The Project : An Open Platform

SuperH Compatible Open Chip Platform & DSPs
— Why these choices, and why now?

Open Chip Designs, Open Hardware
Open Software Platform

Community
— www.NoMMU.org www.0PF.orge www.uClinux.org

Silicon, Hardware, Signal Processing, OS & Software
— loT Platform


http://www.NoMMU.org
http://www.0PF.org
http://www.uClinux.org

Community Design & License

OPF Certifies FPGA and ASIC. Validation Vectors.
Professional Support from Multiple Service Providers Distributed Globally
Liberal License Terms: BSD and Community HW License

Community Hardware License / BSD GNU Public License / BSD
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Community Design & License

 OPF Certifies FPGA and ASIC. Validation Vectors.
* Professional Support from Multiple Service Providers Distributed Globally

e Liberal License Terms: BSD and Community HW License

VHDL Code Drop
Mid 2015

Use on a simple
FPGA Board

Community Hardware License / BSD GNU Public License / BSD

Downloads-~ "~ ~~~~_ Downloads
OpenSource ~ " c . N
J Core CPU 4 omrgs: Y
S Core DSP ! W|\\1N' MM uClinux
Architecture '\\ Wwpw.No 08 Android
And RTL \ _
N Devices
Contribut‘lons\ »
Hardware Deslgn Software
. Support )
Service Service
Providers Providers

smart smart
SOC | sy SOC || e

SH CONSULTING instriments


http://www.oPF.org
http://www.NoMMU.org

Community Design & License

 OPF Certifies FPGA and ASIC. Validation Vectors.
* Professional Support from Multiple Service Providers Distributed Globally

e Liberal License Terms: BSD and Community HW License

Community Hardware License / BSD GNU Public License / BSD

Downloags/" \\\Downloads
OpenSource ~7 c " >
J Core CPU omrgs: Y
S Core DSP ! W|\\1N' MM uClinux
VHDL Code Drop Architecture \ e -078 Android Comblete
Mid 2015 And RTL \ Devices i P
o b‘ < Linux Stack
ontribution . .
. o - (Connectivity)
Use on a simple
FPGA Board
Hardware Deslgn Software
. Support )
Service Service
Providers Providers

smart smart
SOC | sy SOC || e

SH CONSULTING instriments


http://www.oPF.org
http://www.NoMMU.org

J Series Computation Core Cluster Roadmap ng%ec‘lssor

Foundation

Unit: Arithmetic Operations per Second

2T0ps- J4 32b RISC SMP
+
OSTOpS SIMD Array
Driver Assist Subsystems
in Automotive
128GOPGpeecssersssssssssssssssssssssssssstssssstssstisssstsissststsisssnsssssonsssssnsssssnss
32GOps
J2+ 32b RISC SMP
+
8GOps S-Core DSP Array
Signal Processing loT
2GOpSp------------mmmmmmmmmoooo Next Generation-POWeF - - === == --==---=---------ooooooo
Transmission and Distribution,
Medical,
500MOps} Infrastructure Sensors_ - _ _ o ________
32b RISC
IPETVIOT R
Generic 10T Devices 1 L
2014 2015 2016 2017

Calendar Year



J Series Computation Core Cluster Roadmap Fﬂg%ec‘éssor

Foundation

Unit: Arithmetic Operations per Second

2T0ps- 4 32b RISC SMP
+
OSTOpS SIMD Array
Driver Assist Subsystems
in Automotive

128GOPGpeecssersssssssssssssssssssssssssstssssstssstisssstsissststsisssnsssssonsssssnsssssnss
32GQOpPSE=========ssssssrssssssssssssssssssssssssssssssrsaarrIIIIIIIIIIIIIIIIIIIIEES

8GOps

Signal Processing loT First Device:
2GOps pessessssssessssssessssnsass A OARciAlaM R hassnes Smart Energy Instruments
Transmission and Distribution,

Medical, loT / Energy Management SoC
500MOps FPGA and ASIC implementations
IPETVIOT R

Generic loT Devices ]
2014 2015 2016 2017

Calendar Year



Multiprocessor data coherency

CPUO

i

$

| cache

D cache

i

\

&

—

G

Snoop
interface

CPU 1

$

i)

D cache

| cache

&

g

!
to DRAM

D-cache hardware-based snooping




18/36b S-Core DSP

e Development in Progress (Target Completion: June 2015)

1! —H‘Ierdw
LRe-7 | | [ Pag-7 | . Adder
1R1W 1R1W
LC.:LE LA/RA
T 1
\\L\E ==? P/{’/ Inst.
_ . Decoder
e +1/0, /1 S
<<2,5>1, Loop theral
I continue (18b)
~C
p— ]
Ae-7 Xe-3 Ye-3 Me-7 Yie-7 Xie-7
4R1W 4R1W 4R1W 4R1W 2R1W 2R1W
Ax Ay Mx S| lax Ay Mx My| |Ax Ay Mx My |Ax Ay My S Ay i Xa_ Xi
I
A
=, T -
My
H— : j g <<2,>1,2
Ax Ay |/ Add
\\ ALU Mul‘tlpller‘ er
1 I
for DIV/SQR
. oSC] shifter o/1
— flags |
\\Adder(dlsb)/
MAIC
T i 1d
)
. . [ B
Bit Extraction | B
Bit Extension --""'" o n ‘ I0
D-Space reg. Mux | B O Y-mem X-mem
etc. | 8 2 /
- a

od

ALU & MAC
CAX Xin
NOP
STX xd
DX xd
LSHX
NOP
reserved
cAY Yin
NOP
STY Xy
LDY Xy
LSHY
NOP
reserved

SCNe AX,Ay,A4
SCN1 Ay,Ad
LSWX #n

NOP

reserved

MAD Mx,My,Mz
MSB Mx,My,Mz
MUL M, My, MZ
MAD MX,MZ
MAD My, Mz
MSB Mx,Mz
MSB My,Mz
MUL Mx,Mz
MUL My, Mz
MULD Mx,My,MZ
MULD MX,MX,MZ
MULD My, My, Mz
(2nd step)
(3rd step)
(4th step)
(sth step)
LSWY #n

NOP

DSP ISA and Code Map

35 34 3 2 31 30 M 2B F ¥ XS M B2 DMWMT KB MII1I2ZNM0 9 BT B S 43 210 primry set
[e]e] ALY xa | xa [x]¥] MAC [va] va | XaB(X14),XCB(X16),X18,X12
Xin: ¥1@-2, Xa:Xi{2b'1@8,n&1b"1} | i X¥a+=Xi(w/Mask & Bit Rev.) Ya@(yi4),v¥ce(yi6),¥is,¥iz
11 Xa =Xis4 (for STX/LDX if DA is empty) secondary set
Xd: AB,2,4,6,M8,2,4,6 xd |D @a = xd(xa -> DALrp,wpl*) *)juse DA Xa1(xis),xc1(xi7),xi1
Xd: Xe-4 8] xd |1 xd = @a(xa -> DA[wp] *) in some casess Ya1(vis),xc1(xi7),vi1
1181 LP = ~LP (for two set case) Xi3,vi3: always "e"
1111
others xc/ve
yin: yie-3, va:vi{2b'ie,nd1b"1} Ya+=vi(w/Mask & Bit Rev.) ¥i [17] use cntrol field
Ya =vis 11 [16] "M" mask
vd: A1,3,5,7,M1,3,5,7 ] yd(Ya -> DA[rp,wp]*) ¥d [15] "R" bit reverse
yd: Yo-4 1 @ra(ya -> DA[wp] *) e xd [14:13] DA mode
1 LP = ~LP (for two set case) 1 1 @ @a: "_" nop
EN EEE 81: "D" 1-cycle Delay
[T “others | 16: "P" Pair
2 @ AX Ay AT A 27AB (CAZ)= AX + Ay 11: "F" Pair Load/Store
e 1 AX Ay AZ A 2/AB AX - AY (Full four accesses)
1 808 |ay ax AZ A AX + Ay [8:4] encoded mask position
1 1(ee |ay] ax AZ A AX - Ay 1-17, the other is reerved
1 e|e1 A ay AZ A Ax o+ Ay [1:@] size
1 1]e1 |Ax] Ay Az & Ax - Ay @a: 18b
1118 8| Ax | Ay | Az & AX + Ay + € @1: 1b(#1)
1118 1| Ax | Ay | Az & AX Ay + €
1111688 8| Ax| Az & AX + Ay + €
1111868 1| Ay | Az A AX + Ay + €
1111@81@| Ax|Az A AX +~Ay + C
11118e11|ay]|A: A AKX +~AY + C
111118 e8| Aax| Az explained later
1111186e1|a |Ax Ax:X8,2/¥8,2, explained later
11111188 8| A explained later
11111118@a|n LP = n (Swich to n-th LOOP contrel set)
1111113131111
other patterns
Mx: XB-17Y8-17Ad-7 My X2-3/¥2-3/ W~ 8 8] Mx My (3 (Mz,MAC)= S(MAC + Mx * My)
M2 XB-1/Y8-1/Ad4-7 M 3/¥2-3/M4- @ 1| Mx My [ (MZ,MAC)= S(MAC - Mx * My)
M2 KB-1/YB-1/A4-7 My 1 X2-3/¥2-3/M4-7 18] M [ Mz (MZ,MAC)= SR( Mx o+ my)
MA:XE-1/Y8-1/A4-7, 11868ee| M [ (MZ,MAC)= S(MAC + MX"2 )
My IX2-3/72-3/M4- 11868 1| my nz (MZ,MAC)= S(MAC + My~2 )
Mx:X8-1/Y8-1/A4-7, 118 1e| M Mz (Mz,MAC)= S(MAC - Mx"2 )
My :X2-3/Y2-3/M4- 118 11] My nz (Mz,MAC)= S(MAC - My*2 )
MxX:XB-1/Y8-1/A4-7, 11168 M Mz (Mz,MAC)= SR Mx*2 )
My :X2-3/¥2-3/M4- 11186 1| My [ (Mz,MAC)= SR{ Mys2 )
M XB1/YB1/A45, 67, My X23/¥23/M45, 6 48123,4567 [1 1 1 1 @ @8] Mx | My [Mz] MAC=UU(MxL*MyL) SMZLL=MACL
Mx:X@1/Y@1/A45,67, “9123,4567 [1 1 1 1 @ 1 8@ @] MX [Mz] MAC=UU(MxL"2) SMZLL=MACL
My:¥23/¥23/M45,67,M2:M0123,4567 [1 1 1 1 @ 1 @ 1| My [Mz| MAC=LU(MyL"2) SMZLL=MACL

1111111886e[n|

OPF Internal

MAC=US (MiH*MyL ) +MAC>>18

MAC=US(MyH*MXL)+MAC  ,MzLH=MACL

MAC=SS (MyH*MKH) +MAC>> 18, MZHL=MACL
MZHH=MACH

LP = n (Swich to n-th LOOP control set)

Material



J /S Core On-Chip Computational Clusters

« J2 :RISC (Prototype SoC in FPGA, Customer Projects)
o J2+:RISC SMP + DSP Array (Product SoC in Progress, 152nm silicon process)
e J4 :RISC SMP + N-Dimensional SIMD Array (Under Planning)

RISC SMP RISC SMP
+ +
RISC SMP DSP Array N-Dimensional SIMD Array
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Hardware Development Environment

 Simulation & Synthesis e FPGA

— GHDL (open VHDL sim) — Low Cost Dev Boards
— Xilinx ISE (Spartan FPGA) — System on Module
— Cadence ASIC toolflow * Multiple Vendors
— JTAG w/GDB proxy — Open FPGA Board design
e (mid 2015)
e ASIC
— Silicon Proven (2015)
— Cadence flow, TSMC

— Low Die Area
e J20.45mm”2in 0.152nm



Falttoceseor
RTL Sim->FPGA->ASIC Tool Flow

v
FPGA Verification ASIC Flow Docs

Software
Firmware Flow
2015/03/15 12



RTLIP

Patents:

— All SH2 patents expired in October, 2014 (RIP)
— SH4 patents expiring in 2016

Copyrights:

— New Canadian Engineers wrote initial RTL.

— Then Original Hitachi Engineers Validated

Trade Secret:
— The Biggest Secret is there is no Secret.

Contracts:

— Don’t Apply

Trademarks

— This is not an SH, but J series is instruction set compatible



””Hﬂ SEI First Real World Device!

J2+ SoC with 16DSPs and Energy Hardware Measurement Accelerators

...........................................................................................................................................................................
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””Hﬂ SEI First Real World Device!

J2+ SoC with 16DSPs am@ Energy Hardware Measurement Accelerators
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Software

What Does Software Stack Look Like?



Standard Linux Environment

* Toolchains e Kernel
— GCC — CPU Specific Patches
— BinUtils — Board Support
— ELF2FLT * Memory, Interrupt Ctrl
_ GDB e Drivers (Serial, Eth, SD)

 Userspace
— uClibc (Moving to MUSL)
— Toybox + uClinux Dist
— Initramfs (SD for Config)



Demo



J2 / S2 Evaluation Boards

*  FPGA Development System
— VHDL on ISE® Design Suite

—  Xilinx AES-S6MB-LX6-G Spartan
FPGA LX9 Micro Board (LX25)

— 62.5MHz

e CPU (~45K Gates per Core)

— 5 Stage RISC pipeline
— Full Harvard (separate | and D)
— 2 Processor SMP Configuration

DDR 1

TEST CHIP

CACHE FPGA
A A A
Y Y L
1 D wsq“’“» o R
™ BRIDGE
SSTAGEFPELNERIEC mycenmon
JTAG = Ll SH-2 COMPATABLE CO-PROC
B - = SMIl
UART o = DEBUG

BOOT ROM

-
a0 S0 CARD.

DSP Array
— 4 Operation SIMD DSP
— P /X/Y Memories
— e.g. 16 DSPs on a Single SoC

Memory Subsystem

— 16b LPDDR @200MHz: PLL off
mode, low EMI

— On Chip Boot ROM
— 0 wait state scratch pad SRAM
(64KB)
Full chip RTL / C co-simulation
— JTAG Co-simulation and Debug

OFF-CHIP LOCAL BUS
TEST CHIP FPGA

ON-CHIP LOW LOW SPD
SPDBUS s

LVDS Tx

L >

125 Wbps
@ SERDES SERDES

LVDS Rx

125 Mbps

EXCEPTION - EXCEPTICH

Off-Chip Local Bus Access
— 8B/10B High Speed Serial LVDS Bus
— 4 pins:12.5 or 25MByte/sec

— Interrupts and exceptions also on
the same bus

—  Framed protocol, simple (with
example)

—  Purpose: Allow test chip to be used
w/FPGA

—  Prototyping with FPGA of full speed
peripherals

— Highly flexible, low technical barrier
for RTL design

—  Both bus master and slave

OPF Internal Material



New Resource Sites mi2os)

 www.NoMMU.org
— Development HOWTO

e Platform information
— Cortex-M, Armv7-j, J2, coldfire, blackfin...
e Application development
— Fixed stack, fork vs vfork, elf vs binflat/fdpic, memory fragmentation,
— Toolchains and test environments
e System development
— Existing Linux root filesystem packages
— QEMU coldfire emulation test platform for package dev
e Education
— Tutorials, mailing list
— Upstream staging
e Kernel, [lvm, musl
e Buildroot, openembedded



http://www.NoMMU.org

New Resource Sites mi2os)

 www.0Opf.org
— VHDL

* Git repository with full history, under BSD license

e J2 processor, S1 DSP, SOC with peripherals, makefiles

— Bitstreams

e Release binaries built from VHDL for 1x9, Ix25, and I1x45
— Lx9 entry level FPGA board, <5100 but only space for basic J2
— Lx25 midrange, space for icache/dcache and ethernet
— Lx45 space for multiple DSPs
— Documentation

e Toolchain install, VHDL howto, community mailing list


http://www.0pf.org
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