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1 B ImFEE 1.1Cortex-M1 W% A 4w e

1 R IRIEE

Gowin_EMPU_M1 #5442 : Gowin_EMPU_M1\src\c_lib.

T M B R A G A P
http://cdn.gowinsemi.com.cn/Gowin EMPU M1.zip

Gowin_EMPU_ M1 # {5 Fh a2 2 A2 7 1

® Cortex-M1 N A4 F2
® R N\ XIME RGN

1.1 Cortex-M1 HiZE4RTE

Gowin_EMPU_M1 #{-4mfefE, $#E4t Cortex-M1 WAZ B AF9mAE J7 ik,

m#E 1-1 fise

& 1-1 Cortex-M1 RZEH-4rtE

A EiiTpa

startup_GOWIN_M1.s Cortex-M1W# 5 5151 S8+
core_cml.h Cortex-M1 P #% 25 775 & L
GOWIN_M1.h T R SME A AR AR B e

system_GOWIN_Ml.c

Cortex-M1 1% & GEHIR AT R GEI plE X

GOWIN_M1_flash.ld

GMD Flash’§4: 2%

GOWIN_M1_gpio.c GPIOIK AN R % e X
GOWIN_M1_can.c CANIRZ)) b e XL
GOWIN_M1_ethernet.c EthernetX 3} i £0E X
GOWIN_M1_ddr3.c DDR3IK 3 iR % 5E L
GOWIN_M1_psram.c PSRAMIKZ & £ i X

GOWIN_M1_spi_flash.c

SPI-Flashifz. 5 A4k ThEE 9K Al R H0E

GOWIN_M1_timer.c

Timer3Kkzh p& H e X

GOWIN_M1 wdog.c

Watch Dog ikl i £ e X

GOWIN_M1_uart.c UART K5} b8 35 X
GOWIN_M1_rtc.c RTCIXZ) sk HE X
GOWIN_M1_trng.c TRNGIK ) e £ XL
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1.2 N AE RS S

1.2 RARBRIER G - ditE
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CAE

Eiiipay

GOWIN_M1_dualtimer.c

DualTimerZk 5l i B e X

GOWIN_M1_i2c.c

12C Master3X 5} g % e X

GOWIN_M1_spi.c

SPI Master2X 5} e £ e X

GOWIN_M1 sdcard.c

SD-Card3X 5] R E X

GOWIN_M1 misc.c

Hh W S 2 #EL R Sys Tick

GOWIN_M1_it.c HH T A B R BUE X
retarget.c UARTO printfef 25 & 7]
malloc.c A NAE

® uC/OSs-lll
® FreeRTOS
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2 IEiE RS

2.1 FRUESN S N FE RS

2.1 FRAESME TR S

Gowin_EMPU_M1 FrifESMa N A7 G Hkik e S, WiEk 2-1 B

IPUG533-1.7

27—??1%%23?.

7+ 2-1 FRESME R FFRRGE X

PRAES 1 it Hudik oS Eitipa

ITCM - 0x00000000 | 1KB, 2KB, 4KB, 8KB,
16KB, 32KB, 64KB,
128KB, 256KB

DTCM - 0x20000000 | 1KB, 2KB, 4KB, 8KB,
16KB, 32KB, 64KB,
128KB, 256KB

External Instruction | - 0x00000000 | 4l #Bfa 4171k 2

Memory

External Data - 0x20100000 | #h#s%ids 470k 2%

Memory

TIMERO TIMER_TypeDef 0x50000000 | & 440

TIMER1 TIMER_TypeDef 0x50001000 | sEmfa%1

UARTO UART_TypeDef 0x50004000 | i ] 5k 220

UART1 UART_TypeDef 0x50005000 | i FH b Uk 281

Watch Dog WDOG_TypeDef 0x50008000 | & |14

RTC RTC_RegDef 0x50006000 | Szt

TRNG TRNG_RegDef 0X5000F000 | L[l KL% % A 52

DualTimer DfUALTIMER_RegD 0x50002000 | #¥ & 5 i 58

e
SPI_FLASH SPI_FLASH_RegDe | 0x50003000 | 4T #h¥t$z M1 A1
f

12C I2C_TypeDef Ox5000A000 | Py 4L Bl HAL I sk 25

SPI SPI_TypeDef 0x5000B000 | H 4T 4541

SD-Card SDCard_TypeDef 0x50009000 | Z4&¥FifEF

GPIOO GPIO_TypeDef 0x40000000 | 3 JF| 4 N\ Jéy 3tk 11

CAN CAN_RegDef 0x45000000 | 4122 J= 15 7 2%

3(66)




2 IEiE RS

2.2 W% R G A7 L)

PRt sh i it iy S it

Ethernet ETH_RegDef 0x46000000 | DLAKM

DDR3 DDR3_RegDef 0x88000000 | DDR3 Memory
PSRAM PSRAM_TypeDef 0x82000000 | fhy## AN H 121 2
APB Master [1] - 0x60000000 | ¥~ f2APB Master [1]
APB Master [2] - 0x60100000 | ¥~ f2APB Master [2]
APB Master [3] - 0x60200000 | ¥~ f2APB Master [3]
APB Master [4] - 0x60300000 | ¥ fEAPB Master [4]
APB Master [5] - 0x60400000 | ¥~ f2APB Master [5]
APB Master [6] - 0x60500000 | ¥~ f2APB Master [6]
APB Master [7] - 0x60600000 | ¥~ f2APB Master [7]
APB Master [8] - 0x60700000 | ¥~ f2APB Master [8]
APB Master [9] - 0x60800000 | ¥~ f2APB Master [9]
APB Master [10] - 0x60900000 | ¥ fEAPB Master [10]
APB Master [11] - 0x60A00000 | #~f2APB Master [11]
APB Master [12] - 0x60B00000 | #fEAPB Master [12]
APB Master [13] - 0x60C00000 | #~f2APB Master [13]
APB Master [14] - 0x60D00000 | §fEAPB Master [14]
APB Master [15] - 0x60E00000 | ¥~ f2APB Master [15]
APB Master [16] - 0x60F00000 | § 2 APB Master [16]
AHB Master [1] - 0x80000000 | ¥~ f2AHB Master [1]
AHB Master [2] - 0x81000000 | ¥ F£AHB Master [2]
AHB Master [3] - 0x86000000 | #~fEAHB Master [3]
AHB Master [4] - 0x89000000 | ¥ fEAHB Master [4]
AHB Master [5] - 0x8A000000 | #~f2AHB Master [5]
AHB Master [6] - 0x8B000000 | ¥~ fFEAHB Master [6]

2.2 ARG RN FFRRS

Cortex-M1 W% RGN AL X, WIER 2-2 AR
T 2-2 RGN FRIHEX

IPUG533-1.7

RGEH| e it itk e S it

SysTick SysTick_Type | OXEOOOEO10 | SysTick configuration struct

NVIC NVIC_BASE OXEOOOE100 | NVIC configuration struct

SCnSCB SCnSCB_Type | OXEOOOEOOO | System control Register not in SCB
SCB SCB_Type OXEOOOEDOO | SCB configuration struct
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Gowin_EMPU_M1 #xE M= WiiEhl a4, BFHE L N RHE:

® IRfitiZ® 32 M/ AT I AL PEAE S, P ATACE 1 81 8 B 16 B 32
G WAL BEAE S

® 7FF0-3 HumARIL L.
Cortex-M1 I &ExRE X, Wk 3-1 Fimw.

B A

% 3-1 hEiEERENX
Hlbr il | SRR ik IR
0x00000000 __StackTop - Top of Stack
0x00000004 Reset_Handler - Reset Handler
0x00000008 NMI_Handler -14 NMI Handler
0x0000000C HardFault Handler | -13 Hard Fault Handler
0x00000010 0 - Reserved
0x00000014 0 - Reserved
0x00000018 0 - Reserved
0x0000001C 0 - Reserved
0x00000020 0 - Reserved
0x00000024 0 - Reserved
0x00000028 0 - Reserved
0x0000002C SVC_Handler -5 SVCall Handler
0x00000030 0 - Reserved
0x00000034 0 - Reserved
0x00000038 PendSV_Handler -2 PendSV Handler
0x0000003C SysTick_Handler -1 SysTick Handler
0x00000040 | UARTO_Handler | 0 16+ 0: UART 0 RX and TX

Handler

0x00000044 | UARTL Handler |1 Lor L JARTLRX and TX
0x00000048 TIMERO_Handler 2 16+ 2: Timer 0 Handler
0x0000004C TIMER1_Handler 3 16+ 3: Timer 1 Handler
0x00000050 GPIOO0_Handler 4 16+ 4: GPIO Port 0
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TR ERE | AR i ik

Combined Handler
0x00000054 | UARTOVF_Handler | 5 Lor > UART 0.1 Overflow
0x00000058 RTC_Handler 6 16+ 6: RTC Handler
0x0000005C 12C_Handler 7 16+ 7: 12C Handler
0x00000060 CAN_Handler 8 16+ 8: CAN Handler
0x00000064 ETH_Handler 9 16+ 9: ETH Handler
0x00000068 Interruptl0_Handler | 10 16+10: Interrupt 10 Handler
0x0000006C DTimer_Handler 11 16+11: DualTimer Handler
0x00000070 TRNG_Handler 12 16+12: TRNG Handler
0x00000074 Interruptl3 Handler | 13 16+13: Interrupt 13 Handler
0x00000078 Interruptl4 _Handler | 14 16+14: Interrupt 14 Handler
0x0000007C Interruptl5 Handler | 15 16+15: Interrupt 15 Handler
0x00000080 GPIO0_0_Handler 16 16+16: GPIO0O_0 Handler
0x00000084 GPIO0_1_Handler 17 16+17: GPIOO0_1 Handler
0x00000088 GPIO0_2_ Handler 18 16+18: GPIO0_2 Handler
0x0000008C GPIO0_3_Handler 19 16+19: GPIOO0_3 Handler
0x00000090 GPIO0_4_Handler 20 16+20: GPIO0_4 Handler
0x00000094 GPIO0_5_ Handler 21 16+21: GPIOO0_5 Handler
0x00000098 GPIO0_6_Handler 22 16+22: GPIO0_6 Handler
0x0000009C GPIO0_7_Handler 23 16+23: GPIO0_7 Handler
0x000000A0 GPIO0_8 Handler 24 16+24: GPIO0_8 Handler
0x000000A4 GPIO0_9 Handler 25 16+25: GPIO0_9 Handler
0x000000A8 GPIO0_10 Handler | 26 16+26: GPIOO_10 Handler
0x000000AC GPIOO_11 Handler | 27 16+27: GPIOO_11 Handler
0x000000B0O GPIOO0_12 Handler | 28 16+28: GPIOO0_12 Handler
0x000000B4 GPIOO0_13 Handler | 29 16+29: GPIOO0_13 Handler
0x000000B8 GPIO0_14 Handler | 30 16+30: GPIOO0_14 Handler
0x000000BC GPIO0_15 Handler | 31 16+31: GPIOO0_15 Handler
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4iEFH F P % Ax

4.1 FHiE

Gowin_EMPU_M1, & 2 Ml APB &2k v in) (138 FH 7 b IOk 28

UART:
BRBERFR AN 921.6Kbit/s

o LHHERIAL

® 8 iRl

® 1 fifFikfL

UART Buffering, WK 4-1 fizr.
[¥] 4-1 UART Buffering

You can write a new character to the write buffer
\.while the shift register is sending out a character. /

v
Y e Writf buffer TXD
TX FSM
Baud rate t
u
APB » generator !

interface <—v IEFSEI
i v

 —— Read buffer |« Shift register ¢« Rxp

f

The shift register can receive the next
character while the data in the receive
L buffer is waiting for the processor toread it. |

UART SZ# i HSTM (High Speed Test Mode), 4% {748
CTRL[6] BN 1 i, HATHARE I LS 1 67, 7T DAAEARJ 0 8] AL 4
WAME R

IPUG533-1.7 7(66)




4.2 TIEERE N

H P EEBE UART B, M0 B IR R A i 7as, #ln, g APB1
M FIGATIE 12MHz, T3 54534 9600, NI AT DL B s R0 4 25 1%
225 12000000/9600=1250,

4.2 FFEREX

UART #if7#s € X, Wk 4-1 Fiow.
% 4-1 UART HFHE]/ENX

WAE AR AATR

Hudik i F2

KA i3

LGN

ik

DATA

0x000

RwW

0x--

[7:0] Data Value

STATE

0x004

RwW

0x0

[3] RX buffer overrun, write 1 to
clear

[2] TX buffer overrun, write 1 to
clear

[1] RX buffer full, read-only
[0] TX buffer full, read-only

CTRL

0x008

RwW |7

0x00

[6] High speed test mode for TX
only

[5] RX overrun interrupt enable
[4] TX overrun interrupt enable
[3] RX interrupt enable

[2] TX interrupt enable

[1] RX enable

[0] TX enable

INTSTATUS
/INTCLEAR

0x00C

RwW |4

0x0

[3] RX overrun interrupt, write 1
to clear

[2] TX overrun interrupt, write 1
to clear

[1] RX interrupt, write 1 to clear
[0] TX interrupt, write 1 to clear

BAUDDIV

0x010

RwW | 20

0x000
00

[19:0] Baud rate divider, the
minimum number is 16

4.3 MaE X

UART #JaatbsE X, Wk 4-2 Fis.

IPUG533-1.7

7 4-2 UART ¥ E X

B4 S e it Bl it

UART_BaudRate | uint32_t Max 921.6Kbit/s | Baud rate

UART_Mode UARTMode_Typ | ENABLE/DISAB | Enable/Disable TX/RX
eDef LE mode

UART _Int UARTInt_TypeD | ENABLE/DISAB | Enable/Disable TX/RX
ef LE interrupt

UART_Owvr UARTOvr_Type | ENABLE/DISAB | Enable/Disable TX/RX
Def LE overrun interrupt

UART_Hstm FunctionalState ENABLE/DISAB | Enable/Disable TX

LE hisgh speed test mode

8(66)




4 M AP IOR A 4.4 WA AT
4.4 WRhIEFFER 777
UART Xa0FE P8 5%, 103k 4-3 .
% 4-3 UART RahizgFFER 54
UART _Init Initializes UARTX
UART_GetRxBufferFull Returns UARTx RX buffer full status
UART_GetTxBufferFull Returns UARTx TX buffer full status
UART_GetRxBufferOverrunStatus Returns UARTx RX buffer overrun status
UART_GetTxBufferOverrunStatus Returns UARTx TX buffer overrun status
UART_ClearRxBufferOverrunStatus | Clears Rx buffer overrun status
UART_ClearTxBufferOverrunStatus Clears Tx buffer overrun status
UART_SendChar Sends a character to UARTx TX buffer
UART_SendString Sends a string to UARTx TX buffer
UART_ReceiveChar Receives a character from UARTX RX
buffer

UART_GetBaudDivider Returns UARTX baud rate divider value
UART_GetTxIRQStatus Returns UARTX TX interrupt status
UART_GetRxIRQStatus Returns UARTxX RX interrupt status
UART_ClearTxIRQ Clears UARTx TX interrupt status
UART_ClearRxIRQ Clears UARTx RX interrupt status
UART_GetTxOverrunlRQStatus Returns UARTx TX overrun interrupt status
UART_GetRxOverrunlRQStatus Returns UARTx RX overrun interrupt status
UART_ClearTxOverrunlRQ Clears UARTx TX overrun interrupt request
UART_ClearRxOverrunlRQ Clears UARTx RX overrun interrupt request
UART_SetHSTM Sets UARTX TX high speed test mode
UART_CIrHSTM Clears UARTX TX high speed test mode

4.5 &E &t

IPUG533-1.7

Gowin_EMPU_M1 ¥ ¥ ARM Keil MDK (V5.26 & DL A F GOWIN
MCU Designer (V1.1 &UVA ERAD BAFMELR] UART 25 Wit, il g
ARELGN N 2% i
® Gowin_EMPU_M1\ref_design\MCU_RefDesign\Keil_RefDesign\uart
® Gowin_EMPU_M1\ref design\MCU_RefDesign\Keil _RefDesign\uartO__

irq

® Gowin_EMPU_M1\ref design\MCU_RefDesign\GMD_RefDesign\cm1
_uart

® Gowin_EMPU_M1\ref design\MCU_RefDesign\GMD_RefDesign\cm1
_uart0_irq
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5 EN 4%

1 FF1E

5.1 $HiE

ERTEE

Gowin_EMPU_M1, £ 2 ANl APB B2k i) i [l bRt 2 i 25«

® 32 fitHss

® WL AEFWHAERES

® W LUMEHISMTAG S
25Ky, il 5-1 phw .

Timer
5-1 Timer

EXTIN 1 BE S g

PCLK —|

PCLKG —»
PRESETn___,)|
PSEL ——»
PADDR[11:2] wee
PENABLE —»
PWRITE —» «+—»|
PWDATA[31:0] ==
PREADY 4—
PSLVERR «+——
PRDATA[31:0] st
ECOREVNUM[3:0] mmmp

i—b{ Reload value

Decrement

32-bit down
counter

val==1

cT Rl.m

"=

Edge
detection

CTRL[2]

CTRL[1]

Synchronizer

§| ‘ »—TIMERINT

5.2 FFEmREX

Timer /783 5€ X, W%k 5-1 Fizs.

IPUG533-1.7

% 5-1 Timer FER{RENX

TAEAR AR | bR | R | W | WIMGME | Mk

CTRL 0x000 RwW 4 0x0 [3] Timer interrupt enable
[2] Select external input as
clock
[1] Select external input as
enable
[0] Enable

VALUE 0x004 RW 32 0x0000 | [31:0] Current value

0000

10(66)




— 5.3 Btk X

AR | b wAs | KB | WE | WIMRME | R
RELOAD 0x008 RwW 32 0x0000 | [31:0] Reload value, writing
0000 to this register sets the
current value
INTSTATU | Ox00C RW 1 0x0 [0] Timer interrupt, write 1 to
S/INTCLE clear
AR

5.3 #FI_HENX

Timer WI4ALE X, W%k 5-2 .

% 5-2 Timer #IHLLEEH
K RE Bl 2P
Reload uint32_t - Reload value
TIMER_Int TIMERInt_TypeDef | SET/RESET | Enable/Disable interrupt

TIMER_Exti TIMEREXxti_TypeDef | - External input as enable or

clock

5.4 WRNEFERSGE

Timer IRBIFEFAEH 775, W%k 5-3 Fios.
%% 5-3 Timer REHFEFE A 77 7%

e B
TIMER_Init Initializes TIMERX

TIMER_StartTimer Starts TIMERx

TIMER_StopTimer

Stops TIMERX

TIMER_GetIRQStatus

Returns TIMERX interrupt status

TIMER_ClearlRQ

Clears TIMERX interrupt status

TIMER_GetReload

Returns TIMERX reload value

TIMER_SetReload

Sets TIMERX reload value

TIMER_GetValue

Returns TIMERX current value

TIMER_SetValue

Sets TIMERX current value

TIMER_EnablelRQ

Enable TIMERX interrupt request

TIMER_DisablelRQ

Disable TIMERX interrupt request

A3 A
5.5 &Figit
Gowin_EMPU_M1 37 # ARM Keil MDK(V5.26 & L IR A #T GOWIN
MCU Designer (V1.1 &P ERASD AR Timer 2% %11, @il 8%
PN T ZH Wit
® Gowin_EMPU_M1\ref_design\MCU_RefDesign\Keil_RefDesign\timer

® Gowin_EMPU_M1\ref design\MCU_RefDesign\GMD_RefDesign\cm1
_timer
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6 &I 141 6.1 KFE

6%1‘7%}

Gowin_EMPU_M1, fi5 1 M@ it APB &L 2535 0] ()% | 141 Watch Dog:
5T tH LOAD ZF A2 WIAa 10 ¥ 32 ALz it #% ;

P A R oK

M ERE, B WDOGCLK {55 _ETHf il % - H 2 356 ) s

WAL T, TRk E 0 I, FRAERALER, MR Ik

M S A o 3 5 R R AL, SRR R T

Watch Dog #:4f, WKl 6-1 fis.

& 6-1 Watch Dog Operation

6.1 $F4iE

Count down Counter reloaded
without and count down
e e ithout reprogram __————
- reprogram - Wi - -
/ Watchdog is \\"—b Counter reaches zero\—ué unter reaches zeD
\ programmed / S . - P \\ 7_,/
If the INTEN bit in the WDOGCONTROL If the RESEN bit in the WDOGCONTROL
register is set to 1, WDOGINT is asserted register is set to 1, WDOGRES is asserted

6.2 FFEMREX

Watch Dog & /745 E X, IR 6-1 iR

& 6-1 Watch Dog FF83ENX
A | HbkmEe | KM | BE | MIE | #id
LOAD 0x00 RW 32 OxFFFF | The value from which the
FFFF counter is to decrement
VALUE 0x04 RO 32 OXFFFF | The current value of the
FFFF decrementing counter
CTRL 0x08 RW |2 0x0 [1] Enable reset output

IPUG533-1.7 12(66)




6 &1

6.3 HlthtkE X

AR | HidkmAs | A | WE | MIaGlE |
[0] Enable the interrupt
INTCLR 0x0C WO - - Clear the watchdog interrupt
and reloads the counter
RIS 0x10 RO 1 0x0 Raw interrupt status from the
counter
MIS Ox14 RO 1 0x0 Enable interrupt status from
the counter
RESERVED | OxC00-Ox | - - - Reserved
014
LOCK 0xCO00 RwW | 32 0x0000 | [32:1] Enable register writes
0000 [0] Register write enable status
RESERVED | OxF00-Ox | - - - Reserved
Co00
ITCR 0xF00 RwW |1 0x0 Integration test mode enable
ITOP O0xF04 WO |2 0x0 [1] Integration test WDOGRES
value
[0] Integration test WDOGINT
value

6.3 IR E X

Watch Dog #JistbE X, sk 6-2 Fios.

£z 6-2 Watch Dog #1351 ENX

HFR Eyit) HE e

WDOG_Reload uint32_t - Reload value

WDOG_Lock | WDOGLock TypeDef | SET/RESET | Enable/Disable lock
register write access

WDOG_Res WDOGRes_TypeDef | SET/RESET ﬁ;‘g‘b'e’ Disable reset

WDOG._Int WDOGInt_TypeDef | SET/RESET | Enable/Disable
interrupt flag
Enable/Disable

WDOG_ITMode | WDOGMode Typedef | SET/RESET | integration test mode
flag

IPUG533-1.7
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6 &1

6.4 XA A 5 v

6.4 WENIZFFIER 75 7%

Watch Dog WA 77, 11k 6-3 s
# 6-3 Watch Dog IREhIEFfEF 75 3%

WDOG_Init Initializes WatchDog

WDOG_RestartCounter

Restart watchdog counter

WDOG_GetCounterValue

Returns counter value

WDOG_SetResetEnable

Sets reset enable

WDOG_GetResStatus

Returns reset status

WDOG_ SetintEnable

Sets interrupt enable

WDOG_GetIntStatus

Returns interrupt enable

WDOG_ClIrIntEnable

Clears interrupt enable

WDOG_GetRawIntStatus

Returns raw interrupt status

WDOG_GetMaskIntStatus

Returns masked interrupt status

WDOG_LockWriteAccess

Disable write access all registers

WDOG_UnlockWriteAccess

Enable write access all registers

WDOG_SetITModeEnable

Sets integration test mode enable

WDOG_CIrITModeEnable

Clears integration test mode enable

WDOG_GetlTModeStatus

Returns integration test mode status

WDOG_SetITOP

Sets integration test output reset or interrupt

WDOG_GetITOPResStatus

Returns integration test output reset status

WDOG_GetITOPIntStatus

Returns integration test output interrupt status

WDOG_CIrITOP

Clears integration test output reset or interrupt

6.5 BT

Gowin_EMPU_M1 ¥ ¥ ARM Keil MDK (V5.26 & P\ A F GOWIN
MCU Designer (V1.1 & PL ERRCA) BAFIAELK] Watch Dog 2% it g

RN T 2 Bt

® Gowin_EMPU_M1\ref_design\MCU_RefDesign\Keil_RefDesign\watch

dog

® Gowin_EMPU_M1\ref _design\MCU_RefDesign\GMD_RefDesign\cm1

_watchdog

IPUG533-1.7
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7 W NG 7.1 454

7iEFH BN

7.1 $HiE

Gowin_EMPU_M1, f4& 1 Miliid AHB B Zk15 1] 1) 16 o7 % N 4 1
1) GPIO &t

® 5 FPGA Fabric %4
® CRFfIERY
o EHEHIIAE
GPIO &itt), Wi 7-1 Prow.
7-1 GPIO Block

ahb_gpio

ahb_

io_bridge FPGA Fabric

io_gpio

FCLK—»
HCLK —»

HRESETn—»
HSEL—»
HADDR[11:0] — |
HTRANS[1:0]—p
HSIZE[2:0] —p
HWRITE —»
HREADY —»|
HWDATA[31:0] —»
HREADYOUT «—
HRESP +—
HRDATA[31:0] 4—
ECOREVNUM[3:0] —!

IPUG533-1.7

— PORTIN[15:0]

—3 PORTOUT[15:0]

— PORTEN[15:0]

—p PORTFUNC[15:0]

—» GPIOINT[15:0]

—» COMBINT

<o p

>
> 1

Pin Mux

Alternate function signals

10_EXP_INPUT[15:0]

10_EXP_OUTPUT[15:0]

> .
A
11O pad

10_EXP_OUTPUTEN[15:0]

15(66)




7 38 i N\

7.2 FAasE N

7.2 BEHREX

GPIO #ifigsE X, WFR 7-1 Fiow.

IPUG533-1.7

%= 7-1 GPIO FHET/EN

WAF IR

Huhik s

KA

i
K&

LN

Eitipay

DATA

0x0000

RwW

OX----

[15:0] Data value

Read Sampled at pin

Write to data output register
Read back value goes through
double flip-flop

Synchronize logic with delay of
two cycle.

DATAOUT

0x0004

RwW

16

0x0000

[15:0] Data output register
value

Read current value of data
output register
Write to data output register.

RESERVED

0x0008
-0x000C

Reserved

OUTENSET

0x0010

RwW

16

0x0000

[15:0] Output enable set
Write 1 to set the output
enable bit

Write 0 no effect

Read back 0 indicates the
signal direction as intput.

1 indicates the signal direction
as output.

OUTENCLR

0x0014

RwW

16

0x0000

[15:0] Output enable clear
Write 1 to clear the output
enable bit

Write 0 no effect

Read back 0 indicates the
signal direction as intput.

1 indicates the signal direction
as output.

ALTFUNCS
ET

0x0018

RW

16

0x0000

[15:0] Alternative function set
Write 1 to set the ALTFUNC bhit
Write 0 no effect

Read back 0 for I/0

1 for an alternate function

ALTFUNCC
LR

0x001C

RW

16

0x0000

[15:0] Alternative function
clear

Write 1 to clear the ALTFUNC
bit

Write 0 no effect

Read back 0 for I/0

1 for an alternate function

INTENSET

0x0020

RW

16

0x0000

[15:0] Interrupt enable set

16(66)
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7.2 FAasE N

IPUG533-1.7

A AR

Mok (i k2

=
W

LGN

Eitipa

Write 1 to set the enable bit
Write 0 no effect

Read back 0 indicates
interrupt disabled

1 indicates interrupt enabled.

INTENCLR

0x0024

RwW

16

0x0000

[15:0] Interrupt enable clear
Write 1 to clear the enable bit
Write 0 no effect

Read back 0 indicates
interrupt disabled

1 indicates interrupt enabled.

INTTYPESE
T

0x0028

RwW

16

0x0000

[15:0] Interrupt type set

Write 1 to set the interrupt type
bit

Write 0 no effect

Read back 0 for LOW/HIGH
level

1 for falling edge or rising edge

INTTYPECL
R

0x002C

RW

16

0x0000

[15:0] Interrupt type clear
Write 1 to clear the interrupt
type bit

Write 0 no effect

Read back 0 for LOW/HIGH
level

1 for falling edge or rising edge

INTPOLSET

0x0030

RwW

16

0x0000

[15:0] Polarity-level, edge IRQ
config

Write 1 to set the interrupt
polarity bit

Write 0 no effect

Read back 0 for LOW level or
falling edge

1 for HIGH level or rising edge

INTPOLCLR

0x0034

RwW

16

0x0000

[15:0] Polarity-level, edge IRQ
config

Write 1 to clear the interrupt
polarity bit

Write 0 no effect

Read back 0 for LOW level or
falling edge

1 for HIGH level or rising edge

INTSTATUS
/INTCLEAR

0x0038

RW

16

0x0000

[15:0] Write IRQ status clear
register

Write 1 to clear interrupt
request

Write 0 no 17ffect

Read back IRQ status register

MASKLOW
BYTE

0x0400

RW

16

OX----

Lower 8-bits masked access
[9:2] of the address value are

17(66)
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7.2 FAasE N

IPUG533-1.7

A AR

Mok (i k2

=
W

LGN

Eitipa

-0x07FC

used as enable bit mask for
the access

[15:8] not used

[7:0] Data for lower byte
access,with [9:2] of address
value used as enable mask for
each bit

MASKHIGH
BYTE

0x0800
-OxOBFC

RwW

16

OX----

Higher 8-bits masked access
[9:2] of the address value are
used as enable bit mask for
the access

[15:8] Data for higher byte
access with [9:2] of address
value used as enable mask for
each bit

[7:0] not used

RESERVED

0x0C00
-OXOFCF

Reserved

18(66)
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7.3 HltatkE X

7.3 FIHRLEN

GPIO #listkE X, Wik 7-2 Fis.
= 7-2 GPIO #JH AL ENX

IPUG533-1.7

ey i

KA

HfE

filiid

GPIO_Pin

uint32_t

GPIO_Pin_0
GPIO_Pin_1
GPIO_Pin_2
GPIO_Pin_3
GPIO_Pin_4
GPIO_Pin_5
GPIO_Pin_6
GPIO_Pin_7
GPIO_Pin_8
GPIO_Pin_9
GPIO_Pin_10
GPIO_Pin_11
GPIO_Pin_12
GPIO_Pin_13
GPIO_Pin_14
GPIO_Pin_15

16 bits GPIO Pins

GPIO_Mode

GPIOMode_TypeDef

GPIO_Mode_IN
GPIO_Mode_OUT
GPIO_Mode_AF

16 bits GPIO Pins
mode

GPIO_Int

GPIOInt_TypeDef

GPIO_Int_Disable
GPIO_Int_Low_Level
GPIO_Int_High_Level
GPIO_Int_Falling_Edge
GPIO_Int_Rising_Edge

16 bits GPIO Pins
interrupt
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7 38 i N\ 7.4 WA A 5 v

7.4 WENIEFIER A

GPIO IXZFE P H vk, Wik 7-3 Fiow.

< 7-3 GPIO BahiEFER 3%
B iR
GPIO_Init Initializes GPIOx

GPIO_SetOutEnable Sets GPIOx output enable

GPIO_CIrOutEnable Clears GPIOx output enable

GPIO_GetOutEnable Returns GPIOx output enable

GPIO_SetBit GPIO output one

GPIO_ResetBit GPIO output zero

GPIO_WriteBits GPIO output

GPIO_ReadBits GPIO input

GPIO_SetAltFunc Sets GPIOx alternate function enable

GPIO_CIrAltFunc Clears GPIOx alternate function enable

GPIO_GetAltFunc Returns GPIOx alternate function enable

GPIO_IntClear Clears GPIOx interrupt request

GPIO_GetIntStatus

Returns GPIOx interrupt status

GPIO_SetiIntEnable

Sets GPIOx interrupt enable
Returns GPIOx interrupt status

GPIO_ClrintEnable

Clears GPIOx interrupt enable

Returns GPIOx interrupt enable

GPIO_SetIntHighLevel Setups GPIOx interrupt as high level

GPIO_SetIntRisingEdge Setups GPIOx interrupt as rising edge

GPIO_SetintLowLevel Setups GPIOx interrupt as low level

GPIO_SetIntFallingEdge Setups GPIOx interrupt as falling edge

GPIO_MaskedWrite Setups GPIOx output value using masked access

7.5 &F it
Gowin_EMPU_M1 3§ ARM Keil MDK (V5.26 & LA E R 4<) Fil GOWIN
MCU Designer (V1.1 kUL ERAS) BAERER GPIO 2%, EidaE#E
RN 225 i
® Gowin_EMPU_M1\ref design\MCU_RefDesign\Keil_RefDesign\led

® Gowin_EMPU_M1\ref _design\MCU_RefDesign\Keil_RefDesign\keysc
an

® Gowin_EMPU_M1\ref _design\MCU_RefDesign\GMD_RefDesign\cm1
_led

® Gowin_EMPU_M1\ref _design\MCU_RefDesign\GMD_RefDesign\cm1
_keyscan
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8 PN EBEE AR L 2R 8.1 K

NABER R FE B8 B 2

8.1 FF{iE

Gowin_EMPU_M1, & —/NEit APB L2k 1] 1 P4 5 52 1 v 1 e 2k
I12C Master fik:

APB M 245

ARG Ak, EERRIBHNEE R
SCRPRRAR . 2 b A S R AR e
SCHF T AL AR

8.2 %T—'F%EE

I2C Master ZF {728 & X, WK 8-1 fiiR.
%= 8-1 12C Master SERBEN

® Rl FARAER 12C S 2l
® ARk R AR A

® LZRITIRASK

® AR

([

([

TP | bR | B FE | #iafE ik

=k

Clock prescale register
[31:15] Reserved

[15:0] Prescale value =
sys_clk/(5*SCL)-1

PRER 0x00 RW | 32 0xO000FFFF

[31:8] Reserved

[7] Enable 12C function
[6] Enable 12C interrupt
[5:0] Reserved

CTR 0x04 RW | 32 0x00000000

[31:8] Reserved

[7:1] Next transmission
data

[0] Data direction

TXR 0x08 WO | 32 0x00000000

IPUG533-1.7 21(66)




8 N H AR LR A 2K

8.3 UNEh Ay il 1 5 vk

A AR

Mok (i k2

=
o

HIsRfE

Eiiipay

RXR

0x0C

0x00000000

[31:8] Reserved

[7:0] Last received data

CR 0x010

WO

32 0x00000000

[31:8] Reserved

[7] STA, Start
transmission status
[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

SR 0x14

RO

32 0x00000000

[31:8] Reserved

[7] Receive acknowledge
signal from slave

[6] 12C busy status
[5] Arbitration loss
[4:2] Reserved

[1] Data transmission
status flag

[0] Interrupt flag

8.3 WENIEFERSE

I2C Master XN F2 78 H 771, Wk 8-2 fiis.

IPUG533-1.7

% 8-2 I12C Master EENIEFER5E

EAy i

ik

12C_Init

I12C Initialization

I2C_SendByte

Send a byte to 12C bus

I2C_SendBytes

Send multiple bytes to 12C bus

I2C_SendData

Send multiple bytes to 12C bus once time

I2C_ReceiveByte

Read a byte from 12C bus

I2C_ReadBytes

Read multiple bytes from 12C bus

I2C_ReceiveData

Read multiple bytes from 12C bus once time

I2C_Rate_Set Set 12C traffic rate
I2C_Enable Enable 12C bus
12C_UnEnable Disable 12C bus

12C_InterruptOpen

Open 12C interrupt

I2C_InterruptClose

Close 12C interrupt

22(66)
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A \
8.4 &EWit
Gowin_EMPU_M1 3 # ARM Keil MDK(V5.26 & DL _F k4D Fil GOWIN
MCU Designer (V1.1 &L ERRA) BAFMEER) 12C Master 2% it it
BRI N 2 0t
® Gowin_EMPU_M1\ref_design\MCU_RefDesign\Keil_RefDesign\i2c

® Gowin_EMPU_M1\ref design\MCU_RefDesign\GMD_RefDesign\cm1
_i2c
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9 HATAMK RO

9.1 K

9.1 $HiE

9.2 FEMREX

IPUG533-1.7

B ITIMEIEDO

Gowin_EMPU_M1, & —/NEit APB &2k 17 1) 8 4T 4 sE 4% 11 SPI
Master #5k .

APB S 2k B 1

AR (A0 B AT B A%

S Hr Master TAERER

SCRE AT OB 1A B AR A7

SPI F=AE B H AT I R AT i B

Bl B A7 A AU Ak A A7 a8 e

SPI Master &7 {725 € X, 15K 9-1 flius.
%% 9-1 SPI Master SHEREN

WAEA AR | bk | SRE | R | AliafE | iR

Read data register

0x000 .
RDATA 0x00 RO 32 00000 [31:8] Reserved
[7:0] Read data
Write data register
0x000

WDATA 0x04 WO | 32 00000 [31:8] Rgserved
[7:0] Write data

[31:8] Reserved

[7] Overflow error status
[6] Receive ready status
0x000 | [5] Transmit ready status

STATUS 0x08 RW | 32 -
x 00000 | [4] Be transmitting
[3] Transmit overrun error status
[2] Receive overrun error status
[1:0] Reserved
SSMASK 0x0C RwW | 32 0x000 | [31:1] Reserved
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9 HATAMK RO

9.3 Wtk E X

A AR

Mok (i k2

=
o

HIsRfE

Eiiipay

00000

[0] Select and enable slave

CTRL

0x10

RwW

0x000
00000

[31:5] Reserved

[4:3] Clock selected, CLK_1/
2/4/6/8

[2] Clock polarity
[1] Clock phase
[0] Direction, 1 is MSB first

9.3 #MIrHE X

SPI Master #4545 X, 5k 9-2 Fios.

IPUG533-1.7

2R 9-2 SPI Master #JI5HE X

B eyt Bl i1
MSB/LSB first

DIRECTION int8 1/0 transmission

uint8_t 0: MSB first;

1: LSB first.
Posedge/Negedge
transmit data

PHASE uints._t 1/0 0: Sample at posedge

— edge;

1: Sample at negedge
edge.
Initialize polarity to

POLARITY int8 1/0 onefzero

uint8_t 0: Idle sclk low;
1: Idle sclk high.
CLKSEL_CLK DIV_2
. CLKSEL_CLK DIV_4 Select clock divided
CLKSEL uintg_t CLKSEL CLK DIV 6 | 2/4/6/8
CLKSEL_CLK_DIV_8

25(66)




9 HATAMK RO

9.4 UXEN A A 5 vk

9.4 WENIZFFIER 77X

SPI Master JXZh 2 FFAEH 7%, W15k 9-3 Fiw.
& 9-3 SPI Master REIFEFFER 5%
SPI_Init Initializes SPI

SPI_SetDirection

Sets direction

SPI1_ClrDirection

Clears direction

SPI_GetDirection

Returns direction

SPI_SetPhase

Sets phase

SPI_ClrPhase

Clears phase

SPI_GetPhase

Returns phase

SPI_SetPolarity

Sets polarity

SPI_ClIrPolarity

Clears polarity

SPI_GetPolarity

Returns polarity

SPI_SetCIkSel

Sets clock selection

SPI_GetClkSel

Returns clock selection

SPI_GetToeStatus

Reads transmit overrun error status

SPI_GetRoeStatus

Reads receive overrun error status

SPI_GetTmtStatus

Reads transmitting status

SPI_GetTrdyStatu

Reads transmit ready status

SPI_GetRrdyStatus

Reads receive ready error status

SPI_GetErrStatus

Reads error status

SPI_CIrToeStatus

Clears transmit overrun error status

SPI_CIrRoeStatus

Clear receive overrun error status

SPI_CIrErrStatus

Clears error status

SPI_ReadWriteByte

Full duplex read and write a byte

SPI_WriteData

Writes data

SPI_ReadData

Reads data

SPI_Select_Slave

Select slave

9.5 &Eigit

IPUG533-1.7

Gowin_EMPU_M1 3§ ARM Keil MDK (V5.26 & LA E R 4<) Fil GOWIN
MCU Designer (V1.1 & VL ERAS) 8455 SPI Master %111, @it

BRI T 2 B

® Gowin_EMPU_M1\ref design\MCU_RefDesign\Keil_RefDesign\spi
® Gowin_EMPU_M1\ref _design\MCU_RefDesign\GMD_RefDesign\cm1

_spi
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10 SEIst 4

10.1 FHE

10.1 $54iE

IPUG533-1.7

]. O@":HTJHTJ%F

Gowin_EMPU_M1, fi4 1 4Mi@id APB S 2835 0] 1) 32 iz L4 RTC
B

APB S 2k B 1
32-bit TH AR

32-bit Match 777 %%
32-bit L&

MCU i@t APB B4 15 RTC St 5 8E . #=HIFVRSER . i
# N4 CLKIHZ (i 1 RTCSRCCLK #: A\ 3.072MHz i &b N, RTC W
HAHN 1HZ) _EFFREE, 32-bit i EEs b,

MWt B A 58S, ATEE. ERGEELN, HiEEsM 17
STFEL, IR 5 KAH OXFEFFEFEFE, 4RJ5 [R145%)] 0 FFaa4k 46,

HidE Load 2174 RTC_LOAD VALUE, ¥l RTC el 5.
Hid % Data 2774 RTC_CURRENT_DATA, #:Hl RTC 4Rt 4.
iS5 RTC_MATCH_VALUE %4728, 4mfE Match %777 %% .
RTC 4, 4k 10-1 Fiir.

10-1 RTC Block

PCLK CLK1HZ
Writs
»
Register Control
Read block block
PCLK >
Y A
AMBA Confrol
AMBA APB stoti
APB interface
Read Update 3
data data Match value
g Update | counter N
block block » RTCINTR
L Sync
h block Colunt
value
nPOR——» L— nRTCRST
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RTC #fi#s € X, Wk 10-1 fios.

2 10-1 RTC HHER/BEN

WAF IR

Huhik s

E3it)
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fihiid

RTC_CURREN
T _DATA

0x000

RO

0x00000000

Data Register
[31:0] Current value

RTC_MATCH_
VALUE

0x004

RW

0x00000000

Match Register

If current value equals
match register’s value,
generate interrupt.
[31:0] Match data

RTC_LOAD_V
ALUE

0x008

RW

32

0x00000000

Load Register
Initialized value, start
counter based on this
value

[31:0] Load data

RTC_CTROLL
ER_REG

0x00C

RW

32

0x00000000

Control Register
Start RTC counter
[31:1] Reserved

[0] Start RTC counter

RTC_IMSC

0x010

RW

32

0x00000000

Interrupt mask set and
clear register

Enable or disable
interrupt

[31:1] Reserved
[0] Enable interrupt

RTC_RIS

0x014

RO

32

0x00000000

Raw interrupt status
register

Get current raw
unmasked interrupt
status

[31:1] Reserved

[0] Current raw
unmasked interrupt
status

RTC_MIS

0x018

RO

32

0x00000000

Masked interrupt
status register

Get current masked
interrupt status
[31:1] Reserved

[0] Current masked
interrupt status

RTC_INTR_CL
EAR

0x01C

WO

32

0x00000000

Interrupt clear register
Clear current interrupt
[31:1] Reserved

[0] Clear current
interrupt
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10.3 BEEhIEFFER 5%

RTC IR#hFE PR 71, Wk 10-2 fis.

% 10-2 RTC ExhiEFER 5 E

R i34

RTC_init Initialize RTC

Get_Current_Value Get RTC current value of data register
Set_Match_Value Set RTC match value of match register
Get_Match_Value Get RTC match value of match register
Set_Load_Value Set RTC load value of load register
Get_Load Value Get RTC load value of load register
Start RTC Start RTC counter

Close_RTC Cloase RTC counter
RTC_Inter_Mask_Set Set RTC interrupt mask
Get_RTC_Control_value Get value of control register
RTC_Inter_Mask_Clr Clear RTC interrupt mask
Get_RTC_Inter_Mask_value Get RTC interrupt mask

Clear_RTC _interrupt Clear RTC interrupt

104 BE&IT

Gowin_EMPU_M1 37§ ARM Keil MDK (V5.26 & LA E R 4<) Fi GOWIN
MCU Designer (V1.1 J VA ERAD BAFIRELR RTC 2% it @i Rk
B~ ZH Wit
® Gowin_EMPU_M1\ref design\MCU_RefDesign\Keil _RefDesign\rtc

® Gowin_EMPU_M1\ref _design\MCU_RefDesign\GMD_RefDesign\cm1
_rtc
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11 FBENECR A 4% 11.1 B#AE

1 1 101k &

Gowin_EMPU_M1, % 1 M@ APB 2815 1 i) 32 A ERENLEUR A4
2 TRNG fid.

By 2= EARER — D HOE BN LA R

B — A T A R T PN U

® 1t MCU H#% 200MHz 1217, =4 —> 10K bits/s [1))#;
® APB Rz,

11.2 FHFERENX

TRNG ZAF28E X, W% 11-1 iR,

B

11.1 $F4iE

& 11-1 TRNG FHERENX
A AL AR Hh 1k fw KA | WPE | WIGRME | fd
RESERVE1 0x000-0x0F | - - - Reserved
C
RNG_IMR 0x100 RW | 32 0x000 | Interrupt mask register

0000F | [31:4] Reserved

[3] Mask the Von Neumann
error

[2] Mask the CRNGT error
[1] Mask the
Autocorrelation error

[0] Mask when the TRNG
has collected 192 bits

RNG_ISR 0x104 RO 32 0x000 | Interrupt status register
00000 | [31:4] Reserved
[3] A Von Neumann error

[2] A Continuos Random
Number Generation
Testing (CRNGT) error

[1] The Autocorrelation test
failed four timers in a row.

[0] Set to 1, when 192 bits
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have been collected, and
EHR_DATAJ0-5] registers
are ready to be read.

RNG_ICR

0x108

WO

0x000
00000

Interrupt clear register
[31:4] Reserved

[3] Clear a Von Nenumann
error

[2] Clear a CRNGT error
[1] Software cannot clear
this bit, only a TRNG reset
can clear this bit.

[0] Set to 1 after
EHR_DATAJ[0-5] have been
read

TRNG_CONF
IG

0x10C

RW

32

0x000
00000

Configuration register
[31:2] Reserved

[1:0] Selects the number of
inverters:

00 = Selects the shortest
inverter chain length

01 = Selects the short
inverter chain length

10 = Selects the long
inverter chain length

11 = Selects the longest
inverter chain length

TRNG_VALID

0x110

RO

32

0x000
00000

Valid register

[31:1] Reserved

[0] TRNG is complete, data
can be read from
EHR_DATA|0-5]

EHR_DATAO

EHR_DATA1

EHR_DATAZ2

EHR_DATAS

EHR_DATA4

EHR_DATAS

0x114—x12
8

RO

32

0x000
00000

Entropy holding register
data register

Return 32 bits from the
192-bit EHR

DATAQO returns bits[31:0]
DATAL returns bits[63:32]
DATAZ returns bits[95:64]
DATAZ returns bits[127:96]
DATAA4 returns
bits[159:128]

DATAS returns
bits[191:160]

RND_SOURC
E_ENABLE

0x12C

RW

32

0x000
00000

Random source enable
register

[31:1] Reserved

[0] 1 = enable entropy
source; 0 = disable entropy
source

SAMPLE_CN

0x130

RW

32

0x000

Sample count register
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T1 OFFFF | [31:0] Sets the number of
rng_clk cycles
AUTOCORR_ | 0x134 RW | 32 0x000 | Autocorrelation register
STATISTIC 00000 [31:22] Reserved
[21:14] Count each time an
autocorrelation test fails
[13:0] Count each time an
autocorrelation test starts
TRNG_DEBU | 0x138 RO 32 0x000 | Debug control register
G_CONTROL 00000 [31:4] Reserved
[3] The autocorrelation test
is bypassed
[2] The CRNGT testis
bypassed
[1] The Von Neumann
balancer is bypassed
[0] Reserved
RESERVE?2 0x13C - - - Reserved
TRNG_SW_R | 0x140 WO | 32 0x000 | Reset register
ESET 00000 | [31:1] Reserved
[0] Writing 1 to this register
causes an internal TRNG
reset
RESERVE3 0x144-0x1B | - - - Reserved
4
TRNG_BUSY | 0x1B8 RO 32 0x000 | Busy register
00000 | [31:1] Reserved
[0] Relects the status of
rng_busy signal
RST_BIT_CO | 0x1BC WO | 32 0x000 | Reset bits counter register
UNT 00000 | [31:1] Reserved
[0] Write any value to this
bit resets the bits counter
and TRNG valid registers
RESERVE4 0x1C0-0x1D | - - - Reserved
C
RNG_BIST_C | Ox1EO-Ox1E | RO 32 0x000 | BIST counter registers
NTRO 8 00000 | Return the collected BIST
RNG_BIST_C results
NTR1 [31:22] Reserved
RNG BIST C [21:0] Returns the results of
NTR2 - the TRNG BIST counter
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11 HEEHLECR A4

11.3 GXEh AR A 5 vk

11.3 EEEFER TS E

TRNG IRshFE P H 775, R 11-2 fiox.

% 11-2 TRNG BahiEFER %

Init_TRNG Initialized TRNG

Set_Interrupt_Mask

Set interrupt mask

Get_Int_State

Get interrupt status

Clear_Int

Clear interrupt

Set_Config

Set config register

Get EHR_Data

Get Entropy holding data

Set_Random_Source_Enable

Set random source enable register

CIr_Random_Source_Enable

Clear random source enable register

Set_Sample_Count

Set sample count register

Trng_SW_Reset

Reset TRNG

Get_TRNG_State

Get TRNG state

Reset_Bit_Count

Reset bit count register

Get_BIT_Counter

Get bits count register

Set_Debug_Control

Set debug control register

Fail_Start_State_times

Get autocorrelation register

Clr_Fail_Start_State_register

Clear autocorrelation register

11.4 &%&&it

IPUG533-1.7

Gowin_EMPU_M1 ¥ ¥ ARM Keil MDK (V5.26 & DL A F GOWIN
MCU Designer (V1.1 &ELERRA) MBI TRNG Z% it il g

REL T 25 BT

® Gowin_EMPU_M1\ref_design\MCU_RefDesign\Keil_RefDesign\trng
® Gowin_EMPU_M1\ref design\MCU_RefDesign\GMD_RefDesign\cm1

_trng
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12 W SE B 2% 12.1 FHE

1255w

Gowin_EMPU_M1, & 14~ APB a2kl 1) 32 Al 16 17 XU E
SE N %8 DualTimer #ie.

® APB &ZiPil]
® LS YRFER 32-bit BY 16-bit 13|42
® (R ZHAIER 0 I REms = A ik

12.2 FHEMRENX

DualTimer ZF 17257 X, Wk 12-1 s

12.1 $54iE

Z= 12-1 DualTimer FEREN
A AL AR ke | KR | BEE | WIGRME | fEIR
TIMER1LOAD | 0x00 RwW | 32 0x0000 | Timerl load register

0000 [31:0] Timerl load value

TIMER1VALU | 0x04 RO 32 OxXFFFF | Timerl current value register
E FFFF [31:0] Timerl current value
TIMER1CON | Ox08 RW 32 0x0000 | Timerl control register
TROL 0020 [31:8] Reserved

[7] Timer enable

[6] Timer mode

[5] Interrupt enable

[4] Reserved

[3:2] Timer prescale

00 = clock is divided by 1
01 = clock is divided by 16
10 = clock is divided by 256
11 Undefined

[1] Timer size

0 = 16-bit counter, default
1 = 32-bit counter

[0] One-shot count

0 = wrapping mode, default
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1 = on-shot mode

TIMERI1INTC
LR

0x0C

Timerl interrupt clear
register

Any write clears the interrupt
output of the counter

TIMER1RIS

0x10

RO

32

0x0000
0000

Timerl raw interrupt status
register

[31:1] Reserved

[0] Raw interrupt status from
the counter

TIMER1IMIS

0Ox14

RO

32

0x0000
0000

Timerl interrupt status
register

[31:1] Reserved

[0] Enable interrupt status
from the counter

TIMER1BGL
OAD

0x18

RW

32

0x0000
0000

Timerl background load
register

[31:0] The value used to
reload the counter

RESERVEL1

Reserved

TIMER2LOAD

0x00

RW

32

0x0000
0000

Timer2 load register
[31:0] Timer2 load value

TIMER2VALU
E

0x04

RO

32

OXFFFF
FFFF

Timer2 current value register
[31:0] Timer2 current value

TIMER2CON
TROL

0x08

RW

32

0x0000
0020

Timer2 control register
[31:8] Reserved

[7] Timer enable

[6] Timer mode

[5] Interrupt enable

[4] Reserved

[3:2] Timer prescale

00 = clock is divided by 1
01 = clock is divided by 16
10 = clock is divided by 256
11 Undefined

[1] Timer size

0 = 16-bit counter, default
1 = 32-bit counter

[0] One-shot count

0 = wrapping mode, default
1 = on-shot mode

TIMERZINTC
LR

0x0C

WO

Timer2 interrupt clear
register

Any write clears the interrupt
output of the counter

TIMERZ2RIS

0x10

RO

32

0x0000
0000

Timer2 raw interrupt status
register

35(66)




12 WHE I 4% 12.3 WahfE P ik

A AR Huhkfmts | R

=
&

YiiafE | #iik

[31:1] Reserved

[0] Raw interrupt status from
the counter

TIMER2MIS 0x14 RO 32 0x0000 | Timer2 interrupt status
0000 register
[31:1] Reserved

[0] Enable interrupt status
from the counter

TIMER2BGL | 0x18 RwW | 32 0x0000 | Timer2 background load
OAD 0000 register

[31:0] The value used to
reload the counter

12.3 B ER TS

DualTimer IRsFE74d H 771k, Wk 12-2 Fis.
%% 12-2 DualTimer IRENFEFER 5=

e P

DUALTIMERZL_Init Initialized DualTimerl

DUALTIMER2_Init Intiialized DualTimer2

Clear_DULATIMER_interrupt Clear DualTimer interrupt

Dtimer_MODE_function Set timer mode of DualTimerl or
DualTimer2

Dtimer_PRE_function Set timer prescale of DualTimerl or
DualTimer2

INIT_NUM_load_function Set load value of DualTimerl or
DualTimer2

ENABLE_interrupt_Dtimer_function Enable interrupt of DualTimer1 or
DualTimer2

TIMER_SIZE_function Set timer size of DualTimerl or
DualTimer2

ENABLE_Dtimer_function Enable DualTimerl or DualTime2

Get_ DULATIMER_interrupt_num Get timer ID of DualTimerl or DualTimer2

12.4 &&&it

Gowin_EMPU_M1 3§ ARM Keil MDK (V5.26 & LA E R 4<) Fil GOWIN
MCU Designer (V1.1 LA ERCAS) AR DualTimer 2% it, g
BERR I T 2% it
® Gowin_EMPU_M1\ref design\MCU_RefDesign\Keil _RefDesign\dualti

mer

® Gowin_EMPU_M1\ref design\MCU_RefDesign\GMD_RefDesign\cm1
_dualtimer
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13 TR 13.1 §54iF

3&“%&?—?’?1%45

13.1 $51iE

Gowin_EMPU_M1, & 1 M#id APB B2k in 2 &8 AhE R
SD-Card 4t

SCHF SDIMMC g A7 =
SCREAF R IR a6 10

] B f SPI S 2R 1) 7 2K

X ¥F block 15241 block &5

W B 512 75 RN R IR A7 X

APB S 2k B 1

APB 2 1A SPI A% 12 48 8l ST IR 4

KO AL S HEE SDIMMC 74K R i Kk %

13.2 FHFEMREN

SD-Card #if7#s € X, WK 13-1 Fizs.

% 13-1 SD-Card FERENX
FAT-tos 44 TR ikt | SRR | W | WIAAME | ik
SPI_MASTER_V | 0x000 RW |8 0x00 SPI master version register
ERSION [7:4] Major revision number
[3:0] Minor revision number
SPI_MASTER_C | 0x001 WO |8 0x00 SPI master control register
ONTROL [7:1] Reserved
[0] Reset core logic and
register

1 = Reset core logic and
register, self clearing

TRANS_TYPE 0x002 RW |8 0x00 | Transaction type register
[7:2] Reserved

[1:0] Set the transaction
type
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00 = Direct access
01 = Initialized SD
10 = Read SD block
11 = Write SD block

TRANS_CTRL 0x003 WO |8 0x00 | Transaction control register
[7:1] Reserved
[0] Start transaction

1 = Start transaction, self
clearing

TRANS_STS 0x004 RO 8 - Transaction status register
[7:1] Reserved

[0] Transaction busy

1 = Transaction busy

TRANS_ERROR | 0x005 RO 8 - Transaction error register
[7:6] Reserved

[5:4] SD write error

00 = Write no error

01 = Write command error
10 = Write data error

11 = Write busy error

[3:2] SD read error

00 = Read no error

01 = Read command error
10 = Read token error
[1:0] SD initialize error

00 = Initialize no error

01 = Initialize command 0
error

10 = Initialize command 1
error

DIRECT_ACCES | 0x006 RW |8 0x00/ | Data direct access register
S _DATA - [7:0] Transmit data
Set TX_DATA prior to
starting a
DIRECT_ACCESS
transaction

[7:0] Receive data
Read RX_DATA after
completing a
DIRECT_ACCESS
transaction

SD_ADDR_7 0 | 0x007 RW |8 0x00 SD address[7:0] bits
register
[7:0] SD_ADDR][7:0]

SD_ADDR_15 8 | 0x008 RW |8 0x00 SD address[15:8] bits
register
[7:0] SD_ADDRJ[15:8]

SD_ADDR_23 1 | 0x009 RW |8 0x00 SD address[23:16] bits
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6

register
[7:0] SD_ADDR[23:16]

SD_ADDR 31 2
4

Ox00A

RW

(o]

0x00

SD address[31:24] bits
register
[7:0] SD_ADDR[31:24]

SPI_CLK_DEL

0x00B

RW

0x00

SPI clock control register

[7:0] Control the frequency
of the SPI_CLK after SD
initialization is completed

RESERVEDO

0x00C-0x
OOF

Reserved

RX_FIFO_DATA

0x010

RW

SPI block reading data
register

[7:0] SD/MMC block read
data, fifo size matches the
SD/MMC block size of 512
bytes

RESERVED1

0x011

Reserved

RX_FIFO_DATA
_COUNT_MSB

0x012

RO

MSB byte of reading data
count register

[7:0] MSByte of
FIFO_DATA COUNT,
indicates the number of
data entries within the fifo

RX_FIFO_DATA
_COUNT_LSB

0x013

RO

LSB byte of reading data
count register

[7:0] LSByte of
FIFO_DATA_COUNT,
indicates the number of
data entries within the fifo

RX_FIFO_CONT
ROL

0x014

WO

0x00

SD block reading data
control register

[7:1] Reserved

[0] Force fifo empty

1 = Force fifo empty, delete
all the data samples within
the fifo, self clearing

RESERVED2

0x015-0x
019

Reserved

TX_FIFO_DATA

0x020

WO

SD block writing data
register

[7:0] SD/MMC block write
data, fifo size matches the
SD/MMC block size of 512
bytes

RESERVED3

0x021-0x
023

Reserved

TX_FIFO_CONT
ROL

0x024

WO

0x00

SD block writing data
control register
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[7:1] Reserved
[0] Force fifo empty

1 = Force fifo empty, delete
all the data samples within
the fifo, self clearing

13.3 EEhEFER TS

SD-Card X278 H A7k, Wk 13-2 fis.
#% 13-2 SD-Card IREIFEF(ERA A%

SD_Init SD hardware initialization
SD_BlockWrite SD block write data, block size is 512 bytes.
SD_BlockRead SD block read data, block size is 512 bytes.
AJ A
13.4 &E&it

Gowin_EMPU_M1 3§ ARM Keil MDK (V5.26 & LA E R 4<) Fil GOWIN
MCU Designer (V1.1 &Pl ERRAS) #BAFIRELR) SD-Card 275 ¥ it, ilid 5
PRI S 2% 3t
® Gowin_EMPU_M1\ref design\MCU_RefDesign\Keil _RefDesign\fatfs

® Gowin_EMPU_M1\ref _design\MCU_RefDesign\GMD_RefDesign\cm1
_fatfs
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14 ?%%”%%EiEiMég 14.1 5%@5

Ja Il 2% SR tE P 4%

41

14.1 $5{iE

Gowin_EMPU_M1, & 1 AM#id AHB 285 1] (142 il 7% o 380 X 4%
CAN #Fitl.

AHB S £ 321

74 CAN2.0A F1 CAN2.0B i % 1SO 11898-1 Frife
CAN FD il

AT RGP R CAN AL 2R

RIGMICEEAFTT SR, EIREZEAIX RN, MBS E 1N R 7
Ak BB AR YT

g T E Y 1-16 A4
QE eSS It

14.2 FHEREN

CAN & fissE X, 1R 14-1 Fion.
% 14-1 CAN FEZBEN

WAF AR AATR Muhtfwiz | KA | K | MdAfE ik

SRST 0x0000 RwW | 32 0x00000000 | Software reset register
[31:1] Reserved

[0] control reset

1 = start hard reset

0 = cancel reset

CMD 0x0004 RW | 32 0x00000000 | Command register
[31:1] Reserved

[0] Enable

1 = working mode

0 = command mode

BRP 0x0008 RwW | 32 0x00000000 | Baud rate prescalar
register
[31:8] Reserved
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[7:0] baud rate prescalar

BTN

0x000C

0x00000000

Bit timing (nominal)
register

[28:24] sjw_nom

[13:8] phseg2_nom,
PHASE_SEG2 window’s
width

[5:0] phsegl_nom,
PROP_SEG+PHASE_S
EG1 window’s width

BTD

0x0010

RwW

32

0x00000000

Bit timing (data) register
[26:24] sjw_d

[11:8] phseg2_d,
PHASE_SEG2 window’s
depth

[3:0] phsegl_d,
PROP_SEG+PHASE_S
EG1 window’s depth

RSVDO

0x001C

Reserved

0x0020

RO

32

0x00000000

Interrupt status register
[31] Bus off status

[27] TX message
successfully

[26] TX message retry
[25] TX message failed
[23] TX high-priority
message successfully
[22] TX high-priority
message retry

[21] TX high-priority
message failed

[8] Error status

[5] TX high-priority fifo
overflow

[4] TX fifo overflow

[1] RX fifo overflow

[0] RX fifo valid

0x0024

RwW

32

0x00000000

Interrupt enable register
[31] Enable us off

[27] Enable TX message
successfully

[26] Enable TX message
retry

[25] Enable TX message
failed

[23] Enable TX
high-priority message
successfully

[22] Enabe TX
high-priority message
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retry

[21] Enable TX
high-priority message
failed

[8] Enable Error status
[5] Enabe TX
high-priority fifo overflow
[4] Enable TX fifo
overflow

[1] Enable RX fifo
overflow

[0] Enable RX fifo valid

0x0028

WO

32

0x00000000

Interrupt clear register
[31] Clear bus off status
[27] Clear TX message
successfully status

[26] Clear TX message
retry status

[25] Clear TX message
failed status

[23] Clear TX
high-priority message
successfully status

[22] Clear TX
high-priority message
retry status

[21] Clear TX
high-priority message
failed status

[8] Clear Error status
status

[5] Clear TX high-priority
fifo overflow status

[4] Clear TX fifo overflow
status

[1] Clear RX fifo
overflow status

[0] Clear RX fifo valid
status

RSVD1

0x002C

Reserved

CFG

0x0030

RwW

32

0x00000000

Configuration register
[4] Configure
disprotexceponres
1="res’is
FORM-ERROR

0 = ‘res’ is exception
[0] Configure isofd
1=1SO FD mode

0 = non ISO FD mode

RSVD2

0x0034-0

Reserved
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X003C

RXBCFG

0x0040

0x00000000

RX buffer/fifo
configuration register

[31:16] RX buffer's
ending offset

[15:0] RX buffer’s start
offset

TXBCFG

0x0044

RwW

32

0x00000000

TX buffer/fifo
configuration register

[31:16] TX buffer’s
ending offset

[15:0] TX buffer’s start
offset

TXHBCFG

0x0048

RwW

32

0x00000000

TX high-priority/fifo
configuration register
[31:16] TX high-priority
buffer's ending offset
[15:0] TX high-priority
buffer’s start offset

RSVD3

0x004C

Reserved

TXBRETRY

0x0050

RwW

32

0x00000000

TX buffer retry counter

TXHBRETRY

0x0054

RwW

32

0x00000000

TX high-priority buffer
retry counter

TXMSGSTS

0x0058

RO

32

0x00000000

Transmit message
status register

[31:30] TX message
status

00 = successfully
10 = retry

11 = failed

[28:0] Message ID

TXHMSGSTS

0x005C

RO

32

0x00000000

Transmit high-priority
message status register
[31:30] TX high-priority
message status

00 = successfully

10 =retry

11 = failed

[28:0] Message ID

ERRSTS

0x0060

RwW

32

0x00000000

Error status register
[4] CRC error

[3] ACK error

[2] FORM error

[1] BIT error

[0] STUFF error

ERRCNTR

0x0064

RO

32

0x00000000

Error counter register
[24:16] TX error counter
[8:0] RX error counter
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RSVD4 0x0068-0 | - - - Reserved
x00fc
AF 0x0100-0 | RW | 32 0x00000000 | Receive acceptance
x100+(4* filter register
N) [31] Enable
1 = valid
0 =invalid
[30] IDE
1 = extended frame
0 = normal frame
[29] Extended data
length
1 = match FD frame
0 = match normal frame
[28:18] Basic ID
[17:0] ID Extension
AFM 0x0140-0 | RW | 32 0x00000000 | Receive acceptance
x140+(4* filter mask register
N) [28:18] Basic ID mask
[17:0] ID Extension
mask
RSVDS5 0x0180-0 | - - - Reserved
Xx01FC
RXB 0x0200 RO 32 0x00000000 | Receive buffer/fifo
window register
TXB 0x0204 wo |32 0x00000000 | Transmit buffer/fifo
window register
TXHB 0x0208 WO | 32 0x00000000 | Transmit high-priority
buffer/fifo window
register
TXBSTS 0x020C RO 32 0x00000000 | Transmit buffer/fifo
status
[31] txbwerr
[15:0] txbspace
TXHBSTS 0x0210 RO 32 0x00000000 | Transmit high-priority
buffer/fifo status
[31] txhbwerr
[15:0] txhbspace
RXBSTS 0x0214 RO 32 0x00000000 | Receive buffer/fifo

status
[15:0] rxbdepth
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14.3 IRFHFE A T7i

14.3 EEIEFER TS E

CAN IR P vk, sk 14-2 Fios.

#& 14-2 CAN BhigFER 7%
can_srst Start hard reset

can_set _cmd

Enable working mode

can_set_brp

Set baud rate prescalar

can_set_btn_phsegl_nom

Set PROP_SEG+PHASE_SEG1 window’s width

can_set_btn_phseg2_nom

Set PHASE_SEG2 window’s width

can_set_btn_sjw_nom

Set sjw_nom

can_set_btn

Set BTN register

can_read_btn_phsegl_nom

Get PROP_SEG+PHASE_SEG1 window’s width

can_read_btn_phseg2_nom

Get PHASE_SEG2 window’s width

can_read_btn_sjw_nom

Get sjw_nom

can_set_btd phsegl d

Set PROP_SEG+PHASE_SEG1 window’s depth

can_set_btd phseg2 d

Set PHASE_SEG2 window’s depth

can_set _btd sjw d

Set sjw_d

can_set_btd

Set BTD register

can_read_btd_phsegl d

Get PROP_SEG+PHASE_SEG1 window’s depth

can_read_btd_phseg2_d

Get PHASE_SEG2 window’s depth

can_read_btd_sjw_d

Get sjw_d

can_read_is_bit

Get IS register bits function

can_set_ie_hit

Set IE register bits function

can_clear_ie_bhit

Clear IE register bits function

can_read_ie hit

Get IE register bits function

can_set_ic_bit

Set IC register bits function

can_set_cfg_bit_as _one

Set CFG register bits function

can_set _cfg_bit as_zero

Clear CFG register bits function

can_read_cfg_bhit

Get CFG register bits function

can_set_rxbcfg_rxb_start

Set RX buffer start offset in RXBCFG

can_read_rxbcfg_rxb_start

Get RX buffer start offset in RXBCFG

can_set_rxbcfg_rxb_end

Set RX buffer ending offset in RXBCFG

can_read_rxbcfg_rxb_end

Get RX buffer ending offset in RXBCFG

set_rxbcfg

Set RX buffer start and ending offset

can_set_txbcfg_txb_start

Set TX buffer start offset in TXBCFG

can_read_txbcfg_txb_start

Get TX buffer start offset in TXBCFG

can_set_txbcfg_txb_end

Set TX buffer ending offset in TXBCFG

can_read_txbcfg_txb_end

Get TX buffer ending offset in TXBCFG

IPUG533-1.7
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EN it
set_txbcfg Set TX buffer start and ending offset

can_set_txhbcfg_txhb_start

Set TX high-priority buffer start offset in
TXHBCFG

can_read_txhbcfg_txhb_start

Get TX high-priority buffer start offset in
TXHBCFG

can_set_txhbcfg_txhb_end

Set TX high-priority buffer ending offset in
TXHBCFG

can_read_txhbcfg_txhb_end

Get TX high-priority buffer ending offset in
TXHBCFG

set_txhbcfg

Set TX high-priority buffer start and ending offset

can_set_txbretry

Set TX buffer retry

can_read_txbretry

Get TX buffer retry

can_set_txhbretry

Set TX high-priority buffer retry counter

can_read_txhbretry

Get TX high-priority buffer retry counter

can_read_txmsgsts

Get TX message status

can_read_txmsgid

Get TX message ID

can_read_txhmsgsts

Get TX high-priority message status

can_read_txhmsgid

Get TX high-priority message ID

can_read_errsts

Get error status

can_read_errcntr_rec

Get RX error counter

can_read_errcntr_tec

Get TX error counter

can_set_af bit as one

Set AF bits function

can_set_af bit as zero

Clear AF bits function

can_read_af bit

Get AF bits function

can_set_af ie

Set AF ID Extension

can_read_af ie

Get AF ID Extension

can_set_af bid

Set AF basic ID

can_read_af bid

Get AF basic ID

can_set_afm_iem

Set AFM ID Extension mask

can_read_afm_iem

Get AFM ID Extension mask

can_set_afm_bidm

Set AFM basic ID mask

can_read_afm_bid

Get AFM basic ID mask

can_read_rxb

Get RXB register

can_set_txb

Set TXB register

can_set_txhb

Set TXHB register

can_read_txbsts_tdbspace

Get txbspace

can_read_txbsts_txbwerr

Get txbwerr

can_read_txhbsts_tdbspace Get txhbspace
can_read_txhbsts_txbwerr Get txhbwerr
can_read_rxbsts Get rxbdepth
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14.4 BE%t+

Gowin_EMPU_M1 3 # ARM Keil MDK(V5.26 & DL _F k4D Fil GOWIN
MCU Designer (V1.1 &L FRRAD B4R ER CAN 2% &1, @ik
W~ 2% it
® Gowin_EMPU_M1\ref_design\MCU_RefDesign\Keil_RefDesign\can

® Gowin_EMPU_M1\ref design\MCU_RefDesign\GMD_RefDesign\cm1
_can
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15 DL 15.1

15:um

Gowin_EMPU_M1, % 1 Nliid AHB 2515 19 i LUK Ethernet £

15.1 $54iE

5=

AHB S £ 321

S IEEE802.3 Hh Xt Ethernet MAC JZ I RE A
S EF RGMIIGMIMIIL 421

37 FF 10/100/1000M # %

SCREAICT AT R TAR S, 2 0 TR R SCRe i A
SCREF P AT k2 7 B S AR S CRC

SCREE SR IN pad YiEE

SCRFLOR o3 K 4 it

SCHFEOR BT iR G 1

XFFIFG WL E DIRe

HF Jumbo iR

XX T ) Flow Control

¥ ¥f Management 11 mdc. mdio
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15 DKM

15.2 FfiasE X

15.2 HFEFRREN

IPUG533-1.7

Ethernet 27 a8 € X, W#E 15-1 AR

3R 15-1 Ethernet FFEEE X
TFAF A R b fwAs | BA | ERE | AUAARME | Fhd
ETH_TX_DATA 0x000-0x | WO | 32 0x000 | Transmit data registers
5FF 00000
ETH_RX_DATA 0x000-0x | RO 32 0x000 | Receive data registers
5FFF 00000
ETH_TX _LENGTH 0x600 RW 32 0x000 | Transmit data length
00000 | [31:11] Reserved
[10:0] TX data length
ETH_TX_EN 0x604 RW | 32 0x000 | Transmit enable
00000 | [31:1] Reserved
[0] Enable TX
ETH_TX_FAIL 0x608 RW | 32 0x000 | Transmit failed status
00000 | [31:3] Reserved
[2] TX late
[1] TX excessive
[0] TX failed
ETH_TX_IS 0x60C RO 32 0x000 | Transmit interrupt status
00000 | [31:1] Reserved
[0] TX interrupt status
ETH_TX_IC 0x610 WO | 32 0x000 | Transmit interrupt clear
00000 | [31:1] Reserved
[0] Clear TX interrupt
ETH_TX_IE 0x614 RwW | 32 0x000 | Transmit interrupt
00000 | enable
[31:1] Reserved
[0] Enable TX interrupt
RESERVED_1 0x618-0x | - - - Reserved
67F
ETH_RX_LEGHT 0x680 RO 32 0x000 | Receive data length
00000
ETH_RX_IS 0x684 RO 32 0x000 | Receive interrupt status
00000 | [31:1] Reserved
[0] RX interrupt status
ETH_RX_IE 0x688 RW | 32 0x000 | Receive interrupt enable
00000 | [31:1] Reserved
[0] Enable RX interrupt
ETH_RX_IC 0x68C WO | 32 0x000 | Receive interrupt clear
00000 | [31:1] Reserved
[0] Clear RX interrupt
RESERVED_2 0x690-0x | - - - Reserved
6FFF
MIIM_OP_MODE 0x700 RW | 32 0x000 | MIIM operation mode
00000

[31:1] Reserved
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EREE A Z Y i kW | KA | E | WIdRME | ik
[0] MIIM operation mode
MIIM_PHY_ADDR 0x704 RW |32 0x000 | MIIM PHY address
00000 | [31:5] Reserved
[4:0] MIIM PHY address
MIIM_REG_ADDR | 0x708 RW |32 0x000 | MIIM reg address
00000 | [31:5] Reserved
[4:0] MIIM reg address
MIIM_WR_DATA 0x70C RW 32 0x000 | MIIM write data
00000 | [31:16] Reserved
[15:0] MIIM write data
MIIM_RD_DATA 0x710 RO 32 0x000 | MIIM read data
00000 | [31:16] Reserved
[15:0] MIIM read data
MIIM_IS 0x714 RO 32 0x000 | MIIM interrupt status
00000 | [31:2] Reserved
[1] MIIM operation end
[0] MIIM read data valid
MIIM_IE 0x718 RW | 32 0x000 | MIIM interrupt enable
00000 | [31:2] Reserved
[1] MIIM operation end
[0] MIIM read data valid
MIIM_IC 0x71C WO | 32 0x000 | MIIM interrupt clear
00000 | [31:2] Reserved
[1] MIIM operation end
[0] MIIM read data valid
MIIM_OP_EN 0x720 RW |32 0x000 | MIIM operation enable
00000 | [31:1] Reserved
[0] Enable MIIM
operation
ETH_MODE 0x724 RW |32 0x000 | Ethernet operation
00000 | mode
[31:3] Reserved
[2:0] duplex mode and
speed
000 = full duplex 100M
001 = full duplex 1000M
010 = full duplex 10M
100 = half duplex 100M
110 = half duplex 10M
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15 DL 15.3 IR SHFE 78 772

15.3 BEEhFEFFER 5%

Ethernet IRBNFE P 77k, Wik 15-2 Fiox.
% 15-2 Ethernet ENIEFFER 5%

eth_init Initialize Ethernet
tx_int_event TX interrupt
rx_int_event RX interrupt
eth_tx Ethernet TX
eth_set_mode Set Ethernet duplex mode and speed
miim_wr_int_event MIIM interface transmits interrupt
miim_rd_int_event MIIM interface receives interrupt
miim_write MIIM interface transmits data
miim_receive MIIM interface receives data

15.4 &E &1t

Gowin_EMPU_M1 ¥ ¥ ARM Keil MDK(V5.26 & P\ _E i A) FT GOWIN
MCU Designer (V1.1 &L ERA) AP ELR Ethernet 2% it ilid 5

B N 2 w0t

® Gowin_EMPU_M1\ref _design\MCU_RefDesign\Keil_RefDesign\ethern
et

® Gowin_EMPU_M1\ref _design\MCU_RefDesign\GMD_RefDesign\cm1
_ethernet
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16 DDR3 Memory

16.1

16.1 431

1 6DDR3 Memory

Gowin_EMPU_M1, f& 1 /@it AHB #4535 i ) DDR3 Memory ##
He.

AHB & 28810

fe5 T PR DDR3 SDRAM 2844 A1 5 A JESD79-3F Fi v e 25 1 itk
B

® UREAEAf AR B IR TN 16 1
® 7 HF UDIMM P fEtH

® U x8 Hd v I N AE S

o MR REKE 4

® SRR EIELAI 1:2 B

16.2 HFFREN

IPUG533-1.7

DDR3 #ifF 28 € X, W#E 16-1 Frs.

% 16-1 DDR3 HHEHBENX
TFATAR TR Mottt KM R | WIgRME | ik
RESERVED 0x0000 - - - Reserved
WR_ADDR 0x0004 RW | 32 0x0 Write address register
WR_DATA 0x0008-0x0014 | WO | 128 | Ox0 Write data register
RD_ADDR 0x0018 RW |32 0x0 Read address register
RD_EN 0x001c RW |32 0x0 Read enable register
[31:1] Reserved
[0] Read enable
1 =Enable
0 = Disable
RD_DATA 0x0020-0x002¢ | RO 128 | Ox0 Read data register
INIT 0x0030 RW |32 0x0 Initialized completely
flag register
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16.3 IR BHFE T8 H J7i2

EREE A Z Y i Hu ik A% KA | TR | HIgEME | ik
[31:1] Reserved
[0] Initialzed
completely flag
WR_EN 0x0034 RW | 32 0x0 Write enable and

ending flag register
[31:1] Reserved

[0] Write enable and
ending flag

1 =enable

0 = ending

16.3 EEFIEFER TS %

DDR3 XA FE P8 H ik, Wik 16-2 fis.

% 16-2 DDR3 EzhiZFER 5%

e ik
DDR3_Init Initialize DDR3
DDR3_Read Read data from DDR3
DDR3_Write Write data into DDR3
> A
16.4 85§t

Gowin_EMPU_M1 ¥ ¥ ARM Keil MDK (V5.26 & DL _EiAD FT GOWIN
MCU Designer (V1.1 JUL ERA) #AFIAELR) DDR3 25 it , it i

RPN~ 225 Bt

® Gowin_EMPU_M1\ref_design\MCU_RefDesign\Keil_RefDesign\ddr3
® Gowin_EMPU_M1\ref design\MCU_RefDesign\GMD_RefDesign\cm1

_ddr3

IPUG533-1.7
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17 SPI-Flash 17.1 FHE

1 7SPI-Flash

Gowin_EMPU_M1, % 1 it AHB 2815 ) ) SPI-Flash #ib.
® SPI-Flash T#Zjfg )y AHB & 2k4z 1
® SPI-Flash Memory . 5 FI#EERDIEE N APB S 44 1
® IZNNE =P A Winbond W25Q64BV it Fi

17.2 FHFEREN

SPI-Flash 725 € X, WK 17-1 ffios.

17.1 4F4E

%% 17-1 SPI-Flash FESREN
TR AIR | Mt wFe | KA | SR | MIgAME | A
IDREV 0x00 RO 32 0x020 | ID and revision register
02000 | [31:8] ID number
[7:4] Major revision number
[3:0] Minor revision number
RESERVE | 0x04-0x0 | - - - Reserved
DO[3] C
TRANSFM | 0x10 RwW | 32 0x000 | SPI transfer format register
T 20780 | [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 = MOSI is uni-directional signal
1 = MOSI is bi-directional signal
[3] Transfer data with the lease
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=
o

HIsRfE

Eiiipay

significant bit first
0 = Most significant bit first
1 = Least significant bit first

[2] SPI master/slave mode
selection

0 = Master mode

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

0x14

RwW

32

0x0

SPI direct IO 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
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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

RESERVE
D1[2]

0x18-0x1
C

Reserved

TRANSCT
RL

0x20

RwW

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

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 I/0 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
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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

RwW

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
[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

INTREN

0x38

RW

32

0x0

SPI interrupt enable register
[31:6] Reserved

[5] Enable the slave command
interrupt

[4] Enable the end of SPI transfer
interrupt

[3] Enable the SPI transmit FIFO
threshold interrupt
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[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)

INTRST

0x3C

WO

32

0x0

SPI interrupt status register
[31:6] Reserved

[5] Slave command interrupt
(Slave mode only)

[4] End of SPI transfer interrupt
[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)

TIMING

0x40

RwW

32

0x0

SPI interface timing register
[31:14] Reserved

[13:12] The minimum time
between the edges of SPI CS and
the edges of SCLK

[11:8] The minimum time the SPI
CS should stay HIGH

[7:0] The clock frequency ratio
between the clock source and
SPl interface SCLK

RESERVE
D2[3]

0x44-0x4
C

Reserved

MEMCTRL

0x50

RW

32

0x0

SPI memory access control
register
[31:9] Reserved

[8] This hit is set when
“MEMCTRL” / “TIMING” is written

[7:4] Reserved
[3:0] Selects the SPI command

RESERVE
D3[3]

0x54-0x5
C

Reserved

SLVST

0x60

RwW

32

0x0

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
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SLVDATA
CNT

0x64

0x0

SPI slave data count register
[31:25] Reserved

[24:16] Slave transmitted data
count

[15:9] Reserved
[8:0] Slave received data count

RESERVE
D4[5]

0x68-0x7
8

Reserved

CONFIG

0x7C

RO

32

0x0

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/O SPI
[8] Support for Dual /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
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17.3 B ER TS E

SPI-Flash IXEF2FAE 3%, sk 17-2 fis.
%% 17-2 SPI-Flash BZIEFFER 5 E

spi_flash_init Initialize SPI-Flash

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

spi_flash_read Read data from SPI-Flash

spi_flash_write Write data into SPI-Flash

spi_flash_write_read Write data into SPI-Flash and read data from
SPI-Flash once time

spi_flash_page program Write data into SPI-Flash with pages

spi_flash_sector_erase Erase SPI-Flash with sector

17.4 &t

Gowin_EMPU_M1 ¥ ¥ ARM Keil MDK (V5.26 & P\ _EiAD FT GOWIN
MCU Designer (V1.1 &VL EhA) B4R SPI-Flash 251 it, 8
BRI N 2 Wt
® Gowin_EMPU_M1\ref_design\MCU_RefDesign\Keil_RefDesign\spi_fla

sh
® Gowin_EMPU_M1\ref_design\MCU_RefDesign\Keil_RefDesign\fatfs

® Gowin_EMPU_M1\ref design\MCU_RefDesign\GMD_RefDesign\cm1
_spi_flash

® Gowin_EMPU_M1\ref design\MCU_RefDesign\GMD_RefDesign\cm1
_fatfs
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18 PSRAM 18.1 FHE

1 8PSRAM

Gowin_EMPU_M1, % 1 it AHB S2815 1) i) PSRAM b
AHB S £ 321

BE S hRAER PSRAM 28 F 4% 1 4
SCRRATfi o B R AR 5 0 8
SCHF X8 B T B I N ARG
AR TR KA 32
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%% 18-1 PSRAM HEREN
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CMD 0x00

RwW

= sk

0x0

Command register
[0] Operation type

0 = Read operation
1 = Write operation

ADDRESS 0x04

RwW

21

0x0

Address register

[20:0] Address of reading
and writing data

WR_DATAQO 0x08

RwW

32

0x0

Write data register 0
[31:0] Write first 32bit data

WR_DATA1 0x0C

RW

32

0x0

Write data register 1

[31:0] Write second 32bit
data

WR_DATAZ2 0x10

RwW

32

0x0

Write data register 2
[31:0] Write third 32bit data

WR_DATAS 0x14

RwW

32

Write data register 3
[31:0] Write fourth 32bit data

CMD_EN 0x18

WO

Command enable register
[0] Enable PSRAM

READ_DONE | 0x1C

RwW

Read status register

[0] Read done flag, auto set
1ifitis done, and need mcu
to clear

RD_DATAO 0x20

RO

32

Read data register 0
[31:0] Read first 32bit data

RD_DATA1 0x24

RO

32

Read data register 1

[31:0] Read second 32bit
data

RD_DATA2 0x28

RO

32

Read data register 2
[31:0] Read third 32bit data

RD_DATAS3 0x2C

RO

32

Read data register 3
[31:0] Read fourth 32bit data

INTI_DONE 0x30

RO

Initialization done register

[0] PSRAM hardware
initialization done flag

0 = Initialization failed
1 = Initialization done
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PSRAM_Check_Init_Status Check the status of PSRAM initialization
PSRAM_Mode Set Set the mode fo PSRAM write and read
PSRAM_Address_Set Set the address of PSRAM and save data
into this address
PSRAM_Read_Data_Buff Read data from the buffer of PSRAM
PSRAM_Cmd_Enable Enable the command of PSRAM
PSRAM_Read_Done_Flag Get the flag of read PSRAM done
PSRAM_Clear_Read_Done_Flag Clear the flag of read PSRAM done
PSRAM_Write_Data_Buff Write data into the buffer of PSRAM
PSRAM_Cmd_Unable Disable the command of PSRAM
PSRAM_Write_Data_Package Write a package data into PSRAM
PSRAM_Read_Data_Package Read a package data from PSRAM
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