&) siFive

SiFive Core Designer
From Custom CPU to Hello World in 30 Minutes
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Silicon at the
speed of
software.

Design RISC-V CPUs in an hour. Get custom SoCs in
weeks, not months. Impossible? Not anymore.

Start Designing



& SiFive Core Designer

Your interface to SiFive RISC-V Core IP

e AllSiFive Core IP is configured and delivered
g S ST e e O via the SiFive Core Designer Web Portal
— Simple, Easy to Use, Web Interface

E&:atcpu . Release Candidates are generated with click
of a button and available from the
Modes & ISA

Workspace

Privilege Modas

v Mochere Moce @

v Usar Mode

. Release Candidates contain

Core Interfaces

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

Bt — 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
|



£  In-house IP: SiFive RISC-V Core IP Product Offering

32-bit embedded cores 64-bit embedded cores 64-bit application cores
ECores Mcu, edge computing, S Cores Storage, AR/VR, machine U Cores  Linux, datacenter, network
Al, loT learning baseband
7 Series E7 Series S7 Series U7 Series
Highest > E76-MC Compare to Cortex-M7 % S$76-MC No 64-bit Cortex equivalent » U74-MC Compare to Cortex-A55 MP4
performance: Quad-core 32-bit embedded processor Quad-core 64-bit embedded processor Multicore: four U74 cores and one S76 core
8-stage, dual-issue
superscalar pipeline  » E76 Compare to Cortex-M7 > S76 No 64-bit Cortex equivalent » U74 Compare to Cortex-A55
High performance 32-bit embedded core High-performance 64-bit embedded core High performance Linux-capable processor
Efficient > E34 Compare to Cortex-R5F  » S54 No 64-bit Cortex equivalent » U54-MC Compare to Cortex-A53
performancg. E31 features + single-precision floating point S51 features + single-precision floating point Multicore application processor with four U54
.5‘5'512?99,.5'“9'9' cores and one S76 core
issue pipeline > E31 Compare to Cortex-RS 3 §51 No 64-bit Cortex equivalent
Balanced performance and efficiency Low-power 64-bit MCU core > US54 Compare to Cortex-A53
Linux-capable application processor
Po:.velr &;'rea > E24 Compare to Cortex-M4F > S21 No 64-bit Cortex equivalent
PRI, . E21 + single-precision floating point Area-efficient 64-bit MCU core
2-3-stage, single-
issue pipeline > E21 Compare to Cortex-M4

E20 + User Mode, Atomics, Multiply, TIM

> E20 Compare to Cortex-M0+
Our smallest, most efficient core

SiFive
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SiFive

From Custom CPU to Hello World in 30 minutes

Step 1

Configure a custom SiFive
RISC-V Core using SiFive
Core Designer

Step 2

Use the FPGA bitstream
from Step 1 to program a
Digilent Arty FPGA board
with the configured CPU

Step 3

Use Freedom Studio and the
SiFive SDK to program and
run Hello World



&) siFive

Step 1 - Configure the Core using SiFive Core
Designer



https://www.sifive.com/core-designer

Vastly
customizable
core IP.

Get best-in-class core IP developed
by the inventors of RISC-V and
customize it to your exact

specifications.



£ Configure a SiFive RISC-V CPU

SiFive Core Designer

= Web Interface to Configure SiFive Core IP

— No Complex EDA tools or scripting languages to reps . oo

learn
E2Series
GreatCPU
. . Modes & ISA
= What is configurable s e | e
OnCMn Mooy Privilege Modes T LTV [Ty 2.4 AHR
— ISA, Performance levels, Modes, Ports, Interrupts, Ports ¢ Micwe s @ ::':"‘”'"’""’" e —
Security, Debug, and much more! sy A el <o
Cors intertaces BN IRy iU
- Sherwd bmtruction s Dets Sugrarnin instrection snd Duta :’_: :‘.::'-“l ::-n::u'w|mm Brs
= What is the output e
— Verilog RTL and supporting collateral, an FPGA 154 Extensions
bitstream, software, and documentation | Mttty O Exemr) ©

§ Cyche 4 Cycte 1 Cycie (Ppelinmd|

SiFive
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SiFive

Core Designer Ul Walkthrough

Go to the SiFive website and click “Start
Designing”
* https://www.sifive.com/

Choose a Core Series to start from

* Start from a pre-configured Standard Core
e Or start from scratch

Name the Design and Start Clicking!

* Change performance levels, memory maps,
Privilege modes, Instructions Sets, Security,
Debug, etc...

Click Review and then Build

* Launches SiFive’s cloud based infrastructure
to render and verify the design

Download from your SiFive Workspace

Workspace

Core Designs
Namao Saries
Acstin Rocke!

Serall £2 w/FRU

Status Updated



https://www.sifive.com/

£ Too Many Choices? Start with a Standard Core

@ E3Series

E3 SERIES CORE PP oot Punt
AV32 ook -

: . S2.bit AB Benchmarks
FPGA Evaluations oo et
10 Local interrupts » 2 Parf Goynturs 2tiAHE P
28 8T8 Entries + 512 BT Entras Pergheral Port
6 Ret Addr Stack bet AHB -

| — L— :
= |_| T T =
_— 4 HW Breakpoints 7 Priarity Lavels
JTAG - DMA 127 Global int
4L
. 4
RTL Evaluations E31 Standard Core Definition .

FE310 Silicon

Standard Core RTL and FPGA Evaluations are Available with a click-
through License

SiFive
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Step 2 - Download the Deliverables and Program
the FPGA



@ Download the Deliverables from your SCD Workspace

SiFive

wrd x +

C & ‘wipe/iscssifive.com

Workspace

Core Designs
Name
Bmall £2 w/FPU
Pt
Custam 34 - rumber 1
Lintas's Care
E21 Slandaed Corn Trinl
E3 Standerd Coen Trial

E34 Sroodard Core Trial

Conlact Salos

uwme "
o oo ax
4w 1
§ wudh, 1 Iwy b

4 ‘weeka | diyy 200

Workspecs

_ Deliverable x  +

C & nipe /iecs sdfve.com

Diagram  Settvge

RES CONE

IVOAMAC

Mo frrsw Mzade o Mo Llnes Mo
Mustighy 18 Cypoie) » Aloesess « Mo FF
col iamrrigts « 2 Pl Conrvdery

S OUTD Ertrann » 100 OMY Erdries

et Rkl St

L Sopon

JTAG Dutuag

4 HY Srashpointn
JTAG ~ DMA

PUC

T Pricety Lavols
255 Gobal it

Systurs Purt

Puriphun o Purt

CUNT

P

® Custons $5 - searibor 1 Dy K8
(48 ME}

! AN i LI | wich TTL FRGA

Support

pen a2 Servce Ticknt

Reterence Buld 10: Sid5f3a56831

Software Developmont Tooks
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£ Deploy the bitstream to the FPGA

1. Purchase a Digilent Arty
https://store.digilentinc.com/arty-a7-artix-7-fpga-
development-board-for-makers-and-hobbyists/

1. Download Xilinx Vivado 2018.3 (Warning,
HUGE 19GB)

https://www.xilinx.com/products/design-
tools/vivado.html

1. Open Vivado’s Hardware Manager Tool

SiFive
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£ Deploy the bitstream to the FPGA In Pictures

SiFive

Add Configuration Memary Device E
o Choose & confliguration memary pan
Devicer & w7835 0
Fliter
Marufactuar  All - Type Al ~
Densey (Mu] Al v wigth Al v
Hardware ? 00 X ‘ Aeset All Fiters ‘
- - Program Configuration Memory Device
Q = v 'u' Select Conflguration Memory Part
Select & configuration fle and set programming oprions ‘
ke S mR25ql128 1 maech)
Name Status e M ko
1y MNama Part Manufact,.  Alias
~ I localhost (1) Connected |- masqizaspidasd | measqnae Memary Device: @ me25q1) 28-5pil_¥2 xd
e .¢ xilinx_tchDigiIenth0319»&... C'PE” Carhiguration file:  homeidreniProjectafSEveRTUsIfrve corelp £31 eval dev ke v3pOfipga/sfive_corep E3L F
~ {8k ®CTa35t_0 (1) Programmed PAH fila:
4 :
IF XADC (System Monito Hardware Device Properties... 2 State of non-config mem V0 prs: | Pullkaons

Hardware Device Properties

MName: ®CT7a35t 0

Program Device...
Werify Device...

Refresh Device

&dd Configuration Memaory Device...

Boot from Configuration Memory Device

Program BER Key...
Clear BBR Key...

Program eFUSE Registers...

Export to Spreadsheet...
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Program Operastions
Address fanga: Corfguration Fle Only
W Erase
Blark Check
W Pragram
W Yerfy

Vertfy Checksum

SVF Options

Create SVF Oaly (no program operations)




SiFive

Coming Soon
The ability to flash Arty boards directly from
Freedom Studio




Step 3 - Hello World!



@ Download Freedom Studio

Le ERppe— & 9:0.0 * Freedom Studio is an Eclipse based IDE with
| e, — pre-built GCC and OpenOCD
— Bundled examples for SiFive targets

Dreamit.
Build it.
e Download Freedom Studio
o . ) -~ | https://www.sifive.com/boards
= aom el 0 I — Unzip to the desired installation directory
SOK. Freedom Stk is compatibse with af SFve RISC-V tewalapment Sowrds

* Or... Skip the IDE

Py — Download pre-built binaries of GCC and
- OpenOCD from the same webpage

: — Use Freedom-E-SDK to build and debug your
software using a makefile CLI based flow

https://github.com/sifive/freedom-e-sdk

--------

SiFive


https://www.sifive.com/boards
https://github.com/sifive/freedom-e-sdk
https://github.com/sifive/freedom-e-sdk
https://github.com/sifive/freedom-e-sdk
https://github.com/sifive/freedom-e-sdk
https://github.com/sifive/freedom-e-sdk

SiFive

Build and Run the Software

e File - Import - DevKit Examples -
Browse

e Select the zip that matches your
core

e Select the desired examples and
click Finish

e Control-B will build the entire
workspace

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

COPYRIGHT 2019 SIFIVE. ALL RIGHTS RESERVED.

wyk reedomSaudio - corepieri p_weicomelcorepianip_welcome ¢ - Freedom Studio

File E¢it Sowce FRefacter Navigate Search Project Run Window  Help
- ®N - ‘ “w e B - T

PO Q% S~ ,

& Projoct Explorer B Reqisen ¥ =0 QComole 2 2 Prutiems

LI Invoking: GMYU RESC.V Cross Create Flash Image
& 'nclude riscyid-unsmwn-elf-objcopy -0 ihes “vectored interrupts. elf”
Tyettoced ANLarrugty. ex®
> bip Fintshed building: vectored Isterropits.bex
4 Envoking: GMY RISC.V Cross Print Si2e
Wl coteplewp wekcome ¢

riscedd-unknown-elf-size --format=terkeley “vectored intecrupts.eif”
corepiexip  wekcome JLINK launch tert data by dec bex (i leniow
11526 pEN e 9% 36ae vectored interrupts.elf

o amve OpenOCD.Launch
coreplauip. wiicems OpenDCD.taune Finishes bailding: vectored interrepts.siz

il -conepaexip-Arty. oig
- ¥ "
2 ¥ 15:21:07 Build Finishea (tock L 67ws)
S it '
W loce roet
(o coreplevg_welcome.c 11
& perfarman tar
S wrtwed_star return @;
)
7w wtatic void _putsiconst char * 3l |
while {*s 1= o' }{
] putcitses);
) '
}
110 ket main (vedd)|
N 119296 Bautl Arte ot 5 | i
1 UARTO MEO(UANT MG OTV) = Ja3;
1 UARTO REGIUART REG TXCTRL| = UART TXEN;
L 70 UMRTO REGCUART MEG RXTTAL| = UART RXEN:
B
= . B £ " 3 DIt BACIUSE WE werD ChMrging the
Variaties 11 7 Exprespiore [ Memery o volatile int 1~4:
' - - whilefl « 10869){Les;)
Narw Type Vel ™ Pty (sifive mg);

Pty (we lcome msgl)

dintl6 t r=BaaF)
J VINt1O t g0;

Wistlé t beb;

fOSet wp RER

i P REGIPWM CFG) < 0
o P9 REGIPWM CFGY = (PWM CFG ENALWAYS)
P REG|PWN COUMT | = 0

(= S r———

B i s 2O+ =0 pOeaug @Omugon % Bresigem =0

=08 Outline = Disstadyy | STermial 23 = D
O ek &
& fdreneyUSEL 12

SIFIVE, I

ELALLLLLLALILELLALESLALEY )
P
%%

5585
5555555
59
5555

»n

355
55555
33935
£5558
»355

Welcoss to the EXL Cotmplex P FPOA Evalastis

Pyt (FG TERDCMP| | (WM CFG DEGLIT



SiFive

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
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File E¢it Sowce FRefacter Nasigate Search

- CIR SEIE TR = )

& Projoct Explorer B

-

i bk

i roreplesip _weicome ¢
corepiexip  wekcome JLINK launch

coreplexdp welcame OpenDCD. Launch

~ Vanaties I1 A1 Eaespore [J Meamerny

Harw Type

=& conepresip scamn

Build and Run the Software (Change to New Flow)

wif reedomSandio - torepiexip_weicomelcorepianip_welcome ¢ - Freedom Studo

Preject Run Window  Help

¥ =0 QComole 2 2 Frutiens

COT Hiblet Conume Dvrctarad et fugein]

I* ® OO Q~ die~ »

fnvoking: GMY RESC W Cross Create Flash Image
riscyid-unsmwn-elf-objcopy -0 ihes “vectored interrupts. elf”
Tveltoced Interrugty. hex*

Finished bailding: vectored Isterrofits bex

Irvoking: GWY RISC.V Cross Print Si2e
riscvdd-uninown-elf-size --format=terkeley “vectored interrupts elif”
Lot data by dec bax 1iloniow
11526 pEN e 9% 36ae vectored interrupts.elf
Finishes bailding: wvectored interrepts.siz

15:21:07 Build Finishea (togk Ls, 67ws)

| corepleve_welome.c 11

return @;
)

7w wtatic void _putsiconst char * 3l |
while {*s 1= o' }{
] putcisaes);
) '
}

11 det main (vedd)|

119296 Bautl Aste at (83
UARTO MEO(UANT MG OTV) = Ja3;
UARTO REGIUART REG TXLTRLI = UART TXEN;
UNRTO REGCUART MEG AXTTALI = UART RXEN:

WALY o DIt Secause we werp Inging the
volatile int |~4:
whilefl « 10069){Les;)

Pty (sifive mg);
Pty (welcome msgl;
GANTI6 T r=Ba3E)

1 yINt1o b ge0;
Wistlé t bed;

ST up RER

P REGIPWM CFG) < 0

@ 8- -

Qevm= =0 | p0eugtl @Detngorr % Bredigom =0

=0 & Outline B Dhussody  #Termial 22 = D
D ek [
O ey USEL 12
SIFIVE, I

ELALLLLLLALILELLALESLALEY )

5355555555555555555555555555 35555

Welcoms to the L1 Cormplex 1P FPOA Bvalawtie

A P9 REGIPWM CFGI = (PWM CFG ENALWAYS) Pyt (FG TERDCMP| | (WM CFG DEGLIT

PR REG|PWN COUMT | = 0



@ Demo - From Custom CPU to Hello World in 30 minutes

SiFive

Step 1

Configure a custom SiFive
RISC-V Core using SiFive
Core Designer

Step 2

Use the FPGA bitstream
from Step 1 to program a
Digilent Arty FPGA board
with the configured CPU

Step 3

Use Freedom Studio and the
SiFive SDK to program and
run Hello World



Silicon verified.
Market proven.

The most advanced configurable
core IP and silicon solutions from
the inventors of RISC-V.

Microcontrollers Embedded Linux Multicore

Networking Storage Computing Al
Industrial loT Consumer Automotive

www.sifive.com



