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INTRODUCTION

®
The SiRFatlasV processor is the next generation GPS application processor for cost effective PND
(portable navigation device). Using advanced low-power process technology, excellent hardware GPS
baseband, rich connectivity and analog integration, SiRFatlasV delivers a high GPS performance, flexible
system design, low power and low cost platform.
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CORE EXECUTION FEATURES

Computing Cores

e 500 MHz ARM11 with 16KB D-cache and |-cache, 16KB D-TCM and I-TCM
e 250 MHz Enhanced DSP for GPS
e Low power advanced 65nm process

Memory Subsystem

e  64-bit 250 MHz system bus with 16 DMA channels
e 1.8V 16-bit mMDDR-333 support
e 1.8V 16-bit DDR2-400 support

Advanced Autonomous GPS

e 64 channels
e -161 dBm sensitivity
e Able to acquire and track Galileo signals on all channels

Display, Graphics, and Multimedia

e Capable of supporting up to 800x480 at 16 bits colcr

e Supports RGB565 or 16-bit CPU I/F TFT LCD panel

¢ Hardware VPP (Video Post Processor) for de-interlace, scalar, color space conversion
e Two hardware overlay layers

Peripherals and Interfaces

Power Integration

o Two switching DC/DC for core (1000mA) and DRAM (500mA)

e One high PSRR and low noise 300mA LDO for I/O and peripheral
e One high PSRR and low noise 150mA LDO for analog power

e One high PSRR and low noise 10mA LDO for PLL

e One high PSRR and low noise 100mA LDO for RF

e One high PSRR and low noise 10mA LDO for RTC

Audio Integration

¢ One mono differential audio output with 93db SNR and 80db THD (“A” weighted)
e One stereo audio output with 85db SNR and 70db THD (“A” weighted) connectivity

Connectivity

e One dedicated AC97/I’S interface

e Two dedicated UART ports

e Two USP ports for PCM, DSP, I°’S, SPI, UART mode
e Two I°C ports

e 12-bit ADC with 4-wire touch screen controller and 3 channel analog input, stream measurement
mode for low cost audio input
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NAND Flash Storage

e 8-bit NAND flash interface with 12/24bit configurable BCH HW ECC support
e  Supports direct boot from SLC or MLC NAND
e Supports SLC 512B, 2KB, 4KB page size
e Supports MLC 2KB, 4KB, 8KB page size
SD/MMC/MMC+ Controller

e SDIO support for Wi-Fi, DVB-T/DVB-H/T--DMB/S-DMB
e  Supports direct boot from SD/MMC+ Managed NAND
e Two 8-bit SD1.01/SD 2.1/MMC4.3 ports
e Two 4-bit SD1.01/SD2.1/MMC4.3 ports

USB Connectivity

e One USB 2.0 High Speed interfaces with on chip PHY
e Can be Host, Device or OTG
e Transfer up to 480Mbps

Packaging
e 10mm x 13mm 285 ball TFBGA with .65mm pitch

Temperature Range

e -20°C ~ +70°C extended commercial grade
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Figure 1: SiRFatlasV Block Diagram
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RISC SUBSYSTEM

Overview

The RISC subsystem contains the ARM1136JF, 16KB I-Cache, 16KB D-Cache and RISC interface blocks
as shown in Figure 2.

Irg  Clock
¥ |
Syst
16KB - T
ICache
ARM1136 L CPU
core - o interface
16KB l
DCache [+— /O bus
———
RISC subsystem

Figure 2: RISC Subsystem Block Diagram

ARM1136JF

The main CPU core of SiRFatlasV Applications Processor is ARM1136JF, which is based on the
innovative ARM v6 architecture. It supports ARM Thumb® instruction sets, and features Jazelle®
technology (which enables direct execution of Java bytecodes) SIMD DSP instructions on 16-bit or 8-bit
data values in 32-bit registers.

The ARM1136JF-S processor core has the following features:

e 32-bit Integer unit

e Eight-stage pipeline

e Branch prediction with return stack
e Low-interrupt latency

e Instruction and Data Memory Management units (MMUs), manageable using micro TLB structures
backed by a unified main TLB

e Instruction and Data L1 Caches, including a non-blocking Data cache with Hit-Under-Miss
e 64-bit interface to both L1 caches
o  Write buffer (bypassable)

o Vector Floating Point coprocessor (VFP) for hardware acceleration of 3D graphics and other
floating-point applications

o JTAG-based debug support

For detailed information on ARM1136JF, refer to ARM1136JF related documents available on the ARM
web site http://www.arm.com.
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RISC Interface

The RISC interface is an internal function block for converting the AHB Lite Bus protocol to SiRFatlasV
system bus (C_AXI) and I/O bus.

Feature List

e Bus protocol convert between AHB bus and C-AXI bus
e Bus protocol convert between AHB bus and 1/O bus

e Configurable I/0 bus write width and read wait cycle

e Address mapping

e lllegal access protection

e Timeout

¢ Read pre-fetch

Functional Descriptions

Address Mapping

The ARM1136 has a 32-bit address bus, which will be translated by the RISC interface into either an
access to data memory or memory-mapped registers. Bits <27:0> of the address are used as the physical
address bus.

All address mapping registers must be inside the RISC interface. The RISC interface will be responsible
for all address decoding before it issues the command cycles to the system. The boot ROM should have
instructions about how to initialize these address-mapped registers. The programmer needs to provide
the system with the initialization routine.

¢ ROM and compact flash

The address mapping is defined starting from CPU reset vector (0x0000-0000). There is 512MB
set aside for ROM. However, not all of this space can be used. For security reasons, this memory
must be mirrored. Thus, the maximum size that can be set for the ROM cannot exceed 256MB.
Also, because the mirrored memory is laid out onto two sequential 256MB segments, accessing
0x0000-0000 and 0x1000-0000 directly will yield the same result.

NOTE - After boot-up, the address space from 0x0000-0000~0x0FFF-FFFF can be re-directed to
the system memory (DDR2/MDDR) and user can only access the ROM/Flash through
0x1000-0000~0x1FFF-FFFF.

The memory space from 0x2000-0000 to Ox47FF-FFFF is reserved.

e DSP shared memory
The DSP shared memory takes 128MB address space (0x4800-0000~0x4FFF-FFFF).

e PCl address space

The address between 0x5000-0000 and OX5FFF-FFFF (256MB) is assigned to all the internal PCI
devices. There is another 256MB space above it (0x6000-0000~0x6FFF-FFFF) assigned to the
PCI ROM/Flash.

NOTE - The ROM/Flash interface can be accessed as a PCI device too. In this case, user can
access the ROM/Flash through PCI address space 0x6000-0000~0x6FFF-FFFF.
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Reserved space

The address space between 0x7002-0000~0x7FFF-FFFF, is reserved. If the CPU reads from the
reserved address space, a data abort operation will result. Writes to the reserved address space
have no effects.

TCM space
— The address space between 0x7000-0000~0x7000-FFFF is assigned to ITCM of RISC.
— The address space between 0x7001-0000~0x7001-FFFF is assigned to DTCM of RISC.

Internal registers

Every peripheral device occupies 64K-byte space starting from 2GB to 3GB (0x8000-
0000~0xBFFF-FFFF).

System memory

The system memory is between 3GB and 4GB (0xC000-0000~0xFFFF-FFFF). But the maximum
memory size is 512MB. The top 512MB (0xE000-0000~0xFFFF-FFFF) is Zero Bank (reading from
this address range will return zero; writing to this address range has no effect.) Actual external
memory size will depend on the memory volume connecied to the SiRFatlasV's memory interface
and users need to correctly set the configuration register in the memory controller before using the
memory.

The following table shows the memory address mapping of SiRFatlasV.

Address Range Usage Resource Size
O0xE000_0000~FFFF_FFFF Zero Bank 512 MB
0xC000_0000~DFFF_FFFF System Memory 512 MB
0x8000_0000~BFFF_FFFF Internal Registers 1GB
0x7000_0000~7000_FFFF ITCM 64 KB
0x7001_0000~7001_FFFF DTCM 64 KB
0x7002_0000~7FFF_FFFF - Reserved
0x6000_0000~6FFF_FFFF PCI Flash/ROM 256 MB
0x5000_0000~5FFF_FFFF Other PCI Devices 256 MB
0x4800_0000~4FFF_FFFF DSP Shared Memory 128 MB
0x4000_0000~47FF_FFFF - 128 MB
0x3000_0000~3FFF_FFFF - 256 MB
0x2000_0000~2FFF_FFFF - 256 MB
0x0000_0000~1FFF_FFFF Flash/ROM 512 MB

Table 1: System Memory Mapping
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Memory Bus Interface

The Memory Bus Interface is responsible for translating the ARM1136JF-S AHB bus protocol to the
system bus protocol.

/0 Bus Interface

All the registers, interface to I/O devices, and FIFO storage in SiRFatlasV will be based on 32-bit
addresses (except for some registers in the SDIO interface). Some of the registers are in System Clock
Domain and others are in the 1/O Clock Domain. For those registers in the 1/0 Clock Domain, RISC may
insert wait states while accessing those devices. The users can change the number of wait states that
can be programmed by setting the wait state register.

There are also some variable latency I/O devices, such as DSP IDMA port, etc. In this case, the 1/0O bus

interface needs to be able to wait for a signal from the device to complete the access.

Internal Register Memory Mapping

Address Range Device Mapped Clock Domain
0x8000_0000~0x8000_FFFF UARTO IOCLK
0x8001_0000~0x8001_FFFF USPO IOCLK
0x8002_0000~0x8002_FFFF USP1 IOCLK
0x8003_0000~0x8003_FFFF SPI IOCLK
0x8004_0000~0x8004_FFFF Reserved -
0x8005_0000~0x8005_FFFF Reserved -
0x8006_0000~0x8006_FFFF Codec Interface IOCLK
0x8007_0000~0x8007_FFFF NAND Flash Interface IOCLK
0x8008_0000~0x8008_FFFF Reserved -
0x8009_0000~0x8009_FFFF GPIO IOCLK
0x800A_0000~0x800A_FFFF GPS Interface IOCLK
0x800B_0000~0x800B_FFFF I°C Interface IOCLK
0x800C_0000~0x800C_FFFF PCI Bridge IOCLK
0x800D_0000~0x800D _FFFF PCI_COPY IOCLK
0x800E_0000~0x800E_FFFF eFuse IOCLK
0x800F_0000~0x800F _FFFF PWM IOCLK
0x8010_0000~0x8010_FFFF UART1 IOCLK
0x8011_0000~0x8011_FFFF Reserved -
0x8012_0000~0x8012_FFFF TSCIF IOCLK
0x8013_0000~0x8013_FFFF VPP SYSCLK
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0x8014_0000~0x8014_FFFF Reserved -
0x8015_0000~0x8FFF_FFFF Reserved -
0x9000_0000~0x9000_FFFF RISC Interface SYSCLK
0x9001_0000~0x9001_FFFF DSP Interface SYSCLK
0x9002_0000~0x9002_FFFF Interrupt Controller Interface SYSCLK
0x9003_0000~0x9003_FFFF Resource Sharing Controller SYSCLK
0x9004_0000~0x9004_FFFF CPUIO2RCT bridge SYSCLK
0x9005_0000~0x9005_FFFF OS Timer SYSCLK
0x9006_0000~0x9006_FFFF RTCIO domain SYSCLK
0x9007_0000~0x9007_FFFF Reset Controller SYSCLK
0x9008_0000~0x9008_FFFF CLK Controller SYSCLK
0x9009_0000~0x9009_FFFF Reserved -
0x900A_0000~0x97FF_FFFF Reserved -
0x9800_0000~0x9800_FFFF Reserved -
0x9900_0000~0x9900_FFFF usB SYSCLK
0x9a00_0000~0x9FFC_FFFF Reserved -
0x9FFD_0000~0x9FFD_FFFF DSP/GPS AXI arbiter SYSCLK
0x9FFE_0000~0x9FFE_FFFF Level2 AXI arbiter SYSCLK
0x9FFF_0000~0x9FFF_FFFF System Arbiter SYSCLK
0xA000_0000~0xA000_FFFF Memory Controller SYSCLK
0xA001_0000~0xA001_FFFF ROM Controller IOCLK
0xA002_0000~0xA002_FFFF Embedded ROM IOCLK
0xA003_0000~0xAFFF_FFFF Reserved -
0xB000_0000~0xB000_FFFF DMA Controller and 1/0O Bridge IOCLK
0xB001_0000~0xBOOF_FFFF Reserved -
0xB800_0000~0xB800_FFFF LCD Controller SYSCLK
0xB801_0000~0xB8FF_FFFF Reserved -
0xB900_0000~0xB9FF_FFFF Reserved -
0xBAQO_0000~0xBAQO_FFFF Reserved -
0xBA01_0000~0xBFFF_FFFF Reserved -

Table 2: Internal Memory Mapped Register Mapping
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Register Definitions

Register Address Mapping

Base Address

Access Type Address Mapping

RISC I/O interface 0x90000000

Table 3: RISC Interface Base Address

Register Mapping

RISC Address <11:0> Register Description

0x0000 RISCINT_FIFO_INVALID FIFO invalid register
0x0004 Reserved -

0x0008 Reserved -

0x000C RISCINT_BOOT_UP Boot-up register

0x0010 RISCINT_WAIT1 Wait states register
0x0014 RISCINT_WAIT2 Wait states register
0x0018 RISCINT_WIDTH Width control register
0x001C RISCINT_TIMEOUT Timeout register

0x0020 RISCINT_TIMEOUT _INT Timeout interrupt register
0x0024 RISCINT_PREFETCH_EN Pre-fetch enable register
0x0028 Reserved -

0x002c RISCINT_CPUSYNC_MODE CPU synchronous mode
0x0030 Reserved -

0x0034 RISCINT_TIMEOUT_ADDR Timeout address
0x0038 RISCINT_1_4 ENABLE 1:4 mode enable register
Others Reserved -

Table 4: RISC Interface Register Mapping
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Register Descriptions

o RISC Interface pre-fetch FIFO Invalid Register (RISCINT_FIFO_INVALID) — 0x0000

The RISC interface has a read pre-fetch FIFO, set the pre-fetch FIFO invalid register to invalidate
the data in the pre-fetch FIFO.

Bit Name Default | Description
0 (RW) | RISCINT FIFO_INVALID | 1'b0 ::Irl(:egetch FIFO Invalid bit. Set to 1 will invalidate the

Table 5: RISC Interface Pre-fetch FIFO Invalid Register

o RISC Interface Boot-up Register (RISCINT_BOOT_UP) — 0x000C

After boot-up, the boot program needs to do re-direct the ROM access to the shadowed memory
space. Set COLD_BOOT to 1, RISC interface will re-direct ROM access in the address
0x0000_0000~0FFF_FFFF to shadowed memory 0xC0000~0xCFFFFFF, the access in address
0x1000_0000~1FFF_FFFF will be kept as ROM access.

Due to the pipeline nature of the RISC core, after the boot-up register has been set, the user
cannot access the ROM address space immediately. It needs to insert at least one NOP between

them.
Bit Name Default Description
0 (R/W) COLD_BOOT 1'b0 Set to 1 when system is cold boot-up.
31:1 - 31'h0 Reserved.

Table 6: RISC Interface Boot-up Register

o RISC Interface Wait States Register (RISCINT_WAIT1) — 0x0010

RISC 1/O read cycle can be inserted with up to 16 wait states. There are 4 different wait values to
be set at the same time. Each value is for some group of internal devices.

Bit Name Default | Description

7:0 (R/W) WS0<7:0> | 8'h0 -

Wait state number used by RISC Interface, system arbiter,

15:8 (RIW) | WS1<7:0> | 8'h1 MEMC, DSPIF, GPS, DSPGPS arbiter, LCD. and VPP.

Wait state number used by USB, interrupt controller, reset

23:16 (RW) | WS2<7:0> | 8'h2 controller and clock controller.

Wait state number used by OS timer, RSC, CPUIO2RTC, and

31:24 (RW) | WS3<7:0> [ 8’h3 SUBAX| arbiter.

Table 7: RISC Interface Wait States Register

August, 2010 SiRF Datasheet — Proprietary and Confidential 10

DRAFT



[9p}
i

=
S

DRAFT

SiRFatlasV
AT551 Datasheet

August, 2010

SiRF Datasheet — Proprietary and Confidential

DRAFT

11



0ﬁ®

SiRF

DRAFT

SiRFatlasV
AT551 Datasheet

o RISC Interface Wait States Register (RISCINT_WAIT2) — 0x0014

RISC 1/O read cycle can be inserted with up to 16 wait states. There are four wait values to be set
at the same time. Each value is for a particular group of internal devices.

Bit Name Default | Description
. . ) Wait state number used by NAND, CODEC, UARTO, UART1,
7:0 (R/'W) WS4<7:0> | 8'h5 and SYS2PCI.
15:8 (RIW) WS5<7:0> | 8'h6 Wait state number used by USPO, USP1, DMA controller, and
ROM controller.
23:16 (RW) [ WS6<7:0> | 8h7 Wait state number used by SPI, and TSC interface.
31:24 (RW) | WS7<7:.0> | 8h7 Wait state number used by other devices.

Table 8: RISC Interface Wait States Register

The actual wait cycle for WS4~WS7 is WSx+io_sys_ratio.

- sysclk: ioclk = 1:1 io_sys_ratio =1
— sysclk: ioclk = 1:2 io_sys_ratio = 2
— sysclk: ioclk = 1:4 io_sys_ratio =4

o RISC Interface Width Control Register (RISCINT_WIDTH) — 0x0018

RISC I/0O Bus can access two different clock domains, one is SYS_CLK and the other is IO_CLK.
SYS CLKcan be 1, 2, or 4 times of IO_CLK. The write pulse width should be programmabile.

Bit Name Default Description
3:0 (R/'W) | PWO0<3:0> 4’h0 Write pulse width for System clock domain
Write pulse width for IO clock domain.
7.4 (RIW) | PW1<3:0> s When SYS_CLK:IO_CLK=1,PW1=0
' ' When SYS_CLK:IO_CLK =2, PW1 =1
When SYS_CLK:IO_CLK =4,PW1 =3
31:8 - 24'h0 Reserved

Table 9: RISC Interface Width Control Register
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o RISC Interface Timeout Register (RISCINT_TIMEOUT) — 0x001C

When RISC accesses I/O device and the devices provide no response within a certain period, the
RISC interface will timeout and generate an interrupt.

Bit Name Default Description
15:0 (R/W) | TO<15:0> 16’hFFFF Timeout value in system clock.
30:16 - 15'h0 Reserved.

Timeout enable.
31 (R/W) TO_EN 1'b0 1: Enables timeout check.
0: Disables timeout check (default).

Table 10: RISC Interface Timeout Register

e RISC Interface Timeout Interrupt Register (RISCINT_TIMEQUT _INT) — 0x0020

When RISC accesses I/0 devices and the devices provide no response within a certain period,
the RISC interface will timeout and generate an interrupt.

Bit Name Default Description

Timeout interrupt status.
1: There is timeout interrupt.

0 (R/W) TO_INT 1b0 : .

0: No timeout interrupt.

Write a 1 to this bit will clear the interrupt.
31:1 - 31°’h0 Reserved.

Table 11: RISC Interface Timeout Interrupt Register

o RISC Interface Timeout interrupt Register (RISCINT_TIMEOUT_ADDR) — 0x0034
RISCINT_TIMEOUT_ADDR indicates the address when a timeout happens

Bit Name Default Description

31:0 | TO_ADDR<31:0> | 31'h0 Indicates a timeout occurs when accessing an address

Table 12: RISC interface Timeout Interrupt Register
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o RISC Interface Pre-fetch Enable Register (RISCINT_PREFETCH_EN) - 0x0024

There is a pre-fetch FIFO inside of the RISC interface. This FIFO can be enabled to speed up the
CPU read.

Bit Name Default | Description

Pre-fetch enable bit.
0 (R/W) PREFETCH_EN | 1'b1 1: Enabled
0: Disabled

31:1 - 31°h0 Reserved

Table 13: RISC Interface Pre-fetch Enable Register

¢ RISC Interface CPU Synchronous Mode Control Register (RISCINT_CPUSYNC_MODE) -
0x002C

ARM1136JF-S Provides two set control inputs that you can use to configure synchronous or
asynchronous operation of each AHB clock domain (HCLKIRW and HCLKPD). Register
RISCINT_CPUSYNC_MODE used to configure these two set inputs.

Bit Name Default | Description

Core Clock synchronous enable
0 (R/W) SYNEN 1b0 1: Enabled, SYNCENIRW=SYNCENPD=1
0: Disabled, SYNCENIRW=SYNCENPD=0

AHB Clock synchronous enable

1 (R/W) HSYNEN 1’b0 1: Enabled, HSYNCENIRW=HSYNCENPD=1
0: Disabled, HSYNCENIRW=HSYNCENPD=0
31:2 - 30’h0 Reserved

Table 14: RISC Interface CPU Synchronous Mode Control Register

o RISC Interface Time Out Address Register (RISCINT_TIMEOUT_ADDR) — 0x0034
When RISC interface timeout occurs, the current address will be latched to these registers.

Bit Name Default Description
31:0 TIMECUT_AD , .
(RIW) DR<31:0> 32’h0 Current address when timeout occurs

Table 15: RISC Interface Timeout Address Register
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¢ RISC Interface 1:4 Mode Enable Register (RISCINT_1_4 ENABLE) — 0x0038

Bit Name Default Description

0: Disable SYSCLK:IOCLK 1:4 mode
0 (R/W) 1_4_ENABLE 1’b1

1: Enable SYSCLK:IOCLK 1:4 mode
31:1 - 31’h0 reserved

Table 16: RISC Interface 1:4 Mode Enable Register
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DSP SuBSYSTEM
DSP Core

Overview

The DSP subsystem in SiRFatlasV is designed for high-performance applications. it includes a 16-bit
general purpose DSP core, a program and data memory, a system bus interface, a host interface, an FFT
accelerator and an EPD (Energy Peak Detection).

Feature List
The DSP Subsystem in SiRFatlasV provides the following features:

o Faster speed (250MHz)

e  Memory-driven DMA transfer

e 1% 2xand 4x clock modes

e Controllable RTC, UART, USP, GPIO, Interrupt Controller, and all PCI devices
e Idle down mode

e High performance hardware FFT

e Hardware EPD

e Five interrupt sources

The flexible architecture and comprehensive instruction set allow the DSP to perform multiple operations
simultaneously. In one processor cycle, the processor can:

e Generate the next program address

e Fetch the next instruction

e Perform one or two data moves

o Update one or two data address pointers
o Perform a computational operation

Functional Descriptions

For detailed information please contact a SiRF Application Engineer.

Register Definition

For detailed information piease contact a SiRF Application Engineer.
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GPS Baseband

Overview

GPS baseband in SiRFatlasV is a high performance coprocessor for GPS signal processing.

Feature List

e Basic features

Track mode

58 correlators work in tracking mode

RF FIFO interface

Host interface

Supports up to 64 channels

Supports Galileo GPS

Match filter and the correlator can work together in acquisition mode

e« DMA

Correlator DMA
Match filter DMA

e Match filter

Acquire mode

2046 correlators

Functional Descriptions

For detailed information, contact a SiRF Application Engineer.

Register Definition

For detailed information, contact a SiRF Application Engineer.

Programming Guide

For detailed information, contact a SiRF Application Engineer.

August, 2010

SiRF Datasheet — Proprietary and Confidential 17

DRAFT



| DRAFT

SIRF SiRFatlasV
AT551 Datasheet

MEMORY SUBSYSTEM

System Arbiter

Overview

The system bus in SiRFatlasV is a 64-bit high-performance, low-power bus. In the system arbiter
architecture, there are eight bus masters: RISC, DSPGPS, VPP, LCD Controller, Sub-AXI system and
three reserved bus masters. In addition to bus masters, the system arbiter architecture also includes a
bus slave, the memory controller.

Bus Masters Block Name
System Bus MasterQ Reserved
System Bus Master1 RISC
System Bus Master2 DSPGPS
System Bus Master3 Reserved
System Bus Master4 Reserved

System Bus Master5 LCD

System Bus Master6 VPP

System Bus Master7 SUBAXI

Table 17: System Bus Master Allocation

When the bus master accesses the memory bus, it must own the bus first. To own the bus, the master
must assert a request signal (M_WAVALID or M_RAVALID), then the arbiter can grant the bus to the
master with a grant signal (M_WAREADY or M_RAREADY).

Feature List

e Arbitrates all system requests in the round-robin scheme

e Two priority groups for arbitration and the switch scheme between the two groups can be
controlled

e Each master can be enabled or disabled
o Write protected when the write data operation is timed out
o Each master can be continuously responded by setting ACC numbers
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Register Definitions

Register Address Mapping

Base Address
Access Type Address Mapping
RISC I/O Interface 0x9fff0000

Table 18: Sample Base Address

Register Descriptions

All registers in the System Arbiter are reserved by SiRF. For more information about these registers,
please contact a SiRF Application Engineer. This document will not list register descriptions of the System
Arbiter.

Memory Controller

Overview
The memory controller supports 16-bit DDR2/MDDR devices.

The memory controller is a complete embedded memory controller that interfaces directly to the
input/output (I/O) drivers in the ASIC 1/O pad ring that are connected directly to memory devices on
custom integrated circuit boards. Communication to and from the memory devices is handled via the
ASIC interface.

Feature List

e  Supported Memory types:
- 1.8V 200MHz DDR2
- 1.8V 166MHz mobile DDR
o Total memory size is up io 128MB

e Support DDR2 with eight banks. In this configuration, memory BA2 should be connected with
X_MA[13] on board.

e Fully pipelined command and read and write data interfaces to the controller
e Advanced bank iook-ahead features for high memory throughput
e Interface to a standard AXI port

e A programmable register interface to control memory device parameters and protocols including
auto pre-charge

e Full initialization of memory on controller reset
e Clock frequencies from 100MHz to 200MHz supported
o Delay Compensation Circuitry (DCC) for reliable data send and capture timing
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Pin Descriptions

External Pin Descriptions

Pin Name Pin Direction | Description

X_MD<15:0> Bidirectional Memory data
Memory address

X_MA<13:0> Output X_MA<13> should be connected to BA<2> of external memory
on board when working at eight bank mode.

X_M_BA<1:0> Output Bank signal

X_MCS B Output Chip select signal

X_MDQM<1:0> Output Data mask signal

X_MDQS<1:0> Bidirectional Data strobe

X_MRAS B Output Row address strobe signal

X_MCAS B Output Column address strobe signal

X_MWE_B Output Write enable signal

X_MCLK_O Output Differential memory clock

X_MCLKB_O Output Differential memory clock

X_MCKE Output Memory clock enable

Table 19: External Pin Description

Register Definitions

Register Address Mapping

Base Address
Access Type Address Mapping
RISC I/O Interface 0xa0000000

Table 20: Sample Base Address

Register Mapping

There are 53 registers in the memory controller and 8 registers in the PHY wrap. All the registers should
be configured correctly before setting the START bit in register MEM_CTL_06 and START bit in register
MEMCIF_DLL_START. And after you set the two START bit, the memory controller will configure the
memory device automatically. All masters should wait bit[4] (DRAM Initialization Complete) in
MEM_CTL_47 to high before starting memory access.
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The following table is address mapping of these registers:

RISC Address <11:0> Register Description

AUTO_REFRESH_MODE
AREFRESH

AP

ADDR_CMP_EN

0x0000 MEM_CTL_00

DLLLOCKREG
CONCURRENTAP
BANK_SPLIT_EN
AXIO_FIFO_TYPE_REG

0x0004 MEM_CTL_0O1

FAST_WRITE
0x0008 MEM_CTL_02 DRIVE_DQ_DQS
DLL_BYPASS_MODE

NO_CMD_INIT
INTRPTWRITEA
INTRPTREADA
INTRPTAPBURST

0x000C MEM_CTL_03

PWRUP_SREFRESH_EXIT
PRIORITY_EN
POWER_DOWN
PLACEMENT_EN

0x0010 MEM_CTL_04

RW_SAME_EN
0x0014 MEM_CTL_05 REG_DIMM_ENABLE
RD2RD_TURN

WRITEINTERP
TRAS_LOCKOUT
START
SREFRESH

0x0018 MEM_CTL_06

CS_MAP

AXI0O_W_PRIORITY
AXI0_R_PRIORITY
WRITE_MODEREG

0x001C MEM_CTL_07

ADDR_PINS
0x0020 MEM_CTL_08 MAX_CS_REG
LOWPOWER_REFRESH_ENABLE
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RISC Address <11:0> Register Description
COLUMN_SIZE
0x0024 MEM_CTL_09 CASLAT
AGE_COUNT
TCKE
0x0028 MEM_CTL_10 Q_FULLNESS
-~ OUT_OF_RANGE_TYPE
COMMAND_AGE_COUNT
APREBIT
TWTR
0x002C MEM_CTL_11
-~ TWR_INT
TRRD
INT_ACK
0x0030 MEM_CTL_12 INITARE
-~ CASLAT_LIN_GATE
CASLAT_LIN
TRP
0x0034 MEM_CTL_13 TDAL
MAX_COL_REG
MAX_ROW_REG
0x0038 MEM_CTL_14 LOWPOWER_CONTROL
LOWPOWER_AUTO_ENABLE
0x003C MEM_CTL_15 TRC
NN TMRD
0x0040 MEM_CTL_16 This register intentionally blank
0x0044 MEM_CTL_17 DLL_LOCK
0x0048 MEM_CTL_18 TRFC
TRCD_INT
0x004C MEM_CTL_19 -
-~ TRAS_MIN
TREF
0x0050 MEM_CTL_20
-~ OUT_OF_RANGE_LENGTH
0x0054 MEM_CTL_21 AXIO_EN_SIZE_LT WIDTH_INSTR
0x0058 MEM_CTL_22 This register intentionally blank
0x005C MEM_CTL_23 LOWPOWER_EXTERNAL_CNT
0x0060 MEM_CTL_24 LOWPOWER_POWER_DOWN_CNT

LOWPOWER_INTERNAL_CNT
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RISC Address <11:0> Register Description
LOWPOWER_SELF_REFRESH_CNT
0x0064 MEM_CTL_25 LOWPOWER REFRESH_HOLD
0x0068 MEM_CTL_26 TDLL
TRAS_MAX
0X006C MEM_CTL_27 -
— TPDEX
TXSR
0x0070 MEM_CTL_28
— TXSNR
0x0074 MEM_CTL_29 VERSION
0x0078 MEM_CTL_30 OUT_OF RANGE_ADDR[31:0]
SWAP_EN
ENABLE_QUICK_SREFRESH
0x007C MEM_CTL_31
— ACTIVE AGING
OUT OF RANGE_ADDRI[34:32]
PORT DATA_ERROR_TYPE
0X0080 CKE_DELAY
MEM_CTL_32 ~
T TREF_ENABLE
SWAP_PORT RW_SAME_EN
PORT DATA_ERROR_ID
PORT CMD_ERROR_ID
0x0084 MEM_CTL_33 Ve -
T OUT_OF RANGE_SOURCE_ID
PORT CMD_ERROR_TYPE
0x0088 MEM_CTL_ 34 EMRS2_DATA 0
0X008¢ MEM_CTL_ 35 EMRS2_DATA 1
0X0090 MEM_CTL_36 TINIT
0x0094 MEM_CTL_37 PORT _CMD_ERROR_ADDR[31:0]
ODT_ADD_TURN_CLK_EN
EIGHT BANK_MODE
0x0098 MEM_CTL_38 i
— DQS_N_EN
PORT CMD_ERROR_ADDR][34:32]
ODT_RD_MAP_CSO0
DRAM CLK_DISABLE
0x009¢ MEM_CTL_39 -
REDUC
ODT_ALT EN
RTT 0
0x00a0 MEM_CTL_40 -

ODT_WR_MAP_CS1
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RISC Address <11:0>

Register

Description

ODT_WR_MAP_CS0
ODT_RD_MAP_CS1

0x00a4

MEM_CTL_41

W2R_SAMECS_DLY
W2R_DIFFCS_DLY

TRTP
TDFI_DRAM_CLK_DISABLE

0x00a8

MEM_CTL_42

TDFI_CTRL_DELAY
TDFI_CTRLUPD_MIN
RDLAT_ADJ
DRAM_CLASS

0x00ac

MEM_CTL_43

TDFI_PHY_WRLAT_BASE
TDFI_PHY_WRLAT
TDFI_PHY_RDLAT
TDFI_DRAM_CLK_ENABLE

0x00b0

MEM_CTL_44

WRLAT_ADJ
WRLAT
TDFI_RDDATA_EN_BASE
TDFI_RDDATA_EN

0x00b4

MEM_CTL_45

DLL_RST_ADJ_DLY
TFAW

OCD_ADJUST_PUP_CS_0
OCD_ADJUST_PDN_CS_0

0x00b8

MEM_CTL_46

INT_MASK
TMOD

0x00bc

MEM_CTL_47

TDFI_CTRLUPD_MAX
INT_STATUS

0x00c0

MEM_CTL_48

TDFI_PHYUPD_TYPEO
TDFI_PHYUPD_RESP

0x00c4

MEM_CTL_49

EMRS1_DATA 0
DLL_RST_RESP

0x00c8

MEM_CTL_50

EMRS3_DATA 0
EMRS1_DATA 1

0x00cc

MEM_CTL_51

MRS_DATA_0
EMRS3_DATA 1

0x00d0

MEM_CTL_52

TCPD
MRS_DATA_1
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RISC Address <11:0> Register Description
CMD_SEL
RDEN_SEL
GATE_SEL
0x0200 MEMCIF_TIM_CONFIG
RESYNC_SEL
BA2_SEL
WDAT_SEL
0x0204 MEMCIF_DLL_START START
CLOCK
0x0208 MEMCIF_DLL_STATUS FLOCK
LOCK_VALUE
DLL_ON
FORCE
0x020c MEMCIF_DLL_CONFIG1
INCREMENT
START _POINT
SHIFTC
0x0210 MEMCIF_DLL_CONFIG2 | OFFSETC
OFFSETD
OFFSET3
OFFSET2
0x0214 MEMCIF_DLL_CONFIG3
OFFSET1
OFFSETO
ADB_EN
DRV_BUS
0x0218 MEMCIF_PHY_CONFIG -
FNC_FB
HALF
0x021c MEMCIF_ADB_CHECK ADB_CHECK
Table 21: Address Mapping
Register Descriptions
e MEM_CTL 00- OFFSET: 0x0
Bit Name Default Description
Sets the mode for when the automatic refresh will occur. If
AUTO REFR auto_refresh_mode is set and a refresh is required to
24 (R/W) ESH MODE 1’h0 memory, the memory controller will delay this refresh until

the end of the current transaction (if the transaction is fully
contained inside a single page), or until the current
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Bit

Name

Default

Description

transaction hits the end of the current page.

e ’'b0 = Issue refresh on the next DRAM burst boundary,
even if the current command is not complete.

e ’'b1 =Issue refresh on the next command boundary.

16 (W)

AREFRESH

1’h0

Initiates an automatic refresh to the DRAM devices based
on the setting of the auto_refresh_mode parameter. If there
are any open banks when this parameter is set, the
Memory Controller will automatically close these banks
before issuing the auto-refresh command. This parameter
will always read back “0”.

e b0 = No action
¢ b1 =Issue refresh to the DRAM devices

8 (RIW)

AP

1’h0

Enables auto pre-charge mode for DRAM devices.

e 'b0 = Auto pre-charge mode disabled. Memory banks
will stay open until another request requires this bank,
the maximum open time (tras_max) has elapsed, or a
refresh command closes all the banks.

e ’b1 = Auto pre-charge mode enabled. All read and write
transactions must be terminated by an auto pre-charge
command. If a transaction consists of multiple read or
write bursts, only the last command is issued with an
auto pre-charge.

0 (R/W)

ADDR_CMP_
EN

1’h0

Enables address collision/data coherency detection as a
condition when using the placement logic to fill the
command queue.

e b0 = Disabled
e b1 = Enabled

Table 22: MEM_CTL_00 — OFFSET: 0x0

e MEM_CTL_01- OFFSET: 0x4

Bit

Name

Default | Description

24 (R)

DLLLOCKREG

1’h0 DLL lock/unlock. Read-only

16 (R/W)

CONCURRENTAP

Enables concurrent auto pre-charge. Some DRAM
devices do not allow one bank to be auto pre-
charged while another bank is reading or writing.

, The JEDEC standard allows concurrent auto pre-
1'ho charge. Set this parameter for the DRAM device
being used.

e 'b0 = Concurrent auto pre-charge disabled.
e 'b1 = Concurrent auto pre-charge enabled.

8 (RIW)

BANK_SPLIT_EN

; Enables bank splitting as a condition when using
1’h0 ) .
the placement logic to fill the command queue.
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Bit Name Default | Description

e b0 = Disabled
e b1 =Enabled

Sets the relativity of the clock domains between the
AXI port and the Memory Controller core clock.

e 'b00 = Asynchronous

e 'b01 = 2:1 Port:Core Pseudo-Synchronous

e 'b10 = 1:2 Port:Core Pseudo-Synchronous

e 'b11 = Synchronous

1:0 (R/W) | AXIO_FIFO_TYPE_REG | 2h0

Table 23: MEM_CTL_01 — OFFSET: 0x4

e MEM_CTL_02 — OFFSET: Ox8

Bit Name Default Description

Controls when the write commands are issued to
the DRAM devices.

e ’b0 = The memory controller will issue a write
command to the DRAM devices when it has
received enough data for one DRAM burst. In
this mode, write data can be sent in any cycle
relative to the write command. This mode also

’ allows for multi-word write command data to
24 (R/W) | FAST_WRITE 1’h0 arrive in non-sequential cycles.

e ’b1 = The memory controller will issue a write
command to the DRAM devices after the first
word of the write data is received by the
memory controller. The first word can be sent
at any time relative to the write command. In
this mode, multi-word write command data
must be available to the memory controller in
sequential cycles.

Selects if the DQ output enables and DQS
output enables will be driven active when the
memory controller is in an idle state.

¢ ’'b0 = Leave the output enables de-asserted
8 (R/W) DRIVE_DQ_DQS 1’b0 when idle.

¢ ’b1 = Drive the output enables active when
idle.

If third party PHY is used, this bit can be
ignored.

Defines the behavior of the DLL bypass logic
and establishes which set of delay parameters

0 (R/W) | DLL_BYPASS_MODE 5'h10 will be used.
¢ ’b0 = Normal operational mode.
¢ ’'b1 = Bypass the DLL master delay line.
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Bit

Name

Default

Description

If third party PHY is used, this bit can be
ignored.

Table 24: MEM_CTL_02 — OFFSET: 0x8

e MEM_CTL_03 - OFFSET:

0xC

Bit

Name

Default

Description

24 (RIW)

NO_CMD_INIT

1’h0

Disables DRAM commands until DLL initialization is
complete and tdll has expired.

e 'b0 = Issue only REF and PRE commands during DLL
initialization of the DRAM devices.

e 'b1=Do notissue any type of command during DLL
initialization of the DRAM devices.

16 (R/W)

INTRPTWRITEA

1’h0

Enables interrupting of a combined write with auto pre-
charge command with another read or write command to
the same bank before the first write command is
completed.

¢ 'b0 = Disabie interrupting a combined write with auto
pre-charge command with another read or write
command to the same bank.

e ’'b1 = Enable interrupting a combined write with auto
pre-charge command with another read or write
command to the same bank.

8 (R/W)

INTRPTREADA

1’h0

Enables interrupting of a combined read with auto pre-
charge command with another read command to the
same bank before the first read command is completed.

¢ 'b0 = Disable interrupting the combined read with auto
pre-charge command with another read command to
the same bank.

e ’'b1 = Enable interrupting the combined read with auto
pre-charge command with another read command to
the same bank.

0 (RIW)

INTRPTAPBURST

1’h0

Enables interrupting an auto pre-charge command with
another command for a different bank. If enabled, the
current operation will be interrupted. However, the bank
will be pre-charged as if the current operation were
allowed to continue.

e 'b0 = Disable interrupting an auto pre-charge operation
on a different bank.

¢ ’'b1 = Enable interrupting an auto pre-charge operation
on a different bank.

Table 25: MEM_CTL_03 — OFFSET: 0xC
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e MEM_CTL_04 — OFFSET: 0x10

Bit

Name

Default

Description

24 (RIW)

PWRUP_SREFRESH
CEXIT

1’h0

Allows controller to exit power-down mode by
executing a self-refresh exit instead of the full
memory initialization. This parameter provides a
means to skip full initialization when the DRAM
devices are in a known self-refresh state.

e b0 = Disabled
e b1 =Enabled

16 (R/W)

PRIORITY_EN

1’h0

Enables priority as a condition when using the
placement logic to fill the command queue.

e b0 = Disabled
e b1 =Enabled

8 (R/W)

POWER_DOWN

1’h0

When this parameter is written with a “1”, the
memory controller will complete processing of the
current burst for the current transaction (if any), issue
a pre-charge all command and then disable the clock
enable signal to the DRAM devices. Any subsequent
commands in the command queue will be suspended
until this parameter is written with a “0”.

o 'h0 = Enable full power state.

¢ b1 = Disable the clock enable and power down
the memory controller.

0 (RIW)

PLACEMENT_EN

1'h0

Enables using the placement logic to fill the
command queue.

e 'b0 = Placement logic is disabled. The command
queue is a straight FIFO.

e ’'b1 = Placement logic is enabled. The command
queue will be filled according to the placement
logic factors.

Table 26: MEM_CTL_04 — OFFSET: 0x10
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e MEM_CTL_05- OFFSET: 0x14

Bit

Name

Default

Description

16 (R/W)

RW_SAME_EN

1’h0

Enables read/write grouping as a condition when
using the placement logic to fill the command queue.

e b0 = Disabled
e b1 =Enabled

8 (R/W)

REG_DIMM_ENABLE

1’h0

Enables registered DIMM operations to control the
address and command pipeline of the memory
controller.

e 'b0 = Normal operation

¢ ’'b1 = Enable registered DIMM operation

0 (RIW)

RD2RD_TURN

1’h0

Adds an additional clock between back-to-back read
operations to different chip selects. The extra clock is
required for mobile DDR devices where tac_max >
(period/2 + tac_min). Without this additional clock,
the first read may drive DQS out at tac_max and the
second read may drive DQS out at tac_min, resulting
in a contention on the DQS line.

e b0 = Disabled

"4

e 'b1 = Enabled

Table 27: MEM_CTL_05 — OFFSET: 0x14

e MEM_CTL_06- OFFSET: 0x18

Bit

Name

Default

Description

24 (RIW)

WRITEINTERP

1’h0

Defines whether the memory controller can interrupt a
write burst with a read command. Some memory devices
do not allow this functionality.

e 'b0 = The device does not support read commands
interrupting write commands.

e 'b1=The device does support read commands
interrupting write commands.

16 (R/W)

TRAS_LOCKOUT

1’h0

Defines the tRAS lockout setting for the DRAM device.
tRAS lockout allows the memory controller to execute
auto pre-charge commands before the tras_min
parameter has expired.

e 'b0 = tRAS lockout not supported by memory device.
¢ 'b1=1tRAS lockout supported by memory device.

8 (RIW)

START

1’h0

With this parameter set to 'b0, the memory controller will
not issue any commands to the DRAM devices or respond
to any signal activity except for reading and writing
parameters. Once this parameter is set to b1, the memory
controller will respond to inputs from the ASIC. When set,
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Bit Name Default | Description

the memory controller begins its initialization routine.

e 'b0 = Controller is not in active mode.

¢ ’'b1 = Initiate active mode for the memory controller.
Note: The user must wait for the initialization complete bit
to be set in the int_status parameter and for the

dfi_init_complete signal to be asserted from the PHY
before submitting any transactions.

When this parameter is written with a ‘b1, the DRAM
device(s) will be placed in self-refresh mode. For this, the
current burst for the current transaction (if any) will
complete, all banks will be closed, the self-refresh
command will be issued to the DRAM, and the clock
enable signal will be de-asserted. The system will remain
in self-refresh mode until this parameter is written with

a 'b0. The DRAM devices will return to normal operating

, mode after the self-refresh exit time (txsr) of the device

0 (RIW) SREFRESH 1h0 and any DLL initialization time for the DRAM is reached.
The memory coniroller will resume processing of the
commands from the interruption point. This parameter will
be updated with an assertion of the srefresh_enter pin,
regardless of the behavior on the register interface. To
disable self-refresh again after a srefresh_enter pin
assertion, the user will need to clear the parameter to ’b0.

e b0 = Disable self-refresh mode.
e ’'b1 = Initiate self-refresh of the DRAM devices.

Table 28: MEM_CTL_06- OFFSET: 0x18
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e MEM_CTL_07 - OFFSET: 0x1C

Bit

Name

Default

Description

25:24
(RW)

CS_MAP

2’ho

Sets the mask that determines which chip select pins
are active, with each bit representing a different chip
select. The user address chip select field will be
mapped into the active chip selects indicated by this
parameter in ascending order from lowest to highest.
This allows the memory controller io map the entire
contiguous user address into any group of chip selects.
Bit [0] of this parameter corresponds to chip select [0],
bit [1] corresponds to chip select [1], etc. The number
of chip selects, the number of bits set to 1 in this
parameter, must be a power of 2 (20, 21, 22, etc.)

Set this to 2’h1 and do not change it.

17:16
(RIW)

AXIO_W_PRIORITY

2’ho

Sets the priority of write commands from the AXI port.
A value of 0 is the highest priority.

9:8
(R/W)

AXIO_R_PRIORITY

2’ho

Sets the priority of read commands from the AXI port.
A value of 0 is the highest priority.

0 (RIW)

WRITE_MODEREG

1’h0

Supplies the EMRS data for each chip select to allow
individual chips to set masked refreshing. When this
parameter is written with a ‘b1, the mode parameter(s)
[EMRS register] within the DRAM devices will be
written. Each subsequent write_modereg setting will
write the EMRS register of the next chip select. This
parameter will always read back as 'b0. The mode
registers are automatically written at initialization of the
memory controller. There is no need to initiate a mode
register write after setting the start parameter in the
memory controller unless some value in these
registers needs to be changed after initialization. Note:
This parameter may not be changed when the memory
is in power-down mode (when the CKE input is de-
asserted).

Table 29: MEM_CTL_07 - OFFSET: 0x1C
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e MEM_CTL_08 — OFFSET: 0x20

Bit Name Default | Description

Defines the difference between the maximum number
06:24 of address pins configured (16) and the actual number
: ; of pins being used. The user address is automatically
(RW) ADDR_PINS 3'h0 shifted so that the user address space is mapped
contiguously into the memory map based on the value

of this parameter.

Displays the maximum number of chip selects

9:8 (R) MAX_CS _REG 2’h0 configured for this memory controller. This parameter is
read-only.
Sets whether refreshes will occur while the memory
' LOWPOWER REFRE | .., controller is in any of the low power modes.
O RW) | sH_ENABLE Zh0 1. b0 = Refreshes still occur

*'b1 = Refreshes do not occur

Table 30: MEM_CTL_08 — OFFSET: 0x20

e MEM_CTL_09 - OFFSET: 0x24

Bit Name Default Description

Shows the difference between the maximum column
width available (13) and the actual number of column
26:24 COLUMN SIZE Tho pins being used. The user address is automatically
(RW) - shifted so that the user address space is mapped
contiguously into the memory map based on the value

of this parameter.

Sets the CAS (Column Address Strobe) latency
encoding that the memory uses. The binary value
programmed into this parameter is dependent on the
18:16 memory device, since the same caslat value may

CASLAT 3’h0 have different meanings to different memories. This
(RIW) will be programmed into the DRAM devices at
initialization. The CAS encoding will be specified in
the DRAM spec sheet, and should correspond to the
caslat_lin parameter.

Holds the initial value of the master aging-rate

2:0 counter. When using the placement logic to fill the

(I-?/W) AGE_COUNT 3’h0 command queue, the command aging counters will be
decremented one each time the master aging-rate

counter counts down age_count cycles.

Table 31: MEM_CTL_09 — OFFSET: 0x24
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e MEM_CTL_10- OFFSET: 0x28

Bit Name Default | Description

26:24 | popE 3h0 | Defines the minimum CKE pulse width, in cycl

(RIW) efines the minimum pulse width, in cycles.

18:16 Q_FULLNESS 3h0 Defines quantity of data that will be considered full for the

(R/W) command queue.

10-8 OUT OF RANGE_TY | ., !—Iolds the type of command that caqsed an put-of-range .
3’h0 interrupt request to the memory devices. This parameter is

(R) PE read-only.

Holds the initial value of the command aging counters
associated with each command in the command queue.

2:0 COMMAND_AGE_CO 3'h0 When using the placement logic to fill the command

(R/W) | UNT queue, the command aging counters decrease 1 each time
the master aging-rate counter counts down age_count
cycles.

Table 32: MEM_CTL_10 — OFFSET: 0x28

e MEM_CTL_11-OFFSET: 0x2C

Bit Name Default Description

27:24 , Define the location of the auto pre-charge bit in the
(Rw) |APREBIT 410 DRAM address in decimal encoding

(12/:\}\?) TWTR 3ho Define DRAM TWTR parameter in cycles

10:8 TWR_INT 3ho Defi i

(RIW) . efine DRAM TWR parameter in cycles

(ZF‘SW) TRRD 3ho Define DRAM TRRD parameter in cycles

Table 33: MEM_CTL_11 — OFFSET: 0x2C

e MEM_CTL_12 - OFFSET: 0x30

Bit Name Default | Description

Controls the clearing of the int_status parameter. If any of
2724 the int_ack bits are set to 1, the corresponding bit in the
(W) INT_ACK 4’h0 int_status parameter will be set to 0. Any int_ack bits written
with a 0 will not alter the corresponding bit in the int_status
parameter. This parameter will always read back as 0.

Defines the number of auto-refresh commands needed by

19:16 | INITAREF 410 the DRAM devices to satisfy the initialization sequence.
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Bit Name Default | Description

(RIW)
Adjusts the data capture gate open time by 1/2 cycle
increments. This parameter is programmed differently than
caslat_lin when there are fixed offsets in the flight path
between the memories and the memory controller for clock
gating. When caslat_lin_gate is a larger vaiue than
caslat_lin, the data capture window will become shorter. A
caslat_lin_gate value smaller than caslat_lin may have no
effect on the data capture window, depending on the fixed
offsets in the ASIC and the board.
¢ ’b0000 - 'b0001 = Reserved
e ’'b0010 =1 cycle
e 'b0011 =1.5 cycles

11:8 , e 'b0100 = 2 cycles

(RW) CASLAT_LIN_GATE | 4'h0 e 'b0101 = 2.5 cycles
e 'b0110 = 3 cycles
e 'b0111 = 3.5 cycles
e ’'b1000 = 4 cycles
e 'b1001 = 4.5 cycles
e 'b1010 = 5 cycles
e 'b1011 = 5.5 cycles
e 'b1100 = 6 cycles
e 'b1101 = 6.5 cycles
e 'b1110 =7 cycles
¢ 'b1111 =7.5 cycles
If third party PHY is used, ignore this.
Sets the CAS latency linear value in 1/2 cycle increments.
This sets an internal adjustment for the delay from when the
read command is sent from the memory controller to when
data will be received back. The window of time in which the
data is captured is a fixed length. The caslat_lin parameter
adjusts the start of this data capture window. Not all linear
values will be supported for the memory devices being
used. Refer to the specification for the memory devices
being used.

30 , e ’b0000 -’b0001 = Reserved

(Riw) | CASLAT_LIN 4’0 « *b0010 = 1 cycle
e 'b0011 = 1.5 cycles
e ’'b0100 = 2 cycles
e 'b0101 = 2.5 cycles
e 'b0110 = 3 cycles
e 'b0111 = 3.5 cycles
e 'b1000 = 4 cycles
e 'b1001 = 4.5 cycles
e 'b1010 = 5 cycles
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Bit

Name

Default | Description

‘61011 = 5.5 cycles
e 'b1100 = 6 cycles
e 'b1101 = 6.5 cycles
e 'b1110 =7 cycles
e 'b1111 =7.5 cycles

Table 34: MEM_CTL_12 — OFFSET: 0x30

MEM_CTL_13 — OFFSET: 0x34

Bit Name Default | Description
19:16 , ) .
TRP 4’h0 Define DRAM TRP parameter in cycles

(R/W)

11:8 | TDAL 4h0 | Define DRAM TDAL ter in cycl

(RIW) efine parameter in cycles
Defines the maximum width of column address in the
DRAM devices. This value can be used to set the

3:0 (R) MAX_COL_REG 4’h0 column_size parameter. This parameter is read-only.
column_size = max_col_reg - <number of column bits in
memory device>.

3:0 (R) Reserved 4’h0

Table 35: MEM_CTL_13 — OFFSET: 0x34

MEM_CTL_14 — OFFSET: 0x338

Bit

Name

Default Description

28:24

MAX_ROW_REG

Defines the maximum width of the memory address
bus (number of row bits) for the memory controller.
This value can be used to set the addr_pins
parameter. This parameter is read-only. addr_pins =
max_row_reg - <number of row bits in memory
device>.

5’h0

20:16
(RIW)

oL

Enables the individual low power modes of the device

e Bit [4] = Controls memory power-down mode
(Mode 1).

LOWPOWER CONTR ¢ Bit [3] = Controls memory power-down with

5'h0 memory clock gating mode (Mode 2).

¢ Bit [2] = Controls memory self-refresh mode (Mode
3).

e Bit[1] = Controls memory self-refresh with memory
clock gating mode (Mode 4).
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Bit Name Default Description
¢ Bit [0] = Controls memory self-refresh with memory
and controller clock gating mode (Mode 5).
For all bits:
¢ ’'b0 = Disabled.
e ’b1=Enabled.
Enables automatic entry into the low power modes of
the memory controller.
¢ Bit [4] = Controls memory power-down mode
(Mode 1).
e Bit [3] = Controls memory power-down with
memory clock gating mode (Mode 2).
e Bit [2] = Controls memory self-refresh mode (Mode
3).
e Bit[1] = Controls memory self-refresh with memory
12:8 LOWPOWER_AUTO_ | ., clock gating mode (Mode 4).
RW) | ENABLE Sho
( ) ¢ Bit [0] = Confrols memory self-refresh with memory
and controlier clock gating mode (Mode 5).
For all bits:
e 'b0 = Automatic entry into this mode is disabled.
The user may enter this mode manually by setting
the associated lowpower_control bit.
o ’'b1 = Automatic entry into this mode is enabled.
The mode will be entered automatically when the
proper counters expire, and only if the associated
lowpower_control bit is set.

Table 36: MEM_CTL_14 — OFFSET: 0x38

e MEM_CTL_15- OFFSET: 0x3C

Bit Name Default Description

12:8 , ) .

(RIW) TRC 5'h0 Define DRAM TRC parameter in cycles
4:0 (R/W) | TMRD 5'h0 Define DRAM TMRD parameter in cycles

Table 37: MEM_CTL_15 - OFFSET: 0x3C

e MEM_CTL_16 — OFFSET: 0x40

Bit

Name

Default

Description

31:0

Obsolete

Table 38: MEM_CTL_16 — OFFSET: 0x40
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e MEM_CTL_17 — OFFSET: 0x44

Bit Name Default Description

Defines the actual number of delay elements used to capture
one full clock cycle. This parameter is automatically updated
29:24 DLL LOCK | 6'ho every time a refresh operation is performed. This parameter is
(R) - read-only.

If third party PHY is used, this parameter can be ignored.

Table 39: MEM_CTL_17 — OFFSET: 0x44

e MEM_CTL_18 — OFFSET: 0x48

Bit Name Default | Description
30:24 | rpee 'ho Define DRAM TRFC in cycl
(RIW) 7 efine parameter in cycles

Table 40: MEM_CTL_18 — OFFSET: 0x48

e MEM_CTL_19- OFFSET: 0x4C

Bit Name Default Description
31:24 (R/W) | TRCD_INT 8’h0 Define DRAM TRCD parameter in cycles
23:16 (RW) | TRAS_MIN 8’h0 Define DRAM TRAS_MIN parameter in cycles

Table 41: MEM_CTL_19 — OFFSET: 6x4C

e MEM_CTL_20 - OFFSET: 0x50

Bit Name Default | Description
29:16 | topF 14h0 | Define DRAM TREF in cycl
RIW) efine parameter in cycles

Holds the length of the command that caused an out-of-
7'h0 range interrupt request to the memory devices. This
parameter is read-only.

OUT_OF_RANGE_LE

60R) | NGTH

Table 42: MEM_CTL_20 — OFFSET: 0x50
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e MEM_CTL_21- OFFSET: 0x54

Bit Name Default Description

Allows the port to accept size less than width
transactions on the AXI port from requestor Z. Each
bit Z corresponds to requestor Z, meaning that if bit [0]
is set, then requestor 0 for the AX! port will be able to

31:16 AXIO_EN_SIZE LT_W 16’h0 send size less than width transactions.
(R/W) IDTH_INSTR R .
¢ 'b0 = Requestor Z may only issue size equal to

width instructions.
¢ 'b1=Requestor Z can issue size equal to width or
size less than width instructions.

Table 43: MEM_CTL_21- OFFSET: 0x54

e MEM_CTL_22 - OFFSET: 0x58

Bit Name Default Description

31:0 - - Obsolate

Table 44: MEM_CTL_22 — OFFSET: 0x58

e MEM_CTL_23 - OFFSET: 0x5C

Bit Name Default | Description
Counts the number of idle cycles before memory
31:16 (R/W) I':&\IZVF(’:(I)\IV_I\_/ER_EXTER 16’h0 self-refresh with memory clock gating low power
- mode.

Table 45: MEM_CTL_23 — OFFSET: 0x5C

e MEM_CTL_24 — OFFSET: 0x60

Bit Name Default Description

3116 LOWPOWER POWE | 1o | oo o with memory clook gatin

(RIW) R_DOWN_CNT P P y gating
low power mode.

150 | LOWPOWER INTER [ gy, | Sourts e numberof s cylesbefore mermon el

(RIW) NAL_CNT ry gating
power mode.

Table 46: MEM_CTL_24 — OFFSET: 0x60
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e MEM_CTL_25- OFFSET: 0x64

Bit Name Default Description
31:16 LOWPOWER_SELF_ 16'h0 Counts the number of cycles to the next memory self-
(R/W) REFRESH_CNT refresh low power mode.

Sets the number of cycles that the Memory Controller
will wait before attempting to re-lock the DLL when

15:0 LOWPOWER REFRE using the controller clock gating mode low power
: - 16’h0 mode.
(R/W) SH_HOLD
NOTE - This counter is used only in the deepest low

power mode.

Table 47: MEM_CTL_25 — OFFSET: 0x64

e MEM_CTL_26 — OFFSET: 0x68
Bit Name Default Description
15:0 (R/W) | TDLL 16’h0 Defines the DRAM DLL lock time in cycles.
Table 48: MEM_CTL_26 — OFFSET: 0x68

e MEM_CTL_27 — OFFSET: 0x6C
Bit Name Defauit Description
31:16 (R/W) | TRAS_MAX 16’h0 Defines the DRAM TRAS_MAX parameter in cycles.
15:0 (R/W) TPDEX 16’h0 Defines the DRAM TPDEX parameter in cycles.
Table 49: MEM_CTL_27 - OFFSET: 0x6C

e MEM_CTL_28 - OFFSET: 0x70
Bit Name Default Description
31:16 (R/W) | TXSR 16’h0 Defines the DRAM TXSR parameter in cycles.
15:0 (R/W) TXSNR 16’h0 Defines the DRAM TXSNR parameter in cycles.

Table 50: MEM_CTL_28 — OFFSET: 0x70
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e MEM_CTL_29 - OFFSET: 0x74

Bit Name Default Description

31:0 (R) | VERSION 32’h2040 | Controller version number. Read-Only.

Table 51: MEM_CTL_29 — OFFSET: 0x74

e MEM_CTL_30- OFFSET: 0x78

Bit Name Default Description

Holds the address of the command that caused an
32’h0 out-of-range interrupt request to the memory devices.
This parameter is read-only.

OUT_OF_RANGE_AD

31:0(R) | pr31:0]

Table 52: MEM_CTL_30 — OFFSET: 0x78

e MEM_CTL_31-OFFSET: 0x7C

Bit Name Default Description

Enables swapping of the active command for a new
higher-priority command when using the placement

24 , fogic.
(RIW) SWAP_EN 1’b0 a |

e 'b0 = Disabled
e 'b1=Enabled

When this bit is set, the memory initialization
sequence will be interrupted and self-refresh mode
will be entered. This is used to place the memory
16 ENABLE QUICK SR \ devices into self-refresh mode when a power loss is
(RIW) EFRESH B b0 detected during the initialization process.

e 'b0 = Continue memory initialization.

e ’'b1 = Interrupt memory initialization and enter self-
refresh mode.

Enables aging of commands in the command queue
when using the placement logic to fill the command
queue. The total number of cycles required to

, decrement the priority value on a command by one is
8 (RIW) | ACTIVE_AGING 100 the product of the values in the age_count and
command_age_count parameters.

e 'b0 = Disabled
e ’b1=Enabled

Holds the address of the command that caused an
2'h0 out-of-range interrupt request to the memory devices.
This parameter is read-only.

OUT_OF_RANGE_AD

20(R) | pr3a:37]

Table 53: MEM_CTL_31 - OFFSET: 0x7C
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e MEM_CTL_32 - OFFSET: 0x80

Bit Name Default Description

Defines the type of error and the access type that

caused the port data error condition. If multiple bits

are asserted to ‘b1, then multiple errors were found.

This parameter is read-only. Bit [2] = Reserved.

26:24 PORT_DATA_ERROR | ., , , ,
(R) TYPE 3'h0 e Bit [1] = Write data interleaved beyond supported
- interleaving depth.

o Bit [0] = Data Overflow. The write data quantity
exceeded the Maximum_Byte Request configured
option.

18:16 Sets the number of additional cycles of delay to
(R/W) CKE_DELAY 3’h0 include in the CKE signal cke_status for status
reporting. The default delay is O cycles.

Enables refresh commands. If command refresh

mode is configured, then refresh commands will be

automatically issued based on the internal tref counter
8 TREF ENABLE 1b0 and any refresh commands sent through the
- command interface or the register interface.

¢ ’'h0 = Refresh commands disabled.

¢ ’'b1 = Refresh commands enabled.

When swapping in enabled (swap_en is set to 'b1),

this parameter enables swapping of similar command

types (read with a read, write with a write) between
0 SWAP_PORT_RW_S 1b0 commands on the same port. This effectively enables
AME_EN interleaving.
e 'b0 = Disabled
¢ ’b1=Enabled

Table 54: MEM_CTL_32 — OFFSET: 0x80

e MEM_CTL_33 - OFFSET: 0x84

Bit

Name

Default

Description

28:24
(R)

PORT_DATA_ERROR
D

5’h0

Holds the source ID of the command that caused a
port data error condition. For AXI ports, the source ID
is comprised of the Port ID and the Requestor ID,
where the Requestor ID is the axi0_BID for write
response errors, the axi0_RID for read data errors, or
the axi0_WID for write data errors. This parameter is
read-only.

20:16
(R)

PORT_CMD_ERROR
D

5’h0

Holds the source ID of the command that caused a
port command error condition. For AXI ports, the
source ID is comprised of the Port ID and the
Requestor ID, where the Requestor ID is the
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Bit Name Default Description

axi0_AWID for write commands or the axi0_ARID for
read commands. This parameter is read-only.

Holds the Source ID of the command that caused an
5’h0 out-of-range interrupt request to the memory devices.
This parameter is read-only.

12:8 OUT_OF_RANGE_SO
(R) URCE_ID

Defines the type of error and the access type that
caused the port command error condition. If multiple
bits are asserted to ‘b1, then multiple errors were
found. This parameter is read-only.

e Bit [3] = Narrow transfer requested for a requestor
Y whose axiY_en_size It_width_instr parameter is

4’h0 clear.

¢ Bit [2] = The byte count of the wrap command is not
a log-2 value.

e Bit [1] = Either the starting or ending address of the
wrap command is not aligned to a beat size.

e Bit [0] = The size of the command (axi0_AWSIZE/
axi0_ARSIZE) is greater than port data width.

3:0 PORT_CMD_ERROR
(R) _TYPE

Table 55: MEM_CTL_33 — OFFSET: 0x84

e MEM_CTL_34 - OFFSET: 0x88

Bit Name Default Description

Holds the EMRS2 data written during memory
3116 initialization for chip select 0. The contents of this
: ) parameter will be programmed into the DRAM at
(R/W) EMRS2_DATA 0 1608 initialization or when the write_modereg parameter is
written with a “1”. Consult the DRAM specification for

the correct settings for this parameter.

Table 56: MEM_CTL_34 — CFFSET: 0x88

e MEM_CTL_35- OFFSET: Ox8¢c

Bit Name Default Description

Holds the EMRS2 data written during memory

initialization for chip select 1. The contents of

15:0 this parameter will be programmed into the
EMRS2_DATA 1 16’h0 DRAM at initialization or when the

(R/W) write_modereg parameter is written with a “1”.

Consult the DRAM specification for the correct

settings for this parameter.

Table 57: MEM_CTL_35 - OFFSET: 0x8c
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e MEM_CTL_36 — OFFSET: 0x90

Bit Name Default Description

23:0 (R/'W) | TINIT 24'h0 Defines the DRAM initialization time, in cycles.

Table 58: MEM_CTL_36 — OFFSET: 0x90

e MEM_CTL_37 — OFFSET: 0x94

Bit Name Default Description

Holds the address of the command that caused a
32’h0 port command error condition. This parameter is
read-only.

PORT_CMD_ERROR

31:0(R) | ADDR[31:0]

Table 59: MEM_CTL_37 — OFFSET: 0x94

e MEM_CTL_38 - OFFSET: 0x98

Bit Name Default Description

Adds a turn-around clock between back-to-back reads
or back-to-back writes to different chip selects. The
additional clock may be needed at higher clock
frequencies. The “turn off’ and “turn on” time of
termination resistors are not scalable. At higher clock
frequencies, it is possible that these times may

24 ODT_ADD_TURN_CL 1h0 overlap, resulting in two active resistors while the
(RIW) K_EN DQS line is still active. This could compromise the
signal integrity of the DQS signal. The additional clock
prevents this overlap.

¢ 'b0 = No additional clocking required.

e ’b1 = Additional clock added for back-to-back reads
or back-to-back writes that occur to different banks.

16 Indicates that the memory devices have eight banks.

(RIW) EIGHT_BANK_MODE | 10 ¢ 'b0 = Memory devices have 4 banks.
e ’'b1=Memory devices have 8 banks.

Enables differential data strobe signals from the
DRAM.

¢ b0 = Single-ended DQS signal from the DRAM.
¢ ’'b1 = Differential DQS signal from the DRAM.

8 (RW) | DQS_N_EN 1°b0

PORT_CMD_ERROR 3h0 Holds the address of the command that caused a port

20(R) _ADDR[34:32] command error condition. This parameter is read-only.
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Table 60: MEM_CTL_38 — OFFSET: 0x98
e MEM_CTL_39 - OFFSET: 0x9¢c

Bit

Name

Default

Description

25:24
(RIW)

ODT_RD_MAP_CS0

2’ho

Sets up which (if any) chip(s) will have their ODT
termination active while a read occurs on chip select
0.

e Bit[1] = CS1 will have active ODT termination
when chip select 0 is performing a read.

e Bit [0] = CSO will have active ODT termination
when chip select 0 is pericrming a read.

17:16
(RIW)

DRAM_CLK_DISABL
E

2’ho

Sets value for the DFI output signal
dfi_dram_clk_disable. Bit [0] controls CS0, Bit [1]
controls CS1.

For each bit:

e 'b0 = Memory clock/s should be active.
e 'b1=Memory clock/s should be disabled.

8 (R/W)

REDUC

1'b0

Controls the width of the memory datapath. When
enabled, the upper half of the memory buses (DQ,
DQS and DM) are unused and relevant data only
exists in the lower half of the buses. This parameter
expands the Memory Controller for use with memory
devices of the configured width or half of the
configured width.

o 'b0 = Standard operation using full memory bus.

¢ ’'b1 = Memory datapath width is half of the
maximum size.

0 (RIW)

ODT_ALT_EN

1'b0

Enables the use of the non-DFI compliant alternative
ODT internal signal odt_alt, which is externally viewed
as the signal reserved0. This signal is only required if
the user intends to use a CAS latency of 3 with ODT
support.

e 'b0 = ODT support with CAS latency 3 is not
supported.

e 'b1=0DT support with CAS latency 3 is supported
but is not DFI compliant. This disables the interrupt
bit for ODT-with-CAS3 and disables the OVL error.

Table 61: MEM_CTL_39 — OFFSET: 0x9¢c
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e MEM_CTL_40 - OFFSET: 0xa0

Bit

Name

Default

Description

25:24
(RIW)

RTT_O

2’ho

Defines the On-Die termination resistance for all
DRAM devices. The Memory Controller can not be set
for different termination values for each chip select.

'b00 = Temination disabled
'b01 =75 Ohm

'b10 = 150 Ohm

'b11 = Reserved

17:16
(RIW)

ODT_WR_MAP_CS1

2’ho

Sets up which (if any) chip(s) will have their ODT

termination active while a write occurs on chip select 1.

e Bit[1] = CS1 will have active ODT termination when
chip select 1 is performing a write.

¢ Bit [0] = CS0 will have active ODT termination when
chip select 1 is performing a write.

9:8
(R/W)

ODT_WR_MAP_CS0

2’ho

Sets up which (if any) chip(s) will have their ODT

termination active while a write occurs on chip select 0.

e Bit[1] = CS1 will have active ODT termination when
chip select 0 is performing a write.

e Bit [0] = CSO will have active ODT termination when
chip select 0 is performing a write.

(RIW)

ODT_RD_MAP_CS1

2’ho

Sets up which (if any) chip(s) will have their ODT

termination active while a read occurs on chip select 1.

e Bit[1] = CS1 will have active ODT termination when
chip select 1 is performing a read.

¢ Bit [0] = CSO will have active ODT termination when
chip select 1 is performing a read.

Table 62: MEM_CTL_40 — OFFSET: 0xa0

e MEM_CTL_41 - OFFSET: Oxa4

Bit Name Default Description

26:24 Defines the number of additional clocks of delay to

(R/W) W2R_SAMECS DLY | 3’'h0 insert between a write and a read to the different chip
selects.

18:16 Defines the number of additional clocks of delay to

(R/W) W2R_DIFFCS_DLY 3’h0 insert between a write and a read to the same chip
select.

10:8 TRTP 3h0 Defines the.DRAM tRTP (read to pre-charge time)

(R/W) parameter, in cycles.

August, 2010

SiRF Datasheet — Proprietary and Confidential

DRAFT

46



.

. SiRFatlasV
2LRE AT551 Datasheet
Bit Name Default Description

Holds the DFI tdram_clk_disable timing parameter.
. This parameter should be programmed with the
(ZI-QCI)W) EREL—ERAM—CLK—DI 3’h0 number of cycles that the PHY requires to disable the
clock after the dfi_dram_clk_disable signal is
asserted.
Table 63: MEM_CTL_41 — OFFSET: Oxa4
e MEM_CTL_42 - OFFSET: 0xa8
Bit Name Default Description
Holds the DFI tctrl_delay timing parameter. This
27:24 , parameter should be programmed with the number of
(R/W) TDFI_CTRL_DELAY 4o cycles that the PHY requires to send a power-down or
self-refresh command to the DRAM devices.
19:16 , Holds the DFI tctrlupd_min timing parameter. This
(R) TDFI_CTRLUPD_MIN | 4'h0 parameter is read-only.
Adjusts the relative timing between DFI read
11-8 commands and the dfi_rddata_en signal to conform to
(R/W) RDLAT_ADJ 4’h0 PHY timing requirements. When this parameter is
programmed to 0x0, dfi_rddata_en will assert one
cycle after the dfi_address.
Selects the mode of operation.
30 ¢ ’b0000 = Reserved
(RW) | DRAM_CLASS 4h0 « 'b0001 = Mobile DDR
e ‘b0100 = DDR2
¢ All other settings reserved.

Table 64: MEM_CTL_42 — OFFSET: 0xa8

e MEM_CTL_43 - OFFSET: Oxac

Bit Name Default Description
. Used to adjust the tdfi_phy_wrlat parameter if the
21:24 TDZNPHY_WRLAT_B 4’h0 PHY requires greater delay from write command to
(R/W) ASE .
write data.
Holds the calculated value of the tphy_wrlat timing
19:16 , parameter. tdfi_phy_wrlat = tdfi_phy_wrlat_base +
(R) TDFI_PHY_WRLAT 4o (wrlat - 1) + reg_dimm_enable. This parameter is
read-only.
(1%/:3\/) TDFI_PHY RDLAT | 4'h0 Holds the tphy _rdlat timing parameter.
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Bit Name Default Description
3:0 TDFI_DRAM_CLK_EA 4'h0 Holds the DFI tdram_clk_enable timing parameter.
(R/W) NBLE This parameter is currently unused.

Table 65: MEM_CTL_43 — OFFSET: Oxac

e MEM_CTL_44 — OFFSET: 0xb0

Bit Name Default Description
Adjusts the relative timing between DFI| write
27:24 commands and the dfi_wrdata_en signal to conform to
WRLAT_ADJ 4’h0 PHY timing requirements. When this parameter is
(RIW) programmed to 0x0, dfi_wrdata_en will assert on the

same cycle as the dfi_address.

Defines the write latency from when the write
command is issued to the time the write data is
19:16 WRLAT 4'h0 presented to the DRAM devices, in cycles.

(RIW) NOTE - This parameter must be set to 0x1 when

used in mobile DDR mode.

. Used to adjust the tdfi_rddata_en parameter if the
11:8 J _| _enp
I\gEI—RDDATA—EN—B 4’h0 PHY requires greater delay from read command to
(R/W) read data enable.
30 Holds the calculated value of the trddata_en timing
: , parameter. tdfi_rddata_en = tdfi_rddata_en_base +
(R) TDFI_RDDATA_EN 410 (caslat_lin [3:1] - 1) + reg_dimm_enable + caslat_lin

[0]. This parameter is read-only.

Table 66: MEM_CTL_44 — OFFSET: 0xb0

e MEM_CTL_45—- OFFSET: Oxb4

Bit Name Default Description
31:24 Specifies the minimum number of cycles after the
: DLL RST_ADJ_DLY 8’h0 master delay value is programmed before the DLL
(R/W)
reset may be asserted.
20:16 | reaw 'ho Defines the DRAM tFAW in cycl
(RIW) A 5 efines the t parameter, in cycles.
Sets the off-chip driver (OCD) pull-up adjustment
settings for the DRAM devices. The memory controller
12:8 OCD_ADJUST PUP_ | ., will issue OCD adjust commands to the DRAM
RW) |cs.0 5ho devices during power up.
e Bit [4] = Increment (1) or decrement (0) OCD
settings.

August, 2010 SiRF Datasheet — Proprietary and Confidential 48



3

.
. SiRFatlasV
2LRE AT551 Datasheet
Bit Name Default Description
e Bits [3:0] = Number of OCD adjust commands to
issue.
Sets the off-chip driver (OCD) pull-down adjustment
settings for the DRAM devices. The memory controller
will issue OCD adjust commands to the DRAM
4:0 OCD ADJUST PDN devices during power up.
i = - — | 5h0 ,
(R/w) CS_0 e Bit [4] = Increment (1) or decrement (0) OCD
settings.
e Bits [3:0] = Number of OCD adjust commands to
issue.
Table 67: MEM_CTL_45 — OFFSET: 0xb4
e MEM_CTL_46 — OFFSET: 0xb8
Bit Name Default Description

Active-high mask bits that control the value of the
16:8 memory coniroller_int signal. This mask is inverted

Rw) | NT_MASK 9h0 and then logically AND’ed with the outputs of the
int_status parameter.
Defines the number of cycles of wait time between
7:0 TMOD 8'ho mode commands. For write leveling, this is defined as
(R/W) the number of cycles of wait time after a MRS

command to the ODT enabile.

Table 68: MEM_CTL_46 — OFFSET: 0xb8

e MEM_CTL_47 — OFFSET: Oxbc

Bit Name Default Description

29:16 TDFI_CTRLUPD_MA , Holds the DFI tctrlupd_max timing parameter. This
14’h0 :
(R) X parameter is read-only.

Shows the status of all possible interrupts generated
by the memory controller. The MSB is the result of a
logical OR of all the lower bits. This parameter is read-
only.

The int_status bits correspond to these interrupts:

8:0 (R) INT__STATUS 9’'ho e Bit [8] = LOgica| OR of all lower bits.

e Bit [7] = DLL unlock condition detected.

e Bit[6] = ODT enabled and CAS Latency 3
programmed error detected. This is an unsupported
programming option.

¢ Bit [5] = Both DDR2 and Mobile modes have been
enabled.
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Bit Name Default Description

o Bit [4] = DRAM initialization complete.

e Bit [3] = Error was found with command data
channel in a port.

e Bit [2] = Error was found with command channel in
a port.

e Bit [1] = Multiple accesses outside the defined
PHYSICAL memory space detected.

e Bit [0] = A single access outside the defined
PHYSICAL memory space detected.

Table 69: MEM_CTL_47 — OFFSET: Oxbc

e MEM_CTL_48 — OFFSET: Oxc0

Bit Name Default Description

29:16 TDFI_PHYUPD_TYPE 14'h0 Holds the DFI tphyupd_type0 timing parameter. This

(R) 0 parameter is read-only.

13:0 (R) TDFI_PHYUPD_RES 14'h0 Holds the IZ?FI tphyupd_resp timing parameter. This
P parameter is read-only.

Table 70: MEM_CTL_48 — OFFSET: 0xc0

e MEM_CTL_49 — OFFSET: Oxc4

Bit Name Default Description

Holds the EMRS1 data written during memory
initialization for chip select 0. The contents of this
31:16 parameter will be programmed into the DRAM at

(R/W) EMRS1_DATA_0 16’0 initialization or when the write_modereg parameter is
written with a 1. Consult the DRAM specification for
the correct settings for this parameter.

15:0 , Sets the number of cycles that the reset must be held

(Riw) | DLL_RST_DELAY 16'h0 asserted for the DLL.

Table 71: MEM_CTL_49 — OFFSET: 0xc4

e MEM_CTL_50 - OFFSET: Oxc8

Bit Name Default Description

31:16 ’ Holds the EMRS3 data written during memory

(RIW) EMRS3_DATA_0 16’h0 initialization for chip select 0. The contents of this
parameter will be programmed into the DRAM at
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Bit

Name

Default

Description

initialization or when the write_modereg parameter is
written with a 1. Consult the DRAM specification for
the correct settings for this parameter.

15:0
(R/W)

EMRS1_DATA 1

16’h0

Holds the EMRS1 data written during memory
initialization for chip select 1. The contents of this
parameter will be programmed into the DRAM at
initialization or when the write_modereg parameter is
written with a 1. Consult the DRAM specification for
the correct settings for this parameter.

Table 72: MEM_CTL_50 — OFFSET: 0xc8

e MEM_CTL_51 - OFFSET: Oxcc

Bit

Name

Default

Description

31:16
(RIW)

MRS_DATA_0

16’h0

Holds the MRS data written during memory
initialization for chip select 0. This mode parameter
should contain the necessary MRS fields in the
correct bit locations. The Memory Controller ignores
the programmed value of the DLL Reset bit in this
parametier. An internal state machine controls this bit
and only sets the DLL Reset bit during initialization.
The contents of this parameter, except the DLL Reset
bit, will be programmed into the DRAM at initialization
or when the write_modereg parameter is written with a
1. Consult the DRAM specification for the correct
settings for this parameter.

15:0
(R/W)

EMRS3_DATA _1

16’h0

Holds the EMRS3 data written during memory
initialization for chip select 1. The contents of this
parameter will be programmed into the DRAM at
initialization or when the write_modereg parameter is
written with a 1. Consult the DRAM specification for
the correct settings for this parameter.

Table 73: MEM_CTL_51 — OFFSET: Oxcc

e MEM_CTL_ 52 - OFFSET: 0xd0

Bit Name Default Description
31:16 , Defines the clock enable to pre-charge delay time for
Rw) | TCPD 16’0 the DRAM devices, in cycles.

Holds the MRS data written during memory
15:0 MRS DATA 1 16'h0 initialization for chip select 1. This mode parameter
(RIW) - - should contain the necessary MRS fields in the

correct bit locations. The Memory Controller ignores
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Bit Name

Default

Description

the programmed value of the DLL Reset bit in this
parameter. An internal state machine controls this bit
and only sets the DLL Reset bit during initialization.
The contents of this parameter, except the DLL Reset
bit, will be programmed into the DRAM at initialization
or when the write_modereg parameter is written with a
1. Consult the DRAM specification for the correct
settings for this parameter.

Table 74: MEM_CTL_52 — OFFSET: 0xd0

¢ MEMCIF_TIM_CONFIG — OFFSET: 0x200

Bit Name

Default

Description

28

CMD_SEL
(RIW) -

1'b0

DFI control and address signal from controller to PHY
will be delayed for CMD_SEL cycles.

If CMD_SEL is 0, those signals will be directly
transmit to PHY

26:24

RDEN_SEL
(RIW) -

3’h0

The dfi_rddata_en signal will be delayed for
RDEN_SEL cycles to generate ctrl_rden signal for
PHY.

if RDEN_SEL is 0, ctrl_rden is the same timing as
dfi_rddata_en

e 000 : same as ctrl_rden

e 001 : 1 cycle delay

e 010: 2 cycles delay

e 011 :3 cycles delay

e 100 : 4 cycles delay

e 101 : 5 cycles delay

e 110 : 6 cycles delay

e 111:7 cycles delay

17:16

GATE_SEL
(RIW) -

2’ho

The dfi_rddata_en signal will be delayed for
GATE_SEL cycles to generate ctrl_gate signal for
PHY.

If GATE_SEL is 0, ctrl_gate is the same timing as
dfi_rddata_en

e 00 :same as dfi_rddata_en

e 01:1 cycle delay

10 : 2 cycles delay

11 : 3 cycles delay

11:8

(RIW) RESYNC_SEL

4’h0

The ctrl_resync signal will be asserted for one cycle
when dfi_ctrlupd_req remains active for
RESYNc_SEL cycles.
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Table 75: MEMCIF_TIM_CONFIG — OFFSET: 0x200

e MEMCIF_DLL_START — OFFSET: 0x204

Bit Name Default Description

This bit controls PHY interface signal ctrl_start

When setting this bit to 1, ctrl_start signal is high to
make the DLL run and lock.

When setting this bit to 0, DLL stops running.

0 (RIW) | START 1'b0

Table 76: MEMCIF_DLL_START — OFFSET: 0x204

e MEMCIF_DLL_STATUS — OFFSET: 0x208

Bit Name Default Description

Status of PHY interface signal ctrl_clock. It means
DLL coarse lock

{CLOCK, FLOCK}

e ’b00 = DLL is not locked.

e 'b01 = Impossible value.

e 'b10 = DLL is locked and phase error is less than
160ps

e 'b11 = DLL is locked and phase error is less than
80ps.

24 (R) CLOCK 1’b0

16 (R) FLOCK 160 ?r:aetllfcif PHY interface signal ctrl_flock. It means DLL

Status of PHY interface signal ctrl_lock value. It

means locked delay line encoding value
9:0 (R) LOCK_VALUE 10'h0 ,
e Bit[9:2] : number of delay cells for coarse lock

e Bit[1:0] : control value for fine lock

Table 77: MEMCIF_DLL_STATUS — OFFSET: 0x208
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e MEMCIF_DLL_CONFIG1 — OFFSET: 0x20c

Bit

Name

Default

Description

(RIW)

DLL_ON

1'b0

This bit controls PHY interface signal ctrl_dil_on.

This bit should be kept high for normal operation.
When set this bit to 0, DLL is turned off and ctrl_clock
and ctrl_flock become high. This bit should be kept set
before seting START in MEMCIF_DLL_START
register.

23:16
(RIW)

FORCE

8’h0

When DLL_ON is low, this field is used for DLL to
generate phase shifted clock instead of
ctrl_lock_value[9:2]

15:8
(R/W)

INCREMENT

8’h0

Increase amount of stait point for DLL to trace lock.
Recommended values:

e 100MHz: [8'h10, 8’h4f]

e 133MHz: [8'h10, 8'h3b]

e 166MHz: [8'h10, 8’h2f]

e 200MHz: [8'h10, 8’'h28]

7:0
(R/W)

START_POINT

8’h0

Initial DLL start point for DLL to trace lock. This is
number of delay cells.

Recommended values:

100MHz: [8’h10, 8’h4f]
133MHz: [8’h10, 8’h3b]
166MHz: [8’h10, 8’h2f]
200MHz: [8'h10, 8’'h28]

Table 78: MEMCIF_DLL_CONFIG1 — OFFSET: 0x20c

e MEMCIF_DLL_CONFIG2 — OFFSET: 0x210

Bit

Name

Default

Description

18:16
(RIW)

SHIFTC

3’h0

This field controls GATEout signal delay amount.
GATEout signal is used to generate clean read dqs
signal.

’b000: T/128

'b001: T/64

e 'b010: T/32

e 'b011: T/16

e ’'b100: T/8

e 'b101: T/4

e 'b110: T/2

e b111:T
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Bit Name Default Description

GATEout signal offset amount.

OFFSETC[6] = 1:

GATEout delay amount — OFFSETC[5:0]*FS
OFFSETC[6] = 0:

OFFSETC 7’h0 GATEout delay amount + OFFSETC[5:0]*tFS
if HALF = 0

tFS = tCK/LOCK_VALUEJ9:0]

if HALF = 1

tFS = tCK*0.5/LOCK_VALUE[9:0]

14:8
(RIW)

Offset amount for 270 degree clock generation
OFFSETD[6] = 1:

OFFSETD 7’h0 270 degree clock delay amount — FFSETD[5:0]*tFS
OFFSETD[6] = O:

270 degree clock delay amount + OFFSETD[5:0]*tFS

6:0
(R/W)

Table 79: MEMCIF_DLL_CONFIG2 — OFFSET: 0x210

e MEMCIF_DLL_CONFIG3 — OFFSET: 0x214

Bit Name Default Description
90 degree clock in rd_slice_3 offset amount.

30:24 OFFSET3[6] = 1:

RIW) OFFSET3 7’h0 90 degree delay amount — OFFSET3[5:0]*tFS
OFFSET3[6] = 0:
90 degree delay amount + OFFSET3[5:0]*tFS
90 degree clock in rd_slice_2 offset amount.

99:16 OFFSET3[6] = 1:

(RW) OFFSET2 7’h0 90 degree delay amount — OFFSET3[5:0]*tFS
OFFSET3[6] = 0:
90 degree delay amount + OFFSET3[5:0]*tFS
90 degree clock in rd_slice_1 offset amount.

_ OFFSET3[6] = 1:

ZI:/\?V) OFFSET1 7’h0 90 degree delay amount — OFFSET3[5:0]*tFS
OFFSET3[6] = 0:
90 degree delay amount + OFFSET3[5:0]*tFS

6:0 90 degree clock in rd_slice_0 offset amount.

OFFSETO 7’h0
(R/W) OFFSET3[6] = 1:
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Bit

Name

Default

Description

90 degree delay amount — OFFSET3[5:0]*tFS
OFFSET3[6] = 0:
90 degree delay amount + OFFSET3[5:0]*tFS

Table 80: MEMCIF_DLL_CONFIG3 — OFFSET: 0x214

MEMCIF_PHY_CONFIG — OFFSET: 0x218

Bit Name Default Description
04 If this bit is set, PHY stats 32-bit CRC generation
, according to control and address
(R/W) ADB_EN Tho signals(ctrl_adct[18:0], ctrl_ras, ctrl_cas, ctrl_we and
ctrl_cke). If this bit is cleared, it stops CRC generation.
19:16 DRV BUS 4'h0 Set high to drive DQ/DM/DQS signals. For normal
(RIW) - operation this field should be 0.
This field controls FNC Feedback test mode when
PHY interface signals {mode_phy, mode_nand,
9:8 mode_scan, mode_bypass, mode_mux} is 5’b00000
(RIW) FNC_FB 2'h0 2'b0x: Normal operation mode.
2’b10: External FNC Feedback test mode.
2'b11: Internal FNC Feedback test mode.
0 HALF 1h0 If this bit is set, low-speed mode for DLL will turn on,
(RIW) DLL can run at low speed (80MHz ~ 100MHz).

Table 81: MEMCIF_PHY_CONFIG - OFFSET: 0x218

MEMCIF_ADB_CHECK — OFFSET: 0x21c

Bit Name Default Description
This field is output of 32-bit CRC for
31:0 ctrl_adct[18:0], ctrl_ras,ctrl_cas, ctrl_we and
ADB_CHECK 32’h0 ctrl_cke (CRC is generated while ctrl_adb_en
(R) is high). This field is used for the chip test

purpose.

Table 82: MEMCIF_ADB_CHECK - OFFSET: 0x21c
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SYSTEM CONTROL MODULES

Mode Configuration Pins
The mode configuration pins (X_TEST_MODE[5:0]) control the mode of SiRFatlasV, as listed in the table
below.

When SiRFatlasV is set to Normal, ARM JTAG or Function ATE mode, X_TEST_MODE [3:0] will control
the boot configuration.

X_TEST_MODE[5:0] pins has no internal pull-up/down resistor, so there is no default value when the
system is powered on. It is recommended to use 0~10Kohm resistor to pull-up/down these pins.

Working Mode Sub Mode Feature 1 Feature 0
Z(]—TEST—MODE[E’: X_TEST_MODE[3:2] X_TEST MODE[1] | X _TEST MODE[0]
TR 1'b0: 2KB page
. 'b0: 8-bit
2'600: Embedded ROM NAND boot 1'b1 4KB page
(SLC)
1'b1: LBA-NAND 1'bx: 2KB page
1'b0: 512B page
2'B00: Normal 2'601: NAND boot (SLC) 1'bx: Don't Care '
2'B01: Normal With 1'b1: 2KB page
ARM JTAG s
>B10- Function 1'b0: ECC 12-bit per | 100 2KB page
1KB 1.
ATE 2'10: Embedded ROM NAND boot 1'b1: 4KB page
MLC .
(MLC) 1'p1: ECC 24-bit per | 1'00: 4KB page
1KB 1'b1: 8KB page
211: Embedded ROM SDIMMC | _ ]
boot
2'b00: INTEST_AC_DC
2'b01: EXTEST_AC_DC
2'000: Scan mode
2’b10: Reserved
2’b11: Reserved
2'001: Reserved - -
2'B11: TEST 1°b0: NandTree
MODE 1’b0: Boundary Scan
1’b1: BSD
2'610: Chip test 1 T00: BIST
1’b1: Macro Test0 1'b1: eFuse
(x_reset_b = 1'b0)
2b11: Chip test 2 1'60: Macro Test1 | 1.00: USB PHY
stand alone test

August, 2010 SiRF Datasheet — Proprietary and Confidential 57



DRAFT

nel
. SiRFatlasV
2LRE AT551 Datasheet
Working Mode Sub Mode Feature 1 Feature 0
1'b1: TSC/PLL test
1’b0: MEM PHY

1'b1: Macro Test2 test

1’b1: Reserved

Table 83: Mode Configure Table

Clock Controller

Overview

The clock controller module is used to control PLL and generate block clocks, which consists of four
sources, XINW (32KHz), XIN (24MHz), PLL1 clock and PLL2 clock. There are four reference clock groups
(ck_cpu_rf, ck_sys_rf, ck_mem_rf, and ck_sd_rf) which can select its own clock source, six clock groups
(CPU, SYS, DSP, I/0, MEM, SD) which can set up its clock divider. Every block clock is gated through

the clock controller module.

Feature List

e Glitch-free source clock switch
e Glitch-free clock divide

e Glitch-free clock gating

e RISC I/O interface

e PLL control

Pin Description

External Pin Descriptions

Pin Name !Il'(;pe I\Plli:x Eﬁ:f::l:il:m Default Status | Description

X_XIN I - - - External input clock
X_XINW I - - - External 32KHz input clock
X_RESET_B I - - - Power-on reset input

Table 84: Clock Controller External Pin Descriptions
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Functional Descriptions

Block Diagram

RTC
clock O
24 MHz 7 To. cpu
v S _
clockJ PLL2 jtige [T ——
To_ds
clk_521 5P
| | ck_sys ff div To_sys
11/16 clk_521 ,
] k_meam rf i To_mem
e Ll ok_521 —=
\\\
— ck_sd_rf div To_sd
112~11512
Figure 3: CLKC Block Diagram
CLKC
CLK_MUX_421

There are six 4 to 1 MUXs, one for each of the following clock domains: CPU clock, system clock,
memory clock, SDC clock, CKO_0, and CKO_1.

Each MUX contains four input clock sources:

e High-speed oscillator (X_XIN)
¢ Real-time oscillator (X_XINW)
e PLL#1 (PLLT)
e PLL#2 (PLL2)
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There is a 2-bit select signal for each MUX to choose one of the four input sources. These signals are
controlled by the CLKC_CLK_SWITCH register. The most important feature is that the switch should be
set glitch-free.

PLLTOP

This block is the PLL (Phase Locked Loop) analog part where there are two similar PLL analogs in the
module.

The PLL is a PLL frequency synthesizer. The PLL provides frequency multiplication capabilities. Its output
clock frequency FOUT is related to the input clock frequency FIN by the following equation:

FOUT = (m x FIN) / (p x 2%s)

Where FOUT is the output clock frequency and FIN is the input clock frequency. M, P and S are the
decimal values for programmable dividers. PLL consists of a PFD (Phase Frequency Detector), a Charge
Pump, a VCO (Voltage Controlled Oscillator), a 6-bit Pre-divider, a 10-bit Main-divider and a 3-bit Post-
scalar

e Feature
- 1.2V single power supply
—  Output frequency range: 40MHz ~ 1000MHz
— Duty ratio: 40% to 60% (all tuned range)
- Power down mode
— Bypass mode (FOUT=FIN)
— Programmable dividers

e Electrical characteristics

Characteristics Symbol Min Typ Max Unit
Input frequency FIN 4 - 300 MHz
Output frequency FOUT 40 - 1000 MHz
VCO output frequency FVCO 800 - 1600 MHz
Output clock duty ratio TOD 40 - 60 %
Locking time TLT - - 300 us
PLL period jitter TJP - - 60ps@1G | psp-p

Table 85: PLL Electrical Characteristics

e PLL programming guide
- Even after PLL power supply becomes stable at t1. RESETB must keep the logical low for
enough time (At >1us)
— Whenever any register value is updated, PLL needs a period called “Locking Time” to

generate a target frequency. Actually PLL generates an unknown frequency during the
“Locking Time”. However, PLL behavioral model is described to generate the low state during
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this period to prevent a simulation problem. It is recommended to disable PLL clock path
during “Locking Time”.

[Enable Power t1__ PLL Power Supply
Supply /:

I
I
P
1
At M|
S | X
I
I
Y ! At
Initialize ) —
RESETB |RESETB! i
! 2
\ ! ;
Use FOUT FOUT :—b— | d"lj {UU-HV
Locking time Locking time

Figure 4: PLL Program Timing
Register Definitions
Register Address Mapping

Base Address

Access Type Address Mapping

Clock controller register base address through RiSC I/O 0x90080000

Table 86: CLKC Interface Address Mapping

Register Mapping

RIS(<;1;:«:1(;J>ress Register Description
0x0000 CLKC CLK EN Clock Controller Clock Enable
0x0084 - Reserved
0x0008 CLKC_PLL1_CONFIG Clock Controller PLL1 Configuration Register
0x000C CLKC_PLL2_CONFIG Clock Controller PLL2 Configuration Register
0x0010 CLKC_SYS_RATIO Clock Controller System Clock Ratio Register
0x0014 CLKC_PRF_RATIO Clock Controller Peripheral Clock Ratio Register
0x0018 CLKC_CLK_SWITCH Clock Controller Clock Switch Register

Table 87: Register Mapping
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Register Descriptions

e Clock Controller Clocks Enable Register (CLKC _CLK_EN) - 0x000

Users can enable/disable the clock of majority logic in SiRFatlasV, except the RISC core, memory
controller, and some other system control modules.

Bit Name Default Description
DSP Core clock enable:
0 (R'W) | DSP_EN 1'b0 1: Enable
0: Disable
1 (R/W) ROMEFUSE_EN 1'b1 ROM Controller and EFUSE clock enable
2 (R/W) DMA_EN 1'b0 DMA Controller clock enable
3 (R/W) LCD_EN 1'b0 LCD Controller clock enable
4 (R/W) | GPS_EN 1'b0 GPS clock enable
5 - - Reserved
6 (R'W) | PCICOPY_EN 1'b0 PCI_COPY clack enable
7 - - Reserved
8 (R'W) | CODEC_EN 1'b0 CODEC clock enable
9 (R'W) | UARTO_EN 1'b0 UARTO clock enable
10 (R/'W) | USPO_EN 1'b0 Serial Port 0 clock enable
11 (R/W) | USP1_EN 1'b0 Serial Port 1 clock enable
12 (R/W) | SPLEN 1'b0 SPI Port clock enable
13 - - Reserved
14 (R/W) | UART1_EN 1'b0 UART1 clock enable
15 - - Reserved
16 (R'W) | VPP_EN 1'b0 Video Preprocessor clock enable
17 (R/W) | SDIO01_EN 1'b0 SDIOO01 interface clock enable
18 (R/W) | NAND_EN 1'b1 NAND Flash interface clock enable
19 (R/W) | I2C_EN 1'b0 I’CO and I°C1 interface clock enable
20 - - Reserved
21 (R/W) | GPIO_EN 1'b0 GPIO clock enable
22 (R/W) | PCI_EN 1'b0 PCI clock enable
23 - - Reserved
24 - - Reserved
25 - - Reserved
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Bit Name Default Description
26 (R/W) | USB_EN 1'b0 USB clock enable
27 - 1'b1 Reserved
28 - - Reserved
29 - - Reserved
30 (R/W) | SDIO23 1'b0 SDIO23 interface clock enable
31 (R/W) | MF_EN 1'b0 Match filter clock enable

Table 88: Clock Controller Clocks Enable Register (CLKC_CLK_EN)

e Clock Controller PLL1 Configuration Register (CLKC_PLL1_CONFIG) — 0x008

Both PLL1 and PLL2 can be programmed to different frequencies. Users need to make sure that
the clock source has been switched to another PLL when programming a PLL. Switch back the
clock source only after the PLL is stable.

Clock frequency is determined by the following equation:

NOTE — FOUT = (m x FIN) / (p x 24s)

For example, if FIN = 12MHz, and m = 250, p = 3, s = 1, then the PLL output will be 500MHz.

PLL Output frequency range: 40MHz - 1.0GHz

Reset the PLL before using it, for example:

rCLKC PLL1 CONFIG
for(io i=1;io i<=PLI, STABLE TIME;io i++);

rCLKC PLL1 CONFIG =
rCLKC PLLZ2 CONFIG =

0x22000000; // clear reset

// Wait 300us

PLL_500M;
PLL2 332M;
for (io_i=1;io i<=PLI STABLE TIME;io i++);

// Wait 300us lock time

Bit Name Default Description
9:0 (R/W) m<9:0> 10’h190 | Value of 10-bit programmable main-divider.
12:10 - 3’h0 Reserved.
18:13 (R/W) | p<5:0> 6’h3 Value of 6-bit programmable pre-divider.
21:19 (R/W) | s<2:0> 3'h3 Value of 3-bit programmable post-scale.
1: Bypass the PLL.
22 (R/W) BP 1'b1
0: Not bypass the PLL.

August, 2010

SiRF Datasheet — Proprietary and Confidential

63

DRAFT



-~

L
g SiRFatlasV
SLRE AT551 Datasheet
Bit Name Default Description
23 (R/W) - 1’b0 Reserved.
24 (R/W) - 1’b0 Reserved.
Reset control:
25 (R/W) RESETB | 1'b0 1: No reset.
0: Reset.
31:26 - - Reserved.

Table 89: Clock Controller PLL1 Configuration Register (CLKC_PLL1_CONFIG)

e Clock Controller PLL2 Configuration Register (CLKC_PLL2_ CONFIG) — 0x00c
It is totally same as PLL1 configuration.

Bit Name Default Description
9:0 (R/W) m<9:0> [ 10’h190 | Value of 10-bit programmable main-divider.
12:10 - 3’h0 Reserved.
18:13 (R/W) | p<5:0> 6'h3 Value of 6-bit programmable pre-divider.
21:19 (R/W) | s<2:0> 3'h3 Value of 3-bit programmable post-scale.
1: Bypass the PLL.
22 (R/W) BP 1’b1
0: Not bypass the PLL.
23 (R/W) - 1’b0 Reserved.
24 (R/W) - 1’b0 Reserved.
Reset control:
25 (R/W) RESETB | 1'b0 1: No reset.
0: Reset.

Table 90: Clock Controller PLL2 Configuration Register (CLKC_PLL2_CONFIG)

e Clock Controller System CLK Ratio Register (CLKC_SYS_RATIO) — 0x010

This register is used to configure the clock frequency by programming the divide parameter from
the clock source.

The time between pre-write and next-write, the registers should at least 4 times the lowest clock
frequency cycle.
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For example: Assume that the CPU_CLK 0 division is 500 MHz, 2-ns period, and you are writing
the register to switch it into 3 divisions. After writing CPU_RATIO, you should wait at least 512 ns
(2 ns X 64 X 4) before you can write to the register again.

Bit Name Default Description

The clock ratio PLL_OUT™:
1

1/2

- 1/4

1/8

:1/16

£ 1/32

£ 1/64

3:0 (R/W) CPU_RATIO<3:0> 4’h0

o N WN 2O

PLL_OUT:DSPCLK ratio
0:1

1:1/2

2:1/4

3:1/8

4:1/16

7:4 (R/W) DSP_RATIO<3:0> 4’h0

11:8 (R/W) SYS_RATIO<3:0> 4’h0 PLL_OUT:SYSCLK ratio (same as DSP)

15:12 (RW) | 10_RATIO<3:0> 4h0 PLL_OUT:IOCLK ratio (same as DSP)

19:16 (RW) | MEM_RATIO<3:0> 4'h0 PLL_OUT:MEMCLK ratio (same as DSP)

31:20 - - Reserved

Table 91: Clock Controller Systern CLK Ratio Register (CLKC_SYS_RATIO)

The constraints below must be followed:

— The frequency of DSPCLK can only be 1X 2X or 4X of SYSCLK.
— The frequency of IOCLK can only be 1X, 1/2X or 1/4X of SYSCLK.

NOTE - Any configurations that violate the above constraints will create unexpected results.

"PLL_OUT is determined by CLKC_CLK_SWITCH register: it can be 24MHz crystal, 32KHz crystal, PLL1, or PLL2.
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e Clock Controller Peripheral CLK Ratio Register (CLKC_PRF_RATIO) — 0x014

This register is used to configure the clock frequency by programming the divide parameter from
the clock source.

Bit Name Default Description

PLL_OUT: SD CLK ratio (range from 1/2X to 1/512X)

7:0 (RIW) | SD_RATIO<7:0> | 8'h0
(RIW) - Fout = Fin / (SD_RATIO + 1) x 2)

31:8 - - Reserved

Table 92: Clock Controller Peripheral CLK Ratio Register (CLKC_PRF_RATIO)

e Clock Controller Clocks Switch Register (CLKC_CLK_SWITCH) — 0x018

The time between pre-write and next-write the registers should be at least four times of the 32KHZ
clock cycle intervals.

Bit Name Default Description

CPU clock source select.

00: 24MHz crystal.

1:0 (R/W) | CPU_CS | 2’'b00 01: Select PLL1 as the system clock source.
10: Select PLL2 as the system clock source.
11: 32KHz.

3:2(R/W) | SYS_CS | 2'b00 System Clock Source Select. Definition is the same as the above.

54 (R/W) | MEM_CS | 2'b00 Memory Clock Source Select. Definition is the same as the above.

7:6 (R'W) | SD_CS 2'pb00 SD Clock Source Select. Definition is the same as the above.

31:8 - 24'h0 Reserved.

Table 93: Clock Controller Clocks Switch Register (CLKC_CLK_SWITCH)

Power Controller

Overview

Power controller (PWRC) is used to control the deep sleep/hibernation and wake-up process and memory
pad retention function. SiRFatlasV can be woken up by key and RTC. The glitch removing logic is also
involved. PWRC can control the power according to sleep/wakeup mode through power enable and dram
enable pins. For sleep, SiRFatlasV support deep sleep mode and hibernation mode. In deep sleep mode,
the memory will be in self-refresh mode; while in hibernation mode, the memory will be power down.
PWRC still support low battery control function.

Feature List

e Deep-sleep, hibernation, and wake-up control
e RISC I/O interface

August, 2010 SiRF Datasheet — Proprietary and Confidential 66

DRAFT



0
4

SiRF

DRAFT

SiRFatlasV
AT551 Datasheet

e Power control
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Pin Description

External Pin Descriptions

. /[o] Pin Default e
Pin Name Type Mux Function Default Status Description
All chip powers except
X_SYSTEM_ | 4 ) - Output low VDD_RTC/VDDIO_RTCNDDIO_
EN .
MEM controi signal
X DRAM_EN | 0 ) i Output low Control memory chip and memory
I/0 power
é_ON_KEY_ | - - Input Main sieep/wakeup key
X_EXT_ON I - - Input Extension sleep/wakeup control
%(_EOW_BAT | . - Input Battery low power pin
é_RTC_RST_ | - - Input RTC domain reset signal

Table 94: PWRC External Pin Description

Functional Descriptions

Function Modes
SiRFatlasV comes with multiple power status/modes as described below.
e RTC cold boot

Chip power on at first time. in the mode, only VDD_RTC (including its 1/0) has power which
includes SYSRTC and PWRC function.

e Normal mode
Chip goes into normal usage. In the mode, all powers are on.

e Deep-sleep mode

In this mode, VDD_RTC (including its 1/0) has power, and memory pads (VDDIO_MEM) also has

power, which works in retention mode to keep a fix status. Other powers are off.

e Hibernation mode
Same as deep-sleep mode except memory pads also power off.
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Figure 5: SiRFatlasV Function Mode Switch Diagram

Mode State Description

RTC_COLDBOOT: When x_rtc_rst_b is valid or x_on_key b 15s event happen, the chip will back to the
state. In the state, x_system_en and x_dram_en will be invalid.

NORMAL_MODE: All power on and normal run state. In the state, x_system_en and x_dram_en will be
valid.

DSLEEP_MODE: Keep deep-sieep or hibernation mode. In the state, x_system_en will be invalid, and
x_dram_en is valid or not according to deep sleep mode or hibernation mode.

Mode Switch Description

1. Atfter the VDDRTC first power on, when x_rtc_rst_b is valid, the chip will go into RTC_COLDBOOT
state.

2. InRTC_COLDBOOT, if PWRC detect that x_on_key b is low level over 320ms or x_ext_on is
high leve!l over 320ms, and there is no low battery event happen, then the state will switch to
NORMAL_MODE. For 15S reset event, it first needs invalid x_on_key b to end the 15S event,
then re-check 320ms low level. (Point A in the above figure.)

3. In NORMAL_MODE, if PWRC detects that x_on_key b has a negative edge and keeps for 320ms
after de-bounce or x_ext_on has a positive/negative edge and keeps for 320ms after de-bounce or
low battery event, the PWRC can generate interrupts to notify software, then software will
configure PWRC into deep-sleep or hibernation mode. (Point B in the above figure.)
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4. In DSLEEP_MODE, if PWRC detect x _on_key b has a negative edge and keeps for 320ms after
de-bounce or x_ext_on has positive edge and keeps for 320ms after de-bounce or RTC alarm,
and there is no low battery event, then the PWRC will switch to NORMAL_MODE state. (Point C
in Figure 5.)

In any state, if x_on_key_b detects a 15 second low level, the state will switch to RTC_COLDBOOT.
Register Definitions
Register Address Mapping

Base Address

Access Type Address Mapping

PWRC internal register base address through RISC I/O 0x9006c000

Table 95: PWRC Interface Address Mapping

Register Mapping

Eﬁ%f HIGED Register Description

0x0000 PWRC_PDN_CTRL PWRC Power Down Control
0x0004 PWRC_PON_STATUS PWRC Power On Status
0x0008 PWRC_TRIGGER_EN PWRC Trigger Enable
0x000C PWRC_INT_STATUS PWRC Interrupt Status
0x0010 PWRC_INT_MASK PWRC Interrupt Mask
0x0014 PWRC_PIN_STATUS PWRC Pins Status

0x0018 PWRC_SCRATCH_PAD | PWRC Software Use

Table 96: Register Mapping
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Register Descriptions

¢ PWRC Power Down Control Register (PWRC_PDN_CTRL) — 0x0000

Bit Name Default | Description

Power down control
1: Begin to go into deep sleep cr hibernation mode

0 (RIW) START SLEEP 1'b0 0: Reserved

Note: When software writes 1, the PWRC will
begin deep sleep or hibernation and the bit will be
cleared by hardware.

Power-down mode
1 (R/W) PDN_MODE 1’b0 1: Hibernation mode
0: Deep-sleep mode

Memory pad retention control

When power mode is deep sleep mode, the
hardware will automatically set this bit and let
memory pads keep a program status in power
down mode. After wakeup, software should clear it
before using memory. After clearing it, software
should wait for at least 10us to ensure the memory
pads stable.

2 (RIW) DRAM_HOLD 1°b0

1: Do not set to 1, and let the hardware set it.
0: Clear it

31:3 (R) - 29'h0 Reserved

Table 97: PWRC Power down Control Register

e PWRC Power On Status Register (PWRC_PON_STATUS) — 0x0004

Bit Name Default | Description

1: Wakeup from deep sleep or hibernation
0 (R/W) WARM_BOOT 1b0 0: Cold boot
Writing O will clear it.

Trigger to power on by ON_KEY event
1: Happen

1 (RW ON_KEY 1'b0
( ) - 0: Not happen
Writing O will clear it.
Trigger to power on by EXT_ON event
2 (RW) EXT_ON 1'b0

1: Happen
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Bit Name Default

Description

0: Not happen
Writing O will clear it.

3 (RW) RTC_ALARMO 1'b0

Trigger wake-up by the RTC alarmO event.
1: Happen

0: Not happen

Writing O will clear it.

4 (R/W) RTC_ALARM1 1'b0

Trigger wake-up by the RTC alarm1 event.
1: Happen

0: Not happen

Writing O will clear it.

31:5 - 27'h0

Reserved

Table 98: PWRC Power on Status Register

o PWRC Trigger Enable Register (PWRC_TRIGGER EN) - 0x0008

Bit Name Default

Description

0 (R) - 1°b0

Reserved

1 (RIW) ON_KEY_EN 1'bi

Enable X_ON_KEY_B to trigger to wakeup in
deep sleep/hibernation mode or generate interrupt
in normal mode

1: Enable
0: Disable

2 (RIW) EXT_ON_EN 1'b1

Enable X_EXT_ON to trigger to wakeup in deep
sleep/ hibernation or generate interrupt in nomal
mode

1: Enable
0: Disable

3 (RIW) RTC_ALARMO_EN 1°b0

Enable RTC alarmO to trigger to wakeup
1: Enable
0: Disable

4 (RIW) RTC_ALARM1_EN 1°b0

Enable RTC alarm1 to trigger to wakeup
1: Enable
0: Disable

5 (R/W) LOW_BATT_EN 1'b1

Enable X_LOW_BATT _B to trigger to generate
interrupt in normal mode

1: Enable
0: Disable
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Bit Name Default | Description

316 - 26'b0 Reserved

Table 99: PWRC Trigger Enable Register

o PWRC Interrupt Status Register (PWRC_INT_STATUS) — 0x000C

Bit Name Default | Description
0 (R) - 1’b0 Reserved

1: Interrupt happen
1 (R/W) ON_KEY 1b0

0: Clear

1: Interrupt happen
2 (R/W) EXT_ON 1b0

0: Clear
3 (R) - 1’b0 Reserved
4 (R) - 1’b0 Reserved

1: interrupt happen
5 (R/W) LOW_BATT 1b0

0: Clear
31:6 - 26’b0 Reserved

Table 100: PWRC Interrupt Status Register

e PWRC Interrupt Mask Register (PWRC_INT_MASK) — 0x0010

Bit Name Default | Description
0 (R) - 1’b0 Reserved

0: Mask the interrupt
1 (RW) ON_KEY 1b0

1: Not mask

0: Mask the interrupt
2 (RW) EXT_ON 1b0

1: Not mask
3 (R) - 1’b0 Reserved
4 (R) - 1’b0 Reserved

0: Mask the interrupt
5 (R/W) LOW_BATT 1b0

1: Not mask
31:19 - - Reserved

Table 101: PWRC Interrupt Mask Register
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e PWRC Pin Status Register (PWRC_PIN_STATUS) — 0x0014

Bit Name Default | Description
0 (R) - 1’b0 Reserved
1(R) ON_KEY - Directly read X_ON_KEY_B pin status
2 (R) EXT_ON - Directly read X_EXT_ON pin status
3 (R) - 1’b0 Reserved
4 (R) - 1’b0 Reserved
5 (R) LOW_BATT - Directly read X_LOW_BATT_B pin status
31:11 - 21'b0 Reserved

Table 102: PWRC Pin Status Register

e PWRC Scratch Pad Register (PWRC_SCRATCH_PAD) - 0x0018

Bit Name Default | Description

31:0 (R/'W) | SCRATCH_PAD 32'b0 For software to save data.

Table 103: PWRC Scratch Pad Register

PWR (Power Management Module)

Overview

The PWR (Power Management Module) is used to control the TSC analog domain and the
OSC/RF/CKO_0/1 pad.

Feature List
e RISC I/O interface

Functional Descriptions

The Module is only used to control the touch screen analog domain and 24MHz OSC pad, RF clock pad
enable or disable, and CKO_0/1 pad source select.
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Register Definitions
Register Address Mapping

Base Address

Access Type Address Mapping

PWR internal register base address through RISC 1/O 0x90060000

Table 104: PWR Interface Address Mapping

Register Mapping

RISC Address <11:0> Register Description

0x0000 PWR CONTROL Power mariagement control register
0x0004 PWR_OSC_CONFIG rPe%\;vSet;Panagement oscillator configuration

Table 105: PWR Register Mapping

Register Descriptions

e Power Management Control Register (PWR_CTRL) — 0x0000

Bit Name Default Description

0 (W) SLEEP 1'b0 Should be 0.

1 (R/W) RF_PWR_OFF_EN 1’b0 Should be 0.

2 (R/W) CPH_EN 1’b0 Should be 0.
0: Disables the touch screen pen detect
function.

3 (R/W) PEN_DETECT_EN 1’b0
1: Enables the touch screen pen detect
function.
0: Touch screen power isolation disabled.
1: Touch screen power isolation enabled.

4 (RIW) TSC_ISO_EN b1 NOTE: Before disabling the touch screen
power isolation, the power of touch screen
should be power on.
0: Pad is for other use.

For more detail, please check pin share
document.
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Bit Name Default Description

6 (R/W) MEMC_CLKOE_CTRLEN | 1’b0 Reserved
0: Pad X_CKO_0 does not select 32KHz
(XINW) clock output.

7 (R/W) CKO_32K_EN 1’b0
1: Pad X_CKO_0 selects 32KHz (XiNW) clock
output.
0: Pad X_CKO_0 does not select 24MHz (XIN)
clock output.
1: Pad X_CKO_0 selects 24MHz (XIN) clock

8 (R/W) CKO_24M_EN 1’b0 output.
NOTE: If CKO_32K_EN is valid, no matter
CKO_24M_EN is valid or not, the CKO outputs
32KHz clock.

15:9 (R) - 7'b0 Reserved

23:16 (R/W) | GPIO_WAKUP_MODE 8’h0 Reserved

31:24 (R/W) | GPIO_WAKEUP_LEVEL | 8h0 Reserved

Table 106: Power Management Control Register (PWR_CTRL)

¢ Power Management Oscillator Configuration Register (PWR_OSC_CONFIG) — 0x0004

Bit Name Default | Description

0 (R) OSC_OK 1'b0 Reserved

1(R) OSC_PD 1'b0 Reserved

2 (R/W) OSC_FO 1'b0 Reserved
Force 24MHz oscillator power down.

3 (RIW) 0SC FD 1'h0 Used to force a 24MHz oscillator power down during normal

- operating mode. Before enabling this bit, switch the clock source

to the 32KHz oscillator.

4 (R/W) OPD_EN 1b0 Reserved

31:5 - 27'h0 Reserved

Table 107: Power Management Oscillator Configuration Register (PWR_OSC_CONFIG)
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RSC (Resource Sharing Control Module)

Overview

The RSC (Resource Sharing Module) is used to control PAD-MUX and PAD driving strength. The PAD-
MUX is for the chip’s pad share logic. The pad function is determined by the control reqister (configured
by software).

Refer to the PAD MUX section for more details.

e Pad MUX Program
Software will determine which device uses the pad. Program the static pad mux as below:

- Write RSC_PIN_MUX to switch the pad MUX to the right device controller (Codec’s pad MUX
control signal exists in the codec controller, this is because AC97 and IS are both in the same
module)

— Check if the GPIO pad enable needs to be configured.
— Start related device controllers such as SPI, PWM, and so on.

Feature List

e Static selection for PAD share
Register Definitions

Register Address Mapping

Base Address
Access Type Address Mapping
RSC internal register base address through RISC I/O 0x90030000

PADCTRL internal register base address through RISC 1/O 0x90034000

Table 108: RSC Interface Address Mapping

Register Mapping

RISC Address <11:0> | Register Description

0x0000 - Reserved

0x0004 RSC_PIN_MUX RSC Pin Multiplex Register

0x0008 - Reserved

0x000C - Reserved

0x4000 PADCTRL_PAD_OUTO PAD Output Group 0 Control

0x4004 PADCTRL_PAD_OUT1 PAD Output Group 1 Control

0x4008 PADCTRL_PAD_OUT2 PAD Output Group 2 Control
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RISC Address <11:0> | Register Description

0x400c PADCTRL_PAD_OUT3 PAD Output Group 3 Control

0x4010 PADCTRL_PAD_OUT4 PAD Output Group 4 Control

0x4014 PADCTRL_PAD_OUT5 PAD Output Group 5 Control

0x4018 PADCTRL_PAD_OUT6 PAD Output Group 6 Control

0x401c PADCTRL_PAD_OUT7 PAD Output Group 7 Control

0x4020 PADCTRL_PAD_OEO PAD Output Enable Group 0 Control
0x4024 PADCTRL_PAD_OE1 PAD Output Enable Group 1 Control
0x4028 PADCTRL_PAD_OE2 PAD Output Enable Group 2 Control
0x402c PADCTRL_PAD_OE3 PAD Output Enable Group 3 Control
0x4030 PADCTRL_PAD_OE4 PAD Output Enable Group 4 Control
0x4034 PADCTRL_PAD_OE5 PAD Output Enable Group 5 Control
0x4038 PADCTRL_PAD_OES®6 PAD Output Enable Group 6 Control
0x403C PADCTRL_PAD_OE7 PAD Output Enable Group 7 Control
0x4040 PADCTRL_PAD_PS0 PAD Input Pull Select Group 0 Control
0x4044 PADCTRL_PAD_PS1 PAD Input Pull Select Group 1 Control
0x4048 PADCTRL_PAD_PS2 PAD Input Pull Select Group 2 Control
0x404C PADCTRL_PAD_PS3 PAD Input Pull Select Group 3 Control
0x4050 PADCTRL_PAD_ PS4 PAD Input Pull Select Group 4 Control
0x4054 PADCTRL_PAD_PS5 PAD Input Pull Select Group 5 Control
0x4058 PADCTRL_PAD_PEO PAD Input Pull Enable Group 0 Control
0x405C PADCTRL_PAD_PE1 PAD Input Pull Enable Group 1 Control
0x4060 PADCTRL_PAD_PE2 PAD Input Pull Enable Group 2 Control
0x4064 PADCTRL_PAD_PE3 PAD Input Pull Enable Group 3 Control
0x4068 PADCTRL_PAD_PE4 PAD Input Pull Enable Group 4 Control
0x406C PADCTRL_PAD_PE5 PAD Input Pull Enable Group 5 Control
0x4070 PADCTRL_PAD_CDO PAD Driving Bit 0 Control

0x4074 PADCTRL_PAD_CD1 PAD Driving Bit 1 Control

0x4078 PADCTRL_PAD_MEMPAD Memory Pad Driving Control

Table 109: RSC Register Mapping
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Register Descriptions
e Pin Multiplex Register (RSC_PIN_MUX) — 0x4

Bit Name Default Description

0 - - Reserved

I°S external clock enable:
1 (R/W) PAD_12S EXTCLK_EN 1’b0 0:x usclk 0
1:i2s_extclk

I°S 6channel enable:
2(RW) | PAD_I2S_6CHN_EN b0 0: USP interface

1: 1°S data[2:1] interface

USB VBUS control pin enable:
3 (R/W) PAD_UTMI_DRVVBUS_EN | 1'b0 1'b0: x_utfs_0
1’b1: USB utmi drvvbus

4 - - Reserved
I’S MCLK pin enable.
5 (R/W) PAD_12S_MCLK_EN 1’b0 0: CKO_1 uses the pin
1: MCLK uses the pin
20:6 - 15’h0 Reserved
ROM interface enable.
21 (R/W) PAD ROM_EN 1’b0 1’b0: LCD interface.
1’b1: ROM interface.
SPI enable.
22 (R/W) PAD_SPI 0 EN 1’b0 1’b0: SD 3 interface.

1’b1: SPI interface.

SD2 interface enable.

1’b0: SDO or NAND interface decided by boot
mode.

1’b1: SD2 interface.

23 (RIW) | PAD_SD2_EN 1°b0

UARTO stream control enable

1’b0: USP or I°S 6 channel interface decided
by PAD 12S 6CHN_EN.

1’b1: UARTO steam control interface.

24 (RIW) | PAD_UARTO_STREAM_EN | 1'b0

27:25 - - Reserved
X_URXD_1, X_UTFS_1 output source control:
28 (R/W) PAD_SPK_EN 1’b0 1’b0 used as other function

1’b1 used as speaker
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Bit

Name

Default

Description

NOTE: If GPIO0_PAD_EN[26:25] == 2’b11,
the pads are used as GPIO even if
PAD_SPK_EN is 1°'b1.

29 (RIW)

PAD_HEADPHONE_EN

1'b0

X_USCLK_1, X_UTXD_1 output source
control:

e 1'b0 is used as other function

¢ 1’b1is used as headphone

NOTE: If GPIO0_PAD_EN[24:23] == 2’b11,
the pads are used as GPIO even if
PAD_HEADPHONE EN is 1°'b1.

31:30

Reserved

Table 110: Pin Multiplex Register (RSC_PIN_MUX)

e PAD Output Group 0 Register (PADCTRL_PAD_OUTO) — 0x4000

Bit

Name

Default

Description

[31:0] (RIW)

PAD_OUT[31:0]

32’h0

They are used to control pad output value before entering
deep-sleep mode. Configure them before writing deep-
sleep commands.

e 1’b0: If PADCTRL_PAD_OEQ  related bit is 1’b1, the
pad will output 0

¢ 17b1: If PADCTRL_PAD_OEQ  related bit is 1’b1, the
pad will output 1

For the bit relationship between PADCTRL with pin name,

see the Pin Share Table.

Table 111: PAD Output 0 Register (PADCTRL_PAD_OUTO)

e PAD Output Group 1~7 Register (PADCTRL_PAD_OUT1~7) — 0x4004~0x401C

Bit Name Default | Description
PAD_OUT[63:32]
They are used to control pad output value before
PAD_OUT[95:64] entering deep-sleep mode. Configure them before
PAD_OUT[127:96] writing deep-sleep commands.
e 1'b0: If PADCTRL_PAD_OE1~7 related bit is 1’b1,
[31:0] (RIW) | PAD_OUT[159:128] [ 32'h0 the pad outputs 0.

PAD_OUT[191:160]

PAD_OUT[223:192]

PAD_OUT[255:224]

e 1b1: If PADCTRL_PAD_OE1~7 related bit is 1’b1,
the pad outputs 1.

For the bit relationship between PADCTRL with pin
name, see the Pin Share Table.

August, 2010

SiRF Datasheet — Proprietary and Confidential

80



0‘“@
SiRFatlasV

SiRF AT551 Datasheet

Table 112: PAD Output 1~7 Register (PADCTRL_PAD_OUT1~7)

e PAD Output Enable Group 0 Register (PADCTRL_PAD_OEOQ) — 0x4020

Bit Name Default Description

They are used to control pad output enable before
entering deep-sleep mode. Configure them before writing
deep-sleep commands.

[31:0] (R/'W) | PAD_OE[31:0] 32’hffffffff | « 1°’b0: The pad is input.

e 1'b1: The pad is output.

For the bit relationship between PADCTRL with pin name,
see the Pin Share Table.

Table 113: PAD Output Enable 0 Register (PADCTRL_PAD_OEO)

e PAD Output Enable Group 1~7 Register (PADCTRL_PAD OE1~7) — 0x4024~0x403C

Bit Name Default Description

PAD_ OE[63:32]

PAD_ OE[95:64] They are used to control pad output enable before
] T entering deep-sleep mode. Configure them before
PAD_ OE[127:96] 32h writing deep-sleep commands.

[31:0] (R/W) | PAD_ OE[223:192] e 1’b0: The pad will be as input.

PAD_ OE[255:224] e 1'b1: The pad will be as output.

For the bit relationship between PADCTRL with pin
PAD_ OE[159:128] | 32’'hT7fffffff name, see the Pin Share Table.

PAD_ OE[191:160] | 32'hfffffffa

Table 114: PAD Output Enable 1~7 Register (PADCTRL_PAD_OE1~7)

e PAD Pull Select Group 0 Register (PADCTRL_PAD_PS0) — 0x4040

Bit Name Default | Description

They are used to control pad input pull type when pull
enabled before entering deep-sleep mode. Configure
them before writing deep-sleep commands.

[31:0] (R/W) | PAD_PS[31:0] 32’h0 e 1'b0: The pad is pull-low.

e 1'b1: The pad is pull-high.

For the bit relationship between PADCTRL with pin name,
see the Pin Share Table.

Table 115: PAD Pull Select Group 0 Register (PADCTRL_PAD_PS0)
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e PAD Pull Select Group 1~5 Register (PADCTRL_PAD_PS1~5) — 0x4044~0x4054

Bit Name Default Description

PAD_ PS[63:32
- PSI ] They are used to control pad input pull type

PAD_ PS[95:64] when pull enabled before entering deep-sleep
32’h0 mode. Configure them befcre writing deep-
[31:0] PAD_ PS[127:96] sleep commands.
(R/W) PAD_ PS[159:128] e 1b0: The pad is puli-low.

e 1'b1: The pad is pull-high.

_ , For the bit relationship between PADCTRL with
PAD_ PS[191:160] 32’h4 pin name, see the Pin Share Table.

Table 116: PAD Pull Select Group 1~5 Register (PADCTRL_PAD PS1~5)

e PAD Pull Enable Group 0 Register (PADCTRL_PAD_PEQ) — 0x4058

Bit Name Default | Description

They are used to control pad input pull enabled before
entering deep-sleep mode. Configure them before writing
deep-sieep commands.

[31:0] (R/'W) | PAD_PE[31:0] 32’h0 e 1’b0: The pad pull is disabled.

¢ 1'b1: The pad pull is enabled.

For the bit relationship between PADCTRL with pin name,
see the Pin Share Table.

Table 117: PAD Pull Enable Group 0 Register (PADCTRL_PAD_PEO0)

e PAD Pull Enable Group 1~5 Register (PADCTRL_PAD_PE1~5) — 0x405¢c~0x406¢

Bit Name Default Description

PAD_ PE[63:32] They are used to control pad input pull
] enabled before entering into deep sleep
PAD_ PE[95:64] mode. You need configure them before write

32’h0
. PAD_ PE[127:96] deep-sleep command.
E?I’;/V?/]) 9 N—— e 1'b0: The pad pull is disabled.
_ PE[159:128] e 1’b1: The pad pull is enabled.
For the bit relationship between PADCTRL
PAD_ PE[191:160] 32’'h4 with pin name, please see Pin Share Table

for detail.
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Table 118: PAD Pull Enable Group 1~5 Register (PADCTRL_PAD_PE1~5)

« PAD Driving Bit 0 Register (PADCTRL_PAD_CDO0) — 0x4070

Bit Name Default Description

14:0 (RIW) | PAD_CDO | 15'hbfcb They are used to control pad driving bit0. The driving value
depends on pad cell type.

31:15 - - Reserved.

Table 119: PAD Driving Bit 0 Register (PADCTRL_PAD_CDO0)

e PAD Driving Bit 1 Register (PADCTRL_PAD_CD1) — 0x4074

Bit Name Default Description

14:0 (RW) | PAD_CD1 15'h0000 They are used to control pad driving bit1. The driving value
depends on pad cell type.

31:15 - - Reserved.

Table 120: PAD Driving Bit 1 Register (PADCTRL_PAD_CD1)

e PAD Memory Driving Register (PADCTRL_PAD_ MEMPAD) — 0x4078

Bit Name Defau!t | Description

They are used to control memory pad (x_md,
Xx_mdgs, x_mdgm) driving. The driving value
depends on the pad cell type and voltage.

When VDD=1.8v (typical):

Isink 4.9mA
CD1=0,CD0=0
Isource -3.5mA
1:0 (RIW) | PAD_MEMPAD_DATA | 2'b01 ok oBmA
CD1=0,CD0=1
Isource -7.1TmA
Isink 14.8mA
CD1=1,CD0=0
Isource -10.6mA
Isink 19.7mA
CD1=1,CD0=1
Isource -14.2mA

They are used to control memory pad (x_mclk_o,
x_mclkb_o) driving. The driving value depends on

32 (RW) | PAD_ MEMPAD CLK |2bo1 | the pad celltype and voltage.
When VDD=1.8v (typical):

|CD1=O,CDO=O| Isink | 4.9mA |
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Bit Name Default | Description
Isource -3.5mA
Isink 9.8mA
CD1=0,CD0=1
Isource -7.1mA
Isink 14.8mA
CD1=1,CD0=0
Isource -10.6mA
Isink 19.7mA
CD1=1,CD0=1
Isource -14.2mA
They are used to control memory pad (x_ma,
x_mcke, x_mwe_b, x_ mcas_b, x_mras_b, x m_ba)
driving. The driving value depends on the pad cell
type and voltage.
When VDD=1.8v (typical):
Isink 4.9mA
CD1=0,CD0=0
, Isource -3.5mA
5:4 (R/W) PAD_MEMPAD_CTRL | 2’b01
Isink 9.8mA
CD1=0,CD0=1
Isource -7.1mA
Isink 14.8mA
CD1=1,CD0=0
Isource -10.6mA
Isink 19.7mA
CD1=1,CD0=1
Isource -14.2mA
31:6 - - Reserved

Table 121: PAD Memory Driving Register (PADCTRL_PAD_MEMPAD)

Programming Guide

Flowcharts for PADMUX Configuration

The following flowcharts illustrate how the pad is configured. Every chart will have a ready state named
Normal, which indicates the SoC chip is working in a normal state.
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e Programming steps for general function pins are:

( Normal )

Yes

Disable Gpio_pad_en
{GP1O module)

Static share?

Select function resource
{sharing module)

I
L)

Specified function
gets the pad

Figure 6: Pad MUX Function Switch Flowchart

In Figure 6, “GPIO share” indicales that the pads must be either MUXed as GPIO or other function
pads before the register to disable its GPIO function is set. “Static share” means the pad function
can be freely configured.

e Programming steps for AC97/°S:

Although AC97 and I’S share the same PAD logic, however neither of which shares the same
PAD logic with GPIOs. It is therefore recommended to configure the register to either AC97 or I°S.

( Nomar )
|

Select function
(ACO7/I°S module)

Specified function
gets the pad

Figure 7: Pad MUX AC97/I’S Switch Flowchart
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e Programming steps for GPIO:

( vowar )
l

Enable gpio_pad_en
(GPIO module)

( GPIO gets the pad )

Figure 8: Pad MUX GPIO Switch Flowchart

e Programming steps for PAD Controlling registers:

The PAD control registers (PADCTRL_PAD_OUTn, PADCTRL_PAD_OEn, PADCTRL_PAD_PEn,
and PADCTRL_PAD_PSn) are used to control all PAD’s status before system entering deep-sleep
mode. The following diagram shows the PAD status changes and configures before the system
entering into Deep Sleep Mode.

Mormal Mode sie— Deep Slee
1 Mg'de 4
- 3150 5w
eman EAL State A * State Al
—— Glus —*
PAD status ¥ ;
except of memory State 8 0 1 State B x State BO ]
H-305us}
X syslem en §
¥ dram en valid \
COre poWer power on \ power off
10 power except ower on power off
of memory 11O P ‘l\—
memory 110 powar always power on

Figure 9: Pads Status before Entering Deep Sleep Mode
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The PADs status in above figure:

State A0

Memory PADs status after the last memory operation before entering Deep-Sleep mode. This
status is controlled by the memory controller.

State BO

PADs status except memory after the last PADs related function block operation before entering
the deep-sleep mode. This status is controlled by the PADs function block.

State A1
Memory PADs status corresponding to the configuration of the PAD control registers.

State B1

PADs status except memory corresponding to the configuration of the PAD control registers. It is
recommended to configure the State B1 same with the State BO for each PAD.

For the PADs status before entering into Hibernation Mode, it's not affect by the PAD control registers, as
shown in the following diagram.

NormalMode ——— yi¢ Hibermation

! Mode
|
|
memory PADs
status State AO
|
|
|
PADs status
except of memory State BO

x_system_en

x_dram_en \\

3

power on power off
core power
10 power except power on \ power off

of memory 10

——

power on power off

!

memory 1O power

Figure 10: Pads Status before Entering Hibernation Mode
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Reset Controller

Overview

The reset controller manages various reset sources in SiRFatlasV. The reset controller block controls all
resets in SiRFatlasV except for the touch screen PHY and RTC reset. RISC can access it through RISC
I/O.

Pin Descriptions

External Pin Descriptions

The following table shows the pins used in the reset controller and their functions. The reset controller
pins are multiplexed with other devices. Because the default function of the pads is GPIO, you need to
disable the corresponding GPIOx_PAD_EN if these pads are going to work in the reset controller function
mode.

Pin Name L Pin Mux Defau!t Defauit Status | Description
Type Function

X_RESET_B i

X_RESET B |1 —eoE X _RESET B | nputwithout | 5 ot on reset
MBR(bist_reset) pull
GPIO

X_GPIO_12 I GPIO Input pull-up JTAG nsrst
NSRST
GPIO

X_GPIO_14 || GPIO Input pull-up JTAG ntrst
NTRST

X_SCAN_EN | I X_SCAN_EN X_SCAN_EN Input pull-down | Scan mode enable
GPIO :

X_GPIO_8 I GPIO Input pull-up Chip warm reset.
Warm_rst

Table 122: Reset Controller External Pin Descriptions

Functional Descriptions

Reset Type

There are 7 reset types:

e Power-on reset

Power-on reset is asserted through the X _RESET_B pin which is intended to be used for power-
on reset. It is a full-chip reset so that every register on the chip (except for the system RTC and
touch screen PHY) will be reset to its default value and the content in the memory will be lost.

e nSRST reset

nSRST reset is asserted through the nSRST pin and is intended to be used for ICE reset the
entire chip. It's a full-chip reset so that every register on the chip (except for the cp14 registers in
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arm1136 and RTC, power controller and touch screen PHY) will be reset to its default value and
the content in the memory will be lost.

NnTRST reset

NTRST reset is asserted through the nTRST pin and is intended to be used for ICE reset the TAP
controller.

Bist reset

Bist-reset is asserted through the bistresetn pin that is intended to be used for cpu bist reset only.
The output pin is rst_b[35].

Software reset

There is a RESET_SWR register which can be programmed by the user to reset most of the
blocks on-chip. Users can choose to apply reset to each block separately. The assertion of
system-reset bit (bit31: SYS_RST) will reset the chip. Software reset will not cause memory data
loss.

Watchdog reset

Watchdog reset is generated when TIMER_WATCHDOG EN is set and TIMER_MATCH_5
matches the OS timer counter. The result of a Watchdog reset is the same as the System
software reset.

Warm reset
Warm reset is assert through the warm_rst b pin, the function is as blow

i. warm_rst_b goes low to tell RISC start warm reset process.
ii. warm_rst_b signal:

a. forces the memory controller to control the memory enter self-refresh mode.

b. triggers a hardware counter to delay some time to ensure memory has enter the self-
refresh mode (hardware logic will also check cke signal to make sure it has enter the self-
refresh mode).

iii. After make sure memory has enter self-refresh. Generate an internal reset signal with the
same action as watch_dog reset.

Reset Scheme

Each block in SiRFatlasV has its own reset control signal. As described above, the reset has 7 sources:
Power-on-reset, nNSRST-reset, nTRST-reset, BIST-reset, Software-reset, Watchdog-reset, and Warm
reset. The following table shows that how each module is controlled by these reset sources.

Software reset
Power-on | Warm- | Bist Watchdog

Module reset reset | reset | "TRST [ NSRST | system | Block reset
software | software
reset reset

RISC Core Yes Yes Yes No Yes Yes No Yes

RISC Yes Yes No No Yes Yes No Yes

Interface

Interrupt Yes Yes No No Yes Yes No Yes
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Module Power-on | Warm- | Bist | ,rpgT [ hSRST | Software reset Watchdog

reset reset reset reset

Controller

CLKC Yes Yes No No Yes Yes No Yes

GPSRTC Yes No No No No No No No

SYSRTC No No No No No No No No

Timer Yes Yes No No Yes Yes No Yes

Reset Yes No No No No No No No

controller

GPIO Yes Yes No No Yes Yes No Yes

Sys_tem Yes Yes No No Yes Yes No Yes

Arbiter

RISC CP14

Registers Yes No No No No No No No

Bist Logic Yes Yes Yes | No Yes Yes No Yes

RISC TAP Yes No No Yes No No No No

controller

Others Yes Yes No No Yes Yes Yes Yes

Table 123: Reset Table

Register Definitions

Register Address Mapping

Base Address

Access Type Address Mapping

RISC /O Interface 0x90070000

Table 124: Reset Controller Base Address

Register Mapping

RISC Address <11:0> Register Description

0x0000 RESET_SR Reset controller software reset register

0x0004 RESET_STATUS Reset controller status register

0x0008 RESET_SR1 Reset controller software reset register1

0x000c WARM_TIME_OUT | Warm reset timeout counter

Table 125: Reset Controller Register Mapping

August, 2010 SiRF Datasheet — Proprietary and Confidential 90



DRAFT

0ﬁ®

SiRFatlasV

SiRF AT551 Datasheet

Register Descriptions

¢ Reset Controller Software Reset Register (RESET_SWR) — 0x0000

Writing a 1 to each bit from bit30 to bitO will cause the corresponding block to be reset. Writing a 1
to the most-significant bit (SYS_RST) will cause all on-chip resources to reset except for the
Power Controller, Reset controller and RTC. Writing a 0 to the software-reset bit will clear the
corresponding reset. Special attention should be paid to restrict access to this register by
programming MMU permissions. For reserved bits, writes produce no effects.

The software reset program sequence is as follows:

— For ASYNC reset block:
a. Disable the current block.
b. Stop the clock of current block.
c. Assert the reset of the current block.
d. Release the reset of the current block.
e. Enable the clock of the current block.
f.  Enable the current block.

— For synchronizing the reset block:
a. Disable the current block.
b. Stop the clock of the current block.
c. Assert the reset of the current block.
d. Enable the clock of the current block.
e. Release the reset of the current block.
f.  Enable the current block.

This register will be reset to the default value by power-on reset only.

Bit Name Defauit | Description

0 (RIW) DSP_RST 160 E):S:e:;)tre software reset:

1 (R/W) DIFACE_RST 1’b0 DSP Interface software reset

2 (R/W) ROM_RST 1’b0 ROM Controller software reset

3 (R/W) PCI_RST 1’b0 SYS2PCI and PCI arbiter software reset
4 (R/W) DMA_RST 1’b0 DMA Controller software reset

5 (R/W) LCD_RST 1’b0 LCD Controller software reset

6 (R/W) Reserved 1’b0 Reserved

7 (R/W) GPS_RST 1’b0 GPS software reset

8 (R/W) Reserved 1’b0 Reserved

9 (R/W) NAND_RST 1’b0 NAND flash software reset

10 (R/W) | COPY_RST 1’b0 PCI COPY software reset

11 (R/W) | 12C0_RST 1’b0 I’CO software reset

August, 2010 SIRF Datasheet — Proprietary and Confidential 91

DRAFT



-~

.
whRE AT551 Datzsheot
Bit Name Default | Description
12 (R/W) | Reserved 1’b0 Reserved
13 (R/W) | CODEC_RST 1’b0 Audio Codec software reset
14 (R/W) | UARTO_RST 1’b0 UART 0 software reset
15 (R/W) | USPO_RST 1’b0 USP 0 software reset
16 (R'W) [ USP1_RST 1’b0 USP 1 software reset
17 (R/W) | SPI_RST 1’b0 SPI software reset
18 (R/W) | Reserved 1’b0 Reserved
19 (R/W) | 12C1_RST 1’b0 I’C1 software reset
20 (R/W) | VPP_RST 1’b0 VPP software reset
21 (R/W) | SDO_RST 1’b0 SD controller 0 software reset
22 (R/W) | PWM_RST 1’b0 PWM software reset
23 (R/W) | Reserved 1’b0 Reserved
24 (R/W) | UART1_RST 1’b0 UART 1 software reset
25 (R/W) | Reserved 1’b0 Reserved
26 (R/W) | SD1_RST 1’b0 SD controlier 1 software reset
27 (R/W) | USBOTG_RST 1’b0 USBOTG software reset
28 (R/W) | Reserved 1’b0 Reserved
29 (R/W) | Reserved 1’b0 Reserved
30 (R/W) | Reserved 1’b0 Reserved
System software reset (including all blocks except the power
31 (R/W) | SYS_RST 1’b0 %oglt(r)c;l.ler, resource sharing controller, real time clock, and

Table 126: Reset Controller Software Reset Register

o Reset Controller Status Register (RESET_STATUS) — 0x0004
Users can use the reset controller to reset status register (RESET_STATUS) and to determine the

last cause or causes of the reset.

Each RESET_STATUS status bit is set by a different reset sources and can be cleared by writing
a 0 back to that bit. After Power-on reset, all status bits will be zero except for the HWR bit. For
reserved bits, writes will be ignored and reads will return zeroes.

Bit Name | Default | Description
0(RW) |HWR | 1b1 Hardware reset:
0: Hardware reset has not occurred since the last time CPU cleared this
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Bit Name | Default | Description
bit.
1: Hardware reset has occurred since the last time CPU cleared this bit.
Software reset:
1(RW) | SWR | 1b0 gi:tSoftware reset has not occurred since the last time CPU cleared this
1: Software reset has occurred since the last time CPU cleared this bit.
Watchdog reset:
2 (RW) | WDR | 1'b0 gi:tWatchdog reset has not occurred since the last time CPU cleared this
1: Watchdog reset has occurred since the last time CPU cleared this bit.
Warm reset:
3(RW) [WMR | 1'b0 0: Wam reset has not occurred since the last time CPU cleared this bit.
1: Wam reset has occurred since the last time CPU cleared this bit.
4 (R) - - Reserved
\l\//IVAR Warm reset timeout:
5 (R) Reset | 1b0 0: The last is warm reset and memory is in selfrefresh mode now.
Timeo 1: The last is not a successful warm reset and the memory is not in
ut selfrefresh mode now.
31:6 - 26'h0 Reserved

Table 127: Reset Controller Status Register

e Reset Controller Software Reset Register 1 (RESET_SWR1) — 0x0008
This register will be reset to default value by power-on reset only.

Bit Name Default | Description

0 (R/W) MEM_RST 1’b0 Memory controller software reset
1 - - Reserved

2 (R/W) TSCIF_RST 1’b0 TSC interface software reset
3.(R/W) DAC_RST 1’b0 DAC interface software reset.
31:4 - - Reserved

Table 128: Reset Controller Software Reset Register 1
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e Warm Reset time out Counter (WARM_TIME_OUT) — 0x000C

Bit Name Default | Description

Warm reset time out counter:

This register will decrease from the default value or
the set value (the value can be set by RISC).
When the counter is decreased to 0, a warm reset
will occur even if the memory did not enter self
refresh mode.

This register will be set to the default value after a
warm reset.

31:0 (R'W) | WARM_TIME_OUT_CNT | 32'h50

Table 129: Warm Reset Timeout Counter Register

Interrupt Controller

Overview

In the SiRFatlasV processor, both the RISC and the DSP core can accept external interrupts. In addition,
RISC and DSP can interrupt each other. The RISC core contains two external interrupt inputs, FIQ and
IRQ. FIQ allows for fast interrupt processing by providing five additional dedicated general-purpose
registers. The DSP core on the other hand, has up to six external interrupt pins, IRQ2n, IRQ1n, IRQON,
IRQL1n, IRQLON, and IRQEN. The interrupt controller will collect external interrupts and MUX them to
DSP and RISC. Then both DSP and RISC can access the interrupts through DSP I/O or RISC I/O access.

Feature List

o Supports RISC and DSP interrupt
e Supports RISC FIQ and IRQ Level select
e  Supports interrupt priority with interrupt ID in RISC interrupt

Functional Descriptions

Block Diagram

The interrupt hierarchy of SiRFatlasV is a two-level structure. The first level is responsible for the
masking/unmasking of all enabled interrupts and sends the interrupt to the processor; the second level is
implemented in the source device (the device generates the first level interrupt bit). The second-level
interrupt status register gives additional information about the interrupt and is used inside the service
routine. The enabling of interrupts is performed inside the source device.

For RISC, the first level of structure is represented by the interrupt controller IRQ pending register
(INT_IRQ_PENDING) and the interrupt controller FIQ pending register (INT_FIQ_PENDING). The
INT_IRQ_PENDING register contains the interrupts programmed to generate an IRQ interrupt, whereas
the INT_FIQ_PENDING register contains all valid interrupts programmed to generate an FIQ interrupt.
The routing is programmed via the RISC interrupt controller level register (INT_RISC_LEVEL).

The following diagram illustrates the RISC part of the interrupt controller block. For the DSP part, it is
similar but not included in the diagram below:
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Figure 11: Block Diagram of the Interrupt Controller (RISC)

For DSP interrupts, the RISC—DSP interrupt is connected to IRQ1n and the FFT interrupt is connected to
IRQLON. The GPS interrupt is connected to IRQ2n and IRQ0N

For other interrupt sources, IRQL1n is used for low-level sensitive interrupts of the DSP core. This is a
simpler process compared to RISC, because all qualified interrupt bits will be stored in the interrupt
controller pending registers (INT_PENDINGO and INT_PENDING1). DSP can read the corresponding
interrupt pending registers followed by the status register in the device. It uses a different interrupt mask
register from RISC so that DSP can be interrupted independently by different sources with RISC.

yvy

Figure 12: Block Diagram of the Interrupt Controller (DSP)

Interrupt mechanism

The interrupt source should be synchronous with two level flip-flop (clock is system clock), because the
interrupt source maybe be generated from a different clock domain. Therefore there will be a three-clock
(system clock) latency between interrupt source and the interrupt signal that connect to CPU (IRQ or FIQ).

The interrupt signal that is connected to CPU will be cleared after three clock cycle (system clock), when
the CPU clears the interrupt source by writing to the interrupt status registers.
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Therefore, after the CPU clears the interrupt source, it must wait at least three system clock cycles before
it exits the ISR or the CPU will reenter the ISR with the same interrupt.

The DSP cannot check the GPIO interrupt pending through INT_PENDINGXx register. Therefore if the
DSP accepts the interrupt, check the interrupt status registers in GPIO block instead.

Register Definitions

Register Address Mapping

Base Address

Access Type Address Mapping

DSP I/O interface 0x000

RISC I/O Interface 0x90020000

Table 130: Interrupt Controller Base Address

Register Mapping

RISC Address | DSP Address . o

<11:0> <6:0> Register Description

0x0000 0x00~01 INT_PENDINGO Read only. , '

- RISC Interrupt Pending Register 0

0x0004 0x02~03 INT_PENDING1 Read only. , '
RISC Interrupt Pending Register 1
Read only.

0x0008 - INT_IRQ_PENDINGO IRQ Pending Register 0
Default: 0x00000000
Read only.

0x000C - INT_IRQ_PENDING1 IRQ Pending Register 1
Default: 0x00000000
Read only.

0x0010 - INT_FIQ_PENDINGO FIQ Pending Register 0
Default: 0x00000000
Read only.

0x0014 - INT_FIQ_PENDING1 FIQ Pending Register 1
Default: 0x00000000

0x0018 INT_RISC_MASK0 | NISC Mask Register 0

X —— Default: 000000000
0x001C INT_RISC_MASKA RISC Mask Register 1
X —— Default: 000000000
0x0020 - INT_RISC_LEVELO RISC Level Register 0
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RISC Address | DSP Address Regist D ioti
<11:0> <6:0> egister escription
Default: 0x00000000
0x0024 ; INT_RISC_LEVELY | RISC Level Register 1
- - Default: 0x00000000
DSP Mask Register 0
0x0028 0x14~15 INT_DSP_MASKO
- - Default: 0x00000000
0x002C 0x16~17 INT_DSP_MASK1 DSP Mask Register 1
- - Default: 0x00000000
DSP access enable.
This register is a read-only register for
0x0030 0x18 INT_DSP_ACCEN DSP.
Only RISC can read or write to it.
Default: 0x00000000
This is a read-only register, it contains
0x0034 0x20 CHIP_ID the CHIP ID.
Default: Depending on chip version
0x0038 - INT_ID_IRQ Interrupt ID of IRQ
0x003c - INT_ID_FIQ Interrupt ID of FIQ
Others Others - Reserved

Table 131: Register Mapping

Register Descriptions

e Interrupt Controller Pending Register O (INT_PENDING) — RISC: 0x0000 DSP: 0x00~0x01

The INT_PENDINGO is a 32-bit read-only register that shows all active interrupts in the system.
These bits are not affected by the state of the mask register. The following table shows the
pending interrupt source assigned to each bit position in the INT_PENDINGO. For more details on
the second-level interrupts, please read the relevant section.

Bits within INT_PENDINGO are read-only, and represent the logical OR of status bits for a given
interrupt within the source unit. Once an interrupt has been serviced, the handler will clear the
pending interrupt at the source by writing a 1 to the necessary status bit. Clearing the interrupt
status bit at the source will automatically clear the corresponding INT_IRQ_PENDING and
INT_FIQ_PENDING flag unless there are no other interrupt status bits set within the source unit.
All interrupt source status bits are cleared by writing a 1 to them. Writing a 0 to an interrupt status
bit produces no effects.

The default value is unknown upon power on.

NOTE - Writing 1 to this register bit will generate an interrupt (only for testing purpose).
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Bit Source Module Description Sensitive Type
0 (R) OS Timer 0 interrupt request Level
1(R) Timer OS Timer 1 interrupt request Level
2 (R) OS Timer 2 interrupt request Level
3 (R) CPU TCM interrupt request Level
4 (R) Reserved Reserved Level
5 (R) Reserved Reserved Level
6 (R) GPS service request Level
7 (R) GPSDSP DSP to RISC interrupt request Level
8 (R) FFT interrupt request Level
9 (R) Reserved Reserved Level
10 (R) USBOTG USBOTG interrupt request Level
11 (R) DMA Controller DMA Controller interrupt request Level
12 (R) Reserved Reserved Level
13 (R) SPI Serial Port interrupt request Level
14 (R) Reserved Reserved Level
15 (R) UARTO UARTO interrupt request Level
16 (R) UART1 UART1 interrupt request Level
17 (R) Reserved Reserved Level
18 (R) USPO USPO interrupt request Level
19 (R) USP1 USP1 interrupt request Level
20 (R) SD1 SD controller 1 interrupt request Level
21 (R) I’c I’c interrupt request Level
22 (R) CPU interface interrupt request Level
23 (R) SYSARSB interrupt request Level
24 (R) Memory controller interrupt request Level
System
25 (R) SYS2PCI interrupt request Level
26 (R) IOBG interrupt request Level
27 (R) PCIARB interrupt request Level
28 (R) PMUIRQ ARM PMU interrupt request Level
29 (R) LCD Controller LCD Controller interrupt request Level
30 (R) VPP VPP interrupt request Level
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Bit Source Module Description Sensitive Type
31 (R) PWRC Power controller interrupt request. Level

Table 132: Interrupt Controller Pending Register 0

Interrupt Controller Pending Register 1 (INT_PENDING1) — RISC: 0x0004 DSP: 0x02~0x03

Bit Source Module Description Sensitive Type
0 (R) TSCIF TSC interface interrupt request Level

1(R) CODEC CODEC interrupt request Level

2 (R) ROMIF ROMIF interrupt request Level

3 (R) Reserved Reserved Level

4 (R) SDO SD controller 0 interrupt request Level

5 (R) PCI_COPY PCI COPY interrupt request Level

6 (R) NAND Flash NAND flash interrupt request Level

7 (R) GPIOQ interrupt request Configurable
8 (R) GPIO1 interrupt request Configurable
9 (R) GPIO GPIO2 interrupt request Configurable
10 (R) GPIOS interrupt request Configurable
11 (R) GPIO4 interrupt request Configurable
12 (R) OS timer 3 interrupt request Level

13 (R) Timer OS timer 4 interrupt request Level

14 (R) OS timer 5 interrupt request Level

15 (R) RTC-ALARM 0 interrupt request Level

16 (R) RTC-TIC interrupt request Level

17 (R) RTC-ALARM 1 interrupt request Level

18 (R) RTC GPSRTC-ALARM 0 interrupt request Level

19 (R) GPSRTC-ALARM 1 interrupt request Level

20 (R) GPSRTC-TIC interrupt request Level

21 (R) Reserved Reserved Level

31:22 - Reserved

Table 133: Interrupt Controller Pending Register 1
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Interrupt Controller IRQ/FIQ Pending Register (INT_IRQ_PENDINGO~1/INT_FIQ_PENDINGO0~1)
— RISC: 0x0008~0x000C/0x0010~0x0014

INT_IRQ_PENDING and INT_FIQ_PENDING both contain one flag per interrupt that indicates an
interrupt request has been made by a unit. Inside the interrupt service routine, the
INT_IRQ_PENDING and INT_FIQ_PENDING registers are read by RISC to determine the
interrupt source. In general, software will then read the status registers within the interrupted
device to determine how the interrupt should be serviced.

The following table lists the bit locations corresponding to the interrupt pending status flags in
INT_IRQ_PENDING. Then the following table will show the bit locations corresponding to the
interrupt pending status flags in the INT_FIQ_PENDING register. These are read-only registers.

Bit

Name

Default

Description

31:0 (R)

IRQ0<31:0>

32'h0

IRQ pending bits:
0: No interrupt pending
1: Interrupt pending

Table 134: INT_IRQ_PENDINGO - RISC 0x0008

Bit Name Default Description
IRQ pending bits:
20:0 (R) | IRQ1<20:0> | 21’h0 0: No interrupt pending
1: Interrupt pending
31:21 - 11’h0 Reserved

Table 135: INT_IRQ_PENDING1 - RISC 0x000C

Bit Name Default Description
F1Q pending bits:

31:0 (R) | FIQ0<31:0> | 32'h0 0: No interrupt pending
1: Interrupt pending

Table 136: INT_FIQ_PENDINGO - RISC 0x0010

Bit Name Default Description
F1Q pending bits:
20:0 (R) | FIQ1<20:0> | 21'h0 0: No interrupt pending
1: Interrupt pending
31:21 - 11°’h0 Reserved

Table 137: INT_FIQ_PENDING1 - RISC 0x0014
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Interrupt Controller RISC Mask Register (INT_RISC_MASK) — RISC: 0x0018~0x001C

Mask bits serve two purposes. First, they allow periodic software polling of interruptible sources
while preventing them from actually causing an interrupt. Second, they allow the interrupt handler
routine to prevent interrupts of lower priority from occurring while still maintaining a list of pending

interrupts that may have occurred previously or during the servicing of another interrupt

The INT_RISC_MASK is not initialized at reset. A question mark indicates that the values are
unknown at reset. The following table shows the bit locations corresponding to interrupt mask bits.

Bit Name Default | Description
RISC interrupts mask bits:
31:0 (W/R) | RM0<31:0> | 32'h0 0: Pending interrupt is masked from becoming active.

1: Pending interrupt is allowed to become active.

Table 138: INT_RISC_MASKO - RISC 0x0018

Bit Name Default | Description
RISC interrupts mask bits:
20:0 (W/R) | RM1<20:0> | 21°h0 0: Pending interrupt is masked from becoming active.
1: Pending interrupt is allowed to become active.
31:21 11’h0 Reserved.
Table 139: INT_RISC_MASK1 - RISC: 0x001C

e Interrupt RISC LEVEL Register (INT_RISC_LEVELO/INT_RISC_LEVEL1>) - RISC:

0x0020/0x0024
Bit Name Default | Description
RISC interrupts level bits:
31:0 (W/R) | RM0<31:0> [ 32'h0 0: The interrupt level is IRQ.
1: The interrupt level is FIQ.

Table 140: INT_RISC_LEVELO - RISC: 0x0020

Bit Name Default | Description
RISC interrupts level bits:
20:0 (W/R) | RM1<20:0> | 21°’h0 0: The interrupt level is IRQ.
1: The interrupt level is FIQ.
31:21 11’h0 Reserved.

Table 141: INT_RISC_LEVEL1 - RISC: 0x0024
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e Interrupt Controller DSP Mask Register O(INT_DSP_MASKO0) — RISC: 0x002C, DSP: 0x14~0x15

Bit Name Default Description

DSP interrupts mask bits:
31:0 (R) | DM0<31:0> 32'h0 0: Pending interrupt is masked from becoming active.
1: Pending interrupt is allowed to become active.

Table 142: Interrupt Controller DSP Mask Register 0

e Interrupt Controller DSP Mask Register 1(INT_DSP_MASK1) — RISC: 0x002C, DSP: 0x16~0x17
The definition of each bit is the same as the above.

Bit Name Default Description

DSP interrupts mask bits:

20:0 (W/R) | DM1<20:0> 21’h0 0: Pending interrupt is masked from becoming active.
1: Pending interrupt is allowed to become active.
31:21 11’h0 Reserved.

Table 143: Interrupt Controller DSP Mask Register 1

e Interrupt DSP Access Enable Register (INT_DSP_ACCEN) — RISC: 0x0030, DSP: 0x18

By default, all the register can only be written to RISC only. In order for DSP to write the
INT_DSP_MASK register, INT_DSP_ACCEN register should be set by RISC.

Bit Name Default | Description
0 (W/R) | DSP_EN 1’b0 DSP Access enable
31:1 - 31°’h0 Reserved

Table 144: Interrupt DSP Access Enable Register

e Chip ID Register (CHIP_ID) — RISC: 0x0034, DSP: 0x020
This register is read-only, it contain the CHIP ID for different chip versions.

Bit Name Default Description
15:0 (R) | CHIP_ID<15:0> | 16’h1230 | CHIP ID
31:16 - - Reserved

Table 145: Chip ID Register
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e Interrupt Controller ID Register (INT_ID_IRQ) — RISC: 0x0038

The Interrupt Controller IRQ ID register returns the IRQ interrupt ID from the pending interrupts.
Each time RISC reads this register, it will return the highest priority enabled pending interrupt.

Bit Name Default | Description
7:0 INT_ID_IRQ<7:0> 8’hff Interrupt ID of IRQ
31:8 - - Reserved

Table 146: Interrupt Controller ID Register

e Interrupt Controller ID Register (INT_ID_FIQ) — RISC: 0x003C

The Interrupt Controller FIQ ID register returns the FIQ interrupt ID from the pending interrupts.
Each time RISC reads this register, it will return the highest priority enabled pending interrupt.

Bit Name Default | Description
7:0 INT_ID_FIQ<7:0> 8’hff Interrupt ID of FIQ
31:16 - - Reserved

Table 147: Interrupt Controller ID Register

The following table provides detailed information about the priority and descriptions for each ID
(the smaller the ID value, the higher the interrupt priority).

ID Value | Description

0 Interrupt from TIMERO

1 Interrupt from TIMER1

2 Interrupt from TIMERZ2

3 Interrupt from TCM

4 Reserved

5 Reserved

6 Interrupt from GPS

7 Interrupt from DSP to RISC
8 Interrupt from FFT

9 Reserved

10 interrupt from USB

11 Interrupt from DMA

12 Reserved
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ID Value | Description

13 Interrupt from SPI

14 Reserved

15 Interrupt from UARTO

16 Interrupt from UART1

17 Reserved

18 Interrupt from USPO

19 Interrupt from USP1

20 Interrupt from SD controller 1

21 Interrupt from I°C

22 Interrupt from RISC_I/F

23 Interrupt from SYSARB

24 Interrupt from MEM_CTRL

25 Interrupt from SYS2PCI

26 Interrupt from IOBG

27 Interrupt from PCIARB

28 Interrupt from CPU_PMU

29 Interrupt from LCD

30 Interrupt from VPP

31 Interrupt from PWRC

32 Interrupt from TSCIF

33 Interrupt from Codec

34 Interrupt from ROMIF

35 Reserved

36 Interrupt from SD controller 0

37 Interrupt from PCI_COPY

38 Interrupt from NAND

39 Interrupt from GPIO0

40 Interrupt from GPIO1

41 Interrupt from GPIO2

42 Interrupt from GPIO3

43 Interrupt from GPIO4
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ID Value | Description

44 Interrupt from Timer 3

45 Interrupt from Timer 4

46 Interrupt from Timer 5

47 Interrupt from RTC-ALARM 0

48 Interrupt from RTC-TIC

49 Interrupt from RTC-ALARM 1

50 Interrupt from GPSRTC- ALARM 0
51 Interrupt from GPSRTC-ALARM 1
52 Interrupt from GPSRTC-TIC

53 Reserved

Table 148: Interrupt Priority and ID Table

INT_PENDING, INT_IRQ_PENDING, INT_FIQ_PENDING, INT_DSP_PENDING are all read-only
registers, they only perform combinational logic of interrupt inputs from each internal block. To clear the
interrupt, the interrupt in the block needs to be cleared, which will also generate an interrupt. These
registers will change as soon as the interrupt signal from the internal block is changed.

The INT_FIQ_PENDING register is created by INT_PENDING, INT_RISC_MASK, and
INT_RISC_LEVEL.

If the value in other registers is changed, then INT_ FIQ _PENDING will also be changed. This requires
special attention from the user. While in an interrupt routine a user writes the INT_RISC_MASK register to
mask the interrupt from certain blocks, INT_FIQ _PENDING will also be changed to 0. As a result, users
may not be able to read this register io determine interrupt status. Instead users should read the
INT_PENDING register.

The INT_IRQ_PENDING register is created by INT_PENDING, INT_RISC_MASK, and
~INT_RISC_LEVEL.

If the value in other registers is changed, then INT_IRQ_PENDING will also be changed. This requires
special attention from the user in that while in an interrupt routine a user writes the INT_RISC_MASK
register to mask the interrupt from certain blocks, INT_IRQ_PENDING will also be changed to 0. As a
result, users may not be able to read this register to determine the interrupt status. Instead users should
read the INT_PENDING register.

OS Timer

Overview

SiRFatlasV provides six OS timers which can be programmed independently. These OS timers are
generated by a 64-bit counter (TIMER_COUNTER), which is clocked by a non-system clock. The
frequency of this clock can be set by configuring the TIMER DIV register. If the value of
TIMER_COUNTER matches any one of the 6 timers, then an interrupt may be generated to the RISC if
the corresponding enable bit is set.

August, 2010 SiRF Datasheet — Proprietary and Confidential 105

DRAFT



oﬂa
SiRFatlasV

SiRF AT551 Datasheet

The 6" timer can also act as a Watchdog timer when the Watchdog mode is enabled. In this mode, when
this timer matches TIMER_COUNTER value (lower 32 bits), a watchdog event will be generated to reset

most of the on-chip modules.

Feature List

e Six programmable OS timers
e  64-bit timer counter
e Watchdog timer

Register Definitions

Register Address Mapping

Access Type Address Mapping

RISC /O Interface 0x90050000

Table 149: OS Timer Base Address

RISC Address <11:0> Register Description

0x0000 TIMER_COUNTER_LO OS Timer Counter Low Register
0x0004 TIMER_COUNTER_HI OS Timer Counter High Register
0x0008 TIMER_MATCH_O OS Timer Match Register 0
0x000C TIMER_MATCH_1 OS Timer Match Register 1

0x0010 TIMER_MATCH_2 OS Timer Match Register 2

0x0014 TIMER_MATCH_3 OS Timer Match Register 3

0x0018 TIMER_MATCH_4 OS Timer Match Register 4
0x001C TIMER_MATCH_5 OS Timer Match Register 5

0x0020 TIMER_STATUS OS Timer Status Register

0x0024 TIMER_INT_EN OS Timer Interrupt Enable Register
0x0028 TIMER_WATCHDOG_EN | OS Timer Interrupt Enable Register
0x002C TIMER_DIV OS Timer Division Register

0x0030 TIMER_LATCH OS Timer Latch Register

0x0034 TIMER_LATCHED_LO OS Timer Latched Low Register
0x0038 TIMER_LATCHED_HI OS Timer Latched High Register

Table 150: OS Timer Register Mapping
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Register Descriptions

OS Timer Counter Low Register (TIMER_COUNTER_LO) — 0x0000

The low register of the OS timer counter is the low 32-bit of the 64-bit-counter that increments on
rising edges of the timer clock. This counter can be read or written at any time. It is recommended
that this register be set to write-protected through the MMU protection mechanismis.

Bit

Name Default Description

31:0 (RIW)

CN<31:0> | 32'h0 OS Timer counter low 32-bit value

Table 151: OS Timer Counter Low Register

OS Timer Counter High Register (TIMER_COUNTER_HI) — 0x0004

The OS timer count high register is the high 32-bit of the 64-bit-counter that increments on rising
edges of the timer clock. This counter can be read or written at any time. It is recommended that
this register be set to write-protected through the MMU protection mechanisms.

Bit

Name Default Description

31:0 (RIW)

CN<63:32> | 32'h0 OS Timer counter high 32-bit value

Table 152: OS Timer Counter High Register

OS Timer Match Register 0-5 (TIMER_MATCH_x) — 0x0008~0x001C

These registers are 32 bits wide and are accessible by the RISC. They are compared with the
lower 32-bit of TIMER_COUNTER following every timer clock cycle. If any of these registers
matches the counter, then the corresponding status bit in the TIMER_STATUS will be set.

Bit

Name Default Description

31:0 (RIW)

MA<31:0> | 32'h0 OS Timer match value

Table 153: OS Timer Match Reaister 0-5
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OS Timer Status Register (TIMER_STATUS) — 0x0020

These bits are set when the Timer match event occurs and cleared by writing a one to it. Writing
zeros to this register produces no effects. All reserved bits are read as zeros and are unaffected

by the write operation.

Bit

Name

Default

Description

0 (R/W)

MO

1'b0

Match status channel 0.

0: The OS timer match register<0> has not matched the OS timer
counter since it was last cleared.

1: The OS timer match register<0> has matched the OS timer counter.

1 (RIW)

M1

1'b0

Match status channel 1.

0: The OS timer match register<1> has not matched the OS timer
counter since it was last cleared.

1: The OS timer match register<1> has matched the OS timer counter.

2 (RIW)

M2

1'b0

Match status channel 2.

0: The OS timer match register<2> has not matched the OS timer
counter since it was last cleared.

1: The OS timer match register<2> has matched the OS timer counter.

3 (RIW)

M3

1'b0

Match status channel 3.

0: The OS timer match register<3> has not matched the OS timer
counter since it was last cleared.

1: The OS timer match register<3> has matched the OS timer counter.

4 (RIW)

M4

1'b0

Match status channel 4.

0: The OS timer match register<4> has not matched the OS timer
counter since it was last cleared.

1: The OS timer match register<4> has matched the OS timer counter.

5 (R/W)

M5

1'b0

Match status channel 5.

0: The OS timer match register<5> has not matched the OS timer
counter since it was last cleared.

1: The OS timer match register<5> has matched the OS timer counter.

31:6

26'h0

Reserved.

Table 154: OS Timer Status Register
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e OS Timer Interrupt Enable Register (TIMER _INT_EN) — 0x0024

Each match register has a corresponding enable bit. Clearing an enable bit will prevent the

corresponding interrupt status bit being generated in TIMER_STATUS register.

Bit Name | Default | Description
Interrupt enable channel 0.

ORM) B0 100 | or 0 and the OS timer to assert miemupt btMOIn
TIMER_STATUS.

1 (RW) | E1 1'b0 Interrupt enable channel 1

2 (RW) [ E2 1'b0 Interrupt enable channel 2

3(RW) [ES3 1'b0 Interrupt enable channel 3

4 (R/W) | E4 1'b0 Interrupt enable channel 4

5((R/W) | E5 1'b0 Interrupt enable channel 5

31:6 - 26'h0 Reserved

Table 155: OS Timer Interrupt Enable Register

e OS Timer Watchdog Enable Register (TIMER_WATCHDOG_EN) — 0x0028

Bit Name Default Description
WME1 Watchdog match enable.
0 (R/W) 100 0: The OS timer match register<5> does not cause a watchdog reset.
1: The OS timer match register<5> causes a reset.
31:1 - 31'h0 Reserved
Table 156: OS Timer Watchdog Enable Register

e OS Timer Division Register (TIMER_DIV) — 0x002C

To generate the timer clock, the clock input needs to be divided from the system clock domain.

TIMER_DIV = (SYS_CLK/TIMER_CLK)/2 -1
Bit Name Default | Description
15:0 (R/W) | DIV<15:0> | 16'h0 OS timer clock division
31:16 - 16'h0 Reserved

Table 157: Timer Division Register
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e OS Timer Latch Register (TIMER_LATCH) — 0x0030

When user writes 1’b1 into this register bit, the value of the current OS timer counter will be
latched into TIMER_LATCHED_LO and TIMER_LATCHED_HI.

Bit Name Default Description
0 (W) LATCH 1'b0 OS Timer Counter latch
31:1 (RW) | - 31'h0 Reserved

Table 158: OS Timer Latch Register

¢ OS Timer Latched Low Register (TIMER_LATCHED_LO) — 0x0034

The OS timer latched low register is the low 32-bit value of the 64-bit counter that latched when
users write a 1’b1 into the TIMER_LATCH register.

Bit Name Default Description

31:0 (R/W) | LA<31:0> [ 32'h0 The low 32-bit latched value

Table 159: OS Timer Latched Low Register

e  OS Timer Latched High Register (TIMER_LATCHED_HI) — 0x0038

The OS timer latched high register is the high 32-bit value of the 64-bit counter that latched when
users write a 1’b1 into the TIMER_LATCH register.

Bit Name Default Description

31:0 (R/W) | LA<63:32> | 32'h0 The high 32-bit latched value

Table 160: OS Timer Latched High Register
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RTC
Overview

System RTC and GPS RTC are provided in SiRFatlasV, but the two timers are for different purposes and
have different precision requirements.

Feature List

e RISC/DSP I/O interface
o Different power modes supported: normal, deep sleep, hibernation
e RTC: SYS_RTC, GPS_RTC

Pin Description

External Pin Descriptions

Pin Name /[o] Pin Default Default Description
Type Mux Function | Status
XINW Input - - - RTC clock input
XOUTW Output | - - - RTC clock output
X_RTC_RST B | Input ) ) ) S_ystem RTC will be reseted by this
signal
X_RESET B Input ) ) v SigPr?alRTC will be reseted by this

Table 161: External Pins of RTC

Functional Descriptions
Module Descriptions

System RTC

There is a programmable 16-bit divider (RTC_DIV) that divides the input 32.768KHz clock to the
frequency that users need (E.g. 1 Hz). The divided real-time clock will be used to drive a 32-bit counter
(RTC_COUNTER) that provides users with the actual time.

In each cycle of the divided real-time clock, there is a Hertz interrupt generated to the RISC. Users can
also configure an alarm (RTC_ALARM). When RTC_COUNTER matches the alarm, there will be an
alarm interrupt generated to the RISC.

The system RTC can generate an alarm wake-up signal to notify the power controller to wake up from
deep-sleep/hibernation mode.
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GPS RTC

There are 3 stages for GPS RTC block:

e Clock source select
e Clock divider
e Counting

There is a 2-to-1 MUX for selecting different clock sources:

e 32.768KHz input
e TCXO input from GPS RF

Xinw
clkmux » Gps ric
RF clk
P —
[

Figure 13: Clock Source MUX

There are two register bits for MUX to choose a clock source and the register bits are configured by

software. Configuration will vary according to the scenario adopted in the system.

A clock divider follows the 2-to-1 MUX. The purpose of the clock divider is to divide the clock output of the
2-to-1 MUX to a lower frequency clock so that it can be used by the internal logic of GPS RTC. The
divider is also a 16-bit programmable register. Different sources have different dividers, and different duty

cycles for GPS may also have different divider configurations.

The GPS RTC function is described as follows:

o General requirements:

The divided clock is used to drive a 32-bit counter that provides the GPS sub-system with an
accurate time.

GPS RTC may also be used as system RTC, it needs to implement all function required by the
system RTC. In each cycle of the divided real-time clock, there is a Hertz interrupt generated to
the RISC. For configuring an alarm, use AGPS_RTC_ALARM. When AGPS_RTC_COUNTER
matches the alarm, there will be an alarm interrupt generated to the RISC. The interrupt to RISC
can also be masked off.

Special requirements:
GPS RTC register can be accessed both by RISC and DSP.

The GPS baseband is generating interrupts at every 1ms while the GPS is running. There is a 32-
bit register in the GPS RTC block which can be used to latch the GPS RTC timer counter when
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the baseband interrupt is generated. The 1ms interrupt may exist for several cycles. The latched
data should be from the 1st cycle in which the interrupt is asserted.

ZASAS

RTC counter register = D

Q > G4-bit regisiar

Ims GPS BB interrupt

»| Den U

Figure 14: GPS Diagram for Counter Saving

Function Modes

¢ Normal mode:
Both the SYS_RTC and the GPS_RTC module work in power-on state.

o Deep-sleep and hibernation mode:
SYS_RTC module is powered on.

Register Definitions

Register Address Mapping

Base Address

Access Type Address Mapping
SYS_RTC register base address through RISC I/O 0x90068000
GPS_RTC register base address through RISC 1/O 0x90064000
SYS_RTC register base address through DSP 1/O 0xa0

GPS_RTC register base address through DSP 1/0O 0x80

Table 162: RTC Interface Address Mapping
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Register Mapping

Eﬁ%f S 518 1F:‘0A>ddress Register Description

SYS_RTC

0x0000 0x01~0x00 RTC_COUNTER RTC counter register

0x0004 0x03~0x02 RTC_ALARMO RTC alarmO register

0x0008 0x05~0x04 RTC_STATUS RTC status register

0x000C 0x07~0x06 RTC_DIV RTC division register

0x0010 - - Reserved

0x0014 - - Reserved

0x0018 0x0d~0x0c RTC_ALARM1 RTC alam1 register

0x001c 0x0f~0x0e RTC_CLOCK_SWITCH RTC clock switch

GPS_RTC

0x0000 0x01~0x00 RTC_GPS_COUNTER RTC counter register for GPS

0x0004 0x03~0x02 RTC_GPS_ALARM RTC alam register for GPS

0x0008 0x05~0x04 RTC_GPS_STATUS RTC status register for GPS

0x000C 0x07~0x06 RTC_GPS_DIV RTC division register for GPS

0x0010 0X09~0x08 RTC GPS_LATCH g T > lich registar for

0x0014 - - Reserved

0x0018 0x0d~0x0c RTC_GPS_ALARM1 RTC alarm1 register

0x001c 0x0f~0x0e RTC_GPS_CLOCK_SWITCH | RTC clock switch

CPU_IO_BRIDGE

0X0000 - CPUIOBG_BE_SYNCING rF;'gSigt;/ro Bridge syncing

DSP 10 BRIDGE

; 0%00 DSPIOBG_BE_SYNCING E;zf;t'é? Bridge syncing

Table 163: RTC Register Mapping

The register definition for RTC of GPS is the same as the system RTC from RTC_GPS_COUNTER to

RTC_GPS_DIV.

All the SYSRTC register has no default value since SYSRTC has no any reset source, and for GPSRTC

the registers only can be reset by X RESET_B.
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Register Descriptions

e RTC Counter Register (RTC_COUNTER) — 0x0000

The RTC counter register (RTC_COUNTER) is a read/write register. The counter may be written
by the RISC at any time.

NOTE —Because of ASYNC, the counter register read operation has some limitaticns. The
SYS_CLK frequency should be eight times the counter toggle rate. For example: the
GPSRTC uses RF_CLK (16.368MHZ) as clock source, and the divide register is set to 0,
which means the lowest frequency of SYS_CLK is (16.368/2)*8 = 65.472 MHZ.

Bit Name Default Description

31:0 (R/W) CN<31:0> | 32'h0 Real-time Counter value

Table 164: RTC Counter Register

e RTC Alarm0 Register (RTC_ALARMO0) — 0x0004
The real-time clock alarm register is a 32-bit register accessible by RISC.

In each cycle of the divided real-time clock, this register is compared to RTC_COUNTER. If they
are matched and the enable bit (ALE) is set, then the alarm bit in the RTC status register will be
set.

Bit Name Default | Description

31:0 (R'W) AL<31:0> | 32'h0 Alarm0O value

Table 165: RTC Alarm0 Register

e RTC Status Register (RTC_STATUS) — 0x0008
Writing 1’s to AL and HZ will clear the bits.

Bit Name Default | Description

RTC alarmO detected:

0: No alarm has been detected.

1: An alarm has been detected (RTC Counter matches RTC_ALARM).
The interrupt is also a wake-up source.

0 (RW) | ALO 160

1 Hz rising-edge detected:
1 (RW) | HZ 1'b0 0: No rising edges have been detected.
1: A rising edge has been detected.

RTC alarmO interrupt enable:
2 (R/W) | ALOE 1'b0 0: RTC alarm interrupt is not enabled.
1: RTC alarm interrupt is enabled.

3 (RW) | HZE 1'b0 1 Hz interrupt enable:
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Bit Name Default | Description
0: The 1-Hz interrupt is not enabled.
1: The 1-Hz interrupt is enabled.
RTC alarm1 detected:
0: No alarm has been detected.
4 (R/W) | AL1 1'b0
1: An alarm has been detected (RTC Counter matches RTC_ALARM).
The interrupt is also a wake-up source.
5 - - Reserved
RTC alarm1 interrupt enable:
6 (R/W) | AL1E 1'b0 0: RTC alarm interrupt is not enabled.
1: RTC alarm interrupt is enabled.
31:7 - - Reserved.

Table 166: RTC Status Register

e RTC Division Register (RTC_DIV) - 0x000C

To generate a 1-Hz divided real-time clock, the clock input needs to be divided from the external
real-time crystal (RTC_CLK=32.768 KHz):

RTC_DIV = RTC_CLK/2 — 1

To generate a real-time clock in frequency other than 1Hz, for example, X-Hz, the register needs
to be set up as the following:

RTC_DIV = (RTC_CLK/X)/2 — 1

NOTE - The divide register will not be set to smaller than 16 when using RF_CLK as GPSRTC

clock source. Because when the division is too small, the total counter time becomes

very short.
Bit Name Default | Description
15:0 (R/W) DIV<15:0> | 16'h0 Division value
31:16 - 16'h0 Reserved

Table 167: RTC Division Register
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e RTC Latch Register (RTC_GPS_LATCH) — 0x0010

RTC_GPS_COUNTER will be latched once it detects a GPS baseband 1ms interrupt. This
register is only valid for GPS RTC.

Bit Name Default Description

31:0 (R) | LATCH<31:0> 32'h0 Latch value

Table 168: RTC Latch Register

¢ RTC Alarm1 Register (RTC_ALARM) — 0x00018
The real-time clock alarm register is a 32-bit register accessible by RISC.

In each cycle of the divided real-time clock, this register is compared to RTC_COUNTER. If they
are matched and the enable bit (ALE) is set, then the alarm bit in the RTC status register will be
set.

Bit Name Default | Description

31:0 (R/'W) AL<31:0> | 32'h0 Alarm1 value

Table 169: RTC Alarm1 Register

e RTC Clock Switch Control Register (RTC_CLK_CTRL) - 0x001c
The register is only for GPS RTC counter clock control.

Bit Name Default | Description

GPSRTC:

0: Reserved

1:0 (R/'W) | CLK_SWITCH | 2’h3 1: RF_CLK

2: Reserved

3: RTC_CLK (32khz)

GPSRTC:
2 (R/W) CLK_EN 1’h1 0: Clock disable
1: Clock enable

31:3 - - Reserved

Table 170: RTC Clock Switch Control Register
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RTC 1/O Bridge

Overview

The module is a bridge between the RTC clock domain and the system/DSP clock domain.

Feature List

e /O interface
e Modules can be divided according to clock domain
e Arbitrary clock frequency

Functional Descriptions

Block Diagram

The RTC I/O bridge module is a bridge between the RTC clock decmain and the system/DSP clock
domain. It is used to synchronize the 1/O bus signal, and is combined by FASTEND and SLOWEND 2
modules to separate two different clock domains.

RTC clock System/DSP
domain clock domain
PWIC/GPS ¢ » slowend '« » fastend
rtc/sysrtc
RISC/DSP IO bus
RTC CLK SYS_CLK/DSP_CLK

Figure 15: Block Diagram of the RTC 1/O Bridge
Module Descriptions

FASTEND

The module is an interface with system/DSP clock domain I/O bus interface, which has two primary
functions, one is for generating handshake signals, and the other is for latching the value to the fast clock
domain in order to ensure that the slow clock domain can sample them.

SLOWEND

The module is an interface with the 1/0 bus interface of the RTC clock domain. It provides two primary
functions, one for responding to handshake signals, the other one for interfacing with the I/O interface of
the RTC clock domain.
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Flowchart for Accessing RTC Clock Domain

For SYSRTC, GPSRTC, and PWRC are in the RTC clock domain, they have a different access method
from other modules.

1. Check RTC I/O Bridge is idle or not
2. |Ifthe bridge is idle, software can read/write RTC domain register

3. Check if the I/O bridge is idle or not. If idle, the operation is done; if not, the operation is
processing.

NOTE - The 3 steps should be contained in one critical section.

Register Definitions

Register Address Mapping

Base Address

Access Type Address Mapping
RISC I/O Base Address 0x90040000

DSP I/O Base Address 0xe0

Table 171: Sample Base Address

Register Mapping
Address <15:0> Register Description
0x0000 BE_SYNCING I/O Bridge busy flag

Table 172: Address Mapping

Register Descriptions
e RTC I/O Bridge SYNC Flag (BE_SYNCING) — Offset: 0x0

Bit Name Default | Description

The value is bridge busy flag:
0 (R) BE_SYNCING | 1'b0 1: Busy
0: Idle

31:1 - 31’b0 Reserved

Table 173: RTC I0BG BE_SYNCING REG
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GPIO
Overview

The GPIO is a programmable, general purpose /O controller which is used to implement functions not
implemented with dedicated controllers and only requiring simple input or output signals.

In SiRFatlasV, there is a total of 55 GPIOs; each GPIO pin can be configured as input or output
independently. When the GPIO is configured as input, it can also be enabled as an interrupt source
(either edge or level triggered). For the GPIO pin pull function, all the GPIO can be configured with or
without the pull independently.

In SiRFatlasV, five GPIO groups are reserved. In each GPIO group, there is one control register for each
GPIO, one pad enable register for each GPIO group, one interrupt status register for each GPIO group
and one DSP enable control register for GIOP group 0. All GPIO pins are allocated into different groups.

NOTE - Only group0 can be accessed by the DSP interface.

Feature List

e GPIO programmed as input can be the interrupt source for CPU or DSP (group 0).
¢ Rise edge, fall edge, as well as low-level and high level interrupt are all supported.

Pin Description

Pin MUX of GPIO
The following table shows the pin MUX of each GPIO pin:

Group # GPIO # Pin Name

15~0 X_GPIO<15:0>
16 RESERVED
17 RESERVED
18 X_USCLK_0
19 X_UTXD_0

0 20 X_URXD_0
21 X_UTFS_0
22 X_URFS_0
23 X_USCLK_1
24 X_UTXD_1
25 X_URXD_1
26 X_UTFS_1
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Group # GPIO # Pin Name

27 X_URFS_1
28 RESERVED
29 RESERVED
30 RESERVED
31 RESERVED
0 X_SD_DAT_3|2]
1 X_SD_DAT_3[3]
2 X_SD_CLK_3
3 X_SD_CMD_3
4 RESERVED
5 RESERVED
6 RESERVED
7 X_SD_CD B_1
8 X_SD_VCC_ON __1
9 X_SD_WP_B_1
10 X_SD_CLK_1
11 X_SD_CMD_1

1 12 X_SD_DAT_1[0]
13 X_SD_DAT_1[1]
14 X_SD_DAT_1[2]
15 X_SD_DAT_1[3]
16 RESERVED
17 RESERVED
18 RESERVED
19 RESERVED
20 X_CKO_1
21 RESERVED
22 RESERVED
23 RESERVED
24 RESERVED
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Group # GPIO # Pin Name
25 RESERVED
26 RESERVED
27 RESERVED
28 X_SD_DAT_3[0]
29 X_SD_DAT_3[1]
30 RESERVED
31 RESERVED
0 RESERVED
1 RESERVED
2 RESERVED
3 RESERVED
4 RESERVED
5 RESERVED
6 RESERVED
7 RESERVED
8 RESERVED
9 RESERVED
10 RESERVED
2 11 RESERVED
12 RESERVED
13 RESERVED
14 RESERVED
15 RESERVED
16 RESERVED
17 RESERVED
18 RESERVED
19 RESERVED
20 RESERVED
21 RESERVED
22 RESERVED
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Group # GPIO # Pin Name
23 RESERVED
24 RESERVED
25 RESERVED
26 RESERVED
27 RESERVED
28 RESERVED
29 RESERVED
30 RESERVED
31 RESERVED
0 RESERVED
1 RESERVED
2 RESERVED
3 RESERVED
4 RESERVED
5 RESERVED
6 RESERVED
7 RESERVED
8 RESERVED
9 RESERVED

3 10 RESERVED
11 RESERVED
12 RESERVED
13 RESERVED
14 RESERVED
15 X_RXD_0
16 X_RXD_1
17 RESERVED
18 X_SDA 0
19 X_SCL_0
20 X_GPS_SGN
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Group # GPIO # Pin Name
21 X_GPS_MAG
22 X_GPS_SAMPLE_CLK
23 X_L_DE
24 RESERVED
25 RESERVED
26 RESERVED
27 RESERVED
28 RESERVED
29 RESERVED
30 RESERVED
31 RESERVED
0 RESERVED
1 RESERVED
2 RESERVED
3 RESERVED
4 RESERVED
5 RESERVED
6 RESERVED
7 RESERVED
8 RESERVED

4 9 RESERVED
10 RESERVED
11 RESERVED
12 RESERVED
13 RESERVED
14 RESERVED
15 RESERVED
16 RESERVED
17 RESERVED
18 RESERVED
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Group # GPIO # Pin Name
19 RESERVED
20 RESERVED
21 RESERVED
22 RESERVED
23 RESERVED
24 X_AC97_BIT_CLK
25 X_AC97_DOUT
26 X_AC97 _DIN
27 X_AC97_SYNC
28 X_GPS_CLK
29 RESERVED
30 RESERVED
31 RESERVED
Table 174: GPIO Pin MUX
Functional Descriptions
Block Diagram
FPAD mux

RISC interface =

Y

DSH imerface (-

Control interface

i

GPIO
controller

interface

Register Definitions

The GPIO Pin Output Enable bit (OUT_EN) is used to set the GPIO pin to output or input. When
programmed as an output, the pin can be set high by writing 1 to the corresponding bit in the GPIO Pin
Data output bit (OUT) and set low by writing 0 to the same register. The GPIO Pin Data output register
can be written regardless of its I/O configuration.

Figure 16: GPIO Block Diagram
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If a pin is configured as an input, the pin becomes output when it is reconfigured as output. The GPIO pin
state can be validated by reading the GPIO Pin data input bit (DATA_IN). This register can be read at any
time even it is in output state.

The GPIO pull control register (PULL_EN, PULL_TYPE) is used to configure the GPIO irnput pin to
determine its status. Please refer to the register description.

GPIO supports two types of interrupts: edge and level triggered. You can set the GPIO interrupt type bit
(INT_TYPE) to choose an interrupt type. To enable the interrupt, use the GPIO interrupt enable bit
(RISC_INT_EN /DSP_INT_EN). To set the interrupt type defined in GPIO_INT_TYPE(high-level/rising-
edge), use the GPIO high-level trigger bit (INT_HT). To set low-level or falling edge interrupt type defined
in GPIO_INT_TYPE, use the GPIO low-level trigger bit (INT_LT). The GPIO interrupt status bit
(INT_STATUS) is used to read interrupt status from the GPIO.

The GPIO DSP access enable register (GPIO_DSP_EN) is used to define whether a GPIO is accessed
by DSP or by RISC. Only GPIO group 0 can be accessed by DSP.

Each GPIO pin has a control register, a GPIO PAD enable register that controls PAD MUX, and an
interrupt status register.

Register Address Mapping

Base Address

Access Type Address Mapping

GPIO register base address through RISC I/O 0x80090000

GPIO register base address through DSP 1/O (group 0 only) 0x200

Table 175: GPIO Controller Base Address Mapping

Register Mapping
Rlsc<:1,:?|§|>ress DSP<éflod>reSS Register Description

0x000 0x00 GPIO0_CTRLO GPIO control for GPIOO bit0
0x004 0x01 GPIOO0_CTRLA1 GPIO control for GPIOO bit1
0x008 0x02 GPIO0_CTRL2 GPIO control for GPIOO bit2
0x00C 0x03 GPIO0_CTRL3 GPIO control for GPIOO bit3
0x010 0x04 GPIO0_CTRL4 GPIO control for GPIOO bit4
0x014 0x05 GPIOO0_CTRL5 GPIO control for GPIOO bit5
0x018 0x06 GPIO0_CTRL6 GPIO control for GPIOO bité
0x01C 0x07 GPIO0_CTRL7 GPIO control for GPIOO bit7
0x020 0x08 GPIO0_CTRLS GPIO control for GPIOO bit8
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RIS(<31A1‘?|5|>|'ess DSP<gf10d>ress Register Description
0x024 0x09 GPIO0_CTRL9 GPIO control for GPIOO bit9
0x028 0x0A GPIO0_CTRL10 GPIO control for GPIOO0 bit10
0x02C 0x0B GPIO0_CTRL11 GPIO control for GPICO bit11
0x030 0x0C GPIO0_CTRL12 GPIO control for GRIOO0 bit12
0x034 0x0D GPIO0_CTRL13 GPIO control for GPIOO bit13
0x038 0x0E GPIO0_CTRL14 GPIO control for GPIOO bit14
0x03C OxOF GPIO0_CTRL15 GPIO control for GPIOO bit15
0x040 0x10 GPIO0_CTRL16 Reserved
0x044 0x11 GPIO0_CTRL17 Reserved
0x048 0x12 GPIO0_CTRL18 GPIO control for GPIOO bit18
0x04C 0x13 GPIO0_CTRL19 GPIO control for GPIOO bit19
0x050 0x14 GPIO0_CTRL20 GPIO control for GPIOO bit20
0x054 0x15 GPIO0_CTRL21 GPIO control for GPIOO bit21
0x058 0x16 GPIO0_CTRL22 GPIO control for GPIOO bit22
0x05C 0x17 GPIO0_CTRL23 GPIO control for GPIOO bit23
0x060 0x18 GPIO0_CTRL24 GPIO control for GPIOO bit24
0x064 0x19 GPIO0_CTRL25 GPIO control for GPIOO bit25
0x068 0x1A GPIO0_CTRL26 GPIO control for GPIOO bit26
0x06C 0x1B GPIO0_CTRL27 GPIO control for GPIOO bit27
0x070 0x1C GPIO0_CTRL28 Reserved
0x074 0x1D GPIO0_CTRL29 Reserved
0x078 Ox1E GPIO0_CTRL30 Reserved
0x07C Ox1F GPIO0_CTRL31 Reserved
0x080 - GPIO0_DSP_EN GPIO group0 DSP control enable
0x084 - GPIO0_PAD_EN GPIO group0 PAD enable
0x088 - - Reserved
0x08C - GPIOO_INT_STATUS | GPIO group0 interrupt status for RISC
0x90~0xFC - - Reserved
0x100 - GPIO1_CTRLO GPIO control for GPIO1 bitd
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RIS(<31A1‘?|:>ress DSP<gf10d>ress Register Description

0x104 GPIO1_CTRLA1 GPIO control for GPIO1 bit1

0x108 GPIO1_CTRL2 GPIO control for GPIO1 bit2

0x10C GPIO1_CTRL3 GPIO control for GPIC1 bit3

0x110 GPIO1_CTRL4 Reserved

0x114 GPIO1_CTRL5 Reserved

0x118 GPIO1_CTRL6 Reserved

0x11C GPIO1_CTRL7 GPIO control for GPIO1 bit7

0x120 GPIO1_CTRLS GPIO control for GPIO1 bit8

0x124 GPIO1_CTRL9 GPIO control for GPIO1 bit9

0x128 GPIO1_CTRL10 GPIO control for GPIO1 bit10

0x12C GPIO1_CTRL11 GPIO control for GPIO1 bit11

0x130 GPIO1_CTRL12 GPIO control for GPIO1 bit12

0x134 GPIO1_CTRL13 GPIO control for GPIO1 bit13

0x138 GPIO1_CTRL14 GPIO control for GPIO1 bit14

0x13C GPIO1_CTRL15 GPIO control for GPIO1 bit15

0x140 GPIO1_CTRL16 Reserved

0x144 GPIO1_CTRL17 Reserved

0x148 GPIO1_CTRL18 Reserved

0x14C GPIO1_CTRL19 Reserved

0x150 GPIO1_CTRL20 GPIO control for GPIO1 bit 20

0x154 GPIO1_CTRL21 Reserved

0x158 GPIO1_CTRL22 Reserved

0x15C GPIO1_CTRL23 Reserved

0x160 GPIO1_CTRL24 Reserved

0x164 GPIO1_CTRL25 Reserved

0x168 GPIO1_CTRL26 Reserved

0x16C GPIO1_CTRL27 Reserved

0x170 GPIO1_CTRL28 GPIO control for GPIO1 bit 28

0x174 GPIO1_CTRL29 GPIO control for GPIO1 bit 29
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RIS(<31A1‘?|:>ress DSP<gf10d>ress Register Description

0x178 - GPIO1_CTRL30 Reserved

0x17C - GPIO1_CTRL31 Reserved

0x180 - - Reserved

0x184 - GPIO1_PAD_EN GPIO group1 pad enable

0x188 - - Reserved

0x18C - GPIO1_INT_STATUS | GPIO group1 interrupt status for RISC

0x190~0x1FC - - Reserved

0x200 - GPIO2_CTRLO Reserved

0x204 - GPIO2_CTRLA1 Reserved

0x208 - GPIO2_CTRL2 Reserved

0x20C - GPIO2_CTRL3 Reserved

0x210 - GPIO2_CTRL4 Reserved

0x214 - GPIO2_CTRL5 Reserved

0x218 - GPIO2_CTRL6 Reserved

0x21C - GPIO2_CTRL7 Reserved

0x220 - GPIO2_CTRLS Reserved

0x224 - GPIO2_CTRL9 Reserved

0x228 - GPIO2_CTRL10 Reserved

0x22C - GPIO2_CTRL11 Reserved

0x230 - GPIO2_CTRL12 Reserved

0x234 - GPIO2_CTRL13 Reserved

0x238 - GPIO2_CTRL14 Reserved

0x23C - GPIO2_CTRL15 Reserved

0x240 - GPIO2_CTRL16 Reserved

0x244 - GPIO2_CTRL17 Reserved

0x248 - GPIO2_CTRL18 Reserved

0x24C - GPIO2_CTRL19 Reserved

0x250 - GPIO2_CTRL20 Reserved

0x254 - GPIO2_CTRL21 Reserved
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RIS(<31A1‘?|:>ress DSP<gf10d>ress Register Description

0x258 - GPIO2_CTRL22 Reserved

0x25C - GPIO2_CTRL23 Reserved

0x260 - GPIO2_CTRL24 Reserved

0x264 - GPIO2_CTRL25 Reserved

0x268 - GPIO2_CTRL26 Reserved

0x26C - GPIO2_CTRL27 Reserved

0x270 - GPIO2_CTRL28 Reserved

0x274 - GPIO2_CTRL29 Reserved

0x278 - GPIO2_CTRL30 Reserved

0x27C - GPIO2_CTRL31 Reserved

0x280 - - Reserved

0x284 - GPIO2_PAD_EN GPIO group2 pad enable

0x288 - - Reserved

0x28C - GPIO2_INT_STATUS | GPIO group2interrupt status for RISC

0x290~0x2FC - - Reserved

0x300 - GPIO3_CTRLO Reserved

0x304 - GPIO3_CTRLA1 Reserved

0x308 - GPIO3_CTRL2 Reserved

0x30C - GPIO3_CTRL3 Reserved

0x310 - GPIO3_CTRL4 Reserved

0x314 - GPIO3_CTRL5 Reserved

0x318 - GPIO3_CTRL6 Reserved

0x31C - GPIO3_CTRL7 Reserved

0x320 - GPIO3_CTRLS Reserved

0x324 - GPIO3_CTRL9 Reserved

0x328 - GPIO3_CTRL10 Reserved

0x32C - GPIO3_CTRL11 Reserved

0x330 - GPIO3_CTRL12 Reserved

0x334 - GPIO3_CTRL13 Reserved
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0x338 GPIO3_CTRL14 Reserved

0x33C GPIO3_CTRL15 GPIO control for GPIO3 bit15

0x340 GPIO3_CTRL16 GPIO control for GPIC3 bit16

0x344 GPIO3_CTRL17 Reserved

0x348 GPIO3_CTRL18 GPIO control for GPIO3 bit18

0x34C GPIO3_CTRL19 GPIO control for GPIO3 bit19

0x350 GPIO3_CTRL20 GPIO control for GPIO3 bit 20

0x354 GPIO3_CTRL21 GPIO control for GPIO3 bit 21

0x358 GPIO3_CTRL22 GPIO control for GPIO3 bit 22

0x35C GPIO3_CTRL23 GPIO control for GPIO3 bit 23

0x360 GPIO3_CTRL24 Reserved

0x364 GPIO3_CTRL25 Reserved

0x368 GPIO3_CTRL26 Reserved

0x36C GPIO3_CTRL27 Reserved

0x370 GPIO3_CTRL28 Reserved

0x374 GPIO3_CTRL29 Reserved

0x378 GPIO3_CTRL30 Reserved

0x37C GPIO3_CTRL31 Reserved

0x380 - Reserved

0x384 GPIO3_PAD_EN GPIO group3 pad enable

0x388 - Reserved

0x38C GPIO3_INT_STATUS | GPIO group3 Interrupt status for RISC

0x390~0x3FC - Reserved

0x400 GPIO4_CTRLO Reserved

0x404 GPIO4_CTRLA1 Reserved

0x408 GPIO4_CTRL2 Reserved

0x40C GPIO4_CTRL3 Reserved

0x410 GPIO4_CTRL4 Reserved

0x414 GPIO4_CTRL5 Reserved
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0x418 - GPIO4_CTRL6 Reserved

0x41C - GPIO4_CTRL7 Reserved

0x420 - GPIO4_CTRLS Reserved

0x424 - GPIO4_CTRL9 Reserved

0x428 - GPIO4_CTRL10 Reserved

0x42C - GPIO4_CTRL11 Reserved

0x430 - GPIO4_CTRL12 Reserved

0x434 - GPIO4_CTRL13 Reserved

0x438 - GPIO4_CTRL14 Reserved

0x43C - GPIO4_CTRL15 Reserved

0x440 - GPIO4_CTRL16 Reserved

0x444 - GPIO4_CTRL17 Reserved

0x448 - GPIO4_CTRL18 Reserved

0x44C - GPIO4_CTRL19 Reserved

0x450 - GPI0O4_CTRL20 Reserved

0x454 - GP10O4_CTRL21 Reserved

0x458 - GPlO4_CTRL22 Reserved

0x45C - GPIO4_CTRL23 Reserved

0x460 - GPIO4_CTRL24 GPIO control for GPIO4 bit 24

0x464 - GPIO4_CTRL25 GPIO control for GPIO4 bit 25

0x468 - GPIO4_CTRL26 GPIO control for GPIO4 bit 26

0x46C - GPI0O4_CTRL27 GPIO control for GPIO4 bit 27

0x470 - GPIO4_CTRL28 GPIO control for GPIO4 bit 28

0x474 - GPIO4_CTRL29 Reserved

0x478 - GPIO4_CTRL30 Reserved

0x47C - GPIO4_CTRL31 Reserved

0x480 - - Reserved

0x484 - GPIO4_PAD_EN GPIO group4 pad enable

0x488 - - Reserved
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RISC Address DSP Address Reqist D ioti
<11:0> <6:0> egister escription
0x48C - GPIO4_INT_STATUS | GPIO group4 interrupt status for RISC
0x490~0x4FC - - Reserved
Table 176: GPIO Register Mapping
Register Descriptions
e  GPIO control register (GPIO_CTRLX)
Each GPIO_CTRLXx register controls one GPIO pin.
Bit Name Default Description
GPIO Interrupt low/falling edge trigger enable:
0: Either the falling-edge interrupt or the low-level interrupt is
0O(RW) |INTLT |1bo | disabled
1: If GPIO_INT_TYPE is set, then the falling-edge interrupt is
enabled; if GPIO_INT_TYPE is de-asserted, then the low-level
interrupt is enabled.
GPIO Interrupt high/rising edge trigger enable:
0: Either the rising-edge interrupt or the high-level interrupt is
1(RW) |INT HT |1po | disabled
1: If GPIO_INT_TYPE is set, then the rising-edge interrupt is
enabled; if GPIO_INT_TYPE is de-asserted, then the high-level
interrupt is enabled.
GPIO Interrupt Type Select bits:
2 (R/W) [INT_TYPE | 1'b0 0: interrupt is level-triggered.
1: Interrupt is edge-triggered.
Enables the GPIO to generate interrupts to RISC when the interrupt
RlSC_|NT , status is set:
3(RW) | "N 169 0: Interrupt is disabled.
1: Interrupt is enabled.
GPIO Interrupt Status:
0: No int ts.
4 (RIW) INT_STAT 10 oin elrrup.s
us 1: There is an interrupt request.
Write one to the bit will clear the interrupt status bit.
Referto | GPIO Data output enable:
5 (RW) | OUT EN ;ianb'e' 0: The GPIO is input pin.
Status 1: The GPIO is output pin.
6 (R'W) | OUT 1b0 GPIO data output.
7 (R) DATA_IN 1’bx GPIO data input.
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Bit Name Default Description
Refer Enables the GPIO Pull function:
8 (RW) | PULL_EN F;l?me 1: Enable
Status 0: Disable
Referto | GPIO pull type selection when the pull function is enabled:
9 (RIW) EULL—TYP ;ﬁ?e' 1: Pull High
Status 0: Pull low
Exists only for GPIO group0; GPIO will generate different interrupts
to DSP and RISC. There are different interrupt enable registers for
DSP_|NT_ DSP and RISC.
10 EN 1’b0 Enables the GPIO to generate interrupts to DSP when the interrupt
(RIW) status is set:
0: Interrupt is disabled.
1: Interrupt is enabled.
31:11 - - Reserved

Table 177: GPIO Control Register Definition

NOTE - When GPIO is set as input (OUT_EN=1’b0), it can be configured as pull function
according to the setting of PULL_EN and PULL_TYPE. However, when the pull function
is enabled and before switching into another full function, it must disable PULL_EN first.
For example, if the current GPIO status is pull-high, before switching to pull-low, it must
set PULL_EN=1'b0, then setting PULL_TYPE=1’b0 and enable the pull function

(PULL_EN=1"b1).

e GPIO DSP Control Enable Register (GPIO0_DSP_EN)
This control register only exist for GPIO groupO.

Bit Name Default Description
GPIO DSP control enable:
31:0 (R/W) | DSP_EN<31:0> | 32'h0 1: The GPIO pin is controlled by DSP.

0: The GPIO pin is controlled by RISC.

Table 178: DSP Control Enable Register Definition

e GPIO PAD Enable Register (GPIOx_PAD_EN)

Each bit in GPIOx PAD_EN controls the pad MUX of corresponding GPIO pin in group x, for
example:

GPIO0_PAD_EN<0> controls the pad MUX of GPIO pin 0 in group 0
GPIO2_PAD_EN<21> controls the pad MUX of GPIO pin 85 (32*2+21) in group 2
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All the GPIO is enabled at the default status except of GPIO3[16:15], and GPIO4[28:24].
So the default value of GPIO pad enable in AtlasV is:
GPIO0_PAD_EN: 32'bxxxx_1111_1111_11xx_1111_1111_1111_1111
GPIO1_PAD_EN: 32'bxx11_xxxx_xxx1_xxxx_1111_1111_1Txxx_1111
GPIO2_PAD_EN: 32'bXXXX_ XXXX_ XXXX_ XXXX_ XXXX_ XXXX_ XXXX_ XXXX
GPIO3_PAD_EN: 32'bxxxx_xxxX_1111_11x0_0XXXX_ XXXX_ XXXX_XXXX
GPIO4_PAD_EN: 32'bxxx0_0000_XXXX_XXXX_ XXXX_ XXXX_ XXXX_ XXXX
NOTE -1’bx indicates the value of this bit is reserved.
Refer to the section of Pin Sequence and Ball Assignment for which pins to enable as GPIO by
default for different modes.
Bit Name Default Description
Refer to
the

31:0 (R/W) | PAD_EN<31:0> gm 1: The pin is used by GPIO.
equence
and Ball | 0: The pin is used by other blocks.
Assignme
nt

section of | GPIO PAD MUX control:

Table 179: GPIO PAD Enable Register Definition

GPIO INTERRUPT STATUS Register (GPIOx_ INT_STATUS)
This register contains the interrupt status for all GPIO pins in group x.

This register is set as read-only. Writing to this register will produce no effects. To clear the
interrupt, write the INT_STATUS bit in GPIO control register.

Bit Name Default Description
GPIO interrupt status:
31:0 (R) [ INT_STATUS<31:0> | 32'h0 0: No interrupts.
1: There is an interrupt request.

Table 180: GPIO Interrupt Status Register Definition

eFuse

The module is the interface of the programmable electrical fuse macro, whose primary function is to carry
out program and read operations. For detailed information please contact a SiRF Application Engineer.
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Touch Screen Controller

Overview

The Touch Screen (TS) Controller is used for driving the touch screen to perform coordinates and
pressure measurements. It supports a 4-wire resistive touch screen interface which can be used for PDAs,
Cell phones, Smart handheld devices, MP3 players and so on. There are three auxiliary inputs which are
supported by the Touch Screen Controller for the other measurements, such as temperature, battery and
so on. Also stream mode is supported through one of auxiliary inputs. The stream mode is used for
converting analog input at a configured 8K/16K/24K/32K/40K/48K SPS (Samples per Second) conversion
rate, which can be used for recording stream from microphone.

Feature List

e 12-bit resolution

e 600kSPS maximum conversion rate

e 3.3 V (Typical) analog supply, 1.2 V (Typical) digital supply

e X direction measurement

e Y direction measurement

e Auto-sequential measurement

e Touch pressure measurement

e  Supports 4-wire touch screen

e Three auxiliary inputs for general purpose measurements (e.g. temperature, battery, etc.)
e Stream mode with configured sampling rate

Pin Description

Pin Name /0 Pin Default Default Describtion
Type Mux Function Status P
X _XP Analog - 'Sl'ouch - Touch-Screen X+ terminal
creen
X_XN Analog - -SI-OUCh - Touch-Screen X- terminal
creen
X_YP Analog - -SI-OUCh - Touch-Screen Y+ terminal
creen
X_YN Analog - -SI-OUCh - Touch-Screen Y- terminal
creen
X_REF_ADC Analog ) Touch ) Reference voltage for single-
Screen ended topology
X_AUXO Analog . | Auxiliary - | Auxiliary input
Input
X_AUX1 Analog . | Auxiliary - | Auxiliary input
input
X_AUX2 Analog . | Auxiliary - | Auxiliary input
input
Table 181: TSC External Pin Descriptions
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Functional Descriptions

Block Diagram

The TSC is a mix-signal design. It has an Analog Module which is built around a 12-bit ADC.

The block diagram of the TSC is shown in the Figure below.

Analog signals from TS Touch Screen Controller

C Interface N RISC 1/0

V]
(c———3 ARM
Analog auxiliary signals
(: ? Analog YN  T5C Interface

module DMA 1/O

Reference Voltage C: DMA
L

Figure 17: TSC Block Diagram

Module Descriptions

Top Level of TSC

The Touch Screen Controller supports a 4-wire resistive TS interface; it also supports three auxiliary
inputs for general purpose measurements.

While connected to the 4-wire touch screen, the controller can work in either polling mode or continuous
mode, which can be set by ARM through the IO interface. The interrupt signal (intr) is used to notify the
ARM that either a pen-down is detected or data is available for measurement. When the screen is
touched, the pen-down interrupt register (PEN_INTR) will be set by the controller. The controller will then
begin measurement according to the corresponding register set by ARM. The TS Controller will notify
ARM by setting the data interrupt register (DATA_INTR) when it finishes measurement, then ARM can
read the measured data from the registers.

For the auxiliary input measurement, the first step is to set the touch screen power management register
(PRP) to the corresponding mode, and the ADCSEL register will be set to select a corresponding auxiliary
measurement. The controller will signal ARM through the DATA _INTR register as the data is available on
the auxiliary data registers. Following figure illustrates the top-level of TS Controller which consists of two
main modules, Analog module and TSC interface. The analog module has its own power domain.
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Rl 1O RAW
1 4-wire TS : sc o
J-auxiliary Input . DMA /O Read

Analog
module  f———= TSC Interface
Analog Power

|:{> Intr
=

Refarence Voltage
Emm——

Figure 18: Top Level of TS Controller

Analog Module

The analog module is built around a 12-bit ADC for TS applications.

In Analog module, the driver switches which consist of several nMOS and pMOS are used for controlling
the analog input terminal of 4-wire touch screen. The input multiplexer is used for selecting the
corresponding analog input for ADC sampling.

The pen-down detector function is implemented through a Pull-up resistance and a pMOS gate; detailed
implementation of this function will be described later.

The current consumption of Analog module in normal operation is 14.85mW and 66uW in power-down
mode.

Principles of Operation

Pen-Down Detection

The pen-down detection is implemented separately from the resistance and conductance of the touch
screen plate; it is made with a simple analog circuit - a pMOS gate and a resistance. To implement pen-
down detection, simply set the puon pin to logic high. Before executing pen detection, the first step is pre-
charge. At the pre-charge step, the xppsw driver should be opened and the XP node should be changed.

After pre-charge the second step is discharge. The touch screen interface should close the xppsw driver
and the discharge will begin through opening the ynnsw driver after pre-charge. The purpose of discharge
is to discharge the charge on decoupling capacitors in order to sample pen-down interrupts. When the
touch screen is untouched, the internal XP is pulled High and there will be no current flows. The penirq
output will be at the logic state High.

When the screen is touched, the internal XP will therefore be pulled down and penirg will output logic Low
to indicate that the screen is being touched.

The next picture illustrates a simplified schematic of pen-down detection on a 4-wire touch screen.
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Figure 19: Pen-Down Detection on 4-Wire Touch Screen
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Y/X Coordinate Measurement

The principle of operation is illustrated in the following figure.

For the Y coordinate measurement, the YP pin is internally driven to AVDD and YN to AGND. So the Y
coordinate is a potential divder and the voltage at the touched point is proportional to its Y coordinate, this
voltage can be measured on the XP terminal because no more current is flowing through it.

X coordiante measurement is similar to that of the Y coordinate.

AVDD

yppsw H3|

YP

IN Converter

YN

ynnsw *l

AVDD

Figure 20: Y Coordinate Measurement on 4-Wire Touch Screen
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Pressure Measurement

Pressure Measurement is implemented by calculating contact resistance between the top and bottom
plates of the touch screen. This calculation requires three auxiliary measurements, measurement of the X
position and two additional cross panel measurements of the touch screen. All these measurements are
performed using the switch drivers. You also need to know the value of the X plate resistance.

Measura X Measura Z 1

Measure £ 2

Figure 21: Pressure Measurement Block Diagram

Using the following equation to calculate the touch resistance:
X (Z2
R =R | —=1
TOUCH X—Plate 1024 ( Zl j

The second method requires the knowledge of both the X-Plate and Y-Plate resistance, as well as
measurement of the X-Position and Y-Position, and Z1. The following equation is used to calculate touch

resistance:
Ry v *X (1024 Y
RTOUCH =4 1}854 ( 71 - 1) - RY—Plate * (1 _@j

Auxiliary Measurement

Auxiliary inputs are used for the measurement of temperature, battery and so on. There are three pins for
the auxiliary measurement. WWhen using auxiliary measurement, the reference voltage of ADC topology
will be the voltage connected on the ADC'’s reference PAD.

Stream Mode of TSC

The stream mode is an alone mode compared with coordinate measurement and auxiliary measurement.
Although only one ADC is used for the stream mode, coordinate and auxiliary measurement, time-division
multiplexing techology is used to ensure that steam mode can work together with these two measurement
at the same time period.

In stream mode, ADC converts analog input at certain conversion rate which can be configured by
software. Any one of auxliary inputs can be configured as analog input in stream mode. The converted
data by ADC is stored into FIFO first, and then transferred into memory through DMA. The figure below
shows the data stream path in stream mode.
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Touch Screen

Controller TSC Interface

Controller
Analog auxiliary signals

< N Analog H

¥

module 16*8* 4 bit

Reference Voltage S FIEO (=) DMA "::;> Memory
= Data strean S m—

Figure 22: Data Flow in Stream Mode

The FIFO’s width is 16-bit and ADC’s data out is 12-bit. So each time, after ADC finish one data
convertion, this data is wrapped into a 16-bit and then filled into FIFO. Register WRAP_CTRL is used to
control the wrap format.

When setting WRAP_CTRL to different value, the 16-bit data format in FIFO data shows in the blow table.

Bit 15:4 3:0
WRAP_CTRL=3’b000

Data ADC Conversion Data[11:0] 4’b0

Bit 15 14:3 2:0

WRAP_CTRL=3b001

Data 1’b0 ADC Conversion Data[11:0] | 3'b0

Bit 15:14 | 13:2 1:0

WRAP_CTRL=3'b010
Data 2’b0 ADC Conversion Data[11:0] | 2'b0

Bit 15:13 | 12:1 0
WRAP_CTRL=3'b011

Data 3'b0 ADC Conversion Data[11:0] | 1'b0

Bit 156:12 11:0

WRAP_CTRL=3'b100

Data 4’b0 ADC Conversion Data[11:0]

Table 182: 16-Bit Data Format in the FIFO

Operation of the TS Controller

The TS Controller includes two parts of circuit:

e Pen detecior: detects whether the screen is touched.
e Digitizer: is used for measurement.

A TS Controller operation is defined as the process of controlling these two parts of circuit.

August, 2010 SiRF Datasheet — Proprietary and Confidential 142

DRAFT



| DRAFT

% ) SiRFatlasV
AT551 Datasheet

Analog Module Disable Mode

This mode is the default status of the TS controller or when register PRP is set to 2’b00. Both the pen-
detector and digitizer are disabled in this mode. In addition, ADC will be powered down and all driver
switches will be opened.

Pen Detector Enabled while Digitizer Is Disabled (Wake-Up ADC)

This mode is used for the coordinate measurement (X/Y/Z). However it does not support auxiliary
measurement.

Writing PRP to 2'b01 will automatically enter this mode. As the digitizer is disabled, the ADC will be
powered off and all driver switches will be turned off except for the one that drives ynnsw (drives the yn to
the agnd). The puon pin will be set to logic low to monitor whether or not the screen is touched.

When the screen is touched, the PENIRQ pin is pulled to logic high to alert the TSC interface. Upon
receiving the penirq signal from Analog Module, the TSC Interface will generate a pen-down interrupt
(pen_intr) to ARM. Then ARM will set the coordinate condition and initiate measurement. This shows that
the TSC interface enables the digitizer through the control signals to the Analog Module.

TSC has two measurement modes: polling and continuous. For the polling measurement mode, the
measurement may occur only when the ARM chip writes the register Poll once. In continuous mode, the
measurement will be repeated when meeting measurement conditions (such as pen-down).
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e Polling Measurement of the X Coordinate
Enable pen-detactor
{PRP=2'b 01)
[«

1. Set penctr to 1 Power on ADC
2. Open XFP

<
Yes

Close XPP
Open YNM

Discharge finished®
as
Yes

Issue penirg
to TS intarface

Store X
T Setpenctrio 0| coordinate in ADCDx

2.Cancel the YNM driver
3. Issue infr_pen to ARM
T, T550e Inir_data o AR |

v
T = 2. Set POLL=0
AR Secaf\DCSEL X 3 c

POLL=1 4. Off the driver

PRF == 2t 017

i [+]

. Turn on driver
2. Open the MUX 1o select
thie Wraf +/- and ADC
data input

sr‘s
source stabilized 7

Figure 23: X Coordinate Polling Measurement Flowchart
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Polling Measurement of the Y Coordinate
The polling measurement of the Y coordinate is similar to that of the X coordinate.

e Polling Measurement of the Z Coordinate

Touch pressure can be determined indirectly by measuring the contact resistance on the Z
coordinate. Therefore pressure measurement requires making three measurements as this
process:

— Measurement of the X position
— Two additional cross-panel measurements of the TS
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Enable pen-detector
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1. Set penctr o1
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. Turn on driver XPP XM
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1. Turn on driver YPF XM
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Figure 24: Z Coordinate Polling Measurement Flowchart
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e Polling Measurement of XY Coordinates

Enable pen-detactor
{PRP=2'0 101} ¥ Y

¢ Power on ADC Sel SolC

B |

1. Set penctr to 1
2. Open XFP

Pre-charge finished? II
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1. Set penctrio 0
2. Cancel the YMM driver
3. lssue intr_pen to ARM i Turm on driver YEP vHH ¥

. Open the MUX to selact 1. Izsue infr_data o
thi Vref +/- and ADC 2. Power down ADC
et = data input 3. Off the driver
CO0=1
Yeas
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1. Tum on driver XPP XM
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Figure 25: XY Coordinate Polling Measurement Flowchart
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e Polling Measurement of XYZ Coordinates
The polling measurement of XYZ is similar to that of the XY coordinate.

e Continuous Measurement of the X Coordinate

ARM sel ADTEEL=0

Enable pen-detector
[PRP=2'b 01}

Y

1. Set penctr to 1
2. Open XPP

Powar on ADC

Close XPP
Cpen YMNN

lssue paning
to T3 interface

Y

1. et pencirio U
Cancel the YNM driver

Z
3. |s5ue intr_pen to ARM

Yas

Store X
coordinate in ADCDx

Y

1. Tesue inir_data 1o ARM
2, Ponver down ADC
3. Off the driver

Y
fi. Turn on driver XPP XK
[2. Open the MUX to selaci
the Vref +/- and ADC

data input

PRP ==2Zb 017

Figure 26: X Coordinate Continuous Measurement Flowchart
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e Continuous Measurement of the Y and Z Coordinates
The continuous measurement of Y and Z is similar to that of the X coordinate.

e Continuous Measurement of XY Coordinate

Enable pen-detector
(PRP=2'b01) v \

|-
| Power on ADC Setl SoC

1. Set penctr to 1
2. Open XPP

ls EQC?

Close XPP
Open YNN

/

ischarge finished WAIT==19

Is ARM M
<I'E\ ADCDy
Issue penirg - =lyes o lves
to TS interface Y
Stora X Y
coordinate in ADCDx s ;
] tore
1. et penctr to O e e
2. Cancel the YNN driver coordinate in ADCDy
3. Issue infr_pen to ARM

Y
1. Tum on driver YPP YMNN
2. Open the MUX to select
the Vel +/- and ADC

Yes ™ data Input ]
Is first MD 4 1. Issue intr_data to ARM
2, Pawer dawn ADC

ARM set ADCEEL=0 X
cOo=1 Mo 3. Off the drivar
CTC=1

_——FOCs No |
o) 7
Yes
T Turn on driver XPP XNN PR ==2b 017
2. Open the MUX to select]
the Vref +(- and ADC Power on ADC
data input
End
Figure 27: XY Coordinate Continuous Measurement Flowchart
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e Continuous Measurement of XYZ Coordinate
The continuous measurement of XYZ is simular to that of the XY coordinate.

Pen-Detector Enable while Digitizer Disable (No Wake-Up ADC)

This mode is only for the pen-detector.
Enable pen-detector

(PRP=2'b 10)
L

1. Set penctr to 1
2. Open XPP

re-charge finished?

Close XPP
Open YNN

@ge finished?

=I5 screen touched?

Issue penirg
to TS interface

L
1. Set penctrta O

2. Cancel the YNN driver

3. Issue intr_pen to ARM

L

=

Figure 28: Pen-Detector Enable while Digitizer Disable (No Wake-Up on Pen-Down)
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Both Pen-Detector and Digitizer Enable

This mode can perform either coordinate or auxiliary measurement according to the value of the
ADCSELO register. However it is not recommended to use this mode for coordinate measurements due to
power consumption issues.

e Polling Measurement of the X Coordinate
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Enable pen-detactor
(PRP=2b 11) v

i Y

L ]
1. Sel pancir to 1
2. Open XPP
3. Power on ADC
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]
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Figure 29: X Coordinate Polling Measurement Flowchart (PRP=2’b11)
e Polling Measurement of Auxiliary Input
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Figure 30: Auxiliary Input Polling Measurement Flowchart (PRP=2’b11)
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e Continuous Measurement of the X Coordinate

Enable pen-detector
(PRP=2'b 11)

Y
1. Set panctr to 1
2. Open XFP
3. Power on ADC

- n
ource stabilized 7

Closa XPP
Open YNN

Issue pening
to TS inlarface
Store X
T Selpenclr o 0 coordinate in ADCDx
2. Cancel the YMM driver
3. Issue intr_pen 1o ARM

) )
1. Issue intr_data to ARM
2. Set POLL=0
3, Off the driver

ARM set ADCSEL=X

CoO0=0
POLL=1
RG]
Y M
1. Turn on driver XFF XMNN
2, Open the MUX to selact
fhe Vref +- and ADC
data input

Figure 31: X Coordinate Continuous Measurement Flowchart (PRP=2’b11)
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e Stream Mode Measurement
The blow figure shows the flowchart of the stream mode measurement.

Configure DMA
Configure FIFO

set streamen tol

Yes l

data measure

Write FIFO ‘
|

Figure 32: Stream Mode Measurement Flowchart
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Register Definitions

Register Address Mapping

Base Address
Access Type Address Mapping
TSC-based address through RISC 1/O 0x80120000

Table 183: TSC Address Mapping

Register Mapping

RISC Address <11:0> Register Description

0x0000 TSC_REGH1 TSC control register 1

0x0004 TSC_REG2 TSC control register 2

0x0008 TSC_INTR TSC interrupt register

0x000C TSC _BACK C TSC Read Back coordinate register
0x0010 TSC _BACK Z TSC Read Back pressure register
0x0014 TSC _ BACK_A0 TSC Read Back auxiliary0 register
0x0018 TSC _ BACK_A1 TSC Read Back auxiliary1 register
0x001C TSC _ BACK_A2 TSC Read Back auxiliary2 register
0x0020~0040 - Reserved

0x0044 TSC_STREAM_CTRL Stream Mode control

0x0048 TSC_FIFO_LEVEL_CHK FIFO level check

0x004C TSC_FIFO_OP FIFO operation

0x0050 TSC_FIFO_STS FIFO status register

0x0054 TSC_FIFO_INT_EN FIFO interrupt enable

Others - Reserved

Table 184: TSC Register Mapping
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Detailed register mapping of the TS controller (empty cells indicate reserved registers):

A[2:0] | 31:16 |15 |14 |13 12 |11 [10 |o gl 7:4 |30 BE';A
DEL ,
0x0000 | - POLL | ADCSELO coo | ctc | - PGS 320
WAIT DEL | DEL | ..,
0x0004 | - PRP - - - S s SRE | Dis | 320
Table 185: Detailed TSC Register Mapping (1)

. . 7: 3: DEFA
Anzo] 319 8|1 |5 4 > |4 0 o
0x0008 |- |7 |- ZEN—'NTR—E DATA_INTR_EN PEN_INTR | DATA_INTR | 32'h0
Table 186: Detailed TSC Register Mapping (2)

A[12:0] | 31 30 29 28:20 19:10 9:0 DEFAULT
0x000C | PNDN | VALID_Y VALID. X | - ADCDY | ADCDX | 32ho
0x0010 | - VALID_Z2 VALID 71 | - ADCDZ2 | ADCDZ1 | 32ho
0x0014 | - VALID_AO - - - ADCDAO | 32h0
0x0018 | - VALID_Af - - - ADCDA1 | 32h0
0x001C | - VALID_A2 ) - - ADCDA2 | 32h0

Table 187: Detailed TSC Register Mapping (3)

Register Description

TSC Power Management

To save power, both the digitizer and the pen-down detector of Analog module can be disabled when
they are not being used.

When the digitizer is disabled, ADC will be powered off and all driver switches will be turned off except for
the one that drives the YNN (drives the YN to the AGND). When the pen-down detector is disabled, the
YNN driver switch will be turned off in order to disable the pen-down detection function.
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The status of the digitizer and the pen-down detector is controlled by the following bits:

TSC Power Management

Bit Name Default | Description

Analog Module power management.
00: Pen digitizer off, pen detector off (default).

15:14 01: Pen digitizer off, pen detector enable; pen digitizer
(R/W) PRP 2'b00 wakes up when pen-down is detected.
0x0004 10: Pen digitizer off, pen detector enable, no wake-up pen

digitizer when pen down is detected.
11: Both the pen digitizer and the detector are enabled.

Table 188: TSC Power Management

TS Initiation of Measurement

The TSC interface supports both polling and continuous mode for measurement. In a polling mode, each
measurement is initiated individually by writing logic H to the POLL bit. This bit will automatically reset
itself to logic L when the measurement process is completed.

e TS Initiation of Measurement

Bit Name Default Description
10 (R/W) 0 : Polling mode
CTC 1b0 .
0x0000 1 : Continuous mode
15 (RIW
( ) POLL 1’b0 Writing 1 initiates measurement in polling mode
0x0000

Table 189: TS Initiation of Measurement

TS Measurement Types

The ADCSELDO register determines which type of measurement is performed.

When COO is set to 1'b0, there will only be one type of measurement both in polling or continuous mode.
When COO is set to 1’b1, it is easy to obtain coordinate pairs rather than single coordinate measurement.

In polling coordinate mode (COO=1’b1, CTC=1'b0), the TS controller performs the X measurement,
followed by a Y measurement and an additional measurement determined by ADCSELO before stopping.
In continuous coordinate mode (COO=1b1, CTC=1b1), the TS controller continuously repeats a
sequence consisting of a X coordinate measurement, followed by a Y coordinate measurement and an
additional measurement determined by ADCSELDO.
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e TS Measurement Types Control Registers

Bit

Name

Default

Description

14:12 (R/W)
0x0000

ADCSELO

3’b0

Measurement type (ADC input selector)
000: No measurement

001: X coordinate measurement

010: Y coordinate measurement

011: Z coordinate measurement

100: AUX0 measurement

101: AUX1 measurement

110: AUX2 measurement

111: Reserved

11 (RIW)
0x0000

COO

1’h0

Enable coordinate mode
0: Single measurement according to ADCSELDO.

1: X, then Y, then additional measurement indicated
by ADCSELO.

Table 190: TS Measurement Types Control Register

TS Read-Back Register

There are three types of read back data from the TS controller.

e Pen status, which indicates whether the pen is up or down

e Output data from ADC

e Data valid

When the ADC data is output to the data registers, the corresponding valid registers will be set to
1’b1, then the data valid registers will reset themselves (set to 1°b0) after the corresponding data
registers are read by ARM.

The WAIT_READ register indicates whether or not to overwrite the new data to the unread data register.

Bit Name Default Description
Pen status
31 (R) PNDN 1’b0 0:PenU
0x000C rentp
1 :Pen Down
11:0 Touch Screen X coordinate measurement data
(R) ADCDX 12’b0 ADCDX[11] = MSB
0x000C ADCDX|[0] = LSB
23:12 Touch Screen Y coordinate measurement data
(R) ADCDY 12’b0 ADCDY[23] = MSB
0x000C ADCDY[12] = LSB
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Bit Name Default Description
11:0 Touch Screen pressure measurement data
(R) ADCDZ1 12’b0 ADCDZz1[11] = MSB
0x0010 ADCDZz1[0] =LSB
23:12 Touch Screen pressure measurement data
(R) ADCDZ2 12’b0 ADCDZ2[23] = MSB
0x0010 ADCDZ2[12] = LSB
11:0 Touch Screen auxiliary 0 measurement data
(R) ADCDAO 12’b0 ADCDAOQ[11] = MSB
0x0014 ADCDAQ[0] = LSB
11:0 Touch Screen auxiliary 1 measurement data
(R) ADCDA1 12’b0 ADCDA1[11] = MSB
0x0018 ADCDA1[0] = LSB
11:0 Touch Screen auxiliary 2 measurement data
(R) ADCDA2 12’'b0 ADCDAZ2[11] = MSB
0x001C ADCDAZ2[0] = LSB
29 X measurement data valid
(R) VALID_ X 1’h0 0: Invalid
0x000C 1: Coordinate data is valid
30 Y measurement data valid
(R) VALID_Y 1’h0 0: invalid
0x000C 1: coordinate data is valid
29 Z1 measurement data valid
(R) VALID_Z1 1’h0 0: Invalid
0x0010 1: Coordinate data is valid
30 Z2 measurement data valid
(R) VALID Z2 1’h0 0: Invalid
0x0010 1: Coordinate data is valid
30 Auxiliary 0 measurement data valid
(R) VALID_A0 1’h0 0: Invalid
0x0014 1: Auxiliary 0 data is valid
30 Aucxiliary 1 measurement data valid
(R) VALID_A1 1’h0 0: Invalid
0x0018 1: Auxiliary 1 data is valid
30 Auxiliary 2 measurement data valid
(R) VALID_A2 1’h0 0: Invalid
0x001C 1: Auxiliary 2 data is valid
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Bit Name Default Description
9 0: No effects (new ADC data overwrites unread data)
(R/w) WAIT_READ 1’h0 1: New data is being held back, and measurement is
0x0004 delayed until data registers are read

Table 191: TS Read-Back Register

TS Interrupt Status Registers

When the screen is touched, the pen interrupt will be initiated (as long as it is enabled). However, the
INT_PEN register can still be set to logic H regardless of whether or not the pen interrupt is enabled. After
the measurement data is stored into the corresponding data register according to its measurement type,
the data ready interrupt will be initiated if it is enabled. The INT_DATA register can still be set to logic H
regardless of the enable/disable state of the data interrupt.

e Touch Screen Interrupt Status Register

Bit Name Default Description

Data ready interrupt status:
0: No interrupt.

0 (R/W) ,

INT_DATA 1’b0 1: Data ready interrupt exists.

Writing 1 to this bit will clear the interrupt and writing
0 produces no effects to the interrupt status.

0x0008

Pen-down interrupt status:
1 (RIW) ’ 0: No mterruplt. .
INT_PEN 1’0 1: Pen-down interrupt exists.

Writing 1 to this bit will clear the interrupt and writing
0 produces no effects to the interrupt status.

0x0008

Data ready interrupt enable:

4 (RIW
0)50008) INT_DATA_EN 1’00 0: Data ready interrupt is disabled.
1: Data ready interrupt is enabled.
5 (RIW) Pen-down intfarrupt enf':lblé:
INT_PEN_EN 1’b0 0: Pen-down interrupt is disabled.
0x0008

1: Pen-down interrupt is enabled.

Table 192: Touch Screen Interrupt Status Register

Time Control Registers

In order to conduct accurate measurements, the setting time and pre-charge time of the touch screen
must be set. The pre-charge time indicates the required time between closing the switch to pre-charge
the pen-detector and opening this switch. While the setting time indicates the required time between
closing the switch to applying a voltage across the touch screen and sampling the input signals by ADC.
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e Time Control Register

Bit Name

Default

Description

74
(R/W)
0x0000

DEL_SET

4’b0

The touch screen setting time before ADC begins to sample
input signals:

0000 : No delay
0001 : 8 us
0010: 16 us
0011:32us
0100 :48 us
0101 : 64 us
0110: 96 us
0111 :128 us
1000 : 192 us
1001 : 256 us
1010 : 384 us
1011 :512 us
1100 : 768 us
1101 :1ms
1110:1.28 ms
1111:1.5ms

3:0
(R/W)
0x0004

DEL_DIS

4’b0

The discharge time before the pen detector is initiated:
0000 : No delay
0001 : 8 us
0010 : 16 us
0011 :32us
0100 : 48 us
0101 : 64 us
0110 : 96 us
0111:128 us
1000 : 192 us
1001 : 256 us
1010 : 384 us
1011 :512 us
1100 : 768 us
1101 :1ms
1110:1.28 ms
1111:1.5ms
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Bit Name Default | Description

The pre-charge time before the pen detector is initiated:
0000 : No delay
0001 : 8 us
0010 : 16 us
0011 : 24 us
0100 : 32 us
0101 :48 us
74 0110 : 64 us
(R/W) DEL_PRE 4'b0 0111 :96 us
0x0004 1000 : 128 us
1001 : 160 us
1010: 192 us
1011 : 256 us
1100 : 320 us
1101 : 384 us
1110 : 448 us
1111 : 500 us

Table 193: Time Control Register

Stream Mode Registers

e TSC Stream Mode Control Register (TSC_STREAM_CTRL) -0x0044

Bit Name Default | Description

Stream mode enable.
0 (R/W) STREAM_EN | 1’b0 0: Stream mode is disabled.
1: Stream mode is enabled.

Sampling rate of stream control.
000: 8K SPS

001: 16K SPS

010: 24K SPS

011: 32K SPS

100: 40K SPS

101: 48K SPS

Other: 8K SPS

3:1 (RW) | RATE_CTRL | 3'b0

Stream channel selection.
6:4 (R/W) CHN_SEL 3'b0 000: AUXO0 as stream mode channel.
001: AUX1 as stream mode channel.
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Bit Name Default | Description
010: AUX2 as stream mode channel.
Other: AUXO0 as stream mode channel.
This register controls how to wrap 16-bit FIFO with 12-bit
ADC output data in stream mode.
000: Low 4-bit of FIFO data is filled with zero.
001: Low 3-bit and High 1-bit of FIFO data is filled with zero.
97 (RIW) | WRAP_CTRL | 3'b0 010: Low 2-bit and High 2-bit of FIFO data is filled with zero.
011: Low 1-bit and High 3-bit of FIFO data is filled with zero.
100: High 4-bit of FIFO data is filled with zero.
Other: Low 4-bit of FIFO data is filled with zero.
31:10 (R) - 22’b0 Reserved

Table 194: TSC Stream Mode Control Register

e TSC FIFO level check Register (TSC_FIFO_LEVEL _CHK) -0x0048

Bit Name Default Description

3:0 (RW) FIFO_SC 4’h4 Stop check in Double word.
9:4 (R) - 6’h0 Reserved.

13:10 , .

(RIW) FIFO_LC 4’h8 Low check in Double word.
19:14 (R) - 6’h0 Reserved.

23:20 . . .

(RIW) FIFO_HC 4'hC High check in Double word.
31:24 (R) - 8’h0 Reserved.

Table 195: TSC FIFO level check Register

e TSC FIFO Operation Register (TSC_FIFO_OP) -0x004C

Bit Name Default Description
0 (RW) | FIFO_START 1’b0 Starts the read/write transfer when this bit is set.
Set to 1 to stop the FIFO and reset the FIFO internal
1 (R/W) | FIFO_RESET 1’b0 status including its relevant interrupt status.
Set to 0 in normal operation.
31:2(R) |- 30'h0 Reserved.
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Table 196: TSC FIFO Operation Register

e TSC FIFO Status Register (TSC_FIFO_STS) -0x0050

Bit Name Default Description

FIFO full status:
1: FIFO is in full state
0 FIFO EULL b0 0: FIFO is not in full state.

(R) It indicates the current FIFO full status, once the FIFO
status is changed, the status bit will be cleared
automatically.

FIFO empty status:
1: FIFO is in empty state

FIFO EMPTY 1’b1 0: FIFO is not in empty state

It indicates the current FIFO empty status, once the
FIFO status is changed, the status bit will be cleared
automatically.

(R)

FIFO overfiow status:
1: FIFO overflow takes place.
0: FIFO is not overflow.

FIFO_OFLOW 1’b0 It indicates the current FIFO over flow, once the FIFO
(RIW) status is changed, the status bit will be cleared
automatically.

Also user can write 1'b1 to clear the register bit after
the FIFO overflow takes place.

FIFO underflow status:
1: FIFO underflow takes place.
0: FIFO is not underflow.

FIFO UFLOW 1’b0 It indicates the current FIFO under flow, once the FIFO
(R/W) B status is changed, the status bit will be cleared
automatically.

Also user can write 1'b1 to clear the register bit after
the FIFO overflow takes place.

The byte count of the valid data in the FIFO varies from
0 to 63 bytes. In case FIFO is full, the value of this

9:4 (R) FIFO_LEVEL 6'h0 register will be set to 0, thus users must concatenate
the FIFO_FULL bit with this value to determine the
actual data count in it.

31:10 (R) - 22’h0 Reserved.

Table 197: TSC FIFO Status Register

August, 2010 SiRF Datasheet — Proprietary and Confidential 165



-~

L4

SiRF

SiRFatlasV
AT551 Datasheet

e TSC FIFO Interrupt Register (TSC_FIFO_INTR) -0x0054

Bit

Name

Default

Description

0 (R/W)

INT_FIFO_FULL_EN

1’b0

: FIFO full interrupt is enabled.
: FIFO full interrupt is disabled.

O =

1 (RIW)

INT_FIFO_EMPTY_EN

1’b0

: FIFO empty interrupt is enabled.
: FIFO empty interrupt is disabled.

O =

2 (RIW)

INT_FIFO_OFLOW_EN

1’b0

1: FIFO overflow interrupt is enabled.
0: FIFO overflow interrupt is disabled.

3 (RIW)

INT_FIFO_UFLOW_EN

1’b0

1: FIFO underflow interrupt is enabled.
0: FIFO underflow interrupt is disabled.

4 (R/W)

INT_FIFO_OFLOW

1’b0

FIFO overflow interrupt:
1: FIFO overflow takes place.
0: FIFO is not overflow.

User can write 1’b1 to clear the register bit after
the FIFO overflow takes place.

After the overflow, the hardware can not clear
this bit even the FIFO is out of overflow.

5 (R/W)

INT_FIFO_UFLOW

1’b0

FIFO underflow interrupt:
1: FIFO underflow takes place.
0: FIFO is not underflow.

Users need to write 1’b1 to clear the register bit
after the FIFO underflow takes place.

After the underflow, the hardware can not clear
this bit even the FIFO is out of underflow.

316 (R)

26’h0

Reserved.

Table 198: TSC FIFO Interrupt Enable Register
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GRAPHICS AND MULTIMEDIA SUBSYSTEM

LCD Controller

Overview

The LCD controller is used for displaying images to an external display panel and can be used on GPS
Navigation/Telematics systems, as well as PDAs and smart phones.

Feature List

e Active color mode, supported source pixel data up to 16777216 colors (24 bits), and 16 bits output
data bus

e Resolution up to 1024x1024 pixels is supported, but is limited by memory bus bandwidth
e Two layers (typically one for primary surface, the other for overlay suiface)
o One hardware cursor layer (2bits/pixel, 64X64 or 32X32 pixels each)

e On-chip RGB to YUV hardware conversion and interface to the TV encoder (8-bit 4:2:2 format or
16-bit 4:2:2 format)

e Programmable frame and line clock polarity, pulse width and starting location; programmable
polarity for output enable and toggle frequency of the L_DE output pin

e Programmable pixel clock frequency and polarity
e Master and slave modes are supported

o Depending on the type of panel used, the LCD controller can be programmed to use 8- and 16-
pixel data output pins

Pin Description

External Pin Descriptions

The following table shows the pins used in the LCD controller and their functions. The LCD controller pins
are multiplexed with other devices.

Pin Name = Pin Mux Defau!t Default Status Description
Type Function
LCD Data Bus:
Provides 8- and 16-bit data
at a time to the LCD panel.
X LDD<15:0 | output low Either the bottom eight pins

X_LDD<15:0> | O ROM ST LCD (LDD<7:0>) or the bottom 16
) pins (LDD<15:0>) will be
used. For active displays, all
used data pins represent a

single pixel.

LCD Shift / Pixel Clock
(programmable polarity) for
screen:

X_L PCLK I/O ROM LCD Input pull down
- putpu W Used by the LCD panel to
latch the pixel data and
control signals.
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Pin Name = Pin Mux Defau!t Default Status Description

Type Function
LCD Line Clock
(programmable polarity) for
screen:

X L LCK I/O ROM LCD Input pull down Used by the LCD display to
signal the beginning of a
line.

Horizontal sync.

LCD Frame Clock
(programmable polarity) for
screen:

X _L_FCK I/0 ROM LCD Input pull down Used by the LCD display to
signal the start of a new
frame.

Vertical sync.
AC Bias or Data Enable for

X_L_DE O GPIO/ROM | GPIO Output low screen:

Data Enable (DE).

Table 199: LCD External Pin Descriptions

Functional Descriptions

Block Diagram

Data flow:

There are two layers within the LCD controller; these layers request data from the external frame buffer.
LCD_DMA _arbiter arbitrates those requests and grants a layer, then sends the request to the system
arbiter. The system arbiter then grants that request and provides data from the frame buffer. Data from
the cursor layer is provided by the SRAM configured by CPU. These two layers and the cursor layer will
then perform alpha blending, which will result in RGB to YUV conversion. Finally the results will be sent to
the LCD panel or a TV encoder.
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Figure 33: LCD Controller Block Diagram
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There are three interfaces in the LCD block:

e The layer interface, which processes the pixel data from the frame buffer, the two layers are
independent.

e The cursor interface, which processes the cursor data from the internal SRAM.

e The screen interface, which processes timing control with an external panel and outputs the
required pixel data.

Layer Interface

Layer Display

There are total of three layers which can be displayed on the screen. The following figure is a display
example.

If different layers are overlapped, then alpha blending should be applied. However at some points when
no layers are overlapped, alpha blending is still applicable with pixe! value 0 (of those layers that contain
no pixels).

Background color

Figure 34: Display Example

Different layer can be configured to different pixel data format. For example, layer 0 pixel format is 16-bit
RGB565 data, layer1 pixel format can be 24-bit RGB888 data.
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Layer Data Format from Frame Buffer

The LCD controller supports several formats that contain raw RGB data. Each layer can be programmed

independently to support one pixel format.

Memory Depth RGB Format Description
16-bit RGB565 (5-bit R, 6-bit G and 5-bit B)
-bi . . .
RGB655 (6-bit R, 5-bit G and 5-bit B) A: Alpha value
18-bit RGB666 (6-bit R, 6-bit G and 6-bit B) T:T-bit
R: Red
RGB888 (8-bit Reserved, 8-bit R, 8-bit G and 8-bit B) G: Green
32-bit TRGB888 (1-bit T, 8-bit R, 8-bit G and 8-bit B) B: Blue
ARGBS888 (8-bit A, 8-bit R, 8-bit G and 8-bit B)
Table 200: Layer Pixel Data Format
e Data format for 16-bit RGB565:
Bit 15 1110 54
| R[4:0] | G[5:0] | B[4:0]
e Data format for 16-bit RGB655:
Bit15 10 9 54
| R[5:0] | G[4:0] | B[4:0]
e Data format for 16-bit RGB556:
Bit 15 11 10 6 5
| R[4:0] | G[4:0] | B[5:0]
e Data format for 18-bit RGB:
Bit 31 18 17 12 11 6 5
| Unused | R[5:0] | G[5:0] | B[5:0]
e Data format for 32-bit RGB:
Bit 31 24 23 16 15 8 7 0
| Unused | R[7:0] | G[7:0] | B[7:0]
e Data format for 32-bit TRGB888:
Bit 31 24 23 16 15 8 7 0
[ Unused |[T| R[7:0] | G[7:0] | B[7:0]
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T-bit:

— 1: The alpha value for this pixel is 0x00;
— 0: The alpha value of this layer is being used.

e Data format for 32-bit ARGB8888:

Bit 31 24 23 16 15 87 0
| A[7:0] [ R[7:0] [ G[7:0] [ B[7:0] |

Encoded pixel data of the frame buffer is stored in the off-chip memory (usually DRAM), and is transferred
to the LCD controller's FIFO. User can select how the LCD views the ordering of the frame buffer pixel by
programming big/little-endian selection bits.

There are two levels of endian selection for a dword data from the memory. The following figures are
examples for these two levels in different bit/pixel formats:

Bit 15 0
Pixel data [15:0]

Bit 31 16\15 0

Pixel 1 Pixel 0

Figure 35: 16-Bit/Pixel Data in a Dword (Little-Endian)

Bit 23 0
Pixel data [23:0]

A
Bit 31 23 /. 0

|
unused | Pixel O

Figure 36: 24-Bit/Pixel Data in a Dword (Little-Endian)

The required bandwidth of each layer is depends on the pixel data format. For example, when one layer
is configured to 320x240 resolution with RGB565 pixel data format, the required bandwidth should be
320x240x2, each RGB565 pixel data occupies 2 bytes at the memory side.

Color Key

LayerO to layer1 support the color key function, two registers (CKEYB and CKEYS) are used to specify a
color key range. If a color of the overlay layer is between CKEYB and CKEYS, then the color will be
transparent and the pixel from the lower layer will be shown instead.

When the pixel data format of layer is configured to TRGB mode, the color will be transparent and the
pixel from the lower layer will be shown instead if the bit24 of pixel data is 1.
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Alpha Blending and Keying Principle

When a front layer and a background layer are being mixed, the mixer output will contain partial
background and partial foreground.

Alpha blending gives the flowing result:
Mixer_out = alpha*FG + (1 —alpha)*BG

Where BG stands for background and FG stands for foreground.

In the formula, alpha is a variable between 0 and 1. The alpha value is decided by the LCD_Lx_ALPHA of
the foregourd or the alpha from pixel when the pixel data format of foreground is configured to ARGB
mode.

If the alpha variable is 1, mixer_out equals to FG (which means only the current layer will be displayed,
the same applies to alpha variable 0). On the other hand, if the alpha variable is 0, mixer_out equals to
BG.

If the alpha variable is less than 1 and greater than 0, then the mixer output will contain both BG and FG.

When the pixel data format of layer is configured to ARGB mode, the alpha value specified by
LCD_Lx ALPHA is invalid and the hardware will get the alpha value from each pixel data.

Therefore the output data should be:
Mixer_out = alpha_from_pixel x FG + (1 - alpha_from_pixel) x BG

Alpha Blending Implementation

By default, layer0 is the bottom layer, and layer1 is on top of layer0O. The cursor layer is the top layer.
Users can select and configure one of the three layers to be the top layer. For example, if layer1 is
configured to be the top layer, then the layers will be shown in the following sequence:

LayerO0 is the bottom layer, then cursor; on top of the cursor layer is layer1.

L T

fg
bg %ﬁ Mixer_out = alpha*fg + (1 —alpha)*bg

Figure 37: Default Alpha Blending Implementation

cursar

layer1

layer(
bg

I
fl’j ]
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The default alpha blending implementation is shown in the figure above. Alpha values can be different
values for different layers. Alpha blending operations are pipelined.

The following figure illustrates a typical implementation of alpha blending. In this example, layer1 is

configured as the top layer.

Layer1
(top layer)

| ]
cursor J
Iay:rg[} _E jE—E

fg
bg %7 Mixer_out = alpha*fg + (1 —alpha)*bg

Figure 38: Alpha Blending Implementation Example (Top Layer = Layer 1)

| |v |

|'U'

|v |

DMA Operation

The LCD controller accesses the frame buffer data through its two 2-dimensional DMA channels (layerO-
layer1) with each corresponding to one layer. The X size determines how many consecutive DMA bursts
of data are in a line, whereas the Y size determines how many lines are required for the current display.
The SKIP value determines the number of bytes to skip at the end of a line in order to get to the
beginning of the next line, and the base address specifies the starting address of DMA. The start address
for each line must be a QWORD alignment address.

A control bit allows each DMA to operate in continuous mode. This means that the DMA will repeat itself
automatically (with the exact same settings) after it is completed for continuous display. This saves the
software from always having to generate DMA requests. Clearing this bit can stop the continuous DMA.

Star‘t—in-g
Qs X size+1 |
|l gl
[
Y size+1
¥ Skip 1
-
Skip 2 I
i Skip 1+ Skip 2=Skip

Figure 39: LCD Controller DMA Memory 2-D Layout
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In case the QWORD width of the output image is not a multiple of the DMA burst length, some dummy
spaces will then need to be reserved at each line in order for the frame buffer QWORD width to be a
multiple of the DMA burst length. The following figure illustrates this example:

Starting address of one line

Byte width of valid line

&

Byte width of frame buffer

Y

F

Figure 40: LCD Controller Line Frame Buffer Layout

A DMA chain is also supported; each layer has an extra memory address register. When the DMA chain
and continuous the DMA mode are enabled, DMA will first be processed from addressO and then
address1 after the last DMA is completely processed (with same X and Y configurations of last DMA),
then address0 will be followed. This function can be used for bcth TV output mode and ping-pong frame
buffer mode.

Dma_addr0 —__

Dma_addr

Figure 41: LCD Controller DMA Chain

Each Layer (layer0-1) has a FIFO with 256*64 bits.
DMA burst length can be configured to the following sizes: 4 QWord, 8 QWord, 16 QWord.

Data from VPP

Layer1 input data can comes directly from the VPP module. If the DEST bit of the VIDEO_PRE_CTRL
register is set, then VPP will output data to layer1 of the LCD controller directly and DMA of layer1 will be
stopped. Layer0 will keep fetching data from the frame buffer.
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Hardware Cursors Interface

The LCD controller provides a hardware cursor that can be disabled or configured to the following modes:

o 32x32x2bpp 2-color and transparency mode
o 64x64x2bpp 2-color and transparency mode
o 32x32x2bpp 4-color mode
o  64x64x2bpp 4-color mode
o 32x32x2bpp 3-color and transparency mode
o 64x64x2bpp 3-color and transparency mode

The cursor data is stored in its internal 256x32 bit SRAM. Users can enable, disable and configure the
cursor by programming the Cursor Control register.

32x32x2bpp and 64x64x2bpp 2-color and transparency modes , these two modes follow the Microsoft®
Windows cursor data plane structure. Each pixel has 2 bits, which represent four colors:

e Two colors are used for drawing a cursor.

e The third color is used for transparency. This allows the main display image behind the cursor to
show through.

e The fourth color is for inverted transparency. This allows the main display image behind the cursor
to show through, but with inverted color value.

Bits/Pixel Color Displayed at Corresponding Pixel Position

00 Cursor color 0

01 Cursor color 1

10 Transparent. The pixel of the main display image behind the cursor is shown through.

11 Transparent, but _invgrted. The pixel of the main display image behind the cursor is
shown through with inverted color.

Table 201: 2-Color and Transparency Mode Data Format

Bits/Pixel Color Displayed at Corresponding Pixel Position
00 Cursor color 0
01 Cursor color 1
10 Cursor color 2
11 Cursor color 3

Table 202: 4-Color Mode Data Format
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Bits/Pixel Color Displayed at Corresponding Pixel Position
00 Cursor color 0
01 Cursor color 1
10 Cursor color 2
11 Transparent

Table 203: 3-Color and Transparency Mode Data Format

The following figure shows one of the formats in which the pixel data is stored in the internal SRAM:

Bit 31 30 29 28 27 26 ... .. 7 65 4 3 21 0
Addr0 | Pixel 15 | Pixel 14 | Pixel 13 | - Pixel 3 Pixel 2 Pixel 1 Pixel 0
Addr4 | Pixel 31 | Pixel 30 | Pixel 29 | - Pixel 19 | Pixel18 | Pixel 17 | Pixel 16

Screen Interface

RGB to YUV Conversion

This function mainly is targeted for video encoders. There is a set of registers which contain coefficients
to convert RGB outputs to YUV. The conversion is a 3x3 matrix multiplication shown as follows:

Y C11C12C13 R
u = C21C22 C23 X G
\Y C31C32C33 B

NOTE - This multiplication is a signed multiplication.

The basic function unit: Out=Cx1*R+Cx2*G+Cx3*B (x = 1, 2, 3). Three such computation units are used
to get Y, U and V. Currently the booth-4 coding multiplier and CSA adders are used to implement such
function unit. This function can be bypassed if necessary.

Data Format Output to LCD Panels

The following table describes the LCD pin allocation for various types of external LCD panels. It is
independent with the pixel format of each layer. Whatever the LCD panel type is, the pixel format of layer
can be programmed to required type according to the system requirement.

Data Type Pins Pixel Format

RGBIX_LCD<7:0>

8-bit X_LDD<7:0>
YCrYCb UX_LDD<7:0>

YcrCbOX_LDD<15:0>
16-bit X_LDD<15:0> RGB565
R<7:3>>X_LDD<15:11>

August, 2010 SiRF Datasheet — Proprietary and Confidential 177

DRAFT



3

SiRFatlasV

AT551 Datasheet

Data Type

Pins

Pixel Format

G<7:2>>X_LDD<10:5>
B<7:3>>X_LDD<4:0>

Table 204: Data Pins Allocation for Different Output Pannels

Column 0 | Column1 | Column2 | Column3 | Column 4 | Column §
Row 0 | ROO G00 B0O RO1 G01 BO1
Row1 | R10 G10 B10 R11 G11 B11
Row2 | R20 G20 B20 R21 G21 B21
Row 3 | R30 R31 B31 R31 G31 B31
Table 205: Pixel Output Order for 8-Bit RGB Mode

Column 0 | Column1 Column2 | Column 3 Column4 | Column5
Row 0 | YOO Cr00 Y01 Cb01 Y02 Cr02
Row1 | Y10 Cr10 Y11 Cb11 Y12 Cr12
Row2 | Y20 Cr20 Y21 Cb21 Y22 Cr22
Row 3 | Y30 Cr30 Y31 Cb31 Y32 Cr32

Table 206: Pixel Output Order for 8-Bit YCrCbh Mode

Column 0 | Column1 Column 2
Row 0 | Y00 Cr00 | YO1CbO1 Y02 Cr02
Row1 |Y10Cr10 | Y11Cbi1 Y12 Cr12
Row2 |Y20Cr20 | Y21 Ch21 Y22 Cr22
Row3 | Y30Cr30 |Y31Cb31 Y32 Cr32

Table 207: Pixel Qutput Order for 16-Bit YCrCb Mode
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Column 0 | Column1 Column2 | Column3 | Column4 | Column5

Row 0 | POO P01 P02 P03 P04 P05

Row 1 | P10 P11 P12 P13 P14 P15

Row2 | P20 P21 P22 P23 P24 P25

Row 3 | P30 P31 P32 P33 P34 P35

Table 208: Pixel Output Order for 16-Bit RGB Mode

Register Definitions

Register Address Mapping

Base Address

Access Type Address Mapping

LCD controller base address through RISC I/O 0xb8000000

Table 209: LCD Controller Address Mapping

Register Mapping

5,:3%? HIGED Register Description

0x0000 LCD_S0_HSYNC_PERIOD Period for Master Mode Horizontal Sync
0x0004 LCD_SO0 _HSYNC WIDTH Width for Master Mode Horizontal Sync
0x0008 LCD_S0 _VSYNC PERIOD Period for Master Mode Vertical Sync
0x000C LCD_S0 _VSYNC WIDTH Width for Master Mode Vertical Sync
0x0010 LCD_S0 ACT_HSTART Horizontal start position for active screen
0x0014 LCD_S0 ACT_VSTART Vertical start position for active screen
0x0018 LCD S0 _ACT_HEND Horizontal end position for active screen
0x001C LCD_S0_ACT_VEND Vertical end position for active screen
0x0020 LCD_S0_OSC_RATIO OSC_PIXCLK divider ratio register
0x0024 LCD_SO TIM_CTRL Timing control register

0x0028 LCD_SO TIM_STATUS Timing control status register

0x002C LCD_S0_HCOUNT Horizontal counter value

0x0030 LCD_S0_VCOUNT Vertical counter value

0x0034 LCD_S0_BLANK Blanking register
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5,:3%? HIGED Register Description

0x0038 LCD_S0 BACK COLOR Background color register
0x003C LCD_SO0_DISP_MODE Display mode and format register
0x0040 LCD_SO LAYER SEL Select layer display at screenQ
0x0044 LCD_S0 RGB_SEQ Sequence for RGB outputs
0x0048 LCD_S0_RGB_YUV_COEF1 RGB to YUV Coefficient 1
0x004C LCD_S0_RGB_YUV_COEF2 RGB to YUV Coefficient 2
0x0050 LCD_S0_RGB_YUV_COEF3 RGB to YUV Coefficient 3
0x0054 LCD_SO0_YUV_CTRL RGB to YUV conversion control register
0x0058 LCD_SO _TV_FIELD Screen controi for TV mode
0x005C LCD_SO_INT_LINE Interrupt line number

0x0060 LCD_SO0_LAYER_STATUS Layer enable status

0x00F0 LCD_DMA_STATUS DMA status.

0x00F4 LCD_INT_MASK Interrupt enable.

0x00F8 LCD_INT_CTRL Interrupt status.

0x00FC LCD_SCR_CTRL Enable the screen.

0x0100 LCD _LO_CTRL Control register for LO

0x0104 LCD_LO_HSTART Horizontal start position for LO
0x0108 LCD _LO_VSTART Vertical start position for LO
0x010C LCD_LO_HEND Horizontal end position for LO
0x0110 LCD_LO_VEND Vertical end position for LO
0x0114 LCD_LO_BASEOQ Screen memory base register0
0x0118 LCD_LO_BASE1 Screen memory base register1
0x011C LCD_LO_XSIZE X Size for screen DMA

0x0120 LCD _LO_YSIZE Y Size for screen DMA

0x0124 LCD_LO_SKIP Skip value for screen DMA
0x0128 LCD _LO_DMA CTRL Control register of the DMA
0x012C LCD_LO_ALPHA LO Alpha blending control register
0x0130 LCD_LO_CKEYB LO color key big RGB value
0x0134 LCD _LO_CKEYS LO color key small RGB value
0x0138 LCD_LO_FIFO_CHK LO FIFO control register

0x013C LCD_LO_FIFO_STATUS Status register of FIFO
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5,:3%? HIGED Register Description

0x0200 LCD L1 _CTRL Control register for L1

0x0204 LCD_L1_HSTART Horizontal start position for L1

0x0208 LCD_L1_VSTART Vertical start position for L1

0x020C LCD_L1_HEND Horizontal end position for L1

0x0210 LCD_L1_VEND Vertical end position for L1

0x0214 LCD_L1_BASEO Screen Memory Base Register0

0x0218 LCD_L1_BASE1 Screen Memory Base Register1

0x021C LCD_L1_XSIZE X Size for screen DMA

0x0220 LCD_L1_YSIZE Y Size for screen DMA

0x0224 LCD_L1_SKIP Skip value for screen DMA

0x0228 LCD _L1_DMA CTRL Control register of the DMA

0x022C LCD_L1_ALPHA L1 Alpha blending control register

0x0230 LCD_L1_CKEYB L1 color key big RGB value

0x0234 LCD _L1_CKEYS L1 color key small RGB value

0x0238 LCD_L1_FIFO_CHK L1 FIFO control register

0x023C LCD_L1_FIFO_STATUS Status register of FIFO

0x1000 LCD_CURO_CTRL Control register for CURO

0x1004 LCD_CURO_HSTART Horizontal start position for CURO

0x1008 LCD_CURO_VSTART Vertical start position for CURO

0x100C LCD_CURO_HEND Horizontal end position for CURO

0x1010 LCD_CURO_VEND Vertical end position for CURO

0x1014 LCD_CURG_COLORO Color 0

0x1018 LCD_CURO_COLOR1 Color 1

0x101C LCD_CURO_COLOR2 Color 2

0x1020 LCD_CURO_COLORS3 Color 3

0x1024 LCD_CURO_ALPHA CURQO alpha blending control register

0x1028 LCD_CURO_FIFO_RDPTR Read address of SRAM

0x1400~0x17FC | LCD_CURO_FIFODATA Read/write screen FIFO

Table 210: LCD Controller Register Definition
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Register Description

Sync Signal Generation Registers

In the slave mode, the horizontal and vertical sync signals are output by the display. However in the
master mode, the LCD controller will generate sync signals based on parameters such as period and
width of each sync pulse.

VEYNEC
VSYNC_PERIODH PWIDTH |

P i
Lol e L |

I,
L
L_FCLK
N aWaNWay W s N
L LCLK l

I

ACT VSTART -
VANV
L DE = :

ACT_WEMDH

Figure 42: VSYNC Output

HSYNC

HSYNC_ PERIODH | WiDTH]

L_LCLK AIH- - I
s LML LML ML LML

|
I
ACT_HSTART+g = » ACT_HEND+O+1
L_DE | |

Ea

Figure 43: HSYNC Output

e Period for Master Mcde Horizontal Sync (LCD_S0_HSYNC_PERIOD) — 0x0000

Bit Name Default | Description

In the master mode where the LCD controller generates
10:0 HSYNC PERIO , sync signals, this valug will define thelperiod of_the . .
RIW) D - 11°h0 horizontal sync pulse in numbers of pixels. If this register is

set to 60, then the sync period is 61 pixel clocks. In slave
mode, this register produces no effects.

31:11 - 21'h0 Reserved.

Table 211: Period for Master Mode Horizontal Sync (LCD_S0_HSYNC_PERIOD)
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o Width for Master Mode Horizontal Sync (LCD_S0_HSYNC_WIDTH) — 0x0004
Bit Name Default | Description
For master mode, where LCD controller generates the sync
10:0 signals, this value will define the width (minus 1) of the
HSYNC_WIDTH | 11’h0 horizontal sync pulse in terms of number of pixels. If this
(R/W) register is set to 8, then the width of the sync pulse is 9 pixel
clocks. In slave mode, this register produces no effects.
31:11 - 21°’h0 Reserved.

Table 212: Width for Master Mode Horizontal Sync (LCD_S0_HSYNC_WIDTH)

Period for Master Mode Vertical Sync (LCD_S0_VSYNC_PERIOD) — 0x0008

Bit Name Default | Description
In the master mode where the LCD controller generates the
. sync signals, this value will define the period of the vertical
10:0 VSYNC_PERIO 11°’h0 sync pulse in termis of number of lines. In slave mode, this
(R/w) D register produces no effects.
The actual vertical line number is VSYNC_PERIOD+1.
31:11 - 21°’h0 Reserved.

Table 213: Period for Master Mode Vertical Sync (LCD_S0_VSYNC_PERIOD)

Width for Master Mode Vertical Sync (LCD_S0_VSYNC_WIDTH) — 0x000C

Bit Name Default | Description
In the master mode where the LCD controller generates the sync
10:0 signals, this value will define the width of the horizontal sync
) VSYNC_WIDTH | 11’h0 pulse, in either number of lines or number of pixels (on bit 11
(RIW) above). In the slave mode, this register produces no effects.
The actual width is VSYNC_WIDTH+1 (lines or pixels)

11 1: Vertical sync pulse width defined below is in number of lines.
(RIW) WIDTH_UNIT 1’b0 0: Vertical sync pulse width defined below is in number of pixels.
Usually, this bit is set to 1.

31:12 | - 20’h0 Reserved

Table 214: Width for Master Mode Vertical Sync (LCD_S0_VSYNC_WIDTH)
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The following conditions must be fulfilled:

- HSYNC_PERIOD > HSYNC_END
- VSYNC_PERIOD > VSYNC_END
- HSYNC_PERIOD > MAX (LO_HEND~L3_HEND, CURO_HEND)
- VSYNC_PERIOD > MAX (LO_VEND~L3_VEND, CURO_VEND)

Active Region Definition Registers

The active region of the LCD display is specified by a rectangle defined by two cocrdinates, which are the
horizontal with vertical start position, and the horizontal with vertical end position, as shown in the
diagram below. The LCD display contains internal counters, which count pixels by pixel clock and lines
by horizontal sync. The pixel counts are cleared by horizontal sync and the line counts are cleared by
vertical sync.

The following conditions must be satisfied for displaying an M (pixels) x N (lines) layer output in 18-bit
RGB mode:

e M=LCD_Ln HEND-LCD_Ln_HSTART+1
e N=LCD_Ln VEND-LCD_Ln_VSTART+1

Ed

HSYNC

C A
/ /{ HSTARTS, VSTART)
(3 W
VSYNC - — o -
Depth  Active region VEYNC period +1
Y ®
( HEND+8, VEND) y
ON o]
HSYNC period + 1 o

Figure 44: Screen Active Region

As show in the figure above, only pixels inside the active window will be visible, pixels outside the active
window will be clipped.
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e Horizontal Start Position for Active Screen (LCD_S0_ACT_HSTART) — 0x0010

Bit Name Default | Description

Horizontal start position (in pixel number)

ACT_HSTART | 11°’hO

(R/W) active window.

clocks when the X_L_LCK valid.

This value, along with the horizontal end position and vertical
10:0 start and end positions, defines the rectangular region of the

The X_L_DE will be valid after (ACT_HSTART+9) pixel

31:11 - 21'h0 Reserved

Table 215: Horizontal Start Position for Active Screen (LCD_S0_ACT_HSTART)

o Vertical Start Position for Active Screen (LCD_S0_ACT_VSTART) — 0x0014

Bit Name Default | Description
10:0 (R/W) | ACT_VSTART | 11'h0 Vertical start position (in line number)
31:11 - 21°’h0 Reserved

Table 216: Vertical Start Position for Active Screen (LCD_S0_ACT_VSTART)

e Horizontal End Position for Active Screen (LCD_S0_ACT_HEND) - 0x0018

Bit Name Default | Descripiion

In pixel clock numbers

10:0 ACT _HEND | 11°h0 In 8-b!t RGB mode: ACT_HSTART + (WIDTH — 1)*3

(R/W) in 8-bit YUV mode: ACT_HSTART + (WIDTH - 1)*2
Others: ACT_HSTART + WIDTH -1

31:11 - 21'h0 Reserved

Table 217: Horizontal End Position for Active Screen (LCD_S0_ACT_HEND)

e Vertical End Position for Active Screen (LCD_S0_ACT_VEND) - 0x001C

Bit Name Default | Description

In line numbers.

10:0 (R/W) | ACT_VEND | 11°’hO
ACT_VSTART + DEPTH - 1

31:11 - 21'h0 Reserved

Table 218: Vertical End Position for Active Screen (LCD_S0_ACT_VEND)
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Screen Control Registers

The following registers specify modes and parameters for the display. For example:

e The timing control registers determine whether the pixel clocks and the sync signals are driven by
the LCD controller or by the display, and whether the signals are active high or active low.

o The display mode registers set the display data and the output format.

e The RGBSEQ register determines the pixel sequence for those displays that require one color at a
time.

e The BLANK registers define the output value for the blank region.

Also, to accommodate certain displays, the pixel clock can be masked by setting the mask pixel clock bits
(bit8 of LCD_SO _TIM_CTRL). The HSYNC signal can also be masked by setting bit 9 of
LCD_SO_TIM_CTRL.

e OSC_PIXCLK Divider Ratio Register (LCD_S0_OSC_RATIO) - 0x0020

Bit Name Default Description
The pixel clock is divided from the system clock when Prism-lite
9:0 , drives the pixclk:
Rw) | PV-RATIO | 100 Fpixclk = Fsys_clk / (DIV_RATIO+1)
The minimum DIV_RATIO value is 1.
11:10 - 2'b00 Reserved
1: Generates pixclk of 50% duty cycle when the divider ratio
12 HALE DUTY | 160 (DIV_RATIO<9:0>) is even.
(RIW) - 0: Generates pixclk is not 50% duty cycle clock when the divider
ratio (DIV_RATIO<9:0>) is even.
15:13 3’b000 Reserved

When setting this bit, the output pixel clock can be latched when

16 one of the layer FIFO lengths is 0

(RIW) PCLK_CTRL | 1'b0 0: Pixel clock work normal.
1: Pixel clock will be latched when FIFO is about to be
underflowed.

31:16 - 15’h0 Reserved

Table 219: OSC_PIXCLK Divider Ratio Register (LCD_S0_OSC_RATIO)
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e Timing Control Register (LCD_SO_TIM_CTRL) — 0x0024

Bit

Name

Default

Description

1'b0

Reserved

1 (RIW)

PCLK_IO

1'b0

Pixel clock master mode
1: LCD controller drives the pixel clock.
0: The display drives the pixel clock.

2 (RIW)

PCLK_POLAR

1'b0

Invert pixel clock. In master mode, this register inverts the
internal pixel clock before output. in slave mode, it inverts
the input pixel clock before it is used by the internal logic.

1: Inverts pixel clock (i.e. pixel clock Y2 phase off).
0: Do not invert pixel clock.

3 (RIW)

PCLK_EDGE

1'b0

Determines whether the pixel output changes on the rising
or falling edge of the internal pixel clock.

1: Pixel changes on the rising edge of the clock.
0: Pixel changes on the falling edge of the clock.

4 (RIW)

HSYNC_IO

1'b0

Horizontal sync signal master mode:
1: LCD controlier drives the horizontal sync.
0: The display drives horizontal sync.

5 (R/W)

HSYNC_POLAR | 1'b0

This register inverts the horizontal sync signal. In master
mode, it inverts the horizontal sync signal before it is
output. In slave mode, it inverts the horizontal sync signal
before it is used by the internal logic.

1: Horizontal sync signal is active low.
0: Horizontal sync signal is active high.

6 (RIW)

VSYNC_IO

1’b0

Vertical sync signal master mode:
1: LCD controller drives the vertical sync.
0: The display drives the vertical sync.

7 (RIW)

VSYNC_POLAR | 1’b0

This register inverts the vertical sync signal. In master
mode, it inverts the vertical sync signal before it is output.
In slave mode, it inverts the vertical sync signal before it is
used by the internal logic.

1: Vertical sync signal is active low.
0: Vertical sync signal is active high.

8 (RIW)

PCLK_MASK

1'b0

Test Purpose register, software writes this with 0
Remark:
Mask pixel clock control1:

1: Pixel clock is masked to 0 whenever the pixel output
data is invalid.

¢ This signal only masks the pixel clock to the external
pin. The internal pixel clock is not masked, so the logic
operation will remain the same.
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Bit Name Default Description
¢ Masking pixclk is useful for certain display modes, such
as STN.
Test Purpose register, software writes this with 0
Remark:
9 (R/W) HSYNC_MASK [ 1'b0 Mask HSYNC control:
1: Disables the HSYNC during vertical blarnk time.
0: Enables the HSYNC during vertical blank time.
Delays Hsync, Vsync and bias output for the number of
12:10 SYNG_DLY Tho system clocks.. (rangi-ng from‘1 to7) |
(R/W) It only delays signals in one pixe! clock to satisfy setup or
hold time requirements.
31:13 - - Reserved.

Table 220: Timing Control Register (LCD_S0_TIM_CTRL)

Suggested settings:

0x52,
Oxfe,
0x08,

/Imaster mode, sends data at falling edge
/Imaster mode, invert all, sends data at rising edge
/Islave all, sends data at rising edge

Timing Control Status Register (LCD_S0_TiM_STATUS) — 0x0028
This register is for reference and testi

Nnon
g ¢

urposes only, software shall disregard this register.

Bit Name Default | Description
The current value of the RGB select index for choosing which

1:0 (R) | RGB_SEQ_STA | 2’b00 color to output based on the RGB sequence (for displays which
require outputs of a single color at a time).

2 (R) VSYNC_STA 1b0 The current value of the internal vertical sync signal.

3 (R) HSYNC_STA 1’b0 The current value of the internal horizontal sync signal.

4 (R) PCLK_STA 1’b0 The current value of internal pixel clock.

31:5 - - Reserved.

Table 221: Timing Control Status Register (LCD_S0_TIM_STATUS)
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e Horizontal Counter Value (LCD_S0_HCOUNT) - 0x002C
This register is only for reference and testing purposes.

Bit Name Default Description
10:0 (R) | HCOUNT | 11°"h0 The current value of the internal horizontal counter.
31:11 - 21°’h0 Reserved.

Table 222: Horizontal Counter Value (LCD_S0_HCOUNT)

e Vertical Counter Value (LCD_S0_VCOUNT) - 0x0030
This register is only for reference and testing purposes.

Bit Name Default Description
10:0 (R) | VCOUNT | 11°"h0 The current value of the internal vertical counter.
31:11 - 21°’h0 Reserved.

Table 223: Vertical Counter Value (LCD_S0_VCOUNT)

e Blanking Register (LCD_S0_BLANK) — 0x0034

Bit Name Default Description

Pixel vaiue to be used for the inactive region:
23:.0 Blank Bits 23:16 — R value

24’h0 ,

(R/W) Value Bits 15:8 — G value

Bits 7:0 — B value

Use blank value
24 Blank | 419 1: Uses the blank value defined below wh in active regi
(RIW) Valid : Uses the blank value defined below when not in active region.

0: Displays the last pixel value when not in active region.
31:25 - 7’h0 Reserved.

Table 224: Blankina Register (LCD_S0_BLANK)
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e Background Color Register (LCD_S0_BACK_COLOR) - 0x0038

Bit Name Default Description

The pixel value to be used for the background color:

23:0 Background 24’0 Bits 23:16 — R value
(R/W) Value Bits 15:8 — G value

Bits 7:0 — B value
31:24 - 8’h0 Reserved

Table 225: Background Color Register (LCD_S0_BACK_COLOR)

o Display Mode and Format Register (LCD_S0_DISP_MODE) — 0x003C

Bit Name Default Description

When this bit is set, the frame will be considered as valid
and a valid counter will be generated. However when
0 this bit is cleared, the frame will then be considered as

, invalid and the counters will not change, this will result in
(R/W) FRAME_VALID b0 no output data. Please note that when the bit value
changes in the middle of a frame, the change will not take
effect until the beginning of the next frame. Normally this
bit should be set to true.

Output format:
3:1 000: 8-bit rgbrgb
(RW) OUT_FORMAT 3'b011 001: 8-bit yuv422
010: 16-bit yuv422
011: 16-bit rgh565
This register determines which layer will be the top layer:
6:4 TOP_LAYER 3h6 000: Layer0
(R/W) - 001: Layer1
110: Cursor0
317 - - Reserved

Table 226: Display Mode and Format Register (LCD_S0_DISP_MODE)
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e Layer Select Register (LCD_SO0_LAYER_SEL) — 0x0040

Bit

Name

Default Description

7:0 (RIW)

LAYER_SEL

8’h00

Bit0: LayerQ is enabled.
Bit1: Layer1 is enabled.
Bit6: Cursor0 is enabled.

be enabled.

If one of the 5 layers needs to be reconfigured, first
disable this bit, then wait until the corresponding bit of
LAYER_STATUS changes tc 0.

Only after the respective layer is enabled, will the LCD
controller read data from the memory and send it to the
LCD panel.

If the corresponding bit is set, its corresponding layer will

31:8

21’h0

Reserved.

Table 227: Layer Select Register (LCD_SO0_LAYER_SEL)

e Sequence for RGB Output (LCD_S0 _RGB_SEQ) - 0x0044

Bit Name Default | Descripticn
5:0 These bits represent the RGB output sequence for even
: EVEN_RGBSEQ | 6’h0 number lines. The meaning is the same as that of

(RIW) ODD RGBSEQ.
For displays that require only one color per pixel, these bits
will represent the RGB output sequence for odd number
lines. Each two bits represent a color:
00: Red

11:6 01: G

ODD_RGBSEQ | 6'h0 reen

(R/W) 10: Blue
For example, 000110 means the sequence is R-G-B-R-G-B,
and 100100 represents B-G-R-B-G-R, etc
For displays that require all three color values per pixel, this
register will produce no effects.

31:12 - 20’h0 Reserved.

Table 228: Sequeiice for RGB Output (LCD_S0_RGB_SEQ)
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YUV Output Registers

These registers support YUV output instead of RGB, and are mainly targeted for video encoders. The first
set of registers contains the coefficients to use for converting RGB outputs to YUV. The conversion is a
3x3 matrix multiplication process as shown below:

Y C11C12C13 R
u = C21C22 C23 X G
\Y C31C32C33 B

Please note that since this is a signed multiplication, the coefficients must be 8-bit signed values. In
addition, these RGB values may need to be turned into signed values by inverting the MSB of the each
component. Also, since YUV outputs are initially signed values, it may be necessary to invert the MSB
again to output unsigned values. These inversion options and other control signals for the YUV output are
included in the YUV_CTRL register.

The format for the coefficients is as follows:

- Bit7: the sign bit
- Bits 6-0: the fraction bits

e RGB to YUV Coefficient 1 (LCD_SO_RGB_YUV_COEF1) — 0x0048

Bit Name Default | Description

23:16 COEF1 8'ho Coefficient 11 for the RGB to YUV conversion matrix. This value
(R/W) should be an 8-bit signed value.

15:8 COEF?2 8'ho Coefficient 12 for the RGB to YUV conversion matrix. This value
(R/W) should be an 8-bit signed value.

7:0 , Coefficient 13 for the RGB to YUV conversion matrix. This value
(R/W) COEF3 &'h0 should be an 8-bit signed value.

31:24 - 8'h0 Reserved.

Table 229: RGB to YUV Coefficient 1 (LCD_S0_RGB_YUV_COEF1)

The suggested coefficients are 0x264BOE which translates into the following formula:

Y =0.296875 * R + 0.5859375*G + 0.109375*B

e RGB to YUV Coefficient 2 (LCD_SO_RGB_YUV_COEF2) — 0x004C

Bit Name Default | Description

23:16 , Coefficient 21 for the RGB to YUV conversion matrix. This value
COEF1 8’h0 o

(R/W) should be an 8-bit signed value.

15:8 COEF?2 8'ho Coefficient 22 for. th(_a RGB to YUV conversion matrix. This value

(R/W) should be an 8-bit signed value.
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Bit Name Default | Description
7:0 COEF3 8'ho Coefficient 23 for. thg RGB to YUV conversion matrix. This value
(R/W) should be an 8-bit signed value.
31:24 - 8'h0 Reserved.

Table 230: RGB to YUV Coefficient 2 (LCD_S0_RGB_YUV_COEF2)
The suggested coefficients are OXEBD640 as shown by the following formuia:
U = (-0.1640625)*R + (-0.328125)*G + 0.5*B

e RGB to YUV Coefficient 3 (LCD_SO_RGB_YUV_COEF3) — 0x0050

Bit Name Default | Description

23:16 COEE1 8ho Coefficient 31 for the RGB to YUV conversion matrix. This value
(R/W) should be an 8-bit signed value.

15:8 , Coefficient 32 for the RGB to YUV conversion matrix. This value
(R/W) COEF2 &ho should be an 8-bit signed value.

7:0 , Coefficient 33 for the RGB to YUV conversion matrix. This value
(R/W) COEF3 &ho should be an 8-bit signed value.

31:24 - 8'h0 Reserved.

Table 231: RGB to YUV Coefficient 3 (LCD_S06_RGB_YUV_COEF3)

The suggested coefficients are 0x40CBF6 shown in the following formula:
V =0.5"R + (-0.4140625)*G + (-0.078125)*B

e RGB to YUV Conversion Control Register (LCD_S0_YUV_CTRL) — 0x0054

Bit Name Default Description

This register inverts the MSB of the YUV components to
convert signed results to unsigned outputs:

Bit 2: Invert Y

2:0 Bit 1: Invert U
YUV_U CONV | 3'b000

(R/W) { Bit 0: Invert V

ITUB01 accepts positive YUV, and Y is always positive while
UV is signed after conversion, this means both U and V need
inversion. This bit will usually be set as 3'b011.

This register inverts the MSB of the RGB components to
RGB_S_CONV | 3'b000 convert signed to unsigned when the input RGB is signed:

Bit 5: invert R

5:3
(R/W)
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Bit Name Default Description

Bit4: Invert G
Bit 3: Invert B
NOTE: The rgb2yuv conversion accepts unsigned RGB and
signed coefficients only, so this bit remains as 3'b000.
For 8-bit 4:2:2 output:
76 00: Send data as YUYV sequence.
(I.?/W) YUV_SEQ 1’b0 01: Send data as YVYU sequence.
10: Send data as UYVY sequence.
11: Send data as VYUY sequence.
8 (RIW) | RGB YUV b0 1: Converts RGB to YUV.
- 0: Bypasses RGB to YUV conversion.
9 (RW) | Even_UV b0 1: Keeps the even pixel UV (U1V1 mode).
v
- 0: Keeps the even pixel U and odd pixel V (U1V2 mode).
11:10 - - Reserved.
12 This bit is only used when in TV mode:
R EVENFIELD 1’b0 1: The current field is the even field of a frame.
R) 0: The current field is the odd field of a frame.
31:13 - 21'h0 Reserved.

Table 232: RGB to YUV Conversion Contro! Register (LCD_S0_YUV_CTRL)

e Screen Control for External TV Encoder Register (LCD_S0_TV_FIELD) — 0x0058

Bit Name Default Description
ZI%\(/’V) TV_HSTART | 110 TV_HSTART: The start pixel number for the active TV display
11 - 1’60 Reserved.
22:12 , TV_VSTART: Vertical Start Position (in line number) for the
RwW) | TV-VSTART 1 17h0 active TV display.
23 - 1’b0 Reserved.
1: Work in TV mode. When in master mode, TV_HASTART
04 and TV_VSTART will both work.
(RIW) TV_F VALID 1’b0 0: Work in normal mode
This is used when using TV 2 fields mode — defining the
position of EVEN fields, refer to Figure 10 for details.
31:25 - - Reserved.

Table 233: Screen Control for External TV Encoder Register (LCD_S0_TV_FIELD)

August, 2010

SiRF Datasheet — Proprietary and Confidential 194



L4

SiRF

-~

SiRFatlasV
AT551 Datasheet

Interrupt Line Number (LCD_SO_INT_LINE) — 0x005C

Bit Name Default | Description
This value represents the line number in which a screen
10:0 interrupt is generated. This allows the user to specify a line
LINE_NUM 11'h0 during which an interrupt will be generated for each frame.
(R/W) The interrupt is generated at the beginning of that particular
line.
11 - 1’b0 Reserved.
This bit determines whether the line number LINE_NUM is
valid for generating a screen interrupt. This differs from the
12 , mask in that if this bit is not sef, then the interrupt status bit
(R/W) INT_LINE_VALID | 1’60 for the screen interrupt will not be set. When this bit is set,
then the interrupt status bit is set each time the line count is
equal to the value below.
31:13 - 19'h0 Reserved.

Table 234: Interrupt Line Number (LCD_SO0_INT_LINE)

Interrupt Line Number (LCD_SO_LAYER_STATUS) — 0x0060

Bit

Name

Default

Description

7:0
(R)

LAYER_STATUS

8’h0

BitO: LayerO enable status
Bit1: Layer1 enable status
Bit6: Cursor0 enable status
1: This layer is enabled.

0: This layer is disabled.

The status will be changed at the next frame after the
LCD_SO0_LAYER_SEL register is configured.

31:8

Reserved

Table 235: Interrupt Line Number (LCD_S0_LAYER_STATUS)
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DMA Status Register (LCD_DMA_STATUS) — 0x00F0

Read this register to check the DMA status of each layer. If a particular bit reads 1, then this
means DMA of this layer is still accessing memory. In this case users must either wait until all bits
are cleared before disabling the clock of the LCD controller, or wait until the corresponding bit is
cleared before reconfiguring layer settings.

Bit Name Default Description

0: No DMA operation.

0(R LO DMA_STATUS 1’b0
(R) — — 1: DMA is running.

0: No DMA operation.

1R L1 _DMA_STATUS 1’b0
(R) - — 1: DMA is running.

31:2 - 30’h0 Reserved.

Table 236: DMA Status Register (LCD_DMA_STATUS)

Interrupt Registers

LCD can generate interrupts from several different sources; it can generate an interrupt when a FIFO
underflow or overflow occurs; it can also generate an interrupt when the vertical counter reaches a pre-
determined line number (i.e. can be used as a frame interrupt). The interrupt can also be generated when
the DMA operation is completed. Each interrupt source can be independently masked and cleared.

e Interrupt Mask (LCD_INT_MASK) — O0x00F4

This register provides an interrupt mask for all LCD interrupt sources. If a mask bit is set to 1, then
that interrupt will be enabled. If the interrupt status bit turns to 1, then an interrupt will be
generated to RISC. If the mask bit is set to 0, then no interrupts will be generated, yet the status
bit can still be set to 1 and be cleared by writing to the above register.

Bit Name Default Description

0 (R/W) | LO_DMA MASK 1’b0 One frame DMA over mask

1 (RW) | L1_DMA_MASK 1’b0 One frame DMA over mask
5:2 - - Reserved

6 (R/W) | LO_OFLOW_MASK 1’b0 Screen FIFO Overflow mask
7 (RIW) | L1_OFLOW_MASK 1’b0 Screen FIFO Overflow mask
11:8 - - Reserved

12 (R/W) | LO_UFLOW_MASK 1’b0 Screen FIFO Underflow mask
13 (R'W) [ L1_UFLOW_MASK 1’b0 Screen FIFO Underflow mask
17:14 - - Reserved

18 (R/W) | SO_LINE_INT_MASK | 1’b0 Line Interrupt mask

31:19 - 9’h0 Reserved

Table 237: Interrupt Mask (LCD_INT_MASK)
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Current Interrupt Status and Interrupt Clear (LCD_INT_CTRL_STATUS) — 0x00F8

Read this register to determine the source of interrupt. If a particular bit reads 1, then that interrupt
will be asserted. Writing a 1 to a particular bit will clear the interrupt for that source, which is the
only way to clear the interrupt. That hardware does not clear any interrupts.

NOTE -The interrupt bit for each source can be read or cleared even if the mask bit is not set.
However without the mask bit, the interrupt will not be generated to RISC.

Bit Name Default Description

0 (R/W) | LO_DMA_INT 1’b0 One frame DMA over Interrupt

1 (R/W) | L1_DMA_INT 1’b0 One frame DMA over Interrupt
5:2 - - -

6 (R/W) | LO_OFLOW_INT 1’b0 Screen FIFO Overflow Interrupt
7 (R'W) | L1_OFLOW_INT 1’b0 Screen FIFO Overfiow interrupt
11:8 - - -

12 (R/W) [ LO_UFLOW_INT 1'b0 Screen FIFO Underflow Interrupt
13 (R/W) | L1_UFLOW_INT 1’b0 Screen FIFO Underflow Interrupt
17:14 - - -

18 (R/W) [ SO_LINE_INT 1'b0 Line interrupt

31:19 - - Reserved

Table 238: Current Interrupt Status and Interrupt Clear (LCD_INT_CTRL_STATUS)

Other Screen Control Registers
e Dual Display Control Register (LCD_SCR_CTRL) — 0x00FC

Bit Name Default | Description

1: This screen is enabled.
0: This screen is disabled.

0 (R/W) | SCREENO_EN 100 When working in master mode, and after this bit is enabled, the
internal counter will start counting according to the pixel clocks
and horizontal sync signals.

30:1 - - Reserved.

Table 239: Dual Display Control Register (LCD_SCR_CTRL)
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Layer Control Registers of Layer0
e Layer0 Control Register (LCD_LO_CTRL) — 0x0100

Bit Name Default | Description
000: 18-bit per pixel, RGB666
001: 16-bit per pixel, RGB565
010: 16-bit per pixel, RGB556
2:0 RW) | BPP 3ho 011: 16-bit per pixel, RGB655
' 100: 32-bit per pixel, RGB888
101: 32-bit per pixel, TRGB888
110: 32-bit per pixel, ARGB8888
111: Reserved
Big/Little Endian selection of DWORD for QWORD data:
3 (R/W) QWORD_BLE | 1'b0 1: Little Endian: MSB- DWORD1, DWORDO-LSB
0: Big Endian: MSB- BWORDO, DWORD1-LSB
Big/Little Endian selection of byte for image data:
4 (R/W) DWORD_BLE | 1'b0 1: Little Endian:MSB- byte3, byte2, byte1, byte0-LSB
0: Big Endian: MSB- byte0, byte1, byte2, byte3-LSB
5 (R/W) FIFO_RESET | 1’b0 Set this bit will reset the FIFO write and read pointer.
6 (R/W) CKEY_EN 1’b0 Enable the color key function.
FIFO fake ready:
1: DMA or VPP can write data to memory even if
7 FIFO_FKRDY | 1'b0 FIFO_RESET is setto 1.
0: DMA or VPP cannot write data to the memory when
FIFO_RESET is setto 1.
This register confirms all settings for this layer. This bit must be
8 (R/W) CONFIRM - set last after all other registers have been configured. This bit
will clear itself once the configuration becomes valid.
31:9 - - Reserved.

Table 240: Layer0Q Control Register (LCD_L0_CTRL)
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e Horizontal Start Position for Layer0 Screen (LCD_LO_HSTART) — 0x104

Bit Name Default | Description

Horizontal Start Position (in pixel number).

This value, along with the horizontal end position and vertical start
and end positions, define the rectangle region of layer0.

10:0 LO_HSTART | 11h0 | When working in 8-bit RGB mode:

R/W
( ) LO_HSTART - SCREEN_HSTART must be the multiple of 3.
When working in 8-bit YUV mode:
LO_HSTART - SCREEN_HSTART must be the multiple of 2.
31:11 - 21°’h0 Reserved.

Table 241: Horizontal Start Position for Layer0 Screen (LCD_L0_HSTART)

o Vertical Start Position for Layer0 Screen (LCD_LO_VSTART) - 0x108

Bit Name Default | Description

10:0 . ol
LO_VSTART | 11°’h0 Vertical Start Position (in line number)

(R/W)

31:11 - 21°’h0 Reserved

Table 242: Vertical Start Position for Layer0 Scieen (LCD_L0_VSTART)

e Horizontal End Position for LayerO Screen (LCD_LO_HEND) — 0x10C

Bit Name Default | Description

Horizontal End Position (in pixel number)

10:0 L0 HEND | 1110 In 8-b!t RGB mode: LO_HSTART + (WIDTH — 1)*3

(R/w) B In 8-bit YUV mod: LO_HSTART + (WIDTH — 1)*2
Others: LO_HSTART + WIDTH — 1

31:11 - 21’h0 Reserved

Table 243: Horizontai End Position for Layer0 Screen (LCD_LO_HEND)
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e Vertical End Position for LayerO Screen (LCD_LO_VEND) - 0x110

Bit Name Default | Description

10:0 Vertical End Position (in line number)
LO_VEND | 11°'h0

(R/W) - =L0_VSTART + DEPTH - 1

3111 | - - Reserved

Table 244: Vertical End Position for Layer0 Screen (LCD_L0_VEND)

e Screen Memory Base Register (LCD_LO_BASEO) — 0x114

Bit Name Default

Description

29:0 BASEO_ADDR | 30’hO

This is the DMA address of the starting memory location for the
screen data, this is a byte address, but the lower 3 address bits

(R/W) must be all zeroes, which means the DMA start address must
lay on a Gword burst boundary.
31:30 - - Reserved.

Table 245: Screen Memory Base Register (LCD_L0_BASEO)

e Screen Memory Base Register (LCD_LO_BASE1) —0x118

Bit Name Default | Description
The DMA address of the second starting memory location for
29:.0 the screen data, this is a byte address, but the lower 3 address

BASE1_ADDR | 30’hO

(R/W) bits must be all zeroes, which means the DMA start address
must lay on a Gword burst boundary.
31:30 - - Reserved.

Table 246: Screen Memory Base Register (LCD_L0_BASE1)

e X Size for Screen DMA (LCD_L0O_XSIZE) — 0x11C

Bit Name Default | Description

The number of consecutive bursts per line for the screen DMA:
If (ByteWidthOfLOValidLine % ((DMA_UNIT+1)*8))

12:0
(RW) LO_XSIiZE | 13'h0 LO_XSIZE = ByteWidthOfLOValidLine /((DMA_UNIT+1)*8)
Else
LO_XSIZE = ByteWidthOfLOValidLine /((DMA_UNIT+1)*8) — 1
31:13 - 19'h0 Reserved

Table 247: X Size for Screen DMA (LCD_L0_XSIZE)
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e Y Size for Screen DMA (LCD_LO_YSIZE) — 0x120

Bit Name Default | Description

This value specifies the number of “lines” for the screen DMA. Each
12:0 Lo vsize | 13ho line designates a segment of consecutive QWORDs with a skip in
(RIW) — between.

LO_YSIZE = DEPTH -1
31:13 - 19’'h0 Reserved

Table 248: Y Size for Screen DMA (LCD_LO0_YSIZE)

e  Skip Value for Screen DMA (LCD_LO_SKIP) - 0x124

Bit Name Default | Description
This value specifies the number of bytes for the DMA address

12:0 ’ generator for skipping in between lines of the screen DMA:

Rwy | O-SKIPLT3N0 6 SKiP = ByteWidthOfLOFrameBuf — (LO_XSIZE*(DMA_UNIT+1)"8)
The ByteWidthofLOFrameBuf must be a multiple of 8.

31:13 - 19'h0 Reserved.

Table 249: Skip Value for Screen DMA (LCD_L0_SKIiP)

e Control Register for DMA (LCD_LO_DMA_CTRL) - 0x128

If the screen size or location requires the start of a new line in the middle of a burst, then the DMA
interface will write an extra QWORD to the FIFO which may cause the data to mismatch. In order
to avoid this, use this register to suppress extra writes to the FIFO at the end of a line. To do this,
write the number of SUPPRESS QWORD to bits <11:8>.

For example, to write 19 QWORD per line, it will require 5 bursts (each burst with four QWORDSs)
from the DMA, and suppress the last QWORD, thus, SUPPRESS_QW_NUM should be set to
0x001. It is important that the frame buffer's start address lie on a DMA Qword burst boundary,
and that the width of the frame buffer is a multiple of the DMA.

Bit

Name

Default | Description

0 (RIW)

START

Set this bit will start DMA transfers; the bit will clear

Tho itself once all other DMA registers take effect.

1 (RIW)

DMA_MODE

Continuous mode DMA:

1: When this DMA operation is completed, it will
automatically generate a DMA with exactly the same
setting.

0: Each DMA must be explicitly started by the
software.

1'b0

2 (RIW)

DMA_CHAIN_MODE

1’b0 Chain DMA mode:
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Bit Name Default | Description

1: Enables the DMA chain mode.

0: Disables the DMA chain mode.
3 - - Reserved.

Burst unit for a DMA operation which only supports

the following settings:
7:4 (R/'W) [ DMA_UNIT 4'h3 4’h3: 4 QWORD

4'h7: 8 QWORD

4’hF: 16 QWORD
11:8 , The number of QWORD written to the FIFO must be
(R/W) SUPPRESS_QW_NUM | 4'h0 suppressed at the end of each DMA line.
31:12 - 19’'h0 Reserved.

Table 250: Control Register for DMA (LCD_L0_DMA_CTRL)

e L0 Alpha Blending Control Register (LCD_LO_ALPHA) - 0x12C

Bit Name Default Description

7:0 i .
ALPHA_VAL 4'h0 The 8-bit planar alpha value that blends all pixels on the

(R/w) LO layer.

31:8 - - Reserved.

Table 251: LO Alpha Blending Control Register (LCD_L0_ALPHA)

e L0 Color Key Big RGB Value (LCD_LOCKEYB) — 0x130

Bit Name Default Description
23:0 ,
CKEYB 24'h0 The bigger value of a color key.
(R/W)
31:24 - - Reserved.

Table 252: L0 Color Key Big RGB Value (LCD_LOCKEYB)

Color Key is a color or a range of color which is defined as transparent. The 24-bit (8:8:8) color
mode can be used for 16-bit (5:6:5, 5:5:6, 6:5:5), 24-bit (RGB888), and so on. Although this mode
is flexible, but it still needs to calculate CKEYB and CKEYS values according to the data format.
For the 16-bit data format, the 24-bit CKEYB or CKEYS are calculated by expanding Red, Green,
or Blue to 8 bits, and setting the expanded LSB to 1'b0.
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LO Color Key Small RGB Value (LCD_LOCKEYS) — 0x134

Bit

Name Default Description
23:0

CKEYS 24'h0 The smaller value of a color key for the LO channel
(R/W) display.
31:24 - - Reserved.

Table 253: L0 Color Key Small RGB Value (LCD_LOCKEYS)

Screen FIFO Control Register (LCD_LOFIFO) — 0x138

LO _CHK
_:-
FIFO ; FIFO
empty E full
[]
DMA = + >
raquest 1 0
Figure 45: FIFO’s Request Level (LO_REQ_SEL=0)
MI_CHK LO_CHK
L] i
FIFO ; ; FIFO
empty E :' full
' '
g P
request
H -~ &
1 0 0

Figure 46: FIFO’s Request Level (LO_REQ_SEL=1)

The DMA requests to the bus interface are generated based on the FIFO fullness counter. It
provides two methods for request generation selected by bit 24 of the LO_REQ_SEL register.
When this bit is set to 0, and if the FIFO fullness is less than the low water mark, then it will
generate a request. In addition, when bit 24 is equal to 1, the middle and low water marks will
become useful. When the FIFO fullness is less than the middle water mark, it will generate request
(1), and when the FIFO fullness is more than the low water mark, the request will stop (0). The
second method will lead much more continuous data dumps from the memory than the first one. It
is obvious that enlarging any of the 2 watermarks will make the FIFO more aggressive.
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This register must be set before the DMA register is configured.

Bit Name Default | Description

This is the value for the low request watermark of the screen
7:0 FIFO. If the FIFO (FIFO count) is filled beyond this mark, then the

) LO_LO_CHK | 8’h60 request will stop. However if the FIFO is read below this point,

(R/W) then the request will become a low-level request

The maximum of this value is (0x100 — (dma_unit + 1)).

This is the value for the middle request watermark of the screen
15:8 FIFO. If the FIFO is filled beyond this mark, then the request will

' LO Ml CHK 8’h40 drop to a low-level request. However if the FIFO is read below

(RIW) - this point, then the request will become a high-level request

The maximum of this value is (0x100 — 2*(dma_unit + 1)).
23:16 - - Reserved

This register is for selecting a request generation method for LO
04 FIFO:

LO_REQ_SEL | 1'b0 1: Middle request and low request watermark are useful. Using

(RIW) this mode will save the bandwidth.

0: Normal request generation.
31:8 - 24’h0 Reserved.

Table 254: Screen FIFO Control Register (LCD_LOFIFO)

FIFO Status (LCD_LO_FIFO_STATUS) - 0x13C
This register is for reference and testing purposes only.

Bit Name Default | Description
8:0(R) | FIFO_LEN - If this register is read, the valid FIFO length will be given.
31:9 - - Reserved.

Table 255: FIFO Status (L.CD_L0_FIFO_STATUS)
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Layer Control Registers of L1

The layer1 register has the same definition as that of layer0 except for the base address.

Cursor0 Control Registers

e Control Register for CursorO (LCD_CURO_CTRL) — 0x1000

Bit Name Default | Description

000: 32x32x2bpp 2-color and transparency mode
001: 32x32x2bpp 4-color mode
010: 32x32x2bpp 3-color and transparency mode

(2|:q(/)w) MODE 3h0 | 011: Reserved
100: 64x64x2bpp 2-color and transparency mode
101: 64x64x2bpp 4-color mode
110: 64x64x2bpp 3-color and transparency mode
3 - - Reserved.

Big/little endian selection of byte for image data.
4(R/W) | DWORD_BLE 1’b0 1: Little Endian: MSB- byte3, byte2, byte1, byte0-LSB
0: Big Endian: MSB- byte0, byte1, byte2, byte3-LSB

Big/Little Endian selection of pixel data for each byte

5(R/W) BYTE_BLE 1’b0 1: Little Endian: MSB- P3, P2, P1, PO-LSB
0: Big Endian: MSB- PO, P1, P2, P3-LSB
7:6 - - Reserved.

Soft reset of cursor0 SRAM addresses:

1: Setting this bit to 1 will reset the read and the write
1’60 address of SRAM. It can be used for recovery purposes from
an abnormal operation.

0: After reset, this bit should be set back to 0 for normal

8(R/W) | SRAM_ADDRST

operations.
15:9 - - Reserved.

This register is for confirming the new region and other
16 , settings by writing this bit with a 1.This bit will clear itself
(RIW) SETTING_VALID | 1'h0 after a valid frame start is detected.

This bit is used as confirmation of the setting-group.
31:17 - - Reserved.

Table 256: Control Register for Cursor0 (LCD_CURO_CTRL)
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e Horizontal Start Position for Layer0 Screen (LCD_CURO_HSTART) — 0x1004

Bit Name Default | Description

Horizontal Start Position (in pixel number).

10:0 CURO_HSTART | 11'h0 This value, along with the horizontal end position and vertical

(RIW) start and end positions, define the rectangular region of layer0.
This value must be greater or equal to the ACT_HSTART.
31:11 - 21°’h0 Reserved.

Table 257: Horizontal Start Position for Layer0 Screen (LCD_CURO_HSTART)

o Vertical Start Position for Layer0 Screen (LCD_CURO_VSTART) — 0x1008

Bit Name Default | Description
: . o (in i
10:0 GCURO_VSTART | 11'h0 Vertlcal start position (in line number)
(R/W) This value must be greater or equal to the ACT_VSTART.
31:11 - 21°’h0 Reserved.

Table 258: Vertical Start Position for Layer0 Screen (LCD_CURO_VSTART)

e Horizontal End Position for LayerO Screen (LCD_CURO_HEND) — 0x100C

Bit Name Default | Description

10:0 CURO HEND | 11'ho Horizontal end position (in pixel number)

(R/W) - This value must be less or equal to the ACT_HEND.
31:11 - 21°’h0 Reserved

Table 259: Horizontal End Position for Layer0 Screen (LCD_CURO0_HEND)

e Vertical End Position for LayerO Screen (LCD_CURO_VEND) - 0x1010

Bit Name Default | Description

10:0 cURro VEND | 11ho Vertical end position (in line number)

(R/W) - This value must less or equals the ACT_VEND.
31:11 - 20’h0 Reserved.

Table 260: Vertical End Position for Layer0 Screen (LCD_CURO_VEND)
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e Color0 of Cursor0 (LCD_CURO_COLORO0) - 0x1014

Bit Name Default | Description

7:0 (R/W) BLUE 8'h0 Blue value for the color0 of cursorQ
15:8 (R/W) GREEN 8'h0 Green value for the color0 of cursorQ
23:16 (R/W) RED 8'h0 Red value for the color0 of cursorQ
31:24 - 8’h0 Reserved

Table 261: Color0 of Cursor0 (LCD_CURO_COLORO)

e Color1 of Cursor0 (LCD_CURO_COLOR1)-0x1018

Bit Name Default | Description
7:0 (RIW) BLUE 8’h0 Blue value
15:8 (R/W) GREEN 8’h0 Green value
23:16 (RW) RED 8’h0 Red value
31:24 - 8’h0 Reserved

Table 262: Color1 of Cursor0 (LCD_CURO_COLOR1)

e Color2 of Cursor0 (LCD_CURO_COLOR2)-0x101C

Bit Name Default | Description
7:0 (RIW) BLUE 8’h0 Blue value
15:8 (R/W) GREEN 8'h0 Green value
23:16 (RW) RED 8'h0 Red value
31:24 - 8’h0 Reserved

Table 263: Color2 of Cursor0 (LCD_CURO_COLOR?)

e Color3 of Cursor0 (LCD_CURO_COLORS3) — 0x1020

Bit Name Default | Description
7:0 (RIW) BLUE 8’h0 Blue value
15:8 (R/W) GREEN 8’h0 Green value
23:16 (RW) RED 8’h0 Red value
31:24 - 8’h0 Reserved
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Table 264: Color3 of Cursor0 (LCD_CURO_COLOR3)

e CURO Alpha Blending Control Register (LCD_CURO_ALPHA) — 0x1024

Bit Name Default | Description
7:0 (RIW) ALPHA_VAL | 8ho l';r;zrfs-blt planar alpha value that blends all pixels on the cursorQ
31:8 - - Reserved.

Table 265: CURO Alpha Blending Control Register (LCD_CURO_ALPHA)

e CURO Read Pointer Register (LCD_CURO_FIFO_RDPTR) — 0x1028
This register is only for read and testing purposes only.

Bit Name Default | Description
7:0 (R) FIFO_RDPTR | 8'h0 Read pointer of SRAM
31:8 - - Reserved

Table 266: CURO Read Pointer Register (LCD_CUR0_FIFO_RDPTR)

e CURO XY Register (LCD_CURO_XY) — 0x102C

This register is used to locate the start location of the cursor when its display region is out of the
screen active region.

Bit Name Default | Description

6:0(R/W) CUR X 7’h0 The X location of the cursor active region
157 - - Reserved

)22:16(R/W CURY 7'h0 The Y location of cursor active region
31:23 - - Reserved

Table 267: CURO XY Register (LCD_CURO_XY)
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Figure 47: Cursor Position Diagram

e ReadMWrite FIFO Data (LCD_CURO_FIFO) — 0x1400

Bit Name Default | Description

This is the values in the cursor FIFO. This value can directly
31:0 (R/'W) | FIFO_DATA |- read or write anywhere in the FIFO by specifying its
corresponding address.

Table 268: Read/Write FIFO Data (LCD_CURO_FIFO)

Video Post Processor

The VPP (Video Post Processor) is used to process image data from the software video decoder.

Feature List

e Hardware de-interlacing
e Horizontal/vertical scaling
e YUV to RGB conversion; supports RGB565, RGB666 and RGB888 output data format

Limitations
¢ Input source should be QWORD-aligned, input width should be no less than 12 and no greater
than 768.
e Source width/height should be multiple of 2.
e  Output width should be multiple of 2.
¢ Downscaling in horizontal/vertical direction should be no less than 1/8.
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Application Scenarios

The following input image types are supported:

o YUV422 format, big/little endian, Y, U, and V are placed together as one and suppcrts four
formats: YUYV, YVYU, UYVY, VYUY.

Y00 |U0O |YO1 |V0O
Y10 [U10 Y11 |V10
Y20 |U20 |Y21 |V20
Y30 |U30 |Y31 |V30

Y U [y v
Y U [y v
Y v
Y |u |y Vv

|

|

|

I ]
e e -
-

|

|

|

v U N

Y U |y |v
Y U [y v Y Ju [y |v
Y U [y v [y Juy v

Y U |y |v

i
Y U [y v
In this format, each four bytes are two pixels, and each four bytes consist of two Y's, one U and

one V. Each Y goes to one of the pixels; U and V belong to both pixels. The horizontal resolution
of the U and V components is half of the Y component.

- YUYV
Bit allocation of one DWORD (YUYYV, big endian):

31 24 23 16 15 8 7 0
[ Yo [ W [ Y1 [ Vo |

Bit allocation of one DWORD (YUYV, little endian):

31 24 23 16 15 8 7. 0
| Y1 | uo | YO0 | VO |
- YVYU:
Bit allocation of one DWORD (YVYU, big endian):

31 24 23 16 15 8 7 0
[ Yo [ vo [ Y1 [ w0 |

Bit allocation of one DWORD (YVYU, little endian):

31 24 23 16 15 8 7. 0
| Y1 | VO | YO0 | uo |
- UYVY:
Bit allocation of one DWORD (UYVY, big endian):

31 24 23 16 15 8 7 0
| u | YO | \ | Y1 |

Bit allocation of one DWORD (UYVY, little endian):
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31 24 23 16 15 8 7 0
| U | Y1 | \Y | YO0 |
- VYUY:
Bit allocation of one DWORD (VYUY, big endian):
31 24 23 16 15 8 7. 0
| V | YO0 | U | Y1 |

Bit allocation of one DWORD (VYUY, little endian):

31 24 23 16 15 8 7 0
| V | Y1 | u | YO |

NOTE -The four YUV422 formats mentioned above may not be compatible with certain display
tools, because in certain tools, YUYV format may be indicated as Y1 is the LSB in
DWORD.

e The detached YUV420 format, little endian. Y, U and V are piaced separately:

YOO [YO1[... [.. [y |y
Yio[y1il.. [ [y Y
e e e T
Y N [ e V¥
Y Iy oYy

uoo|... U

u |.. U

Voo |... |V

vV | |V

The three components are separated into three sub-images or planes. The Y plane has one byte
per pixel, the U and V plane is half the width and height of the Y plane (and of the image). Each U
or V belongs to four pixels, a two-by-two square of the image. For example, U0O and VOO belong
to Y00, Y01, Y10, and Y11.
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The bit allocation of a DWORD:

31 24 23 16 15 8 7 0

[ Ys [ Y2 [ Y1 | Yo |
31 24 23 16 15 8 7 0

[ Us [ U2 [ ut_ [ w0 |
31 24 23 16 15 8 7 0

[ va [ v2 [ Vvi_ [ Vo |

Functional Descriptions

Block Diagram

AXI bus

Figure 48: Video Post-Processor Block Diagram

Module Descriptions

Hardware De-interlacing

The following hardware de-interlacing modes are supported:

e Bob method

Bob (intra-field spatial interpolation) is the process of completely discarding one of the fields in an
interlaced video data. Either all the odd or all the even fields are discarded. Using the fields that
remain, interpolation is performed between the lines to generate an entire non-interlaced frame for
the progressive scan monitor.
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The Bob method is not implemented in VPP, if users want to use intra field interpolation, it is
recommended to use one field as source data, and use vertical scaling to perform interpolation
instead of directly using Bob duplication or interpolation methods.

¢ Weave method

Weave (merging) is the process of combining the odd and even fields of an interlaced video image
to generate the entire non-interlaced frame for the progressive scan monitor.

If the input is in YUV420 format output from video decoder, then this means both odd and even
fields have been merged into the Weave format to form the frame, therefore executing weave de-
interlacing in VPP is not necessary.

If the input is YUV422 and users want to perform weave de-interlacing, then set the
yuv422 weave bit of the VPP_CTRL register to have VPP_YBASE point to the base address of
the odd field, and VPP_UBASE point to the base address of the even field. Set source height to
be the height of the frame instead of the field.

Scalar
This module performs the horizontal scaling function with a 6-tap filter and vertical scaling function with a

4-tap filter. Hardware will automatically select one of the 16 groups to perform scaling.

The groupO coefficients will be in use if the output pixel coincides with the input one, if the output pixel
does not coincide with the input pixels, for example, if there is an offset between the expected output pixel
location and the input pixel location, then the offset will be quantized using 4 bits and have 16 valid offset
values (0-15). If the expected output pixel situates just half between two consecutive input pixels (offset is
8), then the group8 coefficients will be used.

Nine groups of coefficients should be configured (groupO to group8), and group9 to group15 will be
automatically obtained by hardware through internal symmetry of coefficients between groups.

Input pixel format: YUV420 or YUV422.
Output pixel format: YUV422.

e NCO module
This module implements the following function in horizontal and vertical directions:

Six coefficients of Group9 is obtained from group Group7, tap0, tap1, tap2, tap3, tap4, tap5
coefficient of group@ is the value tap5, tap4, tap3, tap2, tap1, tap0 coefficient of group?.

¢ Rdmemcntr module

This module generates the input source address based on results acquired from the NCO module
and stores the data input line buffer.

This module also fetches data from the memory operation (line buffer write operation); data read
from the line buffer through downstream is pipelined.

If this module requires several lines of Y, U and V data in YUV420 mode, then the first burst will
come from Y line0, Y line1, Y line2..., U line 0, U line1 ..., V line0 and V line1..., and the next
burst will come from Y line0, Y line1, Y line2..., U line 0, U line1 ..., V line0, V line1... and so on.

e datapath module
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This module fetches data from line buffers and selects pixel data from the corresponding lines
(based on the center tap location of the horizontal filter) to the vertical filter. Both U and V filters
share one computation unit in vertical scaling.

After vertical filtering, rounding and clipping operations are applied and the result is stored in the
registers.

Horizontal scaling continues to fetch results from vertical scaling and applies rounding and clipping
operations. Both U and V filters share one computation unit in horizontal scaling.

Y and UV results are combined and sent to the downstream.

e timentr module
This module generates signals to control the timing of other modules.

YUV to RGB Conversion

This module converts the internal YUV444 data from the horizontal scaling module to the RGB format and
sends the result to the memory in the required output format.

Input pixel format: YUV422, the input format is implicitly converted to YUV422 without interpolation by UV
duplication.

Output format: RGB888, RGB666 and RGB565 format.
Output data width: 64-bit data.

Data format for 16-bit RGB565:

31 27 26 21 20 16 15 11 10 5 4 0

[ R1[4:0] | G1[5:0] | B1[4:0] | RO040] | GO0B:0] | BO4:0] |
63 59 58 53 52 48 47 43 42 37 36 32

[ R3[4:0] | G3[5.0] | B3[@0] | R2[40] | G25:0] | B240] |

Data format for 18-bit RGB666:

6350 4944 4338 3732 3118 1712 116 50
[14h0 | R1[5:0] | G1[5:0] | B1[5:0] | 14h0 | RO[5:0] | GO[5:0] | BO[5:0] |

Data format for 24-bit RGB888:

6356 5548 4740 3932 3124 2316 158 7 0
[ 8h0 | R1[7:0] | G1[7:0] | B1[7:0] | 8h0 | RO[7:0] | GO[7:0] | BO[7:0] |

YUV to RGB conversion formula:

R=Y*C1+U*C2+V*C3—-OFFSET1

G=Y*C4-U*C5-V*C6 + OFFSET2

B=Y*C7 +V*C8 +V*C9—- OFFSET3
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The output RGB data will be rounded.
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The following is a list of reference values:

e VPP_RCOEF = 0x12A00199
e VPP_GCOEF = 0x12A190D0
e VPP_BCOEF = 0x12A81000
e VPP_OFFSET1 = 0xdf20

e VPP_OFFSET2 = 0x8760

e VPP_OFFSET3 = 0x114a0

This yields the following conversion formula (eg, for YUV420 to RGB):

e d=u-128
o e=v-128

o cO=(y0-16)* 298

o c1=(yl-16)*298

o c2=(y2-16)*298

o c3=(y3-16)*298

o r=e*409+ 128

e g=128-100*d-208*e
e b=516*d+128

The converted values for R, G and B will be as follows (i=0, 1, 2, 3):
e Ri=ci+r
e Gi=citg
e Bi=citb

Register Definitions

Register Address Mapping

Base Address
Access Type Address Mapping
VPP base address through RISC 1/0O 0x80130000

Table 269: Base Addiess
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Register Mapping

RISEG?::ess Register Description

0x0000 VPP CTRL The working mode and successive BLT command

- number

0x0004 VPP_YBASE The source memory address for Y

0x0008 VPP_UBASE The source memory address for U

0x000C VPP_VBASE The source memory address for V

0x0010 VPP_DESBASE The destination base memory address

0x0014 VPP_WIDTH The window width of the source and destination
0x0018 VPP_HEIGHT The window height

0x001c VPP_STRIDEO Source stride for pictures

0x0020 VPP_STRIDE1 Destination stride for pictures

0x0024 VPP_HSCA_COEF00 Filter coefficient 0 of groupO for horizontal scaling
0x0028 VPP_HSCA COEFO01 Filter coefficient 1 of groupO for horizontal scaling
0x002c VPP_HSCA_COEF02 Filter coefficient 2 of groupO for horizontal scaling
0x0030 VPP_HSCA_COEF10 Filter coefficient O of group1 for horizontal scaling
0x0034 VPP_HSCA COEF11 Filter coefficient 1 of group1 for horizontal scaling
0x0038 VPP_HSCA _COEF12 Filter coefficient 2 of group1 for horizontal scaling
0x003c VPP_HSCA_ COEF20 Filter coefficient O of group2 for horizontal scaling
0x0040 VPP_HSCA COEF21 Filter coefficient 1 of group2 for horizontal scaling
0x0044 VPP_HSCA COEF22 Filter coefficient 2 of group2 for horizontal scaling
0x0048 VPP_HSCA COEF30 Filter coefficient O of group3 for horizontal scaling
0x004c VPP_HSCA COEF31 Filter coefficient 1 of group3 for horizontal scaling
0x0050 VPP_HSCA COEF32 Filter coefficient 2 of group3 for horizontal scaling
0x0054 VPP_HSCA _COEF40 Filter coefficient O of group4 for horizontal scaling
0x0058 VPP_HSCA COEF41 Filter coefficient 1 of group4 for horizontal scaling
0x005c VPP_HSCA _ COEF42 Filter coefficient 2 of group4 for horizontal scaling
0x0060 VPP_HSCA_COEF50 Filter coefficient O of group5 for horizontal scaling
0x0064 VPP_HSCA COEF51 Filter coefficient 1 of group5 for horizontal scaling
0x0068 VPP_HSCA_ COEF52 Filter coefficient 2 of group5 for horizontal scaling

August, 2010

SiRF Datasheet — Proprietary and Confidential 217



-~

.
whRE AT551 Datzsheot
RISS,G?::eSS Register Description
0x006¢ VPP_HSCA_COEF60 Filter coefficient O of group6 for horizontal scaling
0x0070 VPP_HSCA COEF61 Filter coefficient 1 of group6 for horizontal scaling
0x0074 VPP_HSCA_ COEF62 Filter coefficient 2 of group6 for horizontal scaling
0x0078 VPP_HSCA _COEF70 Filter coefficient O of group7 for horizontal scaling
0x007c VPP_HSCA COEF71 Filter coefficient 1 of group7 for horizontal scaling
0x0080 VPP_HSCA COEF72 Filter coefficient 2 of group7 for horizontal scaling
0x0084 VPP_HSCA_ COEF80 Filter coefficient O of group8 for horizontal scaling
0x0088 VPP_HSCA COEF81 Filter coefficient 1 of group8 for horizontal scaling
0x008c VPP_HSCA_ COEF82 Filter coefficient 2 of group8 for horizontal scaling
0x0090 VPP_VSCA COEF00 Filter coefficient O of group 0 for vertical scaling
0x0094 VPP_VSCA COEFO01 Filter coefficient 1 of group 0 for vertical scaling
0x0098 VPP_VSCA COEF10 Filter coefficient O of group 1 for vertical scaling
0x009c VPP_VSCA COEF11 Filter coefficient 1 of group 1 for vertical scaling
0x00a0 VPP_VSCA COEF20 Filter coefficient O of group 2 for vertical scaling
0x00a4 VPP_VSCA COEF21 Filter coefficient 1 of group 2 for vertical scaling
0x00a8 VPP_VSCA COEF30 Filter coefficient O of group 3 for vertical scaling
0x00ac VPP_VSCA COEF31 Filter coefficient 1 of group 3 for vertical scaling
0x00b0 VPP_VSCA COEF40 Filter coefficient O of group 4 for vertical scaling
0x00b4 VPP_VSCA COEF41 Filter coefficient 1 of group 4 for vertical scaling
0x00b8 VPP_VSCA COEF50 Filter coefficient O of group 5 for vertical scaling
0x00bc VPP_VSCA COEF51 Filter coefficient 1 of group 5 for vertical scaling
0x00c0 VPP_VSCA COEF60 Filter coefficient O of group 6 for vertical scaling
0x00c4 VPP_VSCA COEF61 Filter coefficient 1 of group 6 for vertical scaling
0x00c8 VPP_VSCA COEF70 Filter coefficient O of group 7 for vertical scaling
0x00cc VPP_VSCA COEF71 Filter coefficient 1 of group 7 for vertical scaling
0x00d0 VPP_VSCA COEF80 Filter coefficient O of group 8 for vertical scaling
0x00d4 VPP_VSCA COEF81 Filter coefficient 1 of group 8 for vertical scaling
0x00d8 VPP_RCOEF Coefficient for R
0x00dc VPP_GCOEF Coefficient for G
0x00e0 VPP_BCOEF Coefficient for B
0x00e4 VPP_OFFSET1 Offset1 for YUV to RGB conversion
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RISS,G?::eSS Register Description

0x00e8 VPP_OFFSET2 Offset2 for YUV to RGB conversion

0x00ec VPP_OFFSET3 Offset3 for YUV to RGB conversion

0x00f0 VPP_INT_MASK Interrupt enable

0x00f4 VPP_INT_STATUS Interrupt status

0x00f8 VPP_ACC ACC number

0x00fc VIDEO_FULL_THRESH VPP output buffer full threshold

0x0100 - Reserved

Table 270: Address Mapping

Register Descriptions
e VPP Control Register (VPP_CTRL) — 0x0000

Bit Name Default Description

Input video format:

0 (R/W) PIXEL_FORMAT 1’h0 0: YUV422 format
1: YUV420 format
Indicates the endian mode of YUV422 format:

1 (R/W) ENDIAN MODE 1’h0 0: Little endian (Y1UOYO0VO0)
1: Big endian (YOUOY1VO0)
Indicates the input YUV422 format:
2’b00: YUYV

3:2 (R/IW) YUV422_FORMAT | 2’h0 2’b01: YVYU
2’b10: UYVY
2’b11: VYUY
Indicates the output YUV422 format, if the output
format is YUYV:

ouT , 2’b00: YUYV

54 (RW) | yuva2z FORMAT |2M0 2601: YVYU
2’b10: UYVY
2’b11: VYUY
When the input is in YUV422 format and is interlaced.
Set this bit if users want to perform weave de-
interlacing followed by scaling. If this bit is true, then

6 (R/W) YUV422_WEAVE 1’h0 the VPP_YBASE register will be the odd base

address, and the VPP_UBASE register will be the
even base address.

0: YUV420 in, or YUV422 frame in, or YUV422
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Bit

Name

Default

Description

interlacing fields in but does not need weave de-
interlacing (use scaling to perform intra field de-
interlacing just like Bob de-interlacing)

1: YUV422 fields in, performs weave de-interlacing.
VPP_UBASE is pointed to even base address.

7 (RIW)

DEST

1’h0

Indicates where the result will be output:
0: Output result to memory.

1: Output result to layer1 of the LCD controller to
display.

9:8 (RIW)

OUT_FORMAT

2’h0

00: 16bit RGB565
01: 18bit RGB666
10: 24bit RGB888
11: YUV422, bypasses the YUV2RGB function.

10 (R/W)

OUT_ENDIAN
MODE

1’h0

Indicates the endian mode of output YUV422 format:
0: Little endian (Y1UOYO0VO0)
1: Big endian (YOUOQY1VO0)

11 (RIW)

CLK_OFF_ENABLE

1’h0

Indicates whether the clock should be off when VPP
has completed the current frame:

0: VPP clock is on even when the current frame is
completed.

1: VPP clock is off when the current frame is
completed.

12 (RIW)

CON_MODE

1’h0

Indicates whether continuous mode is used:

0: Continuous mode is not used. It means that VPP will
start next frame on the bit of START's setting.

1: Continuous mode is used. It means that when VPP
is connected directly to LCD, VPP will start next frame
automatically based on the bit of CONV_SYNC.

13 (RIW)

CON_VSYNC

1’b0

It indicates when to start new frame when continuous
mode.

0: VPP start next frame when VPP finishes current
frame.

1: VPP start next frame When VPP receives VSYNC
from LCD.

This bit should be set to 0.

14 (RIW)

Reserved

1’b0

Should be zero

28:15 (RIW)

14’h0

Reserved

29 (R/W)

START

1’h0

Starts VPP in single mode:
0: Not starting VPP.

1: Starting VPP after software sets this bit, hardware
will clear this bit automatically.
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Bit Name Default Description

This bit is for debugging purposes only:

30 (R) SCA_OVER 1’h0 1’b0: Scaling is not over
1’b1: Scaling is over, but data may not be written out.

1’b1: VPP is running.

31 (R) BUSY_STATUS 1’h0 , o
1’b0: Operation finished.

Table 271: VPP Control Register

e VPP Y Buffer Base Address (VPP_YBASE) — 0x0004

Bit Name Default Description

Memory address for Y buffer when working in YUV420
mode.

Memory address when working in YUV422 mode.

When using yuv422 weave interlacing mode, this address
will be pointed to the odd field.

This register must be QWORD alignment.

29:0 (RIW) | YBASE_ADDR | 30’h0

31:30 - 2’h0 Reserved.

Table 272: VPP Y Buffer Base Address

o VPP U Buffer Base Address (VPP_UBASE) — 0x0008

Bit Name Defauit Description

Memory byte address for U buffer when working inYUV420
mode.

29:0 (R/'W) | UBASE_ADDR | 30°’h0 When using yuv422weave interlacing mode, this address will
be pointed to the even field.

This register must be QWORD alignment.

31:30 - 2’h0 Reserved

Table 273: VPP U Buffer Base Address

e VPP V Buifer Base Address (VPP_VBASE) — 0x000C

Bit Name Default Description

Memory byte address for V buffer when working inYUV420

29:0 (R'W) | VBASE_ADDR | 30'h0 mode.
This register must be QWORD-aligned.
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Bit Name Default Description
31:30 - 2’h0 Reserved.
Table 274: VPP V Buffer Base Address
o VPP Destination Base Address (VPP_DESBASE) — 0x0010
Bit Name Default Description
20:0 (RW) | DESBASE ADDR | 30'h0 Memory byte address for the destination buffer.
' - This register must be a QWORD-aligned address.
31:30 - 2’h0 Reserved.

Table 275: VPP Destination Base Address

- If the output is RGB656, this address is 2-byte aligned.
— If output is RGB666 or RGB888, this address is 4-byte aligned.
- For YUV420, this address is 4-byte aligned.

e VPP Width (VPP_WIDTH) - 0x0014

Bit Name Default Description

The source window’s width in pixels:

10:0 (R/'W) SRC_WIDTH 11°’h0 Max: 768 pixels wide
Min: 12 pixels wide

15:11 - 5’h0 Reserved

26:16 (RW) | DES WIDTH 11RO The destinat?on winldow width in pixels:
Max: 2047 pixels wide

31:27 - 5h0 Reserved

Table 276: VPP Width

e VPP Height (VPP_HEIGHT) - 0x0018

Bit Name Default Description
9:0 (R/W) SRC_HEIGHT 10’h0 The source window height
15:10 - 6’h0 Reserved
25:16 (RW) DES_HEIGHT 10’h0 The destination window height
31:26 - 6’h0 Reserved

Table 277: VPP Height
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If YUV422weave is used, SRC_HEIGHT should be the height of the frame.
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e VPP Stride0 (VPP_STRIDEO) - 0x001c

Bit Name Default Description

Line stride of Y buffer specified in bytes in YUV420 mode.
11:.0 , Line stride of the entire buffer specified in bytes when working in
(Rw) | Y=STRIDE 11200 | v/499 mode.

The y start address of the next line should still be QWORD- aligned.
15112 | - 4’h0 Reserved.
27:16 U STRIDE | 12h0 Line stride of U buffer specified !n bytes in YL-JV420 mode. .
RW) | ™= The u start address of the next line should still be QWORD-aligned.
31:28 |- 4’h0 Reserved.

Table 278: VPP Stride0

e VPP Stride1 (VPP_STRIDE1) - 0x0020

Bit Name Default Description

Line stride of V buffer specified in bytes when working in
YUV420 mode.

The v start address of the next line should still be QWORD-
aligned.

11:0 (R/W) V_STRIDE 12’h0

15:12 - 4’h0 Reserved.

Line stride of the destination buffer specified in bytes;

The start address of the next destination line should meet
28:16 (R/W) | DES_STRIDE | 13’'h0 the following criteria:
RGB565: 2-byte aligned.

RGB666/RGB888/YUV422: 4-byte aligned.

31:29 - 3’h0 Reserved.

Table 279: VPP Stride1

e Filter Coefficient of Horizontal Scaling Group00 (VPP_HSCA_COEFO00) — 0x0024

Bit Name | Default Description
14:0 (R/W) COEFO00 | 15’h0 Coefficient for tap0
15 - 1'h0 Reserved
30:16 (R/W) | COEF01 | 15’h0 Coefficient for tap1
31 - 1’h0 Reserved
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Table 280: Filter Coefficient of Horizontal Scaling Group00

Coefficient is in 2's complement <2.12>format. For example, 12 fractional
(COEFxx[11:0]), two integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

data bits

e Filter Coefficient of Horizontal Scaling Group01 (VPP_HSCA_COEF01) — 0x0028

Bit Name Default Description
14:0 (R/W) COEF02 15’h0 Coefficient for tap2
15 - 1'h0 Reserved
30:16 (R/W) COEF03 15’h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 281: Filter Coefficient of Horizontal Scaling Group01

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two

integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of Horizontal Scaling Group02 (VPP_HSCA_COEF02) — 0x002¢c

Bit Name Default Description
14:0 (R/W) COEF04 | 15’h0 Coefficient for tap4
15 - 1’h0 Reserved
20:16 (R/W) | COEF05 | 15’h0 Coefficient for tap5
31 - 1’h0 Reserved

Table 282: Filter Coefficient of Horizontal Scaling Group02

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two

integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of Horizontal Scaling Group10 (VPP_HSCA_COEF10) — 0x0030

Bit Name Default Description
14:0 (R/W) COEF10 15’h0 Coefficient for tap0
15 - 1'h0 Reserved
30:16 (R/W) | COEF11 15’h0 Coefficient for tap1
31 - 1’h0 Reserved

Table 283: Filter Coefficient of Horizontal Scaling Group10

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).
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e Filter Coefficient of Horizontal Scaling Group11 (VPP_HSCA_COEF11) — 0x0034

Bit Name Default Description
14:0 (R/W) COEF12 15’h0 Coefficient for tap2
15 - 1'h0 Reserved
30:16 (R/W) | COEF13 15'h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 284: Filter Coefficient of Horizontal Scaling Group11

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractiona!l data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of Horizontal Scaling Group12 (VPP_HSCA_ COEF12) — 0x0038

Bit Name Default Description
14:0 (R/W) COEF14 15’h0 Coefficient for tap4
15 - 1'h0 Reserved
30:16 (R/W) | COEF15 15'h0 Coefficient for tap5
31 - 1’h0 Reserved

Table 285: Filter Coefficient of Horizontal Scaling Group12

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

o Filter Coefficient of Horizontal Scaling Group20 (VPP_HSCA_COEF20) — 0x003c

Bit Name Default Description
14:0 (R/W) COEF20 15’h0 Coefficient for tap0
15 - 1'h0 Reserved
30:16 (R/W) | COEF21 15’h0 Coefficient for tap1
31 - 1’h0 Reserved

Table 286: Filter Coefficient of Horizontal Scaling Group20

Coefficient is in 2's complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).
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e Filter Coefficient of Horizontal Scaling Group21 (VPP_HSCA_COEF21) — 0x0040

Bit Name Default Description
14:0 (R/W) COEF22 15’h0 Coefficient for tap2
15 - 1'h0 Reserved
30:16 (R/W) | COEF23 15'h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 287: Filter Coefficient of Horizontal Scaling Group21

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractiona!l data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of Horizontal Scaling Group22 (VPP_HSCA COEF22) — 0x0044

Bit Name Default Description
14:0 (R/W) COEF24 | 15’h0 Coefficient for tap4
15 - 1’h0 Reserved
30:16 (R/W) | COEF25 | 15’'h0 Coefficient for tap5
31 - 1’h0 Reserved

Table 288: Filter Coefficient of Horizontal Scaling Group22

Coefficient is in 2's complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of horizontal scaling Group30 (VPP_HSCA COEF30) — 0x0048

Bit Name | Defauit Description
14:0 (R/W) COEF30 | 15’'h0 Coefficient for tap0
15 - 1'h0 Reserved
30:16 (R/W) | COEF31 | 15’h0 Coefficient for tap1
31 - 1’h0 Reserved

Table 289: Filter Coefficient of Horizontal Scaling Group30

Coefficient is in 2's complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).
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e Filter Coefficient of Horizontal Scaling Group31 (VPP_HSCA_COEF31) — 0x004c

Bit Name Default Description
14:0 (R/W) COEF32 15’h0 Coefficient for tap2
15 - 1'h0 Reserved
30:16 (R/W) COEF33 15’h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 290: Filter Coefficient of Horizontal Scaling Group31

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractiona!l data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of Horizontal Scaling Group32 (VPP_HSCA_ COEF32) — 0x0050

Bit Name Default Description
14:0 (R/W) COEF34 15’h0 Coefficient for tap4
15 - 1'h0 Reserved
30:16 (R\W) | COEF35 15’h0 Coefficient for tap5
31 - 1’h0 Reserved

Table 291: Filter Coefficient of Horizontal Scaling Group32

Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of Horizontal Scaling Group40 (VPP_HSCA_COEF40) — 0x0054

Bit Name Default Description
14:0 (R/W) COEF40 15’h0 Coefficient for tap0
15 - 1'h0 Reserved
30:16 (R/W) | COEF41 15’h0 Coefficient for tap1
31 - 1’h0 Reserved

Table 292: Filter Coefficient of Horizontal Scaling Group40

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).
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e Filter Coefficient of Horizontal Scaling Group41 (VPP_HSCA_COEF41) — 0x0058

Bit Name Default Description
14:0 (R/W) COEF42 15’h0 Coefficient for tap2
15 - 1'h0 Reserved
30:16 (R/W) | COEF43 15'h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 293: Filter Coefficient of Horizontal Scaling Group41

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractiona!l data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of Horizontal Scaling Group42 (VPP_HSCA COEF42) — 0x005¢

Bit Name Default Description
14:0 (R/W) COEF44 15’h0 Coefficient for tap4
15 - 1'h0 Reserved
30:16 (R/W) | COEF45 15'h0 Coefficient for tap5
31 - 1’h0 Reserved

Table 294: Filter Coefficient of Horizontal Scaling Group42

Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of Horizontal Scaling Group50 (VPP_HSCA_COEF50) — 0x0060

Bit Name Default Description
14:0 (R/W) COEF50 15’h0 Coefficient for tap0
15 - 1'h0 Reserved
30:16 (R/W) | COEF51 15’h0 Coefficient for tap1
31 - 1’h0 Reserved

Table 295: Filter Coefficient of Horizontal Scaling Group50

Coefficient is in 2's complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).
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e Filter Coefficient of Horizontal Scaling Group51 (VPP_HSCA_COEF51) — 0x0064

Bit Name Default Description
14:0 (R/W) COEF52 15’h0 Coefficient for tap2
15 - 1'h0 Reserved
30:16 (R/W) COEF53 15’h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 296: Filter Coefficient of Horizontal Scaling Group51

Coefficient is in 2’s complement <2.12>format, i.e. 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of Horizontal Scaling Group52 (VPP_HSCA_ COEF52) — 0x0068

Bit Name Default Description
14:0 (R/W) COEF54 15’h0 Coefficient for tap4
15 - 1'h0 Reserved
30:16 (R/W) COEF55 15’h0 Coefficient for tap5
31 - 1’h0 Reserved

Table 297: Filter Coefficient of Horizontal Scaling Group52

Coefficient is in 2's complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of Horizontal Scaling Group60 (VPP_HSCA_COEF60) — 0x006¢

Bit Name Default Description
14:0 (R/W) COEF60 15’h0 Coefficient for tap0
15 - 1'h0 Reserved
30:16 (R/W) | COEF61 15’h0 Coefficient for tap1
31 - 1’h0 Reserved

Table 298: Filter Coefficient of Horizontal Scaling Group60

Coefficient is in 2's complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).
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e Filter Coefficient of Horizontal Scaling Group61 (VPP_HSCA_COEF61) — 0x0070

Bit Name Default Description
14:0 (R/W) COEF62 15’h0 Coefficient for tap2
15 - 1'h0 Reserved
30:16 (R/W) COEF63 15’h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 299: Filter Coefficient of Horizontal Scaling Group61

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractiona!l data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of Horizontal Scaling Group62 (VPP_HSCA COEF62) — 0x0074

Bit Name Default Description
14:0 (R/W) COEF64 15’h0 Coefficient for tap4
15 - 1'h0 Reserved
30:16 (R\W) COEF65 15’h0 Coefficient for tap5
31 - 1’h0 Reserved

Table 300: Filter Coefficient of Horizontal Scaling Group62

Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of Horizontal Scaling Group70 (VPP_HSCA_COEF70) — 0x0078

Bit Name Default Description
14:0 (R/W) COEF70 15’h0 Coefficient for tap0
15 - 1'h0 Reserved
30:16 (R/W) COEF71 15’h0 Coefficient for tap1
31 - 1’h0 Reserved

Table 301: Filter Coefficient of Horizontal Scaling Group70

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).
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e Filter Coefficient of Horizontal Scaling Group71 (VPP_HSCA_COEF71) — 0x007¢c

Bit Name Default Description
14:0 (R/W) COEF72 15’h0 Coefficient for tap2
15 - 1’h0 Reserved
30:16 (R/W) COEF73 15’h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 302: Filter Coefficient of Horizontal Scaling Group71

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractiona!l data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

o Filter Coefficient of Horizontal Scaling Group72 (VPP_HSCA_ COEF72) — 0x0080

Bit Name Default Description
14:0 (R/W) COEF74 15’h0 Coefficient for tap4
15 - 1'h0 Reserved
30:16 (R/W) COEF75 15’h0 Coefficient for tap5
31 - 1’h0 Reserved

Table 303: Filter Coefficient of Horizontal Scaling Group72

Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of Horizontal Scaling Group80 (VPP_HSCA_COEF80) — 0x0084

Bit Name Default Description
14:0 (R/W) COEF80 15’h0 Coefficient for tap0
15 - 1'h0 Reserved
30:16 (R/W) COEF81 15’h0 Coefficient for tap1
31 - 1’h0 Reserved

Table 304: Filter Coefficient of Horizontal Scaling Group80

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits(COEFxx[13:12]) and one sign bit(COEFxx[14]).
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e Filter Coefficient of Horizontal Scaling Group81 (VPP_HSCA_COEF81) — 0x0088

Bit Name Default Description
14:0 (R/W) COEF82 15’h0 Coefficient for tap2
15 - 1'h0 Reserved
30:16 (R/W) COEF83 15’h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 305: Filter Coefficient of Horizontal Scaling Group81

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractiona!l data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of Horizontal Scaling Group82 (VPP_HSCA COEF82) — 0x008¢c

Bit Name Default Description
14:0 (R/W) COEF84 15’h0 Coefficient for tap4
15 - 1'h0 Reserved
30:16 (R/W) COEF85 15’h0 Coefficient for tap5
31 - 1’h0 Reserved

Table 306: Filter Coefficient of Horizontal Scaling Group82

Coefficient is in 2's complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

o Filter Coefficient of Vertical Scaling Group00 (VPP_VSCA_COEF00) — 0x0090

Bit Name Default Description
14:0 (R/W) COEFQ00 15’h0 Coefficient for tap0
15 - 1’h0 Reserved
30:16 (R/W) COEFO01 15’h0 Coefficient for tap1
31 - 1’h0 Reserved

Table 307: Filter Coefficient of Vertical Scaling Group00

Coefficient is in 2's complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).
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o Filter Coefficient of Vertical Scaling Group01 (VPP_VSCA_COEF01) — 0x0094

Bit Name Default Description
14:0 (R/W) COEF02 15’h0 Coefficient for tap2
15 - 1’h0 Reserved
30:16 (R/W) | COEF03 15'h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 308: Filter Coefficient of Vertical Scaling Group01

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractiona!l data bits (COEFxx[11:0]), two
integer bits(COEFxx[13:12]) and one sign bit(COEFxx[14]).

e Filter Coefficient of Vertical Scaling Group10 (VPP_VSCA COEF10) - 0x0098

Bit Name Default Description
14:0 (R/W) COEF10 15’h0 Coefficient for tap0
15 - 1'h0 Reserved
30:16 (R/W) | COEF11 15'h0 Coefficient for tap1
31 - 1’h0 Reserved

Table 309: Filter Coefficient of Vertical Scaling Group10

Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of Vertical Scaling Group11 (VPP_VSCA_COEF11) — 0x009¢

Bit Name Default Description
14:0 (R/W) COEF12 15’h0 Coefficient for tap2
15 - 1'h0 Reserved
30:16 (R/W) | COEF13 15’h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 310: Filter Coefficient of Vertical Scaling Group11

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits(COEFxx[13:12]) and one sign bit(COEFxx[14]).
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o Filter Coefficient of Vertical Scaling Group20 (VPP_VSCA_COEF20) — 0x00a0

Bit Name Default Description
14:0 (R/W) COEF20 15’h0 Coefficient for tap0
15 - 1'h0 Reserved
30:16 (R/W) | COEF21 15'h0 Coefficient for tap1
31 - 1’h0 Reserved

Table 311: Filter Coefficient of Vertical Scaling Group20

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractiona!l data bits (COEFxx[11:0]), two
integer bits(COEFxx[13:12]) and one sign bit(COEFxx[14]).

e Filter Coefficient of vertical scaling Group21 (VPP_VSCA_COEF21) — 0x00a4

Bit Name Default Description
14:0 (R/W) COEF22 15’h0 Coefficient for tap2
15 - 1'h0 Reserved
30:16 (R/W) | COEF23 15'h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 312: Filter Coefficient of vertical scaling Group21

Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of Vertical Scaling Group30 (VPP_VSCA_COEF30) — 0x00a8

Bit Name Default Description
14:0 (R/W) COEF30 15’h0 Coefficient for tap0
15 - 1'h0 Reserved
30:16 (R/W) | COEF31 15’h0 Coefficient for tap1
31 - 1’h0 Reserved

Table 313: Filter Coefficient of Vertical Scaling Group30

Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).
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o Filter Coefficient of Vertical Scaling Group31 (VPP_VSCA_COEF31) — 0x00ac

Bit Name Default Description
14:0 (R/W) COEF32 15’h0 Coefficient for tap2
15 - 1’h0 Reserved
30:16 (R/W) COEF33 15’h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 314: Filter Coefficient of Vertical Scaling Group31

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractiona!l data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

o Filter Coefficient of Vertical Scaling Group40 (VPP_VSCA COEF40) - 0x00b0

Bit Name Default Description
14:0 (R/W) COEF40 15’h0 Coefficient for tap0
15 - 1'h0 Reserved
30:16 (R/W) | COEF41 15'h0 Coefficient for tap1
31 - 1’h0 Reserved

Table 315: Filter Coefficient of Vertical Scaling Group40

Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

o Filter Coefficient of Vertical Scaling Group41 (VPP_VSCA_COEF41) — 0x00b4

Bit Name Default Description
14:0 (R/W) COEF42 15’h0 Coefficient for tap2
15 - 1'h0 Reserved
30:16 (R/W) COEF43 15’h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 316: Filter Coefficient of Vertical Scaling Group41

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).
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o Filter Coefficient of Vertical Scaling Group50 (VPP_VSCA_COEF50) — 0x00b8

Bit Name Default Description
14:0 (R/W) COEF50 15’h0 Coefficient for tap0
15 - 1'h0 Reserved
30:16 (R/W) COEF51 15’h0 Coefficient for tap1
31 - 1’h0 Reserved

Table 317: Filter Coefficient of Vertical Scaling Group50

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractiona!l data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

o Filter Coefficient of Vertical Scaling Group51 (VPP_VSCA COEF51) — 0x00bc

Bit Name Default Description
14:0 (R/W) COEF52 15’h0 Coefficient for tap2
15 - 1’h0 Reserved
30:16 (R/W) COEF53 15’h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 318: Filter Coefficient of Vertical Scaling Group51

Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

o Filter Coefficient of Vertical Scaling Group60 (VPP_VSCA_COEF60) — 0x00c0

Bit Name Default Description
14:0 (R/W) COEF60 15’h0 Coefficient for tap0
15 - 1'h0 Reserved
30:16 (R/W) | COEF61 15’h0 Coefficient for tap1
31 - 1’h0 Reserved

Table 319: Filter Coefficient of Vertical Scaling Group60

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).
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o Filter Coefficient of Vertical Scaling Group61 (VPP_VSCA_COEF61) — 0x00c4

Bit Name Default Description
14:0 (R/W) COEF62 15’h0 Coefficient for tap2
15 - 1'h0 Reserved
30:16 (R/W) | COEF63 15'h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 320: Filter Coefficient of Vertical Scaling Group61

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractiona!l data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

o Filter Coefficient of Vertical Scaling Group70 (VPP_VSCA COEF70)—-0x00c8

Bit Name Default Description
14:0 (R/W) COEF70 15’h0 Coefficient for tap0
15 - 1'h0 Reserved
30:16 (R/W) COEFT71 15’h0 Coefficient for tap1
31 - 1’h0 Reserved

Table 321: Filter Coefficient of Vertical Scaling Group70

Coefficient is in 2's complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e Filter Coefficient of Vertical Scaling Group71 (VPP_VSCA_COEF71) — 0x00cc

Bit Name Default Description
14:0 (R/W) COEF72 15’h0 Coefficient for tap2
15 - 1'h0 Reserved
30:16 (R/W) COEF73 15’h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 322: Filter Coefficient of Vertical Scaling Group71

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).
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o Filter Coefficient of Vertical Scaling Group80 (VPP_VSCA_COEF80) — 0x00d0

Bit Name Default Description
14:0 (R/W) COEF80 15’h0 Coefficient for tap0
15 - 1'h0 Reserved
30:16 (R/W) | COEF81 15'h0 Coefficient for tap1
31 - 1’h0 Reserved

Table 323: Filter Coefficient of Vertical Scaling Group80

Coefficient is in 2’'s complement <2.12>format, i.e., 12 fractiona!l data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

o Filter Coefficient of Vertical Scaling Group81 (VPP_VSCA COEF81) — 0x00d4

Bit Name Default Description
14:0 (R/W) COEF82 15’h0 Coefficient for tap2
15 - 1'h0 Reserved
30:16 (R/W) COEF83 15’h0 Coefficient for tap3
31 - 1’h0 Reserved

Table 324: Filter Coefficient of Vertical Scaling Group81

Coefficient is in 2’s complement <2.12>format, i.e., 12 fractional data bits (COEFxx[11:0]), two
integer bits (COEFxx[13:12]) and one sign bit (COEFxx[14]).

e YUV to RGB Coefficient for R (VPP_RCOEF) — 0x00d8

Bit Name Default Description
9:0 (R/W) C3 10’h0 V coefficient for R
19:10 (RW) Cc2 10’h0 U coefficient for R
29:20 (R/W) Ci 10’h0 Y coefficient for R
31:30 - 2’h0 Reserved

Table 325: YUV to RGB Coefficient for R
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e YUV to RGB Coefficient for G (VPP_GCOEF) — 0x00dc

Bit Name Default Description
9:0 (R/W) C6 10’h0 V coefficient for G
19:10 (RW) C5 10’h0 U coefficient for G
29:20 (RW) C4 10'h0 Y coefficient for G
31:30 - 2’h0 Reserved
Table 326: YUV to RGB Coefficient for G

e YUV to RGB Coefficient for B (VPP_BCOEF) — 0x00e0

Bit Name Default Description
9:0 (R/W) C9 10’h0 V coefficient for B
19:10 (RW) C8 10’h0 U coefficient for B
29:20 (RW) C7 10’h0 Y coefficient for B
31:30 - 2’h0 Reserved

Table 327: YUV to RGB Coefficient for B

o Offset1 for the YUV to RGB Conversion (VPP_OFFSET1) — 0x00e4

Bit Name Default Description
23:0 (R/W) OFFSET1 24°’h0 Offset coefficient for R
31:24 - 8’h0 Reserved

Table 328: Offset1 for the YUV to RGB Conversion

o Offset2 for the YUV to RGB Conversion (VPP_OFFSET2) — 0x00e8

Bit Name Default Description
23:0 (R/W) OFFSET2 24’h0 Offset coefficient for G
31:24 - 8’h0 Reserved

Table 329: Offset2 for the YUV to RGB Conversion
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o Offset3 for the YUV to RGB Conversion (VPP_OFFSET3) — 0x00ec

Bit Name Default Description
23:0 (R/'W) OFFSET3 24’h0 Offset coefficient for B
31:24 - 8’h0 Reserved

Table 330: Offset3 for the YUV to RGB Conversion

e Interrupt Mask (VPP_INT_MASK) — 0x00f0

Bit Name Default Description

0 (R/W) | INT_SINGLE_MASK | 1'h0 Interrupt enable of single mode

1 (R/W) [ INT_CON_MASK 1’h0 Interrupt enable of continuous mode

2 (R/W) | INT_AB_MASK 1’h0 Interrupt enable of abnormal condition

313 - 29'h0 Reserved

Table 331: Interrupt Mask

e Interrupt Status (VPP_INT_STATUS) — 0x00f

Bit Name Default Description

0 (RW) | INT_SINGLE_STATUS | 110 T.hIS _b|t will be_sgt if the frame is completed; writing this
bit will clear this interrupt.

This bit will be set if scaling is completed for last picture
1 (R/W) | INT_CON_STATUS 17h0 in continuous mode; writing this bit will clear this
interrupt.

This bit will be set if either the current frame is not
completed while a new start has been set in single

2 (R/W) | INT_AB_STATUS 1’h0 mode, or the current frame is not completed while a new
VSYNC from the LCD controller comes in continuous
mode. Writing this bit will clear this interrupt.

313 - 29'h0 Reserved

Table 332: Interrupt Status

August, 2010 SiRF Datasheet — Proprietary and Confidential 241



DRAFT

SIRF SiRFatlasV
AT551 Datasheet

%)

e  ACC Number for Arbiter (VPP_ACC) — 0x00f8

Bit Name Default Description
7:0 (RW) | ACC_NUM | 8'hf i'[]hs l:(>:|c3>nsecut|ve grant number of a read/write master of the arbiter
31:8 - 24’h0 Reserved.

Table 333: ACC Number for Arbiter

e VPP Output Buffer Full Threshold (VIDEO_FULL_THRESH) — 0x00fc

Bit Name Default Description

3:0 The full level for the VPP output buffer.

(I'?/W) FIFO_FULL_THRESH | 4'h7 When VPP_CTRL[14] is set to 0, this bit must be set to
4’hT7.

If bit[3:0] is valid:
0: Setting of bit[3:0] is not valid for the hardware.

4 THRESH_VAILD 1’b1 . : . .
- 1: Setting of bit[3:0] is valid for the hardware.
When VPP_CTRL14] is set to 0, this bit must be set to 1.
31:5 - 27°'h0 Reserved

Table 334: VPP Output Buffer Full Threshold

PCI_COPY Data Engine

Overview

The PCI_COPY Engine is a PCI device that helps to perform single-channel DMA transfer for big block
memories.

It can be configured by the RISC as a PCl slave and perform DMA operations as a PCl master.
It can help to more efficiently transfer data from/to ROM interface.

Feature List

e Supports various kinds of source and destination (such as FIFO type device)
e Suppoits both I1/0 and MEMORY transfer mode for different devices

e Supports 2D DMA operations

e Supports data switches
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Register Definition

Register Address Mapping
The base address of the PCI_COPY register can be accessed at 0x57900000.

¢ PCI Bridge RISC I/O Registers

RISC Address <11:0>

Register

Description

0x000

COPY_CHO_STATUS

The copy mode control of CHO

0x004 COPY_CHO_X _NUM The horizontal copy number of CHO

0x008 COPY_CHO_Y_NUM The vertical copy number of CHO

0x00C COPY_CHO_SRC The address of the first source data of CHO
0x010 COPY_CHO_DST The address of the first destination data of CHO
0x014 COPY_CHO0_2D_STEP The 2D step of CHO

0x018 COPY_CHO_RETRY_NUM | The retry number of CHO

0x01C~0x05¢ - Reserved

0x060 COPY_INT_STATUS Interrupt status register

0x064~0x05 COPY_INT_EN Interrupt enable register

0x068~0x06C - Reserved

0x070 COPY_CHO_EN CHO enable register

Table 335: PCI_COPY Register Mapping

e PCI_COPY Channel 0 Status Register (COPY_CHO_STATUS) — 0x0
This register is used to configure the copy mode, including:

— Source/destination burst control

— Source/destination FIFO control

— Source/destination /0O or memory control
—  Switch control of copied data

— Source/destination width control

NOTE -When programming the source or destination is in burst mode, it should be programmed
in DWORD. The source or destination cannot be a FIFO.
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Bit Name Default Description

The destination burst control.
0 (R/W) DST_BURST 1’b0 1: The destination should be accessed in burst mode.
0: The destination should be accessed in single mode.

The source burst control.
1 (R/W) SRC_BURST 1’b0 1: The source should be accessed in burst mode.
0: The source should be accessed in single mode.

The destination FIFO control.
2 (R/W) DST_FIFO 1’b0 1: The destination is a FIFO.
0: The destination is not a FIFO.

The source FIFO control.
3 (R/W) SRC_FIFO 1’b0 1: The source is a FIFO.
0: The source is nct a FIFO.

The destination memory and I/O control.
4 (R/W) DST_10_MEM 1’b0 1: The destination is memory.
0: The destination is I/O.

The source memory and I/O control.
5 (R/W) SRC_IO_MEM 1’b0 1: The source is memory.
0: The source is I/O.

The data switch control to change the byte sequence in
a DWORD.

00: No switches

01: 1234 > 3412
10: 1234 > 2143
11: 1234 > 4321

7:6 (R/W) DATA_SWITCH 2’h0

The source width mode.
00: DWORD

9:8 (R/W) SRC_WIDTH 2’h0 01: Word

10: Byte

11: Reserved

The destination width mode.
00: DWORD

11:10 (R/'W) | DST_WIDTH 2’h0 01: Word

10: Byte

11: Reserved

31:12 - 20’h0 Reserved.

Table 336: PCI_COPY Channel 0 Status Register (COPY_CH0_STATUS)
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e PCI_COPY CHOX Number Register (COPY_CHO_X_NUM) — 0x4

This register is used to configure the horizontal data amount that to be copied; the amount of
horizontal data is based on bytes.

NOTE -Set X_NUM according to the values of SRC_WIDTH and DST_WIDTH (whichever is
bigger) in the COPY_CHO_STATUS register. If WIDTH is in DWORD, X_NUM must
also be in DWORD. If WIDTH is in WORD, X_NUM must also be in WORD.

Bit Name Default Description
The horizontal amount of the 2D copy data.
15:0 (R/W) | X_NUM 16’'h0 ,
Unit: Byte
31:16 - 16'h0 Reserved.

Table 337: PCI_COPY CHOX Number Register (COPY_CHO0_X_NUM)

e PCI_COPY CHO Y Number Register (COPY_CHO_Y NUM) — 0x8

This register is used to configure the vertical amount of the 2D copy data. If this register is large
than 1, then the process will become 2D data copy.

Bit Name Default Description
9:0 (R/W) Y_NUM 10’h001 The vertical amount of the 2D copy data
31:10 - 22’h0 Reserved

Table 338: PCI_COPY CHO Y Number Register (COPY_CHO_Y_NUM)

e PCI_COPY CHOSource Reqister (COPY_CHO_SRC) — 0xC
This register is used to configure the address of the first source data:

Bit Name Default Description

31:0 (R/'W) | SRC_ADDR 32’h0 The address of the first source data

Table 339: PCI_COPY CHOSource Register (COPY_CHO_SRC)

e PCI_COPY CHODestination Register (COPY_CHO_DST) — 0x10
This register is used to configure the address of the first destination data.

Bit Name Default Description

31:.0 (R/'W) | DST_ADDR 32’h0 The address of the first destination data

Table 340: PCI_COPY CHODestination Register (COPY_CH0_DST)
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e PCI_COPY CHO 2D Step Register (COPY_CHO_2D_STEP) — 0x14

Bit Name Default Description

) , 2D data step, it is the offset between two adjoining lines’ start
15:0 (RIW) 2D_STEP 16’0 positions; it shall be greater /equal to than the X_NUM.

31:16 - 16’h0 Reserved.

Table 341: PCI_COPY CHO 2D Step Register (COPY_CHO_2D_STEP)

e PCI_COPY CHO Retry Number Register (COPY_CHO_RETRY_NUM) - 0x18
This register is used to configure the PCI operation retry number.

Bit Name Default Description
7:0 (R/'W) RETRY_NUM 8'h0o7 Retry number
31:8 - 24’h0 Reserved

Table 342: PCI_COPY CHO Retry Number Register (COPY_CHO_RETRY_NUM)

e PCI_COPY Interrupt Status Register (COPY_INT_STATUS) — 0x60

After the block copy process is done, the corresponding bit will be set to high. It will be reset either
after writing 1’b1 to it or after the corresponding channel is enabled.

Bit Name Default Description
The status of the COPY CHO interrupt.
0(R) CHO_INT 1’0 It will be set to 1’b1 when the CHO transfer finishes and will be
cleared to 1’b0 when CHO is enabled.
31:1 - 31°'h0 Reserved.

Table 343: PCI_COPY Interrupt Status Register (COPY_INT_STATUS)

e PCI_COPY Interrupt Enable Register (COPY_INT_EN) — 0x64
If this register is 0, then PCI_COPY will not generate an interrupt signal when the data transfer is

finished
Bit Name Default Description
0 (R/W) CHO_INT_EN 1’b0 The CHO interrupt enable (active high)
31:1 - 31’h0 Reserved

Table 344: PCI_COPY Interrupt Enable Register (COPY_INT_EN)
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PCI_COPY CHOEnable Register (COPY_CHO_EN) — 0x70

After it is set to high, the corresponding channel will begin to work, and it will be reset
automatically after the transfer is finished.

Bit Name Default Description
0 (R/W) CH_EN 1’b0 The Channel enable
31:1 - 31°’h0 Reserved

Table 345: PCI_COPY CHOEnable Register (COPY_CH0_EN)
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PERIPHERAL CONTROL MODULES
PCI Bridge (SYS2PCI)

Overview

There is a bridge between the System Bus and PCI Bus (we call this bridge SYS2PCI), which coverts the
I/O and memory accesses between the System Bus and PCI Bus. For I/O accesses, the PCI Bridge will
convert the RISC/DSP 1/0O accesses into PCIl data transactions and passes to the corresponding PCI
devices. For memory access, the PCI Bridge is both a master and a slave on the System Bus. In most
cases when PCI devices transfer data to or from the memory Controller, the PCI Bridge acts as the bus
master on the System Bus.

Feature List

e Supports the internal AXI bus protocol as a master

e Supports the internal PCI bus protocol as master and slave

e Supports different ratio of system clock and 1/O clock

e  Supports 64bit AXI to 32-bit PCI, 1/0 to PCI and 32-bit PCl to 64-bit AXI transforms

Functional Descriptions

Block Diagram

DRAM
controller
3 CXI_BUS

r - - -—"-—-"-""""="="'/"7—"——"y o, == === a
| [
| l
| Me_ctrl |

1
: i
! 10_BUS 3 :

1
! l
: Sys2pci_buf_ctrl :
: i
1 A A :
1
I A Y Y !
1
! o Sys2pci Sys2Zpci :
| Syszpol lo _buf _pcit |
| 1
(Y Y -

Internal PCI "F'CI master “PCI slave
Bus i ‘
Figure 49: SYS2PCI Block Diagram
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Clock Topology
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Register Definitions

Register Address Mapping

= =

Figure 50: SYS2PCI Clock Topology Diagram

The base address of the SYS2PCI register can be accessed through RISC 1/O. The base address is

0x800c0000.

Both RISC and DSP are able to access System to PCI Bridge registers.
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e PCI Bridge RISC I/O Registers

RIS(<31A1‘<::I6:I>|'ess Register Description
0x0000 SYS2PCI|_RETRY System to PCI Bridge retry value
0x0004 SYS2PCI_INT_EN System to PCI Bridge interrupt enable
0x0008 SYS2PCI_INT_STATUS System to PCI Bridge interrupt status
0x000C SYS2PCI_WRITEBUFFER System to PCI Bridge write buffer set
0x0010 SYS2PCI_TIMEOUT System to PCI Bridge timeout
Others - Reserved

Table 346: PCI Bridge RISC 1/0 Register Mapping

e PCI Bridge DSP 1/O Registers

To access PCI from the DSP side, System to PCI Bridge contains specific registers to convert the
16-bit access on DSP to 32-bit access on PCI.

e Bitse:éddress Register Description
0x0000 SYS2PCI_DSP_OPERATE System to PCI Bridge DSP Operation
0x0002 SYS2PCI_DSP_ADDL System to PCI Bridge DSP address low
0x0004 SYS2PCI_DSP_ADDH System to PCI Bridge DSP address high
0x0006 SYS2PCI_DSP_DATAL System to PCI Bridge DSP data low
0x0008 SYS2PCI_DSP_DATAH System to PCI Bridge DSP data high
0x000a SYS2PCI_DSP_STATUS System to PCI Bridge DSP status
Others - Reserved

Table 347: PCI Bridge DSP VO Register Mapping

To perform a read cperation, DSP needs to:

- Write SYS2PCI_DSP_ADDL, SYS2PCI_DSP_ADDH for correct PCI addresses
- Write SYS2PCI_DSP_OPERATE with correct BE, RW=1

- Poli SYS2PCI_DSP_OPERATE until RDY=1

- Read data from SYS2PCI|_DSP_DATAL, SYS2PCI_DSP_DATAH

To perform a write operation, DSP needs to:

- Write SYS2PCI_DSP_ADDL, SYS2PCI_DSP_ADDH for correct PCI addresses
- Write SYS2PCI_DSP_DATAL, SYS2PCI|_DSP_DATAH for write data on PCI
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- Write SYS2PCI_DSP_OPERATE with correct BE, RW=0
- Poll SYS2PCI_DSP_OPERATE until RDY=1

Register Descriptions (RISC)
e PCI Bridge Retry Value Register (SYS2PCI_RETRY) — 0x0000

Bit Name Default Description

5:0 (R/W) RETRY<5:0> 6'h8 System to PCI Bridge retry value

31:6 - - Reserved

Table 348: PCI Bridge Retry Value Register (SYS2PCI_RETRY)

SYS2PCI_RETRY is a 6-bit register that controls the retry time on the PCI side. When PCI access
is terminated with retry, the System to PCI Bridge will wait for SYS2PCI_RETRY *Tpc) cik before it
retries the same PCl access.

o PCI Bridge Interrupt Enable Register (SYS2PCI_INT_EN) — 0x0004

Bit Name Default Description

0 (R/W) Reserved 1’b0 Need to be written with 0.

System to PCI Bridge Master abort interrupt enable.
1 (R/W) MABT 1’b0 1: Enable the interrupt
0: Disable the interrupt

System to PCI Bridge Time out interrupt enable.

2 (R/W) TIMOUT 1’b0 1: Enable the interrupt
0: Disable the interrupt
31:3 - - Reserved.

Table 349: PCI Bridge Interrupt Enable Register (SYS2PCI_INT_EN)

System to PCI Bridge Master abort interrupt enable: When there is master abort on the PCI bus,
the current access will be cancelled. A master abort interrupt will be generated.

System to PCI Bridge Time out interrupt enable: When an access on the PCI bus is terminated
with retry X (X>TIMOUT_VALUE) times, the current access will be cancelled and a time-out abort
interrupt will be generated.
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e PCI Bridge Interrupt Status Register (SYS2PCI_INT_STATUS) — 0x0008

Bit

Name

Default

Description

0 (R/W)

1'b0

Reserved (need to be written with 0)

1 (R/W)

MABT

1'b0

System to PCI Bridge Master abort interrupt
Read:

1: Interrupt pending

0: No interrupt pending

Write:

1: Clear the interrupt pending

0: No effects

2 (RIW)

TIMOUT

1'b0

System to PCI Bridge Time out interrupt
Read:

1: Interrupt pending

0: No interrupt pending

Write:

1: Clear the interrupt pending

0: No effects

31:3

Reserved

Table 350: PCI Bridge Interrupt Status Register (SYS2PCI_INT_STATUS)

System to PCI Bridge Master abort interrupt: When there is master abort on the PCI bus, the
current access will be cancelled and a master abort interrupt will be generated.

System to PCI Bridge Time out interrupt: When an access on PCI bus is terminated with retry
X(X> TIMEOUT) times, the cuirent access will be cancelled and a time-out abort interrupt will be
generated.

e PCI Bridge Write Buffer Enable Register (SYS2PCl|_ WRITEBUFFER) — 0x000C

Bit Name Default Description
System to PCI Bridge write buffer enable
1: Enable write buffer
0: Disable write buffer
When the write buffer is enabled, RISC 1/0O write to PCI
device will be finished immediately when System to PCI
0 (R/W) wB 1’b0 Bridge FIFO is ready to hold the command. Then System to

PCI Bridge will transfer the command into the FIFO on the
PCI bus. But the write operation will only be truly finished
when the command is issued to the PCI bus.

It is recommended to set the write buffer to enable, which can
speed up the write operation. However the user needs to
perform a read operation to the same address to guarantee
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Bit Name Default Description
that the write operation is really finished on the device.
System to PCI Bridge read mode
1 (R/W) RM 1’b1 1: Read will wait for current transfer to system memory finish.
0: I/O read has no relations with transfer to system memory.
31:2 - - Reserved

Table 351: PCI Bridge Write Buffer Enable Register (SYS2PCI_WRITEBUFFER)

o System to PCI Bridge Time Out Register (SYS2PCI_TIMEOUT) — 0x0010

Bit

Name

Default

Description

15:0 (RIW)

TIMEOUT<15:0>

16°hffff

System to PCI Bridge timeout value

31:6

Reserved

Table 352: System to PCI Bridge Time Out Register (SYS2PCI_TIMEOUT)

System to PCI Bridge timeout value is a 16-bit register that controls the retry number on the PCI
side. If a read/write from RISC is retried for more than the time specified by TIMEOUT, then this
command will be discarded. An interrupt will occur if users set the interrupt enable bit. If this value
is set to 0, then the retry number time-out will never occur.

Register Descriptions (DSP)

e PCI Bridge DSP Operation Register (SYS2PCI_DSP_OPERATE) — 0x0000

Bit

Name

Default

Description

0 (R/W)

RW

1'b1

1: DSP read PCI
0: DSP write PCI

1(R)

RDY

1'b1

Read:

1: DSP operation finished

0: DSP operation not finished
Write:

1: Reset to 0

0: Resetto 0

3:2

Reserved

7:4 (RIW)

BE<3:0>

4’h0

Byte enable for PCI read/write

BE<0> - SYS2PCI_DSP_DATAL[7:0]
BE<1> - SYS2PCI_DSP_DATAL[15:8]
BE<2> - SYS2PCI_DSP_DATAHI[7:0]
BE<3> - SYS2PCI_DSP_DATAH[15:8]
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Bit Name Default Description
1: Enable byte
0: Disable the byte
15:8 - - Reserved

Table 353: PCI Bridge DSP Operation Register (SYS2PCI_DSP_OPERATE)

e PCI Bridge DSP Address Low Register (SYS2PCI_DSP_ADDL) — 0x0002

Bit

Name

Default

Description

15:0 (RIW)

ADDL

16’h0

PCI address low for DSP I/O access on PCI bus

Table 354: PCI Bridge DSP Address Low Register (SYS2PCI_DSP_ADDL)

e PCI Bridge DSP Address Low Register (SYS2PCI_DSP_ADDL) — 0x0002

Bit

Name

Default

Description

15:0 (RIW)

ADDL

16’h0

PCI address low for DSP I/O access on PCI bus

Table 355: PCI Bridge DSP Address Low Register (SYS2PCI_DSP_ADDL)

e PCI Bridge DSP Address High Register (SYS2PCI_DSP_ADDH) — 0x0004

Bit

Name

Default

Description

15:0 (RIW)

ADDH

16’h0

PCI address high for DSP 1/O access on PCl bus

Table 356: PCI Bridge DSP Address High Register (SYS2PCI_DSP_ADDH)

e PCI Bridge DSP Data Low Register (SYS2PCI_DSP_DATAL) — 0x0006

Bit Name Default Description
PCI data low for DSP /O access on PCI bus.
15:0 (R/W) DATAL 16’h0 . .
It contains data for read/write.

Table 357: PCl Bridge DSP Data Low Register (SYS2PCI_DSP_DATAL)
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« PCI Bridge DSP Data High Register (SYS2PC|_DSP_DATAH) — 0x0008

Bit Name Default Description

PCI data high for DSP 10 access on PClI bus.

15:0 (R/W) | DATAH 16’h0 ) .
It contains data for read/write.

Table 358: PCI Bridge DSP Data High Register (SYS2PC|_DSP_DATAH)

e PCI Bridge DSP Status Register (SYS2PCI_DSP_STATUS) — 0x000A

Bit Name Default Description
0 (R) - 1’b0 Reserved
System to PCI Bridge Master abort interrupt
Read:
1(R) MABT 1’b0 1: Interrupt pending

0: No interrupt pending
Write: No effects

System to PCI Bridge Time out interrupt
Read:

2 (R) TIMEOUT 1’b0 1: Interrupt pending

0: No interrupt pending

Write: No effects

31:3 - - Reserved

Table 359: PCI Bridge DSP Status Register (SYS2PCI_DSP_STATUS)

This register is read-oniy about interrupt status information for DSP access. It requires RISC
access to clear the interrupt status.
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PCI Arbiter
Overview

SiRFatlasV implements a high-speed internal PCl bus that can run up to 125MHz. The PCIi Bus Arbiter
supports up to three PCIl devices: ROM/SRAM Controller, SDIO Host Controller, PClI_COPY. The
arbitration works in round-robin fashion.

All the PCI device registers in PCl Subsystem share the same 256MB segment of the RISC address
space (0x5000_0000~5FFF_FFFF).

RISC Address Range Usage Resource Size
0x57E0_0000~57EF_FFFF Reserved 1MB
0x57D0_0000~57DF_FFFF Reserved 1vMB
0x57C0_0000~57CF_FFFF Reserved 1MB
0x57B0_0000~57BF_FFFF Reserved 1MB
0x57A0_0000~57AF_FFFF PCI_ROM 1MB
0x5790_0000~579F_FFFF PCI_COPY 1MB
0x5780_0000~578F_FFFF Reserved 1MB
0x5770_0000~577F_FFFF Reserved 1MB

Table 360: PCI Device Registers Mapping

Function Descriptions

Block Diagram

ROM ~—— port 2
PCI bus
PClarb_top —— Master

5D -+————» port 6

PC| COPY <——— port 7

Figure 51: PCI_ARB Block Diagram
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USB Controller

Overview

The USB is standard USB interface (D+/D-, ID), integrated PHY. The USB-HS core is implementing a
USB interface in compliance with the USB 2.0 specification. The USB-HS core is able to act as peripheral
controller, or host controller or a dual role OTG controller that is able to negotiate the host or peripheral
role on the bus in compliance with the On-The-Go (OTG) supplement to the USB specification.

The USB-HS core is designed to make efficient use of the system resources in a SoC design. The 32-bit
system bus interface contains a chaining Direct Memory Access (DMA) engine that reduces the interrupt
load on the application processor, and reduces the total system bus bandwidth that must be dedicated to
servicing the USB interface requirements. By transferring the data to system memory at wire rates, the
buffer memory requirement within the core is minimized. The USB-HS also makes strategic use of the
processor for tasks that do not require timing critical responses to reduce the amount of special purpose
logic.

Feature List

e USB 2.0 high-speed OTG (On-The-Go) dual-role USB host controller or USB device controller
operation using the same hardware

e Intel™ EHCI host controller

e Direct support for connecting with USB host or device with (VBUS, D+, D-, ID, GND)

e Dual-port RAM buffers that isolate memory latency on the system bus based on USB timing
requirements

Pin Descriptions

External Pin Descriptions

USB has an integrated transceiver on the chip; you can directly connect USB devices with USB through it.

Pin Name Direction | Description

X_USB_VBUS 1’10 USB power signal, 5V

X_USB DP 1’10 Positive output channel connected to the serial USB cable
X_USB_DN I/O Negative output channel connected to the serial USB cable
X _USB_ID 1’10 USB ID pin of mini-AB receptacle

Table 361: USB External Pin Description
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Functional Descriptions

Block Diagram

AHB
"éf_r;'if" AHB 32-bitto | _ 32bit
AXI bus AX| B4-bit bridge
AHB VBUS
Internal ] LTl DF
2bit -
J32-bit - 102AHB qS—'.. US?pHcirSTG S interface ett——= [}
1O bus transoeiver Ts)
GND
TA/RX buffer  |= -

Figure 52: USB Block Diagram

Module Descriptions

Host and Device Data Structure

For details of the data structure, contact your SiRF FAE.

AHB 32Bit to AXI 64Bit Bridge and IO2AHB Bridge

The USB-OTG core supports an AHB interface as well as a general bus interface. This interface goes on
top of the original bus interface and conforms to the AHB protocol as defined in the AMBA specification.
The USB-OTG core contains both an AHB master and slave.

¢ The master interface only uses Single or unspecified INCR burst types
e The slave interface only supports single accesses
¢ Master can handle spiit, retry and error transfers

e Slave does not handle error and retry responses. The slave transfers are simple and will always
be completed

To connect the USB-OTG core to the internal AXI bus, the AHB to AXI conversion is needed, it performs
the following conversions:

o Converts the AHB master signal to the AXI master.
o Converts the I/0O Bus signal to the AHB slave interface.
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Register Definitions

Register Address Mapping

Base Address

Access Type

Address Mapping

RISC I/O interface

0x99000000

Table 362: USB Base Address

Register Mapping

RISC Address<15:0>

Register

Description

0x0000~0x13C

Reserved

0x0140 USBOTG_USBCMD USB command

0x0144 USBOTG_USBSTS USB status

0x0148 USBOTG_USBINTR USB interrupt enable

0x014C USBOTG_FRINDEX USB frame index

0x0150 Reserved -

0x0154 USBOTG_PERIODICLISTBASE_ | Frame list base address (host)
DEVICEADDR USB device address (device)

0x0158 USBOTG_ASYNCLISTADDR_E | Next asynchronous list address (host)
PLISTADDR address at endpoint list in memory

0x015C USBOTG_TTCTRL TT status and control

0x0160 USBOTG_BURSTSIZE Programmable burst size

0x0164 USBOTG_TXFILLTUNING Host transmit pre-buffer packet tuning

0x0168~0x016C Reserved -

0x0170 USBOTG_ULPIVIEWPORT Reserved

0x0174 Reserved -

0x0178 USBOTG_ENDPTNAK Endpoint NAK

0x017C USBOTG_ENDPTNAKEN Endpoint NAK enable

0x0180 Reserved -

0x0184 USBOTG_PORTSC1 Port status control 1

0x0188~0x1A0 Reserved -

0x01A4 USBOTG_OTGSC OTG status and control
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RISC Address<15:0> | Register Description

0x01A8 USBOTG_USBMODE USB device mode
0x01AC USBOTG_ENDPTSETUPSTAT Endpoint setup status
0x01B0 USBOTG_ENDPTPRIME Endpoint initialization
0x01B4 USBOTG_ENDPTFLUSH Endpoint de-initialization
0x01B8 USBOTG_ENDPTSTATUS Endpoint status

0x01BC USBOTG_ENDPTCOMPLETE Endpoint complete
0x01C0~0x01CC USBOTG_ENDPTCTRLO~3 Endpoint control0~3
0x0200 USBOTG_PHY_PROGRAM PHY program register

Table 363Address Mapping

Register Definitions

e USB-OTG USBCOMD Register (USBOTG_USBCMD) - 06x0140

Bit Name

Default

Description

0 (RW) |RS

1’b0

Run/Stop (RS) Default Ob. 1=Run. 0=Stop.
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 HC Halted bit
in the status register indicates when the Host Controller has finished
the transaction and has entered the stopped state.

Software should not write a one to this field unless the host controller is
in the Halted state (i.e. HCHalted in the USBSTS register is a one).

Device Controller:

Writing a one to this bit will cause the device controller to enable a pull-
up on D+ and initiate an attach event. This control bit is not directly
connected to the pull-up enable, as the pull-up will become 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 will cause a detach event.

1 (RW) [RST

1’b0

RST Controller Reset (RESET) Software uses this bit to reset the
controller. This bit is set to 0 by the Host/Device Controller when the
reset process is complete. Software cannot terminate the reset process
early by writing a 0 to this register.

Host Controller:

When software writes a one 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 HCHalted bit in the USBSTS
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Bit Name Default | Description
register is a 0. Attempting to reset an actively running host controller
will result in undefined behavior.
Device Controller:
When software writes a one to this bit, the Device Controller resets its
internal pipelines, timers, counters, state machines etc. to their initial
value. Writing a one to this bit when the device is in the aitached state
is not recommended, since the effect on an attached host is undefined.
In order to ensure that the device is not in an attached state before
initiating a device controller reset, all primed endpoints should be
flushed and the USBCMD Run/Stop bit should be set to 0.
Frame List Size
Default 000b. This field is Read/Write only if Programmable Frame List
Flag in the HCCPARAMS registers 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. Note that
this field is made up from USBCMD bits 15, 3, and 2.
Value description:
000: 1024 elements (4096 bytes) Default value
2 (R/W) | FSO 1’b0 001: 512 elements (2048 bytes)
010: 256 elements (1024 bytes)
011: 128 elements (512 bytes)
100: 64 elements (256 bytes)
101: 32 elements (128 bytes)
110: 16 elements (64 bytes)
111: 8 elements (32 bytes)
Only the host controller uses this field.
3 (R/W) | FS1 1’b0 See bit 2
Periodic Schedule Enable Default Ob. This bit controls whether the host
controller skips processing the Periodic Schedule.
Values meaning
4 (R/W) | PSE 1’b0 0: Do not process the Periodic Schedule
1: Use the PERIODICLISTBASE register to access the Periodic
Schedule.
Only the host controller uses this bit.
Asynchronous Schedule Enable Read/Write. Default Ob. This bit
controls whether the host controller skips processing the Asynchronous
Schedule.
’ Value description:
5 (RIW) RS 50 0: Do not process the Asynchronous Schedule.
1: Use the ASYNCLISTADDR register to access the Asynchronous
Schedule.
Only the host controller uses this bit.
6 (RIW) | IAA 1’0 Interrupt on Async Advance Doorbell Read/Write. This bit is used as a
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Bit

Name

Default

Description

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 Interrupt on Async Advance status bit in the USBSTS
register. If the Interrupt on Sync Advance Enable bit in the USBINTR
register is one, then the host controller will assert an interrupt at the
next interrupt threshold.

The host controller sets this bit to zero after it has set the Interrupt on
Sync Advance status bit in the USBSTS register to one. Software
should not write a one to this bit when the asynchronous schedule is
inactive. Doing so will yield undefined resuilts.

This bit is only used in host mode. Writing a one to this bit when device
mode is selected will have undefined results.

LR

1’b0

Host/Device Controller Reset (OPTIONAL). Read only. Not
Implemented. This field will always be 0.

8 (R/W)

ASPO

Asynchronous Schedule Park Mode Count (OPTIONAL) Read/Write.
If the Asynchronous Park Capability bit in the HCCPARAMS register is
a one, then this field defauits to 3h and is R/W. Otherwise it defaults to
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. Valid values are 1h to 3h. Software
must not write a zero to this bit when Park Mode Enable is a one as
this will result in undefined behavior.

This field is set to 3h in this implementation.

ASP1

See bit 8

10

Reserved

11
(RIW)

ASPE

Asynchronous Schedule Park Mode Enable (optional) Read/Write.

If the Asynchronous Park Capability bit in the HCCPARAMS register is
a one, then this bit defaults to a 1h and is R/W. Otherwise the bit must
be a zero and is RO.

Software uses this bit to enable or disable Park mode. When this bit is
one, Park mode is enabled. When this bit is a zero, Park mode is
disabled.

This field is set to 1 in this implementation.

12
(RIW)

ATDTW

1’b0

Add dTD TripWire. Read/write. 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 shall also be cleared by hardware when is state machine is
hazard region for which adding a dTD to a primed endpoint may go
unrecognized.

13
(RIW)

SUTW

1’b0

Setup TripWire. Read/write.

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
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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 will
be cleared by hardware when a hazard exists.
14 Reserved
15 FS2 1’b0 See bit 2

Interrupt Threshold Control. Read/write.

The system software uses this field to set the maximum rate at which
the host/device controller will issue interrupts. ITC contains the
maximum interrupt interval measured in micro-frames.

Value: Maximum Interrupt Interval
00h: Immediate (no threshold)
(23/\}\/6) |TC[7ZO] 8’h8 01h:1 m?cro-frame
02h: 2 micro-frames
04h: 4 micro-frames
08h: 8 micro-frames
10h: 16 micro-frames
20h: 32 micro-frames
40h: 64 micro-frames

31:24 - 8’h0 Reserved

Table 364: USB-OTG USBCOMD Register

e USB-OTG USBSTS Register (USBOTG_USBSTS) — 0x0144

Bit Name | Default | Description

Interrupt (USBINT). R/WC.

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
0 (RW) [ Ul 1’b0 Descriptor (TD) has an interrupt on complete (I0C) 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.

Error Interrupt (USBERRINT). RWC.

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
USBINT bit, if the TD on which the error interrupt occurred also had its
interrupt on complete (I0C) bit set

The device controller detects resume signaling only.

1 (R/W) | UEI 1'b0

, Port Change Detect. R/WC. The Host Controller sets this bit to a one
2 (R/w) [PCI 1’0 when on any port a Connect Status occurs, a Port Enable/Disable
Change occurs, or the Force Port Resume bit is set as the result of a J-K
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Bit Name | Default | Description

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 USB Reset Received bit and
the DCSuspend bits respectively.

This bit is not EHCI compatible.

Frame List Rollover. R/WC. 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 Frame
3 (R/W) | FRI 1’b0 List Size field of the USBCMD register) is 1024, the Frame Index
Register rolls over every time FRINDEX [1 3] toggles. Similarly, if the
size is 512, the Host Controller sets this bit to a one every time
FHINDEX [12] toggles.

Only used by the host controller.

System Error R/WC. This bit is not used in this implementation and will

4 (R/W) [ SEI 100 always be set to 0.

Interrupt on Async Advance. R/WC. Default: 0.

System software can force the host controller to issue an interrupt the
next time the host controiler advances the asynchronous schedule by

5 (R/W) [ AAI 1’b0 writing a one to the Interrupt on Async Advance Doorbell bit in the
USBCMD register. This status bit indicates the assertion of that interrupt
source.

Only used by the host controller.

USB Reset Received. RMWC. Default: 0

When the device controller detects a USB Reset and enters the default
6 (R'W) [ URI 1’b0 state, this bit will be set to a one. Software can write a 1 to this bit to
clear the USB Reset Received status bit.

Only used by the device controller.

SOF Received. R/WC. Default: 0

When the device controller detects a Start Of (micro) Frame, this bit will
be set to a one. When a SOF is extremely late, the device controller will
automatically set this bit to indicate that an SOF was expected.
Therefore, this bit will be set roughly every 1ms in device FS mode and
every 125ms in HS mode and will be synchronized to the actual SOF

7 (R/W) | SRI 150 that is received.
Since the device controller is initialized to FS before connect, this bit will

be set at an interval of 1ms during the prelude to connect and chirp.

In host mode, this bit will be set every 125us and can be used by host
controller driver as a time base.

Software writes a 1 to this bit to clear it.
This is a non-EHCI status bit.

DCSuspend. R/WC. Default: 0
When a device controller enters a suspend state from an active state,

8 (R/W) [ SLI 1'b0
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this bit will be set to a one. The device controller clears the bit upon
exiting from a suspend state.
Only used by the device controller.
9 Reserved
ULPI Interrupt. R/WC. Default:0
When the ULPI Viewport is present in the design, an event completion
10 will set this interrupt.
ULPII | 1'b0 , , ,
(R/w) Used by both host & device controller. Only present in designs where
configuration constant VUSB_HS_PHY_ULPI = 1.
NOTE: AtlasV has no ULPI, so please ignore it.
11 Reserved
HCHalted. Read only. Default: 1
This bit is a zero whenever the Run/Stop bit is a one. The Host
, Controller sets this bit to one after it has stopped executing because of
12 (R) HCH 17'b1 the Run/Stop bit being set to 0, either by software or by the Host
Controller hardware (e.g. internal error).
Only used by the host controller.
Reclamation. Read only. Default: 0
13 (R) RCL 160 This is a read-only status bit used to detect an empty asynchronous
schedule.
Only used by the host controller.
Periodic Schedule Status. Read only. Default: 0
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
14 (R) PS 1’b0 enable the Periodic Schedule when software transitions the Periodic
Schedule Enable bit in the USBCMD register. When this bit and the
Periodic Schedule Enable bit are the same value, the Periodic Schedule
is either enabled (1) or disabled (0).
Only used by the host controller.
Asynchronous Schedule Status. Read only. Default: 0
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.
15 (R) AS 1b0 The Host Controller is not required to immedig?ely disable or enable the
Asynchronous Schedule when software transitions the Asynchronous
Schedule Enable bit in the USBCMD register. When this bit and the
Asynchronous Schedule Enable bit are the same value, the
Asynchronous Schedule is either enabled (1) or disabled (0).
Only used by the host controller.
NAK Interrupt Bit. Read only.
16 (R) NAKI | 1°b0 This bit is read-only. It is set by hardware when for a particular endpoint

both the TX/RX Endpoint NAK bit and the corresponding TX/RX

August, 2010

SiRF Datasheet — Proprietary and Confidential 265



3

SiRFatlasV
AT551 Datasheet

Bit Name | Default | Description

Endpoint NAK Enable bit are set. This bit is automatically cleared by
hardware when all the enabled TX/RX Endpoint NAK bits are cleared.

17 Reserved

USB Host Asynchronous Interrupt (USBHSTASYNCINT). R/WC.

This bit is set 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 (I0OC) bit set AND the TD was from the

UAI 1’b0 asynchronous schedule.

This bit is also set by the Host 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 is less than expected.

This bit is not used by the device controllier and is always zero.

18
(RIW)

USB Host Periodic Interrupt (USBHSTPERINT). R/WC.

This bit is set 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 (I0OC) bit set and the TD was from the periodic

19 schedule.
UPI L .
(R/w) 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 by the device controller and should always be zero.

23:20 Reserved

24 General Purpose Timer Interrupt 0 (GPTINTO). R/WC.

(RIW) TIO 1’b0 This bit is set when the counter in the GPTIMEROCTRL (Non-EHCI)
register transitions to zero. Writing a one to this bit will clear it.

o5 General Purpose Timer Interrupt 1 (GPTINT1). R/WC.

(RIW) ™ 1’b0 This bit is set when the counter in the GPTIMER1CTRL (Non-EHCI)
register transitions to zero. Writing a 1 to this bit will clear it.

31:26 - 29'h0 Reserved.

Table 365: USB-OTG USBSTS Register

e USB-OTG USBINTR Register (USBOTG_USBINTR) — 0x0148

Bit Name | Default | Description

USB Interrupt Enable
When this bit is a one, and the USBINT bit in the USBSTS register is a

0 (R/W) | UE 1’0 one, the host/device controller will issue an interrupt at the next interrupt
threshold. The interrupt is acknowledged by software by clearing the
USBINT bit.

1 (R/W) | UEE 1’b0 USB Error Interrupt Enable
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Bit

Name

Default

Description

When this bit is a one, and the USBERRINT 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 by clearing the
USBERRINT bit in the USBSTS register.

2 (RIW)

PCE

1’b0

Port Change Detect Enable

When this bit is 1, and the Port Change Detect bit in the USBSTS register
is 1, the host/device controller will issue an interrupt. The interrupt is
acknowledged by software by clearing the Port Change Detect bit.

3 (RIW)

FRE

1’b0

Frame List Rollover Enable

When this bit is 1, and the Frame List Rollover bit in the USBSTS register
is 1, the host controller will issue an interrupt. The interrupt is
acknowledged by software by clearing the Frame List Rollover bit.

Only used by the host controller.

4 (RIW)

SEE

1’b0

System Error Enable

When this bit is a one, and the Sysiem Error bit in the USBSTS register is
a one, the host/device controller will issue an interrupt. The interrupt is
acknowledged by software clearing the System Error bit.

5 (R/W)

1’b0

Interrupt on Async. Advance Enable

When this bit is a one, and the Interrupt on Async Advance 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 Interrupt on Async Advance bit.

Only used by the host controller.

6 (R/W)

URE

1’b0

USB Reset Enable

When this bit is a one, and the USB Reset Received bit in the USBSTS
register is a one, the device controller will issue an interrupt. The interrupt
is acknowledged by software clearing the USB Reset Received bit.

Only used by the device controller.

7 (RIW)

SRE

1’b0

SOF Received Enable

When this bit is a one, and the SOF Received bit in the USBSTS register
is a one, the device controller will issue an interrupt. The interrupt is
acknowledged by software clearing the SOF Received bit.

8 (RIW)

SLE

1’b0

Sleep Enable

When this bit is a one, and the DCSuspend bit in the USBSTS register
transitions, the device controller will issue an interrupt. The interrupt is
acknowledged by software writing a one to the DCSuspend bit. Only used
by the device controller.

1’b0

Reserved.

10
(RIW)

ULPIE

1’b0

ULPI Enable

When this bit is a one, and the ULPI Interrupt bit in the USBSTS register
transitions, the controller will issue and interrupt. The interrupt is
acknowledged by software writing a one to the ULPI Interrupt bit. Used by
both host and device controller. Only present in designs where
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Bit Name | Default | Description
configuration constant VUSB_HS_PHY_ULPI = 1.
NOTE: SiRFatlasV has no ULPI, ignore it.
15:11 5’h0 Reserved
NAK Interrupt Enable
16 NAKE | 1'bo This bit is set by software if it wants to enable the hardware interrupt for
(RIW) the NAK Interrupt bit. If both this bit and the corresponding NAK Interrupt
bit are set, a hardware interrupt is generated.
17 - 1’b0 Reserved
USB Host Async. Interrupt Enable
18 ’ When this bit is a one, and the USBHSTASYNCINT bit in the USBSTS
(RIW) UAIE | 1°'b0 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.
USB Host Periodic Interrupt Enable
19 When this bit is a one, and the USBHSTPERINT bit in the USBSTS
(RIW) UPIE | 1'b0 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.
23:20 - 4’h0 Reserved
General Purpose Timer interrupt Enable 0
24 TIEO 1b0 When this bit is a one, and the GPTINTO bit in the USBSTS register is a
(R/w) one, the controller will issue an interrupt. The interrupt is acknowledged by
software clearing the GPTINTO bit.
General Purpose Timer interrupt Enable 1
25 TIE1 1b0 When this bit is a one, and the GPTINT1 bit in the USBSTS register is a
(R/w) one, the controller will issue an interrupt. The interrupt is acknowledged by
software clearing the GPTINT1 bit.
31:26 - 6’h0 Reserved

Table 366: USB-OTG USBINTR Register

e USB-OTG FRINDX Register (USBOTG_FRINDX) — 0x014C

Bit

Name

Default | Description

13:0
(RIW)

FRINDEX

Frame index

The value, in this register, increments at the end of
each time frame (e.g. micro-frame). Bits [N: 3] are
14'h0 used for the Frame List current index. This means
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
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Bit Name Default | Description

value of the Frame List Size field in the USBCMD
register, when used in host mode.

USBCMD [Frame List Size] Number Elements N
000b (1024) 12

001b (512) 11

010b (256) 10

011b (128) 9

100b (64) 8

101b (32) 7

110b (16) 6

111b (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.

31:14 - 18’h0 Reserved

Table 367: USB-OTG FRINDX Register

e USB-OTG PERIODICLISTERBASE / DEVICEADDR Register (USBOTG_PD) — 0x0154
- Host controller

Bit Name Default | Description
11:0 - 24’h0 Reserved
31:12 Base address (low). These bits correspond to
: PERBASE 8’h0 memory address signals [31:12], respectively. Only
(R/W)
used by the host controller.

Table 368: USB-OTG PERIODICLISTERBASE Register

— Device controller

Bit Name Default | Description

23:0(R) |- 24'nh0 Reserved

Device Address Advance. Default: 0.

When this bit is 0, any writes to USBADR are instantaneous.

24 ’ When this bit is written to 1 at the same time or before

(RIW) USBADRA 1’b0 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 will be loaded from the holding

register.
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Bit Name Default | Description

Hardware will automatically clear this bit on the following
conditions:

e [N is ACKed to endpoint 0. (USBADR is updated from
staging register).

e OUT/SETUP occurs to endpoint 0. (USBADR is not
updated).

e Device Reset occurs (USBADR is reset to 0).

NOTE - After the status phase of the SET_ADDRESS

descriptor, the DCD has 2ms to program the USBADR field.
This mechanism will ensure this specification is met when the
DCD can not write of the device address within 2ms from the
SET_ADDRESS status phase. If the DCD writes USBADR
with USBADRA=1 after the SET_ADDRESS data phase
(before the prime of the status phase), the USBADR will be
programmed instantly at the correct time and meet the 2ms
USB requirement.

Device Address. These bits correspond to the USB device

31:25 DEVICE ADDR | 8'h0
address

Table 369: USB-OTG DEVICEADDR Register

e USB-OTG ASYNCLISTADDR / ENDPOINTLISTADDR Register (USBOTG_PD) — 0x0158
— Host controller

Bit Name Default | Description

4:0 - - Reserved

Link pointer low (LPL). These bits correspond to memory address

signals [31:5], respectively. This field may only reference a Queue

31:5 ,
ASYBASE | 8’'h0 Head (QH).

(R/W)
Only used by the host controller.

Table 370: USB-OTG ASYNCLISTADDR Register

— Device controller

Bit Name Default | Description

10:0 - Reserved

Endpoint List Pointer (Low). These bits
correspond to memory address signals
EPBASE 8’h0 [31:11], respectively. This field will reference a
list of up to 32 Queue Heads (QH). (i.e. one
queue head per endpoint and direction.)

31:11
(RIW)

Table 371: USB-OTG ENDPOINTLISTADDR Register
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e USB-OTG TTCTRL Register (USBOTG_TTCTRL) — 0x015C

Bit Name Default | Description
23:0(R) | - 24’'h0 Reserved
30:24 TTHA 7’h0 -

31 - 1'b0 Reserved

Table 372: USB-OTG TTCTRL Register

e USB-OTG BURSTSIZE Register (USBOTG_BUSTSIZE) — 0x0160

Bit Name Default | Description
7:0 ,
(RIW) RXPBURST 8'h4 Programmable TX burst length
15:8 ,

TXPBURST 8'h4 Programmable RX burst length
(R/W)
31:16 - 16'h0 Reserved

Table 373: USB-OTG BURSTSIZE Register

e USB-OTG TXFILLTUNING Register (USBOTG_TXFILLTUNING) — 0x0164

Bit Name Default | Description

Scheduler Overhead. Read/write. Default: O This register adds
an additional fixed offset to the schedule time estimator
described above as THf.

As an approximation, the value chosen for this register should
limit the number of back-off events captured in the

7:0 \ TXSCHHEALTH to less than 10 per second in a highly utilized
(R/W) TXSCHOH 8'h0 bus. Choosing a value that is too high for this register is not
desired 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 & SPH.

The time unit represented in this register is 6.333us when a
device is connected in Low/Full Speed Mode for OTG & SPH.

Scheduler Health Counter. Read/write to clear. Default: O

This register increments when the host controller fails to fill the

TX latency FIFO to the level programmed by TXFIFOTHRES

12:8 ) before running out of time to send the packet before the next
TXSCHEALTH | 5’h0

(R/W) 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 will clear the counter. The maximum of this
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Bit

Name

Default

Description

counter is 31.

15:13

3’h0

Reserved

21:16
(RIW)

TXFIFOTHRES

6’h0

FIFO Burst Threshold. Read/write. Default: 0

This register controls the number of data bursis 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
a low as possible to maximize USB performance. A higher
value can be used in systems with unpredicable 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 in USBMODE register is
set.

31:22

Reserved

Table 374: USB-OTG TXFILLTUNING Register

e USB-OTG ULPIVIEWPORT Register (USBOTG_ULPIVIEWPORT) — 0x0170
SiRFatlasV has no ULPI interface, so this register is reserved.

Bit Name Default | Description
7.0 ULPI Data Write. Read/write.
(I.?/W) ULPIDATWR | 8'h0 When a write operation is commanded, the data to be sent is
written to this field.
ULPI Data Read. Read only.
15:8 (R) | ULPIDATRD 8’h0 , . C o
After a read operation completes, the result is placed in this field.
9316 ULPI Data Address. Read/write.
(R/W) ULPIADDR 8'h0 When a read or write operation is commanded, the address of
the operation is written to this field.
ULPI Port Number. Read/write.
For the wakeup or read/write operation to be executed, this
26:24 , value selects the port number the ULPI PHY is attached to in the
(RIW) ULPIPORT 3’'b000 multi-port host.
Value range: 0 to 7
It should always be 0 for non-multi port products.
ULPI Sync State. Read only.
1: Normal Sync. State.
, 0: In another state such as carkit, serial, and low power
27 (R) ULPISS b1 This bit represents the state of the ULPI interface. Before
reading this bit, the ULPIPORT field should be set accordingly if
used with the multi-port host. Otherwise, this field should always
remain 0.
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Bit Name Default | Description
28 - Reserved.

ULPI Read/Write Control. Read/write.
29 ULPIRW tpo | O Read
(R/W) 1: Write

This bit selects a read or writes operation.

ULPI Read/Write Run. Read/write.

Writing 1 to this bit will begin the read/write operation. The bit will
30 , change to 0 when the read/write is comiplete. Once this bit is set,
(R/W) ULPIRUN 160 the driver can not set it to 0.

The driver must never execute a wakeup and a read/write

operation at the same time.

ULPI Wakeup. Read/write.

Writing 1 to this bit will begin the wakeup operation. The bit will
31 ; change to 0 when the wakeup is complete. Once this bit is set,
(R/W) ULPIWU 00 the driver can not set it back to 0.

The driver must never execute a wakeup and a read/write

operation at the same time.

Table 375: USB-OTG ULPIVIEWPORT Register

e USB-OTG ENDPTNAK Register (USBOTG_ ENDPTNAK) — 0x0178

Bit

Name

Default

Description

15:0
(R/WC)

EPRN

16’h0

RX Endpoint NAK "C R/WC. 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 15 Endpoint #15
Bit 1 Endpoint #1
Bit0 Endpoint #0

31:16
(RIWC)

EPTN

16'h0

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 15 Endpoint #15
Bit1 Endpoint #1
Bit0 Endpoint #0

Table 376: USB-OTG ENDPTNAK Register
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e USB-OTG ENDPTNAKEN Register (USBOTG_ ENDPTNAKEN) — 0x017C

Bit

Name

Default

Description

15:0
(R/W)

EPRNE

16’h0

RX Endpoint NAK Enable. Each bit is an enable bit for the
corresponding RX Endpoint NAK bit. If this bit is set and the
corresponding RX Endpoint NAK bit is set, the NAK Interrupt bit is
set.

Bit 15 Endpoint #15
Bit1 Endpoint #1
Bit0 Endpoint #0

31:16
(RIW)

EPTNE

16’h0

TX Endpoint NAK Enable. Each bit is an enable bit for the
corresponding TX Endpoint NAK bit. If this bit is set and the
corresponding TX Endpoint NAK bit is set, the NAK Interrupt bit is
set.

Bit 15 Endpoint #15
Bit1 Endpoint #1
Bit0 Endpoint #0

Table 377: USB-OTG ENDPTNAKEN Register

e USB-OTG PORTSC1 Register (USBOTG_ PORTSC1)— 0x0184

Bit

Name

Default

Description

0(R)

CCS

1’b0

Current Connect Status Read Only.
In Host Mode:

1: Device is present on port.

0: No device is present.

Default: 0.

This value reflects the current state of the port, and may not
correspond directly to the event that caused the Connect Status
Change bit (Bit 1) to be set.

This field is zero if Port Power (PP) is zero in host mode.
In Device Mode:

1: Attached.

0: Not Attached. Default.

1 indicates that the device successfully attached and is operating in
either high speed or full speed as indicated by the High Speed Port bit
in this register.

0 indicates that the device did not attach successfully or was forcibly
disconnected by software by writing 0 to the Run bit in the USBCMD
register. It does not state the device being disconnected or suspended.

1
(RIWC)

CSC

1’b0

Connect Status Change. R/WC.
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Bit Name Default | Description
1: Change in Current Connect Status.
0: No change.
Default: 0.
In Host Mode:
Indicates a change has occurred in the port's 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 will be setting a ready-set bit (the bit remains set). Software
clears this bit by writing a one to it. This field is 0 if Port Power (PP) is 0
in host mode.
In Device Mode:
This bit is undefined in device controlier mode.
Port Enabled/Disabled. Read/write.
1: Enable.
0: Disable.
Default: 0.
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 one to this field.
Ports can be disabled by either a fault condition (disconnect event or
2 (RW) | PE 1b0 other fault condition) or by the host software.
NOTE - 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, (Ob) downstream propagation of data is
blocked except for reset.
This field is 0 if Port Power (PP) is 0 in host mode.
In Device Mode:
The device port is always enabled. (This bit will be 1.)
Port Enable/Disable Change R/WC. 1=Port enabled/disabled status
has changed. 0=No change. Default = 0.
In Host Mode:
For the root hub, this bit gets set to a one only when a port is disabled
3 PEC 1’b0 due to disconnect on the port or due to the appropriate conditions
(RIWC) existing at the EOF2 point. Software clears this by writing 1 to it.
This field is 0 if Port Power (PP) is 0.
In Device mode:
The device port is always enabled. (This bit will be 0.)
Over-current Active. Read only. Default 0.
4 (R) OCA 1’0 1: This port currently has an over-current condition.
0: This port does not have an over-current condition. This bit will
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Bit Name Default | Description

automatically switch from 1 to 0 when the over current condition is
removed.

For host/OTG implementations the user can provide over-current
detection to the vbus_pwr_fault input for this condition.

For device-only implementations this bit shall always be 0.

Over-current Change. R/WC. Default=0.

1: This bit is set to one when there is a change to Over-current Active.

5 oce 160 Software clears this bit by writing a one to this bit position.
(RIWC) For host/OTG implementations the user can provide over-current

detection to the vbus_pwr_fault input for this condition.
For device-only implementations this bit shall always be 0.

Force Port Resume. Read/write.

1: Resume detected/driven on port.

0: No resume (K-state) detected/driven on port. Default.
In host mode:

Software sets this bit to one o 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 Port Change Detect bit in the USBSTS register is also set
to 1. This bit will automatically change to 0 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 0 after the rsume duration
is timed in the driver.

NOTE - When the Host controller owns the port, the resume

6 (R'W) [ FPR 1’b0 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 1. This bit will remain a
onie until the port has switched to the high-speed idle. Writing a 0 has
no affect because the port controller will time the resume operation
clear the bit the port control state switches to HS or FS idle.

This field is 0 if Port Power (PP) is 0 in host mode.
This bit is not-EHCI compatible.
In device mode:

After the device has been in Suspend State for 5ms or more, software
must set this bit to one to drive resume signaling before clearing. The
Device Controller will set this bit to one if a J-to-K transition is detected
while the port is in the Suspend state. The bit will be cleared when the
device returns to normal operation. Also, when this bit transitions to a
one because a J-to-K transition detected, the Port Change Detect bit in
the USBSTS register is also set to one.

Suspend

In host mode: Read/write.
1: Port in suspend state.

0: Port not in suspend state.

7 (RIW) | SUSP 1’b0
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Default: 0.
Port Enabled Bit and Suspend bit of this register define the port states
as follows:
Bits [Port Enabled, Suspend] Port State
Ox: Disable
10: Enable
11: 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. Note that the bit status does not change until the port is
suspended and that there may be a delay in suspending a port if there
is a transaction currently in progress on the USB.
The host controller will unconditionally set this bit to 0 when software
sets the Force Port Resume bit to 0. The host controller ignores a write
of 0 to this bit.
If host software sets this bit to a 1 when the port is not enabled (i.e.
Port enabled bit is a 0) the results are undefined.
This field is 0 if Port Power (PP) is 0 in host mode.
In Device Mode: Read only.
1: Port in suspended state.
0: Port not in suspended state. Default.
In device mode this bit is a read only status bit.
Port Reset
This field is 0 if Port Power (PP) is 0.
In Host Mode: Read/write.
1: Portis in Reset.
0: Port is not in Reset. Default.
When software writes a 1 to this bit the bus-reset sequence as defined
8 (R'W) | PR 1’b0 in the USB Specification Revision 2.0 is started. This bit will
automatically change to 0 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 0 after the reset duration is timed in the
driver.
In Device Mode: read only.
Device reset from the USB bus is also indicated in the USBSTS
register.
High-Speed Port. Read only. Default: Ob.
When the bit is one, the host/device connected to the port is in high-
’ speed mode and if set to 0, the host/device connected to the port is not
9 (R) HSP 1’00 in a high-speed mode.
NOTE - HSP is redundant with PSPD (27:26) but will remain in the
design for compatibility.
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Bit Name Default | Description

This bit is not defined in the EHCI specification.

Line Status Read Only. These bits reflect the current logical levels of
the D+ (bit 11) and D- (bit 10) signal lines. The encoding of the bits are:

Bits [11:10] Meaning
00b SEO

10b J-state

LS 2’00 01b K-state

11b 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.

11:10
(R)

Port Power (PP). Read/write or read only. The function of this bit
depends on the value of the Port Power Switching (PPC) field in the
HCSPARAMS register. The behavior is as follows:

PPC: PP Operation

Ob: Ob read only. A device controller with no OTG capability does not
have port power control switches.

1b: 1b/0b read/write. Host/OTG controller requires port power control
12 PP 1'b0 switches. This bit represents the current setting of the switch (0=0ff,
(R/W) 1=on). When power is not available on a port (PP = 0), the port is non-

functional and wili not report attaches, detaches, etc.

When an over-current condition is detected on a powered port and
PPC is a 1, the PP bit in each affected port may be transitioned by the
host controller driver from a one to a 0 (removing power from the port).
This feature is implemented in the host/OTG controller (PPC = 1).

In a device only implementation port power control is not necessary,
thus PPC and PP = 0.

Port Owner Read Only. Port owner handoff is not implemented in this
design, therefore this bit will always read back as O.

The EHCI definition is include here for reference:
Default: 0

This bit unconditionally goes to a 0 when the configured bit in the

13 (R) PO 1’60 CONFIGFLAG register makes a 0 to 1 transition. This bit
unconditionally goes to 1 whenever the Configured bit is zero System
software uses this field to release ownership of the port to a selected
host controller (in the event that the attached device is not a high-
speed device). Software writes a one to this bit when the attached
device is not a high-speed device. A one in this bit means that an
internal companion controller owns and controls the port.

15:14 Port Indicator Control. Read/write. Default: 00b.

Rw) | PI€ 2600 | Writing to this field has no effect if the P_INDICATOR bit in the
HCSPARAMS register is 0. If P_INDICATOR bit is 1, then the bit is:
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Bit Name Default | Description

00b: Port indicators are off
01b: Amber

10b: Green

11b: 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 &
port_ind_ctl_0 for use by an external led driving circuit.

Port Test Control Read/Write. Default = 0000b.

A non-zero value indicates that the port is cperating in test mode.
0000b: TEST_MODE_DISABLE

0001b: J_ STATE

0010b: K_STATE

0011b: SEO (host) / NAK (device)

0100b: Packet

0101b: FORCE_ENABLE_HS

19:16 PTC 4’50000 0110b: FORCE_ENABLE_FS

(R/w) 0111b: FORCE_ENABLE_ LS
1000b to 1111b: Reserved

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 will force
the port into the connected and enabled state at the selected speed.
Writing the PTC field back to TEST_MODE_DISABLE will allow the
port state machines to progress normally from that point.

NOTE - Low speed operations are not supported as a peripheral
device.

Wake on Connect Enable (WKCNNT_E). Read/write. Default: Ob.
Writing this bit to a one enables the port to be sensitive to device
connects as wake-up events.

This field is O if Port Power (PP) is 0 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.

20(RW) [ WKCN [ 1°b0

Wake on Disconnect Enable (WKDSCNNT _E) j® read/write.

Default: Ob
o1 Writing this bit to a one enables the port to be sensitive to device
(RIW) WKDC | 1'b0 disconnects as wake-up events.
This field is O if Port Power (PP) is 0 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.
22 Wake on Over-current Enable (WKOC_E) Read/Write.
WKOC | 1'b0 -
(R/W) Default: Ob
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Bit Name Default | Description

Writing this bit to a one enables the port to be sensitive to over-current
conditions as wake-up events.

This field is 0 if Port Power (PP) is 0.

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.

PHY Low Power Suspend - Clock Disable (PLPSCD) Read/Write.
Default: Ob

Writing this bit to a 1b will disable the PHY clock. Writing a Ob enables
it. Reading this bit will indicate the status of the PHY clock. NOTE: The
PHY clock cannot be disabled if it is being used as the system clock.

In device mode, The PHY can be put into Low Power Suspend - Clock
Disable when the device is not running (USBCMD Run/Stop=0b) or the
23 PHCD 160 host has signaled suspend (PORTSC SUSPEND=1b). Low power
(R/W) suspend will be cleared automatically when the host has signaled
resume if using a circuit similar to that in 10. 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.

Port Force Full Speed Connect Read/Write. Default = Ob. Writing this
bit to a 1b will force the port to only connect at Full Speed. It disables
the chirp sequence that allows the port to identify itself as High Speed.

24 PEsc | 10 This is useful for testing FS configurations with a HS host, hub or
(RIW) device.

This bit is not defined in the EHCI specification.
This bit is for debugging purposes.

25 Reserved

Port Speed Read Only. 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
PSPD 2'b11 w/ Embedded Transaction Translator.

00 Full speed

01: Low speed

10: High speed

This bit is not defined in the EHCI specification.

27:26

Parallel Transceiver Width Read/Write.

This register bit is used in conjunction with the configuration constant
28 (R) PTW 1’b0 VUSB_HS_PHY16_8 to control whether the data bus width of the
UTMI transceiver interface. If VUSB_HS PHY16_8 is set for 0 or 1
then this bit is read only. If VUSB_HS PHY16_8 is 2 or 3 then this bit
is read/write. This bit is reset to 1 if VUSB HS PHY16_8 selects a
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default UTMI interface width of 16-bits else it is reset to 0.
Writing this bit to 0 selects the 8-bit [60MHz] UTMI interface.
Writing this bit to 1 selects the 16-bit [30MHZz] UTMI interface.
This bit has no effect if the Serial interface is selected.
This bit is not defined in the EHCI specification.
Serial Transceiver Select. This register bit is used in conjunction with
the configuration constant VUSB_HS_ PHY_SERIAL to control whether
the parallel or serial transceiver interface is selected for FS and LS
operation. The Serial Interface Engine can be used in combination
with the UTMI+ physical interface to provide FS/LS signaling instead of
the parallel interface. If VUSB_HS PHY_SERIAL is set for 0 or 1 then
this bit is read only. If VUSB_HS PHY_SERIAL is 3 or 4 then this bit is
read/write.
29(R) |[STS 1’b0 This bit has no effect unless Parallai Transc eiver Select is s et to
UTMI+.
The Serial/1.1 physical interface will use the Serial Interface Engine for
FS/LS signaling regardless of this bit value.
NOTE: This bit is reserved for future operation and is a placeholder
adding dynamic use of the serial engine in accord with UMTI+
characterization logic.
This bit is not defined in the EHCI specification.
Parallel Transceiver Select. This register bit pair is used in conjunction
31:30 , with the configuration constant VUSB_HS PHY_TYPE to control which
(R) PTS 2’010 parallel transceiver interface is selected.
This bit is not defined in the EHCI specification.

Table 378: USB-OTG PORTSC1 Register
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o USB-OTG OTGSC Register (USBOTG_ OTGSC) — 0x01A4

Bit Name Default | Description

VBUS_Discharge.

0(R/W) [VD 1’b0 i o . .
Setting this bit causes VBus to discharge through a resistor.

VBUS Charge Read/Write.

1(RW) | VC 1’0 Setting this bit causes the VBus line to be charged. This is used for
VBus pulsing during SRP.

Hardware Assist Auto-Reset Read/Write.
2(R/W) HAAR 1’b0 0: Disabled.
1: Enable automatic reset after connect on host port.

OTG Termination Read/Write.

3(RW) | OT 100 This bit must be set when the OTG device is in device mode, this
controls the pull-down on DM.

Data Pulsing Read/Write.

4(R/W) | DP 1’0 Setting this bit causes the pull-up on DP to be asserted for data pulsing
during SRP.

ID Pullup Read/Write

This bit controls the ID pull-up resister.

5(R/W) IDPU 1’b1 0: Off

1: On (default).

When this bit is G, the ID input will not be sampled.

HADP Hardware Assist Data-Pulse Write to Set.

6(R/W HADP 1’b0
( ) 1: Start Data Pulse Sequence.

HABA Hardware Assist B-Disconnect to A-connect Read/\Write.
7(R/W) HABA 1’b0 0: Disabled.
1: Enable automatic B-disconnect to A-connect sequence.

USB ID Read Only.
8(R) ID 1'b1 0: A device
1: B device

A VBus Valid Read Only.

9(R) AVV 1'b0 . . )
Indicates VBus is above the A VBus valid threshold.

A Session Valid Read Only.

10(R) ASV 1’b0 . . . ,
Indicates VBus is above the A session valid threshold.

B Session Valid. Read only.

11(R) BSV 1’b0 . . . ,
Indicates VBus is above the B session valid threshold.

B Session End. Read only.

12(R) BSE 1’b0 i ) )
Indicates VBus is below the B session end threshold.
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Bit Name Default | Description

1 milisecond timer toggle. Read only.

13(R) 1msT 1’b0 o o
This bit toggles once per millisecond.

Data Bus Pulsing Status. Read only.

14(R) DPS 1’b0 o o ,
1 indicates data bus pulsing is being detected on the port.

15 Reserved

USB ID Interrupt Status. Read/write.
16(RW) | IDIS 1’b0 This bit is set when a change on the ID input has been detected.
Software must write a one to clear this bit.

A VBus Valid Interrupt Status. Read/write to clear.

17 AWVIS 160 This bit is set when VBus has either risen above or fallen below the
(R/WC) VBus valid threshold (4.4 VDC) on an A device.

Software must write a one to clear this bit.

A Session Valid Interrupt Status. Read/write

18 ASVIS 1'b0 This bit is set when VBus has either risen above or fallen below the A
(R/WC) session valid threshold (0.8 VDC).

Software must write a one to clear this bit.

B Session Valid Interrupt Status. Read/write to clear.

19 BSVIS 160 This bit is set when VBus has either risen above or fallen below the B
(R/WC) session valid threshold (0.8 VDC).

Software must write a one to clear this bit.

20 B Session End Interrupt Status. Read/write to clear.

(RIWC) BSEIS [ 100 This bit is set when VBus has fallen below the B session end threshold.
Software must write a one to clear this bit

1 milisecond timer Interrupt Status. Read/write to clear.
(2I;/\NC) 1msS 1’b0 This bit is set once every millisecond.
Software must write a one to clear this bit.

Data Pulse Interrupt Status. Read/Write to Clear.
This bit is set when data bus pulsing occurs on DP or DM. Data bus

(2|§/W) DPIS 1’b0 pulsing is only detected when USBMODE.CM = Host (11) and
PORTSC(0). PortPower = Off (0).
Software must write a one to clear this bit.
23 Reserved
24 DIE 160 USB ID Interrupt Enable Read/Write.
(R/w) Setting this bit enables the USB ID interrupt.
25 A VBus Valid Interrupt Enable Read/MWrite.
AWIE | 1b0 . L -
(R/w) Setting this bit enables the A VBus valid interrupt.
26 A Session Valid Interrupt Enable Read/Write.
ASVIE | 1b0 . L . L
(R/w) Setting this bit enables the A session valid interrupt.
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27 BSVIE 160 B St.essmr? V§I|d Interrupt Enable Il:{ead/\{Vr{te.

(R/w) Setting this bit enables the B session valid interrupt.

28 B Session End Interrupt Enable Read/Write.
BSEIE | 1b0 . I . .

(R/w) Setting this bit enables the B session end interrupt.

29 1msE 1’b0 1 milisecond timer Interrupt Enable Read/Write

(R/W)

30 DPIE | 10 Data Pulse Interrupt Enable

(R/W)

31 Reserved

Table 379: USB-OTG OTGSC Register

USB-OTG USBMODE Register (USBOTG_ USBMODE) ~ 0x01A8

Bit Name Default | Description
Controller Mode.
Controller mode is defauited to the proper mode for host only and
device only implementations. For those designs that contain both host
and device capability, the controller will default to an idle state and will
need to be initialized to the desired operating mode after reset. For
combination host/device controllers, this register can only be written
1:0 CM 2'b00 once after reset. If it is necessary to switch modes, software must reset
(RIW) the controller by writing to the RESET bit in the USBCMD register
before reprogramming this register.
00: Idle (default for combination host/device)
01: Reserved
10: Device controller (default for device only controller)
11: Host controller (default for host only controller)
Endian Select. Read/Write. 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
2(R/W) ES 160 value of this bit, because they are based upon 32-bit words.
0: Little Endian (default) first byte referenced in least significant byte of
32-bit word.
1: Big Endian - first byte referenced in most significant byte of 32-bit
word.
Setup Lockout Mode. In device mode, this bit controls behavior of the
setup lock mechanism.
3(R/W) | SLOM 1’b0 0: Setup Lockouts On (default)
1: Setup Lockouts Off (DCD requires use of Setup Data Buffer Tripwire
in USBCMD)
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Stream disable mode. (0: Inactive [default]; 1: Active)

Device mode: Setting to 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 standared
double buffering scheme is disabled to prevent overruns/underruns in
bandwidth limited systems.

Note — In High Speed Mode, all packets received will be responded to
with a NYET handshake when stream disable is active.

4(R/W) | SDIS 1’0 Host mode: Setting to 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 the TX latency is filled to
capacity before the packet is lanched onto the USB.

Time duration to pre-fill the FIFO becomes significant when stream
disable is active. See TXFILLTUNING to characterize the adjustments
needed for the scheduler when using this feature.

This feature may lower the overall USB performance.

Vbus power select
0: Output is 0.
1: Outputis 1.

This bit is connected to the vbus_pwr_select output and can be used
for 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.

5(R/W) [ VBPS 1’b0

31:6 26’h0 Reserved

Table 380: USB-OTG USBMODE Register

e USB-OTG ENDPTSETUPSTAT Register (USBOTG_ ENDPTSETUPSTAT) — 0x01AC

Bit Name Default | Description

Setup endpoint status.

For every received setup transaction, a corresponding bit
in this register is set to 1. Software must clear or
acknowledge the setup transfer by writing 1 to that bit
15:0 , after it has read the setup data from Queue head. The
(R/WC) ENDPSETUPSTAT | 16'h0 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 Model.

This register is only used in device mode.

31:16 16’h0 Reserved

Table 381: USB-OTG ENDPTSETUPSTAT Register
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e USB-OTG ENDPTPRIME Register (USBOTG_ ENDPTPRIME) — 0x01B0

Bit Name Default | Description

SiRFatlasV endpoint receive buffer - R/WS.

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 one to the corresponding
bit whenever posting a new transfer descriptor to an endpoint.
Hardware will automatically use this bit to begin parsing for a new
15:0 transfer descriptor from the queue head and prepare a receive buffer.
(R/W) PERB 16'h0 Hardware will clear this bit when the associated endpoint is
successfully primed.

These bits will be momentarily set by hardware during hardware re-
priming operations when a dTD is retired, and the dQH is updated.

Bit 15 Endpoint #15
Bit1 Endpoint #1
Bit0 Endpoint #0

SiRFatlasV endpoint transmit buffer -R/WS.

For each endpoint a corresponding bit is used to request that a buffer
prepared for a transmit cperation in order to respond to a USB
IN/INTERRUPT transaction. Software should write a one to the
corresponding bit when posting a new transfer descriptor to an
endpoint. Hardware will automatically use this bit to begin parsing for
31:16 a new transfer descriptor from the queue head and prepare a
(R/W) PETB 16'h0 transmit buffer. Hardware will clear this bit when the associated
endpoint is successfully primed.

These bits will be momentarily set by hardware during hardware re-
priming operations when a dTD is retired, and the dQH is updated.

PETB[15] Endpoint #15
PETB[1] Endpoint #1
PETB[0] Endpoint #0

Table 382: USB-OTG ENDPTPRIME Register

e USB-OTG ENDPTFLUSH Register (USBOTG_ ENDPTFLUSH) — 0x01B4

Bit Name | Default | Description

Flush endpoint receive buffer. C RIWS.

Writing 1 to a bit will cause the associated endpoint to clear any primed
buffers. If a packet is in progress for one of the associated endpoints,
15:0 , then that transfer will continue until completion. Hardware will clear this
(R/B) FERB | 16’h0 register after the endpoint flush operation is successful.

Bit 15 Endpoint #15
Bit1 Endpoint #1
Bit0 Endpoint #0
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Flush endpoint transmit buffer. R/WS.

Writing 1 to a bit in this register will cause the associated endpoint to

clear any primed buffers. If a packet is in progress for one of the

associated endpoints, then that transfer will continue until completion.
31:16 FETB | 16'ho Hardware will clear this register after the endpoint flush operation is
(R/B) successful.

FETB[15] Endpoint #15

FETB[1] Endpoint #1

FETB[0] Endpoint #0

Table 383: USB-OTG ENDPTFLUSH Register

e USB-OTG ENDPTSTAT Register (USBOTG_ ENDPTSTAT) — 0x01B8

Bit

Name

Default

Description

15:0 (R)

ERBR

16’h0

Endpoint receive buffer ready. Read only.

One bit for each endpoint indicates status of the respective endpoint
buffer. This bit is set to 1 by the hardware as a response to receiving a
command from a corresponding bit in the ENDPTPRIME register. There
is always a delay between setting a bit in the ENDPTPRIME register and
endpoint indicating ready. This delay time varies with the current USB
traffic and the number of bits set in the ENDPTPRIME register. Buffer
ready can be cleared by USB reset, USB DMA system, or the
ENDPTFLUSH regqister.

These bits will be cleared by hardware during hardware endpoint re-
priming operations when a dTD is retired, and the dQH is updated.

ERBR[15] Endpoint #15
ERBR[1] Endpoint #1
ERBR[0] Endpoint #0

31:16

ETBR

16’h0

Endpoint transmit buffer ready. Read only.

One bit for each endpoint indicates status of the respective endpoint
buffer. This bit is set to 1 by the hardware as a response to receiving a
command from a bit in the ENDPTPRIME register. There is always a
delay between setting a bit in the ENDPTPRIME register and endpoint
indicating ready. This delay time varies with the current USB traffic and
the number of bits set in the ENDPTPRIME register. Buffer ready is
cleared by USB reset, by the USB DMA system, or through the
ENDPTFLUSH register.

These bits will be cleared by hardware during hardware endpoint re-
priming operations when a dTD is retired, and the dQH is updated.

ETBR[15] Endpoint #15
ETBR[1] Endpoint #1
ETBR[0] Endpoint #0

Table 384: USB-OTG ENDPTSTAT Register

August, 2010

SiRF Datasheet — Proprietary and Confidential 287



oﬂa
SiRFatlasV

SiRF AT551 Datasheet

e USB-OTG ENDPTCOMPLETE Register (USBOTG_ ENDPTCOMPLETE) — 0x01BC

Bit Name | Default | Description

Endpoint receive complete event RW/C. Each bit indicates a received
event (OUT/SETUP) occurred and software should read the endpoint
queue to determine the transfer status. If the IOC bit is set in Transfer
15:0 Descriptor, this bit will be set simultaneously with the USBINT.

(RIWC) ERCE [ 16'h0 Write 1 to clear the corresponding bit in this register.
ERCE[15] Endpoint #15

ERCE[1] Endpoint #1

ERCE[0] Endpoint #0

Endpoint transmit complete event RMWC. Each bit indicates a transmit
event (IN/INTERRUPT) occurred and software should read the endpoint
queue to determine the endpoint status. If the I0C bit is set in Transfer
3116 Descriptor, this bit will be set simultaneously with the USBINT.

(RIWC) ETCE | 16'h0 Write 1 to clear the corresponding bit in this register.
ETCE[15] Endpoint #15

ETCE[1] Endpoint #1

ETCE[0] Endpoint #0

Table 385: USB-OTG ENDPTCOMPLETE Register

e USB-OTG ENDPTCTRLO Register (USBOTG_ ENDPTCTRLO) — 0x01CO

Bit Name Default | Description

RXS RX endpoint stall
0: End point OK (default)
1: End point stalled

Software can write a one to this bit to force the endpoint to return a
stall handshake to the Host. It will continue returning stall until the bit is
cleared by software or it will automatically be cleared upon receipt of a
new setup request.

0 (RW) [RXS 1’60 After receving a setup request, this bit will continue to be cleared by
hardware until the associated ENDPTSETUPSTAT bit is cleared.

There is a short delay (up to 50 clocks) 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 one to
it then follow this procedure:

Continually write this stall bit until it is set or until a new setup has been
received by checking the associated endptsetupstat bit.

1 1’b0 Reserved

RX endpoint type

3:2(R) | RXT 2b00 |
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Bit

Name

Default

Description

Endpoint0 is fixed as a Control End Point.

6:4

1’b0

Reserved

7(R)

RXE

1'b1

RX endpoint enable
1: Enabled
Endpoint0 is always enabled.

15:8

8’h0

Reserved

16(RW)

TXS

1’b0

TX endpoint stall. Read/write
0: End point OK (default)
1: End point stalled

Software can write a one to this bit to force the endpoint to return a
stall handshake to the Host. It will continue returning stall until the bit is
cleared by software or it will automaticaily be cleared upon receipt of a
new setup request.

After receving a setup request, this bit will continue to be cleared by
hardware until the associated ENDPTSETUPSTAT bit is cleared.

There is a short delay (up to 50 clocks) 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 one to
it then follow this procedure:

Continually write this stall bit until it is set or until a new setup has been
received by checking the associated endptsetupstat bit.

17

1’b0

Reserved

19:18(R)

TXT

2’b00

TX endpoint type
00: Control
Endpoint0 is fixed as a Control End Point.

22:20

3'b000

Reserved

23(R)

TXE

1'b1

TX endpoint enable
1: Enabled
Endpoint0 is always enabled.

31:24

8’h0

Reserved

Table 386: USB-OTG ENDPTCTRLO Register
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e USB-OTG ENDPTCTRL1~3 Register (USBOTG_ ENDPTCTRL1~3) — 0x01C4~0x1CC

Bit

Name

Default

Description

0 (R/W)

RXS

1’b0

RX endpoint stall. Read/write
0: End point OK (default)
1: End point stalled

This bit will be cleared automatically upon receipt of a setup request if
this endpoint is configured as a control endpoint and this bit will
continue to be cleared by hardware until the associated
ENDPTSETUPSTAT bit is cleared.

Software can write a one to this bit to force the endpoint to return a
stall handshake to the host. This control will continue to stall until this
bit is either cleared by software or automatically cleared as above for
control endpoints.

For control endpoint types, there is a short delay (up to 50 clocks)
between the endptsetupstat being cieared 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 one to it then follow this procedure: Continually
write this stall bit until it is set or until a new setup has been received
by checking the associated endptsetupstat bit.

1 (RIW)

RXD

1’b0

RX endpoint data sink
0: Dual Port Memory Buffer/DMA Engine (default)
Should always be written to 0.

3:2
(R/W)

RXT

2’b00

RX endpoint type
00: Control

01: Isochronous
10: Bulk

11: Reserved

1’b0

Reserved

5 (R/W)

RXI

1’b0

RX data toggle inhibit
0: Disabled (default)
1: Enabled

This bit is only used for test and should always be written to 0. Writing
1 to this bit will cause this endpoint to ignore the data toggle sequence
and always accept data packet regardless of their data PID.

6 (R/W)

RXR

1’b0

RX data toggle reset (WS)
Write 1: Reset PID Sequence

Whenever a configuration event is received for this Endpoint, software
must write 1 to this bit in order to synchronize the data PID's between
the host and device.

7 (RIW)

RXE

1’b0

RX endpoint enable
0: Disabled (default)
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Bit Name Default | Description
1: Enabled
An Endpoint should be enabled only after it has been configured.

15:8 8’h0 Reserved
TX endpoint stall
0: End point OK
1: End point stalled
This bit will be cleared automatically upon receipt of a setup request if
this endpoint is configured as a control endpoint and this bit will
continue to be cleared by hardware until the associated
ENDPTSETUPSTAT bit is cleared.

16 Software can write a one to this bit to force the endpoint to return a

(RIW) TXS 1’b0 stall handshake to the host. This control will continue to stall until this
bit is either cleared by software or automatically cleared as above for
control endpoints.
For control endpoint types: There is a short delay (up to 50 clocks)
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 one {o it then follow this procedure: Continually
write this stall bit until it is set or until a new setup has been received
by checking the associated endptsetupstat bit.
TX endpoint data source

ZI;/W) TXD 1’b0 0: dual port memory buffer/DMA engine (default)
Should always be written as 0.
TX endpoint type
00: Control

19:18 11yt | 200 | 01: Isochronous

(R/W) '
10: Bulk
11: Interrupt

20 1’b0 Reserved
TX data toggle inhibit
0: PID sequencing enabled. (default)

2|;/W I 1'h0 1: PID sequencing disabled.

( ) This bit is only used for test and should always be written as zero.
Writing a one to this bit will cause this endpoint to ignore the data
toggle sequence and always transmit DATAO for a data packet.

TX data toggle reset (WS)
Write 1: Reset PID sequence

22 TXR |10

(RIW) Whenever a configuration event is received for this Endpoint, software
must write a one to this bit in order to synchronize the data PID's
between the Host and device.

23 TXE 1’b0 TX endpoint enable
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Bit Name Default | Description
(R/W) 0: Disabled (default)

1: Enabled
An Endpoint should be enabled only after it has been configured.
31:24 8’h0 Reserved

Table 387: USB-OTG ENDPTCTRL1~3 Register

e USBOTG PHY PROGRAM Register (USBOTG_PHY_PROGRAM) — 0x0200

Bit Name Default | Description

Enables or disables the VBUS Valid comparator. When
OTGDISABLE is set to 1'b0 and comp_always_on is asserted,
31 comp_always_o | ., the Bandgap circuitry and VBUS Valid comparator are powered,
RW) |n — | bt even in Suspend mode:

e 1’b0: The VBUS Valid comparator is enabled

e 1’b1: The VBUS Valid comparator is disabled.

30:27 4’b0 Reserved
Reference clock select for PHY PLL block
26:25 e 2b11,2’b10: The PLL uses CLKCORE as reference.
(RIW) refclksel 2’001 e 2’b01: The PLL uses an external clock supplied on the XO
pin.

e 2’b00: Reversed

Commion block power-down control

Control the power-down signals in the XO, Bias, and PLL blocks
when the USB 2.0 nanoPHY is suspended.

24 s 1:The XO, Bias, and PLL blocks are powered down in
(RW) commononn 1’h1 Suspend mode.
e 0: The XO, Bias, and PLL blocks remain powered in Suspend
mode.

This signal is a strapping option that must be set prior to a
power-on reset and remain static during normal operation.

OTG block disable

Power down the OTG block, including the VBUS Valid

23 tadisabl 1'ho comparator. If the application does not use OTG functionality,
(R/W) olgdisable you can set this input high to save power.

e 1: The OTG block is powered down.
e 0: The OTG block is not powered down.

Tx jitter adjustment.

22 ) -
atebisterror 1’h1 Adjust tx jitter.

(RIW) e 1:TX Jitter Fix enable (design default)
e (0: TX Jitter Fix disable
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Bit Name Default | Description

Transmitter high-speed crossover adjustment.
Adjusts the voltage at which the DP and DM signals
21:20 cross while transmitting in HS mode

(RIW) txhsxvtune 2'h01 e 11: The crossover voltage is increased by 15mV
¢ 10: The crossover voltage is increased by 30mV
e 01: Default setting

¢ 00: Reserved

HS DC voltage level adjustment.
Adjust the voltage to which the high speed DC level is tuned.

e 1111: + 8.75%
e 1110: +7.5%
e 1101: + 6.25%
e 1100: + 5%

e 1011: +3.75%
e 1010: +2.5%
19:16 txvreftune 4'h8 * 1001: +1.25%
(R/w) e 1000: Design default
e 0111:—1.25%

e 0110: -25%

e 0101:=3.75%

e 0100:-5%

e 0011:—6.25%

e 0010:—75%

e 0001:—8.75%

e 0000: — 10%

HS transmitter rise/fall time adjustment.
15 . 0 . .

txrisetune 1'ho Adjust the rise/fall times of the high speed waveform.
(R/W) e 1:-8%

e 0: Design default

HS transmitter pre-emphasis enable.
Enable or disable the pre-emphasis for a J-K or

14 txpreemphasistu | ., K-J state transition in HS mode.

(RIW) | ne e 1:The HS transmitter pre-emphasis is enabled.

e 0 (design default): The HS Transmitter pre-emphasis is
disabled.

FS/LS pull-up resistance adjustment.

Adjust the low- and full-speed pull-up resistance, based on

13:10 nominal power, voltage, and temperature.
txfslstune 4’h7
(R/W) e 1111: - 25%

e 0111: Design default
e 0011: +2.5%

August, 2010 SiRF Datasheet — Proprietary and Confidential 293

DRAFT



e

DRAFT

SiRFatlasV
AT551 Datasheet

Bit

Name

Default

Description

e 0001: + 5%
e 0000: + 7.5%

9:7
(R/W)

sqrtune

3’h3

Squelch threshold tune.
Adjust the voltage level for the threshold used to detect valid
high-speed data.

e 111: - 20%

e 110: - 15%

e 101: =10

e 100:-5%

e 011: Design default
e 010: + 5%

e 001: +10%

e 000: + 15%

6:4
(R/W)

otgtune

3’h4

VBUS valid threshold adjustment.

Adjust the voltage level for the VBUS valid threshold.
e 111:+ 9%

e 110: + 6%

e 101:+ 3%

e 100: + Design default

e 011:-3%

e 010: -6%

e 001:—9%

e 000: —12%

3:1
(R/W)

compdistune

3’h3

Disconnect threshold adjustment.
Adjust the voltage level for the threshold used to detect a
disconnect event at the host.

e 111:+ 6%

e 110: +4.5%

e 101:+ 3%

e 100: +1.5

e 011: Design default

e 010: -1.5%

e 001:-3%

e 000: -4.5%

0
(RIW)

1’h0

Reserved.

Table 383: USBOTG PHY PROGRAM Register
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ROM Interface

Overview

The ROM interface is one of the PCI devices on the internal PCI bus. The only purpose is to support CPU
interface LCD panel through either RISC 1/0 access or RISC PCI I/O access. The port only has one bit
address.

Feature List
e Access CPU interface LCD panel through either RISC I/O bus or RISC PCI bus
e  Only 1-bit address,

Pin Descriptions

The following table shows the pins used in ROM interface and their furiction. The ROM/SRAM interface
pins are multiplexed with other devices.

Pin Name = A Defau!t Default Status Description
Type Mux Function
ROM/ . . . .
X L PCLK @) LCD LCD Output high Chip select pins. Active low.
ROM/
X L DE O LCD/GP | GPIO Output Address pin
IO
, ROM , . .
X _LDD<15:0> | Bi LCD LCD Input Data pins of high 16 bits
ROM .
X _L_FCK @) LCD LCD Output Data output enable. Active low.
ROM . .
X L LCK @) LCD LCD Output Data write enable. Active low.
Table 389: ROM External Pin Descriptions
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Functional Descriptions

Block Diagram

A
Internal ROM PCI |
PClbus [*T™] target - - MUK 2+ ROM bus
Y
ROM contral
A
Internal - -
IO bus EBD ROM
Y =
ROM top
Figure 53: ROM Interface Biock Diagram
Address Mapping
RISC IO access PCI IO access address
address[27:0] [31:0] FA[1] FCE_B<1>
0xC000000 ~ 0x6C000000~ _
OxFFFFFFF 0x6FFFEFFF 01 X_DF_CS_B<1> active
Table 390: RISC 1/0 Access/PCI I/O Access Address Mapping
NOTE - It is recommended to use PCI I/O access mode.
Timing Diagram
Fixed Latency
e Single read
ROM interface transfers one data every time X _FCE_B asserted.
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X L PCLK

I | | I
FEG_B[1] o Y

P L
X_L_FCK /! ! f: Y

| I
FOE B L b
I | ! |
¥ L DE t t : f
FA[] : ! Valid address !
I | I ]
iTCES TACC ITDF |

Figure 54: Fixed Latency Single Read

e Burstread
ROM interface transfers more than one data every time X_FCE_B asserted.

XLPCLKk /N
|
|

FEC_B[1] [
|

X_L_FCK / I Y
|

FOE_B

Walid address 1 Walid address 2

|

|

I |

| |

X_L DE | I
FA[1] —

rced TACC TNACC l |

Figure 55: Fixed Latency Burst Read

e Single write
ROM interface transfers one data every time X _FCE_B asserted.

X_L_PCLK |

— 1
FEC B[1] \ ¢

I
I
FWE B I | I
L '
X _L_DE ! ! ; b
s IR Valid adoress | |
| | I |
ITCEa TACC 1TDF
Figure 56: Fixed Latency Single Write
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e Burst write
ROM interface transfers one data every time X _FCE_B asserted.

X L PCLK / \|
|

:

I | ! | | |
I I | | | ]
FEC_B[1] T I l I [ i
I I | | I [
EB | [ | [ [
| I I I 1 | | ) |
XLDE | validpddress;t | | validjaddressi2 | - | Valid addressh | |
(1] I T I I T | I ~ | i
I I | I I | I | I
I 1 I I I | | [ A | |
X_LDD[15:0] T 1 T 1 ] T |
FD[15:0] ! Valid Idala f ! | | Vand:data 2 | o+ | Valid pata n: | |
I ! | I ! | : : |
1 | | 1 |
TCES| TACC | TDF TGAPITCES TT3ACC | TDF |
| I I I ] | | —
| 1 | | 1 | | | |
| 1 | | 1 | | | |
Figure 57: Fixed Latency Burst Write
Register Definition
Register Address Mapping
Base Address
Access Type Address Mapping
ROM internal register base address through RISC I/O 0xA0010000
ROM internal register base address through PCI 0x57A00000
ROM device base address through RISC 1/O 0x10000000
ROM device base address through PCl 0x60000000
Table 391: ROM Interface Address Mapping
Register Mapping
The ROM interface registers include configure registers CS0 to CS3.
RISC Address <11:0> | Register Description
0x0004 ROM_CFG_CS1 ROM configure register for CS1
0x0014 ROM_SEL_EBD Embedded ROM enable register
Others - Reserved
Table 392: ROM RISC I/O Register Mapping
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Register Descriptions

¢ ROM CS1 Configure Register (ROM_CFG_CS1) — 0x0004
ROM_CFG_CS1 control the timing and access mode for ROM port CS1

Bit Name Default Description

Read/write interval (RWGAP x Tclk_pci) between each two

6:0 (R/W) RWGAP<6:0> 6'h0 -
read or two write.

Set 1’b1 or 1'b0 depending on the ROM device FIFO mode.

7 (RW) | PCLFIFO_MODE [ 100 | b "ot se FIFO when doing PCI_COPY.

Access time ((TACC+1) x Tclk_pci ) is the active time for

13:8 (R/W) | TACC<5:0> 6'h0 o
read/write signals.
15:14 . , CS active time before read/write signal is active. (TCES+1)
(RIW) TCES<1:0> 2h0 |y Telk_pci for write, (TCES+2) x Tolk_pci for read
21:16 . , Read burst access time. For burst read, the access time
(R/W) TNACC<5:0> 6'ho following the first access time can be smaller.
23:22 . , . .
(RIW) TDF<1:0> 2'h0 Read/write data hold time.
24 (R/W DWORD_ACC 1'b0 Enables DWORD access.

25 (RIwW BURST_READ 1'b0 Enables burst read.

27 (RIwW - 1'b0 Must be 0

)
)
26 (R/\W) | BURST_WRITE | 1'b0 Enables burst write.
)
)

28 (RIW BE_ACTIVER 1'b0 Read byte enabled.

Enables write.

1: Writes to the ROM address will be written to the ROM
29 (R/W) WRITE_EN 1’b0 port.

0: Writes to the ROM address will be masked. No writes will
occur on the ROM port.

Defines the bus width of ROM port.
00: Bus width is 8 bits.
BUS_WIDTH 2’b00 01: Bus width is 16 bits.

10: Reserved

31:30
(RIW)

11: Reserved.

Table 393: ROM C€S1 Configure Register
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e Embedded ROM Enable Register (ROM_SEL_EBD) - 0x0014

Bit Name Default Description
14:0 (R) 15'h0 Reserved

0: External ROM
15 (R/W) SEL_EBD X_TEST_MODE<3>

1: Embedded ROM

31:16 (R) 16'h0 Reserved

Table 394: Embedded ROM Enable Register

NAND Flash Controller

Overview

The NAND Flash controller provides the most cost-effective solution for the solid-state mass storage
market, supporting up to 5-cycle address and 8-bit data width bus NAND Flash and SLC/MLC type NAND
Flash.

Feature List

e The NAND Flash can be used as bootloader during start-up, or as a simple storage device. After a
successful boot-up, the remaining block of NAND Flash can be used for data storage.

e The NAND Flash controller supports most of current NAND Flash types on market, such as
512+16bytes/page or 2048+64bytes/page or 4096+128/218bytes/page or 8192+436bytes/page,
which can be configured by SM_PAGE_SIZE register. It also provides an independent memory
FIFO and a DMA channel for data transfer to/from DRAM.

e The NAND Flash controller supports five types of data transfer:
- DMA read data from FIFO
- DMA write data to FIFO
RISC read data from FIFO
- RISC write data to FIFO
— RISC direct address read data from NAND Flash (like read ROM)

¢ In normal read/write mode, RISC writes commands or addresses to the NAND Flash interface to
start a read/write cycle, data can be exchanged either between the DMA controller and the FIFO
of the NAND flash interface, or between RISC and the FIFO of the NAND flash interface.

e Indirect read mode (used when booting from the NAND flash), RISC will send an address to the
I/O address bus and select a NAND flash simultaneously, then the NAND Flash interface will
generate a read command and an address sequence to the NAND Flash. When data is ready on
the I/O data bus, the NAND flash interface will assert a data-ready signal to IOCLK.

e The NAND flash controller supports 256 bytes or 512 bytes hamming ECC encoded for 8-bit
NAND flash. Software can use encode to check and correct bit errors.

e The NAND flash controller supports 2048/4096/8192 bytes BCH ECC encode/decode for the 8bit
NAND flash. Software can use the function to check and correct up to 12-bit or 24-bit/1024 bytes
of errors.

— For 2048+64 bytes, can support correct 12*2 bits error limited.

— For 4096+128 bytes, can support correct 12*4 bits error limited.
— For 4096+218 bytes, can support correct 24*4 bits error limited.
— For 8192+436 bytes, can support correct 24*8 bits error limited.
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If the system boots from the NAND flash, then the NAND flash will be mapped to the bottom of the

system address starting from 0x0000 0000. Usually a bootloader code will be put into block 0 of
the NAND flash. RISC first executes the bootloader in which it configures the DRAM and initializes
the hardware, then goes into a loop to copy the system code page by page.
¢ Multiple CS enable should be avoided, otherwise it will cause errors and prevent the hardware
from being protected and recovered.

Pin Description

External Pin Descriptions

The following table shows the pins used in the NAND interface and their functions. The NAND interface
pins are multiplexed with other devices.

Default

Default

Pin Name /O Type | Pin Mux Function Status Description
X_DF_WE_B o SD slot2 bus Decided by Output high Write enable, active
interface boot mode low
X_DF_RE B o SD slot2 bus Same as Output high Read enable, active
interface above low
X DF WP B |O SD slot0 interface | S2Me @s Output high | Xead enable, active
above low.
X_DF_CLE o) SD slot0 interface gsglee as Output Low | command latch
X_DF_ALE 0 SD slot0 interface | S2Me as Outputlow | address latch
above
. NAND Flash chip
X_DF_CS _B<0 Internal nand bankO | Decided by . . :
S @) and bank3 boot mode Output high ﬁ)&;lvect pins. Active
NAND Flash chip
XDFCS BT 1o . NAND Flash | Outputhigh | select pins, active
low
X_DF_RY_BY |1 ) NAND Flash | InPutpull NAND Flash
high ready/busy
SD slot0 data bus Decided b Low 8-bit NAND
X_DF_ADI[0] Bi and SD slot2 data y Input flash data/address
] boot mode )
bus interface bus signal dO
SD slot0 data bus Decided b Low 8-bit NAND
X_DF_AD[1] Bi and SD slot2 data y Input flash data/address
; boot mode )
bus interface bus signal d1
SD slot0 data bus Decided b Low 8-bit NAND
X_DF_AD[2] Bi and SD slot2 data y Input flash data/address
; boot mode )
bus interface bus signal d2
X_DF_AD[3] Bi SD slot0 data bus | Decided by Input Low 8-bit NAND
and SD slot2 data | boot mode flash data/address
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. . Default Default o
Pin Name /O Type | Pin Mux Function Status Description
bus interface bus signal d3
SD slot0 data bus Decided b Low 8-bit NAND
X_DF_AD[4] Bi and SD slot2 data y Input flash data/address
; boot mode )
bus interface bus signal d4
SD slot0 data bus Decided b Low 8-bit NAND
X_DF_AD[5] Bi and SD slot2 data y Input flash data/address
; boot mode )
bus interface bus signal d5
SD slot0 data bus Decided b Low 8-bit NAND
X_DF_AD[6] Bi and SD slot2 data y Input flash data/address
; boot mode :
bus interface bus signal d6
SD slot0 data bus Decided b Low 8-bit NAND
X_DF_AD[7] Bi and SD slot2 data boot Mo dey input flash data/address

bus interface

bus signal d7

Table 395: NAND External Pin Descriptions

If the boot mode is NAND boot or Embedded ROM NAND boot, pin X DF_WE_B and X_DF_CS_B<0>
do NAND Flash Interface function; if the boot mode is Embedded ROM SD boot, this pin does SD Slot0
or slot2 bus function.

For pin X_DF_CS_B<0>, if the boot mode is NAND boot, internal bank0 will be selected. If boot mode is

Embeded NAND boot, internal bank2 will be selecied.

External NAND CS0/CS1
e Embed ROM (SLC, MLC NAND) boot mode, nand controller bank2 must connects with external
nand cs0 pin, then it always be used

¢ In NAND direct boot mode, nand controller bankO connects with external nand csO0 pin, then it
always be used

¢ NAND controller bank3 always connects with external nand cs1 pin.

e NAND controller bank1 didn’t connect with any external pin.

e In emmbed ROM (SD) beot mode, external NAND CS0 and CS1 cannot be used.
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Functional Descriptions

Block Diagram

A program operation can typically program the 528-byte page in approximately 200us, and an erase
operation can be performed in typically 2ms on a 16K-byte block. Data in the page can be read out at
50ns cycle time per byte. The /O pins serve as ports for address and data input/output as well as
command inputs. The on-chip write controller automates all program and erase functions including pulse
repetition (where required), internal verification and margining of data.

Even write-intensive systems can take advantage of the extended 100K program/erase cycles reliability
of the NAND Flash by providing two types of error-correction code (ECC) with a real-time map-out
algorithm. NAND Flash is an optimum solution for large non-volatile storage applications such as solid-
state storage, digital voice recorder, digital still camera and other portable applications.

The features are:

e Low cost: Compatible cost to memory, no overhead

o Good reliability: Two types of ECC built into the data format
— Hamming algorithmic ECC encode
- BCH code ECC encode/decode

e High performance: NAND Flash provides the highest speed
— DMA mode (read/write)
— 1/0 mode (read/write)
— Direct read mode (such as ROM, read-only)

e Easy interface

Harmming/BCH ECC

[

= |
Boot/direct . NAMND

- sm_logic .

read mode signal

[

¥

DMAND
mode - fifo_ctrl
'
Interrupt Y
10 clock/hard reset FIFO

Figure 58: NAND Block Diagram
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ECC Data in NAND Format
There are two types of ECC:

e Hamming encode: supports 512+16 bytes /page and 2048+64 bytes/page
e BCH code ECC: supports 2048+64 bytes/page, 4096+128/218 bytes/page and 8192+436
bytes/page

When writing ECC result into the spare area of the NAND Flash using hardware ECC, some data format
used in different page size must be used, such as:

e For Hammig encode
- 512 bytes/page

— 2048 bytes/page
o
i ) [
512 bytes for normal data B bytes for sect 8 bytes hamming

information ECC encode result

Figure 59: 512+16 Bytes/Page with Hamming ECC Data Format

i N S

v
2048 bytes for normal data 32 bytes for sect 32 bytes hamming
information ECC encode result

Figure 60: 2048+64 Bytes/Page with Hamming ECC Data Format

e For BCH encode
— 2048 bytes/page
- 4096 bytes/page
- 8192 bytes/page
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First1 K bytes Secondl K bytes
datad 21 bytes data& 21 bytes
BCH ECC result BCH ECC result
L] - 1
1K | 1K 21 X
- - -u---—pr
2048 bytes 8 bytes ) 4 4 2 bytes
F{:r};act 4 hytes 21”5 bytes requndancy
infarmation For sect information BCHECC  fof dword io
BCH Ecc encode encode result length
For normal result
data
Total 56 bytes in spare
ared
2 K+64 byte/page
Figure 61: 2048+64 Bytes/Page with 12-bit ECH ECC Data Format
First1 K bytes data Second1 K bytes Third1 K bytes Fourth1 K bytes
& 21 bytes BCH data& 21 bytes data& 21 bytes data& 21 bytes
ECC result BCHECCresult  BCHECCresult ~ BCH ECC result
g i T i
"o K )oK 2° 2121 21
- h’—b“i—h
4096 bytes 8 bytes T
Foc st 4 bytes 21% 4 bytes
. . F 1 informati BCHECC
information DErCS:EE::nc gnm-;;gn encode result
For normal rasult
data
Total 96 bytes in sparé
- area >
4K+128 byte / page
Figure 62: 4096+128 Bytes/Page with 12-bit BCH ECC Data Format
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First1 K bytes data Secondl K bytes Third1 K bytes Fourth1 K bytes
&21 bytesBCH  data&42 bytes data& 42 bytes data& 42 bytes
ECC result BCHECCresult  BCHECCresut ~ BCH ECC result

/
- T T T I T & ]
1K : 1K : 1K : 1K | 4z 42 42 42 —
- F7—I—
4096 bytes 8 bytes T
Oy S 4bytes  42'4 bytes|
imformaticn For sect information BCH ECC
BCH Eco encode  encode result
For normal result
data
Total 180 bytes in
4K+218 byte/page
Figure 63: 4096+218 Bytes/Page with 24-bit BCH ECC Data Format
First1 K bytes Fourth1 K bytes Eighth1 K bytes
data& 42 bytes s data& 42 bytes e data& 42 bytes
BCH ECC result BCH ECC result BCH ECC result

1K | 1K { 1K { 1K { 1K { 1K { 1K | 1K | 8| | 42| 42] 42] 42| 42] 42| 42| 42| ——

8192 bytes 5/ r 42" 8 bytes
T SFErysEit BCH ECC
information 4 bytes encode result
Falrj:;lrml Faor sect information

BCH ECC encode
result

Total 348 bytes in spare area

=il -

8K+ 436 byte /page

Figure 64: 8192+436 Bytes/Page with 24-Bit BCH ECC Data Format
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Functional Timing

LT AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA!

|
X DF CS B —)FT_CS":
1

|

|

1
Tes Moy

|
|
|
|
| ket :
X DF CLE —7?- | ! ’lﬁt :
! 1 ITaLs | 1 Tam 1
| ' i ™
! ! 7 1
X_DF_ALE 'r : {— ! | JF
I T‘-‘i) 1 T I | |
X DF WE B ! ' I
R S S ST R R W
l"'—I—"'ll | | I
. | | | | | |
. Tos - .Tm-l'I - Tos - .TDH.
X_DF AD :,{ Commiand H : Address i )ili
| |
X_DF_RY_BY -3
: Twa ‘}IL
| d

Figure 65: Command and Address Timing Diagram

N AV AV AV AV AV AV AVAVAVAVAVAVAVAVAVAVAVAV,
IT;
X_DF_CS_B —yﬁtgﬁ

X_DF_RE_B
| | ' l—/i

I
'I Tae I
X DF AD— (" "poutt__— opoutz }— DOUTN )} DOUTM
1
Trrl
:'“‘ i
X_DF_RY_BY ?ﬁl 1A
Figure 66: Read Data Timing Diagram
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10 CLK
Ton, |
X DF CS B =
HEESET A § —
X_DF ,m|_Eﬁ'r~-l—"°i--""L | ' |
| 7 I
| | lTICH | I_
X_DF_CLE: ' f— R
| - 1 ¥ T | 1
[ T Twe T f_-_-: ! |
|
R | |

| | | |
Tos_ 1 Ton I Tos 1. To T
I I | I | - I I = |

|
I
T el _y——(_Zna oM )——
x DF Ab——{ DNt }—+" DbiN2 }—{f{ DINFinai | 2nd COM
X DF RY BY

Figure 67: Write Data Timing Diagram

T e T

Timing Value /O CLK Number .
and SM_WAIT Register

Tes 2

Teis 1

Tas 1

Tew 1+RD_WT_HI

Tan 1+RD_WT_HI

Twe WT_PULSE

Twh 1+RD_WT_HI

Tos WT_PULSE

Ton RD_WT_HI

Twe WAIT

Tcea 1

Trp 1+RD_PULSE

Tren 1+RD_WT_HI

Trr 10

Table 396: Read Data Timing Values
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Register Definitions

Register Address Mapping

Base Address

Access Type Address Mapping

The NAND controller internal register base address 0x80070000

Table 397: NAND Interface Address Mapping

Register Mapping

RISC Address . e

<11:0> Register Description

0x00 BOOT_MODE_ALL Boot mode register

0x04 SM_WAIT Wait state for read/write NAND flash

0x08 SM_BANK_SEL Chip select

0x0C SM_ADD_NUM Bytes number of NAND flash address

0x10 SM_CMD Command to NAND flash

0x14 SM_LOW_ADDR Low 4 bytes of address to NAND flash
High bytes of address to the NAND

foh rsdad by e NAND ot
size)

0x1C SM_PAGE_SIZE Page size of NAND flash

0x20 SM_INT_EN Interrupt mask register

0x24 SM_INT_STATUS Interrupt status register

0x28 SM_CTRL Control register of NAND flash

0x2C SM_ECC_SET Hardware ECC set register

0x30 SM_ECC_AREA1 Hardware ECC result store register

0x34 SM_ECC_AREA2 Hardware ECC result store register

0x38 SM_ECC_AREA3 Hardware ECC result store register

0x3C SM_ECC_AREA4 Hardware ECC result store register

0x40 SM_ECC_AREA5 Hardware ECC result store register

0x44 SM_ECC_AREAG6 Hardware ECC result store register

0x48 SM_ECC_AREA7 Hardware ECC result store register
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<11:0> Register Description

0x4C SM_ECC_AREAS8 Hardware ECC result store register
0x50 SM_WP_EN NAND flash read-only zone index
0x54 SM_WP_CS 'e\lrf\a,\tl)ll:; flash read-only zone chip
0x58 - Reserved

0x5C - Reserved

0x60~0x7C SM_WP_START_ADDRO~7 Read-only page start address value
0x80~0x9C SM_WP_END_ADDRO0~7 Read-only page end address value
0xA0~0xFC - Reserved

0x100 SM_ECC_ERR_STATUSO il:]w(cjjiiggtgs no errors or has no errors to
0x104 SM_ECC_ERR_NUMSO0 ]lgﬂﬁﬁt;a;:;{gr number for the first to
0x108 SM_ECC_ERR_NUMSH1 Ier;g:]c;at?ig;gr number for the fifth to
0x10C - Reserved

0x110 SM_FIRST_ERR_INDEXO First bank error index0

0x114 SM_FIRST_ERR_INDEX1 First bank error index1

0x118 SM_FIRST_ERR_INDEX2 First bank error index2

0x11C SM_FIRST ERR_INDEX3 First bank error index3

0x120 SM_FIRST_ERR_INDEX4 First bank error index4

0x124 SM_FIRST_ERR_INDEX5 First bank error index5

0x128 SM_FIRST_ERR_INDEX6 First bank error index6

0x12C SM_FIRST_ERR_INDEX7 First bank error index7

0x130 SM_FIRST_ERR_INDEX8 First bank error index8

0x134 SM_FIRST_ERR_INDEX9 First bank error index9

0x138 SM_FIRST_ERR_INDEX10 First bank error index10

0x13C SM_FIRST_ERR_INDEX11 First bank e