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1.  Documentat ion conventions  

1.1. List of abbreviations for registers 

Abbreviation Description 

Read/Write (RW) Software can read and write to this bit. 

Read Only Software can only read this bit. 

Write Only Software can only write to this bit. 

Read/Clear by writing 0 
(RC_W0) 

Software can read this bit or clear it by writing 0; writing 1 has no effect on this bit. 

Read/Clear by writing 1 
(RC_W1) 

Software can read this bit or clear it by writing 1; writing 0 has no effect on this bit. 

Read/Write Clear (RC_W) 
Software can read as well as clear this bit by writing to the register. Thevalue written to 
this bit is not important. 

Read/Read Clear (RC_R) 
Software can read this bit. Reading this bit automatically clears it to 0.Writing this bit 
has no effect on the bit value. 

Read/Read Set (RS_R) 
Software can read this bit. Reading this bit automatically sets it to 1, writing this bit has 
no effect on its value 

Read/Set (RS) Software can read this bit or set it to 1; writing 0 has no effect on this bit. 

Switch (T) The software can toggle this bit by writing 1. Writing 0 has no effect. 

Reserved (Res.) Reserved bit, must be kept at reset value 

1.2. Availability of peripherals 

For availability of peripherals and their number across all sales types, refer to the particular device 

datasheet. 
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2.  System block diagram 
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Figure 2-1 System block diagram 
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3.  Memory and bus architecture  

3.1. System architecture 

The system consists of:  

Â Two Masters 

ĺ Cortex®-M0+ Core 

ĺ General-purpose DMA 

Â Three Slaves 

ĺ Internal SRAM 

ĺ Internal Flash memory 

ĺ AHB with AHB-APB bridge for connecting all APB peripherals 

GPIO ports
A,B,C,D

ARM
Cortex-M0+ core

Bus matrix

Flash memory interface Flash

ADC,DAC,OPA
TIM1,TIM2,TIM3,PWM,
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Figure 3-1 System Bus Architecture 

 

Â AHB 

This bus connects the system bus of the Cortex®-M0+ core to the bus matrix, which manages arbi-

tration between the CPU core and DMA. 

Â DMA bus 

This bus connects the AHB master interface of the DMA to the bus matrix that manages the access 

of CPU and DMA to SRAM, Flash memory and AHB/APB peripherals. 

Â Bus matrix 

The bus matrix manages the access arbitration between the core system bus and the DMA master 

bus. The arbitration uses a Round Robin algorithm. The bus matrix is composed of masters (CPU, 

DMA) and slaves (Flash memory interface, SRAM and AHB-to-APB bridge). 
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Â AHB-APB Bridge (APB) 

The AHB-APB bridge provides a fully synchronous connection between the AHB and APB buses. 

After each chip reset, all peripheral clocks are turned off (except for SYSCFG, SRAM, and Flash in-

terface). Before using a peripheral, its clock must be enabled in the RCC_AHBENR or 

RCC_APBENRx (x=1, 2) registers. 

For AHB and APB peripheral address mapping information, refer to the "Register Map" section. 

3.2. Memory organization 

3.2.1. Introduction 

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

address space. The bytes are coded in memory in Little Endian format (the lowest numbered byte in 

a word is considered the wordôs least significant byte). 

The addressable memory space is divided into eight main blocks, of 512 Mbytes each. 
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Figure 3-2 Memory map 

 

3.2.2. Memory map 

Table 3-1 Memory boundary address 

Type Boundary address Size Storage area Description 

SRAM 

0x2000 8000-0x3FFF FFFF ~511 MB Reserved - 

0x2000 2000-0x2000 7FFF 24 KB SRAM2 Refer to section 3.3 "Embedded 
SRAM" 0x2000 0000-0x2000 1FFF 8 KB SRAM1 

Code 

0x1FFF 2000-0x1FFF FFFF 56 KB Reserved - 

0x1FFF 1E00-0x1FFF 1FFF 512 bytes 
Factory configuration 
bytes 

- 

0x1FFF 1D00-0x1FFF 1DFF 256 bytes Option bytes See 4.4 Flash option bytes 

0x1FFF 1C00-0x1FFF 1CFF 256 bytes UID 
Refer to section 4.3 Unique de-
vice ID (UID) 



                  PY32T090 Reference Manual 

31 / 672 

 

0x1FFF 1B00-0x1FFF 1BFF 256 bytes FT parameters - 

0x1FFF 1A00-0x1FFF 1AFF 256 bytes User data bytes 
Refer to section 4.7 "Flash user 
data bytes" 

0x1FFF 0000-0x1FFF 19FF 6.5 KB System memory - 

0x0804 0000-0x1FFE FFFF ~393 MB Reserved - 

0x0800 0000-0x0803 FFFF 256 KB Main flash - 

0x0004 0000-0x07FF FFFF ~8 MB Reserved - 

0x0000 0000-0x0003 FFFF 256 KB 

Depending on the Boot 
configuration selection,  
1) Main flash 
2) System memory 
3) SRAM 

- 

3.2.3. Register map 

Table 3-2 Peripheral register address 

Bus Boundary address Size Peripheral 

 0xE000 0000-0xE00F FFFF 1 MB 
CortexÈ-M0+ core internal pe-

ripherals 

IOPORT 

0x5000 1800-0x5FFF FFFF ~256 MB Reserved 

0x5000 1400-0x5000 17FF 1 KB Reserved 

0x5000 1000-0x5000 13FF 1 KB Reserved 

0x5000 0C00-0x5000 0FFF 1 KB GPIOD 

0x5000 0800-0x5000 0BFF 1 KB GPIOC 

0x5000 0400-0x5000 07FF 1 KB GPIOB 

0x5000 0000-0x5000 03FF 1 KB GPIOA 

AHB 

0x4002 3400-0x4FFF FFFF ~ Reserved 

0x4002 3000-0x4002 33FF 1 KB CRC 

0x4002 2400-0x4002 2FFF ~ Reserved 

0x4002 2000-0x4002 23FF 1 KB Flash 

0x4002 1800-0x4002 1FFF 2 KB Reserved 

0x4002 1400-0x4002 17FF 1 KB Reserved 

0x4002 1000-0x4002 13FF 1 KB RCC 

0x4002 0400-0x4002 0FFF 1 KB Reserved 

0x4002 0000-0x4002 03FF 1 KB DMA 

APB 

0x4001 5C00-0x4001 FFFF 32 KB Reserved 

0x4001 5800-0x4001 5BFF 1 KB MCUDBG 

0x4001 5000-0x4001 57FF 2 KB Reserved 

0x4001 4C00-0x4001 4FFF 1 KB PWM 

0x4001 4800-0x4001 4BFF 1 KB TIM17 

0x4001 4400-0x4001 47FF 1 KB TIM16 

0x4001 4000-0x4001 43FF 1 KB TIM15 

0x4001 3C00-0x4001 3FFF 1 KB Reserved 

0x4001 3800-0x4001 3BFF 1 KB USART1 

0x4001 3400-0x4001 37FF 1 KB Reserved 

0x4001 3000-0x4001 33FF 1 KB SPI1 
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Bus Boundary address Size Peripheral 

0x4001 2C00-0x4001 2FFF 1 KB TIM1 

0x4001 2800-0x4001 2BFF 1 KB TK 

0x4001 2400-0x4001 27FF 1 KB ADC 

0x4001 0C00-0x4001 23FF 6 KB Reserved 

0x4001 0800-0x4001 0BFF 1KB VREFBUF 

0x4001 0400-0x4001 07FF 1 KB EXTI 

0x4001 0300-0x4001 03FF 

1 KB 

OPA 

0x4001 0200-0x4001 02FF COMP1/COMP2 

0x4001 0000-0x4001 01FF SYSCFG 

0x4000 B400-0x4000 FFFF 19 KB Reserved 

0x4000 B000-0x4000 B3FF 1 KB BKP(TAMP) 

0x4000 9C00-0x4000 AFFF 5 KB Reserved 

0x4000 9800-0x4000 9BFF 1 KB LPUART2 

0x4000 9400-0x4000 97FF 1 KB LPTIM2 

0x4000 8400-0x4000 93FF 4 KB Reserved 

0x4000 8000-0x4000 83FF 1KB LPUART1 

0x4000 7C00-0x4000 7FFF 1 KB LPTIM1 

0x4000 7800-0x4000 7BFF 1 KB Reserved 

0x4000 7400-0x4000 77FF 1 KB DAC 

0x4000 7000-0x4000 73FF 1 KB PWR 

0x4000 6400-0x4000 6FFF 1 KB Reserved 

0x4000 5C00-0x4000 63FF 2 KB Reserved 

0x4000 5800-0x4000 5BFF 1 KB I2C2 

0x4000 5400-0x4000 57FF 1 KB I2C1 

0x4000 5000-0x4000 53FF 1 KB Reserved 

0x4000 4C00-0x4000 4FFF 1KB UART2 

0x4000 4800-0x4000 4BFF 1KB UART1 

0x4000 4400-0x4000 47FF 1 KB USART2 

0x4000 3C00-0x4000 43FF 2 KB Reserved 

0x4000 3800-0x4000 3BFF 1 KB SPI2 

0x4000 3400-0x4000 37FF 1 KB Reserved 

0x4000 3000-0x4000 33FF 1 KB IWDG 

0x4000 2C00-0x4000 2FFF 1 KB WWDG 

0x4000 2800-0x4000 2BFF 1 KB RTC 

0x4000 2400-0x4000 27FF 1 KB LCD 

0x4000 1800-0x4000 23FF 3 KB Reserved 

0x4000 1400 - 0x4000 17FF 1 KB TIM7 

0x4000 1000 - 0x4000 13FF 1 KB TIM6 

0x4000 0800-0x4000 0FFF 2 KB Reserved 

0x4000 0400 - 0x4000 07FF 1 KB TIM3 
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Bus Boundary address Size Peripheral 

0x4000 0000 - 0x4000 03FF 1 KB TIM2 

3.3. Embedded SRAM 

The device integrates 32 KB of SRAM, divided into 8 KB SRAM1 and 24 KB SRAM2, with each byte 

containing 1 parity bit. SRAM can be accessed by byte (9 bits), half-word (18 bits), or full-word (36 

bits). 

Note: After power-on, the hardware does not perform a reset operation on the SRAM. 

3.3.1. SRAM parity 

The IEC60730 standard requires improved reliability of SRAM memory. Therefore, the SRAM in this 

product adds 1 parity bit for every 8 bits, resulting in a data width of 36 bits. 

Users can enable parity check by using the option bit SRAM_PE in the Flash option byte page. 

The SRAM parity error detection function appends a parity bit when writing data, checks the parity bit 

when reading data, and can generate a reset or NMI interrupt upon a parity error based on the con-

figuration of SRAM_SCSR.PERR_RSTEN in SYSCFG. This error can also be connected to the sys-

tem brake input of a timer. 

3.3.2. SRAM Write Protection 

SRAM can be write-protected with a granularity of 1KB pages. 

Write protection can be enabled in the SRAM_WPR write protection register in SYSCFG. This is a 

register with a one-time "1" write mechanism, meaning that writing "1" once sets "write protection" for 

that page of SRAM, and this setting can only be cleared by a system reset. 

Table 3-3 SRAM Write Protection Addresses 

Page number Field Start address End address 

Page 0 

SRAM1 

0x0000 0000 / 0x2000 0000 0x0000 03FF / 0x2000 03FF 

Page 1 0x0000 0400 / 0x2000 0400 0x0000 07FF / 0x2000 07FF 

Page 2 0x0000 0800 / 0x2000 0800 0x0000 0BFF / 0x2000 0BFF 

Page 3 0x0000 0C00 / 0x2000 0C00 0x0000 0FFF / 0x2000 0FFF 

Page 4 0x0000 1000 / 0x2000 1000 0x0000 13FF / 0x2000 13FF 

Page 5 0x0000 1400 / 0x2000 1400 0x0000 17FF / 0x2000 17FF 

Page 6 0x0000 1800 / 0x2000 1800 0x0000 1BFF / 0x2000 1BFF 

Page 7 0x0000 1C00 / 0x2000 1C00 0x0000 1FFF / 0x2000 1FFF 

Page 8 

SRAM2 

0x0000 2000 / 0x2000 2000 0x0000 23FF / 0x2000 23FF 

Page 9 0x0000 2400 / 0x2000 2400 0x0000 27FF / 0x2000 27FF 

Page 10 0x0000 2800 / 0x2000 2800 0x0000 2BFF / 0x2000 2BFF 

Page 11 0x0000 2C00 / 0x2000 2C00 0x0000 2FFF / 0x2000 2FFF 

Page 12 0x0000 3000 / 0x2000 3000 0x0000 33FF / 0x2000 33FF 

Page 13 0x0000 3400 / 0x2000 3400 0x0000 37FF / 0x2000 37FF 

Page 14 0x0000 3800 / 0x2000 3800 0x0000 3BFF / 0x2000 3BFF 
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Page number Field Start address End address 

Page 15 0x0000 3C00 / 0x2000 3C00 0x0000 3FFF / 0x2000 3FFF 

Page 16 0x0000 4000 / 0x2000 4000 0x0000 43FF / 0x2000 43FF 

Page 17 0x0000 4400 / 0x2000 4400 0x0000 47FF / 0x2000 47FF 

Page 18 0x0000 4800 / 0x2000 4800 0x0000 4BFF / 0x2000 4BFF 

Page 19 0x0000 4C00 / 0x2000 4C00 0x0000 4FFF / 0x2000 4FFF 

Page 20 0x0000 5000 / 0x2000 5000 0x0000 53FF / 0x2000 53FF 

Page 21 0x0000 5400 / 0x2000 5400 0x0000 57FF / 0x2000 57FF 

Page 22 0x0000 5800 / 0x2000 5800 0x0000 5BFF / 0x2000 5BFF 

Page 23 0x0000 5C00 / 0x2000 5C00 0x0000 5FFF / 0x2000 5FFF 

Page 24 0x0000 6000 / 0x2000 6000 0x0000 63FF / 0x2000 63FF 

Page 25 0x0000 6400 / 0x2000 6400 0x0000 67FF / 0x2000 67FF 

Page 26 0x0000 6800 / 0x2000 6800 0x0000 6BFF / 0x2000 6BFF 

Page 27 0x0000 6C00 / 0x2000 6C00 0x0000 6FFF / 0x2000 6FFF 

Page 28 0x0000 7000 / 0x2000 7000 0x0000 73FF / 0x2000 73FF 

Page 29 0x0000 7400 / 0x2000 7400 0x0000 77FF / 0x2000 77FF 

Page 30 0x0000 7800 / 0x2000 7800 0x0000 7BFF / 0x2000 7BFF 

Page 31 0x0000 7C00 / 0x2000 7C00 0x0000 7FFF / 0x2000 7FFF 

3.4. Flash memory 

The Flash memory is composed of two distinct physical areas: 

Â Main memory area, 256 KB, divided into 2 Banks. Can be configured as 256 KB/192 KB/128 

KB/64 KB for different products, used to store user programs and user data. When set to a ca-

pacity less than 256 KB, software access to the space outside the set range will cause a Hard-

Fault. 

Â Information area, 8 KB, which includes the following parts: 

ĺ Factory config: 512 bytes, used to store chip configuration information. 

ĺ UID: 256 bytes, used to store the chip's UID. 

ĺ Option bytes: 256 bytes, used to store configuration values for chip hardware and memory 

protection. 

ĺ FT information area: 256 bytes, used to store FT parameters. 

ĺ User data bytes: 256 bytes, user data area. 

ĺ System memory: 6.5 KB, used to store the system bootloader. 

ĺ The Flash interface implements instruction fetching and data access based on the AHB pro-

tocol, and it also provides basic Flash erase/program operations through registers. 

3.5. Start Mode 
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Through the BOOT0 pin, the boot configuration bit nBOOT1 in the user option bytes, and the forced 

boot from Flash configuration bit BOOT_LOCK, the following different boot modes can be selected, 

as shown in the table below: 

Table 3-4 Boot configuration 

BOOT_LOCK 
Boot mode configuration 

Boot modes 
nBOOT1 bit BOOT0 

1 X X Forced boot from Main flash 

0 X 0 Select the Flash main memory area as the boot area. 

0 1 1 
Select the Flash system memory area as the boot 
area. 

0 0 1 Boot from SRAM 

Users decide which boot mode to select according to the table above. 

After reset, the CPU fetches the top-of-stack value from address 0x0000 0000, then starts executing 

instructions from address 0x0000 0004 of the boot memory. Depending on the selected boot mode, 

the main Flash memory, system memory, or SRAM is accessed as follows: 

Â Boot from main Flash memory: The main Flash memory is aligned with the boot memory space 

at 0x0000 0000, but can still be accessed at its original memory space (0x0800 0000). In other 

words, the Flash memory contents can be accessed starting from address 0x0000 0000 or 

0x0800 0000. 

Â Boot from system Flash memory: The system Flash memory is aligned with the boot memory 

space at 0x0000 0000, but can still be accessed at its original address space 0x1FFF 0000. 

Â Boot from SRAM: The SRAM is aligned with the boot memory space at 0x0000 0000, but can 

still be accessed at address 0x2000 0000. 

Â Forced boot from user Flash: Regardless of other boot mode configuration bits, the 

BOOT_LOCK bit can be used to force booting from a single entry point in the main Flash. 

3.5.1. Physical mapping 

Once the boot mode is selected, the application software can modify the memory accessible in the 

code area. This modification is achieved by programming the MEM_MODE bit in the 

SYSCFG_CFGR1 register. 

3.5.2. Embedded boot loader 

The embedded bootloader is written during chip production and stored in the system Flash memory. 

It is used to reprogram the Flash memory using the following serial interfaces: 

Â USART1, corresponding to PB11/PB12 or PC8/PC9 or PD5/PD6 
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4.  Embedded Flash 

4.1. Introduction to Flash 

The Flash interface manages CPU access to the Flash memory. This interface performs erase and 

program operations, as well as read/write protection and security mechanisms for the Flash. 

The Flash interface accelerates code execution through instruction prefetch and cache mechanisms. 

4.2. Flash main features 

Â Main memory: 256 KB (dual bank, each 16K x 64bit), used for storing user programs and user 

data. 

Â Information area: 8 KB (1K x 64bits) 

Â Page size: 256 bytes (32 x 64bits) 

Â Sector size: 8 KB (1K x 64bits) 

Â Flash only supports writing 0s, not 1s; erased values are 1. 

Â The minimum unit for Flash programming/erase operations is a page. 

 

The main features of the Flash memory control interface circuit are as follows: 

Â Flash read operation with a read width of 72 bits (64 bits + 8 ECC bits) 

Â Flash programming/erase operations with a write width of 72 bits (64 bits + 8 ECC bits) 

Â Read protection activated by option bytes (RDP) 

Â Write protection area selected by option bytes (WRP) 

Â Proprietary code read protection area selected by option bytes (PCROP) 

Â Error correction code (ECC): 8 ECC bits per 64 bits 

Â Support: RWW (read while write) 

ĺ Support reading Bank0 while writing Bank1, and reading Bank1 while writing Bank0 

ĺ Simultaneous reading of two Banks is not supported 

ĺ Simultaneous writing of two Banks is not supported 

Â Prefetch buffer 

Â Option byte loader 

4.3. Flash Feature Description 

4.3.1. Flash memory organization 

The Flash memory consists of 64+8-bit wide cells with a dual-bank architecture supporting read-

while-write (RWW) functionality, usable for program and data storage, with a page size of 256 bytes 

and a sector size of 8 KB. 

Functionally, the Flash memory is divided into a main memory area and an information flash, with the 

former having a capacity of 256 KB and the latter 8 KB. 
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Page erase operations can be applied to both the Main flash and the information flash, while sector 

erase cannot be applied to the information area. 

When write protection is not enabled, the main memory area of Flash can perform chip erase on 

Bank0 and Bank1 separately; the Flash information area does not support chip erase regardless of 

whether write protection is enabled. 

Table 4-1 Flash memory area composition 

region  Space Address Size 

Main flash 

Bank0 

Sector 0 Page 0-31 0x0800 0000-0x0800 1FFF 8 KB 

Sector 1 Page 32-63 0x0800 2000-0x0800 3FFF 8 KB 

Sector 2 Page 64-95 0x0800 4000-0x0800 5FFF 8 KB 

é é é é 

Sector 14 
Pages 448-
479 

0x0801 C000-0x0801 DFFF 8 KB 

Sector 15 
Pages 480-
511 

0x0801 E000-0x0801 FFFF 8 KB 

Bank1 

Sector 0 Page 0-31 0x0802 0000-0x0802 1FFF 8 KB 

Sector 1 Page 32-63 0x0802 2000-0x0802 3FFF 8 KB 

Sector 2 Page 64-95 0x0802 4000-0x0802 5FFF 8 KB 

é é é é 

Sector 14 
Pages 448-
479 

0x0803 C000-0x0803 DFFF 8 KB 

Sector 15 
Pages 480-
511 

0x0803 E000-0x0803 FFFF 8 KB 

System Storage Area 

Bank0 Sector 0 

Pages 0-25 0x1FFF 0000-0x1FFF 19FF 6.5 KB 

User Data Area (OTP) Page 26 0x1FFF 1A00-0x1FFF 1AFF 256 bytes 

FT Page 27 0x1FFF 1B00-0x1FFF 1BFF 256 bytes 

UID Page 28 0x1FFF 1C00-0x1FFF 1CFF 256 bytes 

Option bytes Page 29 0x1FFF 1D00-0x1FFF 1DFF 256 bytes 

Factory configuration 0 Page 30 0x1FFF 1E00-0x1FFF 1EFF 256 bytes 

Factory configuration 1 Page 31 0x1FFF 1F00-0x1FFF 1FFF 256 bytes 

4.3.2. Flash ECC 

The data width in Flash is 72 bits: 8 ECC bits are added for every 64 bits. 

The ECC mechanism supports: 

Â One-bit error detection and correction 

Â Two-bit error detection 

When detecting and correcting an error, the ECCC (ECC Corrected) flag is set in the FLASH_ECCR 

register. If ECCCIE is set, an interrupt will be generated. 

When two errors are detected, the ECCD (ECC Detected) flag is set in the FLASH_ECCR register. 

In this case, an NMI interrupt is generated. 

When an ECC error is detected, the fault address and its related status are saved in ADDR_ECC, 

SYSF_ECC, and BK_ECC within the FLASH_ECCR register. 

When ECCC or ECCD is set, if a new ECC error occurs, ADDR_ECC, SYSF_ECC, and BK_ECC 

are not updated. The FLASH_ECCR register is updated only after the ECC flags are cleared. 

4.3.3. Flash read access latency 

Flash can be directly addressed and accessed as a general-purpose memory space. Through the 

special read control timing, the contents of the Flash memory can be read. 
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The instruction fetch and data access are both done through the AHB bus. Read operations can be 

controlled by the LATENCY bit in the FLASH_ACR register, which adds either one or no wait states 

to Flash reads. 

The FLASH_ACR.LATENCY bit: when 0, no wait states are added to Flash read operations; when 1, 

one wait state is added; when 2, two wait states are added. This mechanism is specially designed to 

match the high-speed system clock and the relatively low Flash read speed. 

4.3.4. Flash acceleration 

4.3.4.1. Instruction prefetch 

Each Flash memory read operation provides 64 bits from either two instructions of 32 bits or four in-

structions of 16 bits according to the program launched. This 64-bit current instruction line is stored 

in the current buffer. So, in case of sequential code, at least two CPU cycles are needed to execute 

the previous read instruction line. When the CPU requests the current instruction line, the next con-

tiguous instruction line in Flash can be read using the CPU system bus prefetch operation. 

The prefetch feature can be enabled by setting the PRFTEN bit in the Flash Access Control Register 

(FLASH_ACR). This feature is useful if at least one wait state is needed to access the Flash 

memory. When the code is not sequential (branch), the instruction may not be present in the cur-

rently used instruction line or in the prefetched instruction line. In this case (miss), the penalty in 

terms of number of cycles is at least equal to the number of wait states. 

If a loop is present in the current buffer, no new access is performed. 

4.3.4.2. Cache memory 

To limit the time lost due to jumps, it is possible to retain two cache lines of 64 bits (16 bytes) in the 

instruction cache memory. This feature can be enabled by setting the Instruction Cache Enable 

(ICEN) bit in the FLASH Access Control Register (FLASH_ACR). Each time a miss occurs (re-

quested data not present in the currently used instruction line, in the prefetched instruction line or in 

the instruction cache memory), the line read is copied into the instruction cache memory. If some 

data contained in the instruction cache memory are requested by the CPU, they are provided without 

inserting any delay. Once all the instruction cache memory lines are filled, the LRU (least recently 

used) policy is used to determine the line to replace in the instruction memory cache. This feature is 

particularly useful in case of code containing loops. 

The Instruction cache memory is enabled after system reset. During the CPU pipeline execution 

phase, the CPU data buffer pool in Flash will be accessed via the system bus. Each read access to 

the system bus will access the 64-bit data stored in the current buffer. The CPU pipeline is conse-

quently stalled until the requested literal pool is provided. 

4.3.5. Flash programming and erase operations 

Flash can be programmed via In-Circuit Programming (ICP) or In-Application Programming (IAP). 

ICP: Used to update the entire Flash memory content. The user application can be loaded into the 

MCU using the SWD protocol or interfaces supported by the system bootloader. ICP enables fast 

and efficient design iterations while eliminating unnecessary device packaging handling or socketing. 
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IAP: Allows downloading programming data to Flash using communication interfaces supported by 

the chip. IAP enables users to reprogram Flash memory while running the application. Nevertheless, 

part of the application has to have been previously programmed in the Flash memory using ICP. 

If a reset occurs during Flash programming or erase operations, the contents of the Flash memory 

are not guaranteed. 

During programming or erase operations on one BANK, DMA or CPU can perform read accesses to 

another BANK. Code and data cannot be read from the BANK while programming or erase opera-

tions are in progress. 

Note: For Flash programming and erase operations, HSI must be enabled (hardware automatically 

adjusts erase/write parameters based on HSI frequency). 

4.3.5.1. Unlocking Flash operations 

After reset, the Flash memory is protected against unwanted programming/erase operations (e.g., 

caused by electrical interference). After reset, writing to the FLASH_CR register is prohibited (except 

for the OBL_LAUNCH bit used to load option bytes). Each Flash erase or programming operation 

requires unlocking the FLASH_CR register by writing to FLASH_KEYR to initiate the unlock se-

quence. 

This is done in the following steps: 

Step 1χwrite KEY1=0x4567 0123 to FLASH_KEYR register 

Step 2χwrite KEY2=0xCDEF 89AB to FLASH_KEYR register 

Any incorrect timing sequence will lock the FLASH_CR register until the next system reset. If the key 

operation sequence is incorrect, a bus error occurs and triggers a HardFault interrupt. This is done 

after the first write cycle if KEY1 does not match, or during the second write cycle if KEY1 has been 

correctly written but KEY2 does not match. 

The FLASH_CR register can be locked again by user software by writing the LOCK bit in the 

FLASH_CR register to 1. 

Additionally, the FLASH_CR register cannot be written when the BSY bit in FLASH_SR register is 

set to 1. Any attempt to write to this register (FLASH_CR) during this time will cause AHB bus stall 

until the BSY bit is cleared. 

4.3.5.2. Flash erase operations 

Flash memory can be erased page-by-page, or through sector/bank mass erase (sector and BANK0 

mass erase do not affect the Flash information area). 

Â Page erase 

When a page is protected by WRP, it cannot be erased, and the WRPERR bit is set. To perform a 

page erase operation, follow these steps: 

1. Check that no main Flash memory operation is ongoing by checking the BSY bit in the FLASH_SR 

register. 

2. Write KEY1 and KEY2 to the FLASH_KEYR register to unlock the protection of the FLASH_CR 

register 

3. Set the PER bit and EOPIE bit (if EOP interrupt is required) in the FLASH_CR register 
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4. Write any data (must be 32-bit data) to the page 

5. Wait for the BSY bit to be cleared. 

6. Check that EOP flag bit is set 

7. Clear EOP flag 

Â Sector erase 

Sector erase is used to erase an 8 KB area of the Flash main memory but does not affect the infor-

mation area. In addition, when a sector is protected by WRP, it will not be erased, and the WRPERR 

bit is set at this time. 

The steps for performing a sector erase are as follows: 

1. Check the BSY bit to confirm if there are ongoing Flash operations 

2. Write KEY1 and KEY2 to the FLASH_KEYR register to unlock the protection of the FLASH_CR 

register 

3. Set the SER bit and EOPIE bit (if EOP interrupt is required) in the FLASH_CR register 

4. Write any data (must be 32-bit data) to the sector 

5. Wait for the BSY bit to be cleared. 

6. Check that EOP flag bit is set 

7. Clear EOP flag 

Â Bank erase 

Bank erase is used to erase a 128 KB bank area of the Flash main memory but does not affect the 

information area. Additionally, when WRP is enabled, the bank erase function is invalid, no bank 

erase operation occurs, and the WEPERR bit is set. 

The steps for performing a bank erase are as follows: 

1. Check the BSY bit to confirm if there are ongoing Flash operations 

2. Write KEY1 and KEY2 to the FLASH_KEYR register to unlock the protection of the FLASH_CR 

register 

3. Set the MER0 or MER1 bit and EOPIE bit (if EOP interrupt is required) in the FLASH_CR register 

4. Write any data to any space in the corresponding Bank of the Flash main memory 

5. Wait for the BSY bit to be cleared. 

6. Check that EOP flag bit is set 

7. Clear EOP flag 

4.3.5.3. Flash main memory programming operation 

An erase operation must be performed before a Flash programming operation. Refer to the "Flash 

erase operation" section for the erase operation steps. 

The Flash memory performs programming operations on an entire page in 64-bit double-word units. 

When the PG bit in the FLASH_CR register is set, and the CPU writes two 32-bit data to the Flash 

memory address space, which are combined into 64-bit by hardware, the programming operation 

starts. When the programming operation ends, the EOP bit in the FLASH_CR register is set. 

Note: The CPU must operate in word units; performing half-word or byte operations will cause a 

HardFault! 
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If the Flash address space to be programmed is a protected area set by the FLASH_WRPR register, 

the programming operation is ignored, and the WRPERR bit in the FLASH_SR register is set. 

The detailed steps for Flash programming are as follows: 

1. Check that no main Flash memory operation is ongoing by checking the BSY bit in the FLASH_SR 

register. 

2. If there is no ongoing Flash erase or programming operation, the software reads 64 words of the 

Page (if the page already contains data and partial data needs to be updated, perform this step; 

otherwise, skip it) 

3. Write KEY1 and KEY2 to the FLASH_KEYR register to unlock the protection of the FLASH_CR 

register 

4. Set the PG bit and EOPIE bit (if EOP interrupt generation is required) in the FLASH_CR register; 

(if necessary, first clear the PGSTRT bit in the FLASH_CR register) 

5. Perform programming operations for the 1st to 63rd words at the target address (only 32-bit pro-

gramming is accepted) 

6. Set the PGSTRT bit in the FLASH_CR register 

7. Write the 64th word 

8. Wait until the BSY bit is reset in the FLASH_SR register 

9. Check the EOP flag in the FLASH_SR register (this bit is set when the programming operation is 

successful), then clear it by software 

10. If no further programming operations are required, clear the PG bit by software 

When the above step 7 is successfully executed, the programming operation automatically starts, 

and the BSY bit is set by hardware. 

4.3.5.4. Flash erase/write time configuration 

The programming and erase times of Flash must be strictly controlled; otherwise, the operation will 

fail. By default upon power-up, the hardware design sets the time parameters for programming and 

erase operations to those for HSI at 2 MHz. When the HSI frequency changes, the hardware will 

keep the clock used by the erase/write time logic at 2 MHz through frequency division. 

4.4. Unique device ID (UID) 

Typical application scenarios of unique identification code: 

Â Used as a serial number 

Â When programming internal flash memory, use it as a key or encryption primitive to improve code 

security 

Â To activate secure boot processes, etc. 

The UID provides a reference number that is unique to any device. 

The user can never change these bits. Unique identifiers can also be read in different ways, such as 

byte/half word/word, and then concatenated using custom algorithms. 

The UID of this product is shown in the following table: 

Base address: 0x1FFF 1C00 
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Table 4-2 UID identification code 

Offset ad-
dress 

Description 
UID Bits 

7 6 5 4 3 2 1 0 

0 Lot Numer  Lot Number ASCII code 

1 Lot Numer  Lot Number ASCII code 

2 Lot Numer  Lot Number ASCII code 

3 Lot Numer  Lot Number ASCII code 

4 Wafer Number  Wafer Number 

5 Lot Numer  Lot Number ASCII code 

6 Lot Numer  Lot Number ASCII code 

7 Lot Numer  Lot Number ASCII code 

8 Internal coding Internal coding 

9 Y coordinate low position Y coordinate low position 

10 X coordinate low position X coordinate low position 

11 
X, Y coordinate high ad-

dress 
Y coordinate high position X coordinate high position 

12 CP pass ID CP pass ID 

13 CRC8 
CRC8 checksum of data at byte addresses 0x1FFF 1C00~0x1FFF 

1C0C 

14 Internal coding Internal coding 

15 Internal coding Internal coding 

4.5. Flash option bytes 

4.5.1. Description of Flash option bytes 

A portion of the Flash information area within the chip is used as option bytes to store hardware con-

figurations set by the chip or user for application requirements. For example, the watchdog can be 

configured in either hardware or software mode. 

For data security, option bytes are stored separately in positive code and negative code form. 

Table 4-3 Option byte format 

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

Option byte 1 complement Option byte 0 complement 

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

Option byte 1 Option byte 0 

The content of the option bytes can be read from the memory addresses described in the table "Op-

tion Byte Composition" or from the following related option byte registers: 

Â Flash option byte register (FLASH_OPTR) 

Â Flash write protection register (FLASH_WRPR) 

Â Flash Bank0 proprietary code protection address register (FLASH_PCROP0) 

Â Flash Bank1 proprietary code protection address register (FLASH_PCROP1) 

Table 4-4 Option Byte Composition 

Word address Description 

0x1FFF 1D00 User option byte 0 and its complement 

0x1FFF 1D04 User option byte 1 and its complement 

0x1FFF 1D08 Reserved 

0x1FFF 1D0C Reserved 
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0x1FFF 1D10 BANK0 write protection (WRP) address option bytes and their complements 

0x1FFF 1D14 BANK1 write protection (WRP) address option bytes and their complements 

0x1FFF 1D18 BANK0 PCROP start address bytes and their complements 

0x1FFF 1D1C BANK0 PCROP end address bytes and their complements 

0x1FFF 1D20 BANK1 PCROP start address bytes and their complements 

0x1FFF 1D24 BANK1 PCROP end address bytes and their complements 

é Reserved 

0x1FFF 1DFC Reserved 

4.5.2. User option byte 0 

Flash address: 0x1FFF 1D00 

Factory default: 0x4055 BFAA 

After power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding values are read from the op-

tion byte area in the Flash information sector and written to the corresponding option byte bits in this register. 

31 30 29 28 27 26 25 24 
2
3 

2
2 

2
1 

2
0 

1
9 

1
8 

1
7 

1
6 

~ 
nBOO

T1 

~NRS
T_ 

MODE 

~ 
WWD

G 
_SW 

~ 
IWD

G 
_SW 

~IWDG_ST
OP 

~ 
IWDG_STD

BY 

~NRST_ST
OP 

~NRST_STD
BY 

~RDP[7:0] 

R R R R R R R R R R R R R R R R 

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

nBOO
T1 

NRST
_ 

MODE 

WWD
G 

_SW 

IWD
G 

_SW 

IWDG_STO
P 

IWDG_STD
BY 

NRST_STO
P 

NRST_STDB
Y 

RDP[7:0] 

R R R R R R R R R R R R R R R R 

 

Bit Name R/W Function 

31 ~ nBOOT1 R Complemented code of nBOOT1 

30 ~NRST_MODE R Complemented code of NRST_MODE 

29 ~ WWDG_SW R Complemented code of WWDG_SW 

28 ~IWDG_SW R Complemented code of IWDG_SW 

27 ~IWDG_STOP R Complemented code of IWDG_STOP 

26 ~ IWDG_STDBY R Complement of IWDG_STDBY 

25 ~NRST_STOP R Complement of NRST_STOP 

24 ~NRST_STDBY R Inverse code of NRST_STDBY 

23:16 ~ RDP R Complemented code of RDP 

15 nBOOT1 R 
Together with the BOOT PIN, select the boot mode 
For detailed description, refer to section 3.5 "Boot Mode" 

14 NRST_MODE R 
0: Reset input only 
1: GPIO function 

13 WWDG_SW R 
0: Hardware window watchdog 
1: Software window watchdog 

12 IWDG_SW R 
0: Hardware independent watchdog 
1: Software independent watchdog 

11 IWDG_STOP R 
Stop mode IWDG count control 
0: IWDG counting stops in stop mode 
1: IWDG counting operates normally in Stop mode 

10 IWDG_STDBY R 
IWDG counting control in Standby mode 
0: IWDG counting stops in Standby mode 
1: IWDG counting operates normally in Standby mode 

9 NRST_STOP R 
0: Generate reset when entering Stop mode 
1: Do not generate reset when entering Stop mode 

8 NRST_STDBY R 
0: Generate reset when entering Standby mode 
1: Do not generate reset when entering Standby mode 

7:0 RDP R 
Read protection level. 
0xAA: Level 0, read protection not activated 
Non-0xAA: Level 1, chip read protection activated 

4.5.3. User option byte 1 

Flash address: 0x1FFF 1D04 

Factory default: 0xFDED 0212 
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After power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding values are read from the op-

tion byte area in the Flash information sector and written to the corresponding option byte bits in this register. 

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

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

ECC_E
N 

~ 
BOOT_Lock 

.~BF
B 

~SWD_MOD
E 

~SRAM_P
E 

Res
. 

Res
. 

Res
. 

Res. 

      R R R R R R     

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

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

ECC_E
N 

BOOT_LOC
K 

. BFB SWD_MODE SRAM_PE BOR_LEV[2:0] 
BOR_E

N 

      R R R R R R R R R R 

 

Bit Name R/W Function 

31:26 Reserved R Complemented code of Bit [15:10] 

25 ~ECC_EN R Inverse of ECC_EN 

24 ~ BOOT_Lock R Inverse of BOOT_LOCK 

23 ~ BFB R Complemented code of BFB 

22:21 ~SWD_MODE R Complemented code of SWD_MODE 

20 ~SRAM_PE R Inverse of SRAM_PE 

19:10 Reserved R  

9 ECC_EN R 
ECC enabled 
0: Disable ECC  
1: Enable ECC 

8 BOOT_LOCK R 
Use to force boot from user Flash zone 
0: Boot based on IO pin/option bit configuration 
1: Force boot from Flash main memory area 

7 BFB R 

0: Boot from Bank0 (Flash Bank0 mapped to 0x0800_0000/0x0000_0000, 
Flash Bank1 mapped to 0x0802_0000/0x0002_0000) 
1: Boot from Bank1 (Flash Bank1 mapped to 0x0800_0000/0x0000_0000, 
Flash Bank0 mapped to 0x0802_0000/0x0002_0000) 

6:5 SWD_MODE[1:0] R 

SWD PIN mode selection. 

SWD_MODE[1:0] PA4 PA5 PB6 PB5 

00(default) SWDIO  SWCLK GPIO GPIO 

01 GPIO GPIO SWDIO SWCLK 

10 GPIO SWCLK  SWDIO GPIO 

11 SWDIO GPIO GPIO SWCLK 

When PA5 and PB5 are configured as SWCLK via SWD_MODE, they are 
set to pull-down mode; 
When PA4 and PB6 are configured as SWDIO via SWD_MODE, they are 
set to pull-up mode; 

4 SRAM_PE R 
SRAM parity check enable 
0: Disable SRAM parity check 
1: Enable SRAM parity check 

3:1 BOR_LEV[2:0] R 

000χBOR rising threshold is 1.8V and falling threshold is 1.7V 

001χBOR rising threhold is 2.0V and falling threhold is 1.9V 

010χBOR rising threshold is 2.2V and falling threshold is 2.1V 

011χBOR rising threshold is 2.4V and falling threshold is 2.3V 

100χBOR rising threshold is 2.8V and falling threshold is 2.7V 

101χBOR rising threshold is 3.1V and falling threshold is 3.0V 

110χBOR rising threshold is 3.7V and falling threshold is 3.6V 

111χBOR rising threshold is 4.2V and falling threshold is 4.1V 

0 BOR_EN R 

BOR enabled 

0χBOR disabled 

1χBOR enabled, BOR_LEV works 

4.5.4. Flash protection configuration 2 (BANK0_WRP) 

Flash address: 0x1FFF 1D10 

Factory value: 0x0000 FFFF 
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After power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from 

the option byte area in the Flash information area and written to the corresponding option byte bit in 

this register. 

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

~ BANK0_WRP[15:0] 

R R R R R R R R R R R R R R R R 

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

BANK0_WRP [15:0] 

R R R R R R R R R R R R R R R R 

 

Bit Name R/W Function 

31:16 ~ BANK0_WRP R Complemented code of BANK0_WRP 

15:0 BANK0_WRP R 
0: Sector[y] is protected 
1: Sector[y] is unprotected 
y=0~15 

4.5.5. Flash protection configuration 3 (BANK1_WRP) 

Flash Address: 0x1FFF 1D14 

Factory value: 0x0000 FFFF 

After power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding values are read 

from the option byte area in the Flash information sector and written to the corresponding option byte 

bits in this register. 

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

~ BANK1_WRP[15:0] 

R R R R R R R R R R R R R R R R 

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

BANK1_WRP [15:0] 

R R R R R R R R R R R R R R R R 

 

Bit Name R/W Function 

31:16 ~ BANK1_WRP R Complemented code of BANK1_WRP 

15:0 BANK1_WRP R 
0: Sector[y] is protected 
1: Sector[y] is unprotected 
y=0~15 

4.5.6. Flash Protection Configuration 4 (PCROP0SR) 

Flash Address: 0x1FFF 1D18 

Factory Default: 0xFE00 01FF 

After power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from 

the option byte area in the Flash information area and written to the corresponding option byte bit in 

this register. 

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

7ôh7F ~ PCROPOSR [8: 0] 

R R R R R R R R R R R R R R R R 

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

7ôh0  PCROP0SR [8:0] 

R R R R R R R R R R R R R R R R 

 

Bit Name R/W Function 

31:25 Reserved R 7ôh7F 

24:16 ~ PCROP0SR R Complemented code of PCROP0SR 

15:9 Reserved R 7ôh0 

8:0 PCROP0SR R BANK0 Proprietary Code Protection Start Address (in pages) 

4.5.7. Flash Protection Configuration 5 (PCROP0ER) 

Flash Address: 0x1FFF 1D1C 
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Factory Default: 0xFFFF 0000 

After power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding values are read 

from the option byte area in the Flash information sector and written to the corresponding option byte 

bits in this register. 

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

7ôh7F ~ PCROPOER [8: 0] 

R R R R R R R R R R R R R R R R 

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

7ôh0  PCROP0ER [8:0] 

R R R R R R R R R R R R R R R R 

 

Bit Name R/W Function 

31:25 Reserved R 7ôh7F 

24:16 ~ PCROP0ER R Complemented code of PCROP0ER 

15:9 Reserved R 7ôh0 

8:0 PCROP0ER R BANK0 Proprietary Code Protection End Address (in pages) 

4.5.8. Flash Protection Configuration 6 (PCROP1SR) 

Flash Address: 0x1FFF 1D20 

Factory Default: 0xFE00 01FF 

After power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding values are read 

from the option byte area in the Flash information sector and written to the corresponding option byte 

bits in this register. 

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

7ôh7F ~ PCROP1SR [8: 0] 

R R R R R R R R R R R R R R R R 

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

7ôh0  PCROP1SR [8:0] 

R R R R R R R R R R R R R R R R 

 

Bit Name R/W Function 

31:16 Reserved R 7ôh7F 

24:16 ~ PCROP1SR R Complemented code of PCROP1SR 

15:8 Reserved R 7ôh0 

8:0 PCROP1SR R BANK1 Proprietary Code Protection Start Address 

4.5.9. Flash Protection Configuration 7 (PCROP1ER) 

Flash Address: 0x1FFF 1D24 

Factory Default: 0xFFFF 0000 

After power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding values are read 

from the option byte area in the Flash information sector and written to the corresponding option byte 

bits in this register. 

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

7ôh7F ~ PCROP1ER [8: 0] 

R R R R R R R R R R R R R R R R 

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

7ôh0  PCROP1ER [8:0] 

R R R R R R R R R R R R R R R R 

 

Bit Name R/W Function 

31:16 Reserved R 7ôh7F 

24:16 ~ PCROP1ER R Complemented code of PCROP1ER 

15:8 Reserved R 7ôh0 

8:0 PCROP1ER R BANK1 Proprietary Code Protection End Address (in Page units) 
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4.5.10. Flash Option Byte Programming 

After reset, the bits associated with the option bytes in the FLASH_CR register are write-protected. 

Before performing any operation on the option bytes, the OPTLOCK bit in the FLASH_CR register 

must be cleared (Note: This operation is required for each erase or program operation). 

The following steps are used to unlock the register: 

1. Unlock the write protection of the FLASH_CR register through the unlock sequence (refer to Sec-

tion 4.3.5.1 "Unlocking Flash Operations"). 

2. Write OPTKEY1 = 0x0819 2A3B to the FLASH_OPTKEYR register 

3. Write OPTKEY2 = 0x4C5D 6E7F to the FLASH_OPTKEYR register 

Any incorrect sequence will lock the FLASH_CR register until the next reset. If the key operation se-

quence is incorrect, a bus error state will occur, triggering a HardFault interrupt. 

The option bytes in the Flash information area can be locked by software setting the OPTLOCK bit in 

the FLASH_CR register to 1, to prevent unwanted erase/program operations. 

If the software sets the FLASH_CR.LOCK bit, the OPTLOCK bit is also automatically set. 

4.5.10.1. Steps to Modify User Option Bytes 

The programming operation for option bytes differs from that for the main Flash memory area. To 

modify the option bytes, the following steps are needed: 

1. Clear the OPTLOCK bit using the previously described steps 

2. Check the BSY bit to confirm that there are no ongoing Flash operations 

3. Write the desired value (1~4 words) to the option byte registers 

FLASH_OPTR/FLASH_WRPR/FLASH_PCROPR0/FLASH_PCROPR1 (if not word-aligned, the 

operation is ignored). 

4. Set OPTSTRT bit 

5. Write any 32-bit data to 0x1FFF_1D00 (to trigger the formal write operation) (if not word-aligned, 

a HardFault will occur; writing to a non-0x1FFF_1D00 address will result in an error and the op-

eration will not execute properly). 

6. Wait for the BSY bit to be cleared. 

7. Wait for the EOP to rise, the software clears 

Any modification to the option bytes will first cause the hardware to erase the entire corresponding 

page of the option bytes, then write the values from the FLASH_OPTR, FLASH_WRPR, or 

FLASH_PCROPRx (x=0, 1) registers to the option bytes. The hardware automatically calculates the 

corresponding  complement code and writes the calculated value to the corresponding area of the 

option byte. 

4.5.10.2. Option byte loading 

After the BSY bit is cleared, all new option bytes are written to the Flash information storage area but 

are not yet applied to the chip system. Reading the option byte registers will still return the values 

from the previously loaded option bytes. The new values take effect on the chip system only after 

they are loaded. 

Option byte loading occurs under the following two conditions: 
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Â When the OBL_LAUNCH bit in the FLASH_CR register is set 

Â After power-on reset (POR/BOR) 

Â Exiting standby mode with PWR_CR3.LD_EN configured to 1 

The "Load Option Bytes" operation involves reading the option byte page in the Flash information 

storage area and storing the read data in the internal option byte registers (FLASH_OPTR, 

FLASH_WRPR, and FLASH_PCROPRx). These internal registers configure the system and can be 

read by software. Set the OBL_LAUNCH bit to generate a reset, and perform option byte loading un-

der the system reset. 

Each option byte bit has its corresponding complement at the same double-word address (next half-

word). During option byte loading, the option bits and their complements are verified to ensure cor-

rect loading. 

If the positive and complement bits match, the option bytes are copied to the option byte registers. 

If the word and its complement are not matching, the OPTVERR status bit of the FLASH_SR register 

is set. The option byte registers are written with values defined as follows: 

Â For user options 

ĺ The BOR_EN bit is written as 0 (BOR disabled) 

ĺ The NRST_MODE bit is written as 0 (reset input only) 

ĺ RDP bit is written as 0xFF (i.e., Level 1 read protection) 

ĺ BOOT_LOCK bit is written as 0 

ĺ BFB is written as 0 

ĺ SWD_MODE is written as 0 

ĺ The rest of the mismatched values are written as 1 

Â For PCROP options, PCROPxSR = 0x000, PCROPxER = 0x1FF, meaning all Flash space is 

set as protected 

Â For WRP options, mismatched values default to "no write protection" 

Upon system reset, the option bytes are copied into the following option registers that canbe read 

and written by software: 

Â FLASH_OPTR 

Â FLASH_PCROPRx 

Â FLASH_WRPR 

These registers are also used to modify option bytes. If these registers are not modified by the user, 

they reflect the system's option status. 

4.6. Flash factory configuration bytes 

A portion of the Flash information area inside the chip (totaling 2 pages) is used as factory configura-

tion bytes. 

Factory configuration byte 0 stores information for software reading (only positive code, no comple-

ment stored): 



                  PY32T090 Reference Manual 

49 / 672 

 

Â HSI frequency selection value and corresponding Trimming value 

Â Configuration parameter values for HSI 2MHz erase/write time 

4.6.1. HSI_TRIMMING_FOR_USER 

Flash address: 0x1FFF 1E04~0x1FFF 1E18 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

HSI_FS[2:0] HSI_TRIM[12:0] 

R R R R R R R R R R R R R R R R 

The software needs to read the data from this address and then write it to HSI_FS [2: 0] and 

HSI_TRIM [12: 0] corresponding to the RCC_ICSCR register to change the HSI frequency. 

4.6.2. NORMAL_TS_CALIBRATION_PARA 

Flash address: 0x1FFF 1E20 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. NTSCAL[11:0] 

    R R R R R R R R R R R R 

Software needs to read data from this address to obtain normal temperature calibration parameters. 

4.6.3. HIGH_TS_CALIBRATION_PARA 

Flash address: 0x1FFF 1E24 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. HTSCAL[11:0] 

R R R R R R R R R R R R R R R R 

The software needs to read data from this address to obtain high-temperature calibration parameters. 

4.6.4. HSI2M_EPPARA0 

Flash address: 0x1FFF 1E28 (2 MHz) 

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

Res. Res. Res. Res. Res. TS1 [10:0] 

     R R R R R R R R R R R 

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

Res. TS0 [8:0] 

       R R R R R R R R R 

The software reads the corresponding HSI 2MHz data from this address and writes it into the 

FLASH_TS0 and FLASH_TS1 registers to configure the erase/write time required for the corre-

sponding HSI frequency. 

4.6.5. HSI2M_EPPARA1 

Flash address: 0x1FFF 1E2C (2 MHz) 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. Res. TS3 [8:0] 

       R R R R R R R R R 

The software reads the corresponding HSI2MHz data from this address and writes it into the 

FLASH_TS3 register to configure the erase/write time required for the corresponding HSI frequency. 
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4.6.6. HSI2M_EPPARA2 

Flash address: 0x1FFF 1E30 (2 MHz) 

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

Res. Res. Res. TPS3 [12:0] 

                

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

Res. Res. Res. Res. Res. Res. Res. TS2P [8:0] 

       R R R R R R R R R 

The software reads the corresponding HSI2MHz data from this address and writes it into the 

FLASH_TPS3 and FLASH_TS2P registers to configure the erase/write time required for the corre-

sponding HSI frequency. 

4.6.7. HSI2M_EPPARA3 

Flash address: 0x1FFF 1E34 (2 MHz) 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. PERTPE[17:16] 

              R R 

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

PERTPE[15:0] 

R R R R R R R R R R R R R R R R 

The software reads the corresponding HSI2MHz data from this address and writes it into the 

FLASH_PERTPE register to configure the erase/write time required for the corresponding HSI fre-

quency. 

4.6.8. HSI2M_EPPARA4 

Flash address: 0x1FFF 1E38 (2 MHz) 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. SMERTPE [17:16] 

              R R 

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

SMERTPE[15:0] 

R R R R R R R R R R R R R R R R 

The software reads the corresponding HSI2MHz data from this address and writes it into the 

FLASH_SMERTPE register to configure the erase/write time required for the corresponding HSI fre-

quency. 

4.6.9. HSI2M_EPPARA5 

Flash address: 0x1FFF 1E3C (2 MHz) 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

PRGTPE[15:0] 

R R R R R R R R R R R R R R R R 

The software reads the corresponding HSI2MHz data from this address and writes it into the 

FLASH_PRGTPE register to configure the erase/write time required for the corresponding HSI fre-

quency. 

4.6.10. HSI2M_EPPARA6 

Flash address: 0x1FFF 1E40 (2 MHz) 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. PRETPE[13:0] 

R R R R R R R R R R R R R R R R 
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The software reads the corresponding HSI2MHz data from this address and writes it into the 

FLASH_PRETPE register to configure the erase/write time required for the corresponding HSI fre-

quency. 

4.7. Flash user data bytes 

4.7.1. Flash user data description 

The Flash information area contains one page as the user data area. Programming and erasing of 

this page are handled using the same methods as the Flash main memory area. Additionally, chip 

erase operations in the Flash main memory area are ineffective for this region. 

Setting the USER OTP MEMORY LOCK content does not update immediately; it takes effect after a 

power-on reset (POR/BOR) load, thereby providing protection. 

Table 4-5 Flash User Data is used to store user data 

Page Address Contents 

26 

0x1FFF 1A00 

Bit[31:16]: store user data 
Bit [15: 0]: USER OTP MEMORY LOCK 

USER OTP MEMORY LOCK User Data protection 

0xAA55 
Read: Yes 
Programming and erase operations: 
Disabled 

Other values 
Read, program, and erase operations: 
allowed 

 

0x1FFF 1A04 Store user data 

0x1FFF 1A08 Store user data 

é Store user data 

é Store user data 

é Store user data 

0x1FFF 1AFC Store user data 

4.7.2. Flash user data programming 

After power-on reset, the programmability of the user data area is determined by the loaded USER 

OTP MEMORY LOCK value. 

If programming is allowed, follow these steps: 

Modify user data 

Programming operations in the user data area are the same as those for the Flash main memory. 

The following steps are required: 

1) Check the BSY bit to confirm that there are no ongoing Flash operations 

2) If there is no ongoing Flash erase or program operation, the software reads the 64 words of the 

Page. 

3) Write KEY1 and KEY2 to the FLASH_KEYR register to unlock the protection of the FLASH_CR 

register 

4) Set the UPG bit and EOPIE bit (if EOP interrupt is needed) in the FLASH_CR register. 

5) Program the 1st to 63rd words to the User data area address (only 32-bit programming is ac-

cepted). 

6) Set the UPGSTRT bit in the FLASH_CR register. 

7) Write the 64th word 

8) Wait for the BSY bit to be cleared. 

9) Wait for the EOP to rise, the software clears 
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When step 7) is successfully executed, the programming operation automatically starts, and the BSY 

bit is set by hardware. 

4.8. Flash storage protection 

Protection mechanisms for the Flash main memory include: 

Â Read protection (RDP), preventing external access to the Flash main memory. 

Â Write protection (WRP) prevents unintended writes (caused by confusion of program). The size 

of write protection is designed to be 8 KB. 

Â Option byte write protection is a special design for unlock. 

Â Proprietary code readout protection (PCROP). The granularity of PCROP protection is designed 

as 256 bytes. 

4.8.1. Proprietary code readout protection (PCROP) 

Through configuration, certain pages of the Flash main memory can prevent unauthorized read/write 

by third parties. 

The protected area is an execute-only region: it can only be accessed by the CPU as instruction 

code, while all other accesses (DMA, debugging, CPU data read, write, and erase) are strictly pro-

hibited. When RDP protection changes from level 1 to level 0, the PCROP area is erased. 

Each PCROP area is defined by a start page and an end page address associated with a physical 

flash address. These addresses are defined in the PCROP address registers FLASH PCROP start 

address register (FLASH_PCROPOSR, FLASH_PCROP1SR), FLASH PCROP end address register 

(FLASH_PCROPOER, FLASH_PCROP1ER). FLASH_PCROP0SR and FLASH_PCROP0ER are for 

Bank0, FLASH_PCROP1SR and FLASH_PCROP1ER are for Bank1. 

The PCROP area range is defined by the address: 

Flash base address + [PCROPxSR x 0x100] (inclusive) 

To address: 

Flash base address + [(PCROPxER + 1) x 0x100] (exclusive). 

When PCROPxER = PCROPxSR, the page configured by PCROPxSR (or PCROPxER) is protected 

by PCROP. 

For example: 

To PCROP-protect the address range 0x0800 0800 to 0x0800 13FF, when BFB=0, configure the reg-

isters as follows: 

ï PCROP0SR = 0x08 (PCROP start address 0x0800 0800) 

ï PCROP0ER = 0x13 (PCROP end address 0x0800 13FF) 

To PCROP-protect the address range 0x0800 0800 to 0x0800 13FF, when BFB=1, configure the reg-

isters as follows: 

ï PCROP1SR = 0x08 (PCROP start address 0x0800 0800) 

ï PCROP1ER = 0x13 (PCROP end address 0x0800 13FF) 

Any read data access to the PCROP-protected area triggers an RDERR flag error. 
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Any PCROP-protected address is also write-protected, and any write access to one of these ad-

dresses triggers WRPERR. 

Any PCROP areas are also erase protected. Therefore, any erasure of pages in this area is not pos-

sible (including pages containing the start and end addresses of this area). Additionally, if an area is 

PCROP-protected, software bank erase cannot be executed. 

Users can modify the PCROP area through option bytes in the information block. PCROP is disabled 

when RDP changes from level 1 to level 0; for other RDP changes (remaining unchanged or chang-

ing from level 0 to level 1), only expanding the PCROP area is allowedðshrinking the PCROP area 

results in the PCROP area remaining unchanged. 

Table 4-6 PCROP Protection 

PCROPx register value (x = 0, 1) PCROP Protected Area 

PCROPxSR > PCROPxER No PCROP area. 

PCROPxSR < PCROPxER The region between PCROPxSR and PCROPxER is protected. 

PCROPxSR = PCROPxER The page configured by PCROPxSR (or PCROPxER) is protected. 

4.8.2. Flash read protection 

The read protection function can be activated by setting the RDP option byte and performing a 

POR/BOR or OBL reset to load the new RDP option byte. RDP protects the Flash main memory 

area and backup domain registers. 

If the debugger is still connected via SWD when setting read protection, a power-on reset is required 

instead of other system resets. 

When the RDP option byte and its complement exist correctly in pairs in the option bytes, the Flash 

main memory area is protected. 

Table 4-7 Flash memory read protection status 

RDP byte value RDP complement byte value Read protection level 

0xAA 0x55 Level 0 

Any value except (0xAA and 0xAA55) Level 1 

Level 0: No protection 

Read, program, and erase operations can be performed on the Flash main memory area, and any 

operations can be performed on the option bytes and backup registers. 

Level 1: Read protection 

When the RDP and its complement in the option bytes contain any combination other than [0xAA, 

0x55], Level 1 read protection takes effect. 

Â User mode: Programs executed in user mode (booted from the Flash main memory area) can 

perform all operations on the Flash main memory area, option bytes, and backup registers. 

Â Debug, boot from SRAM, and boot from system memory modes: In debug mode, or when boot-

ing from SRAM or the system memory area (system bootloader), the Flash main memory area 

and backup registers cannot be accessed for data reading. In these modes, read or write ac-

cess to the Flash main memory area generates a bus error and triggers a HardFault interrupt. 
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When already at Level 1 (any value other than 0xAA), if modifying to Level 0 (writing 0xAA), the 

hardware will perform a mass erase operation on the Flash main memory area (bank0 and bank1 

mass erase respectively). 

4.8.3. Flash write protection (WRP) 

Flash can be set to write-protected in response to unwanted write operations. Each bit in the WRP 

register defines a write protection (WRP) region with a granularity of 8KB, i.e., one sector size. See 

the description of the WRP register for details. 

When a WRP region is activated, erase or program operations are not allowed. Correspondingly, 

even if only one region is set as write-protected, the mass erase function will not work. 

Additionally, if an attempt is made to erase or program a write-protected region, the write protection 

error flag (WRPERR) in the FLASH_SR register will be set. 

Note: Write protection only applies to the Flash main memory area and does not affect the system 

memory area. 

4.8.4. Option byte write protection 

By default, option bytes are readable and write-protected. To obtain erase or program access to op-

tion bytes, the correct sequence must be written to the OPTKEYR register.
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4.8.5. Summary of Flash memory protection permissions 

Table 4-8 Flash access permissions 

No
. 

Access object 
Protec-

tion type 

Pro
tec-
tion 
leve

l 

In  
pro-
tecte

d 
area 

Kind of 
error 

Boot from main flash Non-main area boot 

CPU DMA SWD CPU DMA SWD 

Rea
d 

data 

Read 
in-

struc
tion 

Writ
e 

Eras
e 

Rea
d 

data 

Write/Era
se 

Rea
d 

data 

Writ
e 

Eras
e 

Rea
d 

data 

Read 
in-

struc
tion 

Writ
e 

Eras
e 

Rea
d 

data 

Write/Era
se 

Rea
d 

data 

Writ
e 

Eras
e 

1 
Main storage area/backup 

register 
RDP(2) 

0 - - Y Y Y Y Y N Y Y Y Y Y Y Y Y N Y Y Y 

2 1 - 
Bus error 
(BERR) 

Y(1) Y(1) Y(1) Y(1) Y(1) N N N N N N N N N N N N N 

3 

Main memory area 

PCORP(
2) 

- 
Not 
pre-
sent 

- Y Y Y Y Y N Y Y Y Y Y Y Y Y N Y Y Y 

4 - In 
Read/Wri
te Error 

Flag 
N Y N N N N N N N N Y N N N N N N N 

5 
WRPR(2

) 

- 
Not 
pre-
sent 

- Y Y Y Y Y N Y Y Y Y Y Y Y Y N Y Y Y 

6 - In 
Write Er-
ror Flag 

Y Y N N Y N Y N N Y Y N N Y N Y N N 

11 System Storage Area  - 
Write Bus 

Error 
Y Y N N Y N Y N N Y Y N N Y N Y N N 

12 

OTP 

OTP_LOCK=0 - - Y - Y Y Y N Y Y Y Y - Y Y Y N Y Y Y 

13 OTP_LOCK=1 - 
Write Er-
ror Flag 

Y - N N Y N Y N N Y - N N Y N Y N N 

15 
FT/UID/Factory Configu-

ration 
 - 

Write Bus 
Error 

Y - N N Y N Y N N Y - N N Y N Y N N 

17 Option bytes - - Y - Y - Y N Y Y - Y - Y - Y N Y Y - 

Notes: 

(1) Once SWD access has occurred, CPU/DMA access is not permitted. Access is allowed only when no SWD connection has been established. 

(2) The bus error and read/write error flags will not occur simultaneously. For example, if the read/write address has RDP=1 and is within the PCROP protected area, only a bus error 

will occur. 
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4.9. Flash interrupt 

Table 4-9 Flash Interrupt Request 

Interrupt event Event flag Event flag/interrupt clear the interrupt enable 

Operation end EOP Write EOP=1 EOPIE 

Write protection error WRPERR Write WRPERR=1 ERRIE 

Bank0 PCROP protection error RDERR0 Write RDERR0=1 RDERR0IE 

Bank1 PCROP protection error RDERR1 Write RDERR1=1 RDERR1IE 

ECC error correction ECCC Write ECCC=1 ECCCIE 

Note: The following events do not have separate interrupt flags but generate a Hard fault: 

Â Sequence error for unlocking the FLASH_CR register 

Â Sequence error for unlocking Flash option byte write operations 

Â Flash programming operation not aligned to 32-bit data 

Â Flash erase operation (including page erase, sector erase, and chip erase) not aligned to 32-bit 

data 

4.10. Flash Register 

4.10.1. Flash access control register (FLASH_ACR) 

Offset address: 0x00 

Reset value: 0x0000 0700 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res.                        Res. Res. Res. Res. Res. Res. LATENCY[1:0] 

     RW RW RW       RW RW 

 

Bit Name R/W Reset Value Function 

31:11 Reserved - - Reserved 

10 DCEN RW 1 
Data cache enabled 
0: Data cache disabled 
1: Data cache enabled 

9 ICEN RW 1 
Instruction cache enable 
0: Instruction cache disabled 
1: Instruction cache enable 

8 PRFTEN RW 1 
Prefetch enable bit 
0: Prefetch prohibition 
1: Prefetch enabled 

7:2 Reserved - - Reserved 

1:0 LATENCY[1:0] RW 0 

Waiting state corresponding to Flash read operation: 
0: No waiting state for Flash read operation (system clock at 24 
MHz and below) 
1: Flash read operation has 1 wait state, meaning each Flash 
read requires 2 system clock cycles (when system clock is >24 
MHz and Ò48 MHz) 
2: Flash read operation has 2 wait states, meaning each Flash 
read requires 3 system clock cycles (when system clock is >48 
MHz and Ò72 MHz) 

4.10.2. Flash key register (Flash_KEYR) 

Offset address: 0x08 

Reset value: 0x0000 0000 

All register bits are write-only, readout returns 0. 
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

KEY[31:16] 

W W W W W W W W W W W W W W W W 

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

KEY[15:0] 

W W W W W W W W W W W W W W W W 

 

Bit Name R/W Reset Value Function 

31:0 KEY[31:0] W 0x0000 

The following values must be written consecutively to unlock 
the FLASH_CR register and enable Flash programming/erase 
operations 
KEY1: 0x4567 0123 
KEY2: 0xCDEF 89AB 

4.10.3. Flash option byte key register (FLASH_OPTKEYR) 

Offset address: 0x0C 

Reset value: 0x0000 0000 

All register bits are write-only, readout returns 0. 

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

OPTKEY[31:16] 

W W W W W W W W W W W W W W W W 

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

OPTKEY[15:0] 

W W W W W W W W W W W W W W W W 

 

Bit Name R/W Reset Value Function 

31:0 OPTKEY[31:0] W 0x0000 0000 

The following values must be written consecutively to un-
lock the Flash option registers and enable option byte pro-
gramming/erase operations 
KEY1: 0x0819 2A3B 
KEY2: 0x4C5D 6E7F 
Note: The FLASH_KEYR must be unlocked first before un-
locking this register. 

4.10.4. Flash status register (FLASH_SR) 

Offset address: 0x10 

Reset value: 0x0000 0000 

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

Res. Res
. 

Res. Res. Res. Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res. Res
. 

Res
. 

BSY
1 

BSY0 

              R R 

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

OPTV 
ERR 

Res
. 

USRLOC
K 

RDERR
1 

RDERR
0 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

WRP 
ERR 

Res
. 

Res
. 

Res. 
EOP 

RC_W
1 

 R RC_W1 RC_W1       
RC_W

1 
   

RC_W
1 

 

Bit Name R/W Reset Value Function 

31:18 Reserved - - Reserved 

17 BSY1 R 0 

Bank1 Busy bit 
This bit indicates that the operation of Flash bank1 is in pro-
gress. This bit is set by the hardware at the beginning of the 
flash operation, and is cleared by the hardware when the 
operation is completed or an error occurs. 

16 BSY0 R 0 

Bank0 Busy bit 
This bit indicates that the operation of Flash bank0 is in pro-
gress. This bit is set by the hardware at the beginning of the 
flash operation, and is cleared by the hardware when the 
operation is completed or an error occurs. 

15 OPTVERR RC_W1 0 

Option byte verification error flag. 
This bit is set by hardware when the option byte and its 
complement do not match. Failed to load option bytes, 
forced to safe values. 
This bit is cleared by writing 1. 

14 Reserved - - Reserved 
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13 USRLOCK R 0 

Indicates whether the user data area is writable based on 
the lower 16 bits of the first word read from the user data 
area during power-on. 
0: The read value is not 0xAA55, the user data area is writ-
able. 
1: The read value is 0xAA55, the user data area is not writ-
able. 
This bit can only be reset by a power-on reset. 

12 RDERR1 RC_W1 0 

Bank1 PCROP read error. 
This bit is set by hardware when the address of the data to 
be read in Bank1 belongs to the Flash's read protection 
area (PCROP protection). An interrupt will be generated if 
RDERR1IE in Flash_CR is set to 1. 
This bit is cleared by writing 1. 

11 RDERR0 RC_W1 0 

Bank0 PCROP read error. 
This bit is set by hardware when the address of the data to 
be read in Bank0 belongs to the Flash's read protection 
area (PCROP protection). An interrupt will be generated if 
RDERR0IE in FLASH_CR is set to 1. 
This bit is cleared by writing 1. 

10:5 Reserved - - Reserved 

4 WRPERR RC_W1 0 

Write protection error 
This bit is set by hardware when the address to be pro-
grammed/erased is in a write-protected Flash area (pro-
tected by WRP). 
This bit is also set by hardware when the user data area is 
programmed/erased while USRLOCK is 1. 
This bit is set by hardware when the address to be pro-
grammed/erased/read is in a Flash area protected by pro-
prietary code (PCROP). 
This bit is cleared by writing 1. 

3:1 Reserved - - Reserved 

0 EOP RC_W1 0 

This bit is set by hardware when the Flash program-
ming/erasure operation is successfully completed. An inter-
rupt is generated if the EOPIE bit in the FLASH_CR regis-
ter is enabled. 
This bit is cleared by writing 1. 

4.10.5. Flash control register (FLASH_CR). 

Offset address: 0x14. 

Reset value: 0xC000 0000. 

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

LOC
K 

OPT 
LOC

K 

Re
s. 

Re
s. 

OBL 
LAUNC

H 

Re
s. 

ER
R 
IE 

EO
P 
IE 

RDERR1
IE 

RDERR0
IE Res. 

Res
. 

PGSTR
T 

UPGST
RT 

OPT 
STR

T 

Re
s. 

RS RS   RS  RW RW RW RW   RW RW RW  

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

Res. Res. 
Re
s. 

Re
s. 

SER 
Re
s. 

Res
. 

Res
. 

Res. Res. 
UPE
R. 

UP
G 

MER1 MER0 PER PG 

    RW      RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31 LOCK RS 1 

FLASH_CR register lock bit. 
The software can only set this bit. When set, the 
FLASH_CR register is locked. This bit is cleared by hard-
ware upon detecting the unlock sequence, unlocking the 
FLASH_CR register. 
If the unlock operation fails, this bit remains set until the 
next system reset. 

30 OPTLOCK RS 1 

Option byte lock bit. 
The software can only set this bit. When set, the bits re-
lated to option bytes in the FLASH_CR register and the op-
tion byte registers FLASH_OPTR, FLASH_WRPR, 
FLASH_PCROPRx (x=0,1) are locked. When the unlock 
sequence is detected, this bit is cleared by hardware, un-
locking the FLASH_CR register and option byte-related 
registers. 
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The LOCK bit must be cleared before performing the un-
lock sequence on the OPTLOCK bit. 
If the unlock operation fails, this bit remains set until the 
next system reset. 

29:28 Reserved - - Reserved 

27 OBL_LAUNCH RS 0 

Forces option byte loading. 
When set, this bit forces the system to reload the option 
bytes. This bit is cleared by hardware only after the option 
byte loading is completed. If the OPTLOCK bit is set, the 
bit cannot be written. 
0: Option byte loading complete 
1: Generates an option byte load request, causing a sys-
tem reset to reload the option bytes. 

26 Reserved - - Reserved 

25 ERRIE RW 0 

Error interrupt enable bit. 
When the WRPERR bit of the FLASH_SR register is set, if 
the bit is enabled, an interrupt request is generated. 
0: No interrupt occurrence 
1: An interrupt occurs 

24 EOPIE RW 0 

End-of-operation interrupt enable bit. 
When the EOP bit of the FLASH_SR register is set, if the bit 
is enabled, an interrupt request is generated. 

0χEOP interrupt disabled 

1χEOP interrupt enabled 

23 RDERR1IE RW 0 

Bank1 PCROP read error interrupt enable. 
When the RDERR1 bit in FLASH_SR is set, an interrupt re-
quest is generated if this bit is enabled. 
0: No interrupt occurrence 
1: An interrupt occurs 

22 RDERR0IE RW 0 

Bank0 PCROP read error interrupt enable. 
When the RDERR0 bit in FLASH_SR is set, an interrupt re-
quest is generated if this bit is enabled. 
0: No interrupt occurrence 
1: An interrupt occurs 

21:20 Reserved - - Reserved 

19 PGSTRT RW 0 

Start bit for Flash main memory programming operation. 
This bit initiates the Flash main memory programming op-
eration. It is set by software and cleared by hardware after 
the BSY0 or BSY1 bit in the FLASH_SR register is cleared. 

18 UPGSTRT RW 0 

Start bit for Flash information block user data area pro-
gramming operation. 
This bit initiates the Flash information block user data area 
programming operation. It is set by software and cleared by 
hardware after the BSY0 bit in the FLASH_SR register is 
cleared. 

17 OPTSTRT RW 0 

Flash option byte modification start bit 
This bit tiggers the modification of the option byte. Set by 
software, cleared by hardware after the BSY0 bit in the 
FLASH_SR register is cleared. 
Note: When modifying Flash option bytes, the hardware 
automatically erases the entire 256-byte page and per-
forms programming, including writing the complement auto-
matically. 

16:12 Reserved - - Reserved 

11 SER RW 0 

8 KB Sector erase operation 

This bit is set and cleared by software. 
0: Disable Flash sector erase operation. 
1: Enable Flash sector erase operation. 
Notes: 

1ζ Sector erase does not affect the Flash information 
block. 

2ζ Sector erase has no effect on areas set as WRP. 

10:6 Reserved - - Reserved 

5 UPER RW 0 

User data page erase operation 
This bit is set and cleared by software. 
0: Disable page erase operation for Flash user data pages 
1: Enable page erase operation for Flash user data pages 
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4.10.6. Flash ECC register (FLASH_ECCR) 

Offset address: 0x18 

Reset value: 0x0000 0000 

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

ECCD ECCC 
Res

. 
Res

. 
Re
s 

Res
. 

Res
. 

ECCI
E 

Res
. 

SYSF_EC
C 

BK_EC
C 

Res
. 

Res
. 

Res
. 

Res
. 

ADDR_ECC[1
6] 

RC_W
1 

RC_W
1 

     RW  R R     R 

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

ADDR_ECC[15:0] 

R R R R R R R R R R R R R R R R 

 

Bit Name R/W 
Reset 
value 

Function 

31 ECCD RC_W1 0 

ECC detection bits 
Set by hardware when more than 1-bit ECC error is detected (only 
when ECCC/ECCD was previously cleared). When this bit is set, an 
NMI interrupt is generated. 
Cleared by writing 1. 

30 ECCC RC_W1 0 

ECC correction 
Set by hardware when a 1-bit ECC error is detected and corrected 
(only when ECCC/ECCD was previously cleared). Generates an inter-
rupt when ECCCIE is set. 
Cleared by writing 1. 

29:25 Reserved - - Reserved 

24 ECCCIE RW 0 

ECC correction interrupt enable 
0: Disable ECCC interrupt 
1: Enable ECCC interrupt. 
When the ECCC bit in the FLASH_ECCR register is set, this bit ena-
bles interrupt generation. 

23 Reserved - - Reserved 

22 SYSF_ECC R 0 
Flash information zone ECC failure flag. 
0: ECC not enabled or no ECC error 
1: ECC error detected or ECC correction occurred 

21 BK_ECC R 0 

Flash ECC fault Bank 
Indicates which Bank is related to ECC correction or ECC error detec-
tion. 
0: Bank 0 
1: Bank 1  
This flag is only for the Flash main memory area. 

20:17 Reserved - - Reserved 

16:0 ADDR_ECC[16:0] R 17ôb0 ECC fault address 

Note: If the user data area cannot be erased or written, this 
configuration is invalid. 

4 UPG RW 0 

User data area programming operation 
This bit is set and cleared by software. 
0: Disable programming operation for the user data area 
1: Enable programming operation for the user data area 
Note: If the user data area cannot be erased or written, this 
configuration is invalid. 

3 MER1 RW 0 

Bank 1 mass erase operation 
This bit is set and cleared by software. 
0: Disable mass erase operation for Flash Bank1 
1: Enable mass erase operation for Flash Bank1 

2 MER0 RW 0 

Bank 0 mass erase operation 
This bit is set and cleared by software. 
0: Disable mass erase operation for Flash Bank0 
1: Enable mass erase operation for Flash Bank0 

1 PER RW 0 

Page erase operation 
This bit is set and cleared by software. 
0: Disable page erase operation for Flash 
1: Enable page erase operation for Flash 

0 PG RW 0 

Programming operation 
This bit is set and cleared by software. 
0: Disable programming operation for Flash 
1: Enable programming operation for Flash 
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This bit indicates which address in which region is related to ECC er-
ror correction or ECC error detection. 
When ECCC or ECCD occurs, the erroneous logical address indi-
cated by this register is as shown in the following table: 

SYSF_ECC BK_ECC Erroneous Logical Address 

0 0 {12'h080,3'b0, ADDR_ECC[16:0]} 

0 1 
{12'h080,3'b0, ADDR_ECC[16:0]+Bank0 maxi-
mum address} 

1 0 {16'h1FFF,3ôb0,ADDR_ECC[12:0]}; 

Note: If the flag (SYSF_ECC or BK_ECC) set after an ECC error or 
correction is not handled by software, new errors will not set the flag 
again (whether SYSF_ECC or BK_ECC). 

4.10.7. Flash option byte register (FLASH_OPTR) 

Offset address: 0x20 

Reset value: 0b0000 00xx xxxx xxxx xxxx xxxx xxxx xxxx. After power-on reset (POR/BOR/OBL_LAUNCH) is 

released, the corresponding value is read from the option byte area in the Flash information area and written 

to the corresponding option byte bit in this register. 

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

Res. Res. Res. Res. Res. Res. 
ECC_

EN 
BOOT_LO

CK 
BF
B 

SWD_MO
DE 

SRAM_
PE 

BOR_LEV[2:0] 
BOR_

EN 

      RW RW 
R
W 

RW RW RW 
R
W 

R
W 

R
W 

RW 

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

nBOO
T1 

NRS
T_ 

MOD
E 

WWD
G 

_SW 

IWD
G 
_S
W 

IWDG_ST
OP 

IWD
G _ 
STD
BY 

NRST
_ 

STOP 

NRST_ 
STDBY 

RDP[7:0] 

RW RW RW RW RW RW RW RW 
R
W 

RW RW RW 
R
W 

R
W 

R
W 

RW 

 

Bit Name R/W Reset Value Function 

31:26 Reserved - - Reserved 

25 ECC_EN RW - 
ECC enabled 
0: Disable ECC  
1: Enable ECC 

24 BOOT_LOCK RW - 
Use to force boot from user Flash zone 
0: Boot based on IO pin/option bit configuration 
1: Force boot from Flash main memory area 

23 BFB RW - 

0: Boot from Bank0 (Flash Bank0 mapped to 
0x0800_0000/0x0000_0000, Flash Bank1 mapped to 
0x0802_0000/0x0002_0000) 
1: Boot from Bank1 (Flash Bank1 mapped to 
0x0800_0000/0x0000_0000, Flash Bank0 mapped to 
0x0802_0000/0x0002_0000) 

22:21 SWD_MODE[1:0] RW - 

SWD PIN mode selection. 

SWD_MODE[1:0] PA4 PA5 PB6 PB5 

00(default) SWDIO  SWCLK GPIO GPIO 

01 GPIO GPIO SWDIO SWCLK 

10 GPIO SWCLK  SWDIO GPIO 

11 SWDIO GPIO GPIO SWCLK 

When PA5 and PB5 are configured as SWCLK via 
SWD_MODE, they are set to pull-down mode; 
When PA4 and PB6 are configured as SWDIO via 
SWD_MODE, they are set to pull-up mode; 

20 SRAM_PE RW - 
SRAM parity check enable 
0: Disable SRAM parity check 
1: Enable SRAM parity check 

19:17 BOR_LEV[2:0] RW - 

000χBOR rising threshold is 1.8V and falling threshold is 

1.7V 

001χBOR rising threhold is 2.0V and falling threhold is 

1.9V 

010χBOR rising threshold is 2.2V and falling threshold is 

2.1V 
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4.10.8. Flash write protection register (FLASH_WRPR) 

Offset address: 0x28 

Reset value: 0xXXXX XXXX 

After power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding values are read from the op-

tion byte area in the Flash information sector and written to the corresponding option byte bits in this register. 

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

BK1_WRP [15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

BK0_WRP [15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

 

Bit Name R/W Reset Value Function 

31:16 BK1_WRPx RW 1 

Bank1 sector write protection 
0: Sector x (x=0~15) is write-
protected; programming and 
erasing are not allowed 
1: Sector x (x=0~15) has no 
write protection 

15:0 BK0_WRPx RW 1 

Bank0 sector write protection 
0: Sector x (x=0~15) is write-
protected; programming and 
erasing are not allowed 
1: Sector x (x=0~15) has no 
write protection 

 

 

011χBOR rising threshold is 2.4V and falling threshold is 

2.3V 

100χBOR rising threshold is 2.8V and falling threshold is 

2.7V 

101χBOR rising threshold is 3.1V and falling threshold is 

3.0V 

110χBOR rising threshold is 3.7V and falling threshold is 

3.6V 

111χBOR rising threshold is 4.2V and falling threshold is 

4.1V 

16 BOR_EN RW - 
BOR enabled 

0: BOR not enabled 
1: BOR enabled 

15 nBOOT1 RW - Together with the BOOT PIN, select the boot mode 

14 NRST_MODE RW - 
0: Reset input only 
1: GPIO function 

13 WWDG_SW RW - 
0: Hardware window watchdog 
1: Software window watchdog 

12 IWDG_SW RW - 
0: Hardware independent watchdog 
1: Software independent watchdog 

11 IWDG_STOP RW - 
Stop mode IWDG count control 
0: IWDG counting stops in stop mode 
1: IWDG counting operates normally in stop mode 

10 IWDG_STDBY RW - 
IWDG counting control in Standby mode 
0: IWDG counting stops in Standby mode 
1: IWDG counting operates normally in Standby mode 

9 NRST_STOP RW - 
0: Generate reset when entering Stop mode 
1: No reset generated when entering Stop mode 

8 NRST_STDBY RW - 
0: Generate reset when entering Standby mode 
1: Do not generate reset when entering Standby mode 

7:0 RDP RW - 
Read protection level. 
0xAA: Level 0, read protection not activated 
Non-0xAA: Level 1, chip read protection activated 
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4.10.9. Flash Bank0 proprietary code protection address register (FLASH_PCROPR0)  

Offset address: 0x30 

Reset value: 0b0000 000X XXXX XXXX 0000 000X XXXX XXXX. After power-on reset 

(POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from the option byte area in the Flash 

information area and written to the corresponding option byte bit in this register. 

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

Res. Res. Res. Res. Res. Res. Res. PCROP0ER [8:0] 

       RW RW RW RW RW RW RW RW RW 

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

Res. Res. Res. Res. Res. Res. Res. PCROP0SR [8:0] 

       RW RW RW RW RW RW RW RW RW 

 

Bit Name R/W Reset Value Function 

31:25 Reserved - - Reserved 

24:16 PCROP0ER [8:0] RW  Bank0 PCROP area end address (in pages) 

15:9 Reserved - - Reserved 

8:0 PCROP0SR [8:0] RW  Bank0 PCROP area start address (in pages) 

4.10.10. Flash Bank1 proprietary code protection address register 

(FLASH_PCROPR1)  

Offset address: 0x34 

Reset value: 0b0000 000X XXXX XXXX 0000 000X XXXX XXXX. After power-on reset 

(POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from the option byte area in the Flash 

information area and written to the corresponding option byte bit in this register. 

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

Res. Res. Res. Res. Res. Res. Res. PCROP1ER [8:0] 

       RW RW RW RW RW RW RW RW RW 

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

Res. Res. Res. Res. Res. Res. Res. PCROP1SR [8:0] 

       RW RW RW RW RW RW RW RW RW 

 

Bit Name R/W Reset Value Function 

31:25 Reserved - - Reserved 

24:16 PCROP1ER [8:0] RW  Bank1 PCROP area end address (in pages) 

15:9 Reserved - - Reserved 

8:0 PCROP1SR [8:0] RW  Bank1 PCROP area start address (in pages) 

4.10.11. Flash low-power configuration register (FLASH_LPCR)  

Offset address: 0x90 

Reset value: 0x0000 2800 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. LPRUN_EXITT[2:0] Res. LPRUN_ENTERT[2:0] 

         RW RW RW  RW RW RW 

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

SLEEP_TIME[7:0] Res. Res. Res. Res. Res. Res. Res. SLEEP_EN 

RW RW RW RW RW RW RW RW        RW 

 

Bit Name R/W Reset Value Function 

31:23 Reserved - - Reserved 

22:20 LPRUN_EXITT[2:0] RW 0x6 
Time control between the falling edge of Flash interface signal 
FM_LPMODE and the rising edge of FM_ACLKBKx. This reg-
ister defines the count of MSISYS clock cycles. 

19 Reserved - - Reserved 

18:16 LPRUN_ENTERT[2:0] RW 0x6 
Time control between the rising edge of Flash interface signal 
FM_LPMODE and the rising edge of FM_ACLKBKx. This reg-
ister defines the count of MSISYS clock cycles. 

15:8 SLEEP_TIME[7:0] RW 0x28 Flash sleep time configuration (based on HSI_10M count) 
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When the system clock selects LSI or LSE, in order to obtain 
a more optimized operating mode power consumption, the 
function of using this register can be selected (this function 
is only recommended when LSI or LSE is the system clock). 
When this feature is enabled, the time width for which Flash 
is in Sleep mode for every half of the system clock low cycle 
is: 
tHSI_10M * SLEEP_TIME 
Note: 
tHSI_10M is the period of HSI_10M; 
To ensure the function of Flash, the maximum value of this 
register is recommended to be set to 0x28. 

7:1 Reserved - - Reserved 

0 SLEEP_EN RW 0 
Flash Sleep enable 
0: Disabled 
1: Enabled 

4.10.12. Flash TS0 register (FLASH_TS0)  

The default values of FLASH_TS0~FLASH_TACLK2PW registers correspond to the time configuration when 

HSI frequency is 2 MHz. HSI 2 MHz is generated by frequency division of HSI. 

Offset address: 0x100 

Reset value: 0x0000 000F 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. Res. TS0 [8:0] 

       RW RW RW RW RW RW RW RW RW 

 

Bit Name R/W Reset Value Function 

31:9 Reserved - - Reserved 

8:0 TS0 [8:0] RW 9ôh0F 

This register contains the count value based on HSI 2 
MHz. 
Note: Writing to this register requires unlocking the LOCK 
bit in the CR register; otherwise, the write operation will be 
ignored. 

4.10.13. Flash TS1 Register (Flash_TS1)  

Offset Address: 0x104 

Reset Value: 0x0000 0024 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. TS1 [10:0] 

     RW RW RW RW RW RW RW RW RW RW RW 

 

Bit Name R/W Reset Value Function 

31:11 Reserved - - Reserved 

10:0 TS1 [10:0] RW 11ôh24 

This register contains the count value based on HSI 2 
MHz. 
Note: Writing to this register requires unlocking the LOCK 
bit in the CR register; otherwise, the write operation will be 
ignored. 

4.10.14. Flash TS2P Register (FLASH_TS2P)  

Offset Address: 0x108 

Reset value: 0x0000 000F 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. Res. TS2P [8:0] 



PY32T090 Reference Manual                                

65 / 672 

 

       RW RW RW RW RW RW RW RW RW 

 

Bit Name R/W Reset Value Function 

31:9 Reserved - - Reserved 

8:0 TS2P [8:0] RW 9ôh0F 

This register contains the count value based on HSI 2 
MHz. 
Note: Writing to this register requires unlocking the LOCK 
bit in the CR register; otherwise, the write operation will be 
ignored. 

4.10.15. Flash TPS3 Register (FLASH_TPS3)  

Offset Address: 0x10C 

Reset Value: 0x0000 0090 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. TPS3 [12:0] 

   RW RW RW RW RW RW RW RW RW RW RW RW RW 

 

Bit Name R/W Reset Value Function 

31:13 Reserved - - Reserved 

12:0 TPS3 [12:0] RW 13ôh90 

This register contains the count value based on HSI 2 
MHz. 
Note: Writing to this register requires unlocking the LOCK 
bit in the CR register; otherwise, the write operation will be 
ignored. 

4.10.16. Flash TS3 Register (FLASH_TS3)  

Offset Address: 0x110 

Reset value: 0x0000 000F 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. Res. TS3 [8:0] 

       RW RW RW RW RW RW RW RW RW 

 

Bit Name R/W Reset Value Function 

31:9 Reserved - - Reserved 

8:0 TS3 [8:0] RW 9ôh0F 

This register contains the count value based on HSI 2 
MHz. 
Note: Writing to this register requires unlocking the 
LOCK bit in the CR register; otherwise, the write oper-
ation will be ignored. 

4.10.17. Flash Page Erase TPE Register (FLASH_PERTPE)  

Offset Address: 0x114 

Reset Value: 0x0000 1B58 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. PERTPE[17:16] 

              RW RW 

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

PERTPE[15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

 

Bit Name R/W Reset Value Function 

31:18 Reserved - - Reserved 

17:0 PERTPE[17:0] RW 18ôh1B58 

This register contains the count value based on HSI 2 
MHz. 
Note: Writing to this register requires unlocking the LOCK 
bit in the CR register; otherwise, the write operation will be 
ignored. 
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4.10.18. Flash sector erase time TPE register (FLASH_SMERTPE)  

Offset address: 0x118 

Reset Value: 0x0000 1B58 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. SMERTPE [17:16] 

              RW RW 

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

SMERTPE[15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

 

Bit Name R/W Reset Value Function 

31:18 Reserved - - Reserved 

17:0 SMERTPE[17:0] RW 18ôh1B58 

This register contains the count value based on HSI 2 
MHz. 
Note: Writing to this register requires unlocking the LOCK 
bit in the CR register; otherwise, the write operation will be 
ignored. 

4.10.19. Flash programming time TPE register (FLASH_PRGTPE)  

Offset address: 0x11C 

Reset value: 0x0000 07D0 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

PRGTPE[15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 PRGTPE[15:0] RW 16ôh7D0 

This register contains the count value based on HSI 
2MHz. 
Note: Writing to this register requires unlocking the LOCK 
bit in the CR register; otherwise, the write operation will 
be ignored. 

4.10.20. Flash pre-programming time TPE register (FLASH_PRETPE)  

Offset address: 0x120 

Reset value: 0x0000 0190 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. PRETPE[13:0] 

  RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

 

Bit Name R/W Reset Value Function 

31:14 Reserved - - Reserved 

13:0 PRETPE[13:0] RW 14ôh0190 

This register contains the count value based on HSI 
2MHz. 
Note: Writing to this register requires unlocking the 
LOCK bit in the CR register; otherwise, the write opera-
tion will be ignored. 

4.10.21. Flash page write wait time TACLK2PW register (FLASH_TACLK2PW)  

Offset address: 0x124 

Reset value: 0x0000 0006 

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

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

Res. Res. Res. Res. Res. Res. Res. Res. TACLK2PW [7:0] 

        RW RW RW RW RW RW RW RW 

 

Bit Name R/W Reset Value Function 

31:8 Reserved - - Reserved 

7:0 TACLK2PW RW 8ôh6 

Wait time from Flash ACLK rising edge to PW (page 
write). Software must configure this register according to 
the HSI frequency after configuring the FLASH_CR reg-
ister. 
This register contains the count value based on HSI 2 
MHz. 
Note: Writing to this register requires unlocking the 
LOCK bit in the CR register; otherwise, the write opera-
tion will be ignored. 
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5.  Power Management Unit  (PMU)  

5.1. Power supply 

5.1.1. Power Structure 
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Figure 5-1 Power structure block diagram 

 

Table 5-1 Power supply overview 

No. 
Power 
supply 

Power 
value 

Description 

1 VCC 1.8 to 5.5 V 
The power is supplied to the device through the power pins, with the power sup-
ply module comprising: Partial analog circuits. 

2 VCCA 1.8 to 5.5 V 
Powers for most analog modules, sourced from the VCC PAD (a dedicated power 
PAD can also be designed separately). 

3 VREFP 1.8 to 5.5 V Reference voltage for ADC and DAC 

4 VDDD 1.2 V 

Output from VR, powers the chip standby mode wake-up circuit and IWDG mod-
ule. When the MR is powered, it outputs 1.2 V. 
According to the software configuration, when entering the Stop or Standby 
mode it powered by MR, LPR and DLPR. 

5 
VDDD_CO

RE 
1.2 V 

Output controlled by the digital switch from VDDD, powers the internal main 

logic circuits (CPU, bus, RCC, and digital circuits with stop mode wake-up capa-
bility) and SRAM1 (8 KB). 

6 
VDDD_SR

AM1 
1.2 V Output controlled by the digital switch from VDDD, powers SRAM1 (8 KB). 

7 
VDDD_PEI

R 
1.2 V 

Output controlled by the digital switch from VDDD, powers digital circuits without 
stop mode wake-up capability. 

8 
VDDD_SR

AM2 
1.2 V Output controlled by the digital switch from VDDD, powers SRAM2. 

9 VDDK 1.2/1.0 V 
Backup power supply. Provides power to the backup domain modules (RTC, 
backup registers, Trim registers). 
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5.1.2. System Main Power Supply 

5.1.2.1. ADC and DAC reference voltage 

To achieve higher precision for low-voltage input and output, users can connect VREFP to an inde-

pendent reference voltage lower than VCCA. For analog input (ADC) or output (DAC) signals, VREFP 

represents the highest voltage, expressed as the full-scale value. 

VREFP can be provided by an external reference or the internally buffered voltage reference (VREFBUF). 

Enable the internally buffered voltage reference by setting the VREFBUF_EN bit in the VREFBUF con-

trol register (VREFBUF_CR) to 1. The voltage value of VREFBUF is selected via the 

VREFBUF_CR.VREFBUF_OUT_SEL register. 

5.1.3. Dynamic voltage regulation 

Dynamic voltage scaling is a power management technique that involves increasing or decreasing 

the voltage for digital peripherals based on application performance and power consumption require-

ments. 

Increasing the voltage for digital peripherals through dynamic voltage scaling is called overvoltage. It 

enhances device performance, allowing the chip to operate at higher frequencies. 

Decreasing the voltage for digital peripherals through dynamic voltage scaling is called undervoltage. 

It is used to save power while maintaining defined performance. 

When the LDO operates in MR mode, it provides two voltage ranges: 

5.1.3.1. MR mode 1: Standard voltage performance range 

The output voltage provided by the main regulator supports access at a maximum system clock fre-

quency of 72 MHz. The Flash access time for read operations is 30 ns, enabling Flash programming 

and erase operations. 

5.1.3.2. MR Mode 3: Low-voltage performance range 

The output voltage provided by the main regulator reduces power consumption by lowering the volt-

age at lower system clock frequencies (e.g., 8 MHz). The Flash access time for read operations is 30 

ns, enabling programming and erase operations. 

When VR_MODE in the PWR_CR1 register is configured as 2ôb00, the voltage value in MR mode is 

selected via the PWR_CR1.MR_VSEL[1:0] bits. 

5.1.3.3. MR mode switching from low voltage to high voltage 

In MR mode, the switching steps of the system clock frequency from low frequency to high frequency 

and the voltage from low frequency to high frequency are as follows: 

1. VR_MODE bit in Power Control Register 1 (PWR_CR1) is configured as 2ôb00 

2. Based on the supported frequency, configure the appropriate MR voltage mode by referring to 

the frequency supported in MR_VSEL[1:0] 

3. Wait for 3 ɛs 

4. Configure the value of FLASH_ACR.LATENCY based on the supported frequency 

5. Switch the system clock frequency 
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5.1.3.4. MR mode switching from high voltage to low voltage 

In MR mode, the switching steps of the system clock frequency from high frequency to low frequency 

and the voltage from high frequency to low frequency are as follows: 

1. VR_MODE bit in Power Control Register 1 (PWR_CR1) is configured as 2ôb00 

2. Switch the system frequency 

3. Configure the value of FLASH_ACR.LATENCY based on the supported frequency 

4. Based on the supported frequency, configure the appropriate MR voltage mode by referring to 

the frequency supported in MR_VSEL[1:0] 

5.1.3.5. Frequency switching and VR operating mode switching 

When switching frequencies, the following must be satisfied if the VR operating mode also needs to 

be switched: 

Â For MR->LPR or MR->DLPR, the system clock frequency must be reduced first before switching 

the VR mode. 

Â For LPR->MR or DLPR->MR, the VR mode must be switched first, followed by increasing the 

frequency (if needed). 

5.2. Power monitoring 

5.2.1. Power-on reset (POR)/Power-down reset (PDR)/Brown-out reset (BOR) 

The device has an integrated power-on reset (POR) / power-down reset (PDR). The module keeps 

working in all modes.  

In addition to POR/PDR, a brown-out reset (BOR) is also implemented. BOR can only be enabled 

and disabled through the option byte. 

When the BOR is turned on, the BOR threshold can be selected by the option byte and both the rising 

and falling detection points can be individually configured. 
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Figure 5-2 POR, PDR, and BOR Thresholds 

5.2.2. Programmable Voltage Detector (PVD) 

This module can be used to monitor the VCC power supply, and the detection point can be configured 

via registers. When monitoring the VCC power supply, if VCC rises above or falls below the PVD detec-

tion threshold (configured by PWR_CR2.PLS), a corresponding flag is generated. 

This event is internally connected to EXTI line 16. Depending on the EXTI line 16 rising/falling edge 

configuration, an interrupt is generated when VCC rises above or falls below the PVD detection point. 

In the interrupt service routine, the user can perform emergency system shutdown tasks. 

VCC

PVD output

VPVDRx

VPVDFx

Configurable
hysteresis

 

Figure 5-3 PVD threshold 
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5.3. Low power control 

By default, the chip enters run mode after a system or power reset. When the CPU does not require 

continuous operation, the chip can enter several low-power modes, such as when waiting for an ex-

ternal event. Software can make trade-offs between power consumption, wake-up time, and wake-up 

sources. 

5.3.1. Power mode 

5.3.1.1. Timer 

The chip has seven power modes: 

Â Run mode: Normal full-function mode, the default mode after power-on. 

Â Lower power run mode: The system clock selects MSISYS, with a maximum frequency of 2 

MHz. The digital power supply VDDD is recommended to operate in LPR mode to save power. 

Flash erase/write operations are not supported in this mode. 

Â Sleep mode: The CPU HCLK clock is turned off (NVIC, SysTick, etc., remain operational), and 

peripherals can be configured to continue working. (It is recommended to enable only necessary 

modules and turn them off after their tasks are completed.) The digital power supply VDDD is rec-

ommended to operate in MR mode. 

Â Lower power sleep mode: Enter sleep mode from low-power mode. The digital power supply 

VDDD is recommended to operate in LPR mode. 

Â Stop mode (Stop0/1/2/3): High-speed clocks (PLL, HSI, HSE, and MSI) are turned off. LSI and 

LSE can be configured to remain on based on wake-up source requirements. The digital power 

supply VDDD can be configured to operate in MR, LPR, or DLPR mode. These three modes pro-

gressively reduce power consumption while increasing wake-up time. 

Â Standby mode: VDDD_CORE, VDDD_PERI, and VDDD_SRAM2 are powered down. If 

VDDD_SRAM1 is configured to power down, SRAM data is lost. VDDD and VDDK remain opera-

tional. Standby mode wake-up sources and low-power control modules are active. 

Note: To enter low-power modes (Sleep/Stopx/Standby) from Run mode, the HSI clock must be con-

figured to 8 MHz. 

5.3.1.2. Power state transition 

The figure below shows the transition relationships between various states: 
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Figure 5-4 Power state transition
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The operating conditions of modules in various modes are shown in the table below. The VR operating modes in the table are configured as an example to 

balance performance and power consumption. 

Table 5-2 Module operating conditions in various modes(1) 

Peripheral RUN 

LP  
RUN 

SLEEP 

LP SLEEP 
STOP0 STOP1 STOP2 STOP3 STANDBY 

VDDD 
VR@LPR 

 

Wake 
up 

capa-
bility 

VDDD 
VR@LPR 

Wake 
up 

capa-
bility 

VDDD 
VR@DLPR 

Wake 
up 
capa-
bility 

VDDD 
VR@DLPR 

Wake 
up 

capa-
bility 

VDDD 
VR@DLPR 

Wake 
up ca-
pabil-

ity 

VDDD 
VR@LPR  

 

VDDD 
VR@LPR 

 

CPU Core Y Y - - - - - - - - - - - - 

Flash 
memory 

Y Y (9) O(3) O(3) -α2ζ - -α2ζ - -α2ζ - -α2ζ - - - 

SRAM1 Y Y O(3) O(3) -α4β - -α4β - -α4β - -α4β - - - 

SRAM2 Y Y O(3) O(3) -(6) - -(5) - -(6) - -(5) -  - 

Brown-out re-
set  

( BOR) 
O O O O O O O O O O O O O O 

PVD O O O O O O O O O O O O - - 

DMA O O O O - - - - -(7) - -(7) - - - 

HSI O O(10) O O(10) - - - - - - - - - - 

MSI O O O O - - - - - - - - - - 

HSE O O(10) O O(10) - - - - - - - - - - 

LSI O O O O O - O - O - O - O - 

LSE O O O O O - O - O - O - O - 

PLL O O(10) O O(10) -  -  -  -  - - 

HSE CSS O O O O - - - - - - - - - - 

LSE CSS O O O O O(8) O O(8) O O(8) O O(8) O - - 

RTC O O O O O O O O O O O O O O 

BKP O(13) O(13) O(13) O(13) O(13) O(13) O(13) O(13) O(13) O(13) O(13) O(13) O(13) O(13) 

USART1 
USART2 

O O O O - - - - -(7) - -(7) - - - 

UART O O O O - - - - -(7) - -(7) - - - 

LPUART1 
LPUART2 

O O O O O O O O O O O O - - 

I2C1 
I2C2 

O O O O O O O O O O O O - - 

SPI1 
SPI2 

O O O O - - - - -(7) - -(7) - - - 

ADC O O O O - - - - -(7) - -(7) - - - 

DAC O O O O - - - - -(7) - -(7) - - - 

COMP1/2 O O O O O O O O O O O O - - 

OPA O O O O - - - - -(7) - -(7) - - - 
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Peripheral RUN 

LP  
RUN 

SLEEP 

LP SLEEP 
STOP0 STOP1 STOP2 STOP3 STANDBY 

VDDD 
VR@LPR 

 

Wake 
up 

capa-
bility 

VDDD 
VR@LPR 

Wake 
up 

capa-
bility 

VDDD 
VR@DLPR 

Wake 
up 
capa-
bility 

VDDD 
VR@DLPR 

Wake 
up 

capa-
bility 

VDDD 
VR@DLPR 

Wake 
up ca-
pabil-

ity 

VDDD 
VR@LPR  

 

VDDD 
VR@LPR 

 

Temperature 
sensor 

O O O O - - - - -(7) - -(7) - - - 

Timers O O O O - - - - -(7) - -(7) - - - 

PWM O O O O - - - - -(7) - -(7) - - - 

LPTIM1 
LPTIM2 

O O O O O O O O O O O O - - 

IWDG O O O O O O O O O O O O O O 

WWDG O O O O - - - - -(7)  -(7) - - - 

SysTick timer O O O O - - - - - - - - - - 

CRC O O O O - - - - -(7)  -(7) - - - 

LCD O O O O O(14) - O(14) - O(14) - O(14) - - - 

GPIOs O O O O O O O O O O O O O(11) O(11) 

TK O O O O O O O O O O O O - - 

├1. Legend: Y = Yes (Enable). O = Optional (Disable by default. Can be enabled by software). - = Not available 

├2. Flash does not power down, but no clock is provided, and enters the lowest power consumption state. In this case, FLASH requires a 3us wake-up time. 

├3. The clocks for Flash and SRAM1/SRAM2 can be configured to be on or off in SLEEPING mode. 

├4. SRAM1 remains powered, retains content, but has no clock supply, entering the lowest power state.  

├5. SRAM2 is configured to power down. 

├6. SRAM2 remains powered, retains content, but has no clock supply, entering the lowest power state. 

├7. This module is configured to power down. 

├8. Before entering low-power mode, if LSE CSS is enabled, the system will wake up and enter NMI interrupt when an LSE CSS issue occurs. 

├9. Flash remains powered, clock is provided, and enters low-power operation state. When switching to RUN state, wait for the transition to complete. 

├10. For minimum power consumption, this module is recommended to be configured as off. 

├11. The IOs for standby mode wake-up function normally, and the VBKP domain IOs (PA6/PA7/PA8) function normally. 

├12. Only PA6, PA7, and PA8 function normally. 

├13. BKP PCLK control is consistent with RTC PCLK. 

├14. The LCD can maintain display in this low-power mode. 

In addition, power consumption can be reduced in Run mode by: 

Â Reduce the system clock frequency 
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Â For unused peripherals, turn off their clocks (system clock and module clock). 

Note: In DLPR mode, selecting a lower voltage via DLPR_VSEL may cause malfunction due to insufficient voltage. Refer to the datasheet for power con-

sumption values under different configurations. 

5.3.1.3. Entering/exiting low-power mode 

Table 5-3 Summary of Low-Power Mode Entry/Exit 

Mode Entry 
Wake-up 
source 

Wake-up clock 
Clock requirements for 

this mode/steps  
to enter this mode 

Impact on 
clocks when en-
tering this mode 

VR mode during 
low-power operation  

(controlled by 
VR_MODE) 

Clock requirements for this 
mode/steps  

to exit this mode 

VR mode after wake-
up  

(hardware automati-
cally switches or 

maintains based on 
VR_MODE configu-
ration before entry) 

VDDD 
VR 

VDDK 
VR 

VDDD 
VR 

VDDK 
VR 

Sleep 

WFI or return from inter-
rupt 

Any interrupt 
Same as before 
entry 

No requirement 

CPU HCLK clock 
OFF; no effect on 
other clocks or 
analog clock 
sources 

MR Note 
1 

OFF No requirement MR OFF 

WFE 
Wake up 
event 

Low-
power 
run 

System clock selects MSI, 
and LPMS=110. 

Mode 
switching 
Note 2 

Switch clock to 
HSI, subsequent 
clocks depend on 
software configu-
ration Note 3 

Clock requirements:  
1. Software must enable 
MSI  
2. System clock selects 
MSI and supports MSIDIV 
division 

Refer to the "Software 
Flow" section for steps. 

System clock re-
duced to 2MHz or 
below 

MR OFF Clock requirements:  
1. Software must enable  
HSI 2. System clock selects HSI 
and supports HSIDIV division 

Refer to the "Software Flow" sec-
tion for steps. 

NA Note 
3 

OFF 

LPR OFF 
NA Note 

3 
OFF 

Low 
power 
sleep 

Current mode is "Low 
Power Run," and 
SLEEPING=1, and 
SLEEPDEEP=0, and WFI 

Any interrupt 
Same as before 
entering (MSI) 

Clock requirements:  
1. Software must enable 
MSI  
2. System clock selects 
MSI and supports MSIDIV 
division 

CPU HCLK clock 
OFF; no effect on 
other clocks or 
analog clock 
sources 

MR OFF 

Clock requirements:  
1. Meet entry requirements  
2. Wake-up clock is MSI 

MR OFF 

Current mode is "Low 
Power Run," and 
SLEEPING=1, and 
SLEEPDEEP=0, and WFE 

Wake up 
event 

Same as before 
entering (MSI) 

LPR OFF LPR OFF 

Stop 

Current mode is Low 
Power Run, and 
LPMS=000/001/010/011; 
 and SLEEPDEEP=1; and 

Any EXTI 
Line config-
ured as in-
terrupt (EXTI 

Same as before 
entering (MSI) 

Clock requirements:  
1. Software must enable 
MSI  
2. System clock selects 

Hardware turns 
off MSI, HSI, 
HSE, PLL;  
LSI and LSE are 
turned on or off 

MR OFF 
Clock requirements:  
1. Meet entry requirements  
2. Wake-up clock is MSI 

MR OFF 

LPR OFF LPR OFF 
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Mode Entry 
Wake-up 
source 

Wake-up clock 
Clock requirements for 

this mode/steps  
to enter this mode 

Impact on 
clocks when en-
tering this mode 

VR mode during 
low-power operation  

(controlled by 
VR_MODE) 

Clock requirements for this 
mode/steps  

to exit this mode 

VR mode after wake-
up  

(hardware automati-
cally switches or 

maintains based on 
VR_MODE configu-
ration before entry) 

VDDD 
VR 

VDDK 
VR 

VDDD 
VR 

VDDK 
VR 

WFI or return from inter-
rupt 

register con-
figuration), 
IWDG reset,  
NRST; 

MSI and supports MSIDIV 
division 

based on soft-
ware configura-
tion; OFF DLPR LPR OFF 

Current mode is Low 
Power Run, and 
LPMS=000/001/010/011;  
and SLEEPDEEP=1; and 
WFE 

Any EXTI 
Line config-
ured as 
event (EXTI 
register con-
figuration), 
IWDG reset,  
NRST; 

Same as before 
entering (MSI) 

Clock requirements:  
1. Software needs to ena-
ble MSI  
2. System clock selects 
MSI and supports MSIDIV 
frequency division 

Hardware turns 
off MSI, HSI, 
HSE, PLL;  
LSI and LSE are 
turned on or off 
based on soft-
ware configura-
tion; 

MR OFF 

Clock requirements:  
1. Meet entry requirements  
2. Wake-up clock is MSI 

MR OFF 

LPR OFF LPR OFF 

OFF DLPR LPR OFF 

Current mode is normal 
operation, and 
LPMS=000/001/010/011; 
 and SLEEPDEEP=1; and 
WFI or return from inter-
rupt 

Any EXTI 
Line config-
ured as in-
terrupt (EXTI 
register con-
figuration), 
IWDG reset,  
NRST; 

HSI 

Clock requirements:  
1. Software needs to ena-
ble HSI, and HSI clock 
frequency is configured to 
8MHz 
 

Hardware turns 
off MSI, HSI, 
HSE, PLL;  
LSI and LSE are 
turned on or off 
based on soft-
ware configura-
tion; 

MR OFF 

Clock requirements:  
1. Meet the entry requirements  
2. Wake-up clock is HSI 

MR OFF 

LPR OFF MR OFF 

OFF DLPR MR OFF 

Current mode is normal 
operation, and 
LPMS=000/001/010/011;  
and SLEEPDEEP=1; and 
WFE 

Any EXTI 
Line config-
ured as 
event (EXTI 
register con-
figuration), 
IWDG reset,  
NRST; 

HSI 

Clock requirements:  
1. Software needs to ena-
ble HSI, and HSI clock 
frequency is configured to 
8MHz 
 

Hardware turns 
off MSI, HSI, 
HSE, PLL;  
LSI and LSE are 
turned on or off 
based on soft-
ware configura-
tion; 

MR OFF 

Clock requirements:  
1. Meet the entry requirements  
2. Wake-up clock is HSI 

MR OFF 

LPR OFF MR OFF 

OFF DLPR MR OFF 

Standby 

Current mode is low-
power operation, 
LPMS=101;  
and SLEEPDEEP=1, 
 and WFI or return from 
interrupt, or WFE  

WKUP IO,  
IWDG reset,  
RTC wake-
up, TAMP 
event,  
NRST; 

HSI 
Requirements:  
1. Software needs to ena-
ble MSI 

LSE and LSI can 
be turned on or 
off; other clocks 
are turned off. 

MR OFF 

Clock requirements:  
1. Meet the entry requirements  
2. Wake-up clock is HSI 

MR OFF 

LPR OFF MR OFF 

OFF DLPR MR OFF 

Current mode is normal 
operation, LPMS=101;  

WKUP IO,  
IWDG reset,  

HSI LSE and LSI can 
be turned on or 

MR OFF MR OFF 
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Mode Entry 
Wake-up 
source 

Wake-up clock 
Clock requirements for 

this mode/steps  
to enter this mode 

Impact on 
clocks when en-
tering this mode 

VR mode during 
low-power operation  

(controlled by 
VR_MODE) 

Clock requirements for this 
mode/steps  

to exit this mode 

VR mode after wake-
up  

(hardware automati-
cally switches or 

maintains based on 
VR_MODE configu-
ration before entry) 

VDDD 
VR 

VDDK 
VR 

VDDD 
VR 

VDDK 
VR 

and SLEEPDEEP=1, 
 and WFI or return from 
interrupt, or WFE  

RTC wake-
up, TAMP 
event,  
NRST; 

Clock requirements:  
1. Software needs to ena-
ble HSI, and HSI clock 
frequency is configured to 
8MHz 

off; other clocks 
are turned off. LPR OFF 

Clock requirements:  
1. Meet the entry requirements  
2. Wake-up clock is HSI 

MR OFF 

OFF DLPR MR OFF 

Note 1: To ensure normal module operation, software must configure the VR state to MR mode before entering sleep mode. 

Note 2: The mode switched to from low-power run mode depends on the CPU configuration. However, if the VR operating mode is LPR during LPRUN mode and changes to MR after 

state switching, more modules can only be enabled after waiting for MR_RDY. 

Note 3: After switching from low-power run mode, the VR operating mode depends on the post-switch VR mode configuration. 

Note: When VR_MODE is configured to DLPR mode, the VDDD LDO is turned off while the VDDK LDO remains active to generate the power supply required by digital circuits. 
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5.3.2. Reduce the system clock frequency 

In run mode, the frequency of the system clock (SYSCLK, HCLK, PCLK) can be reduced by config-

uring the prescaler registers. These prescalers can also be used to lower peripheral frequencies be-

fore entering sleep or stop mode. 

5.3.3. Software Flow 

5.3.3.1. Switching from "Run" mode to "Low-Power Run" mode 

When switching from RUN mode to LPRUN mode while running on the MSI clock, follow these 

steps: 

1) Is the HSI clock enabled? If not enabled, the HSI must be enabled. 

2) Configure RCC_CR.MSION=1 in software to enable MSI, wait for RCC_CR.MSIRDY=1, then 

switch the system clock to MSI (configure RCC_CFGR.SW=3'b101, supporting MSIDIV prescaling). 

3) Configure PWR_CR1.LPMS=3ób110 in software. 

4) Configure PWR_CR1.VR_MODE to LPR mode or MR mode in software (LPR mode has lower 

power consumption). 

5) If FLASH_ACR.LATENCY=0 needs to be configured or the HSI clock needs to be turned off, wait 

for PWR_SR.LPRUN_RUN_SWF=0. 

5.3.3.2. Switching from "Low-Power Run" mode to "Run" mode 

When switching from LPRUN mode to RUN mode for higher-frequency operation, follow these steps: 

1. Configure RCC_CR.HSION=1 in software to enable HSI. 

2. Configure PWR_CR1.VR_MODE to MR mode in software. 

3. Configure PWR_CR1.LPMS=3ôb000 in software. 

4. Wait (with FLASH_ACR.LATENCY=0 at this time): 

1) RCC_CR.HSIRDY=1 

2) PWR_SR.MR_RDY=1 and PWR_SR.LPRUN_RUN_SWF =1 

5. Configure FLASH_ACR.LATENCY based on the HSI frequency, then switch the system clock to 

HSI (configure RCC_CFGR.SW=3'b000, supporting HSIDIV prescaling for each HSI frequency). 

If needed, MSI can be turned off. 

6. If switching to another system clock source is required, follow the system clock switching proce-

dure. 

5.3.3.3. Transition from "Run" mode to "Stop" low-power mode 

The software configuration process for the system to enter Stopx mode from Run mode is as follows: 

1) Software configures RCC_CR.HSION=1 to enable HSI, sets HSI frequency to 8 MHz, and 

switches the system clock to 8 MHz after waiting for RCC_CR.HSIRDY=1 

2) Software configures PWR_CR1.LPMS=3'b001/3'b010/3'b011/3'b100 

3) Software configures PWR_CR1.VR_MODE to MR mode/LPR mode/DLPR mode (power con-

sumption decreases in order) 
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4) Software configures PWR_CR1.HSION_CTRL=1 (default value) and sets 

PWR_CR1.FLS_SLPTIME=2'b01 (5ɛs) 

5) Enter low-power mode 

6) After wake-up, VR_MODE is in MR mode, configured according to PWR_CR1.MR_VSEL; the sys-

tem clock after wake-up is HSI 8 MHz 

5.3.3.4. Transition from "Low-Power Run" mode to "Stop" low-power mode 

The software configuration process for the system to enter STOPx mode from LPRUN mode is as 

follows: 

1) Currently in low-power run mode, the system clock is MSI; 

2) Software configures PWR_CR1.LPMS=3'b001/3'b010/3'b011/3'b100; 

3) Software configures PWR_CR1.VR_MODE to MR mode/LPR mode/DLPR mode (power con-

sumption decreases in order); 

4) Software configures PWR_CR1.HSION_CTRL=1 (default value) and sets 

PWR_CR1.FLS_SLPTIME=2'b01 (5ɛs); 

5) Enter low-power mode; 

6) After wake-up, VR_MODE is in LPR mode, configured according to PWR_CR1.LPR_VSEL; the 

system clock after wake-up is MSI; 

5.3.3.5. Transition from "Run" mode to "Standby" low-power mode 

The software configuration process for the system to enter STANDBY mode from RUN mode is as 

follows: 

1) Software configures RCC_CR.HSION=1 to enable HSI, sets HSI frequency to 8MHz, and 

switches the system clock to 8MHz after waiting for RCC_CR.HSIRDY=1; 

2) Software configures PWR_CR1.LPMS=3'b101; 

3) Software configures PWR_CR1.VR_MODE to DLPR mode; 

4) Enter low-power mode; 

5) After wake-up, VR_MODE is in MR mode, configured according to PWR_CR1.MR_VSEL; the sys-

tem clock after wake-up is HSI 8MHz; 

5.3.3.6. Transition from "Low-Power Run" mode to "Standby" low-power mode 

The software configuration process for the system to enter STOPx mode from LPRUN mode is as 

follows: 

1) Currently in low-power operation mode, system clock is MSI 

2) Software configures PWR_CR1.LPMS=3'b101 

3) Software configures PWR_CR1.VR_MODE to DLPR mode 

4) Enter low-power mode 

5) After wake-up, VR_MODE is MR mode, MR mode is configured according to 

PWR_CR1.MR_VSEL; after wake-up, system clock is HSI 8MHz 
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5.4. PWR registers 

5.4.1. Power Control Register 1 (PWR_CR1) 

Offset address: 0x00 

Reset value: 0x0200 0000 

This register is reset upon exiting standby mode. 

This register is reset by power reset (POR/BOR), system reset, and PWR soft reset 

(RCC_APBRSTR1.PWRRST). 

 

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

Re
s. 

Re
s. 

Res. Res. 
STDBY_MRRDY_WAI

T[1:0] 

HSIO
N 
_CT
RL 

Re
s. 

Re
s. 

Re
s. 

DLPR_VSEL[
1:0] 

LPR_VSEL[
1:0] 

MR_VSEL[1
:0] 

    RW RW RW     RW RW RW RW RW RW 

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

Re
s. 

Re
s. 

FLS_SLPTIME[
1:0] 

Res. VR_MODE[1:0] 
DB
P 

Re
s. 

Re
s. 

Res. Res. Res. LPMS[2:0] 

  RW RW  RW RW 
R
W 

     RW RW RW 

Bit Name R/W Reset Value Function 

31:28 Reserved - - Reserved 

27:26 STDBY_MRRDY_WAIT[1:0] RW 2ôb0 

After standby mode wake-up, MR ready and HSI 
clock stable, the required waiting time. 
00: 0ɛs 
01: 5ɛs 
10: 10ɛs 
11: 20ɛs 
This register is reset to 00 by system reset. 

25 HSION_CTRL RW 1 

When waking up from all stop modes 
(Stop0/1/2/3), the HSI enable time control. 
0: Turn on at the same time as VR, that is, HSI is 
enabled immediately when waking up.  
1: After waiting for MR to stabilize, enable HSI; 
This register is reset to 1 by system reset. 

00:22 Reserved - - Reserved 

21:20 DLPR_VSEL[1:0] RW 2ôb0 

DLPR mode voltage selection. 
00: DLPR mode 1, high voltage mode 
01: DLPR mode 2, low voltage mode 
10: Reserved 
11: Reserved 

19:18 LPR_VSEL[1:0] RW 2ôb0 

LPR mode voltage selection. 
00: LPR mode 1, high voltage mode 
01: LPR mode 2, medium voltage mode 
10: LPR mode 3, medium-low voltage mode 
11: LPR mode 4, low voltage mode 
Note: Voltage values decrease from mode 1-
>mode 4, from high to low 

17:16 MR_VSEL[1:0] RW 2ôb0 

MR mode voltage selection. 
00: MR mode 1, standard voltage mode (supports 
maximum frequency 72 MHz) 
01: Reserved 
10: MR mode 3, low voltage mode (supports maxi-
mum frequency 8MHz) 
11: Reserved 

15:14 Reserved - - Reserved 

13:12 FLS_SLPTIME RW 2ôb0 

In Stop0/1/2/3 mode wake-up sequence, wait time 
is required after HSI stabilization and before 
FLASH operation. 
2ôb00: 3ɛs 
2ôb01: 5ɛs (recommended configuration) 
2ôb10: 1ɛs 
2ôb11: 0ɛs 

11 Reserved - - Reserved 

10:9 VR_MODE[1:0] RW 2ôb0 Regulator operating mode 
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5.4.2. Power control register 2 (PWR_CR2) 

Offset address: 0x04 

Reset value: 0x0000 0000 

Note: This register is a PVD function related register. 

This register is reset upon exiting standby mode. 

This register is reset by power reset (POR/BOR), system reset, and PWR soft reset 

(RCC_APBRSTR1.PWRRST). 

 

00: MR mode 
01: LPR mode 
10: DLPR mode 
Others: Reserved (MR mode) 
Notes: 
1. This register resets to 00 after standby mode 

wake-up. 
2. For all stop modes, this register can be con-

figured as 00~10; 
3. For standby mode, this register can be config-

ured as 00~10; 
4. This register is reset to 00 (MR mode) by sys-

tem reset. 

8 DBP RW 0 

RTC and backup domain register write protection 
After reset, RTC and backup domain registers are 
write-protected to prevent accidental writes. This 
bit must be set to 1 to access RTC and backup 
domain registers. 
0: Access to RTC and backup registers disabled 
1: Access to RTC and backup registers enabled 

7:3 Reserved - - Reserved 

2:0 LPMS[2:0] RW 0 

Low power mode selection 
000: Run mode 
001: Stop mode 0 (all modules remain powered) 
010: Stop mode 1 (SRAM2 powered down) 
011: Stop mode 2 (non-wakeup capable modules 
powered down) 
100: Stop mode 3 (SRAM2 and non-wakeup ca-
pable modules powered down) 
101: Standby mode 
110: Low-power run mode 
This register is reset to 3'b000 (RUN mode) by 
system reset. 

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

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res. Res. 
Res

. 
Res

. 
Res

. 
Res

. 
Res

. 
Res

. 
Res. 

                

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

Res
. 

Res
. 

Res
. 

Res
. 

FLT_TIME [2: 0] 
FLTE

N 
PVD_OUT_SE

L 
PLS[2:0] 

Res
. 

Res
. 

Res
. 

PVD
E 

    RW RW RW RW RW RW RW RW    RW 

Bit Name R/W Reset Value Function 

31:12 Reserved - - Reserved 

11:9 FLT_TIME [2: 0] RW 3ôb0 

PVD output digital filter time configuration 
110: Filter time approximately 30.7ms (1024 LSI or LSE 
clock cycles) 
101: Filter time approximately 3.8ms (128 LSI or LSE clock 
cycles) 
100: Filter time approximately 1.92ms (64 LSI or LSE clock 
cycles) 
011: Filtering time is approximately 480ɛs (16 LSI or LSE 
clocks) 
010: Filtering time is approximately 120ɛs (4 LSI or LSE 
clocks) 
001: Filtering time is approximately 60ɛs (2 LSI or LSE 
clocks) 
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5.4.3. Power control register 3 (PWR_CR3) 

Offset address: 0x08 

Reset value: 0x0000 0000 

This register is not reset after exiting standby mode. 

This register is only reset by POR, not by BOR or system reset. 

 

000: Filtering time is approximately 30ɛs (1 LSI or LSE clock) 

8 FLTEN RW 0 
PVD output digital filtering function enabled 
0: Disabled 
1: Enabled 

7 PVD_OUT_SEL RW 0 

PVD digital output control. 
0: Comparator digitally selects analog PVD output without fil-
tering and synchronization 
1: Comparator digitally selects synchronized and filtered ana-
log PVD output 

6:4 PLS[2:0] RW 3ôb0 

Voltage rising edge detection threshold (falling edge detec-
tion threshold is reduced by 0.1V accordingly). 
000: VPVD0 (around 1.8 V) 
001: VPVD1 (around 2.0 V) 
010: VPVD2 (around 2.2 V) 
011: VPVD3 (around 2.4 V) 
100: VPVD4 (around 2.8 V) 
101: VPVD5 (around 3.1 V) 
110: VPVD6 (around 3.7 V) 
111: VPVD7 (around 4.2 V) 
Note: Configure this register when PVD_EN is 0. 
If SYSCFG_CFGR2.PVDL=1, this register is write-protected. 
Write protection is reset only when the system is reset. 

3:1 Reserved - - Reserved 

0 PVDE RW 0 

Voltage detection enable bit 
0: Voltage detection disabled 
1: Voltage detection enabled 
If SYSCFG_CFGR2.PVDL=1, PVDE is write-protected. Write 
protection is reset only when the system is reset. 
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Bit Name R/W Reset Value Function 

31:11 Reserved - - Reserved 

10 SRAM1PDSTD RW 0 
SRAM1 power-down control in standby mode. 
0: SRAM1 content retained in standby mode 
1: SRAM1 powered down in standby mode  

9 APC RW 0 

Apply pull-up and pull-down configuration 
This bit determines whether the I/O pull-up and pull-down 
configurations defined in the PWR_PUCRx and 
PWR_PDCRx registers are applied. 
0: Do not apply 
1: Apply 

8 LD_EN RW 0 

Enable power-on loading after waking from standby mode. 
0: No power-on loading after waking from standby mode 
1: Perform power-on loading after waking from standby 
mode 
Note: When this register is set to 1, the wake-up time from 
standby mode will be extended. 

7 EWUP7 RW 0 
Enable WKUP7 pin (PB4). 
This bit is set and cleared by software. 
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5.4.4. Power control register 4 (PWR_CR4) 

Offset address: 0x0C 

Reset value: 0x0000 0000 (reset by POR) 

This register is not reset after exiting standby mode. 

This register is only reset by POR, not by BOR or system reset. 

0: WKUP7 pin is used for general-purpose I/O. Events on 
the WKUP7 pin do not wake the device from standby 
mode. 
1: WKUP7 pin is used to wake from standby mode, with the 
wake-up edge determined by WP7[1:0]. 

6 EWUP6 RW 0 

Enable WKUP6 pin (PA13). 
This bit is set and cleared by software. 
0: WKUP6 pin is used for general-purpose I/O. Events on 
the WKUP6 pin do not wake the device from standby 
mode. 
1: WKUP6 pin is used to wake from standby mode, with the 
wake-up edge determined by WP6[1:0]. 

5 EWUP5 RW 0 

Enable WKUP5 pin (PA5). 
This bit is set and cleared by software. 
0: The WKUP5 pin is for general purpose I/O. Events on 
the WKUP5 pin do not wake up the device from standby 
mode. 
1: WKUP5 pin is used to wake from standby mode, with the 
wake-up edge determined by WP5[1:0]. 

4 EWUP4 RW 0 

Enable WKUP4 pin (PA1). 
This bit is set and cleared by software. 
0: WKUP4 pin is used for general-purpose I/O. Events on 
the WKUP4 pin do not wake up the device from standby 
mode. 
1: WKUP4 pin is used to wake up from standby mode, with 
the wake-up edge determined by WP4[1:0]. 

3 EWUP3 RW 0 

Enable the WKUP3 pin (PD4). 
This bit is set and cleared by software. 
0: WKUP3 pin is used for general-purpose I/O. Events on 
the WKUP3 pin do not wake up the device from standby 
mode. 
1: WKUP3 pin is used to wake up from standby mode, with 
the wake-up edge determined by WP3[1:0]. 

2 EWUP2 RW 0 

Enable the WKUP2 pin (PC10). 
This bit is set and cleared by software. 
0: WKUP2 pin is used for general-purpose I/O. Events on 
the WKUP2 pin do not wake up the device from standby 
mode. 
1: WKUP2 pin is used to wake up from standby mode, with 
the wake-up edge determined by WP2[1:0]. 

1 EWUP1 RW 0 

Enable the WKUP1 pin (PC5). 
This bit is set and cleared by software. 
0: WKUP1 pin is used for general-purpose I/O. Events on 
the WKUP1 pin do not wake up the device from standby 
mode. 
1: WKUP1 pin is used to wake up from standby mode, with 
the wake-up edge determined by WP1[1:0]. 

0 EWUP0 RW 0 

Enable the WKUP0 pin (PB10). 
This bit is set and cleared by software. 
0: WKUP0 pin is used for general-purpose I/O. Events on 
the WKUP pin do not wake up the device from standby 
mode. 
1: WKUP0 pin is used to wake up from standby mode, with 
the wake-up edge determined by WP0[1:0]. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

WP7 [1:0] WP6 [1:0] WP5 [1:0] WP4 [1:0] WP3 [1:0] WP2 [1:0] WP1 [1:0] WP0 [1:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 



PY32T090 Reference Manual 

85 / 672 

 

 

5.4.5. Power status register (PWR_SR) 

Offset address: 0x10 

Reset value: 0x0000 4200 (reset by POR) 

This register is not reset after exiting standby mode. 

Except for PVDO, other bits in this register are only reset by POR, and are not reset by BOR or system reset. 

The PVDO bit in this register is reset by power reset (POR/BOR), system reset, and PWR soft reset 

(RCC_APBRSTR1.PWRRST). 

 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:14 WP7 [1:0] RW 2ôb0 

WKUP7 pin (PB4) polarity selection 
This bit is set and cleared by software. 
00: WKUP7 pin rising edge wake-up 
01: WKUP7 pin falling edge wake-up 
10, 11: Reserved 

13:12 WP6 [1:0] RW 2ôb0 

WKUP6 pin (PA13) polarity selection 
This bit is set and cleared by software. 
00: WKUP6 pin rising edge wake-up 
01: WKUP6 pin falling edge wake-up 
10, 11: Reserved 

11:10 WP5 [1:0] RW 2ôb0 

WKUP5 pin (PA5) polarity selection 
This bit is set and cleared by software. 
00: WKUP5 pin rising edge wake-up 
01: WKUP5 pin falling edge wake-up 
10, 11: Reserved 

9:8 WP4 [1:0] RW 2ôb0 

WKUP4 pin (PA1) polarity selection 
This bit is set and cleared by software. 
00: WKUP4 pin rising edge wake-up 
01: WKUP4 pin falling edge wake-up 
10, 11: Reserved 

7:6 WP3 [1:0] RW 2ôb0 

WKUP3 pin (PD4) polarity selection 
This bit is set and cleared by software. 
00: WKUP3 pin rising edge wake-up 
01: WKUP3 pin falling edge wake-up 
10, 11: Reserved 

5:4 WP2 [1:0] RW 2ôb0 

WKUP2 pin (PC10) polarity selection 
This bit is set and cleared by software. 
00: WKUP2 pin rising edge wake-up 
01: WKUP2 pin falling edge wakeup 
10, 11: Reserved 

3:2 WP1 [1:0] RW 2ôb0 

WKUP1 pin (PC5) polarity selection 
This bit is set and cleared by software. 
00: WKUP1 pin rising edge wakeup 
01: WKUP1 pin falling edge wakeup 
10, 11: Reserved 

1:0 WP0 [1:0] RW 2ôb0 

WKUP0 pin (PB10) polarity selection 
This bit is set and cleared by software. 
00: WKUP0 pin rising edge wakeup 
01: WKUP0 pin falling edge wakeup 
10, 11: Reserved 
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Bit Name R/W Reset Value Function 

31:17 Reserved - - Reserved 

16 PVDO R 0 PVD detection result output. 
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0: The detected VCC exceeds the PVD-selected compari-
son threshold 
1: The detected VCC is below the PVD-selected compari-
son threshold 

15 Reserved - - Reserved 

14 VCC_PORF R 1 
VCC power-on reset flag. 
0: No VCC power-on reset occurred 
1: VCC power-on reset occurred 

13 PINRST_WUF R 0 

PIN reset wake-up standby mode flag. 
This bit is set to 1 by hardware. To clear it, only POR or 
setting the CPINRSTWUF bit in the PWR_SCR register 
to 1 can be used. 
0: No wake-up event occurred 
1: Wake-up event occurred 

12 IWDGRST_WUF R 0 

IWDG reset wake-up standby mode flag. 
This bit is set to 1 by hardware. To clear it, only POR or 
setting the CIWDGRSTWUF bit in the PWR_SCR register 
to 1 can be used. 
0: No wake-up event occurred 
1: Wake-up event occurred 

11 LPRUN_RUN_SWF R 0 

Mode switch flag between LPRUN and RUN. Set to 1 in-
dicates RUN mode. During the switching process, the 
value changes as described below: 
--When switching from LPRUN to RUN: 
0: System is in progress of switching from LPRUN mode 
to RUN mode 
1: System has completed switching from LPRUN mode to 
RUN mode 
--When switching from RUN to LPRUN: 
0: System has completed switching from RUN mode to 
LPRUN mode 
1: System is in progress of switching from RUN mode to 
LPRUN mode 

10 Reserved - - Reserved 

9 MR_RDY R 1 

Used to indicate the working status of MR, 
1: MR mode is operating stably; 
0: MR mode disabled; 
When VR_MODE is in MR mode, this register remains 
set. When switching to other modes (LPR or DLPR), this 
register is cleared. 

8 SBF R 0 

Standby mode flag. 
This bit is set by hardware and can only be cleared by 
POR or setting the CSBF bit in the PWR_SCR register. 
0: System has not entered standby mode 
1: System has entered standby mode 

7 WUF7 R 0 

WKUP7 standby mode wake-up flag. 
This bit is set by hardware and can only be cleared by 
POR or setting the CWUF7 bit in the PWR_SCR register. 
0: No wake-up event occurred 
1: Wake-up event received 

6 WUF6 R 0 

WKUP6 standby mode wake-up flag. 
This bit is set by hardware and can only be cleared by 
POR or setting the CWUF6 bit in the PWR_SCR register. 
0: No wake-up event occurred 
1: Wake-up event received 

5 WUF5 R 0 

WKUP5 standby mode wake-up flag. 
This bit is set by hardware and can only be cleared by 
POR or setting the CWUF5 bit in the PWR_SCR register. 
0: No wake-up event occurred 
1: Wake-up event received 

4 WUF4 R 0 

WKUP4 standby mode wake-up flag. 
This bit is set by hardware and can only be cleared by 
POR or setting the CWUF4 bit in the PWR_SCR register. 
0: No wake-up event occurred 
1: Wake-up event received 

3 WUF3 R 0 

WKUP3 standby mode wake-up flag. 
This bit is set to 1 by hardware and can only be cleared 
by POR or setting the CWUF3 bit in the PWR_SCR reg-
ister. 



PY32T090 Reference Manual 

87 / 672 

 

5.4.6. Power status clear register (PWR_SCR) 

Offset address: 0x14. 

Reset value: 0x0000 0000 

This register is only reset by POR, not by BOR or system reset. 

 

0: No wake-up event occurred 
1: Wake-up event received 

2 WUF2 R 0 

WKUP2 wake-up standby mode flag. 
This bit is set to 1 by hardware and can only be cleared 
by POR or setting the CWUF2 bit in the PWR_SCR reg-
ister. 
0: No wake-up event occurred 
1: Wake-up event received 

1 WUF1 R 0 

WKUP1 wake-up standby mode flag. 
This bit is set to 1 by hardware and can only be cleared 
by POR or setting the CWUF1 bit in the PWR_SCR reg-
ister. 
0: No wake-up event occurred 
1: Wake-up event received 

0 WUF0 R 0 

WKUP0 wake-up standby mode flag. 
This bit is set to 1 by hardware and can only be cleared 
by POR or setting the CWUF0 bit in the PWR_SCR reg-
ister. 
0: No wake-up event occurred 
1: Wake-up event received 
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Bit Name R/W Reset Value Function 

31:15 Reserved - - Reserved 

14 CVCCPORF W 0 
VCC power-on reset flag clear signal. 
Set this bit to 1 to clear the VCC_PORF signal in 
PWR_SR. 

13 CPINRSTWUF W 0 
PINRST_WUF wakeup flag clear signal. 
Set this bit to 1 to clear the PINRST_WUF signal in 
PWR_SR. 

12 CIWDGRSTWUF W 0 
IWDGRST_WUF wakeup flag clear signal. 
Set this bit to 1 to clear the IWDGRST_WUF signal in 
PWR_SR. 

11:9 Reserved - - Reserved 

8 CSBF W 0 
SBF wakeup flag clear signal. 
Set this bit to 1 to clear the SBF signal in PWR_SR. 

7 CWUF7 W 0 
WKUP7 wakeup flag clear signal. 
Set this bit to 1 to clear the WUF7 signal in PWR_SR. 

6 CWUF6 W 0 
WKUP6 wakeup flag clear signal. 
Set this bit to 1 to clear the WUF6 signal in PWR_SR. 

5 CWUF5 W 0 
WKUP5 wakeup flag clear signal. 
Set this bit to 1 to clear the WUF5 signal in PWR_SR. 

4 CWUF4 W 0 
WKUP4 wakeup flag clear signal. 
Set this bit to 1 to clear the WUF4 signal in PWR_SR. 

3 CWUF3 W 0 
WKUP3 wakeup flag clear signal. 
Set this bit to 1 to clear the WUF3 signal in PWR_SR. 

2 CWUF2 W 0 
WKUP2 wakeup flag clear signal. 
Set this bit to 1 to clear the WUF2 signal in PWR_SR. 

1 CWUF1 W 0 
WKUP1 wakeup flag clear signal. 
Set this bit to 1 to clear the WUF1 signal in PWR_SR. 

0 CWUF0 W 0 
WKUP0 wakeup flag clear signal. 
Set this bit to 1 to clear the WUF0 signal in PWR_SR. 
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Registers from PWR_PUCRA to PWR_PDCRD control the pull-up/pull-down of each port in standby 

mode. To enable these registers, first configure PWR_CR3.APC=1. 

When configuring these registers, note the following: 

1. If PD13 is used as a reset pin, configure PWR_PUCRD.PU13=1 before entering standby mode. 

5.4.7. Power PortA Pull-Up Control Register (PWR_PUCRA) 

Offset address: 0x20 

Reset value: 0x0000 0000 

This register is not reset after exiting standby mode. 

This register is reset by power reset (POR/BOR) and PWR soft reset (RCC_APBRSTR1.PWRRST). 

 

5.4.8. Power PortA Pull-Down Control Register (PWR_PDCRA) 

Offset Address: 0x24 

Reset value: 0x0000 0000 

This register is not reset after exiting standby mode. 

This register is reset by power reset (POR/BOR) and PWR soft reset (RCC_APBRSTR1.PWRRST). 

 

5.4.9. Power PortB pull-up control register (PWR_PUCRB) 

Offset address: 0x28 

Reset value: 0x0000 0000 

This register is not reset after exiting standby mode. 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Res. Res. PU13 PU12 PU11 PU10 PU9 Res. Res. Res. PU5 Res PU3 PU2 PU1 PU0 

  RW RW RW RW RW    RW  RW RW RW RW 

Bit Name R/W Reset Value Function 

31:14 Reserved - - Reserved 

13:0 PUy RW 0 

PortA Pull-Up Control Bit (y=0~15) 
Setting this bit to 1 while APC bit in PWR_CR3 is 1 activates the 
pull-up for PA[y]. If the corresponding PDy bit is also set to 1, the 
pull-up is not activated. 
Notes: 
1. PA4, used as SWDIO, is configured as pull-up by GPIO and is 
not affected by this register. 
2. PA6~8 are VBKP domain IOs and are not controlled by this 
register. 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Res. Res. PD13 PD12 PD11 PD10 PD9 Res. Res. Res. Res. PD4 PD3 PD2 PD1 PD0 

  RW RW RW RW RW     RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:14 Reserved - - Reserved 

13:0 PDy RW 0 

PortA Pull-Down Control Bit (y=0~15) 
Setting this bit to 1 while APC bit in PWR_CR3 is 1 activates the 
pull-down for PA[y]. 
Notes: 
1. PA5, used as SWCLK, is configured as pull-down by GPIO and 
is not affected by this register. 
2. PA6~8 are VBKP domain IOs and are not controlled by this 
register. 
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This register is reset by power reset (POR/BOR) and PWR soft reset (RCC_APBRSTR1.PWRRST). 

 

5.4.10. Power PortB pull-down control register (PWR_PDCRB) 

Offset address: 0x2C 

Reset value: 0x0000 0000 

This register is not reset after exiting standby mode. 

This register is reset by power reset (POR/BOR) and PWR soft reset (RCC_APBRSTR1.PWRRST). 

 

5.4.11. Power PortC pull-up control register (PWR_PUCRC) 

Offset address: 0x30 

Reset value: 0x0000 0000 

This register is not reset after exiting standby mode. 

This register is reset by power reset (POR/BOR) and PWR soft reset (RCC_APBRSTR1.PWRRST). 

 

5.4.12. Power PortC Pull-Down Control Register (PWR_PDCRC) 

Offset address: 0x34 

Reset value: 0x0000 0000 

This register is not reset after exiting standby mode. 

This register is reset by power reset (POR/BOR) and PWR soft reset (RCC_APBRSTR1.PWRRST). 
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Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

PU15 PU14 PU13 PU12 PU11 PU10 PU9 PU8 PU7 PU6 PU5 PU4 PU3 PU2 PU1 PU0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 PUy RW 0 

Port B pull-up control bits (y=0~15) 
Setting this bit to 1 when the APC bit in the PWR_CR3 register is 
set to 1 activates the pull-up on PB[y]. If the corresponding PDy 
bit is also set to 1, the pull-up is not activated. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

PD15 PD14 PD13 PD12 PD11 PD10 PD9 PD8 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PD0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 PDy RW 0 
Port B pull-down control bits (y=0~15) 
Setting this bit to 1 when the APC bit in the PWR_CR3 register is 
set to 1 activates the pull-down on PB[y]. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

PU15 PU14 PU13 PU12 PU11 PU10 PU9 PU8 PU7 PU6 PU5 PU4 PU3 PU2 PU1 PU0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 PUy RW 0 

Port C pull-up control bits (y=0~15) 
Setting this bit to 1 when the APC bit in the PWR_CR3 register is 
set to 1 activates the pull-up on PC[y]. If the corresponding PDy 
bit is also set to 1, the pull-up is not activated. 
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5.4.13. Power PortD Pull-Up Control Register (PWR_PUCRD) 

Offset Address: 0x38 

Reset Value: 0x0000 2000 

This register is not reset after exiting standby mode. 

This register is reset by power reset (POR/BOR) and PWR soft reset (RCC_APBRSTR1.PWRRST). 

 

5.4.14. Power PortD Pull-Down Control Register (PWR_PDCRD) 

Offset Address: 0x3C 

Reset value: 0x0000 0000 

This register is not reset after exiting standby mode. 

This register is reset by power reset (POR/BOR) and PWR soft reset (RCC_APBRSTR1.PWRRST). 

 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

PD15 PD14 PD13 PD12 PD11 PD10 PD9 PD8 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PD0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 PDy RW 0 
Port C Pull-Down Control Bits (y=0~15) 
Setting this bit to 1 when the APC bit in the PWR_CR3 register is 
set to 1 activates the pull-down on PC[y]. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

PU15 PU14 PU13 PU12 PU11 PU10 PU9 PU8 PU7 PU6 PU5 PU4 PU3 PU2 PU1 PU0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 PUy RW 0x2000 

Port D Pull-Up Control Bits (y=0~13) 
Setting this bit to 1 when the APC bit in the PWR_CR3 register is 
set to 1 activates the pull-up on PD[y]. If the corresponding PDy bit 
is also set to 1, the pull-up is not activated. 
Note: Before entering Standby mode, the pull-up on the reset PIN 

(PD13) needs to be configured. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

PD15 PD14 PD13 PD12 PD11 PD10 PD9 PD8 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PD0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 PDy RW 0 
Port D pull-down control bit (y=0~15) 
Setting this bit while APC bit in PWR_CR3 register is set to 1 acti-
vates the pull-down of PD[y]. 
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6.  Reset  and Clock Control  (RCC)  

6.1. Reset 

Two resets are designed: power reset and system reset. 

6.1.1. Power reset 

A power reset occurs in the following situations: 

Â Power-on/power-down reset (POR/PDR) 

Â Brown-out reset (BOR) 

Power-on reset and under-voltage reset will set all other registers to their reset values except regis-

ters in the RTC domain and some registers of the PWR controller. 

When exiting standby mode, all registers in the VDDD_CORE, VDDD_PERI, VDDD_SRAM2, and 

VDDD_SRAM1 domains are set to their reset values. Registers in other domains (RTC, TAMP, 

WKUP, IWDG, and standby mode control) remain unaffected. 

6.1.2. System reset 

A system reset sets all registers to their reset values except the reset flags in the clock control/status 

register and the registers in the RTC domain. 

System reset is generated when one of the following events occurs: 

Â NRST Pin Reset 

Â Windowed watchdog reset (WWDG) 

Â Independent watchdog reset (IWDG) 

Â SYSRESETREQ software reset 

Â Option byte loading reset (OBL) 

Â Low-power mode security reset 

The reset source can be identified by checking the reset identification bit of the RCC_CSR register. 

Note: The term "system reset" appearing in subsequent module descriptions includes the aforemen-

tioned "power reset" and "system reset." 

6.1.2.1. PIN pin reset (external reset) 

Through option byte (NRST_MODE bit) loading, the NRST pin can be configured into the following 

modes (see option byte description for specific configurations): 

Â Reset input 

In this mode, any valid reset signal on the NRST pin is passed to internal logic, but resets generated 

internally by the chip are not output on the NRST pin. 

In this mode, the GPIO functionality (PD13) is not available. 

The NRST pin has a glitch filter. The design ensures that the NRST signal must be at least 40us 

wide; signals shorter than this width will be filtered out. The glitch filter circuit uses HSI_10M for 
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counting. By default, this clock source is turned off. A low level on NRST turns on this clock, while a 

high level turns it off. 

Â GPIO 

In this mode, the pin can be used as a standard GPIO, i.e., PD13. The reset function on the pin is 

disabled. Reset is only possible from device internal reset sources and it is not propagated to the pin. 

NRST

RPU

VCC

ᵝ

ῤ ᵝ

NRST

40us

HSI_10M

&

 

Figure 6-1 reset circuit 

6.1.2.2. Watchdog reset 

Refer to the "Independent Watchdog (IWDG)" and "System Window Watchdog (WWDG)" sections. 

6.1.2.3. Software reset 

A software reset can be achieved by setting the SYSRESETREQ bit in the ARM Cortex®-M0+ Inter-

rupt and Reset Control Register. 

6.1.2.4. Option Byte Load Reset 

The software can generate an option byte loading reset by configuring 

FLASH_CR.OBL_LAUNCH=1, thereby initiating option byte loading. 

6.1.2.5. Low-power mode security reset 

To prevent that critical applications mistakenly enter a low-power mode, three low-power mode secu-

rity resets are available. If enabled in option bytes, the resets are generated in the following condi-

tions: 

Â Entering Standby mode 

This type of reset can be enabled by clearing the nRST_STDBY bit in the user option byte. In this 

case, whenever a Standby mode entry sequence is successfully executed, the device is reset in-

stead of entering Standby mode. 

Â Entering stop mode 

This type of reset can be enabled by clearing the nRST_STOP bit in the user option byte. In this 

case, whenever a Stop mode entry sequence is successfully executed, the device is reset instead of 

entering Stop mode. 
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6.1.3. RTC domain reset 

The RTC domain has two special resets. A RTC domain reset is generated when one of the follow-

ing events occurs: 

Â A software reset, triggered by setting the BDRST bit in the RTC domain control register 

(RCC_BDCR) to 1. 

Â After the power supply VCC has been powered down, it is powered on again. 

The RTC domain reset only affects the LSE oscillator, RTC, backup registers, and RCC RTC domain 

control register. 

6.2. Clocks 

6.2.1. Clock sources 

The system clock sources for this product include HSI, MSI, HSE, PLL, LSI, and LSE. It also in-

cludes HSI10M, which is used for pin reset filtering and controlling the FM_SLEEP signal during 

Flash low-power operation (system clock is LSI/LSE). 

6.2.1.1. HSI clock 

The HSI clock signal is generated from an internal RC oscillator. Frequencies include 8MHz, 16MHz, 

24MHz, 48MHz, and 64MHz. 

The advantage of the HSI RC oscillator is its lower cost (no external components required). It also 

has a shorter startup time compared to the HSE crystal oscillator. However, even after calibration, it 

is less accurate than an oscillator using a frequency reference such as quartz crystal or ceramic res-

onator. 

After waking from Stop mode, the HSISYS clock derived from HSI can be selected as the system 

clock. It can also be used as a backup clock source (auxiliary clock) if the HSE crystal oscillator fails. 

Refer to "Clock Security System (CSS)." 

The HSIRDY flag in the clock control register (RCC_CR) indicates whether the HSI RC is stable. At 

startup, the HSI becomes available only after the hardware sets this bit to 1. 

The HSI RC can be turned on or off via the HSION bit in the clock control register (RCC_CR). It is 

turned on by default after power-on reset. 

HSI calibration 

Due to variations in manufacturing processes, the RC oscillator frequency differs across chips. To 

compensate for this variation, each device is factory-calibrated, and the accuracy under various con-

ditions can be found in the datasheet. 

After POR/BOR reset, the HSI frequency and corresponding calibration values are loaded into the 

{HSI_FS_OPCR[2:0], HSI_TRIMCR[12:0]} bits of the internal clock source calibration register 

(RCC_ICSCR). 

Voltage or temperature changes in the application may affect the HSI frequency of the RC oscillator. 

Software can adjust it by configuring the HSI_TRIMCR[8:0] bits in the internal clock source calibra-

tion register (RCC_ICSCR). 
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For more details on how to measure HSI frequency variations, refer to "TIM16/TIM17 Measuring In-

ternal and External Clocks." 

6.2.1.2. MSI clock 

The MSI 2 MHz clock signal is generated from an internal RC oscillator. The MSI RC oscillator pro-

vides a low-cost (no external components) and low-power clock source. This oscillator serves as the 

clock in LPRUN low-power mode to reduce power consumption. 

The MSIRDY flag in the clock control register (RCC_CR) indicates whether the MSI RC is stable. At 

startup, the MSI can only be used after the hardware sets this bit to 1. If MSIRDYIE is enabled in the 

clock interrupt enable register (RCC_CIER), an interrupt can be generated. 

The MSI RC can be turned on or off via the MSION bit in the clock control register (RCC_CR). 

MSI calibration 

Due to variations in manufacturing processes, the RC oscillator frequency differs across chips. To 

compensate for this variation, each device is factory-calibrated, and the accuracy under various con-

ditions can be found in the datasheet. 

After POR/BOR reset, the MSI calibration value is loaded into the MSI analog circuitry. 

6.2.1.3. HSE clock 

The high-speed external clock signal (HSE) has two clock sources: 

Â HSE external crystal/ceramic resonator 

Â HSE user external clock 

The resonator and the load capacitors have to be placed as close as possible to the oscillator pins in 

order to minimize output distortion and startup stabilization time. 

The loading capacitance values must be adjusted according to the selected oscillator. 

External crystal/ceramic resonator (HSE crystal) 

The 4 ~ 32 MHz external oscillator offers the advantage of very high accuracy. 

Refer to the electrical characteristics section of the datasheet for more details. 

The HSERDY flag in the clock control register (RCC_CR) indicates whether the HSE oscillator is sta-

ble. At startup, this clock can only be used after the hardware sets this bit to 1. If HSERDYIE is ena-

bled in the clock interrupt enable register (RCC_CIER), an interrupt can be generated. 

The HSE_DRIVER[1:0] bits in the external clock source configuration register (RCC_ECSCR) allow 

configuring the crystal driver strength before operation to achieve the optimal balance between ro-

bustness, short startup time, and low power consumption. 

The HSE crystal can be turned on or off via the HSEON bit in the clock control register (RCC_CR). 

External source (HSE bypass) 

In this mode, an external clock source must be provided. The maximum frequency must not exceed 

32 MHz. This mode is selected by setting the HSEBYP and HSEON bits in the clock control register 

(RCC_CR) to 1. On devices with OSC_IN and OSC_OUT pins, an external clock signal (square, 

sine, or triangular wave) with a duty cycle of ~40-60% must drive the OSC_IN pin, depending on the 

frequency (refer to the datasheet). The OSC_OUT pin can be used as a GPIO. 
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For details on pin availability, refer to the pinout section in the datasheet. 

6.2.1.4. PLL clock 

The internal PLL multiplies the HSI- or HSE-based clock frequency acquired at its input to generate 

independent clock outputs. Refer to the datasheet for the allowable input frequency range of the ref-

erence clock. 

To modify the PLL configuration, follow these steps: 

1. Disable the PLL by setting the PLLON bit to 0 in the clock control register (RCC_CR). 

2. Wait until PLLRDY is cleared. The PLL is now completely stopped. 

3. Modify the reference clock and multiplication factor as needed. 

4. Re-enable the PLL by setting the PLLON bit to 1. 

If interrupts are enabled in the clock interrupt enable register (RCC_CIER), an interrupt can be gen-

erated when the PLL is ready. 

6.2.1.5. LSI clock 

The internal low-speed RC clock LSI can operate as a low-power clock source in Stop and Standby 

modes for modules such as the independent watchdog (IWDG) and RTC. The clock frequency is 

32.768 kHz. Refer to the electrical characteristics section of the datasheet for more details. 

The LSI RC can be turned on or off via the LSION bit in the RTC domain control register 

(RCC_BDCR). 

The LSIRDY flag in the RTC domain control register (RCC_BDCR) indicates whether the LSI oscillator 

is stable. At startup, this clock can only be used after the hardware sets this bit to 1. If interrupts are 

enabled in the clock interrupt enable register (RCC_CIER), an interrupt can be generated. 

6.2.1.6. LSE clock 

The LSE crystal is a 32.768 kHz crystal or ceramic resonator that serves as a clock source for the 

real-time clock (RTC) to provide clock/calendar or other timing functions, offering low power con-

sumption and high accuracy. 

The LSE crystal is turned on and off via the LSEEN bit in the RTC domain control register 

(RCC_BDCR). The LSE_DRIVER[1:0] bits in the RTC domain control register (RCC_BDCR) allow 

configuring the crystal drive strength before operation to achieve the best balance between robust-

ness, short startup time, and low power consumption. 

The LSERDY flag in the RTC domain control register (RCC_BDCR) indicates whether the LSE crys-

tal is stable. After hardware sets this bit during startup, the LSE crystal output clock signal becomes 

available. If interrupts are enabled in the clock interrupt enable register (RCC_CIER), an interrupt 

can be generated. 

External source (LSE bypass) 

In this mode, an external clock source must be provided. The maximum frequency must not exceed 

1 MHz. This mode is selected by setting the LSEBYP bit to 1 in the RTC domain control register 

(RCC_BDCR) and configuring the LSEEN bit as enabled in the RTC domain control register 
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(RCC_BDCR). An external clock signal (square, sine, or triangular wave) with approximately 50% 

duty cycle must be used to drive the OSC32_IN pin. 

6.2.1.7. HSI10M clock 

This clock serves as a low-accuracy, low-power clock for filtering the NRST pin count and controlling 

the FM_SLEEP signal during Flash low-power operation (when the system clock is LSI/LSE). This 

clock is enabled and disabled by hardware. 

6.2.2. Clock structure 
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Figure 6-2 Clock Structure 

6.2.3. System Clock (SYSCLK) Selection 

One of the following clocks can be selected as the system clock (SYSCLK): 

Â LSI 

Â LSE 

Â HSISYS 

Â HSE 

Â PLL 
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The system clock maximum frequency is 72 MHz. After a system reset, the HSISYS clock derived 

from the HSI oscillator is selected as the system clock. When directly using HSI or using a clock 

source via PLL as the system clock, and when switching to low-power modes, this clock source can-

not be stopped. 

Switching from one clock source to another is only possible when the target clock source is ready 

(the clock is stable after startup delay or PLL locking). The original clock source can be disabled (if 

needed) only after the switch is successful (the SWS in the clock configuration register RCC_CFGR 

has been updated to the target clock source). 

6.2.4. Clock Security System (CSS) 

6.2.4.1. HSE CSS 

The HSE clock security system can be activated by software via the configuration of 

RCC_CR.HSECSSON. In this case, after the HSE starts, the clock detection function is turned on. 

When the HSE is turned off, the clock detection function is turned off. 

If a clock failure is detected on HSE, the HSE is automatically disabled, the clock failure event is sent 

to the brake inputs of TIM1 (advanced timer), TIM15/TIM16/TIM17 (general-purpose timers), and 

PWM, and an interrupt is generated to notify the software of the failure (Clock Security System Inter-

rupt CSSI), allowing the MCU to perform recovery operations. CSSI is linked to the NMI (Non-Mas-

kable Interrupt) exception vector of the Cortex®-M0+. 

Note: Once CSS is enabled and if an HSE clock failure occurs, a CSS interrupt is generated, and an 

NMI is automatically triggered. The NMI will be executed indefinitely unless the CSS interrupt pend-

ing bit is cleared. As a consequence, in the NMI ISR user must clear the CSS interrupt by setting the 

CSSC bit in the Clock interrupt register (RCC_CIR). 

If HSE is directly or indirectly used as the system clock (indirect meaning: used as the input to the 

PLL, and the PLL is used as the system clock), a clock failure will cause the system clock to auto-

matically switch to HSI, and the HSE will be disabled. If the HSE is the input clock for the PLL when 

a clock failure occurs, the PLL will also be disabled. 

6.2.4.2. LSE CSS 

The LSE clock security system can be activated by software by configuring 

RCC_BDCR.LSECSSON. In this case, after the LSE starts, the clock detection function is turned on. 

When the LSE is turned off, the clock detection function is turned off. 

If a clock failure is detected on LSE, the LSE is automatically disabled, the clock failure event is sent 

to the brake inputs of TIM1 (advanced timer) and TIM16/TIM17 (general-purpose timers), and an in-

terrupt is generated to notify the software of the failure (Clock Security System Interrupt CSSI), al-

lowing the MCU to perform recovery operations. CSSI is linked to the NMI (Non-Maskable Interrupt) 

exception vector of the Cortex®-M0+. 

Note: Once LSECSS is enabled and if an LSE clock failure occurs, a CSS interrupt is generated, and 

an NMI is automatically triggered. The NMI will be executed indefinitely unless the LSECSS interrupt 

pending bit is cleared. Therefore, in the NMI handler, the LSECSS interrupt must be cleared by set-

ting the LSECSSC bit in the clock interrupt register (RCC_CICR). 
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If the LSE is used as the system clock, a clock failure will cause the system clock to automatically 

switch to the LSI, while the LSE is turned off. 

6.2.5. TIM16/TIM17 measures internal and external clocks 

Due to factors such as temperature, voltage, process and production, the frequency of internal clock 

sources (such as HSI, LSI, etc.) drift. Therefore, it is necessary to take some necessary measures to 

calibrate the frequency drift according to the changes of the external working environment of the sys-

tem. 

The basic idea for handling clock drift is: when the external environment of the system changes, dy-

namically measure the internal clock of the chip in real-time to detect and identify issues. Then, the 

internal clock calibration parameters are fine-tuned by software, so as to achieve the purpose of dy-

namic calibration. 

The frequencies of all on-board clock sources can be indirectly measured through the input capture 

of TIM16 and TIM17 channel 1. 

TIM16 

TIM16

TI

GPIO

RTC_WUKP

HSE/32

MCO

TIM16_TISEL[3:0]

 

Figure 6-3 Measuring clock through TIM16 sampling 

By configuring the TI1SEL[3:0] bit field in the TIM16_TISEL register, the clock selected for TIM16's 

input capture channel 1 can be one of the following: 

Â GPIO (refer to the multiplex function mapping in the device datasheet) 

Â LSI clock 

Â MCO output clock 

Â RTC wake-up interrupt signal 

The last option requires enabling the RTC interrupt. The MCO output clock is controlled by the 

MCOSEL[3:0] bit field in the clock configuration register (RCC_CFGR). All clock sources can be se-

lected for the MCO pin. 

TIM17 
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Figure 6-4 Measuring clock through TIM17 sampling 

By configuring the TI1SEL[3:0] bit field in the TIM16_TISEL register, the clock selected for TIM16's 

input capture channel 1 can be one of the following: 

Â GPIO (refer to the multiplex function mapping in the device datasheet) 

Â LSI clock 

Â MCO output clock 

Â RTC wake-up interrupt signal 

The last option requires enabling the RTC interrupt. The MCO output clock is controlled by the 

MCOSEL[3:0] bit field in the clock configuration register (RCC_CFGR). All clock sources can be se-

lected for the MCO pin. 

6.2.5.1. HSI calibration 

HSI clock calibration is divided into two parts: clock detection and clock calibration. 

Clock detection 

For TIM15, TIM16, and TIM17, the primary purpose of connecting the LSE to channel 1 input capture 

is to enable precise measurement of the HSISYS clock (derived from HSI and selected as the sys-

tem clock). Counting the HSISYS clock pulses between consecutive edges of the LSE clock (time 

reference) allows measurement of the HSISYS (and HSI) clock period. This measurement deter-

mines the HSI oscillator frequency with accuracy nearly equal to that of the 32.768 kHz quartz crystal 

used for the LSE oscillator (typically within tens of ppm). The HSI oscillator can then be adjusted to 

compensate for deviations from the target frequency caused by manufacturing, process, tempera-

ture, and/or voltage variations. 

The HSI oscillator has dedicated calibration bits for this purpose, which are user-accessible. The fun-

damental principle is based on relative measurement (e.g., HSISYS/LSE ratio): thus, the measure-

ment accuracy is closely tied to the ratio of the two clock sources. Increasing the ratio allows improv-

ing the measurement accuracy. 

The HSE clock (divided by 32), generated by the HSE oscillator and used as a time reference, is an-

other optimal method to achieve excellent HSI frequency measurement accuracy. It is recommended 

for use when the LSE clock is unavailable. 

To further improve HSI oscillator calibration accuracy, the following measures are recommended to 

enhance frequency measurement precision, either individually or in combination: 

Â Set the HSISYS divider value to 1, making the HSISYS frequency equal to the HSI frequency. 

Â Average the results of multiple consecutive measurements. 
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Â Use the timer's input capture prescaler value (capturing once every eight cycles at most). 

Â Use the LSE clock from the RTC and RTC wake-up interrupt signal as the time reference. 

The last point significantly increases the reference period for counting HSI clock pulses, thereby im-

proving the accuracy of a single measurement. For this, the RTC wake-up interrupt must be enabled. 

Clock calibration 

Once an HSI clock anomaly is detected, notify the software for handling via an interrupt. The soft-

ware fine-tunes the internal clock trimming parameters (by updating RCC_ICSCR.HSI_TRIMCR[8:0]) 

to achieve dynamic calibration. 

Note: When fine-tuning the HSI clock calibration value, ensure it matches the frequency value of 

RCC_ICSCR.HSI_FS_OPCR. 

6.2.5.2. LSI calibration 

Like the HSI, the LSI clock frequency is also subject to drift due to voltage, temperature, process, 

and manufacturing variations. The calibration of LSI is performed by using HSE or HSI with a large 

frequency difference, and the calibration method is similar to HSI. 

The calibration of LSI involves selecting the LSI clock for input capture of TIM16/TIM17, with HSE as 

the system clock source. The number of HSE clock pulses between consecutive edges of the LSI 

signal is counted by TIM16/TIM17, representing the LSI clock period. 

In principle, it still relates to the relative frequency ratio, i.e., the HSE/LSI frequency ratio: calibration 

accuracy is closely tied to this, and a larger ratio value yields better measurement results. 

6.2.6. Clock Output 

In order to facilitate board-level applications, save BOM costs, and meet debugging requirements, 

the device needs to provide clock output functions. That is, the MCO signal (parallel frequency divi-

sion) in the table below is used to realize the clock output function through the multiplexing function 

of GPIO. 

Table 6-1 Output clock selection 

Note: When the MCO clock source is switched and the GPIO AF function is selected as the initial 

stage of the MCO, the MCO may generate glitches and need to be avoided for this period of time. 

6.2.7. Module clock types 

Clock types: 

Â SYSCLK: The clock configured by RCC_CFGR.SW as the clock source, up to 72 MHz 

Â HCLK: The clock after HPRE division of SYSCLK, up to 72 MHz 

Â PCLK: The clock after PPRE division of HCLK, up to 72 MHz 

Clock Source/Internal Clock MCO output clock source 

HSI ã 

HSE ã 

PLL ã 

LSE ã 

LSI ã 

HSI_10M ã 

SYSCLK ã 

HCLK ã 

PCLK ã 
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Â RTCCLK: The core clock of the RTC module, with the clock source configured by the 

RCC_BDCR.RTCSEL register, up to 1 MHz, commonly 32 kHz 

Â PWM_CLK: The core clock of the PWM module, with the clock source selected internally by the 

PWM module 

Â LPTIM_CLK: The core clock of the LPTIM module, with the clock source configured by the 

RCC_CCIPR.LPTIM*SEL register, up to 72 MHz, commonly 32 kHz 

Â IWDG_CLK: The core clock of the IWDG module, with the clock source configured by the 

RCC_CCIPR.IWDGSEL register 

Â LPUART_CLK: The core clock of the LPUART module, with the clock source configured by the 

RCC_CCIPR.LPUART*SEL register, up to 72 MHz 

Â CMP_CLK: The core clock of the COMP1/COMP2 module, with the clock source configured by 

the RCC_CCIPR.COMP*SEL register, up to 72 MHz, commonly 32 kHz 

Â PVD_CLK: The core clock of the PVD module, with the clock source configured by the 

RCC_CCIPR.PVDSEL register, up to 72 MHz, commonly 32 kHz 

Â ADC_CLK: The core clock of the SARADC module, with the clock source and division factor 

configured by the ADC_CCR.CKMODE and ADC_CCR.PRESC registers 

Â LCD_CLK: The core clock of the LCD module, with the clock source configured by the 

RCC_BDCR.LSCSEL register to select LSI or LSE, at a frequency of 32 kHz 

6.3. RCC registers 

The registers of this module can be accessed in word (32-bit), half-word (16-bit), and byte (8-bit) for-

mats. 

6.3.1. RCC Clock Control Register (RCC_CR) 

Offset address: 0x00 

Reset value: 0x0000 0100 

 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 
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Bit Name R/W Reset Value Function 

31:26 Reserved - - Reserved 

25 PLLRDY R 0 

PLL clock ready flag. 
Set by hardware to indicate that the PLL clock is locked. 
0: PLL not locked 
1: PLL locked 

24 PLLON RW 0 

PLL enabled 

Set and cleared by software. 
This bit is cleared by hardware when the system enters 
any stop or standby mode. This bit cannot be cleared 
when the PLL clock is being used (SWS is PLL) or is 
about to be used as the system clock (SW selects PLL). 
0: PLL off 
1: PLL enabled 

23χ20 Reserved - - Reserved 
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19 HSECSSON RS 0 

Clock security system enable. 
Set by software to enable the clock security system. 
When this bit is set, if the HSE is ready, hardware per-
forms clock detection. If a clock failure is detected, hard-
ware disables clock detection. 
This bit can only be set; clearing is only possible via re-
set. 
0: Clock safety system off (clock detection off) 
1: Clock security system enabled (clock detection is on if 
HSE is ready, otherwise off) 

18 HSEBYP RW 0 

Bypass the HSE external crystal and select the pin input 
clock. 
Set and cleared by software to bypass the oscillator with 
an external clock. The external clock must be enabled us-
ing HSEON. The HSEBYP bit can only be set when the 
HSE external crystal is disabled. 
0: HSE external crystal not bypassed 
1: HSE external crystal bypassed, external pin input clock 
selected 

17 HSERDY R 0 

HSE clock ready flag 
Set by hardware to indicate that the HSE is ready. 
0: HSE not ready 
1: HSE ready 
Note: When HSEON is cleared, HSERDY is immediately 
cleared. 

16 HSEON RW 0 

HSE clock enabled 
Set and cleared by software. Enter stop mode, hardware 
clears this bit. This bit cannot be reset if the HSE oscilla-
tor is used directly or indirectly as the system clock. 
0: HSE off 
1: HSE on 

15:14 Reserved - - Reserved 

13:11 HSIDIV[2:0] RW 0 

HSI clock division factor. 
The software controls these bits to set the frequency divi-
sion coefficient of the HSI, generating the HSISYS clock 

000χ1 

001χ2 

010χ4 

011χ8 

100χ16 

101χ32 

110χ64 

111χ128 

10 HSIRDY R 0 

HSI clock ready flag. 
Set by hardware to indicate HSI oscillator is stable. This 
bit is only valid if HSION = 1. 
0: HSI oscillator not ready; 
1: HSI oscillator ready; 
When HSION is cleared, HSIRDY will be pulled low after 
3 HSI cycles. 

9 MSIRDY R 0 

MSI clock ready flag. 
Set by hardware to indicate MSI oscillator is stable. This 
bit is only valid if MSION = 1. 
0: MSI oscillator not ready; 
1: MSI oscillator ready; 
When MSION is cleared, MSIRDY will be pulled low after 
3 MSI cycles. 

8 HSION RW 1 

HSI clock enable Set and cleared by software. 
When entering any stop mode or standby mode, hard-
ware clears this bit to stop HSI. 
When HSI is directly or indirectly used as the system 
clock (also when exiting stop or standby mode, or when 
HSE is the system clock and fails), hardware sets this 
register. 
0: HSI OFF 
1: HSI ON 
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6.3.2. RCC Internal Clock Source Calibration Register (RCC_ICSCR) 

Offset address: 0x04 

Reset value: 0x0000 1100 

 

Note: When HSION is cleared, HSI will generate 3 addi-
tional cycles, and HSIRDY will be cleared after 3 HSI cy-
cles. 

7 MSION RW 0 

MSI clock enable Set and cleared by software. 
When entering LPRUN mode and software selects MSI 
as the system clock, this register must be enabled. 
When entering a stop mode from LPRUN mode, and 
upon waking from this stop mode, if LPRUN mode is re-
quired again, hardware will enable MSI upon wake-up if 
MSI clock is selected by software configuration. 
0: MSI OFF 
1: MSI ON 
Note: When MSION is cleared, MSI will generate 3 addi-
tional cycles, and MSIRDY will be cleared after 3 HSI cy-
cles. 

6 HSIKERON RW 0 

HSI is always enabled for peripheral cores. 
When I2C is used as a wake-up source from stop mode, 
to ensure communication speed, this register can be set 
to keep HSI on during stop mode, avoiding communica-
tion speed reduction due to HSI startup time. This bit has 
no effect on the HSION value. 
0: No effect on the HSI oscillator. 
1: HSI oscillator is forcibly enabled even in stop mode. 

5:3 Reserved - - Reserved 

2:0 MSIDIV[2:0] RW 0 

MSI clock division factor. 
The software controls these bits to set the divider coeffi-
cient of MSI, generating the MSISYS clock as the system 
clock for LPRUN mode. 

000χ1 

001χ2 

010χ4 

011χ8 

100χ16 

101χ32 

110χ64 

111χ128 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

HSI_FS_OPCR[2:0] HSI_TRIMCR[12:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 Reserved  - Reserved 

15:13 HSI_FS_OPCR RW 3ôb000 

HSI frequency: 
000: 8 MHz 
001: 8 MHz 
010: 16 MHz 
011: Reserved 
100: 24 MHz 
101: 48 MHz 
110: 64 MHz 
111: 8 MHz 
After power-on, 8 MHz is selected by default. After the option 
byte loading is completed, the hardware updates the Trim 
value corresponding to 8 MHz by loading the Flash trimming 
page data. After a system reset, the hardware also switches to 
8 MHz. 

12:0 HSI_TRIMCR[12:0] RW 13ôh1100 HSI clock frequency calibration value. 
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6.3.3. RCC clock configuration register (RCC_CFGR) 

Offset address: 0x08 

Reset value: 0x0000 0000 

 

After power-on, the hardware uses the default calibration value 
of HSI 8 MHz. During power-on trimming loading, the factory 
information (stored at 0x1FFF 1F2C) is written into this register. 
The software reads the data stored at the corresponding ad-
dress in the information area and writes it into this register to 
achieve calibration for the HSI at a specific output frequency. 
Saved in the following address in Flash: 
64 MHz calibration value storage address: 0x1FFF 1E18 
48 MHz calibration value storage address: 0x1FFF 1E14 
24 MHz calibration value storage address: 0x1FFF 1E10 
16 MHz calibration value storage address: 0x1FFF 1E08 
8 MHz calibration value storage address: 0x1FFF 1E04 
The register value can also be modified by writing the calibra-
tion value into the register, which is the center value. For every 
increase (decrease) of 1, the output frequency of the HSI in-
creases (decreases) by about 0.1%. 
HSI_TRIM[12:9]: Coarse adjustment bits, HSI_TRIM[8:0]: Fine 
adjustment bits. During trimming, it needs to be controlled in 
two stages, such as keeping the coarse adjustment bits un-
changed while changing the fine adjustment bits. 

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

MCOPRE[3:0] MCOSEL[3:0] Res. Res. Res. Res. Res. Res. Res. Res. 

RW RW RW RW RW RW RW RW         

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

Res. PPRE[2:0] HPRE[3:0] Res. Res. SWS[2:0] SW[2:0] 

 RW RW RW RW RW RW RW   R R R RW RW RW 

Bit Name R/W Reset Value Function 

31:28 MCOPRE[2:0] RW 0 

MCO (microcontroller clock output) frequency division factor. 
The software controls these bits and sets the frequency divi-
sion factor of the MCO output: 
0000:1 
1000: 2 
1001:4 
1010:8 
1011: 16 
1100: 32 
1101: 64 
1110: 128 
1111: 256 
It is recommended to set these bits before the MCO output is 
enabled. 

27:24 MCOSEL[3:0] RW 0 

MCO Selection 
0000: No clock, MCO output disabled 
0001: SYSCLK 
0010: HSI10M 
0011: HSI 
0100: HSE 
0101: PLL CLK 
0110: LSI 
0111: LSE 
1000: HCLK 
1001: PCLK 
1010: MSI 
1011: LCD_HSI10M 
Others: No clock 
Note: The output clock may be incomplete during the clock 
startup or switching phase. 

23:15 Reserved - - Reserved 

14:12 PPRE[2:0] RW 0 

This bit is controlled by software. To generate the PCLK clock, 
it sets the division coefficients of HCLK as follows: 
0xx: 1 
100: 2 
101: 4 
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6.3.4. RCC PLL Configuration Register (RCC_PLLCFGR) 

Offset address: 0x0C 

Reset value: 0x0000 0000 

Note: This register must be configured before enabling the PLL (PLLON=1). If reconfiguration is needed, the PLL must 

first be disabled, reconfigured, and then re-enabled. 

110: 8 
111: 16 

11:8 HPRE[3:0] RW 0 

AHB clock division factor. 
The software controls this bit. To generate the HCLK clock, it 
sets the division coefficients of SYSCLK as follows: 
0000: 1 
1000: 2 
1001: 4 
1010: 8 
1011: 16 
1100: 64 
1101: 128 
1110: 256 
1111: 512 

Others: Reserved 
To ensure the normal operation of the system, the appropriate 
frequency needs to be configured according to the VR power 
supply situation. 
Note: It is recommended to switch the frequency division coef-
ficients gradually. 

7:6 Reserved - - Reserved 

5:3 SWS[2:0] R 0 

System clock switching status bit 
These bits are controlled by hardware and indicate which clock 
source is currently being used as the system clock: 
000: HSISYS 
001: HSE 
010: PLL CLK 
011: LSI 
100: LSE 
101: MSI 
Others: Reserved 

2:0 SW[2:0] RW 0 

System clock source select bit. 
These bits are controlled by software and hardware and are 
used to select the system clock: 
000: HSISYS 
001: HSE 
010: PLL CLK 
011: LSI 
100: LSE 
101: MSI  
Others: Reserved 
Scenarios where the hardware is configured as HSISYS in-
clude: 
1) System exits from Stop mode 
2) Software configuration 001 (HSE), HSE failure occurs (HSE 
is the system clock source, or HSE is used as PLL input with 
PLL as the system clock source) 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. PLLMUL[4:0] Res. PLLSRC 

         RW RW RW RW RW  RW 

Bit Name R/W Reset Value Function 

31:7 Reserved - - Reserved 

6:2 PLLMUL[4:0] RW 5ôb0 

PLL frequency doubling factor 
00000: x2 
00001: x3 
00010: x4 
00011: x5 
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6.3.5. RCC external clock source configuration register (RCC_ECSCR) 

Offset address: 0x10 

Reset value: 0x0000_0000 

Note: This register must be configured before enabling the HSE (HSEON=1). If reconfiguration is needed, the 

HSE must first be disabled, reconfigured, and then re-enabled. 

6.3.6. RCC clock interrupt enable register (RCC_CIER) 

Offset address: 0x18 

Reset value: 0x0000 0000 

 

00100: x6 
00101: x7 
00110: x8 
00111: x9 
01000: x10 
01001: x11 
01010: x12 
01011: x13 
01100: x14 
01101: x15 
01110: x16 
01111: x17 
10000: x18 
Others: Reserved (writable) 

1 Reserved - - Reserved 

0 PLLSRC RW 0 
PLL clock source selection: 
0: HSI 
1: HSE 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. HSE_FILT_ENB HSE_RDYSEL[1:0] HSE_DRIVER[1:0] 

           RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:5 Reserved - - Reserved 

4 HSE_FILT_ENB RW 0 
Analog HSE filter control. 
0: Enable filter  
1: Disable filter 

3:2 HSE_RDYSEL[1:0] RW 2ôb0 

HSE crystal oscillator stabilization time selection. 
HSEBYP=0: 
00: 4096 LSE clock cycles; 
01: 2048 LSE clock cycles; 
10: 8192 LSE clock cycles; 
11: Direct output regardless of stabilization time; 
HSEBYP=1: 
00: 2048 LSE clock cycles; 
01: 1024 LSE clock cycles; 
10: 4096 LSE clock cycles; 
11: Direct output regardless of stabilization time; 

1:0 HSE_DRV [1: 0] RW 2ôb0 

HSE drive capability configuration. 
00: gm 3.5 mA/V 
01: gm 5.0 mA/V 
10: gm 7.5 mA/V 
11: gm 10 mA/V 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 
PLL 

RDYIE 
HSE 

RDYIE 
HSI 

RDYIE 
MSIRDYIE 

LSE 
RDYIE 

LSI 
RDYIE 

          RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:6 Reserved - - Reserved 

5 PLLRDYIE RW 0 PLL ready interrupt enable. 
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6.3.7. RCC clock interrupt flag register (RCC_CIFR) 

Offset address: 0x1C 

Reset value: 0x0000 0000 

 

0: Disabled 
1: Enabled 

4 HSERDYIE RW 0 
HSE clock ready interrupt enable. 
0: Disabled 
1: Enabled 

3 HSIRDYIE RW 0 
HSI clock ready interrupt enable. 
0: Disabled 
1: Enabled 

2 MSIRDYIE RW 0 
MSI clock ready interrupt enable. 
0: Disabled 
1: Enabled 

1 LSERDYIE RW 0 
LSE clock ready interrupt enable. 
0: Disabled 
1: Enabled 

0 LSIRDYIE RW 0 
LSI clock ready interrupt enable. 
0: Disabled 
1: Enabled 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. 
LSE 

CSSF 
CSSF Res. Res. 

PLL 
RDYF 

HSE 
RDYF 

HSI 
RDYF 

MSI 
RDYF 

LSE 
RDYF 

LSI 
RDYF 

      R R   R R R R R R 

Bit Name R/W Reset Value Function 

31:10 Reserved - - Reserved 

9 LSECSSF R 0 

LSE Clock security system interrupt flag. 
This register is set when hardware detects an LSE oscillator fail-
ure. Software clears this bit by writing 1 to the LSECSSC regis-
ter. 
0: LSE clock failure interrupt not generated 
1: LSE clock failure interrupt generated 

8 CSSF R 0 

HSE clock safe system interrupt flag bit. 
This register is set when hardware detects an HSE oscillator fail-
ure. Software clears this bit by writing 1 to the CSSC register. 
0: HSE clock failure interrupt not generated 
1: HSE clock failure interrupt generated 

7:6 Reserved - - Reserved 

5 PLLRDYF R 0 

PLL ready interrupt flag 
Set by hardware when PLL is locked and PLLRDYIE bit is set to 
1. Cleared by software setting the PLLRDYC bit. 
0: Clock ready interrupt due to PLL lock not generated 
1: Clock ready interrupt due to PLL lock generated 

4 HSERDYF R 0 

HSE ready interrupt flag 
Set by hardware when the HSE clock becomes stable and 
HSERDYIE is enabled. Cleared by software setting the 
HSERDYC bit. 
0: No clock ready interrupt caused by HSE 
1: Clock ready interrupt caused by HSE generated 

3 HSIRDYF R 0 

HSI ready interrupt flag 
Set by hardware when the HSI clock becomes stable and 
HSIRDYIE is enabled. Cleared by software setting the 
HSIRDYC bit. 
0: No clock ready interrupt caused by HSI 
1: Clock ready interrupt caused by HSI generated 

2 MSIRDYF R 0 

MSI ready interrupt flag 
This bit is set by hardware when MSI is stable and MSIRDYIE is 
enabled. The software sets the MSIRDYC bit and clears this bit. 
0: No clock ready interrupt caused by MSI 
1: Clock ready interrupt caused by MSI exists 

1 LSERDYF R 0 LSE ready interrupt flag bit 
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6.3.8. RCC clock interrupt clear register (RCC_CICR) 

Offset address: 0x20 

Reset value: 0x0000 0000 

 

6.3.9. RCC I/O port reset register (RCC_IOPRSTR) 

Offset address: 0x24 

Reset value: 0x0000 0000 

 

Set by hardware when the LSE clock becomes stable and 
LSERDYIE is enabled. Cleared by software setting the 
LSERDYC bit. 
0: No clock ready interrupt caused by LSE 
1: Clock ready interrupt caused by LSE exists 

0 LSIRDYF R 0 

LSI ready interrupt flag bit 
Set by hardware when the LSE clock becomes stable and 
LSERDYIE is enabled. Cleared by software setting the 
LSERDYC bit. 
0: No clock ready interrupt caused by LSI 
1: Clock ready interrupt caused by LSI exists 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. LSECSSC CSSC Res. Res. 
PLL 

RDYC 
HSE 

RDYC 
HSI 

RDYC 
MSI 

RDYC 
LSE 

RDYC 
LSI 

RDYC 

      W W   W W W W W W 

Bit Name R/W Reset Value Function 

31:10 Reserved - - Reserved 

9 LSECSSC W 0 

LSE clock security system interrupt flag. 

0: No effect; 
1: Clear LSECSSF flag 

8 CSSC W 0 

HSE clock security interrupt clear bit. 

0: No effect 
1: Clear CSSF flag bit 

7:6 Reserved - - Reserved 

5 PLLRDYC W 0 

PLLS ready flag clear. 

0: No effect 
1: Clear the PLLRDYF bit 

4 HSERDYC W 0 

HSE ready flag clear. 

0: No effect 
1: Clear HSERDYF bit 

3 HSIRDYC W 0 

HSI ready flag clear. 

0: No effect 
1: Clear HSIRDYF bit 

2 MSIRDYC W 0 

MSI ready flag clear. 

0: No effect 
1: Clear the MSIRDYF bit 

1 LSERDYC W 0 

LSE ready flag clear. 

0: No effect 
1: Clear the LSERDYF bit 

0 LSIRDYC W 0 

LSI ready flag clear. 

0: No effect 
1: Clear LSIRDYF bit 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 
GPIOD 

RST 
GPIOC 

RST 
GPIOB 

RST 
GPIOA 

RST 

            RW RW RW RW 

Bit Name R/W Reset Value Function 

31:4 Reserved - - Reserved 
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6.3.10. RCC AHB peripheral reset register (RCC_AHBRSTR) 

Offset address: 0x28 

Reset value: 0x0000 0000 

 

Note: The system reset or module reset described in each module is, unless otherwise specified, a system re-

set + module soft reset. 

6.3.11. RCC APB peripheral reset register 1 (RCC_APBRSTR1) 

Offset address: 0x2C 

Reset value: 0x0000 0000 

 

3 GPIODRST RW 0 

I/O PortD reset. 

0: No effect 
1: PortD I/O reset 
Set and cleared by software. 

2 GPIOCRST RW 0 

I/O PortC reset. 

0: No effect 
1: PortC I/O reset 
Set and cleared by software. 

1 GPIOBRST RW 0 

I/O PortB reset. 

0: No effect 
1: I/O PortB reset. 
Set and cleared by software. 

0 GPIOARST RW 0 

I/O PortA reset. 

0: No effect 
1: I/O PortA reset 
Set and cleared by software. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. 
CRC 
RST 

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 
DMA 
RST 

   RW            RW 

Bit Name R/W Reset Value Function 

31:13 Reserved - - Reserved 

12 CRCRST RW 0 

CRC reset 

0: No effect 
1: CRC reset 
Set and cleared by software. 

11:1 Reserved - - Reserved 

0 DMARST RW 0 

DMA reset. 
0: No effect 
1: DMA reset 
Set and cleared by software. 

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

LPTI
M1 

RST 

LPTI
M2 

RST 

DACR
ST 

PW
R 

RS
T 

DBG 
RST 

Re
s. 

Re
s. 

Re
s. 

OPAR
ST 

I2C
2 

RS
T 

I2C 
RS
T 

LPUART1
RST 

UAR
T2 

RST 

UAR
T1 

RST 

USAR
T2 

RST 

LPUART2
RST 

RW RW RW RW RW     RW RW RW RW RW RW RW 

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

Res. 
SPI2 
RST 

Res. 
Re
s. 

WWDG
RST 

Re
s 

Re
s. 

Re
s. 

Res. 

PW
M 

RS
T 

TI
M7 
RS
T 

TIM6 
RST 

Res. Res. 
TIM3 
RST 

TIM2 
RST 

 RW   RW     RW RW RW   RW RW 

Bit Name R/W Reset Value Function 

31 LPTIM1RST RW 0 

LP Timer1 module reset. 

0: No effect 
1: The module is reset 
Set and cleared by software. 

30 LPTIM2RST RW 0 LP Timer2 module reset. 
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0: No effect 
1: The module is reset 
Set and cleared by software. 

29 DACRST RW 0 

DAC reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

28 PWRRST RW 0 

Power interface reset 

0: No effect 
1: The module is reset 
Set and cleared by software. 

27 DBGRST RW 0 

DBG reset 

0: No effect 
1: The module is reset 
Set and cleared by software. 

26:24 Reserved - - Reserved 

23 OPARST RW 0 

OPA reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

22 I2C2RST RW 0 

I2C2 reset 

0: No effect 
1: The module is reset 
Set and cleared by software. 

21 I2C1RST RW 0 

I2C1 reset. 

0: No effect 
1: The module is reset 
Set and cleared by software. 

20 LPUART1RST RW 0 

LPUART1 reset 

0: No effect 
1: The module is reset 
Set and cleared by software. 

19 UART2RST RW 0 

USART2 reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

18 UART1RST RW 0 

UART1 reset 

0: No effect 
1: The module is reset 
Set and cleared by software. 

17 USART2RST RW 0 

USART2 reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

16 LPUART2RST RW 0 

LPUART2 reset 

0: No effect 
1: The module is reset 
Set and cleared by software. 

15 Reserved - - Reserved 

14 SPI2RST RW 0 

SPI2 reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

13:12 Reserved - - Reserved 

11 WWDGRST RW 0 

WWDG reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

10:7 Reserved - - Reserved 

6 PWMRST RW 0 

PWM reset 

0: No effect 
1: The module is reset 
Set and cleared by software. 

5 TIM7RST RW 0 

TIM7 reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 
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6.3.12. RCC APB peripheral reset register 2 (RCC_APBRSTR2) 

Offset address: 0x30 

Reset value: 0x0000 0000 

 

4 TIM6RST RW 0 

TIM6 reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

3:2 Reserved - - Reserved 

1 TIM3RST RW 0 

TIM3 reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

0 TIM2RST RW 0 

TIM2 reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

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

Res
. 

Res. 
Res

. 
Res

. 
Res. 

VREFBUFRS
T 

Res
. 

LC
D 

RS
T 

Res
. 

COMP
2 

RST 

COMP
1 

RST 

AD
C 

RS
T 

Res
. 

TIM1
7 

RST 

TIM1
6 

RST 

TIM1
5 

RST 

     RW  RW  RW RW RW  RW RW RW 

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

Res
. 

USART
1 

RST 

Res
. 

SPI
1 

RST 

TIM
1 

RST 
Res. 

Res
. 

Res
. 

Res
. 

Res. Res. 
Res

. 
Res

. 
Res. Res. 

SYS 
CFG 
RST 

 RW  RW RW           RW 

Bit Name R/W Reset Value Function 

31:27 Reserved - - Reserved 

26 VREFBUFRST RW 0 

VREFBUF module reset. 
0: No effect 
1: The module is reset 
Set and cleared by software. 

25 Reserved - - Reserved 

24 LCDRST RW 0 

LCD reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

23 Reserved - - Reserved 

22 COMP2RST RW 0 

COMP2 reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

21 COMP1RST RW 0 

COMP1 reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

20 ADCRST RW 0 

ADC reset. 
0: No effect 
1: The module is reset 
Set and cleared by software. 

19 Reserved - - Reserved 

18 TIM17RST RW 0 

TIM17 reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

17 TIM16RST RW 0 

TIM16 reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

16 TIM15RST RW 0 

TIM15 reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

15 Reserved - - Reserved 
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Note: The system reset or module reset described in each module is, unless otherwise specified, a system re-

set + module soft reset. 

6.3.13. RCC I/O port clock enable register (RCC_IOPENR) 

Offset Address: 0x34 

Reset value: 0x0000 0000 

 

6.3.14. RCC AHB peripheral clock enable register (RCC_AHBENR) 

Offset Address: 0x38 

Reset Value: 0x0000 0300 

 

14 USART1RST RW 0 

USART1 reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

13 Reserved - - Reserved 

12 SPI1RST RW 0 

SPI1 reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

11 TIM1RST RW 0 

TIM1 reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

10:1 Reserved - - Reserved 

0 SYSCFGRST RWs 0 

SYSCFG reset 
0: No effect 
1: The module is reset 
Set and cleared by software. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 
GPIOD 

EN 
GPIOC 

EN 
GPIOB 

EN 
GPIOA 

EN 

            RW RW RW RW 

Bit Name R/W Reset Value Function 

31:4 Reserved - - Reserved 

3 GPIODEN RW 0 

I/O PortD clock enable. 
0: Clock disabled 
1: clock enabled; 
Set and cleared by software. 

2 GPIOCEN RW 0 

IO port C clock enable 
0: Clock disabled 
1: clock enabled; 
Set and cleared by software. 

1 GPIOBEN RW 0 

IO port B clock enable 
0: Clock disabled 
1: clock enabled; 
Set and cleared by software. 

0 GPIOAEN RW 0 

IO port A clock enable 
0: Clock disabled 
1: clock enabled; 
Set and cleared by software. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. 
CRC 
EN 

Res. Res. SRAMEN 
FLASH 

EN 
Res. Res. Res. Res. Res. Res. Res. 

DMA 
EN 

   RW   RW RW        RW 

Bit Name R/W Reset Value Function 

31:13 Reserved - - Reserved 
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6.3.15. RCC APB Peripheral Clock Enable Register 1 (RCC_APBENR1) 

Offset Address: 0x3C 

Reset value: 0x0000 0000 

 

12 CRCEN RW 0 

Enable CRC clock 
0: Disabled 
1: Enabled 
Set and cleared by software. 

11:10 Reserved - - Reserved 

9 SRAMEN RW 1 

SRAM clock enable control in sleep mode 
0: Module clock is disabled in sleep mode 
1: Module clock is enabled in sleep mode 
Note: This bit only affects the module clock enable in sleep 
mode. In RUN mode, the module clock will not be disabled. 

8 FLASHEN RW 1 

FLASH clock enable control in sleep mode 
0: Module clock is disabled in sleep mode 
1: Module clock is enabled in sleep mode 
Note: This bit only affects the module clock enable in sleep 
mode. In RUN mode, the module clock will not be disabled. 

7:1 Reserved - - Reserved 

0 DMAEN RW 0 

DMA clock enable 

0: Disabled 
1: Enabled 
Set and cleared by software. 

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

LPTI
M1 
EN 

LPTI
M2 
EN 

DACE
N. 

PW
R 

EN 

DBG 
EN 

Re
s. 

Re
s. 

Re
s. 

OPA
EN 

I2C2 
EN 

I2C
1 

EN 

LP 
UAR
T1 
EN 

UART2
EN 

UAR
T1 
EN 

USAR
T2 
EN 

LPUART2
EN 

RW RW RW RW RW    RW RW RW RW RW RW RW RW 

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

Res. 
SPI2
EN 

Res. 
Res

. 

WWD
G 

EN 

Re
s. 

Re
s. 

Re
s. 

Res. 
PWM.

EN 

TIM
7 

EN 

TIM6 
EN 

Res. Res. 
TIM3 
EN 

TIM2 
EN 

 RW   RW     RW RW RW   RW RW 

Bit Name R/W Reset Value Function 

31 LPTIM1EN RW 0 

LPTIM clock enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

30 LPTIM2EN RW 0 

LP Timer2 module clock enable. 
0: Disabled 
1: Enabled 
Set and cleared by software. 

29 DACEN RW 0 

DAC clock enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

28 PWREN RW 0 

Power interface module clock enable. 
0: Disabled 
1: Enabled 
Set and cleared by software. 

27 DBGEN RW 0 

DBG enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

26:24 Reserved - - Reserved 

23 OPAEN RW 0 

OPA clock enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

22 I2C2EN RW 0 

I2C2 enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

21 I2C1EN RW 0 I2C1 enable 
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6.3.16. RCC APB peripheral clock enable register 2 (RCC_APBENR2) 

Offset address: 0x40 

Reset value: 0x0000 0001 

0: Disabled 
1: Enabled 
Set and cleared by software. 

20 LPUART1EN RW 0 

LP UART1 module clock enable. 
0: Disabled 
1: Enabled 
Set and cleared by software. 

19 UART2EN RW 0 

UART2 enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

18 UART1EN RW 0 

UART1 enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

17 USART2EN RW 0 

USART2 enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

16 LPUART2EN RW 0 

LP UART2 module clock enable. 
0: Disabled 
1: Enabled 
Set and cleared by software. 

15 Reserved - - Reserved 

14 SPI2EN RW 0 

SPI2 enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

13:12 Reserved - - Reserved 

11 WWDGEN RW 0 

WWDG clock enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

10:7 Reserved - - Reserved 

6 PWMEN RW 0 

PWM clock enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

5 TIM7EN RW 0 

TIM7 enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

4 TIM6EN RW 0 

TIM6 enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

3:2 Reserved - - Reserved 

1 TIM3EN RW 0 

TIM3 enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

0 TIM2EN RW 0 

TIM2 enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

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

Res
. 

Res. 
Res

. 
Res

. 
Res. 

VERFBUFE
N 

Res
. 

LCDE
N 

Res
. 

COMP
2 

EN 

COMP
1 

EN 

AD
C 

EN 

Res
. 

TIM1
7 

EN 

TIM1
6 

EN 

TIM1
5 

EN 

     RW  RW  RW RW RW  RW RW RW 

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

Res
. 

USART
1 

EN 

Res
. 

SPI
1 

EN 

TIM
1 

EN 
Res. 

Res
. 

Res. 
Res

. 
Res. Res. 

Res
. 

Res
. 

Res. Res. 
SYS 
CFG 
EN 

 RW  RW RW           RW 
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6.3.17. RCC peripheral clock configuration register (RCC_CCIPR) 

Offset address: 0x54 

Reset value: 0x0000 0000 

Bit Name R/W Reset Value Function 

31:27 Reserved - - Reserved 

26 VREFBUFEN RW 0 

VREFBUF module clock enable. 
0: Disabled 
1: Enabled 
Set and cleared by software. 

25 Reserved - - Reserved 

24 LCDEN RW 0 

LCD clock enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

23 Reserved - - Reserved 

22 COMP2EN RW 0 

COMP2 enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

21 COMP1EN RW 0 

COMP1 enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

20 ADCEN RW 0 

ADC enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

19 Reserved - - Reserved 

18 TIM17EN RW 0 

TIM17 enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

17 TIM16EN RW 0 

TIM16 enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

16 TIM15EN RW 0 

TIM15 enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

15 Reserved - - Reserved 

14 USART1EN RW 0 

USART1 enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

13 Reserved - - Reserved 

12 SPI1EN RW 0 

SPI1 enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

11 TIM1EN RW 0 

TIM1 enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

10:1 Reserved - - Reserved 

0 SYSCFGEN RW 1 

SYSCFG clock enable 
0: Disabled 
1: Enabled 
Set and cleared by software. 

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

ADCSEL[1:0] Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 
LPTIM2SEL 

[1:0] 
LPTIM1SEL [1:0] 

RW           RW RW RW RW 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
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Res. LPUART2SEL LPUART1SEL Res. 
COMP2 

SEL 
COMP1 

SEL 
PVD 
SEL 

Res. Res. Res. Res. Res. Res. TIMCLKCTRL 

 RW RW RW RW  RWs RW RW       RW 

Bit Name R/W Reset Value Function 

31:30 ADCSEL[1:0] RW 2ôb00 

ADC clock source selection. 
00: SYSCLK 
01: PLL 
10: HSI  
11: Reserved 
Note: Before switching the clock source, disable the ADC 

module clock enable first, then re-enable it after switching is 
completed. 

29:20 Reserved - - Reserved 

19:18 LPTIM2SEL [1:0] RW 2ôb00 

LPTIM2 clock source selection 
00: PCLK 
01: LSI 
10: Reserved 
11: LSE 
Note: Before switching the clock source, disable the LPTIM2 

module clock enable first, then re-enable it after switching is 
completed. 

17:16 LPTIM1SEL [1:0] RW 2ôb00 

LPTIM1 clock source selection 
00: PCLK 
01: LSI 
10: Reserved 
11: LSE 
Note: Before switching the clock source, disable the LPTIM1 

module clock enable first, then re-enable it after switching is 
completed. 

15 Reserved - - Reserved 

14:13 LPUART2SEL [1:0] RW 0 

LPUART2 clock source selection. 
00: PCLK 
01: SYSCLK 
10: LSI 
11: LSE 
Note: Before switching the clock source, disable the 

LPUART2 module clock enable first, then re-enable it after 
switching is completed. 

12:11 LPUART1SEL [1:0] RW 0 

LPUART1 Clock source selection. 
00: PCLK 
01: SYSCLK 
10: LSI 
11: LSE 
Note: Before switching the clock source, disable the 

LPUART1 module clock enable first, then re-enable it after 
switching is completed. 

10 Reserved - - Reserved 

9 COMP2SEL RW 0 

COMP2 clock source selection 
0: PCLK 
1: LSC (clock selected by RCC_BDCR.LSCOSEL) 
Note: 

1. Configure the LSC clock selection before enabling 
COMP2_FR.FLTEN. 
2. Before switching the clock source, disable the COMP2 
module clock enable first, then re-enable it after switching is 
completed. 

8 COMP1SEL RW 0 

COMP1 clock source selection 
0: PCLK 
1: LSC (clock selected by RCC_BDCR.LSCOSEL) 
Note: 

1. Configure this register to select the clock before enabling 
COMP2_FR2.FLTEN. 
2. Before switching the clock source, disable the clock ena-
ble first, then re-enable it after the switch is completed. 

7 PVDSEL RW 0 
PVD detection clock source selection. 
0: PCLK 
1: LSC (clock selected by RCC_BDCR.LSCOSEL) 
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6.3.18. RCC RTC Field Control Register (RCC_BDCR) 

Offset address: 0x5C 

Reset value: 0x0200 2800 

1. This register can only be written when PWR_CR1.DBP is set to 1. 

2. BDRST, LSE_STARTUP, LSE_DRIVER, LSI_TRIMCR can only be reset by BPOR. Other register bits are 

reset by BPOR and RTC soft reset. 

3. Clock configuration must be performed when the clock is disabled, i.e., LSE_DRIVER [1:0] and 

LSE_STARTUP[1:0] must be configured when LSE is disabled. LSI_TRIMCR[8:0] must be configured when 

LSI is disabled. 

 

Note: Before switching the clock source, disable the COMP1 

module clock enable first, then re-enable it after the switch is 
completed. 

6:1 Reserved - - Reserved 

0 TIMCLKCTRL RW 0 

TIMER PCLK frequency control. 
0: TIMER PCLK is system PCLK * 2, but the frequency will 
not exceed HCLK 
1: TIMER PCLK is system PCLK * 1 

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

Res
. 

IWDGS
EL 

LSE_START
UP [1:0] 

LSIRD
Y 

LSIO
N 

LSI_TRIMCR[8:0] 
BDRS

T 

 RW RW RW R RW RW RW RW RW RW RW RW RW RW RW 

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

RT
C 

EN 
LSCSEL LSEEN[3:0] 

RTCSEL[1:
0] 

Res
. 

LSECSS
D 

LSECSSO
N 

LSE_DRIVE
R [1:0] 

LS
E 

BY
P 

LS
E 

RD
Y 

Res. 

RW RW RW RW RW RW RW  RW RW RW RW RW R  

Bit Name R/W Reset Value Function 

31 Reserved - - Reserved 

30 IWDGSEL RW 0 
IWDG internal clock source selection. 
0: LSI 
1: LSE 

29:28 
LSE_STARTUP 

[1:0] 
RW 0 

LSE crystal oscillator stabilization time selection. 

LSEBYP=0χ 

00: 4096 LSE clock cycles 
01: 2048 LSE clock cycles 
10: 8192 LSE clock cycles 
11: Direct output regardless of stabilization time 

LSEBYP=1χ 

00: 2048 LSE clock cycles 
01: 1024 LSE clock cycles 
10: 4096 LSE clock cycles 
11: Direct output regardless of stabilization time 

27 LSIRDY R 0 
LSI clock ready flag. 
0: LSI not ready 
1: LSI ready 

26 LSION RW 0 

LSI clock enable. 
0: Disabled 
1: Enabled 
Set and cleared by software. This bit is set by hardware 
when IWDG is enabled (via option bytes) and LSECSSON is 
enabled by software. 

25:17 LSI_TRIMCR[8:0] RW 9ôh100 

LSI clock frequency calibration. 
After power-on, the chip hardware writes the factory infor-
mation (stored at 0x1FFF 1F24) into this register, enabling 
LSI to output an accurate 32.768 kHz frequency. 
By modifying the register value, the software increases (de-
creases) the LSI output frequency by approximately 0.2% for 
each increment (decrement) of 1. 

16 BDRST RW 0 RTC domain software reset. 
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6.3.19. RCC Control/Status Register (RCC_CSR) 

Offset address: 0x60 

Reset value: 0x0000 0000 

Reset by POR (flag bit), reset by system reset excluding NRST (NRST_FLTIDS) 

0: No effect 
1: Reset 

15 RTCEN RW 0 
RTC clock enabled. 
0: Disabled 
1: Enabled 

14 LSCSEL RW 0 
Low speed clock output selection 
0: LSI 
1: LSE 

13:10 LSEEN[3:0] RW 4ôhA 

Enable register, LSE enabled by default upon power-up 
1010: Disable LSE 
0101: Enable LSE 
The software must write 1010 to disable LSE and must write 
0101 to enable LSE. 

9:8 RTCSEL[1:0] RW 0 

RTC clock source selection. 
00: No clock 
01: LSE 
10: LSI 
11: HSE clock divided by 32 
Once the RTC clock source is selected, it cannot be 
changed unless: 
Â RTC domain is reset to 00 
Â Selected as LSE (LSECSSD=1) but no LSE present 
Â BDRST soft reset resets this register to 00 

7 Reserved - - Reserved 

6 LSECSSD R 0 

LSE CSS (Clock Security System) fault detection. 
This bit is set by hardware to indicate that the CSS has de-
tected a fault in the 32.768 kHz crystal oscillator (LSE). 
0: No LSE fault detected 
1: LSE fault detected 

5 LSECSSON RW 0 

CSS on LSE enable 
0: Disabled 
1: Enabled 
LSECSSON must be enabled after the LSE oscillator is ena-
bled (LSEON=1) and ready (LSERDY=1). 
Once enabled this bit cannot be disabled, except after an 
LSE failure detection (LSECSSD=1). 

4:3 LSE_DRIVER[1:0] RW 0 

LSE drive capability settings 
00: Icc 200nA, gm 2.5ɛA/V 
01: Icc 300nA, gm 3.5ɛA/V 
10: Icc 600nA, gm 7.5ɛA/V 
11: Icc 1000nA, gm 10ɛA/V 

2 LSEBYP RW 0 

LSE oscillator bypass 
0: Not bypassed, low-speed external clock selects crystal os-
cillator  
1: Bypassed, low-speed external clock selects external inter-
face input clock 
Note: This bit can only be written when the external 32.768 

kHz oscillator is disabled (LSEON=0 and LSERDY=0). 

1 LSERDY R 0 

LSE oscillator ready flag. 
Set and cleared by hardware to indicate the external low-
speed oscillator is ready (stable). 
0: Not ready 
1: Ready 

0 Reserved - - Reserved 

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

LPW
R 

RSTF 

WWD
G 

RSTF 

IWD
G 

RSTF 

SFT 
RST

F 

PWR 
RST

F 

PIN 
RST

F 

OBL 
RST

F 
Res. 

RMV
F 

SPERST
F 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

R R R R R R R  RW R       

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

Res. Res. Res. Res. Res. Res. Res. 
NRST_ 
FLTDI

S 
Res. Res. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 
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       RW         

Bit Name R/W Reset Value Function 

31 LPWRRSTF R 0 

Stop and Standby low-power mode reset flag. 
Cleared by writing 1 to the RMVF bit. 
0: No low-power reset occurred 
1: Low-power reset occurred 

30 WWDGRSTF R 0 

Window watchdog reset flag. 
Cleared by writing 1 to the RMVF bit. 
0: No such reset occurred 
1: Such reset occurred 

29 IWDGRSTF R 0 

Independent watchdog reset flag. 
Cleared by writing 1 to the RMVF bit. 
0: No reset occurred 
1: Reset occurred 

28 SFTRSTF R 0 

CPU soft reset flag. 
Cleared by writing 1 to the RMVF bit. 
0: No reset occurred 
1: Reset occurred 

27 PWRRSTF R 0 

POR/PDR or BOR reset flag. 
Cleared by writing 1 to the RMVF bit. 
0: No reset occurred 
1: Reset occurred 

26 PINRSTF R 0 

PIN reset flag 
Cleared by writing 1 to the RMVF bit. 
0: No reset occurred 
1: Reset occurred 

25 OBLRSTF R 0 

Option byte loading reset flag. 
Cleared by writing 1 to the RMVF bit. 
0: No reset occurred 
1: Reset occurred 

24 Reserved - - Reserved 

23 RMVF RW 0 After software setting, the reset flag will be cleared. 

22 SPERSTF R 0 

SRAM1/SRAM2 parity error reset flag. 
Cleared by writing 1 to the RMVF bit. 
Note: This register is only valid when SYSCFG_SCSR. 

PERR_RSTEN is configured to 1. 

21:9 Reserved - - Reserved 

8 NRST_FLTDIS RW 0 

NRST filtering disabled 
0: Enable HSI_10M, and the 40us width filtering function is 
enabled 
1: Filtering function disabled 

7:0 Reserved - - Reserved 
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7.  General -purpose I /Os (GPIO)  

7.1. Introduction to GPIO 

Each general-purpose I/O port has: 

Four 32-bit configuration registers (GPIOx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR, and 

GPIOx_PUPDR) 

Two 32-bit data registers (GPIOx_IDR and GPIOx_ODR) 

A 32-bit set/reset register (GPIOx_BSRR) 

A 32-bit locking register (GPIOx_LCKR) 

2 multiplexing function selection registers (GPIOx_AFRH and GPIOx_AFRL).  

7.2. GPIO main features 

Â Registers support Fast IO Port and AHB bus read/write 

Â Output state: Push-pull or open-drain output + pull-up/pull-down 

Â Output data from output data register (GPIOx_ODR) or peripheral (alternate function output) 

Â Speed selection for each I/O 

Â Input status: floating, pull-up/pull-down, analog 

Â Input data to input data register (GPIOx_IDR) or peripheral (alternate function input) 

Â Set/reset register (GPIOx_BSRR), allowing bitwise write to GPIOx_ODR 

Â Locking mechanism (GPIOx_LCKR) provided to freeze the I/O port configurations 

Â Analog function 

Â Alternate function selection registers (at most 16 AFs possible per I/O) 

Â Fast toggle 

Â Highly flexible I/O multiplexing function, allowing the I/O port to function as GPIO or as various 

peripheral interface functions 

7.3. GPIO functional description 

Each port bit of the general-purpose I/O (GPIO) ports can be individually configured by software in 

several modes: 

Â Input floating  

Â Input pull-up  

Â Input-pull-down  

Â Analog 

Â Output open-drain with pull-up or pull-down capability  

Â Output push-pull with pull-up or pull-down capability  

Â Multiplexed function push-pull with pull-up or pull-down 

Â Multiplexed function open-drain with pull-up or pull-down   
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Each I/O port can be freely programmed, but I/O port registers must be accessed as 32-bit words. 

The purpose of the GPIOx_BSRR register is to allow atomic read/modify accesses to any of the 

GPIOx_ODR registers. This ensures no hazards occur when interrupt requests arise between read 

and modify accesses. 

The following figure shows the basic structure of a standard I/O port. 
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Figure 7-1 Basic structure of an I/O port bit 

 

Table 7-1 Port bit configuration table 

GP = General Purpose, PP = Push-Pull, PU = Pull-Up, PD = Pull-Down, OD = Open-Drain, AF = Alternate Function. 

 

MODE(i) [1:0] OTYPE OSPEED(i) [1:0] PUPD(i) [1:0] IO configuration 

01 

0 

SPEED[1:0] 

0 0 the GP output PP 

0 0 1 the GP output PP+PU 

0 1 0 the GP output PP+PD 

0 1 1 Reserved 

1 0 0 the GP output OD 

1 0 1 the GP output OD+PU 

1 1 0 the GP output OD+PD 

1 1 1 Reserved (GP output OD) 

10 

0 

SPEED[1:0] 

0 0 AF PP 

0 0 1 AF PP+PU 

0 1 0 AF PP+PD 

0 1 1 Reserved 

1 0 0 AF OD 

1 0 1 AF OD+PU 

1 1 0 AF OD+PD 

1 1 1 Reserved 

00 

x x x 0 0 I Floating 

x x x 0 1 I PU 

x x x 1 0 I PD 

x x x 1 1 Reserved (input floating) 

11 

x x x 0 0 I/O Analog 

x x x 0 1 

Reserved (PUPD cannot be configured as pull-up/down) x x x 1 0 

x x x 1 1 
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7.3.1. General-purpose I/Os (GPIO) 

During and just after reset, the alternate functions are not active and most of the I/O ports are config-

ured in analog mode. 

Debug pins are defaulted to alternate function pull-up or pull-down mode. The chip contains two sets 

of debug interface mappings, with configuration options as shown in the table below:  

When PA5 and PB5 are configured as SWCLK via SWD_OPTION, they are set to pull-down mode; 

When PA4 and PB6 are configured as SWDIO via SWD_OPTION, they are set to pull-up mode; 

The Boot pin (PD8) is defaulted to input mode with pull-down mode; 

When the pin is configured as output, the value written to the output data register (GPIOx_ODR) is 

output on the I/O pin. Push-pull or open-drain output mode may be used (low level is output, high 

level is high-impedance state). 

The input data register (GPIOx_IDR) captures the data present on the I/O pin at every AHB clock 

cycle. 

All GPIO pins have weak internal pull-up and pull-down resistors, which can be activated ornot de-

pending on the value in the GPIOx_PUPDR register. 

7.3.2. I/O pin alternate function 

The device I/O pins are connected to on-board peripherals/modules through a multiplexer that allows 

only one peripheral alternate function (AF) connected to an I/O pin at a time. This avoids conflicts 

between available peripherals on the same I/O port. 

Each I/O port has a multiplexer with up to 16 alternate function inputs (AF0 to AF15), configurable 

via registers GPIOx_AFRL (alternate functions 0 to 7) and GPIOx_AFRH (alternate functions 8 to 

15). 

Â After reset, the multiplexer defaults to AF0. The I/Os are configured in alternate function mode 

through GPIOx_MODER register 

Â The alternate functions for each pin are described in the corresponding datasheet. 

In addition to this flexible I/O multiplexing architecture, each peripheral has alternate functions 

mapped onto different I/O pins to optimize the number of peripherals available in smaller packages. 

To use an I/O in a given configuration, the user has to proceed as follows: 

Â Debug function: after each device reset these pins are assigned as alternate function pins im-

mediately usable by the debugger host 

Â GPIO: configure the desired I/O as output, input or analog in the GPIOx_MODER register. 

Â Peripheral alternate function: 

ĺ The I/O corresponding to the register GPIOx_AFRL or GPIOx_AFRH configuration is multi-

plexing function x (x = 0... 15) 

SWD_MODE[1:0] PA4 PA5 PB6 PB5 

00(default) SWDIO  SWCLK GPIO GPIO 

01 GPIO GPIO SWDIO SWCLK 

10 GPIO SWCLK  SWDIO GPIO 

11 SWDIO GPIO GPIO SWCLK 
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ĺ Select the type, pull-up/pull-down and output speed via the GPIOx_OTYPER, 

GPIOx_PUPDR and GPIOx_OSPEEDER registers, respectively. 

ĺ Configure the desired I/O as an alternate function in the GPIOx_MODER register. 

Â Additional functions: 

ĺ Regardless of the I/O port configuration mode, ADC, LCD, and TK functions are enabled in 

their respective module registers. When using I/O ports for ADC, LCD, or TK, it is recom-

mended to configure the port in analog mode via the GPIOx_MODER register. 

ĺ For OPA and COMP functions, in addition to enabling them in the OPA and COMP module 

registers, the ANA2EN register in the SYSCFG module must also be configured. When using 

I/O ports for OPA and COMP functions, it is recommended to configure the port in analog 

mode via the GPIOx_MODER register. 

ĺ For additional functions such as RTC, TAMP, WKUPx, and crystal oscillators, configure their 

respective functions in the corresponding RTC, TAMP, PWR, and RCC module registers. 

These functions have priority over the configuration in the standard GPIO registers. 

7.3.3. I/O port control registers 

Each GPIO port has four 32-bit memory-mapped control registers (GPIOx_MODER, 

GPIOx_OTYPER, GPIOx_OSPEEDR, and GPIOx_PUPDR), which can configure up to 16 I/O ports. 

The GPIOx_MODER register is used to select the I/O mode (input, output, AF, analog). The 

GPIOx_OTYPER and GPIOx_OSPEEDR registers are used to select the output type (push- pull or 

open-drain) and speed. The GPIOx_PUPDR register is used to select pull-up/pull-down. 

7.3.4. I/O data registers 

Each GPIO has two 16-bit memory-mapped data registers: input and output data registers 

(GPIOx_IDR and GPIOx_ODR). GPIOx_ODR stores the data to be output, it is read/write accessi-

ble. The data input through the I/O are stored into the input data register (GPIOx_IDR), a read-only 

register. 

7.3.5. I/O data bit manipulation 

The bit set reset register (GPIOx_BSRR) is a 32-bit register which allows the application to set and 

reset each individual bit in the output data register (GPIOx_ODR). The bit set reset register has twice 

the size of GPIOx_ODR. 

To each bit in GPIOx_ODR, correspond two control bits in GPIOx_BSRR: BS(i) and BR(i). When 

written to 1, bit BS(i) sets the corresponding ODR(i) bit. When written to 1, bit BR(i) resets the 

ODR(i) corresponding bit. 

Writing any bit to 0 in GPIOx_BSRR does not have any effect on the corresponding bit 

inGPIOx_ODR. If there is an attempt to both set and reset a bit in GPIOx_BSRR, the set action takes 

priority. 

Using the GPIOx_BSRR register to change the values of individual bits in GPIOx_ODR is añone-

shotò effect that does not lock the GPIOx_ODR bits. The GPIOx_ODR bits can always be accessed 

directly. The GPIOx_BSRR register provides a way of performing atomic bitwise handling. 
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When software manipulates bits in GPIOx_ODR, it is not necessary to disable interrupts: one or 

more bits may be modified during a single AHB write access. 

7.3.6. GPIO locking mechanism 

It is possible to freeze the GPIO control registers by applying a specific write sequence to the 

GPIOx_LCKR register. The frozen registers are GPIOx_MODER, GPIOx_OTYPER, 

GPIOx_OSPEEDR, GPIOx_PUPDR, GPIOx_AFRL and GPIOx_AFRH. 

To write the GPIOx_LCKR register, a specific write / read sequence has to be applied. When the 

right LOCK sequence is applied to bit 16 in this register, the value of LCKR [15:0] is used to lock the 

configuration of the I/Os (during the write sequence the LCKR [15:0] value must be the same). When 

the LOCK sequence has been applied to a port bit, the value of the port bit can no longer be modi-

fied until the next MCU reset or peripheral reset. Each bit in GPIOx_LCKR freezes the corresponding 

bit in the control registers (GPIOx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR, 

GPIOx_AFRL, and GPIOx_AFRH). 

The LOCK sequence can only be performed with a word (32-bit long) access to the GPIOx_LCKR 

register, because setting bit 16 of GPIOx_LCKR also sets bits [15:0]. 

7.3.7. I/O alternate function input/output 

Two registers are provided to select one of the alternate function inputs/outputs available for each 

I/O. With these registers, the user can connect an alternate function to some other pin as required by 

the application. 

This means that a number of possible peripheral functions are multiplexed on each GPIO using the 

GPIOx_AFRL and GPIOx_AFRH  alternate function registers. The application can thus select any 

one of the possible functions for each I/O. The AF selection signal being common to the alternate 

function input and alternate function output, a single channel is selected for the alternate function in-

put/output of a given I/O. 

7.3.8. External interrupt line/wake-up line 

All ports have external interrupt capability. To use external interrupt lines, the port must not be con-

figured in analog mode or as a crystal oscillator pin, and trigger input must be enabled. 

7.3.9. Input configuration 

When the I/O port is programmed as input: 

Â The output buffer is disabled 

Â The Schmitt trigger input is activated 

Â The pull-up and pull-down resistors are activated depending on the value in the GPIOx_PUPDR 

register 

Â The data present on the I/O pin are sampled into the input data register every AHB clock cycle 

Â A read access to the input data register provides the I/O state 
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Figure 7-2 Input floating/pull-up/pull-down configuration 

7.3.10. Output configuration 

When the I/O port is programmed as output: 

Â The output buffer is activated.  

ĺ Open drain mode: A ñ0ò in the Output register activates the N-MOS whereas a ñ1ò in the output 

register leaves the port in Hi-Z (the P-MOS is never activated). 

ĺ Push-pull mode: A ñ0ò in the Output register activates the N-MOS whereas a ñ1ò in the Output 

register activates the P-MOS. 

Â The Schmitt trigger input is activated 

Â The pull-up and pull-down resistors are activated depending on the value in the GPIOx_PUPDR 

register 

Â The data present on the I/O pin are sampled into the input data register every AHB clock cycle 

Â A read access to the input data register provides the I/O state 

Â A read access to the output data register retrieves the last written value. 
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Figure 7-3 Output configuration 

7.3.11. Alternate function configuration 

When the I/O port is programmed as alternate function: 
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Â The output buffer can be configured in open-drain or push-pull mode  

Â The output buffer is driven by the signals coming from the internal peripheral (alternate function 

output)  

Â The Schmitt trigger input is activated  

Â The pull-up and pull-down resistors are activated depending on the value in the GPIOx_PUPDR 

register  

Â The data present on the I/O pin are sampled into the input data register every AHB clock cycle 

Â A read access to the input data register provides the I/O state  
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Figure 7-4 Alternate function configuration 

7.3.12. Analog configuration 

When the I/O port is programmed as analog configuration: 

Â The output buffer is disabled; 

Â Disabling the Schmitt trigger input reduces the power consumption of each analog input on the 

I/O pin to zero. The output of the Schmitt trigger is forced to a constant value (0); 

Â Weak pull-up and pull-down resistors are disabled (software setting is required);  

Â Read access to the input data register gets the value ñ0ò. 
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Figure 7-5 High impedance-analog configuration 

7.3.13. Using HSE/LSE pins as GPIO 

When the HSE or LSE function is disabled (default after reset), the corresponding pins can be used 

as normal GPIO. 

When the HSE or LSE function is enabled (HSEON set in the RCC_CR register, LSEEN configured 

in the RCC_BDCR register), the corresponding port must be configured as an analog port by soft-

ware. 

When the oscillator is configured in a user external clock mode, only the pin OSC_IN or OSC32_IN 

is reserved for clock input and the OSC_OUT or OSC32_OUT pin can still be used as normal GPIO. 

7.3.14. Backup power domain GPIO pins 

When the core power domain is powered off (device enters standby mode), the PA6/PA7/PA8 GPIO 

functionality will be lost. In this case, if the GPIO is not configured for RTC-related alternate func-

tions, these pins will be in analog input mode. 

7.4. GPIO registers 

7.4.1. GPIO port mode register (GPIOx_MODER) (x=A,B,C,D) 

Offset address: 0x00 

Reset value:  

Â GPIOA : 

--SWD_MODE=00: 0xFFFF FAFF 

--SWD_MODE=01: 0xFFFF FFFF 

-- SWD_MODE=10: 0xFFFF FBFF 

-- SWD_MODE=11: 0xFFFF FEFF 

Â GPIOB: 

--SWD_MODE=00: 0xFFFF FFFF 

--SWD_MODE=01: 0xFFFF EBFF 
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--SWD_MODE=10: 0xFFFF EFFF  

--SWD_MODE=11: 0xFFFF FBFF 

Â 0xFFFF FFFF for GPIOC 

Â 0x0FFC FFFF For GPIOD 

 

7.4.2. GPIO port output type register (GPIOx_OTYPER) (x = A,B,C,D ) 

Offset address: 0x04 

Reset value: 0x0000 0000 

 

7.4.3. GPIO port output drive register (GPIOx_OSPEEDR) (x = A,B,C, D ) 

Offset address: 0x08 

Reset value:  

Â GPIOA : 

--SWD_MODE=00: 0x0000 0100 

--SWD_MODE=01: 0x0000 0000 

-- SWD_MODE=10: 0x0000 0000 

-- SWD_MODE=11: 0x0000 0100 

Â GPIOB : 

--SWD_MODE=00: 0x0000 1000 

--SWD_MODE=01: 0x0000 0000 

-- SWD_MODE=10: 0x0000 1000 

-- SWD_MODE=11: 0x0000 0000 

Â Other ports: 0x0000 0000 

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

MODE15 [1:0] MODE14 [1:0] MODE13 [1:0] MODE12 [1:0] MODE11 [1:0] MODE10 [1:0] MODE9 [1:0] MODE8 [1:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

MODE7 [1:0] MODE6 [1:0] MODE5 [1:0] MODE4 [1:0] MODE3 [1:0] MODE2 [1:0] MODE1 [1:0] MODE0 [1:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:0 MODEy[1:0] RW  

y = 15..0 
These bits are written by software to configure the I/O 
mode. 
00: Input mode 
01: General purpose output mode 
10: Alternate function mode 
11: Analog mode (reset state for most IOs) 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

OT15 OT14 OT13 OT12 OT11 OT10 OT9 OT8 OT7 OT6 OT5 OT4 OT3 OT2 OT1 OT0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 OTy[1:0] RW 0 

These bits are written by software to configure the I/O 
output type. 
0: Output push-pull (reset state) 
1: Output open-drain 

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

OSPEED15 
[1:0] 

OSPEED14 
[1:0] 

OSPEED13 
[1:0] 

OSPEED12 
[1:0] 

OSPEED11 
[1:0] 

OSPEED10 
[1:0] 

OSPEED9 
[1:0] 

OSPEED8 
[1:0] 
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7.4.4. GPIO port pull-up/pull-down register (GPIOx_PUPDR) (x = A,B,C, D)  

Offset address: 0x0C 

Reset value:  

Â  GPIOA: 

--SWD_MODE=00: 0x0000 0900 

--SWD_MODE=01: 0x0000 0000 

--SWD_MODE=10: 0x0000 0800 

--SWD_MODE=11: 0x0000 0100 

Â GPIOB: 

--SWD_MODE=00: 0x0000 0000 

--SWD_MODE=01: 0x0000 1800 

--SWD_MODE=10: 0x0000 1000 

--SWD_MODE=11: 0x0000 0800 

Â 0x0000 0000(Port C) 

Â 0x0002 0000(Port D) 

 

7.4.5. GPIO port input data register (GPIOx_IDR) (x = A,B,C, D)  

Offset address: 0x10 

Reset value: 0x0000 XXXX 

 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

OSPEED7 
[1:0] 

OSPEED6 
[1:0] 

OSPEED5 
[1:0] 

OSPEED4 
[1:0] 

OSPEED3 
[1:0] 

OSPEED2 
[1:0] 

OSPEED1 
[1:0] 

OSPEED0 
[1:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:0 OSPEEDy[1:0] RW   

Y = 15.. 0 
These bits are written by software to configure the I/O 
output speed. 
00: Very low 
01: Low speed 
10: high speed 
11: Very high speed 

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

PUPD15 [1:0] PUPD14 [1:0] PUPD13 [1:0] PUPD12 [1:0] PUPD11 [1:0] PUPD10 [1:0] PUPD9 [1:0] PUPD8 [1:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

PUPD7 [1:0] PUPD6 [1:0] PUPD5 [1:0] PUPD4 [1:0] PUPD3 [1:0] PUPD2 [1:0] PUPD1 [1:0] PUPD0 [1:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:0 PUPDy [1: 0] RW   

Y = 15.. 0 
These bits are written by software to configure the I/O 
pull-up or pull-down 
00: No pull-up, pull-down 
01: Pull-up 
10: Pull-down 
11: Reserved (no pull-up/pull-down) 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

ID15 ID14 ID13 ID12 ID11 ID10 ID9 ID8 ID7 ID6 ID5 ID4 ID3 ID2 ID1 ID0 

R R R R R R R R R R R R R R R R 
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7.4.6. GPIO port output data register (GPIOx_ODR) (x = A,B,C, D) 

Offset address: 0x14. 

Reset value: 0x0000 0000 

 

7.4.7. GPIO port bit set/reset register (GPIOx_BSRR) (x = A,B,C, D) 

Offset address: 0x18 

Reset value: 0x0000 0000 

 

7.4.8. GPIO port configuration lock register (GPIOx_LCKR) (x = A,B,C, D) 

This register is used to lock the configuration of the port bits when a correct write sequence is applied to bit 16 

(LCKK). The value of bits [15:0] is used to lock the configuration of the GPIO. During the write sequence, 

LCKR[15:0] cannot be changed. When the LOCK sequence has been applied on a port bit, the value of this 

port bit can no longer be modified until the next system reset. 

Note: A specific write sequence is used to write to the GPIOx_LCKR register. Only word access (32-bit long) is 

allowed during this locking sequence. 

Each lock bit freezes a specific configuration register (control register and alternate function register) 

Offset address: 0x1C 

Reset value: 0x0000 0000 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 IDy R  
y = 15..0 
This is read-only, the read value corresponds to the state of the 
I/O port. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

OD15 OD14 OD13 OD12 OD11 OD10 OD9 OD8 OD7 OD6 OD5 OD4 OD3 OD2 OD1 OD0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 ODy [1: 0] RW  0 

y = 15..0 
These bits can be read and written by software. 
Note: By writing to the GPIOx_BSRR or GPIOx_BRR registers 
(x=A,B,C,D), each ODR bit can be independently set/reset. 

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

BR15 BR14 BR13 BR12 BR11 BR10 BR9 BR8 BR7 BR6 BR5 BR4 BR3 BR2 BR1 BR0 

W W W W W W W W W W W W W W W W 

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

BS15 BS14 BS13 BS12 BS11 BS10 BS9 BS8 BS7 BS6 BS5 BS4 BS3 BS2 BS1 BS0 

W W W W W W W W W W W W W W W W 

Bit Name R/W Reset Value Function 

31:16 BRy W 0 

y = 15..0 
Software writable, reading these bits returns 0. 
0: No action on the corresponding ODRy bit 
1: Clears the corresponding ODy bit 
Note: If both BSy and BRy bits are set, the BSy bit takes effect. 

15:0 BSy W  0 

y = 15..0 
Software writable, reading these bits returns 0. 
0: No action on the corresponding ODRy bit 
1: Set the corresponding ODRy bit 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 
LCK

K 



PY32T090 Reference Manual 

131 / 672 

 

 

7.4.9. GPIO alternate function low register (GPIOx_AFRL) (x = A, B, C, D) 

Offset address: 0x20 

Reset value: 0x0000 0000 

 

7.4.10. GPIO alternate function high register (GPIOx_AFRH) (x = A, B, C, D) 

Offset Address: 0x24 

Reset value: 0x0000 0000 

               RW 

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

LCK1
5 

LCK1
4 

LCK1
3 

LCK1
2 

LCK1
1 

LCK1
0 

LCK
9 

LCK
8 

LCK
7 

LCK
6 

LCK
5 

LCK
4 

LCK
3 

LCK
2 

LCK
1 

LCK0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:17 Reserved - - Reserved 

16 LCKK RW 0 

This bit can be read any time. It can only be modified using the 
lock key write sequence. 
0: Port configuration lock key not active 
1: The port configuration lock key is activated, and the 
GPIOx_LCKR register is locked until the next system reset. 
Write timing of lock key: 
Write {LCKR[16]=1, LCKR[15:0]} 
Write {LCKR[16]=0, LCKR[15:0]} 
Write {LCKR[16]=1, LCKR[15:0]} 
Read LCKR 
Read LCKR[16] as 1. 
The last read can be omitted, but this read operation can be 
used to confirm that the lock key has been activated. 
Note: 

1. During the write sequence for the lock key operation, the 
value of LCK[15:0] must not be changed. 

2. Any error in the lock sequence aborts the lock. 
3. After the first lock sequence on any port bit, any read ac-

cess to the LCKK bit will return '1' until the next system re-
set or GPIO peripheral soft reset. 

15:0 LCKy RW  0 

y = 15..0 
These bits are read/write but can only be written when the 
LCKK bit is '0'. 
0: Port configuration is not locked 
1: Port configuration is locked 

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

AFSEL7 [3:0] AFSEL6 [3:0] AFSEL5 [3:0] AFSEL4 [3:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

AFSEL3 [3:0] AFSEL2 [3:0] AFSEL1 [3:0] AFSEL0 [3:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:0 
AFSELy[3:0](y= 7 

to 0) 
RW 0 

These bits are written by software to configure alter-
nate function I/Os.  
AFSELy selection: 
0000: AF0   1000: AF8  
0001: AF1   1001: AF9 
0010: AF21010  : AF10 
0011: AF31011  : AF11 
0100: AF41100  : AF12 
0101: AF51101  : AF13 
0110: AF61110  : AF14 
0111: AF71111  : AF15 

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

AFSEL15 [3:0] AFSEL14 [3:0] AFSEL13 [3:0] AFSEL12 [3:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

AFSEL11 [3:0] AFSEL10 [3:0] AFSEL9 [3:0] AFSEL8 [3:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 
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7.4.11. GPIO Port Bit Reset Register (GPIOx_BRR) (x = A,B,C,D) 

Offset address: 0x28 

Reset value: 0x0000 0000 

 

 

  

Bit Name R/W Reset Value Function 

31:0 
AFSELy[3:0](y= 8 to 

15) 
RW 0 

These bits are written by software to configure alternate 
function I/Os.  
AFSELy selection: 
0000:AF0   1000: AF8 
0001:AF1   1001: AF9 
0010: AF2   1010: AF10 
0011: AF3   1011: AF11 
0100: AF4   1100: AF12 
0101: AF5   1101: AF13 
0110: AF6   1110: AF14 
0111: AF7   1111: AF15 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

BR15 BR14 BR13 BR12 BR11 BR10 BR9 BR8 BR7 BR6 BR5 BR4 BR3 BR2 BR1 BR0 

W W W W W W W W W W W W W W W W 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 BRy W 0 

y = 15..0 
These bits are write-only. A read to these bits returns the 
value 0. 
 0: No action on the corresponding ODRy bit 
 1: Clears the corresponding ODy bit 
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8.  Peripheral  Interconnect ion  

8.1. Introduction 

Several peripherals have direct connections between them. 

This allows autonomous communication and/or synchronization between peripherals, saving CPU 

resources thus power consumption. 

In addition, these hardware connections remove software latency and allow design of predictable 

systems. 

These interconnects can work in Run, Sleep, Low Power Run, Low Power Sleep, Stop modes, de-

pending on the peripheral. 

8.2. Interconnection Details 

8.2.1. Timer Input Trigger (ITR) 

Purpose 

Some TIMx timers are connected together internally for synchronization or connection of timers. 

When a timer is in master mode, it can reset, start, stop the slave mode timer. 

Triggering signals 

After the configurable timer event occurs, the output (from the master device) appears on the 

TIMx_TRGO signal. 

For TIM16 and TIM17 timers that do not have a trigger output, output comparison 1 will be used in-

stead. 

Inputs (to slave) are on TIMx_ITR0/ITR1/ITR2/ITR3/ITR4/ITR5 signals. 

Table 8-1 timer input trigger 

Relevant power modes 

These interconnections operate in Run, Sleep, Low-power run, and Low-power sleep power modes. 

8.2.2. Timer External Trigger (ETR) 

Purpose 

The ADC analog watchdog signal output, the output of the comparator, and the timer ETR pin can be 

connected to the timer's external trigger ETR. 

Triggering signals 

ADC analog watchdog output ADC_AWD, comparator outputs COMP1_OUT, COMP2_OUT. 

  

TIMx Internal Trigger 
Timer input trigger source (ITR) 

TIM1 TIM2 TIM3 TIM15 

ITR0(TIMx_SMCR.TS=0x0) - TIM1_TRGO TIM1_TRGO TIM1_TRGO 

ITR1(TIMx_SMCR.TS=0x1) TIM2_TRGO - TIM2_TRGO TIM2_TRGO 

ITR2(TIMx_SMCR.TS=0x2) TIM3_TRGO TIM3_TRGO - TIM3_TRGO 

ITR3(TIMx_SMCR.TS=0x3) TIM15_TRGO TIM15_TRGO TIM15_TRGO - 

ITR4(TIMx_SMCR.TS=0x8) TIM16_OC1 TIM16_OC1 TIM16_OC1 TIM16_OC1 

ITR5(TIMx_SMCR.TS=0x9) TIM17_OC1 TIM17_OC1 TIM17_OC1 TIM17_OC1 
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Table 8-2 Timer External Trigger 

Relevant power modes 

These interconnections operate in Run, Sleep, Low-power run, and Low-power sleep power modes. 

8.2.3. Clear timer OCxREF signal 

Purpose 

The output of the comparator can be used to clear the OCxREF signals of the advanced timers 

TIM1, the general timers TIM2, and TIM3. 

Triggering signals 

Comparator outputs COMP1_OUT, COMP2_OUT. 

Table 8-3 Clear Timer OCxREF Signal 

Relevant power modes 

These interconnections operate in Run, Sleep, Low-power run, and Low-power sleep power modes. 

8.2.4. Timer input capture 

Purpose 

The output of the comparator can be used as the input capture channel for the advanced timer TIM1 

and the general purpose timers TIM2/TIM3/TIM15. 

The general purpose timers TIM15/TIM16 can implement clock measurements using input capture 

channel 1. 

Table 8-4 Input Capture Channel 1 (TI1) Source 

 

  

TIMx External Trig-
ger 

(TIMx_AF1.ETRSEL) 

Timer external trigger source (ETR) 

TIM1 TIM2 TIM3 TIM15 
PWM 

ETR0 TIM1_ETR TIM2_ETR TIM3_ETR TIM15_ETR PWM_ETR 

ETR1 COMP1_OUT COMP1_OUT COMP1_OUT COMP1_OUT COMP1_OUT 

ETR2 COMP2_OUT COMP2_OUT COMP2_OUT COMP2_OUT COMP2_OUT 

ETR3 - - - - - 

ETR4 - - - - SYSCLK 

ETR5 ADC_AWD TIM3_ETR TIM2_ETR ADC_AWD PWM_ETR_HS 

OCxREF_CLR 
Clear Timer OCxREF (OCxREF_CLR) Source 

TIM1 TIM2 TIM3 

OCREF_CLR0 COMP1_OUT COMP1_OUT COMP1_OUT 

OCREF_CLR1 COMP2_OUT COMP2_OUT COMP2_OUT 

TI1 
(TIMx_TISEL.TI1SEL) 

Input capture channel 1 (TI1) source 

TIM1 TIM2 TIM3 TIM15 TIM16 TIM17 

TI1_IN0 
TIM1_C

H1 
TIM2_CH1 TIM3_CH1 TIM15_CH1 TIM16_CH1 TIM17_CH1 

TI1_IN1 
COMP1
_OUT 

COMP1_OU
T 

COMP1_OU
T 

LSECSS 
- - 

TI1_IN2 
COMP2
_OUT  

COMP2_OU
T  

COMP2_OU
T  

COMP1_OU
T  

MCO MCO 

TI1_IN3 - - - 
COMP2_OU

T 
HSE_DIV32 HSE_DIV32 

TI1_IN4 
- - - - 

RTC_WKU
P 

RTC_WKU
P 

TI1_IN5 - - - - LSECSS LSECSS 

TI1_IN6 - - - - LSI LSI 
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Table 8-5 Input Capture Channel 2 (TI2) Source 

Table 8-6 Input Capture Channel 3 (TI3) Source 

Table 8-7 Input Capture Channel 4 (TI4) Source 

Relevant power modes 

These interconnections operate in Run, Sleep, Low-power run, and Low-power sleep power modes. 

8.2.5. Timer brake 

Purpose 

The output of the comparator can be used as the advanced timer TIM1, the general purpose timers 

TIM15/TIM16/TIM17, and the brake of the PWM. 

Triggering signals 

The comparator outputs COMP1_OUT, COMP2_OUT, and the brake pin input TIMx_BRK. 

Table 8-8 timer brake input 

Relevant power modes 

These interconnections operate in Run, Sleep, Low-power run, and Low-power sleep power modes. 

8.2.6. Timer System Brake 

Purpose 

HSE and LSE CSS, CPU LOCKUP, SRAM Parity Error, FLASH ECC Detection Error, and PVD 

Alarm can generate system errors as timer brakes for TIM1, TIM15, TIM16, TIM17, and PWM mod-

ules. 

The purpose of the break function is to protect power switches driven by PWM signals from the tim-

ers. 

 

TI2 
(TIMx_TISEL.TI2SEL) 

Input Capture Channel 2 (TI2) Source 

TIM1 TIM2 TIM3 TIM15 

TI2_IN0 TIM1_CH2 TIM2_CH2 TIM3_CH2 TIM15_CH2 

TI2_IN1 COMP1_OUT COMP1_OUT COMP1_OUT COMP2_OUT 

TI2_IN2 COMP2_OUT  COMP2_OUT  COMP2_OUT  COMP1_OUT  

TI3 
(TIMx_TISEL.TI3SEL) 

Input Capture Channel 3 (TI3) Source 

TIM1 TIM2 TIM3 

TI3_IN0 TIM1_CH3 TIM2_CH3 TIM3_CH3 

TI3_IN1 COMP1_OUT COMP1_OUT COMP1_OUT 

TI3_IN2 COMP2_OUT  COMP2_OUT  COMP2_OUT  

TI4 
(TIMx_TISEL.TI4SEL) 

Input Capture Channel 4 (TI4) Source 

TIM1 TIM2 TIM3 

TI3_IN0 TIM1_CH4 TIM2_CH4 TIM3_CH4 

TI3_IN1 COMP1_OUT COMP1_OUT COMP1_OUT 

TI3_IN2 COMP2_OUT  COMP2_OUT  COMP2_OUT  

TIMx Brake  
Timer Brake (BRK) Source 

TIM1 TIM15 TIM16 TIM17 PWM 

BRK0 TIM1_BRK TIM2_BRK TIM3_BRK TIM15_BRK PWM_BRK 

BRK1 COMP1_OUT COMP1_OUT COMP1_OUT COMP1_OUT COMP1_OUT 

BRK2 COMP2_OUT COMP2_OUT COMP2_OUT COMP2_OUT COMP2_OUT 
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Relevant power modes 

These interconnections operate in Run, Sleep, Low-power run, and Low-power sleep power modes. 

8.2.7. Low-Power Timer LPTIM Trigger 

Purpose 

RTC Alarm A/B, TAMP Input Detection, COMP1/2_OUT, and LPTIM1/2_ETR pins can be used as 

trigger signals to start the LPTIM counter LPTIM1/2. 

Table 8-9 LPTIM External Trigger 

LPTIMx_CFGR.TRIGSEL[2:0] 
Low-Power Timer External Trigger 

LPTIM1 LPTIM2 

EXT_TRIG0 LPTIM1_ETR LPTIM2_ETR 

EXT_TRIG1 RTC_ALARMA RTC_ALARMA 

EXT_TRIG2 RTC_ALARMB RTC_ALARMB 

EXT_TRIG3 TAMP_TRG TAMP_TRG 

EXT_TRIG4 COMP1_OUT COMP1_OUT 

EXT_TRIG5 COMP2_OUT COMP2_OUT 

Relevant power modes 

These interconnections operate in run, sleep, low-power run, low-power sleep, and all stop power 

modes. 

8.2.8. Infrared output waveform control (IRTIM) 

Purpose 

The TIMx_OC1 output channel of the TIM16 or TIM17 timer generates an infrared output waveform. 

Table 8-10 IRTIM control signal assignment 

Relevant power modes 

These interconnections operate in Run, Sleep, Low-power run, and Low-power sleep power modes. 

8.2.9. Comparator blanking 

Purpose 

The advanced-control timer TIM1 and general-purpose timers TIM2, TIM3, TIM15, and PWM can be 

used as blanking window inputs for COMP1 and COMP2. 

Triggering signals 

The timer output signal TIMx_OCx/PWM_OC3 is the blanking source input for COMP1/COMP2. 

Table 8-11 comparator blanking input 

IRTIM waveform control IRTIM waveform control signal source 

Modulated envelope signal TIM16_OC1 

Carrier signal TIM17_OC1 

COMPx_CSR.BLANKSEL [2: 0] 
Comparator blanking input 

COMP1 COMP2 

BLANK0 - - 

BLANK1 TIM1_OC4 TIM1_OC4 

BLANK2 TIM2_OC3 TIM2_OC3 

BLANK3 TIM3_OC3 TIM3_OC3 
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Relevant power modes 

These interconnections operate in Run, Sleep, Low-power run, and Low-power sleep power modes. 

8.2.10. ADC hardware trigger input 

Purpose 

 General-purpose timers TIM2, TIM3, and TIM15, advanced timer TIM1, and EXTI can be used to 

generate ADC trigger events. 

Triggering signals 

The output (from the timer) is on the TIMx_TRGO, or TIMx_OCx signal events, and the EXTI Line11, 

EXTI Line15 events. 

The input (to the ADC) is on the EXT [15: 0] and JEXT [15: 0] signals, and the selection is selected 

by registers ADC_CFGR.EXTSEL [3: 0] and ADC_JSQR.JEXTSEL [3: 0], respectively. 

Table 8-12 ADC hardware trigger sources 

8.2.11. ADC internal channel source 

Purpose 

Internal temperature sensor output voltage VTS, internal reference voltage VREFINT, VCC/3, DAC and 

OPA outputs connected to ADC input channels. 

Table 8-13 ADC internal channel sources 

ADC_CFGR.AWDCH[5:0] ADC internal channel source 

6ôb11011 VTS 

6ôb11100 VREFINT 

6ôb11101 VCC / 3 

6ôb11110 DAC_OUT 

6ôb11111 OPA_OUT 

 

 

 

 

 

BLANK4 TIM15_OC2 TIM15_OC2 

BLANK5 PWM_OC3 PWM_OC3 

EXTSEL[3:0]/JEXTSEL[3:0] 
ADC hardware trigger source 

Rule trigger Injection trigger 

0 TIM1_TRGO TIM1_TRGO 

1 TIM1_OC1 TIM1_OC1 

2 TIM1_OC2 TIM1_OC2 

3 TIM1_OC3 TIM1_OC3 

4 TIM1_OC4 TIM1_OC4 

5 TIM2_TRGO TIM2_TRGO 

6 TIM2_OC1 TIM2_OC1 

7 TIM3_OC1 TIM3_OC1 

8 TIM3_TRGO TIM3_TRGO 

9 TIM15_TRGO TIM15_TRGO 

10 - - 

11 - - 

12 EXTI_EVT11 EXTI_EVT11 

13 EXTI_EVT15 EXTI_EVT15 

14 - - 

15 - - 
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8.2.12. DAC hardware trigger input 

Purpose 

 General-purpose timers TIM2, TIM3, and TIM15, basic timers TIM6 and TIM7, and EXTI can be used 

to generate DAC external trigger events. 

Triggering signals 

Output (from timers) occurs on TIMx_TRGO events and EXTI Line9 events. 

Input (to DAC) is located on TSEL[7:0] signals, selected by the DAC_CR1.TSEL[2:0] register respec-

tively. 

Table 8-14 DAC trigger sources 

 

DAC_CR1.TSEL[2:0] DAC trigger source 

0 TIM6_TRGO 

1 TIM3_TRGO 

2 TIM7_TRGO 

3 TIM15_TRGO 

4 TIM2_TRGO 

5 - 

6 EXTI_EVT9 

7 SWTRIG (software trigger) 
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9.  System conf igurat ion control ler  (SYSCFG)  

9.1. SYSCFG main features 

The chip has a set of configuration registers, and the main purposes of the system configuration con-

troller are as follows: 

Â Enable and disable I2C type IO filter 

Â Enable and disable I2C Fm+ mode 

Â Map the initial program area according to different boot modes 

Â DMA peripheral channel selection control 

Â Analog PAD2 enable 

Â Enable and disable Noise filter for all GPIOs 

Â Enable and disable PVD lock 

Â Enable and disable Cortex®-M0+ LOCKUP 

Â Flash ECC Lock Enable and Disable 

Â Enable and disable SRAM parity check 

Â LED IO control 

9.2. SYSCFG registers 

9.2.1. SYSCFG configuration register 1 (SYSCFG_CFGR1) 

The MEM_MODE bit of this register is used to configure the type of memory address 0x0000 0000 

access. These two bits are used to select the software physical remapping and bypass the hardware 

boot selection. After power-on or NRST pin reset, the values of these two bits are determined by the 

actual boot mode configuration sampled by the hardware. 

Address offset: 0x00 

Reset value: 0x0000 000x (x is the memory mode selected by the actual boot mode configuration) 

 

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

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

GPIO_AHB_SE
L 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res. Res. 

       RW         

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

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res. 
Res

. 
Res

. 
Res

. 
Res

. 
Res

. 
Res

. 
MEM_MODE[1:0

] 

              RW RW 

Bit Name R/W Reset Value Function 

31:25 Reserved - - Reserved 

24 GPIO_AHB_SEL RW 0 

CPU FASTIO or CPU AHB bus access to GPIO register con-
trol. 
0: CPU FASTIO bus accesses GPIO registers 
1: CPU AHB bus accesses GPIO registers 
Note: DMA can access GPIO registers via the AHB bus by de-
fault and is not controlled by this bit 

23:2 Reserved - - Reserved 

1:0 
MEM_MODE 

[1:0] 
RW  

Memory mapping selection bit 
Set and cleared by software. This register controls the mapping 
of the 0x0000 0000 address in memory. After reset (including 
only power-on reset, NRST pin reset, and OBL reset), the hard-
ware resamples the Boot pins and the definitions in the option 
bytes, adopting the actual boot mode configuration value. 
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9.2.2. SYSCFG configuration register 2 (SYSCFG_CFGR2) 

Address offset: 0x04 

Reset value: 0x0000 0000 

 

9.2.3. SYSCFG configuration register 3 (SYSCFG_CFGR3) 

Address offset: 0x08 

(Note: The timing of sampling the Boot method after reset var-

ies depending on the reset type. For details, consult the appli-
cation engineer.) 
X0: Logical address 0x0000 0000 is mapped to the Flash main 
memory area  
01: Logical address 0x0000 0000 is mapped to the Flash sys-
tem memory area  
11: Logical address 0x0000 0000 is mapped to SRAM 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. ECCL PVDL SPL CLL 

            RS RS RS RS 

Bit Name R/W Reset Value Function 

31:4 Reserved - - Reserved 

3 ECCL RS 0 

ECC lock. 
This bit is set to 1 by software and can only be cleared by system 
reset. This bit can be used to enable and lock the connection of 
FLASH ECC errors to the system brake input of 
TIM1/TIM15/TIM16/TIM17/PWM.  
Writing 0 to this bit in software does not change its value. 
0: ECC errors are not connected to the system brake input of 
TIM1/TIM15/TIM16/TIM17/PWM 
1: ECC error is connected to the system brake input of 
TIM1/TIM15/TIM16/TIM17/PWM 

2 PVDL RS 0 

PVD lock enable bit 
Software set, system reset and clear. It can be used to enable 
and lock the PVD connection to the system brake input of 
TIM1/TIM15/TIM16/TIM17/PWM, and also lock the PVDE and 
PLS[2:0] bits in the PWR_CR2 register. 
Writing 0 to this bit in software does not change its value. 
0: PVD interrupt is not connected to the system brake input of 
TIM1/TIM15/TIM16/TIM17/PWM. The PVDE bit and PLS[2:0] 
can be written by software. 
1: PVD interrupt is connected to the system brake input of 
TIM1/TIM15/TIM16/TIM17/PWM. The PVDE bit and PLS[2:0] are 
read-only. 

1 SPL RS 0 

SRAM parity lock bit. 
This bit is set to 1 by software and can only be cleared by system 
reset. This bit can be used to enable and lock the SRAM1 parity 
error signal connection to the system brake input of 
TIM1/TIM15/TIM16/TIM17/PWM. 
Writing 0 to this bit in software does not change its value. 
0: SRAM parity error signal is not connected to the system brake 
input of TIM1/TIM15/TIM16/TIM17/PWM 
1: SRAM parity error signal is connected to the brake input of 
TIM1/TIM15/TIM16/TIM17/PWM 

0 CLL RS 0 

Cortex®-M0+ LOCKUP bit enable bit 

Software set, system reset and clear. It can enable and lock the 
Cortex®-M0+ LOCKUP (HardFault) output to the system brake 

input of TIM1/TIM15/TIM16/TIM17/PWM. 
Writing 0 to this bit in software does not change its value. 

0: Cortex®-M0+ LOCKUP output is not connected to the sys-

tem brake input of TIM1/TIM15/TIM16/TIM17/PWM 

1: Cortex®-M0+ LOCKUP output is connected to the system 

brake input of TIM1/TIM15/TIM16/TIM17/PWM 
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Reset value: 0x3F3F_3F3F 

 

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

Res. Res. DMA4_MAP [5:0] Res. Res. DMA3_MAP [5:0] 

  RW RW RW RW RW RW    RW RW RW RW RW 

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

Res. Res. DMA2_MAP [5:0] Res. Res. DMA1_MAP [5:0] 

  RW RW RW RW RW RW   RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:30 Reserved - - Reserved 

29:24 DMA4_MAP [5:0] RW 6ôb111111 
Channel 4 peripheral request mapping. 
Refer to the Channel 1 description for definitions. 

23:22 Reserved - - Reserved 

21:16 DMA3_MAP [5:0] RW 6ôb111111 
Channel 3 peripheral request mapping. 
Refer to Channel 1 description for definition. 

15:14 Reserved - - Reserved 

13:8 DMA2_MAP [5:0] RW 6ôb111111 
Channel 2 peripheral request mapping. 
Refer to the Channel 1 description for definitions. 

7:6 Reserved - - Reserved 

5:0 DMA1_MAP [5:0] RW 6ôb111111 

Channel 1 peripheral request mapping. 
000000: ADC 
000001: DAC 
000010: Reserved 
000011: SPI1_RX 
000100: SPI1_TX 
000101: SPI2_RX 
000110: SPI2_TX 
000111: USART1_RX 
001000: USART1_TX 
001001: USART2_RX 
001010: USART2_TX 
001011: UART1_RX 
001100: UART1_TX 
001101: LPUART1_RX 
001110: LPUART1_TX 
001111: I2C1_RX 
010000: I2C1_TX 
010001: I2C2_RX 
010010: I2C2_TX 
010011: TIM1_CH1 
010100: TIM1_CH2 
010101: TIM1_CH3 
010110: TIM1_CH4 
010111: TIM1_COM 
011000: TIM1_TRG 
011001: TIM1_UP 
011010: TIM2_CH1 
011011: TIM2_CH2 
011100: TIM2_CH3 
011101: TIM2_CH4 
011110: TIM2_UP 
011111: TIM2_TRG 
100000: TIM3_CH1 
100001: TIM3_CH2 
100010: TIM3_CH3 
100011: TIM3_CH4 
100100: TIM3_UP 
100101: TIM3_TRG 
100110: TIM6_UP 
100111: TIM7_UP 
101000: TIM15_CH1 
101001: TIM15_CH2 
101010: TIM15_UP 
101011: TIM15_TRG 
101100: TIM15_COM 
101101: TIM16_CH1 
101110: TIM16_UP 
101111: TIM17_CH1 
110000: TIM17_UP 
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9.2.4. SYSCFG configuration register 4 (SYSCFG_CFGR4) 

Address offset: 0x0C 

Reset value: 0x003F_3F3F 

 

9.2.5. GPIOA noise filter enable register (PA_ENS) 

Offset address: 0x20 

Reset value: 0x0000 0000 

 

9.2.6. GPIOB noise filter enable register (PB_ENS) 

Offset address: 0x24 

Reset value: 0x0000 0000 

110001: Reserved 
110010: LPUART2_RX 
110011: LPUART2_TX 
110100: PWM_CH1 
110101: PWM_CH2 
110110: PWM_CH3 
110111: PWM_CH4 
111000: PWM_UP 
111001: UART2_RX 
111010: UART2_TX 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. DMA7_MAP [5:0] 

          RW RW RW RW RW RW 

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

Res. Res. DMA6_MAP [5:0] Res. Res. DMA5_MAP [5:0] 

  RW RW RW RW RW RW   RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:22 Reserved - - Reserved 

21:16 DMA7_MAP [5:0] RW 6ôb111111 
Channel 7 peripheral request mapping. 
Refer to the Channel 1 description for definitions. 

15:14 Reserved - - Reserved 

13:8 DMA6_MAP [5:0] RW 6ôb111111 
Channel 6 peripheral request mapping. 
Refer to the Channel 1 description for definitions. 

7:6 Reserved - - Reserved 

5:0 DMA5_MAP [5:0] RW 6ôb111111 
Channel 5 peripheral request mapping. 
Refer to the Channel 1 description for definitions. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

PA_ENS [15: 0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 PA_ENS[x] RW 0x0000 
Noise filter enable for GPIOA0~15 

0: Turn off noise filtering function 
1: Turn on noise filtering function 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

PB_ENS [15: 0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 



PY32T090 Reference Manual 

143 / 672 

 

 

9.2.7. GPIOC noise filter enable register (PC_ENS) 

Offset address: 0x28 

Reset value: 0x0000 0000 

 

9.2.8. GPIOD noise rate enable register (PD_ENS) 

Offset address: 0x2C 

Reset value: 0x0000 0000 

 

9.2.9. I2C type IO configuration register (SYSCFG_IOCFG) 

Address offset: 0x38 

Reset value: 0x0000_0000 

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

Res. Res. PD_EIIC[3:0] Res. PC_EIIC[8:0] 

  RW RW RW RW  RW RW RW RW RW RW RW RW RW 

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

PD_EIIC_11 PD_EIIC_10 PB_EIIC[5:0] Res. Res. Res. Res. PA_EIIC[3:0] 

RW RW RW RW RW RW RW RW     RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 PB_ENS[x] RW 0x0000 
Noise filter enable for GPIOB0~15 

0: Turn off noise filtering function 
1: Turn on noise filtering function 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

PC_ENS[15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 PC_ENS[x] RW 0x0000 
Noise filter enable for GPIOC0~15 

0: Turn off noise filtering function 
1: Turn on noise filtering function 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

PD_ENS [15: 0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 PD_ENS[x] RW 0x0000 
Noise filter enable for GPIOD0~15 

0: Turn off noise filtering function 
1: Turn on noise filtering function 

Bit Name R/W Reset Value Function 

31:30 Reserved - - Reserved 

29:26 PD_EIIC[3:0] RW 0 

PD EIIC signal control. Used as _I2C type IO. 
Bit0: control PD6 
Bit1: control PD7 
Bit2: Reserved 
Bit3: Reserved 
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9.2.10. LED IO configuration register (SYSCFG_LEDCFG) 

Address offset: 0x3C 

Reset value: 0x0000_0000 

 

25 Reserved - - Reserved 

24:16 PC_EIIC[8:0] RW 0 

PC EIIC signal control. Used as _I2C type IO. 
Bit0: control PC5 
Bit1: control PC6 
Bit2: control PC7 
Bit3: control PC9 
Bit4: control PC10 
Bit5: control PC12 
Bit6: control PC13 
Bit7: control PC14 
Bit8: control PC15 

15 PD_EIIC_11 RW 0 PD11 EIIC signal control. Used as _I2C type IO. 

14 PD_EIIC_10 RW 0 PD10 EIIC signal control. Used as _I2C type IO. 

13:8 PB_EIIC[5:0] RW 0 

PB IIC signal control. Used as _I2C type IO. 
Bit0: control PB4 
Bit1: control PB5 

Bit2: control PB8 

Bit3: control PB9 

Bit4: control PB12 
Bit5: control PB13 

7:4 Reserved - - Reserved 

3:0 PA_EIIC[3:0] RW 0 

PA EIIC signal control. Used as _I2C type IO. 
Bit0: control PA11 
Bit1: control PA12 
Bit2: control PA13 
Bit3: control PA14 

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

PC_ENSEG[1:0] PB_ENSEG [13: 0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

PB_EHS[7:0] Res. Res. Res. Res. SEGIS_EN[3:0] 

RW RW RW RW RW RW RW RW     RW RW RW RW 

Bit Name R/W Reset Value Function 

31:30 PC_ENSEG[1:0] RW 0 
LED SEG port constant current enable control. 
Bit0: PC0 (LED_SEG14) 
Bit1: PC1 (LED_SEG15) 

29:16 PB_ENSEG [13: 0] RW 0 

LED SEG port constant current enable control. 
Bit0: PB2 (LED_SEG0) 
Bit1: PB3 (LED_SEG1) 
Bit2: PB4 (LED_SEG2) 
Bit3: PB5 (LED_SEG3) 
Bit4: PB6 (LED_SEG4) 
Bit5: PB7 (LED_SEG5) 
Bit6: PB8 (LED_SEG6) 
Bit7: PB9 (LED_SEG7) 
Bit8: PB10 (LED_SEG8) 
Bit9: PB11 (LED_SEG9) 
Bit10: PB12 (LED_SEG10) 
Bit11: PB13 (LED_SEG11) 
Bit12: PB14 (LED_SEG12) 
Bit13: PB15 (LED_SEG13) 

15:8 PB_EHS[7:0] RW 0 

LED COM 120mA sink current control. 
Bit0: Controls PB2 (LED_COM0) 
Bit1: Controls PB3 (LED_COM1) 
Bit2: Controls PB4 (LED_COM2) 
Bit3: Controls PB5 (LED_COM3) 
Bit4: Controls PB6 (LED_COM4) 
Bit5: Controls PB7 (LED_COM5) 
Bit6: Controls PB8 (LED_COM6) 
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9.2.11. GPIOA analog PAD2 enable register (PA_ANA2EN) 

Offset address: 0x40 

Reset value: 0x0000 0000 

 

9.2.12. GPIOB Analog PAD2 Enable Register (PB_ANA2EN) 

Offset Address: 0x44 

Reset value: 0x0000 0000 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

PB_ANA2EN [15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

 

9.2.13. GPIOC Analog PAD2 Enable Register (PC_ANA2EN) 

Offset Address: 0x48 

Reset Value: 0x0000 0000 0000 

Bit7: Controls PB9 (LED_COM7) 

7:4 Reserved - - Reserved 

3:0 SEGIS_EN RW 0 

LED SEG port constant current source circuit enable. 
Bit0: Constant current source 0 circuit switch (for LED 
SEG0~2) 
Bit1: Constant current source 1 circuit switch (for LED 
SEG3~5) 
Bit2: Constant current source 2 circuit switch (for LED 
SEG6~10) 
Bit3: Constant current source 3 circuit switch (for LED 
SEG11~15) 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

PA_ANA2EN[15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 PA_ANA2EN[x] RW 0x0000 

IO port A PAD_ANA2 enable 
0: PAD_ANA2 Disabled 
1: PAD_ANA2 Enabled 
Note 1: This register needs to be enabled when the IO is 
configured in analog mode. If the IO is configured in 
non-analog mode, this register should be set to 0. 
Note 2: Whether configuration is required, refer to the de-
scription below the PD_ANA2EN register. 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 PB_ANA2EN[x] RW 0x0000 

IO Port B PAD_ANA2 Enable 
0: PAD_ANA2 Disabled 
1: PAD_ANA2 Enabled 
Note 1: This register needs to be enabled when the IO is 
configured in analog mode. If the IO is configured in 
non-analog mode, this register should be set to 0. 
Note 2: Whether configuration is required, refer to the de-
scription below the PD_ANA2EN register. 
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9.2.14. GPIOD analog PAD2 enable register (PD_ANA2EN) 

Offset address: 0x4C 

Reset value: 0x0000 0000 

 

For analog PAD_ANA2, the following requirements must be met: 

1ζ When used for analog functions, only comparator COMP inputs and operational amplifier OPA input/out-

put require Px_ANA2EN=1. Other pins serving analog functions should be configured with 

Px_ANA2EN=0: 

--COMP1 INP: PC15, PD0, PD1 

--COMP1 INM: PA1, PA13, PC5 

--COMP2 INP: PB14, PC3, PC4 

--COMP2 INM: PA13, PB15, PC0 

--OPA INP: PC2, PD3 

--OPA INM: PC1, PD2 

--OPA OUT: PC8, PC9, PD1, PD4 

 

 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

PC_ANA2EN [15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 PC_ANA2EN[x] RW 0x0000 

IO Port C PAD_ANA2 Enable 
0: PAD_ANA2 Disabled 
1: PAD_ANA2 Enabled 
Note 1: This register needs to be enabled when the IO is 
configured in analog mode. If the IO is configured in non-
analog mode, this register should be set to 0. 
Note 2: Whether configuration is required, refer to the de-
scription below the PD_ANA2EN register. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. PD_ANA2EN [13:0] 

  RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:14 Reserved - - Reserved 

13:0 PD_ANA2EN[x] RW 0x000 

IO Port D PAD_ANA2 enable 
0: PAD_ANA2 Disabled 
1: PAD_ANA2 Enabled 
Note 1: This register needs to be enabled when the IO is 
configured in analog mode. If the IO is configured in 
non-analog mode, this register should be set to 0. 
Note 2: Whether configuration is required, refer to the de-
scription below the PD_ANA2EN register. 
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9.2.15. SRAM control status register (SYSCFG_SCSR) 

Address offset: 0x70 

Reset value: 0x0000_0000 

 

9.2.16. SRAM write protection register (SYSCFG_SWPR) 

Address offset: 0x74 

Reset value: 0x0000_0000 

 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. Res. SPF Res. Res. Res. Res. Res. Res. Res. PERR_RSTEN 

       RC_W1        RW 

Bit Name R/W Reset Value Function 

31:9 Reserved - - Reserved 

8 SPF RC_W1 0 

SRAM parity error flag bit. 
This bit is set to 1 by hardware when an SRAM parity er-
ror occurs. The software writes 1 to this bit to clear it 
0: No parity error detected 
1: Parity error detected 

7:1 Reserved - - Reserved 

0 PERR_RSTEN RW 0 
Response control when SRAM parity error occurs. 
0: Generate NMI interrupt when SRAM parity error occurs 
1: Generate system reset when SRAM parity error occurs 

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

P31
WP 

P30
WP 

P29
WP 

P28
WP 

P27
WP 

P26
WP 

P25
WP 

P24
WP 

P23
WP 

P22
WP 

P21
WP 

P20
WP 

P19
WP 

P18
WP 

P17
WP 

P16
WP 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

P15
WP 

P14
WP 

P13
WP 

P12
WP 

P11
WP 

P10
WP 

P9W
P 

P8W
P 

P7W
P 

P6W
P 

P5W
P 

P4W
P 

P3W
P 

P2W
P 

P1W
P 

P0W
P 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:0 SRAM_PxWP RW 0 

SRAM page x write protection 
These bits are set to 1 by software and can only be 
cleared by system reset. 
0: SRAM page x write protection disabled 
1: SRAM page x write protection enabled 
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10.  Direct  Memory Access (DMA)  

10.1. Introduction to DMA 

Direct memory access (DMA) is used to provide a high-speed data transfer between peripherals and 

memory as well as from memory to memory. Without CPU intervention, data can be moved quickly 

through DMA, saving CPU resources for other operations. 

The DMA controller have 7 channels in total, each one dedicated to manage memory access re-

quests from one or more peripherals. The DMA controller includes an arbiter to handle DMA re-

quests, which manages the priority of each DMA request. 

10.2. DMA main features 

Â 7 configurable channels 

Â Each channel can be configured to connect to hardware DMA requests from any peripheral, and 

each channel also supports software triggering. 

Â Priority between multiple requests on the same DMA module is software-programmable. For 

equal priorities, hardware resolves conflicts (lower channel number = higher priority). 

Â The transfer sizes of the source and destination are independent (byte, half word and word), 

simulating packing and unpacking. Source and destination addresses must be aligned to the 

transfer width. 

Â Programmable address modes: Increment, decrement, or fixed. 

Â Each channel has 4 event flags (Transfer Complete, Block Transfer Complete, Half Block Trans-

fer Complete, Transfer Error), which are logically OR and become a separate interrupt request 

Â Support transfers between memory to memory, peripheral to memory, memory to peripheral and 

peripheral to peripheral. 

Â SRAM, APB, and AHB peripherals can serve as both source and destination for access, while 

FLASH can only be a source but not a destination 

Â Support single-trigger mode and four circular modes: 

ĺ Peripheral address retained, memory address retained 

ĺ Peripheral address reloaded, memory address retained 

ĺ Peripheral address retained, memory address reloaded 

ĺ Both peripheral and memory addresses reload 

Â Number of programmable transmissions in single mode 0 ~ 65535 

Â Loop mode supports infinite loop and finite loop (1 ~ 255) 

Â Support single transfer and bulk transfer 

ĺ Single transmission: 1 data transfer and 1 ACK reply; 

ĺ Batch transfer: reply to ACK once after transferring the configured data amount (release the 

bus after all data transfers are completed); 

Â Two transfer modes 
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ĺ Fast mode: Holds the bus until all data is transferred. 

ĺ Round-robin mode: Releases the bus after each transfer for re-arbitration. 

Â In circular mode, supports pausing transfer after entering block transfer completion interrupt 

10.3. DMA functional description 

10.3.1. DMA block diagram 

 

Cortex-M0+

Bus 
matrix

Ch. 1

Ch. 2

Arbiter

AHB Slave

DMA

System Flash

SRAM

Bridge

ADC
DAC

USART1/2
UART1/2   

LPUART1/LPUART2   
TIM1/TIM2/TIM3

TIM6/TIM7
TIM15

TIM16/TIM17
PWM

 I2C1/ I2C2
 SPI1/SPI2

chn_req

AHB APBCh. 7

DMAMUX

dma_ack

dma_req

RCC     CRC FMC            

Ch. 3

ŀ

 

Figure 10-1 DMA block diagram 

10.3.2. CPU and DMA bus sharing 

The DMA controller and CPU share the AMBA data bus and perform direct memory data transfer. 

When the CPU and DMA access the same target (RAM or peripheral) at the same time, the DMA 

request will suspend the CPU from accessing the system bus for several cycles, and the bus arbiter 

performs cyclic scheduling to ensure that the CPU can get at least half of the system bus bandwidth. 

10.3.3. DMA transmission 

After completing an event, the peripheral sends a request signal to the DMA controller. The DMA 

controller serves the request, depending on the priority of the channel associated to this peripheral 

request. When the DMA controller starts to access the requesting peripheral, the DMA controller 

sends it an answer signal after the transmission is completed. The peripheral releases its request as 

soon as it gets the acknowledge from the DMA controller. Once the request is de-asserted by the 

peripheral, the DMA controller releases the acknowledge. The peripheral may order a further single 

request and initiate another single DMA transfer. 

In summary, each DMA transfer consists of three operations: 

Â Fetch data from the peripheral data register or from the current peripheral/memory address reg-

ister, where the address is the peripheral address or memory location specified by the 

DMA_CPARx or DMA_CMARx registers. 
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Â Store data to the peripheral register or the memory address indicated by the current periph-

eral/memory address register, where the address is the peripheral address or memory location 

specified by the DMA_CPARx or DMA_CMARx registers. 

Â Performs a decrement of the DMA_CNDTRx register, which indicates the number of outstanding 

operations. 

10.3.4. DMA Arbiter 

The arbiter initiates access to the peripheral/memory according to the priority of the channel request. 

The priorities are managed in two stages: 

Â Software: The priority of each channel can be set in the DMA_CCRx register, with 7 levels (the 

number of priority types equals the number of channels): 

ĺ 0 

ĺ 1 

ĺ 2 

ĺ 3 

ĺ 4 

ĺ 5 

ĺ 6 

Priority 6>5>4>3>2>1>0. 

Â Hardware: If 2 requests have the same software priority, the lower-numbered channel has 

higher priority than the higher-numbered channel. For example, channel 2 gets priority over 

channel 3. 

10.3.5. DMA channel 

Each channel may handle a DMA transfer between a peripheral register located at a fixed address, 

and a memory address. The amount of data transferred by DMA is programmable, up to 65535. A 

register containing the amount of data to be transferred, decremented after each transfer. 

10.3.5.1. Programmable data size 

The transmission data width of peripherals and memory can be programmed by the MSIZE and 

PSIZE bits in the DMA_CCRx register. 

10.3.5.2. Programmable address increment mode 

By setting the PINC and MINC flag bits in the DMA_CCRx register, the pointers of peripherals and 

memory can selectively complete auto-increment after each transfer. When the bit delta mode is set, 

the next address to be transferred will be the previous address plus the delta value, which is 1, 2, 4 

depending on the selected data width. 

The first transfer address is stored in the DMA_CPARx/DMA_CMARx registers. During transfer, 

these registers hold their initial values and the software cannot change and read out the address cur-

rently being transferred (it is in the internal current peripheral/memory address register). 

When the channel is configured for monolithic transmission, no DMA operation will be generated af-

ter the transmission is completed (i.e., the transmission count becomes 0). The DMA channel must 

be disabled in order to reload a new number of data items into the DMA_CNDTRx register. 



PY32T090 Reference Manual 

151 / 672 

 

In loop mode, at the end of the last transfer, the contents of the DMA_CNDTRx register are automati-

cally reloaded to its initial value, and the internal current peripheral/memory address register holds the 

address or reloads the address according to the configuration of MNORLD and PNORLD. 

10.3.5.3. the circular mode 

Circular mode is used to handle circular buffers and continuous data transfers. This feature is ena-

bled using the CIRC bit in the DMA_CCRx register. When the circular mode is started and the num-

ber of data transmissions becomes 0, the initial value set when the channel is configured will be au-

tomatically restored, and the DMA operation will continue. 

There are four circular mode address regeneration methods: 

Â Peripheral address retained, memory address retained 

Â Peripheral address reloaded, memory address retained 

Â Peripheral address retained, memory address reloaded 

Â Both peripheral and memory addresses reload 

The cycle mode is divided into the following two cycle times: 

Â Infinite loop: Channel enabled, DMA_CCRx.CIRC is 1, and DMA_CCCFGRx.NBT is 0, with sin-

gle-block transfer data volume being DMA CNDTRx.NDT; 

Â Finite loop: Channel enabled, DMA_CCRx.CIRC is 1, and DMA_CCCFGRx.NBT is not 0. 

ðWhen DMA_CCCFGRx.NBT is greater than 0, the single-block transfer data volume is 

DMA_CNDTRx.NDT; 

ðWhen DMA_CCCFGRx.NBT equals 0, if DMACCCEGRX.NDTL equals 0, the transfer ends; if 

DMACCCFGRx.NDTL is greater than 0, it continues to transfer DMA CCCFGRx.NDTL number of 

data once before ending the transfer; 

10.3.5.4. Memory-to-memory mode 

The operation of the DMA channel can be performed without peripheral requests. This operation is 

memory-to-memory mode. 

When the MEM2MEM bit in the DMA_CCRx register is set, the DMA transfer will start immediately 

after the EN bit in the DMA_CCRx register is set by software to enable the DMA channel. The trans-

fer stops once the DMA_CNDTRx register reaches zero. 

By configuring the DMC_CCRx.MEMARB register, the memory-to-memory mode supports the fol-

lowing two modes: 

Â Fast mode: After obtaining the arbitration, it always occupies the bus until the bus is released 

after all data is transferred. This mode cannot be used simultaneously with the loop mode; 

Â Rotation mode: After transmitting data once, the bus is released for re-arbitration. In this mode, 

other channels also have the opportunity to obtain arbitration; 

10.3.5.5. Transmission Type 

According to the transmission requirements of peripheral devices, the following two data transmis-

sion methods are supported 

Â Single transfer: Transfer data once and reply with one dma_ack; 
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Â Bulk transfer: Transmit NDT sub-data and reply with one dma_ack. The channel using this 

transfer method will release the bus only after all data transmission is completed; 

10.3.5.6. Pause after block transmission completion interrupt 

In the cyclic mode, DMA_CCRx.BTCSUSP can be set to 1 so that the channel suspends data trans-

mission after entering the block transmission completion interrupt and resumes data transmission 

after clearing the block transmission completion interrupt. 

10.3.5.7. Channel configuration steps 

Configure the DMA channel as follows: 

Â Set the peripheral register address in the DMA_CPARx register. When a peripheral data trans-

fer request occurs, this address will be the source or destination of the data transfer. 

Â Set the memory address in the DMA_CMARx register. When a peripheral data transfer request 

occurs, the transferred data will be read from or written to this address. 

Â Configure the total number of data to transfer in the DMA_CNDTRx register. After each data 

transfer, this value is decremented. 

Â The priority of the channel is set in the PL bit of the DMA_CCRx register. 

Â In the DMA_CCRx register, the direction of data transfer, the cyclic mode, the incremental mode 

of the peripheral and memory, the data width of the peripheral and memory, the interrupt gener-

ated by half of the transfer or the interrupt generated by completion of the transfer are set. 

Â Set the number of cycle transfers in the DMA_CCCFGRx register. In a finite cycle, this value 

decrements after each block is transmitted. 

Â Activate the channel by setting the EN bit in the DMA_CCRx register. 

A channel, as soon as enabled, may serve any DMA request from the peripheral connected to this 

channel. 

When half of the data is transmitted, the Half Block Transfer Flag (HBTIF) is set to 1. When the Allow 

Half Block Transfer Interrupt Bit (HBTIE) is set, an interrupt request will be generated. After the sin-

gle block data transmission is completed, the block transfer completion flag (BTCIF) is set to 1, and 

when the allow block transfer completion interrupt bit (BTCIE) is set, an interrupt request will be gen-

erated. After all the transmission of multiple blocks of data is completed, the transmission completion 

flag (TCIF) is set to 1, and when the transmission completion allow interrupt bit (TCIE) is set, an in-

terrupt request will be generated. 

10.3.6. Programmable data width, data alignment, and endianness 

When PSIZE and MSIZE are not equal, the DMA controller performs some data alignments as de-

scribed in the table below. 

Table 10-2 Data width and endian (PINC = MINC = 1) 

Source 

Width 

Des-
tina-
tion 

Width 

Trans-
mis-
sion 

Num-
ber 

Source: ad-

dress/data 
DMA transfers 

Destination: 

address/data 

8 8 4 0x0/B0 1: Read B0 [7: 0] at 0x0, write B0 [7: 0] at 0x0 0x0/B0 
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0x1/B1 

0x2/B2 

0x3/B3 

2: Read B1 [7: 0] at 0x1, write B1 [7: 0] at 0x1 

3: Read B2 [7: 0] at 0x2, write B2 [7: 0] at 0x2 

4: Read B3 [7: 0] at 0x3, write B3 [7: 0] at 0x3 

0x1/B1 

0x2/B2 

0x3/B3 

8 16 4 

0x0/B0 

0x1/B1 

0x2/B2 

0x3/B3 

1: Read B0 [7: 0] at 0x0, write 00B0 [7: 0] at 0x0 

2: Read B1 [7: 0] at 0x1, write 00B1 [7: 0] at 0x2 

3: Read B2 [7: 0] at 0x2, write 00B2 [7: 0] at 0x4 

4: Read B3 [7: 0] at 0x3, write 00B3 [7: 0] at 0x6 

0x0/00B0 

0x2/00B1 

0x4/00B2 

0x6/00B3 

8 32 4 

0x0/B0 

0x1/B1 

0x2/B2 

0x3/B3 

1: Read B0 [7: 0] at 0x0, write 000000B0 [31: 0] at 
0x0 

2: Read B1 [7: 0] at 0x1, write 000000B1 [31: 0] at 
0x4 

3: Read B2 [7: 0] at 0x2, write 000000B2 [31: 0] at 
0x8 

4: Read B3 [7: 0] at 0x3, write 000000B3 [31: 0] at 
0xC 

0x0/000000B0 

0x4/000000B1 

0x8/000000B2 

0xC/000000B3 

16 8 4 

0x0/B1B0 

0x2/B3B2 

0x4/B5B4 

0x6/B7B6 

1: Read B1B0 [15: 0] at 0x0, write B0 [7: 0] at 0x0 

2: Read B3B2 [15: 0] at 0x2, write B2 [7: 0] at 0x1 

3: Read B5B4 [15: 0] at 0x4, write B4 [7: 0] at 0x2 

4: Read B7B6 [15: 0] at 0x6, write B6 [7: 0] at 0x3 

0x0/B0 

0x1/B2 

0x2/B4 

0x3/B6 

16 16 4 

0x0/B1B0 

0x2/B3B2 

0x4/B5B4 

0x6/B7B6 

1: Read B1B0 [15: 0] at 0x0, write B1B0 [15: 0] at 
0x0 

2: Read B3B2 [15: 0] at 0x2, write B3B2 [15: 0] at 
0x2 

3: Read B5B4 [15: 0] at 0x4, write B5B4 [15: 0] at 
0x4 

4: Read B7B6 [15: 0] at 0x6, write B7B6 [15: 0] at 
0x6 

0x0/B1B0 

0x2/B3B2 

0x4/B5B4 

0x6/B7B6 

16 32 4 

0x0/B1B0 

0x2/B3B2 

0x4/B5B4 

0x6/B7B6 

1: Read B1B0 [7: 0] at 0x0, write 0000B1B0 [31: 0] 
at 0x0 

2: Read B3B2 [7: 0] at 0x2, write 0000B3B2 [31: 0] 
at 0x4 

3: Read B5B4 [7: 0] at 0x4, write 0000B5B4 [31: 0] 
at 0x8 

4: Read B7B6 [7: 0] at 0x6, write 0000B7B6 [31: 0] 
at 0xC 

0x0/0000B1B0 

0x4/000B3B2 

0x8/0000B5B4 

0xC/0000B7B6 

32 8 4 

0x0/B3B2B1B0 

0x4/B7B6B5B4 

0x8/BBBAB9B8 

0xC/BFBEBDBC 

1: Read B3B2B1B0 [31: 0] at 0x0, write B0 [7: 0] at 
0x0 

2: Read B7B6B5B4 [31: 0] at 0x4, write B4 [7: 0] at 
0x1 

3: Read BBBAB9B8 [31: 0] at 0x8, write B8 [7: 0] at 
0x2 

4: Read BFBEBDBC [31: 0] at 0xc, write BC [7: 0] 
at 0x3 

0x0/B0 

0x1/B4 

0x2/B8 

0x3/BC 

32 16 4 

0x0/B3B2B1B0 

0x4/B7B6B5B4 

0x8/BBBAB9B8 

0xC/BFBEBDBC 

1: Read B3B2B1B0 [31: 0] at 0x0, write B1B0 [7: 0] 
at 0x0 

2: Read B7B6B5B4 [31: 0] at 0x4, write B5B4 [7: 0] 
at 0x2 

3: Read BBBAB9B8 [31: 0] at 0x8, write B9B8 [7: 0] 
at 0x4 

4: Read BFBEBDBC [31: 0] at 0xc, write BDBC [7: 
0] at 0x6 

0x0/B1B0 

0x2/B5B4 

0x4/B9B8 

0x6/BDBC 

32 32 4 
0x0/B3B2B1B0 

0x4/B7B6B5B4 

1: Read B3B2B1B0 [31: 0] at 0x0, write B3B2B1B0 
[7: 0] at 0x0 

0x0/B3B2B1B0 

0x4/B7B6B5B4 
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10.3.6.1. Byte/half-word access is not supported 

If DMA writes in bytes or half words to an AHB device that does not support byte or half word writing 

operation (i.e. HSIZE is not suitable for this module), no error occurs, DMA will write 32-bit HWDATA 

data according to the following two examples: 

Â To write the half-word 0xABCD, the DMA controller sets the HWDATA bus to 0xABCDABCD 

with a half-word data size (HSIZE = Half-word). 

Â To write the byte 0xAB, the DMA controller sets the HWDATA bus to 0xABABABAB with a byte 

data size (HSIZE = Byte). 

Assuming the AHB/APB bridge is a 32-bit AHB slave, it does not handle the HSIZE parameter. It will 

transfer any byte or half-word on the AHB to the APB as 32-bit in the following manner: 

Â A write byte data '0xB0' operation on an AHB for address 0x0 (or 0x1, 0x2, or 0x3) will be trans-

lated to a write data '0xB0B0B0B0' operation on an APB for address 0x0. 

Â A write half-word data '0xB1B0' operation on an AHB to address 0x0 (or 0x2) will be translated 

to a write data '0xB1B0B1B0' operation on an APB to address 0x0. 

10.3.7. DMA error management 

A DMA transfer error is generated when reading from or writing to a reserved address space. When 

a DMA transfer error occurs during a DMA read or write access, the faulty channel x is automatically 

disabled through a hardware clear of its EN bit in the corresponding DMA_CCRx register. At this 

time, the Transfer Error Interrupt Flag bit (TEIF) corresponding to the channel in the DMA_IFR regis-

ter will be set, and an interrupt will be generated if the Transfer Error Interrupt Allow bit is set in the 

DMA_CCRx register. 

10.4. DMA interrupts 

Each DMA channel can generate interrupts when DMA block transmission is halfway through, block 

transmission is complete, transmission is complete, and transmission errors. Separate interrupt ena-

ble bits are available for flexibility. 

Table 10-3 DMA interrupt request 

Note: When the DMA_CNDTRx register is 1, the HBTIFx bit is not set 

  

0x8/BBBAB9B8 

0xC/BFBEBDBC 

2: Read B7B6B5B4 [31: 0] at 0x4, write B7B6B5B4 
[7: 0] at 0x2 

3: Read BBBAB9B8 [31: 0] at 0x8, write 
BBBAB9B8 [7: 0] at 0x4 

4: Read BFBEBDBC [31: 0] at 0xc, write 
BFBEBDBC [7: 0] at 0x6 

0x8/BBBAB9B8 

0xC/BFBEBDBC 

Interrupt event Event flag Enable control bit 

More than half of block transmission HBTIF HBTIE 

Block transfer complete BTCIF BTCIE 

Transfer complete TCIF TCIE 

Transfer error TEIF TEIE 
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10.5. DMA peripheral request mapping 

Table 10-4 DMA peripheral channel requests 

 

 

Peripherals 
Channel 1~7 (Each channel can be configured as the following re-

quests) 

ADC ADC 

DAC DAC 

SPI 

SPI1_RX 
SPI1_TX 
SPI2_RX 
SPI2_TX 

USART 
UART 

LPUART 

USART1_RX 
USART1_TX 
USART2_RX 
USART2_TX 
UART1_RX 
UART1_TX 
UART2_RX 
UART2_TX 

LPUART1_RX 
LPUART1_TX 
LPUART2_RX 
LPUART2_TX 

I2C 

I2C1_RX 
I2C1_TX 
I2C2_RX 
I2C2_TX 

TIM1 

TIM1_CH1 
TIM1_CH2 
TIM1_CH3 
TIM1_CH4 
TIM1_UP 

TIM1_TRG 
TIM1_COM 

TIM2 

TIM2_CH1 
TIM2_CH2 
TIM2_CH3 
TIM2_CH4 
TIM2_UP 

TIM2_TRG 

TIM3 

TIM3_CH1 
TIM3_CH2 
TIM3_CH3 
TIM3_CH4 
TIM3_UP 

TIM3_TRG 

TIM6 TIM6_UP 

TIM7 TIM7_UP 

TIM15 

TIM15_CH1 
TIM15_CH2 
TIM15_COM 
TIM15_UP 

TIM15_TRG 

TIM16 
TIM16_CH1 
TIM16_UP 

TIM17 
TIM17_CH1 
TIM17_UP 

PWM 

PWM_CH1 
PWM_CH2 
PWM_CH3 
PWM_CH4 
PWM_UP 
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10.6. DMA registers 

10.6.1. DMA interrupt status register (DMA_ISR) 

Offset address: 0x00 

Reset value: 0x0000 0000 

 

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

Res. Res. Res. Res. 
TEIF

7 
HBTIF

7 
BTCIF

7 
TCIF

7 
TEIF

6 
HBTIF

6 
BTCIF

6 
TCIF

6 
TEIF

5 
HBTIF

5 
BTCIF

5 
TCIF

5 

    R R R R R R R R R R R R 

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

TEIF
4 

HBTIF
4 

BTCIF
4 

TCIF
4 

TEIF
3 

HBTIF
3 

BTCIF
3 

TCIF
3 

TEIF
2 

HBTIF
2 

BTCIF
2 

TCIF
2 

TEIF
1 

HBTIF
1 

BTCIF
1 

TCIF
1 

R R R R R R R R R R R R R R R R 

Bit Name R/W Reset Value Function 

31:28 Reserved - - Reserved 

27 TEIF7 R 0 

Channel 7 Transmission Error (TE) flag. 
Hardware set, software writes DMA_CTEIF7 = 1 to 
clear. 
0: No TE event 
1: TE event occurred 

26 HBTIF7 R 0 

Channel 7 Half Block Transfer (HBT) flag. 
Hardware set, software writes DMA_CHBTIF7 = 1 to 
clear. 
0: No HBT event 
1: HBT event occurred 

25 BTCIF7 R 0 

Channel 7 Block Transfer Complete (BTC) flag. 
Hardware set, software writes DMA_CBTCIF7 = 1 to 
clear. 
0: No BTC event 
1: BTC event occurs 

24 TCIF7 R 0 

Channel 7 All Block Transfer Complete (TC) interrupt 
flag. 
Hardware set, software writes DMA_CTCIF7 = 1 to 
clear. 
0: No TC event 
1: TC event occurred 

23 TEIF6 R 0 

Channel 6 Transmission Error (TE) flag. 
Hardware set, software writes DMA_CTEIF6 = 1 to 
clear. 
0: No TE event 
1: TE event occurred 

22 HBTIF6 R 0 

Channel 6 Half Block Transfer (HBT) completion flag. 
Hardware set, software writes DMA_CHBTIF6 = 1 to 
clear. 
0: No HBT event 
1: HBT event occurred 

21 BTCIF6 R 0 

Channel 6 Block Transfer Complete (BTC) flag. 
Hardware set, software writes DMA_CBTCIF6 = 1 to 
clear. 
0: No BTC event 
1: BTC event occurs 

20 TCIF6 R 0 

Channel 6 All Block Transfer Complete (TC) interrupt 
flag. 
Hardware set, software writes DMA_CTCIF6 = 1 to 
clear. 
0: No TC event 
1: TC event occurred 

19 TEIF5 R 0 

Channel 5 Transmission Error (TE) flag. 
Hardware set, software writes DMA_CTEIF5 = 1 to 
clear. 
0: No TE event 
1: TE event occurred 

18 HBTIF5 R 0 

Channel 5 Half Block Transfer (HBT) completion flag. 
Hardware set, software writes DMA_CHBTIF5 = 1 to 
clear. 
0: No HBT event 



PY32T090 Reference Manual 

157 / 672 

 

1: HBT event occurred 

17 BTCIF5 R 0 

Channel 5 Block Transfer Complete (BTC) flag. 
Hardware set, software writes DMA_CBTCIF5 = 1 to 
clear. 
0: No BTC event 
1: BTC event occurs 

16 TCIF5 R 0 

Channel 5 All Block Transfer Complete (TC) interrupt 
flag. 
Hardware set, software writes DMA_CTCIF5 = 1 to 
clear. 
0: No TC event 
1: TC event occurred 

15 TEIF4 R 0 

Channel 4 Transmission Error (TE) flag. 
Hardware sets the bit, software writes DMA_CTEIF4=1 
to clear it. 
0: No TE event 
1: TE event occurred 

14 HBTIF4 R 0 

Channel 4 Half Block Transfer Complete (HBT) flag. 
Hardware set, software writes DMA_CHBTIF4 = 1 to 
clear. 
0: No HBT event 
1: HBT event occurred 

13 BTCIF4 R 0 

Channel 4 Block Transfer Complete (BTC) flag. 
Hardware set, software writes DMA_CBTCIF4 = 1 to 
clear. 
0: No BTC event 
1: BTC event occurs 

12 TCIF4 R 0 

Channel 4 All Block Transfer Complete (TC) interrupt 
flag. 
Hardware set, software writes DMA_CTCIF4 = 1 to 
clear. 
0: No TC event 
1: TC event occurred 

11 TEIF3 R 0 

Channel 3 Transmission Error (TE) flag. 
Hardware set, software writes DMA_CTEIF3 = 1 to 
clear. 
0: No TE event 
1: TE event occurred 

10 HBTIF3 R 0 

Channel 3 Half Block Transfer (HBT) flag. 
Hardware set, software writes DMA_CHBTIF3 = 1 to 
clear. 
0: No HBT event 
1: HBT event occurred 

9 BTCIF3 R 0 

Channel 3 Block Transfer Complete (BTC) flag. 
Hardware set, software writes DMA_CBTCIF3 = 1 to 
clear. 
0: No BTC event 
1: BTC event occurs 

8 TCIF3 R 0 

Channel 3 All Block Transfer Complete (TC) interrupt 
flag. 
Hardware set, software writes DMA_CTCIF3 = 1 to 
clear. 
0: No TC event 
1: TC event occurred 

7 TEIF2 R 0 

Channel 2 Transmission Error (TE) flag. 
Hardware set, software writes DMA_CTEIF2 = 1 to 
clear. 
0: No TE event 
1: TE event occurred 

6 HBTIF2 R 0 

Channel 2 Half Block Transfer (HBT) flag. 
Hardware set, software writes DMA_CHBTIF2 = 1 to 
clear. 
0: No HBT event 
1: HBT event occurred 

5 BTCIF2 R 0 

Channel 2 Block Transfer Complete (BTC) flag. 
Hardware set, software writes DMA_CBTCIF2 = 1 to 
clear. 
0: No BTC event 
1: BTC event occurs 
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10.6.2. DMA Interrupt Flag Clear Register (DMA_IFCR) 

Offset address: 0x04 

Reset value: 0x0000 0000 

 

4 TCIF2 R 0 

Channel 2 All Block Transfer Complete (TC) interrupt 
flag. 
Hardware set, software writes DMA_CTCIF2 = 1 to 
clear. 
0: No TC event 
1: TC event occurred 

3 TEIF1 R 0 

Channel 1 Transmission Error (TE) flag. 
Hardware set, software writes DMA_CTEIF1 = 1 to 
clear. 
0: No TE event 
1: TE event occurred 

2 HBTIF1 R 0 

Channel 1 Half Block Transfer (HBT) completion flag. 
Hardware set, software writes DMA_CHBTIF1 = 1 to 
clear. 
0: No HBT event 
1: HBT event occurred 

1 BTCIF1 R 0 

Channel 1 Block Transfer Complete (BTC) flag. 
Hardware set, software writes DMA_CBTCIF1 = 1 to 
clear. 
0: No BTC event 
1: BTC event occurs 

0 TCIF1 R 0 

Channel 1 All Block Transfer Complete (TC) interrupt 
flag. 
Hardware set, software writes DMA_CTCIF1 = 1 to 
clear. 
0: No TC event 
1: TC event occurred 

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

Res. Res. Res. Res. 
CTEI
F7 

CHBT
IF7 

CBTC
IF7 

CTCI
F7 

CTEI
F6 

CHBT
IF6 

CBTC
IF6 

CTCI
F6 

CTEI
F5 

CHBT
IF5 

CBTC
IF5 

CTCI
F5 

    W W W W W W W W W W W W 

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

CTEI
F4 

CHBT
IF4 

CBTC
IF4 

CTCI
F4 

CTEI
F3 

CHBT
IF3 

CBTC
IF3 

CTCI
F3 

CTEI
F2 

CHBT
IF2 

CBTC
IF2 

CTCI
F2 

CTEI
F1 

CHBT
IF1 

CBTC
IF1 

CTCI
F1 

W W W W W W W W W W W W W W W W 

Bit Name R/W Reset Value Function 

31:28 Reserved - - Reserved 

27 CTEIF7 W 0 

Transfer error flag clear for channel 7 

0: No effect 
1: Clear TEIF7 

26 CHBTIF7 W 0 

Channel 7 block half transfer flag cleared. 

0: No effect 
1: Clear HBTIF7 

25 CBTCIF7 W 0 

Channel 7 block transfer complete flag cleared. 

0: No effect 
1: Clear BTCIF7 

24 CTCIF7 W 0 

All block transmission completion flag of channel 7 is 
cleared. 

0: No effect 
1: Clear TCIF7 

23 CTEIF6 W 0 

Transfer error flag clear for channel 6 

0: No effect 
1: Clear TEIF6 

22 CHBTIF6 W 0 

Channel 6 block half transfer flag cleared. 

0: No effect 
1: Clear HBTIF6 

21 CBTCIF6 W 0 

Channel 6 block transmission completion flag is cleared. 

0: No effect 
1: Clear BTCIF6 

20 CTCIF6 W 0 

All block transmission completion flag of channel 6 is 
cleared. 

0: No effect 
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1: Clear TCIF6 

19 CTEIF5 W 0 

Transfer error flag clear for channel 5 

0: No effect 
1: Clear TEIF5 

18 CHBTIF5 W 0 

Channel 5 block half transfer flag cleared. 

0: No effect 
1: Clear HBTIF5 

17 CBTCIF5 W 0 

Channel 5 block transfer complete flag cleared. 

0: No effect 
1: Clear BTCIF5 

16 CTCIF5 W 0 

All block transmission completion flag of channel 5 is 
cleared. 

0: No effect 
1: Clear TCIF5 

15 CTEIF4 W 0 

Transfer error flag clear for channel 4 

0: No effect 
1: Clear TEIF4 

14 CHBTIF4 W 0 

Channel 4 block half transfer flag cleared. 

0: No effect 
1: Clear HBTIF4 

13 CBTCIF4 W 0 

Channel 4 block transfer complete flag cleared. 

0: No effect 
1: Clear BTCIF4 

12 CTCIF4 W 0 

All block transmission completion flag of channel 4 is 
cleared. 

0: No effect 
1: Clear TCIF4 

11 CTEIF3 W 0 

Transfer error flag clear for channel 3 

0: No effect 
1: Clear TEIF3 

10 CHBTIF3 W 0 

Channel 3 block half transfer flag cleared. 

0: No effect 
1: Clear HBTIF3 

9 CBTCIF3 W 0 

Channel 3 block transfer complete flag cleared. 

0: No effect 
1: Clear BTCIF3 

8 CTCIF3 W 0 

All block transmission completion flag of channel 3 is 
cleared. 

0: No effect 
1: Clear TCIF3 

7 CTEIF2 W 0 

Transfer error flag clear for channel 2 

0: No effect 
1: Clear TEIF2 

6 CHBTIF2 W 0 

Channel 2 block half transfer flag cleared. 

0: No effect 
1: Clear HBTIF2 

5 CBTCIF2 W 0 

Channel 2 block transfer complete flag cleared. 

0: No effect 
1: Clear BTCIF2 

4 CTCIF2 W 0 

All block transmission completion flag of channel 2 is 
cleared. 

0: No effect 
1: TCIF2 cleared 

3 CTEIF1 W 0 

Transfer error flag clear for channel 1 

0: No effect 
1: Clear TEIF1 

2 CHBTIF1 W 0 

Channel 1 block half transfer flag cleared. 

0: No effect 
1: Clear HBTIF1 

1 CBTCIF1 W 0 

Channel 1 block transfer complete flag cleared. 

0: No effect 
1: Clear BTCIF1 

0 CTCIF1 W 0 

All block transmission completion flag of channel 1 is 
cleared. 

0: No effect 
1: Clear TCIF1 
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10.6.3. DMA channel x configuration register (DMA_CCRx) (x=1~7) 

Offset address: 0x08+(x-1)*0x14 (x=1~7) 

Reset value: 0x000x 0000 

 

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

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

M2MAR
B 

BTCSUS
P 

MNORL
D 

PNORL
D 

MEM2ME
M 

PL[2:0] 

        RW RW RW RW RW RW RW 
R
W 

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

MSIZE[1:0] PSIZE[1:0] MINC[1:0] PINC[1:0] 
TRANS

T 
CIRC DIR TEIE HBTIE 

BTCI
E 

TCI
E 

EN 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 
R
W 

Bit Name R/W Reset Value Function 

31:24 Reserved - - Reserved 

23 M2MARB RW 0 

Arbitration mode in channel x memory to memory mode 
(valid when mem2mem = 1) 
0: The bus is not released after data is transmitted 
once; (Loop mode is not supported) 
1: Release the bus after transmitting data once; 
When EN = 0, the software is readable and writable; 
When EN = 1, the software is only readable; 

22 BTCSUSP RW 0 

Enter BTC interrupt post-processing mode in channel x 
loop mode 
0: Transmission is not suspended; 
1: Suspend transmission; 
When this bit is configured to 1, after entering the BTC 
interrupt, the software clears the BTC interrupt and re-
sumes transmission; 
When EN = 0, the software is readable and writable; 
When EN = 1, the software is only readable; 

21 MNORLD RW 0 

Memory address circular mode for channel x (valid 
when CIRC=1) 
0: memory address reload enabled; 
1: Memory address reload disabled; 
When EN = 0, the software is readable and writable; 
When EN = 1, the software is only readable; 

20 PNORLD RW 0 

Peripheral address circular mode of channel x (valid 
when CIRC=1) 
0: Peripheral address reload enabled; 
1: Peripheral address reloading is prohibited; 
When EN = 0, the software is readable and writable; 
When EN = 1, the software is only readable; 

19 MEM2MEM RW 0 

Channel x memory to memory mode. 
0: Interrupt is disabled 
1: memory to memory mode enabled; 
When EN = 0, the software is readable and writable; 
When EN = 1, the software is only readable; 

18:16 PL[2:0] RW x 

Channel x priority configuration. 
000: Channel priority is 0; 
001: Channel priority is 1; 
010: Channel priority is 2; 
011: Channel priority is 3; 
100: Channel priority is 4; 
101: Channel priority is 5; 
110: Channel priority is 6; 
Others: Reserved 
When EN = 0, the software is readable and writable; 
When EN = 1, the software is only readable; 

15:14 MSIZE[1:0] RW 0 

Channel x memory data width. 

00: 8 bits; 
01: 16 bits; 
10: 32 bits; 

11: Reserved; 
When EN = 0, the software is readable and writable; 
When EN = 1, the software is only readable; 
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10.6.4. DMA Channel x Data Transfer Number Register (DMA_CNDTRx) (x=1~7) 

Offset address: 0x0C+(x-1)*0x14 (x=1~7) 

Reset value: 0x0000 0000 

13:12 PSIZE[1:0] RW 0 

Channel x Peripheral Data Width. 

00: 8 bits; 
01: 16 bits; 
10: 32 bits; 

11: Reserved; 
When EN = 0, the software is readable and writable; 
When EN = 1, the software is only readable; 

11:10 MINC[1:0] RW 0 

Channel x memory address delta mode. 
00: No change; 
01: Increment; 
10: Decrement; 

11: Reserved; 
When EN = 0, the software is readable and writable; 
When EN = 1, the software is only readable; 

9:8 PINC[1:0] RW 0 

Channel x peripheral address increment mode. 
00: No change; 
01: Increment; 
10: Decrement; 

11: Reserved; 
When EN = 0, the software is readable and writable; 
When EN = 1, the software is only readable; 

7 TRANST RW 0 

Data transmission mode of channel x (valid when 
mem2mem = 0) 
0: Single transfer; 
1: Burst transfer; 
When EN = 0, the software is readable and writable; 
When EN = 1, the software is only readable; 

6 CIRC RW 0 

the circular mode 
0: Interrupt is disabled 

1: Enabled 

When EN = 0, the software is readable and writable; 
When EN = 1, the software is only readable; 

5 DIR RW 0 

Channel x Data Transmission Direction. 
0: Read from peripheral; 
1: Read from memory; 
When EN = 0, the software is readable and writable; 
When EN = 1, the software is only readable; 

4 TEIE RW 0 
Channel x Transmission Error Interrupt (TE) enabled. 
0: Interrupt is disabled 
1: TE interrupt enable; 

3 HBTIE RW 0 
Channel x Half Block Transfer Interrupt (HBT) enabled. 
0: Interrupt is disabled 
1: HBT interrupt enable; 

2 BTCIE RW 0 

Channel x Block Transfer Complete Interrupt (BTC) en-
abled. 
0: Interrupt is disabled 
1: BTC interrupt enable; 

1 TCIE RW 0 

Channel x All block transmission completion interrupt 
(TC) enabled. 
0: Interrupt is disabled 
1: TC interrupt enable; 

0 EN RW 0 

Channel x enables. 
0: Interrupt is disabled 
1: Channel x enabled; 
Cleared by hardware when all block transfers are com-
pleted or a transfer error occurs; 
The software is readable and writable; 
Note 1: In case of invalid configuration, such as NDT=0 
but EN=1, hardware will clear EN to ensure subsequent 
transfers proceed normally; 
Note 2: When configuring DMA registers, follow the 
principle of configuring first and then controlling, i.e., set 
EN=1 last; 
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10.6.5. DMA Channel x Peripheral Address Register (DMA_CPARx) (x=1~7) 

Offset address: 0x10+(x-1)*0x14 (x=1~7) 

Reset value: 0x0000 0000 

 

10.6.6. DMA channel x memory address register (DMA_CMARx) (x=1~7) 

Offset address: 0x14+(x-1)*0x14 (x=1~7) 

Reset value: 0x0000 0000 

 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

NDT[15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 NDT[15:0] RW 0 

Channel x Number of Data Transmission. 
The number of data transfer is 0 to 65535. This register 
is written only when the channel is not working 
(DMA_CCRx.EN = 0). This register becomes read-only 
after the channel is enabled, indicating the remaining 
number of transfers. This register value is decremented 
after each DMA transfer. 
After the data transfer is completed, the contents of the 

register either become 0, or when the channel is con-
figured in ciucular mode, the contents of the regis-
ter will be automatically reloaded to the previously 
configured value. 
If this field is zero, no transfer can be served what-
ever the channel status. 
When EN = 0, the software is readable and writable; 
When EN = 1, the software is only readable; 

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

PA[31:16] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

PA[15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:0 PA[31:0] RW 0 

Channel x peripheral address. 
The base address of the channel x peripheral data reg-
ister as the source or destination of the data transfer. 
When PSIZE = 2 'b01, the PA [0] bit is ignored. Access 
is automatically aligned to a half-word address. 
When PSIZE = 2 'b10, the PA [1: 0] bit is ignored. Ac-
cess is automatically aligned with the word address. 
When EN = 0, the software is readable and writable; 
When EN = 1, the software is only readable; 

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

MA[31:16] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

MA[15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:0 MA[31:0] RW 0 

Channel x memory address. 
Channel x memory address, as the source or destina-
tion of data transfer. 
When MSIZE = 2 'b01, the MA [0] bit is ignored. Access 
is automatically aligned to a half-word address. 
When MSIZE = 2 'b10, the MA [1: 0] bit is ignored. Ac-
cess is automatically aligned with the word address. 
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10.6.7. DMA channel x circular transfer configuration register (DMA_CCCFGRx) 

(x=1~7) 

Offset address: 0x18+(x-1)*0x14 (x=1~7) 

Reset value: 0x0000 0000 

 

 

When EN = 0, the software is readable and writable; 
When EN = 1, the software is only readable; 

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

NDTL[15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

Res. Res. Res. Res. Res. Res. Res. Res. NBT[7:0] 

        RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 NDTL[15:0] RW 0 

Number of last block data transfers for channel x in finite 
circular mode. 
The number of data transmissions is 0 ~ 65535. 
This register is written only when the channel is not work-
ing (DMA CCRx.EN = 0). This register is read-only when 
the channel is enabled, indicating the number of last re-
maining transfers in the cyclic mode. 
This register value decrements with each transfer during 
the last block transfer in circular mode. 
When EN=0, software can read and write; 
When EN=1, software can only read; 

15:8 Reserved - - Reserved 

7:0 NBT[7:0] RW 0 

Number of block circular transfers for channel x. 
In circular mode, when this register's initial value is 0, the 
block circular transfer count is infinite; when greater than 
0, the count equals this register's value (1~255). This reg-
ister is written only when the channel is not working 
(DMA_CCRx.EN = 0). This register becomes read-only af-
ter channel enable, indicating remaining transfer blocks. 
This register value decrements after each block transfer 
completes. 
When EN = 0, the software is readable and writable; 
When EN = 1, the software is only readable; 
Note: Number of data transmitted in limited cycle = NDT * 
NBT + NDTL 



PY32T090 Reference Manual 

164 / 672 

 

11.  Interrupts and events  

11.1. Nested Vectored Interrupt Controller (NVIC)  

11.1.1. NVIC main features 

Â Support 32 maskable external interrupts (not including the sixteen CPU interrupt lines) 

Â 4 programmable priority levels (2 bits of interrupt priority are used) 

Â Low-latency exception and interrupt handling 

Â Power management control 

Â Implementation of system control registers 

The NVIC and the processor core interface are closely coupled, which enables low latency interrupt 

processing and efficient processing of late arriving interrupts. All interrupts including the core excep-

tions are managed by the NVIC. 

11.1.2. SysTick calibration value register 

The SysTick calibration value is set to 9000, with the SysTick clock configured to 9 MHz (max 

fHCLK/8), generating a 1ms time base. 

11.1.3. Interrupt and exception vectors 

Table 11-1 Terminals and Exception Vector Tables 

Vector 
number-

ing 

Prior-
ity 

Type of priority Abbreviations Description Address 

- - - - Reserved 0x0000_0000 

- -3 fixed Reset Reset 0x0000_0004 

- -2 fixed NMI_Handler 

NMI.  

1ζ RCC Clock Security 
System failure (CSS) 

2ζ SRAM parity error 

3ζ Flash ECC error ex-
ceeding 1 bit 

0x0000_0008 

- -1 fixed HardFualt_Handler All types of errors 0x0000_000C 

- - - - Reserved 
0x0000_0010~ 
0x0000_0028 

- 3 settable SVCall 
System service called via 
SWI instruction 

0x0000_002C 

- - - - Reserved 
0x0000_0030~ 
0x0000_0034 

- 5 settable PendSV 
Pendable system service 
request 

0x0000_0038 

- 6 settable SysTick System tick timer 0x0000_003C 

0 7 settable WWDG Window watchdog interrupt 0x0000_0040 

1 8 settable PVD 
PVD interrupt via EXTI 
Line16 

0x0000_0044 

2 9 settable RTC_TAMP RTC and TAMP interrupts 0x0000_0048 

3 10 settable Flash Flash global interrupt 0x0000_004C 

4 11 settable RCC RCC global interrupt 0x0000_0050 

5 12 settable EXTI0_1 
EXTI Line 0 and 1 inter-
rupts 

0x0000_0054 

6 13 settable EXTI2_3 
EXTI Line 0 and 1 inter-
rupts 

0x0000_0058 

7 14 settable EXTI4_15 EXTI Line 4 to 15 interrupts 0x0000_005C 

8 15 settable LCD LCD global interrupt 0x0000_0060 

9 16 settable DMA_Channel1 DMA channel 1 interrupt 0x0000_0064 
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1. Gray rows correspond to Cortex®-M0+ interrupts. 

11.2. Extended interrupt and event controller (EXTI)  

The extended interrupt and event controller (EXTI) manages the CPU and system wake-up through 

configurable and direct event inputs (Lines). It outputs following signals: 

Â Interrupt request, generating CPU interrupt input (IRQ) 

Â Event request, generating CPU event input (RXEV) 

Â The wake-up request is sent to the power consumption management control module 

EXTI wakeup request allows the system to wake from Stop mode. Interrupt and event requests can 

also be used in Run/Low-power Run modes. 

EXTI can manage up to 28 configurable/direct event lines (19 configurable event lines and 9 direct 

event lines). 

11.2.1. EXTI main features 

Â The system can be woken by GPIO and specified module inputs 

(PVD/COMP/RTC/TAMP/LPTIM/LPUART/I2C/TK). 

Â Configurable events (from I/O or peripherals without interrupt pending status bits, generating 

pulse peripherals) 

ĺ Selectable active trigger edge 

ĺ Interrupt pending status bits 

ĺ Individual interrupt and event generation mask 

10 17 settable DMA_Channel 2_3 
DMA channel 2 and 3 inter-
rupt 

0x0000_0068 

11 18 settable DMA_Channel4_7 
DMA channel 4 to 7 inter-
rupt 

0x0000_006C 

12 19 settable ADC_COMP 
ADC and COMP interrupt 
(COMP combined with 
EXTI Line 17 and 18) 

0x0000_0070 

13 20 settable TIM1_BRK_UP_TRG_COM 
TIM1 brake, update, trig-
ger, and commutation inter-
rupt 

0x0000_0074 

14 21 settable TIM1_CC 
TIM1 capture compare in-
terrupt 

0x0000_0078 

15 22 settable TIM2 TIM2 global interrupt 0x0000_007C 

16 23 settable TIM3 TIM3 global interrupt 0x0000_0080 

17 24 settable TIM6_DAC_LPTIM1 
LPTIM1, TIM6, and DAC 
interrupt 

0x0000_0084 

18 25 settable TIM7_LPTIM2 LPTIM2 and TIM7 interrupt 0x0000_0088 

19 26 settable PWM PWM global interrupt 0x0000_008C 

20 27 settable TIM15 TIM15 global interrupt 0x0000_0090 

21 28 settable TIM16 TIM16 global interrupt 0x0000_0094 

22 29 settable TIM17 TIM17 global interrupt 0x0000_0098 

23 30 settable I2C1 I2C1 global interrupt 0x0000_009C 

24 31 settable I2C2 I2C2 global interrupt 0x0000_00A0 

25 32 settable SPI1 SPI1 global interrupt 0x0000_00A4 

26 33 settable SPI2 SPI2 global interrupt 0x0000_00A8 

27 34 settable USART1 USART1 global interrupt 0x0000_00AC 

28 35 settable USART2 USART2 global interrupt 0x0000_00B0 

29 36 settable UART1_LPUART1 
UART1 & LPUART1 global 
interrupt 

0x0000_00B4 

30 37 settable UART2_LPUART2 
UART2 & LPUART2 global 
interrupt 

0x0000_00B8 

31 38 settable TK TK global interrupt 0x0000_00BC 
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ĺ SW trigger possibility 

Â Direct events (peripherals with associated flags and interrupt pending status bits) 

ĺ Fixed rising edge active trigger 

ĺ No interrupt pending status bit in the EXTI 

ĺ Individual interrupt and event generation mask 

ĺ No SW trigger possibility 

Â I/O port selector 

11.2.2. EXTI block diagram 
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Figure 11-1 EXTI block diagram 

Table 11-2 Signal Overview 

11.2.3. EXTI function description 

Peripherals capable of generating wakeup or interrupt event signals in stop mode, connected to the 

EXTI module. 

Signal name I/O Description 

APB interface I/O EXTI register bus interface. 

PCLK I EXTI system clock 

Configurable event (y) I 
Asynchronous wakeup events from peripherals, where no related interrupts 
or flags exist in the peripheral. 

Direct event (x) I 
Synchronous and asynchronous wakeup events from peripherals, with re-
lated interrupts and flags in the peripheral. 

PA/PB/PC[15:0] 
PD[13:0] 

I GPIO port 

wkup_stop O Output to PWR and RCC modules for wakeup handling. 

cpu_rxev O Output to the CPU's RXEV interface signal. 

exti_int_o[18:0] O System clock domain signal, configurable for Line-type interrupts. 

cpu_irq[31:0] O Output to the CPU's IRQ interface signal. 
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Â Wakeup signals that generate a pulse or have no interrupt status bit inside the peripheral, con-

nected to the configurable Line-type of the EXTI module. The EXTI module generates an inter-

rupt pending bit (which needs to be cleared), and this EXTI interrupt serves as a CPU interrupt 

signal. 

Â Interrupt and wakeup signals from peripherals with associated status bits (which need to be 

cleared in the peripheral), connected to the direct Line-type of the EXTI module. 

Â All GPIO port inputs to the EXTI MUX module, allowing selected signals to serve as system 

wakeup signals through configuration. 

11.2.4. EXTI configurable event input wakeup 

Supports software triggering; software can trigger wakeup functionality by configuring the 

EXTI_SWIER register. 

Configurable registers for rising-edge, falling-edge, or dual-edge triggering; hardware detects config-

urable event input signals based on configuration and generates corresponding wakeup events or 

interrupt signals. 

Includes interrupt mask register (EXTI_IMR) and event mask register (EXTI_EMR). Events gener-

ated for the CPU when enabled. All events for the CPU are ORed and output as a single event input 

signal RXEV to the CPU. 

Configurable type events have a unique interrupt pending request register, shared with the CPU. The 

pending register is set only when the CPU interrupt mask register (EXTI_IMR) is configured as un-

masked. Each configurable type event corresponds to a CPU external interrupt signal (some may be 

multiplexed to the same CPU external interrupt signal). Interrupts for configurable type events re-

quire acknowledgment by the CPU through the EXTI_PR register (write 1 to clear). 

Note: When the interrupt pending register (EXTI_PR) remains active (not cleared), the system can-

not enter low-power mode. 

11.2.5. EXTI direct event input wake-up 

Direct type events do not generate interrupts in the EXTI module but produce event signals to wake 

up the system and CPU subsystem. When the CPU handles the interrupt generated by this type of 

trigger event, it needs to clear the interrupt status bit of the peripheral module. 

11.2.6. EXTI multiplexing 

GPIO is connected to the 16 external interrupt/event lines in the following manner: 
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Figure 11-2 EXTI GPIO Multiplexing 
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11.2.7. EXTI Line 

All line connections are shown in the table below: 

Table 11-3 EXTI lines connections 

11.3. EXTI register 

11.3.1. EXTI Rising Edge Trigger Selection Register (EXTI_RTSR) 

Address offset: 0x00 

Reset value: 0x0000 0000 

Contains only register control bits for configurable events. 

 

EXTI Line Source Type 

0-15 GPIO Configuration 

16 PVD output Configuration 

17 COMP 1 output Configuration 

18 COMP2 output Configuration 

19 - - 

20 RTC Direct 

21 TAMP Direct 

22 I2C1 Direct 

23 I2C2 Direct 

24 LPUART1 Direct 

25 LPUART2 Direct 

26 TK Direct 

27 LPTIM1 Direct 

28 LPTIM2 Direct 

29 - - 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. RT18 RT17 RT16 

             RW RW RW 

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

RT15 RT14 RT13 RT12 RT11 RT10 RT9 RT8 RT7 RT6 RT5 RT4 RT3 RT2 RT1 RT0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:19 Reserved - - Reserved 

18 RT18 RW 0 

Configuration type EXTI line18 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

17 RT17 RW 0 

Configuration type EXTI line17 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

16 RT16 RW 0 

Configuration type EXTI line16 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

15 RT15 RW 0 

Configuration type EXTI line15 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

14 RT14 RW 0 

Configuration type EXTI line14 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

13 RT13 RW 0 

Configuration type EXTI line13 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

12 RT12 RW 0 

Configuration type EXTI line12 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 
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Configurable EXTI Lines are edge-triggered, and no glitches can be generated on these Lines. If a 

rising edge occurs on the interrupt line during the write operation to the EXTI_RTSR register, the cor-

responding pending bit is not set. 

Rising and falling edge triggers can be set for the same interrupt line. In this case, both generate a 

trigger condition. 

11.3.2. EXTI Falling Trigger Selection Register (EXTI_FTSR) 

Address offset: 0x04 

Reset value: 0x0000 0000 

Contains only register control bits for configurable events. 

11 RT11 RW 0 

Configuration type EXTI line11 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

10 RT10 RW 0 

Configuration type EXTI line10 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

9 RT9 RW 0 

Configuration type EXTI line9 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

8 RT8 RW 0 

Configuration type EXTI line8 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

7 RT7 RW 0 

Configuration type EXTI line7 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

6 RT6 RW 0 

Configuration type EXTI line6 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

5 RT5 RW 0 

Configuration type EXTI line5 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

4 RT4 RW 0 

Configuration type EXTI line4 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

3 RT3 RW 0 

Configuration type EXTI line3 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

2 RT2 RW 0 

Configuration type EXTI line2 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

1 RT1 RW 0 

Configuration type EXTI line1 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

0 RT0 RW 0 

Configuration type EXTI line0 rising edge trigger 
configuration. 
0: Disabled 
1: Enabled 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. FT18 FT17 FT16 

             RW RW RW 

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

FT15 FT14 FT13 FT12 FT11 FT10 FT9 FT8 FT7 FT6 FT5 FT4 FT3 FT2 FT1 FT0 
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Configurable EXTI Lines are edge-triggered, and no glitches can be generated on these Lines. If a 

falling edge occurs on the interrupt line during the write operation to the EXTI_FTSR register, the 

corresponding pending bit is not set. 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:19 Reserved - - Reserved 

18 FT18 RW 0 
Configurable EXTI line18 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

17 FT17 RW 0 
Configurable EXTI line17 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

16 FT16 RW 0 
Configurable EXTI line16 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

15 FT15 RW 0 
Configurable EXTI line15 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

14 FT14 RW 0 
Configurable EXTI line14 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

13 FT13 RW 0 
Configurable EXTI line13 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

12 FT12 RW 0 
Configurable EXTI line12 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

11 FT11 RW 0 
Configurable EXTI line11 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

10 FT10 RW 0 
Configurable EXTI line10 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

9 FT9 RW 0 
Configurable EXTI line9 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

8 FT8 RW 0 
Configurable EXTI line8 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

7 FT7 RW 0 
Configurable EXTI line7 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

6 FT6 RW 0 
Configurable EXTI line6 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

5 FT5 RW 0 
Configurable EXTI line5 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

4 FT4 RW 0 
Configurable EXTI line4 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

3 FT3 RW 0 
Configurable EXTI line3 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

2 FT2 RW 0 
Configurable EXTI line2 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

1 FT1 RW 0 
Configurable EXTI line1 falling edge trigger configuration. 
0: Disabled 
1: Enabled 

0 FT0 RW 0 
Configurable EXTI line0 falling edge trigger configuration. 
0: Disabled 
1: Enabled 
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Rising and falling edge triggers can be set for the same interrupt line. In this case, both generate a 

trigger condition. 

11.3.3. EXTI Software Interrupt Event Register (EXTI_SWIER) 

Address offset: 0x08 

Reset value: 0x0000 0000 

Contains only register control bits for configurable events. 

 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 
SWIE

18 
SWIE

17 
SWIE

16 

             RW RW RW 

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

SWIE
15 

SWIE
14 

SWIE
13 

SWIE
12 

SWIE
11 

SWIE
10 

SWI
E9 

SWI
E8 

SWI
E7 

SWI
E6 

SWI
E5 

SWI
E4 

SWI
E3 

SWIE
2 

SWIE
1 

SWIE
0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:19 Reserved - - Reserved 

18 SWIE18 RW 0 

Configurable EXTI line18 software rising edge trigger config-
uration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

17 SWIE17 RW 0 

Configurable EXTI line17 software rising edge trigger config-
uration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

16 SWIE16 RW 0 

Configurable EXTI line16 software rising edge trigger config-
uration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

15 SWIE15 RW 0 

Configurable EXTI line15 software rising edge trigger config-
uration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

14 SWIE14 RW 0 

Configurable EXTI line14 software rising edge trigger config-
uration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

13 SWIE13 RW 0 

Configurable EXTI line13 software rising edge trigger config-
uration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 
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12 SWIE12 RW 0 

Configurable EXTI line12 software rising edge trigger config-
uration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

11 SWIE11 RW 0 

Configurable EXTI line11 software rising edge trigger config-
uration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

10 SWIE10 RW 0 

Configurable type EXTI line10 software rising edge trigger 
configuration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

9 SWIE9 RW 0 

Configurable type EXTI line9 software rising edge trigger 
configuration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

8 SWIE8 RW 0 

Configurable type EXTI line8 software rising edge trigger 
configuration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

7 SWIE7 RW 0 

Configurable type EXTI line7 software rising edge trigger 
configuration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

6 SWIE6 RW 0 

Configurable type EXTI line6 software rising edge trigger 
configuration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

5 SWIE5 RW 0 

Configurable type EXTI line5 software rising edge trigger 
configuration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

4 SWIE4 RW 0 

Configurable type EXTI line4 software rising edge trigger 
configuration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
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11.3.4. EXTI pending register (EXTI_PR) 

Address offset: 0x0C 

Reset value: 0x0000 0000 

Contains only register control bits for configurable events. 

 

This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

3 SWIE3 RW 0 

Configurable type EXTI line3 software rising edge trigger 
configuration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

2 SWIE2 RW 0 

Configurable type EXTI line2 software rising edge trigger 
configuration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

1 SWIE1 RW 0 

Configurable type EXTI line1 software rising edge trigger 
configuration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

0 SWIE0 RW 0 

Configurable type EXTI line0 software rising edge trigger 
configuration. 
0: No effect 
1: Generate rising trigger event, which in turn generates in-
terrupt 
This bit is cleared when the corresponding bit of the 
EXTI_PR register is written to 1 by software. Read returns 0 
(after clearing) or the configured value (before clearing). 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. PR18 PR17 PR16 

             
RC_
W1 

RC_
W1 

RC_
W1 

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

PR15 PR14 PR13 PR12 PR11 PR10 PR9 PR8 PR7 PR6 PR5 PR4 PR3 PR2 PR1 PR0 

RC_
W1 

RC_
W1 

RC_
W1 

RC_
W1 

RC_
W1 

RC_
W1 

RC_
W1 

RC_
W1 

RC_
W1 

RC_
W1 

RC_
W1 

RC_
W1 

RC_
W1 

RC_
W1 

RC_
W1 

RC_
W1 

Bit Name R/W Reset Value Function 

31:19 Reserved - - Reserved 

18 PR18 RC_W1 0 

Configurable type EXTI line18 event pending flag. 
When software or hardware generates rising/falling 
edge trigger events, this bit is set. This bit is cleared by 
writing 1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

17 PR17 RC_W1 0 

Configurable type EXTI line17 event pending flag. 
When software or hardware generates rising/falling 
edge trigger events, this bit is set. This bit is cleared by 
writing 1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

16 PR16 RC_W1 0 
Configurable type EXTI line16 event pending flag. 
When software or hardware generates rising/falling 
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edge trigger events, this bit is set. This bit is cleared by 
writing 1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

15 PR15 RC_W1 0 

Configurable type EXTI line15 event pending flag. 
When software or hardware generates rising/falling 
edge trigger events, this bit is set. This bit is cleared by 
writing 1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

14 PR14 RC_W1 0 

Configurable type EXTI line14 event pending flag. 
When software or hardware generates rising/falling 
edge trigger events, this bit is set. This bit is cleared by 
writing 1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

13 PR13 RC_W1 0 

Configurable type EXTI line13 event pending flag. 
When software or hardware generates rising/falling 
edge trigger events, this bit is set. This bit is cleared by 
writing 1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

12 PR12 RC_W1 0 

Configurable type EXTI line12 event pending flag. 
When software or hardware generates rising/falling 
edge trigger events, this bit is set. This bit is cleared by 
writing 1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

11 PR11 RC_W1 0 

Configurable type EXTI line11 event pending flag. 
When software or hardware generates rising/falling 
edge trigger events, this bit is set. This bit is cleared by 
writing 1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

10 PR10 RC_W1 0 

Configurable type EXTI line10 event pending flag. 
When software or hardware generates rising/falling 
edge trigger events, this bit is set. This bit is cleared by 
writing 1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

9 PR9 RC_W1 0 

Configurable type EXTI line9 event pending flag. When 
software or hardware generates rising/falling edge trig-
ger events, this bit is set. This bit is cleared by writing 
1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

8 PR8 RC_W1 0 

Configurable type EXTI line8 event pending flag. When 
software or hardware generates rising/falling edge trig-
ger events, this bit is set. This bit is cleared by writing 
1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

7 PR7 RC_W1 0 

Configurable type EXTI line7 event pending flag. When 
software or hardware generates rising/falling edge trig-
ger events, this bit is set. This bit is cleared by writing 
1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 
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11.3.5. EXTI external interrupt selection register 1 (EXTI_IOSELR1) 

Address offset: 0x10 

Reset value: 0x0000_0000 

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

Res. Res. 
EXTI7SEL 

[1:0] 
Res. Res. 

EXTI6SEL 
[1:0] 

Res Res. EXTI5SEL [1:0] Res. Res. 
EXTI4SEL 

[1:0] 

  RW RW   RW RW   RW RW   RW RW 

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

Res. Res. 
EXTI3SEL 

[1:0] 
Res. Res. 

EXTI2SEL 
[1:0] 

Res Res. EXTI1SEL [1:0] Res. Res. 
EXTI0SEL 

[1:0] 

  RW RW   RW RW   RW RW   RW RW 

6 PR6 RC_W1 0 

Configurable type EXTI line6 event pending flag. When 
software or hardware generates rising/falling edge trig-
ger events, this bit is set. This bit is cleared by writing 
1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

5 PR5 RC_W1 0 

Configurable type EXTI line5 event pending flag. When 
software or hardware generates rising/falling edge trig-
ger events, this bit is set. This bit is cleared by writing 
1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

4 PR4 RC_W1 0 

Configure the EXTI line4 event pending flag. When 
software or hardware generates rising/falling edge trig-
ger events, this bit is set. This bit is cleared by writing 
1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

3 PR3 RC_W1 0 

Configure the EXTI line3 event pending flag. When 
software or hardware generates rising/falling edge trig-
ger events, this bit is set. This bit is cleared by writing 
1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

2 PR2 RC_W1 0 

Configure the EXTI line2 event pending flag. When 
software or hardware generates rising/falling edge trig-
ger events, this bit is set. This bit is cleared by writing 
1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

1 PR1 RC_W1 0 

Configure the EXTI line1 event pending flag. When 
software or hardware generates rising/falling edge trig-
ger events, this bit is set. This bit is cleared by writing 
1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

0 PR0 RC_W1 0 

Configure the EXTI line0 event pending flag. When 
software or hardware generates rising/falling edge trig-
ger events, this bit is set. This bit is cleared by writing 
1 
0: No trigger request occurred 
1: Generate rising edge/falling edge/software trigger 
event request; 

Bit Name R/W Reset Value Function 

31:30 Reserved - - Reserved 

29:28 EXTI7SEL [1:0] RW 0 
GPIO port selection for EXTI7. 
2ôb00: PA[7] pin 
2ôb01: PB[7] pin 
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11.3.6. EXTI external interrupt selection register 2 (EXTI_IOSELR2) 

Address offset: 0x14 

Reset value: 0x0000_0000 

 

2ôb10: PC[7] pin 
2ôb11: PD[7] pin 

27:26 Reserved - - Reserved 

25:24 EXTI6SEL [1:0] RW 0 

GPIO port selection for EXTI6. 
2ôb00: PA[6] pin 
2ôb01: PB[6] pin 
2ôb10: PC[6] pin 
2ôb11: PD[6] pin 

23:22 Reserved - - Reserved 

21:20 EXTI5SEL [1:0] RW 0 

GPIO port selection for EXTI5. 
2ôb00: PA[5] pin 
2ôb01: PB[5] pin 
2ôb10: PC[5] pin 
2ôb11: PD[5] pin 

19:18 Reserved - - Reserved 

17:16 EXTI4SEL [1:0] RW 0 

GPIO port selection for EXTI4. 
2ôb00: PA[4] pin 
2ôb01: PB[4] pin 
2ôb10: PC[4] pin 
2ôb11: PD[4] pin 

15:14 Reserved - - Reserved 

13:12 EXTI3SEL [1:0] RW 0 

GPIO port selection for EXTI3. 
2ôb00: PA[3] pin 
2ôb01: PB[3] pin 
2ôb10: PC[3] pin 
2ôb11: PD[3] pin 

11:10 Reserved - - Reserved 

9:8 EXTI2SEL [1:0] RW 0 

GPIO port selection for EXTI2. 
2ôb00: PA[2] pin 
2ôb01: PB[2] pin 
2ôb10: PC[2] pin 
2ôb11: PD[2] pin 

7:6 Reserved - - Reserved 

5:4 EXTI1SEL [1:0] RW 0 

GPIO port selection for EXTI1. 
2ôb00: PA[1] pin 
2ôb01: PB[1] pin 
2ôb10: PC[1] pin 
2ôb11: PD[1] pin 

3:2 Reserved - - Reserved 

1:0 EXTI0SEL1:0] RW 0 

GPIO port selection for EXTI0. 
2ôb00: PA[0] pin 
2ôb01: PB[0] pin 
2ôb10: PC[0] pin 
2ôb11: PD[0] pin 

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

Res. Res. 
EXTI15SEL 

[1:0] 
Res. Res. 

EXTI14SEL 
[1:0] 

Res Res. 
EXTI13SEL 

[1:0] 
Res. Res. 

EXTI12SEL 
[1:0] 

  RW RW   RW RW   RW RW   RW RW 

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

Res. Res. 
EXTI11SEL 

[1:0] 
Res. Res. 

EXTI10SEL 
[1:0] 

Res Res. EXTI9SEL [1:0] Res. Res. EXTI8SEL [1:0] 

  RW RW   RW RW   RW RW   RW RW 

Bit Name R/W Reset Value Function 

31:30 Reserved - - Reserved 

29:28 EXTI15SEL [1:0] RW 0 

GPIO port selection for EXTI15. 
2ôb00: PA[15] pin 
2ôb01: PB[15] pin 
2ôb10: PC[15] pin 
2ôb11: Reserved 

27:26 Reserved - - Reserved 

25:24 EXTI14SEL [1:0] RW 0 GPIO port selection for EXTI14. 
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11.3.7. EXTI Interrupt Mask Register (EXTI_IMR) 

Address offset: 0x18 

Reset value: 0x1FF0 0000 

Note: The interrupt mask bit for direct-type lines defaults to 1, meaning the line is enabled; for configuration-

type lines, the mask bit defaults to 0, meaning the line is masked. 

 

2ôb00: PA[14] pin 
2ôb01: PB[14] pin 
2ôb10: PC[14] pin 
2ôb11: Reserved 

23:22 Reserved - - Reserved 

21:20 EXTI13SEL [1:0] RW 0 

GPIO port selection for EXTI13. 
2ôb00: PA[13] pin 
2ôb01: PB[13] pin 
2ôb10: PC[13] pin 
2ôb11: PD[13] pin 

19:18 Reserved - - Reserved 

17:16 EXTI12SEL [1:0] RW 0 

GPIO port selection for EXTI12. 
2ôb00: PA[12] pin 
2ôb01: PB[12] pin 
2ôb10: PC[12] pin 
2ôb11: PD[12] pin 

15:14 Reserved - - Reserved 

13:12 EXTI11SEL [1:0] RW 0 

GPIO port selection for EXTI11. 
2ôb00: PA[11] pin 
2ôb01: PB[11] pin 
2ôb10: PC[11] pin 
2ôb11: PD[11] pin 

11:10 Reserved - - Reserved 

9:8 EXTI10SEL [1:0] RW 0 

GPIO port selection for EXTI10. 
2ôb00: PA[10] pin 
2ôb01: PB[10] pin 
2ôb10: PC[10] pin 
2ôb11: PD[10] pin 

7:6 Reserved - - Reserved 

5:4 EXTI9SEL [1:0] RW 0 

EXTI9 GPIO port selection. 
2ôb00: PA[9] pin 
2ôb01: PB[9] pin 
2ôb10: PC[9] pin 
2ôb11: PD[9] pin 

3:2 Reserved - - Reserved 

1:0 EXTI8SEL [1:0] RW 0 

EXTI8 GPIO port selection. 
2ôb00: PA[8] pin 
2ôb01: PB[8] pin 
2ôb10: PC[8] pin 
2ôb11: PD[8] pin 

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

Res. Res. Res. IM28 IM27 IM26 IM25 IM24 IM23 IM22 IM21 IM20 Res. IM18 IM17 IM16 

   RW RW RW RW RW RW RW RW RW  RW RW RW 

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

IM15 IM14 IM13 IM12 IM11 IM10 IM9 IM8 IM7 IM6 IM5 IM4 IM3 IM2 IM1 IM0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:29 Reserved - - Reserved 

28 IM28 RW 1 

EXTI line28 wakes up CPU mask control as an inter-
rupt. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

27 IM27 RW 1 
EXTI line27 CPU wakeup interrupt mask control. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

26 IM26 RW 1 
EXTI line26 CPU wakeup interrupt mask control. 
0: Interrupt request is masked 
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1: Interrupt request is not masked 

25 IM25 RW 1 
EXTI line25 CPU wakeup interrupt mask control. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

24 IM24 RW 1 
EXTI line24 CPU wakeup interrupt mask control. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

23 IM23 RW 1 

EXTI line23 wakes up CPU mask control as an inter-
rupt. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

22 IM22 RW 1 
EXTI line22 CPU wakeup interrupt mask control. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

21 IM21 RW 1 
EXTI line21 CPU wakeup interrupt mask control. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

20 IM20 RW 1 
CPU wakeup with interrupt mask on EXTI line 20 
0: Interrupt request is masked 
1: Interrupt request is not masked 

19 Reserved - - Reserved 

18 IM18 RW 0 
Interrupt mask on line 18. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

17 IM17 RW 0 
Interrupt mask on line 17. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

16 IM16 RW 0 

EXTI line16 wakes up CPU mask control as an inter-
rupt. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

15 IM15 RW 0 

EXTI line15 wakes up CPU mask control as an inter-
rupt. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

14 IM14 RW 0 

EXTI line14 wakes up CPU mask control as an inter-
rupt. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

13 IM13 RW 0 

EXTI line13 wakes up CPU mask control as an inter-
rupt. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

12 IM12 RW 0 

EXTI line12 wakes up CPU mask control as an inter-
rupt. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

11 IM11 RW 0 

EXTI line11 wakes up CPU mask control as an inter-
rupt. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

10 IM10 RW 0 

EXTI line10 wakes up CPU mask control as an inter-
rupt. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

9 IM9 RW 0 
EXTI line9 wakes up CPU mask control as an interrupt. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

8 IM8 RW 0 
EXTI line8 wakes up CPU mask control as an interrupt. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

7 IM7 RW 0 
Interrupt mask on line 7. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

6 IM6 RW 0 
Interrupt mask on line 6. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

5 IM5 RW 0 
Interrupt mask on line 5. 
0: Interrupt request is masked 
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11.3.8. EXTI event mask register (EXTI_EMR) 

Address offset: 0x1C 

Reset value: 0x1FF0 0000 

 

1: Interrupt request is not masked 

4 IM4 RW 0 
Interrupt mask on line 4. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

3 IM3 RW 0 
Interrupt mask on line 3. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

2 IM2 RW 0 
Interrupt mask on line 2. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

1 IM1 RW 0 
Interrupt mask on line 1. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

0 IM0 RW 0 
Interrupt mask on line 0. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

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

Res. Res. Res. 
EM2

8 
EM2

7 
EM2

6 
EM2

5 
EM2

4 
EM2

3 
EM2

2 
EM2

1 
EM2

0 
Res. 

EM1
8 

EM1
7 

EM1
6 

   RW RW RW RW RW RW RW RW RW  RW RW RW 

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

EM1
5 

EM1
4 

EM13 
EM1

2 
EM1

1 
EM1

0 
EM9 EM8 EM7 EM6 EM5 EM4 EM3 EM2 EM1 EM0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:29 Reserved - - Reserved 

28 EM28 RW 1 
EXTI line28 wakes up CPU mask control as an event. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

27 EM27 RW 1 
EXTI line27 CPU wakeup event mask control. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

26 EM26 RW 1 
EXTI line26 CPU wakeup event mask control. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

25 EM25 RW 1 
EXTI line25 CPU wakeup event mask control. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

24 EM24 RW 1 

EXTI line24 serves as event-triggered CPU wakeup 
mask control. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

23 EM23 RW 1 
EXTI line23 wakes up CPU mask control as an event. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

22 EM22 RW 1 

EXTI line22 serves as event-triggered CPU wakeup 
mask control. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

21 EM21 RW 1 

EXTI line21 serves as event-triggered CPU wakeup 
mask control. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

20 EM20 RW 1 
CPU wakeup with event mask on EXTI line 20 
0: Interrupt request is masked 
1: Interrupt request is not masked 

19 Reserved - - Reserved 

18 EM18 RW 0 
Interrupt mask on line 18. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

17 EM17 RW 0 Interrupt mask on line 17. 
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0: Interrupt request is masked 
1: Interrupt request is not masked 

16 EM16 RW 0 
EXTI line16 wakes up CPU mask control as an event. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

15 EM15 RW 0 
EXTI line15 wakes up CPU mask control as an event. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

14 EM14 RW 0 
EXTI line14 wakes up CPU mask control as an event. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

13 EM13 RW 0 
EXTI line13 wakes up CPU mask control as an event. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

12 EM12 RW 0 
EXTI line12 wakes up CPU mask control as an event. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

11 EM11 RW 0 
EXTI line11 wakes up CPU mask control as an event. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

10 EM10 RW 0 
EXTI line10 wakes up CPU mask control as an event. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

9 EM9 RW 0 
EXTI line9 wakes up CPU mask control as an event. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

8 EM8 RW 0 
EXTI line8 wakes up CPU mask control as an event. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

7 EM7 RW 0 
Interrupt mask on line 7. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

6 EM6 RW 0 
Interrupt mask on line 6. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

5 EM5 RW 0 
Interrupt mask on line 5. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

4 EM4 RW 0 
Interrupt mask on line 4. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

3 EM3 RW 0 
Interrupt mask on line 3. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

2 EM2 RW 0 
Interrupt mask on line 2. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

1 EM1 RW 0 
Interrupt mask on line 1. 
0: Interrupt request is masked 
1: Interrupt request is not masked 

0 EM0 RW 0 
Interrupt mask on line 0. 
0: Interrupt request is masked 
1: Interrupt request is not masked 
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12.  Cycl ic  redundancy check calculat ion uni t  

(CRC) 

12.1. Introduction to CRC 

The CRC unit can calculate CRC codes from 8-bit, 16-bit, or 32-bit data using custom generator pol-

ynomials of 7-bit, 8-bit, 16-bit, or 32-bit width. 

CRC-based techniques are used to verify data transmission or storage integrity. Within the field of 

functional safety standards, CRC-based technologies provide a way to verify the integrity of flash 

memory. 

12.2. CRC main features 

Â Default polynomial: CRC-32 (Ethernet) 0x4C11DB7 

X32 + X26 + X23 +X22 +X16 + X12 + X11 + X10 +X8 + X7 + X5 + X4 + X2 + X +1 

Â Supports programmable polynomials, and the polynomial bit width is also programmable (sup-

ports 7, 8, 16, 32-bit polynomials) 

Â Supports 8-bit, 16-bit, and 32-bit data input 

Â Programmable CRC initial value 

Â Single I/O 32-bit data and result output share one register 

Â General-purpose 32-bit register (can be used as temporary storage) 

Â Calculation time: 4 AHB clocks for 32-bit data; 2 AHB clock cycles for 16-bit data; 1 AHB clock 

cycle (HCLK) for 8-bit data 

Â Support input data inversion, output data inversion 

Â The CRC_DR register can be accessed by AHB bus with 8-bit right-aligned, 16-bit right-aligned, 

or 32-bit width. Other registers can only be accessed by AHB bus with 32-bit width. 
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12.3. CRC functional description 

12.3.1. CRC block diagram 

 

ᾭὯḷḕᵸ( ֧)

CRC 

ᾭὯḷḕᵸ( Ԅ)

HCLK

32-ӈ AHBỞ

CRC_INIT

CRC_CR

CRC_POL

CRC_DR

32-ӈ

 

Figure 12-1 CRC block diagram 

12.3.2. CRC functional description 

The CRC calculation unit has a single 32-bit data register (CRC_DR). 

Â When writing to this register, it serves as an input register, allowing you to input new data for 

CRC calculation. 

Â When reading from this register, it returns the result of the previous CRC calculation. 

Each write to the data register combines the previous CRC result with the new calculation (perform-

ing CRC on the full 32-bit word or byte-by-byte), depending on the written data format. The CRC_DR 

register can be accessed by words (32 bits), right-aligned half-words (16 bits), right-aligned bytes (8 

bits), while other CRC registers only allow 32 bits. 

For data of different widths (determined by HSIZE), the CRC module requires varying computation 

times as follows: 

Â Computing 32-bit data requires 4 AHB clock cycles 

Â Computing 16-bit data requires 2 AHB clock cycles 

Â It takes 1 AHB clock cycle to calculate 8-bit data 

The input cache allows the user to write the second data immediately after the first data is written, 

without waiting for the previous data to be calculated. 

Users can dynamically adjust the data size to reduce the number of accesses to this module when 

calculating a specific number of bytes of data. For example, to calculate a 5-byte data, one word of 

data can be written to this module, and then one byte of data can be written to obtain the calculation 

result. 
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This module supports input data reversal to accommodate different endian schemes. According to 

the REV_IN[1:0] bits in the CRC_DR register, input data reversal can be performed in units of 8-bit, 

16-bit, or 32-bit. 

For example, for input data 0x1A2B3C4D that requires a CRC operation: 

Â The data after inversion in bytes (8 bits) is 0x58D43CB2 

Â The data after inversion in units of half words (16 bits) is 0xD458B23C  

Â The data after inversion in words (32 bits) is 0xB23CD458 

The REV_OUT bit in the CRC_CR register can invert the output data. This operation is done bitwise. 

For example: output data is 0x11223344, after reversal it becomes 0x22CC4488. 

Setting the RESET bit in the CRC_CR register loads the CRC calculator's initial value with a pro-

grammable value (default is 0xFFFFFFFF). 

The CRC initial value can be programmed to the value contained in the CRC_INIT register. When 

the CRC_INIT register is written, the CRC_DR register is automatically initialized. 

The CRC_IDR register may be used to hold temporary values related to the CRC calculation. It is not 

affected by the RESET bit in the CRC_CR register. 

Polynomial programmability 

The polynomial coefficients can be fully customized via the CRC_POL register. The polynomial bit 

width can be configured to 7-bit, 8-bit, 16-bit, or 32-bit based on the POLYSIZE[1:0] bits in the 

CRC_CR register. Even polynomials are not supported. For example: an even polynomial has the 

form x+x2+é+xn, while an odd polynomial has the form 1+x+x2+é+xn. 

If the CRC data bit width is less than 32 bits, the CRC value will be read starting from the least signif-

icant bit of CRC_DR. 

In order to obtain a reliable CRC calculation result, the value or size of the polynomial cannot be 

changed during the calculation of the CRC. As a result, if CRC calculation is in progress, the applica-

tion must either reset the CRC or read the value of CRC_DR before changing the CRC polynomial. 

The default polynomial is the CRC-32 (Ethernet) polynomial: 0x4C11DB7. 

12.4. CRC registers 

12.4.1. CRC Data Register (CRC_DR) 

Address offset: 0x00 

Reset value: 0xFFFF FFFF 

 

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

DR[31:16] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

DR[15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:0 DR RW 32ôhFFFFFFFF 

Data register. 
This register is used to write new data to the CRC calcula-
tor It holds the previous CRC calculation result when it is 
read. 
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12.4.2. CRC Independent Data Register (CRC_IDR) 

Address offset: 0x04 

Reset value: 0x0000 0000 

 

12.4.3. CRC Control Register (CRC_CR) 

Address offset: 0x08 

Reset value: 0x0000 0000 

 

12.4.4. CRC Initial Value Register (CRC_INIT) 

Address offset: 0x10 

Reset value: 0xFFFF FFFF 

If the CRC data is less than 32 bits, the lower bits of this 
register are used to read or write the correct data. 

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

IDR[31:16] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

IDR[15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:0 IDR[31:0] RW 0 

General-purpose 32-bit data register 
These bits can be used as a temporary storage location for 
bytes. This register is not affected by CRC resets generated by 
the RESET bit in the CRC_CR register. 

Note: This register does not participate in CRC calculation 
and can store any data. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. Res. Res. REV_OUT REV_IN[1:0] POLYSIZE[1:0] Res. Res. RESET 

        RW RW RW RW RW   W 

Bit Name R/W Reset Value Function 

31:8 Reserved - - Reserved 

7 REV_OUT RW 0 

Invert output data 
This bit determines whether the bit order of the output data is 
inverted 
0: The bit order of the output data is not inverted 
1: Bit order inversion of output data 

6:5 REV_IN[1:0] RW 0 

Reverse input data 
These 2 bits determine whether the bit order of input data is 
reversed. 
00: Bit order not reversed 
01: Each byte of input data is reversed 
10: Each half-word of input data is reversed 
11: Each word of input data is reversed 

4:3 POLYSIZE[1:0] RW 0 

CRC polynomial bit width 
These 2 bits determine the bit width of the CRC polynomial 
00: 32-bit CRC polynomial 
01: 16-bit CRC polynomial 
10: 8-bit CRC polynomial 
11: 7-bit CRC polynomial 

2:1 Reserved - - Reserved 

0 RESET W 0 

This bit is set by software to reset the CRC calculation unit 
and copy the content of the CRC_INIT register to the data 
register. This bit can only be set, it is automatically cleared 
by hardware. 

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

INIT[31:16] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
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12.4.5. CRC Polynomial Register (CRC_POL) 

Address offset: 0x14 

Reset value: 0x04C1_1DB7 

 

 

INIT[15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:0 INIT RW 32ôhFFFFFFFF 
Programmable CRC initial value 
This register is used to store the initial CRC value. 

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

POL[31:16] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

POL[15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:0 POL RW 32ôh04C1_1DB7 

Programmable CRC polynomial 
This register is used to store the coefficients of the 
CRC polynomial 
If the width of the CRC polynomial is less than 32 
bits, it will be stored in this register in a right-aligned 
manner. 
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13.  Analog-to-Digi tal  Converter  (ADC)  

13.1. Introduction to ADC 

The chip features one 12-bit SARADC (Successive Approximation Register ADC). The module has a 

total of up to 30 channels to be measured, including 25 external and 5 internal channels. The exter-

nal channels include 3 pairs of differential channels. 

A/D conversion of the various channels can be performed in single, continuous, or discontinuous 

mode. The result of the ADC is stored in a left-aligned or right-aligned 16-bit data register. 

The analog watchdog allows the application to detect whether the input voltage exceeds user-de-

fined high or low thresholds. 

An efficient low-power mode is implemented to allow very low consumption at low frequency. 

13.2. ADC main features 

Â High performance 

ĺ Configurable resolutions of 12-bit, 10-bit, 8-bit, and 6-bit 

ĺ ADC conversion time: 0.3 ɛs @ 12-bit (3 MSps, 2.5 T SMP, fADC_CLK = 48 MHz) 

ĺ Supports rule transformation and injection transformation 

ĺ Support self - calibration (initiated by software) 

ĺ Programmable sampling time 

ĺ Programmable data alignment mode (left or right alignment) 

ĺ DMA support for regular channel conversion 

ĺ Configuration supports 16 rule sequence transformations 

ĺ Configuration supports 4 injection sequence transformations 

ĺ Configuration supports 4 injection channel conversion data registers 

Â Low-power 

ĺ Reduce operating frequency for low power operation while still maintaining proper ADC per-

formance 

ĺ Auto off mode: prevents ADC overrun in applications with low frequency PCLK 

Â Analog input channels 

ĺ 25 external analog inputs 

ĺ One internal temperature sensor (VTS) channel 

ĺ One internal reference voltage (VREFINT) channel 

ĺ One internal power supply monitor (VCC/3) channel 

ĺ One internal OPA channel 

ĺ One internal DAC channel 

ĺ Three pairs of differential channels 

Â Conversion operation trigger methods 

ĺ By software 

ĺ Hardware trigger with configurable polarity 
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Â Conversion modes 

ĺ Single (sequence) mode: One trigger performs a single conversion on all selected channels 

ĺ Continuous mode: One trigger continuously converts the selected channel until terminated by 

software 

ĺ Discontinuous mode: One trigger converts the configured number of channels in the subse-

quence, multiple triggers convert all channels. 

Â Interrupt generation 

ĺ Single channel sampling completed 

ĺ Single channel conversion completed 

ĺ End of sequence conversion 

ĺ Analog watchdog 

ĺ Overflow event 

ĺ ADC ready event 

Â Analog watchdog 

ĺ Configure all channels to support watchdog 

ĺ Configure selected channel to support watchdog 

Â Oversampling 

ĺ 16-bit data register 

ĺ Oversampling ratio can be adjusted from 2x to 256x 

ĺ Programmable data can be shifted up to 8 bits 

Â Data preprocessing 

ĺ Gain compensation 

ĺ Offset compensation 
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13.3. ADC functional description 

13.3.1. ADC block diagram 
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Figure 13-1 ADC block diagram  

13.3.2. ADC single-ended and differential channels 

ADC channels can be configured as single-ended or differential inputs through the 

ADC_CCR.DIFF_EN register. When DIFF_EN is 1, some channels are in differential input mode; 

otherwise, they are in single-ended input mode. 

Must be configured when the ADC is disabled (ADEN = 0). 

In single-ended mode, the analog voltage of channel i is the difference between VINP[i] and VREF-. 

In differential mode, the analog voltage of channel i is the VINP [i] and VINN [i] voltage difference. 

In differential mode, the input voltage range is from -VREF+ to VREF+, achieving a full scale of 2 x VREF+. 

When VINP[i] equals VREF- and VINN[i] equals VREF+, the maximum negative differential input voltage 

(-VREF+) corresponds to 0x000 output. When VINP[i] equals VREF+ and VINN[i] equals VREF-, the maxi-

mum positive differential input voltage (VREF+) corresponds to 0xFFF output. When VINP[i] and 

VINN[i] are connected together, the zero differential input voltage corresponds to 0x800 output. 

The ADC sensitivity in differential mode is twice less than in single-ended mode. 

Internal channels only use single-ended mode. 
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The following figure is a schematic diagram of a single-ended/differential channel: 
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Figure 13-2 ADC channel connection relationship 

Supports 3 differential pairs: 

Â PA0<->PA1, when ADC_CCR.DIFF_EN=1 and channel PA0 is selected, PA1 automatically 

serves as the INN terminal 

Â When PA1 <-> PA2, ADC_CCR.DIFF_EN = 1 and the channel selects PA1, PA2 automatically 

serves as the INN terminal 
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Â PA11<->PA12, when ADC_CCR.DIFF_EN=1 and channel PA11 is selected, PA12 automati-

cally serves as the INN terminal 

13.3.3. ADC Calibration (ADCAL) 

This ADC features calibration functionality (software-initiated). The ADC calculates calibration coeffi-

cients during the calibration process and applies these coefficients until the next power-down. During 

calibration, the application must not use the ADC and must wait for calibration to complete 

(ADEN=0). 

Calibration is preliminary to any ADC operation. Calibration is used to eliminate errors caused by 

process variations between chips. 

ADC software calibration 

Setting ADCAL=1 in software initiates calibration. Calibration can only be started when the ADC is 

disabled (ADEN=0), and the ADC_CLK during calibration must not exceed 1/4 of the maximum 

ADC_CLK during normal operation (48 MHz), i.e., 12 MHz. 

When calibration is complete, ADCAL is cleared to 0 by hardware. After calibration completes, the 

calibration factor can be read from the ADC_CALFACT register. The calibration factor remains valid 

until a system reset occurs. 

When the ADC's operating conditions change (VCC change is the primary factor for ADC offset varia-

tion, followed by temperature change), recalibration is recommended. 

Configure the number of repetitions for the calibration process by setting the CALNUM[2:0] bit field in 

the ADC_CFGR2 register, and average the results for more accurate calibration. 

The internal calibration register can be reset by setting the RSTCAL of ADC_CR, which is set to 0 by 

a hardware clear. This bit is cleared after the calibration register is initialized (i.e., after RSTCAL is 

set to 1). 

Software procedure to calibrate the ADC: 

Â Configure the ADC_CCR register to ensure the ADC_CLK meets requirements (must not ex-

ceed 1/4 of the maximum ADC_CLK during normal operation (48 MHz)) 

Â Confirm ADC_CR.ADEN=0 

Â Set ADC_CR.RSTCAL (this step is optional); 

Â Set the number of calibrations ADC_CFGR2. CALNUM (this step is optional); 

Â Set ADC_CR.ADCAL=1 

Â Wait for ADC_SR.EOCAL = 1 

Â Read the CAPSUC and OFFSUC status bits in the ADC_CALFACT register to confirm whether 

calibration was successful. 
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Figure 13-3 ADC Calibration 

13.3.4. Software read/write calibration factor 

The software can read/write calibration factors by following these steps: 

Write calibration factor steps 

Â Configure the ADC_CCR register, select PCLK as the ADC_CLK clock source 

Â Make sure that ADEN = 1 and no conversion is in progress, while ADCAL = 0. 

Â Enable WRVLD, use FACTSEL[4:0] to select which capacitor to write, set WCALFACT[8:0] to 

write the calibration factor. 

Â When starting AD conversion, the calibration factor is automatically injected into the analog 

ADC. 

Read calibration factor steps 

Â Configure the ADC_CCR register, select PCLK as the ADC_CLK clock source 

Â Make sure that ADEN = 1 and no conversion is in progress, while ADCAL = 0. 

Â Enable RDVLD, use FACTSEL[4:0] to select which capacitor to read 

Â Read the RCALFACT[8:0] calibration factor. 

13.3.5. ADC switch control (ADEN, ADDIS, ADRDY) 

At MCU power-up, the ADC is disabled and put in power-down mode (ADEN=0). 

The ADEN bit is used to control the bit to turn the ADC on or off. After the ADC is enabled, the ADC 

requires a settling time tSTAB before accurate conversion can begin, as shown in the figure below. 

There are two control bits used to enable or disable the ADC: 

Â When ADEN = 1, ADC is enabled. When the ADC is ready for operation, the flag ADRDY will be 

set. 

Â When ADDIS = 1, disable the ADC. Once the analog ADC is completely disabled (inactive 

state), the hardware will automatically clear ADEN and ADDIS. 

ADC regular conversion is initiated by setting ADSTART. Depending on EXTEN configuration, con-

version can start immediately (software trigger) or wait for hardware trigger. 

ADC injected conversion is initiated by setting JADSTART. Depending on JEXTEN configuration, 

conversion can start immediately (software trigger) or wait for hardware trigger. 

13.3.5.1. Steps for software to enable ADC 

1. Clear the ADRDY bit in the ADC_ISR register by writing '1'. 

2. Set ADEN=1 to enable the ADC. 
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3. Wait for ADRDY=1 (ADRDY will be set after the ADC startup time). If interrupts are enabled by 

setting the ADRDYIE bit in the ADC_IER register to 1, they can be handled via interrupt. 

13.3.5.2. Steps for software to disable ADC 

1. Check that both ADSTART and JADSTART are 0 to ensure no ongoing conversion. If necessary, 

stop any ongoing regular or injected conversion by setting ADSTP=1 or JADSTP=1 in the ADC_CR 

register, then wait for ADSTP=0 and JADSTP=0. 

2. Set ADDIS=1 to disable the ADC. 

3. If required by the application, wait until ADEN=0, indicating the analog ADC is actually disabled 

(once ADEN=0, ADDIS will be automatically reset). 

4. Clear the ADRDY bit in the ADC_ISR register by writing '1' (optional). 

OFF SMP-CONV

ADEN

State

ADSTART

ADRDY

RDY

tSTAB

Startup RDYPRE-OFF OFF

 

Figure 13-4 Enable/Disable ADC 

13.3.6. ADC control bit register operations 

ADC register operations follow these principles: 

Â The software is only allowed to write the ADSTART, JADSTART, and ADDIS control bits in the 

ADC_CR register when the ADC is enabled and there is no pending request to disable the ADC 

(i.e., ADEN is 1 and ADDIS is 0). 

Â The software is only allowed to write the ADSTP or JADSTP control bits in the ADC_CR register 

when the ADC is enabled, may be converting, and there is no pending request to disable the 

ADC (i.e., ADSTART or JADSTART equals 1 and ADDIS is 0). 

Â ADDIS=1 can only be configured by software when ADEN=1 and both ADSTART and 

JADSTART are 0. 

Â ADC_CFGR, ADC_CFGR2, ADC_SMPRx, ADC_SQRy, ADC_JSQR, ADC_OFRy, 

ADC_GCOMP, ADC_TR, ADC_IER register operations comply with: 

ĺ Regular sequence-related registers are configured when ADEN=1 and ADSTART=0. 

ĺ Injected sequence-related registers are configured when ADEN=1 and JADSTART=0. 

Note: The hardware does not provide protection against these prohibited write accesses. If such 

writes occur, the ADC behavior may enter an unknown state. To recover from this condition, the 

ADC must be disabled (clear ADEN to 0 and simultaneously clear all bits in the ADC_CR register). 
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13.3.7. ADC clock 

The ADC has a dual clock-domain architecture, so that the ADC clock (ADC_CLK) is independent 

from the APB clock (PCLK). ADC_CLK can be generated from two possible clock sources, as shown 

below:  

PCLK

RCC
(Reset&Clock 

controller)

APB interface

/1/2/4

Analog ADC

CKMODE

ADC
ADC_CLK

/1/2/4/6/8/10
/12/16/32/64/

128/256

CKMODE

 

Figure 13-5 ADC clock structure 

The input clock for the analog ADC can be selected between two different clock sources: 

a) The ADC clock can be a specific clock source called the "ADC asynchronous clock," which is in-

dependent of and asynchronous to the APB clock. To select this clock scheme, the CKMODE[1:0] 

bits of the ADC_CCR register must be reset. 

b) The ADC clock can be provided by dividing the APB clock of the ADC bus interface by a program-

mable factor (1, 2, or 4, depending on the CKMODE[1:0] bits). To select this clock scheme, the 

ADC_CCR.CKMODE[1:0] register bits must not be configured as "00". 

In option a), when programming the PRESC[3:0] bits in the ADC_CCR register, the resulting ADC 

clock is finally divided by a prescaler coefficient (1, 2, 4, 6, 8, 10, 12, 16, 32, 64, 128, 256). 

The advantage of option a) is that the maximum ADC clock frequency can be achieved regardless of 

the selected APB clock scheme. 

Note: When selecting CKMODE[1:0]=11 (PCLK divided by 1), the user must ensure a 50% duty cy-

cle for the PCLK. This can be achieved by selecting a system clock with a 50% duty cycle and not 

configuring the APB prescaler in the RCC (both HPRE and PPRE in RCC_CFGR are configured as 

no division). 

Note: Only ADC_CLK frequencies less than or equal to the PCLK frequency are supported. 

13.3.8. ADC Channel Selection (SQRx, JSQR) 

There are up to 30 multiplexed channels: 

Â 25 analog inputs from GPIO pins (ADC_IN0...ADC_IN24) 

Â 5 internal analog inputs (temperature sensor, internal reference voltage, VCC/3, OPA output, and 

DAC output) 

It is possible to convert a single channel or to automatically scan a sequence of channels. ADC 

channel selection can be configured via ADC_SQRx or ADC_JSQR. 



PY32T090 Reference Manual 

195 / 672 

 

ADC divides conversions into two groups: rule conversions and injection conversions. Each group 

contains a sequence of transformations that can be completed on any channel in any order. For ex-

ample, the sequence may be converted in the following order: ADC_IN3, ADC_IN8, ADC_IN2, 

ADC_IN2, ADC_IN0, ADC_IN2, ADC_IN2, ADC_IN15. All channels can be converted by injection or 

regular channel group. 

Â A rule transformation group consists of up to 16 transformations. The regular channel of the 

conversion sequence and its conversion order are selected in the ADC_SQRx register. The se-

quence length in the rule transformation group must be written L [3: 0]. 

Â An injection conversion group consists of a maximum of 4 conversions. The injection channel 

and its conversion order are selected in the ADC_JSQR register. The sequence length in the 

injected conversion group must be written to the JL[1:0] bits. 

The ADC_SQRy register must not be modified during possible rule conversion periods. To do this, 

the rule conversion of the ADC must first be stopped by writing ADSTP=1. 

13.3.9. ADC programmable sampling time (SMP) 

Before starting a conversion, the ADC needs to establish a direct connection between the voltage 

source to be measured and the embedded sampling capacitor of the ADC. This sampling time must 

be enough for the input voltage source to charge the sample and hold capacitor to the input voltage 

level. 

Having a programmable sampling time allows to trim the conversion speed according to the input 

resistance of the input voltage source. 

The number of ADC clock cycles used for ADC sampling of the input voltage can be modified using 

the SMP[2:0] bits in the ADC_SMPRx register, with each channel independently configurable for dif-

ferent sampling times. If required by the application, the software can change and adapt this sam-

pling time between each conversions. 

The total conversion time is calculated as follows: 

tCONV = (sample time + (conversion resolution +0.5)) x ADC clock cycle 

For example: 

When ADC_CLK = 16 MHz, resolution is 12 bits, and sampling time is 2.5 ADC clock cycles: 

tCONV = (2.5 + 12.5) × ADC clock cycles = 15 × ADC clock cycles = 0.9375 µs  

The EOSMP flag bit is used to indicate the end of the sampling phase. 

Restrictions on sampling time: 

Â For each channel, the SMP [2: 0] bit must be programmed to the minimum sampling time specified 

in the ADC characteristics section of the datasheet. 

13.3.10. ADC single conversion mode (CONT=0, DISCEN=0) 

In Single conversion mode, the ADC performs a single sequence of conversions, converting all the 

channels once. When CONT = 0 and DISCEN = 0 in the ADC_CFGR register, the ADC is in a single 

conversion mode. 

This mode can be started by the following method (hardware trigger): 
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Â Configure ADC_CFGR.EXTEN and ADC_JSQR.JEXTEN registers to a value other than 2ôb00 

Â Set the ADSTART bit in the ADC_CR register (rule conversion) 

Â Set the JADSTART bit in the ADC_CR register (injection conversion) 

Â ADSTART = 1 and hardware triggered event (rule transformation) 

Â JADSTART = 1 and hardware triggered event (injection transition) 

Rule conversion, after each conversion is done: 

Â The converted data are stored in the 16-bit ADC_DR register. 

Â The EOC (end of conversion) flag is set 

Â An interrupt is generated if the EOCIE bit is set. 

Rule conversion, after all channel sequence conversion is completed: 

Â EOS (end of sequence) flag is set (EOC will also be set simultaneously) 

Â An interrupt is generated if the EOSIE bit is set. 

Injection transformations, after each transformation is complete: 

Â The converted data result is stored in the 16-bit register ADC_JDRx. 

Â The JEOC (end of conversion) flag is set 

Â An interrupt is generated if the JEOCIE bit is set. 

Injection conversion, after all channel sequence conversion is complete: 

Â JEOS (end of sequence) flag is set (JEOC will also be set simultaneously) 

Â An interrupt is generated if the JEOSIE bit is set. 

After the conversion is complete, the ADC conversion stops until a new trigger event or 

ADSTART/JADSTART is reset. 

If you convert a single channel, you can configure the sequence length to 1. 

13.3.11. ADC continuous conversion mode (CONT=1, DISCEN=0) 

This pattern is for rule transformations only. 

In continuous conversion mode, when a software or hardware trigger event occurs, the ADC per-

forms a sequence conversion. All channels are converted and the same sequence conversion is au-

tomatically restarted. 

When CONT = 1 in the register ADC_CFGR, the ADC is selected to be in the continuous conversion 

mode. 

Conversion is started by either: 

Â Setting the ADSTART bit in the ADC_CR register 

Â ADSTART=1 and hardware trigger event triggered 

Inside the sequence, after each conversion is complete: 

Â The converted data are stored in the 16-bit ADC_DR register. 

Â The EOC (end of conversion) flag is set 

Â An interrupt is generated if the EOCIE bit is set. 

After the sequence of conversions is complete: 

Â EOS (End of Sequence) flag set (EOC will also be set simultaneously) 
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Â An interrupt is generated if the EOSIE bit is set. 

(A new sequence restarts immediately and the ADC continuously repeats the conversion sequence.) 

Note: To convert a single channel, program a sequence with a length of 1. 

ADC cannot be in both discontinuous conversion mode and continuous conversion mode at the 

same time (i.e., configuring DISCEN=1 and CONT=1 simultaneously is prohibited) 

Injected channels do not support continuous conversion mode. The only exception is when injected 

channels are configured to automatically convert after regular channels in continuous mode (using 

the JAUTO bit). 

13.3.12. ADC discontinuous conversion mode (DISCEN=1 or JDISCEN=1) 

13.3.12.1. Regular group mode 

This mode is enabled by setting the DISCEN bit in the ADC_CFGR register. The ADC divides a se-

lected sequence into sub-sequences (sequence length 1-8), and the entire sequence conversion is 

completed by triggering the sub-sequences multiple times externally. DISCNUM specifies the regular 

channel subsequence length, and ADC_SQRx specifies all conversion channels of a regular se-

quence, where L [3: 0] bit specifies the sequence length. 

For example: 

DISCEN=1, DISNUM=2, channels to be converted: 0, 3, 7, 10, and ADC_SQR0 has SQ1=0, SQ2=3, 

SQ3=7, SQ4=10: 

κ First trigger: Channels 0 and 3 are converted, and an EOC event is generated after each conversion 

κ Second trigger: Channels 7 and 10 are converted, an EOC event is generated after each conver-

sion, and an EOS event is generated after channel 10 conversion is completed 

κ Third trigger: Channels 0 and 3 are converted, and an EOC event is generated after each conver-

sion 

κ... 

DISCEN=0, channels to be converted: 0, 3, 7, 10, and ADC_SQR0 has SQ1=0, SQ2=3, SQ3=7, 

SQ4=10: 

κ First trigger: The entire sequence is converted, in order: channels 0, 3, 7, and 10. 

Each time the conversion is completed, an EOC event is generated, and the conversion to the last 

channel generates an EOS event in addition to the EOC. 

- Any trigger event restarts the full sequence transition. 

Note: It is impossible for the ADC to be in both continuous mode and discontinuous conversion mode 

simultaneously, i.e., configuring DISCEN=1 and CONT=1 at the same time is prohibited. 

13.3.12.2. Injected group mode 

This mode is enabled by setting the JDISCEN bit in the ADC_CFGR register. An external trigger sig-

nal initiates one conversion of the channels described by ADC_JSQR until all conversions in the se-

quence are completed. The total sequence length is defined by the JL[1:0] bits. 

For example: 
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JDISCEN=1, channels to be converted: 1, 2, 3, and ADC_JSQR has JSQ1=1, JSQ2=3, JSQ3=7: 

κ First trigger: Channel 1 is converted, and a JEOC event is generated after each conversion 

- Second trigger: Convert channel 2, generates a JEOC event upon each conversion completion 

- Third trigger: Convert channel 3, generates a JEOC event upon each conversion completion and 

JEOS event at sequence end 

- Fourth trigger: Channel 1 is converted, generates a JEOC event upon each conversion completion 

κ... 

Notes: 

Â When all injected channels are converted, the next trigger initiates conversion of the first in-

jected channel 

Â Auto-injected and discontinuous modes cannot be used simultaneously: When JAUTO is set to 

1, DISCEN and JDISCEN bits must remain cleared by software. 

Â Avoid configuring both regular and injected groups in discontinuous mode simultaneously 

13.3.13. ADC injected channel management 

13.3.13.1. Triggered injection mode 

In triggered injection mode, the ADC_CFGR.JAUTO bit must be 0. 

Â Conversion of a regular channel group is initiated either by external trigger or by setting the 

ADSTART bit in ADC_CR register. 

Â If an external injection trigger occurs or the JADSTART bit in ADC_CR register is set during reg-

ular channel group conversion, the current conversion is reset and an injected channel se-

quence starts (all injected channels are converted once). 

Â Then, conversion of regular group channels resumes from the interrupted regular conversion. 

Â If a regular trigger event occurs during injected conversion (multiple triggers treated as one), the 

injected conversion won't be interrupted; the regular sequence executes after the injected se-

quence ends. (For cases where injection doesn't interrupt regular conversion: if regular was in-

terrupted before injection, complete the interrupted regular conversion first). Special case: For 

injected conversion + wait (AUTDLY=1) + software-triggered regular, software must trigger 

ADSTART to start regular conversion only after JEOS is cleared. 

Note: When using triggered injection, ensure trigger intervals are longer than the injection sequence. 

Example: If sequence length is 30 ADC clock cycles (two conversions with 2.5 ADC_CLK sampling 

time), minimum trigger interval must be 31 ADC clock cycles. 

SQ2SQ1 SQ3SQ2 SQ4SQ3

JSQ1 JSQ1JSQ2 JSQ2

∑

ῇ

ῇ
trigger

JEOC

EOC
 

Figure 13-6 ADC triggered injection timing 
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13.3.13.2. Automatic injection mode 

If the JAUTO bit in the ADC_CFGR register is set, the channels in the injection group are automati-

cally converted after the regular channel group. This can be used to convert up to 20 conversion se-

quence registers programmed in ADC_SQRy and ADC_JSQR (maximum 16 regular channels and 4 

injected channels). 

In this mode, setting the ADSTART bit in the ADC_CR register to 1 initiates regular conversion, fol-

lowed by injected conversion (JADSTART must remain cleared). Setting the ADSTP bit terminates 

the rule conversion and injection conversion (the JADSTP bit cannot be used). 

In this mode, external triggers on the injection channel must be disabled. 

If the CONT bit is set in addition to the JAUTO bit, continuous conversion of "regular channels + in-

jected channels" occurs. 

Note: It is not possible to use both auto-injection and non-continuous modes simultaneously. 

When DMA is used in JAUTO mode to export data from the regular conversion sequence, it must be 

programmed in circular mode (set the CIRC bit in the DMA_CCRx register). If the CIRC bit is reset 

(single mode), the JAUTO sequence will stop when the DMA transfer complete event occurs. 

13.3.14. ADC conversion start (ADSTART, JADSTART) 

The software initiates the ADC rule conversion by setting ADSTART = 1. 

When ADSTART is set, regular conversion: 

Â When EXTEN=2ôb00 (software trigger), starts immediately 

Â When EXTEN is not equal to 2ôb00, starts upon detecting a valid edge of the selected regular 

hardware trigger source 

The software initiates the ADC injection conversion by setting JADSTART = 1. 

After setting JADSTART, injected conversion: 

Â When JEXTEN[1:0] = 2ôb00 (software trigger), starts immediately 

Â If JEXTEN[1:0] is not equal to 2ôb00, starts upon detecting a valid edge of the selected injected 

hardware trigger source 

NOTE: In auto-injection mode (JAUTO = 1), use the ADSTART bit to initiate the rule conversion, fol-

lowed by the auto-injection conversion (JADSTART must remain clear). 

The ADSTART and JADSTART bits are also used to indicate whether an ADC conversion operation 

is currently in progress. When the ADC is idle, the ADC can be reconfigured with ADSTART=0 and 

JADSTART=0. 

The ADSTART bit can be cleared by hardware: 

Â Single or continuous conversion mode triggered by software (CONT=0, EXTSEL=2ôb00) 

At the end of any regular conversion sequence (EOS=1) or at the end of a subsequence conversion 

when DISCEN = 1 

Â Non-continuous conversion mode triggered by software (CONT=0, DISCEN=1, EXTSEL=2ôb00) 

- After the end of the subsequence conversion configured by DISNUM (EOC=1 for the last channel 

of the subsequence) 
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Â In all cases (CONT=X, EXTSEL=X) 

- After software configures ADSTP 

Note: 

1. In continuous mode (CONT=1), the ADSTART bit cannot be cleared by hardware due to EOS be-

cause the sequence automatically restarts conversion. 

2. When single conversion mode selects hardware trigger (CONT=0 and EXTSELÍ2ôb00), ADSTART 

will not be cleared by hardware after the EOS flag is set. This avoids the need for software to reset 

the ADSTART bit and ensures no hardware trigger events are missed. 

JADSTART cleared by hardware: 

Â Software-triggered single conversion mode (JEXTSEL = 2ôb00) 

- If JDISCEN=1, at the end of the injected conversion sequence (JEOS generation) or at the end of a 

sub-sequence conversion when JDISCEN = 1 

Â In all cases (JEXTSEL=x) 

- After software configures JADSTP. 

Note: When software trigger is selected, ADSTART should not be set if the EOC flag remains high. 

13.3.15. ADC timing 

The elapsed time between the start of a conversion and the end of conversion is the sum of the con-

figured sampling time plus the successive approximation time depending on data resolution: 

tADC = tSMPL + tSAR = [ 2.5 |min + 12.5 |12bit ] x tADC_CLK 

tADC = tSMPL + tSAR = 52.083ns |min + 260.375ns |12bit = 312.458ns |min (for fADC_CLK = 48 

MHz) 

ADC_DR

Start Smpling CH(n) Converting(n)State Smpling CH(n+1)

CH(n) CH(n+1)Analog Channel

set by SW

ADSTART

EOC
set by HW cleared by SW

set by HW cleared by SW
EOSMP

DATA N-1 DATA N

Note(1): tSMPL depends  on SMP[2:0]
Note(2): tSAR depends on RESSEL[1:0]

tSMPL
(1) tSAR

(2)

 

Figure 13-7 Analog-to-digital conversion timing 

13.3.16. ADC stops ongoing conversion (ADSTP, JADSTP) 

Setting ADSTP=1 in the ADC_CR register stops the current regular conversion, and setting 

JADSTP=1 in the ADC_CR register stops the current injected conversion. 

Stopping the conversion resets the ongoing ADC operation. The ADC can then be reconfigured (e.g., 

changing channel selection or trigger) to prepare for a new operation. 
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Note that the injection transformation can be stopped while the rule transformation is still running, 

and vice versa. For example, this allows reconfiguring the injected conversion sequence and trigger 

while regular conversions are still running (and vice versa). 

When the ADSTP bit is set by software, any ongoing regular conversion is aborted, and partial re-

sults are discarded (the ADC_DR register is not updated with the current conversion). 

When the JADSTP bit is set by software, any ongoing injected conversion is aborted, and partial re-

sults are discarded (the ADC_JDRy register is not updated with the current conversion result). 

The scan sequence is also aborted and reset (meaning restarting the ADC will initiate a new se-

quence). 

Once this process completes, the ADSTP/ADSTART bit (for regular conversions) or 

JADSTP/JADSTART bit (for injected conversions) is cleared by hardware. Software must wait for 

ADSTART/JADSTART=0 before initiating a new conversion. 

Note: In auto-injection mode (JAUTO = 1), setting the ADSTP bit terminates both the rule and 

injection conversion (JADSTP cannot be used). 

 

ADEN

ADSTP

ADSTART

Start Smpling CH(n) Converting(n)State OFFOFF

set by SW cleared by HW

cleared by HWset by SW

ADC_DR DATA N-1

set by SW cleared by HW

 

Figure 13-8 ADSTP Stop Rule Conversion 

 

ADEN

JADSTP

JADSTART

Start Smpling CH(n) Converting(n)State OFFOFF

set by SW cleared by HW

cleared by HWset by SW

ADC_JDR DATA N-1

set by SW cleared by HW

 

Figure 13-9 JADSTP Stop Injection Conversion 
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13.3.17. ADC hardware trigger and trigger polarity (EXTSEL, EXTEN, JEXTSEL, 

JEXTEN) 

A conversion or a sequence of conversion can be triggered either by software or by an external 

event (for example timer and input pin). If the EXTEN[1:0] control bits (for rule conversion) or 

JEXTEN[1:0] bits (for injected conversion) are not equal to 2ôb00, external events can trigger the 

conversion with the selected polarity. 

Once the software sets ADSTART=1, the rule trigger selection becomes valid. Once the software 

sets JADSTART=1, the injected trigger selection becomes valid. 

Any hardware triggers which occur while a conversion is ongoing are ignored. Any rule trigger during 

the period when ADSTP is high will be ignored. Any injected trigger during the period when JADSTP 

is high will be ignored. 

Â If the ADSTART=0 bit is set, any rule hardware trigger will be ignored. 

Â If the JADSTART=0 bit is set, any injected hardware trigger will be ignored. 

The following table provides the correspondence between EXTEN[1:0] and JEXTEN[1:0] values and 

the polarity of the trigger source. 

Table 13-1 EXTEN[1:0] and Trigger Source Polarity Correspondence 

Note: The external trigger polarity cannot be changed during rule conversion. 

Table 13-2 JEXTEN[1:0] and Trigger Source Polarity Correspondence 

Note: The external trigger polarity cannot be changed during injected conversion. 

The EXTSEL and JEXTSEL control bits select which events from up to 16 possible events can trigger the 

conversion of the rule group and injected group. 

Rule group conversion can be interrupted by an injected trigger. 

Note: The trigger source selection for rule and injected conversions cannot be changed dynamically. 

13.3.18. ADC Programmable Resolution (RES) ï Fast Conversion 

A faster transition time (tSAR) can be obtained by reducing the transition resolution. The conversion 

resolution can be configured to 12/10/8/6-bit modes by setting RES[1:0] in the ADC_CFGR register. 

When applications do not require high-precision data, low conversion resolution can be used to 

speed up conversion times. 

  

EXTEN[1:0] Source 

00 Rule hardware trigger detection disabled, software trigger enabled 

01 Rule hardware rising edge trigger 

10 Rule hardware falling edge trigger 

11 Rule hardware rising and falling edge trigger 

JEXTEN[1:0] Source 

00 Injected hardware trigger detection disabled, software trigger enabled 

01 Injected hardware rising edge trigger 

10 Injected hardware falling edge trigger 

11 Injected hardware rising and falling edge trigger 
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Resolution mode reduces the conversion time of successive approximations, such as: 

13.3.19. ADC Conversion/Sampling End (EOC, JEOC, EOSMP) 

The ADC notifies the application of each regular conversion end (EOC) event and each injected con-

version (JEOC) event. 

The ADC sets the EOC flag when new regular conversion data is available in the ADC_DR register. 

An interrupt can be generated if the EOCIE bit is set. The EOC flag is cleared by software by writing 

1 to it or by reading the ADC_DR. 

The ADC sets the JEOC flag when new injected conversion data is available in the ADC_JDRy register. 

An interrupt can be generated if the JEOCIE bit is set. The JEOC flag is cleared by software by writing 

1 to it or by reading the corresponding ADC_JDRy register. 

The ADC also notifies the end of the sampling phase by setting the status bit EOSMP (only for regu-

lar conversions). The EOSMP flag is cleared by software writing 1 to it. An interrupt can be gener-

ated if the EOSMPIE bit is set. 

13.3.20. ADC Conversion Sequence End (EOS, JEOS) 

The ADC notifies the application when the regular sequence is completed (EOS) and the injected 

sequence is completed (JEOS). 

The ADC sets the EOS flag once the last data of the regular conversion sequence is available in the 

ADC_DR register. An interrupt can be generated if the EOSIE bit is set. The EOS flag is cleared by 

software by writing 1 to it. 

The ADC sets the JEOS flag once the last data of the injected conversion sequence is completed. 

An interrupt can be generated if the JEOSIE bit is set. The JEOS flag is cleared by software by writ-

ing 1 to it. 

  

RES[1:0] 
tSAR 

(ADC Clock Cy-
cle) 

tSAR(ns) @ 
fADC = 24 MHz 

tSMP 
(ADC Clock Cy-

cle) 

tADC(tSMP = 2.5) 
(ADC Clock Cycle) 

tSAR(ns) @ 
fADC = 24 MHz 

12 13.5 562.5 ns 2.5 16 666.7 ns 

10 11.5 479 ns 2.5 14 583 ns 

8 9.5 395.8 ns 2.5 12 500 ns 

6 7.5 312.5 ns 2.5 10 416.7 ns 



PY32T090 Reference Manual 

204 / 672 

 

13.3.21. ADC Timing Examples (Single/Continuous Mode, Hardware/Software 

Trigger) 

ADSTART

EOC

EOSEQ

State RDY CH1 CH2 CH5 CH10 CH11 CH1 CH2 CH5 CH10 CH11RDY RDY

by S/W by H/W

DR D1 D2 D5 D10 D11 D1 D2 D5 D10 D11

 

Figure 13-10 Regular Single Mode, Software Trigger 

1. EXTEN = 0x0, CONT = 0 

2. SQ1~5 are configured as channels 1, 2, 5, 10, 11 respectively, AUTDLY=0 

ADSTART

EOC

EOSEQ

State RDY CH1 CH2 CH5 CH10 CH11

by S/W by H/W

DR D1 D2 D5 D10 D1D10D5

CH1 CH2 CH5 CH11CH10 STOP CH1 CH2 CH5

D1 D2 D2D11 D11

ADSTP

 

Figure 13-11 Regular Continuous Mode, Software Trigger 

1. EXTEN = 0x0, CONT = 1, 

2. SQ1~5 are configured as channels 1, 2, 5, 10, and 11 respectively, AUTDLY=0 
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ADSTART

EOC

EOS

State RDY CH1 CH2 CH5 CH10 CH11 CH1 CH2 CH5 CH10 CH11RDY RDY

by S/W by H/W

DR D1 D2 D5 D10 D11 D1 D2 D5 D10 D11

TRG

triggered ignored

 

Figure 13-12 Rule single mode, hardware trigger 

1. EXTSEL = TRGx, EXTEN = 0x1 (rising edge), CONT = 0 

2. SQ1~5 are configured as channels 1, 2, 5, 10, 11 respectively, AUTDLY=0 

EOC

EOS

State RDY CH1 CH2 CH5 CH10 CH11

DR D1 D2 D5 D10 D10D5

CH1 CH2 CH5 CH11CH10 STOP

D1 D2D11 D11

ADSTP

ADSTART

TRG

by S/W by H/W

triggered ignored

 

Figure 13-13 Rule continuous conversion, hardware trigger 

1. EXTSEL = TRGx, EXTEN = 0x2 (falling edge), CONT = 1 

2. SQ1~5 are configured as channels 1, 2, 5, 10, and 11 respectively, AUTDLY=0 

13.3.22. ADC data management 

13.3.22.1. Data registers and data alignment (ADC_DR, ADC_JDRy, ALIGN) 

At the end of each rule conversion (when the EOC event occurs), the converted result data is stored 

in the 16-bit wide ADC_DR data register. 

At the end of each injected conversion (when the JEOC event occurs), the converted result data is 

stored in the 16-bit wide ADC_JDRy data register. 
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The data format of ADC_DR and ADC_JDRy is related to the configured data alignment and conver-

sion resolution. The ALIGN bit in the ADC_CFGR register is used to select the alignment of data 

storage. The data can be right-aligned (ALIGN=0) or left-aligned (ALIGN=1). 

The following table shows the relationship between data alignment and resolution (oversampling is 

invalid ROVSE=0, JOVSE=0): 

Table 13-3 Data alignment and resolution 

Special case: When left-aligned, data is aligned in half-word units unless the resolution is set to 6 

bits. In this case, the data is aligned in byte units. 

Note: Left alignment is not supported in oversampling mode. When the ROVSE and/or JOVSE bits 

are set, the ALIGN bit value is ignored, and the ADC only provides right-aligned data. 

13.3.22.2. Offset (OFFSETy, OFFSETy_CH, OFFSETy_EN) 

An offset y (y = 1, 2, 3, 4) can be applied to the channel by setting OFFSETy_EN = 1 in the 

ADC_OFRy register. The application can select the offset channel via the OFFSETy_CH bit in the 

ADC_OFRy register. In this case, the conversion result is subtracted by the user-defined offset in 

OFFSETy, and the result may be negative. Therefore, the read data is signed, with the SEXT bit rep-

resenting the extended sign value. 

Note: Offset correction is not supported in oversampling mode. When the ROVSE and/or JOVSE bits 

are set, the value of the OFFSETy_EN bit in the ADC_OFRy register is ignored (treated as the reset 

value). 

The following table shows the relationship between the offset calculated value and data resolution: 

Table 13-4 Offset Calculated Value VS Resolution 

When reading data from ADC_DR (regular channel) or ADC_JDRy (injection channel, y = 1, 2, 3, 4) 

corresponding to channel "i": 

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

0 

0x0 0x0 DATA[11:0] 

0x1 0x0 DATA[9:0] 

0x2 0x0 DATA[7:0] 

0x3 0x0 DATA[5:0] 

1 

0x0 DATA[11:0] 0x0 

0x1 DATA[9:0] 0x0 

0x2 DATA[7:0] 0x0 

0x3 0x0 DATA[5:0] 0x0 

Resolution (RES 
[1: 0]) 

Raw conversion result and offset subtrac-
tion 

Result Description 
Original conversion 

result, left-aligned 
Offset 

00:12 bit DATA[11:0] OFFSET[11:0] 
12-bit signed 

number 
- 

01:10 bit {DATA [11: 2], 00} OFFSET[11:0] 
10-bit signed 

number 
The user must configure 

OFFSET [1: 0] = 00 

10:8bit {DATA [11: 4], 0000} OFFSET[11:0] 
8-bit signed 

number 
The user must configure 
OFFSET [3: 0] = 0000 

11:6bit {DATA [11: 6], 000000} OFFSET[11:0] 
6-bit signed 

number 

The user must configure 
OFFSET [5: 0] = 

000000 
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--If one of the offsets for the corresponding channel is enabled (bit OFFSETy_EN=1), the read data 

is signed. 

--If none of the four offsets for this channel are enabled, the read data is unsigned. 

The figures below illustrate the alignment methods for signed and unsigned data. 

0

bit 15

0 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D00 0

bit 7 bit 0

0

bit 15

0 0 0 D9 D8 D7 D6 D5 D4 D3 D2 D1 D00 0

bit 7 bit 0

0

bit 15

0 0 0 0 0 D7 D6 D5 D4 D3 D2 D1 D00 0

bit 7 bit 0

12β

10β

8ᵝ

0

bit 15

0 0 0 0 0 0 0 D5 D4 D3 D2 D1 D00 0

bit 7 bit 0
6ᵝ

 

Figure 13-14 Right-aligned (offset disabled, unsigned number) 

S-
EXT

bit 15

S-
EXT

D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0
S-
EXT

S-
EXT

bit 7 bit 0

S-
EXT

bit 15

S-
EXT

S-
EXT

S-
EXT

D9 D8 D7 D6 D5 D4 D3 D2 D1 D0
S-
EXT

S-
EXT

bit 7 bit 0

S-
EXT

bit 15

S-
EXT

S-
EXT

S-
EXT

S-
EXT

S-
EXT

D7 D6 D5 D4 D3 D2 D1 D0
S-
EXT

S-
EXT

bit 7 bit 0

12β

10β

8ᵝ

S-
EXT

bit 15

S-
EXT

S-
EXT

S-
EXT

S-
EXT

S-
EXT

S-
EXT

0 D5 D4 D3 D2 D1 D0
S-
EXT

S-
EXT

bit 7 bit 0
6ᵝ

S- EXT: ᵝṿ

 

Figure 13-15 Right-aligned (offset enabled, signed number) 
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0

bit 15

0D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0 0 0

bit 7 bit 0

0

bit 15

0 0 0D9 D8 D7 D6 D5 D4 D3 D2 D1 D0 0 0

bit 7 bit 0

0

bit 15

0 0 0 0 0D7 D6 D5 D4 D3 D2 D1 D0 0 0

bit 7 bit 0

12β

10β

8ᵝ

0

bit 15

0 0 0 0 0 0 0D5 D4 D3 D2 D1 D00 0

bit 7 bit 0
6ᵝ

 

Figure 13-16 Left-aligned (offset disabled, unsigned number) 

0

bit 15

0D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0
S-
EXT

0

bit 7 bit 0

0

bit 15

0 0 0

D9 D8 D7 D6 D5 D4 D3 D2 D1 D0
S-
EXT

0

bit 7

bit 0bit 15

D7 D6 D5 D4 D3 D2 D1 D0
S-
EXT

bit 7

12β

10β

8ᵝ

S-
EXT

bit 15

S-
EXT

S-
EXT

S-
EXT

S-
EXT

S-
EXT

S-
EXT

0D5 D4 D3 D2 D1 D0
S-
EXT

S-
EXT

bit 7 bit 0
6ᵝ

S- EXT: ᵝṿ

0 0

0 0 0

bit 0

0 0

 

Figure 13-17 Left-aligned (offset enabled, signed number) 

13.3.22.3. Gain Compensation (GCOMP, ADC_GCOMP) 

When the ADC_CFGR2 register GCOMP bit is set, all converted data is gain compensated. After 

each conversion, the data will be calculated using the following formula. 

DATA = DATA(adc result) x(GCOMPCOEFF)/4096 

Since GCOMPCOEFF ranges from 0-16383, the actual gain compensation factor ranges from 0-

3.999756. 

Before storing the result data in the ADC_DATA or ADC_JDRy registers, the LSBī1 value is 

rounded, and the error is minimized. 

Gain compensation is also effective for oversampling. When gain compensation is used in the over-

sampling mode, the gain calculation is performed after the accumulation and right shift operation to 

minimize power consumption (the gain calculation is only done once, not every transition). 
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13.3.22.4. Offset Compensation (SATEN, OFFSETPOS) 

When the SATEN bit is set in the ADC_OFRy register during the offset operation, the data is un-

signed. All offset data is saturated at 0x000 (at 12-bit resolution). When the OFFSETPOS bit is set, 

the offset direction is positive and the data is saturated at 0xFFF (at 12-bit resolution). In 8-bit resolu-

tion, the data is saturated at 0x00 and 0xFF, respectively. 

After offset and gain compensation, an analog watchdog comparison is performed on the unsigned 

number. For proper watchdog operation, offset-compensated data must be in unsigned format (the 

SATEN bit in the ADC_OFRy register is set to 1). 

13.3.22.5. ADC Overload (OVR, OVRMOD) 

The ADC Overload Flag (OVR) indicates a buffer overflow event, which occurs when converted data 

is not read by the CPU or DMA in time, and another conversion result becomes valid. 

If EOC is still '1' and a new conversion has completed, the CPU will set the OVR flag in the 

ADC_ISR register, indicating an ADC overload. An interrupt can be generated if the OVRIE bit is set 

in the ADC_IER register. 

When an overload event occurs, the ADC continues operating and converting unless the software 

decides to stop and reset the sequence conversion. The software can set ADSTP to 1 in the 

ADC_CR register to stop ADC conversion. The OVR flag can be cleared by writing 1 in software. 

When an overload event occurs, the OVRMOD bit in the ADC_CFGR register can be configured to 

determine whether the data in the ADC data register is retained or overwritten: 

Â OVRMOD=0 

- During an overload event, the value in the data register is not overwritten: the previous data is re-

tained, and the new conversion data is discarded. If OVR remains at 1, further conversions can be 

performed, but the resulting data is discarded. 

Â OVRMOD=1 

- During an overload event, the data register is overwritten with the latest conversion result, and pre-

viously unread data is lost. If OVR remains 1, subsequent conversions are executed, and the 

ADC_DR register is overwritten with new conversion results, always holding the latest converted 

value. 



PY32T090 Reference Manual 

210 / 672 

 

EOC

EOSEQ

State OFF CH1 CH2 CH5 CH10 CH11

D1 D2 D5 D10 D10D5

CH1 CH2 CH5 CH11CH10 STOP

D1 D2D11 D11

ADSTP

ADSTART

by S/W by H/W

overrun

DR
(OVRMODE=0) D1 D2 D5 D10 D5D1 D2 D11

DR
(OVRMODE=1)

overrun

Read access

 

Figure 13-18 Overload 

13.3.22.6. Non-DMA mode 

If the conversion of the ADC is slow enough, the conversion sequence can be controlled by software. 

In this case, the software applies the EOC flag and its associated interrupt to process each transla-

tion data. At the end of each conversion, at the EOC position bit in the ADC_ISR register, the con-

verted value of the ADC_DR register can be read at this time. The OVRMOD bit in the ADC_CFGR 

register may be configured to 0 to manage overload events. 

13.3.22.7. Non-overload non-DMA mode 

There are applications that convert one or more channels without needing to read each conversion 

result. In this case, the OVRMOD bit must be set to 1, and the software should ignore the OVR flag. 

When OVRMOD=1, an overload event does not prevent the ADC from continuing conversions, and 

the data in the ADC_DR register always remains the last converted data. 

13.3.22.8. DMA mode 

Since the conversion result data for all channels is stored in a single data register, using DMA is 

more efficient when converting more than one channel. This avoids losing the conversion results 

stored in the ADC_DR register. When DMA mode is enabled (DMAEN=1 in the ADC_CFGR regis-

ter), a DMA request is generated at the end of each conversion. This allows the translation data in 

the ADC_DR register to be transferred to the target address specified by the software. 

However, if an overload occurs (OVR=1) because the DMA cannot service the DMA request in time, 

the ADC stops generating DMA requests, and the corresponding results of new conversions are no 

longer transmitted by the DMA (transmission resumes when OVR=0). It can also be considered that 

all data transferred to RAM is valid (because invalid data is never transferred again). 

Depending on the configuration of the OVRMOD bit, the data in the ADC_DR register can be se-

lected as either Hold or Override. 
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The DMA transfer request is blocked until the software clears the OVR bit. 

There are two different DMA modes, which depend on the configuration of the DMACFG bits in the 

ADC_CFGR register: 

Â DMA One-Shot Mode (DMACFG=0) 

This mode can be selected when the DMA is programmed to transfer a fixed length of data. 

Â DMA Circular Mode (DMACFG=1) 

This mode can be selected when the DMA is programmed in circular mode. 

DMA one shot mode (DMACFG=0) 

In this mode, the ADC generates a DMA request each time the converted data is valid. Once the 

DMA has reached the last DMA transfer, the ADC stops generating DMA requests, even if ADC con-

versions have restarted. (When a DMA_EOT interrupt occurs, the next ADC conversion may have 

already started) 

When the DMA transfer is complete (all transfers configured in the DMA controller have been com-

pleted): 

Â Contents of ADC data register freeze 

Â Any ongoing conversion is terminated. And the result value is discarded 

Â No new DMA requests are issued to the DMA controller. This method avoids an ADC overload 

error if there is still an ADC conversion start 

Â ADC scan sequence stops and resets 

Â DMA Stop 

DMA continuous mode (DMACFG = 1) 

In this mode, even if the DMA reaches the last DMA transfer, the ADC generates a DMA request 

each time the converted data is valid. This allows the DMA to be configured in a cyclic mode to pro-

cess a continuous analog input data stream. 

13.3.23. ADC analog watchdog (AWDEN, JAWDEN, AWDSGL, AWDCH, 

AWD_TR) 

The analog watchdog function is enabled by setting AWDEN in the ADC_CFGR register. It is used to 

monitor that either one selected channel or all enabled channels. 

13.3.23.1. AWD flag and interrupt 

If the analog voltage conversion by the ADC is below the low threshold LT or above the high thresh-

old HT, the AWD analog watchdog status bit is set. Thresholds are programmed into the 

ADC_TR.HT and ADC_TR.LT registers with up to 12-bit valid data. An interrupt can be enabled by 

setting the AWDIE bit in the ADC_IER register. The AWD flag is cleared by software by writing 1 to 

it. When converting a data with a resolution of less than 12-bit (according to bits RES [1:0]), the LSB 

of the programmed thresholds must be kept cleared because the internal comparison is always per-

formed on the full 12-bit raw converted data (left aligned). 

The table below describes the comparisons performed for all possible resolutions of the analog 

watchdog. 
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Table 13-5 Analog watchdog comparison 

 

Guarded area

LT

HT

Analog voltage

 

Figure 13 -19 Simulatedwatchdog protection area 

Table 13-6 Analog watchdog channel selection 

13.3.23.2. ADC_AWD_OUT output signal generation 

The analog watchdog is associated with an internal hardware signal, ADC_AWD_OUT. This signal is 

directly connected to the ETR (external trigger) input of certain on-chip timers. 

When the associated analog watchdog is enabled, ADC_AWD_OUT activates: 

Â ADC_AWD_OUT is set when a protected conversion exceeds the programmed threshold. 

Â ADC_AWD_OUT is reset when the next protected conversion completes and the value is within 

the programmed threshold range (but if subsequent protected conversions still exceed the thresh-

old, the signal remains at 1). 

Â ADC_AWD_OUT is also reset when the ADC is disabled (by setting ADDIS=1). Note that stopping 

regular or injected conversions (by setting ADSTP=1 or JADSTP=1) does not affect 

ADC_AWD_OUT generation. 

Note: The AWD flag is set by hardware and cleared by software; the AWD flag does not affect 

ADC_AWD_OUT generation (e.g., if the software does not clear the flag, ADC_AWD_OUT may tog-

gle even if the AWD flag remains at 1). 

The ADC_AWD_OUT signal is generated by the PCLK domain. 

AWD comparison is performed at the end of each ADC conversion. The same applies to regular and 

injected ADC_AWD_OUT. 

Resolution 
bits (RES) 

Analog watchdog comparison target 
Note 

Raw converted data, left aligned Thresholds 

00: 12-bit DATA[11:0] LT[11:0] and HT[11:0]  

01: 10-bit DATA[11:2],00 LT[11:0] and HT[11:0] 
The user must configure LT[1:0] 
and HT[1:0] to ñ00ò 

10: 8-bit DATA[11:4],0000 LT[11:0] and HT[11:0] 
The user must configure LT[3:0] 
and HT[3:0] to ñ0000ò 

11: 6-bit DATA[11:6],000000 LT[11:0] and HT[11:0] 
The user must configure LT[5:0] 
and HT[5:0] to ñ000000ò 

Watchdog monitoring channel AWDSGL bit AWDEN bit JAWDEN bit 

None x 0 0 

All injected channels 0 0 1 

All regular channels 0 1 0 

All injected and regular channels 0 1 1 

Single injection channel 1 0 1 

Single regular channel 1 1 0 

Single injection or regular channel 1 1 1 
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The following timing diagram shows the case when all channels are selected: 

EOC

AWD_FLAG

State RDY CH1 CH2 CH3 CH4 CH5 CH7 CH8

by S/W by H/W

ADC_AWD_OUT

outsideInside inside outside

DLY(CH3)

inside insideoutside

CH6

outside

 

Figure 13-20 Select all channels to simulate watchdog 

The following timing diagram shows the case when the AWD_FLAG is not cleared by software: 

EOC

AWD_FLAG

State RDY CH1 CH2 CH3 CH4 CH5 CH7 CH8

by S/W by H/W

ADC_AWD_OUT

outsideInside inside outside

DLY(CH3)

inside insideoutside

CH6

outside

 

Figure 13-21 Software does not clear AWDx 

13.3.23.3. Analog watchdog with gain and offset compensation 

When gain and offset compensation are enabled, the analog watchdog compares the threshold after 

data compensation. 

Note: When offset compensation is enabled (OFFSETy_EN in ADC_OFRy register is set to 1), data 

overflow or underflow may cause incorrect watchdog results. When saturation is enabled (SATEN 

set to 1 in ADC_OFRy), the watchdog provides correct results. However, this makes it impossible to 

use signed data formats. 

13.3.24. ADC Dynamic Low-Power Feature 

13.3.24.1. Auto-Delayed Conversion 

Auto-delayed conversion is useful for simplifying software and optimizing application performance, 

as programs running at low frequencies may encounter ADC overflow risks. 

When AUTDLY is set to 1 in the ADC_CFGR register, a new conversion can only start once all previ-

ous data has been processed: 
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Â For regular conversions: once the ADC_DR register is read or the EOC bit is cleared; 

Â For injected conversions: when the JEOS bit is cleared; 

Note: After an injected conversion ends, if JEOS is not cleared and a regular trigger occurs, the reg-

ular trigger is ignored. 

This way, the ADC speed is automatically adjusted to match the system's data reading speed. 

A delay is inserted after each regular conversion (regardless of DISCEN=0 or 1) and each injected 

conversion sequence (regardless of JDISCEN=0 or 1). 

Note: No delay is inserted between injected conversion sequences, but it is inserted after the last 

sequence. 

During conversion, hardware trigger events occurring during this delay (for the same group of con-

versions) are ignored. 

Note: For software triggers, conversions can still be restarted during this delay by setting ADSTART 

or JADSTART (subject to the aforementioned principles: EOC cleared or data read for regular con-

versions, JEOS cleared for injected conversions; if conditions are not met, hardware ensures 

ADSTART and JADSTART cannot be set): software must read data before starting a new conver-

sion to avoid data overwrite loss. 

No delay is inserted between conversions of different groups (injected conversions start immediately 

after regular conversions, and vice versa): 

Â If an injected trigger occurs during the auto-delay of a regular conversion, the injected conversion 

starts immediately. 

Â Once the injected sequence completes, the ADC waits for the previous regular conversion's delay 

(if not ended) before starting a new regular conversion. 

In auto-injected mode (JAUTO=1), the behavior differs slightlyðnew regular conversions can only 

start once the auto-delay of the previous injected conversion sequence ends (when JEOS is 

cleared). This is to ensure that the software can read all data for a given sequence before starting a 

new sequence. 

To stop conversion in continuous auto-injection mode and auto-delay mode (JAUTO=1, CONT=1, 

AUTDLY=1), follow these steps: 

1. Wait until JEOS=1 (no further conversion restart) 

2. Clear JEOS 

3. Set ADSTP = 1 

4. Read the regular data. 

In AUTDLY mode, if a hardware trigger event for regular conversion occurs during an already ongo-

ing regular sequence or during the delay following the last regular conversion of the sequence, the 

event is ignored. However, if it occurs after this delay, it is considered pending, even if it occurs dur-

ing the injection sequence immediately following the delay. The conversion then starts after the delay 

of the injection sequence ends. 
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In AUTDLY mode, if a hardware trigger event for injection occurs during an already ongoing injection 

sequence or during the delay following the last injection conversion of the sequence, the event is ig-

nored. 

EOC

EOS

State RDY CH1 DLY CH5 DLY

D1 D5 D1

CH11 DLY CH1 STOP

D11 D5

ADSTP

ADSTART

by S/W by H/W

DR
(OVRMOD=0)

Read access

DLY CH5

1.EXTEN=0x0, CONT=1̆ ῀

2.SQ1~3=1,5,11, AUTDLY =1

 

Figure 13-22 AUTODLY mode, regular conversion in continuous mode, software-triggered 

EOC

EOS

State RDY CH1 DLY CH2 DLY

D1 D2 D3

CH5 CH6 CH3 DLY

D1

by S/W by H/W

DR
(OVRMODE=0)

Read access

DLY CH1 CH2

Regular 
trigger

Ignored

DLY(CH1)

regular

Injected 
Trigger

regular
DLY(CH2)

Not Ignored(occurs during injected sequence)

Injected
DLY(CH3)

regular regular regular

DLY(CH1)

Ignored

Injected

JEOS

JDR1

JDR2

D5

D6

1.AUTDLY=1

2.EXTEN=0x01, CONT=0ι DISCEN=0ψ    JEXTEN=0x01ιJDISCEN=0

3.SQ1~3=1,2,3, JSQ1~2=5ι6

 

Figure 13-23 AUTODLY mode, regular conversion interrupted by injection, hardware-triggered 
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EOC

EOS

State RDY CH1 DLY CH2 DLY

D1 D2 D3

CH5 CH6 CH3 DLY

D1

by S/W by H/W

DR
(OVRMOD=0)

Read access

DLY CH1 CH2

Regular 
trigger

Ignored

DLY(CH1)

regular

Injected 
Trigger

regular
DLY(CH2)

Not Ignored
(occurs during injected sequence)

Injected
DLY(CH3)

regular regular regular

DLY(CH1)

Ignored

Injected

JEOS

JDR1

JDR2

D5

D6

RDY RDY

injected

RDY

Ignored

DLY(inj)

RDY RDY

1.AUTDLY =1

2.EXTEN=0x01, CONT=0̆DISCEN=1̆DISNUM=1̕JEXTEN=0x01̆ JDISCEN=1

3.SQ1~3=1,2,3, JSQ1~2=5̆6

 

Figure 13-24 AUTODLY mode, regular conversion interrupted by injection, hardware-triggered, non-continu-

ous conversion 

 

EOC

EOS

State RDY CH1 DLY CH2 DLY

1.AUTDLY=1

2.EXTEN=0x00, CONT=1ιDISCEN=0ψJEXTEN=0x01ιJDISCEN=0

3.SQ1~3=1,2,3, JSQ1~2=5ι6

D1 D2 D3

CH5 CH6 CH3 DLY

D1

by S/W by H/W

DR
(OVRMODE=0)

Read access

DLY CH1

Regular trigger

DLY(CH1)

regular

Injected Trigger

regular

DLY(CH2)

Injected

DLY(CH3)

regular regular regular

Ignored

Injected

JEOS

JDR1

JDR2

D5

D6

 

Figure 13-25 AUTODLY mode, regular conversion interrupted by injection, regular software-triggered, injection 

hardware-triggered, continuous conversion 

 

EOC

EOS

State RDY CH1 DLY CH2

D1 D2 D3

CH5 CH6 CH2 DLY

D1

by S/W by H/W

DR
(OVRMODE=0)

Read access

DLY(CH2) CH1

Regular 
trigger

DLY(CH1)

regular regular

DLY(CH2)

Injected

DLY(CH3)

regular regular regularInjected

JEOS

JDR1

JDR2

D5

D6

DLY(INJ)

1. AUTDLY=1

2. EXTEN=0x00, CONT=1ιDISCEN=0ψJAUTO=1

3. SQ1~2=1,2, JSQ1~2=5ι6

 

Figure 13-26 AUTODLY mode, auto-injection mode 
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13.3.25. ADC oversampling 

The oversampling unit performs data preprocessing to reduce CPU load. It can handle multiple con-

versions and average them into a single data (increasing the data width up to 16 bits). 

The oversampler provides the following formula, where N and M can be adjusted: 

ὙὩίόὰὸ
ρ

ὓ
ὅέὲὺὩὶίὭέὲὸ  

The oversampler allows the following functions to be performed by hardware: averaging, reducing 

data rate, improving signal-to-noise ratio, basic filtering. 

The oversampling ratio N is defined by the OVFS[2:0] bits in the ADC_CFGR2 register and can be 

adjusted from 2x to 256x. The division coefficient M consists of a right bit shift of up to 8 bits and is 

defined using the OVSS [3: 0] bit in the ADC_CFGR2 register. 

The summing unit can produce a result of up to 20 bits (256 x 12-bit result), which is first shifted to the 

right. It is then truncated to 16 least significant bits before final transfer to the ADC_DR data register, 

rounding the least significant bits left by the shift to the nearest value. 

Note: If the shifted intermediate result exceeds 16 bits, the result is truncated as is without 

saturation. 

Raw 20-bit data

Shiting

Truncation and rounding

371119 15 0

 

Figure 13-27 20bit truncated to 16bit 

The figure below gives a numerical example of processing, from the raw 20-bit accumulated data to 

the final 16-bit result. 

  

Raw 20-bit data

Shiting

Final result after 5-bit shift 
and rouding to nearest

371119 15 0

3 B 7 D 7

1 D B F

 

Figure 13-28 Numerical example with 5-bit shift and rounding 
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The table below gives the data formats for various N and M combinations where the raw converted 

data is 0xFFF. 

Table 13-7 Maximum Output Results vs. N and M (gray cells indicate truncation) 

There is no change in the transition timing in oversampling mode: the sampling times remain equal 

throughout the oversampling sequence. Every N transitions provide a new data, delayed by N x 

TCONV = N x (tSMPL + tSAR) equivalent. The flags are set as follows: 

Â Set end of sampling phase flag (EOSMP) after each sampling phase 

Â End of Transition (EOC) occurs every N transitions when oversampling results are available 

Â The end of sequence (EOS) occurs after the completion of the oversampled data sequence (i.e. 

after the N x total sequence length conversion) 

13.3.25.1. Supported ADC operating modes when oversampling (single ADC mode) 

In oversampling mode, most ADC operating modes remain the same: 

Â Single mode/continuous mode conversion 

Â Initiate ADC conversion via software or external trigger 

Â Stop ADC during transition (abort) 

Â Read data via CPU/DMA  

Â Low Power Mode (AUTDLY) 

Â Programmable resolution: In this case, the reduced converted values (according to RES[1:0] bits 

in ADC_CFGR register) are accumulated, truncated, rounded, and shifted in the same way as for 

12-bit conversion. 

Note: Data alignment is not available when using oversampled data. The ALIGN bit in ADC_CFGR is 

ignored and the data is always provided right-aligned. Offset correction is not supported in over-

sampling mode. When the ROVSE and/or JOVSE bits are set, the value of the OFFSETy_EN bit in 

the ADC_OFRy register is ignored (considered a reset). 

13.3.25.2. Analog watchdog 

The analog watchdog function is maintained (AWDSGL, AWDEN, and JAWDEN bits), but with the 

following differences: 

Ignore the RES [1: 0] bit and always use the full 12-bit values HT [11: 0] and LT [11: 0] for comparison 

Comparison is performed on the most significant 12 bits of the 16-bit oversampling result ADC_DR 

[15: 4] 

Over-
sam-
pling 
rate 

Maxi-
mum 
raw 
data 

No shift 
OVSS=00
00 

1-bit shift 
OVSS=00
01 

2-bit shift 
OVSS=00
10 

3-bit shift 
OVSS=00
11 

4-bit shift 
OVSS=01
00 

5-bit shift 
OVSS=01
01 

6-bit shift 
OVSS=01
10 

7-bit shift 
OVSS=01
11 

8-bit shift 
OVSS=10
00 

2x 
0x1FF

E 
0x1FFE 0x0FFF 0x0800 0x0400 0x0200 0x0100 0x0080 0x0040 0x020 

4x 
0x3FF

C 
0x3FFC 0x1FFE 0x0FFF 0x0800 0x0400 0x0200 0x0100 0x0080 0x0040 

8x 0x7FF8 0x7FF8 0x3FFC 0x1FFE 0x0FFF 0x0800 0x0400 0x0200 0x0100 0x0080 

16x 
0xFFF

0 
0x FFF0 0x7FF8 0x3FFC 0x1FFE 0x0FFF 0x0800 0x0400 0x0200 0x0100 

32x 
0x1FF

E0 
0xFFE0 0xFFF0 0x7FF8 0x3FFC 0x1FFE 0x0FFF 0x0800 0x0400 0x0200 

64x 
0x3FF

C0 
0xFFC0 0xFFE0 0xFFF0 0x7FF8 0x3FFC 0x1FFE 0x0FFF 0x0800 0x0400 

128x 
0x7FF8

0 
0xFF80 0xFFC0 0xFFE0 0xFFF0 0x7FF8 0x3FFC 0x1FFE 0x0FFF 0x0800 

256x 
0xFFF

00 
0xFF00 0xFF80 0xFFC0 0xFFE0 0xFFF0 0x7FF8 0x3FFC 0x1FFE 0x0FFF 
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Note: Caution must be taken when using high shift values, which reduces the comparison range. For 

example, if the oversampling result is shifted by 4 bits, resulting in 12 bits of data right-aligned, a 

valid analog watchdog comparison can only be performed on 8 bits. The comparison is made be-

tween ADC_DR[11:4] and HT[0:7]/LT[0:7], and HT[11:8]/LT[11:8] must be reset. 

13.3.25.3. Trigger Mode 

The averager can also be used for basic filtering. While not a very powerful filter (slow roll-off and 

limited stopband attenuation), it can be used as a notch filter to suppress constant parasitic frequen-

cies (usually from mains or switched mode power supplies). For this purpose, a specific discontinu-

ous mode can be enabled using the TROVS bit in ADC_CFGR2 to allow user-defined oversampling 

frequency, independent of the conversion time itself. 

The figure below shows how to respond to trigger-initiated conversion in discontinuous mode. If the 

TROVS bit is set, the contents of the DISCEN bit are ignored and treated as 1. 

CONT=0
DISCEN=1
TROVS=0

Trigger

Ch(N)0 Ch(N)1 Ch(N)2 Ch(N)3

Trigger

Ch(N)0 Ch(N)1 Ch(N)2 Ch(N)3

EOC flag set EOC flag setCONT=0
DISCEN=1
TROVS=1

Ch(N)0

Trigger

Ch(N)1

Trigger

Ch(N)2

Trigger

Ch(N)3

Trigger

EOC flag set

Ch(N)0

Trigger

Ch(N)1

Trigger

Ch(N)2

Trigger

Ch(N)3

Trigger

EOC flag set

 

Figure 13-29 Triggered regular oversampling mode (TROVS=1) 

13.3.25.4. Injection and regular sequence management during oversampling 

In oversampling mode, there may be differences between injected sequence and regular sequence 

behavior. If both sequences must be used simultaneously, oversampling can be enabled for them, 

but with some limitations (this is related to the single accumulation unit). 

13.3.25.5. Oversample regular channels only 

The regular oversampling pattern bit ROVSM defines how a regular oversampling sequence is re-

stored if the sequence is interrupted by the injected transition: 

Â In continuous mode, accumulation restarts from the last valid data (prior to the abort request 

issued due to injection trigger). This ensures oversampling will be completed regardless of injec-

tion frequency (assuming at least one regular conversion can be completed between triggers); 

Â In recovery mode, accumulation restarts from 0 (discarding previous conversion results). This 

mode guarantees all data used for oversampling undergoes back-to-back conversions within a 

single time slot. Note that the injection trigger period must exceed the oversampling duration. If 
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this condition is not met, oversampling cannot be completed and the rule sequence will be disa-

bled. 

The following figure shows an example of 4x oversampling ratio. 

Trigger

Ch(N)0 Ch(N)1 Ch(N)2 Ch(N)3 Ch(M)0 Ch(M)1 Ch(M)1 Ch(M)2 Ch(M)3Regular channels Ch(O)0

AbortTrigger

Ch(J) Ch(K)

JEOC

Continued mode:ROVSE=1,JOVSE=0,ROVSM=0,TROVS=X

Trigger

Ch(N)0 Ch(N)1 Ch(N)2 Ch(N)3 Ch(M)0 Ch(M)1 Ch(M)0 Ch(M)1 Ch(M)2Regular channels Ch(M)3

AbortTrigger

Ch(J) Ch(K)

JEOC
Continued mode:ROVSE=1,JOVSE=0,ROVSM=1,TROVS=X

Oversampling 
stopped

Oversampling 
continued

Oversampling 
aborted

Oversampling 
resumed

 

Figure 13-30 Rule oversampling mode (4x oversampling ratio)  

13.3.25.6. Oversample only the injection channel 

The injection oversampling mode bit JOVSE is dedicated to enabling oversampling for conversions 

in the injection sequence. 

13.3.25.7. Regular channel and injection channel oversampling 

The ROVSE and JOVSE bits can be set at the same time. In this case, the regular oversampling 

mode is forced to recovery mode (ignoring the ROVSM bit), as shown in the following figure 

 

Trigger

Ch(N)0 Ch(N)1 Ch(N)2 Ch(N)3 Ch(M)0 Ch(M)1Regular channels

AbortTrigger

Ch(J)0 Ch(J)1

JEOC

Continued mode:ROVSE=1,JOVSE=1,ROVSM=X,TROVS=0

Oversampling 
aborted

Oversampling 
resumed

Ch(J)2 Ch(J)3

Ch(M)0Ch(M)1

Injected channels

 

Figure 13-31 Oversampling mode using both regular and injected conversions 

13.3.25.8. Regular channel oversampling interrupted by injection trigger 

Injected conversions can be executed in triggered rule mode. In this case, the injection mode over-

sampling mode must be disabled, and the ROVSM bit (forced recovery mode) must be ignored. The 

JOVSE bit must be reset (software needs to configure it to 0). If configured to 1, the hardware will 

clear JOVSE in this case). The behavior is shown in the image below. 
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Ch(N)0

Trigger

Ch(N)1

Trigger

Ch(N)2

Trigger

Ch(N)3

Trigger

Trigger

Trigger

Ch(N)0

Trigger

Ch(N)1

Trigger

Ch(N)2

Trigger

EOC flag set

abort

Ch(J) Ch(K)

x

ROVSE=1̆JOVSE=0,ROVSM=X,TROVS=1

Regular channels

Injected channels

 

Figure 13-32 Triggered rule oversampling interrupted by injection 

13.3.25.9. Automatic injection mode 

Automatically injected sequences can be oversampled and all conversion results stored in registers 

to save DMA resources. This mode is only available when both regular and injection oversampling 

are enabled: JAUTO = 1, ROVSE = 1, and JOVSE = 1, other combinations are not supported. The 

ROVSM bit is ignored in auto-injection mode. The following diagram shows the sequence of transfor-

mations. 

N0 N1 N2 N3Regular channels

JAUTO=1,ROVSE=1,JOVSE=1,ROVSM=X,TROVS=0

J1 J2 J3J0 K1 K2K0 K3

N1 N2 N3N0

 

Figure 13-33 Oversampling in Auto-Injection Mode 

The trigger mode can also be enabled using the TROVS bit. In this case, the ADC must be config-

ured as follows: JAUTO = 1, DISCEN = 0, JDISCEN = 0, ROVSE = 1, JOVSE = 1, and TROVSE = 1. 

(This configuration prohibits combination with CONT (enabling CONT will cause malfunction)). 

13.3.25.10. Mode Combination Summary 

Table 13-8 Oversampler Mode Section 

13.3.26. Temperature sensor 

The temperature sensor can be used to measure the junction temperature (TJ) of the device. 

Regular 
over-

sampling 

ROVSE 

Injection 
Over-

sampling 

JOVSE 

Oversampling Mode 
ROVSM; 

0=Continuous 
1=Recovery 

Trigger Rule 

Mode TROVS 
Description 

1 0 0 0 Regular continuous mode 

1 0 0 1 - 

1 0 1 0 Rule recovery model 

1 0 1 1 Trigger Rule Recovery Mode 

1 1 0 X - 

1 1 1 0 Injection and rule recovery models 

1 1 1 1 - 

0 1 X X Injection oversampling 
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The temperature sensor is internally connected to an ADC input channel, which is used to convert 

the sensor's output voltage into a digital value. The sampling time for the temperature sensor must 

be greater than the minimum stabilization time specified in the datasheet. When not in use, the sen-

sor can be put in power down mode. 

The temperature sensor's output voltage changes linearly with temperature, but due to manufacturing 

variations, the offset of the temperature curve may differ between chips. To improve the accuracy of 

the temperature sensor, calibration values are individually measured for each part during production 

test and stored in the system memory area. 

The internal voltage reference (VREFINT) provides a stable voltage output to the ADC and compara-

tors. 

Note: The ADC_CCR.TSEN=1 bit must be set to activate the internal temperature sensor channel, 

and the ADC_CCR.VREFINT_EN=1 bit must be set to activate the internal reference voltage. 

 

ADC

TS_VIN
Temperature

sensor

ADC_CCR.TSEN

 

Figure 13-34 Temperature Sensor Block Diagram 

13.3.26.1. Reading the temperature 

To use the temperature sensor, perform the following operations: 

Â Select the ADC_VINP[27] input channel 

Â Select a sampling time greater than the minimum sampling time specified in the datasheet 

Â Set the TSEN bit in the ADC_CCR register to wake up the temperature sensor from power-down 

mode 

Â Set ADEN to enable the ADC, then set ADSTART (or use external trigger) to start ADC conversion 

Â Read the VTS conversion data from the ADC_DR register 

Calculate the actual temperature using the following formula: 

ὝὩάὴὩὶὥὸόὶὩὭὲ ᴈ
ρπυᴈ σπᴈ

ὝὛ ὝὛ
ὝὛ ὝὛ σπᴈ 

TSCAL2 represents the calibration value of the temperature sensor at 105°C (read from Flash address 

0x1FFF 1E24) 

TSCAL1 represents the calibration value of the temperature sensor at 30°C (read from Flash address 

0x1FFF 1E20) 
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TS_DATA is the actual temperature sensor output value converted by ADC 

Note: There is a startup time required for the sensor to correctly output VTS after waking from 

power-down mode, and the ADC also has a startup time after power-on. To reduce this delay, set 

both the ADEN and TSEN bits simultaneously. 

13.3.27. Monitoring the internal reference voltage 

The internal reference voltage can be monitored to obtain a reference value for evaluating the ADC 

VREF+ voltage. 

The internal reference voltage is internally connected to input channel ADC_VINP[28]. 

The sampling time for this channel must be greater than the settling time specified in the product 

datasheet. 

ADC

VREFINTBG

ADC_CCR.VREFINT_EN
 

Figure 13-35 Temperature Sensor Block Diagram 

Note: The ADC_CCR.VREFINT_EN=1 bit must be set to activate the internal reference voltage. 

The following formula can give the voltage value of the true VCC: 

ὠὙὉὊὍὔὝρȢςὠ
ὃὈὅͅὈὃὝὃὼ

τπωυ
ὠὅὅ 

VREFINT is fixed at 1.2 V; 

 ADC_DATA is the conversion data ofthe VREFINT channel. 

Convert the relative value of channel voltage measured by an ADC into absolute voltage 

value 

The ADC gives a digital value based on the ratio of the voltage on the analog power input and con-

version channel. Most applications need to convert this ratio into a voltage value. For the case where 

the VCC is known and the ADC conversion value is right-aligned, this absolute voltage value can be 

obtained by the following formula: 

ὠὅὌὃὔὔὉὒ
ὃὈὅͅὈὃὝὃὼ

τπωυ
ὠὅὅ 

VCHANNEL is the channel voltage; 

ADC_DATA is the conversion data in ADC_DR; 

4095 is represented as 12 bits. 
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13.3.28. Monitoring the power supply 

Because the VCC voltage may be inaccurate, the VCC pin needs to be internally connected to the bridge 

distributor to ensure the correct operation of the ADC. 

The bridge auto-enable connects VCC/3 to the ADC_VINP[29] input channel. 

13.4. ADC interrupts 

An interrupt can be generated by any of the following events: 

Â ADC ready (ADRDY flag) 

Â End of any rule transition (EOC flag) 

Â End of rule sequence conversion (EOS flag) 

Â End of any one injection transition (JEOC flag) 

Â End of injection sequence conversion (JEOS flag) 

Â Analog watchdog detection occurred (AWD flag) 

Â End of sampling phase (EOSMP flag) 

Â Data overrun occurred (OVR flag) 

Â Calibration completed (EOCAL flag) 

A separate interrupt enable bit is used to flexibly set the ADC interrupt. 

Table 13-9 ADC interrupts 

13.5. ADC registers 

13.5.1. ADC Interrupt Status Register (ADC_ISR) 

Offset address: 0x00 

Reset value: 0x0000 0000 

 

Interrupt event Event flag Enable control bit 

ADC Ready ADRDY ADRDYIE 

End of rule conversion EOC EOCIE 

End of rule sequence conversion EOS EOSIE 

End of injection conversion JEOC JEOCIE 

End of injection sequence conversion JEOS JEOSIE 

Analog watchdog status bit is set AWD AWDIE 

End of sampling phase EOSMP EOSMPIE 

Overrun OVR OVRIE 

Calibration Complete EOCAL EOCALIE 
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Bit Name R/W Reset Value Function 

31:12 Reserved - - Reserved 

11 EOCAL RC_W1 0 

Calibration Completion Mark 
Set by hardware when calibration completes, cleared by software 
writing 1. 
0: Calibration not started or not completed (or flag event has been 
acknowledged and cleared by software) 
1: Calibration completed 

10:8 Reserved - - Reserved 

7 AWD RC_W1 0 Analog watchdog flag 
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13.5.2. ADC Interrupt Enable Register (ADC_IER) 

Offset address: 0x04 

Reset value: 0x0000 0000 

Set by hardware when the converted voltage is below the value 
programmed in ADC_TR.LT register or above ADC_TR.HT regis-
ter. This bit is cleared by writing 1 
0: No analog watchdog event occurred (or flag event has been 
acknowledged and cleared by software) 
1: Analog watchdog event occurred 

6 JEOS RC_W1 0 

Injected channel sequence end flag 
This bit is set to 1 by hardware when all channels in the injected 
sequence have completed conversion. Cleared by software writing 
1. 
0: Injected conversion sequence not completed (or flag event has 
been acknowledged and cleared by software) 
1: Injected conversion sequence completed 

5 JEOC RC_W1 0 

End of injected channel conversion flag 
This bit is set by hardware when new conversion data is available 
in the ADC_JDRy register after each injected channel conver-
sion. Cleared by software writing 1 or by reading the correspond-
ing ADC_JDRy register 
0: Injected channel conversion not complete (or flag event has 
been acknowledged and cleared by software) 
1: Injection channel conversion completed 

4 OVR RC_W1 0 

Regular channel overload 
This bit is set by hardware when an overrun occurs. When the 
EOC flag is set, it indicates a new conversion has completed. It is 
cleared by software writing 1 to it. 
0: No overrun occurred (or flag event has been acknowledged 
and cleared by software) 
1: Overrun has occurred 

3 EOS RC_W1 0 

End of regular channel sequence flag 
This bit is set by hardware when the selected regular sequence 
conversion ends. This bit is cleared by writing 1 
0: Regular conversion sequence not complete (or flag event has 
been acknowledged and cleared by software) 
1: Regular conversion sequence complete 

2 EOC RC_W1 0 

End of regular channel conversion flag 
The hardware sets this bit when a new data result can be read 
from the ADC_DR register after each transition of each regular 
channel. It is cleared by software writing 1 to it or by reading the 
ADC_DR register. 
0: Regular channel conversion not complete (or flag event has 
been acknowledged and cleared by software) 
1: Regular channel conversion complete 

1 EOSMP RC_W1 0 

End of channel sampling flag 
This bit is set by hardware at the end of the sampling phase for 
each regular conversion, and cleared by software writing 1 
0: Sampling phase not ended (or flag event has been acknowl-
edged and cleared by software) 
1: End of sampling phase reached 

0 ADRDY RC_W1 0 

ADC Ready 
This bit is set by hardware when the ADC is enabled (ADEN=1 or 
ADCAL=1) and the ADC reaches the ready state to accept con-
version requests. 
This bit can be cleared by writing 1 in software. 
0: ADC is not ready to start conversion (or the flag event has been 
acknowledged and cleared by software) 
1: ADC is ready to start conversion 
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13.5.3. ADC control register (ADC_CR) 

Offset address: 0x08 

Reset value: 0x0000 0000 

 

Bit Name R/W Reset Value Function 

31:12 Reserved - - Reserved 

11 EOCALIE RW 0 
Calibration Complete Interrupt Enable 
0: Calibration completion interrupt disabled 
1: Calibration completion interrupt enabled 

10:8 Reserved - - Reserved 

7 AWDIE RW 0 

Analog watchdog interrupt enable 

0: Analog watchdog interrupt disabled 

1: Enable analog watchdog interrupt 
Software can write this bit when ADSTART=0 and JADSTART=0 
(ensuring no conversion is in progress). 

6 JEOSIE RW 0 

Injected sequence end of conversion interrupt enable 
0: JEOS interrupt disabled 
1: Enable JEOS interrupt 
Software can write this bit when JADSTART=0 (ensuring no con-
version is in progress). 

5 JEOCIE RW 0 

Interrupt enable for injected channels 

0: JEOC interrupt disabled 

1: Enable JEOC interrupt 
Software can write this bit when JADSTART=0 (ensuring no con-
version is in progress). 

4 OVRIE RW 0 

Regular channel overrun interrupt enable bit 
0: Disable ADC overrun interrupt 
1: Enable ADC overrun interrupt 
Software can write this bit when ADSTART=0 (ensuring no con-
version is in progress). 

3 EOSIE RW 0 

Regular channel sequence end interrupt enable bit 
0: Disable sequence end interrupt 
1: Enable sequence end interrupt 
Software can write this bit when ADSTART=0 (ensuring no con-
version is in progress). 

2 EOCIE RW 0 

Regular channel conversion end interrupt enable bit 
0: Disable conversion end interrupt 
1: Enable conversion end interrupt 
Software can write this bit when ADSTART=0 (ensuring no con-
version is in progress). 

1 EOSMPIE RW 0 

Regular channel sampling flag end interrupt enable bit 
0: Sampling flag end interrupt disabled 
1: EOSMP interrupt enabled.  
Software can write this bit when ADSTART=0 (ensuring no con-
version is in progress). 

0 ADRDYIE RW 0 

ADC ready interrupt enable bit 
0: Disable ADC ready interrupt 
1: Enable ADC ready interrupt 
Software can write this bit when ADSTART=0 and JADSTART=0 
(ensuring no conversion is in progress). 
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Bit Name R/W Reset Value Function 

31 ADCAL RS 0 

ADC calibration starts. 
Software sets to start ADC calibration, hardware automati-
cally clears it upon completion (success or failure). 
0: Calibration complete 
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1: Write 1 to calibrate the ADC. Read at 1 means that a cali-
bration is in progress. 
Notes: 
1. Software can write 1 but not 0, hardware clears it. 
2. ADCAL=1 can only be written when ADEN=0. 
3. The calibration coefficients can only be updated by soft-
ware writing to ADC_CALFACT when ADEN=1, 
ADSTART=0, and JADSTART=0 (ADC is enabled, and no 
conversion is currently in progress). 

30:28 Reserved - - Reserved 

27 RSTCAL RS 1ôb0 

Reset calibration 
This bit is set to 1 by software write and cleared to 0 by hard-
ware write. This bit is cleared after the calibration register is 
initialized (i.e., after RSTCAL is set to 1). 

0: Calibration register initialized 

1: Initialize calibration register 
Note: If RSTCAL is set when conversion is ongoing, addi-
tional cycles are required to clear the calibration registers. 

26:6 Reserved - - Reserved 

5 JADSTP RS 0 

The ADC stops injecting the conversion command. 
Software sets to stop and discard ongoing injection transi-
tions (JADSTP commands). 
It is cleared by hardware when the conversion is effectively 
discarded and the ADC is ready to accept a new start conver-
sion command. 
0: No ADC stop injection conversion command in progress 
1: Write 1 stops the ADC injection conversion, and read 1 in-
dicates that a JADSTP command is in progress. 
Software writing that the bit is 0 is an invalid operation. 
Note: JADSTP can only be written as 1 when JADSTART=1 
and ADDIS=0. 

4 ADSTP RS 0 

The ADC stops the rule conversion command. 
This bit is set by software to stop and discard an ongoing 
conversion (ADSTP Command). 
It is cleared by hardware when the conversion is effectively 
discarded and the ADC is ready to accept a new start conver-
sion command. 
0: No ADC stop conversion command ongoing 
1: Write 1 stops ADC rule conversion, and read 1 indicates 
that an ADSTP command is in progress. 
Software writing that the bit is 0 is an invalid operation. 
Notes: 
1. ADSTP can only be written as 1 when ADSTART=1 and 

ADDIS=0. 
2. In auto-injected mode (JAUTO=1), ADSTP can simulta-

neously terminate both regular and auto-injected conver-
sions. 

3 JADSTART RS 1ôb0 

ADC starts injected conversion 
This bit is set by software and is used to initiate ADC conver-
sion of the injection channel. The conversion is determined to 
start immediately by software or by a hardware trigger event 
based on the configuration of JEXTEN[1:0]. 
0: No ADC injected conversion is currently in progress 
1: Writing 1 starts ADC injected conversion; reading as 1 indi-
cates the ADC is operating, possibly in conversion. 
If this bit is cleared by hardware: 
ï In single conversion mode (CONT=0, DISCEN=0), when 
software-triggered (JEXTEN=00): at the end of sequence 
conversion (when JEOS flag is set) 
In all other cases: after the execution of the JADSTP com-
mand, at the same time as the JADSTP bit is cleared by 
hardware. 
Notes: 
1. Software can only configure JADSTART=1 when 

ADEN=1 and ADDIS=0. Writing 0 to this bit by software 
has no effect. 

2. In auto-injection mode (JAUTO=1), setting ADSTART 
can initiate both regular and auto-injected conversions. 

2 ADSTART RS 0 ADC start regular conversion 
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Note: The interval between software clearing ADEN and re-enabling both ADEN and ADSTART should be 4 

ADC_CLK cycles. 

13.5.4. ADC configuration register (ADC_CFGR) 

Offset address: 0x0C 

Reset value: 0x0000 0000 

 

This bit is set by software to start ADC regular conversion. 
Depending on the EXTEN [1:0] configuration bits, a conver-
sion either starts immediately (software trigger configuration) 
or once a hardware trigger event occurs (hardware trigger 
configuration). 
0: No ADC regular conversion is currently in progress 
1: Write 1 to start ADC rule conversion. Read 1 indicates that 
the ADC is operating and may be converting. 
If this bit is cleared by hardware: 
In single conversion mode (CONT=0, DISCEN=0), when soft-
ware trigger is selected (EXTEN=00):at the assertion of the 
end of Conversion Sequence (EOS) flag. 
ï In discontinuous conversion mode (CONT=0, DISCEN=1), 
when software-triggered (EXTEN=00): at the end of conver-
sion (when EOC flag is set) 
In all other cases: after the execution of the ADSTP com-
mand, at the same time as the ADSTP bit is cleared by hard-
ware. 
Notes: 
1. Software can only configure ADSTART=1 when 

ADEN=1 and ADDIS=0. Writing 0 to this bit by software 
has no effect. 

2. In auto-injection mode (JAUTO=1), setting ADSTART 
can initiate both regular and auto-injected conversions. 

1 ADDIS RS 0 

ADEN disabled. 
Software set disables ADC. This bit is cleared by hardware 
when ADC is disabled (ADEN cleared by hardware). Soft-
ware writing that the bit is 0 is an invalid operation. 
0: No ADDIS command is currently being executed 
1: Write 1 to disable the ADC. Read 1 means that an ADDIS 
command is in progress. 
Note: ADDIS can only be set to 1 when ADEN=1, 
ADSTART=0, and JADSTART=0 (indicating no ongoing con-
version). 

0 ADEN RS 0 

ADC enable command 
Software sets this bit to enable ADC. After ADRDY flag is set 
to 1, ADC is ready for conversion operation. Software writing 
that the bit is 0 is an invalid operation. 
0: ADC disabled (OFF state) 
1: ADC is enabled 
Note: ADEN can only be configured to 1 when all bits in 
ADC_CR register are 0. 

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

AWDCH[5:0] 
JAUT

O 
JAWD

EN 
AWDE

N 
AWDS

GL 
Re
s. 

JDISC
EN 

DISNUM[2:0] 
DISCE

N 

RW RW RW RW 
R
W 

R
W 

RW RW RW RW  RW 
R
W 

RW RW RW 

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

ALIG
N 

AUTD
LY 

CON
T 

OVRM
OD 

EXTEN[1:
0] 

Res. EXTSEL[3:0] RES[1:0] 
Re
s. 

DMAF
G 

DMAE
N 

RW RW RW RW 
R
W 

R
W 

RW RW RW RW RW RW 
R
W 

 RW RW 

Bit Name R/W Reset Value Function 

31:26 AWDCH[5:0] RW 0000 

Analog watchdog channel selection. These bits are set 
and cleared by software. 
They select the input channel to be guarded by the an-
alog watchdog. 
000000: External Channel 0 
000001: External Channel 1 
é 
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010111: External Channel 23 
011000: Reserved 
011001: Reserved 
011010: External Channel 26 
011011: Internal VTS  
011100: Internal VREFINT 
011101: Internal VCC/3 
011110: Internal DAC Output 
011111: Internal OPA Output 
Others: Reserved 
Note: This bit can only be configured when 
ADSTART=0 and JADSTART=0. 

25 JAUTO RW 1ôb0 

Automatic injected group conversion 
This bit is set and cleared by software to enable/disable 
automatic conversion of the injected channel group af-
ter the regular channel group conversion ends. 
0: Disable automatic conversion of the injected channel 
group 
1: Enable automatic conversion of the injected channel 
group 
Note: This bit can only be configured when 
ADSTART=0 and JADSTART=0. 

24 JAWDEN RW 1ôb0 

Injected Channel Analog Watchdog Enable 
Enable the analog watchdog on the injected channels. 
This bit is set and cleared by software. 

0: Analog watchdog disabled on injected channels 

1: Enable the analog watchdog on the injected chan-
nels 
Note: Software is allowed to write this bit only when 
JADSTART=0 (to ensure no ongoing conversion). 

23 AWDEN RW 0 

Regular Channel Analog Watchdog Enable 
Enable analog watchdog on regular channels. This bit is 
set and cleared by software. 
0: Analog watchdog disabled 
1: Analog watchdog enabled 
Note: Software can write this bit only when 
ADSTART=0 (to ensure no ongoing conversion). 

22 AWDSGL RW 0 

Enable the watchdog on a single channel or on all 
channels 
Software can enable or disable the analog watchdog on 
the channel set by AWDCH[5:0] or on all channels by 
setting or clearing this bit. 
0: Analog watchdog enabled on all channels 
1: Enable analog watchdog on a single channel 
(AWDCH[5:0] configures which channel). 
Note: Software can write this bit only when 
ADSTART=0 and JADSTART=0 (to ensure no ongoing 
conversion). 

21 Reserved - - Reserved 

20 JDISCEN RW 1ôb0 

Injected channel discontinuous mode enable. 
Software can enable or disable discontinuous mode on 
the injected channel group by setting or clearing this bit. 
0: Disable discontinuous mode on the injected channel 
group. 
1: Enable discontinuous mode on the injected channel 
group. 
Note: Software is allowed to write this bit only when 
JADSTART=0 (to ensure no ongoing conversion). 

19:17 DISCNUM [2: 0] RW 3ôb0 

Number of discontinuous mode conversion channels. 
These bits are written by software to define the number 
of regular channels to be converted in discontinuous 
mode after receiving an external trigger. 
000: 1 channel 
001: 2 channel 
é 
111: 8 channels 
Note: Software is allowed to write these bits only when 
ADSTART=0 (which ensures that no conversion is on-
going). 

16 DISCEN RW 0 Discontinuous mode enable. 
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Software enables/disables discontinuous mode by set-
ting or clearing this bit. 
0: Discontinuous mode disabled 
1: Discontinuous mode enabled 
It is not possible to enable both discontinuous mode 
and continuous mode simultaneously, i.e., setting 

DISCEN=1 and CONT=1 is prohibited. 
Note: Software can write this bit only when 
ADSTART=0 (to ensure no ongoing conversion). 

15 ALIGN RW 0 

Data alignment. 
Software selects right or left alignment by setting or 
clearing this bit. 
0: Right alignment 
1: Left alignment 
Note: Software can write this bit only when 
ADSTART=0 and JADSTART=0 (to ensure no ongoing 
conversion). 

14 AUTDLY RW 0 

Delayed conversion mode. 
The software enables/disables the wait conversion 
mode by setting and clearing this bit. 
0: Disable wait conversion mode 
1: Enable wait conversion mode 
Note: Software is allowed to write these bits only when 
ADSTART=0 and JADSTART=0 (to ensure no ongoing 
conversion). 

13 CONT RW 0 

Single / continuous conversion mode 
This bit is set and cleared by software. If it is set, con-
version takes place continuously until it is cleared. 
It is not possible to enable both discontinuous mode 
and continuous mode simultaneously, i.e., setting 

DISCEN=1 and CONT=1 is prohibited. 
Note: Software is allowed to write these bits only when 
ADSTART=0 (which ensures that no conversion is on-
going). 

12 OVRMOD RW 0 

Overrun management mode 
The software configures the data overload manage-
ment method by setting and clearing this bit. 
0: When an overload occurs, the ADC_DR register re-
tains the original data 
1: When an overload occurs, the ADC_DR register is 
overwritten by the last conversion result 
Note: Software is allowed to write these bits only when 
ADSTART=0 (which ensures that no conversion is on-
going). 

11:10 EXTEN[1:0] RW 00 

External trigger enable and polarity selection 
The software selects the trigger polarity and enables 
the trigger by setting and clearing this bit. 
00: Hardware trigger detection disabled (conversions 
can be started by software) 
01: Hardware trigger detection on the rising edge 
10: Hardware trigger detection on the falling edge 
11: Hardware trigger detection on both the rising and 
falling edges 
Note: Software is allowed to write these bits only when 
ADSTART=0 (which ensures that no conversion is on-
going). 

9 Reserved - - Reserved 

8:5 EXTSEL[3:0] RW 000 

External trigger selection. 
This bit selects the external event to trigger the regular 
conversion start. 

0000χTRG0(TIM1_TRGO) 

0001χTRG1(TIM1_OC1) 

0010χTRG2(TIM1_OC2) 

0011χTRG3(TIM1_OC3) 

0100χTRG4(TIM1_OC4) 

0101: TRG5 (TIM2_TRGO) 

0110χTRG6(TIM2_OC1) 
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13.5.5. ADC configuration register 2 (ADC_CFGR2) 

Offset address: 0x10 

Reset value: 0x0000 0000 

 

0111χTRG7(TIM3_OC1) 

1000χTRG8(TIM3_TRGO) 

1001χTRG9(TIM15_TRGO) 

1010: Reserved 
1011: Reserved 

1100χTRG12(EXTI11) 

1101χTRG13(EXTI15) 

1110: Reserved 

1111: Reserved 
Note: When EXTI11 or EXTI15 is selected as the trigger, 

the trigger polarity follows the definition in the EXTI mod-
ule. That is, as long as the EXTI polarity definition is met, 
setting EXTEN to rising or falling edge can trigger the 
conversion. 

4:3 RES[1:0] RW 00 

Data resolution 
These bits are written by software to select the resolu-
tion of the conversion. 
00: 12-bit 
01: 10-bit 
10: 8-bit 
11: 6-bit 
Notes: 
1. Software is allowed to write these bits only when 
ADEN=0 
2. Software is allowed to write these bits only when 
ADSTART=0 and JADSTART=0 (to ensure no ongoing 
conversion). 

2 Reserved - - Reserved 

1 DMACFG RW  

DMA access mode configuration 
The software selects between two DMA operation 
modes by setting and clearing this bit, which takes ef-
fect when DMAEN=1. 
0: DMA single mode selection 
1: DMA cycle mode selection 
Note: Software is allowed to write these bits only when 
ADSTART=0 and JADSTART=0 (to ensure no ongoing 
conversion). 

0 DMAEN RW 0 

DMA access enable. 
The software enables/disables DMA requests by setting 
and clearing this bit. Use the DMA controller to manage 
automatic conversion data. 
0: Disable DMA 
1: Enable DMA 
Note: Software is allowed to write these bits only when 
ADSTART=0 and JADSTART=0 (to ensure no ongoing 
conversion). 

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

Res. CALNUM[2:0] Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. GCOMP 

 RW RW RW            RW 

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

Res. Res. Res. Res. Res. ROVSM TROVS OVSS[3:0] OVSR[2:0] OVSE ROVSE 

     RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31 Reserved - - Reserved 

30:28 CALNUM[2:0] RW 3ôb0 

Average number of calibrations 
000: 1 calibration and average 
001: 2 calibrations and averaging 
010: 4 calibrations and averaging 
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011: 8 calibrations and averaging 
100: 16 calibrations and averaging 
101: 32 calibrations and averaging 
Others: Reserved 

27:17 Reserved - - Reserved 

16 GCOMP RW 0 

Gain compensation mode 
The software enables/disables the gain compensation 
mode by setting and clearing this bit. 
0: Disable gain compensation 
1: Enable gain compensation and apply it to all channels 
Note: The software is only allowed to write this bit when 
ADSTART=0 and JADSTART=0 (this ensures no conver-
sion is in progress) 

15:11 Reserved - - Reserved 

10 ROVSM RW 1ôb0 

Regular oversampling mode 
The software selects the regular oversampling mode by 
setting and clearing this bit. 
0: Continuous mode: When a triggered injection conversion 
occurs, oversampling is temporarily paused and resumes 
after the injection sequence (the oversampling buffer is 
preserved during the injection sequence). 
1: Resume mode: When a triggered injection conversion 
occurs, the current oversampling is aborted, and over-
sampling restarts from the beginning after the injection se-
quence (the oversampling buffer is cleared when the injec-
tion sequence starts conversion). 
Note: Software is allowed to write this bit only when 
ADSTART=0 (this ensures no conversion is in progress). 

9 TROVS RW 1ôb0 

Trigger rule oversampling 
Software sets and clears this bit to enable/disable triggered 
oversampling. 
0: All oversampling conversions for a channel are com-
pleted continuously after triggering. 
1: Each oversampling conversion for a channel requires a 
new trigger. 
Note: Software is allowed to write this bit only when 
ADSTART=0 (this ensures no conversion is in progress). 

8:5 OVSS[3:0] RW 4ôb0 

Oversampling shift control. 
This bit field is configured by software to define the number 
of right shifts applied to the raw oversampling result. 
0000: No shift 
0001: Shift by 1 bit 
0010: shift by 2 bits 
0011: shift by 3 bits 
0100: Shift 4 bits 
0101: Shift by 5 bits 
0110: Shift 6 bits 
0111: Shift by 7 bits 
1000: shift 8 bits 
Other: Reserved 
Note: Software is allowed to write these bits only when 
ADSTART=0 and JADSTART=0 (this ensures no conver-
sion is in progress). 

4:2 OVSR[2:0] RW 3ôb0 

Oversampling rate 
This bit field is configured by software to define the over-
sampling ratio. 
000: 2x  
001: 4x  
010: 8x  
011: 16x  
100: 32 x  
101: 64x  
110: 128 x  
111: 256 x 
Note: The software allows writing these bits only when 
ADSTART=0 and JADSTART=0 (this ensures no conver-
sion is in progress). 

1 OVSE RW 1ôb0 
Injection Oversampling Enable 
The software enables/disables injected oversampling by 
setting and clearing this bit. 
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13.5.6. ADC Sample Time Register 1 (ADC_SMPR1) 

Offset address: 0x14. 

Reset value: 0x0000 0000 

 

13.5.7. ADC Sample Time Register 2 (ADC_SMPR2) 

Offset address: 0x18 

Reset value: 0x0000 0000 

 

13.5.8. ADC Sample Time Register 3 (ADC_SMPR3) 

Offset address: 0x1C 

Reset value: 0x0000 0000 

0: Disable injection oversampling 
1: Enable injected oversampling 
Note: The software allows writing this bit only when 
ADSTART=0 and JADSTART=0 (this ensures no conver-
sion is in progress) 

0 ROVSE RW 1ôb0 

Regular Oversampling Enable 
The software enables/disables regular oversampling by 
setting and clearing this bit. 
0: Disable regular oversampling 
1: Enable regular oversampling 
Note: The software allows writing this bit only when 
ADSTART=0 and JADSTART=0 (this ensures no conver-
sion is in progress) 

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

Res. Res. SMP9 [2:0] SMP8 [2:0] SMP7 [2:0] SMP6 [2:0] SMP5 [2:1] 

  RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

SMP5[0] SMP4 [2:0] SMP3 [2:0] SMP2 [2:0] SMP1 [2:0] SMP0 [2:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:30 Reserved - - Reserved 

29:0 SMPx[2:0] RW 3ôb000 

Sampling time selection 
The software can configure this bit to select the sampling 
time for channel x. 
000: 2.5 ADC_CLK 
001: 6.5 ADC_CLK 
010: 12.5 ADC_CLK 
011: 24.5 ADC_CLK 
100: 47.5 ADC_CLK 
101: 92.5 ADC_CLK 
110: 247.5 ADC_CLK 
111: 640.5 ADC_CLK  
Software can only write these bits when ADSTART=0 and 
JADSTART=0 (ensuring no ongoing conversion). 
Note: When ADC_CLK frequency = PCLK, sampling time 
cannot be configured as 000 (2.5 ADC_CLK). 

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

Res. Res. SMP19 [2:0] SMP18 [2:0] SMP17 [2:0] SMP16 [2:0] SMP15 [2:1] 

  RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

SMP15[0] SMP14 [2:0] SMP13 [2:0] SMP12 [2:0] SMP11 [2:0] SMP10 [2:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:30 Reserved - - Reserved 

29:0 SMPx[2:0] RW 3ôb000 Refer to the description of ADC_SMPR1 
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13.5.9. ADC Sample Time Register 4 (ADC_SMPR4) 

Offset address: 0x20 

Reset value: 0x0000 0000 

 

13.5.10. ADC watchdog threshold register (ADC_TR) 

Offset address: 0x24 

Reset value: 0x0FFF 0000 

 

13.5.11. ADC channel selection register 1 (ADC_SQR1) 

Offset address: 0x30 

Reset value: 0x0000 0000 

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

Res. Res. SMP29 [2:0] SMP28 [2:0] SMP27 [2:0] SMP26 [2:0] SMP25 [2:1] 

  RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

SMP25[0] SMP24 [2:0] SMP23 [2:0] SMP22 [2:0] SMP21 [2:0] SMP20 [2:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:30 Reserved - - Reserved 

29:0 SMPx[2:0] RW 3ôb000 Refer to the description of ADC_SMPR1 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. SMP31 [2:0] SMP30 [2:0] 

          RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:6 Reserved - - Reserved 

5:0 SMPx[2:0] RW 3ôb000 Refer to the description of ADC_SMPR1 

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

Res. Res. Res. Res. HT[11:0] 

    RW RW RW RW RW RW RW RW RW RW RW RW 

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

Res. Res. Res. Res. LT[11:0] 

    RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset value Function 

31:28 Reserved - - Reserved 

27:16 HT[11:0] RW 12ôhFFF 

Analog watchdog higher threshold 
These bits are written by software to define the higher 
threshold for the analog watchdog. 
Software can only write these bits when ADSTART=0 and 
JADSTART=0 (ensuring no ongoing conversion). 

15:12 Reserved - - Reserved 

11:0 LT[11:0] RW 12ôh0 

Analog watchdog lower threshold 
These bits are written by software to define the lower 
threshold for the analog watchdog. 
Software can only write these bits when ADSTART=0 and 
JADSTART=0 (ensuring no ongoing conversion). 

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

Res. Res. SQ4 [5:0] SQ3 [5:0] SQ2 [5:4] 

  RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

SQ2 [3:0] SQ1 [5:0] Res. Res. L [3: 0] 

RW RW RW RW RW RW RW RW RW RW   RW RW RW RW 
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Bit Name R/W Reset Value Function 

31:30 Reserved - - Reserved 

29:24 SQ4 [5:0] RW 6ôb0 

Channel selection.  
These bits are defined by software. 4th conversion in reg-
ular sequence, these bits define the channel number for 
the 4th conversion in the conversion sequence. 
Refer to SQ1 definition for corresponding channels. 

23:18 SQ3 [5:0] RW 6ôb0 

Channel selection.  
These bits are defined by software. 3rd conversion in reg-
ular sequence, these bits define the channel number for 
the 3rd conversion in the conversion sequence. 
Refer to SQ1 definition for corresponding channels. 

17:12 SQ2 [5:0] RW 6ôb0 

Channel selection.  
These bits are defined by software. 2nd conversion in 
regular sequence, these bits define the channel number 
for the 2nd conversion in the conversion sequence. 
Refer to SQ1 definition for corresponding channels. 

11:6 SQ1 [5:0] RW 6ôb0 

Channel selection. 
These bits are defined by software. 1st conversion in reg-
ular sequence, these bits define the channel number for 
the 1st conversion in the conversion sequence. 
Corresponding channels are as follows: 
000000: External channel 0 (PA0) 
000001: External channel 1 (PA1) 
000010: External channel 2 (PA2) 
000011: External channel 3 (PA3) 
000100: External Channel 4 (PB7) 
000101: External Channel 5 (PB8) 
000110: External Channel 6 (PC12) 
000111: External Channel 7 (PC13) 
001000: External Channel 8 (PC14) 
001001: External Channel 9 (PC15) 
001010: External Channel 10 (PD0) 
001011: External Channel 11 (PD1) 
001100: External Channel 12 (PD2) 
001101: External Channel 13 (PD3) 
001110: External Channel 14 (PD4) 
001111: External Channel 15 (PD7) 
010000: External Channel 16 (PD8) 
010001: External Channel 17 (PA11) 
010010: External Channel 18 (PA12) 
010011: External Channel 19 (PA13) 
010100: External Channel 20 (PA14) 
010101: External Channel 21 (PC10) 
010110: External Channel 22 (PC11) 
010111: External Channel 23 (PD9) 
011000: Reserved 
011001: Reserved 
011010: External Channel 26 (PD12) 
011011: Internal TS 
011100: Internal VREFINT 
011101: Internal VCC/3 
011110: Internal DAC Output 
011111: Internal OPA output 
Other: Reserved 
Software is allowed to write these bits only when 
ADSTART=0 (which ensures that no conversion is ongo-
ing). 

5:4 Reserved - - Reserved 

3:0 L [3: 0] RW 4ôb0 

Regular channel sequence length 
These bits are defined by software. These bits define the 
number of channels in the regular channel conversion se-
quence. 
0000: 1 conversion 
0001: 2 conversions 
éé 
1111: 16 conversions 
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13.5.12. ADC channel selection register 2 (ADC_SQR2) 

Offset address: 0x34 

Reset value: 0x0000 0000 

 

13.5.13. ADC channel selection register 3 (ADC_SQR3) 

Offset Address: 0x38 

Reset value: 0x0000 0000 

 

Software is allowed to write these bits only when 
ADSTART=0 (which ensures that no conversion is ongo-
ing). 

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

Res. Res. SQ9 [5:0] SQ8 [5:0] SQ7 [5:4] 

  RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

SQ7 [3:0] SQ6 [5:0] SQ5 [5:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:30 Reserved - - Reserved 

29:24 SQ9 [5:0] RW 6ôb0 

Channel selection.  
These bits are defined by software. 9th conversion in regu-
lar sequence, these bits define the channel number for the 
9th conversion in the sequence. 
Refer to SQ1 definition for corresponding channels. 

23:18 SQ8 [5:0] RW 6ôb0 

Channel selection.  
These bits are defined by software. 8th conversion in regu-
lar sequence, these bits define the channel number for the 
8th conversion in the sequence. 
Refer to SQ1 definition for corresponding channels. 

17:12 SQ7 [5:0] RW 6ôb0 

Channel selection.  
These bits are defined by software. 7th conversion in regu-
lar sequence, these bits define the channel number for the 
7th conversion in the sequence. 
Refer to SQ1 definition for corresponding channels. 

11:6 SQ6 [5:0] RW 6ôb0 

Channel selection. 
These bits are defined by software. 6th conversion in regu-
lar sequence, these bits define the channel number for the 
6th conversion in the sequence. 
Refer to SQ1 definition for corresponding channels. 

5:0 SQ5 [5:0] RW 6ôb0 

Channel selection. 
These bits are defined by software. 5th conversion in regu-
lar sequence, these bits define the channel number for the 
5th conversion in the sequence. 
Refer to SQ1 definition for the corresponding channel. 

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

Res. Res. SQ14 [5:0] SQ13 [5:0] SQ12 [5:4] 

  RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

SQ12 [3:0] SQ11 [5:0] SQ10 [5:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:30 Reserved - - Reserved 

29:24 SQ14 [5:0] RW 6ôb0 

Channel selection.  
These bits are defined by software. 14th conversion in the 
regular sequence, these bits define the channel number for 
the 14th conversion in the sequence. 
Refer to SQ1 definition for corresponding channels. 
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13.5.14. ADC channel selection register 4 (ADC_SQR4) 

Offset Address: 0x3C 

Reset value: 0x0000 0000 

 

13.5.15. ADC data register (ADC_DR) 

Offset address: 0x40 

Reset value: 0x0000 0000 

 

 

 

23:18 SQ13 [5:0] RW 6ôb0 

Channel selection.  
These bits are defined by software. 13th conversion in the 
regular sequence, these bits define the channel number for 
the 13th conversion in the sequence. 
Refer to SQ1 definition for corresponding channels. 

17:12 SQ12 [5:0] RW 6ôb0 

Channel selection.  
These bits are defined by software. 12th conversion in the 
regular sequence, these bits define the channel number for 
the 12th conversion in the sequence. 
Refer to SQ1 definition for corresponding channels. 

11:6 SQ11 [5:0] RW 6ôb0 

Channel selection.  
These bits are defined by software. 11th conversion in the 
regular sequence, these bits define the channel number for 
the 11th conversion in the sequence. 
Refer to SQ1 definition for corresponding channels. 

5:0 SQ10 [5:0] RW 6ôb0 

Channel selection.  
These bits are defined by software. 10th conversion in the 
regular sequence, these bits define the channel number for 
the 10th conversion in the sequence. 
Refer to SQ1 definition for corresponding channels. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. SQ16 [5:0] SQ15 [5:0] 

    RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:12 Reserved - - Reserved 

11:6 SQ16 [5:0] RW 6ôb0 

Channel selection.  
These bits are defined by software. 16th conversion in the 
regular sequence, these bits define the channel number for 
the 16th conversion in the sequence. 
Refer to SQ1 definition for corresponding channels. 

5:0 SQ15 [5:0] RW 6ôb0 

Channel selection.  
These bits are defined by software. The 15th conversion in 
the regular sequence, these bits define the channel number 
for the 15th conversion in the regular conversion sequence. 
Refer to SQ1 definition for corresponding channels. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

RDATA[15:0] 

R R R R R R R R R R R R R R R R 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 RDATA[15:0] R 16ôh0 

Regular channel conversion data. 
These bits are read-only. The conversion result of the last 
converted channel is placed in this register. The data are 
left- or right-aligned. 
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13.5.16. ADC injected channel selection register (ADC_JSQR) 

Offset address: 0x4C 

Reset value : 0x0000_0000 

 

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

JSQ4 [5:0] JSQ3 [5:0] JSQ2 [5:2] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

JSQ2 [1:0] JSQ1 [5:0] JEXTEN[1:0] JEXTSEL[3:0] JL[1:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:26 JSQ4 [5:0] RW 6ôb0 

4th transformation of injection sequence 
These bits are defined by software. The 4th conversion in the injected 
sequence, these bits define the channel number for the 4th conversion 
in the injected conversion sequence. 
Refer to ADC_SQR1.SQ1 definition for corresponding channels. 
Note: Software is allowed to write these bits only when JADSTART=0 
(to ensure no ongoing conversion). 

25:20 JSQ3 [5:0] RW 6ôb0 

3rd transformation of injection sequence 
These bits are defined by software. The 3rd conversion in the injected 
sequence, these bits define the channel number for the 3rd conver-
sion in the injected conversion sequence. 
Refer to ADC_SQR1.SQ1 definition for corresponding channels. 
Note: Software is allowed to write these bits only when JADSTART=0 
(to ensure no ongoing conversion). 

19:14 JSQ2 [5:0] RW 6ôb0 

2nd transformation of injection sequence 
These bits are defined by software. The 2nd conversion in the injected 
sequence, these bits define the channel number for the 2nd conver-
sion in the injected conversion sequence. 
Refer to ADC_SQR1.SQ1 definition for corresponding channels. 
Note: Software is allowed to write these bits only when JADSTART=0 
(to ensure no ongoing conversion). 

13:8 JSQ1 [5:0] RW 6ôb0 

1st transformation of injection sequence 
These bits are defined by software. The 1st conversion in the injected 
sequence, these bits define the channel number for the 1st conversion 
in the injected conversion sequence. 
Refer to ADC_SQR1.SQ1 definition for corresponding channel. 
Note: Software is allowed to write these bits only when JADSTART=0 
(to ensure no ongoing conversion). 

7:6 JEXTEN[1:0] RW 2ôb0 

Injected channel trigger enable and polarity selection 
These bits are set and cleared by software to select external trigger 
polarity and enable trigger for injected group. 
00: Disable hardware trigger detection (conversion can be initiated by 
software) 
01: Hardware trigger detection of rising edge 
10: Software triggered detection of falling edge 
11: Both rising and falling edges have hardware trigger detection 
Note: Software is allowed to write these bits only when JADSTART=0 
(to ensure no ongoing conversion). 

5:2 JEXTSEL[3:0] RW 5ôb0 

External trigger event selection for injected channel group. 
This register selects the external event that triggers the start of in-
jected conversion. 

0000χTRG0(TIM1_TRGO) 

0001χTRG1(TIM1_OC1) 

0010χTRG2(TIM1_OC2) 

0011χTRG3(TIM1_OC3) 

0100χTRG4(TIM1_OC4) 

0101: TRG5 (TIM2_TRGO) 

0110χTRG6(TIM2_OC1) 

0111χTRG7(TIM3_OC1) 

1000χTRG8(TIM3_TRGO) 
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13.5.17. ADC offset register (ADC_OFRy) 

Offset address: 0x60+0x04(y-1), (y=1 to 4) 

Reset value: 0x0000 0000 

Note: SATEN and OFFSETPOS are only available in ADC_OFR1, and are shared by ADC_OFR1~4. 

 

1001χTRG9(TIM15_TRGO) 

1010: Reserved 
1011: Reserved 

1100χTRG12(EXTI11) 

1101χTRG13(EXTI15) 

1110: Reserved 

1111: Reserved 
Note: When EXTI11 or EXTI15 is selected as the trigger, the trigger 

polarity follows the definition in the EXTI module. That is, as long as 
the EXTI polarity definition is met, setting EXTEN to rising or falling 
edge can trigger the conversion. 
Note: Software is allowed to write these bits only when JADSTART=0 
(to ensure no ongoing conversion). 

1:0 JL[1:0] RW 2ôb0 

Injected sequence length 
These bits are written in software to define the total number of transi-
tions in the injection channel transition sequence. 

00: 1 conversion 

01: 2 conversions 

10: 3 conversions 

11: 4 conversions 

Note: Software is allowed to write these bits only when JADSTART=0 
(to ensure no ongoing conversion). 

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

OFFSETy_EN OFFSETy_CH[5:0] SATEN OFFSETPOS Res. Res. Res. Res. Res. Res. Res. 

RW RW RW RW RW RW RW RW RW        

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

Res. Res. Res. Res. OFFSETy [11: 0] 

    RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31 OFFSETy_EN RW 1ôb0 

OFFSETy Enable 
This bit is written by software to enable or disable the offset value 
OFFSETy. 
Note: Software is only allowed to write this bit when ADSTART=0 
and JADSTART=0 (this ensures no conversion is in progress). 

30:25 OFFSETy_CH[5:0] RW 6ôb0 

Channel selection for data offset y 
These bits are written by software to define the channel to which 
the OFFSETy offset will be applied. 
Some channels are not physically connected and therefore can-
not be selected for the data offset y. 
Note: Software is only allowed to write this bit when ADSTART=0 
and JADSTART=0 (this ensures no conversion is in progress). 

24 SATEN RW 1ôb0 

Saturation enabling 
This bit is set and cleared by the software to enable the offset to 
saturate at 0x000 and 0xFFF. 
0: No saturation control, the offset result can be signed 
1: Saturation enabled, offset result unsigned and saturated at 
0x000 and 0xFFF 
Note: Software is only allowed to write this bit when ADSTART=0 
and JADSTART=0 (this ensures no conversion is in progress). 

23 OFFSETPOS RW 1ôb0 

Positive offset 
This bit is set and cleared by the software to enable positive off-
set. 
0: negative offset 
1: positive offset 
Note: Software is only allowed to write this bit when ADSTART=0 
and JADSTART=0 (this ensures no conversion is in progress). 

22:12 Reserved - - Reserved 

11:0 OFFSETy [11: 0] RW 12ôb0 The data offset y of the OFFSETy_CH [4: 0] channel. 



PY32T090 Reference Manual 

240 / 672 

 

13.5.18. ADC injected channel data register (ADC_JDRy) 

Offset address: 0x80+0x04(y-1), (y=1 to 4) 

Reset value: 0x0000 0000 

 

13.5.19. ADC calibration factor register (ADC_CALFACT) 

Offset address: 0xB4 

Reset value: 0x0000 0000 

 

These bits are written by software to define the offset y that is 
subtracted from the raw converted data at the time of converting 
a channel (which can be regular or injected). The channel for ap-
plying data offset y must be configured in the OFFSETy_CH bit. 
The conversion result can be read from the ADC_DR (regular 
conversion) or the ADC_JDRy register (injection conversion). 
If multiple offsets (OFFSETy) point to the same channel, only the 
offset with the lowest x value is considered for subtraction. 
For example: If OFFSET1_CH=4 and OFFSET2_CH=4, then 
OFFSET1[11:0] is subtracted when converting channel 4. 
Note: Software is only allowed to write this bit when ADSTART=0 
and JADSTART=0 (this ensures no conversion is in progress). 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

JDATA[15:0] 

R R R R R R R R R R R R R R R R 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:0 JDATA[15:0] R 16ôh0 

Injection transformation data 
These bits are read-only. The conversion result of the in-
jection channel y is placed in this register. The data are 
left- or right-aligned.  

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

RCALFACT[8:0] Res. CAPSUC OFFSUC Res. Res. Res. Res. 

R R R R R R R R R  RC_W1 RC_W1     

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

RDVLD WRVLD FACTSEL [4: 0] WCALFACT [8: 0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:23 RCALFACT[8:0] R 9ôh00 

Read calibration result register (represented in two's 
complement). 
When RDVLD is active, the ADC calibration result is 
read. The software can only read it if ADCAL is 0. 
When RDVLD is valid, the overflow flag bit is read. The 
software can only read it if ADCAL is 0. 

22 Reserved - - Reserved 

21 CAPSUC RC_W1 1ôh0 

Capacitance calibration status bit. 
Indicates whether the ADC capacitance calibration is suc-
cessful. Hardware sets the bit, software writes 1 to clear. 
0: Capacitance calibration failed 
1: Capacitance calibration succeeded 

20 OFFSUC RC_W1 1ôh0 

Offset calibration status bit. 
Indicates whether ADC offset calibration succeeded. 
Hardware sets the bit, software writes 1 to clear. 
0: Offset calibration failed 
1: Offset calibration succeeded 

19:16 Reserved - - Reserved 

15 RDVLD RW 1ôh0 

Overflow flag bit read enabled. 
0: Read overflow flag disabled 
1: Enable read overflow flag 
Also calibration factor read enable. 
0: Read calibration factor disabled 
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13.5.20. ADC gain compensation register (ADC_GCOMP) 

Offset address: 0xC0 

Reset value: 0x0000 0000 

 

1: Enable read calibration factor 

14 WRVLD RW 1ôh0 
Calibration factor write enabled. 
0: Write calibration factor disabled 
1: Enable write calibration factor 

13:9 FACTSEL [4: 0] RW 5ôh00 

Read/write calibration value selection bit 
When RDVLD/WRVLD is active, select which capacitor 
the calibration result to be read/the calibration factor to 
be written to be loaded. 
{cov_error, cal_error} is set by hardware and cleared by 
software. 
You need to enable RDVLD when reading {cov_error, 
cal_error}. 
Enable WDVLD when writing {cov_error, cal_error}. 
Clear cov_error by writing WCALFACT[1], clear cal_er-
ror by writing WCALFACT[0]. 
5ôd1: dos 
5ôd2: dcpm5 
5ôd3: dcpm4 
5ôd4: dcpm3 
5ôd5: dcpm2 
5ôd6: dcpm1 
5ôd7: dcpn4 
5ôd8: dcpn3 
5ôd9: dcpn2 
5ôd10: dcpn1 
5ôd11: dcpk3 
5ôd12: dcm5 
5ôd13: dcm4 
5ôd14: dcm3 
5ôd15: dcm2 
5ôd16: dcm1 
5ôd17: dcnm0 
5ôd18: {cov_error, cal_error}: 
Cov_error: When AD conversion is performed, the cali-
bration result is compensated to overflow during AD con-
version. The hardware sets this bit, and the software 
writes 1 to clear it. 
cal_error: During calibration, if an overflow occurs in the 
calibration process, hardware sets this bit. Software 
clears it by writing 1. 

8:0 WCALFACT [8: 0] RW 9ôh00 

Write the calibration factor register (complement repre-
sentation). 
When WRVLD is valid, the WCALFACT value is loaded 
into the ADC. 
The software can only write when ADCAL is 0. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res.  GCOMPCOEFF [13: 0] 

  RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:14 Reserved - - Reserved 

13:0 GCOMPCOEFF [13: 0] RW 14ôh0 

Gain compensation coefficient 
These bits are configured by software to program the gain 
compensation coefficient. 
00 100 0 000 0 000 0: Gain factor of 0.5 
é 
01 000 0 000 0 000 0: Gain factor of 1 
10 000 0 000 0 000 0: Gain factor of 2 
11 000 0 000 0 000 0: Gain factor of 3 
é 
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13.5.21. ADC common configuration register (ADC_CCR) 

Offset address: 0x308 

Reset value: 0x0000 0000 

 

This coefficient is divided by 4096 to give a gain factor 
ranging from 0 to 3.999756. 
Note: This gain compensation is only valid when the 
GCOMP bit in the ADC_CFGR2 register is set to 1. 

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

Res
. 

Res
. 

DIFF_e
n 

VREFSE
L 

PWR MODE [2: 0] 
Res

. 
TSE

N 
VREFINT_E

N 
PRESC[3:0] 

CKMODE[1:0
] 

  RW RW RW RW RW  RW RW RW RW RW RW RW RW 

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

Res
. 

Res
. 

Res. Res. 
Res

. 
Res

. 
Res

. 
Res

. 
Res. Res. 

Res
. 

Res
. 

Res
. 

Res
. 

Res. Res. 

                

Bit Name R/W Reset Value Function 

31:30 Reserved - - Reserved 

29 DIFF_en RW 0 
Differential input enable 
0: single-ended input 
1: differential input 

28 VREFSEL RW 0 

ADC reference voltage selection. 

0: Select VREFP (connect to VCC when VREFP is not present) 

1: Select VREFBUF (VREFBUF_CR.VREFBUF_EN must be ena-
bled) 

27:25 
PWR MODE [2: 

0] 
RW 3ôb0 

Power Consumption Mode Configuration of Comparators in 
ADC 
000: typical 6ɛA 
001: typical 7ɛA 
010: typical 8ɛA 
011: typical 9ɛA 
100: typical 2ɛA 
101: typical 3ɛA 
110: typical 4ɛA 
111: typical 5ɛA 
Note: Writing to these bits via software is only allowed when 
the ADC is disabled (ADCAL=0, ADSTART=0, JADSTART=0, 
ADSTP=0, JADSTP=0, ADDIS=0, and ADEN=0). 

24 Reserved - - Reserved 

23 TSEN RW 0 

Temperature sensor enable bit. This bit can be set or cleared 
by software to enable/disable the temperature sensor. 
0: Temperature sensor channel disabled 
1: Temperature sensor channel enabled 
Note: Writing to this bit via software is only allowed when the 
ADC is disabled (ADCAL=0, ADSTART=0, JADSTART=0, 
ADSTP=0, JADSTP=0, ADDIS=0, and ADEN=0). 

22 VREFINT_EN RW 0 

VREFINT reference enable bit. This bit can be set or cleared by 
software to enable/disable the VREFINT reference. 
0: Disabled 
1: Enabled 
Note: Writing to this bit via software is only allowed when the 
ADC is disabled (ADCAL=0, ADSTART=0, JADSTART=0, 
ADSTP=0, JADSTP=0, ADDIS=0, and ADEN=0). 

21:18 PRESC[3:0] RW 0 

ADC prescalation factor, for asynchronous clock mode 
Configured by software to select the ADC clock frequency. 
0000: Input ADC clock undivided 
 0001: Input ADC clock 2 divided 
 0010: Input ADC clock 4 divided 
 0011: Input ADC clock 6 divided 
 0100: Input ADC clock 8 divided 
 0101: Input ADC clock 10 divided 0110: Input ADC clock 
 12 divided 0111: Input ADC clock 
 16 divided 1000: Input ADC clock 
 32 divided 1001: Input ADC clock 64 
 divided 1010: Input ADC clock 
 128 divided 1011: Input ADC clock 
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 256 divided  
Other values: Reserved 
Note: Writing to these bits via software is only allowed when 
the ADC is disabled (ADCAL=0, ADSTART=0, JADSTART=0, 
ADSTP=0, JADSTP=0, ADDIS=0, and ADEN=0). 

17:16 CKMODE[1:0] RW 0 

ADC clock mode 
Configured by software to define the method of providing clock 
to the analog ADC: 
00: ADC_CLK (asynchronous clock mode), source configured 
by RCC 
01: PCLK/2 (synchronous clock mode) 
10: PCLK/4 (synchronous clock mode) 
11: PCLK (synchronous clock mode). When this configuration 
is enabled, the clock duty cycle of PCLK must be 50%. 
In all synchronous clock modes, there is no jitter in the delay 
from a timer trigger to the start of a conversion.  
Note: Writing to these bits via software is only allowed when 
the ADC is disabled (ADCAL=0, ADSTART=0, JADSTART=0, 
ADSTP=0, JADSTP=0, ADDIS=0, and ADEN=0). 

15:0 Reserved - - Reserved 
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14.  Digi tal - to-analog converter  (DAC)  

14.1. Introduction 

The digital-to-analog converter module (DAC) is a 12-bit digital input, voltage-output digital-to-analog 

converter. The DAC can be configured in 8-bit or 12-bit mode, or can be used in conjunction with a 

DMA controller. When the DAC is operating in 12-bit mode, the data can be left justified or right justified. 

The DAC can use the reference voltage VREFP (refer to the datasheet for availability) via pin input for 

more accurate conversion results. 

14.2. DAC main features 

Â 1 DAC converter: Each converter corresponds to 1 output channel. 

Â Left or right data alignment in 12-bit mode 

Â Synchronized update capability 

Â Noise-wave generation 

Â Triangular-wave generation 

Â Channels support DMA functionality. 

Â Support DMA underflow error detection 

Â Conversion on external trigger 

Â Input reference voltages VREFP (VCCA) and VREFBUF. 
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14.3. DAC functional description 

14.3.1. DAC block diagram 
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Figure 14-1 DAC block diagram 

14.3.2. DAC channel enable. 

Set the EN bit in the DAC_CR1 register to '1' to power on the DAC. After a startup time tWAKEUP 

(refer to the datasheet for the value), the DAC is enabled. 

Note: The EN bit only enables the analog part of the DAC. Even if this bit is set to '0', the digital part 

(e.g., registers) of the DAC remains operational. 

14.3.3. DAC output buffer enable. 

The DAC integrates an output buffer, which can reduce output impedance and directly drive external 

loads without requiring an external op-amp. The output buffer can be enabled or disabled by setting 

the BOFF bit in the DAC_CR1 register. 

14.3.4. DAC calibration 

14.3.4.1. DAC external calibration (via ADC). 

The DAC can be calibrated via ADC. External reference voltage and internal reference voltage can 

store calibration values separately. Taking the selection of internal reference voltage VREFBUF 

(VREFSEL=1) as an example, the steps are as follows: 

1. Enable the ADC, select the internal channel mode for ADC, and choose the DAC input for the in-

ternal channel (the ADC must be calibrated first). 

2. Enable VREFBUF and select the VREFBUF voltage value as required. 

3. Configure the EN and DACCEN bits of the DAC_CR1 register to 1, BOFF=0; set 

DAC_OS_TRIMCR_VREFBUF in the DAC_CALR register to 6ôh11. 
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4. Fix DAC_DOR.DACDOR[11:0]=0x7FF (2047) for the DAC, adjust the value of 

DAC_OS_TRIMCR_VREFBUF until the ADC output value is 2047±1, at which point the calibration is 

complete. 

Note: The trim range is ±15mV. Increasing DAC_OS_TRIMCR_VREFBUF by two bits will increase 

the ADC output by 1LSB @3.3V 25°C.  

14.3.4.2. DAC Internal Calibration 

The DAC can be calibrated internally. External reference voltage and internal reference voltage can 

store calibration values separately. Taking the selection of internal reference voltage VREFBUF 

(VREFSEL=1) as an example, the steps are as follows: 

1. Configure EN=1, BUF_CAL=1, BOFF=0 in the DAC_CR1 register; set 

DAC_OS_TRIMCR_VREFBUF[5:0] in the DAC_CALR register to 6ôh11. 

2. Fix DAC_DOR.DACDOR[11:0]=12ôh7FF (2047) for the DAC, adjust the value of 

DAC_OS_TRIMCR_VREFBUF[5:0], and observe the value of the DAC_DOUT register. When the 

register value changes from 0 to 1, record the current value of DAC_OS_TRIMCR_VREFBUF[5:0]. 

14.3.5. DAC data format 

Depending on the selected configuration mode, the data has to be written in the specified register as 

described below: 

Â DAC data alignment has three modes: 

ĺ 8-bit data right-aligned: Users must write data to bits DAC_DHR8R[7:0] (actually stored in bits 

DACDHR[11:4]). 

ĺ 12-bit data left-aligned: Users must write data to bits DAC_DHR12L[15:4] (actually stored in 

bits DACDHR[11:0]). 

ĺ 12-bit data right-aligned: Users must write data to bits DAC_DHR12R[11:0] (actually stored 

in bits DACDHR[11:0]). 

Based on the operation of the DAC_DHRyyyx register, after the corresponding shift, the written data 

is transferred to the DACDHR register (DACDHR is the internal data storage register). Subsequently, 

the content of the DACDHR register is either automatically transferred to the DACDOR register or 

transferred to the DACDOR register via software trigger or external event trigger. 

8ӈᴸḾ

12ӈṫḾ

12ӈᴸḾ

31 24 15 7 0

 

Figure 14-2 Data registers in single DAC channel mode 

14.3.6. DAC conversion 

Data cannot be written directly to the DAC_DOR register. Any data output to the DAC must be writ-

ten to the DACDHR register (data is actually written to the DAC_DHR8R, DAC_DHR12L, or 

DAC_DHR12R registers). 
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If hardware trigger is not selected (TEN bit in the DAC_CR1 register is '0'), the data stored in the 

DACDHR register will be automatically transferred to the DACDOR register after one APB clock cy-

cle. If hardware trigger is selected (TEN bit in register DAC_CR1 set to '1'), data transfer completes 3 

APB clock cycles after the trigger occurs. 

Once data is loaded from the DACDHR register into the DACDOR register, the output becomes valid 

after the settling time tSETTLING (refer to datasheet for value), which varies depending on power 

supply voltage and analog output load. 

Note: When the DAC is disabled, the DACDOR value is not output to analog. 

 

Figure 14-3 Timing diagram for conversion when TEN = 0 

14.3.7. DAC output voltage 

The digital input is linearly converted to an analog voltage output through the DAC, ranging from 0 to 

VREFP. 

The analog output voltages on each DAC channel pin are determined by the following equation: 

DAC output = VREFP x (DACDOR / 4096). 

14.3.8. DAC Trigger Selection 

If the TEN bit is set to 1, DAC conversion can be triggered by an external event (timer counter, exter-

nal interrupt line). The configuration control bits TSEL[2:0] can select one of 8 trigger events to initi-

ate DAC conversion, as shown in the table below (this product supports 7 valid triggers). 

Table 14-1 DAC Trigger Selection 

Each time the DAC interface detects a rising edge output from the selected timer TRGO or external 

interrupt line 9, the most recent data stored in the DACDHR register is transferred to the DACDOR 

register. After 3 APB clock cycles, the DACDOR register is updated with the new value. 

If software trigger is selected, conversion begins once the DAC_CR2.SWTRIG bit is set to '1'. After 

data is transferred from the DACDHR register to the DACDOR register, the SWTRIG bit is automati-

cally cleared to '0' by hardware. 

 

Source Type TSEL[2:0] 

Timer 6 TRGO event 

Internal signal from on-chip timers 

000 

Timer 3 TRGO event 001 

Timer 7 TRGO event 010 

Timer 15 TRGO event 011 

Timer 2 TRGO event 100 

Reserved 101 

EXTI Line9 External pin 110 

SWTRIG (software trigger) Software control bit 111 



PY32T090 Reference Manual 

248 / 672 

 

Note: 

1. Do not change TSEL[2:0] bits when EN is '1'. 

2. If software trigger is selected, data transfer from the DACDHR register to the DACDOR register 

requires only 1 APB clock cycle. 

3. The trigger frequency must not exceed 1 MHz. 

14.3.9. DMA functionality 

14.3.9.1. DMA request 

The DAC has DMA capability.  

If the DMAEN bit is set to '1', a DMA request is generated 3 clock cycles after an external trigger (not 

software trigger) occurs, and then the data in the DACDHR register is transferred to the DACDOR 

register. 

14.3.9.2. DMA underrun 

The DAC's DMA request has no buffer queue. Therefore, if a second external trigger arrives before 

the response to the first external trigger (first request) is received, no new DMA request will be is-

sued, and the DMA underrun flag DMAUDR in the DAC_SR register will be set to '1' to report the er-

ror condition. The DMA data transfer is then disabled and no more DMA requests are processed. 

The DAC channelx continues to convert old data. 

The software shall clear the DMAUDR flag by writing '1', disable the enable bit of the used DMA 

channel, and reinitialize the DMA and DAC channels to properly restart DMA transfer. Meanwhile, 

the software should adjust the DAC trigger conversion frequency or reduce the DMA workload to 

prevent DMA underflow from occurring again. Finally, DAC conversion can be resumed by enabling 

the DMA channel and configuring the external trigger. 

For each DAC channel, if the corresponding DMAUDRIE bit in the DAC_CR1 register is enabled, an 

interrupt will also be generated. 

14.3.10. DAC Noise Generation 

A linear feedback shift register (LFSR) can be used to generate pseudo-noise with varying ampli-

tudes. Set the WAVE[1:0] bits to '01' to enable the DAC noise generation function. The preload value 

of the LFSR is 0xAAA. This register is updated three APB cycles after each trigger event, following a 

specific calculation algorithm. 

By setting the MAMP[3:0] bits in the DAC_CR1 register, part or all of the LFSR data can be masked. 

The resulting LFSR value is added to the DACDHR value. If overflow occurs, the maximum value 

retained by the register is written to DACDOR; otherwise, the calculated value is written to DACDOR. 

If the register LFSR value is 0x000, a '1' (anti-lock mechanism) is injected. 

Setting the WAVE[1:0] bits to '0' resets the LFSR waveform generation algorithm. 
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Figure 14-4 DAC LFSR Algorithm 

 

Figure 14-5 DAC Conversion with LFSR Waveform Generation (Software Trigger Enabled) 

 

Figure 14-6 DAC Conversion with LFSR Waveform Generation (Hardware Trigger Enabled) 

Note: 1. To generate noise, the DAC trigger must be enabled by setting the TEN bit in the DAC_CR1 

register to '1'; 

2. If the DHR value changes, the LFSR register value will reset to 0xAAA; 

3. If TEN transitions from '1' to '0', the LFSR register value will also reset to 0xAAA. 

14.3.11. DAC Triangle Wave Generation 

A small amplitude triangular wave can be added to DC or slowly changing signals. Set the 

WAVE[1:0] bits to '1x' to enable the DAC triangle wave generation function. Set the MAMP[3:0] bits 

in the DAC_CR1 register to select the amplitude of the triangle wave. An internal triangle counteris 

incremented three APB clock cycles after each trigger event. Once the configured amplitude is 

reached, the counter is decremented down to 0, then incremented again and soon. When the sum of 

the set base value and the maximum MAMP amplitude exceeds the maximum value of the DACDOR 
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register, the counter starts decrementing once DACDOR reaches its maximum value. After decre-

menting to the base value, it begins incrementing again, repeating this cycle indefinitely. 

Setting WAVE[1:0] bits to '0' can reset the triangular wave generation. 

Note: When the base value is the maximum value of register DACDOR, the output of DACDOR will be 

its maximum value regardless of MAMP. 

MAMP [3:0]

+DACDHRx ṿ

DACDHRx ṿ

ⱴ ֟

 

Figure 14-7 DAC Triangular Wave Generation 

 

Figure 14-8 DAC conversion with triangular generation (software trigger enabled) 

 

Figure 14-9 DAC conversion with triangular generation (hardware trigger enabled) 

Note: 

1. To generate a triangular wave, the DAC trigger must be enabled by setting the TEN bit of the 

DAC_CR1 register to '1'; 

2. The MAMP[3:0] bits must be set before enabling the DAC; otherwise, their values cannot be modi-

fied; 

3. If the value of DACDHR changes, the triangular wave counter resets to 0; 

4. If TEN changes from '1' to '0', the triangular wave counter also resets to 0. 
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14.3.12. DAC output clock 

The DAC output clock (DAC_CLK) is the clock for sampling DACDOR data on the analog side, and 

this clock is only valid when EN is '1'. 

When hardware trigger is selected, it is set to '1' after 5 APB cycles following the rising edge of the 

hardware trigger and cleared to '0' after holding for 3 APB cycles; 

When software trigger is selected, it is set to '1' after 3 APB cycles following the rising edge of the 

software trigger and cleared to '0' after holding for 3 APB cycles; 

When no trigger is selected, it is set to '1' after 2 APB cycles following a data change and cleared to 

'0' after holding for 3 APB cycles. 

Note: One APB cycle after TEN changes from '1' to '0', the data in DACDOR will be updated to the 

data in the DACDHR register. If the data in the DACDHR register has been updated, a DAC_CLK 

will be generated when DACDOR is updated to the value of DACDHR; otherwise, no DAC_CLK will 

be generated. 

14.3.13. DAC output 

The DAC result can be externally output to an IO or internally to a comparator, op-amp, or ADC. The 

output control is as shown in the following table: 

Table 14-2 DAC output 

14.4. DAC registers 

14.4.1. DAC control register 1 (DAC_CR1) 

Address offset: 0x00 

Reset value: 0x0000 0000 

 

EN BOFF INTEREN DACCEN External output Internal output Operating mode 

1 1 1 0 High impedance the BOFF output Internal BOFF output 

1 0 X 1 Non-BOFF output Non-BOFF output DAC calibration mode 

1 0 X 0 Non-BOFF output High impedance External non-BOFF output 

1 1 0 0 the BOFF output High impedance External BOFF output 

0 X X X High impedance High impedance Disable 

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

Res. Res. Res. Res. 
Res

. 
Res

. 
Res

. 
Res

. 
Res

. 
Res

. 
Res

. 
Res

. 
Res

. 
Res

. 
Res. 

Res
. 

                

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

BUF_CA
L 

DACCE
N 

DMAUDRI
E 

DMAE
N 

MAMP[3:0] WAVE[1:0] TSEL[2:0] TEN 
BOF

F 
EN 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15 BUF_CAL RW 0 
DAC internal calibration enable 
0: Internal calibration disabled 
1: Internal calibration enabled 

14 DACCEN RW 0 

DAC external calibration enable (via ADC). 
This bit is set and cleared by the software. 
0: External calibration (via ADC) disabled; 
1: External calibration (via ADC) enabled; 

13 DMAUDRI RW 0 

DAC DMA underflow interrupt enable. 
This bit is set and cleared by the software. 
0: DAC DMA underflow interrupt disabled; 
1: DAC DMA underflow interrupt enabled. 
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12 DMAEN RW 0 

DAC DMA enable. 
This bit is set and cleared by the software. 
0: DAC DMA mode disabled; 
1: DAC DMA mode enabled. 

11:8 MAMP[3:0] RW 0 

DAC mask/amplitude selector. 
These bits are written by software to select mask in wave gen-
eration mode or amplitude in triangle generation mode. 
0000: LSFR bit 0 not masked/triangle wave amplitude value 
equals 1 
0001: LSFR bits [1:0] not masked/triangle wave amplitude 
value equals 3 
0010: LSFR bits [2:0] not masked/triangle wave amplitude 
value equals 7 
0011: LSFR bits [3:0] not masked/triangle wave amplitude 
value equals 15 
0100: LSFR bits [4:0] not masked/triangle wave amplitude 
value equals 31 
0101: LSFR bits [5:0] not masked/triangle wave amplitude 
value equals 63 
0110: LSFR bits [6:0] not masked/triangle wave amplitude 
value equals 127 
0111: LSFR bits [7:0] not masked/triangle wave amplitude 
value equals 255 
1000: LSFR bits [8:0] not masked/triangle wave amplitude 
value equals 511 
1001: LSFR bits [9:0] not masked/triangle wave amplitude 
value equals 1023 
1010: LSFR bits [10:0] not masked/triangle wave amplitude 
value equals 2047 
Ó1011: LSFR bits [11:0] not masked/triangle wave amplitude 
value equals 4095 

7:6 WAVE[1:0] RW 0 

DAC noise/triangle wave generation enable. 

These bits are set and cleared by the software. 
00: Wave generator off 
01: Noise wave generator enabled 
1x: Enable triangle wave generator 

5:3 TSEL[2:0] RW 0 

DAC trigger selection. 
These 3 bits are used to select the external trigger event for 
the DAC. 
000: TIM6 TRGO event 
001: TIM3 TRGO event 
010: TIM7 TRGO event 
011: TIM15 TRGO event 
100: TIM2 TRGO event 
101: Reserved 
110: External interrupt line 9 
111: Software trigger 
Note: These 3 bits can only be used when TEN = 1 (DAC trig-
ger enabled). 

2 TEN RW 0 

DAC trigger enable. 
This bit is set and cleared by software to enable/disable the 
DAC trigger. 
0: Disable DAC trigger. Data written to the DACDHR register is 
transferred to the DACDOR register after 1 APB clock cycle. 
1: Enable DAC channel 1 trigger. Data written to the DACDHR 
register is transferred to the DACDOR register after 3 APB 
clock cycles. 
Note: If software trigger is selected, data written to the 
DAC_DHR register only requires one APB clock cycle to be 
transferred to the DACDOR register. 

1 BOFF RW 0 

Disable DAC output buffer. 
This bit is set and cleared by software to enable/disable the 
DAC output buffer. 
0: Enable DAC output buffer 
1: Disable DAC output buffer 

0 EN RW 0 

DAC enable 
This bit is set and cleared by software to enable/disable the 
DAC. 
0: Disable DAC 
1: Enable DAC 
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14.4.2. DAC control register 2 (DAC_CR2) 

Address offset: 0x04 

Reset value: 0x0000 0000 

 

14.4.3. DAC 12-bit right-aligned data holding register (DAC_DHR12R) 

Address offset: 0x08 

Reset value: 0x0000 0000 

 

14.4.4. DAC 12-bit left-aligned data holding register (DAC_DHR12L) 

Address offset: 0x0C 

Reset value: 0x0000 0000 

 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. INTEREN VREFSEL 
SW 

TRIG 

             RW RW W 

Bit Name R/W Reset Value Function 

31:3 Reserved - - Reserved 

2 INTEREN RW 0 
DAC internal output enable. 
0: DAC outputs to external IO 
1: DAC outputs to internal analog module 

1 VREFSEL RW 0 

DAC reference voltage selection. 

0: Select VREFP as reference voltage (connect to VCCA if 
VREFP is unavailable) 
1: Select VREFBUF as reference voltage 

0 SWTRIG W 0 

DAC software trigger 
This bit is set and cleared by software to enable/disable soft-
ware trigger. 
0: Disable DAC software trigger; 
1: Enable DAC software trigger. 
Note: Once the data in register DACDHR is transferred to 
register DACDOR, (after 1 APB clock cycle) this bit is cleared 
by hardware. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

               

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

Res. Res. Res. Res. DACDHR[11:0] 

    RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:12 Reserved - - Reserved 

11:0 DACDHR[11:0] RW 0 
DAC 12-bit right-aligned data 
This bit is written by software to represent the 12-bit DAC 
data. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

DACDHR[11:0] Res. Res. Res. Res. 

RW RW RW RW RW RW RW RW RW RW RW RW     

Bit Name R/W Reset Value Function 

31:16 Reserved - - Reserved 

15:4 DACDHR[11:0] RW 0 
DAC 12-bit left-aligned data. 
This bit is written by software to represent the 12-bit DAC 
data. 

3:0 Reserved   Reserved 
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14.4.5. DAC 8-bit right-aligned data holding register (DAC_DHR8R) 

Address offset: 0x10 

Reset value: 0x0000 0000 

 

14.4.6. DAC data output register (DAC_DOR) 

Address offset: 0x2C 

Reset value: 0x0000 0000 

 

14.4.7. DAC status register (DAC_SR) 

Address offset: 0x34 

Reset value: 0x0000 0000 

 

14.4.8. DAC calibration register (DAC_CALR) 

Address offset: 0x38 

Reset value: 0x0000 0000 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. Res. Res. DACDHR[7:0] 

        RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:8 Reserved - - Reserved 

7:0 DACDHR[7:0] RW 0 
8-bit right-aligned data for DAC 
This bit is written by software and represents the 8-bit data of 
the DAC. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

               

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

Res. Res. Res. Res. DACDOR[11:0] 

    R R R R R R R R R R R 

Bit Name R/W Reset Value Function 

31:12 Reserved - - Reserved 

11:0 DACDOR[11:0] R 0 
DAC output data. 
This bit is read-only and represents the output data of the 
DAC. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. DMAUDR Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

  RC_W1              

Bit Name R/W Reset Value Function 

31:14 Reserved - - Reserved 

13 DMAUDR RC_W1 0 

DAC DMA underflow flag. 
This bit is set by hardware and cleared by writing 1 in soft-
ware. 
0: No DAC DMA underflow occurred 
1: DAC DMA underflow occurred 
Note: Software can only write '1' to clear '0' after DMAUDR is 
set to '1' 

12:0 Reserved - - Reserved 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. DAC_CR[4:0] 

           RW RW RW RW RW 

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

Res. Res. Res. DAC_DOUT DAC_OS_TRIMCR_VREFBUF[5:0] DAC_OS_TRIMCR_VCC[5:0] 
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   R RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:21 Reserved - - Reserved 

20:16 DAC_CR[4:0] RW 5ôh0 DAC reserved function register 

15:13 Reserved - - Reserved 

12 DAC_DOUT R 1ôb0 
Data for DAC when selecting internal 
Buffer calibration. 

11:6 
DAC_OS_TRIMCR_VREFBUF 

[5:0] 
RW 6ôh0 

Offset calibration value when DAC refer-

ence voltage selects VREFBUF. 

5:0 DAC_OS_TRIMCR_VCC[5:0] RW 6ôh0 
Offset calibration value when DAC refer-

ence voltage selects VREFP (VCCA). 
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15.  Comparator (COMP)  

15.1. Introduction to COMP 

The chip integrates two general-purpose comparators (COMP), namely COMP1 and COMP2. The 

COMP1/2 module can be used as a separate module or in combination with timer. 

The INP/INM used for comparator analog functions must be configured in analog mode in the GPIO 

registers, and the corresponding bits in the SYSCFG.P*_ANA2EN register must be enabled. 

The COMP features: 

Â Wake-up from low-power mode triggered by analog signals 

Â Analog signal conditioning 

Â When connected to the PWM output of a timer, it forms a cycle-by-cycle current control loop 

15.2. COMP main features 

Â Each comparator has configurable positive or negative inputs for flexible voltage selection. Input 

pin sources include: 

ĺ Multiplexed I/O pins 

ĺ Output of the temperature sensor 

ĺ Supports 64-step voltage division of internal reference voltages VREFBUF and VCCA 

ĺ VREFINT 

ĺ DAC output as INP or INM input 

ĺ OPA output as INP input 

Â Programmable hysteresis 

Â Programmable speed and power consumption 

Â Outputs can be connected to I/O or timer/low-power timer inputs as triggers: 

ĺ OCREF_CLR event (cycle-by-cycle current control) 

ĺ Braking for fast PWM shutdown 

ĺ Timer input capture 

ĺ Low-power timer input trigger 

Â COMP1 and COMP2 may be combined into a window comparator 

Â Each comparator has interrupt generation capability for waking the chip from low-power modes 

(sleep and all stop modes) via EXTI 

Â Configurable digital filter 

Â Blank source comparator output 

Â Write protection for configuration registers (LOCK function) 
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15.3. COMP functional description 

15.3.1. COMP block diagram 

+

-

COMP1

+

-

COMP2

COMP1_INP

COMP1_INM

COMP2_INP

COMP2_INM

COMP2_INMSEL[2:0]

COMP1_INMSEL[2:0]

COMP1_INPSEL[2:0]

COMP1_INP0

WINMODE

COMP1_OUT

COMP2_OUT

WINMODE
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filter

filter
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TIM1_ETR
TIM1_BK1
TIM1_Ocref_clr
TIM1_ICx(x=1~4)
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TIM2_Ocref_clr
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TIM3_ICx(x=1~4)
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Figure 15-1 COMP block diagram 

15.3.2. COMP interface and internal signals 

I/Os used as comparator inputs must be configured in analog mode in the GPIO registers, and the 

corresponding PAD in the SYSCFG.P*_ANA2EN register must be enabled. 

The comparator output can be connected to I/O pins through the alternate function (AF) of GPIO. 

The output can also be internally connected to inputs of various timers for the following purposes: 

Â Connecting to brake input for emergency shutdown of PWM signals 

Â Cycle-by-cycle current control using OCREF_CLR input 

Â Input capture of timers 

Â Input triggering of low-power timers 

The non-inverting input assignment of Comparator 1 is described in the INPSEL[2:0] bit field of the 

COMP1_CSR register, and the inverting input assignment is described in the INMSEL[2:0] bit field of 

the COMP1_CSR register. The non-inverting input assignment of Comparator 2 is described in the 

INPSEL[2:0] bit field of the COMP2_CSR register, and the inverting input assignment is described in 

the INMSEL[2:0] bit field of the COMP2_CSR register. 

15.3.3. COMP reset and clocks 

The COMP module has the following clock sources: 

PCLK (APB clock), system bus clock 

COMP clock, used to simulate the clock of the circuit after the output of the comparator (analog out-

put latch circuit, glitch filter circuit, etc.), can be selected as PCLK, LSE or LSI. When operation in 

Stop mode is required, LSE or LSI must be selected. 

The reset signal sources for the COMP module are: 
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1) APB reset, system reset 

2) COMP module soft reset (RCC_APBRSTR2.COMPxRST) 

15.3.4. Filtering function of COMP 

If the working environment of the chip is harsh, the output of the comparator will appear noisy signals. 

By setting COMPx_FR.FLTENx to enable the digital filter module, noise signals in the comparator out-

put waveform with pulse widths shorter than the time set by COMPx_FR.FLTCNT[15:0] can be filtered 

out. If the digital filter module is disabled, the output signal of the digital filter module is the same as the 

input signal. 

Note: The COMP filter time setting and enabling the filter should be completed before enabling 

COMPx_CSR.COMPx_EN. 

The filtering schematic is as follows: 

COMPEN

FLTEN

COMP 
output 

waveform

Digital Filter 
Circuit Output 

Waveform

Filter 
Respons
e Time

Filter 
Respo
nse 

Time

Note: The filter response time is determined by the value set in the FLTCNT register. The response time is 
(FLTCNT + 1) × T.

 

Figure 15-2 COMP filtering schematic diagram 

15.3.5. COMP output blanking 

The purpose of the blanking function is to prevent current regulation from tripping due to short cur-

rent spikes at the beginning of the PWM cycle (typically recovery current in the anti-parallel diodes of 

power switches). This is achieved by setting a blanking window defined by the timer output compare 

signal. The blanking source for each comparator channel is individually selected by software through 

configuring the BLANKSEL[2:0] bits in the COMPx_CSR register. The complement of the blanking 

signal is logically ANDed with the comparator output to generate the comparator channel x output. 
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COMP OUT(to TIM_BK..)

COMP OUT

Blank

PWM

Current limit

Current

Raw comp output

Blanking window

Final comp out

 

Figure 15-3 Comparator Blanking 

15.3.6. COMP locking mechanism 

Comparators can be used for safety-critical applications such as overcurrent and thermal protection. 

For applications with specific functional safety requirements, the comparator configuration can be 

protected against unintended modifications (e.g., when the program counter is corrupted). 

For this purpose, the comparator control and status registers can be write-protected (read- only). 

Once the comparator channel configuration is complete, its LOCK bit is set to 1, making the entire 

register read-only, including the LOCK bit. 

The write protection can only be removed by a chip reset signal. 

15.3.7. Window comparator 

The window comparator monitors whether an analog voltage falls within the range defined by upper 

and lower threshold limits. 

Two embedded comparators can be utilized to create window comparator. The monitored analog 

voltage is connected to the non-inverting (+) inputs of both comparators, while the upper and lower 

threshold voltages are connected to the inverting inputs (-) of the respective comparators. 

By enabling the WINMODE bit, the non-inverting (+) inputs of both comparators can be connected 

together, saving one I/O pin. 

For example, when WINMODE of Comparator 2 is set to 1, the comparator's positive input will con-

nect to COMP1INP; when WINMODE is cleared to 0, the positive input will connect to COMP2INP. 

This approach saves one I/O pin. 

Note: The WINMODE mode of both COMPs cannot be enabled simultaneously. 
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-

COMP1

+

-

COMP2

COMP1_INP

COMP1_INM

COMP2_INP

COMP2_INM

WINMODE=0

Lower threshold

Upper threshold

Input

COMP2_VALUE

XOR

COMP1 WINOUT=1

COMP2 WINOUT=0

COMP1_OUT

COMP2_OUT

 

Figure 15-4 Window comparator 

15.3.8. Hysteresis 

To avoid unintended output transitions in noisy signal conditions, the comparator can enable hystere-

sis functionality (by setting the HYST bit in COMP1_CSR and COMP2_CSR, the hysteresis for 

COMP1 and COMP2 can be enabled respectively). 

INP

INM

INM-Vhyst

COMP_OUT

 

Figure 15-5 Comparator Hysteresis 

15.3.9. Low-power modes 

The table below shows the comparator operation in various low-power modes. In low-power mode, 

to reduce power consumption, the PWRMODE bit in the COMPx_CSR register must be configured 

to 1. 

Note: INP or INM supports selecting outputs from VREFBUF, VREFINT, TS, DAC, or OPA. When VREFBUF 

is selected as the reference supply, it may consume significant power. In low-power mode, proper 

configuration is required. 

Table 15-1 Comparator characteristics in low power mode 

Mode Description 

Sleep 
No impact on the comparator. 
Comparator interrupts cause the device to exit the Sleep mode. 

Low-power run No effect on the comparator. 

Low power sleep No impact on the comparator. 
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15.4. COMP interrupts 

The comparator outputs are internally connected to the extended interrupts and events controller. 

Each comparator has a dedicated EXTI Line (Line17, Line18) capable of generating interrupts or 

events. This mechanism can also be used to wake up from low-power modes. 

To enable the COMPx interrupt, follow this sequence: 

1. Configure the EXTI Line corresponding to the COMPx output event in interrupt mode and ena-

ble it, then select rising edge, falling edge, or both as active. 

2. Configure and enable the NVIC IRQ channel mapped to the corresponding EXTI Line. 

3. Enable COMPx. 

15.5. COMP registers 

To configure the COMP1_CSR, COMP1_FR, and COMP_CCSR registers, enable 

RCC_APBENR1.COMP1EN to turn on the APB clock for COMP1. 

To configure the COMP2_CSR and COMP2_FR registers, enable RCC_APBENR1.COMP2EN to 

turn on the APB clock for COMP2. 

15.5.1. Comparator 1 control and status register (COMP1_CSR) 

Offset address: 0x00 

Reset value: 0x0000 0000 

 

Comparator interrupt can wake the device from low-power sleep mode. 

Stop 
No impact on the comparator. 
Comparator interrupt can wake the device from all stop modes. 

Standby 
The comparator controller powers down and must be reinitialized after exiting standby 
mode. 

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

LOCK 
COMP_O

UT 
INT_OUT_
SEL 

Re
s. 

Res. 
Re
s. 

Re
s. 

Re
s. 

Re
s. 

Re
s. 

Re
s. 

Re
s. 

Re
s. 

PWRMO
DE 

Re
s. 

HYST 

RW R RW           RW  RW 

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

POLARI
TY 

BLANKSEL [2: 0] 
WINMO

DE 
Re
s. 

Re
s. 

Re
s. 

INPSEL[2:0] INMSEL[2:0] 
Re
s. 

COM
P1 

_EN 

RW RW RW RW RW - - - RW RW RW RW RW RW  RW 

Bit Name R/W Reset Value Function 

31 LOCK RW 0 

COMP1_CSR register lock 
Software set, system reset and clear. When set, it locks all 
bits of the COMP1_CSR register. 
0: Unlocked, can read and write the entire register 
1: Lock, entire register read-only 

30 COMP_OUT R 0 
COMP1 output 
This bit is read-only and reflects the output level of COMP1 
after polarity selection and blanking. 

29 INT_OUT_SEL RW 0 

Comparator 1 internal digital output control. 
0: The internal digital output of the comparator selects the di-
rect output of the analog comparator (can be blanked), with-
out filtering or digital synchronization. 
1: The internal digital output of the comparator matches the 
external output (can be filtered, can be blanked). 

28:19 Reserved - - Reserved 

18 PWRMODE RW 0 

Comparator 1 power mode selector 
Software readable and writable, selects power consumption 
and the resulting speed of COMP1. 
0: High speed 
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15.5.2. COMP1 filter register (COMP1_FR) 

Offset address: 0x04 

Reset value: 0x0000 0000 

 

1: Medium speed 

17 Reserved - - Reserved 

16 HYST RW 0 
Comparator 1 hysteresis selector 
0: Hysteresis function turned off 
1: Hysteresis function enabled 

15 POLARITY RW 0 

COMP1 polarity selection 
Software can be read and written (if not locked) 
0: Non-inverted 
1: Inverted 

14:12 BLANKSEL [2: 0] RW 0 

Comparator 1 Blanking Signal Selection 
000: Blanking not enabled 
001: TIM1_OC4 
010: TIM2_OC3 
011: TIM3_OC3 
100: TIM15_OC2 
101: PWM_OC3 
110: Reserved 
111: Reserved 

11 WINMODE RW 0 

Non-inverting input selection for COMP1 in window mode 
Software can be read and written (if not locked) 
0: Selected via COMP1's INPSEL[2:0] 
1: Selects COMP2's COMP2_INP signal 
Note: The WINMODE mode of both COMPs cannot be ena-
bled simultaneously. 

10:8 Reserved - - Reserved 

7:5 INPSEL[2:0] RW 00 

Comparator 1 signal selector for non-inverting input 
000: COMP1_INP0(OPA_VOUT) 
001: COMP1_INP1(DAC_VOUT) 

010χCOMP1_INP2(PC15) 

011χCOMP1_INP3(PD0) 

100χCOMP1_INP4(PD1) 

101: COMP1_INP5 (reserved) 
110: COMP1_INP6 (reserved) 
111: COMP1_INP7 (reserved) 

4:2 INMSEL[2:0] RW 00 

Comparator 1 signal selector for inverting input 

000χCOMP1_INM0(PC5) 

001χCOMP1_INM1(PA1) 

010: COMP1_INM2(DAC_VOUT) 
011: COMP1_INM3(Resistor divider output VREFCMP) 
100: COMP1_INM4(TS_VIN)(Requires enabling the ADC 
module's ADC_CCR.TS_EN register) 
101: COMP1_INM5(VREFINT)(Requires enabling the ADC 
module's ADC_CCR.VREFINT_EN register) 
110: COMP1_INM6(VREFBUF)(Requires enabling the VREFBUF 
module's VREFBUF_EN register) 

111χCOMP1_INM7(PA13)  

1 Reserved - - Reserved 

0 COMP1_EN RW 0 

Comparator 1 enable 
Software can be read and written (if not locked) 
0: Disabled 
1: Enabled 

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

FLTCNT1 [15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. FLTEN1 

               RW 

Bit Name R/W Reset Value Function 

31:16 FLTCNT1 [15:0] RW 0x0 Comparator 1 sampling filter counter 



PY32T090 Reference Manual 

263 / 672 

 

15.5.3. COMP Common Control and Status Register (COMP_CCSR) 

Offset address: 0x08 

Reset value: 0x0000 0000 

 

15.5.4. COMP2 Control and Status Register (COMP2_CSR) 

Offset address: 0x10 

Reset value: 0x0000 0000 

 

The sampling clock is APB or LSI or LSE. The filter count 
value is configurable. When the number of samples 
reaches the filter count value, the results are output con-
sistently. 
Sample count cycle = FLTCNT [15: 0] 

15:1 Reserved - - Reserved 

0 FLTEN1 RW 0x0 

Comparator 1 digital filter function configuration 
0: Digital filtering function disabled 
1: Digital filtering function enabled 
Note: This bit must be set when COMP1_EN is 0. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

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

Res. Res. Res. Res. Res. Res. Res. Res. 
SSEL VCDIV[5:0] VREFCMP_EN 

        RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:8 Reserved - - Reserved 

7 SSEL RW 0 
VREFCMP voltage source selection 
0: VREFBUF 
1: VCCA 

6:1 VCDIV[5:0] RW 0 

COMP1,COMP2 divider selection 
00_0000: 1/64 VREF 
00_0001: 2/64 VREF 
00_0010: 3/64 VREF 
é 
11_1110: 63/64 VREF 
11_1111: VREF 

0 VREFCMP_EN RW 0 
VREFCMP enable 
0: Disabled 
1: Enabled 
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Re
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Re
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Re
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Re
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Re
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Re
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Re
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Re
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Re
s. 

PWRMO
DE 

Re
s. 

HYST 

RW R RW           RW  RW 

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

POLARI
TY 

BLANKSEL [2: 0] 
WINMO

DE 
Re
s. 

Re
s. 

Re
s. 

INPSEL[2:0] INMSEL[2:0] 
Re
s. 

COM
P2 

_EN 

RW RW RW RW RW - RW RW RW RW RW RW RW RW  RW 

Bit Name R/W Reset Value Function 

31 LOCK RW 0 

COMP2_CSR register lock 
Software set, system reset and clear. When set, all bits of 
the COMP2_CSR register are locked. 
0: Unlocked, can read and write the entire register 
1: Lock, entire register read-only 

30 COMP_OUT R  
COMP2 output 
This read-only flag reflects the level of the comparator 2 
output before the polarity selector. 

29 INT_OUT_SEL RW 0 

Comparator 2 internal digital output control. 
0: Comparator internal digital output selects direct output 
from analog path (can be blanked), without filtering or digi-
tal synchronization 
1: The internal digital output of the comparator matches the 
external output (can be filtered, can be blanked). 



PY32T090 Reference Manual 

264 / 672 

 

15.5.5. COMP2 filter register (COMP2_FR) 

Offset address: 0x14 

Reset value: 0x0000 0000 

28:19 Reserved - - Reserved 

18 PWRMODE RW 0 

Comparator 2 power mode selector 
The software is readable and writable, selecting the power 
consumption and the resulting speed of COMP2. 
0: High speed 
1: Medium speed 

17 Reserved - - Reserved 

16 HYST RW 0 
Comparator 2 hysteresis selector 
0: Hysteresis function turned off 
1: Hysteresis function enabled 

15 POLARITY RW 0 

COMP2 polarity selection 
Software can be read and written (if not locked) 
0: Non-inverted 
1: Inverted 

14:12 BLANKSEL [2: 0] RW 0 

Comparator 2 Blanking Signal Selection 
000: Blanking not enabled 
001: TIM1_OC4 
010: TIM2_OC3 
011: TIM3_OC3 
100: TIM15_OC2 
101: PWM_OC3 
110: Reserved 
111: Reserved 

11 WINMODE RW 0 

Non-inverting input selection for COMP2 in window mode 
Software can be read and written (if not locked) 
0: Selected via COMP2's INPSEL[2:0] 
1: Selects the COMP1_INP signal of COMP1 
Note: The WINMODE mode of both COMPs cannot be en-
abled simultaneously. 

10:8 Reserved - - Reserved 

7:5 INPSEL[2:0] RW 000 

Signal selection for the non-inverting input of COMP2, 
readable and writable by software 
000: COMP2_INP0 (DAC_VOUT)  
001: COMP2_INP1 (OPA_VOUT) 

010χCOMP2_INP2(PB14) 

011χCOMP2_INP3(PC3) 

100χCOMP2_INP4(PC4) 

101: COMP2_INP5 (reserved) 
110: COMP2_INP6 (reserved) 
111: COMP2_INP7 (reserved) 

4:2 INMSEL[2:0] RW 000 

Signal selection for the inverting input of COMP2 

000χCOMP2_INM0(PA13) 

001χCOMP2_INM1(PB15) 

010: COMP2_INM2 (DAC_VOUT) 
011: COMP2_INM3 (Resistor divider output VREFCMP) 
100: COMP2_INM4 (TS_VIN) (Requires enabling the 
ADC_CCR.TS_EN register of the ADC module) 
101: COMP2_INM5 (VREFINT) (Requires enabling the 
ADC_CCR.VREFINT_EN register of the ADC module) 
110: COMP2_INM6 (VREFBUF) (Requires enabling the 
VREFBUF_EN register of the VREFBUF module) 

111χCOMP2_INM7(PC0) 

1 Reserved - - Reserved 

0 COMP2_EN RW 0 

Comparator 2 enable 
Software can be read and written (if not locked) 
0: Disabled 
1: Enabled 

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

FLTCNT2 [15:0] 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
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Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. FLTEN2 

               RW 

Bit Name R/W Reset Value Function 

31:16 FLTCNT2 [15:0] RW 0x0 

Comparator 2 sampling filter counter 
The sampling clock is APB or LSI or LSE. The filter 
count value is configurable. When the number of sam-
ples reaches the filter count value, the results are out-
put consistently. 
Sample count cycle = FLTCNT [15: 0] 

15:1 Reserved - - Reserved 

0 FLTEN2 RW 0x0 

Comparator 2 digital filter function configuration 
0: Digital filtering function disabled 
1: Digital filtering function enabled 
Note: This bit must be set when COMP2_EN is 0 
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16.  Operat ional  ampli f ier  (OPA)  

16.1. Introduction 

The OPA module is suitable for simple amplifier applications. The internal single operational amplifier 

can be cascaded using external resistors. The input range of the OPA is from 0V to VCCA, and the 

output range is from 0.2V to VCCA-0.2V. 

For I/Os used as OPA analog functions, they must be configured in analog mode in the GPIO regis-

ters, and the OPA-mapped PAD in the SYSCFG.P*_ANA2EN register must be enabled. 

+

-

OPA

OPA_VINP0

OPA_EXTO1

To ADC

To COMPx(x=1~2)

OPA_VINP1

OPA_INPSEL

OPA_VINM0

OPA_VINM1

OPA_VMSEL

OPA_EXTO2

OPA_EXTO3

OPA_EXTO4

OPA_EXTOSEL[1:0]

OPA_EXTOEN

1

0

00

01

10

11

 

Figure 16-1 OPA block diagram 

16.2. OPA main features 

Â One independently configured operational amplifier 

Â VINP and VINM can be configured to select 2 channels respectively. 

Â The input range of the OPA is to VCCA, and the output range is from 0.2V to VCCA-0.2V.  

Â Can be internally output to COMP1~2 and ADC, and externally output can be configured to se-

lect 4 IOs. 

Â Can only be configured in general-purpose operational amplifier mode. 

16.2.1. OPA functional description 

The OPA can amplify small analog input signals by using external components to form an amplifier, 

with the output being the amplified signal. 

16.3. OPA registers 

16.3.1. OPA Output Control Register (OPA_OCR) 

Offset address: 0x30 

Reset value: 0x0000 0000 
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16.3.2. OPA Control Register (OPA_CR) 

Offset Address: 0x34 

Reset value: 0x0000 0000 

 

 

Bit Name R/W Reset Value Function 

31:3 Reserved - - Reserved 

2:1 OPA_EXTOSEL[1:0] RW 0 

OPA PAD External Output Selection 
00: OPA external output to PD4 
01: OPA external output to PD1 
10: OPA external output to PC8 
11: OPA external output to PC9 

0 OPA_EXTOEN RW 0 

OPA output enable 
0: No output internally or externally; 
1: OPA external output to PAD, and internal 
output to COMP1~2 and ADC; 
Note: When this register is configured to 1, and 
the OPA outputs to internal COMP or ADC, the 
corresponding bit in the SYSCFG.Px_ANA2EN 
register must be configured to enable 
ANA_PAD2 (PC8/PC9/PD1/PD4). 

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

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res. 
Res

. 
Res

. 
Res. 

Res
. 

Res. 

                

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

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

Res
. 

OPAE
N 

Res
. 

Res
. 

OPA_INMSE
L 

Res
. 

OPA_INPSE
L 

          RW   RW  RW 

Bit Name R/W Reset Value Function 

31:6 Reserved - - Reserved 

5 OPAEN RW 0 OPA module enable, active high 

4:3 Reserved - - Reserved 

2 OPA_VINMSEL RW 0 
OPA VINM selection control. 
0: OPA VINM selects PD2 
1: OPA VINM selects PC1 

1 Reserved - - Reserved 

0 OPA_VINPSEL RW 0 
OPA VINP selection control. 
0: OPA VINP selects PD3 
1: OPA VINP selects PC2 
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17.  L iquid Crystal  Display Control ler  (LCD)  

17.1. Introduction 

The LCD controller is a digital controller/driver designed for monochrome passive liquid crystal dis-

plays (LCDs), supporting up to 8 common terminals (COM) and 40 segment terminals (SEG) to drive 

160 (4x40) or 288 (8x36) LCD picture elements. The exact number of terminals depends on the de-

vice pins described in the data manual. The LCD is composed of several segments (pixels or sym-

bols), which can all be lit or off. Each segment contains a layer of liquid crystal molecules aligned be-

tween the two electrodes. When a voltage higher than the threshold is applied to the liquid crystal, 

the corresponding segment becomes visible. The segment voltage must be alternating current to 

avoid the surge effect in the liquid crystal (which affects display quality). After that, waveforms must 

be generated across the section to avoid DC. 

17.2. LCD main features 

The main features of the LCD are as follows: 

Â Highly flexible frame rate control 

Â Supports static, 1/2, 1/3, 1/4, 1/6, and 1/8 duty cycles 

Â Supports 1/2, 1/3, and 1/4 bias voltages 

Â Supported display modes: Type A or Type B 

Â Three driving waveform generation methods: internal resistor divider, external resistor divider, 

and external capacitor divider 

ĺ With internal resistor voltage division, power consumption can be reduced by using software 

to configure the conduction time of the internal high - drive voltage - dividing resistors, thus 

matching the capacitance charge required by the LCD panel. The contrast of the LCD can 

also be configured via software to adjust the brightness of the LCD panel 

ĺ  For external resistor voltage division, the capacitance charge required by the LCD panel can 

be matched by adjusting the resistance value of the external resistors 

ĺ In the case of external capacitor voltage division, the capacitance charge required by the LCD 

panel can be matched by using software to configure the number of capacitor driving times 

Â Supports LCD blinking function with configurable blinking frequencies 

Â Adjusts display brightness through programmable inter-frame dead time 

Â Unused LCD segments and public pin can be configured to digital or analog functions 

Â Dual buffer memory allows the data in the LCD_RAM registers to be updated at any time 

through the application firmware without affecting the integrity of the displayed data 

ĺ Up to 16x32-bit register LCD data RAM 

Â Supports low-power modes: LCD controller can display in Sleep, Low-power Run, Low-power 

Sleep, and Stop modes 

Â Configurable frame interrupt 
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17.3. LCD functional description 

When used as LCD I/O, must be configured in analog mode in GPIO registers. 

The specific functions implemented by the LCD module are as follows: 

Â External low-speed crystal or internal low-speed RC clock can be selected as the operating 

clock (generated by RCC module) 

Â Generates COM port switching waveforms based on LCD clock; 

Â Generates raw SEG switching waveforms based on current register settings 

Â LCD RAM is used to store LCD display data and can also be used as general data registers 

Â After modifying data in LCD RAM, wait for UDD flag to be set before LCD display changes 

Â Generates control timing supporting analog internal boost mode 

17.3.1. LCD block diagram 
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Figure 17-1 LCD Functional Block Diagram 

17.3.2. LCD clock (refresh frequency) 

LCD_CR.LCDCLK register can select LCD refresh frequency (frame transmission time), with four 

options: 

00: 64 Hz 

01: 128 Hz 

10: 256 Hz 

11: 512 Hz 

After clock input (external low-speed crystal/internal low-speed RC, 32.768 kHz), frequency division 

is performed based on selected frequency. 

17.3.3. LCD scanning waveform 

Taking 1/8 Duty, 1/3 Bias as an example, TypeA and TypeB scanning waveforms are shown below. 
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Eight COM terminals become active sequentially. During each COM terminal's active period, SEG 

outputs appropriate voltage levels. Combined with COM levels applied to LCD panel, segments with 

larger voltage differences are displayed while those with smaller differences remain hidden. 

1/3 Bias means LCD drive circuit can output four drive voltage levels, obtained by evenly distributing 

bias voltage. 

17.3.3.1. LCD TypeA scanning waveform 

The figure below only shows three COM terminals. 

ă------- ѿ ------- Ą ă------- ѿ ------- Ą 

COM0

COM1

COM2

SEGn

SEGn+1

COM0-SEGn

COM1-SEGn+1

COM2-SEGn+1

 

Figure 17-2 LCD 1/8 Duty, 1/3 Bias, TypeA scanning waveform 

17.3.3.2. LCD TypeB scanning waveform 

The figure below only shows three COM terminals. 
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ă------- ѿ ------- Ą ă------- ѿ ------- Ą 

COM0

COM1

COM7

SEGn

SEGn+1

COM0-SEGn

COM1-SEGn+1

COM7-SEGn+1

 

Figure 17-3 LCD 1/8 Duty, 1/3 Bias, TypeB scanning waveform 

17.3.4. LCD contrast control 

17.3.4.1. Waveform Amplitude 

The contrast can be adjusted by modifying the waveform amplitude through the 

LCD_CR.CONTRAST register. Effective only when the bias voltage source is selected as internal 

resistor divider. 

17.3.4.2. Dead Time 

The contrast can be controlled by programming the inter-frame dead time. During the dead time, the 

COM and SEG values are set to VSS. The DEAD[2:0] bits in the LCD_CR register can be used to 

program a period up to seven phase cycles. This dead time reduces contrast without modifying the 

frame rate. The figure below shows the waveform of COM0 in typeA and typeB with 1/4 bias and 

DEAD[2:0]=3. 
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Figure 17-4 Waveform of COM0 in typeA 

Ẽ Ẽ҈ҩ

 

Figure 17-5 Waveform of COM0 in typeB
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17.3.5. LCD Display Data Storage Mode 

In different display modes, the available space of the LCD display data storage register (LCDRAM) is as follows: 

17.3.5.1. Mode 1 
Â In 1/8 duty cycle mode, the maximum storage space is 36×8 bits.  

 
Â In 1/6 duty cycle mode, the maximum storage space is 38×6 bits.  
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Â In 1/4 duty cycle mode, the maximum storage space is 40×4 bits.  

 
Â In 1/3 duty cycle mode, the maximum storage space is 40×3 bits.  
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Â In 1/2 duty cycle mode, the maximum storage space is 40×2 bits.  

 
Â In static display mode, the maximum storage space is 40×1 bit.  
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17.3.5.2. Mode 0 
Â 1/8 duty cycle 

 
Â 1/6 duty cycle 
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Â 1/4 duty cycle 

 
Â 1/3 duty cycle 
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Â 1/2 Duty 

 
Â Static 
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17.3.6. LCD Bias Circuit 

The bias voltage for LCD has three sources: internal resistor divider, external resistor divider, and 
external capacitor divider. When the internal resistor divider is selected, the chip automatically 
switches internal circuits to generate voltages that meet the bias and duty requirements. When the 
external resistor divider or external capacitor divider is selected, users need to build the correspond-
ing circuit on the peripheral pins of the chip. 

17.3.6.1. Internal resistance mode 

In internal resistor mode, VLCDH, VLCD3~VLCD0 can be used as LCD SEG outputs or IO ports. 

In internal resistor mode, the LCD drive voltage is controlled by LCD_CR.CONTRAST, as shown in 
the following table: 

Table 17-1 Internal resistance mode 

17.3.6.2. External resistance mode 

1/4  BIAS

VLCD0

VSS

VLCD1

VLCD2

VLCD3

VLCDH

1/3  BIAS

VLCD0

VSS

VLCD1

VLCD2

VLCD3

VLCDH

1/2  BIASStatic

VLCD0

VSS

VLCD1

VLCD2

VLCD3

VLCDH

R R

R

Rx

R

R

R

RxRx

VLCD0

VSS

VLCD1

VLCD2

VLCD3

VLCDH

Rx

R

R

R

 

When using the external resistor drive method, external circuit support is required, occupying five 
additional IO pins (VLCDH, VLCD3, VLCD2, VLCD1, VLCD0) on the MCU for external resistor divi-
sion. 

Note: 

1. Rx is an adjustable resistor used to adjust the LCD display contrast. Select the appropriate resis-
tor value based on the LCD screen. 

2. Choose the appropriate resistor R based on the LCD screen used, recommended Ó30Kɋ 

LCD_CR.CONTRAST VLCD(ALL bias) 

0 1.00*VCC 

1 0.92* VCC 

2 0.86* VCC 

3 0.8* VCC 

4 0.75* VCC 

5 0.71* VCC 

6 0.67* VCC 

7 0.63* VCC 

8 0.6* VCC 

9 0.57* VCC 

10 0.55* VCC 

11 0.52* VCC 

12 0.5* VCC 

13 0.48* VCC 

14 0.46* VCC 

15 0.44* VCC 
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3. X indicates that the corresponding VLCDX channel is not used and can be used as an LCD SEG 
output or IO port. 

17.3.6.3. External Capacitor Mode 

VLCD0

VSS

VLCD1

VLCD2

VLCD3

VLCDH

1/4  BIAS

VLCD0

VSS

VLCD1

VLCD2

VLCD3

VLCDH

1/3  BIAS

VLCD0

VSS

VLCD1

VLCD2

VLCD3

VLCDH

1/2  BIAS

C1

CH CH CH

C1 C1C2 C2 C3

 

When using the external capacitor drive method, external circuit support is required, occupying five 
additional IO pins (VLCDH, VLCD3, VLCD2, VLCD1, VLCD0) on the MCU for external capacitor divi-
sion. 

Note: 

1. Recommended external capacitors: C1=C2=C3=CH=0.1ɛF 

2. X indicates that the corresponding VLCDX channel is not used and can be used as an LCD SEG 
output or IO port. 

17.3.7. Double Buffer Memory 

Using this double buffer memory, the LCD controller ensures display continuity without requiring inter-
rupts to control LCD_RAMx modifications. 

Application software can access the first buffer level (LCD_RAMx) via the APB interface. Once 
LCD_RAMx is modified, the UDR flag in the LCD_CSR register is set to 1. The UDR flag (Update 
Display Request) requests to move updated information to the second buffer level (LCD_DISPLAYx). 

Before updating to LCD_DISPLAYx (after the current frame ends and before the next frame begins), 
LCD_RAMx is write-protected and the UDR flag remains high. Once the update is complete, another 
flag UDD (Update Display Done) is set to 1, and an interrupt is generated (if the UDDIE bit in the 
LCD_CSR register is set to 1). 

17.4. LCD interrupts 

Table 17-2 LCD interrupts 

17.5. Software configuration process 

17.5.1. LCD initialization process 

1. First, set the clock source: LCD module clock, where the clock source is selected by the 
RCC_BDCR.LSCSEL register to configure LSI or LSE. Then configure 
RCC_APBENR2.LCDEN=1 to enable the LCD module clock. 

2. Set the LCDCLK scan clock frequency via the LCD_CR.LCDCLK register 
3. Set the LCD RAM display mode selection (RAM to COM/SEG mapping) via the LCD_CSR.MODE 

register, 
4. Set the dead time and blink frequency via the LCD_CR.DEAD and 

LCD_CSR.BLINKEN/BLINKCNT registers 
5. Set the LCD output waveform selection (TypeA or TypeB) via the 

LCD_CR.COMSEG_DRV_TYPE register 
6. Select VCCA power mode (default) 
7. Set the LCD waveform duty cycle via the LCD_CR.DUTY register 

Interrupt event Event flag Enable control bit 

Update Display Data Done interrupt UDD UDDIE 

Start of Frame interrupt SOF SOFIE 

Start of "Off" phase in each blink in-
terrupt 

BKF BKFIE 
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8. For non-static mode, set the bias mode via the LCD_CR.BIAS register, then select the bias volt-
age mode via the LCD_CR.BSEL register 

9. For non-static mode, only when the bias voltage selects internal resistor division, the contrast 
(LCD_CR.CONTRAST) and the charge time of the fast charge mode for internal resistors 
(LCD_CR.FCCTL) can be set. 

10. For non-static mode, only when the bias voltage selects an external capacitor, the number of 
external capacitor drive cycles per LCDCLK period can be set via the 
LCD_CSR.SWCAP_DRV_NUM register 

11. Clear LCD_CR.EN=0 and LCD_CSR.SOF=0 
12. Clear LCD_RAM0~15 data by writing all zeros 
13. Set LCD_CSR.UDR to 1 
14. Enable LCD_CR.EN=1 
15. Wait until LCD_CSR.ENS becomes 1 
16. Wait for hardware to configure LCD_CSR.SOF=1 (indicating first frame data write) 
17. Clear LCD_CSR.SOF to 0 
18. Initialization configuration completed. 

17.5.2. LCD data update 

The LCD RAM data update frequency must be lower than the frame frequency. Additionally, setting 
LCD_CSR.UDR to 1 after writing to LCD_RAM will automatically update the LCD display at the end of 
the current frame, and new data will be displayed in the next frame. The process is as follows: 
1. Wait until LCD_CSR.UDR becomes 0 
2. Write new data to LCD_RAM0~15 
3. Clear LCD_CSR.UDD to 0 
4. Set LCD_CSR.UDR to 1 
5. Wait until LCD_CSR.UDD becomes 1 
6. For subsequent data writes, return to step 1 

17.5.3. Procedure for disabling the LCD 

1. Set LCD_CR.EN to 0 
2. Wait until LCD_CSR.ENS becomes 0 
3. Clear LCD_CSR.SOF to 0 

17.6. LCD registers 

17.6.1. LCD Control Register (LCD_CR) 

Offset address: 0x00 
Reset value: 0x0086_00C2 

 

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

Res. Res. Res. Res. Res. DEAD[2:0] FCCTL[2:0] COMSEG_DRV_TYPE Res. Res. Res. Res. 

     RW RW RW RW RW RW RW     

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

CONTRAST[3:0] Res. BSEL[1:0] DUTY[3:0] BIAS[1:0] Res. 
LCD_CLK [1: 

0] 
EN 

RW RW RW RW  RW RW RW RW RW RW RW  RW RW RW 

Bit Name R/W Reset Value Function 

31:27 Reserved - - Reserved 

26:24 DEAD[2:0] RW 3ôb000 

Dead time duration  
These bits are written by software to configure the 
length of the inter-frame dead time. During the dead 
time, the voltage levels of COM and SEG remain at 
0 V to reduce contrast without modifying the frame 
rate. 
000: No dead time 
001: 1 phase cycle dead time 
010: 2 phase cycles dead time 
...... 
111: 7 phase cycles dead time 
When updating this register with EN=0, the update fre-
quency should be less than or equal to 5 times the 
slowest clock (LCDCLK/PCLK), meaning the interval 
between two updates must be greater than or equal to 
5 slow clock cycles. 



PY32T090 Reference Manual 

282 / 672 

 

 

This register can also be updated with EN=1, but the 
update frequency should be less than the frame fre-
quency, and the new value of this register is always 
applied at the start of the next frame. 

23:21 FCCTL[2:0] RW 3ôb100 

Fast charge mode, charge time control bits. (1 LCD 
COM cycle = 1/2 LCDCLK) 
000: 1/2 LCD COM cycle 
001: 1/4 LCD COM cycle 
010: 1/8 LCD COM cycle 
011: 1/16 LCD COM cycle 
100: 1/32 LCD COM cycle 
101: 1/64 LCD COM cycle 
110: 1/128 LCD COM cycle 
111: Fast charge mode invalid  
Note: This register is for internal resistance mode; con-
figurations are invalid for other modes. 
This register can only be updated when EN=0. 

20 COMSEG_DRV_TYPE RW 1ôb0 

LCD waveform type selection 
0: TypeA 
1: TypeB 
This register can only be updated when EN=0. 

19:16 Reserved - - Reserved 

15:12 CONTRAST[3:0] RW 4ôb0 

LCD contrast adjustment 
The larger the CONSTRAST value, the smaller the 
amplitude of the LCD waveform. 
0x0: Maximum LCD waveform amplitude and maxi-
mum contrast; 
éé 
0xF: Minimum LCD waveform amplitude and minimum 
contrast; 
Note: Only valid when the bias voltage source is se-
lected as internal resistor divider. 

11 Reserved - - Reserved 

10:9 BSEL RW 2ôb0 

Bias voltage mode selection 
00: Internal resistor drive mode 
01: External resistor drive mode 
10: External capacitor drive mode 
11: Reserved (function follows internal resistor drive 
mode) 

8:6 DUTY RW 3ôb011 

LCD duty cycle selection 
000: Static 
001: 1/2 duty cycle 
010: 1/3 duty cycle 
011: 1/4 duty cycle 
100: Reserved 
101: 1/6 duty cycle 
110: Reserved 
111: 1/8 duty cycle 

5:4 BIAS RW 2ôb0 

00: 1/4 bias 
01: 1/2 bias 
10: 1/3 bias 
11: Reserved (function follows 1/4 bias) 

3 Reserved - - Reserved 

2:1 LCDCLK RW 2ôb01 

LCD scanning frequency selection 

00: 64 Hz 
01: 128 Hz 
10: 256 Hz 
11: 512 Hz 
Note: LCD frame frequency = LCD scan frequency × 
Duty 
This register can only be updated when EN=0. 

0 EN RW 1ôb0 

LCD enable control 
1: Enabled 
0: Disabled 
When EN is enabled, registers such as 
COMSEG_DRV_TYPE, BIAS, BSEL, and DUTY are 
write-protected. 
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17.6.2. LCD Control Status Register (LCD_CSR) 

Offset address: 0x04 
Reset value: 0x0000_0080 

 

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

Res Res Res Res Res. Res. Res Res. Res. Res. Res. Res. ENS UDD SOF BKF 

            R RW RW RW 

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

UDR UDDIE SOFIE BKFIE Res. MODE SWCAP_DRV_NUM[2:0] BLINKE BLINKCNT[5:0] 

RS RW RW R  RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:20 Reserved - - Reserved 

19 ENS R 0 

LCD enable status. 
This bit is set to 1 and cleared by hardware. It indicates the 
LCD controller status. 
0: LCD controller disabled 
1: LCD controller enabled 
Note: When the EN bit in the LCD_CR register changes from 
0 to 1, the ENS bit is immediately set to 1. When disabled, 
this bit reflects the actual state of the LCD, so it becomes 0 
at the end of the last displayed frame. 

18 UDD R 0 

Update display done 
This bit is set to 1 by hardware and cleared by writing 1 to 
UDDC in the LCD_INTCLR register. The priority of setting 
the bit is higher than clearing the bit. 
0: No event 
1: Update display request completed. 
If the UDDIE bit in the LCD_CSR register is set to 1, a UDD 
interrupt will be generated. 
Note: If the device is in stop mode (PCLK not provided), even 
if UDDIE = 1, UDD will not generate an interrupt. 
If the display is not enabled, a UDD interrupt will never occur. 

17 SOF R 0 

This bit is set to 1 by hardware at the start of a new frame, 
while updating display data. This bit is cleared by writing 1 to 
the SOFC bit in the LCD_INTCLR register. Bit clearing has 
higher priority than bit setting. 
0: No event  
1: Start of frame event occurred. If the SOFIE bit is set to 1, 
an LCD start-of-frame interrupt is generated. 

16 BKF R 0 
LCD blink data completion interrupt flag 
0: No LCD blink data completion interrupt 
1: LCD blink data completion interrupt generated 

15 UDR RS 0 

Update display request 
Each time the software modifies LCD_RAMx, the UDR bit 
must be set to 1 to transfer the updated data to the second-
level buffer (LCD_DISPLAYx). The UDR bit remains set to 1 
until the update is complete, during which LCD_RAMx is write-
protected. 
0: No effect 
1: Update display request 
When the display is enabled, updates are performed only for 
active storage units (depending on the duty cycle configura-
tion). 
Note: When this bit is already 1, writing 0 or 1 has no effect. 
This bit can only be cleared by hardware. This bit can only be 
cleared when LCD_CR.EN=1. 
When EN is disabled, LCD_DISPLAY updates are completed 
in 3~4 slow clocks; when EN is enabled, LCD_DISPLAY up-
dates are completed at the start of a frame, and UDR is 
cleared when the update is complete. 

14 UDDIE RW 0 

Update display completion interrupt enable 
This bit is set to 1 and cleared by the software. 
0: Disable LCD update display completion interrupt 
1: Enable LCD update display completion interrupt 

13 SOFIE RW 0 
Frame start interrupt enable 
This bit is set and cleared by software. 
0: Disable frame start interrupt 
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17.6.3. LCD interrupt clear register (LCD_INTCLR) 

Offset address: 0x08 
Reset value: 0x0000_0000 

 

1: Enable frame start interrupt 

12 BKFIE RW 0 

Display completion interrupt enable 
This bit is set and cleared by software. 
0: Disable flicker data completion interrupt 
1: Enable flicker data completion interrupt 

11 Reserved - - Reserved 

10 MODE RW 0 
LCD RAM display mode delection 
0: Mode 0 
1: Mode 1 

9:7 
SWCAP_DRV_

NUM 
RW 3ôb001 

In external capacitor mode, the number of times the external 
capacitor is driven within one LCDCLK. More drive times re-
sult in stronger load. 
000: 4  
001: 8  
010: 16  
011: 32 
100: 64  
Others: Reserved 
Note: This register is for external capacitor mode. Configuring 
this register is invalid in other modes. 
This register can only be updated when EN=0. 

6 BLINKEN RW 0 
LCD flicker enable 
0: Disabled 
1: Enabled 

5:0 BLINKCNT RW 0 

Splash screen frequency and LCD interruption interval set-
ting 
LCD blink frequency = LCD frame frequency / (BlinkCnt+1); 
LCD interrupt interval = (BlinkCnt+1)*(1/LCD frame fre-
quency). 
Different COM ports need to be displayed under different 
duty cycles. This BLINKCNT represents the number of times 
all COM ports are displayed under a duty cycle. For example, 
with a 1/8 duty cycle and BLINKCNT=6ôd31, the data on all 8 
COM ports will be refreshed 32 times before triggering a BKF 
interrupt. 
When updating this register with EN=0, the update frequency 
should be less than or equal to 5 times the slowest clock 
(LCD_CLK/PCLK), meaning the interval between two up-
dates must be at least 5 slow clock cycles. 
This register can also be updated with EN=1, but the update 
frequency should be less than the frame frequency. The new 
value will only take effect in the next frame, and the blink 
frame counter will start counting from zero. 
Note 1: When the LCD is not enabled, after the first update of 
this register, the second update will be blocked within 5 
LSI/LSE clock cycles. 
Note 2: After the LCD is enabled, the second update will be 
blocked during the current frame after the first update of this 
register. The updated value will only take effect in the new 
frame. 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. UDDC SOFC BKFC 

             W W W 

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 

                

Bit Name R/W Reset Value Function 

31:19 Reserved - - Reserved 

18 UDDC W 0 
UDDF interrupt flag clear. Write 1 to clear, write 0 has 
no effect. 
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17.6.4. LCD output configuration register 0 (LCD_POEN0) 

Offset address: 0x0C 
Reset value: 0xFFFF_FFFF 
 

 

17.6.5. LCD output configuration register 1 (LCD_POEN1) 

Offset address: 0x10 
Reset value: 0x0000_0FFF 

 

 

17.6.6. LCD_RAM 0 to 7 

Offset address: 0x14-0x30 
Reset value: 0x0000_0000 

 

 

17 SOFC W 0 
SOF interrupt flag clear. Write 1 to clear, write 0 has no 
effect. 

16 BKFC W 0 
BKF interrupt flag clear. Write 1 to clear, write 0 has no 
effect. 

15:0 Reserved - - Reserved 

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

S31 S30 S29 S28 S27 S26 S25 S24 S23 S22 S21 S20 S19 S18 S17 S16 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

S15 S14 S13 S12 S11 S10 S9 S8 S7 S6 S5 S4 S3 S2 S1 S0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:0 Sx RW 0xFFFFFFF 

SEG31~0 output control bit 
0: SEG31~0 output enabled 
1: SEG31~0 output disabled, other functions can be 
used 

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

Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res 

                

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

Res Res Res Res C3 C2 C1 C0 S39C7 S38C6 S37C5 S36C4 S35 S34 S33 S32 

    RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 
31:12 Reserved - - Reserved 

11:8 Cx RW 0xF 
COMx output control bit (COM3~COM0) 
0: COM output enabled 
1: COM output disabled 

7:4 SxCy  RW 0xF 

SEGx/COMy output control bit 
0: SEG39~36/COM7~4 output enable 
1: SEG39~36/COM7~4 output disable 
SEG/COM pin function selection is determined by 
LCD_CR.DUTY 

3:0 Sx RW 0xF 
SEG35~32 output control bits 
0: SEG output enable 
1: SEG output disable 

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

D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

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

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

Bit Name R/W Reset Value Function 

31:0 Dx RW 0 

LCD dot output, displaying reference LCD display mode 
0 The corresponding SEG/COM intersection does not 
light up;  
1 The corresponding SEG/COM intersection lights up; 








































































































































































































































































































































































































































































































































































































































































































































































































