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1 R B3R 1.1 RG24

1 BHaM

1.1 R4

Gowin_EMPU_M3, f¥E =245, il 1-1 Frox.

1-1 RG54
MCU Core System AHB Bus System APB Bus System
IRQI15:0]

UARTD

Embedded
. : GRIO
4 wic NWIC P"?:rﬁ:m ks Trace R
Macrocel|

1 :L Ethernet

UART1

Debug Serial
Access Pro Ei;g:“'ul‘ it Wire
Part ' " Viewer DDR3
T
SPI-Flash
Flash Data AHE WatchDag
Patch | [Watchpoints Bridge WHBZAPE|
AHEZ Bridge
:|: 1 HEension
Bus Martix 20
Master
Code SRAM and Peripheral
Interface Interface 5]
Master
SD-Card
Instruction Data
Mermory Memory FFET
xtension|

% —2%, MCU Core System, i35 ARM Cortex-M3 Processor Core.
Instruction Memory 1 Data Memory, LLX Peripheral Interface.

%%, AHB Bus System, f3$5 GPIO. Ethernet. DDR3 Memory.
SPI-Flash 1 AHB2 Extension.

% =%%, APB Bus System, fi}% UARTO. UART1. TimerO. Timerl.
WatchDog. RTC. I2C Master. SPI Master. SD-Card #i1 APB2 Extension.

1.2 RGHFE

Gowin_EMPU_M3, B#E =T RHELEH:

IPUG923-1.0 1(36)




1 TEPESEA

1.2 RGURHE

MCU Core System T &%t
AHB Bus System T &%t
APB Bus System ¥ £4;

1.2.1 MCU Core System F &%t
LTERAZ

IPUG923-1.0

ARM architecture v7-M Thumb2 #5§44£28¥), 7 16-bit 1 32-bit 154
3

¥+ MPU (Memory Protection Unit)

S FF WIC (Wakeup interrupt Controller)
Y ¥F Bit-banding

X ¥ sleep mode HLUFEH, [FIKRFINFE
H BT S A TR I 2R AR 5
SCREECE AT A ORI s X

ARG BIATR L 40MHz LR

NVIC (Nested Vector Interrupt Controller)

f’eft 16 M RIS S, TP sy R e IR
SCFF 256 b Wt e 5 4t
BEN WAL BRI B ) DRAF AL BRI, AP AR B A RN B SR IR

SCRPFIRSFE AT L E

No debug

Minimum debug

Full debug minus DWT (Data Watchpoint and Trace)
Full debug plus DWT

SCRFIAAEE AT L A

Serial Wire

JTAG and Serial Wire

X Trace &4 T L E -

No trace

Standard trace. ITM (Instrumentation Trace Macrocell and DWT (Data
Watchpoint Trace) , No ETM (Embedded Trace Macrocell)

Full trace. ITM, DWT and ETM
High trace. ITM, DWT, ETM and HTM (AHB Trace Macrocell)

Memory

Instruction Memory: 54 F4if#s, Size 1 LAC B N 16KB. 32KB. 64KB
5l 128KB, SZ#F bootload ¥IUH{E SCAINE;

2(36)




1 TEPESEA

1.3 R4 10

® Data Memory: HIEfEfE#E, Size A UKL E Jy 16KB. 32KB. 64KB 1§

128KB.

1.2.2 AHB Bus System FH %t
AHB 22 M 5 -

GPIO

Ethernet

DDR3 Memory
SPI-Flash

® AHB2 Extension

1.2.3 APB Bus System FH %t
APB A MR B 7% -

® UARTO0/1

® Timer0/1

® WatchDog

® RTC

® |[2C Master

® SPI Master

® SD-Card

® APB2 Extension

1.3 R&imO
Gowin_EMPU_M3 4 5% X, % 1-1 Fixs.

* 1-1 AGinOEX
2 Fx /0 | fi%E | Fk T R AR
HCLK in 1 RG] -
hwRstn in 1 ARG ENL -
LOCKUP out |1 M #Zlockup Rk & -
HALTED out |1 M #Zhalt debugrh 4 -
JTAG_3 inout | 1 PO TRSTN
JTAG_4 inout | 1 P OINC
JTAG_ 5 inout | 1 W OTDI
JTAG_6 inout | 1 W OINC
JTAG 7 inout | 1 PR EE 1 TMS/SWDIO DAP
JTAG_8 inout | 1 i [THOLDN
JTAG_ 9 inout | 1 P 1 TCK/SWCLK
JTAG_10 inout | 1 WikENSIo1
JTAG_11 inout | 1 Wik LINC
JTAG_12 inout | 1 Witz O SCLK

IPUG923-1.0
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1 TEPESEA

1.3 R4 10

A 11O frve | #hik INERESES
JTAG_13 inout | 1 4142 0 TDO/SWO
JTAG_14 inout | 1 4842 1 S100
JTAG_15 inout | 1 4182 ISRSTN
JTAG 16 inout | 1 PR OCS
JTAG_17 inout | 1 PHiFEONC
JTAG_18 inout | 1 Pk OWPN
IRQ in [15:0] | FH bk ¥(5 5 NVIC
GPIO inout | [15:0] | 38 A% N\ % o GPIO
UARTORXD in 1 UARTO#Y it -

s UARTO
UARTOTXD out |1 UARTO % 3% 5
UART1RXD int 1 UART 1415w

—— UART1
UART1TXD out |1 UART1 k3% H
TIMEROEXTIN in 1 Timer04 k3 v b Timer0
TIMER1EXTIN in 1 Timerl &M KT Timerl
RTCSRCCLK in 1 RTCH#1532.768KHz | RTC
SCL inout | 1 5 AT I A

- — I12C Master
SDA inout | 1 AT E
MOSI out |1 BT LN 2 TN
MISO in 1 B L NN S T
— SPI Master
SCLK out 1 {5 =
NSS out |1 MR IEFE S
SD_SPICLK in 1 SPIF {55
SD _CLK out |1 SDHf £ 5
SD_CS out |1 FisfE s
SD DATAIN in 1 ACIEL TN
= mﬁ i SD-Card
SD_DATAOUT out |1 EAE L T
SD_CARD_INIT out |1 HILHA"0”
SD_CHECKIN in 1 PN R
SD_CHECKOUT out |1 Linfany R
RGMII_TXC out |1 RGMII A& i
RGMII_TX_CTL out |1 RGMIIK 1% 4 il
RGMIl_TXD out |[3:0] | RGMIK LR
RGMII_RXC in 1 RGMIIZ Y i Ethernet RGMII Interface
RGMII_RX_CTL in 10 RGMIIZ 7 il
RGMII_RXD in [3:0] | RGMIHZE SR
S A
GTX_CLK in 1 F;\GMII 125MHzI 4
GMII_RX_CLK in GMIIFZ I
- Ethernet GMII Interface
GMIl_RX_DV in 1 GMIEZ AL R
IPUG923-1.0
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1 TEPESEA

1.3 R4 10

EA S /0 | fi%E | #Ek I @ s e
GMII_RXD in [7:0] | GMIlFZEYCH s
GMIl_RX_ER in GMIEZ IS %
GTX_CLK in 1 GMIIl 125MHzI Bhéi A
GMII_GTX_CLK out GMIIA I i
GMII_TXD out | [7:0] | GMIIKEHIE
GMIl_TX_EN out |1 GMIIL AT RE
GMII_TX_ER out GMIIK & i
MIl_RX_CLK in 1 MU ST
MIl_RXD in [3:0] | MIHES
MII_RX_DV in 1 MIHZS A e
MIl_RX_ER in 1 MIHEZ S 1%
MIl_TX_CLK in 1 M i B
Ethernet MIl Interface
MIl_TXD out | [3:0] | MIlKZEEIE
MII_TX_EN out |1 M % {4 e
MIl_TX_ER out |1 MIA IE & 5%
MIl_COL in 1 MIIFHRAE =
MIl_CRS in 1 MU AE 5
MDC out |1 7 THL I8 3 I e
Ethernet

MDIO inout | 1 T T
DDR_CLK_| in 1 S50MHzH & A\
DDR_INIT_COMPLETE_O |out |1 WIEATE UG 5
DDR_ADDR_O out | [15:0] | Rowitilik. ColumnHiiil:
DDR _BA O out |[2:0] | Bankiiht
DDR_CS N O out |1 FisfE s
DDR_RAS N O out |1 Rowhh ik 1% 5 5
DDR_CAS N O out |1 Columnib ki@ (E 5
DDR_WE_N_O out |1 Row 5 {1 §&

{4 DDR3 SDRAM
DDR_CLK_O out |1 B,;]HDT é ?; ﬁj_K oo
DDR_CLK_N_O out |1 Pt -
DDR_CKE_O out |1 ELDEE. SDRAMI} 4ifi fgi

AR
DDR_ODT_O out |1 WAFAE 5 i 2 L PHLA% )
DDR_RESET N_O out |1 %DR?’ SDRAMEL{ 5

DDR3 SDRAM¥# 5
DDR_DQM_O out | [1:0] Bty
DDR_DQ IO inout | [15:0] | DDR3 SDRAM# ¥

. DDR3 SDRAM# %
DDR_DQS_10 inout | [1:0] EEE
IPUG923-1.0
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1 TEPESEA

1.4 RGRPES T

EA S /0 | fi%E | #Ek I @ s e
DDR_DQS_N_IO inout | [1:0] f\%ﬁ—ms—'ogﬂﬁkﬁ
FLASH_SPI_HOLDN inout | 1 NC

FLASH_SPI_CSN inout | 1 ML ST

FLASH_SPI_MISO inout | 1 F BTN Hi SPI-Flash
FLASH_SPI_MOSI inout | 1 ERCE- SNV E 2 TN
FLASH_SPI_WPN inout | 1 NC

FLASH_SPI _CLK inout | 1 KRS

APB2PSTRB out |[3:0] | APB2 PSTRB

APB2PPROT out |[2:0] | APB2 PPROT

APB2PSEL out |1 APB2 PSEL

APB2PENABLE out |1 APB2 PENABLE

APB2PADDR out |[31:0] | APB2 PADDR

APB2PWRITE out |1 APB2 PWRITE _
APB2PWDATA out |[31:0] | APB2 PWDATA APB2 Extension
APB2PRDATA in [31:0] | APB2 PRDATA

APB2PREADY in 1 APB2 PREADY

APB2PSLVERR in 1 APB2 PSLVERR

APB2PCLK out |1 APB2 PCLK

APB2PRESET out |1 APB2 RESET

AHB2HSEL out |1 AHB2 HSEL

AHB2HADDR out |[31:0] | AHB2 HADDR

AHB2HTRANS out |[1:0] | AHB2 HTRANS

AHB2HWRITE out |1 AHB2 HWRITE

AHB2HSIZE out |[2:0] | AHB2HSIZE

AHB2HBURST out |[2:0] | AHB2 HBURST

AHB2HPROT out |[3:0] | AHB2 HPROT

AHB2HWDATA out | [31:0] | AHB2 HWDATA _
AHB2HMASTLOCK out |1 AHB2 HMASTLOCK ARB2 Extension
AHB2HREADYMUX out |1 AHB2 HREADYMUX

AHB2HRDATA in [31:0] | AHB2 HRDATA

AHB2HREADYOUT in 1 AHB2 HREDAYOUT

AHB2HRESP in [1:0] | AHB2 HRESP

AHB2HMASTER out |[3:0] | AHB2 MASTER

AHB2HCLK out |1 AHB2 HCLK

AHB2HRESET out |1 AHB2 RESET

14 ARG HFEG T

Gowin_EMPU_M3 R2AE TG, WK 1-2 Fios.

IPUG923-1.0
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1 TR 2E 1.4 REFIES
& 12 R HFgt

. . RESRUIEES LUTs Registers BSRAMs DSP
Configuration Macros
MC_U Core System Minimum and No 17138 2245 16 >
Peripherals
MCU Core System Default and No
Peripherals 22732 4634 64 2
MCU Core System Maximum and No
Peripherals 25290 5571 128 2
MCL_J Core System and All Peripherals 37345 12981 111 >
Maximum

IPUG923-1.0
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2 i iRE 2.1 fEfFIR I

2 B itRiz

2.1 BHIFE

DK-START-GW2A55 V1.3: GW2A-LV55PG484C8/17

2.2 U

Gowin_V1.9.5.01 Beta } UL FJAs.

2.3 IP Core Generator
Gowin =R IP Core Generator, A T-HC B flr=4:
Gowin_EMPU_M3 {1t

IPCore Generator B FH 77151 5% SUG284, Gowin IP Core
Generator [ 1855

2.4 Programmer

Gowin T ## /4 Programmer, FHTH S04 k.

Programmer {48 FH 771415 2% SUG502, Gowin Programmer F
Ei1 P

2.5 @it RiE

Gowin_ EMPU_M3 & A
1. IP Core Generator H /it & MCU Core System.AHB Bus System #1 APB
Bus System, 74 Gowin_EMPU_M3 fififfikit, SN 4HT T,

2. SZ#i{k Gowin EMPU_M3 Top Module, S A N AT, ERH S
N ¥t 5 Gowin_ EMPU_M3 Top Module;

YIER L AR P 201

Synplify Pro 5 GowinSynthesis £ 4 ;

Place & Route fii ik, 7= B s
Programmer &5 XA £ GW2A-55/GW2A-55C .

o 0k~ w

IPUG923-1.0 8(36)



http://cdn.gowinsemi.com.cn/SUG284.pdf
http://cdn.gowinsemi.com.cn/SUG502.pdf

3 LREMR 3.1 G T

TR

3.1 81 TEE
3.1.1 81T

W FTH Gowin = IRHAE, EFSEERAE “File > New... > FPGA Design
Project”, % FPGA Design Project, #11& 3-1 fis.

3-1 6 FPGA Design T2
W GOWIN FPGA Designer - [Start Page]
, File Edit Tools Window Help

O —_— S &

Recent Projects:
Quick Start

roject...

= Projects 13
~[°. FPGA Design Project |

=+ Files

|.& verilog File

|_& VHDL File I
| & Physical Constraints File

- . R 4
ditor

Create a FPGA design project.
You will be able to add or create RTL sources, run
synthesis, place & route, and program your device.

Qs [P

3.1.2 WETIEZMMEE
MONTRESLRR, i TAEKR, WIE 3-2 Fik.

IPUG923-1.0 9(36)




3 LREMR 3.1 G T

B 3-2 ETIEZRMEE

Project Name

Ep Project Name
Enter a mame for your project, and specify a directory where the project will be stored. The directory will
be created if it doesn't exist.

Name: gowin_empu_m3

Create in: | /home/gowin/ l E]

Use as default project location

Next > H Cancel

3.1.3 &S

1L “Series”. “Device”. “Package”. “Speed” #l “Part Number”,

i 3-3 iR

AR R TRASHE B A, a0 Fs:
Series: GW2A

Device: GW2A-55

Package: PBGA484

Speed: C8/I7

Part Number: GW2A-LV55PG484C8/I7

IPUG923-1.0 10(36)




3 TRERR 3.2 it

A
B 3-3 SRR
Project Wizard x
- Select Device
Project Name
# Select Device Specify a target device for your project

Filter

Series: | GW2A 4 || |pevice: | Gw2A-55 ]
Package: |PBGA484 =
Speed: |ca/7 2

Part Number 7 Device Package Speed \Voltage 10

Swanwssoiica owangsvachsse[car (o | 9] swr0 4

[« 3]

| <Back H Next > H Cancel |

3.1.4 SERR T 1200
WK 3-4 frs, SERCLREAE .

5 = =1
34 SERITIZ6IEE
Project Wizard x
Summa
Project Name ry
Select Device Project
B Summary Mame: gowin_empu_m3

Directory: /home/liukai/temp
Source Directory: /home/liukai/temp/gowin_empu m3/src
Implementation Directory: fhome/liukai/temp/gowin_empu_m3/impl

Device
Part Number: GW2A-LV55PG484C8/17
Series: GW2A
Device: GW2A-55
Package: PBGA484
Speed: C8/I7

< Back H Finish H Cancel

3.2 Bt

f# Fi§ IP Core Generator 77 Gowin_EMPU_M3 fiiff#% it
ERE AL “Tools > IP Core Generator” 8% T E.#~ IP Core Generator

IPUG923-1.0 11(36)




3 THERER

3.2 Wi

w  Help

“&8 7, ¥TJF IP Core Generator.

1%EH “Soft IP Core > Microprocessor System > Soft-Core-MCU >
Gowin_EMPU_M3 1.0”, 41Xl 3-5 ffiin~.

3-5 %+ ¥ Gowin_ EMPU_M3

Target Device: | GW2A-LV55PGABACE/7 [:]

Name Versi
&1 Hard Module Gowin EMPU M3
3 BandGap
3 CLOCK
§ ton Information
i3 13C
e Memory Type: Gowin_EMPU_M3
e SPMI i
i User Flash Vendor: GOWIN Semiconductor
I 5 Soft IP Core I Summary: Gowin_EMPU_M3 includes MCU Core System, AHB Bus System and APB Bus System.
B DSP and Mathemathics
& It Gt Ittt MCU Core System is built on a high performance processor core “Cortex-M3", with a 3-stage pipeline
¥ Memory Control Harvard architecture, making it ideal for demanding embedded applications. The processor delivers
I 5 Microprocessor System I exceptional power efficiency through an efficient instruction set and extensively optimized design,
Bus Bridge providing high-end processing hardware including a range of single-cycle and SIMD multiplication and
Hard-Core-MCU multiply-with-accumulate capabilities, saturating arithmetic and dedicated hardware division. The
| = Soft-Core-MCU | processor implements a version of the Thumb instruction set based on Thumb-2 technology, ensuring high

code density and reduced program memory requirements. The MCU instruction set provides the
EMPU_M3 exceptional performance expected of a modern 32-bit architecture, with the high code density of 8-bit and

' Gowin_PicoRV32 11 16-bit microcontrollers. The processor closely integrates a configurable nested interrupt controller, to
% RiscV AE250 11 deliver industry-leading interrupt performance. The processor implements a complete hardware debug
Multimedia

solution. This provides high system visibility of the processor and memory through either a traditional JTAG
port or a 2-pin serial wire debug port that is ideal for microcentrollers and other small package devices. The
processor provides multiple interfaces using AMBA technology to provide high speed, low latency memory

D) accesses. It supports unaligned data accesses and implements atomic bit manipulation that enables faster

Start Page b4 Design Summary *® & IP Core Generator } 4

IPUG923-1.0

TIF Gowin_EMPU_M3, RE45# U1 3-6 flis.

35 “MCU Core System”. “AHB Bus System” #1“ APB Bus System”
“RTFRANE .
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3 LRERER 3.2 fEfE BT
& 3-6 RGtiiaE
File
Target Device: GW2A-LV55PG484C8/I7
Create In: [/home/liukai/gowin_empu_m3 ] ] ‘
Synthesis Tool: !GowinSynthesis s [ Language: | Verilog 5 ‘

MCU Core System

IRQ[15:0]

AHB Bus System

GPIO

Ethernet

DDR3

Embedded
NvIC Pmcc;‘e”' kS Trace
Macrocell
Debug Serial
Access Wire
Port Viewer
Flash Data
Patch | |Watchpoints
Bus Martix
Code SRAM and Peripheral
Interface Interface
Instruction Data
Memory Memory

AHB
Bridge

AHB2
xtension|

i il
(LT Tl

APB Bus System

UARTO

UART1

Timer0

Timerl

WatchDog
IWHB2APB|
Bridge

=

12C
Master

SPI
Master

APB2

%
T
3
&
)
S

@)

‘ |©) Help 1

3.2.1 MCU Core System ECE

MCU Core System 1 R4 lic & ¥,

%z 3-1 MCU Core System Bt B %1

el
=
(=

} anncel ' WQK ]

% 3-1 s

Pic B 3 T

ik

Enable User Interrupts

TFA64 F 7 WAL B S, T e BT A BT e s

BRI KA o

Enable MPU

f#iEMemory Protection Unit;

BRILAERE »

Enable WIC

ffiitWakeup Interrupt Controller;

FRIAERE »

Enable Bit-banding

fifi fEBit-banding;
BRI RE

IRQ Priority Level Width

Fe B Wi se b we, BUHE TG 3~8;

BRIAIUAE N3

WIC Lines

fic & Wakeup Interrupt Controller Lines,

HUE Y [ 3~243;

BRAIUE 3.
e B IR RS R
Debug Level No debug
IPUG923-1.0 13(36)




3 TR

3.2 Wi

Hie B 115

ik

Minimum debug

Full debug minus DWT
Full debug plus DWT
#R\Full debug plus DWT

Trace Level

e B IR RAFH

No trace

Standard trace. ITM and DWT, No ETM

Full trace. ITM, DWT and ETM

High trace. ITM, DWT, ETM and HTM

¥R\ Standard trace. ITM and DWT, No ETM

Debug Interface

P B R O

Serial wire

JTAG and serial wire
ERINJTAG and serial wire

Instruction Memory Size

HU{E16KB. 32KB. 64KBE{128KB;
2RIA64KB.

Initialization File Path

bootload ¥ 4H1E L AF 842, FT F4hSPI-Flash T 45 30

Data Memory Size

HU{E16KB. 32KB. 64KBx}128KB;
ZRIN64KB.

X MCU Core Systm, FTJF MCU Core System Bt &£, fLFE
Configuration. Debug. Instruction Memory 1 Data Memory Bt & 1% .

Configuration

% £ Configuration it & %10, 4P 3-7 A, 7] LLEC & User Interrupts.
MPU. WIC. Bit-banding. IRQ Priority Level Width 1 WIC Lines.

IPUG923-1.0
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[&] 3-7 Configuratio

& MCU Core System x

MCU Core System o

Gowin_EMPU_M3 is built on a high performance processor core Cortex-M3, with a 3-stage pipeline
Harvard architecture, making it ideal for demanding embedded applications, and is integrated into
Gowin FPGA.

MCU Core System includes MCU Core, Instruction Memory and Data Memory.

In MCU Core, user can configure external user interrupts, MPU, WIC, IRQ priority level width, WIC
lines, bit-banding, debug level, trace level and debug interface.

In Instruction Memory and Data Memory, user can configure instruction memory size, initialization
LOCKUP [~ file path and data memory size.
HALTED [
JTAG_3 [
JTAG 4 (4
JTAG S e
TAG 6 [ | —
=P HCLK TG, Options |
JTAG_7 [ o —
JTAG_8 e Configuration | Debug | Instruction Memory | Data Memory |
JTAG_9 {a
‘ Enable User Interrupts
JTAG_10 [
JTAG_11 (b ¥| Enable MPU
JTAG_12 [ V! Enable WIC
= Rt JTAG_13 [eb . .
¥| Enable Bit-banding
JTAG_14 [a» -
JTAG_15 | IRQ Priority Level Width: ‘ 3 E%;(B ~8)
JTAG_16 [ . —
WIC Lines: [3  [${(3~243)
JTAG_17 > —
JTAG_18 [
Gowin EMPU M3
& (@

‘ anncel ‘ &QK

® User Interrupts At &
- Gowin_EMPU_M3 &4t 16 M 2 il b #E S, HTHA &Y
J& T AL EE TR .
- WA %&EFE Enable User Interrupts, Il Gowin. EMPU_M3 SZ#:H 7
WrAbEE, 5 WA SRR .
- BRI
® MPU it &

- Wik Enable MPU, Il Gowin_ EMPU_M3 32 MPU, AR
XFFo
® WICTii®
- W% Enable WIC, ] Gowin_ EMPU_M3 324 WIC, 5 IIA S
S
® Bit-banding fii &
- WRiEFE Enable Bit-banding, ] Gowin_EMPU_M3 37 #F
Bit-banding, &M,

IPUG923-1.0 15(36)
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® |RQ Priority Level Width Fit &

- EE PRI, BUETEHE] 3~8, W LASCRF 8~256 st
PEER

- BIAHN 3.

® WIC Lines it &
- JcE WIC Lines, HUHJuH 3~243.
- Bl 3.

Debug

%5 Debug FC Bk I, 411 3-8 Firw, 1l LARC B Debug Level. TraceLevel
#1 Debug Interface.

[& 3-8 Debug
& MCU Core System x
R
MCU Core System i
Gowin_EMPU_M3 is built on a high performance processor core Cortex-M3, with a 3-stage pipeline
Harvard architecture, making it ideal for demanding embedded applications, and is integrated into
Gowin FPGA.
MCU Core System includes MCU Core, Instruction Memory and Data Memory.
In MCU Core, user can configure external user interrupts, MPU, WIC, IRQ priority level width, WIC
lines, bit-banding, debug level, trace level and debug interface.
In Instruction Memory and Data Memory. user can configure instruction memory size, initialization
LOCKUP — file path and data memory size.
HALTED [
|TAG 3 [t
JTAG 4 [
|TAG 5 (-
|TAG 6 [ -
—# HCLK Options
|TAG 7 P —
JTAG_ 8 Conﬁgurationl Debug I Instruction Memory Data Memory
e -_— i
frAe.s Debug Level
JTAG_10 [
JTAG_11 [ No debug Full debug minus DWT
JTAG_12 - Minimum debug @ Full debug plus DWT
—® hwRstn JTAG_13 [a#
JTAG_14 [ Trace Level
JTAG_13 No trace Full trace. ITM, DWT and ETM
JTAG_16 [ i
JTAG_17 e @ Standard trace. ITM and DWT, No ETM High trace. [TM, DWT, ETM and HTM
JTAG_18 @ Debug Interface
Gowin EMPU M3 Serial wire
@ |TAG and serial wire

Y
ogance\ eQK

® Debug Level il &
MEEH KRG REER, -
- No debug
- Minumum debug
- Full debug minus DWT
- Full debug plus DWT

IPUG923-1.0 16(36)
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BRil Full debug plus DWT,
® Trace Level it &
e B EREE R G RESE K, LA
- Notrace
- Standard trace. ITM and DWT, No ETM
- Full trace. ITM, DWT and ETM
- High trace. ITM, DWT ETM and HTM
!
ERA Standard trace. ITM and DWT, No ETM.
® Debug Interface it &
Bo B A 2R, B
- Serial wire
- JTAG and serial wire
!
ik JTAG and serial wire.

Instruction Memory

P Instruction Memory it Bk, @& 3-9 Frw, Al UL E Instruction
Memory Size #1 Initialization File Path.

3-9 Instruction Memory

& MCU Core System b4

MCU Core System &

Gowin_EMPU_M3 is built on a high performance processor core Cortex-M3, with a 3-stage pipeline
Harvard architecture, making it ideal for demanding embedded applications, and is integrated into
Gowin FPGA.

MCU Core System includes MCU Core, Instruction Memory and Data Memory.

In MCU Core, user can configure external user interrupts, MPU, WIC, IRQ priority level width, WIC
lines, bit-banding, debug level, trace level and debug interface.

In Instruction Memory and Data Memory, user can configure instruction memaory size, initialization
file path and data memory size.

LOCKUP
HALTED

|TAG 3
|TAG_4
|TAG S
|TAG 6

—® HCLK

Options
—_—
Configuration ] Debug l Instruction Memory I Data Memory
Instruction Memory Size: | 64KB S

Initialization File Path: Jhome/liukai/gowin_empu_m3/boot C]

JTAG_7
|TAG 8
|TAG 9

—# hwRstn
JTAG_10

JTAG_11
JTAG_12
JTAG_13
JTAG_14
JTAG_15
JTAG_16
JTAG_17
TAG_18

= IRO[15:0]

X EEEEEEEEEAEE R R

Gowin EMPU M3

Q=

legancel

o |

IPUG923-1.0 17(36)
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® Instruction Memory Size it &
it & Instruction Memory Size, 7] UL E 5 16KB.32KB.64KB &Y 128KB.
ERIN N 64KB.

® Initialization File Path fit &
i E bootload WA #&1E, AT F 4k SPI-Flash T#JA2377 . R
EATFR Instruction Memory Size, n#E AR bootload SCAF#4%, N
TR
- W& Instruction Memory Size it & ¥ 16KB, Il Initialization File Path

I A4 & T B AR INSMEM_Size_16KB bootload #1464k S 14

- 4R Instruction Memory Size it & 5 32KB, [l Initialization File Path
TN AT & T AL INSMEM_Size_32KB bootload #J#H46 3014

- 4n Instruction Memory Size it & & 64KB, U1 Initialization File Path
I A & T AR INSMEM_Size 64KB bootload #1464k S 14

- W& Instruction Memory Size BCE N 128KB, N Initialization File
Path fIn# &I & T B4 INSMEM_Size 128KB bootload #J44

L
"
Instruction Memory Initialization Path ‘5 N #8425, AREA LLEF iy 4 I S B 1%
Data Memory
1 $¢& Data Memory Fc Bi%70, 1K 3-10 fizs, A LS & Data Memory
Size.

IPUG923-1.0 18(36)




3 LREMR 3.2 Wi

[#] 3-10 Data Memory

F 9 MCU Core System x

MCU Core System o

Gowin_EMPU_M3 is built on a high performance processor core Cortex-M3, with a 3-stage pipeline
Harvard architecture, making it ideal for demanding embedded applications, and is integrated into
Gowin FPGA.

MCU Core System includes MCU Core, Instruction Memory and Data Memory.

In MCU Core, user can configure external user interrupts, MPU, WIC, IRQ priority level width, WIC
lines, bit-banding, debug level, trace level and debug interface.

In Instruction Memory and Data Memory, user can configure instruction memory size, initialization
file path and data memory size.

LOCKUP
HALTED
JTAG 3
JTAG_4
JTAG S
JTAG_6

— HCLK

Options |

Configuration [ Debug | Instruction Memoryi Data Memory \l

Data Memory Size: | 64KB s

JTAG_7
JTAG 8
JTAG_9

JTAG_10

JTAG_11

JTAG_12

JTAG_13

= hwRstn

— IRQI15:0] JTAG_14
JTAG_15

JTAG_16
JTAG_17

EEEEEEEEEEE R R RE

JTAG_18

Gowin EMPU M3

‘:“;‘
)

1 anncel “ eQK

fic & Data Memory Size, 7] PAFCE A 16KB. 32KB. 64KB &} 128KB.
RN AN 64KB.

3.2.2 AHB Bus System B &

AHB Bus System ¥ Z2&RLEIELT, 1% 3-2 fis.
%% 3-2 AHB Bus System Bt & j£IR

fic B 1% I R
2p
Enable GPIO flf e GPIO

BRI KA

i Ethernet

BRIAK I

Ethernet i£ % Interface (RGMII/GMII/MII)
RN RGMII

RGMII input delay

BRIME Y 100

MIIM clock divider

BRIME N 20

ffifit DDR3 Memory

BRI KA

{f&E SPI-Flash T #IhAefl Memory 2. 5. #ERRIhAE
R fERE

Enable AHB2 Extension | {§E AHB2 ¥ B £ 11

Enable Ethernet

Interface

RGMII Input Delay

MIIM Clock Divider

Enable DDR3

Enable SPI-Flash

IPUG923-1.0 19(36)
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P B 1215 ik
BRI G ]

GPIO Fit &

XTI H GPIO, A LLEFERCE GPIO, Wik 3-11 firs.
1% Enable GPIO, ] Gowin EMPU_M3 37 #; GPIO, ERIAFEH] .

[ 3-11 GPIO B2 &
& GPIO X
R
GPIO &
The MCU core system of Gowin_EMPU_M3 interacts with GPIO block
..o through AHB bus.The GPIO block interconnects with FPGA Fabric where
o user implements general purpose 1/O functions. This AHB GPIO is a
HALIED [ general purpose I/O interface unit and provides a 16-bit I/O interface.
JTAG 3 [
JTAG_4 [
JTAG S
TAG_6 [
— HOLK |TAG7 e
|TAG_8 —_—
[TAG.S e Options |
s it ¥| Enable GPIO
JTAG_11 fati
JTAG_12 e
= hwRstn JTAG_13 (4>
JTAG_14 [
[TAG_15 M=
JTAG_16 [
[TAG_17 f
[TAG_18 fad
GPIO[15:0] e

(
)

Gowin EMPU M3

}Q(_:ancel” &QK ]

Ethernet Bt &

M AT Ethernet, 7] LLIAEEACE Ethernet, & 3-12 for.,
® ik + Enable Ethernet, Il Gowin_ EMPU_M3 3 F Ethernet, ZRiA
KMo
® IR A IELFE Enable Ethernet, NIFUIACE Interface. RGMII Input
Delay. MIIM Clock Divider.

- ¥ Interface, ALLESECE RGMII. GMII. MIl 2 GMII/MII, 2R
I RGMII,

- R Interface BCE N RGMII, JUIAT Lk #£1C & RGMII Input Delay,

ERIAE N 100,
- i%FE MIIM Clock Divider, 7] PLIBCE MIIM Clock Divider, ERAE N
20,

- R Interface ¥ # RGMII 8 GMII, 55 1 GTX_CLK WAZifEEA
125MHz i8N .

IPUG923-1.0 20(36)
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[E 3-12 Ethernet Bt B

Ethernet

Ethernet o

The MCU core system of Gowin_EMPU_M3 interacts with Ethernet block
through AHB bus.The Ethernet block is a fully verified block, which can
implement Ethernet MAC layer function and provide RGMII/GMII/MII
interface to connect to PHY IC. The block implements MAC layer protocol.

LOCKUP
HALTED
— HOLK JTAG_3
JTAG 4
JTAG S
—& hwRstn JTAG.6
JTAG_?
JTAG_8

— RGMII_RXC
- JTAG_9

Options

JTAG_10
-y AGMII_RX_CTL JYA(,_ll
R |T8G_12 ¥ Enable Ethernet

JTAG_13

i JTAG_14
—{ RGMI_RXDI3:0] G Interface: [RGMII % |
JTAG_16 Ta)
e e RGMII Input Delay: | 100 =
GTX_CLK AR ! !
JTAG_18 e PpeEE—
s MIIM Clock Divider: | 20 =

—ad MDBC RGMII_TX_CTL

RGMII_TXD{3:0)
MDIO

lf%l&&%%##%#%%%%#%%%%#%&

Gowin EMPU M3

I‘ °_gancel l WQK l

DDR3 &

M7 §TH DDR3, #]LLk#AlE DDR3, Wi 3-13 Fis.

U5 1% £ Enable DDR3, ] Gowin_ EMPU_M3 37 ¥ DDR3 Memory, %k
KM,

DDR3 N #BH i 4ii% 150MHz.

DDR3 ¥ 1 DDR_CLK_| 4 Z0i#2 N 50MHz 446\ .

IPUG923-1.0 21(36)
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[ 3-13 DDR3 B &
= DDR3 X

DDR3 2

P

The MCU core system of Gowin_EMPU_M3 interacts with DDR3 block
through AHB bus.The DDR3 block provides a complete solution for
customers to use DDR3 memory. This block located between the DDR3
memory and the user logic include with Gowin Memory Controller and
Physical interface, reduces the user's effort to deal with the DDR3
memory command interface by providing a simple generic system
interface to the user.

Options |

|| ¥/ Enable DDR3

BEEEEREEEEEEEEEEEEEEEREEEEEREERER

’ anncel ‘ WQK l

SPI-Flash i &

SPI-Flash 2 ¥ N4 hhE, A1 Memory 2. 5. ERRIhAE,
T SPI-Flash, 7] CLEREECE SPI-Flash, 1K 3-14 fis.

IR % $% Enable SPI-Flash, ] Gowin_ EMPU_M3 37§ SPI-Flash, ZRi\
fiiRe.

IPUG923-1.0 22(36)
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3.2 Wi

[ 3-14 SPI-Flash fit &

&

SPI-Flash

SPI-Flash x

By |

Bk

The MCU core system of Gowin_EMPU_M3 interacts with SPI-Flash block

Lockup e through AHB bus.The SPI-Flash block is a fully verified block which can
HALTED (= be as Gowin_EMPU_M3's chip-off running memory. The SPI-Flash block is
a3 o SPI interface.
|TAG 4 pom
[TAG 5 poe
|TAG 6 poe
[THG 7 P
-8 HOLK J7o_8 fos
|TAG O poe=
|TAG_10 poe=
|TAG_11 poe=
|TAG 12 po Options
|TAG 13 fome
] ied ¥| Enable SPI-Flash
|TAG 15 bl
|TAG 16 b
g i |TAG_17 paam
[TAG_ 18 baaw
FLASH SPI_HOLDN faee
FLASH_SPICSN hae
O e
ol
-
[o e,
Gowin EMPU M3 ‘ I ‘;‘ )
‘ °(_:ance| ‘ [ JQK ]
AHB2 Extension B &

X FFTHF AHB2 Extension, A] LLIEFCE AHB2 Extension, U1K 3-15 fir

7N o

I i% £ Enable AHB2 Extension, ] Gowin_ EMPU_M3 ¥ AHB2
Extension, /70l DAFE M O BATEREY EH AHB AN %, BRG] .

IPUG923-1.0
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3.2 Wi

[ 3-15 AHB2 Extension EC.E

&

AHB2 Extension

i
RN EEREREEEEEEEEEERREERE!

Options |

AHB2 Extension x

R
5 7
The MCU core system of Gowin_EMPU_M3 interacts with AHB2 Extension
block through AHB bus.The AHB2 Extension block is a fully verified
block which can extend AHB bus to user to design more AHB
peripherals.

v Enable AHB2 Extension

‘Q gancelj WQK l

3.2.3 APB Bus System ECE

APB Bus System 1 Z&HCEILE L, 401K 3-3 Fis.
%z 3-3 APB Bus System B¢ B %R

fic B I %JZE

Enable UARTO g;: ;*; [{fﬂ' 0
Enable UART1 ﬁzi ; 1
Enable Timer0 ﬁ;:;?%%j 0
Enable Timerl g;:iggﬁ 1
Enable WatchDog ﬁ;:i:%z’@
Enable RTC glﬁé;_{;
Enable 12C Master g;:;g%Master
Enable SPI Master ﬁ;}zl{aﬂl Master
Enable SD-Card g;& ;I%Car‘d
Enable APB2 Extension ﬁfﬁg?z s

IPUG923-1.0
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UART Bt &
BT UARTO 5k UARTL, ] PLIEFFACE UARTO 2k UARTL, nf 3-16
IV
® 1ifik#E Enable UARTO, Il Gowin EMPU_M3 % #: UARTO, ERil%
i
® k¥ Enable UARTL, 1l Gowin_ EMPU_M3 % #f UART1, ERil%
il
[ 3-16 UART Bt &
s UART X
UART &
The MCU core system of Gowin_EMPU_M3 interacts with UART0/1 block
il 15 through APB bus.The UARTO/1 block is a fully verified block which can
Locky implement UART communication. UARTO/1 block contains two universal
HESERT asynchronous receive/transceiver, which support maximum baud rate at
JIhG_3 (4% 921.6Kbit/s.
—f HCLK JTAG_4 (&
JTAG_S (e
JTAG 6 e
JTAG_7 (=
—®| hwRstn JTG_8 40
JTAG 9 e
[TAG_10 jat
JTAG_11 fa m———
o) B Options |
~4 UARTORXD [TAG_13 e |
R ¥| Enable UARTO
JTAGLS foae v Enable UART1
[TAG_16 ja
—#| UARTIRXD TAG_17 e
[TAG_18 fa4e
UARTOTXD 9
UARTITXD =
@

Gowin EMPU M3

i anncel \ WQKi]

Timer it B
X #TH Timer0 8¢ Timerd, w]LLESECE Timer0 &% Timerl, #npd 3-17
FToR;

® ' 1%+ Enable Timer0, Il Gowin_ EMPU_M3 3 #F Timer0, ZRiA <.
® {1k Enable Timerl, Il Gowin_ EMPU_M3 37 £f Timerd, Bkl %M.
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& 3-17 Timer £ &

& Timer x

Timer

The MCU core system of Gowin_EMPU_M3 interacts with Timer0/1 block
through APB bus.The Timer0/1 block is a fully verified block which can
implement counter function. The Timer0/1 block contains two Timers,
which support 24-bit counter.

LOCKUP
HALTED
JTAG_3
|TAG_4
JTAG_S
|TAG_6
JTAG_7
|TAG_8
JTAG_9
JTAG_10
JTAG_11
JTAG_12
JTAG_13
JTAG_14

=& hwRstn

Options |

= TIMERCEXTIN

¥ Enable Timer0

v Enable Timerl

= TIMER1EXTIN JTAG_15
JTAG_16
JTAG_17
JTAG_18

EEAREAERRR R R R R R

Gowin EMPU M3

’ °gancel ‘ WQK ‘

WatchDog B E

M di4THF WatchDog, 7] LLEFEALE WatchDog, 411 3-18 s
I i% £ Enable WatchDog, ] Gowin_ EMPU_M3 3 #F WatchDog, 2k
KM
& 3-18 WatchDog B &
P WatchDog x

WatchDog s

The MCU core system of Gowin_EMPU_M3 interacts with WatchDog
block through APB bus.The WatchDeg block is a fully verified block
which can implement system reset when system is running over.

LOCKUP
HALTED
|TAG_3
TAG_4
|TAG_S
|TAG_&
[TAG_7
|TAG_8
[TAG_9
JTAG_10
JTAG_11
JTAG_12
JTAG_13
JTAG_14
JTAG_15
JTAG 16
JTAG_17
JTAG_18

—= HCLK

Options

¥ Enable WatchDog

— hwhstn

ERARAARARRE AR R R RN

Gowin EMPU M3

(@ x|
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RTCEE
WEHFIIF RTC, mJLLEEHACE RTC, WK 3-19 Fius.
5% £ Enable RTC, Il Gowin EMPU_M3 37 RTC, ERiAKH.
[ 3-19 RTC 2 &
& RTC x
RTC &

The MCU core system of Gowin_EMPU_M3 interacts with RTC block
through APB bus.The RTC block is a fully verified block which can
implement real time clock.

LOCKUP
HALTED
JTAG_3
JTAG_4
—{ HCLK |TAG_S
|TAG_ 6
JTAG_7
JTAG_8
JTAG 9
JTAG_10
JTAG_11
JTAG_12
JTAG_13

= hwRstn

Options

v Enable RTC

— RICSRCCLK JTAG_14
JTAG_15

JTAG_16
JTAG_17
JTAG_18

EEAREEEERREREEA R R R

Gowin EMPU M3

i anncel \ WQK l

I12C Master B0 E

X #TH 12C Master, 1] LUEFEECE 12C Master, U118 3-20 s

R % F Enable 12C Master, ] Gowin_ EMPU_M3 7 F 12C Master, 2k
%%l‘ﬂo
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[&] 3-20 I12C Master Bt B

4  iCMaster x|
12C Master e

The MCU core system of Gowin_EMPU_M3 interacts with 12C Master
block through APB bus.The 12C Master block is a fully verified block
which can implement 12C communication. The I12C Master block
implements 12C protocol.

LOCKEUP
HALTED
JTAG_3
JTAG_4
JTAG_S

JTAG_&
= HCLE JTAG_7

JTAG_8

JTAG_9
JTAG_10
JTAG_11
JTAG_12
JTAG_13
= hrwuFistn JTAG 14
JTAG_15
JTAG_16
JTAG_17
JTAG_18

Options

¥ Enable 12C Master

EEEEEEEEEREAAREAR AR ER

l

Gowin EMPU M3

Qe [ ]

SPI Master i &

T IF SPI Master, wJ LLUEHACE SPI Master, W1 3-21 fis.
R i%& £ Enable SPI Master, M Gowin. EMPU_M3 3§ SPI Master, Zk
N
& 3-21 SPI Master fi &
& SPI Master x

SPI Master e

The MCU core system of Gowin_EMPU_M3 interacts with SPI Master
block through APB bus.The SPI Master block is a fully verified block
which can implement SPI communication. The SPI Master block
implements SPI protocol.

LOCKUP
HALTED

JTAG_17
JTAG_18
MOS!
SCLK
NSS

Q@

—
-
TAG_3 bt
JTAG_4 faw
JTAG S hate
=1 HCLK
JTAG_6
JTAG 7 faw
JTAG_8 bt
JTAG 9 faw
JTAG_10 e
—»{ hwRstn JTAG_11 b —
JTAG_12 [ Options
JTAG_13 i
[TAG_14 fab ¥ Enable SP| Master
JTAG_15
JTAG_16 fate
- MISO
>
-
—
—>
—
|

Gowin EMPU M3

l‘ °(_:ance| ! [ &QK l
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SD-Card Bt B

MF74THF SD-Card, 7] LLIAFEACE SD-Card, 4l 3-22 fiow.
n ik Enable SD-Card, U Gowin_EMPU_M3 3Z#f SD-Card, ERilX
i
SD-Card ¥ij 1 SD_SPICLK, 4474 A\ 30MHz [ £y .
[ 3-22 SD-Card Bt &
e — >
SD-Card 2

The MCU core system of Gowin_EMPU_M3 Interacts with SD-Card block
through APB bus.The SD-Card block is a fully verified block which can
implement R/W SD-Card memory to save data.

LOCEUR
HALTED
JTAG_3
— HOLK JTaG 4

JTAG S
JTaG
JTaG_T
— huwfistny JTac e

JTaG .
fraG_10
G 11
=8 50_SPICLE fraG_1z
fTaG 13

Options

v| Enable SD-Card

FiaG_14
TaG 1%
= co_DaTAm FTAG 16

fraG_17
fiaG_18
s0_CLK
—af 50 CHECKIN sD.CS
S0_DATAQUT
50_CARD_INIT

R EEEEAEAR AR AR AR A AR

S0 CHECKOUT

=
‘Gowin EMPU M2

lagancel WQK l
APB2 Extension B &
XTI+ APB2 Extension, 1] LLEFAL & APB2 Extension, 41 3-23 filr
No

5% £ Enable APB2 Extension, Il Gowin_ EMPU_M3 37 £ APB2
Extension, F/nl DLE 4L O BATEEY R H) APB M4, BIAKH.
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[E 3-23 APB2 Extension EC.E

&

APB2 Extension

e
e
13 e
]
—{uc R S
R =
[ 7 e
155 e
wial it 1.9 fowe
S
TAG 11 [
TG 12 e
TG 13 e
=] srmamoatal sy s TAG 14 e
TG 15 (e
TG 16 e
TG 17 feee
TG 10 e
o wrmzmgacy o i 1
APEPROTI2.0] fetr
arozre e
b
—{ wruarmivtan o <t
T f
o) fee
o
e
Gowin EMPU M3
HATARE
Ly =]

APB2 Extension

RS
The MCU core system of Gowin_EMPU_M3 interacts with APB2 Extension
block through APB bus.

The APB2 Extension block is a fully verified block which can extend APB
bus to user to design more APB peripherals.

Options

¥ Enable APB2 Extension

‘v anncel ! WQK

|

SEA% Gowin_EMPU_M3 DiREACE 5, &+ 4 Gowin_ EMPU_M3 %7
4 1. A Synplify Pro % GowinSynthesis, 1 3-24 fi/x.
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A
E 3-24 ZETARE
Gowin EMPU M3 X
File
Target Device: GW2A-LV55PG484C8/I7
Create In: /home/liukai/gowin_empu_m3 I \
Synthesis Tool: ! GowinSynthesis + | Language: | Verilog s ‘
MCU Core System AHB Bus System APB Bus System
IRQ[15:0]
. Embedded *
- e —sf PR e of race 1> —{EE
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