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1 R IRIEE

Gowin_PicoRV32 $# 4t 4w F2 % Gowin_PicoRV32\src\c_lib, % 1-1

PR o
Z= 1-1 Gowin_PicoRV32 {4 4mizEE
A i34
start.S Gowin_PicoRV32J5 55| G2 /7
custom_ops.S H 7 S B A R 4 7 X
config.h P BB B 3higtr 7730
picorv32.h AAEA HubEB . BHERME S . RAHCE S E X
irq.c H T Ak B R 2
Flash# % 45 :
sections.lds MCU boot from external Flash and run in ITCMAIMCU boot

and run in ITCMJ7 =

sections_xip.lds

Flashfif 1 2% :
MCU boot and run in external Flash /7 =,

firmware.c PERESTTE . RER S5 X

loader.c Jash51 577 XoE X

printf.c Simple UART/WB UARTHT Ell#
simpleuart.c Simple UART #1955} % £ X

wbi2c.c Wishbone 12C Master 3%zl ok % S
wbspi.c Wishbone SPI Master/Slave ] k5l 5 $0E X
wbuart.c Wishbone UART 3R 5h ok %5 & S

wbgpio.c Wishbone GPIOf 3% 5] b % & X

advspi.c ADV SPI-Flash {14k 5] e 3 e X
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2 IFiE RS

27—??1%%23?.

Gowin_PicoRV32 Fr#E &M £ W AT IS bk, Wk 2-1 Frso
Gowin_PicoRV32 #xifEAMNI 1R £ AL itk e A& : picorv32.h.

& 2-1 Gowin_PicoRV32 #RiEIME N TERRET

FrEA & et iy ik ok 5 iR

8KB, 16KB, 32KB, 64KB,
DTCM - 0X00000000 | Yoo o ses e

8KB, 16KB, 32KB, 64KB,
ITCM - 0X01000000 | { a0 et o
SIMPLEUART SIMPLEUART _RegDef | 0x02000000 | Simple UART
WBUART WBUART_RegDef 0x11000000 | Wishbone UART
WBGPIO WBGPIO_RegDef 0x11001000 | Wishbone GPIO
WBSPI_MASTER WBSPI_RegDef 0x11002000 | Wishbone SPI Master
WBSPI_SLAVE WBSPI_RegDef 0x11003000 | Wishbone SPI Slave
ADVSPI_FLASH SPI_FLASH_RegDef 0x11004000 | ADV SPI-Flash
WBI2C_Master WBI2CMASTER_RegDef | 0x11005000 | Wishbone 12C Master
OPEN_WB_INTERFACE | - 0x20000000 | 2PeN Wishbone Interface for

- Customized Peripherals

OPEN_AHB_INTERFACE | - 0x80000000 | OPeN AHB Interface for

Cunstomized Peripherals
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3 Ak 3.1 ISR

ch B 4
4
3.1 FRH4FHIE
Hh g o) 25 0 45 DL REAE -
® R I Hh T A AR R B i 4 4
® hilr el BT
® E{tiEZ 32 N AT H B AR EAE S
® I AFmT e i b B S g
® NS HHTIRE
3.2 FHfIEH
Gowin_PicoRV32 b=l 4, sk 3-1 Fis.
= 3-1 Gowin_PicoRV32 thBfEH ek #
H BT i B 4 ZH i
mask_irq 32457 it ik H T 5 ki R 2
Ji i h ORI 0k B2 Hh B R FIBOIR A
RS R DR LA R I PR A Tk B R
irg_mask_one_bit | 32/ K4S FAANHh T B i BRI 2
%5 T R SR AL BE i
irg_unmask_one_bit | 327 ki~ EAAN v T AR 5 ki o1 2
TG 0T N H BT 7 A B O i
set_timer SO | TR S s B R
timer_val H AT, it iA Bltimer_val AN 3, ik
T
irq 2firh W ar A | AL R A
32frH i 5 D WS, E B NZ R, AR i W
G5, I FHAHR b A 3 R B

3.3 HHfiwS

Gowin_PicoRV32 Tl E ¥ H Kidw =, Wk 3-2 fis.
Gowin_PicoRV32 H &b pf ¥ e XA E : irg.co
& 3-2 Gowin_PicoRV32 Hlfi{RS

9 5 ik

0 32fL%E I &
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3 Ak 3.3 g5

iR

EBREAK/ECALLTE 4 i

YA E) FE XS 554 1R

T A AR R

Wishbone SPI Master 17

Wishbone SPI Slaver} ¥

Wishbone 12C Mastert i

T B 45 Wishboned™ Ji& 4k 32 COAAHBY JE s 2k 1, LA 9
20 ~ 31 Wishbone FIIAHB A #5144

J

O(ﬂbwl\)l—‘%"ﬁ
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4 Simple UART 4.1 FHIiE

4Simple UART

4.1 $¥E
Gowin_PicoRV32 & — /M2 & 1@ 7 2 iUk % Simple UART:

T ARG

8 ML

1 g ik pr

ANSCEER B

F P EASRE Simple UART B, 7% BIEER A8, B, R R
GBI IZATIE 12MHz, 75BN 9600, AT DA B IR 79 4 3
1E4% 12000000/9600=1250.

4.2 FHEH/EX

Simple UART Zi {745 & LN 4-1 fii 7w .

%2 4-1 UART E58BEN
FAT B AR otk {2 Byt i WIME1E ik
CLKDIV 0x004 RW 32 0ox1 AR EREATEE, TR B R
DATA 0x008 RW 32 0x- iy N B A s

4.3 IREPIEFEER T &

Simple UART YRzl F2 78 F 777 a3k 4-2 Fis.
% 4-2 Simple UART REhiEFER 5%

K ik

uart_init XfSimple UARTHEATHIA1L, FLEBEFH
outbyte it — AR, 2 AT B 2R AT
uart_putchar AN

getchar_prompt % [FUART RXEZWCE 775

uart_getchar IR [FIUART RXERICEIK 775




5 Wishbone 12C Master

5.1 FFE

5.1 $F4iE

5Wishbone I2C Master

Gowin_PicoRV32 i & — Nk Wishbone &8 17 in] ) P 346 fl FEL %

I2C Master Fibt.

5.2 HFFRRENX

Wishbone 12C Master %7 1725 &€ X 13 5-1 7w,
% 5-1 Wishbone I12C Master B1FEEEN

Wishbone £k 5211
T SRR 12C R Pl

S B e S i % A
S EAT IR AR

7R R AR
ARG &b, EERRIGHINE(E B

SCRFIERY

SCHRF 7 AL B

SN I se 1 = S/ ie el

e | Mubb WA | B | SR | VIR | ik
Clock prescale register
PRER 0x00 RW |32 g)l‘:?:OFOO [31:15] Reserved
[15:0] Prescale value = sys_clk/(5*SCL)-1
Control register
[31:8] Reserved
CTR 0x04 RwW | 32 8)(()8800 [7] Enable 12C function
[6] Enable 12C interrupt
[5:0] Reserved
Transmit data register
0x0000 | [31:8] Reserved
TXR 0x08 WO |32 0000 [7:1] Next transmission data
[0] Data direction
Receive data register
RXR 0x08 RO |32 8)83800 [31:8] Reserved
[7:0] Last received data
Command register
CR 0x0c WO |32 8)83800 [31:8] Reserved
[7] STA, Start transmission status
IPUG911-1.1 6(16)




5 Wishbone 12C Master 5.3 IRSHFEF A ik

TAEAARR | HubkmAs | KA

=
W

VIRME | Hid

[6] STO, Over transmission status

[5] RD, Read enable, read data from slave
[4] WR, Write enable, write data to slave
[3] Acknowledge

[2:1] Reserved

[0] Interrupt acknowledge

Status register

[31:8] Reserved

[7] Receive acknowledge signal from slave
0x0000 | [6] 12C busy status

0000 [5] Arbitration loss

[4:2] Reserved

[1] Data transmission status flag

[0] Interrupt flag

SR 0x0c RO 32

5.3 WRNEFERSE

Wishbone 12C Master X #2714 F 7715403 5-2 Fis.
=% 5-2 Wishbone I12C Master IREIIEFER 5%

B FR iR

[12C_Init 12C Initialization

I2C_SendByte Send a byte to 12C bus
I2C_SendBytes Send multiple bytes to 12C bus
I2C_SendWord Send a word to 12C bus
I2C_SendArray Send an array bytes to 12C bus
I2C_ReceiveByte Read a byte from 12C bus
I2C_ReadBytes Read multiple bytes from 12C bus
I2C_ReceiveWord Read a word from 12C bus
I2C_RecevieArray Read an array bytes from 12C bus
I2C_Rate_Set Set 12C traffic rate

I2C_Enable Enable 12C bus

I2C_Disable Disable 12C bus

12C _InterruptOpen Open 12C interrupt
I2C_InterruptClose Close 12C interrupt

IPUG911-1.1 7(16)




6 Wishbone SPI Master/Slave 6.1 RF1E

6Wishbone SPI Master/Slave

6.1 FF4iE

Gowin_PicoRV32 & —/Niliid Wishbone 5281 1] [ 5 17 4% Master
210 SPI Master fl1—/Niii i Wishbone 22837 in) (1 52 47 44 Slave 210 SPI
Slave:

® \Wishbone =41

AT [A) 20 AT ER A

] TC L B P A AR A

SPI =AY R AT I B AR v i

A B ) B R U P A7 2 AV ik B A7 A I o

6.2 FFH/EX

Wishbone SPI & 748 & X W% 6-1 Fin.
% 6-1 Wishbone SPI SE8£EN

WAEAR AR | bk wAE | SRR | W | MIRfE | ik

Receive data register
RXDATA 0x00 RO 32 838300 [31:8] Reserved
[7:0] Receive data

Transmit data register

TXDATA 0x04 WO | 32 838300 [31:8] Reserved
[7:0] Transmit data
Status register
[31:8] Reserved
[7] Overflow error status
0x0000 [6] Receive ready status

STATUS 0x08 RwW | 32 [5] Transmit ready status
0000 "
[4] Be transmitting
[3] Transmit overrun error status
[2] Receive overrun error status
[1:0] Reserved

Control register

[31:5] Reserved

0x0000 | [4:3] Clock selected, CLK |/ 2/4/6/8
0000 [2] Clock polarity

[1] Clock phase

[0] Direction, 1 is MSB first

CONTROL | Ox0C RwW | 32

IPUG911-1.1 8(16)




6 Wishbone SPI Master/Slave 6.3 IRSNFEFAH ik

WA | HulkREs | SRR | SR | WIRME | Hd

0x0000 | [31:1] Reserved

SSMASK 0x10 RW | 32 0000 [0] Select and enable slave

6.3 WRNIEFFER A

Wishbone SPI Ixah#27fd H 7L W% 6-2 fiis.
= 6-2 Wishbone SPI IREhIEF{E R /5%

e BN

wbspi_master_select_slave WBSPI Masterif £ —/™ Wi % 47815
wbspi_enable_interrupt FF JE WBSPIf) I
wbspi_disable_interrupt 5% HFIWBSPI ) H 7

wbspi_master_txdata WBSPI Master 1] 15 £ 532 £
wbspi_master_rxdata WBSPI MasteriszHUM % % 11 5 s
wbspi_slave_prepare_txdata WBSPI Slave fil s £#5, 547 F 5 & 1L
wbspi_slave_read_data WBSPI Slave sz 3 15 £ K ik i >k i E s

IPUG911-1.1 9(16)




7 Wishbone UART 7.1 FFE

7Wishbone UART

4
7.1 $¥{iE
Gowin_PicoRV32 i —AMillid Wishbone =451 A 1) UART:

Wishbone #4211
TAHER IR AL
SRR E /DA

® 1 fifFikfL

7.2 BHEREN

Wishbone UART &7 788 € XN 7-1 Fizs.
R 7-1 Wishbone UART FHFRT/EN

TAFee AR | HibbwAe | RE | W | WIE1E ik

SETUP 0x00 RW |32 0x00000000 | UARTZS#/i% B &5 1775

FIFO 0x04 RO |32 0x00000000 | % NFIFOF4 i FIFO R IR A 25 1725
RXREG 0x08 RO |32 0x00000000 | UARTHEZ X4 251725

TXREG 0x0C RW |32 0x00000000 | UART A %% 2517 2%

7.3 WERNIEFERTE

Wishbone UART IR&hHE 748 FH 7 ik Wk 7-2 Aliw
% 7-2 Wishbone UART B2 R 5%

2 Fx ik

wbuart_init Wishbone UARTHI4A1L, Tt B k%

wbuart_putc Wishbone UART & 1% — N1

wbuart_getc Wishbone UART{ 52— AN 41

wbuart_outbyte Wishbone UART &1k —AN775, FAEM H AT B3 3R BT

IPUG911-1.1 10(16)




8 Wishbone GPIO 8.1 KL

8Wishbone GPIO

4
8.1 $FiE
Gowin_PicoRV32 £l —Miiid Wishbone &4 7 #) GPIO:

® \Wishbone #2831
® 321, FRALAT LA E S A RS

8.2 HFHR/EX

Wishbone GPIO Zi1728 € X % 8-1 ffin.
% 8-1 Wishbone GPIO FHEEEN

WA AR | bk | SRR | SR | PliAfE ik

GPIO input/output direction register
[31:0] Control each pin input/output

DIR 0x10 RW |32 | OXFFFFEEFF | direction

1 = Output

0 = Input

GPIO input register
IN ox14 RO |32 | 0x00000000 | 2o PREL IS
ouT 0x18 WO |32 | oxo0000000 | GPIO outputregister

[31:0] Each pin output

8.3 WENIEFEM A

Wishbone GPIO Xz #E 7 4# H 72403k 8-2 Fius.
%% 8-2 Wishbone GPIO WREIFEFER 75 5%

B iR

GPIO_Init Wishbone GPIO¥]4ffk
GPIO_SetDir Wishbone GPIO W & i \ /4t 77 [7]
GPIO_GetDir Wishbone GPIOZKEU 4 N /4t 77 [7]
GPIO_EnableWriteBit Wishbone GPIOf# fE {7 4
GPIO_EnableReadBit Wishbone GPIOf# fgfEAr A
GPIO_WriteData Wishbone GPIO#i
GPIO_ReadData Wishbone GPIO%i A\

IPUG911-1.1 11(16)




9 ADV SPI-Flash 9.1 KL

9ADV SPI-Flash

9.1 4

Gowin_PicoRV32 1% 1 4N Wishbone &£k 17 1] 1) SPI-Flash:

® SPI-Flash SZHr#E A gmFE it BIN SO N8k 8 s T 41547 D Re
® SPI-Flash Memory S #Fie. 5 FEEFRIIRE
SPI-Flash Controller 2R\ A& = KRB E Winbond W25Q64BV s fi

9.2 FHFHR/EX

SPI-Flash & A7 4% & sk 9-1 frs.

2 9-1 SPI-Flash HHEH/EN
GEELH | WEE | 590 | WE | Wi ik
ID and revision register
IDREV 0x00 RO |32 |0x02002000 | [3L:81ID number

[7:4] Major revision number
[3:0] Minor revision number

RESERVEDOQ[3] | 0x04-0x0C | - - - Reserved

SPI transfer format register
[31:18] Reserved
[17:16] Address length in bytes
00 =1 byte
01 =2 bytes
10 = 3 bytes
11 = 4 bytes
[15:13] Reserved
[12:8] Data length
[7] Enable data merge mode
[6:5] Reserved
[4] Bi-directional MOSI in single mode
0 = MOSiI is uni-directional signal
1 = MOSl is bi-directional signal
[3] Transfer data with the lease
significant bit first
0 = Most significant bit first
1 = Least significant bit first
[2] SPI master/slave mode selection
0 = Master mode

TRANSFMT 0x10 RwW | 32 0x00020780

IPUG911-1.1 12(16)




9 ADV SPI-Flash

9.2 A A7amE

A7 4R

sk

=
W

LGN

filiik

1 = Slave mode
[1] SPI clock polarity

0 = SCLK is LOW in the idle states

1 = SCLK is HIGH in the idle states
[0] SPI clock phase

0 = Sampling data at odd SCLK
edges

1 = Sampling data at even SCLK
edges

DIRECTIO

0Ox14

RwW

32

0x0

SPI direct 1O control register

[31:25] Reserved

[24] Enable direct 10

0 = Disable

1 = Enable

[23:22] Reserved

[21] Output enable for SPI-Flash hold
signal

[20] Output enable for SPI-Flash write
protect signal

[19] Output enable for the SPI MISO
signal

[18] Output enable for the SPI MOSI
signal

[17] Output enable for SPI SCLK
signal

[16] Output enable for SPI CS signal
[15:14] Reserved

[13] Output value for SPI-Flash hold
signal

[12] Output value for SPI-Flash write
protect signal

[11] Output value for SPI MISO signal
[10] Output value for SPI MOSI signal
[9] Output value for SPI SCLK signal
[8] Output value for SPI CS signal
[7:6] Reserved

[5] Status of SPI-Flash hold signal

[4] Status of SPI-Flash write protect
signal

[3] Status of SPI MISO signal

[2] Status of SPI MOSI signal

[1] Status of SPI SCLK signal

[0] Status of SPI CS signal

RESERVED1[2]

0x18-0x1C

Reserved

TRANSCTRL

0x20

RW

32

0x0

SPI transfer control register

[31] Reserved

[30] SPI command phase enable
0 = Disable the command phase
1 = Enable the command phase
(Master mode only)

[29] SPI address phase enable
0 = Disable the address phase
1 = Enable the address phase
(Master mode only)

[28] SPI address phase format

IPUG911-1.1
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9 ADV SPI-Flash

9.2 A A7amE

A7 4R

sk

=

&

LGN

filiik

0 = Address phase is single mode

1 = The format of the address phase is
the same as the DualQuad data phase
(Master mode only)

[27:24] Transfer mode

0000 = Write and read at the same
time

0001 = Write only

0010 = Read only

0011 = Write, Read

0100 = Read, Write

0101 = Write, Dummy, Read

0110 = Read, Dummy, Write

0111 = None data

1000 = Dummy, Write

1001 = Dummy, Read

1010~1111 = Reserved

[23:22] SPI data phase format

00 = Single mode

01 = Dual I/O mode

10 = Quad /O mode

11 = Reserved

[21] Append and one-byte special
token following the address phase for
SPI read transfers

[20:12] Transfer count for write data
[11] The value of the one-byte special
token following the address phase for
SPI read transfers

0 = token value is 0x00

1 = token value is 0x69

[10:9] Dummy data count

[8:0] Transfer count for read data

CMD

0x24

RwW

32

0x0

SPI command register
[31:8] Reserved
[7:0] SPI command

ADDR

0x28

RwW

32

0x0

SPI address register
[31:0] SPI address (Master mode only)

DATA

0x2C

RwW

32

0x0

SPI data register
[31:0] Data to transmit or the received
data

CTRL

0x30

RW

32

0x0

SPI controller register

[31:21] Reserved

[20:16] Transmit FIFO threshold
[15:13] Reserved

[12:8] Receive FIFO threshold
[7:5] Reserved

[4] TX DMA enable

[3] RX DMA enable

[2] Transmit FIFO reset

[1] Receive FIFO reset

[0] SPI reset

STATUS

0x34

RO

32

0x0

SPI status register

[31:24] Reserved

[23] Transmit FIFO full flag
[22] Transmit FIFO empty flag

IPUG911-1.1
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9 ADV SPI-Flash

9.2 A A7amE

TFATas A4 TR wakfAs | SRR | WE | WIMGME BN
[21] Reserved
[20:16] Number of valid entries int the
transmit FIFO
[15] Receive FIFO full flag
[14] Receive FIFO empty flag
[13] Reserved
[12:8] Number of valid entries in the
receive FIFO
[7:1] Reserved
[0] SPI register programming is in
progress
SPI interrupt enable register
[31:6] Reserved
[5] Enable the slave command
interrupt
[4] Enable the end of SPI transfer
interrupt
INTREN 0x38 rRW |32 0x0 [3] Enable the SPI transmit FIFO
threshold interrupt
[2] Enable the SPI receive FIFO
threshold interrupt
[1] Enable SPI transmit FIFO underrun
interrupt (Slave mode only)
[0] Enable SPI receive FIFO overrun
interrupt (Slave mode only)
SPI interrupt status register
[31:6] Reserved
[5] Slave command interrupt (Slave
mode only)
[4] End of SPI transfer interrupt
INTRST 0x3C WO | 32 0x0 [3] TX FIFO threshold interrupt
[2] RX FIFO threshold interrupt
[1] TX FIFO underrun interrupt (Slave
mode only)
[0] RX FIFO overrun interrupt (Slave
mode only)
SPI interface timing register
[31:14] Reserved
[13:12] The minimum time between
the edges of SPI CS and the edges of
SCLK
TIMING 0x40 RW |32 0x0 [11:8] The minimum time the SPI CS
should stay HIGH
[7:0] The clock frequency ratio
between the clock source and SPI
interface SCLK
RESERVED2[3] | 0x44-0x4c | - - - Reserved
SPI memory access control register
[31:9] Reserved
[8] This bit is set when “MEMCTRL”
MEMCTRL 0x50 RW | 32 0x0 I TIMING” is written
[7:4] Reserved
[3:0] Selects the SPI command
RESERVED3[3] | 0x54-0x5C | - - - Reserved
IPUG911-1.1 15(16)




9 ADV SPI-Flash

9.3 WEfEF N TTiE

A7 4R

sk

=
W

LGN filiik

SLVST

0x60

RwW

SPI slave status register

[31:19] Reserved

[18] Data underrun occurs in the last
transaction

[17] Data overrun occurs in the last
transaction

[16] SPI is ready for data transaction
[15:0] User defined status flags

0x0

SLVDATACNT

0x64

RO

32

SPI slave data count register
[31:25] Reserved

0x0 [24:16] Slave transmitted data count
[15:9] Reserved

[8:0] Slave received data count

RESERVEDA4[5]

0x68-0x78 | -

- Reserved

CONFIG

0x7C

RO

32

Configuration register
[31:15] Reserved

[14] Support for SPI slave mode
[13] Reserved

[12] Support for memory-mapped
access through AHB bus
[11] Support for direct SPI 10
[10] Reserved

[9] Support for Quad I/0 SPI
[9] Support for Dual I/0O SPI
[7:6] Reserved

[5:4] Depth of TX FIFO

00 = 2 words

01 = 4 words

10 = 8 words

11 =16 words

[3:2] Reserved

[1:0] Depth of RX FIFO

00 = 2 words

01 = 4 words

10 = 8 words

11 =16 words

0x0

9.3 WENIEFEMTE

SPI-Flash IXZNFE 78 7k ansk 9-2 Fios.
%% 9-2 SPI-Flash IEENIEFER 5%

IPUG911-1.1

K

Efiipay

spi_flash_init

Initialize SPI-Flash

change_mode_spi_flash

Switch SPI-Flash mode between download and read,
write, erase memaory

spi_flash_read

Read data from SPI-Flash

spi_flash_write

Write data into SPI-Flash

spi_flash_page_program

Write data into SPI-Flash with pages

spi_flash_sector_erase

Erase SPI-Flash with sector

spi_flash_write_cmd

Write command to SPI-Flash

spi_flash_read_status

Read SPI-Flash status
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