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1 Hardware Architecture 1.1 System Architecture

1 Hardware Architecture

1.1 System Architecture

Gowin_EMPU_M1 architecture consists of three levels, as shown in
Figure 1-1.

Figure 1-1 System Architecture

Cortex-M1
IRQI31:0] b DEBUG |
ITCcM Cortex-M1 DTCM
AHB-Lite
AHB Bus
GPIO CAN Ethernet| | DDR3 ‘ PSRAM SPI-Flash AH?;‘_“;']“Q'
APB Bus
AHB2APE
AFE
UARTO UART1 Timero Timerl Warch RTC TRNG bual 12C Pl sp-card| | Master
Dog Timer 11.16]

First level: Cortex-M1 core, ITCM, and DTCM

Second level: AHB bus, GPIO, CAN, Ethernet, DDR3 Memory,
PSRAM Memory, SPI-Flash Memory, and AHB Master [1-6].

Third level: APB bus, UARTO, UART1, TimerO, Timer1, Watch Dog,
RTC, TRNG, DualTimer, I°C Master, SPI Master, SD-Card and APB Master
[1-16].
1.2 System Feature
Gowin_EMPU_M1 includes two sub-systems:
® Cortex-M1 core system
® Bus peripheral system

IPUG531-2.4E 1(55)




1 Hardware Architecture

1.2 System Feature

1.2.1 Cortex-M1 Core System

Processor Core

IPUG531-2.4E

® ARM architecture v6-M Thumb, the instruction set architecture,
supports 16-bit Thumb and 32-bit Thumb2 instruction set
® Configurable extension operation system
® System exception handling
® Interrupt exception handling and normal thread model
® One stack pointer for normal operation system and two stack pointers
for extension operation system
® Big/Little-endian format
- Configurable Big/Little-endian format
- Little-endian format for instructions and system control register
- Little-endian format for debugging system
NVIC
® External interrupts can be configured: 1, 8, 16, 32
® Four priority levels
® Extends 4 external interrupt inputs for users to extend peripherals
® Saves processor status automatically during interrupts handling and
recovers automatically at the end of interrupt handling
Debug System
Control the debugging system through configuration options.
® [f you turn off the debugging system, Cortex-M1 core will not support it.
® |f you turn on the debugging system, Cortex-M1 core will support it.
- Full mode and reduced mode can be configured
a) Full mode: Four BreakPoint Units and two Data Watchpoints;
b) Reduced mode: Two BreakPoint Units and one Data
Watchpoints;
- Configurable DAP ports
a) JTAG/Serial Wire
b) JTAG
c) Serial Wire
Memory
® |TCM: instruction memory

- You can select internal instruction memory or external instruction
memory

- You can configure the Size of internal instruction memory as
1/2/4/8/16/32/64/128/256/512KB

2(55)




1 Hardware Architecture 1.3 System Ports

- You can configure the initial value of internal instruction memory
® DTCM: data memory
- You can select internal data memory or external data memory

- You can configure the Size of internal data memory as
1/2/4/8/16/32/64/128/256/512KB

32 Bits Hardware Multiplier
® Normal mode
® Small mode

1.2.2 Bus Peripheral System

® AHB bus, GPIO, CAN, Ethernet, DDR3 Memory, PSRAM Memory,
SPI-Flash Memory, and AHB Master [1-6].

® APB bus, UARTO0, UART1, Timer0, Timer1, Watch Dog, RTC, TRNG,
DualTimer, 1°C Master, SPI Master, SD-Card and APB Master [1-16].

1.3 System Ports

The definition of Gowin_ EMPU_M1 Ports is as shown in Table 1-1.
Table 1-1 System Ports Definition

Name I/O Data Width | Description Module
HCLK in 1 System Clock -
hwRstn in 1 System Reset -
LOCKUP out 1 Core Lockup State -
HALTED out 1 Core Halt Debug State Debug
JTAG_3 inout 1 TRST
JTAG_4 inout 1 GND
JTAG_5 inout 1 TDI
JTAG_6 inout 1 GND
JTAG 7 inout 1 TMS/SWDIO
JTAG 8 inout 1 GND
JTAG_9 inout 1 TCK/SWDCLK

— Debug
JTAG_10 inout | 1 GND JTAG and
JTAG_11 inout | 1 RTCK Serial
JTAG_12 inout 1 GND Wire
JTAG 13 inout 1 TDO/SWO
JTAG_14 inout | 1 GND
JTAG_15 inout 1 RESET
JTAG_16 inout 1 GND
JTAG_17 inout 1 NC
JTAG_18 inout 1 GND
EXTINT in [3:0] Extended external interrupt NVIC

IPUG531-2.4E 3(55)




1 Hardware Architecture

1.3 System Ports
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Name I/O Data Width | Description Module
input
GPIO inout [15:0] GPIO I/O GPIO I/O
GPIOIN in [15:0] GPIO input
; GPIO

GPIOOUT out [15:0] GPIO output non-1/0
GPIOOUTEN out [15:0] GPIO output enable
UARTORXD in 1 UARTO receive

UARTO
UARTOTXD out 1 UARTO transmit
UART1RXD in 1 UART1 receive

UART1
UART1TXD out 1 UART1 transmit
TIMEROEXTIN in 1 Timer0 external interrupt Timer0
TIMER1EXTIN in 1 Timer1 external interrupt Timer1

. RTC clock source:

RTCSRCCLK in 1 32 768KHz RTC
SCL inout 1 Serial Clock

[2C 1/0
SDA inout 1 Serial data
SCLIN in 1 Serial clock input
SCLOUT out 1 Serial clock output
SCLOUTEN out 1 Serial clock output enable [2C
SDAIN in 1 Serial clock input non-1/O
SDAOUT out 1 Serial clock output
SDAOUTEN out 1 Serial clock output enable
MOSI out 1 Master output/Slave input
MISO in 1 Master input/Slave output SP
SCLK out 1 Clock signal
NSS out 1 Slave select signal
SD_SPICLK in 1 SPI clock signal
SD_CLK out 1 SD clock signal
SD _CS out 1 Chip select signal
SD_DATAIN in 1 Data input

SD-Card
SD_DATAOUT out 1 Data output
SD_CARD_INIT | out 1 Initialization "0"
SD_CHECKIN in 1 Input check
SD_CHECKOUT | out 1 Output check
CAN_RX in 1 Data input

CAN
CAN_TX out 1 Data output
RGMII_TXC out 1 RGMII transmitting clock
RGMII_TX_CTL | out 1 RGMII transmitting control EtGh:Af Ifllet
RGMII_TXD out [3:0] RGMII transmitting data Interface
RGMII_TXD in 1 RGMII receiving clock
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1 Hardware Architecture

1.3 System Ports

IPUG531-2.4E

Name I/O Data Width | Description Module
RGMII_RX_CTL |in 10 RGMII receiving control
RGMII_RXD in [3:0] RGMII/MII receiving data
GTX_CLK in 1 RGMII 125MHz clock input
GMIl_RX CLK in 1 GMII receiving clock
GMIl_RX DV in 1 GMII receiving enable
GMII_RXD in [7:0] GMII receiving data
GMIl_RX ER in 1 GMII receiving error Ethernet
GTX_CLK in 1 GMII 125MHz clock input GMIl
s Interface
GMII_GTX_CLK | out 1 GMII receiving clock
GMII_TXD out [7:0] GMII transmitting data
GMII_TX_EN out 1 GMII transmitting enable
GMI_TX_ER out 1 GMII transmitting error
MII_RX_CLK in 1 MII receiving clock
MIl_RXD in [3:0] MII receiving data
MIl_RX DV in 1 MII receiving enable
MIl_RX_ER in 1 MII receiving error
MII_TX_CLK in 1 MII transmitting clock I\E/Itlfl‘emet
MII_TXD out [3:0] MII transmitting data Interface
MIl_TX_EN out 1 MII transmitting enable
MIl_TX_ER out 1 MII transmitting error
MIl_COL in 1 MII conflicting signal
MII_CRS in 1 MII carrier signal
MDC out 1 Manage channel clock
- Ethernet
MDIO inout 1 Manage channel data
DDR CLK | in 1 Reference clock, 50MHz
— - recommended
Control signal for GW5A
devices, used to control the
DDR_STOP_O out 1 switching of
DDR_MEM_CLK_l,
active-low
Memory interface frequency
input by user; when using
GW2A devices, this clock DDR3
DDR_MEM_CLK in 1 can be the PLL output clock Memor
| or another clock. When using y
GW5A devices, this clock
must be output from PLL's
clkout2
If DDR_MEM_CLK_lI is input
by multiplying PLL, this port
DDR_LOCK | in 1 is connected to the PLL's

pll_lock pin. If the user is not
using PLL, this port is
connected to high level
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1 Hardware Architecture

1.3 System Ports

IPUG531-2.4E

Name I/1O Data Width | Description Module
DDR_RSTN_I in 1 Reset signal
DDR_INIT_COM e .
PLETE O out 1 Initialization completed signal
DDR_ADDR_O out [13:0] Row address, Column
address
DDR_BA_O out [2:0] Bank address
DDR_CS N_O out 1 Chip select signal
DDR_RAS N_O | out 1 Row address strobe signal
DDR CAS N O | out 1 C_olumn address strobe
— - - signal
DDR_WE_N_O out 1 Row write enable
A clock signal provided to
DDR_CLK_O out 1 DDR3 SDRAM
Compose a differential signal
DDR_CLK_N_O | out 1 with DDR CLK O
DDR CKE O out 1 D_DR3 SDRAM clock enable
— — signal
DDR_ODT O out 1 Terminating _reS|stor control
of memory signal
8DR—RESET—N— out |1 DDR3 SDRAM reset signal
DDR_DQM_O out [1:0] D_DR3 SDRAM data masking
signal
DDR_DQ_IO inout [15:0] DDR3 SDRAM data
DDR_DQS_IO inout [1:0] D_DR3 SDRAM data strobe
signal
: _ Compose a differential signal
DDR_DQS_N_IO | inout [1:0] with DDR_DQS._ IO
i A clock signal provided to
O_psram_ck out [1:0] PSRAM
) Compose the difference
O_psram_ck_n out [1:0] signal with the O_psram_ck
I0_psram_rwds inout [1:0] PSRAM datla selection signal
and mask signal
IO_psram_dq inout [15:0] PSRAM data
:])_psram_reset_ out [1:0] PSRAM reset signal
. , , PSRAM
O_psram_cs_n out [1:0] Chip selected, active-low. Memory
init_calib out 1 Initialization completed signal
Reference input clock, it is
psram_ref clk in 1 usually on-board crystal
oscillator clock.
You can input chip working
sram memor clock, which is generally a
Elk - Y- lin 1 high clock of PLL frequency
multiplication, or not use
PLL.
FLASH_SPI_HO |.
LDN inout | 1 NC SPI-Flash
ELASH—SPI—CS inout 1 Slave select signal Memory
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1 Hardware Architecture

1.3 System Ports
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Name I/O Data Width | Description Module
(F)LASH—SPI—MIS inout 1 Master input/Slave output
gII‘ASH—SPI—MO inout 1 Master output/Slave input
;LASH_SPI_WP inout 1 NG
FLASH_SPI_CLK | inout 1 Clock signal
APB1PSTRB out [3:0] APB1 PSTRB
APB1PPROT out [2:0] APB1 PPROT
APB1PSEL out 1 APB1 PSEL
APB1PENABLE | out 1 APB1 PENABLE
APB1PADDR out [31:0] APB1 PADDR
APB1PWRITE out 1 APB1 PWRITE APB1
APB1PWDATA out [31:0] APB1 PWDATA Master [1]
APB1PRDATA in [31:0] APB1 PRDATA
APB1PREADY in 1 APB1 PREADY
APB1PSLVERR in 1 APB1 PSLVERR
APB1PCLK out 1 APB1 PCLK
APB1PRESET out 1 APB1 RESET
APB2PSTRB out [3:0] APB2 PSTRB
APB2PPROT out [2:0] APB2 PPROT
APB2PSEL out 1 APB2 PSEL
APB2PENABLE | out 1 APB2 PENABLE
APB2PADDR out [31:0] APB2 PADDR
APB2PWRITE out 1 APB2 PWRITE APB
APB2PWDATA out [31:0] APB2 PWDATA Master [2]
APB2PRDATA in [31:0] APB2 PRDATA
APB2PREADY in 1 APB2 PREADY
APB2PSLVERR in 1 APB2 PSLVERR
APB2PCLK out 1 APB2 PCLK
APB2PRESET out 1 APB2 RESET
APB3PSTRB out [3:0] APB3 PSTRB
APB3PPROT out [2:0] APB3 PPROT
APB3PSEL out 1 APB3 PSEL
APB3PENABLE | out 1 APB3 PENABLE
APB3PADDR | out | [31:0] APB3 PADDR 'Is\/lzster -
APB3PWRITE out 1 APB3 PWRITE
APB3PWDATA out [31:0] APB3 PWDATA
APB3PRDATA in [31:0] APB3 PRDATA
APB3PREADY in 1 APB3 PREADY
7(55)




1 Hardware Architecture

1.3 System Ports

IPUG531-2.4E

Name I/O Data Width | Description Module
APB3PSLVERR | in 1 APB3 PSLVERR
APB3PCLK out 1 APB3 PCLK
APB3PRESET out 1 APB3 RESET
APB4PSTRB out [3:0] APB4 PSTRB
APB4PPROT out [2:0] APB4 PPROT
APB4PSEL out 1 APB4 PSEL
APB4PENABLE | out 1 APB4 PENABLE
APB4PADDR out [31:0] APB4 PADDR
APB4PWRITE out 1 APB4 PWRITE APB
APB4PWDATA out [31:0] APB4 PWDATA Master [4]
APB4PRDATA in [31:0] APB4 PRDATA
APB4PREADY in 1 APB4 PREADY
APB4PSLVERR | in 1 APB4 PSLVERR
APB4PCLK out 1 APB4 PCLK
APB4PRESET out 1 APB4 RESET
APB5PSTRB out [3:0] APB5 PSTRB
APB5PPROT out [2:0] APB5 PPROT
APB5PSEL out 1 APB5 PSEL
APB5PENABLE | out 1 APB5 PENABLE
APB5PADDR out [31:0] APB5 PADDR
APB5PWRITE out 1 APB5 PWRITE APB
APB5PWDATA out [31:0] APB5 PWDATA Master [9]
APB5PRDATA in [31:0] APB5 PRDATA
APB5PREADY in 1 APB5 PREADY
APB5PSLVERR | in 1 APB5 PSLVERR
APB5PCLK out 1 APB5 PCLK
APB5PRESET out 1 APB5 RESET
APB6PSTRB out [3:0] APB6 PSTRB
APBGPPROT out [2:0] APB6 PPROT
APBGPSEL out 1 APB6 PSEL
APBGPENABLE | out 1 APB6 PENABLE
APBGPADDR out [31:0] APB6 PADDR
APB6PWRITE | out | 1 APB6 PWRITE . -
APB6PWDATA | out [31:0] APB6 PWDATA
APBBPRDATA in [31:0] APB6 PRDATA
APBBPREADY in 1 APB6 PREADY
APBBPSLVERR | in 1 APB6 PSLVERR
APB6PCLK out 1 APB6 PCLK
8(55)
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1.3 System Ports
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Name I/O Data Width | Description Module
APB6PRESET out 1 APB6 RESET
APB7PSTRB out [3:0] APB7 PSTRB
APB7PPROT out [2:0] APB7 PPROT
APB7PSEL out 1 APB7 PSEL
APB7PENABLE | out 1 APB7 PENABLE
APB7PADDR out [31:0] APB7 PADDR
APB7PWRITE out 1 APB7 PWRITE APB
APB7PWDATA out [31:0] APB7 PWDATA Master [7]
APB7PRDATA in [31:0] APB7 PRDATA
APB7PREADY in 1 APB7 PREADY
APB7PSLVERR | in 1 APB7 PSLVERR
APB7PCLK out 1 APB7 PCLK
APB7PRESET out 1 APB7 RESET
APB8PSTRB out [3:0] APB8 PSTRB
APB8PPROT out [2:0] APB8 PPROT
APB8PSEL out 1 APB8 PSEL
APB8PENABLE | out 1 APB8 PENABLE
APB8PADDR out [31:0] APB8 PADDR
APB8PWRITE out 1 APB8 PWRITE APB
APB8PWDATA out [31:0] APB8 PWDATA Master [8]
APB8PRDATA in [31:0] APB8 PRDATA
APB8PREADY in 1 APB8 PREADY
APB8PSLVERR | in 1 APB8 PSLVERR
APB8PCLK out 1 APB8 PCLK
APB8PRESET out 1 APB8 RESET
APB9PSTRB out [3:0] APB9 PSTRB
APB9PPROT out [2:0] APB9 PPROT
APB9PSEL out 1 APB9 PSEL
APBOPENABLE | out 1 APB9 PENABLE
APB9PADDR out [31:0] APB9 PADDR
APB9PWRITE out 1 APB9 PWRITE APB
APBOPWDATA out [31:0] APB9 PWDATA Master [9]
APB9PRDATA in [31:0] APB9 PRDATA
APB9PREADY in 1 APB9 PREADY
APB9PSLVERR | in 1 APB9 PSLVERR
APB9PCLK out 1 APB9 PCLK
APB9PRESET out 1 APB9 RESET
APB10PSTRB out [3:0] APB10 PSTRB APB
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1 Hardware Architecture

1.3 System Ports

IPUG531-2.4E

Name I/O Data Width | Description Module
APB10PPROT | out [2:0] APB10 PPROT Master
APB10PSEL out 1 APB10 PSEL [0l
APB10PENABLE | out 1 APB10 PENABLE

APB10PADDR | out [31:0] APB10 PADDR

APB10PWRITE | out 1 APB10 PWRITE

APB10PWDATA | out [31:0] APB10 PWDATA

APB10PRDATA | in [31:0] APB10 PRDATA

APB10PREADY | in 1 APB10 PREADY

APB10PSLVERR | in 1 APB10 PSLVERR

APB10PCLK out 1 APB10 PCLK

APB10PRESET | out 1 APB10 RESET

APB11PSTRB out [3:0] APB11 PSTRB

APB11PPROT | out [2:0] APB11 PPROT

APB11PSEL out 1 APB11 PSEL

APB11PENABLE | out 1 APB11 PENABLE

APB11PADDR | out [31:0] APB11 PADDR

APB11PWRITE | out 1 APB11 PWRITE ﬁ\ﬂzgter
APB11PWDATA | out [31:0] APB11 PWDATA [11]
APB11PRDATA | in [31:0] APB11 PRDATA

APB11PREADY | in 1 APB11 PREADY

APB11PSLVERR | in 1 APB11 PSLVERR

APB11PCLK out 1 APB11 PCLK

APB11PRESET | out 1 APB11 RESET

APB12PSTRB out [3:0] APB12 PSTRB

APB12PPROT | out [2:0] APB12 PPROT

APB12PSEL out 1 APB12 PSEL

APB12PENABLE | out 1 APB12 PENABLE

APB12PADDR | out [31:0] APB12 PADDR

APB12PWRITE | out 1 APB12 PWRITE ﬁ\ﬂzgter
APB12PWDATA | out [31:0] APB12 PWDATA [12]
APB12PRDATA | in [31:0] APB12 PRDATA

APB12PREADY | in 1 APB12 PREADY

APB12PSLVERR | in 1 APB12 PSLVERR

APB12PCLK out 1 APB12 PCLK

APB12PRESET | out 1 APB12 RESET

APB13PSTRB out [3:0] APB13 PSTRB APB
APB13PPROT | out [2:0] APB13 PPROT Master
APB13PSEL out |1 APB13 PSEL [13]
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1 Hardware Architecture

1.3 System Ports

IPUG531-2.4E

Name I/O Data Width | Description Module
APB13PENABLE | out 1 APB13 PENABLE

APB13PADDR | out [31:0] APB13 PADDR

APB13PWRITE | out 1 APB13 PWRITE

APB13PWDATA | out [31:0] APB13 PWDATA

APB13PRDATA | in [31:0] APB13 PRDATA

APB13PREADY | in 1 APB13 PREADY

APB13PSLVERR | in 1 APB13 PSLVERR

APB13PCLK out 1 APB13 PCLK

APB13PRESET | out 1 APB13 RESET

APB14PSTRB out [3:0] APB14 PSTRB

APB14PPROT | out [2:0] APB14 PPROT

APB14PSEL out 1 APB14 PSEL

APB14PENABLE | out 1 APB14 PENABLE

APB14PADDR | out [31:0] APB14 PADDR

APB14PWRITE | out 1 APB14 PWRITE ngter
APB14PWDATA | out [31:0] APB14 PWDATA [14]
APB14PRDATA | in [31:0] APB14 PRDATA

APB14PREADY | in 1 APB14 PREADY

APB14PSLVERR | in 1 APB14 PSLVERR

APB14PCLK out 1 APB14 PCLK

APB14PRESET | out 1 APB14 RESET

APB15PSTRB out [3:0] APB15 PSTRB

APB15PPROT | out [2:0] APB15 PPROT

APB15PSEL out 1 APB15 PSEL

APB15PENABLE | out 1 APB15 PENABLE

APB15PADDR | out [31:0] APB15 PADDR

APB15PWRITE | out 1 APB15 PWRITE ngter
APB15PWDATA | out [31:0] APB15 PWDATA [15]
APB15PRDATA | in [31:0] APB15 PRDATA

APB15PREADY | in 1 APB15 PREADY

APB15PSLVERR | in 1 APB15 PSLVERR

APB15PCLK out 1 APB15 PCLK

APB15PRESET | out 1 APB15 RESET

APB16PSTRB out [3:0] APB16 PSTRB

APB16PPROT | out [2:0] APB16 PPROT APB
APB16PSEL out 1 APB16 PSEL Master
APB16PENABLE |out | 1 APB16 PENABLE [16]
APB16PADDR | out [31:0] APB16 PADDR
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1 Hardware Architecture

1.3 System Ports

IPUG531-2.4E

Name I/O Data Width | Description Module

APB16PWRITE out 1 APB16 PWRITE

APB16PWDATA out [31:0] APB16 PWDATA

APB16PRDATA in [31:0] APB16 PRDATA

APB16PREADY | in 1 APB16 PREADY

APB16PSLVERR | in 1 APB16 PSLVERR

APB16PCLK out 1 APB16 PCLK

APB16PRESET | out 1 APB16 RESET

EXTFLASHOHSE out 1 External Flash HSEL

E)IS—FLASHOHAD out [31:0] External Flash HADDR

iﬁgFLASHOHTR out | [1:0] External Flash HTRANS

EﬁTEFLASHOHW out |1 External Flash HWRITE

E)E(TFLASHOHSI out [2:0] External Flash HSIZE

EgFLASHOHBU out | [2:0] External Flash HBURST

EXTFLASHORPR Jout | (30] External Flash HPROT

E)SI.XLASHOHW out [31:0] External Flash HWDATA External
Instruction

EXTFLASHOHM

ASTLOCK out 1 External Flash HMASTLOCK | Memory

EXTFLASHOHRE

ADYMUX out 1 External Flash HREADYMUX

i.)l.(;FLASHOHRD in [31:0] External Flash HRDATA

EXTFLASHOHRE | .

ADYOUT in 1 External Flash HREDAYOUT

g)FfTFLASHOHRE in [1:0] External Flash HRESP

EXTFLASHOHM .

ASTER out [3:0] External Flash MASTER

EXTFLASHOHCL out 1 External Flash HCLK

ggFLASHOHRE out | 1 External Flash RESET

EXTSRAMOHSE out | 1 External SRAM HSEL

[E))FETSRAMOHAD out | [31:0] External SRAM HADDR

E\)N(-IS-SRAMOHTR out [1:0] External SRAM HTRANS External
Data

FTETSRAMOHWR out |1 External SRAM HWRITE Memory

EXTSRAMOHSIZ out [2:0] External SRAM HSIZE

E)S(-I.I-.SRAMOHBU out [2:0] External SRAM HBURST
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1 Hardware Architecture

1.3 System Ports

IPUG531-2.4E

Name I/O Data Width | Description Module
(E))_I(_TSRAMOHPR out [3:0] External SRAM HPROT
/E%(;SRAMOHWD out | [31:0] External SRAM HWDATA
EXTSRAMOHMA | _ -~ | External SRAM

STLOCK HMASTLOCK

EXTSRAMOHRE | _ | External SRAM

ADYMUX HREADYMUX

%ISRAMOHRD in [31:0] External SRAM HRDATA
EXTSRAMOHRE | — 1 External SRAM

ADYOUT HREDAYOUT

g)P(TSRAMOHRE in [1:0] External SRAM HRESP
gggRAMOHMA out | [3:0] External SRAM MASTER
EXTSRAMOHCL out | 1 External SRAM HCLK
E)E(-IT—SRAMOHRE out 1 External SRAM RESET

AHBTHSEL out | 1 AHB1 HSEL

AHBIHADDR  |out | [31:0] AHB1 HADDR

AHBIHTRANS | out | [1:0] AHB1 HTRANS

AHBIHWRITE  |out | 1 AHB1 HWRITE

AHB1HSIZE out | [2:0] AHB1 HSIZE

AHBIHBURST |out | [2:0] AHB1 HBURST

AHBIHPROT  |out | [3:0] AHB1 HPROT

AHBIHWDATA | out | [31:0] AHB1 HWDATA

AHBTHMASTLO AHB
an out | 1 AHB1 HMASTLOCK Master [1]
G)H(m HREADYM | ot | 1 AHB1 HREADYMUX
AHBIHRDATA | in [31:0] AHB1 HRDATA

’G?E” HREADYO |, 1 AHB1 HREDAYOUT

AHB1HRESP in [1:0] AHB1 HRESP

AHBIHMASTER |out | [3:0] AHB1 MASTER

AHB1HCLK out | 1 AHB1 HCLK

AHBIHRESET |out | 1 AHB1 RESET

AHB2HSEL out | 1 AHB2 HSEL

AHB2HADDR | out | [31:0] AHB2 HADDR

AHB2HTRANS | out | [1:0] AHB2 HTRANS

AHB2HWRITE | out | 1 AHB2 HWRITE I/\"A';'Ster 2]
AHB2HSIZE out | [2:0] AHB2 HSIZE

AHB2HBURST | out | [2:0] AHB2 HBURST

AHB2HPROT | out | [3:0] AHB2 HPROT
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1 Hardware Architecture

1.3 System Ports

IPUG531-2.4E

Name I/O Data Width | Description Module
AHB2HWDATA | out | [31:0] AHB2 HWDATA
éEBZHMASTLO out | 1 AHB2 HMASTLOCK
G)H(BZHREADYM out | 1 AHB2 HREADYMUX
AHB2HRDATA | in [31:0] AHB2 HRDATA
G?BZHREADYO in 1 AHB2 HREDAYOUT
AHB2HRESP in [1:0] AHB2 HRESP
AHB2HMASTER |out | [3:0] AHB2 MASTER
AHB2HCLK out | 1 AHB2 HCLK
AHB2HRESET | out | 1 AHB2 RESET
AHB3HSEL out | 1 AHB3 HSEL
AHB3HADDR | out | [31:0] AHB3 HADDR
AHB3HTRANS | out | [1:0] AHB3 HTRANS
AHB3HWRITE | out | 1 AHB3 HWRITE
AHB3HSIZE out | [2:0] AHB3 HSIZE
AHB3HBURST | out | [2:0] AHB3 HBURST
AHB3HPROT | out | [3:0] AHB3 HPROT
AHB3HWDATA | out | [31:0] AHB3 HWDATA
AHB3HMASTLO AHB
o out | 1 AHB3 HMASTLOCK Master [3]
G)H(B?’HREADYM out | 1 AHB3 HREADYMUX
AHB3HRDATA | in [31:0] AHB3 HRDATA
G$B3HREADYO in 1 AHB3 HREDAYOUT
AHB3HRESP in [1:0] AHB3 HRESP
AHB3HMASTER |out | [3:0] AHB3 MASTER
AHB3HCLK out | 1 AHB3 HCLK
AHB3HRESET |out | 1 AHB3 RESET
AHB4HSEL out | 1 AHB4 HSEL
AHB4HADDR | out | [31:0] AHB4 HADDR
AHB4HTRANS | out | [1:0] AHB4 HTRANS
AHB4HWRITE | out | 1 AHB4 HWRITE
AHB4HSIZE out | [2:0] AHB4 HSIZE -
AHB4HBURST | out | [2:0] AHB4 HBURST Master [4]
AHB4HPROT  |out | [3:0] AHB4 HPROT
AHB4HWDATA | out | [31:0] AHB4 HWDATA
éEB“HMASTLO out | 1 AHB4 HMASTLOCK
G)H(B“HREADYM out | 1 AHB4 HREADYMUX
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1 Hardware Architecture

1.3 System Ports

IPUG531-2.4E

Name I/O Data Width | Description Module
AHB4HRDATA | in [31:0] AHB4 HRDATA

G?B“HREADYO in 1 AHB4 HREDAYOUT

AHB4HRESP in [1:0] AHB4 HRESP

AHB4HMASTER |out | [3:0] AHB4 MASTER

AHB4HCLK out | 1 AHB4 HCLK

AHB4HRESET |out | 1 AHB4 RESET

AHB5HSEL out | 1 AHB5 HSEL

AHBSHADDR | out | [31:0] AHB5 HADDR

AHBSHTRANS | out | [1:0] AHB5 HTRANS

AHBSHWRITE | out | 1 AHB5 HWRITE

AHB5HSIZE out | [2:0] AHB5 HSIZE

AHBSHBURST | out | [2:0] AHB5 HBURST

AHBSHPROT | out | [3:0] AHB5 HPROT

AHBSHWDATA | out | [31:0] AHB5 HWDATA

AHB5HMASTLO AHB
an out | 1 AHB5 HMASTLOCK Master [5]
G;'(BE’HREADYM out | 1 AHB5 HREADYMUX
AHB5HRDATA | in [31:0] AHB5 HRDATA

G?BE’HREADYO in 1 AHB5 HREDAYOUT

AHB5HRESP in [1:0] AHB5 HRESP

AHBSHMASTER |out | [3:0] AHB5 MASTER

AHB5HCLK out | 1 AHB5 HCLK

AHB5HRESET | out | 1 AHB5 RESET

AHBBHSEL out | 1 AHB6 HSEL

AHBG6HADDR | out | [31:0] AHB6 HADDR

AHB6HTRANS | out | [1:0] AHB6 HTRANS

AHBGHWRITE | out | 1 AHB6 HWRITE

AHBBHSIZE out | [2:0] AHB6 HSIZE

AHB6HBURST | out | [2:0] AHB6 HBURST

AHB6HPROT | out | [3:0] AHB6 HPROT AHB
AHB6HWDATA | out | [31:0] AHB6 HWDATA Master [6]
éEBBHMASTLO out | 1 AHB6 HMASTLOCK
G)H(%HREADYM out | 1 AHB6 HREADYMUX
AHBGHRDATA | in [31:0] AHBG6 HRDATA

G?B‘SHREADYO in 1 AHB6 HREDAYOUT

AHBGHRESP in [1:0] AHB6 HRESP
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1 Hardware Architecture

1.4 System Resource Statistics

Name I/O Data Width | Description Module
AHB6HMASTER | out [3:0] AHB6 MASTER

AHB6HCLK out 1 AHB6 HCLK

AHB6HRESET out 1 AHB6 RESET

1.4 System Resource Statistics

Using GW5A-25 Version A as an example, the system resource
statistics of Gowin_EMPU_M1 is as shown in Table 1-2.

Table 1-2 System Resource Statistics

Configuration

Resources

LUTs

Registers

BSRAMs

DSP Macros

Cortex-M1 core system (Debug

Version)

5496

2551

32 (DPB

) 2 (MULT27X36)

Cortex-M1 core system ( No Debug

Version)

3080

1175

32 (SP)

2 (MULT27X36)

Cortex-M1 core system+ GPIO,
SPI-Flash, 2x UART, 2x Timer, 12C,
SPI, TRNG, WDT, DualTimer, AHB

Master [1], APB Master [1]

10957

5299

32 (DPB

) 2 (MULT27X36)

1.5 System Performance Statistics

The system performance statistics of Gowin_ EMPU_M1 for different
devices is as shown in Table 1-3.

Table 1-3 System Performance Statistics

Device GW 1 N-9 GW2_A-1 8 GW2_A-55 GW5_AST-1 38 GW5_A-25 GW5_AT-60
Version C | Version C Version C Version B Version A Version B
Frequency 60MHz 100MHz 100MHz 125MHz 130MHz 130MHz
Configuration No debug | Debug Debug Debug Debug Debug
ITCM 8KB 32KB 32KB 32KB 32KB 32KB
DTCM 8KB 32KB 32KB 32KB 32KB 32KB
Peripheral GPIO GPIO GPIO GPIO GPIO GPIO
IPUG531-2.4E 16(55)




2 Hardware Design Flow 2.1 Hardware Target

2 Hardware Design Flow

2.1 Hardware Target

® DK _START_GW2A18 V2.0
GW2A-LV18PG256C8/I7
GW2A-18 (Version C)

® DK _START_GW1N-LVILQ144C6l15 V2.1
GW1N-LVILQ144C6/15
GW1N-9 (Version C)

® DK START_GW2A-LV55PG484C8I7 V1.3
GW2A-LV55PG484C8/I7
GW2A-55 (Version C)

® DK_START_GW2AR-LV18EQ144C8I7 V1.1
GW2AR-LV18EQ144PC8/17
GW2AR-18 (Version C)

® DK _START_GWS5AST-LV138FPG676A V1.0
GW5AST-LV138FPG676AES
GWS5AST-138 (Version B)

® TANG_MEGA-138K_Pro_Dock
GWS5AST-LV138FPG676AES
GW5AST-138 (Version B)

® DK_START_GW5A-LV25UG324 V2.0
GW5A-LV25UG324C2/11
GW5A-25 (Version A)

® DK _START_DDR2-GW5A_EV25UG324S V1.0
GW5A-EV25UG324SES
GW5A-25 (Version A)
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2 Hardware Design Flow 2.2 Software Version

® DK DP_GW5AT-LV60UG225 V1.0
GW5AT-LV60UG225C2/11
GWS5AT-60 (Version B)

2.2 Software Version
Tested software version: Gowin_V1.9.11 (64-bit)

2.3 IP Core Generator Tool

Configure and generate Gowin_ EMPU_M1 hardware design using IP
Core Generator tool of Gowin Software.

2.4 Download Tool

Download the bitstream file of the hardware design using Gowin
Programmer.

For the using of Gowin Programmer, see SUG502, Gowin
Programmer User Guide.

2.5 Design Flow

Gowin_EMPU_M1 hardware design flow is as follows:

1. Use IP Core Generator to configure Cortex-M1, APB Bus Peripherals
and AHB Bus Peripherals. Then generate Gowin_ EMPU_M1 hardware
design. Import to project.

2. Instantiate Gowin_EMPU_M1 Top Module, import user designs, and
connect user designs with Gowin_ EMPU_M1 Top Module.

3. Add physical and timing Constraints.
Use GowinSynthesis as the synthesis tool to synthesize.

5. Run Place & Route tool to generate the bitstream files of the hardware
design.

6. Download the bitstream file to chips using Gowin Programmer.
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3 Project Template 3.1 Project Creation

Project Template

3.1 Project Creation
3.1.1 Create a New Project

Run Gowin software. Click "File > New... > FPGA Design Project" on
the menu bar, or click "_1" on the tool bar, or click "New Project..." under
"Quick Start" to create FPGA Design project, as shown in Figure 3-1.

Figure 3-1 Create a FPGA Design Project
B

Recent Projects:

X

Quick Start

= E

W New ? X

v Projects ()
5 FPGA Design Project
~ Files
|y Verilog File
(% VHDLFile
|_gy Physical Constraints File

- Timing Constraints File v

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

= Cancel

Message 8 x

Console  Message
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3 Project Template

3.1 Project Creation

3.1.2 Set Project Name and Path

Enter the project name and select the project path, as shown in Figure

3-2.
Figure 3-2 Set Project Name and Path

) Project Wizard

Project Name
E> Project Name

created if it doesn't exist.

Select Device Enter a name for your project, and specify a directory where the project will be stored. The directory will be

Name: |gowin_empu_m1

Create in: | F\

[ Use as default project location

3.1.3 Select Device

Select Series, Device, Device Version, Package, Speed, and Part

Number, as shown in Figure 3-3.

Use DK_START_GW5A-LV25UG324 V2.0 reference design for an

instance.

® Series: GW5A

Device: GW5A-25

Device Version: A

Package: UBGA324

Speed: C2/11

Part Number: GW5A-LV25UG324C2/I1

IPUG531-2.4E
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3 Project Template 3.2 Hardware Design

Figure 3-3 Select Device

W Project Wizard *

Select Device
Project Name

E» Select Device Specify a target device for your project
Summary Filter
Series: GW5A ~| Package: |UBGA324 w
Device: GWS5A-25 ~| Speed: c2/11 “
Device Version: A -
#no version number is initial version
Part N\Clmber Device Device Version Package Speed  Voltage

= Back

=4
2

Cancel

3.1.4 Project Creation Completed

As shown in Figure 3-4, the new project is completed.
Figure 3-4 Summary

W Project Wizard .
Summary
Project Name
Select Device Project
E» Summary Name: gowin_empu_ml

Directory: C:\Usersi\liukai\Desktop
Source Directory: C:\Users\liukai\Desktop\gowin_empu_mlysrc
Implementation Directory: C:\Usersiliukai\Desktop\gowin_empu_ml\impl

Device
Part Number: GWSA-LW25UG324C2/11
Series: GWSA
Device: GWSA-25A
Package: UBGA324
Speed: C2/I1

= Back Cancel

3.2 Hardware Design

Use IP Core Generator to generate Gowin_EMPU_M1 hardware
designs.

Select "Tools > IP Core Generator" in the menu bar or " ©% " to open
the IP Core Generator.

Select "Soft IP Core > Microprocessor System > Soft-Core-MCU >
Gowin_EMPU_M1 2.1" as shown in Figure 3-5.
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3 Project Template

3.2 Hardware Design

IPUG531-2.4E

Figure 3-5 Select Gowin_EMPU_M1

{47 GOWIN FPGA Designer - [IP Core Generator] - o
% Fle Edit Project Tools Window Help - ax
© = 2 - o & | = .
B g ; B 7 M-eER @i e
Design Z X1 Target Device: | GWSA-LV25UG324C2/11
v gowin_empu mi - [CAUsers\liuk.. |[52
GWS5A-LV25UG324C2/11 o - .
ome = Gowin_EMPU_M1
MIPI_DPHY - -
Memory :
sEv Information
~ Soft IP Core
Al Type: Gowin_EMPU_M1
BackGround Canfiguration Vendor: GOWIN Semiconductor
DSP and Mathematics
Interface and Interconnect
Memory Control Summary
v Microprocessor System
Bus Bridge Gowin_EMPU_M1 includes Cortex-M1 and AHB-Lite interface.
Bus Interconnect
Hard-Core-MCU Cortex-M1 is intended for deeply embedded applicatiens that are integrated
v Soft-Core-MCU into GOWIN FPGA. Cortex-M1 is ARM architecture v6-M, supports thumb
& Gowin EMPU_M1 21 instruction set architecture. There is an cperating system extension option,
£ if this option is implemented, functionality within the processor is enable
') Gowin PicoRV32 1.4 that is capable of running an operating system. Data endianness is
= configurable. Instructions and system control registers, debug resources
Multimedia v and debugger accesses are always little-endian. The nested vectored
< > interrupt controller is closely integrated with the processor to achieve low -
Design  Process  Hierarchy g Start Page Design Summary S IP Core Generator [x]
Message a x
@
Message ~ Console

Open Gowin_EMPU_M1. Gowin_EMPU_M1 system configuration
options are as shown in Figure 3-6, including Cortex-M1, APB Bus
Peripherals and AHB Bus Peripherals.

Figure 3-6 System Configuration

W Gowin EMPU M1

General

Device: [Gwsa-25

‘ Device Version: [A |

Part Number: | GWSA-LV25UG324C2/11

Create In: |C:\Users\liul-cai\DesLctop\gowin_empu_m1\5rc\gowin_empu_m1 |
Language: Verilog ~
Corte-h1
1RO[31:0] & DEBUG
ot
AHB-Lite
AHB Bus
o] ][] (=]
APB Bus
AHBZAFE
Watch Dusl PB Master|
‘Uﬁ«RTG‘ ‘UART‘I‘ ‘TIIT‘EFQ‘ ‘Tlmer‘\ ‘ Deg ‘ RTC ‘ ‘TRNG ‘ Timer ‘ 12C ‘ SPI ‘ ‘SD-Card ’A[‘IV'IS]
=
=Nl
%)

Cancel
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3 Project Template 3.2 Hardware Design

3.2.1 Cortex-M1 Core System Configuration

Cortex-M1 core system configuration is as shown in Table 3-1.
Table 3-1 Cortex-M1 Core System Configuration

Options Description

Configure external interrupts number of Cortex-M1; you can select 1, 8, 16,

Number of interrupts or 32, and the default value is 32.

OS Extension Cortex-M1 supports operation system or not, and the default is support.

Configure Cortex-M1 hardware multiplier in small mode, and the default is

Small Multiplier
normal mode.

Configure Cortex-M1 data in big endian format, and the default is little

Big Endian endian.
External Interrupts Configure four extended external interrupt inputs
Enable Debug Enable Cortex-M1 Debug, and the default is Enable Debug.

Configure debugger interface, which can be selected as JTAG, Serial Wire,

Debug Port Select or JTAG and Serial Wire, and the default is JTAG and Serial Wire.

Small Debug Configure debugger in Small mode, and the default is Full mode.

Select internal or external instruction memory, and the default is internal

ITCM Select ) ,
instruction memory.
Configure the Size of internal instruction memory as
1/2/4/8/16/32/64/128/256/512KB.
® For GW1N/R-9, the maximum size is 32KB, and the default is 16KB.
® For GW2AN-9X/18X, the maximum size is 32KB, and the default is
16KB.
® For GW2A/R/NR-18, the maximum size is 64KB, and the default is
32KB.
ITCM Size

® For GW2A/N-55, the maximum size is 256KB, and the default is 64KB.

For GW5A/T/ST/S-138, the maximum size is 512KB, and the default is
128KB.

For GW5AT-75, the maximum size is 256KB, and the default is 128KB.
For GW5A/R/S-25, the maximum size is 64KB, and the default is 32KB.
For GW5A/T-60, the maximum size is 128KB, and the default is 64KB.
For GW5AT/RT-15, the maximum size is 64KB, and the default is 32KB.

Initialize ITCM Enable ITCM Initialization, and the default is disabled.

ITCM Initialization Path ITCM Initial value file path

Select internal or external data memory, and the default is internal data

DTCM Select
memory
Configure the Size of internal data memory as
1/2/4/8/16/32/64/128/256/512KB.
® For GW1N/R-9, the maximum size is 32KB, and the default is 16KB.
® For GW2AN-9X/18X, the maximum size is 32KB, and the default is
16KB.
DTCM Size ® For GW2A/R/NR-18, the maximum size is 64KB, and the default is
32KB.

® For GW2A/N-55, the maximum size is 256KB, and the default is 64KB.

® For GW5A/T/ST/S-138, the maximum size is 512KB, and the default is
128KB.

® For GW5AT-75, the maximum size is 256KB, and the default is 128KB.
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Options Description

® For GW5A/R/S-25, the maximum size is 64KB, and the default is 32KB.
® For GW5A/T-60, the maximum size is 128KB, and the default is 64KB.
® For GW5AT/RT-15, the maximum size is 64KB, and the default is 32KB.

Double click Cortex-M1 to open the Cortex-M1 system configuration
options including "Common", "Debug", and "Memory", as shown in Figure
3-7.

Figure 3-7 Cortex-M1 Core System Configuration Option

o Cortex-M1 T x
RA
Cortex-M1 (5 7]
Gowin Cortex-M1 is intended for deeply embedded applications that is integrated into Gowin
FPGA.
Gowin Cortex-M1 supports debug and non-debug core, operating system, nestsd vectored
interrupt controller, ITCM and DTCM, and AHB-Lite interface,
User can configure number of interrupts, size of ITCM and DTCM, OS extension, small or normal
Lockup multiplier, big or little endian, full or small debug, debug port, external interrupts.
HALTED [—
ITAG T -
JTAG_3 [l
C
s ommon Debug Memeory
— HCLK R MNumber of interrupts
ITaG_5 [ o
1
ITAG G [
ITAGE - oe
ITAG 10 fatH [OR 1
ITAG11 [ ® 32
TTAG_12 [
/] OS Extension
W e TAG.13 [
TG e [ Small Multiplier
TGS M- [ Big Endian
ITAG_15 et [ External Interrupts
ITAG 1T
ITAG_15 [
Gowin Cortex-M1
Cance

Select "Common", you can configure "Number of interrupts", "OS
Extension", "Small Multiplier", "Big Endian", and "External Interrupts", as
shown in Figure 3-8.
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Figure 3-8 Cortex-M1 Common Configuration

Cortex-M1 7 X

Cortex-M1 )

Gowin Cortex-M1 is intended for deeply embedded applications that is integrated into Gowin
FPGA.

Gowin Cortex-M1 supports debug and non-debug core, operating system, nested vectored
interrupt controller, ITCM and DTCM, and AHB-Lite interface.

G T
TGS

s Common  Debug  Memory

HCLK e Number of interrupts
IG5
o1

TG

TG 8 Os

TAG, O 16
TG 1 @ 32

User can configure number of interrupts, size of ITCM and DTCM, OS extension, small or normal
mutltiplier, big or little endian, full or small debug, debug port, external interrupts.

OS5 Extension
[1 Small Muttiplier
[ Big Endian

[] External Interrupts

SEEEERERERRREEERT

Gowin Cortex-M1

Cancel

Number of Interrupts
You can configure 1,8,16 or 32 external interrupts. The default is 32.

OS Extension
If OS Extension is selected, Cortex-M1 will support operation system
extension. The default is support.

Small Multiplier
If Multiplier Mode is selected, Cortex-M1 supports Small multiplier; if
not, it supports Normal multiplier. The default is Normal multiplier.

Big Endian
If Big Endian is selected, Cortex-M1 supports big endian; if not, it
supports little endian. The default is little endian.

External Interrupts

If External Interrupt is selected, Cortes-M1 supports four external
interrupt inputs; if not, it does not support external interrupt. The default
is not supported.

Debug

Select Debugging Configuration, you can enable debug, debug

interface and select debugger mode, as shown in Figure 3-9.
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Figure 3-9 Cortex-M1 Debug Configuration

i Cortex-M1 ? X

Cortex-M1 o

Gowin Cortex-M1 is intended for deeply embedded applications that is integrated into Gowin
FRGA.

Gowin Cortex-M1 supports debug and non-debug core, operating system, nested vectored
interrupt controller, ITCM and DTCM, and AHB-Lite interface.

User can configure number of interrupts, size of ITCM and DTCM, OS extension, small or normal
multiplier, big or little endian, full or small debug, debug port, external interrupts.

TG T
1RG5
s Commeon Debug Memeory
TG4
—b HeLK - Enable Debug
TGS
Debug Port Select
TG
G ® s
aG O Serial Wire
ITAG 1 (®) JTAG and Serial Wire
TG
—B kst [J small Debug

S EEEEEEERERRREERY

Gowin Cortex-M1

Cancel

® Enable Debug
If Enable Debug is selected, Cortex-M1 supports debugging; if not, it
does not support debugging. The default is Enable Debug.

® Debug Interface
You can select JTAG, Serial Wire, or JTAG and Serial Wire. The default
is JTAG and Serial Wire.

® Debugger Mode
If "Small Debug" is selected, Cortex-M1 supports debugger in small
mode; if not, it supports debugger in Full mode. The default is
debugger in Full mode.

Memory

Select Memory, you can configure ITCM and DTCM, as shown in
Figure 3-10.
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Figure 3-10 Cortex-M1 Memory Configuration

Cortex-M1

Cortex-M1 o

7 X

Gowin Cortex-M1 is intended for deeply embedded applications that is integrated into Gowin
FPGA.

Gowin Cortex-M1 supports debug and non-debug core, operating system, nested vectored
interrupt controller, ITCM and DTCM, and AHB-Lite interface.

User can configure number of interrupts, size of ITCM and DTCM, OS extension, small or
normal multiplier, big or little endian, full or small debug, debug port, external interrupts.

Common  Debug  Memory
LOCKUP —i

ITCM

ITCM Select
HALTED —9
@® Internal Instruction Memory
(O External Instruction Memory

ITAG T - .
ITCM Size: |32KB

Initialize ITCM

ITAG S (- ITCM Initialization Path: \gowin_empu_m1\bootload\SA_Dx100000\ITCM_Size_32KB | | ...

DTCM

DTCM Select

Gowin Cortex-M1 (@ Internal Data Memory

(O External Data Memory

DTCM Size: |32KB

v

e

® |TCM Select

You can select "Internal Instruction Memory" or "External
Instruction Memory", and the default is "Internal Instruction
Memory".

Internal Instruction Memory: On-chip Block RAM hardware storage
resource; start address 0x00000000.

External Instruction Memory: SPI-Flash Memory; start address
0x00000000.

® |TCM Size

Prerequisite: Internal Instruction Memory has been selected.

You can select 1KB, 2KB, 4KB, 8KB, 16KB, 32KB, 64KB, 128KB,
256KB, or 512KB.

For GW1N/R-9, the maximum size is 32KB, and the default is
16KB.

For GW2AN-9X/18X, the maximum size is 32KB, and the default is
16KB.

For GW2A/R/NR-18, the maximum size is 64KB, and the default is
32KB.

For GW2A/N-55, the maximum size is 256KB, and the default is
64KB.

For GW5A/T/ST/S-138, the maximum size is 512KB, and the
default is 128KB.
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For GW5AT-75, the maximum size is 256KB, and the default is
128KB.

For GW5A/R/S-25, the maximum size is 64KB, and the default is
32KB.

For GW5A/T-60, the maximum size is 128KB, and the default is
64KB.

For GW5AT/RT-15, the maximum size is 64KB, and the default is
32KB.

ITCM Initialization

Prerequisite: Internal Instruction Memory has been selected;

If Initialize ITCM is selected, ITCM initialization is supported. You
can import ITCM initial value file path.

If off-chip SPI-Flash Memory is selected to download and start-up,
ITCM initial value imports the different bootload file paths according
to different ITCM Size.

Note!

The ITCM Initialization Path cannot contain numbers or escape characters such as
"\r" and "\n".

DTCM Select

You can select Internal Data Memory or External Data Memory,
and the default is Internal Data Memory.

Internal Data Memory: On-chip Block RAM hardware storage
resource; start address 0x00000000.

External Data Memory: DDR Memory; start address 0x00000000.

DTCM Size

Prerequisite: Internal Data Memory has been selected;

You can select 1KB, 2KB, 4KB, 8KB, 16KB, 32KB, 64KB, 128KB,
256KB or 512KB.

For GW1N/R-9, the maximum size is 32KB, and the default is
16KB.

For GW2AN-9X/18X, the maximum size is 32KB, and the default is
16KB.

For GW2A/R/NR-18, the maximum size is 64KB, and the default is
32KB.

For GW2A/N-55, the maximum size is 256KB, and the default is
64KB.

For GW5A/T/ST/S-138, the maximum size is 512KB, and the
default is 128KB.

For GW5AT-75, the maximum size is 256KB, and the default is
128KB.
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For GW5A/R/S-25, the maximum size is 64KB, and the default is
32KB.

For GW5A/T-60, the maximum size is 128KB, and the default is
64KB.

For GW5AT/RT-15, the maximum size is 64KB, and the default is
32KB.

ITCM and DTCM Configuration Limits

Prerequisite: Internal Instruction Memory and Internal Data
Memory has been selected.

For GW1N/R-9, ITCM or DTCM can be configured up to 32KB. If
ITCM or DTCM has been configured to 32KB, the other can only be
configured up to 16KB.

For GW2AN-9X/18X, ITCM or DTCM can be configured up to
32KB. If ITCM or DTCM has been configured to 32KB, the other
can only be configured up to 16KB.

For GW2A/R/NR-18, ITCM or DTCM can be configured up to 64KB.
If ITCM or DTCM has been configured to 64KB, the other can only
be configured up to 16KB.

For GW2A/N-55, ITCM or DTCM can be configured up to 256KB. If
ITCM or DTCM has been configured to 32KB, the other can only be
configured up to 16KB.

For GW5A/T/ST/S-138, ITCM or DTCM can be configured up to
512KB. If ITCM or DTCM has been configured to 512KB, the other
can only be configured up to 128KB.

For GW5AT-75, ITCM or DTCM can be configured up to 256KB. If
ITCM or DTCM has been configured to 256KB, the other can only
be configured up to 256KB.

For GW5A/R/S-25, ITCM or DTCM can be configured up to 64KB.
If ITCM or DTCM has been configured to 64KB, the other can only
be configured up to 32KB.

For GW5AT/RT-15, ITCM or DTCM can be configured up to 64KB.
If ITCM or DTCM has been configured to 64KB, the other can only
be configured up to 8KB.

For GW5A/T-60, ITCM or DTCM can be configured up to 128KB. If
ITCM or DTCM has been configured to 128KB, the other can only
be configured up to 64KB.

External Instruction/Data Memory Solution

For GW1N/R-9, you can choose embedded UserFlash as External
Instruction Memory. You can see...\solution\Embedded Memory in
the reference design for details; and the instruction memory start
address is 0x00000000.

Use SPI-Flash Memory as External Instruction Memory and use
BSRAM Memory as External Data Memory. You can see ‘-
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\solution\External _Memory in the reference design for details; the

instruction memory start address is 0x00000000, and the data
memory start address is 0x20100000.

3.2.2 Bus Peripheral System Configuration

IPUG531-2.4E

Bus peripheral system configuration options are described in Table

3-2.

Table 3-2 Bus Peripheral System Configuration Options

Options Description

Enable GPIO Enable GPIO, disabled by default.

Enable GPIO I/O Enable GPIO inout, disabled by default.

Enable CAN Enable CAN, disabled by default.

Buffer Depth CAN selects Buffer Depth. The default Value is 256.

Enable Ethernet

Enable Ethernet, disabled by default.

Interface

Ethernet selects Interface (RGMII/GMII/MII). The default
is RGMII.

RGMII Input Delay

RGMII input delay. The default Value is 100.

MIIM Clock Divider

MIIM clock divider. The default Value is 20.

Enable DDR3

Enable DDR3 Memory, disabled by default.

Enable PSRAM

Enable PSRAM Memory, disabled by default.

Enable SPI-Flash

Enable SPI-Flash Memory functions including download
and read, write and erasure of Memory, disabled by
default.

Enable AHB Master [1]

Enable AHB Master[1], disabled by default.

Enable AHB Master [2]

Enable AHB Master[2], disabled by default.

Enable AHB Master [3]

Enable AHB Master[3], disabled by default.

Enable AHB Master [4]

Enable AHB Master[4], disabled by default.

Enable AHB Master [5]

Enable AHB Master[5], disabled by default.

Enable AHB Master [6]

Enable AHB Master[6], disabled by default.

Enable UARTO

Enable Serial Port0, disabled by default.

Enable UART1

Enable Serial Port1, disabled by default.

Enable Timer0

Enable Timer0, disabled by default.

Enable Timer1

Enable Timer1, disabled by default.

Enable WatchDog Enable Watchdog, disabled by default.
Enable RTC Enable RTC, disabled by default.

Enable TRNG Enable TRNG, disabled by default.

Enable DualTimer Enable DualTimer, disabled by default.
Enable I1°C Enable I1°C master, disabled by default.
Enable I12C I/O Enable I1°C master inout, enabled by default.
Enable SPI Enable SPI master, disabled by default.

Enable SD-Card

Enable SPI-Card, disabled by default

Enable APB Master [1]

Enable APB Master[1], disabled by default.

Enable APB Master [2]

Enable APB Master[2], disabled by default.
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Options

Description

Enable APB Master [3]

Enable APB Master[3], disabled by default.

Enable APB Master [4]

Enable APB Master[4], disabled by default.

Enable APB Master [5]

Enable APB Master[5], disabled by default.

Enable APB Master [6]

Enable APB Master[6], disabled by default.

Enable APB Master [7]

Enable APB Master[7], disabled by default.

Enable APB Master [8]

Enable APB Master[8], disabled by default.

Enable APB Master [9]

Enable APB Master[9], disabled by default.

Enable APB Master [10]

Enable APB Master[10], disabled by default.

Enable APB Master [11]

Enable APB Master[11], disabled by default.

Enable APB Master [12]

Enable APB Master[12], disabled by default.

Enable APB Master [13]

Enable APB Master[13], disabled by default.

Enable APB Master [14]

Enable APB Master[14], disabled by default.

Enable APB Master [15]

Enable APB Master[15], disabled by default.

Enable APB Master [16]

Enable APB Master[16], disabled by default.

GPIO

Double click to configure GPIO, as shown in Figure 3-11.

® [f "Enable GPIO" is selected, Gowin_EMPU_M1 supports GPIO,

disabled by default.

® [f "Enable GPIO" is selected, GPIO port type can be configured.
® If "Enable GPIO 1/0O" is selected, GPIO supports INOUT port, or

supports IN, OUT, EN, and the default is INOUT.
Figure 3-11 GPIO Configuration

GPIO

GPIO

5 7]

Gowin AHE Bus

The Cortex-M1 Core of Gowin EMPU_M1 interacts with GPIO block through AHE bus. The GPIO

ith FPGA Fabric where user implements general purpose 1/0 functions. This
purpose 1/0 interface unit and provides a 16-bit 1/Q interface. Users can

is @ general
select inout or infoutfen signals as GPIO's ports.

Options

Configuration
Enable GPIO
Interface Type:
Enable GPIO 1/0
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CAN
Double click to open CAN, as shown in Figure 3-12.

® [f "Enable CAN" is selected, Gowin_EMPU_M1 supports CAN,
disabled by default.

® [f "Enable CAN" is selected, Buffer Depth can be configured.
® Select and configure "Buffer Depth". The default value is 256.
Figure 3-12 CAN Configuration

CAN 7 x
5l
CAN i
The Cortex-M1 core of Gowin_EMPU_M1 interacts with CAN block through AHE bus.The CAN Block
is a fully verified block, which can implement CAN bus communication.The CAN block implements
CANZ2.0 and CAN FD protocol.
— | CANRX CAN.TX —
Options
Configurations
Enable CAN
Buffer Depth: | 256
16
32
64
Gowin AHB Bus 128
512
1024
2048
4096
8192 v
=
Ethernet

Double click to open Ethernet, as shown in Figure 3-13.

® If "Enable Ethernet" is selected, Gowin_ EMPU M1 supports Ethernet,
disabled by default.

® [f "Enable Ethernet" is selected, you can configure Interface, RGMII
Input Delay, and MIIM Clock Divider.

- Select "Interface", and you can configure RGMII, GMII, Mll, or
GMII/MII. The default is RGMII.

- If"RGMII" is selected, you can configure RGMII Input Delay. The
default value is 100.

- If"MIIM Clock Divider" is selected, you can configure MIIM Clock
Divider. The default value is 20.

® [f "RGMII" or "GMII" is selected, 125MHz clock input must be provided
to GTX_CLK.

® Gowin_EMPU_M1 Ethernet supports "lwIP" and "ulP" TCP/IP software
stacks,
see ...\ref_design\MCU_RefDesign\MDK_RefDesign\cm1_tcpip for
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. . .
Figure 3-13 Ethernet Configuration
% Ethernet ? *
A
Ethernet 55
The Cartex-M1 core of Gowin EMPU_M1 interacts with Ethernet block through AHE bus.The Ethernet
block is a fully verified block, which can implement Ethernet MAC layer function and provide
RGMII/GMII/MII interface to connect to PHY IC. The block implements MAC layer protocol.
MDC [
—= RGMII_RXC
MDIO [
— RGMII_RX_CTL
RGMII_TXC [—»
Options
= RGMII_RXD[30]
RGMILTX CTL [ Configuration
Enable Ethernet
— B GTXCLK
RGMII_TXD{30] (== Interface: RGMII -
RGMIl Input Delay:
MIIM Clock Divider:
Gowin AHB Bus

Cancel

DDR3 Memory
Double click to configure DDR3 Memory, as shown in Figure 3-14.

® [f "Enable DDR3" is selected, Gowin_EMPU_M1 supports DDR3

Memory, disabled by default.

® DDR _MEM_CLK I: User-input memory interface frequency, and it is
recommended to connect a 200MHz clock input.

® DDR _CLK I: Reference clock input, 50MHz recommended.
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Figure 3-14 DDR3 Memory Configuration

% DDR3 ? X
A
DDR3 e
The Cortex-M1 Core of Gowin_EMPU_M1 interacts with DDR3 block through AHB bus, The DDR3
block provides a complete solution for customers to use DDR3 memary. This block located between
the DDR3 memary and the user logic include with Gowin Memory Controller and Physical interface,
reduces the user's effort to deal with the DDR3 memory command interface by providing a simple
generic system interface to the user.
—=0
—o a
Options
— o0 L0
Configuration
Enable DDR3
—o
a la
Gowin AHE Bus
SPI-Flash Memory

SPI-Flash Memory supports the functions including download, and the
read, write and erasure of Memory.

Double click to configure SPI-Flash Memory, as shown in Figure 3-15.

® If "Enable SPI-Flash" is selected, Gowin_EMPU_M1 supports
SPI-Flash Memory, disabled by default.

® If Gowin_EMPU_M1 uses off-chip SPI-Flash Memory to download and
start-up, "Enable SPI-Flash" must be selected.
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Figure 3-15 SPI-Flash Memory Configuration

SPI-Flash ? x

SPI-Flash

The Cortex-M1 core of Gowin_EMPU_M1 interacts with SPI-Flash block through AHB bus.The SPI-
Flash block is a fully verified block which the Cortex-M1 can use for off-chip SPI Flash downloading
and start-up.The SPI-Flash block is SPI interface.

Options

Configuration

Enable SPI-Flash

Gowin AHB Bus

AHB Master [1-6]

Double click to open AHB Master[1-6], you can configure AHB Master

[1-6] user AHB bus extension interface, as shown in Figure 3-16 ;

If "Enable AHB Master [1]" is selected, Gowin_ EMPU_M1 will support
AHB Master [1] user AHB bus extension interface. You can extend AHB
peripherals, disable by default.

If "Enable AHB Master [2]" is selected, Gowin_ EMPU_M1 will support
AHB Master [2] user AHB bus extension interface. You can extend AHB
peripherals, disable by default.

If "Enable AHB Master [3]" is selected, Gowin_EMPU_M1 will support
AHB Master [3] user AHB bus extension interface. You can extende
AHB peripherals, disable by default.

If "Enable AHB Master [4]" is selected, Gowin_ EMPU_M1 will support
AHB Master [4] user AHB bus extension interface. You can extend AHB
peripherals, disable by default.

If "Enable AHB Master [5]" is selected, Gowin_EMPU_M1 will support
AHB Master [5] user AHB bus extension interface. You can extend AHB
peripherals, disable by default.

If "Enable AHB Master [6]" is selected, Gowin_ EMPU_M1 will support
AHB Master [6] user AHB bus extension interface. You can extend AHB
peripherals, disable by default.
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Figure 3-16 AHB Master [1-6]

AHB Master [1-6] ? x

AHB Master [1-6] o

The Cartex-M1 Core of Gowin_EMPU_M1 interacts with AHB Master [1-6] black through AHB bus,
There are six AHB interfaces to extend AHB peripherals for users. The AHB Master [1-6] block is a
fully verified block which can extend AHB bus to user to design more AHB peripherals.

Options

Configuration

AHB Master Address Size(MB)
Enable AHB Master [1]  0x80000000 16
Enable AHB Master [2] 0x81000000 16
Enable AHB Master [3] 0xB6000000 16

[] Enable AHB Master [4] 0x89000000 16

[] Enable AHB Master [5]  OxBAD0DODOO 16

—
—
L
L
e
e
—_
.
L
L
e
e
Le
L
L
e
e
Le
Le
e
L
.
L
e
-
.
e
e
e
e
e
e

[ Enable AHB Master [5]  0x8B000000 16 )

Cancel

The start address and the address space definition of AHB Master [1-6]
user AHB bus extension interface are shown in Table 3-3.

Table 3-3 AHB Master [1-6] Address Definition

AHB interface Start Address Size (MB)
AHB Master [1] 0x80000000 16
AHB Master [2] 0x81000000 16
AHB Master [3] 0x86000000 16
AHB Master [4] 0x89000000 16
AHB Master [5] 0x8A000000 16
AHB Master [6] 0x8B000000 16

If you need to support external interrupt signal for the AHB external
device extended on this AHB extension interface, please refer to the
following two ways:

® Enable External Interrupts: Enable four external interrupt signals,
connected to the interrupt signals of the extended peripherals.

® [f the above 4 external interrupt signals are still not enough, enable
GPIO to use GPIO[15:0] as the external interrupt signals.

UART
Double click UARTO or UART1, as shown in Figure 3-17.
® [f "Enable UARTO0" is selected, Gowin_ EMPU_M1 supports UARTO,

IPUG531-2.4E 36(55)




3 Project Template 3.2 Hardware Design

disabled by default;

® [f "Enable UART1" is selected, Gowin_EMPU_M1 supports UART1,
disabled by default.

Figure 3-17 UART Configuration

w UART ? s

UART &%

The Cortex-M1 core of Gowin_EMPU_M1 interacts with UARTO/1 block through APB bus.The
UARTO/1 block is a fully verified block which can implement UART communication.The UARTO/1 block
contains two universal asynchronous receiveftransceiver, which suppart maximum BAUD rate at
921.6Kbit/s.

—{ UARTORXD UARTOTXD:

Options

— UARTIRXD UARTITAD: =i Configuration
Enable UARTD
Enable UART1

Gowin APB Bus

Timer
Double click to configure Timer0O or Timer1, as shown in Figure 3-18.

® [f "Enable Timer0" is selected, Gowin_ EMPU_M1 supports UARTO,
disabled by default.

® [f "Enable Timer1" is selected, Gowin_EMPU_M1 supports Timer1,
disabled by default.
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Figure 3-18 Timer Configuration

o Timer

Timer

5]

— TIMERDEXTIN

— TIMER1ETIN

The Cortex-M1 core of Gowin_EMPU_M1 interacts with Timer0/1 block through APB bus. The
Timer0/1 block is a fully verified block which can implement counter function.The Timer0/1 block
contains two Timers, which support 24-bit counter

Gowin APB Bus

Options

Ten e
Enable Timer0
Enable Timerl

WatchDog

Double click to configure WatchDog, as shown in Figure 3-19.

If "Enable WatchDog" is selected, Gowin_ EMPU_M1 supports
WatchDog, disabled by default.
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Figure 3-19 WatchDog Configuration

' WatchDog ? X

WatchDog &

The Cartex-M1 core of Gowin_EMPU_M1 interacts with WatchDog block through APB bus.The
WatchDog block is a fully verified block which can implement system reset when system is running
over.

Options

Configuration

Enable WatchDog

Gowin APE Bus

RTC
Double click to configure RTC, as shown in Figure 3-20.

If "Enable RTC" is selected, Gowin_EMPU_M1 supports RTC,
disabled by default.

3.072MHz clock input must be provided to RTCSRCCL. The division in

RTC is 1Hz.
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Figure 3-20 RTC Configuration

@ RTC

RTC

T x

o

=l RTCSRCCLE

The Cortex-M1 core of Gowin EMPU_M1 interacts with RTC block through APB bus.The RTC block is
a fully verified block which can implement real time clock.

Gowin APB Bus

Options

Configuration

Enable RTC

DualTimer

Double click to open DualTimer, as shown in Figure 3-21.

If "Enable DualTimer" is selected, Gowin_ EMPU_M1 supports
DualTimer, disabled by default.

Figure 3-21 DualTimer Configuration

&% DualTimer

DualTimer

T X

e

The Cortex-M1 core of Gowin_EMPU_M1 interacts with DualTimer block through APB bus. The
DualTimer Block is a fully verified block which can implement dual counter

Gowin APB Bus

Options

Configuration

Enable DualTimer
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TRNG
Double click to open TRNG, as shown in Figure 3-22.

If "Enable TRNG" is selected, Gowin_EMPU_M1 supports TRNG,
disabled by default.

Figure 3-22 TRNG Configuration

o TRNG T X

TRNG &

The Cortex-M1 core of Gowin EMPU_M1 interacts with TRNG block through APB bus.The TRNG
Block is a fully verified block which can implement true random number generator.

Options

Configuration

Enable TRNG

Gowin APB Bus

Cancel
12C

Double click to open 12C, and configure 12C Master, as shown in
Figure 3-23.

® If "Enable 12C" is selected, Gowin_ EMPU_M1 supports 12C Master,
disabled by default.

® [f "Enable 12C" is selected, 12C Master port type can be configured.

® [f "Enable I12C I/O" is selected, 12C Master supports INOUT port type,
or supports IN, OUT, EN, and supports INOUT by default.
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Figure 3-23 12C Configuration

e

12C

? x

SCL -

Gowin APB Bus

The Cortex-M1 core of Gowin_EMPU_M1 interacts with 12C block through APB bus. The 12C block is
a fully verified block which can implement 12C communication. The 12C block implements 12C
protocol. Users can select inout or infout/en signals as 12C's ports.

Options

Canfiguration
Enable 12C
Interface Type:
Enable 12C I/O

SPI

Double click to configure SPI Master, as shown in Figure 3-24.

If "Enable SPI" is selected, Gowin_ EMPU_M1 supports SPI Master,
disabled by default.

Figure 3-24 SPI Configuration

& s

SPI

? X

=

MIsO

MOSI

NSS

Gowin APB Bus

The Cortex-M1 core of Gowin_EMPU_M1 interacts with SPI block through APB bus.The SPI block is a
fully verified block which can implement SPI communication. The SP1 block implements SPI protocol.

Options

Configuration

Enable SPI

IPUG531-2.4E

42(55)




3 Project Template 3.2 Hardware Design

SD-Card Configuration
Double click to configure SD-Card, as shown in Figure 3-25.

® [f "Enable SD-Card" is selected, Gowin_ EMPU_M1 supports SD-Card,
disabled by default.

® 30MHz clock input must be provided to SD_SPICLK.

® The supported SD-Card peripheral only supports FAT16 and SD-Cards
up to 4GB.

Figure 3-25 SD-Card Configuration

SD-Card ? x

SD-Card &

The Cortex-M1 care of Gowin_ EMPU_MT1 interacts with SD-Card block through APB bus. The SD-
Card black is a fully verified block which can implement SD-Card memary to save data,

SD.CLK [
— SD_SPICLE

SOLCS

=B 5D _DATAIN SD_DATAOUT (=
Options

SD_CARD INIT (= Configuration
— 1 5D CHECKIN Enable SD-Card

SE CHECKOUT [—

Gowin APB Bus

APB Master [1-16]

Double click to open APB Master [1-16], and configure APB Master
[1-16], as shown in Figure 3-26.

® If "Enable APB Master [1]" is selected, Gowin_ EMPU_M1 supports
APB Master [1] user APB bus extension interface. You can extend APB
peripherals, disabled by default.

® [f "Enable APB Master [2]" is selected, Gowin_ EMPU_M1 supports
APB Master [2] user APB bus extension interface. You can extend APB
peripherals, disabled by default.

® If "Enable APB Master [3]" is selected, Gowin_ EMPU_M1 supports
APB Master [3] user APB bus extension interface. You can extend APB
peripherals, disabled by default.

® [f "Enable APB Master [4]" is selected, Gowin_ EMPU_M1 supports
APB Master [4] user APB bus extension interface. You can extend APB
peripherals, disabled by default.

® If "Enable APB Master [5]" is selected, Gowin_ EMPU_M1 supports
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APB Master [5] user APB bus extension interface. You can extend APB
peripherals, disabled by default.

If "Enable APB Master [6]" is selected, Gowin_ EMPU_M1 supports
APB Master [6] user APB bus extension interface. You can extend APB
peripherals, disabled by default.

If "Enable APB Master [7]" is selected, Gowin_EMPU_M1 supports
APB Master [7] user APB bus extension interface. You can extend APB
peripherals, disabled by default.

If "Enable APB Master [8]" is selected, Gowin_ EMPU_M1 supports
APB Master [8] user APB bus extension interface. You can extend APB
peripherals, disabled by default.

If "Enable APB Master [9]" is selected, Gowin_EMPU_M1 supports
APB Master [9] user APB bus extension interface. You can extend APB
peripherals, disabled by default.

If "Enable APB Master [10]" is selected, Gowin_EMPU_M1 supports
APB Master [10] user APB bus extension interface. You can extend
APB peripherals, disabled by default.

If "Enable APB Master [11]" is selected, Gowin_ EMPU M1 supports
APB Master [11] user APB bus extension interface. You can extend
APB peripherals, disabled by default.

If "Enable APB Master [12]" is selected, Gowin_EMPU_M1 supports
APB Master [12] user APB bus extension interface. You can extend
APB peripherals, disabled by default.

If "Enable APB Master [13]" is selected, Gowin_ EMPU_M1 supports
APB Master [13] user APB bus extension interface. You can extend
APB peripherals, disabled by default.

If "Enable APB Master [14]" is selected, Gowin_EMPU_M1 supports
APB Master [14] user APB bus extension interface. You can extend
APB peripherals, disabled by default.

If "Enable APB Master [15]" is selected, Gowin_EMPU_M1 supports
APB Master [15] user APB bus extension interface. You can extend
APB peripherals, disabled by default.

If "Enable APB Master [16]" is selected, Gowin_EMPU_M1 supports
APB Master [16] user APB bus extension interface. You can extend
APB peripherals, disabled by default.

44(55)




3 Project Template

3.2 Hardware Design

IPUG531-2.4E

Figure 3-26 APB Master [1-16] Configuration

' APB Master [1-16]

APB Master [1-16]

— e

S O O O A 0 0 O O O A v AR O S A R R

Gowin APB Bus

The Cortex-M1 Core of Gowin_EMPU_MT1 interacts with APB Master [1-16] block through APB bus.
There are sixteen APB interfaces to extend APB peripherals for users. The APB Master [1-16] block is
a fully verified block which can extend APB bus to user to design more APB peripherals,

Options
Configuration
APB Master Address Size(MB) -
Enable APBE Master [1] 0x60000000 1
Enable APB Master [2] 060100000 1
Enable APB Master [3] 0x60200000 1
[ Enable APB Master [4] 0x60300000 1
[ Enable APE Master [3] 060400000 1
[ Enable APB Master [8] 0x60500000 1
[ Enable APE Master [7] 0x60600000 1
[1 Enable APB Master [8] 0x60700000 1
[ Enable APB Master [9] (0x60800000 1
[ Enable APE Master [10]  0x50900000 1
[ Enable APB Master [11]  0x60A00000 1 w

Cancel

The start address and the address space definition of APB Master

[1-16] user APB bus extension interface are shown in Table 3-4.

Table 3-4 APB Master [1-16] Address Definition

APB bus interface Start Address Size (MB)
APB Master [1] 0x60000000 1
APB Master [2] 0x60100000 1
APB Master [3] 0x60200000 1
APB Master [4] 0x60300000 1
APB Master [5] 0x60400000 1
APB Master [6] 0x60500000 1
APB Master [7] 0x60600000 1
APB Master [8] 0x60700000 1
APB Master [9] 0x60800000 1
APB Master [10] 0x60900000 1
APB Master [11] 0x60A00000 1
APB Master [12] 0x60B00000 1
APB Master [13] 0x60C00000 1
APB Master [14] 0x60D00000 1
APB Master [15] 0x60E00000 1
APB Master [16] 0x60F00000 1
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If you need to support external interrupt signal for the APB external
device extended on this APB extension interface, please refer to the
following two ways:

® Enable External Interrupts: Enable four external interrupt signals,
connected to the interrupt signals of the extended peripherals.

® [f the above 4 external interrupt signals are still not enough, enable
GPIO to use GPIO[15:0] as the external interrupt signals.

PSRAM Configuration

Double click to open PSRAM, and configure PSRAM, as shown in
Figure 3-27.

® [f "Enable PSRAM" is selected, Gowin_EMPU_M1 supports PSRAM,

disabled by default.

® Only the following devices support Gowin_ EMPU_M1 PSRAM:

GW2AR-18 version C QFN88P
GW2AR-18 version C QFN88PF
GW2AR-18 version C eLQFP144P

- GWZ2AR-18 version C eLQFP144PF
-  GW2ANR-18 version C QFN88
Figure 3-27 PSRAM Configuration

PSRAM

PSRAM

2

(&7

X

The Cortex-M1 Core of Gowin_EMPU_M1 interacts with PSRAM block through AHBE bus.

The PSRAM Memary Interface block provides a complete solution for customers to use PSRAM
Memory in Gowin EMPU_M1.This block i ated between the PSRAM Memory Physical interface
and MCU core with the AHB system bus, reduces the effort of user to deal with PSRAM Memory
command interface by providing a simple generic system interface

Gowin AHB Bus

Options

Configuration

Enable PSRAM
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3.3 User Design

® After Gowin_EMPU_M1 configuration, you can generate
Gowin_EMPU_M1 hardware design.

® |Instantiate Gowin_ EMPU_M1 Top Module.

® Import user designs and connect it with Gowin_ EMPU_M1 to form a
complete RTL design.

3.4 Constraint

After the user RTL design is completed, physical constraints can be
generated according to the used development board and the 10O.

Timing constraints file can be generated according to timing
requirements.

How to generate physical constraints, please refer to SUG935, Gowin
Design Physical Constraints User Guide, SUG1018, Arora V Design
Physical Constraints User Guide.

3.5 Configuration
3.5.1 Synthesis Configuration

The "Synthesize > General" configuration is as shown in Figure 3-28.

® Configure "Top Module/Entity" according to the top module name in the
design.

® Configure "Include Path" according to the actual file path in the design.

® Configure "Verilog Language" according to System Verilog 2017.
Figure 3-28 Synthesis Configuration

Wy Configuration X

Synthesize

v Global
General
Constraints

v Synthesize
General

~ Place & Route
General
Voltage
Place
Route
Dual-Purpase Pin
Unused Pin
Incremental PnR

~ BitStream
General
sysControl

Feature sysControl

General

Synthesis Tool: ® GowinSynthesis

Top Module/Entity: |cm17demo

Include Path: |

TclPre |

GowinSynthesis
Verilog Language: | System Verilog 2017

Looplimit: 2000 E

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

Cancel

Apply

IPUG531-2.4E
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3 Project Template

3.5 Configuration

3.5.2 Post-Place File Configuration

If you use the download method of automatically merging
Gowin_EMPU_M1 software programming design and hardware design,
you need to configure "Place & Route > General > Generate Post-Place
File" to generate a Post-Place File, as shown in Figure 3-29.

Figure 3-29 Post-Place File Configuration

G Configuration

v Global
General
Constraints

~ Synthesize
General

“ Place & Route
General
Voltage
Place
Route
Dual-Purpose Pin
Unused Pin
Incremental PnR

“ BitStream
General
sysContral

Feature sysContral

Place & Route
Category: |All w Reset all to default
Label Value
Generate SDF File False
Generate Post-Place File True

Generate Post-PnR Verilog Simulation Model File  False
Generate Post-PnR VHDL Simulation Model File  False

Generate Plain Text Timing Report False
Promote Physical Constraint Warning to Error True
Show All Warnings False
Report Auto-Placed 10 Information False
Convert SDP32/36 to SDP16/18 True

*.posp.

Generate post-place file only included locations of BSRAM and DSP. Default:

Cancel Apply

3.5.3 Dual-Purpose Pin Configuration

If Gowin_EMPU_M1 uses off-chip SPI-Flash Memory to download and
start-up, you need to configure "Place & Route > Dual-Purpose Pin" to use
MSPI and CPU IO as regular 10; otherwise, there is no need to configure
dual-purpose, as shown in Figure 3-30

Figure 3-30 Dual-Purpose Pin Configuration

G Configuration

v Global
General
Constraints

¥ Synthesize
General

“ Place & Route
General
Voltage
Place
Route
Dual-Purpose Pin
Unused Pin
Incremental PnR

~ BitStream
General
sysControl

Feature sysControl

Dual-Purpose Pin

[] Use JTAG as regular 10

[] Use S5PI as regular 10

Use MSPI as regular 10

[] Use READY as regular 10

[[] Use DONE as regular 10

[] Use RECONFIG_N as regular 10
[] Use 12C as regular 10

Use CPU as regular 10

Cancel Apply
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3.5.4 BitStream Configuration

Configure "Bitstream > General" and enable "Print BSRAM Initial
Value", as shown in Figure 3-31.

Figure 3-31 BitStream Configuration

Wy Configuration x

BitStream

v Global Enable CRC Check

General
. Enable Compress
Constraints U >

v Synthesize [] Enable Encryption
General Key(Hex):

“ Place & Route

Enable Security Bit

General

Secure Mode
Voltage
Place Power On Reset Monitor
Route Print BSRAM Initial Value
Dual-Purpose Pin Bitstream Format: Text ~
Unused Pin

Incremental PnR
+ BitStream

General

sysControl

Feature sysControl

Cancel Apply

3.6 Synthesize
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Run GowinSynthesis, the synthesis tool, to complete the synthesis of
RTL design, as shown in Figure 3-32.

Figure 3-32 Synthesis Configuration

{# GOWIN FPGA Designer - [C:\Users\liukai\Desktop\gowin_empu_m1\cm1_demch\imphgwsynthesis\cm1_demo_syn.rpthtml] - O x
[ Fle Edit Project Tools Window Help -ax
© 1 B = @ §2 R =
B - BESW:®EE G862
oo 2 £ Synthesis Details
1 | Design Summary i
- —; User Constraints . Synthesis Messages Top Level Module cm1_demo
T FloorPlanner Synthesis Details Running parser:
- CPU time = 0h 0m 2s, Elapsed time =
7% Timing Constraints Editor - Resource Oh Om 3s, Peak memory usage =
264.980MB
v O Synthesize Resource Usage summary Running netlist conversion:
B ilizati CPU time = 0h 0m 0s, Elapsed time =
| Synthesis Report Resource Utilization Summary 0h Om 0s, Peak memary usage o
P Timin Running device independent optimization:
Netlist File 9 Optimizing Phase 0: CPU time = 0h Om
v Place & Route Clock Summary 0.453s, Elapsed time = Oh Om 0.778s,
Peak memery usage = 264.980MB
Place & Route Report Max Frequency Summary Optimizing Phase 1: CPU time = 0h 0m
Timing Analysis Report Detail Timing Paths Informations géiiir?eizﬁet?sg;e:zaD'?rgc.;g“s'
Ports & Pins Report Optimizing Phalse 2: CPU time = 0h Om
0.421s, Elapsed time = Oh Om 0.459s,
Pawer Analysis Report Peak memory usage = 264.980MB
T Running inference:
4% Programmer Tnferrina Phase 0: CPU time = 0h Om T
»
Design  Process  Hierarchy J Start Page Design Summary 2 em1_deme_syn.rpthtml %]
Consale g x

o —

Tech-Mapping Phase @ completed

Tech-Mapping Phase 1 completed

Tech-Mapping Phase 2 completed

Tech-Mapping Phase 3 completed

Tech-Mapping Phase 4 completed

(NLEBB2) : The module "Gowin APB2 Decoder” instantiated to "u_multiple 1" is swept in optimizing(™
Generate netlist file "C:\Users\liukai\Desktop\gowin_empu_ml\cml_demo\impl\gusynthesis\cml_demo.vg

\User

shliukai\Desktop'\gowin_empu_ml}
completed ©
>

Console ~ Message

For the synthesis tool usage, please refer to SUG 100, Gowin Software

User Guide.
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3.7 Place & Route

Run "Place & Route", the Place & Route tool, to generate the
bitstream files, as shown in Figure 3-33.

Figure 3-33 Place & Route Configuration

{4 GOWIN FPGA Designer - [C:\Users\liukai\Desktop\gowin_empu_mTiem1_demo\impl\pnr\em1_demo.tr.html] - m} X
7 Ele Edit Project Iools Window Help -ax
B skt HESU:-®oHEX G582

Process A x Max Frequency Summary: -

Timing Messages

1| Design Summary ok . :
» Timing Summaries | NO. | clock Name | Constraint | Actual Fmax | Logic Level _ Entiy |

~ [ User Constraints

1 jtag_9 5.000(MHz) 171.895(MHz) 9 TOP
78 FloorPlanner STA Tool Run Summary
- 2 helk 50.000{MHz) | 74.940(MHz) 8 Top
P Timing Constraints Editor Clock Summary -
_ 3 rnd_src_div_8 50.000{MHz) | 371.539{MHz} 3 TOP
v () synthesize Max Frequency Summary
Synthesis Report Total Negative Slack Summary No timing paths to get frequency of rnd_src!
&| Netlst File ¢+ Timing Details No timing paths to get frequency of rnd_src_div_4!
~ () Place & Routs
& Place & Route » Path Slacks Table No timing paths to get frequency of rnd_src_div_2!

= Place & Route Report
— s Setup Paths Table No timing paths to get frequency of spi_w_clk!
- Timing Analysis Report Hold Pathe Table

= Ports & Pins Report Recovery Paths Table Total Negative Slack Summary:

= Power Analysis Report " - "
Removal Paths Table Clock Name Analysis Type | Endpoints TNS | Number of Endpoints

M
)
1% programmer

»

Design  Process  Hierard hy ; Start Page Design Summary em1_demo.rpthtml em1_demo.tr.html B

Consale 8 x

-
Running power analysis......

[10@%] Power analysis completed

Generate file "C:\Users\liukai\Desktop\gowin_empu_ml\cml_demo‘\impl\pnricml_demo.power.html” completed
Generate file "C:\Users\liukai\Desktop\gowin_empu_ml\cml_demo‘\impli\pnricml_demo.pin.html"” completed
Generate file "C:\Users\liukai\Desktop\gowin_empu_ml\cml_demo\impl\pnricml_demo.rpt.html" completed
Generate file "C:\Users\liukai\Desktop\gowin_empu_ml\cml_demo‘\impli\pnricml_demo.rpt.txt" completed
Generate file "C:\Users\liukai\Desktop\gowin_empu_ml\cml_demo\impl\pnricml_demeo.tr.html" completed

Thu Dec 12 17:57:05 2024 .
%
Console | Message

For the Place & Route tool usage, please refer to SUG100, Gowin
Software User Guide.

3.8 Download

Run the "Programmer”, the download tool, to download Hardware
Design the bitstream file.

Run Programmer in Gowin Software or software installation path, click

"Edit/Configure Device" or Configure Device " 28" in the tool bar to open
the "Device configuration" .

If "ITCM Select" is configured as "Internal Instruction Memory", then
configuration options for GW1N/R-9 products are as shown in Figure 3-34.

® Select "Embedded Flash Mode" in "Access Mode" drop-down list.

® Select "embFlash Erase, Program" or "embFlash Erase, Program,
Verify" in "Operation" drop-down list.

® Import the hardware design bitstream file to download in "Programming
Options > File name" option.

® Click "Save" to complete the configuration of the hardware design
bitstream file.
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Figure 3-34 Embedded Flash Mode Configuration for GW1IN/R-9

W Device configuration ? >

Terice Operation
focess Mode: Embedded Flash Mode -

Operation: embFlash Eraze, Frogram -

Erase and program the embedded flash Malke sure the config frequenow
muzt be lesz than 2EMhz.

Frogramming Options

File name: |E:fdesktnpfmcu_test,-'rmlffsfgnwin_empu_ml_@c. f= | | . |

D User Flash Initialization

Save Cancel

If "ITCM Select" is configured as "External Instruction Memory", and
select embedded UserFlash as instruction memory, then configuration
options for GW1N/R-9 are as shown in Figure 3-35.

® Select "MCU Model L" in "Access Mode" drop-down list.

® Select "Firmware Erase, Program" or "Firmware Erase, Program,
Verify" in "Operation" drop-down list.

® Import the hardware design bitstream files to download in
"Programming Options > File name" option.

® Import the software programming design BIN files to download in
"FW/MCU/Binary Input Options > Firmware/Binary File" option.

® Click "Save" to complete the configuration of the hardware design
bitstream files and software programming design BIN files.
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Figure 3-35 MCU Mode L Configuration for GWIN/R-9

Wi Device configuration ? >

Terice Operation
focess Mode: MCU Mode L -

Operation: Firmware Erasze, Frogram -

Firmware Erasze, Program

Frogramming Options

File name: |E:/desktop/mou_test/ml/ f=/zowin_empu_ml_Se. f=

Uzer Flash Initialization

FYAMCU Binary Input Options

Firmware/Binary File: |E:,-"'desktopfmcu_testfml;’]{eilﬂed.]:-in | | .. |

Save Cancel

Configuration options for GW2AN-9X/18X, GW2A/R/NR-18, and
GW2A/N-55 are as shown in Figure 3-36.

® Select "External Flash Mode" in "Access Mode" drop-down list.

® Select "exFlash Erase, Program thru GAO-Bridge" or "exFlash Erase,
Program, Verify thru GAO-Bridge" in "Operation" drop-down list.

® Import the hardware design bitstream file to download in "Programming
Options > File name" option.

® Select "Generic Flash" in "External Flash Options".

® Configure the start address as "0x000000" in "External Flash Options >
Start Address" option.

® Click "Save" to complete the configuration of the hardware design
bitstream file.

IPUG531-2.4E 52(55)




3 Project Template 3.8 Download

Figure 3-36 External Flash Mode Configuration for GW2AN-9X/18X,
GW2A/R/NR-18, and GW2A/N-55

W Device configuration ? >

Terice Operation
focess Mode: External Flash Mode -

Operation: exFlash Erasze, Program thru GAD-Fridgze -

exFlash Erase, Program thru GAO-Fridsge

Frogramming Options

File name: |E:/desktop/mou_test/ml f=/zowin_empu_ml_BGeo. fs | | . |

Uzer Flash Initialization

External Flash Options

Device: Generic Flash -

Start Address: Q000000

Save Cancel

Configuration options for Arora V products are as shown in Figure
3-36.

® Select "External Flash Mode 5A" in "Access Mode" drop-down list.

® Select "exFlash Erase, Program 5A" or "exFlash Erase, Program,
Verify 5A" in "Operation" drop-down list.

® Import the hardware design bitstream file to download in "Programming
Options > File name" option.

® Select "Generic Flash" in "External Flash Options".

® Configure the start address as "0x000000" in "External Flash Options >
Start Address" option.

® Click "Save" to complete the configuration of the hardware design
bitstream file.
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Figure 3-37 External Flash Mode Configuration for Arora V

4 Device configuration ? X

Device Operation
Aecess Mode: External Flash Mode BA w

Operation: exFlazh Erase, Frogram Bi i

exFlash Erase, Program BA

Frogramming Options

File name: |]<aif]]es]{topfgowin_empu_mlfcml_demofimplfpnrfcml_demo. fsl D

Retained User Flash Data
VUser Flazh Initialization

External Flash Options

Device: Generic Flash ~
Start Address: 03000000
Save Cancel
After device configuration, click Program/Configure " =& " in the

Programmer toolbar to complete downloading bitstream files in hardware
design (If GW1N/R-9 use MCU Mode L, then download software
programming BIN files at the same time).

For the usage of Programmer, please see SUG502, Gowin
Programmer User Guide.
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4 Reference Design

Gowin_EMPU_M1 provides hardware reference design:

...\ref_design\FPGA_RefDesign\DK_START_DDR2_GW5A25 V1.0\g
owin_empu_m1
...\ref_design\FPGA_RefDesign\DK_START_GW1N9_V2.1\gowin_em
pu_m1

...\ref_design\FPGA_RefDesign\DK_START_GW2A18 V2.0\gowin_e
mpu_m1

...\ref_design\FPGA_RefDesign\DK_START_GW2A55 V1.3\gowin_e
mpu_m1
...\ref_design\FPGA_RefDesign\DK_START_GW2AR18_V1.1\gowin_
empu_m1

...\ref_design\FPGA_RefDesign\DK_START_GW5A25 V2.0\gowin_e
mpu_m1
...\ref_design\FPGA_RefDesign\DK_START_GW5AST138_V1.0\gowi
n_empu_m1

...\ref_design\FPGA_RefDesign\Tang_ MEGA_138K_Pro_Dock\gowin

_empu_m1

...\ref_design\FPGA_RefDesign\DK_DP_GW5AT60_V1.0\gowin_emp
u_mi

Gowin_EMPU_M1provides solution reference design:

...\solution\Embedded_Memory\ref _design\FPGA_RefDesign\gowin_e
mpu_m1

...\solution\External_Memory\ref design\FPGA_RefDesign\gowin_em
pu_m1
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