S N \

RISCV RubySOC

%5/ Bruce Chen

2020-11-17




RS

AR

2020/11/17 V1.0 WG K AR




FEAR

® RubySOC Demof@ftIig
® RubySOC DemofX{4TiZ

® RubySOC H&ITiEaE
® RubySOC Demo

e APP El{k




S N N

RISCV RubySOC

—ETi=E

%5/ Bruce Chen
2020-12-13




RubySOC Core Block Diagram
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RubySOC Standard Core Feature

*VexRiscv processor with 5 pipeline stages (fetch, decode, execute, memory, and write back), interrupts and
exception handling with machine mode

— 4 KB data cache
— 4 KB instruction cache
*50 MHz system clock frequency
— 1.16 DMIPS/MHz
-4 KB on-chip RAM with boot loader for SPI flash
*1 AXI master channel to access the DDR memory
*1 AXI master channel to user logic
*1 AXI slave channel to user logic
*JTAG debug port
— Hard JTAG though FPGA JTAG TAP
— Soft JTAG though FPGA GPIO
*APB3 perlpherals
16X GPIOs
— 3x 12C masters and slaves
— 1X 64bit Machine timer
— PLIC
— 3x SPI flash masters with a maximum clock frequency of 25 MHz
— 2x UARTs
— 2x slave user peripheral




RubySOC Demo E{TiEF &S

soc_Ruby_hw

binGen.py —— Bin¥sFPGA OCR¥IMA{LIZIGRIA
—m README-binGen.txt — Bl {EHiHEE
— apb3_slave.v — HFEHAPBIMN =it
— axi4_slave v —— FHFPEEAXI4 M IECHEDR
— memory_checker.v —— DDRAIEISMAXI4EZEHlEt:
— RubySoc.v —— RubySocPliZiiite (I05)
— RubySoc.v_toplevel_system_cpu_logic_cpu_RegFilePlugin_regFile bin —— HardJTAG SocEiFE¥ia{kard
~ RubySoc.v_toplevel_system_ramA_logic_ram_symbol<0~3>.bin —— HardJTAG Soc OCREEb it
— RubySoc_softTap.v_toplevel_system_cpu_logic_cpu_RegFilePlugin_regFile.bin —— SoftJTAG SocZFaastlia{v {4

'— RubySoc_softTa v_toplevel_system_ramaA_logic_ram_symbolx<0~3= bin — SoftJTAG Soc OCR¥IEE {4

~— RubySoc_softTap.v

‘— user_dual_port_ram.v

Efinity8@ {4 T {4




RubySOC Demo for T120F324 Devkit
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BSP——Board Support Package

soc_Ruby_sw

\bsp\efinix\EfxRubySoc

g app

|
r { r 1 1 Al

bootloaderConfig.h DDRCali_i2zc.h freertosHalConfig.h i2cDemo.h i2cMcp4725.h timerAndGpiolnterruptDemo.h

——

e

Sl EAPPL LS

bsp.h —— bspifcEAFEFIEMEEY
M~ include —[
soc.h — HhHieST, RS, TAkEHEE
bootloader.ld — FEHERAEESNY, CPU bootupiBEitihEEER
M~ linker —[
default.ld — APPIERTHEESE, APPIEXIHEIEEIE=S

config @

cpul.yaml ;@

\software\standalone &)

—Eo
—
—ERER-
— s

openocd

]
r 4 { [ 1 1 1

c232hm_ddhsl 0.cfg ftdi.cfg debug.cfg debug softTap.cfg flash.cfg flash_softTap.cfg uboot.cfg
¥I__/ ~— | - -
ElEEREERE G TEZDebugfeE 4t S flashidE 34




config——Eclipse/miF RN IMIRE E X4

\bsp\efinix\EfxRubySoc &

default.launch — Hard JTAGEZ D EE &

|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

default_softTap launch — SoftltagiEif B S

project_settings_ruby xml — Tt LERSESmiit, FfemflT=ER

MEMELHEEEER
soc_Ruby_sw [' T _
ey

—— o —
T ——




cpul.yaml—biEEEyaml ik 3244

\bsp\efinixX\EfxRubySoc &5




standalone——APPH A& &

\bsp\efinix\EfxRubySoc &

soc_Ruby_sw

~ EfxApb3Example
l— EfxAxi4Example
|- blinkAndEcho
|~ freertosDemo

|- freertosDemo2 w1 e

|- spiDemo
|- i2cDemo

|~ timerAndGpiolnterruptDemo

[~ userinterruptDemo

[~ common — 2FE3i

[~ drive — EEEHERL TR

[~ bootloader — EFEFT &35
[= dhrystone — JIiEER

]~ mentest — DDRIULEER

I~ readFlash — EFlashilifEF

~ writeFlash — SFlashfMifEF
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RubySOC A& IGFEE

Eclipse T{EMEIRE
FE s
SENTHEEER
iﬁﬁdebugéﬁi% XK
B—IRYmIF
S A\debugBcEER

E%&debugfit BE R




HESETE

- |P core

— efx_ruby riscv_soc-v1.2.zip

- B R EASDK

— riscv_sdk_windows-v1.1.zip

— JFREAEANP core A H B STANTR 25X M.

N—s ) — S
- Javelzg (T T ) B
_ jre-8u251-windows-x64.exe https://pan.baidu.com/s/1vgfyciVWN1ICgnC
' Fsfnb-g

HE MRS : oht3




RISC V SDK

Eclipse MCU—Open-source Java-based development environment that uses plug-ins to extend and
customize its functionality. The GNU MCU Eclipse plug-in lets you develop applications for ARM and RISC-
V cores.
Version: 2019.08.0
Disk space required: 320 MB (Windows), 375 MB (Linux)
*  xPack GNU RISC-V Embedded GCC—Open-source, prebuilt toolchain from the xPack Project.
Version: 8.3.0-1.1
Disk space required: 1.46 GB (Windows), 1.4 GB (Linux)
°*  OpenOCD Debugger—The open-source Open On-Chip Debugger (OpenOCD) software includes
configuration files for many debug adapters, chips, and boards. Many versions of OpenOCD are available.
The Elitestek RISC-V flow requires a custom version of OpenOCD that includes the VexRiscv 32-bit RISC-V

Processor.
Version: 20200421
Disk space required: 9.4 MB (Windows), 7.4 MB (Linux)

°*  GNU MCU Eclipse Windows Build Tool (Windows Only)—This open-source Windowsspecific package
helps to manage build projects and includes GNU make.
Version: 2.12-20190422-1053
Disk space required: 3.8 MB




B eclipse
B GNU MCU Eclipse
R openocd

B riscv-xpack-toolchain 8.3.0-1.1 wind...
| riscv-sdk-license-third-partv txt
B run_eclipse.bat

B setup.bat

.| CA\WINDOWS\system32\cmd.exe

74 Javela 1T I 5 “ |
iz1Tjre-8u251-windows-x64.exe % ErL N S ———————
ZIATIT K EASDK

fift fEefx_ruby riscv_soc-v1.2.zipFlfF& H%, A
RER S, AR R T T




Eclipse T{ERIRIRE

o EclipseE/\JWOrkspace—A/—\‘L’Eg‘}‘j‘&Esoc_Ru by Select a directory as workspace

H>xh
© BRI WA AR B A AR =
°  WURERARWE L, JTIF SO NS,

Eclipse T./E¥# 5. metadata . {4 e 2> HHELAE

= Edlipse IDE Launcher

Eclipse IDE uses the workspace directory to store its preferences and development artifacts,

Workspacff |D:\RISCV\release-v1.1\core\soc_Ruby

VI[ Browse...

3 —

[[] Use this as the default and do not ask again

soc_Ruby {3 B, R F TR O AF32 %

i

Work (D:) > RISCV > release-vl.1 * core > soc Ruby
E=F

B .metadata
M soc Ruby hw

M soc Ruby sw

iz 5 8H

2020/11/20 22:49
2020/11/20 12:15
5

020/11/20 12:03

MERESTER

% eChpSG Welcome to the Eclipse IDE for GNU ARM & RISC-V C/C++ Developers



Eile Edit Source Refactor Mavigate

L

New Alt+Shift+N > no oy

Open File.. Makefile Project with Existing Code. .

Open Projects from File System... Frejees

Recent Files » [ Project..

Close cirlsw = ConverttoaC/C++ Autotools Project

Close Al [+ Shift+ W = Convert to a CfC++ Project (Adds C/C++ Nature)
&5 Source Folder

Save Ctrl+5 Folder

Save As., ¢ Source File

Save Al Ct W Header File

Revert File from Template

Move & Class

Rename... F2 O Task

Refresh F5 ™ Example...

Convert Line Delimiters To > = Other...

E%@%ﬁuwc;wa@
EfxAxi4ExampleBp i 3 e a
Iﬁ?i#%t,
2% ,

BEN ~—

& New Project O x

Import Existing Code

Create a new Makefile project from existing code in that same directory

Project Name

Existing Code Location

| Browse..

2

Languages
C v C++

Toolchain for Indexer Settings -

Lt
i Windows (

= Work (D)

GNU Autotools Toolchain
RISC-V Cross GCC

Show only available toolchains that support this platform
@ Finish

Cancel

Import Existing Code

Create a new Makefile project from existing code in that same directory

‘Z Connections Project Name

5 Project Explorer &

software

standalone

n EfoX|4ExampIE
[

M freertosDemo2
M i2cDemo

l memTest

M timerAndGpiolnterruptDemo
l userinterruptDemo

M writeFlash

EfxAxi4Example

EfxAxi4Example

000

Existing Code Location

=5 EfxAxi4Example

| DARISCVArelease-v1 .1\core\soc7Ruby\soc7Rubyﬁsw\software\standalone\Efx| Brovfse...

Languages

e He++

Cross GCC
GNU Autotools Toolchain
RISC-V Cross GCC

Show only available toolchains that support this platform

@

Cancel




EiREER

3 &import 0 X = Import
File
1 - Import
Alteshiftns | | St M B
H Import C/C++ project settings ® =22 Ruby sw > config Import

Recent Files Settings file

Select an import wizard:

R L Import C/C++ project settings

Close Ctrl+w
Close All Ctrl+Shift+w bl !

Select Proje

OneDrive - Efi-: =i

= B project_settings_ruby.xml
Select Configuration & s F = gs_ruby

% Default (Active)

D:\RISCV\reIease-ﬂ.1\core\sDciRuby\socﬁubyﬁsw\conﬁg\projec‘ iBrowse...

Select Project

Select Configuration

i 2

: Save Culs | 3 "
|, Save As.. v BC/C+H+

Vi save All Ctrl+Shift+s okl g

&5 EfxAxidExample

% Default (Active)

Revert ZIC/C++ Project Settings
— Select settings to import
Move... - 2 o
.. £ ?Exmmg Code af Makefile Project
4 Refresh 5 &G6it

Convert Line Delimiters [§b Enstall

(z0omph

=RPM SelectAll | Deselect All

\ 2 Dun/Mahus

SR EF inishZY =P E S s
iV | nclud eI NTTRRS
IR ) B8 A%

| Properties Alt+Enter

i Switch Workspace > 4 - .
! Restart @ < Back
it @ <Back Finish Cancel

Select settings to import

o M Include Paths
< Work (D) # Symbols
SZHEN):
Next> Finish Cancel Select All || Deselect All
?) < Back
& soc Ruby - Eclips
File Edit Source Refactor MNavigate Search Project Run Window Help
T
- ~ || No Launch Configurations ~ | on: ~ mi = | & - -
il - - - ~ |
BE% Y| 8 =0

[t Project Explorer &2 | ‘5 Connections

L L

b &l Includes
iz Di/RISCV/release-v1.1/corefsoc_Ruby/soc_Ruby sw/bsp/efinix/EfxRubySoc/app
= D:/RISCV/release-v1.1/core/soc_Ruby/soc_Ruby_sw/bsp/efinix/EfxRubySoc/include
iz Di/RISCV/release-v1.1/corefsoc_Ruby/soc Ruby sw/software/standalone/driver
= Dy/RISCV/release-v1.1/SDK_Windows/riscv-xpack-toolchain_8.3.0-1.1_windows/include
iz Dy/RISCV/release-v1.1/SDK_Windows/riscv-xpack-toolchain_8.3.0-1.1_windows/lib/gcc/riscv-none-embed/8.3.0/includ}
= D:/RISCV/release-v1.1/SDK_Windows/riscv-xpack-toolchain_8.3.0-1.1_windows/riscv-none-embed/include

ie] D::’RISCV{reIease—w.USDK Windows,’riscv—xeack—toolchain 8.3.0-1.1 windDwsfriscv-none—embed{include:sxs

2= src

[& makefile

Next >

ancel




1IZBdebugfmiEHX

Name: DEBUG|

e filter tex] Environment % il

General ~

. . v O/ Environment variables to set v 4
‘ 0 Run v ‘ ‘ Eﬂeﬂ New Window ﬁ W7 | Appearance i Jakic
) . Edltor > Arduino DEBUG i 7 :
i# Debug 5 Project Explorer & Autotools - Edit..

Appearance > ~ uid s = - i
v 5 EfxAxi4Example build Tagfets ]

Build Vgiables Undefine

o incudes howien ' evronmen. | 3
& build Perspective >

Value: ‘nﬂ | Variables

Makefile Editor

v &src Navigation 2 > Settings

Name: DEBUG 0G|

i CMake
[¢ main.c Code Analysis Value: no |

Variables

Preferences Code style @ Append variables to native environment
& makefile Core Build Toolchains S T
Debug
Docker Container v

@ b 6 Apply and Close Cancel ‘

Restore Defaults Apply

Cancel

DEBUGOGHSJESR=RY =&V




SE—iRIE »

- RS ARTIEwIFEL,
g kmClean Projectss
X F- 2 15

Problems &
CDT Build Consol

Bt v S

Open in New Window

Show In Alt+Shift+W >
Show in Local Terminal >

= Copy Ctrl+C
Paste Ctrl+V

* Delete Delete
Remove from Context Ctrl+Alt+Shift+Down
Source 2
Move...

Rename... F2

Build Project | Incremental Build of Selected Projects

Clean Project

Z1 Refresh 2 ‘—Ef EE‘ % %Qi F5
Close Project PARNY

Close Unrelated Project

Build Targets >
Index >
Build Configurations >
Profiling Tools >
O RunAs »
45 Debug As >
Profile As >

Restore from Local History...
#* Run C/C++ Code Analysis

Team >
Compare With >
M Validate
Configure >
Source >
Properties Alt+Enter
Ta ! Properties 4 4B HEE= #BE~-N~=t

le [EfxAxi4Example]

14:34:15 **kx
make all

CC src/main.c
CC ../common/

Build of configuration Default for project EfxAxidExample ****

start.S

Memory region

Used Size Region Size %age Used Q - ‘X >, I
ram: 4300 B 124 KB 3.78% 3 _[/:]:

14:34:17 Buil

d Finished. @ errors, @ warnings. (took 1s.522ms)



S AdebugfLBEE

New

Go Into
1 E%ﬁi Open in New Window

Show In

Show in Local Terminal

Copy

Paste

® Delete

Remove from Context

Source

Build Project
Clean Project
| Refresh
Close Project
Close Unrelated Project

Build Targets
Index

& Import Launch Configurations

Import Launch Configurations

Alt+Shift+W >
>

Ctrl+C

Ctrl+V

Delete

Ctrl+Alt+Shift+Down
>

Select

Import launch configurations from the local file system.

Select an import wizard:

E4g

type filter text

= C/C++
= Git
= Install
= Oomph
= RPM
~ (= Run/Debug
5 8

F5

Import launch configurations from the local file system

@

T@J

From Direg;

-/RISCV/release-v1.1/core/soc_Ruby/soc Ruby sw/config

1= config

<

[l default_softTap.launch
= default.launch

<

Browse... mtory: |D:jRISCereIeasefv1 .1,’corejsoc_Rubyjsoc_Rul:‘

= Import Launch Configurations

Import Launch Configurations

@ You must select at least one configuration to import

nfigurations

?bd

Browse...

| []& config It

8/n) ik

—_—

[] Overwrite existing

nch configurations without warning.

Cancel

] overwrite existing launch configurations without warning.

C/l < Back

Next >

Finish

Cancel

Import Launch Configurations

Import launch configurations from the local file system

Y@J

From Directory:

Browse...

[] ©verwrite existing launch configurations without warning.

@ . Back Next >

= Import Launch Configurations

v 1R

soc_Ruby

OneDrive - Efinix

| § bsp

'} config

L} fig_linux
W software

= fteahE

=1
=@
ip Windows (C:)

- Work (D)

Cancel




iﬁ.lgd eb Ugﬁﬂ%‘ﬂﬁ-lu\

-fxAxidExample

Create, manage, and run configurations @_
New >

Open in New Wmdow

Debug Configurations

Show In Alt+Shift+w >
Show in Local Terminal > Name: |default |

| B EO}iy E:V:*‘C/ Efilewer x Main| % Debugger . & Startup] B Source} d gcmmon} Fa SVD Path]

{ aste rl+ A

{ X Delete Delete [£1¢/C++ Application OpenOCD Setup ~

! Remove from Context Ctrl+Alt+Shift+Down [E] ¢/C++ Attach to Application Start Open0OCD locally

H Source > C/C++ Container Launcher | 8

i :;Aeo"\;eme o C/C++ Postmortem Debugger Executable path: |openocd Browse...| Variables...

o [ EI C/C++ ReTnote Application Actual executable: |openccd |

1 & Export... Cii ¢/C++ Unit (to change it use the global or workspace preferences pages or the project properties page)

| Build Project [=] GDB Hardware Debugging GDE port:

Clean Project [©] GDB Jumper Debugging [peIns

i ] Refresh F5 - i Telnet port:

i . [©] GDB OpenQCD Debugging elnet po

! Close Unrelated Project [ default Tel port:

H Build Targets > [c] default_softTap e s

Index > [£] GDB PyOCD Debugging

Build Configurations [£] GDB QEMU Debugging

[c] GDB SEGGER J-Link Debugging

Profiling Tools
Allocate console for OpenOCD IR llocate console for the telnet connection

ug [ 1 C/C++ Container Application % Launch Group
! (] 2 Local C/C++ Application # Launch Group (Deprecated) GDB Client Setup
| 2 Restore from Local History... ug Configurations... Start GDB session
| 4’ Run C/C++ Code Analysis
| Team > Executable name: |riszv-none-embed-gdb / \ Browse...  Variables...
H Compare With > 3 - 4
1 ¥ validate Actual executable: |r|scv-none-embed-gd|:/ \ |
1 - \
| Confi > Other options: | / \ |
H Soygle > - N
forcriics Alt+Enter Commands: set me; ccessible-by-default off

ch riscvirv32
set remotetimeout 250

iote Target \ 8
Hact nama ar 1B add lncalhnst hd
" Apply

& Debug Configurations

Create,

CERBX BT~ — F\ | / er matched 16 of 16 items
‘WPE filter text ‘ 3= Debugger — m Path|
[E] C/C++ Application . @ Close
[e] C/C++ Attach to Applicatfon
C/C++ Container Launche) |EfcAxi4Example || Browse..
[E] C/C++ Postmoertem Debuggel C/C++ Application: I;
[€] C/C++ Remote Application ‘build\EfoxiJfExample.elf ~
i C/C++ Unit

il || —— B R T B A5 IERf AR it elf e h, AT DLE I ) U 2 ik 4%

@ D Deb
[=] default ebugging Build Configuration: | Use Active -
Tap O Enable auto build O bisable auto build

AT | R SRR g L SR 1 e e e 1 O 1

t|S{workspace loc}

@ Launch Group

& Launch Group (Deprecated) ¥
< >

Filter matched 16 of 16 items Eeve Apply

@
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On/Off Switch
——— PMOD
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Clock Select = User Pushbuttons
HOMI 53 and Switches
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SPINOR
Programming

SMA Connector Reset
LVDSTX  puyshbutton LVDS RX




Figure 5: Connect the UART Module to PMOD Connector J12

e %ﬂu"d UART USB
RX to USB  Eortmrate;
Module
Ground GPIOT_RXP20
12108 6 4 2

Switch




Demo

- DemoiHix
— EfxAxidExample
— EfxApb3Example

- B

— OpenOCD
— Efinity programmer




EfxAxi4Example

. Axid slave’s  BYNYERISNINIE
Axi4 )\ 1 BRAM Localbus

T




EfxAxi4Example

void main() {
u32 data;
bsp 1nit();

uart writeStr(BSP_UART TERMINAL, "AXI4 Slave Example‘\n\r"});
gpio_setOutputEnable(BSP_LED GPIQO, BSP_LED MASK);
gpio_setOutput(BSP_LED GPIO, 0x00080000);

for (int 1=0; 1 < 40 ; 1 = 1 +4 ){

write u32(i, SYSTEM AXI A BMB + 1);

data = axi_slave read32(SYSTEM AXI A BMB + 1i);
print_hex(data,8);

bsp uDelay(LOOP_UDELAY) ;

}

while(1){
gpio_setOutput(BSP_LED GPIO, gpio getOutput(BSP_LED GPIO) ™ BSP_LED MASK);
bsp _uDelay(LOOP_UDELAY);

}




EfxApb3Example

APB3 [ apb3_5|avef{?§FF%ﬁﬁ FF Localbus apb3LED ,
#5LocalbustZ L% 45
apb3MemoryStart
memoryCheckerPass

memory -
checker memoryCheckerDone

a
—




EfxApb3Example

void main() {
struct example apb3 ctrl reg cfg={0};
bsp init();

gpio_setOutputEnable(BSP_LED GPIO, BSP_LED MASK);
eplo setOutput(BSP_LED GPIO, 0x00000000);

uart writeStr(BSP_UART_TERMINAL, "Enabling Memory Checker\n\r");
cfe.examplelLED = 1;

cteg.exampleMemoryStart = 1;

example register write(&cfg);

while(1){
eplo_setOutput(BSP_LED GPIO, gpio getOutput(BS5P_LED GPIO) ™ BSP_LED MASK);
bsp uDelay(LOOP_UDELAY);




OpenOCDE{LER &

STEP 1
1. FTFFCMDHTHIL
CD iﬁ)\SDKH’ch% EB

1&{Tsetup.batfig %

CD #E AN T #Esoc_Ruby sw H %
1517 openocd.exe -f bsp\efinix\EfxRubySoc\openocd\ftdi.cfg -c “set CPUO_YAML cpuO.yam!” —f

bsp\efinix\EfxRubySoc\openocd\flash.cfg

s wWwnN

STEP 2

1. ¥JFFCMDAtHHI2
iZ4T telnet localhost 4444

CDIE N 75 Z RS HIBINSCAT BT £ 1) H 5%

i&17 flash write_image erase unlock <filename>.bin 0x38000017 &

2.
3.
4.

STEP 3
1. fECMDYtH2: i&{Texit
2. {ECMD#tI1: CTRL+C




Efinity programmerEl{tER{4F

STEP 1
1. iz4Tbin2hex.py
2. 1E$EN K A bin SO 58 B S I 4 R
3. TEIER N N hex A 75 EEAT TR B AZ AN 44 K
4. SERREAEDIn - FFPGA bitstreamF% =054

1. JIZ4TEfinity Programmer

2. fEStart Flash Addressfii N ¥ {-APPH AL an 7 &

3. EFEHATbini )5 hex XA, 1B Mbitstream

4. HiRkS

5. %5 5E AL JG Programmer & H R B IR B 1%, X e KA R DL S M hex XA IR A & H 1E FIFPGA bitstream,
A] DL ZWE F XA R PR S
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