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1 B 24

1.1 ARG

1.1 RGHEWH

1@1#%1%*’@

Gowin_EMPU(GW1NS-2C), & H MCU W &4l FPGA WiZ &G4

WA ERSGE, WE ADC %R, K 1-1 Fios.

B 1-1 RS54

JTAG Port

Microprocessor Unit

JTAG IF

TPIY TPIU IR

FPGA Fabric

H b

Clock&Reset

USER_INTO
Interrupt |5 [ )sfp_INT1 CLK&RST

AHB Extension:INTEXPO [ AHB2 Slave Clock
AHB Extension:TARGEXPO [
AR T Sram&Elach IE AHB2 Master -

Sram

GPIO IF |

PB2 Extension|IF APB2

Bridge \|/
Int Monitor

] [

12C UART SPI APB2
Soft- Soft- Soft- Master
Core Core [1-12]

—  UARTO K—| Core

ADC IF

Il :

UART IF

ADC Hard-Core

10 Port

MCU W 245, 35 MCU Core. AHB M2k 4k 4:. AHB2APB

Bridge. APB1 2k [ A af 54445 .

FPGA W A4, B1 MCU WIZ RS8P RIEALE S HIA . MCU N
ARG EIEAF G4 (SRAM) NIFES A48 (FLASH). APB2 Bridge.

APB2 Sk K AR5 5
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1B SR 1.2 RGHFE

1.2 RG4S

Gowin_ EMPU(GW1NS-2C), M T 2% :
® MCU W A4
® FPGA W A%

1.2.1 MCU R R %

MCU WHZ R4, fE:
® MCU Core

- ARM Cortex-M3 Core, ARM architecture v7-M Thumb?2 1§ 44241
4, SCFF 16-bit f1 32-bit 544

- DAP (Debug Access Port)
- Bus Matrix
- NVIC (Nested Vector Interrupt Controller)
- TPIU (Trace Port Interface Unit)
® AHB HZ RS SLAMR IR
- GPIO
- AHB2 Master f 4 45
- AHB2 Slave H P ¥ JE 821
® AHB2APB Bridge
® APB HZ R G AR
-  UARTO
- UART1
- Timer0O
- Timerl
- Watch Dog
- APB2 ¥ JE#:1

1.2.2 FPGA R &A%

FPGA HiZ &%, B15:
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1 RS

1.3 RGmH

® HMEE LRI B N G /E N MCU W% R G b el Fl P a] [ 4TE
MCU % R G815, MCU W% =i 8 8y 30MHz

o SRfESHN, ENMCU WA ARZEN(ES
® 2 NI ALEEE S, T RT DAY R AN v 1) R b AL B T g

® AHB ¥ EBEZH I

- SRAM Hl FLASH, 1FAN MCU W &R Gt a7 2 Fl 8 S 17 il 2
- 1/ AHB2 Master Ji /¥ 411

- 1/~ AHB2 Slave H ¥ 41

® APB2 ¥ @i

- SPI Master

- 12C Master

- UART

- ADC Controller

- 12 /> APB2 Master H /¥ B 1

® Memory

- MCU W% RS EURAE %2 SRAM Size, AJUIECE A 2KB. 4KB

8KB

- MCU W R Gi18 4 it #s FLASH Size, v 128KB

1.3 A% 0

Gowin_EMPU(GW1NS-2C) % %t H 5 X,

mE 1-1 s

® 1-1 RGisOEX

B 110 (A Efiba R BER
sys_clk in 1 RGP E S -
reset_n in 1 RGEEAES
trace_clk out 1 TPIU B85 5
trace_swo out 1 TPIU W85 5 TPIU
trace_data out [3:0] TPIU HEH B E 5
user_int_0 in 1 P st 55 0

_ : - — Interrupt
user_int_1 in 1 F P b5 S 1
gpio inout | [15:0] | @EHAMARHES GPIO
uart0_rxd in 1 UARTO #I(5 5 UARTO
IPUG517-1.4 3(33)




1 REPRSRAY

1.3 RGmH

4R I/O (A iR @ Ak
uart0_txd out 1 UARTO Ki%(5 %5
uartl rxd in 1 UARTL (55
Ny UART1
uartl_txd out 1 UART1 K% (55
uart_rxd in 1 UART #UfE5
o UART
uart_txd out 1 UART Ki%fES
scl inout |1 12C HATHBIME S
. P m——— I2C Master
sda inout |1 12C HFATEIRE S
adc_channel in [7:0] ADC HiEHI NG5 ADC
adc_vref in 1 ADC ZEH K55
mosi out 1 SPI 1% & i th/ N A N5
=
A
miso in 1 SPI W &N &4 15
o SPI Master
=
sclk out 1 SPI B 8055
nss out 1 SPI N %IERES
master_hclk out 1 Master i £01{5 5
master_hrst out 1 Master £ {55
master_hsel out 1 Master E#(5 5
master_haddr out [31:0] Master Hihk{5 =
master_htrans out [1:0] Master {525 5
master_hwrite out 1 Master %5 J5 {5 5
master_hsize out [2:0] Master 1f£4i%#E Size %5
master_hburst out [2:0] Master burst Z5M{5 5
master_hprot out [3:0] Master R34z {5 5
master_memattr out [1:0] Master memattr {55
master_exreq out 1 Matter exreq 155
N Ey——— AHB2 Master
master_hmaster out [3:0] Master EHr 5155
master_hwdata out [31:0] Master 5% #5155
master_hmastlock out 1 Master 8 & bric (5 5
master_hreadymux out 1 Master hreadymux {5 5
master_hauser out 1 Master hauser 155
master_hwuser out [3:0] Master hwuser {5 5
master_hrdata in [31:0] Master 55 5
master_hreadyout in 1 Master hreadyout {5 5
master_hresp in 1 Master fEHPIRAE =
master_exresp in 1 Master exresp 155
master_hruser in [2:0] Master hruser {55
slave_hsel in 1 Slave &5 5
- Soge AHB2 Slave
slave_haddr in [31:0] | Slave Huli{5 5
IPUG517-1.4 4(33)




1 RS

1.3 RGmH

4R I/0 (A iR @ Ak
slave_htrans in [1:0] Slave &MU E 5
slave_hwrite in 1 Slave %5 J5 A5 5
slave_hsize in [2:0] Slave f&Hi%# Size /55
slave_hburst in [2:0] Slave burst XAF 5
slave_hprot in [3:0] Slave fRI¥EHIE 5
slave_hmaster in [3:0] Slave EHr 5155
slave_hwdata in [31:0] Slave 555
slave_hmastlock in 1 Slave #iEtrid(E 5
slave_hrdata out [31:0] | Slave ¥ (G5
slave_hready out 1 Slave & IF 55
slave_hresp out 1 Slave f&HrREE 5
slave_hexresp out 1 Slave hexresp 155
slave_hruser out [2:0] Slave hruser {55
slave_hmemattr in [1:0] Slave hmemattr 155
slave_hexreq in 1 Slave hexreq 55
slave_hauser in 1 Slave hauser 55
slave_hwuser in [3:0] Slave hwuser {55
master_pclk out 1 APB2 Master B 2155
master_prst out 1 APB2 Master EHi {55
master_penable out 1 APB2 Master # §&15 5
master_paddr out [7:0] APB2 Master HiiH {55
— APB2 Master [1-12]

master_pwrite out 1 APB2 Master 135 /7 [M{5 5
master_pwdata out [31:0] | APB2 Master 5 #i{55
master_pstrb out [3:0] APB2 Master 5iti#{E 5
master_pprot out [2:0] APB2 Master {3055
master_psell out 1 APB2 Master [1]i£#(5 5
master_preadyl in 1 APB2 Master [l]‘{’%%ﬁﬂﬁ% APB2 Master [1]
master_prdatal in [31:0] APB2 Master [1]i (5 5
master_pslverrl in 1 APB2 Master [1]& 51815 5
master_psel2 out 1 APB2 Master [2li£ #1555
master_pready?2 in 1 APB2 Master [2]?’%%16‘1?% APE2 Master [2]
master_prdata2 in [31:0] APB2 Master [2]i 15 5
master_pslverr2 in 1 APB2 Master [2]& #1855
master_psel3 out 1 APB2 Master [3li£#55
master_pready3 in 1 APB2 Master [3|#E #5175 5

- — APB2 Master [3]
master_prdata3 in [31:0] APB2 Master [3]iE (5 =
master_pslverr3 in 1 APB2 Master[3]f& 4 KW (5 5
master_psel4 out 1 APB2 Master [4]i£ (55 APB2 Master [4]
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1 fA4EH 1.4 ARG RIEST
B 110 (A iR BIVEL 2N
master_pready4 in 1 APB2 Master [4)E& 5 S
master_prdata4 in [31:0] APB2 Master [4]i 45 5
master_pslverr4 in 1 APB2 Master[4]1& i KR IMAE 5
master_psel5 out 1 APB2 Master [5li£ #1555
master_preadys in 1 APB2 Master [5]if: & 1755

: — APB2 Master [5]
master_prdata5 in [31:0] APB2 Master [5]EEEHE(E =
master_pslverrs in 1 APB2 Master[5)1& i Wi s 5
master_psel6 out 1 APB2 Master [6]i£ 155
master_pready6 in 1 APB2 Master [6]/f: % 1155
: T APB2 Master [6]
master_prdata6 in [31:0] | APB2 Master [6]iL£1#E15 5
master_pslverré in 1 APB2 Master[6]1& i KR AE 5
master_psel7 out 1 APB2 Master [7]i& {55
master_pready7 in 1 APB2 Master [7]#E &I 55
- NS APB2 Master [7]
master_prdata7 in [31:0] | APB2 Master [7]i% #5155
master_pslverr7 in 1 APB2 Master[7)1& i M s 5
master_psel8 out 1 APB2 Master [8]i£ (55
master_pready8 in 1 APB2 Master [8]#: & 115
. — APB2 Master [8]
master_prdata8 in [31:0] | APB2 Master [8]i: {5 5
master_pslverr8 in 1 APB2 Master[8]% i KI5 =
master_psel9 out 1 APB2 Master [9]i£#%15 5
master_pready9 in 1 APB2 Master [9]#E & i {55
: T APB2 Master [9]
master_prdata9 in [31:0] APB2 Master [9]i: 5 ¥l {5 5
master_pslverr9 in 1 APB2 Master[9]f& i KW (5 5
master_psel10 out 1 APB2 Master [10]i& (55
master_pready10 in 1 APB2 Master [10]#E % 1F15 5
. T APB2 Master [10]
master_prdatal0 in [31:0] APB2 Master [10]3: 55 5
master_pslverrl0 in 1 APB2 Master[10]f& 4 KI5 =
master_pselll out 1 APB2 Master [11]i£ #1555
master_pready11 in 1 APB2 Master [11]E % 115 5
. R APB2 Master [11]
master_prdatall in [31:0] APB2 Master [11]2 53515 5
master_pslverrll in 1 APB2 Master[11]& %KW 1E 5
master_psel12 out 1 APB2 Master [12]i% 5155
master_pready12 in 1 APB2 Master [12]#E & U5 5
. N oy APB2 Master [12]
master_prdatal2 in [31:0] APB2 Master [12]i$ 515 5
master_pslverr12 in 1 APB2 Master[12]f& 5k M5 =

14 RS HRGT

Gowin_EMPU(GWINS-2C) KA % IHS 1T, Wk 1-2 s
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1 REPRSRAY

1.4 RGEIRGH

# 12 R HRGT

Resources .
. . LUTs Registers BSRAMs | DSP Macros
Configuration
MCU Core Minimum 338 243
MCU Core Default + Peripherals 682 437
MCU Core Default + AHB PSRAM 1384 948 4 0
IPUG517-1.4 7(33)




2 AT 2.1 TEfFI L

2 BfitRiE

2.1 FEHIFIR

DK-START-GW1NS2 V3.1: GWINS-UX2CLQ144C5/14

2.2 U

Gowin_V1.9.5.02 Beta A FhAs

2.3 IP Core Generator

Gowin z=JR¥ /517 IP Core Generator, T & fl=4k
Gowin_EMPU(GW1NS-2C)## 1t . IP Core Generator ¥ A% 777%,
B 5% SUG284, Gowin IP Core Generator FH F 4555 »

2.4 Programmer

Gowin F#3 4 Programmer, > f Gowin_ EMPU(GW1NS-2C)fi#i{4} %
M5 N %, Programmer BAF 55, 152% SUG502, Gowin
Programmer Ffi /7 5 -

2.5 &itHiE
Gowin_ EMPU(GW1NS-2C)f#i & i f4

® |P Core Generator [it & f1774 Gowin_ EMPU(GW1NS-2C) {41,
SN GET TR

® s:fl{k Gowin_EMPU(GW1NS-2C) Top Module, S§AFH /B H 1T,
HERE N S Gowin. EMPU(GW1NS-2C) Top Module;

® WL HURIN P 20 s

IPUG517-1.4 8(33)



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

2 AT 2.5 Witiifs

® Synplify Pro 5 GowinSynthesis £ % ;
® Place & Route fii gk, 7= MR CAF;
® Programmer [ #i37i%] GW1NS-2C/GW1NSR-2C/GWINSE-2C.

IPUG517-1.4 9(33)




3 TFERAR

3.1 TrG)

TIEHRR

3.1 T8I
3.1.1 81T

WAAT I G = VAT, e s
Project”, 1l 3-1 Fizr.

[#l 3-1 8|3 FPGA Design T2

“File > New... > FPGA Design

GOWIN FPGA Designer - [Start Page]
. Fle Edit Tools Window Help

N

Recent Projects:

S F;r.?!",:"

Quick Start

= =

New Project... Open Project... Open Example Project...
E} Projects -

=5 rrGa Design Project

S . . onstraints Editor
E;-,, Verilog File

.....

.

-
. st 4 en

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

l°§ance| ] [ @ ox l

IPUG517-1.4
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3 TFERAR 3.1 TR

3.1.2 ®WET IEZHRMERE

BN LIRS, EHELERE, Wi 3-2 Firs.
3-2 WETIZAMRMERE

Project Name
B Project Name

Enter a name 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

Create in: | gowin_empu l E]

Use as default project location

3.1.3 & FEHBHE
1% “Series”. “Device”. “Package”. “Speed” ! “Part Number”,
ﬁnlz] 3'3 ﬁﬁi_\‘o

DL T & T B A, DK_START _GWINS2 V3.1 &% & N6, W FFr
7INo

® Series: GWI1NS

® Device: GWINS-2C

® Package: LQFP144

® Speed: C5/14

® Part Number: GW1NS-UX2CLQ144C5/14

IPUG517-1.4 11(33)




3 LFERAR 3.1 TR

& 3-3 JEFEE M

) Select Device
Project Name

# Select Device Specify a target device for your project

Filter
Series: |GWINS 4| Device: |GWINS-2C 2
Package: |LQFP144 =
Speed: | cC5/14 2
Part Number ~ Device Package Speed Voltage 10 LT
GW1NS-LX2CLQ144C5/14 GWINS-2C LQFP144  C5/14 1728

GWINS-UX2CLQ144C5/14 GWINS-2C LQFP144  |C5/14 mm 1728

[4] [»]

| <Back || Next> || cancel |

3.14 SR TIE60E

SERLARGNEE, @i 3-4 B

[ — =]
[ 34 e L2012
Project Wizard -
Summa
Project Name ry
Select Device Project
B Summary Name: gowin_empu

Directory: /home/liukai
Source Directory: fhome/liukai/gowin empu/src
Implementation Directory: /home/liukai/gowin_empu/impl

Device
Part Number: GWINS-UX2CLQ144C5/I4
Series: GWINS
Device: GWINS-2C
Package: LQFP144
Speed: C5/I4

< Back H Finish H Cancel

IPUG517-1.4 12(33)




3 LR 3.2 B i

3.2 Bt

f§i | IP Core Generator 7#4 Gowin_ EMPU(GW1NS-2C)f# {41t .

EPESE A Tools > IP Core Generator B¢ T. 24 IP Core Generator
“C%”, ¥TJF IP Core Generator.

1#%$E “Soft IP Core > Microprocessor System > Hard-Core-MCU >
Gowin_EMPU(GW1NS-2C) 1.47, i 3-5 fiizr.

& 3-5 i%£#F Gowin_EMPU(GW1NS-2C)

GOWIN FPGA Designer - [IP Core Generator] agimlal3
s File Edit Project Tools Window Help E'@”@

) [ . 7 o1
0 S B & I

Desion @8 1arget Device: [GWiNS-Ux2cLQ144cs/a || [
gowin_empu - [/hom... — = =
[E] Gwins-ux2cLQ... Name versig =
5 clock Gowin EMPU
* DSP B
13C
Memory Information
SPMI
UserFlash Type: Gowin_EMPU
Soft IP Core
DSParid Mathemathics Vendor: GOWIN Semiconductor
Interface and Interconnect Summary: Gowin_EMPU is a System-on-Chip FPGA device that embeds
Memory Control Microprocessor Unit hard core, Gowin FPGA Fabric as well as other
Microprocessor System standard peripherals and featured hard cores, including USB2.0 PH
Bus Bridge ADC, 128K-Byte Flash and configurable 2K-Byte or 4K-Byte or 8K-B
E] Hard-Core-MCU Block Ram. The Microprocessor Unit contains a low power, low cos{
__ &% Gowin_EMPU(GW1NS-2C) 14 high-performance ARM Cortex-M3 32-bit RISC. The flexible FPGA Fi

serves as user programmable peripherals, or soft-core IPs.
Soft-Core-MCU

Multimedia [
4 [ DI I Dl

De... Pro... | Hierar.. || v Start Page X ‘ Design Summary X % IP Core Generator X i

— All internal block and sub-block functions of the Gowin_EMPU, inC|u:—

v

&)
[E5]

Output (

M3 I Gowin_ EMPU(GW1NS-2C) & 4t i Bk, &l 3-6 fins.

Hrp BIRBREGE RGO, AP AT E,; REKES, X%
TR AT HC . o

F P AT DUE B B p R, fL4E .
® TPIU
® Interrupt: 2 M HBTALE(E 'S USER_INT_O A1 USER_INT_1
® AHB2 Slave: FPGA N R4 n LAY & AHB2 Slave FH P i
® AHB2 Master: FPGA W% R4t AI LY £ AHB2 Master H 7 1%
® GPIO
® UARTO fl UART1
® Clock: BRARGNEHAIHF H & LR G o
® Sram: A[LIFCEN 2KB. 4KB 5 8KB, ERilN 8KB

IPUG517-1.4 13(33)




3 TFERAR

3.2 Wit

|12C Soft-Core: FPGA WiZ & 4t4E 1% 12C Master
UART Soft-Core: FPGA W 244, UART
SPI Soft-Core: FPGA WiZ &4t 4% SPI Master

APB2 Master[1-12] : FPGA W% & %in LAY & 12 4~ APB2 Master H
I

ADC Hard-Core: FPGA W R %4 % ADC

3-6 RGHL Bk

File

Target Device: GWI1NS-UX2CLQ144CE/15

Create In:

Module Name: | Gowin_EMPU _Top

Synthesis Tool: [ GowinSynthesis

IPUG517-1.4

J[]

[fhomefliuka i/gowin_empul

File Mame: | gowin_empu

% | Language: |Verilog = l
JTAG Port
Micoprocessor Unit
— |TAG IF
TAG Config-Care
TPIU
rtex-M3] TRIU IF
Col
= Time FPGA Fabric
Stamp
Bus
Matrix USER INTQ P
nterrupt [7] | yseR T
Clock&Reset
R4 ) 5 Flash
o AHB Extension:INFEXPO [ anszshve o
g e : =
AHB To Sram&Flagh IF i
APHZ Extension IF
apBl| [apB2 ! APEZ
Int Manitor Sricge |
1 ‘{ UARTO |-I< |“ﬂ!l’0 |
1 ‘{ UARTL |-I< | Timerl
Watch
Dog H 10 Port
UART IE |ADC IF
=
ADC Hard-Core

Qe [ |

Gowin_EMPU(GW1NS-2C) R AR B LI, K 3-1 Fix.
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3 TFERAR

3.2 WfEit

& 3-1 RGACEER
fic B % T Eip
Enable TPIU fFfE TPIU, BRiARH.

Enable USER_INT_0

R AL EEAE S [0], BRAKH.

Enable USER_INT_1

fEEREFT T T AL BEAE S [1], BRAK M.

Enable GPIO

fiife GPIO, BRINKH.

Enable UARTO

{ffit UARTO, ZRIA<H.

Enable UART1

ffife UARTL, 2R\ .

Enable AHB2 Master

{fife AHB2 Master i P9 @10, BRIAIEH].

Enable AHB2 Slave

fiifiE AHB2 Slave M1/ ¥ FE#EH1, BRIAKIAL.

Enable ADC 5 ADC, BRI
Enable UART i€ UART, BRiA<i
Enable 12C f§ifE 12C Master, BRiA<H.
Enable SPI fgi it SPI Master, BRi\<H .

Enable APB2 Master 1

i §& APB2 Master [1]H P ¥ EH:11, BRIAKH .

Enable APB2 Master 2

i f& APB2 Master [2]H P ¥ EH:11, BRIAKH .

Enable APB2 Master 3

i€ APB2 Master [3]JH )4 211, BRINSCH]

Enable APB2 Master 4

i€ APB2 Master [4]JH "4 #2111, BRINSCH]

Enable APB2 Master 5

ffi i€ APB2 Master [S]JH )74 &1, BRINSCH]

Enable APB2 Master 6

f§ i€ APB2 Master [6]JH "4 211, BRINSCH]

Enable APB2 Master 7

g APB2 Master [7]JH )74 211, BRINSCH]

Enable APB2 Master 8

it APB2 Master [8]JH "4 211, ERINSCH]

Enable APB2 Master 9

i §& APB2 Master [O9]H P ¥ e 11, BRIAKH .

Enable APB2 Master 10

ffifit APB2 Master [10]/H /4 @4 11, BRIAK
Zi]8

Enable APB2 Master 11

it APB2 Master [11] /' # @ H: 11, BRIAK
LB

Enable APB2 Master 12

fififit APB2 Master [12]F1 /"4 @4 1, BRILK
LB

Sram Size

fic & B A% % Size, AJLAEC & N 2/4/8KB, 2k
i\ 8KB.

Internal Clock (Default)

PR o BRI MCU PIAZ RGeS, BRIA

External Clock (User Self-Defined)

BB B E SR BE DY MCU A% 2R St B

3.2.1 TPIU fi¢ &

MAATH TPIU, "I LUEFERCE TPIU, 411 3-7 Fir.
R EFE Enable TPIU, M Gowin_ EMPU(GWINS-2C)3Zf TPIU, Bt

U IE

IPUG517-1.4
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3 LR 3.2 B i

& 3-7 TPIU Bt &
a TPIU X

TPIU v

Trace Port Interface Unit, works with debug
information from all trace units, then sends to
extern to capture hardware signals.

sys_clk |&—

Configurations |
reset_n ja—

¥ Enable TPIU

trace_swo (==

trace_clk [~

trace_data[3:0] =i

Gowin EMPU

‘.anncel'l agK |

3.2.2 Interrupt BL &

XTI Interrupt, A LLEFRECE P H B AL 2455 USER_INT_O AH
USER_INT_1, /£ FPGA WHZ RS H P ¥ [ AN v 2% H I A BE T BE 1) Hh Wir
WFEES, WK 3-8 FiuR.

® 1'% F Enable USER_INT_0, M| Gowin_EMPU(GW1NS-2C)37 £ H
JHR W AL HELE S [0], BRIN G

® IRk Enable USER_INT_1, | Gowin_EMPU(GWINS-2C)>Z#H
JR AR S (1], BRI

IPUG517-1.4 16(33)




3 TFERAR

3.2 Wit

[# 3-8 Interrupt L&

R

Interrupt hd
There are two user interrupt signal from MPU
Interrupt system to FPGA Fabric.
If user extends soft-core peripherals,
USER_INT_0 and USER_INT_1 can be as
Lk interrupt signals for soft-core peripherals.
reset_n fa—
i fiiio b= Configurations {
| Enable USER_INT 0
useint 1 [&— | Enable USER_INT 1
Gowin EMPU & @)
’ anncel ’ | 0QK
3.2.3 GPIO it &

M7 GPIO, wLLEFEACE GPIO, tnk 3-9 fow.
I i% £ Enable GPIO, ] Gowin_ EMPU(GW1NS-2C) % ¥} GPIO, Bt

S IE

IPUG517-1.4
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3 TREHR

3.2 ffiff it
& 3-9 GPIO Bt &
& GPIO X

GPIO 2
FPGA Fabric where user implements general [
purpose 1/O functions. This AHB GPIO is a ’»

general-purpose /O interface unit and ,
provides a 16-bit I/O interface. iL_
sys_clk |4— —

Configurations
¥| Enable GPIO
reset_n fe—
gpiol15:0] |
Gowin EMPU li' 1—::[
“ anncel ‘ ‘ @QK ’
3.24 UART i &
XdifTJF UARTO 5 UART1, A LAEFEFACE UARTO AT UARTL, 40/
3-10 7.
® 1%+ Enable UARTO, ] Gowin_EMPU(GW1NS-2C) 3 ¥ UARTO,
%jﬁ/)\?% I‘Zﬂ o
® %+ Enable UARTL, ] Gowin_ EMPU(GW1NS-2C)¥ #f UART1,
BRI o

IPUG517-1.4 18(33)




3 LR 3.2 B i

[E 3-10 UART B E
& UARTO/UART1 x

UARTO/UART1 o

Gowin EMPU contains two universal
asynchronous receiver / transceiver, which can
be accessed and controlled through APB1

sys_clk (@ bus.Both UART supports maximum BAUD rate
at 921.6Kbit/s.
reset_n [#— The APB UART supports 8-bit communication

without parity, fixed at one stop bit per
configuration.

uarto_rxd (e
uarto_txd = Configurations [
uartl_rxd [a— ¥ Enable UARTO
¥ Enable UART1
Uartl_txd f—im
() (=) ‘
Gowin EMPU & | @ | |
‘ anncel ‘ | WQK I
3.2.5 AHB2 Extend Bus Bt &

X F7$TFF AHB2 Slave 5% AHB2 Master, 1] LLiE$ECE AHB2 Slave il
AHB2 Master, K 3-11 Fiw~.

® R i%EH Enable AHB2 Master, ] Gowin_ EMPU(GW1NS-2C) > #F
AHB2 Master, ERIAIEH,

® L FE Enable AHB2 Slave, U Gowin_ EMPU(GW1NS-2C) 3 #¥
AHB2 Slave, ZRi\FH.

AHB2 Master H 4 @ 4 48 1 2E b B 5 . OXxA0000000.

IPUG517-1.4 19(33)




3 LR 3.2 B i
[&] 3-11 AHB2 Extend Bus . B
& AHB2 Extend Bus x
AHB2 Extend Bus oo

bbby bbb bbbt

slave_hrdata(31.

slave_hsize(2:0]
ave_hburst{2:0]

stave_hprot(3:0]

o) sys ¢

master_htrans|1:0)
master_hwrite
master_hsize(2:0)
master_hburst(2:0]
master_hprot{3:0)

master_hmemattr(1:0)

B o S

3.2.6 Clock Ft &

IPUG517-1.4

-
Configurations

The user can extend AHB2 bus to support a high speed peripheral as master, or support MPU as a

slave.

Extend AHB2 bus to FPGA fabric, user can design AHB2 high speed peripherals soft core as

master or design MPU as high speed slave.

‘ AHB2 Master

| AHB2 Master Address Size(KB)

‘ ¥| Enable AHB2 Master 0XA0000000 64
AHB2 Slave

| ¥/ Enable AHB2 Slave

‘ anncel ‘ ;_QK

M7 HF Clock, TJLLEHFELE MCU W% RSl eh, K 3-12 Fix.

W% Internal Clock (Default), U P38 — 2 S5AL B Ji5 S 7
MCU %I R G B fian, iR AMHRE b i N 50MHz, | P 6
T SRAL BRI i) 25MHZ B MCU A% ) R G0

5 1%k £ External Clock (User Self-Defined), I/ [ & SN Ay
MCU W% I R G b

RiL A Internal Clock (Default). MCU P # 1) & Gl 41, &% 4 30MHz.

20(33)




3 LR 3.2 FfFT

[&] 3-12 Clock Bt &
= Clock x

Clock &

CLKDIV, default is 25MHz.

The other is user self-defined external
clock source, MPU system clock is generated
by PLL in user design, maximum is 30MHz.

| —
Ay

1)

L4

Configurations |
sys_clk f4— L

@ Internal Clock (Default)

External Clock (User Self-Defined)

reset n [d—

Gowin EMPU ’;’ 'L|

" anncel ’ | agK

3.2.7 Sram &

3T Sram, EFEECE Sram Size, & 3-13 Fix.

ERINHT Sram Size 5 8KB, 1] LLIEFECE Sram Size & 2KB. 4KB B,
8KB.

IPUG517-1.4 21(33)




3 TFERAR

3.2 Wit

& 3-13 Sram B &
Sram

default size is 8KB.

reset_n f— m Z2KB

4KB

Sram Size: R4

Gowin EMPU
3.2.8 APB2 Extend Bus Bt &

IPUG517-1.4

s

There are three Sram sizes for MPU. One size is 2KB, uses
one BSRAM as Sram. One size is 4KB, uses two BSRAM as
Sram. The other is 8KB, uses four BSRAM as Sram. The

Qe[ P

Xt 12C Soft-Core 5 UART Soft-Core ¥, SPI Soft-Core 5 ADC
Hard-Core 5 APB2 Master[1-12], A LLEFALE 12C Master. UART. SPI
Master. ADC A1 12 4~ APB2 Master[1-12]/ /¥ fE #2110,

APB2 Extend Bus fit &, 4% Default Configuration f1 Extended

Configuration,

Default Configuration

Default Configuration, f#5 ADC. UART. SPI Master 1 [2C Master

Bl B, ik 3-14 Frw

® I %k#* Enable ADC, Il Gowin EMPU(GW1NS-2C)3% #; ADC, ZRik

KMo

® %% Enable UART, Il Gowin EMPU(GW1NS-2C)¥ £f UART,

ENYCNEIP

® 3%+ Enable SPI, ] Gowin_EMPU(GW1NS-2C) ¥} SPI Master,

BRIANK AT o

® I i%Fk Enable 12C, ] Gowin_ EMPU(GW1NS-2C) 3 F 12C Master,

CNYCNEIE

22(33)




3 LR 3.2 B i
[¥] 3-14 Default Configuration
& APB2 Extend Bus x
APB2 Extend Bus o
The user can extend APB2 bus to support more peripherals.
APB2 Bridge has extended ADC hard-core, SPI soft-core, 12C soft-core, UART soft-core.
And provide a 12-APB2 Master for user to load self-defined peripheral soft-core.
—¥| sys_clk mosi —% i Default Configuration i Extended Configuration |
Default Configuration
S S ¥ Enable ADC v/ Enable UART
¥| Enable SPI || Enable 12C
== adc_channel[7:0] nss —»
— adc_vref uart_txd —»
—{ miso scl
—& uart_rxd sda [
Gowin EMPU
i °gance| ‘ @QK
Extended Configuration
Extended Configuration, {335 APB2 Master [1-12]H ¥ @i O &
I, 4k 3-15 .
® 5L F: Enable APB2 Master 1, Nl Gowin_EMPU(GW1NS-2C)3Z
APB2 Master [1], ZRINFEH].
® 5L F: Enable APB2 Master 2, Nl Gowin_ EMPU(GW1NS-2C)3Z #f
APB2 Master [2], ZRINFEH] .
® k¥ Enable APB2 Master 3, Il Gowin_ EMPU(GW1NS-2C) ¥ ¥
APB2 Master [3], ZRILFEH].
® k¥ Enable APB2 Master 4, Il Gowin_ EMPU(GW1NS-2C) ¥ ¥
APB2 Master [4], ERiL\KH].
® k¥ Enable APB2 Master 5, Il Gowin_ EMPU(GW1NS-2C) ¥ ¥
APB2 Master [5], ZRINFEH] .
® L%+ Enable APB2 Master 6, ] Gowin_ EMPU(GW1NS-2C)37 £f
APB2 Master [6], ZRINFEH].
IPUG517-1.4 23(33)
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3.2 Wit

I i% £ Enable APB2 Master 7, Il Gowin_ EMPU(GW1NS-2C) 3 #F
APB2 Master [7], ZRINFH].

U i% £ Enable APB2 Master 8, ] Gowin_ EMPU(GW1NS-2C) 37 #F
APB2 Master [8], il K.

W% Enable APB2 Master 9, Il Gowin_ EMPU(GW1NS-2C) X #¥
APB2 Master [9], ERilFKH].

W% # Enable APB2 Master 10, Il Gowin_ EMPU(GW1NS-2C) 3 ¥
APB2 Master [10], ZRiI\<H.

U i%$ Enable APB2 Master 11, Il Gowin_ EMPU(GW1NS-2C) > ¥F
APB2 Master [11], BRilKH].

% $¢ Enable APB2 Master 12, ] Gowin_ EMPU(GW1NS-2C) 3 ¥
APB2 Master [12], ZRilKH].

3-15 Extended Configuration

APB2 Extend Bus

&

APB2 Extend Bus

IPUG517-1.4

{0 O SN N N AN SN N S N N N N NN SN SN N N S N N N |

Gomin EMPU

VY

The user can extend APB2 bus to support more peripherals.
APB2 Bridge has extended ADC hard-core, SPI soft-core, 12C soft-core, UART soft-core.
And provide a 12-APB2 Master for user to load self-defined peripheral soft-core.

Default Configuration

Extended Configuration |

Extended Configuration
APB2 Master
¥| Enable APBZ Master 1
+| Enable APB2 Master 2
¥| Enable APB2 Master 3
¥ Enable APB2 Master 4
¥ Enable APB2 Master 5
¥| Enable APBZ Master 6
¥| Enable APB2 Master 7
+| Enable APB2 Master 8
¥ Enable APB2 Master 9
¥ Enable APB2 Master 10
¥| Enable APB2 Master 11

¥| Enable APB2 Master 12

Address Size(Byte)
0X40002400 256
0X40002500 256
0X40002600 256
0X40002700 256
0X40002800 256
0X40002900 256
0X40002A00 256
0X40002B00 256
0X40002C00 256
0X40002D00 256
0X40002E00 256
0X40002F00 256

=
A

legancel

Pox |

APB2 Master [1-12]H F 9 R AR 24 SR s bk iy, ik 3-2 fli .
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3.2 WfEit

3.2.9 AHB PSRAM it B

IPUG517-1.4

= 3-2 APB2 Master|[1-12] & #bit A&t

APB2 Master Address Size(Byte)
1 0x40002400 256
2 0x40002500 256
3 0x40002600 256
4 0x40002700 256
5 0x40002800 256
6 0x40002900 256
7 0x40002A00 256
8 0x40002B00 256
9 0x40002C00 256
10 0x40002E00 256
11 0x40002E00 256
12 0x40002F00 256

R 223 F GWINSR-2C, U Gowin_ EMPU(GW1NS-2C) 3 # MCU
N AZ A% % AHB PSRAM. LA S 151175 50, $2 it MCU A% #M B % % AHB

PSRAM.
WiHRE

Gowin_EMPU(GW1NS-2C) AHB PSRAM i {45 17 2

® |P Core Generator fit & fl17=4: Gowin_EMPU(GW1NS-2C), f#ifit AHB2

Master;

® |P Core Generator it & f17*4: PSRAM Memory Interface;

® JLT PSRAM Memory Interface, #1il AHB PSRAM;

® =41k Gowin_ EMPU(GW1NS-2C) Top Module 1 AHB PSRAM Top

Module.

Gowin_EMPU(GW1NS-2C) AHB PSRAM {4 i1 2

® & X AHB PSRAM %iff-#s 41414 PSRAM_TypeDef;

® £ Y AHB PSRAM #ifi- i AHB2 Master 0OXA0000000;

® it . AHB PSRAM 4N 15 #% UK 5)) bR 4L«
BH&E T

Gowin_EMPU\ref_design\FPGA _RefDesign\DK_START_GWI1NSR_
V2.1\gowin_empu_ahb_psram

25(33)




3 TFERAR 3.2 WfEit

Wi 2% veitfilig, Wik 3-3 Pron.

% 3-3 EHeERitHEE
SEWIT ik

IP Core Generator 72/ 1]

owin_empu.v
gowin_emp Gowin_EMPU(GW1NS-2C) 4 i

IP Core Generator =/£ ff PSRAM Memory Interface
(CEESany

psram_memory_interface.v

gowin_ahb_psram.v AHB PSRAM {15 11

SEfIE Gowin_ EMPU(GW1NS-2C) Top Module £

gowin_empu_template.v
AHB PSRAM Top Module

gowin_empu.cst (CELS =R e EAT N
BHsEEIt:

® Gowin_EMPU\ref_design\MCU_RefDesign\Keil_RefDesign\psram
® Gowin_EMPU\ref_design\MCU_RefDesign\GMD_RefDesign\psram
PSRAM EINEC &

FT7 IP Core Generator, £+ Soft IP Core > Memory Control >
PSRAM Memory Interface.

M 73T 7 PSRAM Memory Interface, 1 3-16 ffi7s.

IPUG517-1.4 26(33)




3 LREHUR 3.2 WF BT
[&] 3-16 PSRAM Memory Interface
Wy IP Customization - — [T
PSRAM Memory Interface |f,hl|

= O_psramn_odqo0]

= O_psramn_ck_nipr0] pil_bck

o C_smram_rese ]

File
G 1NSR-LX2CON453FCS /T4

Target Device:

Create In:

Module Hame: PSEM_Memory Interface Top

ter—balt\Wzers'root \Desktophzowin_empu_ahb_psram‘=zrcipsram_memory_interface

File Hame: psram_memory_interface

Syntheziz Tool: [GowinSynthesis

v] Langnage: |Verilog -

Type Options

|
I A

Select Memory

Memory Type: |[WOSSDSMETA -

mem or_ok

wr_gamz10]

s maskE] Data Bus

Poram Width: &

{0 _zraen_cs i) s
=oarzon
- 10_ssram a7 ) mzsi Memory Address
resm_umi Addr Width: 21
e $0_esraen_pwas{O0] na_gan(310]

o_an Aecelerate Simulation

D Simulation

Data Width: 32
CS Width: 1

Mazk Width: 4

Memory Clock: SOMHz |5 (10 - 168) <-» 20000 ps

Dq Width:

CLE Ratio: 1:2

& &

][ Cancel ][ Help

IPUG517-1.4

PSRAM Memory Interface ETIECE, 1% 3-4 Fin.

%= 3-4 PSRAM Memory Interface iZTi e &

fic B 1k 15 JE
Memory Type W955D8MBYA
CLK Ratio 1:2
Memory Clock 50MHz
Psram Width 8

Dqg Width 8
Address Width 21
Data Width 32

CS Width 1

Mask Width

Burst Mode 16
Burst Num 4
Fixed Latency Enable Fixed
Initial Latency 6
Drive Strength 50
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3.2 WfEit

Pic £ 176 T3 JE
Deep Power Down OFF
Hybrid Sleep Mode OFF
Refresh Rate normal

PASR

full

AHB PSRAM HI&PECE, Wk 3-5 Fizn.

%% 3-5 AHB PSRAM H$hfie B

BB

FE (MHz)

psram_base_clk

25

psram_memory_clk

50

Gowin_EMPU(GW1NS-2C)i& I i B

Gowin_EMPU(GW1NS-2C), %Al E, K 3-6 Fix.

& 3-6 Gowin_EMPU(GWINS-2C)it At B

Hic B 1 J& 1t
Sram Size 8KB
Enable AHB2 Master Enable
Enable UARTO Enable

3210 8T HBEE

52 /% Gowin_ EMPU(GWINS-2C) IhiEfl & 5, &4
Gowin_EMPU(GWINS-2C)f s it 125 LA Synplify Pro 54

GowinSynthesis, &l 3-17 Fir.

IPUG517-1.4
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3 THEMRR 3.3 il P kit

B 3-17 46T ARE
e GowineMPU x|

File
Target Device: GWI1NS-UX2CLQ144C5/14

Create In: }:/hcmelliukai/gcwin_empu/src/gowin_empu | \4|
Module Name: ErGowin_EMPU_Top | File Name: @;oﬁwin_empu -
Synthesis Tool: = Synplify Pro L anguage: ‘Verilog s |
JTAG Port
Micoprt Unil

JTAG IF

A
TPIU IF =
FPGA Fabric

| | USER INTO
| | USER INT1

CLK&RST

Clock&Reset

| AHB2 Slave

s Clock
nsion:INFEXPO

2 Extension IF

Int Monitor

Hlo port

0]

{ (®
) | S

N

l;ART 13 iADC L
‘ @ Help | ‘ anncel ‘
\ \
3.3 APt

® 52il Gowin_ EMPU(GWINS-2C)BL & 5, 74
Gowin_EMPU(GW1NS-2C) g% it

® :fl{k Gowin_EMPU(GW1NS-2C) Top Module;
o SN, #EH: Gowin_ EMPU(GWINS-2C) Top Module 5
PR &, TERRGEE R RTL &t

3.4 49

SR RTL it A, ARAE(E A OO A RO =5 B A it (19 10, 774
BEEAY S

WG PR, A R4 R e
WER L R (P AE VR 2% SUGL01, Gowin Wit ZImTE e
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3 TREHR

3.5 WIIfC &
3.5 IETECE
3.5.1 ZFHIEMALE
CRE Ui E, il 3-18 Pk,
® EH%i4 T E Synplify Pro ¢ GowinSynthesis;
® RIE LI SEPRTE B AR, BLE Top Module/Entity;
® RV SEPR SRR 12, ECE Include Path.
[ 3-18 LZREIETACE
Synthesize
- Synthesize General
~ General Synthesis Tool: Synplify Pro ® GowinSynthesis
= Place & R{:—lute Top Medule/Entity: | Gowin_EMPU_template
Genera
Dual-Purpose Pin Include Path: (-]
BitStream

GowinSynthesis

Verilog Language: [System verilog 2017 | ]

VHDL Language: [VHDLZOOB :]

Looplimit: 2000 3]

Disable Insert Pad

¥| Ram R/W Check

[ o Apply Hegancel ] WQK l

1247 Gowin =R 1454 T A Synplify Pro B¢ GowinSynthesis, ¢
B RTL Wit #2546, ik 3-19 B,

gGia TR L, 2% SUGL100, Gowin Z= A 67 .
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3 LFERAR 3.7 i JAi sk

B 3-19 84

GOWIN FPGA Designer empu_syn.rpt.html]

File Edit Project Tools Window Help

T =l B = @ W
EeEe = ; Hoxm&MN
Process ® =
{_ Design Summary ]
= [7} User Constraints - Synthesis Messages svnthesis Messages
4| FloorPlanner - Design Settings
© Timing Constraints Editor . Resource Report Title GowinSynthesis Report
= &) Synthesize = = N =
= o Resource Usage Summary /home/liukai/gowin_empujsrc/gowin_empu/gowin_empu.v
B Synthesis Report £ ’ /home/liukaifgowin_empu/src/gowin_empu_template.v
Netlist File o Resource Utilization Summary Design File /home/liukai/gowin_empuy/src/ahb_multiple.v
& /home/liukai/gowin_empu/src/apb_multiple.v
=] Place & Route o Timing /home/liukai/gowin_empu/src/apb2_decoder.v
Place & Route Report o Clock Summary GowinSynthesis Constraints File | —
Timing Analysis Report o s = = - =
R o Timing Report GowinSynthesis Verision GowinSynthesis V1.9.5.01Beta
Ports & Pins Report
Performance Summary Created Time Sun Apr 26 18:08:54 2020

Power Analysis Report

B4 Program Device Detail Timing Paths Informations

Copyright (€)2014-2020 Gowin Semiconductor

EEal At N eieo: Corporation. ALL rights reserved.

- Message

o Summary

Design Settings
Kl I
Design | Process Hierarchy ‘ |V Start Page X Design Summary X ./ gowin_empu_syn.rpt.html 3¢ I

Output
£ (ATO0001)
(ATO0002)
(DIO0001)
(DIO0O0T)
(MAP0001)
MAP0003)
(DIO0001)

D) ®

rom adder tree nodes
mization

-map netlist to fil

: /home/liukai/gowin_empu/impl/qwsynthesis/gowin_empu
to file: /home/liukai/gowin_empu/impl/gwsynthesis/gowin_empu_sy.

html

09)
0004)

v

Commit

Output | Issues \

3.7 Btk

21T Gowin = R IAR AT 2k L H Place & Route, 58 A & A £k Al
A RS, anEl 3-20 B .

3-20 f etk

_empu.rpt.htmi]

.~/ File Edit Project Tools Window Help

Y = BB | 4 B o
DeE = . Hox &Ml
Process [E3) =
| pesign summary ]
[ User Constraints = PnR Messages PnR Messages
| FloorPlanner = PnR Details
- . .
- # Timing Constraints Editor . Placer Report Title Gowin PnR Report
) synthesize 5 y - — . . . .
- Resource Usage Ssummary Design File hor _empu/impligwsynt _empu.vg
Synthesis Report
Netlist File = 1/0 Bank Usage Summary Physical Constraints File Jhome/liukaifgewin_empuysrc/gowin_empu.cst
D Place & Route = Router Timing Constraints File —
B Place & Route Report - Global Clock Usage Summary GOWIN Version V1.9.5.01Beta
Timing Analysis Report = Global Clock Signals Part Number GW1NS-UX2CLQ144C5/14
Ports & Pins Report + Pinout by Port Name Created Time Fri Apr 24 15:23:38 2020
Power Analysis Report
o All Package Pins Legal Announcement Copyright (C)2014-2020 Gowin Semiconductor Corporation. All rights re

Memory Usage

PnR Details

[]

DI
[ElI I [+]
Design | Process | Hierarchy | { W Start Page b4 Design Summary b4 2 gowin_empu.rpt.html X ‘
B &

(PWO0U1) : Power analysis completed. -

{CM0008) power.html' file completed.

(CMOCD8) : Generate °/home/liukai/gow u/impl/pnr/gowin_empu.pin.html' file completed.

{CMDO0B) enerate '/home/liukai/gowin_empu/impl/pnr/gowin_empu.rpt.html' file completed.

(CMD008) enerate '/home/liukai/gowin_empu/impl/pnr/gowin_smpu.rpt.txt' file completed.

(CMD008) i u/impl/pnr/gowin_empu.v ed.

(CMDO08) u/impl/pnr/gewin_empu.tr.h mpleted.

(CMDOD8) : Generate */home/liukai/gowin_empu/impl/pnr/gowin_empu.posp’ file completed.

{CM0OOD01) Fri Apr 24 15:23:39 2020

l Commit
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Programmer T4, T #AL RS
o R P LA T, FTH F 84 Programmer.

B Programmer 32542 Edit > Configure Device 5§ T. E.#% Configure
Device “&2”, ¥JJf Device configuration.

® Access Mode %%, i%EF “Embedded Flash Mode” T

® Operation N7, EF “embFlash Erase, Program” i 15k
“embFlash Erase, Program, Verify” 1%,

® Programming Options > File name #£5i, §A
Gowin_EMPU(GW1NS-2C)fg & i S04 .

® Fii “Save”, e MEIETILE, WA 3-21 fir.

3-21 FHIERELE
W Device configuration 2 S
Dewice Operation
Ikccess Made: IEmbedded Flazh Mode V]I
IDperation: Iemelash Erase, Frogram "JI

Erasze and program the embedded flash.
Malte sure the config frequency in fs—file is less than 25Mhz.

Programming Options

File name: ak/Userz/rootfDesktop/gowin_empu/impl oo/ zowin_empu. f= [:]

Uzser Flash Initialization

[ Save ] Cancel ]

5% Device configuration j&5, ®#.i7 Programmer . HA%
Program/Configure ““07, 5l AF 3SR N &,

N T H Programmer f§ f751%, 2% SUG502, Gowin Programmer
P 4EH
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Gowin_EMPU\ref_design\FPGA_RefDesign
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