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Revision History

Date

Version

Description

01/16/2020

1.0E

Initial version published.

03/13/2020

® MCU supports GPIO of Wishbone bus interface.

MCU supports extension AHB bus interface.

MCU supports off-chip SPI-Flash download and startup.

MCU supports the read, write and erasure SPI-Flash.

MCU supports Hardware Stack Protection and Trap Stack Overflow.

06/01/2020

1.2E

MCU on-line debug function supported.
MCU core interrupt handler function enhanced.
MCU core instruction optimized.

07/16/2021

1.3E

The synthesis tool, SynplifyPro, deleted.
The version of FPGA software updated.

02/14/2022

1.4E

The register address mapping of the peripheral Simple UART updated.
The register definitions of the peripheral 12C Master and GPIO updated.
The driver function definition of the peripheral SPI-Flash updated.

The interrupt handler enhanced.

MCU software reference design updated.

IDE software options configuration optimized.

IDE software on-line debug process improved.

The range of ITCM and DTCM Size for GW2AN-9X/GW2AN-18X
modified.

® The reference design of makehex and mergebin added.

08/18/2023

1.5E

Arora V FPGA products supported.

03/29/2024

1.6E

® GW5AT-60 Version A FPGA products supported.
® mergebin tool updated to support GW2AN-18X/9X FPGA products.
® Reference designs for software programming and hardware updated.

06/14/2024

1.7E

Reference designs for software programming and hardware updated.

09/26/2025

1.8E

The version descriptions of Gowin Software and GMD software updated.
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1 About This Manual 1.1 Purpose

1 About This Manual

1.1 Purpose

This manual describes the quick design of Gowin_PicoRV32 hardware
design and software programming using DK_START _GW5A-LV25UG324
V2.0 development board reference design in software development kit,
aiming at helping users to quickly develop Gowin_PicoRV32 hardware
design and software programming design.

1.2 Develop Environment

1.2.1 Hardware Target
® DK _START_GW5A-LV25UG324 V2.0
GW5A-LV25UG324C2/11
GW5A-25 (Version A)
1.2.2 Software Version
® Tested software version: Gowin_V1.9.11.02 (64-bit)
® GMD (GOWIN MCU Designer 2025.01, tested)

1.3 Reference Design
1.3.1 Software Reference Design

Gowin_PicoRV32 provides software programming reference design
for GMD software (2025.01, tested), and you can get the following
reference design through the link:

...\ref_design\MCU_RefDesign\picorv32_demo
1.3.2 Hardware Reference Design

Gowin_PicoRV32 provides hardware reference design, and you can
get the following reference design through the link:

...\ref_design\FPGA_RefDesign\DK_START_GW5A25 V2.0\gowin_pi
corv32

IPUG915-1.8E 1(9)



https://cdn.gowinsemi.com.cn/Gowin_PicoRV32_V1.6.zip
https://cdn.gowinsemi.com.cn/Gowin_PicoRV32_V1.6.zip

2 Software Programming Reference Design 2.1 Software Reference Design

2 Software Programming Reference
Design

2.1 Software Reference Design

Double click to open MCU software, and select "File > Import... >
General > Existing Projects into Workspace" in the menu bar to import the
software programming reference design picorv32_demo, as shown in
Figure 2-1 and Figure 2-2.

Figure 2-1 Select an Import Wizard

W Import O bt
Select \‘
Create new projects from an archive file or directory. H

Select an import wizard:

|t5-'pe filter text |

v = General
JE Archive File
=2 Existing Projects into Workspace
[} File System
[C] Preferences
) Projects from Falder or Archive
(= CfC++
= Git
= Install
= Oomph
= RPM
= Run/Debug

1

GY - = -
'\‘?/' < Back FEinish Cancel
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2 Software Programming Reference Design

2.2 Software Configuration

Figure 2-2 Import Projects

W Import O *
Import Projects —'__ = I

Select a directory to search for existing Eclipse projects. i Af
[OFE Al 8 ity Ml bace\workspace_riscv\picorv32 demojid Browse...

() Select archive file: Browse...
Projects:

picorv32_demo (DA\GMD_2025_workspace\workspace_riscv Select All
Deselect All

< > Refresh

Options

[Jsearch for nested projects

] Copy projects into workspace

[Jclase newly imported projects upon completion

[JHide projects that already exist in the workspace

Working sets

[JAdd project to working sets New...

Selec

l:?} = Back Mext = Cancel

2.2 Software Configuration

Select "ITCM > Boot Mode > MCU boot from external Flash and run in
ITCM" in the gowin_picorv32 hardware reference design.

2.2.1 Boot Mode Configuration

The software programming reference design picorv32_demo defines

the macro definition for config.h as BUILD_BURN (#define BUILD_MODE
BUILD_BURN), as shown in Figure 2-3.

IPUG915-1.8E
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2 Software Programming Reference Design 2.2 Software Configuration

Figure 2-3 Boot Mode Configuration

[H| config.h 22 = 0
e/ ~
2
3 config.h
4 Gowinsemicoductor
5 Gowin_PicoRV32
6 Configurations.

8 “f

El

16 #ifndef CONFIG_H_

11 #define CONFIG_H_

12

13 //User configures MCU boot mode

142 /*

15 * BUILD_LOAD : MCU boot from and run in ITCM

16 * sections.lds

17 * BUILD_BURN : MCU boot from external flash and run in ITCM

1B = sections.lds

19 * BUILD_XIP : MCU boot from and run in external flash

8 * sections_xip.lds

1

2 =

3 #define BUILD_LOAD @ // MCU boot from and run in ITCM, must use sections.lds as linker script!

4 #define BUILD BURN 1 // MCU boot from external flash and run in ITCM, must use sections.lds as linker script!
5 d#define BUILD XIP 2 // MCU boot from and run in external flash, must use sections_xip.lds as linker script!
6

2
2
2
2
2
2
2
2
2
2
3

-

#define BUILD_MODE BUILD_BURN| //must match with hardware IP

L@ W
i

* sections_debug.lds is for debug.

2.2.2 Flash Linker Script File Configuration

Select the current project, and right-click "Properties > C/C++ Build >
Settings > Tool Settings > GNU RISC-V Cross C Linker > General", and
select "sections.lds" as the Flash linker script file, as shown in Figure 2-4.

Figure 2-4 Flash Linker Script File Configuration
) Tool Settings | 3 Toolchains | Devices| [J Container Settings | #* Build Steps Build Artifact| *;

@ Target Processor Script files (-T) & w5 g
(% Optimization
(2 Warnings
(2 Debugging
w @3 GNU RISC-V Cross Assembler
@ Preprocessor
2 Includes
(2 Warnings
(# Miscellaneous
w 8 GNU RISC-V Cross C Compiler
(2 Preprocessor
(2 Includes
(% Optimization
# Warnings
(& Miscellaneous
~ 8 GNU RISC-V Cross C Linker
2 General
2 Libraries
2 Miscellaneous
w 3 GNU RISC-V Cross Create Flash Image
 General
w @3 GNU RISC-V Cross Create Listing
(% General
w B3 GNU RISC-V Cross Print Size

(£ General Do not use standard start files (-nostartfiles)
[ Do not use default libraries (-nodefaultlibs)
[JNo startup or default libs (-nostdlib)

Remove unused sections (-Xlinker --gc-sections)

[ Print removed sections (-Xlinker --print-gc-sections)

[J Omit all symbol information (-s)
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2 Software Programming Reference Design

2.3 Build Projects

2.3 Build Projects

Click the Build " ® ™ button on the tool

bar to build the software

programming reference design and generate the executable file, as shown

in Figure 2-5.
Figure 2-5 Build

# workspace _test - picorv32_demo/src/main.c - GMD - m} b4
Ele Edit Source Refactor Navigate Search Project Run Gowin Window Help
[k |®-& - &] Bi%  OpenProject it~ O~ B~ Qi@ &~
- R == I -t Close Project Q BB
{5 Project Explorer X = B picorvi2.h I s Build All Ctrl+B =8 %o x BT @ = 8
B% 7 525 //0pen Build Configurations > A SR -
~ % picorv32 demo cie typj;;[ Build Project 2 configh ~
4 Binaries 55 { Build Working Sef—_— . > = picorv32.h
56 T Build Project -
il Includes 6 —1 Cean.. & firmwareh
57 _ .
& Debug 58 } AHBRE Build Automatically o irgh
~ = sre 2 simplevarth
= bsp Build Targets > a1 whuarth
" ASE .
& lib C/C++ Index » D RegDef *) AHBREGDEMO_BASE ) & wbgpioh
config.h : 2 whspiflash.h
custom_ops.§ )pen oSl # DEV_GWSA60 GW2A
. - / fRegistEF DETIATTIONS W AR N e
e irq.c typedef struct # N
irah { #
[ loader.c __I0 unsigned int REGD; //0x08 ey
. 59 __10 unsigned int REG1; //Gx84 v .
g| main.c < >
picorv3zh =
ctart.S [2% Problems =i Tasks B Console x [ Properties & Terminal R\ &4 <9.;| H @B
sections_dsbug.lds CDT Build Conscle [picorv32_dema]
sections_xip.ds Invoking: GNU RIS(;—V Cross Create Listing . . . . ~
. riscv-none-elf-objdump --source --all-headers --demangle --line-numbers --wide "picorv32 demo.elf” > "picorv32 demo.ls
sections.lds Finished building: picorv32_demo.lst
Invoking: GNU RISC-V Cross Print Size
riscv-none-elf-size --format=berkeley “picorv32_demo.elf”
text data bss dec hex filename
7216 168 112 7428 1de4 picorv32_demo.elf
Finished building: picorv32_demo.siz
18:42:32 Build Finished. @ errors, @ warnings. (took 3s.73ms)
v
< b3
1% picorv32_demo

2.4 Download Projects

Click "Run > Programmer" on the menu bar or "Programmer" "4%" on
the tool bar to open the download tool "Programmer”.

Click "Edit > Configure Device" on the Programmer menu bar or
"Configure Device" (") on the tool bar to open "Device configuration”, as

shown in Figure 2-6.

® Select "External Flash Mode 5A" option from the "Access Mode"
drop-down list.

® Select "exFlash C Bin Erase, Program 5A" or "exFlash C Bin Erase,
Program, Verify 5A" option from the "Operation" drop-down list.

® Click "FW/MCU/Binary Input Options > Firmware/Binary File" option to
import the software executable file to be downloaded.

® Select "Generic Flash" from "External Flash Options > Device" option.

® Configure the start address as "0x100000" using "External Flash
Options > Start Address" option.

® Click "Save" to complete the configuration.

IPUG915-1.8E
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2 Software Programming Reference Design 2.5 Reference Manual

Figure 2-6 Device Configuration

W Device configuration ? X

Device Operation
hocess Mode: External Flash Mode BA ~

Operation: exFlash C Bin Erase, Frogram Bi o

exFlash C Bin Eraze, Frogram BA

External Flazh Options

Davice: Generic Flash ~

Start Address: |0x100000 |

FY/MCU/Binary Input Options

Firmware/Binary File: e_test,fpicorv32_&emo;’]]ebugfpicorv32_&emo.binl D

Sarve Cancel

After device configuration, click "Program/Configure” (=) on the

Programmer tool bar to complete the downloading of the executable file.

2.5 Reference Manual

IPUG915-1.8E

For Gowin_PicoRV32 software programming design method, please

refer to the following manuals:

IPUG911, Gowin_PicoRV32 Software Programming Reference Manual
IPUG910, Gowin_PicoRV32 IDE Software Reference Manual
IPUG913, Gowin_PicoRV32 Software Download Reference Manual
SUG502, Gowin Programmer User Guide
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http://cdn.gowinsemi.com.cn/IPUG911E.pdf
http://cdn.gowinsemi.com.cn/IPUG910E.pdf
http://cdn.gowinsemi.com.cn/IPUG913E.pdf
http://cdn.gowinsemi.com.cn/SUG502E.pdf

3 Hardware Reference Design

3.1 Hardware Environment

3 Hardware Reference Design

3.1 Hardware Environment

Double click to open Gowin Software, select "File > Open..." in the
menu bar to import gowin_picorv32 hardware reference design.
Gowin_PicoRV32 can be reconfigured to generate Gowin_PicoRV32
based on application requirements.

The description of the hardware reference design is as shown in Table

3-1.

Table 3-1 Hardware Reference Design Examples

File

Description

gowin_picorv32.v

Gowin_PicoRV32 IP design generated by IP Core Generator

picorv32_demo.v

Gowin_PicoRV32 Top Module instantiation and user design

wbreg.v The example of Open Wishbone bus extension external device
ahbreg.v The example of Open AHB bus extension external device
button.v The example of external interrupt

cnt.v Counter delay

key_debounce.v

Reset key debounce

picorv32.cst

Physical constraint

picorv32.sdc

Timing Constraint

3.2 Synthesize

Run the synthesis tool GowinSynthesis to synthesize hardware
reference design and generate the netlist file, as shown in Figure 3-1.

IPUG915-1.8E
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3 Hardware Reference Design 3.3 Place & Route

Figure 3-1 Synthesis

{4 GOWIN FPGA Designer - [FAEMB_pub\embedded\risc v\picorv32\v1.6\ref design\FPGA RefDesign\DK_START GWS5A25 V2.0\gowin_picorv32\imph\gwsynthesis\gowin picorv32_.. — m] e
[ Ele Edit Project Tools Window Help _ax
T i hy Z| o 3l Q-
O 373 ZealiD®HP @5 ¢
Process 8 x Synthesis Details B
| | Design Summary ~ .
v [} User Constraints Synthesis Messages Top Level Module picorv32_demo
T Synthesis Details Running parser:
£ FloorPlanner CPU time = Oh 0m 15,
P Timing Constraints Editor Resource Elapsed time = Oh Om 2s,
Peak memory usage =
- Q Synthesize Resource Usage Summary 260 ESSMBW g
Synthesis Report Resource Utilization Summary R”’é’;‘ﬂ‘ﬂi;‘ne:"_s“]‘:g‘:"ﬂs's°m
P Timin Elapsed time = 0h Om Os,
Netlist File 9 Peak memory usage = OMB
v Place & Route Clock Summary Running device independent
optimization:
Place & Route Report Max Frequency Summary Qptimizing Phase 0: CPU
Timing Analysis Report Detail Timing Paths Informations Em: - gp gm g:g;zrsﬂpﬂ:;s;d
Ports & Pins Report memory usage = 260.355MB
Optimizing Phase 1: CPU
Pawer Analysis Report time = 0h Om 0.218s, .
" Flanced time = nh im
L# Programmer v B
Design  Process  Hierarchy Start Page Design Summary 2 gowin_picorv32_syn.rpt.htm| a
Consale & x
i -
[6@%] Tech-Mapping Phase @ completed
[65%] Tech-Mapping Phase 1 completed
[75%] Tech-Mapping Phase 2 completed
[8@%] Tech-Mapping Phase 3 completed
[98%] Tech-Mapping Phase 4 completed
[95%] Generate netlist file "F:\EMB_pub\embedded\risc_w\picorv32\vl.6\ref_design\FPGA_RefDesign\DK_START_GWSA25_W2.8\gowin_picorv32\impl\gwsynthesi
[180%] Generate report file "F:\EMB_pub\embedded\risc_v\picorv32\v1.6\ref design\FPGA_RefDesign\DK_START_GWSA25_V2.@\gowin_picorv32\impl\gwsynthesi
GowinSynthesis finish @
< >
%
Console ~ Message
3.3 Place & Route
design, as shown in Figure 3-2.
Figure 3-2 Place & Route
A GOWIN FPGA Designer - [F\EMB_pub\embedded\risc_\picorv32\w1.6\ref_design\FPGA_RefDesign\DK_START_GW35A25_V2.0\gowin_picarv32\implpnigowin_picorv32.rpthtmll  — m] x
I Fle Edit Project Iools Window Help - &%
3 7 == |:
0 0 3:3 |4 5@ «
Beocess 8 & PnR Details -

1 | Design summary
v —; User Constraints
[.E FloorPlanner
% Timing Constraints Editor
v @ synthesize
Synthesis Report
Netlist File
v @ Place & Route
= Place 8 Route Report
Timing Analysis Repart
Ports & Pins Report

Power Analysis Report

PnR Messages
PnR Details
Resource

Resource Usage Summary

I/0 Bank Usage Sunf}ﬁ%r% Route Process
Clock Resource Usage Summary
Global Clock Signals

Pinout by Port Name

All Package Pins .
Total Time and Memory Usage

Running placement:
Placement Phase 0: CPU time = Oh Om 1s, Elapsed ti
Placement Phase 1: CPU time = Oh Om 0.651s, Elaps
Placement Phase 2: CPU time = Dh Om 13s, Elapsed
Placement Phase 3: CPU time = Oh Om 28s, Elapsed
Total Placement: CPU time = Oh Om 53s, Elapsed tim
Running routing:
Routing Phase 0: CPU time = 0h Om 0.035s, Elapsed
Routing Phase 1: CPU time = Oh Om 195, Elapsed tim
Routing Phase 2: CPU time = Oh Om 0.184s, Elapsed
Routing Phase 3: CPU time = 0h 0m 0s, Elapsed time
Total Routing: CPU time = Oh Om 20s, Elapsed time =
Generate output files:
CPU time = Oh Om 4s, Elapsed time = 0h 0m 4s

CPU time = Oh 1m 16s, Elapsed time = Oh 1m 16s, Pez

—
Running power analysis......
[100%] Power analysis completed

Generate file
Generate file

Wed May 21 13:56:34 2025
<

I programmer v v
Design  Process  Hierarchy Start Page Design Summary . gowin_picorv32_syn.rpt html [ gowin_picorv32.rpthtml
Console x
~

Generate file "F:\EMB_pub\embedded\risc_v\picorv32\vl.6\ref_design\FPGA_RefDesign\DK_START_GW5A25_V2.8\gowin_picorv32\impl\pnrigowin_picorv32.power
\EMB_pub\embedded\risc_v\picorv32\vl.6\ref_design\FPGA_RefDesign\DK_START GWSA25_V2.8\gowin_picorv32\impl\pnr\gowin_picorv32.pin.k
\EMB_pub\embedded\risc_v\picorv32\vl.6\ref_design\FPGA_RefDesign\DK_START GWSA25_V2.@\gowin_picorv32\impl\pnr\gowin_picorv32.rpt.h
Generate file "F:\EMB_pub\embedded\risc_v\picorv32\vl.6\ref design\FPGA_RefDesign\DK_START_GW5A25_V2.@\gowin picorv32\impl\pnr\gowin_picorv32.rpt.t
Generate file "F:\EMB_pub\embedded\risc_v\picorv32\vl.6\ref design\FPGA_RefDesign\DK_START_GW5A25_V2.@\gowin picorv32\impl\pnr\gowin_picorv32.tr.ht

v

%

Console ~ Message

3.4 Download

Run Programmer, the download tool of Gowin Software, to download
hardware design the bitstream file.

Click "Edit > Configure Device" on the menu bar or "Configure Device"

(") on the tool bar to open the "Device configuration", as shown in Figure
3-3.

IPUG915-1.8E 8(9)




3 Hardware Reference Design 3.5 Reference Manual

Select "External Flash Mode 5A" from the "Access Mode" drop-down
list.

Select "exFlash Erase, Program 5AT" or "exFlash Erase, Program,
Verify 5AT" from the "Operation" drop-down list.

Import the hardware design bitstream file to be downloaded using
"Programming Options > File name" option.

Select "Generic Flash" from "External Flash Options > Device" option.

Configure the start address as "0x000000" using "External Flash
Options > Start Address" option.

Click "Save" to complete the configruation.

Figure 3-3 Device Configuration

4 Device configuration ? bt

Device Operation
hccess Mode: External Flazh Mode 5 w

Operation: exFlash Erase, Frogram GA w

exFlazh Erase, Frogram BA

Frogramming Options

File name: IT_GWEAZE_‘.I'?.U}'gowin_picorv32!implfpnrfgowin_‘pi-:c-rv32. fs| D

Fetained Uzer Flazh Data

User Flash Initialization

External Flazh Optienz

Device: Generic Flazh ~

Start Address: 0000000

Save Cancel

After device configuration, click "Program/Configure" ( == ) on the

Programmer tool bar to complete the download of the bitstream files for
hardware design.

3.5 Reference Manual

IPUG915-1.8E

For Gowin_PicoRV32 hardware design, please refer to the following

manuals:

IPUG914, Gowin_PicoRV32 Hardware Design Reference Manual
SUG100, Gowin Software User Guide

SUG935, Gowin Design Physical Constraints User Guide,
SUG1018, Arora V Design Physical Constraints User Guide
SUGS502, Gowin Programmer User Guide
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http://cdn.gowinsemi.com.cn/IPUG914E.pdf
http://cdn.gowinsemi.com.cn/SUG100E.pdf
http://cdn.gowinsemi.com.cn/SUG935E.pdf
http://cdn.gowinsemi.com.cn/SUG1018E.pdf
http://cdn.gowinsemi.com.cn/SUG502E.pdf
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