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1Reference Design

1 Reference Design

1.1 Gowin_EMPU_M1 Software Reference Design

Gowin provides Gowin_ EMPU_M1 software reference design with Keil

and GNU software environment: MCU_RefDesign\Keil _RefDesign and

GNU_RefDesign

1.2 Gowin_EMPU_M1 Hardware Reference Design

Gowin_EMPU_M1 hardware reference design is provided by Gowin:
® FPGA_RefDesign\Debug RefDesign and NoDebug_RefDesign
The reference design includes two parts:

® Cortex-M1 core

® AHB-Lite interface, extension AHB, and APB peripheral interface

1.2.1 Cortex-M1

The configured functions of Cortex-M1 are shown in the Table 1-1.

Table 1-1 Cortex-M1 Functions of the Reference Design

Function Mode Configuration
Number of external 32

interrupts

Extended operation Supported
system

Data storage format

Little-endian format

MULT

Standard mode

Debugger

Integrated mode, four break points and two
observation points

Debug interface

Support JTAG and Serial Wire interfaces

ITCM size

32KB

ITCM Initialization value

Enable

ITCM Initialization path

The itcm0, itcm1, ittm2, and itcm3 path of LED case

ITCM alias

Lower alias

DTCM size

32KB

IPUG534-1.0E
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1Reference Design

1.2.2 AHB-Lite

IPUG534-1.0E

The configured peripheral interfaces of AHB-Lite are shown in Table

1-2.

Table 1-2 The Configuration of AHB-Lite Peripheral Interface

Peripheral Interface

Configuration

UARTO Supported
UART1 Supported
GPIO port 0 Supported
Timer 0 Supported
Timer 1 Supported
Watchdog Supported
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2Gowin_EMPU_M1 Software Design

2G0win_EMPU_M1 Software Design

2.1 Software Environment

® ARM Keil MDK
® GNU MCU Eclipse Tool

2.2 Import Software Reference Design

Double click ARM KEIL MDK Tool and select "Project > Open
Project..." to import the reference design of led, as shown in Figure 2-1.

File Edit Vil Flash Debug Peripherals Tools SVCS Window Help
NS A s =& | | ® % ofom| o e | B cusmrestor Jas|ale 2| ) %

SRS AR el ]

r
kA Select Project File

OQ ). » led » PROJECT »
|n v R

e A g&# i’ IRERS w Fih

B TE ). Listings 2018/12/28 15:40 HEFE

mem 2019/1/7 1601 ST
G mEsanes | | B leduvprojx 2018/12/27 16:57 _ FisionS Project 16 KB
E

- =
| Subversion
o u=m
= BA
@ =
J BF

= R
& =) |

FBEN): led.uvprojx - [Project Files (unvprojx *uv ~|

=l

2.3 Modify Configuration Option

If the BIN file is used as the ITCM initialization value, you need to
modify the external script tool location of Run #1 and Run #2 according to
your local software packet location, such as fromelf.exe and make_hex.py,

IPUG534-1.0E 3(10)




2Gowin_EMPU_M1 Software Design

as shown in Figure 2-2.

® Run#l
- fromelf.exe —bin —o bin-file axf-file
® Run#2

- python make_hex.py bin-file
Figure 2-2 Modify the Script Tool Location

ki Options for Target ‘led’ Iﬁ

Ilevice] Target ] Output ] Listing User ]C;’C++ I h=m ] Linker] Debug ] Utilities

Command tems User Command w | Stop on Exi..  S..
[=--Before Compile C/C++ File
[ Run#l (23] Mot Specified [
™ Run#2 2] Mot Specified [
[=--Before Build/Rebuild
™ Run#l 2] Mot Specified [
[~ Run#2 (23] Mot Specified [
L Afar Dl Dok il
[¥ Run#l |C:\Keil_vS\ARM\AF{MCC'\bin'\fmmelf.exe--bin -o led.bin .'\Objects\led.axﬂ
v Run#2 python make_hex.py led.bin =] Mot Specified ||

[v Run “After-Build' Condtionally
[v Beep When Complete | Start Debugging

0K | Cancel Defaults | Help

2.4 Compile

IPUG534-1.0E

Click the compile button on the tool bar to compile the reference
design and generate BIN format file and four hex format file of itcmO, itcm1,

ittm2, and ittm3, as shown in Figure 2-3.
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2Gowin_EMPU_M1 Software Design

Figure 2-3 Compiling

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

S H | @| | | & | # cpu_sk Restore Ha#l@ale coa
& i@ | 8 ea & B
o A8 ) man
= Project led

45 led
5 STARTUP
[ startup_GOWIN_MI
&5 SYSTEM
[ system_GOWIN_M1

3 Gowin_M1_gpio.c
(1 GOWIN_M1_misc.c
] GOWIN_M! timer.q
[ cown_m1_uart.c
[ cowN_M1L_wdog.
= VSRR
] GowIN_M1_it.c
3 mainc 21 void Delay(_ IO uint32 t nCount)//25M 1s
1l

23 for(; nCount '= 0; nCount--);
24 |

26 int main(veid)
1
28 SystemInit ();
30 GPTO0->OUTENSET = Oxffffffff;
31 | wnile(1)

32 1

® 34 GPIOO->DATAOUT = Oxle;
35 0

T |
. [Boo. | Do Dre.. | ||« I
Build Output

Rebuild target 'led’

assenbling startup_GOWIN M1.s

compiling system_GOWIN MIL.c

compiling GOWIN M1 gpio.c..

compiling GOWIN M1 misc.c..

compiling GOWIN M1

compiling GOWIN
compiling GOWIN
compiling GOWIN
compiling main.
Linking...
Program Size: Code=420 RO-data=224 R-data=4 ZI-data=1028

after Build - User command #1: Ci\Keil vS\ARM\ARMCC\bin\fromelf.exe --bin -0 led.bin .\Objects\led.axf
After Build - User command #2: python make_hex.py led.bin

".\Objects\led.axf" - @ Error(s), 0 Warning(s).

Build Time Elapsed: ©0:00:05

2.5 Reference Manual

For Gowin_EMPU_M1 Software Design method, please refer to the
following two manuals:

e |PUG533, Gowin EMPU M1 Software Programming Reference
Manual

® |PUG536, Gowin EMPU M1 IDE Software Reference Manual

IPUG534-1.0E 5(10)
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3G0win_EMPU_M1 Hardware Design

3.1 Hardware Environment

® DK-START-GW2A18 V2.0: GW2A-LV18PG256C8/17
EVAL-MIPI-GW1N9 V1.1: GW1N-LV9PG256C6/I5
EVAL-MIPI-GW1N9 V2.1: GW1N-LVOCM64C6/15
GW2A-55K Eval Board Mini: GW2A-LV55PG484C8/17
GOWIN FPGA Designer version 1.9.x Beta

3.2 Import Hardware Reference Design

Double click "GOWIN FPGA Designer", select "File > Open", and
select Gowin_EMPU_M1 hardware reference design (gowin_empu_m1),
as shown in Figure 3-1.

Figure 3-1 Import Gowin_EMPU_M1 Hardware Reference Design

W GOWIN FPGA Designer - [Start Page]
gdit Tools Window Help
0 T S o
Recent Proje Open File x
Look in: [fhomeﬂiukau‘gowm_empu_ml :] ﬁ f.) f L @
Computer impl S
. Ppen Example Project...
liukai Bl src

| . gowin_empu_ml.gprj |

| gowin_empu_m1.gprj.user

%

ng Constraints Editor

File name: gowin_empu_ml.gprj | Qpen |
Files of type: [AH Files (*) s ] °§ance|

The main project files of the hardware reference design are as shown

IPUG534-1.0E 6(10)




3Gowin_EMPU_M1 Hardware Design

in Table 3-1.

Table 3-1 Hardware Reference Design Examples

File

Description

CortexM1Dbglntegration.v

Cortex-M1 soft core with debugging function

CortexM1DbglIntegrationWrapper.v

Top module of Cortex-M1 soft core

cml_option_defs.v

Parameter configuration of Cortex-M1 soft core

GowinCM1AhbExt.v

AHB-Lite extension bus and peripheral soft core

GowinCM1AhbExtWrapper.v

AHB-Lite extension bus and top module of

peripheral soft core

AHB-Lite extension bus and parameter
configuration of peripheral soft core
Reference design of Cortex-M1 and AHB-Lite
instantiation

Physical Constraints File

ahb_option_defs.v

gowin_empu_ml.v

gowin_empu_m1.cst

3.3 Modify Configuration Option

Modify the parameters in the file of cm1_option_defs.v.
CM1_ITCM_INIT_PATH is the path of users' local files of itcmO, itcm1,
ittm2, and ittm3.

3.4 Synthesize

Run the "Synplify_Pro" synthesis tool to generate the netlist file, as
shown in Figure 3-2.

Figure 3-2 Reference Design Synthesis

GOWIN FPGA Designer - [/heme/liukai/gowin_empu_m1l/src/gowin_empu_ml.v]

) Fle Edit Project Tools Window Help

O L #s
P e@® | 1
T desian s 2 Enodule Gowin EMPU M1 (
L Design Summary 3 /*AUTOARG*/
7 User Constraints 4| 7/ outputs
FloorPlanner 5 LOCKuP,
- 6 | HALTED, GPIO,
7 J3 3, //trstn
8 134, //NC
9 135, //tdi
Netlist File 10 136, //NC
: 11 337, f/tms | swdio
Place & Route 12 138, //extFlash sspi2 sio3/holdn
Place & Route Report 13 339, //tck | swelk
Timing Analysis Report 14 J3 1@, //extFlash spi2 mosi/siol
15 33711, //NC ]
Ports & Pins Report 16 EEaty

//extFlash_spi2_sclk
t swo

Power Analysis Report 17 13713, s/tdo |
U Program Device 18 J3_14, //extFlash spi2_miso/sio®
19 13715, //srstn|
20 J3_16, //extFlash spi2 cs
21 1317, //NC
22 1318, //extFlash_sspi2_sio2/wPn
23
24 // Inputs
25 HCLK , hwRstn
26 H
-
B //------e-emeeeeeeeiseseiececsecssseesesssssssesssssessssssssssesssssesee s
29 // Port declaration
B //------eeeeeeemeeieeeeeieeeoees
31 inout J3_3; //trstn
2 inout 134 NEC
Ll [
Design | Process Start Page X | O Design Summary X gowin_empu_m1.v b3 ‘ / CortexM1DbglntegrationWrapperyv 3¢

et syn_useioff attribute.

@N: MI320 |This timi
@N: MT322 |Clock con

3.5 Place & Route

After synthesis, run the placeé&route tool to generate the bitstream files
containing software design output and hardware design output, as shown
in Figure 3-3.

IPUG534-1.0E 7(10)




3Gowin_EMPU_M1 Hardware Design

Figure 3-3 Place & Route

GOWIN FPGA Designer - [fhome/liukai/gowin_empu_m1l/src/gowin_empu_ml.v]

# File Edit Project Tools Window Help
B S &
Process (=)

i
2 £Imodule Gowin_EMPU M1 (

| Design summary /*AUTOARG*/

/' User Constraints // Outputs
LOCKUP,

o
4
- FloorPlanner 5
6 HALTED, GPIO,
7
8
g

“ Timing Constraints Edit
iming Constraints Editor 13 3, Jrtrstn

1374, //NC
135, //tdi

(& synthesize (Synplify Pro)
Synthesis Report

Netlist File Lel 3.6, //NC
—~ 7| 11 J37, J/tms | swdio
7 @ Place & Route |l 12 138, //extFlash_sspi2_sio3/holdn
Place & Route Report 13 339, //tck | swclk
Timing Analysis Report 14 J3 18, //extFlash spi2 mosi/siol
. 15 J3_11, //NC |
Ports & Pins Report 16 13712, //extFlash spi2 sclk
Power Analysis Report 17 13713, //tdo | swo
T Program Device 18 J3 14, //extFlash spi2 miso/sio@
19 J3_15, //srstn
20 J3 16, //extFlash_spi2 cs
21 1317, //NC
22 J3 18, //extFlash sspi2 sio2/WPn
23

24 // Inputs
25 HCLK ,hwRstn

26 );
27 L
2B o
29 // Port declaration
B /-
31 inout 13 3; J/trstn
2 inout 13 4- NC
(I
Design | Process L gowin_empu_m1.v b4
Output
(F50002) d
(PWOOOL)
(CMO008) : Generate cwer.html' file completed.
(CMO008) : Generate .html' file completed.
(CMOOO08) : Generate txt' file completed.
(CMO0DB8) : Generate ' .tr.html' file completed.
(CMOO00B) : Generate _ml.posp' file completed.
(CMO001) : Fri Jan 1 ]

3.6 Reference Manual

Please refer to the following manuals for Gowin_EMPU_M1 hardware
design:

e |PUG531, Gowin EMPU M1 Hardware Design Reference Manual
® SUG100, Gowin YunYuan Software User Guide
® SUG101, Gowin Design Constraints Guide

IPUG534-1.0E 8(10)



https://www.gowinsemi.com/upload/database_doc/379/document/5c9c5c315e89b.pdf
https://www.gowinsemi.com/upload/database_doc/372/document/5c8b54187f8ba.pdf

4Download

4Download

Use Gowin Programmer to download the hardware design and
software design bitstream files.

For the further details about Gowin Programmer usage, please refer to
SUG502, Gowin Programmer User Guide.

IPUG534-1.0E 9(10)



https://www.gowinsemi.com/upload/database_doc/370/document/5b84d508ba5e5.pdf

5Debug 5.1Gowin_EMPU_M1 Hardware Debugging Method

5 Debug

5.1 Gowin_EMPU_M1 Hardware Debugging Method

Use Gowin Analyzer Oscilloscope (GAO) to debug the
Gowin_EMPU_M1 FPGA hardware design.

For the further details, please refer to SUG114, Gowin Analyzer
Oscilloscope User Guide.

5.2 Gowin_EMPU_M1 Software Debugging Method

Two Gowin_EMPU_M1 software debugging methods are supported:

e Emulator Debugging
® Serial Debugging

5.2.1 Emulator Debugging
Emulator Type

Gowin_EMPU_M1 supports the following emulator to set break points
for single-step debugging:

e JLINK emulator
® ULINK emulator

Debug interface

Gowin_EMPU_M1 supports the following debugging interfaces:

e JTAG
® Serial Wire

For the Gowin_ EMPU_M1 software debugging method, please refer to
IPUG536, Gowin_EMPU_M1 IDE Software Reference Manual.

5.2.2 Serial Debugging

Use serial and serial debugging assistant to track the running status.

For the Gowin_EMPU_ML1 serial debugging method, please refer to
IPUG535, Gowin EMPU M1 Serial Port Debugging Reference Manual.

IPUG534-1.0E 10(10)
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