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Edge Al Processor “AiOniIc®’ (714 A=wv %)

* Process: TSMC 12nm(N12FFC)

« Packadge: FCCSP(12mmx12mm), 484 pins, 0.5mmEw F
« Die Size: 4.5mmx4.5mm

« Operating Voltage: 0.9V, 1.8V

« CPU: SiFive RISC-V(E34)

- SRAM: 8MB

- |/F: DDR4, Ethernet, UART, 12C, 12S, SPI, QSPI, GPIO

* Clock Freq: ~600MHz

“alPE” Engines
« Digital signal processing
« Conventional sort
* Multi functional DMA
* Inverse matrix operation
« FFT
- GPGPU
- CV
« Conventional multiplication addition
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& SiFive collaborates with Intel Foundry Services

SiFive
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SiFive collaborates with new Intel Foundry Services (IFS) to
enable innovative new RISC-V computing platforms

(March 25, 2021 : SiFive Blog by Patrick Little, President & CEO, SiFive)

I am excited to see Intel's new Foundry services business (IFS) ...... We're pleased to see Intel
recognize the utility and opportunity for the RISC-V instruction set architecture in partnering to
enable SiFive’s industry-leading Core IP portfolio to enable a new wave of leading-
edge technology. The advantages of SiFive Core IP and the newly added choice of
IFS(Intel Foundry Services)' new business services and leading-edge high-performance
capabilities enable our customers to develop these next-generation computing platforms.

(March 23, 2021 : Intel CEO Pat Gelsinger Announces "IDM 2.0" Strategy for
Manufacturing, Innovation and Product Leadership)

IDM 2.0 represents the combination of three components that will enable the company to drive
sustained technology and product leadership:

1. Intel’s global, internal factory network for at-scale manufacturing

2. Expanded use of third-party foundry capacity

3. Building a world-class foundry business, Intel Foundry Services

Intel Foundry Services (IFS) will be differentiated from other foundry offerings with a world-class
IP portfolio for customers, including x86 cores as well as ARM and RISC-V ecosystem IPs.


https://www.design-reuse.com/exit/?urlid=38254
https://www.design-reuse.com/exit/?urlid=41549
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SiFive/OpenFive Tapes Out SoC for Advanced HPC/AI Solutions
on TSMC 5nm Technology

(SAN MATEO, Calif., April 13, 2021) — OpenFive, a leading provider of customizable,
silicon-focused solutions with differentiated IP, today announced the successful tape out
of a high-performance SoC on TSMC'’s N5 process, with integrated IP solutions targeted
for cutting edge High Performance Computing (HPC)/Al, networking, and storage

solutions.

The SoC features an OpenFive High Bandwidth Memory (HBM3) IP subsystem and D2D 1/Os, as well as a SiFive E76 32-bit
CPU core. The HBM3 interface supports 7.2Gbps speeds allowing high throughput memories to feed domain-specific
accelerators in compute-intensive applications including HPC, Al, Networking, and Storage. OpenFive’s low-power, low-
latency, and highly scalable D2D interface technology allows for expanding compute performance by connecting multiple
dice together using an organic substrate or a silicon interposer in a 2.5D package.

The SiFive E7-Series is a high performance embedded 32-bit processor. The E76 configuration of the E7-Series includes
SiFive Insight Trace and Debug technology, which enables core instruction trace streaming off-chip. This feature is a
requirement for debugging complex real-time software stacks, as well as software verification and certification, providing
software developers with deep insights into the performance and behavior of their applications.

SiFive
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&  SiFive RISC-V Core IP Portfolio

3/5 Series

Efficient performance

5-6-stage single-issue
pipeline

7 Series
High performance

8-stage, dual-issue
superscalar pipeline

2 Series
Power & area optimized

2-3-stage single-issue
pipeline

64-bit application
cores

Linux, datacenter,
network baseband

64-bit embedded Area-optimized 64-bit Low-power 64-bit High performance 64-bit
Storage, AR/VR microcontrollers microcontrollers embedded cores

Machine learning > s21 2 S51,554 > S76,S76-MC

32-bit embedded Our smalles, most High performance 32-bit
MCU, edge efficient cores embedded cores

computing, Al, IOT > E20,E21,E24 > E76,E76-MC

High performance Linux-
capable processors

2 U74,U74-MC

Linux-capable application
processors

2 U54,U54-MC

Balanced performance
and efficiency

> E31,E34

SiFive
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VI7 Series

High performance vector

8-stage, dual-issue with
integrated vector unit

Linux- capable vector
processors

2 VIU75, VIU75-MC

8 Series
Maxium performance

3-wide 12-stage out-of-
order superscalar pipeline

Highest performance
application processors

2 U84, uUs4-MC



& SiFive & Renesas Joint Development Partnership
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Renesas and SiFive Partner to Jointly-Develop Next-Generation
High-End RISC-V Solutions for Automotive Applications

(TOKYO, Japan, and SAN MATEO, Calif., April 21, 2021)

Renesas Electronics Corporation and SiFive, Inc., today announced a strategic partnership
to jointly develop next-generation, high-end RISC-V solutions for automotive applications.
The partnership will also include SiFive licensing the use of their RISC-V core IP portfolio to
Renesas.

“RISC-V is an important element in providing additional capabilities and options for new and existing
customers,” said Takeshi Kataoka, Senior Vice President, General Manager of Automotive Solution Business

Unit at Renesas. “We are very excited to work with SiFive as their lead partner to develop next-generation
semiconductor solutions through the collaboration of our accumulated expertise in the automotive field,
and SiFive’s high-end RISC-V technologies.”

Renesas provides automotive solutions including ADAS, Autonomous Driving (AD), Electric Vehicles (EV),
and Connected Gateway (CoGW) to customers all over the world by utilizing its diverse portfolio of
industry-leading microcontrollers (MCUs) and system-on-chips (50Cs), as well as analog and power
products. With a safe, comfortable, and environmentally-conscious society of future mobility in mind,
Renesas is exploring the use of next-generation, high-performance RISC-V cores optimized for automotive
applications to expand high-end SoC and MCU development capabilities to continue providing innovative
and trusted automotive solutions to customers worldwide.



& SiFive Intelligence : Machine Learning Solutions
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SiFive Intelligence for Modern MachinelLearning Architectures

Presentation at Linley Spring Processor Conference on April 23

(Linley Spring Processor Conference 2021 : April 19 - 23, 2021 Virtual Event)

SiFive has gone a step further with the development of new Al-focused instructions specifically
tuned for the acceleration of common machine learning processing. The presentation will
demonstrate how these new instructions enable high-performance, low-power inference
applications. SiFive Intelligence solutions incorporate multicore, Linux-capable, RISC-V
microarchitecture processors with scalable RVV 1.0- speC|f|cat|on vector lengths, and provide
TensorFlow Lite support.

“SiFive’s vision is to take a ‘'software-first” approach to its SiFive Intelligence products,
delivering flexible acceleration strategies that scale with the evolving nature of Al,” said Chris
Lattner, President of Engineering and Product, SiFive. "RISC-V provides an open speC|f|cat|on
maklng it easier for software to communicate with hardware and encouraging developer
creativity. This is a transformative moment, as SiFive expands its presence in the Al space with
SiFive Intelligence platforms for the next generatlon of automotive, mobile, IoT, 5G networking,
and data center computing solutions.”
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& SiFive IP Offerings

64-bit Application Processors
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64-bit Embedded Processors

@ E Cores

32-bit Embedded Processors

Memory Interface IP Subsystems £

HBM2
HBM2E

_Jl Connectivity IP Sty

Interlaken
Ethernet
uUsB

' System & Peripheral IP
| DMA
@ SPI & more...

Trace and Debug
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Security IP

2 @ SiFive Shield



& SiFive IP Offerings

64-bit Application Processors
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64-bit Embedded Processors
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&  SiFive RISC-V Core IP Portfolio

3/5 Series

Efficient performance
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7 Series
High performance

8-stage, dual-issue
superscalar pipeline

2 Series
Power & area optimized
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pipeline

64-bit application
cores
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VI7 Series

High performance vector

8-stage, dual-issue with
integrated vector unit

Linux- capable vector
processors

2 VIU75, VIU75-MC

8 Series
Maxium performance

3-wide 12-stage out-of-
order superscalar pipeline

Highest performance
application processors

2 U84, uUs4-MC



& SiFive Core Designer
Optimize SiFive RISC-V Core IP for Your Application
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Modes & ISA
On-Chip Memory
Ports

Security

Debug & Trace
Interrupts

Design For Test
Power Management

Branch Prediction

01. Design

E7 Series

Untitled E7 Core -

Modes & ISA

MNumber of Cores

1 2 3

Privilege Modes

¥ Machine Mode @

User Mode

ISA Extensions
¥ Multiply (M Extension) @
Floating Point @

No FP single FP (F)

¥ | Atomics (A Extension) @

Extensions

D SiFive Custom Instruction Extension (SCIE) @

02. Review

SiFive.com & Sales Inquiry

Untitled E7 Core Core Complex

03. Build

E7 SERIES CORE 4 Cores RV32IMAFC

Machine Mode - User Mode
Multiply - Atomics - FP (F)
No SCIE - 0 Local Interrupts

Perf. Optimized Branch Prediction

Clock Gating

Insiruc. Cache

PMP 8 Regions

Data Cache

32 KiB - 4-way

Instruc. TIM

Data Loc. Store
32 KB 2 KB

No Raw Trace Port - 2 Perf Counters

Debug Module PLIC

JTAG - SBA 4 Priority Levels
4 HW Breakpoints 127 Global Int.

0 Ext Triggers

Base: ET6-MC Standard Core &

==

Peripheral Port )

Memory Port )

([ ]
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@ Core Designer
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SiFive Core Designer enables configuration of
SiFive RISC-V Core IP through an easy to use
Web Portal

Variants are generated with click of a button
and are available from the Workspace

Variants contain

— RTL matching the configuration,
including a testbench and other
collateral needed to realize the design

— Documentation specific to the design

—  Customized bare-metal BSP for easy
integration into SiFive’s SDKs

—  FPGA bitstreams for common FPGA
development boards for easy software
benchmarking of the RC



& SiFive Core Designer: web-based, simple and easy
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Silicon at (@]
the speed
of software.

.ZI:;;'tledEZCore ’ ' @

@ SiFive.com a— — @ FreedomStudio

,,,,,,,,,,

Db Tioce

SystemC Models

SiFive Core Designer Core tarball built
and generated for
your SCD account

within hours

Instruction Set Simulator
(ISS) - QEMU

RTL, FPGA Bit Streams

SiFive
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Announcing SiFive™
21G1 release




21Glrelease, Continuous Improvement of SiFiveProcessors

21G1 Release
e Up to 25% smaller code size

Previous Releases

Power Performance Area

Improvements  Improvements  Improvements . ® 39% increase performance for Bit

Processing

Half Precision Floating Point for
Al/loT application

e Optimized SoC integration

T h e N e W Fl.e).(ibility .in SoC Integ.ration
Generation —
of Processor

25% .2.8x - 11%

SiFive Insight™ Accessibility

SiFive Freedom Studio, Software Development

20
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Benefits of the 21G1 Release

Up to 25% Smaller Code size from Improved C-Library, Compiler, toolchain
* Smaller memoryfootprint, lower cost, lower power consumption

* Fewer cycles required for algorithm computation, lower energy consumption

Bit Manipulation package support (Zba, Zbb)

e Al loT, Sensor Fusion, Networking, Data compression, Encryption applications accelerated

Half Precision data type support

e Acceleration, support for Alalgorithms

SoC Integration /Memory SubSystem Greatly Improved

* Flexibility in memory map, to allow ease of integration of SiFive processors into pre-existing SoC /
Memory maps

* Flexibility in reset schemes for wide range of SoCs
* Virtual addressing schemes to allow SiFive processors implementation in variety of systems

* Broader range of SRAM /Peripheral connectivity to processor allowing better trade offs in terms
of software /hardware computation

* Larger number of Processor interfaces allowing more choices of SoC connectivity to balance
bandwidth and computation capability
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Armv8 TrustZone architecture

SELO

EL3

/ Secure world \ / Normal world \
4 I I

-

TR ENS

S
! )) | | )/

Trusted Applications

Separation Kernel

Secure boot

RoT

ELO



Emulating TrustZone on RISC-V

Armv8 TrustZone :" R I S C _V ®

EL NS Mode
Untrusted App #2 Non Secure User
ELO Name Abbreviation
Untrusted App #1 Non Secure User
. . User U
Rich OS| EL1
Supervisor S
Trusted App #2
Hypervisor H
Trusted App #1
Machine \Y
Trusted Kernel
Separation Kernel e Secure Monitor

RoT/Secure Boot Secure Monitor




@SiFive\/\/or\dGuard

An Open Fine-Grain Security Model for Isolated Code & Data Protection

Multi-Domain Security SoC Level Information Control Data Protection
Model with Fine Grain with Hardware Isolation For Cores, Caches,
Control Interconnects,
Peripherals

and Memories

25



WorldGuard, a hardware enforced multi-domain architecture

WG Process driven mode WG Core driven mode

Active mode (M,S,U) RISC-V Core 0 RISC-V Core n
Mode
B
e i
== Other bus
Security Monitor M < = (ENES
& | ®
= e
l I () O
L1 Cache L1 Cache HEE
WID

Core n
WID

Last Level Cache

Crossbar

Peripherals

Memories
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Emulating TrustZone with WorldGuard

Armv8 TrustZone WorldGuard
EL NS Mode WID Mode
Untrusted App #2 Non Secure User 7 U
ELO
Untrusted App #1 Non Secure User
Rich OS EL1 Non Secure Supervisor
Trusted App #2 Secure User
SELO
Trusted App #1 Secure User
Trusted Kernel SEL1 Secure Supervisor
Separation Kernel Secure Monitor
EL3
RoT/Secure Boot Secure Monitor
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SiFive Silicon and Development Platforms



& Supported Debug Transport Hardware - JTAG Probes

Digilent Arty FPGA

Olimex ARM-USB-TINY Probe

‘ b
Ly
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SiFive
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PC (Debug Host)

Debug Translator
OpenOCD

SiFive HiFive Unmatched

or

SEGGER J-Link Probe

Debug Translator
SEGGER J-Link

SiFive HiFivel
SiFive Learn Inventor



&  HiFive Unmatched

The World’s Fastest Native RISC-V Development Platform

SiFive

W
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SiFive FU740 Processor

— SiFive 7-Series 64-bit RISC-V Core
Complex

— 4x U74-MC & 1 S7 Core
— 2MB L2 Cache
16GB DDR4 Memory
32 MB SPI FLASH
4x USB 3.2 Gen 1 Ports
MicroUSB Console Connection

Mini-ITX PC Form Factor with ATX 24-pin
Power Supply Connector

X16 PCle® Expansion Slot

(PCle Gen 3 x8)

NVME M.2 2280 (PCle® Gen 3 x4)
MicroSD Card Slot

Gigabit Ethernet

M.2 Key E Wi-Fi/Bluetooth



Eclipse C/C++ Development Environment

Freedom Studio

SiFive RISC-V Cross Compiler
SiFive OpenOCD Debugger
SEGGER J-LINK Debugger
SiFive QEMU emulator

SiFive Freedom E SDK software

Freedom E SDK

Bare metal software development

31

Example programs

Industry standard benchmarks
Board support

Metal library

> make

RISC-V development tools

Freedom Tools

GNU Newlib Toolchain
OpenOCD

QEMU
SDK Utilities i

Trace Decoder
XC3SPROG

Freedom U SDK

Embedded Linux software development

Yocto / OpenEmbedded
Board support
Bootloaders

Device tree binary
Linux kernel images
Disk images

Y



& Build and Run the Soft

SiFive
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File - Import - DevKit Examples -
Browse

Select the zip that matches your
core

Select the desired examples and
click Finish

Control-B will build the entire
workspace

Run - Debug - OpenOCD starts a
JTAG Debug Session and Loads
the program

ware

wsFreedomStudio - coreplexip_welcome/coreplexip_welcome.c - Freedom Studio

File Edit Source Refactor Navigate Search Project Run Window Help

il BvR-RBi@®~iB;

&5 Project Explorer & |1 Registers EG ¥

8

i R R R TR

i@ wa@

& Console 2 (2] Problems

~ & coreplexip_welcome CDT Build Console [vectored_interrupts]

# Binaries

& Includes

= bsp

(= Debug

[ coreplexip_welcome.c

[ coreplexip_welcome JLINK.launch

= coreplexip_welcome OpenOCD.launch

[5 sifive-coreplexip-arty.cfg
&= dhrystone

& global_interrupts

&5 local_interrupts

& performance_counters

&5 vectored_interrupts

(9= Variables 52 ¢ Expressions [J Memory

Name Type

12 coreplexip_welcome

Invoking: GNU RISC-V Cross Create Flash Image
riscv64-unknown-elf-objcopy -0 ihex "vectored_interrupts.elf"
"vectored_interrupts.hex"

Finished building: vectored interrupts.hex

Invoking: GNU RISC-V Cross Print Size
riscv64-unknown-elf-size --format=berkeley "vectored interrupts.elf"
text data bss dec hex filename
11526 132 2340 13998 36ae vectored_interrupts.elf
Finished building: vectored_interrupts.siz

15:21:07 Build Finished (took 1s5.67ms)

[¢] coreplexip_welcome.c &3

63

64 return 0;
65 }

66

67-static void _puts(const char * s) {
68 while (*s 1= "\0'){

69 _putc(*s++);

70 }

71}

72

73-1int main (veid){

74

// 115200 Baud Rate at (65 / 2) MHz
UARTO_REG(UART_REG_DIV) = 282;
UARTO_REG (UART_REG_TXCTRL) =
UARTO_REG(UART_REG RXCTRL) =

// Wait a bit because we were changing the GPIOS
volatile int i=8;
while(i < 10000){i++;}

_puts(sifive_msg);
_puts(welcome_msg);

uintlé t r=0x3F;
uintlé t g=o;
uintlé t b=8;
// Set up RGB PWM

PWME_REG(PWM_CFG)
PWME_REG(PHM_CFG)
PWHE REG(PWM COUNT)

0

<H

(PWH_CFG_ENALWAYS) | (PWM_CFG_ZEROCMP) | (PWM_CFG DEGLIT!

= 0
%% Debug 22 | @ Debugger % Breakpoint = B
% © -

=i <terminated, exit value: -1>openocd

w <terminated, exit value: 0>riscv64-unknown-(

5= Outline =¥ Disassembly | & Terminal % | = B
2

B /devjttyUSB1 52
STFIVE, INC.

5555555555555555555555555
5555 5555
5555 5555
5555 5555
5355 5555555555555555555555
5555 555555555555555555555555
5555 5555
5555 5555
5555 5555
5555555555555555555555555555 55555
55555 555555555 55553
55555 55555 55555
55555 5 55555
55555 55555
55555 55555
55553 55555
55555 55555
55555 55555
555555555
55555
5

Welcome to the E31 Coreplex IP FPGA Evaluatic



& SiFive RISC-V Embedded Software Ecosystem

Open source solutions

Commercial solutions

Micripm’

Embedded Software
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SiFive RISC-V Linux Software Ecosystem
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