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1 ARM Keil 1.1 Software Installation

1 ARM Keil

1.1 Software Installation

For the detailed, please refer to Getting Started with MDK provided by
ARM Keil MDK website.

Note!
ARM Keil MDK (V5.26 and above) is recommended.

1.2 Project Template

ARM Keil MDK can be used for Gowin_EMPU_M1 software
programming. The steps include project creation, configuration, coding,
compilation, downloading and debugging.

1.2.1 Create a New Project

Double click to open ARM Keil MDK and select "Project > New uVision
Project..." to create a new project, as shown in Figure 1-1.

Figure 1-1 Create a New Project

pVision — O X
File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help
(5 A @ | Newnvision Project.. R = E E | B ros Bl Q-
, N MNew Multi-Project Workspace..,
o My
Open Project...
Project
Close Project
Export
Manage

Select Device for Target ...
Remove Item

AKX Options... Alt+F7

Clean Targets

2| Build Target F7
%] Rebuild all target files
i Batch Build

@ Batch Setup...
[Eepr... @Bo...l 4
@ Translate... Ctrl+F7

Build Output 5 stop build
! A
W
£ >
Create a new pVision project
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1 ARM Keil

1.2 Project Template

1.2.2 Configuration Option

IPUG536-2.3.1E

Device Configuration

ARM Cortex-M1 is embedded in Gowin_EMPU_M1, so the device
type is configured as " ARM Cortex M1 > ARMCML1", as shown in Figure

1-2.

Figure 1-2 Device Configuration

Select Device for Target 'Target 1'

Device ]

|Soﬂware Facks

Vendor:  ARM
Device:  ARMCM1
Toolzet:  ARM
Search: |
Description:
=W ARM The ARM Cortex-M1 FPGA processor is intended for deeply embedded
applications that require a small processor integrated into an FPGA.
2715 ARM Cortex MO The ARM Cortex-M1 processor implements the ARMvE-M architecture
+-“1 ARM Cortex MO plus profile.
- ARM Cortex M1
i
+-7T5 ARM Cortex M23
+-“T% ARM Cortex M3
- “T5 ARM Cortex M33
#-“15 ARM Cortex M35P
4" ARM Cortex M4 ﬂ
0K | Cancel Help

ROM and RAM Configuration

Gowin_EMPU_ML1 internal instruction memory or external instruction

memory is the ROM.

Gowin_EMPU_M1 internal data memory or external data memory is

the RAM.

1. Configure the initial address and the size of ROM (Internal Instruction
Memory) and RAM (Internal Data Memory).

ROM initial address and size configuration:

® Off-chip SPI-Flash memory download startup
- ROM initial address: 0x400

- ROM Size: Set according to the actural configuration of the
hardware design ITCM Size. For example, if ITCM Size 32KB,
ROM size is set to 0x7C00.

® On-chip ITCM initialization value download startup
- ROM initial address: 0x00000000.

- ROM Size: Please set according to the actural configuration of
the hardware design ITCM Size. For example, if ITCM Size

2(23)
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32KB, ROM size is set to 0x8000.
RAM initial address and Size configuration:
® RAM initial address: 0x20000000

® RAM Size: Please set according to the actual configuration of the
hardware design DTCM Size. For example, if DTCM Size 32KB,
RAM size is set to 0x8000.

Limited by the on-chip memory resource, the size configuration of

ITCM and DTCM cannot exceed the max. on-chip memory size.

For GW1N/R-9, ITCM or DTCM can be configured up to 32KB. If ITCM
or DTCM has been configured to 32KB, the other can only be
configured up to 16KB.

For GW2AN-9X/18X, ITCM or DTCM can be configured up to 32KB. If
ITCM or DTCM has been configured to 32KB, the other can only be
configured up to 16KB.

For GW2A/R/NR-18, ITCM or DTCM can be configured up to 64KB. If
ITCM or DTCM has been configured to 64KB, the other can only be
configured up to 16KB.

For GW2A/N-55, ITCM or DTCM can be configured up to 256KB. If
ITCM or DTCM has been configured to 256KB, the other can only be
configured up to 16KB.

For GW5A/T/ST/S-138, ITCM or DTCM can be configured up to 512KB.
If ITCM or DTCM has been configured to 512KB, the other can only be
configured up to 218KB.

For GW5AT-75, ITCM or DTCM can be configured up to 256KB. If
ITCM or DTCM has been configured to 256KB, the other can only be
configured up to 256KB.

For GW5A/R/S-25, ITCM or DTCM can be configured up to 64KB. If
ITCM or DTCM has been configured to 64KB, the other can only be
configured up to 32KB.

For GW5A/T-60, ITCM or DTCM can be configured up to 128KB. If
ITCM or DTCM has been configured to 128KB, the other can only be
configured up to 64KB.

For GW5AT/RT-15, ITCM or DTCM can be configured up to 64KB. If
ITCM or DTCM has been configured to 64KB, the other can only be
configured up to 8KB.

The configuration of ROM (Internal Instruction Memory) and RAM

(Internal Data Memory) is as shown in Figure 1-3.

Using DK_START_GW5A-LV25UG324 V2.0 development board

reference design an instance, the initial address of ROM is 0x400 and the
"Size" is 0x7C00. The initial address of RAM is 0x20000000 and the Size is
0x8000.
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1 ARM Keil 1.2 Project Template

Figure 1-3 ROM and RAM Configuration

kA options for Target ‘led' *
Devige Target lEIutput ] L:i.sting] User ] C/T+t ] Azm ] Linker ] Debug ] Utilities]
ARM ARMCM1 Code Generation | J
ARM Compiler: | Use default compiler version 5+
Mal (MHz):
Operating system: | None ﬂ [~ Use Cross-Module Optimization
System Viewer File: [~ Use MicroLIB ™ Big Endian
[~ Use Custom File
Read/Only Memory Areas ReadWrite Memory Areas
default  off-chip Start Size Startup default offchip Start Size Nainit
™ RoM1: | | C I RAMI: | | r
r  Romz | | r ™ RAMZ | | -
r Rom3: | | o ™ RAM3: | | -
on-chip on-chip
¥ IROM1. [0xd00 | 7C00 & ¥ IRAM1. |x20000000  [0x3000 r
r  Romz: | | c IRAMZ: | | -
0K | Cancel ‘ Defaults | Help

2. Configure the initial address and the size of ROM (External Instruction
Memory) and RAM (External Data Memory).

ROM initial address and Size configuration:
® ROM initial address: 0x00000000.

® ROM Size: Please set according to the actual Size of the hardware
design.

RAM initial address and Size configuration:
® RAM initial address: 0x20100000.

® RAM Size: Please set according to the actual Size of the hardware
design.

Output File Format Configuration

Gowin_EMPU_M1 outputs BIN file, so axf file format should be
converted to BIN file format.

If executable program file is used as the initial value of ITCM, the BIN
file should be converted to four hex files, itcm0, itcm1, ittm2, and itcm3
using Gowin script make_hex.exe.

The usage of calling the file format tool with user command line is as
shown in Figure 1-4.

® Run #1: fromelf.exe --bin -0 bin-file axf-file

® Run #2: make_hex.exe bin-file

IPUG536-2.3.1E 4(23)
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Figure 1-4 Output File Format Configuration

Options for Target 'led’ *
Ile\ri.cel Targetl Output I Listing User ICfC++ I Azm I Linker I Debug I Utilitiesl
Command ltems User Command w Stopon Bxi. 5.,
[=--Before Compile C/C++ File
[ Run# (3] Not Specified [
[ Run#2 3] Not Specified [
= Before Build/Rebuild
[~ Run#1 (3] Not Specified [
[ Run#2 (3] Not Specified [
(=) After Build/Rebuild
[ Run#1 D:\Keil_vIARMVARMCC\bin\fromelf.exe --bin ... | 25| Mot Specified [
v Run#2 make_hex.exe led.bin ﬁj Mot Specified ||
IV Bun ‘After-Build Conditionally
¥ Beep When Complete [™ Start Debugging

0K I Cancel Defaults | Help |

Header File Path Configuration

The C code header file configuration is used to call the C code header

file during building. The configuration is as shown in Figure 1-5.
Figure 1-5 Header File Path Configuration

Options for Target 'led’

Device I Targat I Output I Listingl Uzer C/C++ Iﬁtsm I Linker I Debug I Ttilities I
— Preprocessor Symbols
Define: I
Undefine: I
— Language / Code Generation
[ Execute-only Code [ Strict ANSIC Wamings: IAII Wamings vl
Optimization: ILeveIﬂ{-OD} vI [ Enum Container always int [T Thumb Mode
[~ Optimize for Time [ Plain Charis Signed [~ No Auto Includes
[ 5plit Load and Store Muttiple [ Read-Only Position Independent v C95 Mode
¥ One ELF Section per Function [~ Read-Write Position Independent [~ GNU extensions

1"?;?19 I..\..\..\dibrary\libraries\cmsis\cm'I\core_support\mdk;..\..\..‘\.Iibrary\libraries\crnsis\crﬂ\device_suppc D
5

Misc I
Caontrols

Compiler |39 < —cpu Cortex-M1 i g 00 —apcs=interwork —split_sections -| ~
control |,/ Aibrary/libraries/'cmsis/cm 1/core_support/mdk -1
string W

0K I | Cancel I | Defaults I
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Debug Configuration
® Configure the Emulator
- U-LINK Emulator

If the U-LINK emulator is selected, use "ULNK2/ME Cortex

Debugger".
- J-LINK Emulator

If the J-LINK emulator is selected, use "J-LINK/J-TRACE Cortex".

® Configure the Debug Interface
- JTAG Debug Interface

If it is configured as the JTAG debug interface, the configuration

method is as shown in Figure 1-6.
Figure 1-6 JTAG Debug Interface Configuration

Cortex JLink/JTrace Target Driver Setup

Debug lTrace l Flash Downloadl

J-Link / )-Trace Adapter JTAG Device Chain

oDl

FW : |J—Lin|-c ARM V8 compiled No

Port: Max
ITAG  |Rd 5 MHz - &
Auto Clk ‘

SN [4204067295 - IDCODE
Device: | J-Link ARM DO | ® 0x48A00477
HW: | vB0o  di:| V.34

Device Name

Connect & Reset Options

Connect: |Normal »| Reset: |Normal -

[ Reset after Connect

Cache Options

v Cache Code
W Cache Memory

ARM CoreSight JTAG-DP 4

Autodetect

IR len

v |
5 Bl

Download Options

[~ Verify Code Downloac
[~ Download to Flash

Misc

JLink Info

State: ready

Interface TCP/IP
& USB ¢ TCP/IP Metwork Settings
IP-Addres: Port (Auto:
Scan "2?.0.0 ;| 0

| JLink Cmd ‘

= |

m | |

- SW Interface

If it is configured as the SW debug interface, the configuration is as

shown in Figure 1-7.
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1 ARM Keil 1.2 Project Template

Figure 1-7 SW Debug Interface Configuration

Cortex JLink/JTrace Target Driver Setup X

Debug lTrace l Flash Downloadl

J-Link / J-Trace Adapter SW Device

SN:  [4294967295 | IDCODE Device Name

Device: | J-Link ARM SWDI| ® 0x2BA01477  ARM CoreSight SW-DP J
HW | V8OO  d :| V6.94 J

W : |J-Lir1|-c ARM V8 compiled Na

Port: Max
v fsmHz  ~ 7 |
Auto Clk ‘ ‘ ‘

Connect & Reset Options Cache Options Download Options
Connect: |Normal j Reset: |Norma| j ¥ Cache Code [~ Verify Code Downloac
¥ Reset after Connect ¥ Cache Memory [~ Download to Elash
Interface TCP/IP Misc
& USB ¢ TCPP Network Settings Aod ke Inf
IP-Addres: Port (Auto: s ink fnfa
Scan ‘ 127. 0 .0 . 1 ; | 0
JLink Cmd ‘

State: ready ‘

(o= | o | oo |

In the Debug Interface Type Configuration option:
® Please do not select the "Download Options > Verify Code Download"

option.

® Please do not select the "Download Options > Download to Flash”
option.

Flash Configuration

If online debugging is required, "Update Target before Debugging"
cannot be selected, as shown in Figure 1-8.

IPUG536-2.3.1E 7(23)
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Figure 1-8 Flash Configuration

K Options for Target 'led'
Device l Target l Output ] Listingl User

Configure Flash Menu Command
{+ Use Target Driver for Fash Programming
— Use Debug Driver —

| cices | Aan

l Lin](er] Debug Utilities

[+ Use Debug Driver

Settings [ Update Target before Debugging

Init File: |

~ Use Extemal Tool for Flash Programming

Comrnand:|

-]

Arguments: |

-

Configure Image File Processing (FCARM):
Output File:

Add Qutput File to Group:

STARTUP =]

Image Files Root Folder: |

[ Generate Listing

u): | Cancel | Default= |

Help

Debug Initialization File Configuration

If selecting off-chip SPI-Flash memory download startup, it needs to
load debug initialization file when debugging online. Select ext_debug.ini in

“Initialization File" option as shown in Figure 1-9.
"ext_debug.ini" file is located in the "library\debug".
Figure 1-9 Debug Initialization File Configuration

K Options for Target 'led' X

Device l Target ] Output ] Listing] User l CAC++ ] Asm l Linker Debug Utilitiesl

" Use Simulator ~ with restrictions Settings % Use: |._I-LINK /J-TRACE Cortex

ﬂ Settings

[ Limit Speed to Real-Time

[+ Load Application at Startup
Initialization File:

[+¥ Run to main

Restare Debug Session Settings
[V Breakpoints v Toolbox
v Watch Windows & Peformance Analyzer

[¥ Memary Display [¥ System Viewer

ol e |

¥ Runto main()

[+ Load Application at Startup
Initialization File:

|..'-...'-...'-J:|ebug ext_debug ini

Restare Debug Session Settings
¥ Breakpaoints ¥ Toolbox
v Watch Windows

¥ Memary Display ¥ System Viewer

CPU DLL: Parameter: Driver DLL: Parameter:
|SARMCM3.DLL | |SARMCM3.DLL |
Dialog DLL: Parameter: Dialog DLL: Parameter:

|DAF~:MCM1.DLL |1:cr\-11

[ Wam ff outdated Executable is loaded

Manage Component Viewer Description Files .. |

|TARMCM1.DLL |1:crv11

[~ Wam if outdated Executable is loaded

|

Defaults |

Help

Cancel
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1.2.3 Build

sy

After encoding and configuration, click Build " = " or Rebuild "Ed" or
click "Project > Build Target" or "Project > Rebuild all target files" on the
menu bar to build the project to generate software design BIN file and four
hex files of ittmO, itcm1, itcm2, and itcm3, as shown in Figure 1-10.

Figure 1-10 Project Compiling

K2 Ch\Users\liukai\Desktop\em1_demol\projectled\mdk_vS\led.uvprojx - pVision

- [m] X

Eile Edit Miew Project Flash Debug Peripherals Tools 5VCS  Window Help
Edd| @ | | | | =

S E B2 ] 9 e

Project L x |

=735 Project: led -

‘ [# systemCoreClock | G @Q| @ v| & &

S e led

=T user
L] GOWIN_M1_it.c
_1 main.c

= driver
L1 GOWIN_M1_gpic.c
] GOWIN_M1_misc.c

B cmsis
] startup_GOWIN_M
L1 system_GOWIN_M

=T middleware

1 gpioc _
B delay.c 17 //hpplication entry function
18 int main(void)
4 | Dl|s2 18 H{ v
= Proj... | € Books| £} Fun...| Oy Tem < >
Build Output LS > |
linking... -~

Program Size: Code=1324 RO-data=224 RW-data=l1l2 ZI-data=1028

FromELF: creating hex file...
After Build - User command #1: D:\Keil vS5\ARM\ARMCC\bin\fromelf.exe --bin -o led.bin .\Objects\led.axf

".\Objects\led.axf" - 0 Error(s), O Warning(s).
Build Time Elapsed: 00:00:08

J-LINK / J-TRACE Cortex

1.2.4 Download

After compiling Gowin_ EMPU_M1software programming design, for
the downloading, please refer to IPUG532, Gowin EMPU_M21Download

Reference Manual.

1.2.5 Software Online Debug

After completing the download of the hardware design bitstream files
generated by the hardware design and the software design BIN files
generated by the software programming design, if there are any issues,
you can use the U-LINK and J-LINK to debug online.

You can download and debug the software, no recompilation required.

Note!

Gowin_EMPU_M1 does not support automatic downloading during debugging with ARM
Keil software. Prior to each debugging session, please use the Programmer tool to
download the Binary file of the software design you intend to debug. Then, start debugging
to ensure that the software project being debugged is the current one.

1. Connect Emulator

Connect J-LINK or U-LINK according to the Debug Access Port (JTAG:
JTAG_3~JTAG_18, VCC and GND; or SWD: JTAG_7, JTAG_9, VCC and
GND) location constrained to FPGA 10 in the hardware design.

2. Start Debug

IPUG536-2.3.1E 9(23)



http://cdn.gowinsemi.com.cn/IPUG532E.pdf
http://cdn.gowinsemi.com.cn/IPUG532E.pdf

1 ARM Keil

1.3 Reference Design

Connect the U-LINK or J-LINK Emulator. Click the Debug button " @
on the tool bar, or click "Debug > Start/Stop Debug Session” on the menu

bar to start debug. You can perform operations of breakpoint setting,

single-step debug, reset and run, as shown in Figure 1-11.
Figure 1-11 Start Debug

A CUsersyiukai\Desktap\cm1_demo\praject|led\mdk vS\led.uvprojx - pVision - O

File Edit View Project Flash Debug Peripherals Jools SVCS Window Help

X

Edd| @ | | @ = | m | == | # systemcoreciock R - e & & B
FEOo vy v DRBE R O-2-8- 2 8- %-
Registers 2 E Disassembly L |
Regioter [Value 000000994 BDLC POP {r2-r4,pct ~
= 20:  SystemInit(): //Initializes system clock
Core
0x0000099C FIFFFE70 BL.W SystemInit (0x00000880)
21: gpio_init(): /fInitializes GPIOO
B2 0xB30000000 | |S>0x000009A0 F7FFFFEL  BL.W gpio_init (0x00000966)
B3 Oh00000000 22: delay init(); //Initializes delay functions v
R4 05D0000ADS -
B 0x0000ADE || € »
B 000000000 =
" 0x000009ER L] main.c hie!
28 000000000 17 Zpplication entry function ~
B9 000000000 18 int main(void)
R10 C00000A0C § g
Rt 0X0D000ADC 19 ¢ .
RIZ 0500000000 20 SystemInit();
21 || gpio iniz():
22 delay_init(}; s
23
24 while (1)
25 <
26 GPIO_WriteBits (GPIOO, OxE):
27 delay_sec(l): nd
28 GPIO_WriteBits(GPIOO, 0xD);
29 delay_secil);
30 GPIO_WriteBits (GPIOO, 0xB);
e 31 delav sec(l); ¥
[El project | = Registers < b3
Command o E call Stack = Locals L |
PC = _RDWORD (0x00000404) ; ~ | Name Location/Value Type
LOAD £ THCREMENTAL “ main 0x000000DD intf)
Setup():
v
< >
> < | 2]
ASSIGN BreakDisable BreakEnable BreakKill BreakList ‘ @Call stack = Locals | E Memory 1
J-LINK / J-TRACE Cortex t: ¢

1.3 Reference Design

IPUG536-2.3.1E

Gowin provides reference design in ARM Keil MDK (tested software

version V5.26) software environment. Click this link to get following

reference design:

...\ref_design\MCU_RefDesign\MDK _RefDesign\cm1_demo.

cml_fatfs. cml_freertos. cml_rtthread_nano. cml_tcpip.
cml_ucos_iii

10(23)
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2 GMD Software 2.1 Software Installation

2 GMD Software

2.1 Software Installation

GMD software installation package is available at Gowinsemi website.

For the software installation and configuration of GMD, please refer to
SUG549, GOWIN MCU Designer User Guide.

Note!
GOWIN MCU Designer (V1.2 and above) is recommended.

2.2 Project Template

Using GMD for Gowin_EMPU_M1 software programming design, it
involves projects creation, option configuration, code writing, building,
downloading, and online debug.

2.2.1 Create a Project

Create a New Project

Click "New" (T7) on the tool bar or select "File > New > C Project" on
the menu bar, as shown in Figure 2-1.

1. Create a project name and location.
2. Select "Empty Project"” type.
3. Select "ARM Cross GCC" building tool chain.

IPUG536-2.3.1E 11(23)
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Figure 2-1 Creat a New Project

Wy C Project

C Project

Create C project of selected type

Project name: | gowin_led

Use default location

Location: | D\GMD workspace\workspace cm1ygowin led

Choose file systern: |default

Project type: Toolchains:

Browse...

v = Executable & Al
# Empty Project RISC-V Craoss GCC
< : - -)

Show project types and toolchains only if they are supported on the platform

® = Back Next = Einish

Cancel

Select Platforms and Configurations

Select "Debug" and "Release" in configuration interface, as shown in

Figure 2-2.
Figure 2-2 Select Platforms and Configurations

Wy C Project

Select Configurations

Select platforms and configurations you wish to deploy on

A
—

Praoject type: Executable
Toolchains: ARM Cross GCC

Configurations:

3 Debug
3 Release

Use "Advanced settings” button to edit project's properties.

Additional configurations can be added after project creation.

Select all

Use "Manage configurations” buttons either on toolbar or on property pages.

® = Back MNext = Einish

Cancel
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2 GMD Software 2.2 Project Template

Select Configuration Toolchain and Path

Select "arm-none-eabi-gcc" as the cross compiling toolchain and
import its path. It is recommended that Toolchain name and Toolchain path
be configured by default, as shown in Figure 2-3.

Figure 2-3 Select Configuration Toolchain and Path

Wy C Project O >

GNU ARM Cross Toolchain p—
Select the toolchain and configure path

Toolchain name: ‘GNU MCU Eclipse ARM Embedded GCC (arm-none-eabi-gcc) v‘
Toolchain path: |D:\GMD\tuolchain\ARM_tuolchain\bin Browse...
'/?3' Mext = Finish Cancel

Create a Project

After project creation, select the created project in Project Explorer
view, add engineering structure and import the software programming
design.

Using GMD_RefDesign for an instance, the software programming
design projects and codes are listed as follows.

Select the current project in Project Explorer view, and right-click
"Refresh" option to automatically update the structure and code of the
current project.

2.2.2 Configuration Option

In Project Explorer view, select the current project, right-click
"Properties > C/C++ Build > Settings" to configure the parameters of
current project.

Target Processor Configuration

Select " Target Processor > ARM family " and configure the option to
"cortex-m1", as shown in Figure 2-4.
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Figure 2-4 Target Processor Configuration

i Tool Settings ) Toolchains M Devices # Build Steps

@ Target Processor
& Optimization
(&2 Warnings
(& Debugging
v i Cross ARM GNU Assembler
(2 Preprocessor
# Includes
(& Warnings
(# Miscellanecus
v ) Cross ARM C Compiler
(2 Preprocessor
# Includes
& Optimization
(& Warnings
(# Miscellaneous
v i Cross ARM C Linker
& General
& Libraries
(& Miscellaneous

# General
v B Cross ARM GNU Print Size
# General

w 8 Cross ARM GNU Create Flash Image

ARM family cortex-m1

Architecture Toolchain default
Instruction set Thumb (-mthumb)
[ Thumb interwork (-mthumb-interwork)
Endianness Toalchain default
Toolchain default
Toolchain default
Unaligned access | Toolchain default
Generic (-mcpu=generic)
Toaolchain default
Toolchain default
Toolchain default
Enabled (+simd)

Small (-memodel=small)

Strict align (-mstrict-align)

Build Artifact Binary Parsers | *

Other target flags

v

Cross ARM GNU Assembler > Preprocessor Configuration

Select " Cross ARM GNU Assembler > Preprocessor > Defined
symbols (-D)" to configure the optionto " STARTUP_CLEAR_BSS" as

shown in Figure 2-5.

Figure 2-5 Cross ARM GNU Assembler > Preprocessor Configuration

® Tool Settings ¥ Toolchains M Devices # Build Steps

(2 Target Processor
(# Optimization
(# Warnings
(# Debugging
v B Cross ARM GNU Assembler
@ Preprocessor
2 Includes
# Warnings
# Miscellaneous
v B Cross ARM C Compiler
@ Preprocessor
2 Includes
2 Optimization
# Warnings
# Miscellaneous
~ % Cross ARM C Linker
(# General
(2 Libraries
# Miscellaneous
v B Cross ARM GNU Create Flash Image
= General
v ) Cross ARM GNU Print Size
2 General

Use preprocessor

[JDo not search system directories (-nostdinc)

[IPreprocess only (-E)

Defined symbols (-0}

Build Artifact Binary Parsers | *

€ & 8
_ STARTUP_CLEAR BSS

Undefined symbols (-U) &)

s
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Cross ARM C Compiler > Includes Configuration

Select "Cross ARM C Compiler > Includes > Include paths (-)" to

configure the C header file path, as shown in
"${workspace_loc:/${ProjName}/src/library/libraries/cmsis/cml1/core_suppo
rt/gmd}"

"${workspace_loc:/${ProjName}/src/library/libraries/cmsis/cm1/device_
support}"

"${workspace_loc:/${ProjName}/src/library/libraries/drivers/inc}"
"${workspace_loc:/${ProjName}/src/library/middlewares/delay}"
"${workspace_loc:/${ProjName}/src/library/middlewares/dmm}"
"${workspace_loc:/${ProjName}/src/library/middlewares/gpio}"
"${workspace_loc:/${ProjName}/src/library/middlewares/uart}"
"${workspace_loc:/${ProjName}/src/project}"

Figure 2-6.

For example, in the software programming reference design

"GMD_RefDesign\cm1_demo", the configuration of the C header file
reference path is described as below.

"${workspace_loc:/${ProjName}/src/library/libraries/cmsis/cml1/core_s
upport/gmd}"

"${workspace_loc:/${ProjName}/src/library/libraries/cmsis/cm1/device_
support}"

"${workspace_loc:/${ProjName}/src/library/libraries/drivers/inc}"
"${workspace_loc:/${ProjName}/src/library/middlewares/delay}"
"${workspace_loc:/${ProjName}/src/library/middlewares/dmm}"
"${workspace_loc:/${ProjName}/src/library/middlewares/gpio}"
"${workspace_loc:/${ProjName}/src/library/middlewares/uart}"
"${workspace_loc:/${ProjName}/src/project}"
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2 GMD Software 2.2 Project Template

Figure 2-6 Cross ARM C Compiler > Includes Configuration

¥ Tool Settings %3 Toolchains M Devices # Build Steps Build Artifact Binary Parsers @ Error Parsers

(2 Target Processor Include paths (-1) [ERERE] &
(& Optimization
(= Warnings

ksp: j ary, ppol
'${workspace |oc f${ProJName},-"src,.-"llbrary,.-"l|brar’lesfcmslsfcmlg‘dance support}

@ Debugging "${workspace_loc:/${ProjNamel/src/library/libraries/drivers/finc}”

v 5 GNU ARM Cross Assembler "${workspace_loc:/${ProjName}/src/library/middlewares/delay}”
(# Preprocessar '${workspace_loc:f${ProJ:Name}fsrcflibraryfmiddlewaresfdrqm}'

& Includes "${workspace_loc:/${ProjName)/src/library/middlewares/gpio}”

"${workspace_loc:/${ProjNamel/src/library/middlewares/juart}”

L) i
(2 Warnings "${workspace_loci/${ProjNamel/src/project}”

(2 Miscellaneous
v 8 GNU ARM Cross C Compiler
@ Preprocessor Include system paths (-isystem) &
(# Includes
(# Optimization
= Warnings
# Miscellaneous
~ &5 GNU ARM Cross C Linker
2 General
(= Libraries
(# Miscellaneous
w 8 GNU ARM Cross Create Flash Image
@ General Include files (-include) &
v & GNU ARM Cross Print Size
(= General

Cross ARM C Linker Configuration

Select "Cross ARM C Linker > General > Script files (-T)" to configure
"GOWIN_M1 flash_burn.ld" or "GOWIN_M1_flash_xip.ld" as GMD Flash
linker, as shown in Figure 2-7.

Using software programming reference design
GMD_RefDesign\cm1_demo for an instance, the Flash link is configured
as below.

"${workspace_loc:/${ProjName}/src/library/libraries/cmsis/cm1/device
_support/startup/gmd/linker/ GOWIN_M1_flash_burn.ld}"

The GMD Flash linker Flash initial address "FLASH ORIGIN" setting is
shown below:

® Internal Instruction Memory:

-  GOWIN_M1_flash_xip.ld: FLASH ORIGIN: 0x00000000, ITCM
Initialization download running

- GOWIN_M1 flash_burn.ld: FLASH ORIGIN: 0x00000400, off-chip
SPI-Flash memory download boot

® External Instruction Memory:
-  GOWIN_M21_flash_xip.ld: FLASH ORIGIN: 0x00000000.

IPUG536-2.3.1E 16(23)




2 GMD Software 2.2 Project Template

Figure 2-7 Cross ARM C Linker Configuration

) Tool Settings & Toolchains Ml Devices # Build Steps Build Artifact Binary Parsers @3 Error Parsers

(3 Target Processor Script files (-T)
35} mizati

g Optimization - space_loc;/${ProjName}/sre/library/libraries/cmsis/cm jdevice_suppert/startup/gmd/linker/GOWIN M1 flash_burn.d)’
2 Warnings

a8a 8

{5 Debugging

%) GNU ARM Cross Assembler
{5 Preprocessor
{2 Includes
(% Warnings

<

(2 Miscellaneous

) GNU ARM Cross C Compiler
(B Preprocsssor
{2 Includes

<

(2 Optimization
(2 Warnings
& Miscellansous

) GNU ARM Crass C Linker
(2 General
(2 Libraries
& Miscellansous

B3 GNU ARM Cross Create Flash Image
(2 General

B GNU ARM Cross Print Size
(2 General

<

<

<

[JDe not use standard start files (-nostartfiles)
[JDo not use default libraries (-nodefaultlibs)
[INo startup or default libs (-nostdlib)

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

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

[[] Omit all symbol information (-s)

Cross ARM GNU Create Flash Image Configuration

Select " Cross ARM GNU Create Flash Image > General > Output file
format (-O)" to configure the option as "Raw binary" and generate software
programming design BIN file, as shown in Figure 2-8.

Figure 2-8 Cross ARM GNU Create Flash Image Configuration

i Tool Settings &3 Toolchains B Devices # Build Steps Build Artifact Binary Parsers | * | *

@ Target Processor Output file format (-O0) | Raw binary w
(# Optimization
2 Warnings
(# Debugging
v ) Cross ARM GNU Assembler Other sections () &
@ Preprocessor
22 Includes
%2 Warnings
# Miscellaneous
v ) Cross ARM C Compiler
@ Preprocessor
22 Includes
(% Optimization
%2 Warnings
(& Miscellaneous
v i) Cross ARM C Linker
(& General
(% Libraries
(& Miscellaneous
v i) Cross ARM GNU Create Flash Image
(%5 General
v ) Cross ARM GNU Print Size
(& General

[JSection: -j .text
[section: -j .data

Other flags

< >
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2 GMD Software 2.2 Project Template

Devices Configuration

Select " Devices > Devices" and configure the option as "ARM Cortex
M1 > ARMCM1", as shown in Figure 2-9.

Figure 2-9 Devices Configuration

®) Tool Settings ¥} Toolchains B Devices # Build Steps Build Artifact Binary Parsers | * | *

Device selection (Used by debug. Not yet used during build!)

Details 6
Family (2048 kB RAM, 2048 kB ROM)

Family (2048 kB RAM, 2048 kB ROM)

Family (2048 kB RAM, 2048 kB ROM)

Family (128 kB RAM, 256 kB ROM)

Family (128 kB RAM, 256 kB ROM)

Family (128 kB RAM, 256 kB ROM]

ARMCMA1 Device (Cortex-M1, Rev r1p0, 10 MHz)

ARM Cortex M23 Family (256 kB RAM, 4096 kB ROM) e
£ >

Name
ARM Cortex AS
ARM Cortex A7
ARM Cortex A9
ARM Cortex MO
ARM Cortex MO plus
v  ARM Cortex M1

Device core: Cortex-M1

Memory map (Warning: Not yet used to generate the linker scripts!)

ARMCM1
Section Start Size Startup
IRAM1 0x20000000 0x00020000 ]
IROM1 000000000 0x00040000 1
Edit...

2.2.3 Build

After project option configuration and coding, click "Build" ( & ) or

"Build All" (=¢) on the tool bar, or select "Project > Build Project” or "Project >
Build All" on the menu bar to generate software design BIN file, as shown
in Figure 2-10.

Figure 2-10 Build

& workspace_em1 - C/C++ - em1_demo/sre/project/led/led_demo.c - GOWIN MCU Designer - [m] X
File Edit Source Refactor Navigate Search Project Run Window Help
el |®@-&-Bin|Si%iliis-0-®s - [HREMmY -5~ v v [Quick Access] || 5 | [l 4
[ Project Explorer &2 = 0 [€] led_demo.c 52 =0 go®m % = O
s - 3| * gfile led_demo.cf] ~ AW @
g 5 B RN e %
[ Includes A 10 /% TnCLudes - - - oo -
(&= Debug 11 #include "demo.h” o demoh
v @& src ! U gpioh
(& library 14 /% DeFAnitions - ---oo oo 2 delayh
¥ L= project L . @ led_demo(vaid) : int
= ahb_master 16 #if LED_DEMO
(= apb_master 18 /* Includes: */
= can 19 #include “"gpic.h”
= ddr3 20 #include "delay.h”
= dmm 23
= dualtimer 23 /* Definitions: */
ethernet 2
& cthemet 255 int led_demo(void)
(= gpio_in_intr N
(= i2c_master 2 SystemInit(); //Initializes system clock
(= interrupt 28 gpio_init(); //Initializes GPIO®
p 29 delay_init(); //Initializes delay functions
(= keyscan o
v (= led 31 vfhile(l) v
led_demo.c < > < >
(= printf
& psram oblems & Tasks B Console 22 Properties [} Debugger Consale = 0
- LR -\ R N =
= spi_flash CDT Build Console [em1_demc]
& spi_master arm-none-eabi-objcopy -0 binary "cml demo.elf” “cml demo.bin” "
o time Finished building: cml_demo.bin
imer
= trng Invoking: GNU ARM Cross Print Size
(= uart rx arm-none-eabi-size --format=berkeley "cml_demo.elf"
- text data bss dec hex filename
(& vart_nc intr 7088 1088 76 8252  203c cml_demo.elf
(&= watchdog Finished building: cml_demo.siz
[B demo.h .
) main.c wlle B
Writable Smart Insert 2:1 =

IPUG536-2.3.1E
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2.2.4 Download

After building Gowin_EMPU_MZ1software programming design, for the
downloading, see IPUG532, Gowin_EMPU_M1Download Reference
Manual.

2.2.5 Software Online Debug

After downloading the Gowin_EMPU_M1 software programming
design BIN file, if there is a problem with your software design, you can
connect the development board to the J-LINK emulator and debug the
current software design online (the online debugging software design must
be consistent with the software design downloaded to the chip).

Note!

Gowin_EMPU_M1 does not support automatic downloading during debugging with ARM
Keil software. Prior to each debugging session, please use the Programmer tool to
download the Binary file of the software design you intend to debug. Then, start debugging
to ensure that the software project being debugged is the current one.

Gowin_EMPU_M1 software online debugging process includes:
Configure software debugging options

Configure software debugging levels

Connect debugging emulators

Start software online debugging
Software Debugging Configurations

1. As shown in Figure 2-11, select "Run > Debug Configurations > GDB
SEGGER J-Link Debugging > New" to create the debug configuration
option of current project.

Figure 2-11 Create Software Debugging Configurations Option

W Debug Configurations X

Create, manage, and run configurations

| SR Configure launch settings from this dialog:
type filter text - Press the 'New' button to create a configuration of the selected type.
[E] C/C++ Application =| - Press the 'Duplicate’ button to copy the selected configuration.

[E] C/C++ Attach to Application
I;‘ d PP - Press the 'Delete’ button to remove the selected configuration.
[c] C/C++ Postmortem Debugger

£¢L£ ®

[E] C/C++ Remate Application - Press the 'Filter' button to configure filtering options.
[€] GDB Hardware Debugging
[£] GDB OpenOCD Debugging
[E] GDB PyOCD Debugging
[€] GDB QEMU Debugging

[c] GDB SEGGER J-Link Debtimnin~

= Launch Group New
Duplicate
Delete

Filter matched 10 of 16 items

- Edit or view an existing configuration by selecting it.

Configure launch perspective settings from the 'Perspectives’ preference page.

A
L\?,' Debug Close
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2. Select "Main" option in the created software debugging options to

configure "Project” and "C/C++ Application" options of current
debugging project, as shown in Figure 2-12.

Figure 2-12 Main Option Configuration

W Debug Configurations X

Create, manage, and run configurations

= X | B - Name: |cm1_demo Debug |

type filter text

] C/C++ Application
[©] C/C++ Attach to Applica

[E] Main %% Debugger| B Startup| B Source | [T] Common| 2. SVD Path

Project:

€] C/C++ Postmortem Deb ‘cm1_demo Browse...
[©] C/C++ Remote Applicati C/C++ Application:

[©] GDB Hardware Debuggi
[t] GDB OpenOCD Debuggi

‘ Debughem1_demo.elf

[©] GDB PyOCD Debugging Variables... Search Project... Browse...

[©] GDB QEMU Debugging

Build (if required) before launching

v [©] GDB SEGGER J-Link Deb

@ Launch Group

[€] cm1_demo Debug Build Configuration: |Select Automatically w
() Enable auto build () Disable auto build
(®) Use workspace settings Configure Workspace Settings...

<

Filter matched 11 of 17 items

@

>

3. Select the "Debugger” option of the created software debugging
options to configure the J-Link and GDB options of the current
debugging project, as shown in Figure 2-13.

Device Name: Cortex-M1
Interface: JTAG or SWD
Endianness: Little

Connection: USB
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Figure 2-13 Debugger Option Configuration

W Debug Configurations

B X B -

type filter text
[©] C/C++ Application
[€] C/C++ Attach to Applica
[€] C/C++ Postmortem Deb
[€] €/C++ Remote Applicati
[t] GDB Hardware Debuggi
[£] GDB OpenOCD Debuggi
[©] GDB PyOCD Debugging
[€] GDB QEMU Debugging

~ [E] GDB SEGGER J-Link Deb

[€] em1_demo Debug

= Launch Group

< >
Filter matched 11 of 17 items

Create, manage, and run configurations

Name: | cm1_demo Debug

Main | %5 Debugger B Startup| 5 Source| [} Common| %, SVD Path
J-Link GDB Server Setup

Start the J-Link GDB server locally []Connect to running target

Executable path: | ${jlink_path}/${jlink_gdbserver} Brow

Actual executable: |C:fProgram Files (x86)/SEGGER/ILink/ILinkGDBServerCL.exe

(to change it use the global or workspace preferences pages or the projec

Device name: |Cortex-M1 | Suppo
Endianness: (@) Little O Big

Connection: (® USB Qe l:l (USE serial or IP namr
Interface: (®) SWD CITAG

Initial speed: () Auto (O Adaptive @) Fixed kHz

GDEB port:

SWO port: [A verify downloads [ Initialize
Telnet port: M Local host only [ Silent
Log file:

Other options: -singlerun -strict -timeout 0 -nogui

Allocate console for the GDB server [ Allocate console for semihasting a ¥
< >

Revert

Apply

Close

Software Debugging Level Configuration

In the Project Explorer view, select "Properties > C/C++ Build >
Settings > Debugging > Debug level" option of the current debugging

project, and recommend configuring the debugging level as Default(-g) or
Maximum(-g3), as shown in Figure 2-14.

21(23)




2 GMD Software 2.2 Project Template

Figure 2-14 Software Debugging Level Configuration

i Tool Settings & Toolchains M Devices Build Steps Build Artifact Binary Pa ' | *

(2 Target Processor Debug level Maximum (-2) N
@ Optimization

3 Warnings Debug format Toolchain default w
[ Debugging [J Generate prof information (-p)
v & Cross ARM GNU Assembler []Generate gprof information (-pg)

(2 Preprocessor Other debugging flags

2 Includes
# Warnings
(# Miscellaneous
w B3 Cross ARM C Compiler
@ Preprocessor
2 Includes
(# Optimization
# Warnings
(# Miscellaneous
v %3 Cross ARM C Linker
(# General
(2 Libraries
(%2 Miscellaneous
v % Cross ARM GNU Create Flash Image
# General
v % Cross ARM GNU Print Size

(# General

Software Online Debugging Start-up

According to the physical constraints location of JTAG debugging
interface (JTAG: JTAG_3~JTAG_18, VCC and GND; or SWD: JTAG 7,
JTAG_9, VCC and GND) in the hardware design, connect the J-LINK
emulator and the development board.

Click "Debug" button in the tool bar to drop the list " # ~ ", select the
current project Debug configuration, click to enter the debug state, perform
breakpoint settings, single-step debugging, reset and run, etc., as shown in
Figure 2-15.
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Figure 2-15 Software Online Debugging Start-up

W workspace_em1 - Debug - em1_demo/src/projeci/led/fled_demo.c - GOWIN MCU Designer — [m] x

File Edit Source Refactor Navigate Search Project Run Window Help
e - |@ie oo @ 32 .0 | Sitmiliite - Q- @@ -1 4155 -

45 Debug i3 [i## = = 8 Variab. 2
v [ em1_demo Debug [GDB SEGGER J-Link Debugging] ~
v 8 cml demo.elf
v @ Thread #1 57005 (Suspended : Step)
= led demo() at led demo.c:28 0x588
= main() at main.c:64 0x5e2
35 JLinkGDBServerCLexe o

RS TR

MName Type

[¢] led_demo.c &2 = 0 Bz Qutline 22 =Q

. ‘ 2 SR ok 7
= zn‘t led_demo(void) = demo.h
SystemInit(); //Initializes system clock 0 gpioh
gpio_init(); //Initializes GPIO® U delayh
delay_init(); //Initializes delay functions o led demofvoid) : int
while(1)

GPIO WriteBits(GPIO®,@xE); //ledl
delay_sec(1); //Delay 1 second
GPIO_WriteBits(GPIOB,@xD); //led2
delay_sec(1);

GPIO_WriteBits(GPIOB,@xB); //led3

Aotz cariiis

B console i |4 Tasks |71 Problems (2 Executables [J Memory 7] ‘ = bf 2| @l =B~~~ =0
cm1_demo Debug [GDB SEGGER J-Link Debugging] JLinkGDBServerCL.exe

Removing breakpeint @ address @xBeeE8sss, Size = 2 ~
Removing breakpoint @ address @xeeeeecB4, Size = 2

Reading 64 bytes @ address 8x288687FC8

Read 4 bytes @ address @x@@@985E2 (Data = BxBB182308)

< >

2.3 Reference Design

Gowin_EMPU_ML1 provides reference design in GMD (tested software
version V1.2) software environment. Click this link to get following
reference design:

...\ref_design\MCU_RefDesign\GMD_RefDesign\cm1_demo.
cml_fatfs. cml_freertos. cml_rtthread_nano. cml_ucos _iii
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