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1 Abbreviations in the text 

 Describes the list of abbreviations used in the register table 

The following abbreviations are used in the description of registers: 

read/write(rw) Software can read and write this bit. 

read-only(r) Software can only read this bit. 

write-only(w) Software can only write this bit, and reading this bit will return the reset value. 

read/clear(rc_w1) Software can read this bit or clear it by writing' 1', and writing' 0' has no effect on this 

bit. 

read/clear(rc_w0) Software can read this bit or clear it by writing' 0', and writing' 1' has no effect on this 

bit. 

read/clear by read(rc_r) Software can read this bit. Reading this bit will automatically clear it to' 0'. Writing' 0' 

has no effect on this bit. 

read/set(rs) Software can read or set this bit. Writing' 0' has no effect on this bit. 

read-only write trigger(rt_w) Software can read this bit and write' 0' or' 1' to trigger an event, but it has no effect on 

this bit value. 

toggle(t) Software can only flip this bit by writing' 1', and writing' 0' has no effect on this bit. 

Reserved(Res.) Reserved bits, the default value must be kept unchanged. 

 Available peripherals 

For all models of N32L40x microcontroller series, the existence and number of a peripheral, please refer to the data 

sheet of the corresponding model. 
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2 Memory and bus architecture 

 System architecture 

 Bus architecture 

Figure 2-1 Bus architecture 

 

Â ICode bus: Connect the ICode bus of CortexÊ-M4FP core with the flash instruction interface. Instruction 

prefetching is completed on this bus. 
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Â The DCode bus connects the DCode bus of CortexÊ-M4FP core with the data interface of flash memory 

(constant loading and debugging access). 

Â SBus bus connects the SBus bus (peripheral bus) of CortexÊ-M4FP core to the bus matrix, which coordinates 

the access between the core and DMA. 

Â SAC/CRC has designed matrix interconnection, which supports DMA transmission by software triggering. 

Â The system consists of two AHB2APB Bridges, i.e. AHB2APB1 and AHB2APB2. The maximum speed of 

APB1 PCLK is 16MHz; the maximum speed of APB2 PCLK is 32MHz. 

 Bus address mapping 

The address mapping includes all AHB and APB peripherals: AHB peripherals, APB1 peripherals, APB2 peripherals, 

Flash, SRAM, System Memory, etc. And the address space of SRAM is located in the bit-band Region of SRAM, 

and atomic accesses can be made through the bit-band Alias to performed read-modify-write operations on the target 

bits of the bit-band region. The address spaces of all APB and AHB peripherals are located in the bit-band Region of 

the peripherals. Atomic accesses can be made through the bit-band Alias to performed read-modify-write operations 

on the target bits of the bit-band region. The specific mapping is as follows: 
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Figure 2-2 Bus address map 

 

Table 2-1 List of peripheral register addresses 

Address range Peripherals Bus 

0x4002_4800 ï 0x5FFF_FFFF Reserved 

AHB 

0x4002_4400 ï 0x4002_47FF SAC SRAM 512B*2 

0x4002_4000 ï 0x4002_43FF SAC 

0x4002_3400 ï 0x4002_3FFF Reserved 

0x4002_3000 ï 0x4002_33FF CRC 

0x4002_2400 ï 0x4002_2FFF Reserved 

0x4002_2000 ï 0x4002_23FF FLASH 

0x4002_1400 ï 0x4002_1FFF Reserved 

0x4002_1000 ï 0x4002_13FF RCC 

0x4002_0C00 ï 0x4002_0FFF Reserved 

0x4002_0800 ï 0x4002_0BFF ADC 

Reserved

Vendor Specific 511MB

Private Peripheral ͠  External 768KB

Private Peripheral ͠  Internal 256KB

External Device 1GB

External RAM 1GB

Peripheral 0.5GB

SRAM 0.5GB
OptionBytes

Reserved

SystemMemory

Reserved

Aliased to SRAM

Reserved

Main FLASH

Reserved

Aliased to Flash/SystemMemory/SRAM

Reserved

Reserved(bit-band Alias)

SRAM Alias(bit-band Alias)

Reserved

Reserved(bit-band Region)

SRAM(bit-band Region)

0x1FFF_F814 ͠  0x1FFF_FFFF

0x1FFF_F800 ͠  0x1FFF_F813

0x1FFF_4000 ͠  0x1FFF_F7FF

0x1FFF_0000 ͠  0x1FFF_3FFF

0x1000_6000 ͠  0x1FFE_FFFF

0x1000_0000 ͠  0x1000_5FFF

0x0802_0000 ͠  0x0FFF_FFFF

0x0800_0000 ͠  0x0801_FFFF

0x0002_0000 ͠  0x07FF_FFFF

0x0000_0000 ͠  0x0001_FFFF

0x2400_0000 ͠  0x3FFF_FFFF

0x220C_0000 ͠  0x23FF_FFFF

0x2200_0000 ͠  0x220B_FFFF

0x2010_0000 ͠  0x21FF_FFFF

0x2000_8000 ͠  0x200F_FFFF

0x2000_0000 ͠  0x2000_7FFF

CODE 0.5GB

Reserved

Reserved(bit-band Alias)

Peripheral Alias(bit-band Alias)

Reserved

Reserved(bit-band Region)

AHB/APB1/APB2(bit-band Region)

0x4400_0000 ͠  0x5FFF_FFFF

0x4215_0000 ͠  0x43FF_FFFF

0x4200_0000 ͠  0x4214_FFFF

0x4010_0000 ͠  0x41FF_FFFF

0x4002_A000 ͠  0x400F_FFFF

0x4000_0000 ͠  0x4002_9FFF

Reserved0x6000_0000 ͠  0x9FFF_FFFF

Reserved0xA000_0000 ͠  0xDFFF_FFFF

Reserved

NVIC

Reserved

FPB

DWT

ITM

0xE000_F000 ͠  0xE003_FFFF

0xE000_E000 ͠  0xE000_EFFF

0xE000_3000 ͠  0xE000_DFFF

0xE000_2000 ͠  0xE000_2FFF

0xE000_1000 ͠  0xE000_1FFF

0xE000_0000 ͠  0xE000_0FFF

Reserved

ROM Table

External PPB

ETM

TPIU

0xE010_0000 ͠  0xFFFF_FFFF

0xE00F_F000 ͠  0xE00F_FFFF

0xE004_2000 ͠  0xE00F_EFFF

0xE004_1000 ͠  0xE004_1FFF

0xE004_0000 ͠  0xE004_0FFF

COMP

OPAMP

Reserved

Reserved

TIM7

TIM6

TIM5

TIM4

TIM3

TIM2

0x4000_2400 ͠  0x4000_27FF

0x4000_2000 ͠  0x4000_23FF

0x4000_1C00 ͠  0x4000_1FFF

0x4000_1800 ͠  0x4000_1BFF

0x4000_1400 ͠  0x4000_17FF

0x4000_1000 ͠  0x4000_13FF

0x4000_0C00 ͠  0x4000_0FFF

0x4000_0800 ͠  0x4000_0BFF

0x4000_0400 ͠  0x4000_07FF

0x4000_0000 ͠  0x4000_03FF

LPTIM

USART3

USART2

LCD

TIM9

Reserved

Reserved

IWDG

WWDG

RTC

0x4000_4C00 ͠  0x4000_4FFF

0x4000_4800 ͠  0x4000_4BFF

0x4000_4400 ͠  0x4000_47FF

0x4000_4000 ͠  0x4000_43FF

0x4000_3C00 ͠  0x4000_3FFF

0x4000_3800 ͠  0x4000_3BFF

0x4000_3400 ͠  0x4000_37FF

0x4000_3000 ͠  0x4000_33FF

0x4000_2C00 ͠  0x4000_2FFF

0x4000_2800 ͠  0x4000_2BFF

Reserved

DAC

PWR

Reserved

CAN

USB SRAM 512B

USB Register

I2C2

I2C1

LPUART

0x4000_7400 ͠  0x4000_77FF

0x4000_7000 ͠  0x4000_73FF

0x4000_6800 ͠  0x4000_6FFF

0x4000_6400 ͠  0x4000_67FF

0x4000_6000 ͠  0x4000_63FF

0x4000_5C00 ͠  0x4000_5FFF

0x4000_5800 ͠  0x4000_5BFF

0x4000_5400 ͠  0x4000_57FF

0x4000_5000 ͠  0x4000_53FF

SPI1/I2S1

TIM1

Reserved

GPIOD

GPIOC

GPIOB

GPIOA

EXTI

AFIO

0x4001_1800 ͠  0x4001_2BFF

0x4001_1400 ͠  0x4001_17FF

0x4001_1000 ͠  0x4001_13FF

0x4001_0C00 ͠  0x4001_0FFF

0x4001_0800 ͠  0x4001_0BFF

0x4001_0400 ͠  0x4001_07FF

0x4001_0000 ͠  0x4001_03FF

0x4000_7800 ͠  0x4000_FFFF

Reserved

UART5

UART4

Reserved

SPI2/I2S2

USART1

TIM8

0x4001_5000 ͠  0x4001_53FF

0x4001_4400 ͠  0x4001_4FFF

0x4001_3C00 ͠  0x4001_43FF

0x4001_3800 ͠  0x4001_3BFF

0x4001_3400 ͠  0x4001_37FF

0x4001_3000 ͠  0x4001_33FF

0x4001_2C00 ͠  0x4001_2FFF

0x4001_5800 ͠  0x4001_7FFF

0x4001_5400 ͠  0x4001_57FF

CRC

Reserved

FLASH

Reserved

RCC

Reserved

ADC

Reserved

DMA

Reserved

0x4002_1400 ͠  0x4002_1FFF

0x4002_1000 ͠  0x4002_13FF

0x4002_0C00 ͠  0x4002_0FFF

0x4002_0800 ͠  0x4002_0BFF

0x4002_0400 ͠  0x4002_07FF

0x4002_0000 ͠  0x4002_03FF

0x4001_8000 ͠  0x4001_FFFF

Reserved

Reserved

0x4002_4800 ͠  0x5FFF_FFFF

0x4002_4400 ͠  0x4002_47FF

0x4002_4000 ͠  0x4002_43FF

0x4002_3400 ͠  0x4002_3FFF

0x4002_2000 ͠  0x4002_23FF

SAC SRAM 512B*2

SAC

0x4002_3000 ͠  0x4002_33FF

0x4002_2400 ͠  0x4002_2FFF

A
P

B
1

A
P

B
2

A
H

B
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Address range Peripherals Bus 

0x4002_0400 ï 0x4002_07FF Reserved 

0x4002_0000 ï 0x4002_03FF DMA 

0x4001_8000 ï 0x4001_FFFF Reserved 

0x4001_5800 ï 0x4001_7FFF Reserved 

APB2 

0x4001_5400 ï 0x4001_57FF UART5 

0x4001_5000 ï 0x4001_53FF UART4 

0x4001_4400 ï 0x4001_4FFF Reserved 

0x4001_3C00 ï 0x4001_43FF SPI2/I2S2 

0x4001_3800 ï 0x4001_3BFF USART1 

0x4001_3400 ï 0x4001_37FF TIM8 

0x4001_3000 ï 0x4001_33FF SPI1/I2S1 

0x4001_2C00 ï 0x4001_2FFF TIM1 

0x4001_1800 ï 0x4001_2BFF Reserved 

0x4001_1400 ï 0x4001_17FF GPIOD 

0x4001_1000 ï 0x4001_13FF GPIOC 

0x4001_0C00 ï 0x4001_0FFF GPIOB 

0x4001_0800 ï 0x4001_0BFF GPIOA 

0x4001_0400 ï 0x4001_07FF EXTI 

0x4001_0000 ï 0x4001_03FF AFIO 

0x4000_7800 ï 0x4000_FFFF Reserved 

APB1 

0x4000_7400 ï 0x4000_77FF DAC 

0x4000_7000 ï 0x4000_73FF PWR 

0x4000_6800 ï 0x4000_6FFF Reserved 

0x4000_6400 ï 0x4000_67FF CAN 

0x4000_6000 ï 0x4000_63FF USB SRAM 512B 

0x4000_5C00 ï 0x4000_5FFF USB Register 

0x4000_5800 ï 0x4000_5BFF I2C2 

0x4000_5400 ï 0x4000_57FF I2C1 

0x4000_5000 ï 0x4000_53FF LPUART 

0x4000_4C00 ï 0x4000_4FFF LPTIM 

0x4000_4800 ï 0x4000_4BFF USART3 

0x4000_4400 ï 0x4000_47FF USART2 

0x4000_4000 ï 0x4000_43FF Reserved 

0x4000_3C00 ï 0x4000_3FFF TIM9 

0x4000_3800 ï 0x4000_3BFF Reserved 

0x4000_3400 ï 0x4000_37FF Reserved 

0x4000_3000 ï 0x4000_33FF IWDG 

0x4000_2C00 ï 0x4000_2FFF WWDG 

0x4000_2800 ï 0x4000_2BFF RTC 

0x4000_2400 ï 0x4000_27FF COMP 
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Address range Peripherals Bus 

0x4000_2000 ï 0x4000_23FF OPAMP 

0x4000_1C00 ï 0x4000_1FFF Reserved 

0x4000_1800 ï 0x4000_1BFF Reserved 

0x4000_1400 ï 0x4000_17FF TIM7 

0x4000_1000 ï 0x4000_13FF TIM6 

0x4000_0C00 ï 0x4000_0FFF TIM5 

0x4000_0800 ï 0x4000_0BFF TIM4 

0x4000_0400 ï 0x4000_07FF TIM3 

0x4000_0000 ï 0x4000_03FF TIM2 

 Bit banding 

CortexÊ-M4FP memory image includes two bit-band areas. These two bit-band areas map each word in the alias 

memory area to a bit in the bit-band memory area. When writing a word in the alias area, it is equivalent to performing 

a read-modify-write operation on the target bits of the bit segment area. 

Both the peripheral registers and SRAM are mapped into a bit-band area, which allows a single bit-band area write 

and read operation to be performed. 

The following mapping formula shows how each byte in the alias area corresponds to the corresponding bit in the bit 

band area: 

bitband_ byte _addr = bitband _base + (byte_offsetĬ32) + (bit_numberĬ4) 

In which: 

bitband_byte_addr is the address of the byte in the alias memory area, which is mapped to a certain target bit; 

bitband _base is the starting address of alias area; 

byte_offset is the serial number of the byte containing the target bit in the bit-band; 

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

For example: 

The following example shows how to map bit 4 in bytes with SRAM address 0x20000400 in alias area: 

0x22008010 = 0x22000000 + (0x400Ĭ32) + (4Ĭ4). 

Writing to address 0x22008010 has the same effect as reading-modify-writing to bit 4 of address 0x20000400 bytes 

in SRAM. 

Reading 0x22008010 address returns the value of bit 4 (0x01 or 0x00) of address 0x20000400 bytes in SRAM. Please 

refer to ñCortexÊ-M4 Technical Reference Manualò for more information about bit-banding. 

 Boot management 

 Boot address 

During system startup, you can select the BOOT mode after the reset through the BOOT0 pin and the user option 

byte BOOT configuration. After a system reset or exit from standby mode, the value of the BOOT pin will be re-
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latched and the option byte boot configuration (USER2) will be re-read. After a startup delay, the CPU gets the 

address at the top of the stack from address 0x0000_0000 and executes the code from the reset vector address 

indicated by address 0x0000_0004.Because of the CortexÊ-M4 always gets the stack top pointer and reset vector 

from addresses 0x0000_0000 and 0x0000_0004, so boot is only suitable for starting from the CODE area, and address 

remapping is designed for boot space. There are three boot modes to choose from: 

Â Boot from Main Flash: 

É Main flash memory is mapped to the boot space (0x0000_0000); 

É Main flash memory is accessible in two address areas, 0x0000_0000 or 0x0800_0000

̂ICode/DCode/DMÃ; 

Â Boot from System Memory: 

É System memory is mapped to boot space (0x0000_0000); 

É System memory can be accessed in two address areas, 0x0000_0000 or 0x1FFF_0000

̂ICode/DCode/DMÃ; 

Â Boot from the built-in SRAM: 

É The built-in SRAM is mapped to boot space (0x0000_0000); 

É The built-in SRAM is accessible in two address areas, 0x0000_0000 or 0x2000_0000

̂ICode/DCode/SBus/DMÃ; 

 Boot configuration 

In addition, SRAM can also be accessed through virtual address segment 0x1000_0000, which makes the CPU jump 

to SRAM to run programs through ICode/DCode after starting from Main Flash or System Memory (note that 

programs are not started from SRAM and do not belong to startup mode). In addition to the BOOT pin configuration 

boot program, there are two ways to run the program in SRAM: 

Â Jump directly to the physical address segment 0x2000_0000 of SRAM to run the program. At this time, the 

program will be run through SBus. 

Â Jump to the virtual address segment 0x1000_0000 of SRAM, and internally remap to the physical address 

segment 0x2000_0000 to run the program. At this time, the program will run efficiently through ICode/DCode. 

Table 2-2 List of boot mode 

Boot mode select pin 

Boot mode 

Specifies the start address for accessing 

memory space in boot mode 

nBOOT1 nBOOT0 BOOT0 pin nSWBOOT0 Main Flash 
System 

Memory 
SRAM 

X X 0 1 
Main Flash start 

0x0000_0000 

0x0800_0000 
0x1FFF_0000 

0x2000 0000 

0x1000 0000 X 1 X 0 

1 X 1 1 System Memory 

Start 
0x08000000 

0x0000_0000 

0x1FFF_0000 

0x2000 0000 

0x1000 0000 1 0 X 0 

0 X 1 1 SRAM start 0x08000000 0x1FFF_0000 0x0000_0000 
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Boot mode select pin 

Boot mode 

Specifies the start address for accessing 

memory space in boot mode 

nBOOT1 nBOOT0 BOOT0 pin nSWBOOT0 Main Flash 
System 

Memory 
SRAM 

0 0 X 0 
0x2000 0000 

0x1000 0000 

 Embedded boot loader 

Embedded boot loader program is stored in the system memory System Memory and is used to reprogram the flash 

memory through the USART1 or USB-FS interface (full-speed USB device, DFU protocol). The USB-FS interface 

can only be run when the external clock (HSE) of 4MHz, 6MHz, 8MHz, 12MHz, 16MHz, 24MHz and 32MHz is 

used. In addition to the above-mentioned 7-frequency external clock (HSE), the USART1 interface can also rely on 

the internal 16MHz oscillator (HSI) to run. 

 Memory system 

The program memory, data memory, registers and I/O ports are organized in the same 4GB linear address space. Data 

bytes are stored in the memory in little endian format. The lowest address byte in a word is regarded as the least 

significant byte of the word, while the highest address byte is the most significant byte. The specifications of program 

memory and data memory are as follows. 

 FLASH specification 

Flash consists of a main storage area and an information area, which are described separately below: (Capacity values 

in the following description do not include ECC)  

Â The maximum main memory area is 128KB, also known as main flash memory, which contains 64 Page for 

storing and running user programs and storing data. 

Â The information area is 20KB, including 10 Page, and consists of system storage area (16KB), system 

configuration area (2KB) and option byte area (2KB). 

É The System Memory area is 16KB, which contains 8 Page, also known as System Memory, and is used to 

store and run the BOOT program. 

É The system configuration area is 2KB, including 1 Page. 

É The Option Byte area is 2KB, containing 1 Page, also known as Option Byte, and the effective space is 

20B, BOOT programs and user programs can be read, written or erased. 

 Flash memory module organization 

Bus address space is allocated to the main storage area and the information area. 

Table 2-3 Flash bus address list 

Memory area Page name Address range Size 

Main memory area 
Page 0 0x0800_0000 ï 0x0800_07FF 2KB 

Page 1 0x0800_0800 ï 0x0800_0FFF 2KB 
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Memory area Page name Address range Size 

Page 2 0x0800_1000 ï 0x0800_17FF 2KB 

.
.
.

 

.
.
.

 

.
.
.

 

Page 63 0x0801_F800 ï 0x0801_FFFF 2KB 

Information area 

System memory area 0x1FFF_0000 ï 0x1FFF_3FFF 16KB 

System configuration area 0x1FFF_F000 ï 0x1FFF_F7FF 2KB 

Option byte area 0x1FFF_F800 ï 0x1FFF_F813 20B 

Memory area 

interface 

register 

FLASH_AC 0x4002_2000 ï 0x4002_2003 4B 

FLASH_KEY 0x4002_2004 ï 0x4002_2007 4B 

FLASH_OPTKEY 0x4002_2008 ï 0x4002_200B 4B 

FLASH_STS 0x4002_200C ï 0x4002_200F 4B 

FLASH_CTRL 0x4002_2010 ï 0x4002_2013 4B 

FLASH_ADD 0x4002_2014 ï 0x4002_2017 4B 

FLASH_OB2 0x4002_2018 ï 0x4002_201B 4B 

FLASH_OB 0x4002_201C ï 0x4002_201F 4B 

FLASH_WRP 0x4002_2020 ï 0x4002_2023 4B 

FLASH_ECC 0x4002_2024 ï 0x4002_2027 4B 

Reserved 0x4002_2028 ï 0x4002_202F 8B 

FLASH_CAHR 0x4002_2030 ï 0x4002_2033 4B 

Flash memory is organized into 32-bit wide memory units, which can store codes and data constants. 

Information is divided into three parts: 

Â The system memory area is used for storing a boot program for boot loader mode of the system memory. The 

boot program uses USART1 and USB (DFU) serial interface to program the flash memory. 

Â System configuration area, which contains basic information of the chip. 

Â Option byte area, writing to main memory and information block is managed by embedded flash 

programming/erasing controller. 

There are two ways to protect flash memory from illegal access (read, write and erase): 

Â Page write protection (WRP) 

Â Read protection (RDP) 

When the flash memory write operation is executed, any read operation to the flash memory will lock the bus, and 

the read operation can only be carried out correctly after the write operation is completed. That is, when writing or 

erasing, cannot have any read access to the code or data. 

The internal RC oscillator (HSI) must be turned on when the flash memory is programmed (written or erased). 

Note: In the low power consumption mode, all flash memory operations are suspended. 

 Read and write operation 

The Flash operation only supports 32-bit operation, and the Flash should be erased before the write operation, and 
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the minimum block size for erasing is one Page 2KB. Write operation is divided into programming and erasing phases. 

When reading Flash, the number of waiting cycles for reading can be configured by the register. When using, it needs 

to be calculated in combination with the clock frequency of AHB interface. For example, when HCLK<=32MHz, the 

minimum number of waiting periods is 0; When 32MHz<HCLK<=64MHz, the minimum number of waiting periods 

is 1. 

Note: Enable prefetch buffer whether number of wait periods is not zero can improve overall efficiency. 

Flash has two low-power operating modes: 

Â Low Voltage Mode, configure the FLASH_CTRL.LVMEN bit to enable this mode. Before enabling the low 

voltage operation mode, it must be ensured that FLASH_CTRL.LATENCY is greater than 2 (at least 3 wait 

periods). 

Â Sleep Mode, configure the FLASH_CTRL.SLMEN bit to enable this mode. In sleep mode, code cannot be run in 

Flash, only in SRAM. 

 Unlock Flash 

After reset, the Flash module is protected and cannot be written into the FLASH_CTRL register to prevent accidental 

operation of Flash due to electrical interference and other reasons. By writing a specific sequence of key values into 

the FLASH_KEY register, you can open the operation authority of the FLASH_CTRL register. The specific sequence 

is: Firstly, writing KEY1 = 0x45670123 in the FLASH_KEY register. Secondly, write KEY2 = 0xCDEF89AB in the 

FLASH_KEY register. 

If there is an error in sequence or key value, a bus error will be returned and the FLASH_CTRL register will be 

locked until the next reset. The software can check whether the Flash has been unlocked by looking at the 

FLASH_CTRL.LOCK bit. If normal lock setting is needed, it can be realized by setting the FLASH_CTRL.LOCK 

bit to 1 by software. After that, you can unlock the Flash by writing the correct key value series in FLASH_KEY. 

 Erase and program 

2.2.1.4.1 Erase of main memory area 

The main memory area can be erased page by page or whole. 

Page Erase 

Page Erase process: 

Â Check the FLASH_ STS.BUSY bit to confirm that there are no other flash operations in progress; 

Â Set the FLASH_CTRL.PER bit to' 1'; 

Â Select the page to be erased with the FLASH_ADD register; 

Â Set the FLASH_CTRL.START bit to' 1'; 

Â Wait for the FLASH_ STS.BUSY bit to change to' 0'; 

Â Read out the erased page and verify it. 

Mass Erase 

Mass Erase process: 
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Â Check the FLASH_ STS.BUSY bit to confirm that there are no other flash operations in progress; 

Â Set the FLASH_CTRL.MER bit to' 1'; 

Â Set the FLASH_CTRL.START bit to' 1'; 

Â Wait for the FLASH_ STS.BUSY bit to change to' 0'; 

Â Read out all pages and verify. 

2.2.1.4.2 Main memory area programming 

The main memory area can be programmed with 32 bits at a time. When the FLASH_CTRL.PG bit is' 1', writing a 

word in a flash address will start programming once; Writing any half word of data will result in a bus error. During 

the programming process (the FLASH_ STS.BUSY bit is' 1'), any operation of reading or writing the flash memory 

will cause the CPU to pause until the end of the flash programming. 

Main memory programming process: 

Â Check the FLASH_ STS.BUSY bit to confirm that there are no other flash operations in progress; 

Â Set the FLASH_CTRL.PG bit to '1'; 

Â Write the word to be programmed at the specified address;  

Â Wait for the FLASH_ STS.BUSY bit to change to '0'; 

Â Read the written address and verify the data. 

Note: When the FLASH_STS.BUSY bit is '1', you cannot write to any register. 

2.2.1.4.3 Option byte erase and programming 

The option byte area is programmed differently from the main storage area. The number of option bytes is only 10 

bytes (4 bytes for write protection, 2 bytes for read protection, 2 byte for configuration and 2 bytes for storing user 

data). After unlocking the Flash, you must write KEY1 and KEY2 respectively (see2.2.1.3) to the FLASH_OPTKEY 

register, and then set the FLASH_CTRL.OPTWE bit to' 1'. At this time, the option byte area can be programmed: set 

the FLASH_CTRL.OPTPG bit to' 1' and then write the word to the specified address. 

When programming the word in the option byte area, use the low byte in the half-word and automatically calculate 

the high byte (the high byte is the complement of the low byte), and start the programming operation, which will 

ensure that the option byte and its complement are always correct. 

Option byte erase process: 

Â Check the FLASH_ STS.BUSY bit to confirm that there are no other flash operations in progress; 

Â Unlock the FLASH_CTRL.OPTWE bit; 

Â Set the FLASH_CTRL.OPTER bit to '1';  

Â Set the FLASH_CTRL.START bit to '1'; 

Â Wait for the FLASH_ STS.BUSY bit to change to '0'; 

Â Read the erased option byte and verify it. 

Option byte area programming process: 
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Â Check the FLASH_ STS.BUSY bit to confirm that there are no other flash operations in progress; 

Â Unlock the FLASH_CTRL.OPTWE bit; 

Â Set the FLASH_CTRL.OPTPG bit to '1'; 

Â Writing the word to be programmed to the specified address; 

Â Wait for the FLASH_ STS.BUSY bit to change to '0'; 

Â Read the written address and verify the data. 

 ECC function 

The Flash module supports the ECC function to realize 1-bit error detection and 1-bit error correction. ECC encoding 

and decoding (error correction, error detection) are automatically performed by hardware. If an error is detected, the 

error bit is set and an interrupt is generated. 

 Instruction prefetching 

The instruction prefetch function of Flash module supports the prefetch Buffer of 16B. Through instruction 

prefetching, the instruction execution efficiency of CPU can be improved. The instruction prefetch function can be 

configured to be enabled or disabled through the register, and it is enabled by default. 

 Option byte 

Option byte block is mainly used to configure read-write protection, software/hardware watchdog configuration, boot 

management, BOR gear selection and reset options when the system is in standby/stop2 mode, and bus address space 

is allocated for read-write access. They consist of byte with 10 options: 4 byte for write protection, 2 bytes for read 

protection, 2 byte for configuration option, 2 bytes defined by user, These 10 bytes need to be written through the 

bus. The option byte block also contains the complement codes corresponding to these 10 option bytes. These 

complement codes need to be automatically calculated by hardware when the option bytes are written in the bus, and 

written into Flash together, and used for verification when the option bytes are read. 

By default, the option byte block is always readable and write-protected. To write (program/erase) the option byte 

block, first unlock the Flash, then unlock the option byte: write the correct key-value sequence (KEY1 = 0x45670123, 

KEY2 = 0xCDEF89AB) in the FLASH_OPTKEY, and then write the option byte block will be allowed. If the 

sequence is wrong or the key value is wrong, a bus error will be returned and the option byte will be locked until the 

next reset. If it is necessary to set the lock normally, it can be realized by writing 0 to the FLASH_CTRL.OPTWE 

bit by software, and then the option byte can be unlocked by writing the correct key-value series in the 

FLASH_OPTKEY. 

After each system reset, the option byte data is read out from the option byte block of Flash and stored in the option 

byte register (FLASH_OB/FLASH_WRP) with read-only property. At the same time, the option byte complement 

data read out together will be used to verify whether the option byte data is correct. If it does not match, an option 

byte error flag (FLASH_OB.OBERR) will be generated. When an option byte error occurs, the corresponding option 

byte is forced to 0xFF. When the option byte and its complement are both 0xFF (the state after erasing), the above 

verification steps are skipped and verification is not required. 
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Table 2-4 Option byte list 

Address 

[31:24] 

Corresponding  

complement code 

[23:16] 

Option byte 

[15:8] 

Corresponding  

complement code 

[7:0] 

Option byte 

0x1FFF_F800 nUSER USER nRDP1 RDP1 

0x1FFF_F804 nData1 Data1 nData0 Data0 

0x1FFF_F808 nWRP1 WRP1 nWRP0 WRP0 

0x1FFF_F80C nWRP3 WRP3 nWRP2 WRP2 

0x1FFF_F810 nUSER2 USER2 nRDP2 RDP2 

Â Read protection L1 level option byte: RDP1 

É Protect the code stored in the flash memory; 

É When the correct value is written, it will be forbidden to read the flash memory; 

É The result of whether RDP1 is turned on or not can be inquired through FLASH_OB[1]; 

Â User configuration options: USER 

É USER[7:3]̔ Reserved 

É USER[2]̔ nRST_STDBY configuration options, read through FLASH_OB [4] 

0̔Reset when entering standby mode 

1̔No reset occurs when entering standby mode 

É USER[1]̔ nRST_STOP2, read through FLASH_OB[3] 

0̔Reset occurs when entering stop2 mode 

1̔No reset occurs when entering stop2 mode 

É USER[0]̔ WDG_SW configuration options, read through FLASH_OB [2] 

0̔Hardware watchdog 

1̔Software watchdog 

Â 2 bytes of user data: Datax 

É Data1 (stored in FLASH_OB[25:18]); 

É Data0 (stored in FLASH_OB [17:10]); 

Â Write protection option byte: WRP0 ~ 3, which can be written through the register FLASH _WRP [31:0] query 

É WRP0: write protection of pages 0-15, bit [0] corresponds to Page0 / 1,., bit [7] corresponds to page14 / 

15; 

É WRP1: write protection on pages 16-31, bit [0] corresponds to Page16 / 17,., bit [7] corresponds to Page30 

/ 31; 

É WRP2: write protection on pages 32-47 bit [0] corresponds to Page32 / 33,., bit [7] corresponds to Page46 

/ 47; 
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É WRP3: write protection on pages 48-63, bit [0] corresponds to Page48 /49., bit [7] corresponds to Page62 

/ 63; 

Â Read protection L2 level option byte: RDP2 

É Add protection function on the basis of L1, see 2.2.1.9 detailed description of read protection; 

É Whether RDP2 is turned on or not can be determined by FLASH_OB [31] query; 

Â User Configuration 2̔USER2 

É USER2 [7]̔ Reserved 

É USER2[6:4]̔BOR_LEV[2:0], , read out through FLASH_OB2[10:8],default is 0 

É USER2 [3]̔ Reserved 

É USER2[2] : nSWBOOT0, read out through FLASH_OB2[26],default is 1 

É USER2[1]: nBOOT1, read out through FLASH_OB2[23], default is 1 

É USER2[0]: nBOOT0, read out through FLASH_OB2[27], default is 1 

 Write protect 

Write protection can be configured for all pages in the flash main storage area (maximum 128KB) to prevent 

accidental write operations caused by program runaway or electrical interference. The basic unit of write protection 

is: for Page0 ~ 63, every 2 pages is a basic protection unit. Write protection can be configured by setting WRP0 ~ 3 

in the option byte block; After each configuration, A system reset is required for the configured value to be reloaded 

to take effect. If an attempt is made to program or erase a protected page, a protection error flag will be returned in 

the FLASH_STS. 

The system memory block (16KB) in the system information area stores the boot program and cannot be changed. 

The system configuration block (2KB) in the system information area stores the basic information of the chip and 

cannot be changed. 

The option byte block (2KB) in the system information area stores the user-configurable option byte information. 

The write protection of the option byte block is achieved by writing 0 to the FLASH_CTRL.OPTWE bit by software, 

and after that, you can write the correct key value series in FLASH_OPTKEY to release the write protection of the 

option byte. 

 Read protection 

The user code in flash can be protected from illegal reading by setting read protection. Read protection is mainly 

aimed at protecting the access operation of main memory area and option byte block after chip sealing operation. 

Read protection is set by configuring RDP bytes in the option byte block. Three different read protection levels can 

be configured, as shown in the following Table 
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Table 2-5 Read protection configuration list 

Read protection status RDP1 nRDP1 nRDP2 RDP2 

L0 level 0xA5 0x5A RDP2! = 0xCC || nRDP2! = 0x33 

L2 level 0xXX 0xXX 0x33 0xCC 

L1 level Not the above two configurations 

Â L0 level: 

É In unprotected state, corresponding (RDP1 == 0xA5 & nRDP1 == 0x5A) && (RDP2!= 0xCC | nRDP2!= 

0x33); 

É The main memory area and option byte block can be read arbitrarily; 

É The write protection property of each page can be configured for programming and erasing; 

Â L1 level: 

É The corresponding ~ (((RDP1 == 0xA5 & nRDP1 == 0x5A) && (RDP2!= 0xCC | nRDP2!= 0x33)) | 

(RDP2 == 0xCC & nRDP2 == 0x33)); 

É Only the read operation of the main storage area from the user code is allowed, that is, when the program 

is started from the main flash memory in non debugging mode, the read operation of the main storage area 

is allowed; 

É Pages 0~1 are automatically write-protected̕ 

É Other pages can be programmed by the code executed in the main flash memory (realizing IAP or data 

storage and other functions); 

É All pages are not allowed to write or erase in debug mode or after booting from internal SRAM (except for 

mass erase); 

É All functions of loading code into the built-in SRAM through JTAG/SWD and then execute it are still valid, 

or they can be started from the built-in SRAM through JTAG/SWD, which can be used to remove read 

protection; 

É When the read-protected option byte is rewritten to the unprotected L0 level, all the main storage areas will 

be automatically erased, and the process is as follows: (Erasing the option byte block will not result in 

automatic whole erasing operation, because the result of erasing is 0xFF, which is equivalent to still being 

in the protection state of L1 level) 

 ̧ Write the correct key value sequence to unlock the option byte area in FLASH_OPTKEY; 

 ̧ The bus initiates a command to erase the entire option byte area (Page erase); 

 ̧ Bus write 0xA5 to read protection option byte; 

 ̧ Automatically erase all main storage areas internally; 

 ̧ Automatically write 0xA5 to read protection option byte internally; 

 ̧ When the system is reset (such as software reset, etc.), the option byte block (including the new 

RDP value 0xA5) will be reloaded into the system, and the read protection will be released; 
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É The following access operations to the flash memory will be prohibited: 

 ̧ Access main flash memory from built-in SRAM start execution code  (including using DMA); 

 ̧ Access the main flash memory by JTAG, SWV (serial line observer), SWD (serial line debugging) 

and boundary scanning; 

Â L2 level: Except that SRAM boot disabled, debug mode disabled, option byte write/page erase disabled and the 

protection level cannot be modified (irreversible), other features are the same as L1 level. The L2 level is realized 

by configuring another option byte, RDP2. No matter what the value of RDP1 is, as long as it satisfies 

(RDP2==0xCC & nRDP2==0x33), it is L2 level. 

Table 2-6 Flash read-write-erase(1) permission control table 

protect 

level 

Boot mode Main Flash 

Changing a Protection 

Level Perform user 

Access area 

JTAG/ 

SWD 

Main Flash System Memory SRAM 

L0 

level 

Before 4KB of flash 

main memory area  

Read-Write-

Erase 

Read-Write-

Erase 
Read-Write-Erase 

Read-Write-

Erase 

Change to L1 or L2 is 

allowed 

After 4KB of flash 

main memory area 

Read-Write-

Erase 

Read-Write-

Erase 
Read-Write-Erase 

Read-Write-

Erase 

Flash main memory 

area mass erase 
Allow Allow Allow Allow 

Flash option byte area 
Read-Write-

Erase 

Read-Write-

Erase 
Read-Write-Erase 

Read-Write-

Erase 

Flash system memory 

area 
prohibit prohibit Read-Write-Erase prohibit 

SRAM (All)  
Read and 

write 

Read and 

write 
Read and write 

Read and 

write 

L1 

level 

Before 4KB of flash 

main memory area  
Prohibit Read-only Read-only Read-only 

L0 or L2 is allowed. 

When changed to L0, 

the main memory area 

is automatically erased. 

After 4KB of flash 

main memory area 
Prohibit 

Read-Write-

Erase 
Read-Write-Erase 

Read-Write-

Erase 

Flash main memory 

area mass erase 
Allow Allow Allow Allow 
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Flash option byte area 
Read-Write-

Erase 

Read-Write-

Erase 
Read-Write-Erase 

Read-Write-

Erase 

Flash system memory 

area 
Prohibit Prohibit Read-write-erase Prohibit 

SRAM (All)  
Read and 

write 

Read and 

write 
Read and write 

Read and 

write 

L2 

level 

Before 4KB of flash 

main memory area  

JTAG/SWD 

interface is 

disabled. 

Read-only Read-only Read-only 

No modification is 

allowed. 

After 4KB of flash 

main memory area 

Read-write-

erase 
Read-write-erase 

Read-write-

erase 

Flash main memory 

area mass erase 
Allow Allow Allow 

Flash option byte area Read-only Read-only Read-only 

Flash system memory 

area 
Prohibit Read-write-erase Prohibit 

SRAM (All)  
Read and 

write 
Read and write 

Read and 

write 

 

protect 

level 

Boot mode SRAM 

Changing a Protection 

Level Perform user 

Access to areas 

JTAG/SWD Main Flash System Memory SRAM 

L0 

level 

Before 4KB of flash 

main memory area  

Read-write-

erase 

Read-write-

erase 
Read-write-erase 

Read-write-

erase 

Change to L1 or L2 is 

allowed 

After 4KB of flash 

main memory area 

Read-write-

erase 

Read-write-

erase 
Read-write-erase 

Read-write-

erase 

Flash main memory 

area mass erase 
Allow Allow Allow Allow 

Flash option byte area 
Read-write-

erase 

Read-write-

erase 
Read-write-erase 

Read-write-

erase 
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Flash system memory 

area 
Prohibit Prohibit Read-write-erase Prohibit 

SRAM (All)  
Read and 

write 

Read and 

write 
Read and write 

Read and 

write 

L1 

level 

Before 4KB of flash 

main memory area  
Prohibit Read-only Read-only Prohibit 

L0 or L2 is allowed. 

When changed to L0, 

the main memory area 

is automatically erased. 

After 4KB of flash 

main memory area 
Prohibit 

Read-write-

erase 
Read-write-erase Prohibit 

Flash main memory 

area mass erase 
Allow Allow Allow Allow 

Flash option byte area 
Read-write-

erase 

Read-write-

erase 
Read-write-erase 

Read-write-

erase 

Flash system memory 

area 
Prohibit Prohibit Prohibit Prohibit 

SRAM (All)  
Read and 

write 

Read and 

write 
Read and write 

Read and 

write 

L2 

level 

Before 4KB of flash 

main memory area  

L2 protection level, cannot boot from SRAM 

No modification is 

allowed. 

JTAG/SWD is banned. 

After 4KB of flash 

main memory area 

Flash main memory 

area mass erase 

Flash option byte area 

Flash system memory 

area 

SRAM (All)  

 

protect Boot mode System Memory Changing a Protection 
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level 
Perform user 

Access to areas 

JTAG/SWD Main Flash System Memory SRAM 

Level 

L0 

level 

Before 4KB of flash 

main memory area  

Read-write-

erase 

Read-write-

erase 
Read-write-erase 

Read-write-

erase 

Change to L1 or L2 is 

allowed 

After 4KB of flash 

main memory area 

Read-write-

erase 

Read-write-

erase 
Read-write-erase 

Read-write-

erase 

Flash main memory 

area mass erase 
Allow Allow Allow Allow 

Flash option byte area 
Read-write-

erase 

Read-write-

erase 
Read-write-erase 

Read-write-

erase 

Flash system memory 

area 
Prohibit Prohibit Read-write-erase Prohibit 

SRAM (All)  
Read and 

write 

Read and 

write 
Read and write 

Read and 

write 

L1 

level 

Before 4KB of flash 

main memory area  
Prohibit Read-only Read-only Read-only 

L0 or L2 is allowed. 

When changed to L0, 

the main memory area 

is automatically erased. 

After 4KB of flash 

main memory area 
Prohibit 

Read-write-

erase 
Read-write-erase 

Read-write-

erase 

Flash main memory 

area mass erase 
Allow Allow Allow Allow 

Flash option byte area 
Read-write-

erase 

Read-write-

erase 
Read-write-erase 

Read-write-

erase 

Flash system memory 

area 
Prohibit Prohibit Read-write-erase Prohibit 

SRAM (All)  
Read and 

write 

Read and 

write 
Read and write 

Read and 

write 

L2 

level 

Before 4KB of flash 

main memory area  
JTAG/SWD 

interface is 

disabled. 

Read-only Read-only Read-only 

No modification 

allowed 
After 4KB of flash 

main memory area 

Read-write-

erase 
Read-write-erase 

Read-write-

erase 
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Flash main memory 

area mass erase 
Allow Allow Allow 

Flash option byte area Read-only Read-only Read-only 

Flash system memory 

area 
Prohibit Read-write-erase Prohibit 

SRAM (All)  
Read and 

write 
Read and write 

Read and 

write 

Note: 1. Erase here refers to flash page erase; 

 iCache 

In order to achieve higher system performance, an instruction buffer needs to be added between the high-speed CPU 

and the low-speed Flash to improve the instruction execution efficiency. Because of the existence of the instruction 

buffer, the CPU will be able to work at a higher frequency. When the instruction requested by the CPU is in the 

instruction buffer, the CPU can obtain the instruction without delay and realize zero waiting for execution. When the 

current instruction sequence, instruction prefetch sequence and instruction buffer all miss, Flash will be re-read and 

the Cache will be backfilled and updated. Accordingly, it is equivalent to storing only the jump header of the program 

in the Cache. 

The main features of the instruction buffer are as follows: 

Â 2KB iCacheȂ 

Â Support connection mode: 4WAY. 

 Software interface 

Â Enable 

É Provide configuration for software to enable/disable iCache. There is no limit to the switching conditions 

(see the FLASH_AC.ICAHEN bit). 

Â Reset 

É Provide software to clear the iCache interface, which must be initiated when iCache is closed. Reset and 

switching cannot be switched at the same time. First, turn off FLASH_AC.ICAHEN, then write 1 to 

FLASH_AC.ICAHRST, and then turn on FLASH_AC.ICAHEN. 

Â Lock 

É Cache locking mechanism is supported, and the software configuration puts the program into its designated 

way. When all the ways are locked, the new data will not be written into the cache. After the software resets 

the cache, the lock state is automatically cleared. 

Â Additional remarks 

É Selection of Cache replacement algorithm is not supported. 
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É When using icache, there is no WB/WT selection when the CPU writes operation. 

 Register description 

FLASH_AC.ICAHEN and FLASH_AC.ICAHRST are the iCache enable switch and iCache data clear switch 

respectively. 

FLASH_CAHR.LOCKSTRT and FLASH_CAHR.LOCKSTOP are the start latch and stop latch of iCache 

corresponding mode lock, respectively. After iCache is reset, the FLASH_CAHR register automatically returns to 

the reset value. See for detailed usage method of 2.2.2.3.3 ICache locking. 

 Operating process 

2.2.2.3.1 iCache enable and disable 

Users can turn on and switch off iCache at any time. If the user program needs to jump between the main memory 

area and other memory areas, the iCache must be closed and the data of the iCache must be cleared, otherwise, the 

instruction acquisition error will occur. 

2.2.2.3.2 iCache data refresh 

The iCache is designed as instruction cache. When the instruction is updated by application software or the instruction 

jumps between the main memory area and other memory areas, the software must set the FLASH_AC.ICAHRST bit 

to 1 to clear the data in the instruction cache.  

Note: FLASH_AC.ICAHRST bit is a write-only bit, and it returns to 0 when read. 

2.2.2.3.3 iCache locking 

The software controls the FLASH_CAHR register to lock some repeatedly used codes in iCache to improve the 

efficiency of code execution. iCache module has four latch channels, and the size of each channel is 1/4 of the whole 

cache. When using a single channel, you must ensure that the amount of code to latch is less than the size of each 

channel. Otherwise need to use more channels to latch the code. The latch function can be used according to the 

following control flow: 

1. Set FLASH_CAHR.LOCKSTRT[0] to 1; 

2. Execute function 1 that needs to be locked in channel 0 (the code amount of function 1 should be less than 

the size of a single channel); 

3. Set FLASH_CAHR.LOCKSTOP[0] to 1 after the function 1 is executed; 

4. Then set FLASH_CAHR.LOCKSTRT[1] to 1; 

5. Execute function 2 that needs to be locked in channel 1 (the code amount of function 2 should be less than 

the size of a single channel); 

6. After the function 2 is executed, set FLASH_CAHR.LOCKSTOP[1] to 1; 

Attention: 1. when the channel is latched, the register operation must follow a fixed process -First set 

FLASH_CAHR.LOCKSTRT then set FLASH_CAHR.LOCKSTOP; 

2. The order of channel latch must be 0~3, otherwise it will reduce the execution efficiency. 
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 SRAM 

SRAM is mainly used for code operation to store variables and data or stacks during program execution. The 

maximum capacity is 24KB̆it is divided into SRAM1 and SRAM2, of which SRAM1 is up to 16K bytes and 

SRAM2 is 8K bytes(SRAM2 supports parity check and needs to be initialized before use). 

SRAM supports read-write access of byte, half-word and word. 

SRAM supports code running (supports access of SBus, ICode and DCode), and can run programs at full speed in 

SRAM. The SRAM access address segments for different series are as follows: 

Table 2-7 N32L402 series SRAM access address segment 

SRAM area SBus bus access address segment ICode/DCode bus access address segment Size 

SRAM1 0x2000_0000~0x2000_1FFF 0x1000_0000~0x1000_1FFF 8KB 

SRAM2 0x2000_2000~0x2000_3FFF 0x1000_2000~0x1000_3FFF 8KB 

Table 2-8 N32L403x8/N32L406x8 series SRAM access address segment 

SRAM area SBus bus access address segment ICode/DCode bus access address segment Size 

SRAM1 0x2000_0000~0x2000_1FFF 0x1000_0000~0x1000_1FFF 8KB 

SRAM2 0x2000_6000~0x2000_7FFF 0x1000_6000~0x1000_7FFF 8KB 

Table 2-9 N32L403xB/N32L406xB/N32L406xD series SRAM access address segment 

SRAM area SBus bus access address segment ICode/DCode bus access address segment Size 

SRAM1 0x2000_0000~0x2000_3FFF 0x1000_0000~0x1000_3FFF 16KB 

SRAM2 0x2000_6000~0x2000_7FFF 0x1000_6000~0x1000_7FFF 8KB 

In Stop2 mode, SRAM1 and SRAM2 data optional retention; in STANDBY modĕonly SRAM2 data optional 

rentention. 

The main features are as follows: 

Â The maximum capacity is 24KB in total. 

Â Support byte/half-word/word reading and writing 

Â I/D/S/DMA can be accessed. 

Â I/D BUS can run programs at full speed from Remap to SRAM. 

 FLASH register description 

These peripheral registers must be operated as words (32 bits). 

 FLASH register overview 

Table 2-10 FLASH register overview 
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Offset Register 3
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Reset Value 0 0 0 0 0 0 1 1 0 0 0 

004h 

FLASH_KEY FKEY 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

008h 

FLASH_OPTKEY OPTKEY 
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Reset Value 0 0 0 0 0 0 1 0 0 0 0 0 0 

014h 

FLASH_ADD FADD 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Reset Value 0 0 0 0 0 0 0 0 

 FLASH control and status register 

See for abbreviations in register descriptions 1.1 section. 

2.2.4.2.1 The FLASH access control register (FLASH_AC) 

Address offset: 0x00 

Reset value: 0x0000 0030 
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Bit field Name Description 

31:12 Reserved Reserved, the reset value must be maintained. 

11 SLMEN FLASH Sleep Mode Enable 

0̔ Turn off FLASH sleep mode; 

1̔ Enable FLASH sleep mode. 

10 SLMF FLASH sleep mode flag 

0̔ FLASH not working in sleep mode; 

1̔ FLASH working in sleep mode. 

9 LVMEN FLASH low-voltage working mode enable 

0: Turn off FLASH low-voltage working mode; 

1: Enable FLASH low-voltage working mode. 

Note: FLASH_AC.LATENCY must be greater than 0x02 to enable FLASH low 

voltage operation mode. 

8 LVMF FLASH low voltage working mode flag 

0: FLASH is not working in low voltage working mode; 

1: FLASH works in low voltage working mode.  

7 ICAHEN iCache enable 

0: turn off iCache; 

1: enable iCache. 

6 ICAHRST iCache reset 

0: writing '0' is invalid; 

1: write '1' to reset. 

5 PRFTBFS Prefetch buffer status 

This bit indicates the status of the prefetch buffer 

0: The prefetch buffer is closed; 

1: The prefetch buffer is open. 

4 PRFTBFE Prefetch buffer enable 

0: Close the prefetch buffer; 

1: Enable prefetch buffer. 

3 Reserved Reserved, the reset value must be maintained. 

2:0 LATENCY time delay 

These bits represent the ratio of SYSCLK (system clock) period to flash memory 

access time. 

000: zero period delay, when 0 < SYSCLK <=32MHz 

001: one cycle delay, when 32MHz < SYSCLK <=64MHz 
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Bit field Name Description 

Other values: reserved 

2.2.4.2.2 The FLASH key register (FLASH_KEY) 

Address offset: 0x04 

Reset value: 0xXXXX XXXX 

 

Bit field Name Description 

31:0 FKEY Used to unlock the FLASH_CTRL.LOCK bit. 

2.2.4.2.3 The FLASH OPTKEY register (FLASH_OPTKEY) 

Address offset: 0x08 

Reset value: 0xXXXX XXXX 

 

Bit field Name Description 

31:0 OPTKEY Used to unlock the FLASH_CTRL.OPTWE bit. 

2.2.4.2.4 The FLASH status register (FLASH_STS) 

Address offset: 0x0C 

Reset value: 0x0000 0000 

 

Bit field Name Description 

31:8 Reserved Reserved, the reset value must be maintained. 

7 ECCERR ECC error 
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Bit field Name Description 

Read FLASH error, hardware set this bit to '1', write '1' to clear this state. 

6 EVERR Erase check error 

When the page is erased and the check reports an error, the hardware sets this bit 

to '1', and writing '1' can clear this state. 

5 EOP End of operation 

When the flash operation (programming/erasing) is completed, the hardware sets 

this bit to '1', and writing '1' can clear this bit status. 

Note: Every successful programming or erasing will set the EOP state. 

4 WRPERR Write protection error 

When trying to program a write-protected flash address, the hardware sets this bit 

to '1', and writing '1' can clear this bit. 

3 PVERR programming verification error 

When an error is reported during verification after programming, the hardware 

sets this bit to '1', and writing '1' can clear this state. 

2 PGERR Programming error 

When trying to program an address whose content is not '0xFFFF_FFFF', the 

hardware sets this bit to '1', and writing '1' can clear this state. 

Note: Before programming, the FLASH_CTRL.START bit must be cleared. 

1 Reserved Reserved, the reset value must be maintained. 

0 BUSY Busy 

This bit indicates that a flash operation is in progress. At the beginning of flash 

operation, this bit is set to '1'; This bit is cleared to '0' when the operation ends or 

an error occurs. 

2.2.4.2.5 The FLASH control register (FLASH_CTRL) 

Address offset: 0x10 

Reset value: 0x0000 0080 

 

Bit field Name Description 

31:14 Reserved Reserved, the reset value must be maintained. 

13 ECERRITE ECC error interrupt 

This bit allows an interrupt to be generated when the FLASH_STS.ECCERR bit 

goes to '1'. 

0: Interrupt generation is prohibited; 

1: Enable interrupt generation. 

12 EOPITE Allow operation completion interrupt. 
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Bit field Name Description 

This bit allows an interrupt to be generated when the FLASH_STS.EOP bit 

becomes '1'. 

0: interrupt generation is prohibited; 

1: interrupt generation is allowed. 

11 FERRITE Erase/Program Verify Error Interrupt 

This bit allows an interrupt to be generated when the 

FLASH_STS.EVERR/PVERR bit goes to '1'. 

0: Interrupt generation is prohibited; 

1: Enable interrupt generation. 

10 ERRITE Error status interrupt allowed 

This bit allows an interrupt to be generated when a Flash error occurs (when 

FLASH_STS.PGERR/ FLASH_STS.WRPERR is set to '1'). 

0: interrupt generation is prohibited;  

1: interrupt generation is allowed. 

9 OPTWE Allow write option byte 

When this bit is '1', the option byte is allowed to be programmed. When the 

correct key sequence is written in the FLASH_OPTKEY register, this bit is set to 

'1'. 

Software can clear this bit. 

8 SMPSEL Flash programming mode options 

0: SMP1 mode. Before programming, you need to read the content of the address 

where the programming is located, and check whether it has been erased. If it has 

not been erased, the programming operation will not be performed, and the 

FLASH_STS.PGERR warning bit will be set; 

1: SMP2 mode. Before programming, it will not judge whether the content of the 

address where the programming is located has been erased, and the Flash will 

directly start programming. If the programming address has been written with 

data before, only the same data can be written when programming the address in 

SMP2 mode, otherwise the data cannot be guaranteed to be written correctly. 

7 LOCK Lock 

You can only write '1'. When this bit is '1', Flash and FLASH_CTRL are locked. 

After detecting the correct unlocking sequence, hardware clears this bit to '0'. 

After an unsuccessful unlocking operation, this bit cannot be changed until the 

next system reset. 

6 START Start 

When this bit is '1', an erase operation will be triggered. This bit can only be set to 

'1' by software and cleared to '0' when FLASH_STS.BUSY becomes '1'. 

5 OPTER Erase option bytes. 

0: Disable option bytes erase mode; 

1: Enable option bytes erase mode. 

4 OPTPG Program option bytes. 

0: Disable option bytes program mode; 
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Bit field Name Description 

1: Enable option bytes program mode. 

3 Reserved Reserved, the reset value must be maintained. 

2 MER Mass erase. 

0: disable mass erase mode; 

1: enable mass erase mode. 

1 PER Page erase. 

0: disable page erase mode; 

1: enable page erase mode 

0 PG Program. 

0: disable program mode; 

1: enable program mode. 

Note: Please refer to section 2.2.1.4 for programming and erasing. 

2.2.4.2.6 The FLASH address register (FLASH_ADD) 

Address offset: 0x14 

Reset value: 0x0000 0000 

 

Bit field Name Description 

31:0 FADD Flash address 

Select the address to be programmed when programming, and select the page to be 

erased when page erasing. 

Note: When the FLASH_STS.BUSY bit is '1', this register cannot be written. 

2.2.4.2.7 The FLASH Option byte register 2 (FLASH_OB2) 

Address offset: 0x18 

Reset value: 0x0c800000 

 

Bit field Name Description 

31:28 Reserved Reserved, the reset value must be maintained. 
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Bit field Name Description 

27 nBOOT0 nBOOT0 

Note: This bit is read-only. 

26 nSWBOOT0 nSWBOOT0 

Note: This bit is read-only. 

25:24 Reserved Reserved, the reset value must be maintained. 

23 nBOOT1 nBOOT1 

Note: This bit is read-only. 

22:11 Reserved Reserved, the reset value must be maintained. 

10:8 BOR_LEV[2:0] BOR reset level 

000̔1.64V 

001̔2.10V 

010̔2.30V 

011̔2.60V 

100̔2.90V 

Other: reserved 

7:0 Reserved Reserved, the reset value must be maintained. 

Note: For the specific combined functions of nBOOT0, nSWBOOT0, and nBOOT1, see chapter 2.1.3 boot 

Management. 

2.2.4.2.8 Option byte register (FLASH_OB) 

Address offset: 0x1C 

Reset value: 0x03FF FFFC 

 

Bit field Name Description 

31 RDPRT2 Read protection L2 level protection 

0: Read protection L2 level is not enabled; 

1: Read protection L2 level is enabled. 

Note: This bit is read-only. 

30:26 Reserved Reserved, the reset value must be maintained. 

25:18 Data1[7:0] Data1 

Note: This bit is read-only. 

17:10 Data0[7:0] Data0 

Note: This bit is read-only. 

9:5 Reserved Not used, the hardware remains at 1. 

4 nRST_STDBY Enter Standby mode reset configuration. 
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Bit field Name Description 

0: Reset immediately after entering Standby mode; 

1: No reset occurs after entering Standby mode. 

Note: This bit is read-only. 

3 nRST_STOP2 Enter STOP2 mode reset configuration. 

0: Reset occurs immediately after entering STOP2 mode; 

1: No reset occurs after entering the STOP2 mode. 

Note: This bit is read-only. 

2 WDG_SW Set watchdog 

0: hardware watchdog; 

1: Software watchdog. 

Note: This bit is read-only. 

1 RDPRT1 Read protection L1 level protection 

0: Read protection L1 level is not enabled; 

1: read protection L1 level is enabled. 

Note: This bit is read-only. 

0 OBERR Option byte error 

When this bit is '1', it means that the option byte does not match its complement. 

Note: This bit is read-only. 

2.2.4.2.9 Write protection register (FLASH_WRP) 

Address offset: 0x20 

Reset value: 0xFFFF FFFF 

 

Bit field Name Description 

31:0 WRPT Write protect 

This register contains the write protection option byte loaded by option byte area. 

0: write protection takes effect; 

1: Write protection is invalid. 

Note: These bits are read-only. 

2.2.4.2.10 ECC register̂FLASH_ECC̃ 

Address offset: 0x24 

Reset value: 0x0000 0000 
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Bit field Name Description 

31:14 Reserved Reserved, the reset value must be maintained. 

13:8 ECCHW After writing a word to a 32-bit Flash address, the corresponding higher 6-bit ECC 

value.  

7:6 Reserved Reserved, the reset value must be maintained. 

5:0 ECCLW After writing a word to a 32-bit Flash address, the corresponding lower 6-bit ECC 

value. 

2.2.4.2.11 CAHR register (FLASH_CAHR) 

Address offset: 0x30 

Reset value: 0x0000 0000 

 

Bit field Name Description 

31:8 Reserved Reserved, the reset value must be maintained. 

7:4 LOCKSTOP[3:0] iCache lock stop (see for detailed operation instructions 2.2.2.3.3 iCache locking 

Chapter). 

0: disable 

1: enable 

3:0 LOCKSTRT[3:0] iCache lock start. 

0: disable 

1: enable 
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3 Power control (PWR) 

 General description 

PWR is power management unit to control status of different modules in different power modes. Its major function 

is to control MCU to enter different power modes and wakeup when events or interrupts happen. MCU supports 

RUN, LOW-POWER RUN, SLEEP, LOW-POWER SLEEP, STOP2 and STANDBY mode. 

 Power supply 

Õ The PWR module mainly consists of the following independent power domains: VDD, VDDA, VLCD, VREF+, VREF-. 

For details, please refer to Figure 3-1 power supply block diagram. In order to illustrate the functions of different 

power domains, some power domains will be introduced below. This document will introduce the digital part of 

the power domain in the following chapters. 

 ̧ VDD domain: The voltage input range is 1.8V~3.6V, mainly for MR, LPR, COMP, HSE, HSI, PLL, BOR, 

PVD, TRNG, USB PHY and most digital peripheral interfaces power supply. 

 ̧ VDDA domain: The voltage input range is 1.8V~3.6V, which mainly supplies power for most analog 

peripherals. A/D, D/A, TS (Temperature Sensor) and OPAMP are in this power domain. This independent 

analog power supply is powered by VSSA, which can filter and shield noise separately, and improve the 

conversion accuracy performance of analog modules such as A/D and D/A. 

 ̧ VLCD domain: The voltage input range is 2.58V~3.6V, VLCD can be used to control the contrast of LCD. 

The VLCD pin can be used in the following two situations: 

ü It can receive the maximum voltage provided by external circuit (supply voltage for Segment and 

Common lines LCD through MCU). 

ü It can also be connected to an external capacitor for the boost converter of the MCU. This boost 

converter is software controlled and provides voltage for Segment and Common lines LCD. 

The voltage supplied to the Segment and Common lines LCD determines the contrast ratio of the LCD. 

The user reduces contrast by controlling its duty cycle or dead-time. 

ü When an external voltage provides voltage for VLCD, its voltage range should be: 2.58V~3.6V, and 

independent of VDD. 

ü When the LCD is based on an internal boost converter, VLCD should be connected to a capacitor. 

 ̧ VREF+ or VREF- domain: 

ü External VREF: VREF+ is the input reference voltage for ADC and DAC. When enabled, it is also the 

output of the internal voltage reference buffer. VREF- must always be equal to VSSA. 

ü Internal VREF: Connected to VREFBUFF, the voltage is 2.048V, and VDDA is required not to be lower than 

2.4V. 

Õ The PWR module consists of a main regulator (MR) and a low power regulator (LPR). Two embedded linear 

regulators power all digital circuits. The regulator is always enabled after reset. 
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 ̧ MR 

The output voltage range of MR can be adjusted by PWR_CTRL1.MRSEL[1:0]. It is mainly used in RUN 

mode and SLEEP mode of MCU. MR is disabled when MCU is in LOW-POWER RUN, LOW-POWER 

SLEEP, STOP2, STANDBY mode. 

 ̧ LPR 

LPR is used in LOW-POWER RUN mode, LOW-POWER SLEEP mode, STOP2 mode and STANDBY 

mode. In STOP2 mode, it powers the retention power domain (RET) and the low-power power domain. 

Figure 3-1 Power supply block diagram 

 

 Power supply supervisor 

 Power on reset (POR) and brown out reset (BOR) 

Power-on reset (POR) and brown-out reset (BOR) circuits are integrated inside the chip. BOR is active in all power 
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modes and cannot be disabled. Five BOR thresholds can be selected via the option byte. 

During power-on, the BOR will hold the chip in reset until the supply voltage (VDD) reaches the specified threshold. 

When VDD falls below the selected threshold, the chip will be reset. For more information on switching power supply 

reset thresholds, see the Electrical Characteristics section of the relevant data sheet. 

Figure 3-2 Brown-out reset (BOR) waveform 

 

Note: The reset temporization tRSTTEMPO exists only based on the BOR minimum threshold (VBOR0). 

 Programmable voltage detector (PVD) 

PVD monitors the power supply by comparing the VDD voltage with the relevant bits in the Power Control Register 

2 (PWR_CTRL2). PWR_CTRL2.PLS[2:0] select the threshold for the monitored voltage. Enable PVD by setting 

PWR_CTRL2.PVDEN. 

The PWR_STS2.PVDO flag is used to indicate whether the VDD is above/below the PVD voltage threshold. This 

event is connected internally to the 16th line of the external interrupt and produces an interrupt if the interrupt is 

enabled in the external interrupt register. A PVD interrupt occurs when the VDD drops below the PVD threshold 

and/or when the VDD rises above the PVD threshold, according to the rise/fall edge trigger setting of the external 

interrupt line 16. For example, this feature can be used to perform emergency shutdown tasks. 

PVD can also be configured to monitor the external analog voltage PVD_IN (PB7) (compared to the internal 

VREFINT (about 1.2V)). 

VDD/VDDA

VBOR̂ rising edgẽ

RESET

VBOR̂ falling edgẽ

Temporization

tRSTTEMPO

40mV

hysteresis
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Figure 3-3 PVD threshold waveform 

 

 Power modes 

Overall MCU has 6 power modes: RUN, SLEEP, LOW POWER RUN, LOW POWER SLEEP, STOP2 and 

STANDBY. Different mode has different performance and power consumption. A summary of MCU power modes 

is shown below. 

Table 3-1 Power modes 

Mode Regulator Enter Exit Wakeup state 

RUN MR 
Power on, system reset, low power 

wake-up 
Enter another power mode 

Code execution continues 

without peripheral 

reconfiguration 

SLEEP MR 
1) WFI returned from ISR 

2) WFE 
any interrupt or wake-up event 

Code execution continues 

without peripheral 

reconfiguration 

LOW 

POWER 

RUN 

LPR 
By configuring 

PWRCTRL1.LPREN bit 

Clear PWRCTRL1.LPREN bit 

or system reset 

Code execution continues 

without peripheral 

reconfiguration 

LOW 

POWER 

SLEEP 

LPR 

To enter LOW POWER RUN first 

1) WFI returned from ISR 

2) WFE 

any interrupt or wake-up event 

Code execution continues 

without peripheral 

reconfiguration 

STOP2 LPR 

WFI/WFE̔  

1̃SCB_SCR.SLEEPDEEP = 1 

2̃PWR_CTRL1.LPMSEL = 

ñ000/010ò 

System reset and all EXTI 

Continue to execute the 

code, peripherals that the 

user chooses to keep do 

not need to be 

VDD/VDDA

PVD threshold

PVD output

100mV 

hysteresis
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Mode Regulator Enter Exit Wakeup state 

reconfigured, USB, CAN 

need to be reconfigured, 

MSI = 4M 

STANDBY LPR 

WFI/WFE̔  

1̃SCB_SCR.SLEEPDEEP = 1 

2̃PWR_CTRL1.LPMSEL = 

ñ011ò 

3 WKUP IO rising/falling 

edges, RTC alarm rising edge, 

NRST reset, IWDG reset, RTC 

timestamp, tamper detection 

System reset 

Note: 

1. STOP2 mode, after wake-up, the code can continue running from the stop position. The RCC configuration is 

retained, and the SPI/UART2/UART3/UART4/UART5/I2C1/I2C2/WWDG configuration is retained. 

2. Please refer to the corresponding data sheet for the low power wake-up time. 

The running enable conditions of different modules in different power consumption modes are shown in the following 

table: 

Table 3-2 Blocks running state 

Main Blocks Run 

S
le

e
p 

L
o

w
 p

o
w

e
r 

ru
n

 

L
o

w
 p

o
w

e
r 

s
le

e
p 

Stop2 Standby 

- 

W
a

k
e
u

p
 

c
a

p
a

b
ili

ty
 

- 

W
a

k
e
u

p
 

c
a

p
a

b
ili

ty
 

CPU Y - Y - - - - - 

MMU O O O O - - - - 

DMA O O O O - - - - 

FLASH O O O O - - - - 

SRAM1 Y Y Y Y O - - - 

SRAM2 Y Y Y Y O - O - 

BOR Y Y Y Y Y Y Y Y 

PVD O O O O O Y O - 

HSE O O - - - - - - 

HSI O O - - - - - - 

LSE O O O O O - O - 

LSI O O O O O - O - 

MSI O O Y Y O - - - 

CSS for HSE O O O O - - - - 

CSS for LSE O O O O O O O O 

PLL O O - - - - - - 

RTC O O O O O Y O Y 

Tamper 3 3 3 3 3 O 3 O 

IWDG O O O O O Y O Y 

EXTI Y Y Y Y Y - - - 

LPTIM O O O O O Y - - 
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Main Blocks Run 

S
le

e
p 

L
o

w
 p

o
w

e
r 

ru
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L
o

w
 p

o
w

e
r 

s
le

e
p 

Stop2 Standby 

- 

W
a

k
e
u

p
 

c
a

p
a

b
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ty
 

- 

W
a

k
e
u

p
 

c
a

p
a

b
ili
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LPUART O O O O O Y - - 

TIM1/8 O O O O - - - - 

TIM2/3/4/5 O O O O - - - - 

TIM6/7 O O O O - - - - 

WWDG O O O O - - - - 

USART1/2/3 O O O O - - - - 

UART4/5 O O O O - - - - 

I2C1/2 O O O O - - - - 

SPI1/2 O O O O - - - - 

USB O O - - - - - - 

UCDR O O - - - - - - 

CAN O O O O - - - - 

SAC O O - - - - - - 

CRC O O O O - - - - 

DAC O O O O - - - - 

ADC O O O O - - - - 

TempSensor O O O O - - - - 

OPAMP O O O O - - - - 

COMP O O O O O Y - - 

TRNG O O - - - - - - 

LCD O O O O O Y - - 

GPIOs O O O O O Y O 3 pins 

Note: 

1. Y: Yes (Enable), O: Option, -: Not available. 

2. Only COMP1 support STOP2 mode 

3. 3 pins represent three wake-up IOs, PA8, PA0 and PC13. 

 RUN mode 

RUN mode is the normal operation mode of the MCU. The speed of the system clock can be reduced by configuring 

the RCC register to achieve the purpose of reducing energy consumption, or the peripheral clock can be turned off to 

reduce power consumption. To further reduce dynamic power consumption, MR output voltage can also be adjusted 

via PWR_CTRL1.MRSEL. In addition, if the FLASH is not used, the software can write the FLASH_AC.SLMEN 

bit to put the FLASH into sleep mode to reduce power consumption, and the FLASH_AC.SLMEN bit can also restore 

the current state of the FLASH. 
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 Dynamic Voltage Regulation (MR) 

Steps to enter MR 1.0V: 

Â Make sure the system clock is at most 64MHz. Note that if the current operating mode is LP RUN, then the 

maximum system clock is up to 4MHz; 

Â Configure the FLASH read cycle to be greater than or equal to 2. This step is to avoid entering the low-voltage 

mode FLASH timing problem; 

Â Set FLASH_AC.LVMEN to 1, and wait for FLASH_AC.LVMF to be 1, indicating that FLASH has entered 

the low-voltage mode; 

Â Reconfigure the FLASH read cycle, the configuration cycle is related to the system clock, and ensure that the 

read FLASH wait time is greater than 30ns. If the system clock is 72MHz, the period needs to be configured 

as 2; 

Â Set SRAM to work in normal mode; 

Â Configure PWR_CTRL1.MRSEL[1:0] = 0x2, then poll to wait for PWR_STS2.MRF to be pulled low and 

then pulled high. It takes about 100us to pull down PWR_STS2.MRF. 

Steps for MR1.0V Ÿ MR 1.1V: 

Â Configure PWR_CTRL1.MRSEL[1:0] = 0x3, then poll and wait for PWR_STS2.MRF to be pulled low and 

then pulled high. It takes about 100us to pull down PWR_STS2.MRF; 

Â Configure the FLASH read cycle to be greater than or equal to 2. This step is to avoid entering the low-voltage 

mode FLASH timing problem; 

Â Clear the FLASH_AC.LVMEN bit and wait for the FLASH_AC.LVMF bit to be 0, indicating that the FLASH 

has exited the low-voltage mode; 

Â Increase the system clock; 

Â Configure the FLASH read cycle according to the system clock, and ensure that the read wait time is greater 

than or equal to 20ns (if it is less than 50MHz, it can be configured to 0). 

 SLEEP mode 

The CPU stops and all peripherals including peripherals around the CortexÈ-M4F core (such as NVIC, SysTick, etc.) 

can run and wake up the CPU when an interrupt or event occurs. In SLEEP mode, all I/O pins maintain the same 

state/function as in RUN mode. 

 Enter SLEEP mode 

Enter SLEEP mode by executing WFI (wait for interrupt) or WFE (wait for event) instruction with 

SCB_SCR.SLEEPDEEP = 0. Depending on the SCB_SCR.SLEEPONEXIT, there are two options for SLEEP mode 

entry: 

Â SLEEP-NOW: If SCB_SCR.SLEEPONEXIT = 0, then WFI or WFE instruction is executed immediately, and 

the system enters sleep mode immediately. 

Â SLEEP-ON-EXIT: If SCB_SCR.SLEEPONEXIT = 1, the system immediately enters sleep mode when exiting 
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from the lowest priority ISR. 

 Exit SLEEP mode 

If WFI instruction is used to enter the SLEEP mode, any NVIC interrupts can wake up the device from the SLEEP 

mode. 

If the WFE instruction is used to enter the SLEEP mode, MCU will exit the SLEEP mode immediately when the 

event occurs. Wake-up events can be generated in the following ways: 

Â Enable an interrupt in the peripheral control register instead of NVIC, and enable the SCB_SCR.SEVONPEND. 

When MCU wakes up by WFE, the peripheral interrupt suspend bit and the peripheral NVIC interrupt channel 

suspend bit (in NVIC interrupt clear suspend register) must be cleared. 

Â Configure an external or internal EXTI event mode. When the MCU wakes up, it is not necessary to clear the 

peripheral interrupt suspend bit and the peripheral NVIC interrupt channel suspend bit (in the NVIC interrupt 

clear suspend register) because the suspend bit corresponding to the event line is not set. This mode provides 

the shortest wake-up time because there is no time spent on interrupt entry or exit. 

 LOW POWER RUN mode 

In LOW POWER RUN mode, the entire core logic is provided by LPR and MR is disabled. The system clock comes 

from MSI, the frequency is up to 4MHz, and the PLL is turned off. Executing programs in FLASH or SRAM, all 

peripherals can be configured to work as required, except USB /SAC disabled. 

 Enter LOW POWER RUN mode 

LOW POWER RUN mode can be entered from RUN mode, or wake-up from LOW POWER SLEEP mode. 

Do the following to enter LOW POWER RUN mode: 

Â Turn off modules that do not support LPRUN, such as USB, algorithm (SAC), etc.; 

Â Ensure that the system clock is up to 4MHz; 

Â Configure the FLASH read cycle to be greater than or equal to 2. This step is to avoid entering the low-voltage 

mode flash timing problem; 

Â Set the FLASH_AC.LVMEN bit to 1, and wait for the FLASH_AC.LVMF bit to be 1, indicating that the flash 

has entered the low-voltage mode; 

Â Reconfigure the FLASH read cycle to 0; 

Â Set SRAM to work in low voltage mode; 

Â Configure PWR_CTRL3.BGTLPR = 0 and PWR_CTRL3.PBDTLPR = 0, configure BANDGAP/PVD/BOR to 

be normally open; 

Â PWR_ CTRL1.LPREN bit is set to 1, use while to wait for PWR_STS2.LPRUNF to be 1. The use of while is 

to avoid CPU access to SRAM and prevent SRAM timing problems. 

Additional steps can be taken to further reduce power consumption: 

Â Adjust the LPR output to meet different power or frequency requirements; 
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Â Turn on or off the digital peripheral clock according to actual needs; 

Â Turn off unnecessary analog peripherals; 

Â If FLASH is not used, in order to further reduce power consumption, user can configure FLASH_AC.SLMEN 

= 1 to put FLASH into sleep mode. Configuring FLASH_AC.SLMEN = 0 will restore the current state of 

FLASH. 

It should be noted that LP RUN can switch to LP SLEEP mode, STOP2 mode, STANDBY mode and RUN mode, 

and can also return from LP SLEEP or STOP2. A system reset also exits LP RUN to RUN mode. 

 Exit LOW POWER RUN mode 

The LOW POWER RUN mode can be exited by the following steps: 

Â Clear PWR_CTRL1.LPREN and wait until PWR_STS2.LPRUNF is set to 1; 

Â Set the FLASH read delay to greater than 2; 

Â Clear FLASH_AC.LVMEN and ensure that the FLASH low voltage mode is canceled by polling the 

FLASH_AC.LVMF bit; 

Â Restore the system clock to the required state; 

Â Configure the FLASH read cycle according to the system clock, and ensure that the read wait time is greater 

than or equal to 20ns (for example, <50MHz, it can be configured to 0). 

 LOW POWER SLEEP mode 

In LOW POWER SLEEP mode, all I/O pins remain in the same state as in RUN mode. 

 Enter LOW POWER SLEEP mode 

To enter LOW POWER SLEEP mode, first need to enter LOW POWER RUN mode, and then enter SLEEP mode. 

The specific steps to enter LOW POWER RUN mode and SLEEP mode are described in Section 3.2.3.1 and Section 

3.2.2.1. 

 Exit LOW POWER SLEEP mode 

Exiting LOW POWER SLEEP mode is the same as exiting SLEEP mode, any interrupt or event can wake the device 

from LOW POWER SLEEP mode. For details, see Section 3.2.2.2. It should be noted that the chip will return to 

LOW POWER RUN mode after waking up from LOW POWER SLEEP mode. 

 STOP2 mode 

STOP2 mode is based on CortexÈ-M4F deep sleep mode, all core digital logic areas are powered off. Main voltage 

regulator (MR) off, HSE/HSI/PLL off, MSI/LSE/LSI optional operation. CPU registers, 80-byte backup registers, 

RCC, SPI1/2, UART4/5, USART2/3, I2C1/2 and WWDG register retention. The RET domain and the low-power 

power domain are still functioning normally. 

SRAM1/2 can be configured to be retained in STOP2 mode via PWR_CTRL3.RAM1RET and 

PWR_CTRL3.RAM2RET. All I/O pins except PC13/14/15 are in retention state by default, PC13/14/15 can be 

configured to retention the same state as run mode. 
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 Enter STOP2 mode 

To enter STOP2 mode, should be configured: SCB_SCR.SLEEPDEEP = 1, PWR_CTRL1.LPMSEL = "000~010". 

In STOP2 mode, if FLASH is being operated, the time to enter STOP2 mode will be delayed until the memory access 

is completed. 

If the access to the APB area is in progress, the time to enter the STOP2 mode will be delayed until the APB access 

is completed. 

In STOP2 mode, the following peripherals are available: 

Â Independent Watchdog (IWDG) optional: Once enabled, it will keep counting until a reset is generated. 

Â RTC optional: It can be turned on by RCC_LDCTRL.RTCEN. 

Â Internal RC oscillator (LSI RC) optional: It can be turned on by RCC_CTRLSTS.LSIEN. 

Â External 32.768kHz crystal oscillator (LSE OSC) optional: It can be turned on by RCC_LDCTRL.LSEEN bit. 

Â Other peripherals that can choose to hold or work such as GPIO, COMP, EXTI, LPUART, LPTIMER, LCD. 

Â IO can be configured to retention or high-Z state. 

Unneeded analog peripherals such as ADC and DAC can be disabled when entering STOP2 mode to avoid 

unnecessary power consumption. 

 Exit STOP2 mode 

When the STOP2 mode is exited by an interrupt or a wake-up event via the EXTI line, the system clock will be 

restored to its previous state, and the code execution will continue from where it left off. System reset (NRST, IWDG) 

can also exit STOP2 mode. 

After exiting STOP2 mode, the system clock defaults to MSI. If the PLL was configured as the system clock before 

entering STOP2 mode, the hardware will automatically enable the PLL once the clock source (HSI or HSE) is ready. 

Once the PLL clock is ready, the hardware will automatically switch the PLL to the system clock. If HSI or HSE was 

configured as the system clock before entering STOP2 mode, the hardware will automatically switch to HSI or HSE 

as the system clock once the HSI or HSE clock is ready. If HSI or HSE fails to oscillate upon wake-up, the system 

clock will remain as MSI. 

Note: When a system reset occurs, the CPU will run from address 0. 

 STANDBY mode 

STANDBY mode is a CortexÈ-M4 based Deep-Sleep mode. The core domain is completely turned off, the PLL, HSI, 

HSE are turned off, and the LSI and LSE are optionally run. SRAM2 optional retention, RTC and IWDG optional 

work. All GPIO pin states are selectable as retention or high-Z. 

Note: The GPIO pin state will change to the system default state upon exit. 

 Enter STANDBY mode 

Enter STANDBY mode by executing WFI/WFE and setting SCB_SCR.SLEEPDEEP = 1 and 

PWR_CTRL1.LPMSEL = "011". 
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If FLASH is being operated, the time to enter STANDBY mode will be delayed until the memory access is completed. 

If the access to the APB area is in progress, the time to enter the STANDBY mode will be delayed until the APB 

access is completed. 

In STANDBY mode, the following peripherals are available: 

Â Independent Watchdog (IWDG) optional: Once enabled, it will keep counting until a reset is generated. 

Â RTC optional: It can be turned on by RCC_LDCTRL.RTCEN. 

Â Internal RC oscillator (LSI RC) optional: It can be turned on by RCC_CTRLSTS.LSIEN. 

Â External 32.768kHz crystal oscillator (LSE OSC) optional: It can be turned on by RCC_LDCTRL.LSEEN bit. 

Unneeded analog peripherals such as ADC and DAC can be disabled when entering STANDBY mode to avoid 

unnecessary power consumption. 

 Exit STANDBY mode 

MCU exits STANDBY mode when external reset (NRST pin), IWDG reset, rising/falling edge of WKUP pin or RTC 

alarm event, timestamp event, tamper event occurs. Except for the power status registers (PWR_STS1/2), all registers 

are reset after waking up from STANDBY state. 

After waking up from STANDBY mode, code execution is the same as reset (detecting BOOT pin, getting reset 

vector, etc.). The PWR_STS1.STBYF flag indicates that the MCU exits STANDBY mode. 

 Low-power auto-wakeup (AWU) mode 

In automatic wake-up mode, the RTC can be used to wake up from different low-power modes without relying on 

external interrupts. The RTC provides a programmable clock reference for timed wake-up from SLEEP, STOP2 and 

STANDBY modes. To do this, two of the three optional RTC clock sources can be selected by software programming 

RCC_LDCTRL.RTCSEL[1:0] as follows: 

Â 32.768kHz external crystal clock (LSE OSC) 

This clock source provides an accurate clock reference with very low power consumption. 

Â RC internal crystal clock (LSI RC) 

This clock source has the advantage of saving the cost of the 32.768 kHz crystal, but the clock accuracy is worse 

than the LSE. 

To wake up from STOP2 mode using the RTC alarm event, you need: 

Â Configure EXTI 18 rising edge trigger. 

Â Configure RTC to enable RTC alarm event. 

To wake up from STANDBY mode using RTC alarm event, EXTI 18 does not need to be configured. 

PWR_CTRL3.IWKUPLEN needs to be configured. 
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 PWR registers 

 PWR register overview 

Table 3-3 PWR register overview 

Offset Register 3
1 

3
0 

2
9 

2
8 

2
7 

2
6 

2
5 

2
4 

2
3 

2
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1
5 

1
4 

1
3 

1
2 

1
1 

1
0 9
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4
 

3
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1
 

0
 

000h 
PWR_CTRL1 

Reserved 

L
P
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N
 

Reserved 

M
R

S
E

L
[1

:0
] 

D
R

B
P
 

Reserved 

L
P

M
S

E
L
[2

:0
] 

Reset Value 0 1 1 1 0 0 0 

004h 
PWR_CTRL2 

Reserved 

P
V

D
F

L
T

E
N

 

P
L

S
[2

:0
] 

P
V

D
E

N
 

Reset Value 0 0 0 0 0 

008h 
PWR_CTRL3 

Reserved 

P
S

T
S

T
P

2 

P
S

T
S
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B

Y 

R
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s
e
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P
B
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T
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T
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IW
K

U
P

L
E

N
 

R
A

M
2

R
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W
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Reset Value 0 0 1 1 1 0 0 0 1 1 1 0 0 0 0 0 0 

00Ch 
PWR_STS1 

Reserved 
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K
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P

F
 

Reserved 

S
T

B
Y

F
 

Reserved 

W
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U
P

F
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W
K

U
P

F
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W
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U
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F
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Reset Value 0 0 0 0 0 

010h 
PWR_STS2 

Reserved P
V

D
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M
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R
U

N
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Reset Value 0 1 1 

014h 
PWR_STSCLR 

Reserved 

C
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Reserved 

C
L

R
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K
U

P
2 

C
L

R
W

K
U

P
1 

C
L

R
W

K
U

P
0 

Reset Value 0 0 0 0 

 Power control register 1 (PWR_CTRL1) 

Address offset: 0x00 

Reset value: 0x0000 0700 (reset by wakeup from STANDBY mode) 

 

Bit field Name Description 

31:15 Reserved Reserved, the reset value must be maintained. 
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Bit field Name Description 

14 LPREN LOW POWER RUN mode enable bit. 

When this bit is set, the MR is turned off and the LPR will be used to power the main 

power domain. 

Note: This bit is affected by system reset. 

13:11 Reserved Reserved, the reset value must be maintained. 

10:9 MRSEL[1:0] Main voltage regulator voltage configuration level selection. 

01: Reserved 

10: 1.0V (Rang1) 

11: Reserved 

8 DRBP Disable RTC, backup registers and write protection of RCC_LDCTRL register. 

In the reset state, the RTC, backup registers and RCC_LDCTRL registers are protected 

from illegal writes. This bit must be set to enable write access to these registers. 

0: Disable access to RTC, backup registers and RCC_LDCTRL 

1: Enable access to RTC, backup registers and RCC_LDCTRL 

Note: This bit must remain 1 if HSE is divided by 32 as the RTC clock. 

7:3 Reserved Reserved, the reset value must be maintained. 

2:0 LPMSEL [2:0] Low power mode selection bits. 

These bits select the low power mode the CPU enters. 

000-010: STOP2 mode 

011: STANDBY mode 

 Power control register 2 (PWR_CTRL2) 

Address offset: 0x04 

Reset value: 0x0000 0000 (reset by wakeup from STANDBY mode or system reset) 

 

Bit field Name Description 

31:5 Reserved Reserved, the reset value must be maintained. 

4 PVDFLTEN PVD filter enable bit. 

0: Disable PVD filtering 

1: Enable PVD filtering 

3:1 PLS[2:0] PVD threshold. 

PLS[2:0] Voltage 

000 2.1v 

001 2.25v 
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Bit field Name Description 

010 2.4v 

011 2.55v 

100 2.7v 

101 2.85v 

110 2.95v 

111 ̂1̃  

Remarks: (1) is the external input analog voltage PVD_IN (internally compared with 

VREFINT) 

0 PVDEN Programmable Voltage Detector (PVD) enable bit. 

0: Disable PVD 

1: Enable PVD 

 Power control register 3 (PWR_CTRL3) 

Address offset: 0x08 

Reset value: 0x0007 0700 (reset by wakeup from STANDBY mode) 

 

Bit field Name Description 

31:22 Reserved Reserved, the reset value must be maintained. 

21 PSTSTP2 Pin state bit in STOP2 mode. 

0: Pin in retention state 

1: Pin in high-Z state 

20 PSTSTBY Pin state bit in STANDBY mode. 

0: Pin in retention state 

1: Pin in high-Z state 

19 Reserved Reserved, the reset value must be maintained. 

18 PBDTSTBY PVDBOR state bit in STANDBY mode. 

0: Normal mode 

1: Duty on mode 

17 PBDTSTP2 PVDBOR state bit in STOP2 mode. 

0: Normal mode 

1: Duty on mode 

16 PBDTLPR PVDBOR state bit in LP RUN mode. 

0: Normal mode 

1: Duty on mode 
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Bit field Name Description 

15 Reserved Reserved, the reset value must be maintained. 

14 IWKUPLEN Internal wake-up line enable bit. 

0: Disable internal wake-up line 

1: Enable internal wake-up line 

13 RAM2RET SRAM2 retention bit. 

SRAM2 supports selection of retention in STANDBY or STOP2 mode. 

0: No retention 

1: Retention 

12 RAM1RET SRAM1 retention bit. 

SRAM1 only supports selection of retention in STOP2 mode. 

0: No retention 

1: Retention 

11 Reserved Reserved, the reset value must be maintained. 

10 BGDTSTBY BANDGAP/BG_Buffer/IBIAS idle state bit in STANDBY mode. 

0: Always on 

1: Duty on 

9 BGDTSTP2 BANDGAP/BG_Buffer/IBIAS idle state bit in STOP2 mode. 

0: Always on 

1: Duty on 

8 BGDTLPR BANDGAP/BG_Buffer/IBIAS idle state bit in LP RUN mode. 

0: Always on 

1: Duty on 

7 Reserved Reserved, the reset value must be maintained. 

6 WKUP2PS WKUP2 wake-up pin polarity selection bit. 

Use rising or falling edge to wake up STANDBY mode. Make sure the corresponding 

wakeup pins are disabled before changing polarity. 

0: Rising edge 

1: Falling edge 

5 WKUP1PS WKUP1 wake-up pin polarity selection bit. 

Use rising or falling edge to wake up STANDBY mode. Make sure the corresponding 

wakeup pins are disabled before changing polarity. 

0: Rising edge 

1: Falling edge 

4 WKUP0PS WKUP0 wake-up pin polarity selection bit. 

Use rising or falling edge to wake up STANDBY mode. Make sure the corresponding 

wakeup pins are disabled before changing polarity. 

0: Rising edge 

1: Falling edge 

3 Reserved Reserved, the reset value must be maintained. 

2 WKUP2EN Enable WKUP2 pin. 

Software can set and clear this bit. 
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Bit field Name Description 

0: WKUP pin is used for general purpose I/O. An event on the WKUP pin will not 

wake the device from STANDBY mode. 

1: WKUP pin is used to wake up STANDBY mode. 

1 WKUP1EN Enable WKUP1 pin. 

Software can set and clear this bit. 

0: WKUP pin is used for general purpose I/O. An event on the WKUP pin will not 

wake the device from STANDBY mode. 

1: WKUP pin is used to wake up STANDBY mode. 

0 WKUP0EN Enable WKUP0 pin. 

Software can set and clear this bit. 

0: WKUP pin is used for general purpose I/O. An event on the WKUP pin will not 

wake the device from STANDBY mode. 

1: WKUP pin is used to wake up STANDBY mode. 

 Power status register 1 (PWR_STS1) 

Address offset: 0x0C 

Reset value: 0x0000 0000 (Power-on reset or PWR soft reset clear) 

 

Bit field Name Description 

31:16 Reserved Reserved, the reset value must be maintained. 

15 IWKUPF Internal wake-up flag. 

This bit is set and cleared by hardware. 

0: All internal wakeup sources have been cleared 

1: Device wakes up from STANDBY mode by internal wakeup source 

14:9 Reserved Reserved, the reset value must be maintained. 

8 STBYF STANDBY flag bit. 

This bit is set by hardware when the device enters STANDBY mode and cleared by 

software by setting PWR_STSCLR.CLRSTBY or by a power-on reset. 

0: The device has never entered STANDBY mode 

1: The device has ever entered STANDBY mode 

Note: A system reset will not clear this bit. 

7:3 Reserved Reserved, the reset value must be maintained. 

2 WKUPF2 WKUP2 pin wakeup flag. 

This bit is set by hardware. Can be cleared by software setting 

PWR_STSCLR.CLRWKUP2. 
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Bit field Name Description 

0: No wakeup event occurred 

1: Wakeup event received from WKUP pin 

1 WKUPF1 WKUP1 pin wakeup flag. 

This bit is set by hardware. Can be cleared by software setting 

PWR_STSCLR.CLRWKUP1. 

0: No wakeup event occurred 

1: Wakeup event received from WKUP pin 

0 WKUPF0 WKUP0 pin wakeup flag. 

This bit is set by hardware. Can be cleared by software setting 

PWR_STSCLR.CLRWKUP0. 

0: No wakeup event occurred 

1: Wakeup event received from WKUP pin 

 Power status register 1 (PWR_STS1) 

Address offset: 0x10 

Reset value: 0x0000 0003 (Power-on reset or PWR soft reset clear) 

 

Bit field Name Description 

31:3 Reserved Reserved, the reset value must be maintained. 

2 PVDO PVD output. 

This bit is set and cleared by hardware. Only valid when PWR_CTRL2.PVDEN = 1. 

0: VDD/VDDA is above the PVD threshold selected using PWR_CTRL2.PLS[2:0]. 

1: VDD/VDDA is below the PVD threshold selected using PWR_CTRL2.PLS[2:0]. 

1 MRF Voltage adjustment flag. 

0: Voltage adjustment is in progress 

1: Voltage adjustment is completed 

Explanation: It is recommended to use this flag in conjunction with the timeout exit 

mechanism. Recommended timeout value: 100us. 

0 LPRUNF Low power voltage regulator flag. 

This bit is cleared by hardware when MCU is in LOW POWER RUN mode. This bit 

remains 0 when MCU exits LOW POWER RUN mode and is set to 1 by hardware until 

the voltage regulator is ready in master mode. This bit must be polled before increasing 

the frequency. 

0: MCU is in LOW POWER RUN mode 

1: MCU is in RUN mode 
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 Power status clear register (PWR_STSCLR) 

Address offset: 0x14 

Reset value: 0x0000 0000 

 

Bit field Name Description 

31:9 Reserved Reserved, the reset value must be maintained. 

8 CLRSTBY Clear STANDBY flag. 

This bit always reads as 0. 

0: No effect. 

1: Clear PWR_STS1.STBYF flag. 

7:3 Reserved Reserved, the reset value must be maintained. 

2 CLRWKUP2 Clear WKUP2 wakeup flag. 

This bit always reads as 0. 

0: No effect. 

1: Clear wakeup flag PWR_STS1.WKUPF2. 

1 CLRWKUP1 Clear WKUP1 wakeup flag. 

This bit always reads as 0. 

0: No effect. 

1: Clear wakeup flag PWR_STS1.WKUPF1. 

0 CLRWKUP0 Clear WKUP0 wakeup flag. 

This bit always reads as 0. 

0: No effect. 

1: Clear wakeup flag PWR_STS1.WKUPF0. 
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4 Reset and clock control (RCC) 

 Reset Control Unit 

Supports the following three types of reset: 

 ̧ Power Reset 

 ̧ System Reset 

 ̧ Low power domain Reset 

 Power reset 

A Power reset occurs in the following circumstances: 

 ̧ Power-on reset (POR reset). 

 ̧ Brown-out reset(BOR reset). 

 ̧ When exiting STANDBY mode. 

When returning from STANDBY mode, resets all registers except low-power domains. 

Other generated power resets will reset all registers (see Figure 3-1). 

The reset source in the figure will finally act on the NRST pin and remain low during the reset process.  

 System reset 

Except the reset flags in the Control/Status Register (RCC_CTRLSTS)and the registers in the low power domain (see 

Figure 3-1), a system reset sets all registers to their reset values. 

A system reset is generated when one of the following events occurs: 

 ̧ A low level on the NRST pin (external reset) 

 ̧ Window watchdog end of count condition (WWDG reset) 

 ̧ Independent watchdog end of count condition (IWDG reset) 

 ̧ Software reset (SW reset) 

 ̧ Low power management reset 

 ̧ MMU protection reset 

 ̧ RAM parity error reset 

 ̧ EMC reset 

The reset source can be identified by checking the reset flags in the Control/Status Register (RCC_CTRLSTS) and 

Low Power Domain Control Register(RCC_LDCTRL). 
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 Software reset 

A software reset can be generated by setting the SYSRESETREQ bit in CortexÊ-M4 Application Interrupt and Reset 

Control Register. Refer to CortexÊ-M4 technical reference manual for further information. 

 Low-power management reset 

Low-power management reset can be generated by using the following methods: 

 ̧ Generate low power management reset when entering STANDBY mode: This reset is enabled by setting the 

nRST_STDBY bit in the user option byte. At this time, even if the procedure to enter STANDBY mode is 

performed, the system will be reset instead of entering STANDBY mode. 

 ̧ Generate low power management reset when entering STOP2 mode: This reset is enabled by setting the 

nRST_STOP2 bit in the user option byte. At this time, even if the process to enter STOP2 mode is performed, 

the system will be reset instead of entering STOP2 mode. 

The system reset signal provided to the chip is output on the NRST pin. The pulse generator guarantees a minimum 

reset pulse duration of 13ɛs for each reset source (external or internal). For external reset, the reset pulse is generated 

while the NRST pin is asserted low. 

The Figure below shows the system reset generation circuit. 

Figure 4-1 System reset generation 

 

 Low power domain reset 

A low power domain reset is generated when one of the following events occurs: 

 ̧ Software reset: The low power domain reset can be generated by setting the RCC_LDCTRL.LDSFTRST bit. 

 ̧ VDD power up/down will cause a low power domain reset. 

 Clock control unit 

Four different clock sources can be used to drive the system clock (SYSCLK): 
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Â HSI oscillator clock,16MHz; 

Â HSE oscillator clock, 4~32MHz; 

Â MSI oscillator clock: 

The frequency can be configured to 100KHz/200KHz/400KHz/800KHz/1MHz/2MHz/4MHz, the default is 

4MHz; 

Automatically enable the clock after power-on reset, system reset or wake-up from Standby mode; 

Configurable clock source for low power mode; 

Â PLL clock, Up to 64MHz; 

After booting from reset, MSI is used as system clock source, configured as 4 MHz. 

The devices have the following two secondary clock sources: 

Â LSI: 40 kHz low-speed internal RC which drives independent watchdog (IWDG) can be selected by software to 

drive RTC/LPTIMER. 

Â LSE: 32.768 kHz low-speed external crystal can also be selected by software to drive RTC/LPTIMER/ LPUART. 

Each clock source can be turned on or off independently when it is not used to optimize power consumption. 

Several prescalers can be used to configure the frequencies of the AHB, the high-speed APB (APB2), and the low-

speed APB (APB1) domains. The maximum frequencies of the AHB, APB2, and APB1 domains are 64MHz, 32MHz, 

and 16MHz respectively.  

RCC provides the Cortex System Timer (SysTick) external clock with the AHB clock (HCLK) divided by 8. This 

clock or Cortex clock(HCLK) can be selected to drive the SysTick by programming the SysTick Control and Status 

Register. The ADC clock is generated by dividing the AHB clock or PLL clock. 

The clock frequencies of timers are automatically set by hardware. There are two scenarios:  

Â If the APB prescaler is 1, the timer clock frequencies are set to the same frequency as that of the APB domain 

to which the timers are connected. 

Â Otherwise, they are set to twice the frequency of the APB domain to which the timers are connected. 

FCLK is the free-running clock of CortexÊ-M4F. For more details, refer to the ARM CortexÊ-M4 technical 

reference manual. 
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 Clock Tree Diagram 

Figure 4-2 Clock Tree 

 

1. The maximum frequency available for the system clock is 64MHz. 

2. For more details about the internal and external clock source characteristics, please refer to the "Electrical 

Characteristics" section in the product datasheet. 

3. When PLL is selected as system clock source, PLL minimum clock output is 32MHz. 

 HSE clock 

The high-speed external clock signal (HSE) can be generated from the following two clock sources: 

 ̧ HSE external crystal/ceramic resonator 
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 ̧ HSE user external clock 

To reduce distortion of the clock output and shorten the start-up Stablize time, the crystal/ceramic resonator and 

load capacitor must be placed as close as possible to the oscillator pins. The load capacitance value must be 

adjusted according to the chosen oscillator. 

Figure 4-3 HSE/LSE clock source 

 

 External clock source (HSE bypass) 

In this mode, an external clock source must be provided. Its frequency can be up to 32MHz. Users can select this 

mode by setting the RCC_CTRL.HSEBP and RCC_CTRL.HSEEN bits. The external clock signal(50% duty cycle 

square, sine or triangle wave) must be connected to the OSC_IN pin while the OSC_OUT pin must be left floating 

(Hi-Z). See Figure 4-3. 

The RCC_CTRL.HSERDF bit is used to indicate whether the external clock is stable. At startup, until this bit is set 

by hardware, the clock was released. 

 External crystal/ceramic resonator (HSE crystal) 

The 4 to 32 MHz external oscillator has the advantage of producing a more accurate master clock for the system. The 

associated hardware configuration is shown in See Figure 4-3. For more details, please refer to the electrical 

characteristics section of the datasheet. 

The RCC_CTRL.HSERDF bit indicates whether the high-speed external oscillator is stable or not. At startup, the 

clock is not released until this bit is set by hardware. An interrupt can be generated if enabled in the Clock Interrupt 

Register (RCC_CLKINT). 

HSE clock can be switched on and off by setting the RCC_CTRL.HSEEN bit. 

 HSI clock 

The HSI (High Speed Internal) clock signal is generated by an internal 16MHz RC oscillator and can be used directly 

as system clock or as PLL input after dividing by 1 or 2 (selected by RCC_PLLHSIPRE.PLLHSIPRE bit to divide 

by 1 or 2). The HSI RC oscillator can provide a clock source without any external devices. It also has a shorter startup 

time than the HSE crystal oscillator. However, its frequency is less accurate even with calibration. 

The HSI clock frequency of each chip has been calibrated to 1% (25ÁC) before leaving the factory. After the system 
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reset, the factory calibration value is loaded into the RCC_CTRL.HSICAL[8:0] bits.  

If the user application is subject to voltage or temperature variations, this may affect the accuracy of the RC oscillator. 

The HSI frequency can be trimmed by using the RCC_CTRL.HSITRIM[4:0] bits.  

The RCC_CTRL.HSIRDF bit flag indicates if the HSI RC oscillator is stable. At startup, the HSI RC output clock is 

not released until this bit is set by hardware. HSI clock can be switched on and off using the RCC_CTRL.HSIEN bit.  

Note: 

1. HSI after Reflow, the frequency will drift,Refer to the HSI oscillator characteristics table in the datasheet for 

detailed electrical parameters of HSIȂ 

 MSI clock 

The MSI (Multi-Speed Internal) clock signal is generated from the internal RC oscillator. The frequency range can 

be selected by software using the RCC_CTRLSTS.MSIRANGE[3:0] bits. There are 7 frequency ranges available: 

100 kHz, 200 kHz, 400 kHz, 800 kHz, 1 MHz, 2 MHz, 4 MHz (default). 

After power-on reset, system reset or wake-up from STANDBY mode, the MSI clock is used as the system clock and 

the MSI frequency is set to its default value of 4 MHz. 

The RCC_CTRLSTS.MSIRD bit indicates whether the MSI is stable. The MSI output clock cannot be used until the 

hardware sets this bit to 1 at startup. MSI can be turned on or off with the RCC_CTRLSTS.MSIEN bit. 

If the HSE crystal oscillator fails, the MSI clock will be used as a backup clock source for the system clock. Refer to 

Section 4.2.9 Clock Security System. 

Note: 

1. MSI after Reflow, the frequency will drift,Refer to the MSI oscillator characteristics table in the datasheet for 

detailed electrical parameters of MSIȂ 

 PLL clock 

The internal PLL can be used to multiply the HSI or the HSE clock frequency. Refer to Figure 4-2 Clock Tree,The 

PLL configuration (selection of PLL input clock (HSI/HSE and divider) and multiplication factor) must be done 

before enabling PLL. Once the PLL is enabled, these parameters cannot be changed. The PLL can be configured 

using control bits in RCC_CTRL and RCC_CFG registers. 

After selecting HSI or HSE (both can be divided by 1 or 2) as the clock source, you can continue to select the 

frequency divided by 1 or 2 as the final PLL input clock, see Figure 4-4 
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Figure 4-4 PLL clock source selection 

 

If the PLL interrupt is enabled in the clock interrupt register, an interrupt request can be generated when the PLL is 

ready. 

If the USB interface needs to be used in the application, the PLL must be set to output 48MHz clocks to provide the 

48MHz USBCLK clock. 

 LSE clock 
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The LSE clock is enabled and disabled by the RCC_LDCTRL.LSEEN bit. 
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In this mode, an external clock source with a frequency of up to 1 MHz can be provided. Users can select this mode 
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40kHz. For further information please refer to the Electrical Characteristics section of the data sheet.  
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bit is set by hardware. An interrupt can be generated if enabled in the Clock Interrupt Register (RCC_CLKINT). 

 LSI calibration 

The internal low-speed oscillator LSI can be calibrated to compensate for its frequency offset to obtain an RTC time 

base with acceptable accuracy, and an independent watchdog (IWDG) timeout (when these peripherals are clocked 

from the LSI). 

Calibration can be achieved by measuring the LSI clock frequency using the TIM9's input clock (TIM9_CLK). The 

measurement is guaranteed by the accuracy of the HSE. The software can obtain the accurate RTC clock base by 

adjusting the 20 bit prescaler of the RTC, and obtain the accurate independent watchdog (IWDG) timeout time by 

calculation. 

The LSI calibration steps are as follows: 

1. Turn on TIM9 and set channel 3 to input capture mode; 

2. Set the TIM9_CTRL1.C3SEL bit to 1, and connect the LSI to channel 3 of TIM9 internally; 

3. Measure LSI clock frequency through TIM9 capture/compare 3 events or interrupts; 

4. Set the 20 bit prescaler based on the measurement results and the desired RTC time base and independent watchdog 

timeout. 

 System clock (SYSCLK) selection 

The system clock (SYSCLK) has four clock sources: MSI, HSI, HSE, PLL. 

The maximum frequency of the system clock is 64 MHz. After a system reset, the MSI oscillator (with a reset 

frequency of 4MHz) is selected as the system clock. It cannot be stopped when the clock source is used directly or 

indirectly through the PLL as the system clock. 

Switching from one clock source to another will only occur when the target clock source is ready (either after a delay 

to start the stabilization phase or PLL stabilization). When the selected clock source is not ready, the switching of the 

system clock will not occur until the target clock source is ready.  

 Clock security system (CLKSS) 

Clock security system can be activated by software by setting the RCC_CTRL.CLKSSEN bit. Once activated, the 

clock detector is enabled after the startup delay of the HSE oscillator, and disabled when the HSE clock is turned off. 

If the HSE clock fails, the HSE oscillator will be automatically turned off, and a clock failure event will be sent to 

the break input of the advanced timers (TIM1 and TIM8), and the Clock Security System Interrupt CLKSSIF will be 

generated, allowing the software to execute rescue operations. The CLKSSIF interrupt is connected to the NMI (Non-

Maskable Interrupt) interrupt of the CortexÊ-M4.  

Once the CSS is activated and the HSE clock fails, the CSS interrupt is generated and the NMI is automatically 

generated. The NMI will be executed continuously until the CSS interrupt pending bit is cleared. Therefore, it is 

necessary to clear the CSS interrupt by setting the RCC_CLKINT.CLKSSICLR bit in the NMI handler. 

If the HSE oscillator is directly or indirectly used as the system clock (indirectly means: it is used as the PLL input 

clock, and the PLL clock is used as the system clock), the clock failure will cause a switch of the system clock to the 
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MSI oscillator and the disabling of the external HSE oscillator. If HSE clock (divided or not) is selected as PLL input 

clock then upon HSE clock failure, the PLL will be turned off. 

 LSE Clock security system (LSECSS) 

The LSE clock security system is activated by enabling the RCC_LDCTRL.LSECLKSSEN bit. The 

RCC_LDCTRL.LSECLKSSEN bit can be cleared by a hardware reset or RTC software reset or after detection of an 

LSE fault. When LSE and LSI are enabled and ready, the RCC_LDCTRL.LSECLKSSEN bit must be enabled after 

configuring the RCC_LDCTRL.RTCSEL to select the RTC clock source. 

If an LSE failure is detected, no more LSE will be provided to the RTC, but the RCC_LDCTRL.RTCSEL bits will 

not be modified by hardware to switch the RTC clock source. 

In Standby mode, an LSE clock failure triggers a wake-up. In other modes, an interrupt can be generated to wake up, 

and then the software can clear the RCC_LDCTRL.LSECLKSSEN bit and turn off the LSE, and change the RTC 

clock source and other measures to ensure the safety of the application. 

The frequency of the LSE oscillator must be higher than 30KHz to avoid false detection of LSECSS. 

 RTC clock 

By programming RCC_LDCTRL.RTCSEL[1:0] bits, the RTCCLK clock source can be either the HSE/32, LSE, or 

LSI clocks. This selection cannot be changed unless the low power domain is reset. 

Before configuring the RTC clock source, the PWR_CTRL1.DRBP bit must be set to 1 to cancel the write protection. 

The LSE and LSI clocks are in the low power domain, but the HSE clocks are not. therefore: 

Â If LSE or LSI is selected as RTC clock: 

É If the VDD supply is switched off, the RTC cannot continue to work 

Â If the HSE clock divided by 32 is used as the RTC clock: 

É When in Stop2 or Standby mode, the RTC state is indeterminate. 

 Watchdog clock 

If the IWDG is started by either hardware option or software access, the LSI oscillator will be forced ON and cannot 

be disabled. After the LSI oscillator is stabilized, the clock is provided to the IWDG. 

 Clock output (MCO) 

The microcontroller clock output (MCO) capability allows the clock signal to be output onto the external MCO pin. 

The corresponding GPIO port register must be configured for the corresponding function.The following 7 clock 

signals can be selected as the MCO clock: 

Â SYSCLK 

Â HSI 
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Â HSE 

Â PLL 

Â LSI 

Â LSE(1) 

Â MSI 

The clock selection is controlled by RCC_CFG.MCO[2:0] bits. 

The MCO output clock frequency division selection is realized by configuring the RCC_CFG.MCOPRES[3:0] bits. 

Note: 

2. MCO outputs LSE with a duty cycle of about of 50%°10% 

 

 RCC Registers 

The RCC registers are accessible through AHB bus. The register description is as follows. 

 RCC register overview 

Table 4-1 RCC register overview 
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D

IC
L

R
 

M
S

IR
D

IE
N

 

B
O

R
IE

N
 

P
L

L
R

D
IE

N
 

H
S

E
R

D
IE

N
 

H
S

IR
D

IE
N

 

L
S

E
R

D
IE

N
 

L
S

IR
D

IE
N

 

C
L

K
S

S
IF

 

M
S

IR
D

IF
 

B
O

R
IF

 

P
L

L
R

D
IF

 

H
S

E
R

D
IF

 

H
S

IR
D

IF
 

L
S

E
R

D
IF

 

L
S

IR
D

IF
 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

00Ch 

RCC_APB2PRST 

Reserved S
P

I2
R

S
T 

U
A

R
T

5
R

S
T 

U
A

R
T

4
R

S
T 

R
e
s
e
rv

e
d 

U
S

A
R

T
1

R
S

T 

T
IM

8
R

S
T
 

S
P

I1
R

S
T 

T
IM

1
R

S
T
 

Reserved IO
P

D
R

S
T 

IO
P

C
R

S
T 

IO
P

B
R

S
T 

IO
P

A
M

P
R

S
T 

R
e
s
e
rv

e
d 

A
F

IO
R

S
T 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 

010h 

RCC_APB1PRST 

O
P

A
M

P
R

S
T 

R
e
s
e
rv

e
d 

D
A

C
R

S
T
 

P
W

R
R

S
T 

R
e
s
e
rv

e
d 

C
A

N
R

S
T
 

U
C

D
R

R
S

T 

U
S

B
R

S
T 

I2
C

2
R

S
T 

I2
C

1
R

S
T 

R
e
s
e
rv

e
d 

U
S

A
R

T
3

R
S

T 

U
S

A
R

T
2

R
S

T 

R
e
s
e
rv

e
d 

W
W

D
G

R
S

T 

T
S

C
R

S
T 

T
IM

9
R

S
T
 

R
e
s
e
rv

e
d 

C
O

M
P

R
S

T 

T
IM

7
R

S
T
 

T
IM

6
R

S
T
 

T
IM

5
R

S
T
 

T
IM

4
R

S
T
 

T
IM

3
R

S
T
 

T
IM

2
R

S
T
 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

014h 

RCC_AHBPCLKEN 

Reserved A
D

C
E

N
 

S
A

C
E

N
 

R
e
s
e
rv

e
d 

R
N

G
C

E
N
 

R
e
s
e
rv

e
d 

C
R

C
E

N
 

R
e
s
e
rv

e
d 

F
L

IT
F

E
N

 

R
e
s
e
rv

e
d 

S
R

A
M

E
N

 

R
e
s
e
rv

e
d 

D
M

A
E

N
 

Reset Value 0 0 0 0 1 1 0 
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Offset Register 3
1 

3
0 

2
9 

2
8 

2
7 

2
6 

2
5 

2
4 

2
3 

2
2 

2
1 

2
0 

1
9 

1
8 

1
7 

1
6 

1
5 

1
4 

1
3 

1
2 

1
1 

1
0 9
 

8
 

7
 

6
 

5
 

4
 

3
 

2
 

1
 

0
 

018h 

RCC_APB2PCLKEN 

Reserved S
P

I2
E

N 

U
A

R
T

5
E

N
 

U
A

R
T

4
E

N
 

R
e
s
e
rv

e
d 

U
S

A
R

T
1

E
N
 

T
IM

8
E

N
 

S
P

I1
E

N 

T
IM

1
E

N
 

R
e
s
e
rv

e
d 

IO
P

D
E

N
 

IO
P

C
E

N
 

IO
P

B
E

N
 

IO
P

A
M

P
E

N
 

R
e
s
e
rv

e
d 

A
F

IO
E

N
 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 

01Ch 

RCC_APB1PCLKEN 

O
P

A
M

P
E

N
 

R
e
s
e
rv

e
d 

D
A

C
E

N
 

P
W

R
E

N
 

R
e
s
e
rv

e
d 

C
A

N
E

N
 

R
e
s
e
rv

e
d 

U
S

B
E

N
 

I2
C

2
E

N
 

I2
C

1
E

N
 

R
e
s
e
rv

e
d 

U
S

A
R

T
3

E
N
 

U
S

A
R

T
2

E
N
 

Reserved 

W
W

D
G

E
N

 

T
S

C
E

N
 

T
IM

9
E

N
 

A
F

E
C

E
N
 

C
O

M
P

F
IL

T
E

N
 

C
O

M
P

E
N
 

T
IM

7
E

N
 

T
IM

6
E

N
 

T
IM

5
E

N
 

T
IM

4
E

N
 

T
IM

3
E

N
 

T
IM

2
E

N
 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

020h 

RCC_LDCTRL 

R
e
s
e
rv

e
d 

L
D

E
M

C
R

S
T

F 

R
e
s
e
rv

e
d 

B
D

R
R

S
T

F 

Reserved 

L
D

S
F

T
R

S
T 

R
T

C
E

N
 

Reserved 

R
T

C
S

E
L

[1
:0

] 

R
e
s
e
rv

e
d 

L
S

X
S

E
L 

L
S

E
C

L
K

S
S

F 

L
S

E
C

L
K

S
S

E
N 

L
S

E
B

P 

L
S

E
R

D
 

L
S

E
E

N
 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 

024h 

RCC_CTRLSTS 

L
P

W
R

R
S

T
F 

W
W

D
G

R
S

T
F 

IW
D

G
R

S
T

F 

S
F

T
R

S
T

F 

P
O

R
R

S
T

F 

P
IN

R
S

T
F 

M
M

U
R

S
T

F
 

R
M

R
S

T
F 

R
A

M
R

S
T

F
 

MSITRIM[7:0] MSICAL[7:0] 

M
S

IR
A

N
G

E
 

[2
:0

] 

M
S

IR
D

 

M
S

IE
N

 

L
S

IR
D

 

L
S

IE
N

 

Reset Value 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 1 0 1 1 0 0 

028h 

RCC_AHBPRST 

Reserved A
D

C
R

S
T
 

S
A

C
R

S
T 

R
e
s
e
rv

e
d 

R
N

G
C

R
S

T 

Reserved 

Reset Value 0 0 0 

02Ch 

RCC_CFG2 

R
e
s
e
rv

e
d 

T
IM

C
L

K
S

E
L

 

RNGCPRES[4:0] 

Reserved 

A
D

C
1

M
S

E
L
 

ADC1MPRES[4:0] 

R
e
s
e
rv

e
d 

ADCPLLPRES[4:0] 
ADCHPRES 

[3:0] 

Reset Value 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 

030h 

RCC_CFG3 

Reserved 

T
R

N
G

1
M

E
N

 

T
R

N
G

1
M

S
E

L 

R
e
s
e
rv

e
d 

TRNG1MPRES[4:0] 

R
e
s
e
rv

e
d 

U
C

D
R

3
0

0
M

S
E

L 

U
S

B
X

T
A

L
E

S
S 

U
C

D
R

E
N

 

Reserved 

Reset Value 0 0 0 0 1 1 1 0 0 0 

034h 

RCC_RDCTRL 

Reserved L
C

D
R

S
T
 

L
P

U
A

R
T

R
S

T 

L
P

T
IM

R
S

T
 

R
e
s
e
rv

e
d 

L
C

D
E

N
 

L
P

U
A

R
T

E
N

 

L
P

T
IM

E
N

 

R
e
s
e
rv

e
d 

L
P

U
A

R
T

S
E

L 

[1
:0

] 

L
P

T
IM

S
E

L
 

[2
:0

] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 

038h Reserved 

03Ch Reserved 

040h 

RCC_PLLHSIPRE 

Reserved 

P
L

L
S

R
C

D
IV

 

P
L

L
H

S
IP

R
E 

Reset Value 0 0 

044h 

SRAM_PARITY 

_CTRLSTS 
Reserved 

E
R

R
2

S
T

S 

E
R

R
2

R
S

T
E

N 

E
R

R
2

IE
N
 

E
R

R
1

S
T

S 

E
R

R
1

R
S

T
E

N 

E
R

R
1

IE
N
 

Reset Value 0 0 0 0 0 0 

 Clock Control Register (RCC_CTRL) 

Address offset: 0x00 
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Reset value: 0x0000 0040  

 

Bit Field Name Description 

31:26 Reserved Reserved, the reset value must be maintained. 

25 PLLRDF PLL clock ready flag  

Set by hardware once PLL is ready. 

0: PLL is not ready 

1: PLL is ready 

24 PLLEN PLL enable  

Set and cleared by software. When entering the stop2 mode, it is cleared by hardware. 

This bit cannot be cleared when PLL is used as the system clock. 

When the HSI/HSE is used as the clock source for the PLL, the PLL will not be 

turned on until the HSI/HSE clock is ready. 

0: Disable PLL 

1: Enable PLL 

23:20 Reserved Reserved, the reset value must be maintained. 

19 CLKSSEN Clock security system enable  

Set and cleared by software. 

0: Disable the clock detector 

1: Enable the clock detector if the HSE oscillator is ready 

18 HSEBP External high-speed clock bypass enable  

Set and cleared by software. This bit can only be written when the HSE oscillator is 

disabled. 

0: Disable the bypass function of HSE oscillator 

1: Enable the bypass function of HSE oscillator 

17 HSERDF External high-speed clock ready flag 

Set by hardware once HSE is ready. This bit takes 6 HSE clock cycles to clear after 

the HSEEN bit is cleared. 

0: HSE is not ready 

1: HSE is ready 

16 HSEEN External high-speed clock enable 

Set and cleared by software. When entering the stop2 or standby mode, it is cleared 

by hardware. This bit cannot be cleared when HSE is used directly or indirectly as the 

system clock. 

0: Disable HSE oscillator 

1: Enable HSE oscillator 

15:7 HSICAL[8:0] Internal high-speed clock calibration value 
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Bit Field Name Description 

These bits are automatically initialized at startup. 

6:2 HSITRIM[4:0] Internal high-speed clock correction value 

Written by software. The values of these bits will be added to the HSICAL[8:0] bits in 

order to form the final value for calibrating the frequency of the internal HSI RC 

oscillator. The trimming step is around 28 kHz between two consecutive HSICAL 

steps, and the default value is 16, which can adjust the HSI to 16 MHz Ñ1%. 

1 HSIRDF Internal high-speed clock ready flag  

Set by hardware once HSI is stable. After the HSIEN bit is cleared, it takes 6 internal 

16 MHz oscillator clock cycles to go low. 

0: HSI is not ready 

1: HSI is ready 

0 HSIEN Internal high-speed clock enable  

Set and cleared by software. This bit cannot be cleared when HSI is used as the 

system clock. When returning from stop2 or standby mode or HSE failure occurs, set 

by hardware to enable the HSI oscillator. This bit cannot be reset if the HSI is used 

directly or indirectly as system clock.    

0: Disable HSI oscillator 

1: Enable HSI oscillator 

 Clock Configuration Register (RCC_CFG) 

Address offset: 0x04 

Reset value: 0x0000 0000 

 

Bit Field Name Description 

31:28 MCOPRES[3:0] MCO prescaler  

Set and cleared by software. 

0000: MCO clock divided by 1, the duty cycle is the same as clock source 

0001: MCO clock divided by 2, duty cycle 1/(frequency division factor * 2) 

0010: MCO clock divided by 3, duty cycle 1/(frequency division factor * 2) 

0011: MCO clock divided by 4, duty cycle 1/(frequency division factor * 2) 

0100: MCO clock divided by 5, duty cycle 1/(frequency division factor * 2) 

0101: MCO clock divided by 6, duty cycle 1/(frequency division factor * 2) 

0110: MCO clock divided by 7, duty cycle 1/(frequency division factor * 2) 

0111: MCO clock divided by 8, duty cycle 1/(frequency division factor * 2) 

1000: MCO clock divided by 2, duty cycle 50% 
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Bit Field Name Description 

1001: MCO clock divided by 4, duty cycle 50% 

1010: MCO clock divided by 6, duty cycle 50% 

1011: MCO clock divided by 8, duty cycle 50% 

1100: MCO clock divided by 10, duty cycle 50% 

1101: MCO clock divided by 12, duty cycle 50% 

1110: MCO clock divided by 14, duty cycle 50% 

1111: MCO clock divided by 16, duty cycle 50% 

27 PLLMULFCT[4] This bit is combined with bit[21:18] to form a PLL multiplication factor. Please 

refer to PLLMULFCT[3:0]. 

26:24 MCO[2:0] Microcontroller clock output selection 

Set and cleared by software. 

0xx: no clock output 

001: select internal low-speed clock (LSI) output 

010: Select external low-speed clock (LSE) output 

011: Select internal multi-speed clock (MSI) output 

100: Select system clock (SYSCLK) output 

101: select internal high-speed clock (HSI) output 

110: select external high-speed clock (HSE) output 

111: Select PLL clock output 

Notice: This clock output may be truncated when starting and switching the MCO 

clock source. 

When the system clock is output to the MCO pin, the output clock frequency should 

not exceed 50MHz (the highest frequency of the I/O port). 

23:22 USBPRES[1:0] USB prescaler. 

Set or cleared by software to generate a 48MHz USB clock. The values of these 

bits must be valid before enabling the USB clock in the RCC_APB1PCLKEN 

register. 

00: Divide the PLL clock by 1.5 as the USB clock 

01: The PLL clock is directly used as the USB clock 

10: Divide the PLL clock by 2 as the USB clock 

11: Divide the PLL clock by 3 as the USB clock 

21:18 PLLMULFCT[3:0] PLL multiplication factor (including bit 27) 

Written by software to define PLL multiplication factor. These bits can only be 

written when the PLL is disabled. The PLL output frequency must not exceed 

64MHz. 

00000: PLL input clock Ĭ 2 

00001: PLL input clock Ĭ 3 

00010: PLL input clock Ĭ 4 

00011: PLL input clock Ĭ 5 

00100: PLL input clock Ĭ 6 

00101: PLL input clock Ĭ 7 

00110: PLL input clock Ĭ 8 
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Bit Field Name Description 

00111: PLL input clock Ĭ 9 

01000: PLL input clock Ĭ 10 

01001: PLL input clock Ĭ 11 

01010: PLL input clock Ĭ 12 

01011: PLL input clock Ĭ 13 

01100: PLL input clock Ĭ 14 

01101: PLL input clock Ĭ 15 

01110: PLL input clock Ĭ 16 

01111: PLL input clock Ĭ 16 

10000: PLL input clock Ĭ 17 

10001: PLL input clock Ĭ 18 

10010: PLL input clock Ĭ 19 

10011: PLL input clock Ĭ 20 

10100: PLL input clock Ĭ 21 

10101: PLL input clock Ĭ 22 

10110: PLL input clock Ĭ 23 

10111: PLL input clock Ĭ 24 

11000: PLL input clock Ĭ 25 

11001: PLL input clock Ĭ 26 

11010: PLL input clock Ĭ 27 

11011: PLL input clock Ĭ 28 

11100: PLL input clock Ĭ 29 

11101: PLL input clock Ĭ 30 

11110: PLL input clock Ĭ 31 

11111: PLL input clock Ĭ 32 

17 PLLHSEPRES HSE prescaler for PLL input 

Set and cleared by software to divide HSE before PLL entry. This bit can only be 

written when PLL is disabled. 

0: HSE clock not divided 

1: HSE divided by 2 

16 PLLSRC PLL clock source 

Set and cleared by software to select PLL clock source. This bit can only be 

written when PLL is disabled. 

0: HSI clock selected as PLL input clock 

1: HSE clock selected as PLL input clock 

15:14 Reserved Reserved, the reset value must be maintained. 

13:11 APB2PRES[2:0] APB high-speed (APB2) prescaler 

Set and cleared by software to configure the division factor of APB2 clock 

(PCLK2). Make sure that PCLK2 does not exceed 32MHz. 

0xx: HCLK not divided 

100: HCLK divided by 2 

101: HCLK divided by 4 
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Bit Field Name Description 

110: HCLK divided by 8 

111: HCLK divided by 16 

10:8 APB1PRES[2:0] APB low-speed (APB1) prescaler 

Set and cleared by software to configure the division factor of APB1 clock 

(PCLK1). Make sure that PCLK1 does not exceed 16MHz. 

0xx: HCLK not divided 

100: HCLK divided by 2 

101: HCLK divided by 4 

110: HCLK divided by 8 

111: HCLK divided by 16 

7:4 AHBPRES[3:0] AHB prescaler 

Set and cleared by software to configure the division factor of the AHB clock 

(HCLK). 

0xxx: SYSCLK not divided 

1000: SYSCLK divided by 2 

1001: SYSCLK divided by 4 

1010: SYSCLK divided by 8 

1011: SYSCLK divided by 16 

1100: SYSCLK divided by 64 

1101: SYSCLK divided by 128 

1110: SYSCLK divided by 256 

1111: SYSCLK divided by 512 

3:2 SCLKSTS[1:0] System clock switching status 

Set and cleared by hardware to indicate which clock source is used as system clock 

00: The system clock comes from MSI 

01: The system clock comes from HSI 

10: The system clock comes from HSE 

11: The system clock comes from the PLL output 

1:0 SCLKSW[1:0] System clock switch 

Set and cleared by software to select the system clock source. 

Set by hardware to force HSI selection when exiting from the stop2 or standby 

mode, or when the HSE oscillator fails (RCC_CTRL.CLKSSEN is enabled). 

00: Select MSI as system clock 

01: Select HSI as system clock 

10: Select HSE as system clock 

11: Select PLL output as system clock 

 Clock Interrupt Register (RCC_CLKINT) 

Address offset: 0x08 

Reset value: 0x0000 0000 
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Bit Field Name Description 

31:27 Reserved Reserved, the reset value must be maintained. 

26 LSESSICLR LSE Clock security system interrupt clear.                                                                                                   

This bit is set by software to clear the LSESSIF flag.                                                                                                  

0: No effect                                                                                                                                                                                    

1: Clear LSESSIF flag 

25 LSESSIEN LSE Clock Security System (CSS) interrupt enable                                                                                                                                    

Set and cleared by software to enable/disable interrupt caused by LSE CSS 

detection.                                                                                                                             

0: LSE CSS interrupt disabled                                                                                                                                                    

1: LSE CSS interrupt enabled 

24 LSESSIF Clock security system interrupt flag                                                                                                                 

Set by hardware when a failure is detected in the LSE. Cleared by software setting 

the LSESSICLR bit.                                                                                                                                                              

0: No clock security interrupt caused by LSE clock failure                                                                                          

1: Clock security interrupt caused by LSE clock failure 

23 CLKSSICLR Clock security system interrupt clear  

Set by the software to clear the CLKSSIF flag. 

0: No effect 

1: Clear the CLKSSIF flag 

22 Reserved Reserved, the reset value must be maintained. 

21 BORICLR BOR interrupt clear                                                                                                                                     

This bit is set by software to clear the BORIF flag.                                                                                                    

0: No effect                                                                                                                                                                           

1: BORIF cleared  

20 PLLRDICLR PLL ready interrupt clear  

Set by the software to clear the PLLRDIF flag. 

0: No effect 

1: Clear the PLLRDIF flag  

19 HSERDICLR HSE ready interrupt clear  

Set by the software to clear the HSERDIF flag.  

0: Not used 

1: Clear HSERDIF flag 

18 HSIRDICLR HSI ready interrupt clear  

Set by the software to clear the HSIRDIF flag. 

0: Not used 
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Bit Field Name Description 

1: Clear the HSIRDIF flag  

17 LSERDICLR LSE ready interrupt clear  

Set by the software to clear the LSERDIF flag.  

0: Not used 

1: Clear LSERDIF flag  

16 LSIRDICLR LSI ready interrupt clear  

Set by software to clear the LSIRDIF flag. 

0: Not used 

1: Clear the LSIRDIF flag  

15 MSIRDICLR MSI ready interrupt clear bit. 

Set by software to clear the MSIRDIF flag. 

0: not used 

1: Clear the MSIRDIF interrupt flag bit 

14 MSIRDIEN MSI ready interrupt enable bit. 

Set or cleared by software to enable or disable the MSI ready interrupt. 

0: Disable MSI ready interrupt 

1: Enable MSI ready interrupt 

MSIRDF triggers interrupt 

13 BORIEN BOR interrupt enable                                                                                                                                             

Set and cleared by software to enable/disable interrupt caused by BOR.                                                                      

0: BOR interrupt disabled                                                                                                                                                  

1: BOR interrupt enabled 

12 PLLRDIEN PLL ready interrupt enable  

Set and cleared by software to enable and disable PLL ready interrupt 

0: Disable PLL ready interrupt 

1: Enable PLL ready interrupt 

11 HSERDIEN HSE ready interrupt enable  

Set and cleared by software to enable and disable HSE ready interrupt. 

0: Disable HSE ready interrupt 

1: Enable HSE Ready Interrupt 

10 HSIRDIEN HSI ready interrupt enable  

Set and cleared by software to enable and disable HSI ready interrupt. 

0: Disable HSI ready interrupt 

1: Enable HSI ready interrupt 

9 LSERDIEN LSE ready interrupt enable  

Set and cleared by software to enable and disable LSE ready interrupt. 

0: Disable LSE ready interrupt 

1: Enable LSE ready interrupt 

8 LSIRDIEN LSI ready interrupt enable  

Set and cleared by software to enable and disable LSI ready interrupt. 

0: Disable LSI ready interrupt 

1: Enable LSI ready interrupt 
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Bit Field Name Description 

7 CLKSSIF Clock security system interrupt flag  

Set by hardware when a failure is detected in the external HSE oscillator. 

0: No clock security system interrupt caused by HSE clock failure 

1: Clock security system interrupt caused by HSE clock failure 

6 MSIRDIF MSI ready interrupt flag. 

Hardware sets this bit when MSIRDIEN is set and the MSI clock is ready. 

This bit is cleared by software by setting the MSIRDICLR bit. 

0: No clock ready interrupt from MSI oscillator 

1: MSI oscillator has generated a clock ready interrupt 

5 BORIF BOR interrupt flag                                                                                                                                                  

This bit is set by hardware when BORIEN is set and the BOR falling edge is 

triggered. 

This bit is cleared by software by setting the BORICLR bit. 

0: No BOR generates an interrupt 

1: BOR generates an interrupt 

4 PLLRDIF PLL ready interrupt flag  

This bit is set by hardware when PLLRDIEN is set and PLL clock is ready. 

This bit is cleared by software by setting the PLLRDICLR bit. 

0: No clock ready interrupt caused by PLL lock 

1: Clock ready interrupt caused by PLL lock 

3 HSERDIF HSE ready interrupt flag  

Set by hardware when HSERDIEN is set and the HSE clock is ready. 

This bit is cleared by software by setting the HSERDICLR bit. 

0: No clock ready interrupt caused by HSE oscillator 

1: Clock ready interrupt caused by HSE oscillator 

2 HSIRDIF HSI ready interrupt flag 

Set by hardware when HSIRDIEN is set and the HSI clock is ready. 

This bit is cleared by software by setting the HSERDICLR bit. 

0: No clock ready interrupt caused by HSI oscillator 

1: Clock ready interrupt caused by HSI oscillator 

1 LSERDIF LSE ready interrupt flag  

Set by hardware when LSERDIEN is set and the LSE clock is ready. 

This bit is cleared by the software by setting the LSERDICLR bit. 

0: No clock ready interrupt caused by LSE oscillator 

1: Clock ready interrupt caused by LSE oscillator 

0 LSIRDIF LSI ready interrupt flag  

Set by the hardware when LSIRDIEN is set and the LSI clock is ready. 

This bit is cleared by software by setting the LSIRDICLR bit. 

0: No clock ready interrupt caused by LSI oscillator 

1: Clock ready interrupt caused by LSI oscillator 
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 APB2 Peripheral Reset Register (RCC_APB2PRST) 

Address offset: 0x0c 

Reset value: 0x0000 0000 

 

Bit Field Name Description 

31:20 Reserved Reserved, the reset value must be maintained. 

19 SPI2RST SPI2 reset                                                                                                                             

Set and cleared by software.                                                                                                             

0: Clear the reset                                                                                                                                      

1: Reset SPI2 

18 UART5RST UART5 reset                                                                                                                             

Set and cleared by software.                                                                                                                 

0: Clear the reset                                                                                                                                      

1: Reset UART5 

17 UART4RST UART4 reset                                                                                                                         

Set and cleared by software.                                                                                                            

0: Clear the reset                                                                                                                                

1: Reset UART4 

16:15 Reserved Reserved, the reset value must be maintained. 

14 USART1RST USART1 reset                                                                                                                

Set and cleared by software.                                                                                                                

0: Clear the reset                                                                                                                                      

1: Reset USART1 

13 TIM8RST TIM8 timer reset                                                                                                                  

Set and cleared by software.                                                                                                             

0: Clear the reset                                                                                                                                    

1: Reset TIM8 timer 

12 SPI1RST SPI1 reset                                                                                                                                    

Set and cleared by software.                                                                                                           

0: Clear the reset                                                                                                                   

1: Reset SPI1 

11 TIM1RST TIM1 timer reset                                                                                                                  

Set and cleared by software.                                                                                                              

0: Clear the reset                                                                                                                                   

1: Reset TIM1 timer 
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Bit Field Name Description 

10:6 Reserved Reserved, the reset value must be maintained. 

5 IOPDRST GPIO port D reset. 

Set or cleared by software. 

0: Clear the reset 

1: Reset GPIO port D 

4 IOPCRST GPIO port C reset. 

Set or cleared by software. 

0: Clear the reset 

1: Reset GPIO port C 

3 IOPBRST GPIO port B reset. 

Set or cleared by software. 

0: Clear the reset 

1: Reset GPIO port B 

2 IOPAMPRST GPIO port A reset. 

Set or cleared by software. 

0: Clear the reset 

1: Reset GPIO port A 

1 Reserved Reserved, the reset value must be maintained. 

0 AFIORST Alternate function IO reset                                                                                                   

Set and cleared by software.                                                                                                             

0: Clear the reset                                                                                                                                  

1: Reset Alternate Function 

 APB1 Peripheral Reset Register (RCC_APB1PRST) 

Address offset: 0x10 

Reset value: 0x0000 0000 

 

Bit Field Name Description 

31 OPAMPRST OPAMP interface reset. 

Set or cleared by software. 

0: Clear the reset 

1: Reset the OPAMP interface 

30 Reserved Reserved, the reset value must be maintained. 

29 DACRST DAC interface reset. 

Set or cleared by software. 

012345678910111215
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Bit Field Name Description 

0: Clear the reset 

1: Reset the DAC interface 

28 PWRRST Power interface reset 

Set and cleared by software. 

0: Clear the reset 

1: Reset the power interface 

27:26 Reserved Reserved, the reset value must be maintained. 

25 CANRST CAN reset 

Set or cleared by software. 

0: Clear the reset 

1: Reset CAN 

24 UCDRRST UCDR reset. 

Set or cleared by software. 

0: clear the reset 

1: Reset UCDR 

23 USBRST USB reset. 

Set or cleared by software. 

0: clear the reset 

1: Reset USB 

22 I2C2RST I2C2 reset 

Set and cleared by software. 

0: Clear the reset 

1: Reset I2C2 

21 I2C1RST I2C1 reset 

Set and cleared by software. 

0: Clear the reset 

1: Reset I2C1 

20:19 Reserved Reserved, the reset value must be maintained. 

18 USART3RST USART3 reset. 

Set or cleared by software. 

0: clear the reset 

1: Reset USART3 

17 USART2RST USART2 reset 

Set and cleared by software. 

0: Clear the reset 

1: Reset USART2 

16:12 Reserved Reserved, the reset value must be maintained. 

11 WWDGRST Window watchdog reset                                                                                                                                                

Set and cleared by software.                                                                                                                                                          

0: Clear the reset                                                                                                                                                                                       

1: Reset window watchdog 
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Bit Field Name Description 

10 Reserved Reserved, the reset value must be maintained. 

9 TIM9RST TIM9 reset. 

Set or cleared by software. 

0: clear the reset 

1: Reset TIM9 

8:7 Reserved Reserved, the reset value must be maintained. 

6 COMPRST COMP reset                                                                                                                                                                            

Set and cleared by software.                                                                                                                                                                

0: Clear the reset                                                                                                                                                                                      

1: Reset COMP 

5 TIM7RST TIM7 timer reset. 

Set or cleared by software. 

0: clear the reset 

1: Reset the TIM7 timer 

4 TIM6RST TIM6 timer reset 

Set and cleared by software. 

0: Clear the reset 

1: Reset TIM6 timer 

3 TIM5RST TIM5 timer reset 

Set and cleared by software. 

0: Clear the reset 

1: Reset TIM5 timer 

2 TIM4RST TIM4 timer reset 

Set and cleared by software. 

0: Clear the reset 

1: Reset TIM4 timer 

1 TIM3RST TIM3 timer reset 

Set and cleared by software. 

0: Clear the reset 

1: Reset TIM3 timer 

0 TIM2RST TIM2 timer reset 

Set and cleared by software. 

0: Clear the reset 

1: Reset TIM2 timer 

 AHB Peripheral Clock Enable Register (RCC_AHBPCLKEN) 

Address offset: 0x14 

Reset value: 0x0000 0014 
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Bit Field Name Description 

31:13 Reserved Reserved, the reset value must be maintained. 

12 ADCEN ADC clock enable                                                                                                                                                         

Set and cleared by software.                                                                                                                                                                              

0: ADC clock disabled                                                                                                                                                                                 

1: ADC clock enabled 

11 SACEN SAC clock enable                                                                                                                                                         

Set and cleared by software.                                                                                                                                                                              

0: SAC clock disabled                                                                                                                                                                                 

1: SAC clock enabled 

10 Reserved Reserved, the reset value must be maintained. 

9 RNGCEN RNGC clock enable                                                                                                                                                         

Set and cleared by software.                                                                                                                                                                              

0: RNGC clock disabled                                                                                                                                                                                 

1: RNGC clock enabled 

8:7 Reserved Reserved, the reset value must be maintained. 

6 CRCEN CRC clock enable                                                                                                                                                                                     

Set and cleared by software.                                                                                                                                                                                

0: CRC clock disabled                                                                                                                                                                                         

1: CRC clock enabled 

5 Reserved Reserved, the reset value must be maintained. 

4 FLITFEN Flash interface circuit clock enable. 

Set or cleared by software. 

0: Disable the clock of the flash interface circuit 

1: Enable the clock of the flash interface circuit 

3 Reserved Reserved  

2 SRAMEN SRAM interface clock enable                                                                                                                                                               

Set and cleared by software to disable/enable SRAM interface clock during Sleep 

mode.                                                                                                                         

0: SRAM interface clock disabled during Sleep mode.                                                                                                                                  

1: SRAM interface clock enabled during Sleep mode 

1 Reserved Reserved, the reset value must be maintained. 

0 DMAEN DMA clock enable                                                                                                                                                                                        

Set and cleared by software.                                                                                                                                                                               

0: DMA clock disabled                                                                                                                                                                                            

1: DMA clock enabled 
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 APB2 Peripheral Clock Enable Register (RCC_APB2PCLKEN) 

Address offset: 0x18 

Reset value: 0x0000 0000 

 

Bit Field Name Description 

31:20 Reserved Reserved, the reset value must be maintained. 

19 SPI2EN SPI2 clock enable                                                                                                                                    

Set and cleared by software.                                                                                                                             

0: SPI2 clock disabled                                                                                                                                        

1: SPI2 clock enabled 

18 UART5EN UART5clock enable                                                                                                                                 

Set and cleared by software.                                                                                                                             

0: UART5 clock disabled                                                                                                                                            

1: UART5 clock enabled 

17 UART4EN UART4 clock enable                                                                                                                              

Set and cleared by software.                                                                                                                                    

0: UART4 clock disabled                                                                                                                                        

1: UART4 clock enabled 

16:15 Reserved Reserved, the reset value must be maintained. 

14 USART1EN USART1 clock enable                                                                                                                             

Set and cleared by software.                                                                                                                           

0: USART1 clock disabled                                                                                                                                         

1: USART1 clock enabled  

13 TIM8EN TIM8 Timer clock enable                                                                                                                     

Set and cleared by software.                                                                                                                                   

0: TIM8 timer clock disabled                                                                                                                            

1: TIM8 timer clock enabled  

12 SPI1EN SPI1 clock enable                                                                                                                                        

Set and cleared by software.                                                                                                                                

0: SPI1 clock disabled                                                                                                                                             

1: SPI1 clock enabled 

11 TIM1EN TIM1 timer clock enable                                                                                                                 

Set and cleared by software.                                                                                                                              

0: TIM1 timer clock disabled                                                                                                                              

1: TIM1 timer clock enabled  
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Bit Field Name Description 

10:6 Reserved Reserved, the reset value must be maintained. 

5 IOPDEN IO Port D clock enable                                                                                                                                                                               

Set and cleared by software.                                                                                                                                                                               

0: IO Port D clock disabled                                                                                                                                                                                  

1: IO Port D clock enabled 

4 IOPCEN IO Port C clock enable                                                                                                                                                                                  

Set and cleared by software.                                                                                                                                                                                 

0: IO Port C clock disabled                                                                                                                                                                                          

1: IO Port C clock enabled 

3 IOPBEN IO Port B clock enable                                                                                                                                                                               

Set and cleared by software.                                                                                                                                                                           

0: IO Port B clock disabled                                                                                                                                                                                          

1: IO Port B clock enabled 

2 IOPAEN IO Port A clock enable                                                                                                                                                                               

Set and cleared by software.                                                                                                                                                                                      

0: IO Port A clock disabled                                                                                                                                                                                  

1: IO Port A clock enabled 

1 Reserved Reserved, the reset value must be maintained. 

0 AFIOEN Alternate function IO clock enable                                                                                               

Set and cleared by software.                                                                                                                                     

0: Alternate Function IO clock disabled                                                                                                              

1: Alternate Function IO clock enabled 

 APB1 Peripheral Clock Enable Register (RCC_APB1PCLKEN) 

Address offset: 0x1c 

Reset value: 0x0000 0100 

 

Bit Field Name Description 

31 OPAMPEN OPAMP clock enable. 

Set or cleared by software. 

0: Disable OPAMP clock 

1: Enable OPAMP clock 

30 Reserved Reserved, the reset value must be maintained. 

29 DACEN DAC interface clock enable                                                                                                                                                  

Set and cleared by software.                                                                                                                                                                  
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Bit Field Name Description 

0: DAC interface clock disabled                                                                                                                                                          

1: DAC interface clock enable 

28 PWREN Power interface clock enable                                                                                                                                                  

Set and cleared by software.                                                                                                                                                                  

0: Power interface clock disabled                                                                                                                                                          

1: Power interface clock enable 

27:26 Reserved Reserved, the reset value must be maintained. 

25 CANEN CAN clock enable                                                                                                                                                                            

Set and cleared by software.                                                                                                                                                                   

0: CAN clock disabled                                                                                                                                                                            

1: CAN clock enabled 

24 Reserved Reserved, the reset value must be maintained. 

23 USBEN USB clock enable                                                                                                                                                                            

Set and cleared by software.                                                                                                                                                                   

0: USB clock disabled                                                                                                                                                                            

1: USB clock enabled 

22 I2C2EN I2C2 clock enable                                                                                                                                                                        

Set and cleared by software.                                                                                                                                                                  

0: I2C2 clock disabled                                                                                                                                                                                   

1: I2C2 clock enabled 

21 I2C1EN I2C1 clock enable                                                                                                                                                                           

Set and cleared by software.                                                                                                                                                                       

0: I2C1 clock disabled                                                                                                                                                                                        

1: I2C1 clock enabled 

20:19 Reserved Reserved, the reset value must be maintained. 

18 USART3EN USART3 clock enable                                                                                                                                                                    

Set and cleared by software.                                                                                                                                                                           

0: USART3 clock disabled                                                                                                                                                                                    

1: USART3 clock enabled 

17 USART2EN USART2 clock enable                                                                                                                                                                    

Set and cleared by software.                                                                                                                                                                           

0: USART2 clock disabled                                                                                                                                                                                    

1: USART2 clock enabled 

16:12 Reserved Reserved, the reset value must be maintained. 

11 WWDGEN Window watchdog clock enable                                                                                                                                         

Set and cleared by software.                                                                                                                                                                  

0: Window watchdog clock disabled                                                                                                                                                      

1: Window watchdog clock enabled 

10 Reserved Reserved, the reset value must be maintained. 

9 TIM9EN TIM9 clock enable                                                                                                                                                                    

Set and cleared by software.                                                                                                                                                                           
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Bit Field Name Description 

0: TIM9 clock disabled                                                                                                                                                                                    

1: TIM9 clock enabled 

8 Reserved Reserved, the reset value must be maintained. 

7 COMPFILTEN COMP Filter clock enable                                                                                                                                                   

Set and cleared by software.                                                                                                                                                                        

0: COMP Filter clock disabled                                                                                                                                                                  

1: COMP Filter clock enabled 

6 COMPEN COMP clock enable                                                                                                                                                                           

Set and cleared by software.                                                                                                                                                                      

0: COMP clock disabled                                                                                                                                                                          

1: COMP clock enabled 

5 TIM7EN TIM7 timer clock enable                                                                                                                                                                    

Set and cleared by software.                                                                                                                                                                          

0: TIM7 clock disabled                                                                                                                                                                                   

1: TIM7 clock enabled 

4 TIM6EN TIM6 timer clock enable                                                                                                                                                                    

Set and cleared by software.                                                                                                                                                                          

0: TIM6 clock disabled                                                                                                                                                                                   

1: TIM6 clock enabled 

3 TIM5EN TIM5 timer clock enable                                                                                                                                                                   

Set and cleared by software.                                                                                                                                                                         

0: TIM5 clock disabled                                                                                                                                                                                     

1: TIM5 clock enabled  

2 TIM4EN TIM4 timer clock enable                                                                                                                                                                 

Set and cleared by software.                                                                                                                                                                             

0: TIM4 clock disabled                                                                                                                                                                                     

1: TIM4 clock enabled   

1 TIM3EN TIM3 timer clock enable                                                                                                                                                                

Set and cleared by software.                                                                                                                                                                             

0: TIM3 clock disabled                                                                                                                                                                                   

1: TIM3 clock enabled 

0 TIM2EN TIM2 timer clock enable                                                                                                                                                                   

Set and cleared by software.                                                                                                                                                                            

0: TIM2 clock disabled                                                                                                                                                                                

1: TIM2 clock enabled  

 LOW POWER Domain Control Register (RCC_LDCTRL) 

Address offset: 0x20 

Reset value: 0x0000 0000 
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Bit Field Name Description 

31 Reserved Reserved, the reset value must be maintained. 

30 LDEMCRSTF Low power domain EMC reset flag. 

Set by hardware when a low-power domain EMC reset occurs, and cleared by 

software by writing the RCC_CTRLSTS.RMRSTF bit. 

0: No low power domain EMC reset occurred 

1: A low power domain EMC reset has occurred 

29 Reserved Reserved, the reset value must be maintained. 

28 BORRSTF BOR reset flag. 

Set by hardware when a BOR reset occurs and cleared by software by writing to the 

RCC_CTRLSTS.RMRSTF bit. 

0: No BOR reset occurred 

1: A BOR reset has occurred 

27:17 Reserved Reserved, the reset value must be maintained. 

16 LDSFTRST Low power domain software reset. 

Set or cleared by software. 

0: No effect 

1: Reset the entire low-power domain 

15 RTCEN RTC clock enable 

Set and cleared by software. 

0: Disable RTC clock 

1: Enable RTC clock 

14:10 Reserved Reserved, the reset value must be maintained. 

9:8 RTCSEL[1:0] RTC clock source selection 

Set by software to select RTC clock source. Once the RTC clock source is selected, 

it cannot be changed until the next low power domain is reset. These bits can be 

reset by setting the LDSFTRST bit. 

00: No clock 

01: LSE oscillator selected as RTC clock 

10: LSI oscillator selected as RTC clock 

11: HSE oscillator divided by 32 selected as RTC clock 

7:5 Reserved Reserved, the reset value must be maintained. 

4 LSECLKSSF LSE clock security system status. 

0: No LSE failure detected 

1: LSE failure detected 

3 LSECLKSSEN LSE clock security system enable bit. 
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Bit Field Name Description 

Set or cleared by software. 

0: Disable LSE clock detector 

1: If LSE is ready, enable LSE clock detector 

2 LSEBP External low-speed oscillator bypass 

In debug mode, set and cleared by software to bypass oscillator. This bit can only 

be written when the external low-speed oscillator is disabled. 

0: LSE oscillator not bypassed 

1: LSE oscillator bypassed 

1 LSERD External low-speed clock oscillator ready 

Set and cleared by hardware to indicate if the LSE oscillator is ready. After the 

LSEEN bit is cleared, LSERD goes low after 6 cycles of the LSE clock. 

0: External low-speed oscillator not ready 

1: External low-speed oscillator ready 

0 LSEEN External low-speed clock oscillator enable  

Set and cleared by software. 

0: Disable the external low-speed oscillator 

1: Enable the external low-speed oscillator. 

Note: The RCC_LDCTRL.LSEEN, RCC_LDCTRL.LSEBP, RCC_LDCTRL.RTCSEL and RCC_LDCTRL.RTCEN bits 

are in the low power domain. Therefore, these bits are write-protected after reset and can only be changed after the 

PWR_CTRL1.DRBP bit is set. These bits can only be cleared by a low-power domain reset. Any internal or external 

reset will not affect these bits. 

 Clock Control/Status Register (RCC_CTRLSTS) 

Address offset: 0x24 

Reset value: 0x0C00246C 

 

Bit Field Name Description 

31 LPWRRSTF Low power reset flag 

Set by hardware when a low-power management reset occurs. 

Cleared by software by writing to the RMRSTF bit. 

0: No low-power management reset occurred 

1: A low-power management reset occurred 

30 WWDGRSTF Window watchdog reset flag 

Set by hardware when a window watchdog reset occurs. 
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Bit Field Name Description 

Cleared by software by writing to the RMRSTF bit. 

0: No windowed watchdog reset occurred 

1: Window watchdog reset occurred 

29 IWDGRSTF Independent watchdog reset flag 

Set by hardware when an independent watchdog reset occurs 

Cleared by software by writing to the RMRSTF bit. 

0: No independent watchdog reset occurred 

1: Independent watchdog reset occurred 

28 SFTRSTF Software reset flag 

Set by hardware when a software reset occurs. 

Cleared by software by writing to the RMRSTF bit. 

0: No software reset occurred 

1: Software reset occurred 

27 PORRSTF Power-on/power-down reset flag 

Set by hardware when a power-on/power-down reset occurs 

Cleared by software by writing to the RMRSTF bit. 

0: No power on/power off reset occurred 

1: Power-on/power-off reset occurred 

26 PINRSTF External pin reset flag  

Set by hardware when a reset from the NRST pin occurs. 

Cleared by software by writing to the RMRSTF bit. 

0: No NRST pin reset occurred 

1: NRST pin reset occurred 

25 MMURSTF MMU reset flag 

Set by hardware when MMU reset occurs. 

Cleared by software by writing to the RMRSTF bit. 

0: No MMU reset occurred 

1: MMU reset occurred 

24 RMRSTF Clear the reset flag 

Set by the software to clear the reset flag. 

0: No effect 

1: Clear the reset flag 

23 RAMRSTF RAM reset flag. 

Set by hardware when a RAM reset occurs and cleared by software by writing to 

the RMRSTF bit. 

0: No RAM reset occurred 

1: A RAM reset has occurred 

22:15 MSITRIM[7:0] Internal medium-speed clock correction value. 

Written by software. The value of these bits will be added to MSICAL[7:0] to form 

the final calibration value used to calibrate the frequency of the internal MSI RC 

oscillator. 

14:7 MSICAL[7:0] Internal medium-speed clock calibration value. 
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Bit Field Name Description 

The value of these bits is automatically initialized when the system is powered on. 

6:4 MSIRANGE[2:0] MSI frequency range selection. 

A total of 7 frequencies are available for software selection 

000: 100kHz 

001: 200kHz 

010: 400kHz 

011: 800kHz 

100: 1MHz 

101: 2MHz 

110: 4MHz (default) 

3 MSIRD The internal medium-speed clock is ready. 

Hardware will be set to 1 after MSI is stable. This bit takes 6 internal MSI 

oscillator clock cycles to clear after the MSIEN bit is cleared. 

0: MSI not ready 

1: MSI is ready 

2 MSIEN Internal medium-speed clock enable bit. 

Set or cleared by software. This bit cannot be cleared when the MSI is directly or 

indirectly used as the system clock; when returning from Stop2 or Standby mode or 

when the HSE fails, the hardware will set it to 1 to start the MSI oscillator. 

0: Disable the MSI oscillator 

1: Enable the MSI oscillator 

1 LSIRD Internal low-speed oscillator ready 

Set and cleared by hardware to indicate if the internal RC 40 KHz oscillator is 

ready. After LSIEN is cleared, LSIRD goes low after 3 internal RC 40 KHz 

oscillator clock cycles. 

0: Internal 40KHz RC oscillator clock not ready 

1: Internal 40KHz RC oscillator clock ready 

0 LSIEN Internal low-speed oscillator enable 

Set and cleared by software. 

0: Disable the internal RC 40 kHz oscillator 

1: Enable the internal RC 40 kHz oscillator 

 AHB Peripheral Reset Register (RCC_AHBPRST) 

Address offset: 0x28 

Reset value: 0x0000 0000 
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Bit Field Name Description 

31:13 Reserved Reserved, the reset value must be maintained. 

12 ADCRST ADC reset                                                                                                                                     

Set and cleared by software.                                                                                                                                         

0: Clear the reset                                                                                                                                                                     

1: Reset ADC   

11 SACRST SAC reset                                                                                                                                     

Set and cleared by software.                                                                                                                                         

0: Clear the reset                                                                                                                                                                     

1: Reset SAC 

10 Reserved Reserved, the reset value must be maintained. 

9 RNGCRST RNGC reset                                                                                                                                     

Set and cleared by software.                                                                                                                                         

0: Clear the reset                                                                                                                                                                     

1: Reset RNGC 

8:0 Reserved Reserved, the reset value must be maintained. 

 Clock Configuration Register 2 (RCC_CFG2) 

Address offset: 0x2c 

Reset value: 0x0000 7000 

 

Bit Field Name Description 

31:30 Reserved Reserved, the reset value must be maintained. 

29 TIMCLKSEL TIM1/8 clock source selection 

Set and cleared by software. 

0: PCLK2 is selected as TIM1/8 clock source if APB2 prescaler is 1. Otherwise, 

PCLK2 Ĭ 2 is selected. 

1: SYSCLK input clock is selected as TIM1/8 clock source. 

28:24 RNGCPRES[4:0] RNGC prescaler. 

Software sets or clears these bits to configure the prescale factor for the RNGC 

clock. 

00000: SYSCLK is not divided 

00001: SYSCLK divided by 2 

00010: SYSCLK divided by 3 

... 

11110: SYSCLK divided by 31 
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Bit Field Name Description 

11111: SYSCLK divided by 32 

23:18 Reserved Reserved, the reset value must be maintained. 

17 ADC1MSEL ADC 1M clock source selection. 

Set or cleared by software. 

0: Select HSI oscillator clock as the input clock of ADC 1M 

1: Select HSE oscillator clock as the input clock of ADC 1M 

16:12 ADC1MPRES[4:0] ADC 1M clock prescaler 

Set and cleared by software to configure the division factor of ADC 1M clock 

source. 

00000: ADC 1M clock source not divided 

00001: ADC 1M clock source divided by 2 

00010: ADC 1M clock source divided by 3 

... 

11110: ADC 1M clock source divided by 31 

11111: ADC 1M clock source divided by 32 

Note: ADC clock must be configured to 1M 

11:9 Reserved Reserved, the reset value must be maintained. 

8:4 ADCPLLPRES[4:0] ADC PLL prescaler  

Set and cleared by software to configure the division factor from the PLL clock to 

the ADC. 

0xxxx: ADC PLL clock is disabled 

10000: PLL clock not divided 

10001: PLL clock divided by 2 

10010: PLL clock divided by 4 

10011: PLL clock divided by 6 

10100: PLL clock divided by 8 

10101: PLL clock divided by 10 

10110: PLL clock divided by 12 

10111: PLL clock divided by 16 

11000: PLL clock divided by 32 

11001: PLL clock divided by 64 

11010: PLL clock divided by 128 

11011: PLL clock divided by 256 

Others: PLL clock divided by 256 

3:0 ADCHPRES[3:0] ADC HCLK prescaler 

Set and cleared by software to configure the division factor from the HCLK clock 

to the ADC. 

0000: HCLK clock not divided 

0001: HCLK clock divided by 2 

0010: HCLK clock divided by 4 

0011: HCLK clock divided by 6 

0100: HCLK clock divided by 8 
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Bit Field Name Description 

0101: HCLK clock divided by 10 

0110: HCLK clock divided by 12 

0111: HCLK clock divided by 16 

1000: HCLK clock divided by 32 

Others: HCLK clock divided by 32 

 Clock Configuration Register 3 (RCC_CFG3) 

Address offset: 0x30 

Reset value: 0x0000 3800 

 

Bit Field Name Description 

31:19 Reserved Reserved, the reset value must be maintained. 

18 TRNG1MEN TRNG analog interface clock enable. 

Set or cleared by software. 

0: Disable TRNG analog interface clock 

1: Enable TRNG analog interface clock 

17 TRNG1MSEL TRNG 1M clock selection. 

Set or cleared by software. 

0: Select HSI oscillator as TRNG 1M input clock 

1: Select HSE oscillator as TRNG 1M input clock 

16 Reserved Reserved, the reset value must be maintained. 

15:11 TRNG1MPRES[4:0] TRNG 1M clock prescaler. 

Software sets or clears these bits to generate the TRNG 1M clock. 

00000: Reserved 

00001: TRNG 1M clock source divided by 2, HSE must be selected as TRNG 1M 

input clock 

00010: TRNG 1M clock source divided by 4 

00011: TRNG 1M clock source divided by 6 

00100: TRNG 1M clock source divided by 8 

... 

11111: TRNG 1M clock source divided by 62 

Notes: TRNG clock should be less than or equal to 4M after frequency division 

10 Reserved Reserved, the reset value must be maintained. 

9 UCDR300MSEL UCDR 300M clock source selection 

0: OSC300M 
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Bit Field Name Description 

1: PLL VCO clock (288M) 

8 USBXTALESS USB external crystal oscillator selection mode 

0: USB has external crystal oscillator mode 

1: USB without external crystal oscillator mode 

7 UCDREN UCDR enable 

0: UCDR bypass 

1: UCDR enable 

6:0 Reserved Reserved, the reset value must be maintained. 

 Retention Domain Control Register (RCC_RDCTRL) 

Address offset: 0x34 

Reset value: 0x0000 0000 

 

Bit Field Name Description 

31:13 Reserved Reserved, the reset value must be maintained. 

12 LCDRST LCDreset. 

Set or cleared by software. 

0: clear reset 

1: Reset LCD 

11 LPUARTRST LPUART reset. 

Set or cleared by software. 

0: clear reset 

1: Reset LPUART 

10 LPTIMRST LPTIM reset. 

Set or cleared by software. 

0: clear reset 

1: Reset LPTIM 

9 Reserved Reserved, the reset value must be maintained. 

8 LCDEN LCD clock enable. 

Set or cleared by software. 

0: Disable LCD clock 

1: Enable LCD clock 

7 LPUARTEN LPUART clock enable. 

Set or cleared by software. 

0: Disable LPUART clock 
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Bit Field Name Description 

1: Enable LPUART clock 

6 LPTIMEN LPTIMclock enable. 

Set or cleared by software. 

0: Disable LPTIM clock 

1: Enable LPTIM clock 

5 Reserved Reserved, the reset value must be maintained. 

4:3 LPUARTSEL LPUART clock source selection. 

Set or cleared by software. 

00: Select APB as input clock 

01: Select the system clock as the input clock 

10: Select HSI (16MHz) as input clock 

11: Select LSE as input clock 

2:0 LPTIMSEL LPTIM clock source selection. 

Set or cleared by software. 

000: select PCLK1 as input clock 

001: Select LSI as input clock 

010: Select HSI (16MHz) as input clock 

011: Select LSE as input clock 

100: Select COMP1 output as input clock 

101: Select COMP2 output as input clock 

Other values: Configuration not allowed 

Notice:  

When switching the clock source from COMP1/2 to other clock sources, it is 

recommended to turn off COMP1/2 before switching. 

 PLL and HSI Configuration Register (RCC_PLLHSIPRE) 

Address offset: 0x40 

Reset value: 0x0000 0000 

 

Bit Field Name Description 

31:2 Reserved Reserved, the reset value must be maintained. 

1 PLLSRCDIV PLL clock source frequency division selection 

0: No frequency division 

1: 2 frequency division 

0 PLLHSIPRE HSI prescaler for PLL input                                                                                                                      
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Bit Field Name Description 

 Set and cleared by software to divide HSI before PLL entry. This bit can be 

written only when PLL is disabled.                                                                                                                                                                  

0: HSI clock not divided                                                                                                                                     

1: HSI clock divided by 2 

 SRAM Control/Status Register (RCC_SRAM_CTRLSTS) 

Address offset: 0x44 

Reset value: 0x0000 0000 

 

Bit Field Name Description 

31:6 Reserved Reserved, the reset value must be maintained. 

5 ERR2STS SRAM2 parity error status bit. 

Software writes 1 to clear. 

0: No parity error 

1: There is a parity error 

4 ERR2RSTEN SRAM2 parity error reset enable bit. 

0: System reset when parity error detected 

1: No system reset when parity error is detected 

3 ERR2IEN SRAM2 parity error interrupt enable bit. 

0: Trigger an interrupt when a parity error is detected 

1: Not trigger an interrupt when a parity error is detected 

2 ERR1STS SRAM1 parity error status bit. 

Software writes 1 to clear. 

0: no parity error 

1: There is a parity error 

1 ERR1RSTEN SRAM1 parity error reset enable bit. 

0: System reset when parity error detected 

1: No system reset when parity error is detected 

0 ERR1IEN SRAM1 parity error interrupt enable bit. 

0: Trigger an interrupt when a parity error is detected 

1: Not trigger an interrupt when a parity error is detected 
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5 GPIO and AFIO 

 Summary 

GPIO (General purpose input/output) is general purpose I/O, and AFIO (Alternate-function input/output) is alternate 

function I/O. The chip supports up to 64 GPIOs, which are divided into 4 groups (GPIOA/GPIOB/GPIOC/GPIOD). 

GPIO ports share pins with other alternate peripherals, and users can configure them flexibly according to their needs. 

Each GPIO pin can be independently configured as an output, input or alternate peripheral function port. Except for 

the analog pins, other GPIO pins have high current capacity. 

GPIO ports have the following characteristics: 

Â Each GPIO port can be individually configured into multiple modes by software 

É Input floating 

É Input pull-up  

É Input pull-down  

É Analog function 

É Open-drain output and pull-up/pull-down can be configured 

É Push-pull output and pull-up/pull-down can be configured 

É Push-pull alternate function and pull-up/pull-down can be configured 

É Open-drain alternate function and pull-up/pull-down can be configured 

Â Individual bit set or bit clear function 

Â All I/O supports external interrupt function 

Â All I/O supports low power mode wake-up, rising or falling edge configurable 

É 16 EXTI can be used to wake up from STOP2 mode, and all I/O can be reused as EXTI 

É PA8/PA0/PC13 can be used to wake up in STANDBY mode, the maximum I/O filter time is 5us 

Â Support software remapping I/O alternate function 

Â Support GPIO lock mechanism, reset the lock state to clear 

Each I/O port bit can be programmed arbitrarily, but the I/O port registers must be accessed as 32-bit words (16-bit 

half-word or 8-bit byte access is not allowed). The figure below shows the basic structure of an I/O port. 
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Figure 5-1 Basic structure of I/O port 

 

 I/O function description 

 I/O mode configuration 

The I/O port mode can be configured through the registers GPIOx_PMODE, GPIOx_POTYPE and GPIOx_PUPD 

(x=A,B,C,D). The I/O configurations in different operation modes are shown in the following table: 

Table 5-1 I/O port configuration table 

PMODE[1:0] POTYPE PUPD[1:0] I/O configuration 

01 

0 0 0 General-purpose output push-pull 

0 0 1 General-purpose output push-pull + pull-up 

0 1 0 General-purpose output push-pull + pull-down 

0 1 1 Reserved 

1 0 0 General-purpose output open-drain 

1 0 1 General-purpose output open-drain + pull-up 

1 1 0 General-purpose output open-drain + pull-down 

1 1 1 Reserved 

10 

0 0 0 Alternate function push-pull 

0 0 1 Alternate function push-pull + pull-up 

0 1 0 Alternate function push-pull + pull-down 

0 1 1 Reserved 

1 0 0 Alternate function open-drain 
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PMODE[1:0] POTYPE PUPD[1:0] I/O configuration 

1 0 1 Alternate function open-drain + pull-up 

1 1 0 Alternate function open-drain + pull-down 

1 1 1 Reserved 

00 

x 0 0 Input floating 

x 0 1 Input pull-up 

x 1 0 Input pull-down 

x 1 1 Reserved 

11 

x 0 0 Analog 

x 0 1 

Reserved x 1 0 

x 1 1 

The input and output characteristics of I/O under different configurations are shown in the following table̔ 

Table 5-2 Input and output characteristics of different configurations 

Feature GPIO Input GPIO Output Analog 
Alternate 

function 

Output buffer Disabled Enabled Disabled 

Configure 

according to 

peripheral 

functions 

Schmitt trigger Enabled Enabled Disabled̆Output is forced to 0 Enabled 

PULL UP/DOWN/FLOAT Configurable Configurable Disabled Configurable 

OPEN DRAIN Disabled 

Configurable, GPIO 

outputs 0 when the 

output data is "0", and 

GPIO high impedance 

when "1" 

Disabled 

Configurable, 

GPIO outputs 0 

when the output 

data is "0", and 

GPIO high 

impedance 

when "1" 

PUSH PULL MODE Disabled 

Configurable, when the 

output data is "0", the 

GPIO outputs 0, and 

when the output data is 

"1", the GPIO outputs 1 

Disabled 

Configurable, 

GPIO outputs 0 

when the output 

data is "0", and 

GPIO high 

impedance 

when "1" 

Input data register (I/O status) Readable Readable Reads out 0 Readable 

Output data register(Output value) Invalid Readable and writable Invalid Readable 

 Input mode 

When I/O port is configured in input mode: 
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Â Schmitt trigger input is activated 

Â Whether the pull-up and pull-down resistors are connected depends on the configuration of the GPIOx_PUPD 

register 

Â Output buffer is disabled 

Â The data appearing on the I/O pin is sampled into the input data register 

Â Read access to input data register for I/O status 

Figure 5-2 Input floating/pull-up/pull-down configuration 

 

 Output mode 

When I/O port is configured as output mode: 

Â Schmidt trigger input is activated 

Â Whether the pull-up and pull-down resistors are connected depends on the configuration of the GPIOx_PUPD 

register 

Â Output buffer is activated 

Ƿ Open-drain mode: '0' on the output datar egister activates N-MOS, and the pin outputs low level. 

The '1' port on the output data register is placed in a high impedance state (P-MOS is 

never activated) 

Ƿ Push-pull mode: '0' on the output datar egister activates N-MOS, and the pin outputs low level. 

'1' on the output datar egister activates P-MOS, and the pin outputs high level. 

Â The data appearing on the I/O pin is sampled into the input data register 
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Â Read access to input data register for I/O status 

Â The read access to the output data register gets the last written value 

Figure 5-3 Output mode configuration 

 

 Alternate function mode 

When the I/O port is configured as alternate function mode: 

Â Schmidt trigger input is activated 

Â Whether the weak pull-up and pull-down resistors are connected depends on the configuration of the 

GPIO_PUPD register 

Â In open-drain or push-pull configuration, the output buffer is controlled by the peripheral 

Â Signal-driven output buffer with built-in peripherals 

Â The data appearing on the I/O pin is sampled into the input data register 

Â Read access to input data register for I/O status 
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Figure 5-4 Alternate function configuration 

 

 Analog mode 

When the I/O Port is programmed as analog mode̔ 

Â Schmitt trigger input is disabled and output value is forced to '0' (achieving zero consumption on each analog 

I/O pin) 

Â Pull-up and pull-down resistors are disabled 

Â When reading the input data register, the value is '0' 

Â Output buffer is disabled 
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Figure 5-5 High impedance analog mode configuration 

 

 Status after reset 

During and after reset, the alternate function is not turned on, and the I/O port is configured to analog function mode 

(GPIOx_PMODE.PMODEx[1:0]=11b). But there are several exceptional signals:  

Â NRST has no GPIO function by default, analog pins, no digital control 

Â The default input pull-down of BOOT0 pin 

Â After reset, start SWD_JTAG when debugging system related pins by default, and put JTAG pin into input pull-

up or pull-down mode 

Â PA15: JTDI is placed in input pull-up mode 

Â PA14: JTCK is placed in input pull-down mode 

Â PA13: JTMS is placed in input pull-up mode 

Â PB4: NJTRST is placed in input pull-up mode 

É PB3(1): JTD0 is placed in push-pull output without pull-up/pull-down (low level) 

Â PC13ȁPC14ȁPC15̔ 

É PC13~15 are three pins in the LPR domain, and the default is analog mode when powered on for the first 

time 

Note 1:Start Debug mode,PB3 outputs high level by default. 

 Individual bit setting and bit clearing 

By writing '1' to the bit to be changed in the set register (GPIOx_PBSC) and reset register (GPIOx_PBC), the 
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individual bit operation of the data register (GPIOx_POD) can be realized, and one or more bits can be set/reset. The 

bit written with '1' is set or cleared accordingly, and the bit not written with '1' will not be changed. The software does 

not need to disable interrupts, and is completed in a single APB2 write operation. 

 External interrupt/wake-up line 

All ports have external interrupt capability, which can be configured in the EXTI module, and the port must be 

configured in input mode. 

 Alternate function 

When the I/O port is configured in alternate function mode, the port bit configuration register (GPIOx_AFL/ 

GPIOx_AFH) and output type register (GPIOx_POTYPE configuration push-pull or open-drain) must be 

programmed before use, alternate input or output is determined by the peripheral. 

 Clock output MCO 

The microcontroller allows to output the clock signal to the external MCO pin (PA8). PA8 must be configured for 

alternate push-pull output function mode. 

 LPR domain PC13/PC14/PC15 function remapping 

The mode of PC14/PC15 is determined according to the following priority order: 

Â When LSE is enabled (RCC_LDCTRL.LSEEN is set), PC14/PC15 pins will be forced to analog mode. If LSE 

is configured in external clock mode (RCC_LDCTRL.LSEBP is set), PC14 is forced to analog mode, 

OSC32_OUT (PC15) can also be used for other purposes 

Â If LSE is not enabled, RTC timestamp is enabled (RTC_CTRL.TSEN is set), and when PC14/PC15 is used as 

timestamp input (corresponding to register bit GPIOC_AFH.AFSEL= AF9), PC14/PC15 is forced to input 

floating mode, and enter the timestamp for the RTC 

Â In standby mode, PC14/PC15 automatically becomes input pull-down mode 

Â In the above three cases, PC14/PC15 is used as GPIO 

When PC13 is used as the RTC pin, please refer to 14.3.2 chapter for specific configuration. If it is not used as an 

RTC pin, PC13 automatically becomes input pull-down mode in standby mode, otherwise it is used as GPIO normally. 

Note: In STOP2 mode, when the PC13, PC14, and PC15 pins are used as general-purpose I/O for external interrupt 

trigger wake-up, only rising edge triggering can be selected; in STANDBY mode, when the PC13 pin is used as 

general-purpose I/O for external interrupt trigger wake-up, only rising edge triggering can be selected, or it can be 

configured as an RTC input pin function (i.e., wake-up via intrusion detection or timestamp functionality, rather than 

external interrupts). 

 HSE/LSE pins used as GPIO ports 

OSC_IN and OSC_OUT of HSE are mapped to PD14 and PD15 respectively, and OSC32_IN and OSC32_OUT of 

LSE are mapped to PC14 and PC15 respectively. If HSE or LSE is off, the corresponding pin can be used as GPIO. 

If HSE or LSE is on, the corresponding pin goes into analog mode and bypasses the GPIO configuration. 

Note: When PD14 is externally pulled high, after switching RCC_CTRL.HSEEN twice in succession, PD14 will be 
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locked in HSE mode and cannot be used as a general-purpose GPIO. It must be restored via power-down reset or by 

entering STOP2 mode and then waking up. 

The crystal oscillator is configured as user external clock mode, the pin remains as clock input, and OSC_OUT or 

OSC32_OUT can still be used as normal GPIO. 

 JTAG/SWD alternate function remapping 

The SWD-JTAG debug interface is enabled by default when the chip is powered on, and the debug interface is 

mapped to the GPIO port, as shown in the following table. 

Alternate function GPIO port Remap 

JTMS/SWDIO PA13 AF0 

JTCK/SWCLK PA14 AF0 

JTDI PA15 AF0 

JTDO PB3 AF0 

NJTRST PB4 AF0 

If you need to use its GPIO function during debugging, you can change the above remapping configuration by setting 

the multiplexed remapping and debugging I/O configuration registers (GPIOx_AFL or GPIOx_AFH). See the table 

below. 

Table 5-3 Debug port image  

Possible debug ports 

SWD-JTAG I/O pin allocation 

PA13/ JTMS/ 

SWDIO 

PA14/ JTCK/ 

SWCLK 
PA15/ JTDI 

PB3/  

JTDO 
PB4/ NJTRST 

Complete SWD-JTAG (JTAG-DP+SW-DP) 

(reset state) 

I/O is not 

available 

I/O is not 

available 

I/O is not 

available 
I/O is not available 

I/O is not 

available 

Complete SWD-JTAG (JTAG-DP+SW-DP) 

But there is no NJTRST. 

I/O is not 

available 

I/O is not 

available 

I/O is not 

available 
I/O is not available I/O available 

Turn off JTAG-DP and enable SW-DP. 
I/O is not 

available 

I/O is not 

available 
I/O available I/O available I/O available 

Turn off JTAG-DP and SW-DP. I/O available I/O available I/O available I/O available I/O available 

Since the JTAG pin is directly connected to the internal debug register (JTCK/SWCLK is directly connected to the 

clock terminal), it must be ensured that the JTAG input pin cannot be in a floating state. In order to avoid any 

uncontrolled IO levels, the input pins of JTAG are fixed with internal pull-up/pull-down: 

Â NJTRST: internal pull-up 

Â JTDI: internal pull-up 

Â JTMS/SWDIO: internal pull-up 

Â JTCK/SWCLK: internal pull-down 
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 ADC external trigger alternate function remapping 

The external trigger source of injection conversion and regular conversion of ADC supports remapping. See alternate 

remapping and debug I/O configuration register (AFIO_RMP_CFG). 

Table 5-4 ADC external trigger injection conversion alternate function remapping 

Alternate function ADC_ETRI = 0 ADC_ETRI = 1 

ADC external trigger 

injection conversion 

ADC external trigger injection conversion is connected to 

EXTI (0 - 15). 

ADC external trigger injection conversion and 

TIM8_CH4 connection. 

Table 5-5 ADC external trigger regular conversion alternate function remapping 

Alternate function ADC_ETRR = 0 ADC_ETRR = 1 

ADC external trigger 

rule conversion 

ADC external trigger regular conversion is connected to 

EXTI (0 - 15). 

ADC external trigger regular conversion and 

TIM8_TRGO connection. 

 TIMx alternate function remapping 

5.2.5.6.1 TIM1 alternate function remapping 

Table 5-6 TIM1 alternate function remapping 

Alternate function Pin Remap 

TIM1_ETR PA12 AF2 

TIM1_CH1 PA8 AF2 

TIM1_CH2 PA9 AF2 

TIM1_CH3 PA10 AF2 

TIM1_CH4 PA11 AF2 

TIM1_BKIN 
PA6 AF5 

PB12 AF5 

TIM1_CH1N 

PB13 AF2 

PA7 AF5 

PC13 AF2 

TIM1_CH2N 

PB14 AF2 

PB0 AF5 

PB6 AF7 

TIM1_CH3N 

PB15 AF2 

PB1 AF5 

PD14 AF2 

5.2.5.6.2 TIM2 alternate function remapping 

Table 5-7 TIM2 alternate function remapping 

Alternate function  Pin Remap 

TIM2_ETR 
PA0 AF5 

PA15 AF2 

TIM2_CH1 PA0 AF2 
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Alternate function  Pin Remap 

PA15 AF5 

TIM2_CH2 
PA1 AF2 

PB3 AF2 

TIM2_CH3 
PA2 AF2 

PB10 AF2 

TIM2_CH4 PB11 AF2 

5.2.5.6.3 TIM3 alternate function remapping 

Table 5-8 TIM3 alternate function remapping 

Alternate function  Pin Remap 

TIM3_ETR PD2 AF2 

TIM3_CH1 

PA6 AF2 

PB4 AF2 

PC6 AF2 

TIM3_CH2 

PA7 AF2 

PB5 AF4 

PC7 AF2 

TIM3_CH3 
PB0 AF2 

PC8 AF2 

TIM3_CH4 
PB1 AF2 

PC9 AF2 

5.2.5.6.4 TIM4 alternate function remapping 

Table 5-9 TIM4 alternate function remapping 

Alternate function  Pin Remap 

TIM4_CH1 PB6 AF2 

TIM4_CH2 PB7 AF2 

TIM4_CH3 PB8 AF2 

TIM4_CH4 PB9 AF2 

5.2.5.6.5 TIM5 alternate function remapping 

Table 5-10 TIM5 alternate function remapping 

Alternate function  Pin Remap 

TIM5_CH1 PA0 AF1 

TIM5_CH2 PA1 AF7 

TIM5_CH3 PA2 AF6 

TIM5_CH4 PA3 AF7 
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5.2.5.6.6 TIM8 alternate function remapping 

Table 5-11 TIM8 alternate function remapping 

Alternate function  Pin Remap 

TIM8_ETR PA0 AF7 

TIM8_CH1 PC6 AF6 

TIM8_CH2 PC7 AF6 

TIM8_CH3 PC8 AF6 

TIM8_CH4 PC9 AF6 

TIM8_BKIN PA6 AF6 

TIM8_CH1N PA7 AF6 

TIM8_CH2N PB0 AF7 

TIM8_CH3N PB1 AF0 

5.2.5.6.7 TIM9 alternate function remapping 

Table 5-12 TIM9 alternate function remapping 

Alternate function  Pin Remap 

TIM9_ETR PB2 AF1 

TIM9_CH1 PB12 AF1 

TIM9_CH2 PB13 AF1 

TIM9_CH3 PB14 AF1 

TIM9_CH4 PB15 AF1 

 LPTIM alternate function remapping 

Table 5-13 LPTIM alternate function remapping 

Alternate function  Pin Remap 

LPTIM_IN1 
PB5 AF2 

PC0 AF0 

LPTIM_IN2 
PB7 AF5 

PC2 AF2 

LPTIM_OUT 
PB2 AF2 

PC1 AF0 

LPTIM_ETR 
PB6 AF8 

PC3 AF0 

 CAN alternate function remapping 

CAN signals can be mapped to port A and port B as shown in the table below. 

Table 5-14 CAN alternate function remapping 

Alternate function  Pin Remap 

CAN_RX 
PA11 AF1 

PB8 AF5 
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Alternate function  Pin Remap 

CAN_TX 
PA12 AF1 

PB9 AF5 

 USARTx alternate function remapping 

5.2.5.9.1 USART1 alternate function remapping 

Table 5-15 USART1 alternate function remapping 

Alternate function  Pin Remap 

USART1_CTS PA11 AF4 

USART1_RTS PA12 AF4 

USART1_TX 

PA4 AF1 

PA9 AF4 

PB6 AF0 

PB8 AF0 

USART1_RX 

PA5 AF4 

PA10 AF4 

PB7 AF0 

USART1_CK PA8 AF4 

5.2.5.9.2 USART2 alternate function remapping 

Table 5-16 USART2 alternate function remapping 

Alternate function  Pin Remap 

USART2_CTS 

PA0 AF4 

PA15 AF6 

PD3 AF0 

USART2_RTS 
PA1 AF4 

PB3 AF4 

USART2_TX 

PA2 AF4 

PB4 AF4 

PD14 AF4 

USART2_RX 

PA3 AF4 

PB5 AF6 

PD15 AF4 

USART2_CK 
PA4 AF4 

PA14 AF4 

5.2.5.9.3 USART3 alternate function remapping 

Table 5-17 USART3 alternate function remapping 

Alternate function  Pin Remap 

USART3_CTS PB13 AF7 

USART3_RTS PB14 AF7 



nsing.com.sg  

 101 / 651 

 

 

Alternate function  Pin Remap 

USART3_TX 
PB10 AF0 

PC10 AF5 

USART3_RX 
PB11 AF5 

PC11 AF5 

USART3_CK 
PB12 AF4 

PC12 AF5 

 UARTx alternate function remapping 

5.2.5.10.1 UART4 alternate function remapping 

Table 5-18 UART4 alternate function remapping 

Alternate function  Pin Remap 

UART4_TX 

PB0 AF6 

PB14 AF6 

PC10 AF6 

PD13 AF6 

UART4_RX 

PB1 AF6 

PB15 AF6 

PC11 AF6 

PD12 AF6 

5.2.5.10.2 UART5 alternate function remapping 

Table 5-19 UART5 alternate function remapping 

Alternate function  Pin Remap 

UART5_TX 

PB4 AF6 

PB8 AF6 

PC12 AF6 

UART5_RX 

PB5 AF7 

PB9 AF6 

PD2 AF6 

 LPUART alternate function remapping 

Table 5-20 LPUART alternate function remapping 

Alternate function  Pin Remap 

LPUART_CTS PA6 AF4 

PB13 AF4 

LPUART_RTS 

PB1 AF7 

PB12 AF2 

PB14 AF4 

PD2 AF0 

LPUART_TX PA1 AF6 
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Alternate function  Pin Remap 

PA4 AF6 

PB6 AF6 

PB10 AF4 

PC4 AF2 

PC10 AF0 

LPUART_RX 

PA0 AF6 

PA3 AF6 

PB7 AF6 

PB11 AF4 

PC5 AF2 

PC11 AF0 

 I2C alternate function remapping 

5.2.5.12.1 I2C1 alternate function remapping 

Table 5-21 I2C1 alternate function remapping 

Alternate function  Pin Remap 

I2C1_SCL 

PA4 AF7 

PA15 AF7 

PB6 AF1 

PB8 AF4 

PC0 AF7 

PC4 AF7 

PD13 AF7 

I2C1_SDA 

PA5 AF7 

PA14 AF7 

PB7 AF1 

PB9 AF4 

PC1 AF7 

PC5 AF7 

PD12 AF7 

I2C1_SMBA PB5 AF1 
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5.2.5.12.2 I2C2 alternate function remapping 

Table 5-22 I2C2 alternate function remapping 

Alternate function  Pin Remap 

I2C2_SCL 

PA3 AF5 

PA9 AF6 

PB10 AF6 

PB13 AF5 

PD15 AF6 

I2C2_SDA 

PA2 AF5 

PA8 AF6 

PA10 AF6 

PB11 AF6 

PB14 AF5 

PD14 AF6 

I2C2_SMBA PA8 AF1 

PB12 AF8 

 SPI/I2S alternate function remapping 

5.2.5.13.1 SPI1 alternate function remapping 

Table 5-23 SPI1 alternate function remapping 

Alternate function  Pin Remap 

SPI1_I2S1_NSS_WS 

PA4 AF0 

PA8 AF5 

PB6 AF4 

PD7 AF6 

SPI1_I2S1_SCLK_CK 

PA5 AF0 

PA10 AF0 

PB3 AF1 

PD4 AF5 

SPI1_I2S1_MISO_MCK 

PA0 AF0 

PA6 AF0 

PB4 AF1 

PD5 AF5 

SPI1_I2S1_MOSI_SD 

PA7 AF0 

PB5 AF0 

PD6 AF5 
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5.2.5.13.2 SPI2/I2S2 alternate function remapping 

Table 5-24 SPI2/I2S2 alternate function remapping 

Alternate function  Pin Remap 

SPI2_I2S2_NSS_WS 

PA13 AF5 

PA15 AF1 

PB12 AF0 

PC6 AF5 

SPI2_I2S2_SCLK_CK 

PA10 AF5 

PB6 AF5 

PB13 AF0 

PC7 AF5 

PD12 AF5 

SPI2_I2S2_MISO_MCK 

PA11 AF0 

PB14 AF0 

PC8 AF5 

SPI2_I2S2_MOSI_SD 

PA12 AF0 

PB15 AF0 

PC9 AF5 

 COMP alternate function remapping 

5.2.5.14.1 COMP1 alternate function remapping 

Table 5-25 COMP1 alternate function remapping 

Alternate function  Pin Remap 

COMP1_OUT 

PA0 AF8 

PA11 AF7 

PB6 AF9 

PB8 AF7 

5.2.5.14.2 COMP2 alternate function remapping 

Table 5-26 COMP2 alternate function remapping 

Alternate function  Pin Remap 

COMP2_OUT 

PA2 AF7 

PA6 AF7 

PA7 AF7 

PA12 AF7 

PA14 AF8 

PB9 AF7 
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 EVENTOUT alternate function remapping 

Table 5-27 EVENTOUT alternate function remapping 

Alternate function  Pin Remap 

EVENTOUT 

PA0~PA13  AF3 

PA15 AF3 

PB0~PB15 AF3 

PC0~PC7 AF3 

PC9~PC13 AF3 

PD2 AF3 

PD12~PD13 AF3 

 RTC alternate function remapping 

Table 5-28 RTC alternate function remapping 

Alternate function  Pin Remap 

RTC_REFIN PB15 AF9 

 LCD alternate function remapping 

Table 5-29 LCD alternate function remapping 

Alternate function  Pin Remap 

COM0 PA8 AF10 

COM1 PA9 AF10 

COM2 PA10 AF10 

COM3 
PA15 AF11 

PB9 AF10 

COM4(1) 
PD4(1) AF10 

PC10(1) AF10 

COM5(1) 
PD5(1) AF10 

PC11(1) AF10 

COM6(1) 
PD6(1) AF10 

PC12(1) AF10 

COM7(1) 
PD7(1) AF10 

PD2(1) AF10 

SEG0~SEG2 PA1~PA3 AF10 

SEG3~SEG4 PA6~PA7 AF10 

SEG5~SEG6 PB0~PB1 AF10 

SEG7~SEG9 PB3~PB5 AF10 

SEG10~SEG15 PB10~PB15 AF10 

SEG16 PB8 AF10 

SEG17 PA15 AF10 

SEG18~SEG27 PC0~PC9 AF10 

SEG28~SEG30(1) PC10~PC12(1) AF10 
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Alternate function  Pin Remap 

PD4~PD6(1) AF10 

SEG31(1) 
PD2(1) AF10 

PD7(1) AF10 

SEG32~SEG33 PD0~PD1 AF10 

SEG34 PD3 AF10 

SEG35 PC13 AF10 

SEG36~SEG39 PD8~PD11 AF10 

SEG40~SEG42(1) 
PD4~PD6(1) AF10 

PC10~PC12(1) AF10 

SEG43(1) 
PD7(1) AF10 

PD2(1) AF10 

1. Due to the difference of the chip version, the corresponding pins of COM4~COM7, SEG28~SEG31, 

SEG40~SEG43 are different. It can be judged according to the second character of the 8-bit code in the last line of 

the chip silk screen: 

Table 5-30 LCD pin mapping function distinction 

Pin name Version B Version C/Version D 

COM4 PD4 PC10 

COM5 PD5 PC11 

COM6 PD6 PC12 

COM7 PD7 PD2 

SEG28 PC10 PD4 

SEG29 PC11 PD5 

SEG30 PC12 PD6 

SEG31 PD2 PD7 

SEG40 PD4 PC10 

SEG41 PD5 PC11 

SEG42 PD6 PC12 

SEG43 PD7 PD2 

 I/O configuration of peripherals 

Table 5-31 ADC/DAC 

ADC/DAC pin GPIO configuration 

ADC Analog mode 

DAC Analog mode 

Table 5-32 TIM1/TIM8 

TIM1/TIM8 pin configuration PAD configuration mode 

TIM1/8_CHx 
Input capture channel x Input floating 

Output channel x Push-pull alternate output 
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TIM1/TIM8 pin configuration PAD configuration mode 

TIM1/8_CHxN Complementary output channel x Push-pull alternate output 

TIM1/8_BKIN Brake input Input floating 

TIM1/8_ETR External trigger clock input Input floating 

Table 5-33 TIM2/3/4/5/9 

TIM2/3/4/5/9 pin configuration PAD configuration mode 

TIM2/3/4/5/9_CHx 
Input capture channel x Input floating 

Output channel x Push-pull alternate output 

TIM2/3/4/5/9_ETR External trigger clock input Input floating 

Table 5-34 LPTIM 

LPTIM pin PAD configuration mode 

LPTIM_INx Input floating 

LPTIM_OUT Push-pull alternate output 

LPTIM_ETR Input floating 

Table 5-35 CAN 

CAN pin GPIO configuration 

CAN_TX Push-pull alternate output 

CAN_RX Input floating or input pull-up 

Table 5-36 USART 

USART pin configuration GPIO configuration 

USARTx_TX 
full duplex transmissions Push-pull alternate output 

Half duplex synchronous mode Push-pull alternate output + pull-up 

USARTx_RX 
full duplex transmissions Input pull-up 

Half duplex synchronous mode Unused, can be used as general I/O. 

USARTx_CK Synchronous mode Push-pull alternate output 

USARTx_RTS Hardware flow control Push-pull alternate output 

USARTx_CTS Hardware flow control Input floating or input pull-up 

Table 5-37 UART 

USAR pin configuration GPIO configuration 

UARTx_TX 
full duplex transmissions Push-pull alternate output 

Half duplex synchronous mode Push-pull alternate output + pull-up 

UARTx_RX 
full duplex transmissions Input pull-up 

Half duplex synchronous mode Unused, can be used as general I/O. 

Table 5-38 LPUART 

LPUSART pin configuration GPIO configuration 

LPUART_TX Digital output Push-pull alternate output 

LPUART_RX Digital input Push-pull alternate output 
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LPUSART pin configuration GPIO configuration 

LPUART _CTS Hardware flow control Input floating or input pull-up 

LPUART _RTS Hardware flow control Push-pull alternate output 

Table 5-39 I2C 

I2C pin configuration GPIO configuration 

I2Cx_SCL I2C clock Open-drain alternate output 

I2Cx_SDA I2C data Open-drain alternate output 

I2Cx_SMBA SMBA data Push-pull alternate output 

Table 5-40 SPI-I2S 

SPI-I2S pin configuration GPIO configuration 

SPIx_I2Sx_MOSI_SD 

Master mode Push-pull alternate output 

Slave mode 
Input floating or input pull-up or push-

pull alternate output 

SPIx_I2Sx_MISO_MCK 
Master mode 

Input floating or input pull-up or push-

pull alternate output 

Slave mode Push-pull alternate output 

SPIx_I2Sx_NSS_WS 
Master mode Push-pull alternate output 

Slave mode Push-pull alternate output 

SPIx_I2Sx_SCK_CK 
Master mode Push-pull alternate output 

Slave mode Push-pull alternate output 

Table 5-41 USB 

USB pin GPIO configuration 

USB_DM 

USB_DP 

Once the USB module is enabled, these pins are automatically 

connected to the internal USB transceiver 

Table 5-42 JTAG/SWD 

JTAG/SWD pin configuration GPIO configuration 

JTMS/SWDIO Input pull-up Push-pull alternate output + pull-up 

JTCK/SWCLK Pull-down output Push-pull alternate output + pull-up 

JTDI Input pull-up Push-pull alternate output + pull-up 

JTDO Output Push-pull alternate output 

NJTRST Input pull-up Push-pull alternate output + pull-up 

Table 5-43 Other 

pin Alternate function GPIO configuration 

EVENT_OUT EVENT OUT Push-pull alternate output 

COMPx_OUT COMP Push-pull alternate output 

MCO clock output Push-pull alternate output 

LCD_COMx LCD common output Analog mode 

LCD_SEGx LCD segment output Analog mode 
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pin Alternate function GPIO configuration 

EXTI Input Line External interrupt input 
Input floating or input pull-up or input 

pull-down  

 GPIO locking mechanism 

The locking mechanism is used to freeze the I/O configuration to prevent accidental changes. When a lock (LOCK) 

procedure is performed on a port bit, the configuration of the port cannot be changed until the next reset, refer to the 

port configuration lock register GPIOx_PLOCK. 

Â PLOCKK, that is, GPIOx_PLOCK [16], becomes 1 only after the correct sequence w1-> w0-> w1-> r0 (r0 here 

is also a must). After that, it becomes 0 only if the system reset is performed. GPIOx_PLOCK.PLOCK[15:0] 

can only be modified at GPIOx_PLOCK.PLOCKK=0. 

Â The lock sequence to set GPIOx_PLOCK.PLOCKK bit, w1-> w0-> w1-> r0 will be valid only if the value (1 

or 0) in GPIOx_PLOCK.PLOCK [15:0] does not change during this sequence.The GPIOx_PLOCK.PLOCKK 

bit will not be set if the value in GPIOx_PLOCK.PLOCK [15:0] changes during this sequence. 

Â As long as GPIOx_PLOCK.PLOCKK=0 and GPIOx_PLOCK.PLOCKx=0 or 1, all configuration and alternate 

function bits can be modified. When GPIOx_PLOCK.PLOCKK=1 but GPIOx_PLOCK.PLOCK[x]=0, the 

corresponding configuration and alternate function bits corresponding to GPIOx_PLOCK.PLOCK[x]=0 can be 

modified.  

Â Only when GPIOx_PLOCK.PLOCKK=1 and GPIOx_PLOCK.PLOCK[x]=1, the configurations corresponding 

to GPIOx_PLOCK.PLOCK[x]=1 are locked and can not be modified. 

Â If the lock sequence operation is wrong, then it must be redone (w1-> w0-> w1-> r0) to initiate the lock operation 

again. 

  GPIO register 

These peripheral registers must be operated as 32-bit words. 

 GPIO register overview 

GPIOA base address: 0x40010800 

GPIOB base address: 0x40010C00 

GPIOC base address: 0x40011000 

GPIOD base address: 0x40011400 

Table 5-44 GPIO register overview 

Offset Register 3
1 

3
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2
9 

2
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2
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2
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GPIOx_PMODE 

P
M

O
D

E
1

5
[1

:0
] 

P
M

O
D

E
1

4
[1

:0
] 

P
M

O
D

E
1

3
[1

:0
] 

P
M

O
D

E
1

2
[1

:0
] 

P
M

O
D

E
1

1
[1

:0
] 

P
M

O
D

E
1

0
[1

:0
] 

P
M

O
D

E
9

[1
:0

] 

P
M

O
D

E
8

[1
:0

] 

P
M

O
D

E
0

7
[1

:0
] 

P
M

O
D

E
6

[1
:0

] 

P
M

O
D

E
0

5
[1

:0
] 

P
M

O
D

E
4

[1
:0

] 

P
M

O
D

E
0

3
[1

:0
] 

P
M

O
D

E
2

[1
:0

] 

P
M

O
D

E
0

1
[1

:0
] 

P
M

O
D

E
0

[1
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Reset Value x=A 1 0 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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Offset Register 3
1 

3
0 

2
9 

2
8 

2
7 

2
6 

2
5 

2
4 

2
3 

2
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2
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0 

1
9 
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8 

1
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1
5 

1
4 

1
3 

1
2 

1
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1
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8
 

7
 

6
 

5
 

4
 

3
 

2
 

1
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x=B 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 

x=C 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

x=D 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 

004h 

GPIOx_POTYPE 
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O
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Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

008h 

GPIOx_SR 

Reserved 
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Reset Value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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Reset Value 

x=A 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

x=B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

x=C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

x=D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

010h 
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Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

020h 

GPIOx_AFL AFSEL7[3:0] AFSEL6[3:0] AFSEL5[3:0] AFSEL4[3:0] AFSEL3[3:0] AFSEL2[3:0] AFSEL1[3:0] AFSEL0[3:0] 

Reset Value 

x=A,C,D 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

x=B 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 

024h 

GPIOx_AFH AFSEL15[3:0] AFSEL14[3:0] AFSEL13[3:0] AFSEL12[3:0] AFSEL11[3:0] AFSEL10[3:0] AFSEL9[3:0] AFSEL8[3:0] 

Reset Value 

x=A 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

x= B,C,D 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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Reset Value 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
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 GPIO mode description register (GPIOx_PMODE) 

Address: 0x00 

Reset value: 0xABFF FFFF̂x=Ã̕ 0xFFFF FEBF̂x=B̃̕0xFFFF FFFF̂x=C̃̕0xFFFF FFFĈx=D̃ 

 

Bit field Name Description 

31:30 

29:28 

27:26 

25:24 

23:22 

21:20 

19:18 

17:16 

15:14 

13:12 

11:10 

9:8 

7:6 

5:4 

3:2 

1:0 

PMODEy[1:0] Mode bits for port x (y = 0é15) 

00: Input mode 

01: General output mode 

10: Alternate function mode 

11: Analog function mode (state after reset) 

 GPIO type definition (GPIOx_POTYPE) 

Address: 0x04 

Reset value: 0x0000 0000̂x= A,B,C,D̃ 

 

Bit field Name Description 

31:16 Reserved Reserved, the reset value must be maintained 
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Bit field Name Description 

15:0 POTy Output mode bits for port x (y = 0é15) 

0: Output push-pull mode (state after reset) 

1: Output open-drain mode 

 GPIO port slew rate configuration register (GPIOx_SR) 

Address: 0x08 

Reset value: 0x0000 FFFF̂x= A,B,C,D̃ 

 

Bit field Name Description 

31:16 Reserved Reserved, the reset value must be maintained 

15:0 SRy Toggle rate configuration bits y for port GPIOx (y = 0é15) 

These bits can only be read or written as 16-bit words. 

0χFast slew rate 

1χSlow slew rate 

 GPIO pull-up/pull-down description register (GPIOx_PUPD) 

Address: 0x0C 

Reset value: 0x6400 0000̂x=Ã̕ 0x0000 0100̂x=B̃̕0x0000 0000̂x=C̃̕0x0000 0002̂x=D̃ 

 

Bit field Name Description 

31:30 

29:28 

27:26 

25:24 

23:22 

21:20 

19:18 

17:16 

PUPDy[1:0] Mode bits for port x (y = 0é15) 

00: No pull-up, pull-down 

01: Pull-up 

10: Pull-down 

11: Reserved 
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Bit field Name Description 

15:14 

13:12 

11:10 

9:8 

7:6 

5:4 

3:2 

1:0 

 GPIO input data register (GPIOx_PID) 

Address: 0x10 

Reset value: 0x0000 0000̂x=A,B,C,D̃ 

 

Bit field Name Description 

31:16 Reserved Reserved, the reset value must be maintained 

15:0 PIDy Port input data (y = 0é15) 

These bits are read-only and can only be read in the form of 16-bit words, and the read 

value is the state of the corresponding I/O port. 

 GPIO output data register (GPIOx_POD) 

Address: 0x14 

Reset value: 0x0000 0000̂x=A,B,C,D̃ 

 

Bit field Name Description 

31:16 Reserved Reserved, the reset value must be maintained 

15:0 PODy Port output data (y = 0é15) 

These bits can only be read or written as 16-bit words. For GPIOx_PBSC (x = AéD), 

the corresponding POD bits can be independently set/cleared. 
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 GPIO bit set/clear register (GPIOx_PBSC) 

Address: 0x18 

Reset value: 0x0000 0000̂x=A,B,C,D̃ 

 

Bit field Name Description 

31:16 PBCy Clear bit y of port GPIOx (y = 0é15)  

These bits can only be written and operated as words (16 bits). 

0: Does not affect the corresponding PODy bit 

1: Clear the corresponding PODy bit to 0 

Note: if the corresponding bits of PBSy and PBCy are set at the same time, the PBSy 

bit works. 

15:0 PBSy Set bit y of port GPIOx (y = 0é15) 

These bits can only be written and operated as words (16 bits). 

0: Does not affect the corresponding PODy bit 

1: Set the corresponding PODy bit to 1 

 GPIO configuration lock register (GPIOx_PLOCK) 

Address: 0x1C 

Reset value: 0x0000 0000̂x=A,B,C,D̃ 

 

Bit field Name Description 

31:17 Reserved Reserved, the reset value must be maintained 

16 PLOCKK Lock key. This bit can be read at any time, and it can only be modified by the key lock 

write sequence. 

0: Port configuration lock key is activated 

1: The port configuration lock key is activated, and the GPIOx_PLOCK register is 

locked before the next system reset. The write sequence of the lock key: 

Write 1 -> write 0 -> write 1 -> read 0 -> read 1 
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Bit field Name Description 

The last reading can be omitted, but it can be used to confirm that the lock key has 

been activated. 

Note: the value of PLOCK[15:0] cannot be changed when the writing sequence of 

lock key is operated. Any error in the operation key writing sequence will not activate 

the key. 

15:0 PLOCKy Configuration lock bit y of port GPIOx (y = 0é15) 

These bits are readable and writable but can only be written when the PLOCKK bit is 

0. 

0: Do not lock the configuration of the port 

1: Lock the configuration of the port 

 GPIO alternate function low register (GPIOx_AFL) 

Address: 0x20 

Reset value: 0xFFFF FFFF̂x=A,C,D̃̕ 0xFFF0 0FFF̂x=B̃ 

 

Bit field Name Description 

31:28 

27:24 

23:20 

19:16 

15:12 

11:8 

7:4 

3:0 

AFSELy[3:0] Alternate function configuration bits y for port GPIOx (y = 0é7) 

0000̔AF0 

0001̔AF1 

0010̔AF2 

0011̔AF3 

0100̔AF4 

0101̔AF5 

0110̔AF6 

0111̔AF7 

1000̔AF8 

1001̔AF9 

1010̔AF10 

1011̔AF11 

1100̔AF12 

1101̔AF13 

1110̔AF14 

1111̔AF15 (No alternate function) 
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 GPIO alternate function High register (GPIOx_AFH) 

Address: 0x24 

Reset value: 0x000F FFFF̂x=Ã̕ 0xFFFF FFFF̂x=B,C,D̃ 

 

Bit field Name Description 

31:28 

27:24 

23:20 

19:16 

15:12 

11:8 

7:4 

3:0 

AFSELy[3:0] Alternate function configuration bits y for port GPIOx̂y = 8é15̃  

0000̔AF0 

0001̔AF1 

0010̔AF2 

0011̔AF3 

0100̔AF4 

0101̔AF5 

0110̔AF6 

0111̔AF7 

1000̔AF8 

1001̔AF9 

1010̔AF10 

1011̔AF11 

1100̔AF12 

1101̔AF13 

1110̔AF14 

1111̔AF15 (No alternate function) 

 GPIO bit clear register (GPIOx_PBC) 

Address: 0x28 

Reset value: 0x0000 0000̂x=A,B,C,D̃ 

 



nsing.com.sg  

 117 / 651 

 

 

Bit field Name Description 

31:16 Reserved Reserved, the reset value must be maintained. 

15:0 PBCy Clear bit y of port GPIOx (y = 0...15)  

These bits can only be written and operated as words (16 bits). 

0: Does not affect the corresponding PODy bit 

1: Clear the corresponding PODy bit to 0 

 GPIO driver strength configuration register (GPIOx_DS) 

Address: 0x2C 

Reset value: 0x5555 5555̂x=A,B,C,D̃ 

 

Bit field Name Description 

31:30 

29:28 

27:26 

25:24 

23:22 

21:20 

19:18 

17:16 

15:14 

13:12 

11:10 

9:8 

7:6 

5:4 

3:2 

1:0 

DSy[1:0] Port GPIOx drive capability configuration bits y (y = 0é15)  

00χ2mA  

01χ8mA  

10χ4mA  

11χ12mA  

 AFIO register 

 AFIO register overview 

AFIO base address: 0x40010000 
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Table 5-45 AFIO register overview 

Offset Register 3
1 

3
0 

2
9 

2
8 

2
7 

2
6 

2
5 

2
4 

2
3 

2
2 

2
1 

2
0 

1
9 

1
8 

1
7 

1
6 

1
5 

1
4 

1
3 

1
2 

1
1 

1
0 9
 

8
 

7
 

6
 

5
 

4
 

3
 

2
 

1
 

0
 

000h 

AFIO_RMP_CFG 

Reserved 

S
P

I1
_

N
S

S 

S
P

I2
_

N
S

S 

A
D

C
_

E
T

R
I 

A
D

C
_

E
T

R
R
 

E
X

T
I_

E
T

R
I[

3
:0

] 

E
X

T
I_

E
T

R
R

[3
:0

] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 

004h 

AFIO_EXTI_CFG1 

Reserved 

E
X

T
I3

[1
:0

] 

R
e
s
e
rv

e
d 

E
X

T
I2

[1
:0

] 

R
e
s
e
rv

e
d 

E
X

T
I1

[1
:0

] 

R
e
s
e
rv

e
d 

E
X

T
I0

[1
:0

] 

Reset Value 0 0 0 0 0 0 0 0 

008h 

AFIO_EXTI_CFG2 

Reserved 

E
X

T
I7

[1
:0

] 

R
e
s
e
rv

e
d 

E
X

T
I6

[1
:0

] 

R
e
s
e
rv

e
d 

E
X

T
I5

[1
:0

] 

R
e
s
e
rv

e
d 

E
X

T
I4

[1
:0

] 

Reset Value 0 0 0 0 0 0 0 0 

00Ch 

AFIO_EXTI_CFG3 

Reserved 

E
X

T
I1

1
[1

:0
] 

R
e
s
e
rv

e
d 

E
X

T
I1

0
[1

:0
] 

R
e
s
e
rv

e
d 

E
X

T
I9

[1
:0

] 

R
e
s
e
rv

e
d 

E
X

T
I8

[1
:0

] 

Reset Value 0 0 0 0 0 0 0 0 

010h 

AFIO_EXTI_CFG4 

Reserved 

E
X

T
I1

5
[1

:0
] 

R
e
s
e
rv

e
d 

E
X

T
I1

4
[1

:0
] 

R
e
s
e
rv

e
d 

E
X

T
I1

3
[1

:0
] 

R
e
s
e
rv

e
d 

E
X

T
I1

2
[1

:0
] 

Reset Value 0 0 0 0 0 0 0 0 

 AFIO mapping configuration control register (AFIO_RMP_CFG) 

Address: 0x00 

Reset value: 0x0000 0000 

 

Bit field Name Description 

31:12 Reserved Reserved, the reset value must be maintained 

11 SPI1_NSS NSS mode selection bit of SPI1 (NSS is configured in AFIO push-pull mode) 

0: NSS is in a high-impedance state when idle 

1: NSS is high when idle 

10 SPI2_NSS NSS mode selection bit of SPI2 (NSS is configured in AFIO push-pull mode) 

0: NSS is in a high-impedance state when idle 
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Bit field Name Description 

1: NSS is high when idle 

9 ADC_ETRI ADC injection conversion external trigger remapping 

This bit can be set to '1' or '0' by software. It controls the trigger input connected 

to the external trigger for ADC injection conversion. 

0: ADC injection conversion external trigger is connected to EXTI (0-15) 

1: ADC injection conversion external trigger is connected to TIM8_CH4. 

8 ADC_ETRR ADC regular conversion external trigger remapping 

This bit can be set to '1' or '0' by software. It controls the trigger input connected 

to the ADC regular conversion external trigger. 

0: ADC regular conversion external trigger is connected to EXTI (0-15) 

1: ADC regular conversion external trigger is connected to TIM8_TAGO 

7:4 EXTI_ETRI[3:0] Select interrupt line injection to convert external trigger remapping 

3:0 EXTI_ETRR[3:0] Select interrupt line regular to convert external trigger remapping 

 AFIO external interrupt configuration register 1(AFIO_EXTI_CFG1) 

Address: 0x04 

Reset value: 0x0000 0000 

 

Bit field Name Description 

31:14 Reserved Reserved, the reset value must be maintained 

13:12 EXTI3[1:0] 00̔PA3 pin       

01̔PB3 pin         

10̔PC3 pin 

11̔PD3 pin 

11:10 Reserved Reserved, the reset value must be maintained 

9:8 EXTI2[1:0] 00̔PA2 pin        

01̔PB2 pin        

10̔PC2 pin 

11̔PD2 pin 

7:6 Reserved Reserved, the reset value must be maintained 

5:4 EXTI1[1:0] 00̔PA1 pin        

01̔PB1 pin         

10̔PC1 pin 

11̔PD1 pin 

3:2 Reserved Reserved, the reset value must be maintained 
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Bit field Name Description 

1:0 EXTI0[1:0] 00̔PA0 pin        

01̔PB0 pin         

10̔PC0 pin 

11̔PD0 pin 

 AFIO external interrupt configuration register 2(AFIO_EXTI_CFG2) 

Address: 0x08 

Reset value: 0x0000 0000 

 

Bit field Name Description 

31:14 Reserved Reserved, the reset value must be maintained 

13:12 EXTI7[1:0] 00̔PA7 pin        

01̔PB7 pin         

10̔PC7 pin 

11̔PD7 pin 

11:10 Reserved Reserved, the reset value must be maintained 

9:8 EXTI6[1:0] 00̔PA6 pin        

01̔PB6 pin         

10̔PC6 pin 

11̔PD6 pin 

7:6 Reserved Reserved, the reset value must be maintained 

5:4 EXTI5[1:0] 00̔PA5 pin        

01̔PB5 pin         

10̔PC5 pin 

11̔PD5 pin 

3:2 Reserved Reserved, the reset value must be maintained 

1:0 EXTI4[1:0] 00̔PA4 pin        

01̔PB4 pin         

10̔PC4 pin 

11̔PD4 pin 

 AFIO external interrupt configuration register 3(AFIO_EXTI_CFG3) 

Address: 0x0C 

Reset value: 0x0000 0000 
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Bit field Name Description 

31:14 Reserved Reserved, the reset value must be maintained 

13:12 EXTI11[1:0] 00̔PA11 pin        

01̔PB11 pin         

10̔PC11 pin 

11̔PD11 pin 

11:10 Reserved Reserved, the reset value must be maintained 

9:8 EXTI10[1:0] 00̔PA10 pin        

01̔PB10 pin         

10̔PC10 pin 

11̔PD10 pin 

7:6 Reserved Reserved, the reset value must be maintained 

5:4 EXTI9[1:0] 00̔PA9 pin        

01̔PB9 pin         

10̔PC9 pin 

11̔PD9 pin 

3:2 Reserved Reserved, the reset value must be maintained 

1:0 EXTI8[1:0] 00̔PA8 pin        

01̔PB8 pin         

10̔PC8 pin 

11̔PD8 pin 

 AFIO external interrupt configuration register 4(AFIO_EXTI_CFG4) 

Address: 0x10 

Reset value: 0x0000 0000 

 

Bit field Name Description 

31:14 Reserved Reserved, the reset value must be maintained 

13:12 EXTI15[1:0] 00̔PA15 pin        
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Bit field Name Description 

01̔PB15 pin         

10̔PC15 pin 

11̔PD15 pin 

11:10 Reserved Reserved, the reset value must be maintained 

9:8 EXTI14[1:0] 00̔PA14 pin        

01̔PB14 pin         

10̔PC14 pin 

11̔PD14 pin 

7:6 Reserved Reserved, the reset value must be maintained 

5:4 EXTI13[1:0] 00̔PA13 pin        

01̔PB13 pin         

10̔PC13 pin 

11̔PD13 pin 

3:2 Reserved Reserved, the reset value must be maintained 

1:0 EXTI12[1:0] 00̔PA12 pin        

01̔PB12 pin         

10̔PC12 pin 

11̔PD12 pin 
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6 Interrupts And Events 

 Nested vector interrupt register 

Features 

Â 66 maskable interrupt channels (excluding 16 Cortex-M4 interrupt lines). 

Â 16 programmable priority levels (using 4-bit interrupt priority); 

Â Low-latency exception and interrupt handling; 

Â Power management control; 

Â Implementation of system control registers; 

The nested vector interrupt Controller (NVIC) is closely linked to the processor core, enabling low latency interrupt 

processing and efficient processing of late interrupts. The nested vector interrupt controller manages interrupts 

including core exceptions. 

 SysTick calibration value register 

The system tick calibration value is fixed at 8000. When the system tick clock is set to 8MHz (the maximum value 

of HCLK/8), 1ms time reference is generated. 

 Interrupt and exception vectors 

Table 6-1 Vector table 

Position Priority  
Priority 

type 
Name Description Address 

- - - - Reserved 0x0000_0000 

- -3 Fixed Reset Reset 0x0000_0004 

- -2 Fixed NMI 

Non-maskable interrupt. RCC clock 

security system (CSS) is connected to 

the NMI vector. 

0x0000_0008 

- -1 Fixed HardFault All types of errors (fault) 0x0000_000C 

- 0 Settable MemManage Memory management 0x0000_0010 

- 1 Settable BusFault 
Prefetch means failure. Memory 

access failed 
0x0000_0014 

- 2 Settable UsageFault Undefined instruction or illegal status 0x0000_0018 

- - - - Reserved 
0x0000_001C 

~0x0000_002B 

- 3 Settable SVCall 
System services invoked by SWI 

directives 
0x0000_002C 

- 4 Settable DebugMonitor Debug monitor 0x0000_0030 

- - - - Reserved 0x0000_0034 
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Position Priority  
Priority 

type 
Name Description Address 

- 5 Settable PendSV 
System services that can be 

suspended 
0x0000_0038 

- 6 Settable SysTick System tick timer 0x0000_003C 

0 7 Settable WWDG Window timer interrupt 0x0000_0040 

1 8 Settable PVD 

Power supply voltage detection 

(PVD) interrupt connected to EXTI 

line 16 

0x0000_0044 

2 9 Settable RTC_TAMPER_STAMP 
RTC timestamp interrupt connected 

to EXTI line 19 
0x0000_0048 

3 10 Settable RTC_WKUP 
Real time clock (RTC) wake up 

interrupt connected to EXTI line 20 
0x0000_004C 

4 11 Settable FLASH Flash global interrupt 0x0000_0050 

5 12 Settable RCC 
Reset and clock control (RCC) 

interrupt 
0x0000_0054 

6 13 Settable EXTI0 EXTI line 0 interrupt 0x0000_0058 

7 14 Settable EXTI1 EXTI line 1 interrupt 0x0000_005C 

8 15 Settable EXTI2 EXTI line 2 interrupt 0x0000_0060 

9 16 Settable EXTI3 EXTI line 3 interrupt 0x0000_0064 

10 17 Settable EXTI4 EXTI line 4 interrupt 0x0000_0068 

11 18 Settable The DMA channel 1 DMA channel 1 global interrupt 0x0000_006C 

12 19 Settable The DMA channel 2 DMA channel 2 global interrupt 0x0000_0070 

13 20 Settable The DMA channel 3 DMA channel 3 global interrupt 0x0000_0074 

14 21 Settable The DMA channel 4 DMA channel 4 global interrupt 0x0000_0078 

15 22 Settable The DMA channel 5 DMA channel 5 global interrupt 0x0000_007C 

16 23 Settable The DMA channel 6 DMA channel 6 global interrupt 0x0000_0080 

17 24 Settable The DMA channel 7 DMA channel 7 global interrupt 0x0000_0084 

18 25 Settable The DMA channel 8 DMA channel 8 global interrupt 0x0000_0088 

19 26 Settable ADC ADC global interrupt 0x0000_008C 

20 27 Settable USB_HP USB high priority interrupt 0x0000_0090 

21 28 Settable USB_LP USB low priority interrupt 0x0000_0094 

22 29 Settable COMP 
COMP1/COMP2 interrupt connected 

to EXTI line 21/22  
0x0000_0098 

23 30 Settable EXTI9_5  EXTI line [9:5] interrupt 0x0000_009C 

24 31 Settable TIM1_BRK TIM1 brake interrupt 0x0000_00A0 

25 32 Settable TIM1_UP TIM1 update interrupt 0x0000_00A4 

26 33 Settable TIM1_TRG_COM 
TIM1 triggers and communication 

interrupt 
0x0000_00A8 

27 34 Settable TIM1_CC TIM1 capture comparison interrupt 0x0000_00AC 

28 35 Settable TIM2 TIM2 global interrupt 0x0000_00B0 

29 36 Settable TIM3 TIM3 global interrupt 0x0000_00B4 
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Position Priority  
Priority 

type 
Name Description Address 

30 37 Settable TIM4 TIM4 global interrupt 0x0000_00B8 

31 38 Settable I2C1_EV I2C1 event interrupt 0x0000_00BC 

32 39 Settable I2C1_ER I2C1 error interrupt 0x0000_00C0 

33 40 Settable I2C2_EV I2C2 event interrupt 0x0000_00C4 

34 41 Settable I2C2_ER I2C2 error interrupt 0x0000_00C8 

35 42 Settable SPI1 SPI1 global interrupt 0x0000_00CC 

36 43 Settable SPI2 SPI2 global interrupt 0x0000_00D0 

37 44 Settable USART1 USART1 global interrupt 0x0000_00D4 

38 45 Settable USART2 USART2 global interrupt 0x0000_00D8 

39 46 Settable USART3 USART3 global interrupt 0x0000_00DC 

40 47 Settable EXTI15_10 EXTI line [15:10] interrupt 0x0000_00E0 

41 48 Settable RTC Alarm 
RTC alarm interrupt connected to 

EXTI line 18  
0x0000_00E4 

42 49 Settable USBWKUP 
USB wake up failure interrupt 

connected to EXTI line 17 
0x0000_00E8 

43 50 Settable TIM8_BRK TIM8 brake failure 0x0000_00EC 

44 51 Settable TIM8_UP TIM8 update interrupt 0x0000_00F0 

45 52 Settable TIM8_TRG_COM 
TIM8 triggers and communication 

interrupt 
0x0000_00F4 

46 53 Settable TIM8_CC TIM8 capture comparison interrupt 0x0000_00F8 

47 54 Settable UART4 UART4 global interrupt 0x0000_00FC 

48 55 Settable UART5 UART5 global interrupt 0x0000_0100 

49 56 Settable LPUART LPUART global interrupt 0x0000_0104 

50 57 Settable TIM5 TIM5 global interrupt 0x0000_0108 

51 58 Settable TIM6 TIM6 global interrupt 0x0000_0118 

52 59 Settable TIM7 TIM7 global interrupt 0x0000_011C 

53 60 Settable CAN_TX CAN send interrupt 0x0000_0120 

54 61 Settable CAN_RX0 CAN receives 0 interrupt 0x0000_0124 

55 62 Settable CAN_RX1 CAN receive 1 interrupt 0x0000_0128 

56 63 Settable CAN_SCE CAN SCE interrupt  0x0000_012C 

57 64 Settable LPUART_WKUP 
LPUART wake up interrupt 

connected to EXTI line 23  
0x0000_0130 

58 65 Settable LPTIM_WKUP 
LPTIM wake up interrupt connected 

to EXTI line 24 
0x0000_0134 

59 66 Settable LCD 
LCD global interrupt connected to  

EXTI line 26 
0x0000_0138 

60 67 Settable SAC SAC global interrupt 0x0000_013C 

61 68 Settable MMU MMU golbal interrupt 0x0000_0140 

62 69 Settable Reserved Reserved 0x0000_0144 
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Position Priority  
Priority 

type 
Name Description Address 

63 70 Settable RAMC_PERR RAM verification error interrupt 0x0000_0148 

64 71 Settable TIM9 TIM9 global interrupt 0x0000_014C 

65 72 Settable UCDR UCDR error interrupt 0x0000_0150 

 External interrupt/event controller (EXTI) 

 Introduction 

The external interrupt/event controller contains 27 edge detection circuits that generate interrupt/event triggers. Each 

input line can be independently configured with pulse or pending input types, and 3 trigger event types including 

rising edge, falling edge or double edge, which can also be independently shielded. Interrupt requests that hold the 

state line in the pending register can be cleared by writing '1' in the corresponding bit of the pending register. 

 Main features 

The main features of EXTI controller are as follows: 

Â Support 27 software interrupt/event requests. 

Â Interrupts/events corresponding to each input line can be configured to trigger or mask independently. 

Â Each interrupt line has an independent state bit. 

Â Support for pulse or pending input types. 

Â 3 trigger events are supported: rising edge, falling edge, and double edge. 

Â Can wake up to exit low power mode. 
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Figure 6-1 External interrupt/event controller block diagram 

 

 Functional description 

EXTI contains 27 interrupts, 16 from I/O pins and 11 from internal modules. To generate interrupts, the NVIC 

interrupt channel of the external interrupt controller must be configured to enable the appropriate interrupt line. Select 

rising edge, falling edge, or double edge trigger event types by edge trigger configuration registers EXTI_RT_CFG 

and EXTI_FT_CFG, and write '1' to the corresponding bit of interrupt masking register EXTI_IMASK to allow 

interrupt requests. When a preset edge trigger polarity is detected on the external interrupt line, an interrupt request 

is generated and the corresponding pending bit is set to '1'. Writing '1' to the corresponding bit of the pending register 

clears the interrupt request. 

To generate events, the corresponding event line must be configured and enabled. According to the desired edge 

detection polarity, set up the rise/fall edge trigger configuration register, while writing '1' in the corresponding bit of 

the event masking register to allow interrupt requests. When a preset edge occurs on an event line, an event request 

pulse is generated and the corresponding pending bit is not set to '1'. 

In addition, interrupt/event requests can also be generated by software by writing a '1' in the software interrupt/event 

register. 
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Â Hardware interrupt configuration, select and configure 27 lines as interrupt sources as required: 

É Configure the mask bit (EXTI_IMASK) for 27 interrupt lines. 

É Configure the selected disconnection trigger configuration bits (EXTI_RT_CFG and EXTI_FT_CFG); 

É Configure the enable and mask bits of the NVIC interrupt channel corresponding to the external interrupt 

controller so that the requests in the 27 interrupt lines can be correctly responded to. 

Â Hardware event configuration: Select 27 lines as event sources as required: 

É Configure the mask bit (EXTI_EMASK) for 27 event lines. 

É Configure the trigger configuration bits for the selected event line (EXTI_RT_CFG and EXTI_FT_CFG). 

Â Software interrupt/event configuration, select 27 lines as software interrupt/event lines as required: 

É Configure 27 interrupt/event line mask bits (EXTI_IMASK and EXTI_EMASK). 

É Configure the request bit of the software interrupt event register (EXTI_SWIE). 

 EXTI line image 

Figure 6-2 External interrupt generic I/O image 

 

To configure external interrupts/events on the GPIO line using AFIO_EXTI_CFGy, the AFIO clock must be enabled 

first. Universal I/O ports are connected to 16 external interrupt/event lines as shown above. The connection mode of 

the other 11 EXTI lines is as follows: 

Â EXTI line 16 is connected to the PVD output 

Â EXTI line 17 is connected to the USB wake up event 
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Â EXTI line 18 is connected to the RTC alarm 

Â EXTI line 19 is connected to the RTC timestamp event 

Â EXTI line 20 is connected to the RTC Wake up event 

Â EXTI line 21 is connected to the COMP1 output 

Â EXTI line 22 is connected to the COMP2 output 

Â EXTI line 23 is connected to the LPUART wake up interrupt 

Â EXTI line 24 is connected to the LPTIM wake up interrupt 

Â EXTI line 25 is Reserved 

Â EXTI line 26 is connected to the LCD global interrupt 

 EXTI registers 

EXTI base address: 0x40010400 
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 EXTI registers overview 

Table 6-2 EXTI register overview 

Offset Register 3
1 

3
0 

2
9 

2
8 
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7 

2
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000h 

EXTI_IMASK 

Reserved 

IM
A

S
K

2
6
 

R
e
s
e
rv

e
d 

IMASK[24:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

004h 

EXTI_EMASK 

Reserved 

E
M

A
S

K
2

6 

R
e
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e
rv

e
d 

EMASK[24:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

008h 
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Reserved 

R
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F
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6 

R
e
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e
rv

e
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RT_CFG[24:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

00Ch 
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Reserved 

F
T
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C
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G

2
6 

R
e
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e
rv

e
d 

FT_CFG[24:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

010h 

EXTI_SWIE 
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W
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6 
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e
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e
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SWIE[24:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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2
6 

R
e
s
e
rv

e
d 

P
E

N
D

2
4 

P
E

N
D

2
3 

P
E

N
D

2
2 

P
E

N
D

2
1 

P
E

N
D

2
0 

P
E

N
D

1
9 

P
E

N
D

1
8 

P
E

N
D

1
7 

P
E

N
D

1
6 

P
E

N
D

1
5 

P
E

N
D

1
4 

P
E

N
D

1
3 

P
E

N
D

1
2 

P
E

N
D

1
1 

P
E

N
D

1
0 

P
E

N
D

9 

P
E

N
D

8 

P
E

N
D

7 

P
E

N
D

6 

P
E

N
D

5 

P
E

N
D

4 

P
E

N
D

3 

P
E

N
D

2 

P
E

N
D

1 

P
E

N
D

0 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

018h 

EXTI_TS_SEL 

Reserved 

TSSEL[3:0] 

Reset Value 0 0 0 0 

 

 EXTI interrupt mask register (EXTI_IMASK) 

Address offset: 0x00 

Reset value: 0x0000 0000 

 

Bit Field Name Description 

31:27 Reserved Reserved, the reset value must be maintained 
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Bit Field Name Description 

26 IMASK26 Interrupt mask on line 26 

0: Masking the interrupt requests from line 26. 

1: Not masking the interrupt requests from line 26. 

25 Reserved Reserved,the reset value must be maintained. 

24:0 IMASKx Interrupt mask on line x(x is 0,1,2,3é23,24) 

0: Masking the interrupt requests from line x. 

1: Not masking the interrupt requests from line x. 

 EXTI event mask register (EXTI_EMASK) 

Address offset: 0x00 

Reset value: 0x0000 0000 

 

Bit Field Name Description 

31:27 Reserved Reserved,the reset value must be maintained. 

26 EMASK26 Event mask on line 26 

0: Masking the event requests from line 26. 

1: Not masking the event requests from line 26. 

25 Reserved Reserved,the reset value must be maintained. 

24:0 EMASKx Event mask on line x(x is 0,1,2,3é23,24) 

0: Masking the event requests from line x. 

1: Not masking the event requests from line x. 

 EXTI rising edge trigger configuration register (EXTI_RT_CFG) 

Address offset: 0x00 

Reset value: 0x0000 0000 

 

Bit Field Name Description 

31:27 Reserved Reserved,the reset value must be maintained. 

26 RT_CFG26 The rising edge on line 26 triggers the configuration bit 
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Bit Field Name Description 

0: Disable rising edge triggering (interrupts and events) on input line 26. 

1: Enable rising edge triggering (interrupts and events) on input line 26. 

25 Reserved Reserved,the reset value must be maintained. 

24:0 RT_CFGx The rising edge on line x triggers the configuration bit.(x is 0,1,2,3é23,24) 

0: Disable rising edge triggering (interrupts and events) on input line x 

1: Enable rising edge triggering (interrupts and events) on input line x 

 EXTI falling edge trigger configuration register (EXTI_FT_CFG) 

Address offset: 0x00 

Reset value: 0x0000 0000 

 

Bit Field Name Description 

31:27 Reserved Reserved,the reset value must be maintained. 

26 FT_CFG26 The falling edge on line 26 triggers the configuration bit 

0: Disable falling edge triggering (interrupts and events) on input line 26. 

1: Enable falling edge triggering (interrupts and events) on input line 26. 

25 Reserved Reserved,the reset value must be maintained. 

24:0 FT_CFGx The falling edge on line x triggers the configuration bit. (x is 0,1,2,3é23,24) 

0: Disable falling edge triggering (interrupts and events) on input line x. 

1: Enable falling edge triggering (interrupts and events) on input line x. 

 EXTI software interrupt event register (EXTI_SWIE) 

Address offset: 0x00 

Reset value: 0x0000 0000 

 

Bit Field Name Description 

31:27 Reserved Reserved,the reset value must be maintained. 

26 SWIE26 Software interrupt on line 26 

When the bit is' 0 ', writing '1' sets the corresponding pending bit in EXTI_PEND. If 
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Bit Field Name Description 

this interrupt is allowed in EXTI_IMASK and EXTI_EMASK, an interrupt will be 

generated. 

Note: This bit can be cleared to '0' by writing '1' to clear the corresponding bit of 

EXTI_PEND. 

25 Reserved Reserved,the reset value must be maintained. 

24:0 SWIEx Software interrupt on line x. (x is 0,1,2,3é23,24) 

When the bit is' 0 ', writing '1' sets the corresponding pending bit in EXTI_PEND. If 

this interrupt is allowed in EXTI_IMASK and EXTI_EMASK, an interrupt will be 

generated. 

Note: This bit can be cleared to '0' by writing '1' to clear the corresponding bit of 

EXTI_PEND. 

 EXTI pending register (EXTI_PEND) 

Address offset: 0x00 

Reset value: 0x0000 0000 

 

Bit Field Name Description 

31:27 Reserved Reserved,the reset value must be maintained. 

26 PEND26 Pending bit on line 26 

0: No pending request has occurred 

1: A pending trigger request occurred 

This bit is set to '1' when a selected edge trigger event occurs on the external interrupt 

line. It can be cleared by writing '1' to the bit, or by changing the polarity of the edge 

detection. 

25 Reserved Reserved,the reset value must be maintained. 

24:0 PENDx Pending bit on line X. (x is 0,1,2,3é23,24) 

0: No pending request has occurred 

1: A pending trigger request occurred 

This bit is set to '1' when a selected edge trigger event occurs on the external interrupt 

line. It can be cleared by writing '1' to the bit, or by changing the polarity of the edge 

detection. 

 EXTI timestamp trigger source selection register (EXTI_TS_SEL) 

Address offset: 0x00 
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Reset value: 0x0000 0000 

 

Bit Field Name Description 

31:4 Reserved Reserved,The reset value must be maintained. 

3:0 TSSEL[3:0] Select the external interrupt input as the trigger source for the timestamp event 

0000: Select EXTI0 as the trigger source of the timestamp event; 

0001: Select EXTI1 as the trigger source of the timestamp event. 

... 

1111: Select EXTI15 as the trigger source for the timestamp event. 
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7 DMA controller  

 Introduction 

The DMA controller can access totally 5 AHB slaves: Flash, SRAM, ADC, APB1 and APB2. DMA Controller is 

controlled by CPU to perform fast data movement from source to destination. After configuration, data can be 

transferred without CPU intervention. Thus, CPU can be released for other computation/control tasks or save overall 

system power consumption. 

MCUôs main backbone is a multi-layer AHB-Lite bus structure with round-robin arbitration scheme. DMA and CPU 

core can access different slaves in parallel or same slaves sequentially. 

DMA controller has 8 logic channels. Each logic channel is to serve memory access requests from single or multiple 

peripherals. Internal arbiter controls the priority of different DMA channels. 

 Main features 

DMA main features: 

 ̧ 8 DMA channels which can be configured independently. 

 ̧ Each DMA channel supports hardware requests and software triggers to initiate transfer, and is configured by 

software. 

 ̧ Each DMA channel has dedicated software priority level (DMA_CHCFGx.PRIOLVL [1:0] bits, corresponding 

to 4 levels of priority) which can be configured individually. Channels with the same software priority level will 

further compare hardware index (channel number) to decide final priority (lower index number channel will has 

higher priority). 

 ̧ Configurable source and destination size. Address setting should correspond to data size. 

 ̧ Configurable circular transfer mode for each channel. 

 ̧ Each channel has 3 independent event flags and interrupts (Transfer complete, Half transfer, Transfer error), and 

1 global interrupt flag (set by logical OR of 3 events). 

 ̧ Support three transfer types which are Memory-to-Memory, Memory-to-Peripheral and Peripheral-to-Memory. 

 ̧ Access totally 5 AHB slaves: Flash, SRAM, ADC, APB1 and APB2. 

 ̧ Configurable data transmit number (0~65535). 
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 Block diagram 

Figure 7-1 DMA block diagram 

 

 Function description 

DMA controller and CortexÊ-M4F core share the same system data bus. When CPU and DMA access the same 

target (RAM or peripheral) at the same time, DMA request will suspend CPU from accessing the system bus for 

several cycles, and the bus arbiter will perform cyclic scheduling. This allows the CPU to get at least half of the 

system bus (memory or peripheral) bandwidth. 

 DMA operation 

A DMA request can be triggered by hardware peripherals or software, and the DMA controller processes the request 

according to the priority level of the channel. The data is read from the source address according to the configured 

transfer address and bit width, and then the read data is stored in the destination address space. After one operation, 

the controller calculates the number of remaining transfers and updates the source address and the destination address 

of the next transfer. 
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Each DMA data transfer consists of three operations: 

Â Data access: determine the source address (DMA_PADDRx or DMA_MADDRx) according to the transfer 

direction and read data from the source address. 

Â Data storage: determine the destination address (DMA_PADDRx or DMA_MADDRx) according to the transfer 

direction and store the read data into the destination address space. 

Â Calculate the number of outstanding operations, perform a decrement operation of the DMA_TXNUMx register, 

and update the source and destination addresses of the next operation. 

 Channel priority and arbitration 

The DMA uses an arbitration strategy to handle multiple requests from different channels. The priority of each 

channel is programmable in the channel control register (DMA_CHCFGx). 

4 levels of priority: 

É Very high priority 

É High priority 

É Medium priority 

É Low priority 

By default, channel with lower index has higher priority if the programmed priority is the same. 

For memory to memory transfer, re-arbitration is carried on after 4 transfer operations. 

For transfer related to periphery, re-arbitration is carried on after each transfer operation. 

 DMA channels and number of transfers 

Each channel can perform DMA transfer between the peripheral register at the specified address and the memory 

address. The number of data transferred by DMA is programmable, and the maximum supported value is 65535. The 

DMA_TXNUM register is decremented after each transfer. 

 Programmable data bit width, alignment and endians 

Peripheral and memory transfer data bit width supports byte, half-word and word, which can be programmed through 

DMA_CHCFGx.PSIZE and DMA_CHCFGx.MSIZE. 

When DMA_CHCFGx.PSIZE and DMA_CHCFGx.MSIZE are different, the DMA module aligns the data according 

to the Table 7-1 below. 
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Table 7-1 Programmable data width and endian operation (when PINC = MINC = 1) 

Source 

width 

(bit)  

Destina-

tion 

width 

(bit)  

Number 

of 

transfer 

(bit)  

Source: 

Address / data 

Transfer operations 

(R: Read, W: Write) 

Destination: 

Address / data 

8 8 4 

0x0 / B0 

0x1 / B1 

0x2 / B2 

0x3 / B3 

1: R B0 [7:0] @0x0, W B0 [7:0] @0x0 

2: R B1 [7:0] @0x1, W B1 [7:0] @0x1 

3: R B2 [7:0] @0x2, W B2 [7:0] @0x2 

4: R B3 [7:0] @0x3, W B3 [7:0] @0x3 

0x0 / B0 

0x1 / B1 

0x2 / B2 

0x3 / B3 

8 16 4 

0x0 / B0 

0x1 / B1 

0x2 / B2 

0x3 / B3 

1: R B0 [7:0] @0x0, W 00B0 [15:0] @0x0 

2: R B1 [7:0] @0x1, W 00B1 [15:0] @0x2 

3: R B2 [7:0] @0x2, W 00B2 [15:0] @0x4 

4: R B3 [7:0] @0x3, W 00B3 [15:0] @0x6 

0x0 / 00B0 

0x2 / 00B1 

0x4 / 00B2 

0x6 / 00B3 

8 32 4 

0x0 / B0 

0x1 / B1 

0x2 / B2 

0x3 / B3 

1: R B0 [7:0] @0x0, W 000000B0 [31:0] @0x0 

2: R B1 [7:0] @0x1, W 000000B1 [31:0] @0x4 

3: R B2 [7:0] @0x2, W 000000B2 [31:0] @0x8 

4: R B3 [7:0] @0x3, W 000000B3 [31:0] @0xC 

0x0 / 000000B0 

0x4 / 000000B1 

0x8 / 000000B2 

0xC / 000000B3 

16 8 4 

0x0 / B1B0 

0x2 / B3B2 

0x4 / B5B4 

0x6 / B7B6 

1: R B1B0 [15:0] @0x0, W B0 [7:0] @0x0 

2: R B3B2 [15:0] @0x2, W B2 [7:0] @0x1 

3: R B5B4 [15:0] @0x4, W B4 [7:0] @0x2 

4: R B7B6 [15:0] @0x6, W B6 [7:0] @0x3 

0x0 / B0 

0x1 / B2 

0x2 / B4 

0x3 / B6 

16 16 4 

0x0 / B1B0 

0x2 / B3B2 

0x4 / B5B4 

0x6 / B7B6 

1: R B1B0 [15:0] @0x0, W B1B0 [15:0] @0x0 

2: R B3B2 [15:0] @0x2, W B3B2 [15:0] @0x2 

3: R B5B4 [15:0] @0x4, W B5B4 [15:0] @0x4 

4: R B7B6 [15:0] @0x6, W B7B6 [15:0] @0x6 

0x0 / B1B0 

0x2 / B3B2 

0x4 / B5B4 

0x6 / B7B6 

16 32 4 

0x0 / B1B0 

0x2 / B3B2 

0x4 / B5B4 

0x6 / B7B6 

1: R B1B0 [15:0] @0x0, W 0000B1B0 [31:0] @0x0 

2: R B3B2 [15:0] @0x2, W 0000B3B2 [31:0] @0x4 

3: R B5B4 [15:0] @0x4, W 0000B5B4 [31:0] @0x8 

4: R B7B6 [15:0] @0x6, W 0000B7B6 [31:0] @0xC 

0x0 / 0000B1B0 

0x4 / 0000B3B2 

0x8 / 0000B5B4 

0xC / 0000B7B6 

32 8 4 

0x0 / B3B2B1B0 

0x4 / B7B6B5B4 

0x8 / BBBAB9B8 

0xC / BFBEBDBC 

1: R B3B2B1B0 [31:0] @0x0, W B0 [7:0] @0x0 

2: R B7B6B5B4 [31:0] @0x4, W B4 [7:0] @0x1 

3: R BBBAB9B8 [31:0] @0x8, W B8 [7:0] @0x2 

4: R BFBEBDBC [31:0] @0xC, W BC [7:0] @0x3 

0x0 / B0 

0x1 / B4 

0x2 / B8 

0x3 / BC 

32 16 4 

0x0 / B3B2B1B0 

0x4 / B7B6B5B4 

0x8 / BBBAB9B8 

0xC / BFBEBDBC 

1: R B3B2B1B0 [31:0] @0x0, W B1B0 [15:0] @0x0 

2: R B7B6B5B4 [31:0] @0x4, W B5B4 [15:0] @0x2 

3: R BBBAB9B8 [31:0] @0x8, W B9B8 [15:0] @0x4 

4: R BFBEBDBC [31:0] @0xC, W BDBC [15:0] @0x6 

0x0 / B1B0 

0x2 / B5B4 

0x4 / B9B8 

0x6 / BDBC 

32 32 4 

0x0 / B3B2B1B0 

0x4 / B7B6B5B4 

0x8 / BBBAB9B8 

0xC / BFBEBDBC 

1: R B3B2B1B0 [31:0] @0x0, W B3B2B1B0 [31:0] @0x0 

2: R B7B6B5B4 [31:0] @0x4, W B7B6B5B4 [31:0] @0x4 

3: R BBBAB9B8 [31:0] @0x8, W BBBAB9B8 [31:0] @0x8 

4: R BFBEBDBC [31:0] @0xC, W BFBEBDBC [31:0] @0xC 

0x0 / B3B2B1B0 

0x4 / B7B6B5B4 

0x8 / BBBAB9B8 

0xC / BFBEBDBC 

Notice: 
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DMA always provide full 32-bits data to HWDATA[31:0] no matter what destination size it is (HSIZE still follows 

destination size setting for device supports byte/half-word operation). The HWDATA[31:0] it provides follow rules 

as follow: 

 ̧ When source size is smaller than destination size, DMA pads the MSB with 0 until their sizes match and 

duplicates it to be 32 bits. E.g., source is 8 bits data 0x55 and destination size is 16 bits. DMA pads the source 

data with 0 to make it 16 bits and become 0x0055, then duplicate it to 32-bit data 0x0055_0055 and provide to 

HWDATA[31:0]; (if destination size is 32-bit then DMA will only pad source data with 0). 

 ̧ When source size is larger or equal to destination size and smaller than 32 bits, DMA duplicates source data to 

32 bits data. E.g., source data is 8 bits data 0x1F, HWDATA[31:0] = 0x1F1F_1F1F. If source data is 16 bits data 

0x2345, then HWDATA[31:0] = 0x2345_2345. 

This guarantees peripherals that only support word operation wonôt generate bus error and the desired data can still 

move to the place we want with extra bits i.e. 0 padding. If user wants to configure an 8-bit register but is aligned to 

a 32-bit address boundary, the source size should be set to 8 bits and destination to 32 bits so extra bits will be padded 

with 0. 

 Peripheral/Memory address incrementation 

DMA_CHCFGx.PINC and DMA_CHCFGx.MINC respectively control whether the peripheral address and memory 

address are enabled in auto-increment mode. The software cannot (can read) write the address register during transfer. 

Â In auto-increment mode, the next address to be transferred is automatically increased according to the data bit 

width (1, 2 or 4) after each transfer. The address of the first transfer is stored in DMA_PADDRx or 

DMA_MADDRx register. 

Â In fixed mode, the address is always fixed to the initial address. 

At the end of transfer (i.e. the transfer count changes to 0), different processes will be carried out according to whether 

the current work is under circular mode or not. 

Â In acyclic mode, DMA stops after the transfer is completed. To start a new DMA transfer, need to rewrite the 

transfer number in the DMA_TXNUMx register with the DMA channel disabled. 

Â In circular mode, at the end of a transfer, the content of the DMA_TXNUMx register will be automatically 

reloaded to its initial value, and the current internal peripheral or memory address register will also be reloaded 

to the initial base address set by the DMA_PADDRx or DMA_MADDRx register. 

 Channel configuration procedure 

The detail configuration flow is as below̔ 

1. Configure interrupt mask bits, 1: enable interrupts, 0 disable interrupts. 

2. Configure channel peripheral address and memory address and transfer direction. 

3. Configure channel priority, 0: lowest, 3: highest. 

4. Configure peripheral and memory address increment. 

5. Configure channel transfer block size. 
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6. If necessary, configure circular mode. 

7. If it is memory to memory, configure MEM2MEM mode (Note: to configure DMA to work in M2M mode, user 

needs to set corresponding channel select value to reserved value, e.g., 63). 

8. Repeat step 1~8 on channel 1~8 and finally. 

9. Enable corresponding channel. 

If software is used to serve interrupt, software must enquire interrupt status register to check which interrupt occurred 

(software needs to write 1 to interrupt flag clear bit to clear the corresponding interrupt). Before enable channel, all 

interrupts corresponding to the channel should be cleared. 

If the interrupt is transfer complete interrupt, software can configure the next transfer, or report to user this channel 

transformation is done. 

Note: The configuration and enabling of DMA must both be either in flash or in SRAM. 

 Flow control 

Three major flow controls are supported: 

 ̧ Memory to memory 

 ̧ Memory to peripheral 

 ̧ Peripheral to memory 

Flow control is controlled by two register bits in each DMA channel configuration register. Flow control is used to 

control source/destination and direction of DMA channel. 

Table 7-2 Flow control table 

DMA_CHCFGx.MEM2MEM DMA_CHCFGx.DIR Source Destination Transfer 

1 x Memory Memory 
AHB read to AHB write, can do 

back2back transfer 

0 1 Memory 

AHB 

Peripheral 
AHB read to AHB write, single transfer 

APB 

Peripheral 
AHB read to APB write, single transfer 

0 0 

AHB 

Peripheral 

Memory 

AHB read to AHB write, single transfer 

APB 

Peripheral 
APB read to AHB write, single transfer 
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 Circular mode 

The circular mode is used to process circular buffers and continuous data transmission (such as ADC scan mode). 

The DMA_CHCFGx.CIRC is used to enable this function. When the cyclic mode is activated, if the number of data 

to be transferred becomes 0, it will automatically be restored to the initial value when configuring the channel, and 

the DMA operation will continue. 

If the user wants to turn off the circular mode, the user needs to write 0 to DMA_CHCFGx.CHEN to disable the 

DMA channel, and then write 0 to DMA_CHCFGx.CIRC (when DMA_CHCFGx.CHEN is 1, other bits in the 

DMA_CHCFGx register cannot be rewritten). 

 Error management 

DMA access to a reserved address area will cause DMA transmission errors. When an error occurs, the transfer error 

flag is set, and the hardware automatically clears the current DMA channel enable bit (DMA_CHCFGx.CHEN), and 

the channel operation is stopped. If the transfer error interrupt enable bit is set in the DMA_CHCFGx register, an 

interrupt will be generated. 

 Interrupt 

 ̧ Transfer complete interrupt: 

An interrupt is generated when channel data transfer is complete. Interrupt is a level signal. Each channel has 

its dedicated interrupt, interrupt mask control and interrupt status bit. interrupt status bit is cleared when interrupt 

flag clear bit is set. 

 ̧ Half transfer interrupt: 

An interrupt is generated when half of the channel data is transferred. Interrupt is a level signal. Each channel 

has its dedicated interrupt, interrupt mask control and interrupt status bit. interrupt status bit is cleared when 

interrupt flag clear bit is set. 

 ̧ Transfer error interrupt: 

An interrupt is generated when bus returned error. Interrupt is a level signal. Each channel has its dedicated 

interrupt, interrupt mask control and interrupt status bit. interrupt status bit is cleared when interrupt flag clear 

bit is set. 

Table 7-3 DMA interrupt request 

Interrupt event  Event flag bit Enable control bit 

Half transfer HTXF HTXIE 

Transfer complete TXCF TXCIE 

Transfer error ERRF ERRIE 

 DMA request mapping 

Totally there are 63 DMA requests from all the peripherals. To have better support with full flexibility, register bits 
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can be used to select which DMA request is mapped to which DMA channel. The table blow show the mapping 

scheme of peripheralsô DMA request to DMA controllerôs DMA channels. 

Note: 

1. Different DMA channels cannot use the same request source, otherwise only high priority channels will be 

triggered if multiple channels are enabled. 

2. When DMA is set to memory-to-memory mode, the DMA request source mapping must be set to another unused 

peripheral request source within the system. 

Table 7-4 DMA request mapping 

DMA request source select Peripheral DMA request 

Sel = 0 ADC_DMA 

Sel = 1 USART1_TX 

Sel = 2 USART1_RX 

Sel = 3 USART2_TX 

Sel = 4 USART2_RX 

Sel = 5 USART3_TX 

Sel = 6 USART3_RX 

Sel = 7 UART4_TX 

Sel = 8 UART4_RX 

Sel = 9 UART5_TX 

Sel = 10 UART5_RX 

Sel = 11 LPUART_TX 

Sel = 12 LPUART_RX 

Sel = 13 SPI1_TX 

Sel = 14 SPI1_RX 

Sel = 15 SPI2_TX 

Sel = 16 SPI2_RX 

Sel = 17 I2C1_TX 

Sel = 18 I2C1_RX 

Sel = 19 I2C2_TX 

Sel = 20 I2C2_RX 

Sel = 21 DAC 

Sel = 22 TIM1_CH1 

Sel = 23 TIM1_CH2 

Sel = 24 TIM1_CH3 

Sel = 25 TIM1_CH4 

Sel = 26 TIM1_COM 

Sel = 27 TIM1_UP 

Sel = 28 TIM1_TRIG 

Sel = 29 TIM2_CH1 
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DMA request source select Peripheral DMA request 

Sel = 30 TIM2_CH2 

Sel = 31 TIM2_CH3 

Sel = 32 TIM2_CH4 

Sel = 33 TIM2_UP 

Sel = 34 TIM3_CH1 

Sel = 35 TIM3_CH3 

Sel = 36 TIM3_CH4 

Sel = 37 TIM3_UP 

Sel = 38 TIM3_TRIG 

Sel = 39 TIM4_CH1 

Sel = 40 TIM4_CH2 

Sel = 41 TIM4_CH3 

Sel = 42 TIM4_UP 

Sel = 43 TIM5_CH1 

Sel = 44 TIM5_CH2 

Sel = 45 TIM5_CH3 

Sel = 46 TIM5_CH4 

Sel = 47 TIM5_UP 

Sel = 48 TIM5_TRIG 

Sel = 49 TIM6 

Sel = 50 TIM7 

Sel = 51 TIM8_CH1 

Sel = 52 TIM8_CH2 

Sel = 53 TIM8_CH3 

Sel = 54 TIM8_CH4 

Sel = 55 TIM8_COM 

Sel = 56 TIM8_UP 

Sel = 57 TIM8_TRIG 

Sel = 58 TIM9_CH1 

Sel = 59 TIM9_TRIG 

Sel = 60 TIM9_CH3 

Sel = 61 TIM9_CH4 

Sel = 62 TIM9_UP 
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 DMA registers 

 DMA register overview 

Table 7-5 DMA register overview 
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Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

004h 
DMA_INTCLR 
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Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

008h 
DMA_CHCFG1 

Reserved 
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Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

00Ch 
DMA_TXNUM1 

Reserved 
NDTX[15:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

010h 
DMA_PADDR1 ADDR[31:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

014h 
DMA_MADDR1 ADDR[31:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

018h 
DMA_CHSEL1 

Reserved 
CH_SEL[5:0] 

Reset Value 0 0 0 0 0 0 

01Ch 
DMA_CHCFG2 

Reserved 
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Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

020h 
DMA_TXNUM2 

Reserved 
NDTX[15:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

024h 
DMA_PADDR2 ADDR[31:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

028h 
DMA_MADDR2 ADDR[31:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

02Ch DMA_CHSEL2 
Reserved 

CH_SEL[5:0] 

  Reset Value 0 0 0 0 0 0 

030h 
DMA_CHCFG3 

Reserved 
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Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

034h 
DMA_TXNUM3 

Reserved 
NDTX[15:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

038h 
DMA_PADDR3 ADDR[31:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

03Ch 
DMA_MADDR3 ADDR[31:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

040h 
DMA_CHSEL3 

Reserved 
CH_SEL[5:0] 

Reset Value 0 0 0 0 0 0 

044h 
DMA_CHCFG4 

Reserved 
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Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

048h 
DMA_TXNUM4 

Reserved 
NDTX[15:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

04Ch 
DMA_PADDR4 ADDR[31:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

050h 
DMA_MADDR4 ADDR[31:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

054h 
DMA_CHSEL4 

Reserved 
CH_SEL[5:0] 

Reset Value 0 0 0 0 0 0 

058h 
DMA_CHCFG5 

Reserved 

M
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Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

05Ch 
DMA_TXNUM5 

Reserved 
NDTX[15:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



nsing.com.sg  

 145 / 651 

 

 

Offset Register 3
1 

3
0 

2
9 

2
8 

2
7 

2
6 

2
5 

2
4 

2
3 

2
2 

2
1 

2
0 

1
9 

1
8 

1
7 

1
6 

1
5 

1
4 

1
3 

1
2 

1
1 

1
0 9
 

8
 

7
 

6
 

5
 

4
 

3
 

2
 

1
 

0
 

060h 
DMA_PADDR5 ADDR[31:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

064h 
DMA_MADDR5 ADDR[31:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

068h 
DMA_CHSEL5 

Reserved 
CH_SEL[5:0] 

Reset Value 0 0 0 0 0 0 

06Ch 
DMA_CHCFG6 

Reserved 

M
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Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

070h 
DMA_TXNUM6 

Reserved 
NDTX[15:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

074h 
DMA_PADDR6 ADDR[31:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

078h 
DMA_MADDR6 ADDR[31:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

07Ch 
DMA_CHSEL6 

Reserved 
CH_SEL[5:0] 

Reset Value 0 0 0 0 0 0 

080h 
DMA_CHCFG7 

Reserved 

M
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Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

084h 
DMA_TXNUM7 

Reserved 
NDTX[15:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

088h 
DMA_PADDR7 ADDR[31:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

08Ch 
DMA_MADDR7 ADDR[31:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

090h 
DMA_CHSEL7 

Reserved 
CH_SEL[5:0] 

Reset Value 0 0 0 0 0 0 

094h 
DMA_CHCFG8 

Reserved 

M
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Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

098h 
DMA_TXNUM8 

Reserved 
NDTX[15:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

09Ch 
DMA_PADDR8 ADDR[31:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0A0h 
DMA_MADDR8 ADDR[31:0] 

Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0A4h 
DMA_CHSEL8 

Reserved 
CH_SEL[5:0] 

Reset Value 0 0 0 0 0 0 

 DMA interrupt status register (DMA_INTSTS) 

Address offset: 0x00 

Reset value: 0x0000 0000 

 

Bit field Name Description 

31/27/23/19/15/11/7/3 ERRFx Transfer error flag for channel x (x=1é8). 

Hardware sets this bit when transfer error happen. This bit is cleared by software by 

writing ó1ô to DMA_INTCLR.CERRFx bit. 

0: Transfer error no happened on channel x. 

1: Transfer error happened on channel x. 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































