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1. Why are we advocating
RISC-V?



Presenter BIo
<Age of 32-bit MCUs>

1980-1986 68450 DMAC, AI32, TRON FPU

1988-2001 SH, Saturn, Dreamcast Chipset
1994 16-bit Fixed-Length Instruction 2545 Patent

<Age of Security Software>

2001 Left Hitachi for its Silicon Valley subsidiary Thunderbolt Cb|e (Smart Phone)

Java Card ™ — Secure Element Software .
2001-2003 C Language Crypto Library — US Router
2004-2008 Secure Operating System — Smart Phone = A b

2008-2010 FIPS140-2 Level 3 — Secure Token
<Age of Wireless IoT>

2013 Left Renesas to work on — Wireless IoT
2016 Joined RISC-V Foundation
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What is RISC-V?
Abstraction Layers of Computer

Solution
Algorithm < Open Source
Programming Language
Runtime Environment
Instruction Set Architecture <Open Source

Microarchitecture (RTL)

Netlist (EDIF) EDi
Tools
Place and Routing (GDS-II) < Open Source

Process Development Kit




RISC-V Kyokai

e Started 2016

* Incorporated as a
Japanese non-profit
entity in 2021.

e Purposes Proliferation of:

— RISC-V Products and
Technologies

— Enabling Technologies of
RISC-V

— Open Silicon

— Computer Science and
Electronics



2. Ten Properties that makes
RISC-V Special
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RISC-V

He®

Property 1: Modular 32/64/128 bit instruction set
covers entire computer real world applications

ALLIANCE “§

JAPAN

- 32-bit ISA, 64-bit ISA, and 128-bit ISA is

Source:

@F5iEE— MBRDISTE

Table 1.2: Supported combinations of privilege modes.

(c) RISC-V Alliance Japan

der|Ved from one ISA MXL | XLEN | Subset PRI ARG l Name
£ Standard General-Purpose ISA
- Only data length changes. . 32 o ‘ :
2 o I11 i Multipl 1D M
H teger Multiplicati é ivisi :
- Chisel Ianguage can generate hardware 3 128 Pilt(()ﬁilcs Sl b A A
for a” Of these Instructions In one @V:/XQEOD}ETE Single-Precision Floating-Point F
hardware descri ption- Table 3.1: Encoding of MXL field in misa Doub%e—Precmon Floating Point = D
General G = IMAFD
Standard User-Level Extensions
Quad-Precision Floating-Point
Level | Encoding Name Abbreviation Qu‘,‘.( r—. o
- - Decimal Floating-Point L
0 00 User/Application U | 16-bit Compressed Instructions C |
1 01 Supervisor S Bit Manipulation E#Eap5sC B
2 10 Reserved Dynamic Languages J
3 14l Machine M Transactional Memory T
- Packed-SIMD Extensions P
YHETE— RESR Vector Extensions A%
Table 1.1: RISC-V privilege levels. User-Level Interrupts N
Non-Standard User-Level Extensions
Number of levels | Supported Modes | Intended Usage Nowstsndnd exterizion sl | sl
; : — — ; Standard Supervisor-Level ISA
f M Simple embedded systems T —Co———— | T
2 M, U Secure embedded systems - up;“hol Cx(fnhilogn = — T k_( =
3 M,S, U Systems running Unix-like operating systems OI,I_Stdu i upen.'.{bm- i 4'”'611?10115.
: — Supervisor extension “ghi | SXghi

Q8 REIDIETE

Table 22.1: Standard ISA subset names.
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Property 3: Rocket SoC Hardware Ras

ALLIANCE

Gnrator | Chip Complete: December y &

,»-wiw' . =8 Process: ROHM 180nm

B e e 2 "‘b-’"’

Area: 3.75mm x 3.75mm
SRAM:
I$+ DS%: 4KiB + 4KiB
L2-RAM: 64KiB
Logical scale: 302KG
(Usage rate: 53%)
Frequency: 80MHz @typ
(Not optimized)

Source: University of Electro-Communications, VDEC
Designer’s Remark: Designed on weekend

nights. The actual design took less than a
month (c) RISC-V Alliance Japan SMMm X SmMm 10




Property 4: Chip and software implementation to

validate architecture elements

Raven-2
. Hurricane-2
Hurricane-1
Raven-1 . | Raven-3 Raven-4 3 ,s' |
0l | ‘ e % s
;,>,1; ' ‘ ::’?,'i ! - ‘L' -
*‘%! ! "__-:'.'é E g ,: - ~->._.
| fzs o = 0l -
Lo s g
May A Au ul e
201 3 5
EEK |
EOS14 CRAFT-0
SWERVE
EOS16

CraftP1
BROOM
I ay A
2016 2 2018
."
Craft-FFT2 Eagle

Designed with IBM 45nm, ST 28nm FDOI, TSMC 28nm and 16nm FF, GF

14nm (c) RISC-V Alliance Japan
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RISC-V

Ry

Property 5: PC, Cloud high-end resident software s
environment is being developed for RISC-V. -—

59'.@ L I can pretty much guarantee that as
" : long as everybody does cross-
development, the platform won't be
all that stable.Or successful. Some
people think that "the cloud"” means
that the instruction set doesn't matter.
Develop at home, deploy in the cloud.

' 8 .| v
- L}
00 skl

Linus Torvalds (torvalds.delete@this.linux-
foundation.org), February 21, 2019 9:03 am

Source :

1 |DDR4 SDRAM 7 Ethemet PHY 13  microUSB - UART Console 19 x16 PCle Connector https : //WWW- thereg ISte r- Com/zo 1 9/02
2 |PMIC | 8 _UART - USB Controller | 14 | RJ45 Connector _20 ‘Front Panel Header -

3 |QSPI Flash 9 Expansion Header 15  x2 USB Connector 21 24-pin lt\TX power /2 3/ I I n u S to rva I d S a rm X8 6 Se rve rS/

cccccccc i — I i

4 |PCle Switch 10 Current Monitor 16  x2 USB Connector 22 FUT740 Reset
i USB Hub 1 _JTAG Header 1_7_M.2 Key E Connector _ﬁ_Global Reset 12

6 |PCle - USB Bridge | 12 microSD Card Slot 18 | M.2 Key M Connector 24 | On/Off Switch = = = j:

| 4] SEigH : SiFivet



Property 6: The software community is on RISC-V side.
Next goal is to become a “Debian official architecture”, a

server and cloud grade platform.

peicaniage af packages
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RISC-V

Ry

ALLIANCE “§

JAPAN

Debian is the release of
Linux with the most
rigorous testing gimmicks.
Efforts are being made p to
upgrade RISC-V from a
"Debian porting
architecture" to a "Debian
official architecture'.

One requirement is that
95% or more of the
software packages used in
each era can be built.

Exhibitor: Debian Official
Architecture
(https://buildd.debian.org/s
tats/)
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Property 7: Chisel Hardware Description
Language has Integrated Hardware Generator

* Chisel's strength is the ability to write so-
called hardware generators.

* Older hardware description languages such
as VHDL and Verilog require the use of
other languages such as Java and Python in
order for hardware generation.

* With Chisel, designer can use features of
Scala and Java libraries to build hers/his
hardware hence thehardware generator can
be programmed in the same language in the

. 2021118178 1 K5 1 RIFET
same environment. i ey

* Parameterize, Type Definition Parameters, RE . Chisel B5a=

_ _ _ FIT: —MHESEA RISC-VIRS
Bundle, Inheritance, Logic Generation...

(c) RISC-V Alliance Japan 14



Property 8: Strong Security Architecture

Research

DOD : EpfsE

1

DARPA : ErEFHAZFETES

=

MTO : BFS RFT Ll

|

ERI : &FF2ir1E Bl b

|

ZRISC-VF1 U PIE=NE
(Performer)

In 2017, DARPA made RISC-V
CPU a condition for DARPA
funding for security

architecture research.

On Linux OP-TEE, Open
Platform Trusted Execution
Environment system is being
developed. NEDO is backing
this effort.



Property 9: Core of Open Silicon

« Open source RISC-V design example by SKY130 PDK

(Process Development Kit )

« Google and Skywater, Michigan, USA created a Free and
Open Source PDK (process development kit) targeting Fab
130 nanometer process.

1

L@ Goion

skyusater

[T

f

 maaaanananand

FOSS 130nm Production PDK
github.com/google/skywater-pdk

(c) RISC-V Alliance Japan 16




RISC-V

Property 10: End-to-End Cloud Strategy e &

JAPAN

Cloud
X86 Computing / ARM
Platform \—

RISC-V Based Cloud Al Accelerators
RISC-V Desktop PC, RISC-V Laptop being developed for Cloud Development

RISC-V

"Some people think that 'the cloud' means that the instruction set doesn't matter," Torvalds said
in a forum post. "Develop at home, deploy in the cloud. That's bullshit. If you develop on x86,
then you're going to want to deploy on x86, because you'll be able to run what you test 'at home'
(and by 'at home' | don't mean literally in your home, but in your work environment).”

Sat 23 Feb 2019 https://www.theregister.com/2019/02/23/linus_torvalds_arm_x86_servers/



3. RISC-V and Open Silicon



Open Hardware Movement

« Google decided to open
source last nanometer of Go glre
semiconductor design. =

FOSS 130nm Production PDK
github.com/google/skywater-pdk

skyusater

« Proprietary IP were not only
about instruction sets, chip
IP, chip design EDA tools,
chips, board design tool, and
fabrication technology or

PDK (process development
kit)

Diagram of Google
open silicon
strategy

(c) RISC-V Alliance Japan 19



RISC-V

US Defense Department DARPA's Electronics Resurgence Initiative Be

ALLIANCE “§
Specialized
Functions

JAPAN

New Materials A\ < Design &
& Devices o Security

E
3D Heterogeneous Integration

(c) RISC-V Alliance Japan 20




Open Source Board Design Tool KiCad t?ag%v

ALLIANCE “§
JAPAN

Board design
starts
1
1

circuit

rule : Component
> » schematic |e . :
check capture library editor
Component footprint| | PCB footprint
Linked to Schematics| i editor
Design rules | Footprint j . FEi(t))trF;rrlct
check Library management management
KiCad Board (2021)
Gerber . Gerber . Board Board design
File g Check | Manufacturing complete

Reference : Hacstar.io

(c) RISC-V Alliance Japan 21



Open source FPGA tools E‘é‘é;\’

ALLIANCE “§
JAPAN

FPGA tools including verification functions that can design RTL —
FPGA including software and system have appeared, and there are
tens of thousands of users. There are also users in Japan.

Open Source FPGA Tools Block Diagram

Loic Svrthesis FPGA Place and Route

—Placeand

Verilog — RTL nigfrtﬁr Lattice ICE40
. . synthesis Lo :
| 1 : : 1 il <, ) — t
' Hardware | ! Framework B verliaa Xilinx 7=1J—X
. Description Yesys — Routing :
' Language ! ! Lattice ECR5

FPGA architecture definition :::::::::::::::::::::::::::

Verification, Testing and Simulation
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Digital design flow with OpenROAD
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Google-eFabless Open Silicon

efablessg HOW-TO CONTACT MARKETPLACE m REGISTRATION
o @
chiplgnite

Rapid IC Creation

$9750

per project

Shuttle 2106Q

19 of 40 project slots reserved

Tapeout: June 18
Delivery: Oct 6

(c) RISC-V Alliance Japan 24



Open Source Process Development Kit SKY

A collaboration between Google and Skywater Fab

« Google has a slogan of "Open source up to the last
nanometer!"” It is an attempt to create an infrastructure
that can make chips without concluding a
confidentiality agreement.

« Using 130nm manufacturing process information from
the former Cypress, Skywater Fab and his Google AL s
company independently developed an open source POKONAND DL
process development kit for his fab. - oy

« For the time being, aim for ASIC. Implemented
standard cell, standard I / O, and high-density RAM cell.
Started implementing RAM compiler, ROM compiler, and |
flalsh codmpiler in 2021. An analog design kit will also be
released.

+ Launching a process development kit As his vehicle, he  XE==7>H h1DA—5
is developing a free shuttle service. When using a free I7IDIIF SRS

i : "BI—HY NEUEA—T Y-
fab, the design information must be open source. S R BRSey [
* You can also use SKY130 as a commercial fab. Go g|€ _
+ ?Smwoter

FOSS 130nm Production PDK
github.com/google/skywater-pdk
25



4. RISC-V In Japan
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Renesas to Introduce RISC-V ASSPs in FY2021

. Renesas plans to introduce RISC-V to market within fiscal year
2021 (FY2021)

Renesas starts sampling a series of RISC-V-based
Application Specific Standard Products (ASSP) prior to
General-Purpose RISC-V products.

Renesas’ RISC-V ASSP products uses CPU cores from
Andes Technology of Taiwan designed to differentiate
from its low-end ARM products of the RA family.
Renesas initially engages its own engineers to develop
Application software and ensure its RISC-V software
development environment is satisfactory for its general
customers e.g. eat its own dog food.

SiFive RISC-V is integrated in Renesas' in-vehicle SoC
(System on a Chip) and in-vehicle microcontrollers.

. Renesas compared to alternative ISA such as ARM, identified
the following RISC-V benefits:

Market for RISC-V core-based products will grow rapidly
in the future.

RISC-V tends to have have lower loyalty than its
competitor.

License terms for changes and improvements allows
flexibility.

RISC-V

we e

ALLIANCE “§
JAPAN




Renesas-Andes RISC-V ASSPs

Renesas chose Andes advantages are
the following:

— Andes has a lot of achievements.
According to Andes, its CPU cores are IC /
SoC that integrated in over 5 billion units.

— Andes has abundant customizable
functions and ease of customization.

— Andes offers robust security functions.

Renesas ASSPs will be equipped with
Renesas firmware.
— Renesas ASSPs are dedicated devices and

by setting parameter the user can
parametrize the application programs.

— Renesas plans to provide a user interface
tool, which will make it easier for users to
optimize the solutions to their use cases.

RISC-V

Ha e

ALLIANCE “§
JAPAN




RISC-V
ArchiTek Al processor "AiOnlIc" adopts RISC-V |jukads
o

JAPAN

Al processor "AiOnlic" developed by ArchiTeK is equipped with
SiFive's E3 series RISC-V processor IP in addition to its own
engine "ArchiTek Intelligence® Pixel Engine (alPE)."

It is possible to dynamically adjust the use of hardware by
combining the advantages of a CPU, GPU, and a dedicated LSI.
Architek architecture processes Al workloads with significantly
lower power and higher efficiency than general-purpose CPUs
and GPUs.

"AiOnlc" processor targets Al processing within an loT edge.
The chip size made by the TSMC 12nm process is 4.5mm by
4.5mm, and its power performance enables fan-less designs.

ArchiTek's original engine "ArchiTek Intelligence® Pixel Engine
(alPE)" consists of pre-packaged signal processing, sorting,
multifunction DMA, matrix / inverse matrix operation, FFT
engine, and general-purpose GPU. It supports diverse
algorithms in combination with the 32-bit RISC-V "SiFive E3"
with hardware floating point unit. Simultaneous localization
and mapping (SLAM) processing can be processed in 1/20 of
the time of a general-purpose CPU, and human posture
estimation using OpenPose library can be processed 3.8 times
faster than a GPU.



NSITEXE Al accelerator "ML041"

The Al accelerator "ML041” executes Neural .
networks (e.g. VGG16, MobileNet, and ResNet) at
power efficiency of 12TOPS / W using 7nm
geometry.

"ML041” divides input data (Tiling) and .
concatenates the input and output of multiple
layer processing to process the intermediate data.
This reduces the data transfers with the external
memory improving the power performance.

"MLO41" also provides a built-in diagnostic circuit *
to detect random hardware failures enabling Al
applications in safety-critical systems.

| EED=1—3) Ry hD—H40E |
L1 L2 L3 L4

May gia toc Al "ML041" thwc thi mang N
(vi du: VGG16, MobileNet va ResNet) véi hiéu
suat nang lwong 12TOPS / W st dung hinh
hoc 7nm.

"MLO41" chia di¥ liéu dau vao (Tlllng) va noi
dau vao va dau ra cla qua trinh x&r ly nhiéu
I&p dé x ly di¥ liéu trung gian. Diéu nay lam
giam viéc truyén di liéu v&i bd nhé ngoai, cai
thién hiéu suat nang lvong.

"MLO41" cling cung cap mot mach chan doan
tich hop dé phat hién cac I16i phan cirng ngau
nhién cho phép cac rng dung Al trong cac hé
théng quan trong vé an toan.

| Tiling & Layer fusion |
L1 L2 L3 L4

Y
L1-L4 Layer fusion

(c) RISC-V Alliance Japan 30



RISC-V
NSITEXE DR 1000 C, a RISC-V vector processor ks

JAPAN

* NSITEXE licensed Renesas DR 1000 C, a RISC-V-
based vector accelerator for arithmetic
processing (e.g. model predictive control, real-
time modeling, sensor data processing) to
meet automotive safety-critical requirements.

DR1000 Birdeye Core Complex (BCCX) SGS
l'"$t Cachel Ilns' Ca Hel I’r\st "achel Ilnsl Cache' Ilr\s( "achel lVPU Re ‘ I e
. ¢ Cact inst. Cact 7 ! C gister File (VRF) ASIL D READY
Cg;:’:' Scalar || Scalar Scalar Scalar u F““°“°"l°' Safoty
: Proc. Proc. Proc. Proc. Vector badedider 1 dupanscin s
Fisind Unit Unit Unit Unit Proc. SAAR
(CCU) ©sPU) || sPY) || sPY) || sPU) Unit c
CCU Local SPU Local | | SPU Local SPU Local SPU Locai (VPU)
RAM (CLM) RAM (SLM) | | RAM (SLK) RAM (SLM) RAM {SLM)
Read Only
Cache for .
s | ] [wer] [ [ [ veosoosean
[ smu | | b | | Emu |
MPU: Memory Protection Unit SMU: System Management Unit
WDT: Watch Dog Timer DBG: Debug Unit
DTU: Data Transfer Unit EMU: Error Management Unit

ICU: Interrupt Controller/Request

(c) RISC-V Alliance Japan 31



Ubiquitous Al Corporation’s
RISC-V Network Framework

e Ubiquitous Al Corporation is
creating RISC-V Middleware
for implementing
communication functions
based on the TCP / IP stack.

Application Software

Security, Application Protocols

HTTP, FTP, TELNET, SNTP -

IP, TCP, UDP, ICMP, ARP, DHCP, DNS

USB Driver

USB- Host

WLAN Driver

WPA/WPS

Ubiquitous Network Framework

HardWare

I ubiquitous Network Framework
(c) RISC-V Alliance Japan Bl cPU, MCU, SoC Bn&H/\— ko7 [ K—F+ > IERIs5

7] Witirt s

RISC-V

Ry

ALLIANCE “§
JAPAN
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RISC-V Days Tokyo 2022 Spring
April 21-23, 2022

Products

* Security

* Opensilicon

Trends in Asia and Japan
Trends in Europe and USA

(c) RISC-V Alliance Japan 33



5. Conclusions
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5. Conclusions

RISC-V is about to change semiconductor
e.g. play book and players

RISC-V offered tangible assets e.qg. IP,
methodology and production technologies
creating a wave of open silicon movement

This tide covered the entire sphere of
semiconductor digital and analog.

RISC-V is laying groundwork for future
cloud computing and compute areas.




5. Két Luan

« RISC-V sap thay déi chat ban dan, vi du:
choi sach va ngueoi choi

« RISC-V cung cap cac tai sdn hiru hinh, vi
du: IP, phuvong phap luan va cong nghé
san xuat tao ra mét lan song chuyén déng
silicon ma

» Thay triéu nay da bao phd toan bé pham
vi k§ thuat sé va twong ty ban dan.

» RISC-V dang dat nén mong cho cac [inh
vyc may tinh va dién toan dam may trong
twong lai.

(c) RISC-V Alliance Japan 36



