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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 N32H47x, N32H48x 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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Note: The highest frequency of N32H480 series is 180MHz, while the highest frequency of other series is 240MH:z.

Different series and models support different peripherals and quantities. Please refer to the respective datasheets for
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specific information.

® ICode bus: This bus connects the ICode bus of Cortex™-M4FP core with the Flash instruction interface.
Instruction prefetching is completed on this bus.

® DCode bus: This bus connects the DCode bus of Cortex™-M4FP core with the data interface of Flash memory

(constant loading and debugging access).

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

The bus system adopts an architecture interconnected with BusMatrix and AHB/APB buses. The bus matrix uses a
round-robin scheduling mechanism to coordinate the core's [Code/DCode/SBus and DMA1/DMA2/ETH/USB
HS/CANFD/DVP access to FLASH/SRAM/peripherals. When accessing FLASH, Dcode has higher priority than
ICode.

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

® The bus matrix includes 8 AHB masters: ICode/DCode/SBus/DMA1/DMA2/ETH/USB HS/CANFD; and 8
AHB slaves: SRAM1/2, CCM, FEMC, XSPI, AHB1/2/3; with a maximum speed of 240MHz for HCLK.

® The system consists of two AHB2APB Bridges, namelyl AHB2APB1 and AHB2APB2. APB1 contains 33
low-speed APB peripherals, the maximum speed of PCLK1 is 180 MHz; APB2 contains 24 high-speed APB
peripherals, the maximum speed of PCLK?2 is 180 MHz.

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/CCM 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:
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Figure 2-2 Bus Address Map

USBHS SRAM 0x4006_0000 - 0x4006_OFFF
Reserved 0X4005_1000 - 0x4005_FFFF
USBHS FIFO 0x4004_1000 - 0x4005_OFFF
USBHS Reg 0x4004_0000 - 0x4004_OFFF
Reserved 0x4003_2C00 - 0x4003_FFFF
ATIM3 0x4003_2800 - 0x4003_2BFF
ATIMZ 0x4003_2400 - 0x4003_27FF
ATIML 0x4003_2000 - 0x4003_23FF
Reserved 0x4003_1000 - 0x4003_1FFF
SHRTIM 0x4003_0000 - 0x4003_OFFF
Reserved 0x4002_E000 - 0x4002_FFFF
GPIOH 0x4002_DCO0 - 0x4002_DFFF
GPIOG 0x4002_D800 - 0x4002_DBFF
GPIOF 0x4002_D400 - 0x4002_D7FF
GPIOE 0x4002_D000 - 0x4002_D3FF
GPIOD 0x4002_CCO0 - 0x4002_CFFF
GPIOC 0x4002_C800 - 0x4002_CBFF
GPIOB 0x4002_C400 - 0x4002_C7FF
GPIOA 0x4002_C000 - 0x4002_C3FF
ADC4 0x4002_BCOO - 0x4002_BFFF
ADC3 0x4002_B800 - 0x4002_BBFF
ADC2 0x4002_B400 - 0x4002_B7FF
ADCL 0x4002_B000 - 0x4002_B3FF
DACT/8 0x4002_AC00 - 0x4002_AFFF
DAC5/6 0x4002_A800 - OXSFFF_ABFF
SAC SRAM 512B*2 0x4002_A400 - 0x4002_ATFF
SAC 0x4002_A000 - 0x4002_A3FF
Reserved 0x4002_7000 - 0x4002_9FFF
ETH 0x4002_5000 - 0x4002_6FFF
SMPU 0x4002_4C00 - 0x4002_4FFF
Reserved 0x4002_4000 - 0x4002_4BFF
BKP_SRAM 0x4002_3000 - 0x4002_3FFF
m Reserved 0x4002_2800 - 0x4002_2FFF
T CORDIC 0x4002_2400 - 0x4002_27FF
< FLASH 0x4002_2000 - 0x4002_23FF
FMAC 0x4002_1C00 - 0x4002_1FFF
OXE010_0000 - OXFFFF_FFFF [ Reserved [ CRC 0x4002_1800 - 0x4002_1BFF
SDIO 0x4002_1400 - 0x4002_17FF
RCC 0x4002_1000 - 0x4002_13FF
Vendor Specific 511MB Reserved 0x4002_0C00 - 0x4002_OFFF
OXEOOF_F000 - OXEOOF_FFFF ROM Table Reserved 0x4002_0800 - 0x4002_0BFF
0XE004_2000 - OXEOOF_EFFF External PPB DMA2 0x4002_0400 - 0x4002_07FF
OXE004_1000 - OXE004_1FFF ETM DMAL 0x4002_0000 - 0x4002_03FF
0XE004_0000 - OXE004_OFFF TPIU Private Peripheral - External 768KB
Private Peripheral - Internal 256KB
OXEO00_F000 - OXE003_FFFF Reserved
OXEO00_E000 - 0XE000_EFFF NVIC Reserved 0x4001_4000 - 0x4001_FFFF
0XE000_3000 - OXE000_DFFF Reserved PGA 0x4001_3C00 - 0x4001_4FFF
0xE000_2000 - OXE000_2FFF FPB comp 0x4001_3800 - 0x4001_3BFF
OxE000_1000 - OXEO00_1FFF DWT SPI6 0x4001_3400 - 0x4001_37FF
OXE000_0000 - OXEO00_OFFF ™ SPIS 0x4001_3000 - 0x4001_33FF
SPI4 0x4001_2C00 - 0x4001_2FFF
. " -
0XAD00_3000 - OXDFFF_FFF] Reserved Extended register 1GB il ovioot 2400 - oxioor o
0xAD00_2000 - OxAO00_2FFF FEMC Register ~ UARTG 0x4001_2000 - 0x4001_23FF
0xA000_1000 - OxAQ00_LFFF XSPI Register o0 USARTL 0X4001_1C00 - 0x4001_1FFF
0xA000_0000 - 0xA000_OFFF Reserved o SPIL 0x4001_1800 - 0x4001_1BFF
< GTIM10 0x4001_1400 - 0x4001_17FF
GTIM9 0x4001_1000 - 0x4001_13FF
0x9000_0000 - OX9FFF_FFFF XSPI Bank GTIM8 0x4001_0C00 - 0x4001_OFFF
0x8000_0000 - Ox8FFF_FFFF FEMC Bank3 NAND2 AFIO 0x4001_0800 - 0x4001_OBFF
0x7000_0000 - OX7FFF_FFFF FEMC Bank2 NAND1 EXTI 0x4001_0400 - 0x4001_O7FF
0x6C00_0000 - OX6FFF_FFFF FEMC Bank1 NOR/PSRAM4 Reserved 0x4001_0000 - 0x4001_O3FF
0x6800_0000 - OX6BFF_FFFF FEMC Bank1 NOR/PSRAM3
0x6400_0000 - OX67FF_FFFF FEMC Bank1 NOR/PSRAM2
0x6000_0000 - Ox63FF_FFFF FEMC Bank1 NOR/PSRAM1
Extended Device 1GB
0x4400_0000 - OXSFFF_FFFF Reserved Reserved 0x4000_8800 - 0x4000_FFFF
0x42C2_0000 - Ox43FF_FFFF Reserved|(bit-band Alias) DVP 0x4000_8400 - 0x4000_87FF
0x4200_0000 - 0x42C1_FFFF Peripheral Alias(bit-band Alias) DAC3/4 0x4000_8000 - 0x4000_83FF
0x4010_0000 - Ox41FF_FFFF Reserved DAC1/2 0x4000_7C00 - 0x4000_7FFF
0x4006_1000 - Ox400F_FFFF Reserved(bit-band Region) 12C4 0x4000_7800 - 0x4000_FFFF
0x4000_0000 - 0x4006_OFFF AHB/APB1/APB2(bit-band Region) 12C3 0x4000_7400 - 0x4000_77FF
LPTIM2 0x4000_7000 - 0x4000_73FF
LPTIM1 0x4000_6C00 - 0x4000_6FFF
0x2400_0000 - OX3FFF_FFFF Reserved UART5S 0x4000_6800 - 0x4000_6BFF
0x2260_0000 - 0x23FF_FFFF Reserved(bit-band Alias) GTIM7 0x4000_6400 - 0x4000_67FF
0x2200_0000 - 0x225F_FFFF SRAMICCM Alias(bit-band Alias) Peripheral 0.5GB GTIM6 0x4000_6000 - 0x4000_63FF
0x2003_0000 - Ox21FF_FFFF Reserved GTIMS 0x4000_5C00 - 0x4000_SFFF
0x2002_8000 - 0x2002_FFFF CCM(bit-band Region) CANFD3 0x4000_5800 - 0x4000_5BFF
0x2001_8000 - 0x2002_7FFF SRAM2(bit-band Region) CANFD2 0x4000_5400 - 0x4000_57FF
0x2000_0000 - 0x2001_7FFF SRAM1(bit-band Region) CANFDL 0x4000_5000 - 0x4000_53FF
USB SRAM 5128 0x4000_4C00 - 0x4000_4FFF
— USB Register 0x4000_4800 - 0x4000_4BFF
OXIFFF_EO1A - OX1FFF_FFFF Reserved SRAM 0.5GB o UCDR 0x4000_4400 - 0x4000_47FF
Ox1FFF_E000 - OX1FFF_E019 OptionBytes o BTIM2 0x4000_4000 - 0x4000_43FF
Ox1FFF_4000 - OXIFFF_DFFF Reserved < BTIM1 0x4000_3C00 - 0x4000_3FFF
OX1FFF_0000 - OXIFFF_3FFF GTIM4 0x4000_3800 - 0x4000_3BFF
0x1002_3000 - OXIFFE_FFFF Reserved GTIM3 0x4000_3400 - 0x4000_37FF
0x1000_0000 - 0x1002_FFFF Aliased to SRAM1/SRAM2/CCM GTIM2 0x4000_3000 - 0x4000_33FF
0x0808_0000 - OXOFFF_FFFF Reserved GTIML 0x4000_2C00 - 0x4000_2FFF
0x0800_0000 - 0x0807_FFFF Main FLASH CODE 0.5GB SP13/1253 0x4000_2800 - 0x4000_2BFF
0X0008_0000 - OXO7FF_FFFF Aliased to XSPI/FEMC SP12/1252 0x4000_2400 - 0x4000_27FF
Aliased to Flash/SystemMemory/SRAM1/ 12C2 0x4000_2000 - 0x4000_23FF
0x0000_0000 = 0x0007_FFFF SRAM2ICCMIXSPI/FEMC 12C1 0x4000_1C00 - 0x4000_1FFF
IWDG 0x4000_1800 - 0x4000_1BFF
UARTS 0x4000_1400 - 0x4000_17FF
USART3 0x4000_1000 - 0x4000_13FF
USART2 0x4000_0C00 - 0x4000_OFFF
RTC 0x4000_0800 - 0x4000_0BFF
WWDG 0x4000_0400 - 0x4000_07FF
PWR 0x4000_0000 - 0x4000_03FF

NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



<y,
"'- NSING

nsing.com.sg
2.1.2.1 Bit banding

Cortex™-M4FP 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:

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 OptionByte
BOOT configuration. After a system reset or exit from Standby mode, the value of the BOOT pin will be re-sampled
and the OptionByte boot configuration will be re-read. 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 valueand 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, including booting from the front bank (0x0800 _0000) of the main Flash and the rear bank
(0x0804 _0000) of the 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 0000/0x0804 0000 (either
one) (ICode/DCode/DMA1/DMA?2);
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® 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 OxI1FFF_0000
(ICode/DCode/DMA1/DMA?2);

® 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/DMA1/DMA?2);

2.1.3.2 Boot from External Memory

In addition to the three self-boot methods mentioned above, physical address remapping of address 0 can also be
achieved by configuring RCC_ BOOTREMAP.REMAPSEL[2:0]. For specific details, refer to Section 4.3.29.

® Boot from external XSPI memory:
€ The external XSPI memory is mapped to boot space (0x0000_0000);

@ The external XSPI memory is accessible in two address areas, 0x0000_ 0000 or 0x9000 0000
(ICode/DCode/DMA1/DMA2);

® Boot from external FEMC memory:
€ The external FEMC memory is mapped to boot space (0x0000_0000);

@ The external XSPI memory is accessible in two address areas, 0x0000 0000 or 0x6000 0000
(ICode/DCode/DMA1/DMA2);

When code/data is stored in an external memory (XSPI/FEMC), it can be encrypted to prevent theft. Encrypted
downloads can be achieved using the download tool provided by the Nsing Technologies.

When the code/data is encrypted and downloaded to the external memory, the MCU needs to decrypt it when using

the external memory.

The decryption process for XSPI is as follows:

® Write the decryption start address of the XSPI external memory to XSPI DSTRADD.ADD.
® Write the decryption end address of the XSPI external memory to XSPI DENDADD.ADD.

® [fthe RTPD KEY.KEY value does not match the KEY used for encryption, the RTPD _KEY.KEY value needs
to be updated.

® Set XSPI FEMC DEN.EN to 1.

The decryption process for FEMC is as follows:

® Write the decryption start address of the FEMC external memory to FEMC _DSTRADD.ADD.
® Write the decryption end address of the FEMC external memory to FEMC DENDADD.ADD.

® [fthe RTPD KEY.KEY value does not match the KEY used for encryption, the RTPD KEY.KEY value needs
to be updated.
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® Sct XSPI FEMC DEN.ENto 1.
Note: 1) Setting XSPI FEMC DEN.EN to [ should be configured after writing the address and KEY.

2) The key for software encryption and the key for hardware encryption are in reverse word order, e.g., the key for
software encryption is 0x01234567, 0x89abcdef, Oxfedcba98, 0x76543210; then the key order for hardware

configuration decryption is to be configured as:

FLASH->RTPD KEY = 0x76543210;

FLASH->RTPD KEY = Oxfedcba98;

FLASH->RTPD KEY = 0x89abcdef;

FLASH->RTPD KEY = 0x01234567;
3) If decryption is enabled, swd debug cannot be used to prevent reading user data in debug mode;
2.1.3.3 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:

® 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.
® 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 2-1 List Of Boot Mode
The starting address of the memory space to be accessed in the
Option Byte Pin
corresponding startup mode
Boot mode
FLASH | nBO | nBO [ nSWB | BOOT Main Flash Main Flash System SRAM
_BOOT | OT1 | OTO | OOTO 0 Ex-BANK Post-BANK Memory
1 X X 1 0 Main Flash | 0x0000 0000 0x1000_0000
0x0804 0000 | OxI1FFF 0000
1 X 1 0 X Ex-bank boot | 0x0800_0000 - - 0x2000_0000
0 X X 1 0 Main Flash
0x0000_0000 0x1000_0000
Post-bank 0x0800_0000 B Ox1FFF_0000 -
0 X 1 0 X 0x0804 0000 0x2000_0000
boot
X 1 X 1 1 SystemMem 0x0000_0000 | 0x1000 0000
0x08000000 0x0804_0000
X 1 0 0 X ory boot 0x1FFF_0000 | 0x2000_0000
X 0 X 1 1 0x0000_0000
SRAM boot 0x08000000 0x0804 0000 | OxIFFF 0000 | 0x1000 0000
X 0 0 0 X
0x2000_0000

2.1.3.4 Embedded bootloader

The embedded bootloader is stored in the System Memory, for further details please refer to the bootloader manual.
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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 below: (The capacity
values in the following description do not include ECC)

® The maximum main memory block is 512 KB, also known as main Flash memory, which contains 64 pages for

storing and running user programs and storing data.

® The information block is 32 KB, including 4 pages, and consists of SystemMemory area (16 KB), system
configuration area (8 KB) and OptionByte area (8 KB).

—  The system memory area is 16 KB, which contains 2 pages, also known as SystemMemory, and is used for
storing and running the bootloader (BOOT).

—  The system configuration area is 8 KB, including 1 page.

—  The OptionByte area is 8 KB, containing 1 page, also known as OptionByte, with an effective space of
26B. Both the BOOT programs and user programs can read, write, and erase this area.

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

Table 2-2 Flash Bus Address List

Memory Area Page Name Address Range Size
Main memory block Page 0 0x0800_0000 — 0x0800 1FFF 8KB
Page 1 0x0800_2000 — 0x0800_3FFF 8KB
Page 2 0x0800_4000 — 0x0800_SFFF 8KB
Page 63 0x0807_E000 — 0x0807_FFFF 8KB
Information block SystemMemory area 0x1FFF_0000 — Ox1FFF_3FFF 16KB
System configuration area 0x1FFF_C000 — Ox1FFF_DFFF 8KB
OptionByte area Ox1FFF E000 — 0x1FFF EO019 26B
Flash memory FLASH_AC 0x4002_2000 — 0x4002_2003 4B
interface registers FLASH CTRL 0x4002 2004 — 0x4002 2007 4B
FLASH_STS 0x4002_2008 — 0x4002_200B 4B
FLASH_ADD 0x4002_200C — 0x4002_200F 4B
FLASH_KEY 0x4002_2010 — 0x4002_2013 4B
FLASH_OPTKEY 0x4002_2014 — 0x4002_2017 4B
8
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FLASH_OB 0x4002_2018 — 0x4002_201B 4B
FLASH_WRP 0x4002_201C — 0x4002_201F 4B
FLASH_ECC 0x4002_2020 — 0x4002_2023 4B

Reserved 0x4002_2024 — 0x4002_202B 4B
FLASH RDN 0x4002_202C — 0x4002_202F 8B
FLASH_CAHR 0x4002_2030 — 0x4002_2033 4B
FLASH_ROWP 0x4002_2034 — 0x4002_2037 4B

CCM_WRP1 0x4002_2038 — 0x4002_203B 4B

CCM_KEY 0x4002_203C — 0x4002_203F 4B
CCM_ERASE 0x4002 2040 — 0x4002 2043 4B
CCM_WRP2 0x4002_2044 — 0x4002_2047 4B
CCM_MODE 0x4002_2048 — 0x4002_204B 4B

XSPI_DSTRADD 0x4002_204C — 0x4002_204F 4B
XSPI_DENDADD 0x4002_2050 — 0x4002_2053 4B
FEMC_DSTRADD 0x4002_2054 — 0x4002_2057 4B
FEMC_DENDADD 0x4002_2058 — 0x4002_205B 4B

RTPD KEY 0x4002_205C — 0x4002_205F 4B

JTAG SEAL 0x4002_2060 — 0x4002_2063 4B

RTPD KEY WCNT 0x4002_2064 — 0x4002_2067 4B
Reserved 0x4002 2068 — 0x4002 206C 4B
XSPI FEMC DEN 0x4002 206C — 0x4002_206F 4B
XUID 0x4002_2070 — 0x4002_2073 4B

The flash memory is organized as 128-bit wide memory units, which can store codes and data constants.
Information block is divided into three parts:

® The system memory area is used to store the bootloader in the system memory.

® System configuration area contains basic information about the chip.

® The OptionByte 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):
® Page write protection (WRP)
® Read protection (RDP)

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 or halted.

2.2.1.2 Read and write operation

The Flash operation only supports 64-bit operation, and the Flash should be erased before the write operation, and
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the minimum block size for erasing is one page, which is 8 KB. The write operation consists of the erase and program
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<=40 MHz,
the minimum number of waiting periods is 0; When 40 MHz<HCLK<=80 MHz, the minimum number of waiting
periods is 1; When 80MHz<HCLK<=120MHz, the minimum number of waiting periods is 2; When
120MHz<HCLK<=160MHz, the minimum number of waiting periods is 3; When 160MHz<HCLK<=200MHz, the
minimum number of waiting periods is 4; When 200MHz<HCLK<=240MHz, the minimum number of waiting
periods is 5.

Note: When the number of wait cycles is not zero, enable prefetch buffer can improve overall efficiency..
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: first,
writing KEY1 = 0x45670123 to the FLASH KEY register, and then writing KEY2 = 0xCDEF89AB to the
FLASH KEY register.

If there is an error in sequence or key value, a bus error will occur 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

Note: When programming or erasing Flash, it is not allowed to be interrupted, otherwise it may result in data loss
2.2.1.4.1 Erase operations of main Flash area

The main memory block can be erased by page or by chip(Mass Erase).

Page Erase

Page Erase process:

® Check the FLASH_STS.BUSY bit to confirm that there are no other flash operations in progress;
® Sct the FLASH _CTRL.PER bit to '1";

® Sclect the page to be erased with the FLASH ADD register;

® Sct the 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 them.

Mass Erase

Mass Erase process:

® Check the FLASH_STS.BUSY bit to confirm that there are no other flash operations in progress;
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® Set the FLASH CTRL.MER bitto 'l";

® Set the FLASH CTRL.START bitto'l";

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

® Read out all pages and verify them.

Note: When erasing or writing to Flash, access to Flash is held until the Flash erase or write operation is completed.
If program execution is required during Flash write, it is recommended to move the program to SRAM for execution.
If interrupts need to be responded to, Flash operations, interrupt handling, and interrupt vector tables should all run
in SRAM.

2.2.1.4.2 Main Flash area programming

The main Flash area can be programmed 64-bit at a time. When the FLASH CTRL.PG bit is' 1', writing two words
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:

® Check the FLASH STS.BUSY bit to confirm that there are no other flash operations in progress;
® Sctthe FLASH CTRL.PG bitto '1;

®  Write the double word to be programmed at the specified address;

®  Wait for the FLASH_STS.BUSY bit to change to '0';

® Read the data of written address and verify the data.

Note: When the FLASH STS.BUSY bit is 'l', you cannot write to any register.

Note: After writing data to two addresses in programming, it is necessary to add 9 __NOP() to prevent the bus from

reading Flash data and causing programming failure

2.2.1.4.3 OptionByte erase and programming

The OptionByte area is programmed differently from the main Flash block. The number of OptionBytes is limited to
12 bytes (4 bytes for write protection, 2 bytes for read protection, 3 bytes for configuration, 2 bytes for storing user
data and 1 byte for CCMSRAM_RST). 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 OptionByte area can be programmed, set the FLASH CTRL.OPTPG bit to' 1' and then write a word to the

specified address.

When programming the word in the OptionByte 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 the programming operation. This
ensures that the OptionByte and its complement are always correct.

OptionByte erase process:
® Check the FLASH_STS.BUSY bit to confirm that there are no other flash operations in progress;

® Unlock the FLASH CTRL.OPTWE bit;
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® Setthe FLASH CTRL.OPTER bitto'l";

® Setthe FLASH CTRL.START bit to '1";

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

® Read the erased OptionByte and verify them.

OptionByte area programming process:

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

® Setthe FLASH CTRL.OPTPG bitto'l";

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

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

® Read the written address and verify the data.

2.2.1.4.4 ROW program

The operations for row programming and double-word programming are the same. Before starting programming, the

following registers need to be configured:

® Sct FLASH ROWP.RPEN to 'l' to select row programming;

® Sct FLASH ROWP.RPNUM bit to select the word length for row programming;

® Sct FLASH ROWP.RPADD bit to select the starting address for row programming;
® Sct FLASH ROWP.RPAREA bit to select the area for row programming.

Note: 1.When writing data to the specified address for programming, the programming address must match the

starting address and word length for row programming.
2. ROW programming cannot span 512 bytes
2.2.1.5 ECC function

The Flash module supports the ECC functionality, enabling 2-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 supports instruction prefetch function with the prefetch buffer size of 32B. 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 OptionByte

OptionByte block is mainly used to configure read/write protection, software/hardware watchdog configuration, boot
management, BOR threshold levels selection and reset options when the system is in STANDBY/STOP mode. They
consist of 12 options bytes : 4 bytes for write protection, 2 bytes for read protection, 3 bytes for configuration option,
2 bytes defined by user, and 1 byte for CCMSRAM _RST. These 12 bytes need to be written through the bus. The
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OptionByte block also contains the complement codes corresponding to these 12 OptionBytes. These complement

codes need to be automatically calculated by hardware when the OptionBytes are written, and used for verification

when the OptionBytes are read.

By default, the OptionByte block is always read-accessible and write-protected. To write (program/erase) the
OptionByte block, first unlock the Flash, then unlock the OptionByte: write the correct key value sequence (KEY1
= 0x45670123, KEY2 = 0xCDEF89AB) into the FLASH OPTKEY, and then write operation to the OptionByte
block will be allowed. If the sequence is wrong or the key value is wrong, a bus error will be returned and the
OptionByte will be locked until the next reset. To lock the OptionByte nomally, write ‘0’ to the
FLASH_CTRL.OPTWE bit by software. The OptionByte can be unlocked by writing the correct key value sequence
in the FLASH OPTKEY.

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

Table 2-3 Option Byte List

[31:24] [15:8]
[23:16] [7:0]
Address Corresponding Corresponding
Option byte Option byte
complement code complement code

0x1FFF_E000 nUSER USER nRDP1 RDP1
Ox1FFF_E004 nDatal Datal nData0 Data0
0x1FFF_E008 nWRP1 WRP1 nWRPO WRPO
0x1FFF_E00C nWRP3 WRP3 nWRP2 WRP2
O0x1FFF_E010 nUSER2 USER2 nRDP2 RDP2
Ox1FFF_E014 - - nUSER3 USER3
Ox1FFF_E018 - - nCCMSRAM_ RST CCMSRAM RST

® Read protection L1 level OptionByte: 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 OBJ[1];
®  User configuration options: USER
@ USER[7]: Reserved
@ USER[6]: IWDGSLEEPFRZ, can be queried through FLASH_OB[7];
0: IWDG freeze in SLEEP mode
1: IWDG unfreeze in SLEEP mode
€ USER[5]: IWDGSTDBYFRZ, can be queried through FLASH_OB[6];
0: IWDG freeze in STANDBY mode
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1: IWDG unfreeze in STANDBY mode
€ USERJ[4]: Reserved,;
€ USER][3]: IWDGSTOPFRZ, can be queried through FLASH_OB[5];
0: IWDG freeze in STOP mode
1: IWDG unfreeze in STOP mode
€ USER[2]: nRST_STDBY configuration options, read through FLASH_OBJ[4]
0: Reset occurs when entering STANDBY mode
1: No reset occurs when entering STANDBY mode
€ USER[1]: nRST_STOP, read through FLASH_OB[3]
0: Reset occurs when entering STOP mode
1: No reset occurs when entering STOP mode
€ USER[0]: WDG_SW configuration options, read through FLASH_OB[2]
0: Hardware watchdog
1: Software watchdog
® 2 bytes of user data: Datax
€ Datal (FLASH_OB[27:20]);
€ Data0 (FLASH_OB[19:12]);
®  Write protection OptionByte: 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;
€ WRPI: write protection of pages 16-31, bit [0] corresponds to Page16/17, 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;
® Read protection L2 level OptionByte: RDP2

€ Add protection function on the basis of L1, refer to the detailed description of read protection in section
2.2.1.9;

€ The result of whether RDP2 is turned on or not can be inquired through FLASH_OBJ[31];
® User Configuration: USER2
€ USER2[7:5]: BOR_LVL, BOR reset voltage control:
000: Reset level threshold 1.6V (rising 1.66V/falling 1.62V), default level
001: Reset level threshold 2.0V (rising 2.1V/falling 2.0V)
010: Reset level threshold 2.2V (rising 2.3V/falling 2.2V)
011: Reset level threshold 2.5V (rising 2.6V/falling 2.5V)
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100: Reset level threshold 2.8V (rising 2.9V/falling 2.8V)
USER2[4]: Reserved

USER2[3]: FLASH_BOOT control, valid when the boot partition is main Flash:

0: Boot from the rear bank of the main flash

1: Boot from the front bank of the main flash, default value
USER2[2] : nSWBOOTO, default value is 1

USER2[1]: nBOOT1, default value is 1

USER2[0]: nBOOTO, default value is 1

®  User Configuration: USER3

*
*

USER3[7:2]: Reserved

USER3[1:0]: NRST_SEL [1:0] control bit, PH6 function selection:
00: NRST input and output

01: NRST input

10: GPIO function

11: NRST input and output

® CCMSRAM_RST: Configure whether CCMSRAM is erased after reset release

*
*

Value is 0xAB, CCMSRAM_RSTEN is 0, perform erase

Value is not 0xAB, CCMSRAM RSTEN is 1, do not perform erase

2.2.1.8 Write protect

nsing.com.sg

Write protection can be configured for all pages of the Flash main memory area (maximum 512 KB), to prevent

accidental write operations caused by program crashes or electrical disturbances. The basic unit of write protection

is as follows: every 2 pages is a basic protection unit. Write protection can be configured by setting WRPO to WRP3

in the OptionByte 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 area contains the following blocks:

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

® The system configuration block (8KB) in the system information area stores the basic information of the chip

and cannot be changed.

® The OptionByte block (8KB) in the system information area stores the user-configurable OptionByte

information. The write protection of the OptionByte 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 OptionByte.

2.2.1.9 Read protection

The user code in flash can be protected against unauthorized reading by setting read protection. Read protection is
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mainly targeted at protecting access operations to main Flash block and OptionByte block after chip sealing operation
is completed. Read protection is set by configuring RDP bytes in the OptionByte block. Three different read
protection levels can be configured, as shown in the following Table

Table 2-4 Read Protection Configuration List

Read Protection Level RDP1 nRDP1 nRDP2 ‘ RDP2
LO level 0xA5 0x5A RDP2! = 0xCC || nRDP2! = 0x33
L2 level 0xXX 0xXX 0x33 | 0xCC
L1 level Not the above two configurations
® 10level:

€ In unprotected state, (RDP1 == 0xA5 & nRDP1 == 0x5A) && (RDP2!=0xCC | nRDP2!= 0x33);

@ The main Flash area and OptionBytes can be read arbitrarily;

€ The main Flash area and OptionBytes can be programmed and erase, with configurable read/write protection.
® Ll level:

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

@ Only the read operation of the main Flash area from the user code is allowed, that is, the read operation of
the main Flash area is permitted only when the program is started from the main Flash memory in non
debugging mode,

€ All pages can be programmed through the code executed in the main Flash memory (using for IAP or data
storage 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 OptionByte is reprogrammed to the value 0xAS5 to move back to the unprotected
LO level, all the main Flash areas will be automatically erased, and the process is as follows: (Erasing the
OptionByte 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)

»  Write the correct key value sequence into FLASH OPTKEY to unlock the OptionByte block;
The bus initiates a command to erase the entire OptionByte area (Page erase);

Bus write 0xAS5 to read protection OptionByte;

Automatically erase all main memory area by hardware;

Automatically write 0xAS5 to read protection OptionByte by hardware;

YV V VvV V V

When the system is reset (such as software reset, etc.), the OptionByte 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:
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»  Boot from embedded SRAM to execute code to access main Flash memory (including using DMA);

»  Access the main flash memory by JTAG, SWV (serial wire viewr), SWD (serial wire debug) and

boundary scanning;

® [2 level: Except that SRAM boot disabled, debug mode disabled, OptionByte 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 OptionByte, RDP2. No matter what the value of RDP1 is, as long as it satisfies
(RDP2==0xCC & nRDP2==0x33), it is L2 level.

Table 2-5 Flash Read-Write-Erase(1) Permission Control Table

Boot Mode: System Memory
FEMC/XSPI Memory
User . . Non-
RDP Region System [ Main [Encrypt/De CCM SRAM | JTAG&S
Access ) Encrypt/
Level Size Memory | Flash crypt SRAM®® ® WD
Area Non-Decrypt
Segment @
Segment
RWE®/
System memory 16KB RWE NA NA NA NA® NA NA
Option Byte 8KB RWE RWE RWE RWE RWE RWE RWE
RWE/M
NOT WRP RWE/ME RWE/ME | RWE/ME RWE/ME | RWE/ME |[RWE/ME
Main Flash 512KB E
WRP RO RO RO RO RO RO RO
Encrypt/De
RW®/ | RW@/ | RW®/ RW®)/ RW@/
crypt NA NA
NA® NA® NA® NA® NA®
FEMC/ | Segment
XSPI Non- User config
memory@® [ Encrypt/N
RW RW RW RW RW RW RW
on-Decrypt
Segment
LO RWO/ | RW@/ | RWO/ | RW@/ RW@) RW@)/
NOT WRP NA
CCM NA® NA® NA® NA® NA® NA®
32KB
SRAM® RO?/ RO@/ RO®@/ RO@/ RO@/ RO@/
WRP NA
NA®@ NA®@ NA®@ NA® NA® NA®
Enable
debug RW RW RW RW RW RW RW
access
160KB/
SRAM®
. 192KB
Disable
debug RW RW RW RW RW RW NA
access
Backup SRAM 4KB RW RW RW RW RW RW RW
Backup Register 20*32bits RW RW RW RW RW RW RW
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RWE®/
System Memory 16KB RWE NA NA NA NA® NA NA
Option Byte 8KB RWE RWE RWE RWE RWE RWE RWE
RWE/M
NOT WRP RWE/ME RWE/ME NA RWE/ME NA NA
Main Flash 512KB E
WRP RO RO RO NA RO NA NA
Encrypt/De
RW®@/ [ RW®@/ | Rw®/ RW®@)/ RwW®)/
crypt NA NA
NA® NA® NA® NA® NA®
FEMC/ Segment
XSPI Non-  [User config
memory®® | Encrypt/N
RW RW RW RW RW RW RW
on-Decrypt
Segment
L1 RW®@/ | RW®/ | RwW®/ RW@/ RW@/ RW@)/
NOT WRP NA
CCM NA® NA® NA® NA® NA® NA®
32KB
SRAM® RO@/N |ROP/NAC RO®@/NAC
WRP ROG/NA®) AQ ) RO®@INA® | ROG/NAR ) NA
Enable
debug RW RW RW RW RW RW RW
access 160KB/
SRAM®
Disable 192KB
debug RW RW RW RW RW RW NA
access
RW®/ RW®)/
Backup SRAM 4KB NA RW®) NA NA NA
NA®@ NA®
RW®@/ RW®/
Backup Register 20*32bits NA RWE) NA NA NA
NA® NA®
RWE®/
System Memory 16KB RWE NA NA NA NA
NA®
Option Byte 8KB RO RO RO RO RO RO
RWE/M
) NOT WRP RWE/ME RWE/ME NA RWE/ME NA
Main Flash 512KB E
WRP RO RO RO NA RO NA
Encrypt/De JTAG/
RW®@/ [ RW®@/ | Rw®/ RwW@)/ RwW®)/
L2 crypt NA SWD
NA® NA® NA® NA® NA® )
Segment disabled
FEMC/xSPI _
Non- | User config
memory
Encrypt/N
RW RW RW RW RW RW
on-Decrypt
Segment
RwW®@/ [ RW®@/ | Rw®/ RwW®)/ RW@)/ RwW®)/
CCM SRAM[NOT WRP|  32KB
NA® NA® NA® NA® NA® NA®
18
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RO®/ RO®/ RO®/ RO®/ RO®/ RO®/
WRP NA® NA® NA® NA® NA® NA®
Enable
debug RW RW RW RW RW RW
access 160KB/
SRAM®
Disable 192KB
debug RW RW RW RW RW RW
access
RW®/ RW@/
Backup SRAM 4KB NA RWE) NA NA
NA® NA®
RW®@/ RW®)/
Backup Register 20*32bits NA RW®) NA NA
NA®@ NA®
Boot Mode: Main Flash
User
FEMC/XSPI Memory
RDP Region System | Main [Encrypt/De[l  Non- CCM SRAM® JTAG&
Level |Access Size Memory | Flash crypt  [Encrypt/Non| SRAM®@® SWD
Area Segment | -Decrypt
2 Segment
RWE®/
System Memory 16KB RWE NA NA NA NAD NA NA
Option Byte 8KB RWE RWE RWE RWE RWE RWE RWE
RWE/M
NOT WRP RWE/ME RWE/ME | RWE/ME RWE/ME | RWE/ME |RWE/ME
Main Flash 512KB E
WRP RO RO RO RO RO RO RO
Encrypt/De
RW®/ | RW@/ | RW®/ RW®)/ RW®/
crypt NA NA
NA®@ NA®@ NA®@ NA® NA®
FEMC/ Segment
XSPI Non- | User config
memory®® | Encrypt/N
RW RW RW RW RW RW RW
LO on-Decrypt
Segment
RW®/ | RW@/ | RW®/ RW®/ RW®y/ RW®/
NOT WRP NA
CCM NA® NA® NA® NA®@ NA®@ NA®@
32KB
SRAM® RO?/ RO®@/ RO®@/ RO®/ RO®/ RO®)/
WRP NA
NA®@ NA®@ NA®@ NA® NA® NA®
Enable
debug RW RW RW RW RW RW RW
access 160KB/
SRAM®
Disable 192KB
debug RW RW RW RW RW RW NA
access
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Backup SRAM 4KB RW RW RW RwW RwW RW RW
Backup Register 20*32bits RW RW RW RW RW RW RW
RWE®/
System Memory 16KB RWE NA NA NA NA® NA NA
Option Byte 8KB RWE RWE RWE RWE RWE RWE RWE
RWE/M
NOT WRP RWE/ME RWE/ME NA RWE/ME NA NA
Main Flash 512KB E
WRP RO RO RO NA RO NA NA
Encrypt/De
RW®/ [ RWOA/ | RwW®/ RW®)/ RW®/
crypt NA NA
NA® NA® NA® NA® NA®
FEMC/ | Segment
XSPI Non- | User config
memory®® | Encrypt/N
RW RW RW RW RW RW RW
on-Decrypt
Segment
L1 RW®@/ | RW®@/ | RW@Y/ RW@/ RW@/ RW@/
NOT WRP NA
CCM NA® NA® NA® NA® NA® NA®
32KB
SRAM® RO®@/ RO®/ [ RO®/ RO®/ RO®@/ RO@/
WRP NA
NA®@ NA®@ NA®@ NA® NA® NA®
Enable
debug RW RW RW RW RW RW RW
access 160KB/
SRAM®)
Disable 192KB
debug RW RW RW RwW RwW RW NA
access
RwW®)/ RwW®@)/
Backup SRAM 4KB NA RW® NA NA NA
NA® NA®
RW®)/ RwW®@)/
Backup Register 20*32bits NA RWE) NA NA NA
NA® NA®
RWE®/
System Memory 16KB RWE NA NA NA NA
NA®
Option Byte 8KB RO RO RO RO RO RO
RWE/M
NOT WRP RWE/ME RWE/ME NA RWE/ME NA
Main Flash 512KB E
WRP RO RO RO NA RO NA JTAG/
L2 Encrypt/De SWD
RW®@/ | RW®@/ | RwW®/ RW@/ RW®)/ .
crypt NA disabled
NA® NA® NA® NA® NA®
FEMC/ Segment
XSPI Non- | User config
memory |Encrypt/N
RW RW RW RwW RwW RW
on-Decrypt
Segment
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RW®@/ | RW®@/ | RwW®/ RW@/ RW@/ RW@)/
NOT WRP
NA® NA® NA® NA® NA® NA®
CCM SRAM 32KB
RO®@/ RO®@/ RO®@/ RO@/ RO@/ RO@/
WRP NA® NA® NA® NA® NA® NA®
Enable
debug RW RW RW RW RW RW
access 160KB/
SRAM®
Disable 192KB
debug RW RW RW RW RW RW
access
RW@/ RW®)/
Backup SRAM 4KB NA RW® NA NA
NA®@ NA®
RW@/ RW@/
Backup Register 20*32bits NA RWG) NA NA
NA® NA®
Boot Mode: SRAM
FEMC/XSPI Memory
User . . Non-
RDP Region System [ Main [Encrypt/De CCM JTAG&
Access ) Encrypt/Non SRAM®)
Level Size Memory | Flash crypt SRAM®® SWD
Area -Decrypt
Segment @
Segment
System Memory 16KB RWE NA NA NA RWE®/NA® NA NA
Option Byte 8KB RWE RWE RWE RWE RWE RWE RWE
RWE/M
NOT WRP RWE/ME RWE/ME | RWE/ME RWE/ME | RWE/ME |RWE/ME
Main Flash 512KB E
WRP RO RO RO RO RO RO RO
Encrypt/De
RW®/ | RW@/ | RW®/ RW®)/ RW®/
crypt NA NA
NA®@ NA®@ NA®@ NA® NA®
FEMC/ | Segment
XSPI Non- User config
memory@® [ Encrypt/N
RW RW RW RW RW RW RW
on-Decrypt
LO
Segment
RW®/ | RW@/ | RW®/ RW®@/ RW®)/ RW®/
NOT WRP NA
CCM NA® NA® NA® NA® NA® NA®
32KB
SRAM® RO®@/ RO®@/ RO@/ RO@/ RO@/ RO®/
WRP NA
NA® NA® NA® NA® NA® NA®
Enable
debug RW RW RW RW RW RW RW
access 160KB/
SRAM®
Disable 192KB
debug RW RW RW RW RW RW NA
access
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Backup SRAM 4KB RW RW RW RW RW RW RW
Backup Register 20*32bits RW RW RW RW RW RW RW
RWE®/
System Memory 16KB RWE NA NA NA NA® NA NA
Option Byte 8KB RWE RWE RWE RWE RWE RWE RWE
RWE/M
NOT WRP RWE/ME RWE/ME NA RWE/ME NA NA
Main Flash 512KB E
WRP RO RO RO NA RO NA NA
Encrypt/De
RW®@/ [ RW®@/ | Rw®/ RW®@)/ RW®)/
crypt NA NA
NA®@ NA®@ NA®@ NA® NA®
FEMC/ | Segment
XSPI Non- | User config
memory®® | Encrypt/N
RW RW RW RW RW RW RW
on-Decrypt
Segment
L1 RW®@/ | RW®@/ | RW@Y/ RW@/ RW@/ RW@/
NOT WRP NA
CCM NA® NA® NA® NA® NA® NA®
32KB
SRAM® RO®@/ RO®/ [ RO®/ RO®/ RO®@/ RO@/
WRP NA
NA®@ NA®@ NA®@ NA® NA® NA®
Enable
debug RW RW RW RW RW RW RW
access 160KB/
SRAM®
Disable 192KB
debug RW RW RW RW RW RW NA
access
RW®@/ RW®/
Backup SRAM 4KB NA RWE) NA NA NA
NA® NA®
RW@)/ RW@/
Backup Register 20*32bits NA RWE) NA NA NA
NA® NA®
System Memory 16KB
Option Byte 8KB
NOT WRP
Main flash 512KB
WRP
Encrypt/De
crypt JTAG/
L2 FEMC/ Segment L2 protection level, unable to boot from SRAM SWD
XSPI Non- | User config disabled
memory |Encrypt/N
on-Decrypt
Segment
NOT WRP
CCM SRAM 32KB
WRP
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Enable
debug
access 160KB/
Disable 192KB

SRAM®

debug

access
Backup SRAM 4KB
Backup Register 20*32bits

Notes:

(1) R=Read, W=Write, E=Erase, RO=Read only, PE=Page Erase, ME=Mass Erase, NA=NOT Access, stands for
Not Applicable.

(2) The access permissions (User) and the accessed permissions for the encrypt/decrypt segments of FEMC/XSPI
memory and CCM SRAM are the same as those set by the user.

(3) Access granted only to USERI.
(4) CCM SRAM, logical address range after CCM is enabled

(5) The maximum capacity of SRAM includes two scenarios: 160KB and 192KB. When CCM is enabled, the maximum
capacity of SRAM is 160KB, and when CCM is disabled, the maximum capacity is 192KB.

(6) Only applicable for XIP mode read and write, accessed as an external communication interface, no control.

(7) DMA access to System memory, Main flash, FEMC/XSPI memory, SRAM is the same as the access permissions
for the corresponding storage when the DMA is started by the user.

(8) When sending read/write/erase commands to FEMC/XSPI storage peripherals via the interface, no permission

management will be performed, and permission management will only be carried out when accessing in XIP mode.

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:

® § KB ICache.

® The degree of cache associativity: 4 Way

Note: ICache corresponds to main Flash and System memory area, once ICache is turned on (default off), then the

program can not jump between these two areas during running, unless ICache is turned off and ICahce is cleared

first.
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2.2.2.1 Software interface

® Enable

€ Provide software configuration to enable/disable ICache. The switch can be toggle without any
restrictions(see the FLASH AC.ICAHEN bit).

® 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.

® 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.

® 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 and ICache data clear 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
area and other memory areas, the ICache must be closed and the data of the ICache must be cleared, otherwise, the

instruction acquisition error will occur.
2.2.2.3.2 ICache data refresh

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

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

2.2.2.3.3 ICache locking

The software controls the FLASH CAHR register to lock some 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
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2. Execute function 1 that needs to be locked in channel 0 (the code amount of function 1 should be less than

the size of a single channel);

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

4. Then set FLASH CAHR.LOCKSTRT[1] to 1;

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

the size of a single channel);

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

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 160KB.

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

SRAM supports code execution (supports access of SBus, I[Code and DCode), and can run programs at full speed in
SRAM. SRAM is divided into SRAM1 and SRAM2. SRAMI has a maximum capacity of 96K, with a maximum
address range of 0x2000_0000 to 0x2001_7FFF; SRAM2 has a maximum capacity of 64K, with a maximum address
range of 0x2001_8000 to 0x2002_7FFF.

The address ranges for different capacity SRAM are as follows:

Table 2-6 The Access Address Range of N32H47xxE/H48xxE Series

. ICode/DCode
SRAM Region SBUS Access Address Region Size
Access Address Region
SRAM1 0x2000_0000~0x2001_7FFF 0x1000_0000~0x1001_7FFF 96KB
SRAM?2 0x2001_8000~0x2002_7FFF 0x1001_8000~0x1002_7FFF 64KB
SRAM3(CCM SRAM) 0x2002_8000~0x2002_FFFF 0x1002_8000~0x1002_FFFF 32KB
Table 2-7 The Access Address Range of N32H47xxC Series
. ICode/DCode
SRAM Region SBUS Access Address Region Size
Access Address Region
SRAMI1 0x2000_0000~0x2001_7FFF 0x1000_0000~0x1001_7FFF 96KB
SRAM2 0x2001_8000~0x2001_BFFF 0x1001_8000~0x1001_BFFF 16KB
SRAM3(CCM SRAM) 0x2001_C000~0x2002_3FFF 0x1001_C000~0x1002_3FFF 32KB

SRAM data cannot be retained in VBAT and Standby modes; data can be retained normally in other operating modes

(Run/Sleep/Stop).
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The main features are as follows:

® The maximum capacity is 160KB in total.

®  Support byte/half-word/word reading and writing.
® [/D/S/DMA1/DMA2 can all access SRAM.

® 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.

®  Support parity check.

At the same time, SRAM also supports one click initialization, which can modify data within the set range to the
same initial value. The process is as follows:

1. Configure RCC_SRAMCFG3.INISTART and RCC_SRAMCFG4.INIEND, confirm the starting and ending
addresses of the one click initialization range

2. Configure RCC_SRAMCFG2.INIDAT and confirm the initial value
3.  Enable RCC_SRAMCFG1.CSRINEN to start one click initialization

4.  Wait for RCC_SRAMCFGI1.CSRINIF to be set to 1, initialization is complete, and all SRAM data within the
configuration range is written to the initial value

Note: Before executing step 1, it is necessary to write an initial value of one word to the starting address.

Note: The ending address cannot be configured to be the same as the starting address.

2.2.4 CCM SRAM

CCM SRAM is also mainly used for code execution, storing variables and data or stack during program execution,
with a total capacity of 32KB, supporting ECC check. The bus address of CCM SRAM is contiguous with SRAM,
and in application, SRAM and CCM SRAM can be treated as a single block of regular SRAM. In the maximum case,
the physical address 0 of CCM SRAM corresponds to the bus starting address of 0x2002 8000, with the corresponding
bus address range being 0x2002 8000~0x2002 FFFF. CCM SRAM supports byte, half-word, and word read/write
access, and supports access by SBus, DMA1, and DMA2.

When CCM is used as regular SRAM, the read/write protection function is bypassed.

Because the bus address of CCM SRAM is contiguous with SRAM, and the effective capacity of SRAM available
for different product models varies, the bus starting address of CCM SRAM is different for different product models.

The main features of CCM SRAM are as follows:
® The total capacity is 32KB (supports ECC check, initialization required before use)
® Support ECC check, detect 2-bit errors, correct 1-bit error

»  The ECC enable/disable of CCM SRAM is configured through the RCC register, enabled by default, refer
to RCC_SRAMCFG1.SRAMPEN for details.

»  Before enabling ECC check, CCM SRAM should be initialized first, and then ECC check can be started;
the initialization configuration of CCM SRAM can be found in registers RCC_SRAMCFG1/2/3/4, the
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initialization configuration of CCM should be done before enabling CCM SRAM.
® Byte/half-word/word read/write
® [/D/SBus/DMA1/DMA2 can access
® The bus starting address is contiguous with SRAM
® The bus starting address changes with the capacity of SRAM
®  Support write protection
»  Each page size is 1KB, with a total of 32 pages;

»  Write protection is configured through the CCM_WRP1 register, each bit can only be set from 0 to 1 by
software, writing to CCM after write protection will result in an error;

»  After setting the write protection, software can erase;
»  Write protection of CCM SRAM can only be removed by system reset.
® Frase

»  Software mass erase: Unlock the write protection of CCM_ERASE.EN bit by sequentially writing 0xCA,
0x53 to CCM_KEY.KEY bit, then set CCM_ERASE.EN bit to 1 to start mass erase of CCM.

» Automatic mass erase when system reset: Enable/disable full erase of CCM SRAM when system reset
through Option Byte CCMSRAM_RST:

0: enable mass erase
1: disable mass erase

»  When downgrading from RDP level 1 to level 0, a forced mass erase will be performed, and the erased
value is determined by the RCC register

® Read protection
»  Support, see section 2.2.1.9 for details.

> Itis setto L1 by default, but users can change it to LO.

2.2.5 BKP SRAM

BKP SRAM is also mainly used for data storage, with a total capacity of 4KB, supporting ECC check (correct 1-bit
error, detect 2-bits errors). The bus address of BKP SRAM is in the peripheral address area, and in application, BKP
SRAM can be used as a peripheral register. The physical address 0 of BKP SRAM corresponds to the bus starting
address of 0x4002 3000, with the corresponding bus address range being 0x4002 3000 ~ 0x4002 3FFF. BKP SRAM
supports byte, half-word, and word read/write access, and supports access by SBus, DMA1, DMA2.

SRAM data can be optionally retained in VBAT and Standby modes; data can be retained normally in other operating
modes (Run/Sleep/Stop).

Main features are as follows:

® The maximum total capacity is 4KB
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® Byte/half-word/word read/write
® S/DMA1/DMA2 can access

® Support ECC check

2.2.6 FLASH Registers

All register operations must be performed in words (32 bits).

2.2.6.1 FLASH register overview

Table 2-8 FLASH Register Overview

Offs
Register 5 3| QLI QNI @|5|g|@I|a|y|d| S| ~|e|wv]]|o| o
et
FLASH_AC T ElEIZ] S| B i
= gl el gl S e ke
0x00 2 E|E| Q|2 g 5
[ [
/4 ez
Reset value 1]1(0]0 0O|0]|O
w
':L'ELDI—J'-'-'EM
z| E
clEZie|Ele|ElE|lE| 5B 8Bl %
FLASH_CTRL 3 gl filelCle|z|g|la|lB|F|F|l<|aldlely
- s O 5| w ule|lg|lolae|lalalr|=S|al O
l0x04] 5 ol ol 8|l Bl g|W|m|lw|o|O| O w -
7] <l m| @ 8| o
53 a w w
14 x| o
Reset value ofojofo|jofojofojofojofojofo]|o|1
@ @
@ o zZ 04
w| x| % o 4
AR AR I R R R I A A -2 S I
FLASH_STS 2 Ql gl o|lo| dlulS|lYla|lypl dl oY &Gl 9| o
ox0g - c 212l el gl 5882 % 8lalz|glela"
X - o a
gl Elo|s| el 7| g5 8T =
o 2
Reset value o|lo|o|o|lo|o|o|o|o|o|]Oo|O|O|O]O]|]O]|O
FLASH_ADD FADD
0x0c|
Reset value ololo‘o‘o‘o‘o‘o‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘o‘o‘o‘o‘o‘ololo‘o‘ololo
FLASH_KEY FKEY
0x10

Reset value OIOIO‘O‘O‘O‘O‘O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘O‘O‘O‘O‘O‘OIOIO‘O‘OIOIO

FLASH_OPTKE
OPTKEY
0x14] Y

Reset value 0 0‘0‘0‘0‘0‘0‘0‘0

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

N[ N
o o | >
= -l o sl 8|l 5| o B @ % 2| | =
il ol =| F clwl®@ 2|18|e| || =|FE
xl 6| o o . . - slw|o|l 2|C| K| w» | x|
FLASH_OB gl al o| o Datal[7:0] Data0[7:0] 5] 2| 2 512 I ol x| o
ox18 Sl z| el e s [ &3¢ &gl R
2 2 ol g Q| 2| &
3 z| 2 2| =
Reset value 0 1 1 1 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ’ 1 ’ 1 1 1 1 1 1 1 1 1 0 0
FLASH_WRP WRPT
Ox1c]
Reset value 0‘0‘0‘0‘0‘0‘0‘0‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O 0‘0‘0‘0‘0‘0 0‘0 0‘0‘0‘0‘0‘0
FLASH_ECC ECCHW B ECCLW
0x20) Reserved 5
Reset value 0’0‘0‘0’0 0 & 0’0‘0‘0’0’0
FLASH_RDN FLASH_RDN1 FLASH_RDNO
0x2c Reserved Reserved
Reset value 0‘0‘0‘0‘0‘0‘0‘0‘0 0 0‘0‘0‘0 0‘0‘0‘0
0x30| FLASH_CAHR Reserved LOCKSTOP[3:0] LOCKSTRT[3:0]
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Offs
Register S8 INK| Q| QI|Q Q||| g|5|8|@lI|g|S|D| S| ~|elw| | oo
et
Reset value 0|0 0o|0]|O0foO 0|0
<
w z
FLASH_ROWP E RPADD RPNUM o
0x34 Reserved & e
Reset value 0 0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0 0‘0‘0‘00
CCM_WRP1 WRPTX
0x38
Reset value 0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0 0‘0‘0‘0‘0‘0‘0‘0
0x3| CCM_KEY KEY
Reserved
C Reset value O‘OIOIO‘O‘O 0fo0
>
CCM_ERASE S |EN
0x40| Reserved o
Reset value 0fo0
CCM_WRP2 WRPTx
l0x44|
Reset value OIOIO‘O‘O‘O‘O‘O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘O‘O‘O‘O‘O‘OIOIO‘O‘OIO0
CCM_MODE EN
0x48 Reserved —
Reset value 0
XSPI_DSTRAD
0x4 ADD
D

C
Reset value 0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0’0’0‘0‘0’0’0

IXSPI_DENDAD

0x50) D

Reset value 0‘0‘0‘0‘0‘0‘0‘0‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘0‘0‘0‘0‘0‘0’0’0‘0‘0’0’0

FEMC_DSTRA

0x54] DD

Reset value OIOIO‘O‘O‘O‘O‘O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘O‘O‘O‘O‘O‘OIOIO‘O‘OIOIO

FEMC_DENDA

0x58] DD

Reset value OIOIO‘O‘O‘O‘O‘O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘O‘O‘O‘O‘O‘OIOIO‘O‘OIOIO

0x5| RTPD_KEY KEY

C Reset value O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0 0‘0‘0‘0‘0‘0‘0‘0

JTAG_SEAL DATA
0x60) Reserved
Reset value 0‘0‘0‘0‘0 0‘0‘0
RTPD_KEY_W
CNT
0x64] CNT Reserved
Reset value 0 ’ 0fo0
XSPI_FEMC_D
0x6 EN
EN Reserved
c I
Reset value 0
XUID CCMUID XFUID
0x70] Reserved
Reset value 0’0‘0‘0’0 0‘0‘0’0’0
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2.2.6.2 FLASH control and status register

For abbreviations related to register descriptions, please refer to section 1.1.

2.2.6.2.1 FLASH access control register (FLASH_AC)

Address offset: 0x00
Reset value: 0x0000 00CO

nsing.com.sg

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved PRFTBFE | PRFTBFS [ICAHRST| ICAHEN | Reserved LATENCY
w ™w ™w w w
Bit Field Name Description
31:8 Reserved Reserved, the reset value must be maintained.
7 PRFTBFE Prefetch buffer enable
0: Disable the prefetch buffer;
1: Enable prefetch buffer.
6 PRFTBFS Prefetch buffer status
This bit indicates the status of the prefetch buffer
0: The prefetch buffer is disable;
1: The prefetch buffer is enable.
5 ICAHRST ICache reset
0: Writing '0' is invalid;
1: Write '1' to reset.
4 ICAHEN ICache enable
0: Disable iCache;
1: Enable iCache.
3 Reserved Reserved, the reset value must be maintained.
2:0 LATENCY | time delay

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

000: Zero period delay, when 0 < SYSCLK <=40 MHz
001: One cycle delay, when 40 MHz < SYSCLK <= 80 MHz

010: Two cycle delay, when 80 MHz < SYSCLK <= 120 MHz

011: Three cycle delay, when 120 MHz < SYSCLK <= 160 MHz
100: Four cycle delay, when 160 MHz < SYSCLK <=200 MHz
101: Five cycle delay, when 200 MHz < SYSCLK <= 240 MHz

Other values: reserved
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2.2.6.2.2 The FLASH control register (FLASH CTRL)
Address offset: 0x04

Reset value: 0x0000 0001

31

30

29

28

27

26

25

24

23

22

21

20

nsing.com.sg

Reserved

12

11

10

RPADD
ERRITE

DECC
ERRITE

EC2ERR
ITE

JSERRITE

ECIERR
ITE

FERRITE

ERRITE

EOPITE

OPTWE

OPTER

OPTPG

START

MER

PER

PG

LOCK

™w

Bit Field

Name

Description

31:16

Reserved

Reserved, the reset value must be maintained.

15

RPADDERRITE

Row Programming Address Error Interrupt

This bit allows interrupt generation when FLASH STS.RPADDERR bit becomes
"
0: Disable interrupt generation

1: Enable interrupt generation

14

DECCERRITE

XSPI/FEMC Decryption Configuration Error Interrupt
This bit allows interrupt generation when FLASH STS.DECCERR bit goes to '1".
0: Disable interrupt generation

1: Enable interrupt generation

13

EC2ERRITE

2 bit ECC error interrupt

This bit allows an interrupt to be generated when the FLASH_STS.ECC2ERR bit
goes to '1".

0: Disable interrupt generation;

1: Enable interrupt generation.

12

JSERRITE

JTAG seal error interrupt
This bit allows interrupt generation when FLASH_STS.JSERR bit becomes '1".
0: Disable interrupt generation

1: Enable interrupt generation

11

EC1ERRITE

1 bit ECC error interrupt

This bit allows an interrupt to be generated when the FLASH STS.ECC1ERR bit
goes to '1".

0: Disable interrupt generation;

1: Enable interrupt generation.

10

FERRITE

Erase/Program Verify Error Interrupt

This bit allows an interrupt to be generated when the
FLASH_STS.EVERR/PVERR bit goes to '1".

0: Interrupt generation is prohibited;

1: Enable interrupt generation.
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Bit Field Name Description

9 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.

8 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.

7 OPTWE Allow write OptionByte

When this bit is '1', the OptionByte 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.

6 OPTER Erase OptionBytes

0: Disable OptionBytes erase mode;
1: Enable OptionBytes erase mode.
5 OPTPG Program OptionBytes

0: Disable OptionBytes program mode;
1: Enable OptionBytes program mode.
4 START Start

When this bit is '1', an erase operation will be triggered. This bit can only be set to
'l"' by software and cleared to '0' when FLASH STS.BUSY becomes 'l".
3 MER Mass erase

0: Disable mass erase mode;
1: Enable mass erase mode.

2 PER Page erase

0: Disable page erase mode;

1: Enable page erase mode

1 PG Program

Note: Do not set breakpoints during Row/Double Word programming in debug
mode, as it may cause programming errors.

0: Disable program mode;

1: Enable program mode.

0 LOCK Lock

Can only be written as '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.

Note: Please refer to section 2.2.1.4 for programming and erasing.
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2.2.6.2.3 The FLASH status register (FLASH_STS)
Address offset: 0x08

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RPADD
Reserved ERR
rc_wl
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DECCER | DECCRD RTPDKEY]| NRDKEY [RDXKEY | RDKEY
FWORDF| o F |ECC2ERR[™ Loo™"| JSERR EN ERR ERR |ECCIERR| EVERR | PVERR |WRPERR| PGERR | BUSY | EOP
r rc_wl rc_ wl rc_ wl rc_ wl rc_wl r r r rc_ wl rc_ wl rc_wl rc_wl rc_wl r rc_wl
Bit Field Name Description
31:17 Reserved Reserved, the reset value must be maintained.
16 RPADDERR Row programming address error (the start address is not the configured start

address, or the programming address exceeds the range address of 512 bytes)
Note: After this error occurs, FLASH ROWP.RPEN needs to be set to 0, and then
restart ROW programming.

15 FWORDF First-word write flag

In double-word programming, this signal is set to 1 after the first word is sent
over the bus.

14 DECCERR XSPI/FEMC decryption configuration sequence error

1) Inconsistent UID of configuring KEY+start address+end address

2) Configuring the above three addresses after decryption enablement

13 DECCRDF XSPI/FEMC decryption configuration completion flag

Indicates whether one or all (XSPI and FEMC) STR address, end address,
RTPD KEY have been configured.

12 ECC2ERR 2 bit ECC error

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

11 RTPDKEYERR Indicates whether the value of the RTPD_KEY register matches the value of the

hardware backup.

After configuring the RTPD_KEY, it will be automatically written to the hardware
backup. If the values of these two registers do not match, an alert will be issued,
indicating that the configuration is in an error state. This can be used to detect
unauthorized changes at the hardware level.

10 JSERR JTAG or SRAM access JTAG_SEAL register error

Error reported when JTAG or SRAM access JTAG_SEAL register, hardware sets

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

9 NRDKEYEN Disable Read RTPD_KEY Enable

0: Allow reading RTPD_KEY value through SystemMemory API

1: Disallow reading RTPD_KEY value through SystemMemory API

Note: The set to 1 operation is only allowed once, cannot be set back to 0 after
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Bit Field Name Description

setting to 1, decryption key cannot be read again in this chip.
8 RDXKEYERR xFlash Key Error

0: FEMC/XSPI memory decryption key matches its backup value
1: FEMC/XSPI memory decryption key does not match its backup value
7 RDKEYERR Read KEY Error

Error reported during KEY reading, hardware sets this bit to '1".

6 ECCI1ERR 1 bit ECC error
Read FLASH error, hardware set this bit to '1', write '1' to clear this state.
5 EVERR Erase verify 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.

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

3 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.

2 PGERR Programming error

When trying to program an address whose content is not '0xFFFF_FFFF', the
hardware sets this bit to '1', and writing '1' can clear this state.

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

1 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.

0 EOP End of operation

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

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

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

2.2.6.2.4 The FLASH address register (FLASH ADD)
Address offset: 0x0C

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
FADDI[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FADD[15:0]
w
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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 'l', this register cannot be written.

2.2.6.2.5 The FLASH key register (FLASH KEY)
Address offset: 0x10

Reset value: 0xXXXX XXXX

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
FKEY[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FKEY([15:0]
w
Bit Field Name Description
31:0 FKEY Used to unlock the FLASH _CTRL.LOCK bit.

2.2.6.2.6 The FLASH OPTKEY register (FLASH OPTKEY)
Address offset: 0x14

Reset value: 0xXXXX XXXX

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OPTKEY([31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OPTKEY[15:0]
w
Bit Field Name Describe
31:0 OPTKEY Used to unlock the FLASH_CTRL.OPTWE bit.

2.2.6.2.7 Option byte register (FLASH _OB)
Address offset: 0x18

Reset value: 0x07FF FFFC

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
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nSW
OBERR BOOTO nBOOT! | nBOOTO Datal Data0
r r T T T T
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IWDGSLE| IWDGST IWDG nRST_ | nRST_ | IWDG_
Data0 Reserved Reserved EPFRZ | DBYFRZ Reserved STOPFRZ| STOP STDBY Sw RDPRT2 | RDPRT1

T T T T T T T T T T T

Bit Field Name Description

31 OBERR Option byte error
When this bit is '1', it indicates that the option byte and its complement do not
match.

Note: Read-only bit.

30 nSWBOOTO0 Refer to Section 2.1.3.3 for usage rules.
29 nBOOT1 Refer to Section 2.1.3.3 for usage rules.
28 nBOOTO Refer to Section 2.1.3.3 for usage rules.
27:20 Datal[7:0] Datal
Note: This bit is read-only.
19:12 Data0[7:0] Data0
Note: This bit is read-only.
11:10 Reserved Reserved, the reset value must be maintained.
9 Reserved Not used (if the corresponding option byte bit is written, it can be read from this

register, no effect on the chip)

8 IWDGSLEEPFRZ IWDG freeze enable in SLEEP mode
0: IWDG frozen in SLEEP mode

1: IWDG not frozen in SLEEP mode
Note: Read-only bit

7 IWDGSTDBYFRZ IWDG freeze enable in STANDBY mode
0: IWDG frozen in STANDBY mode

1: IWDG not frozen in STANDBY mode
Note: Read-only bit

6 Reserved Not used (if the corresponding option byte bit is written, it can be read from
this register, no effect on the chip)

5 IWDGSTOPFRZ IWDG freeze enable in STOP mode
0: IWDG frozen in STOP mode

1: IWDG not frozen in STOP mode
Note: Read-only bit

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 STOP Enter STOP mode reset configuration.

0: Reset occurs immediately after entering STOP mode;
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Bit Field

Name

Description

1: No reset occurs after entering the STOP mode.

Note: This bit is read-only.

IWDG_SW

Set independent watchdog
0: Hardware watchdog;

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

RDPRT2

Read protection L2 level protection

0: Read protection L2 level is disabled,
1: Read protection L2 level is enabled.
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.

2.2.6.2.8 Write protection register (FLASH WRP)
Address offset: 0x1C

Reset value: OXxFFFF FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
WRPT[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WRPT[15:0]
w
Bit Field Name Description
31:0 WRPT Write protect

This register contains the write protection OptionByte loaded by OptionByte area.
0: Write protection is valid;
1: Write protection is invalid.

Note: These bits are read-only.

2.2.6.2.9 ECC register (FLASH _ECC)
Address offset: 0x20

Reset value: 0x0000 0000

31 30

29 28 27

26

25 24 23 22 21 20 19 18 17 16

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

Bit Field Name Description

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

15:8 ECCHW After writing a word to a 32-bit Flash address, the corresponding lower 6-bit ECC
value.

7:0 ECCLW After writing a word to a 32-bit Flash address, the corresponding lower 6-bit ECC
value.

2.2.6.2.10 FLASH RDN register (FLASH_RDN)
Address offset: 0x2C

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved FLASH_RDNI1
T
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved FLASH_RDNO
T
Bit Field Name Description
31:25 Reserved Reserved, the reset value must be maintained.
24:16 FLASH RDNI1 Address of Flash redundant block page 1
15:9 Reserved Reserved, the reset value must be maintained.
8:0 FLASH RDNO Address of Flash redundant block page 0

2.2.6.2.11 FLASH CAHR register (FLASH_CAHR)
Address offset: 0x30

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved LOCKSTOP[3:0] LOCKSTRT[3:0]
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Bit Field Name

Description

31:8 Reserved

Reserved, the reset value must be maintained.

7:4 LOCKSTOP[3:0]

ICache lock stop (see for detailed operation instructions 2.2.2.3.3 ICache locking_

Chapter).
0: Disable
1: Enable

3:0 LOCKSTRT[3:0]

ICache lock start.
0: Disable
1: Enable

2.2.6.2.12 FLASH ROW program register (FLASH_ROWP)

Address offset: 0x34

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved RPAREA RPADD
™w ™
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RPADD RPNUM RPEN
™w ™ ™
Bit Field Name Description
31:23 Reserved Reserved, the reset value must be maintained.
22 RPAREA ROW programming area
1: system memory area
0: main flash area
21:5 RPADD ROW programming address
AHB bus [18:2]
4:1 RPNUM Number of words programmed in a ROW:
0/1: 2-word programming
2/3: 4-word programming
14/15: 16-word programming
Note: Single-word programming is not supported
0 RPEN ROW programming enable bit:
1: ROW programming
0: Double-word programming

2.2.6.2.13 CCM write protection register 1 (CCM_WRP1)

Address offset: 0x38
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Reset value: 0x0000 0000

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

WRPT[31:16]

™w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WRPTJ[15:0]
™w
Bit Field Name Description
31:0 WRPTx WRPTx (x =0 to 31): CCM SRAM Page x Write Protection

These bits are set by software and are cleared only on system reset.
0: Disable write protection for Page x of CCM SRAM.
1: Enable write protection for Page x of CCM SRAM.

2.2.6.2.14 CCM key register (CCM_KEY)
Address offset: 0x3C

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved KEY
w

Bit Field Name Description
31:8 Reserved Reserved, the reset value must be maintained.
7:0 KEY Used for software to remove write protection from the CCM_ERASE.EN bit:

To remove the write protection from the CCM_ERASE.EN bit, the following
steps need to be taken:

1. Write '0xCA' to the KEY

2. Write '0x53' to the KEY

Writing an incorrect KEY will reactivate the write protection.

2.2.6.2.15 CCM erase register (CCM_ERASE)
Address offset: 0x40
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
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Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved BUSY EN
T ™w
Bit Field Name Description
312 Reserved Reserved, the reset value must be maintained.
1 BUSY CCM SRAM busy with erase operation

0: No CCM SRAM erase operation.

1: CCM SRAM is currently performing an erase operation.

0 EN CCM SRAM erase

Setting this bit will initiate the hardware CCM SRAM erase operation. After the

CCM SRAM erase operation is complete, this bit will be automatically cleared.
Note: This bit is write-protected: It can only be set after writing the correct KEY in
sequence in CCM_KEY.KEY.

2.2.6.2.16 CCM mode register (CCM_MODE)
Address offset: 0x48

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved EN
™
Bit Field Name Description
31:1 Reserved Reserved, the reset value must be maintained.
0 EN Enable CCM SRAM mode.

This register can only be configured when the UID matches the UID configured
last time. If another UID wants to configure this value, the value of this register
needs to be 0.

0: No CCM mode, CCM used as regular SRAM

1: CCM mode, CCM used as CCM SRAM

2.2.6.2.17 XSPI decryption start address register (XSPI DSTRADD)
Address offset: 0x4C
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADD[31:16]
rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADD[15:0]
Bit Field Name Description
31:0 ADD XSPI decryption start address
Note: If XSPI FEMC DEN.EN = 0, then this bit is invalid.
2.2.6.2.18 XSPI decryption end address register (XSPI_DENDADD)
Address offset: 0x50
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADD[31:16]
rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADDJ[15:0]
rw
Bit Field Name Description
31:0 ADD XSPI decryption end address
Note: If XSPI FEMC DEN.EN = 0, then this bit is invalid.
2.2.6.2.19 FEMC decryption start address register FEMC_DSTRADD)
Address offset: 0x54
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADD[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADDJ[15:0]
rw
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Bit Field Name Description

31:0 ADD FEMC decryption start address
Note: If XSPI FEMC DEN.EN = 0, then this bit is invalid.

2.2.6.2.20 FEMC decryption end address register FEMC_DENDADD)
Address offset: 0x58

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADD[31:16]
™w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADD[15:0]
™w
Bit Field Name Description
31:0 ADD FEMC decryption end address
Note: If XSPI FEMC DEN.EN = 0, then this bit is invalid.

2.2.6.2.21 RTPD Kkey register (RTPD_KEY)
Address offset: 0x5C

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
KEY[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
KEY[15:0]
w
Bit Field Name Description
31:0 KEY The KEY is 128 bits in total, and needs to be written to this register in four

separate writes.

Note: Configuration needs to be done under the same UID.

2.2.6.2.22 JTAG seal register (JTAG_SEAL)
Address offset: 0x60
Reset value: 0x0000 0000

43
NSING Technologies Pte. Ltd.
Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



ay,
" NSING

\

4

nsing.com.sg

31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DATA
™w
Bit Field Name Description
31:8 Reserved Reserved, the reset value must be maintained.
7:0 DATA DATA = 0x5A, JTAG SEAL enabled
DATA # 0x5A, JTAG SEAL disabled
Note: JTAG and SRAM users cannot configure this register
2.2.6.2.23 RTPD_KEY write count register (RTPD_KEY_WCNT)
Address offset: 0x64
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved CNT
T
Bit Field Name Description
31:3 Reserved Reserved, the reset value must be maintained.
2:0 CNT RTPD_KEY write counter.

When writing to the RTPD_KEY register, the counter will increment by 1. When

the counter reaches 3'd7, continue writing to these two registers, the counter will

reset to 1, and increment by 1 after the next write.

2.2.6.2.24 XSPI_FEMC decryption enable register (XSPI_FEMC_DEN)
Address offset: 0x6C
Reset value: 0x0000 00000

31 30 29 28 27 26 25 24 23 22 21 20

Reserved
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved EN
™w
Bit Field Name Description
31:1 Reserved Reserved, the reset value must be maintained.

0 EN Enable XSPI and FEMC decryption.

It must be configured after the (XSPI and FEMC) start address, end address, and
RTPD_KEY. IfEN is 1, the (XSPI and FEMC) start address, end address, and
RTPD_KEY cannot be configured.

Note: Setting from 1 to 0 will clear the (XSPI and FEMC) start address, end

address, and RTPD_KEY.

2.2.6.2.25 XUID register (XUID)
Address offset: 0x70

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved CCMUID XFUID
T T
Bit Field Name Description
31:10 Reserved Reserved, the reset value must be maintained.
9:5 CCMUID Configure the user UID of CCM
Bit0: system memory
Bitl: userl
Bit2: user2
Bit3: user3
Bit4: SRAM
4:0 XFUID Configure the user UID for the (XSPI and FEMC) start address, end address, and

RTPD _KEY

Bit0: system memory
Bitl: userl

Bit2: user2

Bit3: user3

Bit4: SRAM

Note: When the user configures xspi_femc_dec_en from 1 to 0, XFUID will be set
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Bit Field

Name

Description

to 5'hO0.
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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. SLEEP. STOPO. STANDBY and VBAT .

3.1.1 Power Supply

The operating voltage of the MCU is 1.8V~3.6V, and the power control system is described as follows. For details,
please refer to Figure 3-1 power supply block diagram.

® 4 external power supplies: VDD, VDDA, VREF, VBAT. Among them, VDD is the chip power supply, mainly
providing power to the power supply system and clock system; VDDA is the analog peripheral power supply,
mainly providing power to the analog peripherals; VREF provides a reference power supply to the analog
peripherals to provide higher accuracy. VBAT is connected to the battery, providing power to the backup domain.

® 5 power domains, powered by external power supplies:

—  Vpp domain: The voltage input range is 1.8V~3.6V, mainly for MR, most GPIOs, HSE, HSI, PLL,
POR/PDR, BOR, PVD, USB PHY.

—  Vppa domain: The voltage input range is 1.8V~3.6V, which mainly supplies power for ADC, DAC, COMP,
PGA, VREFBUF, TS, etc.

—  Vbppek domain: The voltage input range is 1.8V~3.6V, which mainly supplies power for WKUP , NRST.
PC13/14/15. LSE. LSI, etc.

—  Vppp domain: The voltage input range is 1.1V or 0.9V, which mainly supplies power for CPU. AHB.
APB. SRAM. FLASH. RCC. TRNG and most most peripherals.

—  Vpppsk domain: The voltage input range is 0.9V or 0.8V, which mainly supplies power for PWR, backup
SRAM (4KB), RTC, LPTIM, WKUP pins, NRST, PC13/14/15, backup IOM, IWDG, and RCC_BDCTRL
register.

When VDD is turned off, the VDDBK domain is powered by VBAT selected by SW1; when VDD is turned on, the
VDDBK domain is powered by VDD selected by SW1. If an external battery is not needed in the application, it is
recommended to connect the VBAT pin to VDD, and also add a 100nF ceramic capacitor.

® 2 voltage regulators, providing low-voltage power supply for digital modules:
- MR

For the internal main power domain controller, mainly used in RUN mode, SLEEP mode, and STOPO mode.
The MR has two modes, normal mode and low power mode, with the low power mode used in STOPO to
further reduce power consumption.

When the MR enters low power mode, the CPU will enter deep sleep mode. At this time, the
PWR_CTRL.PDS bit should be set to 0, and the PWR_CTRL.LPS bit should be set to 1. When the MR
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enters normal mode, the PWR_CTRL.PDS bit should be set to 0, and the PWR_CTRL.LPS bit should also

be set to 0.

- BKR

For the internal backup power domain controller, mainly used in STANDBY and VBAT modes, configure
the BKR output voltage to 0.9V or 0.8V through PWR _CTRL3.BKRSEL.

The VDDDBK domain remains powered in all modes. In RUN, SLEEP, and STOP0O modes, the VDDDBK domain
selects the MR output as the supply voltage through SW2. In STANDBY and VBAT modes, the VDDDBK domain
selects the BKR output as the supply voltage through SW2.

Notes:

1. During the VDD rising phase or when PDR is detected, the switch between VBAT and VDD remains connected to
the VBAT domain.

2. During the startup phase, if VDD rises quickly and VDD > VBAT, current can be injected into VBAT through an
internal diode connection. If the power supply or battery connected to the VBAT pin cannot withstand this injected
current, it is strongly recommended to add a low-voltage diode between the power supply and the VBAT pin.

3. In low-voltage (1.8V) applications to achieve lower power consumption, it is recommended to turn on the
peripheral modules in batches (configure the corresponding bits of RCC AHBPCLKEN registers) with each batch of

modules not exceeding 4, and a Ims clock interval between every two batches of modules being turned on.
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Figure 3-1 Power Supply Block Diagram

VDDA domain
VDDD domain
(VSSA)VREF- [X] Vrefouf OPA
(1.7V~VDDAWREF+ [X] C—r; Cortex-M4
. CO MP DAC Analog digital interface
(VDD)VDDA  [X] GPIO
ADC TS
(vss)vssa X RCC
FLASH
VDD domain
SMPU
MR .
SRAM/CCM SRAM
VSS
IZ BOR/PVD AHB/APB peripheral
HSE/HSI/PLL
vbD [X
USBFS/USBOTG VDDDBK domain
VDDBK domain | RCC_BDCTRL register
| BKR ° S\W2 | RTC |
VBAT IXI— WKUP/Tamper receiver | LPTIM |
Swi | IWDG |
NRST | PWR |
LSE | Backup SRAM |
LSl | Backup GPIO |
| WKUP/Tamper |

3.1.2 Power Supply Supervisor

3.1.2.1 Power on reset (POR) and power down reset (PDR)

The power-on reset (POR) and power-down reset (PDR) circuits are integrated internally in the chip. It can operate
at a minimum voltage of 1.8V. There is no need for an external reset circuit; the chip will remain in a reset state when
VDD or VDDA falls below the specified threshold (VPOR/PDR).

For detailed information on the switch power reset threshold, please refer to the Electrical Characteristics section of
the relevant datasheet.
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Figure 3-2 Power On Reset and Power Down Reset Waveform
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\/

RESET

3.1.2.2 Programmable voltage detector (PVD)

The PVD can be used to monitor the VDD/VDDA power supply by comparing it with the threshold set by the
PWR_CTRL.PRS[2:0] bits in the power control register. Enable the PVD by setting PWR_CTRL.PVDEN.

The PWR _CTRLSTS.PVDO flag is used to indicate whether VDD/VDDA is above/below the PVD voltage threshold.
This event is internally connected to external interrupt line 16, and if the interrupt is enabled in the external interrupt
register, an interrupt will be generated. Depending on the rising/falling edge trigger setting of external interrupt line
16, a PVD interrupt will occur when VDD/VDDA falls below the PVD threshold or rises above it. For example, this

feature can be used to perform emergency shutdown tasks.

Note: The PVD threshold needs to be used in conjunction with the PWR_CTRL.MSB register, as described in the
PWR_CTRL.PRS[2:0] description.
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Figure 3-3 PVD Threshold Waveform

A vDD/VDDA

100mV

PVD threshold hysteresis

PVD output

3.1.2.3 Brown out reset (BOR)

During power-up, the Brown-Out Reset (BOR) will keep the device in a reset state until the power voltage reaches
the specified VBOR threshold.

Vsor is configured through option bytes and offers a choice of 5 Vpor thresholds.
® BOR level 0 - reset level threshold 1.62 V (release level threshold 1.66V)

® BOR level 1 - reset level threshold 2.0 V (release level threshold 2.1 V)

® BOR level 2 - reset level threshold 2.2 V (release level threshold 2.3 V)

® BOR level 3 - reset level threshold 2.5 V (release level threshold 2.6 V)

® BOR level 4 - reset level threshold 2.8 V (release level threshold 2.9 V)

When the power supply voltage (VDD) drops below the selected Vpor threshold, the device will be reset.
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3.2 Power Modes

The MCU has 5 power modes: RUN. SLEEP. STOPO. STANDBY and VBAT. Different mode has different

performance and power consumption. A summary of MCU power modes is shown below.

Table 3-1 Power Modes

Mode Conditions Enter Exit
RUN CPU startup Power on, system reset, low Enter SLEEP, STOPO, STANDBY,
peripheral configuration power wake-up and VBAT modes
] If entered through WFI, any
Immediate sleep mode:
interrupt from the NVIC table can
1) SCB_SCR.SLEEPDEEP =0,
) wake up the device; if entered
The CPU enters sleep mode, with the SCB_SCR.SLEEPONEXIT =0
] through WFE, with
core stopped. All peripheral 2) WFI/WFE
o o _ SCB_SCR.SEVONPEND=1, any
SLEEP configurations remain active, and the Sleep mode on exit:
. ] peripheral interrupt (without
voltage regulators are still running. Any | 1) SCB_SCR.SLEEPDEEP =0,
. enabling NVIC) can wake up the
interrupt or event can wake up the CPU. | SCB_SCR.SLEEPONEXIT =1
) device, and with
2) WFI has no interrupt
) SCB_SCR.SEVONPEND=0, any
pending, CPU returns from ISR
EXTI line wake-up event.
The CPU enters deep sleep mode. FI/WFE: If entered through WFI, any
STOPO!! Peripheral clocks, all digital modules, 1) SCB_SCR.SLEEPDEEP = interrupt from the EXTI line
and voltage regulators are still running. | 1, PWR_CTRL.PDS=0, (requires NVIC enable) can wake
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Mode

Conditions

Enter

Exit

HSE/HSI/PLL are turned off.

LSE/LSI can be configured. All SRAM
retains data.

Upon wake-up, HSI is enabled, and the

code resumes from the suspended point.

2) PWR_CTRL.LPS=0or 1

selects the main voltage

regulator operating mode

up;
If entered through WFE, any EXTI

line wake-up event

STANDBY

The CPU enters deep sleep mode. The
main voltage regulator is turned off,
HSE/HSI/PLL are turned off. LSE/LSI
can be configured. The backup domain
is functional, the main domain is off,
backup SRAM retention is configured
through PWR_CTRL2.BSRSTBRET.
Data in other SRAM and registers is
lost. All 10 port states can be
configured to remain output.

WFI/WFE:

1) SCB_SCR.SLEEPDEEP =1

2) PWR_CTRL.PDS =1

WKUP pins (PAO, PE6, PC13,
PA2, PC5) high or low level,
RTC alarm event,

RTC wake-up event, RTC
timestamp event,

RTC tamper event,

LPTIM1/2 wake-up event,
NRST reset,

IWDG reset

VBAT

CPU turned off.

All peripherals off, main voltage
regulator off.

LSE/LSI configurable, HSE/HSI/PLL
off.

Backup SRAM retention configured
through PWR_CTRL2.BSRVBRET.
Except for NRST/PC13-TAMPER/
PC14-0OSC32_IN/PC15-0SC32_OUT/
WKUP(PAO, PE6, PC13, PA2, PC5),
most 10 ports are in high-impedance

state.

VDD off

VDD on

Note:

1. In STOP2 mode, after wake-up, the code can continue running from the stop position.

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

table:

Table 3-2 Modules Running State™

Stop0 Standby
o 2 o 2
Peripheral Run Sleep ) § ZE ) § % VBAT
S8 S g
(] (]
CPU Y - - - - -
Flash memory 0®@ 0® - . . j
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SRAM (192 KB)
(include CCM SRAM)

Backup SRAM (4 KB) - 0® - o®

MR

POR(VDDD)

POR(VDDA)

POR(VDDBK)

BOR

ol<|<|<|=<|<|<| <

PVD

~
=

N
1

1

1

1

HSI

HSE

LSI

O|0O
O|0O
O|0o

LSE

HSE CSS

LSE CSS

)
<
)
<
<

0SC300M(UCDR)

PLL

SHRTPLL

RTC / Auto wakeup

Backup Registers

Number of RTC Tamper pins

ATIMX (x=1,2,3)

GTIMx (x=1~10)

BTIMx (x=1,2)

SHRTIMx (x=1)

LPTIMx(x=1,2)

IWDG

WWDG

SysTick timer

U(S)ARTX(x=1~8)

12Cx (x=1,2,3,4)

SPIx (x=1~6)

12Sx (x=2,3)

FDCANX(x=1,2,3)

USB HS Dualrole 0®

USB FS DEVICE 0®

XSPI

SD&MMC

FEMC

DVP

ETH MAC

O|0O|0|0O|0|O|O|O0O|0|O|0O|O|O|O|O|O|0O|O|0O|0O|0|w|K|O|O|O|O|O|O0|O0|0|0|0 |0 |XK|XIX|IXKIKX|x] <
O|0O|0O|O0O|0|O|O|O0O|0O|O|0O|O|O|O|O|O|O0O|O|O|O|0O|w|K|O|O|O|O|O|0O|O0|O|0|0|0|XK|IXKIX|IXKIKX|IxX] <

VREFBUF
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ADCx (x=1,2,3,4) 0] (0] - - - - R
DACxX (x=1~8) ) @] - - - - -
PGAX(x=1,2,3,4) 0] (0] - - - - R
COMPXx(x=1~7) ) @) o) O - - -
Temperature sensor 0] 0] - - - - -
SAC O @] - - - - -

RNG O @] - - - - -

CRC @] @] - - - - -
Cordic O 0 - - - - -
FMAC 0 @] - - - - -
GPIOs O 0] ) 0 5pin® | 5 pin® -

Notes:
1. Y Yes (Enable), O: Option, -: Not available.
Flash can be configured in power-down mode, it is not in power-down mode by default.

The content of Backup SRAM can be retained by controlling the relevant bits of the power control register.

> wn

Some peripherals that can wake up from STOP mode may require HSI to be enabled. In this case, HSI is enabled by the peripheral

and is only supplied to that peripheral. When the peripheral is no longer needed, HSI is automatically turned off.

5. The pins with the capability to wake up from STANDBY are PE6 (WKUPO0), PAO (WKUP1), PC13 (WKUP2), PA2 (WKUP3), PC5
(WKUP4), and NRST.

6. The USB module only works with wake-up-related logic, waking up through EXTL

7. The ETH MAC module only works with wake-up-related logic, waking up through EXTI.

3.2.1 SLEEP Mode

The CPU is halted, all peripherals, including peripherals around the Cortex™-M4F core (such as NVIC, SysTick,
etc.), can operate 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 the run mode.

3.2.1.1 Entering SLEEP mode

SLEEP mode can be entered by executing the WFI (Wait For Interrupt) or WFE (Wait For Event) instruction and
setting SCB_SCR.SLEEPDEEP = 0. Depending on SCB_SCR.SLEEPONEXIT, there are two ways to enter SLEEP

mode:

® SLEEP-NOW: If SCB_SCR.SLEEPONEXIT = 0, executing the WFI or WFE instruction immediately puts the
system into SLEEP mode.

® SLEEP-ON-EXIT: If SCB_SCR.SLEEPONEXIT = 1, the system enters SLEEP mode immediately upon exiting
the lowest priority ISR.

In SLEEP mode, all I/O pins maintain the same state/function as in the run mode.

3.2.1.2 Exiting SLEEP mode
If entering SLEEP mode using the WFI instruction, any NVIC interrupt can wake up the device from SLEEP mode.

If entering SLEEP mode using the WFE instruction, the MCU will immediately exit the SLEEP mode when an event

occurs. Wake-up events can be generated in the following ways:
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® Enable interrupts in the peripheral control register instead of NVIC, and enable SCB_SCR.SEVONPEND.
When the MCU is woken up by WFE, the peripheral interrupt pending bit and the peripheral NVIC interrupt
channel pending bit (in the NVIC interrupt clear-pending register) must be cleared.

® Configure external or internal EXTI event mode. When the MCU wakes up, there is no need to clear the
peripheral interrupt pending bit and the peripheral NVIC interrupt channel pending bit (in the NVIC interrupt
clear-pending register) because there are no pending bits set for the event line. This mode provides the shortest
wake-up time, as there is no time spent on interrupt entry or exit.

3.2.2 STOPO Mode

STOPO mode is based on the Cortex™-MA4F deep sleep mode and incorporates peripheral clock control mechanisms.
The voltage regulator can be configured in normal or low-power mode. In STOP0 mode, most clock sources in the
core domain are disabled, such as PLL, HSI, and HSE. However, the contents of SRAM, CCM SRAM, backup
SRAM, and all registers are preserved.

In STOPO mode, all I/O pins maintain the same state as in the run mode.
3.2.2.1 Entering STOP0 mode

When entering STOPO mode, set SCB_SCR.SLEEPDEEP=1 and PWR_CTRL.PDS=0. Additionally, the MR can
operate in normal mode or low-power mode. When configured with PWR_CTRL.LPS = 1, the MR operates in low-
power mode; when PWR_CTRL.LPS = 0, the MR operates in normal mode.

In STOPO mode, all I/O pins maintain the same state and functionality as in the run mode.

If a FLASH operation is in progress, the entry into STOP0 mode will be delayed until the memory access is complete.
If an access to the APB region is ongoing, the entry into STOP0 mode will be delayed until the APB access is complete.
In STOPO mode, the following features can be selected by programming various control bits:

® Independent Watchdog (IWDG): The independent watchdog will be started when its related registers are written
to by software or through hardware operation. Once started, the independent watchdog will continue to operate

until it generates a reset.
® RTC: Enabled by setting the RCC_BDCTRL.RTCEN bit in the register.
® Internal RC oscillator (LSI RC): Enabled by setting the RCC_CTRLSTS.LSIEN bit in the register.

® External 32.768kHz crystal oscillator (LSE OSC): Enabled by setting the RCC_BDCTRL.LSEEN bit in the

register.
ADC or DAC can also consume power in STOP0O mode, and can be disabled before entering STOP(0 mode.

Note: If the application needs to disable external clocks before entering STOP mode, the RCC_CTRL.HSEEN bit
must be disabled first, and then the system clock switched to HSI. Otherwise, if the RCC_CTRL.HSEEN bit remains
enabled when entering STOP mode, and the external clock (external oscillator) is removed, the Clock Security System
(HSECSS) feature must be enabled to detect any external oscillator failures and avoid faulty behavior when entering
STOP mode.

3.2.2.2 Exiting STOP0 mode

When exiting STOPO mode via interrupt or wake-up event, the HSI RC oscillator is automatically selected as the
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system clock. Additional startup delay is generated when waking up from STOPO mode while the voltage regulator
is operating in low-power mode. In STOP0O mode, having the internal regulator in normal mode reduces the start-up
time but increases power consumption correspondingly.

3.2.3 STANDBY Mode

STANDBY mode is based on the Cortex™-M4F Deep-Sleep mode, achieving lower power consumption. Powered
by the BKR output, the backup domain is enabled.

3.2.3.1 Entering STANDBY mode
When entering STANDBY mode. The main difference is setting SCB_ SCR.SLEEPDEEP=1, PWR_CTRL.PDS=1.
In STANDBY mode, the state of all IO pins can be configured to remain output mode.

If a FLASH operation is in progress, the entry into STANDBY mode will be delayed until the memory access is
complete.

If an access to the APB region is ongoing, the entry into STANDBY mode will be delayed until the APB access is
complete.

In STANDBY mode, the following features can be selected by programming various control bits:

® Independent Watchdog (IWDG) optional: The independent watchdog will be started when its related registers
are written to by software or through hardware operation. Once started, the independent watchdog will continue
to operate until it generates a reset.

® RTC optional: Can be enabled by setting RCC_BDCTRL.RTCEN.

® Internal RC oscillator (LSI RC): Always on, and can perform automatic recovery once stopped oscillating.

® External 32.768kHz crystal oscillator (LSE OSC) optional: Can be enabled by setting RCC_BDCTRL.LSEEN.
® Backup SRAM data retention can be enabled by setting the register PWR_CTRL2.BSRSTBRET bit.

3.2.3.2 Exiting STANDBY mode

When an external reset (NRST pin), IWDG reset, edge of WKUP pin, RTC alarm, wakeup, tamper, or timestamp
event occurs, the MCU exits STANDBY mode. All registers, except for the PWR_CTRLSTS register and RTC
backup registers, are reset upon waking up from STANDBY mode.

After waking up from STANDBY mode, the code execution is the same as after a reset (checking the BOOT pin,
obtaining reset vectors, etc.). The PWR_CTRLSTS.SBF status flag indicates that the MCU has exited STANDBY
mode, and it needs to be cleared by writing a 1 to the PWR_CTRL.CSBVBF bit.

3.2.4 VBAT Mode

In VBAT mode, the CPU is turned off, all peripherals are turned off, the main voltage regulator is turned off, LSE/LSI
can be configured, and HSE/HSI/PLL are turned off. Except for NRST, WKUP (PAO, PE6, PC13, PA2, PC)),
PC13_TAMPER, PC14, PC15, most 10 ports are in a high-impedance state.

In VBAT mode, based on the configuration before VDD power-off, the following features can be used:

® RTC optional: Can be enabled by setting RCC_BDCTRL.RTCEN.
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® Internal RC oscillator (LSI RC): Can be enabled by setting the register RCC_CTRLSTS.LSIEN bit.

® External 32.768kHz crystal oscillator (LSE OSC) optional: Can be enabled by setting RCC_BDCTRL.LSEEN.
® Backup SRAM data retention can be enabled by setting the register PWR_CTRL2.BSRSTBRET bit.

3.2.4.1 Entering VBAT mode

When VDD power is lost, the device will enter VBAT mode at any time.

3.2.4.2 Exiting VBAT mode

When VDD returns to the power-on reset threshold, the MCU exits VBAT mode. After VDD recovery, the MCU's
main power domain will fully execute according to the power-on sequence. Upon waking up from VBAT mode, the
code execution is equivalent to that after a reset. The PWR_CTRLSTS.VBATF status flag indicates that the MCU
has exited VBAT mode, and it needs to be cleared by writing a 1 to the PWR_CTRL.CSBVBEF bit.

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 time base for waking up from STOPO and
STANDBY modes at regular intervals. For it, two of the three optional RTC clock sources can be selected by software
programming RCC_BDCTRL.RTCSEL[1:0] as follows:

® 32.768 kHz external crystal oscillator (LSE OSC)
This clock source provides an accurate time base with very low power consumption.
® 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 STOPO mode using the RTC alarm event, you need:

® Configure EXTI 17 rising edge trigger.

® Configure RTC to enable RTC alarm event.

To wake up from STANDBY mode using RTC alarm event, EXTI 17 does not need to be configured.

VBAT mode cannot be woken up by the RTC.

3.4 Low-Speed Clock Output (LCO)

The chip supports outputting the low-speed clock through the PA2 pin in STOPO or STANDBY mode, selecting the
output clock as LSI or LSE via PWR_CTRL6.LCOSEL, and enabling the low-speed clock output function with
PWR_CTRL6.LCOEN.
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Table 3-3 PWR Register Overview

NSING

X
y

<
“

»

3.5.1 PWR Register Overview

3.5 PWR Registers

0 Sd1 paniassy d1040N3
T sad 4as panasay 404710
2z panJssa OdAd 47410
€ 49A9SD 40dNYIM 13ad12dyg 42d12
v N3IAAd HTdNYIM B 13aNgodyg 4ed10
>
[5 H42dNXM m 13ag9dg 40NgD
S T
9 & 4ddN3M = B 1Sdd10dMg 4INgD
1| 4] 2
J o NI0ddNMM 2 m LSuNg9dyg 4ZNgD
8 dyaa NI0dNM 1s4g9dyg 4ENED
6 as NITdNMM L1SHON3 4089
0T [d0odNdMmo NIZdNM 4199
[0:TIN310034sg
T [4Tdnymo NITddNYM 4299
=3
L
Z1 [dzdnymo 70d0dNMM Z 4e99
& [0:TINILS¥00TUST
€T [4ddndmo J0dTdNYM 4d10dMg
=]
3
vT [d4ednNdMO J0dzdNYM RERE] = ANgOdMg
g [0:114003usg
ST [dvdndmo J1VEA 499dMg
9T [45dNMMo NIENMM
1T NIrdNYIM
8T T0dEdNMM
6T 0drdNYIM
0z H4EdNMM
B B
12 ArdNMM 2 2
2 2
53 L
74 4S5dNM = (=
B
€z NISdNAM 2 3 3
] 8 < <
vz s & 5 g
m 4 4
sz (= 4550351
9z FREER)
1z 3 4H43S1
>
8z 2
o
T3SLSUN
62 4A¥08S03sT | o
08 paniassy TAISAMIMT| o
1€ NIIAYOSSO3ST| o | msssoasT | o
1 © 1 © 1 © - © - @ .| © .| ) ) ) ) ®
5 o = o = o = o = o = o = o =} s 3 M s ~ M
Z G S|6 2 |S| 6 S|6 |6 s G S| 6 s o S| o Z|S
2 ¢ |3l &8l & |8l "3l T3 g 3| & |3 g 5 3le B3
x @ @ @ @ @ @ @ @ () @
s | &3 gl 2 g3 gz gl 2 gl 2 & z gz &
- = = = = = < = = =
5 & S g g g S g g 3 3

pore 117674

Email: sales@nsing com sg

NSING Technologies Pte. Ltd.
Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singa;

59

3.5.2 Power Control Register (PWR_CTRL)

Address offset: 0x00



o>
"" NSING

nsing.com.sg

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved CWIIEUPS
w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CWIKUPS | CWIKUP3| CWKUPP] CWIUP2 | CWKUPLICWKURO! visp | pBKP PLS[2:0] PVDEN | CSBVBF | Reserved |  PDS LPS
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 CWKUPSF Clear the PH6 wakeup bit.
Always read as 0.
0: Invalid
1: Clear the PWR_CTRLSTS.WKUPSF wakeup bit after 2 system clock cycles.
15 CWKUP4F Clear the PC5 wakeup bit.
Always read as 0.
0: Invalid
1: Clear the PWR_CTRLSTS.WKUP4F wakeup bit after 2 system clock cycles.
14 CWKUP3F Clear the PA2 wakeup bit.
Always read as 0.
0: Invalid
1: Clear the PWR_CTRLSTS.WKUP3F wakeup bit after 2 system clock cycles.
13 CWKUPPF Clear the peripheral wakeup bit.
Always read as 0.
0: Invalid
1: Clear the PWR_CTRLSTS.WKUPPF wakeup bit after 2 system clock cycles.
12 CWKUP2F Clear the PC13 wakeup bit.
Always read as 0.
0: Invalid
1: Clear the PWR_CTRLSTS.WKUP2F wakeup bit after 2 system clock cycles.
11 CWKUPIF Clear the PAO wakeup bit.
Always read as 0.
0: Invalid
1: Clear the PWR_CTRLSTS.WKUP1F wakeup bit after 2 system clock cycles.
10 CWKUPOF Clear the PE6 wakeup bit.
Always read as 0.
0: Invalid

1: Clear the PWR_CTRLSTS.WKUPOF wakeup bit after 2 system clock cycles.

9 MSB PVD monitoring voltage threshold level selection.

When the MSB bit is enabled or cleared, the PVD detection voltage threshold levels
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Bit Field Name Description

corresponding to PWR_CTRL.PRS[2:0] are different. Refer to the specific levels in
the description of the PWR_CTRL.PRS[2:0] register.

0: PVD monitoring voltage threshold range 2.18V~2.88V

1: PVD monitoring voltage threshold range 1.78V~3.60V

Note: This bit can only be operated when PWR_CTRL3.EXMODE = 1.

8 DBKP Disable write protection for the backup domain.

In the reset state, the RTC and backup domain registers are protected to prevent
unauthorized writes. This bit must be set to enable write access to these registers.
0: Disable access to RTC and backup registers

1: Enable access to RTC and backup registers

Note: If the RTC clock is HSE/128, this bit must remain set to 1.

7:5 PLS[2:0] PVD voltage threshold selection.
Different combinations of the PWR CTRL.MSB bits represent different voltage
threshold values for the voltage detector.

When the MSB bit is 0, the thresholds are as follows:

PRS[2:0] Voltage
000 2.18v
001 2.28v
010 2.38v
011 2.48v
100 2.58v
101 2.68v
110 2.78v
111 2.88v
When the MSB bit is 1, the thresholds are as follows:
PRS[2:0] Voltage
000 1.78v
001 1.88v
010 1.98v
011 2.08v
100 3.28v
101 3.38v
110 3.48v
111 3.58v

Note: For detailed explanations, refer to the Electrical Characteristics section in the

datasheet.

4 PVDEN Power Voltage Detector (PVD) Enable.
0: Disable PVD
1: Enable PVD

3 CSBVBF Clear STANDBY and VBAT flags.
Always read as 0.
0: Invalid
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Bit Field Name Description
1: Clear PWR_CTRLSTS.SBF and PWR_CTRLSTS.VBATF flags.

2 Reserved Reserved, the reset value must be maintained.

1 PDS Power down deep sleep bit.

Cooperates with the LPS bit.

0: When the CPU outputs DEEPSLEEP as '1', the chip enters standby mode, and the
voltage regulator status is controlled by the LPS bit.

1: When the CPU outputs DEEPSLEEP as '1', the chip enters stop mode.

0 LPS Low power consumption in deep sleep mode.
When PDS=0, it regulates the operation mode of the voltage regulator.

0: In standby mode, the voltage regulator is in normal mode.

1: In standby mode, the voltage regulator is in low power mode.

3.5.3 Power Control Status Register (PWR_CTRLSTYS)

Address offset: 0x04

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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
WKUPSE WKUP4P | WKUP3P | WKUP4E | WKUP3E
Reserved N | WKUPSF | WKUP4F | WKUP3F | ™" oL N N
™ T T T ™ ™ ™ ™
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WKUP2P | WKUP1P | WKUPOP | WKUPP1 | WKUP2E | WKUP1E | WKUPOE | WKUPPO
VBATF oL oL oL EN N N N EN | WKUPPF | WKUP2F | WKUPIF | WKUPOF | PVDO SBF | Reserved
T ™ ™w ™w ™w ™ ™ ™ ™ T T T T T
Bit Field Name Description
31:24 Reserved Reserved, the reset value must be maintained.
23 WKUPSEN WKUPS pin PH6 wakeup enable

0: WKUP pin is a general I/O, events on the WKUP pin cannot wake up the chip from
standby mode

1: WKUP pin is used to wake up the chip from standby mode, configured as input
with pull-down (rising edge on WKUP pin will wake up from standby mode)

Note: This bit is cleared during system reset.

22 WKUPSF WKUPS pin PH6 wakeup flag.

This bit is set to 1 by hardware and cleared by system reset or setting the
PWR_CTRL.CWKUPSF bit.

0: No wakeup event occurred

1: Wakeup event occurred on the WKUP pin

Note: When the WKUP pin is already at a high level, enabling the WKUP pin for
wakeup will detect an additional wakeup event.

21 WKUP4F WKUP4 pin PC5 wakeup flag.
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Bit Field Name Description

This bit is set to 1 by hardware and cleared by system reset or setting the
PWR_CTRL.CWKUPA4F bit.

0: No wakeup event occurred

1: Wakeup event occurred on the WKUP pin

Note: When the WKUP pin is already at a high level, enabling the WKUP pin for

wakeup will detect an additional wakeup event.

20 WKUP3F WKUP3 pin PA2 wakeup flag.

This bit is set to 1 by hardware and cleared by system reset or setting the
PWR_CTRL.CWKUP3F bit.

0: No wakeup event occurred

1: Wakeup event occurred on the WKUP pin

Note: When the WKUP pin is already at a high level, enabling the WKUP pin for

wakeup will detect an additional wakeup event.

19 WKUP4POL Wake-up polarity for the WKUP4 pin PCS.

Use a high level or low level to wake up from standby mode, make sure to disable
wake-up enable when changing the wake-up method.

0: High level wake-up

1: Low level wake-up

18 WKUP3POL Wake-up polarity for the WKUP3 pin PA2.

Use a high level or low level to wake up from standby mode, make sure to disable
wake-up enable when changing the wake-up method.

0: High level wake-up

1: Low level wake-up

17 WKUP4EN WKUP4 pin PC5 wakeup enable

0: WKUP pin is a general /O, events on the WKUP pin cannot wake up the chip from
standby mode

1: WKUP pin is used to wake up the chip from standby mode

Note: This bit is cleared during system reset.

16 WKUP3EN WKUP3 pin PA2 wakeup enable

0: WKUP pin is a general I/O, events on the WKUP pin cannot wake up the chip from
standby mode

1: WKUP pin is used to wake up the chip from standby mode

Note: This bit is cleared during system reset.

15 VBATF VBAT flag.

This bit is set by hardware and cleared by POR/PDR (power-on/power-down reset) or
setting the PWR_CTRL.CSBVBEF bit.

0: Device is not in VBAT mode

1: Device enters VBAT mode

14 WKUP2POL Wake-up polarity for the WKUP2 pin PC13.
Use a high level or low level to wake up from standby mode, make sure to disable
wake-up enable when changing the wake-up method.

0: High level wake-up
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Bit Field Name Description

1: Low level wake-up

13 WKUPIPOL Wake-up polarity for the WKUP1 pin PAO.

Use a high level or low level to wake up from standby mode, make sure to disable
wake-up enable when changing the wake-up method.

0: High level wake-up

1: Low level wake-up

12 WKUPOPOL Wake-up polarity for the WKUPO pin PE6.

Use a high level or low level to wake up from standby mode, make sure to disable
wake-up enable when changing the wake-up method.

0: High level wake-up

1: Low level wake-up

11 WKUPP1EN RTC/LSECSS peripheral wakeup enable
0: RTC/LSECSS peripheral cannot wake up the chip from standby mode
1: RTC/LSECSS peripheral can wake up the chip from standby mode

10 WKUP2EN WKUP2 pin PC13 wakeup enable

0: WKUP pin is a general I/O, events on the WKUP pin cannot wake up the chip from
STANDBY mode

1: WKUP pin is used to wake up the chip from STANDBY mode

Note: This bit is cleared during system reset.

9 WKUP1EN WKUP1 pin PAO wakeup enable

0: WKUP pin is a general I/O, events on the WKUP pin cannot wake up the chip from
standby mode

1: WKUP pin is used to wake up the chip from standby mode

Note: This bit is cleared during system reset.

8 WKUPOEN WKUPO pin PE6 wakeup enable

0: WKUP pin is a general I/O, events on the WKUP pin cannot wake up the chip from
standby mode

1: WKUP pin is used to wake up the chip from standby mode

Note: This bit is cleared during system reset.

7 WKUPPOEN LPTIM1/LPTIM?2 peripheral wakeup enable
0: LPTIM1/LPTIM?2 peripheral cannot wake up the chip from standby mode
1: LPTIM1/LPTIM?2 peripheral can wake up the chip from standby mode

6 WKUPPF Peripheral wakeup flag (RTC/LSECSS/LPTIM1/LPTIM2)

This bit is set to 1 by hardware and cleared by system reset or setting the
PWR_CTRL.CWKUPPF bit.

0: No peripheral wakeup event occurred

1: Peripheral wakeup event occurred

5 WKUP2F WKUP2 pin PC13 wakeup flag.
This bit is set to 1 by hardware and cleared by system reset or setting the
PWR_CTRL.CWKUP2F bit.

0: No wakeup event occurred

1: Wakeup event occurred on the WKUP pin
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Bit Field

Name

Description

Note: When the WKUP pin is already at a high level, enabling the WKUP pin for

wakeup will detect an additional wakeup event.

WKUPIF

WKUPI pin PAO wakeup flag.

This bit is set to 1 by hardware and cleared by system reset or setting the
PWR_CTRL.CWKUPIF bit.

0: No wakeup event occurred

1: Wakeup event occurred on the WKUP pin

Note: When the WKUP pin is already at a high level, enabling the WKUP pin for

wakeup will detect an additional wakeup event.

WKUPOF

WKUPO pin PE6 wakeup flag.

This bit is set to 1 by hardware and cleared by system reset or setting the
PWR_CTRL.CWKUPOF bit.

0: No wakeup event occurred

1: Wakeup event occurred on the WKUP pin

Note: When the WKUP pin is already at a high level, enabling the WKUP pin for

wakeup will detect an additional wakeup event.

PVDO

PVD output.

This bit is only valid when PVD is enabled by the PWR_CTRL.PVDEN bit.

When PWR_CTRL6.PVDSRC=0:

0: VDD/VDDA is higher than the PVD threshold selected by PWR_CTRL.PRS[2:0]
1: VDD/VDDA is lower than the PVD threshold selected by PWR_CTRL.PRS[2:0]
When PWR_CTRL6.PVDSRC=1:

0: Voltage at the PVD_IN pin is higher than Vrefint

1: Voltage at the PVD_IN pin is lower than Vrefint

Note: PVD is stopped in standby mode. Therefore, after standby mode or reset, this
bit remains 0 until the PWR_CTRL.PVDEN bit is set.

Note: After enabling the PVD function, a delay of 2000 cycles is required before
determining the PVDO bit

SBF

STANDBY flag.

This bit is set by hardware and cleared by POR/PDR (power-on/power-down reset) or
by setting the PWR_CTRL.CSBVBEF bit.

0: System is not in standby mode

1: System enters standby mode

Reserved

Reserved, the reset value must be maintained.

3.5.4 Power Control Register 2 (PWR_CTRL2)

Address offset: 0x08
Reset value: 0x0000 2704

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

Reserved
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved IWDE(I}\IRST Reserved BSRESTTBR BSR\T/BRE Reserved
w w w
Bit Field Name Description
31:11 Reserved Reserved, the reset value must be maintained.
10 IWDGRSTEN Independent watchdog reset enable.
0: Independent watchdog cannot generate a reset to RCC
1: Independent watchdog can generate a reset to RCC
9:3 Reserved Reserved, the reset value must be maintained.
2 BSRSTBRET Backup SRAM retention enable in STANDBY mode.
0: Backup SRAM does not retain in STANDBY mode
1: Backup SRAM retains in STANDBY mode
1 BSRVBRET Backup SRAM retention enable in VBAT mode.
0: Backup SRAM does not retain in VBAT mode
1: Backup SRAM retains in VBAT mode
0 Reserved Reserved, the reset value must be maintained.

3.5.5 Power Control Register 3 (PWR_CTRL3)

Address offset: 0x0C

Reset value: 0x0009DB2F

This register is write-protected and must be unlocked by writing the key 0x55A A before each software write operation

to this register.

31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved | BKRSEL Reserved
™
Bit Field Name Description
31:15 Reserved Reserved, the reset value must be maintained.
14 BKRSEL BKR voltage regulator output level selection

0: 0.8V
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Bit Field Name Description
1: 0.9V.
13:0 Reserved Reserved, the reset value must be maintained.

3.5.6 Power Control Register 4 (PWR_CTRL4)

Address offset: 0x10

Reset value: 0x00000145

This register is write-protected and must be unlocked by writing the key 0x55A A before each software write operation

to this register.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved LSEII:IHME Reserved LSEDRVRIM[1:0]
™ ™
Bit Field Name Description
31:11 Reserved Reserved, the reset value must be maintained.
10 LSENIMEN LSE noise cancellation enable.
Set or cleared by software to eliminate noise and optimize the 50% duty cycle.
0: Disable noise cancellation
1: Enable noise cancellation (requires enabling after setting the
RCC _BDCTRL.LSERD bit)
9:2 Reserved Reserved, the reset value must be maintained.
1:0 LSEDRVRIM[1:0] LSE Transconductance gm Selection
00: 13(1A/V)
01: 20( 1 A/V)
11: 40( v A/V)
3.5.7 NRST Control Register (PWR_NRSTCTRL)
Address offset: 0x20
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Reserved

NRSTDFE|NRSTAFE

NRSTDFW[7:0] N N

Reserved

™ ™ ™

Bit Field

Name

Description

31:12

Reserved

Reserved, the reset value must be maintained.

11:4

NRSTDFW[7:0]

NRST digital filter width
Filter width=sysclk * NRSTDFW

Note: When sysclk=240M, the recommended configuration for NRSTDFW is
0x9, which needs to be adjusted according to the usage scenario. When the

environment is harsh, the value should be appropriately increased

NRSTDFEN

NRST Digital Filter Enable
0: Enable
1: Disable

NRSTAFEN

NRST Analog Filter Enable
0: Enable
1: Disable

1:0

Reserved

Reserved, the reset value must be maintained.

3.5.8 Power Control Register 5 (PWR_CTRLS)

Address offset: 0x28

Reset value: 0x00A91099

31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
LIS{@?ES;C Reserved LSERE{?:SC Reserved
™ T
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved
Bit Field Name Description
31 LSECSSCRYIEN LSE crystal mode clock security system interrupt enable.
Set and cleared by software to enable and disable the clock security system interrupt.
0: Disable LSE clock crystal mode security system interrupt
1: Enable LSE clock crystal mode security system interrupt
30 Reserved Reserved, the reset value must be maintained.
29 LSECSSCRYF LSE crystal mode clock security fault flag.
Set by hardware when a fault is detected in the external LSE oscillator, cleared by
writing a 1 to the PWR_CTRL6.LSECSSF bit.
0: No clock security system fault caused by LSE clock failure in crystal mode
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Bit Field Name Description

1: Clock security system fault caused by LSE clock failure in crystal mode

28:0 Reserved Reserved, the reset value must be maintained.

3.5.9 Power Control Register 6 (PWR_CTRL6)

Address offset: 0x2C

Reset value: 0x016681C4

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LSECSSS|LPRRUP! NRsTSEL LSEFHF | LSEFLF |LSECSSF Reserved
™w ™w ™ r T rc_wl
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved LCOSEL | LCOEN LSE};HTH Reserved PVDSRC Reserved
™w ™w ™ ™w

Bit Field Name Description
31 LSECSSSW LSE clock security system switch.

Set and cleared by software to choose whether to switch the RTC clock source
from LSE to LSI when the LSE clock fails.

0: Do not switch RTC clock source when LSE fails

1: Switch RTC clock source to LSI clock when LSE fails

30 LPWKUPSEL Low power mode wakeup clock selection.

Set and cleared by software, ensure both LSI clock and LSE clock are enabled
when switching.

0: Wakeup using LSI

1: Wakeup using LSE

29:28 NRSTSEL NRST (PH6) pin function configuration.

Set and cleared by software, can configure the NRST pin for general GPIO use.
00: Reset input/output

01: Reset input

10: General GPIO function

11: Reset input/output

27 LSEFHF LSE frequency exceeding high limit flag.

Set to 1 by hardware when LSE frequency exceeds the high limit value, cleared
by writing a 1 to the PWR_CTRL6.LSECSSF bit.

The high limit value in crystal mode is fixed at 160KHz.

In bypass mode, the high limit value can be configured as 160KHz or IMHz
using PWR_CTRL6.LSEFHTHR.

0: No frequency exceeding high limit value occurred

1: Frequency exceeding high limit value occurred

26 LSEFLF LSE frequency below low limit flag.

Set to 1 by hardware when LSE frequency is below 20KHz, cleared by writing a
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Bit Field

Name

Description

1 to the PWR_CTRL6.LSECSSF bit.
0: No frequency below low limit value occurred

1: Frequency below low limit value occurred

25

LSECSSF

LSE clock security system flag.

Set by hardware when a fault is detected in the external LSE oscillator, cleared
by writing a 1 to the PWR_CTRL6.LSECSSF bit.

0: No clock security system fault caused by LSE clock failure

1: Clock security system fault caused by LSE clock failure

24:13

Reserved

Reserved, the reset value must be maintained.

12

LCOSEL

LCO low-speed clock output selection
0: PA2 outputs LSI clock
1: PA2 outputs LSE clock

11

LCOEN

LCO low-speed clock output enable

Supports clock output in STOPO and STANDBY modes.
0: Disable

1: Enable

10

LSEFHTHR

Bypass mode LSE frequency high limit value configuration
0: Bypass mode high limit value is 1M
1: Bypass mode high limit value is 160K

Reserved

Reserved, the reset value must be maintained.

PVDSRC

PVD input source selection

0: PVD input source is VDD

1: PVD input source is the PVD_IN pin

Note: When PVDSRC is configured as 1, the input voltage at the PVD_IN pin is
compared with Vrefint (1.2V reference voltage). PVD _IN can be reused as PB7
or PA10 (default is PA10).

4:0

Reserved

Reserved, the reset value must be maintained.

3.5.10 EMC Control Register (PWR_EMCCTRL)

Address offset: 0xCO

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
) ) ) BKPGBRS| BKPGBN [BKPCLPR| BKPGBD | BKPGBN |BKPCLPD
BSRECCF[1:0] |BSRECCRSTEN[1:0]| BSRECCIEN[1:0] |EMCRST T RST ST i DET fhe Reserved
rc_wl ™ ™w ™w ™w ™w ™w ™w ™w ™w

Bit Field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
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Bit Field Name Description

15:14 BSRECCF[1:0] BKP SRAM ECC error flag
00: No ECC error occurred
01: 1-bit ECC error occurred
10: 2-bit ECC error occurred
11: 1-bit and 2-bit ECC errors occurred

13:12 BSRECCRSTEN][1:0] BKP SRAM ECC error reset enable

00: No reset generated when ECC error is detected

01: Reset generated when 1-bit ECC error is detected

10: Reset generated when 2-bit ECC error is detected

11: Reset generated when 1-bit and 2-bit ECC errors are detected

: BKP SRAM ECC int t enabl
11:10 BSRECCIEN[1:0] error interrupt enable
00: No interrupt triggered when ECC error is detected
01: Interrupt triggered when 1-bit ECC error is detected
10: Interrupt triggered when 2-bit ECC error is detected

11: Interrupt triggered when 1-bit and 2-bit ECC errors are detected

9 EMCRST Main power domain and backup domain EMC reset enable

This bit is set and cleared by software. When set to 1, a reset will be generated
for the main power domain or backup domain during GB, GBN, and clamp.

0: Disable reset request

1: Enable reset request

8 BKPGBRST Backup domain EMC GB reset enable
This bit is set and cleared by software.
0: Disable reset request

1: Enable reset request

7 BKPGBNRST Backup domain EMC GBN reset enable
This bit is set and cleared by software.
0: Disable reset request

1: Enable reset request

6 BKPCLPRST Backup domain EMC Clamp reset enable
This bit is set and cleared by software.
0: Disable reset request

1: Enable reset request

5 BKPGBDET Backup domain EMC GB detection enable
This bit is set and cleared by software.
0: Disable detection

1: Enable detection

4 BKPGBNDET Backup domain EMC GBN detection enable
This bit is set and cleared by software.
0: Disable detection

1: Enable detection

3 BKPCLPDET Backup domain EMC Clamp detection enable
This bit is set and cleared by software.
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Bit Field Name Description

0: Disable detection

1: Enable detection

2:0 Reserved Reserved, the reset value must be maintained.

3.5.11 EMC Control Register 2 (PWR_EMCCTRL?2)

Address offset: 0xC4

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
Reserved

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

BkpGBE [PPOBN |BKpCLPF| GBIF | GB2F | GBIF | GBOF | GBN3F | GBN2F | GBNIF | GBNOF | CLP3F | cLp2F | cLpiF | cLpop |PMCFCE
T T T T T T T T T T T T T T T w

Bit Field Name Description

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

15 BKPGBF Backup Domain EMC GB Flag:

When the backup domain detects an EMC GB event, this bit is set by the
hardware. Writing 1 to the EMCFCLR bit clears this bit.

0: No EMC GB event

1: EMC GB event occurred

14 BKPGBNF Backup Domain EMC GBN Flag:

When the backup domain detects an EMC GBN event, this bit is set by the
hardware. Writing 1 to the EMCFCLR bit clears this bit.

0: No EMC GBN event

1: EMC GBN event occurred

13 BKPCLPF Backup Domain EMC Clamp Flag:

When the backup domain detects an EMC Clamp event, this bit is set by the
hardware. Writing 1 to the EMCFCLR bit clears this bit.

0: No EMC Clamp event

1: EMC Clamp event occurred

12 GB3F Main Domain EMC GB3 Flag:

When the main domain detects an EMC GB3 event, this bit is set by the
hardware. Writing 1 to the EMCFCLR bit clears this bit.

0: No EMC GB3 event

1: EMC GB3 event occurred

11 GB2F Main Domain EMC GB2 Flag:

When the main domain detects an EMC GB2 event, this bit is set by the
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Bit Field Name Description

hardware. Writing 1 to the EMCFCLR bit clears this bit.
0: No EMC GB2 event
1: EMC GB32 event occurred

10 GBIF Main Domain EMC GBI Flag:

When the main domain detects an EMC GB1 event, this bit is set by the
hardware. Writing 1 to the EMCFCLR bit clears this bit.

0: No EMC GBI event

1: EMC GBI event occurred

9 GBOF Main Domain EMC GBO Flag:

When the main domain detects an EMC GBO event, this bit is set by the
hardware. Writing 1 to the EMCFCLR bit clears this bit.

0: No EMC GBO event

1: EMC GBO0 event occurred

8 GBN3F Main Domain EMC GBN3 Flag:

When the main domain detects an EMC GBN3 event, this bit is set by the
hardware. Writing 1 to the EMCFCLR bit clears this bit.

0: No EMC GBN3 event

1: EMC GBN3 event occurred

7 GBN2F Main Domain EMC GBN2 Flag:

When the main domain detects an EMC GBN2 event, this bit is set by the
hardware. Writing 1 to the EMCFCLR bit clears this bit.

0: No EMC GBN2 event

1: EMC GBN2 event occurred

6 GBNIF Main Domain EMC GBNI1 Flag:

When the main domain detects an EMC GBNI1 event, this bit is set by the
hardware. Writing 1 to the EMCFCLR bit clears this bit.

0: No EMC GBNI1 event

1: EMC GBNI event occurred

5 GBNOF Main Domain EMC GBNO Flag:

When the main domain detects an EMC GBNO event, this bit is set by the
hardware. Writing 1 to the EMCFCLR bit clears this bit.

0: No EMC GBNO event

1: EMC GBNO event occurred

4 CLP3F Main Domain EMC Clamp3 Flag:

When the main domain detects an EMC Clamp3 event, this bit is set by the
hardware. Writing 1 to the EMCFCLR bit clears this bit.

0: No EMC Clamp3 event

1: EMC Clamp3 event occurred

3 CLP2F Main Domain EMC Clamp2 Flag:

When the main domain detects an EMC Clamp2 event, this bit is set by the
hardware. Writing 1 to the EMCFCLR bit clears this bit.

0: No EMC Clamp2 event
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Bit Field Name Description

1: EMC Clamp2 event occurred

2 CLPIF Main Domain EMC Clamp1 Flag:

When the main domain detects an EMC Clampl event, this bit is set by the
hardware. Writing 1 to the EMCFCLR bit clears this bit.

0: No EMC Clamp] event

1: EMC Clamp1 event occurred

1 CLPOF Main Domain EMC Clamp0 Flag:

When the main domain detects an EMC Clamp0 event, this bit is set by the
hardware. Writing 1 to the EMCFCLR bit clears this bit.

0: No EMC Clamp0 event

1: EMC Clamp0 event occurred

0 EMCFCLR Clear EMC Flag:
0: No effect
1: Clear EMC flag
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The highest frequency of N32H480 series is 180MHz, while the highest frequency of other series is 240MHz.
Different series and models support different peripherals and quantities. For specific details, please refer to the

corresponding model's datasheet.

4.1 Reset Control Unit

Supports the following three types of reset:

Power Reset
System Reset
Low power domain Reset

4.1.1 Power Reset

A power reset occurs in the following circumstances:

® Power-on reset (POR reset).

® Power-down reset(PDR reset).

® \When exiting STANDBY mode.

A power reset will set all registers to their reset values except the ones in the Backup domain (see Figure 3-1).

The reset source in the diagram will ultimately act on the NRST pin and maintain a low level during the reset process.
The reset entry vector is fixed at address 0x0000_0004. For more details, refer to Table 6-1 Vector Table.

4.1.2 System Reset

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

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

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

A low level on the NRST pin (external reset)
Window watchdog event (WWDG reset)
Independent watchdog eevent (IWDG reset)
Software reset (SW reset)

Low power management reset

SMPU protection reset

RAM ECC or parity error reset

FLASH ECC reset

Backup domain EMC reset
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The reset source can be identified by checking the reset flags in the Control/Status register (RCC_CTRLSTS).

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™-M4 technical reference manual for further information.

4.1.2.2 Low-power management reset

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

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

® Generate low power management reset when entering STOPO mode: This reset is enabled by setting the
nRST STOP bit in the user OptionByte. At this time, even if the process to enter STOPO mode is performed,

the system will be reset instead of entering STOPO 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 20us 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

i

<

System Reset
- Filter Schmit

|_ Pulse

Generator
(min 20us)

.I.L.I.

[

NRST PIN

<

IWDG reset
WWDG reset

SW reset
Low Power
Management reset

SMPU reset
FLASH ECC error reset

RAM ECC orparity
€rror reset

Backup domain EMC reset

Main domain EMC reset

BOR reset

4.1.3 Low Power Domain Reset

The backup area has two dedicated resets, which only affect the backup area (refer to Figure 3-1 Power Supply
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Diagram):

® Software reset: The low power domain reset can be generated by setting the RCC_BDCTRL.BDSFTRST
bit.

® When both Vpp and Vgar are powered off, a reset of the backup area will only be triggered when Vpp or Var

is powered on.

4.2 Clock Control Unit

Five different clock sources can be used to drive the system clock (SYSCLK):
® HSI oscillator clock;

® HSE oscillator clock;

® PLL clock;

® SHRTPLL clock;

® USBHS240M clock.

This selects the clock source as the internal clock, PLL clock, or HSE clock through RCC_CFG.SCLKSW; when the
clock source is selected as the PLL clock, further select PLL, SHRTPLL, or USBHS240M through
RCC _PLLCTRL.SCLKPLLSEL.

The devices have the following two secondary clock sources:

® [.SI: 32 KHz internal low-speed RC can be used to drive the independent watchdog and can be selected to drive
the RTC through the program. The RTC is used to automatically wake up the system from STOPO/STANDBY

mode.
® [SE:32.768 kHz external low-speed 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 240 MHz,
180MHz, and 180 MHz respectively.

Note: Avoid configuring the APB?2 frequency to be the same as the AHB frequency.
Note: The highest frequency of N32H480 series is 180MHz, while the highest frequency of other series is 240MHz.
The clock frequency of the SDIO, USBHS, and ETH interfaces can be configured as HCLK or HCLK/2.

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 operating clock is generated by dividing the AHB clock, PLL clock or USBHS240M. The ADCIM clock
is generated by dividing by HSE or HSIL

The FDCAN clock source can be selected as SHRTPLL divided clock, PLL divided clock, or HSE, and the frequency

must be configured as a multiple of 20M.
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The clock source for 12S2 and 12S3 can be selected as SYSCLK, SHRTPLL, HSI, or the I2S_CLKIN pin.
The clock source for LPTIM1 and LPTIM2 can be selected as LSI, LSE, HSI, HSE, or PCLK1.

The clock frequencies of GTIM1/2/3/4/5/6/7 and BTIM1/2/3 are automatically set by hardware. There are two

scenarios:

® [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.
® Otherwise, they are set to twice the frequency of the APB domain to which the timers are connected.
For timers GTIMS8/9/10, the clock source can be selected as APB or SYSCLK.
For timers ATIM1/2/3, the clock source can be selected as AHB or SYSCLK.

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

section in the product datasheet.

2. Avoid configuring the APB?2 frequency to be the same as the AHB frequency.

3. The highest frequency of N32H480 series is 180MHz, while the highest frequency of other series is 240MHz.

4.  For ATIMI-3/GTIMS-10, the maximum operating clock is the corresponding series' maximum main frequency. For GTIMI-
7/BTIM1-2 /LPTIMI-2, the maximum operating clock is 180MHz. Therefore, when AHB is greater than 180MHz and GTIMI-
7/BTIM1-2 /LPTIM1-2 are needed, APBI cannot be divided by 1 or 2. For example, when the AHB frequency is 240MHz and
GTIM]1 needs to be used, APBI can only be divided by 4 to achieve 60MHz, resulting in GTIM1 operating at 120MHz.

5.  When the input clock is less than 4 MHz, this clock cannot be used as the PLL clock source

6.  The FDCAN module clock source (FDCAN _CLK) shall be configured to the following frequencies: 20M, 40M, 80M and cannot

be higher than the APBI clock frequency (PCLK1).

4.2.2 HSE Clock

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

® HSE external crystal/ceramic resonator

® HSE user external clock

To reduce distortion of the clock output and shorten the start-up stablize time, the crystal/ceramic resonator
and load capacitor must be placed as close as possible to the oscillator pins of the chip. The loading

capacitance value must be adjusted according to the chosen oscillator.

Figure 4-3 HSE/LSE Clock Source

]

External Clock Source
C1

External Clock Crystal/Ceramic Resonators
OsC_ouT OSC_IN
[ [ [
L]
(Hiz)

4.2.2.1 External clock source (HSE bypass mode)

In this mode, an external clock source must be provided. Its frequency range is 1-50 MHz. Users can select this mode
by setting the RCC_CTRL.HSEBP and RCC_CTRL.HSEEN bits. The external clock signal (50% duty cycle square,
sine or triangle wave) must be connected to the OSC_IN pin while the OSC_OUT pin must be left floating (Hi-Z).

See Figure 4-3.
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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 8 MHz RC oscillator and can be used directly
as system clock or as PLL input after dividing by 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[11:0] bits.

If the user application is subject to voltage or temperature variations, this may affect the accuracy of the RC oscillator.
The HSI frequency can be trimmed by using the RCC_CTRL.HSITRIM[6:0] 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.

If the HSE crystal oscillator fails, the HSI clock will be used as the backup clock source. Refer to section 4.2.10 for
the Clock Security System.

4.2.4 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, RCC_CFG and RCC_PLLCTRL registers.

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

ready.

As shown in the following figure, the Fin frequency is required to be in the range of 4MHz to 50MHz, the Fref
frequency is required to be in the range of 4MHz to 25MHz, the Fvco frequency is required to be in the range of
64MHz to 500MHz, and the PLLMULFCT multiplication factor should not be less than 8x.
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Figure 4-4 PLL Clock Source Selection
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4.2.5 SHRTPLL Clock

SHRTPLL can be used to multiply the frequency of the HSI or HSE clock as the working clock source for SHRTIM.
Please refer to Figure 4-2 for the clock tree.

The process of configuring SHRTPLL as the clock source for the high-precision timer is as follows:

1. Configure RCC_AHBPRST.SHRTPLLPHARST as 1 to enable phase reset

2. Configure RCC_SHRTPLLCTRL3.SHRTPLLEN as 1 to enable the power supply of the SHRTPLL module
3. Configure RCC_SHRTPLLCTRL3.SHRTPLLSRC to select the clock source as HSI or HSE

4. Configure RCC_SHRTPLLCTRLI1.SHRTPLLMODE as 0 to select the operating mode as normal mode

5. Configure RCC_SHRTPLLCTRLI.SATEN and RCC_SHRTPLLCTRLI1.FRACEN as 1 to enable the saturation

and fractional accumulation functions

6. Configure RCC_SHRTPLLCTRLI1.CLKF to select the multiplication factor, RCC_SHRTPLLCTRL2.CLKR to
select the division factor, and RCC_SHRTPLLCTRL3.BWTRIM to select the bandwidth

7. Configure RCC_AHBPRST.SHRTPLLRST as 1, then after Sus, configure RCC_AHBPRST.SHRTPLLRST as
0 to reset SHRTPLL

8. Wait for RCC_SHRTPLLCTRL3.SHRTPLLRDF to be set to 1, indicating that the clock is ready
9. Configure RCC_AHBPRST.SHRTPLLPHARST as 0 to disable the phase reset
10. Configure RCC_AHBPCLKEN.SHRTIMEN as 1 to enable the high-precision timer

The clock source frequency range is from 1MHz to 50MHz, and the output clock frequency range is from 75MHz to
250MHz. The calculation formula for SHRTPLL is as follows, with the maximum allowable output frequency
configured as 250MHz:

SHRTPLL frequency = Clock source frequency * (CLKF[25:0]/16384) / (CLKR[5:0] +1)/4

When SHRTIM is not operating, it can also be used as the clock source for 12S, FDCAN, USB, or the system clock.
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4.2.6 USB Clock

There is a dedicated PLL internally for generating the USB clock, refer to Figure 4-2 for the clock tree. Configure
the USB PLL clock source and division factor using RCC_CFG3.USBPLLSEL and RCC_CFG3.USBPLLPRESJ[3:0].
The resulting USBPLL divided clock can be used as the working clock source for the USBHS or USBFS modules.

USBHSSEL

. —> USBHS_240M
USBHS

SLL > USBHS_CLK(60M)

USBHS_48M
USBPLLSEL UCDR- |—> USBFS_CLK(48M)
SHRTPLL USBPLLPRES
oLL /1/2/3..135  JUSBPLL_DIVCLK
USBFSSEL

4.2.6.1 USBHS Clock

By selecting the clock source as HSE or PLL through RCC USBHSCTRL1.USBHSSEL, ensure that the actual
frequency of the clock source is 16M, 19.2M, 20M, 24M, 26M, or 32M. Confirm the frequency selection through
RCC USBHSCTRLI1.USBHSFSEL and the bandwidth selection through RCC USBHSCTRLI.PLLBW. The
USBHS PLL module automatically multiplies to obtain three clocks: USBHS240M, USBHS48M, and USBHSCLK.
USBHS240M can be used as the system clock source or ADC working clock source; USBHS48M can be used as the
USBEFS clock source; USBHSCLK is the working clock source of the USBHS module.

4.2.6.2 USBFS Clock

By selecting the clock source as USBHS48M, UCDR, or the USBPLL divided clock through
RCC_CFG3.USBFSSEL, when choosing the USBPLL divided clock source, the input frequency must be greater
than or equal to 96M, the output frequency must be configured as 48M.

4.2.7 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_BDCTRL.LSEEN bit.

The RCC_BDCTRL.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.

4.2.7.1 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_BDCTRL.LSEBP and RCC_BDCTRL.LSEEN bits. The external clock signal(square, sinus or
triangle wave) with 50% duty cycle must be connected to the OSC32_IN pin while the OSC32_OUT pin must be left
floating (Hi-Z).
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4.2.8 LSI Clock

The LSI RC can clock the IWDG and AWU in STOP0O and STANDBY modes. The LSI clock frequency is about
32kHz. 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).

An internal embedded LSI clock detection system is in place, which automatically recovers when a low LSI frequency
is detected.

4.2.8.1 LSI calibration

You can calibrate and compensate for the internal low-speed oscillator LSI frequency error to obtain a higher accuracy
RTC timebase and IWDG timeout (when these peripherals are clocked by LSI).

Calibration can be achieved by using the capture measurement of the LSI clock frequency with GTIM1's channel 3,
GTIMS's channel 1, or GTIM7's channel 2. Software can adjust the 22-bit prescaler of the RTC to obtain an accurate
RTC clock reference and calculate an accurate IWDG timeout.

4.2.9 System Clock (SYSCLK) Selection

After a system reset, the HSI oscillator is selected as the system clock. When the clock source is used directly or
indirectly through the PLL as the system clock, it cannot be stopped.

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.

The status bits in the Clock Control Register (RCC_CTRL) indicate which clock is ready and which clock is currently
being used as the system clock.

4.2.10 Clock Security System (CLKSS)

HSE, HSI, and LSE each have their own clock security systems to detect clock failures.
4.2.10.1 HSE clock security system

By setting the RCC_CTRL.HSECSSEN bit, the HSE clock security system is activated. Once activated, the clock
detector is enabled after the start-up delay of the HSE oscillator and disabled when the HSE clock is turned off.

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
MSI oscillator and the disabling of the external HSE oscillator. If HSE clock (divided or not) is selected as PLL input
clock then upon HSE clock failure, the PLL will be turned off.

If a clock failure occurs, the clock failure event will be sent to the brake input of the advanced timer and generate a
clock security system interrupt. The interrupt is connected to the Cortex™-M4F Non-Maskable Interrupt (NMI),
allowing software to take rescue measures in the interrupt, set and clear the interrupt.
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The HSE clock security system can enable different error condition detections, including phase offset out of range,
frequency exceeding the upper limit, and frequency falling below the lower limit. The thresholds for these conditions
are flexible and configurable. For specific details, refer to the relevant register section 4.3.16.

4.2.10.2 HSI clock security system

By setting the RCC_CSSCTRL.HSICSSEN bit, the HSI clock security system is activated. Once activated, the clock
detector is enabled after the start-up delay of the HSI oscillator and disabled when the HSI clock is turned off. If
RCC_CLKINT.HSICSSIEN is enabled, an interrupt will be generated when the HSI CSS event occurs.

4.2.10.3 LSE clock security system

By setting the RCC_BDCTRL.LSECSSEN bit, the LSE clock security system is activated. Once activated, the clock
detector is enabled after the start-up delay of the LSE oscillator and disabled when the LSE clock is turned off. If
RCC_CLKINT.LSECSSIEN is enabled, an interrupt will be generated when the LSE CSS event occurs.

If the LSE oscillator serves as the RTC clock source, the hardware can automatically switch the RTC clock source to
the LSI oscillator when the clock fails, by configuring it through PWR _CTRL6.LSECSSW.

4.2.11 RTC Clock

By programming RCC_BDCTRL.RTCSEL [1:0] bits, the RTCCLK clock source can be either the HSE/128, LSE,
or LSI clocks. This selection cannot be changed unless the low power domain is reset.

The LSE and LSI clocks are in the low power domain, but the HSE clocks are not. therefore:
® IfLSE or LSl s selected as RTC clock:

—  Aslong as VBAT remains powered, the RTC continues to operate even if VDD power is cut off.
® [fthe HSE clock divided by 128 is used as the RTC clock:

— If VDD power is cut off or the voltage regulator is turned off, the RTC state becomes uncertain.

—  The power control register PWR_CTRL.DBKP bit must be set to 1 (disable write protection for the backup

domain).

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)

In RUN mode, the Microcontroller Clock Output (MCO) function allows the clock signal to be output to the external
MCO pin, and the corresponding GPIO port register must be configured for the corresponding function.

By setting the RCC MCOCFG.MCOI1[3:0] bits, select the MCO1 clock, and by setting the
RCC_MCOCFG.MCO2[3:0] bits, select the MCO2 clock. The following clock sources are available for output:

® SYSCLK

® HSI
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® HSE

® PLL Clock Division

® SHRTPLL Clock Division

® USBHS240M Clock Division

® LSI

® ISE

When selecting the clock signal for PLL clock division, SHRTPLL clock division, or USBHS240M clock division,
further selection of the clock source and division factor is required through RCC CFG.MCOPLLSEL and
RCC_CFG.MCOPRES[3:0].

4.2.14 Voltage Reference Buffer (VREFBUF)

4,2.14.1 Introduction to VREFBUF

The chip features an internal voltage reference buffer that can be used as the voltage reference for the ADC, 12-bit
DAC, and internal 6-bit DAC of the COMP. It can also be used as an external component's voltage reference through
the VREF+ pin. When the VREF+ pin is connected to the VDDA pin within the package (refer to the package pin
description in the datasheet for details), the voltage reference buffer is not available, must remain disabled, and the
RCC_VREFCTRL.HIM bit must be set to 1.

Note: VREFBUF is strictly prohibited to turn on the external input at the same time as the internal output mode, and

the output mode and the external input mode can only be one or the other.
4.2.14.2 VREFBUF Functional Description

The built-in voltage reference buffer supports three voltage levels: 2.048V, 2.5V, and 2.9V. The voltage level can be
selected by configuring the RCC_VREFCTRL.VLSEL[1:0] register bits.

Table 4-1 Voltage Reference Buffer Level Selection

RCC_VREFCTRL.VLSELJ1:0] Voltage Reference Buffer Level Selection

00 2.048V
01 2.5V
10 2.9V

The internal voltage reference can be set in four different modes based on the configuration of the EN and HIM bits.

These modes are listed in the table below:

RCC_VREFCTRL.EN RCC_VREFCTRL.HIM | Voltage Reference Buffer Level Selection

0 0 VREFBUF output disabled, Vrer+ pin pulled down to VSSA
0 1 VREFBUF output in high-impedance state, Vrer+ pin in external input
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mode
1 0 VREFBUF output enabled, Vrer+ pin connected to VREFBUF output
1 1 VREFBUF output in high-impedance state, Vrer+ pin voltage maintained
by an external capacitor

Users can enable the operation of VREFBUF by first setting the RCC_VREFCTRL.HIM bit to 0 and then setting the
RCC_VREFCTRL.EN bit to 1. At this point, users must wait for the RCC_VREFCTRL.RDY bit to be set, indicating
that the voltage reference output has reached 90% of the expected value.

Notes:

1. When VREFBUF is operational, VREF- is connected to VSSA by default;

2. The input voltage of VREF+ must not exceed VDDA,

3. After enabling VREFBUF, the VREF+ pin should not be externally connected to a voltage;

4. When using the VREFBUF output, configure RCC_VREFCTRL.HIM = 0 first;

5. The 100nF filtering capacitor is crucial and should be placed as close as possible to the VREF+ pin in PCB design.
4.2.14.3 VREFBUF trim

The output voltage of VREFBUF is calibrated by the chip during manufacturing. When restarting VREFBUF or each
time the voltage level of VREFBUF is changed (RCC_VREFCTRL.VLSEL[1:0]), the calibration data is
automatically loaded into the RCC_VREFCTRL.TRIMDAT][5:0] register. Users can choose to fine-tune the output
voltage by directly changing the bits of the RCC_VREFCTRL.TRIMDATA[S5:0] register, and then enable the new
trimming data by setting the RCC_VREFCTRL.TRIMEN. In this case, the voltage level setting of VREFBUF no

longer affects the TRIM register unless the device is reset.

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 4-2 RCC Register Overview

Off
Register S 8 ) I K| & & I Q ) J K I I S| 4 8 I G ¥ D S o o ~| © v | of «f 4| ©
set
4
gl | 8| z| & z| 8| 2
. . 1] x | W x| 4
RCC_CTRL HSITRIM[6:0] HSICAL[11:0] & I e O Bt
00h Reserved § I 2| | 2| T| 2| =
Reset Value 1 0 ‘ 0 0 ‘ 0 ‘ 0 ‘ 0 0 ‘ 1 ‘ 0 ‘ 1 0 1 ‘ 1 ‘ 1 1 ‘ 1 ‘ 0 0 0 0 0 0 1 1 0 0
g g = z z 3 o
1=y 1=} S ) S »
5 3 ) S, &, ) S = wiow
& s 2 ] it} i} ] Q a|l o &
RCC_CFG - B 2 I @ o ? x x 4 ? Bl 4
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Off
Register | &| 8| Q] & & & & I & &§| & K 2| &) S| & & I Q| S| G| S| @ o ~| o w| | o ~f 4| ©
set
RCC_SRAMCF
INIDAT[31:0]
74h G2
Reset Value 0‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘0‘0‘o‘o‘o‘0‘o‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
RCC_SRAMCF
INISTART[31:0]
78h G3
Reset Value 0‘o‘o‘o‘o‘o‘0‘o‘ololololol0‘0‘o‘o‘ololo‘o‘ololo‘o‘ololo‘o‘ololo
RCC_SRAMCF
7C INIEND[31:0]
G4
h
ResetValue | 0 | 0 | 0| 0 o‘o‘o‘o oo o‘o 0 0‘0‘0 0 0‘0‘0 0 0‘0‘0 o‘olo 0 o‘ololo
T 1 o 1
RCC_USBHSC I Al a o z 2 @ @
S| o T 2 %20 o) - 1%} - o - o @ - a -
2 X BB g 4 B ol g E 8 | I g 2 g
84h TRL1 5| & @] 2/ Reserved & 5 @ 5 a 5 a a 5 < 5
gl & > 4 g g 3 8 2 8
4 3 /4 4 ez ez
Reset Value of0]O0 0|0 1 0 0 0‘0 0
s =
RCC_USBHSC z é s s x
RESTRIM g E [ 5 LS( HDCVTRIM FLIMPTRIM
88h TRL2 Reserved Q| Reserved s 4 N g
© a
Reset Value 1‘0‘0‘00 0‘1 0‘1 1‘1 0‘1 0‘0’1’1 0‘0 1’1
S
&,
RCC_BOOTRE z
8C B REMAPKEY[7:0] 2]
>
MAP ] Reserved <§(
h & W
o
Reset Value 0‘0‘0‘0‘0‘0‘0‘0 OIO
RCC_FDCANB
BADDR([31:0]
90h|  ADDR
Reset Value 0‘0‘1‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0’0’0‘0‘0’0’0

4.3.2 Clock Control Register (RCC_CTRL)

Address offset: 0x00

Reset value: 0x84057C0C

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved HSITRIM6:0] HSICAL[11:0]
™w T
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HSICAL[11:0] HSEISSSE HSEBP |HSERDF | HSEEN | HSIRDF | HSIEN |PLLRDF | PLLEN
T ™ ™ T ™ T ™ T ™
Bit Field Name Description
31:27 Reserved Reserved, the reset value must be maintained.
26:20 HSITRIM[6:0] Internal High-Speed Clock Correction Value: Written by software. The value of these
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Bit Field Name Description

bits will be added to the HSICAL[11:0] bits to form the final value for calibrating the
internal HSI RC oscillator frequency.
The default value is 64, with an adjustment step of SKHz.

19:8 HSICAL[11:0] Internal High-Speed Clock Calibration Value

These bits are automatically initialized at power-up.

7 HSECSSEN HSE 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

6 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

5 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

4 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

3 HSIRDF Internal High-Speed Clock Ready Flag

The flag is set by hardware after HSI is ready. After clearing the HSIEN bit, it takes 6
internal 8MHz oscillator clock cycles to clear this flag.

0: HSI not ready

1: HSI ready

2 HSIEN Internal High-Speed Clock Enable

The internal high-speed clock enable bit is set and cleared by software. This bit
cannot be cleared when HSI is used as the system clock. When returning from STOPQ
or STANDBY mode or in case of HSE failure, the hardware sets this bit to enable the
HSI oscillator. If HSI is used directly or indirectly as the system clock, this bit cannot
be reset.

0: Disable HSI oscillator

1: Enable HSI oscillator

1 PLLRDF PLL Clock Ready Flag

The PLL clock ready flag is set by hardware after the PLL clock is ready.
0: PLL not ready

1: PLL ready
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Bit Field Name Description
0 PLLEN PLL enable

Set and cleared by software. It is cleared by hardware when entering
STOPO/STANDBY mode. When the PLL is used as the system clock, this bit cannot
be cleared.

The PLL will not be enabled when HSI/HSE is used as the clock source for the PLL
until the HSI/HSE clock is ready.

0: Disable PLL

1: Enable PLL

4.3.3 Clock Configuration Register (RCC_CFG)

Address offset: 0x04

Reset value: 0x00200004

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

MCOPLLSEL(1:0] Reserved SCLKSWI[1:0] SCLKSTS[1:0] MCOPRES[3:0] AHBPRES][3:0]
™w ™ T ™w ™w

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

Reserved APB2PRES[2:0] APBIPRES[2:0] PLLMULFCTJ[5:0] PL]EESSIP PL]ﬁ]gng PLLSRC
™ ™ ™ ™ ™ ™

Bit Field Name Description
31:30 MCOPLLSEL[1:0] MCO Output PLL Selection

x0: Select PLL clock as MCO output source
01: Select SHRTPLL clock as MCO output source
11: Select USBHS 240M clock as MCO output source

29:28 Reserved Reserved, the reset value must be maintained.

27:26 SCLKSW[1:0] System Clock Switching:

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

When exiting STOPO or STANDBY mode, or in case of HSE oscillator failure
(RCC_CTRL.HSECSSEN enabled), hardware sets it to force the selection of HSI.
00: Select HSI as system clock

01: Select HSE as system clock

10: Select PLL as system clock (PLL, SHRTPLL, USBHS240M can be selected)
11: Not available

Note: When selecting the PLL clock as the system clock source, further selection of
PLL, SHRTPLL, or USBHS240M as the system clock can be made through
RCC PLLCTRL.SCLKPLLSEL (default is PLL).

25:24 SCLKSTS[1:0] System Clock Switching Status:

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

00: System clock from HSI
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01: System clock from HSE
10: System clock from PLL, SHRTPLL, or USBHS240M
11: Not available

23:20

MCOPRES[3:0]

MCO Prescaler.

Software sets or clears.

0010: PLL clock divided by 2 as MCO clock
0011: PLL clock divided by 3 as MCO clock
0100: PLL clock divided by 4 as MCO clock
0101: PLL clock divided by 5 as MCO clock
0110: PLL clock divided by 6 as MCO clock
0111: PLL clock divided by 7 as MCO clock
1000: PLL clock divided by 8 as MCO clock
1001: PLL clock divided by 9 as MCO clock
1010: PLL clock divided by 10 as MCO clock
1011: PLL clock divided by 11 as MCO clock
1100: PLL clock divided by 12 as MCO clock
1101: PLL clock divided by 13 as MCO clock
1110: PLL clock divided by 14 as MCO clock
1111: PLL clock divided by 15 as MCO clock

Other values: Not allowed to be set

19:16

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

15

Reserved

Reserved, the reset value must be maintained.

14:12

APB2PRES[2:0]

APB high-speed (APB2) prescaler

Set and cleared by software to configure the division factor of APB2 clock
(PCLK2). Make sure that PCLK2 does not exceed 180 MHz, and the frequency is
not the same as AHB.

0xx: HCLK not divided

100: HCLK divided by 2

101: HCLK divided by 4

110: HCLK divided by 8

111: HCLK divided by 16

11:9

APBI1PRES[2:0]

APB low-speed (APB1) prescaler
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4

Set and cleared by software to configure the division factor of APB1 clock
(PCLK1). Make sure that PCLK 1 does not exceed 180MHz.

Oxx: HCLK not divided

100: HCLK divided by 2

101: HCLK divided by 4

110: HCLK divided by 8

111: HCLK divided by 16

8:3 PLLMULFCT[5:0] PLL multiplication factor
Written by software to define PLL multiplication factor. These bits can only be
written when the PLL is disabled.
Note: It is recommended that the octave factor not be less than 8
000000:PLL input clockx4
000001:PLL input clockx6
000010:PLL input clockx8
000011:PLL input clockx10
000100:PLL input clockx12
000101:PLL input clockx14
000110:PLL input clockx16
000111:PLL input clockx18
001000:PLL input clockx20
001001:PLL input clockx22
001010:PLL input clockx24
001011:PLL input clockx26
001100:PLL input clock*28
001101:PLL input clockx30
001110:PLL input clockx32
001111:PLL input clockx34
010000:PLL input clockx36
010001:PLL input clockx38
010010:PLL input clockx40
010011:PLL input clockx42
010100:PLL input clockx44
010101:PLL input clockx46
010110:PLL input clock*48
010111:PLL input clockx50
011000:PLL input clockx52
011001:PLL input clockx54
011010:PLL input clockx56
011011:PLL input clockx58
011100:PLL input clockx60
011101:PLL input clockx62
011110:PLL input clockx64
011111:PLL input clockx66
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100000:PLL input clockx68
100001:PLL input clockx70
100010:PLL input clockx72
100011:PLL input clockx74
100100:PLL input clockx76
Other value: disabled

2 PLLHSIPRES PLL Input HSI Prescaler:

Set and cleared by software to configure the HSI division before entering the PLL.

4

This bit can only be written when the PLL is disabled.

0: HSI clock not divided

1: HSI clock divided by 2

1 PLLHSEPRES PLL Input HSE Prescaler:

Set and cleared by software to configure the HSE division before entering the PLL.

This bit can only be written when the PLL is disabled.
0: HSE clock not divided

1: HSE clock divided by 2

0 PLLSRC PLL Clock Source:

Set and cleared by software to configure the selection of the PLL clock source. This

bit can only be written when the PLL is disabled.
0: Select HSI (or divided by 2) clock as the PLL input clock
1: Select HSE (or divided by 2) clock as the PLL input clock

4.3.4 Clock Configuration Register2 (RCC_CFG2)

Address offset: 0x08

Reset value: 0x00007000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ATIMCLK|GTIMCLK|HCLKPRE i ADCIMS ADCIMP
Reserved SEL SEL S Reserved RNGCPRES[4:0] EL Reserved RES[4:0]
™w ™w ™ ™ ™ ™
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ADCIMPRES[4:0] Reserved AIRS‘%LG ﬁ?EgETE ADCOTGPLLPRES[2:0] ADCHPRES][3:0]

™w ™ ™ ™ ™w
Bit Field Name Description
31:29 Reserved Reserved, the reset value must be maintained.
28 ATIMCLKSEL ATIM1/2/3 Clock Source

Selection Set and cleared by software.

0: Select SYSCLK as the ATIM1/2/3 clock source
1: Select HCLK as the ATIM1/2/3 clock source
27 GTIMCLKSEL GTIMS&/9/10 Clock Source Selection
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Bit Field Name Description

Set and cleared by software.

0: If APB2 prescaler is 1, select PCLK2 as the GTIMS8/9/10 clock source.
Otherwise, select PCLK2 x 2

1: Select SYSCLK as the GTIMS8/9/10 clock source

26 HCLKPRES SAC/SDIO/USBHS/ETH Access Clock HCLK Prescaler

Set and cleared by software to configure the prescaler factor for
SAC_HCLK/SDIO_HCLK/USBHS HCLK/ETH_HCLK.

0: No division of HCLK

1: HCLK divided by 2

Note: Must be configured to 0 when using SAC; When using SDIO/USBHS/ETH,
set it to 1 when HCLK is greater than 180M, otherwise set it to 0

25 Reserved Reserved, the reset value must be maintained.

24:20 RNGCPRESJ[4:0] RNGC Prescaler.

These bits are set or cleared by software to configure the prescaler factor for the
RNGC clock.

00000: No division of SYSCLK

00001: SYSCLK divided by 2

00010: SYSCLK divided by 3

11110: SYSCLK divided by 31
11111: SYSCLK divided by 32

19 ADCIMSEL ADC 1M Clock Source Selection.

Set or cleared by software.

0: Select HSI oscillator clock as the input clock for ADC 1M
1: Select HSE oscillator clock as the input clock for ADC 1M

18:17 Reserved Reserved, the reset value must be maintained.

16:12 ADCIMPRES[4:0] ADC 1M Clock Divider.

Set or clear these bits by software to configure the prescaler factor for the ADC1M
clock source.

00000: No division of the ADC 1M clock source

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: The clock for the ADC must be configured as 1M

11:9 Reserved Reserved, the reset value must be maintained.

8 ADCOTGPLLEN ADC USBHS 240M or PLL Enable:

When selecting the ADC working clock source as USBHS 240M or PLL clock
through the RCC_CFG.ADCOTGPLLSEL bit, use this bit to enable or disable it.
0: ADC USBHS 240M or PLL clock disabled

1: ADC USBHS 240M or PLL clock enabled
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Bit Field Name

Description

7 ADCOTGPLLSEL

ADC Clock Source USBHS 240M or PLL Selection:

When selecting the ADC working clock source as PLL through the
ADC_CTRL3.CKMOD bit, use this bit to further specify the specific PLL clock

source.

0: Select PLL clock as the source for division

1: Select USBHS 240M clock as the source for division

6:4 ADCOTGPLLPRES[2:0]

ADC USBHS 240M or PLL Prescaler:

When selecting the ADC working clock source as USBHS 240M or PLL clock
through the RCC_CFG.ADCOTGPLLSEL bit, further configure the specific

division factor using this bit.

000: No division of USBHS 240M or PLL clock
001: USBHS 240M or PLL clock divided by 2
010: USBHS 240M or PLL clock divided by 3
011: USBHS 240M or PLL clock divided by 4
100: USBHS 240M or PLL clock divided by 6
101: USBHS 240M or PLL clock divided by 8
110: USBHS 240M or PLL clock divided by 10
111: USBHS 240M or PLL clock divided by 12

3:0 ADCHPRESJ[3:0]

ADC HCLK Prescaler:

These bits are set and cleared by software to configure the division factor of the
HCLK clock to the ADC. When the ADC working clock source is selected as the
HCLK clock through the ADC_CTRL.CKMOD bit, further configure the division

factor using this bit.

0000: No division of the HCLK clock
0001: HCLK clock divided by 2
0010: HCLK clock divided by 3
0011: HCLK clock divided by 4
0100: HCLK clock divided by 6
0101: HCLK clock divided by 8
0110: HCLK clock divided by 10
0111: HCLK clock divided by 12
1000: HCLK clock divided by 16
Others: HCLK clock divided by 32

4.3.5 Clock Configuration Register3 (RCC_CFG3)

Address offset: 0x0C
Reset value: 0xC00C0071

31 30 29 28

27 26

25 24 23 22 21 20 19

FDCANPLLPRES[3:0]

12S3SEL[1:0]

12S2SEL[1:0] FDCANSEL([1:0] Reserved

USBPLLPRES[3:0]

™
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
USBPLLS|RPDMAE TRNGIM | TRNGIM [BORRSTE|
EL N |RPINTEN| RPINTF | USBFSSEL[1:0] [USBFSTM TRNGIMPRES][3:0] Reserved EN SEL N
™ ™ ™w T ™ ™w ™ ™w ™ ™w

Bit Field Name Description
31:28 FDCANPLLPRES][3:0] FDCAN1/2/3 PLL Clock Source Prescaler

0000: Not used

0001: PLL or SHRTPLL clock divided by 1
0010: PLL or SHRTPLL clock divided by 2
0011: PLL or SHRTPLL clock divided by 3

1110: PLL or SHRTPLL clock divided by 14
1111: PLL or SHRTPLL clock divided by 15

27:26 12S3SEL[1:0] 1283 Clock Source Selection

The 1283 clock source selection must not exceed 180MHz
00: Select SYSCLK as the input clock

01: Select SHRTPLL clock as the input clock

10: Select 12S_CLKIN pin clock as the input clock

11: Select HSI clock as the input clock

25:24 12S2SEL[1:0] 1252 Clock Source Selection

The 1282 clock source selection must not exceed 180M.
00: Select SYSCLK as the input clock

01: Select SHRTPLL clock as the input clock

0: Select 12S_CLKIN pin clock as the input clock

11: Select HSI clock as the input clock

23:22 FDCANSELJ[1:0] FDCAN1/2/3 Clock Source Selection

00: Select PLL divided clock as the input clock

01: Select SHRTPLL divided clock as the input clock
1x: Select HSE clock as the input clock

21:20 Reserved Reserved, the reset value must be maintained.

19:16 USBPLLPRES[3:0] USB PLL clock source predivider

0000: Not used

0001: PLL or SHRTPLL clock divided by 1 0010: PLL or SHRTPLL clock divided
by 2 0011: PLL or SHRTPLL clock divided by 3 ... 1110: PLL or SHRTPLL clock
divided by 14 1111: PLL or SHRTPLL clock divided by 15

15 USBPLLSEL USB PLL divider clock source selection

When the USBHS or USBFS clock source is selected as the PLL divider clock, this
bit can further select the PLL clock source as the PLL clock or SHRTPLL clock.

0: Select PLL clock

1: Select SHRTPLL clock

14 RPDMAEN DMA access permission to Flash during Row programming

0: DMA can access Flash space
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Bit Field Name Description

1: DMA is prohibited from accessing Flash space

13 RPINTEN Row programming interrupt flag enable

0: When a row programming interrupt event occurs, the corresponding flag bit
RCC_CFG3.RPINTF is not set to 1

1: When a row programming interrupt event occurs, the corresponding flag bit

RCC_CFG3.RPINTF is set to 1

12 RPINTF Row programming interrupt flag.

This bit is set to 1 by hardware when RCC_CFG3.RPINTEN =1 and a row
programming interrupt event occurs, and is cleared by setting
RCC_CFG3.RPINTEN to 0.

0: No row programming interrupt event has occurred

1: A row programming interrupt event has occurred

11:10 USBFSSEL[1:0] USBES clock source selection

The USBFS clock source selection must be configured as 48M.

00: Select UCDR clock

01: Select PLL divider clock

1x: Select USBHS 48M clock

Note: When selecting the PLL divider clock, the PLL clock source can be further
selected as the PLL clock or SHRTPLL clock through RCC_CFG3.USBPLLSEL.

9 USBFSTM USBFS 48M timing mode selection

0: Optimize timing when the PCLK clock frequency of USBFS is less than 120M
1: Optimize timing when the PCLK clock frequency of USBFS is greater than or
equal to 120M

8:5 TRNG1MPRES[3:0] TRNG IM clock predivider.

These bits are set or cleared by software to generate the TRNG 1M clock.
0000: TRNG 1M clock source divided by 2

0001: TRNG 1M clock source divided by 4

0010: TRNG 1M clock source divided by 6

0011: TRNG 1M clock source divided by 8

0100: TRNG 1M clock source divided by 10

1101: TRNG 1M clock source divided by 28
1110: TRNG 1M clock source divided by 30
1111: TRNG IM clock source divided by 32

4:3 Reserved Reserved, the reset value must be maintained.

2 TRNGIMEN TRNG analog interface clock enable.
Set or clear by software.

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

1 TRNGIMSEL TRNG IM clock selection.
Set or clear by software.

0: Select HSI oscillator as the TRNG 1M input clock
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Bit Field Name Description
1: Select HSE oscillator as the TRNG 1M input clock
0 BORRSTEN BOR reset enable.

Set or clear by software.
0: BOR reset disabled
1: BOR reset enabled

4.3.6 Clock Interrupt Register (RCC_CLKINT)

Address offset: 0x10
Reset value: 0x0000 0000

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

Reserved

HSICSSIF

HSICSSF

HSECSSF

LSECSSF

HSICSSIE
N

HSICSSIC
LR

LSECSSIC

LR

BORICLR

LSERDIC
LR

LSIRDICL

R

HSECSSI
CLR

HSERDIC
LR

HSIRDIC
LR

PLLRDIC
LR

15

14

13

12

11

10

™

9

w

8

w

w

w

w

w

w

W

LSECSSIE
N

BORIEN

LSERDIE
N

ILSIRDIEN

HSECSSI
EN

HSERDIE
N

HSIRDIE
N

PLLRDIE
N

LSECSSIF

BORIF

LSERDIF

LSIRDIF

HSECSSIF

HSERDIF

HSIRDIF

PLLRDIF

™

™w

™w

™

™

™

Bit Field

Name

Description

31:30

Reserved

Reserved, the reset value must be maintained.

29

HSICSSIF

HSI clock security system interrupt flag

This bit is set by hardware when HSICSSIEN is set and a fault is detected in the
external HSI oscillator. Software clears this bit by setting the HSICSSICLR bit.
0: No clock security system interrupt caused by HSI clock failure

1: Clock security system interrupt caused by HSI clock failure

28

HSICSSF

HSI clock security system flag

This bit is set by hardware when a fault is detected in the external HSI oscillator.
0: No clock security system fault caused by HSI clock failure

1: Clock security system fault caused by HSI clock failure

27

HSECSSF

HSE clock security system flag

This bit is set by hardware when a fault is detected in the external HSE oscillator.
0: No clock security system fault caused by HSE clock failure

1: Clock security system fault caused by HSE clock failure

26

LSECSSF

LSE clock security system flag

This bit is set by hardware when a fault is detected in the external LSE oscillator.
0: No clock security system fault caused by LSE clock failure

1: Clock security system fault caused by LSE clock failure

25

HSICSSIEN

HSI clock security system interrupt enable

Set and clear by software to enable or disable the clock security system interrupt.
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0: Disable HSI clock security system interrupt

1: Enable HSI clock security system interrupt

24 HSICSSICLR HSI clock security system interrupt clear
Set by software to clear the HSICSSIF flag.
0: No effect

1: Clear the HSICSSIF flag

23 LSECSSICLR LSE clock security system interrupt clear
Set by software to clear the LSECSSIF flag.
0: No effect

1: Clear the LSECSSIF flag

22 BORICLR BOR interrupt clear

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

1: Clear the BORIF flag

21 LSERDICLR LSE ready interrupt clear Set by software to clear the LSERDIF flag.
0: No effect
1: Clear the LSERDIF flag

20 LSIRDICLR LSI ready interrupt clear

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

1: Clear the LSIRDIF flag

19 HSECSSICLR HSE clock security system interrupt clear
Set by software to clear the HSECSSIF flag.
0: No effect

1: Clear the HSECSSIF flag

18 HSERDICLR HSE ready interrupt clear

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

1: Clear the HSERDIF flag

17 HSIRDICLR HSI ready interrupt clear

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

1: Clear the HSIRDIF flag

16 PLLRDICLR PLL ready interrupt clear

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

1: Clear the PLLRDIF flag

15 LSECSSIEN LSE clock security system interrupt enable

Set and clear by software to enable or disable the clock security system interrupt.
0: Disable LSE clock security system interrupt

1: Enable LSE clock security system interrupt
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14 BORIEN BOR interrupt enable

Set and clear by software to enable or disable the BOR interrupt.
0: Disable BOR interrupt

1: Enable BOR interrupt

13 LSERDIEN LSE ready interrupt enable

Set and clear by software to enable or disable the LSE ready interrupt.
0: Disable LSE ready interrupt

1: Enable LSE ready interrupt

12 LSIRDIEN LSI ready interrupt enable

Set and clear by software to enable or disable the LSI ready interrupt.
0: Disable LSI ready interrupt

1: Enable LSI ready interrupt

11 HSECSSIEN HSE clock security system interrupt enable

Set and clear by software to enable or disable the clock security system interrupt.
0: Disable HSE clock security system interrupt

1: Enable HSE clock security system interrupt

10 HSERDIEN HSE ready interrupt enable

Set and clear by software to enable or disable the HSE ready interrupt.
0: Disable HSE ready interrupt

1: Enable HSE ready interrupt

9 HSIRDIEN HSI ready interrupt enable

Set and clear by software to enable or disable the HSI ready interrupt.
0: Disable HSI ready interrupt

1: Enable HSI ready interrupt

8 PLLRDIEN PLL ready interrupt enable

Set and clear by software to enable or disable the PLL ready interrupt
0: Disable PLL ready interrupt

1: Enable PLL ready interrupt

7 LSECSSIF LSE clock security system interrupt flag

This bit is set by hardware when LSECSSIEN is set and a fault is detected in the
external LSE oscillator. Software clears this bit by setting the LSECSSICLR bit.

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

1: Clock security system interrupt caused by LSE clock failure

6 BORIF BOR interrupt flag

This bit is set by hardware when BORIEN is set and a BOR occurs. Software clears
this bit by setting the BORICLR bit.

0: No BOR reset interrupt occurred

1: BOR reset interrupt occurred

5 LSERDIF LSE ready interrupt flag

This bit is set by hardware when LSERDIEN is set and the LSE clock is ready.
Software clears this bit by setting the LSERDICLR bit.

0: No clock ready interrupt caused by the LSE oscillator

1: Clock ready interrupt caused by the LSE oscillator
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LSIRDIF LSI ready interrupt flag

This bit is set by hardware when LSIRDIEN is set and the LSI clock is ready.
Software clears this bit by setting the LSIRDICLR bit.

0: No clock ready interrupt caused by the LSI oscillator

1: Clock ready interrupt caused by the LSI oscillator

3 HSECSSIF HSE clock security system interrupt flag

This bit is set by hardware when HSECSSIEN is set and a fault is detected in the
external HSE oscillator. Software clears this bit by setting the HSECSSICLR bit.

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

1: Clock security system interrupt caused by HSE clock failure

HSERDIF HSE ready interrupt flag

This bit is set by hardware when HSERDIEN is set and the HSE clock is ready.
Software clears this bit by setting the HSERDICLR bit.

0: No clock ready interrupt caused by the HSE oscillator

1: Clock ready interrupt caused by the HSE oscillator

1 HSIRDIF HSI ready interrupt flag

This bit is set by hardware when HSIRDIEN is set and the HSI clock is ready.
Software clears this bit by setting the HSIRDICLR bit.

0: No clock ready interrupt caused by the HSI oscillator

1: Clock ready interrupt caused by the HSI oscillator

PLLRDIF PLL ready interrupt flag
This bit is set by hardware when PLLRDIEN is set and the PLL clock is ready.
Software clears this bit by setting the PLLRDICLR bit.

0: No clock ready interrupt caused by PLL lock

1: Clock ready interrupt caused by PLL lock

4.3.7 Control/Status Register (RCC_CTRLSTYS)

Address offset: 0x14

Reset value: 0x0C000003

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LPWRRS WWDGRSIWDGRST| g1 g1 [PORRSTF| PINRSTF [PMPURST| Regerved |RAMERS | peceryed [BKPEMC | MAINEM |y p psTr Reserved

TF TF F F TF F CF

T T T T T T T T T T T

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

Reserved RMRSTF | Reserved | LSIRD LSIEN
™ T ™

Bit Field Name Description
31 LPWRRSTF Low power reset flag

This bit is set by hardware when a low power management reset occurs.
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Bit Field Name Description

Software clears this bit by writing to the RMRSTF bit.
0: No low power management reset occurred

1: Low power management reset occurred

30 WWDGRSTF Window watchdog reset flag

This bit is set by hardware when a window watchdog reset occurs.
Software clears this bit by writing to the RMRSTF bit.

0: No window watchdog reset occurred

1: Window watchdog reset occurred

29 IWDGRSTF Independent watchdog reset flag

This bit is set by hardware when an independent watchdog reset occurs.
Software clears this bit by writing to the RMRSTF bit.

0: No independent watchdog reset occurred

1: Independent watchdog reset occurred

28 SFTRSTF Software reset flag

This bit is set by hardware when a software reset occurs.
Software clears this bit by writing to the RMRSTF bit.
0: No software reset occurred

1: Software reset occurred

27 PORRSTF Power-on/Power-down reset flag

This bit is set by hardware when a power-on/power-off reset occurs.
Software clears this bit 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

This bit is set by hardware when a reset occurs at the NRST pin.
Software clears this bit by writing to the RMRSTF bit.

0: No reset occurred at the NRST pin

1: Reset occurred at the NRST pin

25 SMPURSTF SMPU reset flag

This bit is set by hardware when an SMPU reset occurs.
Software clears this bit by writing to the RMRSTF bit.
0: No SMPU reset occurred

1: SMPU reset occurred

24 Reserved Reserved, the reset value must be maintained.

23 RAMERSTF RAM ECC or parity check error reset flag.

This bit is set to 1 by hardware when a RAM ECC or parity check error reset
occurs, and software clears it by writing to the RMRSTF bit.

0: No RAM check reset occurred

1: RAM check reset occurred

22 Reserved Reserved, the reset value must be maintained.

21 BKPEMCF Backup domain EMC reset flag.
This bit is set to 1 by hardware when a backup domain EMC reset occurs, and
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Bit Field Name

Description

software clears it by writing to the RMRSTF bit.
0: No backup domain EMC reset occurred

1: Backup domain EMC reset occurred

20 MAINEMCF

Main domain EMC reset flag.

This bit is set to 1 by hardware when a main domain EMC reset occurs, and
software clears it by writing to the RMRSTF bit.

0: No main domain EMC reset occurred

1: Main domain EMC reset occurred

19 BORRSTF

BOR reset flag.

This bit is set to 1 by hardware when a BOR reset occurs, and software clears it by
writing to the RMRSTF bit.

0: No BOR reset occurred

1: BOR reset occurred

Reserved

Reserved, the reset value must be maintained.

3 RMRSTF

Clear reset flags

Software sets this bit to 1 to clear all reset flags.
0: No effect

1: Clear reset flags

Reserved

Reserved, the reset value must be maintained.

1 LSIRD

Internal low-speed oscillator ready

Set and cleared by hardware to indicate whether the internal RC 32kHz oscillator is
ready. After clearing LSIEN, LSIRD is cleared 3 internal RC 32kHz oscillator
clock cycles later.

0: Internal 32kHz RC oscillator clock not ready

1: Internal 32kHz RC oscillator clock ready

LSIEN

Internal low-speed oscillator enable

Set and cleared by software.

0: Disable internal RC 32kHz oscillator
1: Enable internal RC 32kHz oscillator

4.3.8 AHB Peripheral Clock Enable Register (RCC_AHBPCLKEN)

Address offset: 0x18

Reset value: 0x00000000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved SHR:IIME ATIM3EN |ATIM2EN
™ ™ ™w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ATIMIEN| DVPEN CORI]\I)ICE FMACEN |[USBHSEN| ETHEN | CRCEN |DMA2EN|DMAIEN| SDIOEN | XSPIEN |[RNGCEN BI;:ESII;A FEMCEN | FLITFEN | SRAMEN
™ ™ ™w ™w ™w ™ ™ ™ ™ ™w ™w ™ ™ ™ ™ ™w
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Bit Field Name Description
31:19 Reserved Reserved, the reset value must be maintained.
18 SHRTIMEN SHRTIM clock enable

Set and cleared by software.
0: Disable SHRTIM clock
1: Enable SHRTIM clock

17 ATIM3EN ATIM3 clock enable

Set and cleared by software.
0: Disable ATIM3 clock

1: Enable ATIM3 clock

16 ATIM2EN ATIM2 clock enable

Set and cleared by software.
0: Disable ATIM2 clock

1: Enable ATIM2 clock

15 ATIM1EN ATIM1 clock enable

Set and cleared by software.
0: Disable ATIM1 clock

1: Enable ATIM1 clock

14 DVPEN DVP clock enable

Set and cleared by software.
0: Disable DVP clock

1: Enable DVP clock

13 CORDICEN CORDIC clock enable

Set and cleared by software.
0: Disable CORDIC clock
1: Enable CORDIC clock

12 FMACEN FMAC clock enable

Set and cleared by software.
0: Disable FMAC clock

1: Enable FMAC clock

11 USBHSEN USBHS clock enable

Set and cleared by software.
0: Disable USBHS clock

1: Enable USBHS clock

10 ETHEN ETH clock enable

Set and cleared by software.
0: Disable ETH clock

1: Enable ETH clock

9 CRCEN CRC clock enable

Set and cleared by software.
0: Disable CRC clock

1: Enable CRC clock
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Bit Field

Name

Description

8

DMAZ2EN

DMA2 clock enable

Set and cleared by software.
0: Disable DMA2 clock

1: Enable DMA2 clock

DMAILEN

DMAL clock enable

Set and cleared by software.
0: Disable DMAL clock

1: Enable DMAL1 clock

SDIOEN

SDIO clock enable

Set and cleared by software.
0: Disable SDIO clock

1: Enable SDIO clock

XSPIEN

XSPI clock enable

Set and cleared by software.
0: Disable XSPI clock

1: Enable XSPI clock

RNGCEN

RNGC clock enable

Set and cleared by software.
0: Disable RNGC clock

1: Enable RNGC clock

BKPSRAMEN

Backup SRAM clock enable
Set and cleared by software.
0: Disable Backup SRAM clock
1: Enable Backup SRAM clock

FEMCEN

FEMC clock enable

Set and cleared by software.
0: Disable FEMC clock

1: Enable FEMC clock

FLITFEN

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

1: Enable flash interface circuit clock

SRAMEN

SRAM clock enable

In SLEEP mode, set and clear by software to enable/disable the SRAM clock.
0: SRAM clock disabled in SLEEP mode

1: SRAM clock enabled in SLEEP mode

4.3.9 APBI1 Peripheral Clock Enable Register (RCC_ APB1PCLKEN)

Address offset: 0x1C

Reset value: 0x00000000
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DAC34EN(DACI2EN WWNDGE I2C4EN | 12C3EN F(]))FCFl?iiz FgFCFl;I;2 FgFCFl;I;J\Jl BTIM2EN|BTIMIEN FDCI‘/:I\BE FDCSNZE FDCSNIE USBFSEN|UCDREN |GTIM7EN
™w ™w ™ ™ ™ ™w ™w ™w ™w ™ ™ ™w ™w ™ ™ ™
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GTIM6EN|GTIMSEN|GTIM4EN|GTIM3EN [GTIM2EN|GTIMIEN| SPI3EN | SPI2EN | I2C2EN | I12CIEN |UARTSEN|UARTS8EN USA;]{ T3E USA£ T28 BKPEN [ PWREN
™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™w

Bit Field Name Description

31 DAC34EN DAC3/4 clock enable

Set and cleared by software.
0: Disable DAC3/4 clock

1: Enable DAC3/4 clock

30 DAC12EN DAC1/2 clock enable

Set and cleared by software.
0: Disable DAC1/2 clock

1: Enable DAC1/2 clock

29 WWDGEN WWDG clock enable

Set and cleared by software.
0: Disable WWDG clock

1: Enable WWDG clock

28 I2C4EN 12C4 clock enable

Set and cleared by software.
0: Disable 12C4 clock

1: Enable 12C4 clock

27 I2C3EN 12C3 clock enable

Set and cleared by software.
0: Disable 12C3 clock

1: Enable 12C3 clock

26 FDCANS3OFFEN FDCANS3 shutdown request signal enable
When this bit is enabled, a shutdown request is sent to the FDCAN module. The

CPU clears this bit upon receiving a shutdown acknowledgment from the FDCAN
module.

0: Do not send shutdown request

1: Send shutdown request

25 FDCAN20OFFEN FDCANZ2 shutdown request signal enable

When this bit is enabled, a shutdown request is sent to the FDCAN module. The
CPU clears this bit upon receiving a shutdown acknowledgment from the FDCAN
module.

0: Do not send shutdown request

1: Send shutdown request

24 FDCAN1OFFEN FDCANZ1 shutdown request signal enable
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Bit Field Name Description

When this bit is enabled, a shutdown request is sent to the FDCAN module. The
CPU clears this bit upon receiving a shutdown acknowledgment from the FDCAN
module.

0: Do not send shutdown request

1: Send shutdown request

23 BTIM2EN BTIM2 clock enable

Set and cleared by software.
0: Disable BTIM2 clock

1: Enable BTIM2 clock

22 BTIM1EN BTIM1 clock enable

Set and cleared by software.
0: Disable BTIM1 clock

1: Enable BTIM1 clock

21 FDCANSEN FDCANS3 clock enable

Set and cleared by software.
0: Disable FDCANS clock
1: Enable FDCAN3 clock

20 FDCANZEN FDCANZ2 clock enable

Set and cleared by software.
0: Disable FDCAN2 clock
1: Enable FDCAN2 clock

19 FDCANIEN FDCANT1 clock enable

Set and cleared by software.
0: Disable FDCAN1 clock
1: Enable FDCANL1 clock

18 USBFSEN USBFS clock enable

Set and cleared by software.
0: Disable USBFS clock

1: Enable USBFS clock

17 UCDREN UCDR clock enable

Set and cleared by software.
0: Disable UCDR clock

1: Enable UCDR clock

16 GTIM7EN GTIMY clock enable

Set and cleared by software.
0: Disable GTIM7 clock

1: Enable GTIM7 clock

15 GTIM6EN GTIM6 clock enable

Set and cleared by software.
0: Disable GTIM6 clock

1: Enable GTIM6 clock

14 GTIM5EN GTIMS5 clock enable
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Bit Field Name Description

Set and cleared by software.
0: Disable GTIM5 clock
1: Enable GTIMS clock

13 GTIM4EN GTIM4 clock enable

Set and cleared by software.
0: Disable GTIM4 clock

1: Enable GTIM4 clock

12 GTIM3EN GTIM3 clock enable

Set and cleared by software.
0: Disable GTIM3 clock

1: Enable GTIM3 clock

11 GTIM2EN GTIM2 clock enable

Set and cleared by software.
0: Disable GTIM2 clock

1: Enable GTIM2 clock

10 GTIM1EN GTIM1 clock enable

Set and cleared by software.
0: Disable GTIM1 clock

1: Enable GTIM1 clock

9 SPI3EN SPI13 clock enable

Set and cleared by software.
0: Disable SPI3 clock

1: Enable SPI3 clock

8 SPI2EN SPI12 clock enable

Set and cleared by software.
0: Disable SPI2 clock

1: Enable SPI2 clock

7 12C2EN 12C2 clock enable

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

1: Enable 12C2 clock

6 I2C1EN 12C1 clock enable

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

1: Enable 12C1 clock

5 UARTS5EN UARTS clock enable

Set and cleared by software.
0: Disable UARTS clock

1: Enable UARTS clock

4 UARTSEN UARTS clock enable
Set and cleared by software.
0: Disable UARTS clock
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Bit Field

Name

Description

1: Enable UARTS clock

USART3EN

USARTS3 clock enable

Set and cleared by software.
0: Disable USARTS3 clock
1: Enable USARTS3 clock

USARTZ2EN

USART2 clock enable

Set and cleared by software.
0: Disable USART2 clock
1: Enable USART2 clock

BKPEN

Backup interface enable
Software set and clear.

0: Backup interface disabled
1: Backup interface enabled

PWREN

Power interface clock enable
Software set and clear
0: Power interface clock disabled

1: Power interface clock enabled

4.3.10 APB2 Peripheral Clock Enable Register (RCC_APB2PCLKEN)

Address offset: 0x20

Reset value: 0x00000000

31

30

29

28

27

26

25

24

23

22

21

20

Reserved

15

14

13

11

10

9

8

7

6

5

4

3

2

1

0

Reserved USA§T4E CO_I]}/}[;TTIL PGAEN |COMPEN GTH\T\/I”OE GTIM9EN|GTIM8EN|UART7EN|UART6EN USATETIE SPIIEN | SPI4EN | SPISEN | SPIGEN | AFIOEN
rw w w w rw rw rw rw w w rw rw rw rw rw
Bit Field Name Description
31:15 Reserved Reserved, the reset value must be maintained.
14 USART4EN USART4 clock enable
Set and cleared by software.
0: USART4 clock disabled
1: USART4 clock enabled
13 COMPFILTEN COMP filter clock enable
Software set and reset.
0: COMP filter clock disabled
1: COMP filter clock enabled
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Bit Field Name Description

12 PGAEN PGA clock enable

Software set and reset.
0: PGA clock disabled
1: PGA clock enabled

11 COMPEN COMP clock enable
Software set and reset.
0: COMP clock disabled
1: COMP clock enabled

10 GTIM10EN GTIM10 Timer clock enable
Set and cleared by software.
0: GTIM10 timer clock disabled
1: GTIM10 timer clock enabled

9 GTIM9EN GTIM9 Timer clock enable
Set and cleared by software.
0: GTIMO timer clock disabled
1: GTIM9 timer clock enabled

8 GTIM8EN GTIMB8 Timer clock enable
Set and cleared by software.
0: GTIM8 timer clock disabled
1: GTIM8 timer clock enabled

7 UART7EN UART7 Timer clock enable
Set and cleared by software.
0: UARTY timer clock disabled
1: UARTY timer clock enabled

6 UARTG6EN UART6 Timer clock enable
Set and cleared by software.
0: UART6 timer clock disabled
1: UART®6 timer clock enabled

5 USARTI1EN USART1 Timer clock enable
Set and cleared by software.

0: USARTL timer clock disabled
1: USART1 timer clock enabled

4 SPI1EN SPI1 clock enable

Software set and reset.
0: SPI1 clock disabled
1: SPI1 clock enabled

3 SPI4EN SP14 clock enable

Software set and reset.
0: SPI14 clock disabled
1: SPI4 clock enabled

2 SPISEN SP15 clock enable

Software set and reset.
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Bit Field Name Description

0: SPI5 clock disabled
1: SPI5 clock enabled

1 SPIGEN SPI6 clock enable
Software set and reset.
0: SPI6 clock disabled

1: SPI6 clock enabled

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

1: Alternate Function 10 clock enabled

4.3.11 AHB Peripheral Reset Register (RCC_AHBPRST)

Address offset: 0x24
Reset value: 0x0000 0100

31 30 29 28 27 26 25 24 23 22 21

20

19 18 17 16

USBHSRS
T

FMACRS
T

CORDICR
ST

ATIM3RS
T

ATIM2RS
T

ATIMIRS
T

DAC78RS
T

DAC56RS

ETHRST T

DVPRST ADC4RST

ADC3RST

ADC2RST|ADCIRST|IOPHRST |IOPGRST

™

3 2 1 0

USBHSPH

IOPFRST YRST

IOPERST | IOPDRST [IOPCRST [IOPBRST | IOPARST | Reserved [FEMCRST|SDIORST XSPIRST

RNGCRST]

SHRTPLL
PHARST

SHRTPLL
RST

SHRTIMR

SACRST ST

™ ™

™ ™ ™ ™

Bit Field Name Description

31 ETHRST ETH reset
Software set or clear.
0: Clear reset

1: Reset ETH

30 USBHSRST USBHS reset
Software set or clear.
0: Clear reset

1: Reset USBHS

29 FMACRST FMAC reset
Software set or clear.
0: Clear reset

1: Reset FMAC

28 CORDICRST CORDIC reset
Software set or clear.
0: Clear reset

1: Reset CORDIC
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Bit Field Name

Description

27 ATIM3RST

ATIM3 reset

Software set or clear.

0: Clear reset

1: Reset ATIM3

26 ATIM2RST

ATIM2 reset

Software set or clear.

0: Clear reset

1: Reset ATIM2

25 ATIMIRST

ATIM1 reset

Software set or clear.

0: Clear reset

1: Reset ATIM1

24 DVPRST

DVP reset

Software set or clear.

0: Clear reset

1: Reset DVP

23 DAC78RST

DAC7/8 reset

Software set or clear.

0: Clear reset

1: Reset DAC7/8

22 DACS56RST

DACS5/6 reset

Software set or clear.

0: Clear reset

1: Reset DAC5/6

21 ADCARST

ADC4 reset

Software set or clear.

0: Clear reset

1: Reset ADC4

20 ADC3RST

ADC3 reset

Software set or clear.

0: Clear reset

1: Reset ADC3

19 ADC2RST

ADC?2 reset

Software set or clear.

0: Clear reset

1: Reset ADC2

18 ADCIRST

ADCI reset

Software set or clear.

0: Clear reset

1: Reset ADC1

17 IOPHRST

GPIOH reset

Software set or clear.
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Bit Field Name Description

0: Clear reset

1: Reset GPIOH

16 IOPGRST GPIOG reset
Software set or clear.
0: Clear reset

1: Reset GPIOG

15 IOPFRST GPIOF reset
Software set or clear.
0: Clear reset

1: Reset GPIOF

14 IOPERST GPIOE reset
Software set or clear.
0: Clear reset

1: Reset GPIOE

13 IOPDRST GPIOD reset
Software set or clear.
0: Clear reset

1: Reset GPIOD

12 IOPCRST GPIOC reset
Software set or clear.
0: Clear reset

1: Reset GPIOC

11 IOPBRST GPIOB reset
Software set or clear.
0: Clear reset

1: Reset GPIOB

10 IOPARST GPIOA reset
Software set or clear.
0: Clear reset

1: Reset GPIOA

9 Reserved Reserved, the reset value must be maintained.

8 FEMCRST FEMC reset
Software set or clear.
0: Clear reset

1: Reset FEMC

7 SDIORST SDIO reset
Software set or clear.
0: Clear reset

1: Reset SDIO

6 USBHSPHYRST USBHS PHY POR reset
Software set or clear.

0: Clear reset
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Bit Field Name

Description

1: Reset USBHS PHY POR

Note: Before using the USBHS module, this bit should be cleared first.

XSPIRST

XSPI reset
Software set or clear.
0: Clear reset

1: Reset XSPI

RNGCRST

RNGC reset
Software set or clear.
0: Clear reset

1: Reset RNGC

SACRST

SAC reset
Software set or clear.
0: Clear reset

1: Reset SAC

SHRTPLLPHARST

SHRTPLL phase reset
Software set or clear.
0: Clear reset

1: Reset SHRTPLL phase.

SHRTPLLRST

SHRTPLL reset
Software set or clear.
0: Clear reset

1: Reset SHRTPLL.

Note: Reset must be maintained for Sus before clearing the reset.

SHRTIMRST

SHRTIM reset
Software set or clear.
0: Clear reset

1: Reset SHRTIM

4.3.12 APB1 Peripheral Reset Register (RCC_APB1PRST)

Address offset: 0x28

Reset value: 0x00000000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DAC34RS|DACI2RS|WWDGRS BTIM2RS|BTIMIRS [FDCAN3R[FDCAN2R|FDCANIR|USBFSRS| UCDRRS [GTIM7RS
T T T 12C4RST | 12C3RST Reserved T T ST ST ST T T T
™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
GTIM6RS [GTIMSRS|GTIM4RS|GTIM3RS |GTIM2RS|GTIMIRS SPI3RST | SPI2RST | 2C2RST | 12CIRST UART5RS|UART8RS[USART3R|USART2R BKPRST | PWRRST

T T T T T T T T ST ST
™w ™w ™ ™ ™ ™w ™w ™w ™w ™ ™ ™w ™w ™ ™ ™w
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Bit Field

Name

Description

31

DAC34RST

DAC3/4 reset
Software set or clear.
0: Clear reset

1: Reset DAC3/4.

30

DAC12RST

DAC1/2 reset
Software set or clear.
0: Clear reset

1: Reset DAC1/2

29

WWDGRST

WWDG reset
Software set or clear.
0: Clear reset

1: Reset WWDG

28

12CARST

12C4 reset
Software set or clear.
0: Clear reset

1: Reset 12C4

27

I2C3RST

12C3 reset
Software set or clear.
0: Clear reset

1: Reset 12C3

26:24

Reserved

Reserved, the reset value must be maintained.

23

BTIM2RST

BTIM2 reset
Software set or clear.
0: Clear reset

1: Reset BTIM2

22

BTIM1RST

BTIM1 reset
Software set or clear.
0: Clear reset

1: Reset BTIM1

21

FDCAN3RST

FDCAN3 reset
Software set or clear.
0: Clear reset

1: Reset FDCAN3

20

FDCANZ2RST

FDCAN?2 reset
Software set or clear.
0: Clear reset

1: Reset FDCAN2

19

FDCAN1RST

FDCANI reset
Software set or clear.
0: Clear reset

1: Reset FDCAN1

18

USBFSRST

USBEFS reset

117

NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



-~
"': NSING

nsing.com.sg

Bit Field

Name

Description

Software set or clear.

0: Clear reset

1: Reset USBFS

17

UCDRRST

UCDR reset

Software set or clear.

0: Clear reset

1: Reset UCDR

16

GTIM7RST

GTIMT7 reset

Software set or clear.

0: Clear reset

1: Reset GTIM7

15

GTIM6RST

GTIMG6 reset

Software set or clear.

0: Clear reset

1: Reset GTIM6

14

GTIM5RST

GTIMS reset

Software set or clear.

0: Clear reset

1: Reset GTIMS

13

GTIM4RST

GTIM4 reset

Software set or clear.

0: Clear reset

1: Reset GTIM4

12

GTIM3RST

GTIM3 reset

Software set or clear.

0: Clear reset

1: Reset GTIM3

11

GTIM2RST

GTIM2 reset

Software set or clear.

0: Clear reset

1: Reset GTIM2

10

GTIM1RST

GTIMI reset

Software set or clear.

0: Clear reset

1: Reset GTIM1

SPI3RST

SPI3 reset

Software set or clear.

0: Clear reset

1: Reset SPI3

SPI2RST

SPI2 reset

Software set or clear.

0: Clear reset
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Bit Field Name

Description

1: Reset SPI2

7 12C2RST

12C2 reset
Software set or clear.
0: Clear reset

1: Reset 12C2

6 12C1RST

12C1 reset
Software set or clear.
0: Clear reset

1: Reset 12C1

5 UART5RST

UARTS reset
Software set or clear.
0: Clear reset

1: Reset UARTS

4 UART8RST

UARTS reset
Software set or clear.
0: Clear reset

1: Reset UARTS

3 USART3RST

USARTS3 reset
Software set or clear.
0: Clear reset

1: Reset USART3

2 USART2RST

USART?2 reset
Software set or clear.
0: Clear reset

1: Reset USART2

1 BKPRST

Backup interface reset
Software set or clear.
0: Clear reset

1: Reset backup interface

0 PWRRST

Power interface reset
Software set or clear.
0: Clear reset

1: Reset power interface

4.3.13 APB2 Peripheral Reset Register (RCC_APB2PRST)

Address offset: 0x2C
Reset value: 0x00000000

31 30 29 28

27

26

25 24 23 22 21 20 19

Reserved
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2 1 0

Reserved

USART4R]

ST

Reserved | PGARST

COMPRS

T

GTIMI10R

ST

GTIMORS|GTIMSRS|UART7RS
T T T

UART6RS
T

USARTIR
ST

SPIIRST

SPI4RST

SPISRST | SPI6RST |AFIORST

™

™w

™

™ ™ ™

™w

™w

™

Bit Field

Name

Description

31:15

Reserved

Reserved, the reset value must be maintained.

14

USART4RST

USART4 reset
Software set or clear.
0: Clear reset

1: Reset USART4

13

Reserved

Reserved, the reset value must be maintained.

12

PGARST

PGA reset
Software set or clear.
0: Clear reset

1: Reset PGA

11

COMPRST

COMP reset
Software set or clear.
0: Clear reset

1: Reset COMP

10

GTIM10RST

GTIMI10 reset
Software set or clear.
0: Clear reset

1: Reset GTIM10

GTIMORST

GTIMO reset
Software set or clear.
0: Clear reset

1: Reset GTIM9

GTIM8RST

GTIMS reset
Software set or clear.
0: Clear reset

1: Reset GTIMS

UART7RST

UARTY7 reset
Software set or clear.
0: Clear reset

1: Reset UART7

UART6RST

UART®6 reset
Software set or clear.
0: Clear reset

1: Reset UART6

USARTI1RST

USARTTI reset

Software set or clear.
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Bit Field

Name

Description

0: Clear reset

1: Reset USART1

SPILRST

SPI1 reset
Software set or clear.
0: Clear reset

1: Reset SPI1

SPI4RST

SPI4 reset
Software set or clear.
0: Clear reset

1: Reset SPI4

SPISRST

SPIS reset
Software set or clear.
0: Clear reset

1: Reset SPIS

SPIGRST

SPI6 reset
Software set or clear.
0: Clear reset

1: Reset SP16

AFIORST

AFIO reset
Software set or clear.
0: Clear reset

1: Reset AFIO

4.3.14 MCO Configuration Register (RCC_MCOCFG)

Address offset: 0x30

Reset value: 0x00000000

31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved MCO2[3:0] MCOI1[3:0]
™w ™w

Bit Field Name Description
318 Reserved Reserved, the reset value must be maintained.
7:4 MCO2[3:0] Microcontroller Clock Output 2

0xxx: No clock

It is set and cleared by software.
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Bit Field

Name

Description

1000: Select system clock

1001: Select HSI clock

1010: Select HSE clock

1011: Select PLL divided clock

1100: Select LSI clock

1101: Select LSE clock

Other values: Select PLL divided clock

Note: The clock output may be truncated during startup and when switching the
MCO clock source. When the system clock is output to the MCO pin, ensure that
the output clock frequency does not exceed the maximum 1/O port frequency of

50MHz.

3:0

MCO1[3:0]

Microcontroller Clock Output 1

It is set and cleared by software.

0Oxxx: No clock

1000: Select system clock

1001: Select HSI clock

1010: Select HSE clock

1011: Select PLL divided clock

1100: Select LSI clock

1101: Select LSE clock

Other values: Select PLL divided clock

Note: The clock output may be truncated during startup and when switching the
MCO clock source. When the system clock is output to the MCO pin, ensure that

the output clock frequency does not exceed the maximum I/O port frequency of

50MHz.

4.3.15 Backup Domain Control Register (RCC_BDCTRL)

Address offset: 0x34

Reset value: 0x00000000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved LPTIM2R | LPTIMIR |LPTIM2E LPTIM2SEL[2:0] LPTIMIE LPTIMI1SEL[2:0] Reserved BDSFTRS
ST ST N N T
™w ™w ™w ™ ™ ™ ™w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RTCEN Reserved RTCSEL[1:0] Reserved LSESISSE LSEBP | LSERD | LSEEN
™ ™ ™ ™ T ™w
Bit Field Name Description
31:30 Reserved Reserved, the reset value must be maintained.
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Bit Field Name Description

29 LPTIM2RST LPTIM2 reset
Software set or clear.
0: Clear reset

1: Reset LPTIM2

28 LPTIMIRST LPTIMI reset
Software set or clear.
0: Clear reset

1: Reset LPTIM1

27 LPTIM2EN LPTIM2 clock enable
Software set and clear.
0: Disable LPTIM2 clock
1: Enable LPTIM2 clock

26:24 LPTIM2SEL[2:0] LPTIM2 clock source selection.

Software set or clear.

010: Select HSI as input clock

011: Select HSE as input clock

100: If APB1 prescaler is 1, select PCLK1 as LPTIM clock source. Otherwise,
select PCLK1x2

110: Select LSI as input clock

111: Select LSE as input clock

Other values: Not allowed to configure

Note: For A version chips, select LSI by configuring as 06000, and select LSE by
configuring as 0b001 as the input clock.

23 LPTIMIEN LPTIMI1 clock enable
Software set and clear.
0: Disable LPTIM1 clock
1: Enable LPTIM1 clock

22:20 LPTIMI1SEL[2:0] LPTIMI1 clock source selection.

Software set or clear.

010: Select HSI as input clock

011: Select HSE as input clock

100: If APB1 prescaler is 1, select PCLK1 as LPTIM clock source. Otherwise,
select PCLK1x%2

110: Select LSI as input clock

111: Select LSE as input clock

Other values: Not allowed to configure

Note: For A version chips, select LSI by configuring as 0b000, and select LSE by
configuring as 0b001 as the input clock.

19:17 Reserved Reserved, the reset value must be maintained.
16 BDSFTRST Backup domain software reset.
Software set to 1 or cleared.
0: No effect
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Bit Field Name Description

1: Reset the entire backup domain

15 RTCEN RTC clock enable

Software set and clear.
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

It is set by software to choose the RTC clock source.

Once the RTC clock source is selected, it cannot be changed until the next backup
domain reset. These bits can be reset by setting the BDSFTRST bit.

00: No clock

01: Select LSE oscillator as RTC clock

10: Select LSI oscillator as RTC clock

11: Select HSE oscillator divided by 128 as RTC clock

3 LSECSSEN LSE clock security system enable

Software set or clear.

0: Disable LSE clock detector

1: Enable LSE clock detector if LSE is ready
2 LSEBP External Low-Speed Oscillator Bypass.

In debug mode, software sets and clears the oscillator bypass. This bit can only be
written when the external low-speed oscillator is disabled.

0: LSE oscillator not bypassed

1: LSE oscillator bypassed

1 LSERD External Low-Speed Clock Oscillator Ready.

Hardware sets and clears to indicate whether the LSE oscillator is ready. After
clearing the LSEEN bit, LSERD is cleared after 6 cycles of the LSE clock.

0: External low-speed oscillator not ready

1: External low-speed oscillator ready

0 LSEEN External Low-Speed Clock Oscillator Enable

Software set and clear.
0: Disable external low-speed oscillator

1: Enable external low-speed oscillator.

Note: This register is in the backup domain, therefore, these bits are write-protected after reset and can only be modified after setting
the PWR_CTRL.DBKP bit. These bits can only be cleared by a backup domain reset. Any internal or external reset will not affect these
bits.

4.3.16 Clock Security System Control Register (RCC_CSSCTRL)

Address offset: 0x38

Reset value: 0x00000848

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
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Reserved HSI§SSE Reserved ngé’f'“ Reserved | HSEPOF | HSEFHF | HSEFLF
w w r r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HSEPOEN|HSEFHEN|HSEFLEN HSE]L)LSE HSEPOTHR[3:0] HSEFHTHR[3:0] HSEFLTHR[3:0]
w w w w w w w
Bit Field Name Description
31:23 Reserved Reserved, the reset value must be maintained.
22 HSICSSEN HSI Clock Security System Enable bit
Set and cleared by software.
0: Disable clock detector
1: Enable clock detector if HSI oscillator is ready
21 Reserved Reserved, the reset value must be maintained.
20 WKUPCLKSEL STOPO Mode Wake-up Clock Selection
Set and cleared by software.
0: Wake-up using HSI
1: Wake-up using HSE
19 Reserved Reserved, the reset value must be maintained.
18 HSEPOF HSE frequency change rate Out of Range Flag
0: No frequency change rate out of range occurred
1: Frequency change rate out of range occurred
17 HSEFHF HSE Frequency Exceeded High Limit Flag
0: No frequency exceeded high limit occurred
1: Frequency exceeded high limit occurred
16 HSEFLF HSE Frequency Exceeded Low Limit Flag
0: No frequency exceeded low limit occurred
1: Frequency exceeded low limit occurred
15 HSEPOEN HSE frequency change rate Out of Range Detection Enable
0: Detection disabled
1: Detection enabled
14 HSEFHEN HSE Frequency Exceeded High Limit Detection Enable
0: Detection disabled
1: Detection enabled
13 HSEFLEN HSE Frequency Exceeded Low Limit Detection Enable
0: Detection disabled
1: Detection enabled
12 HSEDLSEL HSE Detection Delay Selection
0: Delay of 128 cycles based on HSE clock
1: Delay of 32 cycles based on LSI clock (LSI needs to be enabled)
11:8 HSEPOTHR[3:0] HSE frequency change rate Threshold Configuration

Error occurs when the difference between the cycle values of adjacent HSE cycles
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Bit Field Name Description

exceeds (tus1 * (HSEPOTHR-2)/32) microseconds.
7:4 HSEFHTHR[3:0] HSE High Frequency Limit Configuration

Error reported when the frequency is greater than (2*32/HSEFLTHR)MHz
3:0 HSEFLTHR([3:0] HSE Low Frequency Limit Configuration

Error reported when the frequency is less than (32/ (HSEFLTHR+1))MHz

4.3.17 AHB1 Peripheral Clock Enable Register (RCC_AHB1PCLKEN)

Address offset: 0x3C
Reset value: 0x00000000

31 30 29 28 27

26 25 24 23 22 21 20 19 18 17 16

Reserved

15 14 13 12 11

10 9 8 7 6 5 4 3 2 1 0

SACEN |DAC78EN|DACS6EN| ADC4EN | ADC3EN

ADC2EN [ ADCIEN

IOFILTSE

L IOPHEN

IOPGEN | IOPFEN | IOPEEN | IOPDEN | IOPCEN | IOPBEN | IOPAEN

™ ™ ™ ™ ™ ™ ™ ™ ™w ™w ™

Bit Field Name

Description

31:16 Reserved

Reserved, the reset value must be maintained.

15 SACEN

SAC clock enable
Software set and clear.
0: Disable SAC clock
1: Enable SAC clock

14 DAC78EN

DACT7/8 clock enable
Software set and clear.

0: Disable DAC7/8 clock
1: Enable DACT7/8 clock

13 DAC56EN

DACS5/6 clock enable
Software set and clear.

0: Disable DAC5/6 clock
1: Enable DACS5/6 clock

12 ADC4EN

ADC4 clock enable

Software set and clear.
0: Disable ADC4 clock
1: Enable ADC4 clock

11 ADC3EN

ADC3 clock enable

Software set and clear.
0: Disable ADC3 clock
1: Enable ADC3 clock
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Bit Field Name Description

10 ADC2EN ADC2 clock enable

Software set and clear.
0: Disable ADC2 clock
1: Enable ADC2 clock

9 ADCIEN ADC1 clock enable

Software set and clear.
0: Disable ADC1 clock
1: Enable ADC1 clock

8 IOFILTSEL GPIO filter clock selection
0: Select HCLK clock
1: Select HCLK/2 clock

7 IOPHEN GPIOH clock enable
Software set and clear.
0: Disable GPIOH clock
1: Enable GPIOH clock

6 IOPGEN GPIOG clock enable
Software set and clear.
0: Disable GP10OG clock
1: Enable GPI1OG clock

5 IOPFEN GPIOF clock enable
Software set and clear.
0: Disable GPIOF clock
1: Enable GPIOF clock

4 IOPEEN GPIOE clock enable
Software set and clear.
0: Disable GPIOE clock
1: Enable GPIOE clock

3 IOPDEN GPIOD clock enable
Software set and clear.
0: Disable GP10OD clock
1: Enable GP10OD clock

2 IOPCEN GPIOC clock enable
Software set and clear.
0: Disable GP10C clock
1: Enable GPIOC clock

1 IOPBEN GPIOB clock enable
Software set and clear.
0: Disable GPI1OB clock
1: Enable GPIOB clock

0 IOPAEN GPIOA clock enable
Software set and clear.
0: Disable GPIOA clock
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Bit Field Name Description
1: Enable GPIOA clock

4.3.18 PLL Clock Control Register (RCC_PLLCTRL)

Address offset: 0x40

Reset value: 0x00045686

31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
Reserved SCLKPLLSEL[1:0] | PLLOUTPRES[1:0] | PLLINPRES[1:0]
w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DE’?\IDZE LPFC2[2:0] LPFR[3:0] LPFCI[3:0] Reserved
w w w w
Bit Field Name Description
31:22 Reserved Reserved, the reset value must be maintained.
21:20 SCLKPLLSEL[1:0] System Clock PLL Clock Source Selection

Software set or clear. If RCC_CFG.SCLKSW bit is configured as 10, a different
PLL source can be selected as the system clock.

x0: Select PLL as system clock (default)

01: Select SHRTPLL as system clock

11: Select USBHS240M as system clock

19:18 PLLOUTPRESJ1:0] PLL Output Division Ratio:

00: No division

01: Division by 2

10: Division by 4

11: Division by 8
Note: When configured for no division, the duty cycle deviation is 50%+-5%, with
lower power consumption,; when configured for division, the duty cycle deviation

is 50%+-1%, but with higher power consumption

17:16 PLLINPRES[1:0] P LL Input Division
00: No division

01: Division by 2
10: Division by 3
11: Division by 4

15 DEADZEN PLL Monitoring Phase Detector Dead Zone Adjustment

14:12 LPFC2[2:0] PLL Loop Filter Integral Capacitor Control
Select different configurations based on the multiplication factor corresponding to
RCC_CFG.PLLMULFCT[5:0].

Amplification frequency range 4~24 times: Configuration 6
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Bit Field

Name

Description

24~40 times: Configuration 6
40~76 times: Configuration 6

LPFR[3:0]

PLL Loop Filter Zero Resistance Control

Select different configurations based on the multiplication factor corresponding to
RCC_CFG.PLLMULFCTIS:0].

Amplification frequency range 4~24 times: Configuration 3

24~40 times: Configuration 7

40~76 times: Configuration 12

7:4

LPFC1[3:0]

PLL Loop Filter Bypass Capacitor Control

Select different configurations based on the multiplication factor corresponding to
RCC_CFG.PLLMULFCTJS5:0].

Amplification frequency range 4~24 times: Configuration 4

24~40 times: Configuration 4

40~76 times: Configuration 4

3:0

Reserved

Reserved, the reset value must be maintained.

4.3.19 VREFBUF Control Register (RCC_VREFCTRL)

Address offset: 0x44

Reset value: 0x0000001F

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved | TRIMEN | Reserved RDY Reserved HIM EN VLSEL[1:0] TRIMDATA[5:0]
™ T ™ ™ ™w ™w
Bit Field Name Description
31:15 Reserved Reserved, the reset value must be maintained.
14 TRIMEN VREFBUF Fine-Tuning Selection
0: VREFBUF fine-tuning configured by hardware
1: VREFBUF fine-tuning configured by the user
13 Reserved Reserved, the reset value must be maintained.
12 RDY VREFBUF Ready Flag
0: VREFBUF output not completed
1: VREFBUF output ready
11:10 Reserved Reserved, the reset value must be maintained.
9 HIM High-Impedance Mode Enable
0: REF+ pin internally connected to VREFBUF output
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Bit Field

Name

Description

1: REF+ pin in high-impedance state.

EN

VREFBUF Enable
0: Disable
1: Enable

7:6

VLSEL[1:0]

Voltage Range Selection

00: VREFBUF output 2.048V
01: VREFBUF output 2.5V
10: VREFBUF output 2.9V

Other values: Not allowed to set

5:0

TRIMDATA[5:0]

VREFBUF Calibration

VLSEL[1:0] =00 (VREFBUF output 2.048V): Adjustment step size is 1.7mV
VLSEL[1:0] =01 (VREFBUF output 2.5V): Adjustment step size is 2.1mV
VLSEL[1:0] =10 (VREFBUF output 2.9V): Adjustment step size is 2.5mV

4.3.20 SHRTPLL Clock Control Register]l (RCC_SHRTPLLCTRLI1)

Address offset: 0x48

Reset value: 0x101F4000

Note: This register can only be cleared by POR reset

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved | SATEN | Reserved S]:/[RO—I-;]]SL FRACEN | Reserved CLKF[25:0]
™ ™ ™ ™
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CLKF[25:0]
™w
Bit Field Name Description
31 Reserved Reserved, the reset value must be maintained.
30 SATEN SHRTPLL Saturation Function Enable
0: Disable
1: Enable
29 Reserved Reserved, the reset value must be maintained.
28 SHRTPLLMODE SHRTPLL Module Operating Mode
0: Normal Mode
1: Power-Down Mode
27 FRACEN SHRTPLL Fractional Accumulation Function Enable
0: Disable
1: Enable
26 Reserved Reserved, the reset value must be maintained.

130

NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



ay,
"': NSING

nsing.com.sg

Bit Field

Name

Description

25:0

CLKF[25:0]

SHRTPLL Multiplication Factor
SHRTPLL = Clock Source * (CLKF[25:0]/16384) / (CLKR[5:0]+1)/4

4.3.21 SHRTPLL Clock Control Register2 (RCC_SHRTPLLCTRL?2)

Address offset: 0x4C

Reset value: 0x00000000

Note: This register can only be cleared by POR reset

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CLKR[5:0] Reserved
™
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved
Bit Field Name Description
31:26 CLKR[5:0] SHRTPLL Division Factor
SHRTPLL = Clock Source * (CLKF[25:0]/16384) / (CLKR[5:0] +1)/4
25:0 Reserved Reserved, the reset value must be maintained.
4.3.22 SHRTPLL Clock Control Register3 (RCC_SHRTPLLCTRL3)
Address offset: 0x50
Reset value: 0x0003D000
Note: This register can only be cleared by POR reset
31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
Reserved SHRR;];LL SHEgI]zLL SHSRII(];LL SH]};\?LL Reserved BWTRIM[11:0]
T ™w ™ ™ ™w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BWTRIM[11:0] Reserved
™w
Bit Field Name Description
31:29 Reserved Reserved, the reset value must be maintained.
28 SHRTPLLRDF SHRTPLL Clock Ready Flag
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Bit Field Name Description
SHRTPLL clock is set by hardware after being ready.
0: SHRTPLL not ready
1: SHRTPLL ready
27 SHRTPLLLCK SHRTPLL Clock Lose Lock Control
0: Pause SHRTIM counter when SHRTPLL loses lock
1: Do not pause SHRTIM counter when SHRTPLL loses lock
26 SHRTPLLSRC SHRTPLL Clock Source
Set and clear by software, configure to select SHRTPLL clock source.
0: Select HSI clock as SHRTPLL input clock
1: Select HSE clock as SHRTPLL input clock
25 SHRTPLLEN SHRTPLL Power Enable Bit
Set and clear by software.
0: Disable SHRTPLL power
1: Enable SHRTPLL power
24 Reserved Reserved, the reset value must be maintained.
23:12 BWTRIM[11:0] SHRTPLL Bandwidth Adjustment
Bandwidth = BWTRIM[11:0] + 1 = CLKF[25:0]/32768
11:0 Reserved Reserved, the reset value must be maintained.

4.3.23 SRAM Configuration Register 1 (RCC_SRAMCFGI1)

Address offset: 0x70

Reset value: 0x00000001

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved CSRECCF[1:0] | Reserved | SR2PEF | Reserved | SRIPEF | CRSTICSRECCOISRIPECLISRIPECL csppcersTEN(I0)| CSRECCIENI:0]
T T T ™w w w w ™w ™w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved SR2PERS Reserved [SR2PEIEN| Reserved SRIPERS Reserved [SRIPEIEN| Reserved [SRAMFIN SRAMWE| SRAMRE CSRINIF CSRINIE Reserved SRAMPE
TEN TEN F F N N
™w ™w ™w ™w ™w T T T ™w ™w
Bit Field Name Description
31:30 Reserved Reserved, the reset value must be maintained.
29:28 CSRECCEF[1:0] CCM SRAM ECC Error Flag
00: No ECC error occurred
01: 1-bit ECC error occurred
10: 2-bit ECC error occurred
11: 1-bit and 2-bit ECC errors occurred
27 Reserved Reserved, the reset value must be maintained.
26 SR2PEF SRAM?2 Parity Check Error Flag
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Bit Field

Name

Description

0: No parity check error occurred

1: Parity check error occurred

25

Reserved

Reserved, the reset value must be maintained.

24

SRIPEF

SRAM1 Parity Check Error Flag
0: No parity check error occurred

1: Parity check error occurred

23

FECCRSTEN

FLASH ECC Error Reset Enable
0: Reset generated when ECC error detected

1: No reset generated when ECC error detected

22

CSRECCCLR

Clearing CCM SRAM ECC Error Flag

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

1: Clear CSRECCEF flag

21

SR2PECLR

Clearing SRAM2 Parity Check Error Flag
Set by software to clear the SRAM2PEF flag.
0: No effect

1: Clear SRAM2PEF flag

20

SRIPECLR

Clearing SRAM1 Parity Check Error Flag
Set by software to clear the SRAMI1PEF flag.
0: No effect

1: Clear SRAM2PEF flag

19:18

CSRECCRSTEN[1:0]

CCM SRAM ECC Error Reset Enable

00: No reset generated when ECC error detected

01: Reset generated when 1-bit ECC error detected

10: Reset generated when 2-bit ECC error detected

11: Reset generated when 1-bit and 2-bit ECC errors detected

17:16

CSRECCIEN[1:0]

CCM SRAM ECC Error Interrupt Enable

00: No interrupt triggered when ECC error detected

01: Interrupt triggered when 1-bit ECC error detected

10: Interrupt triggered when 2-bit ECC error detected

11: Interrupt triggered when 1-bit and 2-bit ECC errors detected

15

Reserved

Reserved, the reset value must be maintained.

14

SR2PERSTEN

SRAM?2 Parity Check Error Reset Enable
0: No reset generated when parity check error detected

1: Reset generated when parity check error detected

13

Reserved

Reserved, the reset value must be maintained.

12

SR2PEIEN

SRAM?2 Parity Check Error Interrupt Enable
0: No interrupt triggered when parity check error detected

1: Interrupt triggered when parity check error detected

11

Reserved

Reserved, the reset value must be maintained.

10

SRIPERSTEN

SRAM1 Parity Check Error Reset Enable

0: No reset generated when parity check error detected
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Bit Field Name

Description

1: Reset generated when parity check error detected

9 Reserved

Reserved, the reset value must be maintained.

8 SRIPEIEN

SRAM1 Parity Check Error Interrupt Enable

0: No interrupt triggered when parity check error detected

1: Interrupt triggered when parity check error detected

7 Reserved

Reserved, the reset value must be maintained.

6 SRAMFIN

SRAM Injection Error Enable
0: Disable ECC or parity check error injection

1: Enable ECC or parity check error injection

5 SRAMWEF

SRAM Write Error Flag
0: No write error occurred

1: Write error occurred

4 SRAMREF

SRAM Read Error Flag
0: No read error occurred

1: Read error occurred

3 CSRINIF

CCM SRAM Initialization Completion Flag
0: CCM SRAM initialization not completed
1: CCM SRAM initialization completed

2 CSRINIEN

CCM SRAM Initialization Enable

After setting by software, write to the

RCC_SRAMCFG2.INIDAT
0: Disable CCM SRAM initialization
1: Enable CCM SRAM initialization

RCC_SRAMCFG3.INISTART~RCC_SRAMCFG4.INIEND address range with

1 Reserved

Reserved, the reset value must be maintained.

0 SRAMPEN

CCM SRAM and BKP SRAM ECC enable
0: Disable
1: Enable

4.3.24 SRAM Configuration Register 2 (RCC_SRAMCFG?2)

Address offset: 0x74

Reset value: 0x00000000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
INIDAT[31:0]
™w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INIDAT[31:0]
™
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Bit Field Name Description
31:0 INIDAT[31:0] SRAM initial data

4.3.25 SRAM Configuration Register 3 (RCC_SRAMCFG3)

Address offset: 0x78
Reset value: 0x00000000

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

INISTART[31:0]

™

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

INISTART[31:0]

™

Bit Field Name Description
31:0 INISTART[31:0] SRAM initial start address

4.3.26 SRAM Configuration Register 4 (RCC_SRAMCFG4)

Address offset: 0x7C
Reset value: 0x00000000

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

INIEND[31:0]

™

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INIENDJ[31:0]
™
Bit Field Name Description
31:0 INISTART[31:0] SRAM initial end address

4.3.27 USBHS Clock Control Register 1 (RCC_USBHSCTRL1)

Address offset: 0x84

Reset value: 0x080B900C
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved RXT})I(P AT| BSTHEN | BSTLEN Reserved USBSSSE SEBP Reserved RESSEL Reserved
w w w w ™w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PDSEL Reserved PLLBW USBHSFSEL Reserved WKEP SE Reserved
rw w rw w
Bit Field Name Description
31 Reserved Reserved, the reset value must be maintained.
30 RXTXPATH Transceiver Asynchronous Control
0: Select FS transmit/receive path
1: Select HS transmit/receive path
29 BSTHEN High-Byte Transmission Bit-Stuffing Enable
0: Disable Bit-Stuffing
1: Enable Bit-Stuffing
28 BSTLEN Low-Byte Transmission Bit-Stuffing Enable
0: Disable Bit-Stuffing
1: Enable Bit-Stuffing
27:24 Reserved Reserved, the reset value must be maintained.
23 USBHSSEL USBHS Clock Source Selection
The clock source frequency must be 16M, 19.2M, 20M, 24M, 26M, or 32M.
0: Select HSE clock as USBHS input clock
1: Select PLL divided clock as USBHS input clock
Note: When selecting the PLL divided clock, the RCC_CFG3.USBPLLSEL can be
used to choose the PLL divided clock source as either PLL clock or SHRTPLL clock.
22 SEBP Noise Equalizer Bypass
0: Equalizer enabled
1: Equalizer bypassed
21:20 Reserved Reserved, the reset value must be maintained.
19 RESSEL Calibration Resistor Selection
Used to calibrate the high-speed source impedance of the USB 2.0 femto PHY
0: TXRTUNE requires external resistor connection (REXT)
1: Internal resistor calibration used
18:16 Reserved Reserved, the reset value must be maintained.
15 PDSEL Power-Down Control Signal Selection for the Common Module
0: In suspend or sleep mode, REFCLK_LOGIC, Bias, and PLL modules remain
powered (input clock remains open and valid)
1: In suspend mode, REFCLK LOGIC, Bias, and PLL modules power down; in sleep
mode, Bias and PLL modules power down
14:12 Reserved Reserved, the reset value must be maintained.
11 PLLBW USBHS PLL Bandwidth Adjustment
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Bit Field

Name

Description

0: Select this bit when the input clock frequency is 16M
1: Select this bit when the input clock frequency is 19.2M, 20M, 24M, 26M, or 32M

10:8

USBHSFSEL

USBHS Clock Source Frequency Selection
000: 19.2M

001: 20M

010: 24M

011: 16M or 32M

110: 26M

Other values: Not allowed to set

Reserved

Reserved, the reset value must be maintained.

WKUPSEL

Wake-up Mode Selection
0: Select suspend mode wake-up

1: Select sleep mode wake-up

3:0

Reserved

Reserved, the reset value must be maintained.

4.3.28 USBHS Clock Control Register 2 (RCC_USBHSCTRL2)

Address offset: 0x88

Reset value: 0x00805D33

31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
Reserved IDDQEN Reserved
™
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
IMPTRIM RFTRIM CROSTRIM DATAVTRIM HDCVTRIM FLIMPTRIM
™w ™ ™w ™w ™
Bit Field Name Description
31:20 Reserved Reserved, the reset value must be maintained.
19 IDDQEN IDDQ Test Enable
0: IDDQ analog module powered on
1: IDDQ analog module powered off
18:16 Reserved Reserved, the reset value must be maintained.
15:14 IMPTRIM USB Signal Source Impedance Adjustment
00: Source impedance increased by approximately 1.5 ohms
01: 0 (default)
10: Source impedance reduced by approximately 2 ohms
11: Source impedance reduced by approximately 4 ohms
13:12 RFTRIM HS Transmitter Rise/Fall Time Adjustment
00: +5%
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Bit Field

Name

Description

01: 0 (default)
10: -3%
11: -7%

11:10

CROSTRIM

Transmitter High-Speed Divider Adjustment
00: Reserved

01:-15mV

10: +15 mV

11: 0 (default)

9:8

DATAVTRIM

Data Detection Voltage Adjustment
00: +10%

01: 0 (default)

10: -10%

11: -20%

7:4

HDCVTRIM

High-Speed DC Voltage Level Adjustment
0000: -9%
0001: -6%
0010: -3%
0011: O (default)
0100: +3%
0101: +6%
0110: +9%
0111: +12%
1000: +15%
1001: +18%
1010: +21%
1011: +24%
1100: +27%
1101: +30%
1110: +33%
1111: +36%

3:0

FLIMPTRIM

FS/LS Signal Source Impedance Adjustment
0000: +5%

0001: +2.5%

0011: 0 (default)

0111: -2.5%

I111: -5%

4.3.29 BOOT Remap Register (RCC_BOOTREMAP)

Address offset: 0x8C

Reset value: 0x00000000
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31 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 13 12 11 10 9 8 7 6 5 4 3 2 1 0
REMAPKEY[7:0] Reserved REMAPSEL[2:0]
™ ™w

Bit Field Name Description

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

15:8 REMAPKEY([7:0] System Remap Enable Writing
0xCC to REMAPKEY/[7:0] will trigger boot mode remapping and generate a CPU
soft reset.

73 Reserved Reserved, the reset value must be maintained.

2:0 REMAPSEL[2:0] Remap Boot Mode Selection

000: Boot from system memory;

001: Boot from flash main front bank;

010: Boot from flash main rear bank;

011: Boot from SRAM;

100: Boot from external NORFLASH connected to FEMC;
101: Boot from external memory connected to XSPI;

Other values: Disabled

4.3.30 FDCAN Base Address Register (RCC_FDCANBADDR)

Address offset: 0x90

Reset value: 0x20000000

31 29 28 27 26 25 24 23 2 21 20 19 18 17 16
BADDR[31:0]
rw
15 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BADDR([31:0]
w
Bit Field Name Description
31:0 BADDR[31:0] Base address of the SRAM where FDCAN module stores data

139

NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



ay,
"'a NSING

nsing.com.sg

5 GP10 And AFIO

5.1 Introduction

GPIO refers to general-purpose 1/0, and AFIO refers to alternate function I/O. The chip supports up to 119 GPIOs,
which are divided into 8 groups (GPIOA/GPIOB/GPIOC/GPIOD/GPIOE/GPIOF/GPIOG/GPIOH). Each group has
16 ports (Group H has a total of 7 ports). GPIO ports share pins with other multiplexed peripherals, allowing users

to configure them flexibly according to requirements. Each GPIO pin can be independently configured as an output

(push-pull or open-drain), input (floating, pull-up, or pull-down) or alternate peripheral function port. Except for the

analog pins, other GPIO pins have high current capacity.

GPIO ports have the following characteristics:

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

—  Input pull up

—  Input pull down

—  Analog function

— Alternate input, pull-up and pull-down configurable

—  Open drain output, pull-up and pull-down configurable

—  Push-pull output, pull-up and pull-down configurable

—  Push-pull alternate function, pull-up and pull-down configurable

—  Open drain alternate function, pull-up and pull-down configurable

Separate bit setting or bit clearing functions
All I0s have external interrupt capability

All I/O support low-power mode wake-up, with configurable rising or falling edge

— 16 EXTI can be used for STOPO mode wake-up, all I/O can be alternated as EXTI
—  PAO/PA2/PC5/PC13/PE6 can be used for STANDBY mode wake-up

Support software remapping of 10 alternate function

Support GPIO lock mechanism, which can only be cleared by reset after being locked

Each I/O port bit can be programmed arbitrarily, but the I/O port registers must be accessed as 32-bit words (16-bit

half-word or 8-bit byte access is not allowed). The figure below shows the basic structure of an I/O port.
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Figure 5-1 Basic Structure of 1/O Port
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Most I/O ports can be configured to be compatible with 5V.

5.2 1/0 Function Description

5.2.1 I/O Mode Configuration

The IO port mode can be configured through the registers GPIOx PMODE, GPIOx POTYPE and GPIOx_PUPD
(x=A,B,C,D,E,F,G,H). 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 PUPDI[1:0] I/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

10 0 0 0 Alternate function push-pull
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PMODE|[1:0] POTYPE PUPD[1:0] I/O configuration

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

00 X 0 1 Input pull-up
X 1 0 Input pull-down
X 1 1 Reserved
X 0 0 Analog
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

Feature GPIO Input GPIO Output Analog Alternate function
Output buffer Disabled Enabled Disabled Configure according to
peripheral functions
Schmitt trigger Enabled Enabled Disabled Enabled
Output is forced to 0
Pull-up/pull-down/float Configurable Configurable Disabled Configurable
Configurable, GPIO Configurable, GPIO
outputs 0 when the outputs 0 when the
Open drain Disabled output data is "0", and Disabled output data is "0", and
GPIO high impedance GPIO high impedance
when "1" when "1"
Configurable, when the Configurable, GPIO
output data is "0", the outputs 0 when the
Push pull Disabled GPIO outputs 0, and Disabled output data is "0", and
when the output data is GPIO high impedance
"1", the GPIO outputs 1 when "1"
Input data register (I/O status) Readable Readable Read out 0 Readable
Output data register(Output value) Invalid Readable and writable Invalid Readable

5.2.1.1 Input mode

When 1/O port is configured in input mode:
e  Output buffer is disabled

e  Schmitt trigger input is activated
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e  Whether pull-up and pull-down resistors are enabled depends on the configuration of the GPIO_PUPD register

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

e  When used as alternate input, the GPIOx_AFSELy register needs to be configured

Figure 5-2 Input Floating/Pull-up/Pull-Down/Alternate Configuration
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Write . | [
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e |
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' |
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4———— Input data register I @ |
| Schmitt trigger
I
' . |
ON/OFF
| |
l |
= V.
l Input driver * l
e d

1/0 PIN

Diode

Vss

5.2.1.2 Output mode

When I/O port is configured as output mode:

®  Output buffer is activated

—  Open-drain mode:

'0' on the output data register 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.

®  Schmidt trigger input is activated

®  Whether the weak pull-up and pull-down resistors are enabled depends on the configuration of the GPIO_PUPD

register

® The data appearing on the I/O pin is sampled into the input data register
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® Read access to input data register for I/O status
® 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 I/O port is configured as alternate function mode:

® n open-drain or push-pull configuration, the output buffer is controlled by the peripheral
®  Schmidt trigger input is activated

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

®  Signal-driven output buffer with built-in peripherals
® The data appearing on the I/O pin is sampled into the input data register
® Read access to input data register for I/O status

® The GPIOx_ AFSELy register must be configured
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Figure 5-4 Alternate Function Configuration
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5.2.1.4 Analog mode

When the I/O Port is programmed as analog mode:
®  Output buffer is disabled

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

®  Weak pull-up and pull-down resistors are disabled

® When reading the input data register, the value is '0'
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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:
® PH4-BOOTO (or PB8-BOOTO0). PH6-NRST. PHO-OSC IN. PH1-OSC_OUT has no GPIO function by default:
— PH4-BOOTO (or PB8-BOOTO) is default as the BOOTO pin, placed in pull-down input mode
— PHO6-NRST is default as the analog pin NRST
— PHO0-OSC_IN, PH1-OSC_OUT pins are default as OSC_IN, OSC_OUT pins, placed in analog mode
Note: In the N32H47x series, the BOOTO pin is PBS, and in the N32H48x series, the BOOTO pin is PH4

®  After reset, 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

— PA15: JTDI in input pull-up mode

— PA14: JTCK in input pull-down mode

— PA13: JTMS in input pull-up mode

— PB4: NJTRST in input pull-up mode

— PB3:JTDO is placed in input floating mode
® PCl13. PCl4. PCI5:

— PC13~15 are t in the Backup domain, and the default in analog mode when powered on
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5.2.3 Individual Bit Setting And Bit Clearing

By writing 'l' 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 'l'
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 AHB write operation.

5.2.4 External Interrupt/Wake-Up Line

All ports have external interrupt capability, which can be configured in the EXTI module:
—  The port must be configured in input mode

— All ports can be configured for SLEEP/STOP0 mode wake-up, supporting configurable rising or falling
edges

— PAO/PA2/PC5/PC13/PE6/PH6 can be used for waking up from STANDBY mode

— All I/O ports can be connected to any of the 16 external interrupt/event lines, configured by the
AFIO_EXTI CFGx register

5.2.5 Alternate Function

When the I/O port is configured in alternate function mode. The port mode register (GPIOx PMODE), output type
register (GPIOx POTYPE configuration push-pull or open-drain) and alternate function configuration
register(GPIOx _AFSELO0/1/2/3) must be programmed before using, specifically as follows:

®  Alternate input function: The port must be configured in input mode (floating, pull-up, or pull-down) and the

input pin must be driven externally.
®  Alternate output function: The port must be configured as a multiplexed output mode (push-pull or open-drain).

® Bidirectional alternate function: The port must be configured as a multiplexed output mode (push-pull or open-
drain). In this case, the input driver is automatically configured as a floating input mode.

® Alternate function configuration register must be programmed to configure the desired multiplexed function.

In alternate output mode, the port is disconnected from the pin and output data register, and is connected to the output
signal of the on-chip peripheral. If software configures a GPIO pin as a alternate output function but the peripheral

is not activated, its output will be undefined.

5.2.5.1 Clock output MCO

The microcontroller allows the output of clock signals to external MCO pins, with two MCO outputs (MCO1/MCO2),
which can be output through PA3/PA7/PA8/PC9/PF13/PF14/PH6 pins. The MCO pins must be configured as
alternate push-pull output mode. The selection of the clock signal for MCO clock can be made from the following 6
clock signals, controlled by the clock configuration register RCC_MCOCFG:

® SYSCLK

® HSI
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® HSE
® PLL
® [SI
® ISE

The alternate relationship of MCO1 and MCO?2 signals is shown in the table below:

Table 5-3 MCO Alternate Function Remap

Alternate function GPIO port Remap
PA7 AF13
PA8 AF10
MCO1
PF13 AF6
PH6 AF1
PA3 AF15
MCO2 PC9 AF10
PF14 AF6

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

® When LSE is enabled (RCC_LDCTRL.LSEEN is set), PC14/PC15 pins will be forced to analog mode. If LSE
is configured in external clock mode (RCC LDCTRL.LSEBP is set), PC14 is forced to analog mode,
OSC32_OUT (PC15) can also be used for other purposes

® [fLSE is not enabled and the backup domain is powered by VDD, PC14/PC15 can be used as GPIO.
The mode of PC13 is determined according to the following priority order:
® When RTC-TAMP1 is enabled, PC13 is used as the intrusion detection input pin.

® [f RTC-TAMP1 is not enabled, but RTC-OUT is enabled (alarm output, calibration clock output, automatic
wake-up output, or intrusion event output enabled), PC13 is used as the RTC output pin.

® If none of the above functions are enabled, and the backup domain is powered by VDD, PC13 can be used as
GPIO.

The configuration conditions for different modes of PC13 to PC15 are shown in the table below:

PC14 and PAD Mode Priori
Conditions
PC15 Configuration ty
LSE LSE enable Analog mode high

The mode of GPIO
LSE is turned off, the backup domain is powered by VDD, and does not
GPIO is determined by low
enter low power mode (STANDBY, STOPO). o
the application.

PAD Mode Priori
PC13 Conditions
Configuration ty
RTC-TAMP1 RTC-TAMP1 enable Input floating high

RTC-OUT RTC-TAMPI1 disabled, alarm output, calibration clock output, automatic Alternate push-pull mediu
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wake-up output, or intrusion event output enabled. output m

) ) ) The mode of GPIO is
RTC-TAMPI1 disabled, RTC-OUT disabled, backup domain powered by )
GPIO determined by the low
VDD, and not entering low power mode (STANDBY, STOPO0)

application.

When PC13~PC15 are used as GPIO, they can be configured as timestamp trigger input pins, as detailed in the table

below:

Table 5-4 MCO Alternate Function Remap

Alternate function GPIO port Remap
PC13 AF9
Timestamp trigger
pes PC14 AF9
input
PC15 AF9

5.2.5.3 NRST pin used as GPIO port

NRST is the chip's reset pin, which can also be mapped to PH6, controlled by USER3[1:0] in the Option Byte (default
is NRST pin). If NRST is configured as a GPIO, the state during reset remains as NRST.

5.2.5.4 HSE/LSE pins used as GPIO ports

OSC_IN and OSC_OUT of HSE are mapped to PHO and PH1 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.

When HSE or LSE is configured in bypass mode, the pins remain as external clock inputs, and OSC_OUT or
OSC32_OUT can still be used as GPIO.

5.2.5.5 JTAG/SWD alternate function remapping

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

Alternate function GPIO port Remap
JTMS/SWDIO PA13 AFO
JTCK/SWCLK PAl14 AFO0

JTDI PA15 AFO0
PB3 AFO

JTDO
PG15 AFO
NJTRST PB4 AFO0

If you need to use its GPIO function during debugging, you can change the above remapping configuration by setting
the register AFIO_RMP_CFG. SWJ CFG[2:0]. See the table below.

Table 5-5 Debug Port Image

SWJ_CFG
[2:0] SWD_JTAG I/O Pin Allocation
: Possible Debug Ports
PA13/ JTMS/|PA14/ JTCK/ PB4/
PA15/JTDI|PB3/JTDO
SWDIO SWCLK NJTRST
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000 Complete SWD_JTAG (JTAG-DP+SW-DP)| 1/O is not 1/0 is not I/Oisnot | I/Oisnot | /O isnot
(reset state) available available available available | available
Complete SWD_JTAG (JTAG-DP+SW-DP)| 1/O is not 1/0 is not I/0isnot | 1/Oisnot .
001 1/0 available
But there is no NJTRST. available available available available
1/0 is not 1/0 is not
010 Turn off JTAG-DP and enable SW-DP. 1/0 available|l/O available|l/O available
available available
100 Turn off JTAG-DP and SW-DP. 1/0 available | I/O available [1/O available(l/O available|l/O available
Others Disabled

Note: When the debug port is multiplexed with other peripheral ports, the related debug functions need to be disabled. For example,
when PA15 is used as 12C1_SCL, SWJ _CFG needs to be configured as 010 or 100 to release PAIS.

5.2.5.5.1 SWJ_CFG configuration matters

When the write buffer of the APB bridge is full, an additional APB cycle is required when writing to the
AFIO_RMP_CFG register. This is because the release of the SWD_JTAG pin requires two APB cycles to ensure that
the input signals of NJTRST and JTCK are at a clean level.

5.2.5.5.2 Pull-Up/Pull-Down configuration

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:

® NJTRST: internal pull-up

® JTDI: internal pull-up

® JTMS/SWDIO: internal pull-up

® JTCK/SWCLK: internal pull-down

Note: Once the JTAG interface is released by user software, the GPIO controller regains control, and it is necessary

to ensure that the reset state of GPIO registers is consistent with the above.

5.2.5.6 SHRTIM alternate function remapping

The external event input SHRTIM1 EXEVx (x=1~10) can be mapped to all pins, configured in the
AFIO SHRT EXEV CFGx (x=1, 2, 3) registers. For other signal mapping relationships, refer to the table below.

Table 5-6 SHRTIM Alternate Function Remapping

Alternate function | GPIO port Remap
SHRTIM1_CHAL PA8 AF6
SHRTIM1_CHA2 PA9 AF6
SHRTIM1 CHBI1 PA10 AF12
SHRTIM1 CHB2 PA1l AF12
SHRTIM1_CHC1 PB12 AF10
SHRTIM1_CHC2 PB13 AF10
SHRTIM1_CHD1 PB14 AF10
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Alternate function | GPIO port Remap
SHRTIM1_CHD?2 PB15 AF10
SHRTIM1_CHEI1 PC8 AF11
SHRTIM1_ CHE2 PC9 AF11
SHRTIM1 CHF1 PC6 AF11
SHRTIM1 CHF2 PC7 AF11

PB2 AF5
SHRTIM1_SCIN

PB6 AF9

PB1 AF5
SHRTIM1_SCOUT

PB3 AFS5
SHRTIM1_FALT1 PA12 AF12
SHRTIM1_FALT2 PA1S AF12
SHRTIM1_FALT3 PB10 AF10
SHRTIM1_FALT4 PBI11 AF10

PBO AFS5
SHRTIM1 FALT5

PC7 AF12
SHRTIM1 FALT6 PC10 AF11

5.2.5.7 ATIMXx alternate function remapping
5.2.5.7.1 ATIM1 alternate function remapping

Table 5-7 ATIM1 Alternate Function Remapping

Alternate GPIO port Remap
function
PAI2 AF3
ATIM1 ETR PC4 AF6
PE7 AF2
PA8 AF3
ATIM1_CHI1 PCO AF3
PE9 AF3
PA9 AF3
PB13 AF3
ATIM1 CH2
PC1 AF3
PEI11 AF3
PA10 AF3
PC2 AF3
ATIM1_CH3
PD8 AF5
PEI3 AF3
PA1l AF3
ATIM1_CH4 PC3 AF3
PD2 AF10
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Alternate GPIO port Remap
function
PDI0 AFS
PE14 AF3
PA6 AF5
PA14 AF7
PA15 AF8
PBS AF8
ATIM1_BKIN
PBI10 AF5
PB12 AF5
PC13 AF6
PEIS AF2
PAll AF7
ATIM1_BKIN2 PC3 AF6
PE14 AF2
PA7 AFS5
PA1l AF6
PB13 AF5
ATIMI1_CHIN
PC13 AF3
PE8 AF3
PE10 AF5
PAI2 AF6
PBO AF7
ATIM1 CH2N
PB14 AFS5
PEI0 AF3
PB1 AF7
PB9 AF8
PB15 AFS5
ATIM1 CH3N
PD9 AF5
PE12 AF3
PHO AF3
PC5 AF3
ATIM1 CH4N PD5 AF3
PE15 AF3

5.2.5.7.2 ATIM2 alternate function remapping

Table 5-8 ATIM2 Alternate Function Remapping

Alternate GPIO port Remap
function
PAO AF8
ATIM2_ETR PB4 AF5
PB6 AF8
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Alternate GPIO port Remap
function
PAILS AF6
PB6 AF7
ATIM2 CHI1
PC6 AF3
PDI14 AF6
PA14 AF6
PB8 AF5
ATIM2 CH2 PC6 AF15
PC7 AF3
PDI15 AF6
PB9 AFS5
ATIM2 CH3
PC8 AF3
PBI15 AF3
PC9 AF3
ATIM2 CH4
PDI AF3
PGl14 AF11
PAO AF6
PA6 AF6
PA10 AF7
ATIM2_BKIN
PB3 AF11
PB7 AF6
PD2 AFS5
PB6 AFS5
ATIM2_BKIN2 PC9 AFS5
PDI AFS5
PAS AF6
PA7 AF6
PAILS AF7
ATIM2_CHIN
PB3 AF6
PC10 AF5
PDI15 AF7
PBO AF6
PB4 AF7
PB14 AF6
ATIM2_ CH2N
PC7 AF15
PC11 AF5
PC12 AF10
PA1l AF9
PB1 AF6
ATIM2_CH3N
PBS AF7
PB15 AF6
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Alternate GPIO port Remap
function
PC9 AF12
PC12 AFS
PD2 AF6
PC13 AF5
PDO AF3
ATIM2 CH4N PD2 AF7
PG15 AF2
PH3 AF6

5.2.5.7.3 ATIM3 alternate function remapping

Table 5-9 ATIM3 Alternate Function Remapping

Alternate GPIO port Remap
function
PA1S AF13
PDI10 AF3
ATIM3_ETR PEO AF6
PF11 AF3
PGS AF2
PB2 AF6
PE2 AF3
ATIM3_CHI1
PFO AF3
PF12 AF3
PC2 AF6
PC11 AF12
ATIM3_CH2 PE3 AF3
PF1 AF3
PF13 AF3
PC8 AF1
PCI12 AF12
ATIM3 CH3
PF2 AF3
PF14 AF3
PDO AF5
PD2 AF14
ATIM3 CH4 PEIL AF3
PF3 AF3
PF15 AF3
PC13 AF13
PF7 AF3
ATIM3_BKIN
PF9 AF3
PG3 AF2
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Alternate GPIO port Remap
function
PG6 AF2
PH3 AF3
PF8 AF3
ATIM3 BKIN2 PF10 AF3
PG4 AF2
PE4 AF3
PF4 AF3
ATIM3_CHIN
PGO AF3
PHO AF6
PES AF3
PF5 AF3
ATIM3 CH2N
PGl AF3
PHI AF6
PAO AF7
PC4 AF3
ATIM3_CH3N
PE6 AF3
PG2 AF3
PA1 AF6
ATIM3 CH4N PEO AF2
PG3 AF3

5.2.5.8 GTIMx alternate function remapping
5.2.5.8.1 GTIM1 alternate function remapping

Table 5-10 GTIM1 Alternate Function Remapping

Alternate GPIO port Remap
function
PAO AF10
PAS AF2
GTIM1_ETR
PAILS AF15
PD3 AF2
PAO AF3
PAS AF3
GTIM1_CH1
PA1S5 AF3
PD3 AF3
PA1 AF3
GTIM1 _CH2 PB3 AF3
PD4 AF5
PA2 AF3
GTIM1_CH3 PA9 AF2
PBI10 AF3
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Alternate GPIO port Remap
function
PD7 AFS
PA3 AF3
PA10 AF2
GTIM1_CH4 PB2 AF8
PB11 AF3
PD6 AF5

5.2.5.8.2 GTIM2 alternate function remapping

Table 5-11 GTIM2 Alternate Function Remapping

Alternate GPIO port Remap
function
PB3 AF8
GTIM2 _ETR
PD2 AF3
PA6 AF3
PB4 AF3
GTIM2_CH1 PC6 AF6
PE2 AF2
PEI0 AF6
PA4 AF3
PA7 AF3
GTIM2_CH2 PB5 AF3
PC7 AF6
PE3 AF2
PBO AF3
GTIM2_CH3 PC8 AF6
PE4 AF2
PB1 AF3
PB7 AF7
GTIM2 _CH4
PC9 AF6
PES AF2

5.2.5.8.3 GTIMS alternate function remapping

Table 5-12 GTIM3 Alternate Function Remapping

Alternate GPIO port Remap
function
PAS AF2
GTIM3 _ETR PB3 AF7
PEO AF3
PA1l AF2
GTIM3_CHI1
PB6 AF3
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Alternate GPIO port Remap
function
PDI2 AFS
PAI12 AF2
GTIM3_CH2 PB7 AF3
PD13 AF5
PA13 AF2
GTIM3_CH3 PBS AF3
PDI14 AF5
PB9 AF3
PDI15 AFS5
GTIM3 CH4
PF6 AF3
PH2 AF3

5.2.5.8.4 GTIM4 alternate function remapping

Table 5-13 GTIM4 Alternate Function Remapping

Alternate GPIO port Remap
function
PBI12 AF3
GTIM4 _ETR PD11 AF2
PF6 AF5
PAO AF2
PB2 AF3
GTIM4_CHI1
PF6 AF6
PH4 AF5
PA1 AF2
PC12 AF3
GTIM4 CH2
PE7 AFS5
PF7 AF6
PA2 AF2
GTIM4_CH3 PE8 AF5
PF8 AF6
PA3 AF2
GTIM4 CH4 PE9 AF5
PF9 AF6

5.2.5.8.5 GTIMS alternate function remapping

Table 5-14 GTIMS Alternate Function Remapping

Alternate GPIO port Remap
function
PC5 AF8
GTIMS_ETR
PG2 AF5
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Alternate GPIO port Remap
function
PA2 AF7
PES AFS
GTIMS5_CH1
PF4 AF5
PH3 AF5
PA3 AF7
PD2 AF15
GTIMS_CH2
PE6 AF5
PF5 AF5
GTIMS_CH3 PHO AFS5
GTIMS_CH4 PHI AFS5

5.2.5.8.6 GTIMG6 alternate function remapping

Table 5-15 GTIM6 Alternate Function Remapping

Alternate GPIO port Remap
function
PB2 AF13
GTIM6_ETR
PG4 AFS5
PBS8 AF6
PD5 AF5
GTIM6_CHI1
PDI2 AF2
PF6 AF2
PD13 AF2
GTIM6_CH2
PG9 AF5
PDI14 AF2
GTIM6_CH3
PG14 AF3
PDI15 AF2
GTIM6_CH4
PGI15 AF3

5.2.5.8.7 GTIMT7 alternate function remapping

Table 5-16 GTIM7 Alternate Function Remapping

Alternate GPIO port Remap
function
GTIM7_ETR PD9 AF2
PA4 AF12
PA7 AF12
GTIM7_CHI PB9 AF7
PF7 AF2
PGI10 AF3
PAS AF7
GTIM7_CH2
PGO AF5
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Alternate GPIO port Remap
function
PGI1 AF3
PC14 AF7
GTIM7_CH3 PG1 AF5
PG12 AF3
PC15 AF7
GTIM7_CH4 PE12 AF8
PG13 AF3

5.2.5.8.8 GTIMS alternate function remapping

Table 5-17 GTIMS Alternate Function Remapping

Alternate GPIO port Remap
function
PA2 AF14
GTIM8 ETR
PF7 AFS5
PA2 AF12
PB14 AF3
GTIM8 CH1
PDI15 AF3
PF9 AF5
PA3 AF12
PBI15 AF7
GTIMS8_CH2
PC7 AF0
PF10 AF5
PA13 AF13
GTIMS8_CH3
PC9 AFO
GTIMS8_CH4 PA14 AF13
PA9 AF7
GTIMS8 BKIN
PC5 AF6
PA1 AF8
GTIM8 _CHIN PBI15 AF2
PG9 AF3

5.2.5.8.9 GTIMD alternate function remapping

Table 5-18 GTIM9 Alternate Function Remapping

Alternate GPIO port Remap
function
PB4 AF11
GTIM9_ETR
PD6 AF7
PA6 AF2
GTIM9_CH1 PA12 AF7
PB4 AF13
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Alternate GPIO port Remap
function
PB8 AF7
PEO AF1
PEI0 AF8
PF8 AF2
PA7 AF7
GTIM9_CH2
PB14 AF7
PB12 AF6
GTIM9_CH3 PD9 AF3
PH2 AFS5
PB8 AF9
PB13 AF7
GTIM9 CH4
PC10 AF6
PE7 AF6
GTIM9_BKIN PBS5 AF6
PAI13 AF6
GTIM9_CHIN
PB6 AF6

5.2.5.8.10 GTIM10 alternate function remapping

Table 5-19 GTIM10 Alternate Function Remapping

Alternate GPIO port Remap
function
GTIM10_ETR PCl11 AF11
PA7 AF2
PB5 AF5
PB9 AF6
PCO AF6
GTIM10_CH1
PD8 AF3
PE1 AF1
PE15 AF1
PF9 AF2
PBI13 AF6
GTIM10_CH2 PCl1 AF6
PD9 AF6
PC2 AF7
GTIM10_CH3
PDI11 AF3
PC3 AF7
GTIM10_CH4
PD14 AF3
PA10 AF0
GTIM10_BKIN
PB4 AF14
GTIM10_CHIN PB7 AF5
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Alternate GPIO port Remap

function

PH4 AF6

5.2.5.9 LPTIMXx alternate function remapping

5.2.5.9.1 LPTIM1 alternate function remapping

Table 5-20 LPTIM1 Alternate Function Remapping

Alternate GPIO port Remap
function
PB6 AF14
LPTIM1_ETR
PC3 AF5
PBS AF14
LPTIM1_IN1
PCO AF5
PB7 AF14
LPTIM1_IN2
PC2 AF5
PA14 AF10
LPTIM1_OUT PB2 AF9
PC1 AF5

5.2.5.9.2 LPTIM2 alternate function remapping

Table 5-21 LPTIM2 Alternate Function Remapping

Alternate GPIO port Remap
function

LPTIM2 ETR PC13 AF7

PB4 AF10
LPTIM2 IN1 PE6 AF6
PH3 AF1

LPTIM2 IN2 PA4 AF13

LPTIM2 OUT PC4 AF15

5.2.5.10 FDCAN alternate function remapping

FDCAN supports full pin mapping, meaning FDCANx_ RX and FDCANx TX can be mapped to any GPIO port.

5.2.5.10.1 FDCANTI1 alternate function remapping

Table 5-22 FDCANT1 Alternate Function Remapping

Alternate GPIO port Remap

function
PAx(x=0~15) AF25
PBx(x=0~15) AF25
FDCAN1_TX PCx(x=0~15) AF25
PDx(x=0~15) AF25
PEx(x=0~15) AF25
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Alternate GPIO port Remap
function
PFx(x=0~15) AF25
PGx(x=0~15) AF25
PHx(x=0~6) AF25
PAXx(x=0~15) AF26
PBx(x=0~15) AF26
PCx(x=0~15) AF26
FDCANI RX PDx(x=0~15) AF26
a PEx(x=0~15) AF26
PFx(x=0~15) AF26
PGx(x=0~15) AF26
PHx(x=0~6) AF26

5.2.5.10.2 FDCAN2 alternate function remapping

Table 5-23 FDCAN2 Alternate Function Remapping

Alternate GPIO port Remap
function

PAX(x=0~15) AF27
PBx(x=0~15) AF27
PCx(x=0~15) AF27
FDCAN2 TX PDx(x=0~15) AF27
- PEx(x=0~15) AF27
PFx(x=0~15) AF27
PGx(x=0~15) AF27
PHx(x=0~6) AF27
PAx(x=0~15) AF28
PBx(x=0~15) AF28
PCx(x=0~15) AF28
FDCAN? RX PDx(x=0~15) AF28
a PEx(x=0~15) AF28
PFx(x=0~15) AF28
PGx(x=0~15) AF28
PHx(x=0~6) AF28

5.2.5.10.3 FDCANS3 alternate function remapping

Table 5-24 FDCAN3 Alternate Function Remapping

Alternate GPIO port Remap
function
PAx(x=0~15) AF29
FDCAN3_TX PBx(x=0~15) AF29
PCx(x=0~15) AF29
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Alternate GPIO port Remap
function
PDx(x=0~15) AF29
PEx(x=0~15) AF29
PFx(x=0~15) AF29
PGx(x=0~15) AF29
PHx(x=0~6) AF29
PAx(x=0~15) AF30
PBx(x=0~15) AF30
PCx(x=0~15) AF30
FDCAN3 RX PDx(x=0~15) AF30
- PEx(x=0~15) AF30
PFx(x=0~15) AF30
PGx(x=0~15) AF30
PHx(x=0~6) AF30

5.2.5.11 DVP alternate function remapping

Table 5-25 DVP Alternate Function Remapping

Alternate GPIO port Remap
function
PA3 AF10
DVP_PIXCLK PA6 AF10
PE4 AF6
PA1 AF9
DVP_HSYNC PA4 AF10
PE2 AF6
PA2 AF10
PB7 AF12
DVP VSYNC
PE3 AF6
PG9 AF9
PA4 AF6
PA9 AF10
DVP_DO PC6 AF8
PD6 AFS8
PES AF7
PAS AF5
PA10 AF10
DVP DI
PC7 AF8
PE6 AF7
PA6 AF14
DVP_D2
PCO AF9
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Alternate GPIO port Remap
function
PC8 AF8
PEO AF8
PG10 AF9
PA7 AF14
PB2 AF11
DVP_D3 PC9 AF8
PEI AF8
PG11 AF9
PB10 AF12
PC4 AF1
DVP_D4 PCI11 AF8
PE4 AF8
PF12 AF8
PB6 AF12
PB11 AF12
DVP_D5 PC5 AF1
PD3 AF8
PF13 AF8
PBO AF11
PBS8 AF12
DVP_D6
PES AF8
PF14 AF8
PB1 AFI11
PB9 AF12
DVP D7
PE6 AF8
PF15 AF8
DVP DS PC10 AF8
DVP D9 PC12 AF8
DVP D10 PB5 AF0
PD2 AF8
DVP DIl
PF10 AF8
PF11 AF8
DVP_D12 PG6 AF9
PH3 AF7
PB14 AFI11
PG7 AF9
DVP DI3
PG15 AF8
PH2 AF7
PB15 AF9
DVP D14
PF6 AF13
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Alternate GPIO port Remap
function
PCO AF12
DVP D15
PF9 AF8

5.2.5.12 FEMC alternate function remapping

Table 5-26 FEMC Alternate Function Remapping

Alternate function GPIO Remap
port
PFO AF10
FEMC_A0
PF10 AF10
PF1 AF10
FEMC_A1l
PF7 AF10
FEMC_A2 PF2 AF10
FEMC_A3 PF3 AF10
FEMC_A4 PF4 AF10
FEMC_AS PF5 AF10
FEMC_A6 PF12 AF10
FEMC_A7 PF13 AF10
FEMC A8 PF14 AF10
FEMC A9 PF15 AF10
FEMC A10 PGO AF10
FEMC_All PGl AF10
FEMC A12 PG2 AF10
FEMC A13 PG3 AF10
FEMC_A14 PG4 AF10
FEMC_A15 PG5 AF10
PC6 AF14
FEMC Al6
PD11 AF10
PC7 AF14
FEMC Al17
PD12 AF10
FEMC Al18 PD13 AF10
FEMC A19 PE3 AF10
FEMC A20 PE4 AF10
FEMC A21 PES AF10
FEMC A22 PE6 AF10
FEMC A23 PE2 AF10
PF8 AF10
FEMC A24
PG13 AF10
PF9 AF10
FEMC_A25
PG14 AF10
FEMC_DO PD14 AF10
165

nsing.com.sg

NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



aHy

%

- »

4

NSING

Alternate function GPIO Remap
port
FEMC_D1 PD15 AF10
FEMC_D2 PDO AF10
FEMC D3 PD1 AF10
FEMC D4 PE7 AF10
FEMC D5 PE8 AF10
FEMC D6 PE9 AF10
FEMC D7 PE10 AF10
FEMC D8 PE11 AF10
FEMC_D9 PE12 AF10
FEMC_D10 PE13 AF10
PE14 AF10
FEMC D11
PBI10 AF14
PE15 AF10
FEMC D12
PBI11 AF14
FEMC D13 PD8 AF10
FEMC D14 PD9 AF10
FEMC D15 PD10 AF10
PB9 AF0
FEMC_NEI1
PD7 AF11
PB6 AF15
FEMC_NE2
PG9 AF10
PG8 AF10
FEMC NE3
PG10 AF10
PF11 AF10
FEMC NE4
PG12 AF10
PB9 AF9
FEMC NCE2
PD7 AF10
PB6 AF10
FEMC_NCE3
PG9 AF11
PC9 AF14
FEMC_NOE
PD4 AF10
PA10 AF15
FEMC _NWE
PD5 AF10
FEMC_NADV PB7 AF13
PBS AF15
FEMC NWAIT
PD6 AF10
FEMC_NBLO PEO AF10
FDMC NBL1 PE1 AF10
FEMC_ALE PD12 AF11
FEMC_CLE PD11 AF11
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Alternate function GPIO Remap
port
FEMC_CLK PD3 AF10
FEMC_INT2 PG6 AF10
FEMC INT3 PG7 AF10

5.2.5.13 USARTXx alternate function remapping
5.2.5.13.1 USART1 alternate function remapping

Table 5-27 USART1 Alternate Function Remapping

Alternate function GPIO port Remap
PA4 AF15
PA9 AF5
PA15 AF10
PB6 AF1
USARTI1_TX
PC4 AF5
PEO AF7
PG9 AF8
PH4 AF1
PAS AF15
PA10 AF5
PB3 AF13
PB7 AF1
USART! _RX
PC5 AF5
PEI AF7
PG15 AF5
PH2 AF1
USART1 _CK PAS8 AF5
USART1_CTS PAI1l AF5
USART1_RTS DE PA12 AF5

5.2.5.13.2 USART?2 alternate function remapping

Table 5-28 USART?2 Alternate Function Remapping

Alternate function GPIO port Remap
PA2 AF5
PA14 AF5
PB3 AF9
USART2 TX PB4 AFS8
PC8 AF15
PD5 AF6
PHI AF2
PA3 AF5
USART2_RX
PA15 AF5
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Alternate function GPIO port Remap
PB4 AF9

PBS5 AF15

PC9 AF15

PD6 AF6

PHO AF2

PA4 AF5

USART2 CK PBS5 AF9
PD7 AF6

PAO AFS5

PA1S AF14

USART2 CTS

PCo6 AF10

PD3 AF6

PA1 AFS5

PB3 AF10

USART2 RTS DE

PC7 AF10

PD4 AF6

5.2.5.13.3 USART3 alternate function remapping
Some signals of USART3 support full pin mapping, as detailed in the table below.

Table 5-29 USART3 Alternate Function Remapping

Alternate function GPIO port Remap

PAx(x=0~15) AF17

PBx(x=0~15) AF17

PCx(x=0~15) AF17

USARTS TX PDx(x=0~15) AF17

- PEx(x=0~15) AF17

PFx(x=0~15) AF17

PGx(x=0~15) AF17

PHx(x=0~6) AF17

PAX(x=0~15) AF18

PBx(x=0~15) AF18

PCx(x=0~15) AF18

USARTS RX PDx(x=0~15) AF18

PEx(x=0~15) AF18

PFx(x=0~15) AF18

PGx(x=0~15) AF18

PHx(x=0~6) AF18

PB12 AF9

USART3 CK PCI12 AF6

PD10 AF6

USART3_CTS PA13 AF5
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Alternate function GPIO port Remap
PB13 AF9
PDI11 AF6
PAx(x=0~15) AF16
PBx(x=0~15) AF16
PCx(x=0~15) AF16
USART3_RTS DE |— 2X=019) Arlo
T PEx(x=0~15) AF16
PFx(x=0~15) AF16
PGx(x=0~15) AF16
PHx(x=0~6) AF16

5.2.5.13.4 USART4 alternate function remapping

Table 5-30 USART4 Alternate Function Remapping

Alternate function GPIO port Remap
PAll AF14
PBO AF13
PCO AF10
PC6 AF5
USART4_TX
PDI11 AF12
PE2 AF7
PE10 AF9
PG14 AF6
PA12 AF14
PB1 AF13
PC1 AF10
PC7 AFS5
USART4 RX
PE3 AF7
PEIl AF9
PE15 AF5
PG9 AF6
PB14 AF9
USART4 CK PC8 AF5
PG7 AF6
PG13 AF6
USART4_CTS
PG15 AF6
PG8 AF6
USART4 _RTS DE PG12 AF6
PH2 AF2
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5.2.5.14 UARTX alternate function remapping

5.2.5.14.1 UARTS alternate function remapping

Some signals of UARTS support full pin mapping, as detailed in the table below.

Table 5-31 UARTS Alternate Function Remapping

Alternate function GPIO port Remap
PAXx(x=0~15) AF20
PBx(x=0~15) AF20
PCx(x=0~15) AF20
UARTS TX PDx(x=0~15) AF20
- PEx(x=0~15) AF20
PFx(x=0~15) AF20
PGx(x=0~15) AF20
PHx(x=0~6) AF20
PAx(x=0~15) AF21
PBx(x=0~15) AF21
PCx(x=0~15) AF21
PDx(x=0~15) AF21
UARTS_RX
PEx(x=0~15) AF21
PFx(x=0~15) AF21
PGx(x=0~15) AF21
PHx(x=0~6) AF21
UARTS _CTS PBS5 AF8
PAXx(x=0~15) AF19
PBx(x=0~15) AF19
PCx(x=0~15) AF19
UARTS RTS DE PDx(x=0~15) AF19
T PEx(x=0~15) AF19
PFx(x=0~15) AF19
PGx(x=0~15) AF19
PHx(x=0~6) AF19

5.2.5.14.2 UART6 alternate function remapping

Table 5-32 UART6 Alternate Function Remapping

Alternate function GPIO port Remap

PAO AF11
PA13 AF12
UART6 TX PB2 AF12
PC10 AF7
PDO AF6
PA1 AF11

UART6_RX
PA14 AF12
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Alternate function GPIO port Remap
PCl11 AF7
PDI AF6
PE7 AF8
UART6_CTS PB7 AF8
UART6_RTS DE PA15 AF11

5.2.5.14.3 UART7 alternate function remapping

Table 5-33 UART6 Alternate Function Remapping

Alternate function GPIO port Remap

PA2 AF11

PBI11 AF8

PC1 AF7

PC2 AF13

UART7_TX PC4 AF13
PE8 AF9

PF7 AF12

PGO AF8

PG7 AF8

PA3 AF11

PB10 AFS8

PCO AF7

PC3 AF13

UART7 RX PCS5 AF13
PE7 AF9
PF6 AF12

PGl AF8

PG8 AF8

PA6 AF11

UART7 _CTS PB13 AFS8
PGS AFS8

PBI AF9

UART7 RTS DE PB12 AF8
PG6 AFS8

5.2.5.14.4 UARTS alternate function remapping

Some signals of UARTS support full pin mapping, as detailed in the table below.

Table 5-34 UARTS Alternate Function Remapping

Alternate function GPIO port Remap
PAx(x=0~15) AF23
UART8_TX PBx(x=0~15) AF23
PCx(x=0~15) AF23
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Alternate function GPIO port Remap
PDx(x=0~15) AF23
PEx(x=0~15) AF23
PFx(x=0~15) AF23
PGx(x=0~15) AF23
PHx(x=0~6) AF23
PAx(x=0~15) AF24
PBx(x=0~15) AF24
PCx(x=0~15) AF24
UARTS RX PDx(x=0~15) AF24
B PEx(x=0~15) AF24
PFx(x=0~15) AF24
PGx(x=0~15) AF24
PHx(x=0~6) AF24
PBI15 AF8
UARTS_CTS PFO AF6
PH3 AF2
PAX(x=0~15) AF22
PBx(x=0~15) AF22
PCx(x=0~15) AF22
UARTS_RTS.DE PDx(x=0~15) AF22
PEx(x=0~15) AF22
PFx(x=0~15) AF22
PGx(x=0~15) AF22
PHx(x=0~6) AF22

5.2.5.15 I2C alternate function remapping
5.2.5.15.1 12C1 alternate function remapping

Table 5-35 12C1 Alternate Function Remapping

Alternate function GPIO port Remap

PA9 AF15

PA13 AF8

PAI1S AF9

[2C1 SCL PB6 AF2
PB8 AF2

PDI1 AF5

PG14 AF7

PA14 AFI11

PB7 AF2

12C1_SDA PB9 AF13
PDI AF7

PEI5 AF9
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Alternate function GPIO port Remap
PGI15 AF7
12C1_SMBA PBS5 AF12

5.2.5.15.2 12C2 alternate function remapping

Table 5-36 12C2 Alternate Function Remapping

Alternate function GPIO port Remap

PA4 AFI11
PA9 AF11
PBI10 AF7
PC4 AF7

12C2_SCL
PF1 AF7
PF6 AF7
PG2 AF6
PHI AF7
PAS AFI11
PAS AF11
PA10 AF11
PB3 AF12

12C2 SDA PBI11 AF7
PCI12 AF9
PFO AF7
PG3 AF6
PHO AF7
PAS AF8
PA10 AF8

12C2_ SMBA
PB12 AF7
PF2 AF7

5.2.5.15.3 12C3 alternate function remapping

Table 5-37 12C3 Alternate Function Remapping

Alternate function GPIO port Remap
PAS AF7
PCO AF8
PC4 AF14
[2C3_SCL PC8 AF7
PF3 AF7
PF4 AF6
PG7 AF7
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Alternate function GPIO port Remap
PB4 AF12
PBS5 AFI11
PC1 AF9
PC5 AF14
12C3_SDA PC9 AF7
PCI11 AF9
PF4 AF7
PF5 AF7
PGS AF7
PA9 AF8
12C3_SMBA PB2 AF7
PG6 AF7

5.2.5.15.4 12C4 alternate function remapping

Table 5-38 12C4 Alternate Function Remapping

Alternate function GPIO port Remap
PA9 AF13
PA13 AF7
PC6 AF7
12C4_SCL
PDI14 AF9
PF14 AF7
PG3 AF7
PA10 AF6
PB7 AF9
PC7 AF7
12C4 SDA
PDI15 AF9
PF15 AF7
PG4 AF7
PA14 AF8
[2C4 SMBA PDI1 AF9
PF13 AF7

5.2.5.16 SPI/I2S alternate function remapping

5.2.5.16.1 SPI1 alternate function remapping

Table 5-39 SPI1 Alternate Function Remapping

Alternate function GPIO port Remap
PA4 AF1
PA15 AF2
SPI1_NSS
PB2 AF14
PG5 AF1
SPI1_SCK PAS AF1
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Alternate function GPIO port Remap
PB3 AF2
PE7 AF1
PG2 AF1
PA6 AF1
PB4 AF2
SPI1_MISO
PES8 AF1
PG3 AF1
PA7 AF1
PB5 AF2
SPI1_MOSI
PE9 AF1
PG4 AF1

5.2.5.16.2 SPI2/12S2 alternate function remapping

Table 5-40 SP12/12S2 Alternate Function Remapping

Alternate function GPIO port Remap
PA12 AF9
SPI2_NSS
PD15 AF1
PB9 AF2
PB12 AF1
SPI2_12S2 NSS W PC6 AF13
S PDI AF1
PE10 AF1
PHO AF1
PF9 AF1
SPI2_ SCK
PF10 AF1
PA9 AF12
PB10 AF2
PB13 AF1
SPI2 1282 SCK _C
PC7 AF13
K
PD3 AF1
PEI11 AF6
PH1 AF1
PA10 AF1
PB14 AF1
PC2 AF1
SPI2_MISO PC8 AF13
PEI2 AF6
PG9 AF7
PG14 AF9
PD2 AF11
SPI2_MOSI
PG9 AF2
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Alternate function GPIO port Remap

PA1l AF1

PB15 AF1

SPI2 12S2 MOSI_ PC1 AF2

SD PC3 AF1

PC9 AF13

PE13 AF6

PA3 AF9

PA6 AF12

12S2_MCK

PAS AF1

PCo6 AF1

PA10 AF13

12S2_AUX_SD PB14 AF2

PC2 AF2

5.2.5.16.3 SPI3/12S3 alternate function remapping

Table 5-41 SPI3/12S3 Alternate Function Remapping

Alternate function GPIO port Remap
PA4 AF2
PA15 AF1
SPI3_12S3_NSS_WS PC2 AF12
PD2 AF1
PD8 AF1
SPI3_SCK PG9 AF1
PB3 AF1
PC3 AF2
SPI3_12S3_SCK_CK
PC10 AF1
PD9 AF1
PAO AF12
PB4 AF1
SPI3_MISO
PCl11 AF1
PDI1 AF1
SPI3 MOSI PDO AF2
PA1 AF12
PBO AF9
PB2 AF1
PB5 AF1
SPI3_12S3 MOSI_SD
PC1 AF1
PC12 AF1
PD6 AF1
PD12 AF1
12S3_MCK PA9 AF1
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Alternate function GPIO port Remap
PC7 AF1
PB4 AF15
1283 _AUX SD
PCI11 AF3

5.2.5.16.4 128 alternate function remapping
12S_CKIN is the 12S external reference clock input pin, applicable to both 12S2 and 12S3.

Table 5-42 I2S Alternate Function Remapping

Alternate function GPIO port Remap
PA2 AF15
PA12 AF1
12S_CKIN
PBI11 AF5
PC9 AF1

5.2.5.16.5 SPI4 alternate function remapping

Table 5-43 SP14 Alternate Function Remapping

Alternate function GPIO port Remap
PBI12 AF12
PE3 AF1
SPI4_NSS PE4 AF1
PEI1 AF1
PG14 AF8
PB13 AF12
PE2 AF1
SPI4 _SCK
PEI2 AF1
PG11 AF8
PA1l AF13
PDO AF1
SPI4_MISO PES AF1
PEI3 AF1
PG12 AF8
PAI AF13
PA12 AF13
SPI4 MOSI PE6 AF1
PE14 AF1
PG13 AF8

5.2.5.16.6 SPIS alternate function remapping

Table 5-44 SPIS Alternate Function Remapping

Alternate function GPIO port Remap
SPI5S_NSS PB1 AF14
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Alternate function GPIO port Remap
PEIl AFS
PF6 AFI11
PBO AF8
SPI5S _SCK PE12 AF5
PF7 AF11
PE13 AF5
SPI5_MISO
PF8 AF11
PA10 AF14
PB8 AFO
SPI5_ MOSI PE14 AFS5
PF9 AFI11
PF11 AF11

5.2.5.16.7 SPIG6 alternate function remapping

Table 5-45 SPIS Alternate Function Remapping

Alternate function GPIO port Remap
PA2 AF6
SPI6_ NSS
PG15 AF1
SPI6 _SCK PA1 AF14
SPI6_MISO PA4 AF14
SPI6_ MOSI PAS AF14

5.2.5.17 SDIO alternate function remapping

Table 5-46 SDIO Alternate Function Remapping

Alternate GPIO port Remap
function
SDIO_DO PB4 AF6
PC8 AF2
PES8 AF2
SDIO_D1 PA8 AF14
PBO AF10
PC9 AF2
PE9 AF2
SDIO_D2 PA9 AF14
PBI AF10
PC10 AF2
PE10 AF2
SDIO_D3 PCI11 AF2
PEIl AF2
SDIO_D4 PBS AF1
SDIO_D5 PB9 AF1
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Alternate GPIO port Remap
function
SDIO_D6 PCo6 AF2
SDIO_D7 PB10 AF1
PC7 AF2
SDIO_CLK PB2 AF10
PCI12 AF2
PEI2 AF2
SDIO_CMD PA6 AF13
PD2 AF2
PEI3 AF2

5.2.5.18 XSPI alternate function remapping

Table 5-47 XSPI Alternate Function Remapping

Alternate function GPIO port Remap

XSPI_NSSO PA2 AF8
PBI11 AF6

PD3 AF9

PEIl AF7

XSPI NSSI PA4 AF9
PC10 AF13

PFO AF9

PGS AF5

XSPI CLK PA3 AF8
PAS AF9

PB10 AF6

PCl11 AF13

PEI0 AF7

PF1 AF9

PF10 AF9

PGI13 AF5

XSPI 100 PAS AFS8
PA6 AF15

PBI AF2
PC12 AF13

PE12 AF7

PF2 AF9

PF8 AF9

PG14 AF5
XSPI 101 PA7 AF15
PBO AF2

PDO AF9
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Alternate function GPIO port Remap

PEI3 AF7

PF3 AF9

PF9 AF9

PG12 AF5

XSPI 102 PA7 AF8
PC4 AF9

PDI AF9

PE14 AF7

PF4 AF9

PF7 AF9

PGI10 AFS5

XSPI_IO3 PA6 AF8
PC5 AF9

PD2 AF9

PE15 AF7

PF5 AF9

PF6 AF9

PG11 AF5

XSPI 104 PC1 AF8
PD4 AF9

XSPI_IOS5 PB2 AF2
PC2 AF8

PD5 AF9

XSPI_106 PC3 AF8
PD6 AF9

XSPI_107 PC4 AF8
PD7 AF9

XSPI RXDS PCO AF11
PC13 AF8

PDI13 AF8

5.2.5.19 ETH alternate function remapping

Table 5-48 ETH Alternate Function Remapping

Alternate function GPIO port Remap
ETH_MDC PC1 AF11
ETH_MDIO PA2 AF1

PB5 AF13
ETH_PPS OUT PB6 AF13
PG8 AF1
ETH_MII TXD3 PB7 AF15
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Alternate function GPIO port Remap
PB8 AF13
PE2 AF8
ETH MII TXD2 PC2 AF11
PB13 AF13
ETH_MII_TXDl1
PG14 AF1
PB12 AF13
ETH_MII_TXDO
PG13 AF1
ETH MII TX CLK PC3 AFI11
PBI11 AF1
ETH MII TX EN
PGl1 AF1
PBI AF1
ETH MII RXD3
PDI2 AF8
PBO AF1
ETH _MII RXD2
PDI11 AF8
PC5 AFI11
ETH_MII_RXDI1
PDI10 AF8
PC4 AFI11
ETH_MII_RXDO0
PD9 AF8
ETH MII RX CLK PAI AF1
PA7 AF10
ETH_MII_RX DV
PDS8 AF8
ETH_MII_ RX_ER PB10 AF13
ETH_MII_COL PA3 AF1
ETH_MII_CRS PAO AF1
PB13 AF2
ETH RMII TXDlI
PGl14 AF2
PB12 AF2
ETH_RMII_TXDO0
PGI13 AF2
PBI1 AF2
ETH RMII_TX EN
PGl1 AF2
PC5 AF10
ETH_RMII_RXDI1
PD10 AF9
PC4 AF10
ETH_RMII_RXDO
PD9 AF9
ETH_RMII_REF _CLK PAI AF7
PA7 AFI11
ETH _RMII CRS DV
PDS8 AF9
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5.2.5.20 RTC alternate function remapping

Table 5-49 RTC Alternate Function Remapping

Alternate function GPIO port Remap
PAl AF10
RTC_REFIN
PB15 AF12

5.2.5.21 USB_HS alternate function remapping

Table 5-50 USB_HS Alternate Function Remapping

Alternate function GPIO port Remap
USB HS ID PB12 AF14
USB_HS_SOF PA4 AF8

5.2.5.22 EVENT alternate function remapping

EVENT supports full pin mapping, as detailed in the table below.

Table 5-51 EVENT Alternate Function Remapping

Alternate function GPIO port Remap

PAx(x=0~15) AF4

PBx(x=0~15) AF4

PCx(x=0~15) AF4

EVENT OUT PDx(x=0~15) AF4

B PEx(x=0~15) AF4
PFx(x=0~15) AF4

PGx(x=0~15) AF4

PHx(x=0~6) AF4

5.2.5.23 COMP alternate function remapping
5.2.5.23.1 COMP1 alternate function remapping

Table 5-52 COMP1 Alternate Function Remapping

Alternate function GPIO port Remap
PAO AF9
PA6 AF9
PAI1l AF8
COMP1_OUT
PB1 AF12
PB8 AFI11
PF4 AF8

5.2.5.23.2 COMP?2 alternate function remapping

Table 5-53 COMP2 Alternate Function Remapping

Alternate function GPIO port

Remap

COMP2_OUT PA2

AF9
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Alternate function GPIO port Remap
PA6 AF7
PA7 AF9
PA12 AF8
PB9 AF11

5.2.5.23.3 COMP3 alternate function remapping
Table 5-54 COMP3 Alternate Function Remapping

Alternate function GPIO port Remap
PA2 AF13
PA8 AF9
PB7 AFI11
PB10 AF11

COMP3_OUT

PB15 AF11
PC2 AF9
PC8 AF9
PC10 AF9

5.2.5.23.4 COMP4 alternate function remapping
Table 5-55 COMP4 Alternate Function Remapping

Alternate function GPIO port Remap
PB1 AF8
PB6 AF11
PBI2 AF11
COMP4_OUT
PB14 AF12
PC5 AF15
PCI11 AF10

5.2.5.23.5 COMPS alternate function remapping
Table 5-56 COMPS Alternate Function Remapping

Alternate function GPIO port Remap
PA9 AF9
PAI1l AF15
PBO AF12
COMP5_OUT
PB6 AF0
PBI1 AF11
PC7 AF9

5.2.5.23.6 COMP6 alternate function remapping
Table 5-57 COMP6 Alternate Function Remapping

Alternate function

GPIO port

Remap

COMP6_OUT

PA10

AF9
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Alternate function GPIO port Remap
PA12 AF15
PB7 AFO
PC6 AF9
PC9 AF9

5.2.5.23.7 COMP7 alternate function remapping

Table 5-58 COMP7 Alternate Function Remapping

Alternate function GPIO port Remap
PAS8 AF12
PC2 AF10
COMP7_OUT
PC8 AF10
PD12 AF9

5.2.6 10 Configuration Of Peripherals

Table 5-59 ADC/DAC

ADC/DAC Pin GPIO Configuration
ADC Analog mode
DAC Analog mode

Table5-60 SHRTIM

SHRTIM Pin

Configuration

GPIO Configuration

SHRTIMI1_CHxI(x=A~F)

Output compare channel x

Push-pull alternate output

SHRTIMI1_CHx2(x=A~F)

Complementary output channel x

Push-pull alternate output

SHRTIM1_FALTx(x=1~6)

Fault input x

Alternate input mode

SHRTIM1 SCIN

Synchronous signal input

Alternate input mode

SHRTIM1_SCOUT

Synchronous signal output

Push-pull alternate output

SHRTIM1_EXEVx(x=1~10)

External event input x

Alternate input mode

Table 5-61 ATIM1/2/3

ATIM Pin

Configuration

GPIO Configuration

ATIM1/2/3_CHx(x=1~4)

Input capture channel x

Alternate input mode

Output compare channel x

Push-pull alternate output

ATIM1/2/3_CHxXN(x=1~4)

Complementary output channel x

Push-pull alternate output

ATIM1/2/3_BKIN

Brake input

Alternate input mode

ATIM1/2/3_BKIN2

Bidirectional brake

Open-drain alternate output

ATIM1/2/3_ETR

External trigger clock input

Alternate input mode
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Table 5-62 GTIM1~7

nsing.com.sg

GTIM pin

Configuration

GPI0O Configuration

GTIM1~7_CHx(x=1~4)

Input capture channel x

Alternate input mode

Output compare channel x

Push-pull alternate output

GTIM1~7_ETR External trigger clock input Alternate input mode
Table 5-63 GTIMS8/9/10
GTIM pin Configuration GPI0O Configuration

GTIMB8/9/10_CHx(x=1~4)

Input capture channel x

Alternate input mode

Output compare channel x

Push-pull alternate output

GTIM8/9/10_CHIN

Complementary output channel 1

Push-pull alternate output

GTIM8/9/10_BKIN

Brake input

Alternate input mode

Bidirectional brake

Open-drain alternate output

GTIM8/9/10_ETR

External trigger clock input

Alternate input mode

Table 5-64 LPTIM1/2

LPTIM Pin

Configuration

GPIO Configuration

LPTIM1/2_INX(x=1, 2)

Input channel x

Alternate input mode

LPTIM1/2_OUT

PWM output

Push-pull alternate output

LPTIM1/2_ETR

External trigger input

Alternate input mode

Table 5-65 FDCAN

FDCAN Pin GPIO Configuration
FDCAN_TX Push-pull alternate output
FDCAN_RX Alternate input mode
Table 5-66 DVP

DVP Pin GPIO Configuration
DVP_HSYNC Alternate input mode
DVP_VSYNC Alternate input mode
DVP_PCLK Alternate input mode

DVP_Dx(x=0~7)

Alternate input mode

Table 5-67 FEMC

FEMC Pin

GPIO Configuration

FEMC Ax(x=0~25)

Push-pull alternate output

FEMC Dx(x=0~15)

Push-pull alternate output

FEMC CLK Push-pull alternate output
FEMC NOE Push-pull alternate output
FEMC NWE Push-pull alternate output

FEMC_NE(x=1~4)

Push-pull alternate output

FEMC_NCE(x=2~3)

Push-pull alternate output

FEMC_ALE

Push-pull alternate output
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FEMC Pin GPIO Configuration
FEMC CLE Push-pull alternate output
FEMC NBLx(x=0~1) Push-pull alternate output
FEMC NADV Push-pull alternate output

FEMC_NWAIT Alternate input mode

FEMC_INTx(x=2~3)

Alternate input mode

Table 5-68 U(S)ART

U(S)ART Pin

Configuration

GPI0O Configuration

Full duplex transmissions

Push-pull alternate output

U(S)ARTX_TX

Half duplex synchronous mode

Push-pull alternate output + Pull-up

Single-wire mode

Alternate input mode

U(S)ARTX_RX

Full duplex transmissions

Alternate input mode

Half duplex synchronous mode

Unused, can be used as general 1/0.

USARTX_CK

Synchronous mode

Push-pull alternate output

U(S)ARTX_RTS_DE

Hardware flow control

Push-pull alternate output

U(S)ARTX_CTS

Hardware flow control

Alternate input mode

Table 5-69 12C

12C Pin Configuration GPI0O 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 5-70 SPI
SPI Pin Configuration GPIO Configuration
Master mode Push-pull alternate output
SPIX_SCK -
Slave mode Alternate input mode
Full-duplex mode / Master mode Push-pull alternate output
Full-duplex mode / Slave mode Alternate input mode
SPIx_MOSI Simplex bidirectional data line / Master
Push-pull alternate output
mode
Simplex bidirectional data line / Slave mode Unused, can be used as general 1/0.
Full-duplex mode / Master mode Push-pull alternate output
Full-duplex mode / Slave mode Alternate input mode
SPIx_MISO Simplex bidirectional data line / Master
Push-pull alternate output
mode
Simplex bidirectional data line / Slave mode Unused, can be used as general 1/0.
Hardware slave mode Alternate input mode
SPIX_NSS Hardware master mode / NSS output enable Push-pull alternate output
Software mode Unused, can be used as general 1/0.

186

NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



ay,
"'a NSING

Table 5-71 12S
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12S Pin Configuration GPI0O Configuration
Master mode Push-pull alternate output
12Sx_WS -
Slave mode Alternate input mode
Master mode Push-pull alternate output
12Sx_CK
Slave mode Alternate input mode
Transmitter Push-pull alternate output
12Sx_SD - -
Receiver Alternate input mode
Transmitter Alternate input mode
12Sx_AUX_SD -
Receiver Push-pull alternate output
Master mode Push-pull alternate output
12Sx_MCK
Slave mode Unused, can be used as general 1/0.
12S_CKIN - Alternate input mode
Table 5-72 SDIO
SDIO Pin GPIO Configuration
SDIO_CLK Push-pull alternate output
SDIO_CMD Push-pull alternate output
SDIO_DATxX(x=0~7) Push-pull alternate output
Table 5-73 XSPI
XSPI Pin Configuration GPI0O Configuration
XSPI_IOx(x=0~7) Master /Slave mode Push-pull alternate output
Master mode Push-pull alternate output
XSPI_CLK -
Slave mode Alternate input mode
Master mode Push-pull alternate output
XSPI_NSS
Slave mode Alternate input mode
XSPI_RXDS Master mode Alternate input mode
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Table 5-74 ETH
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ETH Pin GPI0O Configuration
ETH_MDC Push-pull alternate output + fast toggle
ETH_MDIO Push-pull alternate output + fast toggle

ETH_PPS_OUT Push-pull alternate output + fast toggle
ETH_MII_CRS Alternate input mode
ETH_MII_COL Alternate input mode

ETH_MII_RX_ER

Alternate input mode

ETH_MII_RX_DV
ETH_RMII_CRS_DV

Alternate input mode

ETH_MII_RXD3 Alternate input mode
ETH_MII_RXD2 Alternate input mode
ETH_MII_RXD1 )

Alternate input mode
ETH_RMII_RXD1
ETH_MII_RXDO

ETH_RMII_RXDO

Alternate input mode

ETH_MII_RX_CLK
ETH_RMII_REF_CLK

Alternate input mode

ETH_MII_TX_EN
ETH_RMII_TX_EN

Push-pull alternate output + fast toggle

ETH_MII_TX_CLK

Alternate input mode

ETH_MII_TXD3 Push-pull alternate output + fast toggle
ETH_MII_TXD2 Push-pull alternate output + fast toggle
ETH_MII_TXD1

Push-pull alternate output + fast toggle
ETH_RMII_TXD1
ETH_MII_TXDO

ETH_RMII_TXDO

Push-pull alternate output + fast toggle

Table 5-75 USB FS Device

USB Pin GPI0O Configuration
UsSB_DM Once the USB module is enabled, these pins are automatically
USB_DP connected to the internal USB transceiver
Table 5-76 USB HS Dualrole
USB Pin GPIO Configuration
USB_HS DM
Analog mode
USB_HS DP
USB _HS ID Alternate input mode
USB_HS_SOF Push-pull alternate output
Table 5-77 Other
pin Alternate function GPIO configuration
RTC_REFIN RTC reference clock input Alternate input mode
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pin Alternate function GPIO configuration
Timestamp Timestamp trigger input Alternate input mode
MCO clock output Push-pull alternate output

EXTI Input Line

External interrupt input

Input mode

COMPx_OUT

COMP output

Push-pull alternate output

EVENT_OUT

Event output

Push-pull alternate output

5.2.7 GPIO locking mechanism

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

® PLOCKK, that is, GPIOx PLOCK [16], becomes 1 only after the correct sequence w1-> w0-> w1->r0 (10 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-> r0 will be valid only if the value (1
or 0) in GPIOx PLOCK.PLOCK [15:0] does not change during this sequence.The GPIOx PLOCK.PLOCKK
bit will not be set if the value in GPIOx PLOCK.PLOCK [15:0] changes during this sequence.

® Aslong 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]Jx]=1 are locked and can not be modified.

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

again.

5.3 GPIO Registers

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

5.3.1 GPIO Registers Overview

GPIOA base address: 0x4002C000
GPIOB base address: 0x4002C400
GPIOC base address: 0x4002C800
GPIOD base address: 0x4002CC00
GPIOE base address: 0x4002D000

GPIOF base address: 0x4002D400
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Table 5-78 GPIO Registers Overview

0x4002D800
0x4002DC00
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ PMODE15[1:0] l PMODE14[1:0] ‘ PMODE13[1:0] ‘ PMODE12[1:0] I PMODE11[1:0] I PMODEZ10[1:0] I PMODEO[1:0] I PMODES[1:0] ‘
w w w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ PMODET7[1:0] ‘ PMODES[1:0] ‘ PMODES[1:0] ‘ PMODEA4[L:0] ‘ PMODES3[1:0] ‘ PMODE?[1:0] ‘ PMODEL[1:0] ‘ PMODEO[1:0] ‘
w w w w w w w w

Bit Field Name Description

31:30 PMODEYy[1:0] Mode bits for porty (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 Pull-Up/Pull-Down Description Register (GPIOx_PUPD)

Address offset: 0x04

Reset value: 0x6400 0000 (x=A); 0x0000 0100 (x=B); 0x0000 0000 (x=C,D.E.F,G,H)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ PUPD15[1:0] PUPD14[1:0] ‘ PUPD13[1:0] PUPD12[1:0] ‘ PUPD11[1:0] ‘ PUPD10[1:0] ‘ PUPDI[1:0] ‘ PUPDS[L:0] ‘
w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ PUPD7[1:0] PUPD6[1:0] ‘ PUPDS5[1:0] PUPD4[1:0] ‘ PUPD3[1:0] ’ PUPD2[1:0] ’ PUPD1[1:0] ‘ PUPDO[L:0] ‘
w w w w w rw rw w
Bit Field Name Description
31:30 PUPDy[1:0] Mode bits for port y (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
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Bit Field Name Description
21:20
19:18
17:16
15:14
13:12
11:10
9:8
7:6
5:4
3:2
1:0

5.3.4 GPIO Output Type Definition (GPIOx POTYPE)

Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ POT15 ‘ POT14 ‘ POT13 ‘ POT12 ‘ POT11 ‘ POT10 ‘ POT9 ‘ POT8 ‘ POT7 ‘ POT6 ‘ POTS5 ‘ POT4 ‘ POT3 ‘ POT2 ’ POT1 ’ POTO ‘

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

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

1: Output open-drain mode

5.3.5 GPIO Alternate Function Register 0 (GPIOx_ AFSELO0)

Address offset: 0x0C

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| Reserved | AFSEL3[4:0] | Reserved | AFSEL2[4:0] |
w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Reserved | AFSEL1[4:0] | Reserved | AFSELO[4:0] |
w w
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Bit Field

Name

Description

31:29
23:21
15:13
75

Reserved

Reserved, the reset value must be maintained.

28:24
20:16
12:8
4.0

AFSELy[4:0]

Alternate function configuration for porty (y =0...3)

00000: AFO
00001: AF1
00010: AF2
00011: AF3
00100: AF4
00101: AF5
00110: AF6
00111: AF7
01000: AF8
01001: AF9
01010: AF10
01011: AF11
01100: AF12
01101: AF13
01110: AF14
01111: AF15
10000: AF16
10001: AF17
10010: AF18
10011: AF19
10100: AF20
10101: AF21
10110: AF22
10111: AF23
11000: AF24
11001: AF25
11010: AF26
11011: AF27
11100: AF28
11101: AF29
11110: AF30
11111: AF31

5.3.6 GPIO Alternate Function Register 1 (GPIOx_AFSEL1)

Address offset: 0x10
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Reset value: 0x0000 0000

31 30

29 28 27

26

25

24

23 22

21

20

nsing.com.sg

19 18 17 16

‘ Reserved

AFSEL7[4:0]

Reserved

AFSEL6[4:0] ‘

15 14

13 12 11

w

10

7 6

w

3 2 1 0

‘ Reserved

AFSEL5[4:0]

Reserved

AFSELA[4:0] ‘

w

w

Bit Field

Name

Description

31:29
2321
15:13
75

Reserved

Reserved, the reset value must be maintained.

28:24
20:16
12:8
4:0

AFSELy[4:0]

AF0
AF1
AF2
AF3
AF4
AF5
AF6
AF7
AF8
AF9
AF10
AF11
AF12
AF13
AF14
AF15
AF16
AF17
AF18
AF19
AF20
AF21
AF22
AF23
AF24
AF25
AF26
AF27
AF28

Alternate function configuration for porty (y =4...7)
00000:
00001:
00010:
00011:
00100:
00101:
00110:
00111:
01000:
01001:
01010:
01011:
01100:
01101:
01110:
01111:
10000:
10001:
10010:
10011:
10100:
10101:
10110:
10111:
11000:
11001:
11010:
11011:
11100:
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Bit Field

Name

Description

11101: AF29

11110: AF30

11111: AF31

5.3.7 GPIO Alternate Function Register 2 (GPIOx_AFSEL2)

Address offset: 0x14

Reset value: 0x0000 0000

31 30

29 28 27

26

25

24

23

22

21

20

19 18 17 16

| Reserved

AFSEL11[4:0]

Reserved

AFSEL10[4:0] |

15 14

13 12 11

w

10

6

w

3 2 1 0

| Reserved

AFSEL9[4:0]

Reserved

AFSEL8[4:0] |

w

w

Bit Field

Name

Description

31:29
23:21
15:13
75

Reserved

Reserved, the reset value must be maintained.

28:24
20:16
12:8
4:0

AFSELy[4:0]

AFO0
AF1
AF2
AF3
AF4
AF5
AF6
AF7
AF8
AF9
AF10
AF11
AF12
AF13
AF14
AF15
AF16
AF17
AF18
AF19

Alternate function configuration bits y for port y (y = 8...11)
00000:
00001:
00010:
00011:
00100:
00101:
00110:
00111:
01000:
01001:
01010:
01011:
01100:
01101:
01110:
01111:
10000:
10001:
10010:
10011:

195

NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



<y,
"'- NSING

nsing.com.sg

Bit Field

Name

Description

10100:
10101:
10110:
10111:
11000:
11001:
11010:
11011:
11100:
11101:
11110:
11111

AF20
AF21
AF22
AF23
AF24
AF25
AF26
AF27
AF28
AF29
AF30
AF31

5.3.8 GPIO Alternate Function Register 3 (GPIOx_ AFSEL3)

Address offset: 0x18

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| Reserved | AFSEL15[4:0] | Reserved AFSEL14[4:0] |
w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| Reserved | AFSEL13[4:0] | Reserved AFSEL12[4:0] |
w w
Bit Field Name Description
31:29 Reserved Reserved, the reset value must be maintained.
23:21
15:13
75
28:24 AFSELy[4:0] Alternate function configuration for porty (y =8...11)
20:16 00000: AFO
12:8 00001: AF1
4:0 00010: AF2
00011: AF3
00100: AF4
00101: AF5
00110: AF6
00111: AF7
01000: AF8
01001: AF9
01010: AF10
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Bit Field

Name

Description

01011: AF11
01100: AF12
01101: AF13
01110: AF14
01111: AF15
10000: AF16
10001: AF17
10010: AF18
10011: AF19
10100: AF20
10101: AF21
10110: AF22
10111: AF23
11000: AF24
11001: AF25
11010: AF26
11011: AF27
11100: AF28
11101: AF29
11110: AF30
11111: AF31

5.3.9 GPIO Driver Strength Configuration Register (GPIOx_DS)

Address offset: 0x1C

Reset value: 0x5555 5555 (x=A,B,C,D,E,FG); 0x0000 1555 (x=H)

31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
‘ DS15[L:0] ‘ DS14[L:0] ‘ DS12[1:0] ‘ DS11[1:0] ‘ DS10[L:0] DS9[L:0] ‘ DS8[L:0] ‘
w w w w w w
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
‘ DS7[L:0] ‘ DS6[L:0] ‘ DS4[1:0] ‘ DS3[1:0] ’ DS2[1:0] DS1[L:0] ‘ DSO[L:0] ‘
w w w rw rw w
Bit Field Name Description
31:30 DSy[1:0] Port y drive capability configuration (y = 0...15)
29:28 00: 2mA
27:26 01: 8mA
25:24 10: 4mA
23:22 11: 12mA
21:20
19:18
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Bit Field Name Description
17:16
15:14
13:12
11:10
9:8
7:6
5:4
3:2
1:0

5.3.10 GPIO Port Slew Rate Configuration Register (GPIOx_SR)

Address offset: 0x20

Reset value: 0x0000 FFFF (x=A,B,C,D,E,FG); 0x0000 007F (x=H)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ SR15 ‘ SR14 ‘ SR13 ‘ SR12 ‘ SR11 ‘ SR10 ‘ SR9 ‘ SR8 ‘ SR7 ‘ SR6 ‘ SR5 ‘ SR4 ‘ SR3 ‘ SR2 ’ SR1 ’ SRO ‘
w w w w w w rw rw w rw rw rw rw rw rw rw
Bit Field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15:0 SRy Toggle rate configuration for port y (y =0...15)

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

1: Slow slew rate

5.3.11 GPIO Bit Set/Clear Register (GPIOx_ PBSC)

Address offset: 0x24

Reset value: 0x0000 0000

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

‘ PBC15 ‘ PBC14 ‘ PBC13 ‘ PBC12 ‘ PBC11 ‘ PBC10 ‘ PBC9 ‘ PBC8 ‘ PBC7 ‘ PBC6 ‘ PBC5 ‘ PBC4 ‘ PBC3 ‘ PBC2 ‘ PBC1 ‘ PBCO ‘

w w w w w w w w w w w w w w w w

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

‘ PBS15 ‘ PBS14 ‘ PBS13 ‘ PBS12 ‘ PBS11 ‘ PBS10 ‘ PBS9 ‘ PBS8 ‘ PBS7 ‘ PBS6 ’ PBS5 ’ PBS4 ‘ PBS3 ‘ PBS2 ’ PBS1 ’ PBSO ‘

w w w w w w w w w w w w w w w w
Bit Field Name Description
31:16 PBCy Clear bit y of port GPIOX (y =0...15)
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Bit Field Name Description

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

0: Does not affect the corresponding PODYy bit

1: Clear the corresponding PODYy bit to 0

Note: if the corresponding bits of PBSY and PBCYy 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 PODYy bit

1: Set the corresponding PODYy bit to 1

5.3.12 GPIO Bit Clear Register (GPIOx_PBC)

Address offset: 0x28
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ PBC15 ‘ PBC14 ‘ PBC13 ‘ PBC12 ‘ PBC11 ‘ PBC10 ‘ PBC9 ‘ PBC8 ‘ PBC7 ‘ PBC6 ‘ PBC5 ‘ PBC4 ‘ PBC3 ‘ PBC2 ’ PBC1 ’ PBCO ‘

w w w w w w w w w w w w w w w w
Bit Field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15:0 PBCy Clear bit y of port GPIOx (y =0...15)

These bits can only be written and operated as words (16 bits).
0: Does not affect the corresponding PODy bit
1: Clear the corresponding PODy bit to 0

5.3.13 GPIO Input Data Register (GP1Ox_PID)

Address offset: 0x2C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ PID15 ‘ PID14 ‘ PID13 ‘ PID12 ‘ PID11 ‘ PID10 ‘ PID9 ‘ PID8 ‘ PID7 ‘ PID6 ’ PID5 ’ PID4 ‘ PID3 ‘ PID2 ’ PID1 ’ PIDO ‘

r r r r r r r r r r r r r r r r

Bit Field Name Description

31:16 Reserved Reserved, the reset value must be maintained.
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Bit Field Name Description

15:0 PIDy Port input data (y =0...15)
These bits are read-only and can only be read in the form of 16-bit words, and the read

value is the state of the corresponding 1/0 port.

5.3.14 GPIO Output Data Register (GPIOx_POD)

Address offset: 0x30
Reset value: 0x0000 A000 (x=A); 0x0000 0010 (x=B); 0x0000 0000 (x=C,D,E.F.G,H)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ POD15 ‘ POD14 ‘ POD13 ‘ POD12 ‘ POD11 ‘ POD10 ‘ POD9 ‘ POD8 ‘ POD7 ‘ POD6 ‘ POD5 ‘ POD4 ‘ POD3 ‘ POD2 ’ POD1 ’ PODO ‘

rw w w w rw rw I\ w rw rw rw rw rw rw rw rw
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.

5.3.15 GPIO Configuration Lock Register (GP1Ox_PLOCK)

Address offset: 0x34
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ PLOCKK ‘
rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘PLOCKIS‘PLOCKM‘PLOCKIS‘PLOCKlZ‘PLOCKIl‘PLOCKlO‘PLOCKQ‘PLOCKB‘PLOCK7’PLOCK6’PLOCK5’PLOCK4’PLOCKS’PLOCKZ’PLOCKl‘ PLOCKO ‘

I\ w w w I\ I\ w w I\ '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:
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Bit Field Name Description

Write 1 -> write 0 -> write 1 ->read 0 -> read 1

The last reading can be omitted, but it can be used to confirm that the lock key has
been activated.

Note: the value of PLock [15:0] cannot be changed when the writing sequence of lock
key is operated. Any error in the operation key writing sequence will not activate the

key.

15:0 PLOCKy Configuration lock bit y of port GPIOx (y = 0...15)
These bits are readable and writable but can only be written when the PLOCKK bit is
0.

0: Do not lock the configuration of the port

1: Lock the configuration of the port

201
NSING Technologies Pte. Ltd.
Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



ay,
"'a NSING

5.4 AFIO Registers

5.4.1 AFIO Register Overview

AFIO base address: 0x40010800

Table 5-79 AFIO Register Overview

nsing.com.sg

Offset Register 2ls]r]z|s]e|r]z]c]a]a]r]a]a]s]e]a]z]a]a]a]e]o=]| ||+ ]~]~]-]°
218 |y
o | A 1=y —
pd S |la x> o
% 2 =la|el2 | Hia o, I nln|lololvlavn
MBI REEE z o (2]2|2]2\2|2
z <L | W o L [N E el el o
oo [\FIO-RMP_CFG ]y el el =R S ] 1Y 5 o, ©lw | |o|~d Reserved
sz |&|F|IST| 2% T 2 &|5|5|5|65|56
S|&|S || T x|m I =
X [x|X o |='|&||w|lw o ]
o | o
X || X
x
Reset value o[oJoJoJo[o[1]oJofoJoJoJoJoJoJoJoJoJoJoJoJofo]o
3 B 3 3
IAFIO_EXTI_CFG1 s EXTI3[6:0] > EXTI2[6:0] > EXTIL[6:0] > EXTIO[6:0]
0x04 I g 2 2 7
Reset value gloJoJoJoJoJoJo|g|oJoJoJoJoJoJo|@[oJoJoJoJoJoJo]&[oJoJoJoJoJo]o
[, (07, o o7,
o o k=] k=]
os | [\FIO_EXTLCFG2 g EXTI7[6:0] g EXTI6[6:0] g EXTI5[6:0] g EXTI4[6:0]
X @ D [} [}
0 12 17 o
Reset value EloJoJoJofoJolo|[&lo]ofoJoJofo]Jo|&[o]oJo]o]JoJo]o]|&[o]o]o]o]o]o]o
o o ° °
IAFIO_EXTI_CFG3 5 EXTI11[6:0] = EXTI10[6:0] = EXTI9[6:0] = EXTI8[6:0]
ox0c 2 2 2 2
Reset value gloJoJoJoJoJoJo|[g[oJoJoJoJoJoJo|@&[oJoJoJoJoJoJo]|&[oJoJoJoJoJo]o
o o ° °
IAFIO_EXTI_CFG4 o EXTIL5[6: 9 EXTI14[6: o EXTIL3[6: o EXTI12[6:0
%10 O_EXTI_CFG E 5[6:0] : [6:0] : [6:0] s [6:0]
o0 12 17 o
Reset value gloJoJoJoJoJoJo|g[oJoJoJoJoJoJo|@&[oJoJoJoJoJoJo]&[oJoJoJoJoJo]o
zZlzl21212|2 z
gg|g|g|g|d a|d|@ SIEE|E|5|5|5|8|5|5|5
O ANAEN CFG1 |22 (2(2(2]2 1EIE ZIZI212(2|121212|2]22
AFI
0x14 - - EIEIRIEIE Reserved RS Reserved IR R 218151818
slalald|3la o|m|d i<|<lg|<| <L <<
EEEEEE oo o gn_n_n_n_n_n_n_n_n_o_
Reset value 111111 1]1]1 tfefafafafa]afaa]1]s
zlZz|1Z2lZ22|Z2
gg|e|e|e|e|g|s & G|&|a|a|a|a
O_ANAEN_CFG2 zz]z212]2 12|22 s EIEIEIEEE
AFI
0x18 - - S13(15181318|15| Reserved S| Reserved | 1215|5153
alalalalalalelo O olo|lo|o|O |0
Q2121212182 |z|= a alad|ad|a|a|a
Reset value 1111 ]1]1]1]1 1 1 (1|11 (1]1
z zlz|zlz|z|zlz|lzlz]|=
WE|5|5|5|5|5|5|8 FR ARl A AR
IAFIO_ANAEN_CFG3 2ISISISISISISIE15] 8 |2]2(2(2(2(2|2|1215 2 g
ox1C - - Reserved Tlz|lz|2|2|2|=2|2|g] 5 |L|<|g(g|g|g|2|2l%|% =
FieRE|eRE|e|R 2 |dioidldlzial|a|n|a 4
Llalala|a|a|a|a|a 12 gy didiYia |a|a|a 13
Reset value t{a[afefeafa]1]1 AR
Z Z |2
L w [ w
s g 3 g
IAFIO_ANAEN_CFG4 s g
0x20 - - Reserved g 3 IS 3
I @ I | X Z
o 22 oo [14
Reset value 1 1)1
o4 (AFIO_FILTER CFG1 PB_FILTER[15:0] PA_FILTER[15:0]
Reset value oJofJoJoJoJoJoJoJoJoJoJoJoJoJoJo[oJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
IAFIO_FILTER _CFG2 PD_FILTER[15:0] PC_FILTER[15:0]
0x28 = = = =
Reset value oJofJoJoJoJoJoJoJoJoJoJoJoJoJoJo[oJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
oc  AFIO_FILTER CFG3 PF_FILTER[15:0] PE_FILTER[15:0]
Reset value ofoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
o PFIO_FILTER CFG4 o PH_FILTER[6:0] PG_FILTER[15:0]
Reset value ofoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo[JoJoJoJoJo]o
S |wlw| © P T T s [H [
5 oo =, FlFlF|F DWW fw FlElE|lElo|lololg
- s Nid e g g g e T T A e e e L A A L A A A A I
AFIO_EMC_CFG S A A I~ S LA S R e il s e - < e P e s e s = e = e A N
N -
pas [T AR A HHHEH B EHEHHEEEEE
2 & |22 & olojolo |G| |88 |5 |5 |5|S|eo|o|o|o|o|a|a|a|I|3]|3|5
X X L o|o|O|0O o|o|o|o
Reset value oJoJ1]1JoJoJoJoJoJoJoJoJofofofo[ofofofofoJoJoJofoJoJo]o]o]o
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offset Register 2ls]r]z|s]e]=]z]c]a]a]=]a]a]s]e]a]z]a]a]a]e]e]=]| ||+ ]]~]-]°
z e
a )
> T
< o
o T EMC_CNT
oxsg  [AFIO_EMC_CNT — 2} 4 _
ol 2
[$) o
& %
Reset value ofoJoJoJoJrJoJsJzJoJzJoJrJo]J2
] ] B B
oxsc  [AFIO_SHRT_EXEV_CFG1| = SHRT1_EXEVA[6:0] e SHRT1_EXEV3[6:0] e SHRT1_EXEV2[6:0] 3 SHRT1_EXEV1[6:0]
@ -7 -7 -1
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
=] o =] -
IAFIO_SHRT_EXEV_CFG2 | 2 SHRT1_EXEV8[6:0] = SHRT1_EXEV7[6:0] > SHRT1_EXEV6[6:0] > SHRT1_EXEV5([6:0]
0 & 2 4 g
Reset value 1 JaJafeJaJafae[aJeJaJafaJaJajefeJaJaJaJaJaJafe[aJaeae]a]1]1
=
. .
oxas  [AFIO_SHRT_EXEV_CFG3 RN SHRT1_EXEV10[6:0] = SHRT1_EXEV9[6:0]
Reset value AR PR RRERR

5.4.2 AFIO Mapping Configuration Control Register (AFIO_RMP_CFG)

Address offset: 0x00

Reset value: 0x2000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
o FiLTER5 e
w w w w w w w w w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
swocropn | e | [ Toem [ e
w w w w w w w
Bit Field Name Description
31 XSPI FLASH2 Dual Quad-SPI Flash 2 configuration enable bit.
0: Disable Flash 2 configuration
1: Enable Flash 2 configuration
30 XSPI NSS SEL When the host mode CS input is enabled, the effective CS input pin selection
bit.
0: NSSO is effective
1: NSS1 is effective
29 XSPI NSS IN In host mode, CS input enable bit, used for multi-master conflict test.
0: CS input disabled
1: CS input enabled
28 ETH_MODE Ethernet PHY interface mode configuration bit.
0: MII
1: RMII
27 XSPI DUAL QUAD XSPI dual Quad-SPI mode enable bit
0: Disable dual Quad-SPI mode
1: Enable dual Quad-SPI mode
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Bit Field Name Description

26 XSPI HALF DUPLEX XSPI half-duplex mode enable bit
0: Disable half-duplex mode
1: Enable half-duplex mode

25 XSPI XIP WR BE XSPI XIP mode write operation endianness configuration bit.
0: Little-endian mode

1: Big-endian mode

24 EXTI FILTER EXTTI analog filtering bypass control bit
0: Enable EXTI analog filtering
1: Disable EXTI analog filtering

23 FEMC _NADV FEMC NADV signal control bit
0: NADV signal connected to external pin

1: NADV disconnected from external pin

22:17 10_FILTER[5:0] 10 digital filtering control bit

000000: Disable 10 digital filtering, minimum effective pulse width is IHCLK
000001: IO filtering enabled, minimum effective pulse width is 2HCLK
000010: IO filtering enabled, minimum effective pulse width is 3HCLK

111111: IO filtering enabled, minimum effective pulse width is 64HCLK

16:14 SWIJ_CFG[2:0] Serial wire JTAG configuration

These bits are write-only by software (reading these bits will return undefined
values) and are used to configure the I/O port for SWD JTAG multiplexing.
SWD_JTAG (Serial Wire JTAG) supports JTAG or SWD access to the Cortex
debug port. The default state after system reset is to enable SWD_JTAG, in this
state, JTAG or SW (Serial Wire) mode can be selected through specific signals
on the JTMS/JTCK pins.

000: Full SWD_JTAG (JTAG-DP + SW-DP): Reset state;

001: Full SWD_JTAG (JTAG-DP + SW-DP) but without NJTRST;

010: Disable JTAG-DP, enable SW-DP;

100: Disable JTAG-DP, disable SW-DP;

Other values: No effect.

13 SPI6_NSS SPI6 NSS idle state configuration bit
0: NSS is in high-impedance state when idle
1: NSS is at high level when idle

12 SPI5_NSS SPI5 NSS idle state configuration bit
0: NSS is in high-impedance state when idle
1: NSS is at high level when idle

11 SPI4_NSS SPI4 NSS idle state configuration bit
0: NSS is in high-impedance state when idle
1: NSS is at high level when idle

10 SPI3_NSS SPI3 NSS idle state configuration bit
0: NSS is in high-impedance state when idle
1: NSS is at high level when idle
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Bit Field Name Description

9 SPI2 NSS SPI2 NSS idle state configuration bit
0: NSS is in high-impedance state when idle
1: NSS is at high level when idle

8 SPI1_NSS SPI1 NSS idle state configuration bit
0: NSS is in high-impedance state when idle
1: NSS is at high level when idle

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

5.4.3 AFIO External Interrupt Configuration Register 1(AFIO_EXTI_CFG1)

Address offset: 0x04

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ EXTI3[6:0] ‘ Reserved ‘ EXTI2[6:0] ‘
w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ EXTI1[6:0] ‘ Reserved ‘ EXTIO0[6:0] ‘
w w
Bit Field Name Description
31 Reserved Reserved, the reset value must be maintained.
23
25
7
30:24 EXTIx[6:0] EXTIx configuration (x=0...3)
22:16 These bits can be read and written by software to select the input source for the
14:8 EXTIx external interrupt.
6:0 0000000:PA[0]  0000001:PB[0]  0000010:PC[0]  0000011:PD[0]

0000100:PE[0]
0001000:PA[1]
0001100:PE[ 1]
0010000:PA[2]
0010100:PE[2]
0011000:PA[3]
0011100:PE[3]
0100000:PA[4]
0100100:PE[4]
0101000:PA[5]
0101100:PE[5]
0110000:PA[6]
0110100:PE[6]

0000101:PF[0]
0001001:PB[1]
0001101:PF[1]
0010001:PB[2]
0010101:PF[2]
0011001:PB[3]
0011101:PF[3]
0100001:PB[4]
0100101:PF[4]
0101001:PB[5]
0101101:PF[5]
0110001:PB[6]
0110101:PF[6]

0000110:PG[0]
0001010:PC[1]
0001110:PG[1]
0010010:PC[2]
0010110:PG[2
0011010:PC[3
0011110:PG[3]
0100010:PC[4]
0100110:PG[4]
0101010:PC[5]
0101110:PG[5]
0110010:PC[6]
0110110:PG[6]

[

0000111:PH[0]
0001011:PD[1]
0001111:PH[1]
0010011:PD[2]
0010111:PH[2]
0011011:PD[3]
0011111:PH[3]
0100011:PD[4]
0100111:PH[4]
0101011:PD[5]
0101111:PH[5]
0110011:PD[6]
0110111:PH[6]
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Others: reserved

Bit Field Name Description
0111000:PA[7]  0111001:PB[7]  0111010:PC[7]  0111011:PD[7]
0111100:PE[7]  0111101:PF[7] 0111110:PG[7]
1000000:PA[8]  1000001:PB[8]  1000010:PC[8]  1000011:PD[8]
1000100:PE[8]  1000101:PF[8]  1000110:PG[8]
1001000:PA[9]  1001001:PB[9] 1001010:PC[9] 1001011:PD[9]
1001100:PE[9]  1001101:PF[9]  1001110:PG[9]
1010000:PA[10] 1010001:PB[10] 1010010:PC[10] 1010011:PD[10]
1010100:PE[10] 1010101:PF[10] 1010110:PG[10]
1011000:PA[11] 1011001:PB[11] 1011010:PC[11] 1011011:PD[11]
1011100:PE[11] 1011101:PF[11] 1011110:PG[11]
1100000:PA[12] 1100001:PB[12] 1100010:PC[12] 1100011:PD[12]
1100100:PE[12] 1100101:PF[12] 1100110:PG[12]
1101000:PA[13] 1101001:PB[13] 1101010:PC[13] 1101011:PD[13]
1101100:PE[13] 1101101:PF[13] 1101110:PG[13]
1110000:PA[14] 1110001:PB[14] 1110010:PC[14] 1110011:PD[14]
1110100:PE[14] 1110101:PF[14] 1110110:PG[14]
1111000:PA[15] 1111001:PB[15] 1111010:PC[15] 1111011:PD[15]
1111100:PE[15] 1111101:PF[15] 1111110:PG[15]

5.4.4 AFIO External Interrupt Configuration Register 2(AFIO_EXTI CFG?2)

Address offset: 0x08

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ EXTI7[6:0] ‘ Reserved ‘ EXTI6[6:0] ‘
w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ EXTI5[6:0] ‘ Reserved ‘ EXTI4[6:0] ‘
w w
Bit Field Name Description
31 Reserved Reserved, the reset value must be maintained.
23
25
7
30:24 EXTIx[6:0] EXTIx configuration (x=4...7)
22:16 These bits can be read and written by software to select the input source for the
14:8 EXTIx external interrupt.
6:0 0000000:PA[0]  0000001:PB[0]  0000010:PC[0]  0000011:PD[0]
0000100:PE[0]  0000101:PF[0]  0000110:PG[0]  0000111:PH[0]
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0001000:PA[1
0001100:PE[1
0010000:PA[2
0010100:PE[2
0011000:PA[3]
0011100:PE[3]
0100000:PA[4]
0100100:PE[4]
0101000:PA[5]
0101100:PE[5]
0110000:PA[6]
0110100:PE[6]
0111000:PA[7
0111100:PE[7
1000000:PA[8
1000100:PE[8
1001000:PA[9
1001100:PE[9
1010000:PA[10]
1010100:PE[10]
1011000:PA[11]
1011100:PE[11]
1100000:PA[12]
1100100:PE[12]
1101000:PA[13]
1101100:PE[13]
1110000:PA[14]
1110100:PE[14]
1111000:PA[15]
1111100:PE[15]

]
]
]
]

]
]

]
]
]
]

Others: reserved

0001001:PB[1]
0001101:PF[1]
0010001:PB[2]
0010101:PF[2]
0011001:PB[3]
0011101:PF[3]
0100001:PB[4]
0100101:PF[4]
0101001:PB[5]
0101101:PF[5
0110001:PB[6
0110101:PF[6
0111001:PB[7
0111101:PF[7]
1000001:PB[8]
1000101:PF[8]
1001001:PB[9]
1001101:PF[9]
1010001:PB[10]
1010101:PF[10]
1011001:PB[11]
1011101:PF[11]
1100001:PB[12]
1100101:PF[12]
1101001:PB[13]
1101101:PF[13]
1110001:PB[14]
1110101:PF[14]
1111001:PB[15]
1111101:PF[15]

[ i

—_ =

0001010:PC[1]
0001110:PG[1]
0010010:PC[2]
0010110:PG[2]
0011010:PC[3]
0011110:PG[3]
0100010:PC[4]
0100110:PG[4]
0101010:PC[5]
0101110:PG[5]
0110010:PC[6]
0110110:PG[6]
0111010:PC[7]
0111110:PG[7]
1000010:PC[8]
1000110:PG[8]
1001010:PC[9]
1001110:PG[9]
1010010:PC[10]
1010110:PG[10]
1011010:PC[11]
1011110:PG[11]
1100010:PC[12]
1100110:PG[12]
1101010:PC[13]
1101110:PG[13]
1110010:PC[14]
1110110:PG[14]
1111010:PC[15]
1111110:PG[15]

0001011:PD[1]
0001111:PH[1]
0010011:PD[2]
0010111:PH[2]
0011011:PD[3]
0011111:PH[3]
0100011:PD[4]
0100111:PH[4]
0101011:PD[5]
0101111:PH[5]
0110011:PD[6]
0110111:PH[6]
0111011:PD[7]

1000011:PD[8]
1001011:PD[9]
1010011:PD[10]
1011011:PD[11]
1100011:PD[12]
1101011:PD[13]
1110011:PD[14]

1111011:PD[15]

5.4.5 AFIO External Interrupt Configuration Register 3(AFIO_EXTI_CFG3)

Address offset: 0x0C

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ EXTI11[6:0] ‘ Reserved ’ EXTI110[6:0] ‘
w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ EXTI9[6:0] ‘ Reserved ‘ EXTI8[6:0] ‘
w w
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Bit Field Name Description

31 Reserved Reserved, the reset value must be maintained.

23

25

7

30:24 EXTIx[6:0] EXTIx configuration (x=8 ... 11)

22:16 These bits can be read and written by software to select the input source for the

14:8 EXTIx external interrupt.

6:0 0000000:PA[0]  0000001:PB[0]  0000010:PC[0]  0000011:PD[0]
0000100:PE[0]  0000101:PF[0]  0000110:PG[0]  0000111:PH[0]
0001000:PA[1]  0001001:PB[1]  0001010:PC[1]  0001011:PD[1]
0001100:PE[1]  0001101:PF[1]  0001110:PG[1]  0001111:PH[1]
0010000:PA[2] 0010001:PB[2] 0010010:PC[2]  0010011:PD[2]
0010100:PE[2] 0010101:PF[2] 0010110:PG[2] 0010111:PH[2]
0011000:PA[3] 0011001:PB[3] 0011010:PC[3] 0011011:PD[3]
0011100:PE[3] 0011101:PF[3] 0011110:PG[3] 0011111:PH[3]
0100000:PA[4] 0100001:PB[4] 0100010:PC[4] 0100011:PD[4]
0100100:PE[4] 0100101:PF[4] 0100110:PG[4] 0100111:PH[4]
0101000:PA[5] 0101001:PB[5] 0101010:PC[5] 0101011:PD[5]
0101100:PE[5] 0101101:PF[5] 0101110:PG[5] 0101111:PH[5]
0110000:PA[6]  0110001:PB[6] 0110010:PC[6] 0110011:PD[6]
0110100:PE[6] 0110101:PF[6] 0110110:PG[6] 0110111:PH[6]
0111000:PA[7]  0111001:PB[7] 0111010:PC[7]  0111011:PD[7]
0111100:PE[7] 0111101:PF[7] 0111110:PG[7]
1000000:PA[8]  1000001:PB[8]  1000010:PC[8]  1000011:PD[8]
1000100:PE[8]  1000101:PF[8]  1000110:PG[8]
1001000:PA[9]  1001001:PB[9] 1001010:PC[9] 1001011:PD[9]
1001100:PE[9]  1001101:PF[9]  1001110:PG[9]
1010000:PA[10] 1010001:PB[10] 1010010:PC[10] 1010011:PD[10]
1010100:PE[10] 1010101:PF[10] 1010110:PG[10]
1011000:PA[11] 1011001:PB[11] 1011010:PC[11] 1011011:PD[11]
1011100:PE[11] 1011101:PF[11] 1011110:PG[11]
1100000:PA[12] 1100001:PB[12] 1100010:PC[12] 1100011:PD[12]
1100100:PE[12] 1100101:PF[12] 1100110:PG[12]
1101000:PA[13] 1101001:PB[13] 1101010:PC[13] 1101011:PD[13]
1101100:PE[13] 1101101:PF[13] 1101110:PG[13]
1110000:PA[14] 1110001:PB[14] 1110010:PC[14] 1110011:PD[14]
1110100:PE[14] 1110101:PF[14] 1110110:PG[14]
1111000:PA[15] 1111001:PB[15] 1111010:PC[15] 1111011:PD[15]
1111100:PE[15] 1111101:PF[15] 1111110:PG[15]

Others: reserved
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5.4.6 AFIO External Interrupt Configuration Register 4(AFIO_EXTI CFG4)

Address offset: 0x10

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ EXTI15[6:0] ‘ Reserved I EXTI14[6:0] ‘
w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ EXTI13[6:0] ‘ Reserved ‘ EXTI12[6:0] ‘
w w

Bit Field Name Description

31 Reserved Reserved, the reset value must be maintained.

23

25

7

30:24 EXTIx[6:0] EXTIx configuration (x=12 ... 15)

22:16 These bits can be read and written by software to select the input source for the

14:8 EXTIx external interrupt.

6:0 0000000:PA[0]  0000001:PB[0]  0000010:PC[0]  0000011:PD[0]
0000100:PE[0]  0000101:PF[0]  0000110:PG[0]  0000111:PH[0]
0001000:PA[1]  0001001:PB[1]  0001010:PC[1]  0001011:PD[1]
0001100:PE[1]  0001101:PF[1]  0001110:PG[1]  0001111:PH[1]
0010000:PA[2] 0010001:PB[2] 0010010:PC[2] 0010011:PD[2]
0010100:PE[2] 0010101:PF[2] 0010110:PG[2] 0010111:PH[2]
0011000:PA[3] 0011001:PB[3] 0011010:PC[3] 0011011:PD[3]
0011100:PE[3] 0011101:PF[3] 0011110:PG[3] 0011111:PH[3]
0100000:PA[4] 0100001:PB[4] 0100010:PC[4] 0100011:PD[4]
0100100:PE[4] 0100101:PF[4] 0100110:PG[4] 0100111:PH[4]
0101000:PA[5] 0101001:PB[5] 0101010:PC[5] 0101011:PD[5]
0101100:PE[5] 0101101:PF[5] 0101110:PG[5]  0101111:PH[5]
0110000:PA[6] 0110001:PB[6] 0110010:PC[6] 0110011:PD[6]
0110100:PE[6] 0110101:PF[6] 0110110:PG[6] 0110111:PH[6]
0111000:PA[7]  0111001:PB[7] 0111010:PC[7] 0111011:PD[7]

[

0111100:PE[7]

0111101:PF[7]

0111110:PG[7]

1000000:PA[8]  1000001:PB[8] ~ 1000010:PC[8]  1000011:PD[8]
1000100:PE[8]  1000101:PF[8]  1000110:PG[8]
1001000:PA[9]  1001001:PB[9]  1001010:PC[9]  1001011:PD[9]
1001100:PE[9]  1001101:PF[9]  1001110:PG[9]
1010000:PA[10] 1010001:PB[10] 1010010:PC[10] 1010011:PD[10]
1010100:PE[10] 1010101:PF[10] 1010110:PG[10]
1011000:PA[11] 1011001:PB[11] 1011010:PC[11] 1011011:PD[11]
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1011100:PE[11]
1100000:PA[12]
1100100:PE[12]
1101000:PA[13]
1101100:PE[13]

[

1110000:PA[14]
[
[

1011101:PF[11]
1100001:PB[12]
1100101:PF[12]
1101001:PB[13]
1101101:PF[13]
1110001:PB[14]
1110101:PF[14
1111001:PB[15
1111101:PF[15]

1011110:PG[11]
1100010:PC[12]
1100110:PG[12]
1101010:PC[13]
1101110:PG[13]
1110010:PC[14]
1110110:PG[14]
1111010:PC[15]
1111110:PG[15]

1100011:PD[12]

1101011:PD[13]

1110011:PD[14]
1110100:PE[14]
1111000:PA[15]
1111100:PE[15]

]
] 1111011:PD[15]

Others: reserved

5.4.7 AFIO 10 Port Analog Signal Channel Configuration Register 1

(AFIO_ANAEN_CFG1)

Address offset: 0x14

Reset value: 0xFFFF FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PBISA | PBL4A | PBI3A | PBI2A | PB1lA | PB1OA Reserved PB2A | PB1A | PBOA
NAEN | NAEN | NAEN | NAEN | NAEN | NAEN NAEN | NAEN | NAEN

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

Reserved PALOA | PA9A | PABA | PATA | PABA | PASA | PA4A | PA3A | PA2A | PALIA | PAOA
NAEN | NAEN | NAEN | NAEN | NAEN | NAEN | NAEN | NAEN | NAEN | NAEN | NAEN
w w w w w w w w w w w
Bit Field Name Description
31:26 PBXANAEN PBx port analog signal channel enable bit (x =10 ... 15)

0: Disable analog signal channel for port PBx
1: Enable analog signal channel for port PBx

25:19 Reserved Reserved, the reset value must be maintained.

18:16 PBXANAEN PBx port analog signal channel enable bit (x =0 ... 2)
0: Disable analog signal channel for port PBx
1: Enable analog signal channel for port PBx

15:11 Reserved Reserved, the reset value must be maintained.

10:0 PAXANAEN PAX port analog signal channel enable bit (x =0 ... 10)

0: Disable analog signal channel for port PAx

1: Enable analog signal channel for port PAx

5.4.8 AFIO 10 Port Analog Signal Channel Configuration Register 2

(AFIO_ANAEN_CFG2)

Address offset: 0x18
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Reset value: OxFFFF FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAEN | NAEN | NAEN | NAEN | NAEN | NAEN | NAEN | NAEN Reserved
w w w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved NAEN Resrved NAEN | NAEN | NAEN | NAEN | NAEN | NAEW
w w w w w w w
Bit Field Name Description
31:24 PDxANAEN PDx port analog signal channel enable bit (x =8 ... 15)
0: Disable analog signal channel for port PDx
1: Enable analog signal channel for port PDx
23:10 Reserved Reserved, the reset value must be maintained.
9 PCO9ANAEN PC9 port analog signal channel enable bit
0: Disable analog signal channel for port PC9
1: Enable analog signal channel for port PC9
8:6 Reserved Reserved, the reset value must be maintained.
5:0 PCxANAEN PCx port analog signal channel enable bit (x =0 ... 5)
0: Disable analog signal channel for port PCx
1: Enable analog signal channel for port PCx

5.4.9 AFIO 10 Port Analog Signal Channel Configuration Register 3

(AFIO_ANAEN_CFG3)

Address offset: 0x1C

Reset value: OxFFFF FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved PFI0A | PFOA | PFBA | PF7TA | PF6A | PF5A | PF4A | PF3A | PF2A Reserved
NAEN | NAEN | NAEN | NAEN | NAEN | NAEN | NAEN | NAEN | NAEN
I\ w w w w 'w 'w 'w w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PEISA | PEL4A | PEI3A | PEI2A | PEL11A | PEI0A | PE9A | PESA | PE7A | PE6A Reserved
NAEN | NAEN | NAEN | NAEN | NAEN | NAEN | NAEN | NAEN | NAEN | NAEN

w w w w w I\ w w w w
Bit Field Name Description
31:27 Reserved Reserved, the reset value must be maintained.
26:18 PFXANAEN PFx port analog signal channel enable bit (x =2 ... 10)

0: Disable analog signal channel for port PFx
1: Enable analog signal channel for port PFx

17:16 Reserved Reserved, the reset value must be maintained.
15:6 PEXANAEN PEx port analog signal channel enable bit (x =6 ... 15)
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Bit Field Name Description
0: Disable analog signal channel for port PEx
1: Enable analog signal channel for port PEx
5:0 Reserved Reserved, the reset value must be maintained.

5.4.10 AFIO 10 Port Analog Signal Channel Configuration Register 4

(AFIO_ANAEN_CFG4)

Address offset: 0x20

Reset value: OxFFFF FFFF

31 30 28 27 26 25 24 23 22 21 20 19 18 17 16
e o
w w w
15 14 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved
Bit Field Name Description
31:23 Reserved Reserved, the reset value must be maintained.
22 PHXxANAEN PH6 port analog signal channel enable bit
0: Disable analog signal channel for port PH6
1: Enable analog signal channel for port PH6
21:18 Reserved Reserved, the reset value must be maintained.
17:16 PHXxANAEN PHx port analog signal channel enable bit (x =0,1)
0: Disable analog signal channel for port PHx
1: Enable analog signal channel for port PHx
15:0 Reserved Reserved, the reset value must be maintained.

5.4.11 AFIO IO Port Digital Filtering Configuration Register 1

(AFIO_FILTER CFG1)

Address offset: 0x24

Reset value: 0x0000 0000

31 30 28 27 26 25 24 23 22 21 20 19 18 17 16
PB_FILTER[15:0]

w w w I\ w I\ w w 'w w 'w w w w w

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

PA_FILTER[15:0]
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Bit Field Name Description
31:16 PB FILTER[15:0] | PBx port digital filtering enable bit (x =0 ... 15)

0: Disable digital filtering for port PBx

1: Enable digital filtering for port PBx
15:0 PA_FILTER[15:0] | PAx port digital filtering enable bit (x =0 ... 15)

0: Disable digital filtering for port PAx

1: Enable digital filtering for port PAx

5.4.12 AFIO 10 Port Digital Filtering Configuration Register 2

(AFIO_FILTER CFG2)

Address offset: 0x28

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PD_FILTER([15:0]
w w w w w w w w w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PC_FILTER[15:0]
w w w w w w w w w w w w w w w w
Bit Field Name Description
31:16 PD_FILTER[15:0] | PDx port digital filtering enable bit (x =0 ... 15)
0: Disable digital filtering for port PDx
1: Enable digital filtering for port PDx
15:0 PC _FILTER[15:0] | PCx port digital filtering enable bit (x =0 ... 15)
0: Disable digital filtering for port PCx
1: Enable digital filtering for port PCx

5.4.13 AFIO 10 Port Digital Filtering Configuration Register 3

(AFIO_FILTER CFG3)

Address offset: 0x2C

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PF_FILTER[15:0]
rw rw rw rw w rw w rw rw rw rw rw rw rw rw rw
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PE_FILTER[15:0]
w w w w w w w w w rw w rw w w w w
Bit Field Name Description
31:16 PF_FILTER[15:0] | PFx port digital filtering enable bit (x =0 ... 15)
0: Disable digital filtering for port PFx
1: Enable digital filtering for port PFx
15:0 PE FILTER[15:0] | PEx port digital filtering enable bit (x =0 ... 15)
0: Disable digital filtering for port PEx
1: Enable digital filtering for port PEx

5.4.14 AFIO 10 Port Digital Filtering Configuration Register 4

(AFIO_FILTER CFG4)

Address offset: 0x30

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved PH_FILTER[6:0]
rw w rw w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PG_FILTER[15:0]

w w w w I\ w I\ w w 'w w 'w w w w w
Bit Field Name Description
31:23 Reserved Reserved, the reset value must be maintained.
22:16 PH_FILTER[6:0] | PHx port digital filtering enable bit (x =0 ... 6)

0: Disable digital filtering for port PHx
1: Enable digital filtering for port PHx
15:0 PG_FILTER[15:0] | PGx port digital filtering enable bit (x =0 ... 15)

0: Disable digital filtering for port PGx

1: Enable digital filtering for port PGx

5.4.15 AF10 EMC Configuration Register (AFIO EMC_CFG)

Address offset: 0x34

Reset value: 0x0C00 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
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ot | xooamono S | 29 | nwosnn | 0% | 0% | g | o | ome | eow | ome | oo
w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Gour | oo | oawe | g | o | Sm | S | om | ome | om | ome | ome | o | o | o | o
w w w w w w w w w w w w w w w w
Bit Field Name Description
31:30 Reserved Reserved, the reset value must be maintained.
29:28 XSPI_EXTENDI1:0] XSPI CS setup and hold time extension configuration bit.
00: Disable CS setup and hold time extension function
01: Only enable CS setup time extension function
10: Only enable CS hold time extension function
11: Enable both CS setup and hold time extension functions
27 XSPI_RD BE XSPI normal mode (non-XIP) read operation endianness configuration
bit.
0: Little-endian mode
1: Big-endian mode
26 XSPI_ WR _BE XSPI normal mode (non-XIP) write operation endianness configuration
bit.
0: Little-endian mode
1: Big-endian mode
25: 24 XSPI_RXDS[1:0] XSPI RXDS sampling delay time configuration bit.
01: IHCLK
10: 2HCLK
other: Bypass
23 GB4 DET EMC GB4 detection enable bit (ground bounce detection).
0: Disable
1: Enable
22 GB3 DET EMC GB3 detection enable bit
0: Disable
1: Enable
21 GB2_DET EMC GB2 detection enable bit
0: Disable
1: Enable
20 GB1_DET EMC GBI detection enable bit
0: Disable
1: Enable
19 GBN4_DET EMC GBN4 detection enable bit
0: Disable
1: Enable
18 GBN3_DET EMC GBN3 detection enable bit
0: Disable
1: Enable
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Bit Field Name Description

17 GBN2 _DET EMC GBN2 detection enable bit
0: Disable
1: Enable

16 GBN1_DET EMC GBN1 detection enable bit
0: Disable
1: Enable

15 CLAMP4 DET EMC_CLAMP4 detection enable bit for VDD 4
0: Disable
1: Enable

14 CLAMP3 DET EMC CLAMP3 detection enable bit for VDD 3
0: Disable
1: Enable

13 CLAMP2 DET EMC CLAMP2 detection enable bit for VDD 2
0: Disable
1: Enable

12 CLAMPI1 DET EMC_CLAMP1 detection enable bit for VDD 1
0: Disable
1: Enable

11 GB4 RST System reset enable bit when EMC GB4 is detected.
0: Disable
1: Enable

10 GB3 RST System reset enable bit when EMC GB3 is detected.
0: Disable
1: Enable

9 GB2 RST System reset enable bit when EMC GB2 is detected.
0: Disable
1: Enable

8 GB1_RST System reset enable bit when EMC GBI is detected.
0: Disable
1: Enable

7 GBN4_RST System reset enable bit when EMC GBN4 is detected.
0: Disable
1: Enable

6 GBN3_RST System reset enable bit when EMC GBN3 is detected.
0: Disable
1: Enable

5 GBN2_RST System reset enable bit when EMC GBN2 is detected.
0: Disable
1: Enable

4 GBN1_RST System reset enable bit when EMC GBN1 is detected.
0: Disable
1: Enable
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Bit Field Name Description

3 CLAMP4 RST System reset enable bit when EMC CLAMP4 is detected.
0: Disable

1: Enable

2 CLAMP3 RST System reset enable bit when EMC CLAMP3 is detected.
0: Disable

1: Enable

1 CLAMP2 _RST System reset enable bit when EMC CLAMP?2 is detected.
0: Disable

1: Enable

0 CLAMP1_RST System reset enable bit when EMC CLAMP1 is detected.
0: Disable

1: Enable

5.4.16 AFI0 EMC Counter Register (AFIO EMC_CNT)

Address offset: 0x38

Reset value: 0x000 02D5

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PC_RD_D ) .
Reserved | ¢"20 N XSPI_NSS_HIGH[3:0] EMC_CNT[9:0]
w w w w w w w w w w w w w w w

Bit Field Name Description
31:15 Reserved Reserved, the reset value must be maintained.
14 PC RD DELAY EN GPIOC register back-to-back read delay enable bit.

0: Disable back-to-back read delay for GPIOC register
1: Enable back-to-back read delay for GPIOC register
13:10 XSPI_NSS HIGH[3:0] NSS idle time (high level) configuration bit. In XSPI host single-line

mode communication, if the effective level of NSS is low, it supports
setting NSS to a high level between every two data frames (4~32 bits)
as idle time by enabling bit[14] SSTE in the XSPI_CTRLO register.
When SSTE=0, NSS outputs a valid low level at the beginning of
communication, and then maintains it until all data frames are sent, and
then outputs an idle high level. When SSTE=1, NSS outputs a valid low
level before sending each data frame, and outputs an idle high level
after each data frame is sent. This configuration bit is used to configure
the duration of the idle high level for NSS when SSTE=1.

0000: Idle high level between data frames lasts for IxSPI_CLK

0001: Idle high level between data frames lasts for 2xSPI_CLK
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Bit Field Name Description
1111: Idle high level between data frames lasts for 16*xSPI CLK
9:0 EMC_CNT[9:0] EMC error counter

5.4.17 AFIO SHRTIM1 External Event Configuration Register 1

(AFIO_SHRT EXEV_CFG1)

Address offset: 0x3C

Reset value: Ox7F7F 7F7F

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

‘ Reserved ‘ SHRT1_EXEVA4[6:0] ‘ Reserved ‘ SHRT1_EXEV3[6:0] ‘

w w

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

‘ Reserved ‘ SHRT1_EXEV2[6:0] ‘ Reserved ‘ SHRT1_EXEV1[6:0] ‘

w w

Bit Field Name Description

31 Reserved Reserved, the reset value must be maintained.

23

25

7

30:24 SHRT1 EXEVx[6:0] | SHRTIM EXEVx external event input channel configuration bit (x =1 ... 4)

22:16 These bits can be read and written by software to select the external input source

14:8 for SHRTIM_EXEVx.

6:0 0000000:PA[0]  0000001:PB[0]  0000010:PC[0]  0000011:PD[0]
0000100:PE[0]  0000101:PF[0]  0000110:PG[0]  0000111:PH[0]
0001000:PA[1]  0001001:PB[1]  0001010:PC[1]  0001011:PD[1]
0001100:PE[1]  0001101:PF[1]  0001110:PG[1]  0001111:PH[1]
0010000:PA[2]  0010001:PB[2]  0010010:PC[2] 0010011:PD[2]

0010100:PE[2]
0011000:PA[3
0011100:PE[3
0100000:PA[4]
0100100:PE[4]
0101000:PA[5]

—_

0010101:PF[2]
0011001:PB[3]
0011101:PF[3]

0100001:PB[4]
0100101:PF[4]

0101001:PB[5]

0010110:PG[2]
0011010:PC[3]
0011110:PG[3]

0100010:PC[4]
0100110:PG[4]
0101010:PC[5]

0010111:PH[2]
0011011:PD[3]
0011111:PH[3]
0100011:PD[4]
0100111:PH[4]
0101011:PD[5]

0101100:PE[5] ~ 0101101:PF[5] ~ 0101110:PG[S]  0101111:PH[5]
0110000:PA[6]  0110001:PB[6] ~ 0110010:PC[6]  0110011:PD[6]
0110100:PE[6] ~ 0110101:PF[6]  0110110:PG[6]  0110111:PH[6]
0111000:PA[7] ~ 0111001:PB[7] = 0111010:PC[7] ~ 0111011:PD[7]
0111100:PE[7]  O111101:PF[7]  0111110:PG[7]

218
NSING Technologies Pte. Ltd.
Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



ay,
"'a NSING

nsing.com.sg

Bit Field Name Description
1000000:PA[8]  1000001:PB[8]  1000010:PC[8]  1000011:PD[8]
1000100:PE[8]  1000101:PF[8]  1000110:PG[8]
1001000:PA[9]  1001001:PB[9]  1001010:PC[9] 1001011:PD[9]
1001100:PE[9]  1001101:PF[9]  1001110:PG[9]
1010000:PA[10] 1010001:PB[10] 1010010:PC[10] 1010011:PD[10]
1010100:PE[10] 1010101:PF[10] 1010110:PG[10]
1011000:PA[11] 1011001:PB[11] 1011010:PC[11] 1011011:PD[11]
1011100:PE[11] 1011101:PF[11] 1011110:PG[11]
1100000:PA[12] 1100001:PB[12] 1100010:PC[12] 1100011:PD[12]
1100100:PE[12] 1100101:PF[12] 1100110:PG[12]
1101000:PA[13] 1101001:PB[13] 1101010:PC[13] 1101011:PD[13]
1101100:PE[13] 1101101:PF[13] 1101110:PG[13]
1110000:PA[14] 1110001:PB[14] 1110010:PC[14] 1110011:PD[14]
1110100:PE[14] 1110101:PF[14] 1110110:PG[14]
1111000:PA[15] 1111001:PB[15] 1111010:PC[15] 1111011:PD[15]
1111100:PE[15] 1111101:PF[15] 1111110:PG[15]

Others: reserved

5.4.18 AFIO SHRTIM1 External Event Configuration Register 2

(AFIO_SHRT EXEV_CFG2)

Address offset: 0x40

Reset value: 0x0000 7F7F

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ SHRT1_EXEV8[6:0] ‘ Reserved ‘ SHRT1_EXEV7[6:0] ‘
w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ Reserved ‘ SHRT1_EXEV6[6:0] ‘ Reserved ‘ SHRT1_EXEV5[6:0] ‘

w w

Bit Field Name Description
31 Reserved Reserved, the reset value must be maintained.
23
25
7
30:24 SHRT1 EXEVx[6:0] | SHRTIM_ EXEVx external event input channel configuration bit (x =5 ... 8)
22:16 These bits can be read and written by software to select the external input source
14:8 for SHRTIM_EXEVx.
6:0 0000000:PA[0]  0000001:PB[0]  0000010:PC[0] 0000011:PD[0]

0000100:PE[0]  0000101:PF[0]  0000110:PG[0]  0000111:PH[0]
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Bit Field

Name

Description

0001000:PA[1]
0001100:PE[1]
0010000:PA[2]
0010100:PE[2]
0011000:PA[3
0011100:PE[3
0100000:PA[4]
0100100:PE[4]
0101000:PA[5]
0101100:PE[5]
0110000:PA[6]
0110100:PE[6]
0111000:PA[7]
0111100:PE[7]
1000000:PA[8]
1000100:PE[8]
1001000:PA[9]
1001100:PE[9]
1010000:PA[10]
1010100:PE[10]
1011000:PA[11]
1011100:PE[11]
1100000:PA[12]
1100100:PE[12]
1101000:PA[13]
1101100:PE[13]
1110000:PA[14]
1110100:PE[14]
1111000:PA[15]
[

_

5
1111100:PE[15]

Others: reserved

0001001:PB[1]
0001101:PF[1]
0010001:PB[2]
0010101:PF[2]
0011001:PB[3]
0011101:PF[3]
0100001:PB[4]
0100101:PF[4]
0101001:PB[5]
0101101:PF[5]
0110001:PB[6]
0110101:PF[6
0111001:PB[7
0111101:PF[7]
1000001:PB[8]
1000101:PF[8]
1001001:PB[9]
1001101:PF[9]
1010001:PB[10]
1010101:PF[10]
1011001:PB[11]
1011101:PF[11]
1100001:PB[12]
1100101:PF[12]
1101001:PB[13]
1101101:PF[13]
1110001:PB[14]
1110101:PF[14
1111001:PB[15
1111101:PF[15]

]
]

]
]

0001010:PC[1]
0001110:PG[1]
0010010:PC[2]
0010110:PG[2]
0011010:PC[3]
0011110:PG[3]
0100010:PC[4]
0100110:PG[4]
0101010:PC[5]
0101110:PG[5]
0110010:PC[6]
0110110:PG[6]
0111010:PC[7]
0111110:PG[7]
1000010:PC[8]
1000110:PG[8]
1001010:PC[9]
1001110:PG[9]
1010010:PC[10]
1010110:PG[10]
1011010:PC[11]
1011110:PG[11]
1100010:PC[12]
1100110:PG[12]
1101010:PC[13]
1101110:PG[13]
1110010:PC[14]
1110110:PG[14]
1111010:PC[15]
1111110:PG[15]

0001011:PD[1]
0001111:PH[1]
0010011:PD[2]
0010111:PH[2]
0011011:PD[3]
0011111:PH[3]
0100011:PD[4]
0100111:PH[4]
0101011:PD[5]
0101111:PH[5]
0110011:PD[6]
0110111:PH[6]
0111011:PD[7]

1000011:PD[8]

1001011:PD[9]

1010011:PD[10]

1011011:PD[11]

1100011:PD[12]

1101011:PD[13]

1110011:PD[14]

1111011:PD[15]

5.4.19 AFIO SHRTIM1 External Event Configuration Register 3

(AFIO_SHRT EXEV_CFG3)

Address offset: 0x44

Reset value: Ox7F7F 7F7F

31 30 28 27 25 24 23 22 21 20 19 18 17 16
Reserved
w w
15 14 12 11 9 8 7 6 5 4 3 2 1 0
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‘ Reserved ‘ SHRT1_EXEV10[6:0] Reserved SHRT1_EXEV9[6:0]
w w

Bit Field Name Description

31 Reserved Reserved, the reset value must be maintained.

23

25

7

30:24 SHRT1_EXEVx[6:0] | SHRTIM_EXEVx external event input channel configuration bit (x =9 ... 10)

22:16 These bits can be read and written by software to select the external input source

14:8 for SHRTIM_EXEVx.

6:0 0000000:PA[0]  0000001:PB[0]  0000010:PC[0] 0000011:PD[0]
0000100:PE[0]  0000101:PF[0]  0000110:PG[0]  0000111:PH[0]
0001000:PA[1]  0001001:PB[1]  0001010:PC[1]  0001011:PD[1]
0001100:PE[1]  0001101:PF[1]  0001110:PG[1]  0001111:PH[1]
0010000:PA[2]  0010001:PB[2]  0010010:PC[2] 0010011:PD[2]
0010100:PE[2] 0010101:PF[2] 0010110:PG[2]  0010111:PH[2]
0011000:PA[3] 0011001:PB[3] 0011010:PC[3] 0011011:PD[3]
0011100:PE[3]  0011101:PF[3] 0011110:PG[3] 0011111:PH[3]
0100000:PA[4]  0100001:PB[4] 0100010:PC[4] 0100011:PD[4]
0100100:PE[4] 0100101:PF[4] 0100110:PG[4] 0100111:PH[4]
0101000:PA[5]  0101001:PB[5] 0101010:PC[5] 0101011:PD[5]
0101100:PE[5] 0101101:PF[5] 0101110:PG[5] 0101111:PH[5]
0110000:PA[6] 0110001:PB[6] 0110010:PC[6] 0110011:PD[6]
0110100:PE[6] 0110101:PF[6] 0110110:PG[6] 0110111:PH[6]
0111000:PA[7]  0111001:PB[7] 0111010:PC[7] 0111011:PD[7]
0111100:PE[7] 0111101:PF[7] 0111110:PG[7]
1000000:PA[8]  1000001:PB[8]  1000010:PC[8]  1000011:PDI[8]
1000100:PE[8]  1000101:PF[8]  1000110:PG[8]
1001000:PA[9]  1001001:PB[9] 1001010:PC[9] 1001011:PD[9]
1001100:PE[9]  1001101:PF[9]  1001110:PG[9]
1010000:PA[10] 1010001:PB[10] 1010010:PC[10] 1010011:PD[10]
1010100:PE[10] 1010101:PF[10] 1010110:PG[10]
1011000:PA[11] 1011001:PB[11] 1011010:PC[11] 1011011:PD[11]
1011100:PE[11] 1011101:PF[11] 1011110:PG[11]
1100000:PA[12] 1100001:PB[12] 1100010:PC[12] 1100011:PD[12]
1100100:PE[12] 1100101:PF[12] 1100110:PG[12]
1101000:PA[13] 1101001:PB[13] 1101010:PC[13] 1101011:PD[13]
1101100:PE[13] 1101101:PF[13] 1101110:PG[13]
1110000:PA[14] 1110001:PB[14] 1110010:PC[14] 1110011:PD[14]
1110100:PE[14] 1110101:PF[14] 1110110:PG[14]
1111000:PA[15] 1111001:PB[15] 1111010:PC[15] 1111011:PD[15]
1111100:PE[15] 1111101:PF[15] 1111110:PG[15]
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Bit Field

Name

Description

Others: reserved
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6 Interrupts And Events

6.1 Nested Vectored Interrupt Register

Features

® 118 maskable interrupt channels (excluding 16 Cortex™-M4F interrupt lines).

® 16 programmable priority levels (using 4-bit interrupt priority);

® [ ow-latency exception and interrupt handling;

® Power management control;

® Implementation of system control registers;

nsing.com.sg

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 9000. When the system tick clock is set to 9MHz, 1ms time base is

generated. If you need to configure to another time base, configure the corresponding SysTick. LOAD register based

on the clock source period.

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
- 2 Settable UsageFault Undefined instruction or illegal status 0x0000_0018
0x0000_001C
- - - - Reserved
~0x0000_002B
System services invoked by SWI
- 3 Settable SVCall L 0x0000_002C
directives
- 4 Settable DebugMonitor Debug monitor 0x0000_0030
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Position| Priority | Priority type Name Description Address
- - - - Reserved 0x0000_0034
- 5 Settable PendSV System services that can be suspended 0x0000_0038
- 6 Settable SysTick System tick timer 0x0000_003C
0 7 Settable WWDG Window timer interrupt 0x0000_0040
L g Settable VD Power supply voltage detection (PVD) 00000 0044
interrupt connected to EXTI line 16 -
) 9 Settable RTC TAMPER RTC timestamp interrupt connected to 0X0000 0048
- EXTI line 19 -
3 10 Settable RTC. WKUP Real time clock (RTC) wake up interrupt 0X0000_004C
connected to EXTI line 20
4 11 Settable FLASH Flash global interrupt 0x0000_0050
5 12 Settable RCC Reset and- clock c?ntrol (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 DMAL1 channel 1 DMAL1 channel 1 global interrupt 0x0000_006C
12 19 Settable The DMAL1 channel 2 DMAL1 channel 2 global interrupt 0x0000_0070
13 20 Settable The DMAL1 channel 3 DMAL1 channel 3 global interrupt 0x0000_0074
14 21 Settable The DMAL1 channel 4 DMAL1 channel 4 global interrupt 0x0000_0078
15 22 Settable The DMAL1 channel 5 DMAL1 channel 5 global interrupt 0x0000_007C
16 23 Settable The DMAL1 channel 6 DMAL1 channel 6 global interrupt 0x0000_0080
17 24 Settable The DMAL1 channel 7 DMAL1 channel 7 global interrupt 0x0000_0084
18 25 Settable ADC1_2 ADC1 and ADC2 global interrupt 0x0000_0088
19 26 Settable USB_FS_HP USB FS Device high priority interrupt 0x0000_008C
20 27 Settable USB_FS LP USB FS Device low priority interrupt 0x0000_0090
21 28 Settable FDCANZ1_INTO FDCANL interrupt 0 0x0000_0094
22 29 Settable FDCAN1_INT1 FDCANL interrupt 1 0x0000_0098
23 30 Settable EXTI9 5 EXTI[9:5] interrupt lines 0x0000_009C
24 31 Settable ATIM1 BRK ATIML1 brake interrupt 0x0000_00A0
25 32 Settable ATIM1_UP ATIM1 update interrupt 0x0000_00A4
26 33 Settable ATIM1_TRG_COM ATIML trigge-rs and communication 0x0000_00A8
interrupt
27 34 Settable ATIM1_CC ATIML1 capture comparison interrupt 0x0000_00AC
28 35 Settable GTIM1 GTIM1 global interrupt 0x0000_00B0O
29 36 Settable GTIM2 GTIM2 global interrupt 0x0000_00B4
30 37 Settable GTIM3 GTIM3 global interrupt 0x0000_00B8
31 38 Settable 12C1_EV 12C1 event interrupt 0x0000_00BC
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Position| Priority | Priority type Name Description Address
32 39 Settable 12C1_ER 12C1 error interrupt 0x0000_00CO0
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_12S2 SPI12/12S2 global interrupt 0x0000_00D0
37 44 Settable USART1 USART1 global interrupt 0x0000_00D4
38 45 Settable USART2 USART2 global interrupt 0x0000_00D8
39 46 Settable USART3 USARTS3 global interrupt 0x0000_00DC
40 47 Settable EXTI15_10 The EXTI line [15:10] interrupt 0x0000_00EO0
a 48 Settable RTCAIArm The RTC alarm interrupt connected to 0X0000_00E4

EXTI line 17
42 49 Settable USB_FS_WKUP USB FS Device wake up fallure 0x0000_00E8
interrupt connected to EXTI line 18
43 50 Settable ATIM2_BRK ATIM?2 brake failure interrupt 0x0000_00EC
44 51 Settable ATIM2_UP ATIM2 update interrupt 0x0000_00F0
45 52 Settable ATIM2_TRG_COM ATIMZ trigge-rs and communication 0x0000_00F4
interrupt
46 53 Settable ATIM2_CC ATIM2 capture comparison interrupt 0x0000_00F8
47 54 Settable ADC3_ADC4 ADC3 and ADCA4 global interrupt 0x0000_O00FC
48 55 Settable UCDR UCDR global interrupt 0x0000_0100
49 56 Settable SDIO SDIO global interrupt 0x0000_0104
50 57 Settable GTIM4 GTIM4 global interrupt 0x0000_0108
51 58 Settable SPI3_12S3 SPI13/12S3 global interrupt 0x0000_010C
52 59 Settable USART4 USART4 global interrupt 0x0000_0110
53 60 Settable UART5 UARTS5 send interrupt 0x0000_0114
54 61 Settable BTIM1 BTIML1 global interrupt 0x0000_0118
55 62 Settable BTIM2 BTIM2 global interrupt 0x0000_011C
56 63 Settable DMA2_Channell DMAZ2 channel 1 global interrupt 0x0000_0120
57 64 Settable DMA2_Channel2 DMAZ2 channel 2 global interrupt 0x0000_0124
58 65 Settable DMAZ2_Channel3 DMAZ2 channel 3 global interrupt 0x0000_0128
59 66 Settable DMAZ2_Channel4 DMAZ2 channel 4 global interrupt 0x0000_012C
60 67 Settable DMA2_Channel5 DMAZ2 channel 5 global interrupt 0x0000_0130
61 68 Settable SRAM_ERR SRAM ECC error interrupt 0x0000_0134
62 69 Settable COMP4/5/6 Interrupts connected to EX(TI line 0x0000_0138
22/30/31 from COMP4/5/6
63 70 Settable FDCANZ_INTO FDCAN?2 interrupt O 0x0000_013C
64 71 Settable FDCANZ_INT1 FDCAN?2 interrupt 1 0x0000_0140
65 72 Settable FDCANS3_INTO FDCANS interrupt 0 0x0000_0144
66 73 Settable FDCANS3_INT1 FDCANS interrupt 1 0x0000_0148
67 74 Settable XSPI xSPI global interrupt 0x0000_014C

225

NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



ay,
"'a NSING

nsing.com.sg

Position| Priority | Priority type Name Description Address
68 75 Settable DMAZ2_Channel6 DMAZ2 channel 6 global interrupt 0x0000_0150
69 76 Settable DMAZ2_Channel7 DMAZ2 channel 7 global interrupt 0x0000_0154
70 77 Settable 12C3_EV 12C3 event interrupt 0x0000_0158
71 78 Settable 12C3_ER 12C4 error interrupt 0x0000_015C
72 79 Settable 12C4_EV 12C3 event interrupt 0x0000_0160
73 80 Settable 12C4_ER 12C4 error interrupt 0x0000_0164
74 81 Settable UART6 UARTS6 global interrupt 0x0000_0168
75 82 Settable UART7 UARTY global interrupt 0x0000_016C
76 83 Settable DMAZ1_Channel8 DMAL1 channel 8 global interrupt 0x0000_0170
77 84 Settable DMAZ2_Channel8 DMAZ2 channel 8 global interrupt 0x0000_0174
78 85 Settable DVP DVP global interrupt 0x0000_0178
79 86 Settable SAC SAC global interrupt 0x0000_017C
80 87 Settable SMPU SMPU global interrupt 0x0000_0180
81 - Settable COMPL/2/3 Interrupts connected to EXTI line 0X0000_0184

21/28/29 from COMP1/2/3
82 89 Settable USB_HS_EPx_OUT USB HS endpoint output global interrupt] 0x0000_0188
83 90 Settable USB_HS_EPx_IN USB HS endpoint input global interrupt 0x0000_018C
84 oL Settable USB HS WKUP USB HS wake-up interrupt connected to 0X0000 0190
-7 EXTI line 23 -
85 92 Settable UARTS UARTS global interrupt 0x0000_0194
86 93 Settable SP14 SPI14 global interrupt 0x0000_0198
87 94 Settable ETH ETH global interrupt 0x0000_019C
88 o Settable ETH WKUP Interrupts connected to EXTI line 27 0X0000_01A0
from ETH wakeup
89 96 Settable GTIM5 GTIMS global interrupt 0x0000_01A4
%0 o7 Settable COMP? Interrupts connected to EXTI line 24 0X0000_01A8
from COMP7
91 98 Settable SHRT1_MST SHRTIM1 main timer interrupt 0x0000_01AC
92 99 Settable SHRT1_TIMA SHRTIM1 timer unit A interrupt 0x0000_01B0
93 100 Settable SHRT1_TIMB SHRTIML1 timer unit B interrupt 0x0000_01B4
94 101 Settable SHRT1_TIMC SHRTIM1 timer unit C interrupt 0x0000_01B8
95 102 Settable SHRT1_TIMD SHRTIM1 timer unit D interrupt 0x0000_01BC
96 103 Settable SHRT1_TIME SHRTIML1 timer unit E interrupt 0x0000_01CO
97 104 Settable SHRT1_TIMF SHRTIM1 timer unit F interrupt 0x0000_01C4
98 105 Settable SHRT1 FLT SHRTIML1 error interrupt 0x0000_01C8
99 106 Settable ATIM3_BRK ATIMS3 brake interrupt 0x0000_01CC
100 107 Settable ATIM3_UP ATIMS3 update interrupt 0x0000_01D0
101 108 Settable ATIM3_TRG_COM ATIM3 trigge-rs and communication 0x0000_01D4
interrupt
102 109 Settable ATIM3_CC ATIMS3 capture comparison interrupt 0x0000_01D8
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Position| Priority | Priority type Name Description Address
103 110 Settable GTIM6 GTIMBG global interrupt 0x0000_01DC
104 11 Settable LPTIML WKUP Interrupts connected to EXTI line 25 0X0000 OLEO

B from LPTIM1 wakeup -
105 112 Settable LPTIM2 WKUP Interrupts connected to EXTI line 26 0X0000_01E4
from LPTIM2 wakeup
106 113 Settable FMAC_IRQ FMAC global interrupt 0x0000_01E8
107 114 Settable Cordic_IRQ Cordic global interrupt 0x0000_01EC
108 115 Settable SPI5 SPI5 global interrupt 0x0000_01FO0
109 116 Settable SP16 SP16 global interrupt 0x0000_01F4
110 117 Settable GTIM7 GTIMY7 global interrupt 0x0000_01F8
111 118 Settable GTIM8 GTIM8 global interrupt 0x0000_01FC
112 119 Settable GTIM9 GTIMQ9 global interrupt 0x0000_0200
113 120 Settable GTIM10 GTIM10 global interrupt 0x0000_0204
114 121 Settable DAC1/2/3/4 Underflow DAC1/2/3/4 underflow interrupt 0x0000_0208
115 122 Settable DAC5/6/7/8 Underflow DACS5/6/7/8 underflow interrupt 0x0000_020C
116 123 Settable USB_HS USB HS global interrupt 0x0000_0210
117 124 Settable FEMC_INT FEMC NAND interrupt 0x0000_0214

6.2 Extended Interrupt/Event Controller (EXTT)

6.2.1 Introduction

The extended interrupt/event controller contains 32 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 edges, 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 32 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 32 interrupt lines, 16 lines from I/O pins and 16 lines from internal modules. To generate interrupts,
the NVIC interrupt channel of the extended interrupt controller must be configured to enable the appropriate interrupt
lines. Select rising edge, falling edge, or double edges 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 external interrupt
line, an interrupt request is generated and the corresponding pending bit is set to '1'. Writing '1' to the corresponding
bit of the pending register clears the interrupt request.

To generate events, the corresponding event line must be configured and enabled. According to the desired edge
detection polarity, set up the rise/fall edge trigger configuration register, while writing '1' in the corresponding bit of
the event masking register to allow interrupt requests. When a preset edge occurs on an event line, an event request
pulse is generated and the corresponding pending bit is not set to '1".

In addition, interrupt/event requests can also be generated by software by writing a 'l' in the software interrupt/event
register.

® Hardware interrupt configuration, select and configure 32 lines as interrupt sources as required:

—  Configure the mask bit (EXTI_IMASK) for 32 interrupt lines.
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— Configure the Trigger Selection bits of the selected interrupt line (EXTI RT CFG and EXTI FT CFG);

Configure the enable and mask bits of the NVIC interrupt channel corresponding to the external interrupt
controller so that the requests in the 32 interrupt lines can be correctly responded to.

Hardware event configuration: Select 32 lines as event sources as required:

—  Configure the mask bit (EXTI_EMASK) for 32 event lines.

— Configure the Trigger Selection bits for the selected event line (EXTI RT CFG and EXTI_FT CFG).
Software interrupt/event configuration, select 32 lines as software interrupt/event lines as required:

—  Configure 32 interrupt/event line mask bits (EXTI IMASK and EXTI_EMASK).

— Configure the request bit of the software interrupt event register (EXTI SWIE).
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6.2.4 EXTI Line Mapping

Figure 6-2 External Interrupt Generic 1/0 Mapping
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PFO~PF15 [ —H
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EXTI10

EXTI11_CFG[6:0] Control

PAO~PALS[_—h
PB0~PB15[_}—N)
pco-pC1s[_—h
PDO~PD15[_—H
PEO~PE1S[ —h
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EXTI11

EXTI12_CFG[6:0] Control
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EXTI12

EXTI13_CFG[6:0] Control

PAO~PALS[_—
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pco~pc1s[_—
PDO~PD15[_—)
PEO~PE1S[_—M
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EXTI13

EXTI14_CFG[6:0] Control

PAO~PALS[_—|
PBO-PBI5[_—M
pco-pc1s[_—
PDO~PD15[_—H
PEO~PELS[_—P
PFo~PF15 [_—
PGO~PG15[_—P|
PHo~PHE [_—M|

EXTI14

EXTI15_CFG[6:0] Control

PAO~PALS[_—
PBO~PB15[_—W
pco~PC15[_—h
PDO~PD15[_—W
PE0~-PELS[_—h
PFo~PF15[_—M
PGO~PG15[_—N

PHO~PHE [ —|

EXTI15

To configure external interrupts/events on the GPIO line using AFIO_EXTI_CFGy, the AFIO clock must be enabled
first. General I/O ports are connected to 16 external interrupt/event lines as shown above. The connection mode of
the other 16 EXTI lines is as follows:

EXTT line 16 is connected to the PVD output

EXTI line 17 is connected to the RTC alarm event

EXTI line 18 is connected to the USB FS Device alarm

EXTTI line 19 is connected to the RTC tamper or LSE-CSS event
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® EXTI line 20 is connected to the RTC Wake up event

® EXTI line 21 is connected to the COMP1 output

® EXTI line 22 is connected to the COMP4 output

® EXTI line 23 is connected to the USB HS Dualrole wake up interrupt
® EXTI line 24 is connected to the COMP7 interrupt

® EXTI line 25 is connected to the LPTIM1 wake up interrupt
® EXTI line 26 is connected to the LPTIM2 wake up interrupt
® EXTI line 27 is connected to the ETH wake up interrupt

® EXTI line 28 is connected to the COMP2 output

® EXTI line 29 is connected to the COMP3 output

® EXTI line 30 is connected to the COMPS5 output

® EXTI line 31 is connected to the COMP6 output

6.3 EXTI Registers

EXTI base address: 0x40010400

6.3.1 EXTI Register Overview

Table 6-2 EXTI Register Overview

o] e |22 ]s |5 [e]8[]=[ 8 ]s]a]=]2[=]=[2] =[5 ][5 ]2 =)= [=]~[=] ]~ ] [~]]-
o00n [EXTIEMASK EMASK[31:0]
ResetValue [ 0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo]o
004 | EXTI_IMASK IMASK[31:0]
ResetValue | 0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo]o
008 [EXTIFT_CFG FT_CFG[31:0]
ResetValue [ 0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
ooch EXTI_RT_CFG] RT_CFG[31:0]
ResetValue [ 0 JoJoJoJoJofJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo]o
OthEXTl_PENDzzzzzzzzzzzzzzzzzzzzzzﬁﬁﬁﬁﬁ55555
e |8 || e | |E|e|e|e | ||E|E|E|E|E|E|E|E|E|E|&|a|a|a|a|a|la|a|a|a|a
ResetValue [ 0 JoJof[oJo|ofJofJofJoJoJoJoJoJoJofofJofJofJofJofJofJoJofJoJofJo[o[oJoJo]o]o
o14n| EXTISWIE SWIE[31:0]
ResetValue [ 0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
018 [EXTITS_SEL Reserved TSSEL[3:0]
Reset Value 0 | 0 | 0 |0

6.3.2 EXTI Event Mask Register (EXTI_EMASK)

Address offset: 0x00

Reset value: 0x0000 0000

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

EMASK[31:16]
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w w w w w w w w w w w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ EMASK([15:0]
w w ' ' w w ) w ) w 'w w w w w w
Bit Field Name Description
31:0 EMASKx Event mask on line x
0: Masking the event requests from line x.
1: Not masking the event requests from line x.
6.3.3 EXTI Interrupt Mask Register (EXTI _IMASK)
Address offset: 0x04
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ IMASK[31:16] ‘
w w ' ' w w I\ w I\ w 'w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ IMASK[15:0] ‘
w w w w w w w w w w w w w w w w
Bit Field Name Description
31:0 IMASKx Interrupt mask on line x

0: Masking the interrupt requests from line x.

1: Not masking the interrupt requests from line x.

6.3.4 EXTI Falling Edge Trigger Configuration Register (EXTI_FT_CFG)

Address offset: 0x08

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ FT_CFG[31:16] ‘
rw w w w rw w w w w w rw w w rw w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ FT_CFG[15:0] ‘
w w w w w w I\ w I\ w 'w w w w w w
Bit Field Name Description
31:0 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
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6.3.5 EXTI Rising Edge Trigger Configuration Register (EXTI_RT_CFG)

Address offset: 0x0C
Reset value: 0x0000 0000

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

‘ RT_CFG[31:16] ‘

w w w w w w w w w w rw w w rw w w

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

‘ RT_CFG[15:0] ‘

w w w w w w w w w w w w w w w w
Bit Field Name Description
31:0 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

6.3.6 EXTI Pending Register (EXTI_PEND)

Address offset: 0x10

Reset value: 0x0000 0000

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

‘ PEND[31:16] ‘

rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
‘ PENDI[15:0] ‘
rc_wil rc_wil rc_wl rc_wl rc_wil rc_wil rc_wl rc_wil rc_wil rc_wl rc_wl rc_wl rc_wl rc_wil rc_wl rc_wl
Bit Field Name Description
31:0 PENDx Pending bit on line x

0: No pending request has occurred

1: A pending trigger request occurred

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

detection.

6.3.7 EXTI Software Interrupt Event Register (EXTI_SWIE)

Address offset: 0x14

Reset value: 0x0000 0000

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

SWIE[31:16]
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w w w w w w w w w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ SWIE[15:0]
w w ' ' w w ) w ) w 'w w w w w w
Bit Field Name Description
31:0 SWIEx Software interrupt on line X

When the bit is' 0 ', writing 'l' sets the corresponding pending bit in EXTI PEND. If
this interrupt is allowed in EXTI IMASK and EXTI_EMASK, an interrupt will be
generated.

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

6.3.8 EXTI Timestamp Trigger Source Selection Register (EXTI_TS_ SEL)

Address offset: 0x18

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
w w w w w w w w w w w w 1\ w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved TSSEL[3:0] ‘
rw rw w w rw rw w rw w rw rw rw rw rw rw rw
Bit Field Name Description
31:4 Reserved Reserved, the reset value must be maintained.
3:0 TSSEL[3:0] Select the external interrupt input as the trigger source for the timestamp event

0000: Select EXTIO as the trigger source of the timestamp event;
0001: Select EXTI1 as the trigger source of the timestamp event.

1111: Select EXTI1S as the trigger source for the timestamp event.
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7 DMA Controller

7.1 Introduction

The DMA controller can access slaves: Flash, Sram1, Sram2, CCM Sram3, FEMC, XSPI, CRC, SDIO, FMAC,
CORDIC, APB1, APB2, ATIM, SHRTIM, ADC, DAC.

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 chip has two DMA controllers (DMA1, DMA2), each with 8 logical channels. Each logical channel is used to
serve memory access requests from one or multiple peripherals. An internal arbiter controls the priority of different
DMA channels.

7.2 Main Features

DMA main features:
® 16 DMA channels which can be configured independently: DMA1 and DMA?2 each have 8 channels.
®  Supports three types of transfers: memory-to-memory, memory-to-peripheral, and peripheral-to-memory.

® FEach DMA channel supports hardware requests and software triggers to initiate transfer, and is configured by

software.

® FEach 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).

® Access slaves: Flash, Sram1,Sram2, CCM Sram3, FEMC, XSPI, CRC, SDIO,FMAC, CORDIC, APB1, APB2,
ATIM, SHRTIM, ADC, DAC.

® Configurable data transmit number (0~65535).

®  Supports burst transfers, burst length is configurable, can be set to 1/2/3/4/5/6/7/8 units.
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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 round-robin 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.

Each DMA data transfer consists of three operations:

® Data access: determine the source address (DMA_PADDRx or DMA_MADDRX) according to the transfer
direction and read data from the source address.

® Data storage: determine the destination address (DMA_PADDRx or DMA_MADDRX) according to the transfer
direction and store the read data into the destination address space.

®  (Calculate the number of outstanding operations, perform a decrement operation of the DMA TXNUMXx register,
and update the source and destination addresses of the next operation.

7.4.2 Channel Priority And Arbitration

The DMA uses an arbitration strategy to handle multiple requests from different channels. The priority of each

channel is programmable in the channel control register (DMA_CHCFGx).
4 levels of priority:

- Very high priority

- High priority

- Medium priority

- Low priority

By default, channel with lower index has higher priority if the programmed priority is the same.

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.
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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.

Table 7-1 Programmable Data Width And Endian Operation (when PINC = MINC =1)

Source Destina-|Number
width tion of Source: Transfer operations Destination:
] width |transfer| Address/data (R: Read, W: Write) Address / data
(brt) (bit) | (Byte)
0x0 /B0 1: R BO [7:0] @0x0, W BO [7:0] @0x0 0x0 /B0
8 8 A 0x1/B1 2: R B1[7:0] @0x1, W B1 [7:0] @0x1 0x1/B1
0x2 /B2 3: R B2 [7:0] @0x2, W B2 [7:0] @0x2 0x2 /B2
0x3 /B3 4: R B3 [7:0] @0x3, W B3 [7:0] @0x3 0x3/B3
0x0/ B0 1: R BO [7:0] @0x0, W 00BO [15:0] @0x0 0x0 / 00BO
8 16 A 0x1/B1 2: R B1 [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 000000B0 [31:0] @0x0 0x0 / 000000B0O
g 3 4 0x1/B1 2: R B1 [7:0] @0x1, W 000000B1 [31:0] @0x4 0x4 /000000B1
0x2 /B2 3: R B2 [7:0] @0x2, W 000000B2 [31:0] @0x8 0x8 / 000000B2
0x3/B3 4: R B3 [7:0] @0x3, W 000000B3 [31:0] @0xC 0xC / 000000B3
0x0/B1B0 1: R B1BO [15:0] @0x0, W BO [7:0] @0x0 0x0 /B0
0x2 / B3B2 2: R B3B2 [15:0] @0x2, W B2 [7:0] @0x1 0x1/B2
1o 8 4 0x4 / B5B4 3: R B5B4 [15:0] @0x4, W B4 [7:0] @0x2 0x2 /B4
0x6 / B7B6 4: R B7B6 [15:0] @0x6, W B6 [7:0] @0x3 0x3/B6
0x0/B1B0 1: R B1BO [15:0] @0x0, W B1BO0 [15:0] @0x0 0x0/B1B0
0x2/B3B2  [2: R B3B2[15:0] @0x2, W B3B2 [15:0] @0x2 0x2 / B3B2
1o e 4 0x4 / B5B4 3: R B5B4 [15:0] @0x4, W B5B4 [15:0] @0x4 0x4 / B5B4
0x6 / B7B6 4: R B7B6 [15:0] @0x6, W B7B6 [15:0] @0x6 0x6 / B7B6
0x0/B1B0 1: R B1BO [15:0] @0x0, W 0000B1BO0 [31:0] @0x0 0x0 / 0000B1B0O
16 2 4 0x2 / B3B2 2: R B3B2 [15:0] @0x2, W 0000B3B2 [31:0] @0x4 0x4 / 0000B3B2
0x4 / B5B4 3: R B5B4 [15:0] @0x4, W 0000B5B4 [31:0] @0x8 0x8 / 0000B5B4
0x6 / B7B6 4: R B7B6 [15:0] @0x6, W 0000B7B6 [31:0] @OxC 0xC / 0000B7B6
0x0/B3B2B1B0 [1: R B3B2B1B0 [31:0] @0x0, W B0 [7:0] @0x0 0x0/B0
3 8 4 0x4 / B7B6B5B4 [2: R B7B6B5B4 [31:0] @0x4, W B4 [7:0] @0x1 0x1/B4
0x8 / BBBAB9B8 [3: R BBBAB9BS8 [31:0] @0x8, W B8 [7:0] @0x2 0x2 /B8
0xC / BFBEBDBC [4: R BFBEBDBC [31:0] @0XC, W BC [7:0] @0x3 0x3/BC
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Source Destina-|Number
width tion of Source: Transfer operations Destination:
(bit) width |transfer| Address/data (R: Read, W: Write) Address / data
(bit) | (Byte)
0x0/ B3B2B1B0 [1: R B3B2B1B0 [31:0] @0x0, W B1BO0 [15:0] @0x0 0x0 / B1BO
2 16 4 Ox4 / B7B6B5B4 [2: R B7B6B5B4 [31:0] @0x4, W B5B4 [15:0] @0x2 0x2 / B5B4
0x8 / BBBABIBS [3: R BBBABIBS [31:0] @0x8, W BIB8 [15:0] @0x4 0x4 / BOB8
0xC / BFBEBDBC #: R BFBEBDBC [31:0] @0xC, W BDBC [15:0] @0x6 0x6 / BDBC
0x0/ B3B2B1B0 [1: R B3B2B1B0 [31:0] @0x0, W B3B2B1B0 [31:0] @0x0 0x0 / B3B2B1B0
” 3 4 Ox4 / B7B6B5B4 [2: R B7B6B5B4 [31:0] @0x4, W B7B6B5B4 [31:0] @0x4 Ox4 / B7B6B5B4
0x8 / BBBAB9BS8 [3: R BBBAB9BS [31:0] @0x8, W BBBAB9BS [31:0] @0x8 0x8 / BBBAB9BS8
0xC / BFBEBDBC #: R BFBEBDBC [31:0] @0xC, W BFBEBDBC [31:0] @0xC | 0xC / BFBEBDBC
Notice:

DMA always provide full 32-bits data to HWDATA[31:0] no matter what destination size it is (HSIZE still follows
destination size setting for device supports byte/half-word operation). The HWDATA[31:0] follows the following

rules:

® When source size is smaller than destination size, the 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).

®  When source size is larger or equal to destination size and smaller than 32 bits, DMA duplicates source data to
32 bits data. E.g., source data is 8 bits data Ox1F, HWDATA[31:0] = Ox1F1F_1F1F. If source data is 16 bits data
0x2345, then HWDATA[31:0] = 0x2345_2345.

This 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.

® |n auto-increment mode, the next address to be transferred is automatically increased according to the data bit
width (1, 2 or 4) after each transfer. The address of the first transfer is stored in DMA_PADDRX or
DMA_MADDRKX register.

® 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.
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In non-circular mode, DMA stops after the transfer is completed. To start a new DMA transfer, need to rewrite
the transfer number in the DMA TXNUMX register with the DMA channel disabled.

In circular mode, at the end of a transfer, the content of the DMA_ TXNUMXx 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 Single Transfer And Burst Transfer

The DMA controller can generate single transfers or burst transfers of 2 to 8 units. DMA BURSTEN.
BURST BYPASS controls whether burst mode is enabled, and burst mode is not enabled by default.

The burst length is configurable and can be set to 1/2/3/4/5/6/7/8 units, with 1 unit representing a single transfer. The
unit depends on the data width setting (word/half-word/byte).

7.4.7 Channel Configuration Process

The detail configuration process is as below:

1.

7.
8.

In the DMA_ CHCFGx register:

a) Set the channel transfer direction (DIR bit)

b) Set the circular mode (CIRC bit)

€) Set the peripheral and memory address increment (PINC bit and MINC bit)

d) Set the data width of the peripheral and memory (PSIZE[1:0] bits and MSIZE[1:0] bits)
e) Set the channel priority (PRIOLVL[1:0] bits)

f) Ifitis memory-to-memory, set the MEM2MEM bit (Note: To configure the DMA to operate in M2M mode,

the user needs to set the corresponding channel selection value to a reserved value)
In the DMA_ TXNUMX register, set the channel transfer count.
Configure the DMA MADDRX register to set the channel peripheral address.
Configure the DMA PADDRX register to set the memory address.

Configure DMA_BURSTEN. BURST BYPASS = 1, this bit is default to 1, where 1 indicates that burst function

is not enabled.

Configure the interrupt bits (transfer half-complete, transfer complete, and transfer error) in the DMA_CHCFGx

register, 1: enable interrupt, 0: disable interrupt.
Repeat steps 1 to 6 on channels 1 to 8.

Finally, enable the corresponding channel.

The detailed configuration process for enabling DMA burst mode is as follows:

1.

In the DMA_CHCFGx register:

a) Set the channel transfer direction (DIR bit)
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b) Set the circular mode (CIRC bit)

c) Set the peripheral and memory address increment (PINC bit and MINC bit)

d) Set the data width of the peripheral and memory (PSIZE[1:0] bits and MSIZE[1:0] bits)

e) Set the channel priority (PRIOLVL[1:0] bits)

f) Ifitis memory-to-memory, set the MEM2MEM bit (Note: To configure the DMA to operate in M2M mode,
the user needs to set the corresponding channel selection value to a reserved value)

g) Set the burst mode (BURST _MODE bit)
h) Set the burst length (BLEN[3:0] bits)
In the DMA_TXNUMX register, set the channel transfer count.

Configure the DMA MADDRX register to set the channel peripheral address.

A won

Configure the DMA PADDRX register to set the memory address.

5. Configure DMA BURSTEN. BURST BYPASS =0, this bit is default to 1, where 1 indicates that burst function

is not enabled.

6. Configure the interrupt bits (transfer half-complete, transfer complete, and transfer error) in the DMA CHCFGx

register, 1: enable interrupt, 0: disable interrupt.
7. Repeat steps 1 to 6 on channels 1 to 8.
8. Finally, enable the corresponding channel.

Notes:

(1) Before enabling a channel, the registers of that channel must be pre-configured by the current user. If other users

configure the registers of that channel, it may result in permission error events.

(2) If software is used to serve interrupt, the 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.

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

channel transformation is done.

(4) The configuration sequence must be executed in the order specified in the user manual.

7.4.8 Transfer Types

Three major transfer types are supported:
® Memory to memory

® Memory to peripheral

® Peripheral to memory

Flow control is controlled by two register bits in each DMA channel configuration register. Flow control is used to

241
NSING Technologies Pte. Ltd.
Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



Ay,
"" TSI nsing.com.sg

control source/destination and direction of DMA channel.

Table 7-2 Flow Control Table

DMA_CHCFGx.MEM2MEM DMA_CHCFGx.DIR| Source Destination Transfer®
AHB read to AHB write, can do back2back
1 X Memory Memory
transfer
AHB o
AHB read to AHB write, single transfer
Peripheral
0 1 Memory
APB o
AHB read to APB write, single transfer
Peripheral
AHB o
AHB read to AHB write, single transfer
Peripheral
0 0 Memory
APB o
APB read to AHB write, single transfer
Peripheral

Note: ¥ Support back-to-back transfers.

7.4.9 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).

7.4.10 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.

7.4.11 Interrupt

® Transfer complete interrupt:

An interrupt is generated when channel data transfer is complete. Interrupt is a level signal. Each channel has
its dedicated interrupt, interrupt mask control and interrupt status bit. Interrupt status bit is cleared when interrupt
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flag clear bit is set.

® Half transfer interrupt:

An interrupt is generated when half of the channel data is transferred. Interrupt is a level signal. Each channel
has its dedicated interrupt, interrupt mask control and interrupt status bit. Interrupt status bit is cleared when
interrupt flag clear bit is set.

® Transfer error interrupt:

An interrupt is generated when bus returned error. Interrupt is a level signal. Each channel has its dedicated
interrupt, interrupt mask control and interrupt status bit. Interrupt status bit is cleared when interrupt flag clear

bit is set.

Table 7-3 DMA Interrupt Request

Interrupt event

Event flag bit

Enable control bit

Half transfer HTXF HTXIE
Transfer complete TXCF TXCIE
Transfer error ERRF ERRIE

7.4.12 DMA Request Mapping

Totally there are 150 DMA requests from all the peripherals. To have better support with full flexibility, register bits

can be used to select which DMA request is mapped to which DMA channel. The table blow show the mapping

scheme of peripherals’ DMA request to DMA controller’s DMA channels.

Table 7-4 DMA Request Mapping

DMA request source select | Peripheral DMA request | DMA request source select | Peripheral DMA request
Set=0 ADC1 Set =76 GTIM3_CH4
Set=1 ADC2 Set=77 GTIM3_UP
Set=2 ADC3 Set =78 GTIM3_TRIG
Set=3 ADC4 Set=79 GTIM4_CH1
Set=4 USART1_TX Set =80 GTIM4_CH2
Set=5 USART1 RX Set=81 GTIM4_CH3
Set=6 USART2_TX Set = 82 GTIM4_CH4
Set=7 USART2_RX Set =83 GTIM4_UP
Set=8 USART3 TX Set=284 GTIM4_TRIG
Set=9 USART3 RX Set=85 GTIM5_CH1
Set=10 USART4 TX Set =86 GTIM5_CH2
Set=11 USART4_RX Set = 87 GTIM5_CH3
Set=12 UART5_TX Set = 88 GTIM5_CH4
Set =13 UART5_RX Set =89 GTIM5_UP
Set = 14 UART6_TX Set =90 GTIM5_TRIG
Set =15 UART6_RX Set =91 GTIM6_CH1
Set =16 UART7_TX Set =92 GTIM6_CH2
Set=17 UART7_RX Set=93 GTIM6_CH3
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Set =18 UART8_TX Set = 94 GTIM6_CH4
Set =19 UART8_RX Set =95 GTIM6_UP
Set = 20 SPI1_TX Set = 96 GTIM6_TRIG
Set = 21 SPI1_RX Set = 97 GTIM7_CH1
Set = 22 SPI2_12S2_TX Set = 98 GTIM7_CH2
Set = 23 SPI2_12S2_RX Set = 99 GTIM7_CH3
Set = 24 - Set = 100 GTIM7_CH4
Set = 25 - Set = 101 GTIM7_UP
Set = 26 SPI3_12S3_TX Set = 102 GTIM7_TRIG
Set = 27 SPI3_12S3_RX Set = 103 GTIM8_CH1
Set = 28 - Set = 104 GTIM8_CH2
Set = 29 - Set = 105 GTIM8_CHS3
Set = 30 SPI4_TX Set = 106 GTIM8_CH4
Set = 31 SP14_RX Set = 107 GTIM8_COM
Set = 32 SPI5_TX Set = 108 GTIM8_UP
Set = 33 SPI5_RX Set = 109 GTIM8_TRIG
Set = 34 SPI6_TX Set = 110 GTIM9_CH1
Set = 35 SPI6_RX Set = 111 GTIM9_CH2
Set = 36 XSPI_TX Set = 112 GTIM9_CH3
Set = 37 XSPI_RX Set = 113 GTIM9_CH4
Set = 38 12C1_TX Set =114 GTIM9_COM
Set = 39 12C1_RX Set = 115 GTIM9_UP
Set = 40 12C2_TX Set = 116 GTIM9_TRIG
Set = 41 12C2_RX Set = 117 GTIM10_CH1
Set = 42 12C3_TX Set = 118 GTIM10_CH2
Set = 43 12C3_RX Set = 119 GTIM10_CHS3
Set = 44 12C4_TX Set = 120 GTIM10_CH4
Set = 45 12C4_RX Set = 121 GTIM10_COM
Set = 46 SDIO_DMA Set = 122 GTIM10_UP
Set = 47 DAC1 DMA Set = 123 GTIM10_TRIG
Set = 48 DAC2 DMA Set = 124 ATIM1_CH1
Set = 49 DAC3_DMA Set = 125 ATIM1_CH2
Set = 50 DAC4_DMA Set = 126 ATIM1_CH3
Set = 51 DAC5 DMA Set = 127 ATIM1_CH4
Set = 52 DAC6_DMA Set = 128 ATIM1_COM
Set = 53 DAC7_DMA Set = 129 ATIM1_UP
Set = 54 DAC8 DMA Set = 130 ATIM1_TRIG
Set = 55 FMAC_WR Set = 131 ATIM2_CH1
Set = 56 FMAC_RD Set = 132 ATIM2_CH2
Set = 57 CORDIC_WR Set = 133 ATIM2_CH3
Set = 58 CORDIC_RD Set = 134 ATIM2_CH4
Set = 59 BTIM1_UP Set = 135 ATIM2_COM
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Set = 60 BTIM2_UP Set = 136 ATIM2_UP
Set = 61 GTIML_CH1 Set = 137 ATIM2_TRIG
Set = 62 GTIML_CH2 Set = 138 ATIM3_CH1
Set = 63 GTIM1_CH3 Set = 139 ATIM3_CH2
Set = 64 GTIM1_CH4 Set = 140 ATIM3_CH3
Set = 65 GTIM1_UP Set = 141 ATIM3_CH4
Set = 66 GTIM1_TRIG Set = 142 ATIM3_COM
Set = 67 GTIM2_CH1 Set = 143 ATIM3_UP
Set = 68 GTIM2_CH2 Set = 144 ATIM3_TRIG
Set = 69 GTIM2_CH3 Set = 145 SHRTIM1_CH1
Set =70 GTIM2_CH4 Set = 146 SHRTIM1_CH2
Set=71 GTIM2_UP Set = 147 SHRTIM1_CH3
Set=72 GTIM2_TRIG Set = 148 SHRTIM1_CH4
Set =73 GTIM3_CH1 Set = 149 SHRTIM1_CH5
Set = 74 GTIM3_CH2 Set = 150 SHRTIM1_CH6
Set=75 GTIM3_CH3 Set = 151 SHRTIM1_CH7

Note: 1.Different DMA channels cannot use the same request source, otherwise only the channel with higher priority will be triggered.

2. When the DMA is set to memory-to-memory mode, the DMA request mapping needs to be set to (Set = 24).
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7.5 DMA Registers

7.5.1 DMA Register Overview

Table 7-5 DMA Register Overview
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Offset | Register 31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20 19‘18‘17‘16 15 | 14 13‘12 11‘10 9‘8 7 5 4|3]|2(1]0
8ls| & -
aHHERR- R AR REHEEE
ox00 |PMA_CHCFG1 Reserved BLEN[3:0] 5 % 2 N 8212|185 |E|E(R|E
S| = o = a
o a
Reset value 0o JoJoJoJoJofoJoJoJoJoJoJoJoJoJoJoJo]oTo
DMA_ )
0x04 | MADDR1 ADDR[31:0]
Resetvalue |0 [o JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo]Jo
DMA_ )
0x08 | PADDR1 ADDR[31:0]
Resetvalue |0 Jo JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
DMA_CHSEL1 CH_SEL[7:0]
0x0C Reserved
Reset value 0 JoJoJoJoJoJoTJo
DMA_ )
0x10 | TXNUM1 Reserved NDTX[15:0]
Reset value Of0jOjJoOofoO]oO 0|O 0OjJo0OjO0OjOjO]JO]joO{foO
Ll —
o|s e = —
ox1a [PMACHCFG2 Reserved BLEN[3:0] Z % §‘ = N S|Z|(o|e|g5|21 2|5
S| = x = o
o a
Reset value 0o JoJoJoJofofJoJoJoJoJoJo[oJoJoJo [ofofo]Jo
DMA_ !
0x18 | MADDR?2 ADDR[31:0]
Resetvalue |0 [o JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo]Jo
DMA_ )
0xIC | PADDR2 ADDR[31:0]
Resetvalue |0 Jo JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo[oJoJoJoJoJoJoTJo
ox20 [PMA_CHSEL2 Reserved CH_SEL[7:0]
Reset value 0 JoJoJoJoJoJo]Jo
DMA_ .
TXNUM2 NDTX[15:0]
0x24 Reserved
Reset value o(fofojofofojojofojofof|ojojo 0
8ls| & =
S 5 -
O HEEE AR BRI AEHEEE
oxeg |PMA-CHCFGS Reserved BLEN[3:0] (’é % § > N S|z|o|e|g5|21 2|5
S| = o = 8
o o
Reset value 0o JoJoJofofJoJoJoJoJo[oJoJoJoJofofoJoJo]o
DMA_ )
0x2C | MADDR3 ADDR[31:0]
Resetvalue |0 Jo JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo]Jo
DMA_ )
030 | e ADDR[31:0]
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Resetvalue [0 Jo JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo

ox34 |PMACHSEL3 Reserved CH_SEL[7:0]
Reset value 0 JoJoJoJoJoJoTJo
DMA_ ]
TXNUM3 NDTX[15:0]
0x38 Reserved
Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
a =)
= ) =) 15y
DMA_CHCFG4 BLEN[3:0] g' s s o T ol2lele|e|E|X|E|E
. ; = | g ol N S|slclolx|kE I
0x3C Reserved @ z o > % S|a|o ElEIX|S
S| = o = o
o o
Reset value 0 [oJoJoJoJoJoJoloJoJoJoJofo[oJoJoJolol]o
DMA_ ADDR[31:0]

0x40 MADDR4

Resetvalue |0 Jo JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo o
DMA_ .
0x44 | PADDR4 ADDR[31:0]
Resetvalue |0 [o JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo]Jo
oxdg |PMACHSEL4 Reserved CH_SEL[7:0]
Reset value 0 JoJoJoJoJoJoTJo
DMA_ .
TXNUMA NDTX[15:0]
0x4C Reserved
Reset value o(fofojofofojojofojofo|ojojo 0
8ls| & =
ol =) 2 5
2|z d = S lololola|E|E|Ylz
. S w z (= |xx|X|Oo|W
oxs0 [PMA-CHCFGS Reserved BLEN[30] EI % 5 = g s|2|5|3a ElE|2|5
S| = x = o
o a
Reset value 0o JoJoJoJoJofoJoJoJoJoJoJoJoJoJoJoJo]o/ o
DMA_ ADDRI[31:0]

0x54 MADDRS

Resetvalue |0 Jo JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo]Jo
DMA_ !
0x58 | PADDRS ADDR[31:0]
Resetvalue |0 Jo [oJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo o
oxsC |PMA_CHSELS Reserved CH_SEL[7:0]
Reset value 0o JoJoJoJoJoJoT]o
DMA_ )
0x60 TXNUMS Reserved NDTX][15:0]
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Reset value 0o ofojojofofofojojofofo 0
als| &
2 = -
o |312] 5] 8| 8 lglelele|t|YlslE
oxga |PMA-CHCFCE Reserved BLEN[3:0] (Z % §‘ = N S|Z|(o|e|E|2| 2|5
S| = x = o
o o
Reset value oJoJoJoJo]o oJoJoJoJof[oJoJoJo [ofofo]Jo
DMA_ :
0x68 | MADDRS ADDR[3L:0]
Resetvalue |0 [o JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo]Jo
DMA_ )
0x6C | PADDR6 ADDR[SL:0]
Resetvalue |0 Jo JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo o
ox70 |PMA_CHSELS Reserved CH_SEL[7:0]
Reset value 0o JoJoJoJoJoJo]Jo
DMA_ .
TXNUMG NDTX[15:0]
0x74 Reserved
Reset value 0fo0 ofojojofofofo|jojofo0ofoO 0
8ls|
S = —
DMA_CHCFG7 BLEN[3:0 %I : ? oy % glelgle|Elx|c|E
. o = = |l =73
0x78 - Reserved (3:0] '(é z| 3o = N S|z|o|o|E|E|X|E
S| = x = o
o a
Reset value 0o J[oJoJoJo]o oJoJoJoJoJoJoJoJoJoJoJo]o
DMA_ ]
0x7C | MADDR? ADDR[31:0]
Resetvalue |0 [o JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo]Jo
DMA_ :
0x80 | PADDRY? ADDR[31:0]
Resetvalue |0 Jo JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo[oJoJoJoJoJoJoTJo
oxg4 |PMA_CHSELT Reserved CH_SEL[7:0]
Reset value 0 JoJoJoJoJoJoTJo
DMA_ .
0x88 | TXNUM? Reserved NDTX[15:0]
Reset value 0Jo oJoJoJoJoJoJoJoJoJoJoJo]o
w —
Qs = = —
DMA_CHCFGS8 BLEN[3:0 %I z ; o % AEIEIFIEHEHEE
: N =z x| =
0x8C - Reserved (3:0] (’é z| 3 > N S|z|o|e|g5|21 2|5
S| = o = 8
o o
Reset value 0 [oJoJoJo]o oJoJoJoJoJoJo[ofoJoJofo]o
DMA_ ]
0x90 | MADDRS ADDR[31:0]
Resetvalue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
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DMA_ .
0x94 | PADDRS ADDR[31.0]
Resetvalue |0 Jo JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo]Jo
oxg |PMA_CHSELS Reserved CH_SEL[7:0]
Reset value 0 JoJoJoJoJoJoTJo
DMA_ ,
0x9C | TXNUMB Reserved NDTX[15:0]
Reset value OjJojOof[OoOjJO|JO]O]O 0 0O]J]0fO0]O]O 01]0
|||l ||e|lelele|lg|g|e|2|g|d|a|a|@|2|2|2|a|e|e|¥|cg|lc|s|c
['4 X [§] o ['4 X O o ['4 X [§] [} [i4 X O o 4 X O m 4 X 9] m ['4 X @] o o X @] [5}
DMAINTCIR| x |E | X |2 | |E|[X |2 | |E[X|2||E[X|2||E|(X|F||E|[X|I||E|X|2||E|X|Z
0xA0 L I = O] ] I = Q ] I = O] L I = Q L I = Q L I = Q i) I = Q Ll I = |Q
O (] o O (@] (8] [S] (S @] (@] [S] O O (@] O [S] O (8] o O O (8] [S] O O (8] [S] (8] O (@] o | O
Resetvalue |0 [0 [o|ofofofoJoJofoJo o ofofoJoJoJoJofoJofoJo]JoJo]Jofo]Jo]oJo]o]o
[ee] =) ee] =] N~ N~ ~ ~ © © © © [Te) [Te] n [Te) <t < < < [32] [32] ™ [32] o N o~ o~ - — - -
L [ [i w w w ' ' [T (TR L [T L (T8 [T [T [T [ [T [T w w [ [T [ [ [ [T [T ('8 [T [T
omaTsTs| €| X1 Q|81 X9 S 8 X018 8 X0 Bk X018 eI X080 gk X Q)3
0xA4 w I =~ (O] w I [ (&) w I [ O] w I [ 6] w I [ &) w I = &) w I = (6] w I H|lO
Resetvalue | 0 [0 o |ofofofofJoJofoJo o oJofJoJoJoJoJofoJoJoJo]oJoJofoJo]oJo]o]o
12}
1]
<
a
DMA_ o
0xA8 | BURSTEN Reserved £
o
2
5]
Reset value 1]
. .
7.5.2 DMA Channel x Configuration Register (DMA_CHCFGx)
Note: The x is channel number, x =1...8
Address offset: 0x00+20 * (x—1)
Reset value: 0x0000 0000
31 30 29 28 27 26 25 2 23 22 21 20 19 18 17 16
‘ Reserved ‘ BLEN[3:0] ‘
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ BURST_MODE MEM2MEM ‘ PRIOLVL[1:0] MSIZE[1:0] PSIZE[1:0] ‘ MINC ‘ PINC ‘ CIRC ‘ DIR ‘ ERRIE ‘ HTXIE ‘ TXCIE ‘ CHEN ‘
w w w w w w w w w w w w w
Bit Field Name Description
31:20 Reserved Reserved, the reset value must be maintained.
19:16 BLENJ3:0] Burst length
0~1: len = 1 (DMA is single transfer at this point)
Greater than 8: len =8
15 BURST MODE Burst mode
0: In burst mode, the DMA will try to transfer data in burst mode as much as
possible, and only use single transfer when the remaining data at the end is less
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Bit Field

Name

Description

than the burst length;
1: In burst mode, the DMA will dynamically transfer data in single and burst

mode based on the requests from the peripheral and burst requests.

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

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.

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.

CIRC

Circular mode.
Software can set/clear this bit.
0: Channel will stop after one round of transfer.

1: Channel configure as circular mode.

DIR

Data transfer direction

Software can set/clear this bit.

0: Data transfer from Peripheral to Memory
1: Data transfer from Memory to Peripheral.
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Bit Field

Name

Description

3

ERRIE

Transfer error interrupt enable.

Software can enable/disable transfer error interrupt.
0: Disable transfer error interrupt of channel x.

1: Enable transfer error interrupt of channel x.

HTXIE

Half transfer interrupt enable.

Software can enable/disable half transfer interrupt.
0: Disable half transfer interrupt of channel x.

1: Enable half transfer interrupt of channel x.

TXCIE

Transfer complete interrupt enable.

Software can enable/disable transfer complete interrupt.
0: Disable transfer complete interrupt of channel x.

1: Enable transfer complete interrupt of channel x.

CHEN

Channel enable.

Software can set/reset this bit.
0: Disable channel.

1: Enable channel.

7.5.3 DMA Channel x Memory Address Register (DMA_ MADDRX)

Note: The x is channel number, x =1...8

Address offset: 0x04+20 * (x—1)

Reset value: 0x0000 0000

This register can only be written if the channel is disabled (DMA_CHCFGx.CHEN = 0).

31 30 29 28 27 25 24 23 22 21 20 19 18 17 16
‘ ADDR[31:0] ‘
w
15 14 13 12 11 9 8 7 6 5 4 3 2 1 0
‘ ADDR[31:0] ‘
w
Bit Field Name Description
31:0 ADDRJ[31:0] 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.

7.5.4 DMA Channel x Peripheral Address Register (DMA_PADDRYX)

Note: The x is channel number, x = 1...8
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Address offset: 0x08+20 * (x—1)
Reset value: 0x0000 0000

This register can only be written if the channel is disabled (DMA CHCFGx.CHEN = 0).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ ADDR[31:0] ‘
™
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ADDR[31:0] ‘
™
Bit Field Name Description
31:0 ADDRJ[31:0] 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.

7.5.5 DMA Channel x Request Select Register (DMA_ CHSELX)

Note: The x is channel number, x =1...8
Address offset: 0x0C+20 * (x—1)

Reset value: 0x0000 0000

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

‘ Reserved ‘

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

‘ Reserved CH_SEL[7:0] ‘

Bit Field Name Description

318 Reserved Reserved, the reset value must be maintained.
7:0 CH_SEL[7:0] DMA channel request selection

0: ADC1

1: ADC2

:ADC3

: ADC4

: USART1_TX

: USART1_RX

: USART2_TX

: USART2 RX

N N B W
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Bit Field

Name

Description

8: USART3_TX
9: USART3_RX
10: USART4_TX
11: USART4_RX
12: UARTS_TX
13: UARTS_RX
14: UART6_TX
15: UART6_RX
16: UART7_TX
17: UART7_RX
18: UART8_TX
19: UART8_RX
20: SPI1_TX

21: SPI1_RX
22:SPI2 1282 TX
23: SPI2_I12S2 RX
24: -

25: -

26: SPI3_I12S3 TX
27: SPI3_12S3 RX
28: -

29: -

30: SPI4_TX

31: SPI4_RX

32: SPI5_TX

33: SPI5_RX

34: SPI6_TX

35: SPI6_RX

36: XSPI_TX

37: XSPI_ RX
38:12C1_TX
39:12C1_RX

40: 12C2_TX
41:12C2_RX
42:12C3_TX
43:12C3_RX
44:12C4_TX
45:12C4_RX

46: SDIO_DMA
47: DAC1_DMA
48: DAC2_DMA
49: DAC3_DMA
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Bit Field Name Description

50: DAC4 DMA
51: DAC5_DMA
52: DAC6_DMA
53: DAC7_DMA
54: DACS_DMA
55: FMAC_WR
56: FMAC_RD
57: CORDIC_WR
58: CORDIC_RD
59: BTIM1_UP
60: BTIM2_UP
61: GTIMI_CHI
62: GTIMI_CH2
63: GTIM1_CH3
64: GTIMI_CH4
65: GTIM1_UP
66: GTIMI_TRIG
67: GTIM2_CHI
68: GTIM2_CH2
69: GTIM2_CH3
70: GTIM2_CH4
71: GTIM2_UP
72: GTIM2_TRIG
73: GTIM3_CHI
74: GTIM3_CH2
75: GTIM3_CH3
76: GTIM3_CH4
77: GTIM3_UP
78: GTIM3_TRIG
79: GTIM4_CHI1
80: GTIM4_CH2
81: GTIM4_CH3
82: GTIM4_CH4
83: GTIM4_UP
84: GTIM4_TRIG
85: GTIMS5_CHI
86: GTIM5_CH2
87: GTIM5_CH3
88: GTIM5_CH4
89: GTIM5_UP
90: GTIM5_TRIG
91: GTIM6_CHI
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Bit Field

Name

Description

92: GTIM6_CH2
93: GTIM6_CH3
94: GTIM6_CH4
95: GTIM6_UP

96: GTIM6_TRIG
97: GTIM7_CHI
98: GTIM7 CH2
99: GTIM7_CH3
100: GTIM7_CH4
101: GTIM7_UP
102: GTIM7_TRIG
103: GTIMS_CHI
104: GTIMS_CH2
105: GTIMS_CH3
106: GTIMS_CH4
107: GTIMS_COM
108: GTIMS_UP
109: GTIM8_TRIG
110: GTIM9 _CHI1
111: GTIM9_CH2
112: GTIM9_CH3
113: GTIM9_CH4
114: GTIM9_COM
115: GTIM9_UP
116: GTIM9_TRIG
117: GTIM10_CHI1
118: GTIM10_CH2
119: GTIM10_CH3
120: GTIM10_CH4
121: GTIM10_COM
122: GTIM10_UP
123: GTIM10_TRIG
124: ATIM1_CHI
125: ATIM1_CH2
126: ATIM1_CH3
127: ATIMI_CH4
128: ATIM1_COM
129: ATIM1_UP
130: ATIM1_TRIG
131: ATIM2_CHI
132: ATIM2_CH2
133: ATIM2_CH3
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Bit Field Name Description

134: ATIM2_CH4
135: ATIM2_COM
136: ATIM2_UP

137: ATIM2_TRIG
138: ATIM3_CH1
139: ATIM3_CH2
140: ATIM3_CH3
141: ATIM3_CH4
142: ATIM3_COM
143: ATIM3_UP

144: ATIM3_TRIG
145: SHRTIM1_CH1
146: SHRTIM1_CH2
147: SHRTIM1_CH3
148: SHRTIM1_CH4
149: SHRTIM1_CHS5
150: SHRTIM1_CH6
151: SHRTIM1_CH7

7.5.6 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

This register can only be written if the channel is disabled (DMA CHCFGx.CHEN = 0).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ NDTX[15:0] ‘
™w
Bit Field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15:0 NDTX][15:0] 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.
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7.5.7 DMA Interrupt Flag Clear Register (DMA _INTCLR)

Address offset: 0xA0

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
RS R LR L L o R ] omn e [ ] R ] e ] e R e
w W W W w w w w w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LR R S e e R e e e R R

Bit Field Name Description
31/27/23/19/15/11/7/3 | CERRFx Clear transfer error flag for channel x (x=1...8).
Software can set this bit to clear ERRF of corresponding channel.
0: No action.
1: Reset DMA_INTSTS.ERRF bit of corresponding channel.
30/26/22/18/14/10/6/2 | CHTXFx Clear half transfer flag for channel x (x=1...8).
Software can set this bit to clear HTXF of corresponding channel.
0: No action.
1: Reset DMA_INTSTS.HTXEF bit of corresponding channel.
29/25/21/17/13/9/5/1 CTXCFx Clear transfer complete flag for channel x (x=1...8).
Software can set this bit to clear TXCF of corresponding channel.
0: No action.
1: Reset DMA_INTSTS.TXCEF bit of corresponding channel.
28/24/20/16/12/8/4/0 CGLBFx Clear global event flag for channel x (x=1...8).
Software can set this bit to clear GLBF of corresponding channel.
0: No action.
1: Reset DMA_INTSTS.GLBF bit of corresponding channel.

7.5.8 DMA Interrupt Status Register (DMA _INTSTS)

Address offset: 0xA4

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ERRF HTXF TXCF GLBF ERRF HTXF TXCF GLBF ERRF HTXF TXCF GLBF ERRF HTXF TXCF GLBF
8 8 8 8 7 7 7 7 6 6 6 6 5 5 5 5
r r r r r r r r r r r r r r r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ERRF HTXF TXCF GLBF ERRF HTXF TXCF GLBF ERRF HTXF TXCF GLBF ERRF HTXF TXCF GLBF
4 4 4 4 3 3 3 3 2 2 2 2 1 1 1 1
r r r r r r r r r r r r r r r r
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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.

7.5.9 DMA Burst Transfer Enable Register (DMA_BURSTEN)

Address offset:0xA8

Reset value:0x0000 0001

31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved BURST_BYPASS ‘
™
Bit Field Name Description
31:1 Reserved Reserved, the reset value must be maintained.
0 BURST BYPASS | DMA burst function

1: Disable DMA burst function
0: Enable DMA burst function
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8 CRC Calculation Unit

8.1 CRC Introduction

This module integrates the functions of CRC32 and CRC16, and the cyclic redundancy check (CRC) calculation unit
obtains any CRC calculation result according to a fixed generator polynomial. In other applications, CRC technology
is mainly used to verify the correctness and integrity of data transmission or data storage. EN/IEC 60335-1 provides
a method to verify the integrity of Flash memory. CRC calculation unit can calculate the 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

CRC32 (X + X0+ XB+ X2+ X104+ X124+ X+ X104+ X3+ X7+ X0+ X4+ X2+ X + 1)
32 bits of data to be checked and 32 bits of output check code.
CRC calculation time: 1 AHB clock cycles (HCLK)

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

Initial value for cyclic redundancy check (CRC) calculation is configurable

8.2.2 CRC16 Module

CRCI16 (X'0+ X+ X2+ 1)

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

CRC calculation time: 1 AHB clock cycle (HCLK)

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

Support 8bit LRC check value generation

Initial value for cyclic redundancy check (CRC) calculation is configurable

The following figure is the block diagram of CRC unit.
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Figure 8-1 CRC Calculation Unit Block Diagram
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8.3 CRC Function Description

8.3.1 CRC32 Usage Process

1)
2)

3)
4)
5)
6)

Configure the CRCEN bit in the RCC_ AHBPCLKEN register to enable the CRC module clock;

Software writes a 1 to the RESET bit in the CRC_CRC32CTRL register to reset the CRC calculation unit,
otherwise the initial value is the result of the previous operation;

Software writes to CRC_CRC32D to set the initial value for calculation;
Software writes to the CRC_CRC32DAT register to configure the data to be verified;
If further verification is needed, go back to step 4

Software reads from CRC_CRC32D to obtain the CRC calculation result;

8.3.2 CRC16 Usage Process

1)
2)
3)

4)

5)

Configure the CRCEN bit in the RCC_ AHBPCLKEN register to enable the CRC module clock;
Configure the CRC_CRC16CTRL register to determine the endianness of the data;

If it is necessary to clear the result of the previous CRC calculation, it can be done by setting
CRC_CRCI16CTRL.CLEAR to 1 or configuring CRC_CRC16D to 16'h00;

If a specific initial value is required for the CRC verification, configure the CRC_CRC16D register first,
otherwise the initial value will be the result of the previous operation;

Software writes to the CRC_CRCI16DAT register to configure the data to be verified;
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6) If further verification is needed, go back to step 5;

7) Software reads from the CRC_CRC16D register to obtain the CRC calculation result.

8.3.3 LRC Usage Process

The LRC calculation process is similar to CRC, and it should be noted that CRC and LRC calculations are performed
simultaneously. Users can choose to read either CRC or LRC based on their actual needs.

1) Configure the CRCEN bit in the RCC_ AHBPCLKEN register to enable the CRC module clock;

2) Ifaspecific initial value is required for LRC verification, configure the CRC_LRC register before the operation;
3) Software writes to the CRC_CRC16DAT register to configure the data to be verified;

4)  If further verification is needed, go back to step 3;

5) Software reads from the CRC_LRC register to obtain the LRC calculation result.

8.4 CRC Registers

8.4.1 CRC Register Overview

Table 8-1 CRC Register Overview

Offs
Register 5 RN QLI QIR S ESge I QYT C oo~ 0w ]| o | a| o0
et
CRC_CRC32C 5
i
000h TRL Reserved o
Reset Value 0
CRC_CRC32D
CRC32DAT[31:0]
004h AT
Reset Value 1‘1‘1‘1‘1ll‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1 lllllllll‘l‘l‘l
CRC_CRC32I
CRC32IDAT[7:0]
008h DAT Reserved
Reset Value 0‘0‘0‘0‘0‘0‘0‘0
CRC_CRC32D CRC32D[31:0]
00Ch|
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‘1111
CRC_CRC16C x| 2
- < 25
42| &
010h TRL Reserved o| &l &
3
14
Reset Value 0|0
CRC_CRC16D
CRC16DAT [7:0]
014h AT Reserved
Reset Value 0’0’0’0’0‘0‘0‘0
CRC_CRC16D CRC16D[15:0]
018h Reserved
Reset Value O‘O‘O‘O‘O‘O‘O‘O 0‘0‘0‘0‘0‘0‘0‘0
01Ch| CRC_LRC Reserved LRCDAT [7:0]
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‘ ‘ Reset Value

[ofofefefo]o]o]]

8.4.2 CRC32 Control Register (CRC_CRC32CTRL)

Address offset: 0x00
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved RESET
wo
Bit Field Name Description
31:1 Reserved Reserved, the reset value must be maintained.

0 RESET

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

hardware will clear to 0 automatically.

8.4.3 CRC32 Data Register (CRC_CRC32DAT)

Address offset: 0x04

Reset value: OXFFFF FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CRC32DAT[31:0]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CRC32DAT[31:0]
rw
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.

8.4.4 CRC32 Independent Data Register (CRC_CRC32IDAT)

Address offset: 0x08
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Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved CRC32IDAT[7:0]
™w

Bit Field | Name Description
31:8 Reserved Reserved, the reset value must be maintained.
7:0 CRC32IDAT[7:0] | 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.

8.4.5 CRC32 Check Data Register (CRC_CRC32D)

Address offset: 0x0C
Reset value: OXFFFF FFFF

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

CRC32D[31:0]

™

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

CRC32D[31:0]

™

Bit Field | Name Description
31:0 CRC32DJ[31:0] | CRC32 verification result 32-bit register.

8.4.6 CRC16 Control Register (CRC_CRC16CTRL)

Address offset: 0x10

Reset value: 0x0000 0000

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

Reserved
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved CLEAR ENDIAN | Reserved
w w

Bit Field Name Description

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

2 CLR Clear CRC16 results.
0: Not clear.
1: Clear to default value 0x0000.
Set this bit to 1 will only maintain 1 clock cycle, hardware will clear automatically. (Software
read always 0).

1 ENDHL Data to be verified start to calculate from MSB or LSB(configured endian).
0: From MSB to LSB
1: From LSB to MSB
This bit is only for data to be verified.

0 Reserved Reserved, the reset value must be maintained.

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

8.4.7 CRC16 Data Register (CRC_CRC16DAT)

Address offset: 0x14

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved CRC16DAT[7:0]
Bit Field Name Description
31:8 Reserved Reserved, the reset value must be maintained.
7:0 CRC16DAT[7:0] Data to be verified.
Note: 8-bits, 16-bits and 32-bits operations are supported.
8.4.8 CRC16 Check Data Register (CRC_CRC16D)
Address offset: 0x18
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
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Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 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.
Note: 8-bits, 16-bits and 32-bits operations are supported
8.4.9 LRC Result Register (CRC_LRC)
Address offset: 0x1C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved LRCDAT([7:0]
™w
Bit Field Name Description
318 Reserved Reserved, the reset value must be maintained.
7:0 LRCDAT[7:0] | LRC check value register.
1) This register can be directly read and written to. Before use, software can configure the
initial value.
2) Each time a value is written to the CRCDR register, it will be XORed with the LRC

register, and the result will be fed back to the LRC. Software reads the LRC result, and

before the next operation, the software should clear it to zero.
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9 Super High-resolution Timer (SHRTIM)

9.1 Introduction

The supper high-resolution timer can generate up to 12 channels of highly precise digital signals, mainly used for
driving power conversion systems such as switch-mode power supplies or lighting systems, but can also be used for
applications with extremely high time resolution requirements.

This timer adopts a modular architecture that can generate independent waveforms or coupled waveforms. The
waveform is determined by independent timing signals (using counters and comparator units) as well as various
external events (such as analog or digital feedback and synchronous signals), thus enabling the generation of a wide
range of control signals (PWM, phase shift, constant Ton, etc.), meeting the requirements of most conversion
topologies.

For control and monitoring purposes, the timer also has timing measurement functions and is connected to built-in
ADC and DAC converters. Additionally, the timer features a light-load management mode and can handle various
fault mechanisms to achieve safe shut-down.

9.2 Main Features

®  Multiple super high-resolution timing units

—  125ps resolution, all outputs support full resolution, possibility to adjust duty cycle, frequency, and pulse
width in triggered one-pulse mode

— 6 16-bit timing units (each timing unit contains 1 independent counter and 5 compare units, compare unit
5 dedicated to ADC triggering)

— 12 channels of output can be controlled by any timing unit, with up to 32 set/reset sources for each channel

—  Modular structure can meet the requirements of multiple independent converters equipped with 1 or 2
switches, as well as the requirements of a few large multi-switch topologies

® Up to 10 external events can be used for any timing unit
B Programmable polarity and edge effectiveness
B 10 events with a fast asynchronous mode
B 10 events with a programmable digital filters
B Spurious events filtering with blanking and windowing modes
B All 10 external events fully mapped to any GPIO or any analog comparator
®  Multiple channels connect to built-in analog peripherals
B 10 trigger signals for ADC converters, ADC trigger signals can be fully mapped to any compare unit
B 3 trigger signals for DAC converters

B 7 comparators for analog signal conditioning
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® Rich protection mechanisms

B 6 fault inputs can be combined and associated with any timing unit

B 6 fault inputs can be fully mapped to any analog comparator

B Programmable polarity and edge effectiveness, digital filters

B Resonant converters equipped with dedicated delay protection
® Multiple SHRTIM instances can be synchronized with external synchronization input/output
®  Multi-functional output stage

B Full resolution deadtime time insertion

B Programmable output polarity

B Chopping mode

® Burst mode controller, capable of handling light-load operations on multiple converters simultaneously,

supporting 32-bit burst mode counting
® S interrupt vectors, each vector with up to 14 sources

® 7 DMA requests, with up to 14 sources, with a burst mode for multiple registers update

9.3 Function Description

9.3.1 Overview

SHRTIM can be divided into the following sub-entities:

®  The master timer

®  The timing units (timer A to timer F)

® The output stage

®  The burst mode controller

® The External event and fault signal conditioning logic, shared by all timers
®  The System interface

The master timer is based on a 16-bit up counter. It can set/reset any of the 12 outputs through 4 compare units and
provide synchronous signals to 6 timer units. Its main purpose is to control the timer units with a unique clock source.
A typical application example is interleaved buck converters, where the master timer manages the phase shift between

multiple units. The compare unit 5 is dedicated to ADC triggering.

The timer units can work independently or coupled with other timers (including the master timer). Each timer can
control two outputs. The output set/reset events can be triggered by the timer unit's compare register, events from the

main timer, other timers, or external events.
The output stage serves various purposes:

® Adding deadtime when configuring 2 outputs in complementary PWM mode
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®  Adding carrier frequency to the modulation signal
® Managing fault events by asynchronously asserting the output to a predefined safe level

In light-load operation, the burst mode controller can control one or multiple timers. The burst length and period, as
well as the output idle state, can be programmed.

The external event and fault signal conditioning logic include:

® Input selection MUX (e.g., selecting a digital input or an on-chip clock source for a specific external event

channel)
®  Programming of polarity and edge effectiveness
® Digital filtering
The system interface allows SHRTIM to interact with the rest of the MCU:
® Sending interrupt requests to the CPU
® DMA controller for automatic accesses to/from the memories, including a SHRTIM specific burst mode
® Triggering ADC and DAC converters
The SHRTIM registers are divided into 7 groups:
®  Master timer registers
® Timer A to Timer F registers
® Common registers for functions shared by all timer units

Note: According to the document writing convention, references to the 6 timing units are uniformly represented by

the letter "x" in text and registers (where "x" can be any value from A to F).

The block diagram of the timer is shown in the following figure.

270
NSING Technologies Pte. Ltd.
Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



ay,

%

NSING

nsing.com.sg

Figure 9-1 SHRTIM Overview
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9.3.2 SHRTIM Pins and Internal Signals

The following table summarizes the on-chip and off-chip SHRTIM inputs and outputs.

Table 9-1 SHRTIM Inputs/Outputs Summary

Signal Name Signal Type

Description

SHRTIM_CHAL,
SHRTIM_CHA2,
SHRTIM_CHBI,
SHRTIM_CHB2,
SHRTIM_CHCI,
SHRTIM_CHC2,
SHRTIM_CHDI,
SHRTIM_CHD2,

Outputs

Main SHRTIM timer outputs. They can insert deadtime when these outputs work in
pairs (SHRTIM_CHx1 and SHRTIM_CHx2), or they can work independently.

271

NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing. Singapore 117674
Email: sales@nsing com sg



ay,
"': NSING

SHRTIM_CHEI1,
SHRTIM_CHE?2,
SHRTIM_CHFI,
SHRTIM_CHF2

nsing.com.sg

shrtim_in_falt1[4:1
shrtim_in_falt2[4:1
shrtim_in_falt3[4:1
shrtim_in_falt4[4:1
shrtim_in_falt5[4:1

]
]
]
]
]
shrtim_in_falt6[4:1]

Digital input

Fault inputs: When set to active, immediately disable SHRTIM outputs (12 on-chip
inputs and 6 off-chip SHRTIM FALTX inputs).

shrtim_sys_flt

Digital input

System faults gathering internal MCU fault events (Clock Security System, SRAM
ECC error, SRAM parity error, Cortex™-M4F LOCKUP (HardFault), PVD output,
FLASH ECC dual check error).

shrtim_in_sync[5:1]

Digital input

Synchronization inputs for synchronizing the entire SHRTIM with other internal or
external timer resources:

SHRTIM in_syncl: atiml_trgo

SHRTIM in_sync2: atim2_trgo

SHRTIM in_sync3: atim3_trgo

SHRTIM_in_sync4: SHRTIM_SCIN(IOM)

SHRTIM in_sync5: Reserved

shrtim_out_sync[2:1]

Digital output

This output is used for cascading or synchronizing multiple on-chip or off-chip
SHRTIM instances:

shrtim_out_sync1: the destination is off-chip SHRTIM or external peripherals (via
SHRTIM_SCOUT output pin)

shrtim_out_sync2: the destination is on-chip peripherals

shrtim_exev1[5:1

shrtim_exev2[5:1

shrtim_exev3[5:1

shrtim_exev4[5:1

shrtim_exev5[5:1

shrtim_exev6[5:1

shrtim_exev7[5:1

shrtim_exev8[5:1

]
]
]
]
]
]
]
]
]

shrtim_exev9[5:1

shrtim_exev10[5:1]

Digital input

External events: all 10 events can be selected from 5 groups of sources, including
on-chip sources (from other built-in peripherals: comparators, ADC analog
watchdog, TIMx timer trigger output, CAN output) or off-chip sources
(SHRTIM_EXEVx input pin)

shrtim_upd en[3:1]

Digital input

The SHRTIM register update enable input (on-chip interconnect) triggers the

transfer operation from shadow registers to active registers.

shrtim_bm_trg

Digital input

Burst mode trigger event (on-chip interconnect)

shrtim_bm_ck[4:1]

Digital input

Burst mode clock (on-chip interconnect)

shrtim_adc_trg[10:1]

Digital output

ADOC start of conversion trigger signal

shrtim_dac_trg[3:1]

Digital output

DAC conversion update trigger signal

shrtim_dac_reset trg[6:1]
shrtim_dac_step_trg[6:1]

Digital output

Dual channel DAC triggers
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shrtim_it[8:1] Digital output | Interrupt requests
shrtim_dma[7:1] Digital output | DMA requests
shrtim_hclk - AHB clock
SHRTPLL clock - SHRTIM kernel clock (referred to as fsartmv)
Table 9-2 External Event Mapping and Associated Features
_ S
e vl =) T2 = 7 T il
£ & PR T z = I = = =
g & g | 2<% & & = & 5 =
e 3 = =2 =2 5} il o ) )
S g EE| 2|3 g 9 5 9 < <
= © £ = = n & & 7 7 @
o— 4 I~y 5] 9 w O 77} S » »
- - = o= < g > [~ > > >
s 25| EE = 2 2 | £
n ° 8| & 4 & % & & &
shrtim_exev1[5:1] | Yes | Yes SHRTIM_EXEV1 | compx out(1~7) | atiml trgo | adcl AWDI1 N/A
shrtim_exev2[5:1] | Yes | Yes - - SHRTIM_EXEV2 | compx_out(1~7) | atim2 trgo | adcl AWD2 N/A
shrtim_exev3[5:1] | Yes | Yes - - SHRTIM_EXEV3 | compx_out(1~7) | atim3 trgo | adcl AWD3 N/A
shrtim_exev4[5:1] | Yes | Yes - - SHRTIM_EXEV4 | compx_out(1~7) | reserved | adc2 AWDI N/A
shrtim_exev5[5:1] | Yes | Yes - - SHRTIM_EXEVS5 | compx out(1~7) | reserved | adc2 AWD2 N/A
shrtim_exev6[5:1] | Yes | Yes | Yes - SHRTIM_EXEV6 | compx out(1~7) | reserved | adc2 AWD3 N/A
shrtim_exev7[5:1] | Yes | Yes | Yes - SHRTIM_EXEV7 | compx_out(1~7) | btim2 trgo | adc3_AWD2 N/A
shrtim_exev8[5:1] | Yes | Yes - Yes | SHRTIM EXEVS | compx out(1~7) | reserved | ade3 AWD3 N/A
shrtim_exev9[5:1] | Yes | Yes - Yes | SHRTIM _EXEV9 | compx out(1~7) | gtim8 trgo | adc4 AWD2 N/A
shrtim_exev10[5:1] | Yes | Yes - - SHRTIM_EXEV10 | compx _out(1~7) | gtim9 trgo | adc4 AWD3 N/A

1. Each EXEV can be mapped to any 10

2. compx_out can be mapped to any comparator

Table 9-3 Update Enable Inputs and Sources

SHRTIM update enable signal SHRTIM update enable assignment
SHRTIM upd enl gtim8 ocl
SHRTIM upd_en2 gtim9_ocl
SHRTIM_upd_en3 gtim10_ocl

Table 9-4 Burst Mode Clock Sources

SHRTIM Burst mode trigger
event/ clock signal

SHRTIM Burst mode trigger event/
clock signal ssignment

SHRTIM_bm_trg btim1_trgo
SHRTIM_bm_ck1l gtim8_ocl
SHRTIM_bm_ck2 gtim9_ocl
SHRTIM_bm_ck3 gtim10_ocl
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SHRTIM_bm_ck4 btim1_trgo
Table 9-5 Fault Inputs
SHRTIM Fault SHRTIM External Input | On-chip source External Input On-chip source
channel FALTXSRC[1:0] =00 FALTXSRC[1:0] = 01® FALTxSRC[1:0] =10 | FALTxSRCJ[1:0] =11
shrtim_falt1[5:1] SHRTIM_FALT1 compx_out(1~7) EXEV1_muxout N/A
shrtim_falt2[4:1] SHRTIM_FALT2 compx_out(1~7) EXEV2_muxout N/A
shrtim_falt3[4:1] SHRTIM_FALT3 compx_out(1~7) EXEV3_muxout N/A
shrtim_falt4[4:1] SHRTIM_FALT4 compx_out(1~7) EXEV4_muxout N/A
shrtim_falt5[4:1] SHRTIM_FALT5 compx_out(1~7) EXEV5_muxout N/A
shrtim_falt6[4:1] SHRTIM_FALT6 compx_out(1~7) EXEV6_muxout N/A
1. compx_out can be mapped to any comparator.
Table 9-6 SHRTIM DAC Triggers Connections
SHRTIM DAC triggers DAC1/DAC2 DAC3/DAC4 DAC5/DAC6 DACT7/DACS8
shrtim_dac_reset_trgl,
. Yes Yes Yes Yes
shrtim_dac_step_trgl
shrtim_dac_reset_trg2,
) Yes Yes Yes Yes
shrtim_dac_step_trg2
shrtim_dac_reset_trg3,
) Yes Yes Yes Yes
shrtim_dac_step_trg3
shrtim_dac_reset_trg4,
) Yes Yes Yes Yes
shrtim_dac_step_trg4
shrtim_dac_reset_trg5,
) Yes Yes Yes Yes
shrtim_dac_step_trg5
shrtim_dac_reset_trg6,
) Yes Yes Yes Yes
shrtim_dac_step_trg6
sshrtim_dac_trgl Yes - - Yes
sshrtim_dac_trg2 - Yes - -
sshrtim_dac_trg3 - - Yes -

9.3.3 Clocks

SHRTIM must be clocked by SHRTPLL to achieve full resolution. All clocks in SHRTIM are generated by this

reference clock.

9.3.3.1 Definition of Terms

fsurriv: SHRTIM main clock (equivalent to SHRTPLL clock), all subsequent clocks are generated by this clock

source and synchronized with this clock source.

furck: SHRTIM equivalent clock. Given that the fsurtiv clock period is divided by 32, its equivalent frequency is
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250MHz x 32 = 8 GHz.

forg: dead-time generator clock. For convenience, only the tprg period (torg = 1/fprg) is used in this document.
fcuprrq: chopper stage clock source.

fistpw: clock source defining the initial pulse length in chopper mode. For convenience, only the tistpw period (tistpw

= 1/fistpw) is used in this document.

fersT: burst mode controller counter clock.

fsampring: clock for sampling fault or external event inputs.

frarts: clock derived from fsprriv, used as the source for fsampring to filter fault events.

fexevs: clock derived from fspyrtiv, used as the source for fsampring to filter external events.

Freix (shrtim_hclk): AHB bus clock for register read/write accesses.

9.3.3.2 Timer Clock and Prescaler

Each timer in SHRTIM has an independent clock prescaler for users to adjust the timer resolution. See the table below.

Table 9-7 Timer Resolution and Minimum PWM Frequency at fsurriv = 250MHz

Min PWM

CKPSCJ2:0] Prescaling ratio furck equivalent frequency Resolution frequency
0 1 250 x 32MHz = 8 GHz 125 ps 122.1 kHz

1 2 250 x 16MHz =4 GHz 250 ps 61.0 kHz

10 4 250 x 8MHz =2 GHz 500 ps 30.5 kHz

11 8 250 x 4MHz =1 GHz I ns 15.3 kHz

100 16 250 x 2MHz = 500 MHz 2 ns 7.63 kHz

101 32 250 MHz 4 ns 3.81 kHz

110 64 250/2MHz = 125 MHz 8 ns 1.91 kHz

111 128 250 /AMHz = 62.5 MHz 16 ns 0.95 kHz

The high -resolution can be used for edge positioning, PWM period adjustment, and pulse duration for external

triggers. The following functions are not supported with high-resolution:
® Timer counter read/write accesses

® Capture unit

® (CMPS5 triggering ADC

For clock prescaler ratios less than 32 (CKPSC[2:0] < 5), the least significant bits of the counter and capture registers
are not significant. These least significant bits cannot be written (only for counter registers) and return 0 when read.

For example, if CKPSC[2:0] =2 (prescaling by 4), writing OXFFFF to the counter register results in an actual effective
value of OxFFF8. Conversely, any counter value between OXFFFF and 0xFFF8 will be displayed as OxFFF8 when

read.
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Figure9-2 Counter and Capture Register Format vs Clock Prescaling Factor

b15 b0 Prescaling

HEEEEEEEEEE 1

Significant bit: read returns effective value
Not significant bit: read returns 0

9.3.3.3 Initialization

During start-up, it is essential to initialize the prescaler fields before writing to the compare and period registers.
Once the timer is enabled (MCNTEN or TxCNTEN bit in the SHRTIM_MCTRL register is set to 1), the prescaler
cannot be modified.

If multiple timers are enabled, the prescaler will synchronize with the prescaler of the timer first started.

Warning: The master timer and TIMA..F timers can only use different prescaler ratios if the counter and output
behavior does not depend on the information and signals from other timers. If an event is transmitted from one timer
unit (or the main timer) to another timer unit, it is essential to configure the same prescaler ratio in these timers for
the following events: output set/reset events, counter reset events, update events, external event filtering, or capture

triggers. Having unequal prescaler ratios can lead to unpredictable results.

9.3.3.4 Deadtime Generator Clock

The deadtime prescaler is provided by  (fspriv x 8) / 2(PTPSCR2:0D | programmed through the DTPSC[2:0] bits in the
SHRTIM_TxDT register.

When fsprriv = 250 MHz, the range of tprg is from 500 ps to 64 ns.
9.3.3.5 Chopper Stage Clock

The chopper stage clock source fcuprrg is generated by fsurtiv, using a prescaler factor from 16 to 256, resulting in
976.56 KHz <= fCHpFRQ <=15.625 MHz (when fSHRTIM = 250MHZ).

tistpw is the length of the initial pulse in chopper mode, programmed through the STARTPW][3:0] bits in the
SHRTIM_TxCHOP register, with the calculation formula as follows:
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tistpw = (STARTPW/[3:0]+1) x 16 X tsurTim.
It uses fsurtiv / 16 as the clock source for calculations (15.625 MHz for fsurtiv = 250 MHz).

9.3.3.6 Burst Mode Prescaler

The burst mode controller counter clock fgrst can be provided by multiple clock sources, with one clock source
generated by fsurriv. In this case, the range of farst is from fsurtiv t0 fsarriv / 32768 (7.629KHz for fsprriv = 250
MHz).

9.3.3.7 Fault Input Sampling Clock

The time constant of the fault input noise rejection filter is defined by fsampring and can be either fsprriv or fracts.
frarts is generated by fsurriv, With a range of 250 MHz to 31.25 MHz (for fsurtiv = 250 MHz).

9.3.3.8 External Event Input Sampling Clock

The time constant of the external event input noise rejection filter is defined by fsamprLing and can be either fsprriv
or fgxevs. fExgvs 18 generated by fsurTiv, With a range of 250 MHz to 31.25MHz (for fsarTiM = 250 MHZ).

9.3.4 TIM A..F Timer Units

The SHRTIM embeds 6 identical timer units, each consisting of a 16-bit up counter with automatic reload mechanism
to define the counting period, 5 comparison units, and 2 capture units, as shown in Figure9-3. Each unit contains all
control functions for 2 outputs, allowing it to operate as an independent timer.
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Figure9-3 Timer A...F Overview
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The period and compare values must be within the upper and lower limits associated with high resolution, with

specific values listed in Table9-8:

The minimum value must be greater than or equal to 3 cycles of the fSHRTIM clock. The value 0x0000 can
only be written to CMP1 and CMP3 registers to skip PWM pulses. For more information, refer to Section 9.3.4.8

Null duty cycle exception case .
The maximum value must be less than or equal to OXFFFF minus 1 cycle of the fSHRTIM clock.

Table9-8 Period and Compare Registers Min and Max Values

CKPSCJ2:0] value Min® Max
0 0x0060 0xFFDF
1 0x0030 OxFFEF
2 0x0018 O0xFFF7
3 0x000C O0xFFFB
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0x0006 0xFFFD

0x0003 0xFFFD

Note: If the compare value is greater than the period register value, a compare match event will not be generated.

Unlike compare units 1 to 4, compare unit 5 is dedicated to ADC triggering and does not have the functionality of
CMP1 to CMP4. It only supports the following features:

1. The CMP5 has regular resolution and does not have high-resolution features.

2. When CMP5 matches, it will generate the status flag of CMPS5, which can also clear the status flag of CMPS5.
However, the CMP5 event will not be linked to NVIC, so no interrupt will be generated.

3. The CMPS5 event can be used to trigger the ADC.

Counter operating mode

Timers A..F can operate in continuous (free-run) mode or single-shot mode, where counting starts from a reset event
trigger. The operating mode is set by the CONT bit in the SHRTIM_TxCTRL control register. The additional RTG
bit can be used to select whether the single-shot operation is retriggerable or non-retriggerable. Further details on the

operating modes are provided and summarized as follows.

Table9-9 Timer Operating Modes

CONT

RTG

Operating Mode

Start/Stop Conditions
Clocking and Event Generation

Single-shot
Non-retriggerable

Setting TXCNTEN to 1 will enable the timer but will not start the counter.

The first reset event will trigger the counter to start counting, but the counter
will ignore any subsequent reset events until it reaches the period value.

Subsequently, a period event will occur, and the counter will stop counting.

After a reset event occurs, the counter will restart counting from 0x0000.

Single-shot
Retriggerable

Setting TXCNTEN to 1 will enable the timer but will not start the counter.

If the counter is not counting, a reset event will start the counter, otherwise, it
will reset the counter. When the counter reaches the period value, a period event

will occur, and the counter will stop counting.

After a reset event occurs, the counter will restart counting from 0x0000.

Continuous mode

Setting TXCNTEN to 1 will enable the timer and start the counter. When the

counter reaches the period value, it will roll-over to 0x0000 and restart counting.

The counter can be reset at any time.

The TXCNTEN bit can be cleared at any time to disable the timer and stop the counting.
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Figure9-4 Continuous Timer Operation Mode
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Figure9-5 Single-Shot Timer Operation Mode
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9.3.4.1 Roll-over event

In continuous mode, if the counter resets to 0 after reaching the period value set in the SHRTIM TxPRD register, a

counter roll-over event will be generated. In single-shot mode, the rollover event is generated when a reset event
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happens following the counter counts to the period value.

This event is used for various purposes in the SHRTIM:

® To set/reset the outputs

® To trigger the register content update (transfer from preload to active)

® To trigger an IRQ or a DMA request

® To serve as a burst mode clock source or burst start trigger signal

® To serve as an ADC trigger signal

® To decrement a repetition counter

If the initial counter value is greater than the period value at timer start, or a new period is set while the counter has
already exceeded that value, the counter will not reset: it will overflow when reaching the maximum period value,
and the repetition counter will not decrement.

9.3.4.2 Timer reset

The reset of the timer unit counter can be triggered by up to 30 events, which can be selected simultaneously in the
SHRTIM_TACNTRST register. The specific reset sources include the following:

®  Timer unit: compare 2, compare 4, and update (3 events)

®  Master timer: reset and compare 1..4 (5 events)

® External events EXEV1..10 (10 events)

®  All other timer units (e.g. for Timer A, it would be Timer B..F): compare 1, 2, and 4 (12 events)

Multiple events can be selected simultaneously to handle multiple reset sources. In this case, an OR operation will
be performed on multiple reset requests. If two counter reset events are generated within the same fsurtiv clock cycle,
the last timer reset event will be considered.

Additionally, the TxRSTRO bit in the SHRTIM CTRL2 register can be used to perform a software reset on the
counter. These control bits are grouped into one register, allowing multiple counters to be reset simultaneously. The
reset requests will only be considered when the relevant counter has been enabled (TXCNTEN set to 1).

Note: When multiple reset event happened, the phase of the last reset event will be taken into account to adjust

crossbar set/reset event.
Note: When using update event to reset timer unit itself, the update event is low resolution (no phase).

Note: If the reset event occurs within the same fsurriv clock cycle as the period event, the period is postponed to a
programmed reset event (since both events are causing a counter roll-over) whatever reset event phase is smaller or

bigger than period phase. This applies only when the high resoulution is active ( CKPSC[2:0] < 5 ).

Note: The reset event mentioned here are the valid reset event after adjustment with PRD phase or reset event phase,

it is not the original register value configed by software.

If the clock prescaler ratio of the fsurTiv clock is greater than 32, the counter reset event will be delayed until the
next valid edge of the prescaler clock. This ensures that the waveform generated at the output changes synchronized
to the reset event (usually a constant Ton time converter) without jitter.
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The following diagram illustrates the reset handling with a clock prescaler ratio of 4 (fsurtiv divided by 4).

Figure9-6 Timer Reset Resynchronization (Prescaling Ratio above 32)
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Prescaled ﬂ [] [] [] [] [] []
clock
Reset event [
Counter 5 0 1 2 0 1 2
(Period=5) \><

SHRTIM_CHA1

SHRTIM_CHAL : Set on Timer A reset event, Reset on Compare 1 =2

9.3.4.3 Repetition counter

Software typically generates an interrupt when the period value is reached, allowing the longest possible time for
processing before the next cycle begins. The primary purpose of the repetition counter is to adjust the periodic
interrupt rate and off-load the CPU by separating the switching frequency from the interrupt frequency.

The timer unit includes a repetition counter. This counter cannot be read, but can only be programmed using the
automatic reload value in the SHRTIM TxREPT register.

After the timer is enabled (TXCNTEN set to 1), the repetition counter is initialized with the content of the
SHRTIM_TxREPT register. Once the timer is enabled, the repetition counter is decreased each time the counter is
cleared due to a reset event or counter roll-over. When the repetition counter reaches 0, a REPT interrupt or DMA
request is generated (if enabled, using the REPTIEN and REPTDEN bits in the SHRTIM_TxIDEN register).

If the SHRTIM_TxREPT register is set to 0, an interrupt will occur every period. If the value is greater than 0, an
REPTITF interrupt will occur after (SHRTIM_TxREPT + 1) periods. Figure9-7 illustrates the operation of the

repetitive counter with different values in continuous mode.
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Figure9-7 Repetition Rate versus SHRTIM_TxREPT Content in Continuous Mode
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Whether in continuous or single-shot mode, if the counter is reset before reaching the period value (variable frequency
operation), the repetition counter can also be used (as shown in Figure9-8). The reset will cause the repetition counter
to decrement on the first start after the counter is enabled (TXCNTEN set to 1).

Figure9-8 Repetition Counter Behavior in Single-Shot Mode
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Counter

Reset ‘ ‘ ‘ ‘

eI GRS £5 S S
Repetition event

* denotes repetition counter internal values(not readable, for explanation purpose only)

A reset or start event from the shrtim_in_sync[3:1] source will cause the repetition counter to be decremented as any
other reset event. However, in single-shot mode started by SYNCIN (SYNCSTRTx set to 1 in the SHRTIM_TxCTRL
register), the repetition counter will only decrement on the first reset event after the period. Any subsequent reset
events will not change the value of the repetition counter until the counter is restarted by a new request from the
shrtim_in_sync[3:1] input.

9.3.4.4 Set/reset crossbar

A "set" event corresponds to a transition to the active state of the output, while a "reset" event corresponds to a

283
NSING Technologies Pte. Ltd.
Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



ay,
"'a NSING

nsing.com.sg
transition to the inactive state of the output.

The waveform polarity is defined at the output stage to accommodate external components with positive or negative
logic: for positive polarity (POLx = 0), the active level corresponds to logic level 1; for negative polarity (POLx =

1), the active level corresponds to logic level 0.

Each timer unit controls the set/reset crossbar for two outputs. These two outputs can be set, reset, or toggled by up

to 32 events, which can be selected from the following sources:

®  Timer unit: period, Compare 1..4, register update (6 events)

®  Master timer: period, compare 1..4, SHRTIM synchronization (6 events)

®  All other timer units (e.g. for Timer A, it would be Timer B..F): TIMEV1..9 (9 events as described in Table9-10)
® External events EXEV1..10 (10 events)

® A software forced (1 event)

Note: In up/down mode (UPDOWNM bit set to 1), the counter period event is defined based on the setting of the
OUTPUTROM([1:0] bits.

The event sources are ORed together, allowing multiple events to be selected simultaneously.

Each output is controlled by two 32-bit registers, one for the set code (SHRTIM_TxSETy) and the other for the reset
code (SHRTIM TxRSTy), where x represents timer units A..F and y represents output 1 or 2 (e.g. SHRTIM_ TASET],
SHRTIM_TCRST?2...).

If the same event is selected for both set and reset, the output state will toggle. The number of state transitions for
each tsurtiv period cannot exceed one: if there are two consecutive toggle events within the same period, please refer
to Section “Set/Reset Event Priority and Narrow Pulse Management” for set/reset priority.

The set and reset requests will only be considered when the counter is enabled (TXCNTEN set to 1), except for cases

where software forces a preset output at timer start-up.

Table9-10 summarizes the events from other timing units can be used to set and reset outputs. The numbers
correspond to the timer events (such as TIMEVNTX) listed in the register, empty locations indicate unavailable events.

For example, Timer A output can be set or reset by the following events: Timer B compare 1, 2, and 4, Timer C
compare 2 and 3... and Timer E compare 3 will be listed as TIMEVS8 in SHRTIM_TASET].

Table9-10 Events Mapping across Timer A to F

TIMA TIMB TIMC TIMD TIME TIMF
S ource o o en hul — o on hul — o on hul — o e b — o [« .l - o on <
B | B | B B B| A« B B B A B B A B A A A B A A A A« A« A
= =2 = 2| 2| 2| 2| 2| 2] 2| 2| 2| 2| 2| 2| 2] 2| 2| 2| 2| 2| 2| 2| =2
O] 0| 0| 0| 0| 0|00 0|0 00000000000 0|00
TA - -2 - - -3 al - sl -7 8] -]-|-1]9
TB L2 -]-|-|-]- - - 4-1-1s 708 -1-|-1- -
5
g TC S T I T R e e I T T 7 P i I T R T [
£
Z TD V|- -2 - |3]-|a|-|-|-|5|-|-|-|-]6|-|-7]|8]-|9]-
)]
TE el -2 3 als - - el T --1-1-1-]-|8]9
TF S T [ I N A T A I N L I 2 2 T T T O B I (e
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The following diagram shows how PWM signals are generated through two compare events.

Figure9-9 Compare Events Action on outputs: Set on Compare 1, Reset on Compare 2

= LU0y ydydyuyL

Counter 00 20 40 60 80 A0 co EO 100 120 140 160 00 20

CMP registers SHRTIM_TACMP1DAT = 0x0000 0080
(value is updated
when counter
rolls-over)

SHRTIM_TACMP2DAT = 0x0000 0150

SHRTIM_CHA1
output

Register setting: SHRTIM_TASET1 = 0x0000 0008, SHRTIM_TARST1 = 0x0000 0010

9.3.4.5 Set/reset on update events

The set/reset events that occur on update are executed in low resolution. When CKPSC[2:0] is less than 5, the high-
resolution is set to high-resolution part of the period event. If there is counter reset event, the high-resolution is
adjusted by counter reset event, otherwise , it is still adjusted by period event.

9.3.4.6 Half mode

This mode is used to generate a square wave signal with a fixed 50% duty cycle and variable frequency (commonly
used in converters using resonant topologies), allowing the duty cycle to be automatically forced to half the period

value when setting a new period.

To enable this mode, write 1 to the HLF bit in the SHRTIM TxCTRL register. After writing a value to the
SHRTIM_TxPRD register, the compare 1 value is automatically updated to SHRTIM TxPRD/2.

The output for generating the square wave must be programmed to have one transition on CMP1 event and one
transition on period event as follows:

® SHRTIM TxSETy = 0x0000 0008, SHRTIM TxRSTy = 0x0000 0004, or
® SHRTIM TxSETy = 0x0000 0004, SHRTIM TxRSTy = 0x0000 0008

The HALF mode will override the content of the SHRTIM TxCMP1DAT register. Accessing the SHRTIM_TxPRD
register will only update the compare 1 internal register. The accessible SHRTIM_TxCMP1DAT register will not be
updated to the value of SHRTIM_ TxPRD/2.

When preload is enabled (PLEN = 1, MUPDDIS, TxUPDDIS), the compare 1 active register will be refreshed on an
update event. If preload is disabled (PLEN = 0), the compare 1 active register will update immediately after writing
a value to SHRTIM TxPRD.

When the HALF mode is enabled, the period must be greater than or equal to 6 cycles of the fsurtv clock (0xCO if
CKPSC[2:0]=0, 0x60 if CKPSC[2:0]=1, 0x30 if CKPSC[2:0]=2, and so on).
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9.3.4.7 Interleaved mode

This mode complements the HALF mode and helps in implementing interleaved topologies.

It allows for automatic recalculation of the contents of the compare registers when updating the SHRTIM_TxPRD
value.

The selection is done using the HLF bit and ILV[1:0] bits in the SHRTIM_MCTRL and SHRTIM_TxCTRL registers,
as shown in the table below.

Table9-11 Interleaved Mode Selection

HLF ILV [1:0] Bits Mode
0 00 Disabled
0 01 Triple interleaved(120°)
0 10 Quad interleaved(90°)
0 11 Reserved
1 XX Dual interleaved(180°)

The table below provides compare values for the three available modes. The contents of the compare registers will
be overridden. The corresponding compare events can be used to trigger output set/reset or reset a slave timer.

Table9-12 Compare 1..3 Values in Interleaved Mode

Mode Dual Interleaved Triple Interleaved Quad Interleaved
CMP1 value TxPRD/2 TxPRD/3 TxPRD/4
CMP2 value Not affected 2 x (TxPRD/3) TxPRD/2
CMP3 value Not affected Not affected 3 x (TxPRD/4)

Note: In the HALF mode and INTERLEAVED mode, the compare registers are controlled by hardware, and writing
to them has no effect. However, the written values are stored in the preload registers and take effect on the update

event after exiting these modes.

Note: Triple and quadruple interleaved modes cannot be used simultaneously with other modes that use CMP2 (such

as dual DAC trigger and trigger half mode, auto-delayed mode).
9.3.4.8 Null duty cycle exception case

For pulses narrower than 3 tSHRTIM periods, high-resolution behavior is not supported (refer to Section 9.3.7
Set/Reset Event Priority and Narrow Pulse Management), and any value strictly less than 3 periods of the fsurTim
clock in the SHRTIM_TxCMPyDAT register is prohibited (i.e. 0x60 if CKPSC[2:0]=0, 0x30 if CKPSC[2:0]=1, 0x18
if CKPSCJ[2:0]=2,...) (refer to Section 9.4.2.8 SHRTIM Timer x Compare 1 Register (SHRTIM_TxCMP1DAT).

However, it is possible to skip the output pulse and achieve a 0% duty cycle by simply writing zero values in the
following two registers: SHRTIM_TxCMP1DAT and SHRTIM_ TxCMP3DAT, only under the following conditions:

® Output set event generated by the period event
® Output reset event generated by the compare 1 (or compare 3) event
® The compare 1 (or compare 3) event is active within the timer unit itself, and not used for other timing units

For any other use case, set and reset events can be achieved by programming the same compare values with more
than 3 periods of the fsprriv clock. In this case, the output is forced to reset (following Section 9.3.7 Set/Reset Event
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Priority and Narrow Pulse Management)

9.3.4.9 Swap mode

This mode allows to swap the two outputs with a single bit access: the output 1 signal is connected to the output 2
pin and the output 2 signal is connected to output 1 pin. The output swap is triggered with the SWAPx bits in the
SHRTIM_CTRL2 register and is effective on the next update event.

The outputs are swapped prior to the set/reset crossbar unit, as following:

® if SWAPx =0, SHRTIM_TxSET1 and SHRTIM_TxRST1 are coding for the output 1, SHRTIM_TxSET2 and
SHRTIM_TxRST2 are coding for the output 2.

® if SWAPx =1, SHRTIM TxSET1 and SHRTIM TxRST]I are coding for the output 2, SHRTIM TxSET2 and
SHRTIM_TxRST?2 are coding for the output 1.

The swap mode is only affecting the preload register, and not the active registers.
Note: The preload mode must be enabled when using the swap mode.

Consequently, it does not modify the auxiliary outputs in parallel with the regular outputs going to the output stage.

They provide the following internal status, events and signals:

® (OI1BCKUP, O2BCKUP, SETYITF and RSTYITF status flags, together with the corresponding interrupts and
DMA requests

® Capture triggers upon output set/reset (TA2, TB2, TC2, TD2, TE2, TF2)
® [External event filters generated with a Tx2 output copy

For instance the SET1ITF flag is related to the output 1 when SWAP = 0 and is related to the output 2 when SWAPx
=1.

Similarly, the swap mode does not change the attribution of control bits in the SHRTIM_TxOUT register (DIDLX,
CHPx, FALTx[1:0], IDLESx, POLx bits). For instance, the POL1 bit controls the output 1 polarity whatever the
SWAP bit value.

Note: The SWAPx bits are ignored in push-pull mode (PP = 1 in the SHRTIM TxCTRL register).
9.3.4.10 Capture

The timing unit is able to capture the counter value triggered by internal and external events. The purposes of

capturing are:
® Measure the arrival time of events or occurrence intervals.
® Update the compare 2 and compare 4 values in auto-delay mode (refer to Section 9.3.4.11 Auto-delayed mode).

The capturing is done with fsurriv resolution: for clock prescaler ratios less than 32 (CKPSC[2:0] < 5), the least
significant bits of the register are not significant (read as 0).

The timer contains 2 capture registers: SHRTIM TxCPT1 and SHRTIM TxCPT2. The capture trigger events are
programmed in the SHRTIM_ TxCPT1CTRL and SHRTIM_TxCPT2CTRL registers.

The capture of the timing unit counter can be triggered by up to 32 events, which can be selected simultaneously in
the SHRTIM_TxCPT1CTRL and SHRTIM_TxCPT2CTRL registers, including the following trigger sources:
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® External events, EXEV1..10 (10 events)

®  All other timing units (for example, for Timer A, it would be Timer B..F): compare 1, 2, and output 1 set/reset

events (16 events)
® Timing unit: update event (1 event)
® A software capture event (1 event)

Multiple events can be selected simultaneously to handle multiple capture trigger signals. In this case, an OR
operation is performed on multiple concurrent trigger requests. If the CPTXIEN and CPTxDEN bits in the
SHRTIM_TxIDEN register are set to 1, the capture can generate an interrupt or DMA request.

The circuit does not employ a mechanism to avoid over-capture: a new capture will be triggered even if the previous

value has not been read or the capture flag has not been cleared.

Figure9-10 Timer Unit Capture Circuitry
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9.3.4.11 Auto-delayed mode

This mode allows compare events to be generated relative to capture events, enabling operations such as output
changes to be performed at a set time after capture. In this case, the compare match will occur independently of the
timer counter value. This allows for the generation of waveforms synchronized with external events without the need

for software calculations and interrupt servicing.

As long as no capture event is triggered, the contents of the SHRTIM TxCMPyDAT register will be ignored (no
compare event will be generated when the counter value matches the compare value). Once a capture event is
triggered, the compare value programmed in SHRTIM_TxCMPyDAT is summed with the captured counter value in
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SHRTIM_TxCPTy, and the result is used to update the internal auto-delay compare counter, as shown in Figure9-11.

The auto-delay compare register is an internal register of the timing unit and cannot be read. The content of the

SHRTIM_TxCMPyDAT preload register will not be modified after the calculation.

This feature only applies to the compare 2 and compare 4 registers. Compare 2 register is associated with capture 1,
while compare 4 register is associated with capture 2. Like in the regular mode, the SHRTIM_TxCMP2DAT and
SHRTIM_TxCMP4DAT compare registers cannot be programmed with values less than 3 fsurriv clock cycles.

Figure9-11 Auto-Delayed Overview (Compare 2 Only)
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The validity of the auto-delay compare register starts from the capture and lasts until the period event: after the

counter reaches the period value, the system will re-armed, and the compare registers will be disabled before the
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capture occurs.

The DELCMP2M[1:0] and DELCMP4M]1:0] bits in the SHRTIM_TxCTRL register can configure the auto-delay
mode as follows:

® 00

Regular compare mode: directly compares the contents of the SHRTIM TxCMP2DAT and
SHRTIM_ TxCMP4DAT registers with the counter value.

® 01

Auto-delay mode: recalculates the values of compare 2 and compare 4 registers and compares the calculated
value with the counter value after capture 1/2 event.

e IX

Auto-delay mode with timeout: recalculates the values of compare 2 and compare 4 registers and compares the
calculated value with the counter value after capture 1/2 events. If capture 1/2 events is missing, the comparison
is done with the counter value after compare 1 match (DELCMPxM[1:0]=10) or compare 3 match
(DELCMPxM[1:0]=11) to implement the timeout function.

When the capture occurs, it is compared with the value (SHRTIM_CMP2/4xR + SHRTIM_CPT1/2xR). If no capture
is triggered within the period, the behavior will depend on the DELCMPxM[1:0] value:

® DELCMPxM[1:0]=01: no compare event is generated

® DELCMPxM[1:0]=10 or 11: It is compared with the sum of the values in the 2 compare registers (for example,
SHRTIM_ TxCMP2DAT + SHRTIM TxCMPIDAT). If the capture is triggered after CMP1 (or CMP3), the

capture will not be considered. The capture will be re-enabled at the beginning of the next PWM period.

If the result of the auto-delay summation exceeds OXFFFF (overflow), the value will be ignored, and no compare
event will be generated before the start of the new period.

Note: If DELCMPxM][1:0] is reprogrammed from one value to another to correctly reinitialize the automatic delay
mechanism, the DELCMPxM]1:0] bit field must be reset, for example:

® DELCMPxM[1:0]=10

® DELCMPxM[1:0]=00

® DELCMPxM[1:0]=11
The following example illustrates how the following signals are generated:
®  Output set when the counter equals the compare 1 value
® Output reset 5 cycle after the falling edge of a given external event

Note: to simplify the diagram, high-resolution is not used in this example (CKPSC[2:0] = 101), so the counter
increases at the fsurriv rate. Similarly, the external event signal shows no resynchronization delay: in reality, there
is adelay of 1 to 2 fsurriv clock cycles between the falling edge and the capture event due to internal resynchronization

stages (which are necessary for processing external input signals).
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Figure9-12 Auto-Delayed Compare

Update
Counter )0 (1 X2 X 3 )( 4 )5 X 6 )7 ) 8 )X 9 1011 (12 X 1314 )15 X 0 ¥ 1
TxCPT1 Previous 7
. s .
TxCMP2DAT Preload=5 Active: disable | Prelodd=5 Active: 12 Preload=8
] Active: disable
TXCMP1DAT 2 5
Capture

Extenal event

Output ~5 cycles

Using the regular compare channel (such as compare 1) for output set: the output will immediately become active

when the counter matches the content of the compare register.

Using delayed compare for output reset: a compare event will only be generated when a capture event occurs. If the
counter matches the delayed compare value (counter value = 5), no event will be generated. After a capture event
triggered by an external event, the content of the capture register is immediately added to the delayed compare value
to have a new compare value. In the example, the auto-delay value of 5 is added to the capture value of 7, resulting
in a value of 12 in the auto-delay compare register. From this point on, a compare event can be generated and will
occur when the counter equals 12, causing the output to be reset.

Overcapture management in auto-delayed mode
When the auto-delay mode is enabled (DELCMPxM[1:0] =01, 10, 11), overcapture is prevented.

If multiple capture requests occur within the same counting period, only the first capture request will be considered
to calculate the auto-delay compare value. A new capture can only occur under the following conditions:

® Auto-delay compare has matched counter value (compare event)
® The counter has rolled over (period)

®  The timer has reset

Change the auto-delay compare value

If the auto-delay compare value has been preloaded (PLEN set to 1), the new compare value (compare value written
by software) will be considered at the next update event (such as a period event) regardless of when the compare
register was written, or whether a capture event occurred (refer to Figure9-12, where the delay is changed on counter
rolls over).

If preload is disabled (PLEN bit reset), the new compare value will be considered immediately even if the compare

value was modified after a capture event, as shown in the following example:
1. Att, DELCMP2M =1
2.  Att,, CMP2_act = 0x40 => comparison disabled

3. At ts, a capture event occurs, capturing the value CPTR1 = 0x20. => Comparison enabled, new compare value
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= 0x60

4. Atty, CMP2_act = 0x100 (before the counter value reaches CPTR1 + 0x40) => comparison still enabled, new
compare value = 0x120

5. Atts, the counter value reaches the period value => comparison disabled, cmp2_act = 0x100
Similarly, if the value of CMP1(CMP3) changes when DELCMPxM = 10 or 11, and preload is disabled:
1. Att;, DELCMP2M =2

2. Atty, CMP2 act= 0x40 => comparison disabled

3. At t3, CMP3 event occurs - before capture 1 event, CMP3_act = 0x50 => comparison enabled, new compare

value = 0x90

4.  Atts, CMP3 act = 0x100 (before the counter reaches 0x90) => Comparison still enabled, compare 2 event will
occur when CMP3_act = 0x140.

9.3.4.12 Triggered-half mode

The purpose of this mode is to allow synchronization of two interleaved converters with variable frequency operation
and requiring a 180° phase-shift. The basic principle is:

There is a master-slave system. The synchronization of the slave converter is continuously adjusted based on the
previous switch period of the master converter.

This is achieved through the capture unit. The switch period of the master converter is captured, divided by 2, and
then stored in the compare 2 register by the hardware. The compare 2 register contains the value equal to half of the
captured period, which is the switch period of the master converter. The compare 2 event can then be used to trigger

the second timing unit of the slave converter management.

Enable this mode by setting the TRGHLF bit in the SHRTIM TxCTRL?2 register. Once the timer is operating
(TxCNTEN bit set), this bit cannot be changed.

The trigger-half mode must not be used simultaneously with other modes that use CMP2 (such as dual DAC trigger,
interleaved, and balanced idle modes, auto-delayed mode).

The user can write an initial value to CMP2, but once the first capture is triggered, this value will be ignored. When
the TRGHLF bit is set, the preload mechanism for CMP2 is disabled.
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Figure9-13 Triggered-Half Mode Example

EXEV1 EXEV1
o o
Capture Capture EXEV1 EXEV1
o \
Capture Capture
CMP2
CMP3
EXEV2 EXEV2 EXEV2
Master
(SHRTIM_CHAZ1)
EXEV3 EXEV3 EXEV3
Slave
(SHRTIM_CHB1)
Blanking
(SHRTIM_CHA2)

SHRTIM_CHA1
Set on EXEV1(EXEV1 triggers capture 1)
Reset on EXEV2
EXEV1 Blanking on TIMA_CMP1 (avoid frequency run-away)
SHRTIM_CHB1
Set on CMP2 (triggered-half) or EXEV1 blanking by TIMA_TA2
(TB1 is set if EXEV1 occurs between CMP1 and CMP2,else on CMP2)
Reset on EXEV3
SHRTIM_CHAZ2
Seton TA_CMP1
Reset on TA_CMP2

Note: In the trigger-half mode, the compare 2 register is controlled by hardware, and writing to it has no effect.
However, the written values are stored in the preload register and become active on the update event after exiting

this mode.

9.3.4.13 Push-pull mode

The main purpose of this mode is to drive converters using a push-pull topology. If delayed idle protection is required
(commonly used for resonant converters), this mode also needs to be enabled (refer to Section 9.3.10 Delayed
Protection).

The push-puull mode is enabled by setting the PP bit in the SHRTIM_TxCTRL register.

In this mode, the signals generated by the crossbar are alternately applied to output 1 and output 2, on the period basis
(if the signal is applied to output 1, output 2 remains inactive, and vice versa). The redirection rate (push-pull
frequency) is defined by the timer's period event, as shown in Figure9-14. The push-pull period is twice the timer
counting period.
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Figure9-14 Push-Pull Mode Block Diagram
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The push-pull mode is available when the timer operates in continuous and single-shot modes. The timer must be
disabled to stop the push-pull operation, and the counter must be reset before re-enabling it.

To get a correct behavior, the event selected as the counter reset source must also be selected to set (or reset) the
output. If the output is set on the period, it must be set, otherwise it must be reset. If it is not done, incorrect behavior
may occur when the output switches from the inactive period to the active period (it may unexpectedly rise or may
unexpectedly stay low).

The signal waveforms for the two outputs are defined by SHRTIM _TxSETy and SHRTIM_TxRSTy. To ensure both
output waveforms are identical and achieve balanced operation, it is necessary that SHRTIM TxSET2 =
SHRTIM_TxSET1 and SHRTIM TxRST2 = SHRTIM TxRST1. However, it is possible to have different
programming on both outputs for other purposes.

The CPPSTS status bit in SHRTIM_TxINTSTS indicates which output signal is currently active. CPPSTS is reset
when the push-pull mode is disabled.

In the example provided in the diagram below, the internal waveform of the timer is defined as follows:
®  Output set on period event
®  Output reset on compare 1 match event

Figure9-15 Push-Pull Mode Example
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Figure9-16 shows how to insert positive and negative dead times in push-pull mode. In this case, the outputs are no

longer complementary, but the dead time is applied individually to each output (outputs 1 and 2 of the crossbar are
used).

Figure9-16 Push-Pull with Deadtime

Compare 2
Compare 1
Roll-over
events
Push-Pull
logic
Crossbar
Seton output
Period
Reset | SHRTIM_CHx1 ) )
CIE)/InPl Deadtime
risin
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9.3.4.14 Deadtime

A deadtime insertion unit can generate a pair of complementary signals from a single reference waveform, and the
delay between the active state transitions can be programmed. This is commonly used in topologies using half-bridge
or full-bridge configurations. It simplifies the software operation flow: only one waveform needs to be programmed
and controlled to drive two outputs. The deadtime insertion is enabled by setting the DTEN bit in the
SHRTIM_TxOUT register. The complementary signals are built based on the reference waveform defined for output
1, using the SHRTIM TxSET1 and SHRTIM TxRST1 registers: if DTEN is set to 1, the SHRTIM_TxSET2 and
SHRTIM_TxRST2 registers are disabled.

Figure9-17 Complementary Outputs with Deadtime Insertion

Compare

Counter

Crosshar outputl
Deadtime rising

<

Deadtime falling
SHRTIM_CHx1

SHRTIM_CHx2

If some control overlap is needed, a negative dead-time value can be defined, in which case the dead-time sign bit
(SDTF and SDTR bits in the SHRTIM_TxDT register) should be used. Figure9-18 shows the complementary signal

waveforms corresponding to each sign.
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Figure9-18 Deadtime Insertion versus Deadtime Sign (1 Indicates Negative Deadtime)
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SHRTIM_TxDT.SDTR =0

SHRTIM_TxDT.SDTF =1

SHRTIM_TxDT.SDTR =1

SHRTIM_TxDT.SDTF =0

The deadtime value is defined using the DTF[8:0] and DTR[8:0] bit fields, based on a specific clock prescaled by
the DTPSC[2:0] bits, as follows:

torx = +/- DTX[8:0] X torg
where x is R or F, and tprg = (2(CTPSCI20D) x (tsprriv / 8).
The table below provides the resolution and maximum absolute value based on the prescaling value.

Table9-13 Deadtime Resolution and Max Absolute Values

fsurTiv = 250 MHz
DTPSCJ2:0] torc toTx max
tprg(ns) [tpTx| max (us)
000 tsurtiv/ 8 0.5 0.26
001 tsurtiv / 4 1.0 0.51
010 tsurTIM / 2 2.0 1.02
011 tSHRTIM 511 * torg 4 2.04
100 2 * tSHRTIM 8 4.09
101 4 * tSHRTIM 16 8.18
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110 8 * tSHRTIM 32 16.35
111 16 * tsHrTIM 64 32.70

The following diagram illustrates how the deadtime generator handles the reference waveform with pulse widths
smaller than the deadtime value in all deadtime configurations.

Figure9-19 Complementary Outputs for Low Pulsewidth (SDTR = SDTF = 0)

Ref.
» «—— Deadtime > e
falling value Deadtime
SHRTIM_CHx1 rising
- || value
SHRTIM_CHx2
Deadtime rising Deadtime falling
skipped skipped
Figure9-20 Complementary Outputs for Low Pulsewidth (SDTR = SDTF =1)
Ref.
» i «—— Deadtime >
R falling o
eadtime
SHRTIM_CHx1 value rising
11 value
SHRTIM_CHx2
Deadtime rising Deadtime falling
skipped skipped
Figure9-21 Complementary Outputs for Low Pulsewidth (SDTR=0, SDTF=1)
Ref.
SHRTIM_CHx1
SHRTIM_CHx2
Deadtime falling and rising Deadtime falling and
skipped rising skipped
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Figure9-22 Complementary Outputs for Low Pulsewidth (SDTR=1, SDTF=0)

Ref.
SHRTIM_CHx1
SHRTIM_CHx2
Deadtime fa_lllng and rising Deadtime falling and rising
skipped -
skipped

For safety considerations, the DTFLCK, DTRLCK, DTFSLCK, and DTRSLCK can be used to lock the sign and/or
value of the deadtime to prevent accidental writes to the deadtime registers. Once these bits are set to 1, the associated
bits and bit fields will become read-only until the next system reset.

Note: The DTEN bit must not be changed in the following cases:

®  When the timer is enabled (TxCNTEN bit set to 1)

®  When the timer output is set/reset by another timer (TxCNTEN reset)

Otherwise, unpredictable behavior may occur.

Therefore, it is necessary to disable the timer (IxCNTEN bit reset) and disable the corresponding output.

For the particular case where DTEN must be set to 1 while the burst mode is enabled with a deadtime upon entry
(BMEN = 1, DIDL = 1, IDLEM = 1). Before setting DTEN to 1, it is necessary to use a software command to force
the two outputs to their IDLES state (SWT, RSTROITF bits). This is to avoid any side effect resulting from a burst

mode entry that would happen immediately before a deadtime enable.

9.3.5 Master Timer

The main purpose of the master timer is to provide a common signal to 6 timing units for synchronization or to
set/reset outputs. The master timer does not directly control any outputs, but it can still be indirectly used for by the
set/reset crossbar.

The overview of the master timer is shown in the diagram below.
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Figure9-23 The Master Timer Overview.

Master Timer External Sync_hronization SYNC gpetition
Unit
/
| Repetition counter |
Start Reset T Repetition——»
foumri—=  Prescaler ck Counter <: Period CMP1—»| To Timer A.F
CMP2 ——» crosshars
———— CMP3 ——»
CMP4 —»
SYNC——»
~ CMP1
Compre 1 <:| Half
NS
Compare2 |~ CMP2
Denotes a register with preload
NS
Compare 3 /" CMP3
/" Interrupt/ DMA request
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The architecture of the master timer is very similar to the timing units, with the following differences:

The master timer is not associated with outputs and does not have output-related controls.
The master timer does not have its own crossbar unit, push-pull, or deadtime modes.

The master timer can only be reset through an external synchronization circuit.

The master timer does not have capture units or auto-delay modes.

The master timer does not include external event bankking and window circuits.

The number of interrupt/DMA requests for the master timer is limited: compare 1..4, repetition, register update,

and external synchronization events.

The control register of the master timer includes all timer enable bits for the master timer and timing units A..F. This

allows for simultaneous start of all timers with a single write access.

The master timer will also utilize internal and external (input/output) resources of the MCU to handle the external
synchronization of the entire SHRTIM timer (refer to Section 9.3.19 Synchronize the SHRTIM with other timers or
SHRTIM instances ).

The mapping offset of the master timer control register is the same as the offset of the timing unit registers.

9.3.6 Up-down Counting Mode

The SHRTIM itself is designed as an up-counter. However, it also provides an operational mode that supports both
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up-down counting, known as center-aligned mode. This mode is enabled by using the UPDOWNM bit in the
SHRTIM_TxCTRL2 register. Once the timer starts running (TXCNTEN bit set), this bit should not be changed. It is
only applicable to the TIMA..F timers. The master timer can only operate in an up-counting mode. Not all SHRTIM
functions support up-down counting. This section details the functional differences compared to the up-counting
mode. In the up-down mode, the period in SHRTIM_TxPRD must be preloaded (or static). It can only be updated on
a period event or counter reset.

Note: When the counter is disabled during a down-counting period (TxCNTEN reset), the counter will continue to

count up.

The differences in programming the set/reset crossbar are as follows:
The events from the timing units will set/reset outputs based on the up/down counting direction of the counter:

® If the event is enabled in the SHRTIM_ TxSETy register, the output will be set during up counting and reset
during down counting.

® If the event is enabled in the SHRTIM_TxRSTy register, the output will be reset during up counting and set
during down counting.

® [fthe eventis enabled in both the SHRTIM_ TxSETy and SHRTIM_TxRSTy registers simultaneously, the output
will toggle.

This applies to:
® Timing units: period, compare 1..4, register update (6 events)
® Master timer: period, compare 1..4, SHRTIM synchronization (6 events)

® All other timing units (e.g. timer B..F for timer A): TIMEV1..9 (9 events described) The following content

shows how to generate basic waveforms.
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Figure9-24 Basic Symmetric Waveform in Up-Down Counting Mode
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The following content demonstrates how to use the 4 available compare units and the toggle modes to generate some

more complex waveforms.
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Figure9-25 Complex Symmetric Waveform in Up-Down Counting Mode
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The following content demonstrates how to generate asymmetric waveforms. In this case, it is important to note that

for waveform asymmetry, the value of compare 2 must be greater than the value of compare 1.
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Figure9-26 Asymmetric Waveform in Up-Down Counting Mode
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Note: For asymmetric operation, it is required that CMP2 > CMP]1.

The behavior of software force bits and external events EXEV1..10 is the same in both up-counting and up-down

counting modes. The following content demonstrates how to respond to external events to shorten pulses.

Figure9-27 External Event Management in Up-Down Counting Mode

CMP1

Counter

Set on CMP1

External event 1

SHRTIM_CHx2

The up-down counting mode is applicable to continuous and one-shot (retriggerable and non-retriggerable) operation
modes. A reset will cause the counter to re-start from 0. The following content demonstrates the behavior of the
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counter in timer B in the one-shot retriggerable mode.

Figure9-28 Interleaved Up-Down Counter Operation
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Figure9-29 Interleaved Up-Down Counter Operation
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Note: In the up-down counting mode, the compare value must be lower than the period value by 3 fsurriv clock cycles
(if CKPSC[2:0] = 0, then TxPRD - 0xCO0; if CKPSC[2:0] = 1, then TxPRD - 0x60; if CKPSC{2:0] = 2, then TxPRD
- 0x30,...). This applies for compare events generated inside the timing unit. For compare events generated in other
timing units, events must be avoided within the fsurtny clock cycle of the counter direction change (counter reaches

0, period event, or counter reset).
The following features are supported in the up-down counting mode:
® Half mode

® Insertion of dead time

Push-pull mode, alternance push-pull done on when the counter reaches 0 (refer to Figure9-30).

Delayed idle mode
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® Burst mode

® PWM mode with “greater than” comparison (refer to Figure9-31).

Figure9-30 Push-Pull Up-Down Mode Example

nsing.com.sg
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SHRTIM_CHx1
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Figure9-31 Up-Down Mode with “Greater Than” Comparison

Set on CMP17,,,J

SHRTIM_CHx1

i

Note: The following features are not supported in the up-down counting mode:

®  Auto-delay mode
® Balanced idle

® Triggered-half mode

The capture function is supported with the following differences:

® The bit 16 of the capture register retains the counter direction state

The counter roll-over event definition in the up-down counting mode is different to support various operating

conditions. It can be generated in the following cases:

®  When the counter reaches 0 ("valley" mode).

®  When the counter reaches the period value set in SHRTIM_TxPRD ("crest" mode).

®  When both conditions are met (O or SHRTIM_TxPRD value).

This event in SHRTIM is used for various purposes. The roll-over (valley, peak, or both) can be programmed

individually depending on the destination. The table below summarizes the use cases and the corresponding roll-over

307

NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



)
v NSING
"' nsing.com.sg

modes (xxROM[1:0]) programming bits in the SHRTIM_TxCTRL2 register.

Table9-14 Roll-Over Event Destination and Mode Programming

Roll-over event use Programming bits

Output set/reset OUTROM[1:0]
Register content update trigger (transfer from preload to active) ROM[1:0]
IRQ and/or DMA request trigger ROM[1:0]

Burst mode clock source and /or burst start trigger BMROM[1:0]

ADC trigger (see ADC post-scaler for details) ADCROM[1:0]
External event filtering ROM[1:0]
Repetition counter decrement ROM[1:0]

Fault and event counter FEROM[1:0]

Note: For events where both reset and roll-over are considered (TxCTRL.RSTROUEN, IRQ/DMA, burst clock source
and/or burst trigger, external event filtering, repeat counter decrement, fault and event counters, set/reset output),

the reset event is taken into account.

The definition of roll-over event generation is as follows with the xxROM]1:0] bit setting:

® xxROM[1:0]= 00: event is generated when both conditions are met (0 or SHRTIM_TxPRD value).
® xxROM[1:0]=01: event is generated when the counter reaches 0 ("valley" mode).

® xxROM[1:0]=10: event is generated when the counter reaches the period value set in SHRTIM_TxPRD ("crest"
mode).

Notes:The definition of the rollover event in single-shot mode is slightly different from continuous mode, as follows:
® xxROM/[1:0] = 00: event is generated when the counter is at 0 and the reset event occurs.
® xxROM/[1:0] = 01: no event is generated.

® xxROM/[1:0] = 10: event is generated when the counter is at 0 and the reset event occurs
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Figure9-32 Updown + single-shot, the generation of roll-over event
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Figure9-33 Up-Down Mode With Output Set on Period Event, OUTROM[1:0]=10
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The following figure shows the push-pull up-down mode with setting the output on the period event, OUTROM][1:0]
= 10.
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Figure9-34 Up-Down Mode With Output Set on Period Event, OUTROM[1:0]=10
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The following figure shows how the repeat counter decrements in the up-down counting mode.

Figure9-35 Repetition Counter Behavior in Up-Down Counting Mode
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The operation of the dual DAC trigger is consistent with the up-counting mode.

The handling of event blanking and windowing is different, aiming to blank or window within a programmable time
during the output pulse. The EXEVXFLT[3:0] code depends on the UPDOWNM bit setting, as described in the table
below. Whenever the roll-over event is used for blanking or windowing, the programming of ROM]1:0] applies to
define when it is generated.
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Table9-15 EXEVXFLT[3:0] Codes Depending on UPDOWNM Bit Setting

EXEVXFLT [3:0] Up-counting Mode (UPDOWNM = 0) Up/down-counting Mode (UPDOWNM =1)

Blanking from compare 1 to compare 2, only

10 Blanking from counter reset/roll-over to compare 2 ) )
during the up-counting phase
) Blanking from compare 3 to compare 4, only
100 Blanking from counter reset/roll-over to compare 4 ) )
during the up-counting phase
) ) Windowing from compare 2 to compare 3,
1101 Windowing from counter reset/roll-over to compare 2 ) )
only during the up-counting phase
) ) Windowing from compare 2 to compare 3,
1110 Windowing from counter reset/roll-over to compare 3

only during the down-counting phase

Windowing from compare 2 during the up-
Windowing from another timing unit: TIMWIN
1111 counting phase to compare 3 during the down-
source (refer toTable 9-19 for details)

counting phase

9.3.7 Set/Reset Event Priority and Narrow Pulse Management

This section describes how the output waveform is generated when multiple set and/or reset requests occur within 3

consecutive tsurtiv cycles.

Scenario 1: Clock prescaler CKPSC[2:0] <5

In each tsprriv cycle, a four-step arbitration process is executed:

1. For each active event, determine the required output transition (set, reset, or toggle).

2. For multiple set event (or reset event) occur in the same tsurriv cycle, the low-resolution events (software,
external events and synchronization events, update event) have the higher priority:

Software — External events and synchronization events — Update event — Master Timer events/Self-Timer

events/Other Timer events. (Priority from high to low)

3. For multiple set event (or reset event) occur in the same tsprriv cycle, the high-resolution events (Master Timer
events/Self-Timer events/Other Timer events) have the lower priority than the low-resolution events. Predefined
arbitration is performed between the high-resolution active events:

a) Ifevents come from different timer units, the lower high-resolution portion between CMPx and PRD has
a higher priority.

b) If events come from the same timer unit, the priority from high to low is CMP4 — CMP3 — CMP2 —
CMP1 — PRD.

4. In low-resolution events and winning predefined arbitration events, arbitration based on high-resolution delay
is executed with reset having the highest priority.
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When set and reset requests occur simultaneously from two different sources, the reset action has the highest priority.
If the interval between set and reset requests is less than 2 tsurtiv period, their behavior depends on the time interval

and alignment with the fsarriv clock, as shown in the figure below.
Note: Reset events have the highest priority.

Note: The CMPx/PRD value in this section refer to the valid CMPx/PRD value after adjustment with the period phase
or timer reset phase (excluding those with special instructions), not the original CMPx/PRD value in the register

written by software.

Figure9-36 Short Distance Set/Reset Management for Narrow Pulse Generation

A O N S

fsurmim Clock

ﬂt‘iH

Simulaneous set/reset

Set 4 Reset ¥

s -
Reset/set within S } | Seteventis discarded

the same period

[

tsHrRTIM

7% Set event is postponed if interval is <t
\
|

Reset/set within

2 successive periods
s ? Set event is postponed if interval is >t

IsHRTIM [
|

547 Set anticipated

> 1 X tshrTiM .
|

Reset/set with
interval including 1 x
tSHRTIM

$ 4 High-Resolution maintained
> 2 X tsurTIM |

Reset/set with_____ ¢
interval including 2 x
tsHrRTIM

|
R E R I P

Reset/set within
the same period s 4

Z)

h

tsHrTIM ‘

Reset/set with
delay < tsurriv

L

Reset/set with
interval including 1 x
tSHRTIM

L

> 1 X tshrTiM ‘

> 2 X tshrTIM

Reset/set with
interval including 2 x
tSHRTIM

L

RY
\
.

If set and reset events are generated within the same tsurtiv cycle, the reset event has the highest priority, and the set

event is ignored.

If set and reset events are generated with an interval below tsurtiv, across 2 periods, a pulse of 1 tsprTiv period is

generated.

If set and reset events are generated with an interval below 2 tsprTiv periods, a pulse of 2 tsprriv periods is generated.
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If set and reset events are generated with an interval between 2 and 3 tsurriv periods, the high resolution is available
if the interval exceeds 2 complete tsurriv periods.

If set and reset events are generated with an interval above 3 tsurriv periods, high resolution is always available.
Simultaneous set requests/simultaneous reset requests

When multiple sources are selected as set events, arbitration is performed if set requests occur within the same fsurriv
clock cycle. For multiple requests from adjacent timers (TIMEVNT1..9), the first request is considered. Arbitration
is done in two steps, depending on:

1. The source (CMP4 — CMP3 — CMP2 — CMP1),
2. The delay.

If multiple requests from the master timer occur within the same fsurtiv clock period, a predefined arbitration will
be applied (from highest to lowest priority):

MCMPDAT4 — MCMPDAT3 — MCMPDAT2 — MCMPDAT1 — MPRD

Note: It is recommended to avoid generating multiple set (reset) requests from the master timer to a given timer

within intervals less than 3x tsurtiv to maintain high resolution.

When multiple requests internal to the timer occur within the same fsurtmv clock period, a predefined arbitration will
be applied, and requests will be processed based on the following priorities, and only a single request will be
considered, regardless of the actual high-resolution settings (from highest to lowest):

CMP4 — CMP3 — CMP2 — CMP1 — PRD

Note: In fact, this is very important when multiple compare events can be generated simultaneously or when auto-
delayedcompare 2 and compare 4 are used simultaneously (i.e. because it is related to external events, effective
set/reset cannot be determined in advance). In this case, the highest priority signal must be assigned to the CMP4

event.

Note: For the priority judgment of multiple requests internal to the timer occur within the same fsurriv clock period,
the CMPx/PRD value refer to the original CMPx/PRD value in the register written by software.

Finally, the highest priority is assigned to low-resolution events: EXTEVNT1..10, RESYNC (if SYNCRST or
SYNCSTRT is set from a SYNC event or from a software reset), update, and software set (SWT). The high-resolution
delay of the update event is set to high-resolution part of the PRD. In summary, in the case of event density (events
occurring within the same fsurtiv clock period), the effective set (reset) events is arbitrated between:

® Any TIMEVNTI..9 event

®  Any source from the master timer
®  Asingle source from the timer

® The "Low-resolution events"

The same arbitration principles apply to simultaneous reset requests. In this case, the reset request has the highest

priority.
Scenario 2: Clock prescaler CKPSC[2:0] =5

When high resolution is not effective, narrow pulse management is simplified.
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A set or reset events occurring within the prescaler clock cycle is delayed until the next active edge of the prescaler
clock (similar to counter reset), even though arbitration is still performed in each tsurtiv cycle. If a reset event closely
follows a set event within the same prescaler clock cycle, the last event to occur will be considered.

9.3.8 External Events Global Conditioning

The SHRTIM timer can handle events that are not generated within the timer, known as "external events." The

external events can come from various on-chip or off-chip sources, such as:
® Internal comparators
® Digital input pins (typically connected to off-chip comparators and zero-crossing detectors)

®  Other on-chip events from external peripherals (such as the analog watchdog of the ADC and trigger outputs of
general-purpose timers)

The external event conditioning circuit allows selecting the signal source for a given channel (using a 5:1 multiplexer)
and can convert the signal source into information that can be processed by the crossbar unit (for example, triggering
output reset by detecting a falling edge on the external event channel).

Up to 10 external event channels can be conditioned, and these external event channels can be used simultaneously
for any of the 6 timers. Since this conditioning typically depends on external components (such as zero-crossing
detectors) and environmental conditions (filter settings are usually related to application noise levels and signature),
it is universal for all timers. Figure9-37 shows an overview of the conditioning logic for a single channel.

Figure9-37 External Event Conditioning Overview (1 Channel Represented)
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9.3.8.1Latency to external events

The 10 external events are initialized through the SHRTIM EXEVCTRLI1 and SHRTIM_ EXEVCTRL?2 registers:
® Use the EXEVXSRC[1:0] bits to select up to 5 sources

® Use the EXEVXSNS[1:0] bits to choose level or edge sensitivity (rising edge, falling edge, or both edges)

® If level sensitivity is selected, use the EXEVXPOL bit to choose the polarity

® Use the EXEVXFM bit for low-latency mode for external events 1 to 10 (refer to Section 9.3.8.1 Latency to
external events )
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Note: Even if the EXEVSNS bit is reset (selecting level sensitivity), external events used as triggers for reset, capture,

burst mode, ADC triggers, and delayed protection are edge-sensitive: if POL = 0, the trigger is active on the rising

edge of the external event; if POL = 1, the trigger is active on the falling edge of the external event.

Once the counter is disabled (TXCNTEN bit reset), external events are immediately discarded to prevent any output
state changes and counter resets, except for external events used as ADC trigger signals.

Additionally, the EXEVxXF[3:0] bits in the SHRTIM_EXEVCTRL3 and SHRTIM_EXEVCTRLA4 registers can be
used to enable digital noise filtering for external events 1 to 10.

The digital filter consists of a counter that requires N valid samples to confirm an output transition. If the input value
changes before the counter reaches the N value, the counter is reset, and the transition is discarded (considered a
spurious event). If the counter reaches N, the transition is considered valid and is transmitted as the correct external
event. Therefore, the digital filter adds a latency to the external events undergoing filtering, with the delay depending
on the sampling clock and the filter length (expected number of valid samples).

The sampling clock is either the fsurtiv clock or a specific clock fexevs derived from fsurriv prescaling, defined by
the EXEVSCD[1:0] bits in the SHRTIM_EXEVCTRLA register.

The table below summarizes the available sources and characteristics associated with the 10 external event channels.

Table9-16 External Event Mapping and Associated Characteristics

External event Balanced fault timer | Balanced fault
Fast mode" Digital filter®"
channel AB,C timer D,E,F

shrtim_exevl1[5:1] Yes Yes - -
shrtim_exev2[5:1] Yes Yes - -
shrtim_exev3[5:1] Yes Yes - -
shrtim_exev4[5:1] Yes Yes - -
shrtim_exev5[5:1] Yes Yes - -
shrtim_exev6[5:1] Yes Yes Yes -
shrtim_exev7[5:1] Yes Yes Yes -
shrtim_exev8[5:1] Yes Yes - Yes
shrtim_exev9[5:1] Yes Yes - Yes
shrtim_exev10[5:1] Yes Yes - -

1. Fast mode and digital filtering cannot be used simultaneously for the same external event.
9.3.8.1 Latency to external events

The external event conditioning allows adjusting the external event processing time (and associated latency) based

on performance expectations:

® A regular operating mode, where the external events is resampled with the clock before acting on the output
crossbar. This process adds some latency but provides access to all crossbar functionalities. It enables the
generation of high-resolution pulses triggered by external events.

® A fast operating mode, where the latency between external events and the action on the output is minimized.
This mode is convenient for ultra-fast over-current protection functions, for instance.

The EXEVXFM bit in the SHRTIM_EXEVCTRL3 and SHRTIM_EXEVCTRLA4 registers can be used to define the
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operating mode for channels 1 to 5. This affects the latency and jitter present in the output pulses, as detailed in the
table below.

Table9-17 Output Set/Reset Latency and Jitter versus External Event Operating Mode

Response Time Jitter on the Output Pulse (Counter Reset via
EXEVxFM Response Time Jitter
Latency External Event)
0 4 to 5 cycles of fsurtiv clock 1 cycles of fsurtiv clock | No jitter, pulse width maintained with high-resolution

Minimal latency (depends
1 cycle of fsurtiv clock jitter, pulse width resolution
1 whether the comparator or digital Minimal jitter
down to tsHrTIM

input is used)

When level sensitivity is set (EXEVXSNS[1:0] = 00), the EXEVXFM mode can be used; it cannot be used for edge
sensitivity.

The event filtering (blanking and windowing, EXEVXFLT[3:0] != 0000, refer to Section 9.3.9) can be applied to
external events. In this case, the EXEVXLATCHXx bit must be reset: the postponed mode is not supported, and window
timeout functionality is not supported.

Note: once the relevant EXEVxFM bit is set to 1, external event configuration (source and polarity) must not be
modified.

A fast external events cannot be used for toggling outputs: they must be enabled in either the SHRTIM_TxSETy or
SHRTIM_TxRSTy registers but not both simultaneously.

If a set event and a reset event (from 2 separate fast external events) occur simultaneously, the reset event has the
highest priority in the crossbar, and the output becomes inactive.

If the EXEVXFM bit is set to 1, the output cannot be changed for 11 fsurtiv clock cycles following the occurrence of

the external event.

Figure 9-38 and Figure9-39 provide examples of the actual response times of external events when output set/reset
and counter reset.
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Figure 9-38 Latency to External Events Falling Edge (Counter Reset and Output Set)Figure
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Figure9-39 Latency to External Events (Output Reset on External Event)
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9.3.9 External Event Filtering in Timing Units

After conditioning, the 10 external events are available for all timing units.

These events can be used directly and take effect immediately as soon as the timing unit counter is enabled

(TxCNTEN bit set to 1).

Additionally, these events can be filtered to have an action limited in time, typically related to the counting period.

Two operations can be performed:
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® Blanking mode, which mask external events during a defined time period
® Windowing mode, which enables external events only during a defined time period

These modes are enabled using the SHRTIM EXEVxXFLT[3:0] bits in the SHRTIM TxEXEVFLT1 and
SHRTIM_TxEXEVFLT?2 registers. Each of the 6 Timer A..F timing units has programmable filter settings for these

10 external events.

9.3.9.1 Blanking mode

In event blanking mode (refer to the diagram below), if an external event occurs during a given blanking period, it
will be ignored. This is convenient, for instance, to avoid a current limit to trip on switching noise at the beginning
of a PWM period. This mode is active when the value of the EXEVXFLT[3:0] bit field is in the range of 0001 to 1100.

Figure9-40 Event Blanking Mode

External event JEF 7
Ext./int.event
Blanking source {
Blanking — .
Resulting event ]

In event postpone mode, the external event is not immediately considered but is memorized (latched) and generated

as soon as the blanking period is completed, as shown in Figure9-41. This mode can be enabled by setting the
EXEVXLATCH bit to 1 in the SHRTIM TxEXEVFLT1 and SHRTIM TxEXEVFLT?2 registers.

Figure9-41 Event Postpone Mode

External event m
Ext./int.event M
- Blanking source
Blanking ———— .
Resulting event 1

The blanking signal comes from several sources:

®  The timer itself: The blanking lasts from the counter reset to the compare match (for compare 1 to compare 4,
EXEVXFLT[3:0] = 0001 to 0100).

® From other timing units (EXEVXFLT[3:0] = 0101 to 1100): The blanking lasts from the selected timing unit
counter reset to one of its compare matches, or it can be fully programmed as a waveform on the Tx2 output. In
this case, the event is masked as long as the Tx2 signal is inactive (no need to enable the output, and the signal

is acquired before the output stage).

The configuration of EXEVXFLT[3:0] from 0101 to 1100 is referred to as TIMFLTR1 to TIMFLTRS in the bit
description, with different meanings for each timing unit. 8 options are available for each timer: CMPx refers to
blanking from counter reset to compare match, and Tx2 refers to the TIMx output 2 waveform defined by the
SHRTIM_TxSET2 and SHRTIM_TxRST?2 registers. For example, Timer B (TIMFLTR®6) is the output 2 waveform
of Timer C.
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The following diagram illustrates and provides examples of event blanking for all edge-sensitive and level-sensitive

external events in regular mode and postponed mode.
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Figure9-42 External Trigger Blanking with Edge-Sensitive Trigger
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Figure9-43 External Trigger Blanking, Level Sensitive Triggering
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* A high level denotes a continuous event generation after blanking

9.3.9.2 Windowing mode

In event windowing mode, the event is only considered if it occurs within a given time window; otherwise, it is
ignored. This mode is active when the value of EXEVXFLT[3:0] is in the range of 1101 to 1111.

Figure9-44 Event Windowing Mode

External event RQF ﬂ )QF

Blanking source

Ext./int.event

Blanking .
Resulting event |

The EXEVXLATCH in the EXEVFLT1 and EXEVFLT2 registers allows to latch the signal, when this bit is set to 1:
in this case, an event is accepted if it occurs during the window but is delayed at the end of the window,.

® [fthe EXEVXLATCH bit is reset, and the signal occurs during the window, it is passed through directly.
® [fthe EXEVXLATCH bit is reset and no signal occurs, a timeout event is generated at the end of the window.

The windowing mode can be used to filter synchronization signals. When the expected synchronization event is
lacking (such as during a converter star-tup), the timeout feature can be used to force a default synchronization event.

Each external event windowing has 3 sources, coded as follows:

® 1101 and 1110: The windowing lasts from the counter reset to the compare match in up-counting mode (compare
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2 and compare 3, respectively).

® 1111: The windowing is related to another timing unit, and lasts from its counter reset to its compare 2 match.
The source is described as TIMWIN in the bit description and is given in Table 9-19. For example, the external
events in timer B can be filtered by a window starting from the counter reset of timer A to the compare 2 of

timer A.
Table 9-19 Windowing Signals Mapping per Timer (EXEVxFLT [3:0] = 1111)
Destination Timer A Timer B Timer C Timer D Timer E Timer F
Timer B Timer A Timer D Timer C Timer F Timer E
TIMWIN (source)
CMP2 CMP2 CMP2 CMP2 CMP2 CMP2

Note: If the external event is programmed in fast mode, the timeout event generation is not supported.

The following diagram explains how the events are generated based on the setting of the EXEVXLATCH bit to
achieve various edge-triggered and level-triggered operations. A specific explanation is provided for timeout events

to facilitate understanding.
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Figure9-45 External Trigger Windowing with Edge-Sensitive Trigger
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Figure9-46 External Trigger Windowing, Level Sensitive Triggering
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* A high level denotes a continuous event generation after windowing

9.3.9.3 External event counter
Each timing unit also includes an external event counter that follows the filtering unit, typically for valley skipping

implementation. The circuit allows to filter any of the 10 external events filtered, as shown in the diagram below.
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The counter is enabled by setting the EXEVCNTEN bit in the SHRTIM TAEXEVFLT3 register. This mode is only
valid for external events that are edge-sensitive (EXEVxXSNS[1:0] bit = 01, 10, or 11). The external events is
propagated to the timer only when the number of active edges is greater than or equal to the value programmed in
(EXEVCNT][5:0] + 1). There are two available operation modes:

® When the EXEVRSTM bit is reset, the external event counter is reset on each reset/rollover event: the external

event is only valid when they occur multiple times within a given PWM period.

® When the EXEVRSTM bit is set, the external event counter is reset only when no events occurred during the

last PWM period. This is an accumulation mode where events must occur at least once during multiple PWM

periods, as shown in the diagram below.

The external event counter must be enabled after having programmed the counter value (the EXEVCNTEN bit
must be set after having written the EXEVCNT[5:0] bit). Once the counter is enabled, the EXEVCNT[5:0] bits can
be changed on-the-fly at any time. The new value will be considered based on the programming of the EXEVRSTM
bit at the next reset/rollover event or after a software reset (set the EXEVCNTRST bit). Once the EXEVCNTEN bit
is set, the EXEVSEL][3:0] bits cannot be modified.
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Figure9-48 External Event Counter Accumulation Mode (EXEVRSTM =1, EXEVCNT =2)
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9.3.10 Delayed Protection

The SHRTIM features specific protection schemes, typically for resonant converters when it is necessary to shut
down the PWM outputs in a delayed manner, either once the active pulse is completed or once a push-pull period is
completed. These functions are enabled by the DPEN bit in the SHRTIM TxOUT register and are using specific

external event channels.

9.3.10.1 Delayed idle

In this mode, the active pulse is completed before the protection is activated. The selected external event will causes
the output to enter idle mode at the end of the active pulse (defined by the output reset event in SHRTIM_TxRST1
or SHRTIM_TxRST2).

Once the protection is triggered, it will remain in idle mode permanently, but the counter continue to run until the
output is re-enabled. The Tx1OEN and Tx2OEN bits are not affected by the delayed idle mode entry. To exit the
delayed idle mode and resume operation, the TxIOEN and Tx2OEN bits need to be rewritten as 1. The output state
changes on the first transition to an active state following the output enable command.

Note: The delayed idle mode cannot be exited immediately after having been entered, before the active pulse is
completed: it is mandatory to make sure that the outputs are in idle state before resuming the run mode. This can be
done by waiting until the next period or by polling the O1BCKUP and/or O2BCKUP status bits in the TxINTSTS

register.
The delayed idle mode can be applied to a single output (DP[2:0] = x00 or x01) or to two outputs (DP[2:0] = x10).

Upon entering the delayed idle mode, An interrupt or a DMA request can be generated in response to a Delayed Idle
mode entry. When an external event occurs, the DP flag in SHRTIM TxINTSTS will be set to 1 immediately,

independently from the end of the active pulse on output.

After triggering the delayed idle mode, the output status can be determined by O1DIPSTS and O2DIPSTS in
SHRTIM_TxINTSTS. These status bits will be updated even if the delayed idle mode is applied to a single output. If
the push-pull mode is enabled, the IPPSTS flag in SHRTIM_TxXINTSTS will indicate during which period the delayed
protection request occurred.
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This mode can be used whatever the operating mode of the timer (normal, push-pull, dead time). This mode supports
only 2 external events:

® shrtim_exev6 and shrtim_exev7 (for timer A, B and C)
® shrtim_exev8 and shrtim_exev9 (for timer D, E and F)

A software event can trigger delayed protection by configuring SFTDPxy in SHRTIM_SFTDP to select which output
channel is triggered.

The delayed protection mode can only be triggered when the counter is enabled (TXCNTEN set to 1). Even if the
TxCNTEN bit has been reset, the delayed protection mode remains active until TxyOEN is set to 1.
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The delayed idle mode has a higher priority than burst mode: once the delayed idle protection is triggered, any burst

mode exit request will be discarded. Conversely, if the delayed protection is exited while burst mode is active, the

burst mode will resume normally, and the output will maintain in the idle state until exiting burst mode. The following

diagram provides an overview of these different scenarios.
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Figure9-50 Burst Mode and Delayed Protection Priorities (DIDL = 0)
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If the delayed burst mode entry is enabled (DIDL set to 1), the same priority will be applied, as shown below.
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Figure9-51 Burst Mode and Delayed Protection Priorities (DIDL = 1)
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9.3.10.2 Balanced idle

This feature is only available in push-pull mode. The balanced idle allows to have a balanced pulsewidth on the two

outputs when one of the active pulse is shortened due to a protection. The pulsewidth, terminated earlier than the

programmed, will be copide on the alternate output channel, and then both channels will enter idle state until normal
operation is resumed by software. This mode is enabled by writing x11 to the DP[2:0] field in SHRTIM_TxOUT.

This mode supports only 2 external events:

shrtim_exev6 and shrtim_exev7 (for timer A, B and C)

shrtim_exev8 and shrtim_exev9 (for timer D, E and F)
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Figure9-52 Balanced Idle Protection Example
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When balanced idle mode is enabled, the selected external event will trigger a capture of the counter value into the

compare4 active register (this value is not user-accessible). The push-pull is maintained for one additional period so
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that the shorten pulse can be repeated: a new output reset event is generated while the regular output set event is

maintained.

Subsequently, it will enter idle mode, and the output will take the level defined by the IDLESx bits in the
SHRTIM_TxOUT register. The balanced idle mode entry is indicated by the DP flag, while the IPPSTS flag indicates
during which period the external event occurred, which can be used to determine the sequence of the shortened pulses
(first SHRTIM_CHAI1, then SHRTIM_CHA?2, and vice versa).

The timer operation is not interrupted (the counter continues to run).

To enable balanced idle mode, the following initialization steps need to be performed:
®  The timer operates in continuous mode (CONT = 1)

®  Enable push-pull mode

® The SHRTIM TxCMP4DAT must be set to 0 and the content transferred into the active register (e.g. by forcing

a software update)
® The DELCMP4M][1:0] field must be set to 00 (disable auto-delay mode)
® DP[2:0] =xI11 (enable delayed protection)

Note: during balanced idle operation, writing to the SHRTIM TxCMP4DAT register is not allowed. The CMP4 event

is reserved and cannot be used for other purposes.

In balanced idle mode, it is recommended to avoid using multiple external events or software-based reset event
causing an output reset. If such an event arrives before a balanced idle request within the same period, it can lead to
unbalanced output pulses (where the length of the first pulse is defined by the external event or software reset, and
the length of the second pulse is defined by balanced idle mode entry).

The minimum pulsewidth that can be handled in balanced idle mode is 4 fsurtiv clock periods (when CKPSC[2:0] =
0, 0x80; when CKPSCJ[2:0] = 1, 0x40; when CKPSC[2:0] = 2, 0x20; ...).

If the capture occurs before the counter has reached this minimum value, the current pulse is extended up to 4 fsurTiM
clock periods before being copied into the secondary output. In any case, the pulsewidths are always balanced.

Tx10EN and Tx2OEN bits are not affected by the balanced idle entry. To exit from balanced idle and resume the
operation, it is necessary to overwrite TxIOEN and Tx2OEN bits to 1 simultaneously. The output state changes on
the first active transition following the output enable.

It is possible to resume operation similarly to the delayed idle entry. For instance, if the external event arrives while
output 1 is active (delayed idle effective after output 2 pulse), the re-start sequence can be initiated for output 1 first.
To do so, it is necessary to poll CPPSTS bit in the SHRTIM TxINTSTS register. Using the above example (IPPSTS
flag equal to 0), the operation is resumed when CPPSTAT bit is 0.

In order to have a specific re-start sequence, it is possible to poll the CPPSTS to know which output is active first.
This allows, for instance, to re-start with the same sequence as the idle entry sequence: if the EXEV arrives during
output 1 active, the re-start sequence is initiated when the output 1 is active (CPPSTS = 0).

Note: While a pulse balancing sequence is ongoing, the balanced idle mode should not be disabled. The DPEN bit
should only be reset after the CMP4 flag is set to 1, indicating that the sequence is completed.

332
NSING Technologies Pte. Ltd.
Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



ay,
"'a NSING

nsing.com.sg

The balanced idle protection mode can be triggered only when the counter is enabled (TXCNTEN bit set to 1). It
remains active even if the TXCNTEN bit is reset, until TxyOEN bits are set.

Balanced idle mode can be used together with the burst mode under the following conditions:
® The TxBM bit must be reset (the counter clock maintained during burst, see Section 9.3.16)
® No balanced idle protection must be triggered while the outputs are in a burst idle state

The balanced idle mode has a higher priority than the burst mode: any burst mode exit request is discarded once the
balanced idle protection has been triggered. On the contrary, if the delayed protection is exited while the burst mode
is active, the burst mode is resumed normally.

Note: Although the output state is frozen in idle mode, a number of events are still generated on the auxiliary outputs

(refer to Section 9.3.18) during the idle period following the delayed protection :
®  Qutput set/reset interrupts or DMA requests
®  [External event filtering based on output signals

®  Capture events triggered by set/reset

9.3.10.3 Balanced idle automatic resuming
The balanced idle mode can be configured to have an automatic resuming of operation after a trigger.

Once the shortened pulse has been copied to the alternate output, the pulse width is reset to its original value, and the
timer resumes operation: both outputs keep on being in RUN mode.

This mode is enabled by setting the BIAR bit in the SHRTIM_TxOUT register. This mode can only be used when
the period in SHRTIM_TxPRD is greater than 6 periods of the fsurriv clock, i.e., if CKPSC[2:0] = 0, it should be
0xCO0; if CKPSC[2:0] = 1, it should be 0x60; if CKPSC[2:0] = 2, it should be 0x30, and so on.

Note: this bit is only significant when DP[2:0] = 011 or 111, otherwise it will be ignored.

Note: in balanced idle automatic resuming mode, it is mandatory to set the IDLES state to inactive.

9.3.11 Register Preload and Update Management

Most of the SHRTIM registers are buffered and can be preloaded as needed. This is typically done to avoid the
waveforms from being altered by a register update not synchronized with the active events (set/reset).

When preload mode is enabled, the accessed registers become shadow registers. Upon receiving a software-initiated
update request or an update request synchronized with an event, the contents of the shadow registers are transferred
into the active registers.

By default, the PLEN bit in the SHRTIM_MCTRL and SHRTIM_TxCTRL registers is reset, and the registers are not
preloaded: any write operation will directly update the active registers. If the PLEN bit is reset while the timer is
running and preload is enabled, the content of the preload registers will be directly transferred into the active registers.

Each timing unit and the master timer have their own PLEN bit. If PLEN is set to 1, the preload registers are enabled
and their contents are transferred to the active registers only when an update event occurs.
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If preload functionality is needed, two methods can be used to initialize the timer:

® Enable PLEN bit at the very end of the timer initialization to have the preload registers transferred into the active
registers before the timer is enabled (by setting MCNTEN and TXCNTEN bits).

® Enable PLEN bit at any time during the initialization and force a software update immediately before starting.
The following table lists the registers that can be preloaded and summarizes the available update events.

Table9-20 SHRTIM Preloadable Control Registers and Associated Update Sources

Timer Preloadable Registers Preload Enable Update Sources
SHRTIM_MIDEN
SHRTIM_MPRD

SHRTIM_MREPT ISioﬁ\xgatrien y
Master timer SHRTIM_MCMPIDAT | PLEN bit in epetition eve
- Burst DMA event

SHRTIM_MCMP2DAT SHRTIM_MCTRL
SHRTIM_MCMP3DAT
SHRTIM MCMP4DAT

Repetition event following a burst DMA event

SHRTIM_TxIDEN
SHRTIM_TxPRD
SHRTIM_TxREPT
SHRTIM_TxCMP1DAT
SHRTIM_TxRCMP1DAT
SHRTIM_TxCMP2DAT

Software
TIMX repetition event
TIMXx reset event

Timer x PLEN bit in Burst DMA event
x=A.F SHRTIM_TxCMP3DAT SHRTIM_TxCTRL Update event from other timers (TIMy, master)
SHRTIM_TxCMP4DAT .
- Update event following a burst DMA event
SHRTIM_TxDT shrtim_upd_en [3:1]
SHRTIM_TxSETI Update event foll(;win hrti d 3:1
SHRTIM_TxRSTI p g shrtim_upd_en [3:1]
SHRTIM_TxSET2
SHRTIM_TxRST2
SHRTIM TxCNTRST
SHRTIM_ADTGI1SRCI
SHRTIM_ADTGI1SRC2
SHRTIM_ADTG2SRC1
SHRTIM SHRTIM_ADTG2SRC2 TIMx or master timer update, depending on ADTGxUPDSRC[2:0] bits in
Common SHRTIM_ADTG3SRC1 SHRTIM_CTRLI1 (if PLEN =1 in the selected timer)

SHRTIM_ADTG3SRC2
SHRTIM_ADTG4SRC1
SHRTIM ADTG4SRC2

The master timer has 4 update options:

1. Software: writing 1 into MSWUPD bit in SHRTIM CTRL2 forces an immediate update of the registers. In this
case, any pending hardware update request is cancelled.

2. Update done when the master counter rolls over and the master repetition counter is equal to 0. This is enabled
when MREPTUEN bit is set in SHRTIM_MCTRL.

3. Update done once burst DMA is completed (refet to Section 9.3.23 DMA for details). This is enabled when
BRSTDMA[1:0] =01 in SHRTIM_MCTRL. It is possible to have both MREPTUEN =1 and BRSTDMA =01.

Note: The update can take place immediately after the end of the burst sequence if SWUPD bit is set (i.e. forced
update mode). If SWUPD bit is reset, the update is done on the next update event following the end of the burst

sequence.

4. Update done when the master counter rolls over following a burst DMA completion. This is enabled when
BRSTDMAJ1:0] = 10 in SHRTIM_MCTRL.
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An interrupt or a DMA request can be generated by the master update event.
Each timer (TIMA..F) can also be updated in the following ways:

®  Software: writing 1 into TxSWUPD bit in SHRTIM_CTRL2 forces an immediate update of the registers. In this
case, any pending hardware update request is canceled.

® Update done when the counter rolls over and the repetition counter is equal to 0. This is enabled when
TxREPTUEN bit is set in SHRTIM_TxCTRL.

® Update done when the counter is reset or rolls over in continuous mode. This is enabled when RSTROUEN bit
is set in SHRTIM_TxCTRL. This is used for a timer operating in single-shot mode, for instance.

® Update done once a burst DMA is completed. This is enabled when UPDGAT [3:0] = 0001 in
SHRTIM_TxCTRL.

® Update done on the update event following a burst DMA completion (the event can be enabled with RSTROUEN,
REPTUEN, MUEN or TXUEN). This is enabled when UPDGAT[3:0] = 0010 in SHRTIM_TxCTRL.

® Update done when receiving a request on shrtim_upd_en[3:1]. This is enabled when UPDGAT[3:0] = 0011,
0100, 0101 in SHRTIM_TxCTRL.

® Update done on the update event following a request on shrtim_upd_en[3:1] (the event can be enabled with
RSTROUEN, TxREPTUEN, MUEN or TXUEN). This is enabled when UPDGAT[3:0] = 0110, 0111, 1000 in
SHRTIM_TxCTRL.

® Update done synchronously with any other timer or master update (for instance TIMA can be updated
simultaneously with TIMB). This is used for converters requiring several timers, and is enabled by setting bits
MUEN and TxUEN in SHRTIM TxCTRL register.

The shrtim_upd_en[3:1] allow to have an update event synchronized with on-chip events coming from the general-
purpose timer. These inputs are active on the rising edge.

Table9-21 lists the connections between the update enable inputs and on-chip sources.

Table9-21 The update Enable Inputs and Sources

SHRTIM update enable signal SHRTIM update enable assignment
SHRTIM_upd_enl gtim8_ocl
SHRTIM_upd_en2 gtim9_ocl
SHRTIM_upd_en3 gtim10_ocl

This allows to synchronize low frequency update requests with high-frequency signals (for instance an update on the
counter roll-over of a 100 kHz PWM that has to be done at a 100 Hz rate).

Note: When CKPSC[2:0] > 5, the update events will be synchronized to the prescaler clock.

The updates from adjacent timers (when the MUEN, TAUEN, TBUEN, TCUEN, TDUEN, TEUEN, TFUEN bits are
set) or from software updates (TxSWUPD bit) can be considered immediately or resynchronized with the timers
reset/rollover event. This is done with the RSYNCUPD bit in the SHRTIM_TxCTRL register, as shown in Figure9-53:

® RSYNCUPD = 0: the update coming from adjacent timers is taken into account immediately

® RSYNCUPD = 1: the update coming from adjacent timers is taken into account on the following reset/roll-over
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event.

The RSYNCUPD bit is significant only when UPDGAT][3:0] = 0000, bit is significant only when

The update events of timer Timx can generate interrupts or DMA requests.

Figure9-53 Resynchronized Timer Update (SHRTIM_TBCTRL.TAUEN =1)
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The MUPDDIS and TxUPDDIS bits in SHRTIM_CTRLI register allow to temporarily disable the transfer from
preload to active registers, whatever the selected update event. This allows to modify several registers in multiple
timers. The regular update event takes place once these bits are reset.

The MUPDDIS and TxUPDDIS bits are grouped together in the same register. This allows the update of multiple
timers (not necessarily synchronized) to be disabled and resumed simultaneously.

Here is a practical use case: The first power converter is controlled by the master timer, TIMB, and TIMC. TIMB
and TIMC must be updated simultaneously with the master timer repeat event. The second converter operates in
parallel with TIMA, TIMD, and TIME. TIMD and TIME must be updated with TIMA repeat event.

First converter

MREPTUEN bit in SHRTIM_MCTRL register is set to 1: the update occurs at the end of the master timer counter
repetition period. In SHRTIM_TBCTRL and SHRTIM_TCCTRL, MUEN bits are set to have TIMB and TIMC timers

updated simultaneously with the master timer.

If the power converter set-point has to be adjusted by software, MUPDDIS , TBUPDDIS and TCUPDDIS bits of the
SHRTIM_CTRL register must be set prior to write accessing registers to update the values (for instance the compare
values). From this time on, any hardware update request is ignored and the preload registers can be accessed without
any risk to have them transferred into the active registers. Once the software processing is over, MUPDDIS,
TBUPDDIS and TCUPDDIS bits must be reset. The transfer from preload to active registers is done as soon as the

master repetition event occurs.

Second converter
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TAREPU bit in SHRTIM TACTRL register is set to 1: the update occurs at the end of the timer A counter repetition

period. In SHRTIM TDCTRL and SHRTIM_TECTRL, TAUEN bits are set to have TIMD and TIME timers updated

simultaneously with timer A.

If the power converter set-point has to be adjusted by software, TAUPDDIS, TDUPDDIS and TEUPDDIS bits of the
SHRTIM_CTRL register must be set prior to write accessing the registers to update the values (for instance the
compare values). From this time on, any hardware update request is ignored and the preload registers can be accessed
without any risk to have them transferred into the active registers. Once the software processing is over, TAUPDDIS,
TDUPDDIS and TEUPDDIS bits can be reset: the transfer from preload to active registers is done as soon as the

timer A repetition event occurs.

9.3.12 PWM Mode with “Greater Than” Comparison

A specific no-latency update mode is available for PWM signals generated with the CMP1 and CMP3 registers. It
allows to have a new duty cycle value applied as soon as possible within the PWM cycle, without having to wait the
completion of the current PWM period. This reduces the overall delay time in software control loops. As shown
below, this eventually allows to have:

® An early turn-off of the output if the new compare value is below the current counter value and the current
compare value is above the counter, at the time the new value is written.

® An early turn-on of the output, re-enabling the output if the new compare value is above the counter value and

the current compare value is below the counter, at the time the new value is written.

When both the new compare value and the current compare value are both lower than the counter, the output signal

remains unchanged.

This feature only applies to the CMP1 or CMP3 reset events and is enabled by using the GTCMP1 and GTCMP3
bits in the SHRTIM_ TxCTRL2 register. When the corresponding GTCMPx bit is set, the preload mechanism of the
compare register is inactive, whatever the value of the PLEN bit. This mode is designed to make the new compare
value take effect as quickly as possible after being written, without waiting for the transfer to the active register.
These bits define the operation mode for compare 1 and compare 3 as follows:

® GTCMPx = 0: the compare x event is generated when the counter is equal to the compare value (compare match
mode). If the compare value is changed on-the fly, the compare event may not be generated.

® GTCMPx = 1: the compare x event is generated when the counter is equal to the compare value. If the compare
value is changed on-the-fly, the new compare value is compared with the current counter value and an output
SET or RESET can be generated.

The “greater than” compare mode causes the crossbar to act differently depending on comparison result. Assuming
the CMP1 event is doing an output reset, consider the following two scenarios when writing a new compare value:

® Ifthe new compare value is below the counter value, the reset event is issued and can eventually cause an early

turn-off.
® Ifthe new compare value is above the counter value, a set event is generated (early turn-on).
The “greater than” compare mode is supported for both set and reset actions.

The “greater than” compare mode must only be used for the following configuration:
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1. In a fixed-frequency configuration, the period event must trigger an output set, while the "greater than" compare
triggers an output reset (or vice versa, the period must trigger a reset if the "greater than" compare triggers a set).

2. For variable-frequency configurations, the event chosen as the counter reset source must also be chosen as the

source for set or reset the timer output (opposite direction as the "greater than" compare event).

Note: The “greater-than” modes must not be used when the CMP1 and/or CMP3 modes are controlled by hardware

in half and interleaved modes

Figure9-54 Early Turn-On and Early Turn-Off Behavior in “Greater Than” PWM Mode

Write access to Write access to Write access to
CMP1 CMP1 CMP1

l l i

Counter

CMP1
Early trun-on Early trun-off
Output(SHRTIM_TxCTRL2.GTCMP1 = 1)
(set on period , reset on CMP1)
<< Greater than >> PWM mode L
< R 3 <
CMP1 CcMPL CMPL CMP1
Flag set Flag set Flag set Flag set

Output(SHRTIM_TXCTRL2.GTCMP1 = 0)

(set on period , reset on CMP1)
Regular PWM mode
Update on roll-over

N < N N
CMP1 CMP1 cMp1  CMPL
Flag set Flag set Flagset Flagset

The immediate update mode implies that the content of the preload register is transferred into the active register at
the very same time the register is written. When GTCMP1 and/or GTCMP3 bits are set, their respective preload
mechanism is disabled (for SHRTIM_TxCMP1DAT and/or SHRTIM TxCMP3DAT registers), whatever the PLEN

bit value.

Note: the compare interrupt flags (CMP1 and CMP3 in SHRTIM TxINTSTS) are not generated in case of late turn-
on and early turn-off.

Note: The “Greater than” comparison must not be done on both CMP1 and CMP3 for the same output (GTCMP1
and GTCMP3 bits should not be set simultaneously).

9.3.13 Events Propagation within or across Multiple Timers

The SHRTIM provides many possibilities for cascading events or sharing them between multiple timing units
(including the master timer) to get full benefits from its modular architecture. These are key features for converters

that require the use of multi-synchronized outputs.
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This section summarizes the various options and details whether events will propagate in SHRTIM and how they

propagate.

9.3.13.1 TIMXx update triggered by the master timer update

The sources listed in Table 9-22 are generating a master timer update. The table indicates if the source event can be

used to trigger a simultaneous update in any of TIMx timing units.

Operating condition: MUEN bit is set in SHRTIM_TxCTRL register.

Table9-22 Master Timer Update Event Propagation

Source Condition Propagation Comment
Burst DMA end BRSTDMA[1:0] =01 No Must be done in TXCTRL (UPDGAT[3:0] = 0001)
Roll-over event following
BRSTDMA[1:0] =10 Yes -
a burst DMA end
Repetition event caused
Yes -
by a counter roll-over
Repetition event caused MREPTU =1
by a counter reset (from No -
SHRTIM_SCIN or
software)
All software update bits (TxSWUPD) are grouped
Software update MSWUPD =1 No inthe SHRTIM CTRL2 register and can be used for

asimultaneous update

9.3.13.2 TIMXx update triggered by the TIMy update

The sources listed in Table 9-23 are generating a TIMy update. The table indicates if the given event can be used to

trigger a simultaneous update in another or multiple TIMx timers.

Operating condition: TYUEN bit set in SHRTIM_ TxCTRL register (source = TIMy and destination = TIMx).

Table9-23 TIMx Update Event Propagation

Source Condition Propagation Comment
Must be done directly in SHRTIM_TxCTRL
Burst DMA end UPDGATJ[3:0] = 0001 No
(UPDGAT(3:0] = 0001)

Update caused by the UPDGAT([3:0] = 0011, Must be done directly in SHRTIM_TxCTRL
update enable inputs 0100, 0101 No (UPDGAT[3:0] = 0011,0100,0101)
shrtim_upd_en[3:1]

MUEN =1 in Must be done with MUEN =1 in
Master update No
SHRTIM_TyCTRL SHRTIM_TxCTRL
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Another TIMx update TzUEN =1 in
Must be done with TZUEN=1 in SHRT TxCTRL
(TIMz>TIMy>TIMXx) SHRTIM_TyCTRL No
TzUEN=1 in SHRT TyCTRL
TyUEN =1 in TxCTRL
Repetition event caused REPTUEN =1 in v
es -
by a counter roll-over SHRTIM_TyCTRL
Repetition event caused REPTUEN =1 in
- Refer to counter reset cases below
by a counter reset SHRTIM_TyCTRL
RSTROUEN =1 in
Counter roll-over Yes -
SHRTIM_TyCTRL
TySWCNTRST = 1 Can be done simultaneously with update in
Counter software reset YES )
SHRTIM_CTRL2 SHRTIM_CTRL2 register
Counter reset caused TzCMPn in
YES -
by a TIMz compare SHRTIM_TyCNTRST
Counter reset caused EXEVn in
by external events SHRTIM_TyCNTRST YES
Counter reset caused MCMPn or
by a master compare or MPRD in
a master period SHRTIM_TyCNTRST YES -
TIMy’s PLEN
Counter reset caused CMPn in
YES -
by a TIMy compare SHRTIM_TyCNTRST
Counter reset caused UPD in VES Propagation would result in a lock-up situation
by an update SHRTIM_TyCNTRST (update causing reset causing update)
Counter reset caused SYNCRST in o
N -
by SHRTIM_SCIN SHRTIM_TyCTRL
All software update bits (TxSWUPD) are grouped
Software update TySWUPD = 1 NO in the SHRTIM CTRL2 register and can be used
for a simultaneous update

9.3.13.3 TIMXx counter reset causing a TIMx update
Table 9-24 lists the counter reset sources and indicates whether they can be used to generate an update.

Operating condition: RSTROUEN bit set in SHRTIM_TxCTRL register.

Table9-24 Reset Events Able to Generate an Update

Source Condition Propagation Comment

Counter roll-over - Yes -
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Propagation would result in
UPD in a lock-up situation (update
Update event No ) )
SHRTIM_TxCNTRST causing a reset causing an
update)
EXEVn in
External event Yes -
SHRTIM_TxCNTRST
TyCMPn in
TIMy compare Yes -
SHRTIM_TxCNTRST
MCMPn in
Master compare Yes -
SHRTIM_TxCNTRST
) MPRD in
Master period Yes -
SHRTIM_TxCNTRST
CMPn in
Compare 2 and 4 Yes -
SHRTIM_TxCNTRST
TxSWCNTRST=1 in
Software Yes -
SHRTIM_CTRL2
SYNCRST in
SHRTIM_SCIN Yes -
SHRTIM_TxCTRL

9.3.13.4 TIMx update causing a TIMx counter reset
Table 9-25 lists the update event sources and indicates whether they can be used to generate a counter reset.

Operating condition: UPD bit set in SHRTIM_TACNTRST.

Table9-25 Update Event Propagation for a Timer Reset

Source Condition Propagation Comment
Burst DMA end UPDGAT[3:0] = 0001 Yes -
Update caused by the
UPDGAT [3:0] = 0011,
update enable inputs Yes -
0100, 0101

shrtim_upd en[3:1]

MUEN =1 in
Master update caused by a
SHRTIM_TxCTRL
roll-over after a burst Yes -
DMA BRSTDMA[1:0] = 10 in

SHRTIM_MCTRL

Master update caused by a

repetition event following Yes -
MUEN =1 in

SHRTIM_TxCTRL

aroll-over
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Master update caused by a
repetition event following MREPTUEN =1 in N
0 -
a counter reset (software SHRTIM_MCTRL
or due to SHRTIM_SCIN)
MUEN =1 in
All software update bits
. SHRTIM_TxCTRL
Software triggered master - N
0
timer update MSWUPD =1 in (TxSWUPD) are grouped in the SHRTIM_CTRL2
SHRTIM_CTRL2 register and can be used for a simultaneous update
TyUEN =1 in
SHRTIM_TxCTRL
TIMy update caused by a -
Yes -
TIMy counter roll-over RSTROUEN =1 in
SHRTIM_TyCTRL
TyUEN =1 in
TIMy update caused by a SHRTIM_TxCTRL v
es -
TIMy repetition event REPTUEN =1 in
SHRTIM_TyCTRL
TyUEN =1 in
SHRTIM_TxCTRL
TIMy update caused by an -
external event or a TIMy v
RSTROUEN =1 i es -
compare (through a TIMy n
SHRTIM_TyCTRL
reset) -
EXEVn or CMP4/2 in
SHRTIM_TyCNTRST
--timx update event come from timy reset sources
TIMy update caused by ) ) )
TyUEN =1 in and timy reset sources can from other timer(cmp
sources other than those yes )
) SHRTIM_TxCTRL event,external event) TA-TF and master(y is not
listed above )
include)
Repetition event
REPTUEN =1 in Yes -
following a roll-over
Repetition event
) SHRTIM_TxCTRL No -
following a counter reset
) RSTROUEN =1 in Propagation would result in a lock-up situation
Timer reset No
SHRTIM_TxCTRL (reset causing an update causing a reset)
TxSWUPD in --timex update event is come from timx SWU can
Software yes
SHRTIM_CTRL2 reset counter timx

9.3.14 Output Management

Each timing unit controls a pair of outputs. The outputs have three operational states:
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® RUN: this is the main operating mode, where the output can take the active or inactive level as programmed in

the crossbar unit.

® |DLE: this state is the default operating state after an HRTIM reset, when the outputs are disabled by software

or during a burst mode operation (where outputs are temporary disabled during a normal operating mode; refer
to Section 9.3.16 for more details). It is either permanently active or inactive.

® FAULT: this is the safety state, entered in case of a shut-down request on FALTx inputs. It can be permanently

active, inactive or Hi-Z.

The output status is indicated by TxyOEN bit in SHRTIM OEN register and TxyODISSTS bit in
SHRTIM_ODISSTS register, as in Table9-26.

Table9-26 Output State Programming, x=A..F,y =1 or 2

TxyOEN (Control/Status) (Set by

Software, Cleared by Hardware) TxyODISSTS (Status) Output Operating State
1 X RUN
0 0 IDLE
0 1 FAULT

TxyOEN bit is both a control and a status bit: it must be set by software to have the output in RUN mode. It is cleared
by hardware when the output goes back in IDLE or FAULT mode. When TxyOEN bit is cleared, TxyODISSTS bit
indicates whether the output is in the IDLE or FAULT state. A third bit in the SHRTIM_ODIS register allows to

disable the output by software.

Figure9-55 Output Management Overview

Status : OEN/ODIS

SHRTIM_TxOUT.IDLESy

A

Timing Unit Chopper RUNT oy
X IDLE | ) SHRTIM_CHxy

FAULT
CHPx 00
IDLE State 4 POLX
Active / Inative

* ——RUN entry : software (OEN bit set)

Active / Inative /Hi-Z

FAULT State

*

SHRTIM_TxOUT.FALTY[1:0]

IDLE entry : software (ODIS bit set) or
hardware : Burst / Delayed protection

FAULT entry : hardware (FAULTX inputs)
or breakpoint

The following diagram summarize the bit values for the three states and how the transitions are triggered. Faults can

343

NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



Ay,
"" TSI nsing.com.sg

be triggered by any external or internal fault source (refer to Section 9.3.17), and the idle state can be entered when
burst mode or delayed protection are active.

Figure9-56SHRTIM Output States and Transitions

IDLE State
OEN=0
ODIS=0
(Fault or breakpoint*)

& (SHRTIM_TxOUT.FALTy[1:0] >0)
& OEN=1

OoDIS
bit set

bit set bit set

OEN
bit set

RUN State
OEN=1
ODISSTS = X

FAULT State
OEN=0
ODISSTS =1

Fault (if SHRTIM_TxOUT.FALTYy[1:0] >0)
Or breakpoint*

Breakpoint*: If DBG_CTRL.SHRTIM1_STOP = 1 and the relevant BIT of SHRTIM_FRZDIS is configured

correctly, this condition is valid

Txy prefix is omitted for clarity(OEN = TxyOEN, ODIS = TxyODIS, ODISSTS = TxyODISSTS)

The FAULT and IDLE levels are defined as active or inactive. Active (or inactive) refers to the level on the timer
output that causes a power switch to be closed (or opened for an inactive state).

The IDLE state has the highest priority: the transition FAULT — IDLE is possible even if the FAULT condition is
still valid, triggered by ODIS bit set.

The FAULT state has a higher priority than the RUN state: if a fault event occurs while TxyOEN is set to 1, the
system will transition to the FAULT state. The conditions for transitioning from IDLE — FAULT is given (as shown
in Figure9-56): fault protection must be enabled (FALTx[1:0] bits =01, 10, 11), and the TxyOEN bit should be set to
1 with a fault active (or during a breakpoint if SHRTIM1_STOP = 1).

The output polarity is programmed by the POLx bit in the SHRTIM_TxOUT register. If POLx = 0, the polarity is
positive (output is high-level active); if POLx = 1, the polarity is negative (output is low-level active). In practice,
the polarity definition depends on the power switches (PMOS and NMOS) or gate driver polarity being driven.

The output level in the FAULT state is configured using FALTx[1:0] bits in SHRTIM_TxOUT, for each output, as
follows:

® 00: output never enters the fault state and stays in RUN or IDLE state
® 01I: output at active level when in FAULT

® 10: output at inactive level when in FAULT
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® 11: output is tri-stated when in FAULT. The safe state must be forced externally with pull-up or pull-down

resistors, for instance.

Note: The FALTx[1:0] bits should not be changed as long as the output is in the FAULT state.

The output level in the IDLE state is configured by the IDLESx bit in SHRTIM_TxOUT as follows:

® 0: The output is at inactive level when in the IDLE state.

® 1: The output is at activelevel when in the IDLE state.

When TxyOEN is set to 1 to enter the RUN state, the output will immediately connect to the crossbar output. If the

timer clock stops, the level is either inactive (after an HRTIM reset) or corresponds to the RUN level (when the timer

is stopped and the output disabled).

During the SHRTIM initialization process, the output level can be prepositioned prior to have it in RUN mode, using
the software forced output set and reset in the SHRTIM TxSET1 and SHRTIM TxRST1 registers.

9.3.15 Chopper

A high-frequency carriers can be added to the output signals of the timing unit to drive an isolation transformer. This

operation is performed on the output stage before polarity insertion (as shown in Figure9-57) and use the CHP1 and
CHP2 bits in the SHRTIM_TxOUT register to enable chopper on output 1 and output 2, respectively.

Figure9-57 Carrier Frequency Signal Insertion

Fault

Idle

Chopper
Carrier
fSHRTIM | /16 generation
7 CHP1
Sync
x1 J
Carrier
generation
y CHP2
Sync
x2 /

|

Fault / Idle sources

Polarity

SHRTIM
_CHXx1

SHRTIM
_CHx2

The chopper parameters can be adjusted using the SHRTIM _TxCHOP register to define a specific pulsewidth at the

beginning of the pulse, followed by a carrier frequency with programmable frequency and duty cycle, as shown in

Figure9-58.

The CARFRQ[3:0] bits define the frequency according to the formula fcuprrg = fsurtiv / (16 x (CARFRQ[3:0]+1)),
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ranging from 976.56 kHz to 15.265 MHz (for fsurriv = 250 MHz).
The duty cycle can be adjusted by CARDCY[2:0] (in steps of 1/8), ranging from 0/8 to 7/8.

When CARDCY2:0] = 000 (duty cycle = 0/8), the output waveform only contains the starting pulse following the

rising edge of the reference waveform, without any added carrier.
The initial pulsewidth is defined by the STARTPW/3:0] field as follows:

tistew = (STARTPW[3:0]+1) x 16 x tsurriv. The pulse width ranges from 63.93 ns to 1.03 ps (for fsprriv = 250
MHz).

The carrier frequency parameter is defined based on the fsurriv frequency and is independent of the CKPSC[2:0]

settings.

In chopper mode, the carrier frequency and initial pulsewidth are combined with the reference waveform using a
logical AND function. A Synchronization occurs at the end of the initial pulse to have a repeated signal shape.

The chopper signal is stopped at the end of the output waveform active state, without waiting for the current carrier
period to be completed. Therefore, the pulses contained in the chopper signal may be shorter than the programmed

pulse.

Figure9-58 SHRTIM Outputs with Chopper Mode Enabled

Crossbar output

Carrier ‘ u u u u

Start (

SHRTIM_CHx1 Start L] u J Carrier J L

pulsewidth
period

L./

Note: CHPI and CHP?2 bits must be set prior to the output enable done with TxyOEN bits in the SHRTIM OEN

register.

CARFRQ[2:0], CARDCY[2:0] and STARTPW{[3:0] bitfields cannot be modified while the chopper mode is active (at
least one of the two CHPx bits is set)

9.3.16 Burst Mode Controller

The burst mode controller allows to have the outputs alternately in IDLE and RUN states by hardware, so as to skip

some switching periods with a programmable periodicity and duty cycle.

The Burst mode operation is commonly used in power converters when operating under light loads. This mode
significantly increase the efficiency of the converter by reducing the number of transitions on the outputs and the

associated switching losses.

When operating in burst mode, one or more pulses are generated after an idle period (equal to several counting

periods), typically, where no output pulses are generated, as shown in the example in Figure9-59.
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Figure9-59 Burst Mode Operation Example

Burst mode trigger
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clock
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counter

SHRTIM_BMCMP =2 SHRTIM_BMPRD=4

The burst mode controller includes:

® A counter that can be clocked by various sources (inside or outside of SHRTIM, typically at the end of a PWM
period).

® A compare register defining the number of idle periods: SHRTIM_BMCMP.

® A period register defining the burst repetition rate (equivalent to the sum of idle and run periods):
SHRTIM_BMPRD.

Note: The duration of IDLE and RUN state in burst mode must be greater than the duration of a PWM output period.

The burst mode controller can take over the control of any one of the 12 PWM outputs. During burst mode operation,
the state of each output is programmed through the IDLESx bit in the SHRTIM_TxOUT register, as described in the

table.

Table9-27 Timer OQutput Programming for Burst Mode

IDLE IDLE Output State during Burst Mode
Mx SX
0 X No action: the output is not affected by the burst mode operation.
1 0 Output inactive during the burst
1 1 Output active during the burst

The burst mode controller only affects the output stage. Some events will still occur during the idle period:
®  Output set/reset interrupts or DMA requests
®  External event filtering based on the Tx2 output signal

®  Capture events triggered by output set/reset
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Operating mode

The counter must be enabled (TXCNTEN set to 1) before using burst mode on a given timing unit. The burst mode
is enabled using the BMEN bit in the SHRTIM_BMCTRL register.

The timing unit can operate in continuous mode or single-shot mode based on the BMOM bit in the
SHRTIM_BMCTRL register. When BMOM = 1, continuous mode is enabled. The burst mode operation will be
maintained until the BMSTS bit in the SHRTIM_BMCTRL register is reset to terminate the burst operation.

In single-shot mode (BMOM = 0), an idle sequence is executed once, following the burst mode trigger, and then

normal timer operation is immediately resumed.

The durations of the idle and run periods are defined by the burst mode counter and 2 registers. The
SHRTIM_BMCMP register defines the number of counts during which the selected timer(s) are in an idle state (idle
period). SHRTIM_BMPRD defines the total burst mode period (sum of idle and run periods). once the initial burst
mode is triggered, the idle period length is SHRTIM_BMCMP+1, and the total burst period is SHRTIM_BMPRD+1.

Note: The burst mode period must not be less than or equal to the deadtime duration defined by the DTR[8:0] and
DTF[8:0] fields.

During burst mode operation, the counters of the timing unit and master timer can stop and reset. SHRTIM BMCTRL
holds 6 control bits for this purpose: MBM (for master timer) and TABM..TFBM (for timers A..F).

When the MBM or TxBM bit is reset, the counter clock is maintained. For example, this can maintain phase

relationships with other timers in a multi-phase system.

If the MBM or TxBM bit is set to 1, the respective counter will stop during the burst idle period and maintain in the
reset state. This allows the timer to restart a full period when exiting from the idle state. If SYNCOSRC/1:0] = 00 or
10 (synchronization output when the main timer or timer A starts), a pulse will be sent on the SHRTIM SCOUT

output when exiting burst mode.
Note: When balanced idle mode is active (DP[1:0] = 0x11), the TxBM bit must not be set.

Note: When TxBM is set, the counter reset event of timer x cannot be used for other purposes, including burst mode

clock sources.

9.3.16.1 Burst mode clock

The burst mode controller counter can be clocked by multiple clock sources, selected with the BMCK[3:0] bits in the
SHRTIM_BMCTRL register:

® BMCK][3:0]=0000 to 0101: master timer and TIMA..F reset/roll-over events. This allows to have burst mode idle
and run periods aligned with the timing unit counting period (both in free-running and counter reset mode).

® BMCK]J[3:0]=0110 to 1001: the clock provided by shrtim_bm_ck[4:1], as shown in the table below. In this case, the
burst mode idle and run periods are not necessarily aligned with the timing unit counting period (pulses on the output

may be interrupted, potentially modifying the waveform duty cycle).

® BMCK]J[3:0] = 1010: the fsurtiv clock prescaled by a factor defined by the BMPSC[3:0] bits in the
SHRTIM_BMCTRL register. In this case, the burst mode idle and run periods are not necessarily aligned with the

timing unit counting period (pulses on the output may be interrupted, potentially modifying the waveform duty cycle).
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Table9-28 Burst Mode Clock Sources from the General-Purpose Timer

SHRTIM Burst mode trigger SHRTIM Burst mode trigger event/
event/ clock signal clock signal ssignment
shrtim_bm_trg btim]1_trgo
shrtim_bm_ckl gtim8_ocl
shrtim_bm_ck2 gtim9_ocl
shrtim_bm_ck3 gtim10_ocl
shrtim_bm_ck4 btiml_trgo

The pulse width on the TIMxx OC output must be at least N fspyrriv clock cycles for the SHRTIM burst mode
controller to detect it.

9.3.16.2 Burst mode triggers

To trigger burst mode operation, 32 sources are available and are selected through the SHRTIM BMTG register:

Software trigger (set by software, reset by hardware)

6 master timer events: repeat, reset/roll-over, compare 1 to 4

6 x 4 events from timers A..F: repeat, reset/roll-over, compare 1 to 2

shrtim_exev7 (including TIMA event filtering) and shrtim_exev8 (including TIMD event filtering)
Timer A period following shrtim_exev7 (including TIMA event filtering)

Timer D period following shrtim_exev8 (including TIMD event filtering)

An on-chip events from other general timers (shrtim_bm_trg input: refer to Table 9-1).

These sources can be used in combination to achieve multi-source concurrent triggering.

The burst mode is not re-triggerable. In continuous mode, new triggers are ignored until the burst mode is terminated,;

in single-shot mode, the triggers are ignored until the current burst completion including run periods

(SHRTIM_BMPRD+1 cycle). This applies to software triggers as well (the software bit is reset by hardware even if
it is discarded).

Figure9-60 shows how the burst mode is started in response to an external events (immediate activation or activation

at a timer period after the event).
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Figure9-60 Burst Mode Trigger on External Event
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For the TAEXEV7 and TDEXEVS combined triggers (triggering at a timer period following an external events), the
external event detection is always active, regardless of the burst mode programming.

® When the burst mode is enabled (BMEN =1) or the trigger is enabled (TAEXEV7 or TDEXEVS bit set in the
BMTGG register) in between the external event and the timer period event, the burst is triggered.

Note: TAEXEV7 and TDEXEVS triggers are only valid after the period event. If the counter is reset before the period

event, any pending shrtim_exev7/8 events will be discarded.
9.3.16.3 Burst mode delayed entry

By default, the output will immediately take their idle level (as per the IDLES1 and IDLES2 settings) after the burst
mode trigger.

It is also possible to delay the burst mode entry and force the output to an inactive state during a programmable period
before the output takes its idle state. This feature is useful when driving two complementary outputs (where one
output has an active idle state) to avoid a deadtime violation, as shown in Figure9-61. This helps prevent the risk of
shoot-through current in the half-bridge, but it causes a delayed response to burst mode entry.
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Figure9-61 Delayed Burst Mode Entry with Deadtime Enabled and IDLESx =1
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The delay burst entry mode is enabled by the DIDLx bits in the SHRTIM_TxOUT register (one enable bit per output).
This mode forces an insertion of deadtime before the output takes its idle state. Each TIMx output has its own

deadtime value:
® DTR[8:0] on output 1 when DIDL1 =1
® DTF[8:0] on output 2 when DIDL2 = 1

The DIDLXx bit can only be set to 1 if one of the outputs has an active idle level during burst mode (IDLES=1) and a
positive deadtime is used (SDTR/SDTF set to 0).

Note: the delayed burst entry mode uses the deadtime generator resources. Therefore, if either of the two DIDLx bits
is set to 1 and the corresponding timer unit uses deadtime insertion (DTEN set to 1 in SHRTIM TxOUT), timerx

output 2 cannot be used as an external event filter (Tx2 filter signal is not available).

When durations defined by DTR[8:0] and DTF[8:0] are lower than 3 furriv 