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1 Abbreviations

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

read/clear(rc_wO0) 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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e  ICode bus: This bus connects the ICode bus of Cortex®-M4F core with the Flash instruction interface. Instruction
prefetching is completed on this bus.

e DCode bus: This bus connects the DCode bus of Cortex®-M4F core with the data interface of Flash memory
(constant loading and debugging access).
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e SBus: This bus connects the SBus bus (peripheral bus) of Cortex®-M4F core to the bus matrix, which
coordinates the access between the core and DMA.

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

e  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 perform 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 perform read-modify-write operations on the
target bits of the bit-band region. The specific mapping is as follows:

Figure 2-2 Bus Address Map

Reserved 0x4002_4800 - OxSFFF_FFFF
SAC SRAM 512B*2 0x4002_4400 - 0x4002_47FF
SAC 0x4002_4000 - 0x4002_43FF
0xE010_0000 - OXxFFFF_FFFF Reserved | Reserved 0x4002_3400 - 0x4002_3FFF
a - CRC 0x4002_3000 - 0x4002_33FF
Reserved 0x4002_2400 - 0x4002_2FFF
Vendor Specific 511MB FLASH 0x4002_2000 - 0x4002_23FF
OXEOOF_F000 - 0xEOOF_FFFF ROM Table Reserved 0x4002_1400 - 0x4002_IFFF
0xE004_2000 - OXE0OF_EFFF Extemal PPB RCC 0x4002_1000 - 0x4002_I3FF
O0xE004_1000 - 0xE004_IFFF ETM Reserved 0x4002_0C00 - 0x4002_OFFF
0xE004_0000 - 0xE004_OFFF TPIU Private Peripheral - External 768KB o ADC 0x4002_0800 - 0x4002_OBFF
T Reserved 0x4002_0400 - 0x4002_07FF
- - ~ = DMA 0x4002_0000 - 0x4002_03FF
0XE000_F000 ~ 0xE003_FFFF Revorved Private Peripheral - Internal 256KB Reserved 0x4001 8000 - 0x4001 FFFF
0xE000_E000 - 0xE000_EFFF NVIC
0xE000_3000 - 0xE000_DFFF Reserved
0xE000_2000 - 0xE000_2FFF FPB Reserved 0x4001_5800 - 0x4001_TFFF
0xE000_1000 - 0xE000_IFFF DWT UARTS 0x4001_5400 - 0x4001_STFF
0xE000_0000 - 0xE000_OFFF IT™M UART4 0x4001_5000 - 0x4001_S3FF
Reserved 0x4001_4400 - 0x4001_4FFF
External Device 1GB SPL2/125 0x4001_3C00 - 0x4001_43FF
USARTI 0x4001_3800 - 0x4001_3BFF
TIMS 0x4001_3400 - 0x4001_37FF
0xA000_0000 - 0xDFFF_FFFF Reserved SPI1/12S1 0x4001_3000 - 0x4001_33FF
TIMI 0x4001_2C00 - 0x4001_2FFF
Reserved 0x4001_1800 - 0x4001_2BFF
~ GPIOD 0x4001_1400 - 0x4001_I7FF
m GPIOC 0x4001_1000 - 0x4001_I3FF
A GPIOB 0x4001_0C00 - 0x4001_OFFF
< GPIOA 0x4001_0800 - 0x4001_OBFF
EXTI 0x4001_0400 - 0x4001_O7FF
AFIO 0x4001_0000 - 0x4001_03FF
0x6000_0000 - 0x9FFF_FFFF Reserved
External RAM 1GB Reserved 0x4000_7800 - 0x4000_FFFF
0x4400_0000 - OxSFFF_FFFF Reserved DAC 0x4000_7400 - 0x4000_77FF
0x4215_0000 - 0x43FF_FFFF Reserved(bit-band Alias) PWR 0x4000_7000 ~ 0x4000_73FF
0x4200_0000 - 0x4214_FFFF Peripheral Alias(bit-band Alias) Reserved 0x4000_6800 - 0x4000_GFFF
0x4010_0000 - 0x41FF_FFFF Reserved CAN 0x4000_6400 - 0x4000_67FF
0x4002_A000 - 0x400F_FEFF Reserved(bit-band Region) USB SRAM 512B 0x4000_6000 ~ 0x4000_63FF
0x4000_0000 - 0x4002_9FFF | AHB/APBI/APB2(bit-band Region) USB Register 0x4000_5C00 - 0x4000_SFFF
12C2 0x4000_5800 - 0x4000_SBFF
12C1 0x4000_5400 - 0x4000_STFF
0x2400_0000 - 0x3FFF_FFFF Reserved LPUART 0x4000_5000 - 0x4000_S3FF
0x2210_0000 - 0x23FF_FFFF Reserved(bit-band Alias) LPTIM 0x4000_4C00 - 0x4000_4FFF
0x2200_0000 - 0x220F_FFFF SRAM Alias(bit-band Alias) Peripheral 0.5GB — USART3 0x4000_4800 - 0x4000_4BFF
0x2010_0000 - 0x21FF_FFFF Reserved m USART2 0x4000_4400 - 0x4000_47FF
0x2000_8000 - 0x200F_FFFF Reserved(bit-band Region) > Reserved 0x4000_4000 - 0x4000_43FF
0x2000_0000 - 0x2000_7FFF SRAM(bit-band Region) < TIMY 0x4000_3C00 - 0x4000_3FFF
Reserved 0x4000_3800 - 0x4000_3BFF
Reserved 0x4000_3400 - 0x4000_37FF
IWDG 0x4000_3000 - 0x4000_33FF
OXIFFF_F§14 - 0xIFFF_FFFF Reserved SRAM 0.5GB WWDG 0x4000_2C00 - 0x4000_2FFF
OXIFFF_F800 - OxIFFF_F813 OptionBytes RTC 0x4000_2800 - 0x4000_2BFF
OXIFFF_4000 - OxIFFF_F7FF Reserved CcomP 0x4000_2400 - 0x4000_27FF
OXIFFF_0000 - OxIFFF_3FFF y OPAMP 0x4000_2000 - 0x4000_23FF
0x1000_8000 - OxIFFE_FFEF Reserved Reserved 0x4000_1C00 - 0x4000_IFFF
0x1000_0000 - 0x1000_7FFF Aliased to SRAM Reserved 0x4000_1800 - 0x4000_IBFF
0x0802_0000 - OXOFFF_FFFF Reserved TIM7 0x4000_1400 - 0x4000_I7FF
0x0800_0000 - 0x0801_FFEF Main FLASH CODE 0.5GB TIM6 0x4000_1000 - 0x4000_I3FF
0x0002_0000 - 0xO7FF_FFFF Reserved TIMS 0x4000_0C00 - 0x4000_OFFF
0x0000_0000 - 0x0001_FFFF [ _Aliased to Flash/SystemMemory/SRAM TIM4 0x4000_0800 - 0x4000_OBFF
TIM3 0x4000_0400 - 0x4000_0TFF
TIM2 0x4000_0000 - 0x4000_03FF
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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 AlD
0x4002_1000 — 0x4002_13FF RCC
0x4002_0C00 — 0x4002_OFFF Reserved
0x4002_0800 — 0x4002_O0BFF ADC
0x4002_0400 — 0x4002_07FF Reserved
0x4002_0000 — 0x4002_03FF DMA
0x4001_8000 — 0x4001_FFFF Reserved
0x4001_5800 — 0x4001_7FFF Reserved
0x4001_5400 — 0x4001_57FF UARTS5
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 SPI1/12S1

APB2
0x4001_2CO00 — 0x4001_2FFF TIM1
0x4001_1800 — 0x4001_2BFF Reserved
0x4001_1400 — 0x4001_17FF GPIOD
0x4001_1000 — 0x4001_13FF GPIOC
0x4001_0CO00 — 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 APBI1
0x4000_6000 — 0x4000_63FF USB SRAM 512B
0x4000_5C00 — 0x4000_SFFF USB Register
0x4000_5800 — 0x4000_SBFF 12C2
0x4000_5400 — 0x4000_57FF 12C1
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Address Range Peripherals Bus
0x4000_5000 — 0x4000_53FF LPUART
0x4000_4C00 — 0x4000_4FFF LPTIM
0x4000_4800 — 0x4000_4BFF USARTS3
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
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_0CO00 — 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®-M4F memory map includes two bit-band regions. These two bit-band regions map each word in the alias
memory region to a bit in the bit-band memory region. When writing a word in the alias region, it is equivalent to
performing a read-modify-write operation on the target bits of the bit- band region.

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

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

bitband byte addr = bitband base + (byte offsetx32) + (bit_numberx4)
In which:
bitband byte addr is the address of the byte in the alias memory region, which is mapped to a certain target bit;
bitband _base is the starting address of the alias region;
byte offset is the serial number of the byte containing the target bit in the bit-band region;
bit number is the position of the target bit (0-7).

For example:
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The following example shows how to map bit 4 of the byte located at SRAM address 0x20000400 to the alias region:
0x22008010 = 0x22000000 + (0x400%32) + (4x4).

Writing to address 0x22008010 has the same effect as read-modify-write operation on bit 4 of the byte at SRAM
address 0x20000400.

Reading 0x22008010 address returns the value of bit 4 (0x01 or 0x00) of address 0x20000400 bytes in SRAM. Please
refer to “Cortex®-M4F 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
byte BOOT configuration(USER2). After a system reset or exit from STANDBY mode, the value of the BOOT pin
will be re- sampled and the option byte boot configuration (USER2) will be re- sampled. After a startup delay has
elapsed, the CPU fetches the top-of-stack value from address 0x0000 0000 and executes the code from the reset
vector address indicated by address 0x0000 0004.Because of the Cortex®-M4F always gets the top-of-stack value
pointer and reset vector from addresses 0x0000 0000 and 0x0000_ 0004 via ICode bus, so boot is only suitable for
booting from the CODE area, and address remapping is designed for boot space. There are three boot modes to choose
from:

¢  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);

e  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
(ICode/DCode/DMA);

e  Boot from the embedded SRAM:
— The embedded SRAM is mapped to boot space (0x0000 _0000);

— The embedded SRAM is accessible in two address areas, 0x0000 0000 or 0x2000 0000
(ICode/DCode/SBus/DMA);

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 execute programs through ICode/DCode after booting from Main Flash or System Memory (note that
this is not booting from SRAM, and it is not part of the boot mode). In addition to configuring boot program with the
BOOT pin, there are two ways to run the program in SRAM:

e 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.
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e Jump to the virtual address segment 0x1000 0000 of SRAM, and internally remap to the physical address
segment 0x2000_0000 to run the program. At this time, the program will run efficiently through ICode/DCode.

Table 2-2 List of Boot Mode

Specifies the Start Address for Accessing
Boot Mode Select Pin
Memory Space in Boot Mode
Boot Mode
System
nBOOT1 | nBOOTO0 BOOTO pin nSWBOOT0 Main Flash SRAM
Memory
X X 0 1 0x0000_0000 0x2000 0000
Main Flash - 0x1FFF 0000
X 1 X 0 0x0800_0000 B 0x1000 0000
1 X 1 1 System Memory 0x0000_0000 | 0x2000 0000
0x08000000
1 0 X 0 0x1FFF_0000 | 0x1000 0000
0 X 1 1 0x0000_0000
SRAM 0x08000000 | Ox1FFF_0000 | 0x2000 0000
0 0 X 0 0x1000 0000

2.1.3.3 Embedded boot loader

The Embedded boot loader is stored in the System Memory and is used to reprogram the Flash memory via 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 external clock frequencies (HSE), the USART1 interface can also operate using the internal
16MHz oscillator (HSI) to run.

2.2 Memory System

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

2.2.1 FLASH Specification

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

e  The maximum main memory block is 128KB, also known as main Flash memory, which contains 64 Page for

storing and running user programs and storing data.

e  The information block is 20KB, including 10 pages, and consists of system memory area (16KB), system
configuration area (2KB) and option byte area (2KB).

— The system memory block is 16KB, which contains 8 pages, also known as System Memory, and is used
for storing and running the bootloader (BOOT).

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

— The option byte area is 2KB, containing 1 page, also known as Option Byte, with an effective space of 20B.
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Both the BOOT program and user programs can read, write or erase this area.

2.2.1.1 Flash memory module organization

Both the main memory block and the information block are allocated to bus address space.

Table 2-3 Flash Bus Address List

Memory Area Page Name Address Range Size
Page 0 0x0800_0000 — 0x0800_07FF 2KB
Page 1 0x0800_0800 — 0x0800_OFFF 2KB
. Page 2 0x0800_1000 — 0x0800_17FF 2KB
Main memory block
Page 63 0x0801_F800 — 0x0801 FFFF 2KB
System memory block 0x1FFF_0000 — Ox1FFF 3FFF 16KB
Information block 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
Flash memory block
FLASH_ADD 0x4002_2014 — 0x4002_2017 4B
interface
. FLASH_OB2 0x4002_2018 — 0x4002_201B 4B
registers
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

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

Information block is divided into three parts:

e  The system memory block is used to store the bootloader in the system memory. The bootloader uses USART1

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

e  System configuration area, contains basic information about the chip.

e  The option byte area, writing to main memory block 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):

e  Page write protection (WRP)

e  Read protection (RDP)
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When the Flash memory write operation is executed, any read operation to the Flash memory will stall the bus, and
the read operation can only be performed correctly after the write operation is completed. This means that code or
data fetches cannot be made while a program/erase operation is ongoing.

When performing Flash programming operations(write or erase), the internal RC oscillator (HSI) must be turned on.

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, which is 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: Whether number of wait periods is not zero, enable prefetch buffer can improve overall efficiency..
The Flash has two low-power operating modes:

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

o  SLEEP Mode, configure the FLASH CTRL.SLMEN bit to enable this mode. In sleep mode, code cannot be run
in Flash, can only run 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 memory due to electrical disturbances and other reasons. By writing a specific sequence of key
values into the FLASH KEY register, you can unlock the FLASH CTRL register. The specific sequence is: Firstly,
writing KEY1 = 0x45670123 to the FLASH KEY register, and then writing KEY2 = 0xCDEF89AB in the
FLASH KEY register.

If there is an error in sequence or key value, a bus error will be returned and the FLASH CTRL register will be
locked until the next reset.

Software can check the FLASH CTRL.LOCK bit to confirm whether the Flash is unlocked. If normal locking is
required, software can set the FLASH CTRL.LOCK bit to 1. After that, the Flash can be unlocked by writing the
correct key sequence to the FLASH _KEY register.

2.2.1.4 Erase and program

2.2.1.4.1 Erase of main memory block

The main memory block can be erased page by page or completely(Mass Erase).
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e Page Erase
Page Erase process:
— Check the FLASH _STS.BUSY bit to confirm that there are no other flash operations in progress;
— Setthe FLASH CTRL.PER bit to 'l’;
— Select the page to be erased with the FLASH ADD register;
— Setthe FLASH CTRL.START bitto 'l";
—  Wait for the FLASH STS.BUSY bit to change to '0';
— Read out the content of the erased page and verify it.
e Mass Erase
Mass Erase process:
— Check the FLASH_STS.BUSY bit to confirm that there are no other flash operations in progress;
— Set the FLASH CTRL.MER bit to 'l";
— Setthe FLASH CTRL.START bitto 'l";
—  Wait for the FLASH_ STS.BUSY bit to change to '0';

— Read out all pages and verify.

2.2.1.4.2 Main memory block programming

The main memory block can be programmed 32 bits at a time. When the FLASH CTRL.PG bit is' 1', writing a word
into 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:

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

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

e  Wait for the FLASH STS.BUSY bit to change to '0';

e  Read the written address and verify the data.

Note: When the FLASH STS.BUSY bit is 'l’, 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 memory block. The number of option bytes is limited
to 10 bytes (4 bytes for write protection, 2 bytes for read protection, 2 byte for configuration and 2 bytes for storing
user data). After unlocking the Flash, you must write KEY1 and KEY2 respectively (refer to 2.2.1.3) 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.
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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) before starting and start the programming operation.
This ensures that the option byte and its complement are always correct.

Option byte erase process:

e  Check the FLASH STS.BUSY bit to confirm that there are no other flash operations in progress;
e  Unlock the FLASH CTRL.OPTWE bit;

e  Setthe FLASH CTRL.OPTER bitto 'l";

e  Setthe FLASH CTRL.START bitto 'l";

e  Wait for the FLASH STS.BUSY bit to change to '0';

e  Read the erased option byte and verify it.

Option byte area programming process:

e  Check the FLASH STS.BUSY bit to confirm that there are no other flash operations in progress;
e  Unlock the FLASH CTRL.OPTWE bit;

e  Setthe FLASH CTRL.OPTPG bitto 'l";

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

e  Wait for the FLASH STS.BUSY bit to change to '0';

e  Read the written address and verify the data.

2.2.1.5 ECC function

The Flash module supports the ECC functionality, enabling 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 Flash module supportsinstruction prefetch function with the prefetch buffer size 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 threshold levelsselection and reset options when the system is in standby/stop2 mode, They
consist of 10 options byte: 4 bytes for write protection, 2 bytes for read protection, 2 bytes for configuration option,
2 bytes defined by user. 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
and used for verification when the option bytes are read.

By default, the option byte block is always read-accessibleand 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 =
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0x45670123, KEY2 = 0xCDEF89AB) into the FLASH_OPTKEY, and then write operation to 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. To lock the option byte nomally,, write ‘0’ to the FLASH _CTRL.OPTWE bit by
software. The option byte can be unlocked by writing the correct key value sequence in the FLASH OPTKEY.

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

[31:24] [23:16] [15:8] [7:0]
Address Corresponding Option Byte Corresponding Option Byte
Complement Code Complement Code
0x1FFF_F800 nUSER USER nRDP1 RDPI
O0x1FFF_F804 nDatal Datal nData0 Data0
O0x1FFF_F808 nWRP1 WRP1 nWRPO WRPO
O0x1FFF_F80C nWRP3 WRP3 nWRP2 WRP2
O0x1FFF_F810 nUSER2 USER2 nRDP2 RDP2

e  Read protection L1 level option byte: RDP1
— Protect the code stored in the Flash memory;
— When the correct value is written, it is not allowed to read the flash memory;
— The result of whether RDP1 is turned on or not can be inquired through FLASH OBJ1];
e  User configuration options: USER
— USER][7:3]: Reserved
— USER]2]: nRST STDBY configuration options, read through FLASH OB[4]
0: Reset occurs when entering standby mode
1: No reset occurs when entering standby mode
— USERJ[1]: nRST_STOP2, read through FLASH_ OBJ3]
0: Reset occurs when entering stop2 mode
1: No reset occurs when entering stop2 mode
— USERJ0]:WDG_SW configuration options, read through FLASH OB [2]
0: Hardware watchdog
1: Software watchdog
e 2 bytes of user data: Datax
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— Datal (stored in FLASH_OB[25:18));
— Data0 (stored in FLASH_OB [17:10]);
e  Write protection option byte: WRPO ~ 3, which can be inquired through the register FLASH WRP [31:0]
— WRPO: write protection of pages 0-15, bit [0] corresponds to Page0 / 1, bit [7] corresponds to pagel4 / 15;

— WRPI1: write protection of pages 16-31, bit [0] corresponds to Pagel6 / 17, bit [7] corresponds to Page30
/31;

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

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

e  Read protection L2 level option byte: RDP2

— Add protection function on the basis of L1, refer to the detailed description of read protection in section
22.1.9;

—  The result of whether RDP2 is turned on or not can be inquired through FLASH OBJ[31];
e  User Configuration 2:USER2

— USER2 [7]: Reserved

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

— USER2 [3]: Reserved

— USER2[2]: nSWBOOTO, read out through FLASH OB2[26], default value is 1

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

— USER2[0]: nBOOTO, read out through FLASH_OB2[27], default value is 1

2.2.1.8 Write protect

Write protection can be configured for all pages of the Flash main memory area (maximum 128KB) to prevent
accidental write operations caused by program crashes or electrical disturbances. The basic unit of write protection
is as follows: for page 0 to 63, every 2 pages is a basic protection unit. Write protection can be configured by setting
WRPO to WRP3 in the option byte block; After each configuration, a system reset is required for the configured value
to be reloaded to take effect. If a protected page is programmed or erased, a protection error flag will be returned in
the FLASH STS.

The system information block contains the following blocks:

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

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

e The option byte block (2KB) in the system information block stores the user-configurable option byte
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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 sequence to
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 against unauthorized reading by setting read protection. Read protection is

mainly targeted at protecting the access operations to main memory block and option byte block after chip sealing

operation is completed. 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

Table 2-5 Read Protection Configuration List

Read protection status RDP1 nRDP1 nRDP2 RDP2
L1 level OxFF OxFF RDP2! = 0xCC || nRDP2! = 0x33
Unprotected 0xAS5 0x5A RDP2! = 0xCC || nRDP2! = 0x33
L2 level 0xXX 0xXX 0x33 0xCC
L1 level Not the above three configurations
e LOlevel:

In unprotected state, (RDP1 == 0xA5 & nRDP1 == 0x5A) && (RDP2!= 0xCC | nRDP2!= 0x33);
The main memory block and option bytes can be read arbitrarily;

The main memory block and options bytes can be programmed and erase, with configurable read/write
protection.

e L1level:

The corresponding ~ ((RDP1 == 0xAS5 & nRDP1 == 0x5A) && (RDP2!= 0xCC | nRDP2!= 0x33)) |
(RDP2 == 0xCC & nRDP2 == 0x33));

Only the read operation of the main memory 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 memory

block is allowed;
Pages 0~1 are automatically write-protected;

Other pages can be programmed through the code executed in the main Flash memory (using for IAP or
data memory and other functions);

All pages are not allowed to write or erase(except for mass erase) in debug mode or after booting from
embedded SRAM,;

The function of loading code into the embedded SRAM through JTAG/SWD remains effective, and it can
be started from the embedded SRAM through JTAG/SWD, which can be used to remove read protection;

When the read-protected option byte is reprogrammed to the value 0xA5 to move back to the unprotected
LO level, all the main memory areas will be automatically erased, and the process is as follows: (Erasing
the option byte block will not trigger Mass Erase operation, because the result of erasing is OXFF, which is

equivalent to remaining in the protection state of L1 level)
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1. Write the correct key value sequence into FLASH _OPTKEY to unlock the option byte block;
2. The bus initiates a command to erase the entire option byte area (Page erase);

3. Bus write 0xAS5 to read protection option byte;

4. Automatically erase all main memory area by hardware;

5. Automatically write 0XAS5 to read protection option byte by hardware;

6. When the system is reset (such as software reset, etc.), the option byte block (including the new
RDP value 0xAS5) will be reloaded into the system, and the read protection will be released;

— The following access operations to the Flash memory will be prohibited:
1.  Boot from embedded SRAM to execute code to access main Flash memory (including using DMA);

2. 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
Level Perform User JTAG/ . Protection Level
Main Flash System Memory SRAM
Access Area SWD
First 4KB of flash Read-Write- | Read-Write- ) Read-Write-
_ Read-Write-Erase
main memory block Erase Erase Erase
Last 4KB of flash Read-Write- | Read-Write- Read-Write-
) Read-Write-Erase
main memory block Erase Erase Erase
Flash main memory
Allow Allow Allow Allow
block mass erase .
LO Changeto L1 or L2 is
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
block
Read and Read and ) Read and
SRAM (All) ) ) Read and write )
write write write
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First 4KB of flash o
Prohibit Read-only Read-only Read-only
main memory block
Last 4KB of flash Read-Write- Read-Write-
Prohibit Read-Write-Erase
main memory block Erase Erase
Change to LO or L2 is
Flash main memo
i Allow Allow Allow Allow allowed.
block mass erase
L1 When changed to L0,
level :
v Flash ontion b Read-Write- | Read-Write- Read-Write.E Read-Write- the main memory
t (¢ - te- . .
ash option byte area Erase Erase ead-Write-Erase Erase block is automatically
erased.
Flash system memory
Prohibit Prohibit Read-write-erase Prohibit
block
Read and Read and ] Read and
SRAM (All) Read and write
write write write
First 4KB of flash
) Read-only Read-only Read-only
main memory block
Last 4KB of flash Read-write- ) Read-write-
_ Read-write-erase
main memory block erase erase
Flash main memory
JTAG/SWD Allow Allow Allow . ..
L2 block mass erase ) ) No modification is
interface is
level allowed.
. disabled.
Flash option byte area Read-only Read-only Read-only
Flash system memory
Prohibit Read-write-erase Prohibit
block
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
LO First 4KB of flash Read-write- Read-write- Read-write- | Changeto L1 or L2 is
. Read-write-erase
level main memory block erase erase erase allowed
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Last 4KB of flash Read-write- | Read-write- ) Read-write-
) Read-write-erase
main memory block erase erase erase
Flash main memory
Allow Allow Allow Allow
block mass erase
Read-write- Read-write- Read-write-
Flash option byte area Read-write-erase
erase erase erase
Flash system memory
Prohibit Prohibit Read-write-erase Prohibit
block
Read and Read and ] Read and
SRAM (All) ) ) Read and write )
write write write
First 4KB of flash
) Prohibit Read-only Read-only Prohibit
main memory block
Last 4KB of flash Read-write-
) Prohibit Read-write-erase Prohibit
main memory block erase
Change to LO or L2 is
Flash main memo
Y Allow Allow Allow Allow allowed.
block mass erase
L1 When changed to L0,
level ;
eve Flash ontion b Read-write- | Read-write- Readouri Read-write- the main memory
ash option byte area ead-write-erase . .
erase erase erase block is automatically
erased.
Flash system memory
Prohibit Prohibit Prohibit Prohibit
block
Read and Read and ] Read and
SRAM (All) ) ) Read and write )
write write write
First 4KB of flash
main memory block
Last 4KB of flash
main memory block No modification is
L2
L2 protection level, cannot boot from SRAM allowed.
level Flash main memory )
JTAG/SWD is banned.
block mass erase
Flash option byte area
Flash system memory
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block
SRAM (All)
Boot mode System Memory
protect Changing a Protection
level Perform user . Level
JTAG/SWD | Main Flash System Memory SRAM
Access to areas
First 4KB of flash Read-write- | Read-write- ) Read-write-
) Read-write-erase
main memory block erase erase erase
Last 4KB of flash Read-write- | Read-write- ) Read-write-
_ Read-write-erase
main memory block erase erase erase
Flash main memory
Allow Allow Allow Allow
block mass erase .
LO Change to L1 or L2 is
level . . . allowed
) Read-write- | Read-write- ) Read-write-
Flash option byte area Read-write-erase
erase erase erase
Flash system memory
Prohibit Prohibit Read-write-erase Prohibit
block
Read and Read and ] Read and
SRAM (All) ) ) Read and write )
write write write
First 4KB of flash .
) Prohibit Read-only Read-only Read-only
main memory block
Last 4KB of flash . Read-write- ) Read-write-
] Prohibit Read-write-erase
main memory block erase erase L0 or L2 is allowed.
L1 Flash main memory Al All All Al When changed to L0,
ow ow ow ow ;
level block mass erase the main memory
block is automatically
Read-write- Read-write- Read-write- erased.
Flash option byte area Read-write-erase
erase erase erase
Flash system memory
Prohibit Prohibit Read-write-erase Prohibit
block
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Read and Read and Read and
SRAM (All) ) ) Read and write )
write write write
First 4KB of flash
Read-only Read-only Read-only
main memory block
Last 4KB of flash Read-write- Read-write-
Read-write-erase
main memory block erase erase

Flash main memory JITAG/SWD Allow Allow Allow

L2 block mass erase No modification
level interface is allowed

Flash option byte arca disabled. Read-only Read-only Read-only

Flash system memory
Prohibit Read-write-erase Prohibit

block
Read and ] Read and
SRAM (All) ) Read and write )
write write

Note: (1) Erase here refers to flash page erase;

2.2.2 ICache

To achieve higher system performance, an instruction cache 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 cache,
the CPU will be able to work at a higher frequency. When the instruction requested by the CPU is in the instruction
cache, the CPU can obtain the instruction without delay and enabling zero waiting for execution. When the current
instruction sequence, instruction prefetch sequence and instruction cache all miss, Flash will be re-read and the Cache
will be updated accordingly. Consequently, the cache mainly stores the program’s entry points.

The main features of the instruction cache are as follows:
e 2KB iCache.

e  The degree of cache associativity: 4 Way

2.2.2.1 Software interface
e FEnable

— Provide software configuration enable/disable iCache. The switch can be toggle without any restrictions
(see the FLASH_AC.ICAHEN bit).

e Reset

— Provide software interface to clear the iCache, it must be initiated when iCache is disabled. Reset and
Enable cannot be effective at the same time. First, turn off FLASH AC.ICAHEN, then write 1 to
FLASH AC.ICAHRST, and then turn on FLASH AC.ICAHEN.
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e Lock

— 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.

e  Additional remarks
— Selection of Cache replacement algorithm is not supported.

— When using icache, there is no Write-Back(WB) or  Write-Through(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 respectively control the enbale and disable of the
lock mechanism for iCache. 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
block and other memory blocks, 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 block and other memory blocks, 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 frequently used codes in iCache to improve the
efficiency of code execution. iCache module has four latch channels, and the size of each channel is 1/4 of the whole
cache. When using a single channel, you must ensure that the amount of code to latch is less than the size of each
channel. Otherwise need to use more channels to latch the code. The latch function can be used according to the
following control flow:

1. Set FLASH CAHR.LOCKSTRT[0] to 1;

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

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

4. Then set FLASH CAHR.LOCKSTRT[1] to 1;
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5. Execute function 2 that needs to be locked in channel 1 (the code amount of function 2 should be less than
the size of a single channel);

6. After the function 2 is executed, set FLASH CAHR.LOCKSTOP[1]to 1;
Notes:

(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 SRAM?2, of which SRAMI1 is up to 24K bytes and
SRAM?2 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 execution (supports access of SBus, ICode and DCode), and can run programs at full speed in
SRAM. The maximum address range of SRAM is from 0x2000 0000 to 0x2000 7FFF.

In STOP2 mode, both SRAM1 and SRAM2 data can optionally retain data; in STANDBY mode, only SRAM?2 has
the option to retain data.

The main features are as follows:

e  The maximum capacity is 32KB in total.

e  Support byte/half-word/word reading and writing
e I/D/S/DMA can all accesse SRAM.

e  The I/D bus can be remapped to access the SRAM, allowing programs to execute directly from the SRAM at
the full speed of the CPU.

2.2.4 FLASH Registers
All register operations must be performed in words (32 bits).
2.2.4.1 FLASH register overview

Table 2-7 FLASH Register Overview

offset Register ;l%lﬁ‘ﬁl'@‘fn‘m‘ﬁ‘m‘m‘a‘8‘3‘2‘2‘2’2’3’2’§ NI—‘O

“lSloa|lw|~|lo|lwv] x| e
z = wn m
le|d|elEl2|e|2]-
FLASH_AC S|2|12|2|Z|2|5|E| B ramney
000h Reserved Al?2|(2|2|S|S gl2| 8
2
Reset Value 0 0 0 0 0 0 1 1 0 | 0 ‘ 0
FLASH_KEY FKEY

004h

wewvoe [o [ [ [ [ [ [ [e [ [e [o To oo [o [o [o To To To o [o [o [e [e [e [e [e [o [o [o o

FLASH_OPTKEY OPTKEY
008h

wervaws |0 [oToJo o Jo oo oo To o [o[oTo o oo o e o oo o e o e o e o o]
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offset Register Zlglg‘ﬁlg‘ﬁlmlﬁ‘&“lﬁlﬁ‘S‘Qlfltlflflilﬁlﬁl:‘elolw|\~omwmm-—o
= | =~
= 2l g5 >
FLASH_STS I gla|z|g
00Ch Reserved Q@ ; A& 8™
3
Reset Value ojojJo|lOofoO0]oO 0
53]
Elw|Blo|lw|2 =|lxl|lo
S|E|lE|E | o
FLASH_CTRL 2|2z ; 218(2|5|E]3 o £l¢
010h Reserved a 3|4 % o E “|lw|O|O]| 8
- &
Reset Value 0 0 0 0 0 0 1 0 0 0 0 0 0
FLASH_ADD FADD
014h
Reset Value | 0 l 0 l 0 ‘ olofolo I 0lolo I 0 ‘ 0 ‘ 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0o I 0 I 0o ‘ 0 ‘ 0 ‘ 0 | 0 | 0 | 0 ‘ 0
=) o —
5 jaalms - 5
FLASH_OB2 JEE 3 |3 BOR_LEV
018h Reserved 2|2 5] 3 Reserved Reserved
Reset Value 1| = |1 0o ‘ 0
> | o
3 AEHEF
FLASH OB | & Datal Data0 Not Used a9 d £ e
01Ch @ Reserved (lz 5 § @ o
7 -4
= =
v | T T LT L L L e
FLASH_WRP WRPT
020h
Reset Value 1‘1 ‘1‘1 ‘1‘ 1‘1 ‘1‘ 1‘1 ‘1‘1 ‘1‘ 1‘1 ‘1‘ 1‘1 1‘ 1‘1 ‘1‘1 ‘1 1‘1 1‘ 1‘1 ‘1‘1 ‘1
: >
FLASH_ECC o) § 0
024h Reserved g 2 (’:j
Reset Value 0‘0‘0‘0‘0‘0 = O‘OIOIOIO‘O
028h
~ Reserved
02Ch
& £
&= =
FLASH_CAHR & ¥
030h Reserved 8 8
— s |
Reset Value 0‘0‘0‘0 OIOIO‘O
2.2.4.2 FLASH control and status register
For abbreviations related to register descriptions, please refer to section 1.1.
2.2.4.2.1 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
Reserved
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| Rescrved LATENCY
1 1 1 1 1
™ T ™w T ™w w T ™w ™
Bit Field Name Description
31:12 Reserved Reserved, the reset value must be maintained.
11 SLMEN FLASH SLEEP Mode Enable

22 /615

NSING Technologies Pre, Lid.
Add: NSING, Teletech Park #02-28, 20 Science Park Road,
Singapore 117674
Tel: +65 69268090
Email: sales@nsing.com.sg



NSING

nsing.com.sg

Bit Field

Name

Description

0: Turn off FLASH sleep mode;
1: Enable FLASH sleep mode.

10

SLMF

FLASH sleep mode flag
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 'l' 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 FLASH Kkey register (FLASH_KEY)

Address offset: 0x04

Reset value: 0xXXXX XXXX
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31 16
FKEY[31:16]
w
15 0
FKEY[15:0]
w
Bit Field Name Description
31:0 FKEY Used to unlock the FLASH_CTRL.LOCK bit.
2.2.4.2.3 FLASH OPTKEY register (FLASH OPTKEY)
Address offset: 0x08
Reset value: 0xXXXX XXXX
31 16
OPTKEY[31:16]
w
15 0
OPTKEY[15:0]
w
Bit Field Name describe
31:0 OPTKEY Used to unlock the FLASH CTRL.OPTWE bit.
2.2.4.2.4 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 T
Bit Field Name Description
318 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 'l", 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 'l", 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 'l' can clear this state.

2 PGERR Programming error
When trying to program an address whose content is not '0OXFFFF_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 LASH control register (FLASH_CTRL)

Address offset: 0x10

Reset value: 0x0000 0080

T T T T T T T T T T
Reserved

12

11

10

Reserved
1

ECERRITH EOPITE

FERRITE

ERRITE

OPTWE | SMPSEL | LOCK Reserved PER PG

™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
goes to '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

FLASH_STS.EVERR/PVERR bit goes to '1'.
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Bit Field Name Description
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 'l'.

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.

1 PER Page erase.

0: Disable page erase mode;
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Bit Field Name Description
1: Enable page erase mode
0 PG Program.

0: Disable program mode;

1: Enable program mode.

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

2.2.4.2.6 FLASH address register (FLASH_ADD)

Address offset: 0x14

Reset value: 0x0000 0000

31 16
FADD[31:16]
w
15 0
FADDJ15:0]
w
Bit Field Name Description
31:0 FADD Flash address

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

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

2.2.4.2.7 FLASH Option byte register 2 (FLASH_OB2)

Address offset: 0x18

Reset value: 0x0c¢800000

31 28 27 26 25 24 23 22 16
I Reselrved I nBOOTO B'(‘)S(Y‘{O Reselrved nBOOTI I I I Reserved I I I
15 I 10 8 : 0
I I Reserved I B(I)R_LEV[Z:IO] I 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 nSWBOOTO0 nSWBOOTO0
Note: This bit is read-only.
25:24 Reserved Reserved, the reset value must be maintained.
23 nBOOTI nBOOTI
Note: This bit is read-only.
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Bit Field Name Description

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 nBOOT0, nSWBOOT0, and nBOOTI, 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
T T T
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
r T T r 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;

1: No reset occurs after entering the STOP2 mode.

Note: This bit is read-only.
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Bit Field

Name

Description

2

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 16
WRPT
T
15 0
WRPT
T
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

31 16
Reserved
15 14 13 8 7 6 5 0
Reserved ECCHW Reserved ECCLW
T T

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
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Bit Field Name Description
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

Reserved
1 1 1 1 1 1 1 1 1 1

Reserved
1 1 1 1

LOCKSTOP LOCKSTRT

™ ™

Bit Field Name

Description

318 Reserved

Reserved, the reset value must be maintained.

7:4 LOCKSTOP[3:0]

iCache lock stop (see for detailed operation instructions 2.2.2.3.3 iCache locking_
Chapter).

0: Disable

1: Enable

3:0 LOCKSTRTJ[3:0]

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

3.1 General Description

The 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.The MCU
supports the following modes: RUN, LOW-POWER RUN, SLEEP, LOW-POWER SLEEP, STOP2 and STANDBY.

3.1.1 Power Supply

e  The PWR module mainly consists of the following independent power domains: Vpp, Vbpa, Vrer+, VrEE-. 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.

—  Vbpa 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. An isolated supply
ground connection is provided on VSSA pin, which can filter and shield noise separately, and improve the
conversion accuracy performance of analog modules such as A/D and D/A.

—  Vger+ or Vgrer. domain:

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

o Internal Vggr: Connected to Vrerpurr, the voltage is 2.048V, and Vppa is required not to be lower than
2.4V.

e  The PWR module consists of a main regulator (MR) and a low power regulator (LPR). Two embedded linear
voltage 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 (Vpp) reaches the specified threshold.
When Vpp drops 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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Note: The reset duration trsrrempo exists only based on the BOR minimum threshold (Voro).

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 Vb is above/below the PVD voltage threshold. This
event is connected internally to the extended interrupt line16 and produces an interrupt if the interrupt is enabled in
the extended interrupt register. A PVD interrupt occurs when the Vop drops below the PVD threshold and/or when
the Vbb rises above the PVD threshold, according to the rise/fall edge trigger setting of the extended 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 . ) Code execution continues
By configuring Clear PWRCTRLI.LPREN bit
POWER LPR ) without peripheral
PWRCTRLI.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
1) SCB_SCR.SLEEPDEEP = 1 code, peripherals that the
STOP2 LPR System reset and all EXTI
2) PWR_CTRLI1.LPMSEL = user chooses to keep do
“000/010” not need to be
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Mode Regulator Enter Exit Wakeup State
reconfigured, USB, CAN

need to be reconfigured,

MSI =4M
WFI/WFE: 3 WKUP IO rising/falling
1) SCB_SCR.SLEEPDEEP = 1 edges, RTC alarm rising edge,
STANDBY LPR System reset
2) PWR_CTRLI1.LPMSEL = NRST reset, IWDG reset, RTC
“011~ timestamp, tamper detection

Notes:

(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/UARTS/I2C1/12C2/WWDG configuration is retained.

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

The operating enabled status of different modules in different power consumption modes are shown in the following

table:
Table 3-2 Blocks Running State
. 5 5 STOP2 STANDBY
Main Blocks Run E E 5 E i? % E 3 E
d E a E © - < g = - =2 3 =
- - z 8 z 3
CPU Y - Y - - - - -
MMU (¢} (0] (0] (¢} - - - -
DMA (¢} (0] (0] (¢} - - - -
FLASH (¢} (0] (0] (¢} - - - -
SRAM1 Y Y Y Y (0] - - -
SRAM2 Y Y Y Y (0] - o -
BOR Y Y Y Y Y Y Y Y
PVD (¢} (0] (0] (¢} (0] Y (¢} -
HSE (¢} (0] - - - - - -
HSI (¢} (0] - - - - - -
LSE (¢} (0] (0] 0] (0] - (6] -
LSI (¢} (0] (0] 0] (0] - (6] -
MSI (¢} (0] Y Y (0] - - -
CSS for HSE o (0] (0] (¢} - - - -
CSS for LSE o (0] (0] (¢} (0] (0] o o
PLL (¢} (0] - - - - - -
RTC (¢} (0] (0] 0] (0] Y o Y
Tamper 3 3 3 3 3 O 3 (0]
IWDG o (0] (0] 0] (0] Y (0} Y
EXTI Y Y Y Y Y - - -
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STOP2 STANDBY

Main Blocks Run

SLEEP
Low Power
Run
Low Power
Sleep

Wakeup
Capabilit
y

=~ | < |Capabilit
Wakeup

LPTIM
LPUART
TIM1/8
TIM2/3/4/5

TIM6/7

WWDG
USART1/2/3
UART4/5
12C1/2
SPI1/2

o} Holl Nol Nol foll ol Noi Nol Noi e
o} Holl fol ol foll ol No i Noi Noi Re

USB

UCDR
CAN
SAC
CRC
DAC

o
o

ADC

TempSensor
OPAMP
COMP
TRNG
GPIOs

(o} Roll Nol Nol Nol Ne)
(o} ol Noi ol Nol Ne)

o} Holl fol Noi Noll ol Noi ol foi Rol Noi fol fol Rol Hoi fol fol ol Joi Noi N oi e
o} Holl fol Nol Noll ol Noi Hol Hoi Roll Nol Hol N ol Roll Hol Fol f ol ol Nol Noi Noi e

0 0 0 Y 0 3 pins

Notes:

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

(2) Only COMPI support STOP2 mode.

(3) 3 pins represent three wake-up 10s, PAS, PAO and PC13.

3.2.1 RUN Mode

RUN mode is the normal operating 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, the MR output voltage can also be
adjusted via PWR _CTRL1.MRSEL. In addition, if the FLASH is not used, the software can set the
FLASH _AC.SLMEN bit to put the FLASH into sleep mode to reduce power consumption, and the
FLASH AC.SLMEN bit can also restore the current state of the FLASH.

3.2.1.1 Main Regulator (MR)

Steps to enter MR 1.0V:
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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 4MHz;

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

Set FLASH AC.LVMEN to 1, and wait for FLASH_AC.LVMF to be 1, indicating that Flash has entered the
low-voltage mode;
Reconfigure the Flash read cycle, according 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;

Set SRAM to work in normal mode;

Configure PWR_CTRL1.MRSELJ[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 from MR1.0V to MR 1.1V:

Configure PWR_CTRL1.MRSELJ[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;

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

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

Increase the system clock;

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 S0MHz, it can be configured to 0).

3.2.2 SLEEP Mode

The CPU stops 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 I/O pins maintain the same

state/function as in RUN mode.

3.2.2.1 Entering SLEEP mode

SLEEP mode is entered 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:

SLEEP-NOW: If SCB_SCR.SLEEPONEXIT = 0, then WFI or WFE instruction is executed immediately, and
the system enters sleep mode immediately.

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

If WFTI 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:

e  Enable an interrupt in the peripheral control register instead of NVIC, and enable the SCB_SCR.SEVONPEND.
When MCU resumes from WFE, the peripheral interrupt pending bit and the peripheral NVIC interrupt channel
suspend bit (in NVIC interrupt clear pending register) must be cleared.

e  Configure an external or internal EXTI event mode. When the MCU wakes up, it is not necessary to clear the
peripheral interrupt pending bit and the peripheral NVIC interrupt channel pending bit (in the NVIC interrupt
clear pending register) because the pending 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 , 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 for USB /SAC, which disabled.
3.2.3.1 Entering 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:
e  Turn off modules that do not support LPRUN, such as USB, algorithm (SAC), etc.;
e  Ensure that the system clock is up to 4MHz;

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

e  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;

e  Reconfigure the Flash read cycle to 0;
e  Set SRAM to work in low voltage mode;

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

e PWR CTRLI1.LPREN bit is set to 1, use while to wait for PWR_STS2.LPRUNF to be 1. The use of while is to
avoid CPU access to SRAM and prevent SRAM timing problems.

Additional steps can be taken to further reduce power consumption:
e  Adjust the LPR output to meet different power or frequency requirements;

e  Turn on or off the digital peripheral clock according to actual needs;
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e  Turn off unnecessary analog peripherals;

e  If Flash is not used, in order to further reduce power consumption, user can configure FLASH AC.SLMEN =
1 to put Flash into sleep mode. Configuring FLASH AC.SLMEN = 0 will restore the current state of Flash.

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

3.2.3.2 Exiting LOW POWER RUN mode

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

e Clear PWR CTRLI.LPREN and wait until PWR_STS2.LPRUNF is set to 1;
e  Set the Flash read delay to greater than 2;

e (Clear FLASH AC.LVMEN and ensure that the Flash low voltage mode is canceled by polling the
FLASH_AC.LVMF bit;

e  Restore the system clock to the required state;

e  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, <SOMHz, 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 Entering 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 Exiting LOW POWER SLEEP mode

Exiting LOW POWER SLEEP mode is the same as exiting SLEEP mode, any interrupt or event can wake up 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. The Main
voltage regulator (MR) is turned off, the HSE/HSI/PLL are also turned off, the MSI/LSE/LSI can optional operation
ly remain running. In this mode, the CPU registers, 80-byte backup registers, RCC, SP11/2, UART4/5, USART2/3,
12C1/2 and WWDG registers are retained. The RET domain and the low-power power domain are still operating

normally.

SRAMI1/2 can be configured to be retained in STOP2 mode via PWR CTRL3.RAMIRET and
PWR_CTRL3.RAM2RET. All I/O pins except PC13/14/15 are in retention state by default, PC13/14/15 can be

configured to remain the same state as run mode.
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3.2.5.1 Entering STOP2 mode

To enter STOP2 mode, the register bitsshould be configured: SCB_SCR.SLEEPDEEP = 1, PWR_CTRLI1.LPMSEL
="000~010".

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

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

In STOP2 mode, the following peripherals are available:

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

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

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

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

e ]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 Exiting 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 stopped. 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®-M4F 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. SRAM?2 can optionally retain data, RTC and IWDG
can optionally operate. 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 Entering STANDBY mode

Enter STANDBY mode by executing WFI/WFE and setting SCB _SCR.SLEEPDEEP = 1 and
PWR _CTRL1.LPMSEL ="011".

If Flash is being operated, entering enter STANDBY mode will be delayed until the memory access is completed.

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

In STANDBY mode, the following peripherals are available:
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e Independent Watchdog (IWDG) optional: Once enabled, it will keep counting until a reset is generated.

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

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

e  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 Exiting STANDBY mode

The MCU exits STANDBY mode when external reset (NRST pin), IWDG reset, rising/falling edge of WKUP pin or
RTC alarm event, timestamp event or 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 the MCU from different low-power modes without
relying on external interrupts. The RTC provides a programmable ime base for waking up from SLEEP, STOP2 and
STANDBY modes at regular intervals. To do this, two of the three optional RTC clock sources can be selected by
software programming RCC_LDCTRL.RTCSELJ[1:0] as follows:

e  32.768kHz external crystal oscillator (LSE OSC)
This clock source provides an accurate time base with very low power consumption.
e Internal RC crystal oscillator (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:
e  Configure EXTI 18 rising edge trigger.
e  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

nsing.com.sg

offset|  Register
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000h - Z
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Reset Value 0 | 00
gl = |z
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o0an | PWR_CTRL2 & Z =
> & =
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Reset Value 0 010 0
> o | x Z e Z|lz| 7z
A HEE E SEE JEE
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“lz|g|2|E|E| 4|2 gl glg 2|2
Reset Value 0 11 [ 0 11 ] o[o]o
o — (=3
PWR_STSI E E E
00Ch - Z| =
EA §
Reset Value 0[f0]0
)
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ot0n| PWRSTS2 g8
—
Reset Value 0 1 1
> gl &
PWR_STSCLR| E E E é
o14h| - & 2|l z|=
o) i e |
&) &) &)
Reset Value [ 0 | oJofo
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
Reserved
1 1 1 1 1 1 1 1 1 1
15 14 13 11 10 9 8 7 0
T T T T T T T T
Reserved | LPREN Reserved MRSEL[1:0] DRBP Reserved LPMSELJ[2:0]
1 1 1 1 1 1 1 1
™w ™ ™w ™w
Bit Field Name Description
31:15 Reserved Reserved, the reset value must be maintained.
14 LPREN LOW POWER RUN mode enable bit.
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Bit Field Name Description
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)
8 DRBP Disable RTC, backup registers and write protection of RCC_LDCTRL register.
In the reset state, the RTC, backup registers and RCC_LDCTRL registers are protected
from illegal writes. This bit must be set to enable write access to these registers.
0: Disable access to RTC, backup registers and RCC_LDCTRL
1: Enable access to RTC, backup registers and RCC_LDCTRL
Note: This bit must remain 1 if HSE is divided by 32 as the RTC clock.
7:3 Reserved Reserved, the reset value must be maintained.
2:0 LPMSEL [2:0] Low power mode selection bits.

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

3.4.3 Power Control Register 2 (PWR_CTRL2)

Address offset: 0x04

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

31 16
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 5 4 3 1 0
T T T T T T T T T T T
Reserved PV]]E)I\I; LT PLS[2:0] PVDEN
. . . . . . . . . . .
™w ™ ™w

Bit Field Name Description
31:5 Reserved Reserved, the reset value must be maintained.
4 PVDFLTEN PVD filter enable bit.
0: Disable PVD filtering
1: Enable PVD filtering
3:1 PLS[2:0] PVD threshold.
PLS[2:0] Voltage
000 2.1v
001 2.25v
010 2.4v
011 2.55v
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Bit Field Name Description
100 2.7v
101 2.85v
110 2.95v
111 QD)
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_CTRL3)
Address offset: 0x08

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

31 22 21 20 19 18 17 16
I I I Reserved PSTSTP2 [PSTSTBY| Reserved | gopt [ 5008 | PBOT
15 14 13 12 11 10 9 8 7 6 5 4 3 B i o
Reserved IWEII\IJPL RA]%[}R RA]%\_/II_IR Reserved 12%13); Bs(_l}_PD; BS)%T Reserved WI}()lsjpz W]l()lSJPl WI]()ISJPO Reserved wggpz WIEII\JIM WIEEPO
™w w ™w ™w w ™w ™w ™w ™w ™w ™w ™w
Bit Field Name Description
31:22 Reserved Reserved, the reset value must be maintained.
21 PSTSTP2 Pin state bit in STOP2 mode.
0: Pin in retention state
1: Pin in high-Z state
20 PSTSTBY Pin state bit in STANDBY mode.
0: Pin in retention state
1: Pin in high-Z state
19 Reserved Reserved, the reset value must be maintained.
18 PBDTSTBY PVDBOR state bit in STANDBY mode.
0: Normal mode
1: Duty on mode
17 PBDTSTP2 PVDBOR state bit in STOP2 mode.
0: Normal mode
1: Duty on mode
16 PBDTLPR PVDBOR state bit in LP RUN mode.
0: Normal mode
1: Duty on mode
15 Reserved Reserved, the reset value must be maintained.
14 IWKUPLEN Internal wake-up line enable bit.
0: Disable internal wake-up line
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Bit Field

Name

Description

1: Enable internal wake-up line

13

RAM2RET

SRAM2 retention bit.
SRAM2 supports selection of retention in STANDBY or STOP2 mode.
0: No retention

1: Retention

12

RAMIRET

SRAMI retention bit.
SRAMI1 only supports selection of retention in STOP2 mode.
0: No retention

1: Retention

11

Reserved

Reserved, the reset value must be maintained.

10

BGDTSTBY

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

BGDTSTP2

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

BGDTLPR

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

Reserved

Reserved, the reset value must be maintained.

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

WKUPIPS

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

WKUPOPS

WKUPO 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

Reserved

Reserved, the reset value must be maintained.

WKUP2EN

Enable WKUP2 pin.

Software can set and clear this bit.

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

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

Name

Description

1

WKUP1EN

Enable WKUPI pin.

Software can set and clear this bit.

0: WKUP pin is used for general purpose /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.

WKUPOEN

Enable WKUPO pin.

Software can set and clear this bit.

0: WKUP pin is used for general purpose I/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)

Reserved
L L L L L L L L L L

IWKUPF

Reserved
.

STBYF Reserved WKUPF2 | WKUPF1 | WKUPFO

T

T T r 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.

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.

Reserved

Reserved, the reset value must be maintained.

WKUPF2

WKUP2 pin wakeup flag.

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

WKUPF1

WKUPI 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.CLRWKUPI.
0: No wakeup event occurred

1: Wakeup event received from WKUP pin

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

Reserved
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
Reserved PVDO MRF | LPRUNF
1 1 1 1 1 1 1 1 1
T T 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 Voltage 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 mode. This bit
remains 0 when MCU exits LOW POWER RUN mode and is set to 1 by hardware until
the voltage regulator is ready in master mode. This bit must be polled before increasing
the frequency.

0: MCU is in LOW POWER RUN mode

1: MCU is in RUN mode

3.4.7 Power Status Clear Register (PWR_STSCLR)
Address offset: 0x14

Reset value: 0x0000 0000
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Reserved
1 1 1 1 1

9 8 7

1

0

Reserved
1

ICLRSTBY]| Reserved

CLR
WKUP2

CLR
WKUP1

CLR
WKUPO

w

Bit Field

Name

Description

31:9

Reserved

Reserved, the reset value must be maintained.

8

CLRSTBY

Clear STANDBY flag.

This bit always reads as 0.

0: No effect.

1: Clear PWR_STS1.STBYF flag.

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.WKUPFI1.

CLRWKUPO

Clear WKUPO 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:

e  Power Reset

e  System Reset

e Low power domain Reset

4.1.1 Power Reset

A power reset occurs in the following circumstances:
e  Power-on reset (POR reset).

e  Brown-out reset(BOR reset).

e  When exiting STANDBY mode.

When returning from STANDBY mode, a power reset resets all registers to their reset values except low-power
domain.

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:
e A low level on the NRST pin (external reset)

e  Window watchdog event (WWDG reset)

e Independent watchdog event (IWDG reset)

e  Software reset (SW reset)

e Low power management reset

e  MMU protection reset

e  RAM parity error reset

e 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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4.1.2.1 Software reset

A software reset can be generated by setting the SYSRESETREQ bit in Cortex®-M4F Application Interrupt and Reset
Control Register. Refer to Cortex®-M4F 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:

e  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.

e  Generate low power management reset when entering STOP2 mode: This reset is enabled by setting the
nRST STOP2 bit in the user option byte. At this time, even if the process to enter STOP2 mode is performed,
the system will be reset instead of entering STOP2 mode.

The system reset signal provided to the chip is output on the NRST pin. The pulse generator guarantees a minimum
reset pulse duration of 13pus 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

VDD/VDDA

NRST

System Reset
W Filter >

I—— Pulse extension at

least 13us

IWDG Reset
WWDG Reset

Software Reset

Lower Power Management Reset

1
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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:

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

e VDD 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):
e  HSI oscillator clock,16MHz;

e  HSE oscillator clock, 4~32MHz;

e  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;

e 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:

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

e 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:

e [fthe 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.

e  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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4.2.1 Clock Tree Diagram

Figure 4-2 Clock Tree
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1. The maximum frequency available for the system clock is 108MHz.

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

in the product datasheet.

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

4.2.2 HSE Clock

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

e  HSE user external clock
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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 of the chip. The loading
capacitance value must be adjusted according to the chosen oscillator.

Figure 4-3 HSE/LSE Clock Source

External Clock Crystal/Ceramic Resonators
OsC ouT OSC_IN OsC _ouT
7 7 7 7
L]
(Hiz)
External Clock Source Crystal
Cl C2

4.2.2.1 External clock source (HSE bypass mode)

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 triangular 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, the clock was
released, until this bit is set by hardware.

4.2.2.2 External crystal/ceramic resonator (HSE crystal mode)

The 4 to 32 MHz external oscillator has the advantage of producing a more accurate main 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, even with calibration the frequency is less accurate.

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.
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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: 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]J3:0] 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: 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 48§MHz 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 switched on and switched off by the RCC_LDCTRL.LSEEN bit.

The RCC_LDCTRL.LSERD bit 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, sinus or
triangular 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
bit is set by hardware. An interrupt can be generated if enabled in the Clock Interrupt Register (RCC_CLKINT).
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4.2.7.1 LSI calibration

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

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

The LSI calibration steps are as follows:

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

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

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

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 4MHz) is selected as the system clock. It cannot be stopped when the clock source is used directly or
indirectly through the PLL as the system clock.

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

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

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 TIMS8), 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™-M4F.

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

If the HSE oscillator is directly or indirectly used as the system clock (indirectly means: it is used as the PLL input
clock, and the PLL clock is used as the system clock), the clock failure will cause a switch of the system clock to the
MSTI 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.
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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:
e IfLSE or LSI is selected as RTC clock:
— Ifthe Vpp supply is switched off, the RTC cannot continue to work
e I[fthe HSE clock divided by 32 is used as the RTC clock:

—  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:

e SYSCLK
e HSI

e HSE

e PLL

e LSI

e LSE®
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NSING

MSI

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

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

Note: 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 descriptions are as follows.

4.3.1 RCC Register Overview

Table 4-1 RCC Register Overview
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4.3.2 Clock Control Register (RCC_CTRL)
Address offset: 0x00
Reset value: 0x0000 0040
31 26 25 24 23 20 19 18 17 16
T T T T T T T T
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Bit Field Name Description
31:26 Reserved Reserved, the reset value must be maintained.
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Bit Field

Name

Description

25

PLLRDF

PLL clock ready flag

Set by hardware once PLL is ready.
0: PLL is not ready

1: PLL is ready

24

PLLEN

PLL enable

Set and cleared by software. When entering the stop2 mode, it is cleared by hardware.
This bit cannot be cleared when PLL is used as the system clock.

When the HSI/HSE is used as the clock source for the PLL, the PLL will not be
turned on until the HSI/HSE clock is ready.

0: Disable PLL

1: Enable PLL

23:20

Reserved

Reserved, the reset value must be maintained.

19

CLKSSEN

Clock security system enable

Set and cleared by software.

0: Disable the clock detector

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

18

HSEBP

External high-speed clock bypass enable

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

0: Disable the bypass function of HSE oscillator

1: Enable the bypass function of HSE oscillator

17

HSERDF

External high-speed clock ready flag

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

0: HSE is not ready

1: HSE is ready

16

HSEEN

External high-speed clock enable

Set and cleared by software. When entering the stop2 or standby mode, it is cleared
by hardware. This bit cannot be cleared when HSE is used directly or indirectly as the
system clock.

0: Disable HSE oscillator

1: Enable HSE oscillator

15:7

HSICAL([8:0]

Internal high-speed clock calibration value

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%.

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.
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Bit Field Name Description
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 3 2 21 18 17 16
T T T T T T T T T
MCOPRES[3:0] P %%E]L MCO[2:0] USBPRES[1:0] PLLMULFCT[3:0] P]L,]];IEEE PLLSRC
™ ™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] SCLKSTSI[1:0] SCLKSWI[1:0]
1 1 1 1 1 1 1 1 1 1
™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/(prescaler factor * 2)

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

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

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

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

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

0111: MCO clock divided by 8, duty cycle 1/(prescaler 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].
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Bit Field

Name

Description

26:24

MCO[2:0]

Microcontroller clock output selection

Set and cleared by software.

0xx: No clock output

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

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

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

100: Select system clock (SYSCLK) output

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

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

111: Select PLL clock output

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

When the system clock is output to the MCO pin, the output clock frequency should
not exceed SO0MHz (the highest frequency of the 1/O port).

23:22

USBPRES][1:0]

USB prescaler.

Set or cleared by software to generate a 48MHz USB clock. The values of these
bits must be valid before enabling the USB clock in the RCC_APBI1PCLKEN
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 x 2

00001: PLL input clock x 3

00010: PLL input clock x 4

00011: PLL input clock x 5

00100: PLL input clock x 6

00101: PLL input clock x 7

00110: PLL input clock x 8

00111: PLL input clock x 9

01000: PLL input clock x 10

01001: PLL input clock x 11

01010: PLL input clock x 12

01011: PLL input clock x 13

01100: PLL input clock x 14

01101: PLL input clock x 15

01110: PLL input clock % 16

01111: PLL input clock x 16
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Bit Field

Name

Description

10000: PLL input clock x 17
10001: PLL input clock x 18
10010: PLL input clock x 19
10011: PLL input clock x 20
10100: PLL input clock x 21
10101: PLL input clock x 22
10110: PLL input clock x 23
10111: PLL input clock x 24
11000: PLL input clock x 25
11001: PLL input clock x 26
11010: PLL input clock x 27
11011: PLL input clock x 28
11100: PLL input clock x 29
11101: PLL input clock x 30
11110: PLL input clock x 31
11111: PLL input clock x 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
(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 (APB1) 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
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Bit Field

Name

Description

111: HCLK divided by 16

7:4

AHBPRES[3:0]

AHB prescaler

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

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

SCLKSTS[1:0]

System clock switching status
Set and cleared by hardware to indicate which clock source is used as system clock
00: The system clock comes from MSI
01: The system clock comes from HSI
10: The system clock comes from HSE
11: The system clock comes from the PLL output

1:0

SCLKSWI1:0]

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

4.3.4 Clock Interrupt Register (RCC_CLKINT)

Address offset: 0x08

Reset value: 0x0000 0000

3 . . 2 26 25 24 23 2 21 20 19 18 17 16
Reserved BRSO | LSESS! [ Lsessir | CEleS! | Reserved [BoricLR| PLERDE | HEERDL | HSIRDL | LAERDL | LERDI
. . . .
w ™w T w w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MSIRDI | M3IRDI | o | PLERDI | HSERDL| HSIRDI | LSERDI | LSIRDI | 1 g sS1F | MSIRDIF| BORIF |PLLRDIF |HSERDIF| HSIRDIF | LSERDIF | LSIRDIF
w ™w ™w ™w ™w ™ ™w ™w T T )y T T T iy )y
Bit Field Name Description
31:27 Reserved Reserved, the reset value must be maintained.
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Bit Field

Name

Description

26

LSESSICLR

LSE Clock security system interrupt clear.
This bit is set by software to clear the LSESSIF
flag.

0: No

effect

1: Clear LSESSIF flag

25

LSESSIEN

LSE Clock Security System (CSS) interrupt enable

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

0: LSE CSS interrupt

disabled

1: LSE CSS interrupt enabled

24

LSESSIF

Clock security system interrupt flag

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

0: No clock security interrupt caused by LSE clock failure

1: Clock security interrupt caused by LSE clock failure

23

CLKSSICLR

Clock security system interrupt clear

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

1: Clear the CLKSSIF flag

22

Reserved

Reserved, the reset value must be maintained.

21

BORICLR

BOR interrupt clear

This bit is set by software to clear the BORIF flag.
0: No effect

1: BORIF cleared

20

PLLRDICLR

PLL ready interrupt clear

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

1: Clear the PLLRDIF flag

19

HSERDICLR

HSE ready interrupt clear

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

1: Clear HSERDIF flag

18

HSIRDICLR

HSI ready interrupt clear

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

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
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Bit Field

Name

Description

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

MSIRDEF 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.
0: Disable LSE ready interrupt

1: Enable LSE ready interrupt

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

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

MSIRDIF

MSI ready interrupt flag.
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Bit Field

Name

Description

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

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

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

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

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

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

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
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16

Reserved SPI2RST

UARTS
RST

UART4
RST

Reserved

™
6 5 4 3

™w
2

™w
1

0

Reserved

USARTI1
RST

TIMSRST| SPIIRST |TIMIRST

Reserved IOPDRST|IOPCRST|IOPBRST

IOPARST

Reserved

AFIORST

™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

UARTS5RST

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

USARTT1 reset

Set and cleared by software.
0: Clear the reset

1: Reset USART1

13

TIM8RST

TIMS timer reset

Set and cleared by software.
0: Clear the reset

1: Reset TIMS8 timer

12

SPIIRST

SPI1 reset

Set and cleared by
software.

0: Clear the reset
1: Reset SPI1

11

TIMIRST

TIM1 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.
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Bit Field

Name

Description

5

IOPDRST

GPIO 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 IO reset
Set and cleared by software.
0: Clear the reset

1: Reset Alternate Function

4.3.6 APBI1 Peripheral Reset Register (RCC_APB1PRST)
Address offset: 0x10

Reset value: 0x0000 0000

31 30 29 28 27 2 25 24 23 22 21 0 19 13 17 16
OPAMP | Reserved | DACRST| PWRRST Reserved CANRST|UCDRRST| USBRST | [2C2RST | I2CIRST Reserved USARTS | USART2 | Reserved
. .
™w ™w ™w ™ ™ ™ ™w ™w ™w ™w
15 . 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved W&IT)G Reserved | TIMORST Reserved COMPRST TIM7RST| TIM6RST| TIMSRST| TIM4RST| TIM3RST| TIM2RST
™ ™w ™w ™w ™w ™w ™w ™ ™
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
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Bit Field

Name

Description

1: Reset the DAC interface

28

PWRRST

Power interface reset
Set and cleared by software.
0: Clear the reset

1: Reset the power interface

27:26

Reserved

Reserved, the reset value must be maintained.

25

CANRST

CAN reset

Set or cleared by software.
0: Clear the reset

1: Reset CAN

24

UCDRRST

UCDR reset.
Set or cleared by software.
0: clear the reset

1: Reset UCDR

23

USBRST

USB reset.
Set or cleared by software.
0: clear the reset

1: Reset USB

22

I2C2RST

12C2 reset

Set and cleared by software.
0: Clear the reset

1: Reset [2C2

21

I2CIRST

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

USARTS3 reset.
Set or cleared by software.
0: Cear the reset

1: Reset USART3

17

USART2RST

USART?2 reset

Set and cleared by software.
0: Clear the reset

1: Reset USART2

16:12

Reserved

Reserved, the reset value must be maintained.

11

WWDGRST

Window watchdog reset

Set and cleared by software.
0: Clear the

reset

1: Reset window watchdog
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Bit Field

Name

Description

10

Reserved

Reserved, the reset value must be maintained.

9

TIMORST

TIMO reset.
Set or cleared by software.
0: Cear the reset

1: Reset TIM9

Reserved

Reserved, the reset value must be maintained.

COMPRST

COMP reset

Set and cleared by software.
0: Clear the

reset

1: Reset COMP

TIM7RST

TIM?7 timer reset.
Set or cleared by software.
0: Cear the reset

1: Reset the TIM7 timer

TIM6RST

TIM6 timer reset

Set and cleared by software.
0: Clear the reset

1: Reset TIM6 timer

TIMS5SRST

TIMS timer reset

Set and cleared by software.
0: Clear the reset

1: Reset TIMS timer

TIM4RST

TIM4 timer reset

Set and cleared by software.
0: Clear the reset

1: Reset TIM4 timer

TIM3RST

TIM3 timer reset

Set and cleared by software.
0: Clear the reset

1: Reset TIM3 timer

TIM2RST

TIM2 timer reset

Set and cleared by software.
0: Clear the reset

1: Reset TIM2 timer

4.3.7 AHB Peripheral Clock Enable Register (RCC_AHBPCLKEN)

Address offset: 0x14

Reset value: 0x0000 0014
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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 13 12 11 10 9 3 7 6 5 4 3 2 1 0
T T T
Reserved ADCEN | SACEN | Reserved |RNGCEN Reserved CRCEN | Reserved |FLITFEN | Reserved |SRAMEN| Reserved | DMAEN
1 1 1
™w ™ ™w ™w ™w ™w ™
Bit Field Name Description
31:13 Reserved Reserved, the reset value must be maintained.
12 ADCEN ADC clock enable

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

11 SACEN SAC clock enable

Set and cleared by software.
0: SAC clock

disabled

1: SAC clock enabled

10 Reserved Reserved, the reset value must be maintained.

9 RNGCEN RNGC clock enable

Set and cleared by software.
0: RNGC clock disabled

1: RNGC clock enabled

8:7 Reserved Reserved, the reset value must be maintained.
6 CRCEN CRC clock
enable

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

5 Reserved Reserved, the reset value must be maintained.

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

1: Enable the clock of the flash interface circuit

3 Reserved Reserved

2 SRAMEN SRAM interface clock enable

Set and cleared by software to disable/enable SRAM interface clock during SLEEP
mode.

0: SRAM interface clock disabled during SLEEP mode.

1: SRAM interface clock enabled during SLEEP mode

1 Reserved Reserved, the reset value must be maintained.

0 DMAEN DMA clock enable

Set and cleared by software.
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Bit Field

Name

Description

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

20 19 18 17 16

Reserved SPI2EN |[UARTSEN[UART4EN| Reserved

™w ™w ™w
6 5 4 3 2 1 0

. USART1
Reserved EN

TIMBEN | SPIIEN

TIMIEN

Reserved IOPDEN | IOPCEN | IOPBEN | IOPAEN | Reserved | AFIOEN

™

™ ™

™

™ ™ ™ ™ ™

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

UARTSEN

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

USARTIEN

USART!] clock enable

Set and cleared by
software.

0: USART!] clock disabled
1: USARTI clock enabled

13

TIMSEN

TIMS8 Timer clock enable
Set and cleared by

software.
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Bit Field

Name

Description

0: TIMS timer clock disabled
1: TIMS timer clock enabled

12

SPI1EN

SPI1 clock enable

Set and cleared by software.
0: SPI1 clock disabled

1: SPII clock enabled

11

TIM1EN

TIM1 timer clock enable

Set and cleared by

software.

0: TIMI1 timer clock disabled
1: TIMI 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: IO Port D clock

disabled

1: IO Port D clock enabled

IOPCEN

IO Port C clock enable

Set and cleared by software.
0: IO Port C clock

disabled

1: IO Port C clock enabled

IOPBEN

10 Port B clock enable

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

IOPAEN

IO Port A clock enable

Set and cleared by
software.

0: IO Port A clock disabled
1: 10 Port A clock enabled

Reserved

Reserved, the reset value must be maintained.

AFIOEN

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

1: Alternate Function IO clock enabled

4.3.9 APBI1 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

nsing.com.sg

19 18 17

16

OPAMPEN Reserved

DACEN | PWREN

Reserved

CANEN | Reserved | USBEN | I2C2EN | I2C1EN

Reserved

' USART3
EN

USART2
EN

Reserved

11

10

™ ™ ™w ™

9 8 7 6 5

4

™w ™w
3 2 1

0

Reserved

WWDG
EN

Reserved

COMP

TIM9EN FILTEN

Reserved COMPEN| TIM7EN

TIM6EN

TIMSEN | TIM4EN | TIM3EN

TIM2EN

™

™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

[2C2EN

[2C2 clock enable

Set and cleared by software.
0: I2C2 clock

disabled

1: 12C2 clock enabled

21

I2C1EN

I2C1 clock enable
Set and cleared by software.

0: 12C1 clock
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Bit Field

Name

Description

disabled
1: I2C1 clock enabled

20:19

Reserved

Reserved, the reset value must be maintained.

18

USART3EN

USARTS3 clock

enable

Set and cleared by software.
0: USARTS3 clock disabled
1: USARTS3 clock enabled

17

USART2EN

USART?2 clock enable

Set and cleared by software.
0: USART2 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.

TIM9EN

TIM9 clock enable

Set and cleared by software.
0: TIMO clock disabled

1: TIMO clock enabled

Reserved

Reserved, the reset value must be maintained.

COMPFILTEN

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

1: COMP Filter clock enabled

COMPEN

COMP clock enable

Set and cleared by software.
0: COMP clock

disabled

1: COMP clock enabled

TIM7EN

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

1: TIM7 clock enabled

TIM6EN

TIMS6 timer clock enable

Set and cleared by software.
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Bit Field

Name

Description

0: TIM6 clock
disabled
1: TIM6 clock enabled

TIMSEN

TIMS timer clock enable
Set and cleared by software.
0: TIMS clock

disabled

1: TIMS clock enabled

TIM4EN

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

disabled

1: TIM4 clock enabled

TIM3EN

TIM3 timer clock enable
Set and cleared by software.
0: TIM3 clock

disabled

1: TIM3 clock enabled

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 . . . . . . . . _ 16

Reserved ng.}y][:c Reserved ]?SQI'I}: Reserved LES,IFT
. . . . . . . . . .
T T ™w

15 14 . . __10 °o 8 7 s 4 3 2 1 0

RTCEN Reserved RTCSEL[1:0] Reserved LSEGHK | LSECLK | LSEBP | LSERD | LSEEN
. . . . . .

™w ™ T ™ ™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: A low power domain EMC reset has occurred
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Bit Field

Name

Description

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

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: LST oscillator selected as RTC clock

11: HSE oscillator divided by 32 selected as RTC clock

Reserved

Reserved, the reset value must be maintained.

LSECLKSSF

LSE clock security system status.
0: No LSE failure detected
1: LSE failure detected

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

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

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
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Bit Field Name Description

1: External low-speed oscillator ready

0 LSEEN

Set and cleared by software.

External low-speed clock oscillator enable

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_CTRLI1.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

31 30 29 28 27 26 25 24 23 2 16
T T T T
LPWR | WWDG | IWDG | SFT | POR MMU RAM MSITRIM
RSTF | RSTF | RSTE | RSTF | RSTF |PINRSTF| pqrp |RMRSTF| porp [7:1]
. .
r T r T T r T ™ T ™
15 14 7 6 4 3 2 1 0
T T T T T T T T T
MSI[E?IM MSICAL[7:0] MSIRANGE[2:0] MSIRD | MSIEN | LSIRD | LSIEN
1 1 1 1 1 1 1 1 1
™ T ™w T ™w T ™w
Bit Field Name Description
31 LPWRRSTF Low power reset flag

Cleared by software by writing to the RMRSTF bit.
0: No low-power management reset occurred

1: A low-power management reset occurred

Set by hardware when a low-power management reset occurs.

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

0: No independent watchdog reset occurred

1: Independent watchdog reset occurred

Set by hardware when an independent watchdog reset occurs

Cleared by software by writing to the RMRSTF bit.

28 SFTRSTF Software reset flag

0: No software reset occurred

1: Software reset occurred

Set by hardware when a software reset occurs.

Cleared by software by writing to the RMRSTF bit.
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Bit Field

Name

Description

27

PORRSTF

Power-on/power-down reset flag

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

0: No power on/power off reset occurred

1: Power-on/power-off reset occurred

26

PINRSTF

External pin reset flag

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

0: No NRST pin reset occurred

1: NRST pin reset occurred

25

MMURSTF

MMU reset flag

Set by hardware when MMU reset occurs.

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

1: MMU reset occurred

24

RMRSTF

Clear the reset flag

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

1: Clear the reset flag

23

RAMRSTF

RAM reset flag.

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

0: No RAM reset occurred

1: 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.

147

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.

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

001: 200kHz

010: 400kHz

011: 800kHz

100: IMHz

101: 2MHz

110: 4MHz (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.
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Bit Field

Name

Description

0: MSI not ready
1: MSI 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

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

Reserved

10

Reserved
1

ADCRST

SACRST

Reserved RNGCRST| Reserved

™

™

™

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
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Bit Field

Name

Description

reset

1: Reset SAC

10

Reserved

Reserved, the reset value must be maintained.

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

31 30 29 28 24 23 18 17 16
Rd TIMCLK RN:GCPRES[%O] Rd ADCIM | ADCIM
15 ~ 12 1 9 8 4 3 ™ 0
Pﬁgg[%] I I I ADCIPLLPRESI[4:0] I I ADCHP;(ES[S:O] I
rLV T . D
Bit Field Name Description
31:30 Reserved Reserved, the reset value must be maintained.
29 TIMCLKSEL TIM1/8 clock source selection
Set and cleared by software.
0: PCLK2 is selected as TIM1/8 clock source if APB2 prescaler is 1. Otherwise,
PCLK2 x 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

ADCIMSEL

ADC 1M clock source selection.
Set or cleared by software.

0: Select HSI oscillator clock as the input clock of ADC 1M
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Bit Field

Name

Description

1: Select HSE oscillator clock as the input clock of ADC 1M

16:12

ADCIMPRES[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 IM

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
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
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4.3.14 Clock Configuration Register 3 (RCC_CFG3)
Address offset: 0x30

Reset value: 0x0000 3800

nsing.com.sg

31 19 18 17 16
T T T T T T T T T T T T
Reserved TRI]\EJSIIM TRé\IEGLlM Reserved
1 1 1 1 1 1 1 1 1 1 1 1
™w ™w
15 11 10 9 8 7 0
T T T T UCDR USB T T T T
. TRNIGIMPRESI[4:0] . Reserved 300MSEL [XTALESS UCDREN . . . Reserved .
™w ™ ™ ™w
Bit Field Name Description
31:19 Reserved Reserved, the reset value must be maintained.
18 TRNGIMEN TRNG analog interface clock enable.

Set or cleared by software.

0: Disable TRNG analog interface clock
1: Enable TRNG analog interface clock

17 TRNGIMSEL 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 TRNGIMPRES[4:0] TRNG 1M clock prescaler.

00000: Reserved

input clock

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

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

10 Reserved Reserved, the reset value must be maintained.
9 UCDR300MSEL UCDR 300M clock source selection
0: OSC300M

1: PLL VCO clock (288M)

8 USBXTALESS USB external crystal oscillator selection mode

0: USB has external crystal oscillator mode

1: USB without external crystal oscillator mode

7 UCDREN UCDR enable
0: UCDR bypass
1: UCDR enable
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Bit Field

Name

Description

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

Reserved
L

12 11

10

9

8

7

6

Reserved
1

LPUART
RST

LPTIM
RST

Reserved
1

LPUART
EN

LPTIMEN

Reserved

LPUARTSEL([1:0]

LPTIMSEL[2:0]

™

™w

™

™w

™

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
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Bit Field

Name

Description

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

Reset value: 0x0000 0000

31 16
Reserved
15 2 1 0
PLLSRC | PLLHSI
1 1 1 1 1 RCSCIrVCd 1 1 1 1 DIV PRE
™ ™
Bit Field Name Description
31:2 Reserved Reserved, the reset value must be maintained.
1 PLLSRCDIV PLL clock source prescaler selection
0: No prescaler
1: 2 prescaler
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 16
Reserved
15 6 5 4 3 2 1 0
Reserved ERR2STS| g% |ERR2IEN|ERRISTS| KRR |ERRIIEN
rc_wl ™ ™ rc_wl ™ ™
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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

ERR2RSTEN

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

1: No system reset when parity error is detected

ERR2IEN

SRAM2 parity error interrupt enable bit.
0: Trigger an interrupt when a parity error is detected

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

ERRI1STS

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

1: There is a parity error

ERRIRSTEN

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

1: No system reset when parity error is detected

ERRI1IEN

SRAMI 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

S GPIO and AFIO

5.1 Summary

GPIO (General purpose input/output) and AFIO (Alternate-function input/output) are available for flexible pin
configuration. The chip supports up to 52 GPIOs, which are divided into 4 groups (GPIOA/GPIOB/GPIOC/GPIOD).
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:

e  Each bit of the GPIO port can be configured separately by the software into multiple modes:

Input floating

Input pull up (weak pull up)

Input pull down (weak pull down)

Analog function

Open drain output
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—  Push-pull output
—  Push-pull alternate function
—  Open drain alternate function
e  General I/0 (GPIO)
—  During and just after reset, the alternate function is not enabled, except for BOOTO (which is an input
pull-down), and the I/O port is configured to analog input mode
—  After reset, the default state of pins associated with the debug system is enable SWJ, the JTAG pin is
placed in input pull-up or pull-down mode:
o JTDI in pull-up mode
o JTCK in pull-down mode
o JTMS in pull-up mode
o NJTRST in pull-up mode
—  When configured as output, values written to the output data registers are output to the appropriate I/O
pins. Can be output in push pull mode or open drain mode
e  Separate bit setting or bit clearing functions
e  External interrupt/wake up: All ports have external interrupt capability. In order to use external interrupts,
ports must be configured in input mode
e  Alternate function: (port configuration registers must be programmed before using default alternate function)
e  GPIO lock mechanism, which freezes 1/0 configurations. When a LOCK is performed on a port bit, the

configuration of the port bit cannot be changed until the next reset

Each 1/O port bit can be programmed arbitrarily, but the I/O port registers must be accessed as 32-bit words (16-bit
half-word or 8-bit byte access is not allowed). The figure below shows the basic structure of an /O port.
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Figure 5-1 Basic Structure of I/O Port
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5.2 1/0 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 I/O Port Configuration Table

PMODE[1:0] POTYPE PUPD|1:0] 1/O 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
0 0 0 Alternate function push-pull
0 0 1 Alternate function push-pull + pull-up

0 0 1 0 IAlternate function push-pull + pull-down
0 1 1 Reserved
1 0 0 IAlternate function open-drain
1 0 1 IAlternate function open-drain + pull-up
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PMODE(1:0] POTYPE PUPDI[1:0] I/0 Configuration

1 1 0 IAlternate function open-drain + pull-down
1 1 1 Reserved
X 0 0 Input floating

00 X 0 1 [nput pull-up
X 1 0 I[nput 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 I/O under different configurations are shown in the following table:

Table 5-2 Input and Output Characteristics of Different Configurations

Alternate
Feature GPIO Input GPIO Output Analog Function
Configure
Output buffer Disabled Enabled Disabled according to
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 GPIO high
"1", the GPIO outputs 1 impedance
when "1"
Input data register (I/O status) Readable Readable Reads out 0 Readable
Output data register(Output value) Invalid Readable and writable Invalid Readable

5.2.1.1 Input mode

When /O port is configured in input mode:
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e  Schmitt trigger input is activated

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

e  Output buffer is disabled
e  The data appearing on the I/O pin is sampled into the input data register
e  Read access to the input data register provides the 1/O status

Figure 5-2 Input Floating/Pull-Up/Pull-Down Configuration

Output driver

< register
<

it
Write N Bit set/clear >
register Output data

Read/
Write

1/0 Pin

Input driver

On
" Read Input data /ﬂ
register
TTL Schmitt

trigger

5.2.1.2 Output mode
When /O port is configured as output mode:
e  Schmidt trigger input is activated

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

e 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.
e  The data appearing on the I/O pin is sampled into the input data register
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e Read access to input data register for 1/O status
e  Read access to the output data register gets the last written value

Figure 5-3 Output Mode Configuration
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5.2.1.3 Alternate function mode
When the 1/O port is configured as alternate function mode:
e  Schmidt trigger input is activated

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

e  In open-drain or push-pull configuration, the output buffer is controlled by the peripheral
e  Signal-driven output buffer with embedded peripherals
e  The data appearing on the I/O pin is sampled into the input data register

e  Read access to input data register for I/O status
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Figure 5-4 Alternate Function Configuration
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5.2.1.4 Analog mode
When the 1/O Port is programmed as analog mode:

e  Schmitt trigger input is disabled and output value is forced to '0' (achieving zero consumption on each analog
I/O pin)

e  Pull-up and pull-down resistors are disabled
e  When reading the input data register, the value is '0'

e  Output buffer is disabled
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Figure 5-5 High Impedance Analog Mode Configuration
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5.2.2 Status After Reset

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

e  NRST has no GPIO function by default, analog pins, no digital control
e  The default input pull-down of BOOTO pin

e  Afterreset, the SWD JTAG pins related to the debugging system are enabled by default, and put JTAG pin into
input pull-up or pull-down mode

— PAI15: JTDI in input pull-up mode

— PA14: JTCK in input pull-down mode

— PAI13: JTMS in input pull-up mode

— PB4: NJTRST in input pull-up mode

— PB3M: JTDO is placed in push-pull output without pull-up/pull-down (low level)
e PCl13. PCl4. PCI15:

— 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.

5.2.3 Individual Bit Setting and Bit Clearing

By writing '1' to the bit 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'
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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 extended 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 /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 (PAS8). 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:

e  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_OUT (PC15) can also be used for other purposes

e [IfLSE 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

e In standby mode, PC14/PC15 automatically becomes input pull-down mode
e  When not 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 GPIO

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 GPIO configuration.

The crystal oscillator is configured as user external clock mode, the pin remains as clock input, and OSC_OUT or
0OSC32 OUT can still be used as normal GPIO.

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
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JTMS/SWDIO PA13 AF0
JTCK/SWCLK PA14 AF0
JTDI PA1S AF0
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/O configuration registers (GPIOx_AFL or GPIOx_AFH). See the table

below.
Table 5-3 Debug Port Image
SWD_JTAG 1I/O Pin Allocation
Possible Debug Ports
PA13/ JTMS/ | PA14/ JTCK/
PA15/JTDI PB3/JTDO PB4/ NJTRST
SWDIO SWCLK
Complete SWD_JTAG (JTAG-DP+SW-DP) 1/0 is not 1/0 is not 1/0 is not I/0 is not
) ) ) 1/0O is not available| )
(reset state) available available available available
Complete SWD_JTAG (JTAG-DP+SW-DP) 1/0 is not I/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 1/0 available 1/0 available
available available
Turn off JTAG-DP and SW-DP. 1/0 available | I/O available | I/O available 1/0 available I/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 IO levels, the input pins of JTAG are fixed with internal pull-up/pull-down:
e  NJTRST: internal pull-up

e  JTDI: internal pull-up

e JTMS/SWDIO: internal pull-up

e 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_CFQG).

Table 5-4 ADC External Trigger Injection Conversion Alternate Function Remapping

Alternate Function ADC_ETRI=0 ADC_ETRI=1
ADC external trigger ADC external trigger injection conversion is ADC external trigger injection conversion and
injection conversion connected to EXTI (0 - 15). TIM8_CH4 connection.

Table 5-5 ADC External Trigger Regular Conversion Alternate Function Remapping

Alternate Function ADC_ETRR =0 ADC_ETRR =1
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ADC external trigger

rule conversion

ADC external trigger regular conversion is connected

to EXTI (0 - 15).

ADC external trigger regular conversion and

TIM8 TRGO connection.

5.2.5.6 TIMx alternate function remapping

5.2.5.6.1 TIM1 alternate function remapping

Table 5-6 TIM1 Alternate Function Remapping

Alternate Function Pin Remap
TIM1_ETR PAI2 AF2
TIM1_CHI PAS 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
PDI14 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_CHI1
PA15 AF5
PAl AF2
TIM2_CH2
PB3 AF2
PA2 AF2
TIM2 CH3
PB10 AF2
TIM2_CH4 PB11 AF2
5.2.5.6.3 TIM3 alternate function remapping
Table 5-8 TIM3 Alternate Function Remapping

Alternate Function Pin Remap

TIM3_ETR PD2 AF2
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Alternate Function Pin Remap
PA6 AF2
TIM3_CH1 PB4 AF2
PCé6 AF2
PA7 AF2
TIM3_CH2 PB5 AF4
PC7 AF2
PBO AF2
TIM3_CH3
PC8 AF2
PBI 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 PBS AF2
TIM4_CH4 PB9 AF2
5.2.5.6.5 TIMS alternate function remapping
Table 5-10 TIMS Alternate Function Remapping
Alternate Function Pin Remap
TIM5_CH1 PAO AF1
TIMS _CH2 PA1 AF7
TIM5_CH3 PA2 AF6
TIMS _CH4 PA3 AF7
5.2.5.6.6 TIMS alternate function remapping
Table 5-11 TIMS Alternate Function Remapping
Alternate Function Pin Remap
TIM8 ETR PAO AF7
TIM8_CH1 PC6 AF6
TIMS8_CH2 PC7 AF6
TIM8_CH3 PC8 AF6
TIM8_CH4 PC9 AF6
TIM8 BKIN PA6 AF6
TIM8 _CHIN PA7 AF6
TIM8 CH2N PBO AF7
TIM8 CH3N PB1 AF0
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Table 5-12 TIM9 Alternate Function Remapping

Alternate Function Pin Remap
TIM9 ETR PB2 AF1
TIM9 CH1 PB12 AF1
TIM9_CH2 PBI13 AF1
TIM9_CH3 PB14 AF1
TIM9 CH4 PB15 AF1
5.2.5.6.8 LPTIM alternate function remapping
Table 5-13 LPTIM Alternate Function Remapping
Alternate Function Pin Remap
PBS AF2
LPTIM_IN1
PCO AFO0
PB7 AFS5
LPTIM_IN2
PC2 AF2
PB2 AF2
LPTIM_OUT
PC1 AFO0
PB6 AF8
LPTIM_ETR
PC3 AF0
5.2.5.7 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
PBS AF5
PA12 AF1
CAN_TX
PB9 AFS5
5.2.5.8 USARTYX alternate function remapping
5.2.5.8.1 USART]1 alternate function remapping
Table 5-15 USART1 Alternate Function Remapping
Alternate Function Pin Remap
USARTI! CTS PAI11 AF4
USARTI RTS PAI12 AF4
PA4 AF1
PA9 AF4
USARTI TX
PB6 AF0
PB8 AF0
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Alternate Function Pin Remap
USART1_CTS PAI11 AF4
USART1_RTS PA12 AF4

PAS AF4
USART1_RX PA10 AF4
PB7 AFO0
USART1_CK PAS AF4

5.2.5.8.2 USART?2 alternate function remapping

Table 5-16 USART?2 Alternate Function Remapping

Alternate Function Pin Remap

PAO AF4

USART2_CTS
PA1S AF6
PA1 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

5.2.5.8.3 USART3 alternate function remapping

Table 5-17 USART3 Alternate Function Remapping

Alternate Function Pin Remap
USART3 CTS PB13 AF7
USART3_RTS PB14 AF7

PB10 AF0
USART3 TX

PC10 AF5

PBI11 AF5
USART3 RX

PCl11 AF5

PB12 AF4
USART3 CK

PC12 AF5

5.2.5.8.4 UARTX alternate function remapping
5.2.5.8.5 UART4 alternate function remapping

Table 5-18 UART4 Alternate Function Remapping

Alternate Function Pin Remap
UART4_TX PBO AF6
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Alternate Function Pin Remap
PB14 AF6
PC10 AF6
PB1 AF6
UART4_RX PB15 AF6
PC11 AF6

5.2.5.8.6 UARTS alternate function remapping

Table 5-19 UARTS Alternate Function Remapping

Alternate Function Pin Remap
PB4 AF6
UARTS TX PBS8 AF6
PCI12 AF6
PBS5 AF7
UARTS_RX PB9 AF6
PD2 AF6

5.2.5.8.7 LPUART alternate function remapping

Table 5-20 LPUART Alternate Function Remapping

Alternate Function Pin Remap
LPUART CTS PA6 AF4
PB13 AF4
PB1 AF7
PB12 AF2
LPUART RTS
PB14 AF4
PD2 AFO0
PA1 AF6
PA4 AF6
PB6 AF6
LPUART_TX
PBI10 AF4
PC4 AF2
PC10 AF0
PAO AF6
PA3 AF6
PB7 AF6
LPUART RX
PB11 AF4
PC5 AF2
PC11 AFO0
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5.2.5.8.8 I2C alternate function remapping
5.2.5.8.9 I2C1 alternate function remapping

Table 5-21 12C1 Alternate Function Remapping

Alternate Function Pin Remap
PA4 AF7
PA1S AF7
PB6 AF1
12C1_SCL
PBS8 AF4
PCO AF7
PC4 AF7
PAS AF7
PA14 AF7
PB7 AF1
12C1_SDA
PB9 AF4
PC1 AF7
PC5 AF7
12C1_SMBA PBS5 AF1

5.2.5.8.10 I2C2 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
PA8 AF6
PA10 AF6
12C2_SDA
PBI11 AF6
PB14 AFS5
PDI14 AF6
12C2_SMBA PA8 AF1
PB12 AF8
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5.2.5.8.11 SPI/I2S alternate function remapping
5.2.5.8.12 SPI1 alternate function remapping

Table 5-23 SPI1 Alternate Function Remapping

Alternate Function Pin Remap

PA4 AFO0
SPI1 _12S1 NSS WS PA8 AF5
PB6 AF4
PAS AFO0
SPI1_I2S1_SCK_CK PAI10 AFO0
PB3 AF1
PAO AF0
SPI1_12S1 MISO MCK PA6 AFO0
PB4 AF1
PA7 AFO0

SPI1_I2S1_MOSI_SD
PBS5 AFO0

5.2.5.8.13 SPI2/12S2 alternate function remapping

Table 5-24 SPI12/12S2 Alternate Function Remapping

Alternate Function Pin Remap
PA13 AF5
PA15 AF1
SPI2_12S2 NSS_WS
PBI12 AFO0
PCé6 AF5
PA10 AF5
PB6 AF5
SPI2 1282 SCK CK
PB13 AF0
PC7 AFS5
PA11 AF0
SPI2 12S2 MISO MCK PB14 AF0
PC8 AFS5
PAI12 AF0
SPI2_12S2 MOSI_SD PBI15 AFO0
PC9 AFS

5.2.5.8.14 COMP alternate function remapping
5.2.5.8.15 COMP1 alternate function remapping

Table 5-25 COMP1 Alternate Function Remapping

Alternate Function Pin Remap
PAO AF8
COMPI1_OUT
PA1l AF7
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Alternate Function Pin Remap
PB6 AF9
PB8 AF7
5.2.5.8.16 COMP?2 alternate function remapping
Table 5-26 COMP2 Alternate Function Remapping
Alternate Function Pin Remap
PA2 AF7
PA6 AF7
PA7 AF7
COMP2_OUT
PAI2 AF7
PA14 AF8
PB9 AF7
5.2.5.8.17 EVENTOUT alternate function remapping
Table 5-27 EVENTOUT Alternate Function Remapping
Alternate Function Pin Remap
PAO~PAI13 AF3
PAI1S AF3
PBO~PBI15 AF3
EVENTOUT
PCO~PC7 AF3
PC9~PC13 AF3
PD2 AF3
5.2.5.8.18 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

TIM1/8 CHx

ADC Analog mode
DAC Analog mode
Table 5-30 TIM1/TIM8
TIM1/TIMS Pin Configuration PAD Configuration Mode
Input capture channel x Input floating

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
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TIM1/TIMS Pin Configuration PAD Configuration Mode
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
Input capture channel x Input floating

TIM2/3/4/5/9 CHx

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
Table 5-33 CAN
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-up
USARTx_RX
Half duplex synchronous mode Unused, can be used as general 1/0O.
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
USART 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-up
UARTx_RX

Half duplex synchronous mode

Unused, can be used as general I/O.

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
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I2C 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

Slave mode

Push-pull alternate output

SPIx_I2Sx _NSS_WS

Master mode

Push-pull alternate output

Slave mode

Push-pull alternate output

SPIx_I2Sx_SCK_CK

Master mode

Push-pull alternate output

Slave mode

Push-pull alternate output

Table 5-39 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
NITRST 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 IO configuration to prevent accidental changes. When a lock (LOCK)
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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.

PLOCKXK, 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, w1-> w0-> w1-> 10 will be valid only if the value (1
or 0) in GPIOx PLOCK.PLOCK [15:0] does not change during this sequence.The GPIOx PLOCK.PLOCKK
bit will not be set if the value in GPIOx PLOCK.PLOCK [15:0] changes during this sequence.

As long as GPIOx PLOCK.PLOCKK=0 and GPIOx PLOCK.PLOCKx=0 or 1, all configuration and alternate
function bits can be modified. When GPIOx PLOCK.PLOCKK=1 but GPIOx PLOCK.PLOCK[x]=0, the
corresponding configuration and alternate function bits corresponding to GPIOx PLOCK.PLOCK][x]=0 can be
modified.

Only when GPIOx_PLOCK.PLOCKK=1 and GPIOx_ PLOCK.PLOCK[x]=1, the configurations corresponding
to GPIOx_PLOCK.PLOCK[x]=1 are locked and can not be modified.

If the lock sequence operation is wrong, then it must be redone (w1->w0->w1->10) 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 GPIO Registers Overview

offset Register :‘9] g‘ﬁ '::‘8 c"i‘f\:r n‘ﬁ E‘S —“’—‘> '-:‘f '2‘3 Q‘Q :‘2 a“w =~ e ‘“‘* ""“' -—‘o
2 < = = = = = = < = 2 = < = < =

= g = ) = g = = g = 7 = = = S |z

rospMobe |\ X\ X | 2 | 2| B | & | 5| 2| B|&5|E|&|&8|z|&]¢z

) o ) ) ) ) % g 9 g ) % 9 g ) %

= | =| 22| 2| | 2| 2|z |2|z|2|z]|2]|¢z%]|:%

000h x=A | VR TV T T T T O T T T T U T T 0 U A O O A O I B AR W B
x=B 1T T I O T O A O IO L T R T T O A A O A O A O IR T IR I '

Reset Value|

x=C ojlofofofofo| vttt | v v v v ] |fuv]r{uv{urfrfr]r|ufurfurfrfr]tr]tr]tr]r1]1

x=D 1T T I O T O A O IO " U T T T T T T Y I A O IO )
ZIZIEI2IZ12lelelelelelelalelele
GPIOx_POTYPE 51518155/ 5|clo|lolololo|lo|lolole
004h Reserved 8 =N =N = N N el Bl Bl Ball Ball Ball Rall Ball Ball i
Reset Value oloflo|lo|Jojo]jo|lo|lo|lo|o|o|o|Oo]|oO]O
slzlzl2lz12|2lelzlel2|z2e|=z|s

008h Reserved
Reset Value T T T T T T S O R U A O A O AR B IR R B
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offset Register ;‘2 a‘z zla m‘m m‘m ala 2‘2222‘1 ﬂlﬁ :|So‘m»‘ow|vm|~—‘o
g g S I ) =) g g N A I A - I A )
GPIOX_PUPD A = 21 31| & z 2 g E | 85| &8 | 2| 8| 8| &8 |28
B 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
2 2 2 2 2 2 9 £ £ £ 9 9 o o = =
00Ch x=A 0 1 1 0 0 1 010 0 0 0 0 0 (0] O 0 ojojofofojojofofojojofofojlo]ofo
x=B [V ] 00 0 oOfofo0f O 0 0 0 0 (0] O 0 ojojofofo]joOo]oO 1 ojojofofojo]ofo
Reset Value
x=C 0|0 0|0 0 ofofof O 0 0 0 0 (0] O 0 0]J]0]0f0O0 ojojojofojo]joOofjO]oO]|O
x=D [V ] 00 0 [ O N () 0 0 0 0 (0] O 0 ojojofofojojofofojojofofoy]o 110
vl zlSlale|ole|lvw|t]|alal =]
GPIOx_PID alc|lgla|e|e|2|lEIEIE|IEIE|IE|2|2|8
010h Reserved el el il Bl Bl N
Reset Value x| x| x|[x|[x|x|x|[x|[x]|x|x|[x|[x]|]x]x|[x
vwiF|lelzlS|laole|lolv|lvulgt]|aoalal =
GPIOx_POD g5|1gl|alglgl|gle|e|a|e|8|8|8]|8]8]|8
014h Reserved o - = - - = il Bl Bl Hal Ball Hall el Bl I
Reset Value ofojofojojojojojJOojJOfOo|lOfOfO]OfO
El I el S = gl sl oclelaclsl2lZl2l2=l2alalmlglalzslialalala
GPIOx_PBSC QIO Q|0 1723 RZARZ A RZERZ AR
018h - EIEEIEIEE BB EE R EE BB E R E BB EEEEEEEE EE
Reset Value 0|0 0|0 0 [ O N ) 0 0 0 0 (0] O 0 ojojofofojojofofojojofofojoj]ofo
2ol I3zl 2lgle|s|glvls|a diz|g
BlElE| 8288818188 5/1818|8]|8|8
Ol |0|8|0|B
GPIOx_PLOCK gl81818]8(8|8|s|sl3[8]8]8|8|S|S|3
01Ch Reserved =222 22| 2|E|R|=2|2|E2|lE|2|2|&|a
Reset Value 0 ojojofofojojofofojojofofojojofo
GPIOx_AFL AFSEL7[3:0] AFSEL6[3:0] AFSEL5[3:0] AFSEL4[3:0] AFSEL3[3:0] AFSEL2[3:0] AFSELI[3:0] AFSELO[3:0]
020h
x=A,C,D 1 1 [ | 1 I | ' T U T T W T O S O A A
Reset Value
x=B 1 1 1 1 11 1 1 o 0 0 0]J]0]0(0O0 1 1 1 1 1 1 1 1 1 1 111
GPIOx_AFH AFSEL15[3:0] AFSEL14[3:0] AFSEL13[3:0] AFSEL12[3:0] AFSEL11[3:0] AFSEL10[3:0] AFSEL9[3:0] AFSELS[3:0]
024h
x=A 0 0 0 o [0 [0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111
Reset Value|
x=B,C,D 1 1 [ | 1 I | ' T U T T W T O S O A A
clslclalclelelelelelelelelelzgle
GPIOx_PBC QIRIRIRIRIR | 2|lala|lalala|lalala|a
028h _ Reserved ElE|E|E|E|E|e|a|a|a|ala|ala)ala
Reset Value ofojofojojojojojJOojJOfOo|lOfOfO]OfO
g g g =2 =2 =2 g g g g g g g g g g
GPIOx DS =l 5|z |&|=s|ls|ls|=z|s|ls|lz|s|z|5]:z]|:=
w 172] w2 172} 2] 2] 172] 1%2] wn wn
A A A A A A a a a a a a a a a a
02Ch
Reset Value 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 011 0 1 01

5.3.2 GPIO Mode Description Register (GPIOx PMODE)
Address: 0x00

Reset value: 0XABFF FFFF (x=A); OxFFFF FEBF (x=B); OxFFFF FFFF (x=C); OxFFFF FFFC (x=D)

108 /615

NSING Technologies Pre, Lid.

Add: NSING, Teletech Park #02-28, 20 Science Park Road,
Singapore 117674

Tel: +65 69268090

Email: sales@nsing.com.sg




NSING

31 30

29 28

27 26

25 24

23 22

21 20
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19 18

17 16

PMODEI5[1:0]

PMODEI14[1:0]

T
PMODEI3[1:0]

PMODEI2[1:0]

PMODEI11[1:0]

PMODEI10[1:0]

T
PMODE9[1:0]

PMODES[1:0]

™w
15 14

™
13 12

™w
11 10

™w
9 8

™w

7 6

™
5 4

™w
3 2

™w
1 0

PMODET7[1:0]

PMODES[1:0]

T
PMODES[1:0]

PMODE4[1:0]

PMODE3[1:0]

PMODE2[1:0]

PMODEI[1:0]

PMODEO[1:0]

rw w w w w w W w
Bit Field Name Description
31:30 PMODEYy[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
17:16
15:14
13:12
11:10
9:8
7:6
5:4
3:2
1:0
5.3.3 GPIO Type Definition (GPIOx_POTYPE)
Address: 0x04
Reset value: 0x0000 0000 (x=A,B,C,D)
31 16
' ' ' ' ' ke ' ' ' ' ' '
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
POTI5 | POTI4 | POTI3 | POTI2 | POTII | POTIO | POT9 | POT8 | POT7 | POT6 | POT5S | POT4 | POT3 | POT2 | POTI | POTO
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 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 (GPIOx_SR)

Address: 0x08
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31 16
I I I I I I Reserved I I I I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SRI5 | SRI14 | SRI3 | SRI2 | SRII | SRIO SR9 SR8 SR7 SR6 SRS SR4 SR3 SR2 SR1 SRO
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 SRy Toggle rate configuration bits y for port GPIOx (y =0...15)
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 (GP1Ox_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] PUPDIIZ[I:O] PUPDlll[l:O] PUPDIIO[I:O] PUPDI9[1:0] PUPDIS[I:O]
5 ERRMED) 0 o s g 7 s s s o L
PUPDI7[1 0] PUPDIé[ 1:0] PUPDIS[I 0] PUPDI4[I 0] PUPDIS[I 0] PUPDIZ[I 0] PUPDI 1[1:0] PUPDIO[I 0]
~ ~ rLV ~ .iv ~ rLV ~
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
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5.3.6 GPIO Input Data Register (GPIOx_PID)

Address: 0x10

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

31 16
' ' ' ke ' ' ' ' ' '
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIDI5S | PIDI4 | PIDI3 | PIDI2 | PIDII | PIDIO | PID9 | PID8 | PID7 | PID6 | PID5 | PID4 | PID3 | PID2 | PIDI 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 I/O port.

5.3.7 GPIO Output Data Register (GP1Ox_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
PODIS | PODI4 | PODI3 | PODI2 | PODIl | PODIO | POD9 | POD8 | POD7 | POD6 | POD5 | POD4 | POD3 | POD2 | PODI | PODO
™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™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 22 21 20 19 18 17 16
PBC15 | PBC14 | PBC13 | PBCI2 | PBCIl | PBCIO PBC9 PBC8 PBC7 PBC6 PBC5 PBC4 PBC3 PBC2 PBC1 PBCO
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 PBSI11 PBS10 PBS9 PBS8 PBS7 PBS6 PBS5 PBS4 PBS3 PBS2 PBS1 PBSO
w w w w w w w A \ w w w w w w w
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Bit Field

Name

Description

31:16

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

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 (GP10Ox_PLOCK)
Address: 0x1C

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

31 17 16
I 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 0
PLOCK 15|PLOCK 14|PLOCK 13[PLOCK 12[PLOCK 11|PLOCK 10| PLOCK9 | PLOCKS | PLOCK?7 | PLOCKS6 | PLOCKS | PLOCK4 | PLOCK3 | PLOCK2 | PLOCK!1 | PLOCKO
™w ™w ™w w ™w ™w ™w ™w ™w ™w ™w ™w w ™w ™w ™w
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 PLOCKYy 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); OxFFF0 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] AFSELA4[3:0]

™ ™ ™ ™w

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

™ ™ ™w ™w

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: AFS

3:0 0110: AF6

0l11: 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 (GP1Ox_AFH)
Address: 0x24

Reset value: 0x000F FFFF (x=A); OxFFFF FFFF (x=B,C,D)

31 28 27 24 23 20 19 16
AFSEL15[3:0] AFSEL14[3:0] AFSELI13[3:0] AFSELI12[3:0]
™ ™ ™ ™
15 12 1 8 7 4 3 0
AFSELI11[3:0] AFSEL10[3:0] AFSEL9[3:0] AFSELS[3:0]
™ ™ ™ ™
Bit Field Name Description
31:28 AFSELy[3:0] Alternate function configuration bits y for port GPIOx (y=8...15)
27:24 0000: AFO
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Bit Field

Name

Description

23:20
19:16
15:12
11:8
7:4
3:0

0001 :
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

AF1
AF2
AF3
AF4
AF5
AF6
AF7
AF8
AF9
AF10
AF11
AF12
AF13
AF14
AF15 (No alternate function)

5.3.12 GPIO Bit Clear Register (GP10x_PBC)
Address: 0x28

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PBCI5 | PBCI4 | PBCI3 | PBCI2 | PBCIl | PBCIO | PBC9 | PBCS | PBC7 | PBC6 | PBC5 | PBC4 | PBC3 | PBC2 | PBCl | 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 (GPIOx_DS)
Address: 0x2C

Reset value: 0x5555 5555 (x=A,B,C,D)
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DSlSI[1:O] DSlé;[l:O] DSISI[I:O] DSl2I[1:0] DSllI[I:O] DSl(;[l:O] DS9I[1:0] szl[m]
5w 3 n o s g 7 s s L o
DS7I[1:0] Dsol[1:0] DSSI[I:O] DS4I[1:0] DSSI[I:O] Dszl[1:0] DSII[1:O] Dsol[1:0]
~ ™ ~ ,; . ~ . r;

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

offset Register 2‘2‘3‘2"@‘3‘@‘§‘m‘ﬁ‘§‘g‘2‘°ﬁ‘i‘f‘f‘i"ﬂ‘ﬁ_Ec\wl\‘o“”‘* m‘m|~‘o
= =3
= | & &« fack
2121E|12| % Z
AFIO_RMP_CFG 2 3\ o, = =
000h Reserved ElE|A 8 = !
2 IR e ; =
<
0 m

Reset Value ofofjo]oO]oO ‘ 010 ‘ 00 ‘ 0] 0 ‘

AFIO_EXTI_CFG1
004h Reserved

EXTI3[1:0]
EXTI2[1:0]
EXTII[1:0]

Reserved
Reserved
Reserved

EXTIO[1:0]

Reset Value 01]0 010 010
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offset Register ;‘3‘g‘ﬁlg‘ﬁlglﬁlmlﬁlﬁlﬁlalflilEli’li Qlﬁ li’ c\loo l\‘o -ru‘ M‘N~‘
AFIO_EXTI_CFG2 % 3 % 3 % 3 ;T
008h o Reserved E 5 2 5 E 5 E
& = & &
Reset Value 00 00 0 0
AFIO_EXTI_CFG3 = = § - = 3 =
00Ch N N Reserved ; % ‘;: é E g E
= & = & &
Reset Value 00 00 0 0
AFIO_EXTI_CFG4 5 < 5 3 5 3 §
010h Reserved 9] E l;: % 9 g 9]
w § 53] & m é m
Reset Value 0 ‘ 0 0 ‘ 0 0 0
5.4.2 AFIO Mapping Configuration Control Register (AFIO_RMP_CFG)
Address: 0x00
Reset value: 0x0000 0000
31 16
Reserved
15 12 11 10 9 8 7 4 3 0
Reserved SPI1_NSS|SPI2_NSS _’]\ﬁgl _é’ll?]gR EXTI_ETRI[3:0] EXTI_ETRR[3:0]
™ ™w ™w ™ ™ ™w
Bit Field Name Description
31:12 Reserved Reserved, the reset value must be maintained.
11 SPI1_NSS NSS mode selection bit of SPI1 (NSS is configured in AFIO push-pull mode)
0: NSS is in a high-impedance state when idle
1: NSS is high when idle
10 SPI2_NSS NSS mode selection bit of SPI2 (NSS is configured in AFIO push-pull mode)
0: NSS is in a high-impedance state when idle
1: NSS is high when idle
9 ADC_ETRI ADC injection conversion external trigger remapping
This bit can be set to '1' or '0' by software. It controls the trigger input connected
to the external trigger for ADC injection conversion.
0: ADC injection conversion external trigger is connected to EXTI (0-15)
1: ADC injection conversion external trigger is connected to TIM8 CH4.
8 ADC_ETRR ADC 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)
1: ADC regular conversion external trigger is connected to TIM8 TRGO
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Bit Field Name Description
7:4 EXTI ETRI[3:0] Select interrupt line injection to convert external trigger remapping
3:0 EXTI _ETRR([3:0] Select interrupt line regular to convert external trigger remapping

5.4.3 AFIO External Interrupt Configuration Register 1(AFIO_EXTI_CFG1)

Address: 0x04

Reset value: 0x0000 0000

31 16
I I I I I Reselrved I I I I I I I
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reselrved EXTI3_CFG[1:0] Reselrved Exmfém[l 0] Rese,:rved EXTII 7éFG[1 0] Rese,:rved EXTIOf(IJFG[ 1:0]
| ~ | ~ | ~ | ~
Bit Field Name Description
31:14 Reserved Reserved, the reset value must be maintained.
13:12 EXTI3[1:0] 00: PA3 pin
01: PB3 pin
10: PC3 pin
11: Reserved
11:10 Reserved Reserved, the reset value must be maintained.
9:8 EXTI2[1:0] 00: PA2 pin
01: PB2 pin
10: PC2 pin
11: PD2 pin
7:6 Reserved Reserved, the reset value must be maintained.
5:4 EXTI1[1:0] 00: PA1 pin
01: PBI pin
10: PCI pin
11: Reserved
3:2 Reserved Reserved, the reset value must be maintained.
1:0 EXTIO[1:0] 00: PAO pin
01: PBO pin
10: PCO pin
11: PDO pin

5.4.4 AFIO External Interrupt Configuration Register 2(AFIO_EXTI_CFG2)

Address: 0x08

Reset value: 0x0000 0000
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31 16
' ' ' ' '  Reseved ' ' '
15 14 13 12 11 10 9 8 7 5 4 3 1 0
Rcsc,:rvcd EXTILéFG[ 1:0] Rcsr.:rvcd EXTIGféFG[ 1:0] Rcsc:rvcd EXTISféFG[ 1:0] Rcsclrvcd EXTI47(I3FG[ 1:0]
| ™ | ,; | ~ | ~
Bit Field Name Description
31:14 Reserved Reserved, the reset value must be maintained.
13:12 EXTI7[1:0] 00: PA7 pin
01: PB7 pin
10: PC7 pin
11: Reserved
11:10 Reserved Reserved, the reset value must be maintained.
9:8 EXTIO6[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: PAS pin
01: PBS pin
10: PCS5 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 AFIO External Interrupt Configuration Register 3(AFIO_EXTI_CFG3)
Address: 0x0C
Reset value: 0x0000 0000
31 16
' ' ' ' '  Rewned ' ' ' '
15 14 13 12 11 10 9 8 7 5 4 3 1 0
Reselrved EXTII 1:CFG[ 1:0] Reselrved EXTIIO:CFG[ 1:0] Reselrved EXTI97(IJFG[ 1:0] Reselrved EXTISf(IIFG[ 1:0]
| ™ | o | r; | ~
Bit Field Name Description
31:14 Reserved Reserved, the reset value must be maintained.
13:12 EXTI11[1:0] 00: PAll pin
01: PBII pin
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Bit Field

Name

Description

10: PCI11 pin

11: Reserved

11:10

Reserved

Reserved, the reset value must be maintained.

9:8

EXTI10[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

EXTIO[1:0]

00:
01:
10:
11:

PA9 pin
PB9 pin
PC9 pin

Reserved

3:2

Reserved

Reserved, the reset value must be maintained.

1:0

EXTIS[1:0]

00:
01:
10:
11:

PAS pin
PBS8 pin
PC8 pin

Reserved

5.4.6 AFIO External Interrupt Configuration Register 4(AFIO_EXTI_CFG4)

Address: 0x10

Reset value: 0x0000 0000

31 16
' ' ' ' '  Reseved ' ' ' '
15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
Reselrved EXTI1 5_ICFG[1 0] Reselrved EXTI 14_ICFG[ 1:0] Reselrved EXTI1 3_ICFG[ 1:0] Reselrved EXTI 12_ICFG[ 1:0]
| o | o | - | o
Bit Field Name Description
31:14 Reserved Reserved, the reset value must be maintained.
13:12 EXTI15[1:0] 00: PAIS pin
01: PBI1S pin
10: PC15 pin
11: PDIS 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
7:6 Reserved Reserved, the reset value must be maintained.
5:4 EXTI13[1:0] 00: PA13 pin
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Bit Field

Name

Description

01:
10:
11:

PB13 pin
PC13 pin

Reserved

3:2

Reserved

Reserved, the reset value must be maintained.

1:0

EXTI12[1:0]

00:
01:
10:
11:

PA12 pin
PBI12 pin
PCI12 pin

Reserved
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6 Interrupts and Events

6.1 Nested Vector Interrupt Register

Features

e 66 maskable interrupt channels (excluding 16 Cortex®-M4F interrupt lines).
e 16 programmable priority levels (using 4-bit interrupt priority);

e  Low-latency exception and interrupt handling;

e  Power management control;

o Implementation of system control registers;

The nested vectored interrupt controller (NVIC) is closely linked to the processor core, enabling low latency interrupt
processing and efficient processing of late interrupts. The nested vectored 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 base 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
Prefetch means failure. Memory access
- 1 Settable BusFault 0x0000 0014
failed a

- 2 Settable UsageFault Undefined instruction or illegal status 0x0000 0018
0x0000_001C

- - - - Reserved

~0x0000_002B

System services invoked by SWI

- 3 Settable SVCall P 0x0000_002C

- 4 Settable DebugMonitor Debug monitor 0x0000 0030

- - - - Reserved 0x0000 0034

- 5 Settable PendSV System services that can be suspended 0x0000_0038
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Position | Priority | Priority type Name Description Address
- 6 Settable SysTick System tick timer 0x0000 003C
0 7 Settable WWDG Window timer interrupt 0x0000_0040
Power supply voltage detection (PVD)
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 B

Real time clock (RTC) wake up interrupt]

3 10 Settable RTC_WKUP 0x0000_004C

B 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/COMP2 interrupt connected to

22 29 Settable COMP 0x0000_0098

EXTI line 21/22 N
23 30 Settable EXTI9 5 EXTTI 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

TIMI triggers and communication
26 33 Settable TIM1_TRG_COM ) 0x0000_00AS8
interrupt

27 34 Settable TIM1 CC TIMI1 capture comparison interrupt 0x0000 00AC
28 35 Settable TIM2 TIM2 global interrupt 0x0000 00BO
29 36 Settable TIM3 TIM3 global interrupt 0x0000_00B4
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_00CO
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Position | Priority | Priority type Name Description Address
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 USART]1 global interrupt 0x0000_00D4
38 45 Settable USART2 USART?2 global interrupt 0x0000 00D8
39 46 Settable USART3 USARTS3 global interrupt 0x0000_00DC
40 47 Settable EXTI1S5_10 The EXTI line [15:10] interrupt 0x0000_00EO
41 48 Settable RTC Alarm The RTC alarm intermupt connectzd to 0x0000_00E4

EXTI line 18 -
42 49 Settable USBWKUP USB wake up failure interrupt connected 00000 0OES
to EXTI line 17 -
43 50 Settable TIM8 BRK TIMS brake failure interrupt 0x0000_00EC
44 51 Settable TIM8_UP TIMS update interrupt 0x0000 00F0
45 52 Settable TIM8 TRG_COM TIMS trigger.s and communication 0x0000_00F4
interrupt
46 53 Settable TIM8 _CC TIMS capture comparison interrupt 0x0000_00F8
47 54 Settable UART4 UART4 global interrupt 0x0000 O0FC
48 55 Settable UARTS UARTS global interrupt 0x0000_0100
49 56 Settable LPUART LPUART global interrupt 0x0000_0104
50 57 Settable TIMS TIMS5 global interrupt 0x0000_0108
51 58 Settable TIM6 TIM6 global interrupt 0x0000 0118
52 59 Settable TIM7 TIM?7 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 EPUART wake up interrupt comnected 0x0000_0130
- to EXTI line 23 N
58 65 Settable LPTIM_WKUP EPTIM wake up interrupt connected 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
64 71 Settable TIM9 TIM9 global interrupt 0x0000 014C
65 72 Settable UCDR UCDR error interrupt 0x0000_0150
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6.2 External Interrupt/Event Controller (EXTI)

6.2.1 Introduction

The extended 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:

Support 25 software interrupt/event requests.

Interrupts/events corresponding to each input line can be configured to trigger or mask independently.
Each interrupt line has an independent state bit.

Support for pulse or pending input types.

3 trigger events are supported: rising edge, falling edge, and double edge.

Can wake up MCU to exit low power mode.
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Figure 6-1 External Interrupt/Event Controller Block Diagram
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6.2.3 Functional Description

The EXTI contains 25 interrupts lines, 16 lines from I/O pins and 9 lines from internal modules. To generate interrupts,
the NVIC interrupt channel of the extended 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 'l' to the corresponding bit of interrupt masking register
EXTI IMASK to allow interrupt requests. When a preset edge trigger polarity is detected on the extended 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.

e  Hardware interrupt configuration, select and configure 25 lines as interrupt sources as required:
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— Configure the mask bit (EXTI _IMASK) for 25 interrupt lines.
— Configure the Trigger Selection bits of the selected interrupt line (EXTI_RT CFG and EXTI FT CFQG);

— Configure the enable and mask bits of the NVIC interrupt channel corresponding to the extended interrupt
controller so that the requests in the 25 interrupt lines can be correctly responded to.

e  Hardware event configuration: Select 25 lines as event sources as required:

— Configure the mask bit (EXTI_EMASK) for 25 event lines.

— Configure the Trigger Selection bits for the selected event line (EXTI RT CFG and EXTI FT CFQ).
e  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

To configure external interrupts/events on the GPIO line using AFIO_EXTI CFGy, the AFIO clock must be enabled
first. Universal I/O ports are connected to 16 external interrupt/event lines as shown above. The connection mode of

Figure 6-2 External Interrupt Generic I/0O Mapping

nsing.com.sg

EXTIO_CFG[3:0] Control EXTI1_CFG[3:0] Control EXTI2_CFG[3:0] Control EXTI3_CFG[3:0] Control
PO D—»\J< ear ) pa2 D—k s [—
pB0 [—» P2 [J—
AFIO_EXTI_CFG1 EXTIO pp; EXTI EXTI2 EXTI3
. O0— PR3 [—>
Register —
pco [J—N rc2 [}—
ppo [}—N rct OJ—N o2 [ —N PC3
EXTI4_CFG[3:0] Control EXTI5_CFG[3:0] Control EXTI6_CFG[3:0] Control EXTI7_CFGI3:0] Control
rad [J— pas  [—N pas [ }—P a7 [}—
IAFIO_EXTI CFG2
Register EXT4 EXTIS EXTI6 EXTI7
g pBs [}— PBS —> s [}— — 37 [}—
rce [—> pcs  [— pce  [(J— rc7 [(—>
EXTI8_CFG{3:0] Control EXTI9_CFG[3:0] Control EXTI10_CFG[3:0] Control EXTI11_CFG[3:0] Control
PAS8 ras [J— palo [(J— pall [J—
AFIO EXTI CFG3
Register EXTI8 EXTI EXTIL0 EXTILI
g s [ J—> g9 [ — FEIS i O— R O0—
rcs [(J— reo [1—H rcio [(J— rcti [J—
EXTI12_CFG[3:0] Control EXTII3_CFG[3:0] Control EXTI14_CFG[3:0] Control EXTI1S_CFG[3:0] Control
PAL4 [J—) PALs [J—h
pal2 [ J—H pa1z [ —M
PBI4 [}—» PBIS [ }—)
AFIO EXTI CFG4 EXTII2 EXTI|3 2l EXTIIS
Register peiz [ peis [ pc14 [J—H rCts [ J—N
rci2 [J—) rci3 [(J—M PDI4 [}—h pDIS [J—H

the other 9 EXTI lines is as follows:

e  EXTI line 16 is connected to the PVD output
e  EXTI line 17 is connected to the USB wake up event
e  EXTI line 18 is connected to the RTC alarm
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e  EXTI line 19 is connected to the RTC timestamp event

e  EXTI line 20 is connected to the RTC Wake up event

e  EXTI line 21 is connected to the COMP1 output

e  EXTI line 22 is connected to the COMP2 output

e  EXTI line 23 is connected to the LPUART wake up interrupt

e  EXTI line 24 is connected to the LPTIM wake up interrupt

6.3 EXTI Registers
EXTI base address: 0x40010400

6.3.1 EXTI Register Overview

Table 6-2 EXTI Register Overview

s [ v [ R R EEEEEEE R LT
EXTI_IMASK IMASK([24:0]
000h Reserved
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
EXTI_EMASK EMASK[24:0]
004h Reserved
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
EXTI_RT_CFG RT_CFG[24:0]
008h Reserved
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
EXTI_FT_CFG FT_CFG[24:0]
00Ch Reserved
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
EXTI_SWIE SWIE[24:0]
010h Reserved
Reset Value ofofojojo|lofloflo]|o|o|lofo]o|o|ofo|o|o|o|lo|o]|o|o|oOfO
T|laola|l |||l |lv|t|o|la|l—~|S|la|lw|c|lo|lv|ld]|oalal =]
o o o o o — — — — — — — — — —_—
alalalelelalalalalalalalalalalgg|lala(g|2]|a|l2|2]2
EXTI_PEND zlzlzlz|lzlzlz|lz|z|z|z|lz|z|z|z|8a|2|2|&|Z|2|2|4|%]|%
014h Reserved ElE|E|R|EZ|E|E|E|E|E| 2|2 R|2|E|x|la|la|la|la|la|la|la|a|x
Reset Value ofofo|jojo|lofloflo]|o|o|lofo]o|o|ofo|o|o|o|lo|o]|o|o|oOfO
EXTI_TS_SEL TSSEL[3:0]
018h Reserved
Reset Value 0 | 0 | 0 | 0
6.3.2 EXTI Interrupt Mask Register (EXTI IMASK)
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 IMASK24(IMASK23[IMASK22(IMASK21[IMASK20{IMASK19{IMASK18[IMASK17[IMASK16
L L L L L L
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
IMASKI15{IMASK14{IMASK13[IMASK12[{IMASK11|{IMASK10| IMASKY9 [ IMASKS | IMASK7 [ IMASK6 | IMASKS | IMASK4 | IMASK3 | IMASK?2 | IMASK! | IMASKO

w w w w w w w w w w w w w w w w
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Bit Name Description
31:25 Reserved Reserved, the reset value must be maintained.
24:0 IMASKx 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
Reserved [EMASK24EMASK23EMASK22/EMASK2 IEMASK20EMASK 1 9EMASK ISEMASK1EMASK
! L L ! L
w nw w w nw w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EMASK I SEMASKI4EMASK 13EMASK 1 2EMASK 1 IIEMASK 10| EMASK9 | EMASKS [ EMASK7 | EMASK6 | EMASKS | EMASK4 | EMASK3 | EMASK?2 | EMASK | [ EMASKO
w w w nw w w w w w rw w nw w w w ™w
Bit Name Description
31:25 Reserved Reserved, the reset value must be maintained.
24:0 EMASKx 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 2 21 20 19 18 17 16
. T T T . .
Reserved RT RT RT RT RT RT RT RT RT
_CFG24 | CFG23 | CFG22 | CFG21 | CFG20 | CFGL9 | CFGI8 | CFGIT | _CFGl6
! L L L ! !
w w w w nw nw 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
_CFGIS | CFGl4 | CFGI3 | CFGI2 | CFGIl | CFGL0| CFG9 | CFGS | CFG7 | CFG6 | CFGS | CFG4 | CFG3 | CFG2 | CFGL | _CFGO
nw rw ww w w nw nw w w w w nw nw 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
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
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31 25 24 23 22 21 20 19 18 17 16
Reserved FT_CFG24FT_CFG23FT_CFG2FT_CFG2IFT_CFG2(FT_CFGl FT_CFGl%FT_CFGHFT_CFGI
w w w nw w w w w ™w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FT_CFG15FT_CFGI4FT_CFGI3FT_CFGI2FT_CFGIIFT CFGI0FT_CFG9|FT_CFG8|FT_CFG7|FT_CFG6|FT_CFGS|FT_CFG4|FT_CFG3|FT_CFG2|FT_CFG1|FT_CFGO
w w w w w o w w ow w w w w w w w
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
Reserved SWIE24 | SWIE23 | SWIE22 | SWIE21 | SWIE20 | SWIE19 | SWIEIS | SWIEL7 | SWIEL6
re wl re 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 | SWIE14 | SWIEI3 | SWIE12 | SWIEIL | SWIEL0 | SWIE9 | SWIES | SWIE7 | SWIE6 | SWIES | SWIE4 | SWIE3 | SWIE2 | SWIEL | SWIE0
rc_wl rc_ wl rc_wl rc_wl rc_wl rc_wl rc_wl rec wl e wl rcwl rc wl rc_wl rc wl rc wl rc_wl rc_wl
Bit Name Description
31:25 Reserved Reserved, The reset value must be maintained.
24:0 SWIEx Software interrupt on line X

generated.

EXTI PEND.

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

Note: This bit can be cleared to '0' by writing 'l' to clear the corresponding bit of

6.3.7 EXTI Pending Register (EXTI_PEND)
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 PEND24 | PEND23 | PEND22 | PEND21 | PEND20 | PENDI19 | PENDI8 | PEND17 | PENDIG
| | 1 1 1 |
re wl rc_wl rc_wl rc_wl rc_wl rc_wl re_wl rc_wl rc_wl
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PENDI5 | PEND14 | PENDI3 | PENDI2 | PENDI1 | PENDI0 | PEND9 | PEND8 | PEND7 | PEND6 | PENDS [ PEND4 | PEND3 | PEND2 | PENDI | PENDO
rc_wl rc wl rc_wl rc_wl rc wl rc wl rc_wl re_wl rc wl rc wl rc_wl rcwl rc wl rc wl c_wl c_wl
Bit Name Description
31:25 Reserved Reserved, the reset value must be maintained.
24:0 PENDx Pending bit on line x
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Bit Name Description

0: No pending request has occurred

1: A pending trigger request occurred

This bit is set to '1' when a selected edge trigger event occurs on the extended
interrupt line. It can be cleared by writing '1' to the bit, or by changing the polarity of

the edge detection.

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]
™

Bit Name Description
31:4 Reserved Reserved, the reset value must be maintained.
3:0 TSSEL[3:0] Select the extended 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 transfer 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.

The main architecture of the MCU 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
destination (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. Data is read from the source address according to the configured transfer
address and bit width, and then the read data is stored in the destination address space. After one operation, the
controller calculates the number of remaining transfers and updates the source address and the destination address of

the next transfer.
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Each DMA data transfer consists of three operations:

e Data access: determine the source address (DMA PADDRx or DMA MADDRX) according to the transfer
direction and read data from the source address.

e Data memory: determine the destination address (DMA_PADDRx or DMA_ MADDRX) according to the
transfer direction and store the read data into the destination address space.

e  C(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 CHCFGXx).

4 levels of priority:

e  Very high priority

e  High priority

e  Medium priority

e  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 CHCFGx.PSIZE and DMA_CHCFGx.MSIZE.

When DMA CHCFGx.PSIZE and DMA CHCFGx.MSIZE are different, the DMA module aligns the data according
to the Table 7-1 below.
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Table 7-1 Programmable Data Width and Endian Operation (When PINC = MINC =1)

Source Destina- Number
. tion of Source: Transfer operations Destination:
wu.ith width |transfer| Address/data (R: Read, W: Write) Address / data
®io (bit) (bit)
0x0 /B0 1: R BO [7:0] @0x0, W BO [7:0] @0x0 0x0 /B0
0x1 /Bl 2: R Bl [7:0] @0x1, W B1 [7:0] @0x1 0x1/BI
5 5 ! 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 00B0 [15:0] @0x0 0x0/00BO
o 16 A 0x1/BI 2: R Bl [7:0] @0x1, W 00B1 [15:0] @0x2 0x2/00B1
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 BO [7:0] @0x0, W 000000BO [31:0] @0x0 0x0 / 000000B0O
. 1 A 0x1/Bl 2: R Bl [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/BIBO 1: R B1BO [15:0] @0x0, W B0 [7:0] @0x0 0x0 /B0
6 . A 0x2 / B3B2 2: R B3B2 [15:0] @0x2, W B2 [7:0] @0x1 0x1/B2
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/BIBO 1: R B1BO [15:0] @0x0, W B1BO0 [15:0] @0x0 0x0/BIBO0
6 16 A 0x2 / B3B2 2: R B3B2 [15:0] @0x2, W B3B2 [15:0] @0x2 0x2 /B3B2
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/BIBO 1: R B1BO [15:0] @0x0, W 0000B1B0 [31:0] @0x0 0x0 / 0000B1B0
6 1 A 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 |I: R B3B2B1BO0 [31:0] @0x0, W B0 [7:0] @0x0 0x0 /B0
- . A 0x4 /B7B6B5B4 2: R B7B6B5B4 [31:0] @0x4, W B4 [7:0] @0x1 0x1/B4
0x8 / BBBAB9BS [3: R BBBAB9BS [31:0] @0x8, W B8 [7:0] @0x2 0x2 /B8
0xC / BFBEBDBC #: R BFBEBDBC [31:0] @0xC, W BC [7:0] @0x3 0x3/BC
0x0/B3B2B1B0 |I: R B3B2B1BO0 [31:0] @0x0, W B1BO0 [15:0] @0x0 0x0/BIBO0
- 6 A 0x4 /B7B6B5B4 2: R B7B6B5B4 [31:0] @0x4, W B5B4 [15:0] @0x2 0x2 /B5B4
0x8 / BBBAB9BS [3: R BBBAB9BS [31:0] @0x8, W B9B8 [15:0] @0x4 0x4 / B9BS
0xC / BFBEBDBC @: R BFBEBDBC [31:0] @0xC, W BDBC [15:0] @0x6 0x6 / BDBC
0x0/B3B2B1B0 |I: R B3B2B1BO0 [31:0] @0x0, W B3B2B1B0 [31:0] @0x0 0x0/B3B2B1B0
0x4 /B7B6B5B4 [2: R B7B6B5B4 [31:0] @0x4, W B7B6B5B4 [31:0] @0x4 0x4 / B7B6B5B4
2 2 ! 0x8 / BBBAB9B8 [3: R BBBAB9BS [31:0] @0x8, W BBBAB9BS [31:0] @0x8 0x8 / BBBAB9B38
0xC / BFBEBDBC @#: R BFBEBDBC [31:0] @0xC, W BFBEBDBC [31:0] @0xC | 0xC / BFBEBDBC
Notice:
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DMA always provide full 32-bits data to HWDATA[31:0] no matter what destination size it is (HSIZE still follows
destination size setting for device supports byte/half-word operation). The HWDATA[31:0] follows the following

rules:

e  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 fills 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).

e  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_1FI1F. If source data is 16 bits data
0x2345, then HWDATA[31:0] = 0x2345_2345.

This ensures 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.

e In auto-increment mode, the next address to be transferred is automatically increased according to the data bit
width (1, 2 or 4) after each transfer. The address of the first transfer is stored in DMA PADDRXx or
DMA_MADDRX register.

e In fixed mode, the address is always fixed to the initial address.

At the end of transfer (i.e. the transfer count changes to 0), different processes will be carried out according to whether

the current work is under circular mode or not.

e In non-circularmode, 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.

e In circular mode, at the end of a transfer, the content of the DMA TXNUMX register will be automatically
reloaded to its initial value, and the current internal peripheral or memory address register will also be reloaded
to the initial base address set by the DMA PADDRx or DMA MADDRX register.

7.4.6 Channel Configuration Procedure

The detail configuration process 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.

3. Configure channel priority, 0: lowest, 3: highest.

4. Configure peripheral and memory address increment.
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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).

5. Configure channel transfer block size.

6. If necessary, configure circular mode.

7.

8. Repeat step 1~8 on channel 1~8 and finally.
9. Enable corresponding channel.

If software is used to serve interrupt, software must enquire interrupt status register to check which interrupt occurred

(software needs to write 1 to interrupt flag clear bit to clear the corresponding interrupt). Before enable channel, all

interrupts corresponding to the channel should be cleared.

If the interrupt is transfer complete interrupt, software can configure the next transfer, or report to user this channel

transformation is done.

7.4.7 Flow Control

Three major flow controls are supported:

e Memory to memory
e  Memory to peripheral

e 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
AHB read to AHB write, single transfer
Peripheral
0 1 Memory
APB
AHB read to APB write, single transfer
Peripheral
AHB
AHB read to AHB write, single transfer
Peripheral
0 0 Memory
APB
APB read to AHB write, single transfer
Peripheral
137 /615

NSING Technologies Pre, Lid.

Add: NSING, Teletech Park #02-28, 20 Science Park Road,
Singapore 117674

Tel: +65 69268090

Email: sales@nsing.com.sg



nsing.com.sg

NSING

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 circular mode is activated, if the number of data
to be transferred becomes 0, it will automatically be restored to the initial value when configuring the channel, and
the DMA operation will continue.

If the user wants to turn off the circular mode, the user needs to write 0 to DMA CHCFGx.CHEN to disable the
DMA channel, and then write 0 to DMA_ CHCFGx.CIRC (when DMA CHCFGx.CHEN is 1, other bits in the
DMA_CHCFGx register cannot be rewritten).

7.4.9 Error Management

DMA access to a reserved address space 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

e  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.

e  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.

e  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

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.
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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 UARTS_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 CHI1
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
Sel =32 TIM2 CH4
Sel =33 TIM2_UP
Sel = 34 TIM3_CHI
Sel =35 TIM3 CH3
Sel =36 TIM3_CH4
Sel =37 TIM3_UP
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DMA Channel Select Peripheral DMA Request
Sel =38 TIM3_TRIG
Sel =39 TIM4 CH1
Sel =40 TIM4_CH2
Sel =41 TIM4_CH3
Sel =42 TIM4_UP
Sel =43 TIM5_CHI
Sel =44 TIMS_CH2
Sel =45 TIMS_CH3
Sel =46 TIMS_CH4
Sel =47 TIMS_UP
Sel =48 TIMS5_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 DMA Registers

7.5.1 DMA Register Overview

Table 7-5 DMA Register Overview

offset Register R R R R R R A R R R R R I - R A M - A R R R A R e
AHEHEPEREREREREEEEARBEREEE R EE
DMA INTSTS | & | X | Q| @ 2|l%|Cla|lz| |C|la|lz|*|C|a|lz2|X|C|la|z|*|C|a|=2|%|C|a8|z2|%|T|
000h - I EE A EE E E R EEE EE E E R EE E E R EEE E EE
ResetValue | 0 [0 o [ofoJoJoJofoJoJoflofoJoJoJoJoJoJoJoloJofloJoJoJo[o]oJoJofo]o
oo o oo oo ~ ~ ~ ~ el Nl Nl =] wy wvy vy el <t < < < (g} o o o o (o] o o — i — —
Zlx|o|=s|z2|=%|la|lg|%|8|lzg|2| k| Ela|lz(%|El&|lz|*|c|lalg|=|clzs|2|&|E|7
pMAINTCLR | Z | E|R| 3| Z|E|R |2 |8 |E|R|2|2|E|R|2|B|E|R|2|2|E|2|2|2|E|=|2(2E|%]|3
004h Dln|l=|lo|lm| |||zl |lOol@|z|lE|lOo|ld|lZ|lE|lOlR|lz|lE|lO|l@|Z|FlO|lR|Z|[E|]O
O @] O O ] O O O ] O O O O O O O ] O O O ] O O O ] O O O O O O O
ResetValue | 0 [0 JoJofoJoJoloflofloloJoJolo lolo o ololololololololoJo [o]o]o]o]o
= = z =
UEJ ;’ ; z Olu|ulxl|8 2la|z
DMA_CHCFG]I | 2 g o |Z|lz|g|E|g|2|Q|8
008h - Reserved =l 2° N N S|2|S|e|&|E|r S
m = 2} ©n
S| E = &
Reset Value oJoJofloJoloJoloflofloJolololoT]o
DMA_TXNUMI NDTX[15:0]
00Ch - Reserved
Reset Value eserve [oJoJoJoJoJoJoJoJoJoJoJoJoJoJo]Jo
DMA_PADDRI ADDR[31:0]
010h
ResetValue [0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
014h| DMA_MADDRI ADDR[31:0]
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offset Register ;I%Igl%lS|£|ﬁ|§|m|ﬁ|§|gl9lf|:|f|f|1”|‘2|§|:|9|c~|w|l\|\o m|<r|m|~|-—|o
ResetValue |0 Jo o JoJoJofloJoJolololofJoloJoJoJoJololoJoJolololoJolololo]o o]o
DMA_CHSELI CH_SEL[5:0]
OB [ eset Value Reserved 0JoJoJoJoJo
= = 1) =
21 9 = i c m|w|m
Zl2=| 5| 7 |2|2|g|z|z|5|c|E
o1cn| PMA-CHICFG2 Reserved S| a° X 8 S| = g REIE|F|E
=) = 2] 7]
=| & = ~
Reset Value oJoJofloJoloJoJoJofoloJoJofo]o
DMA_TXNUM2 | NDTX][15:0]
0200 ™8 et Value S [oJoJoJoJoJoJoJoJoJoJoJoJoJoJo]Jo
DMA_PADDR2 ADDR[31:0]
024h —
ResetValue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
DMA_MADDR2 ADDR[31:0]
028h -
ResetValue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
02Ch| DMA_CHSEL2 Reserved CH_SEL[5:0]
Reset Value esenve 0JoJoJoJoJo
= | = = =
5] =] — ] , oL EE
2l 5= 5| 7 |2|glelz|lz2|=|C|E
030n | DMA-CHCFG3 Reserved S| 3° N § |E|2|8|2|% E|lZ|3
5] 2] ©n
S| E = A
Reset Value oJoJoloJoloJoJoJo oloJoJo o]0
DMA_TXNUM3 | NDTX][15:0]
038h ™ R et Value SN [oJoJoJoJoJoJoJoJo]oJoJoJoJoJo]o
o35 | DMA_PADDR3 ADDR[31:0]
ResetValue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
DMA_MADDR3 ADDR[31:0]
03Ch —

ResetValue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
DMA_CHSEL3 CH_SEL[5:0]
040h ™ p et Value Reserved 0JoJoJoJoJo

= = = =
21 9 = i C L w|m
2l 5= 5| 7 |2|glele|lz2|=|C|E
044 | DMA-CHCFGA Reserved S| 3° N E S| E (D_—‘) QlE|IZ|E 5
=) = 2] 7]
=| & = ~
Reset Value oJoJofloJoloJoJoJo oloJoJo oo
DMA_TXNUM4 | NDTX][15:0]
048 [ R et Value SN [oJoJoJoJoJoJoJoJo]oJoJoJoJoJo]o
04Ch|-PMA_PADDR ADDR[31:0]
" Resetvalue [0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo]o
DMA_MADDR4 ADDR[31:0]
050h -

ResetValue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
DMA_CHSEL4 CH_SEL[5:0]
054h ¢ et Value Reserved 0o[oJoJoJoJo

= | = = =
2| 3 z 2 . | o e
Zl2=| & S |2lglglzlz|®|C]E
058h DMa_CHCFGS Reserved % 50 N uﬁl = E % A % E ﬁ 5
5] = 2] ©n
=| = = A~
Reset Value oJoJofloJoloJoJoJofoloJoJo oo
05C | DMA_TXNUMS Reserved | NDTX[15:0]
" Reset Value eserve [oJoJoJoJoJoJoJoJo]oJoJoJoJoJo]o
0605 | DMA_PADDRS ADDR[31:0]
| Resetvaue o JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo]o
DMA_MADDR5 ADDR[31:0]
064h -

ResetValue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
DMA_CHSELS CH_SEL[5:0]
0680 ¢ et Value Reserved 0o[ofoJoJoJo

= | = =) =
g1 3 = ] m | omm
S - = [2l8|glzl2|%|8]|E
06Ch DMA_CHCFGS Reserved % §o N @ S|Z2|0|°| 5 E ﬁ 5
5] = @\ ©n
=| & = ~
Reset Value oJoJoloJoloJoJolo oloJoJo o]0
4700 | DMA_TXNUM6 Reservad | NDTX[15:0]
Reset Value eserve [oJoJoJoJoJoJoJoJoJoJoJoJoJoJo]o
474 | DMA_PADDR6 ADDR[31:0]
ResetValue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
DMA_MADDRG6 ADDR[31:0]
078h -
ResetValue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
o7cH | DMA_CHSEL6 Reserved CH_SEL[5:0]
Reset Value 0 0]1]0]0fO0fO
= | = =) =
g1 3 = ] m | omm
=2z | & = [2l8|glzl2|l=|C8]|E
080h DMA_CHCFGT Reserved % §o N @ S|Z2|0|° |5 E ﬁ 5
5] = @\ ©n
=| & = ~
Reset Value oJoJoloJoloJoJolo oloJoJo o]0
o4 | DMA_TXNUM7 Reservad | NDTX[15:0]
Reset Value eserve [oJoJoJoJoJoJoJoJo]oJoJoJoJoJo]o
o8 | PMA_PADDR? ADDR([31:0]
ResetValue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
08Ch| DMA_MADDR7 ADDR([31:0]
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offset Register slelalgls[&8]g][s[a]a][s]sg][e[z][e[e]a]=]ea]a[=]Ss o] ]e]n][~][e]a]~-]=
ResetValue |0 Jo o JoJoJofloJoJolololofJoloJoJoJoJololoJoJolololoJolololo]o o]o
DMA_CHSEL7 CH_SEL[5:0]
090h ™ eset Value Reserved 0JoJoJoJoJo
= = 1) =
= ] — N m =]
2l 5= 5| 7 |2|glelz|lz|=|g|E
094 | PMA-CHCFGS Reserved S| 2° X 8 s E E REIE|F|E
=) = 2] 7]
S| E = A
Reset Value oJoJofloJoloJoJoJofoloJoJofo]o
DMA_TXNUMS | NDTX][15:0]
i T LT [oJoJoJoJoJoJoJoJoJoJoJoJoJoJo]Jo
49Ch | PMA_PADDRS ADDR[31:0]
ResetValue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
DMA_MADDRS ADDR[31:0]
0AOh —
ResetValue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
DMA_CHSELS CH_SEL[5:0]
A3 et Value Reserved 0JoJoJoJo]Jo

7.5.2 DMA Interrupt Status Register (DMA_INTSTS)

Address offset: 0x00

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ERRF8 | HTXF8 | TXCF8 | GLBF8 | ERRF7 | HTXF7 | TXCF7 | GLBF7 | ERRF6 | HTXF6 | TXCF6 | GLBF6 | ERRF5 | HTXF5 | TXCF5 | GLBF5
RV S SRS (N (R 8 7 6 5 4 5 > i 0
ERRF4 | HTXF4 | TXCF4 | GLBF4 | ERRF3 | HTXF3 | TXCF3 | GLBF3 | ERRF2 | HTXF2 | TXCF2 | GLBF2 | ERRFI | HTXFl | TXCFI | GLBFI
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
‘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).

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.
0: No transfer error, half transfer or transfer done event happen on channel x.

1: One of transfer error, half transfer or transfer done event happen on channel x.
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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
CERRFS8 | CHTXF8 | CTXCFS | CGLBFS | CERRF7 | CHTXF7 | CTXCF7 | CGLBF7 | CERRF6 | CHTXF6 | CTXCF6 | CGLBF6 | CERRFS | CHTXF5 | CTXCF5 | CGLBF5
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.ERREF 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.HTXF 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.TXCF 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
Address offset: 0x08+20 * (x—1)
Reset value: 0x0000 0000

31 16

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved I‘&EEI‘&Z PRIOL{/L[I:O] MSIZIE[I:O] PSIZ]IE[I:O] MINC | PINC | CIRC | DIR | ERRIE | HTXIE | TXCIE | CHEN

~ n'v ~ n'v N
Bit Field Name Description
31:15 Reserved Reserved, the reset value must be maintained.
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Bit Field Name Description
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.
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.
4 DIR Data transfer direction
Software can set/clear this bit.
0: Data transfer from Peripheral to Memory
1: Data transfer from Memory to Peripheral.
3 ERRIE Transfer error interrupt enable.

Software can enable/disable transfer error interrupt.

0: Disable transfer error interrupt of channel x.
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Bit Field Name Description

1: Enable transfer error interrupt of channel x.

2 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.

1 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.

0 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_TXNUMXx)
Note: The x is channel number, x =1...8
Address offset: 0x0c+20 * (x—1)

Reset value: 0x0000 0000

31 16
Reserved
15 0
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
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_PADDRYXx)
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).
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31 16
ADDR[31:0]
™
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_CHCFGx.PSIZE equal to 10 DMA will ignore bit [1:0] of PADDR.
7.5.7 DMA Channel X Memory Address Register (DMA_MADDRYX)
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]
™
15 0
ADDR([31:0]
™w
Bit Field Name Description
31:0 ADDR ADDR Memory address.

Memory starting address for DMA to read/write from/to.

Increment of address will be decided by DMA_ CHCFGx.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
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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:
0x01:
0x02:
0x03:
0x04:
0x05:
0x06:
0x07:
0x08:
0x09:
0x0A:
0x0B:
0x0C:
0x0D:
0xOE:
0xOF :
0x10:

Ox11:

0x12:
0x13:
0x14:
0x15:
0x16:
0x17:
0x18:
0x19:
Ox1A:
0x1B:
0x1C:
0x1D:
Ox1E:
Ox1F:

0x20:

ADC_DMA
USARTI_TX
USART1_RX
USART2 TX
USART2_RX
USART3 TX
USART3 RX
UART4_TX
UART4 RX
UART5_TX
UART5_RX
LPUART TX
LPUART RX
SPI1_TX
SPII_RX
SPI2_TX
SPI2 RX
12C1_TX
2C1_RX
2C2 TX
2C2 RX
DAC
TIM1_CHI
TIM1_CH2
TIM1_CH3
TIM1_CH4
TIMI_COM
TIM1_UP
TIM1_TRIG
TIM2_CHI
TIM2_CH2
TIM2_CH3
TIM2_CH4
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Bit Field

Name

Description

0x21: TIM2_UP
0x22: TIM3_CHI
0x23: TIM3_CH3
0x24: TIM3_CH4
0x25: TIM3_UP
0x26: TIM3 TRIG
0x27: TIM4 CHI
0x28: TIM4 CH2
0x29: TIM4 CH3
0x2A: TIM4 UP
0x2B: TIM5 CHI
0x2C: TIMS5 _CH2
0x2D: TIM5 CH3
0x2E: TIM5 CH4
0x2F: TIM5_UP
0x30: TIM5_TRIG
0x31: TIM6
0x32: TIM7
0x33: TIM8_CHI
0x34: TIM8_CH2
0x35: TIM8 CH3
0x36: TIM8_CH4
0x37: TIM8 COM
0x38: TIMS_UP
0x39: TIM8_TRIG
0x3A: TIM9 CHI
0x3B: TIM9 TRIG
0x3C: TIM9 CH3
0x3D: TIM9 CH4
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 memory. EN/IEC 60335-1 provides
a method to verify the integrity of Flash memory. CRC calculation unit can calculate the signature of the software
when the program is running, then compare it with the reference signature generated during connection, and then

store it in the specified memory space.

8.2 CRC Main Features

8.2.1 CRC32 Module

° CRC3 2(X32+X26+X23+X22+X 1643124 104 %8 7 WS4 XA+ X 24+ XH+1 )
e 32 bits of data to be checked and 32 bits of output check code.
o CRC calculation time: 1 AHB clock cycles (HCLK)

e  General-purpose 8-bit register (can be used to store temporary data)

8.2.2 CRC16 Module

e CRCI6(X!'+X15+X2+1)

o There are 8 bits of data to be checked and 16 bits of output check code.

e CRC calculation time: 1 AHB clock cycle (HCLK)

e The verification initial value can be configured, and the size end of the data to be verified can be configured.

e  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

CRC

| -
-——f——— I | CRC16

| | | Ctrl&Data -~
| | | Regs |
AHB :’ —————— tj—ﬂ | P -
<l . AHBInf |  LRC | |
BUS T L AHBI - @| e -
I

8.3 CRC Function Description

8.3.1 CRC32

CRC unit contains one 32-bit data register:

e  Writing this register to input CRC data.

e  Reading this register to get the calculated CRC result.

Every writing operation to 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_CRCI16CTRL.ENDHL controls Little Endian format or Big Endian format.
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

ome | rwver |=]2|a|a]s]s]a]a]a]ala]c]2]2]=] 2 e =]=]2]= ] =[] ]~ ]~]-]"
CRC32DAT CRC32DAT([31:0]
000h
ResetValuel‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘1‘1‘1‘1‘1‘1‘1‘1l‘l‘l‘l‘l‘l‘l‘l
CRC32IDAT CRC32IDAT[7:0]
004h Reserved
Reset Value O‘OIOIO‘O‘O‘O 0
=
m
CRC32CTRL 2
008h Reserved &~
Reset Value 0
2
| Z| =
CRC16CTRL 3 % 3
00Ch Reserved bl g
-2
Reset Value 0l
CRC16DAT CRC16DAT[7:0]
010h Reserved
Reset Value 0‘0‘0‘0‘0‘0‘0‘0
CRC16D CRC16D[15:0]
014h Reserved
Reset Value 0‘0‘0‘0‘0‘0‘0‘0 O‘OIOIO‘O‘O‘OIO
LRC LRCDAT([7:0]
018h Reserved
Reset Value 0‘0’0’0‘0‘0‘0’0

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

Reset value: 0x0000 0000
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31 16
Reserved
15 8 7 0
Reserved CRC32IDAT([7:0]
™w

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
15 1 0
Reserved RESET
w
Bit Field | Name Description
31:1 Reserved Reserved, the reset value must be maintained.
0 RESET RESET signal.

It can reset CRC32 module and set data register to be OxXFFFF_FFFF. This reset can only write 1, and

hardware will clear to 0 automatically.

8.4.5 CRC16 Control Register (CRC_CRC16CTRL)
Address offset: 0x0C

Reset value: 0x0000 0000

31 16

Reserved
15 3 2 1 0
Reserved CLR ENDHL | Reserved
w ™w

Bit Field Name Description

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

Name

Description

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).

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.

Reserved

Reserved, the reset value must be maintained.

Note: 8-bits, 16-bits and 32-bits operations are supported.

8.4.6 CRC16 Input Data Register (CRC_CRC16DAT)
Address offset: 0x10

Reset value: 0x0000 0000

31 16
Reserved
1 5 T T T T T T 8 7 T T T T T T T 0
Reserved CRCI16DAT[7:0]
™w
Bit Field Name Description
318 Reserved Reserved, the reset value must be maintained.
7:0 CRCI16DAT[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
15 0
CRC16D[15:0]
™
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
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Bit Field Name Description

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 Engine (CRYE)
Cryptographic engine supports a variety of 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:
e  Support DES symmetric algorithm
— Support DES and 3DES encryption and decryption operations
— TDES supports 2KEY and 3KEY modes
— Support CBC and ECB modes
e  Support AES symmetric algorithm
— Support 128bit/192bit/ 256bit key lengthes
— Support CBC, ECB, CTR modes
e  Support SHA hash algorithm
— Support SHA1/SHA224/SHA256
e  Support MD5 digest algorithm

Note: For the performance and use of the cryptographic algorithm, please contact Nsing Technologies sales

Representatives
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10 Advanced-Control Timers (TIM1 and TIMS)

10.1 TIM1 and TIMS Introduction

The advanced control timers (TIM1 and TIMS) are mainly used in the following scenarios: counting the input signals,

measuring the pulse width of the input signals and generating the output waveforms, etc.

Advanced control timers have complementary output functions, dead-time insertion and break functions. They are

suitable for motor control.

10.2 Main Features of TIM1 and TIMS8

e  16-bit auto-reload counters. (It can realize up-counting, down-counting, up/down counting).

e  16-bit programmable prescaler. (The prescaler factor can be configured with any value between 1 and 65536)
e  Programmable repetition counter

e TIMland TIMS up to 6 channels

e 4 capture/compare channels, working modes are PWM output, ouput compare, one-pulse mode output, input
capture

e  The events that generate the interrupt/DMA are as follows:
— Update event
— Trigger event
— Input capture
— Output compare
— Break signal input
e  Complementary outputs with programmable dead-time.
— For TIM1 and TIMS, channel 1,2,3 support this feature
e  Timer can be controlled by external signal
e  Timers are linked internally for timer synchronization or chaining
e TIMI1 CCS5 and TIM8 CCS5 for COMP blanking.

e TIMI CC6 is used to switch the input channel of OPAMP1 and OPAMP2; TIM8 CC6 can switch the input
channel of OPAMP2

e Incremental (quadrature) encoder interface: used for tracking motion and resolving rotation direction and

position;

e  Hall sensor interface: used to do three-phase motor control;
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Figure 10-1 Block Diagram of TIM1 and TIM8

BIT
. ﬁu anty N\
TIMx_BKIN BRK: selection 7

Clock failure event From clock controller CSS(Clock Security System)
PVD abnormal (Power supply voltage detection)
LOOKUP(Core Hardfault)

Comparator polarity

CK_TIMI18 from RCC Internal clock(CK_INT)
¥ To another timer, ADC,
DAC
3 X —
Polarity selection ETRF TRGO——p
Edge detector Trigger controller
TIMx_ETR pin ———» —
ETR Prescaler
COMP_TIM _ Input filter TIT Reset, ena<ble,
OCREFCLR ;| Slave mode up/down, count
| ITRx(x=0, 1, 2, 3) controller
TRC»| | —
TI1F_ED— TRGI .
CK_PSC
Encoder mode
Psc Prescaler
TIxFPx (x=1,2)

CK_CNT
t
a Updale
= o o > [on Couner
=
| cexIt !
@ TIEP] A (Input) CCXIT —OCI¥ TIMx_CHI
. Input filter & | - 2] —0C
TIMx_CH1 L []—Tn—» cdge detector |-LLLED: »| e prescater | Ny ;I(Oulpu\) OCIN» TIMx_CHIN
—TrRCp CCx Event Capture/Compare x Output Control —OC2% TIMx_CH2
> (Input) (x=1,2,3, 4 (DTG, —OC2Ne TIMx_CH2N
TIMx CHZ - Input filter & | TRFP - register Complementary) -
—p —> 5 —oC .
= edge detector | TI2FP2 12> \ 1(,be> OC3%  TIMx_CH3
R > —OC3N» TIMx_CH3N
=3
. _ Input filter & o .
TIMx_CH3 TI3——| edge detector | TI3FP4 :}IC}» OC4$  TIMx_CH4
~TROM
TI4FP ¥
TIMx_CH4 Tl4—— | Input filter & | TI4FP4 1C4» c /C
edge detector —TRC. apture/Compare x T —ocs—»
TRO (x = 5,6) register Output Control 0C5
1
ETRF —oc—
| I
The event Interrupt and DMA output

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 timer’s time-base unit mainly includes: prescaler, counter, auto-reload and repetition counter.
When the time base unit is operationg, 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. When
TIMx_CTRL1.UPDIS=0, a counter overflow/underflow or software setting TIMx EVTGEN.UDGN will generate
an update event. The counter CK_CNT is valid only when the TIMx CTRL1.CNTEN bit is set. The counter starts
counting one clock cycle after the TIMx CTRL1.CNTEN bit is set.
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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 this register is buffered. The new 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

e JUUUUUTUUUIUUTUUUT
Timer Clock = CK_CNT M H H

Counter register 87 @@@ 00 X 01 X:

Update event (UEV) H

Prescaler controller register 0 ‘X 3

Write a new value in T@V_PSC

Presalercounter 00008006860
Prescaler buffer 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 TIMx_CTRL1.UPRS bit (select update request) and the TIMx EVTGEN.UDGN bit are set, an update event
(UEV) will be generated. And TIMx_STS.UDITF will not be set by hardware, therefore, no update interrupts or
update DMA requests will begenerated. This is to avoid generating an update interrupt when clearing the counter.

Depending on the TIMx CTRL1.UPRS, when an update event occurs, the TIMx_STS.UDITF is set, and all registers
are updated:

e  The repetition counter reloads the contents of the TIMx REPCNT
e  Update auto-reload shadow registers with preload value(TIMx_AR), when TIMx CTRL1.ARPEN = 1.

e  The prescaler shadow register is reloaded with the preload value(TIMx_PSC).
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To avoid updating the shadow registers when new values are written to the preload registers, you can disable the
update event by setting TIMx_CTRL1.UPDIS=1.

When an update event is generated, 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 for different prescaler factors in the up-counting
mode.

Figure 10-3 Timing Diagram of the 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 Section 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
2 CNTEN
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Timer clock = CK_CNT /
/]
Counter register 20 IF / | / / 00 36
I/
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 active when the TIMx CTRL1. CAMSEL bit is not equal to "00".

An update event can be generated at each counter overflows and at each counter underflows. Alternatively, an update
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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, and the prescaler counter also restarts from 0.

Note: if an update is generated due to a counter overflow, the auto-reload value will be updated before the counter

is reloaded.

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 repetition counter reaches zero, which is valuable for generating PWM

signals.
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This means that data are 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:

e In the up-counting mode, each time the counter reaches the maximum value, an overflow occurs.

e In down-counting mode, each time the counter decrements to the minimum value, an underflow occurs.
e  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 repetition 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
e  The internal clock of Advanced-control timers: CK_INT
e  Two kinds of external clock mode :

— external input pin

— external trigger input ETR

e 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_CTRLI1.CNTEN. TIMx_CTRLI1.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 software, 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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TIMx_SMCTRL.S
MSEL[2:0]

TIMx_SMCTRL.
EXCEN

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:

e  Configure TIMx CCMODI.CC2SEL equal to ‘01°, CC2 channel is configured as input, IC2 is mapped to TI2

e  Configure TIMx CCEN.CC2P equal to ‘0’, select clock rising edge polarity

e To select input filter bandwidth by configuring TIMx CCMOD1.IC2F[3:0] (if filter is not needed, keep IC2F
bit at “0000”)

e  Configure TIMx SMCTRL.SMSEL equal to ‘111°, select timer external clock mode 1

e  Configure TIMx SMCTRL.TSEL equal to ‘110°, select T12 as the trigger input source

e  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 TI2=1, the counter counts once and the TIMx_STS .TITF flag is
set.

The delay between the rising edge of TI2 and the actual clock of the counter depends on the resynchronization circuit
at the input of TI2.
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Figure 10-13 Control Circuit in External Clock Mode 1
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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
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Filter Down counter
TIMx_SMCTR.EXTF[3:0] TIMx SMCTRL EXCE
N
TIMx_SMCTRL.SMSE
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For example, use the following configuration steps to make the up counter count every 2 rising edges on ETR.

e  Since no filter is needed in this case, make TIMx_SMCTRL .EXTF[3:0] equal to ‘0000’

e  Configure the prescaler by making TIMx SMCTRL.EXTPS[1:0] equal to ‘01’

e  Select the polarity on ETR pin by setting TIMx SMCTRL.EXTP equal to ‘0’, the rising edge of ETR 1is valid
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e  External clock mode 2 is selected by setting TIMx SMCTRL .EXCEN equal to ‘1’
e  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 of

the counter is due to a resynchronization circuit on the ETRP signal.

Figure 10-15 Control Circuit in External Clock Mode 2

fek vt MI I I qu
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Counter register 34 X 35 X 36

10.3.5 Capture/Compare Channels

The capture/compare channels include capture/compare registers and shadow registers. The input stage 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.CCxP 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 prescaler. 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 stage 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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Figure 10-19 Output Part of Channelx (X=4)
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Reads and writes always access the preload 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, 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 input 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 trigger issue an interrupt or DMA request if the
corresponding interrupt enable is pulled high.
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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.CCI1ITF is already pulled high. Unlike the former, TIMx_STS.CCxOCEF is cleared by writing
0 to it.

To achieve a rising edge of the TI1 input to capture the counter value into the TIMx CCDATI register, the
configuration flow is as follows:

e  To select a valid input:

Configure TIMx CCMOD1.CCISEL to ‘01°. At this time, the input is the CC1 channel, and IC1 is mapped to
TIL.

e  Define the input filter duration required for programming:

Define the sampling frequency of the TI1 input and the length of the digital filter by configuring the
TIMx_CCMODx.ICXF bits. Example: If the input signal jitters up to 5 internal clock cycles, we must choose a
filter duration longer than 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 CCMODI. IC1F to ‘0011°.

e  Select the rising edge as the valid transition polarity on the TI1 channel by configuring TIMx_CCEN .CC1P=0.

e  Configure the input prescaler. In this example, configure TIMx CCMODI.ICIPSC= ‘00’ to disable the
prescaler because we want to capture every valid transition.

e  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.CCIIEN bit=1

10.3.7 PWM Input Mode

There are some differences between PWM input mode and normal input capture mode, including:

e  Two ICx signals are mapped to the same TIx input.

e  The two ICx signals are active on edges of opposite polarity.

e  Select one of two TIXFP signals as trigger input.

e  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).

e  Configure TIMx CCMODI1.CCISEL equal to ‘01’ to select TI1 as valid input for TIMx_CCDAT].

e  Configure TIMx_CCEN.CCI1P equal to ‘0’ to select the active polarity of filtered timer input 1(TI1FP1), active
on the rising edge.

e  Configure TIMx CCMODI1.CC2SEL equal to ‘10’ select TI1 as valid input for TIMx_CCDAT?2.

e  Configure TIMx_CCEN.CC2P equal to ‘1’ to select the valid polarity of filtered timer input 2(TI1FP2), active
on the falling edge.
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e  Configure TIMx_SMCTRL.TSEL=101 to select filtered timer input 1 (TI1FP1) as valid trigger input.
e  Configure TIMx SMCTRL.SMSEL=100 to configure the slave mode controller to reset mode.
e  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 X0002 0003 X 0004 0000 X

TIMx_CCDATI1 0004

TIMx_CCDAT?2 0002

Y N \Y

ICI capture IC2 capture ICI capture
IC2 capture Pulse width Period
Reset counter measurement measurement

Because of only filter timer input 1 (TI1FP1) and filter timer input 2 (TI2FP2) are connected to the slave mode
controller, the PWM input mode can only be used with the TIMx_CH1/TIMx_CH2 signals.

10.3.8 Forced Output Mode

In output mode (TIMx_CCMODx.CCxSEL=00), software can force output compare signals to active or inactive
level directly.

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 low level.

The values of the TIMx CCDATx 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.

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
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are as follow:

e TIMx CCMODx.0OCxMD is for output compare mode, and TIMx CCEN.CCxP is for output polarity. When
the compare matches, if set TIMx CCMODx.OCxMD=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.

e Set TIMx STS.CCXITF.
o  Ifuser set TIMx DINTEN.CCxXIEN, a corresponding interrupt will be generated.

o [fuserset 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:

e  First of all, user should select the counter clock.

e  Secondly, set TIMx_AR and TIMx_CCDATx with desired data.

e [fuser need to generate an interrupt, set TIMx DINTEN.CCXIEN.

e Then select the output mode by set TIMx CCEN.CCxP, TIMx_CCMODx.0CxMD, TIMx_CCEN.CCxEN, etc.
e Atlast, set TIMx CTRLI.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_CCDATx 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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10.3.10 PWM Mode

Pulse width modulation mode is used to generate a signal with a frequency determined by the value of the TIMx_ AR
register and a duty cycle determined by the value of the TIMx CCDATX register. And depending on the value of
TIMx_CTRL1.CAMSEL, the TIM can generate PWM signal in edge-aligned mode or center-aligned mode.

User can select PWM mode 1 or PWM mode 2 by setting TIMx CCMODx. OCxMD=110 or setting
TIMx_CCMODx. 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, CCXNEN, 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 when an update event occurs, the preload register will be transferred 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 to 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 both when the counter
counts up and counts down. User should not modified TIMx CTRL1.DIR by software, it is updated by hardware.
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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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When using center-aligned mode, users should pay attention to the following considrations:

e [t depends on the value of TIMx_ CTRLI1.DIR that the counter counts up or down. Cautions that the DIR and
CAMSEL bits should not be changed at the same time.

e  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.
— Ifthe value written into the counter is greater than the value of auto-reload, the direction will not be updated.

e  For safety reasons, it is recommended that users set TIMx_EVTGEN.UDGN to generate an update by software
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before starting the counter, and do not write 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.
e  Up-counting
User can set TIMx_CTRL1.DIR=0 to make counter count up.
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 follows.

Figure 10-23 Edge-Aligned PWM Waveform (APR=8)

S 00600000000
'3 l )
CCDATx>8 OCXREF
CCxIF
CCxIF
CcCDATx=4 OCXREF
CCxIF
OCXREF ‘0’
CCDATx=0
CCxIF

e  Down-counting
User can set TIMx_CTRL1.DIR=1 to make counter count down.
Example for PWM model:

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 CCDATx shadow register >= AR value, the shadow register value of CCDATXx in the
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(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 = CCDATx 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 tpursg with a controllable pulse width is
generated after a controllable delay tperay. 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
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TIMx AR &

]

TIMx_CCDATI

Counter

tpELAY CpuLse

OCxREF —J—\
OCl1

The following is an example of a one-pulse mode:

A rising edge trigger is detected from the TI2 input, and a pulse with a width of tpursk is generated on OC1 after a

delay of tpgray.
1. Counter configuration: count up, counter TIMx CNT < TIMx_ CCDAT1 < 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=
‘110°, TIMx_SMCTRL.SMSEL= ‘110’ (trigger mode);

4. TIMx_CCDAT1 writes the count value to be delayed (tpeLay), TIMx AR - TIMx _CCDAT]1 is the count value of

the pulse width tpursg;
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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 TI2, 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 tpgray that can be achieved.

You can set TIMx_CCMODx.OCXFEN=1 to turn on OCx fast enable, after triggering the rising edge, the OCXxREF
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 Ocxref Signal on an External Event

If the user sets TIMx_CCMODx.OCxCEN=1, high level of ETRF input can be used to driven the OCXREF signal to
low, and the OCXREEF 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.

For example: 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:

e  SetTIMx SMCTRL.EXTPS=00 to disable the external trigger prescaler.
e  Set TIMx_SMCTRL.EXCEN=0 to disable the external clock mode 2.

e Set TIMx SMCTRL.EXTP and TIMx SMCTRL.EXTF to configure the external trigger polarity and external
trigger filter according to the need.

For example: 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 TIMx
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10.3.13 Complementary Outputs with Dead-Time Insertion

Advanced-control timer can output two complementary signals with dead time in between. 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_CTRL2.0Ix,
TIMx_CTRL2.0IxN, TIMx_BKDT.OSSI, 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 OCxXN. 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.

Assume that TIMx_CCEN.CCxP=0, TIMx_CCEN.CCxNP=0, TIMx BKDT.MOEN=1, TIMx_ CCEN.CCxEN=1,
TIMx_CCEN.CCxNEN=1.
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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

In output mode, user can set TIMx CCEN.CCxXEN and TIMx_CCEN.CCxNEN to re-directed OCXREF to the OCx
output or to OCxN output.

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.CCxXxEN=1 and
TIMx_CCEN.CCxNEN=1, OCx will become active when OCXREF is high. On the contrary, OCxN will become
active when OCXREF is low.
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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) "(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.

The break input pin

A clock failure event, generated by the clock security system in the clock controller.

A PVD 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 configuration take effect. Therefore, user need
to wait 1 APB clock cycle to read back the written bit value.

The falling edge of MOEN can be asynchronous, so a resynchronization circuit has been inserted between the actual

signal and the synchronous control bit. 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.OIx. Timer will release the enable outputs(taken over by GPIO controller) if
TIMx_BKDT.OSSI=0, otherwise it will remain 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 be 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) * (CCXNP"OIxN)! = 0, that is, the OCx and OCxN 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).
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— 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.CCxEN or TIMx_CCEN.CCxNEN
is high.

e IfTIMx DINTEN.BIEN=1, when TIMx_STS.BITF=1, an interrupt will be generated.

o If user set TIMx BKDT.AOEN, 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.

e  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/OCxN 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

Figure 10-26 Output Behavior in Response to A Break

Break in
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10.3.15 Debug Mode

When the microcontroller is in debug mode (the Cortex-M4 core halted), depending on the 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

10.3.16.1 TIMx timers can be synchronized by a trigger in slave modes (reset, trigger and gated).

10.3.16.2 Slave mode: Reset mode

In reset mode, the trigger event can reset the counter and the prescaler updates the preload registers TIMx_AR,
TIMx_CCDATZX, 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 CCMODI1.CCI1SEL=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 TI1
(TIMx_SMCTRL.TSEL~=101);

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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10.3.16.3 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 CCMODI1.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 a rising edge is detected on TI2, the counter starts counting, and the trigger flag is set (TIMx_STS.TITF=1);

The delay between the rising edge on TI2 and the actual start of the counter is due to the resynchronization circuit on
TI2 input.

Figure 10-28 Control Circuit in Trigger Mode

Counter clock=CN_CNT=CK_PSC ’_U_|—|_|—|_|—H
Counter register 64 @@@@

CNTEN

TI2
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10.3.16.4 Slave mode: Gated mode
In gated control mode, the level polarity of the input port can control whether the counter counts or not.
The following is an example of a gated pattern:

1. Channel 1 1is configured as input detection active low on TI1 (TIMx CCMODI.CCISEL=01,
TIMx_CCEN.CCI1P=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
(TIMx_STS.TITF=1)when it starts or stops counting.

The delay between the rising edge on TI1 and the actual stop of the counter is due to the resynchronization circuit on
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TI1 input.

Figure 10-29 Control Circuit in Gated Mode
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10.3.16.5 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 CCMODI.CCISEL=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 interconnected for timer synchronization or chaining. For more details, see

10.3.18 Generating Six-Step PWM Output

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.

Methods to generate a COM commutation event:
1. 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 T12 as the 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,
TI2FP2 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
TII1 and TI2 Low Counting up

Counting down

Counting down

Counting up

Here is an example of an encoder with dual edge selected for triggering to suppress input jitter:

1. IC1FP1 is mapped to TI1 (TIMx CCMODI1.CC1SEL= ‘01’), IC1FP1 is not inverted (TIMx_CCEN.CCI1P= ‘0’);
2. IC1FP2 is mapped to TI2 (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 CTRL1.CNTEN= ‘1’;

Figure 10-32 Example of Counter Operation in Encoder Interface Mode

Forward Titter Backward Jitter
R B O o
EE I
Counter

L

e oom —LLL_
in

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

forward jitter backward jitter

TI1

0 O o

TI2

T N

Counter _|_

down' — — — up

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 timebase; the capture/compare channel 1 is configured to capture the TRC signal
in capture mode (TIMx CCMOD1.CC1SEL= ‘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=1, 8)

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 TIMx Register Overview
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offset]  Register :l%lg %lz gliﬁ xlglﬁ Elglilfltlffi’lﬂl‘il: Elo\lwll\lolmlwlmlml-—l =
TIMx_CNT CNT[15:0]
024h Reserved
Reset Value 0 0|0|0|0 0|0|0|0|0|0|0|0|0|0| 0
TIMx_PSC PSC[15:0]
028h Reserved
Reset Value 0 0|0|0|0 0|0|0|0|0|0|0|0|0|0| 0
TIMx_AR AR[15:0]
02Ch Reserved
Reset Value 1 1|1|1|1 l|1|l 1|1|1|1|1|1|1| 1
TIMx_REPCNT REPCNT[7:0]
030h Reserved
Reset Value 0|0|0|0|0|0|0| 0
TIMx_CCDATI1 CCDATI[15:0]
034h Reserved
Reset Value 0 0|0|0|0 0|0|0|0|0|0|0|0|0|0| 0
TIMx_CCDAT2 CCDAT2[15:0]
038h Reserved
Reset Value 0 0|0|0|0 0|0|0|0|0|0|0|0|0|0| 0
TIMx_CCDAT3 CCDAT3[15:0]
03Ch| Reserved
Reset Value 0 0|0|0|0 0|0|0|0|0|0|0|0|0|0| 0
TIMx_CCDAT4 CCDAT4[15:0]
040h Reserved
Reset Value ofojojojot]o 0|0 0|0|0|0|0|0|0| 0
zlzlalzlxl=z| 5=
TIMx_BKDT AEIEHAEHEE DTGN[7:0]
044h Reserved =)< m]° 2 ©
Reset Value ofojojofjot]o 0|0 0|0|0 0|0|0|0| 0
TIMx_DCTRL B DBLEN([4:0] B DBADDR[4:0]
048h f—— 5 3
2 2
Reset Value 2 0|0|0|0|0 & o|0|o|0| 0
TIMx_DADDR BURSTJ[15:0]
04Ch| Reserved
Reset Value 010 | 0 | 0OJoOojoO]oO | ojJo]o | 0 | oOjoj]JojJo | 0
o [
&l z_ |g|& gl z_ |&|&
TIMx_CCMOD3 2 = sls] 3 (R Z2e &% 3
- 9] 3 S} B9 z | O 5] 3 9] 2
050h Reserved ) 3 [e} Ke) ) le] o) (e} e 9
& &
Reset Value 010 | 0 | 0]J]01]O 0f]o0 | 0 | ojojo
TIMx_CCDATS5 CCDATS5[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
31 18 17 16
T T T T T T T T T T T
Reserved PBKPEN [LOCKUP
™w ™w™
15 14 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T
CLRSEL Reserved CISEL B{{OPI\I::IN CLKD[1:0] ARPEN CAMSEL[1:0] DIR ONEPM | UPRS UPDIS | CNTEN
™ ™ ™w ™w ™ ™ ™w ™w ™w ™w ™w
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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 OCXREEF clea