VLSI System Design (VSD)

VSDSquadron PRO

powered by SiFive

Step into the future with the VSDSquadron PRO board, powered by
SiFive - where RISC-V ISA meets education, providing a dynamic
sandbox for hands-on innovation in AI, ML, IoT, and edge computing
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Getting Started

1

Getting Started

The VSDSquadron PRO RISC-V development board - Features and specifications:

Tailored for IoT and Edge Computing: The FE310-G002 is designed with students in
mind, offering an ideal platform to explore IoT and edge computing applications

High-Performance CPU Core: Powered by the SiFive Essential™ E3 Series CPU Core
Complex, featuring a 32-bit RV32IMAC core, students can dive into real-world performance
while learning RISC-V architecture

Memory for Enhanced Learning: With a 16KB L1 Instruction Cache and a 16KB Data
SRAM scratchpad, the board allows students to experiment with data processing and efficient
instruction handling

Hardware Multiply/Divide: Equipped with hardware multiply and divide capabilities, it
helps students grasp essential computational functions for advanced projects

RISC-V Debugging Made Simple: The debug module, fully compatible with the RISC-V
debug spec 0.13, simplifies the debugging process, making it easier for students to identify and
fix issues in real-time

Flexible Clock Generation: On-chip oscillators and PLLs provide flexible clock generation,
giving students practical experience with system timing and frequency control

Diverse Peripheral Support: The FE310 offers a rich set of peripherals, including UARTS,
12C, QSPI, PWMs, and timers, enabling students to connect various external devices and
expand project possibilities

Power Efficiency: With multiple power domains and a low-power standby mode, the board
is optimized for hands-on student projects that require energy-efficient solutions

Versatile Applications: Whether for building IoT devices, exploring machine learning at
the edge, or developing low-power embedded systems, the FE310 provides a robust platform
for learning and experimentation

The VSDSquadron PRO board, powered by the FE310-G002 chip, is designed for IoT and edge
computing. It features a 32-bit RV32IMAC core, 16KB L1 cache, and Data SRAM, along with
flexible clock generation and multiple peripherals. With hardware multiply/divide functions and a
RISC-V compatible debug module, it supports energy-efficient, low-power standby modes, making
it ideal for a variety of applications.

1.1

Kit Contents

The following table number 1 lists the contents of the VSDSquadron PRO RISC-V development
board.
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Item Quantity

VSDSquadron PRO RISC-V development board featuring the 32- 1
bit RISC-V core FE310-G002, from SiFive, based on RV32IMAC
instruction set

Table 1: Kit Contents

1.2 Block Diagram

The block diagram shown in Figure 1 shows the key components of the VSDSquadron PRO RISC-V
development board.

3.3vLDO 1.8vLDO

Reset Button

Wake Button

FT2232 SiFive FE310-G002

GPIO Header

Figure 1: VSDSquadron PRO RISC-V development board Block Diagram

1.3 Web Resources

For more information about the VSDSquadron PRO RISC-V SoC device, refer to FE310-G002
RISC-V SoC Datasheet and FE310-G002 Manual

1.4 Board Overview

The VSDSquadron PRO RISC-V development boards features a RISC-V SoC with the following
capabilities:

o 48-lead 6x6 QFN package
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On-board 16MHz crystal

19 Digital IO pins and 9 PWM pins
2 UART and 1 12C

Dedicated quad-SPI (QSPI) flash interface
e 32 Mbit Off-Chip (ISSI SPI Flash)
e USB-C type for Program, Debug, and Serial Communication

The following illustration in Figure 2 highlights various components of the VSDSquadron PRO
RISC-V development board.

Reset button
User LED

SiFive FE310-G002 Wake button

USB to Serial Converter

T

Power LED

USB C-type

Programming LED

-
-

T

—_——

32MBit SPI Flash Memory

Figure 2: VSDSquadron PRO RISC-V development board

1.4.1 Form Factor
The following are the dimensions of the VSDSquadron PRO RISC-V development board.

e Form factor is 84.00 x 52.00 mm
e Maximum height of the component at the top side: 8mm

e Maximum height of the component at the bottom side: 1mm
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1.4.2 Table 2 shows FE310-G002 RISC-V SoC 10
tion Interfaces

Bank Assignment for communica-

Pin GPIO PWM SPI UART 12C
Name

100 01/0 PWMO0.0 O

101 11/0 PWMO0_1 O

102 21/0 PWMO0-2 O SPI1_SS0

103 31/0 PWMO0.3 O SPI1_MOSI

104 41/0 SPI1_MISO

105 51/0 SPI1_SCK

109 91/0 SPI1_SS2

1010 10 I/0O PWM2.0 O SPI1_SS3

1011 11 1/0 PWM2_1 O

1012 12 1/0 PWM2_2 O 12C0_SDA
1013 13 1/0 PWM2.3 O 12C0_SCL
1016 16 1/0 UARTO_RX I

1017 171/0 UARTO0.TX O

1018 18 I/0O UART1.TX O

1019 19 1/0 PWMI_1 O

1020 20 I/0 PWM1.0 O

1021 21 1/0 PWM1_2 O

1022 22 1/0 PWM1.3 O

1023 23 1/0 UARTI_RX I

Table 2: FE310-G002 RISC-V SoC IO Bank Assignment
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1.4.3 The following table 3 lists the important components of the VSDSquadron PRO
RISC-V development board

Board VSDSquadron PRO

Microcontroller FE310-G002 chip with 32-bit RISC-V
core based on RV32IMAC instruction set

USB connector USB 2.0 Type-C

Built-in LED Pin GPIO 19, 21, 22

Digital I/O pins 19

Analog I/0 pins The FE310-G002 has an I2C controller to

communicate with external I2C devices,
such as sensors, ADCs, etc.

PWM pins 9

External interrupt pins 19

External Wakeup pins 1

UART 2, 1016 and 1017 (RX0 and TXO0), 1023
and I018(RX1 and TX1)

12C 1, I0O12(SDA), IO13(SCL)

SPI Controllers/HW CS Pins 1/3, I05(SCK), 102(SS0), IO3(MOSI),
104(MISO), 109(SS2), 1010(SS3)

I/0 voltage 3.3V

Input voltage (nominal) 5V

Clock speed Processor: 320MHz

Flash Memory 32 Mbit Off-Chip (ISSI SPI Flash)

Table 3: Specifications of the VSDSquadron PRO Board

1.5 Handling the Board

To avoid causing any damage or malfunctions, it is important to be mindful of the following points
when handling or operating the board:

e To prevent any damage, make sure to handle the board while taking electrostatic discharge
(ESD) precautions.

e Power down the board by disconnecting the board from USB port

1.6 Operating Temperature

Designed for Room Temperature. The standard range for room temperature in Celsius is typically
considered to be between 20 to 35 degrees Celsius (or 68 to 95 degrees Fahrenheit).

1.7 Powering Up the Board

Connect the Type-C end of USB cable to the board as shown in below image and refer to Installation
and Settings for programming the board. Do this step after software installation, which is a time-
consuming process
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Figure 3: Micro-C end of USB cable connected to board
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2 Installation and Settings

This section provides information about the software and hardware settings required to run ”sifive-
welcome” on the VSDSquadron PRO RISC-V development board using Freedom Studio

2.1 Download drivers

e Download Zadig from https://zadig.akeo.ic/

e Open Zadig from the location of the folder where you downloaded it. Click on ”Options” tab
and select ”List All Devices”. Then select "Dual RS-232-HS (Interface 0) as represented by 2
in Figure 4. Choose "libusb-win32” software as represented by 3 in Figure 4. Finally click on
”Install or Reinstall Driver” as represented by 4 in same Figure 4.

E Zadig - X
Device Options Help
~ ListAll Devices

Intell v Ignore Hubs or Composite Parents v Dedt
v Create a Catalog File
Drivet — 5 e More Information
ign Catalog & Install Autogenerated Certificate \WinUS8 (ibush
USBIL Advanced Mode Lesbn s
Log Verby
wep  Log Verbosity ] WinUS8 (Mirosoft)
No new version of Zadig was found
£l Zadig - X

Device Options Help

Dual RS232+HS (Interface 0) v Dedt

Driver  libusb0 (v1.4.0.0) P lbusb-win32 (v1.4.0.0) = cjjnformation

Wusb-win32
libusbK
WinUSB (Mirosoft)

USBID 0403 6010 00
5 RenstallDriver  [v
wep? X

9 devices found. @

Figure 4: Steps to install driver using Zadig

2.2 Extract Freedom Studio from VSDSquadronPRO Tar GZ file

e Download Freedom Studio, preferably on the D: drive or C: drive, from https://forgefunder.com/ ku-
nal/VSDSquadronPRO.tar.gz.

e Right click on VSDSquadronPRO.tar and click on ”Extract All”, as shown in Figure 5.

e Select the destination folder and click on ”Extract”.
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https://zadig.akeo.ie/
https://forgefunder.com/~kunal/VSDSquadronPRO.tar.gz
https://forgefunder.com/~kunal/VSDSquadronPRO.tar.gz

Installation and Settings

Open
© Share with Skype
Add to Favourites

Extract All...

7-Zip >
‘ Scan with Microsoft Defender...

Open with >
|“| PDFsam Enhanced 7 >

Copy as path
Share

R

Restore previous versions

Send to >
Cut

Copy

Create shortcut

Right click here Delete

Rename

Properties

VSDSquadronPRO.tar redrevest 11y AVI

Figure 5: Freedom Studio Extraction step from VSDSquadronPRO.tar.gz

2.3 Run example ”sifive-welcome” program on VSDSquadron PRO board

e Go to folder highligted in Figure 6 and you should see all required files as shown in same Figure
6

ion folder] > 0 > 1-x86_ ing\ > fio-3-1-1 >

N sont View

B epivio
B Freedomstudio-3-1-1
&) Freedomstudio-3-1-1

@) Freedomstudio-3-1-1c

) libssp-0dil
3 libstdcs +-6all
) libwinpthread-1.dil

B notice

Figure 6: Freedom Studio 3.1.1 extracted folder structure

e Double Click on ”FreedomStudio-3-1-1” represented as 1 in Figure 7. In case you get the green
box which is represented as 2 in the same Figure 7, click on "More Info” and then click on
"Run anyway”. After that, you would see the ”FreedomStudio” software launched as shown
in same Figure 7 represented by 3
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configuration 8/30/2024 10:14 AM File folder

doc 5/21/2024 File folder

features 5/21/2024

e
P2 Py \Vindows protected your PC
plugins
readme
SiFive

[1) ecipseproduct

[ artifactsxr

B epl-vio

4] FreedomStudio-3-1-1
[®] FreedomStudio-3-1-1c
[=] fs-headless

[%) tibgee_s_seh-1.dll
[2) tibssp-0.dil
[2) libstdc++-6.dll

] libwinpthread-1.dl

Application extens.

Firefox HTML Doc

B notice

Figure 7: FreedomStudio GUI launch in 3 steps

e Create and select a directory as workspace, then click on ”Launch” button as shown in Figure
8:
&3 FreedomStudio-3-1-1 Launcher X

Select a directory as workspace

FreedomStudio-3-1-1 uses the workspace directory to store its preferences and development artifacts.

Workspace: | D:\projects v Browse...

Use this as the default and do not ask again

~ Recent Workspaces
Figure 8: Workspace Creation

e Create a new Validation Software Project. Select the SDK, sifive-hifivel target, example and
Create a debug launch config as shown in Figure 9
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B Creste an example project o x
Use this SOK. \
10000 <1 (x
ol
SelectTorget:
sive-hivel S
(D) Use the BSP from the SDK when building this project
en K
(1) Use the Metal Library from the SDK when building this project @ s
Unehieekihls o
Select Example P
nsins O .
Run SifiveTools Window Help . "
» B Createa Sifive Deliverable project... B|E@4-0-F-id-if-F-OCI e sifive-welcome "
@ Manage Freedom Tools packages...
9 - packag 3 B Console X [£ Problems Select Metal Toolchain (RISCV_PATH)
Import Deliverable Wizards > Freedom Studio Meccane Concole Gomdied c
Create a Software Example Project > Create 2 new Validation Software Project q - .
Freedom DeviceTree Tools > Create a new Freedom SDK for Metal Software Project ey
Start 2 new Core Design Create a new Freedom SDK for Linux Userland Software Project debug
Goto my Core Desi - QEMU o use for GMPC-QEMU Launc
oto my Core Designs - e = oo Select QMPC-QEMU to use for GMPC-QEMU Launch Type
Program FPGA image to target... - ion: 3.1.1 (Bundied) CAFS\FreedomStudio-31-1\SiFive\riscv-gmpe-gemu-212. | Browse...
Torget and Driver Utilties > = User Guide
- Freedom Tools Packase Manager Options
Project name. sfive.pifve! sifve_welcome D)
(you can change the project location on the next page) o
Bsuidthe poject
@ Create 3 debug launch configuration for]  Open0CD. S e
©) e [ e Cane

Figure 9: Create New Software Project

e Once you click the ”Debug” button from above step, you would see the ” Debug Configuration”
window. Connect VSDSquadron PRO board to your laptop, click on ”OpenOCD” tab and
then click on "Debug”. See Figure 10 for more details

& Edit Configuration C

Edit configuration and launc| ﬁ\_

Name: sifive_hifive1_sifive_welcome_openocd
[2 Main | # Target DTS | # FPGWDB # Startup 3 Options| & Config| &~ Source| ] Common
Connection Status
(D) Monitor Probe Status  Monitoring FTDI status...
() Monitor Digilent Status Monitoring Digilent status..

Open Driver Wizard

OpenOCD Setup
Start OpenOCD locally (@) Open SSKB  Launch OpenOCD Externally... Copy OpenOCD Command Line
Executable path: ${openocd_gdbserver} Browse... Variables...
Actual executable: D:VSD! \f i0-3-1-1-x86_64-w64-mi 3 io-3-1-1\SiFive\riscv-openocd-2.1.0\bin\openocd.exe

(to change it use the global or workspace preferences pages or the project properties page)
Ports GDB 3333 Telnet 4444 TCL 6666 Timeout 15
Secure DM Key @ This target does not have a secure Debug Module. No passkey is required.
External auth command Use default PKSD client script
JTAG Protocol JTAG ~ @ The BSP does not indicate what protocol to use. Choose wisely!

Figure 10: Steps to open debug session using OpenOCD

e Optional - If you don’t see the ”Debug Configuration” window by default OR if you want
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to run another debug session, the click on Debug button as shown in Figure 11 and click on
"Debug Confgurations”. Then click on ”OpenOCD” tab and hit the ”Debug” button. Refer

to Figure 11 for more details

' Detug Confguratons o x
Creste, manage, and run configurations. i @
ERBEXI BV~ Mame:_séve e sfive welcome_openocd
ype ket ) Mein @ Torget DTS | @ FPGA| 5 OpenOCD| 15 GDB | - Strup] 3 Optons| ) Conti . Source] ] Common)

Connection satur
(3 Monior Probe tatus - Monkoring DI et
Moritor Dighent Status Monioring Dighent ot

@ Siive GDB OpenOCD Debug Launch
) 1 sie_welcome_openocd
© SFie GDB OpenOCD Tp Launch
© Sie GOB OpenOCD Tp Launch Grovp.

Open Dver iz

 SFove GOB MU DebupgingLEGACT OpenocD S
S o b (2) Opens® | Lo 0penOCD temay... | Copy OpenOCD Commandine
- c © S GOB 554 FPGA st Dibuggin

‘ BB HvO-H~ @ ¢ 40 Sommminrm Becepit  Siopenoct gbuene Bowse. |

© S GOBSsemC-CEMU Deusggng 9ECA || Actmlmecuable: _CAPS\rdomStudio-31-\SFveirapenoct 21 binopenocdne

Console Pors o8 3m Tene st T s Timeout 15

*Build Cons SeareOMKey ® T trget doss ot hve secure e ModuleNo ey e

“LDFLAGS Debug As > 3 et sthcommand Use et PO cert gt

- sect N R TAG Protocol a6 ~ ® The BSP does notindicate what protocolto use. Choose wisly!

:/P"OZ!EC Debug Configurations... - TG Comecion TG Probe 7] © Comecionis éfmdinthe cpmnod cnbg .

Z/project s § . OpenOCD ConySrpt [ xpopemocaiy ] [Pt ) (Wospae-) (e 1ol
LDLIBS= Organize Favorites... Acuspatn Openineter
FREERTOS_METAL_VENV_PATH="/C/projects/Cu Ot oo -

8 Open telnet terminal i

Fites matched 1001 2 tems

@

Figure 11: Alternate method to open debug session using OpenOCD

e You should see the debug window shown with 1 shown in Figure 12. To run the program, click
on the "Run” button as represented by 2 in the same Figure 12

I wleBsesO@ -5~ R l] TG
B8 718 1 =0 ©comole x (£ roblems 8% O+~ 0 %Debug x @DebuggerComsole % Breakpoints B wi=o
el sifie welcome [sw | ifve-hfivel]  Freedom Studio Message Console @ sifive_hifive1.sifive_welcome_openocd [SFive GDB OpenOCD Debug Launch]
© Build Targets monitor reset init « B sifve-welcomealf
& Binaries monitor halt . + 4 Trread #1 Suspended : reakpoint
5 Symbol-file D:\\proj _hifivel_sifive.s -ve =
£ Archives fymbol scts\\sifive hifivel five-we = main( at ifive-welcome.c9 0x20101542
 Includes thread opply all set Spc=_enter 5 openocdexe
& freedom-metal/sc Soresk o 8 riscvbd-unknown-elf-gdb.exe
v @ Set men inaccessible-by-default off
& debug continue
@ sifve-weicome.
UCeNsE
LICENSE Apache? — .
UCENSEMIT ve-welcome.c X = O = Disassembly X 2 Outlne Enterocationhere || £ &0 BRI 94 § = O
» Makefie metal_led_of (which_led); 20001500:  0x1000 addi  50,5p,32
READMEmd & Ledp_ced'~ aetal led get_rgb("L00", "red");
o 2 © 20101542; 0x20100767 | 1ui___ 5,020160
5 int main (void) TOTSTST TT——aT,35, 755 ¥ Oz01006dc
& freedom-metal TS,
cedom meta 4 2010150a: 0x2010077 lui  a5,0x20100 !
@ scipts int rc; 2010154e: 0x6e078513  addi  0,a5,1760 # 0x201006e0
¢ Trace Compass struct metal_led *ledd_red, *ledo_green, *ledo_bluey 20101552: 0x721000ef  jal  ra,0x20102472 <metal led_get_reb>
» debugmk 20101556: Oxfead2623 su_ a0,-20(s0)
» freedom-e-skmk % ledo_green = metal_led_get_rgb("L0G", "green”);
Makefie 2010155a: 0x201007b7 lui  5.0x20100
0 metal_Ted get_rel « >
releasemk
metal_led_get_rgb("L00" =
s ! © Trace Viewer 9 Teminal X ® State Browser GRON MR bre=0

requirements.txt
 sifive_hifive1_sifive_welcome_openocd.aunch

= NULL) || (ledo_greer
least one of LEDS is null.

1 ((1edo_re
printé("
return 1;

}

metal_led_off(ledo_blue);

1) 11 (ledo_blue == ML)
)5

©COM6 | @ TCsifive.hifive1 sifive_welcome_openocd X
mhpmcounter3 (/32): 0x00001234

mhpmevent3 (/32): 0x00000000

mhpmcounter3h (/32): 0x00000000

mhpmcounter3 (/32): 0x00000000

mhpmcounter3 (/32): 6x00000000

o Voriabl... X ¥iRegist % Expres. O Memor. < 8 // Enable each LED
80l o metal_led_enable(ledo_red); mhpmeventd (/32): 0x00000000
Nome. oo Vave metal_led_enable(ledo_green); mhpmcounterah (/32): 0x00000000
! metal_led_enable(ledo_blue); mhpmcounterd (/32): 0x00000000
e int Ox73fdfdct 01 meycleh (/32): 0x00000000
®ledOred  stuctmetalled®  0x20100204 ALl Off mcycle (/32): 0x00d366f7
o led0green  struct metalled* 020100322 o netal_led_off(ledo_red); minstreth (/32): 000000000
o ledOblue  stuctmetalled*  Oxédbb6ges 04 metal_led_off(ledo_green); minstret (/32): 0x003faddd
¢ mhpncounter3h (/32): 0x00000000

Lets get the CPU and its interrup

cpu

Connected - Encoding: windows-1252

e t
= metal_cpu_get(metal_cpu_get_current_hartid());

mhpncounterdh (/32): 0x00000000
mhpmcounterd (/32): 0x00000000 ]
>

Figure 12: Steps to run sifive-welcome program and observe output

e If you see a message ” You have an active OpenOCD debug launch. Would you like to terminate
that one and continue this one?” as shown in Figure 13, click on ”Yes”. Finally, you would see
”SiFive” as output in the Com terminal represented by 2 in same Figure 13. The blue LED

on VSDSquadron PRO should blink after this step.
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& Active launch detected
bl

You have an active OpenOCD debug launch. Would g

) continue this one?
{ () Aiways do this in the future
3

n

ate that one and.

No

B8 2 %-0-B-®5- sDuun

% 71@ 1 =8 @comole x & poblems

Q=@
Iwi=0

e x|

#| @ v v =5 5Debug x @Debugger Console % Breakpoints
& sifve_five1_sifve_welcome_openocd [SFive GDB Open0CD Debug Launch]

monitor reset. init © @ sive-welcomeet
monitor halt 9 Trvead #1 (Runing : Use Reques)
sysbol-file  hifivel_sifives 2 operordene
Tosd 0: - hifivel_sifive e
thread apply all set $pc-_enter o
set men inaccessible-by-default off
continue
» ucense
ucens:
ucensem @ siive-wekcomec X o0 e ocation here @RI =8
» Mateie 50 metol_led_off(which_led); Noa
REAOMEmS 81 -
@b
— sain (void)
srips int re;
¢ Trce Compass struct metal_led *ledo_red, *ledo_green, *ledo_blue;
» detus,
» freedom-e-sakmk // This demo will toggle LEDs colors so we define then here
& vaterie Tedo_red = metal_led_get_rgh("L00", “red); o
P ledo_green - meta] led_get_rgb("L0J", “green”); E O
. lede_blue = metal_led_get_rgb("100", *blue"); E glene-
o ek 1F ((1ed0_red == WULL) || (ledo_green == NULL) || (led®_blue == NULL) i verminat X (ECRES & @l e
requicementstxt s printF("At least one of LEDs is null.\n"); TcLsive et sfve welcome_openocd
3 sife e sivewelcome_openocalaunch o return 1;
SIFIVE, TiC.
rVarabl_ x iRegis S Epres. OMemor. = 8 M 57 // Enable each LD ss55s58s5ss8sssssssasssss
%eir 8 metal_led_enable(ledo_red); 5555 5555
- 99 metal led_enable(ledo_green); 5555 5555
tame e . 100 metol led_ensble(ledo blue); 5555 5555
o1 S35 ssssssusssssssssssssss
o2 /7 An o 5355 595555s55s5s5559585S
100 metel_led_off(ledo_red); 5555 55
10 metal led_off(ledo_green); 5555 5555
105 led_of(ledo_blue); 5555 5555
os 5555555555555555555555555555 55555
107 1/ Lets get the CPU and its interrupt 59555 ssss5s 55555
108 cpu = metal_cpu_get(etal_cpu_get_current_hartid() ssss5 sssss 55555

Figure 13:

Run program and see

output
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Board Component Placement

3 Board Component Placement

The following figure shows the placement of various components on the VSDSquadron PRO RISC-V
development board.

3.1 VSDSquadron PRO top view
The following Figure 14 shows the top view of the VSDSquadron PRO RISC-V development board.
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Figure 14: Silkscreen Top View

3.2 VSDSquadron PRO bottom view

The following Figure 15 shows the bottom view of the VSDSquadron PRO RISC-V development
board silkscreen.
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Figure 15: Silkscreen Top View
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Revision History

4 Revision History

The document’s revision history provides a record of the alterations made to it, listed in chronological

order, with the most recent revision first.

Revision Date

Description

1.0

This is the first publica-
tion of this document

Table 4: Revision History
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Help and support

5 Help and support

e Contact email ID - vsd@Qvlsisystemdesign.com

e Ouline Slack support - https://vsdsquadron.slack.com/
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