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Leading the RISC-V Revolution O siFive

We invented RISC-V

SiFive’s founders are the same
UC Berkeley professor and PhDs
who invented and have been leading the
commercialization of the RISC-V Instruction Set
Architecture (ISA) since 2010

2018, 2019, 2020: SiFive Recognized as
Most Respected Private Semiconductor Company
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& RISC-V Market Forecast

“Based on the already sizeable adoption of RISC-V, we forecast that the market will consume a total of
62.4 billion RISC-V cores by 2025,” Semico Research

To.000

Projected CAGR
146.2%

10,000
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SiFive

Source: Semico Research Corp.
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& RISC-V growing exponentially

“Based on the already sizeable adoption of RISC-V, we forecast that the market will
consume a total of 62.4 billion RISC-V cores by 2025”

- Semico Research

RISC-V Cores in Millions

2021 2022

Source : E:arnlu_nq Research
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&  Products Powered by SiFive Cores (Few Examples)

Wearable SoC NVMe SSD Controller PolarFire SoC
Huangshan-1 FC3081 Icicle Kit

SiFive

Rapid adoption of SiFive Core IP from the Edge to the Core

O



&  Products Powered by SiFive Cores (Few Examples)

TERALYNX Ethernet HyperX memory network
Switch Silicon processor

@) synaptics KL Coherent Logix-

Acquired bylﬁl MARVELL !

Cayenne family USB-C

video interface

Innovium

TERALYNX

SiFive



&  Products Powered by SiFive Cores (Few Examples)

Edge Al Processor “AiOnlc®
Edge Al Processor 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

ArchiTek @

« "“alPE” Engines
« Digital signal processing
« Conventional sort
*  Multi functional DMA
* Inverse matrix operation
« FFT
- GPGPU
- CV
« Conventional multiplication addition

SiFive
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& RISC-V Momentum

ANANDIECH

 golem. S RNO & il

i . Qualcomm uses RISC-V in Snapdragon chips New H3C Semiconductor successfully
One of the largest SoC developers is now relying on RISC-V : Qualcomm integrates ad O pts RI SC —V U 7 mu |ti -Core p rocessor
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& Leaders adopting SiFive Processors

“We’re excited to partner with SiFive because of their ability to deliver CPUs and
software for the modern RISC-V ecosystem.”

- Jim Keller, President and CTO, Tenstorrent

“We are very excited to work with SiFive as their lead partner to develop next-
generation semiconductor solutions through the collaboration of our accumulated

™ z E N ESAS expertise in the automotive field, and SiFive’s high-end RISC-V technologies.”

- Takeshi Kataoka, Senior Vice President, General Manager,
Automotive Solution Business Unit, Renesas

“We are pleased to work with SiFive to accelerate our customers' Al / ML custom SoC

s n IVI s U N G design, illustrating the innovation potential we can achieve together.”

- Mijung Noh, VP, Foundry Design Service Team
Samsung Electronics

SiFive



& Foundry collaboration

(inteD)
March 23, 2021

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

Intel would include P550 cores on its 7nm Horse Creek chip set which
is something intel will make available for RISC-V software
development to show to developers and manufacturers.

SAMSUNG

April 29, 2021

SiFive and Samsung Foundry Extend Partnership to Accelerate Al SoC
Development, resulting in an Al accelerator SoC tape out on Samsung
2nd generation 14LPP FinFET technology(Microsoft Zipline)

SiFive
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RISC-V at Scale:

An Architecture for the Future
of Computing

Shubu Mukherjee
Vice President of Architecture, SiFive

shubu.mukherjee@sifive.com
(@ESylig!

@ The Linley Group
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SiFive RISC-V Processor IP Portfolio

SiFive

2-Series
Power & area optimized
2-3 stage single-issue

64-bit application
Linux, datacenter,
network baseband

scoes  JSaSeiea

64-bit embedded Ar.ea-optimized 64-bit
Storage, AR/VR microcontrollers

! ! S21
Realtime

ecoes MBS

32-bit embedded Ovur smallest, most efficient

MCU, edge computing, cores
E20, E21, E24
Al, 10T

3/5-Series

Efficient performance
5-6 stage single-issue

Linux-capable
processors
U54, U54-MC

application

Low-power 64-bit
microcontrollers
S51,S54

Balanced performance and
efficiency
E31, E34

7-Series
High performance
8 stage superscalar

U7-Series

High performance
Linux-capable
U74, U74-MC

S7-Series

High performance
64-bit embedded
$76, S76-MC

E7-Series

High performance
32-bit embedded
E76, E76-MC

P200-Series

Efficient performance
Integrated Vectors

P270

Efficient Performance Vector
Application Core

P500-Series

Maximum performance
3-wide 000 Superscalar

Highest Performance
Application Core

X200-Series

Al Accelerated Processor
SW + HW Solutions

Scalable, Programmable
Edge Training Al/ML
X280-VLEN 512b

Scalable from Microcontrollers to HPC
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Scaling RISC-V to the Application Processor Domain

* The next wave of RISC-V adoption will occur at the bleeding edge, where raw performance
is paramount
* This is already happening today

» Recent advancements in microarchitecture, including multi-core and multi-clustertopologies
will accelerate RISC-V adoption in diverse application areas such as mobile, autonomous
vehicles, and the datacenter

 SiFive has 3+ years R&D investment in high performance, scalable RISC-V micro-
architectures

* First results seen in the release of the SiFive Performance P550 in Q2 2021
« SiFive’s first out-of-order production-ready processor

 Multiple customer tape-outs in Q1 2022

» The SiFive Performance P550 is the first step and only the beginning
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SiFive Performance P550 Application Processor

High-Performance Out-of-Order RISC-V Application Processor
The P350 Series is a 13-Stage, Triple-Issue, Out of Order processor making high-performance RISC-V
processors reality while maintaining class leading area and performance density. The P550 processor
supports multicore coherence with up to 4 cores in a core complex.

64-bit ISA includes with @ P500Series 8.7 SPECInt2k6/GHz
Double-Precision FPU 2.4GHz in 7nm
and Bit Manipulation SVa9/45 MM ik 0.23mm2
Extensions “ 32KB I$ (Parity) 32KB (ECC)

_ 256K Private L2 (ECC) Sophisticated Trace

Coherent Multicore Debug/Trace
with up to 4 Cores in

Core Complex Advanced Security

System Port Peripheral Port Front Port .
AP IS Caghy \EEE) 128-bit 64-bit 128-bit Capabilities and Crypto
i Memory Port
Private L1 and L2 Wit i 8 Accelerators

Caches for improved l

memory performance
Pre-Integrated and Verified Verilog RTL Deliverable

and Debug capabilities

Bus Matrix




Beyond SiFive
Performance P550

The future of SiFive high
performance processors
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SiFive Application Processor — Next Generation

High-Performance Out-of-Order RISC-V Application Processor

A Quad-Issue, Out of Order processor making high-performance RISC-V processors a reality while
maintaining class leading area and performance density. Supports multicore coherence with up to 16 cores in

64-bit ISA with Double-
Precision FPU and Bit
Manipulation
Extensions

Coherent Multi-cluster
with up to 16 Cores in
Core Complex

Private L1 and L2
Caches for improved
memory performance

a core complex

@ Next Generation Core

PLIC/CLINT SV39/48 MMU PMP (8)

64-128 KB I$ 64-128 KB D$
HC (Parity) (ECC)

Up to 2 MB Private L2 (ECC)

Debug/Trace

Bus Matrix

1-16MB L3 Cache System Port Peripheral Port Front Port
(ECC) 128-bit 128-bit
Upto 4 Memory Ports
128-bit or 256-bit

AMBA AXI

~50% higher
performance over
Performance P550

Sophisticated Trace
and Debug
capabilities

Advanced Security
Capabilities and
Crypto Accelerators



Towards The Freedom Revolution Platform

(vision of a complete solution)

SiFive Freedom Revolution is a concept platform built with SiFive & Third-Party IPs
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Multicore Scalability to 128 cores &beyond

TileLink to o Non-inclusive _
Other Interface TileLink2 Cache Higher
Frequency

Converters Jpgrade Hierarchy

Advanced
Interrupts
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Advanced Interrupt Architecture
(RISC-V International work in progress)

(ip and ie arrays)

Bus network
PCle device Machine-level interrupt file

PCle device
MSI write

wired Advanced
interrupts FLIC

I (ip and ie arrays) I

Figure from spec

MSI-X interrupts delivered directly from device to a hart
SiFive will support Advanced Interrupts



PLATE: Platform-Level Address Translation Engine

For system level memory management

Device DMA to DDR

PLATE O Device(s)

Optional 10 Bridge

DDR Subsystem An Example of PLATE use

SiFive-specific IP enables fast yet protected DMA

25
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Power Management

Idle Power
Management

Dynamic Power

Management

-

WEFI Clock Gating Power Dial

Power Down DVFS

lli—

Power control &
measurement

Retention States

SiFive Power Dial: Digital Throttle to Reduce Power
Performance vs. Power

P550 - Dynamic Power and Performance per PD Setting

= Power% == Perf%

6

PowerDial Setting
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Advanced Error Architecture

Advanced Error
Architecture

Basic Error
Architecture

Error Detectors & Correctors Error forwarding options

Error Checker enable/disable Advanced recovery options

Error Notification enable/disable Advanced notification options

Error Logging

Functional safety

Error Injection




Security: SiFive WorldGuard-Based Isolation

Example SiFive WorldGuard Configuration

Software Software Software Software
Context 1 Context2 Context 3 Context4

SiFive WorldGuard isolates software
contexts using world identifiers

Trusted agent (e.g., RISC-V
M-mode) assigns world identifiers

(World 2 is shared between Software Context 1 & 2)

28



& SiFive Core Designer
Optimize SiFive RISC-V Core IP for Your Application

SiFive

I 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

Number of Cores

Privilege Modes
¥ Machine Mode @

[¥] User Mode

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

No FP Single EP (F)

¥ Atomics (A Extension) €@

Extensions

[ SiFive Custom Instrustion Extension (SCIE) @

02. Review

SiFive.com [

Untitled E7 Core Core Complex

Muitiply - Atomics - F? (F)

Sales Inquiry

03. Build

PMP 8 Rogions

Dala Cache
32 KiB - 4-way

Data Loc. Siore

2 KB 32 KiB

No Raw Trace Port - 2 Perf Gounters

Debug Module PLIC
JTAG - SBA 4 Pricrity Levels
4 HW Breakpoints 127 Giobal Int.
O Exl Triggers
Base- EF6-MC Standard Core

Front Port
32-hif AXi4 ‘

System Port )
32-hit AXl4

Peripheral Port
32-hit AX14 »

Memory Port
Dantaxe TP Y

L2 Cache
512 KiB
6-way
2 Banks

CLINT

@ Core Designer

o-ELEKTRA

0o/ 2019

T

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



The Future of RISC-V Has No Limits

The Highest Performance,
Most Advanced RISC-V
Processor Available

S

! e
Performance Intelligence

Very High Performance &
Efficiency for Al & ML
Acceleration

M RISC-V -

S

Essential

The Industry’s Broadest Family of
Scalable, Configurable Control &
Embedded Cores

30

SiFive Performance Next-
Gen:
« +50% Perf
« Scalable to 16 coherent
cores
» Class-Leading Area
Density
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SoC(beppu) DAIEPIE L

UART

PLL

DMA
Control

I2C

12s

Timer

Ether
GMAC

SPI(S)

SPI(M)

EATE&#ICSiFiveziRH

HlfEI DN

O =ML

=
7
%X

N\ AR BN ||

pUEE @)

ES0HE = | Gemm = ?
L Y
I

R

K iz

AN

S2AN-T
BT/

GPIO

=

Cache
512KB||512KB

Cache | | Cache

512KB|[(512KB

Cache | | Cache | | Cache | | Cache | | Cache || Cache
512KB||512KB| (512KB||512KB

Cache | | Cache

Cache | | Cache | | Cache
512KB||512KB||512KB| (512KB||512KB||512KB||512KB| |512KB

Cache | | Cache

ZIN09FvvSa

Memory Controller & DDR PHY

BE/(RE

2 =r=VAWA
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I AiIONIc® AIAAS-FYN]
BERE |5 LVTIF YL R IEER |

IvSAIDOtYY AiOnIc® - A|0nIc® Al HAS- 1=‘JI~

7Qmm

12mm(]

System Processor (600MHz):
SiFive E34 x2

CV Engine (600MHz):
£F&ECV, FFT/IFFT, Labeling, Bitblt, Sort,
W75, TSHIUEBIE

AI Processor (600MHz/375GOPS):

GPU x4,

GeMM x4 (Float®F(—J5—-=%) SoC : AYH—TI—2 :

AiOnIc “beppu” )
x;q%vis . I s USB Type-C(5V, USB, UART, HSPI)
MBFvvi1, 512KBL 2 R5T71 ), DDR4 it SPI Flash 128Mbit .

5}&SDRAM DDR4 2.4GBps ity g SPL Flash 128M microHDMI(Ei&iti72)
Io 70 x 38mm microSDA— R

UART x4, 12C x4, 12S, SPI x2, QSPI, GPIO Eﬁ?ﬁB Type-CI#55) Ethernet(EJ45J%533FRE)

JSLILI/FAAS(0V2640)

ArchiTek
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