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1 Abbreviations in the text

1.1 Describes the list of abbreviations used in the register table

The following abbreviations are used in the description of registers:

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

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

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

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

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

read/clear by read(rc_r) Software can read this bit. Reading this bit will automatically clear it to' 0'. Writing' 0'
has no effect on this bit.

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

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

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

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

1.2 Available peripherals

For all models of N32G43x microcontroller series, the existence and number of a peripheral, please refer to the data
sheet of the corresponding model.
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2 Memory and bus architecture

2.1 System architecture

2.1.1 Bus architecture

Figure 2-1 Bus architecture
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B [Code bus: Connect the ICode bus of Cortex™-M4FP core with the flash instruction interface. Instruction
prefetching is completed on this bus.
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B The DCode bus connects the DCode bus of Cortex™-MA4FP core with the data interface of flash memory
(constant loading and debugging access).

B SBus bus connects the SBus bus (peripheral bus) of Cortex™-M4FP core to the bus matrix, which coordinates
the access between the core and DMA.

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

B The system consists of two AHB2APB Bridges, i.e. AHB2APB1 and AHB2APB2. The maximum speed of
APB1 PCLK is 27MHz; the maximum speed of APB2 PCLK is 54MHz.

2.1.2 Bus address mapping

The address mapping includes all AHB and APB peripherals: AHB peripherals, APB1 peripherals, APB2 peripherals,
Flash, SRAM, System Memory, etc. And the address space of SRAM is located in the bit-band Region of SRAM,
and atomic accesses can be made through the bit-band Alias to performed read-modify-write operations on the target
bits of the bit-band region. The address spaces of all APB and AHB peripherals are located in the bit-band Region of
the peripherals. Atomic accesses can be made through the bit-band Alias to performed read-modify-write operations
on the target bits of the bit-band region. The specific mapping is as follows:
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Figure 2-2 Bus address map
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Reserved

SAC SRAM 512B*2

SAC

Reserved

CRC

Reserved

FLASH

Reserved

RCC

Reserved

ADC

Reserved

DMA

AHB

Reserved

Reserved

UARTS

UART4

Reserved

SPI12/12S2

USART1

TIM8

SPI11/12S1

TIM1

Reserved

GPIOD

GPlOC

GPlOB

APB2

GPIOA

Reserved

DAC

PWR

Reserved

CAN

USB SRAM 512B

USB Register

12C2

12C1

LPUART

LPTIM

USART3

USART2

Reserved

APB1

TIM9

Reserved

Reserved

Reserved

Reserved

TIM7

TIM6

TIMS

TIM4

TIM3

TIM2

0x4002_4800 - OXSFFF_FFFF
0x4002_4400 - 0x4002_47FF
0x4002_4000 - 0x4002_43FF
0x4002_3400 - 0x4002_3FFF
0x4002_3000 - 0x4002_33FF
0x4002_2400 - 0x4002_2FFF
0x4002_2000 - 0x4002_23FF
0x4002_1400 - 0x4002_1FFF
0x4002_1000 - 0x4002_13FF
0x4002_0C00 - 0x4002_OFFF
0x4002_0800 - 0x4002_OBFF
0x4002_0400 - 0x4002_07FF
0x4002_0000 - 0x4002_O03FF
0x4001_8000 - 0x4001_FFFF

0x4001_5800 - 0x4001_7FFF
0x4001_5400 - 0x4001_57FF
0x4001_5000 - 0x4001_53FF
0x4001_4400 - 0x4001_4FFF
0x4001_3C00 - 0x4001_43FF
0x4001_3800 - 0x4001_3BFF
0x4001_3400 - 0x4001_37FF
0x4001_3000 - 0x4001_33FF
0x4001_2C00 - 0x4001_2FFF
0x4001_1800 - 0x4001_2BFF
0x4001_1400 - 0x4001_17FF
0x4001_1000 - 0x4001_13FF
0x4001_0C00 - 0x4001_OFFF
0x4001_0800 - 0x4001_OBFF
0x4001_0400 - 0x4001_O7FF
0x4001_0000 - 0x4001_03FF

0x4000_7800 - 0x4000_FFFF
0x4000_7400 - 0x4000_77FF
0x4000_7000 - 0x4000_73FF
0x4000_6800 - 0x4000_6FFF
0x4000_6400 - 0x4000_67FF
0x4000_6000 - 0x4000_63FF
0x4000_5C00 - 0x4000_5FFF
0x4000_5800 - 0x4000_SBFF
0x4000_5400 - 0x4000_57FF
0x4000_5000 - 0x4000_53FF
0x4000_4C00 - 0x4000_4FFF
0x4000_4800 - 0x4000_4BFF
0x4000_4400 - 0x4000_47FF
0x4000_4000 - 0x4000_43FF
0x4000_3C00 - 0x4000_3FFF
0x4000_3800 - 0x4000_3BFF
0x4000_3400 - 0x4000_37FF
0x4000_3000 - 0x4000_33FF
0x4000_2C00 - 0x4000_2FFF
0x4000_2800 - 0x4000_2BFF
0x4000_2400 - 0x4000_27FF
0x4000_2000 - 0x4000_23FF
0x4000_1C00 - 0x4000_1FFF
0x4000_1800 - 0x4000_1BFF
0x4000_1400 - 0x4000_17FF
0x4000_1000 - 0x4000_13FF
0x4000_0C00 - 0x4000_OFFF
0x4000_0800 - 0x4000_OBFF
0x4000_0400 - 0x4000_07FF
0x4000_0000 - 0x4000_03FF

Table 2-1 List of peripheral register addresses

Address range

Peripherals

Bus

0x4002_4800 — OX5FFF_FFFF

Reserved

0x4002_4400 — 0x4002_47FF

SAC SRAM 512B*2

0x4002_4000 — 0x4002_43FF

SAC

0x4002_3400 — 0x4002_3FFF

Reserved

0x4002_3000 — 0x4002_33FF

CRC

0x4002_2400 — 0x4002_2FFF

Reserved

0x4002_2000 — 0x4002_23FF

FLASH

0x4002_1400 — 0x4002_1FFF

Reserved

0x4002_1000 — 0x4002_13FF

RCC

0x4002_0C00 — 0x4002_OFFF

Reserved

0x4002_0800 — 0x4002_0BFF

ADC

AHB
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Address range Peripherals Bus
0x4002_0400 — 0x4002_07FF Reserved
0x4002_0000 — 0x4002_03FF DMA
0x4001_8000 — 0x4001_FFFF Reserved
0x4001_5800 — 0x4001_7FFF Reserved
0x4001_5400 — 0x4001_57FF UART5
0x4001_5000 — 0x4001_53FF UART4
0x4001_4400 — 0x4001_4FFF Reserved
0x4001_3CO00 — 0x4001_43FF SP12/12S2
0x4001_3800 — 0x4001_3BFF USART1
0x4001_3400 — 0x4001_37FF TIM8
0x4001_3000 — 0x4001_33FF SP11/1251
0x4001_2CO00 — 0x4001_2FFF TIM1 APB2
0x4001_1800 — 0x4001_2BFF Reserved
0x4001_1400 — 0x4001_17FF GPIOD
0x4001_1000 — 0x4001_13FF GPIOC
0x4001_0C00 — 0x4001_OFFF GPIOB
0x4001_0800 — 0x4001_OBFF GPIOA
0x4001_0400 — 0x4001_07FF EXTI
0x4001_0000 — 0x4001_03FF AFIO
0x4000_7800 — 0x4000_FFFF Reserved
0x4000_7400 — 0x4000_77FF DAC
0x4000_7000 — 0x4000_73FF PWR
0x4000_6800 — 0x4000_6FFF Reserved
0x4000_6400 — 0x4000_67FF CAN
0x4000_6000 — 0x4000_63FF USB SRAM 512B
0x4000_5C00 — 0x4000_5FFF USB Register
0x4000_5800 — 0x4000_5BFF 12C2
0x4000_5400 — 0x4000_57FF 12C1
0x4000_5000 — 0x4000_53FF LPUART
0x4000_4C00 — 0x4000_4FFF LPTIM APB1
0x4000_4800 — 0x4000_4BFF USART3
0x4000_4400 — 0x4000_47FF USART2
0x4000_4000 — 0x4000_43FF Reserved
0x4000_3C00 — 0x4000_3FFF TIM9
0x4000_3800 — 0x4000_3BFF Reserved
0x4000_3400 — 0x4000_37FF Reserved
0x4000_3000 — 0x4000_33FF IWDG
0x4000_2C00 — 0x4000_2FFF WWDG
0x4000_2800 — 0x4000_2BFF RTC
0x4000_2400 — 0x4000_27FF COMP
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Address range Peripherals Bus
0x4000_2000 — 0x4000_23FF OPAMP
0x4000_1CO00 — 0x4000_1FFF Reserved
0x4000_1800 — 0x4000_1BFF Reserved
0x4000_1400 — 0x4000_17FF TIM7
0x4000_1000 — 0x4000_13FF TIM6
0x4000_0C00 — 0x4000_OFFF TIM5
0x4000_0800 — 0x4000_0BFF TIM4
0x4000_0400 — 0x4000_07FF TIM3
0x4000_0000 — 0x4000_03FF TIM2

2.1.2.1 Bit banding

Cortex™-M4FP memory image includes two bit-band areas. These two bit-band areas map each word in the alias
memory area to a bit in the bit-band memory area. When writing a word in the alias area, it is equivalent to performing
a read-modify-write operation on the target bits of the bit segment area.

Both the peripheral registers and SRAM are mapped into a bit-band area, which allows a single bit-band area write
and read operation to be performed.

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

bitband_ byte _addr = bitband _base + (byte_offset>32) + (bit_number>4)
In which:
bitband_byte addr is the address of the byte in the alias memory area, which is mapped to a certain target bit;
bitband _base is the starting address of alias area;
byte offset is the serial number of the byte containing the target bit in the bit-band;
bit_number is the position of the target bit (0-7).
For example:
The following example shows how to map bit 4 in bytes with SRAM address 0x20000400 in alias area:
022008010 = 022000000 + (0x400532) + (44).

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

Reading 0x22008010 address returns the value of bit 4 (0x01 or 0x00) of address 0x20000400 bytes in SRAM. Please
refer to “Cortex™-M4 Technical Reference Manual” for more information about bit-banding.

2.1.3 Boot management

2.1.3.1 Boot address

During system startup, you can select the BOOT mode after the reset through the BOOTO pin and the user option
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byte BOOT configuration. After a system reset or exit from standby mode, the value of the BOOT pin will be re-
latched and the option byte boot configuration (USER2) will be re-read. After a startup delay, the CPU gets the
address at the top of the stack from address 0x0000_0000 and executes the code from the reset vector address
indicated by address 0x0000_0004.Because of the Cortex™-M4 always gets the stack top pointer and reset vector
from addresses 0x0000_0000 and 0x0000_0004, so boot is only suitable for starting from the CODE area, and address
remapping is designed for boot space. There are three boot modes to choose from:

B Boot from Main Flash:
€ Main flash memory is mapped to the boot space (0x0000_0000);

€ Main flash memory is accessible in two address areas, 0x0000 0000 or 0x0800 0000
(ICode/DCode/DMA) ;

B Boot from System Memory:
€ System memory is mapped to boot space (0x0000_0000);

€ System memory can be accessed in two address areas, 0x0000 0000 or Ox1FFF 0000
(1Code/DCode/DMA) ;

B Boot from the built-in SRAM:
€ The built-in SRAM is mapped to boot space (0x0000_0000);

€ The built-in SRAM is accessible in two address areas, 0x0000 0000 or 0x2000_0000
(1Code/DCode/SBus/IDMAD

2.1.3.2 Boot configuration

In addition, SRAM can also be accessed through virtual address segment 0x1000_0000, which makes the CPU jump
to SRAM to run programs through ICode/DCode after starting from Main Flash or System Memory (note that
programs are not started from SRAM and do not belong to startup mode). In addition to the BOOT pin configuration
boot program, there are two ways to run the program in SRAM:

B Jump directly to the physical address segment 0x2000_0000 of SRAM to run the program. At this time, the
program will be run through SBus.

B Jump to the virtual address segment 0x1000_0000 of SRAM, and internally remap to the physical address
segment 0x2000_0000 to run the program. At this time, the program will run efficiently through 1Code/DCode.

Table 2-2 List of boot mode

. Specifies the start address for accessing
Boot mode select pin )
memory space in boot mode
Boot mode
. . System
nBOOT1 | nBOOTO BOOTO pin nSWBOOTO Main Flash SRAM
Memory
X X 0 1 ) 0x0000_0000 0x2000 0000
Main Flash start O0x1FFF_0000
X 1 X 0 0x0800_0000 0x1000 0000
1 X 1 1 System Memory 0x0000_0000 | 0x2000 0000
0x08000000
1 0 X 0 Start Ox1FFF_0000 | 0x1000 0000
71630
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. Specifies the start address for accessing
Boot mode select pin ]
memory space in boot mode
Boot mode
. . System
nBOOT1 nBOOTO BOOTO pin nSWBOOTO0 Main Flash SRAM
Memory
0 X 1 1 0x0000_0000
SRAM start 0x08000000 | Ox1FFF_0000 | 0x2000 0000
0 0 X 0 0x1000 0000

2.1.3.3 Embedded boot loader

Embedded boot loader program is stored in the system memory System Memory and is used to reprogram the flash
memory through the USART1 or USB-FS interface (full-speed USB device, DFU protocol). The USB-FS interface
can only be run when the external clock (HSE) of 4MHz, 6MHz, 8MHz, 12MHz, 16MHz, 18MHz, 24MHz and
32MHz is used. In addition to the above-mentioned 8-frequency external clock (HSE), the USARTL interface can
also rely on the internal 16MHz oscillator (HSI) to run.

2.2 Memory system

The program memory, data memory, registers and 1/O ports are organized in the same 4GB linear address space. Data
bytes are stored in the memory in little endian format. The lowest address byte in a word is regarded as the least
significant byte of the word, while the highest address byte is the most significant byte. The specifications of program
memory and data memory are as follows.

2.2.1 FLASH specification

Flash consists of a main storage area and an information area, which are described separately below: (Capacity values
in the following description do not include ECC)

B The maximum main memory area is 128KB, also known as main flash memory, which contains 64 Page for
storing and running user programs and storing data.

B The information area is 20KB, including 10 Page, and consists of system storage area (16KB), system
configuration area (2KB) and option byte area (2KB).

€ The System Memory area is 16KB, which contains 8 Page, also known as System Memory, and is used to
store and run the BOOT program.

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

€ The Option Byte area is 2KB, containing 1 Page, also known as Option Byte, and the effective space is
20B, BOOT programs and user programs can be read, written or erased.

2.2.1.1 Flash memory module organization

Bus address space is allocated to the main storage area and the information area.
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Memory area Page name Address range Size
Page 0 0x0800_0000 — 0x0800_07FF 2KB
Page 1 0x0800_0800 — 0x0800_OFFF 2KB
Main memory area Page 2 0x0800_1000 — 0x0800_17FF 2KB
Page 63 0x0801_F800 — 0x0801_FFFF 2KB
System memory area Ox1FFF_0000 — Ox1FFF_3FFF 16KB
Information area System configuration area Ox1FFF_F000 — OX1FFF_F7FF 2KB
Option byte area Ox1FFF_F800 — Ox1FFF_F813 20B
FLASH_AC 0x4002_2000 — 0x4002_2003 4B
FLASH_KEY 0x4002_2004 — 0x4002_2007 4B
FLASH_OPTKEY 0x4002_2008 — 0x4002_200B 4B
FLASH_STS 0x4002_200C — 0x4002_200F 4B
FLASH_CTRL 0x4002_2010 — 0x4002_2013 4B
Memory area FLASH_ADD 0x4002_2014 — 0x4002_2017 4B
interface
register FLASH_OB2 0x4002_2018 — 0x4002_201B 4B
FLASH_OB 0x4002_201C — 0x4002_201F 4B
FLASH_WRP 0x4002_2020 — 0x4002_2023 4B
FLASH_ECC 0x4002_2024 — 0x4002_2027 4B
Reserved 0x4002_2028 — 0x4002_202F 8B
FLASH_CAHR 0x4002_2030 — 0x4002_2033 4B

Flash memory is organized into 32-bit wide memory units, which can store codes and data constants.
Information is divided into three parts:

B The system memory area is used for storing a boot program for boot loader mode of the system memory. The
boot program uses USART1 and USB (DFU) serial interface to program the flash memory.

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

B Option byte area, writing to main memory and information block is managed by embedded flash
programming/erasing controller.

There are two ways to protect flash memory from illegal access (read, write and erase):
B Page write protection (WRP)
B Read protection (RDP)

When the flash memory write operation is executed, any read operation to the flash memory will lock the bus, and
the read operation can only be carried out correctly after the write operation is completed. That is, when writing or
erasing, cannot have any read access to the code or data.

The internal RC oscillator (HSI) must be turned on when the flash memory is programmed (written or erased).
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Note: In the low power consumption mode, all flash memory operations are suspended.
2.2.1.2 Read and write operation

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

When reading Flash, the number of waiting cycles for reading can be configured by the register. When using, it needs
to be calculated in combination with the clock frequency of AHB interface. For example, when HCLK<=32MHz,
the minimum number of waiting periods is 0; When 32MHz<HCLK<=64MHz, the minimum number of waiting
periods is 1; When 64MHz<HCLK<=96MHz, the minimum number of waiting periods is 2; When
96MHz<HCLK<=108MHz, the minimum number of waiting periods is 3.

Note: Enable prefetch buffer whether number of wait periods is not zero can improve overall efficiency..
Flash has two low-power operating modes:

B Low \oltage Mode, configure the FLASH_CTRL.LVMEN bit to enable this mode. Before enabling the low
voltage operation mode, it must be ensured that FLASH_CTRL.LATENCY is greater than 2 (at least 3 wait
periods).

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

2.2.1.3 Unlock Flash

After reset, the Flash module is protected and cannot be written into the FLASH_CTRL register to prevent accidental
operation of Flash due to electrical interference and other reasons. By writing a specific sequence of key values into
the FLASH_KEY register, you can open the operation authority of the FLASH_CTRL register. The specific sequence
is: Firstly, writing KEY1 = 0x45670123 in the FLASH_KEY register. Secondly, write KEY2 = OXCDEF89AB in the
FLASH_KEY register.

If there is an error in sequence or key value, a bus error will be returned and the FLASH_CTRL register will be
locked until the next reset. The software can check whether the Flash has been unlocked by looking at the
FLASH_CTRL.LOCK bit. If normal lock setting is needed, it can be realized by setting the FLASH_CTRL.LOCK
bit to 1 by software. After that, you can unlock the Flash by writing the correct key value series in FLASH_KEY.

2.2.1.4 Erase and program

2.2.1.4.1 Erase of main memory area

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

Page Erase

Page Erase process:

B Check the FLASH_ STS.BUSY bit to confirm that there are no other flash operations in progress;
B Setthe FLASH CTRL.PER bitto'1";

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

B Setthe FLASH CTRL.START bitto'1;
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B Wait for the FLASH_ STS.BUSY bit to change to' 0';

B Read out the erased page and verify it.

Mass Erase

Mass Erase process:

B Check the FLASH_STS.BUSY bit to confirm that there are no other flash operations in progress;
B Setthe FLASH_CTRL.MER bit to' 1

B Setthe FLASH_CTRL.START bitto' 1

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

B Read out all pages and verify.

2.2.1.4.2 Main memory area programming

The main memory area can be programmed with 32 bits at a time. When the FLASH_CTRL.PG bit is' 1', writing a
word in a flash address will start programming once; Writing any half word of data will result in a bus error. During
the programming process (the FLASH_ STS.BUSY bit is' 1), any operation of reading or writing the flash memory
will cause the CPU to pause until the end of the flash programming.

Main memory programming process:

B Check the FLASH_STS.BUSY bit to confirm that there are no other flash operations in progress;
B Setthe FLASH CTRL.PG bitto 1

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

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

B Read the written address and verify the data.

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

2.2.1.4.3 Option byte erase and programming

The option byte area is programmed differently from the main storage area. The number of option bytes is only 10
bytes (4 bytes for write protection, 2 bytes for read protection, 2 byte for configuration and 2 bytes for storing user
data). After unlocking the Flash, you must write KEY 1 and KEY 2 respectively (see2.2.1.3) to the FLASH_OPTKEY
register, and then set the FLASH_CTRL.OPTWE bit to' 1. At this time, the option byte area can be programmed: set
the FLASH_CTRL.OPTPG bit to' 1' and then write the word to the specified address.

When programming the word in the option byte area, use the low byte in the half-word and automatically calculate
the high byte (the high byte is the complement of the low byte), and start the programming operation, which will
ensure that the option byte and its complement are always correct.

Option byte erase process:
B Check the FLASH_ STS.BUSY bit to confirm that there are no other flash operations in progress;
B Unlock the FLASH CTRL.OPTWE bit;
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B Setthe FLASH_CTRL.OPTER bit to '1';

B Setthe FLASH_CTRL.START bitto '1;

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

B Read the erased option byte and verify it.

Option byte area programming process:

B Check the FLASH_STS.BUSY bit to confirm that there are no other flash operations in progress;
B Unlock the FLASH_CTRL.OPTWE bit;

B Setthe FLASH_CTRL.OPTPG bit to '1";

B \Writing the word to be programmed to the specified address;
B Wait for the FLASH_ STS.BUSY bit to change to '0';

B Read the written address and verify the data.

2.2.1.5 ECC function

The Flash module supports the ECC function to realize 1-bit error detection and 1-bit error correction. ECC encoding
and decoding (error correction, error detection) are automatically performed by hardware. If an error is detected, the
error bit is set and an interrupt is generated.

2.2.1.6 Instruction prefetching

The instruction prefetch function of Flash module supports the prefetch Buffer of 16B. Through instruction
prefetching, the instruction execution efficiency of CPU can be improved. The instruction prefetch function can be
configured to be enabled or disabled through the register, and it is enabled by default.

2.2.1.7 Option byte

Option byte block is mainly used to configure read-write protection, software/hardware watchdog configuration, boot
management, BOR gear selection and reset options when the system is in standby/stop2 mode, and bus address space
is allocated for read-write access. They consist of byte with 10 options: 4 byte for write protection, 2 bytes for read
protection, 2 byte for configuration option, 2 bytes defined by user, These 10 bytes need to be written through the
bus. The option byte block also contains the complement codes corresponding to these 10 option bytes. These
complement codes need to be automatically calculated by hardware when the option bytes are written in the bus, and
written into Flash together, and used for verification when the option bytes are read.

By default, the option byte block is always readable and write-protected. To write (program/erase) the option byte
block, first unlock the Flash, then unlock the option byte: write the correct key-value sequence (KEY1 = 0x45670123,
KEY2 = OXCDEF89AB) in the FLASH_OPTKEY, and then write the option byte block will be allowed. If the
sequence is wrong or the key value is wrong, a bus error will be returned and the option byte will be locked until the
next reset. If it is necessary to set the lock normally, it can be realized by writing 0 to the FLASH_CTRL.OPTWE
bit by software, and then the option byte can be unlocked by writing the correct key-value series in the
FLASH OPTKEY.

After each system reset, the option byte data is read out from the option byte block of Flash and stored in the option
byte register (FLASH_OB/FLASH_WRP) with read-only property. At the same time, the option byte complement
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data read out together will be used to verify whether the option byte data is correct. If it does not match, an option
byte error flag (FLASH_OB.OBERR) will be generated. When an option byte error occurs, the corresponding option
byte is forced to OXFF. When the option byte and its complement are both OxFF (the state after erasing), the above

verification steps are skipped and verification is not required.

Table 2-4 Option byte list

Address

[31:24]
Corresponding

complement code

[23:16] [15:8] [7:0]
Option byte Corresponding Option byte

complement code

Ox1FFF_F800 nUSER USER nRDP1 RDP1
Ox1FFF_F804 nDatal Datal nData0 Data0
Ox1FFF_F808 nWRP1 WRP1 nWRPO WRPO
Ox1FFF_F80C nWRP3 WRP3 NWRP2 WRP2
Ox1FFF_F810 nUSER2 USER?2 nRDP2 RDP2

B Read protection L1 level option byte: RDP1

€ Protect the code stored in the flash memory;

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

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

B User configuration options: USER

€ USER[7:3]: Reserved

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

0: Reset when entering standby mode

1: No reset occurs when entering standby mode

€ USER[1]: nRST_STOP2, read through FLASH_OB[3]

0: Reset occurs when entering stop2 mode

1: No reset occurs when entering stop2 mode

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

0: Hardware watchdog
1: Software watchdog

B 2 bytes of user data: Datax

€ Datal (stored in FLASH_OB[25:18]);

€ Data0 (stored in FLASH_OB [17:10]);

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

€ WRPO: write protection of pages 0-15, bit [0] corresponds to Page0 / 1, bit [7] corresponds to pagel4 / 15;
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€ WRP1: write protection on pages 16-31, bit [0] corresponds to Pagel6 / 17, bit [7] corresponds to Page30
/31,

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

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

B Read protection L2 level option byte: RDP2
€ Add protection function on the basis of L1, see 2.2.1.9 detailed description of read protection;
€ Whether RDP2 is turned on or not can be determined by FLASH_OB [31] query;

B User Configuration 2: USER2
€ USER2[7]: Reserved

USERZ2[6:4]: BOR_LEV[2:0], , read out through FLASH_OB?2[10:8],default is 0

USER2 [3]: Reserved

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

*® 6 o o

USER2[1]: nBOOT1, read out through FLASH_0OB2[23], default is 1
€ USER2[0]: nBOOTO, read out through FLASH_0OB2[27], default is 1
2.2.1.8 Write protect

Write protection can be configured for all pages in the flash main storage area (maximum 128KB) to prevent
accidental write operations caused by program runaway or electrical interference. The basic unit of write protection
is: for Page0 ~ 63, every 2 pages is a basic protection unit. Write protection can be configured by setting WRPO ~ 3
in the option byte block; After each configuration, A system reset is required for the configured value to be reloaded
to take effect. If an attempt is made to program or erase a protected page, a protection error flag will be returned in
the FLASH_STS.

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

The system configuration block (2KB) in the system information area stores the basic information of the chip and
cannot be changed.

The option byte block (2KB) in the system information area stores the user-configurable option byte information.
The write protection of the option byte block is achieved by writing 0 to the FLASH_CTRL.OPTWE bit by software,
and after that, you can write the correct key value series in FLASH_OPTKEY to release the write protection of the
option byte.

2.2.1.9 Read protection

The user code in flash can be protected from illegal reading by setting read protection. Read protection is mainly
aimed at protecting the access operation of main memory area and option byte block after chip sealing operation.
Read protection is set by configuring RDP bytes in the option byte block. Three different read protection levels can
be configured, as shown in the following Table
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Table 2-5 Read protection configuration list

Read protection status RDP1 nRDP1 nRDP2 RDP2
L1 level OXFF OXFF RDP2! = 0xCC || nRDP2! = 0x33
Unprotected 0xA5 O0x5A RDP2! = 0xCC || nRDP2! = 0x33
L2 level 0xXX 0xXX 0x33 0xCC
L1 level Not the above three configurations
B LOlevel
€ In unprotected state, corresponding (RDP1 == 0XA5 & nRDP1 == 0x5A) && (RDP2!= 0xCC | nRDP2!=
0x33);
€ The main memory area and option byte block can be read arbitrarily;
€ The write protection property of each page can be configured for programming and erasing;
L1 level
€ The corresponding ~ (((RDP1 == 0xA5 & nRDP1 == 0x5A) && (RDP2!= 0xCC | nRDP2!= 0x33)) |
(RDP2 == 0xCC & nRDP2 == 0x33));
€ Only the read operation of the main storage area from the user code is allowed, that is, when the program
is started from the main flash memory in non debugging mode, the read operation of the main storage area
is allowed;
€ Pages 0~1 are automatically write-protected;
€ Other pages can be programmed by the code executed in the main flash memory (realizing IAP or data
storage and other functions);
€ All pages are not allowed to write or erase in debug mode or after booting from internal SRAM (except for
mass erase);
€ All functions of loading code into the built-in SRAM through JTAG/SWD and then execute it are still valid,
or they can be started from the built-in SRAM through JTAG/SWD, which can be used to remove read
protection;
€ When the read-protected option byte is rewritten to the unprotected LO level, all the main storage areas will

be automatically erased, and the process is as follows: (Erasing the option byte block will not result in
automatic whole erasing operation, because the result of erasing is OxFF, which is equivalent to still being
in the protection state of L1 level)

® \Write the correct key value sequence to unlock the option byte area in FLASH_OPTKEY;
® The bus initiates a command to erase the entire option byte area (Page erase);

® Bus write OXAD5 to read protection option byte;

® Automatically erase all main storage areas internally;

® Automatically write 0XA5 to read protection option byte internally;

® \When the system is reset (such as software reset, etc.), the option byte block (including the new
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RDP value 0xA5) will be reloaded into the system, and the read protection will be released:;
€ The following access operations to the flash memory will be prohibited:
®  Access main flash memory from built-in SRAM start execution code (including using DMA);

®  Access the main flash memory by JTAG, SWV (serial line observer), SWD (serial line debugging)
and boundary scanning;
L2 level: Except that SRAM boot disabled, debug mode disabled, option byte write/page erase disabled and the

protection level cannot be modified (irreversible), other features are the same as L1 level. The L2 level is realized
by configuring another option byte, RDP2. No matter what the value of RDP1 is, as long as it satisfies

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

Table 2-6 Flash read-write-erase® permission control table

Boot mode Main Flash
protect Changing a Protection
level Perform user JTAG/ Level
Main Flash System Memory SRAM
Access area SWD
Before 4KB of flash Read-Write- | Read-Write- ) Read-Write-
] Read-Write-Erase
main memory area Erase Erase Erase
After 4KB of flash Read-Write- | Read-Write- ) Read-Write-
) Read-Write-Erase
main memory area Erase Erase Erase
Flash main memory
Allow Allow Allow Allow
area mass erase .
LO Changeto L1 orL2is
level . . . allowed
. Read-Write- | Read-Write- . Read-Write-
Flash option byte area Read-Write-Erase
Erase Erase Erase
Flash system memory o o . o
prohibit prohibit Read-Write-Erase prohibit
area
Read and Read and . Read and
SRAM (All) ) . Read and write )
write write write
Before 4KB of flash o
] Prohibit Read-only Read-only Read-only
main memory area LO or L2 is allowed.
L1
level After 4KB of flash Prohibit Read-Write- Read-Write-E Read-Write- When changed to LO,
eve rohibi ead-Write-Erase i
main memory area Erase Erase the main memory area
is automatically erased.
Flash main memory Allow Allow Allow Allow
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area mass erase
. Read-Write- | Read-Write- . Read-Write-
Flash option byte area Read-Write-Erase
Erase Erase Erase
Flash system memory o o . o
Prohibit Prohibit Read-write-erase Prohibit
area
Read and Read and ) Read and
SRAM (All) . . Read and write .
write write write
Before 4KB of flash
. Read-only Read-only Read-only
main memory area
After 4KB of flash Read-write- . Read-write-
) Read-write-erase
main memory area erase erase
Flash main memory
JTAG/SWD Allow Allow Allow e
L2 area mass erase ) ) No modification is
interface is
level disabled allowed.
. isabled.
Flash option byte area Read-only Read-only Read-only
Flash system memory o . o
Prohibit Read-write-erase Prohibit
area
Read and ) Read and
SRAM (All) . Read and write .
write write
Boot mode SRAM
protect Changing a Protection
level Perform user Level
JTAG/SWD | Main Flash System Memory SRAM
Access to areas
Before 4KB of flash Read-write- Read-write- . Read-write-
] Read-write-erase
main memory area erase erase erase
LO After 4KB of flash Read-write- Read-write- . Read-write- | ChangetoLlorL2is
) Read-write-erase
level main memory area erase erase erase allowed
Flash main memory
Allow Allow Allow Allow
area mass erase
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. Read-write- | Read-write- . Read-write-
Flash option byte area Read-write-erase
erase erase erase
Flash system memory o o . o
Prohibit Prohibit Read-write-erase Prohibit
area
Read and Read and . Read and
SRAM (All) ) . Read and write )
write write write
Before 4KB of flash o o
. Prohibit Read-only Read-only Prohibit
main memory area
After 4KB of flash o Read-write- . o
. Prohibit Read-write-erase Prohibit
main memory area erase
Flash main memor ;
Y Allow Allow Allow Allow LO or L2 is allowed.
area mass erase
L1 When changed to LO,
level . . . i
Flash ontion b Read-write- | Read-write- N Read-write- | the main memory area
ash option byte area ead-write-erase : :
P yt erase erase erase is automatically erased.
Flash system memory o o o o
Prohibit Prohibit Prohibit Prohibit
area
Read and Read and . Read and
SRAM (All) ) . Read and write )
write write write
Before 4KB of flash
main memory area
After 4KB of flash
main memory area
Flash main memory
No modification is
L2 area mass erase
ovel L2 protection level, cannot boot from SRAM allowed.
eve

Flash option byte area

Flash system memory
area

SRAM (All)

JTAG/SWD is banned.
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Boot mode System Memory
protect Changing a Protection
level Perform user Level
JTAG/SWD | Main Flash System Memory | SRAM
Access to areas
Before 4KB of flash Read-write- | Read-write- . Read-write-
. Read-write-erase
main memory area erase erase erase
After 4KB of flash Read-write- Read-write- . Read-write-
) Read-write-erase
main memory area erase erase erase
Flash main memory
Allow Allow Allow Allow
area mass erase .
LO ChangetoLlorlL2is
level . . . allowed
. Read-write- | Read-write- . Read-write-
Flash option byte area Read-write-erase
erase erase erase
Flash system memory o o . o
Prohibit Prohibit Read-write-erase Prohibit
area
Read and Read and ) Read and
SRAM (All) . ) Read and write .
write write write
Before 4KB of flash o
) Prohibit Read-only Read-only Read-only
main memory area
After 4KB of flash » Read-write- . Read-write-
) Prohibit Read-write-erase
main memory area erase erase
Flash main memory ;
Allow Allow Allow Allow LO or L2 is allowed.
area mass erase
L1 When changed to LO,
level . . . i
Flash ootion b Read-write- | Read-write- Readoit Read-write- | the main memory area
ash option byte area ead-write-erase . .
P vt erase erase erase is automatically erased.
Flash system memory o o . o
Prohibit Prohibit Read-write-erase Prohibit
area
Read and Read and ) Read and
SRAM (All) . . Read and write .
write write write
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Before 4KB of flash
) Read-only Read-only Read-only
main memory area
After 4KB of flash Read-write- . Read-write-
) Read-write-erase
main memory area erase erase
Flash main memor
Y JTAG/ISWD Allow Allow Allow e
L2 area mass erase No modification
level interface is allowed
Flash option byte area disabled. Read-only Read-only Read-only
Flash system memory o . o
Prohibit Read-write-erase Prohibit
area
Read and ) Read and
SRAM (All) . Read and write .
write write

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

2.2.2 iCache

In order to achieve higher system performance, an instruction buffer needs to be added between the high-speed CPU
and the low-speed Flash to improve the instruction execution efficiency. Because of the existence of the instruction
buffer, the CPU will be able to work at a higher frequency. When the instruction requested by the CPU is in the
instruction buffer, the CPU can obtain the instruction without delay and realize zero waiting for execution. When the
current instruction sequence, instruction prefetch sequence and instruction buffer all miss, Flash will be re-read and
the Cache will be backfilled and updated. Accordingly, it is equivalent to storing only the jump header of the program
in the Cache.

The main features of the instruction buffer are as follows:
B 2KB iCache.

B Support connection mode: 4WAY.

2.2.2.1 Software interface

B Enable

€ Provide configuration for software to enable/disable iCache. There is no limit to the switching conditions
(see the FLASH_AC.ICAHEN bit).

B Reset

& Provide software to clear the iCache interface, which must be initiated when iCache is closed. Reset and
switching cannot be switched at the same time. First, turn off FLASH_AC.ICAHEN, then write 1 to
FLASH_AC.ICAHRST, and then turn on FLASH_AC.ICAHEN.

B Lock
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€ Cache locking mechanism is supported, and the software configuration puts the program into its designated
way. When all the ways are locked, the new data will not be written into the cache. After the software resets
the cache, the lock state is automatically cleared.

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

2.2.2.2 Register description

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

FLASH_CAHR.LOCKSTRT and FLASH_CAHR.LOCKSTOP are the start latch and stop latch of iCache
corresponding mode lock, respectively. After iCache is reset, the FLASH_CAHR register automatically returns to
the reset value. See for detailed usage method of 2.2.2.3.3 ICache locking.

2.2.2.3 Operating process
2.2.2.3.1 iCache enable and disable

Users can turn on and switch off iCache at any time. If the user program needs to jump between the main memory
area and other memory areas, the iCache must be closed and the data of the iCache must be cleared, otherwise, the
instruction acquisition error will occur.

2.2.2.3.2 iCache data refresh

The iCache is designed as instruction cache. When the instruction is updated by application software or the instruction
jumps between the main memory area and other memory areas, the software must set the FLASH_AC.ICAHRST bit
to 1 to clear the data in the instruction cache.

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

The software controls the FLASH_CAHR register to lock some repeatedly used codes in iCache to improve the
efficiency of code execution. iCache module has four latch channels, and the size of each channel is 1/4 of the whole
cache. When using a single channel, you must ensure that the amount of code to latch is less than the size of each
channel. Otherwise need to use more channels to latch the code. The latch function can be used according to the
following control flow:

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

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

3. Set FLASH_CAHR.LOCKSTOP[O0] to 1 after the function 1 is executed;
4. Thenset FLASH_CAHR.LOCKSTRT[1] to 1;

5. Execute function 2 that needs to be locked in channel 1 (the code amount of function 2 should be less than
the size of a single channel);
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6. After the function 2 is executed, set FLASH_CAHR.LOCKSTOP[1] to 1;

Note: 1. when the channel is latched, the register operation must follow a fixed process -First set
FLASH_CAHR.LOCKSTRT then set FLASH_CAHR.LOCKSTOP;

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

2.2.3 SRAM

SRAM is mainly used for code operation to store variables and data or stacks during program execution. The
maximum capacity is 32KB, it is divided into SRAM1 and SRAMZ2, of which SRAML1 is up to 24K bytes and
SRAM2 is 8K bytes(SRAM2 supports parity check and needs to be initialized before use).

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

SRAM supports code running (supports access of SBus, ICode and DCode), and can run programs at full speed in
SRAM. The maximum address range of SRAM is 0x2000 0000~0x2000 7FFF.

In Stop2 mode, SRAM1 and SRAM2 data optional retention; in STANDBY mode, only SRAM2 data optional
rentention.

The main features are as follows:

B The maximum capacity is 32KB in total.

B Support byte/half-word/word reading and writing
B |/D/S/IDMA can be accessed.

B |/D BUS can run programs at full speed from Remap to SRAM.

2.2.4 FLASH registers

These peripheral registers must be operated as words (32 bits).
2.2.4.1 FLASH register overview

Table 2-7 FLASH register overview

ome| regser | w[g[&]]|x|e]a]x]g][a]z]c]z]a]s]a]a]s]2]a]=]a]o ] ][] ]~]~]"
=z z [ (%] w
g L\ S| oo o
FLASH_AC 2|123(2(S(%2|Z|E|E| & Lamency
000h Reserved N I R R SR IS -2 %
4
Reset Value o(ojojofofO0]|1]|1 0‘0‘0
FLASH_KEY FKEY
004h
Reset Value 0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0’0’0’0’0’0‘0’0’0‘0‘0‘0‘0’0’0’0‘0
FLASH_OPTKEY OPTKEY
008h
Reset Value 0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0’0’0’0’0’0‘0’0’0 ojojof|fofo0foO 0
[ Cle|c
Tl |Gl b
FLASH_STS o] w 3 o gy g 4
00Ch Reserved Q| g a|a % o
jo—
Reset Value ojojojojojo 0
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Offset|  Register slglg‘ﬁlm‘gl&lx‘mlml:‘g‘alalz“alﬂl: alalalalo|e|r|o|ow|<|o]]=]o
w
Elw | Mlw|lw|d x| o
TIEIE|E o x
FLASH_CTRL %E%E§$8§EE§§§9
010h Reserved §8E50§,—‘w003
4
Reset Value ofofofofofOf1|0f|0f|O ofo|oO
FLASH_ADD FADD
014h
Reset Value OIOIO‘OOOOIOOOIO‘O‘OIOIO‘OIOIOIOIOIO OIOIO O‘O‘O‘OIOIOIO‘O
o o —
5 o df - '5
FLASH_OB2 3lzH @ 3 BOR_LEV
018h Reserved Q|2 3 2 Reserved Reserved
g 2]
Reset Value 1)1 « 1 0o ‘ 0
B
o Slol3|e|e
o 5 x|
FLASH_OB o Datal Data0 Not Used @, 20| a %
01Ch 2 Reserved Sl g glo
@ x
r=3 c
Reset Value 0 1‘1‘1‘1‘1‘1‘1‘1 1‘1‘1‘1‘1‘1‘1‘1 1‘1‘1‘1‘11 1(10]0
FLASH_WRP WRPT
020h
Reset Value l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l 1‘1‘1‘1‘1‘1 1‘1 1‘1’1’1’1‘1
s E
FLASH_ECC 5 B Q
024h Reserved 2 ] 2
<)
Reset Value O‘O‘O‘O‘O‘O e O‘OIOIOIO‘O
028h
- Reserved
02Ch
S £
= [
FLASH_CAHR 2 2
030h Reserved 8 8
- -
Reset Value 0‘0‘0‘0 OIOIO‘O
2.2.4.2 FLASH control and status register
See for abbreviations in register descriptions 1.1 section.
2.2.4.2.1 The FLASH access control register (FLASH_AC)
Address offset: 0x00
Reset value: 0x0000 0030
31 16
T T T T T T T T T T T T T T T
Reserved
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 12 11 10 9 8 7 6 5 4 3 2 0
T T T T T
Reserved SLMEN SLMF | LVMEN | LVMF |ICAHEN [ICAHRST|PRFTBFS|PRFTBFE| Reserved LATENCY
™w T ™w T I'w w T ™w ™w
Bit field Name Description
31:12 Reserved Reserved, the reset value must be maintained.
11 SLMEN FLASH Sleep Mode Enable

0: Turn off FLASH sleep mode;
1: Enable FLASH sleep mode.
10 SLMF FLASH sleep mode flag
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Bit field

Name

Description

0: FLASH not working in sleep mode;
1: FLASH working in sleep mode.

LVMEN

FLASH low-voltage working mode enable

0: Turn off FLASH low-voltage working mode;

1: Enable FLASH low-voltage working mode.

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

voltage operation mode.

LVMF

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

1: FLASH works in low voltage working mode.

ICAHEN

iCache enable
0: Turn off iCache;
1: Enable iCache.

ICAHRST

iCache reset
0: Writing '0" is invalid;
1: Write '1' to reset.

PRFTBFS

Prefetch buffer status

This bit indicates the status of the prefetch buffer
0: The prefetch buffer is closed,;

1: The prefetch buffer is open.

PRFTBFE

Prefetch buffer enable
0: Close the prefetch buffer;
1: Enable prefetch buffer.

Reserved

Reserved, the reset value must be maintained.

LATENCY

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

access time.

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

001: One cycle delay, when 32MHz < SYSCLK <=64MHz
010: Two cycle delay, when 64MHz < SYSCLK <=96MHz
011: Three cycle delay, when 96MHz < SYSCLK <= 108MHz

Other values: reserved

2.2.4.2.2 The FLASH key register (FLASH_KEY)
Address offset: 0x04

Reset value:; OxXXXX XXXX
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31 16
FKEY[31:16]
w
15 0
FKEY[15:0]
Bit field Name Description
31:0 FKEY Used to unlock the FLASH_CTRL.LOCK bit.
2.2.4.2.3 The FLASH OPTKEY register (FLASH_OPTKEY)
Address offset: 0x08
Reset value: OXxXXXX XXXX
31 16
OPTKEY([31:16]
w
15 0
OPTKEY[15:0]
w
Bit field name describe
310 OPTKEY Used to unlock the FLASH_CTRL.OPTWE bit.
2.2.4.2.4 The FLASH status register (FLASH_STS)
Address offset: 0x0C
Reset value: 0x0000 0000
31 16
Reserved
15 8 7 6 5 4 3 2 1 0
Reserved ECCERR| EVERR | EOP |WRPERR| PVERR | PGERR | Reserved | BUSY
rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl r
Bit field Name Description
31:8 Reserved Reserved, the reset value must be maintained.
7 ECCERR ECC error
Read FLASH error, hardware set this bit to '1', write '1' to clear this state.
6 EVERR Erase check error
When the page is erased and the check reports an error, the hardware sets this bit
to '1', and writing '1' can clear this state.
5 EOP End of operation
When the flash operation (programming/erasing) is completed, the hardware sets
this bit to '1', and writing '1' can clear this bit status.
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Bit field Name Description
Note: Every successful programming or erasing will set the EOP state.

4 WRPERR Write protection error
When trying to program a write-protected flash address, the hardware sets this bit
to '1', and writing '1' can clear this bit.

3 PVERR programming verification error
When an error is reported during verification after programming, the hardware
sets this bit to '1', and writing '1' can clear this state.

2 PGERR Programming error
When trying to program an address whose content is not 'OXxFFFF_FFFF', the
hardware sets this bit to '1', and writing '1' can clear this state.
Note: Before programming, the FLASH_CTRL.START bit must be cleared.

1 Reserved Reserved, the reset value must be maintained.

0 BUSY Busy
This bit indicates that a flash operation is in progress. At the beginning of flash
operation, this bit is set to '1'; This bit is cleared to '0" when the operation ends or
an error occurs.

2.2.4.2.5 The FLASH control register (FLASH_CTRL)
Address offset: 0x10

Reset value: 0x0000 0080

Reserved
1 1 1 1 1 1 1 1 1 1

9 8 7 6 5 4 3 2 1 0

Reserved
1

ECERRITH EOPITE

FERRITE

ERRITE

SMPSEL | LOCK | START Reserved | MER PER

™ ™

™

™

™w ™ ™w ™

Bit field

Name

Description

31:14

Reserved

Reserved, the reset value must be maintained.

13

ECERRITE

ECC error interrupt

This bit allows an interrupt to be generated when the FLASH_STS.ECCERR bit
goesto '1".

0: Interrupt generation is prohibited;

1: Enable interrupt generation.

12

EOPITE

Allow operation completion interrupt.

This bit allows an interrupt to be generated when the FLASH_STS.EOP bit
becomes '1'.

0: Interrupt generation is prohibited;

1: Interrupt generation is allowed.

11

FERRITE

Erase/Program Verify Error Interrupt

This bit allows an interrupt to be generated when the
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Bit field Name Description
FLASH_STS.EVERR/PVERR bit goes to '1'.
0: Interrupt generation is prohibited;
1: Enable interrupt generation.

10 ERRITE Error status interrupt allowed
This bit allows an interrupt to be generated when a Flash error occurs (when
FLASH_STS.PGERR/ FLASH_STS.WRPERR is set to '1").
0: interrupt generation is prohibited;
1: interrupt generation is allowed.

9 OPTWE Allow write option byte
When this bit is '1', the option byte is allowed to be programmed. When the
correct key sequence is written in the FLASH_OPTKEY register, this bit is set to
1.
Software can clear this bit.

8 SMPSEL Flash programming mode options
0: SMP1 mode. Before programming, you need to read the content of the address
where the programming is located, and check whether it has been erased. If it has
not been erased, the programming operation will not be performed, and the
FLASH_STS.PGERR warning bit will be set;
1: SMP2 mode. Before programming, it will not judge whether the content of the
address where the programming is located has been erased, and the Flash will
directly start programming. If the programming address has been written with
data before, only the same data can be written when programming the address in
SMP2 mode, otherwise the data cannot be guaranteed to be written correctly.

7 LOCK Lock
You can only write '1'. When this bit is '1', Flash and FLASH_CTRL are locked.
After detecting the correct unlocking sequence, hardware clears this bit to '0".
After an unsuccessful unlocking operation, this bit cannot be changed until the
next system reset.

6 START Start
When this bit is '1', an erase operation will be triggered. This bit can only be set to
'1' by software and cleared to '0' when FLASH_STS.BUSY becomes '1".

5 OPTER Erase option bytes.
0: Disable option bytes erase mode;
1: Enable option bytes erase mode.

4 OPTPG Program option bytes.
0: Disable option bytes program mode;
1: Enable option bytes program mode.

3 Reserved Reserved, the reset value must be maintained.

2 MER Mass erase.

0: Disable mass erase mode;

1: Enable mass erase mode.
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Bit field

Name

Description

1

PER

Page erase.

0: Disable page erase mode;
1: Enable page erase mode

PG

Program.

0: Disable program mode;

1: Enable program mode.

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

2.2.4.2.6 The FLASH address register (FLASH_ADD)

Address offset: 0x14

Reset value: 0x0000 0000

31

FADD[31:16]

w

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

FADD[15:0]
w
Bit field Name Description
310 FADD Flash address

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

2.2.4.2.7 The FLASH Option byte register 2 (FLASH_OB2)
Address offset: 0x18

Reset value: 0x0c800000

31 28 27 26 25 24 23 22 16
" Reseved nBOOTO | AW Reserved nBOOTI I I Reserved. I I
15 I 10 8 7 0
I I Reserved I B(I)RiLEV[Z:IO] I I Reselrved I I I
r
Bit field Name Description
31:28 Reserved Reserved, the reset value must be maintained.
27 nBOOTO nBOOTO
Note: This bit is read-only.
26 nSWBOOTO nSWBOOTO
Note: This bit is read-only.
25:24 Reserved Reserved, the reset value must be maintained.

28/630

Nations Technologies Inc.

Tel: +86-755-86309900

Email: info@nationstech.com

Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China



thion v:“ www.nationstech.com

Bit field Name Description
23 nBOOT1 nBOOT1
Note: This bit is read-only.

22:11 Reserved Reserved, the reset value must be maintained.
10:8 BOR_LEV[2:0] BOR reset level

000: 1.64V

001: 2.10V

010: 2.30V

011: 2.60V

100: 2.90V

Other: reserved

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

Note: For the specific combined functions of nBOOTO, nSWBOOTO0, and nBOOT1, see chapter 2.1.3 boot
Management.

2.2.4.2.8 Option byte register (FLASH_OB)
Address offset: 0x1C
Reset value: 0X03FF FFFC

31 30 26 25 18 17 16
T T T T T T T T T T T T
RDPRT2 Reserved Datal Data0
1 1 1 1 1 1 1 1 1 1 1 1
T T r
15 10 9 5 4 3 2 1 0
T T T T T T T T T nRST nRST
Data0 Not_Used SToBY | STopz |WDG_SW| RDPRTI | OBERR
T r T T T T T
Bit field Name Description
31 RDPRT2 Read protection L2 level protection

0: Read protection L2 level is not enabled;
1: Read protection L2 level is enabled.

Note: This bit is read-only.

30:26 Reserved Reserved, the reset value must be maintained.
25:18 Datal[7:0] Datal
Note: This bit is read-only.
17:10 Data0[7:0] Data0
Note: This bit is read-only.
9:5 Reserved Not used, the hardware remains at 1.
4 nRST_STDBY Enter Standby mode reset configuration.

0: Reset immediately after entering Standby mode;

1: No reset occurs after entering Standby mode.

Note: This bit is read-only.

3 NRST_STOP2 Enter STOP2 mode reset configuration.

0: Reset occurs immediately after entering STOP2 mode;
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Bit field

Name

Description

1: No reset occurs after entering the STOP2 mode.

Note: This bit is read-only.

WDG_SW

Set watchdog

0: Hardware watchdog;

1: Software watchdog.
Note: This bit is read-only.

RDPRT1

Read protection L1 level protection
0: Read protection L1 level is not enabled;
1: Read protection L1 level is enabled.

Note: This bit is read-only.

OBERR

Option byte error

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

Note: This bit is read-only.

2.2.4.2.9 Write protection register (FLASH_WRP)
Address offset: 0x20

Reset value: OXFFFF FFFF

31

Bit field

Name

Description

31:0

WRPT

Write protect

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

0: Write protection takes effect;
1: Write protection is invalid.

Note: These bits are read-only.

2.2.4.2.10 ECC register (FLASH_ECC)
Address offset: 0x24

Reset value: 0x0000 0000

Reserved

Reserved
L

Reserved
L L L L
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Bit field Name Description

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

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

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

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

2.2.4.2.11 CAHR register (FLASH_CAHR)
Address offset: 0x30

Reset value: 0x0000 0000

31

16

Reserved
1 1 1 1 1 1 1 1 1 1

T T T
Reserved
1 1 1

T T T T T T T T
LOCKSTOP LOCKSTRT

™ ™

Bit field

Name

Description

31:8

Reserved

Reserved, the reset value must be maintained.

74

LOCKSTOP[3:0]

iCache lock stop (see for detailed operation instructions 2.2.2.3.3 iCache locking_
Chapter).
0: Disable
1: Enable

3.0

LOCKSTRT[3:0]

iCache lock start.
0: Disable
1: Enable
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3 Power control (PWR)

3.1 General description

PWR is power management unit to control status of different modules in different power modes. Its major function
is to control MCU to enter different power modes and wakeup when events or interrupts happen. MCU supports
RUN, LOW-POWER RUN, SLEEP, LOW-POWER SLEEP, STOP2 and STANDBY mode.

3.1.1 Power supply

< The PWR module mainly consists of the following independent power domains: Vpp, Vopa, Vrer+, VRrer-. FOr
details, please refer to Figure 3-1 power supply block diagram. In order to illustrate the functions of different
power domains, some power domains will be introduced below. This document will introduce the digital part of
the power domain in the following chapters.

Vpp domain: The voltage input range is 1.8V~3.6V, mainly for MR, LPR, COMP, HSE, HSI, PLL, BOR,
PVD, TRNG, USB PHY and most digital peripheral interfaces power supply.

Vopa domain: The voltage input range is 1.8V~3.6V, which mainly supplies power for most analog
peripherals. A/D, D/A, TS (Temperature Sensor) and OPAMP are in this power domain. This independent
analog power supply is powered by VSSA, which can filter and shield noise separately, and improve the
conversion accuracy performance of analog modules such as A/D and D/A.

VRer+ O Vrer- domain:

» External Vrer: Vrer+ is the input reference voltage for ADC and DAC. When enabled, it is also the
output of the internal voltage reference buffer. Vrer. must always be equal to Vssa.

> Internal Vrer: Connected to Vrersurr, the voltage is 2.048V, and Vppa is required not to be lower than
2.4V.

<~ The PWR module consists of a main regulator (MR) and a low power regulator (LPR). Two embedded linear
regulators power all digital circuits. The regulator is always enabled after reset.

MR

The output voltage range of MR can be adjusted by PWR_CTRL1.MRSEL[1:0]. It is mainly used in RUN
mode and SLEEP mode of MCU. MR is disabled when MCU is in LOW-POWER RUN, LOW-POWER
SLEEP, STOP2, STANDBY mode.

LPR

LPR is used in LOW-POWER RUN mode, LOW-POWER SLEEP mode, STOP2 mode and STANDBY
mode. In STOP2 mode, it powers the retention power domain (RET) and the low-power power domain.
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Figure 3-1 Power supply block diagram
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3.1.2 Power supply supervisor

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

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

During power-on, the BOR will hold the chip in reset until the supply voltage (Vop) reaches the specified threshold.
When Vpp falls below the selected threshold, the chip will be reset. For more information on switching power supply
reset thresholds, see the Electrical Characteristics section of the relevant data sheet.
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Figure 3-2 Brown-out reset (BOR) waveform
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3.1.2.2 Programmable voltage detector (PVD)

PVD monitors the power supply by comparing the Vpp voltage with the relevant bits in the Power Control Register
2 (PWR_CTRL2). PWR_CTRL2.PLS[2:0] select the threshold for the monitored voltage. Enable PVD by setting
PWR_CTRL2.PVDEN.

The PWR_STS2.PVDO flag is used to indicate whether the Voo is above/below the PVD voltage threshold. This
event is connected internally to the 16th line of the external interrupt and produces an interrupt if the interrupt is
enabled in the external interrupt register. APVD interrupt occurs when the Voo drops below the PVD threshold and/or
when the Voo rises above the PVD threshold, according to the rise/fall edge trigger setting of the external interrupt
line 16. For example, this feature can be used to perform emergency shutdown tasks.

PVD can also be configured to monitor the external analog voltage PVD_IN (PB7) (compared to the internal
VREFINT (about 1.2V)).
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Figure 3-3 PVD threshold waveform
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3.2 Power modes

Overall MCU has 6 power modes: RUN, SLEEP, LOW POWER RUN, LOW POWER SLEEP, STOP2 and
STANDBY. Different mode has different performance and power consumption. A summary of MCU power modes

is shown below.

Table 3-1 Power modes

Mode Regulator Enter Exit Wakeup state

Code execution continues
Power on, system reset, low power . .
RUN MR Enter another power mode without peripheral
wake-up . .
reconfiguration

Code execution continues
1) WFI returned from ISR

SLEEP MR 2) WFE any interrupt or wake-up event | without peripheral
reconfiguration

LOW o ] Code execution continues
By configuring Clear PWRCTRLL1.LPREN bit . .

POWER LPR . without peripheral
PWRCTRL1.LPREN bit or system reset ) )

RUN reconfiguration

LOW To enter LOW POWER RUN first Code execution continues

POWER LPR 1) WFI returned from ISR any interrupt or wake-up event | without peripheral

SLEEP 2) WFE reconfiguration
WFI/WFE: Continue to execute the

STOP2 LPR System reset and all EXTI .
1) SCB_SCR.SLEEPDEEP =1 code, peripherals that the
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Mode Regulator Enter Exit Wakeup state
2) PWR_CTRL1.LPMSEL = user chooses to keep do
“000/010” not need to be

reconfigured, USB, CAN

need to be reconfigured,

MSI = 4M
WFI/WFE: 3 WKUP 10 rising/falling
1) SCB_SCR.SLEEPDEEP =1 edges, RTC alarm rising edge,
STANDBY LPR System reset
2) PWR_CTRL1.LPMSEL = NRST reset, IWDG reset, RTC
“011” timestamp, tamper detection

Note:

1. STOP2 mode, after wake-up, the code can continue running from the stop position. The RCC configuration is
retained, and the SPI/UART2/UART3/UART4/UART5/12C1/12C2/WWDG configuration is retained.

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

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

table:
Table 3-2 Blocks running state

_ g g N Stop2 _ Standby _

Main Blocks Run 3 g E 3 3 % = % =

2] 2 2 @ - x - X Qo

i1 S E £

S S
CPU Y - Y - - - -
MMU o] o 0 o - - - -
DMA o] o 0 0] - - - -
FLASH 6} o] o] o} - - - -
SRAM1 Y Y Y Y (0] - - -
SRAM2 Y Y Y Y o] - O -
BOR Y Y Y Y Y Y Y Y
PVD o] o o o] o Y o -
HSE o 6] - - - - - -
HSI 6} (0] - - - - -
LSE 6} O O 0o O - O -
LSI 6} O O 0o O - O -
MSI 0 O Y Y (0] - - -
CSS for HSE o] 0 0 o - - - -
CSS for LSE o] 0 0 o o] o] 0 o
PLL 6} (0] - - - - - -
RTC 6} O O 0o O Y O Y
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Main Blocks

Run

Stop2

Standby

Sleep
Low power
run
Low power
sleep

Wakeup
capability]
Wakeup
capability]

Tamper
IWDG
EXTI
LPTIM
LPUART
TIM1/8
TIM2/3/4/5
TIM6/7
WWDG
USART1/2/3
UARTA4/5
12C1/2
SPI1/2
UsB
UCDR
CAN
SAC
CRC
DAC
ADC

O|O0|<X|O|w

O|l|O0O|[O|O|O|OC|O|O|O|O|X]|0O|w
O|O0O[O|O|O|OC|O|O|O|O|X]|0O|w

o
@]

TempSensor
OPAMP
COMP
TRNG
GPIOs

(o} N NoN Nol Nol Ne)
(o} No) ol Nol No ) Ne)

O|l|O0OfO|O|O|O|O|O|O|O|O|O|O|O|OC|O|O|O|OC|O|0O|O|X]|O]|w
O|l|O0ofO|O|O|O|O|]O|O|O|O|O|O|O|OC|O|]O|O|OC|O|O|O|X]|O]|w

¢} 0o (6] Y ) 3 pins

Note:

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

2. Only COMP1 support STOP2 mode.

3. 3 pins represent three wake-up 10s, PA8, PAO and PC13.

3.2.1 RUN mode

RUN mode is the normal operation mode of the MCU. The speed of the system clock can be reduced by configuring
the RCC register to achieve the purpose of reducing energy consumption, or the peripheral clock can be turned off to
reduce power consumption. To further reduce dynamic power consumption, MR output voltage can also be adjusted
via PWR_CTRL1.MRSEL. In addition, if the FLASH is not used, the software can write the FLASH_AC.SLMEN
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bit to put the FLASH into sleep mode to reduce power consumption, and the FLASH_AC.SLMEN bit can also restore
the current state of the FLASH.

3.2.1.1 Dynamic Voltage Regulation (MR)
Steps to enter MR 1.0V:

B Make sure the system clock is at most 72MHz. Note that if the current operating mode is LP RUN, then the
maximum system clock is up to 4MHz;

B Configure the FLASH read cycle to be greater than or equal to 2. This step is to avoid entering the low-voltage
mode FLASH timing problem;

B Set FLASH_AC.LVMEN to 1, and wait for FLASH_AC.LVMF to be 1, indicating that FLASH has entered
the low-voltage mode;

B Reconfigure the FLASH read cycle, the configuration cycle is related to the system clock, and ensure that the
read FLASH wait time is greater than 30ns. If the system clock is 72MHz, the period needs to be configured
as 2;

B Set SRAM to work in normal mode;

B Configure PWR_CTRL1.MRSEL[1:0] = 0x2, then poll to wait for PWR_STS2.MRF to be pulled low and
then pulled high. It takes about 100us to pull down PWR_STS2.MRF.

Steps for MR1.0V — MR 1.1V:

B Configure PWR_CTRL1.MRSEL[1:0] = 0x3, then poll and wait for PWR_STS2.MRF to be pulled low and
then pulled high. It takes about 100us to pull down PWR_STS2.MRF;

B Configure the FLASH read cycle to be greater than or equal to 2. This step is to avoid entering the low-voltage
mode FLASH timing problem;

B Clear the FLASH_AC.LVMEN bit and wait for the FLASH_AC.LVMF bhit to be 0, indicating that the FLASH
has exited the low-voltage mode;

B Increase the system clock;

B Configure the FLASH read cycle according to the system clock, and ensure that the read wait time is greater
than or equal to 20ns (if it is less than 50MHz, it can be configured to 0).

3.2.2 SLEEP mode

The CPU stops and all peripherals including peripherals around the Cortex®-M4F core (such as NVIC, SysTick, etc.)
can run and wake up the CPU when an interrupt or event occurs. In SLEEP mode, all 1/0 pins maintain the same
state/function as in RUN mode.

3.2.2.1 Enter SLEEP mode

Enter SLEEP mode by executing WFI (wait for interrupt) or WFE (wait for event) instruction with
SCB_SCR.SLEEPDEEP = 0. Depending on the SCB_SCR.SLEEPONEXIT, there are two options for SLEEP mode
entry:
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B SLEEP-NOW: If SCB_SCR.SLEEPONEXIT = 0, then WFI or WFE instruction is executed immediately, and
the system enters sleep mode immediately.

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

3.2.2.2 Exit SLEEP mode

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

If the WFE instruction is used to enter the SLEEP mode, MCU will exit the SLEEP mode immediately when the
event occurs. Wake-up events can be generated in the following ways:

B Enable an interrupt in the peripheral control register instead of NVIC, and enable the SCB_SCR.SEVONPEND.
When MCU wakes up by WFE, the peripheral interrupt suspend bit and the peripheral NVIC interrupt channel
suspend bit (in NVIC interrupt clear suspend register) must be cleared.

B Configure an external or internal EXTI event mode. When the MCU wakes up, it is not necessary to clear the
peripheral interrupt suspend bit and the peripheral NVIC interrupt channel suspend bit (in the NVIC interrupt
clear suspend register) because the suspend bit corresponding to the event line is not set. This mode provides
the shortest wake-up time because there is no time spent on interrupt entry or exit.

3.2.3 LOW POWER RUN mode

In LOW POWER RUN mode, the entire core logic is provided by LPR and MR is disabled. The system clock comes
from MSI, the frequency is up to 4MHz, and the PLL is turned off. Executing programs in FLASH or SRAM, all
peripherals can be configured to work as required, except USB /SAC disabled.

3.2.3.1 Enter LOW POWER RUN mode

LOW POWER RUN mode can be entered from RUN mode, or wake-up from LOW POWER SLEEP mode.
Do the following to enter LOW POWER RUN mode:

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

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

B Configure the FLASH read cycle to be greater than or equal to 2. This step is to avoid entering the low-voltage
mode flash timing problem;

B Setthe FLASH_AC.LVMEN bit to 1, and wait for the FLASH_AC.LVMF bit to be 1, indicating that the flash
has entered the low-voltage mode;

B Reconfigure the FLASH read cycle to 0;
B Set SRAM to work in low voltage mode;

B Configure PWR_CTRL3.BGTLPR =0 and PWR_CTRL3.PBDTLPR =0, configure BANDGAP/PVD/BOR to
be normally open;

B PWR_CTRLI1.LPREN bit is setto 1, use while to wait for PWR_STS2.LPRUNF to be 1. The use of while is to

39/630

Nations Technologies Inc.

Tel: +86-755-86309900

Email: info@nationstech.com

Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China



Nation v:“ www.nationstech.com

avoid CPU access to SRAM and prevent SRAM timing problems.
Additional steps can be taken to further reduce power consumption:
B Adjust the LPR output to meet different power or frequency requirements;
B Turn on or off the digital peripheral clock according to actual needs;
B Turn off unnecessary analog peripherals;

B [f FLASH is not used, in order to further reduce power consumption, user can configure FLASH_AC.SLMEN
= 1 to put FLASH into sleep mode. Configuring FLASH_AC.SLMEN = 0 will restore the current state of
FLASH.

It should be noted that LP RUN can switch to LP SLEEP mode, STOP2 mode, STANDBY mode and RUN mode,
and can also return from LP SLEEP or STOP2. A system reset also exits LP RUN to RUN mode.

3.2.3.2 Exit LOW POWER RUN mode

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

B Clear PWR_CTRL1.LPREN and wait until PWR_STS2.LPRUNF is set to 1;
B Setthe FLASH read delay to greater than 2;

B Clear FLASH _AC.LVMEN and ensure that the FLASH low voltage mode is canceled by polling the
FLASH_AC.LVMF bhit;

B Restore the system clock to the required state;

B Configure the FLASH read cycle according to the system clock, and ensure that the read wait time is greater
than or equal to 20ns (for example, <50MHz, it can be configured to 0).

3.2.4 LOW POWER SLEEP mode

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

3.2.4.1 Enter LOW POWER SLEEP mode

To enter LOW POWER SLEEP mode, first need to enter LOW POWER RUN mode, and then enter SLEEP mode.
The specific steps to enter LOW POWER RUN mode and SLEEP mode are described in Section 3.2.3.1 and Section
3.2.2.1.

3.2.4.2 Exit LOW POWER SLEEP mode

Exiting LOW POWER SLEEP mode is the same as exiting SLEEP mode, any interrupt or event can wake the device
from LOW POWER SLEEP mode. For details, see Section 3.2.2.2. It should be noted that the chip will return to
LOW POWER RUN mode after waking up from LOW POWER SLEEP mode.

3.2.5 STOP2 mode

STOP2 mode is based on Cortex®-M4F deep sleep mode, all core digital logic areas are powered off. Main voltage
regulator (MR) off, HSE/HSI/PLL off, MSI/LSE/LSI optional operation. CPU registers, 80-byte backup registers,
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RCC, SPI11/2, UART4/5, USART2/3, 12C1/2 and WWDG register retention. The RET domain and the low-power
power domain are still functioning normally.

SRAM1/2 can be configured to be retained in STOP2 mode via PWR_CTRL3.RAMIRET and
PWR_CTRL3.RAM2RET. All 1/O pins except PC13/14/15 are in retention state by default, PC13/14/15 can be
configured to retention the same state as run mode.

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

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

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

In STOP2 mode, the following peripherals are available:

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

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

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

B External 32.768kHz crystal oscillator (LSE OSC) optional: It can be turned on by RCC_LDCTRL.LSEEN bit.
B Other peripherals that can choose to hold or work such as GP10, COMP, EXTI, LPUART, LPTIMER.

B[O can be configured to retention or high-Z state.

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

3.2.5.2 Exit STOP2 mode

When the STOP2 mode is exited by an interrupt or a wake-up event via the EXTI line, the system clock will be
restored to its previous state, and the code execution will continue from where it left off. System reset (NRST, IWDG)
can also exit STOP2 mode.

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

3.2.6 STANDBY mode

STANDBY mode is a Cortex®-M4 based Deep-Sleep mode. The core domain is completely turned off, the PLL, HSI,
HSE are turned off, and the LSI and LSE are optionally run. SRAM2 optional retention, RTC and IWDG optional
work. All GPIO pin states are selectable as retention or high-Z.

Note: The GPIO pin state will change to the system default state upon exit.
3.2.6.1 Enter STANDBY mode

Enter STANDBY mode by executing WFI/WFE and setting SCB_SCR.SLEEPDEEP = 1 and
PWR_CTRL1.LPMSEL ="011".
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If FLASH is being operated, the time to enter STANDBY mode will be delayed until the memory access is completed.

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

In STANDBY mode, the following peripherals are available:

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

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

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

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

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

3.2.6.2 Exit STANDBY mode

MCU exits STANDBY mode when external reset (NRST pin), IWDG reset, rising/falling edge of WKUP pin or RTC
alarm event, timestamp event, tamper event occurs. Except for the power status registers (PWR_STS1/2), all registers
are reset after waking up from STANDBY state.

After waking up from STANDBY mode, code execution is the same as reset (detecting BOOT pin, getting reset
vector, etc.). The PWR_STS1.STBYF flag indicates that the MCU exits STANDBY mode.

3.3 Low-power auto-wakeup (AWU) mode

In automatic wake-up mode, the RTC can be used to wake up from different low-power modes without relying on
external interrupts. The RTC provides a programmable clock reference for timed wake-up from SLEEP, STOP2 and
STANDBY modes. To do this, two of the three optional RTC clock sources can be selected by software programming
RCC_LDCTRL.RTCSEL[1:0] as follows:

B 32.768kHz external crystal clock (LSE OSC)
This clock source provides an accurate clock reference with very low power consumption.
B RCinternal crystal clock (LSI RC)

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

To wake up from STOP2 mode using the RTC alarm event, you need:
B Configure EXTI 18 rising edge trigger.
B Configure RTC to enable RTC alarm event.

To wake up from STANDBY mode using RTC alarm event, EXTI 18 does not need to be configured.
PWR_CTRL3.IWKUPLEN needs to be configured.
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3.4 PWR registers

3.4.1 PWR register overview

Table 3-3 PWR register overview

Offset|  Register ~ | =] o
15y 3
o &,
PWR_CTRL1 ‘u_n—_l‘ -
oo | VR @ 2
= 3
Reset Value [
z
— =
oodn | PWR_CTRL2 a ] S
> a a
o
Reset Value 0 0[0f0O
> o Zl- |+ > 8| x olol|lov z|lz|=z
SR HEE EEEHER N EHBEE R
PWR_CTRL3 28R 22K 51¢1¢ 2125 31313 50515
008h 515 al2l8 2|2 ol3la ¥|l¥|¥ zl2| ¥
212 a2 2|22 18| @ 2|22 22| 2
Reset Value 1 0 1 0jofo0
& TR
PWR_STS1 2 sle|g
00Ch = vlg|l¥
2 x|z
Reset Value [ 0 | ofofo
[T
8l&|3
o10n| PWRSTS2 Slglze
|
Reset Value 01 (1
> gla|e
2 SEE
PWR_STSCLR &% HEE
014h & |z
o e |
(@] (@] O
Reset Value n 0jofo
3.4.2 Power control register 1 (PWR_CTRL1)
Address offset: 0x00
Reset value: 0x0000 0700 (reset by wakeup from STANDBY mode)
31 16
T T T T T T T T T T T T T T T
Reserved
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 11 10 9 8 7 3 2 0
T T T T T T T T T
Reserved | LPREN Reserved MRSEL[1:0] DRBP Reserved LPMSEL][2:0]
™w ™ ™w ™w
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Bit field

Name

Description

31:15

Reserved

Reserved, the reset value must be maintained.

14

LPREN

LOW POWER RUN mode enable bit.
When this bit is set, the MR is turned off and the LPR will be used to power the main
power domain.

Note: This bit is affected by system reset.

13:11

Reserved

Reserved, the reset value must be maintained.

10:9

MRSEL[1:0]

Main voltage regulator voltage configuration level selection.
01: Reserved

10: 1.0V (Rangl)

11: 1.1V (Rang0)

DRBP

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

In the reset state, the RTC, backup registers and RCC_LDCTRL registers are protected
from illegal writes. This bit must be set to enable write access to these registers.

0: Disable access to RTC, backup registers and RCC_LDCTRL

1: Enable access to RTC, backup registers and RCC_LDCTRL

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

7:3

Reserved

Reserved, the reset value must be maintained.

2.0

LPMSEL [2:0]

Low power mode selection bits.

These bits select the low power mode the CPU enters.
000-010: STOP2 mode

011: STANDBY mode

3.4.3 Power control register 2 (PWR_CTRLZ2)

Address offset: 0x04

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

31

Reserved
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 5 4 3 1 0
T T T T T T T T T T T T
Reserved PR PLS[2:0] PVDEN
1 1 1 1 1 1 1 1 1 1 1 1
™w ™ I™w

Bit field Name Description
315 Reserved Reserved, the reset value must be maintained.
4 PVDFLTEN PVD filter enable bit.
0: Disable PVD filtering
1: Enable PVD filtering
31 PLS[2:0] PVD threshold.
PLS[2:0] \oltage
000 2.1v
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Bit field Name Description
001 2.25v
010 2.4v
011 2.55v
100 2.7v
101 2.85v
110 2.95v
111 1
Remarks: (1) is the external input analog voltage PVD_IN (internally compared with
VREFINT)
0 PVDEN Programmable Voltage Detector (PVD) enable bit.
0: Disable PVD
1: Enable PVD

3.4.4 Power control register 3 (PWR_CTRL23)

Address offset: 0x08

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

22

21

20

19

18

17

16

Reserved PSTSTP2 [PSTSTBY| Reserved | opl | EBDT | FBOT
15 14 13 12 11 10 9 8 7 6 r;’*’ er 3 r;V r:’*’ r(‘;V
Reserved IWE}I\IJPL RA];\{[ZR RAé\:IrlR Reserved IggBD;F Bsgl}_lp);l" BS’]}D{T Reserved WI}()[SJPZ W]]()LSJPI Wll()ISJPO Reserved WIEEPZ W]égPl WIEEPO
rw rw rw rw w rw rw w rw rw rw rw

Bit field Name Description
31:22 Reserved Reserved, the reset value must be maintained.
21 PSTSTP2 Pin state bit in STOP2 mode.

0: Pin in retention state

1: Pin in high-Z state
20 PSTSTBY Pin state bit in STANDBY mode.

0: Pin in retention state

1: Pin in high-Z state
19 Reserved Reserved, the reset value must be maintained.
18 PBDTSTBY PVDBOR state hit in STANDBY mode.

0: Normal mode

1: Duty on mode
17 PBDTSTP2 PVDBOR state hit in STOP2 mode.

0: Normal mode

1: Duty on mode
16 PBDTLPR PVDBOR state bit in LP RUN mode.

0: Normal mode
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Bit field Name Description

1: Duty on mode

15 Reserved Reserved, the reset value must be maintained.

14 IWKUPLEN Internal wake-up line enable bit.
0: Disable internal wake-up line

1: Enable internal wake-up line

13 RAM2RET SRAM2 retention bit.
SRAM?2 supports selection of retention in STANDBY or STOP2 mode.
0: No retention

1: Retention

12 RAMI1RET SRAML1 retention bit.
SRAM1 only supports selection of retention in STOP2 mode.
0: No retention

1: Retention

1 Reserved Reserved, the reset value must be maintained.

10 BGDTSTBY BANDGAP/BG_Buffer/IBIAS idle state bit in STANDBY mode.
0: Always on
1: Duty on

9 BGDTSTP2 BANDGAP/BG_Buffer/IBIAS idle state bit in STOP2 mode.
0: Always on
1: Duty on

8 BGDTLPR BANDGAP/BG_Buffer/IBIAS idle state bit in LP RUN mode.
0: Always on
1: Duty on

7 Reserved Reserved, the reset value must be maintained.

6 WKUP2PS WKUP2 wake-up pin polarity selection bit.

Use rising or falling edge to wake up STANDBY mode. Make sure the corresponding
wakeup pins are disabled before changing polarity.

0: Rising edge

1: Falling edge

5 WKUP1PS WKUP1 wake-up pin polarity selection bit.

Use rising or falling edge to wake up STANDBY mode. Make sure the corresponding
wakeup pins are disabled before changing polarity.

0: Rising edge

1: Falling edge

4 WKUPOPS WKUPOQ wake-up pin polarity selection bit.
Use rising or falling edge to wake up STANDBY mode. Make sure the corresponding
wakeup pins are disabled before changing polarity.

0: Rising edge

1: Falling edge
3 Reserved Reserved, the reset value must be maintained.
2 WKUP2EN Enable WKUP2 pin.
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Bit field Name Description

Software can set and clear this bit.

0: WKUP pin is used for general purpose 1/0. An event on the WKUP pin will not
wake the device from STANDBY mode.

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

1 WKUP1EN Enable WKUP1 pin.

Software can set and clear this bit.

0: WKUP pin is used for general purpose 1/0. An event on the WKUP pin will not
wake the device from STANDBY mode.

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

0 WKUPOEN Enable WKUPQO pin.

Software can set and clear this bit.

0: WKUP pin is used for general purpose 1/0. An event on the WKUP pin will not
wake the device from STANDBY mode.
1: WKUP pin is used to wake up STANDBY mode.

3.4.5 Power status register 1 (PWR_STS1)

Address offset: 0x0C

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

31 16
T T T T T T T T T T T T T T T
Reserved
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 9 8 7 3 2 1 0
T T T T T T T T T
IWKUPF Reserved STBYF Reserved ‘WKUPF2 | WKUPF1 [ WKUPFO
T T T T T
Bit field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15 IWKUPF Internal wake-up flag.

This bit is set and cleared by hardware.
0: All internal wakeup sources have been cleared

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

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

8 STBYF STANDBY flag bit.

This bit is set by hardware when the device enters STANDBY mode and cleared by
software by setting PWR_STSCLR.CLRSTBY or by a power-on reset.

0: The device has never entered STANDBY mode

1: The device has ever entered STANDBY mode

Note: A system reset will not clear this bit.

7:3 Reserved Reserved, the reset value must be maintained.
2 WKUPF2 WKUP?2 pin wakeup flag.
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Bit field Name Description

This bit is set by hardware. Can be cleared by software setting
PWR_STSCLR.CLRWKUP2.

0: No wakeup event occurred

1: Wakeup event received from WKUP pin

1 WKUPF1 WKUP1 pin wakeup flag.

This bit is set by hardware. Can be cleared by software setting
PWR_STSCLR.CLRWKUP1.

0: No wakeup event occurred

1: Wakeup event received from WKUP pin

0 WKUPFO0 WKUPO pin wakeup flag.

This bit is set by hardware. Can be cleared by software setting
PWR_STSCLR.CLRWKUPO.
0: No wakeup event occurred

1: Wakeup event received from WKUP pin

3.4.6 Power status register 1 (PWR_STS1)

Address offset: 0x10

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

31 16
Reserved
15 3 2 1 0
Reserved PVDO MRF LPRUNF
T iy T
Bit field Name Description
31:3 Reserved Reserved, the reset value must be maintained.
2 PVDO PVD output.

This bit is set and cleared by hardware. Only valid when PWR_CTRL2.PVDEN =1.
0: VDD/VDDA is above the PVD threshold selected using PWR_CTRL2.PLS[2:0].

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

1 MRF \oltage adjustment flag.

0: Voltage adjustment is in progress

1: Voltage adjustment is completed

0 LPRUNF Low power voltage regulator flag.

This bit is cleared by hardware when MCU is in LOW POWER RUN maode. This bit
remains 0 when MCU exits LOW POWER RUN mode and is set to 1 by hardware until
the voltage regulator is ready in master mode. This bit must be polled before increasing
the frequency.

0: MCU is in LOW POWER RUN mode
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Bit field

Name

Description

1: MCU is in RUN mode

3.4.7 Power status clear register (PWR_STSCLR)

Address offset: 0x14

Reset value: 0x0000 0000

31

Reserved
1 1 1 1 1 1 1 1 1

9 8 7 3 2 1

0

Reserved
. .

CLR CLR

ICLRSTBY] Reserved WKUP2 | WKUP1

CLR
WKUPO

w w w

Bit field

Name

Description

319

Reserved

Reserved, the reset value must be maintained.

8

CLRSTBY

Clear STANDBY flag.

This bit always reads as 0.

0: No effect.

1: Clear PWR_STS1.STBYF flag.

Reserved

Reserved, the reset value must be maintained.

CLRWKUP2

Clear WKUP2 wakeup flag.

This bit always reads as 0.

0: No effect.

1: Clear wakeup flag PWR_STS1.WKUPF2.

CLRWKUP1

Clear WKUP1 wakeup flag.

This bit always reads as 0.

0: No effect.

1: Clear wakeup flag PWR_STS1.WKUPF1.

CLRWKUPO

Clear WKUPOQ wakeup flag.

This bit always reads as 0.

0: No effect.

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

4.1 Reset Control Unit

Supports the following three types of reset:

Power Reset
System Reset
Low power domain Reset

4.1.1 Power reset

A Power reset occurs in the following circumstances:

® Power-on reset (POR reset).

® Brown-out reset(BOR reset).

® \When exiting STANDBY mode.

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

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

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

4.1.2 System reset

Except the reset flags in the Control/Status Register (RCC_CTRLSTS)and the registers in the low power domain (see
Figure 3-1), a system reset sets all registers to their reset values.

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

A low level on the NRST pin (external reset)

Window watchdog end of count condition (WWDG reset)
Independent watchdog end of count condition (IWDG reset)
Software reset (SW reset)

Low power management reset

MMU protection reset

RAM parity error reset

EMC reset

The reset source can be identified by checking the reset flags in the Control/Status Register (RCC_CTRLSTS) and
Low Power Domain Control Register(RCC_LDCTRL).
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A software reset can be generated by setting the SYSRESETREQ bit in Cortex™-M4 Application Interrupt and Reset
Control Register. Refer to Cortex™-M4 technical reference manual for further information.

4.1.2.2 Low-power management reset

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

® Generate low power management reset when entering STANDBY mode: This reset is enabled by setting the
NRST_STDBY bit in the user option byte. At this time, even if the procedure to enter STANDBY mode is
performed, the system will be reset instead of entering STANDBY mode.

® Generate low power management reset when entering STOP2 mode: This reset is enabled by setting the
nNRST_STOP?2 bit in the user option byte. At this time, even if the process to enter STOP2 mode is performed,

the system will be reset instead of entering STOP2 mode.

The system reset signal provided to the chip is output on the NRST pin. The pulse generator guarantees a minimum
reset pulse duration of 13us for each reset source (external or internal). For external reset, the reset pulse is generated
while the NRST pin is asserted low.

The Figure below shows the system reset generation circuit.

Figure 4-1 System reset generation

NRST

VDD/VDDA

W

Filter

System Reset

L

I
L
Yl———=

Pulse extension at
least 13us

IWDG Reset
WWDG Reset

Software Reset

Lower Power Management Reset
MMU Reset

RAM Parity Error Reset

EMC Reset

4.1.3 Low power domain reset

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

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

bit.

® /DD power up/down will cause a low power domain reset.
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4.2 Clock control unit

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

B HSE oscillator clock, 4~32MHz;

B MSI oscillator clock:

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

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

B PLL clock, Up to 108MHz;

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

The devices have the following two secondary clock sources:

B LSI: 40 kHz low-speed internal RC which drives independent watchdog (IWDG) can be selected by software to
drive RTC/LPTIMER.

B LSE: 32.768 kHz low-speed external crystal can also be selected by software to drive RTC/LPTIMER/ LPUART.
Each clock source can be turned on or off independently when it is not used to optimize power consumption.

Several prescalers can be used to configure the frequencies of the AHB, the high-speed APB (APB2), and the low-
speed APB (APB1) domains. The maximum frequencies of the AHB, APB2, and APB1 domains are 108MHz,
54MHz, and 27MHz respectively.

RCC provides the Cortex System Timer (SysTick) external clock with the AHB clock (HCLK) divided by 8. This
clock or Cortex clock(HCLK) can be selected to drive the SysTick by programming the SysTick Control and Status
Register. The ADC clock is generated by dividing the AHB clock or PLL clock.

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

B [f the APB prescaler is 1, the timer clock frequencies are set to the same frequency as that of the APB domain
to which the timers are connected.

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

FCLK is the free-running clock of Cortex™-M4F. For more details, refer to the ARM Cortex™-M4 technical
reference manual.
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in the product datasheet.

4.2.2 HSE clock

The maximum frequency available for the system clock is 108 MHz.

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

or more details about the internal and external clock source characteristics, please refer to the "Electrical Characteristics"” section

The high-speed external clock signal (HSE) can be generated from the following two clock sources:
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® HSE external crystal/ceramic resonator
® HSE user external clock

To reduce distortion of the clock output and shorten the start-up Stablize time, the crystal/ceramic resonator
and load capacitor must be placed as close as possible to the oscillator pins. The load capacitance value must
be adjusted according to the chosen oscillator.

Figure 4-3 HSE/LSE clock source

External Clock Crystal/Ceramic Resonators
OSC_OouT OSC_IN OSC_ouT
[ [ [
L
T (Hiz)
External Clock Source Crystal
C1 -[ C2 :|-

4.2.2.1 External clock source (HSE bypass)

In this mode, an external clock source must be provided. Its frequency can be up to 32MHz. Users can select this
mode by setting the RCC_CTRL.HSEBP and RCC_CTRL.HSEEN bits. The external clock signal(50% duty cycle
square, sine or triangle wave) must be connected to the OSC_IN pin while the OSC_OUT pin must be left floating
(Hi-Z). See Figure 4-3.

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

4.2.2.2 External crystal/ceramic resonator (HSE crystal)

The 4 to 32 MHz external oscillator has the advantage of producing a more accurate master clock for the system. The
associated hardware configuration is shown in See Figure 4-3. For more details, please refer to the electrical
characteristics section of the datasheet.

The RCC_CTRL.HSERDF bit indicates whether the high-speed external oscillator is stable or not. At startup, the
clock is not released until this bit is set by hardware. An interrupt can be generated if enabled in the Clock Interrupt
Register (RCC_CLKINT).

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

4.2.3 HSI clock

The HSI (High Speed Internal) clock signal is generated by an internal 16MHz RC oscillator and can be used directly
as system clock or as PLL input after dividing by 1 or 2 (selected by RCC_PLLHSIPRE.PLLHSIPRE bit to divide
by 1 or 2). The HSI RC oscillator can provide a clock source without any external devices. It also has a shorter startup
time than the HSE crystal oscillator. However, its frequency is less accurate even with calibration.
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The HSI clock frequency of each chip has been calibrated to 1% (25<C) before leaving the factory. After the system
reset, the factory calibration value is loaded into the RCC_CTRL.HSICAL[8:0] bits.

If the user application is subject to voltage or temperature variations, this may affect the accuracy of the RC oscillator.
The HSI frequency can be trimmed by using the RCC_CTRL.HSITRIM[4:0] bits.

The RCC_CTRL.HSIRDF bit flag indicates if the HSI RC oscillator is stable. At startup, the HSI RC output clock is
not released until this bit is set by hardware. HSI clock can be switched on and off using the RCC_CTRL.HSIEN bit.

Note:

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

4.2.4 MSI clock

The MSI (Multi-speed Internal) clock signal is generated from the internal RC oscillator. The frequency range can
be selected by software using the RCC_CTRLSTS.MSIRANGE[3:0] bits. There are 7 frequency ranges available:
100 kHz, 200 kHz, 400 kHz, 800 kHz, 1 MHz, 2 MHz, 4 MHz (default).

After power-on reset, system reset or wake-up from STANDBY mode, the MSI clock is used as the system clock and
the MSI frequency is set to its default value of 4 MHz.

The RCC_CTRLSTS.MSIRD bit indicates whether the MSI is stable. The MSI output clock cannot be used until the
hardware sets this bit to 1 at startup. MSI can be turned on or off with the RCC_CTRLSTS.MSIEN bit.

If the HSE crystal oscillator fails, the MSI clock will be used as a backup clock source for the system clock. Refer to
Section 4.2.9 Clock Security System.

Note:

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

4.2.5 PLL clock

The internal PLL can be used to multiply the HSI or the HSE clock frequency. Refer to Figure 4-2 Clock Tree,The
PLL configuration (selection of PLL input clock (HSI/HSE and divider) and multiplication factor) must be done
before enabling PLL. Once the PLL is enabled, these parameters cannot be changed. The PLL can be configured
using control bits in RCC_CTRL and RCC_CFG registers.

After selecting HSI or HSE (both can be divided by 1 or 2) as the clock source, you can continue to select the
frequency divided by 1 or 2 as the final PLL input clock, see Figure 4-4
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Figure 4-4 PLL clock source selection
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If the PLL interrupt is enabled in the clock interrupt register, an interrupt request can be generated when the PLL is
ready.

If the USB interface needs to be used in the application, the PLL must be set to output 48, 72, 96MHz clocks to
provide the 48MHz USBCLK clock.

4.2.6 LSE clock

The LSE crystal is a 32.768KHz low speed external crystal or ceramic resonator. It provides a low-power and accurate
clock source for the real-time clock or other timing functions.

The LSE clock is enabled and disabled by the RCC_LDCTRL.LSEEN bit.

The RCC_LDCTRL.LSERD bhit indicates whether the LSE clock is stable. During the startup phase, the LSE clock
signal is not released until this bit is set by hardware. If enabled in the clock interrupt register, an interrupt request
can be generated. To turn off LSE,you need to waif for 3 LSE clocks to turn it off completely.LSE enabled by repeat
switch needs to wait for 1024 LSE clocks RCC_LDCTRL.LSEEN bit to set.

4.2.6.1 LSE external clock source(LSE bypass)

In this mode, an external clock source with a frequency of up to 1 MHz can be provided. Users can select this mode
by setting the RCC_LDCTRL.LSEBP and RCC_LDCTRL.LSEEN bits. The external clock signal(square, sine or
triangle wave) with 50% duty cycle must be connected to the OSC32_IN pin while the OSC32_OUT pin must be left
floating (Hi-Z).

4.2.7 LSI clock

The LSI RC can clock the IWDG and AWU in STOP2 and STANDBY modes. The LSI clock frequency is about
40kHz. For further information please refer to the Electrical Characteristics section of the data sheet.

The LSI clock can be turned on or off using the RCC_CTRLSTS.LSIEN bit.

The RCC_CTRLSTS.LSIRD bit flag indicates if the LSI clock is stable. At startup, the clock is not released until this
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bit is set by hardware. An interrupt can be generated if enabled in the Clock Interrupt Register (RCC_CLKINT).
4.2,7.1 LSI calibration

The internal low-speed oscillator LS| can be calibrated to compensate for its frequency offset to obtain an RTC time
base with acceptable accuracy, and an independent watchdog (IWDG) timeout (when these peripherals are clocked
from the LSI).

Calibration can be achieved by measuring the LSI clock frequency using the TIM9's input clock (TIM9_CLK). The
measurement is guaranteed by the accuracy of the HSE. The software can obtain the accurate RTC clock base by
adjusting the 20 bit prescaler of the RTC, and obtain the accurate independent watchdog (IWDG) timeout time by
calculation.

The LSI calibration steps are as follows:

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

2. Set the TIM9_CTRL1.C3SEL bit to 1, and connect the LSI to channel 3 of TIM9 internally;
3. Measure LSI clock frequency through TIM9 capture/compare 3 events or interrupts;

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

4.2.8 System clock (SYSCLK) selection

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

The maximum frequency of the system clock is 108 MHz. After a system reset, the MSI oscillator (with a reset
frequency of 4MHZz) is selected as the system clock. It cannot be stopped when the clock source is used directly or
indirectly through the PLL as the system clock.

Switching from one clock source to another will only occur when the target clock source is ready (either after a delay
to start the stabilization phase or PLL stabilization). When the selected clock source is not ready, the switching of the
system clock will not occur until the target clock source is ready.

4.2.9 Clock security system (CLKSS)

Clock security system can be activated by software by setting the RCC_CTRL.CLKSSEN bit. Once activated, the
clock detector is enabled after the startup delay of the HSE oscillator, and disabled when the HSE clock is turned off.

If the HSE clock fails, the HSE oscillator will be automatically turned off, and a clock failure event will be sent to
the break input of the advanced timers (TIM1 and TIM8), and the Clock Security System Interrupt CLKSSIF will be
generated, allowing the software to execute rescue operations. The CLKSSIF interrupt is connected to the NMI (Non-
Maskable Interrupt) interrupt of the Cortex™-M4.

Once the CSS is activated and the HSE clock fails, the CSS interrupt is generated and the NMI is automatically
generated. The NMI will be executed continuously until the CSS interrupt pending bit is cleared. Therefore, it is
necessary to clear the CSS interrupt by setting the RCC_CLKINT.CLKSSICLR bit in the NMI handler.

If the HSE oscillator is directly or indirectly used as the system clock (indirectly means: it is used as the PLL input
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clock, and the PLL clock is used as the system clock), the clock failure will cause a switch of the system clock to the
MSI oscillator and the disabling of the external HSE oscillator. If HSE clock (divided or not) is selected as PLL input
clock then upon HSE clock failure, the PLL will be turned off.

4.2.10 LSE Clock security system (LSECSS)

The LSE clock security system is activated by enabling the RCC_LDCTRL.LSECLKSSEN bit. The
RCC_LDCTRL.LSECLKSSEN bit can be cleared by a hardware reset or RTC software reset or after detection of an
LSE fault. When LSE and LSI are enabled and ready, the RCC_LDCTRL.LSECLKSSEN bit must be enabled after
configuring the RCC_LDCTRL.RTCSEL to select the RTC clock source.

If an LSE failure is detected, no more LSE will be provided to the RTC, but the RCC_LDCTRL.RTCSEL bits will
not be modified by hardware to switch the RTC clock source.

In Standby mode, an LSE clock failure triggers a wake-up. In other modes, an interrupt can be generated to wake up,
and then the software can clear the RCC_LDCTRL.LSECLKSSEN bit and turn off the LSE, and change the RTC
clock source and other measures to ensure the safety of the application.

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

4.2.11 RTC clock

By programming RCC_LDCTRL.RTCSEL[1:0] bits, the RTCCLK clock source can be either the HSE/32, LSE, or
LSI clocks. This selection cannot be changed unless the low power domain is reset.

Before configuring the RTC clock source, the PWR_CTRL1.DRBP bit must be set to 1 to cancel the write protection.
The LSE and LSI clocks are in the low power domain, but the HSE clocks are not. therefore:
B If LSE or LSl is selected as RTC clock:
€ If the Voo supply is switched off, the RTC cannot continue to work
B [f the HSE clock divided by 32 is used as the RTC clock:

€4 When in Stop2 or Standby mode, the RTC state is indeterminate.

4.2.12 Watchdog clock

If the IWDG is started by either hardware option or software access, the LSI oscillator will be forced ON and cannot
be disabled. After the LSI oscillator is stabilized, the clock is provided to the IWDG.

4.2.13 Clock output (MCO)

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

The corresponding GPIO port register must be configured for the corresponding function.The following 7 clock
signals can be selected as the MCO clock:

B SYSCLK
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m HSI
H HSE
m PLL
m LSl
m LSE®
m MSI

The clock selection is controlled by RCC_CFG.MCO[2:0] bits.
The MCO output clock frequency division selection is realized by configuring the RCC_CFG.MCOPRES]3:0] bits.
Note:

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

4.3 RCC Registers

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

4.3.1 RCC register overview

Table 4-1 RCC register overview

o] [ [R == 2[R R R R R T e e T -]
=

2|8 ACIEIE g|g
RCC_CTRL 5|3 AR HSICAL([8:0] HSITRIM[4:0] |4
000h Reserved |z Reserved a|T 2|z 2T
Reset Value 0fo0 o(0fO0f|oO0{f1 ‘ 0o ‘ 0 ‘ 0o ‘ 1 ‘ o111 ‘ 0 ‘ 0|0 ‘ 0f(0fO0

5 = = = = -

5 5 5 i & & g 5

[8) = e o (] 73 73 — =,

b @ i el & - i} w 4 2

RCC_CFG MCOPRES[3:0] | = | McO[2:0] & 322 412 3 4 4 AHBPRES[3:0] 5 3

o = = I|d 2 [ o X X

004h = o 4 Sl =z @ N b= ] 3
3 7] i o 2 Q @ ) o

T ] o o @ Ed < A P

Reset Value 0 ‘ 0 ‘ 0 ‘ ojofofofofofo|O)jO|O|OfO{fO o|jofojojojojoj|jofo|jofoOofoOofoOfoO

o o S| 5|95z z|lz|z|=z

o|T|¢|3|_|5(2|e|c|2|a|3|E|a|E|2|2|2\T|s|5||5]8|5(5]
Rec_CLKINT AR A E
008h Reserved dia|2(Xg|Ql3|Y|z|lU|z|a|2|lald|la|la|a|a|d|g|@|2|2|2]2(A

9191713 8|8|3|8]2|4]|2|2|2|"|2|2]2)58|9 =257

Reset Value ofofo0|oO ofofofojojojojojojojojo|jofofofojofojojojojo

= | = 5 5

RCC_APB2PRST & E E E |k|g g g Slo|el|2 8|S
00Ch Reserved % <D( <D( % SIE|®|E Reserved o|o|o s % %
@ =) =l |

Reset Value 0j0fo0 ojofojo ojofo]o 0

= I e B =
= o | o =
RCCAPBIPRST (S (B G |E| B |S|x|&(8|3] B8 |E|k 3 gl8|s| B |z|E|&|5|2|8|S
010h l=(</2] g |2|8|g|8|8| & ||« s (=12 & |3]2]12]|2|12|12|2
g1 g|°|® 2 ol3|>2|=|= 2 21 g 2 S| g|F 2 O|F|F|F|F|F|F
o ['4 ['4 o — o || o

Reset Value 0 0|0 ofofo|0]|O 0|0 0 0 ojofO0O|O]O]|]O]O
z |z & 4 Z & z
Wil ol o o Wlo|lo|lo|s|o|Y
RCC_AHBPCLKEN 8 2 aE) (2.) g 8 g 5 g Z g <§(
014h Reserved <|v| g|& ] Cclg|ld|g|%|g|a
L — [ ] 9 — 9 }— O —

o o @ o o

Reset Value 0|0 0 0 1 1 0

59/630

Nations Technologies Inc.

Tel: +86-755-86309900

Email: info@nationstech.com

Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China



www.nationstech.com

Nation &

0 | N3OV | © NIZNIL o N33S1 o N3IST o = o JUdISHT1d o | NAITHI | o
n — . —
T panIBsaY NIENIL o ayasi o adis o & _ o loe] o AlQ0Us1d o [NILSYTHYT| o
5 | J3SNILAT ||
Z [Nadwvdol| o NIVNIL o dg3st o N3ISW - mB o - o S1STHYa | o
A | — [
¢ | N3gdol | o NISINIL o |N3SS®103s1| o |  adIsw - - o w [o:1] o N3IZYY3 | o
3 3 |
v | N3OdOI | o | NIIWIL | o [45SM1035T | o o : _ o x TSIV o NILSHeddd| o
ozl [ ¢ S
= EHUVERE)
s | N3adol | o NILNIL o Zonvaisw |~ % o p X SiSea | o
9 NIdNOD | o panIasaY - & o NIWILdT | ©
1 |
L NILTIHdNOD | © = 5 o N3™aon o [NILVNd1| o
— — a
8 paniasay paniasay o o < o | SS3ITVvLIXEsNn | o
— [o:T113s01d — paniasay
6 NI6NIL _ o = o |1S¥09NY| o J3sW00g¥aon| o
— o
0T paniasay W - panIasay panIasay paniasay 1SHAILdT | o
<
TT | NITWIL | o | NIOamm _ = - g o | 1S¥OVS | o = - |1sd1MvNdl| o
g s ¥
Z1 | N3Uds | o 5 o |1sdoav | o - = -
8 = I w I
4 I ['4
€T | N3ISWIL | o - - = “° g -
g R o A R R el
¥T [NITLYVSN| o 5 o x - 9 =)
5} = — o —
o
ST N3O1Y o o 3] o = o
— panJasay m -
9T 1S414Sa1 | o o o paniasay g
— 5
LT | N3rLavn | o | N3zlavsn | o _ o JISWIOAY | o | TISWIONYUL | © 3 3 &
o f o
= 2 2 3
8T | NISLYVN | o | NIELMVSN | o s = NIWIONYL | o & & g
x 2
6T | N3zlds | o [= o &
pantesay m (I
0z = m
— 2 B
x4 N3TOZI o - o - g g
44 N3zozl o 2 o 2 g
o o
€z N3gsn = 41SHAVY | o
vz panissay 41S4NY =} © -
B g . g
sz g NaNVO = H1SHNAN | o =, o g
— 5 R . 4
9 & 41S¥NId | — 4 o
panIasay ) —
K4 41S440d | — Q o
|| z |
8z NIAMd o | dlsyyas _ o | dis¥lds | o o
62 N3oVa o panJesay 41849aml | o I3ISHTONIL| ©
0g panIssay &wmo_zmn_.__ o |dls¥oamm| o
— Panlasey
1€ NIdAVdO | o panIesay 41SMMdT | ©
5 3 2
%) = >
M ® M ® W_ ® Ir © 2 © o © ) @ Dlm_ © W ) Ewn ©
5 ) m 3 m = = e = a = (O] = O] = = = »n = x = =
i3] b 5 Q < x < o < e < e < &) < T < L0 <
k] & > % > a) > = > 2 > o > o > a > 5 > L5 S
2 Q ot Q ot - ot [3) B < B o' B o' ot x B 2 3 | =
i3 ] ] | ] | o] | o] o] o | @ a & S & @
< D < 41 (@) 41 I8} 4] I3 4] Q 4] Q 3 &) e | 3 0 4
C_ 24 C_ 24 m 24 O 24 s} 24 ['4 24 ['4 @ &) 24 m 24 P | o
o &) o x x e 7]
o o
D = = = < = = < < < = < <
(2] @ (@} [=} < @ [} o < =<} [} o =
5 3 3 S S = S 3 3 8 3 = 3

4.3.2 Clock Control Register (RCC_CTRL)

Address offset: 0x00
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31 26 25 24 23 20 19 18 17 16
' " Reened ' PLLRDF | PLLEN " Resened CLKSSEN| HSEBP |HSERDF | HSEEN
15 ' ™ 7 6 ™ ) | 0
I I I PIISICAL[S:(;] I I I I HISITRIM[4:IO] I HSIRDF | HSIEN
. . . . : \ . . . . \ — \ . : —
Bit Field Name Description
31:26 Reserved Reserved, the reset value must be maintained.
25 PLLRDF PLL clock ready flag
Set by hardware once PLL is ready.
0: PLL is not ready
1: PLL is ready
24 PLLEN PLL enable
Set and cleared by software. When entering the stop2 mode, it is cleared by hardware.
This bit cannot be cleared when PLL is used as the system clock.
When the HSI/HSE is used as the clock source for the PLL, the PLL will not be
turned on until the HSI/HSE clock is ready.
0: Disable PLL
1: Enable PLL
23:20 Reserved Reserved, the reset value must be maintained.
19 CLKSSEN Clock security system enable
Set and cleared by software.
0: Disable the clock detector
1: Enable the clock detector if the HSE oscillator is ready
18 HSEBP External high-speed clock bypass enable
Set and cleared by software. This bit can only be written when the HSE oscillator is
disabled.
0: Disable the bypass function of HSE oscillator
1: Enable the bypass function of HSE oscillator
17 HSERDF External high-speed clock ready flag
Set by hardware once HSE is ready. This bit takes 6 HSE clock cycles to clear after
the HSEEN bit is cleared.
0: HSE is not ready
1: HSE is ready
16 HSEEN External high-speed clock enable
Set and cleared by software. When entering the stop2 or standby mode, it is cleared
by hardware. This bit cannot be cleared when HSE is used directly or indirectly as the
system clock.
0: Disable HSE oscillator
1: Enable HSE oscillator
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Bit Field Name Description
15:7 HSICAL[8:0] Internal high-speed clock calibration value

These bits are automatically initialized at startup.

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

Written by software. The values of these bits will be added to the HSICAL[8:0] bits in
order to form the final value for calibrating the frequency of the internal HSI RC
oscillator. The trimming step is around 28 kHz between two consecutive HSICAL
steps, and the default value is 16, which can adjust the HSI to 16 MHz +1%.

1 HSIRDF Internal high-speed clock ready flag

Set by hardware once HSI is stable. After the HSIEN bit is cleared, it takes 6 internal
16 MHz oscillator clock cycles to go low.

0: HSI is not ready

1: HSI is ready

0 HSIEN Internal high-speed clock enable

Set and cleared by software. This bit cannot be cleared when HSI is used as the
system clock. When returning from stop2 or standby mode or HSE failure occurs, set
by hardware to enable the HSI oscillator. This bit cannot be reset if the HSI is used
directly or indirectly as system clock.

0: Disable HSI oscillator

1: Enable HSI oscillator

4.3.3 Clock Configuration Register (RCC_CFG)

Address offset: 0x04
Reset value: 0x0000 0000

31 28 27 26 24 23 %) 21 18 17 16
MCOPRES[3:0] PI%%/&J]L MCO[2:0] USBPRES[1:0] PLLMULFCTI[3:0] PLLISE | PLLsRC
1 1 1 1 1 1 1 1 1
™w ™w ™w ™w ™ ™w ™
15 14 13 11 10 8 7 4 3 2 1 0
T T T T T T T T T T
Reserved APB2PRES[2:0] APBIPRES[2:0] AHBPRES[3:0] SCLKSTS[1:0] SCLKSW[1:0]
™w 'w ™w T ™w
Bit Field Name Description
31:28 MCOPRES[3:0] MCO prescaler

Set and cleared by software.

0000: MCO clock divided by 1, the duty cycle is the same as clock source
0001: MCO clock divided by 2, duty cycle 1/(frequency division factor * 2)
0010: MCO clock divided by 3, duty cycle 1/(frequency division factor * 2)
0011: MCO clock divided by 4, duty cycle 1/(frequency division factor * 2)
0100: MCO clock divided by 5, duty cycle 1/(frequency division factor * 2)
0101: MCO clock divided by 6, duty cycle 1/(frequency division factor * 2)
0110: MCO clock divided by 7, duty cycle 1/(frequency division factor * 2)
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Bit Field Name Description

0111: MCO clock divided by 8, duty cycle 1/(frequency division factor * 2)
1000: MCO clock divided by 2, duty cycle 50%

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

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

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

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

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

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

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

27 PLLMULFCT[4] This bit is combined with bit[21:18] to form a PLL multiplication factor. Please
refer to PLLMULFCT[3:0].
26:24 MCOI[2:0] Microcontroller clock output selection

Set and cleared by software.

0xx: No clock output

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

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

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

100: Select system clock (SYSCLK) output

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

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

111: Select PLL clock output

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

When the system clock is output to the MCO pin, the output clock frequency should
not exceed 50MHz (the highest frequency of the 1/0 port).

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

Set or cleared by software to generate a 48MHz USB clock. The values of these
bits must be valid before enabling the USB clock in the RCC_APB1PCLKEN
register.

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

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

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

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

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

Written by software to define PLL multiplication factor. These bits can only be
written when the PLL is disabled. The PLL output frequency must not exceed
108MHz.

00000: PLL input clock =<2

00001: PLL input clock =<3

00010: PLL input clock x4

00011: PLL input clock x5
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Bit Field Name Description

00100: PLL input clock <6

00101: PLL input clock <7

00110: PLL input clock =<8

00111: PLL input clock %9

01000: PLL input clock <10
01001: PLL input clock <11
01010: PLL input clock <12
01011: PLL input clock <13
01100: PLL input clock <14
01101: PLL input clock <15
01110: PLL input clock <16
01111: PLL input clock <16
10000: PLL input clock <17
10001: PLL input clock %18
10010: PLL input clock <19
10011: PLL input clock %20
10100: PLL input clock <21
10101: PLL input clock <22
10110: PLL input clock %23
10111: PLL input clock %24
11000: PLL input clock %25
11001: PLL input clock %26
11010: PLL input clock %27
11011: PLL input clock =28
11100: PLL input clock =29
11101: PLL input clock <30
11110: PLL input clock <31
11111: PLL input clock =32

17 PLLHSEPRES HSE prescaler for PLL input

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

0: HSE clock not divided

1: HSE divided by 2

16 PLLSRC PLL clock source

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

0: HSI clock selected as PLL input clock

1: HSE clock selected as PLL input clock

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

13:11 APB2PRES[2:0] APB high-speed (APB2) prescaler
Set and cleared by software to configure the division factor of APB2 clock
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Bit Field Name Description

(PCLK?2). Make sure that PCLK2 does not exceed 54MHz.
Oxx: HCLK not divided

100: HCLK divided by 2

101: HCLK divided by 4

110: HCLK divided by 8

111: HCLK divided by 16

10:8 APB1PRES[2:0] APB low-speed (APBL1) prescaler

Set and cleared by software to configure the division factor of APB1 clock
(PCLK1). Make sure that PCLK1 does not exceed 27MHz.

Oxx: HCLK not divided

100: HCLK divided by 2

101: HCLK divided by 4

110: HCLK divided by 8

111: HCLK divided by 16

74 AHBPRES[3:0] AHB prescaler

Set and cleared by software to configure the division factor of the AHB clock
(HCLK).

Oxxx: SYSCLK not divided
1000: SYSCLK divided by 2
1001: SYSCLK divided by 4
1010: SYSCLK divided by 8
1011: SYSCLK divided by 16
1100: SYSCLK divided by 64
1101: SYSCLK divided by 128
1110: SYSCLK divided by 256
1111: SYSCLK divided by 512

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

Set and cleared by hardware to indicate which clock source is used as system clock
00: The system clock comes from MSI

01: The system clock comes from HSI

10: The system clock comes from HSE

11: The system clock comes from the PLL output

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

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

Set by hardware to force HSI selection when exiting from the stop2 or standby
mode, or when the HSE oscillator fails (RCC_CTRL.CLKSSEN is enabled).
00: Select MSI as system clock

01: Select HSI as system clock

10: Select HSE as system clock

11: Select PLL output as system clock
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4.3.4 Clock Interrupt Register (RCC_CLKINT)

Address offset: 0x08

Reset value: 0x0000 0000

31 i i i i 27 26 25 24 23 22 21 20 19 18 17 16
Reserved L(S:];Zj{SI LSéET\SISI LSESSIF CIéIESRSI Reserved [BORICLR] PLéIiI}zDI H%li[]{{Dl H(S:lﬁ{RDl L%]%‘};Dl L(S:IERDI
15 14 13 12 11 % r;V ;& V’;’ 6 ‘;V ‘Z ‘:’;’ VZV \;] ‘(’]V
MSIRDI | M3IRDI | pogpgn | PLERDE | HSERDL| HSIRDL | LSERDI | LSIRDL | 1 kSSIF |MSIRDIF| BORIF |PLLRDIF |HSERDIF| HSIRDIF | LSERDIF | LSIRDIF
w w rw w rw rw w w r r r r r r r r
Bit Field Name Description
31:27 Reserved Reserved, the reset value must be maintained.
26 LSESSICLR LSE Clock security system interrupt clear.
This bit is set by software to clear the LSESSIF flag.
0: No effect
1: Clear LSESSIF flag
25 LSESSIEN LSE Clock Security System (CSS) interrupt enable
Set and cleared by software to enable/disable interrupt caused by LSE CSS
detection.
0: LSE CSS interrupt disabled
1: LSE CSS interrupt enabled
24 LSESSIF Clock security system interrupt flag
Set by hardware when a failure is detected in the LSE. Cleared by software setting
the LSESSICLR bit.
0: No clock security interrupt caused by LSE clock failure
1: Clock security interrupt caused by LSE clock failure
23 CLKSSICLR Clock security system interrupt clear
Set by the software to clear the CLKSSIF flag.
0: No effect
1: Clear the CLKSSIF flag
22 Reserved Reserved, the reset value must be maintained.
21 BORICLR BOR interrupt clear
This bit is set by software to clear the BORIF flag.
0: No effect
1: BORIF cleared
20 PLLRDICLR PLL ready interrupt clear
Set by the software to clear the PLLRDIF flag.
0: No effect
1: Clear the PLLRDIF flag
19 HSERDICLR HSE ready interrupt clear
Set by the software to clear the HSERDIF flag.
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Bit Field

Name

Description

0: Not used
1: Clear HSERDIF flag

18

HSIRDICLR

HSI ready interrupt clear

Set by the software to clear the HSIRDIF flag.
0: Not used

1: Clear the HSIRDIF flag

17

LSERDICLR

LSE ready interrupt clear

Set by the software to clear the LSERDIF flag.
0: Not used

1: Clear LSERDIF flag

16

LSIRDICLR

LSI ready interrupt clear

Set by software to clear the LSIRDIF flag.
0: Not used

1: Clear the LSIRDIF flag

15

MSIRDICLR

MSI ready interrupt clear bit.

Set by software to clear the MSIRDIF flag.
0: not used

1: Clear the MSIRDIF interrupt flag bit

14

MSIRDIEN

MSI ready interrupt enable bit.

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

1: Enable MSI ready interrupt

MSIRDF triggers interrupt

13

BORIEN

BOR interrupt enable

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

1: BOR interrupt enabled

12

PLLRDIEN

PLL ready interrupt enable

Set and cleared by software to enable and disable PLL ready interrupt
0: Disable PLL ready interrupt

1: Enable PLL ready interrupt

11

HSERDIEN

HSE ready interrupt enable

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

1: Enable HSE Ready Interrupt

10

HSIRDIEN

HSI ready interrupt enable

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

1: Enable HSI ready interrupt

LSERDIEN

LSE ready interrupt enable

Set and cleared by software to enable and disable LSE ready interrupt.
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Bit Field Name Description

0: Disable LSE ready interrupt
1: Enable LSE ready interrupt

8 LSIRDIEN LSI ready interrupt enable

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

1: Enable LSI ready interrupt

7 CLKSSIF Clock security system interrupt flag
Set by hardware when a failure is detected in the external HSE oscillator.
0: No clock security system interrupt caused by HSE clock failure

1: Clock security system interrupt caused by HSE clock failure

6 MSIRDIF MSI ready interrupt flag.

Hardware sets this bit when MSIRDIEN is set and the MSI clock is ready.
This bit is cleared by software by setting the MSIRDICLR bit.

0: No clock ready interrupt from MSI oscillator

1: MSI oscillator has generated a clock ready interrupt

5 BORIF BOR interrupt flag

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

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

0: No BOR generates an interrupt

1: BOR generates an interrupt

4 PLLRDIF PLL ready interrupt flag

This bit is set by hardware when PLLRDIEN is set and PLL clock is ready.
This bit is cleared by software by setting the PLLRDICLR bit.

0: No clock ready interrupt caused by PLL lock

1: Clock ready interrupt caused by PLL lock

3 HSERDIF HSE ready interrupt flag

Set by hardware when HSERDIEN is set and the HSE clock is ready.
This bit is cleared by software by setting the HSERDICLR bit.

0: No clock ready interrupt caused by HSE oscillator

1: Clock ready interrupt caused by HSE oscillator

2 HSIRDIF HSI ready interrupt flag

Set by hardware when HSIRDIEN is set and the HSI clock is ready.
This bit is cleared by software by setting the HSERDICLR bit.

0: No clock ready interrupt caused by HSI oscillator

1: Clock ready interrupt caused by HSI oscillator

1 LSERDIF LSE ready interrupt flag

Set by hardware when LSERDIEN is set and the LSE clock is ready.
This bit is cleared by the software by setting the LSERDICLR bit.
0: No clock ready interrupt caused by LSE oscillator

1: Clock ready interrupt caused by LSE oscillator
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Bit Field Name Description

0 LSIRDIF LSI ready interrupt flag

Set by the hardware when LSIRDIEN is set and the LSI clock is ready.
This bit is cleared by software by setting the LSIRDICLR bit.

0: No clock ready interrupt caused by LSI oscillator

1: Clock ready interrupt caused by LSI oscillator

4.3.5 APB2 Peripheral Reset Register (RCC_APB2PRST)

Address offset: 0x0C
Reset value: 0x0000 0000

31 20 19 18 17 16
T T T T T T T T T T T
UARTS | UART4
Reserved SPI2RST RST RST Reserved
™w ™w I'w
15 14 13 12 1 10 6 5 4 3 2 1 0
Reserved | USART! | TIMRST| SPIIRST [ TIMIRST Reserved IOPDRST|IOPCRST |IOPBRST|IOPARST | Reserved | AFIORST
1 1 1 1
™w ™w ™w ™w ™w ™ ™w ™ ™w
Bit Field Name Description
31:20 Reserved Reserved, the reset value must be maintained.
19 SPI2RST SPI2 reset

Set and cleared by software.
0: Clear the reset

1: Reset SPI2

18 UARTSRST UARTS reset

Set and cleared by software.

0: Clear the reset
1: Reset UARTS
17 UART4RST UART4 reset

Set and cleared by software.

0: Clear the reset
1: Reset UART4

16:15 Reserved Reserved, the reset value must be maintained.
14 USARTIRST USART]1 reset

Set and cleared by software.

0: Clear the reset
1: Reset USART1
13 TIM8BRST TIMB8 timer reset

Set and cleared by software.
0: Clear the reset
1: Reset TIM8 timer
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Bit Field

Name

Description

12

SPI1IRST

SPI1 reset

Set and cleared by software.
0: Clear the reset

1: Reset SPI1

11

TIM1RST

TIML1 timer reset

Set and cleared by software.
0: Clear the reset

1: Reset TIM1 timer

10:6

Reserved

Reserved, the reset value must be maintained.

IOPDRST

GPI0 port D reset.

Set or cleared by software.
0: Clear the reset

1: Reset GPIO port D

IOPCRST

GPIO port C reset.

Set or cleared by software.
0: Clear the reset

1: Reset GPIO port C

IOPBRST

GPIO port B reset.

Set or cleared by software.
0: Clear the reset

1: Reset GPIO port B

IOPAMPRST

GPIO port A reset.

Set or cleared by software.
0: Clear the reset

1: Reset GPIO port A

Reserved

Reserved, the reset value must be maintained.

AFIORST

Alternate function 10 reset
Set and cleared by software.
0: Clear the reset

1: Reset Alternate Function

4.3.6 APB1 Peripheral Reset Register (RCC_APB1PRST)

Address offset: 0x10

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T
OPAMP | Reserved | DACRST | PWRRST Reserved CANRST [UCDRRST USBRST | 12C2RST | 12CIRST Reserved USARTS | USART2 | Reserved
1 1
rw w w rw rw rw rw rw w w
15 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T
Reserved WWDG | Reserved | TIMORST Reserved  [COMPRST TIM7RST| TIM6RST| TIMSRST| TIM4RST| TIM3RST| TIM2RST
1 1 1
w w rw rw w w w w w
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Bit Field Name Description

31 OPAMPRST OPAMP interface reset.

Set or cleared by software.

0: Clear the reset

1: Reset the OPAMP interface

30 Reserved Reserved, the reset value must be maintained.

29 DACRST DAC interface reset.

Set or cleared by software.
0: Clear the reset

1: Reset the DAC interface

28 PWRRST Power interface reset

Set and cleared by software.
0: Clear the reset

1: Reset the power interface

27:26 Reserved Reserved, the reset value must be maintained.

25 CANRST CAN reset

Set or cleared by software.
0: Clear the reset

1: Reset CAN

24 UCDRRST UCDR reset.

Set or cleared by software.
0: clear the reset

1: Reset UCDR

23 USBRST USB reset.

Set or cleared by software.
0: clear the reset

1: Reset USB

22 12C2RST 12C2 reset

Set and cleared by software.
0: Clear the reset

1: Reset 12C2

21 12C1IRST 12C1 reset
Set and cleared by software.

0: Clear the reset

1: Reset 12C1
20:19 Reserved Reserved, the reset value must be maintained.
18 USART3RST USARTS reset.

Set or cleared by software.
0: Cear the reset
1: Reset USART3

17 USART2RST USART2 reset

Set and cleared by software.
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Bit Field Name Description

0: Clear the reset
1: Reset USART2

16:12 Reserved Reserved, the reset value must be maintained.

11 WWDGRST Window watchdog reset
Set and cleared by software.
0: Clear the reset

1: Reset window watchdog

10 Reserved Reserved, the reset value must be maintained.

9 TIMIRST TIMO reset.
Set or cleared by software.

0: Cear the reset

1: Reset TIM9
8:7 Reserved Reserved, the reset value must be maintained.
6 COMPRST COMP reset

Set and cleared by software.
0: Clear the reset
1: Reset COMP

5 TIM7RST TIM7 timer reset.

Set or cleared by software.
0: Cear the reset

1: Reset the TIM7 timer

4 TIM6RST TIMG6 timer reset

Set and cleared by software.
0: Clear the reset

1: Reset TIM6 timer

3 TIM5SRST TIMS5 timer reset

Set and cleared by software.
0: Clear the reset

1: Reset TIM5 timer

2 TIM4RST TIM4 timer reset

Set and cleared by software.
0: Clear the reset

1: Reset TIM4 timer

1 TIM3RST TIMS3 timer reset

Set and cleared by software.
0: Clear the reset

1: Reset TIM3 timer

0 TIM2RST TIM2 timer reset

Set and cleared by software.
0: Clear the reset

1: Reset TIM2 timer
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4.3.7 AHB Peripheral Clock Enable Register (RCC_AHBPCLKEN)

Address offset: 0x14

Reset value: 0x0000 0014

Reserved
L L L L L L L L

9 8 7 6 5 4 3 2

Reserved

Reserved |[RNGCEN Reserved CRCEN | Reserved | FLITFEN | Reserved [ SRAMEN

Reserved

™ ™ ™ ™

Bit Field

Name

Description

31:13

Reserved

Reserved, the reset value must be maintained.

12

ADCEN

ADC clock enable

Set and cleared by software.
0: ADC clock disabled

1: ADC clock enabled

11

SACEN

SAC clock enable

Set and cleared by software.
0: SAC clock disabled

1: SAC clock enabled

10

Reserved

Reserved, the reset value must be maintained.

RNGCEN

RNGC clock enable

Set and cleared by software.
0: RNGC clock disabled

1: RNGC clock enabled

Reserved

Reserved, the reset value must be maintained.

CRCEN

CRC clock enable

Set and cleared by software.
0: CRC clock disabled

1: CRC clock enabled

Reserved

Reserved, the reset value must be maintained.

FLITFEN

Flash interface circuit clock enable.
Set or cleared by software.
0: Disable the clock of the flash interface circuit

1: Enable the clock of the flash interface circuit

Reserved

Reserved

SRAMEN

SRAM interface clock enable

Set and cleared by software to disable/enable SRAM interface clock during Sleep

mode.
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Bit Field Name Description

0: SRAM interface clock disabled during Sleep mode.
1: SRAM interface clock enabled during Sleep mode

1 Reserved Reserved, the reset value must be maintained.
0 DMAEN DMA clock enable

Set and cleared by software.

0: DMA clock disabled

1: DMA clock enabled

4.3.8 APB2 Peripheral Clock Enable Register (RCC_APB2PCLKEN)

Address offset: 0x18
Reset value: 0x0000 0000

31 20 19 18 17 16
Reserved SPI2EN [UART5ENJUART4EN| Reserved
1 1 1 1 1 1 1 1 1 1 1
™w ™ ™w
15 14 13 12 11 10 6 5 4 3 2 1 0
T T T T
Reserved US}‘;\IJ{TI TIMSEN | SPI1EN | TIMIEN Reserved IOPDEN | IOPCEN [ IOPBEN | IOPAEN [ Reserved | AFIOEN
I'w ™w ™w ™w ™w ™w ™w ™w ™w
Bit Field Name Description
31:20 Reserved Reserved, the reset value must be maintained.
19 SPI2EN SPI2 clock enable

Set and cleared by software.
0: SPI2 clock disabled

1: SPI2 clock enabled

18 UARTS5EN UARTS5clock enable

Set and cleared by software.
0: UARTS clock disabled

1: UARTS clock enabled

17 UART4EN UART4 clock enable

Set and cleared by software.
0: UART4 clock disabled

1: UART4 clock enabled

16:15 Reserved Reserved, the reset value must be maintained.
14 USARTI1EN USART1 clock enable

Set and cleared by software.

0: USART1 clock disabled

1: USART1 clock enabled

13 TIMBEN TIM8 Timer clock enable

Set and cleared by software.
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Bit Field

Name

Description

0: TIM8 timer clock disabled
1: TIM8 timer clock enabled

12

SPI1EN

SPI1 clock enable

Set and cleared by software.
0: SPI1 clock disabled

1: SPI1 clock enabled

11

TIM1EN

TIM1 timer clock enable

Set and cleared by software.

0: TIM1 timer clock disabled
1: TIM1 timer clock enabled

10:6

Reserved

Reserved, the reset value must be maintained.

IOPDEN

10 Port D clock enable

Set and cleared by software.
0: 10 Port D clock disabled
1: 10 Port D clock enabled

IOPCEN

10 Port C clock enable

Set and cleared by software.
0: 10 Port C clock disabled
1: 10 Port C clock enabled

IOPBEN

10 Port B clock enable

Set and cleared by software.
0: 10 Port B clock disabled
1: 10 Port B clock enabled

IOPAEN

10 Port A clock enable

Set and cleared by software.
0: 10 Port A clock disabled
1: 10 Port A clock enabled

Reserved

Reserved, the reset value must be maintained.

AFIOEN

Alternate function 10 clock enable
Set and cleared by software.
0: Alternate Function 10 clock disabled

1: Alternate Function 10 clock enabled

4.3.9 APB1 Peripheral Clock Enable Register (RCC_APB1PCLKEN)

Address offset: 0x1C

Reset value: 0x0000 0100
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
. .
OPAMPEN Reserved | DACEN | PWREN Reserved CANEN | Reserved | USBEN | 12C2EN | 12C1EN Reserved USART3 | USART2 | Reserved
. .
w w w w w w w w w
15 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved WHIDG | Reserved | TIMIEN | Reserved | SOMP | [COMPEN| TIM7EN | TIMBEN | TIMSEN | TIMAEN | TIM3EN | TIM2EN
w w w w w w w w w w
Bit Field Name Description
31 OPAMPEN OPAMP clock enable.

Set or cleared by software.
0: Disable OPAMP clock
1: Enable OPAMP clock

30 Reserved Reserved, the reset value must be maintained.

29 DACEN DAC interface clock enable

Set and cleared by software.

0: DAC interface clock disabled
1: DAC interface clock enable

28 PWREN Power interface clock enable

Set and cleared by software.

0: Power interface clock disabled
1: Power interface clock enable

27:26 Reserved Reserved, the reset value must be maintained.

25 CANEN CAN clock enable

Set and cleared by software.
0: CAN clock disabled

1: CAN clock enabled

24 Reserved Reserved, the reset value must be maintained.

23 USBEN USB clock enable

Set and cleared by software.
0: USB clock disabled

1: USB clock enabled

22 12C2EN 12C2 clock enable

Set and cleared by software.
0: 12C2 clock disabled

1: 12C2 clock enabled

21 I2C1EN 12C1 clock enable

Set and cleared by software.
0: 12C1 clock disabled

1: 12C1 clock enabled

20:19 Reserved Reserved, the reset value must be maintained.

18 USART3EN USART3 clock enable

Set and cleared by software.
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Bit Field Name Description

0: USART3 clock disabled
1: USARTS3 clock enabled

17 USART2EN USART?2 clock enable

Set and cleared by software.
0: USART?2 clock disabled
1: USART?2 clock enabled

16:12 Reserved Reserved, the reset value must be maintained.

11 WWDGEN Window watchdog clock enable

Set and cleared by software.

0: Window watchdog clock disabled
1: Window watchdog clock enabled

10 Reserved Reserved, the reset value must be maintained.

9 TIM9EN TIMO9 clock enable

Set and cleared by software.
0: TIM9 clock disabled

1: TIM9 clock enabled

8 Reserved Reserved, the reset value must be maintained.

7 COMPFILTEN COMP Filter clock enable

Set and cleared by software.
0: COMP Filter clock disabled
1: COMP Filter clock enabled

6 COMPEN COMP clock enable

Set and cleared by software.
0: COMP clock disabled

1: COMP clock enabled

5 TIM7EN TIMT7 timer clock enable
Set and cleared by software.
0: TIM7 clock disabled

1: TIM7 clock enabled

4 TIMG6EN TIMG timer clock enable
Set and cleared by software.
0: TIM6 clock disabled

1: TIM6 clock enabled

3 TIM5EN TIMS timer clock enable
Set and cleared by software.
0: TIM5 clock disabled

1: TIM5 clock enabled

2 TIM4EN TIM4 timer clock enable
Set and cleared by software.
0: TIM4 clock disabled

1: TIM4 clock enabled
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Bit Field Name Description

1 TIM3EN TIM3 timer clock enable
Set and cleared by software.
0: TIM3 clock disabled
1: TIM3 clock enabled

0 TIM2EN TIM2 timer clock enable

Set and cleared by software.

0: TIM2 clock disabled
1: TIM2 clock enabled

4.3.10 LOW POWER Domain Control Register (RCC_LDCTRL)

Address offset:

0x20

Reset value: 0x0000 0000

31 30 29 28 27 17 16
15 1 ' 10 9 8 7 4 3 2 1 o
RTCEN I Reserved RTCSIIEL[l:O] ' Reserved LSECLKL3ECKK| LsEBP | LSERD | LSEEN
" "' w | o W W

Bit Field Name Description
31 Reserved Reserved, the reset value must be maintained.
30 LDEMCRSTF Low power domain EMC reset flag.
Set by hardware when a low-power domain EMC reset occurs, and cleared by
software by writing the RCC_CTRLSTS.RMRSTF bit.
0: No low power domain EMC reset occurred
1: Allow power domain EMC reset has occurred
29 Reserved Reserved, the reset value must be maintained.
28 BORRSTF BOR reset flag.
Set by hardware when a BOR reset occurs and cleared by software by writing to the
RCC_CTRLSTS.RMRSTF bit.
0: No BOR reset occurred
1: ABOR reset has occurred
27:17 Reserved Reserved, the reset value must be maintained.
16 LDSFTRST Low power domain software reset.
Set or cleared by software.
0: No effect
1: Reset the entire low-power domain
15 RTCEN RTC clock enable
Set and cleared by software.
0: Disable RTC clock
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Bit Field Name Description
1: Enable RTC clock

14:10 Reserved Reserved, the reset value must be maintained.

9:8 RTCSEL[1:0] RTC clock source selection

Set by software to select RTC clock source. Once the RTC clock source is selected,
it cannot be changed until the next low power domain is reset. These bits can be
reset by setting the LDSFTRST bit.

00: No clock

01: LSE oscillator selected as RTC clock

10: LS| oscillator selected as RTC clock

11: HSE oscillator divided by 32 selected as RTC clock

7:6 Reserved Reserved, the reset value must be maintained.
4 LSECLKSSF LSE clock security system status.

0: No LSE failure detected

1: LSE failure detected

3 LSECLKSSEN LSE clock security system enable bit.

Set or cleared by software.

0: Disable LSE clock detector

1: If LSE is ready, enable LSE clock detector

2 LSEBP External low-speed oscillator bypass

In debug mode, set and cleared by software to bypass oscillator. This bit can only
be written when the external low-speed oscillator is disabled.

0: LSE oscillator not bypassed

1: LSE oscillator bypassed

1 LSERD External low-speed clock oscillator ready

Set and cleared by hardware to indicate if the LSE oscillator is ready. After the
LSEEN bit is cleared, LSERD goes low after 6 cycles of the LSE clock.

0: External low-speed oscillator not ready

1: External low-speed oscillator ready

0 LSEEN External low-speed clock oscillator enable
Set and cleared by software.

0: Disable the external low-speed oscillator

1: Enable the external low-speed oscillator.

Note: The RCC_LDCTRL.LSEEN, RCC_LDCTRL.LSEBP, RCC_LDCTRL.RTCSEL and RCC_LDCTRL.RTCEN bits
are in the low power domain. Therefore, these bits are write-protected after reset and can only be changed after the
PWR_CTRL1.DRBP bit is set. These bits can only be cleared by a low-power domain reset. Any internal or external
reset will not affect these bits.

4.3.11 Clock Control/Status Register (RCC_CTRLSTYS)

Address offset: 0x24

Reset value: 0x0C00246C
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LPWR
RSTF

WWDG
RSTF

IWDG
RSTF

SFT
RSTF

POR

PINRSTF

RSTF

MMU
RSTF

RMRSTF

RAM
RSTF

"MSITRIM'

[7:1]

r
15

T T

™

-

™w
3

MSITRIM
[0]

MSICAL([7:0]

MSIRANGE[2:0]

MSIRD

MSIEN

™

T

™

™

Bit Field

Name

Description

31

LPWRRSTF

Low power reset flag

Set by hardware when a low-power management reset occurs.
Cleared by software by writing to the RMRSTF bit.

0: No low-power management reset occurred

1: A low-power management reset occurred

30

WWDGRSTF

Window watchdog reset flag

Set by hardware when a window watchdog reset occurs.
Cleared by software by writing to the RMRSTF bit.

0: No windowed watchdog reset occurred

1: Window watchdog reset occurred

29

IWDGRSTF

Independent watchdog reset flag

Set by hardware when an independent watchdog reset occurs
Cleared by software by writing to the RMRSTF bit.

0: No independent watchdog reset occurred

1: Independent watchdog reset occurred

28

SFTRSTF

Software reset flag

Set by hardware when a software reset occurs.
Cleared by software by writing to the RMRSTF bit.
0: No software reset occurred

1: Software reset occurred

27

PORRSTF

Power-on/power-down reset flag

Set by hardware when a power-on/power-down reset occurs
Cleared by software by writing to the RMRSTF bit.

0: No power on/power off reset occurred

1: Power-on/power-off reset occurred

26

PINRSTF

External pin reset flag

Set by hardware when a reset from the NRST pin occurs.
Cleared by software by writing to the RMRSTF bit.

0: No NRST pin reset occurred

1: NRST pin reset occurred

25

MMURSTF

MMU reset flag

Set by hardware when MMU reset occurs.

Cleared by software by writing to the RMRSTF bit.
0: No MMU reset occurred

1: MMU reset occurred

80/630

Nations Technologies Inc.
Tel: +86-755-86309900
Email: info@nationstech.com

Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.

Nanshan District, Shenzhen, 518057, P.R.China




Nation &

www.nationstech.com

Bit Field

Name

Description

24

RMRSTF

Clear the reset flag

Set by the software to clear the reset flag.
0: No effect

1: Clear the reset flag

23

RAMRSTF

RAM reset flag.

Set by hardware when a RAM reset occurs and cleared by software by writing to
the RMRSTF bit.

0: No RAM reset occurred

1: ARAM reset has occurred

22:15

MSITRIM[7:0]

Internal multi-speed clock correction value.

Written by software. The value of these bits will be added to MSICAL[7:0] to form
the final calibration value used to calibrate the frequency of the internal MSI RC
oscillator.

14:7

MSICAL[7:0]

Internal multi-speed clock calibration value.
The value of these bits is automatically initialized when the system is powered on.

6:4

MSIRANGE[2:0]

MSI frequency range selection.

Atotal of 7 frequencies are available for software selection
000: 100kHz

001: 200kHz

010: 400kHz

011: 800kHz

100: 1IMHz

101: 2MHz

110: 4AMHz (default)

MSIRD

The internal multi-speed clock is ready.

Hardware will be set to 1 after MSI is stable. This bit takes 6 internal MSI
oscillator clock cycles to clear after the MSIEN bit is cleared.

0: MSI not ready

1: MSl is ready

MSIEN

Internal multi-speed clock enable bit.

Set or cleared by software. This bit cannot be cleared when the MSI is directly or
indirectly used as the system clock; when returning from Stop2 or Standby mode or
when the HSE fails, the hardware will set it to 1 to start the MSI oscillator.

0: Disable the MSI oscillator

1: Enable the MSI oscillator

LSIRD

Internal low-speed oscillator ready

Set and cleared by hardware to indicate if the internal RC 40 KHz oscillator is
ready. After LSIEN is cleared, LSIRD goes low after 3 internal RC 40 KHz
oscillator clock cycles.

0: Internal 40KHz RC oscillator clock not ready

1: Internal 40KHz RC oscillator clock ready
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Bit Field Name Description

0 LSIEN Internal low-speed oscillator enable

Set and cleared by software.

0: Disable the internal RC 40 kHz oscillator
1: Enable the internal RC 40 kHz oscillator

4.3.12 AHB Peripheral Reset Register (RCC_AHBPRST)

Address offset: 0x28
Reset value: 0x0000 0000

31 16
T T T T T T T T T T T T T T T
Reserved
15 13 12 11 10 9 8 0
Reserved ADCRST | SACRST | Reserved RNGCRST| Reserved
1 1 1 1 1 1 1 1 1 1
™w ™w ™w
Bit Field Name Description
31:13 Reserved Reserved, the reset value must be maintained.
12 ADCRST ADC reset

Set and cleared by software.
0: Clear the reset

1: Reset ADC

11 SACRST SAC reset

Set and cleared by software.

0: Clear the reset

1: Reset SAC
10 Reserved Reserved, the reset value must be maintained.
9 RNGCRST RNGC reset

Set and cleared by software.
0: Clear the reset
1: Reset RNGC

8:0 Reserved Reserved, the reset value must be maintained.

4.3.13 Clock Configuration Register 2 (RCC_CFG2)

Address offset: 0x2C
Reset value: 0x0000 7000
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3130 29 8 . . _ 3 . . . 18 17 16
Reselrved Tlg/lECLLK . RI\{GCPRES[T:O] . . . Reselrved . . AEE{M QI?ECSI[%
15 ™ 12 11 ™ 9 8 4 3 rW 1’(‘]’*’
PARIES[%] Reserved I AD(IZPLLPRESI[4:O] I I ADCHP]I{ES[3:O] I
- B . I
Bit Field Name Description
31:30 Reserved Reserved, the reset value must be maintained.
29 TIMCLKSEL TIM1/8 clock source selection
Set and cleared by software.
0: PCLK?2 is selected as TIM1/8 clock source if APB2 prescaler is 1. Otherwise,
PCLK2 <2 is selected.
1: SYSCLK input clock is selected as TIM1/8 clock source.
28:24 RNGCPRES[4:0] RNGC prescaler.
Software sets or clears these bits to configure the prescale factor for the RNGC
clock.
00000: SYSCLK is not divided
00001: SYSCLK divided by 2
00010: SYSCLK divided by 3
11110: SYSCLK divided by 31
11111: SYSCLK divided by 32
23:18 Reserved Reserved, the reset value must be maintained.
17 ADC1MSEL ADC 1M clock source selection.
Set or cleared by software.
0: Select HSI oscillator clock as the input clock of ADC 1M
1: Select HSE oscillator clock as the input clock of ADC 1M
16:12 ADC1MPRES[4:0] ADC 1M clock prescaler
Set and cleared by software to configure the division factor of ADC 1M clock
source.
00000: ADC 1M clock source not divided
00001: ADC 1M clock source divided by 2
00010: ADC 1M clock source divided by 3
11110: ADC 1M clock source divided by 31
11111: ADC 1M clock source divided by 32
Note: ADC clock must be configured to 1M
11:9 Reserved Reserved, the reset value must be maintained.
8:4 ADCPLLPRES[4:0] ADC PLL prescaler
Set and cleared by software to configure the division factor from the PLL clock to
the ADC.
Oxxxx: ADC PLL clock is disabled
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Bit Field Name Description

10000: PLL clock not divided
10001: PLL clock divided by 2
10010: PLL clock divided by 4
10011: PLL clock divided by 6
10100: PLL clock divided by 8
10101: PLL clock divided by 10
10110: PLL clock divided by 12
10111: PLL clock divided by 16
11000: PLL clock divided by 32
11001: PLL clock divided by 64
11010: PLL clock divided by 128
11011: PLL clock divided by 256
Others: PLL clock divided by 256
3:0 ADCHPRES[3:0] ADC HCLK prescaler

Set and cleared by software to configure the division factor from the HCLK clock
to the ADC.

0000: HCLK clock not divided
0001: HCLK clock divided by 2
0010: HCLK clock divided by 4
0011: HCLK clock divided by 6
0100: HCLK clock divided by 8
0101: HCLK clock divided by 10
0110: HCLK clock divided by 12
0111: HCLK clock divided by 16
1000: HCLK clock divided by 32
Others: HCLK clock divided by 32

4.3.14 Clock Configuration Register 3 (RCC_CFG3)

Address offset: 0x30
Reset value: 0x0000 3800

31 19 18 17 16
Reserved TRESIM TR;\IFS}IJ M Reserved
1 1 1 1 1 1 1 1 1 1 1 1
™w ™
15 11 10 9 8 7 6 0
T T T T T T T T T T
TRNGIMPRES[4:0] Reserved |y oitany xrat ogs| UCDREN Reserved
1 1 1 1 1 1 1 1 1 1
™w ™ ™ ™w
Bit Field Name Description
31:19 Reserved Reserved, the reset value must be maintained.
18 TRNG1IMEN TRNG analog interface clock enable.
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Bit Field

Name

Description

Set or cleared by software.
0: Disable TRNG analog interface clock
1: Enable TRNG analog interface clock

17

TRNG1IMSEL

TRNG 1M clock selection.
Set or cleared by software.
0: Select HSI oscillator as TRNG 1M input clock
1: Select HSE oscillator as TRNG 1M input clock

16

Reserved

Reserved, the reset value must be maintained.

15:11

TRNG1MPRES[4:0]

TRNG 1M clock prescaler.

Software sets or clears these bits to generate the TRNG 1M clock.

00000: Reserved

00001: TRNG 1M clock source divided by 2, HSE must be selected as TRNG 1M
input clock

00010: TRNG 1M clock source divided by 4

00011: TRNG 1M clock source divided by 6

00100: TRNG 1M clock source divided by 8

11111: TRNG 1M clock source divided by 62
Notes: TRNG clock should be less than or equal to 4M after frequency division

10

Reserved

Reserved, the reset value must be maintained.

UCDR300MSEL

UCDR 300M clock source selection
0: OSC300M
1: PLL VVCO clock (288M)

USBXTALESS

USB external crystal oscillator selection mode
0: USB has external crystal oscillator mode

1: USB without external crystal oscillator mode

UCDREN

UCDR enable
0: UCDR bypass
1: UCDR enable

6:0

Reserved

Reserved, the reset value must be maintained.

4.3.15 Retention Domain Control Register (RCC_RDCTRL)

Address offset: 0x34

Reset value: 0x0000 0000

31

T T T T T T T T T T T T T T
Reserved
1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 12 1 10 9 8 7 6 5 4 3 2 0
T T T T T T T
Reserved LPUART | LPTIM Reserved LPUART |y pri\EN| Reserved | LPUARTSEL[1:0] LPTIMSEL[2:0]
RST RST EN
™w ™ ™ ™w ™ ™w
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Bit Field

Name

Description

31:12

Reserved

Reserved, the reset value must be maintained.

11

LPUARTRST

LPUART reset.

Set or cleared by software.
0: Clear reset

1: Reset LPUART

10

LPTIMRST

LPTIM reset.

Set or cleared by software.
0: Clear reset

1: Reset LPTIM

Reserved

Reserved, the reset value must be maintained.

LPUARTEN

LPUART clock enable.

Set or cleared by software.
0: Disable LPUART clock
1: Enable LPUART clock

LPTIMEN

LPTIM clock enable.

Set or cleared by software.
0: Disable LPTIM clock
1: Enable LPTIM clock

Reserved

Reserved, the reset value must be maintained.

LPUARTSEL

LPUART clock source selection.

Set or cleared by software.

00: Select APB as input clock

01: Select the system clock as the input clock
10: Select HSI (16MHz) as input clock

11: Select LSE as input clock

2:0

LPTIMSEL

LPTIM clock source selection.

Set or cleared by software.

000: Select PCLK1 as input clock

001: Select LSI as input clock

010: Select HSI (16MHz) as input clock
011: Select LSE as input clock

100: Select COMP1 output as input clock
101: Select COMP2 output as input clock
Other values: Configuration not allowed
Notice:

When switching the clock source from COMP1/2 to other clock sources, it is

recommended to turn off COMP1/2 before switching.

4.3.16 PLL and HSI Configuration Register (RCC_PLLHSIPRE)

Address offset: 0x40
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' ' ' ' '  Reened ' ' ' ' ' '
15 i i i i i i i i i i i i 2 1 0
I I I I I Reselrve d I I I I I I PLé‘IS\i{C PII)[R%SI
Bit Field Name Description
31:2 Reserved Reserved, the reset value must be maintained.
1 PLLSRCDIV PLL clock source frequency division selection
0: No frequency division
1: 2 frequency division
0 PLLHSIPRE HSI prescaler for PLL input

Set and cleared by software to divide HSI before PLL entry. This bit can be
written only when PLL is disabled.

0: HSI clock not divided

1: HSI clock divided by 2

4.3.17 SRAM Control/Status Register (RCC_SRAM_CTRLSTYS)

Address offset: 0x44
Reset value: 0x0000 0000

31

Reserved
1 1 1 1 1 1 1 1 1

15 6 5 4 3 2 1 0
T T T T T T T T
ERR2 ERR1
. . . . Reselrved . . . ERR2STS| porpn |ERR2IEN(ERRISTS| porpy |ERRIIEN
rc_wl ™ ™ rc_wl ™ ™

Bit Field Name

Description

31:6 Reserved

Reserved, the reset value must be maintained.

5 ERR2STS

SRAM2 parity error status bit.
Software writes 1 to clear.
0: No parity error

1: There is a parity error

4 ERR2RSTEN

SRAM2 parity error reset enable bit.
0: System reset when parity error detected

1: No system reset when parity error is detected

3 ERRZ2IEN

SRAM?2 parity error interrupt enable bit.

0: Trigger an interrupt when a parity error is detected

1: Not trigger an interrupt when a parity error is detected

871630

Nations Technologies Inc.

Tel: +86-755-86309900

Email: info@nationstech.com

Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China



Nation &

www.nationstech.com

Bit Field Name Description
2 ERRI1STS SRAML1 parity error status bit.
Software writes 1 to clear.
0: No parity error
1: There is a parity error
1 ERR1IRSTEN SRAML1 parity error reset enable bit.
0: System reset when parity error detected
1: No system reset when parity error is detected
0 ERRI1IEN SRAML1 parity error interrupt enable bit.
0: Trigger an interrupt when a parity error is detected
1: Not trigger an interrupt when a parity error is detected
5 GPIO and AFIO

5.1 Summary

GPIO (General purpose input/output) is general purpose 1/0, and AFIO (Alternate-function input/output) is alternate
function 1/0. The chip supports up to 52 GP10s, which are divided into 4 groups (GPIOA/GPIOB/GPIOC/GPIOD).
GPIO ports share pins with other alternate peripherals, and users can configure them flexibly according to their needs.
Each GPIO pin can be independently configured as an output, input or alternate peripheral function port. Except for
the analog pins, other GPIO pins have high current capacity.

GPIO ports have the following characteristics:

B Each GPIO port can be individually configured into multiple modes by software

*

® & 6 6 0 o

*

B Individual bit set or bit clear function

Input floating
Input pull-up
Input pull-down

Analog function

Open-drain output and pull-up/pull-down can be configured

Push-pull output and pull-up/pull-down can be configured

Push-pull alternate function and pull-up/pull-down can be configured

Open-drain alternate function and pull-up/pull-down can be configured

B All IO supports external interrupt function

B All 1O supports low power mode wake-up, rising or falling edge configurable

€ 16 EXTI can be used to wake up from STOP2 mode, and all 1/0 can be reused as EXTI

€ PAB/PA0/PC13 can be used to wake up in STANDBY mode, the maximum I/O filter time is 5us
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B Support software remapping 1/O alternate function
B Support GPIO lock mechanism, reset the lock state to clear

Each I/O port bit can be programmed arbitrarily, but the 1/0 port registers must be accessed as 32-bit words (16-bit
half-word or 8-bit byte access is not allowed). The figure below shows the basic structure of an 1/0O port.

Figure 5-1 Basic structure of 1/0 port

Output driver
Push-pull, open-drain or disabled

VDD
Write Bit set/clear
register Output data s P-MOS
. register I—l
N Read / Output IJ
. control
Write
Alternate function output —I r’_ N-MOs

From on-chip peripheral
Vss,

Input driver

On/0O
o Read Input data /{}
register
TTL Schmitt

Alternate function input trigger

1/0 Pin

To on-chip peripheral

Analog Input

5.2 1/O function description

5.2.1 1/0 mode configuration

The 10 port mode can be configured through the registers GPIOx_PMODE, GPIOx_POTYPE and GPIOx_PUPD
(x=A,B,C,D). The I/O configurations in different operation modes are shown in the following table:

Table 5-1 1/0 port configuration table

PMODE[1:0] POTYPE PUPD[1:0] 1/0 configuration
0 0 0 General-purpose output push-pull
0 0 1 General-purpose output push-pull + pull-up
0 1 0 General-purpose output push-pull + pull-down
0 1 1 Reserved
o 1 0 0 General-purpose output open-drain
1 0 1 General-purpose output open-drain + pull-up
1 1 0 General-purpose output open-drain + pull-down
1 1 1 Reserved
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PMODE[1:0] POTYPE PUPDI[1:0] 1/0 configuration

0 0 0 IAlternate function push-pull
0 0 1 IAlternate function push-pull + pull-up
0 1 0 Alternate function push-pull + pull-down
0 1 1 Reserved

10 1 0 0 Alternate function open-drain
1 0 1 Alternate function open-drain + pull-up
1 1 0 Alternate function open-drain + pull-down
1 1 1 Reserved
X 0 0 Input floating

o0 X 0 1 Input pull-up
X 1 0 Input pull-down
X 1 1 Reserved
X 0 0 lAnalog
X 0 1

11
X 1 0 Reserved
X 1 1

The input and output characteristics of 1/0 under different configurations are shown in the following table:

Table 5-2 Input and output characteristics of different configurations

Alternate
Feature GPIO Input GPI0O Output Analog _
function
Configure
. ) according to
Output buffer Disabled Enabled Disabled .
peripheral
functions
Schmitt trigger Enabled Enabled Disabled, Output is forced to 0 Enabled
PULL UP/DOWN/FLOAT Configurable Configurable Disabled Configurable
Configurable,
Configurable, GPIO GPIO outputs 0
outputs 0 when the when the output
OPEN DRAIN Disabled output data is "0", and Disabled data is "0", and
GPIO high impedance GPIO high
when "1" impedance
when "1"
) Configurable,
Configurable, when the
) GPIO outputs 0
output data is "0", the
) . when the output
PUSH PULL MODE Disabled GPIO outputs 0, and Disabled .
. data is "0", and
when the output data is )
GPI10 high
"1", the GP1O outputs 1 )
impedance
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Alternate
Feature GPIO Input GPIO Output Analog _
function
when "1"
Input data register (1/0 status) Readable Readable Reads out 0 Readable
Output data register(Output value) Invalid Readable and writable Invalid Readable

5.2.1.1 Input mode
When 1/O port is configured in input mode:
B Schmitt trigger input is activated

B Whether the pull-up and pull-down resistors are connected depends on the configuration of the GPIO_PUPD
register

B Qutput buffer is disabled
B The data appearing on the I/O pin is sampled into the input data register
B Get /O status by read access to data register

Figure 5-2 Input floating/pull-up/pull-down configuration

Output driver

register

Writs -
e N Bit set/clear >
register Output data

N Read /
Write

1/0 Pin

Input driver

On
a Read Input data /ﬂ
register
TTL Schmitt

trigger

5.2.1.2 Output mode

When 1/O port is configured as output mode:

B Schmidt trigger input is activated

B Whether the pull-up and pull-down resistors are connected depends on the configuration of the GPIO_PUPD
register
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Output buffer is activated
€ Open-drain mode: '0' on the output dataregister activates N-MOS, and the pin outputs low level.

The '1' port on the output data register is placed in a high impedance state (P-MOS is
never activated)

€ Push-pull mode: '0' on the output data register activates N-MOS, and the pin outputs low level.
'1' on the output data register activates P-MOS, and the pin outputs high level.

The data appearing on the 1/O pin is sampled into the input data register

Read access to input data register for 1/O status

The read access to the output data register gets the last written value

Figure 5-3 Output mode configuration

Output driver

Voo
. s P-MOS
write Bit set/clear 4 |—|
register Output data Output
B register control |J
N Read / I [~ N-MOS
Write 1
Push-pull or open-drainVss 1/0 Pin
Input driver

On
< Read Input data \/{‘\i
register
TTL Schmi

trigger

5.2.1.3 Alternate function mode

When the 1/O port is configured as alternate function mode:

Schmidt trigger input is activated

Whether the weak pull-up and pull-down resistors are connected depends on the configuration of the
GPIOx_PUPD register

In open-drain or push-pull configuration, the output buffer is controlled by the peripheral
Signal-driven output buffer with built-in peripherals

The data appearing on the 1/0 pin is sampled into the input data register
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B Read access to input data register for 1/O status

Figure 5-4 Alternate function configuration

Output driver
VDD
write Bit set/clear
register Outputdata | L P-MOS
register ]
< Output
Read / trol IJ
Write contro|
o L N-Mmos
From on-chip peripheral i
Alternate function output
Push-pull, open-drain or disable | Vss 1/0 Pin
Input driver
On
_ Read Input data
- register
TTL Schmi
Alternate function input trigger
To on-chip peripheral

5.2.1.4 Analog mode
When the 1/0 Port is programmed as analog mode:

B Schmitt trigger input is disabled and output value is forced to '0' (achieving zero consumption on each analog
1/0 pin)
B Pull-up and pull-down resistors are disabled

B When reading the input data register, the value is '0’'

B Output buffer is disabled
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Figure 5-5 High impedance analog mode configuration

Output driver

Wwrite Bit set/clear
register Output data

B register
N Read /
Write
Analog Output

From on-chip peripheral

1/0 Pin

Input driver

off
o Read Input data /ﬂ
register Vs
TTL Schmift

Analog Input trigger

diode

4
<G+

To on-chip peripheral

5.2.2 Status after reset

During and after reset, the alternate function is not turned on, and the 1/O port is configured to analog function mode
(GPIOXx_PMODE.PMODEX[1:0]=11b). But there are several exceptional signals:

B NRST has no GPIO function by default, analog pins, no digital control

B The default input pull-down of BOOTO pin

B After reset, start SWD_JTAG when debugging system related pins by default, and put JTAG pin into input pull-
up or pull-down mode

B PA15:JTDI in input pull-up mode

B PA14: JTCK in input pull-down mode

B PA13: JTMS in input pull-up mode

B PB4: NJTRST in input pull-up mode

& PB3®: JTDO is placed in push-pull output without pull-up/pull-down (low level)
H PC13. PCl14. PC15:

€ PC13~15 are three pins in the LPR domain, and the default is analog mode when powered on for the first
time

Note 1:Start Debug mode,PB3 outputs high level by default.
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5.2.3 Individual bit setting and bit clearing

By writing '1' to the bit to be changed in the "set register (GPIOx_PBSC) and reset register (GPIOx_PBC)", the
individual bit operation of the data register (GPIOx_POD) can be realized, and one or more bits can be set. The bit
written with 1" is set or cleared accordingly, and the bit not written with '1' will not be changed. The software does
not need interrupt disable, and is completed in a single APB2 write operation.

5.2.4 External interrupt/wake-up line

All ports have external interrupt capability, which can be configured in the EXTI module, and the port must be
configured in input mode.

5.2.5 Alternate function

When the 1/O port is configured in alternate function mode. The port bit configuration register (GPIOX_AFL/
GPIOx_AFH) and output type register (GPIOx_POTYPE configuration push-pull or open-drain) must be
programmed before use, alternate input or output is determined by the peripheral.

5.2.5.1 Clock output MCO

The microcontroller allows to output the clock signal to the external MCO pin (PA8). PA8 must be configured for
alternate push-pull output function mode.

5.2.5.2 LPR domain PC13/PC14/PC15 function remapping
The mode of PC14/PC15 is determined according to the following priority order:

B When LSE is enabled (RCC_LDCTRL.LSEEN is set), PC14/PC15 pins will be forced to analog mode. If LSE
is configured in external clock mode (RCC_LDCTRL.LSEBP is set), PC14 is forced to analog mode,
0OSC32_0OUT (PC15) can also be used for other purposes

B [f LSE is not enabled, RTC timestamp is enabled (RTC_CTRL.TSEN is set), and when PC14/PC15 is used as
timestamp input (corresponding to register bit AFSEL= AF9), PC14/PC15 is forced to input floating mode, and
enter the timestamp for the RTC

B [n standby mode, PC14/PC15 automatically becomes input pull-down mode
B In the above three cases, PC14/PC15 is used as GPIO

When PC13 is used as the RTC pin, please refer to 14.3.8 chapter for specific configuration. If it is not used as an
RTC pin, PC13 automatically becomes input pull-down mode in standby mode, otherwise it is used as GP10 normally.

5.2.5.3 HSE/LSE pins used as GPIO ports

OSC_IN and OSC_OUT of HSE are mapped to PD14 and PD15 respectively, and OSC32_IN and OSC32_OUT of
LSE are mapped to PC14 and PC15 respectively. If HSE or LSE is off, the corresponding pin can be used as GPIO.
If HSE or LSE is on, the corresponding pin goes into analog mode and bypasses the GP10O configuration.

The crystal oscillator is configured as user external clock mode, the pin remains as clock input, and OSC_OUT or
0OSC32_0UT can still be used as normal GPIO.
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5.2.5.4 JTAG/SWD alternate function remapping

The SWD-JTAG debug interface is enabled by default when the chip is powered on, and the debug interface is
mapped to the GPIO port, as shown in the following table.

Alternate function GPIO port Remap
JTMS/SWDIO PA13 AFO0
JTCK/SWCLK PAl4 AFO0

JTDI PA15 AFO0
JTDO PB3 AFO0
NJTRST PB4 AFO0

If you need to use its GPIO function during debugging, you can change the above remapping configuration by setting
the alternate remapping and debugging 1/0 configuration registers (GPIOX_AFL or GPIOx_AFH). See the table
below.

Table 5-3 Debug port image

SWD_JTAG I/0 pin allocation

Possible debug ports

PA13/JTMS/ | PA14/ JTCK/ PB3/
PA15/JTDI PB4/ NJTRST
SWDIO SWCLK JTDO
Complete SWD_JTAG (JTAG-DP+SW-DP) 1/0 is not 1/0 is not 1/0 is not . ) 1/0 is not
) . . 1/0 is not available .
(reset state) available available available available
Complete SWD_JTAG (JTAG-DP+SW-DP) 1/0 is not 1/0 is not 1/0 is not . ) .
. ) . . 1/0 is not available| 1/0 available
But there is no NJTRST. available available available
1/0 is not 1/0 is not ) ] .
Turn off JTAG-DP and enable SW-DP. ) . 1/0 available | 1/O available 1/0 available
available available
Turn off JTAG-DP and SW-DP. 1/0 available | 1/0 available | I/O available | 1/O available 1/0 available

Since the JTAG pin is directly connected to the internal debug register (JTCK/SWCLK is directly connected to the
clock terminal), it must be ensured that the JTAG input pin cannot be in a floating state. In order to avoid any
uncontrolled 10 levels, the input pins of JTAG are fixed with internal pull-up/pull-down:

B NJTRST: internal pull-up

B JTDI: internal pull-up

B JTMS/SWDIO: internal pull-up

B JTCK/SWCLK: internal pull-down

5.2.5.5 ADC external trigger alternate function remapping

The external trigger source of injection conversion and regular conversion of ADC supports remapping. See alternate
remapping and debug I/O configuration register (AFIO_RMP_CFG).

Table 5-4 ADC external trigger injection conversion alternate function remapping

Alternate function ADC ETRI=0 ‘ ADC ETRI=1
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ADC external trigger ADC external trigger injection conversion is ADC external trigger injection conversion and

injection conversion connected to EXTI (O - 15). TIM8_CH4 connection.

Table 5-5 ADC external trigger regular conversion alternate function remapping

Alternate function ADC_ETRR =0 ADC ETRR=1

ADC external trigger | ADC external trigger regular conversion is connected | ADC external trigger regular conversion and
rule conversion to EXTI (0 - 15). TIM8_TRGO connection.

5.2.5.6 TIMx alternate function remapping
5.2.5.6.1 TIML1 alternate function remapping

Table 5-6 TIML1 alternate function remapping

Alternate function Pin Remap
TIM1_ETR PA12 AF2
TIM1_CH1 PAS8 AF2
TIM1_CH2 PA9 AF2
TIM1_CH3 PA10 AF2
TIM1_CH4 PA1l AF2

PA6 AF5

TIM1_BKIN
PB12 AF5
PB13 AF2
TIM1_CHIN PA7 AF5
PC13 AF2
PB14 AF2
TIM1_CH2N PBO AF5
PB6 AF7
PB15 AF2
TIM1_CH3N PB1 AF5
PD14 AF2

5.2.5.6.2 TIM2 alternate function remapping

Table 5-7 TIM2 alternate function remapping

Alternate function Pin Remap
PAO AF5
TIM2_ETR
PA15 AF2
PAO AF2
TIM2_CH1
PA15 AF5
PAl AF2
TIM2_CH2
PB3 AF2
PA2 AF2
TIM2_CH3
PB10 AF2
TIM2_CH4 PB11 AF2
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Table 5-8 TIM3 alternate function remapping

Alternate function Pin Remap
TIM3_ETR PD2 AF2
PA6 AF2
TIM3_CH1 PB4 AF2
PC6 AF2
PA7 AF2
TIM3_CH2 PB5 AF4
PC7 AF2
PBO AF2
TIM3_CH3
PC8 AF2
PB1 AF2
TIM3_CH4
PC9 AF2
5.2.5.6.4 TIM4 alternate function remapping
Table 5-9 TIM4 alternate function remapping
Alternate function Pin Remap
TIM4_CH1 PB6 AF2
TIM4_CH2 PB7 AF2
TIM4_CH3 PB8 AF2
TIM4_CH4 PB9 AF2
5.2.5.6.5 TIM5 alternate function remapping
Table 5-10 TIM5 alternate function remapping
Alternate function Pin Remap
TIM5_CH1 PAO AF1
TIM5_CH2 PA1 AF7
TIM5_CH3 PA2 AF6
TIM5_CH4 PA3 AF7
5.2.5.6.6 TIM8 alternate function remapping
Table 5-11 TIM8 alternate function remapping
Alternate function Pin Remap
TIM8_ETR PAO AF7
TIM8_CH1 PC6 AF6
TIM8_CH2 PC7 AF6
TIM8_CH3 PC8 AF6
TIM8_CH4 PC9 AF6
TIM8_BKIN PA6 AF6
98/630

Nations Technologies Inc.

Tel: +86-755-86309900

Email: info@nationstech.com

Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China



thion v:“ www.nationstech.com

Alternate function Pin Remap
TIM8_CHI1N PA7 AF6
TIM8_CH2N PBO AF7
TIM8_CH3N PB1 AF0

5.2.5.6.7 TIM9 alternate function remapping

Table 5-12 TIM9 alternate function remapping

Alternate function Pin Remap
TIM9_ETR PB2 AF1
TIM9_CH1 PB12 AF1
TIM9_CH2 PB13 AF1
TIM9_CH3 PB14 AF1
TIM9_CH4 PB15 AF1

5.2.5.7 LPTIM alternate function remapping

Table 5-13 LPTIM alternate function remapping

Alternate function Pin Remap
PB5 AF2
LPTIM_IN1
PCO AFO
PB7 AF5
LPTIM_IN2
PC2 AF2
PB2 AF2
LPTIM_OUT
PC1 AFO0
PB6 AF8
LPTIM_ETR
PC3 AFO0

5.2.5.8 CAN alternate function remapping
CAN signals can be mapped to port A and port B as shown in the table below.

Table 5-14 CAN alternate function remapping

Alternate function Pin Remap
PA11 AF1
CAN_RX
PB8 AF5
PA12 AF1
CAN_TX
PB9 AF5
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Table 5-15 USART1 alternate function remapping

Alternate function Pin Remap
USARTL1_CTS PAll AF4
USARTL1_RTS PA12 AF4

PA4 AF1

PA9 AF4
USARTL1_TX

PB6 AFO0

PB8 AFO0

PA5 AF4
USART1_RX PA10 AF4

PB7 AFO0
USART1_CK PAS8 AF4

5.2.5.9.2 USART?2 alternate function remapping
Table 5-16 USART? alternate function remapping
Alternate function Pin Remap

PAO AF4
USART2_CTS

PA15 AF6

PAl AF4
USART2_RTS

PB3 AF4

PA2 AF4
USART2_TX PB4 AF4

PD14 AF4

PA3 AF4
USART2_RX PB5 AF6

PD15 AF4

PA4 AF4
USART2_CK

PA14 AF4

5.2.5.9.3 USART3 alternate function remapping
Table 5-17 USART3 alternate function remapping

Alternate function Pin Remap
USART3_CTS PB13 AF7
USART3_RTS PB14 AF7

PB10 AFO0
USART3_TX
PC10 AF5
PB11 AF5
USART3_RX
PC11 AF5
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Alternate function Pin Remap
USART3_CTS PB13 AF7
USART3_RTS PB14 AF7

PB12 AF4
USART3_CK
PC12 AF5
5.2.5.10 UARTX alternate function remapping
5.2.5.10.1 UART4 alternate function remapping
Table 5-18 UART4 alternate function remapping
Alternate function Pin Remap
PBO AF6
UART4_TX PB14 AF6
PC10 AF6
PB1 AF6
UART4_RX PB15 AF6
PC11 AF6
5.2.5.10.2 UARTS5 alternate function remapping
Table 5-19 UARTS5 alternate function remapping
Alternate function Pin Remap
PB4 AF6
UARTS5_TX PB8 AF6
PC12 AF6
PB5 AF7
UART5_RX PB9 AF6
PD2 AF6
5.2.5.11 LPUART alternate function remapping
Table 5-20 LPUART alternate function remapping
Alternate function Pin Remap
LPUART_CTS PAG6 AF4
PB13 AF4
PB1 AF7
PB12 AF2
LPUART_RTS
PB14 AF4
PD2 AF0
PAL AF6
PA4 AF6
LPUART_TX
PB6 AF6
PB10 AF4
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Alternate function Pin Remap

LPUART_CTS PAG6 AF4
PB13 AF4
PB1 AFT7
PB12 AF2

LPUART_RTS
PB14 AF4
PD2 AFO0
PC4 AF2
PC10 AFO0
PAO AF6
PA3 AF6
PB7 AF6

LPUART_RX
PB11 AF4
PC5 AF2
PC11 AFO0

5.2.5.12 12C alternate function remapping
5.2.5.12.1 12C1 alternate function remapping
Table 5-21 12C1 alternate function remapping
Alternate function Pin Remap
PA4 AF7
PA15 AF7
PB6 AF1
12C1_SCL
PB8 AF4
PCO AF7
PC4 AF7
PA5 AF7
PA14 AF7
PB7 AF1
12C1_SDA
PB9 AF4
PC1 AF7
PC5 AF7
12C1_SMBA PB5 AF1
102 /630

Nations Technologies Inc.

Tel: +86-755-86309900

Email: info@nationstech.com

Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China



thion v:“ www.nationstech.com

5.2.5.12.2 12C2 alternate function remapping

Table 5-22 12C2 alternate function remapping

Alternate function Pin Remap
PA3 AF5
PA9 AF6
12C2_SCL PB10 AF6
PB13 AF5
PD15 AF6
PA2 AF5
PAS8 AF6
PA10 AF6
12C2_SDA
PB11 AF6
PB14 AF5
PD14 AF6
12C2_SMBA PA8 AF1
PB12 AF8

5.2.5.13 SP1/12S alternate function remapping
5.2.5.13.1 SPI1 alternate function remapping

Table 5-23 SPI1 alternate function remapping

Alternate function Pin Remap

PA4 AF0
SPI1_12S1_NSS_WS PA8 AF5
PB6 AF4
PA5 AFO0
SPI1_12S51_SCK_CK PA10 AFO0
PB3 AF1
PAO AFO0
SPI1_I12S1_MISO_MCK PAG6 AFO0
PB4 AF1
PA7 AFO0

SPI1_12S1_MOSI_SD
PB5 AFO0
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5.2.5.13.2 SPI12/12S2 alternate function remapping

Table 5-24 SP12/12S2 alternate function remapping

Alternate function Pin Remap
PA13 AF5
PA15 AF1
SPI2_12S2_NSS_WS
PB12 AFO0
PC6 AF5
PA10 AF5
PB6 AF5
SPI2_1252_SCK_CK
PB13 AFO0
PC7 AF5
PA1l AFO0
SPI2_1252_MISO_MCK PB14 AFO
PC8 AF5
PA12 AFO0
SPI2_12S2_MOSI_SD PB15 AFO0
PC9 AF5

5.2.5.14 COMP alternate function remapping
5.2.5.14.1 COMPL1 alternate function remapping

Table 5-25 COMP1 alternate function remapping

Alternate function Pin Remap
PAO AF8
PAl1 AF7
COMP1_OUT
PB6 AF9
PB8 AF7

5.2.5.14.2 COMP2 alternate function remapping

Table 5-26 COMP?2 alternate function remapping

Alternate function Pin Remap
PA2 AF7
PA6 AF7
PA7 AF7
COMP2_OUT
PA12 AF7
PAl4 AF8
PB9 AF7
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Table 5-27 EVENTOUT alternate function remapping

Alternate function Pin Remap
PAO~PA13 AF3
PA15 AF3
PB0~PB15 AF3
EVENTOUT
PCO~PC7 AF3
PC9~PC13 AF3
PD2 AF3
5.2.5.16 RTC alternate function remapping
Table 5-28 RTC alternate function remapping
Alternate function Pin Remap
RTC_REFIN PB15 AF9

5.2.6 10 configuration of peripherals

Table 5-29 ADC/DAC

ADC/DAC pin GPIO configuration
ADC Analog mode
DAC Analog mode
Table 5-30 TIM1/TIMS8
TIM1/TIM8 pin configuration PAD configuration mode
Input capture channel x Input floatin
TIM1/8_CHx i i P g
Output channel x Push-pull alternate output
TIM1/8_CHxN Complementary output channel x Push-pull alternate output
TIM1/8_BKIN Brake input Input floating
TIM1/8_ETR External trigger clock input Input floating

Table 5-31 TIM2/3/4/5/9

TIM2/3/4/5/9 pin

configuration

PAD configuration mode

TIM2/3/4/5/9_CHx

Input capture channel x

Input floating

Output channel x

Push-pull alternate output

TIM2/3/4/5/9_ETR

External trigger clock input

Input floating

Table 5-32 LPTIM

LPTIM pin PAD configuration mode
LPTIM_INx Input floating
LPTIM_OUT Push-pull alternate output
LPTIM_ETR Input floating
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CAN pin GPIO configuration
CAN_TX Push-pull alternate output
CAN_RX Input floating or input pull-up
Table 5-34 USART
USART pin configuration GPIO configuration
full duplex transmissions Push-pull alternate output
USARTx_TX
Half duplex synchronous mode Push-pull alternate output
full duplex transmissions Input floating or input pull-u
USARTx_RX d i g PP i
Half duplex synchronous mode Unused, can be used as general 1/0.
USARTx_CK Synchronous mode Push-pull alternate output
USARTx_RTS Hardware flow control Push-pull alternate output
USARTx_CTS Hardware flow control Input floating or input pull-up
Table 5-35 UART
USAR pin configuration GPIO configuration
full duplex transmissions Push-pull alternate output
UARTx_TX
Half duplex synchronous mode Push-pull alternate output
full duplex transmissions Input floating or input pull-u
UARTx_RX i P g PUzP i
Half duplex synchronous mode Unused, can be used as general 1/0.
Table 5-36 LPUART
LPUSART pin configuration GPIO configuration
LPUART_TX Digital output Push-pull alternate output
LPUART_RX Digital input Push-pull alternate output
LPUART _CTS Hardware flow control Input floating or input pull-up
LPUART _RTS Hardware flow control Push-pull alternate output
Table 5-37 12C
12C pin configuration GPIO configuration
12Cx_SCL 12C clock Open-drain alternate output
12Cx_SDA 12C data Open-drain alternate output
12Cx_SMBA SMBA data Push-pull alternate output
Table 5-38 SPI-12S
SPI-12S pin configuration GPIO configuration

SPIx_I2Sx_MOSI_SD

Master mode

Push-pull alternate output

Slave mode

Input floating or input pull-up or push-pull

alternate output

SPIx_I2Sx_MISO_MCK

Master mode

Input floating or input pull-up or push-pull

alternate output
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SPI-12S pin

configuration

GPIO configuration

Slave mode

Push-pull alternate output

SPIX_12Sx_NSS_WS

Master mode

Push-pull alternate output

Slave mode

Push-pull alternate output

SPIX_I2Sx_SCK_CK

Master mode

Push-pull alternate output

Slave mode

Push-pull alternate output

Table 5-39 USB

USB pin GPIO configuration
USB_DM Once the USB module is enabled, these pins are automatically
USB_DP connected to the internal USB transceiver
Table 5-40 JTAG/SWD
JTAG/SWD pin configuration GPIO configuration
JTMS/SWDIO Input pull-up Push-pull alternate output + pull-up
JTCK/SWCLK Pull-down output Push-pull alternate output + pull-up
JTDI Input pull-up Push-pull alternate output + pull-up
JTDO Output Push-pull alternate output
NJTRST Input pull-up Push-pull alternate output + pull-up
Table 5-41 Other
pin Alternate function GPIO configuration
EVENT_OUT EVENT OUT Push-pull alternate output
COMPx_OUT COMP Push-pull alternate output
MCO clock output Push-pull alternate output

EXTI Input Line

External interrupt input

Input floating or input pull-up or input pull-

down

5.2.7 GPIO locking mechanism

The locking mechanism is used to freeze the 10 configuration to prevent accidental changes. When a lock (LOCK)
procedure is performed on a port bit, the configuration of the port cannot be changed until the next reset, refer to the
port configuration lock register GPIOx_PLOCK.

PLOCKK, that is, GPIOx_PLOCK [16], becomes 1 only after the correct sequence wl-> w0-> w1->r0 (r0 here
is also a must). After that, it becomes 0 only if the system reset is performed. GPIOx_PLOCK.PLOCK][15:0]
can only be modified at GPIOx_PLOCK.PLOCKK=0.

The lock sequence to set GPIOx_PLOCK.PLOCKK bit, wl-> w0-> w1-> r0 will be valid only if the value (1
or 0) in GPIOx_PLOCK.PLOCK [15:0] does not change during this sequence.The GPIOx_PLOCK.PLOCKK
bit will not be set if the value in GP1Ox_PLOCK.PLOCK [15:0] changes during this sequence.

As long as GPIOx_PLOCK.PLOCKK=0 and GP1Ox_PLOCK.PLOCKx=0 or 1, all configuration and alternate
function bits can be modified. When GPIOx_PLOCK.PLOCKK=1 but GPIOx_PLOCK.PLOCK]x]=0, the
corresponding configuration and alternate function bits corresponding to GPI0Ox_PLOCK.PLOCK[x]=0 can be
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Only when GPIOx_PLOCK.PLOCKK=1 and GPIOx_PLOCK.PLOCK]x]=1, the configurations corresponding
to GPIOX_PLOCK.PLOCK]Xx]=1 are locked and can not be modified.

If the lock sequence operation is wrong, then it must be redone (w1-> w0->w1->r0) to initiate the lock operation

again.

5.3 GPIO registers

These peripheral registers must be operated as 32-bit words.

5.3.1 GPIO registers overview

GPIOA base address: 0x40010800

GPIOB base address: 0x40010C00

GPIOC base address: 0x40011000

GPIOD base address: 0x40011400

Table 5-42 GPI1O registers overview

Offset Register 8‘8 ﬁ‘ﬁ R‘ﬁ Q‘E Q‘N 2‘8 2‘2 D‘S 3‘3 &”‘ﬁ :‘3 03‘00 '\‘w mlv mIN H‘D
) g =) =) =) =) =y = 5 = 5 = =) =) = =
= = = = = = = — = = = = = = = =
wn < ™ N — o > I3 ~ Iy 15} F 0] ~ — S
— — — — — — o o o o

GPIOX_PMODE i g i o o i A a i a i a @ a a o
S | s | 8|8 s S| 2| 2| g2 |2 |¢g|2|¢g]¢8
o o o o o o = o o o o = o o o o
000h X=A 1(0 1(0 1 0o|]1]|1]|1 1 1 1 1111 1 1]1)]111(1]1 111 111 1(1 111 101
x=B 1 1 1 1 1 1)11]1]1 1 1 1 1 ]11(1 1 11111111 110 110 1(1 111 101
Reset Value
x=C 0|0 0|0 0 0o|]1]|1]|1 1 1 1 1 ]11)1 1 1]1)]111(1]1 111 111 1(1 111 101
x=D 1 1 1 1 1 1)11]1]1 1 1 1 1 ]11(1 1 11111111 111 111 1(1 111010
LIy DG ||| ~|lo|lw|s|o| oo
— — — — — —
GPIOX_POTYPE 5151516516515 16|/6|6|6|6|6|6|6|616
004h Reserved glajlajaja|jg|ajajejajajejajajale
Reset Value ofojofojojo|JOoOjO|O|JOfO|lOfOfO]Of|O
VI YN| DS |lo|lo|l~|lo|lv|ls|lon|loala|le
Pl R Al A | Al 9| 4| a2 x cle|e|2|2
008h oo Reserved 5|5|5|5]|5|5|o|o|o|o|0|a|a]|o]|0|s
Reset Value 1111111 111 111 1(1 111 101
5 S =) =) =) =) 5) 5) 5) 5) 15} 15} 15} 5 z z
= = b= = = b= = = = = = =) = = =) =)
GPIOX_PUPD a 2 = = 2 2 a a8 g a a 3 a a a a
5 g g g g g 5 5 5 5 5 5 5 5 5 5
2 2 2 2 2 2 a a a a o o o o a a
00Ch x=A o|j1|1(0|0)1]0]0f0O 0fo0 0 ojJ|jojojojojofojofofojofojojojojojojofojo
x=B ojo|ofo0O|O0O])JO|O]OfO 0fo0 0 ojJ|j0ojojojojofo|jofoOofO|jOf1|]OjO|JO|O]|JO|JOfO]O
Reset Value
x=C ojojofo|0O0)J0O|O]jOfO 0fo0 0 0|0l 0]O0 0|0 ofojojo|jojoO|O|OfO]O
x=D ojojofo|0O0)J0O|O]jOfO 0fo0 0 ojJ|jojojojojofojofofojofojojojojojojof1jo
n < o o~ - o
GPIOX_PID R EEE R EEE R EEEE
010h _ Reserved alalalalalajajajaejajajajajalalae
Reset Value X | X | X | X[ X|x|[x|[x[x[x]x|[x]x]x]|Xx]|Xx
n < o o~ - o
GPIO_pOD 515|2/5|3(5|8|5|5|5|8|5|8|8|8]3
- oO|lOo[O[O|O|O
014h Reserved ilalalad|lalaga|lafa|afa|ja|a|ja|a|a|a
Reset Value ofojofojojOo|JO|jO|JO|JOfO|OfOfO]Of|O
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Offset Register S|8N INN|L[QIJI Q[N |J| K|S |5 |g(e|I|a|d|d|S|o|e|r|o|w|[s|o|~]|a]|o
LIS YN[Z2[S ol ~|w]|w]| < ol =[N |S|lo|lo|l~r~|lo|lwvls|m|a|la|o
— — — — — — — — — — — —
GPIOX_PBSC 2121212121222 2|2|a|2|a8|aa|2|8|23|2/2/2/2|8/ 23|28\ 8|x 3|8|8|3|8
018h clalalalalale|lala|lala] a a|ala|lalalalalalalale|la|a|la|lajafa|a|a|a
Reset Value olo|lo|lo|lo|o|ofolo|o|o|oOo]| O |o[o|o|o|o|o|o|OfOo|o|Oo|O|O|O|O|O|O]|O]O
wn < ™ o~ — o
SIS RER] ES R IS RA IR RVA ISR ISA IV RVE NS Rod |
GPIOX_PLOCK 81815/1818/8|8|8|8|e|8|8|8|8|38|8|8
oich Reserved 222|222 |2|2|2|2|2|Z|Z2|2|2|&|a
Reset Value ofolofofo|oflo|o|o|o]ofo|[o|o|Oo]|O]O
GPIOX_AFL AFSEL7[3:0] AFSELS6[3:0] AFSEL5[3:0] AFSELA4[3:0] AFSEL3[3:0] AFSEL2[3:0] AFSEL1[3:0] AFSELO[3:0]
020h
xsACD L L L o o o o pp p p p ppo p T T W T W O O A A I
Reset Value
B L b opopopopopp g oo P ofojofofo|afa|a|afa]afafaf2f2]|1]|2
GPIOX_AFH AFSEL15[3:0] | AFSEL14[3:0] AFSEL13[3:0] AFSEL12[3:0] AFSEL11[3:0] AFSEL10[3:0] AFSEL9[3:0] AFSEL8[3:0]
024h
xxA o o p p p p p jop P o o p p |t T T W T O O A A I
Reset Value
xBCD L L B o p p p PR p p g pp o T T T T I W O A O A
VIS Y|d|S|lo|le|~n|lo|lvw|ls|n|la]| |
— — — — — —
GPIOX_PBC 1812121212 |28|a|8|R|2|2|a8|a|ala
028h Reserved ajajajajajaje]jajajajajajejajaie
Reset Value olo|lo|lo|lofo|o|lo|o|o|o|o|o|O]|oO]O
5 S =) 5 =) 5 5y 15y 5 5 =5y =5y 5 5 15y 15y
= = = = = = — — = = i i < < ] ]
GPIOX DS o 3 @ g =] S = = = ey = g & Iy =5 | 5
b a7 b a b @a 7] 1] %) %] ] %] 1%] %) %] %]
! A ! A ! A a a a a a a a a a a
02Ch
Reset Value of1|lo|l1|lo|l1|]o|2fo]2]of|ar]|o|2fjofr|o|afofa|ofr]|o|l2]o|2|of|1|lof1]|o0]1

5.3.2 GP1O mode description register (GPIOx_PMODE)

Address: 0x00
Reset value: OXABFF FFFF (x=A); OXFFFF FEBF (x=B); OXFFFF FFFF (x=C); OXFFFF FFFC (x=D)

31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
PMOD];]S[]:O] PMOD]:ZM[I:O] PMOD}IEIS[I:O] PMOD]:ZIZ[I:O] PMOD]IEH[I:O] PMOD]:ZIO[I:O] PMODIE9[1:0] PMODIE8[1:0]
ISrwl4 131’W]2 llrWIO 91’W8 7FW6 51’W4 3rw2 lrWO
PMODIE7[1:O] PMODIE()[I:O] PMODIES[1:0] PMODIE4[1:0] PMODIE3[1:O] PMODIE2[1:0] PMODIEI[I:O] PMODIEO[I:O]
r; v n; v - v - v

Bit field Name Description

31:30 PMODEy[1:0] Mode bits for port x (y =0...15)

29:28 00: Input mode

27:26 01: General output mode

25:24 10: Alternate function mode

23:22 11: Analog function mode (state after reset)

21:20

19:18
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Bit field Name Description
17:16
15:14
13:12
11:10
9:8
7:6
54
3:2
1.0

5.3.3 GPIO type definition (GPIOx_POTYPE)

Address: 0x04
Reset value: 0x0000 0000 (x=A,B,C,.D)

Reserved
L L L L L L L L L L L

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

POT15 | POT14 | POTI3 | POTI2 | POTI1 | POTIO POT9 POT8 POT7 POT6 POTS5 POT4 POT3 POT2 POT1 POTO

™w ™w ™w ™ ™w ™w ™w ™ ™ ™w ™w ™w ™w ™w ™w ™w
Bit field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15:0 POTy Output mode bits for port x (y =0...15)

0: Output push-pull mode (state after reset)

1: Output open-drain mode

5.3.4 GPIO port slew rate configuration register (GP1Ox_SR)

Address: 0x08
Reset value: 0x0000 FFFF (x=A,B,C,D)

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SRI5 SR14 | SRI3 SRI2 | SRII SR10 SR9 SR8 SR7 SR6 SRS SR4 SR3 SR2 SR1 SRO
™w ™w ™w ™ ™w ™w ™w ™ ™ ™w ™w ™w ™w ™w ™w ™w
Bit field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15:0 SRy Toggle rate configuration bits y for port GPIOx (y =0...15)
110/630

Nations Technologies Inc.

Tel: +86-755-86309900

Email: info@nationstech.com

Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China



Nation &

www.nationstech.com

Bit field

Name

Description

These bits can only be read or written as 16-bit words.
0 : Fast slew rate
1 : Slow slew rate

5.3.5 GPIO pull-up/pull-down description register (GPI1Ox_PUPD)

Address: 0x0C

Reset value: 0x6400 0000 (x=A); 0x0000 0100 (x=B); 0x0000 0000 (x=C); 0x0000 0002 (x=D>

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PUPDIIS[I:O] PUPDI14[1:0] PUPDI13[1:0] PUPDI12[1:0] PUPDlll[I:O] PUPDIIO[I:O] PUPDI9[1:O] PUPDIS[I:O]
ISrW14 13rW12 11rw10 9rw8 7"“’6 Srw4 3rw2 1rW0
PUPDI7[1:0] PUPDIG[I:O] PUPDIS[I:O] PUPDI4[I:O] PUPDI3[1:0] PUPDIZ[I:O] PUPDII[I:O] PUPDIO[l:O]
r; ™ - ~ - o - o

Bit field Name Description

31:30 PUPDy[1:0] Mode bits for port x (y =0...15)

29:28 00: No pull-up, pull-down

27:26 01: Pull-up

25:24 10: Pull-down

23:22 11: Reserved

21:20

19:18

17:16

15:14

13:12

11:10

9:8

7:6

5:4

3:2

1:0

5.3.6 GPIO input data register (GP1Ox_PID)

Address: 0x10

Reset value: 0x0000 0000 (x=A,B,C,D)
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31 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIDI15 PID14 PID13 PID12 PID11 PID10 PID9 PID8 PID7 PID6 PID5 PID4 PID3 PID2 PID1 PIDO
r r r r r r r r r r r r r r r r
Bit field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15:0 PIDy Port input data (y =0...15)
These bits are read-only and can only be read in the form of 16-bit words, and the read
value is the state of the corresponding 1/O port.

5.3.7 GPIO output data register (GPIOx_POD)

Address: 0x14

Reset value: 0x0000 0000 (x=A,B,C,D>

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PODI15 | POD14 | PODI13 | PODI2 | PODI1 POD10 POD9 PODS POD7 POD6 PODS POD4 POD3 POD2 PODI1 PODO
™ ™w ™w ™ ™ ™w ™w ™ ™ ™w ™w ™ ™ ™w ™w ™
Bit field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15:0 PODy Port output data (y =0...15)
These bits can only be read or written as 16-bit words. For GPIOx PBSC (x =A...D),
the corresponding POD bits can be independently set/cleared.

5.3.8 GPIO bit set/clear register (GP1Ox_PBSC)

Address: 0x18
Reset value: 0x0000 0000 (x=A,B,C,D)

31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
PBCIS PBC14 PBC13 PBC12 PBCl11 PBC10 PBC9 PBC8 PBC7 PBC6 PBC5 PBC4 PBC3 PBC2 PBCl1 PBCO
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
PBS15 PBS14 PBS13 PBS12 PBS11 PBS10 PBS9 PBS8 PBS7 PBS6 PBS5 PBS4 PBS3 PBS2 PBS1 PBSO
w w w w w w w w w w w w w w w w
Bit field Name Description
31:16 PBCy Clear bit y of port GPIOX (y =0...15)
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Bit field

Name

Description

These bits can only be written and operated as words (16 bits).

0: Does not affect the corresponding PODy bit

1: Clear the corresponding PODy bit to 0

Note: if the corresponding bits of PBSy and PBCy are set at the same time, the PBSy

bit works.

15:0

PBSy

Set bit y of port GPIOx (y =0...15)
These bits can only be written and operated as words (16 bits).

0: Does not affect the corresponding PODy bit

1: Set the corresponding PODy bit to 1

5.3.9 GPIO configuration lock register (GPI1Ox_PLOCK)

Address: 0x1C

Reset value: 0x0000 0000 (x=A,B,C,D>

31 17 16
I I I I Reserved I I I I I I I PLOCKK
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 1’[‘;’
PLOCKI15(PLOCK14|PLOCK13PLOCKI12(PLOCK11|PLOCK10| PLOCKY | PLOCKS | PLOCK7 | PLOCK6 | PLOCKS | PLOCK4 | PLOCK3 | PLOCK2 | PLOCK1 | PLOCKO
w rw rw w w rw w w rw rw rw rw rw w rw rw
Bit field Name Description
31:17 Reserved Reserved, the reset value must be maintained.
16 PLOCKK Lock key. This bit can be read at any time, and it can only be modified by the key lock
write sequence.
0: Port configuration lock key is activated
1: The port configuration lock key is activated, and the GPIOx_PLOCK register is
locked before the next system reset. The write sequence of the lock key:
Write 1 -> write 0 -> write 1 ->read 0 -> read 1
The last reading can be omitted, but it can be used to confirm that the lock key has
been activated.
Note: the value of PLock [15:0] cannot be changed when the writing sequence of lock
key is operated. Any error in the operation key writing sequence will not activate the
key.
15:0 PLOCKy Configuration lock bit y of port GPIOx (y =0...15)
These bits are readable and writable but can only be written when the PLOCKK bit is
0.
0: Do not lock the configuration of the port
1: Lock the configuration of the port
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5.3.10 GPIO alternate function low register (GP1Ox_AFL)

Address: 0x20
Reset value: OXFFFF FFFF (x=A,C,D); OxFFFO OFFF (x=B)

31 28 27 24 23 20 19 16

T T T T T T T T T T T T
AFSEL7[3:0] AFSEL6[3:0] AFSEL5[3:0] AFSEL4[3:0]

™ ™ ™ ™

T T T T T T T T T T T T
AFSEL3[3:0] AFSEL2[3:0] AFSELI[3:0] AFSEL0[3:0]

™ ™ ™ ™

Bit field Name Description

31:28 AFSELy[3:0] Alternate function configuration bits y for port GPIOx (y =0...7)
27:24 0000: AFO

23:20 0001: AF1

19:16 0010: AF2

15:12 0011: AF3

11:8 0100: AF4

7:4 0101: AF5

3:0 0110: AF6

0111: AF7

1000: AF8

1001: AF9

1010: AF10

1011: AF11

1100: AF12

1101: AF13

1110: AF14

1111: AF15 (No alternate function)

5.3.11 GPIO alternate function High register (GPI1Ox_AFH)

Address: 0x24

Reset value: 0X000F FFFF (x=A); OxFFFF FFFF (x=B,C,D)

31 28 27 24 23 20 19 16
T T T T T T T T T T T T
AFSELI15[3:0] AFSEL14[3:0] AFSEL13[3:0] AFSEL12[3:0]
™w ™ ™w ™
15 12 11 3 7 4 3 0
T T T T T T T T T T T T
AFSEL11[3:0] AFSEL10[3:0] AFSEL9[3:0] AFSELS[3:0]

1 1 1 1 1 1 1 1 1 1 1 1

™ ™ ™ ™
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Bit field Name Description
31:28 AFSELy[3:0] Alternate function configuration bits y for port GPIOx (y=8...15)
27:24 0000: AFO
23:20 0001: AF1
19:16 0010: AF2
15:12 0011: AF3
11:8 0100: AF4
74 0101: AF5
3:0 0110: AF6
0111: AF7
1000: AF8
1001: AF9
1010: AF10
1011: AF11
1100: AF12
1101: AF13
1110: AF14
1111: AF15 (No alternate function)

5.3.12 GPIO bit clear register (GPI1Ox_PBC)

Address:

0x28

Reset value: 0x0000 0000 (x=A,B,C,D>

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PBC15 | PBC14 | PBCI13 PBCI12 | PBCII PBC10 PBC9 PBC8 PBC7 PBC6 PBCS PBC4 PBC3 PBC2 PBC1 PBCO
w w w w w w w w w W w w w w w w

Bit field Name Description

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

15:0 PBCy Clear bit y of port GPIOx (y = 0...15)
These bits can only be written and operated as words (16 bits).
0: Does not affect the corresponding PODy bit
1: Clear the corresponding PODy bit to 0

5.3.13 GPIO driver strength configuration register (GP1Ox_DS)

Address:

0x2C

Reset value: 0x5555 5555 (x=A,B,C,D)
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3L 30 29 0» 27 2% 235 B2 20 20 98 716
DS15[1:0] DS14{1:0] DS13[1:0] DS12[1:0] DS11[1:0] DS10[1:0] DS9[1:0] DS8[1:0]
ISrwl4 13"‘”]2 llrWIO 9rW8 7rW6 5"W4 3rw2 lrWO
DS7I[1:0] DS6I[1:O] DSSI[I:O] DS4I[1:O] DS3I[1:0] Dszl[1:0] DSII[I:O] Dsol[1:0]

Bit field Name Description

31:30 DSy[1:0] Port GPIOx drive capability configuration bits y (y =0...15)

29:28 00 : 2mA

27:26 01 : 8mA

25:24 10 : 4mA

23:22 11 : 12mA

21:20

19:18

17:16

15:14

13:12

11:10

9:8

7:6

5:4

3:2

1:0

5.4 AFIO registers

5.4.1 AFIO register overview

AFIO base address: 0x40010000

Table 5-43 AFIO register overview

11
0
9
8
7
6 |
s |
4|
3
|2 |
1
[0 ]

Offset|  Register s‘%‘a‘ﬁ‘a‘ﬁ‘ﬁ‘a‘m‘m‘m‘g‘a‘a‘:‘S‘ﬁ‘:‘a‘z ‘
= )
. 5 g
g18|E1El  E Z
|5 g
AFIO_RMP_CFG ol 5 5
000h Reserved z|lz|al8 = _I
ala|g|2 g =
] X
w
Reset Value 0 0 0 0 0‘0 0‘0 0‘0 0‘0

AFIO_EXTI_CFG1
004h Reserved

EXTI3[L:0]
EXTI2[L:0]
EXTI1[1:0]
EXTIO[L:0]

Reserved
Reserved
Reserved

Reset Value 0|0 0fo0 0]0 0|0
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ow] _wow |7|]8]a]s]8]8]2 ]88 ]=]s]a]2]5]2]a]= 2|52 ]=2] =]~ ][] [~ ]~] <]
15y 15y 1=y 1=y
= =] ) = n = =
AFIO_EXTI_CFG2 = g = g 2 g 2
008h Reserved x k] x k] x k) x
w 4 w o u 8 i
o [ o
Reset Value 0|0 0|0 0|0 0
=3 =3 5 5
= = = =
k=] he] o he] > o <3
AFIO_EXTI_CFG3 = ) = 53 =2 5] =)
- - E 2 [ c = c =
00Ch Reserved 1% 2 1% o x o x
w w 5} w O w
4 4 4
Reset Value 0|0 0|0 0ofo0 0
=3 =3 = =
= = = =
AFIO_EXTI_CFG4 2 3 3 B a ] S
010h T Reserved E = E e E = E
eserve 1% % 1% § 1% % 1%
i S i i [} e [}
Reset Value 0 ‘ 0 0 ‘ 0 0 ‘ 0 0

5.4.2 AF10 mapping configuration control register (AFIO_RMP_CFG)

Address: 0x00

Reset value: 0x0000 0000

31

Reserved
1 1 1 1 1 1 1 1 1 1

10

9 8

T T
Reserved
1 1

SPI1_NSS

SPI2_NSS

T T T T T T
EXTI_ETRI[3:0] EXTI_ETRR[3:0]

ADC
_ETRI

ADC
_ETRR

™w

™w

™ ™

Bit field

Name

Description

31:12

Reserved

Reserved, the reset value must be maintained.

11

SPI1_NSS

NSS mode selection bit of SPI11 (NSS is configured in AFIO push-pull mode)
0: NSS is in a high-impedance state when idle
1: NSS is high when idle

10

SPI12_NSS

NSS mode selection bit of SPI12 (NSS is configured in AFIO push-pull mode)
0: NSS is in a high-impedance state when idle
1: NSS is high when idle

ADC_ETRI

ADC injection conversion external trigger remapping

This bit can be set to '1' or '0" by software. It controls the trigger input connected
to the external trigger for ADC injection conversion.

0: ADC injection conversion external trigger is connected to EXTI (0-15)

1: ADC injection conversion external trigger is connected to TIM8_CH4.

ADC_ETRR

ADC rule conversion external trigger remapping

This bit can be set to '1' or '0' by software. It controls the trigger input connected
to the ADC regular conversion external trigger.

0: ADC regular conversion external trigger is connected to EXTI (0-15)
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Bit field Name Description

1: ADC regular conversion external trigger is connected to TIM8_TRGO
74 EXTI_ETRI[3:0] Select interrupt line injection to convert external trigger remapping
3.0 EXTI_ETRR[3:0] Select interrupt line regular to convert external trigger remapping

5.4.3 AFIO external interrupt configuration register 1(AFIO_EXTI_CFG1)

Address: 0x04

Reset value: 0x0000 0000

Reserved

Reserved

EXTI3_CFG[1:0]
1

Reserved
1

Reserved
1

Reserved
1

EXTII_CFG[1:0] EXTIO_CFG[1:0]
1 1

EXTI2_CFG[1:0]
1

™

™ ™ ™

Bit field

Name

Description

31:14

Reserved

Re

served, the reset value must be maintained.

13:12

EXTI3[1:0]

00:
01:
10:
11:

PA3 pin
PB3 pin
PC3 pin
Reserved

11:10

Reserved

Reserved, the reset value must be maintained.

9:8

EXTI2[1:0]

00:
01:
10:
11:

PA2 pin
PB2 pin
PC2 pin
PD2 pin

7:6

Reserved

Reserved, the reset value must be maintained.

5:4

EXTIL[1:0]

00:
01:
10:
11:

PA1 pin
PB1 pin
PC1 pin

Reserved

3:2

Reserved

Reserved, the reset value must be maintained.

1:0

EXTIO[1:0]

00:
01:
10:
11:

PAOQ pin
PBO pin
PCO pin
PDO pin

5.4.4 AFI10 external interrupt configuration register 2(AFIO_EXTI_CFG2)

Address: 0x08

Reset value: 0x0000 0000

118 /630

Nations Technologies Inc.

Tel: +86-755-86309900

Email: info@nationstech.com

Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China



Nation &

www.nationstech.com

Reserved

9 8

7 6

) 4

Reserved
1

EXTI7_CFGI[1:0]

Reserved

T
EXTI6_CFG[1:0]

T
Reserved
1

EXTI5_CFG[1:0]

Reserved
1

EXTI4_CFG[1:0]

™w

™w

™w

™

Bit field

Name

Description

31:14

Reserved

Reserved, the reset value must be maintained.

13:12

EXTI7[1:0]

00: PAT7 pin
01: PB7pin
10: PC7 pin
11: Reserved

11:10

Reserved

Reserved, the reset value must be maintained.

9:8

EXTI6[1:0]

00: PAG6 pin
01: PB6 pin
10: PC6 pin
11: Reserved

7.6

Reserved

Reserved, the reset value must be maintained.

5:4

EXTI5[1:0]

00: PAS5 pin
01: PB5 pin
10: PC5 pin
11: Reserved

3:2

Reserved

Reserved, the reset value must be maintained.

1.0

EXTI4[1:0]

00: PA4 pin
01: PB4 pin
10: PC4 pin
11: Reserved

5.4.5 AFI0 external interrupt configuration register 3(AFIO_EXTI_CFG3)

Address: 0x0C

Reset value: 0x0000 0000

31 16
Reserved
15 14 12 11 9 8 7 5 4 1 0
Reserved EXTI11_CFG[1:0] Reserved EXTI10_CFG[1:0] Reserved EXTI9_CFG[1:0] Reserved EXTI8_CFG[1:0]
™w ™ ™ ™
Bit field Name Description
31:14 Reserved Reserved, the reset value must be maintained.
13:12 EXTI11[1:0] 00: PAl1 pin
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Bit field

Name

Description

01: PB11pin
10: PC11 pin
11: Reserved

11:10

Reserved

Reserved, the reset value must be maintained.

9:8

EXTIL0[1:0]

00:
01:
10:
11:

PA10 pin
PB10 pin
PC10 pin
Reserved

7:6

Reserved

Reserved, the reset value must be maintained.

5:4

EXTI9[L:0]

00:
01:
10:
11:

PA9 pin
PB9 pin
PC9 pin
Reserved

3:2

Reserved

Reserved, the reset value must be maintained.

1:0

EXTI8[1:0]

00:
01:
10:
11:

PA8 pin
PB8 pin
PC8 pin
Reserved

5.4.6 AFI10 external interrupt configuration register 4(AFIO_EXTI_CFG4)

Address: 0x10

Reset value: 0x0000 0000

Reserved
1 1

15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
Rcsc:rvcd EXTI1 SJCFG[l :0] Rcsc.:rvcd EXTII4:CFG[ 1:0] Rcsc:rvcd EXTI1 37ICFG[ 1:0] Reserved EXTIlZ:CFG[ 1:0]
Bit field Name Description
31:14 Reserved Reserved, the reset value must be maintained.
13:12 EXTI15[1:0] 00: PAI15 pin
01: PB15 pin
10: PC15 pin
11: PD15 pin
11:10 Reserved Reserved, the reset value must be maintained.
9:8 EXTI14[1:0] 00: PA14 pin
01: PB14 pin
10: PC14 pin
11: PD14 pin
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Bit field Name Description
7:6 Reserved Reserved, the reset value must be maintained.
5:4 EXTI13[1:0] 00: PA13 pin

01: PB13pin

10: PC13 pin

11: Reserved
3:2 Reserved Reserved, the reset value must be maintained.
1:0 EXTI12[1:0] 00: PA12 pin

01: PB12 pin

10: PC12 pin

11: Reserved
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6 Interrupts and events

6.1 Nested vector interrupt register

Features

B 66 maskable interrupt channels (excluding 16 Cortex-M4 interrupt lines).
B 16 programmable priority levels (using 4-bit interrupt priority);

B Low-latency exception and interrupt handling;

B Power management control;

B Implementation of system control registers;

The nested vector interrupt Controller (NVIC) is closely linked to the processor core, enabling low latency interrupt
processing and efficient processing of late interrupts. The nested vector interrupt controller manages interrupts
including core exceptions.

6.1.1 SysTick calibration value register

The system tick calibration value is fixed at 13500. When the system tick clock is set to 13.5MHz (the maximum
value of HCLK/8), 1ms time reference is generated.

6.1.2 Interrupt and exception vectors

Table 6-1 Vector table

Position| Priority | Priority type Name Description Address
- - - - Reserved 0x0000_0000
- -3 Fixed Reset Reset 0x0000_0004
Non-maskable interrupt. RCC clock
- -2 Fixed NMI security system (CSS) is connected to 0x0000_0008
NMI vector.
- -1 Fixed HardFault All types of errors (fault) 0x0000_000C
- 0 Settable MemManage Memory management 0x0000_0010
_ 1 —_— R Prefetch means failure. Memory access T
failed a
- 2 Settable UsageFault Undefined instruction or illegal status 0x0000_0018
_ _ _ _ Reserved 0x0000_001C

~0x0000_002B

System services invoked by SWI
- 3 Settable SVCall L 0x0000_002C
directives

- 4 Settable DebugMonitor Debug monitor 0x0000_0030
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Position| Priority | Priority type Name Description Address
- - - - Reserved 0x0000_0034
- 5 Settable PendSV System services that can be suspended 0x0000_0038
- 6 Settable SysTick System tick timer 0x0000_003C
0 7 Settable WWDG Window timer interrupt 0x0000_0040
Power supply voltage detection (PVVD)
1 8 Settable PVD . ) 0x0000_0044
interrupt connected to EXTI line 16
RTC timestamp interrupt connected to
2 9 Settable RTC_TAMPER_STAMP 0x0000_0048
EXTI line 19
Real time clock (RTC) wake up interrupt
3 10 Settable RTC_WKUP 0x0000_004C
connected to EXTI line 20
4 11 Settable FLASH Flash global interrupt 0x0000_0050
Reset and clock control (RCC)
5 12 Settable RCC ) ] 0x0000_0054
interruption
6 13 Settable EXTIO EXTI line 0 interrupt 0x0000_0058
7 14 Settable EXTI1 EXTI line 1 interrupt 0x0000_005C
8 15 Settable EXTI2 EXTI line 2 interrupt 0x0000_0060
9 16 Settable EXTI3 EXTI line 3 interrupt 0x0000_0064
10 17 Settable EXTI4 EXTI line 4 interrupt 0x0000_0068
11 18 Settable The DMA channel 1 DMA channel 1 global interrupt 0x0000_006C
12 19 Settable The DMA channel 2 DMA channel 2 global interrupt 0x0000_0070
13 20 Settable The DMA channel 3 DMA channel 3 global interrupt 0x0000_0074
14 21 Settable The DMA channel 4 DMA channel 4 global interrupt 0x0000_0078
15 22 Settable The DMA channel 5 DMA channel 5 global interrupt 0x0000_007C
16 23 Settable The DMA channel 6 DMA channel 6 global interrupt 0x0000_0080
17 24 Settable The DMA channel 7 DMA channel 7 global interrupt 0x0000_0084
18 25 Settable The DMA channel 8 DMA channel 8 global interrupt 0x0000_0088
19 26 Settable ADC ADC global interrupt 0x0000_008C
20 27 Settable USB_HP USB high priority interrupt 0x0000_0090
21 28 Settable USB_LP USB low priority interrupt 0x0000_0094
COMP1/COMP?2 interrupt connected to
22 29 Settable COMP 0x0000_0098
EXTI line 21/22
23 30 Settable EXTI9 5 EXTI line [9:5] interrupt 0x0000_009C
24 31 Settable TIM1_BRK TIM1 brake interrupt 0x0000_00A0
25 32 Settable TIM1_UP TIM1 update interrupt 0x0000_00A4
TIML1 triggers and communication
26 33 Settable TIM1_TRG_COM ] 0x0000_00A8
interrupt
27 34 Settable TIM1_CC TIM1 capture comparison interrupt 0x0000_00AC
28 35 Settable TIM2 TIM2 global interrupt 0x0000_00B0O
29 36 Settable TIM3 TIM3 global interrupt 0x0000_00B4

123/630

Nations Technologies Inc.
Tel: +86-755-86309900
Email: info@nationstech.com

Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.

Nanshan District, Shenzhen, 518057, P.R.China




Nation &

www.nationstech.com

Position| Priority | Priority type Name Description Address
30 37 Settable TIM4 TIM4 global interrupt 0x0000_00B8
31 38 Settable 12C1_EV 12C1 event interrupt 0x0000_00BC
32 39 Settable 12C1_ER 12C1 error interrupt 0x0000_00C0
33 40 Settable 12C2_EV 12C2 event interrupt 0x0000_00C4
34 41 Settable 12C2_ER 12C2 error interrupt 0x0000_00C8
35 42 Settable SPI1 SPI1 global interrupt 0x0000_00CC
36 43 Settable SPI2 SPI2 global interrupt 0x0000_00D0
37 44 Settable USART1 USART1 global interrupt 0x0000_00D4
38 45 Settable USART2 USART2 global interrupt 0x0000_00D8
39 46 Settable USART3 USARTS3 global interrupt 0x0000_00DC
40 47 Settable EXTI15_10 The EXTI line [15:10] interrupt 0x0000_00EO
a 48 Settable RTC Alarm The RTC alarm interrupt connected to 0X0000_00E4

EXTI line 18
2 49 Settable USBWKUP USB wake up failure interrupt connected 0X0000_00ES
to EXTI line 17
43 50 Settable TIM8_BRK TIM8 brake failure interrupt 0x0000_00EC
44 51 Settable TIM8_UP TIM8 update interrupt 0x0000_00FO0
45 52 Settable TIM8_TRG_COM TIMS triggerjs and communication 0x0000_00F4
interrupt
46 53 Settable TIM8_CC TIM8 capture comparison interrupt 0x0000_00F8
47 54 Settable UART4 UART4 global interrupt 0x0000_00FC
48 55 Settable UART5 UARTS5 global interrupt 0x0000_0100
49 56 Settable LPUART LPUART global interrupt 0x0000_0104
50 57 Settable TIM5 TIM5 global interrupt 0x0000_0108
51 58 Settable TIM6 TIM6 global interrupt 0x0000_0118
52 59 Settable TIM7 TIM7 global interrupt 0x0000_011C
53 60 Settable CAN_TX CAN send interrupt 0x0000_0120
54 61 Settable CAN_RXO0 CAN receives 0 interrupt 0x0000_0124
55 62 Settable CAN_RX1 CAN receive 1 interrupt 0x0000_0128
56 63 Settable CAN_SCE CAN SCE interrupt 0x0000_012C
57 64 Settable LPUART_WKUP LPUART wake Up Interrupt connected 0x0000_0130
to EXTI line 23
58 65 Settable LPTIM_WKUP LPTIM wake Up Interrupt connecte to 0x0000_0134
EXTI line 24
59 66 Settable Reserved Reserved 0x0000_0138
60 67 Settable SAC SAC global interrupt 0x0000_013C
61 68 Settable MMU MMU global interrupt 0x0000_0140
62 69 Settable Reserved Reserved 0x0000_0144
63 70 Settable RAMC_PERR RAM verification error interrupt 0x0000_0148
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Position| Priority | Priority type Name Description Address
64 71 Settable TIM9 TIM9 global interrupt 0x0000_014C
65 72 Settable UCDR UCDR error interrupt 0x0000_0150

6.2 External interrupt/event controller (EXTI)

6.2.1 Introduction

The external interrupt/event controller contains 25 edge detection circuits that generate interrupt/event triggers. Each
input line can be independently configured with pulse or pending input types, and 3 trigger event types including
rising edge, falling edge or double edge, which can also be independently shielded. Interrupt requests that hold the
state line in the pending register can be cleared by writing '1'" in the corresponding bit of the pending register.

6.2.2 Main features

The main features of EXTI controller are as follows:

B Support 25 software interrupt/event requests.

B Interrupts/events corresponding to each input line can be configured to trigger or mask independently.
B Each interrupt line has an independent state bit.

B Support for pulse or pending input types.

W 3trigger events are supported: rising edge, falling edge, and double edge.

B Can wake up to exit low power mode.
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Figure 6-1 External interrupt/event controller block diagram
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) interrupt controller
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Input I::'— Edge detection circuft [/ J generator
25 25 25
Event
masking
register

6.2.3 Functional description

EXTI contains 25 interrupts, 16 from 1/O pins and 9 from internal modules. To generate interrupts, the NVIC interrupt
channel of the external interrupt controller must be configured to enable the appropriate interrupt line. Select rising
edge, falling edge, or double edge trigger event types by edge trigger configuration registers EXTI_RT_CFG and
EXTI_FT_CFG, and write '1' to the corresponding bit of interrupt masking register EXTI_IMASK to allow interrupt
requests. When a preset edge trigger polarity is detected on the external interrupt line, an interrupt request is generated
and the corresponding pending bit is set to '1". Writing '1' to the corresponding bit of the pending register clears the
interrupt request.

To generate events, the corresponding event line must be configured and enabled. According to the desired edge
detection polarity, set up the rise/fall edge trigger configuration register, while writing '1" in the corresponding bit of
the event masking register to allow interrupt requests. When a preset edge occurs on an event line, an event request
pulse is generated and the corresponding pending bit is not set to '1".

In addition, interrupt/event requests can also be generated by software by writing a '1' in the software interrupt/event
register.
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Hardware interrupt configuration, select and configure 25 lines as interrupt sources as required:
€ Configure the mask bit (EXTI_IMASK) for 25 interrupt lines.
€ Configure the selected disconnection trigger configuration bits (EXTI_RT_CFG and EXTI_FT_CFG);

€ Configure the enable and mask bits of the NVIC interrupt channel corresponding to the external interrupt
controller so that the requests in the 25 interrupt lines can be correctly responded to.

Hardware event configuration: Select 25 lines as event sources as required:

€ Configure the mask bit (EXTI_EMASK) for 25 event lines.

€ Configure the trigger configuration bits for the selected event line (EXTI_RT_CFG and EXTI_FT_CFQG).
Software interrupt/event configuration, select 25 lines as software interrupt/event lines as required:

€ Configure 25 interrupt/event line mask bits (EXTI_IMASK and EXTI_EMASK).

€ Configure the request bit of the software interrupt event register (EXTI_SWIE).
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6.2.4 EXTI line mapping

Figure 6-2 External interrupt generic 1/0 mapping

EXTI0_CFG[3:0] Control EXTI1_CFG[3:0] Control EXTI2_CFG[3:0] Control EXTI3_CFGJ[3:0] Control
PA D—’\L Pl [ PA2 D—>£ paz [—
PRO [ }—H pe2 [ —N
AFIO_EXTI_CFG1 EXTO 1 [—| | EXT EXTI2 o XT3
Register — — ) O—
pco [}—H IO —
PDO D—’ pct  [F—h PD2 D ) PC3
EXTI4_CFG[3:0] Control EXTI5_CFG[3:0] Control EXTI6_CFG[3:0] Control EXTI7_CFG[3:0] Control
rad [—> pas [ 1—H pas  [1— pa7T  [—
IAFIO_EXTI_CFG2
Register EXTI4 EXTIS EXTIG EXTI7
9 ps  [1—> pBs [J—» e [(J—> +—Pre7 [1— —
pce [(J—> pcs  [J— rce [ J— e [—
EXTI8_CFG[3:0] Control EXTI9_CFG[3:0] Control EXTI10_CFG[3:0] Control EXTI11_CFG[3:0] Control
y
s [— Pae [1—H pPAL0 [(J—) PAll [J—)
IAFIO_EXTI_CFG3
Register EXT|8 EXTI9 EXTIL0 EXTI11
9 B8 [(J— — peo [J— — rBwo [}—H — rBit [}— —
rcs [1— rco [J—H rco [(J— rc1 [(J—
EXTI12_CFG[3:0] Control EXTI13_CFG[3:0] Control EXTI14_CFG[3:0] Control EXTI15_CFGJ[3:0] Control
Yy
PAL4 [ J—» PAL5 [ }—)
PA12 [1—H PA13 [1—H
PB14 [—H) PB15 [ —)
AFIO_EXTI_CFG4 EXTI12 EXTIL3 EXTI14 EXTIL5
_EXTL_ — > 00— > 5
Register PeL2 Pe1s pc14 [J— pcis [J—N)
PC12 | I—D PC13 | |—> PD14| |—} PD15| H

To configure external interrupts/events on the GPIO line using AFIO_EXTI_CFGy, the AFIO clock must be enabled
first. Universal 1/O ports are connected to 16 external interrupt/event lines as shown above. The connection mode of
the other 9 EXTI lines is as follows:

B EXTI line 16 is connected to the PVD output

B EXTI line 17 is connected to the USB wake up event
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EXTI line 18 is connected to the RTC alarm

EXTI line 19 is connected to the RTC timestamp event
EXTI line 20 is connected to the RTC Wake up event

EXTI line 21 is connected to the COMP1 output

EXTI line 22 is connected to the COMP2 output

EXTI line 23 is connected to the LPUART wake up interrupt

EXTI line 24 is connected to the LPTIM wake up interrupt

EXTI registers

EXT]I base address: 0x40010400

6.3.1 EXTI register overview

Table 6-2 EXTI register overview

www.nationstech.com

o | woww |7]8]a]a|s]e]s]z]a]s]=]=]a]a]=]=2]a]z]2]2 2|57 = ]~ [ ]~~~ ]~] |-
EXTI_IMASK IMASK[24:0]

000h Reserved
Reset Value 0‘0‘0‘0‘0‘O‘O‘O‘O‘0‘0‘0‘0‘O‘O‘O‘O‘O‘O‘O‘OIOIOIOIO
EXTI_EMASK EMASK][24:0]

004h Reserved
Reset Value 0‘0‘0‘0‘0‘O‘O‘O‘O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
EXTI_RT_CFG RT_CFG[24:0]

008h Reserved
Reset Value 0‘0‘0‘0‘0‘O‘O‘O‘O‘0‘0‘0‘0‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O
EXTI_FT_CFG FT_CFG[24:0]

00Ch Reserved
Reset Value O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
EXTI_SWIE SWIE[24:0]

010h Reserved
Reset Value o(fojojofojofojofofojofojofojofojojofojofojojoyj|ojo

tlolaglgd|loflolo|lr|lo|lvw|s|o|ld|ld9|lo]|lo|l~|lo|lwv]|g|o|loa|la]o
glalalalalala|a|a|alalalala|al|alajala|c|e|e|aja|e

EXTI_PEND zlzlz|z|z|z|z|z|z|z2lz|z2|z2lz|z|&8|l&|l&|Gl&|lc|lc|lc|l&|a

014h Reserved g EE|E|E ||| |a|a|a|a|a|a|a|a|a|a
Reset Value o(fojojofojofojofofojofojofojofojojofojofo|jojfo|ojo
EXTI_TS_SEL TSSEL[3:0]

018h Reserved
Reset Value OIOIO IO

6.3.2 EXTI interrupt mask register (EXTI_IMASK)

Address offset: 0x00

Reset

value: 0x0000 0000
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31 25 24 23 22 21 20 19 18 17 16
T T T T T T
Reserved IMASK24{IMASK23|IMASK22|IMASK21|[IMASK20|IMASK19|IMASK18|IMASK17|IMASK16
I I I I I I
™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
IMASKIS{IMASK14{IMASK13|IMASKI12|IMASKI11|IMASK10| IMASK9 | IMASKS | IMASK7 [ IMASK®6 [ IMASKS [ IMASK4 [ IMASK3 [ IMASK2 | IMASKI | IMASKO

w w w w w w w w w w w Iw Iw Iw Iw rw
Bit Name Description
31:25 Reserved Reserved, the reset value must be maintained.
24:0 IMASKXx Interrupt mask on line x

0: Masking the interrupt requests from line x.

1: Not masking the interrupt requests from line x.

6.3.3 EXTI event mask register (EXTI_EMASK)

Address offset: 0x00
Reset value: 0x0000 0000

31 25 24 23 22 21 20 19 18 17 16
T T T T T T
Reserved IEMASK24EMASK23EMASK22[EMASK2 I[EMASK20EMASKI9EMASKISEMASKI17EMASKI1
| 1 1 | 1 |
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
[EMASKISEMASKI4EMASKI3EMASKI2[EMASKI1I[EMASK10 EMASK9 | EMASKS |EMASK7 | EMASK6 | EMASKS | EMASK4 | EMASK3 | EMASK2 | EMASK1 [ EMASKO

w w w w w w w w w ™w w w w w w w
Bit Name Description
31:25 Reserved Reserved, the reset value must be maintained.
24:0 EMASKXx Event mask on line x

0: Masking the event requests from line x.

1: Not masking the event requests from line x.

6.3.4 EXTI rising edge trigger configuration register (EXTI_RT_CFG)

Address offset: 0x00
Reset value: 0x0000 0000

31 25 24 23 22 21 20 19 18 17 16
R ed RT RT RT RT RT RT RT RT RT
eserve _CFG24 | CFG23 | CFG22 | CFG21 | CFG20 | CFG19| CFGI8| CFGI7| CFGl6
w w w nw nw w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RT RT RT RT RT RT RT RT RT RT RT RT RT RT RT RT
_CFG15 | CFGl4 | CFGI3 | CFGI2 | CFGIl | CFG10| CFG9 | CFG8 | CFG7 | CFG6 | CFG5 | CFG4 | CFG3 | CFG2 | CFGl | CFGo
w w ww w w w w w w w w w rw w w ™w
Bit Name Description
31:25 Reserved Reserved, the reset value must be maintained.
24:0 RT_CFGx The rising edge on line x triggers the configuration bit
0: Disable rising edge triggering (interrupts and events) on input line x
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Bit Name Description
1: Enable rising edge triggering (interrupts and events) on input line x

6.3.5 EXTI falling edge trigger configuration register (EXTI_FT_CFG)

Address offset: 0x00
Reset value: 0x0000 0000

31 25 24 23 22 21 20 19 18 17 16
T T T T T T
Reserved FT CFG24FT CFG23FT CFG22FT CFG2IFT CFG2QFT CFGIYFT_CFGl S’FTﬁCFG IFT_CFGL
I I I I I I
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
FT_CFGISFT CFGI4FT CFG13FT CFGIAFT CFGIFT CFGIQFT CFGY9|FT_CFGS8|FT_CFGT7|FT_CFG6|FT_CFG5|FT_CFG4|FT CFG3|FT_CFG2|FT_CFGL|FT_CFGO

rw rw w rw rw w w rw rw w rw rw w rw rw rw
Bit Name Description
31:25 Reserved Reserved, the reset value must be maintained.
24:0 FT_CFGx The falling edge on line x triggers the configuration bit
0: Disable falling edge triggering (interrupts and events) on input line x
1: Enable falling edge triggering (interrupts and events) on input line x

6.3.6 EXTI software interrupt event register (EXTI_SWIE)

Address offset: 0x00
Reset value: 0x0000 0000

31 25 24 23 22 21 20 19 18 17 16
T T T T T T
Reserved SWIE24 | SWIE23 | SWIE22 | SWIE21 | SWIE20 | SWIE19 | SWIEIS | SWIE17 | SWIE16
1 1 1 1 1 I
rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SWIELS | SWIEl4 | SWIEI3 | SWIEL2 [ SWIELL | SWIELO | SWIE9 | SWIES | SWIE7 | SWIE6 | SWIES | SWIE4 [ SWIE3 | SWIE2 [ SWIEl | SWIEO
rc_wl rc_wl rc_wl rc_wl rc_wl re_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl re_wl
Bit Name Description
31:25 Reserved Reserved, The reset value must be maintained.
24:0 SWIEX Software interrupt on line X

When the bit is' 0 ', writing '1' sets the corresponding pending bit in EXTI_PEND. If
this interrupt is allowed in EXTI_IMASK and EXTI_EMASK, an interrupt will be
generated.

Note: This bit can be cleared to '0' by writing '1' to clear the corresponding bit of

EXTI_PEND.

6.3.7 EXTI pending register (EXTI_PEND)

Address offset: 0x00
Reset value: 0x0000 0000

131/630

Nations Technologies Inc.

Tel: +86-755-86309900

Email: info@nationstech.com

Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China



Nation &

www.nationstech.com

31 25 24 23 22 21 20 19 18 17 16
T T T T T
Reserved PEND24 | PEND23 [ PEND22 [ PEND21 | PEND20 | PEND19 | PENDIS | PENDI17 [ PENDI16
1 1 1 1 1
rc wl rcwl rc wl rc_wl rc_wl rc wl e wl c_wl rc_wl
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PENDI5 | PENDI14 | PENDI13 | PENDI2 | PENDII | PENDI0 | PEND9 | PENDS | PEND7 | PEND6 | PENDS | PEND4 | PEND3 | PEND2 | PENDI | PENDO
rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl re_wl rc_wl rc_wl re_wl
Bit Name Description
31:25 Reserved Reserved, the reset value must be maintained.
24:0 PENDx Pending bit on line x

0: No pending request has occurred
1: A pending trigger request occurred

detection.

This bit is set to '1' when a selected edge trigger event occurs on the external interrupt
line. It can be cleared by writing '1' to the bit, or by changing the polarity of the edge

6.3.8 EXTI timestamp trigger source selection register (EXTI_TS_SEL)

Address offset: 0x00

Reset value: 0x0000 0000

31 16
Reserved
15 4 3 0
Reserved TSSEL[3:0]
™w

Bit Name Description
31:4 Reserved Reserved, the reset value must be maintained.
3.0 TSSEL[3:0] Select the external interrupt input as the trigger source for the timestamp event

0000: Select EXTIO as the trigger source of the timestamp event;
0001: Select EXTI1 as the trigger source of the timestamp event.

1111: Select EXTI15 as the trigger source for the timestamp event.
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7 DMA controller

7.1 Introduction

The DMA controller can access totally 5 AHB slaves: Flash, SRAM, ADC, ABP1 and APB2. DMA Controller is
controlled by CPU to perform fast data movement from source to destination. After configuration, data can be
transferred without CPU intervention. Thus, CPU can be released for other computation/control tasks or save overall
system power consumption.

MCU’s main backbone is a multi-layer AHB-Lite bus structure with round-robin arbitration scheme. DMA and CPU
core can access different slaves in parallel or same slaves sequentially.

DMA controller has 8 logic channels. Each logic channel is to serve memory access requests from single or multiple
peripherals. Internal arbiter controls the priority of different DMA channels.

7.2 Main features

DMA main features:

8 DMA channels which can be configured independently.

Each DMA channel supports hardware requests and software triggers to initiate transfer, and is configured by
software.

Each DMA channel has dedicated software priority level (DMA_CHCFGx.PRIOLVL [1:0] bits, corresponding
to 4 levels of priority) which can be configured individually. Channels with the same software priority level will
further compare hardware index (channel number) to decide final priority (lower index number channel will has
higher priority).

Configurable source and destination size. Address setting should correspond to data size.
Configurable circular transfer mode for each channel.

Each channel has 3 independent event flags and interrupts (Transfer complete, Half transfer, Transfer error), and
1 global interrupt flag (set by logical OR of 3 events).

Support three transfer types which are Memory-to-Memory, Memory-to-Peripheral and Peripheral-to-Memory.
Access totally 5 AHB slaves: Flash, SRAM, ADC, APB1 and APB2.

Configurable data transmit number (0~65535).
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7.3 Block diagram

Figure 7-1 DMA block diagram
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7.4 Function description

DMA controller and Cortex™-M4F core share the same system data bus. When CPU and DMA access the same
target (RAM or peripheral) at the same time, DMA request will suspend CPU from accessing the system bus for
several cycles, and the bus arbiter will perform cyclic scheduling. This allows the CPU to get at least half of the
system bus (memory or peripheral) bandwidth.

7.4.1 DMA operation

A DMA request can be triggered by hardware peripherals or software, and the DMA controller processes the request
according to the priority level of the channel. The data is read from the source address according to the configured
transfer address and bit width, and then the read data is stored in the destination address space. After one operation,
the controller calculates the number of remaining transfers and updates the source address and the destination address
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of the next transfer.
Each DMA data transfer consists of three operations:

B Data access: determine the source address (DMA_PADDRx or DMA_MADDRX) according to the transfer
direction and read data from the source address.

B Data storage: determine the destination address (DMA_PADDRx or DMA_MADDRX) according to the transfer
direction and store the read data into the destination address space.

B Calculate the number of outstanding operations, perform a decrement operation of the DMA_TXNUMX register,
and update the source and destination addresses of the next operation.

7.4.2 Channel priority and arbitration

The DMA uses an arbitration strategy to handle multiple requests from different channels. The priority of each
channel is programmable in the channel control register (DMA_CHCFGX).

4 levels of priority:

€ \ery high priority

€ High priority

€ Medium priority

€ Low priority

By default, channel with lower index has higher priority if the programmed priority is the same.
For memory to memory transfer, re-arbitration is carried on after 4 transfer operations.

For transfer related to periphery, re-arbitration is carried on after each transfer operation.

7.4.3 DMA channels and number of transfers

Each channel can perform DMA transfer between the peripheral register at the specified address and the memory
address. The number of data transferred by DMA is programmable, and the maximum supported value is 65535. The
DMA_TXNUM register is decremented after each transfer.

7.4.4 Programmable data bit width, alignment and endians

Peripheral and memory transfer data bit width supports byte, half-word and word, which can be programmed through
DMA_CHCFGXx.PSIZE and DMA_CHCFGx.MSIZE.

When DMA_CHCFGx.PSIZE and DMA_CHCFGx.MSIZE are different, the DMA module aligns the data according
to the Table 7-1 below.
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Table 7-1 Programmable data width and endian operation (when PINC = MINC = 1)

0x8 / BBBAB9BS

: R BBBAB9BS [31:0] @0x8, W BBBAB9BS [31:0] @0x8

0x8 / BBBAB9BS8

Source Destina-|Number
. tion of Source: Transfer operations Destination:
ch_ith width |transfer| Address/data (R: Read, W: Write) Address / data
(bit) (bit) (bit)
0x0/ B0 1: R BO [7:0] @0x0, W BO [7:0] @0x0 0x0/ B0
0x1/B1 2: R B1[7:0] @0x1, W B1 [7:0] @0x1 0x1/B1
8 8 ‘ 0x2 /B2 3: R B2 [7:0] @0x2, W B2 [7:0] @0x2 0x2 /B2
0x3/B3 4: R B3 [7:0] @0x3, W B3 [7:0] @0x3 0x3/B3
0x0 /B0 1: R BO [7:0] @0x0, W 00BO [15:0] @0x0 0x0 / 00BO
0x1/B1 2: R B1 [7:0] @0x1, W 00B1 [15:0] @0x2 0x2 /00B1
8 0 4 0x2 /B2 3: R B2 [7:0] @0x2, W 00B2 [15:0] @0x4 0x4 / 00B2
0x3/B3 4: R B3 [7:0] @0x3, W 00B3 [15:0] @0x6 0x6 / 00B3
0x0/ B0 1: R B0 [7:0] @0x0, W 000000B0 [31:0] @0x0 0x0 / 000000B0
. . A 0x1/B1 2: R B1[7:0] @0x1, W 000000B1 [31:0] @0x4 0x4 / 000000B1
0x2 /B2 3: R B2 [7:0] @0x2, W 000000B2 [31:0] @0x8 0x8 / 000000B2
0x3/B3 4: R B3 [7:0] @0x3, W 000000B3 [31:0] @0xC 0xC / 000000B3
0x0/B1B0 1: R B1BO0 [15:0] @0x0, W BO [7:0] @0x0 0x0 /B0
0x2 / B3B2 2: R B3B2 [15:0] @0x2, W B2 [7:0] @0x1 0x1/B2
1o 8 4 0x4 / B5B4 3: R B5B4 [15:0] @0x4, W B4 [7:0] @0x2 0x2 /B4
0x6 / B7B6 4: R B7B6 [15:0] @0x6, W B6 [7:0] @0x3 0x3/B6
0x0/B1B0 1: R B1BO0 [15:0] @0x0, W B1B0 [15:0] @0x0 0x0/B1B0
0x2 / B3B2 2: R B3B2 [15:0] @0x2, W B3B2 [15:0] @0x2 0x2 / B3B2
o 1o 4 0x4 / B5B4 3: R B5B4 [15:0] @0x4, W B5B4 [15:0] @0x4 0x4 / B5B4
0x6 / B7B6 4: R B7B6 [15:0] @0x6, W B7B6 [15:0] @0x6 0x6 / B7B6
0x0/B1BO 1: R B1B0 [15:0] @0x0, W 0000B1BO0 [31:0] @0x0 0x0 / 0000B1B0O
16 ” 4 0x2 / B3B2 2: R B3B2 [15:0] @0x2, W 0000B3B2 [31:0] @0x4 0x4 / 0000B3B2
0x4 / B5B4 3: R B5B4 [15:0] @0x4, W 0000B5B4 [31:0] @0x8 0x8 / 0000B5B4
0x6 / B7B6 4: R B7B6 [15:0] @0x6, W 0000B7B6 [31:0] @0xC 0xC / 0000B7B6
0x0/B3B2B1B0 [1: R B3B2B1BO0 [31:0] @0x0, W B0 [7:0] @0x0 0x0 /B0
” g 4 Ox4 / B7B6B5B4 [2: R B7B6B5B4 [31:0] @0x4, W B4 [7:0] @0x1 Ox1/B4
0x8 / BBBAB9B8 [3: R BBBAB9BS [31:0] @0x8, W B8 [7:0] @0x2 0x2 /B8
0xC / BFBEBDBC @4: R BFBEBDBC [31:0] @0xC, W BC [7:0] @0x3 0x3/BC
0x0/B3B2B1B0 [1: R B3B2B1BO0 [31:0] @0x0, W B1BO0 [15:0] @0x0 0x0/B1B0
3 16 4 Ox4 / B7B6B5B4 [2: R B7B6B5B4 [31:0] @0x4, W B5B4 [15:0] @0x2 0x2 / B5B4
0x8 / BBBAB9BS8 [3: R BBBAB9BS [31:0] @0x8, W B9B8 [15:0] @0x4 0x4 / B9B8
0xC / BFBEBDBC @4: R BFBEBDBC [31:0] @0xC, W BDBC [15:0] @0x6 0x6 / BDBC
0x0/B3B2B1B0 [1: R B3B2B1BO0 [31:0] @0x0, W B3B2B1B0 [31:0] @0x0 0x0/B3B2B1B0
3 2 4 Ox4 / B7B6B5B4 [2: R B7B6B5B4 [31:0] @0x4, W B7B6B5B4 [31:0] @0x4 Ox4 / B7B6B5B4
3
4

0xC / BFBEBDBC

: R BFBEBDBC [31:0] @0xC, W BFBEBDBC [31:0] @0xC

0xC / BFBEBDBC
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Notice:

DMA always provide full 32-bits data to HWDATA[31:0] no matter what destination size it is (HSIZE still follows
destination size setting for device supports byte/half-word operation). The HWDATA[31:0] it provides follow rules

as follow:

® When source size is smaller than destination size, DMA pads the MSB with 0 until their sizes match and
duplicates it to be 32 bits. E.g., source is 8 bits data 0x55 and destination size is 16 bits. DMA pads the source
data with 0 to make it 16 bits and become 0x0055, then duplicate it to 32-bit data 0x0055_0055 and provide to
HWDATA[31:0]; (if destination size is 32-bit then DMA will only pad source data with 0).

® \When source size is larger or equal to destination size and smaller than 32 bits, DMA duplicates source data to
32 bits data. E.g., source data is 8 bits data Ox1F, HWDATA[31:0] = Ox1F1F _1F1F. If source data is 16 bits data
0x2345, then HWDATA[31:0] = 0x2345_2345.

This guarantees peripherals that only support word operation won’t generate bus error and the desired data can still
move to the place we want with extra bits i.e. 0 padding. If user wants to configure an 8-bit register but is aligned to
a 32-bit address boundary, the source size should be set to 8 bits and destination to 32 bits so extra bits will be padded
with 0.

7.4.5 Peripheral/Memory address incrementation

DMA_CHCFGx.PINC and DMA_CHCFGx.MINC respectively control whether the peripheral address and memory
address are enabled in auto-increment mode. The software cannot (can read) write the address register during transfer.

B [n auto-increment mode, the next address to be transferred is automatically increased according to the data bit
width (1, 2 or 4) after each transfer. The address of the first transfer is stored in DMA_PADDRX or
DMA_MADDRKX register.

B [n fixed mode, the address is always fixed to the initial address.

At the end of transfer (i.e. the transfer count changes to 0), different processes will be carried out according to whether
the current work is under circular mode or not.

B In acyclic mode, DMA stops after the transfer is completed. To start a new DMA transfer, need to rewrite the
transfer number in the DMA_TXNUMX register with the DMA channel disabled.

B In circular mode, at the end of a transfer, the content of the DMA_TXNUMX register will be automatically
reloaded to its initial value, and the current internal peripheral or memory address register will also be reloaded
to the initial base address set by the DMA_PADDRx or DMA_MADDRKX register.

7.4.6 Channel configuration procedure

The detail configuration flow is as below:
1. Configure interrupt mask bits, 1: enable interrupts, 0 disable interrupts.

2. Configure channel peripheral address and memory address and transfer direction.
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Configure channel priority, 0: lowest, 3: highest.
Configure peripheral and memory address increment.
Configure channel transfer block size.

If necessary, configure circular mode.

www.nationstech.com

If it is memory to memory, configure MEM2MEM mode (Note: to configure DMA to work in M2M mode, user
needs to set corresponding channel select value to reserved value, e.g., 63).

Repeat step 1~8 on channel 1~8 and finally.

Enable corresponding channel.

If software is used to serve interrupt, software must enquire interrupt status register to check which interrupt occurred

(software needs to write 1 to interrupt flag clear bit to clear the corresponding interrupt). Before enable channel, all

interrupts corresponding to the channel should be cleared.

If the interrupt is transfer complete interrupt, software can configure the next transfer, or report to user this channel

transformation is done.

7.4.7 Flow control

Three major flow controls are supported:

® Memory to memory

® Memory to peripheral

® Peripheral to memory

Flow control is controlled by two register bits in each DMA channel configuration register. Flow control is used to
control source/destination and direction of DMA channel.

Table 7-2 Flow control table

DMA_CHCFGx.MEM2MEM|DMA_CHCFGx.DIR Source Destination Transfer
AHB read to AHB write, can do back2back
1 X Memory Memory
transfer
AHB o
. AHB read to AHB write, single transfer
Peripheral
0 1 Memory
APB L
. AHB read to APB write, single transfer
Peripheral
AHB . .
0 0 . Memory AHB read to AHB write, single transfer
Peripheral
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APB

] APB read to AHB write, single transfer
Peripheral

7.4.8 Circular mode

The circular mode is used to process circular buffers and continuous data transmission (such as ADC scan mode).
The DMA_CHCFGx.CIRC is used to enable this function. When the cyclic mode is activated, if the number of data
to be transferred becomes 0, it will automatically be restored to the initial value when configuring the channel, and
the DMA operation will continue.

If the user wants to turn off the circular mode, the user needs to write 0 to DMA_ CHCFGx.CHEN to disable the
DMA channel, and then write 0 to DMA_CHCFGx.CIRC (when DMA_CHCFGx.CHEN is 1, other bits in the
DMA_CHCFGXx register cannot be rewritten).

7.4.9 Error management

DMA access to a reserved address area will cause DMA transmission errors. When an error occurs, the transfer error
flag is set, and the hardware automatically clears the current DMA channel enable bit (DMA_CHCFGx.CHEN), and
the channel operation is stopped. If the transfer error interrupt enable bit is set in the DMA_CHCFGX register, an
interrupt will be generated.

7.4.10 Interrupt

® Transfer complete interrupt:

An interrupt is generated when channel data transfer is complete. Interrupt is a level signal. Each channel has
its dedicated interrupt, interrupt mask control and interrupt status bit. interrupt status bit is cleared when interrupt
flag clear bit is set.

® Half transfer interrupt:

An interrupt is generated when half of the channel data is transferred. Interrupt is a level signal. Each channel
has its dedicated interrupt, interrupt mask control and interrupt status bit. interrupt status bit is cleared when
interrupt flag clear bit is set.

® Transfer error interrupt:

An interrupt is generated when bus returned error. Interrupt is a level signal. Each channel has its dedicated
interrupt, interrupt mask control and interrupt status bit. interrupt status bit is cleared when interrupt flag clear
bit is set.

Table 7-3 DMA interrupt request

Interrupt event Event flag bit Enable control bit
Half transfer HTXF HTXIE
Transfer complete TXCF TXCIE
Transfer error ERRF ERRIE
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7.4.11 DMA request mapping

Totally there are 63 DMA requests from all the peripherals. To have better support with full flexibility, register bits
can be used to select which DMA request is mapped to which DMA channel. The table blow show the mapping
scheme of peripherals’ DMA request to DMA controller’s DMA channels.

Table 7-4 DMA request mapping

DMA channel select Peripheral DMA request
Sel=0 ADC_DMA
Sel=1 USART1_TX
Sel =2 USART1_RX
Sel=3 USART2_TX
Sel=4 USART2_RX
Sel=5 USART3_TX
Sel=6 USART3_RX
Sel=7 UART4_TX
Sel=8 UART4_RX
Sel=9 UARTS5_TX
Sel =10 UARTS_RX
Sel=11 LPUART_TX
Sel =12 LPUART_RX
Sel =13 SPI1_TX
Sel=14 SPI1_RX
Sel =15 SPI2_TX
Sel =16 SPI2_RX
Sel =17 12C1_TX
Sel =18 12C1_RX
Sel =19 12C2_TX
Sel =20 12C2_RX
Sel=21 DAC
Sel =22 TIM1_CH1
Sel =23 TIM1_CH2
Sel=24 TIM1_CH3
Sel=25 TIM1_CH4
Sel = 26 TIM1_COM
Sel =27 TIM1_UP
Sel =28 TIM1_TRIG
Sel =29 TIM2_CH1
Sel =30 TIM2_CH2
Sel=31 TIM2_CH3
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DMA channel select Peripheral DMA request
Sel =32 TIM2_CH4
Sel =33 TIM2_UP
Sel=34 TIM3_CH1
Sel =35 TIM3_CH3
Sel =36 TIM3_CH4
Sel = 37 TIM3_UP
Sel = 38 TIM3_TRIG
Sel = 39 TIM4_CH1
Sel =40 TIM4_CH?2
Sel =41 TIM4_CH3
Sel =42 TIM4_UP
Sel =43 TIM5_CH1
Sel =44 TIM5_CH2
Sel =45 TIM5_CH3
Sel =46 TIM5_CH4
Sel =47 TIMS5_UP
Sel =48 TIM5_TRIG
Sel =49 TIM6
Sel =50 TIM7
Sel =51 TIM8_CH1
Sel =52 TIM8_CH2
Sel =53 TIM8_CH3
Sel =54 TIM8_CH4
Sel =55 TIM8_COM
Sel =56 TIM8_UP
Sel =57 TIM8_TRIG
Sel =58 TIM9_CH1
Sel =59 TIM9_TRIG
Sel = 60 TIM9_CH3
Sel =61 TIM9_CH4
Sel =62 TIM9_UP

7.5.1 DMA register overview

Table 7-5 DMA register overview

offse]__ Register | s (g | Q[ &[] [R[3[c|8[a][s]a]a[s][s[a[s[a]s[a][S[o][=[r[e][w][s]o[w]a]0o
[oe] o o] o] ~ N~ ~ ~ © © © © n [Tel n [Te) < <t < < ™ [3e] [32] ™ o~ o o o — - — -
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7.5.2 DMA interrupt status register (DMA_INTSTYS)

Address offset: 0x00

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
ERRF8 | HTXF8 | TXCF8 | GLBF8 | ERRF7 | HTXF7 | TXCF7 | GLBF7 | ERRF6 | HTXF6 | TXCF6 | GLBF6 | ERRFS5 | HTXF5 | TXCFS5 | GLBF5
R R SRS SRS (N (R 87 6 s i > i 0
ERRF4 | HTXF4 | TXCF4 | GLBF4 | ERRF3 | HTXF3 | TXCF3 | GLBF3 | ERRF2 | HTXF2 | TXCF2 | GLBF2 | ERRF1 | HTXF1 | TXCF1 | GLBF1
r r r r r r r r r r r r r r r r

Bit field Name Description
31/27/23/19/15/11/7/3 | ERRFx Transfer error flag for channel x (x=1...8).
Hardware sets this bit when transfer error happen. This bit is cleared by software by
writing ‘1”to DMA_INTCLR.CERRFx bit.
0: Transfer error no happened on channel x.
1: Transfer error happened on channel x.
30/26/22/18/14/10/6/2 | HTXFx Half transfer flag for channel x (x=1...8).
Hardware sets this bit when half transfer is done. This bit is cleared by software by
writing ‘1’ to DMA_INTCLR.CHTXFx bit.
0: Half transfer not yet done on channel x.
1: Half transfer was done on channel x.
29/25/21/17/13/9/5/1 | TXCFx Transfer complete flag for channel x (x=1...8).

Hardware sets this bit when transfer is done. This bit is cleared by software by writing
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Bit field Name Description
‘1’to DMA_INTCLR.CTXCFX bit.
0: Transfer not yet done on channel x.
1: Transfer was done on channel x.
28/24/20/16/12/8/4/0 GLBFx Global flag for channel x (x=1...8).

0: No transfer error, half transfer or transfer done event happen on channel x.

Hardware sets this bit when any interrupt events happen in this channel. This bit is
cleared by software by writing ‘1°to DMA_INTCLR.CGLBFx bit.

1: One of transfer error, half transfer or transfer done event happen on channel x.

7.5.3 DMA interrupt flag clear register (DMA_INTCLR)

Address offset: 0x04

Reset value: 0x0000 0000

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

CERRF8 | CHTXF8 | CTXCF8 | CGLBF8 | CERRF7 | CHTXF7 | CTXCF7 | CGLBF7 | CERRF6 | CHTXF6 | CTXCF6 | CGLBF6 | CERRFS5 [ CHTXF5 | CTXCF5 | CGLBF5
54 131Nt 9 8§ 7 & s a4 3 3 1 %
CERRF4 | CHTXF4 | CTXCF4 | CGLBF4 | CERRF3 | CHTXF3 | CTXCF3 | CGLBF3 | CERRF2 | CHTXF2 | CTXCF2 | CGLBF2 | CERRF1 | CHTXF1 | CTXCF1 | CGLBF1
w w w w w w w w W w w w W w w w
Bit field Name Description
31/27/23/19/15/11/7/3 | CERRFX Clear transfer error flag for channel x (x=1...8).
Software can set this bit to clear ERRF of corresponding channel.
0: No action.
1: Reset DMA_INTSTS.ERRF bit of corresponding channel.
30/26/22/18/14/10/6/2 | CHTXFx Clear half transfer flag for channel x (x=1...8).
Software can set this bit to clear HTXF of corresponding channel.
0: No action.
1: Reset DMA_INTSTS.HTXEF bit of corresponding channel.
29/25/21/17/13/9/5/1 | CTXCFx Clear transfer complete flag for channel x (x=1...8).
Software can set this bit to clear TXCF of corresponding channel.
0: No action.
1: Reset DMA_INTSTS.TXCEF bit of corresponding channel.
28/24/20/16/12/8/4/0 | CGLBFx Clear global event flag for channel x (x=1...8).

Software can set this bit to clear GLBF of corresponding channel.

0: No action.
1: Reset DMA_INTSTS.GLBF bit of corresponding channel.

7.5.4 DMA channel x configuration register (DMA_CHCFGX)

Note: The x is channel number, x =1...8
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Reset value: 0x0000 0000
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Reserved
15 14 13 . 12 11 . 10 9 . 8 7 6 5 4 3 2 1 0
Reserved ’\fd%’\f/f PRIOLVL[1:0] MSIZE[1:0] PSIZE[1:0] MINC PINC CIRC DIR ERRIE | HTXIE | TXCIE | CHEN
Bit field Name Description
31:15 Reserved Reserved, the reset value must be maintained.
14 MEM2MEM Memory to memory mode.
Software can configure this channel to memory to memory transfer when it is not
yet enabled.
0: Channel transfer between memory and peripheral.
1: Channel set to memory to memory transfer.
13:12 PRIOLVL[1:0] Channel priority.
Software can program channel priority when channel is not enable.
00: Low
01: Medium
10: High
11: Very high
11:10 MSIZE[1:0] Memory data size.
Software can configure data size read/write from/to memory address.
00: 8-bits
01: 16-bits
10: 32-bits
11: Reserved
9:8 PSIZE[1:0] Peripheral data size.
Software can configure data size read/write from/to peripheral address.
00: 8-bits
01: 16-bits
10: 32-bits
11: Reserved
7 MINC Memory increment mode.
Software can enable/disable memory address increment mode.
0: Memory address won't increase with each transfer.
1: Memory address increase with each transfer.
6 PINC Peripheral increment mode.
Software can enable/disable peripheral address increment mode.
0: Peripheral address won't increase with each transfer.
1: Peripheral address increase with each transfer.
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Bit field

Name

Description

5

CIRC

Circular mode.
Software can set/clear this bit.
0: Channel will stop after one round of transfer.

1: Channel configure as circular mode.

DIR

Data transfer direction
Software can set/clear this bit.
0: Data transfer from Peripheral to Memory

1: Data transfer from Memory to Peripheral.

ERRIE

Transfer error interrupt enable.

Software can enable/disable transfer error interrupt.
0: Disable transfer error interrupt of channel x.

1: Enable transfer error interrupt of channel x.

HTXIE

Half transfer interrupt enable.

Software can enable/disable half transfer interrupt.
0: Disable half transfer interrupt of channel x.

1: Enable half transfer interrupt of channel x.

TXCIE

Transfer complete interrupt enable.

Software can enable/disable transfer complete interrupt.
0: Disable transfer complete interrupt of channel x.

1: Enable transfer complete interrupt of channel x.

CHEN

Channel enable.

Software can set/reset this bit.
0: Disable channel.

1: Enable channel.

7.5.5 DMA channel x transfer number register (DMA_TXNUMKX)

Note: The X is channel number, x =1...8

Address offset: 0x0c+20 * (x-1)

Reset value: 0x0000 0000

31

Reserved
1 1 1 1 1 1 1 1 1 1

NDTX[15:0]

™

Bit field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15:0 NDTX Number of data to transfer.

Number of data to be transferred (0~65535). Software can read/write the number of
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Bit field Name Description

transfers when channel is disable and it will be read only after channel enable. Every
successful transfer of corresponding DMA channel will decrease this register by 1. If

circular mode is enable, it will automatically reload pre-set value when it reach zero.

Otherwise it will keep at zero and reset channel enable.

7.5.6 DMA channel x peripheral address register (DMA_PADDRX)

Note: The x is channel number, x =1...8

Address offset: 0x10+20 * (x-1)

Reset value: 0x0000 0000

This register can only be written if the channel is disabled (DMA_CHCFGx.CHEN = 0).

31 16
ADDR([31:0]
™w
15 0
ADDR[31:0]
™
Bit field Name Description
31:0 ADDR Peripheral address.

Peripheral starting address for DMA to read/write from/to.

Increment of address will be decided by DMA_CHCFGx.PSIZE. With
DMA_CHCFGx.PSIZE equal to 01, DMA ignores bit 0 of PADDR and if
DMA_CHCFGXx.PSIZE equal to 10 DMA will ignore bit [1:0] of PADDR.

7.5.7 DMA channel x memory address register (DMA_MADDRX)

Note: The x is channel number, x =1...8

Address offset: 0x14+20 * (x-1)

Reset value: 0x0000 0000

This register can only be written if the channel is disabled (DMA_CHCFGx.CHEN = 0).

31 16
ADDR([31:0]
™w
15 0
ADDR([31:0]
™w
Bit field Name Description
31:0 ADDR ADDR Memory address.
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Bit field Name Description

Memory starting address for DMA to read/write from/to.

Increment of address will be decided by DMA_CHCFGxX.MSIZE. With
DMA_CHCFGx.MSIZE equal to 01, DMA ignores bit 0 of MADDR and if
DMA_CHCFGx.MSIZE equal to 10 DMA will ignore bit [1:0] of MADDR.

7.5.8 DMA channel x channel request select register (DMA_CHSELX)

Note: The x is channel number, x =1...8
Address offset: 0x18+20 * (x-1)
Reset value: 0x0000 0000

31 16
Reserved
15 6 5 0
Reserved CH_SEL[5:0]
™

Bit field Name Description
31:6 Reserved Reserved, the reset value must be maintained.
5:0 CH_SEL[5:0] DMA channel request selection

0x00: ADC_DMA
0x01: USARTL TX
0x02: USART1_RX
0x03: USART2_TX
0x04: USART2_RX
0x05: USART3_TX
0x06: USART3_RX
0x07: UART4_TX
0x08: UART4_RX
0x09: UART5_TX
0x0A: UART5_RX
0x0B: LPUART TX
0x0C: LPUART RX
0x0D: SPI1_TX
OXOE: SPI1_RX
OXOF: SPI2_TX
0x10: SPI2_RX
0x11: 12C1_TX
0x12: 12C1_RX
0x13: 12C2_TX
0x14: 12C2_RX
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Bit field

Name

Description

0x15: DAC
0x16: TIM1_CH1
0x17: TIM1_CH2
0x18: TIM1_CH3
0x19: TIM1_CH4
0x1A: TIM1_COM
0x1B: TIM1_UP
0x1C: TIM1_TRIG
0x1D: TIM2_CH1
OX1E: TIM2_CH2
Ox1F: TIM2_CH3
0x20: TIM2_CH4
0x21: TIM2_UP
0x22: TIM3_CH1
0x23: TIM3_CH3
0x24: TIM3_CH4
0x25: TIM3_UP
0x26: TIM3_TRIG
0x27: TIM4_CH1
0x28: TIM4_CH2
0x29: TIM4_CH3
0x2A: TIM4_UP
0x2B: TIM5_CH1
0x2C: TIM5_CH2
0x2D: TIM5_CH3
OX2E: TIM5_CH4
O0X2F: TIM5_UP
0x30: TIM5_TRIG
0x31: TIM6
0x32: TIM7
0x33: TIM8_CH1
0x34: TIM8_CH2
0x35: TIM8_CH3
0x36: TIM8_CH4
0x37: TIM8_COM
0x38: TIM8_UP
0x39: TIM8_TRIG
0x3A: TIM9_CH1
0x3B: TIM9_TRIG
0x3C: TIM9_CH3
0x3D: TIM9_CH4
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Bit field

Name

Description

0x3E: TIM9_UP
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8 CRC calculation unit

8.1 CRC introduction

This module integrates the functions of CRC32 and CRC16, and the cyclic redundancy check (CRC) calculation unit
obtains any CRC calculation result according to a fixed generator polynomial. In other applications, CRC technology
is mainly used to verify the correctness and integrity of data transmission or data storage. EN/IEC 60335-1 provides
a method to verify the integrity of flash memory. CRC calculation unit can calculate the identifier of the software
when the program is running, then compare it with the reference identifier generated during connection, and then

store it in the specified memory space.

8.2 CRC main features

8.2.1 CRC32 module

CRC32(X32+X26+X23+X22+X16+X12+X11+X10+X8+X7+X5+X4+X2+X+1)
32 bits of data to be checked and 32 bits of output check code.

CRC calculation time: 1 AHB clock cycles (HCLK)

General-purpose 8-bit register (can be used to store temporary data)

8.2.2 CRC16 module

CRC16(X6+X15+X?+1)
There are 8 bits of data to be checked and 16 bits of output check code.
CRC calculation time: 1 AHB clock cycle (HCLK)

The verification initial value can be configured, and the size end of the data to be verified can be configured.

Support 8bit LRC check value generation

The following figure is the block diagram of CRC unit.
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Figure 8-1 CRC calculation unit block diagram
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|

8.3 CRC function description

8.3.1 CRC32

CRC unit contains one 32-bit data register:
B \Writing this register to input CRC data.
B Reading this register to get the calculated CRC result.

Every writing operation of this data register triggers the calculation of this new data with the previous calculation
result (CRC calculation is performed on the whole 32-bit word rather than byte by byte).

Support back-to-back writes or sequential write-read operations.

CRC_CRC32DAT can be re-initialized to OxFFFFFFFF by setting CRC_CRC32CTRL.RESET. This operation does
not affect the data in register CRC_CRC32IDAT.

8.3.2 CRC16

CRC_CRC16CTRL.ENDHL controls little endian or big endian.
To clear the result of the last CRC operation, set CRC_CRC16CTRL.CLR to 1 or CRC_CRC16D to 0.

The initial value of CRC calculation can be configured by writing the CRC_CRC16D register. By default, the initial
value is the result of the last calculation.

LRC calculation is the same as CRC calculation. Both are carried out at the same time. CRC or LRC can be read out
depending on needs. If the initial value needs to be set, the LRC register should be configured first.
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8.4 CRC registers

8.4.1 CRC register overview

The following table lists the registers and reset values of CRC.

Table 8-1 CRC register overview

www.nationstech.com

omet | reoser |®|2][g]2|x|e]&]s]]a]x]c]a]a]s]a]a]s]z]x]=]a]o]=]~[]]]~]~]~]=
CRC32DAT CRC32DAT[31:0]
000h
Reset Value l‘l‘l‘l‘l‘l‘1‘1‘1‘1‘1‘1‘1‘1‘1‘l‘1‘1‘1‘1‘1‘1‘1‘1 l‘l‘l‘l‘l‘l‘l‘l
CRC32IDAT CRC32IDAT[7:0]
004h Reserved
Reset Value O‘O‘O‘O‘O‘O‘OO
=
w
CRC32CTRL @
008h Reserved o
Reset Value 0
-
x| I|o
CRC16CTRL 5‘ % g
00Ch Reserved u|lsg
«
Reset Value 0|0
CRC16DAT CRC16DAT[7:0]
010h Reserved
Reset Value O‘O‘O‘O‘O‘O‘O‘O
CRC16D CRC16D[15:0]
014h Reserved
Reset Value 0‘0‘0‘0‘0‘0‘0‘0 OIOIOIO‘O‘O‘OIO
LRC LRCDAT[7:0]
018h Reserved
Reset Value OIOIOIO‘O‘O‘OIO

8.4.2 CRC32 data register (CRC_CRC32DAT)

Address offset: 0x00
Reset value: OXFFFF FFFF

31 16
CRC32DAT[31:0]
™
15 0
CRC32DAT[31:0]
™
Bit field | Name Description
31:0 CRC32DAT[31:0] | CRC32 Data register.

The written data is the CRC value to be checked. The read data is the CRC calculation result. Only

32-bit operations are supported.

8.4.3 CRC32 independent data register (CRC_CRC32IDAT)

Address offset: 0x04
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Reset value: 0x0000 0000
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31 16
Reserved
15 8 7 0
Reserved CRC32IDAT([7:0]
Bit field | Name Description
318 Reserved Reserved, the reset value must be maintained.
7.0 CRC32IDAT[7:0] | Independent 8-bit data register.

General 8 bits data register. It is for temporary stored 1-byte data. CRC_ CRC32CTRL.RESET
reset signal will not impact this register.

Note: This register is not a part of CRC calculation and can be used to store any data.

8.4.4 CRC32 control register (CRC_CRC32CTRL)

Address offset: 0x08

Reset value: 0x0000 0000

31

16

Reserved
1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 1 0
T T T T T T T T T T T T T
Reserved RESET
1 1 1 1 1 1 1 1 1 1 1 1 1
\

It can reset CRC32 module and set data register to be OxFFFF_FFFF. This reset can only write 1, and

Bit field Name Description
31:1 Reserved Reserved, the reset value must be maintained.
0 RESET RESET signal.

hardware will clear to 0 automatically.

8.4.5 CRC16 control register (CRC_CRC16CTRL)

Address offset: 0x0C

Reset value: 0x0000 0000

31

16

Reserved

1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 3 2 1 0
T T T T T T T T T T T
Reserved CLR ENDHL | Reserved
1 1 1 1 1 1 1 1 1 1 1
\ ™w
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Bit field Name Description

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

2 CLR Clear CRC16 results.
0: Not clear.
1: Clear to default value 0x0000. Set this bit to 1 will only maintain 1 clock cycle, hardware
will clear automatically. (Software read always 0).

1 ENDHL Data to be verified start to calculate from MSB or LSB(configured endian).
0: From MSB to LSB
1: From LSB to MSB
This bit is only for data to be verified.

0 Reserved Reserved, the reset value must be maintained.

Note: 8-bits, 16-bits and 32-bits operations are supported.

8.4.6 CRCL16 input data register (CRC_CRC16DAT)

Address offset: 0x10

Reset value: 0x0000 0000

31

16

Reserved
15 8 7 0
Reserved CRCI16DAT[7:0]
™w
Bit field Name Description
31:8 Reserved Reserved, the reset value must be maintained.
7:0 CRC16DAT[7:0] Data to be verified.

Note: 8-bits, 16-bits and 32-bits operations are supported.

8.4.7 CRC cyclic redundancy check code register (CRC_CRC16D)

Address offset: 0x14

Reset value: 0x0000 0000

31

16

Reserved
1 1 1 1 1 1 1 1 1 1 1

CRC16D[15:0]
1

™
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Bit field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15:0 CRC16D[15:0] 16-bit value of cyclic redundancy result data.

Every time the software writes the CRC16DAT register, the 16-bit calculated data from
CRC16 is updated in this register.

Note: 8-bits, 16-bits and 32-bits operations are supported (8-bit operations must be performed twice in a row to
ensure that 16-bit initial values are configured properly)

8.4.8 LRC result register (CRC_LRC)

Address offset: 0x18

Reset value: 0x0000 0000

31

16

Reserved
15 8 7 0
Reserved LRCDAT[7:0]
™w
Bit field Name Description
31:8 Reserved Reserved, the reset value must be maintained.
7:0 LRCDAT[7:0] | LRC check value register.

Software need to write initial value before use. And then each writing data to
CRC_CRC16DAT will be XOR with CRC_LCR register value. The result will be stored in
CRC_LRC. Software read the result. It should be cleared before next use.
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9 Cryptographic algorithm hardware acceleration engine (SAC)

Embedded algorithm hardware acceleration engine supports a variety of international algorithms and national
cryptographic symmetric algorithms and hash cryptographic algorithm acceleration, which can greatly improve the
encryption and decryption speed compared with pure software algorithms.

Algorithms supported by hardware are as follows:

B Support DES symmetric algorithm
€ Support DES and 3DES encryption and decryption operations
€ TDES supports 2KEY and 3KEY modes
4 Support CBC and ECB mode

Support AES symmetric algorithm
€ Support 128bit/192bit/ 256bit key length
4 Support CBC, ECB, CTR mode

Support SHA hash algorithm
€ Support SHA1/SHA224/SHA256
B Support MD5 digest algorithm
B Support symmetric national cryptographic SM1, SM4, SM7 algorithm and SM3 hash algorithm

Note: For the performance and use of the cryptographic algorithm, please contact Nations Technologies sales staff
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10 Advanced-control timers (TIM1 and TIM8)

10.1 TIM1 and TIMS8 introduction

The advanced control timers (TIM1 and TIM8) is mainly used in the following occasions: counting the input signal,
measuring the pulse width of the input signal and generating the output waveform, etc.

Advanced timers have complementary output function with dead-time insertion and break function. Suitable for
motor control.

10.2 Main features of TIM1 and TIMS8

16-bit auto-reload counters. (It can realize up-counting, down-counting, up/down counting).

16-bit programmable prescaler. (The frequency division factor can be configured with any value between 1 and
65536)

Programmable Repetition Counter
TIM1and TIM8 up to 6 channels

4 capture/compare channels, working modes are PWM output, ouput compare, one-pulse mode output, input
capture

The events that generate the interrupt/DMA are as follows:
Update event
Trigger event
Input capture

Output compare

* 6 6 ¢ o

Break input

Complementary outputs with adjustable dead-time.

B For TIM1 and TIM8, channel 1,2,3 support this feature
Timer can be controlled by external signal

Timers are linked internally for timer synchronization or chaining
TIM1_CC5 and TIM8_CC5 for COMP blanking.

TIM1_CC6 is used to switch the input channel of OPAMP1 and OPAMP2; TIM8_CC6 can switch the input
channel of OPAMP2

Incremental (quadrature) encoder interface: used for tracking motion and resolving rotation direction and
position;

Hall sensor interface: used to do three-phase motor control;

158 /630

Nations Technologies Inc.

Tel: +86-755-86309900

Email: info@nationstech.com

Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China



Nation &

www.nationstech.com

Figure 10-1 Block diagram of TIM1 and TIM8
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The capture channel 1 input can come from IOM or comparator output

10.3 TIM1 and TIMS8 function description

10.3.1 Time-base unit

The advanced-control’s time-base unit mainly includes: prescaler, counter, auto-reload and repetition counter. When
the time base unit is working, the software can read and write the corresponding registers (TIMx_PSC, TIMx_CNT,

TIMx_AR and TIMx_REPCNT) at any time.

Depending on the setting of the auto-reload preload enable bit (TIMx_CTRL1.ARPEN), the value of the preload
register is transferred to the shadow register immediately or at each update event UEV. An update event is generated
when the counter reaches the overflow/underflow condition and it can be generated by software when
TIMx_CTRL1.UPDIS=0. The counter CK_CNT is valid only when the TIMx_CTRL1.CNTEN bit is set. The counter

159 /630

Nations Technologies Inc.

Tel: +86-755-86309900

Email: info@nationstech.com

Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China



Nation &

www.nationstech.com

starts counting one clock cycle after the TIMx_CTRL1.CNTEN bit is set.

10.3.1.1 Prescaler description

The TIMx_PSC register consists of a 16-bit counter that can be used to divide the counter clock frequency by any
factor between 1 and 65536. It can be changed on the fly as it is buffered. The prescaler value is only taken into

account at the next update event.

Figure 10-2 Counter timing diagram with prescaler division change from 1 to 4

CNTEN

CK_PSC

Timer Clock = CK_CNT

Counter register

Update event (UEV)

Prescaler controller register

Prescaler buffer

Prescaler counter

JUL

Hutututuuuuuyl

HUUUU] ]

— 1

T C G 0 T S |

|

0

Write a new value in TIMx_PSC

o

0 >< 3

10.3.2 Counter mode

10.3.2.1 Up-counting mode

In up-counting mode, the counter will count from 0 to the value of the register TIMX_AR, then it resets to 0. And a

counter overflow event is generated.

If the TIMXx_CTRL1.UPRS bit (select update request) and the TIMx_EVTGEN.UDGN bit are set, an update event
(UEV) will generate. And TIMx_STS.UDITF will not be set by hardware, therefore, no update interrupts or update
DMA requests are generated. This setting is used in scenarios where you want to clear the counter but do not want to

generate an update interrupt.

Depending on the update request source is configured in the TIMx_CTRL1.UPRS, When an update event occurs, the
TIMx_STS.UDITF is set, all registers are updated:

® The repetition counter reloads the contents of the TIMx_REPCNT
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® Update auto-reload shadow registers with preload value(TIMx_AR), when TIMx_CTRL1.ARPEN = 1.
® The prescaler shadow register is reloaded with the preload value(TIMx_PSC).

To avoid updating the shadow registers when new values are written to the preload registers, you can disable the
update by setting TIMx_CTRL1.UPDIS=1.

When an update event occurs, the counter will still be cleared and the prescaler counter will also be set to 0 (but the
prescaler value will remain unchanged).

The figure below shows some examples of the counter behavior and the update flags for different division factors in
the up-counting mode.
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Figure 10-3 Timing diagram of up-counting. The internal clock divider factor = 2/N
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Figure 10-4 Timing diagram of the up-counting, update event when ARPEN=0/1
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10.3.2.2 Down-counting mode

In down-counting mode, the counter will decrement from the value of the register TIMX_AR to 0, then restart from
the auto-reload value and generate a counter underflow event.

The process of configuring update events and updating registers in down-counting mode is the same as in up-counting
mode, see 10.3.2.1.

The figure below shows some examples of the counter behavior and the update flags for different division factors in
the down-counting mode.

Figure 10-5 Timing diagram of the down-counting, internal clock divided factor = 2/N

Internal clock divided by
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N
[/
Counter register 20 1F 4// // 00 36
Il

Counter underflow

Update event (UEV)

Update interrupt flag(UDITF)

10.3.2.3 Center-aligned mode

In center-aligned mode, the counter increments from 0 to the value (TIMX_AR) — 1, a counter overflow event is
generated. It then counts down from the auto-reload value (TIMX_AR) to 1 and generates a counter underflow event.
Then the counter resets to 0 and starts counting up again.

In this mode, the TIMx_CTRL1.DIR direction bits have no effect and the count direction is updated and specified by
hardware. Center-aligned mode is valid when the TIMx_CTRL1. CAMSEL bit is not equal to "00".
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The update events can be generated each time the counter overflows and each time the counter underflows.
Alternatively, an update event can also be generated by setting the TIMx_EVTGEN. UDGN bit (either by software
or using a slave mode controller). In this case, the counter restarts from 0, as does the prescaler's counter.

Please note: if the update source is a counter overflow, auto-reload update before reloading the counter.

Figure 10-6 Timing diagram of the Center-aligned, internal clock divided factor =2/N
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Figure 10-7 A center-aligned sequence diagram that includes counter overflows and underflows (ARPEN = 1)
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10.3.3 Repetition counter

The basic unit of Section 10.3.1 describes the conditions for generating an update event (UEV). An update event
(UEV) is actually only generated when the repeat counter reaches zero, which is valuable for generating PWM signals.
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This means that data is transferred from the preload registers to the shadow registers every N+1 counter overflow or
underflow, where N is the value in the TIMx_REPCNT.

The repetition counter is decremented:

B In the up-counting mode, each time the counter reaches the maximum value, an overflow occurs.

B In down-counting mode, each time the counter decrements to the minimum value, an underflow occurs.
B In center-aligned mode, each time the counter overflows or underflows.

Its repetition rate is defined by the value of the TIMx_REPCNT register.

Repetition counters feature automatic reloading. The update event ( generated by setting TIMx_EVTGEN.UDGN or
hardware through slave mode controller) occurs immediately, regardless of the value of the repeat counter.

Figure 10-8 Repeat count sequence diagram in down-counting mode
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Figure 10-9 Repeat count sequence diagram in up-counting mode
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Figure 10-10 Repeat count sequence diagram in center-aligned mode
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10.3.4 Clock selection

B The internal clock of Advanced-control timers : CK_INT
B Two kinds of external clock mode :
B external input pin
B external trigger input ETR
B Internal trigger input (ITRX): one timer is used as a prescaler for another timer.
10.3.4.1 Internal clock source (CK_INT)

When the TIMx SMCTRL.SMSEL is equal to “000”, the slave mode controller is disabled. The three control bits
(TIMx_CTRL1.CNTEN. TIMx_CTRL1.DIR. TIMx_EVTGEN. UDGN) can only be changed by software (except
TIMx_EVTGEN. UDGN, which remains cleared automatically ). It is provided that the TIMx_CTRL1.CNTEN bit is
written as' 1 ' by soft, the clock source of the prescaler is provided by the internal clock CK_INT.

Figure 10-11 Control circuit in normal mode, internal clock divided by 1
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10.3.4.2 External clock source mode 1

Figure 10-12 TI2 external clock connection example
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This mode is selected by configuring TIMx_SMCTRL.SMSEL=111. The counter can be configured to count on the
rising or falling edge of the clock at the selected input.

For example, to configure up-counting mode to count on the rising edge of the clock at the T12 input, the configuration
steps are as follows:

Configure TIMx CCMODI1.CC2SEL equal to ‘01°, CC2 channel is configured as input, IC2 is mapped to TI12
Configure TIMx_CCEN.CC2P equal to ‘0’, select clock rising edge polarity

To select input filter bandwidth by configuring TIMx_CCMOD1.IC2F[3:0] (if filter is not needed, keep IC2F
bit at ‘0000°)

Configure TIMx SMCTRL.SMSEL equal to ‘111°, select timer external clock mode 1
Configure TIMx SMCTRL.TSEL equal to ‘110°, select TI2 as the trigger input source

Configure TIMx_CTRLI1.CNTEN equal to ‘1’ to start the counter

Note: The capture prescaler is not used for triggering, so it does not need to be configured

When the rising edge of the timer clock occurs at T12=1, the counter counts once and the TIMx_STS .TITF flag is
pulled high.

The delay between the rising edge of TI2 and the actual clock of the counter depends on the resynchronization circuit
at the input of T12.
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Figure 10-13 Control circuit in external clock mode 1

CNTEN
TI2
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10.3.4.3 External clock source mode 2

This mode is selected by TIMx_SMCTRL .EXCEN equal to 1. The counter can count on every rising or falling edge
of the external trigger input ETR.

The following figure is a schematic diagram of the external trigger input module in External clock source mode 2

Figure 10-14 External trigger input block diagram

TILF rising or falling
or
TI2F rising or falling | Encode mode
[}— Polarity Selection - |
ETR pin TIMx_SMCTRL.EXTP
TRGI rising External clock
mode 1
Prescaler ETRP ETREF rising External clock |
11,12,/4,/18 mode 2 CK_?P C
TIMX_SMCTRL.EXTPS[1:0] fors CK_INT rising Internal clock
| mode
Filter Down counter
TIMx_SMCTR.EXTF[3:0] TIMx_SMCTRLEXCE
N
TIMx_SMCTRL.SMSE
L[2:0]

For example, use the following configuration steps to make the up counter count every 2 rising edges on ETR.
B Since no filter is needed in this case, make TIMx SMCTRL .EXTF[3:0] equal to ‘0000’
B Configure the prescaler by making TIMx SMCTRL.EXTPS[1:0] equal to ‘01’

B Select the polarity on ETR pin by setting TIMx_ SMCTRL.EXTP equal to ‘0°, The rising edge of ETR is valid
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B External clock mode 2 is selected by setting TIMx SMCTRL .EXCEN equal to ‘1’
B Turn on the counter by setting TIMx_CTRL1. CNTEN equal to ‘1’

The counter counts every 2 rising edges of ETR. The delay between the rising edge of ETR and the actual clock to
the counter is due to a resynchronization circuit on the ETRP signal.

Figure 10-15 Control circuit in external clock mode 2

fo MI I I qu

ETR ‘
ETRP ] .
ETRF ‘— IR
Counter clock = CK_CNT=CK_PSC H ’_L
Counter register 34 >< 35 >< 36

10.3.5 Capture/compare channels

Capture/compare channels include capture/compare registers and shadow registers. The input section consists of
digital filters, multiplexers and prescalers. The output section includes comparators and output controls.

The input signal TIx is sampled and filtered to generate the signal TIXF. A signal (TIxF_rising or TIxF_falling) is
then generated by the edge detector of the polarity select function, the polarity of which is selected by the
TIMx_CCEN.CCXxP bits. This signal can be used as a trigger input for the slave mode controller. At the same time,
the signal ICx is sent to the capture register after frequency division. The following figure shows a block diagram of
a capture/compare channel.
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Figure 10-16 Capture/compare channel (example: channel 1 input stage)
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The output part generates an intermediate waveform OCxRef (active high) as reference. The polarity acts at the end
of the chain.
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Figure 10-17 Capture/compare channel 1 main circuit
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Figure 10-18 Output part of channelx (x=1,2,3, take channel 1 as example)
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Reads and writes always access preloaded registers when capturing/comparing. The two specific working processes
are as follows:

In capture mode, the capture is actually done in the shadow register, and then the value in the shadow register is
copied into the preload register.

In compare mode, as opposed to capture mode, the value of the preload register is copied into the shadow register,
which is compared with the counter.

10.3.6 Input capture mode

In capture mode, the TIMx_CCDATX registers are used to latch the counter value after the ICx signal detects.

There is a capture interrupt flag TIMx_STS.CCxITF, which can issue an interrupt or DMA request if the
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corresponding interrupt enable is pulled high.

The TIMx_STS. CCxITF bit is set by hardware when a capture event occurs and is cleared by software or by reading
the TIMx_CCDATX register.

The overcapture flag TIMx_STS.CCxOCEF is set equal to 1 when the counter value is captured in the TIMx_CCDATX
register and TIMx_STS.CC1ITF is already pulled high. Unlike the former, TIMx_STS.CCxOCF is cleared by writing
Otoit.

To achieve a rising edge of the TI1 input to capture the counter value into the TIMx_CCDAT1 register, the
configuration flow is as follows:

To select a valid input:

Configure TIMx_CCMODI1.CCISEL to ‘01°. At this time, the input is the CC1 channel, and IC1 is mapped to
TIL.

Program the desired input filter duration:

Define the sampling frequency of the TI1 input and the length of the digital filter by configuring the
TIMx_CCMODxX.ICxF bits. Example: If the input signal jitters up to 5 internal clock cycles, we must choose a
filter duration longer than these 5 clock cycles. When 8 consecutive samples (sampled at fprs frequency) with
the new level are detected, we can validate the transition on TI1. Then configure TIMx_CCMODL1. IC1F to
‘0011°.

By configuring TIMx_CCEN .CC1P=0, select the rising edge as the valid transition polarity on the T11 channel.

Configure the input prescaler. In this example, configure TIMx_CCMOD1.IC1IPSC= ‘00’ to disable the
prescaler because we want to capture every valid transition.

Enable capture by configuring TIMx CCEN. CC1EN = 1".

If you want to enable DMA request, you can configure TIMx_DINTEN.CC1DEN=1.If you want enable related
interrupt request, you can configureTIMx_DINTEN.CC1IEN bit=1

10.3.7 PWM input mode

There are some differences between PWM input mode and normal input capture mode, including:

Two ICx signals are mapped to the same TIx input.
The two ICx signals are active on edges of opposite polarity.
Select one of two TIXFP signals as trigger input.

The slave mode controller is configured in reset mode.

For example, the following configuration flow can be used to know the period and duty cycle of the PWM signal on
TI1 (It depends on the frequency of CK_INT and the value of the prescaler).

Configure TIMx_CCMODL1.CCISEL equal to ‘01” to select TI1 as valid input for TIMx_CCDAT1.

Configure TIMx_CCEN.CCI1P equal to ‘0’ to select the active polarity of filtered timer input 1(TI1FP1), valid
on the rising edge.
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B Configure TIMx_CCMOD1.CC2SEL equal to ‘10’ select TII as valid input for TIMx_CCDAT?2.

B Configure TIMx_CCEN.CC2P equal to 1 to select the valid polarity of filtered timer input 2(TI1FP2), valid on
the falling edge.

B Configure TIMX_SMCTRL.TSEL=101 to select Filtered timer input 1 (TI1FP1) as valid trigger input.
B Configure TIMXx_SMCTRL.SMSEL=100 to configure the slave mode controller to reset mode.
B Configure TIMx_CCEN. CC1EN=1 and TIMx_CCEN.CC2EN=1 to enable capture.

Figure 10-20 PWM input mode timing

TI1

TIMx_CNT 0004 0000 X 0001 XOOOZ 0003 X 0004 0000 X

TIMx_CCDAT1 0004
TIMx_CCDAT? 0002
\Y N \Y
IC1 capture IC2 capture IC1 capture
1C2 capture Pulse width Period
Reset counter measurement measurement

Because of only filter timer input 1 (TI1FP1) and filter timer input 2 (TI12FP2) are connected to the slave mode
controller, the PWM input mode can only be used with the TIMx_CHZ1/TIMx_CH?2 signals.

10.3.8 Forced output mode

Software can force output compare signals to active or inactive level directly, in output mode
(TIMx_CCMODXx.CCXSEL=00).

User can set TIMx_CCMODx. OCxMD=101 to force the output compare signal to active level. And the OCXREF
will be forced high, OCx get opposite value to CCxP polarity bit. On the other hand, user can set TIMx_CCMODX.
OCxMD=100 to force the output compare signal to inactive level.

The values of the TIMx_CCDATXx shadow register and the counter still comparing with each other in this mode.

The comparison between the output compare register TIMX_CCDATX and the counter TIMX_CNT has no effect on
OCXREF. And the flag still can be set. Therefore, the interrupt and DMA requests still can be sent.
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10.3.9 Output compare mode

User can use this mode to control the output waveform, or to indicate that a period of time has elapsed.

When the capture/compare register and the counter have the same value, the output compare function’s operations
are as follow:

B TIMx_ CCMODx.OCxMD is for output compare mode, and TIMx_CCEN.CCXxP is for output polarity. When
the compare matches, if set TIMx_CCMODx.0OCxMD=000, the output pin will keep its level;if set
TIMx_CCMODx.0CxMD=001, the output pin will be set active;if set TIMx_CCMODx.OCxMD=010, the
output pin will be set inactive;if set TIMx_CCMODx.OCxMD=011, the output pin will be set to toggle.

B Set TIMx_STS.CCxITF.
B [fuser set TIMx_DINTEN.CCXIEN, a corresponding interrupt will be generated.

B Ifuserset TIMx_DINTEN.CCXDEN and set TIMx_CTRL2.CCDSEL to select DMA request, and DMA request
will be sent.

User can set TIMx_CCMODx.OCXxPEN to choose capture/compare shawdow regisete using capture/compare preload
registers(TIMx_CCDATX) or not.

The time resolution is one count of the counter.
In one-pulse mode, the output compare mode can also be used to output a single pulse.

Here are the configuration steps for output compare mode:

First of all, user should select the counter clock.

B Secondly, set TIMx_AR and TIMx_CCDATXx with desired data.

B [f user need to generate an interrupt, set TIMx_DINTEN.CCXxIEN.

B Then select the output mode by set TIMx_CCEN.CCxP, TIMx_CCMODx.OCxMD, TIMx_CCEN.CCXEN, etc.
B Atlast, set TIMx_CTRL1.CNTEN to enable the counter.

User can update the output waveform by setting TIMx_CCDATX at any time, as long as the preload register is not
enabled. Otherwise the TIMx_CCDATXx shadow register will be updated at the next update event.

Here is an example.
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Figure 10-21 Output compare mode, toggle on OC1
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OC1REF=0C1

Match detected on CCDAT1
Interrupt generated if enabled

10.3.10 PWM mode

User can use PWM mode to generate a signal whose duty cycle is determined by the value of the TIMx_CCDATx
register and whose frequency is determined by the value of the TIMx_AR register. And depends on the value of
TIMx_CTRL1.CAMSEL, the TIM can generate PWWM signal in edge-aligned mode or center-aligned mode.

User can set PWM mode 1 or PWM mode 2 by setting TIMx_CCMODx. OCxMD=110 or setting TIMx_CCMODXx.
OCxMD=111. To enable preload register, user must set corresponding TIMx_CCMODx.OCXPEN. And then set
TIMx_CTRL1.ARPEN to auto-reload preload register eventually.

User can set polarity of OCx by setting TIMx_CCEN.CCxP. On the other hand, to enable the output of OCx, user
need to set the combination of the value of CCxEN, CCXxNEN, MOEN, OSSI, and OSSR in TIMx_CCEN and
TIMx_BKDT.

The values of TIMx_CNT and TIMx_CCDATX are always compared with each other when the TIM is under PWM
mode.

Only if an update event occurs, the preload register will transfer to the shadow register. Therefore user must reset all
the registers by setting TIMx_EVTGEN.UDGN before the counter starts counting..

10.3.10.1 PWM center-aligned mode

If user set TIMx_CTRL1.CAMSEL equal 01, 10 or 11, the PWM center-aligned mode will be active. The setting of
the compare flag depends on the value of TIMx_CTRL1.CAMSEL. There are three kinds of situation that the
compare flag is set, only when the counter counts up, only when the counter counts down, or when the counter counts
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up and counts down. User should not modified TIMx_CTRL1.DIR by software, it is updated by hardware.

Examples of center-aligned PWM waveforms is as follow, and the setting of the waveform are: TIMx_AR=8, PWM
mode 1, the compare flag is set when the counter counts down corresponding to TIMx_CTRL1. CAMSEL=01.

Figure 10-22 Center-aligned PWM waveform (AR=8)
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Notes that user should know when using center-aligned mode are as follow:

B [t depends on the value of TIMx_CTRL1.DIR that the counter counts up or down. Cautions that the DIR and

CAMSEL bits should not be changed at the same time.

B User should not write the counter while running in center-aligned mode, otherwise it will cause unexpected
results. Here are some example:

€ If the value written into the counter is 0 or is the value of TIMx_AR, the direction will be updated but the
update event will not be generated.
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€ If the value written into the counter is greater than the value of auto-reload, the direction will not be updated.

B To be on the safe side, user is suggested setting TIMx_EVTGEN.UDGN to generate an update by software
before starting the counter, and not writing the counter while it is running.

10.3.10.2 PWM edge-aligned mode

There are two kinds of configuration in edge-aligned mode, up-counting and down-counting.
® Up-counting

User can set TIMx_CTRL1.DIR=0 to make counter counts up.

Here is an example for PWM model.

When TIMx_CNT < TIMx_CCDATX, the reference PWM signal OCXREF is high. Otherwise it will be low. If the
compare value in TIMx_CCDATX is greater than the auto-reload value, the OCXREF will remains 1. Conversely, if
the compare value is 0, the OCXREF will remains 0.

When TIMx_AR=8, the PWM waveforms are as follow.

Figure 10-23 Edge-aligned PWM waveform (APR=8)
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® Down-counting
User can set TIMx_CTRL1.DIR=1 to make counter counts down.

Here is an example for PWM model.
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When TIMx_CNT > TIMx_CCDATX, the reference PWM signal OCXREF is low. Otherwise it will be high. If the
compare value in TIMx_CCDATX is greater than the auto-reload value, the OCXREF will remains 1.

Note: If the nth PWM cycle CCDATXx shadow register >= AR value, the shadow register value of CCDATX in the
(n+1)th PWM cycle is 0. At the moment when the counter is 0 in the (n+1)th PWM cycle, although the value of the
counter = CCDATXx shadow register = 0 and OCxREF = '0", no compare event will be generated.

10.3.11 One-pulse mode

In the one-pulse mode (ONEPM), a trigger signal is received, and a pulse truLse With a controllable pulse width is
generated after a controllable delay toeiay. The output mode needs to be configured as output compare mode or PWM
mode. After selecting one-pulse mode, the counter will stop counting after the update event UEV is generated.

Figure 9-41 Example of One-pulse mode

TI2

TIMx AR 4

]

TIMx_CCDAT1

Counter

\

tpELaY tpuLsE

OCXREF —J—L
OC1

The following is an example of a one-pulse mode:

Acrising edge trigger is detected from the TI2 input, and a pulse with a width of teuLse is generated on OC1 after a
delay of toeLav.

1. Counter configuration: count up, counter TIMx CNT < TIMx_CCDATI1 < TIMx_AR;

2. TI2FP2 is mapped to TI2, TIMx CCMODI1.CC2SEL= ‘01’; TI2FP2 is configured for rising edge detection,
TIMx_CCEN.CC2P= ‘0’;

3. TI2FP2 acts as the trigger (TRGI) of the slave mode controller and starts the counter, TIMx_SMCTRL.TSEL=
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‘110°, TIMx_SMCTRL.SMSEL= ‘110’ (trigger mode);

4. TIMx_CCDAT1 writes the count value to be delayed (tpeLay), TIMX_AR - TIMx_CCDAT1 is the count value of
the pulse width tpysg;

5. Configure TIMx_CTRL1.ONEPM=1 to enable single pulse mode, configure TIMx CCMOD1.0CIMD = ‘111’to
select PWM2 mode;

6. Wait for an external trigger event on T12, and a one pulse waveform will be output on OC1;

10.3.11.1 Special case: OCx fast enable:

In one-pulse mode, an edge is detected through the TIx input, and triggers the start of the counter to count to the
comparison value and then output a pulse. These operations limit the minimum delay tpe v that can be achieved.

You can set TIMx_CCMODx.OCxFEN=1 to turn on OCx fast enable, after triggering the rising edge, the OCXREF
signal will be forced to be converted to the same level as the comparison match occurs immediately, regardless of
the comparison result. OCXFEN fast enable only takes effect when the channel mode is configured for PWM1 and
PWM2 modes.

10.3.12 Clearing the OCxXREF signal on an external event

If user set TIMx_CCMODx.OCxCEN=1, high level of ETRF input can be used to driven the OCXREF signal to low,
and the OCxXREF signal will remains low, until the next UEV happens. Only output compare and PWM modes can
use this function. This cannot be used when it is in forced mode.

Here is an example for it. To control the current, user can connect the ETR signal to the output of a comparator, and
the operation for ETR should be as follow:

B Set TIMx_SMCTRL.EXTPS=00 to disable the external trigger prescaler.
B Set TIMXx_SMCTRL.EXCEN=0 to disable the external clock mode 2.

B Set TIMX_SMCTRL.EXTP and TIMx_SMCTRL.EXTF to configure the external trigger polarity and external
trigger filter according to the need.

Here is an example for the case that when ETRF input becomes high, the behavior of OCXREF signal for different
value of OCXCEN. Timer is set to be in PWM mode in this case.
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Figure 10-24 Clearing the OCXREF of TIMXx
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10.3.13 Complementary outputs with dead-time insertion

Advanced-control timer can output two complementary signals, and manage the switching-off and switching-on of
outputs. This is called dead-time. User should adjust dead-time depending on the devices connected to the outputs
and their characteristics.

User can select the polarity of outputs by setting TIMx_CCEN.CCxP and TIMx_CCEN.CCxNP. And this selection
is independently for each output.

User can control the complementary signals OCx and OCxN by setting the combination of several control bits, which
are TIMx_CCEN.CCXEN, TIMx_CCEN.CCXNEN, TIMx_BKDT.MOEN, TIMx_CTRL2.0lx,
TIMx_CTRL2.0IxN, TIMx_BKDT.0OSSI, and TIMx_BKDT.OSSR. When switching to the IDLE state, the dead-
time will be activated.

If user set TIMx_CCEN.CCxEN and TIMx_CCEN.CCxNEN at the same time, a dead-time will be insert. If there is
a break circuit, the TIMx_BKDT.MOEN should be set too. There are 10-bit dead-time generators for each channel.

Reference waveform OCXREF can generates 2 outputs OCx and OCxN. And if OCx and OCxN are active high, the
OCx ouput signal is the same as the reference signal and the OCxN output signal is the opposite of the reference
signal. However, OCx output signal will be delayed relative to the reference rising edge and the OCxN output signal
will be delayed relative to the reference falling edge. If the delay is greater than the width of the active OCx or OCxN
output, the corresponding pulse will not generated.

The relationships between the output signals of the dead-time generator and the reference signal OCXREF are as
follow.
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Assume that TIMx_CCEN.CCxP=0, TIMx_CCEN.CCxNP=0, TIMx_BKDT.MOEN=1, TIMx_CCEN.CCxXEN=1,

TIMx_CCEN.CCxXNEN=1.

Figure 10-25 Complementary output with dead-time insertion
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User can set TIMx_BKDT.DTGN to programme the dead-time delay for each of the channels.

10.3.13.1 Redirecting OCXREF to OCx or OCxN
User can set TIMx_CCEN.CCXEN and TIMx_CCEN.CCxNEN to re-directed OCXREF to the OCx output or to

OCXxN output, in output mode.

Here are two ways to use this function. When the complementary remains at its inactive level, user can use this
function to send a specific waveform, such as PWM or static active level. User can also use this function to set both
outputs in their inactive level or both outputs active and complementary with dead-time.

If user set TIMx_CCEN.CCxEN=0 and TIMx_CCEN.CCxNEN=1, it will not complemented, and OCxN will
become active when OCXREF is high. On the other hand, if user set TIMx_CCEN.CCxEN=1 and
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TIMx_CCEN.CCxNEN=1, OCx will become active when OCXREF is high. On the contrary, OCxN will become
active when OCxXREF is low.

10.3.14 Break function

The output enable signals and inactive levels will be modified when setting the corresponding control bits when using
the break function. However, the output of OCx and OCxN cannot at the active level at the same time no matter when,
that is, (CCxP"OIx) N(CCxNP*OIxN)!=0.

When multiple break signals are enabled, each break signal constitutes an OR logic. Here are some signal which can
be the source of breaking.

B The break input pin

A clock failure event, generated by the clock security system in the clock controller.

APVD failure event.

Core Hardfault event.

The output signal of the comparator (configured in the comparator module, high level break).

By software through the TIMx_EVTGEN.BGN.

The break circuit will be disable after reset. And the MOEN bit will be low. User can set TIMx_BKDT.BKEN to
enable the break function. The polarity of break input signal can be selected by setting TIMx_BKDT.BKP. User can
modify the TIMx_BKDT.BKEN and TIMx_BKDT.BKP at the same time. After user set the TIMx_BKDT.BKEN
and TIMx_BKDT.BKP, there is 1 APB clock cycle delay before the option take effect. Therefore, user need to wait
1 APB clock cycle to read back the value of the written bit.

The falling edge of MOEN can be asynchronous, so between the actual signal and the synchronous control bit, there
set a resynchronization circuit. This circuit will cause a delay between the asynchronous and the synchronous signal.
When user set TIMx_BKDT.MOEN while it is low, user need to insert a delay before reading the value. Because an
asynchronous signal was written but user read the synchronous signal.

The behaviors that after a break occurs are as follow:

TIMx_BKDT.MOEN will be cleared asynchronously, and then the outputs will be put in inactive state, idle state
or reset state. The state of output is selected by setting TIMx_BKDT.OSSI. This will take effect even if the MCU
oscillator is off.

Once TIMx_BKDT.MOEN=0, the output of each output channel will be driven with the level programmed in
TIMx_CTRL2.0OIx. Timer will release the enable outputs(taken over by GPIO controller) if
TIMx_BKDT.0SSI=0, otherwise it will remains high.

If user choose to use complementary outputs, the behaviors of TIM are as follow

€ Depends on the polarity, the outputs will be set in reset state first. It is an asynchronous option so it still
works even if there is no clock provided to the timer.

€ The dead-time generator will reactivated if the timer clock is still provided, and drive the outputs according
to the value of TIMx_CTRL2.0Ix and TIMx_CTRL2.0OIxN after the dead-time when (CCxP ~ OIx) ~
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(CCxNPMOIXN)! = 0, that is, the OCx and OCXxN still cannot be driven to active level at the same time.
Note that the dead-time will be longer than usual because of the resynchronization on MOEN (almost 2
cycles of ck_tim).

€ Timer will release the output control if TIMx_BKDT.OSSI=0. Otherwise, if the enable output was high, it
will remain high. If it was low, it will become high when TIMx_CCEN.CCXxEN or TIMx_CCEN.CCxNEN
is high.
B If TIMx_DINTEN.BIEN=1, when TIMx_STS.BITF=1, an interrupt will be generated.

B If user set TIMXx_BKDT.AQEN, the TIMx_BKDT.MOEN will be set automatically when the next UEV
happened. User can use this to regulate. If user did not set TIMx_BKDT.AOEN, the TIMx_BKDT.MOEN will
remain low until been set 1 again. At this situation, user can use this for security. User can connect the break
input to thermal sensors, alarm for power drivers, or other security components.

B When the break input is active, TIMx_BKDT.MOEN cannot be set automatically or by software at the same
time, and the TIMx_STS.BITF cannot be cleared. Because the break inputs are active on level.

To insure the security of application, the break circuit has the write protection function, and there is break input and
output management too. It allow user to freeze some parameters, such as dead-time duration, OCx/OCXxN polarities
and state when disabled, OCxMD configurations, break enable and polarity. User can choose one of the 3 levels of
protection to use by setting TIMx_BKDT.LCKCFG. However, the TIMx_BKDT.LCKCFG can only be written once
after an MCU reset.

An example for output behavior in response to a break is as follow
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Figure 10-26 Output behavior in response to a break
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10.3.15 Debug mode

When the microcontroller is in debug mode (the Cortex-M4 core halted), depending onthe DBG_CTRL.TIMx_STOP
configuration in the DBG module, the TIMx counter can either continue to work normally or stop. For more details,
see 27.4.3.

10.3.16 TIMx and external trigger synchronization

TIMx timers can be synchronized by a trigger in slave modes (reset, trigger and gated).

10.3.16.1 Slave mode: Reset mode

In reset mode, the trigger event can reset the counter and the prescaler updates the preload registers TIMx_AR,
TIMx_CCDATYX, and generates the update event UEV (TIMx_CTRL1.UPRS=0).

The following is an example of a reset mode:

1. Channel 1 is configured as input to detect the rising edge of TI1 (TIMx_CCMOD1.CC1SEL=01,
TIMx_CCEN.CC1P=0);

2. The slave mode is selected as reset mode (TIMx_SMCTRL.SMSEL=100), and the trigger input is selected as T11
(TIMx_SMCTRL.TSEL=101);
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3. Start counter (TIMx_CTRL1.CNTEN = 1)

After starting the timer, when TI1 detects a rising edge, the counter resets and restarts counting, and the trigger flag
is set (TIMx_STS.TITF=1);

The delay between the rising edge on TI1 and the actual reset of the counter is due to the resynchronization circuit
on TI1 input.

Figure 10-27 Control circuit in reset mode
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TI1
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10.3.16.2 Slave mode: Trigger mode

In trigger mode, the trigger event (rising edge/falling edge) of the input port can trigger the counter to start counting.

The following is an example of a trigger pattern:

1. Channel 2 is configured as input to detect the rising edge of TI2 (TIMx CCMOD1.CC2SEL=01,
TIMx_CCEN.CC2P=0):

2. Select from mode to trigger mode (TIMx_SMCTRL.SMSEL=110), select TI2 for trigger input
(TIMx_SMCTRL.TSEL=110);

When TI2 detects a rising edge, the counter starts counting, and the trigger flag is set (TIMx_STS.TITF=1);

The delay between the rising edge on T12 and the actual start of the counter is due to the resynchronization circuit on
TI2 input.
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Figure 10-28 Control circuit in Trigger mode
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10.3.16.3 Slave mode: Gated mode

In gate control mode, the level polarity of the input port can control whether the counter counts.
The following is an example of a gated pattern:

1. Channel 1 is configured as input detection active low on TI1 (TIMx_CCMOD1.CC1SEL=01,
TIMx_CCEN.CC1P=1);

2. Select the slave mode as the gated mode (TIMx_SMCTRL.SMSEL=101), and select TI1 as the trigger input
(TIMX_SMCTRL.TSEL=101);

3. Start counter (TIMx_CTRL1.CNTEN =1)

When TI1 detects that the level changes from low to high, the counter stops counting, and when TI1 detects that the
level changes from high to low, the counter starts counting, and the trigger flag will be set when it starts or stops
counting (TIMx_STS.TITF=1);

The delay between the rising edge on T11 and the actual stop of the counter is due to the resynchronization circuit on
TI1 input.
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Figure 10-29 Control circuit in Gated mode
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10.3.16.4 Slave mode: Trigger Mode + External Clock Mode 2

In reset mode, trigger mode and gate control mode, the counter clock can be selected as external clock mode 2, and
the ETR signal is used as the external clock source input. At this time, the trigger selection needs to select non-ETRF
(TIMx_SMCTRL.TSEL=111).

Here is an example:

1. Channel 1 is configured as input to detect the rising edge of TI1 (TIMx CCMOD1.CC1SEL=01,
TIMx_CCEN.CC1P=0);

2. Enable external clock mode 2 (TIMx_SMCTRL.EXCEN=1), select rising edge for external trigger polarity
(TIMx_SMCTRL.EXTP=0), select slave mode as trigger mode (TIMx_SMCTRL.SMSEL=110), select TI1 for
trigger input (TIMx_SMCTRL.TSEL=101);

When TI1 detects a rising edge, the counter starts counting on the rising edge of ETR, and the trigger flag is set
(TIMX_STS.TITF=1);
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Figure 10-30 Control circuit in Trigger Mode + External Clock Mode2
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10.3.17 Timer synchronization

All TIM timers are internally connected for timer synchronization or chaining. For more details, see 11.3.14.

10.3.18 6-step PWM generation

In order to modify the configuration of all channels at the same time, the configuration of the next step can be set in
advance (the preloaded bits are OCxMD, CCxEN and CCxNEN). When a COM commutation event occurs, the
OCxMD, CCxEN, and CCxNEN preload bits are transferred to the shadow register bits.

COM commutation event generation method:
1. The software sets TIMx_EVTGEN.CCUDGN;
2. Generated by hardware on the rising edge of TRGI,

When a COM commutation event occurs, the TIMx_STS.COMITF flag will be set, enabling interrupts
(TIMx_DINTEN.COMIEN) will generate interrupts, and enabling DMA requests (TIMx_DINTEN.COMDEN) will
generate DMA requests.

The following figure shows the output timing diagram of OCx and OCxN when a COM commutation event occurs
in three different configurations:
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Figure 10-31 6-step PWM generation, COM example (OSSR=1)
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10.3.19 Encoder interface mode

The encoder uses two inputs TI1 and TI2 as an interface and the counter counts on every edge change on TI1FP1 or
TI2FP2. The counting direction is automatically controlled by hardware TIMx_CTRL1.DIR. There are three types
of encoder counting modes:

1. The counter only counts on the edge of TI1, TIMx SMCTRL.SMSEL = ‘001’;
2. The counter only counts on the edge of TI2, TIMx SMCTRL.SMSEL ="010’;
3. The counter counts on the edges of TI1 and TI2 at the same time, TIMx SMCTRL.SMSEL = ‘011’;

The encoder interface is equivalent to using an external clock with direction selection, and the counter only counts
continuously between 0 and the auto-reload value (TIMx_AR.AR [15:0]). Therefore, it is necessary to configure the
auto-reload register TIMX_AR in advance.

Note: Encoder mode and external clock mode 2 are not compatible and must not be selected together.

The relationship between the counting direction and the encoder signal is shown in Table 10-1 Counting direction versus

encoder signals:
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Table 10-1 Counting direction versus encoder signals

Level on opposite signals TI1FP1 signal TI2FP2 signal
Active edge (TI1FP1 forTI2,
T126P2 for TI1) Rising Falling Rising Falling
Counting only at TI1 High Counting down Counting up Don't count Don't count
Low Counting up Counting down Don't count Don't count
Counting only at TI2 High Don't count Don't count Counting up Counting down
Low Don't count Don't count Counting down Counting up
Counting on High Counting down Counting up Counting up Counting down
TI1 and TI2 Low Counting up Counting down | Counting down Counting up

Here is an example of an encoder with dual edge triggering selected to suppress input jitter:

1. IC1FP1 is mapped to TI1 (TIMx_CCMODI1.CC1SEL= ‘01’), IC1FP1 is not inverted (TIMx CCEN.CC1P= ‘0’);
2. IC1FP2 is mapped to T12 (TIMx_CCMOD2.CC2SEL= ‘01°), IC2FP2 is not inverted (TIMx_CCEN.CC2P= ‘0’);
3. The input is valid on both rising and falling edges (TIMx_SMCTRL.SMSEL = “‘011°);

4. Enable counter TIMx CTRLI1.CNTEN= ‘1’;

Figure 10-32 Example of counter operation in encoder interface mode
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The following figure shows the example of counter behavior when IC1FP1 polarity is inverted (CC1P="1', other
configurations are the same as above)
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Figure 10-33 Encoder interface mode example with IC1FP1 polarity inverted
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10.3.20 Interfacing with Hall sensor

Connect the Hall sensor to the three input pins (CC1, CC2 and CC3) of the timer, and then select the XOR function
to pass the inputs of TIMx_CH1, TIMx_CH2 and TIMx_CH3 through the XOR gate as the output of TI1 to channel
1 for capture signal.

The timer needs to be configured as the reset mode in slave mode (TIMx_SMCTRL.SMSEL= ‘100); the edge of the
trigger select TI1 triggers TI1F_ED (TIMx_SMCTRL.TSEL= ‘100’), any change in the Hall 3 inputs will trigger the
counter to recount, so it is used as a time reference; the capture/compare channel 1 is configured to capture the TRC
signal in capture mode (TIMx_CCMOD1.CCISEL= ‘11°), which is used to calculate the two input time intervals,
thereby reflecting the motor speed.

Select timer channel 2 to output pulses to the advanced timer to trigger the COM event of the advanced timer to
update the control bits of the output PWM. The trigger selection of the advanced timer needs to select the
corresponding internal trigger signal (TIMx_SMCTRL.TSEL="ITRx"), the capture/compare preload control bit
needs to be configured to support preload (TIMx_CTRL2.CCPCTL=1) and support the rising edge of TRGI Trigger
an update (TIMx_CTRL2.CCUSEL=1).

This example is shown in the following figure.
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Figure 10-34 Example of Hall sensor interface
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10.4 TIMX registers(x

For abbreviations used in registers, see section 1.1.

These peripheral registers can be operated as half word (16-bits) or one word (32-bits).

10.4.1 TIMX register overview

Table 10-2 TIMXx register overview
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04Ch Reserved
Reset Value 0 0|0|0 o]0 0|0 0 0|0|0 oo 0| 0
N N
[TIMx_CCMOD3| S 1Sy
osonl - B 5] 8- 18| 2 |8 8 A ] 2
eserved e} S ol|lo § le) S ol|lo §
o 14
Reset Value 0 0|0|0 o]0 0 0|0|0 oo
TIMx_CCDAT5 CCDAT5[15:0]
054h Reserved
Reset Value 0|0|0|0|0|0|0|0|0|0|0|0|0|0|0| 0
TIMx_CCDAT6 CCDAT6[15:0]
058h Reserved
Reset Value 0|0|0|0|0|0|0|0|0|0|0|0|0|0|0| 0
10.4.2 Control register 1 (TIMx_CTRL1)
Offset address: 0x00
Reset value: 0x0000 0000
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3 . . . . . . . . . . 18 17 16
Reserved PBKPEN [LOCKUP
15 4 1 11 10 9o 8 7 6 5 4 3 S Y
CLRSEL Reserved CISEL Bi(OPI\]i:[N CLKD[1:0] ARPEN CAMSEL[1:0] DIR ONEPM | UPRS UPDIS | CNTEN
™ B P r;v ™ ™ N
Bit field Name Description
31:18 Reserved Reserved, the reset value must be maintained
17 PBKPEN PVD as BKP enable
0: Disable
1: Enable
16 LBKPEN LockUp as BKP enable
0: Disable
1: Enable
15 CLRSEL OCXREF clear selection
0: Select the external OCXREF clear from ETR
1: Select the internal OCXREF clear from comparator
14:12 Reserved Reserved, the reset value must be maintained
11 C1SEL Channel 1 selection
0: Select external CH1 signal from IOM
1: Select internal CH1 signal from COMP
10 IOMBKPEN Enabling IOM as BKP
0: Enable. Select external break (from IOM) signal.
1: Disable. Select internal break (from COMP) signal.
9:8 CLKD[1:0] Clock division
CLKD[1:0] indicates the division ratio between CK_INT (timer clock) and DTS (clock used
for dead-time generator and digital filters (ETR, TIx))
00: tots = tek INT
01: tors = 2 Xtek NT
10: tots = 4 xtck INT
11: Reserved, do not use this configuration
7 ARPEN ARPEN: Auto-reload preload enable
0: Shadow register disable for TIMX_AR register
1: Shadow register enable for TIMX_AR register
6:5 CAMSEL[1:0] Center-aligned mode selection
00: Edge-aligned mode. TIMx_CTRL1.DIR specifies up-counting or down-counting.
01: Center-aligned mode 1. The counter counts in center-aligned mode, and the output
compare interrupt flag bit is set to 1 when down-counting.
10: Center-aligned mode 2. The counter counts in center-aligned mode, and the output
compare interrupt flag bit is set to 1 when up-counting.
11: Center-aligned mode 3. The counter counts in center-aligned mode, and the output
compare interrupt flag bit is set to 1 when up-counting or down-counting.
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Bit field

Name

Description

Note: Switching from edge-aligned mode to center-aligned mode is not allowed when the
counter is still enabled (TIMx_CTRL1.CNTEN = 1).

DIR

Direction

0: Up-counting

1: Down-counting

Note: This bit is read-only when the counter is configured in center-aligned mode or encoder

mode.

ONEPM

One-pulse mode

0: Disable one-pulse mode, the counter counts are not affected when an update event occurs.
1: Enable one-pulse mode, the counter stops counting when the next update event occurs
(clearing TIMX_CTRL1.CNTEN bit)

UPRS

Update request source

This bit is used to select the UEV event sources by software.

0: If update interrupt or DMA request is enabled, any of the following events will generate an
update interrupt or DMA request:

Counter overflow/underflow

The TIMx_EVTGEN.UDGN bit is set

Update generation from the slave mode controller

1: If update interrupt or DMA request is enabled, only counter overflow/underflow will
generate update interrupt or DMA request

UPDIS

Update disable

This bit is used to enable/disable the Update event (UEV) events generation by software.
0: Enable UEV. UEV will be generated if one of following condition been fulfilled:
Counter overflow/underflow

The TIMx_EVTGEN.UDGN bit is set

Update generation from the slave mode controller

Shadow registers will update with preload value.

1: UEV disabled. No update event is generated, and the shadow registers (AR, PSC, and
CCDATX) keep their values. If the TIMx_EVTGEN.UDGN bit is set or a hardware reset is
issued by the slave mode controller, the counter and prescaler are reinitialized.

CNTEN

Counter Enable

0: Disable counter

1: Enable counter

Note: external clock, gating mode and encoder mode can only work after
TIMx_CTRL1.CNTEN bit is set in the software. Trigger mode can automatically set
TIMx_CTRL1.CNTEN bit by hardware.

10.4.3 Control register 2 (TIMx_CTRL2)

Offset address: 0x04

Reset value: 0x0000 0000
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3 . . . . . . . . 1 18 17 16
Reserved 016 |Reserved | OI5
15 14 13 12 10 9 8 7 6 , , 4 3 r;‘/ 1 r(‘)’V
Reserved| O4 | OBN | oB3 o2 | OIN | oIl | TISEL MMSEL[2:0] CCDSEL | CCUSEL | Reserved | CCPCTL
Bit field Name Description
31:19 Reserved Reserved, the reset value must be maintained
18 Ol6 Output idle state 6 (OC6 output). See TIMx_CTRL2.0I1 bit.
17 Reserved Reserved, the reset value must be maintained
16 Ol5 Output idle state 5 (OC5 output). See TIMx_CTRL2.0I1 bit.
15 Reserved Reserved, the reset value must be maintained
14 Ol4 Output idle state 4 (OC4 output). See TIMx_CTRL2.0I1 bit.
13 OI3N Output idle state 3 (OC3N output). See TIMx_CTRL2.0I1N bits.
12 (O] K] Output idle state 3 (OC3 output). See TIMx_CTRL2.0I1 bit.
11 OI2N Output idle state 2 (OC2N output). See TIMx_CTRL2.0I1N bits.
10 0ol12 Output idle state 2 (OC2 output). See TIMx_CTRL2.0I1 bit.
9 OI1IN Output Idle state 1 (OC1N Output)
0: When TIMx_BKDT.MOEN = 0, after dead-time OC1N =0
1: When TIMx_BKDT.MOEN = 0, after dead-time OCIN =1
8 ol1 Output Idle state 1
0: When TIMx_BKDT.MOEN =0, if OC1N is implemented, after dead-time OC1 =0
1: When TIMx_BKDT.MOEN =0, if OC1N is implemented, after dead-time OC1 =1
7 TILSEL TI1 selection
0: TIMx_CH1 pin connected to TI1 input.
1: TIMx_CH1, TIMx_CH2, and TIMx_CH3 pins are XOR connected to the TI1 input.
6:4 MMSEL[2:0] Master Mode Selection

These 3 bits (TIMx_CTRL2. MMSEL [2:0]) are used to select the synchronization
information (TRGO) sent to the slave timer in the master mode. Possible combinations are as
follows:

000: Reset —~When the TIMx_EVTGEN.UDGN is set or a reset is generated by the slave
mode controller, a TRGO pulse occurs. And in the latter case, the signal on TRGO is delayed
compared to the actual reset.

001: Enable - The TIMx_CTRL1.CNTEN bit is used as the trigger output (TRGO).
Sometimes you need to start multiple timers at the same time or enable slave timer for a
period of time.

The counter enable signal is set when TIMx_CTRL1.CNTEN bit is set or the trigger input in
gated mode is high.

When the counter enable signal is controlled by the trigger input, there is a delay on TRGO
except if the master/slave mode is selected (see the description of the
TIMx_SMCTRL.MSMD bit).
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Bit field Name Description

010: Update - The update event is selected as the trigger output (TRGO). For example, a
master timer clock can be used as a slave timer prescaler.

011: Compare pulse - Triggers the output to send a positive pulse (TRGO) when the
TIMx_STS.CCLITF is to be set (even if it is already high), when a capture or a comparison
succeeds.

100: Compare - OC1REF signal is used as the trigger output (TRGO).

101: Compare - OC2REF signal is used as the trigger output (TRGO).

110: Compare - OC3REF signal is used as the trigger output (TRGO).

111: Compare - OC4AREF signal is used as the trigger output (TRGO).

3 CCDSEL Capture/compare DMA selection

0: When a CCx event occurs, a DMA request for CCx is sent.

1: When an update event occurs, a DMA request for CCx is sent.

2 CCUSEL Capture/compare control update selection

0: If TIMXx_CTRL2.CCPCTL =1, they can only be updated by setting CCUDGN bits

1: If TIMX_CTRL2.CCPCTL = 1, they can be updated by setting CCUDGN bits or a rising
edge on TRGI.

Note: This bit only applied to channels with complementary outputs.

1 Reserved Reserved, the reset value must be maintained

0 CCPCTL Capture/ Compare preloaded control

0: No preloading of CCXEN, CCxNEN and OCxMD bits occurs.

1: Preloading of CCXEN, CCxNEN and OCxMD bits occurs. they are updated only when a
commutation event COM occurs (CCUDGN bit set or rising edge on TRGI depending on
CCUSEL bit)

Note: This bit only applied to channels with complementary outputs.

10.4.4 Slave mode control register (TIMx_SMCTRL)

Offset address: 0x08
Reset value: 0x0000

15 14 13 12 11 8 7 6 4 3 2 0
T T T T T T T T
EXTP EXCEN EXTPS[1:0] EXTEF[3:0] MSMD TSEL[2:0] Reserved SMSEL[2:0]
1 1 1 1 1 1 1 1
™ ™ ™ ™ ™ ™ ™
Bit field Name Description
15 EXTP External trigger polarity

This bit is used to select whether the trigger operation is to use ETR or the inversion of ETR.
0: ETR active at high level or rising edge.

1: ETR active at low level or falling edge.

14 EXCEN External clock enable

This bit is used to enable external clock mode 2, and the counter is driven by any active edge

on the ETRF signal in this mode.
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Bit field

Name

Description

0: External clock mode 2 disable.

1: External clock mode 2 enable.

Note 1: When external clock mode 1 and external clock mode 2 are enabled at the same time,
the input of the external clock is ETRF.

Note 2: The following slave modes can be used simultaneously with external clock mode 2:
reset mode, gated mode and trigger mode; However, TRGI cannot connect to ETRF
(TIMx_SMCTRL.TSEL # '111").

Note 3: Setting the TIMx_SMCTRL.EXCEN bit has the same effect as selecting external
clock mode 1 and connecting TRGI to ETRF (TIMx_SMCTRL.SMSEL = 111 and
TIMx_SMCTRL.TSEL = 111).

13:12

EXTPS[L:0]

External trigger prescaler

The frequency of the external trigger signal ETRP must be at most 1/4 of TIMXCLK
frequency. When a faster external clock is input, a prescaler can be used to reduce the
frequency of ETRP.

00: Prescaler disable

01: ETRP frequency divided by 2

10: ETRP frequency divided by 4

11: ETRP frequency divided by 8

11:8

EXTF[3:0]

External trigger filter

These bits are used to define the frequency at which the ETRP signal is sampled and the
bandwidth of the ETRP digital filtering. In effect, the digital filter is an event counter that
generates a validate output after consecutive N events are recorded.

0000: No filter, sampling at fots

0001: fsampLinG = fek int, N =2

0010: fsampLinG = fek int, N =4

0011: fsampLing = fek int, N =8

0100: fsampLing = fo1s/2, N=6

0101: fsampLing = fo1s/2, N =8

0110: fsampLing = fors/4, N =6

0111: fsampLing = fors/4, N =8

1000: fsampLing = foTs/8, N =6

1001: fsampLing = foTs/8, N =8

1010: fsampLing = fors/16, N =5

1011: fsampring = fors/16, N =6

1100: fsampLing = fors/16, N =8

1101: fsampring = fors/32, N =5

1110: fsampring = fors/32, N =6

1111: fsampring = fors/32, N =8

MSMD

Master/ Slave mode
0: No action

1: Events on the trigger input (TRGI) are delayed to allow a perfect synchronization between
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Bit field Name Description
the current timer (via TRGO) and its slaves. This is useful when several timers are required
to be synchronized to a single external event.
TSEL[2:0] Trigger selection
These 3 bits are used to select the trigger input of the synchronous counter.
000: Internal trigger 0 (ITRO) 100: TI1 edge detector (TI1F_ED)
001: Internal trigger 1 (ITR1) 101: Filtered timer input 1(TI1FP1)
010: Internal trigger 2 (ITR2) 110: Filtered timer input 2 (TI12FP2)
011: Internal trigger 3 (ITR3) 111: External triggered Input (ETRF)
For more details on ITRx, see Table 10-3 below.
Note: These bits must be changed only when not in use (e. g. TIMx_SMCTRL.SMSEL=000)
to avoid false edge detection at the transition.
Reserved Reserved, the reset value must be maintained
SMSEL[2:0] Slave mode selection
When an external signal is selected, the active edge of the trigger signal (TRGI) is linked to
the selected external input polarity (see input control register and control register description)
000: Disable slave mode. If TIMx_CTRL1.CNTEN = 1, the prescaler is driven directly by
the internal clock.
001: Encoder mode 1. According to the level of TI2FP2, the counter up-counting or down-
counting on the edge of TI1FP1.
010: Encoder mode 2. According to the level of TI1FP1, the counter up-counting or down-
counting on the edge of TI2FP2.
011: Encoder mode 3. According to the input level of another signal, the counter up-counting
or down-counting on the edges of TI2FP1 and TI2FP2.
100: Reset mode. On the rising edge of the selected trigger input (TRGI), the counter is
reinitialized and the shadow register is updated.
101: Gated mode. When the trigger input (TRGI) is high, the clock of the counter is enabled.
Once the trigger input becomes low, the counter stops counting, but is not reset. In this
mode, the start and stop of the counter are controlled.
110: Trigger mode. When a rising edge occurs on the trigger input (TRGI), the counter is
started but not reset. In this mode, only the start of the counter is controlled.
111: External clock mode 1. The counter is clocked by the rising edge of the selected trigger
input (TRGI).
Note: Do not use gated mode if TILF_ED is selected as the trigger input
(TIMx_SMCTRL.TSEL=100). This is because TI1F_ED outputs a pulse for each TI1F
transition, whereas gated mode checks the level of the triggered input.
Table 10-3 TIMXx internal trigger connection
Slave timer ITRO (TSEL = 000) ITR1 (TSEL = 001) ITR2 (TSEL = 010) ITR3 (TSEL = 011)
TIM1 TIMS5 TIM2 TIM3 TIM4
TIMS8 TIM1 TIM2 TIM4 TIMS
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10.4.5 DMA/Interrupt enable registers (TIMx_DINTEN)

Offset address: 0x0C

Reset value: 0x0000

www.nationstech.com

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved | TDEN |COMDEN| CC4DEN | CC3DEN [ CC2DEN [CCIDEN | UDEN BIEN TIEN [COMIEN | CC4IEN | CC3IEN | CC2IEN | CCIIEN UIEN
rw rw rw w rw rw rw w w rw rw rw w rw rw
Bit field Name Description
15 Reserved Reserved, the reset value must be maintained
14 TDEN Trigger DMA request enable
0: Disable trigger DMA request
1: Enable trigger DMA request
13 COMDEN COM DMA request enable
0: Disable COM DMA request
1: Enable COM DMA request
12 CC4DEN Capture/Compare 4 DMA request enable
0: Disable capture/compare 4 DMA request
1: Enable capture/compare 4 DMA request
11 CC3DEN Capture/Compare 3 DMA request enable
0: Disable capture/compare 3 DMA request
1: Enable capture/compare 3 DMA request
10 CC2DEN Capture/Compare 2 DMA request enable
0: Disable capture/compare 2 DMA request
1: Enable capture/compare 2 DMA request
9 CC1DEN Capture/Compare 1 DMA request enable
0: Disable capture/compare 1 DMA request
1: Enable capture/compare 1 DMA request
8 UDEN Update DMA request enable
0: Disable update DMA request
1: Enable update DMA request
7 BIEN Break interrupt enable
0: Disable break interrupt
1: Enable break interrupt
6 TIEN Trigger interrupt enable
0: Disable trigger interrupt
1: Enable trigger interrupt
5 COMIEN COM interrupt enable

0: Disable COM interrupt
1: Enable COM interrupt
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Bit field Name Description

4 CC4IEN Capture/Compare 4 interrupt enable
0: Disable capture/compare 4 interrupt

1: Enable capture/compare 4 interrupt

3 CC3IEN Capture/Compare 3 interrupt enable
0: Disable capture/compare 3 interrupt

1: Enable capture/compare 3 interrupts

2 CC2IEN Capture/Compare 2 interrupt enable
0: Disable capture/compare 2 interrupt

1: Enables capture/compare 2 interrupts

1 CClIEN Capture/Compare 1 interrupt enable
0: Disable capture/compare 1 interrupt

1: Enables capture/comparing 1 interrupt

0 UIEN Update interrupt enable

0: Disable update interrupt

1: Enables update interrupt

10.4.6 Status registers (TIMx_STYS)

Offset address: 0x10
Reset value: 0x0000 0000

31

17

16

I I I I I I Reselrved I I I CCOITF | CCSITF
15 B 12 11 10 9 8 7 6 5 4 3 2 rciwo TCBWO
Reserved CC40CF | CC30CF | CC20CF | CCIOCF | Reserved | BITF TITF | COMITF | CC4ITF | CC3ITF | CC2ITF | CCIITF | UDITF
I I rew0  rew0 w0  rc_w0 ewd  rew0  rewd rew0 w0 e w0 rcwd o rc_w0
Bit field Name Description
31: 18 Reserved Reserved, the reset value must be maintained
17 CC6ITF Capture/Compare 6 interrupt flag
See TIMx_STS.CCLITF description.
16 CC5ITF Capture/Compare 5 interrupt flag
See TIMx_STS.CC1ITF description.
15: 13 Reserved Reserved, the reset value must be maintained
12 CC40CF Capture/Compare 4 overcapture flag
See TIMx_STS.CC1OCF description.
11 CC30CF Capture/Compare 3 overcapture flag
See TIMx_STS.CC1OCF description.
10 CC20CF Capture/Compare 2 overcapture flags
See TIMx_STS.CC1OCF description.
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Bit field

Name

Description

9

CC10CF

Capture/Compare 1 overcapture flag

This bit is set by hardware only when the corresponding channel is configured in input capture
mode. Cleared by software writing 0.

0: No overcapture occurred

1: TIMx_STS.CCLITF was already set when the value of the counter has been captured in the
TIMx_CCDAT1 register.

Reserved

Reserved, the reset value must be maintained

BITF

Break interrupt flag

This bit is set by hardware once the brake input is active. This bit is cleared by software when
the brake input becomes inactive.

0: No break event occurred

1: An active level has been detected

TITF

Trigger interrupt flag

This bit is set by hardware when an active edge is detected on the TRGI input when the slave
mode controller is in a mode other than gated. This bit is set by hardware when any edge in
gated mode is detected. This bit is cleared by software.

0: No trigger event occurred

1: Trigger interrupt occurred

COMITF

COM interrupt flag

This bit is set by hardware once a COM event is generated (when TIMx_CCEN.CCXEN,
TIMx_CCEN.CCxNEN, TIMx_CCMOD1.0CxMD have been updated). This bit is cleared by
software.

0: No COM event occurred

1: COM interrupt pending

CCAITF

Capture/Compare 4 interrupt flag
See TIMx_STS.CC1ITF description.

CC3ITF

Capture/Compare 3 interrupt flag
See TIMx_STS.CC1ITF description.

CC2ITF

Capture/Compare 2 interrupt flag
See TIMx_STS.CC1ITF description.

CC1ITF

Capture/Compare 1 interrupt flag

When the corresponding channel of CC1 is in output mode:

Except in center-aligned mode, this bit is set by hardware when the counter value is the same
as the compare value (see TIMx_CTRL1.CAMSEL bit description). This bit is cleared by
software.

0: No match occurred.

1: The value of TIMx_CNT is the same as the value of TIMx_CCDAT1.

When the value of TIMx_CCDAT1 is greater than the value of TIMX_AR, the
TIMx_STS.CCLITF bit will go high if the counter overflows (in up-counting and up/down-
counting modes) and underflows in down-counting mode.

When the corresponding channel of CC1 is in input mode:
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Bit field Name Description

This bit is set by hardware when the capture event occurs. This bit is cleared by software or by
reading TIMx_CCDAT1.

0: No input capture occurred.

1: Input capture occurred. Counter value has captured in the TIMx_CCDATL. An edge with
the same polarity as selected has been detected on IC1.

0 UDITF Update interrupt flag

This bit is set by hardware when an update event occurs under the following conditions:

—  When TIMx_CTRL1.UPDIS =0, and repeat counter value overflow or underflow (An

update event is generated when the repeat counter equals 0).

- When TIMx_CTRL1.UPRS =0, TIMx_CTRL1.UPDIS =0, and set the
TIMx_EVTGEN.UDGN bit by software to reinitialize the CNT.

- When TIMx_CTRL1.UPRS =0, TIMx_CTRL1.UPDIS =0, and the counter CNT is
reinitialized by the trigger event. (See TIMx_SMCTRL Register description)

This bit is cleared by software.

0: No update event occurred

1: Update interrupt occurred

10.4.7 Event generation registers (TIMx_EVTGEN)

Offset address: 0x14

Reset values: 0x0000

15 . . . . . __ 8 7 6 5 4 3 2 1 0
Reserved BGN TGN |CCUDGN| CC4GN | CC3GN | CC2GN | CCIGN | UDGN
w w w w w w w w
Bit field Name Description
15: 8 Reserved Reserved, the reset value must be maintained
7 BGN Break generation

This bit can generate a brake event when set by software. And at this time
TIMx_BKDT.MOEN =0, TIMx_STS.BITF = 1, if the corresponding interrupt and DMA are
enabled, the corresponding interrupt and DMA will be generated. This bit is automatically
cleared by hardware.

0: No action

1: Generated a break event

6 TGN Trigger generation

This bit can generate a trigger event when set by software. And at this time TIMx_STS.TITF
=1, if the corresponding interrupt and DMA are enabled, the corresponding interrupt and
DMA will be generated. This bit is automatically cleared by hardware.

0: No action

1: Generated a trigger event

5 CCUDGN Capture/Compare control update generation
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Bit field

Name

Description

This bit is set by software. And if TIMx_CTRL2.CCPCTL =1 at this time, the CCXEN,
CCxNEN and OCxMD bits are allowed to be updated. This bit is automatically cleared by
hardware.

0: No action

1: Generated a COM event

Note: This bit is only valid for channels with complementary outputs.

CC4GN

Capture/Compare 4 generation
See TIMx_EVTGEN.CC1GN description.

CC3GN

Capture/Compare 3 generation
See TIMx_EVTGEN.CC1GN description.

CC2GN

Capture/Compare 2 generation
See TIMx_EVTGEN.CC1GN description.

CC1GN

Capture/Compare 1 generation

This bit can generate a capture/compare event when set by software. This bit is automatically
cleared by hardware.

When the corresponding channel of CC1 is in output mode:

The TIMx_STS.CC1ITF flag will be pulled high, if the corresponding interrupt and DMA are
enabled, the corresponding interrupt and DMA will be generated.

When the corresponding channel of CC1 is in input mode:

TIMx_CCDAT1 will capture the current counter value, and the TIMx_STS.CC1ITF flag will
be pulled high, if the corresponding interrupt and DMA are enabled, the corresponding
interrupt and DMA will be generated. If The TIMx_STS.CC1ITF is already pulled high, pull
TIMx_STS.CC10CF high.

0: No action

1: Generated a CC1 capture/compare event

UDGN

Update generation

This bit can generate an update event when set by software. And at this time the counter will be
reinitialized, the prescaler counter will be cleared, the counter will be cleared in center-aligned or up-
counting mode, but take TIMx_AR in down-counting mode the value of the register. This bit is
automatically cleared by hardware.

0: No action

1: Generated an update event

10.4.8 Capture/compare mode register 1 (TIMx_CCMOD1)

Offset address: 0x18

Reset value: 0x0000

Channels can be used for input (capture mode) or output (compare mode), and the direction of the channel is defined
by the corresponding CCXSEL bit. The other bits of the register act differently in input and output modes. OCx
describes the function of a channel in output mode, ICx describes the function of a channel in input mode. Hence,
please note that the same bit can have different meanings for output mode and for input mode.
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Output compare mode:

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

OC2CEN IOC2M[2:O]I OC2PEN | OC2FEN CCZS];L[I:O] OCICEN IOCIM[Z:O]I OCIPEN | OCIFEN CClS];L[I:O]
~ T N n'N ~ T N n;

Bit field Name Description

15 OC2CEN Output Compare 2 clear enable

14:12 OC2MDI2:0] Output Compare 2 mode

11 OC2PEN Output Compare 2 preload enable

10 OC2FEN Output Compare 2 fast enable

9:8 CC2SEL[1:0] Capture/compare 2 selection

These bits are used to select the input/output and input mapping of the channel

00: CC2 channel is configured as output

01: CC2 channel is configured as input, IC2 is mapped on TI2

10: CC2 channel is configured as input, 1C2 is mapped on TI1

11: CC2 channel is configured as input, IC2 is mapped on TRC. This mode is only active
when the internal trigger input is selected by TIMx_SMCTRL.TSEL.

Note: CC2SEL is writable only when the channel is off (TIMx_CCEN.CC2EN = 0).

7 OC1CEN Output Compare 1 clear enable

0: OC1REF is not affected by ETRF input level

1: OC1REF is cleared immediately when the ETRF input level is detected as high

6:4 OC1MDJ2:0] Output Compare 1 mode

These bits are used to manage the output reference signal OC1REF, which determines the

values of OC1 and OC1N, and is valid at high levels, while the active levels of OC1 and
OC1N depend on the TIMx_CCEN.CC1P and TIMx_CCEN.CC1NP bits.

000: Frozen. Comparison between TIMx_CCDATL register and counter TIMx_CNT has no
effect on OC1REF signal.

001: Set channel 1 to the active level on match. When TIMx_CCDATL1 = TIMx_CNT,
OC1REF signal will be forced high.

010: Set channel 1 as inactive level on match. When TIMx_CCDAT1 = TIMx_CNT,
OC1REF signal will be forced low.

011: Toggle. When TIMx_CCDATL1 = TIMx_CNT, OC1REF signal will be toggled.
100: Force to inactive level. OC1REF signal is forced low.

101: Force to active level. OC1REF signal is forced high.

110: PWM mode 1 - In up-counting mode, if TIMx_CNT < TIMx_CCDAT1, OC1REF
signal of channel 1 is high, otherwise it is low. In down-counting mode, if TIMx_CNT >
TIMx_CCDAT1, OC1REF signal of channel 1 is low, otherwise it is high.

111: PWM mode 2 - In up-counting mode, if TIMx_CNT < TIMx_CCDAT1, OC1REF
signal of channel 1 is low, otherwise it is high. In down-counting mode, if TIMx_CNT >
TIMx_CCDAT1, OC1REF signal of channel 1 is high, otherwise it is low.

Note 1: In PWM mode 1 or PWM mode 2, the OC1REF level changes only when the

comparison result changes or when the output compare mode is switched from frozen mode
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Bit field Name Description
to PWM mode.

3 OC1PEN Output Compare 1 preload enable
0: Disable preload function of TIMx_CCDATL register. Supports write operations to
TIMx_CCDAT1 register at any time, and the written value is effective immediately.
1: Enable preload function of TIMx_CCDAT1 register. Only read and write operations to
preload registers. When an update event occurs, the value of TIMx_CCDAT1 is loaded into
the active register.
Note 1: Only when TIMx_CTRL1.ONEPM = 1(In one-pulse mode), PWM mode can be used
without verifying the preload register, otherwise no other behavior can be predicted.

2 OC1FEN Output Compare 1 fast enable
This bit is used to speed up the response of the CC output to the trigger input event.
0: CC1 behaves normally depending on the counter and CCDAT1 values, even if the trigger
is ON. The minimum delay for activating CC1 output when an edge occurs on the trigger
input is 5 clock cycles.
1: An active edge of the trigger input acts like a comparison match on CC1 output.
Therefore, OC is set to the comparison level regardless of the comparison result. The delay
time for sampling the trigger input and activating the CC1 output is reduced to 3 clock
cycles.
OCXFEN only works if the channel is configured in PWM1 or PWM2 mode.

1: 0 CC1SEL[1:0] Capture/compare 1 selection
These bits are used to select the input/output and input mapping of the channel
00: CC1 channel is configured as output
01: CC1 channel is configured as input, IC1 is mapped on TI1
10: CC1 channel is configured as input, IC1 is mapped on TI2
11: CC1 channels are configured as inputs and IC1 is mapped to TRC. This mode is only
active when the internal trigger input is selected by TIMx_SMCTRL.TSEL.
Note: CC1SEL is writable only when the channel is off (TIMx_CCEN.CC1EN = 0).

Input capture mode:

15 12 11 10 9 8 7 4 3 2 1 0
I 1c21;[3:0] I IC2PSIC[1:O] CCZS];,L[I:O] I IClFI[S:O] I ICIPSIC[I:O] CClS]::L[l:O]
D r;v n; e ~ ~
Bit field Name Description
15:12 IC2F[3:0] Input Capture 2 Filter
11:10 IC2PSCJ[1:0] Input Capture 2 Prescaler
9:8 CC2SEL[1:0] Capture/Compare 2 selection

These bits are used to select the input/output and input mapping of the channel
00: CC2 channel is configured as output

01: CC2 channel is configured as input, IC2 is mapped on TI2

10: CC2 channel is configured as input, IC2 is mapped on TI1

11: CC2 channel is configured as input, IC2 is mapped on TRC. This mode is only active
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Bit field Name Description
when the internal trigger input is selected by TIMx_SMCTRL.TSEL.
Note: CC2SEL is writable only when the channel is off (TIMx_CCEN.CC2EN = 0).
74 IC1F[3:0] Input Capture 1 filter
These bits are used to define sampling frequency of TI1 input and the length of digital filter.
The digital filter is an event counter that generates an output transition after N events are
recorded.
0000: No filter, sampling at fors frequency
0001: fsampLing = fek nT, N =2
0010: fsampring = fek nT, N =4
0011: fsampring = fek nT, N =8
0100: fsampLing = foTs/2, N = 6
0101: fsampLing = foTs/2, N =8
0110: fsampLing = foTs/4, N =6
0111: fsampLing = foTs/4, N =8
1000: fsampLing = fo1s/8, N =6
1001: fsampLing = fo1s/8, N =8
1010: fsampring = fo1s/16, N =5
1011: fsampring = fo1s/16, N =6
1100: fsampring = fo1s/16, N =8
1101: fsampring = fo1s/32, N =5
1110: fsampring = fo1s/32, N =6
1111: fsampring = fo1s/32, N =8
3:2 IC1PSCJ1:0] Input Capture 1 prescaler
These bits are used to select the ratio of the prescaler for IC1 (CC1 input).
When TIMx_CCEN.CC1EN = 0, the prescaler will be reset.
00: No prescaler, capture is done each time an edge is detected on the capture input
01: Capture is done once every 2 events
10: Capture is done once every 4 events
11: Capture is done once every 8 events
1:0 CC1SEL[1:0] Capture/Compare 1 selection
These bits are used to select the input/output and input mapping of the channel
00: CC1 channel is configured as output
01: CC1 channel is configured as input, IC1 is mapped on TI1
10: CC1 channel is configured as input, IC1 is mapped on TI2
11: CC1 channel is configured as input, IC1 is mapped to TRC. This mode is only active
when the internal trigger input is selected by TIMx_SMCTRL.TSEL.
Note: CC1SEL is writable only when the channel is off (TIMx_CCEN.CC1EN = 0).

10.4.9 Capture/compare mode register 2 (TIMx_CCMOD?2)

Offset address: 0x1C
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Output comparison mode:
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15 14 12 11 10 9 8 7 3 2 1 0
OC4CEN OIC4MD[2:(;] OC4PEN | OC4FEN CC4SI;L[1:O] OC3CEN OIC3MD[2:OI] OC3PEN | OC3FEN CC3SFiL[1:0]
~ T N o o T N ™
Bit field Name Description
15 OC4CEN Output compare 4 clear enable
14:12 OC4MDI2:0] Output compare 4 mode
11 OC4PEN Output compare 4 preload enable
10 OC4FEN Output compare 4 fast enable
9:8 CCA4SEL[1:0] Capture/Compare 4 selection
These bits are used to select the input/output and input mapping of the channel
00: CC4 channel is configured as output
01: CC4 channel is configured as input, IC4 is mapped on TI4
10: CC4 channel is configured as input, 1C4 is mapped on TI3
11: CC4 channel is configured as input, IC4 is mapped on TRC. This mode is only active
when the internal trigger input is selected by TIMx_SMCTRL.TSEL.
Note: CC4SEL is writable only when the channel is off (TIMx_CCEN.CC4EN = 0).
7 OC3CEN Output compare 3 clear enable
6:4 OC3MDJ2:0] Output compare 3 mode
3 OC3PEN Output compare 3 preload enable
2 OC3FEN Output compare 3 fast enable
1:0 CC3SEL[1:0] Capture/Compare 3 selection
These bits are used to select the input/output and input mapping of the channel
00: CC3 channel is configured as output
01: CC3 channel is configured as input, IC3 is mapped to TI3
10: CC3 channel is configured as input, IC3 is mapped on T14
11: CC3 channel is configured as input, IC3 is mapped to TRC. This mode is only active
when the internal trigger input is selected by TIMx_SMCTRL.TSEL.
Note: CC3SEL is writable only when the channel is off (TIMx_CCEN.CC3EN = 0).

Input capture mode:

15 12 11 10 9 8 7 4 3 2 1 0
I IC4FI[3:0] I 1c4pslq1:01 CC4SFiL[1:0] I lC3FI[3:0] I 1c3psl(:[1;01 CC3S];L[1:0]
T ~ ~ e n; ~
Bit field Name Description
15:12 IC4AF[3:0] Input Capture 4 filter
11:10 IC4PSCJ1:0] Input Capture 4 Prescaler
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Bit field

Name

Description

9:8

CCASEL[1:0]

Capture/Compare 4 selection

These bits are used to select the input/output and input mapping of the channel

00: CC4 channel is configured as output

01: CC4 channel is configured as input, IC4 is mapped on Tl4

10: CC4 channel is configured as input, 1C4 is mapped on TI3

11: CC4 channel is configured as input, 1C4 is mapped on TRC. This mode is only active
when the internal trigger input is selected by TIMx_SMCTRL.TSEL.

Note: CC4SEL is writable only when the channel is off (TIMx_CCEN.CC4EN = 0).

74

IC3F[3:0]

Input Capture 3 filter

3:2

IC3PSC[1:0]

Input Capture 3 Prescaler

1:0

CC3SEL[1:0]

Capture/compare 3 selection

These bits are used to select the input/output and input mapping of the channel

00: CC3 channel is configured as output

01: CC3 channel is configured as input, IC3 is mapped to TI3

10: CC3 channel is configured as input, IC3 is mapped on Tl4

11: CC3 channel is configured as input, IC3 is mapped to TRC. This mode is only active
when the internal trigger input is selected by TIMx_SMCTRL.TSEL.

Note: CC3SEL is writable only when the channel is off (TIMx_CCEN.CC3EN = 0).

10.4.10 Capture/compare enable registers (TIMx_CCEN)

Offset address: 0x20
Reset value: 0x0000 0000

21

20

19

18

' ' Reserved CC6P | CC6EN Reserved CC5P | CCSEN
15 14 13 12 11 10 9 8 7 6 5 4 3 2 T 0
Reserved CC4P | CC4EN | CC3NP |CC3NEN| CC3P | CC3EN | CC2NP |CCONEN| CC2P | CC2EN | CCINP [CCINEN| CCIP | CCIEN
) — — — — — — — - — — — — — —
Bit field Name Description
31:22 Reserved Reserved, the reset value must be maintained
21 CC6P Capture/Compare 6 output polarity
See TIMx_CCEN.CCL1P description.
20 CC6EN Capture/Compare 6 output enable
See TIMx_CCEN.CC1EN description.
19: 18 Reserved Reserved, the reset value must be maintained
17 CC5P Capture/Compare 5 output polarity
See TIMx_CCEN.CCL1P description.
16 CC5EN Capture/Compare 5 output enable
See TIMx_CCEN.CC1EN description.
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Bit field Name Description
15:14 Reserved Reserved, the reset value must be maintained
13 CC4P Capture/Compare 4 output polarity
See TIMx_CCEN.CCL1P description.
12 CC4EN Capture/Compare 4 output enable
See TIMx_CCEN.CC1EN description.
11 CC3NP Capture/Compare 3 Complementary output polarity
See TIMx_CCEN.CC1NP description.
10 CC3NEN Capture/Compare 3 complementary output enable
See TIMx_CCEN.CC1NEN description.
9 CC3P Capture/Compare 3 output polarity
See TIMx_CCEN.CCL1P description.
8 CC3EN Capture/Compare 3 output enable
See TIMx_CCEN.CC1EN description.
7 CC2NP Capture/Compare 2 complementary output polarity
See TIMx_CCEN.CC1NP description.
6 CC2NEN Capture/Compare 2 complementary output enable
See TIMx_CCEN.CC1NEN description.
5 Cc2p Capture/Compare 2 output polarity
See TIMx_CCEN.CCL1P description.
4 CC2EN Capture/Compare 2 output enable
See TIMx_CCEN.CC1EN description.
3 CCINP Capture/Compare 1 complementary output polarity
0: OC1N active high
1: OC1N active low
2 CCINEN Capture/Compare 1 complementary output enable
0: Disable - Disable output OC1N signal. The level of OC1N depends on the value of these
bits TIMx_BKDT.MOEN, TIMx_BKDT.OSSI, TIMx_BKDT.OSSR, TIMx_CTRL2.0I1,
TIMx_CTRL2.0I1N and TIMx_CCEN.CC1EN.
1: Enable - Enable output OC1N signal. The level of OC1N depends on the value of these
bits TIMx_BKDT.MOEN, TIMx_BKDT.OSSI, TIMx_BKDT.OSSR, TIMx_CTRL2.0I1,
TIMx_CTRL2.0I1N and TIMx_CCEN.CC1EN.
1 CC1P Capture/Compare 1 output polarity

When the corresponding channel of CC1 is in output mode:

0: OC1 active high

1: OC1 active low

When the corresponding channel of CC1 is in input mode:

At this time, this bit is used to select whether IC1 or the inverse signal of IC1 is used as the
trigger or capture signal.

0: non-inverted: Capture action occurs when IC1 generates a rising edge. When used as
external trigger, IC1 is non-inverted.

1: inverted: Capture action occurs when IC1 generates a falling edge. When used as external
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Bit field Name Description
trigger, IC1 is inverted.
0 CC1EN Capture/Compare 1 output enable
When the corresponding channel of CC1 is in output mode:
0: Disable - Disable output OC1 signal. The level of OC1 depends on the value of these bits
TIMx_BKDT.MOEN, TIMx_BKDT.OSSI, TIMx_BKDT.OSSR, TIMx_CTRL2.0l1,
TIMx_CTRL2.0I1N and TIMx_CCEN.CC1NEN.
1: Enable - Enable output OCL1 signal. The level of OC1N depends on the value of these bits
TIMx_BKDT.MOEN, TIMx_BKDT.OSSI, TIMx_BKDT.OSSR, TIMx_CTRL2.011,
TIMx_CTRL2.0I1N and TIMx_CCEN.CC1NEN.
When the corresponding channel of CC1 is in input mode:
At this time, this bit is used to disable/enable the capture function.
0: Disable capture
1: Enable capture
Table 10-4 Output control bits of complementary OCx and OCxN channels with break function
Control bits Output state
MOEN OSSI |OSSR|CCXEN |[CCxXNEN OCx Output state OCXxN Output state
0 0 0 Output disabled (not driven by timer)  |Output disabled (not driven by timer)
OCx=0, OCx_EN=0 OCxN=0, OCxXN_EN=0
0 0 1 Output disabled (not driven by timer)  |OCXREF + polarity,
OCx=0, OCx_EN=0 OCxN= OCXREF xor CCxNP, OCxN_EN=1
0 L 0 OCXREF + polarity, Output disabled (not driven by timer)
OCx= OCXREF xor CCxP, OCx_EN=1 |OCxN=0, OCxN_EN=0
0 1 1 OCXREF + polarity + dead-time, Complementary to OCXREF + polarity + dead-
OCx_EN=1 time, OCxN_EN=1
1 N L 0 0 Output disabled (not driven by timer)  |Output disabled (not driven by timer)
OCx=CCxP, OCx_EN=0 OCXN=CCxNP, OCxN_EN=0
Off-state (Output enabled with inactive ]
1 0 1 State) OCXREF + polarity,
OCX=CCxP, OCx_EN=1 OCxN= OCXREF xor CCxNP, OCxN_EN=1
L 1 0 OCXREF + polarity, Off-state (Output enabled with inactive state)
OCx= OCXREF xor CCxP, OCx_EN=1|OCxN=CCxNP, OCxN_EN=1
) . Complementary to OCXREF + polarity + dead-
L L L OCXREF + polarity + dead-time, ime.
OCx_EN=1
OCxN_EN=1
0 0 0  |Output disabled (not driven by timer)
0 0 1 IAsynchronously: OCx=CCxP, OCx_EN=0, OCxN=CCxNP, OCxN_EN=0;
0 1 0  [Then if the clock is present: OCx=0lx and OCXN=0OIxN after a dead-time, when (CCxP
° 0 X 1 1 |OIx) ~ (CCxNP*OIxN)! = 0.
1 0 0 Off-state (Output enabled with inactive state)
1 0 1 IAsynchronously: OCx=CCxP, OCx_EN=1, OCxN=CCxNP, OCxN_EN=1;
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Control bits Output state®
MOEN| OSSI OSSR | CCXEN [CCxNEN OCx Output state OCXxN Output state
1 1 0 Then if the clock is present: OCx=0lIx and OCXN=0IxN after a dead-time, when (CCxP "
1 1 1 |0Ix) A (CCXNPAOIXN)! = 0

1. If both outputs of a channel are not used (CCXEN = CCxNEN = 0), Olx, OIxN, CCxP and CCxNP must all be cleared.

Note: The status of external I/O pins connected to complementary OCx and OCxN channels depends on the OCx and
OCxN channel states and GPIO and AFIO registers.

10.4.11 Counters (TIMx_CNT)

Offset address: 0x24
Reset value: 0x0000

I I I I I I I CNTEIS:O] I I

Bit field Name Description

15:0 CNT[15:0] Counter value
10.4.12 Prescaler (TIMx_PSC)
Offset address: 0x28
Reset value: 0x0000

15 T T T T T T T T T T T T T T T 0
PSC[15:0]

Bit field Name Description

15:0 PSC[15:0] Prescaler value

Counter clock fck_cnt = fek_psc/ (PSC [15:0] +1).

Each time an update event occurs, the PSC value is loaded into the active prescaler register.

10.4.13 Auto-reload register (TIMx_AR)

Offset address: 0x2C
Reset values: OXFFFF

AR[15:0]

™
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Bit field Name Description
15:0 AR[15:0] Auto-reload value

These bits define the value that will be loaded into the actual auto-reload register.

See Section 10.3.1 for more details.
When the TIMx_AR.AR [15:0] value is null, the counter does not work.

10.4.14 Repeat count registers (TIMx_REPCNT)

Offset address: 0x30
Reset value: 0x0000

15 8 7 0
I I I Reselrved I I I I I I REPCI:IT[7:0] I I I
Bit field Name Description
15:8 Reserved Reserved, the reset value must be maintained
7:0 REPCNTI[7:0] Repetition counter value

Repetition counter is used to generate the update event or update the timer registers only
after a given number (N+1) cycles of the counter, where N is the value of
TIMx_REPCNT.REPCNT . The repetition counter is decremented at each counter overflow
in up-counting mode, at each counter underflow in down-counting mode or at each counter
overflow and at each counter underflow in center-aligned mode. Setting the
TIMx_EVTGEN.UDGN bit will reload the content of TIMx_REPCNT.REPCNT and

generate an update event.

10.4.15 Capture/compare register 1 (TIMx_CCDAT1)

Offset address: 0x34
Reset value: 0x0000

CCDATI[15:0]

W/t

Bit field Name Description
15:0 CCDAT1[15:0] Capture/Compare 1 value

B CCl1 channel is configured as output:

CCDAT1 contains the value to be compared to the counter TIMx_CNT, signaling on the
OC1 output.

If the preload feature is not selected in TIMx_CCMOD1.0C1PEN bit, the written value is
immediately transferred to the active register. Otherwise, this preloaded value is transferred

to the active register only when an update event occurs.

B CCl1 channel is configured as input:
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Bit field Name

Description

CCDAT1 contains the counter value transferred by the last input capture 1 event (IC1).
When configured as input mode, register CCDAT1 and CCDDAT1 are only readable.
When configured as output mode, register CCDAT1 and CCDDAT1 are readable and

writable.

10.4.16 Capture/compare register 2 (TIMx_CCDAT?)

Offset address: 0x38
Reset value: 0x0000

CCDAT2[15:0]

™w/r

Bit field Name

Description

15:0 CCDAT2[15:0]

Capture/Compare 2 values

B CC2 channel is configured as output:

CCDAT?2 contains the value to be compared to the counter TIMX_CNT, signaling on the
OC2 output.

If the preload feature is not selected in TIMx_CCMOD1.0C2PEN bit, the written value is
immediately transferred to the active register. Otherwise, this preloaded value is transferred
to the active register only when an update event occurs.

B CC2 channel is configured as input:

CCDAT?2 contains the counter value transferred by the last input capture 2 event (1C2).
When configured as input mode, register CCDAT2 and CCDDAT?2 are only readable.
When configured as output mode, register CCDAT2 and CCDDAT?2 are readable and

writable.

10.4.17 Capture/compare register 3 (TIMx_CCDAT?3)

Offset address: 0x3C
Reset value: 0x0000

CCDAT3[15:0]

W/t

Bit field Name

Description

15:0 CCDAT3[15:0]

Capture/Compare 3 value

B CC3 channel is configured as output:

CCDAT3 contains the value to be compared to the counter TIMx_CNT, signaling on the
OC3 output.
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Bit field

Name

Description

If the preload feature is not selected in TIMx_CCMOD2.0C3PEN bit, the written value is
immediately transferred to the active register. Otherwise, this preloaded value is transferred
to the active register only when an update event occurs.

B CC3channel is configured as input:

CCDATS3 contains the counter value transferred by the last input capture 3 event (IC3).
When configured as input mode, register CCDAT3 and CCDDAT3 are only readable.
When configured as output mode, register CCDAT3 and CCDDATS3 are readable and

writable.

10.4.18 Capture/compare register 4 (TIMx_CCDAT4)

Offset address: 0x40

Reset value: 0x0000

CCDAT4[15:0]

™w/r

Bit field

Name

Description

15:0

CCDATA4[15:0]

Capture/Compare 4 value

B CC4 channel is configured as output:

CCDAT4 contains the value to be compared to the counter TIMX_CNT, signaling on the
OC4 output.

If the preload feature is not selected in TIMx_CCMOD2.0C4PEN bit, the written value is
immediately transferred to the active register. Otherwise, this preloaded value is transferred
to the active register only when an update event occurs.

B CC4 channel is configured as input:

CCDAT4 contains the counter value transferred by the last input capture 4 event (1C4).
When configured as input mode, register CCDAT4 and CCDDAT4 are only readable.
When configured as output mode, register CCDAT4 and CCDDAT4 are readable and

writable.

10.4.19 Break and Dead-time registers (TIMx_BKDT)

Offset address: 0x44

Reset value: 0x0000

15 14 13 12 10 9 8 7 0
T T T T T T T T
MOEN | AOEN BKP BKEN OSSR OSSI LCKCFG[1:0] DTGN[7:0]
1 1 1 1 1 1 1 1
™ ™w ™w ™ ™ ™w ™

Note: AOEN, BKP, BKEN, OSSI, OSSR, and DTGN [7:0] bits can all be write protected depending on the LOCK

configuration, and it is necessary to configure all of them on the first write to the TIMx_BKDT register.
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Bit field

Name

Description

15

MOEN

Main Output enable

This bit can be set by software or hardware depending on the TIMx_BKDT.AOEN bit, and is
asynchronously cleared to '0" by hardware once the brake input is active. It is only valid for
channels configured as outputs.

0: OC and OCN outputs are disabled or forced to idle state.

1: OC and OCN outputs are enabled if TIMx_CCEN.CCXEN or TIMx_CCEN.CCxNEN bits
are set. For more details, see Section 10.4.10 Capture/Compare enable registers
(TIMx_CCEN).

14

AOEN

Automatic output enable

0: Only software can set TIMx_BKDT.MOEN;

1: Software sets TIMx_BKDT.MOEN; or if the break input is not active, when the next
update event occurs, hardware automatically sets TIMx_BKDT.MOEN.

13

BKP

Break input polarity

0: Low level of the brake input is valid

1: High level of the brake input is valid

Note: Any write to this bit requires an APB clock delay to take effect.

12

BKEN

Break enable
0: Disable brake input (BRK and CCS clock failure events)
1: Enable brake input (BRK and CCS clock failure events)
Note: Any write to this bit requires an APB clock delay to take effect.

11

OSSR

Off-state Selection for Run Mode

This bit is used when TIMx_BKDT.MOEN=1 and the channel is a complementary output.
The OSSR bit does not exist in timer without complementary outputs.

0: When inactive, OCx/OCxN outputs are disabled (OCx/OCxN enable output signal=0).

1: When inactive, OCx/OCxN outputs are enabled with their inactive level as soon as
CCxEN=1

or CCxNEN=1. Then, OCx/OCxN enable output signal=1

For more details, See Section 10.4.10, capture/compare enablement registers (TIMx_CCEN).

10

(ORN]

Off-state Selection for Idle Mode

This bit is used when TIMx_BKDT.MOEN=0 and the channels configured as outputs.

0: When inactive, OCx/OCxN outputs are disabled (OCx/OCxN enable output signal=0).

1: When inactive, OCx/OCxN outputs are enabled with their idle level as soon as CCXEN=1
or CCxNEN=1. Then, OCx/OCxN enable output signal=1

For more details, See Section 10.4.10, capture/compare enablement registers (TIMx_CCEN).

9:8

LCKCFG[1:0]

Lock Configuration

These bits offer a write protection against software errors.
00:

—  No write protected.

01:

—  LOCK Level 1
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Bit field Name Description

TIMx_BKDT.DTGN, TIMx_BKDT.BKEN, TIMx_BKDT.BKP, TIMx_BKDT.AOEN,
TIMx_CTRL2.0Ix, TIMx_CTRL2.0IxN bits enable write protection.

10:

—  LOCK Level 2

Ex