Wire Serial Interface (TWSI)
The TWSI0 Clock/Reset Control Registers (APBC_TWSI0_CLK_RST) in the APB1 Peripheral Clock 
Control (APB1_Clock) Unit must be programmed prior to accessing the TWSI0 registers.

The PWR_TWSI Clock/Reset Control Registers (APBC_PWR_TWSI_CLK_RST) in the APB1 
Peripheral Clock Control (APB1_Clock) Unit must be programmed prior to accessing the 
PWR_TWSI registers.

Base Address: Standard TWSI (TWSI0): 0xD401_1000

Base Address: PWR_TWSI (TWSI5): 0xD402_5000

A.27.1 TWSI Bus Monitor Register (TWSI_BMR)
This register tracks the status of the SCL and SDA pins. The values of these pins are recorded in 
this read-only register so software can determine when the TWSI bus hangs and the TWSI unit must 
be reset.

This register can be read immediately after turning on the APB clock and there is no need to enable 
the unit.

This a read-only register. Ignore reads from reserved bits.

Table 719:  Two Wire Serial Interface Register Summary 

Offset Name Description Details

0x0000 TWSI_BMR TWSI Bus Monitor Register Page: A-652

0x0008 TWSI_DBR TWSI Data Buffer Register Page: A-653

0x0010 TWSI_CR TWSI Control Register Page: A-654

0x0018 TWSI_SR TWSI Status Register Page: A-659

0x0020 TWSI_SAR TWSI Slave Address Register Page: A-662

0x0028 TWSI_LCR TWSI Load Count Register Page: A-663

0x0030 TWSI_WCR Wait Count Register Page: A-664

0x0040 TWSI_WFIFO TWSI Write FIFO Register Page: A-665

0x0044 WFIFO_WPTR TWSI Write FIFO Write Pointer Register Page: A-666

0x0048 WFIFO_RPTR TWSI Write FIFO Read Pointer Register Page: A-666

0x0050 TWSI_RFIFO TWSI Read FIFO Register Page: A-667

0x0054 RFIFO_WPTR TWSI Read FIFO Write Pointer Register Page: A-667

0x0058 RFIFO_WPTR TWSI Read FIFO Write Pointer Register Page: A-668
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A.27.2 TWSI Data Buffer Register (TWSI_DBR)
The Marvell® Sheeva™ PJ1 Core uses the TWSI Data Buffer register to transmit and receive data 
from the TWSI bus. This register is accessed by the Marvell® Sheeva™ PJ1 Core (Program I/O) on 
one side and by the TWSI Shift register on the other. The IDBR receives data coming into the TWSI 
unit after a full byte is received and acknowledged. The Marvell® Sheeva™ PJ1 Core writes data 
going out of the TWSI unit to the IDBR and sends it to the serial bus.

When the TWSI unit is in Transmit mode (master or slave), the Marvell® Sheeva™ PJ1 Core writes 
data to this register over the internal bus. The Marvell® Sheeva™ PJ1 Core writes data to this 
register when a master transaction is initiated or when the transmit-empty interrupt in this register is 
signalled. Data moves from this register to the Shift register when the transfer byte bit is set. The 
transmit-empty interrupt in this register is signalled (if enabled) when a byte is transferred on the 
TWSI bus and the acknowledge cycle is complete. If this register is not written by the Marvell® 
Sheeva™ PJ1 Core and a Stop condition is not in place before the TWSI bus is ready to transfer the 
next byte packet, the TWSI unit inserts wait states until the Marvell® Sheeva™ PJ1 Core writes the 
IDBR and sets the transfer byte bit.

When the TWSI unit is in Receive mode (master or slave), the Marvell® Sheeva™ PJ1 Core reads 
Data Buffer Register data over the internal bus. The Marvell® Sheeva™ PJ1 Core reads data from 
this register when the receive-full interrupt is signalled. The data moves from the Shift register to this 
register when the ACKNOWLEDGE cycle is complete. The TWSI unit inserts wait states until this 
register is read. See the TWSI Chapter for more information on the ACKNOWLEDGE pulse in 
Receive mode. After the software reads this register, the <Positive/Negative Acknowledge Control> 
field in the TWSI Control Register, and the <Positive/Negative Acknowledge Control> field are 
written by the software, allowing the next byte transfer to proceed to the TWSI bus.

These are read/write registers. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Instance Name Offset
TWSI_BMR 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

S
C

L

S
D

A

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 1

Table 720: TWSI Bus Monitor Register (TWSI_BMR)  

Bits Name Type Reset Description

31:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 SCL RO 0x1 SCL
This field continuously reflects the value of the SCL pin.

0 SDA RO 0x1 SDA
This field continuously reflects the value of the SDA pin.
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A.27.3 TWSI Control Register (TWSI_CR)
The Marvell® Sheeva™ PJ1 Core uses the bits in the TWSI Control Register to control the TWSI 
unit.

These are read/write registers. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Instance Name Offset
TWSI_DBR 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved DATA_BUFFER

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 721: TWSI Data Buffer Register (TWSI_DBR)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 DATA_BUFFER R/W 0x0 Data Buffer
Buffer for TWSI bus send/receive data.

Instance Name Offset

TWSI_CR 0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 722: TWSI Control Register (TWSI_CR)  (Sheet 1 of 6)

Bits Name Type Reset Description

31:28 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

27 DMA_EN R/W 0x0 DMA Enable for both TX and RX FIFOs (Used in FIFO 
mode)
0x0: DMA mode is NOT enabled
0x1: DMA mode enabled

26 RXOV_IE R/W 0x0 Receive FIFO overrun Interrupt Enable (Used in FIFO 
mode)
0x0: Receive FIFO overrun (TWSI_SR[RXOV]) interrupt is 
not enabled
0x1: Receive FIFO overrun (TWSI_SR[RXOV]) interrupt is 
enabled

25 RXF_IE R/W 0x0 Receive FIFO full Interrupt Enable (Used in FIFO mode)
0x0: Receive FIFO full (TWSI_SR[RXF]) interrupt is not 
enabled
0x1: Receive FIFO full (TWSI_SR[RXF]) interrupt is 
enabled
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24 TXE_IE R/W 0x0 Transmit FIFO empty Interrupt Enable (Used in FIFO 
mode)
0x0: Transmit FIFO empty (TWSI_SR[TXE]) interrupt is not 
enabled
0x1: Transmit FIFO empty (TWSI_SR[TXE]) interrupt is 
enabled

23 RXHF_IE R/W 0x0 Receive FIFO half full Interrupt Enable (Used in FIFO 
mode)
0x0: Receive FIFO half full (TWSI_SR[RXHF]) interrupt is 
not enabled
0x1: Receive FIFO half full (TWSI_SR[RXHF]) interrupt is 
enabled

22 TXDONE_IE R/W 0x0 Transaction done Interrupt Enable (Used in FIFO 
mode)
0x0: Transaction done (TWSI_SR[TXD]) interrupt is not 
enabled.
0x1: Transaction done (TWSI_SR[TXD]) interrupt is 
enabled.

21 TXBEGIN R/W 0x0 Transaction begins (Used in FIFO mode)
Set this for a new transaction. (If doing back to back 
transactions, set this only after TWSI_SR[TXDONE] is set.)
0x0: No transaction begins
0x1: A new transaction begins
This is cleared by the hardware at the end of each 
transaction after a STOP bit is sent out. The software must 
set it again to start a new transaction.

20 FIFOEN R/W 0x0 FIFO mode (Used in FIFO mode)
0x0: FIFO mode is not enabled, so TWSI_DBR must be 
used to read and write data
0x1: FIFO mode is enabled, so FIFOs can be used

Note: Only enable this in master mode.

19 GPIOEN R/W 0x0 GPIO mode Enable for SCL during HS mode.
0x0: GPIO mode is not enabled and so we have open 
collector output for SCL during HS mode.
0x1: GPIO mode is enabled and so SCL output is directly 
driven by TWSI during HS mode data transfer.

Note: Clear this bit if an external current source pull up is 
used in HS mode; otherwise, set this bit to have an 
internal active driver on the SCL only during data 
transfer in HS mode.

18 MSDE R/W 0x0 Master Stop Detected Enable
0x0: Master Stop Detect (<Master Stop Detected> field in 

TWSI Status Register) status is not enabled.

0x1: Master Stop Detect (<Master Stop Detected> field) 
status is enabled.

17 MSDIE R/W 0x0 Master Stop Detected Interrupt Enable

0x0: Disable interrupt.

0x1: Enables the TWSI unit to interrupt the processor 
upon detecting a Master Stop sent by the TWSI unit.

Table 722: TWSI Control Register (TWSI_CR)  (Sheet 2 of 6)

Bits Name Type Reset Description
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16:15 MODE R/W 0x0 Bus Mode
Bus Mode (Master operation)
Bus Mode (Slave operation)
0x0 or 0x1 = Hs-mode is disabled. TWSI unit uses 
Standard/Fast mode timing on the SDA pin.
0x2 or 0x3 = Hs-mode is enabled. TWSI unit uses Hs-mode 
timing on the SDA pin when a master code is received.

0x0: up to 100 kbps operation - standard-mode

0x1: up to 400 kbps operation - fast-mode

0x2: up to 3.4 Mbps operation - Hs-mode, standard mode 
when not doing a high speed transfer

0x3: up to 3.4 Mbps operation - Hs-mode, fast mode 
when not doing a high speed transfer

14 UR R/W 0x0 Unit Reset
Unit Reset:

0x0: No reset.

0x1: Reset the TWSI unit only.

13 SADIE R/W 0x0 Slave Address Detected Interrupt Enable
0x0: Disable interrupt.

0x1: Enables the TWSI unit to interrupt the processor 
upon detecting a slave address match or a general 
call address.

12 ALDIE R/W 0x0 Arbitration Loss Detected Interrupt Enable
0x0: Disable interrupt.

0x1: Enables the TWSI unit to interrupt the processor 
upon losing arbitration while in master mode.

11 SSDIE R/W 0x0 Slave Stop Detected Interrupt Enable
0x0: Disable interrupt.

0x1: Enables the TWSI unit to interrupt the processor 
when it detects a Stop condition while in slave 
mode.

10 BEIE R/W 0x0 Bus Error Interrupt Enable
As a master transmitter, no Ack was detected after a byte 
was sent.
As a slave receiver, the TWSI unit generated a NAK pulse.

Note: Software is responsible for guaranteeing that 
misplaced Start and Stop conditions do not occur. 
Refer to the TWSI Features Section in the TWSI 
Chapter.

Note: A Stop is automatically sent by an TWSI unit when a 
bus error is detected in master mode. Software is 
responsible for guaranteeing that misplaced Start 
and Stop conditions do not occur.

0x0: Disable interrupt.

0x1: Enables the TWSI unit to interrupt the processor for 
the following TWSI bus errors:

Table 722: TWSI Control Register (TWSI_CR)  (Sheet 3 of 6)

Bits Name Type Reset Description
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9 DRFIE R/W 0x0 IDBR Receive Full Interrupt Enable
0x0: Disable interrupt.

0x1: Enables the TWSI unit to interrupt the processor 
when the IDBR has received a data byte from the 
TWSI bus.

8 ITEIE R/W 0x0 IDBR Transmit Empty Interrupt Enable
0x0: Disable interrupt.

0x1: Enables the TWSI unit to interrupt the processor 
after transmitting a byte onto the TWSI bus.

7 GCD R/W 0x0 General Call Disable
This bit must be set when sending a master mode general 
call message from the TWSI unit.

Note: The TWSI unit does not support hardware general 
call address. See the General Call Address Section 
in the TWSI Chapterr for a description of the general 
call address.

0x0: Enable the TWSI unit to respond to general call 
messages.

0x1: Disable TWSI unit response to general call 
messages as a slave.

6 IUE R/W 0x0 TWSI Unit Enable
Software must guarantee the TWSI bus is idle before 
setting this bit.
Software must guarantee that the internal clock to the 
TWSI unit is enabled (Clock enable for the TWSI unit in the 
Clock Management Unit must be set.) before setting or 
clearing this bit.

0x0: Disables the unit and does not master any 
transactions or respond to any slave transactions.

0x1: Enables the TWSI unit (defaults to slave-receive 
mode).

5 SCLE R/W 0x0 SCL Enable
0x0: Disables the TWSI unit from driving the SCL line.

0x1: Enables the TWSI clock output for master-mode 
operation.

Table 722: TWSI Control Register (TWSI_CR)  (Sheet 4 of 6)

Bits Name Type Reset Description
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4 MA R/W 0x0 Master Abort
Used by the TWSI unit in master mode to generate a Stop 
without transmitting another data byte:
When in master-transmit mode, after transmitting a data 
byte, the TWSI_CR[TB] bit is cleared and TWSI_DBR[ITE] 
bit is set. When no more data bytes need to be sent, setting 
master abort bit sends the Stop. The TWSI_CR[TB] bit 
must remain clear.
In master-receive mode, when a NAK is sent without a 
Stop (TWSI_CR[STOP] bit was not set) and the Aspen 
processor does not send a repeated Start, setting this bit 
sends the Stop. Once again, the TWSI_CR[TB] bit must 
remain clear.

Note: Master Abort can be done immediately after the 
address phase (Master Transmit mode only). In 
earlier projects this was not possible and at least one 
data phase was required before an TWSI Master 
Abort.

An immediate TWSI Master abort is not possible in Master 
receive mode because the abort can only be done after 
TWSI sends a NACK, which can occur only after a data 
phase.

0x0: The TWSI unit transmits Stop if <Stop> field is set.

0x1: The TWSI unit sends Stop without data 
transmission.

3 TB R/W 0x0 Transfer Byte
Used to send or receive a byte on the TWSI bus:
Software can monitor this bit to determine when the byte 
transfer has completed. In master or slave mode, after 
each byte transfer including ACKNOWLEDGE pulse, the 
TWSI unit holds the SCL line low (inserting wait states) until 
this field is set.

0x0: Cleared by TWSI unit when the byte is sent/
received.

0x1: Send/receive a byte.

2 ACKNAK R/W 0x0 Positive/Negative Acknowledge Control
This bit defines the type of ACKNOWLEDGE pulse sent by 
the TWSI unit when in master receive mode:
The TWSI unit automatically sends an ACK pulse when 
responding to its slave address or when responding in 
slave-receive mode, regardless of the ACKNAK control-bit 
setting.

0x0: Send a positive acknowledge (ACK) pulse after 
receiving a data byte.

0x1: Send a negative acknowledge (NAK) pulse after 
receiving a data byte.

Table 722: TWSI Control Register (TWSI_CR)  (Sheet 5 of 6)

Bits Name Type Reset Description
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A.27.4 TWSI Status Register (TWSI_SR)
TWSI interrupts are signalled to the interrupt controller by the TWSI Interrupt Status Register. 
Software uses the Interrupt Status Register bits to check the status of the TWSI unit and bus. 
Interrupt Status Register bits [9:5] are updated after the ACK/NACK bit has completed on the TWSI 
bus.

This register is also used to clear interrupts signalled from the TWSI bus unit, and include the 
following:

IDBR Receive Full
IDBR Transmit Empty
General Call Address Detected
Slave Address Detected
Bus Error Detected
Stop Condition Detected
Arbitration Lost
The TWSI has transmitted a STOP signal when configured as a master
Transaction is done
Receive FIFO is half full
Transmit FIFO is empty
Receive FIFO is full
Receive FIFO overrun happened

This a read-write 1 to clear register. Ignore reads from reserved bits. Reserved bits must be written 
with 0b0.

1 STOP R/W 0x0 Stop
Used to initiate a Stop condition after transferring the next 
data byte on the TWSI bus when in master mode. In 
master-receive mode, the ACKNAK control bit must be set 
in conjunction with the STOP bit. See the Stop Condition 
Section in the TWSI Chapter for details of the Stop state.

0x0: Do not send a Stop.

0x1: Send a Stop.

0 START R/W 0x0 Start
Used to initiate a Start condition to the TWSI unit when in 
master mode. See the Start Condition Section in the TWSI 
Chapter for details of the Start state.

0x0: Do not send a Start pulse.

0x1: Send a Start pulse.

Table 722: TWSI Control Register (TWSI_CR)  (Sheet 6 of 6)

Bits Name Type Reset Description
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Instance Name Offset
TWSI_SR 0x0018

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

R
X

O
V

R
X

F

T
X

E

R
X

H
F

T
X

D
O

N
E

M
S

D

E
B

B

B
E

D

S
A

D

G
C

A
D

IR
F

IT
E

A
LD

S
S

D

IB
B UB

A
C

K
N

A
K

R
W

M

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 723: TWSI Status Register (TWSI_SR)  (Sheet 1 of 3)

Bits Name Type Reset Description

31:18 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

17 RXOV R1/
W11CLR

0x0 Receive FIFO Overrun (Used in FIFO mode)
0x0: Receive FIFO when there is no overrun
0x1: Receive FIFO when there is an overrun

Note: When set, RX FIFO is full and one more byte of data 
is received. The FIFO data is overwritten.

16 RXF R1/
W11CLR

0x0 Receive FIFO Full (Used in FIFO mode)
0x0: Receive FIFO is not full
0x0: Receive FIFO is full

15 TXE R1/
W11CLR

0x0 Transmit FIFO Empty (Used in FIFO mode)
0x0: Transmit FIFO is not empty
0x1: Transmit FIFO is empty

14 RXHF R1/
W11CLR

0x0 Receive FIFO Half Full (Used in FIFO mode)
0x0: Receive FIFO is not half full
0x1: Receive FIFO is half full

Note: When set, RX FIFO is at least half full and system 
must start reading the data from the RX FIFO.

13 TXDONE R1/
W11CLR

0x0 Transaction Done (Used in FIFO mode)
0x0: Transaction is not done
0x1: Transaction is done

Note: This bit is set in Master receive/transmit mode after a 
Stop signal was sent.

12 MSD R1/
W11CLR

0x0 Master Stop Detected
• This bit is enabled (<Master Stop Detected Enable> 

field in the TWSI Control Register = 1)
• TWSI unit is configured as a master
• TWSI transmits a STOP signal
0x0: No Master Stop Detected.

0x1: This bit is set by the TWSI unit when all of the 
following are true
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11 EBB RO 0x0 Early Bus Busy

Note: Software must ensure that this bit is updated by 
waiting at least 1/2 SCL cycle after enabling the unit.

Note: The UB, EBB, and IBB bits indicate if the bus is busy 
in a multi-master system. 

0x0: TWSI bus is idle or the TWSI interface is using the 
bus (that is, unit busy).

0x1: Set when the TWSI unit detects that the SCL or SDA 
line is low without a START condition. Bit remains 
set until the TWSI unit detects the bus is idle by 
detecting a STOP condition. Bit also is set whenever 
the IBB bit is set.

10 BED R1/
W11CLR

0x0 Bus Error Detected
As a master transmitter, no Ack was detected on the 
interface after a byte was sent.
As a slave receiver, the TWSI unit generates a Nack pulse.

Note: When an error occurs, TWSI bus transactions 
continue. Software must guarantee that misplaced 
Start and Stop conditions do not occur. See the 
Arbitration Section in the TWSI Chapter.

0x0: No error detected.

0x1: The TWSI unit sets this bit when it detects one of the 
following error conditions:

9 SAD R1/
W11CLR

0x0 Slave Address Detected
0x0: No slave address was detected.

0x1: The TWSI unit detected a seven-bit address that 
matches the general call address or ISAR. An 
interrupt is signalled when enabled in the ICR.

8 GCAD R1/
W11CLR

0x0 General Call Address Detected

Note: The TWSI unit does not support hardware general 
call address. See the General Call Address Section 
in the TWSI Chapter for a description of the general 
call address.

0x0: No general call address received.

0x1: TWSI unit received a general call address.

7 IRF R1/
W11CLR

0x0 IDBR Receive Full
0x0: The IDBR has not received a new data byte or the 

TWSI unit is idle.

0x1: The IDBR register received a new data byte from the 
TWSI bus. An interrupt is signalled when enabled in 
the ICR.

6 ITE R1/
W11CLR

0x0 IDBR Transmit Empty
0x0: The data byte is still being transmitted.

0x1: The TWSI unit has finished transmitting a data byte 
on the TWSI bus. An interrupt is signalled when 
enabled in the ICR.

Table 723: TWSI Status Register (TWSI_SR)  (Sheet 2 of 3)

Bits Name Type Reset Description
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A.27.5 TWSI Slave Address Register (TWSI_SAR)
This register defines the TWSI unit's seven-bit slave address. In slave-receive mode, the processor 
responds when the seven-bit address matches the value in this register. Software must write this 
register before it enables TWSI operations. This register is fully programmable so it can be set to a 
value other than those of hard-wired TWSI slave peripherals in the system.

These are read/write registers. Ignore reads from reserved bits. Write 0b0 to reserved bits.

5 ALD R1/
W11CLR

0x0 Arbitration Loss Detected
Used during multi-master operation:

0x0: Cleared when arbitration is won or never took place.

0x1: Set when the TWSI unit loses arbitration.

4 SSD R1/
W11CLR

0x0 Slave Stop Detected
0x0: No Stop detected.

0x1: Set when the TWSI unit detects a Stop while in 
slave-receive or slave-transmit mode.

3 IBB RO 0x0 TWSI Bus Busy
0x0: TWSI bus is idle or the TWSI unit is using the bus 

(that is, unit busy).

0x1: Set when the TWSI bus is busy but the TWSI unit is 
not involved in the transaction.

2 UB RO 0x0 Unit Busy

Note:  In HS mode, this bit is set during the master code, 
cleared and then set again for the Address phase.

0x0: TWSI unit not busy.

0x1: Set when the TWSI unit is busy. This is defined as 
the time between the first Start and Stop.

1 ACKNAK RO 0x0 ACK/NACK Status
This bit is used in slave-transmit mode to determine when 
the byte transferred is the last one. This bit is updated after 
each byte and ACK/NACK information is received.

0x0: The TWSI unit received or sent an Ack on the bus.

0x1: The TWSI unit received or sent a Nack.on the bus.

0 RWM RO 0x0 Read/write Mode
This is the RO/nW bit of the slave address. It is cleared 
automatically by hardware after a Stop state.

0x0: The TWSI unit is in master-transmit or slave-receive 
mode.

0x1: The TWSI unit is in master-receive or slave-transmit 
mode.

Table 723: TWSI Status Register (TWSI_SR)  (Sheet 3 of 3)

Bits Name Type Reset Description
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-662



ARMADA 16x Applications Processor Family Register Tables
A.27.6 TWSI Load Count Register (TWSI_LCR)
The TWSI must generate the SCL in master mode and the Load Count Monitor register (ILCR) 
allows minor adjustments to this clock. The reset value of this register allows the maximum 
frequency to be derived for High Speed (up to 3.4 MHz), Fast (up to 400 Kbps) and Normal mode 
(up to 100 Kbps).

Increasing the load value decreases the SCL frequency while decreasing the load value raises the 
frequency. The amount of decrease or increase is equal to one TWSI clock-period for each value.

Software must use the following configuration to reach the highest possible bus frequencies:

For Standard mode, use the 31.2 MHz functional clock, TWSI_LCR [SLV] = decimal 152, 
TWSI_WCR [COUNT] = don't care. 
For Fast mode, use the 31.2 MHz functional clock,TWSI_LCR [FLV] = decimal 23, TWSI_WCR 
[COUNT] = decimal 20.
For HS mode, use the 62.4 MHz functional clock, TWSI_LCR [HLVL] = decimal 9, TWSI_LCR 
[HLVH]=decimal 1,TWSI_WCR [COUNT] =don't care.
In HS mode, during the non HS period of the transaction it is not permissible to change 
TWSI_LCR or TWSI_WCR registers. Therefore, their values are used during the complete HS 
transaction.

This register must also be written while the TWSI is not enabled.

Selecting either the 31.2 MHz or 62.4 MHz functional clock is done via the APBC_PWMx_CLK_RST 
registers.

Note

Note This register should be written prior to enabling the TWSI and should not be changed during bus 
activity. Writing all zeros to any of the four individual Load Values causes the TWSI to not generate 
an SCL for that particular mode when the TWSI is configured as a master. Use extreme caution 
when writing this register. 

Instance Name Offset
TWSI_SAR 0x0020

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved SLAVE_ADDRESS

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0

Table 724: TWSI Slave Address Register (TWSI_SAR)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6:0 SLAVE_ADDRESS R/W 0x0 Slave Address
The seven-bit address to which the TWSI unit responds 
when in slave-receive mode

Instance Name Offset
TWSI_LCR 0x0028

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field HLVH HLVL FLV SLV

Default 0 0 0 0 1 0 0 0 0 0 1 0 1 1 0 0 1 0 1 1 1 0 1 1 0 1 0 1 0 1 1 0
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A.27.7 IWCR B it Definitions (TWSI_IWCR)
The TWSI Wait Count register controls the setup and hold times during slave mode (standard, fast, 
or high speed). This register together with the LCR register control the setup and hold times for all 
modes.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

Table 725: TWSI Load Count Register (TWSI_LCR)  

Bits Name Type Reset Description

31:27 HLVH RO 0x1 Decrementer Load value for High Speed Mode SCL 
(master mode) for high phase
The TWSI in master mode generates an SCL to support up 
to 3.4Mbps data rate.

26:18 HLVL RO 0xB Decrementer Load value for High Speed Mode SCL 
(master mode) for low phase
The TWSI in master mode generates an SCL to support up 
to 3.4 Mbps data rate.

17:9 FLV RO 0xBB Decrementer Load value for Fast Mode SCL (master mode) 
for both high and low phase
TWSI in master mode generates an SCL to support up to 
400 Kbps data rate.

8:0 SLV RO 0x156 Decrementer Load value for Standard Mode SCL (master 
mode) for both high and low phase
TWSI in master mode generates an SCL to support up to 
100 Kbps data rate.

Note: The reset value results in a 45 Kbps data rate.  
Software must progam SLV for correct 100 Kbps 
operation. 

Instance Name Offset
TWSI_WCR 0x0030

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved HS_COUNT2 HS_COUNT1 COUNT

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 1 0 1 0 0 0 0 1 1 1 0 1 0

Table 726: IWCR B it Definitions (TWSI_IWCR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:15 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

14:10 HS_COUNT2 R/W 0x5 Count value for defining high speed mode STOP bit setup 
and hold times

Note: Do not change this value.

9:5 HS_COUNT1 R/W 0x1 Count value for defining high speed mode START bit setup 
and hold times

Note: Do not change this value.
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A.27.8 TWSI Write FIFO Register (WFIFO)
The TWSI Write FIFO has 8 entries and each entry is 12-bit wide (4-bit control + 8-bit data). This 
FIFO can be filled up in PIO or DMA mode. Whenever this FIFO is empty, an interrupt or a dma 
request is generated.

4:0 COUNT R/W 0x1A Controls the counter values defining the setup and hold 
times in standard and fast mode
Recommended values:

Note: Lower counter values violate setup and hold times.

Linearly increase/decrease this COUNT value to increase/
decrease the functional clock value.
Software must use the following values:

• For Standard mode: COUNT=don't care
• For Fast mode: COUNT=decimal 20
• For HS mode: COUNT=don't care
0xA: > 31.2 MHz I2C functional clock

0x14: > 62.4 MHz I2C functional clock

Instance Name Offset
TWSI_WFIFO 0x0040

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CONTROL DATA

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0

Table 727: TWSI Write FIFO Register (WFIFO)  

Bits Name Type Reset Description

31:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:8 CONTROL WO 0x0 TWSI Bus send/receive data control bits
These control bits are essentially TWSI_CR[3:0] bits.

7:0 DATA WO 0x0 TWSI Bus send data for Write Transactions and dummy 
data for Read Transactions.

Table 726: IWCR B it Definitions (TWSI_IWCR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.27.9 TWSI Write FIFO Write Pointer Register (WFIFO_WPTR)
The TWSI Write FIFO Pointer has the TX FIFO write entry location information. This is a read/write 
register. Software can write 0 to it when it wishes to flush the FIFO after interrupts like Bus error, 
Arbitration loss, etc.

A.27.10 TWSI Write FIFO Read Pointer Register (WFIFO_RPTR)
The TWSI Write FIFO Read Pointer has the TX FIFO read entry location information. 

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

Instance Name Offset
WFIFO_WPTR 0x0044

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved DATA

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 728: TWSI Write FIFO Write Pointer Register (WFIFO_WPTR)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 DATA R/W 0x0 This is the location in the TX FIFO where the next entry will 
be written to by the software.

Instance Name Offset
WFIFO_RPTR 0x0048

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved DATA

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0

Table 729: TWSI Write FIFO Read Pointer Register (WFIFO_RPTR)  

Bits Name Type Reset Description

31:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4:0 DATA R/W 0x0 This is the location in the TX FIFO where the next entry will 
be read from by the hardware.
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A.27.11 TWSI Read FIFO Register (RFIFO)
The TWSI Read FIFO has 16 entries and each entry is 8-bit wide (8-bit data). This FIFO can be 
emptied in PIO or DMA mode. Whenever this FIFO is half full, an interrupt or a dma request is 
generated.

A.27.12 TWSI Read FIFO Write Pointer Register (RFIFO_WPTR)
The TWSI Read FIFO Write Pointer has the WX FIFO write entry location information. This is a read/
write register. Software can write 0 to it when it wishes to flush the FIFO after interrupts like Bus 
error, Arbitration loss, etc.

Instance Name Offset
TWSI_RFIFO 0x0050

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved DATA

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0

Table 730: TWSI Read FIFO Register (RFIFO)  

Bits Name Type Reset Description

31:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4:0 DATA RO 0x0 TWSI Bus receive data for Read Transactions.

Instance Name Offset
RFIFO_WPTR 0x0054

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved DATA

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0

Table 731: TWSI Read FIFO Write Pointer Register (RFIFO_WPTR)  

Bits Name Type Reset Description

31:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4:0 DATA RO 0x0 This is the location in the WX FIFO where the next entry will 
be read from by the software.
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A.27.13 TWSI Read FIFO Read Pointer Register (RFIFO_RPTR)
The TWSI Read FIFO Read Pointer has the RX FIFO read entry location information. This is a read/
write register. Software can write 0 to it when it wishes to flush the FIFO after an interrupt.

Instance Name Offset
RFIFO_RPTR 0x0058

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved DATA

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0

Table 732: TWSI Read FIFO Read Pointer Register (RFIFO_RPTR)  

Bits Name Type Reset Description

31:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4:0 DATA RO 0x0 This is the location in the RX FIFO where the next entry will 
be written to by the hardware.
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A.28 One-Wire Serial Interface (One_Wire)
Five 32-bit registers reside within the 1-Wire bus master interface block: two Control registers, one 
Data Register, one Status Register, and one Clock Divisor Register.

Five 32-bit user-accessible registers reside within the 1-Wire bus master interface controller: one 
Command Register, one Data Register (Transmit/Receive buffer), two Interrupt (status and enable) 
registers, and one Clock Divisor Register.

The control registers are used to determine the bus clock rate, enable and disable interrupts, and 
determine the bus working mode.

The Command Register is used to control the 1-Wire bus master interface controller functionality.

The Data Register is a bidirectional register, which is used for both transmission and reception of 
data from the 1-Wire bus.

The Status register (interrupt register) holds the block status.

The Interrupt registers hold the controller status and enable interrupts.

The Clock Divisor Register must be configured before 1-Wire communication can occur.

The One-Wire Clock/Reset Control Registers (APBC_ONEWIRE_CLK_RST) in the APB1 
Peripheral Clock Control (APB1_Clock) Unit must be programmed prior to accessing the One_Wire 
registers.

Base Address: 0xD401_1800

A.28.1 OneWire Command Register (ONEW_W1CMDR)
This Control Register contains four valid bit fields that control the 1-Wire bus master controller 
functionality. In addition, the 1-Wire Command Register contains two bits to bypass the 1-Wire Bus 
Master Interface Controller features and control the 1-Wire bus directly.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Table 733:  One-Wire Register Summary 

Offset Name Description Details

0x0000 ONEW_W1CMDR OneWire Command Register Page: A-669

0x0004 ONEW_W1TRR OneWire Transmit/Receive Buffer Page: A-671

0x0008 ONEW_W1INTR OneWire Interrupt Register Page: A-671

0x000C ONEW_W1IER OneWire Interrupt Enable Register Page: A-672

0x0010 ONEW_W1CDR OneWire Clock Divisor Register Page: A-673

Instance Name Offset

ONEW_W1CMDR 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

D
Q

I

D
Q

O

S
R

A

O
N

E
W

R

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0
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Table 734: OneWire Command Register (ONEW_W1CMDR)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 DQI RO 0x0 ONE_WIRE input
This bit reflects the present state of the 1-Wire bus. Use it 
together with the W1CMDR[DQO] bit when controlling the 
bus directly. The state of this bit does not affect any other 
functions of the 1-Wire Bus Master Interface Controller. 
Operation of this bit is unaffected by the state of the W1IER 
[DQOE] bit.

2 DQO WO 0x0 ONE_WIRE output
This bit is used to bypass 1-Wire Bus Master Interface 
Controller operations and drive the bus directly if needed.

0x0: This bit is cleared on power-up or reset. Clearing this 
bit drives the bus high. 1-Wire bus master interface 
controller operations only function while the 1-Wire 
bus is held high.

0x1: Setting this bit drives the bus low until it is cleared or 
the 1-Wire bus master interface controller reset. 
While the 1-Wire bus is held low, no other 1-Wire bus 
master interface controller operations function. By 
controlling the length of time this bit is set and the 
point when the line is sampled (see W1CMDR[DQI]), 
any 1-Wire communication can be generated by the 
host controller. To prevent accidental writes to the 
bus, set the W1IER [DQOE] bit in the Interrupt 
Enable register before the DQO bit functions.

1 SRA R/W 0x0 Search ROM accelerator
Refer to the Book of iButton Standards for more information 
on this feature.                                

0x0: SRA turned off

0x1: 1-Wire bus master interface controller switches to 
SRA mode

0 ONEWR R/W 0x0 1-Wire reset
This bit generates a reset on the 1-Wire bus.

0x0: Bus is not in reset mode.

0x1: Setting this bit automatically clears the SRA bit. The 
1WR bit is cleared automatically as soon as the 1-
Wire reset completes. The 1Wire bus master 
interface controller sets the presence detect interrupt 
flag, W1INTR[PD], when the reset is complete and 
sufficient time for a presence detect to occur has 
passed. The result of the presence detect is placed 
in the Interrupt register bit, W1INTR[PDR].
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A.28.2 OneWire Transmit/Receive Buffer (ONEW_W1TRR)
Data sent and received from the 1-Wire Bus Master Interface Controller passes through the 
Transmit/Receive Buffer location. The 1-Wire Bus Master Interface Controller is double-buffered 
with separate Transmit and Receive buffers. Writing to this location connects the Transmit Buffer to 
the data bus, while reading connects the Receive Buffer to the data bus.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

A.28.3 OneWire Interrupt Register (ONEW_W1INTR)
This read-only register contains flags from Transmit, Receive, and 1-Wire Reset operations. Only 
the presence-detect flag (PD) is cleared when the W1INTR is read; the other flags are cleared 
automatically when the Transmit and Receive buffers are written to or read, respectively. These 
flags can generate an interrupt if the corresponding enable bit is set in the 1-Wire Interrupt Enable 
register (W1IER).

This is a read-only register. Ignore reads from reserved bits.

Instance Name Offset
ONEW_W1TRR 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved DATA

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 735: OneWire Transmit/Receive Buffer (ONEW_W1TRR)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 DATA R/W 0x0 Transmitted/received data

Instance Name Offset
ONEW_W1INTR 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

R
B

F

T
E

M
T

T
B

E

P
D

R

PD

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 1 1 1 0

Table 736: OneWire Interrupt Register (ONEW_W1INTR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 RBF RO 0x0 Receive buffer full
0x0: This flag is cleared when the byte is read from the 

Receive Buffer register.

0x1: This flag is set when there is a byte waiting to be 
read in the receive buffer.
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A.28.4 OneWire Interrupt Enable Register (ONEW_W1IER)
This register allows system programmers to specify which of the interrupt sources causes an 
interrupt the INTR signal to be active and to define the active state for the INTR signal. When a 
master reset is received, all non-reserved bits in this register except for the IAS bit are cleared to 0, 
disabling all interrupt sources. The IAS bit is reset to 1 by the 1-Wire Controller.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

3 TEMT RO 0x1 Tx Shift register empty
TEMT status bit is valid upon completion of the first data 
transfer.

0x0: This flag is cleared when data is shifted into the Trx 
Shift register from the transmit buffer.

0x1: This flag is set after the last bit has been transmitted 
on the 1-Wire bus.

2 TBE RO 0x1 Transmit buffer empty
TBE status bit is valid after the first data transfer.

0x0: This flag is cleared when data is written to the 
transmit buffer.

0x1: This flag is set when the last bit is transferred to the 
Tx Shift register.

1 PDR RO 0x1 Presence detect result
When a Presence Detect interrupt occurs, this bit reflects 
the result of the Presence Detect Read operation.

0x0: PDR is 0 if a slave device was found.

0x1: No slave device found.

0 PD RO 0x0 Presence detect
This bit is cleared when the Interrupt Register is read.

0x0: The required time after a 1-Wire reset has not 
elapsed or W1INTR has been read since the last 1-
Wire reset.

0x1: After a 1-Wire reset has been issued, this flag is set 
after the appropriate amount of time for a presence 
detect pulse to have occurred.

Instance Name Offset
ONEW_W1IER 0x000C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

D
Q

O
E

R
es

er
ve

d

E
R

B
F

E
T

M
T

E
T

B
E

R
es

er
ve

d

E
P

D

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? ? 0 0 0 ? 0

Table 736: OneWire Interrupt Register (ONEW_W1INTR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.28.5 OneWire Clock Divisor Register (ONEW_W1CDR)
This register divides the internal reference clock to generate the 1-Wire clock timing patterns using a 
base clock of 26 MHz. This register must be programmed before using the 1-Wire bus master 
interface.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Use a bit setting of 0xB for the ARMADA 16x Applications Processor Family  1-Wire Bus Master 
Interface. The internal reference clock frequency is 26 MHz, and this setting performs a prescale of 
7 and a final divide of 4.

26 MHz / 7 = 3.714 MHz

3.714 MHz / 4 = 0.928 MHz

Table 737: OneWire Interrupt Enable Register (ONEW_W1IER)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 DQOE R/W 0x0 ONE_WIRE output enable
This bit acts as a control select for the 1-Wire bus. When 
set to 0, the bus is controlled by the 1-Wire Bus Master 
Interface Controller as normal.

0x0: This bit defaults to 0 on power-up or reset and 
should be left 0 unless users want to control the bus 
manually through the W1CMDR[DQO] bit.

0x1: The W1CMDR[DQO] bit controls the state of the bus 
directly.

6:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 ERBF R/W 0x0 Enable receive buffer full interrupt
0x0: Enable receive buffer full interrupt disabled.

0x1: If the receive buffer full flag is set, then an interrupt is 
generated.

3 ETMT R/W 0x0 Enable Tx Shift register empty interrupt
0x0: Enable Tx Shift register empty interrupt disabled.

0x1: If the Tx Shift register empty flag is set, then an 
interrupt is generated.

2 ETBE R/W 0x0 Enable transmit buffer empty interrupt
0x0: Enable transmit buffer empty interrupt disabled.

0x1: If the transmit buffer empty flag is set, then an 
interrupt is generated.

1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 EPD R/W 0x0 Enable presence detect interrupt
0x0: Enable presence detect interrupt disabled.

0x1: If the enable presence detect flag is set, an interrupt 
is generated whenever a 1-Wire reset is sent and the 
required amount of time has passed for a presence 
detect pulse to have occurred. Refer to the One-Wire 
Serial Interface Chapter for timing information.
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Instance Name Offset
ONEW_W1CDR 0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved DIV PRE

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0

Table 738: OneWire Clock Divisor Register (ONEW_W1CDR)  

Bits Name Type Reset Description

31:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4:2 DIV R/W 0x0 Divider
The 1-Wire Bus Master Interface Controller uses the output 
of the prescaler and divides by the DIV value to produce the 
1-Wire clocks. This clock must be approximately 1 MHz for 
correct operation. For the ARMADA 16x processor family, 
this value must be set to 010.

1:0 PRE R/W 0x0 Prescaler value
The 1-Wire bus master interface controller uses the input 
26-MHz clock and initially divides by the PRE value before 
outputting to the divider section. For the ARMADA 16x 
processor family, this value must be set to 11, selecting a 
prescale of 7.
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-674



ARMADA 16x Applications Processor Family Register Tables
A.29 Pulse Width Modulator (PWM)
Base Address: PWM 1: 0xD401_A000

Base Address: PWM 2: 0xD401_A400

Base Address: PWM 3: 0xD401_A800

Base Address: PWM 4: 0xD401_AC00

The PWMx Clock/Reset Control Registers (APBC_PWMx_CLK_RST) in the APB1 Peripheral Clock 

Control (APB1_Clock) Unit must be programmed prior to accessing the PWM registers.

A.29.1 PWM Control Registers (PWMx_CR)
The PWM Control registers configure the behavioral characteristics of the PWMx shutdown and the 
divisor for the input clocks to the PWMx control unit (PSCLK_PWMx) that configures the frequency 
of the scaled counter clock. 

These are read/write registers. Ignore reads from reserved bits. Write 0b0 to reserved bits.
                         

Table 739:  PWM Register Summary 

Offset Name Description Details

0x0000 PWMx_CR PWM Control Registers Page: A-675

0x0004 PWMx_DCR PWM Duty Cycle Registers Page: A-676

0x0008 PWMx_PCR PWM Period Control Registers Page: A-676

Instance Name Offset

PWMx_CR 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved SD PRESCALE

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0

Table 740: PWM Control Registers (PWMx_CRX)  

Bits Name Type Reset Description

31:7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6 SD R/W 0x0 Pulse Width Modulator Shutdown Mode
0x0: Graceful shutdown of PWMx when the processor 

stops the clocks to the PWM.

0x1: Abrupt shutdown of PWMx when the processor 
stops the clocks to the PWM.

5:0 PRESCALE R/W 0x0 The scaled counter clock frequency is: PSCLK_PWMx / 
(PRESCALEx +1).
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A.29.2 PWM Duty Cycle Registers (PWMx_DCR)
The PWM Duty Cycle registers configure the duty cycle of the corresponding PWM_OUTx signals. 
The <Duty Cycle of PWM_OUTx> field specifies the number of scaled counter clocks that 
PWM_OUTx is asserted during each cycle of the PWM_OUTx. Refer to the "Programming 

Considerations" section and the PWMx Block Diagram in the Marvell® ARMADA 16x Applications 
Processor Family Hardware Manual (MV-S301545-00) for details on calculating the value of the 
<Duty Cycle of PWM_OUTx> field. If the <Full Duty Cycle> field is set, PWM_OUTx remains high 
until it is cleared, resulting in a duty cycle of 100%. Typically, the <Full Duty Cycle> field is cleared 
and the duty cycle of PWM_OUTx is a function of the <Duty Cycle of PWM_OUTx> field. 

These are read/write registers. Ignore reads from reserved bits. Write 0b0 to reserved bits.                            

A.29.3 PWM Period Control Registers (PWMx_PCR)
The PWM Period Control registers configure the cycle time of the corresponding PWM_OUTx 
signals.

The <Period Value> field (plus +1) specifies the number of scaled counter clocks in each cycle of the 
PWM_OUTx. Refer to the "Programming Considerations" section and the PWMx Block Diagram in 

the Marvell® ARMADA 16x Applications Processor Family Hardware Manual (MV-S301545-00) for 
details on calculating the value of the <Period Value> field.                            

If this register is cleared the PWM_OUTx signal is asserted high continuously.

These are read/write registers. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Instance Name Offset
PWMx_DCR 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved FD DCYCLE

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0

Table 741: PWM Duty Cycle Registers (PWMx_DCR)  

Bits Name Type Reset Description

31:11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

10 FD R/W 0x0 Full Duty Cycle

0x0: PWM_OUTx is determined by the <Duty Cycle of 
PWM_OUTx> value.

0x1: PWM_OUTx stays high, resulting in Duty Cycle of 
100%

9:0 DCYCLE R/W 0x0 Duty Cycle of PWM_OUTx
If <Full Duty Cycle> is set, this field has no effect on the 
output of PWMx.

0x1: PWM_OUTx signal is asserted for the number of 
scaled counter clock cycles equal to this field.
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Instance Name Offset
PWM_xPCR 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved PV

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 1 0 0

Table 742: PWM Period Control Registers (PWMx_PCR)  

Bits Name Type Reset Description

31:10 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

9:0 PV R/W 0x4 Period Value
The value (plus +1) specifies the number of scaled clock 
cycles per cycle of PWM_OUTx.
If the fields are all zeroes, the PWM_OUTx remains high.
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A.30 AC97 (AC97)
The AC97 Clock/Reset Control Register (APBC_AC97_CLK_RST) in the APB1 Peripheral Clock 
Control (APB1_Clock) Unit must be programmed prior to accessing the AC97 registers.

Base Address: 0xD402_B000

Table 743:  AC97 Register Summary 

Offset Name Description Details

0x0000 AC97_POCR PCM-Out Control Register Page: A-679

0x0004 AC97_PCMICR PCMICR Page: A-680

0x0008 AC_97_MCCR Mic-In Control Register Page: A-681

0x000C AC97_GCR Global Control Register Page: A-682

0x0010 AC97_POSR PCM-Out Status Register Page: A-684

0x0014 AC97_PCMISR PCM-In Status Register Page: A-685

0x0018 AC97_MCSR Mic-In Status Register Page: A-686

0x001C AC97_GSR Global Status Register Page: A-687

0x0020 AC97_CAR CODEC Access Register Page: A-690

0x0024 AC97_PCSCR PCM-Surround-Out Control Register Page: A-691

0x0028 AC97_PCSSR PCM Surround-Out Status Register Page: A-692

0x002C AC97_PCSDR PCM Surround Out Data Register Page: A-693

0x0030 AC97_PCCLCR PCM Center/LFE Control Register Page: A-693

0x0038 AC97_PCCLDR PCM Center/LFE Data Register Page: A-694

0x0040 AC97_PCDR PCM Data Register Page: A-695

0x0060 AC97_MCDR Mic-In Data Register Page: A-695

0x0100 AC97_MOCR MODEM-Out Control Register Page: A-696

0x0108 AC97_MICR MODEM-In Control Register Page: A-697

0x0110 AC97_MOSR MODEM-Out Status Register Page: A-697

0x0118 AC97_MISR MODEM-In Status Register Page: A-698

0x0140 AC97_MODR MODEM Data Register Page: A-699

0x200 - 0x2FC Primary Audio CODEC Registers Page: A-699

0x300 - 0x3FC Secondary Audio CODEC Registers Page: A-699

0x400 - 0x4FC Primary Modem CODEC Registers Page: A-699

0x500 - 0x5FC Secondary Modem CODEC Registers Page: A-699
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A.30.1 PCM-Out Control Register (AC97_POCR)
The PCM-Out Control register is described in Table 744.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

Instance Name Offset
AC97_POCR 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
E

IE

R
es

er
ve

d

F
S

R
IE

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? 0 ?

Table 744: PCM-Out Control Register (AC97_POCR)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 FEIE R/W 0x0 FIFO Error Interrupt Enable:
Enables generation of the PCM Transmit FIFO Error 
interrupt.

Note: POSR[FIFOE] is always set when a PCM Transmit 
Error occurs.

0x0: A PCM Transmit FIFO error does NOT generate an 
interrupt.

0x1: A PCM Transmit FIFO error generates an interrupt.

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 FSRIE R/W 0x0 FIFO Service Request Interrupt Enable:
Enables generation of the PCM Transmit FIFO Service 
Request interrupt.

Note: POSR[FSR] is always set when a PCM Transmit 
Service Request occurs.

0x0: A PCM Transmit FIFO Service Request does NOT 
generate an interrupt.

0x1: A PCM Transmit FIFO Service Request generates 
an interrupt.

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.30.2 PCMICR (AC97_PCMICR)
The PCM-In Control register is described in Table 745.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

Instance Name Offset
AC97_PCMICR 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
E

IE
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es
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ve

d
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? 0 ?

Table 745: PCMICR (AC97_PCMICR)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 FEIE R/W 0x0 FIFO Error Interrupt Enable:
Enables generation of the PCM Receive FIFO Error 
interrupt.

Note: PCMISR[FIFOE] is always set when a PCM receive 
Error occurs.

0x0: A PCM Receive FIFO error does NOT generate an 
interrupt.

0x1: A PCM Receive FIFO error generates an interrupt.

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 FSRIE R/W 0x0 FIFO Service Request Interrupt Enable:
Enables generation of the PCM Receive FIFO Service 
Request interrupt.

Note: PCMISR[FSR] is always set when a PCM receive 
Service Request occurs.

0x0: A PCM Receive FIFO Service Request does NOT 
generate an interrupt.

0x1: A PCM Receive FIFO Service Request generates an 
interrupt.

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.30.3 Mic-In Control Register (AC_97_MCCR)
The Mic-In Control register is described in Table 746.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

Instance Name Offset
AC_97_MCCR 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
E

IE

R
es

er
ve

d

F
S

R
IE

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? 0 ?

Table 746: Mic-In Control Register (AC_97_MCCR)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 FEIE R/W 0x0 FIFO Error Interrupt EnablE:
Enables generation of the Mic-In FIFO error interrupt.

Note: MCSR[FIFOE] is always set when a Mic-In FIFO 
error occurs.

0x0: A Mic-In FIFO error does NOT generate an interrupt.

0x1: A Mic-In FIFO error generates an interrupt.

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 FSRIE R/W 0x0 FIFO Service Request Interrupt Enable:
Enables generation of the Mic-In FIFO service request 
interrupt.

Note: MCSR[FSR] is always set when a Mic-In FIFO 
Service Request occurs.

0x0: A Mic-In FIFO service request does NOT generate 
an interrupt.

0x1: A Mic-In FIFO service request generates an 
interrupt.

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.30.4 Global Control Register (AC97_GCR)
Table 747 shows the Global Control register.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

Instance Name Offset
AC97_GCR 0x000C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

C
LK

B
P

B

F
R

C
R

S
T

Reserved
nD

M
A

E
N

Reserved

C
D

O
N

E
_I

E

S
D

O
N

E
_I

E

Reserved

S
1R

D
Y

_I
E

P
R

D
Y

_I
E

R
es

er
ve

d

S
1R

E
S

_I
E

P
R

E
S

_I
E

A
C

O
F

F

W
R

S
T

nC
R

S
T

G
P

I_
IE

Default 0 0 ? ? ? ? ? 0 ? ? ? ? 0 0 ? ? ? ? ? ? ? ? 0 0 ? ? 0 0 0 0 0 0

Table 747: Global Control Register (AC97_GCR)  (Sheet 1 of 3)

Bits Name Type Reset Description

31 CLKBPB R/W 0x0 Internal Clock Enable:
0x0: Disable internal clock multiplexing in the AC97 

controller. This is the normal mode of operation.

0x1: Enable internal clock multiplexing in the AC97 
controller. This bit should only be set when 
performing a power down or cold reset.

30 FRCRST R/W 0x0 Force AC97 Controller Reset:
0x0: The AC97 controller reset is not forced.

0x1: The AC97 controller reset is forced to 1. This bit 
should only be set when performing a power down.

29:25 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

24 nDMAEN R/W 0x0 DMA Enable:
Software must set this bit when using PIO.

0x0: FIFO Service Requests do cause DMA requests.

0x1: FIFO Service Requests do not cause DMA requests.

23:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

19 CDONE_IE R/W 0x0 Command Done Interrupt Enable:
Controls whether the controller triggers an interrupt to the 
CPU after sending the command address and data to the 
CODEC.

0x0: Interrupt is disabled

0x1: Interrupt is enabled

18 SDONE_IE R/W 0x0 Status Done Interrupt Enable:
Controls whether the controller triggers an interrupt to the 
CPU after receiving the status address and data from the 
CODEC.

0x0: Interrupt is disabled

0x1: Interrupt is enabled

17:10 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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9 S1RDY_IE R/W 0x0 Secondary CODEC Ready Interrupt Enable:
Controls whether an interrupt occurs when the secondary 
CODEC sends the CODEC READY bit on the 
AC97_SDATA_IN1 pin.

0x0: Interrupt is disabled

0x1: Interrupt is enabled

8 PRDY_IE R/W 0x0 Primary CODEC Ready Interrupt Enable:
Controls whether an interrupt occurs when the primary 
CODEC sends the CODEC READY bit on the 
AC97_SDATA_IN0 pin.

0x0: Interrupt is disabled

0x1: Interrupt is enabled

7:6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5 S1RES_IE R/W 0x0 Secondary Resume Interrupt Enable:
Controls whether an interrupt occurs when the secondary 
CODEC causes a resume event on the AC-link.

0x0: Interrupt is disabled

0x1: Interrupt is enabled

4 PRES_IE R/W 0x0 Primary Resume Interrupt Enable:
Controls whether an interrupt occurs when the primary 
CODEC causes a resume event on the AC-link.

0x0: Interrupt is disabled

0x1: Interrupt is enabled

3 ACOFF R/W 0x0 AC-Link Shut Off:
Shuts down the AC97 controller. This does not affect the 
AC-link or the CODEC. This bit must be cleared before 
resuming AC 97 operation.

0x0: Do not shut down the AC97 controller.

0x1: Shut down the AC97 controller.

2 WRST R/W 0x0 AC97 Warm Reset:
Initiates a warm reset on the AC-link. If AC97_BITCLK is 
running writes to this bit are ignored and no warm resets 
are performed. Refer to

Note: This bit is self-clearing that is, it remains set until the 
reset completes and AC97_BITCLK is seen on the 
AC-link after which it clears itself.

0x0: Do not initiate a warm reset

0x1: Initiate a warm reset

Table 747: Global Control Register (AC97_GCR)  (Sheet 2 of 3)

Bits Name Type Reset Description
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A.30.5 PCM-Out Status Register (AC97_POSR)
The PCM-Out Status register is described in Table 748.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

1 nCRST R/W 0x0 AC97 Cold Reset#:
Initiates a cold reset when reset or written with 0b0. A cold 
reset requires that this bit be written with 0b0 and then 
written with 0b1.
All data in the controller and the CODEC is lost when a cold 
reset occurs. The value of this bit is not altered by an AC-
link wake-up.

Note: Prior to asserting the cold reset, disable all AC97 
interrupts. The interrupts can be re-enabled after the 
cold reset has occurred.

0x0: Initiate a cold reset. This asserts nAC97_RESET.

0x1: Do not initiate a cold reset. This de-asserts 
nAC97_RESET.

0 GPI_IE R/W 0x0 CODEC GPIO Interrupt Enable:
This bit controls whether the change in status of any 
modem CODEC GPIO (as indicated by bit 0 of slot 12) 
causes an interrupt.

0x0: GSR[GSCI] is set, but an interrupt is NOT 
generated.

0x1: GSR[GSCI] is set, and an interrupt is generated.

Instance Name Offset
AC97_POSR 0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
IF

O
E

R
es

er
ve

d

F
S

R

R
es

er
ve

d
Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? 0 ? ?

Table 748: PCM-Out Status Register (AC97_POSR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 FIFOE R/W 0x0 PCM-Out FIFO Error:
Indicates whether a PCM-Out FIFO error occurred.

0x0: PCM-Out FIFO error has NOT occurred.

0x1: PCM-Out FIFO error has occurred.

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 747: Global Control Register (AC97_GCR)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.30.6 PCM-In Status Register (AC97_PCMISR)
The PCM-In Status register is described in Table 749.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

2 FSR RO 0x0 PCM-Out FIFO Service Request:
Indicates whether the PCM-Out FIFO needs to be serviced.
This bit is updated regardless of the value its interrupt 
enable, POCR[FSRIE].

0x0: PCM-Out FIFO does NOT need to be serviced.

0x1: PCM-Out FIFO needs to be serviced.

1:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset

AC97_PCMISR 0x0014

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
IF
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d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? ?

Table 749: PCM-In Status Register (AC97_PCMISR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 FIFOE R/W 0x0 PCM-In FIFO Error:
Indicates whether a PCM-In FIFO error occurred.

Note: This bit is updated regardless of the value its interrupt 
enable, PCMICR[FEIE].

0x0: PCM-In FIFO error has NOT occurred.

0x1: PCM-In FIFO error has occurred.

3 EOC R/W 0x0 DMA End Of Chain Interrupt:
Set by ACUNIT hardware when DMA signals an end of 
Descriptor chain (EOC) while reading data from the FIFO. 
DMA channel stops after signalling EOC and cannot further 
service the FIFO.
Software must clear this bit (by writing 0b1 to it) only after 
reading out data in the FIFO.

0x0: DMA has NOT signalled an end of Descriptor chain 
(EOC) while reading data from the FIFO.

0x1: DMA has signalled an end of Descriptor chain (EOC) 
while reading data from the FIFO.

Table 748: PCM-Out Status Register (AC97_POSR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.30.7 Mic-In Status Register (AC97_MCSR)
The Mic-In Status register is described in Table 750.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

2 FSR RO 0x0 PCM-In FIFO Service Request:
Indicates whether the PCM-In FIFO needs to be serviced.

Note: This bit is updated regardless of the value its interrupt 
enable, PCMICR[FSRIE].

0x0: PCM-In FIFO does NOT need to be serviced.

0x1: PCM-In FIFO needs to be serviced.

1:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
AC97_MCSR 0x0018

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
IF
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E

E
O
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F
S

R

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? ?

Table 750: Mic-In Status Register (AC97_MCSR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 FIFOE R/W 0x0 FIFO Error:
Indicates whether a Mic-In FIFO error occurred.

Note: This bit is updated regardless of the value its interrupt 
enable, MCCR[FSRIE].

0x0: Mic-In FIFO error has NOT occurred.

0x1: Mic-In FIFO error has occurred.

3 EOC R/W 0x0 DMA End Of Chain Interrupt:
Set by ACUNIT hardware when DMA signals an end of 
Descriptor chain (EOC) while reading data from the FIFO. 
DMA channel stops after signalling EOC and can not further 
service the FIFO.
Software must clear this bit (by writing 0b1 to it) only after 
reading out data in the FIFO.

0x0: DMA has not signalled an end of Descriptor chain 
(EOC) while reading data from the FIFO.

0x1: DMA has signalled an end of Descriptor chain (EOC) 
while reading data from the FIFO.

Table 749: PCM-In Status Register (AC97_PCMISR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.30.8 Global Status Register (AC97_GSR)
Table 751 shows the Global Status register.

2 FSR RO 0x0 FIFO Service Request:
Indicates whether the Mic-In FIFO needs to be serviced.

Note: This bit is updated regardless of the value its interrupt 
enable, MCCR[FSRIE].

0x0: Mic-In FIFO does NOT need to be serviced.

0x1: Mic-In FIFO needs to be serviced.

1:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
AC97_GSR 0x001C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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S
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T
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S
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R
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R
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O
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P
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C
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Default ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? ? 0 0 0 0 0 0 0 0 0 0 0 ? 0 0 0 0

Table 751: Global Status Register (AC97_GSR)  (Sheet 1 of 4)

Bits Name Type Reset Description

31:22 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

21 PSOINT RO 0x0 PCM-Surround-Out Interrupt:
This interrupt is generated if either:

• A PCM-surround FIFO Error interrupt (PCSSR[FIFOE] 
= 1) OR

• A PCM-surround FIFO Service Request interrupt 
(PCSSR[FSR] = 1)

is generated.

Note: This bit is automatically cleared (by the ACUNIT) 
when either PCSSR[FIFOE] or PCSSR[FSR] are 
cleared.

0x0: An interrupt has NOT occurred

0x1: An interrupt has occurred

Table 750: Mic-In Status Register (AC97_MCSR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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20 PCLINT RO 0x0 PCM-Center/LFE Interrupt:
This interrupt is generated if either:

• A PCM-center/LFE FIFO Error interrupt 
(PCCLSR[FIFOE] = 1) OR

• A PCM-center/LFE FIFO Service Request interrupt 
(PCCLSR[FSR] = 1)

is generated.

Note: This bit is automatically cleared (by the ACUNIT) 
when either PCCLSR[FIFOE] or PCCLSR[FSR] are 
cleared.

0x0: An interrupt has NOT occurred

0x1: An interrupt has occurred

19 CDONE R/W 0x0 Command Done:
0x0: Reflects whether the controller has sent commands, 

address and data to the CODEC. Controller has 
NOT sent command, address and data to the 
CODEC

0x1: Controller has sent command, address and data to 
the CODEC

18 SDONE R/W 0x0 Status Done:

Note: SDONE is not set for reads from special modem 
address 0x54 (GPIO status register).

0x0: Reflects whether the controller has received status, 
address and data from the CODEC. Controller has 
NOT received status, address and data from the 
CODEC

0x1: Controller has received status, address and data 
from the CODEC

17:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15 RCS R/W 0x0 Read Completion Status:
This bit indicates the status of CODEC read completions.

0x0: The CODEC read completes normally.

0x1: The CODEC read results in a timeout.

14 B3S12 RO 0x0 Bit 3 of Slot 12:
Display Bit 3 of the most recent valid MODEM GPIO Status 
(slot 12)

13 B2S12 RO 0x0 Bit 2 of Slot 12:
Display Bit 2 of the most recent valid MODEM GPIO Status 
(slot 12)

12 B1S12 RO 0x0 Bit 1 of Slot 12:
Display Bit 1 of the most recent valid MODEM GPIO Status 
(slot 12)

11 S1RESINT R/W 0x0 Secondary Resume Interrupt:
Indicates whether a resume event has occurred on 
AC97_SDATA_IN1

0x0: A resume event has NOT occurred

0x1: A resume event has occurred

Table 751: Global Status Register (AC97_GSR)  (Sheet 2 of 4)

Bits Name Type Reset Description
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10 PRESINT R/W 0x0 Primary Resume Interrupt:
Indicates whether a resume event has occurred on 
AC97_SDATA_IN0

0x0: A resume event has NOT occurred

0x1: A resume event has occurred

9 S1CRDY R/W 0x0 Secondary CODEC Ready:
Reflects the state of the CODEC-ready bit in 
AC97_SDATA_IN1.

8 PCRDY R/W 0x0 Primary CODEC Ready:
Reflects the state of the CODEC-ready bit in 
AC97_SDATA_IN0.

7 MCINT RO 0x0 Mic-In Interrupt:
This interrupt is generated if any of the following:

• A Mic-In FIFO Error interrupt (MCSR[FIFOE] = 1) OR
• A Mic-In End Of Chain interrupt (MCSR[EOC] = 1) OR
• A Mic-In FIFO Service Request interrupt (MCSR[FSR] = 

1)
are generated.

Note: This bit is automatically cleared (by the ACUNIT) 
when any of MCSR[FIFOE], MCSR[EOC] or 
MCSR[FSR] are cleared.

0x0: An interrupt has NOT occurred

0x1: An interrupt has occurred

6 POINT RO 0x0 PCM-Out Interrupt:
This interrupt is generated if either:

• A PCM-out FIFO Error interrupt (POSR[FIFOE] = 1) OR
• A PCM-out FIFO Service Request interrupt 

(POSR[FSR] = 1)
is generated.

Note: This bit is automatically cleared (by the ACUNIT) 
when either POSR[FIFOE] or POSR[FSR] are 
cleared.

0x0: An interrupt has NOT occurred

0x1: An interrupt has occurred

5 PIINT RO 0x0 PCM-In Interrupt:
This interrupt is generated if any of the following:

• A PCM-In FIFO Error interrupt (PCMISR[FIFOE] = 1) 
OR

• A PCM-In End Of Chain interrupt (PCMISR[EOC] = 1) 
OR

•  a PCM-In FIFO Service Request interrupt 
(PCMISR[FSR] = 1)

are generated.

Note: This bit is automatically cleared (by the ACUNIT) 
when any of PCMISR[FIFOE], PCMISR[EOC] or 
PCMISR[FSR] are cleared.

0x0: An interrupt has NOT occurred

0x1: An interrupt has occurred

4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 751: Global Status Register (AC97_GSR)  (Sheet 3 of 4)

Bits Name Type Reset Description
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A.30.9 CODEC Access Register (AC97_CAR)
The CODEC Access register is described in Table 752.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

3 ACOFFD RO 0x0 AC-Link Shut Off Done:
It is cleared when GCR[ACOFF] is cleared.This bit only has 
a meaning when GCR[ACOFF] is set.

0x0: The AC-link still has valid data to transfer.

0x1: The AC-link has been cleanly shutdown.

2 MOINT RO 0x0 Modem-Out Interrupt:
This interrupt is generated if either:

• A Modem-out FIFO Error interrupt (MOSR[FIFOE] = 1) 
OR

• A Modem-out FIFO Service Request interrupt 
(MOSR[FSR] = 1)

is generated.

Note: This bit is automatically cleared (by the ACUNIT) 
when either MOSR[FIFOE] or MOSR[FSR] are 
cleared.

0x0: An interrupt has NOT occurred

0x1: An interrupt has occurred

1 MIINT RO 0x0 Modem-In Interrupt:
This interrupt is generated if any of the following:

• A Modem-In FIFO Error interrupt (MISR[FIFOE] = 1) 
OR

• A Modem-In End Of Chain interrupt (MISR[EOC] = 1) 
OR

• A Modem-In FIFO Service Request interrupt 
(MISR[FSR] = 1)

are generated.

Note: This bit is automatically cleared (by the ACUNIT) 
when any of MISR[FIFOE], MISR[EOC] or 
MISR[FSR] are cleared.

0x0: An interrupt has NOT occurred

0x1: An interrupt has occurred

0 GSCI R/W 0x0 CODEC GPIO Status Change Interrupt:
Is set whenever bit 0 of slot 12 is 0b1, which indicates that 
one of the CODEC GPIOs changed state, and that the new 
values are available in slot 12.

0x0: Bit 0 of Slot 12 is 0b0

0x1: Bit 0 of Slot12 is 0b1

Table 751: Global Status Register (AC97_GSR)  (Sheet 4 of 4)

Bits Name Type Reset Description
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A.30.10 PCM-Surround-Out Control Register (AC97_PCSCR)
The PCM-Surround-Out Control register is described in Table 753.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

Instance Name Offset
AC97_CAR 0x0020

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

C
A

IP

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0

Table 752: CODEC Access Register (AC97_CAR)  

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 CAIP R/W 0x0 CODEC Access In Progress:
This bit indicates the CODEC I/O cycle state. For no cycles 
in progress, this bit is cleared and the act of reading the 
register sets this bit, which reserves the right for that 
software driver to perform the I/O cycle. Once the cycle is 
complete, the hardware automatically clears the bit. 
Software can also clear this bit by writing 0b0 to this bit 
location, if it does not perform a CODEC I/O cycle after 
having read this bit. If the bit is already set when software 
reads it, another driver is performing a CODEC I/O cycle 
across the link and the currently accessing driver must try 
again later.

0x0: A CODEC I/O cycle is NOT currently in progress

0x1: A CODEC I/O cycle is currently in progress

Instance Name Offset
AC97_PCSCR 0x0024

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? 0 ?

Table 753: PCM-Surround-Out Control Register (AC97_PCSCR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.30.11 PCM Surround-Out Status Register (AC97_PCSSR)
The PCM Surround-Out Status register is described in Table 754.

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.

3 FEIE R/W 0x0 FIFO Error Interrupt Enable:
Enables generation of the PCM Surround-Out FIFO error 
interrupt.

Note: PCSSR[FIFOE] is always set when a PCM Surround-
Out FIFO error occurs.

0x0: A PCM Surround-Out FIFO error does NOT 
generate an interrupt.

0x1: A PCM Surround-Out FIFO error generates an 
interrupt.

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 FSRIE R/W 0x0 FIFO Service Request Interrupt Enable:
Enables generation of the PCM Surround-Out FIFO service 
request interrupt.

Note: PCSSR[FSR] is always set when a PCM Surround-
Out FIFO Service Request occurs.

0x0: A PCM Surround-Out FIFO service request does 
NOT generate an interrupt.

0x1: A PCM Surround-Out FIFO service request 
generates an interrupt.

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
AC97_PCSSR 0x0028

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
IF

O
E

R
es

er
ve

d
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d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? 0 ? ?

Table 754: PCM Surround-Out Status Register (AC97_PCSSR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 FIFOE R/W 0x0 FIFO Error:
Indicates whether a PCM-Surround Out FIFO error 
occurred.

Note: This bit is updated regardless of the value its interrupt 
enable, PCSCR[FEIE].

0x0: PCM-Surround Out FIFO error has NOT occurred.

0x1: PCM-Surround Out FIFO error has occurred.

Table 753: PCM-Surround-Out Control Register (AC97_PCSCR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.30.12 PCM Surround Out Data Register (AC97_PCSDR)
The PCM Surround Data Register is described in Table 754.

Writing a sample to this register updates the data into the PCM Surround Transmit FIFO. Reading 
this register reads and removes a sample from the PCM Surround Receive FIFO. Sixteen-bit right 
and left samples are read and written at the same time to form 32 bits of data.   

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.                          

A.30.13 PCM Center/LFE Control Register (AC97_PCCLCR)
The PCM Center/LFE Control Register is described in Table 756.

Low frequency effects (LFE) are a possible source for FIFO errors and interrupt service requests 
and are controlled by the PCCLCR register. 

This is a read/write register.  Ignore reads from reserved bits.  Write 0b0 to reserved bits.                            

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 FSR RO 0x0 FIFO Service Request:
Indicates whether the PCM-Surround Out FIFO Service 
Request occurred.
This bit is updated independently of the value its interrupt 
enable, PCSCR[FSRIE].

0x0: Indicates that the FIFO does not need servicing.

0x1: Indicates that the FIFO needs servicing.

1:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset

AC97_PCSDR 0x002C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PSMR PSML

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 755: PCM Surround Out Data Register (AC97_PCSDR)  

Bits Name Type Reset Description

31:16 PSMR R/W 0x0 PCM Surround Right Channel Data:
The right channel PCM surround data sent to the PCM 
surround Transmit FIFO or received from the PCM 
surround Receive FIFO.

15:0 PSML R/W 0x0 PCM Surround Left Channel Data:
The left channel PCM surround data sent to the PCM 
surround Transmit FIFO or received from the PCM 
surround Receive FIFO.

Table 754: PCM Surround-Out Status Register (AC97_PCSSR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.30.14 PCM Center/LFE Data Register (AC97_PCCLDR)
                        

The PCM Center/LFE Data Register is described in Table 757. 

Writing a sample to this register updates the data into the PCM Center/LFE Transmit FIFO. Reading 
this register reads and removes a sample from the PCM Center/LFE Receive FIFO. Sixteen-bit right 
and left samples are read and written at the same time to form 32 bits of data.                           

Instance Name Offset
AC97_PCCLCR 0x0030

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
E

IE

R
es

er
ve

d

F
S

R
IE

R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? 0 ?

Table 756: PCM Center/LFE Control Register (AC97_PCCLCR)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 FEIE R/W 0x0 FIFO Error Interrupt Enable:
Enables generation of the PCM Center/LFE FIFO error 
interrupt.

Note: PCCLSR[FIFOE] is always set when a PCM Center/
LFE FIFO error occurs.

0x0: A PCM Center/LFE FIFO error does NOT generate 
an interrupt.

0x1: A PCM Center/LFE FIFO error generates an 
interrupt.

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 FSRIE R/W 0x0 FIFO Service Request Interrupt Enable:
Enables generation of the PCM Center/LFE FIFO service 
request interrupt.

Note: PCCLSR[FSR] is always set when a PCM Center/
LFE FIFO Service Request occurs.

0x0: A PCM Center/LFE FIFO service request does NOT 
generate an interrupt.

0x1: A PCM Center/LFE FIFO service request generates 
an interrupt.

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset

AC97_PCCLDR 0x0038

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PCLMR PCLML

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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A.30.15 PCM Data Register (AC97_PCDR)
The PCM Data Register is described in Table 758. 

Writing a sample to this register updates the data into the PCM Transmit FIFO. Reading this register 
reads and removes a sample from the PCM Receive FIFO. Sixteen-bit right and left samples are 
read and written at the same time to form 32 bits of data.     

A.30.16 Mic-In Data Register (AC97_MCDR)
The Mic-In Data Register is described in Table 759. 

Reading this register reads and removes a sample from the Mic-In Receive FIFO.                             

Table 757: PCM Center/LFE Data Register (AC97_PCCLDR)  

Bits Name Type Reset Description

31:16 PCLMR R/W 0x0 PCM Center Channel Data:
The center channel PCM data sent to the PCM Center/LFE 
Transmit FIFO or received from the PCM Center/LFE 
Receive FIFO.

15:0 PCLML R/W 0x0 PCM LFE Channel Data:
The LFE channel PCM data sent to the PCM Center/LFE 
Transmit FIFO or received from the PCM Center/LFE 
Receive FIFO.

Instance Name Offset
AC97_PCDR 0x0040

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PCMR PCML

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 758: PCM Data Register (AC97_PCDR)  

Bits Name Type Reset Description

31:16 PCMR R/W 0x0 PCM Right Channel Data:
The right channel PCM data sent to the PCM Transmit 
FIFO or received from the PCM Receive FIFO.

15:0 PCML R/W 0x0 PCM Left Channel Data:
The left channel PCM data sent to the PCM Transmit FIFO 
or received from the PCM Receive FIFO.

Instance Name Offset
AC97_MCDR 0x0060

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved MCDAT

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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A.30.17 MODEM-Out Control Register (AC97_MOCR)

Table 759: Mic-In Data Register (AC97_MCDR)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:0 MCDAT RO 0x0 Mic-In Data:
The microphone data sent received from the Mic-In Receive 
FIFO.

Instance Name Offset

AC97_MOCR 0x0100

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
E

IE
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es

er
ve

d

F
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R
es

er
ve

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? 0 ?

Table 760: MODEM-Out Control Register (AC97_MOCR)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 FEIE R/W 0x0 FIFO Error Interrupt Enable:
Enables generation of the MODEM-Out FIFO error 
interrupt.

Note: MOSR[FIFOE] is always set when a MODEM-Out 
FIFO error occurs.

0x0: A MODEM-Out FIFO error does NOT generate an 
interrupt.

0x1: A MODEM-Out FIFO error generates an interrupt.

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 FSRIE R/W 0x0 FIFO Service Request Interrupt Enable:
Enables generation of the MODEM-Out FIFO service 
request interrupt.

Note: MOSR[FSR] is always set when a MODEM-Out FIFO 
Service Request occurs.

0x0: A MODEM-Out FIFO service request does NOT 
generate an interrupt.

0x1: A MODEM-Out FIFO service request generates an 
interrupt.

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.30.18 MODEM-In Control Register (AC97_MICR)

A.30.19 MODEM-Out Status Register (AC97_MOSR)

Instance Name Offset
AC97_MICR 0x0108

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
E
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es

er
ve

d
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d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? 0 ?

Table 761: MODEM-In Control Register (AC97_MICR)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 FEIE R/W 0x0 FIFO Error Interrupt Enable:
Enables generation of the MODEM-In FIFO error interrupt.

Note: MISR[FIFOE] is always set when a MODEM-In FIFO 
error occurs.

0x0: A MODEM-In FIFO error does NOT generate an 
interrupt.

0x1: A MODEM-In FIFO error generates an interrupt.

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 FSRIE R/W 0x0 FIFO Service Request Interrupt Enable:
Enables generation of the MODEM-In FIFO service request 
interrupt.

Note: MISR[FSR] is always set when a MODEM-In FIFO 
Service Request occurs.

0x0: A MODEM-In FIFO service request does NOT 
generate an interrupt.

0x1: A MODEM-In FIFO service request generates an 
interrupt.

0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
AC97_MOSR 0x0110

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

F
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E
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ve

d
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d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 ? 0 ? ?

Table 762: MODEM-Out Status Register (AC97_MOSR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.30.20 MODEM-In Status Register (AC97_MISR)

4 FIFOE R/W 0x0 FIFO Error:
Indicates whether a MODEM-Out FIFO error occurred.

Note: This bit is updated regardless of the value its interrupt 
enable, MOCR[FSRIE].

0x0: MODEM-Out FIFO error has NOT occurred.

0x1: MODEM-Out FIFO error has occurred.

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 FSR RO 0x0 FIFO Service Request:
Indicates whether the MODEM-Out FIFO needs to be 
serviced.

Note: This bit is updated regardless of the value its interrupt 
enable, MOCR[FSRIE].

0x0: MODEM-Out FIFO does NOT need to be serviced.

0x1: MODEM-Out FIFO needs to be serviced.

1:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset

AC97_MISR 0x0118

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? ?

Table 763: MODEM-In Status Register (AC97_MISR)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 FIFOE R/W 0x0 FIFO Error:
Indicates whether a MODEM-In FIFO error occurred.

Note: This bit is updated regardless of the value its interrupt 
enable, MICR[FSRIE].

0x0: MODEM-In FIFO error has NOT occurred.

0x1: MODEM-In FIFO error has occurred.

Table 762: MODEM-Out Status Register (AC97_MOSR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.30.21 MODEM Data Register (AC97_MODR)
Writing a sample to this register updates the data into the MODEM Transmit FIFO. Reading this 
register reads and removes a sample from the MODEM Receive FIFO.                             

A.30.22 Accessing CODEC Registers 
Each CODEC has as many as sixty-four 16-bit registers that are addressable internal to the CODEC at half-word 
boundaries (16-bit boundaries). Since the ARMADA 16x Applications Processor Family  supports only internal register 
accesses at word boundaries (32-bit boundaries), software must select the correct formula to translate a 7-bit CODEC 
address into a 32-bit ARMADA 16x processor physical address: 

3 EOC R/W 0x0 DMA End Of Chain Interrupt:
Set by ACUNIT hardware when DMA signals an end of 
Descriptor chain (EOC) while reading data from the FIFO. 
DMA channel stops after signalling EOC and can not further 
service the FIFO.
Software must clear this bit (by writing 0b1 to it) only after 
reading out data in the FIFO.

0x0: DMA has not signalled an end of Descriptor chain 
(EOC) while reading data from the FIFO.

0x1: DMA has signalled an end of Descriptor chain (EOC) 
while reading data from the FIFO.

2 FSR RO 0x0 FIFO Service Request:
Indicates whether the MODEM-In FIFO needs to be 
serviced.

Note: This bit is updated regardless of the value its interrupt 
enable, MICR[FSRIE].

0x0: MODEM-In FIFO does NOT need to be serviced.

0x1: MODEM-In FIFO needs to be serviced.

1:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
AC97_MODR 0x0140

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved MODAT

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 764: MODEM Data Register (AC97_MODR)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:0 MODAT R/W 0x0 Modem Data:
The MODEM data sent to the MODEM Transmit FIFO or 
received from the MODEM Receive FIFO.

Table 763: MODEM-In Status Register (AC97_MISR)  (Sheet 2 of 2)

Bits Name Type Reset Description
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• For a primary audio CODEC: 
= 0xD402_B200 + Shift_Left_Once(Internal 7-bit CODEC register address)

• For a secondary audio CODEC: 

= 0xD402_B300 + Shift_Left_Once(Internal 7-bit CODEC register address)

• For a primary modem CODEC register address:
= 0xD402_B400 + Shift_Left_Once(Internal 7-bit CODEC register address)

• For a secondary modem CODEC:
= 0xD402_B500 + Shift_Left_Once(Internal 7-bit CODEC register address)

In the formulas, the function, Shift_Left_Once(), shifts the 7-bit CODEC address left by 1 bit and shifts a 0 to the least 
significant bit.  Table 765 show the various address translations.

Data written to a CODEC register is sampled at the beginning of every frame. If software writes data to the CODEC 
register more than once per frame, the ACUNIT only transmits the last write.
                         

Table 765: Address Mapping for ARMADA 16x Applications Processor Family  Audio and MODEM 
CODEC Registers  

7-bit  CODEC 
Address

Audio MODEM

Physical  
Address for  a 
Pr imary 
Audio CODEC

Physical  
Address for  a 
Secondary 
Audio CODEC 
ID 01

Physical  
Address for  a 
Pr imary 
MODEM 
CODEC

Physical  
Address for  a 
Secondary 
MODEM 
CODEC ID 01

0x00 0xD402_B200 0xD402_B300 0xD402_B400 0xD402_B500

0x02 0xD402_B204 0xD402_B304 0xD402_B404 0xD402_B504

0x04 0xD402_B208 0xD402_B308 0xD402_B408 0xD402_B508

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

0x7A 0xD402_B2F4 0xD402_B3F4 0xD402_B4F4 0xD402_B5F4

0x7C 0xD402_B2F8 0xD402_B3F8 0xD402_B4F8 0xD402_B5F8

0x7E 0xD402_B2FC 0xD402_B3FC 0xD402_B4FC 0xD402_B5FC
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A.31 SD/MMC (SD_MMC)

Note

Note The SD/MMC registers are all 16-bits wide and have 16-bit addresses.

The SD[1:4] Clock/Reset Control Registers (APMU_SD[1:4]_CLK_RES_CTRL) in the Application 
Subsystem Power Management (APMU) Unit must be programmed prior to accessing the SD[1:4] 
registers.

Base Address: SD1: 0xD428_0000

Base Address: SD2: 0xD428_1000

Base Address: SD3: 0xD427_E000

Base Address: SD4: 0xD427_F000

Table 766:  SD/MMC Register Summary (Sheet 1 of 2)

Offset Name Description Details

0x0000 SD_SYS_ADDR_LOW System Address Low Register Page: A-703

0x0002 SD_SYS_ADDR_HIGH System Address High Register Page: A-703

0x0004 SD_BLOCK_SIZE Block Size Register Page: A-704

0x0006 SD_BLOCK_COUNT Block Count Register Page: A-705

0x0008 SD_ARG_LOW Argument Low Register Page: A-705

0x000A SD_ARG_HIGH Argument High Register Page: A-706

0x000C SD_TRANSFER_MODE Transfer Mode Register Page: A-706

0x000E SD_CMD Command Register Page: A-707

0x0010 SD_RESP_0 Response Register 0 Page: A-708

0x0012 SD_RESP_1 Response Register 1 Page: A-709

0x0014 SD_RESP_2 Response Register 2 Page: A-709

0x0016 SD_RESP_3 Response Register 3 Page: A-709

0x0018 SD_RESP_4 Response Register 4 Page: A-710

0x001A SD_RESP_5 Response Register 5 Page: A-710

0x001C SD_RESP_6 Response Register 6 Page: A-711

0x001E SD_RESP_7 Response Register 7 Page: A-710

0x0020 SD_BUFFER_DATA_PORT_0 Buffer Data Port 0 Register Page: A-712

0x0022 SD_BUFFER_DATA_PORT_1 Buffer Data Port 1 Register Page: A-712

0x0024 SD_PRESENT_STATE_1 Present State Register 1 Page: A-713

0x0026 SD_PRESENT_STATE_2 Present State Register 2 Page: A-715

0x0028 SD_HOST_CTRL Host Control Register Page: A-716
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0x002A SD_BLOCK_GAP_CTRL Block Gap Control Register Page: A-717

0x002C SD_CLOCK_CTRL Clock Control Register Page: A-719

0x002E SD_TIMEOUT_CTRL_SW_RESET Timeout Control/Software Reset Register Page: A-720

0x0030 SD_NORMAL_INT_STATUS Normal Interrupt Status Register Page: A-722

0x0032 SD_ERROR_INT_STATUS Error Interrupt Status Register Page: A-723

0x0034 SD_NORMAL_INT_STATUS_EN Normal Interrupt Status Enable Register Page: A-725

0x0036 SD_ERROR_INT_STATUS_EN Error Interrupt Status Enable Register Page: A-726

0x0038 SD_NORMAL_INT_STATUS_INT_EN Normal Interrupt Status Interrupt Enable 
Register

Page: A-728

0x003A SD_ERROR_INT_STATUS_INT_EN Error Interrupt Status Interrupt Enable 
Register

Page: A-729

0x003C SD_AUTO_CMD12_ERROR_STATUS Auto CMD12 Error Status Register Page: A-731

0x0040 SD_CAPABILITIES_1 Capabilities Register 1 Page: A-732

0x0042 SD_CAPABILITIES_2 Capabilities Register 2 Page: A-733

0x0048 SD_MAX_CURRENT_1 Maximum Current Register 1 Page: A-734

0x004A SD_MAX_CURRENT_2 Maximum Current Register 2 Page: A-735

0x0050 SD_FORCE_EVENT_AUTO_CMD12_ERR
OR

Force Event Auto cmd12 Error Register Page: A-736

0x0052 SD_FORCE_EVENT_FOR_ERROR_STAT
US

Force Event for Error Status Register Page: A-737

0x0054 SD_ADMA_ERROR_STATUS ADMA Error Status Register Page: A-739

0x0058 SD_ADMA_SYS_ADDR_1 ADMA System Address Register 1 Page: A-739

0x005A SD_ADMA_SYS_ADDR_2 ADMA System Address Register 2 Page: A-740

0x005C SD_ADMA_SYS_ADDR_3 ADMA System Address Register 3 Page: A-740

0x005E SD_ADMA_SYS_ADDR_4 ADMA System Address Register 4 Page: A-741

0x00E0 SD_FIFO_PARAM FIFO Parameters Register Page: A-741

0x00E4 SD_SPI_MODE SPI Mode Register Page: A-742

0x00E6 SD_CLOCK_AND_BURST_SIZE_SETUP Clock and Burst Size Setup Register Page: A-743

0x00E8 SD_CE_ATA_1 CE-ATA Register 1 Page: A-744

0x00EA SD_CE_ATA_2 CE-ATA Register 2 Page: A-744

0x00EC SD_PAD_IO_SETUP PAD I/O Setup Register Page: A-745

0x00FC SD_SLOT_INT_STATUS Slot Interrupt Status Register Page: A-745

0x00FE SD_HOST_CTRL_VER Host Control Version Register Page: A-746

Table 766:  SD/MMC Register Summary (Sheet 2 of 2)

Offset Name Description Details
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A.31.1 System Address Low Register (SD_SYS_ADDR_LOW)

A.31.2 System Address High Register (SD_SYS_ADDR_HIGH)

Instance Name Offset
SD_SYS_ADDR_LOW 0x0000

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field DMA_ADDR_L

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 767: System Address Low Register (SD_SYS_ADDR_LOW)  

Bits Name Type Reset Description

15:0 DMA_ADDR_L R/W 0x0 DMA Address Low
16 LSB of DMA system buffer starting byte address
The DMA system buffer starting byte address must be word 
(4 byte) aligned.

Instance Name Offset
SD_SYS_ADDR_HIGH 0x0002

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field DMA_ADDR_H

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 768: System Address High Register (SD_SYS_ADDR_HIGH)  

Bits Name Type Reset Description

15:0 DMA_ADDR_H R/W 0x0 DMA Address High
16 MSB of DMA system buffer starting byte address
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A.31.3 Block Size Register (SD_BLOCK_SIZE)

Instance Name Offset
SD_BLOCK_SIZE 0x0004

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

H
O

S
T

_D
M

A
_B

D
R

Y

BLOCK_SIZE

Default ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 769: Block Size Register (SD_BLOCK_SIZE)  

Bits Name Type Reset Description

15 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

14:12 HOST_DMA_BDRY R/W 0x0 Host DMA Buffer Boundary
This field specifies the host memory buffer boundary. If this 
boundary is crossed, an interrupt (dma_int) is generated. 
This interrupt is reflected in <Tx_rdy> field in the Normal 
Interrupt Status Register.

0x0: 4 KB

0x1: 8 KB

0x2: 16 KB

0x3: 32 KB

0x4: 64 KB

0x5: 128 KB

0x6: 256 KB

0x7: 512 KB

11:0 BLOCK_SIZE R/W 0x0 Block Size
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A.31.4 Block Count Register (SD_BLOCK_COUNT)

A.31.5 Argument Low Register (SD_ARG_LOW)

Instance Name Offset
SD_BLOCK_COUNT 0x0006

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field BLOCK_COUNT

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 770: Block Count Register (SD_BLOCK_COUNT)  

Bits Name Type Reset Description

15:0 BLOCK_COUNT R/W 0x0 Block Count
The Host Controller decrements the block count after each 
block transfer.
...
The current value of block count is reflected in the Current 
Block Count Register.

0x1: 1 block

0xFFFF:65535 blocks

Instance Name Offset
SD_ARG_LOW 0x0008

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field ARG_L

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 771: Argument Low Register (SD_ARG_LOW)  

Bits Name Type Reset Description

15:0 ARG_L R/W 0x0 Argument Low
16 LSB of Command Argument
This value is inserted into 48 bits command token bits[23:8].
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A.31.6 Argument High Register (SD_ARG_HIGH)

A.31.7 Transfer Mode Register (SD_TRANSFER_MODE)

Instance Name Offset
SD_ARG_HIGH 0x000A

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field ARG_H

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 772: Argument High Register (SD_ARG_HIGH)  

Bits Name Type Reset Description

15:0 ARG_H R/W 0x0 Argument High
16 MSB of Command Argument
This value is inserted into 48 bits command token 
bits[39:24].

Instance Name Offset
SD_TRANSFER_MODE 0x000C

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
Reserved

M
U

LT
I_

B
LK

_S
E

L

T
O

_H
O

S
T

_D
IR

R
es

er
ve

d

A
U

T
O

_C
M

D
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_E
N

B
LK

_C
N

T
_E

N

D
M

A
_E

N

Default ? ? ? ? ? ? ? ? ? ? 0 0 ? 0 0 0

Table 773: Transfer Mode Register (SD_TRANSFER_MODE)  (Sheet 1 of 2)

Bits Name Type Reset Description

15:6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5 MULTI_BLK_SEL R/W 0x0 Multiple Block Select
This bit should be set to 1 only when multiple blocks are to 
be transferred.

4 TO_HOST_DIR R/W 0x0 Data Transfer Direction Select
This bit defines the direction of the SDDATA[3:0] line data 
transfer. This bit is set to 1 by the Host Driver to transfer 
data from the SD card to the SD Host Controller, and it is 
set to 0 for all other commands.

3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.31.8 Command Register (SD_CMD)

2 AUTO_CMD12_EN R/W 0x0 Auto CMD12 Enable
Multiple block transfers for memory require CMD12 to stop 
the transaction.

0x1: Host controller automatically issues CMD12 when 
the last block transfer is completed

0x0: Software is responsible for issuing cmd12 to stop the 
transfer and soft reset the host controller

1 BLK_CNT_EN R/W 0x0 Block Count Enable
This bit validates the value in the Block Count Register.

0 DMA_EN R/W 0x0 DMA Enable
If PIO mode is required, this bit should be reset to 0.

Instance Name Offset
SD_CMD 0x000E

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CMD_INDEX

C
M

D
_T

Y
P

E

D
A

TA
_P

R
E

S
E

N
T

C
M

D
_I

N
D

E
X

_C
H

K
_E

N

C
M

D
_C

R
C

_C
H

K
_E

N

R
es

er
ve

d

R
E

S
P

_T
Y

P
E

Default ? ? 0 0 0 0 0 0 0 0 0 0 0 ? 0 0

Table 774: Command Register (SD_CMD)  (Sheet 1 of 2)

Bits Name Type Reset Description

15:14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13:8 CMD_INDEX R/W 0x0 Command Index
These bits are inserted into Command token 
bits[45:40].

7:6 CMD_TYPE R/W 0x0 Command Type
0x0: Normal command

0x1: Suspend command

0x2: Resume command

0x3: Abort command

5 DATA_PRESENT R/W 0x0 Data Present
0x1: Indicates that data is present and is transferred 

using the SDDATA[3:0] line.

0x0: commands using only SDCMD lines or 
commands with no data transfer but using busy 
signal on SDDATA[0] line (ex. CMD 38)

Table 773: Transfer Mode Register (SD_TRANSFER_MODE)  (Sheet 2 of 2)

Bits Name Type Reset Description
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-707



ARMADA 16x Applications Processor Family Register Tables
A.31.9 Response Register 0 (SD_RESP_0)

4 CMD_INDEX_CHK_EN R/W 0x0 Command Index Check Enable
0x1: Host controller checks the index field in the 

response to see if it has the same value as the 
command index. If it is not, it is reported as a 
Command Index Error.

3 CMD_CRC_CHK_EN R/W 0x0 Command CRC Check Enable
0x1: Host controller checks the CRC field in the 

response. If an error is detected, it is reported as 
a command CRC error. The number of bits 
checked by the CRC field value changes 
according to the length of response

2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1:0 RESP_TYPE R/W 0x0 Response Type Select for SD Mode
CRC field for R3 and R4 is expected to be all 1 bits. 
CRC check should be disabled for these response 
types.
Response type select for SD in SPI mode.

0x0: No response; SPI mode = Response length is 8 
bits

0x1: Response length is 136 bits; SPI mode = 
Response length is 16 bits

0x2: Response length is 48 bits; SPI mode = 
Response length is 40 bits

0x3: Response length is 48 bits and check busy after 
response; SPI mode = Reserved

Instance Name Offset

SD_RESP_0 0x0010

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field RESP0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 775: Response Register 0 (SD_RESP_0)  

Bits Name Type Reset Description

15:0 RESP0 RO 0x0 Response 0
This register contains bits[23:8] of response token.

Table 774: Command Register (SD_CMD)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.31.10 Response Register 1 (SD_RESP_1)

A.31.11 Response Register 2 (SD_RESP_2)

A.31.12 Response Register 3 (SD_RESP_3)

Instance Name Offset
SD_RESP_1 0x0012

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field RESP1

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 776: Response Register 1 (SD_RESP_1)  

Bits Name Type Reset Description

15:0 RESP1 RO 0x0 Response 1
This register contains bits[39:24] of response token.

Instance Name Offset
SD_RESP_2 0x0014

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field RESP2

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 777: Response Register 2 (SD_RESP_2)  

Bits Name Type Reset Description

15:0 RESP2 RO 0x0 Response 2
For 48 bits response token, "don't care".
For 136 bits response token, this register contains 
bits[55:40] of response token.

Instance Name Offset
SD_RESP_3 0x0016

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field RESP3

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 778: Response Register 3 (SD_RESP_3)  

Bits Name Type Reset Description

15:0 RESP3 RO 0x0 Response 3
For 48 bits response token, "don't care".
For 136 bits response token, this register contains 
bits[71:56] of response token.
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A.31.13 Response Register 4 (SD_RESP_4)

A.31.14 Response Register 5 (SD_RESP_5)

Instance Name Offset
SD_RESP_4 0x0018

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field RESP4

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 779: Response Register 4 (SD_RESP_4)  

Bits Name Type Reset Description

15:0 RESP4 RO 0x0 Response 4
For 48 bits response token, "don't care"
For 136 bits response token, this register contains 
bits[87:72] of response token.

Instance Name Offset
SD_RESP_5 0x001A

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field RESP5

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 780: Response Register 5 (SD_RESP_5)  

Bits Name Type Reset Description

15:0 RESP5 RO 0x0 Response 5
For 48 bits response token, "don't care"
For 136 bits response token, this register contains 
bits[103:88] of response token.
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A.31.15 Response Register 6 (SD_RESP_6)

A.31.16 Response Register 7 (SD_RESP_7)

Instance Name Offset
SD_RESP_6 0x001C

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field RESP6

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 781: Response Register 6 (SD_RESP_6)  

Bits Name Type Reset Description

15:0 RESP6 RO 0x0 Response 6
For 48 bits response token, "don't care".
For 136 bits response token, this register contains 
bits[119:104] of response token.
For Auto CMD12 response, this register contains bits[23:8] 
of response token.

Instance Name Offset
SD_RESP_7 0x001E

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field RESP7

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 782: Response Register 7 (SD_RESP_7)  

Bits Name Type Reset Description

15:0 RESP7 RO 0x0 Response 7
For 48 bits response token, "don't care".
For 136 bits response token, this register contains 
bits[127:120] of response token.
For Auto CMD12 response, this register contains 
bits[39:24] of response token.
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A.31.17 Buffer Data Port 0 Register (SD_BUFFER_DATA_PORT_0)

A.31.18 Buffer Data Port 1 Register (SD_BUFFER_DATA_PORT_1)

Instance Name Offset
SD_BUFFER_DATA_PORT_0 0x0020

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CPU_DATA0

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 783: Buffer Data Port 0 Register (SD_BUFFER_DATA_PORT_0)  

Bits Name Type Reset Description

15:0 CPU_DATA0 R/W -- CPU Data 0
16 LSB of the buffer

Instance Name Offset
SD_BUFFER_DATA_PORT_1 0x0022

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field CPU_DATA1

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 784: Buffer Data Port 1 Register (SD_BUFFER_DATA_PORT_1)  

Bits Name Type Reset Description

15:0 CPU_DATA1 R/W -- CPU Data 1
16 MSB of the buffer
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A.31.19 Present State Register 1 (SD_PRESENT_STATE_1)

Instance Name Offset
SD_PRESENT_STATE_1 0x0024

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
Reserved

B
U

F
F

E
R

_R
D

_E
N

B
U

F
F

E
R

_W
R

_E
N

R
X

_A
C

T
IV

E

T
X

_A
C

T
IV

E

Reserved

D
A

T
_A

C
T

IV
E

C
M

D
_I

N
H

IB
IT

_D
A

T

C
M

D
_I

N
H

IB
IT

_C
M

D

Default ? ? ? ? 0 1 0 0 ? ? ? ? ? 0 0 0

Table 785: Present State Register 1 (SD_PRESENT_STATE_1)  (Sheet 1 of 2)

Bits Name Type Reset Description

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11 BUFFER_RD_EN RO 0x0 Buffer Read Enable
This bit changes from 0x0 to 0x1 when block data is ready 
in the buffer. This bit changes from 0x1 to 0x0 when all the 
block data is read from the buffer.

10 BUFFER_WR_EN RO 0x1 Buffer Write Enable
This bit changes from 0x0 to 0x1 when block data can be 
written to the buffer. So if this bit is set to 0x1, the entire 
block can be written to the buffer.
This bit changes from 0x1 to 0x0 when all the block data is 
written to the buffer.

9 RX_ACTIVE RO 0x0 Rx Active
This bit is set to '1' in either of the following conditions: 
(1) After the end bit of the Read command. 
(2) When writing 1 to <Cont_req> field in the Block Gap
Control Register to restart a read transfer. 

This bit is cleared to '0' when either of the following 
conditions are true: 
(1) When the last data block (as specified by block length)
is transferred to the system. Transfer complete status is
set to 1 if this bit is changed from 1 to 0. 
(2) When all valid data blocks have been transferred to the
system and no current block transfers are being sent as
a result of the <Stop_at_block_gap_req> field in the
Block Gap Control Register being set to 1.
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8 TX_ACTIVE RO 0x0 Tx Active
Indicates Write transfer is active. This bit is set to '1' when 
either of the following is true:

0x0: No valid write data exists in the Host controller

0x1: = Set:

• After the end bit of the Write command
• When writing a 1 to <Cont_req> field in the Block Gap 

Control Register to restart a Write transfer.
This bit is cleared in the following cases:

• After getting the CRC status of the last data block as 
specified by the transfer count (single and multiple)

• After getting the CRC status of any block where data 
transmission is about to be stopped by a 
<Stop_at_block_gap_req> field in the Block Gap 
Control Register.

A transfer complete interrupt is generated when all Write 
data is out. Besides, during a Write transaction, a Block 
Gap Event interrupt is generated when this bit is changed to 
0, as result of the <Stop_at_block_gap_req> being set. This 
status is useful for the Host driver in determining when to 
issue commands during Write Busy.

7:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 DAT_ACTIVE RO 0x0 Data Line Active
This bit provides the status of the data line.

0x0: Data line is free

0x1: Data line is in use

1 CMD_INHIBIT_DAT RO 0x0 Command Inhibit Data
This bit provides the status for the driver whether it can 
issue a data command.

0x0: Data command can be issued

0x1: Data command cannot be issued

0 CMD_INHIBIT_CMD RO 0x0 Command Inhibit Command
If this bit is 0, it indicates the SDCMD line is not in use, and 
the Host controller can issue a command using SDCMD 
line. This bit is set after the Command Register is written. 
This bit is cleared when the command response is received. 
Even if the <cmd_inhibit_dat> is set to 1, commands using 
only the SDCMD line can be issued if this bit is 0. Changing 
from 1 to 0 generates a command complete interrupt in the 
Normal Interrupt Status Register. If the Host Controller 
cannot issue the command because of a command conflict 
error, this bit remains 1, and the command complete is not 
set.
0x1:    Read command is active. 
0x0:    No Read command active.

Table 785: Present State Register 1 (SD_PRESENT_STATE_1)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.31.20 Present State Register 2 (SD_PRESENT_STATE_2)

Instance Name Offset
SD_PRESENT_STATE_2 0x0026

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
Reserved

C
M

D
_L

E
V

E
L

D
A

T
_L

E
V

E
L

W
R

IT
E

_P
R
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T
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A

R
D
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T
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A

R
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D
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N
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E

R
T

E
D

Default ? ? ? ? ? ? ? 1 1 1 1 1 0 0 0 0

Table 786: Present State Register 2 (SD_PRESENT_STATE_2)  

Bits Name Type Reset Description

15:9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

8 CMD_LEVEL RO 0x1 SDCMD Line Signal Level
This status is used to check the SDCMD line level to 
recover from errors and for debugging.

7:4 DAT_LEVEL RO 0xF SDDATA[3:0] Line Signal Level
This status is used to check the SDDATA[3:0] line level to 
recover from errors and for debugging. This is especially 
useful in detecting the busy signal level from SDDATA[0].

3 WRITE_PROT RO 0x0 Write Protect
This bit reflects the position of the write_protect latch on the 
SD card. This bit should be ignored if there is no such 
feature being provided by the card in use.

2 CARD_DET RO 0x0 Card Detect
Reflects the inverse value of Card Detect pin. .

0x0: Card not detected

0x1: Card detected

1 CARD_STABLE RO 0x0 Card Stable
This bit is also used for testing. This bit indicates the 
debounced value of the card present condition.

0x0: Card unstable

0x1: Card stable

0 CARD_INSERTED RO 0x0 Card Inserted
Indicates the presence of a SD card.

0x0: Card not inserted

0x1: Card inserted
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A.31.21 Host Control Register (SD_HOST_CTRL)

Instance Name Offset
SD_HOST_CTRL 0x0028

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

S
D
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U

S
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W

E
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A

R
D
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T
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R
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E
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T
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D
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T

R
L

Default ? ? ? ? 0 0 0 0 0 0 ? 0 0 0 0 0

Table 787: Host Control Register (SD_HOST_CTRL)  (Sheet 1 of 2)

Bits Name Type Reset Description

15:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:9 SD_BUS_VLT R/W 0x0 SD Bus Voltage
These bits reflect the voltage at operating conditions.
0x0 to 0x4 = Reserved

0x7: 3.3V

0x6: 3.0V

0x5: 1.8V

8 SD_BUS_POWER R/W 0x0 SD Bus Power
This bit controls the power going out to the SD card. It is 
cleared if one of the following occurs: the sd_bus_vlt and 
the voltage support in the Capabilities Register 1 do not 
match or if a card removal state was detected.

7 CARD_DET_S R/W 0x0 Card Detect Signal Selection
Selects the source for card detection.
When the source for card detection is switched, the 
interrupt should be disabled during the switching period by 
clearing the Normal Interrupt Status Enable Register to 
mask unexpected interrupts being caused by the glitch.
This signal should be disabled via the Normal Interrupt 
Status Enable Register during debounce period.

0x0: Card detect input pin

0x1: Card detect test level 

6 CARD_DET_L R/W 0x0 Card Detect Test Level
0x1: Card inserted

0x0: No card inserted

5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.31.22 Block Gap Control Register (SD_BLOCK_GAP_CTRL)

4:3 DMA_SEL R/W 0x0 DMA Select
One of supported DMA modes as selected. The host driver 
checks support of DMA modes using the Capabilities 
Register 1. Use of the selected DMA is determined by the 
<dma_en> field in the Transfer Mode Register.

0x0: SDMA

0x1: ADMA 1

0x2: 32-bit address ADMA2

0x3: Reserved

2 HI_SPEED_EN R/W 0x0 Extend Data Output Enable
0x0: Normal

0x1: SDCMD and SDDATA[3:0] are driven from rising 
edge of clock

1 DATA_WIDTH R/W 0x0 Data Width
0x1: 4-bit data mode

0x0: 1-bit data mode, using only SDDATA[0]

Note: Refer to the MMC_WIDTH field in the 
SD_CE_ATA_2 Register for details on 8-bit mode 
support

0 LED_CTRL R/W 0x0 LED Control
0x1: LED on

0x0: LED off

Instance Name Offset
SD_BLOCK_GAP_CTRL 0x002A

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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R
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P

R
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Default ? ? ? ? ? 0 0 0 ? ? ? ? 0 0 0 0

Table 788: Block Gap Control Register (SD_BLOCK_GAP_CTRL)  (Sheet 1 of 3)

Bits Name Type Reset Description

15:11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 787: Host Control Register (SD_HOST_CTRL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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10 W_REMOVAL R/W 0x0 Wakeup on Card Removal
0x1: Enable wakeup event on card removal detection

0x0: No wakeup event

NOTE: Must use this wakeup bit instead of normal SD 
interrupt in the AXI Off Idle mode (such as 
Application Subsystem Sleep)

9 W_INSERTION R/W 0x0 Wakeup on Card Insertion
0x1: Enable wakeup event on card insertion detection

0x0: No wakeup event

NOTE: Must use this wakeup bit instead of normal SD 
interrupt in the AXI Off Idle mode (such as 
Application Subsystem Sleep)

8 W_CARD_INT R/W 0x0 Wakeup on Card Interrupt

0x1: Enable wakeup event on card interrupt detection

0x0: No wakeup event

NOTE: Must use this wakeup bit instead of normal SD 
interrupt in the AXI Off Idle modes (such as 
Application Subsystem Sleep)

7:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 INT_BLK_GAP R/W 0x0 Block Gap Interrupt
This bit is valid only for the 4-bit mode.

0x1: Enables interrupt detection at block gap for multiple 
block transfers

2 RD_WAIT_CTL R/W 0x0 Read Wait Control
If the card supports Read wait, set this bit to enable use of 
the Read wait protocol to stop Read data using the 
SDDATA[2] line by host hardware. Otherwise, the Host 
Controller has to stop SD clock to hold Read data. When 
the host driver detects a card insertion, it sets this bit 
according to the CCCR of the SDIO card.

Note: This bit is looked at only at block gap. Within a block, 
hardware stalls the clock top stop Read data if the 
host cannot accept any more data because of FIFO 
full, etc. When this bit is cleared by software, 
operation continues. During Read wait, software can 
issue a different cmd for different operation as long 
as it does not require SDDATA[3:0] lines. To 
continue the waiting operation, software writes 0 to 
this register.

Table 788: Block Gap Control Register (SD_BLOCK_GAP_CTRL)  (Sheet 2 of 3)

Bits Name Type Reset Description
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A.31.23 Clock Control Register (SD_CLOCK_CTRL)

1 CONT_REQ R/W 0x0 Continue Request
This bit is used to restart a transaction which was stopped 
using the <Stop_at_block_gap_req>. To cancel stop at the 
block gap, set <Stop_at_block_gap_req> to 0 and set this 
bit to 1 to restart the transfer. Host Controller clears this bit 
automatically in either of the following cases:

• For a Read transaction, the SDDATA[3:0] Line Active 
changes from 0 to 1 as a Read transaction restarts.

• For a Write transaction, the Write Transfer Active 
changes from 0 to 1 as the Write transaction restarts.

Therefore, it is not necessary for the host driver to set this 
bit to 0. If <Stop_at_block_gap_req> is set to 1, any Write to 
this bit is ignored.

0 STOP_AT_BLOCK_
GAP_REQ

R/W 0x0 Stop At Block Gap Request
Stop at Block Gap Request
This is used to stop executing a transaction at the next 
block gap for both DMA and non-DMA transfers. Until the 
transfer complete is set to 1, indicating a transfer 
completion, the host driver leaves this bit set to 1. Clearing 
both the this bit and <Cont_req> does not cause the 
transaction to restart. Read Wait is used to stop the Read 
transaction at the block gap. The Host Controller stops the 
clock at Block Gap Request for Write Transfer, but for Read 
transfer, it stops the clock if <Rd_wait_ctl> is 0. Otherwise, 
the Host Controller issues a Read Wait command to stop 
Read data.

Instance Name Offset
SD_CLOCK_CTRL 0x002C

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SD_FREQ_SEL Reserved
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Default 0 0 0 0 0 0 0 0 ? ? ? ? ? 0 0 0

Table 788: Block Gap Control Register (SD_BLOCK_GAP_CTRL)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.31.24 Timeout Control/Software Reset Register 
(SD_TIMEOUT_CTRL_SW_RESET)

Table 789: Clock Control Register (SD_CLOCK_CTRL)  

Bits Name Type Reset Description

15:8 SD_FREQ_SEL R/W 0x0 SDCLK Frequency Select
...

0x0: Use base clock frequency.

0x1: Divide by 2

0x2: Divide by 4

0x80: Divide by 256

7:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 SD_CLK_EN R/W 0x0 SDCLK Clock Enable
This bit controls the SDCLK to the card. Before using the 
card, this bit should be set during the initialization phase.

1 INT_CLK_STABLE RO 0x0 Internal Clock Stable
This bit is set to 1 once the controller detects that the 
internal clock is stable after setting of <int_clk_en>.

0 INT_CLK_EN R/W 0x0 Internal Clock Enable
This bit controls the SDCLK of which the internal logic 
works on.

0x1: Enable clock

0x0: Disable

Instance Name Offset
SD_TIMEOUT_CTRL_SW_RESET 0x002E

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? 0 0 0 ? ? ? ? 0 0 0 0

Table 790: Timeout Control/Software Reset Register (SD_TIMEOUT_CTRL_SW_RESET)  (Sheet 1 of 
2)

Bits Name Type Reset Description

15:11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

10 SW_RST_DAT R/W 0x0 Soft Reset for Data Port of Logic

9 SW_RST_CMD R/W 0x0 Soft Reset for Command Part of Logic

8 SW_RST_ALL R/W 0x0 Software Reset for All
Resets the SD_FIFO_PARAM, SD_SPI_MODE, 
SD_CE_ATA_1 and SD_PAD_IO_SETUP registers
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7:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 TIMEOUT_VALUE R/W 0x0 Timeout Value
Determines the interval by which SDDATA[3:0] line 
timeouts are detected. This timeout is initiated in the 
following cases: For Read transaction, waiting for data from 
cards. This is referred to as N AC timing value in the SD 
specification, which specifies the maximum timing from 
Read command to Read data (card data access time). For 
Write transaction, waiting for data from IMB slave, IMB 
Master, or CPU.
...
For other transactions, there are fixed timeouts defined as 
follows (unit in SDCLK cycles)
On the card:
N CR = 64, maximum timing value from command to 
response.
N ID = 64 (5 in specification), maximum timing value from 
command to OCR response.
On the Host:
N RC = 8, minimum timing value from response to next 
command.
N CC = 8, minimum timing value from command to next 
command.
N WR = 2, minimum timing value from data CRC status 
(from card in write transaction) to next Write data in multiple 
Write blocks.
N ST = 2, minimum timing from STOP command to end of 
Write data.
Refer to the SD specification for more information on these 
fixed values.

0x0: SDCLK x 2^13

0x1: SDCLK x 2^14

0xE: SDCLK x 2^27

0xF: Reserved

Table 790: Timeout Control/Software Reset Register (SD_TIMEOUT_CTRL_SW_RESET)  (Sheet 2 of 
2)

Bits Name Type Reset Description
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A.31.25 Normal Interrupt Status Register 
(SD_NORMAL_INT_STATUS)

Instance Name Offset
SD_NORMAL_INT_STATUS 0x0030

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
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Default 0 ? ? ? ? ? ? 0 0 0 0 1 0 0 0 0

Table 791: Normal Interrupt Status Register (SD_NORMAL_INT_STATUS)  (Sheet 1 of 2)

Bits Name Type Reset Description

15 ERR_INT RO 0x0 Error Interrupt
If any of bits in the Error Interrupt Status Register are set, 
then this bit is set.

14:9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

8 CARD_INT RO 0x0 Card Interrupt
0x1: Host controller detects an interrupt from the card

7 CARD_REM_INT R/W 0x0 Card Removal Interrupt
This bit is set when a card removal event is detected.

6 CARD_INS_INT R/W 0x0 Card Insertion Interrupt
This bit is set when a card insertion event is detected.

5 RX_RDY R/W 0x0 Rx Ready
This status is set if the <buffer_rd_en> field in the Present 
State Register 1 changes from 0x0 to 0x1.

4 TX_RDY R/W 0x1 Tx Ready
This status is set if the <buffer_wr_en> field in the Present 
State Register 1 changes from 0x0 to 0x1.

3 DMA_INT R/W 0x0 DMA Interrupt
This status is set if the Host Controller detects DMA 
crossing over the <host_dma_bdry> field in the Block Size 
Register.

2 BLOCK_GAP_EVT R/W 0x0 Block Gap Event
If the <Stop_at_block_gap_req> field in the Block Gap 
Control Register is set, this bit is set when both a Read/
Write transaction is stopped at a block gap. If the 
<Stop_at_block_gap_req> field is not set to 1, this bit is not 
set to 1.
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A.31.26 Error Interrupt Status Register (SD_ERROR_INT_STATUS)

1 XFER_COMPLETE R/W 0x0 Transfer Complete
This bit is set when a Read/Write transaction is completed
For Read transaction, this bit is set at the falling edge of 
Read Transfer Active Status. There are two cases in which 
this occurs:

• Data transfer is completed as specified by data length
• Data stopped at the block gap and completed data 

transfer by setting the <Stop_at_block_gap_req> field 
in the Block Gap Control Register field

For Write transaction, this bit is set at the falling edge of the 
SDDATA[3:0] Line Active status. There are two instances in 
which this occurs:

• Data transfer is completed as specified by data length 
and the busy signal released

• Data stopped at the block gap and completed data 
transfer by setting the <Stop_at_block_gap_req> field

0 CMD_COMPLETE R/W 0x0 Command Complete
This bit is set when the end bit of the command response 
(Except Auto CMD12) is received. Command Timeout Error 
has higher priority than Command Complete.

Instance Name Offset
SD_ERROR_INT_STATUS 0x0032

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Default 0 0 0 0 ? ? 0 0 0 0 0 0 0 0 0 0

Table 792: Error Interrupt Status Register (SD_ERROR_INT_STATUS)  (Sheet 1 of 3)

Bits Name Type Reset Description

15 CRC_STATUS_ERR R/W 0x0 CRC Status Error
0x1: CRC status or CRC status start bit or CRC status 

end bit, returned from the card in write transaction 
has errors.

14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13 AXI_RESP_ERR R/W 0x0 AXI Bus Response Error
0x1: A response other than OKAY was received on the 

AXI bus.

Table 791: Normal Interrupt Status Register (SD_NORMAL_INT_STATUS)  (Sheet 2 of 2)

Bits Name Type Reset Description
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12 SPI_ERR R/W 0x0 SPI Mode Error
0x1: Error occurred in SPI mode for which cause can 

be determined by reading the <spi_err_token> 
field in the SPI Mode Register

0x0: No error has occurred

11:10 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

9 ADMA_ERR R/W 0x0 ADMA Error
ADMA (Advanced Direct Memory Access) Error
This bit is set when the Host Controller detects any 
errors during an ADMA-based data transfer. The ADMA 
state at the time an error occurs is saved in the ADMA 
Error Status Register.
The Host Controller also generates this interrupt when it 
detects any non-valid Descriptor data. The 
<adma_state> field in the ADMA Error Status Register 
indicates the state in which an error occurred. The host 
driver may find that a Valid bit is not set at the error 
Descriptor.

0x1: Error

0x0: No error

8 AUTO_CMD12_ERR R/W 0x0 Auto CMD12 Error
Occurs when detecting that one of the bits in Auto 
CMD12 Error Status Register has changed from 0 to 1.

7 CUR_LIMIT_ERR R/W 0x0 Current Limit Error
This feature is not supported and this bit is always read 
as 0.

6 RD_DATA_END_BIT_ERR R/W 0x0 ReadDataEnd Bit Error
ReadData End Bit Error

0x1: 0 detected at the end bit position of read data 
which uses the SDDATA[3:0] line or at the end bit 
position of the CRC status

5 RD_DATA_CRC_ERR R/W 0x0 Read Data CRC Error
0x1: read data which uses the SDDATA[3:0] line 

transferred or Write CRC status having a value 
other than 010 detected

4 DATA_TIMEOUT_ERR R/W 0x0 Data Timeout Error

0x1: Set when one of the following is detected:

• Busy timeout after write CRC status
• Write CRC status timeout
• Read data timeout

3 CMD_INDEX_ERR R/W 0x0 Command Index Error
0x0: No command index error has occurred in the 

command response

0x1: Command index error has occurred in the 
command response

Table 792: Error Interrupt Status Register (SD_ERROR_INT_STATUS)  (Sheet 2 of 3)

Bits Name Type Reset Description
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A.31.27 Normal Interrupt Status Enable Register 
(SD_NORMAL_INT_STATUS_EN)

2 CMD_END_BIT_ERR R/W 0x0 Command End Bit Error
0x0: Detection of end bit of a command response in 1

0x1: Detection of end bit of a command response is 0

1 CMD_CRC_ERR R/W 0x0 Command CRC Error
0x1: Set in two cases:

• A CRC error is detected in the command response
• The Host Controller detects a SDCMD line conflict 

by monitoring the SDCMD line when a command is 
issued. The Host Controller aborts the command 
(stops driving SDCMD line). The 
<Cmd_timeout_err> also is set to 1 to distinguish 
SDCMD line conflict.

0 CMD_TIMEOUT_ERR R/W 0x0 Command Timeout Error
0x1: No response is returned within 64 SDCLK cycles 

from the end bit of the command

Instance Name Offset
SD_NORMAL_INT_STATUS_EN 0x0034

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0

Table 793: Normal Interrupt Status Enable Register (SD_NORMAL_INT_STATUS_EN)  (Sheet 1 of 2)

Bits Name Type Reset Description

15:9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

8 CARD_INT_EN R/W 0x0 Card Interrupt Enable

0x0: Disabled

0x1: Enabled

7 CARD_REM_EN R/W 0x0 Card Removal Status Enable
0x0: Disabled

0x1: Enabled

6 CARD_INS_EN R/W 0x0 Card Insertion Status Enable

0x0: Disabled

0x1: Enabled

Table 792: Error Interrupt Status Register (SD_ERROR_INT_STATUS)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.31.28 Error Interrupt Status Enable Register 
(SD_ERROR_INT_STATUS_EN)

5 RD_RDY_EN R/W 0x0 Buffer Read Ready Enable
0x0: Disabled

0x1: Enabled

4 TX_RDY_EN R/W 0x0 Buffer Write Ready Enable
0x0: Disabled

0x1: Enabled

3 DMA_INT_EN R/W 0x0 DMA Interrupt Enable
0x0: Disabled

0x1: Enabled

2 BLOCK_GAP_EVT_EN R/W 0x0 Block Gap Event Enable
0x0: Disabled

0x1: Enabled

1 XFER_COMPLETE_EN R/W 0x0 Transfer Complete Enable
0x0: Disabled

0x1: Enabled

0 CMD_COMPLETE_EN R/W 0x0 Command Complete Enable
0x0: Disabled

0x1: Enabled

Instance Name Offset
SD_ERROR_INT_STATUS_EN 0x0036

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Default 0 0 0 0 ? ? 0 0 0 0 0 0 0 0 0 0

Table 794: Error Interrupt Status Enable Register (SD_ERROR_INT_STATUS_EN)  (Sheet 1 of 2)

Bits Name Type Reset Description

15 CRC_STATUS_ERR_EN R/W 0x0 CRC Status Error Enable

0x0: Disabled

0x1: Enabled

Table 793: Normal Interrupt Status Enable Register (SD_NORMAL_INT_STATUS_EN)  (Sheet 2 of 2)

Bits Name Type Reset Description
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14 CPL_TIMEOUT_ERR_EN R/W 0x0 CPL Timeout Error Enable
0x0: Disabled

0x1: Enabled

13 AXI_RESP_ERR_EN R/W 0x0 AXI Response Error Enable
0x0: Disabled

0x1: Enabled

12 SPI_ERR_EN R/W 0x0 SPI Error Enable
0x0: Disabled

0x1: Enabled

11:10 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

9 ADMA_ERR_EN R/W 0x0 ADMA Error Enable
0x0: Disabled

0x1: Enabled

8 AUTO_CMD12_ERR_EN R/W 0x0 Auto CMD12 Error Enable

0x0: Disabled

0x1: Enabled

7 CUR_LIM_ERR_EN R/W 0x0 Current Limit Error Enable
0x0: Disabled

0x1: Enabled

6 RD_DATA_END_BIT_ERR_EN R/W 0x0 Data End Bit Error Enable

0x0: Disabled

0x1: Enabled

5 RD_DATA_CRC_ERR_EN R/W 0x0 Data CRC Error Enable
0x0: Disabled

0x1: Enabled

4 DATA_TIMEOUT_ERR_EN R/W 0x0 Data Timeout Error Enable

0x0: Disabled

0x1: Enabled

3 CMD_INDEX_ERR_EN R/W 0x0 Command Index Error Enable
0x0: Disabled

0x1: Enabled

2 CMD_END_BIT_ERR_EN R/W 0x0 Command End Bit Error Enable

0x0: Disabled

0x1: Enabled

1 CMD_CRC_ERR_EN R/W 0x0 Command CRC Error Enable
0x0: Disabled

0x1: Enabled

0 CMD_TIMEOUT_ERR_EN R/W 0x0 Command Timeout Error Enable

0x0: Disabled

0x1: Enabled

Table 794: Error Interrupt Status Enable Register (SD_ERROR_INT_STATUS_EN)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.31.29 Normal Interrupt Status Interrupt Enable Register 
(SD_NORMAL_INT_STATUS_INT_EN)

Instance Name Offset
SD_NORMAL_INT_STATUS_INT_EN 0x0038

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0

Table 795: Normal Interrupt Status Interrupt Enable Register (SD_NORMAL_INT_STATUS_INT_EN)  
(Sheet 1 of 2)

Bits Name Type Reset Description

15:9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

8 CARD_INT_INT_EN R/W 0x0 Card Interrupt Interrupt Enable

0x0: Disabled

0x1: Enabled

7 CARD_REM_INT_EN R/W 0x0 Card Removal Interrupt Enable
0x0: Disabled

0x1: Enabled

6 CARD_INS_INT_EN R/W 0x0 Card Insertion Interrupt Enable

0x0: Disabled

0x1: Enabled

5 RX_RDY_INT_EN R/W 0x0 Buffer Read Ready Interrupt Enable
0x0: Disabled

0x1: Enabled

4 TX_RDY_INT_EN R/W 0x0 Buffer Write Ready Interrupt Enable

0x0: Disabled

0x1: Enabled

3 DMA_INT_INT_EN R/W 0x0 DMA Interrupt Interrupt Enable
0x0: Disabled

0x1: Enabled

2 BLOCK_GAP_EVT_INT_EN R/W 0x0 Block Gap Event Interrupt Enable

0x0: Disabled

0x1: Enabled

1 XFER_COMPLETE_INT_EN R/W 0x0 Transfer Complete Interrupt Enable
0x0: Disabled

0x1: Enabled
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A.31.30 Error Interrupt Status Interrupt Enable Register 
(SD_ERROR_INT_STATUS_INT_EN)

0 CMD_COMPLETE_INT_EN R/W 0x0 Command Complete Interrupt Enable
0x0: Disabled

0x1: Enabled

Instance Name Offset
SD_ERROR_INT_STATUS_INT_EN 0x003A

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Default 0 0 0 0 ? ? 0 0 0 0 0 0 0 0 0 0

Table 796: Error Interrupt Status Interrupt Enable Register (SD_ERROR_INT_STATUS_INT_EN)  
(Sheet 1 of 2)

Bits Name Type Reset Description

15 CRC_STATUS_ERR_INT_EN R/W 0x0 CRC Status Error Interrupt Enable
0x0: Disabled

0x1: Enabled

14 CPL_TIMEOUT_ERR_INT_EN R/W 0x0 CPL Timeout Error Interrupt Enable

0x0: Disabled

0x1: Enabled

13 AXI_RESP_ERR_INT_EN R/W 0x0 AXI Response Error Interrupt Enable
0x0: Disabled

0x1: Enabled

12 SPI_ERR_INT_EN R/W 0x0 SPI Error Interrupt Enable

0x0: Disabled

0x1: Enabled

11:10 Reserved RSVD -- Reserved. Always write 0. Ignore read 
value.

Table 795: Normal Interrupt Status Interrupt Enable Register (SD_NORMAL_INT_STATUS_INT_EN)  
(Sheet 2 of 2)

Bits Name Type Reset Description
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9 ADMA_ERR_INT_EN R/W 0x0 ADMA Error Interrupt Enable
0x0: Disabled

0x1: Enabled

8 AUTO_CMD12_ERR_INT_EN R/W 0x0 Auto CMD12 Error Interrupt Enable
0x0: Disabled

0x1: Enabled

7 CUR_LIM_ERR_INT_EN R/W 0x0 Current Limit Error Interrupt Enable
0x0: Disabled

0x1: Enabled

6 RD_DATA_END_BIT_ERR_INT_EN R/W 0x0 Data End Bit Error Interrupt Enable
0x0: Disabled

0x1: Enabled

5 RD_DATA_CRC_ERR_INT_EN R/W 0x0 Data CRC Error Interrupt Enable
0x0: Disabled

0x1: Enabled

4 DATA_TIMEOUT_ERR_INT_EN R/W 0x0 Data Timeout Error Interrupt Enable
0x0: Disabled

0x1: Enabled

3 CMD_INDEX_ERR_INT_EN R/W 0x0 Command Index Error Interrupt Enable
0x0: Disabled

0x1: Enabled

2 CMD_END_BIT_ERR_INT_EN R/W 0x0 Command End Bit Interrupt Error Enable
0x0: Disabled

0x1: Enabled

1 CMD_CRC_ERR_INT_EN R/W 0x0 Command CRC Error Interrupt Enable
0x0: Disabled

0x1: Enabled

0 CMD_TIMEOUT_ERR_INT_EN R/W 0x0 Command Timeout Error Interrupt 
Enable
0x0: Disabled

0x1: Enabled

Table 796: Error Interrupt Status Interrupt Enable Register (SD_ERROR_INT_STATUS_INT_EN)  
(Sheet 2 of 2)

Bits Name Type Reset Description
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A.31.31 Auto CMD12 Error Status Register 
(SD_AUTO_CMD12_ERROR_STATUS)

Instance Name Offset
SD_AUTO_CMD12_ERROR_STATUS 0x003C

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? 0 ? ? 0 0 0 0 0

Table 797: Auto CMD12 Error Status Register (SD_AUTO_CMD12_ERROR_STATUS)  

Bits Name Type Reset Description

15:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 CMD_NOT_ISSUED R/W 0x0 Command Not Issued Due to auto_cmd12 Error

6:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 AUTO_CMD12_INDEX_ERR R/W 0x0 This error occurs if the command index error 
occurs in response to a command.

0x0: Disabled

0x1: Enabled

3 AUTO_CMD12_END_BIT_ERR R/W 0x0 This error occurs when detecting that the end bit 
of command response is 0.

0x0: Disabled

0x1: Enabled

2 AUTO_CMD12_CRC_ERR R/W 0x0 This error occurs when detecting CRC error in 
the command response.

0x0: Disabled

0x1: Enabled

1 AUTO_CMD12_TIMEOUT_ERR R/W 0x0 This error occurs if no response is returned 
within 64 SDCLK cycles from the end bit of 
command.

0x0: Disabled

0x1: Enabled

0 AUTO_CMD12_NOT_EXE R/W 0x0 This error occurs when Host Controller cannot 
issue auto cmd12 to stop multiple block data 
transfers due to some errors.

0x0: Disabled

0x1: Enabled
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A.31.32 Capabilities Register 1 (SD_CAPABILITIES_1)

Instance Name Offset
SD_CAPABILITIES_1 0x0040

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved BASE_FREQ
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Default ? ? 1 1 0 0 1 0 1 ? 1 1 0 0 1 0

Table 798: Capabilities Register 1 (SD_CAPABILITIES_1)  

Bits Name Type Reset Description

15:14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13:8 BASE_FREQ RO 0x32 Base Frequency
The base clock frequency for SDCLK.

0x32: 50 MHz

7 TIMEOUT_UNIT RO 0x1 Timeout Unit
The unit of base clock used to detect timeouts.

0x1: MHz

0x0: kHz

6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5:0 TIMEOUT_FREQ RO 0x32 Timeout Frequency
This value indicates the base clock frequency used to 
detect timeouts.

0x32: 50 MHz
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A.31.33 Capabilities Register 2 (SD_CAPABILITIES_2)

Instance Name Offset
SD_CAPABILITIES_2 0x0042

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default 0 1 0 1 1 1 1 1 1 0 0

Table 799: Capabilities Register 2 (SD_CAPABILITIES_2)  

Bits Name Type Reset Description

15:13 Reserved RSVD — Reserved. Always write 0. Ignore read value.

12 SYS_BUS_64_SUPP
ORT

RO 0x0 64-bit System Bus Support
This bit indicates whether the host controller is capable of 
64-bit system bus. 
0x1: 64-bit system bus supported
0x0: 64-bit system bus not supported

11 Reserved RSVD — Reserved. Always write 0. Ignore read value.

10 VLG_18_SUPPORT RO 0x1 Voltage Support 1.8V
This bit indicates whether the host controller is capable of 
1.8V. 
0x1: 1.8V supported
0x0: 1.8V not supported

9 VLG_30_SUPPORT RO 0x0 Voltage Support 3.0V
This bit indicates whether the host controller is capable of 
3.0V. 
0x1: 3.0V supported
0x0: 3.0V not supported

8 VLG_33_SUPPORT RO 0x1 Voltage Support 3.3V
This bit indicates whether the host controller is capable of 
3.3V. 
0x1: 3.3V supported
0x0: 3.3V not supported

7 SUS_RES_SUPPOR
T

RO 0x1 Suspend Resume Support
This bit indicates whether the host controller is capable of 
suspend resume commands. 
0x1: Suspend/Resume supported
0x0: Suspend/Resume not supported

6 SDMA_SUPPORT RO 0x1 SDMA Support
This bit indicates whether the host controller is capable of 
SDMA. 
0x1: SDMA supported
0x0: SDMA not supported
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A.31.34 Maximum Current Register 1 (SD_MAX_CURRENT_1)

5 HI_SPEED_SUPPO
RT

RO 0x1 High Speed Support
This bit indicates whether the host controller is capable of 
high speed mode (25 - 50 MHz).
0x1: High speed mode supported
0x0: High speed mode not supported

4 ADMA1_SUPPORT RO 0x1 ADMA1 Support
This bit indicates whether the host controller is capable of 
ADMA1. 
0x1: ADMA1 supported
0x0: ADMA1 not supported

3 ADMA2_SUPPORT RO 0x1 ADMA2 Support
This bit indicates whether the host controller is capable of 
ADMA2. 
0x1: ADMA2 supported
0x0: ADMA2 not supported

2 Reserved RSVD — Reserved. Always write 0. Ignore read value.

1:0 MAX_BLK_LEN RO 0x0 Maximum Block length
The maximum block length in bytes. 
0x0: 512 Bytes

Instance Name Offset
SD_MAX_CURRENT_1 0x0048

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field MAX_CUR_30 MAX_CUR_33

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 800: Maximum Current Register 1 (SD_MAX_CURRENT_1)  

Bits Name Type Reset Description

15:8 MAX_CUR_30 RO 0x0 Maximum Current for 3.0V
0x0: Get information via another method

0x1: 4 ma

0x2: 8 ma

0xF: 1020 ma

7:0 MAX_CUR_33 RO 0x0 Maximum Current for 3.3V

0x0: Get information via another method

0x1: 4 ma

0x2: 8 ma

0xF: 1020 ma

Table 799: Capabilities Register 2 (SD_CAPABILITIES_2)  (Continued)

Bits Name Type Reset Description
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A.31.35 Maximum Current Register 2 (SD_MAX_CURRENT_2)

Instance Name Offset
SD_MAX_CURRENT_2 0x004A

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved MAX_CUR_18

Default ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 801: Maximum Current Register 2 (SD_MAX_CURRENT_2)  

Bits Name Type Reset Description

15:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 MAX_CUR_18 RO 0x0 Maximum Current for 1.8V
0x0: Get information via another method

0x1: 4 ma

0x2: 8 ma

0xFF: 1020 ma
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A.31.36 Force Event Auto cmd12 Error Register 
(SD_FORCE_EVENT_AUTO_CMD12_ERROR)

Instance Name Offset
SD_FORCE_EVENT_AUTO_CMD12_ERRO
R

0x0050

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? 0 ? ? 0 0 0 0 0

Table 802: Force Event Auto cmd12 Error Register (SD_FORCE_EVENT_AUTO_CMD12_ERROR)  

Bits Name Type Reset Description

15:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 F_ACMD12_ISSUE_ERR WO 0x0 Force Event for Command not Issued by 
Auto Cmd12 Error
When 1 is written at this location, it sets the 
<cmd_not_issued> field in the Auto CMD12 
Error Status Register.

6:5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 F_ACMD12_INDEX_ERR WO 0x0 Force Event for Auto Cmd12 Index Error
When 1 is written at this location, it sets the 
<Auto_cmd12_index_err> field in the Auto 
CMD12 Error Status Register.

3 F_ACMD12_EBIT_ERR WO 0x0 Force Event for Auto Cmd12 End Bit Error
When 1 is written at this location, it sets the 
<Auto_cmd12_end_bit_err> field in the Auto 
CMD12 Error Status Register.

2 F_ACMD12_CRC_ERR WO 0x0 Force Event for Auto Cmd12 CRC Error
When 1 is written at this location, it sets the 
<Auto_cmd12_crc_err> field in the Auto 
CMD12 Error Status Register.

1 F_ACMD12_TO_ERR WO 0x0 Force Event for Auto Cmd12 Timeout Error
When 1 is written at this location, it sets the 
<Auto_cmd12_timeout_err> field in the Auto 
CMD12 Error Status Register.

0 F_ACMD12_NEXE_ERR WO 0x0 Force Event for Auto Cmd12 Not Executed 
Error
When 1 is written at this location, it sets the 
<Auto_cmd12_not_exe> field in the Auto 
CMD12 Error Status Register.
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A.31.37 Force Event for Error Status Register 
(SD_FORCE_EVENT_FOR_ERROR_STATUS)

Instance Name Offset
SD_FORCE_EVENT_FOR_ERROR_STATU
S
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Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Default 0 0 0 0 ? ? 0 0 0 0 0 0 0 0 0 0

Table 803: Force Event for Error Status Register (SD_FORCE_EVENT_FOR_ERROR_STATUS)  
(Sheet 1 of 2)

Bits Name Type Reset Description

15 F_CRC_STATUS_ERR WO 0x0 Force Event for CRC Status Error
When 1 is written at this location, it sets the <CRC 
status err> field in the Error Interrupt Status 
Register.

14 F_CPL_TIMEOUT_ERR WO 0x0 Force Event for CPL Timeout Error
When 1 is written at this location, it sets the 
<cpl_timeout_err> field in the Error Interrupt Status 
Register.

13 F_AXI_RESP_ERR WO 0x0 Force Event for AXI Response Bit Error
When 1 is written at this location, it sets the 
<axi_resp_err> field in the Error Interrupt Status 
Register.

12 F_SPI_ERR WO 0x0 Force Event for SPI Error
When 1 is written at this location, it sets the 
<spi_err> field in the Error Interrupt Status Register.

11:10 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

9 F_ADMA_ERR WO 0x0 Force Event for ADMA Error
When 1 is written at this location, it sets the 
<ADMA_err> field in the Error Interrupt Status 
Register.

8 F_ACMD12_ERR WO 0x0 Force Event for Auto Cmd12 Error
When 1 is written at this location, it sets the 
<Auto_cmd12_err> field in the Error Interrupt Status 
Register.

7 F_CURRENT_ERR WO 0x0 Force Event for Current Limit Error
When 1 is written at this location, it sets the 
<cur_limit_err> field in the Error Interrupt Status 
Register.
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6 F_DAT_END_BIT_ERR WO 0x0 Force Event for Data End Bit Error
When 1 is written at this location, it sets the 
<Rd_Data_end_bit_err> field in the Error Interrupt 
Status Register.

5 F_DAT_CRC_ERR WO 0x0 Force Event for Data CRC Error
When 1 is written at this location, it sets the 
<Rd_Data_crc_err> field in the Error Interrupt 
Status Register.

4 F_DAT_TO_ERR WO 0x0 Force Event for Data Timeout Error
When 1 is written at this location, it sets the 
<Rd_Data_crc_err> field in the Error Interrupt 
Status Register.

3 F_CMD_INDEX_ERR WO 0x0 Force Event for Command Index Error
When 1 is written at this location, it sets the 
<Data_timeout_err> field in the Error Interrupt 
Status Register.

2 F_CMD_END_BIT_ERR WO 0x0 Force Event for Command End Bit Error
When 1 is written at this location, it sets the 
<Cmd_index_err> field in the Error Interrupt Status 
Register.

1 F_CMD_CRC_ERR WO 0x0 Force Event for Command CRC Error
When 1 is written at this location, it sets the 
<Cmd_crc_err> field in the Error Interrupt Status 
Register.

0 F_CMD_TO_ERR WO 0x0 Force Event for Command Timeout Error
When 1 is written at this location, it sets the 
<Cmd_timeout_err> field in the Error Interrupt 
Status Register.

Table 803: Force Event for Error Status Register (SD_FORCE_EVENT_FOR_ERROR_STATUS)  
(Sheet 2 of 2)

Bits Name Type Reset Description
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A.31.38 ADMA Error Status Register (SD_ADMA_ERROR_STATUS)

A.31.39 ADMA System Address Register 1 
(SD_ADMA_SYS_ADDR_1)

Instance Name Offset
SD_ADMA_ERROR_STATUS 0x0054

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

A
D

M
A

_L
E

N
_E

R
R

A
D

M
A

_S
TA

T
E

Default ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0

Table 804: ADMA Error Status Register (SD_ADMA_ERROR_STATUS)  

Bits Name Type Reset Description

15:3 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

2 ADMA_LEN_ERR R/W 0x0 This error occurs in the following two cases:

• While Block Count Enable being set, the total data 
length specified by the Descriptor table is different from 
that specified by the block count and block length.

• Total data length cannot be divided by the block length.

1:0 ADMA_STATE R/W 0x0 This field indicates the state of ADMA when error occurred 
during ADMA transfer. This field never indicates 0x2 
because ADMA never stops in this state.

Instance Name Offset
SD_ADMA_SYS_ADDR_1 0x0058

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bit ADMA_SYS_ADDR

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 805: ADMA System Address Register 1 (SD_ADMA_SYS_ADDR_1)  

Bits Name Type Reset Description

15:0 ADMA_SYS_ADDR R/W 0x0 This register holds byte address of executing command of 
the Descriptor table. At the start of ADMA, this register 
should be programmed to point to the start address of the 
Descriptor table. This register is incremented whenever 
fetching a Descriptor line. When ADMA Error Interrupt is 
generated, this register holds valid Descriptor address 
depending on the ADAM state.
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A.31.40 ADMA System Address Register 2 
(SD_ADMA_SYS_ADDR_2)

A.31.41 ADMA System Address Register 3 
(SD_ADMA_SYS_ADDR_3)

Instance Name Offset
SD_ADMA_SYS_ADDR_2 0x005A

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field ADMA_SYS_ADDR

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 806: ADMA System Address Register 2 (SD_ADMA_SYS_ADDR_2)  

Bits Name Type Reset Description

15:0 ADMA_SYS_ADDR R/W 0x0 This register holds byte address of executing command of 
the Descriptor table. At the start of ADMA, this register 
should be programmed to point to the start address of the 
Descriptor table. This register is incremented whenever 
fetching a Descriptor line. When ADMA Error Interrupt is 
generated, this register holds valid Descriptor address 
depending on the ADAM state.

Instance Name Offset

SD_ADMA_SYS_ADDR_3 0x005C

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field ADMA_SYS_ADDR

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 807: ADMA System Address Register 3 (SD_ADMA_SYS_ADDR_3)  

Bits Name Type Reset Description

15:0 ADMA_SYS_ADDR R/W 0x0 This register holds byte address of executing command of 
the Descriptor table. At the start of ADMA, this register 
should be programmed to point to the start address of the 
Descriptor table. This register is incremented whenever 
fetching a Descriptor line. When ADMA Error Interrupt is 
generated, this register holds valid Descriptor address 
depending on the ADAM state.
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A.31.42 ADMA System Address Register 4 
(SD_ADMA_SYS_ADDR_4)

A.31.43 FIFO Parameters Register (SD_FIFO_PARAM)

Instance Name Offset
SD_ADMA_SYS_ADDR_4 0x005E

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field ADMA_SYS_ADDR

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 808: ADMA System Address Register 4 (SD_ADMA_SYS_ADDR_4)  

Bits Name Type Reset Description

15:0 ADMA_SYS_ADDR R/W 0x0 This register holds byte address of executing command of 
the Descriptor table. At the start of ADMA, this register 
should be programmed to point to the start address of the 
Descriptor table. This register is incremented whenever 
fetching a Descriptor line. When ADMA Error Interrupt is 
generated, this register holds valid Descriptor address 
depending on the ADMA state.

Instance Name Offset
SD_FIFO_PARAM 0x00E0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? 0 0 0 0 0 0 0 1 0 1 0

Table 809: FIFO Parameters Register (SD_FIFO_PARAM)  (Sheet 1 of 2)

Bits Name Type Reset Description

15:11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

10 DIS_PAD_SD_CLK_GATE R/W 0x0 Disable PAD SD Clock Gating
This bit affects the dynamic clock gating of the SD 
clock out of the pad as described above.

0x0: Dynamic SD Clock gating is ON.

0x1: SD Clock to the card is gated only for flow 
control purpose.
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A.31.44 SPI Mode Register (SD_SPI_MODE)

9 CLK_GATE_ON R/W 0x0 This bit affects all the clock gates in the SD design if 
the clk_gate_ctl bit is set to 0x1.

0x0: Disable clock gate

0x1: Enable clock gate

8 CLK_GATE_CTL R/W 0x0 0x0: Disable software clock gating override. 
0x1: Enable software clock gating override. 
A register setting of CLK_GATE_CTL = 0x1 and 
CLK_GATE_ON = 0x0 is non-valid and not allowed.

7 PDWN R/W 0x0 Power Down
This bit controls the Powerdown port on the Internal 
2 port 128x32 FIFO.

6 FIFO_CS R/W 0x0 FIFO CS
This bit should be written to 0x1 before any toggling 
of the PDWN bit.

5 FIFO_CLK R/W 0x0 FIFO Clock
This bit should be set to 0x1 before any toggling of 
the PDWN bit.

4:3 SetAlways SET 0x1 SetAlways. Must be programmed with 0b1.

2:0 SetAlways SET 0x2 SetAlways. Must be programmed with 0b2.

Instance Name Offset
SD_SPI_MODE 0x00E4

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

S
P

I_
E

R
R

_T
O

K
E

N

Reserved

S
P

I_
E

N

Default ? ? ? 0 0 0 0 0 ? ? ? ? ? ? ? 0

Table 810: SPI Mode Register (SD_SPI_MODE)  (Sheet 1 of 2)

Bits Name Type Reset Description

15:13 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

12:8 SPI_ERR_TOKEN R/W 0x0 This is the SPI Error token received in command response 
when SPI mode is enabled.

7:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 809: FIFO Parameters Register (SD_FIFO_PARAM)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.31.45 Clock and Burst Size Setup Register 
(SD_CLOCK_AND_BURST_SIZE_SETUP)

0 SPI_EN R/W 0x0 This field indicates that the SPI mode has been enabled, 
which causes the Host Controller to drive the signals on the 
interface in accordance with the SPI protocol.

0x1: SPI mode enabled

0x0: SPI mode disabled

Instance Name Offset
SD_CLOCK_AND_BURST_SIZE_SETUP 0x00E6

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

S
D

C
LK

_D
E

LA
Y

S
D

C
LK

_S
E

L

Reserved

B
R

S
T

_S
IZ

E

Default ? ? 0 0 0 0 1 1 ? ? ? ? ? ? ? 1

Table 811: Clock and Burst Size Setup Register (SD_CLOCK_AND_BURST_SIZE_SETUP)  

Bits Name Type Reset Description

15:14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13:10 SDCLK_DELAY R/W 0x0 This field indicates the delay value (in ns) to delay the 
feedback sd_clk.

9:8 SDCLK_SEL R/W 0x3 These bits select the sd_clk to latch the first stage of Read 
data/command response.
All other values = sd_clk which was used to drive the output 
data.

0x0: sd_clk feedback from the bus

0x1: delayed sd_clk, the delay value can be set (in ns) by 
programming the <sdclk_delay> field.

7:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 BRST_SIZE R/W 0x1 DMA Burst Size on the AXI fabric

0x1: 64 bytes burst

0x0: 32 bytes burst

Table 810: SPI Mode Register (SD_SPI_MODE)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.31.46 CE-ATA Register 1 (SD_CE_ATA_1)

A.31.47 CE-ATA Register 2 (SD_CE_ATA_2)

Instance Name Offset
SD_CE_ATA_1 0x00E8

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved CPL_TIMEOUT

Default ? ? 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Table 812: CE-ATA Register 1 (SD_CE_ATA_1)  

Bits Name Type Reset Description

15:14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13:0 CPL_TIMEOUT R/W 0x3FFF Command Completion Signal Timeout Value

Instance Name Offset
SD_CE_ATA_2 0x00EA

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

M
M

C
_C

A
R

D

R
es

er
ve

d

M
M

C
_W

ID
T

H

R
es

er
ve

d

C
P

L_
C

O
M

P
LE

T
E

C
P

L_
C

O
M

P
LE

T
E

_E
N

C
P

L_
C

O
M

P
LE

T
E

_I
N

T
_E

N

Reserved

Default 0 0 0 0 ? ? ? 0 ? 0 0 0 ? ? ? ?

Table 813: CE-ATA Register 2 (SD_CE_ATA_2)  (Sheet 1 of 2)

Bits Name Type Reset Description

15:13 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

12 MMC_CARD R/W 0x0 0x1: MMC Card mode

0x0: SD Card mode

11:9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

8 MMC_WIDTH R/W 0x0 This bit is ignored if the mmc_card value is set to 
0x0.
If the mmc_card is set to 0x1 and the mmc_width is 
set to 0x1, then the Host Controller moves into 8-bit 
MMC mode. This overrides the settings of the 
<Data_width> field in the Host Control Register.

7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.31.48 PAD I/O Setup Register (SD_PAD_IO_SETUP)
This is a special register. To write to this register, it checks for a data value = 0x89AB in the upper 
16-bits of the write. For example, if the intention is to write 0x3 to this register, then software should 
write 0x89AB_0003 to this register. The host controller must be in IDLE state before writing 0x0 to 
the <SD Voltage Configuration> field.

A.31.49 Slot Interrupt Status Register (SD_SLOT_INT_STATUS)

6 CPL_COMPLETE R/W 0x0 This bit is set to 0x1 when a command completion 
signal is detected and the cpl_complete_en bit has 
been set to 0x1.
This bit is cleared by writing a 0x1.
A write of 0x0 has no effect.

5 CPL_COMPLETE_EN R/W 0x0 0x1: This bit when set to 0x1 enables the 
cpl_complete bit to get set to 0x1 when a 
command completion signal is detected.

4 CPL_COMPLETE_INT_EN R/W 0x0 0x1: An interrupt is generated whenever the 
cpl_complete bit is set

3:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset

SD_PAD_IO_SETUP 0x00EC

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

IN
A

N
D

_S
E

L

S
D

H
_V

18
_E

N

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 1

Table 814: PAD I/O Setup Register (SD_PAD_IO_SETUP)  

Bits Name Type Reset Description

15:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 INAND_SEL R/W 0x0 SD Socket Select
This is the select for the SD socket.

0x1: Select the iNAND part on SD Bus

0x0: Select the Card inserted in the socket on SD Bus.

0 SDH_V18_EN R/W 0x1 SD Voltage Configuration
This is the voltage configuration for the SD I/O pads.

0x1: 3.3V and 1.8V supported for the pads

0x0: Only 1.8V supported in the pads

Table 813: CE-ATA Register 2 (SD_CE_ATA_2)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.31.50 Host Control Version Register (SD_HOST_CTRL_VER)

Instance Name Offset
SD_SLOT_INT_STATUS 0x00FC

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

S
LO

T
_I

N
T

1

S
LO

T
_I

N
T

0

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0

Table 815: Slot Interrupt Status Register (SD_SLOT_INT_STATUS)  

Bits Name Type Reset Description

15:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 SLOT_INT1 RO 0x0 Interrupt Line for Slot 1

0 SLOT_INT0 RO 0x0 Interrupt Line for Slot 0

Instance Name Offset

SD_HOST_CTRL_VER 0x00FE

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field VENDOR_VER SD_VER

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Table 816: Host Control Version Register (SD_HOST_CTRL_VER)  

Bits Name Type Reset Description

15:8 VENDOR_VER RO 0x0 Marvell Version Number

7:0 SD_VER RO 0x1 SD Host Specification Number
All other values are reserved.

0x0: Supports version 1.0

0x1: Supports version 2.0
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-746



ARMADA 16x Applications Processor Family Register Tables
A.32 Compact Flash Controller (Compact_Flash)
TheCompact Flash Controller Clock/Reset Control Register (APMU_CF_CLK_RES_CTRL) in the 
Application Subsystem Power Management (APMU) Unit must be programmed prior to accessing 
the CF registers.

Base Address: 0xD428_5000

Table 817:  Compact Flash Controller Register Summary (Sheet 1 of 9)

Offset Name Description Details

0x0000 CFI_STATUS CFI Status Register Page: A-756

0x0004 CF_IRQ IRQ Register Page: A-757

0x0008 CF_INTERRUPT_ENABLE Interrupt Enable Register Page: A-759

0x000C CF_OPERATION_MODE Operation Mode Register Page: A-761

0x0010 CF_INTERFACE_CLOCK_CONFIGURATION CF Interface Clock Configuration Register Page: A-764

0x0014 CF_TIMING_MODE_CONFIGURATION CF Timing Mode Configuration Register Page: A-765

0x0018 CF_TRANSFER_ADDRESS Transfer Address Register Page: A-766

0x001C CF_TRANSFER_CONTROL Transfer Control Register Page: A-768

0x0024 CF_WRITE_DATA_PORT Write Data Port Register Page: A-771

0x0028 CF_READ_DATA_PORT Read Data Port Register Page: A-771

0x0030 CF_ATA_DATA_PORT ATA Data Port Register Page: A-772

0x0034 CF_ATA_ERROR_FEATURES ATA Error/Features Register Page: A-772

0x0038 CF_ATA_SECTOR_COUNT ATA Sector Count Register Page: A-773

0x003C CF_ATA_SECTOR_NUMBER ATA Sector Number Register Page: A-773

0x0040 CF_ATA_CYLINDER_LOW ATA Cylinder Low Register Page: A-774

0x0044 CF_ATA_CYLINDER_HIGH ATA Cylinder High Register Page: A-775

0x0048 CF_ATA_SELECT_CARD_HEAD ATA Select Card/Head Register Page: A-775

0x004C CF_ATA_STATUS_COMMAND ATA Status/Command Register Page: A-776

0x0050 CF_ATA_ALT_STATUS_DEVICE_CONTROL ATA Alt Status/Device Control Register Page: A-777

0x0060 CF_DFI_ADDRESS_LATCHING_TIMING DFI Address Latching Timers Register Page: A-777

0x0064 CF_DMA_REQUEST_CLEAR DMA Request Clear Register Page: A-778

0x0200 EXTENDED_WRITE_DATA_PORT_0 Extended Write Data Port Register 0 Page: A-778

0x0204 EXTENDED_WRITE_DATA_PORT_1 Extended Write Data Port Register 1 Page: A-778

0x0208 EXTENDED_WRITE_DATA_PORT_2 Extended Write Data Port Register 2 Page: A-778

0x020C EXTENDED_WRITE_DATA_PORT_3 Extended Write Data Port Register 3 Page: A-778

0x0210 EXTENDED_WRITE_DATA_PORT_4 Extended Write Data Port Register 4 Page: A-778

0x0214 EXTENDED_WRITE_DATA_PORT_5 Extended Write Data Port Register 5 Page: A-778
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0x0218 EXTENDED_WRITE_DATA_PORT_6 Extended Write Data Port Register 6 Page: A-778

0x021C EXTENDED_WRITE_DATA_PORT_7 Extended Write Data Port Register 7 Page: A-778

0x0220 EXTENDED_WRITE_DATA_PORT_8 Extended Write Data Port Register 8 Page: A-778

0x0224 EXTENDED_WRITE_DATA_PORT_9 Extended Write Data Port Register 9 Page: A-778

0x0228 EXTENDED_WRITE_DATA_PORT_10 Extended Write Data Port Register 10 Page: A-778

0x022C EXTENDED_WRITE_DATA_PORT_11 Extended Write Data Port Register 11 Page: A-778

0x0230 EXTENDED_WRITE_DATA_PORT_12 Extended Write Data Port Register 12 Page: A-778

0x0234 EXTENDED_WRITE_DATA_PORT_13 Extended Write Data Port Register 13 Page: A-778

0x0238 EXTENDED_WRITE_DATA_PORT_14 Extended Write Data Port Register 14 Page: A-778

0x023C EXTENDED_WRITE_DATA_PORT_15 Extended Write Data Port Register 15 Page: A-778

0x0240 EXTENDED_WRITE_DATA_PORT_16 Extended Write Data Port Register 16 Page: A-778

0x0244 EXTENDED_WRITE_DATA_PORT_17 Extended Write Data Port Register 17 Page: A-778

0x0248 EXTENDED_WRITE_DATA_PORT_18 Extended Write Data Port Register 18 Page: A-778

0x024C EXTENDED_WRITE_DATA_PORT_19 Extended Write Data Port Register 19 Page: A-778

0x0250 EXTENDED_WRITE_DATA_PORT_20 Extended Write Data Port Register 20 Page: A-778

0x0254 EXTENDED_WRITE_DATA_PORT_21 Extended Write Data Port Register 21 Page: A-778

0x0258 EXTENDED_WRITE_DATA_PORT_22 Extended Write Data Port Register 22 Page: A-778

0x025C EXTENDED_WRITE_DATA_PORT_23 Extended Write Data Port Register 23 Page: A-778

0x0260 EXTENDED_WRITE_DATA_PORT_24 Extended Write Data Port Register 24 Page: A-778

0x0264 EXTENDED_WRITE_DATA_PORT_25 Extended Write Data Port Register 25 Page: A-778

0x0268 EXTENDED_WRITE_DATA_PORT_26 Extended Write Data Port Register 26 Page: A-778

0x026C EXTENDED_WRITE_DATA_PORT_27 Extended Write Data Port Register 27 Page: A-778

0x0270 EXTENDED_WRITE_DATA_PORT_28 Extended Write Data Port Register 28 Page: A-778

0x0274 EXTENDED_WRITE_DATA_PORT_29 Extended Write Data Port Register 29 Page: A-778

0x0278 EXTENDED_WRITE_DATA_PORT_30 Extended Write Data Port Register 30 Page: A-778

0x027C EXTENDED_WRITE_DATA_PORT_31 Extended Write Data Port Register 31 Page: A-778

0x0280 EXTENDED_WRITE_DATA_PORT_32 Extended Write Data Port Register 32 Page: A-778

0x0284 EXTENDED_WRITE_DATA_PORT_33 Extended Write Data Port Register 33 Page: A-778

0x0288 EXTENDED_WRITE_DATA_PORT_34 Extended Write Data Port Register 34 Page: A-778

0x028C EXTENDED_WRITE_DATA_PORT_35 Extended Write Data Port Register 35 Page: A-778

0x0290 EXTENDED_WRITE_DATA_PORT_36 Extended Write Data Port Register 36 Page: A-778

Table 817:  Compact Flash Controller Register Summary (Sheet 2 of 9)

Offset Name Description Details
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0x0294 EXTENDED_WRITE_DATA_PORT_37 Extended Write Data Port Register 37 Page: A-778

0x0298 EXTENDED_WRITE_DATA_PORT_38 Extended Write Data Port Register 38 Page: A-778

0x029C EXTENDED_WRITE_DATA_PORT_39 Extended Write Data Port Register 39 Page: A-778

0x02A0 EXTENDED_WRITE_DATA_PORT_40 Extended Write Data Port Register 40 Page: A-778

0x02A4 EXTENDED_WRITE_DATA_PORT_41 Extended Write Data Port Register 41 Page: A-778

0x02A8 EXTENDED_WRITE_DATA_PORT_42 Extended Write Data Port Register 42 Page: A-778

0x02AC EXTENDED_WRITE_DATA_PORT_43 Extended Write Data Port Register 43 Page: A-778

0x02B0 EXTENDED_WRITE_DATA_PORT_44 Extended Write Data Port Register 44 Page: A-778

0x02B4 EXTENDED_WRITE_DATA_PORT_45 Extended Write Data Port Register 45 Page: A-778

0x02B8 EXTENDED_WRITE_DATA_PORT_46 Extended Write Data Port Register 46 Page: A-778

0x02BC EXTENDED_WRITE_DATA_PORT_47 Extended Write Data Port Register 47 Page: A-778

0x02C0 EXTENDED_WRITE_DATA_PORT_48 Extended Write Data Port Register 48 Page: A-778

0x02C4 EXTENDED_WRITE_DATA_PORT_49 Extended Write Data Port Register 49 Page: A-778

0x02C8 EXTENDED_WRITE_DATA_PORT_50 Extended Write Data Port Register 50 Page: A-778

0x02CC EXTENDED_WRITE_DATA_PORT_51 Extended Write Data Port Register 51 Page: A-778

0x02D0 EXTENDED_WRITE_DATA_PORT_52 Extended Write Data Port Register 52 Page: A-778

0x02D4 EXTENDED_WRITE_DATA_PORT_53 Extended Write Data Port Register 53 Page: A-778

0x02D8 EXTENDED_WRITE_DATA_PORT_54 Extended Write Data Port Register 54 Page: A-778

0x02DC EXTENDED_WRITE_DATA_PORT_55 Extended Write Data Port Register 55 Page: A-778

0x02E0 EXTENDED_WRITE_DATA_PORT_56 Extended Write Data Port Register 56 Page: A-778

0x02E4 EXTENDED_WRITE_DATA_PORT_57 Extended Write Data Port Register 57 Page: A-778

0x02E8 EXTENDED_WRITE_DATA_PORT_58 Extended Write Data Port Register 58 Page: A-778

0x02EC EXTENDED_WRITE_DATA_PORT_59 Extended Write Data Port Register 59 Page: A-778

0x02F0 EXTENDED_WRITE_DATA_PORT_60 Extended Write Data Port Register 60 Page: A-778

0x02F4 EXTENDED_WRITE_DATA_PORT_61 Extended Write Data Port Register 61 Page: A-778

0x02F8 EXTENDED_WRITE_DATA_PORT_62 Extended Write Data Port Register 62 Page: A-778

0x02FC EXTENDED_WRITE_DATA_PORT_63 Extended Write Data Port Register 63 Page: A-778

0x0300 EXTENDED_WRITE_DATA_PORT_64 Extended Write Data Port Register 64 Page: A-778

0x0304 EXTENDED_WRITE_DATA_PORT_65 Extended Write Data Port Register 65 Page: A-778

0x0308 EXTENDED_WRITE_DATA_PORT_66 Extended Write Data Port Register 66 Page: A-778

0x030C EXTENDED_WRITE_DATA_PORT_67 Extended Write Data Port Register 67 Page: A-778

Table 817:  Compact Flash Controller Register Summary (Sheet 3 of 9)

Offset Name Description Details
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0x0310 EXTENDED_WRITE_DATA_PORT_68 Extended Write Data Port Register 68 Page: A-778

0x0314 EXTENDED_WRITE_DATA_PORT_69 Extended Write Data Port Register 69 Page: A-778

0x0318 EXTENDED_WRITE_DATA_PORT_70 Extended Write Data Port Register 70 Page: A-778

0x031C EXTENDED_WRITE_DATA_PORT_71 Extended Write Data Port Register 71 Page: A-778

0x0320 EXTENDED_WRITE_DATA_PORT_72 Extended Write Data Port Register 72 Page: A-778

0x0324 EXTENDED_WRITE_DATA_PORT_73 Extended Write Data Port Register 73 Page: A-778

0x0328 EXTENDED_WRITE_DATA_PORT_74 Extended Write Data Port Register 74 Page: A-778

0x032C EXTENDED_WRITE_DATA_PORT_75 Extended Write Data Port Register 75 Page: A-778

0x0330 EXTENDED_WRITE_DATA_PORT_76 Extended Write Data Port Register 76 Page: A-778

0x0334 EXTENDED_WRITE_DATA_PORT_77 Extended Write Data Port Register 77 Page: A-778

0x0338 EXTENDED_WRITE_DATA_PORT_78 Extended Write Data Port Register 78 Page: A-778

0x033C EXTENDED_WRITE_DATA_PORT_79 Extended Write Data Port Register 79 Page: A-778

0x0340 EXTENDED_WRITE_DATA_PORT_80 Extended Write Data Port Register 80 Page: A-778

0x0344 EXTENDED_WRITE_DATA_PORT_81 Extended Write Data Port Register 81 Page: A-778

0x0348 EXTENDED_WRITE_DATA_PORT_82 Extended Write Data Port Register 82 Page: A-778

0x034C EXTENDED_WRITE_DATA_PORT_83 Extended Write Data Port Register 83 Page: A-778

0x0350 EXTENDED_WRITE_DATA_PORT_84 Extended Write Data Port Register 84 Page: A-778

0x0354 EXTENDED_WRITE_DATA_PORT_85 Extended Write Data Port Register 85 Page: A-778

0x0358 EXTENDED_WRITE_DATA_PORT_86 Extended Write Data Port Register 86 Page: A-778

0x035C EXTENDED_WRITE_DATA_PORT_87 Extended Write Data Port Register 87 Page: A-778

0x0360 EXTENDED_WRITE_DATA_PORT_88 Extended Write Data Port Register 88 Page: A-778

0x0364 EXTENDED_WRITE_DATA_PORT_89 Extended Write Data Port Register 89 Page: A-778

0x0368 EXTENDED_WRITE_DATA_PORT_90 Extended Write Data Port Register 90 Page: A-778

0x036C EXTENDED_WRITE_DATA_PORT_91 Extended Write Data Port Register 91 Page: A-778

0x0370 EXTENDED_WRITE_DATA_PORT_92 Extended Write Data Port Register 92 Page: A-778

0x0374 EXTENDED_WRITE_DATA_PORT_93 Extended Write Data Port Register 93 Page: A-778

0x0378 EXTENDED_WRITE_DATA_PORT_94 Extended Write Data Port Register 94 Page: A-778

0x037C EXTENDED_WRITE_DATA_PORT_95 Extended Write Data Port Register 95 Page: A-778

0x0380 EXTENDED_WRITE_DATA_PORT_96 Extended Write Data Port Register 96 Page: A-778

0x0384 EXTENDED_WRITE_DATA_PORT_97 Extended Write Data Port Register 97 Page: A-778

0x0388 EXTENDED_WRITE_DATA_PORT_98 Extended Write Data Port Register 98 Page: A-778

Table 817:  Compact Flash Controller Register Summary (Sheet 4 of 9)

Offset Name Description Details
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0x038C EXTENDED_WRITE_DATA_PORT_99 Extended Write Data Port Register 99 Page: A-778

0x0390 EXTENDED_WRITE_DATA_PORT_100 Extended Write Data Port Register 100 Page: A-778

0x0394 EXTENDED_WRITE_DATA_PORT_101 Extended Write Data Port Register 101 Page: A-778

0x0398 EXTENDED_WRITE_DATA_PORT_102 Extended Write Data Port Register 102 Page: A-778

0x039C EXTENDED_WRITE_DATA_PORT_103 Extended Write Data Port Register 103 Page: A-778

0x03A0 EXTENDED_WRITE_DATA_PORT_104 Extended Write Data Port Register 104 Page: A-778

0x03A4 EXTENDED_WRITE_DATA_PORT_105 Extended Write Data Port Register 105 Page: A-778

0x03A8 EXTENDED_WRITE_DATA_PORT_106 Extended Write Data Port Register 106 Page: A-778

0x03AC EXTENDED_WRITE_DATA_PORT_107 Extended Write Data Port Register 107 Page: A-778

0x03B0 EXTENDED_WRITE_DATA_PORT_108 Extended Write Data Port Register 108 Page: A-778

0x03B4 EXTENDED_WRITE_DATA_PORT_109 Extended Write Data Port Register 109 Page: A-778

0x03B8 EXTENDED_WRITE_DATA_PORT_110 Extended Write Data Port Register 110 Page: A-778

0x03BC EXTENDED_WRITE_DATA_PORT_111 Extended Write Data Port Register 111 Page: A-778

0x03C0 EXTENDED_WRITE_DATA_PORT_112 Extended Write Data Port Register 112 Page: A-778

0x03C4 EXTENDED_WRITE_DATA_PORT_113 Extended Write Data Port Register 113 Page: A-778

0x03C8 EXTENDED_WRITE_DATA_PORT_114 Extended Write Data Port Register 114 Page: A-778

0x03CC EXTENDED_WRITE_DATA_PORT_115 Extended Write Data Port Register 115 Page: A-778

0x03D0 EXTENDED_WRITE_DATA_PORT_116 Extended Write Data Port Register 116 Page: A-778

0x03D4 EXTENDED_WRITE_DATA_PORT_117 Extended Write Data Port Register 117 Page: A-778

0x03D8 EXTENDED_WRITE_DATA_PORT_118 Extended Write Data Port Register 118 Page: A-778

0x03DC EXTENDED_WRITE_DATA_PORT_119 Extended Write Data Port Register 119 Page: A-778

0x03E0 EXTENDED_WRITE_DATA_PORT_120 Extended Write Data Port Register 120 Page: A-778

0x03E4 EXTENDED_WRITE_DATA_PORT_121 Extended Write Data Port Register 121 Page: A-778

0x03E8 EXTENDED_WRITE_DATA_PORT_122 Extended Write Data Port Register 122 Page: A-778

0x03EC EXTENDED_WRITE_DATA_PORT_123 Extended Write Data Port Register 123 Page: A-778

0x03F0 EXTENDED_WRITE_DATA_PORT_124 Extended Write Data Port Register 124 Page: A-778

0x03F4 EXTENDED_WRITE_DATA_PORT_125 Extended Write Data Port Register  125 Page: A-778

0x03F8 EXTENDED_WRITE_DATA_PORT_126 Extended Write Data Port Register  126 Page: A-778

0x0400 EXTENDED_READ_DATA_PORT_0 Extended Read Data Port Register 0 Page: A-779

0x0404 EXTENDED_READ_DATA_PORT_1 Extended Read Data Port Register 1 Page: A-779

0x0408 EXTENDED_READ_DATA_PORT_2 Extended Read Data Port Register 2 Page: A-779

Table 817:  Compact Flash Controller Register Summary (Sheet 5 of 9)

Offset Name Description Details
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0x040C EXTENDED_READ_DATA_PORT_3 Extended Read Data Port Register 3 Page: A-779

0x0410 EXTENDED_READ_DATA_PORT_4 Extended Read Data Port Register 4 Page: A-779

0x0414 EXTENDED_READ_DATA_PORT_5 Extended Read Data Port Register 5 Page: A-779

0x0418 EXTENDED_READ_DATA_PORT_6 Extended Read Data Port Register 6 Page: A-779

0x041C EXTENDED_READ_DATA_PORT_7 Extended Read Data Port Register 7 Page: A-779

0x0420 EXTENDED_READ_DATA_PORT_8 Extended Read Data Port Register 8 Page: A-779

0x0424 EXTENDED_READ_DATA_PORT_9 Extended Read Data Port Register 9 Page: A-779

0x0428 EXTENDED_READ_DATA_PORT_10 Extended Read Data Port Register 10 Page: A-779

0x042C EXTENDED_READ_DATA_PORT_11 Extended Read Data Port Register 11 Page: A-779

0x0430 EXTENDED_READ_DATA_PORT_12 Extended Read Data Port Register 12 Page: A-779

0x0434 EXTENDED_READ_DATA_PORT_13 Extended Read Data Port Register 13 Page: A-779

0x0438 EXTENDED_READ_DATA_PORT_14 Extended Read Data Port Register 14 Page: A-779

0x043C EXTENDED_READ_DATA_PORT_15 Extended Read Data Port Register 15 Page: A-779

0x0440 EXTENDED_READ_DATA_PORT_16 Extended Read Data Port Register 16 Page: A-779

0x0444 EXTENDED_READ_DATA_PORT_17 Extended Read Data Port Register 17 Page: A-779

0x0448 EXTENDED_READ_DATA_PORT_18 Extended Read Data Port Register 18 Page: A-779

0x044C EXTENDED_READ_DATA_PORT_19 Extended Read Data Port Register 19 Page: A-779

0x0450 EXTENDED_READ_DATA_PORT_20 Extended Read Data Port Register 20 Page: A-779

0x0454 EXTENDED_READ_DATA_PORT_21 Extended Read Data Port Register 21 Page: A-779

0x0458 EXTENDED_READ_DATA_PORT_22 Extended Read Data Port Register 22 Page: A-779

0x045C EXTENDED_READ_DATA_PORT_23 Extended Read Data Port Register 23 Page: A-779

0x0460 EXTENDED_READ_DATA_PORT_24 Extended Read Data Port Register 24 Page: A-779

0x0464 EXTENDED_READ_DATA_PORT_25 Extended Read Data Port Register 25 Page: A-779

0x0468 EXTENDED_READ_DATA_PORT_26 Extended Read Data Port Register 26 Page: A-779

0x046C EXTENDED_READ_DATA_PORT_27 Extended Read Data Port Register 27 Page: A-779

0x0470 EXTENDED_READ_DATA_PORT_28 Extended Read Data Port Register 28 Page: A-779

0x0474 EXTENDED_READ_DATA_PORT_29 Extended Read Data Port Register 29 Page: A-779

0x0478 EXTENDED_READ_DATA_PORT_30 Extended Read Data Port Register 30 Page: A-779

0x047C EXTENDED_READ_DATA_PORT_31 Extended Read Data Port Register 31 Page: A-779

0x0480 EXTENDED_READ_DATA_PORT_32 Extended Read Data Port Register 32 Page: A-779

0x0484 EXTENDED_READ_DATA_PORT_33 Extended Read Data Port Register 33 Page: A-779
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0x0488 EXTENDED_READ_DATA_PORT_34 Extended Read Data Port Register 34 Page: A-779

0x048C EXTENDED_READ_DATA_PORT_35 Extended Read Data Port Register 35 Page: A-779

0x0490 EXTENDED_READ_DATA_PORT_36 Extended Read Data Port Register 36 Page: A-779

0x0494 EXTENDED_READ_DATA_PORT_37 Extended Read Data Port Register 37 Page: A-779

0x0498 EXTENDED_READ_DATA_PORT_38 Extended Read Data Port Register 38 Page: A-779

0x049C EXTENDED_READ_DATA_PORT_39 Extended Read Data Port Register 39 Page: A-779

0x04A0 EXTENDED_READ_DATA_PORT_40 Extended Read Data Port Register 40 Page: A-779

0x04A4 EXTENDED_READ_DATA_PORT_41 Extended Read Data Port Register 41 Page: A-779

0x04A8 EXTENDED_READ_DATA_PORT_42 Extended Read Data Port Register 42 Page: A-779

0x04AC EXTENDED_READ_DATA_PORT_43 Extended Read Data Port Register 43 Page: A-779

0x04B0 EXTENDED_READ_DATA_PORT_44 Extended Read Data Port Register 44 Page: A-779

0x04B4 EXTENDED_READ_DATA_PORT_45 Extended Read Data Port Register 45 Page: A-779

0x04B8 EXTENDED_READ_DATA_PORT_46 Extended Read Data Port Register 46 Page: A-779

0x04BC EXTENDED_READ_DATA_PORT_47 Extended Read Data Port Register 47 Page: A-779

0x04C0 EXTENDED_READ_DATA_PORT_48 Extended Read Data Port Register 48 Page: A-779

0x04C4 EXTENDED_READ_DATA_PORT_49 Extended Read Data Port Register 49 Page: A-779

0x04C8 EXTENDED_READ_DATA_PORT_50 Extended Read Data Port Register 50 Page: A-779

0x04CC EXTENDED_READ_DATA_PORT_51 Extended Read Data Port Register 51 Page: A-779

0x04D0 EXTENDED_READ_DATA_PORT_52 Extended Read Data Port Register 52 Page: A-779

0x04D4 EXTENDED_READ_DATA_PORT_53 Extended Read Data Port Register 53 Page: A-779

0x04D8 EXTENDED_READ_DATA_PORT_54 Extended Read Data Port Register 54 Page: A-779

0x04DC EXTENDED_READ_DATA_PORT_55 Extended Read Data Port Register 55 Page: A-779

0x04E0 EXTENDED_READ_DATA_PORT_56 Extended Read Data Port Register 56 Page: A-779

0x04E4 EXTENDED_READ_DATA_PORT_57 Extended Read Data Port Register 57 Page: A-779

0x04E8 EXTENDED_READ_DATA_PORT_58 Extended Read Data Port Register 58 Page: A-779

0x04EC EXTENDED_READ_DATA_PORT_59 Extended Read Data Port Register 59 Page: A-779

0x04F0 EXTENDED_READ_DATA_PORT_60 Extended Read Data Port Register 60 Page: A-779

0x04F4 EXTENDED_READ_DATA_PORT_61 Extended Read Data Port Register 61 Page: A-779

0x04F8 EXTENDED_READ_DATA_PORT_62 Extended Read Data Port Register 62 Page: A-779

0x04FC EXTENDED_READ_DATA_PORT_63 Extended Read Data Port Register 63 Page: A-779

0x0500 EXTENDED_READ_DATA_PORT_64 Extended Read Data Port Register 64 Page: A-779
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0x0504 EXTENDED_READ_DATA_PORT_65 Extended Read Data Port Register 65 Page: A-779

0x0508 EXTENDED_READ_DATA_PORT_66 Extended Read Data Port Register 66 Page: A-779

0x050C EXTENDED_READ_DATA_PORT_67 Extended Read Data Port Register 67 Page: A-779

0x0510 EXTENDED_READ_DATA_PORT_68 Extended Read Data Port Register 68 Page: A-779

0x0514 EXTENDED_READ_DATA_PORT_69 Extended Read Data Port Register 69 Page: A-779

0x0518 EXTENDED_READ_DATA_PORT_70 Extended Read Data Port Register 70 Page: A-779

0x051C EXTENDED_READ_DATA_PORT_71 Extended Read Data Port Register 71 Page: A-779

0x0520 EXTENDED_READ_DATA_PORT_72 Extended Read Data Port Register 72 Page: A-779

0x0524 EXTENDED_READ_DATA_PORT_73 Extended Read Data Port Register 73 Page: A-779

0x0528 EXTENDED_READ_DATA_PORT_74 Extended Read Data Port Register 74 Page: A-779

0x052C EXTENDED_READ_DATA_PORT_75 Extended Read Data Port Register 75 Page: A-779

0x0530 EXTENDED_READ_DATA_PORT_76 Extended Read Data Port Register 76 Page: A-779

0x0534 EXTENDED_READ_DATA_PORT_77 Extended Read Data Port Register 77 Page: A-779

0x0538 EXTENDED_READ_DATA_PORT_78 Extended Read Data Port Register 78 Page: A-779

0x053C EXTENDED_READ_DATA_PORT_79 Extended Read Data Port Register 79 Page: A-779

0x0540 EXTENDED_READ_DATA_PORT_80 Extended Read Data Port Register 80 Page: A-779

0x0544 EXTENDED_READ_DATA_PORT_81 Extended Read Data Port Register 81 Page: A-779

0x0548 EXTENDED_READ_DATA_PORT_82 Extended Read Data Port Register 82 Page: A-779

0x054C EXTENDED_READ_DATA_PORT_83 Extended Read Data Port Register 83 Page: A-779

0x0550 EXTENDED_READ_DATA_PORT_84 Extended Read Data Port Register 84 Page: A-779

0x0554 EXTENDED_READ_DATA_PORT_85 Extended Read Data Port Register 85 Page: A-779

0x0558 EXTENDED_READ_DATA_PORT_86 Extended Read Data Port Register 86 Page: A-779

0x055C EXTENDED_READ_DATA_PORT_87 Extended Read Data Port Register 87 Page: A-779

0x0560 EXTENDED_READ_DATA_PORT_88 Extended Read Data Port Register 88 Page: A-779

0x0564 EXTENDED_READ_DATA_PORT_89 Extended Read Data Port Register 89 Page: A-779

0x0568 EXTENDED_READ_DATA_PORT_90 Extended Read Data Port Register 90 Page: A-779

0x056C EXTENDED_READ_DATA_PORT_91 Extended Read Data Port Register 91 Page: A-779

0x0570 EXTENDED_READ_DATA_PORT_92 Extended Read Data Port Register 92 Page: A-779

0x0574 EXTENDED_READ_DATA_PORT_93 Extended Read Data Port Register 93 Page: A-779

0x0578 EXTENDED_READ_DATA_PORT_94 Extended Read Data Port Register 94 Page: A-779

0x057C EXTENDED_READ_DATA_PORT_95 Extended Read Data Port Register 95 Page: A-779
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0x0580 EXTENDED_READ_DATA_PORT_96 Extended Read Data Port Register 96 Page: A-779

0x0584 EXTENDED_READ_DATA_PORT_97 Extended Read Data Port Register 97 Page: A-779

0x0588 EXTENDED_READ_DATA_PORT_98 Extended Read Data Port Register 98 Page: A-779

0x058C EXTENDED_READ_DATA_PORT_99 Extended Read Data Port Register 99 Page: A-779

0x0590 EXTENDED_READ_DATA_PORT_100 Extended Read Data Port Register 100 Page: A-779

0x0594 EXTENDED_READ_DATA_PORT_101 Extended Read Data Port Register 101 Page: A-779

0x0598 EXTENDED_READ_DATA_PORT_102 Extended Read Data Port Register 102 Page: A-779

0x059C EXTENDED_READ_DATA_PORT_103 Extended Read Data Port Register 103 Page: A-779

0x05A0 EXTENDED_READ_DATA_PORT_104 Extended Read Data Port Register 104 Page: A-779

0x05A4 EXTENDED_READ_DATA_PORT_105 Extended Read Data Port Register 105 Page: A-779

0x05A8 EXTENDED_READ_DATA_PORT_106 Extended Read Data Port Register 106 Page: A-779

0x05AC EXTENDED_READ_DATA_PORT_107 Extended Read Data Port Register 107 Page: A-779

0x05B0 EXTENDED_READ_DATA_PORT_108 Extended Read Data Port Register 108 Page: A-779

0x05B4 EXTENDED_READ_DATA_PORT_109 Extended Read Data Port Register 109 Page: A-779

0x05B8 EXTENDED_READ_DATA_PORT_110 Extended Read Data Port Register 110 Page: A-779

0x05BC EXTENDED_READ_DATA_PORT_111 Extended Read Data Port Register 111 Page: A-779

0x05C0 EXTENDED_READ_DATA_PORT_112 Extended Read Data Port Register 112 Page: A-779

0x05C4 EXTENDED_READ_DATA_PORT_113 Extended Read Data Port Register 113 Page: A-779

0x05C8 EXTENDED_READ_DATA_PORT_114 Extended Read Data Port Register 114 Page: A-779

0x05CC EXTENDED_READ_DATA_PORT_115 Extended Read Data Port Register 115 Page: A-779

0x05D0 EXTENDED_READ_DATA_PORT_116 Extended Read Data Port Register 116 Page: A-779

0x05D4 EXTENDED_READ_DATA_PORT_117 Extended Read Data Port Register 117 Page: A-779

0x05D8 EXTENDED_READ_DATA_PORT_118 Extended Read Data Port Register 118 Page: A-779

0x05DC EXTENDED_READ_DATA_PORT_119 Extended Read Data Port Register 119 Page: A-779

0x05E0 EXTENDED_READ_DATA_PORT_120 Extended Read Data Port Register 120 Page: A-779

0x05E4 EXTENDED_READ_DATA_PORT_121 Extended Read Data Port Register 121 Page: A-779

0x05E8 EXTENDED_READ_DATA_PORT_122 Extended Read Data Port Register 122 Page: A-779

0x05EC EXTENDED_READ_DATA_PORT_123 Extended Read Data Port Register 123 Page: A-779

0x05F0 EXTENDED_READ_DATA_PORT_124 Extended Read Data Port Register 124 Page: A-779

0x05F4 EXTENDED_READ_DATA_PORT_125 Extended Read Data Port Register 125 Page: A-779

0x05F8 EXTENDED_READ_DATA_PORT_126 Extended Read Data Port Register 126 Page: A-779

Table 817:  Compact Flash Controller Register Summary (Sheet 9 of 9)

Offset Name Description Details
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-755



ARMADA 16x Applications Processor Family Register Tables
A.32.1 CFI Status Register (CFI_STATUS)
The CFI Status Register presents the current state of CF/CF+ Interface Input signal. This is a read-
only register and should be used for monitoring purposes only.

Instance Name Offset
CFI_STATUS 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 818: CFI Status Register (CFI_STATUS)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 IO_PORT_selected RO 0x0 This bit presents the current logic level of CF/CF+ card pin 
24 (-IOIS16).

6 Bus_Cycle_Wait RO 0x0 This bit presents the current logic level of CF/CF+ card pin 
42 (-WAIT/IORDY).

5 Card_Ready_ RO 0x0 This bit presents the current logic level of CF/CF+ Interface 
pin 37 (READY/-IREQ/INTRQ).

4 Input_Acknowledge RO 0x0 This bit presents the current logic level of CF/CF+ Interface 
pin 43 (-INPACK).

3 Card_Detect_2 RO 0x0 This bit presents the current state of -CD2 signal. 1'b0: 
Card is detected in socket 1'b1: Card is not detected in 
socket.

2 Card_Detect_1 RO 0x0 This bit presents the current state of -CD1 signal. 1'b0: 
Card is detected in socket 1'b1: Card is not detected in 
socket.

1 Binary_Audio_Output RO 0x0 This bit presents the current logic level of CF/CF+ Interface 
pin 45 (BVD2/-SPKR/-DASP).

0 Status_Change RO 0x0 This bit presents the current logic level of CF/CF+ Interface 
pin 46 (BVD1/-STSCHG/-PDIAG).
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A.32.2 IRQ Register (CF_IRQ)
The IRQ Register presents the Interrupt Bits for various events. The bits are set when there is a 
change of state of the corresponding Event. The bits are cleared when written with a value of 1. If 
the IRQ bit is set and corresponding Interrupt Enable bit is set, then the Interrupt is generated and 
the ahbtarget_interrupt is asserted. 

Instance Name Offset
CF_IRQ 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Table 819: IRQ Register (CF_IRQ)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11 Transfer_Done_IRQ R/W 0x0 This bit is set when the transfer is completed by 
the CFHOST Controller based on the Transfer 
Count programmed. This is cleared when written 
with 1'b1.

10 Buffer_Available_IRQ R/W 0x0 This bit is set when there is empty buffer (512-
byte) for writes or a block of data is available for 
reads during the Block transfer mode. This is 
cleared when written with 1'b1.

9 PIO_Transfer_Err_IRQ R/W 0x0 This bit is set when there is transfer error detected 
while the CFHOST Controller is transferring data 
to the CF/CF+ Card in TrueIDE PIO Mode. When 
this is set, the Software has to read the ATA 
Register set to determine the last Sector Count 
that was transferred and determine the source of 
error. This is cleared when written with 1'b1.

8 TrueIDE_Mode_INTRQ_IRQ RO 0x0 This is the direct assignment of the CF/CF+ 
Interface pin 37 (INTRQ) when the Interface is 
operating in TrueIDE Mode. This is the Interrupt 
from the Card. During the PIO Transfers and the 
CFHOST Controller is performing the PIO 
Protocol to transfer blocks of data, the INTRQ is 
handled by the CFHOST Controller itself. The 
Software has to read the ATA Status Register to 
find the source of Interrupt. This is a Read Only 
bit.

7:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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3 IO_Mode_IREQ_IRQ R/W 0x0 This bit is set when there is a change detected on 
CF/CF+ Interface pin 37 (READY/-IREQ), when 
the interface is operating in PC-Card IO mode. 
This is cleared when written with 1'b1.

2 Memory_Mode_Ready_IRQ R/W 0x0 This bit is set when there is a change detected on 
CF/CF+ Interface pin 37 (READY), when the 
interface is operating in PC-Card Memory mode. 
The READY Signal should be monitored to make 
sure that the card is up and ready for access. This 
is cleared when written with 1'b1.

1 Status_Change_IRQ R/W 0x0 This bit is set when there is a change detected on 
CF/CF+ Interface pin46 (- STSCHG). This is 
cleared when written with 1'b1.

0 Card_Detect_IRQ R/W 0x0 This bit is set when there is a change detected 
either on -CD1 or -CD2 inputs. This is cleared 
when written with 1'b1.

Table 819: IRQ Register (CF_IRQ)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.32.3 Interrupt Enable Register (CF_INTERRUPT_ENABLE)
The Interrupt Enable Register provides enable bits for Individual IRQ bits from the IRQ Register to 
participate in the Interrupt generation. When the Interrupt Enable bit is set and corresponding IRQ bit 
is set, then the Interrupt is generated and the ahbtarget_interrupt is asserted. 

Instance Name Offset
CF_INTERRUPT_ENABLE 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? ? ? ? 0 0 0 0

Table 820: Interrupt Enable Register (CF_INTERRUPT_ENABLE)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:13 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

12 Cf_Wake_Up_Enable R/W 0x0 0x1: Enable CF Wakeup

11 Transfer_Done_Interrupt_Enable R/W 0x0 When set, this bit enables the generation of AHB 
Interrupt (ahbtarget_interrupt) when the Transfer 
Done IRQ bit is set in the IRQ Register. When 
cleared, the Transfer Done IRQ bit is not used in 
the generation of AHB Interrupt.

10 Buffer_Available_Interrupt_Enable R/W 0x0 When set, this bit enables the generation of AHB 
Interrupt (ahbtarget_interrupt) when the Buffer 
Available IRQ bit is set in the IRQ Register. When 
cleared, the Buffer Available IRQ bit is not used in 
the generation of AHB Interrupt. Buffer Available 
IRQ is not used when Slave DMA Mode is used on 
AHB Interface.

9 PIO_Transfer_Err_Interrupt_Enable R/W 0x0 When set, this bit enables the generation of AHB 
Interrupt (ahbtarget_interrupt) when the PIO 
Transfer Err IRQ bit is set in the IRQ Register. 
When cleared, the PIO Transfer Err IRQ bit is not 
used in the generation of AHB Interrupt.

8 TrueIDE_Mode_INTRQ_Interrupt_
Enable

R/W 0x0 When set, this bit enables the generation of AHB 
Interrupt (ahbtarget_interrupt) when the TrueIDE 
Mode INTRQ IRQ bit is set in the IRQ Register. 
When cleared, the TrueIDE Mode INTRQ IRQ bit is 
not used in the generation of AHB Interrupt.

7:6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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5 Wait_Assertion_Error_Interrupt_En
able

R/W 0x0
0x1:  Enable Wait Assertion Errror Interrupt

4 Time_Out_Error_Interrupt_Enable R/W 0x0 0x1:  Enable Time Out Errror Interrupt

3 IO_Mode_IREQ_Interrupt_Enable R/W 0x0 When set, this bit enables the generation of AHB 
Interrupt (ahbtarget_interrupt) when the IO Mode 
IREQ IRQ bit is set in the IRQ Register. When 
cleared, the IO Mode IREQ IRQ bit is not used in 
the generation of AHB Interrupt.

2 Memory_Mode_Ready_Interrupt_
Enable

R/W 0x0 When set, this bit enables the generation of AHB 
Interrupt (ahbtarget_interrupt) when the Memory 
Mode Ready IRQ bit is set in the IRQ Register. 
When cleared, the Memory Mode Ready IRQ bit is 
not used in the generation of AHB Interrupt.

1 Status_Change_Interrupt_Enable R/W 0x0 When set, this bit enables the generation of AHB 
Interrupt (ahbtarget_interrupt) when the Status 
Change IRQ bit is set in the IRQ Register. When 
cleared, the Status Change IRQ bit is not used in 
the generation of AHB Interrupt.

0 Card_Detect_Interrupt_Enable R/W 0x0 When set, this bit enables the generation of AHB 
Interrupt (ahbtarget_interrupt) when the Card 
Detect IRQ bit is set in the IRQ Register. When 
cleared, the Card Detect IRQ bit is not used in the 
generation of AHB Interrupt.

Table 820: Interrupt Enable Register (CF_INTERRUPT_ENABLE)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.32.4 Operation Mode Register (CF_OPERATION_MODE)
The Operation Mode (OpMode) Register is used to control/enable various features of the CFHOST 
Controller and to program main modes for operation of CFHost Controller. 

Instance Name Offset
CF_OPERATION_MODE 0x000C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? 0 0 0 0 1 0 0 0 ? ? 0 0 0 0 0 0 ? ? 0 0 1 0 0 0

Table 821: Operation Mode Register (CF_OPERATION_MODE)  (Sheet 1 of 3)

Bits Name Type Reset Description

31:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:16 Slave_DMA_Burst_Length R/W 0x8 This field controls the Burst Length for Slave DMA 
Request Generation. The CFHOST Controller uses 
this field to generate Slave DMA Request when: For 
reads, when the CFHOST Controller contains this m 
any DWORDS of data in its internal FI FO's that is 
being read from the CF/ CF+ Device, or end of 
transfer is reached. For writes, the CFHOST 
Controller contains this many DWORDS of empty 
space in its internal FIFOs to be transferred to the CF/ 
CF+ device. This field is used only when the Slave 
DMA Mode is enabled. For Every Slave DMA 
Request, the CPU should not transfer exactly this 
many DWORDS to/ from CFHOST Controller based 
on direction of data transfer before generating Slave 
DMA Ack. The legal values are 1 to 128 DWORDS.

15:14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13 AHB_Strict_Burst_Mode R/W 0x0 This bit controls the type of Burst to be supported on 
the AHB Bus for the Data Port Access. When set only 
predefined Burst Sizes, 4DW (INCR4), 8DW (INCR8), 
16DW (INCR8) and Single Transfers is supported. 
When reset, the AHB Interface supports any sized 
Bursts (with INCR) is supported in addition the above 
mentioned predefined burst sizes.
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12:11 DRQ_Block_Size R/W 0x0 This field controls the DRQ Block Size for using 
Write_Multiple and Read Multiple Commands when 
the CFHOST Controller is operating in TrueIDE PIO 
Mode. The following are the various Block Sizes 
supported and their Encoded value: 
0x0:  512 Byte Blocks (Default)
0x1:  1024 Byte Blocks 
0x2: 2048 Byte Blocks 
0x3: 4096 Byte Blocks.

10 Slave_DMA_Enable R/W 0x0 This bit enables the Slave DMA Mode on the AHB 
Target Interface. The ahbtarget_slvdmareq and 
ahbtarget_slvdmaack signals are toggled to indicate 
the data availability. This mode provides the direct 
hookup of the DMA Controller to the AHB Interface 
for transferring data. Enabling of SlaveDMA protocol 
for individual transfers is controlled through the 
Transfer Control Register. 
0x0: Slave DMA Mode Not Enabled. 
0x1: Slave DMA Mode Enabled.

9 TrueIDE_MultiWord_DMA
_Mode_Enable

R/W 0x0 This bit is used to enable/disable the TrueIDE 
MultiWord DMA transfer mode. Generation of 
MultiWord DMA transfers for individual transfers is 
controlled through the Transfer Control Register. This 
bit should be set only when the MultiWord DMA Mode 
is enabled in the CF/CF+ Card. 
0x0: Disable MultiWord DMA Mode 
0x1: Enable MultiWord DMA Mode.

8 UltraDMA_Mode_Enable R/W 0x0 This bit is used to enable/disable the UltraDMA 
transfer mode. Generation of UltraDMA transfers for 
individual transfers is controlled through the Transfer 
Control Register. This bit should be set only when the 
UltraDMA Mode is enabled in the CF/CF+ Card. 
0x0:  Disable UltraDMA Mode 
0x1:  Enable UltraDMA Mode.

7:6 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

5 CF_Interface_Tristate R/W 0x0 This bit is used to tri-state all output signals on the 
CF/CF+ Interface. All the CFHOST Controller outputs 
are tri-stated when this signal is asserted.
0x0: The outputs are tri-stated. 
0x1:  The outputs are tri-stated.The outputs are not 
tri-stated (Normal operation).

4 CFHOST_Enable R/W 0x0 This bit is used to enable/disable the CFHOST 
Controller for generating transfers on the CF/CF+ 
Interface. 
0x0:  The CFHOST Controller is disabled. 
0x1:   The CFHOST Controller is enabled. When the 
CFHOST is disabled, the RESET signal on the 
Interface is asserted Continuously.

Table 821: Operation Mode Register (CF_OPERATION_MODE)  (Sheet 2 of 3)

Bits Name Type Reset Description
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3 Card_Reset R/W 0x1 This bit is used to generate the Reset signaling to the 
Card by asserting the RESET pin on the CF/CF+ 
Interface. The Polarity of the RESET signal is 
modified based on the Card Mode.

2 Card_Type R/W 0x0 This bit defines the type of the Card attached to the 
CF/CF+ Interface. 
0x0:  The card is a CompactFlash type Card 
0x1:  The Cad is CF+ type card 
This information is used by the CFHOST Controller to 
determine the -WAIT timing for Memory or I/O 
Transfers.

1:0 Card_Mode R/W 0x0 These bits define the operation mode Card attached 
to the CF/CF+ Interface, and the CFHOST Controller. 
The following are various modes:
0x0:  CF-Card Memory Mode. 
0x1:  CF-Card I/O Mode. 
0x2:  True-IDE Mode. 
0x3:   Reserved.

Table 821: Operation Mode Register (CF_OPERATION_MODE)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.32.5 CF Interface Clock Configuration Register 
(CF_INTERFACE_CLOCK_CONFIGURATION)
The CF Interface Clock Configuration Register is used configure the clock frequency of the CF 
interface clock and the ratio of the CF interface clock to the AHB clock.

Instance Name Offset
CF_INTERFACE_CLOCK_CONFIGURATION 0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

C
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 0 0 0 0 0 0

Table 822: CF Interface Clock Configuration Register (CF_INTERFACE_CLOCK_CONFIGURATION) 
 

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3:0 CF_Interface_Clock_
Configuration

R/W 0x0 These bits define the approximate frequency of the CF 
Interface clock that is provided to the CFHOST Controller. 
The CFHOST Controller has separate clock domains for 
both the AHB side and the CF Interface side. All the CF/
CF+ Interface logic operates on the CF Interface Clock. To 
meet the timing requirements for various types of transfers 
and also the Advanced timing modes the Clock frequency 
information is essential to the CFHOST Controller. The 
following are the various values that can be programmed: 
0000 - 100 MHz clock (10ns ) 0001 - 75 MHz Clock (13.33 
ns) 0010 - 66 MHz Clock (15 ns) 0011 - 50 MHz Clock (20 
ns) 0100 - 40 MHz Clock (25 ns) 0101 - 33 MHz Clock (30 
ns) 0110 - 25 MHz Clock (40 ns) Others - Reserved If the 
frequency of the CF Interface Clock is not one of the listed 
above, then the value programmed should the next Lowest 
Clock Frequency Value. For example if a 48 MHz clock is 
provided, then the value programmed should be 0010 (40 
MHz).
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A.32.6 CF Timing Mode Configuration Register 
(CF_TIMING_MODE_CONFIGURATION)
The CF Timing Mode #Configuration Register is used configure the Timing Modes for various 
transfer types. This register is used to configure Advanced Timing modes for MEM/IO transfers and 
various PIO/DMA Timing modes for the respective operating mode.

Instance Name Offset
CF_TIMING_MODE_CONFIGURATION 0x0014

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 823: CF Timing Mode Configuration Register (CF_TIMING_MODE_CONFIGURATION)  (Sheet 
1 of 2)

Bits Name Type Reset Description

31:13 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

12:10 Ultra_DMA_Mode_Timing_
Mode

R/W 0x0 These bits define the Ultra DMA Transfer Timing 
Modes when the CF/CF+ Interface is transferring 
data in Ultra DMA Mode. The following are the 
various values that can be programmed: 
0x0:  Mode0 
0x1:  Mode1 
0x2:  Mode2 
0x3:  Mode3 
0x4:  Mode4 
0x5:  Mode5 
0x6:  Mode6 
0x7:  Reserved
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A.32.7 Transfer Address Register (CF_TRANSFER_ADDRESS)

9:7 TrueIDE_MultiWord_DMA_
Transfer_Timing_Mode

R/W 0x0 These bits define the MultiWord DMA Transfer 
Timing Modes when the CF/CF+ Interface is 
operating in True IDE Mode. The following are 
the various values that can be programmed: 
0x0:  Mode0 
0x1:  Mode1 
0x2:  Mode2 
0x3:  Mode3 
0x4:  Mode4 
0x5:  Reserved
0x6:  Reserved
0x7:  Reserved

6:4 TrueIDE_PIO_Transfer_Timing
_Mode

R/W 0x0 These bits define the PIO Timing Modes when 
the CF/CF+ Interface is operating in True IDE 
Mode. The following are the various values that 
can be programmed:
0x0:  Mode0 
0x1:  Mode1 
0x2:  Mode2 
0x3:  Mode3 
0x4:  Mode4 
0x5:  Mode5 
0x6:  Mode6 
0x7:  Reserved

3:2 IO_Transfer_Timing_Mode R/W 0x0 These bits define the Advanced Timing Mode for 
IO Transfers. CF/CF+ Specification supports 
Advanced timing modes for performing I/O 
transfers. The following are the various values 
that can be programmed: 
0x0:  250ns Timing Mode
0x1:  120ns Timing Mode 
0x2:  100ns Timing Mode 
0x3:  80ns Timing Mode

1:0 Memory_Transfer_Timing_
Mode

R/W 0x0 These bits define the Advanced Timing Mode for 
Common Memory Transfers. CF/CF+ 
Specification supports Advanced timing modes 
for performing Common Memory transfers. The 
following are the various values that can be 
programmed:
0x0:  250ns Timing Mode
0x1:  120ns Timing Mode 
0x2:  100ns Timing Mode 
0x3:  80ns Timing Mode

Table 823: CF Timing Mode Configuration Register (CF_TIMING_MODE_CONFIGURATION)  (Sheet 
2 of 2)

Bits Name Type Reset Description
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The Transfer Address Register is used program the Starting Address for the Memory/IO transfers 
when performing Block Data transfers.

Instance Name Offset
CF_TRANSFER_ADDRESS 0x0018

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

C
S

E
L_

N

Reserved Transfer_Address

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0

Table 824: Transfer Address Register (CF_TRANSFER_ADDRESS)  

Bits Name Type Reset Description

31:17 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

16 CSEL_N R/W 0x0 Chip Select Selection
0x0:  Use CF_nCE1
0x1:  Use CF_nCE2

15:11 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

10:0 Transfer_Address R/W 0x0 This field is used to program the Starting Address for a 
Block Transfer on the CF/ CF+ Interface for Memory/IO 
Transfers. In case of a single transfer this field is used for 
the Address of the transfer on the CF Interface. In case of 
Block transfer, the CFHOST Controller uses this address 
and performs a block transfer (as specified by Transfer 
Control Register). The first transfer uses this address and 
for the following transfers the address is incremented based 
on the number of bytes transferred in the previous transfer. 
Optionally the Address increment can be disabled when 
performing a Block Transfer to a FIFO Location in the CF/ 
CF+ Device. This field is valid only for Memory/IO Transfers 
and for those Block transfers: The Address is increm ented 
by two when perform ing Attribute Mem -ory transfers. 
When operating in Byte Transfer (Only -CE1 or -CE2 
asserted), the Address is increm ented by one. When 
operating in Word transfer m odes (-CE1/ -CE2 asserted), 
then the address is increm ented by two.
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A.32.8 Transfer Control Register (CF_TRANSFER_CONTROL)
The Transfer Control Register is used configure various parameters of the transfer and to start/stop 
the transfer on the CF/CF+ interface. All the bits in this register are valid for the current transfer and 
must be programmed for every transfer command. 

Instance Name Offset
CF_TRANSFER_CONTROL 0x001C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
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Reserved Transfer_Count

Default 0 0 0 0 0 0 0 0 ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 825: Transfer Control Register (CF_TRANSFER_CONTROL)  (Sheet 1 of 3)

Bits Name Type Reset Description

31 Transfer_Start R/W 0x0 Setting this bit causes the Transaction Controller to 
initiate the transfers on the CF/CF+ Interface based on 
the Operation Mode, Timing Mode and Transfer Control 
Parameters. Once the transfer is completed, the 
Transfer Done IRQ is set and this bit is cleared by 
Logic. Software ensures that this bit is cleared before 
writing to this register or setting this bit again to start a 
new transfer. Also the Software cannot modify the 
Transfer Address Register, Transfer Control Register, 
Timing Mode Register, CF Clock Configuration 
Register, Operation Mode Register etc while this bit is 
set

30 Transfer_Direction R/W 0x0 This bit indicates whether the current transfer (single or 
Block transfer) to be a read transfer or a Write Transfer 
on the CF/CF+ Interface. 
0x1: Read Transfer 
0x0: Write Transfer
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29 Slave_DMA_Transfer R/W 0x0 This bit controls the type of transfer mode on the AHB 
Interface for this transfer. When reset, the default PIO 
Mode (Buffer Available Interrupt based protocol) is 
selected to transfer data to/from Internal FIFOs. When 
set, the Slave DMA protocol is used to transfer data 
from/to Internal FIFOs and the Buffer Available Interrupt 
is not set. This bit should be set when the Slave DMA 
Enable bit is set in the Operation Mode Register. 
0x0:  Slave DMA Protocol is disabled on AHB Bus 
(Normal PIO Operation) 
0x1:  Slave DMA Protocol is enabled on AHB Bus.

28 DMA_Transfer_Mode R/W 0x0 This bit indicates that the current transfer to be 
MultiWord/UltraDMA DMA Transfer Mode based on the 
Current operating Mode of the Interface and whether 
the TrueIDE Mode or UltraDMA Mode is enabled. When 
the CFHOST Controller is operating in TrueIDE Mode, 
the transfer can be MultiWord or UltraDMA mode 
transfer on the Interface based on the DMA Transfer 
mode that is enabled. The CPU should set the Device 
in the corresponding Mode before issuing transfer in 
DMA Mode. When CFHOST Controller is operating in 
PC-Card Memory/IO Mode, then the transfer can be 
UltraDMA Mode transfer on the Interface when the 
mode is enabled. When neither the MultiWord DMA or 
UltraDMA transfer modes are not enabled and this bit is 
set, the CFHOST Controller performes the Transfers on 
the Interface in PIO Mode for TrueIDE Mode or 
Memory/IO Transfers.

27 Memory_IO_Transfer R/W 0x0 This bit indicates the type of transfer to be performed 
when the CFHOST is operating in PC-Card Memory 
Mode or PC-Card IO Mode. This bit is ignored when the 
CFHOST is in TrueIDE Mode and for all DMA 
Transfers. The encoding of this bit is as follows:
0x0:  Memory Transfer. 
0x1:  IO Transfer.

26 Common_Memory_Attribute_
Memory_Transfer

R/W 0x0 This bit indicates the type of transfer to be performed 
for Memory Transfers. Memory transfers can be 
Attribute Memory Transfers or Common Memory 
Transfers. This bit is ignored for IO Transfers, TrueIDE 
PIO Mode Transfers and all DMA Transfers. The 
encoding of this bit is as follows: 
0x0: Common Memory Transfer. 
0x1: Attribute Memory Transfer.

Table 825: Transfer Control Register (CF_TRANSFER_CONTROL)  (Sheet 2 of 3)

Bits Name Type Reset Description
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25 Transfer_Size R/W 0x0 This bit controls whether the transfer size for individual 
transfers (8 bits or 16 bits). This bit is valid only for 
Common Memory and IO Transfers. All Attribute 
Memory transfers are Byte (8-bit) transfers. For 
TrueIDE PIO Mode and DMA Modes, the transfer size 
is always 16-bits. This bit is ignored for Attribute 
Memory Transfers, TrueIDE PIO Mode Transfers and 
all DMA Transfers. The encoding of this bit is as 
follows: 
0x0: Transfer Size is 8-bit wide. 
0x1: Transfer Size is 16-bit wide.

24 Disable_Address_Increment R/W 0x0 During the Memory/IO block transfers the Address on 
the CF/CF+ Interface is incremented for every transfer. 
By setting this bit the address incrementing is disabled 
and the same address programmed in the Transfer 
Address Register is used for all the transfers that are 
part of the Block transfer. This is useful when accessing 
a FIFO location in the I/O or Memory address space.
0x0:  Address Increment is not disabled (Normal 
operation) 
0x1:  Address Increment is disabled.

23:18 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

17:0 Transfer_Count R/W 0x0 This field is used to program the number of bytes to be 
transferred on the CF Interface. The CFHOST 
Controller supports transfer up to 131072 Bytes of 
transfer in one Command (This supports 256 Blocks, 
each being 512 Bytes, which is the max in TrueIDE PIO 
Mode). Once the data transfer is started the data is 
transferred to/from Internal FIFOs and the CF Interface 
continuously with out the CPUs intervention, except for 
the CPU to service the Buffer Available Interrupt and 
transfer data. Once the transfer has started, the 
Transfer Count is decremented by one for Attribute 
Memory transfers and all other byte transfers. The 
Transfer Count is decremented by two for all word 
transfers. The transfer is continued until the Transfer 
Count is zero at which point the Transfer Done IRQ is 
set.

Table 825: Transfer Control Register (CF_TRANSFER_CONTROL)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.32.9 Write Data Port Register (CF_WRITE_DATA_PORT)
This Write Data Port Register is a front end to the WriteFIFO in the CFHOST Controller which is 
used during the Write transfers to the CF/CF+ device. 

A.32.10 Read Data Port Register (CF_READ_DATA_PORT)
This Read Data Port Register is a front end to the ReadFIFO in the CFHOST Controller which is 
used during Read transfers from the CF/CF+ device.

Instance Name Offset
CF_WRITE_DATA_PORT 0x0024

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Write_Data_Port

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 826: Write Data Port Register (CF_WRITE_DATA_PORT)  

Bits Name Type Reset Description

31:0 Write_Data_Port WO 0x0 This register is used for writing into WriteFIFO in the 
CFHOST Controller. The WriteFIFO is used to transfer the 
data between the CPU and the CF Interface during Write 
Transfers. The Write Data Port Register is a 32-bit register 
(WriteFIFO is a 32-bit wide). The CFHOST controller 
converts the 32-bit data into either 8-bit or 16-bit data when 
transferred onto the CF Interface.

Instance Name Offset
CF_READ_DATA_PORT 0x0028

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Read_Data_Port

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 827: Read Data Port Register (CF_READ_DATA_PORT)  

Bits Name Type Reset Description

31:0 Read_Data_Port RO 0x0 This register is used for reading from ReadFIFO in the 
CFHOST Controller. The ReadFIFO is used to transfer the 
data between the CF/CF+ Interface and the CPU during 
Read Transfers. The Read Data Port Register is a 32-bit 
register (ReadFIFO is a 32-bit wide). The CFHOST 
controller converts either 8-bit or 16bit data from the CF 
Interface to a 32-bit wide data before writing into Read 
FIFO.
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A.32.11 ATA Data Port Register (CF_ATA_DATA_PORT)
This ATA Data Port Register provides access to Data Register in the CF/CF+ device when the CF/
CF+ interface is operating in TrueIDE mode.

A.32.12 ATA Error/Features Register (CF_ATA_ERROR_FEATURES)
This ATA Error/Features Register provides access to Error/Feature Register in the CF/ CF+ device 
when the CF/CF+ interface is operating in TrueIDE mode.

Instance Name Offset
CF_ATA_DATA_PORT 0x0030

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ATA_Data_Port

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 828: ATA Data Port Register (CF_ATA_DATA_PORT)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:0 ATA_Data_Port R/W 0x0 A write to this field is translated to PIO Mode write operation 
on the CF/CF+ Interface to the DATA Register (part of 
Command Register set) in the CF/CF+ Device at offset 0x0. 
A read to register is translated to PIO Mode read operation 
on the CF/CF+ Interface to the DATA Register (part of 
Command Register set) in the CF/CF+ Device at offset 0x0.

Instance Name Offset
CF_ATA_ERROR_FEATURES 0x0034

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

A
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re

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 829: ATA Error/Features Register (CF_ATA_ERROR_FEATURES)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 ATA_Error_Feature R/W 0x0 A write to this field is translated to PIO Mode write operation 
on the CF/CF+ Interface to the Feature Register (part of 
Command Register set) in the CF/ CF+ Device at offset 
0x1. A read to register is translated to PIO Mode read 
operation on the CF/CF+ Interface to the Error Register 
(part of Command Register set) in the CF/CF+ Device at 
offset 0x1.
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A.32.13 ATA Sector Count Register (CF_ATA_SECTOR_COUNT)
This ATA Sector Count Register provides access to Sector Count Register in the CF/CF+ device 
when the CF/CF+ interface is operating in TrueIDE mode.

A.32.14 ATA Sector Number Register (CF_ATA_SECTOR_NUMBER)
This ATA Sector Number Register provides access to Sector Number Register in the CF/ CF+ 
device when the CF/CF+ interface is operating in TrueIDE mode.

Instance Name Offset
CF_ATA_SECTOR_COUNT 0x0038

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ATA_Sector_Count

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 830: ATA Sector Count Register (CF_ATA_SECTOR_COUNT)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 ATA_Sector_Count R/W 0x0 A write to this field is translated to PIO Mode write operation 
on the CF/CF+ Interface to the Sector Count Register (part 
of Command Register set) in the CF/ CF+ Device at offset 
0x2. A read to register is translated to PIO Mode read 
operation on the CF/CF+ Interface to the Sector Count 
Register (part of Command Register set) in the CF/ CF+ 
Device at offset 0x2.

Instance Name Offset
CF_ATA_SECTOR_NUMBER 0x003C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
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Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 831: ATA Sector Number Register (CF_ATA_SECTOR_NUMBER)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 ATA_Sector_Number R/W 0x0 A write to this field is translated to PIO Mode write operation 
on the CF/CF+ Interface to the Sector Number Register 
(part of Command Register set) in the CF/ CF+ Device at 
offset 0x3. A read to register is translated to PIO Mode read 
operation on the CF/CF+ Interface to the Sector Number 
Register (part of Command Register set) in the CF/ CF+ 
Device at offset 0x3.
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-773



ARMADA 16x Applications Processor Family Register Tables
A.32.15 ATA Cylinder Low Register (CF_ATA_CYLINDER_LOW)
This ATA Cylinder Low Register provides access to Cylinder Low Register in the CF/CF+ device 
when the CF/CF+ interface is operating in TrueIDE mode.

Instance Name Offset
CF_ATA_CYLINDER_LOW 0x0040

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved ATA_Cylinder_Low

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 832: ATA Cylinder Low Register (CF_ATA_CYLINDER_LOW)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 ATA_Cylinder_Low R/W 0x0 A write to this field is translated to PIO Mode write operation 
on the CF/CF+ Interface to the Cylinder Low Register (part 
of Command Register set) in the CF/CF+ Device at offset 
0x4. A read to register is translated to PIO Mode read 
operation on the CF/CF+ Interface to the Cylinder Low 
Register (part of Command Register set) in the CF/CF+ 
Device at offset 0x4.
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A.32.16 ATA Cylinder High Register (CF_ATA_CYLINDER_HIGH)
This ATA Cylinder High Register provides access to Cylinder High Register in the CF/ CF+ device 
when the CF/CF+ interface is operating in TrueIDE mode.

A.32.17 ATA Select Card/Head Register 
(CF_ATA_SELECT_CARD_HEAD)
This ATA Select Card/Head Register provides access to Select Card/Head Register in the CF/CF+ 
device when the CF/CF+ interface is operating in TrueIDE mode.

Instance Name Offset
CF_ATA_CYLINDER_HIGH 0x0044

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

A
TA

_C
yl

in
de

r_
H

ig
h

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 833: ATA Cylinder High Register (CF_ATA_CYLINDER_HIGH)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 ATA_Cylinder_High R/W 0x0 A write to this field is translated to PIO Mode write operation 
on the CF/CF+ Interface to the Cylinder High Register (part 
of Command Register set) in the CF/CF+ Device at offset 
0x5. A read to register is translated to PIO Mode read 
operation on the CF/CF+ Interface to the Cylinder High 
Register (part of Command Register set) in the CF/ CF+ 
Device at offset 0x5.

Instance Name Offset
CF_ATA_SELECT_CARD_HEAD 0x0048

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

A
TA

_S
el

ec
t_

C
ar

d_
H

ea
d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 834: ATA Select Card/Head Register (CF_ATA_SELECT_CARD_HEAD)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.32.18 ATA Status/Command Register 
(CF_ATA_STATUS_COMMAND)
This ATA Status/Command Register provides access to Status/Command Register in the CF/CF+ 
device when the CF/CF+ interface is operating in TrueIDE mode. 

7:0 ATA_Select_Card_Head R/W 0x0 A write to this field is translated to PIO Mode write 
operation on the CF/CF+ Interface to the Select 
Card/Head Register (part of Command Register set) 
in the CF/CF+ Device at offset 0x6. A read to register 
is translated to PIO Mode read operation on the CF/
CF+ Interface to the Select Card/Head Register (part 
of Command Register set) in the CF/CF+ Device at 
offset 0x6.

Instance Name Offset
CF_ATA_STATUS_COMMAND 0x004C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

A
TA

_S
ta

tu
s_

C
om

m
an

d

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 835: ATA Status/Command Register (CF_ATA_STATUS_COMMAND)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 ATA_Status_Command R/W 0x0 A write to this field is translated to PIO Mode write 
operation on the CF/CF+ Interface to the Command 
Register (part of Command Register set) in the CF/ CF+ 
Device at offset 0x7. A read to register is translated to 
PIO Mode read operation on the CF/CF+ Interface to the 
Status Register (part of Command Register set) in the 
CF/CF+ Device at offset 0x7.

Table 834: ATA Select Card/Head Register (CF_ATA_SELECT_CARD_HEAD)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.32.19 ATA Alt Status/Device Control Register 
(CF_ATA_ALT_STATUS_DEVICE_CONTROL)
This ATA Alternate Status/Device Control Register provides access to Alternate Status/ Device 
Control Register in the CF/CF+ device when the CF/CF+ interface is operating in TrueIDE mode. 

A.32.20 DFI Address Latching Timers Register 
(CF_DFI_ADDRESS_LATCHING_TIMING)

Instance Name Offset
CF_ATA_ALT_STATUS_DEVICE_CONTROL 0x0050

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

A
TA

_A
lte

rn
at

e_
S

ta
tu

s_
D

ev
ic

e_
C

on
tr

ol

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 836: CF_ATA Alt Status/Device Control Register (ATA_ALT_STATUS_DEVICE_CONTROL) 

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 ATA_Alternate_Status
_Device_Control

R/W 0x0 A write to this field is translated to PIO Mode write 
operation on the CF/CF+ Interface to the Device Control 
Register (part of Control Register set) in the CF/CF+ 
Device at offset 0x6. A read to register is translated to PIO 
Mode read operation on the CF/CF+ Interface to the 
Alternate Status Register (part of Control Register set) in 
the CF/CF+ Device at offset 0x6.

Instance Name Offset
CF_DFI_ADDRESS_LATCHING_TIMING 0x0060

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

A
D

D
R

E
S

S
_H

O
LD

A
D

D
R

E
S

S
_L

A
T

C
H

A
D

D
R

E
S

S
_S

E
T

U
P

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 1 1 0 0 1 1 0 0 1 1
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A.32.21 DMA Request Clear Register (CF_DMA_REQUEST_CLEAR)

A.32.22 Extended Write Data Port Register 
(CF_EXTENDED_WRITE_DATA_PORT)
These Extended Write Data Port Registers are extended versions of the Write Data Port Register. 
These registers are useful if the CPU is performing a Burst Write with INCREMENTING address. 
These registers act as a front end to the WriteFIFO in the CFHOST controller, which is used during 
Write transfers to the CF/CF+ device.

0x0200 - 0x03FC 

Table 837: DFI Address Latching Timing Register (CF_DFI_ADDRESS_LATCHING_TIMING) 

Bits Name Type Reset Description

31:12 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

11:8 ADDRESS_HOLD R/W 0x3 DFI address hold timer 

7:4 ADDRESS_LATCH R/W 0x3 DFI address latch timer

3:0 ADDRESS_SETUP R/W 0x3 DFI address setup timer 

Instance Name Offset
CF_DMA_REQUEST_CLEAR 0x0064

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

C
LE

A
R

_R
E

Q
U

E
S

T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0

Table 838: DMA Request Clear Register (CF_DMA_REQUEST_CLEAR)  

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 CLEAR_REQUEST R/W 0x3 Clear DMA Request 
0x1:  Clear DMA request

Instance Name Offset Count Step
CF_EXTENDED_WRITE_DATA_PORT[0:126
]

0x0200 127 0x4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Extended_Write_Data_Port

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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A.32.23 Read Data Port Register 
(CF_EXTENDED_READ_DATA_PORT)
These Extended Read Data Port Registers are extended versions of the Read Data Port Register. 
These registers are useful if the CPU is performing a Burst Read with INCREMENTING address. 
These registers act as a front end to the ReadFIFO in the CFHOST Controller, which is used during 
Read transfers from the CF/CF+ device.

0x0400 - 0x05FC

 

Table 839: Extended Write Data Port Register (CF_EXTENDED_WRITE_DATA_PORT)  

Bits Name Type Reset Description

31:0 Extended_Write_Data_
Port

WO 0x0 This register is used for writing into WriteFIFO in the 
CFHOST Controller. The WriteFIFO is used to transfer 
the data between the CPU and the CF Interface during 
Write Transfers. The Write Data Port Register is a 32-bit 
register (WriteFIFO is a 32-bit wide). The CFHOST 
controller converts the 32-bit data into either 8-bit or 16-
bit data when transferred onto the CF Interface.

Instance Name Offset Count Step
CF_EXTENDED_READ_DATA_PORT[0:126] 0x0400 127 0x4

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Extended_Read_Data_Port

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 840: Read Data Port Register (CF_EXTENDED_READ_DATA_PORT)  

Bits Name Type Reset Description

31:0 Extended_Read_Data_
Port

RO 0x0 This register is used for reading from ReadFIFO in the 
CFHOST Controller. The ReadFIFO is used to transfer 
the data between the CF/CF+ Interface and the CPU 
during Read Transfers. The Read Data Port Register is a 
32-bit register (ReadFIFO is a 32-bit wide). The CFHOST 
controller converts either 8-bit or 16bit data from the CF 
Interface to a 32-bit wide data before writing into 
ReadFIFO.
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A.33 XD Controller (XDC)
The XDC registers allow for control over the configuration of the interface to a particular XD or set of 
XDs and the control over the operations performed on those XDs. The XD can be programmed 
directly from the host software for all operations or it can use the DMA for command processing.

In non-DMA mode, software can write directly to the Command Buffer Register XDCB0 to program 
XDCB0, XDCB1, XDCB2 and XDCB3 (XD Controller Command Buffer 0 Register, XD Controller 
Command Buffer 1 Register, XD Controller Command Buffer 2 Register, and XD Controller 
Command Buffer 3 Register) in FIFO order, and data buffer XDDB (XD Controller Data Buffer 
Register) to send commands and data to the flash device. Similarly, for a Read, software can read 
from the data buffer.

The Status registers contain bits that signal the error status of ECC, flash ready, bad-block-detected, 
end-of-command execution, finish-of-page and Read/Write requests for the data buffer, and Write 
request for the command buffer. Each of these hardware-detected events can signal an interrupt 
request to the interrupt controller.

The XD Controller Clock/Reset Control Register (APMU_XD_CLK_RES_CTRL) in the Application 
Subsystem Power Management (APMU) Unit must be programmed prior to accessing the XDC 
registers.

Base Address: 0xD428_4000

A.33.1 XD Flash Control Register (XDC_XDCR)
Program the Timing Parameter registers (XDTR0CSx and XDTR1CSx) and Control registers before 
writing to this register. 

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Table 841:  XD Controller Register Summary 

Offset Name Description Details

0x0000 XDC_XDCR XD Flash Control Register Page: A-780

0x0004 XDC_XDTR0CS0 XD Controller Timing Parameter 0 Register for XD_nCE Page: A-786

0x0008 XD_XDCR2 XD Control Register 2 Page: A-789

0x000C XDC_XDTR1CS0 XD Controller Timing Parameter 1 Register for XD_nCE Page: A-789

0x0014 XDC_XDSR XD Controller Status Register Page: A-792

0x0018 XDC_XDPCR XD Controller Page Count Register Page: A-796

0x001C XDC_XDBBR0 XD Controller Bad Block Registers 0 and 1 Page: A-797

0x002C XDC_XDBZCNT Timer for XD_RnB Page: A-797

0x0040 XDC_XDDB XD Controller Data Buffer Register Page: A-798

0x0048 XD_XDCB0 XD Controller Command Buffer 0 Page: A-799

0x004C XDC_XDCB1 XD Controller Command Buffer 1 Page: A-803

0x0050 XDC_XDCB2 XD Controller Command Buffer 2 Page: A-804

0x0054 XDC_XDCB3 XD Controller Command Buffer 3 Page: A-805
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Instance Name Offset
XDC_XDCR 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

S
P

A
R

E
_E

N

E
C

C
_E

N

D
M

A
_E

N

X
D

_R
U

N

R
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er
ve

d

P
A

G
E
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Z

R
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er
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d

F
O

R
C

E
_C

S
X

C
LR

_P
G

_C
N

T

S
T

O
P

_O
N

_U
N

C
O

R

R
D

_I
D
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N

T

R
A

_S
TA

R
T

P
G

_P
E

R
_B
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S
et

A
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R
D

Y
M

C
S
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P

A
G

E
D

M
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C
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M
D

D
M

R
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er
ve

d

C
S

0_
B

B
D

M

R
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er
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d

U
N

C
E

R
R

M

C
O

R
E

R
R

M

W
R

D
R

E
Q

M

R
D

D
R

E
Q

M

W
R

C
M

D
R

E
Q

M

Default 0 0 0 0 ? ? 0 0 0 0 0 0 0 0 1 0 0 0 0 ? 1 1 ? 1 ? 1 ? 1 1 1 1 1

Table 842: XD Flash Control Register (XDC_XDCR)  (Sheet 1 of 6)

Bits Name Type Reset Description

31 SPARE_EN R/W 0x0 Spare Area Enable
Set the spare-area enable (SPARE_EN) bit to to 0b1 to use 
the spare area of the XD card. If the SPARE_EN
bit is set and ECC is not enabled (ECC_EN cleared to 0b0), 
it is possible to write to and read from the entire data area 
and spare area.If SPARE_EN and ECC_EN are set, the
remaining spare bytes after ECC is written are available to
software. 

0x0: Write/Read to available spare area disabled

0x1: Write/Read to available spare area enabled

30 ECC_EN R/W 0x0 ECC Enable
When the ECC enable (ECC_EN) bit is set, it enables the 
computation of ECC and error detection and correction. 
When ECC_EN bit is clear, ECC computation and error 
checks are not performed.

0x0: ECC is disabled for write and read data.

0x1: ECC is enabled for write and read data.

29 DMA_EN R/W 0x0 DMA Request Enable
Set the DMA request-enable (DMA_EN) bit to enable 
command and data DMA requests. When this bit is clear, no 
DMA requests are asserted.

0x0: Data and Command DMA are disabled.

0x1: Data and Command DMA are enabled.
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28 XD_RUN R/W 0x0 XD Controller Run Mode
When the NAND Controller Run mode (XD_RUN) bit is set, 
the XD Controller starts to execute the command in the 
Command buffer. If the Command buffer is empty when the 
XD_RUN bit is set, the XD Controller asserts the command-
DMA request if the DMA request is enabled. The XD_RUN 
bit is cleared when the NAND Flash Controller finishes the 
execution of a command with the next-command (NC) bit 
clear, indicating the end of the command sequence. For a 
Bad-Block-Detect, XD_RUN is cleared after the Command 
buffer is emptied. Clearing the XD_RUN bit during a 
command execution results in an immediate termination of 
transactions to the flash device and clears the Data and 
Command buffers.

0x0: XD Controller is not in run mode.

0x1: XD Controller is in run mode.

27:26 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

25:24 PAGE_SZ R/W 0x0 Page Size of the Flash device
The page-size (PAGE_SZ) field defines the page size of the 
flash memory. All memory devices used in the flash-
memory system must have the same bus width, page size, 
command set, and timing parameters.

0x0: 512 bytes main and 16 bytes spare area, 528 bytes 
total

23:22 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

21 FORCE_CSX R/W 0x0 Force chip select false on busy
If the FORCE_CSX bit is set, then the CE for the addressed 
flash must be de-asserted during the time where Busy is 
expected to be asserted.

0x0: Assert chip select during entire command, except 
during command overlap.

0x1: De-assert chip select during busy phases.

20 CLR_PG_CNT R/W 0x0 Clear Page Count
The clear-page-count (CLR_PG_CNT) bit, when set, clears 
the Page Count Register (see XDPCR). After the NAND 
Interface Page Count Register is cleared, the 
CLR_PG_CNT bit is reset. When a program failure occurs, 
CLR_PG_CNT can be used to clear the page count values 
after software reads the number of pages programmed 
correctly.

0x0: Page count not cleared

0x1: Clear page count

19 STOP_ON_UNCOR R/W 0x0 Stop On Uncorrectable Error
If an uncorrectable error is received on a Read and this bit 
is set, XDCB0.NC is reset and further Command DMA 
processing is halted.

0x0: Do not stop on uncorrectable error

0x1: Stop on uncorrectable error

Table 842: XD Flash Control Register (XDC_XDCR)  (Sheet 2 of 6)

Bits Name Type Reset Description
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18:16 RD_ID_CNT R/W 0x2 Read ID Byte Count
The read-ID byte-count (RD_ID_CNT) bit specifies the 
number of data bytes to read from the flash device when a 
read-ID command is issued. Valid values for RD_ID_CNT 
are 17. For a read ID command, the page count should be 
set to 1 (XDCB2[Page_Count] should be zero).
Values from 1 to 7. Specifies the number of bytes of read ID 
data to be read from the flash device.

15 RA_START R/W 0x0 Row Address Start Position
The row-address start-position (RA_START) bit specifies 
the address cycle where row address starts in the 
addressing sequence. When RA_START is clear, 
XDCB1[ADDR2] (address sent out in the second 
addressing cycle) contains the first row address. When 
RA_START is set, XDCB1[ADDR3] (address sent out in the 
third addressing cycle) contains the first row address. (See 
XDCB1.)
This bit supports older NAND configurations that had three 
(or perhaps four) bytes of address. Certain old small-
capacity and small-block devices have the column address 
separated into a byte of address (XDBC1[ADDR1]) where 
the most significant bit of the column was addressed if 
necessary by the first command byte. To access bytes 0-
255 the first command byte was 0x00 and to access bytes 
256-511, the first command byte is 0x01. However, most of 
the time an entire page is read anyway, so sub-block 
addressing is not commonly used. For large page NAND 
devices, this bit should always be set to 1.

0x0: Row address supplied to flash from second address 
cycle onwards

0x1: Row address supplied to flash from third address 
cycle onwards

14:13 PG_PER_BLK R/W 0x0 Pages Per Block
The pages-per-block (PG_PER_BLK) bit specifies the 
number of pages in one block of the flash device. The 
PG_PER_BLK bit, when cleared, indicates 32 pages/block, 
and when set, indicates 64 pages/block. PG_PER_BLK 
along with RA_START is used by the XD Flash Controller to 
increment the row address in multi-page commands.

Note: The order of bits seems backwards due to 
compatibility. Previously bit 13 was reserved.

0x0: Flash device has 32 pages per block

0x2: Flash device has 64 pages per block

0x1: Flash device has 128 pages per block

0x3: Flash device has 256 pages per block

12 SetAlways SET -- SetAlways. Must be programmed with 0b1.

Table 842: XD Flash Control Register (XDC_XDCR)  (Sheet 3 of 6)

Bits Name Type Reset Description
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11 RDYM R/W 0x1 Flash Device Ready Interrupt Mask
The flash-device ready-mask (RDYM) bit is used to mask 
an interrupt request that is asserted when RO/B_ (Ready/
Busy_) makes a transition from low to high, as indicated by 
XDSR.RDY. When RDYM is cleared, the interrupt is 
enabled, and whenever XDSR[RDY] is set, an interrupt 
request is made to the interrupt controller. When RDYM is 
cleared, the interrupt is masked and the state of the RDY 
status bit does not generate an interrupt.
If more than one RnB signal is used, this mask bit enables/
disables interrupts for both.

0x0: Flash device ready interrupt is enabled.

0x1: Flash device ready interrupt is disabled.

10 CS0_PAGEDM R/W 0x1 XD_nCE Page Done Interrupt Mask
The CS0 Page-Done mask (CS0_PAGEDM) bit is used to 
mask or enable an interrupt request that is asserted when a 
page transaction (read or write) to a flash device interfaced 
using XD_nCE is completed, as indicated by 
XDSR[CS0_PAGED]. When CS0_PAGEDM is cleared, the 
interrupt is enabled and whenever XDSR[CS0_PAGED] is 
set, an interrupt request is made to the Interrupt Controller. 
When CS0_PAGEDM is set, the interrupt is masked and 
the state of the PAGE_DN status bit does not generate an 
interrupt.

0x0: XD_nCE Page-Done interrupt is enabled

0x1: XD_nCE Page-Done interrupt is disabled

9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

8 CS0_CMDDM R/W 0x1 XD_nCS0 Command Done Interrupt Mask
The CS0 Command-Done mask (CS0_CMDDM) bit is used 
to mask or enable an interrupt request that is asserted 
when the command for the flash device interfaced using 
XD_nCE has been executed, as indicated by 
XDSR[CS0_CMDD]. When CS0_CMDDM is cleared, the 
interrupt is enabled and whenever XDSR[CS0_CMDD] is 
set, an interrupt request is made to the Interrupt Controller. 
When CS0_CMDDM is set, the interrupt is masked and the 
state of the CS0_CMDD status bit does not generate an 
interrupt.

0x0: XD_nCE Command-Done interrupt is enabled

0x1: XD_nCE Command-Done interrupt is disabled

7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 842: XD Flash Control Register (XDC_XDCR)  (Sheet 4 of 6)

Bits Name Type Reset Description
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6 CS0_BBDM R/W 0x1 XD_nCE Bad Block Detect Interrupt Mask
The CS0 Bad-Block-Detect mask (CS0_BBDM) bit is used 
to mask or enable an interrupt request that is asserted 
when the status check at the end of a page write or block 
erase to a device interfaced using XD_nCE returns a bad-
block error, as indicated by XDSR[CS0_BBD]. When 
CS0_BBDM = 0, the interrupt is enabled and whenever 
XDSR[CS0_BBD] is set, an interrupt request is made to the 
Interrupt Controller. When CS0_BBDM=1, the interrupt is 
masked and the state of the CS0_BBD status bit does not 
generate an interrupt.

0x0: XD_nCE Bad-Block-Detect interrupt is enabled

0x1: XD_nCE Bad-Block-Detect interrupt is disabled

5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

4 UNCERRM R/W 0x1 ECC Failure Error Interrupt Mask
The ECC Failure-Error mask (UNCERRM) bit is used to 
mask or enable an interrupt request that is asserted when 
an uncorrectable Hamming double-bit error is detected in 
any of the data streams as indicated by XDSR[UNCERR]. 
When UNCERRM is cleared, the interrupt is enabled and 
whenever XDSR[UNCERR] is set, an interrupt request is 
made to the interrupt controller. When UNCERRM is set, 
the interrupt is masked and the state of the UNCERR status 
bit does not generate an interrupt. No data correction is 
possible for either kind of failure.

0x0: ECC Failure-Error interrupt is enabled

0x1: ECC Failure-Error interrupt is disabled

3 CORERRM R/W 0x1 Correctable Error Interrupt Mask
The correctable error mask (CORERRM) bit is used to 
mask or enable an interrupt request that is asserted when a 
single-bit error is detected.  This condition is indicated by 
XDSR[CORERR]. When CORERRM is cleared, the 
interrupt is enabled and whenever XDSR[CORERR] is set, 
an interrupt request is made to the interrupt controller. 
When CORERRM is set, the interrupt is masked and the 
state of the UNCERR status bit does not generate an 
interrupt. This interrupt is an indication only and can be 
used to determine if Read-Disturbs require a block to be 
rewritten.

0x0: Single-bit error interrupt is enabled

0x1: Single-bit error interrupt is disabled

Table 842: XD Flash Control Register (XDC_XDCR)  (Sheet 5 of 6)

Bits Name Type Reset Description
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A.33.2 XD Controller Timing Parameter 0 Register for XD_nCE 
(XDC_XDTR0CS0)
Program the NAND Interface Timing Parameter 0 Register (XDTR0CS0) to configure the setup and 
hold times of outputs driven by the NAND Flash controller (XD_ALE, XD_CLE, and XD_nCE) and 
the pulse widths and cycle times of XD_nRE and XD_nWE. Accesses to NAND Flash devices 
interfaced using XD_nCS0 are controlled by the settings in XDTR0CS0. Programmable timing 
parameters enable the interface to a wide variety of NAND Flash devices. All timing parameters in 
XDTR0CS0 are set in terms of XD controller clock periods. The XD controller clock runs at a 
constant frequency. Refer to the EMTS for frequency limitations of the XD Flash controller timing 
parameters. The XDTR0CS0 and XDTR1CS0 registers define the timings as integer multiples of the 
DFC clock.  

2 WRDREQM R/W 0x1 Write Data Request Interrupt Mask
The Write-Data-Request mask (WRDREQM) bit is used to 
mask or enable an interrupt request that is asserted when a 
Write command is loaded into Command Buffer and Data 
Buffer is empty, as indicated by XDSR[WRDREQ]. When 
WRDREQM is cleared, the interrupt is enabled and 
whenever XDSR[WRDREQ] is set, an interrupt request is 
made to the Interrupt Controller. When WRDREQM is set, 
the interrupt is masked and the state of the WRDREQ 
status bit does not generate an interrupt.

0x0: Write data request interrupt is enabled

0x1: Write data request interrupt is disabled

1 RDDREQM R/W 0x1 Read Data Request Interrupt Mask
Read-Data-Request mask (RDDREQM) is used to mask or 
enable an interrupt request that is asserted when the Data 
Buffer has been loaded with a page of read data, as 
indicated by XDSR[RDDREQ]. When RDDREQM is 
cleared, the interrupt is enabled, and whenever 
XDSR[RDDREQ] is set, an interrupt request is made to the 
Interrupt Controller. When RDDREQM is set, the interrupt is 
masked and the state of the RDDREQ status bit does not 
generate an interrupt.

0x0: Read data request interrupt is enabled

0x1: Read data request interrupt is disabled

0 WRCMDREQM R/W 0x1 Write Command Request Interrupt Mask
Write-Command-Request mask (WRCMDREQM) is used 
to mask or enable an interrupt request that is asserted 
when a Write to the Command Buffer is requested, as 
indicated by XDSR[WRCMDREQ]. When WRCMDREQM 
is cleared, the interrupt is enabled, and whenever 
XDSR[WRCMDREQ] is set, an interrupt request is made to 
the Interrupt Controller. When WRCMDREQM is set, the 
interrupt is masked and the state of the RDDREQ status bit 
does not generate an interrupt.

0x0: Write command request interrupt is enabled

0x1: Write command request interrupt is disabled

Table 842: XD Flash Control Register (XDC_XDCR)  (Sheet 6 of 6)

Bits Name Type Reset Description
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This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Instance Name Offset
XDC_XDTR0CS0 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field tADL Reserved TCH TCS

R
es

er
ve

d

TWH TWP

R
es

er
ve

d

E
T

R
P

TRH TRP

Default 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 ? ? 1 1 1 1 1 1 0 1 1 1 1 1 1 1

Table 843: XD Controller Timing Parameter 0 Register for XD_nCS0 (XDC_XDTR0CS0)  (Sheet 1 of 
2)

Bits Name Type Reset Description

31:27 tADL R/W 0x1F Address to Write Data delay
This parameter controls the time between the rising edge of 
the WE# strobe for the last address cycle until the first rising 
edge of the WE# strobe for a Write operation.
Value is from 0 to31 and specifies in terms of XD Controller 
clock periods. The tWP of the first WE# is subtracted from 
this value as well as a constant to account for internal state 
transition delays.
ADD_to_DATA_LATCH = tADL - 3 - tWP

26:22 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

21:19 TCH R/W 0x7 Enable Signal Hold Time
Enable Signal Hold Time (tCH) defines the hold time (with 
respect to the rising edge of XD_nWE) of XD_nCE XD_ALE 
and XD_CLE.
Value from 0 to 7. Specifies the hold time for XD_nCE, 
XD_ALE, and XD_CLE outputs in terms of XD Controller 
clock periods.
Hold time = tCH+1.

18:16 TCS R/W 0x7 Enable Signal Setup Time
Enable Signal Setup Time (tCS) defines the setup time 
(with respect to the falling edge of XD_nWE) of XD_nCE, 
XD_ALE and XD_CLE.
Value from 0 to 7. Specifies the setup time for XD_nCE, 
XD_ALE, and XD_CLE outputs in terms of XD Controller 
clock periods.
Setup time = tCS+1.

15:14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

13:11 TWH R/W 0x7 XD_nWE high duration
The period for which XD_nWE remains high, while address 
or data is being input to the NAND flash device in multiple 
XD_nWE cycles, is specified by XD_nWE high duration 
(tWH). The valid values for tWH are 0 through 7. Actual 
high duration of XD_nWE is tWH+1 XD Controller clock 
cycles.
Value from 0 to 7. Specifies the XD_nWE high duration, in 
terms of XD Controller clock periods.
XD_nWE high duration = tWH+1 for a series of Write 
pulses. For the last Write pulse of a command, the duration 
is max(tWH,tCH)+1.
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10:8 TWP R/W 0x7 XD_nWE pulse width
The period for which XD_nWE is asserted low is specified 
in WE_Pulse width (tWP). The valid values for tWP are 0 
through 7. Actual high duration of XD_nWE pulse would be 
tWP+1 XD Controller clock cycles. The XD_nWE cycle time 
is tWH+tWP+2 XD Controller clock cycles.
Value from 0 to 7. Specifies the XD_nWE pulse width, in 
terms of XD Controller clock periods.
XD_nWE pulse width = tWP+1.

7 Reserved RSVD 0x0 Reserved. Software must program with 0b0.

6 ETRP R/W 0x1 Extended tRP
This bit is the MSB for the tRP value.

5:3 TRH R/W 0x7 XD_nRE high duration
The period for which XD_nRE remains high while XD_nRE 
is being toggled to access data during a Read operation is 
specified by XD_nRE high duration (tRH). The valid values 
for tRH are 0 through 7. Actual high duration of XD_nRE is 
tRH+1 XD Controller-clock cycles.
Value from 0 to 7. Specifies the XD_nRE high duration, in 
terms of XD Controller clock periods.
XD_nRE high duration = tRH+1.

2:0 TRP R/W 0x7 XD_nRE pulse width
These 3 bits, in conjunction with Bit 6 above, (eTRP) 
determine the period for which XD_nRE is asserted low. 
The valid values for tRP are 0 through 16. Actual high 
duration of XD_nRE pulse is {etRP,tRP}+1 XD Controller 
clock cycles. The XD_nRE cycle time would be tRH+tRP+2 
XD Controller clock cycles.
Value from 0 to 16. Specifies the XD_nRE pulse width, in 
terms of XD Controller clock periods.
XD_nRE pulse width = {eTRP, tRP} +1.

Table 843: XD Controller Timing Parameter 0 Register for XD_nCS0 (XDC_XDTR0CS0)  (Sheet 2 of 
2)

Bits Name Type Reset Description
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A.33.3 XD Control Register 2 (XD_CR2)
This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

A.33.4 XD Controller Timing Parameter 1 Register for XD_nCE 
(XDC_XDTR1CS0)
The NAND Interface Timing Parameter Register 1 (XDTR1CS0) can be programmed to set the 
timing information for read, status read, and read-ID commands. Accesses to NAND flash devices 
interfaced using XD_nCE is controlled by the settings in XDTR1CS0. All timing parameters in 
XDTR1CS0 are set in terms of XD Controller-clock periods. The XD Controller clock runs at a 
constant frequency of 156 MHz.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Instance Name Offset
XD_CR2 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

X
D
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E

M
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K

E
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_M
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S
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X
D
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S
_W
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A
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K

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 1

Table 844: XD Control Register 2 (XD_CR2)  

Bits Name Type Reset Description

31:2 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

1 XD_REM_WAKEUP
_MASK

R/W 0x1 Card Remove Wakeup Mask
Set to 0 if Card-Remove-Wakeup interrupt must be 
detected and an interrupt generated.

0 XD_INS_WAKEUP_
MASK

R/W 0x1 Card Insert Wakeup Mask
Card-Insert-Wakeup mask. Set to 0 if Card Insert Wakeup 
must be detected and an interrupt generated.
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Instance Name Offset
XDC_XDTR1CS0 0x000C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field TR

W
A

IT
_M

O
D

E

P
R

E
S

C
A

LE

Reserved tRHW TWHR TAR

Default 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 ? ? ? ? 0 0 1 1 1 1 1 1 1 1

Table 845: XD Controller Timing Parameter 1 Register for XD_nCS0 (XDC_XDTR1CS0)  (Sheet 1 of 
2)

Bits Name Type Reset Description

31:16 TR R/W 0x1FFF XD_nWE high to XD_nRE Low for Read
Value from 1 to 65535. Specifies the delay between 
XD_nWE high and XD_nRE low for Read, in terms of XD 
Controller clock periods. This delay depends on the value 
programmed in tCH (in XDTR0CS0) in addition to tR 
programmed value.
Delay = (tCH + 1) + (tR+2)

15 WAIT_MODE R/W 0x0 Wait_Mode
This bit determines how the information in this register is 
used to determine state machine transitions on Read 
operations.
For all Reads, the timer always counts after the Read 
command has been issued and this bit determines only the 
actual state- machine-proceed condition.

Note: This bit may be changed from a 1 to a 0 while an 
operation is in progress. The reason for this is to 
provide a mechanism to reset in the event of RnB 
deadlock. If for some reason, RnB should stay de-
asserted, resetting this bit after the time has expired 
allows the state machine to proceed. This releases 
the controller and the NAND device should be issued 
a Reset command. In the event of RnB lockup, the 
result of the read operation is not defined.

0x0: The tR time value specified in this register solely 
determine the duration. When this count has not 
expired, the state machine stalls and when the count 
reaches tR, regardless of the state of RnB, the 
operation proceeds. In other words RnB is ignored.

0x1: The tR time value specified in this register determine 
the minimum duration. When this count has not 
expired, the state machine stalls. When this count 
has expired, there may be an additional stall if RnBx 
is still indicating busy. The proceed condition is the 
AND of the time out from the defined timer and 
RnBx, that is, to proceed, both the time value must 
have expired and RnBx must be signaling Ready.
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14 PRESCALE R/W 0x0 Prescale tR
Clocks to wait to begin to sample tR (in Wait_Mode) or to 
simply wait (when not in Wait_Mode).
NFC clocks that is, the tR value is prescaled by 16.
Regardless of the setting of the PRESCALE bit, a tR value 
of zero produces a minimum one-clock delay. A value for tR 
of 1 produces a two-clock additional delay without 
PRESCALE and a 17-clock additional delay with 
PRESCALE.

0x0: The tR time value specified in this register is the 
number of NFC

0x1: The tR time value specified in this register is 1/16 of 
the number of

13:10 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

9:8 tRHW R/W 0x0 Read to Write delay
The tRHW parameter is the delay between the rising edge 
of a RE# strobe to the falling edge of a WE# strobe. This 
situation occurs when a Read command (of any type) is 
followed by another command. The RE# generates a Read 
cycle that must be completely removed from the bus (that 
is, three-state) before the host can drive a command to 
write. The value of this field is multiplied by 16 to determine 
the number of clocks to guarantee between Reads and the 
next command.

0x0: 0 added clocks

0x1: 16 added clocks

0xA: 32 added clocks

0xB: 48 added clocks

7:4 TWHR R/W 0xF XD_nWE High to XD_nRE Low for a Read Status
For a Status-Read command, XD_nWE high to XD_nRE 
Low Delay (tWHR) specifies the delay between de-
assertion of XD_nWE and assertion of XD_nRE.
The actual delay depends on tAR, tWH, and tCH (the latter 
two in XDTR0CS0) as well.
Delay = max(tAR, max(0, tWHR - max(tWH, tCH)))
NOTE: This is the minimum duration that is guaranteed. 
The maximum duration is greater than tWHR NAND clock 
cycles if the DFI bus is granted to SMC during this time.

3:0 TAR R/W 0xF XD_ALE Low to XD_nRE Low Delay
For a Read-ID command, XD_ALE Low to XD_nRE Low 
delay (tAR) specifies the delay between de-assertion of 
XD_ALE and assertion of XD_nRE. The valid values for 
tAR are 015.
The actual delay depends on tAR, tWH, and tCH (the latter 
two in XDTR0CS0) as well.
Delay = max(tAR, max(0, tWHR - max(tWH, tCH)))+2

Table 845: XD Controller Timing Parameter 1 Register for XD_nCS0 (XDC_XDTR1CS0)  (Sheet 2 of 
2)

Bits Name Type Reset Description
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A.33.5 XD Controller Status Register (XDC_XDSR)
The XD Controller Status Register (XDSR) contains bits that signal flash-ready status, bad block 
detected, read-data-error conditions, data-read/write requests, completion of a page, and command. 
Unless masked, each of these hardware-detected events signals an interrupt request to the interrupt 
controller. Once set, each of the status bits is cleared by writing 0b1 to the corresponding bit 
position. Writing 0b0 has no effect on the status bits. Each of the XDSR bits signals an interrupt 
request as long as the bit is set and the corresponding interrupt is not masked. Once the bit is 
cleared, the interrupt is cleared.

XDSR status bits are set in both DMA and non-DMA modes of operation, and they can be polled and 
cleared by software in either mode.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Instance Name Offset
XDC_XDSR 0x0014

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field
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Default 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 ? 0 ? 0 ? 0 0 0 0 0

Table 846: XD Controller Status Register (XDC_XDSR)  (Sheet 1 of 5)

Bits Name Type Reset Description

31 Card_Removal_Status R/W 0x0 Card Removal Status
This is set to "1" when card is removed. Write "1" to clear

30 Card_Insertion_Status R/W 0x0 Card Insertion Status
This is set to "1" when card is inserted Write "1" to clear

29:13 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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12 RDY R/W 0x0 RDY
The NAND flash-ready (RDY) status bit is set when 
XD_RnB (XD Flash Ready/Busy) has made a low-to-high 
transition, indicating the ready state entry of flash 
device(s). The XD flash-ready condition can be 
programmed to cause an interrupt by clearing the Flash-
Device-Ready interrupt mask (RDYM). This status bit is 
updated continuously each time XD_RnB input makes a 
low-to-high transition, regardless of the type of command 
sent to the flash device.
In a ganged configuration (two 8-bit parts connected as a 
logical 16-bit part, where the RnB signals of each part are 
wire ANDed) the RDY reflects the worst case time from 
the two ganged parts.

Note: Although the reset value of RDY is 0, this bit is 
updated as soon as the XDC interface clock 
begins pulsing so that XDSR most likely is set to 
0x00001800 by the time it is captured. Both bits 12 
and 11 are set together and must be reset 
together.

0x0: The Ready/Busy_ input has not transitioned from 
low to high.

0x1: The Ready/Busy_ input has transitioned from low 
to high

11 XD_RDY R/W 0x0 NAND Flash Ready
The NAND flash-ready (RDY) status bit is set when 
XD_RnB (XD Flash Ready/Busy) has made a low-to-high 
transition, indicating the ready state entry of flash 
device(s). The XD flash-ready condition can be 
programmed to cause an interrupt by clearing the Flash-
Device-Ready interrupt mask (RDYM). This status bit is 
updated continuously each time XD_RnB input makes a 
low-to-high transition, regardless of the type of command 
sent to the flash device.
In a ganged configuration (two 8-bit parts connected as a 
logical 16-bit part, where the RnB signals of each part are 
wire ANDed) the RDY reflects the worst case time from 
the two ganged parts.

Note: Although the reset value of RDY is 0, this bit is 
updated as soon as the DFC interface clock begins 
pulsing so that XDSR is most likely set to 
0x00001800 by the time it is captured. Both bits 12 
and 11 are set together and must be reset 
together.

0x0: The Ready/Busy_ input has not transitioned from 
low to high.

0x1: The Ready/Busy_ input has transitioned from low 
to high

Table 846: XD Controller Status Register (XDC_XDSR)  (Sheet 2 of 5)

Bits Name Type Reset Description
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10 CS0_PAGED R/W 0x0 XD_nCE Page Done
The CS0 Page-Done (CS0_PAGED) status bit is set 
when the read or write transaction to flash device(s) 
interfaced using XD_nCE has completed a page of 
access including any user-defined spare-area access 
and ECC. CS0_PAGED is not set if an auto-status check 
after a program command results in a failure. 
CS0_PAGED bit is not set for read ID, read status, and 
erase commands. Page-done condition can be 
programmed to cause an interrupt by clearing the page- 
done interrupt mask (CS0_PAGEDM).

0x0: The current read/write transaction on XD_nCE 
has not reached a page boundary.

0x1: The current read/write transaction on XD_nCE 
has reached a page boundary.

9 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

8 CS0_CMDD R/W 0x0 XD_nCE Command Done
The XD_nCE Command-Done (CS0_CMDD) bit is set 
when the execution of the command sent to the flash 
device(s) on XD_nCE is completed successfully. 
CS0_CMDD is not set if an auto-status check after a 
program/erase command returns a failure. Command-
done condition can be programmed to cause an interrupt 
by clearing the XD_nCE Command-Done mask 
(CS0_CMDDM). Command done is set when the 
command has finished being sequenced to the DFI, but 
whether or not a particular command is finished depends 
on the specific command. A read type command is done 
when it has been sequenced but it is still required that the 
data buffer be emptied, so setting CS0_CMDD does not 
signify that the DFC is ready for the next operation.

0x0: The command execution on XD_nCE has not 
successfully completed.

0x1: The command execution on XD_nCE has 
successfully completed.

7 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

6 CS0_BBD R/W 0x0 XD_nCE Bad Block Detect
The XD_nCE Bad-Block-Detect (CS0_BBD) status bit is 

set when the status read after a program/erase 
operation to flash device(s) interfaced using 
XD_nCE returns a program/erase failure. A Bad-
Block-Detect condition can be programmed to 
cause an interrupt by clearing the XD_nCE Bad-
Block-Detect interrupt mask (CS0_BBDM). 

0x0: No bad block is encountered while a write/erase 
on XD_nCE

0x1: Bad block is encountered while a write/erase on 
XD_nCE

5 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 846: XD Controller Status Register (XDC_XDSR)  (Sheet 3 of 5)

Bits Name Type Reset Description
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4 UNCERR R/W 0x0 Uncorrectable Error
The uncorrectable error (UNCERR) status bit is set when 
an uncorrectable error is detected in any of the read data 
streams. Uncorrectable error condition can be 
programmed to cause an interrupt by clearing the 
uncorrectable error mask (UNCERRM).

0x0: No uncorrectable error is encountered in any of 
the page read data streams

0x1: Uncorrectable error is encountered in one of the 
page read data streams

3 CORERR R/W 0x0 Correctable Error
The CORERR status bit is set when a correctable error is 
detected in any of the read data streams. A correctable 
error condition can be programmed to cause an interrupt 
by clearing the correctable error mask (CORERRM).

0x0: No correctable error is encountered in any of the 
page read data streams.

0x1: Correctable error is encountered in one of the 
page read data streams.

2 WRDREQ R/W 0x0 Write Data Request
The Write-Data-Request (WRDREQ) status bit is set 
when a write command is loaded into the XD flash 
controller command buffer and data buffer is empty. The 
write data request status bit can be programmed to 
cause an interrupt by clearing the Write-Data-Request 
mask (WRDREQM).

0x0: No write to the data buffer is required.

0x1: Current command is a page write and data buffer 
has not been loaded.

1 RDDREQ R/W 0x0 Read Data Request
The read-data-request (RDDREQ) status bit is set when 
the data buffer is loaded with a complete page (including 
spare data if SPARE_EN is set) of read data for a read 
operation. For read ID and read-status operations, 
RDDREQ is set when the data buffer is loaded with the 
requested number of read data bytes as specified in the 
command.
When ECC is enabled, RDDREQ is set once per entire 
data buffer transfer. 

0x0: No read from the data buffer is required.

0x1: Data buffer has read data available.

Table 846: XD Controller Status Register (XDC_XDSR)  (Sheet 4 of 5)

Bits Name Type Reset Description
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A.33.6 XD Controller Page Count Register (XDC_XDPCR)
The XD Controller Page Count Register (XDPCR) can be read to determine the completed number 
of pages for multi-page program/read operations. Writes to XDPCR are ignored. This is a read-only 
register. Ignore reads from reserved bits.

0 WRCMDREQ R/W 0x0 Write Command Request
The write-command-request (WRCMDREQ) status bit is 
set when one of the following conditions is met, indicating 
a request to write a command to the XD flash controller 
command buffer.

• XDCR[XD_RUN] is set and the command buffer is 
empty.

• The Ready/Busy_ (RO/B_) input is asserted low after 
the transfer of any command except read ID and read 
status, with 3 (next command) bit set, to the 
addressed XD flash device.

• After the completion of read-ID or read-status 
commands with next command (NC) bit set.

Write command request can be programmed to cause an 
interrupt by clearing the write-command request mask 
(WRCMDREQM).

0x0: No write to the command buffer is required.

0x1: New Command needs to be written to the 
command Buffer.

Instance Name Offset
XDC_XDPCR 0x0018

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved PG_CNT_0

Default ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 847: XD Controller Page Count Register (XDC_XDPCR)  

Bits Name Type Reset Description

31:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 PG_CNT_0 RO 0x0 Page count for device interfaced using XD_nCE
Page count for Flash Device on XD_nCE (PG_CNT_0) 
indicates the number of pages completed (programmed or 
read) for a given XD flash controller command. 
XDCB0[AUTO_RS] (see XDCB0 must be set for a multi-
page program. The page count gets reset when a 
command execution is finished. PG_CNT_0 is incremented 
after each page of data is programmed or read. However, if 
the status check after programming a page indicates a 
failure, PG_CNT_0 is not incremented and software can 
read this value to find out the last page programmed 
correctly and then set XDCR[CLR_PG_CNT] to clear the 
page count values (see XDCR).

Table 846: XD Controller Status Register (XDC_XDSR)  (Sheet 5 of 5)

Bits Name Type Reset Description
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A.33.7 XD Controller Bad Block Register 0 (XDC_XDBBR0)
The XD Controller Bad Block register (XDBBR0) holds the bad-block information when a bad block 
is detected. XDBBR0 holds the bad-block information for a bad- block detected for a device 
interfaced using XD_nCS0 (XDSR[CS0_BBD] is set). This is a  read-only register. Ignore reads from 
reserved bits.

A.33.8 Timer for XD_RnB (XDC_XDBZCNT)
The length of the operation is the time that the XD_RnB is in the Busy state. The exact semantic 
meaning of the busy indication is context sensitive and device dependent. To correctly use the 
XDBZCNT register, take into account the order of operations, the presence of caching, and the 
manufacturer performance data for a specific part. The XDBZCNT Register is described in the Timer 
for XD_RnB Register.

Two 16-bit registers in the XDBZCNT register count the number of cycles that each XD_RnB wire is 
low (busy) to measure the XD_RnB for each connection. When the respective XD_RnB signal has a 
ready-to-busy transition (goes low), the value is initialized to zero. When the XD_RnB signal 
indicates ready (high), the appropriate count freezes for that XD_RnB wire. If the count is about to 
overflow, the value stops at 0xFFFF. The count frequency is the base frequency of the XD controller 
and not the bus frequency.

Instance Name Offset
XDC_DBBR0 0x001C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field BAD_BLOCK_INFORMATION

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 848: XD Controller Bad Block Register 0 (XDC_DBBR0)  

Bits Name Type Reset Description

31:0 BAD_BLOCK_
INFORMATION

RO 0x0 Bad Block Information
For a program command bad-block information contained 
in these registers consists of ADDR5, ADDR4, ADDR3, and 
ADDR2 for the command that resulted in a bad-block 
detection. ADDR5 occupies the most significant byte and 
ADDR2 the least significant byte in XDBDR0. For an Erase 
command, bad-block information contained in these 
registers consists of ADDR4, ADDR3, ADDR2, and ADDR1 
for the command that resulted in a bad-block detection. 
ADDR4 occupies the most significant byte and ADDR1 the 
least significant byte in XDBDR0.
When a bad block is detected (the CS0_BBD bits in XDSR 
gets set), software reads the corresponding XDBDR0 
registers, uses the relevant portions of the bad-block 
information to get the bad-block address, and mark these 
blocks addresses as non-valid. Writes to the XDBBR0 
registers are ignored.
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This register is not synchronized between the XD clock domain and the bus (register Read) domain, 
nor does it need to be. The value in this register is valid only at the end of an operation when RnB is 
signalling ready and therefore the value is stable. The usage model is for the software driver to 
receive a RnB interrupt on the Ready transition, and to read the value in the register before another 
operation is programmed. Real-time Reads of this register are not advised because the value in the 
register must always be interpreted in a context-sensitive manner (that is, erase cycles always take 
longer than program cycles, which always take longer than read cycles).

Note

Note Each counter has 4 "hidden" bits which scale the count value, so the count value represents the 
DFC clock frequency divided by 16.

A.33.9 XD Controller Data Buffer Register (XDC_XDDB)
XD Controller Data Buffer (XDDB) is the Read/Write port of the XD Controller Data Buffer. XDDB is 
the source for Read-data DMA, and the destination for Write-data DMA. In DMA-Disabled mode, the 
application processor can access XDDB. Only four byte Writes and four byte Reads are supported 
for software accesses to XDDB, mainly because the application processor cannot perform an 8-byte 
read.

Read/Write operations to XDDB must occur in the following order: The first Write corresponds to the 
lower four bytes of the Data Buffer and the following operation corresponds to the upper four bytes. 
Eight byte Writes and Reads are supported for DMA access to XDDB.

This register behaves as though it were a FIFO to the actual 2176 byte Data Buffer. The buffer 
contains 2KB for the main data area plus an additional 128 bytes to accommodate the currently 
defined spare size as well as allow for increases in the future.

When ECC is enabled for Hamming, XDSR.RDDREQ is set once per entire Data Buffer transfer.  If 
not in DMA mode, the processor must check that this bit is set after each 32-byte Read from XDDB.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Instance Name Offset
XDC_XDBZCNT 0x002C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved XD_RnBCNT0

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 849: Timer for XD_RnB (XDC_XDBZCNT)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:0 XD_RnBCNT0 RO 0x0 RnB Busy Count 0
While RnB[0] is low, the field counts basic DFC Controller 
clocks. When RnB[0] has a 0 -> 1 transition, the count 
freezes.
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A.33.10 XDC Controller Command Buffer 0 (XDC_XDCB0)
The XD Controller-Command Buffer 0 (XDCB0) holds the commands (CMD1, CMD2) to be sent to 
the XD Flash device and command-control (CMD_CTRL) information. This register determines the 
overall semantic structure of the command sequence.

This is a read/write register. Ignore reads from reserved bits. Write 0b0 to reserved bits.

Instance Name Offset
XDC_XDDB 0x0040

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field XD_FLASH_DATA

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 850: XD Controller Data Buffer Register (XDC_XDDB)  

Bits Name Type Reset Description

31:0 XD_FLASH_DATA R/W 0x0 XD flash data
Holds the Write/Read data.

Instance Name Offset
XDC_XDCB0 0x0048

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

C
M

D
_X

T
Y

P
E

LE
N

_O
V

R
D

R
D

Y
_B

Y
P

S
T

_R
O

W
_E

N

A
U

T
O

_R
S

C
S

E
L

C
M

D
_T

Y
P

E

NC

D
B

C

A
D

D
R

_C
Y

C

CMD2 CMD1

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 851: XDC Controller Command Buffer 0 (XDC_XDCB0)  (Sheet 1 of 4)

Bits Name Type Reset Description

31:29 CMD_XTYPE R/W 0x0 Command Extended Type
This field extends the command type Semantic field and is 
defined only for Read and Write semantics.The Read 
semantic is divided into three sections: Command Dispatch, 
Data Transfer (after ready is high), and DMA Transfer. If the 
third section is disabled, the operation being performed is 
referred to as Read Sniffing. Here, the purpose is to read a 
page and compute the number of ECC correction bits to 
ensure that the total correction is within the safe range of 
the XD management algorithm.The Write semantic is 
divided into three sections: Initial Command Dispatch, Data 
Transfer, and Command issue. This extended field enables 
larger block support. All blocks larger than 2KB are 
composed of 2KB chunks, and to simplify the controller 
logic, these chunks are moved to and from the XD as a 
separate command semantic.
Read Semantics:
Write Semantics:

0x0: Monolithic Read; Write = Monolithic Write

0x1: Last Naked Read; Write = Nake Write with final 
command

0x2: Illegal; Write = Illegal

0x3: Illegal; Write = Final command

0x4: Read; Write = Command dispatch with Write

0x5: Naked Read; Write = Naked Write

0x6: Command dispatch; Write = Command dispatch

0x7: Illegal; Write = Illegal

28 LEN_OVRD R/W 0x0 Length Override
0x0: Use the lengths defined by XDCR.PAGE_SZ for the 

operation. A command block consists of 3 writes and 
the XDLENCNT value in XDCB3 may not be written.

0x1: Use the length defined in XDCB3.XDLENCNT for 
the operation, regardless of the programming of 
XDCR.PAGE_SZ. A command block consists of 4 
writes and the XDCB3 register must be written.

27 RDY_BYP R/W 0x0 Ready Bypass
this function enables a real-time schedule of operations to 
the two chip selects where operations on one D can 
continue while operations on the other XD are in progress. 
This is useful to enable striping where multiple identical 
operations are scheduled to the two chip selects.

0x0: The current command waits for the timeout as 
specified in XDTR1CS0 for the indicated CSEL to be 
true before proceeding.

0x1: The current command continues to the next 
command (if there is one as defined by the NC bit).
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26 ST_ROW_EN R/W 0x0 Status Row Address Enable
For ONFI XD parts, the status command may be performed 
on a per logical unit basis. The logical unit is addressed by 
the row address defined in the Read, Program or Erase 
command.
If this bit is set, both the automatic status cycle at the end of 
each Read or Write or any "manual" status read supplies 
the row address where the row address is defined by the 
ADDR_CYC bits and the RA_START bit in the XDCR.
For Read and Program commands the ADDR_CYC defines 
the total number of address cycles and the RA_START bit 
defines which address bytes form the row address.
For the Erase command, the ADDR_CYC itself defines the 
number of row address cycles and the RA_START bit is 
ignored.

25 AUTO_RS RO 0x0 Auto Read Status
When set, the auto-read status bit (AUTO_RS) enables the 
automatic checking of the program/erase status by issuing 
a read status command. The bit pattern to be used for the 
status command is defined in XDCB2. When AUTO_RS is 
clear, no automatic status check is performed. When 
automatic status check is performed, status-read data is not 
written into the data buffer. The status-read data is checked 
by the NAND Flash controller for the success of program/
erase operation, and in case of failure, the appropriate bad-
block-detected bits are updated in XDSR (XDSR), the 
address of the bad block is saved in the XDBBRL0 register 
(XDBBR0) and further DMA mode processing is halted.
Set AUTO_RS for program and erase commands only. 
Setting AUTO_RS for commands other than program or 
erase may result in incorrect operation by the NAND Flash 
controller.
AUTO_RS must be set for multipage program commands 
(when XDCB2[Page_Count] (XDCB2) is non-zero) to 
ensure that a read-status command is issued after every 
page program to verify the success of the program 
operation.

0x0: No automatic read status command execution after 
program/erase

0x1: Automatic read status command execution after 
program/erase

24 CSEL R/W 0x0 Chip Select Select
The CS-select bit selects the chip-select signal (XD_nCS0) 
to be activated for the command execution.

0x0: XD_nCS0 is asserted for the access

Table 851: XDC Controller Command Buffer 0 (XDC_XDCB0)  (Sheet 2 of 4)

Bits Name Type Reset Description
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23:21 CMD_TYPE R/W 0x0 Command Type
Command type (CMD_TYPE) defines the type of  XD flash 
command represented by CMD1 (and CMD2 if for a double 
byte command).
No data transfer occurs when Erase or Reset commands 
are executed. The XDSR bits for read-data request and 
write-data request (see XDSR) are not set and DMA 
requests are not made in DMA mode of operation when 
these commands are executed.
The Naked Command issues CMD1 as a command cycle 
and continues. This semantic enable the creation of outlier 
command semantics such as Read Unique ID.
The Naked Address issues ADDDR1 as a command cycle 
and continues. This semantic enables the creation of outlier 
command semantics such as Read Unique ID. The format 
of the data provided by a Read ID and Status Read is 
defined by the XD manufacturer. When devices are 
ganged, both the status and ID information is replicated on 
each half of each 16-bit word. For status, the value for each 
part in the gang is device dependent.

0x0: Read

0x1: Program (Write)

0x2: Erase

0x3: Read ID

0x4: Status Read

0x5: Reset

0x6: Naked Command Cycle

0x7: Naked Address Cycle

20 NC R/W 0x0 Next Command
The next-command (NC) bit (if set) indicates the presence 
of another valid command following the current command. 
TheXD flash controller makes the next command DMA 
request if the NC bit is set. The last command of a 
command sequence must have the NC bit clear.

0x0: No valid command following the current command.

0x1: Valid command following the current command.

19 DBC R/W 0x0 Double Byte Command
The double-byte command (DBC) bit (if set) indicates that 
the current command involves the transfer of two 
commands to the XD flash. DBC must be clear for a single-
byte command.

0x0: Current command is a single-byte command.

0x1: Current command is a double-byte command.

Table 851: XDC Controller Command Buffer 0 (XDC_XDCB0)  (Sheet 3 of 4)

Bits Name Type Reset Description
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A.33.11 XD Controller Command Buffer 1 (XDC_XDCB1)
XD Controller-Command Buffer 1 (XDCB1) contains the addresses to be sent to the XD flash in 
multiple cycles. In XD-flash mode, I/O<7:0> pins are used to send ADDRx<7:0>, in as many cycles 
as defined by XDCB0[ADDR_CYC]. The ADDR5 field in XD Controller command buffer 2 (XDCB2) 
is used to specify the fifth cycle of address for devices supporting five addressing cycles. Contents 
of the ADDRx fields are sent out sequentially by the XD Controller during the addressing phase. 
Program these fields with address values based on the cycle-by-cycle addressing specified by the 
XD-flash device.

This is a read-only register. Ignore reads from reserved bits.

18:16 ADDR_CYC R/W 0x0 Number Of Address Cycles
Address cycles (ADDR_CYC) specifies the number of 
address cycles in which the XD flash is to be addressed. 
Valid values for address cycles are 1 to 5 for XD commands 
Program, Read, Erase and Read-Id. For example, if 
ADDR_CYC value is programmed as 4, ADDR1, ADDR2, 
ADDR3, and ADDR4 (see XD Controller Command Buffer 1 
Section) are sent to the flash device in successive address 
cycles, while ADDR5 is ignored (see XD Controller 
Command Buffer 2 Section).
Valid values for address cycles for Reset and Read-status 
commands is 0. If software programs a non-zero value for 
these commands the XD controller simply ignores it.

15:8 CMD2 R/W 0x0 Second Command
The second command (CMD2) contains the second byte of 
command sent to XD flash after CMD1 and address in a 
double-byte command.

7:0 CMD1 R/W 0x0 First Command
The first command (CMD1) contains the first byte command 
sent to the XD flash when the command execution begins.

Instance Name Offset
XDC_XDCB1 0x004C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field ADDR4 ADDR3 ADDR2 ADDR1

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 852: XD Controller Command Buffer 1 (XDC_XDCB1)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 ADDR4 RO 0x0 ADDR4
Address sent out to the flash device on the fourth 
addressing cycle.

23:16 ADDR3 RO 0x0 ADDR3
Address sent out to the flash device on the third addressing 
cycle.

Table 851: XDC Controller Command Buffer 0 (XDC_XDCB0)  (Sheet 4 of 4)

Bits Name Type Reset Description
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-803



ARMADA 16x Applications Processor Family Register Tables
A.33.12 XD Controller Command Buffer 2 (XDC_XDCB2)
The XD Controller-Command Buffer 2 (XDCB2) holds the address (ADDR5) for the fifth addressing 
cycle in XD-Flash mode and the page count for the command.

This is a read-only register. Ignore reads from reserved bits.

15:8 ADDR2 RO 0x0 ADDR2
Address sent out to the flash device on the second 
addressing cycle.

7:0 ADDR1 RO 0x0 ADDR1
Address sent out to the flash device on the first addressing 
cycle.

Instance Name Offset
XDC_XDCB2 0x0050

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field ST_MASK ST_CMD PAGE_COUNT ADDR5

Default 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 853: XD Controller Command Buffer 2 (XDC_XDCB2)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 ST_MASK RO 0x1 Status Mask
This mask is applied to the status field to determine failure. 
This value is ANDed with the status word and the resulting 
byte is ORed over the [7:0] field, and if any result is set to 1, 
the status is indicating failure.
A status mask of 0x00 is singular in that it defines a mask of 
0x01 instead. If software issues 0x00 to this field, the value 
actually loaded is 0x01. This singularity is to achieve 
compatibility with current DMA Descriptors and other 
software which should have reserved fields set to zero.

23:16 ST_CMD RO 0x70 Status Command
The default status command is 0x70 but ONFI allows 
logical unit status checks. This field allows the non-standard 
status command to be defined for both status commands as 
well as auto status Reads.
A Status command of 0x00 is singular in that it defines a 
status command of 0x70 instead. If software issues 0x00 to 
this field, the value actually loaded is 0x70. This singularity 
is to achieve compatibility with current DMA Descriptors 
and other software which should have reserved fields 
programmed to zeros.

Table 852: XD Controller Command Buffer 1 (XDC_XDCB1)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.33.13 XD Controller Command Buffer 3 (XDC_XDCB3)
For increased flexibility and to support ONFI, this register allows arbitrary-length Read data 
transfers. For any transfer that uses this arbitrary length count, XDCR.SPARE_EN must be disabled 
or the result is unpredictable. If XDCR.ECC_EN is enabled, ECC is applied as described elsewhere. 
Arbitrary length transfers are also not supported on program operations.

The register address is after the XDCBx registers and the register is written as an optional extension 
of writing a command block to XDCB0. If XDCB0.LEN_OVRD is cleared to 0 and 
XDCB0.ADDR_CYC < 6, this register must not be written and a fourth Write to XDCB0 is ignored. If 
XDCB0.LEN_OVRD is set to 1 or XDCB0.ADDR_CYC >= 6, this register must be written, even if it is 
not changing value.

15:8 PAGE_COUNT RO 0x0 Page Count
Page_Count specifies the number of pages of data to be 
transferred for a program or Read command. Set this field 
to zero for all commands except multipage program/Read 
commands (commands where more than one page is 
programmed or read), in which case Page_Count + 1 
specifies the number of pages serviced.
Value from 0 to 255. Specifies the number of pages of data 
to be transferred for the current command.
Number of pages to be transferred = Page_Count +1.

7:0 ADDR5 RO 0x0 ADDR5
Address sent out to the Flash device on the fifth addressing 
cycle

Instance Name Offset
XDC_XDCB3 0x0054

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field ADDR7 ADDR6 XDLENCNT

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 854: XD Controller Command Buffer 3 (XDC_XDCB3)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:24 ADDR7 RO 0x0 ADDR7
Address sent out to the Flash device on the seventh 
addressing cycle.

23:16 ADDR6 RO 0x0 ADDR6
Address sent out to the Flash device on the sixth 
addressing cycle.

Table 853: XD Controller Command Buffer 2 (XDC_XDCB2)  (Sheet 2 of 2)

Bits Name Type Reset Description
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15:0 XDLENCNT RO 0x0 XDLENCNT
When the arbitrary length count is selected, this value is 
used to count the data cycles for any and all selected 
operations. As a practical matter, this value should not 
exceed the 2176 byte buffer size.

Note: The value 0 is defined to be valid, and when this field 
is zero, no data transfer is performed.

Table 854: XD Controller Command Buffer 3 (XDC_XDCB3)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.34 Memory Stick/Memory Stick Pro (Memory_Stick)
The Memory Stick Pro Clock/Reset Control Register (APMU_MSP_CLK_RES_CTRL) in the 
Application Subsystem Power Management (APMU) Unit must be programmed prior to accessing 
the MSP registers.

Base Address: 0xD428_6000

A.34.1 Control Register (CONTROL)

Table 855:  Memory Stick/Memory Stick Pro Register Summary 

Offset Name Description Details

0x0000 CONTROL Control Register Page: A-807

0x0004 SYSTEM System Register Page: A-808

0x0008 FLAG Flag Register Page: A-809

0x002C VERSION Version Register Page: A-809

0x0030 MSHC_COMMAND MSHC-Command Register Page: A-810

0x0034 MSH0_DATA MSH0- Data Register Page: A-810

0x0038 MSH0_STATUS MSH0- Status Register Page: A-811

0x003C MSH0_SYSTEM MSH0-SYSTEM Register Page: A-813

0x0040 MSH0_USER_CUSTOM MSH0-USER Custom Register Page: A-814

0x0044 MSH0_FIFO_CONTROL MSH0-FIFO Control Register Page: A-815

0x004C MSH0_DMA_CONTROL MSH0-DMA Control Register Page: A-816

0x0060 MSHC_FIFO_COUNT MSHC-FIFO Count Register Page: A-816

0x0064 MSHC_CARD_DETECT_INTERRUPT_
ENABLE0

MSHC-Card Detect Interrupt Enable Register Page: A-817

0x0068 MSHC_CARD_DETECT_INTERRUPT_
ENABLE1

MSHC-Card Detect Interrupt Enable Register Page: A-818

Instance Name Offset
CONTROL 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

IN
T

C

IN
T Reserved

Default ? ? ? ? ? ? ? ? ? ? ? ? 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 856: Control Register (CONTROL)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

19 INTC R/W 0x0 By setting this bit to 1, an interrupt can be cleared in the I-
CON block. The value is automatically returned to 0 after 
clearing the interrupt.
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A.34.2 System Register (SYSTEM)

18 INT RO 0x0 When an interrupt occurs from the I-CON block, this bit = 1.

17:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset

SYSTEM 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

D
M

A
IM

0

R
es

er
ve

d

D
M

A
E

0

S
E

TA
LW

A
Y

S

Reserved
IN

T
E

R
es

er
ve

d

S
R

S
T

Reserved

Default ? 0 ? 0 1 ? ? ? ? ? ? ? ? 0 ? 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 857: System Register (SYSTEM)  

Bits Name Type Reset Description

31 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

30 DMAIM0 R/W 0x0 This bit enables/disables the occurrence of an interrupt for 
a data transfer request. 
0 = Disable
1 = Enable

29 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

28 DMAE0 R/W 0x0 This bit enables/disables outputting the DMA transfer 
request signal (XDRQ0) for a data transfer request 
(Channel 0).

7 SETALWAYS R/W 0x1 Set Always. Software must write a 1 to this bit.

26:19 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

18 INTE R/W 0x0 This bit enables/disables an interrupt output.

17 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

16 SRST R/W 0x0 By setting this bit to 1, the I-CON block performs a 
synchronous reset. After the synchronous reset, the bit is 
returned to 0.

15:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 856: Control Register (CONTROL)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.34.3 Flag Register (FLAG)

A.34.4 Version Register (VERSION)

Instance Name Offset
FLAG 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

M
IE

F

Reserved

D
M

A
E

0

Reserved

Default 0 ? ? ? ? ? ? 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 858: Flag Register (FLAG)  

Bits Name Type Reset Description

31 MIEF RO 0x0 Should always be 0

30:25 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

24 DMAE0 RO 0x0 This bit is the DMA transfer request signal (XDRQ0) for a 
data transfer request (Channel 0).

23:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset

VERSION 0x002C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field VERSION Reserved

Default 0 0 1 0 0 1 0 1 0 0 1 0 1 1 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 859: Version Register (VERSION)  

Bits Name Type Reset Description

31:16 VERSION RO 0x252C VERSION

15:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.34.5 MSHC-Command Register (MSHC_COMMAND)

A.34.6 MSH0- Data Register (MSH0_DATA)

Instance Name Offset
MSHC_COMMAND 0x0030

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field TPC
R

es
er

ve
d

DSZ Reserved

Default 0 0 0 0 ? 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 860: MSHC-Command Register (MSHC_COMMAND)  

Bits Name Type Reset Description

31:28 TPC R/W 0x0 These bits specify a TPC (4 bits).

27 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

26:16 DSZ R/W 0x0 These bits specify the length of data to be sent/received.
The selectable length ranges from 1 to 2048 bytes. 
However, it is fixed to 2048 bytes when DSZ=0.

15:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
MSH0_DATA 0x0034

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field MSDATA

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 861: MSH0- Data Register (MSH0_DATA)  

Bits Name Type Reset Description

31:0 MSDATA R/W 0x0 This is the data register of the smshc. It can be both read/
written.
It is initialized by setting the FCLR bit of [MSHC-FIFO 
Control Register] to 1.
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A.34.7 MSH0- Status Register (MSH0_STATUS)
                         

Instance Name Offset
MSH0_STATUS 0x0038

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

D
R

Q

M
S

IN
T

R
D

Y

R
es

er
ve

d

C
R

C

T
O

E

C
E

D

E
R

R

B
R

Q

C
N

K

Reserved

Default ? 0 0 1 ? ? 0 0 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 862: MSH0- Status Register (MSH0_STATUS)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

30 DRQ RO 0x0 This bit is set when a data transfer request occurs.
This bit can be reset by accessing [MSHC-Data Register].

0x0: No data transfer request exists

0x1: A data transfer request exists

29 MSINT RO 0x0 This bit is set to 1 by receiving an interrupt request INT from 
media.
When the SRAC bit of [MSHC-System Register] = 0, the 
causes of an interrupt request INT from the media is sent to 
the CED, ERR, BRQ, CNK bits of this register.  
The MSINT bit is reset by writing a value to [MSHC-
Command Register].

0x0: No interrupt request INT has been received from 
media yet

28 RDY RO 0x1 This bit is set to 1 when a communication with media is 
completed.
If any error occurs while a protocol is being processed, the 
error status is reflected on such bits as CRC and TOE.
This bit is reset by writing any value to [MSHC-Command 
Register].

0x0: Not ready to receive a command because a 
communication with media is underway

0x1: Ready to receive a command, or a protocol 
completed

27:26 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

25 CRC RO 0x0 If a CRC error occurs, this bit is set to 1 when the protocol is 
completed.
This bit is cleared by writing any value to [MSHC-Command 
Register].

0x0: Normal end

0x1: A CRC error occurs when receiving data
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24 TOE RO 0x0 When a busy state continues longer than the number of 
clocks set in the BSY bits of [MSHC-System Register], 
some malfunction has occurred to media, and the protocol 
is consequently terminated. Then, this bit is set to 1.
This bit is cleared by writing any value to [MSHC-Command 
Register].

0x0: Normal end

0x1: A RDY timeout error occurs at a handshake period in 
a communication with media

23 CED RO 0x0 CED (MS Command End) (effective only at the 4-bit and 8-
bit Parallel Interface mode).
When a value is set to the MSINT bit, the CED bit of the INT 
register on media is simultaneously reflected on this bit.
This bit is cleared by writing any value to [MSHC-Command 
Register].

22 ERR RO 0x0 (Effective only at the 4-bit and 8-bit Parallel Interface mode)
When a value is set to MSINT bit, the ERR bit of the INT 
register on media is simultaneously reflected on this bit.
This bit is cleared by writing any value to [MSHC-Command 
Register].

21 BRQ RO 0x0 (Effective only at the 4-bit and 8-bit Parallel Interface mode)
When a value is set to MSINT bit, the BREQ bit of the INT 
register on media is simultaneously reflected on this bit.
This bit is cleared by writing any value to [MSHC-Command 
Register].

20 CNK RO 0x0 (Effective only at the 4-bit and 8-bit Parallel Interface mode)
When a value is set to MSINT bit, the CMDNK bit of the INT 
register on media is simultaneously reflected on this bit.
This bit is cleared by writing any value to [MSHC-Command 
Register].

19:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 862: MSH0- Status Register (MSH0_STATUS)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.34.8 MSH0-SYSTEM Register (MSH0_SYSTEM)

Instance Name Offset
MSH0_SYSTEM 0x003C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
S

T

IN
T

E
N

M
S

IE
N

D
R

Q
S

L

IN
T

C
LR

R
es

er
ve

d

S
R

A
C

R
es

er
ve

d

N
O

C
R

C

BSY Reserved

Default 0 0 1 0 0 ? ? ? 1 ? ? ? 0 1 0 1 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 863: MSH0-SYSTEM Register (MSH0_SYSTEM)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 RST R/W 0x0 When this bit = 1, the smshc block is reset. It is cleared to 0 
after the internal resetting is completed.

30 INTEN R/W 0x0 0x0: Disables the smshc block to output an interrupt 
request

0x1: Enables the smshc block to output an interrupt 
request

29 MSIEN R/W 0x1 0x0: Disables receiving an interrupt request from media

0x1: Enables receiving an interrupt request from media

28 DRQSL R/W 0x0 0x0: Disables the outputting of XINT when the smshc 
block requests data (DRQ=1)

0x1: Enables the outputting of XINT when the smshc 
block requests data (DRQ=1)

27 INTCLR R/W 0x0 An interrupt from the smshc block is cleared by setting this 
bit to 1.
This bit is cleared to 0 after the interrupt has been cleared.

26:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23 SRAC R/W 0x1 SRAC (Serial Access mode)
0x0: 4-bits Parallel Interface mode

0x1: Serial Interface mode

22:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

19 NOCRC R/W 0x0 When set to 1, a Write protocol is executed without any 
CRC data (16 bits) attached to the end of data to be sent.
For a Read protocol, checking a CRC is performed as usual 
no matter what the value set to this bit is.
This bit is 0 unless otherwise specified.

0x0: Outputting a CRC on
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A.34.9 MSH0-USER Custom Register (MSH0_USER_CUSTOM)

18:16 BSY R/W 0x5 These bits set a RDY timeout period.
The maximum BSY period for waiting an RDY signal from 
media can be calculated by multiplying the value set in this 
bit x 4 SCLKs.
When BSY=0, no timeout is detected. To wake up a 
Memory Stick Ver. 1.X, this bit shall be set 0 before starting 
a protoco because the RDY timeout is usually longer when 
waking up a Memory Stick Ver. 1.X.
The value in this bit does not change during protocol 
execution.

15:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
MSH0_USER_CUSTOM 0x0040

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

E
M

P

F
U

L

R
es

er
ve

d

N
D

LT Reserved

Default ? ? ? ? ? ? ? ? ? ? 1 0 ? ? ? 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 864: MSH0-USER Custom Register (MSH0_USER_CUSTOM)  

Bits Name Type Reset Description

31:22 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

21 EMP RO 0x1 When 1 is set to the FCLR bit of [MSHC-System Register], 
this bit is also set 1.

0x0: Data exists in FIFO of the smshc block

0x1: FIFO of the smshc block is empty

20 FUL RO 0x0 When 1 is set to the FCLR bit of [MSHC-System Register], 
this bit is reset to 0.

0x0: FIFO of the smshc block is not full

0x1: FIFO of the smshc block is full

19:17 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

16 NDLT R/W 0x0 0x0: Latches data at a rising edge right after the data 
input timing . (Default)

0x1: Latches data at a rising edge two cycles after the 
data input timing

15:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 863: MSH0-SYSTEM Register (MSH0_SYSTEM)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.34.10 MSH0-FIFO Control Register (MSH0_FIFO_CONTROL)

Instance Name Offset
MSH0_FIFO_CONTROL 0x0044

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

A
F

C
LR

F
C

LK

F
D

IR Reserved DRSZ Reserved

Default ? ? ? ? ? 0 0 0 ? ? ? ? ? 0 1 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 865: MSH0-FIFO Control Register (MSH0_FIFO_CONTROL)  

Bits Name Type Reset Description

31:27 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

26 AFCLR R/W 0x0 The FIFO data of the smshc block is automatically 
initialized by setting 1 to this bit.
When both a protocol and a data transfer are completed, 
this bit is initialized.

25 FCLK R/W 0x0 FCLR (FIFO Clear)
The FIFO data in the smshc block is initialized by setting 1 
to this bit.
It is cleared to 0 when initializing the FIFO data is 
completed.

24 FDIR R/W 0x0 FDIR (FIFO Direction)
When a protocol starts, the value of TPC[3] of [MSHC-
Command Register] is reflected on this bit.

0x0: The direction of FIFO in the smshc block is the 
direction for receiving data (CPU ? FIFO of the 
smshc block ? media)

0x1: The direction of FIFO in the smshc block is the 
direction for sending data (CPU ? FIFO of the smshc 
block ? media)

23:19 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

18:17 DRSZ R/W 0x1 DMA Slice Size
These bits set a slice size for a data transfer of FIFO in the 
smshc block.

0x0: 4 Byte

0x1: 8 Byte

0xA: 16 Btyte

0xB: Prohibited to be set

16:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.34.11 MSH0-DMA Control Register (MSH0_DMA_CONTROL)

A.34.12 MSHC-FIFO Count Register (MSHC_FIFO_COUNT)

Instance Name Offset
MSH0_DMA_CONTROL 0x004C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field DMAON Reserved

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 866: MSH0-DMA Control Register (MSH0_DMA_CONTROL)  

Bits Name Type Reset Description

31:16 DMAON R/W 0x0 DMA Request Enable
These bits enable outputting a DMA transfer request signal 
depending on each value set in the TPC bit of [MSHC-
Command
Register].
That is, if 1 is set to DMAON[15]: xdrq is valid when issuing 
TPC = 1111b
If 1 is set to DMAON[13]: xdrq is valid when issuing TPC = 
1101b (WRITE_LONG_DATA)
If DMAON[7] is reset to 0: xdrq is invalid when issuing TPC 
= 0111b (GET_INT)

0x0: When a data transfer request occurs, xdrq is not 
asserted

0x1: When a data transfer request occurs, xdrq is 
asserted

15:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
MSHC_FIFO_COUNT 0x0060

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

U
D

_F
LG

O
V

_F
LG

DMA_CNT

F
IF

O
_C

N
T

Reserved

Default ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 867: MSHC-FIFO Count Register (MSHC_FIFO_COUNT)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:30 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

29 UD_FLG RO 0x0 MSHC FIFO underflow flag. 
This bit is cleared when FCLR bit is set to a 1

28 OV_FLG RO 0x0 MSHC FIFO overflow flag. 
This bit is cleared when FCLR bit is set to a 1

27:19 DMA_CNT RO 0x0 The number of DMA transfer based on DRSZ size.
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A.34.13 MSHC-Card Detect Interrupt Enable Register  
(MSHC_CARD_DETECT_INTERRUPT_ENABLE0)

18:16 FIFO_CNT RO 0x0 The number of valid 64 bits left in the FIFO.

15:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Offset
MSHC_CARD_DETECT_INTERRUPT_ENA
BLE0

0x0064

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

C
A

R
D

R
E

M
_W

A
K

E
U

P
_E

N

C
A

R
D

D
E

T
_W

A
K

E
U

P
_E

N

C
A

R
D

R
E

M
E

N

C
A

R
D

D
E

T
E

N

Reserved

Default ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 868: MSHC-Card Detect Interrupt Enable Register 
(MSHC_CARD_DETECT_INTERRUPT_ENABLE0)  

Bits Name Type Reset Description

31:20 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

19 CARDREM_WAKEUP_EN R/W 0x0 CARDREM WAKEUP EN
0x0: Wakeup Interrupt is disabled

0x1: Wakeup Interrupt is enabled when MSPRO_INS 
signal transition from low to high

18 CARDDET_WAKEUP_EN R/W 0x0 CARDDET WAKEUP EN
0x0: Wakeup Interrupt is disabled

0x1: Wakeup Interrupt is enabled when MSPRO_INS 
signal transition from low to high

17 CARDREMEN R/W 0x0 CARDREMEN
0x0: Interrupt is disabled

0x1: Interrupt is enabled when MSPRO_INS signal 
transition from low to high

16 CARDDETEN R/W 0x0 CARDDETEN
0x0: Interrupt is disabled

0x1: Interrupt is enabled when MSPRO_INS signal 
transition from high to low

15:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 867: MSHC-FIFO Count Register (MSHC_FIFO_COUNT)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.34.14 MSHC-Card Detect Interrupt Enable Register  
(MSHC_CARD_DETECT_INTERRUPT_ENABLE1)

Instance Name Offset
MSHC_CARD_DETECT_INTERRUPT_ENA
BLE1

0x0068

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

M
S

IN
S

C
A

R
D

R
E

M

C
A

R
D

D
E

T

Reserved

Default ? ? ? ? ? ? ? ? ? ? ? ? ? 1 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Table 869: MSHC-Card Detect Interrupt Enable Register  
(MSHC_CARD_DETECT_INTERRUPT_ENABLE1)  

Bits Name Type Reset Description

31:19 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

18 MSINS RO 0x1 This is current status of the MSPRO Card Insertion signal

17 CARDREM R/W 0x0 0x0: no change in state. Write a 1 to clear this bit.

0x1: When MSPRO_INS signal transition from low to high

16 CARDDET R/W 0x0 0x0: no change in state. Write a 1 to clear this bit.

0x1: when MSPRO_INS signal transition from high to low.

15:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.35 Keypad Controller (Keypad)
The Keypad Controller has ten 32-bit registers. Up to three 16-kHz keypad clock cycles are required 
for a value written to a Keypad Controller Register from the peripheral interface to take effect. After a 
value has been written to a Keypad Controller Register, do not write a new value to it until six 
additional 16-kHz keypad clock cycles have elapsed.

The Keypad Controller registers can be accessed only with word accesses. They are grouped 
together within one page, and all have the same memory protections.

The Keypad Controller Clock/Reset Control Registers (APBC_KPC_CLK_RST) in the APB1 
Peripheral Clock Control (APB1_Clock) Unit must be programmed prior to accessing the KPC 
registers.

Base Address: 0xC050_0000

A.35.1 Keypad Control Register (KPC_PC)
The Keypad Control Register specifies the keypad settings that allow independent enabling of the 
direct (DE set) and matrix (ME set) keypad interfaces. Setting or clearing the DIE and the MIE bits 
individually enables or disables interrupt generation for each of the keypad types. Setting or clearing 
the rotary-encoder-enable bits REEx enables or disables the rotary encoder for the direct keypad. 
The MKRN and MKCN bit fields specify the number of rows and columns of the matrix keypad. The 
DKN bit field specifies the number of direct keys.

Set bits MS7-MS0 when not scanning the matrix keypad to ensure that new keypad activity does not 
get missed. KPC[MS7:MS0] drive the KP_MKOUT<7:0> outputs at all times other than when an 
automatic matrix scan is being conducted. Software must set these bits to 0b11111111 at all times 
except when a manual matrix scan is being conducted. This practice ensures that all of the matrix 
keypad columns are activated and that activity in the matrix keypad does not go undetected. On 
detection of new activity, a new manual or automatic matrix scan may be initiated, depending on the 
state of the KPC[ASACT] bit.

Setting the KPC[AS] bit initiates an automatic scan of the matrix keypad. Setting the KPC[ASACT] 
bit and detecting keypad activity initiates an automatic scan of the matrix keypad. When the scan 
completes, the PKPC[MI] bit is set, which asserts the keypad interrupt to the Interrupt Controller.

Table 870:  Keypad Controller Register Summary 

Offset Name Description Details

0x0000 KPC_PC Keypad Control Register Page: A-819

0x0008 KPC_DK Keypad Direct Key Register Page: A-823

0x0010 KPC_REC Keypad Rotary Encoder Count Register Page: A-824

0x0018 KPC_MK Keypad Matrix Key Register Page: A-825

0x0020 KPC_AS Keypad Automatic Scan Register Page: A-825

0x0028 KPC_ASMKP0 Keypad Automatic Scan Multiple Keypress Register 0 Page: A-827

0x0030 KPC_ASMKP1 Keypad Automatic Scan Multiple Keypress Register 1 Page: A-828

0x0038 KPC_ASMKP2 Keypad Automatic Scan Multiple Keypress Register 2 Page: A-829

0x0040 KPC_ASMKP3 Keypad Automatic Scan Multiple Keypress Register 3 Page: A-829

0x0048 KPC_KDI Keypad Key Debounce Interval Register Page: A-830
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When the KPC[ASACT] bit is cleared, detecting keypad activity sets the KPC[MI] bit. An interrupt is 
sent to the interrupt controller, and an interrupt-service routine can initiate a manual scan of the 
matrix keypad by setting the KPC[MS7:MS0] bits in the appropriate order.

If the KPC[IMKP] bit is set for the matrix keypad, multiple keypresses are ignored. Only when all 
keys are released is a new scan initiated to detect activity (in case of automatic scan by keypad 
activity) or an interrupt generated (in case of manual scan).

Activity detected in the direct keypad or the rotary encoders sets the KPC[DI] bit. The keypad 
interrupt is sent to the interrupt controller, the direct-key interrupt-service routine is initiated, and the 
Direct Key (KPDK) Register is read to determine the key(s) that are pressed. The Keypad Control 
(KPC) Register shows the register organization and the individual bit definitions.

This is a read/write register. Ignore reads from reserved bits. Write 0x0 to reserved bits.

Instance Name Offset
KPC_PC 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

AS

A
S

A
C

T

MKRN MKCN MI

IM
K

P

M
S

7

M
S

6

M
S

5

M
S

4

M
S

3

M
S

2

M
S

1

M
S

0

ME

M
IE

R
es

er
ve

d

D
K

_D
E

B
_S

E
L

DN DI

R
E

_Z
E

R
O

_D
E

B

R
E

E
1

R
E

E
0

DE D
IE

Default ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ? 0 0 0 0 0 0 0 0 0 0

Table 871: Keypad Control Register (KPC_PC)  (Sheet 1 of 3)

Bits Name Type Reset Description

31 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

30 AS R/W 0x0 Automatic Scan

0x0: No effect

0x1: A write of 0b1 to AS causes the keypad to be 
scanned once, then the AS bit is reset to zero.

29 ASACT R/W 0x0 Automatic Scan on Activity

0x0: No automatic scan on activity.

0x1: If KPC[AS] is 0b0, the keypad is scanned to detect 
the key pressed whenever there is any keypad 
activity and the key is pressed for a duration longer 
than the key debounce interval specified by 
KPKDI[Interval].

28:26 MKRN R/W 0x0 Matrix Keypad Row Number
This octal value plus 1 indicates the number of rows in the 
matrix keypad.  

0x0: Number of keypad rows is 1

0x7: Number of keypad rows is 8

25:23 MKCN R/W 0x0 Matrix Keypad Column Number
This octal value plus 1 indicates the number of columns in 
the matrix keypad.  

0x0: Number of keypad columns is 1

0x7: Number of keypad columns is 8
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22 MI RO 0x0 Matrix Keypad Interrupt
When MI is automatically set to 0b1, an interrupt is sent to 
the Interrupt Controller. MI is reset when read. Writes to MI 
are ignored.

21 IMKP R/W 0x0 Ignore Multiple Keypress
Ignore multiple keypress (applies to matrix-keypad interface 
only)

0x0: In case of automatic scan by keypad activity and 
manual scan, do not ignore multiple keypresses.

0x1: In case of automatic scan by keypad activity and 
manual scan, ignore multiple keypresses after a 
keypress activity has been detected and scanned.

20 MS7 R/W 0x0 Manual Matrix Scan line 7
Asserted to scan Column 7 of the matrix keypad.

Note: All of the KPC[MS7:MS0] bits must be set 
simultaneously to detect matrix keypad activity 
correctly.

19 MS6 R/W 0x0 Manual Matrix Scan line 6
Asserted to scan Column 6 of the matrix keypad.

Note: All of the KPC[MS7:MS0] bits must be set 
simultaneously to detect matrix keypad activity 
correctly.

18 MS5 R/W 0x0 Manual Matrix Scan line 5
Asserted to scan Column 5 of the matrix keypad.

Note: All of the KPC[MS7:MS0] bits must be set 
simultaneously to detect matrix keypad activity 
correctly.

17 MS4 R/W 0x0 Manual Matrix Scan line 4
Asserted to scan Column 4 of the matrix keypad.

Note: All of the KPC[MS7:MS0] bits must be set 
simultaneously to detect matrix keypad activity 
correctly.

16 MS3 R/W 0x0 Manual Matrix Scan line 3
Asserted to scan Column 3 of the matrix keypad.

Note: All of the KPC[MS7:MS0] bits must be set 
simultaneously to detect matrix keypad activity 
correctly.

15 MS2 R/W 0x0 Manual Matrix Scan line 2
Asserted to scan Column 2 of the matrix keypad.

Note: All of the KPC[MS7:MS0] bits must be set 
simultaneously to detect matrix keypad activity 
correctly.

14 MS1 R/W 0x0 Manual Matrix Scan line 1
Asserted to scan Column 1 of the matrix keypad.

Note: All of the KPC[MS7:MS0] bits must be set 
simultaneously to detect matrix keypad activity 
correctly.

Table 871: Keypad Control Register (KPC_PC)  (Sheet 2 of 3)

Bits Name Type Reset Description
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13 MS0 R/W 0x0 Manual Matrix Scan line 0
Asserted to scan Column 0 of the matrix keypad.

12 ME R/W 0x0 Matrix Keypad Enable
0x0: Disabled

0x1: Enabled

11 MIE R/W 0x0 Matrix Interrupt Enable
0x0: Disabled

0x1: Enabled

10 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

9 DK_DEB_SEL R/W 0x0 Direct Keypad Debounce Select
0x1: Direct keypad debounce interval equal to the direct 

key debounce interval field of the KPKDI register.

0x0: Direct keypad debounce interval equal to the matrix 
key debounce interval field of the KPKDI register.

8:6 DN R/W 0x0 Direct Key Number
This octal value + 1 indicates the number of keys in the 
direct keypad plus the number of rotary-encoder sensor 
inputs.  

0x0: Number of direct keys plus rotary-encoder sensor 
inputs is 1

0x7: Number of direct keys plus rotary-encoder sensor 
inputs is 8

5 DI RO 0x0 Direct Keypad Interrupt
When DI is automatically set to 0b1, an interrupt is sent to 
the Interrupt Controller. DI is reset when read. Writes to DI 
are ignored.

4 RE_ZERO_DEB R/W 0x0 Rotary Encoder Zero Debounce Interval
0x1: Rotary encoder logic debounce interval equals zero.

0x0: Rotary encoder logic debounce interval is equal to 
the direct keypad debounce interval.

3 REE1 R/W 0x0 Rotary Encoder 1 Enable
0x0: Not enabled

0x1: Enabled

2 REE0 R/W 0x0 Rotary Encoder 0 Enable
0x0: Disabled

0x1: Enabled

1 DE R/W 0x0 Direct Keypad Enable
0x0: Disabled

0x1: Enabled

0 DIE R/W 0x0 Direct Keypad Interrupt Enable
0x0: Disabled

0x1: Enabled

Table 871: Keypad Control Register (KPC_PC)  (Sheet 3 of 3)

Bits Name Type Reset Description
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A.35.2 Keypad Direct Key Register (KPC_DK)
The Direct Key (KPDK) Register contains details of the last read of the direct keypad inputs 
KP_DKIN<7:0> if the direct keypad is enabled by setting the KPC[DE] bit to 0b1. The status of all of 
the direct keys is stored in KPDK on each read of the direct keypad. This register is reset only on 
power-up.

This is a read-only register. Ignore reads from reserved bits.

Instance Name Offset
KPC_DK 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

D
K

P

Reserved

D
K

7

D
K

6

D
K

5

D
K

4

R
B

1_
D

K
3

R
A

1_
D

K
2

R
B

0_
D

K
1

R
A

0_
D

K
0

Default 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 872: Keypad Direct Key Register (KPC_DK)  

Bits Name Type Reset Description

31 DKP RO 0x0 Direct Key Pressed
0x1: Direct key pressed since last read

0x0: Reset on register read

30:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 DK7 RO 0x0 Direct Key 7 input

6 DK6 RO 0x0 Direct Key 6 input

5 DK5 RO 0x0 Direct Key 5 input

4 DK4 RO 0x0 Direct Key 4 input

3 RB1_DK3 RO 0x0 Rotary Encoder B / Direct Key 3 input
If Rotary Encoder 1 is disabled: input = Direct Key 3
If Rotary Encoder 1 is enabled: input = Rotary Encoder 1, 
Sensor B

2 RA1_DK2 RO 0x0 Rotary Encoder A / Direct Key 2 input
If Rotary Encoder 1 is disabled: input = Direct Key 2
If Rotary Encoder 1 is enabled: input = Rotary Encoder 1, 
Sensor A

1 RB0_DK1 RO 0x0 Rotary Encoder B / Direct Key 1 input
If Rotary Encoder 0 is disabled: input = Direct Key 1
If Rotary Encoder 0 is enabled: input = Rotary Encoder 0, 
Sensor B

0 RA0_DK0 RO 0x0 Rotary Encoder A / Direct Key 0 input
If Rotary Encoder 0 is disabled: input = Direct Key 0
If Rotary Encoder 0 is enabled: input = Rotary Encoder 0, 
Sensor A
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A.35.3 Keypad Rotary Encoder Count Register (KPC_REC)
The Keypad Rotary Encoder Count (KPREC) Register stores the value of the counter pertaining to 
the rotary encoder. This count value serve as an indication of any activity in the keys implemented 
using the rotary encoder. For example, with a scroll key implemented using a rotary encoder, any 
activity increments or decrements the rotary encoder counter, depending on the direction of the 
scroll. This count value is stored in the KPREC Register every 16-kHz keypad clock. Software must 
periodically read the count value in the KPREC Register and compare it with the last value read to 
determine the direction and magnitude of the scroll.

The KPREC Register can store up to two 8-bit count values with an overflow and an underflow bit 
corresponding to each of the two counts. The underflow bits KPREC[UFx] are set when the count 
goes below zero. The overflow bits KPREC[OFx] are set when the count goes beyond the maximum 
8-bit value of 255. The overflow and underflow bits are reset when the KPREC Register is read.

This is a read/write register. Ignore reads from reserved bits. Write 0x0 to reserved bits.

Instance Name Offset
KPC_REC 0x0010

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

O
F

1

U
F

1

Reserved RE_COUNT1

O
F

0

U
F

0

Reserved RE_COUNT0

Default 0 0 ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 873: Keypad Rotary Encoder Count Register (KPC_REC)  

Bits Name Type Reset Description

31 OF1 RO 0x0 Overflow bit for rotary encoder 1
Overflow bit for Rotary Encoder 1
Set to 0b1 when the count value goes above the maximum 
8-bit value of 255. Reset to 0b0 on Read.

30 UF1 RO 0x0 Underflow bit for rotary encoder 1
Underflow bit for Rotary Encoder 1
Set to 0b1 when the count value goes below zero. Reset to 
0b0 on Read.

29:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:16 RE_COUNT1 R/W 0x0 Count value for rotary encoder 1
Count value for Rotary Encoder 1

15 OF0 RO 0x0 Overflow bit for rotary encoder 0
Overflow bit for Rotary Encoder 0
Set to 0b1 when the count value goes above the maximum 
8-bit value of 255. Reset to 0b0 on Read.

14 UF0 RO 0x0 Underflow bit for rotary encoder 0
Underflow bit for Rotary Encoder 0
Set to 0b1 when the count value goes below zero. Reset to 
0b0 on Read.

13:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 RE_COUNT0 R/W 0x0 Count value for rotary encoder 0
Count value for Rotary Encoder 0
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A.35.4 Keypad Matrix Key Register (KPC_MK)
When the matrix keypad is enabled by setting the KPC[ME] bit, the Keypad Matrix Key (KPMK) 
Register contains the row details of the keys pressed on the matrix keypad when the last manual 
scan was completed. When set, the KPMK[MKP] bit indicates that a matrix key was pressed since 
the register was last read.

This is a read-only register. Ignore reads from reserved bits.

A.35.5 Keypad Automatic Scan Register (KPC_AS)
The KPAS Register contains row and column details for a single keypress or information about 
multiple keypresses or invalid data. Automatic scan of the keypad is initiated either for stable keypad 
activity longer than the key debounce interval while the KPC[ASACT] bit is set or when the KPC[AS] 
bit is set.

If no key was pressed, the <Multiple Keys Pressed> field contains the value 0x0.
If a single key was pressed, the row and column details of the key are stored in the RP and CP 
bit fields. The <Multiple Keys Pressed> field contains the value 0x1.
If multiple keys were pressed, the MUKP bit field contains a value greater than 0x01. Read the 
details about the keys pressed from the Keypad Interface Automatic Scan Multiple Keypress 
(KPASMKP0-3) registers.

When the scan-on (SO) bit is set, a scan is in progress and the data in this register is not valid.

This is a read-only register. Ignore reads from reserved bits.

Instance Name Offset
KPC_MK 0x0018

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

M
K

P

Reserved

M
R

7

M
R

6

M
R

5

M
R

4

M
R

3

M
R

2

M
R

1

M
R

0

Default 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 874: Keypad Matrix Key Register (KPC_MK)  

Bits Name Type Reset Description

31 MKP RO 0x0 0x0: Reset on register read

0x1: Matrix key pressed since last read

30:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7 MR7 RO 0x0 Matrix Row 7

6 MR6 RO 0x0 Matrix Row 6

5 MR5 RO 0x0 Matrix Row 5

4 MR4 RO 0x0 Matrix Row 4

3 MR3 RO 0x0 Matrix Row 3

2 MR2 RO 0x0 Matrix Row 2

1 MR1 RO 0x0 Matrix Row 1

0 MR0 RO 0x0 Matrix Row 0
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Instance Name Offset
KPC_AS 0x0020

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SO MUKP Reserved RP CP

Default 0 0 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 1 1 1 1 1 1 1

Table 875: Keypad Automatic Scan Register (KPC_AS)  

Bits Name Type Reset Description

31 SO RO 0x0 Scan On
The SO bit is set to 0b1 at the beginning of the automatic 
scan or automatic scan on activity and is cleared to 0b0 
when the scan is completed. When set, the data in this 
register is not valid.

30:26 MUKP RO 0x0 Multiple Keys Pressed
> 0x01 = Multiple keys pressed. Read the keypress 
information from the KPASMKP0, KPASMKP1, KPASMKP2 
and KPASMKP3 registers.

0x0: No key pressed

0x1: Single key pressed. Read row and column 
information from the RP and CP bit fields.

25:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:4 RP RO 0xF Row Pressed
...continuing sequentially through...

0xF: Data invalid (also the reset value)

0x0: Key pressed is in row 0

0x7: Key pressed is in row 7

3:0 CP RO 0xF Column Pressed
...continuing sequentially through...

0xF: Data invalid (also the reset value)

0x0: Key pressed is in column 0

0x7: Key pressed is in column 7
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A.35.6 Keypad Automatic Scan Multiple Keypress Register 0 
(KPC_ASMKP0)
The Keypad Interface Automatic Scan Multiple Keypress (KPASMKPx) registers contain details of 
the row readings from automatic scans when multiple keys have been pressed. Each register deals 
with two keypad columns, as shown in Table 876.

                         

Read these registers after:

An automatic scan interrupt
A scan initiated by setting the KPC[AS] bit has completed.

Row readings are recorded in 8-bit MKCx bit fields, two per register, where x corresponds to the 
keypad column number. Each bit in the MKCx field corresponds to a row 

0x40 in KPASMKP0[MKC1] indicates that a key in row 6, column 1 has been pressed.
0x02 in KPASMKP3[MKC7] indicates that a key in row 1, column 7 has been pressed.

Each KPASMKPx register contains a scan-on (SO) bit, which is set to 0b1 on initiation of an 
automatic scan and cleared to 0b0 when the scan is completed. When SO is set, the data in the 
register is invalid.

Table 876: Keypad Interface Automatic Scan Multiple Keypress Registers and Corresponding 
Offsets  

Register  Name Offset Keypad 
Column 
Numbers

Keypad Automatic Scan Multiple Keypress Register 0 (KPC_ASMKP0) 0x28 1-0

Keypad Automatic Scan Multiple Keypress Register 1 (KPC_ASMKP1) 0x30 3-2

Keypad Automatic Scan Multiple Keypress Register 2 (KPC_ASMKP2) 0x38 5-4

Keypad Automatic Scan Multiple Keypress Register 3 (KPC_ASMKP3) 0x40 7-6

Instance Name Offset
KPC_ASMKP0 0x0028

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SO Reserved MKC1 Reserved MKC0

Default 0 ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 877: Keypad Automatic Scan Multiple Keypress Register 0 (KPC_ASMKP0)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 SO RO 0x0 The scan on bit is set to 0b1 at the beginning of the 
automatic scan or automatic scan on activity and cleared to 
0b0 when the scan is completed. When set, the data in this 
register is not valid.

30:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:16 MKC1 RO 0x0 Matrix Keypad Column 1 reading
Matrix Keypad Column 1 reading. A set bit identifies a key 
in the corresponding row and column 1:
Bit 23 = row 7, sequentially through
Bit 16 = row 0
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A.35.7 Keypad Automatic Scan Multiple Keypress Register 1 
(KPC_ASMKP1)

15:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 MKC0 RO 0x0 Matrix Keypad Column 0 reading
Matrix Keypad Column 0 reading. A set bit identifies a key 
in the corresponding row and column 0:
Bit 7 = row 7, sequentially through
Bit 0 = row 0

Instance Name Offset
KPC_ASMKP1 0x0030

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SO Reserved MKC3 Reserved MKC2

Default 0 ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 878: Keypad Automatic Scan Multiple Keypress Register 1 (KPC_ASMKP1)  

Bits Name Type Reset Description

31 SO RO 0x0 Scan On
The SO bit is set to 0b1 at the beginning of the automatic 
scan or automatic scan on activity and cleared to 0b0 when 
the scan is completed. When set, the data in this register is 
not valid.

30:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:16 MKC3 RO 0x0 Matrix Keypad Column 3 Reading
Matrix Keypad Column 3 Reading. A set bit identifies a key 
in the corresponding row and column 3:
Bit 23 = row 7, sequentially through
Bit 16 = row 0

15:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 MKC2 RO 0x0 Matrix Keypad Column 2 Reading
Matrix Keypad Column 2 Reading. A set bit identifies a key 
in the corresponding row and column 2:
Bit 7 = row 7, sequentially through
Bit 0 = row 0

Table 877: Keypad Automatic Scan Multiple Keypress Register 0 (KPC_ASMKP0)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.35.8 Keypad Automatic Scan Multiple Keypress Register 2 
(KPC_ASMKP2)

A.35.9 Keypad Automatic Scan Multiple Keypress Register 3 
(KPC_ASMKP3)

Instance Name Offset
KPC_ASMKP2 0x0038

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SO Reserved MKC5 Reserved MKC4

Default 0 ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 879: Keypad Automatic Scan Multiple Keypress Register 2 (KPC_ASMKP2)  

Bits Name Type Reset Description

31 SO RO 0x0 The scan-on bit is set to 0b1 at the beginning of the 
automatic scan or automatic scan on activity and cleared to 
0b0 when the scan is completed. When set, the data in this 
register is not valid.

30:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

23:16 MKC5 RO 0x0 Matrix Keypad Column 5 reading
Matrix Keypad Column 5 reading. A set bit identifies a key 
in the corresponding row and column 5:
Bit 23 = row 7, sequentially through
Bit 16 = row 0

15:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 MKC4 RO 0x0 Matrix Keypad Column 4 reading
Matrix Keypad Column 4 reading. A set bit identifies a key 
in the corresponding row and column 4:
Bit 7 = row 7, sequentially through
Bit 0 = row 0

Instance Name Offset
KPC_ASMKP3 0x0040

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field SO Reserved MKC7 Reserved MKC6

Default 0 ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0

Table 880: Keypad Automatic Scan Multiple Keypress Register 3 (KPC_ASMKP3)  (Sheet 1 of 2)

Bits Name Type Reset Description

31 SO RO 0x0 The scan-on bit is set to 0b1 at the beginning of the 
automatic scan or automatic scan on activity and cleared to 
0b0 when the scan is completed. When set, the data in this 
register is not valid.

30:24 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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A.35.10 Keypad Key Debounce Interval Register (KPC_KDI)
The signals generated by a key press do not stabilize for some tens of microseconds after the key is 
pressed. Reading those signals before the key signals stabilize could lead to faulty detection. To 
avoid such a condition, a time period known as a key-debounce interval must elapse before any 
reading is performed to determine the key pressed.

The key-debounce interval is the time interval between the time keypad activity is first detected and 
the time the key value is stored in the appropriate register (Matrix Key Register, Direct Key Register, 
or an Automatic Scan Register). This interval is specified in the Key Debounce Interval (KPKDI) 
Register. The key-debounce interval is specified as an 8-bit number in the KPKDI[Interval] bit field. 
The debounce interval is 2 milliseconds times the 8-bit value (the interval is typically between 32 ms 
and 128 ms). The KPKDI[interval] bit field defaults to 200 ms upon reset. To read the key(s) pressed 
without waiting for a debounce interval to elapse, set the interval value in the KPKDI Register to 
zero. In practice, the minimum value that should be used for the debounce interval is 10 ms.

This is a read/write register. Ignore reads from reserved bits. Write 0x0 to reserved bits.

23:16 MKC7 RO 0x0 Matrix Keypad Column 7 reading
Matrix Keypad Column 7 reading. A set bit identifies a key 
in the corresponding row and column 7:
Bit 23 = row 7, sequentially through
Bit 16 = row 0

15:8 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

7:0 MKC6 RO 0x0 Matrix Keypad Column 6 reading
Matrix Keypad Column 6 reading. A set bit identifies a key 
in the corresponding row and column 6:
Bit 7 = row 7, sequentially through
Bit 0 = row 0

Instance Name Offset

KPC_KDI 0x0048

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

D
IR

E
C

T
_K

E
Y

_D
E

B
O

U
N

C
E

_I
N

T
E

R
V

A
L

M
A

T
R

IX
_K

E
Y

_D
E

B
O

U
N

C
E

_I
N

T
E

R
V

A
L

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0

Table 880: Keypad Automatic Scan Multiple Keypress Register 3 (KPC_ASMKP3)  (Sheet 2 of 2)

Bits Name Type Reset Description
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Table 881: Keypad Key Debounce Interval Register (KPC_KDI)  

Bits Name Type Reset Description

31:16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15:8 DIRECT_KEY_DEB
OUNCE_INTERVAL

R/W 0x0 Direct Key Debounce Interval
Direct key debounce interval in binary number of 2 ms

7:0 MATRIX_KEY_DEB
OUNCE_INTERVAL

R/W 0x64 Matrix Key Debounce Interval
Matrix key debounce interval in binary number of 2 ms
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A.36 General Purpose I/O (GPIO)
There are a total of fifty-six 32-bit registers within the GPIO control block. There are distinct register 
functions, and four instances of each of the eight registers to serve 123 GPIOs. The various 
functions of the eight registers corresponding to each GPIO port are described in the following list:

Four registers monitor port state:

4 GPLRx (read only) see GPIO Pin-Level registers
Twelve registers control port direction:

4 GPDRx (read/write), see GPIO Pin Direction registers
4 bit-wise set registers GSDRx (write-only)-Modifies value of GPDR. See GPIO Pin Bit-Wise 
Set Direction registers
4 bit-wise Clear registers GCDRx (write-only)-Modifies value of GPDR. See GPIO Pin Bit-Wise 
Clear Direction registers

Eight registers control port state:

4 GPSRx (write-only)-Sets GPIO output port
4 GPCRx (write-only)-Clears GPIO output port. See GPIO Pin Output Set Registers (GPSRx) 
and Pin Output Clear registers

Twelve registers indicate if a rising edge should be detected:

4 GRERx - (read/write), see GPIO Rising-Edge Detect-Enable registers
4 bit-wise set registers GSRERx (write-only)-Modifies value of GRER
4 bit-wise clear registers GCRERx (write-only)-Modifies value of GRER. See GPIO Bit-Wise Set 
Rising-Edge (GSRERx) and GPIO Bit-wise Clear Rising-Edge (GCRERx) Detect-Enable 
registers

Twelve registers indicate if a falling edge should be detected:

4 GFERx - (read/write), see GPIO Falling-Edge Detect-Enable registers
4 bit-wise set registers GSFERx (write-only)-Modifies value of GFER
4 bit-wise clear registers GCFERx (write-only)-Modifies value of GFER. See GPIO Bit-Wise Set 
Falling-Edge (GSFERx) and GPIO Bit-wise Clear Falling-Edge (GCFERx) Detect-Enable 
registers

Four registers indicate when specified edge types have been detected on ports 

4 GEDRx (read/write 1 to clear),  see GPIO Edge Detect Status Register

Four registers used to mask GPIO edge detection

4 APMASKx - (read/write), see Bit-wise Mask of GPIO Edge Detect Register

The Pin Direction Register (GPDRx) is initialized by reset, thus assuring that at reset, all ports 
appear as GPIO input ports.

Base Address: 0xDF01_9000

The GPIO Clock/Reset Control Register (APBC_GPIO_CLK_RST) in the APB1 Peripheral Clock 
Control (APB1_Clock) Unit must be programmed prior to accessing the GPIO registers.

                         

Table 882:  General Purpose I/O Register Summary (Sheet 1 of 2)

Name Description Details

GPIO_GPLR GPIO Pin-Level Register Page: A-833

GPIO_GPDR GPIO Pin Direction Register Page: A-833

GPIO_GPSR GPIO Pin Output Set Register Page: A-834

GPIO_GPCR GPIO Pin Output Clear Register Page: A-835

GPIO_GRER GPIO Rising-Edge Detect Enable Register Page: A-836

GPIO_GFER GPIO Falling-Edge Detect Enable Register Page: A-837
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A.36.1 GPIO Pin-Level Register (GPIO_GPLR)
The state of each of the GPIO ports is visible through the GPIO Pin-Level Register (GPLRx). Each 
bit corresponds to the port number.

GPLR0[31:0] correspond to GPIO<31:0>
GPLR1[31:0] correspond to GPIO<63:32>
GPLR2[31:0] correspond to GPIO<95:64>
GPLR3[25:0] correspond to GPIO<122:96> (upper six bits not used).

These read-only registers determine the current value of a particular port (regardless of the 
programmed port direction).

The 32 port-level bits are shown in the GPIO Pin-Level Registers.

A.36.2 GPIO Pin Direction Register (GPIO_GPDR)
Users control port direction by programming the GPIO Pin Direction registers (GPDR0, GPDR1, 
GPDR2, and GPDR3). The GPDR registers contain one direction control bit for each port.

GPIO_GEDR GPIO Edge Detect Status Register Page: A-837

GPIO_GSDR Bit-wise Set of GPIO Direction Register Page: A-838

GPIO_GCDR Bit-wise Clear of GPIO Direction Register Page: A-839

GPIO_GSRER Bit-wise Set of GPIO Rising Edge Detect Enable Register Page: A-840

GPIO_GCRER Bit-wise Clear of GPIO Rising Edge Detect Enable Register Page: A-841

GPIO_GSFER Bit-wise Set of GPIO Falling Edge Detect Enable Register Page: A-841

GPIO_GCFER Bit-wise Clear of GPIO Falling Edge Detect Enable Register Page: A-842

APMASK Bit-wise Mask of GPIO Edge Detect Register  Page: A-843

Instance Name Offset
GPIO_PLR0
GPIO_PLR1
GPIO_PLR2
GPIO_PLR3

0x0000
0x0004
0x0008
0x0100

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PLx

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 883: GPIO Pin-Level Register  (GPIO_GPLR)  

Bits Name Type Reset Description

31:0 PLx RO 0x0 GPIO port level n (where n = 0 through 31)
0x0: Port state is low

0x1: Port state is high

Table 882:  General Purpose I/O Register Summary (Sheet 2 of 2)

Name Description Details
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GPDR0 [31:0] correspond to GPIO<31:0>
GPDR1[31:0] correspond to GPIO<63:32>
GPDR2[31:0] correspond to GPIO<95:64>
GPDR3[25:0] correspond to GPIO<122:96>

If a direction bit is programmed to a 1, the GPIO function is an output. If it is programmed to a 0, it is 
an input.

A pair of set/clear registers (GSDRx and GCDRx) is also provided to enable the setting and clearing 
of individual bits of the GPDRx Register.

Note

Note At reset, all bits in this register are cleared configuring all GPIO ports as inputs.

The location of each port direction bit is shown in the GPIO Pin Direction Register (GPDR0).

A.36.3 GPIO Pin Output Set Register (GPIO_GPSR)
When a GPIO is configured as an output, users control the state of the port by writing to either the 
GPIO Pin Output Set registers (GPSRx) or the GPIO Pin Output Clear registers (GPCRx). An output 
port is set by writing a 1 to its corresponding bit within the GPSR. To clear an output port, a 1 is 
written to the corresponding bit within the GPCRx (write-only registers, reads return unpredictable 
values).

Clearing any of the GPSRx or GPCRx bits has no effect on the port state. Setting a GPSRx or 
GPCRx bit corresponding to a port that is configured as an input takes affect only after the port is 
configured as output.

The GPSRx and GPCRx registers contain one output set and one output clear control bit, 
respectively, for each of the 123 ports.

GPSR0 [31:0] and GPCR0 [31:0] correspond to GPIO<31:0>
GPSR1 [31:0] and GPCR1 [31:0] correspond to GPIO<63:32>
GPSR2 [31:0] and GPCR2 [31:0] correspond to GPIO<95:64>
GPSR3 [25:0] and GPCR3 [31:0] correspond to GPIO<122:96>

If a 1 is written to both registers at the same location then the last Write takes effect (that is, an 
output port cannot be both set and cleared at the same time).

Instance Name Offset
GPIO_PDR0
GPIO_PDR1
GPIO_PDR2
GPIO_PDR3

0x000C
0x0010
0x0014
0x010C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PDx

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 884: GPIO Pin Direction Register (GPIO_GPDR)  

Bits Name Type Reset Description

31:0 PDx R/W 0x0 GPIO port direction n (where n = 0 through 31)
0x0: Port configured as an input

0x1: Port configured as an output
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Refer to the GPIO Pin Output Set registers (GPSRx) for the locations of the GPSR0 bits and the 
GPIO Pin Output Clear registers (GPCRx) for the locations of the GPCR0 bits.

A.36.4 GPIO Pin Output Clear Register (GPIO_GPCR)

Instance Name Offset
GPIO_PSR0
GPIO_PSR1
GPIO_PSR2
GPIO_PSR3

0x0018
0x001C
0x0020
0x0118

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PSx

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 885: GPIO Pin Output Set Register (GPIO_GPSR)  

Bits Name Type Reset Description

31:0 PSx WO 0x0 GPIO output port set n (where n = 0 through 31)
0x0: Port level unaffected

0x1: If port configured as an output, set port level logic 
high

Instance Name Offset
GPIO_PCR0
GPIO_PCR1
GPIO_PCR2
GPIO_PCR3

0x0024
0x0028
0x002C
0x0124

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PCx

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 886: GPIO Pin Output Clear Register (GPIO_GPCR)  

Bits Name Type Reset Description

31:0 PCx WO 0x0 GPIO output port clear n (where n = 0 through 31)

0x0: Port level unaffected

0x1: If port configured as an output, clear port level logic 
low
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A.36.5 GPIO Rising-Edge Detect Enable Register (GPIO_GRER)

Note

Note The GPIO Edge Detect functionality described in this section is independent of and in addition to the 
Pin Control Unit edge-detect logic and is only functional when the GPIO alternate function is 
selected on the multi-function I/O pin. In addition, the GPIO Edge Detect is used as an interrupt 
while the Pin Control Unit edge-detect logic is mainly used as a wakeup event.

Each GPIO can be programmed to detect a rising edge, falling edge, or either transition on a port. 
When an edge is detected that matches the type of edge programmed for the port, a status bit is set.

The GPIO Rising-Edge and Falling-Edge Detect-Enable registers (GRERx and GFERx, 
respectively) select the type of transition on a GPIO port that causes a bit within the GPIO Edge-
Detect Enable Status Register (GEDRx) to be set. For a given GPIO port, its corresponding GRERx 
bit is set to cause a GEDRx status bit to be set when the port transitions from logic-level low to logic- 
level high. Likewise, GFERx is used to set the corresponding GEDRx status bit when a transition 
from logic-level high to logic-level low occurs. When the corresponding bits are set in both registers, 
either a falling-edge or a rising-edge transition causes the corresponding GEDRx status bit to be set.

The GRERx registers contain one rising-edge detect control bit for each of port.

GRER0 [31:0] correspond to GPIO<31:0>
GRER1[31:0] correspond to GPIO<63:32>
GRER2[31:0] correspond to GPIO<95:64>
GRER3[25:0] correspond to GPIO<122:96>

The GPIO Rising-Edge Detect-Enable registers (GRERx) show the rising-edge enable bit locations 
corresponding to all 32 ports of GRER0.

A pair of set/clear registers are also provided to enable the setting and clearing of individual bits of 
the GRERx registers.

Instance Name Offset
GPIO_RER0
GPIO_RER1
GPIO_RER2
GPIO_RER3

0x0030
0x0034
0x0038
0x0130

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Rex

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 887: GPIO Rising-Edge Detect Enable Register (GPIO_GRER)  

Bits Name Type Reset Description

31:0 Rex R/W 0x0 GPIO port n rising-edge detect enable (where n = 0 
through 31)
0x0: Disable rising-edge detect enable

0x1: Set corresponding GEDR status bit when a rising 
edge is detected on the GPIO port
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A.36.6 GPIO Falling-Edge Detect Enable Register (GPIO_GFER)

Note

Note The GPIO Edge Detect functionality described in this section is independent of and in addition to the 
Pin Control Unit edge-detect logic and is only functional when the GPIO alternate function is 
selected on the multi-function I/O pin. In addition, the GPIO Edge Detect is used as an interrupt 
while the Pin Control Unit edge-detect logic is mainly used as a wakeup event.

The GPIO falling-edge shows the falling-edge enable bit locations corresponding to all 32 ports of 
GFERx.

A pair of set/clear registers are also provided to enable the setting and clearing of individual bits of 
the GFERx registers.

A.36.7 GPIO Edge Detect Status Register (GPIO_GEDR)
The GPIO Edge Detect Status registers (GEDR0, GEDR1, GEDR2, and GEDR3) contain a total of 
128 status bits that correspond to the 123 GPIO ports.

The GEDRx registers contain one edge-detect status bit for each port.

GEDR0 [31:0] correspond to GPIO<31:0>
GEDR1[31:0] correspond to GPIO<63:32>
GEDR2[31:0] correspond to GPIO<95:64>
GEDR3[25:0] correspond to GPIO<122:96>

When an edge-detect occurs on a port that matches the type of edge programmed in the GRERx 
and/or GFERx registers, the corresponding status bit is set in GEDRx. Once a GEDRx bit is set, the 
CPU must clear it. GEDRx status bits are cleared by writing a 1 to them. Writing a 0 has no effect.

Each edge-detect that sets the corresponding GEDRx status bit for GPIO ports 0 - 122 can trigger 
an interrupt request. Ports 2 - 122 together form a group that can cause one interrupt request to be 
triggered when any one of the GEDR status bits 2 -122 is set. GPIO ports 0 and 1 each cause their 
own, independent first-level interrupt. The GPIO Edge Detect Status Register (GEDRx) shows the 
GEDR0 bit locations.

Instance Name Offset
GPIO_FER0
GPIO_FER1
GPIO_FER2
GPIO_FER3

0x003C
0x0040
0x0044
0x013C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Fex

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 888: GPIO Falling-Edge Detect Enable Register (GPIO_GFER)  

Bits Name Type Reset Description

31:0 Fex R/W 0x0 GPIO port falling-edge detect enable n (where n = 0 
through 31)
0x0: Disable falling-edge detect enable

0x1: Set corresponding GEDR status bit when a falling 
edge is detected on the GPIO port
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A.36.8 Bit-wise Set of GPIO Direction Register (GPIO_GSDR)
Users control port direction by programming the GPIO Pin Bit-Wise Set Direction registers (GSDR0, 
GSDR1, GSDR2, and GSDR3). The GSDRx registers contain one direction control bit for each port.

GSDR0 [31:0] correspond to GPIO<31:0>
GSDR1[31:0] correspond to GPIO<63:32>
GSDR2[31:0] correspond to GPIO<95:64>
GSDR3[25:0] correspond to GPIO<122:96>

If a direction bit is programmed to a 1, the corresponding bit in GPDRx is set and the GPIO function 
is configured as an output. If it is programmed to a 0, no change in the GPIO functionality or the 
GPDRx register occurs.

Note

Note At reset, all bits in this register are cleared.

The location of each port direction bit is shown in the GPIO Pin Direction Register, GSDR0.

Instance Name Offset
GPIO_EDR0
GPIO_EDR1
GPIO_EDR2
GPIO_EDR3

0x0048
0x004C
0x0050
0x0148

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Edx

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 889: GPIO Edge Detect Status Register (GPIO_GEDR)  

Bits Name Type Reset Description

31:0 Edx R/W1C 0x0 GPIO edge detect status n (where n = 0 through 31)
0x0: No edge detect has occurred on the port as specified 

in GRER and/or GFER

0x1: Edge detect has occurred on the port as specified in 
GRER and/or GFER
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A.36.9 Bit-wise Clear of GPIO Direction Register (GPIO_GCDR)
Users control pin direction by programming the GPIO Pin Bit-Wise Clear Direction registers 
(GCDR0, GCDR1, GCDR2, and GCDR3). The GCDR registers contain one direction control bit for 
each pin.

GCDR0 [31:0] correspond to GPIO<31:0>
GCDR1[31:0] correspond to GPIO<63:32>
GCDR2[31:0] correspond to GPIO<95:64>
GCDR3[25:0] correspond to GPIO<122:96>

If a direction bit is programmed to a 1, the corresponding bit in GPDR is cleared and the GPIO 
function is configured as an input. If it is programmed to a 0, no change in the GPIO functionality or 
the GPDR Register occurs.

Note

Note At reset, all bits in this register are cleared.

Refer to the GPIO Pin Bit-Wise Clear Direction registers (GCDRx) for the location of each port 
direction bit.

Instance Name Offset
GPIO_SDR0
GPIO_SDR1
GPIO_SDR2
GPIO_SDR3

0x0054
0x0058
0x005C
0x0154

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PDx

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 890: Bit-wise Set of GPIO Direction Register (GPIO_GSDR)  

Bits Name Type Reset Description

31:0 PDx WO 0x0 Set GPIO port direction n (where n = 0 through 31)
0x0: GPDR bit not affected

0x1: GPDR bit is set and GPIOx function is set to 
OUTPUT
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A.36.10 Bit-wise Set of GPIO Rising Edge Detect Enable Register 
(GPIO_GSRER)
Software can directly change the programming of GRERx by writing to GSRERx and GCRERx. 

The GSRERx registers contain one detection-level set control bit for each of the 123 ports. If a bit is 
programmed to a 1, the corresponding bit in GRERx is set and the GPIO function is configured to 
cause a GEDRx status bit to be set when the port transitions from logic level zero (0) to logic level 
one (1) If it is programmed to a 0, no change in the GPIO functionality or the GRERx Register 
occurs.

The GCRERx registers contain one detection-level clear control bit for each of the 123 ports. If a bit 
is programmed to a 1, the corresponding bit in GRERx is cleared and the GPIO function is 
configured to NOT cause a GEDR status bit to be set when the port transitions from logic level zero 
(0) to logic level one (1) If it is programmed to a 0, no change in the GPIO functionality or the GRERx 
register occurs.

GSRER0 [31:0] and GCRER0 [31:0] correspond to GPIO<31:0>
GSRER1 [31:0] and GCRER1 [31:0] correspond to GPIO<63:32>
GSRER2 [31:0] and GCRER2 [31:0] correspond to GPIO<95:64>
GSRER3 [25:0] and GCRER3 [31:0] correspond to GPIO<122:96>

The GPIO Bit-Wise Set Rising-Edge Register (GSRERx) shows the bit definitions for GSRER0 and 
the GPIO Bit-wise Clear Rising-Edge Register (GCRERx) shows the bit definitions for GCRER0.

Instance Name Offset
GPIO_CDR0
GPIO_CDR1
GPIO_CDR2
GPIO_CDR3

0x0060
0x0064
0x0068
0x0160

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PDx

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 891: Bit-wise Clear of GPIO Direction Register (GPIO_GCDR)  

Bits Name Type Reset Description

31:0 PDx WO 0x0 Set GPIO port direction n (where n = 0 through 31)
0x0: GPDR bit not affected

0x1: GPDR bit is cleared and GPIO n function is set to 
INPUT
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A.36.11 Bit-wise Clear of GPIO Rising Edge Detect Enable Register 
(GPIO_GCRER)

A.36.12 Bit-wise Set of GPIO Falling Edge Detect Enable Register 
(GPIO_GSFER)
Software can directly change the programming of GFERx by writing to GSFERx and GCFERx. 

The GSFERx registers contain one detection-level set control bit for each of the 123 ports. If a bit is 
programmed to a 1, the corresponding bit in GFERx is set and the GPIO function is configured to 
cause a GEDRx status bit to be set when the port transitions from logic-level one to logic-level zero. 
If it is programmed to a 0, no change in the GPIO functionality or the GFERx Register occurs.

Instance Name Offset
GPIO_SRER0
GPIO_SRER1
GPIO_SRER2
GPIO_SRER3

0x006C
0x0070
0x0074
0x016C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PDx

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 892: Bit-wise Set of GPIO Rising Edge Detect Enable Register (GPIO_GSRER)  

Bits Name Type Reset Description

31:0 PDx WO 0x0 Set GPIO Rising Edge detect enable n (where n = 0 
through 31)
0x0: GRER bit not affected

0x1: GRER bit is set

Instance Name Offset
GPIO_CRER0
GPIO_CRER1
GPIO_CRER2
GPIO_CRER3

0x0078
0x007C
0x0080
0x0178

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PDx

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 893: Bit-wise Clear of GPIO Rising Edge Detect Enable Register (GCRER) (GPIO_CRERX)  

Bits Name Type Reset Description

31:0 PDx WO 0x0 Clear GPIO Rising Edge detect enable n (where n = 0 
through 31)
0x0: GRER bit not affected

0x1: GRER bit is cleared
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The GCFERx registers contain one detection-level clear control bit for each of the 123 ports. If a bit 
is programmed to a 1, the corresponding bit in GFERx is cleared and the GPIO function is 
configured to NOT cause a GEDRx status bit to be set when the port transitions from logic-level one 
to logic-level zero. If it is programmed to a 0, no change in the GPIO functionality or the GFERx 
register occurs.

GSFER0 [31:0] and GCFER0 [31:0] correspond to GPIO<31:0>
GSFER1 [31:0] and GCFER1 [31:0] correspond to GPIO<63:32>
GSFER2 [31:0] and GCFER2 [31:0] correspond to GPIO<95:64>
GSFER3 [25:0] and GCFER3 [31:0] correspond to GPIO<122:96>

The GPIO Bit-Wise Set Falling-Edge Register (GSFERx) shows the bit definitions for GSFER0 and 
the GPIO Bit-wise Clear Falling-Edge Register (GCFERx) shows bit definitions for GCFER0.

A.36.13 Bit-wise Clear of GPIO Falling Edge Detect Enable Register 
(GPIO_GCFER)

Instance Name Offset
GPIO_SFER0
GPIO_SFER1
GPIO_SFER2
GPIO_SFER3

0x0084
0x0088
0x008C
0x0184

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PDx

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 894: Bit-wise Set of GPIO Falling Edge Detect Enable Register (GPIO_GSFER)  

Bits Name Type Reset Description

31:0 PDx WO 0x0 Set GPIO Falling Edge detect enable n (where n = 0 
through 31)
0x0: GFER bit not affected

0x1: GFER bit is set

Instance Name Offset
GPIO_CFER0
GPIO_CFER1
GPIO_CFER2
GPIO_CFER3

0x0090
0x0094
0x0098
0x0190

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PDx

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 895: Bit-wise Clear of GPIO Falling Edge Detect Enable Register (GPIO_GCFER)  

Bits Name Type Reset Description

31:0 PDx WO 0x0 Clear GPIO Falling Edge detect enable n (where n = 0 
through 31)
0x0: GFER bit not affected

0x1: GFER bit is cleared
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A.36.14 Bit-wise Mask of GPIO Edge Detect Register  
(GPIO_APMASK)

Instance Name Offset
GPIO_APMASK0
GPIO_APMASK1
GPIO_APMASK2
GPIO_APMASK3

0x009C
0x00A0
0x00A4
0x019C

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field PDx

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 896: Bit-wise Mask of GPIO Edge Detect Register (APMASK) (APMASK)  

Bits Name Type Reset Description

31:0 PDx R/W 0x0 Mask GPIO Edge detect n (where n = 0 through 31)

0x0: GPIO Edge detects are masked

0x1: GPIO Edge detects are not masked
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A.37 JTAG Software (SW_JTAG)
TheSoftware Emulated JTAG Clock/Reset Control Registers (APBC_SW_JTAG_CLK_RST) in the 
APB1 Peripheral Clock Control (APB1_Clock) Unit must be programmed prior to accessing the 
SW_JTAG registers.

Base Address: 0xD401_3100

A.37.1 Enable Software JTAG Register (JTAGSW_EN)
                         

Table 897:  JTAG Software Register Summary 

Offset Name Description Details

0x0000 JTAGSW_EN Enable Software JTAG Register Page: A-844

0x0004 JTAGSW_CTRL Software JTAG Control Register Page: A-845

0x0008 JTAGSW_DATA Software JTAG Serial Data Register Page: A-845

Instance Name Offset
JTAGSW_EN 0x0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

E
N

_M
U

X
_J

T
G

_S
O

F
T

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0

Table 898: Enable Software JTAG Register (JTAGSW_EN)  

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 EN_MUX_JTG_SOFT WO 0x0 Enable the Software JTAG Functionality
0x1: Enabled

0x0: Disabled
                         

Copyright © 11/12/10 Marvell  Doc. No. MV-S301544-00 Rev.  -

November, 2010 PUBLIC RELEASE  Page A-844



ARMADA 16x Applications Processor Family Register Tables
A.37.2 Software JTAG Control Register (JTAGSW_CTRL)
                         

A.37.3 Software JTAG Serial Data Register (JTAGSW_DATA)
                         

Instance Name Offset
JTAGSW_CTRL 0x0004

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

JT
A

G
_S

O
F

T
_O

U
T

_T
C

K

JT
A

G
_S

O
F

T
_O

U
T

_T
M

S

JT
A

G
_S

O
F

T
_O

U
T

_T
R

S
T

JT
A

G
_S

O
F

T
_O

U
T

_T
D

I

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0

Table 899: Software JTAG Control Register (JTAGSW_CTRL)  

Bits Name Type Reset Description

31:4 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

3 JTAG_SOFT_OUT_TCK WO 0x0 Software JTAG TCK Control

2 JTAG_SOFT_OUT_TMS WO 0x0 Software JTAG TMS Control

1 JTAG_SOFT_OUT_TRST WO 0x0 Software JTAG TRST Control

0 JTAG_SOFT_OUT_TDI WO 0x0 Software JTAG TDI Control

Instance Name Offset

JTAGSW_DATA 0x0008

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved
JT

A
G

_S
O

F
T

_P
R

E
A

D
_D

A
TA

Default ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 0

Table 900: Software JTAG Serial Data Register (JTAGSW_DATA)  (Sheet 1 of 2)

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.
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0 JTAG_SOFT_PREAD_DAT
A

RO 0x0 Software JTAG Data
If the <Enable the Software JTAG Functionality> field is 
set to 0x1, then this field reflects the value of the input 
signal JTAG_TDO based on the controls of the Software 
JTAG Serial Data Register.

Table 900: Software JTAG Serial Data Register (JTAGSW_DATA)  (Sheet 2 of 2)

Bits Name Type Reset Description
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A.38 Room Temperature Sensor 
                         

A.38.1 Temperature Sensor Controller Configuration Register 
(TSC_CONFIG)

                         

Table 901: Temperature Sensor Register Summary

Address Name Descript ion Detai ls

0xD401_97FC TSC_CONFIG Temperature Sensor Controller Configuration Register Page: A-847

0xD428_2C80 TSC_CAL1 Temperature Sensor Calibration Register 1 Page: A-848

0xD428_2C88 TSC_CAL2 Temperature Sensor Calibration Register 2 Page: A-849

Instance Name Address
TSC_CONFIG 0xD401_97FC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field Reserved

M
O

D
E

_S
E

L

E
X

T
_E

N

T
S

_E
N

A
D

C
_C

A
L[

1]

C
LK

_S
E

L

T
S

T
_S

E
L

A
D

C
_C

A
L[

0]

D
A

TA
_R

D
Y

DATA_OUT<9:0>

Default ? ? ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 902: Temperature Sensor Controller Configuration Register (Sheet 1 of 2)

Bits Name Type Reset Description

31:19 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

18 MODE_SEL R/W 0x0 Mode Select
0x0: 0 - 125 C Temperature Range
0x1: 10 - 50 C Temperature Range

17 EXT_EN R/W 0x0 External Enable for Normal Operation
0x0: Use internal diode
0x1: Use external diode
External Enable for Gain Calibration Operation
Setalways - Program this bit to 0b1

16 TS_EN R/W 0x0 Room Temperature Enable
0x1: Start the temperature sensor measurements

15 ADC_CAL[1] R/W 0x0 ADC Calibration Mode Selection
Used along with bit 11 to determine the ADC calibration 
mode

14 CLK_SEL R/W 0x0 CLK Frequency Select
0x0: Use 1.25 MHz Clock
0x1: Use 2.5 MHz Clock

13:12 TST_SEL R/W 0x0 Analog Test Mode Selection
0x0: Test mux disabled
0x1: VCM
0x2: VBE
0x3: VREFP
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A.38.2 Temperature Sensor Calibration Register 1 (TSC_CAL1)
                         

11 ADC_CAL[0] R/W 0x0 ADC Calibration Mode Selection
0x0: Normal Calibration
0x1: Offset Calibration (0.6V)
0x2: Gail Calibration Function
0x3: Reserved

10 DATA_RDY RO 0x0 Measurement Done
0x0: This signals that the temperature sensor 
measurement is done

9:0 DATA_OUT[9:0] RO 0x0 ADC 10-bit output

Instance Name Address

TSC_CAL1 0xD428_2C80

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

E
X

T
_O

F
F

S
E

T
3_

2

Reserved

IN
T

_O
F

F
S

E
T

2

R
es

er
ve

d

IN
T

_O
F

F
S

E
T

1

R
es

er
ve

d

E
X

T
_O

F
F

S
E

T
1

Reserved

Default 0 0 ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 903: Temperature Sensor Calibration Register 1 (Sheet 1 of 2)

Bits Name Type Reset Description

31:30 EXT_OFFSET3_2 RO 0x0 External Offset bits 3 and 2
These bits are bits 3 and 2 for the calibrated correction 
offset for the external temperature sensor. These are used 
in conjuction with the EXT_SIGN and EXT_OFFSET1 bits 
to generate teh complete offset value used to calculate the 
temperature.
EXT_OFFSET = [EXT_SIGN; EXT_OFFSET3_2; 
EXT_OFFSET1]

29:18 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

17 INT_OFFSET2 RO 0x0 Internal Offset bit 2
This is bit 2 for the calibrated correction offset used to 
calculate the internal temperature.

16 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

15 INT_OFFSET1 RO 0x0 Internal Offset bit 1
This is bit 1 for the calibrated correction offset used to 
calculate the internal temperature.

14 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 902: Temperature Sensor Controller Configuration Register (Sheet 2 of 2)

Bits Name Type Reset Description
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A.38.3 Temperature Sensor Calibration Register 2 (TSC_CAL2)
                         

13 EXT_OFFSET1 RO 0x0 External Offset bit 1
This is the least significant bit for the calibrated correction 
offset used to calculate the external temperature.

12:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Instance Name Address
TSC_CAL2 0xD428_2C88

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

R
es

er
ve

d

E
X

T
_S

IG
N

IN
T

_S
IG

N

Reserved

IN
T

_O
F

F
S

E
T

3

Reserved

Default 0 0 ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 904: Temperature Sensor Calibration Register 2 

Bits Name Type Reset Description

31:30 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

29 EXT_SIGN RO 0x0 External Sign Bit
This bit indicates the sign for the calibrated correction offset 
for the external temperature sensor.
0x0: Positive
0x1: Negative

28 INT_SIGN RO 0x0 Internal Sign Bit
This bit indicates the sign for the calibrated correction offset 
for the internal temperature sensor.
0x0: Positive
0x1: Negative

27:19 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

18 INT_OFFSET3 RO 0x0 Internal Offset bit 3
This is bit 3 for the calibrated correction offset used to 
calculate the internal temperature.

17:0 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

Table 903: Temperature Sensor Calibration Register 1 (Sheet 2 of 2)

Bits Name Type Reset Description
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A.39 SQU Control 2 Register (SQU_CTRL_2)

Instance Name Address
SQU_CTRL_2 Reserved

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field

 

 
Reserved  

 

 

E
N

_B
K

3

Default 0 0 ? ? ? ? ? ? ? ? ? ? ? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 905: SQU Control 2 Register (SQU_CTRL_2)

Bits Name Type Reset Description

31:1 Reserved RSVD -- Reserved. Always write 0. Ignore read value.

0 EN_BK3 R/W 0x0 EN BK 3
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