GOWINSE

EEEBE BH KRk

Gowin PicoRV32

BHRITE%E:

=i

IPUG914-1.0,2020-01-06



BRARERE 2020 I FESESENERBERLF

RER QT FMEVFA], AR RA AN NEASE B R B, BRSO AR sis
i, I AR A AL HE

RITEMN

ASCR IR FARAT R BUIVFAT, JFR AR R, BUAZE IR R & e A 71
P FHR B AT o B o~ AR L i B S 2 A A R B ISR 24, m Sk
A RIAEANE R B ARNE R T . mo U & e A7 B & A/ B T A EAE ]
7R B 7 FRIELOR B30 77 it AR 8 R P S 1k O A AT B AL, BB B B
W BRI STESE, BAEELR . S RN SO P& 130 By R E N E T
FVER 58 BAEA KSR AR BARE L DUE, B SR IR B2 OO TR AR T P9 23 I BUR,
KA TATIEN 152 SRR X X Be SRS HEAT I I 10 B



RAER

HEA

R

5RA

2020/01/06

1.0

RIUE A o




H %

= 5T i
3 ;T iii
-3 = ;SRR iv
I oy U 1
L1 B GEHEH ottt bbb r ettt 1
1.2 BRGUEFAE vttt 2
1.2.1 PICORV32 PUAZ T Z2GE c.vcvevirieietetee et e ettt 2
B VAT oo Yo g ol = T E R 1 RS 3
1.3 BRGEHHETTTE X oottt ettt n ettt en s 3
1.3.1 PiCORV32 YA T 2G0TI IE S weveieeeeeeeeeeeeeeeeeeee ettt 3
1.3.2 WiShDoNe BUS F ZRGEIT I TE X cuveireecreecreeereeeeeeeeeeteesteesteeseesaeaeveeeteestessressnteeneeereeeree e 4
A o o USRS 5
2.0 FEAEIRIE oottt bbbt a ettt r ettt nens 5
2.2 BRAEFRIE oottt 5
2.3 BTG AR oottt b ettt r ettt bens 5
24 TR BRIRAE oottt 5
2D B T R oottt ettt r et bens 5
R Y - - RS 7
T A X 1= OO OSSOSO USUPRPROOTRRRON 7
Bi L L T L ittt r et nens 7
3.1.2 BT LR B RAIEE AR oottt ettt 8
BuL.3 BRI oo 9
304 FERLLFRBUEE oot 10
3.2 A TETT ottt ettt 10
3.2.1 PicORV32 WHZ T RGUHIEBLTE oo 12
3.2.2 Wishbone Bus T R G LE BT cooveveeeececceccccee e 17
R e & OO OO U SRRSO PO R PURSRSRTO 24
Bud LT ottt ettt 24
IPUG914-1.0




H %

KN ST B L SRS 24
3.5.1 ZEAIEIMILE oottt 24
3.5.2 POSt-Place File AL E ....covoveeieeecteeseceetee ettt 26
3.5.3 DUAI-PUIPOSE PN BLE ...ooviieieieictece ettt sttt enaete e sbesne s e 26
KT SRR 27
BT AT TRIATLE oottt 28
IR TR = SRR 28
e 7 & SRR UTUSRRPTRO 30

IPUG914-1.0




KSR

EE%

] 1-1 GOWIN_PICORV32 B ZEEF ..ottt en sttt en s n et e st 1

B 3-1 T FPGA DESIGN R oottt ettt ettt 7

B 3-2 BEIE T FE A FRTIEEAR oottt ettt ettt ettt et se st et 8

e R IR = = OO OO TSRO 9

A B 1 < AU URT 10
3-5 EFE GOWIN_PICORV32 ..ottt s et s st s s s s senas 11
3-6 GOWIN_PICORV32 ZAGEZERE 1.ttt s et n e 12
3-7 Gowin PicORV32 CORE BB I .....eoveeeeeeee ettt ettt eeesen e s 13
3-8 TR AAFMEEE ILM B EIETI L...ovieeeeeeeeeeeeee ettt ettt e 14
3-9 HIEAFAE RS DLM FIEIEIN ...oveveeeeeeeeee ettt aenas 15
3-10 SIMple UART FLEIEIN .oooviveveeieeeeeceee ettt eae s senas 16
P 3-11 WB UART BB IETI ...cveviiierceieieete ettt es et s et s s s 17
P 3-12 WB 12C MaSster FIL B IETM......coovivereriiiieieriieietere sttt sttt s e 18
P 3-13 WB SPIMaSIEr FIL B ....cvoviiveeeeiicieteie ettt ettt ettt et s s s s 19
P 3-14 WB SPI SIAVE ILE ....cvcveiieeeeeiicieteee ettt ettt sttt s ettt s et se s s s 20
] 3-15 OPEN WB INTERFACE FLE .....covveeeeceeeeee ettt 22
P 3-16 TOP MOAUIE FIL T ...ttt ettt ettt es et e e ne e ene e 23
B BT B L LI oottt ettt 24
P B-18 BT ITIIE B o.voveeeeeeeetee ettt ettt bbbttt ettt b e 25
P 3-19 POSE-PIACe File TIL B ....ovevvveeeeiieietcteeietee ettt s st s b 26
P 3-20 DUAI-PUIPOSE PN FIEE ....cveeeeeeeeeeeeee ettt ettt ettt ettt es et eeete s neeeene e 27
B B2 iy ettt ettt b ettt ettt h ettt A ettt h ettt et r et et 27
P 3-22 PlACE & ROULE ......ouveveeiiiieeie ettt ettt sttt ettt s et s s s s 28
B 3-23 GWIN ZRF1 CONFIGUIE DBVICE .......vcveviriiieicieieieiete ittt 29
3-24 GW2A Z2 51 CONFIGUIE DBVICE ......cevevvevieeieiiete ettt ettt sttt 29

IPUG914-1.0 iii




RHx

FEFR

2 1-1 PICORV32 PIHZ T B GEIH TITE X v, 3
22 1-2 WiShDONe BUS T B GUHI I TE S ettt et e e e e e e e s e e e eaen e re e s 4
2 3-1 Gowin PicORV32 CORE B B IETN ....oeviveeieeeeciceee et 13
2 3-2 WishDONe BUS T ZRGEEL B AR T ....ecveeeee ettt see ettt st ettt et s et e s e st e saeesaesresnaesteseeas 17
2 3-3WB SPIMaster BEULE ZEIT ......vovevieeeeeeeee ettt 19
2 3-4 WB SPI Slave S BEIEIN ...ovveveeeeeeeeeeeee ettt 20

IPUG914-1.0




1 A28 44

1.1 RY4EH

1.1 RG5EM

1@1#%1%1"@

Gowin_PicoRV32 {145 #) L 45 PicoRV32 W%, T84 17k 2 A E 3k 17 fik

% Eik UART 1 Wishbone £ 4MH %, WE 1-1 Fir.
1-1 Gowin_PicoRV32 R%i L4y
P 5 Simple UART
Gow in PicoRY 32 CORE
4 W
ILI oLM
¥
WishBone Bus
4 N S
WB UART WB [2C Master WE SPI Master WB SPI Slave I&ﬁ?&
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Gowin PicoRV32 CORE #& RISC-V ZE#) i il 4% 5.0 N %

ILM 2152175, DLM 2 HEf70fas

Simple UART & — AL E 2 &1 UART

Wishbone Bus i%#: PicoRV32 Core % Wishbone #4532 [ 4B 4%,
Wishbone Bus # 1 4hii% £ f1.4% UART. 12C Master. SPI Master. SPI
Slave il Wishbone =43 B4 1
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1 RfPE SR

1.2 RYEHE

1.2 BG4

Gowin_PicoRV32 BT R4t

® PicoRV32 N T A%, BIEMIEHI B ICNIZ. T8 . BdE A%
ZRA—ANA B 2 =L UART
® \Wishbone 4k, UL J% Wishbone s 288z 14N & T R4

1.2.1 PicoRV32 A% F &%

IPUG914-1.0
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® RISC-V 32 i B A4 H)

® TJiLE 1 RISC-V32M eik/FRiEiE 25y R ML E M) RISC-V32C [+
AT EY e

® T E N SPI FLASH #:11, =(¥¢J4h SPI FLASH &8 3 512

® NE ML, R B e R WS, SCRF 32 AN IR
H, WA e g mT DA I A

® N 32 fALTTEF AR, KA B E T AR 2

® /Nt RISC-V SRS EE /N A% =

Memory

® ILM: {541 7fit7s, PIBCHE Size, /PNl
® DLM: HIEFmEes, vl HE Size, /M=

Simple UART
® #E{k UART STl s
® i /B T
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1 BEPFSR

1.3 R0 1 5E X

1.2.2 Wishbone Bus F&%;

Wishbone Bus £ 4335 UART.12C Master.SPI Master.SPI Slave.
1 Wishbone M43 B,

1.3 RGtim M E X

1.3.1 PicoRV32 N FRGIHOE N

PicoRV32 W% T &% I E X, Wk 1-1 Fir.
%% 1-1 PicoRV32 R FZGHEOEN

K o |k | Wk

clk in 1 RGN EMES

resetn in 1 ARG ENMES

trap out 1 BITRERERES
mem_valid out |1 W valid 155

mem_instr out 1 R hrElES, FonE i & 4E 2 80k
mem_addr out 32 PG HAE T

mem_wdata out 32 SHIEES

mem_wstrb out 4 ST NAERES
mem_rdata in 32 EHEEE

irg_mask_o out 32 H I B A= S

irq in 32 EMLIE IS ERE]

ol out |32 | TiRALT

trace_valid out 1 trace " {55

trace_data out 36 trace HRE (55

spimem_csb out 1 SPI FLASH 1] SPI R i&f5 %%
spimem_clk out 1 SPI FLASH [] SPI i #1155
spimem_ioQ inout |1 SPI FLASH i) MOSI {55
spimem_iol inout |1 SPI FLASH [1] MISO 155
spimem_io2 inout |1 SPI FLASH ] WPN {55
spimem_io3 inout | 1 SPI FLASH [f] HOLDN {55
ser_tx out 1 Simple UART #%i {5 5
ser_rx in 1 Simple UART HJfi A& 5

IPUG914-1.0
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1 RfPE SR

1.3 &S I5E X

1.3.2 Wishbone Bus FZ&%tim O E N

Wishbone Bus F &4 & X, Wk 1-2 fion.

& 1-2 Wishbone Bus F& %tk AE N

B i 1o | fr%e | ik g s
clk_in in 1 RGNS -
resetn_in in 1 RGEENMET -
irg_in in 12 AR W A\ A5 5 -
wbuart_tx out |1 Wishbone UART (1% Hi {55
: WB UART

wbuart_rx in 1 Wishbone UART 15 N5 5
whi2c_sda inout | 1 Wishbone 12C Master HI¥HE{E 5 WE 12C
wbi2c_scl inout | 1 Wishbone 12C Mashter fJi #4455
wbspi_master_miso | in 1 Wishbone SPI Master [1] MISO {55
wbspi_master mosi | out |1 Wishbone SPI Master (] MOSI 5
wbspi_master_ssn out \LVi;s\l1bone SPI Mastei E/‘JSLAVEFEF% WB SPI Master

A~ SLAVE XM 167, 5% X FF 8 1
wbspi_master_sclk out |1 Wishbone SPI Master (1] 455
wbspi_slave_miso out |1 Wishbone SPI Slave ¥ MISO 155
wbspi_slave_mosi in 1 Wishbone SPI Slave ¥ MOSI 55

- WB SPI Slave

whbspi_slave_ssn in 1 Wishbone SPI Slave [f] SLAVE &€ (5 %
wbspi_slave_sclk in 1 Wishbone SPI Slave HBf #1155
slv_ext_stb o out |1 Wishbone M43 &2 11 strb {55
slv_ext_we_o out |1 Wishbone &4 &8 OIS #AEE S
slv_ext_cyc_o out |1 Wishbone & 44 @8 111 cyc {55
slv_ext_ack_i in 1 Wishbone S 44 e 1) ack 5% OPEN WB
slv_ext_adr_o out |32 Wishbone & 44 e 4 LR 5 INTERFACE
slv_ext_wdata_o out |32 Wishbone 44 e 42 L S 5455 5
slv_ext_rdata_i in 32 Wishbone &t 44 e 422 L i (5 5
slv_ext_sel_o out |4 Wishbone &4 4 4 H I 7= ki35 5
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2 WEAF B R 2.1 TEFIR IR

2@#&%1'”".&

2.1 BHIFE

DK-START-GW2A18 V2.0

GW2A-LV18PG256C8/I7

® DK-START-GWI1N9 V1.1
GWIN-LVILQ144C6/15

® DK-START-GW2A55V1.1
GW2A-LV55PG484C8/I7

® DK-START-GW2AR18 V1.1

GW2AR-LV18ELQ144PC6/I5

2.2 U

Gowin_V1.9.3.01 Beta

2.3 x5 L ES

Gowin =R A% 4 88 IP Core Generator, FH-T-F & fl7= 4
Gowin_PicoRV32 [t .

IP Core Generator 241 B /71415 2% SUG284, Gowin IP Core
Generator 155 .

2.4 TEHEH

Gowin_PicoRV32 3 #F Programmer #44: F # A5 i7 S A:

Programmer 3 {414 H 777416 5% SUG502, Gowin Programmer 7
TR .

2.5 @it RiE

Gowin_PicoRV32 fifi {4 ¥ i -

1. WIEH P EIFFER, 7E IP Core Generator A% A4 il 2% 1 fic &
Gowin_PicoRV32( 17 iE T Wishbone 264 4 11 30 3 H & AR %
%, Nkl it OPEN WB INTERFACE, £%[f“Use Gowin PicoRV32 as
top module” &) ;

2. 5Ef Gowin_PicoRV32 IJREACE J5, 7=4: Gowin_PicoRV32 ff 1511 ;

IPUG914-1.0 5(30)



http://cdn.gowinsemi.com.cn/SUG284-1.7_Gowin_IP核产生工具用户指南.pdf
http://cdn.gowinsemi.com.cn/SUG502-1.1_GowinProgrammer用户指南.pdf

2 WEAF B R 2.5 witiife

3. SEfiltk Gowin_PicoRV32, S %it, EEM&itE
Gowin_PicoRV32;

Sy P T IRER A

Synplify_Pro 8% GowinSynthesis %4

Place & Route i JajAfidk, 7 im A

Programmer #0534 2] GW1N-9/GW1NR-9/GW2A-18/
GW2AR-18 /IGW2A-55.

NOo oA
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3 TR 3.1 TfEfg:

TR

3.1 T2

3.1.1 HigTiE

Xl Gowin =VE#AE, EBFESEHFE “File” ) “New...”, %&F FPGA
Design Project, /& 3-1 fiizn.

€l 3-1 ## FPGA Design T#2

) GOWIN FPGA Designer - [Start Page]
, File Edit Tools Window Help
e HE o &
Recent Projects:
Quick Start
I Projects 13
- [£5 FPGA Design Project | roject...
- Files
[ werilog File
(& VHDL File I
LE, Physical Constraints File
Y = |
ditor

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

(Eoieza
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3 TR 3.1 TfEfg:

3.1.2 R T REHAEKE
N TR, G TEERS, WK 3-2 Fix.
B 3-2 ®ETIEBZFRMEEE

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_picorv32

Create im: | /xo0/%xx l E]

Use as default project location

Next > H Cancel

IPUG914-1.0 8(30)




3 TRERER 3.1 THEfgE

3.1.3 IEFEHH

%% Series. Device. Package. Speed fll Part Number, 1§ 3-3 fif

TN o
& 3-3 1% 3F 884

) Select Device
Project Name

) Select Device Specify a target device for your project
Series: |GW2A 4| Device: [Gw2a-18 Z
Package: |PBGA256 2
Speed:  |csn7 2]
Part Number o Device Package Speed \Voltage 10 LUT
GW2A-LV18PG256C8/I7 GW2A-18 PBGA256 c8/7 v 207| 20736 1t
(] [ [*]

[ < Back |[ Next > H Cancel ’

IPUG914-1.0 9(30)




3 TR 3.2 it

3.14 SERILIERIE
WP 3-4 R, SERBTE TR

= (=
& 3-4 SER T 12613
Project Wizard *
Summary
Project Name
Select Device Project
# summary Mame: gowin picorv32

Directory: /home/liukai
Source Directory: /home/liukai/gowin picorv32/src
Implementation Directory: fhome/liukai/gowin_picorv32/impl

Device
Part Number: GW2A-LV18PG256C8/I7
Series: GW2A
Device: GW2A-18
Package: PBGA256
Speed: C8/I7

< Back H Finish H Cancel

3.2 it
ffi ] IP Core Generator ;=4 Gowin_PicoRV32 ffif}# 11

EPESE HRE Tools\IP Core Generator B¢ T. 24 IP Core Generator

“ 87, THF IP Core Generator, 4% Soft IP Core\Microprocessor System
\ Soft-Core-MCU\Gowin_PicoRV32, & 3-5 7.

IPUG914-1.0 10(30)




3 LREMAR 3.2 T it

& 3-5 i%£3* Gowin_PicoRV32
o o beigner i cor cenerion S

dow Help

i : i 2
o & It

¥ Target Device: | GW2A-Lv18PG256C8/7 | | |

Name Version . .
= Hard Module Gowin_PicoRV32
+ BandGap -
+ cLocK
Bl DSP. Information
@-B8 13C
‘ Llulig Type: Gowin_PicoRV32
@ SPMI
\jser Elach Vendor: GOWIN Semiconductor
Soft IP Core ] Summary: Gowin_PicoRV32 is intended for deeply embedded applications, and integrated into GOWIN FPGA.
B DSP and Mathemathics Gowin_PicoRV32 is based on RISC-V Instruction Set Architecture, can be configured as RV32l, Rv32IC,
# Interface and Interconnect RV32IM, RV32IMC MCU, and optionally contains a built-in interrupt controller and timer.
2] Memory Control Gowin_PicoRV32 can either boot from instruction memory or boot from external SPI flash. The MCU is
I =) Microprocessor System I highly optimizing, which only takes 2K~4K LUTs in GOWIN FPGA. The maximum frequency of system
W BUs Bridge

clock is up to 50 MHz, and the average cycle per instruction is around 6, depending on the mix of
instructions in the code. Dhrystone benchmark result is 0.516 DMIPS/MHz, for the Dhrystone
benchmark the average CPIl is 4.10.

Hard-Core-MCU
Soft-Core-MCU |

Gowin_PicoRV32 has a standard wishbone bus for extension. The wishbone bus is a small-size high-
performance logic bus, which can communicate to other slave devices. There contains a UART, an 12C
master, a SPl master and a SPI slave on wishbone bus.

B Multimedia

(4] ) pyright(C) 2014-2019 GOWIN Semiconductor Corporation. All Rights Reserved.
- Start Page X ] Design Summary X IP Core Generator X

FT7F Gowin_PicoRV32, Gowin_PicoRV32 &4 42k 3-6 firn, 4
}& Gowin PicoRV32 1% T &%t A1 Wishbone Bus T £ %t

DR AR E B e, 2B 2L Sk bR

IPUG914-1.0 11(30)




3 THERR

3.2 T it

[ 3-6 Gowin_PicoRV32 ZZZEH

Gowin_PicoRV32 X
File

Target Device: GW2A-LV18PG256C8/I7
Create In:

\/home/liukai/gowin_picorv32/src/gowin_picorv32

Module Name: I

| File Name: ‘gowinJ)icorv32 |

Synthesis Tool: [Synplify Pro

s ] Language: [Verilog = ]

Use Gowin PicoRV32 as top module

Gowin PicoRV32 CORE M

ILM

WB 12C WB SPI OPEN WB

WE UARD Master Master WESPY Slaus INTERFACE |E]
=)
@,

3.2.1 PicoRV32 AZF A S EHHT

Gowin PicoRV32 CORE B E

[anncel ‘ [_‘QK l

X7 Gowin PicoRV32 CORE, #JJf Gowin PicoRV32 CORE [t & 1t
i, FeEEDianE 3-7 Fis.

IPUG914-1.0
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" S
3 LR 3.2 EfFBET
. . \,
[#] 3-7 Gowin PicoRV32 CORE F¢ & &1
& Gowin PicoRV32 Core x
i i R
Gowin PicoRV32 Core 55
Gowin_PicoRV32 is a MCU core that implements the RISCV RV32IMC instruction Set. It can be
configured as RV32E, RV32l, RV32IC, RV32IM, or RV32IMC core, and optionally contains a
built-in interrupt controller and a built-in timer.
Gowin PicoRV32 supports Simple UART, Instruction Memory (ILM), Data Memory (DLM),
interrupt controller, machine timer and WishBone interface extends. It could either boot from
Instruction Memory or boot from extemnal flash chip.
User can configure the MCU Core, size of Instruction Memory and Data Memory, boot
methods. And also can enable or disable the peripherals and configure them according to the
actual need.
— clk_in
Options
Configuration
— resetn_in
¥| Support RV32C Extends Two Cycle Compare
¥| Support RV32M Extends Two Cycle ALU
v¥| Enable Interrupts ¥ Barrel Shifter
¥| Enable Timer ¥ Catch Misalign

Gowin PicoRV32

Gowin PicoRV32 CORE fifi {414 11 it B ik i,

¥| Enable Counters ¥| Catch illegal Instruction

¥| Two Stage Shift

&=

Q| [ Fo ]
n#E 3-1 .

% 3-1 Gowin PicoRV32 CORE {ig &i%IR

Hic B 1% 15

Support RV32C Extends

T 3CRE RISC-V B4R 25y &

Support RV32M Extends

B 3CHF RISC-V SIEFRIETR BT e

Enable Interrupts

Enable Timer

T SCHE T AR

Enable Counters

F | | O | G| 6F | B%
g g e e

w

&

7\% ==

15 S
&

&

=)
Y Frit$ds 4 RDCYCLE[H/RDTIME[H]/RDINSTRET[H]

Two Stage Shift

PSP B ALIhRE (WIRSHF, T LIRS A #ef, (HAR 2 HniE
HRRIR D

Two Cycle Compare

PR SCRF PRI BT e (ARSI AR AR i AR K S i
P, (HR ST BRI n— AN e 31D

Two Cycle ALU

PR SR RIS S Ih e CAPRSRy, AR AR AR K St
Felie, HRSPUTIZHEIES, Mg — e 1)

Barrel Shifter

P SCFAMIE L T e

Catch Misalign

Me R T FEAT At A U7 10 R AR AR SRR I BE N TRAP J45 1E18 4T

Catch illegal Instruction

PR T AEPAT AR 2 3N TRAP JH% 11117

IPUG914-1.0
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3 TR 3.2 it

ESERFILMES

W R 2 AEiEeS ILM, $TTFe 27628 ILM (AL E TU, A E ki i
3-8 fii7x, AILARCHE ILM Size. Gowin_PicoRV32 Ji 577 AT ILM #J44 18

o
5 BA 3; LY
3-8 RS EFERR ILM B E X
= ILM X
R
ILM 55
Gowin_PicoRV32 is intended for deeply embedded applications that is integrated
into Gowin FPGA, which is based on RISC-V 32Bit ISA RV32IMC.
ILM is the instruction memory of this MCU. Its size is configurable.
spimem_csb If the MCU boot method is set as boot from ILM, the ILM should be initialized and
the initialization file should be set.
pi cli p=t
- clk
spimem_io0 [ m
spimem ol fe _Configuration
— rece T
’ spimem oz ae ILM Size: [32kB |3 ]
8 o e Boot Mode: ® MCU boot from external Flash MCU boot from ILM
ILM Initialization File:
Gowin Picorv32| &, | | &, |
‘ °gancel ‘ @C_)K ‘
® |LM Size

- AP E 8KB B 16KB 1 32KB 5§ 64KB 1% 128KB 1k 256KB

- GWIN-9 £%| ILM Size s Ki&F N 32KB, ERil A 16KB

- GWINR-9 #%1 ILM Size fx Ki&FF N 32KB, R\ 16KB

- GW2A-18 #%1] ILM Size i Kk AN 64KB, Rl AN 32KB

- GW2AR-18 &% ILM Size # Kit# A 64KB, BRI\ A 32KB

- GW2A-55 %1 ILM Size i KiL# N 256KB, #Ril N 64KB

® Boot Mode

- EWR BT B4 SPIFLASH 23 (MCU boot from external
Flash) {54725 ILM B35 (MCU boot from ILM)

—-  wRIEBRRE AR A 55 2, WAE ILM Initialization File 5 A ILM
WItEAL S (EP Gowin_ PicoRV32 - gm L1 it)

~ ILM Initialization File § AHI#4%, ANGEA LLECF BN, \t 256 LFTF
FEAER SO e % 4% !

¥iRFHESE DLM S

M 78 DLM, FTFE03E 74 DLM FIRECE v, BB ki
K 3-9 flrzx, AILABCE DLM Size.

IPUG914-1.0 14(30)




3 TR 3.2 it

& 3-9 B fifaR DLM AL B iR
DLM oo

Gowin_PicoRV32 is intended for deeply embedded
applications that is integrated into Gowin FPGA,
which is based on RISC- 32Bit ISA RV32IMC.

DLM is the data memory of this MCU, which is size -
configurable.

— clk_in

— resetn_in m

Configuration

DLM Size: | 32KB S

= =
= =
Gowin PicoRW32

|°§ance|‘| 6@( |

® DLM Size
- A[LAFCE 8KB Y 16KB 5 32KB B{ 64KB H{ 128KB B 256KB
- GWIN-9 #%I DLM Size & Ki&# N 32KB, ERiA N 16KB
-  GWINR-9 #%|] DLM Size iz Ki# 4 32KB, #RiA N 16KB
-  GW2A-18 %% DLM Size i KiE# 4 64KB, ERIA N 32KB
-  GW2AR-18 %% DLM Size i KiE# 4 64KB, ERIA N 32KB
- GW2A-55 #%l] DLM Size i Kit$ N 256KB, ERil A 64KB

Simple UART B¢ & XN

M i Simple UART, 3T Simple UART Hfic & v i, Aic & &5 a0 & 3-10
Fr7w, WLARC B 2 5 fi e Simple UART.

IR %EF¢ Enable Simple UART, Il Gowin_PicoRV32 ¥ ¥} Simple
UART, BRINNSCHE.

IPUG914-1.0 15(30)




3 TR 3.2 T it

& 3-10 Simple UART Bt & &1

= Simple UART

Simple UART

R
3 T

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.

—®clk_in

= resetn_in ser_tx (=

Options
—® ser_rx

Configuration

¥| Enable Simple UART

Gowin PicoRV32 l:_l |;

’ anncel ‘ JQK
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3.2.2 Wishbone Bus FR S #E it

Wishbone Bus 7 &4t, 1] LARCE SCHF SIS 4 6146 WB UART. WB
I2C Master. WB SPI Master. WB SPI Slave 1 Wishbone 4k ¥ i1,

Wishbone Bus T R2AECE LT, WEK 3-2 Frw.
R 3-2 Wishbone Bus FEREZHAL B &

fic & 25 1 ik
Enable Wishbone UART {ift WB UART, ERi\ %]
Enable Wishbone 12C Master {§ifit WB 12C Master, ZRil ]
Enable Wishbone SPI Master ffifle WB SPI Master, Zki\ 5]
Enable Wishbone SPI Slave {5k WB SPI Slave, ERil <]
Enable Open Wishbone Interface g OPEN WB INTERFACE, BRil%IH]
WB UART fg 8%
Xt WB UART, #]7F Wishbone UART [fJFic & UL, Fic B L 5in & 3-11
Fioso

BRNKH, %1k Enable Wishbone UART, Il Gowin_PicoRV32 3¢
¥f Wishbone UART.

3-11 WB UART E2E &R
& Wishbone UART X

Wishbone UART o

The Gowin_PicoRv32 wishbone UART is a UART
peripheral which can implement UART
communications. It is connect to
Gowin_PicoRV32 CORE through wishbone bus.

— cl_in

= resetn_in whuart_t =

Options
— whuart_x

Configuration

¥| Enable Wishbone UART

F
Gowin PicoRV32 E]

|°§ance| | ‘ 69!( |

IPUG914-1.0 17(30)




3 TR 3.2 T it

WB 12C Master B2 E IR

i WB 12C Master, fTJF Wishbone 12C Master (L& 7 H, it & ik
W 3-12 fios.

BRI\, W% £ Enable Wishbone 12C Master, Il Gowin_PicoRV32
% ¥ Wishbone 12C Master.

[ 3-12 WB 12C Master Bt &iEIR
b Wishbone 12C Master X
= RNl
Wishbone 12C Master T
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.
= clk_in whiZc_sda e
= resetn_in whiZe_sc| (e =
Options
Configuration
+'| Enable Wishbone 12C Master

Gowin PicoRV32

|°gancel‘| 09&( |

WB SPI Master Ft & 1% T

X WB SPI Master, FTJf Wishbone SPI Master B & 7, i Eik
TN 3-13 frss
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[E 3-13 WB SPI Master BL B

& Wishbone SPI Master x

Wishbone SPI Master s

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 SPI
communication as a master device. The SPI block implements SPI protocol.

= clk_in whspi_master_mosi [~
= resetn_in whspi_master_ssn[0:0] ==
¥ Enable Wishbone SPI Master
Configurations
—#{ whspi_master_misa whspi_master_sclk {— o
Shift direction: Data length: 32 S
Clock phase: Slave number: a (1~8)
Clock polarity: Delay Timer: E (1~63)
Gowin PicoRV32 Clock count width: a (0~32) Interval length: a (1~63)
Clock sel: E (0~31)

&=

I°§ance|

P |

ERIAKH], ik Enable Wishbone SPI Master, 1
Gowin_PicoRV32 ¥ #f Wishbone SPI Master.

T B % 48 BE Wishbone SPI Master, Il 7] LAC B Wishbone SPI Master
FIZ%, & 3-3 fius.

% 3-3 WB SPI Master £ ¥fi0 B %1

S AR ik
o At A s =
Shift direction - fEN ORI, EHiefemBdErEEtL (MSB)

- fEN N, ESefmBdREN RN (LSB)

&5 WB SPI Master B4 A1 :
Clock phase - {ENOW, BIEE SCLK B — LA 2K
- N1, BIEAE SCLK [IEE — /MU A R

&€ WB SPI Master if i 4 -
Clock polarity - [HA O, FTHRAREK SCLK AfKHF
- BN LB, RIS SCLK My -

fit %€ clock THE ARG H:
- WA RS AL TE R A2 SCLK (A 98

Clock count width

6 5E H1 CLK_ | 401772 SCLK Fr i 40 99 2 3
Clock sel - SCLK #iF it AR : SCLK=CLK_l/(2*(CLOCK_SEL)+1)
- HUEYEME: 0~ 27(clock count width) - 1

R E A& s 1A 58 -

Data length - HufisHE: 8/16/32/64

IPUG914-1.0 19(30)
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SR IR i34

i 7€ AT SCFFI AL Slave &

- BUEJEHE: 1~32

FRIETE SS_NE S ARG, EAT 5 — AL B AL 4 Al 75 5547 1 IR I 5] «
Delay time - EREEFE AN Delay = Delay Time * (SCLK period / 2)

- BUAVERE: 0~63

fREY SPIfEHE KRG, SS_N 155 551 SCLK JE HA%k:

- UEJEHE: 0~63

WB SPI Slave Bt Bi%1R

i WB SPI Slave, T Wishbone SPI Slave [ & 7, At ik i
K 3-14 Fix.
[&] 3-14 WB SPI Slave fit &

& Wishbone SPI Slave x

Wishbone SPI Slave E

Slave number

Interval length

The Gowin_PicoRV32 wishbone SPI slave is connected to Gowin_PicoRV32 core through
wishbone bus. The SPI master block is a fully verified block which can implement SPI
communication as a slave device. The SPI block implements SPI protocol.

= clk_in whspi_slave_mosi [—#
— resetn_in whspi_slave_ssn =i
Options
¥| Enable Wishbone SPI Slave
Configurations
—® whspi_slave_miso whspi_slave_sclk —#
Shift direction: Clock sel: (0~31)
Clock phase: Data length: 32 S
Clock polarity: Delay Timer: (1~63)
Gowin PicoRV32 Clock count width: | 5 2] (0~32) Interval length: | 2 2] (1~63)
[~] 9 [*]
&
I ° Cancel @QK l

BRiLK ], 5%+ Enable Wishbone SPI Slave, Il Gowin_PicoRV32
7 £F Wishbone SPI Slave.

W Rk 18 fE Wishbone SPI Slave, A LA & Wishbone SPI Slave
K15, R 3-4 AR,

%% 3-4 WB SPI Slave £ ¥ifig & %R

SRR ik
i e Bds AL ks =

Shift direction - {ERNOK, HohEmEIE R (MSB)
- {HNLE, HetE s B ARAL (LSB)

IPUG914-1.0 20(30)
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% T iR
55 WB SPI Slave i 8  :

Clock phase - {HAN O, HHELE SCLK % — AN AL
- AL, BIEAE SCLK 8 /MU A R
55 WB SPI Slave [ 8k -

Clock polarity - AEN OB, ZERARER SCLK MNKHL

- AEN 1K, THRIRESR SCLK s

Clock count width

$8 7€ clock i+ asialH
~ DM BT B R i SCLK I8 9 FE

i %€ H1 CLK_I 70837 /F SCLK Jr i i 70 S 5 4

- PUEVEH: 0~ 63

Clock sel - SCLK #liFitH AR: SCLK=CLK_I/(2*(CLOCK_SEL)+1)

- BUEVEREL: 0~ 27(clock count width) - 1

i AL B AL 5 -
Data length ~ IUAEE: 8/16/32/64

TR ETE SS_NESH MG, TEFATEE —Cr R AR M 75 S5 A5 (M ZE IR i [A]
Delay time - JERMEFE AR Delay = Delay Time * (SCLK period / 2)

Interval length

F55E 2 SPIEHE R G, SS_N 155 FH& M1 SCLK &%
HUETER: 0~63

OPEN WB INTERFACE i &

M F T OPEN WB INTERFACE, 1] L& fic & Open Wishbone
Interface, W&l 3-15 Fiow.

BRINKEH], iR i%&$E Enable Open Wishbone Interface, M|

Gowin_PicoRV32 37§ Open Wishbone Interface, /7 ] LAZE M4 %4

¥

IPUG914-1.0

Wishbone L2645 T /b3 4%
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[ 3-15 OPEN WB INTERFACE it &
& Open Wishbone Interface x
Open Wishbone Interface %

IPUG914-1.0

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.

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

—-

—

—

—

—

slv_ext_sth o =

clk_in
slv_ext_we_o ==
resetn_in
slv_ext_cyc_o [~
slv_ext_ack i
Options
slv_ext_adr_o[31:0] jeie
~Confiquration
slv_ext_rdata_i[31:0]
shv_ext weata_o[31:0] e ¥| Enable Open Wishbone Interface

irg_in[31:20]
slv_ext_sel_o[3:0] pie

Gowin PicoRV32

anncel aQK

Top Module EC&

1R P Gowin_PicoRV32 A & 15 11-#) Top Module, UI{# f”"Use Gowin
PicoRV32 as top module”i£ 1, % & Gowin_PicoRV32 4 Top Module; 1
FE AL E OPEN WB INTERFACE, ¥ J&H ;' Wishbone /i 2842 [T/ 4134
£, NZEH"Use Gowin PicoRV32 as top module” &3, #n& 3-16 fis.
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[# 3-16 Top Module B2 E

Gowin_PicoRV32

File

Target Device: GW2A-LV18PG256C8/17

Create In: [fhomefliukaifgowinjicorVBZ

Module Name: [

l File Name: [gowinJ)iconfSZ l

Synthesis Tool: [Synplify Pro

- l Language: [Verilog S

Use Gowin PicoRV32 as top module

Gowin PicoRvV32 CORE

ILM DLM

WB UART WB 12C WB SPI WB SPI Slave
Master Master i
@
=
k-{.
Help [egancel l ‘QK l

SETARE

e Gowin_PicoRV32 IJREfL E 5, #EF =4 Gowin_PicoRV32 145
& T H. Synplify Pro 5% GowinSynthesis, & 3-17 flis.

IPUG914-1.0 23(30)
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B 3-17 46T ARE

Gowin_PicoRV32

File

Target Device: GW2A-LV18PG256C8/I7

Create In: }/home/liukai/gowin_picorv32 \ [—]
Module Name: [ File Name: | gowin_picorv32 !

Synplify Pro : ‘ g P !
Synthesis Tool§ | RISl = Language: [Verilog 5 ]

¥! Use Gowin PicoRV32 as top module

Gowin PicoRV32 CORE M

ILM DLM

WB 12C WB SPI OPEN WB
Wauanr Master Master W3S Siave INTERFACE @4]
@

B He'PV | [ O cancel | [_OQK |
3.3 APt

52 H PicoRV32 il & 5, 724k Gowin_PicoRV32 i ik it
54511k Gowin_PicoRV32, & Top Module B34 H 7 ¥ it
SN BT, % Gowin_PicoRV32, TEREREM RTL #it.

3.4 £3R

SERCH T RTL it Ja, ARGE (L BOIT RO = 24 tH i) 10, P /R
IR AT

MRAEET P ESR, PR 2R e .
PR R 2 A RS S SUGL101, Gowin ¥t 2R 6 .
3.5 TIEACE
3.5.1 ZA%ERR B
CEEIEDIECE, K 3-18 Ain.
FRE AR BETH P H 2 FR T E AR B 44 FR G & 10 ZE A E 4 75K

IPUG914-1.0
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3.5 THEMRE

3 LR
MRS TR Bt b B SEBR SR B AR BC B S 5| F B8 A4S s
it & 25 & T H, #%4#% Synplifp Pro @ GowinSynthesis.
& 3-18 &R & IETACE
Synthesize
General

EI Synthesize

Synthesis Tool: @ synplify Pro GowinSynthesis
= Pilace & Route I Top Module/Entity: | Gowin_PicoRV32_Top I

gz:i;zlrpose Pin I Include Path: [;home!liukai,.fgowin_picorv32f5rc!gowin_picorv32 ] E]
- BitStream synplify Pro
Category: [AII S
Label & Value [«
Frequency Auto E
Use Clock Peried for Unconstrainted 10 False
Fanout Guide 10000
Disable JO Insertion False
Update Compile Point Timing Data False ]

lJApply l[@gancel” & ox ]

IPUG914-1.0 25(30)
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3.5.2 Post-Place File £RACE

R fEH Gowin_PicoRV32 BAgmfE vt A/ e it 5 sk & IF 1R
7, NECE Place & Route 724 Post-Place File, #1& 3-19 firox, 750
AT B B i Y Post-Place File.

3-19 Post-Place File EL &

Configurations x

Place & Route

E‘ synthesize Category: [AJI H ] Reset all to default

- General —
| = Place & Route | Label - Value =
Generate SDF File False
- Dual-Purpose Pin Generate Constraint File of Ports False
BitStream Ealse
rrrr——
Generate Post-PNR Simulation Medel File False
Initialize Primitives False
Show All Warnings False
Generate Plain Text Timing Report False
Run Timing Driven True
Use SCF False |
Not place register to 10B False v

Generate Post-Place File. Default: *.posp

[ o] @] [ P |

3.5.3 Dual-Purpose Pin Bi &

IR Gowin_PicoRV32 i fi] /4 SPI-Flash #5377 20, U & A SSPI
FTMSPI s 8 s 0, anfd 3-20 Fras, 75 AN 75 e B i 1 =

IPUG914-1.0 26(30)
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[& 3-20 Dual-Purpose Pin it &

Configurations

Dual-Purpose Pin

Synthesize Use JTAG as regular 10

General
- Place & Route

+| Use SSPI as regular 10

«| Use MSPI as regular 10

Geperal
Dual-Purpose

Use READY as regular 10

Bitstream Use DOME as regular 10
Use RECONFIG_N as regular 10

Use MODE as regular 10

lvVApply HeganceIH @ ox l

3.6 L&

ot

1Z4T Gowin zﬁﬂ“MtFE’J,,T & T.H Synplify Pro 8 GowinSynthesis,
B RTL Bt HIZEE, Wik 3-21 s

321 &5E

corv32.htm]

ct Tools Window Help

28 i #Build: S 1ify P (R) P-2019.83G-1-Betal, Build 387R, D 3 2019
- | Synthesis - #Build: Synplify Pro - .93G-1-Betal, Bui , Dec
i I; Design Summary i Compiler Report #install: /share/gwsw/gowin_new/Gowin/Gowin_YunYuan_V1.9.xBeta/SynplifyPro ]
=114 User Constraints * Compiler Consiraint #0S: Linux
: npi s o ;
#Hostname: JINANS108.sdgowin.com

| FloorPlanner Applicator
i i e R # Mon Dec 16 10:11:84 2019

»
- synthesize
& 5! #* Clock Conversion #Implementation: rev_1

B synthesis Report L= Mapper Report

Netlist File = Timing Report
* Performance Copyright (C) 1994-2019 Synopsys, Inc.

Place & Route Summary This Synopsys software and all associated documentation are proprietary to Synopsys, Inc.

Place & Route Report * Clock and may only be used pursuant to the terms and conditions of a written license agreement
. . Relationships with Synopsys, Inc. All other use, reproduction, modification, or distribution of the
Timing Analysis Report 5| e Synopsys software or the associated documentation is strictly prohibited.
Ports & Pins Report Information Tool: Synplify Pro (R)
- Build: P-2019.83G-1-Betal
Fower Analysis Report Q%@ﬂ Install: /share/gwsw/gowin_new/Gowin/Gowin_YunYuan_V1.9.xBeta/SynplifyPro
" Program Device * Resouce 0S: Cent0S release 6.8 (Final)

Hostname: JINAN9100.sdgowin.com

max virtual memory: unlimited (bytes)
max user processes: 1024

max stack size: 10485760 (bytes)

3 Session Log (10:11 16-

Dec

Implementation : rev_1

Synopsys HDL Compiler, Version comp2019gipi, Build 391R, Built Dec 3 2018 ©9:36:30

@N: : | Running in 64-bit mode

[

Copyright (C) 1994-2019 Synopsys, Inc.

This Synopsys software and all associated documentation are proprietary to Synopsys, Inc.

and may only be used pursuant to the terms and conditions of a written license agreement I

a I D]
Design | Process | Hierarchy ., StartPage 3¢ % IP Core Generator 3¢ Design Summary 3¢ 4 gowin_picorv32.v 3¢ | gowin_picorv32.htm 3¢
Qutput @®

|Running in 64-bit mode.
|clock conversion enabled. (Command "set_option -fix_gated_and_generated_clocks 1" in the project file.)
|Ruto Constrain mode is enabled

| The ion to pack registers in the IOB has not been specified. Please set syn_useioff attribute.
BW103 |The dEfault time unit for the Synopsys Constraint !')lE (SDC or FDC) is 1ns.

: BW107 |Synopsys Constraint File capacitance units using default value of 1pF

MI320 |This timing report is an estim
: MI322 |Clock constraints include enl:

e of place and route data. For final timing results, use the FPGA vendor place and route report.
individual clock.

register-to-register paths associated with

(&l
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v T AR /778 2% SUGL00, Gowin UK /- 16

3.7 Atk
24T Gowin = R4 AT A 26 T 2 Place & Route, 58 A7 Jaifii £e Al
ARSI, WK 3-22 B

& 3-22 Place & Route

GOWIN FPGA Designer - [/home/liukai/gowin_picorv32/impl/pnr/gowin_picorv32.rpt.html]

[7 File Edit Project Tools Window Help

v =, =B o
B icxE & W
Process CE]

|"| Design Summary

=7 User Constraints ¢ PnR Messages PnR Messages
A FloorPlanner o PnR Details

# Timing Constraints Editor

- o Placer Report Title Gowin PnR Report
=- &) Synthesize P
> Resource Usage Summary Design File _picorv3; hesize/rev_1/gowin_picorv32.vm
Synthesis Report
Netlist File o 1/0 Bank Usage Summary Physical Constraints File -
= © Place & Route o Router Timing Constraints File —
B Place & Route Report - Global Clock Usage Summary GOWIN Version V1.9.3Beta
Timing Analysis Report o Global Clock Signals Part Number GW2A-LV18PG256C8/I7
Ports & Pins Report o Pinout by Port Name Created Time Mon Dec 16 10:26:48 2019
Power Analysis Report )
= All Package Pins Legal Announcement Copyright (€}2014-2019 Gewin Semiconductor Corporation. All rights reserved

1§ Program Device
- Memory Usage

PnR Details

Placer:

Starting Placer:
Placement Phase 0 ... REAL time: 8.05 secs
Placement Phase 1 ... REAL time: 5.35 secs
Placement Phase 2 ... REAL time: 80.9 secs

Design Process Hierarchy v Start Page b4 5 IP Core Generator -4 Design Summary * ¥4 gowin_picorv32.v b4 ~ gowin_picorv32.rpt

Ooutput
Inf (FS0001) :

Inf (CM0008) = /1liu
Info (CMO001) : Mon Dec 16 10:26:49 2019

i JmAn 25 T BAL 71515 2% SUG100, Gowin =i 457 .

3.8 &
1247 Gowin =IEAE R N4 T H Programmer, 58 A5 SO R 4% .
iy Programmer 3 LR Edit/Configure Device 8 T. 24~ Configure
Device 4, #TFF Device configuration % iEHE.

AR A GWIN-9/GWINR-9 #7%1, Access Mode THi%1& Hik
#’Embedded Flash Mode”, Operation %13 H1i%# embFlash Erase,
Program”, Programming Options H 5 A\ 75 2 N 8 A% S, " Save”,
WK 3-23 fiwe
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3 AR

3.8 F#

IPUG914-1.0

[# 3-23 GW1N %31 Configure Device
4 Device configuration lilé]

Device Operation

I fheocess Mode: [Embedded Flash Made ']I

I Operation: ’emelash Erasze, Program - ] I

Erasze and program the embedded flash
Make sure the confiz frequency in f=-file is less than Z5Mhz.

Frogramming Options

File name: Usersfroot/Tesktop/fpga projectfimpl/por/ gowin picorv32] [:]

VUser Flash Initialization

| Swe || Canesl |

WRAR #H A GW2A-18/GW2AR-18/GW2A-55, Access Mode 4 5]
i h k% External Flash Mode”, Operation T i 413 H1i%#¢”exFlash Erase,
Program”, Programming Options #1 5 A\ 75 & N & L S 4F, External
Flash Options ' Device R4 Hi %k Flash s ik #¢, Start Address i+
0x000000, Hifi"Save”, UK 3-24 Fis.

[# 3-24 GW2A %% Configure Device
. " Device configuration lilé]

Dlevice Operation

I hecess Mode: [External Flash Mode '] I

I Operation: [exFlash Erase, Frogram '] I

Erasze (with 4K Mlignment) and program the external SFT flash.
Make sure the config mode iz "011".
Make zure the config frequency in fz-file iz less than BOMhz ( >30Mhz

must zet FASTREEAD M pin ).

Programming Options

File name: Users/root/Desktop/fpega project/impl/por/ gowin_pilcorv3Z, E]

User Flash Initislization

External Flash Options

Device: Yinbond WZ2SHE4 hd
I Start Address: Q000000 I

[ sawe || cancal |

5% Device configuration j&5, ®#.ii Programmer 1. H.4#
Program/Configure =&, SIS T %K.

N T H Programmer f§ i 75 %1% 2% SUG502, Gowin Programmer
5
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Gowin_PicoRV32 2 fltifh i i S % ) it
Gowin_PicoRV32\ref_design\FPGA_RefDesign\.
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