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1. System and memory architecture 

The GD32F3x0 series are 32-bit general-purpose microcontrollers based on the ARM® 

CortexÊ-M4 processor. The CortexÊ-M4 processor includes three AHB buses known as 

I-Code, D-Code and System buses. All memory accesses of the CortexÊ-M4 processor are 

executed on the three buses according to the different purposes and the target memory 

spaces. The memory organization uses the Harvard architecture, a pre-defined memory map 

and up to 4 GB of memory space, making the system flexible and extendable. 

1.1. ARM Cortex-M4 processor 

The CortexÊ-M4 processor is a 32-bit processor which is including the features of low 

interrupt latency and low-cost debug. Integrated and advanced features make the 

CortexÊ-M4 processor suitable for market products that require microcontrollers with high 

performance and low power consumption. The CortexÊ-M4 processor is based on the 

ARMv7 architecture and supports a powerful and scalable instruction set including general 

data processing I/O control tasks and advanced data processing bit field manipulations. 

Some system peripherals listed below are also provided by CortexÊ-M4: 

Â Internal Bus Matrix connected with I-Code bus, D-Code bus, System bus, Private 

Peripheral Bus (PPB) and debug accesses (AHB-AP) 

Â Nested Vectored Interrupt Controller (NVIC) 

Â Flash Patch and Breakpoint (FPB) 

Â Data Watchpoint and Trace (DWT) 

Â Instrumentation Trace Macrocell (ITM) 

Â Serial Wire JTAG Debug Port (SWJ-DP) 

Â Trace Port Interface Unit (TPIU) 

The following figure shows the CortexÊ-M4 processor block diagram. For more information, 

refer to the ARM® CortexÊ-M4 Technical Reference Manual. 
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Figure 1-1. The structure of the CortexÊ-M4processor 
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1.2. System architecture 

The system architecture of GD32F3x0 series is shown in the following figure. The AHB 

matrix based on AMBA 3.0 AHB-LITE is a multi-layer AHB, which enables parallel access 

paths between multiple masters and slaves in the system. There are four masters on the 

AHB matrix, including I-Code, D-Code, system bus of the CortexÊ-M4 core and DMA. The 

I-Code bus is the instruction bus and also used for vector fetches from the Code region 

(0x0000 0000 ~ 0x1FFF FFFF) to the CortexÊ-M4 core. The D-Code bus is used for 

loading/storing data and also for debugging access of the Code region. Similarly, the System 

bus is used for instruction/vector fetches, data loading/storing and debugging access of the 

system regions. The System regions include the internal SRAM region and the Peripheral 

region. The AHB matrix consists of five slaves, including I-Code and D-Code interfaces of 

the flash memory controller, internal SRAM, AHB1 and AHB2.  

The AHB2 connects with the GPIO ports. The AHB1 connects with the AHB peripherals 

including two AHB-to-APB bridges which provide full synchronous connections between the 

AHB1 and the two APB buses. The two APB buses connect with all the APB peripherals.  
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Figure 1-2. Series system architecture of GD32F3x0 series 

IC
o
d
e

D
C

o
d
e

S
ys

te
mNVIC

TPIU SW

Flash
Memory 

Controller

Flash
Memory

A
H

B
 M

a
trix

SRAM
Controller

SRAM

AHB to APB 
Bridge 2

GP DMA 
7chs

USART0

SPI0/I2S0

ADC

TIMER16

12-bit
SAR ADC

IBus

ARM Cortex-M4 
Processor

Fmax: 108MHz

POR/PDR

PLL
Fmax: 108MHz

LDO
1.2V

IRC8M
8MHz

HXTAL
4-32MHz

LVD

EXTI

TIMER0

AHB1: Fmax = 108MHz

AHB to APB 
Bridge 1

CRC
RST/CLK 

Controller

DBus

USBFS

AHB2: Fmax = 108MHz
GPIO Ports
A, B, C, D, F

IRC28M
28MHz

CMP

SYS Config

TIMER14

TIMER15

A
P

B
2
: F

m
a
x
 =

 5
4
M

H
z

IRC48M
48MHz

Powered by LDO (1.2V)

CMP0

CMP1

TIMER1

WWDGT

A
P

B
1
: F

m
a
x
 =

 5
4
M

H
z

TIMER5

SPI1

CTC

I2C0

RTC

FWDGT

HDMI-CEC

PMU

DAC

I2C1

12-bit

DAC

TIMER13

TIMER2

Powered by VDD/VDDA

IRC40K
40KHz

Touch

Sensing

Interface

USART1

 

1.3. Memory map 

The ARM® CortexÊ-M4 processor is structured in Harvard architecture which can use 

separate buses to fetch instructions and load/store data. The instruction code and data are 

both located in the same memory address space but in different address ranges. Program 

memory, data memory, registers and I/O ports are organized within the same linear 4-Gbyte 

address space which is the maximum address range of the CortexÊ-M4 since it has a 32-bit 
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bus address width. Additionally, a pre-defined memory map is provided by the CortexÊ-M4 

processor to reduce the software complexity of repeated implementation of different device 

vendors. However, some regions are used by the ARM® CortexÊ-M4 system peripherals. 

The following figure shows the memory map of GD32F3x0 series, including Code, SRAM, 

peripheral, and other pre-defined regions. Each peripheral of either type is allocated 1KB of 

space. This allows simplifying the address decoding for each peripheral.  

Table 1-1. Memory map of GD32F3x0 series 

Pre-defined 

Regions 
Bus ADDRESS Peripherals 

  
0xE000 0000 - 0xE00F FFFF Cortex M4 internal peripherals 

External Device 
 

0xA000 0000 - 0xDFFF FFFF Reserved 

External RAM 
 

0x6000 0000 - 0x9FFF FFFF Reserved 

Peripherals 

AHB1 
0x5004 0000 - 0x5FFF FFFF Reserved 

0x5000 0000 - 0x5003 FFFF USBFS 

AHB2 

0x4800 1800 - 0x4FFF FFFF Reserved 

0x4800 1400 - 0x4800 17FF GPIOF 

0x4800 1000 - 0x4800 13FF Reserved 

0x4800 0C00 - 0x4800 0FFF GPIOD 

0x4800 0800 - 0x4800 0BFF GPIOC 

0x4800 0400 - 0x4800 07FF GPIOB 

0x4800 0000 - 0x4800 03FF GPIOA 

AHB1 

0x4002 4400 - 0x47FF FFFF Reserved 

0x4002 4000 - 0x4002 43FF TSI 

0x4002 3400 - 0x4002 3FFF Reserved 

0x4002 3000 - 0x4002 33FF CRC 

0x4002 2400 - 0x4002 2FFF Reserved 

0x4002 2000 - 0x4002 23FF FMC 

0x4002 1400 - 0x4002 1FFF Reserved 

0x4002 1000 - 0x4002 13FF RCU 

0x4002 0400 - 0x4002 0FFF Reserved 

0x4002 0000 - 0x4002 03FF DMA 

APB2 

0x4001 8000 - 0x4001 FFFF Reserved 

0x4001 5C00 - 0x4001 7FFF Reserved 

0x4001 5800 - 0x4001 5BFF Reserved 

0x4001 4C00 - 0x4001 57FF Reserved 

0x4001 4800 - 0x4001 4BFF TIMER16 

0x4001 4400 - 0x4001 47FF TIMER15 

0x4001 4000 - 0x4001 43FF TIMER14 

0x4001 3C00 - 0x4001 3FFF Reserved 

0x4001 3800 - 0x4001 3BFF USART0 

0x4001 3400 - 0x4001 37FF Reserved 
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Pre-defined 

Regions 
Bus ADDRESS Peripherals 

0x4001 3000 - 0x4001 33FF SPI0/I2S0 

0x4001 2C00 - 0x4001 2FFF TIMER0 

0x4001 2800 - 0x4001 2BFF Reserved 

0x4001 2400 - 0x4001 27FF ADC 

0x4001 0800 - 0x4001 23FF Reserved 

0x4001 0400 - 0x4001 07FF EXTI 

0x4001 0000 - 0x4001 03FF SYSCFG + CMP 

APB1 

0x4000 CC00 - 0x4000 FFFF Reserved 

0x4000 C800 - 0x4000 CBFF CTC 

0x4000 C400 - 0x4000 C7FF Reserved 

0x4000 C000 - 0x4000 C3FF Reserved 

0x4000 8000 - 0x4000 BFFF Reserved 

0x4000 7C00 - 0x4000 7FFF Reserved 

0x4000 7800 - 0x4000 7BFF CEC 

0x4000 7400 - 0x4000 77FF DAC 

0x4000 7000 - 0x4000 73FF PMU 

0x4000 6400 - 0x4000 6FFF Reserved 

0x4000 6000 - 0x4000 63FF Reserved 

0x4000 5C00 - 0x4000 5FFF Reserved 

0x4000 5800 - 0x4000 5BFF I2C1 

0x4000 5400 - 0x4000 57FF I2C0 

0x4000 4800 - 0x4000 53FF Reserved 

0x4000 4400 - 0x4000 47FF USART1 

0x4000 4000 - 0x4000 43FF Reserved 

0x4000 3C00 - 0x4000 3FFF Reserved 

0x4000 3800 - 0x4000 3BFF SPI1 

0x4000 3400 - 0x4000 37FF Reserved 

0x4000 3000 - 0x4000 33FF FWDGT 

0x4000 2C00 - 0x4000 2FFF WWDGT 

0x4000 2800 - 0x4000 2BFF RTC 

0x4000 2400 - 0x4000 27FF Reserved 

0x4000 2000 - 0x4000 23FF TIMER13 

0x4000 1400 - 0x4000 1FFF Reserved 

0x4000 1000 - 0x4000 13FF TIMER5 

0x4000 0800 - 0x4000 0FFF Reserved 

0x4000 0400 - 0x4000 07FF TIMER2 

0x4000 0000 - 0x4000 03FF TIMER1 

SRAM 
 

0x2000 5000 - 0x3FFF FFFF Reserved 

0x2000 0000 - 0x2000 4FFF SRAM 

Code 
 

0x1FFF F810 - 0x1FFF FFFF Reserved 
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Pre-defined 

Regions 
Bus ADDRESS Peripherals 

0x1FFF F800 - 0x1FFF F80F Option bytes 

0x1FFF EC00 - 0x1FFF F7FF System memory 

0x0802 0000 - 0x1FFF EBFF Reserved 

0x0800 0000 - 0x0801 FFFF Main Flash memory 

0x0010 0000 - 0x07FF FFFF Reserved 

0x0000 0000 - 0x000F FFFF 
Aliased to Flash or 

system memory 

1.3.1. Bit-banding 

In order to reduce the time of read-modify-write operations, the CortexÊ-M4 processor 

provides a bit-banding function to perform a single atomic bit operation. The memory map 

includes two bit-band regions. These occupy the SRAM and Peripherals respectively. These 

bit-band regions map each word in an alias region of memory to a bit in a bit-band region of 

memory.  

A mapping formula shows how to reference each word in the alias region to a corresponding 

bit, or target bit, in the bit-band region. The mapping formula is: 

bit_word_addr = bit_band_base + (byte_offset x 32) + (bit_number Ĭ 4)              (1-1) 

where: 

Â bit_word_addr is the address of the word in the alias memory region that maps to the 

targeted bit. 

Â bit_band_base is the starting address of the alias region. 

Â byte_offset is the number of the byte in the bit-band region that contains the targeted bit. 

Â bit_number is the bit position (0-7) of the targeted bit. 

For example, to access bit 7 of address 0x2000 0200, the bit-band alias is: 

bit_word_addr = 0x2200 0000 + (0x200 * 32) + (7 * 4) = 0x2200 401C               (1-2) 

Writing to address 0x2200 401C will cause bit 7 of address 0x2000 0200 change while a 

read to address 0x2200 401C will return 0x01 or 0x00 according to the value of bit 7 at the 

SRAM address 0x2000 0200. 

1.3.2. On-chip SRAM memory 

The GD32F3x0 series contain up to 16KB of on-chip SRAM which starts at the address 

0x2000 0000. It supports byte, half-word (16 bits), and word (32 bits) access. In order to 

increase memory robustness, parity check is supported. The user can enable the parity 

check function using the bit SRAM_PARITY_CHECK in the user option byte (refer to 

Chapter 2.3.9 Option byte description). When enabled, an NMI is generated if the parity 

check fails. The SRAM parity check error flag is implemented in the system configuration 
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register 2 (SYSCFG_CFG2). The error flag can be connected to the break input of TIMER 0/ 

TIMER 14/ TIMER 15/ TIMER 16, if the SRAM_PARITY_ERROR_LOCK control bit in the 

system configuration register 2 (SYSCFG_CFG2) is set to 1.  

The real data width of the SRAM is 36 bits, including 32 bits for data and 4 bits for parity (1 

bit per byte). When writing, the parity bits are computed and stored into the SRAM. When 

reading, the parity bits are also computed using the stored data in SRAM. The computed 

parity bits are compared with the stored parity bits which are computed during the writing 

access. If they are different, the parity check fails.  

Note: Enabling the SRAM parity check, it is recommended to initialize the whole SRAM 

memory by software at the beginning of the code, in order to avoid getting parity check errors 

when reading non-initialized locations.  

1.3.3. On-chip Flash memory 

The devices provide up to 128 KB of on-chip flash memory. The flash memory consists of up 

to 128 KB main flash organized into 128 pages with 1 KB capacity per page and a 3 KB 

information block for the boot loader. The following table shows details. 

Table 1-2. Flash module organization 

Block Name Address Size 

Main Flash Block 

Page 0 0x0800 0000 - 0x0800 03FF 1 Kbytes 

Page 1 0x0800 0400 - 0x0800 07FF 1 Kbytes 

Page 2 0x0800 0800 - 0x0800 0BFF 1 Kbytes 

· · · 

· · · 

Page 127 0x0801 FC00 - 0x0801 FFFF 1 Kbytes 

Information Block 
System memory 0x1FFF EC00 - 0x1FFF F7FF 3 Kbytes 

Option Bytes 0x1FFF F800 - 0x1FFF F80F 16 bytes 

Read accesses to the preceding 64 pages can be performed 32 bits per cycle without any 

wait state. All of byte, half-word (16 bits) and word (32 bits) read accesses are supported. 

The flash memory can be programmed half-word (16 bits) or word (32 bits) at a time. Each 

page of the flash memory can be erased individually. The whole flash memory space except 

information blocks can be erased at a time. 

1.4. Boot configuration 

The GD32F3x0 series provide three kinds of boot sources which can be selected using the 

bit BOOT1_n in the user option byte (refer to Chapter 2.3.9 Option byte description) and 

the BOOT0 pin. The value on the BOOT0 pin is latched on the 4th rising edge of SYSCLK 

after a reset. It is up to the user to set the BOOT1_n and BOOT0 after a power-on reset or a 

system reset to select the required boot source. The details are shown in the following table. 
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Table 1-3. Boot modes 

Selected boot source 
Boot mode selection pins 

Boot1 Boot0 

Main Flash Memory x 0 

System Memory 0 1 

On-chip SRAM 1 1 

1. The Boot1 value is the opposite of the BOOT1_n value. 

After power-on sequence or a system reset, the ARMÈ CortexÊ-M4 processor fetches the 

top-of-stack value from address 0x0000 0000 and the base address of boot code from 

0x0000 0004 in sequence. Then, it starts executing code from the base address of boot 

code. 

According to the selected boot source, either the main flash memory (original memory space 

beginning at 0x0800 0000) or the system memory (original memory space beginning at 

0x1FFF EC00) is aliased in the boot memory space which begins at the address 0x0000 

0000. When the on-chip SRAM whose memory space is beginning at 0x2000 0000 is 

selected as the boot source, in the application initialization code, you have to relocate the 

vector table in SRAM using the NVIC exception table and offset register. 

The embedded boot loader is located in the System memory, which is used to reprogram the 

Flash memory. The boot loader can be activated through one of the following serial 

interfaces: USART0 or USART1.  

1.5. I/O compensation cell 

By default, the I/O compensation cell is not used. However, when the I/O port output speed is 

more than 50MHz, it is recommended to use the compensation cell for slew rate control to 

reduce the I/O noise on power supply. 

When the compensation cell is enabled, a complete flag CPS_RDY in the register 

SYSCFG_CPSCTL is set to indicate that the compensation cell is ready and can be used. 
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1.6. System configuration registers (SYSCFG) 

SYSCFG base address: 0x4001 0000 

1.6.1. System configuration register 0 (SYSCFG_CFG0) 

Address offset: 0x00 

Reset value: 0x0000 000X (X indicates BOOT_MODE[1:0] may be any value according to 

the BOOT0 pin and the BOOT1_n option bit after reset) 

This register has to be accessed by word(32-bit) 

31  30   29   28   27   26   25  24  23   22   21   20   19   18   17   16  

Reserved PB9_HC

CE 

Reserved 

 rw  

 15   14   13   12   11   10   9   8   7   6   5   4   3   2   1   0  

Reserved 

TIMER16

_DMA_R

MP 

TIMER15

_DMA_R

MP 

USART0 

_RX_DM

A_RMP 

USART0 

_TX_DM

A_RMP 

ADC_DM

A_RMP 
Reserved BOOT_MODE[1:0] 

 rw rw rw rw rw  r 

 

Bits  Fields Descriptions 

31:20 Reserved Must be kept at reset value 

19 PB9_HCCE PB9 pin high current capability enable 

When it is set, the PB9 pin can be used to control an infrared LED directly.  

0: High current capability on the PB9 pin is disabled. 

1: High current capability on the PB9 pin is enabled, and the speed control of the 

pin is bypassed. 

18:13 Reserved Must be kept at reset value 

12 TIMER16_DMA_RM

P 

TIMER 16 DMA request remapping enable 

0: Not remap (TIMER16_CH0 and TIMER16_UP DMA requests are mapped on 

DMA channel 0) 

1: Remap (TIMER16_CH0 and TIMER16_UP DMA requests are mapped on DMA 

channel 1) 

11 TIMER15_DMA_RM

P 

TIMER 15 DMA request remapping enable 

0: Not remap (TIMER15_CH0 and TIMER15_UP DMA requests are mapped on 

DMA channel 2) 

1: Remap (TIMER15_CH0 and TIMER15_UP DMA requests are mapped on DMA 

channel 3) 

10 USART0_RX_DMA_

RMP 

USART0_RX DMA request remapping enable 

0: Not remap (USART0_RX DMA requests are mapped on DMA channel 2) 



                                                           GD32F3x0 User Manual 
 

34 
  

1: Remap (USART0_RX DMA requests are mapped on DMA channel 4) 

9 USART0_TX_DMA_

RMP 

USART0_TX DMA request remapping enable 

0: Not remap (USART0_TX DMA requests are mapped on DMA channel 1) 

1: Remap (USART0_TX DMA requests are mapped on DMA channel 3) 

8 ADC_DMA_RMP ADC DMA request remapping enable 

0: Not remap (ADC DMA requests are mapped on DMA channel 0) 

1: Remap (ADC DMA requests are mapped on DMA channel 1) 

7:2 Reserved Must be kept at reset value 

1:0 BOOT_MODE[1:0] Boot mode (Refer to Chapter 1.4 Boot configuration for details) 

Bit0 is mapping to the BOOT0 pin; the value of bit1 is the opposite of the BOOT1_n 

option bit value. 

x0: Boot from the Main Flash 

01: Boot from the system memory 

11: Boot from the embedded SRAM 

1.6.2. EXTI sources selection register 0 (SYSCFG_EXTISS0) 

Address offset: 0x08 

Reset value: 0x0000 0000 

This register has to be accessed by word(32-bit) 

31   30   29   28   27   26   25  24  23   22   21   20   19   18   17   16  

Reserved 

 

 15   14   13   12   11   10   9   8   7   6   5   4   3   2   1   0  

EXTI3_SS [3:0] EXTI2_SS [3:0] EXTI1_SS [3:0] EXTI0_SS [3:0] 

rw rw rw rw 

 

Bits  Fields Descriptions 

31:16 Reserved Must be kept at reset value 

15:12 EXTI3_SS[3:0] EXTI 3 sources selection 

X000: PA3 pin 

X001: PB3 pin 

X010: PC3 pin 

X011: Reserved 

X100: Reserved 

X101: Reserved 

X110: Reserved 

X111: Reserved 
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11:8 EXTI2_SS[3:0] EXTI 2 sources selection 

X000: PA2 pin 

X001: PB2 pin 

X010: PC2 pin 

X011: PD2 pin 

X100: Reserved 

X101: Reserved 

X110: Reserved 

X111: Reserved 

7:4 EXTI1_SS[3:0] EXTI 1 sources selection 

X000: PA1 pin 

X001: PB1 pin 

X010: PC1 pin 

X011: Reserved 

X100: Reserved 

X101: PF1 pin 

X110: Reserved 

X111: Reserved 

3:0 EXTI0_SS[3:0] EXTI 0 sources selection 

X000: PA0 pin 

X001: PB0 pin 

X010: PC0 pin 

X011: Reserved 

X100: Reserved 

X101: PF0 pin 

X110: Reserved 

X111: Reserved 

1.6.3. EXTI sources selection register 1 (SYSCFG_EXTISS1) 

Address offset: 0x0C 

Reset value: 0x0000 0000 

This register has to be accessed by word(32-bit) 

31   30   29   28   27   26   25  24  23   22   21   20   19   18   17   16  

Reserved 

 

 15   14   13   12   11   10   9   8   7   6   5   4   3   2   1   0  

EXTI7_SS [3:0] EXTI6_SS [3:0] EXTI5_SS [3:0] EXTI4_SS [3:0] 

rw rw rw rw 

 

Bits  Fields Descriptions 
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31:16 Reserved Must be kept at reset value 

15:12 EXTI7_SS[3:0] EXTI 7 sources selection 

X000: PA7 pin 

X001: PB7 pin 

X010: PC7 pin 

X011: Reserved 

X100: Reserved 

X101: PF7 pin 

X110: Reserved 

X111: Reserved 

11:8 EXTI6_SS[3:0] EXTI 6 sources selection 

X000: PA6 pin 

X001: PB6 pin 

X010: PC6 pin 

X011: Reserved 

X100: Reserved 

X101: PF6 pin 

X110: Reserved 

X111: Reserved 

7:4 EXTI5_SS[3:0] EXTI 5 sources selection 

X000: PA5 pin 

X001: PB5 pin 

X010: PC5 pin 

X011: Reserved 

X100: Reserved 

X101: PF5 pin 

X110: Reserved 

X111: Reserved 

3:0 EXTI4_SS[3:0] EXTI 4 sources selection 

X000: PA4 pin 

X001: PB4 pin 

X010: PC4 pin 

X011: Reserved 

X100: Reserved 

X101: PF4 pin 

X110: Reserved 

X111: Reserved 

1.6.4. EXTI sources selection register 2 (SYSCFG_EXTISS2) 

Address offset: 0x10 
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Reset value: 0x0000 0000 

This register has to be accessed by word(32-bit) 

31   30   29   28   27   26   25  24  23   22   21   20   19   18   17   16  

Reserved 

 

 15   14   13   12   11   10   9   8   7   6   5   4   3   2   1   0  

EXTI11_SS [3:0] EXTI10_SS [3:0] EXTI9_SS [3:0] EXTI8_SS [3:0] 

rw rw rw rw 

 

Bits  Fields Descriptions 

31:16 Reserved Must be kept at reset value 

15:12 EXTI11_SS[3:0] EXTI 11 sources selection 

X000: PA11 pin 

X001: PB11 pin 

X010: PC11 pin 

X011: Reserved 

X100: Reserved 

X101: Reserved 

X110: Reserved 

X111: Reserved 

11:8 EXTI10_SS[3:0] EXTI 10 sources selection 

X000: PA10 pin 

X001: PB10 pin 

X010: PC10 pin 

X011: Reserved 

X100: Reserved 

X101: Reserved 

X110: Reserved 

X111: Reserved 

7:4 EXTI9_SS[3:0] EXTI 9 sources selection 

X000: PA9 pin 

X001: PB9 pin 

X010: PC9 pin 

X011: Reserved 

X100: Reserved 

X101: Reserved 

X110: Reserved 

X111: Reserved 

3:0 EXTI8_SS[3:0] EXTI 8 sources selection 

X000: PA8 pin 
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X001: PB8 pin 

X010: PC8 pin 

X011: Reserved 

X100: Reserved 

X101: Reserved 

X110: Reserved 

X111: Reserved 

1.6.5. EXTI sources selection register 3 (SYSCFG_EXTISS3) 

Address offset: 0x14 

Reset value: 0x0000 0000 

This register has to be accessed by word(32-bit) 

31   30   29   28   27   26   25  24  23   22   21   20   19   18   17   16  

Reserved 

 

 15   14   13   12   11   10   9   8   7   6   5   4   3   2   1   0  

EXTI15_SS [3:0] EXTI14_SS [3:0] EXTI13_SS [3:0] EXTI12_SS [3:0] 

rw rw rw rw 

 

Bits  Fields Descriptions 

31:16 Reserved Must be kept at reset value 

15:12 EXTI15_SS[3:0] EXTI 15 sources selection 

X000: PA15 pin 

X001: PB15 pin 

X010: PC15 pin 

X011: Reserved 

X100: Reserved 

X101: Reserved 

X110: Reserved 

X111: Reserved 

11:8 EXTI14_SS[3:0] EXTI 14 sources selection 

X000: PA14 pin 

X001: PB14 pin 

X010: PC14 pin 

X011: Reserved 

X100: Reserved 

X101: Reserved 

X110: Reserved 

X111: Reserved 
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7:4 EXTI13_SS[3:0] EXTI 13 sources selection 

X000: PA13 pin 

X001: PB13 pin 

X010: PC13 pin 

X011: Reserved 

X100: Reserved 

X101: Reserved 

X110: Reserved 

X111: Reserved 

3:0 EXTI12_SS[3:0] EXTI 12 sources selection 

X000: PA12 pin 

X001: PB12 pin 

X010: PC12 pin 

X011: Reserved 

X100: Reserved 

X101: Reserved 

X110: Reserved 

X111: Reserved 

1.6.6. System configuration register 2 (SYSCFG_CFG2) 

Address offset: 0x18 

Reset value: 0x0000 0000 

This register has to be accessed by word(32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved 

 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved 
SRAM_P

CEF 
Reserved 

LVD_LOC

K 

SRAM_P

ARITY_E

RROR_L

OCK 

LOCKUP

_LOCK 

 

rc_w1  rw rw rw 

 

Bits Fields Descriptions 

31:9 Reserved Must be kept at reset value 

8 SRAM_PCEF SRAM parity check error flag 

This bit is set by hardware when an SRAM parity check error occurs. It is cleared 

by software by writing 1. 

0: No SRAM parity check error detected 

1: SRAM parity check error detected 
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7:3 Reserved Must be kept at reset value 

2 LVD_LOCK LVD lock 

This bit is set by software and cleared by a system reset. 

0: The LVD interrupt is disconnected from the break input of TIMER0/14/15/16. 

LVDEN and LVDT[2:0] in the PMU_CTL register can be programmed. 

1: The LVD interrupt is connected from the break input of TIMER0/14/15/16. 

LVDEN and LVDT[2:0] in the PMU_CTL register are read only. 

1 SRAM_PARITY_ 

ERROR_LOCK 

SRAM parity check error lock 

This bit is set by software and cleared by a system reset. 

0: The SRAM parity check error is disconnected from the break input of 

TIMER0/14/15/16 

1: The SRAM parity check error is connected from the break input of 

TIMER0/14/15/16 

0 LOCKUP_LOCK Cortex-M4 LOCKUP output lock 

This bit is set by software and cleared by a system reset. 

0: The Cortex-M4 LOCKUP output is disconnected from the break input of 

TIMER0/14/15/16 

1: The Cortex-M4 LOCKUP output is connected from the break input of 

TIMER0/14/15/16 

1.6.7. I/O compensation control register (SYSCFG_CPSCTL) 

Address offset: 0x20 

Reset value: 0x0000 0000 

This register has to be accessed by word(32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved 

 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved 
CPS_RD

Y 
Reserved CPS_EN 

 

r  rw 

 

Bits  Fields Descriptions 

31:9 Reserved Must be kept at reset value 

8 CPS_RDY I/O compensation cell is ready or not 

This bit is read-only. 

0: I/O compensation cell is not ready 

1: I/O compensation cell is ready 
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7:1 Reserved Must be kept at reset value 

0 CPS_EN I/O compensation cell enable 

0: I/O compensation cell is power-down 

1: I/O compensation cell is enabled 

 

1.7. Device electronic signature 

The device electronic signature contains memory density information and the 96-bit unique 

device ID. It is stored in the information block of the Flash memory. The 96-bit unique device 

ID is unique for any device. It can be used as serial numbers, or part of security keys, etc.  

1.7.1. Memory density information 

Base address: 0x1FFF F7E0 

The value is factory programmed and can never be altered by user.  

This register has to be accessed by word(32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

SRAM_DENSITY[15:0] 

r 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

FLASH_DENSITY[15:0] 

r 

 

Bits  Fields Descriptions 

31:16 SRAM_DENSITY 

[15:0] 

SRAM density 

The value indicates the on-chip SRAM density of the device in Kbytes.  

Example: 0x0008 indicates 8 Kbytes. 

15:0 FLASH_DENSITY 

[15:0] 

Flash memory density 

The value indicates the Flash memory density of the device in Kbytes.  

Example: 0x0020 indicates 32 Kbytes.  

1.7.2. Unique device ID (96 bits) 

Base address: 0x1FFF F7AC 

The value is factory programmed and can never be altered by user.  

This register has to be accessed by word(32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 
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UNIQUE_ID[31:16] 

r 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

UNIQUE_ID[15:0] 

r 

 

Bits  Fields Descriptions 

31:0 UNIQUE_ID[31:0] Unique device ID 

 

Base address: 0x1FFF F7B0 

The value is factory programmed and can never be altered by user.  

This register has to be accessed by word(32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

UNIQUE_ID[63:48] 

r 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

UNIQUE_ID[47:32] 

r 

 

Bits  Fields Descriptions 

31:0 UNIQUE_ID[63:32] Unique device ID 

 

Base address: 0x1FFF F7B4 

The value is factory programmed and can never be altered by user.  

This register has to be accessed by word(32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

UNIQUE_ID[95:80] 

r 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

UNIQUE_ID[79:64] 

r 

 

Bits  Fields Descriptions 

31:0 UNIQUE_ID[95:64] Unique device ID 
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2. Flash memory controller (FMC) 

2.1. Overview 

The Flash Memory Controller, FMC, provides all the necessary functions for the on-chip 

flash memory. There is no waiting time within 64K bytes while CPU executes instruction. It 

also provides page erase, mass erase, and word/half word program for flash memory. 

2.2. Characteristics 

Â Up to 128 KB of on-chip flash memory for storing instruction and data 

Â No waiting time within 64K bytes when CPU executes instruction 

Â A long delay when fetch 64K ~ 128K bytes date from flash 

Â 3K bytes information block for boot loader 

Â 16 bytes option bytes block for user application requirements 

Â 1K bytes page size 

Â Word or half word programming, page erase and mass erase capability 

Â Flash read protection to prevent illegal code/data access 

Â Page erase/program protection to prevent unexpected operation 

2.3. Function overview 

2.3.1. Flash memory architecture 

The flash memory consists of up to 128 KB main flash organized into 128 pages with 1 KB 

capacity per page and a 3 KB Information Block for the Boot Loader. The main flash memory 

contains a total of up to 128 pages which can be erased individually. The following table 

shows the base address and size. 

Table 2-1. Base address and size for flash memory 

Block Name Address size(bytes) 

Main Flash Block 

Page 0 0x0800 0000 - 0x0800 03FF 1KB 

Page 1 0x0800 0400 - 0x0800 07FF 1KB 

Page 2 0x0800 0800 - 0x0800 0BFF 1KB 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Page 127 0x0801 FC00 - 0x0801 FFFF 1KB 

Information Block Boot Loader 0x1FFF EC00 - 0x1FFF F7FF 3KB 

Option byte Block Option byte 0x1FFF F800 - 0x1FFF F80F 16B 
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Note: The Information Block stores the bootloader - this block cannot be programmed or 

erased by user. 

2.3.2. Read operations 

The flash can be addressed directly as a common memory space. Any instruction fetch and 

the data access from the flash are through the IBUS or DBUS from the CPU. 

2.3.3. Unlock the FMC_CTL register 

After reset, the FMC_CTL register is not accessible in write mode, except for the OBRLD bit, 

which is used for reloading the option byte, and the LK bit in FMC_CTL register is 1. An 

unlocking sequence consists of two write operations to the FMC_KEY register can open the 

access to the FMC_CTL register. The two write operations are writing 0x45670123 and 

0xCDEF89AB to the FMC_KEY register. After the two write operations, the LK bit in 

FMC_CTL register is set to 0 by hardware. The software can lock the FMC_CTL again by 

setting the LK bit in FMC_CTL register to 1. If there is any wrong operations on the 

FMC_KEY register, the LK bit in FMC_CTL register will be set, and the FMC_CTL register 

will be locked, then it will generate a bus error. 

The OBPG bit and OBER bit in FMC_CTL are also protected by FMC_OBKEY register. The 

unlocking sequence includes two write operations, which are writing 0x45670123 and 

0xCDEF89AB to FMC_OBKEY register, then hardware set the OBWEN bit in FMC_CTL 

register to 1. The software can set OBWEN bit to 0 to protect the OBPG bit and OBER bit in 

FMC_CTL register again. 

2.3.4. Page erase 

The FMC provides a page erase function which is used for initializing the contents of a main 

flash memory page to a high state. Each page can be erased independently without affecting 

the contents of other pages. The following steps show the access sequence of the register 

for a page erase operation. 

Â Unlock the FMC_CTL register if necessary. 

Â Check the BUSY bit in FMC_STAT register to confirm that no flash memory operation is 

in progress (BUSY equal to 0). Otherwise, wait until the operation has been finished.  

Â Write the page address into the FMC_ADDR register.  

Â Write the page erase command into PER bit in FMC_CTL register.  

Â Send the page erase command to the FMC by setting the START bit in FMC_CTL 

register.  

Â Wait until all the operations have been completed by checking the value of the BUSY bit 

in FMC_STAT register. 
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Â Read and verify the page by using a DBUS access if necessary.  

When the operation is executed successfully, the ENDF in FMC_STAT register is set, at this 

moment, if the ENDIE bit in the FMC_CTL register is set, an interrupt will be triggered by 

FMC. It is notable that a correct target page address must be confirmed, otherwise the 

software may run out of control if the incorrect target erase page is being used for fetching 

codes or accessing data. The FMC will not provide any notification when this occurs. 

Additionally, the page erase operation will be ignored on protected pages. A Flash Operation 

Error interrupt will be triggered by the FMC if the ERRIE bit in the FMC_CTL register is set. 

The software can check the WPERR bit in the FMC_STAT register to detect this condition in 

the interrupt handler. The end of this operation is indicated by the ENDF bit in the 

FMC_STAT register. The following figure shows the page erase operation flow. 

Figure 2-1. Process of page erase operation 

Set  the FMC_ADDR, 

PER bit

Is the LK bit 0

Send the command to 

FMC by setting 

START bit

Start

Yes

No
Unlock the FMC_CTL

Is the BUSY bit 0

Yes

No

Is the BUSY bit 0

Yes

No

Finish

 

2.3.5. Mass erase 

The FMC provides a complete erase function which is used for initializing the Main Flash 
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Block contents. The following steps show the mass erase register access sequence.  

Â Unlock the FMC_CTL register if necessary. 

Â Check the BUSY bit in FMC_STAT register to confirm that no flash memory operation is 

in progress (BUSY equal to 0). Otherwise, wait until the operation has been finished. 

Â Write the mass erase command into MER bit in FMC_CTL register.  

Â Send the mass erase command to the FMC by setting the START bit in FMC_CTL 

register.  

Â Wait until all the operations have been completed by checking the value of the BUSY bit 

in FMC_STAT register. 

Â Read and verify the flash memory by using a DBUS access if necessary.  

When the operation is executed successfully, an interrupt will be triggered by FMC if the 

ENDIE bit in the FMC_CTL register is set, and the ENDF in FMC_STAT register is set. Since 

all flash data will be reset to a value of 0xFFFF FFFF, the mass erase operation can be 

implemented by using a program that runs in SRAM or by using the debugging tool to access 

the FMC registers directly. The end of this operation is indicated by the ENDF bit in the 

FMC_STAT register. (The starting address of programming operation should be 0x0800 

0000) The following figure indicates the mass erase operation flow. 



                                                           GD32F3x0 User Manual 
 

47 
  

Figure 2-2. Process of the mass erase operation 

Set the MER bit

Is the LK bit 0
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No
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Finish

 

2.3.6. Main flash programming 

The FMC provides a 32-bit word/16-bit half word programming function which is used to 

modify the main flash memory contents. The following steps show the word programming 

operation register access sequence.  

Â Unlock the FMC_CTL register if necessary. 

Â Check the BUSY bit in FMC_STAT register to confirm that no flash memory operation is 

in progress (BUSY equal to 0). Otherwise, wait until the operation has been finished. 

Â Write the word program command into the PG bit in FMC_CTL register.  

Â A 32-bit word/16-bit half word write at desired address by DBUS.  

Â Wait until all the operations have been completed by checking the value of the BUSY bit 

in FMC_STAT register.  



                                                           GD32F3x0 User Manual 
 

48 
  

Â Read and verify the flash memory by using a DBUS access if necessary.  

When the operation is executed successfully, an interrupt will be triggered by FMC if the 

ENDIE bit in the FMC_CTL register is set, and the ENDF in FMC_STAT register is set. It is 

notable that checking whether the target address content is 0xFF before the word/half word 

programming operation. If he target address content is not 0xFF, PGERR bit will set when 

programming the address except that program content is 0x0. Additionally, the program 

operation would be ignored on protected pages. A flash operation error interrupt would be 

triggered by the FMC if the ERRIE bit in the FMC_CTL register is set. The software can 

check the PGERR and WPERR bit in the FMC_STAT register to detect the interrupt 

condition in the interrupt handler. The end of this operation is indicated by the ENDF bit in 

the FMC_STAT register. The following figure displays the word programming operation flow. 

Figure 2-3. Process of the word programming operation 
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2.3.7. Option byte erase 

The FMC provides an erase function which is used for initializing the option byte block in 

flash. The following steps show the erase sequence.  

Â Unlock the FMC_CTL register if necessary. 
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Â Unlock the OBWEN bit in FMC_CTL register if necessary. 

Â Check the BUSY bit in FMC_STAT register to confirm that no flash memory operation is 

in progress (BUSY equal to 0). Otherwise, wait until the operation has been finished. 

Â Write the option byte erase command into OBER bit in FMC_CTL register.  

Â Send the option byte erase command to the FMC by setting the START bit in FMC_CTL 

register.  

Â Wait until all the operations have been completed by checking the value of the BUSY bit 

in FMC_STAT register. 

Â Read and verify the flash memory by using a DBUS access if necessary.  

When the operation is executed successfully, an interrupt will be triggered by FMC if the 

ENDIE bit in the FMC_CTL register is set, and the ENDF in FMC_STAT register is set. The 

end of this operation is indicated by the ENDF bit in the FMC_STAT register. 

2.3.8. Option byte programming 

The FMC provides a 32-bit word/16-bit half word programming function which is used for 

modifying the option byte block contents. The following steps show the programming 

operation sequence.  

Â Unlock the FMC_CTL register if necessary. 

Â Unlock the OBWEN bit in FMC_CTL register if necessary. 

Â Check the BUSY bit in FMC_STAT register to confirm that no flash memory operation is 

in progress (BUSY equal to 0). Otherwise, wait until the operation has been finished. 

Â Write the program command into the OBPG bit in FMC_CTL register.  

Â A 32-bit word/16-bit half word write at desired address by DBUS.  

Â Wait until all the operations have been completed by checking the value of the BUSY bit 

in FMC_STAT register.  

Â Read and verify the flash memory by using a DBUS access if necessary.  

When the operation is executed successfully, an interrupt will be triggered by FMC if the 

ENDIE bit in the FMC_CTL register is set, and the ENDF in FMC_STAT register is set. It is 

notable that checking whether the target address content is 0xFF before the word/half word 

programming operation. If the target address content is not 0xFF, PGERR bit will set when 

program the target address. The end of this operation is indicated by the ENDF bit in the 

FMC_STAT register. 
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2.3.9. Option byte description 

The option bytes block of flash memory reloaded to FMC_OBSTAT and FMC_WP registers 

after each system reset or OBRLD bit set in FMC_CTL register, and then the option bytes 

take effect. The option complement bytes are the opposite of option bytes. When option 

bytes reload, if the option complement bytes and option bytes does not match, the OBERR 

bit in FMC_OBSTAT register is set, and the option byte is set to 0xFF. The following table is 

the detail of option bytes. 

Table 2-2. Option byte 

Address Name Description 

0x1fff f800 OB_SPC 

option byte Security Protection Code 

0xA5: No protection 

any value except 0xA5 or 0xCC: low level protection  

0xCC: hig level protection  

0x1fff f801 OB_SPC_N OB_SPC complement value 

0x1fff f802 OB_USER 

option byte which user defined 

[7]: Reserved 

[6]: SRAM_PARITY_CHECK 

0: Enable sram parity check 

1: Disable sram parity check 

[5]: VDDA_VISOR 

0: Disable VDDA monitor 

1: Enable VDDA monitor 

[4]: BOOT1_n 

0: BOOT1 bit is 1 

1: BOOT1 bit is 0 

[3]: Reserved 

[2]: nRST_STDBY 

0: Generate a reset when system try to enter in standby 

mode 

1: No reset when system try to enter in standby mode 

[1]: nRST_DPSLP 

0: Generate a reset when system try to enter in deep sleep 

mode 

1: No reset when system try to enter in deep-sleep mode 

[0]: nWDG_SW 

0: Hardware free watchdog timer 

1: Software free watchdog timer 

0x1fff f803 OB_USER_N OB_USER complement value 

0x1fff f804 OB_DATA[7:0] user defined data bit 7 to 0 

0x1fff f805 OB_DATA_N[7:0] OB_DATA complement value bit 7 to 0 

0x1fff f806 OB_DATA[15:8] user defined data bit 15 to 8 
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Address Name Description 

0x1fff f807 OB_DATA_N[15:8] OB_DATA complement value bit 15 to 8 

0x1fff f808 OB_WP[7:0] Page Erase/Program Protection bit 7 to 0 

0x1fff f809 OB_WP_N[7:0] OB_WP complement value bit 7 to 0 

0x1fff f80a OB_WP[15:8] Page Erase/Program Protection bit 15 to 8 

0x1fff f80b OB_WP_N[15:8] OB_WP complement value bit 15 to 8 

 

2.3.10. Page erase/Program protection 

The FMC provides page erase/program protection functions to prevent inadvertent 

operations on the flash memory. The page erasing or programming on protected pages will 

not be accepted by the FMC. If the page erase or program command is sent to the FMC on a 

protected page, the WPERR bit in the FMC_STAT register will then be set by the FMC. 

Meanwhile, if the ERRIE bit has been set to 1, the previous operation would lead that the 

flash operation error interrupt would be triggered by the FMC. The page protection function 

can be individually enabled by configuring the OB_WP [15:0] bit field to 0 in the option byte. 

If erase operation is executed on the Option Byte region, all the flash memory page 

protection functions will be disabled. When setting or resetting OB_WP in the option byte, the 

software need to set OBRLD in FMC_CTL register or a trigger system reset to reload the 

OB_WP bits. The following table shows which pages are protected by set OB_WP [15:0]. 

Table 2-3. OB_WP bit for pages protected 

OB_WP bit pages protected 

OB_WP[0] page 0 ~ page 3 

OB_WP[1] page 4 ~ page 7 

OB_WP[2] page 8 ~ page 11 

. 

. 

. 

. 

. 

. 

OB_WP[14] page 56 ~ page 59 

OB_WP[15] page 60 ~ page 127 

2.3.11. Security protection 

The FMC provides a security protection function to prevent illegal code/data access on the 

flash memory. This function is useful for protecting the software/firmware from illegal users. 

There are 3 levels for protecting: 

No protection: when setting OB_SPC byte value to 0xA5, no protection performed. The main 

flash and option bytes block are accessible by all operations. 

Low level protection: when setting OB_SPC byte value to any value except 0xA5 and 0xCC, 

protection level low performed. The main flash can only be accessed by user code. In debug 
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mode, boot from SRAM or boot from boot loader mode, all operations to main flash is 

forbidden. If a read operation is executed to main flash in debug mode, boot from SRAM or 

boot from boot loader mode, a bus error will be generated. If a program/erase operation is 

executed to main flash in debug mode, boot from SRAM or boot from boot loader mode, the 

PGERR bit in FMC_STAT register will be set. At low level protection, option bytes block are 

accessible by all operations. If program back to no protection level by setting OB_SPC byte 

value to 0xA5, a mass erase for main flash will be performed. 

High level protection: when set OB_SPC byte value to 0xCC, high level protection performed. 

When this level is programmed in debug mode, boot from SRAM or boot from boot loader 

mode is disabled. The main flash block is accessible by all operations from user code. The 

option byte cannot be erased, and the OB_SPC byte and its complement value cannot be 

reprogrammed. So, if protection level high has been configured, it cannot move back to low 

protection level or no protection level. 
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2.4. Register definition 

Base address: 0x4002 2000 

2.4.1. Wait state register (FMC_WS) 

Address offset: 0x00 

Reset value: 0x0000 0000 

This register has to be accessed by word (32-bit) 

31    30   29 28  27    26    25    24    23    22    21    20    19    18    17    16   

Reserved 

 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved WSCNT[2:0] 

 

rw 

 

Bits Fields Descriptions 

31:3 Reserved Must be kept at reset value 

2:0 WSCNT[2:0] Wait state counter register 

These bits set and reset by software. The WSCNT valid when WSEN bit is set 

000: 0 wait state added 

001: 1 wait state added 

010: 2 wait state added 

011 ~ 111: Reserved 

2.4.2. Unlock key register (FMC_KEY) 

Address offset: 0x04 

Reset value: 0x0000 0000 

This register has to be accessed by word (32-bit) 

31    30   29 28  27    26    25    24    23    22    21    20    19    18    17    16   

KEY[31:16] 

w 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

KEY[15:0] 

w 

 

Bits Fields Descriptions 

31:0 KEY[31:0] FMC_CTL unlock registers 
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These bits are only be written by software 

Write KEY [31:0] with key to unlock FMC_CTL register. 

2.4.3. Option byte unlock key register (FMC_OBKEY) 

Address offset: 0x08 

Reset value: 0x0000 0000 

This register has to be accessed by word (32-bit) 

31    30   29 28  27    26    25    24    23    22    21    20    19    18    17    16   

OBKEY[31:16] 

w 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

OBKEY[15:0] 

w 

 

Bits Fields Descriptions 

31:0 OBKEY[31:0] FMC_CTL option byte operation unlock registers 

These bits are only be written by software 

Write OBKEY [31:0] with key to unlock option byte command in FMC_CTL register. 

2.4.4. Status register (FMC_STAT)  

Address offset: 0x0C 

Reset value: 0x0000 0000 

This register has to be accessed by word (32-bit) 

31    30   29 28  27    26    25    24    23    22    21    20    19    18    17    16   

Reserved 

 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved ENDF WPERR Reserved PGERR Reserved BUSY 

 

rw rw 

 

rw 

 

r 

 

Bits  Fields Descriptions 

31:6 Reserved Must be kept at reset value 

5 ENDF End of operation flag bit 

When the operation executed successfully, this bit is set by hardware. The software 

can clear it by writing 1. 

4 WPERR Erase/Program protection error flag bit 

When erasing/programming on protected pages, this bit is set by hardware. The 
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software can clear it by writing 1. 

3 Reserved Must be kept at reset value 

2 PGERR Program error flag bit 

When programming to the flash while it is not 0xFFFF, this bit is set by hardware. 

The software can clear it by writing 1. 

1 Reserved Must be kept at reset value 

0 BUSY The flash busy bit 

When the operation is in progress, this bit is set to 1. When the operation is end or 

an error generated, this bit is clear to 0. 

2.4.5. Control register (FMC_CTL)  

Address offset: 0x10 

Reset value: 0x0000 0080 

This register has to be accessed by word (32-bit) 

31    30   29 28  27    26    25    24    23    22    21    20    19    18    17    16   

Reserved 

 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved OBRLD ENDIE Reserved ERRIE OBWEN Reserved LK START OBER OBPG Reserved MER PER PG 

 

rw rw 

 

rw rw 

 

rw rw rw rw 

 

rw rw rw 

 

Bits  Fields Descriptions 

31:14 Reserved Must be kept at reset value 

13 OBRLD Option byte reload bit 

This bit is set by software. 

0: No effect 

1: Force option byte reload, and generate a system reset 

12 ENDIE End of operation interrupt enable bit 

This bit is set or cleared by software. 

0: No interrupt generated by hardware 

1: End of operation interrupt enable 

11 Reserved Must be kept at reset value 

10 ERRIE Error interrupt enable bit 

This bit is set or cleared by software. 

0: No interrupt generated by hardware 

1: Error interrupt enable 
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9 OBWEN Option byte erase/program enable bit 

This bit is set by hardware when right sequence written to FMC_OBKEY register. 

This bit can be cleared by software. 

8 Reserved Must be kept at reset value 

7 LK FMC_CTL lock bit 

This bit is cleared by hardware when right sequent written to FMC_KEY register. 

This bit can be set by software. 

6 START Send erase command to FMC bit 

This bit is set by software to send erase command to FMC. This bit is cleared by 

hardware when the BUSY bit is cleared. 

5 OBER Option byte erase command bit 

This bit is set or cleared by software. 

0: No effect 

1: Option byte erase command 

4 OBPG Option byte program command bit 

This bit is set or cleared by software. 

0: No effect 

1: Option byte program command 

3 Reserved Must be kept at reset value 

2 MER Main flash mass erase command bit 

This bit is set or cleared by software. 

0: No effect 

1: Main flash mass erase command 

1 PER Main flash page erase command bit 

This bit is set or cleared by software. 

0: No effect 

1: Main flash page erase command 

0 PG Main flash page program command bit 

This bit is set or cleared by software. 

0: No effect 

1: Main flash page program command 

2.4.6. Address register (FMC_ADDR)  

Address offset: 0x14 

Reset value: 0x0000 0000 

This register has to be accessed by word (32-bit) 
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31    30   29 28  27    26    25    24    23    22    21    20    19    18    17    16   

ADDR[31:16] 

rw 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

ADDR[15:0] 

rw 

 

Bits  Fields Descriptions 

31:0 ADDR[31:0] Flash command address bits 

These bits are set by software. 

ADDR bits are the address of flash erase command 

2.4.7. -Option byte status register (FMC_OBSTAT)  

Address offset: 0x1C 

Reset value: 0xXXXX XX0X 

This register has to be accessed by word (32-bit) 

31    30   29 28  27    26    25    24    23    22    21    20    19    18    17    16   

OB_DATA[15:0] 

r 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

OB_USER[7:0] Reserved PLEVEL[1:0] OBERR 

r 

 

r r 

 

Bits  Fields Descriptions 

31:16 OB_DATA[15:0] Store OB_DATA[15:0] of option byte block after system reset 

15:8 OB_USER[7:0] Store OB_USER byte of option byte block after system reset 

7:3 Reserved Must be kept at reset value 

2:1 PLEVEL[1:0] Security Protection level 

00: No protection level 

01: Protect level low 

11: Protect level high 

0 OBERR Option byte read error bit. 

This bit is set by hardware when the option byte and its complement byte do not 

match, and the option byte set 0xFF. 

2.4.8. Write protection register (FMC_WP)  

Address offset: 0x20 
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Reset value: 0x0000 XXXX 

This register has to be accessed by word (32-bit) 

31    30   29 28  27    26    25    24    23    22    21    20    19    18    17    16   

Reserved 

 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

OB_WP[15:0] 

r 

 

Bits  Fields Descriptions 

31:16 Reserved Must be kept at reset value 

15:0 OB_WP[15:0] Store OB_WP[15:0] of option byte block after system reset 

0: Protection active  

1: Unprotected 

2.4.9. Wait state enable register (FMC_WSEN)  

Address offset: 0xFC 

Reset value: 0x0000 0000 

This register has to be accessed by word (32-bit) 

31    30   29 28  27    26    25    24    23    22    21    20    19    18    17    16   

Reserved 

 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved BPEN WSEN 

 

rw rw 

 

Bits  Fields Descriptions 

31:2 Reserved Must be kept at reset value 

1 BPEN FMC bit program enable register 

This bit set and reset by software.  

0: No effect, write page must check if the flash is ñFFò 

1: Write page do not check if the flash is FF. The FMC can program each bit. 

0 WSEN FMC wait state enable register 

This bit set and reset by software. This bit is also protected by the FMC_KEY 

register. The software need writing 0x45670123 and 0xCDEF89AB to the 

FMC_KEY register. 

0: No wait state added when fetching flash 

1: Wait state added when fetching flash 
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2.4.10. Product ID register (FMC_PID)  

Address offset: 0x100 

Reset value: 0xXXXX XXXX 

This register has to be accessed by word (32-bit) 

31    30   29 28  27    26    25    24    23    22    21    20    19    18    17    16   

PID[31:16] 

r 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

PID[15:0] 

r 

 

Bits  Fields Descriptions 

31:0 PID[31:0] Product reserved ID code register 

These bits are read only by software. 

These bits are unchanged constantly after power on. These bits are one time 

programmed when the chip product. 
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3. Power management unit (PMU) 

3.1. Overview 

The power consumption is regarded as one of the most important issues for the devices of 

GD32F3x0 series. The Power management unit (PMU), provides three types of power 

saving modes, including Sleep, Deep-sleep and Standby mode. These modes reduce the 

power consumption and allow the application to achieve the best tradeoff among the 

conflicting demands of CPU operating time, speed and power consumption. For GD32F3x0 

series, there are three power domains, including VDD/VDDA domain, 1.2V domain, and Backup 

domain, as is shown in the following figure. The power of the VDD domain is supplied directly 

by VDD. An embedded LDO in the VDD/VDDA domain is used to supply the 1.2V domain power. 

A power switch is implemented for the Backup domain. It can be powered from the VBAT 

voltage when the main VDD supply is shut down. 

3.2. Characteristics 

Â Three power domains: VBAK, VDD/VDDA and 1.2V power domains 

Â Three power saving modes: Sleep, Deep-sleep and Standby modes 

Â Internal Voltage regulator(LDO) supplies around 1.2V voltage source for 1.2V domain 

Â Low Voltage Detector can issue an interrupt or event when the power is lower than a 

programmed threshold. 

Â Battery power (VBAT) for Backup domain when VDD is shut down. 

Â LDO output voltage select for power saving. 

Â Ultra power saving for low-driver mode in Deep-sleep mode. And high-driver mode for 

high frequency. 

3.3. Function overview 

Figure 3-1. Power supply overview provides details on the internal configuration of the 

PMU and the relevant power domains. 
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Figure 3-1. Power supply overview 
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3.3.1. Battery backup domain 

The Backup domain is powered by the VDD or the battery power source (VBAT) selected by the 

internal power switch, and the VBAK pin which drives Backup Domain, power supply for RTC 

unit, LXTAL oscillator, BPOR̆and three pads, including PC13 to PC15. In order to keeping 

the content of the Backup domain registers and the RTC supply, when VDD supply is shut 

down, VBAT pin can be connected to an optional standby voltage supplied by a battery or by 

another source. The power switch is controlled by the Power Down Reset circuit in the 

VDD/VDDA domain. If no external battery is used in the application, it is recommended to 

connect VBAT pin externally to VDD pin with a 100nF external ceramic decoupling capacitor. 

The Backup domain reset sources includes the Backup domain power-on-reset (BPOR) and 

the Backup Domain software reset. The BPOR signal forces the device to stay in the reset 

mode until VBAK is completely powered up. Also the application software can trigger the 

Backup domain software reset by setting the BKPRST bit in the RCU_BDCTL register to 

reset the Backup domain.  

The clock source of the Real Time Clock (RTC) circuit can be derived from the Internal 

40KHz RC oscillator (IRC40K) or the Low Speed Crystal oscillator (LXTAL), or HXTAL clock 

divided by 32. When VDD is shut down, only LXTAL is valid for RTC. Before entering the 

power saving mode by executing the WFI/WFE instruction, the Cortexϰ-M4can setup the 
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RTC register with an expected alarm time and enable the alarm function and according EXTI 

lines to achieve the RTC timer wakeup event. After entering the power saving mode for a 

certain amount of time, the RTC alarm will wake up the device when the time match event 

occurs. The details of the RTC configuration and operation will be described in the RTC 

chapter. 

When the Backup domain is supplied by VDD (VBAK pin is connected to VDD), the following 

functions are available: 

Â PC13 can be used as GPIO or RTC function pin described in the RTC chapter. 

Â PC14 and PC15 can be used as either GPIO or LXTAL Crystal oscillator pins. 

When the Backup domain is supplied by VBAT (VBAK pin is connected to VBAT), the following 

functions are available: 

Â PC13 can be used as RTC function pin described in the RTC chapter. 

Â PC14 and PC15 can be used as LXTAL Crystal oscillator pins only. 

Note: Since PC13, PC14, PC15 are supplied through the Power Switch, which can only be 

obtained by a small current, the speed of GPIOs PC13 to PC15 should not exceed 2MHz 

when they are in output mode(maximum load: 30pF). 

3.3.2. VDD/VDDA power domain 

VDD/VDDA domain includes two parts: VDD domain and VDDA domain. VDD domain includes 

HXTAL (High Speed Crystal oscillator), LDO (Voltage Regulator), POR/PDR (Power 

On/Down Reset), FWDGT (Free Watchdog Timer), all pads except PC13/PC14/PC15, etc. 

VDDA domain includes ADC/DAC (AD/DA Converter), IRC8M (Internal 8MHz RC oscillator), 

IRC48M (Internal 48MHz RC oscillator at 48MHz frequency), IRC28M (Internal 28MHz RC 

oscillator at 28MHz frequency), IRC40K (Internal 40KHz RC oscillator), PLLs (Phase 

Locking Loop), LVD (Low Voltage Detector), etc.  

VDD domain 

The LDO, which is implemented to supply power for the 1.2V domain, is always enabled 

after reset. It can be configured to operate in three different status, including in the Sleep 

mode (full power on), in the Deep-sleep mode (on or low power), and in the Standby mode 

(power off).  

The POR/PDR circuit is implemented to detect VDD/VDDA and generate the power reset signal 

which resets the whole chip except the Backup domain when the supply voltage is lower 

than the specified threshold.  

Figure 3-2. Waveform of the POR/PDR shows the relationship between the supply voltage 

and the power reset signal. VPOR, which typical value is 2.4V, indicates the threshold of 

power on reset, while VPDR, which typical value is 1.8V, means the threshold of power down 

reset. The hysteresis voltage (Vhyst) is around 600mV. 
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Figure 3-2. Waveform of the POR/PDR 
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VDDA domain 

The LVD is used to detect whether the VDD/VDDA supply voltage is lower than a programmed 

threshold selected by the LVDT[2:0] bits in the Power control register(PMU_CTL). The LVD 

is enabled by setting the LVDEN bit, and LVDF bit, which in the Power status register 

(PMU_CS), indicates if VDD/VDDA is higher or lower than the LVD threshold. This event is 

internally connected to the EXTI line 16 and can generate an interrupt if it is enabled through 

the EXTI registers. Figure 3-3. Waveform of the LVD threshold shows the relationship 

between the LVD threshold and the LVD output (LVD interrupt signal depends on EXTI line 

16 rising or falling edge configuration). The following figure shows the relationship between 

the supply voltage and the LVD signal. The hysteresis voltage (Vhyst) is 100mV. 

Figure 3-3. Waveform of the LVD threshold 
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Generally, digital circuits are powered by VDD, while most of analog circuits are powered by 

VDDA. To improve the ADC and DAC conversion accuracy, the independent power supply 

VDDA is implemented to achieve better performance of analog circuits. VDDA can be externally 

connected to VDD through the external filtering circuit that avoids noise on VDDA, and VSSA 

should be connected to VSS through the specific circuit independently. Otherwise, if VDDA is 

different from VDD, VDDA must always be higher, but the voltage difference should not exceed 

0.2V. 

To ensure a high accuracy on ADC and DAC, the ADC/DAC independent external reference 

voltage should be connected to VREF+/VREF- pins. According to the different packages, VREF+ 

pin can be connected to VDDA pin, or external reference voltage which refers to Table 11-2. 

ADC pins definition and Table 12-1. DAC pins, VREF- pin must be connected to VSSA pin. 

The VREF+ pin is only available on no less than 100-pin packages, or else the VREF+ pin is not 

available and internally connected to VDDA. The VREF-pin is only available on no less than 

100-pin packages, or else the VREF- pin is not available and internally connected to VSSA. 

3.3.3. 1.2V power domain 

The main functions that include Cortexϰ-M4 logic, AHB/APB peripherals, the APB interfaces 

for the Backup domain and the VDD/VDDA domain, etc, are located in this power domain. Once 

the 1.2V is powered up, the POR will generate a reset sequence on the 1.2V power domain. 

To enter the expected power saving mode, the associated control bits must be configured. 

Then, once a WFI (Wait for Interrupt) or WFE (Wait for Event) instruction is executed, the 

device will enter an expected power saving mode which will be discussed in the following 

section. 

High-driver mode 

If the 1.2V power domain need to run with high frequency and open many functions 

simultaneously, it is recommended to enter high-driver mode. The following steps are 

needed when using high-driver mode. 

Â IRC8M or HXTAL selected as system clock. 

Â Set HDEN bit in PMU_CTL register to 1 to open high-driver mode. 

Â Wait HDRF bit be set to 1 in PMU_CS register. 

Â Set HDS bit in PMU_CTL register to 1 to switch LDO to high-driver mode. 

Â Wait HDSRF bit be set to 1 in PMU_CS register. And enter high-driver mode. 

Â Running the application at high frequency by PLL configurations. 

The high-driver mode exit by resetting HDEN and HDS bits in PMU_CTL register after 

IRC8M or HXTAL selected as system clock. The high-driver mode exit automatically when 

exiting from Deep-sleep mode. 

3.3.4. Power saving modes 

After a system reset or a power reset, the GD32F3x0 MCU operates at full function and all 
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power domains are active. Users can achieve lower power consumption through slowing 

down the system clocks (HCLK, PCLK1, PCLK2) or gating the clocks of the unused 

peripherals or configuring the LDO output voltage by LDOVS bits in PMU_CTL register. The 

LDOVS bits should be configured only when the PLL is off, and the programmed value is 

selected to drive 1.2V domain after the PLL opened. While the PLL is off, LDO output voltage 

low mode is selected to drive 1.2V domain. Besides, three power saving modes are provided 

to achieve even lower power consumption, they are Sleep mode, Deep-sleep mode, and 

Standby mode.  

Sleep mode 

The Sleep mode is corresponding to the SLEEPING mode of the Cortexϰ-M4. In Sleep 

mode, only clock of Cortexϰ-M4 is off. To enter the Sleep mode, it is only necessary to clear 

the SLEEPDEEP bit in the Cortexϰ-M4 System Control Register, and execute a WFI or WFE 

instruction. If the Sleep mode is entered by executing a WFI instruction, any interrupt can 

wake up the system. If it is entered by executing a WFE instruction, any wakeup event can 

wake up the system (If SEVONPEND is 1, any interrupt can wake up the system, refer to 

Cortex-M4 Technical Reference Manual). The mode offers the lowest wakeup time as no 

time is wasted in interrupt entry or exit.  

According to the SLEEPONEXIT bit in the Cortexϰ-M4 System Control Register, there are 

two options to select the Sleep mode entry mechanism. 

Â Sleep-now: if the SLEEPONEXIT bit is cleared, the MCU enters Sleep mode as soon as 

WFI or WFE instruction is executed. 

Â Sleep-on-exit: if the SLEEPONEXIT bit is set, the MCU enters Sleep mode as soon as it 

exits from the lowest priority ISR. 

Deep-sleep mode 

The Deep-sleep mode is based on the SLEEPDEEP mode of the Cortexϰ-M4. In 

Deep-sleep mode, all clocks in the 1.2V domain are off, and all of IRC8M, IRC28M, IRC48M, 

HXTAL and PLLs are disabled. The contents of SRAM and registers are preserved. The LDO 

can operate normally or in low power mode depending on the LDOLP bit in the PMU_CTL 

register. Before entering the Deep-sleep mode, it is necessary to set the SLEEPDEEP bit in 

the Cortexϰ-M4 System Control Register, and clear the STBMOD bit in the PMU_CTL 

register. Then, the device enters the Deep-sleep mode after a WFI or WFE instruction is 

executed. If the Deep-sleep mode is entered by executing a WFI instruction, any interrupt 

from EXTI lines can wake up the system. If it is entered by executing a WFE instruction, any 

wakeup event from EXTI lines can wake up the system (If SEVONPEND is 1, any interrupt 

from EXTI lines can wake up the system, refer to Cortex-M4 Technical Reference Manual). 

When exiting the Deep-sleep mode, the IRC8M is selected as the system clock. Notice that 

an additional wakeup delay will be incurred if the LDO operates in low power mode.  

The low-driver mode in Deep-sleep mode can be entered by configuring the LDEN, LDNP, 

LDLP, LDOLP bits in the PMU_CTL register. The Low-driver mode provides lower drive 
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capability, and the Low-power mode take lower power. 

Normal-driver/Normal-power: The Deep-sleep mode is not in low-driver mode by configure 

LDEN to 00 in the PMU_CTL register, and not in low-power mode depending on the LDOLP 

bit reset in the PMU_CTL register. 

Normal-driver/Low-power: The Deep-sleep mode is not in low-driver mode by configure 

LDEN to 00 in the PMU_CTL register. The low-power mode enters depending on the LDOLP 

bit set in the PMU_CTL register. 

Low-driver/Normal-power: The low-driver mode in Deep-sleep mode when the LDO in 

normal-power mode depending on the LDOLP bit reset in the PMU_CTL register enters by 

configure LDEN to 0b11 and LDNP to 1 in the PMU_CTL register. 

Low-driver/Low-power: The low-driver mode in Deep-sleep mode when the LDO in 

low-power mode depending on the LDOLP bit set in the PMU_CTL register enters by 

configure LDEN to 0b11 and LDLP to 1 in the PMU_CTL register. 

No Low-driver: The Deep-sleep mode is not in low-driver mode by configure LDEN to 00 in 

the PMU_CTL register. 

Note: In order to enter Deep-sleep mode smoothly, all EXTI line pending status (in the 

EXTI_PD register) and RTC Alarm/timestamp/tamper flag must be reset. If not, the program 

will skip the entry process of Deep-sleep mode to continue to execute the following 

procedure. 

Standby mode 

The Standby mode is based on the SLEEPDEEP mode of the Cortexϰ-M4, too. In Standby 

mode, the whole 1.2V domain is power off, the LDO is shut down, and all of IRC8M, IRC28M, 

IRC48M, HXTAL and PLL are disabled. Before entering the Standby mode, it is necessary to 

set the SLEEPDEEP bit in the Cortexϰ-M4 System Control Register, and set the STBMOD 

bit in the PMU_CTL register, and clear WUF bit in the PMU_CS register. Then, the device 

enters the Standby mode after a WFI or WFE instruction is executed, and the STBF status 

flag in the PMU_CS register indicates that the MCU has been in Standby mode. There are 

four wakeup sources for the Standby mode, including the external reset from NRST pin, the 

RTC alarm/time stamp/tamper events, the FWDGT reset, and the rising edge on WKUP pins. 

The Standby mode achieves the lowest power consumption, but spends longest time to 

wake up. Besides, the contents of SRAM and registers in 1.2V power domain are lost in 

Standby mode. When exiting from the Standby mode, a power-on reset occurs and the 

Cortexϰ-M4 will execute instruction code from the 0x00000000 address. 

Table 3-1. Power saving mode summary 

Mode Sleep Deep-sleep Standby 

Description Only CPU clock is off 

1. All clocks in the 1.2V 

domain are off 

2. Disable IRC8M, 

IRC28M, IRC48M, HXTAL 

1. The 1.2V domain is 

power off 

2. Disable IRC8M, 

IRC28M,IRC48M, HXTAL 
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Mode Sleep Deep-sleep Standby 

and PLL and PLL 

LDO Status On 
On or in low power mode or 

low-driver mode 
Off 

Configuration SLEEPDEEP = 0 
SLEEPDEEP = 1 

STBMOD = 0 

SLEEPDEEP = 1 

STBMOD = 1, WURST=1 

Entry WFI or WFE WFI or WFE WFI or WFE 

Wakeup 

Any interrupt for WFI 

Any event (or interrupt 

when SEVONPEND is 

1) for WFE 

Any interrupt from EXTI 

lines for WFI 

Any event(or interrupt when 

SEVONPEND is 1) from 

EXTI for WFE 

1. NRST pin 

2. WKUP pins 

3. FWDGT reset  

4. RTC  

Wakeup 

Latency 
None 

IRC8M wakeup time, 

LDO wakeup time added if 

LDO is in low power mode 

Power on sequence 

3.4. Register definition 

PMU base address: 0x4000 7000 

3.4.1. Control register (PMU_CTL) 

Address offset: 0x00 

Reset value: 0x0000 C000 (reset by wakeup from Standby mode) 

This register can be accessed by half-word(16-bit) or word(32-bit)  

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved LDEN[1:0] HDS HDEN 

 

rw rw rw 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

LDOVS[1:0] Reserved LDNP LDLP Reserved BKPWEN LVDT[2:0] LVDEN STBRST WURST STBMOD LDOLP 

rs  rw rw  rw rw rw rc_w1 rc_w1 rw rw 

 

Bits  Fields Descriptions 

31:20 Reserved Must be kept at reset value. 

19:18 LDEN[1:0] Low-driver mode enable in Deep-sleep mode 

00: Low-driver mode disable in Deep-sleep mode 

01: Reserved 

10: Reserved 

11: Low-driver mode enable in Deep-sleep mode 

17 HDS High-driver mode switch  
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Set this bit by software only when HDRF flag is set and IRC8M or HXTAL used as 

system clock. After this bit is set, the system enters High-driver mode. This bit can 

be cleared by software. And cleared by hardware when exit from Deep-sleep mode 

or when the HDEN bit is clear. 

0: No High-driver mode switch 

1: High-driver mode switch 

16 HDEN High-driver mode enable 

This bit is set by software only when IRC8M or HXTAL used as system clock. This 

bit is cleared by software or by hardware when exit from Deep-sleep mode. 

0: High-driver mode disable 

1: High-driver mode enable 

15:14 LDOVS[1:0] LDO output voltage select 

These bits are set by software when the main PLL closed. And the LDO output 

voltage selected by LDOVS bits takes effect when the main PLL enabled. If the 

main PLL closed, the LDO output voltage low mode selected (value of this bit filed 

not changed). 

00: Reserved (LDO output voltage low mode) 

01: LDO output voltage low mode 

10: LDO output voltage mid mode 

11: LDO output voltage high mode 

13:12 Reserved Must be kept at reset value 

11 LDNP Low-driver mode when use normal power LDO 

0: normal driver when use normal power LDO 

1: Low-driver mode enabled when LDEN is 0bô11 and use normal power LDO 

10 LDLP Low-driver mode when use low power LDO. 

0: normal driver when use low power LDO 

1: Low-driver mode enabled when LDEN is 0bô11 and use low power LDO 

9 Reserved Must be kept at reset value 

8 BKPWEN Backup Domain Write Enable 

0: Disable write access to the registers in Backup domain 

1: Enable write access to the registers in Backup domain 

After reset, any write access to the registers in Backup domain is ignored. This bit 

has to be set to enable write access to these registers. 

7:5 LVDT[2:0] Low Voltage Detector Threshold 

000: 2.1V 

001: 2.3V 

010: 2.4V 

011: 2.6V 

100: 2.7V 
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101: 2.9V 

110: 3.0V 

111: 3.1V 

4 LVDEN Low Voltage Detector Enable 

0: Disable Low Voltage Detector 

1: Enable Low Voltage Detector 

3 STBRST Standby Flag Reset 

0: No effect 

1: Reset the standby flag 

This bit is always read as 0. 

2 WURST Wakeup Flag Reset 

0: No effect 

1: Reset the wakeup flag 

This bit is always read as 0. 

1 STBMOD Standby Mode 

0: Enter the Deep-sleep mode when the CortexÊ-M4 enters SLEEPDEEP mode 

1: Enter the Standby mode when the CortexÊ-M4 enters SLEEPDEEP mode 

0 LDOLP LDO Low Power Mode 

0: The LDO operates normally during the Deep-sleep mode 

1: The LDO is in low power mode during the Deep-sleep mode 

3.4.2. Control and status register (PMU_CS) 

Address offset: 0x04 

Reset value: 0x0000 0000 (not reset by wakeup from Standby mode) 

This register can be accessed by half-word(16-bit) or word(32-bit). 

31  30  29  28  27  26  25  24 23  22  21  20  19  18  17  16  

Reserved LDRF[1:0] HDSRF HDRF 

 

rc_w1 r r 

15  14  13  12  11  10  9  8  7  6  5  4  3  2  1  0  

LDOVSR

F 

WUPEN6 WUPEN5 WUPEN4 Reserved WUPEN1 WUPEN0 Reserved LVDF STBF WUF 

r rw rw rw  rw rw  r r r 

 

Bits  Fields Descriptions 

31:20 Reserved Must be kept at reset value 

19:18 LDRF[1:0] Low-driver mode ready flag 

These bits are set by hardware when enter Deep-sleep mode and the LDO in 
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Low-driver mode. These bits are cleared by software when write 11. 

00: normal driver in Deep-sleep mode 

01: Reserved 

10: Reserved 

11: Low-driver mode in Deep-sleep mode 

17 HDSRF High-driver switch ready flag 

0: High-driver switch not ready 

1: High-driver switch ready 

16 HDRF High-driver ready flag 

0: High-driver not ready 

1: High-driver ready 

15 LDOVSRF LDO voltage select ready flag 

0: LDO voltage select not ready 

1: LDO voltage select ready 

14 WUPEN6 WKUP Pin6(PB15) Enable 

0: Disable WKUP pin6 function 

1: Enable WKUP pin6 function 

If WUPEN6 is set before entering the power saving mode, a rising edge on the 

WKUP pin6 wakes up the system from the power saving mode. As the WKUP pin6 

is active high, the WKUP pin6 is internally configured to input pull down mode. And 

set this bit will trigger a wakeup event when the input is already high.  

13 WUPEN5 WKUP Pin5(PB5) Enable 

0: Disable WKUP pin5 function 

1: Enable WKUP pin5 function 

If WUPEN5 is set before entering the power saving mode, a rising edge on the 

WKUP pin5 wakes up the system from the power saving mode. As the WKUP pin5 

is active high, the WKUP pin5 is internally configured to input pull down mode. And 

set this bit will trigger a wakeup event when the input is already high.  

12 WUPEN4 WKUP Pin4(PC5) Enable 

0: Disable WKUP pin4 function 

1: Enable WKUP pin4 function 

If WUPEN4 is set before entering the power saving mode, a rising edge on the 

WKUP pin4 wakes up the system from the power saving mode. As the WKUP pin4 

is active high, the WKUP pin4 is internally configured to input pull down mode. And 

set this bit will trigger a wakeup event when the input is already high.  

11:10 Reserved Must be kept at reset value 

9 WUPEN1 WKUP Pin 1 (PC13) Enable 

0: Disable WKUP pin1 function 

1: Enable WKUP pin1 function 
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If WUPEN1 is set before entering the power saving mode, a rising edge on the 

WKUP pin1 wakes up the system from the power saving mode. As the WKUP pin1 

is active high, the WKUP pin1 is internally configured to input pull down mode. And 

set this bit will trigger a wakeup event when the input is already high.  

8 WUPEN0 WKUP Pin 0 (PA0) Enable 

0: Disable WKUP pin0 function 

1: Enable WKUP pin0 function 

If WUPEN0 is set before entering the power saving mode, a rising edge on the 

WKUP pin0 wakes up the system from the power saving mode. As the WKUP pin0 

is active high, the WKUP pin0 is internally configured to input pull down mode. And 

set this bit will trigger a wakeup event when the input is already high.  

7:3 Reserved Must be kept at reset value 

2 LVDF Low Voltage Detector Status Flag 

0: Low Voltage event has not occurred (VDD is higher than the specified LVD 

threshold) 

1: Low Voltage event occurred (VDD is equal to or lower than the specified LVD 

threshold) 

Note: The LVD function is stopped in Standby mode. 

1 STBF Standby Flag 

0: The device has not entered the Standby mode 

1: The device has been in the Standby mode 

This bit is cleared only by a POR/PDR or by setting the STBRST bit in the 

PMU_CTL register. 

0 WUF Wakeup Flag 

0: No wakeup event has been received 

1: Wakeup event occurred from the WKUP pin or the RTC wakeup event including 

RTC Tamper event, RTC alarm event̆RTC Time Stamp event  

This bit is cleared only by a POR/PDR or by setting the WURST bit in the 

PMU_CTL register. 
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4. Reset and clock unit (RCU) 

4.1. Reset control unit (RCTL) 

4.1.1. Overview 

GD32F3x0 Reset Control includes the control of three kinds of reset: power reset, system 

reset and backup domain reset. The power on reset, known as a cold reset, resets the full 

system except the Backup domain during a power up. A system reset resets the processor 

core and peripheral IP components with the exception of the SW-DP controller and the 

Backup domain. A backup domain reset resets the Backup domain. The resets can be 

triggered by an external signal, internal events and the reset generators. More information 

about these resets will be described in the following sections.  

4.1.2. Function overview 

Power Reset 

The Power reset is generated by either an external reset as Power On and Power Down 

reset (POR/PDR reset), or by the internal reset generator when exiting Standby mode. The 

power reset sets all registers to their reset values except the Backup domain. The Power 

reset which active signal is low will be de-asserted when the internal LDO voltage regulator 

is ready to provide 1.2V power for GD32F3x0 series. The RESET service routine vector is 

fixed at address 0x0000_0004 in the memory map.  

System Reset 

A system reset is generated by the following events: 

Â A power reset (POWER_RSTn) 

Â A external pin reset (NRST) 

Â A window watchdog timer reset (WWDGT_RSTn) 

Â A free watchdog timer reset (FWDGT_RSTn) 

Â The SYSRESETREQ bit in CortexÊ-M4 Application Interrupt and Reset Control 

Register is set (SW_RSTn) 

Â Option byte loader reset (OBL_RSTn) 

Â Reset generated when entering Standby mode when resetting nRST_STDBY bit in User 

Option Bytes (OB_STDBY_RSTn) 

Â Reset generated when entering Deep-sleep mode when resetting nRST_DPSLP bit in 

User Option Bytes (OB_DPSLP_RSTn) 

A system reset resets the processor core and peripheral IP components except for the 

SW-DP controller and the Backup domain. 
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A system reset pulse generator guarantees low level pulse duration of 20 ɛs for each reset 

source (external or internal reset).  

Figure 4-1. The system reset circuit 

Filter

WWDGT_RSTn

FWDGT_RSTn

SW_RSTn

OB_STDBY_RSTn

OB_DPSLP_RSTn

POWER_RSTn

NRST

System Reset
min 20 us

pulse generator

OBL_RSTn

Backup domain reset 

A backup domain reset is generated by setting the BKPRST bit in the Backup domain control 

register or Backup domain power on reset (VDD or VBAT power on, if both supplies have 

previously been powered off). 

4.2. Clock control unit (CCTL) 

4.2.1. Overview 

The Clock Control unit provides a range of frequencies and clock functions. These include 

an Internal 8 MHz RC oscillator (IRC8M), an Internal 48M RC oscillator (IRC48M), an 

Internal 28 MHz RC oscillator (IRC28M), a High speed crystal oscillator (HXTAL), Internal 

40KHz RC oscillator (IRC40K), a Low speed crystal oscillator (LXTAL), a Phase Lock Loop 

(PLL), a HXTAL clock monitor, clock prescalers, clock multiplexers and clock gating circuitry.  

The clocks of the AHB, APB and CortexÊ-M4 are derived from the system clock (CK_SYS) 

which can source from the IRC8M, HXTAL or PLL. The maximum operating frequency of the 

system clock (CK_SYS) can be up to 108 MHz. The Free Watchdog Timer has independent 

clock source (IRC40K), and Real Time Clock (RTC) use the IRC40K, LXTALor HXTAL/32 as 

its clock source. 
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Figure 4-2. Clock tree 
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The frequency of AHB, APB2 and the APB1 domains can be configured by each prescaler. 

The maximum frequency of the AHB, APB2 and APB1 domains is 108 MHz/54 MHz/54 MHz. 

The Cortex System Timer (SysTick) external clock is clocked with the AHB clock (HCLK) 

divided by 8. The SysTick can work either with this clock or with the AHB clock (HCLK), 

configurable in the SysTick Control and Status Register.  

The ADC are clocked by the clock of APB2 divided by 2, 4, 6, 8 or by the clock of AHB 

divided by 3, 5, 7, 9 or IRC28M or IRC28M/2 clock for GD32F3x0 series selected by 

ADCSEL bit in Configuration register 2 (RCU_CFG2). The USART0 is clocked by IRC8M 

clock or LXTAL clock or system clock or APB2 clock, which selected by USART0SEL bits in 

Configuration register 2 (RCU_CFG2). The CEC clock is clocked by IRC8M divided 244 or 

LXTAL clock which selected by CECSEL bit in Configuration register 2 (RCU_CFG2). 

The RTC is clocked by LXTAL clock or IRC40K clock or HXTAL clock divided by 32 which 

select by RTCSRC bit in Backup Domain Control Register (RCU_BDCTL). 

The USBFS is clocked by the clock of CK48M. The CK48M is selected from the clock of 
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CK_PLL or the clock of IRC48M by CK48MSEL bit in RCU_ADDCTL register. 

The FWDGT is clocked by IRC40K clock, which is forced on when FWDGT started. 

If the APB prescaler is 1, the timer clock frequencies are set to AHB frequency divide by 1. 

Otherwise, they are set to the AHB frequency divide by half of APB prescaler. 

4.2.2. Characteristics 

Â 4 to 32 MHz High speed crystal oscillator (HXTAL)  

Â Internal 8 MHz RC oscillator (IRC8M)  

Â Internal 48 MHz RC oscillator (IRC48M)  

Â Internal 28 MHz RC oscillator (IRC28M) 

Â 32,768 KHz Low speed crystal oscillator (LXTAL)  

Â Internal 40KHz RC oscillator (IRC40K)  

Â PLL clock source can be HXTAL or IRC8M or IRC48M 

Â HXTAL clock monitor 

4.2.3. Function overview 

High Speed Crystal Oscillator (HXTAL) 

The high speed crystal oscillator (HXTAL), which has a frequency from 4 to 32 MHz, 

produces a highly accurate clock source for use as the system clock. A crystal with a specific 

frequency must be connected and located close to the two HXTAL pins. The external resistor 

and capacitor components connected to the crystal are necessary for proper oscillation. 

Figure 4-3. HXTAL clock source 

OSCIN OSCOUT

C1 C2

Crystal

 

The HXTAL crystal oscillator can be switched on or off using the HXTALEN bit in the Control 

register0, RCU_CTL0. The HXTALSTB flag in Control register 0, RCU_CTL0 indicates if the 

high-speed external crystal oscillator is stable. When the HXTAL is powered up, it will not be 

released for use until this HXTALSTB bit is set by the hardware. This specific delay period is 

known as the oscillator ñStart-up timeò. As the HXTAL becomes stable, an interrupt will be 

generated if the related interrupt enable bit HXTALSTBIE in the Interrupt register RCU_INT 

is set. At this point the HXTAL clock can be used directly as the system clock source or the 
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PLL input clock. 

Select external clock bypass mode by setting the HXTALBPS and HXTALEN bits in the 

Control register0, RCU_CTL0. The CK_HXTAL is equal to the external clock which drives 

the OSCIN pin. 

Internal 8 MHz RC Oscillator (IRC8M) 

The Internal 8 MHz RC oscillator, IRC8M, has a fixed frequency of 8 MHz and is the default 

clock source selection for the CPU when the device is powered up. The IRC8M oscillator 

provides a lower cost type clock source as no external components are required. The IRC8M 

RC oscillator can be switched on or off using the IRC8MEN bit in the Control register0, 

RCU_CTL0. The IRC8MSTB flag in the Control register0, RCU_CTL0 is used to indicate if 

the internal RC oscillator is stable. The start-up time of the IRC8M oscillator is shorter than 

the HXTAL crystal oscillator. An interrupt can be generated if the related interrupt enable bit, 

IRC8MSTBIE, in the Interrupt register, RCU_INT, is set when the IRC8M becomes stable. 

The IRC8M clock can also be used as the PLL input clock.  

The frequency accuracy of the IRC8M can be calibrated by the manufacturer, but its 

operating frequency is still less accurate than HXTAL. The application requirements, 

environment and cost will determine which oscillator type is selected.  

If the HXTAL or PLL is the system clock source, to minimize the time required for the system 

to recover from the Deep-sleep Mode, the hardware forces the IRC8M clock to be the 

system clock when the system initially wakes-up.  

Phase Locked Loop (PLL) 

The internal Phase Locked Loop, PLL, can provide 16~108 MHz clock output which is 2 ~64 

multiples of a fundamental reference frequency of 4 ~ 32 MHz. 

The PLL can be switched on or off by using the PLLEN bit in the Control register0, 

RCU_CTL0. The PLLSTB flag in the Control register0, RCU_CTL0 will indicate if the PLL 

clock is stable. An interrupt can be generated if the related interrupt enable bit, PLLSTBIE, in 

the Interrupt register, RCU_INT, is set as the PLL becomes stable. 

Internal 28 MHz RC Oscillator (IRC28M) 

The Internal 28 MHz RC Oscillator, IRC28M, has a fixed frequency of 28 MHz and dedicated 

as ADC clock. The IRC28M RC oscillator can be switched on or off using the IRC28MEN bit 

in the Control register 1 (RCU_CTL1). The IRC28MSTB flag in the Control register 1 

(RCU_CTL1) is used to indicate if the internal 28M RC oscillator is stable. An interrupt can 

be generated if the related interrupt enable bit, IRC28MSTBIE, in the Interrupt register, 

RCU_INT, is set when the IRC28M becomes stable.  

Internal 48 MHz RC Oscillator (IRC48M) 

The Internal 48 MHz RC Oscillator, IRC48M, has a fixed frequency of 48 MHz and dedicated 

as USB clock or PLL source. The IRC48M RC oscillator can be switched on or off using the 
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IRC48MEN bit in the RCU_ADDCTL Register. The IRC48MSTB flag in the RCU_ADDCTL 

Register is used to indicate if the internal 48M RC oscillator is stable. An interrupt can be 

generated if the related interrupt enable bit, IRC48MSTBIE in the RCU_ADDCTL Register is 

set when the IRC48M becomes stable. 

The frequency accuracy of the IRC48M can be calibrated by the manufacturer, but its 

operating frequency is still not enough accurate because the USB need the frequency must 

between 48MHz with 500ppm accuracy. A hardware automatically dynamic trim performed 

in CTC unit adjust the IRC48M to the needed frequency. 

Low Speed Crystal Oscillator (LXTAL) 

The low speed crystal or ceramic resonator oscillator, which has a frequency of 32,768 Hz, 

produces a low power but highly accurate clock source for the Real Time Clock circuit. The 

LXTAL oscillator can be switched on or off using the LXTALEN bit in the Backup Domain 

Control Register(RCU_BDCTL). The LXTALSTB flag in the Backup Domain Control 

Register(RCU_BDCTL) will indicate if the LXTAL clock is stable. An interrupt can be 

generated if the related interrupt enable bit, LXTALSTBIE, in the Interrupt register RCU_INT 

is set when the LXTAL becomes stable. 

Select external clock bypass mode by setting the LXTALBPS and LXTALEN bits in the 

Backup Domain Control Register(RCU_BDCTL). The CK_LXTAL is equal to the external 

clock which drives the OSC32IN pin. 

Internal 40 KHz RC Oscillator (IRC40K) 

The Internal 40KHz RC Oscillator has a frequency of about 40 kHz and is a low power clock 

source for the Real Time Clock circuit or the Free Watchdog Timer. The IRC40K offers a low 

cost clock source as no external components are required. The IRC40K RC oscillator can be 

switched on or off by using the IRC40KEN bit in the Reset Source/Clock Register, 

RCU_RSTSCK. The IRC40KSTB flag in the Reset Source/Clock Register RCU_RSTSCK 

will indicate if the IRC40K clock is stable. An interrupt can be generated if the related 

interrupt enable bit IRC40KSTBIE in the Interrupt register RCU_INT is set when the IRC40K 

becomes stable. 

System Clock (CK_SYS) Selection 

After the system reset, the default CK_SYS source will be IRC8M and can be switched to 

HXTAL or PLL by changing the System Clock Switch bits, SCS, in the Configuration register 

0, RCU_CFG0. When the SCS value is changed, the CK_SYS will continue to operate using 

the original clock source until the target clock source is stable. When a clock source is used 

directly by the CK_SYS or the PLL, it is not possible to stop it. 

HXTAL Clock Monitor (CKM) 

The HXTAL clock monitor function is enabled by the HXTAL Clock Monitor Enable bit, 

CKMEN, in the Control register 0, RCU_CTL0. This function should be enabled after the 

HXTAL start-up delay and disabled when the HXTAL is stopped. Once the HXTAL failure is 
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detected, the HXTAL will be automatically disabled. The HXTAL Clock Stuck Flag, CKMIF, in 

the Interrupt register, RCU_INT, will be set and the HXTAL failure event will be generated. 

This failure interrupt is connected to the Non-Maskable Interrupt, NMI, of the Cortex-M4. If 

the HXTAL is selected as the clock source of CK_SYS or PLL, the HXTAL failure will force 

the CK_SYS source to IRC8M and the PLL will be disabled automatically 

Clock Output Capability 

The clock output capability is ranging from 32 kHz to 108 MHz. There are several clock 

signals can be selected via the CK_OUT Clock Source Selection bits, CKOUTSEL, in the 

Configuration register 0(RCU_CFG0). The corresponding GPIO pin should be configured in 

the properly Alternate Function I/O (AFIO) mode to output the selected clock signal. 

Table 4-1. Clock source select 

Clock Source Selection bits Clock Source 

000 No Clock 

001 CK_IRC28M 

010 CK_IRC40K 

011 CK_LXTAL 

100 CK_SYS 

101 CK_IRC8M 

110 CK_HXTAL 

111 CK_PLL or CK_PLL/2 

The CK_OUT frequency can be reduced by a configurable binary divider, controlled by the 

CKOUTDIV[2:0] bits , in the Configuration register 0(RCU_CFG0). 

Deep-sleep mode clock control 

When the MCU is in Deep-sleep mode, the HDMI CEC or USART0 can wake up the MCU, 

when their clock is provided by LXTAL clock and LXTAL clock is enable. 

If the HDMI CEC or USART0 clock is selected IRC8M clock in Deep-sleep mode, they have 

capable of open IRC8M clock or close IRC8M clock, which used to the HDMI CEC or 

USART0 to wake up the Deep-sleep mode. 

Voltage control 

The core domain voltage in Deep-sleep mode can be controlled by DSLPVS[1:0] bit in the 

Deep-sleep mode voltage register (RCU_DSV). 

Table 4-2. Core domain voltage selected in Deep-sleep mode - 

DSLPVS[1:0] Deep-sleep mode voltage(V) 

00 1.0 

01 0.9 

10 0.8 

11 0.7 
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The RCU_DSV register are protected by Voltage Key register (RCU_VKEY). Only after write 

0x1A2B3C4D to the RCU_VKEY register, the RCU_DSV register can be write. 

4.3. Register definition 

Base address: 0x4002 1000 

4.3.1. Control register0 (RCU_CTL0) 

Address offset: 0x00 

Reset value: 0x0000 XX83 where X is undefined. 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved PLLSTB PLLEN Reserved CKMEN HXTALBPS HXTALSTB HXTALEN 

 

r rw  rw rw r rw 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

IRC8MCALIB[7:0] IRC8MADJ[4:0] Reserved. IRC8MSTB IRC8MEN 

r rw  r rw 

 

Bits Fields Descriptions 

31:26 Reserved Must be kept at reset value. 

25 PLLSTB PLL Clock Stabilization Flag 

Set by hardware to indicate if the PLL output clock is stable and ready for use. 

0: PLL is not stable 

1: PLL is stable 

24 PLLEN PLL enable 

Set and reset by software. This bit cannot be reset if the PLL clock is used as the 

system clock. Reset by hardware when entering Deep-sleep or Standby mode.  

0: PLL is switched off  

1: PLL is switched on  

23:20 Reserved Must be kept at reset value. 

19 CKMEN HXTAL Clock Monitor Enable  

0: Disable the External 4 ~ 32 MHz crystal oscillator (HXTAL) clock monitor  

1: Enable the External 4 ~ 32 MHz crystal oscillator (HXTAL) clock monitor  

When the hardware detects that the HXTAL clock is stuck at a low or high state, the 

internal hardware will switch the system clock to be the internal high speed IRC8M 

RC clock. The way to recover the original system clock is by either an external 

reset, power on reset or clearing CKMIF by software.  

Note: When the HXTAL clock monitor is enabled, the hardware will automatically 
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enable the IRC8M internal RC oscillator regardless of the control bit, IRC8MEN, 

state.  

18 HXTALBPS External crystal oscillator (HXTAL) clock bypass mode enable 

The HXTALBPS bit can be written only if the HXTALEN is 0. 

0: Disable the HXTAL Bypass mode  

1: Enable the HXTAL Bypass mode in which the HXTAL output clock is equal to the 

inputclock. 

17 HXTALSTB External crystal oscillator (HXTAL) clock stabilization flag 

Set by hardware to indicate if the HXTAL oscillator is stable and ready for use.  

0: HXTAL oscillator is not stable 

1: HXTAL oscillator is stable 

16 HXTALEN External High Speed oscillator Enable  

Set and reset by software. This bit cannot be reset if the HXTAL clock is used as 

the system clock or the PLL input clock. Reset by hardware when entering 

Deep-sleep or Standby mode. 

0: External 4 ~ 32 MHz crystal oscillator disabled 

1: External 4 ~ 32 MHz crystal oscillator enabled 

15:8 IRC8MCALIB[7:0] High Speed Internal Oscillator calibration value register 

These bits are load automatically at power on. 

7:3 IRC8MADJ[4:0] High Speed Internal Oscillator clock trim adjust value 

These bits are set by software. The trimming value is there bits (IRC8MADJ) added 

to the IRC8MCALIB[7:0] bits. The trimming value should trim the IRC8M to 8 MHz 

± 1%.  

2 Reserved Must be kept at reset value. 

1 IRC8MSTB IRC8M High Speed Internal Oscillator stabilization Flag  

Set by hardware to indicate if the IRC8M oscillator is stable and ready for use.  

0: IRC8M oscillator is not stable 

1: IRC8M oscillator is stable 

0 IRC8MEN Internal High Speed oscillator Enable  

Set and reset by software. This bit cannot be reset if the IRC8M clock is used as 

the system clock. Set by hardware when leaving Deep-sleep or Standby mode or 

the HXTAL clock is stuck at a low or high state when HXTALCKM is set. 

0: Internal 8 MHz RC oscillator disabled  

1: Internal 8 MHz RC oscillator enabled  

4.3.2. Configuration register 0 (RCU_CFG0) 

Address offset: 0x04 

Reset value: 0x0000 0000 



                                                           GD32F3x0 User Manual 
 

81 
  

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

PLLDV CKOUTDIV[2:0] PLLMF[4] CKOUTSEL[2:0] USBFSPSC[1:0] PLLMF[3:0] PLLPREDV PLLSEL 

rw rw rw rw rw rw rw rw 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

ADCPSC[1:0] APB2PSC[2:0] APB1PSC[2:0] AHBPSC[3:0] SCSS[1:0] SCS[1:0] 

rw rw rw rw r rw 

 

Bits Fields Descriptions 

31 PLLDV The CK_PLL divide by 1 or 2 for CK_OUT 

0: CK_PLL divide by 2 for CK_OUT 

1: CK_PLL divide by 1 for CK_OUT 

30:28 CKOUTDIV[2:0] The CK_OUT divider which the CK_OUT frequency can be reduced 

see bits 26:24 of RCU_CFG0 for CK_OUT. 

000: The CK_OUT is divided by 1 

001: The CK_OUT is divided by 2 

010: The CK_OUT is divided by 4 

011: The CK_OUT is divided by 8 

100: The CK_OUT is divided by 16 

101: The CK_OUT is divided by 32 

110: The CK_OUT is divided by 64 

111: The CK_OUT is divided by 128 

27 PLLMF[4] Bit 4 of PLLMF register 

see bits 21:18 of RCU_CFG0. 

26:24 CKOUTSEL[2:0] CK_OUT Clock Source Selection  

Set and reset by software.  

000: No clock selected 

001: Internal 28M RC oscillator clock selected 

010: Internal 40K RC oscillator clock selected  

011: External Low Speed oscillator clock selected 

100: System clock selected 

101: Internal 8MHz RC Oscillator clock selected 

110: External High Speed oscillator clock selected 

111: (CK_PLL / 2)  or CK_PLL selected depend on PLLDV 

23:22 USBFSPSC[1:0] USBFS clock prescaler selection 

These bits and bit 30 of RCU_CFG2 are written by software to define the USBFS 

clock prescaler.Set and reset by software to control the USBFS clock prescaler 

value. The USBFS clock must be 48MHz. These bits canôt be reset if the USBFS 

clock is enabled. 

000: (CK_PLL / 1.5) selected 
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001: CK_PLL selected 

010: (CK_PLL / 2.5) selected 

011: (CK_PLL / 2) selected 

100: (CK_PLL / 3) selected 

101/110/111: (CK_PLL / 3.5) selected 

21:18 PLLMF[3:0] PLL multiply factor 

These bits and bit 27 of RCU_CFG0 and bit 31 of RCU_CFG1 are written by 

software to define the PLL multiplication factor.  

000000: (PLL source clock x 2) 

000001: (PLL source clock x 3) 

000010: (PLL source clock x 4) 

000011: (PLL source clock x 5) 

000100: (PLL source clock x 6) 

000101: (PLL source clock x 7) 

000110: (PLL source clock x 8) 

000111: (PLL source clock x 9) 

001000: (PLL source clock x 10) 

001001: (PLL source clock x 11) 

001010: (PLL source clock x 12) 

001011: (PLL source clock x 13) 

001100: (PLL source clock x 14) 

001101: (PLL source clock x 15) 

001110: (PLL source clock x 16) 

001111: (PLL source clock x 16) 

010000: (PLL source clock x 17) 

010001: (PLL source clock x 18) 

010010: (PLL source clock x 19) 

010011: (PLL source clock x 20) 

010100: (PLL source clock x 21) 

010101: (PLL source clock x 22) 

010110: (PLL source clock x 23) 

010111: (PLL source clock x 24) 

011000: (PLL source clock x 25) 

011001: (PLL source clock x 26) 

011010: (PLL source clock x 27) 

011011: (PLL source clock x 28) 

011100: (PLL source clock x 29) 

011101: (PLL source clock x 30) 

011110: (PLL source clock x 31) 

011111: (PLL source clock x 32) 

100000: (PLL source clock x 33) 

é 
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111110: (PLL source clock x 63) 

111111: (PLL source clock x 64) 

Note: The PLL output frequency must not exceed 108 MHz. 

17 PLLPREDV HXTAL or CK_IRC48M divider for PLL source clock selection. This bit is the same 

bit as bit PREDV[0] from RCU_CFG1. Refer to RCU_CFG1 PREDV bits 

description. 

Set and cleared by software to divide or not which is selected to PLL. 

0: HXTAL or CK_IRC48M clock selected 

1: (HXTAL or CK_IRC48M) / 2 clock selected 

16 PLLSEL PLL Clock Source Selection  

Set and reset by software to control the PLL clock source.  

0: (IRC8M / 2) clock selected as source clock of PLL 

1: HXTAL or IRC48M(PLLPRESEL of RCU_CFG1 register) selected as source 

clock of PLL 

15:14 ADCPSC[1:0] ADC clock prescaler selection 

These bits and bit 31 of RCU_CFG2 are written by software to define the ADC 

clock prescaler.Set and cleared by software. 

000: (CK_APB2 / 2) selected 

001: (CK_ APB2 / 4) selected 

010: (CK_ APB2 / 6) selected 

011: (CK_ APB2 / 8) selected 

100: (CK_AHB / 3) selected 

101: (CK_ AHB / 5) selected 

110: (CK_ AHB / 7) selected 

111: (CK_ AHB / 9) selected 

13:11 APB2PSC[2:0] APB2 prescaler selection 

Set and reset by software to control the APB2 clock division ratio.  

0xx: CK_AHB selected  

100: (CK_AHB / 2) selected 

101: (CK_AHB / 4) selected 

110: (CK_AHB / 8) selected 

111: (CK_AHB / 16) selected 

10:8 APB1PSC[2:0] APB1 prescaler selection 

Set and reset by software to control the APB1 clock division ratio. 

0xx: CK_AHB selected 

100: (CK_AHB / 2) selected 

101: (CK_AHB / 4) selected 

110: (CK_AHB / 8) selected 

111: (CK_AHB / 16) selected 

7:4 AHBPSC[3:0] AHB prescaler selection 
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Set and reset by software to control the AHB clock division ratio 

0xxx: CK_SYS selected 

1000: (CK_SYS / 2) selected 

1001: (CK_SYS / 4) selected 

1010: (CK_SYS / 8) selected 

1011: (CK_SYS / 16) selected  

1100: (CK_SYS / 64) selected 

1101: (CK_SYS / 128) selected 

1110: (CK_SYS / 256) selected 

1111: (CK_SYS / 512) selected 

3:2 SCSS[1:0] System clock switch status 

Set and reset by hardware to indicate the clock source of system clock. 

00: select CK_IRC8M as the CK_SYS source 

01: select CK_HXTAL as the CK_SYS source 

10: select CK_PLL as the CK_SYS source 

11: reserved 

1:0 SCS[1:0] System clock switch 

Set by software to select the CK_SYS source. Because the change of CK_SYS 

has inherent latency, software should read SCSS to confirm whether the switching 

is complete or not. The switch will be forced to IRC8M when leaving Deep-sleep 

and Standby mode or by HXTAL clock monitor when the HXTAL failure is detected 

and the HXTAL is selected as the clock source of CK_SYS or PLL. 

00: select CK_IRC8M as the CK_SYS source 

01: select CK_HXTAL as the CK_SYS source 

10: select CK_PLL as the CK_SYS source 

11: reserved 

4.3.3. Interrupt register (RCU_INT) 

Address offset: 0x08 

Reset value: 0x0000 0000 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved CKMIC Reserved 

IRC28M 

STBIC 

PLL 

STBIC 

HXTAL 

STBIC 

IRC8M 

STBIC 

LXTAL 

STBIC 

IRC40K 

STBIC 

 

w  w w w w w w 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved 

IRC28M 

STBIE 

PLL 

STBIE 

HXTAL 

STBIE 

IRC8M 

STBIE 

LXTAL 

STBIE 

IRC40K 

STBIE 

CKMIF Reserved 

IRC28M 

STBIF 

PLL 

STBIF 

HXTAL 

STBIF 

IRC8M 

STBIF 

LXTAL 

STBIF 

IRC40K 

STBIF 

 

rw rw rw rw rw rw r  r r r r r r 
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Bits Fields Descriptions 

31:24 Reserved Must be kept at reset value 

23 CKMIC HXTAL Clock Stuck Interrupt Clear 

Write 1 by software to reset the CKMIF flag. 

0: Not reset CKMIF flag 

1: Reset CKMIF flag 

22 Reserved Must be kept at reset value 

21 IRC28MSTBIC IRC28M stabilization Interrupt Clear 

Write 1 by software to reset the IRC28MSTBIF flag. 

0: Not reset IRC28MSTBIF flag 

1: Reset IRC28MSTBIF flag 

20 PLLSTBIC PLL stabilization Interrupt Clear 

Write 1 by software to reset the PLLSTBIF flag. 

0: Not reset PLLSTBIF flag 

1: Reset PLLSTBIF flag 

19 HXTALSTBIC HXTAL Stabilization Interrupt Clear 

Write 1 by software to reset the HXTALSTBIF flag. 

0: Not reset HXTALSTBIF flag 

1: Reset HXTALSTBIF flag 

18 IRC8MSTBIC IRC8M Stabilization Interrupt Clear 

Write 1 by software to reset the IRC8MSTBIF flag. 

0: Not reset IRC8MSTBIF flag 

1: Reset IRC8MSTBIF flag 

17 LXTALSTBIC LXTAL Stabilization Interrupt Clear 

Write 1 by software to reset the LXTALSTBIF flag. 

0: Not reset LXTALSTBIF flag 

1: Reset LXTALSTBIF flag 

16 IRC40KSTBIC IRC40K Stabilization Interrupt Clear 

Write 1 by software to reset the IRC40KSTBIF flag. 

0: Not reset IRC40KSTBIF flag 

1: Reset IRC40KSTBIF flag 

15:14 Reserved Must be kept at reset value 

13 IRC28MSTBIE IRC28M Stabilization Interrupt Enable 

Set and reset by software to enable/disable the IRC28M stabilization interrupt. 

0: Disable the IRC28M stabilization interrupt  

1: Enable the IRC28M stabilization interrupt 

12 PLLSTBIE PLL Stabilization Interrupt Enable 
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Set and reset by software to enable/disable the PLL stabilization interrupt. 

0: Disable the PLL stabilization interrupt  

1: Enable the PLL stabilization interrupt  

11 HXTALSTBIE HXTAL Stabilization Interrupt Enable 

Set and reset by software to enable/disable the HXTAL stabilization interrupt  

0: Disable the HXTAL stabilization interrupt  

1: Enable the HXTAL stabilization interrupt  

10 IRC8MSTBIE IRC8M Stabilization Interrupt Enable 

Set and reset by software to enable/disable the IRC8M stabilization interrupt 

0: Disable the IRC8M stabilization interrupt  

1: Enable the IRC8M stabilization interrupt  

9 LXTALSTBIE LXTAL Stabilization Interrupt Enable 

LXTAL stabilization interrupt enable/disable control  

0: Disable the LXTAL stabilization interrupt  

1: Enable the LXTAL stabilization interrupt 

8 IRC40KSTBIE IRC40K Stabilization interrupt enable 

IRC40K stabilization interrupt enable/disable control  

0: Disable the IRC40K stabilization interrupt  

1: Enable the IRC40K stabilization interrupt 

7 CKMIF HXTAL Clock Stuck Interrupt Flag  

Set by hardware when the HXTAL clock is stuck. 

Reset by software when setting the CKMIC bit. 

0: Clock operating normally  

1: HXTAL clock stuck 

6 Reserved Must be kept at reset value 

5 IRC28MSTBIF IRC28M stabilization interrupt flag 

Set by hardware when the IRC28M is stable and the IRC28MSTBIE bit is set. 

Reset by software when setting the IRC28MSTBIC bit. 

0: No IRC28M stabilization interrupt generated  

1: IRC28M stabilization interrupt generated  

4 PLLSTBIF PLL stabilization interrupt flag 

Set by hardware when the PLL is stable and the PLLSTBIE bit is set. 

Reset by software when setting the PLLSTBIC bit. 

0: No PLL stabilization interrupt generated  

1: PLL stabilization interrupt generated  

3 HXTALSTBIF HXTAL stabilization interrupt flag 

Set by hardware when the External 4 ~ 32 MHz crystal oscillator clock is stable and 

the HXTALSTBIE bit is set.  
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Reset by software when setting the HXTALSTBIC bit. 

0: No HXTAL stabilization interrupt generated  

1: HXTAL stabilization interrupt generated  

2 IRC8MSTBIF IRC8M stabilization interrupt flag 

Set by hardware when the Internal 8 MHz RC oscillator clock is stable and the 

IRC8MSTBIE bit is set.  

Reset by software when setting the IRC8MSTBIC bit. 

0: No IRC8M stabilization interrupt generated  

1: IRC8M stabilization interrupt generated  

1 LXTALSTBIF LXTAL stabilization interrupt flag 

Set by hardware when the External 32,768 Hz crystal oscillator clock is stable and 

the LXTALSTBIE bit is set. 

Reset by software when setting the LXTALSTBIC bit. 

0: No LXTAL stabilization interrupt generated  

1: LXTAL stabilization interrupt generated  

0 IRC40KSTBIF IRC40K stabilization interrupt flag 

Set by hardware when the Internal 32kHz RC oscillator clock is stable and the 

IRC40KSTBIE bit is set.  

Reset by software when setting the IRC40KSTBIC bit. 

0: No IRC40K stabilization clock ready interrupt generated  

1: IRC40K stabilization interrupt generated  

4.3.4. APB2 reset register (RCU_APB2RST) 

Address offset: 0x0C 

Reset value: 0x0000 0000 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)  

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved 

TIMER16 

RST 

TIMER15 

RST 

TIMER14 

RST 

 

rw rw rw 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved 

USART0 

RST 

Reserved. 

SPI0 

RST 

TIMER0 

RST 

Reserved

. 

ADC 

RST 

Reserved 

CFGCMP 

RST 

 

rw  rw rw  rw  rw 

 

Bits Fields Descriptions 

31:19 Reserved Must be kept at reset value 

18 TIMER16RST TIMER16 reset 
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This bit is set and reset by software. 

0: No reset 

1: Reset the TIMER16 

17 TIMER15RST TIMER15 reset 

This bit is set and reset by software. 

0: No reset 

1: Reset the TIMER15 

16 TIMER14RST TIMER14 reset 

This bit is set and reset by software. 

0: No reset 

1: Reset the TIMER14 

14 USART0RST USART0 Reset 

This bit is set and reset by software. 

0: No reset 

1: Reset the USART0 

13 Reserved Must be kept at reset value 

12 SPI0RST SPI0 Reset 

This bit is set and reset by software. 

0: No reset 

1: Reset the SPI0 

11 TIMER0RST TIMER0 reset 

This bit is set and reset by software. 

0: No reset 

1: Reset the TIMER0 

10 Reserved Must be kept at reset value 

9 ADCRST ADC reset 

This bit is set and reset by software. 

0: No reset 

1: Reset the ADC  

8:1 Reserved Must be kept at reset value 

0 CFGCMPRST System configuration and comparator reset 

This bit is set and reset by software. 

0: No reset 

1: Reset System configuration and comparator 

4.3.5. APB1 reset register (RCU_APB1RST) 

Address offset: 0x10 
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Reset value: 0x0000 0000 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)  

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved 

CEC 

RST 

DAC 

RST 

PMU 

RST 

Reserved 

I2C1 

RST 

I2C0 

RST 

Reserved 

USART1 

RST 

Reserved

. 

 

rw rw rw  rw rw  rw  

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved 

SPI1 

RST 

Reserved 

WWDGT 

RST 

Reserved 

TIMER13

RST 

Reserved 

TIMER5R

ST 

Reserved 

TIMER2 

RST 

TIMER1 

RST 

 

rw  rw  rw  rw  rw rw 

 

Bits Fields Descriptions 

31 Reserved Must be kept at reset value 

30 CECRST HDMI CEC reset 

This bit is set and reset by software. 

0: No reset 

1: Reset hdmi cec unit 

29 DACRST DAC reset 

This bit is set and reset by software. 

0: No reset 

1: Reset DAC unit 

28 PMURST Power control reset 

This bit is set and reset by software. 

0: No reset 

1: Reset power control unit 

27:23 Reserved Must be kept at reset value 

22 I2C1RST I2C1 reset 

This bit is set and reset by software. 

0: No reset 

1: Reset I2C1 

21 I2C0RST I2C0 reset 

This bit is set and reset by software. 

0: No reset 

1: Reset I2C0 

20:18 Reserved Must be kept at reset value 

17 USART1RST USART1 reset 

This bit is set and reset by software. 

0: No reset 
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1: Reset USART1 

16:15 Reserved Must be kept at reset value 

14 SPI1RST SPI1 reset 

This bit is set and reset by software. 

0: No reset 

1: Reset SPI1 

13:12 Reserved Must be kept at reset value 

11 WWDGTRST Window watchdog timer reset 

This bit is set and reset by software. 

0: No reset 

1: Reset window watchdog timer 

10:9 Reserved Must be kept at reset value 

8 TIMER13RST TIMER13 timer reset 

This bit is set and reset by software. 

0: No reset 

1: Reset TIMER13 TIMER 

7:5 Reserved Must be kept at reset value 

4 TIMER5RST TIMER5 timer reset 

This bit is set and reset by software. 

0: No reset 

1: Reset TIMER5 TIMER 

3:2 Reserved Must be kept at reset value 

1 TIMER2RST TIMER2 timer reset 

This bit is set and reset by software. 

0: No reset 

1: Reset TIMER2 timer 

0 TIMER1RST TIMER1 timer reset 

This bit is set and reset by software. 

0: No reset 

1: Reset TIMER1 timer 

4.3.6. AHB enable register (RCU_AHBEN) 

Address offset: 0x14 

Reset value: 0x0000 0014 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)  
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved TSIEN Reserved PFEN Reserved PDEN PCEN PBEN PAEN Reserved 

 

rw  rw  rw rw rw rw  

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

. Reserved 

USBFSE

N 

Reserved CRCEN Reserved 

FMCSPE

N 

Reserved 

SRAMSP

EN 

Reserved DMAEN 

 

rw  rw  rw  rw  rw 

 

Bits Fields Descriptions 

31:25 Reserved Must be kept at reset value 

24 TSIEN TSI clock enable 

This bit is set and reset by software. 

0: Disabled TSI clock 

1: Enabled TSI clock 

23 Reserved Must be kept at reset value 

22 PFEN GPIO port F clock enable 

This bit is set and reset by software. 

0: Disabled GPIO port F clock 

1: Enabled GPIO port F clock 

21 Reserved Must be kept at reset value 

20 PDEN GPIO port D clock enable 

This bit is set and reset by software. 

0: Disabled GPIO port D clock 

1: Enabled GPIO port D clock 

19 PCEN GPIO port C clock enable 

This bit is set and reset by software. 

0: Disabled GPIO port C clock 

1: Enabled GPIO port C clock 

18 PBEN GPIO port B clock enable 

This bit is set and reset by software. 

0: Disabled GPIO port B clock 

1: Enabled GPIO port B clock 

17 PAEN GPIO port A clock enable 

This bit is set and reset by software. 

0: Disabled GPIO port A clock 

1: Enabled GPIO port A clock 

16:13 Reserved Must be kept at reset value 

12 USBFSEN USBFS clock enable 
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This bit is set and reset by software. 

0: Disabled USBFS clock 

1: Enabled USBFS clock 

11:7 Reserved Must be kept at reset value 

6 CRCEN CRC clock enable 

This bit is set and reset by software. 

0: Disabled CRC clock 

1: Enabled CRC clock 

5 Reserved Must be kept at reset value 

4 FMCSPEN FMC clock enable 

This bit is set and reset by software to enable/disable FMC clock during Sleep 

mode. 

0: Disabled FMC clock during Sleep mode 

1: Enabled FMC clock during Sleep mode 

3 Reserved Must be kept at reset value 

2 SRAMSPEN SRAM interface clock enable 

This bit is set and reset by software to enable/disable SRAM interface clock during 

Sleep mode. 

0: Disabled SRAM interface clock during Sleep mode. 

1: Enabled SRAM interface clock during Sleep mode 

1 Reserved Must be kept at reset value 

0 DMAEN DMA clock enable 

This bit is set and reset by software. 

0: Disabled DMA clock  

1: Enabled DMA clock  

4.3.7. APB2 enable register (RCU_APB2EN) 

Address offset: 0x18 

Reset value: 0x0000 0000 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)  

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved 

TIMER16

EN 

TIMER15

EN 

TIMER14

EN 

 

rw rw rw 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved 

USART0

EN 

Reserved SPI0EN 

TIMER0E

N 

Reserved ADCEN Reserved 

CFGCMP 

EN 
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rw  rw rw  rw  rw 

 

Bits Fields Descriptions 

31:19 Reserved Must be kept at reset value 

18 TIMER16EN TIMER16 timer clock enable 

This bit is set and reset by software. 

0: Disabled TIMER16 timer clock  

1: Enabled TIMER16 timer clock  

17 TIMER15EN TIMER15 timer clock enable 

This bit is set and reset by software. 

0: Disabled TIMER15 timer clock  

1: Enabled TIMER15 timer clock  

16 TIMER14EN TIMER14 timer clock enable 

This bit is set and reset by software. 

0: Disabled TIMER14 timer clock  

1: Enabled TIMER14 timer clock  

15 Reserved Must be kept at reset value 

14 USART0EN USART0 clock enable 

This bit is set and reset by software. 

0: Disabled USART0 clock  

1: Enabled USART0 clock  

13 Reserved Must be kept at reset value 

12 SPI0EN SPI0 clock enable 

This bit is set and reset by software. 

0: Disabled SPI0 clock  

1: Enabled SPI0 clock  

11 TIMER0EN TIMER0 timer clock enable 

This bit is set and reset by software. 

0: Disabled TIMER0 timer clock  

1: Enabled TIMER0 timer clock  

10 Reserved Must be kept at reset value 

9 ADCEN ADC interface clock enable 

This bit is set and reset by software. 

0: Disabled ADC interface clock 

1: Enabled ADC interface clock  

8:1 Reserved Must be kept at reset value 

0 CFGCMPEN System configuration and comparator clock enable 
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This bit is set and reset by software. 

0: Disabled System configuration and comparator clock  

1: Enabled System configuration and comparator clock  

4.3.8. APB1 enable register (RCU_APB1EN) 

Address offset:0x1C 

Reset value: 0x0000 0000 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved CECEN DACEN PMUEN Reserved I2C1EN I2C0EN Reserved 

USART1

EN 

Reserved 

 

rw rw rw  rw rw  rw  

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved SPI1EN Reserved 

WWDGT

EN 

Reserved 

TIMER13

EN 

Reserved 

TIMER5E

N 

Reserved 

TIMER2E

N 

TIMER1E

N 

 

rw  rw  rw  rw  rw rw 

 

Bits Fields Descriptions 

31 Reserved Must be kept at reset value 

30 CECEN HDMI CEC interface clock enable 

This bit is set and reset by software. 

0: Disabled HDMI CEC interface clock  

1: Enabled HDMI CEC interface clock  

29 DACEN DAC interface clock enable 

This bit is set and reset by software. 

0: Disabled DAC interface clock  

1: Enabled DAC interface clock  

28 PMUEN Power interface clock enable 

This bit is set and reset by software. 

0: Disabled Power interface clock  

1: Enabled Power interface clock  

27:23 Reserved Must be kept at reset value 

22 I2C1EN I2C1 clock enable 

This bit is set and reset by software. 

0: Disabled I2C1 clock  

1: Enabled I2C1 clock  

21 I2C0EN I2C0 clock enable 
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This bit is set and reset by software. 

0: Disabled I2C0 clock  

1: Enabled I2C0 clock  

20:18 Reserved Must be kept at reset value 

17 USART1EN USART1 clock enable 

This bit is set and reset by software. 

0: Disabled USART1 clock  

1: Enabled USART1 clock  

16:15 Reserved Must be kept at reset value 

14 SPI1EN SPI1 clock enable 

This bit is set and reset by software. 

0: Disabled SPI1 clock  

1: Enabled SPI1 clock  

13:12 Reserved Must be kept at reset value 

11 WWDGTEN Window watchdog timer clock enable 

This bit is set and reset by software. 

0: Disabled Window watchdog timer clock  

1: Enabled Window watchdog timer clock  

10:9 Reserved Must be kept at reset value 

8 TIMER13EN TIMER13 timer clock enable 

This bit is set and reset by software. 

0: Disabled TIMER13 timer clock  

1: Enabled TIMER13 timer clock  

7:5 Reserved Must be kept at reset value 

4 TIMER5EN TIMER5 timer clock enable 

This bit is set and reset by software. 

0: Disabled TIMER5 timer clock  

1: Enabled TIMER5 timer clock  

3:2 Reserved Must be kept at reset value 

1 TIMER2EN TIMER2 timer clock enable 

This bit is set and reset by software. 

0: Disabled TIMER2 timer clock  

1: Enabled TIMER2 timer clock  

0 TIMER1EN TIMER1 timer clock enable 

This bit is set and reset by software. 

0: Disabled TIMER1 timer clock  
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1: Enabled TIMER1 timer clock  

4.3.9. Backup domain control register (RCU_BDCTL) 

Address offset: 0x20 

Reset value: 0x0000 0018, reset by Backup domain Reset. 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)  

 Note: The LXTALEN, LXTALBPS, RTCSRC and RTCEN bits of the Backup domain control 

register (BDCTL) are only reset after a Backup domain Reset. These bits can be modified 

only when the BKPWEN bit in the Power control register (PMU_CTL) has to be set.  

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved BKPRST 

 

rw 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

RTCEN Reserved RTCSRC[1:0] Reserved LXTALDRI[1:0] LXTALBPS LXTALSTB LXTALEN 

rw  rw  rw rw r rw 

 

Bits Fields Descriptions 

31:17 Reserved Must be kept at reset value 

16 BKPRST Backup domain reset 

This bit is set and reset by software. 

0: No reset 

1: Resets Backup domain 

15 RTCEN RTC clock enable 

This bit is set and reset by software. 

0: Disabled RTC clock  

1: Enabled RTC clock  

14:10 Reserved Must be kept at reset value 

9:8 RTCSRC[1:0] RTC clock entry selection 

Set and reset by software to control the RTC clock source. 

00: No clock selected 

01: CK_LXTAL selected as RTC source clock 

10: CK_IRC40K selected as RTC source clock 

11: (CK_HXTAL / 32) selected as RTC source clock 

7:5 Reserved Must be kept at reset value 

4:3 LXTALDRI[1:0] LXTAL drive capability 

Set and reset by software. Backup domain reset reset this value. 

00: lower driving capability   
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01: medium low driving capability 

10: medium high driving capability 

11: higher driving capability (reset value) 

Note: The LXTALDRI is not in bypass mode. 

2 LXTALBPS LXTAL bypass mode enable 

Set and reset by software. 

0: Disable the LXTAL Bypass mode  

1: Enable the LXTAL Bypass mode 

1 LXTALSTB External low-speed oscillator stabilization 

Set by hardware to indicate if the LXTAL output clock is stable and ready for use.  

0: LXTAL is not stable 

1: LXTAL is stable 

0 LXTALEN LXTAL enable 

Set and reset by software. 

0: Disable LXTAL 

1: Enable LXTAL 

4.3.10. Reset source /clock register (RCU_RSTSCK) 

Address offset: 0x24 

Reset value: 0x0C00 0000, reset flags reset by power Reset only, other reset by system 

reset. 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)  

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

LP 

RSTF 

WWDGT 

RSTF 

FWDGT 

RSTF 

SW 

RSTF 

POR 

RSTF 

EP 

RSTF 

OBL 

RSTF 

RSTFC 

V12 

RSTF 

Reserved 

r r r r r r r rw r  

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved 

IRC40K 

STB 

IRC40K 

EN 

 

r rw 

 

Bits Fields Descriptions 

31 LPRSTF Low-power reset flag 

Set by hardware when Deep-sleep /standby reset generated. 

Reset by writing 1 to the RSTFC bit. 

0: No Low-power management reset generated 

1: Low-power management reset generated 

30 WWDGTRSTF Window watchdog timer reset flag 
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Set by hardware when a window watchdog timer reset generated. 

Reset by writing 1 to the RSTFC bit. 

0: No window watchdog reset generated 

1: Window watchdog reset generated 

29 FWDGTRSTF Free Watchdog timer reset flag 

Set by hardware when aFree Watchdog timer generated. 

Reset by writing 1 to the RSTFC bit. 

0: No Free Watchdog timer reset generated 

1: Free Watchdog timer reset generated 

28 SWRSTF Software reset flag 

Set by hardware when a software reset generated. 

Reset by writing 1 to the RSTFC bit. 

0: No software reset generated 

1: Software reset generated 

27 PORRSTF Power reset flag 

Set by hardware when a Power reset generated. 

Reset by writing 1 to the RSTFC bit. 

0: No Power reset generated 

1: Power reset generated 

26 EPRSTF External PIN reset flag 

Set by hardware when an External PIN generated. 

Reset by writing 1 to the RSTFC bit. 

0: No External PIN reset generated 

1: External PIN reset generated 

25 OBLRSTF Option byte loader reset flag 

Set by hardware when an option byte loader generated. 

Reset by writing 1 to the RSTFC bit. 

0: No Option byte loader reset generated 

1: Option byte loader reset generated 

24 RSTFC Reset flag clear 

This bit is set by software to clear all reset flags. 

0: Not clear reset flags 

1: Clear reset flags 

23 V12RSTF V12 domain Power reset flag 

Set by hardware when a V12 domain Power reset generated. 

Reset by writing 1 to the RSTFC bit. 

0: No V12 domain Power reset generated 

1: V12 domain Power reset generated 
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22:2 Reserved Must be kept at reset value 

1 IRC40KSTB IRC40K stabilization 

Set by hardware to indicate if the IRC40K output clock is stable and ready for use. 

0: IRC40K is not stable 

1: IRC40K is stable 

0 IRC40KEN IRC40K enable 

Set and reset by software. 

0: Disable IRC40K 

1: Enable IRC40K 

4.3.11. AHB reset register (RCU_AHBRST) 

Address offset: 0x28 

Reset value: 0x0000 0000 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)  

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved TSIRST Reserved PFRST Reserved PDRST PCRST PBRST PARST Reserved 

 

rw  rw  rw rw rw rw  

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved 

USBFSR

ST 

Reserved 

 

rw  

 

Bits Fields Descriptions 

31:25 Reserved Must be kept at reset value 

24 TSIRST TSI unit reset 

This bit is set and reset by software. 

0: No reset TSI unit 

1: Reset TSI unit 

23 Reserved Must be kept at reset value 

22 PFRST GPIO port F reset  

This bit is set and reset by software. 

0: No reset GPIO port F  

1: Reset GPIO port F  

21 Reserved Must be kept at reset value 

20 PDRST GPIO port D reset 

This bit is set and reset by software. 

0: No reset GPIO port D  
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1: Reset GPIO port D  

19 PCRST GPIO port C reset  

This bit is set and reset by software. 

0: No reset GPIO port C  

1: Reset GPIO port C  

18 PBRST GPIO port B reset 

This bit is set and reset by software. 

0: No reset GPIO port B  

1: Reset GPIO port B  

17 PARST GPIO port A reset 

This bit is set and reset by software. 

0: No reset GPIO port A  

1: Reset GPIO port A  

16:13 Reserved Must be kept at reset value 

12 USBFSRST USBFS unit reset 

This bit is set and reset by software. 

0: No reset USBFS unit 

1: Reset USBFS unit 

11:0 Reserved Must be kept at reset value 

4.3.12. Configuration register 1 (RCU_CFG1) 

Address offset: 0x2C 

Reset value: 0x0000 0000 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)  

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

PLLMF[5] 

PLLPRES

EL 

Reserved 

rw rw  

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved PREDV[3:0] 

 

rw 

 

Bits Fields Descriptions 

31 PLLMF[5] Bit 5 of PLLMF 

see bits 27, 21:18 of RCU_CFG0 

30 PLLPRESEL PLL clock source preselection 

0: HXTAL selected as PLL source clock  
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1: CK_IRC48M selected as PLL source clock 

29:4 Reserved Must be kept at reset value 

3:0 PREDV[3:0] CK_HXTAL or CK_IRC48M divider previous PLL 

This bit is set and reset by software. These bits can be written when PLL is disable 

Note: The bit 0 of PREDV is same as bit 17 of RCU_CFG0, so modifying bit 17 of 

RCU_CFG0 aslo modifies bit 0 of RCU_CFG1. 

The CK_HXTAL and CK_IRC48M is divided by (PREDV + 1). 

0000: input to PLL not divided 

0001: input to PLL divided by 2 

0010: input to PLL divided by 3 

0011: input to PLL divided by 4 

0100: input to PLL divided by 5 

0101: input to PLL divided by 6 

0110: input to PLL divided by 7 

0111: input to PLL divided by 8 

1000: input to PLL divided by 9 

1001: input to PLL divided by 10 

1010: input to PLL divided by 11 

1011: input to PLL divided by 12 

1100: input to PLL divided by 13 

1101: input to PLL divided by 14 

1110: input to PLL divided by 15 

1111: input to PLL divided by 16 

4.3.13. Configuration register 2 (RCU_CFG2) 

Address offset: 0x30 

Reset value: 0x0000 0000 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

ADCPS 

C[2] 

USBFSP

SC[2] 

Reserved 

IRC28MD

IV 

rw rw  rw 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved ADCSEL Reserved CECSEL Reserved USART0SEL[1:0] 

 rw  rw  rw 

 

Bits Fields Descriptions 

31 ADCPSC[2] Bit 2 of ADCPSC 

see bits 15:14 of RCU_CFG0 
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30 USBFSPSC[2] Bit 2 of USBFSPSC 

see bits 23:22 of RCU_CFG0 

29:17 Reserved Must be kept at reset value 

16 IRC28MDIV IRC28M divider or not 

0 : IRC28M /2 used as ADC clock 

1: IRC28M used as ADC clock 

15:9 Reserved Must be kept at reset value 

8 ADCSEL CK_ADC clock source selection 

This bit is set and reset by software.  

0: CK_ADC select CK_IRC28M 

1: CK_ADC select CK_APB2 which is divided by 2,4,6,8 or. CK_AHB which is 

divided by 3,5,7,9 

7 Reserved Must be kept at reset value 

6 CECSEL CK_CEC clock source selection 

This bit is set and reset by software.  

0: CK_CEC select CK_IRC8M divided by 244 

1: CK_CEC select CK_LXTAL 

5:2 Reserved Must be kept at reset value 

1:0 USART0SEL[1:0] CK_USART0 clock source selection 

This bit is set and reset by software.  

00: CK_USART0 select CK_APB2 

01: CK_USART0 select CK_SYS 

10: CK_USART0 select CK_LXTAL 

11: CK_USART0 select CK_IRC8M 

4.3.14. Control register 1 (RCU_CTL1) 

Address offset: 0x34 

Reset value: 0x0000 XX80 where X is undefined. 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved 

 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

IRC28MCALIB[7:0] IRC28MADJ[4:0] Reserved 

IRC28MS

TB 

IRC28ME

N 

r rw  r rw 
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Bits Fields Descriptions 

31:16 Reserved Must be kept at reset value 

15:8 IRC28MCALIB[7:0] Internal 28M RC Oscillator calibration value register 

These bits are load automatically at power on. 

7:3 IRC28MADJ[4:0] Internal 28M RC Oscillator clock trim adjust value 

These bits are set by software. The trimming value is there bits (IRC28MADJ) 

added to the IRC28MCALIB[7:0] bits. The trimming value should trim the IRC28M 

to 28MHz ± 1%.  

2 Reserved Must be kept at reset value 

1 IRC28MSTB IRC28M Internal 28M RC Oscillator stabilization Flag  

Set by hardware to indicate if the IRC28M oscillator is stable and ready for use.  

0: IRC28M oscillator is not stable 

1: IRC28M oscillator is stable 

0 IRC28MEN IRC28M Internal 28M RC oscillator Enable  

Set and reset by software.  

0: Internal 28 MHz RC oscillator disabled  

1: Internal 28 MHz RC oscillator enabled  

4.3.15. Additional clock control register (RCU_ADDCTL) 

Address offset: 0xC0 

Reset value: 0x8000 0000 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)  

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

IRC48MCALIB[7:0] Reserved 

IRC48M 

STB 

IRC48ME

N 

r  r rw 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved 

CK48M 

SEL 

 

rw 

 

Bits Fields Descriptions 

31:24 IRC48MCALIB [7:0] Internal 48MHz RC oscillator calibration value register 

These bits are load automatically at power on. 

23:18 Reserved Must be kept at reset value. 

17 IRC48MSTB Internal 48MHz RC oscillator clock stabilization Flag 

Set by hardware to indicate if the IRC48M oscillator is stable and ready for use. 
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0: IRC48M is not stable 

1: IRC48M is stable 

16 IRC48MEN Internal 48MHz RC oscillator enable 

Set and reset by software. Reset by hardware when entering Deep-sleep or 

Standby mode.  

0: IRC48M disable  

1: IRC48M enable  

15:1 Reserved Must be kept at reset value. 

0 CK48MSEL 48MHz clock selection 

Set and reset by software. This bit used to generate CK48M clock which select 

IRC48M clock or PLL48M clock. 

0: Donôt select IRC48M clock(use CK_PLL clock divided by USBFSPSC) 

1: Select IRC48M clock  

4.3.16. Additional clock interrupt register (RCU_ADDINT) 

Address offset: 0xCC 

Reset value: 0x0000 0000 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)  

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved 

IRC48M 

STBIC 

Reserved 

 

w  

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved 

IRC48M 

STBIE 

Reserved 

IRC48M 

STBIF 

Reserved 

 

rw  r  

 

Bits Fields Descriptions 

31:23 Reserved Must be kept at reset value 

22 IRC48MSTBIC Internal 48 MHz RC oscillator Stabilization Interrupt Clear 

Write 1 by software to reset the IRC48MSTBIF flag. 

0: Not reset IRC48MSTBIF flag 

1: Reset IRC48MSTBIF flag 

21:15 Reserved Must be kept at reset value 

14 IRC48MSTBIE Internal 48 MHz RC oscillator Stabilization Interrupt Enable 

Set and reset by software to enable/disable the IRC48M stabilization interrupt 

0: Disable the IRC48M stabilization interrupt  
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1: Enable the IRC48M stabilization interrupt  

13:7 Reserved Must be kept at reset value 

6 IRC48MSTBIF IRC48M stabilization interrupt flag 

Set by hardware when the Internal 48 MHz RC oscillator clock is stable and the 

IRC48MSTBIE bit is set.  

Reset by software when setting the IRC48MSTBIC bit. 

0: No IRC48M stabilization interrupt generated  

1: IRC48M stabilization interrupt generated  

5:0 Reserved Must be kept at reset value 

4.3.17. APB1 additional enable register (RCU_ADDAPB1EN) 

Address offset: 0xF8 

Reset value: 0x0000 0000 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)  

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved CTCEN Reserved 

 

rw  

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved 

 

 

Bits Fields Descriptions 

31:1 Reserved Must be kept at reset value 

27 CTCEN CTC clock enable 

This bit is set and reset by software. 

0: Disabled CTC clock  

1: Enabled CTC clock  

26:0 Reserved Must be kept at reset value 

4.3.18. APB1 additional reset register (RCU_ADDAPB1RST) 

Address offset: 0xFC 

Reset value: 0x0000 0000 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)  

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved CTCRST Reserved 

 

rw  
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved 

 

 

Bits Fields Descriptions 

31:28 Reserved Must be kept at reset value 

27 CTCRST CTC reset 

This bit is set and reset by software. 

0: No reset 

1: Reset CTC 

26:0 Reserved Must be kept at reset value 

4.3.19. Voltage key register (RCU_VKEY) 

Address offset: 0x100 

Reset value: 0x0000 0000. 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)  

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

KEY[31:16] 

w 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

KEY[15:0] 

w 

 

Bits Fields Descriptions 

31:0 KEY[31:0] The key of RCU_DSV register 

These bits are written only by software and read as 0. Only after write 

0x1A2B3C4D to the RCU_VKEY, the RCU_DSV register can be written. 

4.3.20. Deep-sleep mode voltage register (RCU_DSV) 

Offset: 0x134 

Reset value: 0x0000 0000 

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)  

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved 

 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved DSLPVS[1:0] 



                                                           GD32F3x0 User Manual 
 

107 
  

 

rw 

 

Bits Fields Descriptions 

31:2 Reserved Must be kept at reset value 

1:0 DSLPVS[1:0] Deep-sleep mode voltage select 

These bits is set and reset by software 

00 : The core voltage is 1.0V in Deep-sleep mode 

01 : The core voltage is 0.9V in Deep-sleep mode 

10 : The core voltage is 0.8V in Deep-sleep mode 

11 : The core voltage is 0.7V in Deep-sleep mode 
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5. Clock trim controller (CTC) 

5.1. Overview 

The Clock Trim Controller (CTC) is used to trim internal 48MHz RC oscillator (IRC48M) 

automatically by hardware. If using IRC48M clock to USBFS, the IRC48M must be 48 MHz 

with 500ppm. The internal oscillator without such a high degree of accuracy needs to be 

trimmed. The CTC unit trim the frequency of the IRC48M based on an external accurate 

reference signal source. It can automatically adjust the trim value to provide a precise 

IRC48M clock. 

5.2. Characteristics 

Â Three external reference signal source: GPIO, LXTAL clock, or USBFS SOF. 

Â Provide software reference sync pulse. 

Â Automatically trimmed by hardware without any software action. 

Â 16 bits trim counter with reference signal source capture and reload. 

Â 8 bits clock trim base value to frequency evaluation and automatically trim. 

Â Enough flag or interrupt to indicate the clock is OK (CKOKIF), warning (CKWARNIF) or 

error (ERRIF). 

Note: If using USBFS SOF as the external reference signal source, SOFOEN bit in 

USBFS_GCCFG register must be set. 

5.3. Function overview 

Figure below provides details on the internal configuration of the CTC. 
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Figure 5-1. CTC overview 
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5.3.1. REF sync pulse generator 

Firstly, the reference signal source can select GPIO, LXTAL clock output, or USBSOF by 

setting REFSEL bits in CTC_CTL1 register. 

Secondly, the selected reference signal source use a configurable polarity by setting 

REFPOL bit in CTC_CTL1 register, and can be divided to a suitable frequency with a 

configurable prescaler by setting REFPSC bits in CTC_CTL1 register. 

Thirdly, if a software reference pulse needed, write 1 to SWREFPUL bit in CTC_CTL0 

register. The software reference pulse generated in last step is logical OR with the external 

reference pulse. 

5.3.2. CTC trim counter 

The CTC trim counter is clocked by CK_IRC48M. After CNTEN bit in CTC_CTL0 register set, 

and a first REF sync pulse detected, the counter start down-counting from RLVALUE 

(defined in CTC_CTL1 register). If any REF sync pulse detected, the counter reload the 
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RLVALUE and start down-counting again. If no REF sync pulse detected, the counter 

down-count to zero, and then up- counting to 128 x CKLIM (defined in CTC_CTL1 register), 

and then stop until next REF sync pulse detected. If any REF sync pulse detected, the 

current CTC trim counter value is captured to REFCAP in status register (CTC_STAT), and 

the counter direction is captured to REFDIR in status register (CTC_STAT). The detail is 

showing as following figure. 

Figure 5-2. CTC trim counter 

CKOKCKWARNCKERR CKWARN REFMISS

0+1 -1+2 -2

CTC STATUS

TRIM VALUE

CKLIM

3 x CKLIM

128 x CKLIM

RLVALUE

Counter value

CLOCK

 

5.3.3. Frequency evaluation and automatically trim process 

The clock frequency evaluation is performed when a REF sync pulse occur. If a REF sync 

pulse occurs on down-counting, it means the current clock is slower than correct clock (the 

frequency of 48M).It needs to improve TRIMVALUE in CTC_CTL0 register. If a REF sync 

pulse occurs on up-counting, it means the current clock is faster than correct clock (the 

frequency of 48M).It needs to reduce TRIMVALUE in CTC_CTL0 register. The CKOKIF, 

CKWARNIF, CKERR and REFMISS in CTC_STAT register shows the frequency evaluation 

scope. 

If the AUTOTRIM bit in CTC_CTL0 register is setting, the automatically hardware trim mode 

enabled. In this mode, if a REF sync pulse occurs on down-counting, it means the current 

clock is slower than correct clock, the TRIMVALUE will be increased automatically to raise 

the clock frequency. Vice versa when it occurs on up-counting, the TRIMVALUE will be 

reduced automatically to reduce the clock frequency. 

Â Counter < CKLIM when REF sync pulse is detected. 

The CKOKIF in CTC_STAT register set, and an interrupt generated if CKOKIE bit in 
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CTC_CTL0 register is 1. 

If the AUTOTRIM bit in CTC_CTL0 register set, the TRIMVALUE in CTC_CTL0 register 

is not changed. 

Â CKLIM  Counter < 3 x CKLIM when REF sync pulse is detected. 

The CKOKIF in CTC_STAT register set, and an interrupt generated if CKOKIE bit in 

CTC_CTL0 register is 1. 

If the AUTOTRIM bit in CTC_CTL0 register set, the TRIMVALUE in CTC_CTL0 register 

add 1 when down-counting or sub 1 when up-counting. 

Â 3 x CKLIM  Counter < 128 x CKLIM when REF sync pulse is detected. 

The CKWARNIF in CTC_STAT register set, and an interrupt generated if CKWARNIE 

bit in CTC_CTL0 register is 1. 

If the AUTOTRIM bit in CTC_CTL0 register set, the TRIMVALUE in CTC_CTL0 register 

add 2 when down-counting or sub 2 when up-counting. 

Â Counter  128 x CKLIM when down-counting when a REF sync pulse is detected. 

The CKERR in CTC_STAT register set, and an interrupt generated if ERRIE bit in 

CTC_CTL0 register is 1. 

The TRIMVALUE in CTC_CTL0 register is not changed 

Â Counter = 128 x CKLIM when up-counting.  

The REFMISS in CTC_STAT register set, and an interrupt generated if ERRIE bit in 

CTC_CTL0 register is 1. 

The TRIMVALUE in CTC_CTL0 register is not changed. 

If adjusting the TRIMVALUE in CTC_CTL0 register over the value of 63, the overflow will be 

occurred, while adjusting the TRIMVALUE under the value of 0, the underflow will be 

occurred. The TRIMVALUE is in the range 0 to 63 (the TRIMVALUE is 63 if overflow, the 

TRIMVALUE is 0 if underflow). Then, the TRIMERR in CTC_STAT register will be set, and an 

interrupt generated if ERRIE bit in CTC_CTL0 register is 1. 

5.3.4. Software program guide 

The RLVALUE and CKLIM bits in CTC_CTL1 register is critical to evaluate the clock 

frequency and automatically hardware trim. The value is calculated by the correct clock 

frequency (IRC48M:48 MHz) and the frequency of REF sync pulse. The ideal case is REF 

sync pulse occur when the CTC counter is zero, so the RLVALUE is: 

RLVALUE=Fclockõ FREF-1                     (5-1) 

The CKLIM is set by user according to the clock accuracy. It is recommend to set to the half 

of the step size, so the CKLIM is: 

CKLIM=Fclockõ FREF Ĭ0.12% õ2               (5-2) 

The typical step size is 0.12%. Where the Fclock is the frequency of correct clock (IRC48M), 

the FREF is the frequency of reference sync pulse. 
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5.4. Register definition 

CTC base address: 0x4000 C800 

5.4.1. Control register 0 (CTC_CTL0) 

Address offset: 0x00 

Reset value: 0x0000 2000 

This register has to be accessed by word (32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved 

 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved TRIMVALUE[5:0] 

SWREF 

PUL 

AUTO 

TRIM 

CNTEN Reserved EREFIE ERRIE 

CKWARN

IE 

CKOKIE 

 rw w rw rw  rw rw rw rw 

 

Bits  Fields Descriptions 

31:14 Reserved Must be kept at reset value 

13:8 TRIMVALUE[5:0] IRC48M trim value 

When AUTOTRIM in CTC_CTL0 register is 0, these bits are set and cleared by 

software. This mode used to software calibration.  

When AUTOTRIM in CTC_CTL0 register is 1, these bits are read only. The value 

automatically modified by hardware. This mode used to hardware trim.  

The middle value is 32. When increase 1, the IRC48M clock frequency add around 

57KHz. When decrease 1, the IRC48M clock frequency sub around 57KHz. 

7 SWREFPUL Software reference source sync pulse  

This bit is set by software, and generates a reference sync pulse to CTC counter. 

This bit is cleared by hardware automatically and read as 0. 

0: No effect 

1: generates a software reference source sync pulse 

6 AUTOTRIM Hardware automatically trim mode 

This bit is set and cleared by software. When this bit is set, the hardware automatic 

trim enabled, the TRIMVALUE bits in CTC_CTL0 register are modified by 

hardware automatically, until the frequency of IRC48M clock is close to 48MHz. 

0: Hardware automatic trim disabled 

1: Hardware automatic trim enabled 

5 CNTEN CTC counter enable 

This bit is set and cleared by software. This bit used to enable or disable the CTC 
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trim counter. When this bit is set, the CTC_CTL1 register cannot be modified.   

0: CTC trim counter disabled 

1: CTC trim counter enabled. 

4 Reserved Must be kept at reset value 

3 EREFIE EREFIF interrupt enable 

0: EREFIF interrupt disable 

1: EREFIF interrupt enable 

2 ERRIE Error (ERRIF) interrupt enable 

0: ERRIF interrupt disable 

1: ERRIF interrupt enable 

1 CKWARNIE Clock trim warning (CKWARNIF) interrupt enable 

0: CKWARNIF interrupt disable 

1: CKWARNIF interrupt enable 

0 CKOKIE Clock trim OK (CKOKIF) interrupt enable 

0: CKOKIF interrupt disable 

1: CKOKIF interrupt enable 

5.4.2. Control register 1 (CTC_CTL1) 

Address offset: 0x04 

Reset value: 0x2022 BB7F 

This register has to be accessed by word (32-bit). 

This register cannot be modified when CNTEN is 1. 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

REF 

POL 

Reserved REFSEL[1:0] Reserved REFPSC[2:0] CKLIM[7:0] 

rw  rw  rw rw 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

RLVALUE[15:0] 

rw 

 

Bits  Fields Descriptions 

31 REFPOL Reference signal source polarity 

This bit is set and cleared by software to select reference signal source polarity 

0: rising edge selected 

1: falling edge selected 

30 Reserved Must be kept at reset value 

29:28 REFSEL[1:0] Reference signal source selection 
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These bits are set and cleared by software to select reference signal source. 

00: GPIO selected 

01: LXTAL clock selected 

10: USBFS SOF selected 

11: Reserved, equals 0 selected. 

27 Reserved Must be kept at reset value 

26:24 REFPSC[2:0] Reference signal source prescaler 

These bits are set and cleared by software 

000: Reference signal not divided 

001: Reference signal divided by 2 

010: Reference signal divided by 4 

011: Reference signal divided by 8 

100: Reference signal divided by 16 

101: Reference signal divided by 32 

110: Reference signal divided by 64 

111: Reference signal divided by 128 

23:16 CKLIM[7:0] Clock trim base limit value 

These bits are set and cleared by software to define the clock trim base limit value. 

These bits used to frequency evaluation and automatically trim process. Please 

refer to the. Frequency evaluation and automatically trim process for 

detail. 

15:0 RLVALUE[15:0] CTC counter reload value 

These bits are set and cleared by software to define the CTC counter reload value. 

These bits reload to CTC trim counter when a reference sync pulse received to 

start or restart the counter. 

5.4.3. Status register (CTC_STAT) 

Address offset: 0x08 

Reset value: 0x0000 0000 

This register has to be accessed by word (32-bit). 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

REFCAP[15:0] 

r 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

REFDIR Reserved 

TRIM 

ERR 

REF 

MISS 

CKERR Reserved EREFIF ERRIF 

CKWARN

IF 

CKOK 

IF 

r  r r r  r r r r 

 

Bits  Fields Descriptions 
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31:16 REFCAP[15:0] CTC counter capture when reference sync pulse. 

When a reference sync pulse occurred, the CTC trim counter value is captured to 

REFCAP bits. 

15 REFDIR CTC trim counter direction when reference sync pulse 

When a reference sync pulse occurred during the counter is working, the CTC trim 

counter direction is captured to REFDIR bit. 

0: Up-counting 

1: Down-counting 

14:11 Reserved Must be kept at reset value 

10 TRIMERR Trim value error bit 

This bit is set by hardware when the TRIMVALUE in CTC_CTL0 register overflow 

or underflow. When the ERRIE in CTC_CTL0 register is set, an interrupt occur. 

This bit is cleared by writing 1 to ERRIC bit in CTC_INTC register. 

0: No trim value error occur 

1: Trim value error occur 

9 REFMISS Reference sync pulse miss 

This bit is set by hardware when the reference sync pulse miss. This is occur when 

the CTC trim counter reach to 128 x CKLIM during up counting and no reference 

sync pulse detected. This means the clock is too fast to be trimmed to correct 

frequency or other error occur. When the ERRIE in CTC_CTL0 register is set, an 

interrupt occur. This bit is cleared by writting 1 to ERRIC bit in CTC_INTC register. 

0: No Reference sync pulse miss occur 

1: Reference sync pulse miss occur 

8 

 

CKERR Clock trim error bit 

This bit is set by hardware when the clock trim error occur. This is occur when the 

CTC trim counter greater or equal to 128 x CKLIM during down counting when a 

reference sync pulse detected. This means the clock is too slow and cannot be 

trimmed to correct frequency. When the ERRIE in CTC_CTL0 register is set, an 

interrupt occur. This bit is cleared by writting 1 to ERRIC bit in CTC_INTC register. 

0: No Clock trim error occur 

1: Clock trim error occur 

7:4 Reserved Must be kept at reset value 

3 EREFIF Expect reference interrupt flag 

This bit is set by hardware when the CTC counter reach to 0. When the EREFIE in 

CTC_CTL0 register is set, an interrupt occur. This bit is cleared by writting 1 to 

EREFIC bit in CTC_INTC register. 

0 : No Expect reference occur 

1: Expect reference occur 

2 ERRIF Error interrupt flag 
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This bit is set by hardware when an error occurred. If any error of TRIMERR, 

REFMISS or CKERR occurred, this bit will be set. When the ERRIE in CTC_CTL0 

register is set, an interrupt occur. This bit is cleared by writting 1 to ERRIC bit in 

CTC_INTC register. 

0 : No Error occur 

1: An error occur 

1 CKWARNIF Clock trim warning interrupt flag 

This bit is set by hardware when a clock trim warning occurred. If the CTC trim 

counter greater or equal to 3 x CKLIM and smaller to 128 x CKLIM when a 

reference sync pulse detected, this bit will be set. This means the clock is too slow 

or too fast, but can be trim to correct frequency. The TRIMVALUE add 2 or sub 2 

when a clock trim warning occurred. When the CKWARNIE in CTC_CTL0 register 

is set, an interrupt occur. This bit is cleared by writting 1 to CKWARNIC bit in 

CTC_INTC register. 

0 : No Clock trim warning occur 

1: Clock trim warning occur 

0 CKOKIF Clock trim OK interrupt flag 

This bit is set by hardware when the clock trim is OK. If the CTC trim counter 

smaller to 3 x CKLIM when a reference sync pulse detected, this bit will be set. This 

means the clock is OK to use. The TRIMVALUE need not to adjust or adjust one 

step. When the CKOKIE in CTC_CTL0 register is, an interrupt occur. This bit is 

cleared by writting 1 to CKOKIC bit in CTC_INTC register. 

0 : No Clock trim OK occur 

1: Clock trim OK occur 

5.4.4. Interrupt clear register (CTC_INTC) 

Address offset: 0x0C 

Reset value: 0x0000 0000 

This register has to be accessed by word (32-bit). 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved 

 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved EREFIC ERRIC 

CKWARN

IC 

CKOK 

IC 

 w w w w 

 

Bits  Fields Descriptions 

31:4 Reserved Must be kept at reset value 
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3 EREFIC EREFIF interrupt clear bit 

This bit is written by software and read as 0. Write 1 to clear EREFIF bit in 

CTC_STAT register. Write 0 is no effect. 

2 ERRIC ERRIF interrupt clear bit 

This bit is written by software and read as 0. Write 1 to clear ERRIF, TRIMERR, 

REFMISS and CKERR bits in CTC_STAT register. Write 0 is no effect. 

1 CKWARNIC CKWARNIF interrupt clear bit 

This bit is written by software and read as 0. Write 1 to clear CKWARNIF bit in 

CTC_STAT register. Write 0 is no effect. 

0 CKOKIC CKOKIF interrupt clear bit 

This bit is written by software and read as 0. Write 1 to clear CKOKIF bit in 

CTC_STAT register. Write 0 is no effect. 
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6. Interrupt/event controller (EXTI) 

6.1. Overview 

Cortex-M4 integrates the Nested Vectored Interrupt Controller (NVIC) for efficient exception 

and interrupts processing. NVIC facilitates low-latency exception and interrupt handling and 

controls power management. Itôs tightly coupled to the processer core. You can read the 

Technical Reference Manual of Cortex-M4 for more details about NVIC. 

EXTI (interrupt/event controller) contains up to 24 independent edge detectors and 

generates interrupt requests or events to the processer. The EXTI has three trigger types: 

rising edge, falling edge and both edges. Each edge detector in the EXTI can be configured 

and masked independently. 

6.2. Characteristics 

Â Cortex-M4 system exception 

Â Up to 68 maskable peripheral interrupts for GD32F3x0 series 

Â 4 bits interrupt priority configuration - 16 priority levels 

Â Efficient interrupt processing 

Â Support exception pre-emption and tail-chaining 

Â Wake up system from power saving mode 

Â Up to 24 independent edge detectors in EXTI 

Â Three trigger types: rising, falling and both edges 

Â Software interrupt or event trigger 

Â Trigger sources configurable 

6.3. Interrupts function overview 

The ARM Cortex-M4 processor and the Nested Vectored Interrupt Controller (NVIC) 

prioritize and handle all exceptions in Handler Mode. The processor state is automatically 

stored to the stack on an exception and automatically restored from the stack at the end of 

the Interrupt Service Routine (ISR).  

The vector is fetched in parallel to the state saving, enabling efficient interrupt entry. The 

processor supports tail-chaining, which enables back-to-back interrupts to be performed 

without the overhead of state saving and restoration. The following tables list all exception 

types. 
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Table 6-1. NVIC exception types in Cortex-M4 

Exception Type 
Vector 

Number 
Priority (a) Vector Address Description 

- 0 - 0x0000_0000 Reserved 

Reset 1 -3 0x0000_0004 Reset 

NMI 2 -2 0x0000_0008 Non maskable interrupt 

HardFault 3 -1 0x0000_000C All class of fault 

MemManage 4 Programmable 0x0000_0010 Memory management 

BusFault 5 Programmable 0x0000_0014 
Prefetch fault, memory access 

fault 

UsageFault 6 Programmable 0x0000_0018 
Undefined instruction or illegal 

state 

- 7-10 - 
0x0000_001C 

-0x0000_002B 
Reserved 

SVCall 11 Programmable 0x0000_002C 
System service call via SWI 

instruction 

Debug Monitor 12 Programmable 0x0000_0030 Debug Monitor 

- 13 - 0x0000_0034 Reserved 

PendSV 14 Programmable 0x0000_0038 
Pendable request for system 

service 

SysTick 15 Programmable 0x0000_003C System tick timer 

The SysTick calibration value is 9000 and SysTick clock frequency is fixed to HCLK*0.125. 

So this will give a 1ms SysTick interrupt if HCLK is configured to 72MHz. 

Table 6-2. Interrupt vector table  

Interrupt 

Number 

Vector 

Number 
Peripheral Interrupt Description Vector Address 

IRQ 0 16 Window watchdog interrupt 0x0000_0040 

IRQ 1 17 LVD through EXTI Line detection interrupt 0x0000_0044 

IRQ 2 18 RTC global interrupt 0x0000_0048 

IRQ 3 19 FMC global interrupt 0x0000_004C 

IRQ 4 20 RCU and CTC global interrupt 0x0000_0050 

IRQ 5 21 EXTI Line0-1 interrupt 0x0000_0054 

IRQ 6 22 EXTI Line2-3 interrupt 0x0000_0058 

IRQ 7 23 EXTI Line4-15 interrupt 0x0000_005C 

IRQ 8 24 TSI global interrupt 0x0000_0060 

IRQ 9 25 DMA Channel0 global interrupt 0x0000_0064 

IRQ 10 26 DMA Channel1-2 global interrupt 0x0000_0068 

IRQ 11 27 DMA Channel3-4 global interrupt 0x0000_006C 

IRQ 12 28 ADC and CMP0-1 interrupt 0x0000_0070 

IRQ 13 29 
TIMER0 Break, update, trigger and  

commutation interrupt 
0x0000_0074 
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Interrupt 

Number 

Vector 

Number 
Peripheral Interrupt Description Vector Address 

IRQ 14 30 TIMER0 Capture Compare interrupt 0x0000_0078 

IRQ 15 31 TIMER1 global interrupt 0x0000_007C 

IRQ 16 32 TIMER2 global interrupt 0x0000_0080 

IRQ 17 33 TIMER5 and DAC global interrupt 0x0000_0084 

IRQ 18 34 Reserved 0x0000_0088 

IRQ 19 35 TIMER13 global interrupt 0x0000_008C 

IRQ 20 36 TIMER14 global interrupt 0x0000_0090 

IRQ 21 37 TIMER15 global interrupt 0x0000_0094 

IRQ 22 38 TIMER16 global interrupt 0x0000_0098 

IRQ 23 39 I2C0 event interrupt 0x0000_009C 

IRQ 24 40 I2C1 event interrupt 0x0000_00A0 

IRQ 25 41 SPI0 global interrupt 0x0000_00A4 

IRQ 26 42 SPI1 global interrupt 0x0000_00A8 

IRQ 27 43 USART0 global interrupt 0x0000_00AC 

IRQ 28 44 USART1 global interrupt 0x0000_00B0 

IRQ 29 45 Reserved 0x0000_00B4 

IRQ 30 46 CEC global interrupt 0x0000_00B8 

IRQ 31 47 Reserved 0x0000_00BC 

IRQ 32 48 I2C0 error interrupt 0x0000_00C0 

IRQ 33 49 Reserved 0x0000_00C4 

IRQ 34 50 I2C1 error interrupt 0x0000_00C8 

IRQ 35 51 Reserved 0x0000_00CC 

IRQ 36 52 Reserved 0x0000_00D0 

IRQ 37 53 Reserved 0x0000_00D4 

IRQ 38 54 Reserved 0x0000_00D8 

IRQ 39-41 55-57 Reserved 
 0x0000_00DC- 

0x0000_00E4 

IRQ 42 58 USBFS Wake Up through EXTI Line18 interrupt 0x0000_00E8 

IRQ 43-47 59-63 Reserved 
 0x0000_00EC- 

0x0000_00FC 

IRQ 48 64 DMA Channel5-6 global interrupt 0x0000_0100 

IRQ 49-50 65-66 Reserved 
0x0000_0104- 

0x0000_0108 

IRQ 51 67 Reserved 0x0000_010C 

IRQ52-66 68-82 Reserved 
0x0000_0110- 

0x0000_0148 

IRQ67 83 USBFS global interrupt 0x0000_014C 
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6.4. External interrupt and event (EXTI) block diagram 

Figure 6-1. Block diagram of EXTI 

EXTI Line0~27
Edge 

detector

Polarity 

Control 

Software 

Trigger

Interrupt Mask 

Control

Event 

Generate

Event Mask 

Control

To NVIC

To Wakeup Unit

 

6.5. External interrupt and Event function overview 

The EXTI contains up to 24 independent edge detectors and generates interrupts request or 

event to the processer. The EXTI has three trigger types: rising edge, falling edge and both 

edges. Each edge detector in the EXTI can be configured and masked independently.  

The EXTI trigger source includes 16 external lines from GPIO pins and 8 lines from internal 

modules (including LVD, RTC, USB, USART, CEC and CMP) for GD32F3x0 series. All GPIO 

pins can be selected as an EXTI trigger source by configuring SYSCFG_EXTISSx registers 

in SYSCFG module (please refer to System configuration registers (SYSCFG) section for 

detail). 

EXTI can provide not only interrupts but also event signals to the processor. The Cortex-M4 

processor fully implements the Wait For Interrupt (WFI), Wait For Event (WFE) and the Send 

Event (SEV) instructions. The Wake-up Interrupt Controller (WIC) enables the processor and 

NVIC to be put into a very low-power sleep mode leaving the WIC to identify and prioritize 

interrupts and event. EXTI can be used to wake up processor and the whole system when 

some expected event occurs, such as a special GPIO pin toggling or RTC alarm. 
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Table 6-3. EXTI source 

EXTI Line 

Number 
Source 

0 PA0 / PB0 / PC0 / PF0 

1 PA1 / PB1 / PC1 / PF1 

2 PA2 / PB2 / PC2 / PD2 

3 PA3 / PB3 / PC3 

4 PA4 / PB4 / PC4 / PF4 

5 PA5 / PB5 / PC5 / PF5 

6 PA6 / PB6 / PC6 / PF6 

7 PA7 / PB7 / PC7 / PF7 

8 PA8 / PB8 / PC8 

9 PA9 / PB9 / PC9 

10 PA10 / PB10 / PC10 

11 PA11 / PB11 / PC11 

12 PA12 / PB12 / PC12 

13 PA13 / PB13 / PC13 

14 PA14 / PB14 / PC14 

15 PA15 / PB15 / PC15 

16 LVD 

17 RTC Alarm 

18 USBFS Wakeup 

19 RTC tamper and Timestamp 

20 Reserved 

21 CMP0 output 

22 CMP1 output 

23 Reserved 

24 Reserved 

25 USART0 Wakeup 

26 Reserved 

27 CEC Wakeup 
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6.6. Register definition 

EXTI base address: 0x4001 0400 

6.6.1. Interrupt enable register (EXTI_INTEN) 

Address offset: 0x00 

Reset value: 0x0F94 0000 

This register has to be accessed by word (32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved INTEN27 INTEN26 INTEN25 INTEN24 INTEN23 INTEN22 INTEN21 INTEN20 INTEN19 INTEN18 INTEN17 INTEN16 

 rw rw rw Rw rw rw rw rw rw rw rw rw 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

INTEN15 INTEN14 INTEN13 INTEN12 INTEN11 INTEN10 INTEN9 INTEN8 INTEN7 INTEN6 INTEN5 INTEN4 INTEN3 INTEN2 INTEN1 INTEN0 

rw rw rw rw rw rw rw Rw rw rw rw rw rw rw rw rw 

 

Bits  Fields Descriptions 

31:28 Reserved Must be kept at reset value 

27: 0 INTENx Interrupt enable bit x(x=0..27) 

0: Interrupt from Linex is disabled 

1: Interrupt from Linex is enabled 

6.6.2. Event enable register (EXTI_EVEN)  

Address offset: 0x04 

Reset value: 0x0000 0000 

This register has to be accessed by word (32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved EVEN27 EVEN26 EVEN25 EVEN24 EVEN23 EVEN22 EVEN21 EVEN20 EVEN19 EVEN18 EVEN17 EVEN16 

 rw rw rw rw rw rw rw rw rw rw rw rw 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

EVEN15 EVEN14 EVEN13 EVEN12 EVEN11 EVEN10 EVEN9 EVEN8 EVEN7 EVEN6 EVEN5 EVEN4 EVEN3 EVEN2 EVEN1 EVEN0 

rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw 

 

Bits  Fields Descriptions 

31:28 Reserved Must be kept at reset value 

27: 0 EVENx Event enable bit x(x=0..27) 

0: Event from Linex is disabled 
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1: Event from Linex is enabled 

6.6.3. Rising edge trigger enable register (EXTI_RTEN) 

Address offset: 0x08 

Reset value: 0x0000 0000 

This register has to be accessed by word (32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved RTEN22 RTEN21 Reserved RTEN19 RTEN18 RTEN17 RTEN16 

 rw rw 

 

rw rw rw rw 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

RTEN15 RTEN14 RTEN13 RTEN12 RTEN11 RTEN10 RTEN9 RTEN8 RTEN7 RTEN6 RTEN5 RTEN4 RTEN3 RTEN2 RTEN1 RTEN0 

rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw 

 

Bits  Fields Descriptions 

31:23 Reserved Must be kept at reset value 

22:21 RTENx Rising edge trigger enable (x=21,22) 

0: Rising edge of Linex is invalid 

1: Rising edge of Linex is valid as an interrupt/event request 

20 Reserved Must be kept at reset value 

19:0 RTENx Rising edge trigger enable (x=0..19) 

0: Rising edge of Linex is invalid 

1: Rising edge of Linex is valid as an interrupt/event request 

6.6.4. Falling edge trigger enable register (EXTI_FTEN) 

Address offset: 0x0C 

Reset value: 0x0000 0000 

This register has to be accessed by word (32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved FTEN22 FTEN21 Reserved FTEN19 FTEN18 FTEN17 FTEN16 

 rw rw 

 

rw rw rw rw 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

FTEN15 FTEN14 FTEN13 FTEN12 FTEN11 FTEN10 FTEN9 FTEN8 FTEN7 FTEN6 FTEN5 FTEN4 FTEN3 FTEN2 FTEN1 FTEN0 

rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw 

 

Bits  Fields Descriptions 
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31: 23 Reserved Must be kept at reset value 

22: 21 FTENx Falling edge trigger enable (x=21,22) 

0: Falling edge of Linex is invalid 

1: Falling edge of Linex is valid as an interrupt/event request 

20 Reserved Must be kept at reset value 

19: 0 FTENx Falling edge trigger enable (x=0,19) 

0: Falling edge of Linex is invalid 

1: Falling edge of Linex is valid as an interrupt/event request 

6.6.5. Software interrupt event register (EXTI_SWIEV) 

Address offset: 0x10 

Reset value: 0x0000 0000 

This register has to be accessed by word (32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Reserved SWIEV22 SWIEV21 Reserved SWIEV19 SWIEV18 SWIEV17 SWIEV16 

 rw rw 

 

rw rw rw rw 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

SWIEV15 SWIEV14 SWIEV13 SWIEV12 SWIEV11 SWIEV10 SWIEV9 SWIEV8 SWIEV7 SWIEV6 SWIEV5 SWIEV4 SWIEV3 SWIEV2 SWIEV1 SWIEV0 

rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw 

 

Bits  Fields Descriptions 

31:23 Reserved Must be kept at reset value 

22: 21 SWIEVx Interrupt/Event software trigger (x=21,22) 

0: Deactivate the EXTIx software interrupt/event request 

1: Activate the EXTIx software interrupt/event request 

20 Reserved Must be kept at reset value 

19: 0 SWIEVx Interrupt/Event software trigger (x=0,19) 

0: Deactivate the EXTIx software interrupt/event request 

1: Activate the EXTIx software interrupt/event request 

6.6.6. Pending register (EXTI_PD) 

Address offset: 0x14 

Reset value: undefined 

This register has to be accessed by word (32-bit) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 
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Reserved PD22 PD21 Reserved PD19 PD18 PD17 PD16 

 rc_w1 rc_w1 

 

rc_w1 rc_w1 rc_w1 rc_w1 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

PD15 PD14 PD13 PD12 PD11 PD10 PD9 PD8 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PD0 

rc_w1 rc_w1 rc_w1 rc_w1 rc_w1 rc_w1 rc_w1 rc_w1 rc_w1 rc_w1 rc_w1 rc_w1 rc_w1 rc_w1 rc_w1 rc_w1 

 

Bits  Fields Descriptions 

31: 23 Reserved Must be kept at reset value 

22: 21 PDx Interrupt pending status (x=21,22) 

0: EXTI Linex is not triggered 

1: EXTI Linex is triggered. This bit is cleared to 0 by writing 1 to it. 

20 Reserved Must be kept at reset value 

19: 0 PDx Interrupt pending status (x=0,19) 

0: EXTI Linex is not triggered 

1: EXTI Linex is triggered. This bit is cleared to 0 by writing 1 to it. 
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7. General-purpose and alternate-function I/Os (GPIO) 

7.1. Overview 

There are up to 55 general purpose I/O pins, (GPIO), named PA0 ~ PA15 and PB0 ~ PB15, 

PC0 ~ PC15, PD2, PF0, PF1, PF4 ~ PF7 for the device to implement logic input/output 

functions. Each GPIO port has related control and configuration registers to satisfy the 

requirements of specific applications.  

The GPIO ports are pin-shared with other alternative functions (AFs) to obtain maximum 

flexibility on the package pins. The GPIO pins can be used as alternative functional pins by 

configuring the corresponding registers regardless of the AF input or output mode. 

Each of the GPIO pins can be configured by software as output (push-pull or open-drain), as 

input, as peripheral alternate function or as analog mode. Each GPIO pin can be configured 

as pull-up, pull-down or no pull-up/pull-down. All GPIOs are high-current capable except for 

analog mode. 

7.2. Characteristics 

Â Input/output direction control 

Â Schmitt trigger input function enable control 

Â Each pin weak pull-up/pull-down function 

Â Output push-pull/open-drain enable control 

Â Output set/reset control 

Â Output drive speed selection 

Â Analog input/output configurations 

Â Alternate function input/output configurations 

Â Port configuration lock 

Â Single cycle toggle output capability 

7.3. Function overview 

Each of the general-purpose I/O ports can be configured as GPIO inputs, GPIO outputs, AF 

function or analog mode by GPIO 32-bit control register (GPIOx_CTL). AFIO input or output 

direction is decided by AFIO function after AFIO enable. When the port is output (GPIO 

output or AFIO output), it can be configured as push-pull or open drain mode by GPIO output 

mode registers (GPIOx_OMODE). And the port max speed can be configured by GPIO 

output speed registers (GPIOx_OSPDy(y=0,1)). Each port can be configured as floating (no 

pull-up and pull-down), pull-up or pull-down function by GPIO pull-up/pull-down registers 

(GPIOx_PUD). 



                                                           GD32F3x0 User Manual 
 

128 
  

Table 7-1. GPIO configuration table 

PAD TYPE CTLn OMn PUDn 

GPIO 

INPUT 
X 

Floating 

00 X 

00 

Pull-up 01 

Pull-down 10 

GPIO 

OUTPUT 

Push-pull 

Floating 

01 

0 

00 

Pull-up 01 

Pull-down 10 

Open-drain 

Floating 

1 

00 

Pull-up 01 

Pull-down 10 

AFIO 

INPUT 
X 

Floating 

10 X 

00 

Pull-up 01 

Pull-down 10 

AFIO 

OUTPUT 

Push-pull 

Floating 

10 

0 

00 

Pull-up 01 

Pull-down 10 

Open-drain 

Floating 

1 

00 

Pull-up 01 

Pull-down 10 

ANALOG X X 11 X XX 

Figure 7-1. Basic structure of a standard I/O port bit shows the basic structure of an I/O 

port bit. 

Figure 7-1. Basic structure of a standard I/O port bit 
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7.3.1. GPIO pin configuration 

During or just after the reset period, the alternative functions are all inactive and the GPIO 

ports are configured into the input floating mode that input disabled without 

Pull-Up(PU)/Pull-Down(PD) resistors. But the Serial-Wired Debug pins are in AF PU/PD 

mode after reset: 

PA14: SWCLK in AF pull-down mode 

PA13: SWDIO in AF pull-up mode 

The GPIO pins can be configured as inputs or outputs. And all GPIO pins have an internal 

weak pull-up and weak pull-down which can be chosen. When the GPIO pins are configured 

as input pins, the data on the external pads can be captured at every AHB clock cycle to the 

port input status register (GPIOx_ISTAT). 

When the GPIO pins are configured as output pins, user can configure the speed of the ports. 

And chooses the output driver mode: Push-Pull or Open-Drain mode. The value of the port 

output control register (GPIOx_OCTL) is output on the I/O pin. 

When programming the GPIOx_OCTL at bit level is not need to disable interrupts, user can 

modify only one or several bits in a single atomic AHB write access by programming ó1ô to 

the bit operate register (GPIOx_BOP, or for clearing only GPIOx_BC, or for toggle only 

GPIOx_TG). The other bits will not be affected. 

7.3.2. Alternate functions (AF) 

When the port is configured as AFIO (set CTLy to ñ10ò bits, which is in GPIOx_CTL registers), 

the port is used as peripheral alternate functions. Each port has sixteen alternate functions 

can be configured by GPIO alternate functions select registers (GPIOx_AFSELy(y=0,1)). 

The detail alternate function assignments for each port are in the device datasheet. 

7.3.3. Additional functions 

Some pins have additional functions, which have priority over the configuration in the 

standard GPIO registers. When for ADC or DAC additional functions, the port must be 

configured as analog mode. When for RTC, WKUPx and oscillators additional functions, the 

port type is set automatically by related RTC, PMU and RCU registers. These ports can be 

used as normal GPIO when the additional functions disabled. 

7.3.4. Input configuration 

When GPIO pin is configured as input: 

Â The schmitt trigger input is activated. 

Â The weak pull-up and pull-down resistors could be chosen. 
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Â Every AHB clock cycle the data present on the I/O pad is got to the port input status 

register. 

Â The output buffer is disabled. 

The Figure 7-2. Input floating/pull up/pull down configurations shows the input 

configuration of the I/O Port bit. 

Figure 7-2. Input floating/pull up/pull down configurations 
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7.3.5. Output configuration 

When GPIO pin is configured as output: 

Â The schmitt trigger input is activated. 

Â The weak pull-up and pull-down resistors could be chosen. 

Â The output buffer is enabled: 

͠ Open-Drain mode: The pad outputs ñ0ò when a ñ0ò in the output control register; 

while the pad leaves Hi-Z when a ñ1ò in the output control register. 

͠ Push-Pull mode: The pad outputs ñ0ò when a ñ0ò in the output control register; while 

the pad outputs ñ1ò when a ñ1ò in the output control register.  

Â A read access to the port output control register gets the last written value in Push-Pull 

mode 

Â A read access to the port input status register gets the I/O state in Open-Drain mode 

The Figure 7-3. Output configuration shows the output configuration of the I/O port bit. 
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Figure 7-3. Output configuration 
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7.3.6. Analog configuration 

When GPIO pin is used as analog configuration: 

Â The weak pull-up and pull-down resistors are disabled. 

Â The output buffer is disabled. 

Â The schmitt trigger input is de-activated.  

Â Read access to the port input status register gets the value ñ0ò. 

The Figure 7-4. High impedance-analog configuration shows the high impedance-analog 

configuration. 

Figure 7-4. High impedance-analog configuration 
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7.3.7. Alternate function (AF) configuration 

To suit for different device packages, the GPIO supports some alternate functions to some 

other pins by software. 

When be configured as Alternate Function: 

Â The output buffer is turned on in Open-Drain or Push-Pull configuration. 
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Â The output buffer is driven by the peripheral. 

Â The schmitt trigger input is activated. 

Â The weak pull-up and pull-down resistors could be chosen. 

Â The data present on the I/O pin is sampled into the port input status register every AHB 

clock cycle. 

Â A read access to the port input status register gets the I/O state in Open-Drain mode. 

Â A read access to the port output control register gets the last written value in Push-Pull 

mode. 

Figure 7-5. Alternate function configuration shows the alternate function configuration of 

the I/O Port bit. 

Figure 7-5. Alternate function configuration 

 

7.3.8. GPIO locking function 

The locking mechanism allows the IO configuration to be protected.  

The protected registers are GPIOx_CTL, GPIOx_OMODE, GPIOx_OSPDy(y=0,1), 

GPIOx_PUD, GPIOx_AFSELy(y=0,1). It allows the I/O configuration to be frozen by the 

32-bit locking register (GPIOx_LOCK). When the LOCK sequence has been applied on a 

port bit, it is no longer able to modify the value of the port bit until the next reset. It should be 

recommended to be used in the configuration of driving a power module. 

7.3.9. GPIO single cycle toggle function 

GPIO could toggle the I/O output level in single AHB cycle by writing 1 to the corresponding 

bit of GPIOx_TG register. The output signal frequency could up to the half of the AHB clock. 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































