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1 BEFEEHY 1.1 RGN

1@1#%1%1"@

1.1 R4 %M
Gowin_PicoRV32 R4 ZE#) 45 Gowin PicoRV32 W%, 1E4 71k es
ITCM FIIE A7 fE 2 DTCM. % &4k UART. AHB 22k 4™ @432 11 Wishbone
K2R R AN A%, B 1-1 BT

1-1 ARG 44
Gowin PicoRv32 CORE
ITCM DTCM Simple UART lﬁ’_’r'ég;ii
WishBone Bus
wwusar || VREE || M || R | | weero || A2 || STENE
® Gowin PicoRV32 CORE /2 32 fif RISC-V $i& 445 48 kay fal 42 1 22 PR 0 N AZ 5
® |TCM 1521t 8s;
® DTCM 2H a7k es;
® Simple UART 2 — ML E K1 = UART;
® OPEN AHB INTERFACE 2 AHB M4y i, 4H 9 & AHB M4

B ANE v s
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1 BEFEEHY 1.2 REGUFHIE

® Wishbone Bus i%#: PicoRV32 Core }2 Wishbone Bus 32 1415 4%,
Wishbone Bus # [14h#B % 25 835 UART. 12C Master. SPI Master. SPI
Slave. GPIO. ADV SPI-Flash Memory 1 Wishbone &2k @4 11 .

1.2 RGHFHE

Gowin_PicoRV32 BT R4t

® PicoRV32 W T A%, BIEHIEHIS R IuNIZ. 82 BT
& —ANAEE R E UART 1 AHB M43 s,

® \Wishbone 24k, DL} Wishbone 2243 [ AN R T R % -

1.2.1 PicoRV32 A% F &%

i TS

® RISC-V 32 i B g A 48H

® AL E [ RISC-V32M 3Rkik/BriLTe %Y AL E 1 RISC-V32C &
it Y 8,

® it &Y SPI FLASH Memory #2111, SZ#f 4 SPI FLASH Memory
WA s Tk

® PNE WSS, SR HE IR E 4, SCRF 32 MR E
B, AW s g mT DL I B

® NE 32 fitifassit, KM HE T R RIETE 4

o PNE AR, SRR TR,

® K/huih4 I RISC-V FRUEASCHR /it s

® 7 ¥F Trap Stack Overflow IjjfE .

Memory

® ITCM: 54 17fikes, WL E Size (8/16/32/64/128/256/512KB), %i#

a2 /N 2
® DTCM: ¥¥Efifg#s, nIfcE Size (8/16/32/64/128/256/512KB), %i¥%
F¥g 4/, ¥ Hardware Stack Protection Iifig.

Simple UART

® ZEAk UART STl EH: 1

® [l /D IBH BE

OPEN AHB INTERFACE

® AHB LMY BRI

® M PRIy i A € I AHB s 2632 L 0 i 7%
1.2.2 Wishbone Bus F&%t

Wishbone Bus T &%, f.#% UART.12C Master.SPI Master.SPI Slave.
GPIO. ADV SPI-Flash Memory F1 Wishbone & 2k 1.
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1 BEFEEHY

1.3 R4 115 X

1.3 &% umAE X

Gowin_PicoRV32 %4 5 X, n# 1-1 Fix.

IPUG914-1.5

* 111 RZGmOEN
4R /0 | fi%i | fid IR 82
clk_in in RGWEES -
resetn_in in 1 RGEEAES -
OPEN WB
L . Ry INTERFACE
INTERFACE
jtag_TDI in 1 JTAGHHRHI NG 5
jtag_ TCK in 1 JTAGH £l N5 5
: - — — Debug
jtag_ TMS in 1 JTAGH R IEFE 5
jtag_TDO out |1 JTAGHEHIHE S
ser_tx out |1 Simple UART i {5 5 ,
: : — Simple UART
ser_rx in 1 Simple UART i \ 15 5
gpio_io inout | 32 Wishbone GPIO i N5 5 | WB GPIO
wbuart_tx out |1 Wishbone UART )4 {5 5
, : - WB UART
wbuart_rx in 1 Wishbone UARTHI NG5
wbi2c_sda inout | 1 Wishbone 12C MasterfW 455 | Wi 12¢
wbi2c_scl inout | 1 Wishbone 12C Master(fjif 455 | Master
\rquiiassgl_master_ in 1 Wishbone SPI MasterfJMISOf5 5
"r;’]t(’)ﬁ"—maSter— out |1 | Wishbone SPI MasterfiMOSI{Z
_ Wishbone SPI Master/{SLAVEj | 1o SPI
wbspi_master_ af Master
ssn out PNI=RS)
FEANSLAVEXT M1, #% SCFF8AT
\;vglipl_master_ out |1 Wishbone SPI Master (]I {5 =
\év;)sm_slave_ml out 1 Wishbone SPI Slave#)JMISOf5 %
wbspislave_m |y, 11| wishbone SPI SlaveftIMOSIf &
oSl WB SPI
wbspi_slave_ss | ._ 1 Wishbone SPI SlaveffJSLAVE%: | Slave
n EfET
}/lx(/bsp|_slave_sc in 1 Wishbone SPI Slave[fi} 455
io_spi_clk inout | 1 ADV SPI-FlashfJi 8z 5 ADV
io_spi_csn inout | 1 ADV SPI-Flash{f] i i&(5 5 SPI-Flash
i0_spi_mosi inout | 1 ADV SPI-FlashffJMOSIf5 = Memory
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1 BEFEEHY

1.4 AL RIRG T

B /0 | fi%E | b LN
i0_spi_miso inout | 1 ADV SPI-FlashfIMISOf5 =
slv. ext stb o |out |1 Wishbone 2 264 42 1 (1) strb(E 5
i AT Y5
v ext we o | out |1 Villzhbone,ué)%#%% BEOESEE (S
- (=85
slv_ext cyc o |out |1 Wishbone & 24 g 4 1 ijcycfs 5
slv_ext_ ack i |in |1 Wishbone . 24" £ 1 [ty ack(® 5
: T ‘ =
slv_ext_adr_o out 32 VE\,/'Shbone‘“ A e A OPEN WB
K INTERFACE
slv_ext_wdata_ Wishbone & 264" e 42 11 1) 5 #4
out 32 o
0 (=R
: PpTn P
slv_ext_rdata_i | in 32 VXlzhbonelu By i H N
— = - (=85
: Py o
sv ext selo | out |4 Wlihgone,u &Y RO Tk
#E5
hrdata in 32 AHBE 2 R H: O SR 5 5
Mz VIR BRAB RIS
hresp in 5 A;HEM AT R 1 ) S AL IR
(=87
hready in 1 AHBE Y e R I 55
haddr out |32 AHBS A& 2 L b5 =
hwrite out |1 AHBEZY OIS TTAMES | OPEN AHB
? 4 A H INTERFACE
hsize out |3 A;HEI?»u AA R dE DAL o K
(=87
hburst out |3 AHB A 2 IR R K A5 5
hwdata out |32 AHBE A& REE NN SEHR(E 5
hsel out AHBE &Y R T k(G 5
htrans out |2 AHB 2y R N ALk U E 5

14 ARG HIRGT

Gowin_PicoRV32 KA TIE G 11, i C hik GW2A-18, WizK 1-2 Ffix.
* 12 ARG HFS

Resources . DSP
LUT | Register | BSRAM
Configuration g Macro
PicoRV32 CORE Default and Peripherals 4478 | 3065 32 1
Default
PlchV32 CORE Maximum and 7463 | 4983 32 1
Peripherals Maximum
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2 e iiAs 2.1ttt H b

2@#&%%&

2.1 BB R

DK-START-GW2A18 V2.0
GW2A-LV18PG256C8/I7
GW2A-18 (C i)

® DK-START-GW1N9 V2.1
GW1N-LVILQ144C6/15

GW1N-9 (C )

® DK-START-GW2A55 V1.3
GW2A-LV55PG484C8/I7
GW2A-55 (C JR)

® DK-START-GW2AR18 V1.1
GW2AR-LV18ELQ144PC8/I7

GW2AR-18 (C k)

® DK-START-GW5AT138 V2.0
GW5AST-LV138FPG676AES
GW5AST-138 (B /%)

® DK-START-GW5A25 V1.0

GW5A-LV25UG324ES
GW5A-25

2.2 BH-h A

CMRR A A . =R Gowin_V1.9.9 Beta-3

2.3 RHEMRTR

1 O AR VRO A SR AL 8% 2E 1 3% T H IP Core Generator, HT-fic
BHHP=4 Gowin_PicoRV32 IP %1t .
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2 e iiAs

24 FHTH

24 THI A

2.5 iR

IPUG914-1.5

TSR AL T 3 T H. Programmer, FF T &8-S5 SO
N# T H Programmer FIf 777, 152 SUG502, Gowin

Programmer /)15 »

L

Gowin_PicoRV32 ffi {415 i 2

IP Core Generator T. it & PicoRV32 W+ £ % Al Wishbone Bus
24, 774 Gowin_PicoRV32 IP #&it, 5] AN LFE;

!

W7 E Wishbone S 28T 32 M8k AHB S 28 g2 1 S Fr H @ N &, k%
1t OPEN WB INTERFACE &% OPEN AHB INTERFACE, 3 H »Zjiz: H “ Use Gowin
PicoRV32 as top module” 7.

S244k Gowin_PicoRV32 IP Top Module, 3| AN #it, @R it
5 Gowin_PicoRV32 IP Top Module;

Y FR L) AR P 2958 5

1§ 24 T B GowinSynthesis®Zidr, 774 /%R A

i A JRi A 4 T Place & Route fi RifiZk, 7= A fE & T HE S04
R # T H Programmer, F#EBE S TSI ORI F .
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3 TR

3.1 THEAIE

3.1 TEtZE
3.1.1 HiETiE

CIERIR

WAAT I IR AT, 1522 52 “File > New... > FPGA Design Project”
o T A “L07 8 “Quick Start” #£30 F #di “New Project...”, %

FPGA Design .72, 41 3-1 frx.
[#] 3-1 New Projects

.
L= 1 = I’ My u
i T

U £

Recent Projects:
Quick Start

W New ? x|
“~ Projects 2

=3 rrGA Design Project

“ Files
4[, Verilog File
| & VHDL File
_u Physical Constraints File

|z Timing Constraints File )

Create a FPGA design project.
You will be able to add or create RTL sources, run synthesis,
place 8 route, and program your device.

Manual for LitleBee Manual for Arora  Manual for Arora-V

ject..

Start Page B

3.1.2 WETEZHRMER

MNTREAM, WETREES, WK 3-2 Fix.

IPUG914-1.5
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3 TR

3.1 THEAIE

[&] 3-2 Project Name

4 Project Wizard

Project Name
E» Project Name

Select Device 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.
Summary

Name: |gnwin7picorv32|

Create in: | Ch\Users\liukai\Desktop

[[] Use as default project location

Cancel

3.1.3 EFERZH

IPUG914-1.5

1% “Series”. “Device”. “Device Version”. “Package”. “Speed”

A1 “Part Number”, iF 3-3 fizx.

%141 DK-START-GW2A18 V2.0 FF KRS % ¥ it :
Series: GW2A

Device: GW2A-18

Device Version: C

Package: PBGA256

Speed: C8/I7

® Part Number: GW2A-LV18PG256C8/17
] 3-3 Select Device

Wr Project Wizard

Select Device
Project Name

E» Select Device Specify a target device for your project
Summary Filter
Series: GW2A | Package: PBGA256
Device: GW2A-18 v | Speed: Ca/17
Device Yersion: ., [c -

Part Number Device Device Version Package

GW2A-IV18PG256C8/17 GW2A-18 ,

Speed  Voltage

= Back

Cancel

8(30)




3 TR 3.2 fffF it

3.1.4 SER LIE26Ii2

SERGHTE TR, ikl 3-4 .
[¥] 3-4 Summary

W Project Wizard X

Summary
Project Name

Select Device Project
Evh) Sy N@me: gowin_picorw3z ) .
Directory: C:\Usersiliukai\Desktop
Source Directory: Ci:\UsershliukaiiDesktophgowin_picorv32isrc
Implementation Directory: C:\UsersiliukaiwDesktopi\gowin_picerv32iimpl

Device
Part Number: GW2A-LV18PG256C8/I7
Series: GW2A
Device: GW2A-18C
Package: PBGA25S6
Speed: CB/I7

= Back Cancel

3.2 Bt

{#iH IP Core Generator . F, 7=’ Gowin_PicoRV32 IP it

L EAEE “Tools > IP Core Generator” % T E.#~ IP Core Generator
“ &% 7, $TFF IP Core Generator.

1%+ “Soft IP Core > Microprocessor System > Soft-Core-MCU >
Gowin_PicoRV32 1.37, #nl¥ 3-5 fliis.

3-5 1%+ Gowin_PicoRV32

{{ GOWIN FPGA Designer - [IP Core Generator] - [u} X
% Ele Edit Project Tools Window Help _Ex
o 2§ RN
B g B e # =t b | ma -
Le=gn B X Target Device: | GW2A-LV1BPG256CE/IT
v gowin picorv32 - [C\Users\fiuka... | [~ &
[&] ewaa-Lvispa2secant " — . .
ome Gowin_PicoRV32
v Soft IP Core -
Al i
BackGround Configuration Information
DSP and Mathematics
Interface and Interconnect Type: Gowin_PicoRV32
Memory Control Vendor: GOWIN Semiconductor
v Microprocessor System
Bus Bridge
Hard-Core-MCU Summary
v [ Soft-Core-MCU
& Gowin_EMPU_M1 17 Gowin_PicoRV32 is intended for deeply embedded applications, and
L integrated into GOWIN FPGA. Gowin_PicoRV32 is based on RISC-V
&% Gowin_ PicoRV32 13 Instruction Set Architecture, it can be configured as RV321, RV32IC,
& RiscV AE250 11 RV32IM, RV32IMC MCU, and optionally contains a built-in interrupt
Multimedia controller and a 32-bit timer. Gowin_PicoRV32 can either boot from
Serdes instruction memory or boot from external SPI Flash, and can run in
Deprecated instruction memory or external SPI Flash. The MCU is highly optimized,
< > which only takes 2K~4K LUTs in GOWIN FPGA. The maximum freguency of ¥
Design  Process  Hierarchy g Start Page Design Summary % IP Core Generator a
Console 8 x
%
Console ~ Message

IPUG914-1.5 9(30)




3 LAEMRAR 3.2 it

M d7#TIF Gowin_PicoRV32, Gowin_PicoRV32 R4l E, WK 3-6 fr
7~ fHE Gowin PicoRV32 P #% T R 4t f1 Wishbone Bus F R4t B & T

IRR CUC B R HGE T, WZ A SR BRI
3-6 RGALE

A Gowin_PicoRV32 7 x
General |
Device: [Gw2a-18 | Device Version: [C |

Part Number [ GW2A-LV18PG256C8/I7 |

Create In: | CAUsers\iukai\Desktopigewin_picorv32\src\gowin_picorva2 | [=

File Name: ‘guwin_picorvSZ | Module Name: | Gowin_PicoRV32_Top

Language: | Verilog -

Use Gowin PicoRV32 as top module

Gowin PicoRV32 CORE

OPEN AHB
J
ITCM DTCM Simple UART INTERFACE

WishBone Bus
WB I2C WB SPI ADVSPI- | | OPENWB
WB UART Master Master B SPlSlavel | WB GPIO Flash INTERFACE

3.2.1 PicoRV32 A FREEE
Gowin PicoRV32 CORE Bt &

X i Gowin PicoRV32 CORE, T Gowin PicoRV32 CORE Ht & #E 1,
ﬁD@ 3'7 Fﬁi_\‘o

IPUG914-1.5 10(30)




3 TR

3.2 fffF it

IPUG914-1.5

& 3-7 Gowin PicoRV32 CORE ¢ &

w Gowin PicoRV32 Core

Gowin PicoRV32 Core

— pag TDI jtag DO

— pag TMS

Lo

Gowin PicoRV32

Gowin PicoRV32 supports Simple UART, Instruction Memory (ITCM), Data
Mermaory (DTCM), interrupt controller, machine timer and WishBone
interface extends. There are three boot mode options for Gowin PicoRV32,
boot and run in ITCM, boot from external flash and run in ITCM, or boot
and run in external flash.

User can configure the MCU Core, size of ITCM and DTCM, boot methods.
And also can enable or disable the peripherals and configure them
according to the actual need.

Options

Configuration

Support RV32C Extends [ Twe Cycle Compare

Support RV32M Extends [ Twe Cycle ALU
Enable Interrupts [ Barrel Shifter
Enable Timer Catch Misalign

Enable Counters Catch illegal Instruction

Two Stage Shift [ Trap Stack Overflow v

Cancel

Gowin PicoRV32 CORE [t ikt 3-1 i~

%% 3-1 Gowin PicoRV32 CORE Fg &I

i B % 15 i

Support RV32C Extends | ik#5/e 753 HF RISC-V L4474y &, BRUIJTE.
Support RV32M Extends | i #5215 3 FF RISC-V Jik/BRizia &£ e, BATFE.
Enable Interrupts PR CF R WS, BRI .

Enable Timer

WP SCRFTHI S, BRIT)E

Enable Counters

R SRR 2
RDCYCLE[H)/RDTIME[H]/RDINSTRET[H], EKiAFF/S .

Two Stage Shift

PR SR P BRI DIRE (ISR SRR, AT RUDsRs fir 4
fE, (ERSEINER IR E), BIAJITE.

Two Cycle Compare

PR SR S LL AL e (AR, W AR it
AR, RmN PR, ERSPUTHEGES, A
I— AN D, BRI .

Two Cycle ALU

WP SR s HIhaE CIRSCRs, W AR Bt
HARKEE. RmN PR, ERSPUTIEEIES, MM
In— AN, BRI .

Barrel Shifter

PR SCRAMIE AL IIRE,  BOAKH .

Catch Misalign

P AEAT A% V7 ) R A2 B R 55 AR I 2E N TRAP
FHEIkiEtT, BIAJTA

Catch illegal Instruction

WHOE TAEPATIREIE S 3E TRAP JR{F 14T, ERIA
IR

Trap Stack Overflow

MR 5 SR IR D ae, BRIASK .

Enable Debug

PR SR AR LR AT RE, BRUTT R .

11(30)




3 LR 3.2 MfFBT
HESHEMR ITCM EE
Widifa oA as ITCM, TR 17 fias ITCM FCE LT, 4nfl 3-8 fir
7N, A[LAECE ITCM Size. Gowin_PicoRV32 (1= E5hJ7 XA ITCM ¥4
3
3-8 SR ITCM B E
S ITCM ? K
ITCM G
Gowin_PicoRV32 is intended for deeply embedded applications that is integrated
into Gowin FPGA, which is based on RISC-V 32Bit ISA RV32IMC.
ITCM is the instruction memary of this MCU. Its size is configurable.
If the MCU boot mode is set as boot and run in ITCM, the ITCM should be
initialized and the initialization file should be set.
— e Boot Modle: () MCU boot from external Flash and run in ITCM
() MCU boot and run in external Flash
(® MCU boot and run in ITCM
ITCM Initialization File: | |
Cancel
® [TCM Size
- AJLLEFE 8BKB. 16KB. 32KB. 64KB. 128KB. 256KB &Y 512KB;
- GW1N-9/GW1NR-9/GW1N-9 C f/GW1NR-9 C jix, ITCM Size &
KikF N 32KB, ERil N 16KB;
- GW2AN-9X/GW2AN-18X, ITCM Size i KiEL#E N 32KB, ERilK
16KB;
- GW2A-18/GW2A-18 C ix/GW2AR-18/GW2AR-18 C I
IGW2ANR-18 C hit, ITCM Size 5 Kit#y 64KB, ERiAN 32KB;
- GW2A-55/GW2A-55 C /iz/GW2AN-55 C fix, ITCM Size &z KikHE N
256KB, ERiAN 64KB;
- GW5AT-138/GW5AST-138/GW5A-138, ITCM Size fix KikFE N
512KB, ERil A 128KB;
- GWb5A-25, ITCM Size i Kik#H 64KB, BRik N 32KB.
® Boot Mode
—  Ji5h SPI FLASH Memory N #JH2), 5447 ffid ITCM 1241 #9775
(MCU boot from external Flash and run in ITCM);
~ J4h SPIFLASH Memory F#83), H 4+ SPI FLASH Memory 347
172X (MCU boot and run in external Flash);
IPUG914-1.5 12(30)
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- FRAAEEY ITCM a3, B2 F R ITCM 2471 7= (MCU boot
and run in ITCM)

o  IHiE#E MCU boot and run in ITCM, NIZi{E ITCM Initialization File 31 5| X\ ITCM %]
kot (H Gowin_PicoRV32 # -4 f2 ¥ it ram32.hex).

e ITCM Initialization File 5| NAIE4E, TEEH ULEIT BN, \t S5 TR AL R SO - %
o

BiRFMHRTE DTCM EE

ikt Bl A7 it 4 DTCM, FTITEdE /7 ik 4 DTCM B EIE T, i 3-9
Fizr, AILABCE DTCM Size. R OR4 ARG

&2 ¥
3-9 HiEFiEE DICM ECE
s DTCM ? X
DTCM
[T
Gowin_PicoRV32 is intended for deeply embedded applications that is
integrated into Gowin FPGA, which is based on RISC-V 32Bit ISA RV32IMC.
DTCM is the data memory of this MCU, which is size -configurable. It has a
configurable hardware stack protection function. User can set a threshold in
DTCM, when the top of stack is less than the threshold, a warning interrupt will
be triggered. This function could help users to optimize the C code of the
Embedded project.
— i
Options
— setn in Configuration
DTCM Size: |32KB ~
[] Enable Hardware Stack Protection
Hardware Stack Protection Value: 0X 0000
Gowin PicoRV32
Conce
® DTCM Size

- TAJLLIE$E 8KB. 16KB. 32KB. 64KB. 128KB. 256KB &} 512KB;

- GW1N-9/GW1NR-9/GW1N-9 C x/GW1NR-9 C jix, DTCM Size &
Sy 32KB, HRilJy 16KB:

- GW2AN-9X/GW2AN-18X, DTCM Size f Kit# A 32KB, EHRilN
16KB;

- GW2A-18/GW2A-18 C /it/GW2AR-18/GW2AR-18 C i
/IGW2ANR-18 C i, DTCM Size & Ki%kF¥ N 64KB, ERil N 32KB;

~  GW2A-55/GW2A-55 C JiZ/GW2AN-55 C }iz, DTCM Size & kit
y 256KB, BRilJy 64KB;

- GWA5AT-138/GW5AST-138/GW5A-138, DTCM Size i Kik#FH
512KB, ERik7y 128KB;

- GW5A-25, DTCM Size fx Kik#F N 64KB, ERil N 32KB.

13(30)
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® Hardware Stack Protection

- 3 JF 5 Enable Hardware Stack Protection, Jll Gowin_PicoRV32
SCH DTCM AR R D e

— Hardware Stack Protection Value, FFZE AR #1k% K/, BUE G/
T DTCM Size.

ITCM 5 DTCM Size BCE BRI

GW1N-9/GW1NR-9/GW1N-9 C ix/GW1NR-9 C Ji%, ITCM 8 DTCM #x
KAJEeE N 32KB, @& ITCM 8 DTCM KA figas CLlC & N 32KB, )
AR ROR A BEBLE Y 16KB;

GW2AN-9X/GW2AN-18X, ITCM & DTCM s K AIBLE N 32KB, iR
ITCM &t DTCM FEANAfitr s AL E N 32KB, I 73— M 7w i oKk R ERC
B N 16KB;

GW2A-18/GW2A-18 C }7/GW2AR-18/GW2AR-18 C }R/GW2ANR-18 C
W, ITCM 8 DTCM # KAJHlC & N 64KB, W% ITCM 5 DTCM HANE
figar L E N 64KB, NI 5 — M as i K R el & N 16KB;

GW2A-55/GW2A-55 C Jz/GW2AN-55 C iz, ITCM 5 DTCM & KA
BN 256KB, WH ITCM 5 DTCM M 17fiE 88 CUlL & N 256KB, I %
— MG R K H BERC B N 16KB;
GW5AT-138/GW5AST-138/GW5A-138, ITCM & DTCM & KAt & A
512KB, 1R ITCM 8 DTCM FAN7 g5 AL E N 512KB, M 75—/ 7
i g i K A RERC B v 128KB;

GW5A-25, ITCM ¢ DTCM # KA fic & & 64KB, #1f ITCM = DTCM
FATES ElCE N 64KB, N 5A — A7 25 5 K H BERC B v 32KB.

Simple UART B0 &

7 Simple UART, 17T Simple UART Ft &k, il 3-10 s,

PARC & 2571 5 Simple UART.

W JE Enable Simple UART 11, )l Gowin_PicoRV32 32 Simple

UART, BRIAJTE.
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[# 3-10 Simple UART B2 &

' Simple UART

Simple UART

T s

&

Gowin PicoRV32

The Gowin_PicoRV32 Simple UART is a UART core connected directly to SoC
TX/RX lines. It is connected to the Gowin_PicoRV32 core directly through a
native interface bus. It is highly size-optimized and could achieve simple

function of send and receive of serial port.

Options

Configuration

Enable Simple UART

Cancel

OPEN AHB INTERFACE Bt &

Wit OPEN AHB INTERFACE, 77J1 OPEN AHB INTERFACE At & it
Iﬁ’ ﬁu@ 3-11 Fﬁ}j_:\‘o

® ERiIARMI;

® % JF)5 Enable Open AHB Interface i£T,
OPEN AHB INTERFACE, F /" vJ AfEE: &R e AHB 2482 1111

BB 755

N Gowin_PicoRV32 > fF

® i 12 MM WSS irq_in[31:20], fLHH 4 &) AHB A5 4

H.

[ 3-11 OPEN AHB INTERFACE it &

% Open AHE Interface

Open AHB Interface

haddr[31:0]

Iwarite

hsize2:0]

hiwrst2:0]

vl ata [31:0]

htrans(1:0]

—w-

—

=

—w

—

—
— ] st
] frcdata]310]
e resp[10]
— e el
m— 1 in[31:20]
Gowin PicoRV32

themselves.

The Open AHB Interface is an AHB interface which is opened for users to
connect customized peripherals. The address for the open AHB interface is
ranged from 0x8000_0000 up to Oxffff_0000. It could be branched by users

If the Open AHE Interface is enabled, the interrupt input interface No. 20 to
Ma. 31 will be opened as well, which could be used for customized
peripherals' interrupt request. The interrupt input port is active high, so the
unused interrupt input interface should be connected to zero.

Options

Configurations

Enable Open AHB Interface

Cancel
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3.2.2 Wishbone Bus F R4 E

Wishbone Bus T #4t, 7] PARC & o1 & f156 WB UART. WB
12C Master. WB SPI Master. WB SPI Slave. WB GPIO. ADV SPI-Flash
Memory 1 OPEN WB INTERFACE.

Wishbone Bus ¥ R4t B LI, U1k 3-2 Aras.
& 3-2 Wishbone Bus FZR&StEC B %I

fic B 1 iR

Enable Wishbone UART FEEFFH WB UART,  BRiA %]

Enable Wishbone 12C Master I WB 12C Master, ERik% ]

Enable Wishbone SPI Master 5 FFH WB SPI Master, ERAS<IH]

Enable Wishbone SPI Slave I WB SPI Slave, ERil5%H

Enable Wishbone GPIO & H A WB GPIO,  BRiA <]

Enable ADV SPI-Flash I )5 ADV SPI-Flash Memory, ZRIAI<H]
Enable Open Wishbone Interface | &7 7F/5 OPEN WB INTERFACE, #Ri\ %]

WB UART B &

i WB UART, 4TH Wishbone UART BL &k, ani&l 3-12 frow.

W I 5 Enable Wishbone UART £, Il Gowin_PicoRV32 37 #F
Wishbone UART, ik,

3-12 WB UART Bt &

Wishbone UART ? X

Wishbone UART %

The Gowin_PicoRV32 wishbone UART is a UART peripheral which can
implement UART communications. It is connect to Gowin_PicoRV32 CORE
through wishbone bus.

Options

Configuration

— B wsisart Enable Wishbone UART

Gowin PicoRV32

Cancel

WB 12C Master i &

Wi WB 12C Master, 377 Wishbone 12C Master Bt & ki, /& 3-13
FT7Rs o

IPUG914-1.5 16(30)
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BT J5 Enable Wishbone 12C Master i35, ] Gowin_PicoRV32 7
¥ Wishbone 12C Master, kil K.

3-13 WB I2C Master Bt B

"o Wishbone 12C Master T X

Wishbone 12C Master CEH

The Gowin_PicoRV32 wishbone 12C master is connected to Gowin_PicoRV32
core through wishbone bus. The 12C block is a fully verified block which can
implement 12C communication. The 12C block implements 12C protocol.

— i whiZe sdla -

Options

— ] st in whize sc| [ Configuration

Enable Wishbone 12C Master

Gowin PicoRV32

WB SPI Master B0 &

%7 WB SPI Master, 177 Wishbone SPI Master it &£ i, & 3-14
FrR
[#] 3-14 WB SPI Master it B

& Wishbone SPI Master ? x
: S
Wishbone SPI Master 57
The Gowin_PicoRV32 wishbone SPI master is connected to Gowin_PicoRV32 core
through wishbone bus. The SPI master block is a fully verified block which can
implement 5Pl communication as a master device. The SPI block implements SPI
protocol.
— s [ .
Options
— ro—— b ~
Enable Wishbone SPI Master
Configurations
s Ly whng_ st sl [— e Shift direction: 0 A Data length: 32 hd
Clock phase: 0 - Slave number: l:l (1~8)
Clock polarity: 0 - Delay Timer: (0~63)
Gowin PicoRV3z Clock count width: | 5 > 1 (1~32) Interval lenath: | 2 sl (0~63) V¥
< >

W TF 5 Enable Wishbone SPI Master %31, ] Gowin_PicoRV32 %
Ff Wishbone SPI Master, ERik3</].

W I E Wishbone SPI Master, A LLRL & Wishbone SPI Master )

IPUG914-1.5 17(30)
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ZHGED, Wk 3-3 Frw.
%% 3-3 WB SPI Master S ¥t = i IR

SHET

ik

Shift direction

T M A s =
fEONOI, B et fmmh (MSB)
EONLN, B etk ) Az (LSB)

Clock phase

}8 EWB SPI Masteri 2 AH {7 «
1B MO, HHEfESCLKHI S —MNAIRA %L
AL, HRIESCLKIIE — ANV %

Clock polarity

$8 52 WB SPI Master 4k 14: :
5 O}, 2 AR ZS I SCLK A HEL S
fE NI, ZARPRASE SCLK A & HL P

Clock count width

8 %2 clockit E 2% 7
DA R 8% RS B8 SR /2 SCLK L4 o 15

i 5€ FICLK 153457 A= SCLK I 75 F) 73 4 22 £

Clock sel SCLK#Z 5 AR : SCLK=CLK_I/(2*(CLOCK_SEL)+1)
HUEJEE: 0~ 27(clock count width) - 1
by A M } ;._'4,;',—4
Data length T B A 58

BUE VG 8/16/32/64

Slave number

8 € v CHF MHLSlaveF &
BUEVERE: 1~32

Delay time

FEEAESS_NIE S A MG, 1T 5 — A HOR A5 a0 =5 SR AE
RIS [A] :

FEIRIS[E]TFH A 0: Delay = Delay Time * (SCLK period / 2)
HUEYEH: 0~63

Interval length

F

it € U SPULHITE R G, SS_Nf
BUETEE: 0~ 63

5 TR SCLK A #1 %

a(ll

WB SPI Slave B2 &

W WB SPI Slave, FTJ Wishbone SPI Slave Bt &%, W& 3-15

I

IPUG914-1.5
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[& 3-15 WB SPI Slave 0 B

& Wishbone SPI Slave 7 x
. Bi,
Wishbone SPI Slave o
The Gowin_PicoRV32 wishbone SPI slave is connected to Gowin_PicoRV32 core through
wishbone bus. The SPI slave block is a fully verified block which can implement SPI
communication as a slave device, The SPI block implements SPI protocol.
—» e
Options
) ~
Enable Wishbone SPI Slave
Configurations
— -
Shift direction: 0 - Clock sel: l:l [0~31)
Clock phase: 0 - Data length: 32 -
Clock polarity: 0 - Delay Timer: 2 = (0~63)
Gowin PicoRV32 i i v
£ >

T 5 Enable Wishbone SPI Slave #75, ] Gowin_PicoRV32 7 HF
Wishbone SPI Slave, ZRikI<H].

W FFF Wishbone SPI Slave, I AT LAALE Wishbone SPI Slave (1%
BugIi, sk 3-4 fis.
%% 3-4 WB SPI Slave S¥ifit B

e 2 ¢unl]| ik
8 % Bl AL fnks =X
Shift direction B oNORT, it i mis (MSB)

NI, BB M AL (LSB) .

$5 2 WB SPI Slave i A7«
Clock phase B N0}, UG ESCLK I 5 —ANAif A 24
B AR, F¥EAE SCLKIREE — ANV H 2.

¥5EWB SPI Slave i g 1k «
Clock polarity fE MO, RPIRASE SCLK A AL
ONLEE, ZHARPR SR SCLK A & .

fit %€ clock T+ & 25 Vi [H -
WA 25U R A AL B SR A2 SCLK PRI 96 1

Clock count width

T 5 FHCLK 143437 A SCLK T 75 i 40 5 2R 5
Clock sel SCLK#ZF 5 /AR : SCLK=CLK_I/(2*(CLOCK_SEL)+1)
EUEYERE: 0~ 27clock count width) - 1

R E A& s 1A 58 -

Data length
g HUEJoH: 8/16/32/64

TRELESS_NESH MG, EHATHE MBI S E
Delay time AR [] «
ZEIR I A iH5 A3 Delay = Delay Time * (SCLK period / 2)

IPUG914-1.5 19(30)
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WAEYERE: 0~63

858 MSPUEHIE KRG, SS_NIE5 77 545 1 SCLK A HA%L:

Interval length
g W7 0 ~ 63

WB GPIO B2 &

i WB GPIO, #TJf Wishbone GPIO it & k1, Wik 3-16 Fris.

WS I )5 Enable Wishbone GPIO &5, N Gowin_PicoRV32 ¥
Wishbone GPIO, ERi\FH].

WHEIF B Wishbone GPIO, A AL & Wishbone GPIO )% 7 fE 5
¥ GPIO Data Width, HU{EjalEl N 1~32.

3-16 WB GPIO BL &
% Wishbone GPIO ? X
Wishbone GPIO 32
The Wishbaone GPIO is a general purpose inputfoutput peripheral. Its data
width is configurable. It could be configured up to 32 bits. It could be used to
transmit specified signals or receive signals, Each bit could be used
separately.
— i ke
gpio_io[31:0] e
Options
— ] et in Configurations
Enable Wishbone GPIO
GPIO Data Width: (1 ~32)
Gowin PicoRV32
ADV SPI-Flash BLE
i ADV SPI-Flash, T 7 ADV SPI-Flash Memory fit & % 1, 2 & 3-17
I

IPUG914-1.5 20(30)
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[ 3-17 ADV SPI-Flash B0 &
' ADV SPI-Flash ? *
ADV SPI-Flash o

IPUG914-1.5

il -
—
pi csn (-
spi s [
— st
spi mise [

Gowin PicoRV32

Gowin_PicoRV32 is intended for deeply embedded application that is
integrated into Gowin FPGA, which is based on RISC-V 32 Bit ISA RV32IMC.
The ADV SPI-Flash is a dual-port 5Pl interface which could connect to external
SPI Flash chip. It could be configured into register mode or read-only
memory-map made, or both of these two modes.

Options

Configurations

Enable ADV SPI-FHash
R/W Mode
Enabe Register Mode
Enable Memory Map Made

U5 IF B3 Enable ADV SPI-Flash %55, Il Gowin_PicoRV32 3¢ #: ADV
SPI-Flash Memory, BRik 5% .

ADV SPI-Flash 3 #f MCU B AFgwFE Wi N &R sh AE T ThRg .
ADV SPI-Flash 3 #f Memory . SR DiEE, Memory 2. 5 IjRE

HIRECE, Wk 3-5 s,
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%% 3-5 ADV SPI-Flash R/W & El B iE

ZHIEIN iR

Enable Register Mode JFJERegister Mode, ERiIAIF)E .

Enable Memory Map Mode FF J5EMemory Map Mode, ZRiAFF)H -
OPEN WB INTERFACE EZ &

4TI OPEN WB INTERFACE, ] LLi#%H B Open Wishbone

Interface, 41l 3-18 Fir.

® TRIAKH;

® % JF 2 Enable Open Wishbone Interface i3, ] Gowin_PicoRV32
X FF OPEN WB INTERFACE, HJ'r] DAfEsb 2 £y & Wishbone
MR AR R 45 5

® TiFE 12 NMMEFWES irq_in[31:20], LA ¥ E R Wishbone #Mii 1
.

[ 3-18 OPEN WB INTERFACE B2 &

'\ Open Wishbone Interface ? X
3 R
Open Wishbone Interface 37
The Open Wishbone Interface is a wishbone interface which is opened for
users to connect customized peripherals. The address for the open wishbone
interface is ranged from 0x2000_0000 up to 0x4000_0000. It could be
branched by users themselves.
sl et sth o [~ . . . . .
— clicin T If the Open Wishbone Interface is enabled, the interrupt input interface No. 20
to Mo. 31 will be opened as well, which could be used for customized
I peripherals’ interrupt request. The interrupt input port is active high, so the
S S unused interrupt input interface should be connected to zero.
a =
— i
- Options
— st sdata i21:0) Configuration
| e
Enable Open Wishbone Interface
— 20| |
Gowin PicoRV32
Conce
Top Module EC&

® 5Ll Gowin_PicoRV32 k1 i) Top Module, i 7 5 “ Use Gowin
PicoRV32 as top module "% i, % & Gowin_PicoRV32 4 Top Module;

® Rk E OPEN WB INTERFACE & OPEN AHB INTERFACE, ¥~
&£ FH F* Wishbone &L 283 8 AHB 22845 D /NS 1 &, 157 M] “Use
Gowin PicoRV32 as top module” &3, #n&l 3-19 fifr7x.

IPUG914-1.5 22(30)
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[# 3-19 Top Module B2 &

(A Gowin_PicoRV32 ? X

General

Device: ‘GWZA-]B | Device Version: |C |
Part Number | GW2A-LW18PG256C8/I7 |

Create In: ‘C:\Users\liukai\Desktop\gowin_picorv32\src\gowin_picorv32 |

File Name: ‘gowin_picorvSZ | Module Name: Gowin_PicoRV32_Top

Language: Verilog hd

| [1 Use Gowin PicoRV32 as top module

Gowin PicoRV32 CORE

) l

ITCM DM Simple UART

OPEN AHB

INTERFACE

WishBone Bus
WE [2C WEB SPI T g ADV SPI- OPENWB

3.3 APt

3.4 49

5%k Gowin_PicoRV32 fit & J5, 7/ Gowin_PicoRV32 IP it

s24514k, Gowin_PicoRV32 Top Module, # &y Top Module 5% H
it

SINF ¥t %4 Gowin_PicoRV32 Top Module 5/ 7 #it, Tk
SEREM RTL ¥t

SERH T RTL it a, SRR AR & 24 H (1 10, =AY
FCAF

SN P 2R DRI FR oo priie s, 7 AL I i 2 O

YRR R Pt 71, 155 % SUG935, Gowin #i P4 F 151,
SUG1018, Arora V. iil P29 4/ /7 15

3.5 TIEACE
3.5.1 LEETAL B

IPUG914-1.5

Bt “Synthesize > General” ZE& %5, &l 3-20 fx.
o ZE THE& I ISLPRTUZ B LR, BE “Top Module/Entity”;
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3 TR

3.5 THAE

o Z THE& I RSEPR 5 kS, FLE “Include Path”;
® [iCE Verilog Language, filtn System Verilog 2017,

& 3-20 FEEETMALE

G Configuration

¥ Synthesize

General

Dual-Purpose Pin
Unused Pin

v BitStream
General
sysControl

Feature sysContral

Loaplimit:

Synthesize
v Global General
Voltage Synthesis Tool: @ GowinSynthesis

Top Module/Entity: | picorv32_demo

~ Place & Route Include Path: |
General TelPre |
Place
Route GowinSynthesis

Verilog Language: | System Verilog 2017 ~

2000 -

[1 Show All Warnings
[] Disable Insert Pad
Ram R/W Check

Cancel

Apply

3.5.2 Post-Place File Bt &

R AEH Gowin_PicoRV32 Bt gm s ik v Ffigif4 15 11 3 stk & 3 F
#H I, NECE “Place & Route > General > Generate Post-Place File” i%&
i, 724 Post-Place File, W& 3-21 ffix.

3-21 Post-Place File EL &

W Configuration

v Global
Voltage

v Synthesize
General

~ Place & Route
General
Place
Route
Dual-Purpose Pin
Unused Pin

~ BitStream
General
sysControl

Feature sysControl

Reset all to default

Place & Route
Category: All -
La\k;el

Generate SDF File False
Generate IBIS File False
Generate Post-Place File True
Generate Post-PnR Verilog Simulation Model File  False
Generate Post-PnR VHDL Simulation Model File False
Generate Plain Text Timing Report False
Promote Physical Constraint Warning to Error False
Show All Warnings False
Report Auto-Placed 10 Information False

Value

Generate post-place file only included locations of BSRAM. Default: *.posp.

Cancel Apply

3.5.3 Dual-Purpose Pin 0 &

1 Gowin_PicoRV32 fit & &y MCU boot from external Flash and run

IPUG914-1.5
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3.6 &iH

in ITCM B¢ MCU boot and run in external Flash 7=, NIl & “Place &
Route > Dual-Purpose Pin” &5, &M MSPI s H vy g H, W& 3-22

Bz, 15 WA 2 B i R
3-22 Dual-Purpose Pin fg &

W Configuration

Dual-Purpose Pin

™ Global [[] Use JTAG as regular 1O
Voltage

v Synthesize Use SSPI as regular 10

General Use MSPI as regular 10

“ Place & Route [ Use READY as regular 1O
General [] Use DONE as regular 10
:j:; [] Use RECONFIG_N as regular 10

Dual-Purpase Pin Use 12C as regular 10

Unused Pin
~ BitStream

General

sysControl

Feature sysControl

Cancel Apply

AT BRI 454 T B GowinSynthesis®, 5¢i RTL #&it4&a

RSO, i 3-23 s
3-23 Z&

NN

» I

H GOWIN FPGA Designer - [C:\Users\liukai\Desktop\gowin_picor32\impl is\gowin_picona2_synrpthtmi] - °
) Ele Edit Project Tools Window Help
Process 8 % Synthesis Details

| | Design Summary

e
&=
es¢
™
E:
®
£
®
t

B . ¢ Synthesis Messages | 1op Level Module picorv32_demo
v [ User Constraints i .
q Foors! - Synthesis Details Running parser:
(=8 FloorPlanner R CPU time = Oh Om 25, Elapsed
5 Timing Constraints Editor > Resource time = Oh Om 35, Peak memory

usage = 126.672MB
Running netlist conversion:

CPU time = Oh Om Os, Elapsed
time = 0h Om 0s, Peak memory

o Q Synthesize + Resource Usage Summary

=) Synthesis Report » Resource Utilization Summary

- Timi usage = OMB
Netist File Timing Running device independent
= Clock Summan optimization:
v Place & Route v Optimizing Phase 0: CPU time =
+ Max Frequency Summar 0h Om 0.234s, Elapsed time = 0h
Place & Route Report q v U 0m 0.237s, Peak memory usage =
Timing Analysis Report = Detail Timing Paths Informations 126.672MB
iming Analysis Repor Optimizing Phase 1: CPU time =
0h Om 0.171s, Elapsed time = 0h
Ports & Pins Report Om 0.182s, Peak memory usage =
Power Analysis Report 126.672MB
Optimizing Phase 2: CPU time =
rogram Device 0Oh Om 0.255, Elapsed time = Oh
<
Design  Process  Hierarchy v Start Page Design Summary 2t gowin_picorv32_syn.rpthtml [

Console

[60%] Tech-Mapping Phase & completed

[65%] Tech-Mapping Phase 1 completed

[75%] Tech-Mapping Phase 2 completed

[86%] Tech-Mapping Phase 3 completed

[96%] Tech-Mapping Phase 4 completed

[95%] Generate netlist file “C:\Users\liukai\Desktop\gowin_picorv32\impl\gusynthesis\gowin_picorv32.vg" completed

[186%] Generate report file “C:\Users\liukai\Desktop\gowin_picorv32\impl\gusynthesis\gowin_picorv32_syn.rpt.html" completed
GowinSynthesis finish

<

%

Console | Message

e TR, 5% SUG100. Gowin ZJf#(H/H/ #5H,

IPUG914-1.5
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3 TR

3.7 ARk

3.7 flmthtk

3.8 T#;

IPUG914-1.5

AT IR BRI /A 2k T B Place & Route, FEfiiAnfmAisk, rFedff
PR S, aniE 3-24 s

& 3-24 Place & Route

{# GOWIN FPGA Designer - [C:\Users\iukai\Desktop\gowin picorv32\imph\pnrigowin_picorv32.rpthtml]

- [m} x
./ FEle Edit Project Tools Window Help - 8 %
O LB =7 i ARl
w U S 7= = 1 2 5@ -
iy 02 PnR Details "
1 | Design Summary
v BB User Constraints ¢ PnR Messages Running placement:
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e

IEAT VR R # T E Programmer, R #B4 HR R SCA
TE IR AP B 2 25 8 2, FTHF T L H Programmer, H.i5

Programmer 32 5.4~ “Edit > Configure Device” 5 T. £ Configure Device

A7, FTFF “Device configuration”.
R KRR/ E R (LittleBee®) ZiE FPGA F= 5, IR 2k miEd
H, WK 3-25 .
® “Access Mode” THi%lZR, %EF “Embedded Flash Mode” #£Ti;

® “Operation” N1 41%, % %“embFlash Erase, Program ”5¢“embFlash
Erase, Program, Verify” i,

® “Programming Options > File name” &, 5| N5 N & 161kt
B SCA 5
® iy “Save”, SEAUBEAFBTTHALG IR SO T BUL I E -
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& 3-25 /NEHE LittleBee 3% Embedded Flash Mode BZ &

W Device configuration ? *

Device Operation
hecess Mode: Embedded Flash Made -

Operation: embFlazh Eraze, Program -

Eraze and prozram the embedded flash Make sure the confiz frequency
must be less than 26Mhz.

Frogramming Options

File mame: |C:stersf'liukai,mes](topfgowin_picorv32. f= | | |

I:l User Flash Imitialization

Save Canecel

WRTFRBRERER® (Arora) ZK %k FPGA 7=, NHOEDINCE, W

3-26 FiR.

® “Access Mode” THi%l#, &% “External Flash Mode” & 1i;

® “Operation” N7 %1%, % $%“ exFlash Erase, Program thru GAO-Bridge”
o “exFlash Erase, Program, Verify thru GAO-Bridge” £ 1ii;

® “Programming Options > File name” &7, 3| N FHE Nk mE1E T
R SCA 5

® “External Flash Options > Device” &I, i%# “Generic Flash”;

® “External Flash Options > Start Address” £, ¥ &}y “0x000000”;

® iy “Save”, SERUBEAF BRI SO T BUL I E
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& 3-26 ;RER (Arora) ZRji& External Flash Mode BC &
W Device configuration ? *
Device Operation
heocess Mode: External Flash Mode -
Operation: exFlash Erasze, Program theu GAD-Bridge -
exFlash Eraze, Frogram thru GAD-Fridse
Programming Options
File name: |iu]<ai;']:les]<topfgowin_picorv32fimplfpnrfgowin_picorv32. Es| D
User Flash Initializatien
External Flash Options
Device: Generiec Flash -
Start hddress: 0x000000
Save Cancel
WERTF KMtk Arora V FPGA 77 i, NEGETIRLE, & 3-27 Fix.
“Access Mode” T#i%l3, & “External Flash Mode 5AT” 7
“Operation” F 11313 , % #“exFlash Erase, Program 5AT "“ exFlash
Erase, Program, Verify 5AT” &1
® “Programming Options > File name” &1, 5| N7 E N AELE T
(EV &L
“External Flash Options > Device” i1, i%# “Generic Flash”;
“External Flash Options > Start Address” %3, ¥ & & “0x000000”;
iy “Save”, SERUELFRTHRS RSO T HUE DI E .
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[&] 3-27 Arora V External Flash Mode B¢ B

4 Device configuration ? >

Device Operation
Access Mode: External Flash Mode GAT -

Operation: exFlash Erase, Program BAT b

exFlash Erase, Program BAT

Frogramming Options

File name: |iukal/Desktop/zowin_pileorv3Z/impl/proer/zowin_plcorviZ. fsl D

User Flash Initialization

External Flash Options

Device: Generic Flash -

Start Address: Oz000000

Save Cancel

5% Device configuration j&, ®#.i7 Programmer . HA%

“Program/Configure” ( =5 ), N #ME A& THGIR -

N T H Programmer FI{EH 7775, 1E2% SUG502, Gowin

Programmer /1 /71557
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