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1B SR 1.1 R8540

j [

1.1 RG5HM

Gowin_EMPU(GW1NS-4C), & H MCU W &4 FPGA WiZ &G4
A ERS, A 1-1 Fios.

[& 2]
1-1 A% 54
MCU
|TAG IF T
TG Config-Core
oAp L /
Cortex-M3 t
TPIU IF
TRIL
Bus Matrix .
FPGA Fabric
. UHER_INTIO-5]
I NWIC
AHBZ Slave Extension
v AHB2 Slave SRAM FLASH

AHB AHBZ Master Extension |m-u52 Master

LITE SRAM/FLASH IF
GPIO IF

B ook

ST Clock/Reset i
T T8 APB2 Extensicn IF e
Bridge
UARTO IF
Timer0 UARTE i
— UARTL IF lac Pl Mas:\:"[sf 12]
Timerl r LIARTL r
RTC IF
Watch Dog RTC

MCU W 248, 35 MCU Core. AHB a4k K 45814 . AHB2APB
Bridge. APB1 2k [ A af 54545 .

FPGA W% 54, G4 MCU WX R A IR B FIZALE SHA . MCU K
%R GBI A EEE (SRAM) MIFEAf7ff#s (FLASH). APB2 Bridge.
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1B SR 1.2 RGHFE

APB2 22k L ANER B £ 5 o

1.2 RGEHFE

Gowin_EMPU(GW1NS-4C), H4EHAT R4 :
® MCU WIZARS
® FPGA N A4t

1.2.1 MCU R R %

MCU W R G-
® MCU Core:
- ARM Cortex-M3 Core, ARM architecture v7-M Thumb2 #5482 242
¥, SZHF 16-bit 1 32-bit 1544
- DAP (Debug Access Port)
- Bus Matrix
- NVIC (Nested Vector Interrupt Controller)
- TPIU (Trace Port Interface Unit)
® AHB &4k RGN
-  GPIO
- AHB2 Master H ¥ @ #: 11
- AHB2 Slave H ¥ E#: 11
® AHB2APB Bridge
® APB S RGN
- UARTO
- UART1
- Timer0
- Timerl
- Watch Dog
- RTC
- APB2 ¥ jE#: M

1.2.2 FPGA A% &%

FPGA Wi R4t 4E:

®  HPER LRI b i N B B AR RIS B, VE A MCU % R4 R Gt B,
AL B A = N 80MHZz
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1 REPRSRAY

1.3 RGmH

o SfifFSHN, ENMCUWIZRGZMARZENES

6 /N TR S, R TR ANER v R T AL BE D fE

® AHB ¥ BRI

- SRAM Fll FLASH, {FAN MCU W &Gt BT 74t 25 A8 S 174 2%
- 1/~ AHB2 Master Fi ¥ JEg: 1
- 1/~ AHB2 Slave ¥ B

® APB2 ¥ @i
- SPI Master
- 12C Master

- 12/~ APB2 Master f /¥ B8 1

® Memory

- MCU N RS EE 7% % SRAM Size, AJLIELE N 2KB. 4KB.

8KB Hl 16KB

- MCU NI &R Si+5

A 1ifE9% FLASH Size, A 32KB

1.3 R4k 0

Gowin_EMPU(GW1NS-4C) & 4t [ 5€ X, Wk 1-1 Fiow.

* 1-1 AGinOE X
B S 110 (A ik RN
sys_clk in 1 ARG EIE 5 -
reset_n in 1 RGEEANAES -
trace_clk out 1 TPIU I 85 5 TPIL
trace_data out [3:0] TPIU k55
user_int_0 in 1 M Pl b E(ES 0
user_int_1 in 1 M P b 55 1
user_int_2 in 1 H P i b B E S 2 NVIC
user_int_3 in 1 M P i b #5553
user_int_4 in 1 M P i b 55 4
user_int_5 in 1 M P i b 55 5
gpio inout | [15:0] | @EAHBIAFIHES GPIO I/O
gpioin in [15:0] | EHEANGES
gpioout out [15:0] | EHHIHES GPIO non-1/0
gpioouten out [15:0] | #@HfHEREES
uart0_rxd in 1 UARTO (55
UARTO
uart0_txd out 1 UARTO Ki%(55
uartl_rxd in 1 UART1 (55
UART1

uartl_txd out 1 UARTL RKiZ(ES
IPUG932-1.1 3(34)




1 REPRSRAY

1.3 RGmH

4R I/O (A iR @k
scl inout |1 1°C H AT B S 5 )
, 2 e ——— I“C Master I/O

sda inout |1 I“C FATHIEE S

sclin in 1 I°C HATI B NS 5

sclout out 1 I°C SR AT Bl 5 5

sclouten out 1 1°C H AT B A RS £ 5 )

: , Cy— -0 I“C Master non-1/O

sdain in 1 I°C SR ATHHE MG 5

sdaout out 1 1°C s AT HR I S S

sdaouten out 1 I°C B AT RS L RE (5 5

mosi out 1 SPI E &M I NS MANE T

miso in 1 SPI E AN NS HHAE 5

— SPI Master

sclk out 1 SPI 85 5

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 #iti-{5 =

master_htrans out [1:0] Master {525 5

master_hwrite out 1 Master 15 J5 {5 5

master_hsize out [2:0] Master 1f£4i%#E Size %5

master_hburst out [2:0] Master burst 25815 5

master_hprot out [3:0] Master {47455 5

master_memattr out [1:0] Master memattr 15 5

master_exreq out 1 Matter exreq j%% 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 15 5

master_hauser out 1 Master hauser {5

master_hwuser out [3:0] Master hwuser {5 5

master_hrdata in [31:0] Master L5155

master_hreadyout in 1 Master hreadyout {55

master_hresp in 1 Master fEHPIR SR 5

master_exresp in 1 Master exresp &%

master_hruser in [2:0] Master hruser {5 5

slave_hsel in 1 Slave %55

slave_haddr in [31:0] | Slave HuliH{5 5

AHB2 Slave

slave_htrans in [1:0] | Slave fE#iZHE S

slave_hwrite in 1 Slave 55 [F{E 5
IPUG932-1.1 4(34)




1 RS

1.3 RGmH

4R I/0 (A iR @k
slave_hsize in [2:0] Slave f&Hi%# Size /55
slave_hburst in [2:0] Slave burst XAE 5
slave_hprot in [3:0] Slave Ry IG5
slave_hmaster in [3:0] Slave EHlir 5155
slave_hwdata in [31:0] Slave 5155
slave_hmastlock in 1 Slave #iEtrid(E 5
slave_hrdata out [31:.0] | Slave EHEES
slave_hready out 1 Slave & IF 55
slave_hresp out 1 Slave fEH#PIRESE 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 155
master_pclk out 1 APB2 Master i #1155
master_prst out 1 APB2 Master EHi {55
master_penable out 1 APB2 Master ffi {55
master_paddr out [7:0] APB2 Master M55 APB2 Master
master_pwrite out 1 APB2 Master 5 J5 {55 [1-12]
master_pwdata out [31:0] | APB2 Master E#a{55
master_pstrb out [3:0] APB2 Master 5 &Il {55
master_pprot out [2:0] APB2 Master {3055
master_psell out 1 APB2 Master [1]i& {55
master_preadyl in 1 APB2 Master [1]#E %155
- — APB2 Master [1]

master_prdatal in [31:0] APB2 Master [1]i#E (5 5
master_pslverrl in 1 APB2 Master [1]f& kM55
master_psel2 out 1 APB2 Master [2]i£#(5 5
master_pready?2 in 1 APB2 Master [2]#: & 455

- — APB2 Master [2]
master_prdata? in [31:0] | APB2 Master [2]i ¥l {55
master_pslverr2 in 1 APB2 Master [2]& 5 W5 5
master_psel3 out 1 APB2 Master [3[i£ 155
master_pready3 in 1 APB2 Master [ & If(5 5

- —— APB2 Master [3]
master_prdata3 in [31:0] | APB2 Master [3]iL£i #5555
master_pslverr3 in 1 APB2 Master[3]f& 4 KW (5 5
master_psel4 out 1 APB2 Master [4]i£#(F 5
master_pready4 in 1 APB2 Master [4|#E #1755 APB2 Master [4]
master_prdata4 in [31:0] APB2 Master [4]i #5155
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1 RS

1.3 RGmH

4R I/O (A iR @k
master_pslverr4 in 1 APB2 Master[4]f& i & =
master_psel5 out 1 APB2 Master [Sli£ 155
master_preadys in 1 APB2 Master [5]i # i 5 5
. — APB2 Master [5]
master_prdata5 in [31:0] APB2 Master [S]i ¥ (5 5
master_pslverr5 in 1 APB2 Master[5]f% i k(5 =
master_psel6 out 1 APB2 Master [6JZ£ 4155
master_pready6 in 1 APB2 Master [6]#E #1155
. R APB2 Master [6]
master_prdata6 in [31:0] APB2 Master [6]5:5HE(E =
master_pslverré in 1 APB2 Master[6]1% i k(5 =
master_psel7 out 1 APB2 Master [7JZE 4155
master_pready7 in 1 APB2 Master [7]##& i 55
- N APB2 Master [7]
master_prdata7 in [31:0] | APB2 Master [7]iL%H51E 5
master_pslverr7 in 1 APB2 Master[7]1& % kM E 5
master_psel8 out 1 APB2 Master [8]i& {55
master_pready3 in 1 APB2 Master [8]#E & if 55
) - oy APB2 Master [8]
master_prdata8 in [31:0] APB2 Master [8]i 15 5
master_pslverr8 in 1 APB2 Master[8]f% i K5 =
master_psel9 out 1 APB2 Master [Qi£ #1555
master_pready9 in 1 APB2 Master [9)4E % i 55
. R APB2 Master [9]
master_prdata9 in [31:0] | APB2 Master [9]i ¥4l {55
master_pslverr9 in 1 APB2 Master[9[f% fir R 5 =
master_psel10 out 1 APB2 Master [10]i£F (55
master_pready10 in 1 APB2 Master [10]#: & 1755
) " oy APB2 Master [10]
master_prdatal0 in [31:0] APB2 Master [10]3: 55 5
master_pslverr10 in 1 APB2 Master[10]f& 4 k(5 =
master_pselll out 1 APB2 Master [11]i%# (55
master_pready11 in 1 APB2 Master [11]#E& 115 5
) N oy APB2 Master [11]
master_prdatall in [31:0] APB2 Master [11]3: 58815 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
. TR —— APB2 Master [12]
master_prdatal?2 in [31:0] APB2 Master [12]3: 55 5
master_pslverrl2 in 1 APB2 Master[12]{& 4 KWz 5
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1 RS

1.4 RGEIRGH

14 RS HIRGT

Gowin_EMPU(GWI1NS-4C) RA T IHES 1T, Wk 1-2 Fiow.

* 12 ARG #iFgt
Resources _ DSP
ST LUTs Registers BSRAMs Macros
MCU Core Minimum 145 116 1 0
MCU Core Default + Peripherals 468 285 8 0
MCU Core + APB SPI_Nor_Flash 1151 715 8 0
MCU Core + AHB PSRAM Memory 1804 1555 8 0
MCU Core + AHB HyperRAM Memory 1284 1103 8 0
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2 AT 2.1 TEfFI L

2 BfitRiE

2.1 BHIFE

® DK-START-GWI1INSR4C-QN48G V1.1
GWINSR-LV4CQN48GC7/16

® DK-START-GWINSR4C-QN48P V1.1
GWINSR-LV4ACQN48PC7/16

® DK-START-GWINSR4C-MG64P V1.1
GWI1NSR-LVACMG64PC7/16

2.2 BRHEE

Gowin_V1.9.7.02Beta L\ Ffii 4.

2.3 IP Core Generator

Gowin Z=JE# /417 IP Core Generator, Tt & =4k
Gowin_EMPU(GW1NS-4C)fg % it .

IP Core Generator B8 7, 5% SUG284, Gowin IP Core
Generator H ' #5F -

2.4 Programmer

Gowin F# 3 Programmer, > §f Gowin_ EMPU(GW1NS-4C)fi#i{} %

THIE R N4
Programmer 3-8 777, 1527% SUG502, Gowin Programmer H
Ikl
2.5 Witz

Gowin_EMPU(GW1NS-4C)fgi & i 2 -

IPUG932-1.1 8(34)



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

2 AT

2.5 Bt

IPUG932-1.1

IP Core Generator it & #1724 Gowin_ EMPU(GW1NS-4C)fifi {4 it,
SN T LR,

el Gowin_EMPU(GWINS-4C), M PR T, 34 7 v A
#i15 Gowin_EMPU Top Module;

W FR L) AR 72

1 44 T B Synplify Pro &% GowinSynthesis 454, 74444 b % X
145

15 AT AT 26 T. A Place & Route fii J@fiZk, 725 S0

il N % T B Programmer, F#i%i7 3]
GWI1INS-4C/GWI1INSR-4C/GW1NSER-4C.,
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3 LFERAR 3.1 TR

TIEHRR

3.1 TiE6)&
3.1.1 f|ET?E

AT Gowin =R, HEFESEHA “File > New... > FPGA Design
Project”, 1l 3-1 FizR.

3-1 81| FPGA Design T2

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

] H R o= BHEiS &

Recent Projects:

Quick Start
@ ~ g
New Project... Open Project... Open Example Project...
- Projects =

- FPGA Design Project %
1. . . onstraints Editor
Eu Verilog File
[% vHDL File
E:_,, Physical Constraints File
™ = - - e e =

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

legancel ] l @ox l

IPUG932-1.1 10(34)




3 TFERAR 3.1 TR

3.1.2 BT IERZMMEE

M\ TREARR, TR, WK 3-2 s,

E 3-2 g E TIERaHMEE
v ProjectWizard x|

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 EFERRH

1% £ Series. Device. Package. Speed #11 Part Number, #1F 3-3 fif
ﬂ—\‘c

DL AT & T B DK_START_GWINSR4C_QN48G V1.1 Z*%i%it
F, TR

® Series: GW1NSR

Device: GW1NSR-4C

Package: QFN48G

Speed: C7/16

Part Number: GW1NSR-LV4CQN48GC7/16

IPUG932-1.1 11(34)




3 LFERAR 3.1 TR

& 3-3 IEFER G

) Select Device
Project Name

g Select Device Specify a target device for your project
Filter
Series: | GWINSR + ||| Deavice: [GWlNSR—4C - ]
Package: | QFN48G 3]
Speed: [C?!IG ] ]

Part Number - Device Package Speed \oltage 10 Ly

=
GWINSR-LVACQNABGCT/I6 GWINSR-4C | QFN48G c7/16 -m 4608

(] [ [+]

[ < Back H Next > H Cancel l

3.14 e TiEtIE

SR LRGN, K 3-4 Fias.
& 3-4 SERL T 12613

Project Wizard x

: Summary
Project Name
Select Device Project
B Summary Name: gowin_empu

Directory: /fnetapp/home/liukai
Source Directory: /netapp/home/liukal/gowin_empu/src
Implementation Directory: /netapp/home/liukai/gowin_empu/impl

Device
Part Number: GWINSR-LV4COQN48GC7/I6
Series: GWLNSR
Device: GWLNSR-4C
Package: OFN48G
Speed: C7/I6

< Back H Finish H Cancel

IPUG932-1.1 12(34)




3 LR 3.2 B i

3.2 st

f§i | IP Core Generator 7*4 Gowin_ EMPU(GW1NS-4C)f# {441t .

P BF“Tools > IP Core Generator 8¢ T. 2.4 “IP Core Generator”
(2%, TJF IP Core Generator.

1#%$E “Soft IP Core > Microprocessor System > Hard-Core-MCU >
Gowin_ EMPU(GW1NS-4C) 1.17, 4 3-5 fliir.

3-5 3 Gowin_EMPU(GWI1NS-4C)

GOWIN FPGA Designer - [IP Core Generator] -
% Fle Edit Project Tools Window Help 5]

O sHE&N

Design D5 farget Device: | GWINSR-LVACONASGCT/I6 =)

gowin_empu - [/netapp/home... | -
[E] cwinsr-wvaconasccne —
Name

Vering Gowin_EMPU

BandGap -

CLOoCK M

Dsp Information

13C

10 Type: Gowin_EMPU

MIPI_DPHY_RX Vendor: GOWIN Semiconductor

Memory

spmi

User Flash summary

Soft IP Core
DSP and Mathematics Gowin_EMPU is a System-on-Chip FPGA device that embeds MCU hard core, Gowin FPGA Fabric as well as other standard peripherals
Interface and Interconnect and featured hard cores, including 32K-Byte FLASH and configurable 2K-Byte or 4K-Byte or 8K-Byte or 16K-Byte SRAM. The MCU
ler contains a low power, low cost and high-performance ARM Cortex-M3 32-bit RISC. The flexible FPGA Fabric serves as user
programmable peripherals, or soft-core IPs.
Allinternal block and sub-block functions of the Gowin_EMPU, including the MCU(with supporting AHB/APB Bus System/Extension Ports
and Standard Peripherals - GPIO/UART/Timer/RTC/Watch-Dog), FPGA Fabric (with BSRAM, User Flash, Sub-Memory Controller, rich
clock and flexible Logic Resources) and JTAG Config-Core are all designed around the ARM Cortex-M3 processor core. The ARM
GTCore- Cortex-M3 processor provides the core for high-performance, low-cost platform that meets the needs of minimal memory
Multimedia implementation, reduced pin count, and low-power ¢ while deli ¢ performance and
Deprecated exceptional system response to interrupts.

Design | Process | Hierarchy | v Start Page b4 % IP Core Generator b3 Design Summary y b3

Console | Message |

FTFF Gowin_EMPU(GWINS-4C)L B £ T, RG45/ WK 3-6 flin.
Ho BB R RSGEIN, AP AR E; REKGH, EXETT
AT E
F P ol UG SERC B i, .
TPIU
NVIC: 6 M il kb 345 5 USER_INTO~5
AHB2 Slave: FPGA W% R %4in LAY & AHB2 Slave F F X%
AHB2 Master: FPGA Wiz #4t 7] LY & AHB2 Master A /7 15 4%
GPIO
UARTO 1 UART1
RTC
SRAM: AJLIfCE A 2KB. 4KB. 8KB E{ 16KB, ZkilN 16KB
1I2C: FPGA WH# &84 % 12C Master
SPI: FPGA W% R 44 SPI Master

IPUG932-1.1 13(34)




3 TFERAR

3.2 WfEit

® APB2 Master[1-12] : FPGA W% R %4in LI¥ f& 12 4~ APB2 Master H
I

& 3-6 G451 E
T Y
File
Device: GWI1NSR-4C Part Number: GWI1NSR-LVA4CQN48GCT/I6
Create In: | /netapp/home/liukai/gowin_empu/src/gowin_empu E]
File Name: [gowin_empu l Module Name: | Gowin_EMPU_Top
Language: [Verilog > l Synthesis Tool: [GawinSynthesis > l

MCU
1. ITAG IF I
[AG -Core
DAP 1 JTAG Config
Cortex-M3
L TPIU IF
TPIL
Bus Matrix .
FPGA Fabric
. USER _INTI[O-5]
| NVIE
AHBZ Slave Extension @I SRAM n
AHB AHB2 Master Extension —
LITE SRAM/FLASH IF
GPID IF
Cl Reset
AHEZAPE ock/Resel Clack/faset
APEL APE2 APB2 Extension IF W‘
Bridge
UARTOD IF
Timerd UARTO |-
APEZ
UARTL IF 12c Al Master[1.12]
Timerl LARTL _
l—r
RTC IF
Watch Daog (2 (w

l ° Cancel

Pox |

Gowin_EMPU(GW1NS-4C), R&RLEIED, 13K 3-1 Fis.
% 3-1 RGEEIER

ic £ 34 131 it

Enable TPIU ffifie TPIU, BRIAKH

Enable USER_INT_0O fEREF P BT AL A5 5 (0], BRINE M.

Enable USER_INT_1 fEREF P T AL HAE 5[], BRINKE M.

Enable USER_INT_2 fEREF P T AL A 5 [2), BRINK M.

Enable USER_INT_3 fEREF P T AL A 5 [3], BRINKE M.

Enable USER_INT_4 fEREF P T AL HAE 5 [4], BRINKE M.

Enable USER_INT_5 e P R W AR AE S [5], BRI,

Enable GPIO ffigE GP1O, ERIAKI,

IPUG932-1.1 14(34)
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3.2 WfEit

P B i T

Eiiipay

Enable GPIO I/O

{5 GPIO inout &M s 1, BRINFT .

Enable UARTO

{5 UARTO, ERIAKH .

Enable UART1

{5 UARTL, ERINKH .

Enable RTC

fififit RTC, BRIAKH,

Enable AHB2 Master

e AHB2 Master ¥ @iz, BRIAKIMA .

Enable AHB2 Slave

ffi e AHB2 Slave M1/ ¥ FE#EH, BRIAKIAL .

Enable I°C {§igE 1°C Master, ERIAFHA.
Enable I°C I/O f§ifE 1°C inout K83 1, ERINFTFF.
Enable SPI {fifit SPI Master, ERi\SEH.

Enable APB2 Master 1

{5 APB2 Master [1]F 7~ ¥ 0, BRAKHA.,

Enable APB2 Master 2

{5 APB2 Master [2]H 7 ¥ 0, BRIAKHA,

Enable APB2 Master 3

ffige APB2 Master [3)H 7 # E@#:11, BRIAKH].

Enable APB2 Master 4

{5 APB2 Master [4]F 7 ¥ B0, BRIAKHA,

Enable APB2 Master 5

ffige APB2 Master [5]H 7 # f@#:11, BRIACGH].

Enable APB2 Master 6

ffige APB2 Master [6]H 7 # f@#: 11, BRIAGH].

Enable APB2 Master 7

fiiE APB2 Master [71/H 7§ & 1, BRIAKH.

Enable APB2 Master 8

fii e APB2 Master [8]/H )7 &% 11, ERIAKH.

Enable APB2 Master 9

fiiiE APB2 Master [91/H )7 & 11, BRIASKH.

Enable APB2 Master 10

Bt APB2 Master [10]H "9 10, BRIATEH].

Enable APB2 Master 11

{fif APB2 Master [11)F /¥ e #2100, BRIAKEH,

Enable APB2 Master 12

it APB2 Master [12]H "9 10, BRIATEH].

SRAM Size

fic & R 71k 2% Size, W] UARCE A 2/4/8/16KB, ERiA 16KB.

3.2.1 TPIU fie &

BAATH TPIU, A LUEFERCE TPIU, 411 3-7 Bk,
% £ Enable TPIU, U] Gowin_ EMPU(GWINS-4C)% ¥f TPIU, 2k

S IE

IPUG932-1.1
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[ 3-7 TPIU Bt &
- TPIU X

TPIU A
5T

Trace Port Interface Unit, works with debug

information from all trace units, then sends to

extern to capture hardware signals.
= oy clk trace_clk —

= reset_n trace_data[3:0] - - -
Configurations

Configuration

¥ Enable TPIU

P
Gowin EMPU E]

|°§ancel|| 6@( |

3.2.2 NVIC &g &8

MAATIF NVIC, 7] LUE £ E FH P i Wb B {5 5 USER_INT_0~5, 1k

N FPGA W RS H P4 AN v & It b BT Re iy R W b 35 5, ]

3-8 A7

® I'fi%F Enable USER_INT_0, M| Gowin_EMPU(GW1NS-4C)37 £ H
S AL EAE S [0], BRI

® NHiEFE Enable USER_INT_1, U Gowin_EMPU(GWI1NS-4C)3Z#FH
FH A ERE S 1], BRIACH.

® ikt Enable USER_INT_2, Il Gowin_ EMPU(GWI1NS-4C)Z £ H
S AL S S [2], BRI

® 5L FE Enable USER_INT_3, | Gowin_EMPU(GWI1NS-4C)3Z#FH
FH WA ERE S (3], BRI G

® ' i%F Enable USER_INT 4, | Gowin_EMPU(GW1NS-4C)37 £ H
S WAL EE S [4], BRI

® nHLiEFE Enable USER_INT_5, Ml Gowin_EMPU(GW1NS-4C)3Z#FH
JUH AR ERE S [5], BRI

IPUG932-1.1 16(34)
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& 3-8 NVIC Fit &

e NVIC

x

NVIC &

of Gowin_EMPU to FPGA Fabric.If user

extends soft-core peripherals, USER_INT_0~5

can be as interrupt signals for soft-core
— sys clke peripherals.
—&| reset n m
P user_int 0 Configuration
—#|user_int 1 ¥ Enable USER_INT 0
— user_int_2 ¥ Enable USER_INT 1
— user int 3 | Enable USER_INT_2
—»{user int 4 v Enable USER_INT 3
) user int 5 ¥ Enable USER_INT 4

¥ Enable USER_INT_5
Gowin EMPU &1 &
‘ egancel ‘ | 09?(
3.2.3 GPIO B¢ E

WFFTHF GPIO, AILLEHRCE GPIO, Wik 3-9 Fix.

® %+ Enable GPIO, ] Gowin_ EMPU(GW1NS-4C) ¥ GPIO, Bt
KM

® R L%k Enable GPIO, T LLALE GPIO i 5%,
1% #% Enable GPIO 1/O, Il GPIO 3¢ #F inout 5% 1, BRIA S HF.

IPUG932-1.1 17(34)
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& 3-9 GPIO Bt &
GPIO o

Gowin_EMPU contains a set of GPIO,which can
be accessed and controlled through AHB bus.
The GPIO block interconnects with the FPGA
Fabric where user implements general purpose
I/O functions. This AHB GPIO is a general-
purpose I/0 interface unit and provides a 16-bit
I/O interface.

TES@[_I" = GptanS

Configuration

sys_clk p—

qpiol 15:0] (e ¥ Enable GPIO
Interface:

| Enable GPIO IjO

iF
Gowin EMPU

|°§ancel|| aQK |

3.24 UART B2 &
MFiFTHF UARTO 8 UARTL, w]LLUEHERCE UARTO #1 UARTL, wWif]
3-10 FiizRs
® R i%&+ Enable UARTO, Il Gowin_ EMPU(GW1NS-4C)37 f UARTO,
® ' i%F Enable UART1, ] Gowin_ EMPU(GW1NS-4C) ¥ #f UART1,

IPUG932-1.1 18(34)




3 TFERAR

3.2 Wit

&

[ 3-10 UART Bt &

UARTO/UART1

UARTO/UART1

—

—

—

—

sys_clk

reset_n

uarto_rxd

uarl_rad

uarto_bxd

uartl_twd

=

-

Gowin EMPU

3.2.5 AHB2 Master/Slave B &

IPUG932-1.1

F1 AHB2 Slave, #1 3-11 frs.

Gowin EMPU contains two universal
asynchronous receiver [ transceiver, which can
be accessed and controlled through APBE1
bus.Both UART supports maximum BAUD rate

at 921.6Kbit/s.

The APB UART supports 8-bit communication
without parity, fixed at one stop bit per

configuration.

Options

R
By

+'| Enable UARTO

+| Enable UART1

| egancel | ‘ aQK ‘

3T AHB2 Master 8¢ AHB2 Slave, #]LLik#ALE AHB2 Master

W% FE Enable AHB2 Master, Il Gowin_ EMPU(GW1NS-4C)37 £f
AHB2 Master, ZR\ KM,

i i%$% Enable AHB2 Slave, | Gowin_EMPU(GW1NS-4C)3Z
AHB2 Slave, ER\KH .

AHB2 Master H P R AN 44 1 3L bk B . 0xA0000000.

19(34)
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3.2 Wit

&

AHB2 Master/Slave

[#] 3-11 AHB2 Master/Slave Al &

S S N N A N N N N A A

sys_clk

reset_n
slave_hrdata[31:0]
slave_hready
slave_hrasp
slave_hexresp
slave_hruser[2:0]
slave_hsel
slave_haddr{31:0]
slave_htrans[1:0]
slave_hwrite
slave_hsize[2:0]
slave_hburst[2:0]
slave_hprot]3:0]
slave_hmemattr{1:0]
slave_hexreq
slave_hmaster[3:0]
slave_hwdata[31:0]
slave_hmasterlock
slave_hauser

slave_hwuser(3:0]

master_hclk
master_hrst
master_hsel
master_haddr{31:0)
master_htrans[1:0]
master_hwrite
master_hsize[2:0)
master_hburst[z:0]
master_hprot{3:0)
master_hmemattr{1:0]
master_hexreq
master_ hmaster[3:0]
master_hwdata[31:0]
master_hrmastiock
rmaster_hreadymux
master_hauser
master_hwuser[3:0]
master_hrdatal31:0]
master_hreadyout
master_hresp
master_hexresp

master_hruser{z:0]

Gowin EMPU

3.2.6 SRAM it &

IPUG932-1.1

R EEEEEEEEREEEEEEEE

AHB2 Master/Slave

The user can extend AHB2 bus to support a high speed peripheral as master, or support
Gowin_EMPU as a slave.Extend AHB2 bus to FPGA fabric, user can design AHB2 high speed
peripherals soft core as master or design Gowin_EMPU as high speed slave.

Options

AHB2 Master

AHB2 Master

¥| Enable AHB2 Master
AHB2 Slave

¥| Enable AHB2 Slave

Address Size(KB)
0xA0000000 64

egancel 09!(

XME ¥ SRAM, A LLEFACE SRAM Size, WKl 3-12 ffras.

ZRiL SRAM Size & 16KB, #JLLIEFALE SRAM Size iy 2KB. 4KB.
8KB ¥ 16KB.

20(34)
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& 3-12 SRAM BL B
i

SRAM i
There are four SRAM sizes for Gowin_EMPU.First size is
2KB, uses one BSRAM as SRAM.Second size is 4KB, uses
two BSRAM as SRAM.Third size is 8KB, uses four BSRAM
as SRAM.The other size is 16KE, uses eight BSRAM as
SRAM. The default size is 16KB.

— =ys clk

THresen Options

Configuration

SRAM Size:
Gowin EMPU lj 8KB

4KB

2KB |°§ancel‘| @ ox ‘

327 RCHEE

WHHATIF “12C7, ATLAEEEECE 1°C Master, #11&] 3-13 fios.
® 15k Enable 12C”, ] Gowin_ EMPU(GW1NS-4C) 3 £ I°C Master,
® H T %%k “Enable 12C”, WA LLELE 1°C Master i 112551,

® HER “Enable 12C 1107, N I°C Master 371 inout 258715 1, BRiA
Yo

IPUG932-1.1 21(34)
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E 3-1312C iL &
e 12C x
Rl
12C 57
Gowin_EMPU contains a 12C block, which can be
accessed and controlled through APB2 bus.
The 12C Block is a fully verified block which can
implement 12C communication. The 12C block
implements 12C protocol.
— sys_clk sl
Options
Configuration
= resat n sda
¥ Enable 12C
Interface:
¥ Enable 12C /O
Gowin EMPU

3.2.8 SPI it &

| egancel | | 09&(

WEFTH SPI, ] LLEFRRCE SPI Master, 115 3-14 s,
IR % Enable SPI, ] Gowin_ EMPU(GW1NS-4C)37 £ SPI Master,

ENVCNEIP

IPUG932-1.1
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3.2 WfEit

[ 3-14 SPI iC B
SPI
55T
Gowin_EMPU contains a SPI block, which can be
accessed and controlled through APB2 bus. The
SPI Block is a fully verified block which can
implement SPI communication. The SPI block
S . implements 5Pl protocol.
= reset_n Sk i
Options
— miso nss [~
Configuration
¥ Enable SPI
Gowin EMPU E]
| egancel ‘ | iQK ‘
3.2.9 APB2 Master B &

IPUG932-1.1

Midi$TH+ APB2 Master[1-12], 1] LLEHFCE APB2 Master [1-12], U1
K] 3-15 AR

5% £ Enable APB2 Master 1,
APB2 Master [1], ZRIAFEH].

5% Enable APB2 Master 2,
APB2 Master [2], ZRINFH].
1%k $ Enable APB2 Master 3,
APB2 Master [3], ZRIAFEH].
5% Enable APB2 Master 4,
APB2 Master [4], ZRINFH].
1%k $ Enable APB2 Master 5,
APB2 Master [5], ZRINFEH] .
I ER % ¥ Enable APB2 Master 6,
APB2 Master [6], ZRil\KH].
R 1% $¢ Enable APB2 Master 7,
APB2 Master [7], ZRINEH] .

R 1% $¢ Enable APB2 Master 8,
APB2 Master [8], ZRi\KH].

] Gowin_ EMPU(GW1NS-4C) > #F
] Gowin_ EMPU(GW1NS-4C)37 ¥
] Gowin_ EMPU(GW1NS-4C) > #F
] Gowin_ EMPU(GW1NS-4C)37 ¥
] Gowin_ EMPU(GW1NS-4C)>Z #F
] Gowin_ EMPU(GW1NS-4C)37 ¥
Il Gowin_ EMPU(GW1NS-4C) ¥ ¥

M Gowin_EMPU(GW1NS-4C) > ¥

23(34)
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3.2 Wit

® 3%kt Enable APB2 Master 9, ] Gowin_EMPU(GW1NS-4C)37 £
APB2 Master [9], ERil K.

® NHi%kFt Enable APB2 Master 10, Il Gowin_ EMPU(GW1NS-4C) 3 #F
APB2 Master [10], ZRikKH].

® R k¥t Enable APB2 Master 11, Il Gowin_ EMPU(GW1NS-4C) 37 #F
APB2 Master [11], ERiIA5<H.

® NHLi%kFt Enable APB2 Master 12, Il Gowin_ EMPU(GW1NS-4C) 3 #F
APB2 Master [12], BRilIKH].

3-15 APB2 Master[1-12]A0 &

&

IPUG932-1.1

APB2 Master[1-12]

Gawin EMFU

AP2 Master[1-12]

Gowin_EMPU contains 12 APB2 Master extension interface, which can be accessed and
controlled through APB2 bus. The APB2 Master [1-12] extension block is a fully verified block

which can extend APB bus to user to design more APB peripherals.

Options

Configuration

APB2 Master
¥| Enable APEZ Master 1
¥| Enable APB2 Master 2
¥| Enable APB2 Master 3
¥| Enable APB2 Master 4
¥| Enable APB2 Master 5
¥| Enable APB2 Master 6
¥| Enable APE2 Master 7
¥| Enable APEZ Master 8
¥| Enable APB2 Master 9
¥| Enable APB2 Master 10
¥| Enable APB2 Master 11

¥| Enable APB2 Master 12

Address

0X40002400
0X40002500
0X40002600
0X40002700
0X40002800
0X40002900
0X40002A00
0X40002B00
0X40002C00
0X40002D00
0X40002E00
0X40002F00

Size(Byte)
256
256
256
256
256
256
256
256
256
256
256
256

AL
[ 7]

[ogancel l [ @ox l

APB2 Master [1-12]H P ¥ R A 5 & SR bk sy, ik 3-2 Firs.
£ 3-2 APB2 Master [1-12]3 31k pr 5t

APB2 Master Address Size(Byte)
1 0x40002400 256
2 0x40002500 256
3 0x40002600 256
4 0x40002700 256
5 0x40002800 256
6 0x40002900 256
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3.2 WfEit

APB2 Master Address Size(Byte)
7 0x40002A00 256
8 0x40002B00 256
9 0x40002C00 256
10 0x40002E00 256
11 0x40002E00 256
12 0x40002F00 256

3.2.10 AHB PSRAM Memory Interface

IR % 831 GWINSR-4C MG64P, ] Gowin_ EMPU(GW1NS-4C)
YR AN % AHB PSRAM Memory Interface.

AT R THRHAUZE R, it ik# AHB PSRAM Memory

Interface.

B HRE

® |PCore Generator it & 574 Gowin_ EMPU(GW1NS-4C), f#ifit AHB2
Master F ¥ gz 11

® |PCore Generator it & 5774 PSRAM Memory Interface
- Memory Clock 100MHz
- HEE DB B

® itszBl AHB &2k 11 AHB PSRAM Memory Interface

® s:fl{t Gowin_ EMPU(GW1NS-4C) Top Module A1 AHB PSRAM
Memory Interface Top Module

® %4 Gowin_EMPU(GWI1NS-4C)5 AHB PSRAM Memory Interface [¥]
AHB E £k
T hany
o =it
Gowin_EMPU\ref_design\FPGA_RefDesign\DK_START_GWI1NS
R4C_MG64P_V1.1\gowin_empu_psram

® WitZFuit
- Gowin_EMPU\ref_design\MCU_RefDesign\Keil _RefDesign\psram

- Gowin_EMPU\ref_design\MCU_RefDesign\GMD_RefDesign\cm3
_psram

3.2.11 AHB HyperRAM Memory Interface

U0 ik FH 231 GWINSR-4C/GWINSER-4C QN48P, i
Gowin_EMPU(GW1NS-4C)3 {415 & AHB HyperRAM Memory

IPUG932-1.1 25(34)
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3.2 WfEit

Interface.

BAF R TRAUSH R, SR % AHB HyperRAM

Memory Interface.

BHEItR*E
® |PCore Generator it & 574 Gowin_ EMPU(GW1NS-4C), f#ifit AHB2

Master F ¥ ez 11

IPCore Generator it & 5 7= 4 HyperRAM Memory Interface Embedded
- Memory Clock 100MHz

- HEETEA AL E

WitsEEL AHB 22832 1 1) AHB HyperRAM Memory Interface

Sz f54k, Gowin_ EMPU(GW1NS-4C) Top Module 1 AHB HyperRAM
Memory Interface Top Module

% Gowin_ EMPU(GW1NS-4C)5 AHB HyperRAM Memory Interface
() AHB &2k 1

S8t

22wt

Gowin_EMPU\ref_design\FPGA RefDesign\DK_START _GW1NSR4C

_QN48P_V1.1\gowin_empu_hyperram

BHZHEWT

- Gowin_EMPU\ref_design\MCU_RefDesign\Keil _RefDesign\hyper
_ram

- Gowin_EMPU\ref_design\MCU_RefDesign\GMD_RefDesign\cm3
_hyper_ram

3.2.12 APB SPI_Nor_Flash

IPUG932-1.1

IR % F 28 F GWINSR-4C/GW1NSER-4C QN48G, I

Gowin_EMPU(GW1NS-4C)>  £f4MiB % % APB SPI_Nor_Flash.

PR T HBZHE R, IR MIt4NE13 & APB SPI_Nor_Flash.

BEHEItRE
® |PCore Generator it & 5774 Gowin_ EMPU(GW1NS-4C), fiifit APB2

Master [1]FH ¥ 0
WitseHl SPI_Nor_Flash 5 2%
B APB 2632 11 APB SPI_Nor_Flash

S2414k Gowin_ EMPU(GW1NS-4C) Top Module 1 APB SPI_Nor_Flash
Top Module

%+ Gowin_EMPU(GW1NS-4C) 5 APB SPI_Nor_Flash [ APB Ja 4: i
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H
Bt
o fEfFZHuit
Gowin_EMPU\ref_design\FPGA RefDesign\DK_START_GW1NSR4C
_QN48G_V1.1\gowin_empu_spinorflash
® WiFZH it
- Gowin_EMPU\ref_design\MCU_RefDesign\Keil_RefDesign\spi_no
r_flash

- Gowin_EMPU\ref_design\MCU_RefDesign\GMD_RefDesign\cm3
_spi_nor_flash

3213 8T HBE

52 /i Gowin_ EMPU(GWINS-4C)IhGERL & o, k4
Gowin_EMPU(GW1NS-4C)f# & i+ 1145 & 1.5 Synplify Pro 5%
GowinSynthesis, WK 3-16 ffizx.

IPUG932-1.1 27(34)




3 LR 3.3 i/ it

B 3-16 GRETREE
File
Device: GWINSR-4C Part Number: | GWINSR-LV4CQN48GC7/I6
Create In: | /netapp/home/liukai/gowin_empu/src/gowin_empu E]

File Name: | gowin_empu rivioeterte-trermes -

Synplify Pro
Language: [verlog 2 | synthesis ot
Mcu I

|TAG IF
[ { |TAG Config-Core.
Cortex-M3
L TPIUIF
TPIU
Bus Matrix )
FPGA Fabric
. USER_INT[0-5]
NVIC

AHBZ Slave Extension ]
AHB2 Slave SRAM FLASH
AHBZ Maste

AHB2 Master Extension

SRAM/FLASH IF

m Clock/Reset o ot

EE % . APB2 Extension IF
APBL APB2 APB2

Bridge

UARTO IF
s

UARTL IF

Timerl UARTL

54k

RTC IF

RTC

H
L
B

@ [ Fox ]
3.3 A Pigit

® 5 Gowin EMPU(GWINS-4C)N & J5, 74
Gowin_EMPU(GW1INS-4C)f#f % it

® ik, Gowin_ EMPU(GW1NS-4C) Top Module

o S A/, % Gowin EMPU(GW1NS-4C) Top Module 5H
PRI, TR RGE I RTL #it

3.4 49
SERH P RTL Wit Ja, MRS A AR AR A 75 B N 1 10, 722E
YIFR L) R
FRAEI P BR,  PEAR I R 2 R S
Y PRL) RN P 2R P2 2R 71, 5% SUGL01, Gowin i it21 R 5
o
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3 LFERAR 3.5 LA AR B

D IRH

35 ZaEMELE

LREIRTCE, &l 3-17 P,
® EH%i4 T E Synplify Pro ¢ GowinSynthesis;
® RV SERRTHE B AR, BicE Top Module/Entity;
® RIE I SEBR S R4S, BLE Include Path.
3-17 R H/IEMA E

Configuration x
Synthesize
General General

-I- Synthesize Synthesis Tool: Synplify Pro ® GowinSynthesis

~ General

Top Module/Entity: | Gowin_EMPU_Template

Flace & Route
General Include Path: E]
Unused Pin

_ GowinSynthesis
Dual-Purpose Pin

BitStream Verilog Language: [System Verilog 2017 % ]
VHDL Language: [VHDL 1993 S l
Looplimit: 2000 B

Disable Insert Pad
¥| Ram R/W Check
DSP Balance

Show All Warnings

[ o | [ @ | P |

iz4T Gowin =B 454 T B Synplify Pro 5 GowinSynthesis, 5¢
B RTL Wit gEe, PALa R MRS, ikl 3-18 k.
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3.7 fii R 2k

& 3-18 54

ject Tools Window Help

Process

{ | Design summary

72 User Constraints

{4t FloorPlanner

- % Timing Constraints Editor

- @ synthesize

B synthesis Report
Netlist File

Place & Route
Place & Route Report
Timing Analysis Report
Ports & Pins Report

Power Analysis Report

"™ )
- It Program Device

Design | Process | Hierarchy

Console
[e07e) UPLAmLELIY §HGIC £ CumpLeiou

Running inference ...

Synthesis Messages
Design Settings
Resource
= Resource Usage Summary
« Resource Utilization Summary
Timing
« Clock Summary
« Max Frequency Summary
- Detail Timing Paths Informations

Synthesis Messages L

Report Title

Design File

‘GowinSynthesis Constraints File
GowinSynthesis Version

Created Time

Legal Announcement

Top Level Module:

GowinSynthesis Report

netapp/home/liukaifgowin_empu/src/gowin_empu/gowin_empu.v
Inetapp/homefliukaifgowin_empu/sre/gowin_empu_template.v
netapp/homefliukaifgowin_empuysrcfahb_multiple.v
Inetapp/homeyliukaifgowin_empuysrc/apb_multiple.v
netapp/homefliukaifgowin_empujsrcfapb2_decoder.v
Inetapp/homefliukaifgowin_empuysrcigowin_plivr/gowin_plivr.v

GowinSynthesis V1.9.7.02Betal
Thu Feb 4 13:56:13 2021

Copyright (C)2014-2021 Gewin Semiconducter Corporation. ALL
rights reserved.

Design Settings

Gowin_EMPU_Template

€1}

I D]

Start Page X

Design Summary x|

gowin_empu_syn.rptheml 3¢ |

[30%] Inferring Phase
[40%] Inferring Phase
[58%] Inferring Phase
[55%] Inferring Phase

0 completed
1 completed
2 completed
3 completed

Running technical mapping ...
[68%] Tech-Mapping Phase @ completed
[65%] Tech-Mapping Phase 1 completed

@@

(]

%

Console | Message

Gt TAMMH T, 1E57% SUGL00, Gowin = F 87 .

3.7 THlEth Lk

1E1T Gowin =R B BAT A2k T B Place & Route, 5855 A4k,
FEAERS R SO, anlE 3-19 AT

IPUG932-1.1
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3 LFERAR 3.8 T#k

& 3-19 f Gk
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