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1 Abbreviations in The Text

1.1 List of Abbreviations for Registers

The following abbreviations are used in register descriptions:

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_w0) Software can read this bit or clear it by writing' 0', and writing' 1' has no
effect on this bit.

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

Writing' 0' has no effect on this bit.

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

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

effect on this bit value.

toggle(t) Software can only flip this bit by writing' 1', and writing' 0' has no effect on
this bit.
Reserved(Res.) Reserved bit, must be kept at reset value.

1.2 Available Peripherals

For all models of N32G031 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
The main system consists of the following parts:
e  Two main drive units:

—  Cortex®-MO core system bus

—  General purpose DMA

e  Six passive units

Internal SRAM
—  Internal Flash memory

- ADC

—  AHB to AHB bridge, it connects some AHB devices

nsing.com.sg

—  AHB to APB bridges (AHB2APB1 and AHB2APB?2), which connect all APB devices

These are connected to each other through a multi-level AHB bus architecture, as shown in Figure 2-1:
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Figure 2-1 Bus Architecture
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. CPU System bus: It connects the kernel Sbus of the Cortex®-MO to bus matrix,, and is used for instruction pre-fetch,

data loading (constant loading and debug access) and AHB/APB peripheral access.

° DMA bus: The DMA's AHB master interface is connected to the bus matrix, which coordinates access from the kernel
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and DMA to SRAM, Flash and peripherals.

e  The bus matrix coordinates access arbitration between the kernel system bus and the DM A master bus. The arbitration
uses a Round Robin algorithm. The bus matrix consists of two driver components (CPU system bus, DMA bus) and
six slave components (Flash memory interface, SRAM, ADC, and AHB system bus 1/2). Some AHB peripherals are
connected to AHB system bus 1 through a bus matrix, and AHB system bus 2 is connected to two AHB2APB Bridges.

e  The system consists of two AHB2APB Bridges, i.e. AHB2APB1 and AHB2APB2. APBI1 contains 14 APB peripherals
and the maximum speed of PCLK is 4§MHz. APB2 contains 11 APB peripherals with a maximum PCLK speed equal
to 48MHz.

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. The specific mapping is as follows:

Figure 2-2 Bus Address Map

0XE010_0000 ~ OXFFFF_FFFF Reserved
Vendor Specific 511MB

Reserved 0x4002_8400 - OXSFFF_FFFF
Cortex-MO Peripheral IMB HDIV 0x4002_8000 - 0x4002_83FF
O0XEOOF_F000 - 0XEOOF_FFFF ROM Table | Reserved 0x4002_3400 - 0x4002_7TFFF
0XE000_F000 - 0XEOOF_EFFF Reserved CRC 0x4002_3000 - 0x4002_33FF
0xE000_E000 - 0XE000_EFFF NVIC/SCS Rescrved 0x4002_2400 - 0x4002_2FFF
0xE000_3000 ~ 0xEO00_DFFF Rescrved FLASH 0x4002_2000 - 0x4002_23FF
0xE000_2000 - 0XE00_2FFF BPU Reserved 0x4002_1400 - 0x4002_IFFF
0xE000_1000 ~ OXE00_IFFF DWT RCC 0x4002_1000 - 0x4002_13FF
0xE000_0000 - OXE00_OFFF Reserved m Reserved 0x4002_0C00 - 0x4002_OFFF
T ADC 0x4002_0800 - 0x4002_0BFF
< SQRT 0x4002_0400 - 0x4002_07FF
DMA 0x4002_0000 - 0x4002_03FF
Reserved 0x4001_8000 - 0x4001_FFFF
Reserved 0x4001_4800 - 0x4001_7TFFF
SPI2 0x4001_4400 - 0x4001_47FF
Reserved 0x4001_3C00 - 0x4001_43FF
Reserved 2GB USARTI 0x4001_3800 - 0x4001_3BFF
TIMS 0x4001_3400 - 0x4001_37FF
Reserved 0x4001_3000 - 0x4001_33FF
TIM1 0x4001_2C00 - 0x4001_2FFF
Reserved 0x4001_2400 ~ 0x4001_2BFF
~ SPIT_I2S] 0x4001_2000 - 0x4001_23FF
m GPIOF 0x4001_1C00 - 0x4001_IFFF
0x4002_8400 ~ OxSFFF_FFFF Reserved ~y Reserved 0x4001_1400 - 0x4001_1BFF
0x4001_8000 - 0x4002_83FF 'AHB Peripheral < GPIOC 0x4001_1000 - 0x4001_13FF
0x4001_5800 - 0x4001_7TFFF Reserved GPIOB 0x4001_0C00 - 0x4001_OFFF
0x4001_0000 - 0x4001_S7FF 'APB2 Peripheral GPIOA 0x4001_0800 - 0x4001_OBFF
0x4000_7800 - 0x4000_FFFF Reserved EXTI 0x4001_0400 ~ 0x4001_07FF
0x4000_0000 - 0x4000_77FF APBI Peripheral AFIO 0x4001_0000 - 0x4001_03FF
Reserved 0x4000_7400 - 0x4000_77FF
Peripheral 0.5GB PWR 0x4000_7000 - 0x4000_73FF
Reserved 0x4000_5C00 - 0x4000_6FFF
0x2002_0000 - Ox3FFF_FFFF Reserved o et000 3500 - 004000 SBEE
- 12C1 0x4000_5400 - 0x4000_STFF
0x2000_0000 - 0x2000_LFFF S Reserved 0x4000_4C00 - 0x4000_S3FF
— LPUART 0x4000_4800 - 0x4000_4BFF
E USART2 0x4000_4400 - 0x4000_47FF
SRAM 0.5GB < Reserved 0x4000_3400 - 0x4000_43FF
IWDG 0x4000_3000 - 0x4000_33FF
OXIFFF_F610 - OxIFFF_FFFF Reserved WWDG 0x4000_2C00 - 0x4000_2FFF
OXIFFF_F600 - O0xIFFF_F60F OptionBytes RTC 0x4000_2800 - 0x4000_2BFF
OXIFFF_0C00 - OxIFFF_FSFF Reserved CoMP 0x4000_2400 - 0x4000_27FF
OXIFFF_0000 - OxIFFF_OBFF OPA 0x4000_2000 - 0x4000_23FF
0x0801_0000 - OxIFFE_FFFF Reserved Reserved 0x4000_1400 - 0x4000_1FFF
0x0800_0000 - 0x0800_FFFF Main FLASH CODE 0.5GB TIM6 0x4000_1000 - 0x4000_13FF
0x0001_0000 - 0xO7FF_FFFF Reserved LPTIM 0x4000_0C00 - 0x4000_OFFF
0x0000_0000 - 0x0000_FFFF |_Aliased to Flash /SRAM Reserved 0x4000_0800 - 0x4000_0BFF
TIM3 0x4000_0400 - 0x4000_07FF
BEEPER 0x4000_0000 - 0x4000_03FF
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Table 2-1 List of Peripheral Register Addresses

Address range Peripherals Bus
0x4002 8400 — 0x5FFF FFFF Reserved
0x4002_ 8000 — 0x4002 83FF HDIV
0x4002 3400 — 0x4002_7FFF Reserved
0x4002_3000 — 0x4002 33FF CRC
0x4002 2400 — 0x4002 2FFF Reserved
0x4002 2000 — 0x4002 23FF Flash
0x4002 1400 — 0x4002_1FFF Reserved AHB
0x4002_1000 — 0x4002_13FF RCC
0x4002_0C00 — 0x4002_OFFF Reserved
0x4002 0800 — 0x4002 OBFF ADC
0x4002_0400 — 0x4002_07FF SQRT
0x4002_0000 — 0x4002_03FF DMA
0x4001 8000 — 0x4001 FFFF Reserved
0x4001 4800 — 0x4001 7FFF Reserved
0x4001_ 4400 — 0x4001_47FF SPI2
0x4001_3C00 — 0x4001 43FF Reserved
0x4001 3800 —0x4001 3BFF USARTI1
0x4001 3400 — 0x4001 37FF TIM8
0x4001_3000 — 0x4001_33FF Reserved
0x4001_2CO00 — 0x4001 2FFF TIM1
0x4001 2400 —0x4001 2BFF Reserved
0x4001 2000 — 0x4001 23FF SPI1_I°S APB2
0x4001_1CO00 — 0x4001_1FFF GPIOF
0x4001 1400 — 0x4001 1BFF Reserved
0x4001 1000 — 0x4001 13FF GPIOC
0x4001_0CO00 — 0x4001 OFFF GPIOB
0x4001_0800 — 0x4001_OBFF GPIOA
0x4001_0400 — 0x4001_O7FF EXTI
0x4001 0000 — 0x4001 O3FF AFIO
0x4000 7400 — 0x4000_FFFF Reserved
0x4000_7000 — 0x4000_73FF PWR
0x4000_5C00 — 0x4000_6FFF Reserved
0x4000 5800 — 0x4000_SBFF I’C2 APBI1
0x4000 5400 — 0x4000 57FF I’C1
0x4000_4C00 — 0x4000_S3FF Reserved
0x4000 4800 — 0x4000_4BFF LPUART
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Address range Peripherals Bus
0x4000 4400 — 0x4000_47FF USART2
0x4000_3400 — 0x4000_43FF Reserved
0x4000 3000 — 0x4000 33FF IWDG
0x4000 2C00 — 0x4000 2FFF WWDG
0x4000 2800 — 0x4000_2BFF RTC
0x4000 2400 — 0x4000 27FF COMP
0x4000 2000 — 0x4000 23FF OPAMP
0x4000 1400 — 0x4000_1FFF Reserved
0x4000 1000 — 0x4000 13FF TIM6
0x4000 0CO00 — 0x4000_ OFFF LPTIM
0x4000_0800 — 0x4000_OBFF Reserved
0x4000_0400 — 0x4000_O7FF TIM3
0x4000 0000 — 0x4000 03FF BEEPER

2.1.3 Boot Management
2.1.3.1 Boot address

During system startup, you can select the BOOT mode after the reset through the BOOTO pin and the user option byte
BOOT configuration. The value of the BOOT pin will be re-sampled after the system is reset or exits from the Power Down
mode. 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®-MO0 always gets the top-
of-stack value and reset vector from addresses 0x0000 0000 and 0x0000 0004, 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:
e  Boot from Main Flash:

—  Main Flash memory is mapped to the boot space (0x0000_0000);

—  Main Flash memory is accessible in two address areas, 0x0000_0000 or 0x0800_0000;
e  Boot from System Memory:

—  System Memory is mapped to boot space (0x0000_0000);

—  System Memory can be accessed in two address areas, 0x0000_0000 or O0x1FFF_0000;
e  Boot from the embedded SRAM:

—  The embedded SRAM is mapped to boot space (0x0000_0000);

—  The embedded SRAM is accessible in two address areas, 0x0000 0000 or 0x2000_0000;
2.1.3.2 Boot configuration

Three different BOOT modes can be selected through the BOOTO pin and the user option byte BOOT configuration.
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Table 2-2 List of Boot Mode

Boot mode select pin Specifies the start address for accessing
memory space in boot mode
Boot mode
System
nBOOT1 nBOOTO BOOTO pin nSWBOOTO0 Main Flash SRAM
Memory
X X 0 1 0x0000_0000
Main Flash start B 0x1FFF_0000 | 0x2000_0000
X 1 X 0 0x0800_0000 - B
1 X 1 1 System Memory 0x0000_0000
0x08000000 0x2000_0000
1 0 X 0 Start 0x1FFF_0000
0 X 1 1 0x0000_0000
SRAM start 0x08000000 | Ox1FFF_0000
0 0 X 0 0x2000_0000

Note: BOOT0 and GPIO are multiplexed, and input drop - down is used by default during power-on.
2.1.3.3 Embedded boot loader

The embedded boot loader is stored in System Memory for reprogramming Flash Memory through USART1. The
USART!1 interface can run not only with an external clock (HSE) but also with the internal 8MHz oscillator (HSI).. For

further details, please refer to bootstrap manual .

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 memory block and an information block, which are described below: (The capacity value in

the following description does not include ECC)

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

and running user programs and storing data.

e  The information area is SKB, including 10 Pages, and consists of system memory area (3KB), system configuration
area (1.5KB) and option byte area (0.5KB).

—  The System Memory area is 3KB, including 6 Pages, also known as System Memory, and is used for storing and
running the BOOT loader

—  The system configuration area is 1.5KB, including 3 Pages.

—  The Option Byte area is 0.5KB, including 1 Page, also known as Option Byte, with an effective space of 14B,

Both the BOOT program and user programs can read, writn and erase this area.
2.2.1.1 Flash memory module organization

Both the main memory block and the information block are allocated to bus address space memory
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Table 2-3 Flash Bus Address List

Memory Area Page Name Address Range Size
Page 0 0x0800_0000 — 0x0800_01FF 0.5KB
Page 1 0x0800_0200 — 0x0800_03FF 0.5KB
The main memory Page 2 0x0800_0400 — 0x0800_05FF 0.5KB
area
Page 127 0x0800_FE00 — 0x0800_FFFF 0.5KB
System memory area Ox1FFF 0000 — Ox1FFF OBFF 3KB
Information area System configuration area Ox1FFF _F000 — Ox1FFF_F5FF 1.5KB
Option byte area 0x1FFF_F600 — Ox1FFF_F60D 14B
FLASH_AC 0x4002_2000 — 0x4002_2003 4B
FLASH KEY 0x4002_2004 — 0x4002_2007 4B
FLASH_OPTKEY 0x4002_2008 — 0x4002_200B 4B
FLASH_STS 0x4002_200C — 0x4002_200F 4B
Memory area
FLASH_CTRL 0x4002_2010 — 0x4002_2013 4B
interface
. FLASH_ADD 0x4002_2014 — 0x4002_2017 4B
register
Reserved 0x4002_2018 — 0x4002_201B 4B
FLASH_ OB 0x4002 201C — 0x4002_201F 4B
FLASH WRP 0x4002 2020 — 0x4002 2023 4B
FLASH ECC 0x4002 2024 — 0x4002 2027 4B

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

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

interface to program the Flash memory.
e  System configuration area,contains basic information about the chip.

e The option byte area, writing to main memory and information block is managed by embedded Flash

programming/erasing controller.
There are two ways to protect Flash memory from illegal access (read, write and erase):
e  Page write protection (WRP)
e  Page readout 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.
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2.2.1.2 Read and write operation

The Flash operation only supports 32-bit operation, and the Flash should be erased before the write operation, and the

minimum block size for erasing is one page 0.5KB. Write operation is divided into erasing and programming 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 SYSCLK interface. For example, when SYSCLK <= 18MHz,
the minimum number of waiting periods is 0; When 18MHz< SYSCLK <= 36MHz, the minimum number of waiting
periods is 1; When 36 MHz< SYSCLK <=48MHz, the minimum number of waiting periods is 2.

Note: Whether number of wait periods 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: Firstly, writing KEY'1
=0x45670123 in the FLASH KEY register. Secondly, writing the key value KEY2 = 0OxCDEF89AB in the FLASH KEY

register.

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

until the next reset.

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

2.2.1.4 FErase and program
2.2.1.4.1 Erase of main memory area
The main memory area can be erased page by page or whole.
e  Page Erase
Page Erase process:
—  Check the FLASH_ STS.BUSY bit to confirm that there are no other Flash operations in progress;
—  Set the FLASH CTRL.PER bitto' 1';
—  Select the page to be erased with the FLASH ADD register;
—  Set the FLASH CTRL.START bitto' 1';
—  Wait for the FLASH_STS.BUSY bit to change to' 0';
—  Read out the content of the erased page and verify it.
e  Mass Erase
Mass Erase process:
—  Check the FLASH _STS.BUSY bit to confirm that there are no other Flash operations in progress;
—  Setthe FLASH CTRL.MER bitto' 1';
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—  Set the FLASH CTRL.START bitto' 1';
—  Wait for the FLASH STS.BUSY bit to change to' 0';
—  Read out all pages and verify them.

2.2.1.4.2 Main memory area programming

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

Main memory programming process:

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

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

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

e  Read the written address and verify the data.

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

2.2.1.4.3 Option byte erase and programming

The option byte area is programmed differently from the main memory block. The number of option bytes is limited to 7
bytes (2 bytes for write protection, 2 bytes for readout protection, 1 byte for configuration and 2 bytes for storing user data).
After unlocking the Flash, you must write KEY'1 and KEY?2 respectively (refer to 2.2.1.3) to the FLASH _OPTKEY register,
and then set the FLASH CTRL.OPTWE bit to' 1'. At this time, the option byte area can be programmed: set the
FLASH_CTRL.OPTPG bit to' 1' and then write a word to the specified address.

When programming the word in the option byte area, use the low byte in the half-word and automatically calculate the
high byte (the high byte is the complement of the low byte), before starting the programming operation, this ensures that

the option byte and its complement are always correct.

Option byte erase process:

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

e  Setthe FLASH CTRL.OPTER bitto 'l";

e  Setthe FLASH CTRL.START bitto '1";

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

e  Read the erased option byte and verify it.

Option byte area programming process:

e Check the FLASH STS.BUSY bit to confirm that there are no other Flash operations in progress;
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e  Setthe FLASH CTRL.OPTWE bitto 'l";

e  Setthe FLASH CTRL.OPTPG bitto 'l";

e Writing the word to be programmed to the specified address;
e  Wait for the FLASH STS.BUSY bit to change to '0';

e  Read the written address and verify the data.

2.2.1.5 ECC function

The Flash module supports the ECC functionality, enabling 1-bit error detection and correction. ECC encoding and
decoding (error correction and error detection) are performed automatically by the hardware. If an error is detected, an

error 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 8B. Through instruction
prefetching, the instruction execution efficiency of CPU can be improved. The instruction prefetch function can be

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

Option byte block is mainly used to configure read-write protection, boot mode configuration, software/hardware watchdog
and reset options when the system is in PD or STOP mode, and bus address space is allocated to the option byte block for
read-write access. They consist of 7 options bytes : 2 byte for write protection, 2 bytes for readout protection, 1 byte for
configuration option, 2 bytes defined by user,.The option byte block also contains the complement codes corresponding to
these 7 option bytes. These complement codes need to be automatically calculated by hardware when the option bytes are

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

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

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

skipped and verification is not required.
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Table 2-4 Option Byte List

[31:24] [15:8]
[23:16] [7:0]
Address Corresponding Corresponding
Option byte Option byte
complement code complement code
0x1FFF_F600 nUSER USER nRDP1 RDPI
0x1FFF_F604 nDatal Datal nData0 Data0
O0x1FFF_F608 nWRP1 WRP1 nWRPO WRPO
0x1FFF_F60C Reserved Reserved nRDP2 RDP2

Readout protection L1 level option byte: RDP1

—  Protect the code stored in the Flash memory;

—  When the correct value is written, it is not allowed to read the Flash memory;

—  The result of whether RDP1 is turned on or not can be inquired through FLASH OBJ[1];

User configuration options: USER

The USER [7:6]: Reserved;

USERJ[5]: nSWBOOTO0_SEL configuration option, which can be queried by FLASH OB[7]
0: nBOOTO configuration option used for BOOT mode selection
1: BOOTO Pin is used to select the BOOT mode
— USER[4]: nBOOT1 configuration option, which can be queried by FLASH_OB[6]
— USER[3]: nBOOTO configuration option, which can be queried by FLASH OB[5]
— USER[2]: nRST_PD configuration option, which can be queried through FLASH OBJ[4]
0: A reset occurs when PD mode is entered
1: No reset occurs when entering PD mode
— USER[1]: nRST_STOP configuration option, which can be queried through FLASH OB[3]
0: A reset occurs when entering STOP mode
1: No reset occurs when entering the STOP mode
— USER[0]: WDG_SW configuration option, which can be queried by FLASH OBJ[2]
0: Hardware watchdog
1: Software watchdog
2 bytes of user data: Datax
— Datal (stored in FLASH_OBJ[25:18]);
— Data0 (stored in FLASH_OB [17:10]);

Write protection option byte: WRPO ~ 1, which can be inquired through the register FLASH WRP [15:0]
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—  WRPO: Write protection for pages 0 to 63, bit[0] corresponds to Page (0 to 7)..., bit[7] corresponds to Page
(56~63);

—  WRPI1: Write protection for pages 64~127, bit[0] corresponds to Page (64~71)..., bit[7] corresponds to Page
(120~127);

e  Readout protection L2 level option byte: RDP2
— Add protection function on the basis of L1, refer to the detailed description of readout protection in section 2.2.1.9;
—  The result of whether RDP2 is turned on or not can be inquired through FLASH OB [31];

2.2.1.8 Write protection

Write protection can be configured for all pages of the Flash main memory area (maximum 64KB), to prevent accidental
write operations caused by programcrashes or electrical disturbances. The basic unit of write protection is as follows: for
Page 0 t0127, every 8 pages is a basic protection unit. Write protection can be configured by setting WRP0O andWRP1 in
the option byte block; After each configuration, a system reset is required for the configured value to be reloaded to take

effect. If an attempt is made to program or erase a protected page, a protection error flag will be returned in the FLASH_STS.
The system information area contains the following blocks:
e  The system memory block (3KB) in the system information area stores the boot program and cannot be changed.

e  The system configuration block (1.5KB) in the system information area stores the basic information of the chip and

cannot be changed.

e  The option byte block (0.5KB) in the system information area stores the user-configurable option byte information.
The write protection of the option byte block is achieved by writing 0 to the FLASH CTRL.OPTWE bit by software,
and after that, you can write the correct key value sequence to FLASH OPTKEY to release the write protection of

the option byte.
2.2.1.9 Readout protection

The user code in Flash can be protected against unauthorized reading by setting readout protection. Readout protection is
set by configuring RDP bytes in the option byte block. Three different readout protection levels can be configured, as

shown in the following Table

Table 2-5 Read Protection Configuration List

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

—  In unprotected state(RDP1 == 0xAS5 & nRDP1 == 0x5A) && (RDP2!= 0xCC | nRDP2!= 0x33);
— The main memory area and option bytes can be read arbitrarily;
— The main memory area and options bytes can be programmed and erase, with configurable read/write protection.
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L1 level:

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

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

mode;

—  All main memory pages can be programmed by code executed in main Flash memory (for functions such as IAP

or data memory)

—  All main memory pages are not allowed toperform write or erase operations in debug mode or after booting from

internal SRAM (except for mass erase);

—  All functions of loading code into the embedded SRAM through JTAG/SWD remain effective, and they can be
started from the embedded SRAM through JTAG/SWD, which can be used to remove readout protection;

—  When the read-protected option byte is rewritten to the unprotected LO level, all the main memory areas will be
automatically erased, and the process is as follows: (Erasing the option byte block will not result in automatic
whole erasing operation, because the result of erasing is OxFF, which is equivalent to remainingin the protection
state of L1 level)

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

o  Bus write 0xAS5 to readout protection option byte;

o Internally, automatically erase all main memory areas;

o Internally, automatically write 0xAS5 to readout protection option byte;

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

value 0xAS5) will be reloaded into the system, and the readout protection will be released;

L2 level: Except that SRAM boot disabled, debug mode disabled, option byte write/page erase disabled and the
protection level cannot be modified (irreversible), other features are the same as L1 level. The L2 level is realized by
configuring another option byte, RDP2. No matter what the value of RDP1 is, as long as it satisfies (RDP2==0xCC
& nRDP2==0x33), it is L2 level.

2.2.1.10 Permission protection

Flash main memory area permissions:

—  Under LO level: the main memory area can be read;the write protection attributes for each Page can be configured

in the main memory for programming and page erasing.memory;
—  Under L1/2 level:

o When executed in SWD debug mode or after booting from internal SRAM, all Pages is not allowed
(W/R/PE) operations;

o  The Pages 0 to 7 are automatically write-protected, and other Pages can be programmed through the code
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executed in the main Flash memory area (implementing functions such as IAP or data memory);
o  Other Pages can configure the write protection property of each Page;
o When the L1 level is modifiedto the LO level, all Flash main memory areas will be automatically erased;
Flash option byte area permission:
—  Under the LO/L1 level:all accesses are allowed (W/R/PE);
—  Under L2 level: except for debug mode, all other modes allow read-only access to the Flash option byte area.
Flash system memory area permissions:

—  Only the code executed in the system memory area is allowed to access (W/R/PE),the code executed in Flash

and SRAM, or through the debug interface, is not allowed access to the Flash system memory area.

—  Under L1/L2 level: jumping to system memory to execute code from SRAM is not allowed access to the Flash

system memory area (W/R/PE); in other cases, access to the Flash system memory area is allowed (W/R/PE).
Flash system configuration area:
—  User information: reading the area is only allowed after booting or jumping to system memory.

— ID information: this area can be read at Level 0, access is prohibited through SWD debug mode at Level 1/L.2,
and access is prohibited after booting from SRAM at Level 1, refer to Table 2-6 for details;

Table 2-6 Flash Read-write-erase( Permission Control Table

Boot Mode Main Flash

Protect Changing A
Perform user

Level Protection Level
eve SWD | Main Flash | System Memory | SRAM rotection Leve
Access area
Before 4KB of Read- ) Read-
) Read- . Read-Write- .
Flash main memory . Write- Write-
Write-Erase Erase
area Erase Erase
Read- . Read-
After 4KB of Flash Read- . Read-Write- )
. . Write- Write-
main memory area | Write-Erase Erase
Erase Erase
LO Change to L1 or L2
level Flash main memory is allowed
Allow Allow Allow Allow

arca mass €rase

. Read- . Read-
Flash option byte Read- . Read-Write- .
. Write- Write-
area Write-Erase Erase
Erase Erase
Flash system prohibit prohibit Read-Write- prohibit
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memory area Erase
Read and Read and ) Read and
SRAM (All) ) ) Read and write )
write write write
Before 4KB of
Flash main memory Prohibit Read-only Read-only Read-only
area
Read- . Read-
After 4KB of Flash o ) Read-Write- )
] Prohibit Write- Write-
main memory area Erase
Erase Erase Change to LO or L2
is allowed.
Flash main memory
Allow Allow Allow Allow When Changed to
L1 area mass erase
level L0, the main
Read- Read- memory area is
Flash option byte Read- Write. Read-Write- Wiite. automatically
area Write-Erase Erase
Erase Erase erased.
Flash system . . ) o
Prohibit Prohibit Read-write-erase Prohibit
memory area
Read and Read and ) Read and
SRAM (All) ) ) Read and write .
write write write
Before 4KB of
Flash main memory Read-only Read-only Read-only
area
After 4KB of Flash Read- ) Read-
] ] Read-write-erase ]
main memory area write-erase write-erase
Flash main memory SWD
Allow Allow Allow . .o
L2 area mass erase The No modification is
level interface is allowed.
Flash option byte disabled
1sabled. Read-only Read-only Read-only
area
Flash system L ) o
Prohibit Read-write-erase Prohibit
memory area
Read and ) Read and
SRAM (All) . Read and write .
write write
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Boot mode SRAM
protect Changing a
Perform user i
level Protection Level
eve SWD Main Flash | System Memory | SRAM rotection Leve
Access to area
Before 4KB of )
. Read-write- Read- . Read-
Flash main memory ) Read-write-erase )
erase write-erase write-erase
area
After 4KB of Flash | Read-write- Read- ) Read-
] ] Read-write-erase ]
main memory area erase write-erase write-erase
Flash main memory All All All All
LO area mass erase ow ow ow ow Change toL1orL2
level is allowed
Flash option byte | Read-write- Read- . Read-
) Read-write-erase )
area erase write-erase write-erase
Flash system . . ) o
Prohibit Prohibit Read-write-erase Prohibit
memory area
Read and Read and . Read and
SRAM (All) ) ) Read and write .
write write write
Before 4KB of
Flash main memory Prohibit Read-only Read-only Prohibit
area
After 4KB of Flash o Read- ) o
. Prohibit . Read-write-erase Prohibit Change to LO or L2
main memory area write-erase
is allowed.
Flash main memo
L1 v Allow Allow Allow Allow When changed to
area mass erase L0, the main
level )
memory area is
Flash option byte Read-write- Read- Read- :
P Y ] Read-write-erase ) automatically
area erase write-erase write-erase erased.
Flash system L L o o
Prohibit Prohibit Prohibit Prohibit
memory area
SRAM (All) Read and Read and Read and write Read and
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write

write

write

Before 4KB of
Flash main memory

arca

After 4KB of Flash

main memory area

Flash main memory

arca mass €rasc

No modification is

L2
level L2 protection level, cannot boot from SRAM allowed.
eve
Flash option byte SWD is banned.
area
Flash system
memory area
SRAM (All)
Boot mode System Memory
protect Changing a
level Perform user Jump to System Memory | Jump to Protection Level
SWD
Access to area Flash Start the SRAM
Before 4KB of )
. Read-write- Read- . Read-
Flash main memory ) Read-write-erase )
erase write-erase write-erase
area
After 4KB of Flash | Read-write- Read- ) Read-
) ) Read-write-erase )
main memory area erase write-erase write-erase
LO . Change to L1 or L2
Flash main memory .
level Allow Allow Allow Allow is allowed
area mass erase
Flash option byte | Read-write- Read- . Read-
) Read-write-erase .
area erase write-erase write-erase
Flash system L . . .
Prohibit Prohibit Read-write-erase Prohibit
memory area
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Read and Read and ) Read and
SRAM (All) . . Read and write .
write write write
Before 4KB of
Flash main memory Prohibit Read-only Read-only Read-only
area
After 4KB of Flash o Read- . Read-
] Prohibit ) Read-write-erase )
main memory area write-erase write-erase | Change to LO or L2
is allowed.
Flash main memory
Allow Allow Allow Allow When Changed to
L1 area mass erase
level L0, the main
Flash option byte | Read-write- Read- Readowrit Read- memory area 18
ead-write-erase .
area erase write-erase write-erase automatically
erased.
Flash system . . ) o
Prohibit Prohibit Read-write-erase Prohibit
memory area
Read and Read and ) Read and
SRAM (All) ) ) Read and write i
write write write
Before 4KB of
Flash main memory Read-only Read-only Read-only
area
After 4KB of Flash Read- ) Read-
) ) Read-write-erase )
main memory area write-erase write-erase
Flash main memory SWD
Allow Allow Allow . .
L2 area mass erase The No modification
level interface is allowed
Flash option byte disabled
1sabled. Read-only Read-only Read-only
area
Flash system . . .
Prohibit Read-write-erase Prohibit
memory area
Read and ) Read and
SRAM (All) . Read and write .
write write
Note: VErase here refers to Flash page erase.
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2.2.2 SRAM

SRAM is mainly used for operation to store variables and data or stacks during program execution. The maximum capacity
is 8KB.

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

SRAM supports code execution and can run programs at full speed in SRAM. The maximum address range of SRAM is
0x2000 0000 to 0x2000 1FFF.

In PD mode, data cannot be retained in SRAM; in other operating modes (RUN/LPRUN/SLEEP/STOP), data can be

retained normally. The main features are as follows:

e  The maximum capacity is 8KB in total.

e  Supports byte/half word/word reading and writing.

e  CPU/DMA can be accessed.

e  The CPU BUS can be remapped to SRAM to run the program at full speed.
2.2.3 FLASH Register Description

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

2.2.3.1 Flash register overview

Table 2-7 Flash Register Overview

Offset Register ;‘2‘2‘%‘R‘ﬁ‘m‘m‘n‘m‘a‘g‘a‘f‘:‘2‘:‘:‘:‘2‘:‘9‘0‘4»‘@ | <] e NI_IO
v | @
e | o=
aladl g
FLASH_AC E E E LATENCY
000h Reserved gz 3
&
Reset Value 1 1 0 | 0 | 0
FLASH_KEY FKEY
004h
Reset Value 0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘O‘O‘O‘O‘OIOIOIOIO
FLASH_OPTKEY OPTKEY
008h
Reset Value 0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0 ofofofjoOofOo]O]O]O
= =
FLASH_STS =l3|c|&8|B|E|B|83
_ Ol z|®H|IE2l 2|9 2|@a
00Ch Reserved 8 g = ¥n. g
Reset Value 0 = 00 = 0 = 0
&
Elw m | m
ZlE|IL|EE|<|%|E|E|2] x|«
FLASH_CTRL 5 % AR E 3 g ElE g o E
010h Reserved S|a|5|&|5|5|~|w|c|c]| 5
m ] 0 Q
&~ (-4 &~
Reset Value 010 010 1]10(0]0 0of[0]0
FLASH_ADD FADD
014h
v oo oo oo e e e e o e e e e e e e e o e e [e e [ T
018h Reserved
= alblz
E § Q i: S m‘; m‘Eg
01Ch FLASH_OB & Reserved Datal Data0 2 1813|385 D Q£|5
F4 z |Z2|%8|%8|%|2|E|=|°
= =
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Offset Register - 2‘%‘%|Z|3 Sglalgle|slgl2|z(z|ele|2|le|d|z|S|lale|nfe|lvft|a|la]l =]
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 0|0
FLASH_WRP WRPT

020h Reserved
Reset Value 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1
FLASH_ECC ECC

024h Reserved
Reset Value O‘OIOIOIOIO

2.2.3.2 Flash control and status registers

For abbreviations related to register descriptions, please refer to section 1.1.
2.2.3.3 Flash access control register (FLASH_AC)

Address offset: 0x00

Reset value: 0x0000 0030

31 16
Reserved
15 6 5 4 3 2 1 0
Reserved PRFTBFS|PRFTBFE Reserved LATENCY
r ™ ™w
Bit Field Name Description
31:6 Reserved Reserved, the reset value must be maintained.
5 PRFTBFS Pre-fetch buffer status

This bit indicates the state of the pre-fetch buffer
0: The pre-fetch buffer is disabled.

1: The pre-fetch buffer is enabled.

4 PRFTBFE The pre-fetch buffer is enabled

0: Disables the pre-fetch buffer.

1: Enables the pre-fetch buffer.

3:2 Reserved Reserved, the reset value must be maintained
1:0 LATENCY Time delay
These bits represent the ratio of the SYSCLK (system clock) cycle to the flash

access time

00: Zero periodic delay, when 0 < SYSCLK < 18MHz

01: A periodic delay, when 18MHz < SYSCLK < 36MHz
10: Two periodic delay, when 36MHz < SYSCLK < 48MHz
11: Reserved

2.2.3.3.1 Flash key register (FLASH_KEY)
Address offset: 0x04

Reset value: 0xXXXX XXXX
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31 16
FKEY[31:16]
w
15 0
FKEY[15:0]
w
Bit Field Name Description
31:0 FKEY Used to unlock the FLASH_CTRL.LOCK bit.
2.2.3.3.2 Flash OPTKEY register (FLASH OPTKEY)
Address offset: 0x08
Reset value: 0xXXXX XXXX
31 16
OPTKEY([31:16]
w
15 0
OPTKEY[15:0]
w
Bit field Name Description
31:0 OPTKEY Used to unlock the FLASH CTRL.OPTWE bit.
2.2.3.3.3  Flash status register (FLASH_STS)
Address offset: 0x0C
Reset value: 0x0000 0000
31 16
Reserved
15 8 7 6 5 4 3 2 1 0
Reserved ECCERR | Reserved| EOP |WRPERR| Reserved | PGERR | Reserved | BUSY
rc_wl rc_wl rc_wl rc_wl T
Bit Field Name Description
31:8 Reserved Reserved, the reset value must be maintained
7 ECCERR ECC error
Error reading Flash, hardware set this to '1', write '1' to clear this state.
6 Reserved Reserved, the reset value must be maintained
5 EOP End of the operation
When the Flash operation (programming/erasing) is complete, the hardware sets
this to '1"' and writing '1' clears this state.
Note: EOP status is set for each successful programming or erasure.
4 WRPERR Write protection error
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Bit Field

Name

Description

When attempting to program a write protected Flash address, hardware sets this to

'1" and writing '1' clears this state.

Reserved

Reserved, the reset value must be maintained

PGERR

Programming errors
When trying to program to an address whose content is not '0XFFFF_FFFF', the
hardware sets this to '1'. Writing 'l' clears this state.

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

Reserved

Reserved, the reset value must be maintained

BUSY

Busy
This bit indicates that a Flash operation is in progress.This bit is set to '1" at the
start of the Flash operation; This bit is cleared to '0' at the end of the operation or

when an error occurs.

2.2.3.3.4 Flash control register (FLASH_CTRL)

Address offset: 0x10

Reset value: 0x0000 0080

31 16
I I I I Reselrved I I I I I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reselrved ECS%RR EOPITE | Reserved | ERRITE | OPTWE | Reserved | LOCK | START | OPTER | OPTPG |Reserved| MER | PER PG
I ™w ™ ™ ™ ™ ™ ™ ™ ™ ™ ™
Bit Field Name Description
31:14 Reserved Reserved, the reset value must be maintained
13 ECCERRITE ECC error interrupt
This bit allows interrupts to occur when the FLASH_STS.ECCERR bit changes to
"
0: Forbid interruption.
1: Interrupts are allowed.
12 EOPITE Allow operation completion interrupt.
This bit allows an interrupt to be generated when the FLASH _STS.EOP bit
becomes '1".
0: Forbid interruption.
1: Interrupts are allowed.
11 Reserved Reserved, the reset value must be maintained
10 ERRITE Allow error status to be interrupted
This bit allows interrupts in the event of Flash errors (when
FLASH STS.PGERR/FLASH STS.WRPERR is set to 'l").
0: Forbid interruption.
1: Interrupts are allowed.
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Bit Field

Name

Description

9

OPTWE

Allows option bytes to be written

When the bit is' 1 ', programmatic manipulation of the option byte is allowed.
When the correct key sequence is written to the FLASH OPTKEY register, the
bit is set to '1".

Software can clear this bit.

Reserved

Reserved, the reset value must be maintained

LOCK

Lock

This bit can only be written as 'l'.When the bit is' 1 ', Flash and FLASH CTRL
are locked. Hardware clears this bit to '0" after detecting a correct unlock
sequence.

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

system reset.

START

Start
An erase operation is triggered when the bit is' 1 '.This bit can only be set by

software to '1' and cleared to '0' when FLASH STS.BUSY changes to '1'.

OPTER

Erase option bytes
0: Disable option bytes erase mode;

1: Enable option bytes erase mode.

OPTPG

Program option bytes
0: Disable option bytes program mode;

1: Enable option bytes program mode.

Reserved

Reserved, the reset value must be maintained

MER

Mass erase
0: Disable mass erase mode;

1: Enable mass erase mode.

PER

Page erase
0: Disable mass erase mode;

1: Enable mass erase mode.

PG

Program

0: Disable Program mode;

1: Enable Program mode.

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

2.2.3.3.5 Flash address register (FLASH_ADD)

Address offset: 0x14

Reset value: 0x0000 0000
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31 16
FADDI[31:16]
w
15 0
FADD[15:0]
w
Bit Field Name Description
31:0 FADD Flash memory address
Select the address to program when programming and the page to erase when
erasing.
Note: When the FLASH STS.BUSY bit is ', this register cannot be written.
2.2.3.3.6  Flash option byte register (FLASH_OB)

Address offset: 0x1C

Reset value: 0x03FF FFFC

31 30 26 25 18 17 16
RDPRT2 I I Reserved I I I I I Dallal I I I DallaO
is 10 9 8 7 6 s 4 3 2 Lo
I I Datad I I Reserved BOOTo | BOOTI [ nBOOTO [nRST_PD| "R3T- |WDG_SW| RDPRT! | OBERR
Bit Field Name Description
31 RDPRT2 Readout protection level L2
0: Readout protection L2 is disabled.
1: Readout protection L2 is enabled.
Note: This bit is read-only.
30:26 Reserved Reserved, the reset value must be maintained
25:18 Datal[7:0] Datal
Note: This bit is read-only.
17:10 Data0[7:0] Data0
Note: This bit is read-only.
9:8 Reserved Reserved, the reset value must be maintained
7 nSWBOOTO0 For the usage rules, see 2.1.3.2 Boot configuration.
6 nBOOTI For the usage rules, see 2.1.3.2 Boot configuration.
5 nBOOTO0 For the usage rules, see 2.1.3.2 Boot configuration.
4 nRST_PD The Power Down mode is used to reset the configuration
0: A reset occurs immediately after the system enters the Power Down mode.
Even if the system enters the Power Down mode, the system will be reset instead
of entering the Power Down mode.
1: The system does not reset after entering the Power Down mode.
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Bit Field

Name

Description

Note: This bit is read-only.

nRST STOP

Enter the STOP mode to reset the configuration

0: A reset occurs immediately after entering the STOP mode. Even if the process
of entering the STOP mode is executed, the system will be reset instead of
entering the STOP mode.

1: No reset is generated after the STOP mode is entered.

Note: This bit is read-only.

WDG_SW

Watchdog Settings
0: Hardware watchdog.
1: Software watchdog.

Note: This bit is read-only.

RDPRT1

Readout protection level L1
0: The L1 level of readout protection is disabled.
1: L1 readout protection is enabled.

Note: This bit is read-only.

OBERR

Option byte error

When this bit is' 1, the option byte does not match its inverse.

Note: This bit is read-only.

2.23.3.7

Flash write protection register (FLASH_WRP)

Address offset: 0x20

Reset value: 0x0000 FFFF

31

Reserved

Bit Field Name Description
31:16 Reserved Reserved, the reset value must be maintained
15:0 WRPT Write protection

This register contains the write protection option byte loaded by option byte area.
0: Write protection takes effect.

1: Write protection is invalid.

Note: These bits are read-only.

2.2.3.3.8 Flash ECC register (FLASH_ECC)

Address offset: 0x24

Reset value: 0x0000 0000
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31 16
Reserved
15 6 5 0
Reserved ECC
T
Bit Field Name Description
31:6 Reserved Reserved, the reset value must be maintained
5:0 ECC After writing a word to a 32-bit Flash address,the corresponding higher 6-bit ECC
value.

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. MCU supports the following
modes: RUN, LPRUN, SLEEP, STOP and PD (Power Down) . PWR controls voltage regulator, Clock sources, Resets and

Flash/SRAM/GPIO status in different power modes.
3.1.1  Power Supply

e  MCU has an external Vpp supply. Embedded voltage regulator is used to supply the internal 1.5V digital power

supplies. Voltage regulator has two modes, normal mode and low power mode.
—  Vpp: 1.8V~5.5V, which mainly provides power input for MR, 10 and clock reset system.

—  Vppa: 1.8V~5.5V, which mainly provides power for most analog peripherals. For details, please refer to the

electrical characteristics section of the relevant data sheet.
— VDDA and VSSA must be connected to VDD and VSS respectively.
e  Voltage regulator operates in several different modes, depending on the application:
—  RUN mode: The voltage regulator provides power in normal power mode.
—  LPRUN mode: The voltage regulator provides power in normal power mode.

—  SLEEP mode: The voltage regulator provides power in normal power mode.

53 / 548

NSING Technologies Pre. Lid.

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

Tel: +65 69268090

Email: sales@nsing com.sg



NSING nsing.com.sg

—  STOP mode: The voltage regulator provides power in low power mode and the output voltage can be configured

to 1.5V or 1.2V by software.

—  PD mode: The voltage regulator is turned off.

Figure 3-1 Power Supply Block Diagram

VDDA domain

TS COMP OPAMP

(VDD)VDDA  [K—
(VSS)VSSA  XF— ADC

VDD domain
eFlash
GPIOs
VSS §|7
E Wakeup Logic CPU
Voltage regulator 8K SRAM
vDD X
POR/PDR_VDD PVD Digital Peripherals

HSE LSE

POR/PDR_VDDD

HSI LSI PLL

3.1.2  Power Supply Supervisor
3.1.2.1 Power on reset (POR) and power down reset (PDR)

Power on reset (POR) and power down reset (PDR) circuits are integrated inside the chip. When Vpp/vppa is below the
specified limit voltage VPOR/VPDR, the system remains in a reset state without an external reset circuit. Refer to the

electrical characteristics section of the data sheet for details on power-on and power-off resets.
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Figure 3-2 Power on Reset/Power down Reset Waveform
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I |
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[ Temporization

| tRSTTEMPO

RESET

3.1.2.2 Programmable voltage detector (PVD)

The PVD monitors the power supply by comparing the Vpp voltage with the relevant bits in the power control register
(PWR_CTRL). PWR _CTRL.PLS select the threshold of the monitoring voltage. Enable PVD by setting the
PWR CTRL.PVDEN.

The PWR_CTRLSTS.PVDO flag is used to indicate whether the Vpp is above/below the PVD voltage threshold. This
event is connected internally to EXTI linel6 and produces an interrupt if the interrupt is enabled in the external interrupt
register. A PVD break occurs when the Vpp drops below the PVD threshold and/or when the Vpp rises above the PVD
threshold, according to the rise/fall edge trigger setting of EXTI line 16. For example, this feature can be used to perform

emergency shutdown tasks.
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Figure 3-3 PVD Threshold Diagram
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3.1.3 NRST

NRST is an analog PAD. In STOP mode, PWR detects NRST reset event and asynchronously switches voltage regulator

back to normal mode.

3.2 Power Modes

The MCU has five power modes: RUN, LPRUN, SLEEP, STOP and PD. Different mode has different performance and

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

Table 3-1 Power Modes

Mode Condition Enter Exit
- : Power up, system reset,

CPU is running kel Enter LPRUN, SLEEP, STOPor

RUN or wakeup from other PD mod
. mode.

all peripherals are configurable. power modes.

CPU runs at LSI or LSE, PLL is

turned off, and all peripherals are
LPRUN from configurable.

. o software control software control

SRAM Voltage regulator is running in

normal mode.

Flash enter deep standby mode.
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Mode Condition Enter Exit
CPUruns at LSI or LSE, PLL is
turned off, all peripherals are
LPRUN from
configurable. software control software control
Flash
Voltage regulator is running in
normal mode.
CPU enters sleep mode, the core is
turned down;
WFI
all peripherals are configurable, .
SLEEP i o CPU returns from ISR Any interrupts wakeup event.
regulator is running in normal mode;
WFE
Interrupts & Events can wakeup
CPU.
CPU enters deep SLEEP, peripherals
clock are disabled. Voltage regulator | WFI/WFE:
runs in LP mode. Flash enters deep
1) SCB_SCR.SLEEPDE
standby mode. HSE/HSI/PLL are - . )
. EP = 1, no pending Any interrupts wakeup event
STOP disabled. LSE/LSI are configurable. i
interrupts/events. through EXTI, NRST, IWDG.
RTC//LPUART/LPTIM/COMP are
optional. SRAM/ALII registers are 2) PWR_CTRL.PDSTP
retained All 1O are retained . After =0
waking up, HSI is enabled.
WFI/WFE:
Voltage regulator is OFF, all clocks
. 1) SCB_SCR.SLEEPDE
are OFF, most 10 output High-Z. - . o .
EP =1, no pending WKUPO0/1/2 rising or falling
PD NRST/PA0. WKUPO/PC13 WKUPI1 | |
- - interrupt/event. edge, NRST reset.
/ PA2_WKUP2 can wake up the
chip. 2) PWR_CTRL.PDSTP
=1

Note: In STOP mode, after wakeup, the code can resume and continue from stopped location.

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

Table 3-2 Peripheral Running Status

Stop Mode Power Down Mode
Peripheral Run/Active | Sleep | Low Power Run Wakeup Wakeup
Status Status
Capability Capability
Cortex®-M0 Y - Y - - - -
Flash (0] (0] O O - - -
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SRAMSKB
POR/PDR
PVD

DMA
USART/UART
LPUART

1°C

SPI

CAN

RTC

TIMER
LPTIMER
HSE

HSI

LSE

LSI

PLL

IWDG
WWDG

ADC
Temperature Sensor
OPA
LPCOMP
SysTick timer
CRC
HDIV/SQRT
GPIOs

o=~
o~

O|I0|0|0|0 |0 |0|O|0|0|IK|X
o
o

oo
oo

o |0

O|I0|0|O|C|O|O|O|O|O0|O0O|Q|O|O|O|O|O|O|O0|0|0|0 |0 |0 |0 ||
O|I0|0|O|OC|O|O|O|O|Q0|0O|Q|O|O|O|O|O|O|O0|0|0|0 |00 |0 ||

O|0|0|0 |0 |0 |0

o o - 3 pins

Notes:
(1) Y: Yes (Enable), O: Optional (Disabled by default, Enabled by software), -: Not available.
(2) The pins that can wake up from the PD are PAO (WKUP(), PC13 (WKUPI), PA2 (WKUP2), and NRST.

3.2.1 LPRUN Mode

In LPRUN mode, the system clock source can be configured as LSI or LSE by RCC_LSCTRL.LPRUNCLKSEL; PLL is
off; all peripherals are configurable; the voltage regulator operates in normal mode. If the code runs in SRAM,
PWR_CTRL4.LPRUNFLH can be configured to make the Flash enter deep standby mode. It cannot be configured if
running on Flash.After entering LPRUN mode, the user cannot configure RCC_CFG.SCLKSW/2:0] to switch thesystem

clock.
3.2.1.1 Entering LPRUN mode

Before entering the LPRUN mode, user needs to turn on the LSI or LSE, and select the system clock source in the LPRUN
mode through RCC_LSCTRL.LPRUNCLKSEL, and then configure PWR_CTRL4.LPRUNEN = 1,user can configure the
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Flash to enter the deep standby mode as required. Note that a write key is required to enable write protection before
accessing the PWR CTRLA4 register.

3.2.1.2 Exiting LPRUN mode

Software sets PWR_CTRL4.LPRUNEN = 0 to exit LPRUN mode, user can turn off LSI or LSE and switch system clock

as needed. After exiting LPRUN mode, Flash automatically returns to normal mode.
3.2.2 SLEEP Mode

The CPU stops, all peripherals including peripherals around the Cortex®-MO core (such as NVIC, SysTick, etc.) can run

and wake up the CPU when an interrupt or event occurs.
3.2.2.1 Entering SLEEP mode

Enter SLEEP mode by executing WFI(Wait For Interrupt) or WFE(Wait For Event) instruction with
SCB_SCR.SLEEPDEEP = 0. Depending on the SCB_ SCR.SLEEPONEXIT, there are two options for SLEEP mode entry:

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

system enters sleep mode immediately.

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

3.2.2.2 Exiting SLEEP mode

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

mode.

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

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

e  Enable an interrupt in the peripheral control register instead of NVIC, and enable the SCB_ SCR.SEVONPEND. When
MCU resumes from WFE, the peripheral interrupt pending bit and the peripheral NVIC interrupt channel suspend bit

(in NVIC interrupt clear pending register) must be cleared.

e  Configure an external or internal EXTI event mode. When the MCU wakes up, it is not necessary to clear the
peripheral interrupt pending bit and the peripheral NVIC interrupt channel pending bit (in the NVIC interrupt clear
pending register) because the pending bit corresponding to the event line is not set. This mode provides the shortest

wake-up time because there is no time spent on interrupt entry or exit.
3.23 STOP Mode

STOP mode is based on the Cortex®-MO deep sleep mode combined with peripheral clock gating. The voltage regulator
operates in low power mode. The output voltage can be configured as 1.5V/1.2V. The HSE/HSI/PLL are disabled. The
LSE/LSI can be configured to enable. All GPIO states, SKB SRAM and all registers are retained All 10, IWDG and PVD
can be used to wake up the CPU. Or other peripherals (RTC/LPUART/LPTIM/COMP) can be configured to wake up. After

waking up, the HSI is turned on, and the code starts from where it hangs. Flash is in deep sleep mode.
3.23.1 Entering STOP mode

To enter the STOP mode, user needs to set SCB_ SCR.SLEEPDEEP = 1 and PWR_CTRL.PDSTP =0.
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If a Flash operation is in progress, entering STOP mode will be delayed until the memory access is completed.

If the access to the APB area is in progress, entering the STOP mode will be delayed until the APB access is completed.
In STOP mode, the following peripherals are available:

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

e  RTC: It can be enable by RCC_LSCTRL.RTCEN.

e  LPUART/LPTIM/COMP/PVD peripherals can wake up.

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

e  External 32.768kHz crystal oscillator (LSE OSC): It can be turned on by RCC_LSCTRL.LSEEN.

ADC should be disabled when entering STOP mode to avoid unnecessary power consumption.

Note: If the application needs to disable the external clock before entering the stop mode, it must first switch the system
clock to HSI and then deassert RCC_CTRL.HSEEN bit. If RCC_CTRL.HSEEN bit remains asserted and the external clock
(external oscillator) is removed when entering the stop mode, the clock safety system (CSS) function must be enabled to

detect any external oscillator failure.
3.2.3.2 Exiting STOP mode

When an interrupt or wake-up event wakes up STOP mode, the HSI RC oscillator is selected as the system clock, codes
resumed from suspended location. Since the voltage regulator is in low-power mode in STOP mode, it consumes more
startup time. In addition, users can configure PWR_CTRL4.FLASHWKUP = 1 before entering STOP to shorten the wake-
up time of Flash.

3.24 PD Mode

PD (Power Down) mode is based on Cortex®-MO deep sleep mode, which can achieve lower power consumption. In this
mode, the CPU, all peripherals, voltage regulator, HSE/HSI/PLL/LSE/LSI clock sources and all digital power supplies are
turned off. Except for NRST/PAO/PC13/PA2, most 1O ports output High-Z.

3.24.1 Entering PD mode

To enter the PD mode, user needs to set SCB_SCR.SLEEPDEEP = 1 and PWR_CTRL.PDSTP = 1.

If a Flash operation is in progress, entering STOP mode will be delayed until the memory access is completed.

If the access to the APB area is in progress, entering the STOP mode will be delayed until the APB access is completed.
3.24.2 Exiting PD mode

The MCU exits PD mode when external reset (NRST pin), rising/falling edge of WKUP pin event occurs. And all registers

will be reset after waking up.

After waking up from PD mode, code execution is same as power on (boot pin is detected, reset vector is read, etc.).

3.3 Debug Support

By default, if the application set the MCU to SLEEP, STOP or PD mode while using the debug features, the debug

connection will be lost. This is due to the Cortex®-MO core losing its clock.
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However, by setting some configuration bits in the DBG_CTRL register, it is possible to debug the software even when
using in STOP and PD modes. If these register bits are configured, the voltage regulator and HSI will not be disabled or
turned off.

3.3.1 Low Power Mode Debug Support

When debugging in low-power modes, it is essential to ensure that the FCLK of the core is turned on to provide the
necessary clock for core debugging. User can debug the MCU in low power modes according to specific operations (Need
to guarantee the output of FCLK in low power mode). For specific operations and features, please refer to the description
of DBG_CTRL.PD and DBG_CTRL.STOP in Chapter 3.4.9.

3.3.2  Peripheral Debug Support

In addition to supporting debug in low power mode, it also supports some peripherals to stop operating in debug state
(TIM1, TIM3, TIM6, TIMS, LPTIM, I>C1, I’C2, IWDG, WWDG). For specific operations and features, please refer to the
description of the other bit fields of the DBG_CTRL register in Chapter 3.4.9.

3.4 PWR Registers

3.4.1 PWR Register Overview

Table 3-3 PWR Register Overview

Offset Register ;l%‘ﬂlﬁlﬁ‘ﬁ‘{}‘ﬁ‘ﬁ‘ﬁ‘5‘3‘3“’2‘2‘2‘2‘2‘2"l“:‘i’c~ w‘l\luo‘m |||~
0x00 =) 4 E % o
& Sg15(Z2|e|38
PWR_CTRL — =) «n |2
= Reserved [l ] z| 2 E 218
= ~ a3 1]
Ol T (-4
Reset value i {oJoJoJoJolo o o
0x04 =
B|&|E|E& ol Bl&
E|8|z]|& 2l=15
PWR_CTRLSTS
- Reserved 21222 Reserved z g ¥
22|22 2|z
R
Reset value 1 0f0 0 0]0]0
0x08 &
=
2
PWR_CTRL2
- Reserved 8 Reserved
£
Reset value 1
0x14 z
PWR_CTRL3 9
- Reserved A Reserved
Reset value 0
0x20 vl Tz o
Sl DA T |2
21212 3 |2|Z
PWR_CTRL4 % % 5 2 e
Reserved 2| z| % 2 = E
515 = I~ e
Reset value 0 1 0 0 [0
0x24
<
B | 3
PWR_CTRLS Reserved Z Z
S
z 4
5 &~
170]
Reset value 0 !
0x28 —
<
Z
PWR_CTRL6 2 )
Reserved % %
@ &
Reset value 010
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oma| rever |z |2|als]s]s|a]a]ala] s ]s]e|=]=]e]e]z]2] 2 =] o] =] ] ] ]]-]¢
oxo | PRO-CTRE Reserved % § % ; S g § % § E g é Reserved =5 §
Reset value 0 0olo ; ; 0 ololo 0lo
3.4.2 Power Control Register (PWR_CTRL)
Address offset: 0x00
Reset value: 0x0000 0200
31 16
I I I I I " Reened I I I I I
15 . . o0 9 8 . _s 4 3 2 1 0
Reserved PDR PLS[3:0] PVDEN | s bR | iR o | PDSTP | Reserved
— ' ~ D N v v
Bit Field Name Description
31:10 Reserved Reserved, the reset value must be maintained.
9 PDR Tune Vppp PDR trigger level during STOP mode.
0: Vopp PDR trigger at 1.0V
1: Vopp PDR trigger at 1.2V
Only Vppp POR/PDR can reset this bit.
8:5 PLS[3:0] PVD level selection.
PVD threshold is controlled below:
PWR_CTRL.PLS | Voltage
0000 1.8v
0001 2.0v
0010 2.2v
0011 2.4v
0100 2.6v
0101 2.8v
0110 3.0v
0111 3.2v
1000 3.4v
1001 3.6v
1010 3.8v
1011 4.0v
1100 4.2v
1101 4.6v
1110 4.8v
1111 5.0v
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Bit Field

Name

Description

4

PVDEN

Enable of Power voltage detector. Software control.
0: PVD disabled
1: PVD enabled

CLRDBGPDF

Clear DBG_PD mode flag.

Always read as 0.

0: No effect.

1: Clear PWR_CTRLSTS.DBGPDF bit flag after 2 System clock cycles. (write)

CLRWKUPF

Clear wake up flag.

Always read as 0.

0: No effect.

1: Clear PWR_CTRLSTS.WKUPF bit flag after 2 System clock cycles. (write)

PDSTP

Enter STOP/PD mode selection

Software will set and clear this bit.

0: Enter STOP mode when CPU enters deep-sleep mode.
1: Enter PD mode when CPU enters deep-sleep mode.

0

Reserved

Reserved, the reset value must be maintained.

343

Power Control Status Register (PWR_CTRLSTS)

Address offset: 0x04

Reset value: 0x0000 0800

31

' ' ' ' ' '  Rewned ' ' ' ' ' '
15 12 11 10 9 8 7 3 2 1 0
" Reeved WRP | WL | WELPL | WEDPO I Reserved I PVDO |DBGPDF| WKUPF
. . . — — — — . . . . . . :
Bit Field | Name Description
31:12 Reserved Reserved, the reset value must be maintained.
11 WKUPPOL Wakeup polarity for PAO/PA2/PC13. To wakeup PD mode by using rising edge or falling
edge. Make sure disable wakeup enable before changing polarity value.
0: Falling edge
1: Rising edge
10 WKUP2EN Enable PA2_ WKUP pin

Software can set and clear this bit.

0: WKUP pin is used for general purpose I/O. An event on the WKUP pin does not wakeup
the device from PD mode.

1: WKUP pin is used for wakeup from PD mode.

Note: This bit is reset by Vppp POR/PDR Reset only.
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Bit Field

Name

Description

9

WKUP1EN

Enable PC13_WKUP pin

Software can set and clear this bit.

0: WKUP pin is used for general purpose 1/0. An event on the WKUP pin does not wakeup
the device from PD mode.

1: WKUP pin is used for wakeup from PD mode.

Note: This bit is reset by Vppp POR/PDR Reset only.

WKUPOEN

Enable PAO_ WKUP pin

Software can set and clear this bit.

0: WKUP pin is used for general purpose I/O. An event on the WKUP pin does not wakeup
the device from PD mode.

1: WKUP pin is used for wakeup from PD mode.

Note: This bit is reset by Vopp POR/PDR Reset only.

Reserved

Reserved, the reset value must be maintained.

PVDO

PVD output.

Hardware will set and clear this bit. It is valid only if PWR_CTRL.PVDEN = 1.

0: Vpp/Vppa is higher than the PVD threshold selected with PWR_CTRL.PLS[3:0]
1: Vbp/Vppa is lower than the PVD threshold selected with PWR_CTRL.PLS[3:0]

DBGPDF

DBGPD mode status bit.

When entering DBGPD mode, hardware sets this bit to '1".

Hardware clears this bit when software sets PWR_CTRL.CLRDBGPDF = 1.
Only Vopp POR/PDR can reset this bit.

0: Chip never entered DBGPD mode

1: Chip has entered DBGPD mode

WKUPF

DBGPD mode wake-up status bit.

This bit is set by hardware after WKUP pin wakes up DBGPD mode.
Hardware clears this bit when software sets PWR_CTRL.CLRWKUPF = 1.
Only Voop POR/PDR can reset this bit.

0: No wakeup event occurred

1: A wakeup event was received from the WKUP pin

3.4.4

Power Control Register 2 (PWR_CTRL?2)

Address offset: 0x08

Reset value: 0x0000 0400

31

T T T T T T T T T T T T T T
Reserved

L L L L L L L L L L L L L L
15 11 10 9 0

T T T T T T T T T T T T

Reserved }{\;/'l%?\l Reserved
L L L L L L L L L L L L
™w
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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 reset to RCC.

1: Independent watchdog can generate reset to RCC.

9:0 Reserved Reserved, the reset value must be maintained.

3.4.5 Power Control Register 3 (PWR_CTRL3)
Address offset: 0x14

Reset value: 0x0000 037F

31 16
Reserved
15 8 7 6 0
Reserved LSIEN Reserved
™

Bit Field | Name Description
318 Reserved Reserved, the reset value must be maintained.
7 LSIEN Control PWR to enable LSI.

0: PWR continues requesting LSI clock after system enter STOP mode
1: PWR stops requesting LSI clock after system enter STOP mode

6:0 Reserved Reserved, the reset value must be maintained.

3.4.6 Power Control Register 4 (PWR_CTRL4)
Address offset: 0x20
Reset value: 0x0000 0020

This register has write protection. Before each software write operation to this register, it must first write the key

0x0175_3603 to this register to release the write protection.

31 16
T T T T T T T T T T T T T T T
Reserved
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 7 6 5 4 3 2 1 0
T T T T T T T T T
LPRUN | LPRUN | LPRUN STB FLH
. . . . Reserved . . . . STS FLH EN Rcsclmd FLH | WKUP
T ™ ™w ™w ™w
Bit Field | Name Description
31:7 Reserved Reserved, the reset value must be maintained.
6 LPRUNSTS LPRUN mode entry status.

This bit is set and cleared by hardware.
0: System exited LPRUN mode
1: System in LPRUN mode
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Bit Field | Name Description

5 LPRUNFLH Flash low-power control for LPRUN mode.
0: Put Flash to deep standby after chip enters LPRUN mode
1: Keep Flash to normal operating state after chip enters LPRUN mode

4 LPRUNEN LPRUN mode enable

This bit is set and cleared by software and can also be cleared by hardware in STOP and PD
modes.

0: System exits LPRUN mode

1: System enters LPRUN mode

3:2 Reserved Reserved, the reset value must be maintained.

1 STBFLH Flash deep standby mode enable (RUN, can be configured in SLEEP mode)

This bit is set and cleared by software and can also be cleared by hardware in STOP and PD
modes.

0: Flash back to normal mode

1: Flash enters deep standby mode

0 FLHWKUP Flash fast wakeup enable
0: Disable fast wake-up when system exits from STOP (wake-up time ~10us)

1: Enable fast wake-up when system exits from STOP (wake-up time ~5us)

3.4.7 Power Control Register 5 (PWR_CTRLS)
Address offset: 0x24

Reset value: 0x0000 0007

31 16
Reserved
15 4 3 2 1 0
1 1 1 1 1 I{eselrved 1 1 1 1 1 lv[RSSéI_‘L?[ 1 0] I{eselrved
™
Bit field | Name Description
31:4 Reserved Reserved, the reset value must be maintained.
3:2 SLPMRSEL Vppp output voltage selection after system enters STOP mode.

Before configuring these bits, software must first configure PWR_CTRL6.SLPMREN ="11".
00: Reserved

01: Vppp output voltage is 1.5V

10: Reserved

11: Vpbp output voltage is 1.2V

Only Vpop POR/PDR can reset this bit.

1:0 Reserved Reserved, the reset value must be maintained.

3.4.8 Power Control Register 6 (PWR_CTRL6)
Address offset: 0x28
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Reset value: 0x0000 0000

31 16
15 4 3 2 1 0
' ' ' '  Rened ' ' ' ' ke Reserved
. . . . . . . . . . . n.N .
Bit Field | Name Description
314 Reserved Reserved, the reset value must be maintained.
3:2 SLPMREN Vpbp output voltage selection enable
00: After entering STOP mode, Vbbb output voltage remains at 1.5V
01: Reserved
10: Reserved

11: After entering STOP mode, Vppp output voltage is controlled by PWR_CTRLS5.SLPMRSEL
Only Vppp POR/PDR can reset this bit.

1:0 Reserved Reserved, the reset value must be maintained.

3.49 Debug Control Register (Dbg_ CTRL)
Address offset: 0x30
Reset value: 0x0000 0000

Only Vppp POR/PDR can reset this register. Only after connecting to the Debugger, software can write access to this

register.
31 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 B 3 B B r(‘)V
20 Reeved | M3 [ Reservea | TIMI | WWDG [ 1WDG ' Reserved. ' pp | stop | sieep
™ I ™ ™ ™ ™ I I I I ™ ™ ™
Bit Field | Name Description
31:21 Reserved Reserved, the reset value must be maintained.
20 TIM8STP TIMBS stops operating when core enters debug state.
This bit is set or cleared by software.
0: The counter of TIMS8 operates normally
1: The counter of TIMS stops operating
19 Reserved Reserved, the reset value must be maintained.
18 TIM6STP TIMG stops operating when core enters debug state.
This bit is set or cleared by software.
0: The counter of TIM6 operates normally
1: The counter of TIM6 stops operating
17 LPTIMSTP LPTIM stops operating when core enters debug state.
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Bit Field

Name

Description

This bit is set or cleared by software.
0: The counter of LPTIM operates normally
1: The counter of LPTIM stops operating

16

12C2TIMOUT

I2C2 stops SMBUS timeout mode when core is stopped.
This bit is set or cleared by software.
0: Same as normal mode operation

1: Frozen the timeout control of SMBUS

15

12CITIMOUT

I2C1 stops SMBUS timeout mode when core is stopped.
This bit is set or cleared by software.
0: Same as normal mode operation

1: Frozen the timeout control of SMBUS

14:13

Reserved

Reserved, the reset value must be maintained.

12

TIM3STP

TIM3 stops operating when core enters debug state.
This bit is set or cleared by software.

0: The counter of TIM3 operates normally

1: The counter of TIM3 stops operating

11

Reserved

Reserved, the reset value must be maintained.

10

TIM1STP

TIM1 stops operating when core enters debug state.
This bit is set or cleared by software.

0: The counter of TIM1 operates normally

1: The counter of TIM1 stops operating

WWDGSTP

WWDG stops operating when core enters debug state.
This bit is set or cleared by software.

0: The counter of WWDG operates normally

1: The counter of WWDG stops operating

IWDGSTP

IWDG stops operating when core enters debug state.
This bit is set or cleared by software.

0: The counter of IWDG operates normally

1: The counter of IWDG stops operating

Reserved

Reserved, the reset value must be maintained.

PD

Debug PD mode control.

This bit is set or cleared by software.

0: (FCLK off, HCLK off) system enters PD mode, digital circuit part is unpowered. From a
software point of view, exiting PD mode is the same as a power-on reset.

1: (FCLK on, HCLK on) system enters DBGPD mode, digital circuit part is powered, and FCLK
clock is provided by the internal RC oscillator. In addition, the microcontroller exits DBGPD

mode by generating a system reset, which is the same as a system reset.
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Bit Field | Name Description

1 STOP Debug STOP mode control.

This bit is set or cleared by software.

0: (FCLK off, HCLK off) system enters STOP mode, clock controller disables all clocks
(including HCLK and FCLK). When exiting STOP mode, the configuration of the clock is the
same as after reset (Microcontroller is clocked by the 8MHz internal RC oscillator (HSI)).
Therefore, software must reconfigure the clock control system to enable PLL, external oscillator,
etc.

1: (FCLK on, HCLK on) system enters DBGSTOP mode, FCLK clock is provided by the
internal RC oscillator. When exiting DBGSTOP mode, the software must reconfigure the clock
control system to enable PLL, external oscillator, etc. (same operation as when configuring this

bit to 0).

0 SLEEP Debug SLEEP mode.

Set or cleared by software.

0: (FCLK on, HCLK off) In SLEEP mode, FCLK is provided by the previously configured
system clock, and HCLK is off. Since SLEEP mode does not reset the configured clock system,
software does not need to reconfigure the clock system when exiting from SLEEP mode.

1: (FCLK on, HCLK on) In DBGSLEEP mode, both FCLK and HCLK clocks are provided by

the previously configured system clock.
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4 Reset and Clock Control (RCC)

4.1 Reset Control Unit

N32G031 supports the following two types of reset:

o Power Reset

e  System Reset
4.1.1 Power Reset

A power reset occurs in the following circumstances:

e Power-on/ Power-down reset (POR/PDR reset).
e  When exiting PD mode.
A power reset will set all registers to their reset values (see Figure 3-1).

The reset source will finally act on the NRST pin and remain low during reset. The reset entry vector is fixed at address
0x0000_0004. For more details, see Table 6-1 Vector table.

4.1.2  System Reset
Except for the following registers, a system reset will reset all registers to their reset states:
e RCC_CTRL.HSEBP

e RCC_CTRLSTS

e RCC_EMCCTRL

e RCC_LSCTRL.LSEBP

e PWR CTRL.STPPLSEN
e PWR _CTRL.PDR

e PWR CTRLS

e PWR CTRL6

e DBG CTRL

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

e Alow level on the NRST pin (external reset)
e  Window watchdog event(WWDG reset)

e Independent watchdog event(IWDG reset)

o  Software reset (SW reset)

e Low power management reset
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e  MMU protection reset

e  RAM parity error reset

e EMC reset

The reset source can be identified by checking the reset flags in the Control/Status register (RCC_CTRLSTS).
4.1.2.1 Software reset

A software reset can be generated by setting the SYSRESETREQ bit in Cortex®-MO0 Application Interrupt and Reset

Control Register. Refer to Cortex®-MO technical reference manual for further information.
4.1.2.2 Low-power management reset
Low-power management reset can be generated by using the following methods:

e  Generate low-power management reset when entering PD mode: This reset is enabled by resetting the nRST PD bit
in User Option Bytes. In this case, whenever a PD mode entry sequence is successfully executed, the system is reset

instead of entering PD mode.

e  Generate low-power management reset when entering STOP modes: This reset is enabled by resetting the
nRST STOP bit in User Option Bytes. In this case, whenever a STOP mode entry sequence is successfully executed,

the system is reset instead of entering STOP modes.

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

NRST System Reset

D<—>|: ]— Filter

\

—

14

IWDG reset

WWDG reset

Pulse [ MMU protection reset
Gf?nerator - L SWreset
(min 20us)

EMC reset

RAM parity reset

Low Power
Management reset
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4.2 Clock Control Unit

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

e  HSE oscillator clock

e PLL clock

e LSI oscillator clock

e LSE oscillator clock

The devices have the following two secondary clock sources:

e  LSI: 30 kHz low-speed internal RC can be used to drive independent watchdog (IWDG) and drive RTC, LPTIMER
and LPUART through program selection. It is used for Auto-wakeup from STOP mode.

e  LSE:32.768 kHz low-speed external crystal can also be used to drive RTC,LPTIMER and LPUART through program

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

The frequency of the AHB, APB (APB1 and APB2) domains can be configured by the user through multiple prescalers.
The maximum allowable frequency of the AHB domain, APB1 domain and APB2 domain is 48§MHz.

All peripheral clocks are derived from the system clock (SYSCLK) except in the following cases:
e  ADC clock is the AHB/PLL divided clock.
e  LPUART operating clock can come from one of the following six sources, which can be configured by software:
—  HSIclock
—  HSE Clock
— LSl clock
—  LSE clock
—  SYSCLK system clock
—  APBI clock (PCLK)
e  LPTIMER operating clock can come from one of the following six sources, which can be configured by software:
—  HSIclock
—  HSE Clock
—  LSIclock
—  LSE clock
- COMP _oUuT

—  APBI clock (PCLK)
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e  RTCCLK clock source can be provided by HSE/128, LSE or LSI clock.
—  LSE clock
—  LSIclock
—  HSE clock divided by 128

e IWDG clock source is LSI oscillator.

e  Flash memory programming interface clock is always the HSI clock

RCC provides Cortex system timer (SysTick) external clock with the AHB clock (HCLK) divided by 8. Either the above
clock or the Cortex clock (HCLK) can be selected to drive the SysTick by programming the SysTick control and status

registers.

The timer clock frequency is automatically set by hardware in the following 2 cases:

e Ifthe APB prescaler is 1, the timer clock frequency is the same as the frequence of the APB bus it it connected to.
o  Ifthe APB prescaler is not 1, the timer clock frequency is twice the frequence of the APB bus it it connected to .

FCLK is the free running clock of the Cortex®-MO0. Refer to ARM's Cortex®-MO Technical Reference Manual for details.
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4.2.1 Clock Tree Diagram
Figure 4-2 Clock Tree
Clock Tree
Legend:
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1. The maximum frequency available for the system clock is 4SMHz.

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

Characteristics" section in the product datasheet.

4.2.2 HSE Clock

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

In HSE bypass mode or crystal mode, RCC_CTRL.HSEEN needs to be set to 1. If RCC_CTRL.HSEEN=0, HSE will be

turned off.

To reduce distortion of the clock output and shorten the start-up settling 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 Clock Source

External Clock Crystal/Ceramic Resonators
OsSC ouT OSC IN OsSC ouT
! ! ! !
LT LT
T (HiZ)
External Clock Source Crystal
Cl C2

4.2.2.1 External clock source (HSE bypass mode)

In this mode, an external clock source must be provided. Its frequency can be up to 20MHz. Users can select this mode by
setting the RCC_CTRL.HSEBP and RCC_CTRL.HSEEN bits. When PFO0 is used as an external clock signal (square wave,
sine wave or triangle wave with 50% duty cycle), it must be connected to the OSC_IN pin, and the OSC_OUT pin must be
floating (Hi-Z). See Figure 4-3.

4.2.2.2 External crystal/ceramic resonator (HSE crystal mode)

The 4 to 20MHz external oscillator has the advantage of producing a more accurate main clock for the system. The
associated hardware configuration is shown in 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.

If the user needs to change the configuration of RCC_CTRL.HSEBP during operation, it should be configured before
enabling RCC_CTRL.HSEEN.

4.2.3 HSI Clock

The HSI (High Speed Internal) clock signal is generated by an internal 8MHz RC oscillator and can be directly used as the

system clock or PLL input. The HSI RC oscillator can provide a clock source without any external devices. It also has a
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shorter startup time than the HSE crystal oscillator. However, its frequency is less accurate even with calibration.

The manufacturing process determines that the RC oscillator frequency of different chips will be differentTherefore, the

HSI clock frequency of each chip has been calibrated to 1% (25°C) before leaving the factory.

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

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

If the HSE crystal oscillator fails, the HSI clock can be used as a backup source. Refer to section 4.2.8 Clock security
system (CLKSS).

4.2.4 PLL Clock

The internal PLL can be used to multiply the HSI or the HSE clock frequence. Refer to Figure 4-4. The settings of the PLL
(selecting HSI or HSE as the input clock of the PLL, selecting the multiplier, selecting the prescaler and the postscaler)
must be completed before it is activated. Once the PLL is activated, these parameters cannot be changed. The PLL can be
configured using control bits in RCC_CTRL and RCC_CFG registers.

When switching the input clock source of the PLL, the original clock source must be turned off after configuring the new
clock source (through the clock configuration register bit RCC_CFG.PLLSRC).

If the PLL interrupt is enabled in the clock interrupt register, an interrupt request can be generated when the PLL is ready.
The input frequency Fix range is from 4to 20MHz.
PLL VCO(Four) frequency range requires 48MHz <=Fn*M/N<72MHz.

The system frequency is derived from the PLL VCO frequency divided by the postscale factor, and it is needed to be
configured correctly to avoid SYSCLK exceeding 48MHz by the software.

In addition, user can also configure RCC_CTRL.PLLBP to bypass the PLL frequency division and frequency multiplication

function.

Figure 4-4 PLL Clock Configuration

/N M

Fin Four SYSCLK
PLLPRE PLLMUL PLLOUTDIV —

HST

HSE

PLLBP

4.2.5 LSE Clock
The Low Speed External clock signal (LSE) can be generated from the following two clock sources:
e  LSE crystal/ceramic resonator
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e  LSE external clock(bypass)
4.2.5.1 LSE crystal clock source

The LSE crystal is a 32.768 kHz low-speed external crystal or ceramic resonator. It provides a low-power and accurate

clock source for real-time clock or other timing functions.
The LSE clock can be switched on and switched off by setting the RCC_ LSCTRL.LSEEN bit.

The RCC_LSCTRL.LSERD bit flag indicates if the LSE clock is stable. At startup, the LSE output 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).

4.2.5.2 LSE external clock source

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_LSCTRL.LSEBP (when RCC_LSCTRL.LSEEN disable) 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).

4.2.6 LSI Clock

The LSI RC can provide clock for the IWDG and AWU in STOP mode. The LSI clock frequency is about 30KHz. Please

refer to the electrical characteristics section of the data sheet for further information.
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).

4.2.7 System Clock (SYSCLK) Selection

After the system reset, the HSI oscillator is selected as the system clock. When the clock source is used as the system clock

directly or indirectly through PLL, it is not possible to stop HSI.

A switch from one clock source to another occurs only if the target clock source is ready (after startup delay or PLL locked).

When the selected clock source is not ready, the switching of the system clock will not happen.

RCC_CFG.SCLKSWTJ1:0] are used to select the system clock source. Status bits in RCC_CTRL and RCC_LSCTRL

indicate which clock is ready, and RCC_CFG indicates which clock is currently used as the system clock.

4.2.8 Clock Security System (CLKSS)

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

If the HSE clock fails, the HSE oscillator will be automatically turned off, and a clock failure event will be sent to the break
input of the advanced timers (TIM1 and TIMS), and the Clock Security System Interrupt CLKSSIF will be generated,
allowing the software to execute rescue operations. The CLKSSIF interrupt is connected to the NMI (Non-Maskable
Interrupt) interrupt of the Cortex®-MO0.

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

429 RTC Clock
By programming RCC _LSCTRL.RTCSEL[1:0] bits, the RTCCLK clock source can be the HSE/128, LSE, or LSI clocks.
4.2.10 Watchdog Clock

If the independent watchdog has been started by hardware option or software, the LSI oscillator will be forced truned on
and cannot be turned off. The clock is supplied to the IWDG after the LSI oscillator is stable.

4.2.11 LPUART Clock

In normal operating mode, the LPUART clock supports six clock sources: HSI, HSE, LSI, LSE, SYS CLK and
LPUART PCLK. Since HSI, HSE, SYSCLK and PCLK will be turned off in low power mode, software should switch the
LPUART clock to LSI or LSE before entering low power mode..

4.2.12 LPTIME Clock

In normal operating mode, the LPTIME clock supports six clock sources: HSI, HSE, LSI, LSE, PCLK1 and COMP_OUT.
Since HSI, HSE and PCLK will be turned off in low power mode, software should switch the LPTIMER clock to LSI, LSE
or COMP_OUT before entering low power mode.

The switching without glitches between HSI, HSE, LSI, LSE, and PCLK1, software must ensure that both clocks are turned

on before switching.

When switching from HSI, HSE, LSI, LSE, PCLK1 to COMP_OUT, software cooperation is required:

1. Make sure the clock is on before switching

2. Set COMP_CTRL.EN = 0, make sure COMP off

3. Set RCC_APBI1PCLKEN.LPTIMEN = 1, turn on LPTIM

4. Set RCC_CFG2.LPTIMSEL = 5, select COMP_OUT as clock source

5. Set COMP_CTRL.EN = 1, turn on COMP

4.2.13 Microcontroller Clock Output(MCO)

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

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

e SYSCLK
e HSI

e HSE

e LSI

e LSE
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PLL clock division

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

4.3 RCC Registers

4.3.1 RCC Register Overview

Table 4-1 RCC Register Overview

nsing.com.sg

Offset Register ;|%|g|%|§|?ﬁ R Q =l IS BN = e 2|1’|‘2|§|:|2|c\|w l\l\olmlvlmm-—o
5|z & 2 Glalslz =1z
214l 5 A o AEIEIE =|2|&
RCC_CTRL e 2 j g (Q 21 7 HSITRIM[4:0] E =1z
000h Reserved = |&| 3 & 2 3= 2= Reserved HE e
o Q 5]
~ ~
Reset Value 0]0 1 0 0ojojojo 1 | 0 |0 |0 0 111
9 Z
MCORES MCO & | PLLOUTDIV | PLLPRE | PLLMULFCT APB2PRES | APBIPRES AHBPRES « | SCLKSW
RCC_CFG SCLKSTS2 X
= [3:0] [2:0] = [1:0] [1:0] [3:0] [2:0] [2:0] [3:0] 21 2o
004h G 2
Reset Value 0 |0 | 1 |0 0 | 0 | 0]0 0 0 0 0 0jo0]o 0 0 ojojojojofojo 0 OJoJoJO]O]oO
= |1z
~ S NN - = 9 |
4 2| 314 | ~ |El1Z21Z21z|2]|72]| = e | = I
g AEIEIEIEE AFHEHEBEHEMEIEHEEEE
RCC_CLKINT 21 3 (zlzl2lzlzle]l 2| & [212|2[2]|2]|2(2] B |%|%|2|2]=|=
008h Reserved » 5 g135|5 ?7‘) o ; g E) E) 3lal|z|8 |7 ) sl |2]|zl2|= A
S| g |=|22]|2]19]138] 5| = |<|=|=[=|=]" sl=|=1="|"
&~ &~ o~ [ ~
Reset Value 0 0 0 ojojojo 0 ojojojojofojo 0OJoJoJO]O]oO
5
RCC_APB2PRST FAEEIEEE EE SIEEEE
- Zlzlzlzlz1=]| 2|5 515151 z|=
00Ch Reserved SI1E1Elg|l@|5] 8|S |Reserved [S|S |2 8|5
=) 4 4 . e
Reset Value 0 01]o0 010 0 ojlojo 0
=] = = =
e e | e 2|2 2 21912l |2
=1 & & & gl e k=1 o} %) ol %
RCC_APBIPRST g I~ 812 Zlg g 2 &le = HEE
010h 2 g Reserved S| S |Reserved | 2] 55 2 § Reserved 2| E E 2| E g
i =] = K | = | gl
Reset Value 0 0 0 0ojo 0 0olo]jo 0
z =z z z
& g1l 212|x|8] <2
RCC_AHBPCLKEN I 2 2] 8|E e §
014h Reserved < Reserved z|lo|2]|2 2 % ala
— & - & -—
Reset Value 0 0o (U 1 0
5 Z |z 4 W 4 4
c|la|& Z14& & 5 Ro) B =
RCC_APB2PCLKEN z lg1s|38|2=]38]& MEIREE
= g E E Sl=l=]| 2 % NEREIEE
018h Reserved s |E|FE|&8la]|2] 5| S |Reserved [2]2(2] &<
=) 3 3 3
~ o — o~ —
Reset Value 0 o]0 010 0 0]0]j0 0
z Z
z |z z ) v
- =l i 4] =N 4 z|z|&|%]z
gl 5 | a|a A AEEIE AEIHEEE
RCC_APBIPCLKEN | Zf B [ a8 |z Z= EEE AHEHEE
01Ch S g |= Reserved S | 2 |Reserved | 2 | & Reserved ; 52| S |Reserved | 2 | E & g|E 2
3 312 5|0 = 3
~ ~|O =) ~
Reset Value 0 0 0 0 0 0 S 0O JoJOo]JoOo]oO
)
3
2|2z Slelz
Slzl4 =12 =8 P4
RCC_LSCTRL 2 8 9 RT[f(S)]EL 1= é g1z
020h Reserved 2 2= ' a1=1=17]
=%
3
Reset Value ojofjoto oJojojojr1r]1
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<78 S )
= Sl B =
zlzl21g|2| 2 |2 15lel5]5]E
172}
RCC_CTRLSTS Slela| 2l 521212522
024h - Reserved AFEIEHEE EEHAEEEE
eserve s|s LZ) A ; z|a||=]|E]|=2]|~
o) Bl ) -
Reset Value ojJojJojo]o 0 0 1j1]o]o0]jo
=
=
g 20 5|2
RCC_AHBPRST & > 2| &
028h Reserved <Qr; Reserved % 3 g Reserved
| || S =]
Reset Value 0 0 0
—
X %
5 LPUARTSEL | LPTIMSEL ADCIMPRES =1 . ADCPLLPRES ADCHPRES
Reeerer = po |2 [2:0] [40] gl [4:0] [3:0]
02Ch = Reserved : ) . Reserved : al g : :
o < )
& &
Reset Value 0 0|0 |0 0 o |o oo ft]i]f1]o oloflo]oJo]oJofo]o
— nlal—|e ) o~ — | al—=lol2 o ol B=A Exl EsB Bl <
E E & E g1zls12l 51 5 1515 E H EEE R E E EE
RCC_EMCCTRL 4 e lel2lg1zlgl2l g | 2[££ alalalalgla]a]2|ala]lglea
- a - N L I E EE R E R EHEBEEHAREHAEEREE
030h Reserved ] ] Ol% |olololaol © [N RSN RSN REH ECH RCH RCR RCH BCH BTN kGH kel kel k=] k)
Reset Value 0 o oo fo]Jo]Jojof o | o fofloJoJoJoJo]Jo]o |o]ofofo]o]o

4.3.2  Clock Control Register (RCC_CTRL)
Address offset: 0x00

Reset value: 0x0080 0083

31

26 25 24 23 22 21 20 19 18 17 16

T T T
Reserved
1 1 1

T
PLLRDF | PLLEN |© UﬁgUT PLLBP Reserved CLKSSEN| HSEBP |HSERDF | HSEEN

T ™ ™ ™ ™ ™ T ™
8 2 1 0

T T T
Reserved
1 1 1

HSITRIM[4:0] Reserved | HSIRDF | HSIEN

™ T ™

Bit Field

Name

Description

31:26

Reserved

Reserved, the reset value must be maintained

25

PLLRDF

PLL clock ready flag

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

1: PLL is ready

24

PLLEN

PLL enable

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

0: Disable PLL

1: Enable PLL

23

PLLOUTEN

PLL clock output enable bit.
0: PLL clock output is disabled
1: PLL clock output is enabled

22

PLLBP

PLL bypass mode
0: Four = FIW*M/N (PLL VCO frequency)

1: Four = Fix (bypass output)
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Bit Field

Name

Description

21:20

Reserved

Reserved, the reset value must be maintained.

19

CLKSSEN

Clock security system enable

Set and cleared by software.

0: Disable the clock detector

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

18

HSEBP

External high-speed clock bypass enable

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

0: Disable the bypass function of HSE oscillator

1: Enable the bypass function of HSE oscillator

17

HSERDF

External high-speed clock ready flag

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

0: HSE is not ready

1: HSE is ready

16

HSEEN

External high-speed clock enable

Set and cleared by software. When entering the LPRUN,STOP or PD mode, it is
cleared by hardware. This bit cannot be cleared when HSE is used as the system
clock.

0: Disable HSE oscillator

1: Enable HSE oscillator

15:8

Reserved

Reserved, the reset value must be maintained.

73

HSITRIM[4:0]

Internal high-speed clock correction value

written by software, used to calibrate the frequency of the internal HSI RC oscillator.
Fine adjustment: current value + (measured frequency-target frequency:8M) / (8M *
0.33%) integer;

The default value is 16, and the HSI can be adjusted to 8MHz+0.3%. According to

application to obtain higher accuracy;

Reserved

Reserved, the reset value must be maintained.

HSIRDF

Internal high-speed clock ready flag
Set by hardware once HSI is stable. After the HSIEN bit is cleared, it takes 6 internal

8 MHz oscillator clock cycles to go low.

HSIEN

Internal high-speed clock enable

Set and cleared by software. This bit cannot be cleared when HSI is used as the
system clock. When returning from LPRUN,STOP or PD mode or HSE failure
occurs, set by hardware to enable the HSI oscillator.

0: Disable HSI oscillator

1: Enable HSI oscillator

4.3.3

Address offset: 0x04

Clock Configuration Register (RCC_CFG)
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31 28 27 25 24 3 2 21 20 19 16
T T T T T T T T
MCOPRES[3:0] MCO[2:0] PLLSRC | PLLOUTDIV[1:0] | PLLPRE[1:0] PLLMULFCT[3:0]
1 1 1 1 1 1 1 1
™ ™ ™ ™ ™
15 14 13 1 10 8 7 4 3 2 0
T T T T T T T T T T
SCLKSTS[2:1] APB2PRES[2:0] APBIPRES[2:0] AHBPRES[3:0] SCL[E]STS SCLKSW[2:0]
T ™w ™w ™w T ™

Bit Field

Name

Description

31:28

MCOPRES[3:0]

MCO prescaler

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

Other values: not allowed

27:25

MCO[2:0]

Microcontroller clock output selection

Set and cleared by software.

000: no clock

001: LSI clock

010: LSE clock

011: System clock (SYSCLK)

100: HSI clock

101: HSE clock

110: Clock after PLL frequency division

Note: This clock output may be truncated at startup or during MCO clock source
switching. When the system clock is selected to output to the MCO pin, the output
clock frequency must not exceed the maximum 1/O speed (For details of the maximum

frequency of the I/O port, see the data sheet).

24

PLLSRC

PLL clock source.
Set or cleared by software, this bit can be written only when the PLL is turned off.

0: HSI clock is used as PLL input clock
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Bit Field Name

Description

1: HSE clock is used as PLL input clock

23:22 PLLOUTDIV[1:0]

The PLL outputs the clock division value.
Set and clear through software.

00: no frequency division

01: divided by 2

10: divided by 3

11: divided by 4

21:20 PLLPRE[1:0]

PLL prescaler

4MHz <= Fiv/N <= 20MHz

This bit can only be written when the PLL is off
00: PLL input clock divided by 1

01: PLL input clock divided by 2

10: PLL input clock divided by 3

11: PLL input clock divided by 4

19:16 PLLMULFCT[3:0]

PLL multiplication factor.

Set and clear through software. This bit can only be written when the PLL is off.
Four =Fmn *M /N

The actual PLL M value should be this register value + 3, M = PLLMULFCT + 3.
0:M=3

1:M=4

2:M=5

15:M=18

15:14 SCLKSTS2[1:0]

Use with SCLKSTS bit

13:11 APB2PRES[2:0]

APB high-speed (APB2) prescaler

Set and cleared by software to configure the division factor of APB2 clock (PCLK2).
Make sure that PCLK2 does not exceed 48MHz.

Oxx: HCLK not divided

100: HCLK divided by 2

101: HCLK divided by 4

110: HCLK divided by 8

111: HCLK divided by 16

10:8 APB1PRES[2:0]

APB low-speed (APB1) prescaler

Set and cleared by software to configure the division factor of the APB1 clock
(PCLK1). Make sure that PCLK1 does not exceed 4SMHz.

0Oxx: HCLK not divided

100: HCLK divided by 2

101: HCLK divided by 4

110: HCLK divided by 8

111: HCLK divided by 16

7:4 AHBPRESJ[3:0]

AHB prescaler
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Bit Field Name Description

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

Oxxx: SYSCLK not divided

1000: SYSCLK divided by 2

1001: SYSCLK divided by 4

1010: SYSCLK divided by 8

1011: SYSCLK divided by 16

1100: SYSCLK divided by 64

1101: SYSCLK divided by 128

1110: SYSCLK divided by 256

1111: SYSCLK divided by 512

3 SCLKSTS System clock switch status, used together with SCLKSTS2[1:0] bit

Set and cleared by hardware to indicate which clock source is used as system clock
000: HSI oscillator used as system clock

001: HSE oscillator used as system clock

010: PLL used as system clock

011: LSE used as system clock

100: LSI used as system clock

2:0 SCLKSW[2:0] System clock switch

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

Set by hardware to force HSI selection when exiting from the STOP mode, or when
the HSE oscillator fails and CLKSSEN is enabled.

000: HSI selected as the system clock

001: HSE selected as the system clock

010: PLL selected as the system clock

011: LSE selected as the system clock

100: LSI selected as the system clock

4.3.4 Clock Interrupt Register (RCC_CLKINT)
Address offset: 0x08

Reset value: 0x0000 0000

31 24 23 22 21 20 19 18 17 16
T T T T T T T
Reserved CLKSSI | pocerved| PERR | PLLRDI [ HSERDI | HSIRDI | LSERDI | LSIRDI
. . . . . . . CLR CLR CLR CLR CLR CLR CLR
w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
i RAMC | RAMC | PLLRDI | HSERDI | HSIRDI | LSERDI | LSIRDI i
Reserved | perpeT | ERRIEN | EN N N N EN | CLKSSIF | Reserved [RAMCPIF| PLLRDIF |HSERDIF| HSIRDIF | LSERDIF | LSIRDIF
™ ™ ™w ™ ™w ™ ™ T T T T T T T
Bit Field Name Description
31:24 Reserved Reserved, the reset value must be maintained.
23 CLKSSICLR Clock security system interrupt clear
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Bit Field

Name

Description

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

22

Reserved

Reserved, the reset value must be maintained.

21

PERRCLR

PERRCLR: Clears PERR interrupts.

This bit is set by the software to clear PERRF.
0: No impact.

1: PERREF cleared

20

PLLRDICLR

PLL ready interrupt clear

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

1: Clear the PLLRDIF flag

19

HSERDICLR

HSE ready interrupt clear

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

1: Clear HSERDIF flag

18

HSIRDICLR

HSI ready interrupt clear

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

1: Clear the HSIRDIF flag

17

LSERDICLR

LSE ready interrupt clear

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

1: Clear LSERDIF flag

16

LSIRDICLR

LSI ready interrupt clear

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

1: Clear the LSIRDIF flag

15

Reserved

Reserved, the reset value must be maintained.

14

RAMCERRRST

RAMC parity error reset enabled
1: RAMC generates a reset when it detects a parity error

0: The reset is not generated when RAMC detects a parity error

13

RAMCERRIEN

Enable RAMC parity error interrupt
1: Interrupts when RAMC detects a parity error
0: No interrupt is generated when RAMC detects a parity error

12

PLLRDIEN

PLL ready interrupt enable

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

1: Enable PLL ready interrupt

11

HSERDIEN

HSE ready interrupt enable

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

Name

Description

0: Disable HSE ready interrupt
1: Enable HSE Ready Interrupt

10

HSIRDIEN

HSI ready interrupt enable

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

1: Enable HSI ready interrupt

LSERDIEN

LSE ready interrupt enable

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

1: Enable LSE ready interrupt

LSIRDIEN

LSI ready interrupt enable

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

1: Enable LSI ready interrupt

CLKSSIF

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

1: Clock security system interrupt caused by HSE clock failure

Reserved

Reserved, the reset value must be maintained.

RAMCPIF

RAMC parity interrupt status. Set by hardware, set by software to clear PERRCLR
1: RAMC parity error occurs
0: No RAMC parity error occurs

PLLRDIF

PLL ready interrupt flag

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

0: No clock ready interrupt caused by PLL lock

1: Clock ready interrupt caused by PLL lock

HSERDIF

HSE ready interrupt flag

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

0: No clock ready interrupt caused by HSE oscillator

1: Clock ready interrupt caused by HSE oscillator

HSIRDIF

HSI ready interrupt flag

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

0: No clock ready interrupt caused by HSI oscillator

1: Clock ready interrupt caused by HSI oscillator

LSERDIF

LSE ready interrupt flag
Set by hardware when LSERDIEN is set and the LSE clock is ready.
This bit is cleared by the software by setting the LSERDICLR bit.

0: No clock ready interrupt caused by LSE oscillator
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Bit Field Name Description
1: Clock ready interrupt caused by LSE oscillator
0 LSIRDIF LSI ready interrupt flag

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

0: No clock ready interrupt caused by LSI oscillator

1: Clock ready interrupt caused by LSI oscillator

4.3.5 APB2 Peripheral Reset Register (RCC_APB2PRST)

Address offset:

0x0c

Reset value: 0x0000 0000

T T T T T T T T T T
Reserved

10 9 8 7 6 5 4 3 2 1 0

USARTI

Reserved RST

TIMSRST|TIMIRST | Reserved

SPI2RST | SPIIRST | Reserved | IOPFRST Reserved IOPCRST|IOPBRST|IOPARST | Reserved [ AFIORST

™

™ ™w

™w ™w ™w ™w ™ ™w ™w

Bit Field

Name

Description

31:15

Reserved

Reserved, the reset value must be maintained.

14

USARTIRST

USARTTI reset
Set and cleared by software.
0: Clear reset

1: Reset USART1

13

TIM8RST

TIMS reset
Set and cleared by software.
0: Clear reset

1: Reset TIM8

12

TIMIRST

TIM1 reset
Set and cleared by software.
0: Clear reset

1: Resets TIM1

11

Reserved

Reserved, the reset value must be maintained.

10

SPI2RST

SPI2 reset
Set and cleared by software.
0: Clear reset

1: Reset SPI2

SPI1RST

SPI1 reset
Set and cleared by software.
0: Clear reset

1: Reset SPI1

Reserved

Reserved, the reset value must be maintained.
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Bit Field

Name Description

7

IOPFRST GPIO port F reset
Set and cleared by software.
0: Clear reset

1: Reset GPIO port F

Reserved Reserved, the reset value must be maintained.

IOPCRST GPIO port C reset
Set and cleared by software.
0: Clear reset

1: Reset GPIO port C

IOPBRST GPIO port B reset
Set and cleared by software.
0: Clear reset

1: Reset GPIO port B

IOPARST GPIO port A reset
Set and cleared by software.
0: Clear reset

1: Reset GPIO port A

Reserved Reserved, the reset value must be maintained.

AFIORST Alternate function IO reset
Set and cleared by software.
0: Clear reset

1: Reset alternate function 10

4.3.6

APBI1 Peripheral Reset Register (RCC_APB1PRST)

Address offset: 0x10

Reset value: 0x0000 0000

31 29 28 27 23 22 21 20 19 18 17 16
Reserved PWRRST Reserved I2C2RST | I2CIRST Reserved LPll{JS/}RT USRASI_}T2 Reserved
™w ™w ™w ™w ™w
15 12 11 10 6 5 4 3 2 1 0
T T T T T T T
Reserved RS Reserved BEEPRST|TIM6RSTLPTIMRST Reserved |TIM3RST| Reserved
1 1 1 1 1 1 1
™ ™ ™w ™ ™
Bit Field Name Description
31:29 Reserved Reserved, the reset value must be maintained
28 PWRRST Power interface reset
Set and cleared by software.
0: Clear reset
1: Reset the power interface
27:23 Reserved Reserved, the reset value must be maintained
22 I2C2RST I2C2 reset
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Bit Field

Name

Description

Set and cleared by software.
0: Clear reset

1: Reset I2C2

21

I2CIRST

I>C1 reset
Set and cleared by software.
0: Clear reset

1: Reset I2C1

20:19

Reserved

Reserved, the reset value must be maintained.

18

LPUARTRST

LPUART reset
Set and cleared by software.
0: Clear reset

1: Reset LPUART

17

USART2RST

USART?2 reset
Set and cleared by software.
0: Clear reset

1: Reset USART2

16:12

Reserved

Reserved, the reset value must be maintained

11

WWDGRST

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

1: Reset window watchdog

10:6

Reserved

Reserved, the reset value must be maintained

BEEPRST

BEEPER reset
Set and cleared by software.
0: Clear reset

1: Reset BEEPER

TIM6RST

TIMG6 timer reset

Set and cleared by software.
0: Clear reset

1: Reset TIM6 timer

LPTIMRST

LPTIMR timer reset
Set and cleared by software.
0: Clear reset

1: Reset LPTIM

Reserved

Reserved, the reset value must be maintained

TIM3RST

TIM3 timer reset
Set and cleared by software.
0: Clear reset

1: Reset TIM3 timer

Reserved

Reserved, the reset value must be maintained.
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4.3.7 AHB Peripheral Clock Enable Register (RCC_AHBPCLKEN)

Address offset: 0x14

Reset value: 0x0000 0014

Reserved
1 1 1 1 1 1 1 1 1 1

8 7 6 5 4 3 2 1 0

Reserved
L

Reserved HDIVEN | CRCEN [HSQRTEN|FLITFEN | Reserved | SRAMEN| Reserved | DMAEN

™ ™ ™ ™ ™w ™

Bit Field

Name

Description

31:13

Reserved

Reserved, the reset value must be maintained.

12

ADCEN

ADC clock enable

Set and cleared by software.
0: Disable ADC clock

1: Enable ADC clock

Reserved

Reserved, the reset value must be maintained.

HDIVEN

HDIV clock enable

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

CRCEN

CRC clock enable

Set and cleared by software.
0: Disable CRC clock

1: Enable CRC clock

HSQRTEN

HSQRT clock enable

Set and cleared by software.
0: Disable HSQRT clock

1: Enable HSQRT clock

FLITFEN

Flash interface clock enable
Set and cleared by software.
0: Disable the Flash interface clock
1: Enable the Flash interface clock

Reserved

Reserved, the reset value must be maintained.

SRAMEN

SRAM clock enable

Set and cleared by software.

0: SRAM clock disabled in sleep mode
1: SRAM clock enabled in sleep mode

Reserved

Reserved, the reset value must be maintained.

DMAEN

DMA clock enable

Set and cleared by software.
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Bit Field Name Description
0: Disable DMA clock
1: Enable DMA clock
4.3.8 APB2 Peripheral Clock Enable Register (RCC_APB2PCLKEN)

Address offset: 0x18

Reset value: 0x0000 0000

T T T T T T T T T T
Reserved

10 9 8 7 6 5 4 3 2 1 0

Reserved

USARTI
EN

TIMSEN | TIMIEN

Reserved

SPI2EN | SPIIEN | Reserved | IOPFEN Reserved IOPCEN | IOPBEN | IOPAEN | Reserved | AFIOEN

™

™ ™

™ ™ ™ ™w ™ ™w ™w

Bit Field

Name

Description

31:15

Reserved

Reserved, the reset value must be maintained.

14

USARTIEN

USART! clock enable

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

13

TIMSEN

TIMS Clock Enable

Set and cleared by software.
0: Disable TIM8 clock

1: Enable TIMS8 clock

12

TIM1EN

TIM1 clock enable

Set and cleared by software.
0: Disable TIM1 clock

1: Enable TIM1 clock

11

Reserved

Reserved, the reset value must be maintained.

10

SPI2EN

SPI2 clock enable

Set and cleared by software.
0: Disable SPI2 clock

1: Enable SPI2 clock

SPI1EN

SPI1 clock enable

Set and cleared by software.
0: Disable SPI1 clock

1: Enable SPI1 clock

Reserved

Reserved, the reset value must be maintained.

IOPFEN

GPIO port F clock enable

Set and cleared by software.

0: Disable the clock of GPIO port F
1: Enable the clock of GPIO port F
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Bit Field

Name

Description

6:5

Reserved

Reserved, the reset value must be maintained.

4

IOPCEN

GPIO port C clock enable

Set and cleared by software.

0: Disable the clock of GPIO port C
1: Enable the clock of GPIO port C

IOPBEN

GPIO port B clock enable

Set and cleared by software.

0: Disable the clock of GPIO port B
1: Enable the clock of GPIO port B

IOPAEN

GPIO port A clock enable

Set and cleared by software.

0: Disable the clock of GPIO port A
1: Enable the clock of GPIO port A

Reserved

Reserved, the reset value must be maintained.

AFIOEN

Alternate function IO clock enable
Set and cleared by software.

0: Disable the alternate function 10 clock

1: Enable the alternate function 1O clock

4.3.9

APBI1 Peripheral Clock Enable Register (RCC_APB1PCLKEN)

Address offset: Ox1c

Reset value: 0x0000 0000

31 30 29 28 27 23 2 21 20 19 18 17 16
opAMP Reserved PWREN Reserved. I I2C2EN | I2CIEN Reserved LPUART | USART2 | Reserved
™™ I ™™ I I I ™ ™ I ™™ ™
15 12 11 10 9 8 7 6 5 4 3 2 1 0
" Reserved WIDG | Reserved | (SOMP . |COMPEN Reserved BEEPEN | TIMGEN | LEEM | LPEIM | TIM3EN | Reserved
I I I ™ ™ ™ I ™ ™ ™ ™ ™
Bit Field Name Description
31 OPAMPEN OPAMP clock enable
Set and cleared by software.
0: Disable OPAMP clock
1: Enable OPAMP clock
30:29 Reserved Reserved, the reset value must be maintained
28 PWREN Power interface clock enable
Set and cleared by software.
0: Disable the power interface clock
1: Enable the power interface clock
27:23 Reserved Reserved, the reset value must be maintained
22 12C2EN I?C2 clock enable
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Bit Field

Name

Description

Set and cleared by software.
0: Disable I?C2 clock
1: Enable 1>C2 clock

21

I2C1IEN

I?C1 clock enable

Set and cleared by software.
0: Disable I?C1 clock

1: Enable I>C1 clock

20:19

Reserved

Reserved, the reset value must be maintained

18

LPUARTEN

LPUART clock enable

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

17

USART2EN

USART?2 clock enable

Set and cleared by software.
0: Disable USART2 clock
1: Enable USART?2 clock

16:12

Reserved

Reserved, the reset value must be maintained

11

WWDGEN

Window watchdog clock enable
Set and cleared by software.

0: Disable WWDG clock

1: Enable WWDG clock

10

Reserved

Reserved, the reset value must be maintained

COMPFILTEN

Comparator filter clock enable
0: Disable the comparator filter clock

1: Enable the comparator filter clock

COMPEN

Comparator clock enable
0: Disable the comparator clock

1: Enable the comparator clock

Reserved

Reserved, the reset value must be maintained

BEEPEN

BEEPER clock enable

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

TIM6EN

TIM6 timer clock enable

Set and cleared by software.
0: Disable TIM6 timer clock
1: Enable TIM6 timer clock

LPTIMEN

LPTIM timer clock enable
Set and cleared by software.
0: Disable LPTIM timer clock
1: Enable LPTIM timer clock
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Bit Field Name

Description

2 LPTIMPCLKEN

LPTIM APBI interface clock enable

It needs to be enabled only when LPTIM selects APBI1 as the timer clock source.
When LPTIM selects other clock sources, this clock is turned off to save power.
Set or cleared by software.

0: Disable the LPTIM APBI interface clock

1: Enable the LPTIM APBI interface clock

1 TIM3EN

TIM3 timer clock enable

Set and cleared by software.
0: Disable TIM3 timer clock
1: Enable TIM3 timer clock

0 Reserved

Reserved, the reset value must be maintained

4.3.10 Low Speed Clock Control Register (RCC_LSCTRL)

Address offset: 0x20

Reset value: 0x0000 0003

31

T T T T T T T T T T
Reserved

10 9 8 7 6 5 4 3 2 1 0

Reserved
1 1 1 1

LPRUN

CLKSEL RTCRST | RTCEN RTCSEL[1:0] LSEBP | LSERD | LSEEN | LSIRD | LSIEN

™ ™ ™w ™w ™w ™ ™w ™ ™w

Bit Field Name

Description

31:10 Reserved

Reserved, the reset value must be maintained

9 LPRUNCLKSEL

LPRUN clock selection

Set and clear by software

0: LPRUN mode selects LSI clock
1: LPRUN mode selects LSE clock

8 RTCRST

RTC software reset
0: Clear reset

1: Reset RTC

7 RTCEN

RTC clock enable

Set and clear by software
0: RTC clock disabled

1: RTC clock is enabled

6:5 RTCSEL[1:0]

RTC clock source selection.

The software sets these bits to select the RTC clock source.
00: no clock

01: Select LSE oscillator as RTC clock

10: Select LSI oscillator as RTC clock

11: Select the HSE oscillator divided by 128 as the RTC clock
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Bit Field

Name

Description

4

LSEBP

The external low-speed clock oscillator is bypassed.

Set by software to bypass LSE. At this time LSEEN needs to be set 0
0: LSE clock is not bypassed

1: LSE clock is bypassed

This bit cannot be reset by system reset

LSERD

External low-speed oscillator ready flag

Set by hardware once LSE is ready. After LSIEN is cleared, LSIRD is cleared after 6
external low-speed oscillator clock cycles.

0: LSE is not ready

1: LSE is ready

LSEEN

External low-speed oscillator enable
Set and cleared by software

0: Disable LSE oscillator

1: Enable LSE oscillator

LSIRD

Internal low-speed ready oscillator flag

Set by hardware once LSI is ready. After LSIEN is cleared, LSIRD is cleared after 3
internal low-speed oscillator clock cycles.

0: LSI is not ready

1: LSl is ready

LSIEN

Internal low-speed oscillator enable
Set and cleared by software

0: Disable LSI oscillator

1: Enable LSI oscillator

4.3.11 Control/Status Register (RCC_CTRLSTS)

Address offset: 0x24

Reset value: 0x0000 0018

31 16
T T T T T T T T T T T T T
Reserved
15 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T
EMCCLP | EMCGB [EMCGBN| WWDG | LPWR | IWDG | SFT POR MMU RAM
| Reened RSTF | RSTF | RSTF | RSTF | RSTF | RSTF | RSTF | RSTF |PINRSTF| porp |RMRSTF| porp
T T T T T T T T T T ™ T
Bit Field Name Description
31:12 Reserved Reserved, the reset value must be maintained
11 EMCCLPRSTF EMCCLAMP reset flag

Set by hardware when EMCCLAMP is reset.

It is cleared by writing RMRSTF bit or por_rst_n reset.
0: No EMCCLAMP reset occurred

1: EMCCLAMP reset occurred
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Bit Field

Name

Description

10

EMCGBRSTF

EMCGB reset flag

Set by hardware when EMCGB is reset.

It is cleared by writing RMRSTF bit or por_rst n reset.
0: No EMCGB reset occurred

1: EMCGB reset occurred

EMCGBNRSTF

EMCGBN reset flag

Set by hardware when EMCGBN is reset.

It is cleared by writing RMRSTF bit or por_rst n reset.
0: No EMCGBN reset occurred

1: EMCGBN reset occurred

LPWRRSTF

Low-power reset flag

Set by hardware at Low-power reset.

It is cleared by writing RMRSTF bit or por_rst n reset.
0: No Low-power reset occurred

1: Low-power reset occurred

WWDGRSTF

Window watchdog reset flag

Set by hardware when an Window watchdog reset occurs
It is cleared by writing RMRSTF bit or por_rst n reset.
0: No Window watchdog reset occurred

1: Window watchdog reset occurred

IWDGRSTF

Independent watchdog reset flag

Set by hardware when an independent watchdog reset occurs
It is cleared by writing RMRSTF bit or por_rst n reset.

0: No independent watchdog reset occurred

1: Independent watchdog reset occurred

SFTRSTF

Software reset flag

Set by hardware when a software reset occurs.

It is cleared by writing RMRSTF bit or por_rst n reset.
0: No software reset occurred

1: Software reset occurred

PORRSTF

POR/PDR reset flag

Set by hardware when POR/PDR is reset.
Cleared by writing to the RMRSTF bit

0: No POR/PDR reset occurred

1: POR/PDR reset occurred

PINRSTF

External pin reset flag

Set by hardware when a reset from the NRST pin occurs.
It is cleared by writing RMRSTF bit or por_rst n reset.
0: No NRST pin reset occurred

1: NRST pin reset occurred

MMURSTF

MMU reset flag
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Bit Field

Name

Description

Set by hardware when MMU reset occurs.

It is cleared by writing RMRSTF bit or por_rst n reset.

0: No MMU reset occurred
1: MMU reset occurred

RAMRSTF

RAM reset flag

Set by hardware when RAM reset occurs.

It is cleared by writing RMRSTF bit or por_rst n reset.

0: No RAM reset occurred
1: RAM reset occurred

RMRSTF

REMOVE reset flag
Set and clear by software
0: No effect

1: Clear these reset flags

4.3.12

Address offset: 0x28

Reset value: 0x0000 0000

AHB Peripheral Reset Register (RCC_AHBPRST)

31 16
' ' ' ' '  Resemed ' ' ' ' '
15 13 12 11 8 7 6 5 4 0
Reserved. ADCRST Reserved HDIV | pogeryea | HSQRT ' Reserved |
. . — . . — » . . .
Bit Field Name Description
31:13 Reserved Reserved, the reset value must be maintained.
12 ADCRST ADC reset
Set and cleared by software.
0: Clear reset
1: Reset ADC
11:8 Reserved Reserved, the reset value must be maintained.
7 HDIVRST HDIV reset
Set and cleared by software.
0: Clear reset
1: Reset HDIV
6 Reserved Reserved, the reset value must be maintained.
5 HSQRTRST HSQRT reset
Set and cleared by software.
0: Clear reset
1: Reset HSQRT
4:0 Reserved Reserved, the reset value must be maintained.
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4.3.13 Clock Configuration Register 2(RCC_CFG2)

Address offset: 0x2c¢

Reset value: 0x0000 3800

31

30

28 27

25

24

23 21

nsing.com.sg

20

TIMCLK

Reserved
1 1

LPUARTSEL[2:0]

Reserved

LPTIMSEL[2:0]

Reserved
1

11

™w
10

9

™

ADCIMPRE[4:0]

ADCIM
SEL

Reserved

ADCPLLPRE[4:0]

ADCHPRES[3:0]

™

™

™

BitField

Name

Description

31

TIMCLK

TIM1/8 clock source selection

Set and cleared by software.

0: PCLK2 is selected as TIM1/8 clock source if APB2 prescaler is 1. Otherwise,
PCLK2 x 2 is selected.

1: SYSCLK input clock is selected as TIM1/8 clock source.

30:28

Reserved

Reserved, the reset value must be maintained.

27:25

LPUARTSEL[2:0]

LPUART clock source selection
Set and cleared by software.
000: APBI clock is selected
001: System clock is selected
010: HSI clock is selected

011: HSE clock is selected

100: LSI clock is selected

101: LSE clock is selected

Others: reserved.

24

Reserved

Reserved, the reset value must be maintained.

23:21

LPTIMSEL[2:0]

LPTIM clock source selection
Set and cleared by software.
000: select APBI1 clock

001: Select HSI clock

010: Select HSE clock

011: Select LSI clock

100: Select LSE clock

101: Select COMP output

Others: Not allowed, and no clock will be generated

20:16

Reserved

Reserved, the reset value must be maintained.

15:11

ADCIMPRE[4:0]

ADC 1M clock prescaler
Set and cleared by software to configure the division factor of ADC 1M clock source.

00000: ADC 1M clock source not divided

00001: ADC 1M clock source divided by 2
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BitField

Name

Description

00010: ADC 1M clock source divided by 3

11110: ADC 1M clock source divided by 31
11111: ADC 1M clock source divided by 32

10

ADCIMSEL

ADC 1M clock source selection

Set and cleared by software.

0: HSI oscillator clock selected as the input clock of ADC 1M

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

Note:When switching the ADC IM clock source, you need to ensure that the HSI clock

is turned on

Reserved

Reserved, the reset value must be maintained.

ADCPLLPRE[4:0]

ADC PLL divider

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

Oxxxx: ADC PLL clock is disabled
10000: PLL clock not divided
10001: PLL clock divided by 2
10010: PLL clock divided by 3
10011: PLL clock divided by 4
10100: PLL clock divided by 6
10101: PLL clock divided by 8
10110: PLL clock divided by 10
10111: PLL clock divided by 12
11000: PLL clock divided by 16
11001: PLL clock divided by 32
11010: PLL clock divided by 64
11011: PLL clock divided by 128
Others: PLL clock divided by 256

3:0

ADCHPRE[3:0]

ADC HCLK prescaler

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

0000: HCLK clock divided by 1
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
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4.3.14 EMC Control Register 3 (RCC_EMCCTRL)
Address offset: 0x30

Reset value: 0x0000 0000

24 23

nsing.com.sg

22 21 20

19

18

17

16

T T T T T T T
Reserved GBRST3

GBRST2 | GBRSTI1 | GBRSTO

(GBNRST3

(GBNRST?2

(GBNRST1

(GBNRSTO|

12

11

10

9

8

™
7

™
6

™w

5

™w
4

™w
3

™w
2

™
1

™
0

CLPRST3

CLPRST2

CLPRST1

CLPRSTO

GBDET3

GBDET2

GBDETI1

GBDETO

IGBNDET3|

IGBNDET2|

IGBNDET1

IGBNDETO(|

CLPDET3

CLPDET2

CLPDET1

CLPDETO0

™

™w

™w

™

™

™

™w

™w

™

™

™w

™w

™

™

™

™w

Bit Field

Name

Description

31:24

Reserved

Reserved, the reset value must be maintained.

23

GBRST3

GB3 reset
Set and cleared by software.
0: Disable reset request

1: Enable reset request

and reset by por_rst n

22

GBRST2

GB2 reset
Set and cleared by software.
0: Disable reset request

1: Enable reset request

and reset by por_rst n

21

GBRSTI1

GBI reset
Set and cleared by software.
0: Disable reset request

1: Enable reset request

and reset by por_rst n

20

GBRSTO0

GBO reset
Set and cleared by software.
0: Disable reset request

1: Enable reset request

and reset by por_rst n

19

GBNRST3

GBN3 reset
Set and cleared by software.
0: Disable reset request

1: Enable reset request

and reset by por_rst n

18

GBNRST2

GBN2 reset
Set and cleared by software.
0: Disable reset request

1: Enable reset request

and reset by por_rst n

17

GBNRST1

GBNI reset
Set and cleared by software.
0: Disable reset request

1: Enable reset request

and reset by por_rst n

16

GBNRSTO

GBNO reset
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Bit Field

Name

Description

Set and cleared by software.

0: Disable reset request

1: Enable reset request

and reset by por_rst n

15

CLPRST3

EMC clamp3 reset

Set and cleared by software.

0: Disable reset request

1: Enable reset request

and reset by por_rst n

14

CLPRST2

EMC clamp? reset

Set and cleared by software.

0: Disable reset request

1: Enable reset request

and reset by por_rst n

13

CLPRST1

EMC clampl reset

Set and cleared by software.

0: Disable reset request

1: Enable reset request

and reset by por_rst n

12

CLPRSTO

EMC clamp0 reset

Set and cleared by software.

0: Disable reset request

1: Enable reset request

and reset by por_rst n

11

GBDET3

GB3 detection enble

Set and cleared by software.

0: Disable detection

1: Enable detection

and reset by por_rst n

10

GBDET2

GB2 detection enble

Set and cleared by software.

0: Disable detection

1: Enable detection

and reset by por_rst n

GBDET!1

GBI detection enble

Set and cleared by software.

0: Disable detection

1: Enable detection

and reset by por_rst n

GBDETO0

GBO detection enble

Set and cleared by software.

0: Disable detection

1: Enable detection

and reset by por_rst_n

GBNDET3

GBN3 detection enble

Set and cleared by software.

0: Disable detection

1: Enable detection

and reset by por_rst_n

GBNDET2

GBN2 detection enble

Set and cleared by software.

and reset by por_rst n
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Bit Field

Name

Description

0: Disable detection
1: Enable detection

GBNDET1

GBNI detection enble

Set and cleared by software. and reset by por_rst n

0: Disable detection

1: Enable detection

GBNDETO

GBNO detection enble

Set and cleared by software. and reset by por_rst n

0: Disable detection

1: Enable detection

CLPDET3

EMC Clamp3 detection enble

Set and cleared by software. and reset by por_rst n

0: Disable detection

1: Enable detection

CLPDET2

EMC Clamp2 detection enble

Set and cleared by software. and reset by por_rst n

0: Disable detection

1: Enable detection

CLPDET1

EMC Clamp]1 detection enble

Set and cleared by software. and reset by por_rst n

0: Disable detection

1: Enable detection

CLPDETO

EMC Clamp0 detection enble

Set and cleared by software. and reset by por_rst n

0: Disable detection

1: Enable detection
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5 GPIO and AFIO

5.1 Summary

This design supports 40 GPIO, divided into 4 groups (GPIOA/GPIOB/GPIOC/ GPIOF), GPIOA and GPIOB each has 16
pins, GPIOC has 3 pins and GPIOF has 5 pins. GPIO ports share pins with other multiplexed peripherals, allowing users
to configure them flexibly according to their needs. Each GPIO pin can be configured by software as output, inputor
alternate peripheral function ports. Except for pins with analog input function, all GPIO pins have the ability to pass through

a large current.
GPIO ports have the following characteristics:

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

Input floating

Input pull-up
—  Input pull-down
—  Analog function
—  Open drain output and pull-up/pull-down capality
—  Push-pull output and pull-up/pull-down capality
—  Push-pull alternate function and pull-up/pull-down capality
—  Open-drain alternate function and pull-up/pull-down capality
e Individual bit set or bit clear function
e  All I/O supports external interrupt function
o Al 1/O supports low power mode wake-up, rising or falling edge configurable
— 16 EXTIs lines can be used to wake up from SLEEP or STOP mode, and all I/Os can be reused as EXTIs
—  PAO/PC13/PA2 three wake-up I/O can be used for PD mode wake-up, the maximum I/O filter time is 1us
e  Supports software remapping I/O alternate function
e  Supports GPIO lock mechanism, reset the lock state to clear

Each I/O port bit can be programmed arbitrarily, but I/O port registers must be accessed as 32-bit words (16-bit half-word

or 8-bit byte access is not allowed). The following figure shows the basic structure of an 1/O port.
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Figure 5-1 Basic Structure of I/O Ports
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5.2 Function Description

5.2.1 1/0O Mode Configuration

The mode control of I/O is set by the configuration registers GPIOx PMODE, GPIOx POTYPE and GPIOx_PUPD

(x=A,B,C,F). The configuration in different operation modes is shown in the following table:

Table 5-1 I/O Port Configuration Table

PMODE[1:0] POTYPE PUPD[1:0] I/0 Configuration

0 0 0 General-purpose output push-pull
0 0 1 General-purpose output push-pull + pull-up
0 1 0 General-purpose output push-pull + pull-down
0 1 1 Reserved

ol 1 0 0 General-purpose output open-drain
1 0 1 General-purpose output open-drain + pull-up
1 1 0 General-purpose output open-drain + pull-down
1 1 1 Reserved
0 0 0 IAlternate function + push-pull
0 0 1 IAlternate function + push-pull + pull-up
0 1 0 IAlternate function + push-pull + pull-down

10 0 1 1 Reserved
1 0 0 IAlternate function open-drain
1 0 1 IAlternate function open-drain + pull-up
1 1 0 Alternate function open-drain + pull-down
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PMODE[1:0] POTYPE PUPD[1:0] I/O Configuration

1 1 1 Reserved
X 0 0 Input floating

00 X 0 1 Input pull-up
X 1 0 [nput pull-down
X 1 1 Reserved
X 0 0 /Analog

1 X 0 1
X 1 0 Reserved
X 1 1

In addition, the GPIOx_DS.DSy bit can be used to configure the high/low drive strength, and the GPIOx_SR.SRy bit can

be used to configure the high/low slew rate.
The input and output characteristics of I/O under different configurations are shown in the following table:

Table 5-2 1/0 List of Functional Features of The Pin

Feature GPIO Input GPIO Output Analog Function | Alternate Function

Configuration according

Output buffer Disabled Enabled Disabled . .
to peripheral function
o Disabled,Output is
Schmitt trigger Enabled Enabled Enable
forced to 0
. Configuration according
PULL UP/DOWN/FLOATING Configured Configured Disabled

to peripheral function

Can be configured,
GPIO output 0 when

output data is "0",

Can be configured, GP1O

output 0 when output

OPEN DRAIN Disabled ) ] Disabled data is "0", high
high resistance of .
resistance of GPIO when
GPIO when "1" o
Can be configured,
GPIO output 0 when Can be configured, GP1IO
. output data is "0", . output 0 when output
PUSH PULL MODE Disabled Disabled )

GPIO output 1 when data is "0", GPIO output
output data is "1” 1 when output data is "1”

Input data register (I/O status) Readable Readable Reads out 0 Readable

Output data register(Output value) Invalid Readable and written Invalid Readable

5.2.1.1 Input mode
When 1/O port is configured as input mode:

e  The output buffer is disabled
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Whether the pull-up and pull-down resistors are connected depends on the configuration of the GPIOx_PUPD register.

The data appearing on the I/O pins is sampled into the input data register on every APB2 clock

Read access to the input data register provides the I/O

Figure 5-2 Input Floating/Pull-up/Pull-down Configuration Mode.

Output driver

Write
Bit set/clear register
Output data

Vop Voo

register

Read / Write

1/0O Pin

Input driver

On
Read Input data

register

TTL Schmitt trigger

5.2.1.2 Output mode

When I/O port is configured as output mode:

The schmitt trigger input is activated.

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

The output buffer is activated

— Open drain mode: '0' on the output register activates the N-MOS, the pin outputs a low level. while '1' on the

output register puts the port in a high resistance state (P-MOS is never activated).

—  Push-pull mode: '0' on the output register activates the N-MOS, the pin outputs a low level. While '1' on the

output register activates the P-MOS, the pin outputs a high level.

The data appearing on the I/O pins is sampled into the input data register every APB2 clock.

Read access to input data register to get I/O status.

Read access to the output data register to get the last written value.
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Figure 5-3 Output Mode
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5.2.1.3 Alternate function mode

When I/O port is configured as alternate function mode:

e  The schmitt trigger input is activated.

e Whether the pull-up and pull-down resistors are connected, depending on the configuration of the GPIOx PUPD

register.

e  In open-drain or push-pull configuration, the output buffer is controlled by the peripheral.

e  Signal-driven output buffers forembedded peripherals.

e  Ateach APB2 clock cycle, the data appearing on the I/O pin is sampled into the input data register.

e  Read access to input data register to get I/O status.

e  Read access to the output data register to get the last written value.
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Figure 5-4 Alternate Function Mode
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5.2.1.4 Analog function mode

When I/O Port is configured as analog function mode:

e  The pull-up and pull-down resistors are disabled.

e  Read access to the input data register gets the value “0”.

e  The output buffer is disabled.

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

Figure 5-5 Analog Function Mode with High Impedance
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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 as analog function mode
(GPIOx_PMODE.PMODEX [1:0] = 11b). However, there are the following exceptions to the signal.

e  NRST has no GPIO function by default:
—  NRST pull-up input
e After reset, the SWD pins related to the debugging system are enabled by default:
— PA14: SWCLK is set to input pull-down mode
— PA13: SWDIO is set to input pull-up mode
e  PAO and PFO:
— PAO and PFO is default set to input floating mode.
—  PFO are multiplexed to OSC_IN.
e  PF2/BOOTO:

—  During the chip startup process, PF2 serves as BOOTO functionin the default input pull-down mode. After the

chip is initialized, it is used as a general-purpose GPIO and is configured in an analog function mode.

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/reset. The bit written with 'l' is set or
cleared accordingly, and the bit not written with 'l' will not be changed. The software does not need to disable interrupts,

and is completed in a single APB2 write operation.

5.2.4  External Interrupt/Wakeup Line

All ports have external interrupt capability, which can be configured in the EXTI module:
e  The ports must be configured as the input mode.

e  All ports can be configured for wake-up in SLEEP/STOP mode, and can be configured for rising or falling edge
triggering.

e  PAO/PC13/PA2, can be used for wake-up in PD mode, with independent wake-up enable, support rising edge / falling

edge can be configured, need to configure before entering PD mode.

e  General purpose I/O ports are connected to 16 external interrupt/event lines as shown in Figure 6-2, configured by
registers AFIO_EXTI CFGx.

5.2.5 Alternate Function

When I/O ports are configured for alternate function mode. The port bit configuration register (GPIOx_AFL/GPIOx_AFH,
GPIOx_PMODE, GPIOx POTYPE and GPIOx PUPD) must be configured before use, reuse input or output is determined
by the peripheral.

5.2.5.1 Software remapping I/O alternate function

To expand the flexibility of alternate peripheral functions under different device packages, some peripheral alternate
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functions can be remapped to other pins. Each I/O has up to 16 alternate functions (AFO~AF15). After reset, except for
PA13 and PA14, AFSELy is selected as AF15 by default. The I/O alternate function can be remapped by software
configuring the corresponding registers (GPIOx AFL/ GPIOx_AFH).

At this time, the alternate functions are no longer mapped to their original pins(For the I/O alternate function of the
peripheral, if it is remapped to a different pin, then the input is remapping choose one of multiple, and the output will be

connected to the remapped position, and the original position will be disconnected).
5.2.5.2 SWD alternate function I/O remapping

Table 5-3 I/0O List of Functional Features of The Pin

Alternate Function 1’0 Remapping
SWDIO PA13 AF0
SWCLK PA14 AF0

5.2.5.3 TIMXx alternate function I/O remapping
5.2.54 TIM1 alternate function I/O remapping

Table 5-4 TIM1 Alternate Function I/O Remapping

Alternate Function /o Remapping

TIM1_ETR PA12 AF2

PA2 AF3
TIM1_BKIN PA6 AF1

PB12 AF1

PA4 AF3
TIM1_CHI

PA8 AF2

PA3 AF3
TIM1_CH2

PA9 AF2

PAS AF3
TIM1_CH3

PA10 AF2
TIM1_CH4 PAI1 AF2

PA7 AF5
TIM1 CHIN

PB13 AF1

PAS AF4
TIM1_CH2N PBO AF1

PB14 AF1

PBI AF1
TIM1_CH3N

PB15 AF1
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5.2.5.4.1 TIMS alternate function I/O remapping

Table 5-5 TIMS Alternate Function I/O Remapping

Alternate Function 1’0 Remapping
PAO AF10
TIM8 ETR PA4 AF13
PAS AF1
PA9 AF1
PA10 AF1
TIM8 BKIN
PB4 AF1
PB5 AF1
PAO AF3
PAS AF2
TIM8 CH1 PA6 AF4
PB8 AFS5
PBI12 AFS5
PA1 AF2
PA7 AF1
TIM8 CH2
PB9 AF5
PB13 AF5
PA2 AF2
PB6 AF2
TIM8 CH3
PB11 AF5
PB14 AFS5
PA3 AF2
TIM8 CH4 PB7 AF7
PBI15 AF7
PA9 AFS5
TIM8_CHIN
PB6 AFS5
PA8 AF1
TIM8 CH2N
PB7 AF5
PB5 AF5
TIM8_CH3N
PBI15 AF5

5.2.5.4.2 TIM3 alternate function I/O remapping

Table 5-6 TIM3 Alternate Function I/0 Remapping

Alternate Function 1/0 Remapping
PA1 AF10
TIM3 ETR PB3 AF1
PB10 AF1
TIM3_CHI PA4 AF2
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Alternate Function 1’0 Remapping
PA6 AF2
PB4 AF2
PA7 AF2
TIM3 _CH2
PBS5 AF2
PBO AF2
TIM3_CH3
PB1 AFS5
PB1 AF2
TIM3_CH4
PB2 AF5
5.2.5.5 LPTIM alternate function I/O remapping
Table 5-7 LPTIM Alternate Function I/0O Remapping
Alternate Function /0 Remapping
PA6 AF9
LPTIM _ETR
PB6 AF8
PAO AF7
LPTIM _IN1
PB5 AF8
PAI AF6
LPTIM IN2
PB7 AF8
PA9 AF9
LPTIM _OUT PB2 AF8
PB4 AF8
5.2.5.6 USARTX alternate function I/O remapping
5.2.5.7 USART1 alternate function I/O remapping
Table 5-8 USART1 Alternate Function I/0O Remapping
Alternate Function /0 Remapping
PAO AF1
USART1_CTS
PAI1l AF4
PA1 AF1
USARTI1_RTS
PAI12 AF4
PA2 AF1
PA9 AF4
PAI13 AF6
USARTI_TX
PA14 AF4
PB6 AF4
PB9 AF4
PA3 AF1
USARTI1_RX PA10 AF4
PA13 AF4
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Alternate Function 1’0 Remapping
PA15 AF4
PB7 AF4
PA4 AF1
USART1_CK PAS AF4
PF1 AF2

5.2.5.7.1 USART?2 alternate function I/O remapping

Table 5-9 USART?2 Alternate Function I/O Remapping

Alternate Function /o Remapping
PAO AF4
USART2_CTS
PA7 AF10
USART2 RTS PA1 AF4
PA2 AF4
USART2 TX PA9 AF10
PA14 AF1
PAO AF5
PA3 AF4
USART2_RX PA10 AF10
PA13 AF1
PAI1S AF1
PA4 AF4
USART2 CK PB1 AF3
PF1 AF5

5.2.5.7.2 LPUART alternate function I/O remapping

Table 5-10 LPUART Alternate Function I/O Remapping

Alternate Function /0 Remapping

PA6 AF5

LPUART CTS PB7 AF2
PB13 AF4

PAI1S AF6

LPUART_RTS PB1 AF4
PB14 AF4

PAO AF6

PAI AF5
PA4 AF10

LPUART TX PA6 AF6
PB3 AF5

PB5 AF4

PB10 AF4
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Alternate Function 1’0 Remapping
PAO AF11
PA3 AF6
PA7 AF6
LPUART RX
PB4 AF5
PB7 AF9
PB11 AF4

5.2.5.8 I2Cx alternate function I/O remapping
5.2.5.9 I2C1 alternate function I/O remapping

Table 5-11 I>*C1 Alternate Function I/O Remapping

Alternate Function /0 Remapping

PA4 AF7

PA9 AF6

PB6 AF6

12C1_SCL PB8 AF6
PB10 AF6

PF1 AF1

PF6 AF1

PA10 AF6

PA13 AF7

PB7 AF6

12C1_SDA PB9 AF6
PB11 AF6

PFO AF1

PF7 AF1

PA1 AF7

PA14 AF7

12C1_SMBA

PB2 AF6

PB5 AF6

5.2.5.9.1 12C2 alternate function I/O remapping

Table 5-12 I*C2 Alternate Function I/O Remapping

Alternate Function 1/0 Remapping
PA6 AF7
PA9 AF7
PAI1 AF7
[2C2 SCL
PB10 AF7
PB13 AF7
PF6 AFO0
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Alternate Function 1’0 Remapping
PA7 AF7
PAI10 AF7
PAI2 AF7

12C2_SDA
PB11 AF7
PB14 AF7
PF7 AFO0
12C2_SMBA PB2 AF7
5.2.5.9.2 SPIx/I2S alternate function I/O remapping
5.2.5.9.3 SPI1/I2S alternate function I/O remapping
Table 5-13 SPI1/I%S Alternate Function I/O Remapping

Alternate Function /0 Remapping
PAI AFO0
SPI1_I?’S NSS WS PAd AT
PA15 AFO0
PB12 AFO0
PAO AF0
PAS AF0
SPI1_I’S SCLK CK PA13 AF5
PB3 AF0
PB13 AF0
PA3 AF0
PA4 AF5
SPI1_I?’S MISO MCK PAS ATO
PA14 AF5
PB4 AFO0
PB14 AFO0
PA2 AFO0
PAS AF5
PA7 AF0
SPI1_I?S_MOSI_SD PB1 AF0
PB5 AF0
PB10 AF0
PB15 AF0
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5.2.5.9.4 SPI2 alternate function I/O remapping

Table 5-14 SPI2 Alternate Function I/0O Remapping

Alternate Function 1’0 Remapping
PA7 AF9
PA8 AFO0
SPI2_NSS PB9 AF0
PB12 AF8
PF7 AF4
PA9 AF0
PBO AF0
SPI2 SCLK PBI10 AF2
PB13 AF8
PF6 AF4
PA10 AFO0
SPI2_ MISO PA12 AFO0
PB14 AF8
PA11 AF0
SPI2 _MOSI PB1 AF8
PBI15 AF8

5.2.5.10 COMP alternate function I/O remapping

Table 5-15 COMP Alternate Function I/0 Remapping

Alternate Function /0 Remapping
PAO AF8
PA6 AF8
COMP_OUT
PAI1l AF8
PAI2 AF8

5.2.5.11 BEEPER alternate function I/O remapping

Table 5-16 BEEPER Alternate Function I/O Remapping

Alternate Function 1/0 Remapping
BEEPER OUT PA6 AF11
BEEPER_N_OUT PA7 AF11

5.2.5.12 EVENTOUT alternate function I/O remapping

Table 5-17 EVENTOUT Alternate Function I/O Remapping

Alternate Function 1/0 Remapping
PAI AF3
EVENTOUT PA6~PA8 AF3
PA11~PAI2 AF3
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Alternate Function 1’0 Remapping
PA15 AF3
PBO AF3
PB3~PB4 AF3
PB9 AF3
PB11~PBI12 AF3

5.2.5.13 RTC alternate function I/O remapping

PC13 can be used for RTC TAMPER1 tamper detection pin, RTC Timestamp, RTC output (RTC alarm, Wakeup event or
calibration output (256Hz or 1Hz)).

PAO can be used for RTC TAMPER2 tamper detection pin.

PA10 or PB15 can be used for RTC REFCLKIN reference clock input pin.

Table 5-18 RTC Alternate Function I/0 Remapping

Alternate Function /o Remapping
RTC_TS PC13 AF1
RTC TAMPI PC13 AF2
RTC TAMP2 PAO AF9
PA10 AF11

RTC_REFIN
PBI15 AF9
RTC_OUT PC13 AF3
5.2.5.14 RCC alternate function I/O remapping
Table 5-19 RCC Alternate Function I/0 Remapping

Alternate Function /0 Remapping

PAS AF5
MCO

PA9 AF11

5.2.5.15 OSC_IN/OSC_OUT alternate function I/0O remapping

Table 5-20 OSC_IN/OSC_OUT Alternate Function I/O Remapping

Alternate Function 1/0 Remapping
OSC_IN PFO AFO0
OSC_OUuT PF1 AFO0

5.2.5.16 Use OSC32 IN/OSC32 _OUT pins as GPIO ports PC14/PC15

Both pins PC14 and PC15 can be operated in GPIO mode or alternate function mode:

e  PCl14 and PC15 can be used for GPIO or LSE (OSC32_IN, OSC32_OUT) pins.

e  Turn on the LSE function by setting the RCC_LSCTRL.LSEEN and RCC_LSCTRL.LSEBP bits.
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Table 5-21 OSC32 Alternate Function Remapping

PC14 And PC15 Condition PAD Mode Configure

It can only be used in GPIO mode when the LSE is turned off
The mode of the GPIO is
GPIO mode and the 1.5V power supply is not turned off with not entering the
determined by the application
low power mode (PD).

LSE crystal mode RCC_LSCTRL.LSEEN bit is enabled, alternate mode is on Analog function mode
RCC_LSCTRL.LSEEN bit is disabled, RCC_LSCTRL.LSEBP is

LSE external clock mode Input pull-down
enabled, alternate mode is enabled

The default is analog function mode; PC14 and PC15 are decided to operate in which mode and I/O function according to
RCC _LSCTRL.LSEEN, RCC LSCTRL.LSEBP, chip mode signal, GPIOx PMODE, GPIOx POTYPE and
GPIOx_PUPD.

5.2.5.17 Remap OSC_IN/OSC_OUT alternate function
PF0 and PF1 can be used for GPIO or HSE (OSC_IN, OSC_OUT) pins and other analog or digital signal pins.
e  Configure the mode of PFO/PF1 by setting registers such as GPIOF_PMODE, GPIOF_POTYPE and GPIOF_PUPD.

e Remap the I/O alternate function of PFO/PF1 by setting the GPIOF AFL.AFSELO ([3:0] bits and
GPIOF AFL.AFSEL1[3:0] bits.

e  Enable the HSE function by setting the RCC_CTRL.HSEEN bit.

Table 5-22 OSC Alternate Function Remapping

PF0 Condition PAD Mode Configure
Configure entering general purpose output or input mode and The mode of the GPIO is
GPIO mode : . L
GPIOF_PID and GPIOF_POD registers. determined by the application
HSE crystal mode or

Reset to analog input )
other analog alternate Analog function mode
HSE, OPA alternate mode

mode
HSE external clock or ) )
o Mode is determined by the
other digital alternate HSE clock, I)C1, USART1/2 alternate mode o
q application
mode

5.2.5.18 ADC external trigger alternate function remapping

The external trigger source of ADC injection conversion and regular conversion supports remapping, refer to the
AFIO_CFQG register.

Table 5-23 ADC External Trigger Injection Conversion Alternate Function Remapping

Alternate Function ADC_ETRI=0 ADC_ETRI=1

) ADC external trigger injection conversion is connected to ) L o
ADC external trigger ADC external trigger injection conversion is
o } EXTI (0-15), EXTIx can be selected by
injection conversion connected to TIM8_CH4

AFIO_CFG.EXTI_ETRI[3:0] configuration

118 / 548

NSING Technologies Pre. Lid.

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

Tel: +65 69268090

Email: sales@nsing com.sg



NSING

nsing.com.sg

Table 5-24 ADC External Trigger Regular Conversion Alternate Function Remapping

Alternate Function

ADC_ETRR =0

ADC_ETRR =1

ADC external trigger

injection conversion

ADC external trigger regular conversion is connected to
EXTI (0-15), EXTIx can be selected by
AFIO_CFG.EXTI_ETRI[3:0] configuration

ADC external trigger regular conversion is

connected to TIM8 TRGO

5.2.6

I/0 Configuration of Peripherals

Table 5-25 ADC

ADC PAD Configuration
ADC Analog function mode
Table 5-26 PVD
PVD PAD Configuration
PVD IN Analog function mode
Table 5-27 TIM1/TIMS8
TIM Pin Configuration PAD Configuration Mode
Channel x input capture Alternate function push-pull
TIM1/8_CHx

Output compare channel x

Alternate function push-pull

TIM1/8_CHxN

Complementary output channel x

Alternate function push-pull

TIM1/8 BKIN

Brake input

Alternate function push-pull

TIM1/8_ETR External trigger clock input Alternate function push-pull
Table 5-28 TIM3 and LPTIM
TIM3/LPTIM Pin Configuration PAD Configuration Mode

TIM3/LPTIM_CHx

Input capture channel x

Alternate function push-pull

Output compare channel x

Alternate function push-pull

TIM3/LPTIM_ETR

External trigger clock input

Alternate function push-pull

Table 5-29 USART

USART Pin Configuration PAD Configuration
full duplex mode Alternate function push-pull
USARTx_TX
- Half duplex mode Alternate function open-drain
Alternate function push-pull(no pull-
Full duplex mode
USARTx RX down or pull-up/pull-up)
Half duplex mode Unused, can be used as general 1/O.
USARTx CK Synchronous mode Alternate function push-pull
USARTx RTS Hardware flow control Alternate function push-pull
Alternate function push-pull(no pull-
USARTx_CTS Hardware flow control

down or pull-up/pull-up)
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LPUART Pin Configuration PAD Configuration
LPUART TX Full duplex mode Alternate function push-pull
Alternate function push-pull(no pull-down
LPUART RX Full duplex mode
or pull-up/pull-up)
LPUART RTS Hardware flow control Alternate function push-pull
Alternate function push-pull(no pull-down
LPUART CTS Hardware flow control
or pull-up /pull-up)
Table 5-31 I2C
I*C Pin Configuration PAD Configuration
I’Cx_SCL I2C clock Alternate function open-drain
I’Cx_SDA I°C data Alternate function open-drain
I’Cx_SMBA SMBA data Alternate function open-drain
Table 5-32 SPI
SPI Pin Configuration PAD Configuration
Master mode Alternate function push-pull
SPIx_SCLK
Slave mode Alternate function push-pull
Full duplex mode / Master mode Alternate function push-pull
Alternate function push-pull(no pull-down
Full duplex mode / Slave mode
SPIx MOSI or pull-up/pull-up)
Simple bidirectional data line / Master mode Alternate function push-pull
Simple bidirectional data line / Slave mode Unused, can be used as general 1/O.
Alternate function push-pull(no pull-down
Full duplex mode / Master mode
or pull-up/pull-up)
SPIx MISO Full duplex mode / Slave mode Alternate function push-pull
Simple bidirectional data line / Master mode Unused, can be used as general 1/O.
Simple bidirectional data line / Slave mode Alternate function push-pull
Alternate function push-pull(no pull-down
Hardware Master/ Slave mode
or pull-up/pull-up/pull-down)
Alternate function push-pull (When acting
SPIx_NSS . .
Hardware Master /NSS output enable as the master, NSS can choose idle high
impedance or idle as 1)
Software mode Unused, can be used as general /0.
Table 5-33 COMP
COMP Pin PAD Configuration
COMP_OUT Alternate function push-pull
COMP_IN Analog function mode
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Table 5-34 BEEPER

BEEPER Pin PAD Configuration
BEEPER OUT Alternate function push-pull
BEEPER N OUT Alternate function push-pull

Table 5-35 Other

Pin Alternate Function PAD Configuration
EVENTOUT Event output Alternate function push-pull
Alternate function push-pull
RTC_TAMP1/RTC_TAMP2 Tamper event input
Hardware forced pull-up
RTC TS RTC timestamp Alternate function push-pull
RTC REFIN RTC reference clock input Alternate function push-pull
RTC OUT RTC output Alternate function push-pull
MCO Clock output Alternate function push-pull
Input floating or input with pull-up or input
EXTI input line External interrupt input
with pull-down

5.2.7 GPIO Locking Mechanism

The locking mechanism is used to freeze the I/O configuration to prevent accidental changes. When a lock (LOCK)

procedure is executed 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.

Only after the GPIOx PLOCK.PLOCKK is operated in the correct sequence w1->w0->w1->r0 (where r0 must be),

it will become 1; after that, it will only become 0 after a system reset.
GPIOx PLOCK.PLOCK]J15:0] can only be modified when GPIOx PLOCK.PLOCKK = 0 (that is, when unlocked).

GPIOx_PLOCK.PLOCK is only written simultaneously with non-zero GPIOx PLOCK.PLOCK][15:0], the sequence
w1->w0->w1->10 is valid; During the sequence writing process, GPIOx PLOCK.PLOCK]15:0] remains unchanged.

As long as GPIOx PLOCK.PLOCKK = 0, the bits of GPIOx PMODE / GPIOx POTYPE / GPIOx PUPD /
GPIOx_AFL / GPIOx_AFH can be modified, they are not affected by GPIOx PLOCK.PLOCK]15:0] configuration.

GPIOx_PLOCK.PLOCKK = 1, GPIOx PMODE/GPIOx_POTYPE/GPIOx_ PUPD/GPIOx_ AFL/GPIOx_AFH are
controlled by GPIOx PLOCK.PLOCK]15:0]. Corresponding to GPIOx PLOCK.PLOCKy (y =0...15) =1, itisa
lock configuration and cannot be modified; PLOCKy = 0, it can be modified.

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

again.

5.3 GPIO Registers

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

5.3.1 GPIO Register Overview

GPIOA base address: 0x40010800

121 / 548

NSING Technologies Pre. Lid.

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

Tel: +65 69268090

Email: sales@nsing com.sg



NSING nsing.com.sg

GPIOB base address: 0x40010C00
GPIOC base address: 0x40011000
GPIOF base address: 0x40011C00

Table 5-36 GPIO Register Overview

ottt Register ;|2 a|z z|£ £|m n|m a|8 2|2 :|E 2|: :|2 :|2 c~|oo »|o mlw ~«|~ —|o
bt} = «@ ) = =1 =N 0 ~ © [7e} < e I — =}
as | gz | 8| 2| 2| 8| 8| 8| 25| 8| 8| 8| 25| 2| 85| 2=
GPIOx_PMODE x=A,B,C,F] o= o= o= o= o= o= gi %i %i %i gi gi gi %i %i %i
DE_ E E E DE_ DE_ A [ [ [ A A A A A A
x=A 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
000h
x=B 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Reset Value
x=C 1|1 111 |1 Reserved
x=F Reserved 1 1 1 1 Reserved 1 1 1 1 1 1
ZIZ|EIElEEl.lE|Elelelgle|e|slE
IGPIOx_POTYPE[x=A,B,C,F| Reserved 5515|558l 5lololo|lo|lo|lo|lo|lo|o|o
Fle|lE2lElEg|l 8| f| S| E|E|E2| || & &(&
004h x=A,B Reserved ojojojojofofojojojojofofo]O]O]O
Reset Value x=C Reserved 0l0]o0 Reserved
x=F Reserved 01]0 Reserved 0]101]0
AEENEEEREAERIHBEREBREREE
GPIOX SR |x=A,B,C,F Reserved ZlzlzZ|lz|z2|2|2| e[| 2
wn wn 2! 2! 2! 2! 2! 2! wn wn wn wn wn wn %2} %2}
x=A,B Reserved 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
008h
Reset Value x=C Reserved 1 1 1 Reserved
x=F Reserved 1]1 Reserved | 111 | 1
. ~ . &0 e I & o e = & o & o & o [ [N & n . & & o [ [
GPIOx PUPD p=ABCF 23 | 25 | 2a |2a |2a |22 |2f |28 |2e|2e |28 |2 |28 |2 |rr |27
x=A 0]o0 1 ojojojojojojofjojojojojofjojojojojofjojojojojojojojojojojoijo
00Ch x=B ojojojojofjofojojojojojojojojojojojojofjofjojojojojojojojojojojojo
Reset Value
x=C ojojojojof]o Reserved
x=F Reserved ojojoftgo Reserved ojojJojojofo
213|212l zl8lalelalelelt]lolal=]s
GPIOx_PID  |=A,B,C,F Reserved alalalalalalglelelelelelelelels
zlzlzlZlZ|l2]|l<|=|=R|E]|~|=|=]|=]|=]|=
x=A,B Reserved ojfojojofjofojojojofjofjofojojojojo
010h
Reset Value x=C Reserved oJofo Reserved
x=F Reserved 0of]o Reserved 0oJ0f]o
el zlS]loalelolelelstlaolal=]c
GPIOx POD |k=A,B,C,F Reserved AR R EEEEEE
I IS I I B S - - - T T R R Y
014h x=A,B Reserved oJjojojofjojojojojojojofjojojojoijo
Reset Value x=C Reserved 0oJo0f]o Reserved
x=F Reserved 01]o0 Reserved oJofo
1312121zl slslslslalzslalaels]s 213|221 =1e alzlslglalzlalalzls
GPIOx PBSC k=ABCFl 2|22 |22 [Q zlalalzalzl|2
- alz|z|e|z(2|2|E2[(E[E|E|E[(E(E)E|E|2(2|2|g2|(2[(2|E|E[E[(E|E|E|E[(E|E|E
018h x=A,B ojojojojofjofjojojojojojojojojojojojofjojojojojojojojojojojojojofgo
Reset Value x=C 0J0}|o0 Reserved oJofo Reserved
x=F Reserved | 010 Reserved | 0 | 010 Reserved 010 Reserved 0oJo0f]o
Mlel2l2l2lzlS]lalels]lelels]laalal=-]<
2121212121212 2181812 8|82 2|22
GPIOx_PLOCK k=A,B,C,F Reserved AR I R T E E L L L R R R
=l 212|212 2|22l |=|l=|l=|=|=|=]|&E]|=
01Ch
x=A,B Reserved ojojojofjojojojojojojojojojojojof]o
Reset Value
x=C Reserved oJjojoftgo Reserved
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otteed Register ;|2|a z|z|£|a 3 m|m|a|a 2|2|: BB 1*|*:|2|:|2|o~|oo |- m|<r|m NEE
x=F Reserved 0 Reserved 010 Reserved oJofo
GPIOx_AFL k=AB.CF| AFSEL7[3:0] AFSEL6[3:0] AFSELS5[3:0] AFSEL4[3:0] AFSEL3[3:0] AFSEL2[3:0] AFSELI[3:0] AFSELO[3:0]
x=A,B 1|1|l|1 1|1|1|1 1|1|1|1 1|1|1|1 1|1|1|1 1|1|1|1 1|1|1|1 1|1|1|1
020h
Reset Value x=C Reserved
x=F 1|1|l|1 1|1|1|1 Reserved 1|1|1|1 1|1|1|1 1|1|1|1
GPIOx AFH k=A,B,C,;F| AFSEL15[3:0] | AFSEL14[3:0] | AFSELI13[3:0] | AFSELI2[3:0] | AFSEL11[3:0] | AFSEL10[3:0] AFSEL9[3:0] AFSELS[3:0]
x=A 1 1 1 1 ojJojojojojogjofjo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
024h x=B 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Reset Value
x=C 1 1 1 1 1 1 1 1 1 1 1 1 Reserved
x=F Reserved
clxl2l2l=zl8]laleln]lelalt]lanlal=]=
GPIOX_PBC |x=A,B,C;F Reserved glglglglgl|gl2]|2|2|&8|28|2]|2|8|8|8
alaelzl2l2les]l~]l~]l~]le]~~]=]|]|~x]x]=x~
x=A,B Reserved ojojojofjojojojojojojofjojojojoijo
028h
Reset Value x=C Reserved 0ojofjo Reserved
x=F Reserved 01]o0 Reserved oJof|o
vl z|S|la|lews|loelvls]|oalal =<
GPIOx_DS  [x=A,B,C,F| Reserved 2137 8 8 8 8 S S RIBRIEAIBIA| R 8 8
x=A,B Reserved ojojojofojojofofofofoOofOfOfO|O]|O
02Ch
Reset Value x=C Reserved 0jofjo Reserved
x=F Reserved | 010 Reserved | 0 | 0 IO
. . .
5.3.2  GPIO Port Mode Description Register (GPIOx_PMODE)

Offset address : 0x00

Reset value : OXEBFF FFFF (x=A); OxFFFF FFFF (x=B); 0xFC00 0000 (x=C); 0x0000 FO3F (x=F)

31 30

29 28

27 26

25 24

23 22

21 20

19 18

17 16

PMODEI15[1:0]

PMODE14[1:0]

PMODE13[1:0]

PMODEI2[1:0]

PMODE11[1:0]

PMODEI0[1:0]

PMODEY[1:0]

PMODES][1:0]

™

15 14

™w
11 10

™w
9 8

™w
7 6

™w

™w

™w

5

4 3

2 1

0

PMODE7([1:0]

PMODEG6([1:0]

PMODES5[1:0]

PMODEA4[1:0] PMODE3[1:0] PMODE2[1:0]

PMODEI[1:0]

PMODEO[1:0]

™

™

Bit Field Name Description

31:30 PMODEYy[1:0] | Mode of port GPIOx (x = A,B,C,F) pin PINy:

29:28 00: Input mode

27:26 01: General output mode

25:24 10: Alternate function mode

23:22 11: Analog function mode

21:20 Note: whenx = A,B,y =0...15;

19:18 Whenx = C,y =13, 14, 15, the remaining bits are reserved, and the reserved
17:16 bits are read-only;

15:14 Whenx =F y=20,1, 2, 6, 7, the remaining bits are reserved, and the
13:12 reserved bits are read-only.

11:10

9:8
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Bit Field Name Description

7:6
5:4
3:2
1:0

5.3.3  GPIO Port Type Definition (GPIOx POTYPE)
Offset address : 0x04

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

' ' ' ' ' ' " Reseved ' ' ' ' '

15 14 13 12 11 10 9 8 7 6 5 4 3 2 I 0
POTIS | POTI4 | POTI3 | POTI2 | POTII | POTIO | POT9 | POTS | POT7 | POT6 | POTS | POT4 | POT3 | POT2 | POTI | POTO
w rw w w w w rw w rw w rw rw w rw w rw

Bit Field Name Description

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

15:0 POTy Output type of port GPIOx (x = A,B,C,F) pin PINy:
0: Output push-pull mode (state after reset)
1: Output open-drain mode
Note: whenx = A,B,y =0...15;
Whenx = C,y =13, 14, 15, the remaining bits are reserved, and the reserved
bits are read-only;
Whenx=F y =0, 1, 2, 6, 7, the remaining bits are reserved, and the
reserved bits are read-only.

5.3.4  GPIO Slew Rate Configuration Register (GPIOx_SR)

Offset address : 0x08

Reset value : 0x0000 FFFF (x=A, B); 0x0000 E000 (x=C); 0x0000 00C7 (x=F)

T T T T T T T T T T T T
Reserved
1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SRI5S | SRI4 | SRI3 | SRI2 | SRIl | SRIO SR9 SR8 SR7 SR6 SRS SR4 SR3 SR2 SR1 SRO
™ ™w ™ ™w ™w ™ ™w ™ ™w ™ ™ ™w ™ ™w ™ ™w
Bit Field Name Description
31:16 Reserved Reserved,the reset value must be maintained
15:0 SRy Slew rate configuration bits for port GPIOx (x = A,B,C ,F) pin PINy
0: Fast slew rate
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Bit Field Name Description

1: Slow slew rate
Note: whenx =A,B, y =0...15;
When x = C,y = 13, 14, 15, the remaining bits are reserved, and the reserved
bits are read-only;
Whenx =F y =0, 1, 2, 6, 7, the remaining bits are reserved, and the
reserved bits are read-only.

5.3.5 GPIO Port Pull-Up/Pull-Down Register (GPIOx_ PUPD)

Offset address : 0x0C

Reset value : 0x2400 0000 (x=A); 0x0000 0000 (x=B,C,F)

31 30 29 28 27 26 25 2 23 2 21 20 19 18 17 16
PUPDIIS[I:O] PUPDI14[1:O] PUPDI13[1:0] PUPDI12[1:0] PUPDlll[I:O] PUPDIIO[I:O] PUPDI9[1:0] PUPDIS[I:O]
s D T s g 7 s s s o L
PUPDI7[1 0] PUPDIé[l 0] PUPDIS[] 0] PUPDI4[1 0] PUPDI3[1 0] PUPDIZ[I 0] PUPDI [1:0] PUPDIO[I 0]

Bit Field Name Description
31:30 PUPDy[1:0] Pull-up and pull-down mode of port GPIOx (x = A,B,C,D,F) pin PINy:
29:28 00: no pull-up/pull-down
27:26 01: Pull up
25:24 10: Pull down
23:22 11: Reserved
21:20 Note: whenx = A,B,y =0...15;
19:18 When x = C, y = 13, 14, 15, the remaining bits are reserved, and the reserved
17:16 bits are read-only;
15:14 Whenx =F y=20,1, 2, 6, 7, the remaining bits are reserved, and the
13:12 reserved bits are read-only.
11:10
9:8
7:6
5:4
3:2
1:0
5.3.6  GPIO Port Input Data Register (GP1Ox_PID)

Offset address : 0x10

Reset value : 0x0000 0000 (x=A,B,C,F)
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31 16
' ' ' ' ' ' " Reened ' ' ' ' ' '

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PIDIS | PIDI4 | PIDI3 | PIDI2 | PIDII | PIDIO | PID9 | PIDS | PID7 | PID6 | PIDS | PID4 | PID3 | PID2 | PIDI | PIDO
r r r r r r r r r r r r r r r r

Bit Field Name Description

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

15:0 PIDy Input data of port GPIOx (x = A,B,C,F) pin PINy
These bits are read-only, and the read value is the state of the corresponding
I/O port.
Note: whenx = A,B, y =0...15;
When x = C,y = 13, 14, 15, the remaining bits are reserved, and the reserved
bits are read-only;
Whenx =F y =0, 1, 2, 6, 7, the remaining bits are reserved, and the
reserved bits are read-only.

5.3.7 GPIO Port Output Data Register (GPIOx_POD)
Offset address : 0x14

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

31 16
T T T T T T T T T T T T T T T
Reserved
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
POD15 | PODI4 | PODI13 | PODI2 | PODI1 | POD10 | POD9 POD8 POD7 POD6 PODS5 POD4 POD3 POD2 PODI PODO

™ ™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 PODy Output data of port GPIOx (x = A,B,C,F) pin PINy

These bits are readable or writable by software, and the corresponding POD
bits can be independently set/cleared.

Note: whenx = A,B,y =0...15;

Whenx = C,y =13, 14, 15, the remaining bits are reserved, and the reserved
bits are read-only;

Whenx =F y=20,1, 2, 6, 7, the remaining bits are reserved, and the

reserved bits are read-only.

5.3.8 GPIO Port Bit Set/Clear Register (GPIOx_ PBSC)
Offset address : 0x18

Reset value : 0x0000 0000 (x=A,B,C,F)
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PBC15 | PBCI4 | PBC13 | PBCI2 | PBCII PBCI10 PBCY9 PBC8 PBC7 PBC6 PBC5 PBC4 PBC3 PBC2 PBCI 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
PBSI15 PBS14 PBS13 PBS12 PBS11 PBS10 PBS9 PBS8 PBS7 PBS6 PBS5 PBS4 PBS3 PBS2 PBS1 PBS0
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 (x =A,B,C,F)

These bits can only be written.

0: Does not affect the corresponding PODy bit

1: Clear the corresponding PODy bit to 0

Note: If the corresponding bits of PBSy and PBCy are set at the same time,
the PBSy bit operates.

Note: whenx =A,B, y =0...15;

When x = C,y = 13, 14, 15, the remaining bits are reserved, and the reserved
bits are read-only;

Whenx =F y =0, 1, 2, 6, 7, the remaining bits are reserved, and the

reserved bits are read-only.

15:0 PBSy Set bit y of port GPIOx (x = A,B,C,F)

These bits can only be written.

0: Does not affect the corresponding PODy bit

1: Set the corresponding PODy bit to 1

Note: whenx = A,B, y =0...15;

When x = C,y = 13, 14, 15, the remaining bits are reserved, and the reserved
bits are read-only;

Whenx =F y =0, 1, 2, 6, 7, the remaining bits are reserved, and the

reserved bits are read-only.

5.3.9 GPIO Port Configuration Lock Register (GPIOx_ PLOCK)
Offset address : 0x1C

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

31 17 16
T T T T T T T T T T T T T T
Reserved PLOCKK
™w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLOCKI15|PLOCK14|PLOCK13|PLOCK12|PLOCK11|PLOCK10| PLOCK9 | PLOCKS [ PLOCK?7 | PLOCK®6 | PLOCKS [ PLOCK4 | PLOCK3 [ PLOCK2 [ PLOCK1 | PLOCKO
™ ™w ™ ™w ™w ™ ™w ™ ™w ™ ™ ™w ™ ™w ™ ™w
Bit Field Name Description
31:17 Reserved Reserved,the reset value must be maintained
16 PLOCKK Lock key
This bit can be read at any time, it can only be modified by the lock key write
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Bit Field

Name

Description

sequence.

0: Port configuration lock key is not active

1: The port configuration lock key bit is activated, and the GPIOx PLOCK
register is locked before the next system reset.

Lock key write sequence:

write 1 -> write 0 -> write 1 ->read 0 -> (read 1)

The last read 1 can be omitted, but can be used to confirm that the lock key
has been activated.

Note: The value of PLOCK[15:0] cannot be changed while operating the lock
key write sequence. Any errors in the operation lock key write sequence will

not activate the lock key.

15:0

PLOCKy

Configuration lock bit for port GPIOx (x = A,B,C,F) pin PINy

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

Note: whenx =A,B, y =0...15;

When x = C,y = 13, 14, 15, the remaining bits are reserved, and the reserved
bits are read-only;

Whenx =F y =0, 1, 2, 6, 7, the remaining bits are reserved, and the

reserved bits are read-only.

5.3.10 GPIO Alternate Function Low Register (GPIOx_AFL)

Offset address : 0x20

Reset value : OxFFFF FFFF (x = A,B); 0x0000 0000 (x = C); 0xFF00 OFFF (x = F)

31 28 27 24 23 20 19 16
I AFSEIL7[3:O] I AFSEI:6[3:0] I I AFSEI:S[S:O] I I AFSEIIA[S:O] I
15 rw 12 n_ nIV __8 T nIV 4 3 rw o0
AFSEL3([3:0] AFSEL2[3:0] AFSEL1[3:0] AFSELO[3:0]

Bit Field Name Description

31:28 AFSELy[3:0] Alternate function configuration bits for port GPIOx (x = A,B,C,F) pins PINy

27:24 (y=0...7)

23:20 0000: AFO

19:16 0001: AF1

15:12 0010: AF2

11:8 0011: AF3

7:4 0100: AF4

3:0 0101: AF5
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Bit Field

Name

Description

0110: AF6

0111: AF7

1000: AF8

1001: AF9

1010: AF10

1011: AF11

1100: AF12

1101: AF13

1110: AF14

1111: AF15

Note: whenx =4, B,y =0...7;
When x = C, all bits are reserved and reserved bits are read-only. ;

Whenx =F y =20, 1, 2, 6, 7, the remaining bits are reserved, and the

reserved bits are read-only.

5.3.11 GPIO Alternate Function High Register (GP1Ox_AFH)

Offset address : 0x24

Reset value : 0xFOOF FFFF (x = A); 0XFFFF FFFF (x = B); 0xFFF0 0000 (x = C); 0x0000 0000 (x = F)

31 . 8 27 . _ 23 . 2 R . __16
AFSELI15[3:0] AFSELI14[3:0] AFSELI13[3:0] AFSELI12[3:0]
15 ™ 12 11 ™ 8 7 N 4 3 N 0
I AFSELIll[3:O] I I AFSELIIO[3:O] I I AFSEII‘9[3:O] I I AFSEI:8[3:O] I
Bit Field Name Description
31:28 AFSELy[3:0] Alternate Function Configuration Bits for Port GPIOx (x = A,B,C,F) Pins
27:24 PINy (y =8...15)
23:20 0000: AFO
19:16 0001: AF1
15:12 0010: AF2
11:8 0011: AF3
7:4 0100: AF4
3:0 0101: AF5
0110: AF6
0111: AF7
1000: AF8
1001: AF9
1010: AF10
1011: AF11
1100: AF12
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Bit Field

Name

Description

1101: AF13

1110: AF14

1111: AF15

Note: whenx =A, B,y =8...15;

When x = C,y = 13, 14, 15, the remaining bits are reserved, and the reserved

bits are read-only;

When x = F, all bits are reserved and reserved bits are read-only.

5.3.12

Offset address : 0x28

GPIO Port Bit Clear Register (GPIOx_PBC)

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

T T T T T T T T T T
Reserved

10 9 8 7 6 5 4 3 2 1 0

PBC10 PBCY9 PBC8 PBC7 PBC6 PBC5

Bit Field

Name

Description

31:16

Reserved

Reserved,the reset value must be maintained

15:0

PBCy

Clear bit y of port GPIOx (x =A,B,C,F)

These bits can only be written.

0: No effect on the corresponding PODy bit

1: Clear the corresponding PODy bit to 0

Note: whenx =A,B,y =0...15;

When x = C, y = 13, 14, 15, the remaining bits are reserved, and the reserved
bits are read-only;

Whenx=F y =0, 1, 2, 6, 7, the remaining bits are reserved, and the

reserved bits are read-only.

5.3.13

Offset address : 0x2C

GPIO Driver Strength Configuration Register (GPIOx_ DS)

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

Reserved
L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DS15 DS14 DS13 DS12 DS11 DS10 DS9 DS8 DS7 DS6 DS5 DSs4 DS3 DS2 DS1 DSO
™w ™w ™ ™w ™ ™w ™ ™w ™w ™ ™w ™ ™w ™ ™ ™w
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0: High drive capability (16mA(5V)/8mA(3.3V)/4mA(1.8V))
1: Low drive capability (SmA(5V)/4mA(3.3V)/2mA(1.8V)

Note: whenx =A,B,y =0...15;

Bit Field Name Description
31:16 Reserved Reserved,the reset value must be maintained
15:0 DSy Drive capability configuration bits for port GPIOx (x = A,B,C,F) pins PINy

When x = C,y = 13, 14, 15, the remaining bits are reserved, and the reserved

bits are read-only;

Whenx =F y =0, 1, 2, 6, 7, the remaining bits are reserved, and the reserved

bits are read-only.

5.4 AFIO Registers

5.4.1

AFIO base address: 0x40010000

AFIO Register Overview

Table 5-37 AFIO Register Overview

Offset Register ;|2|ﬁ|ﬁ|§|ﬁ n|§ I RS 32°_°|':|2|2 i|f2|fl'|: E|@|OO|I\|O|V\|<r|m|N|—|o
AP EE
ZlZ| 8 |&2|%| EXTLETRI EXTI_ETRR
AFIO_ CFG S 2 NI
000h Reserved = | & 123 8 Q [3:0] [3:0] Reserved
ZR 7] &’ < S:
Reset Value 0o o[oJoJoJoJoloJoJoTo
EXTI3_CFG EXTI2_CFG EXTIl_CFG EXTIO_CFG
008h (AFIO_EXTI_CFGI Reserved [3:0] [3:0] [3:0] [3:0]
Reset Value oJoJoJoloJoJoJoloJoJoJoloJoJoTo
EXTI7_CFG EXTI6_CFG EXTIS_CFG EXTI4_CFG
IAFIO_EXTI_CFG2) = - - -~
00Ch 0. _CFG Reserved [3:0] [3:0] [3:0] [3:0]
Reset Value oJoJoJo[oJoJoJoJoJoJoJo oJoJoTJo
EXTI11_CFG EXTII0_CFG EXTI9_CFG EXTI8_CFG
IAFIO_EXTI_CF . - = .
010h 0. _CFG3 Reserved [3:0] [3:0] [3:0] [3:0]
Reset Value oJoJoJoJoJoJoJoJoJoJoJoloJoJoTo
EXTII5_CFG EXTI14_CFG EXTII3_CFG | EXTII2_CFG
IAFIO_EXTI_CFG4 . . . -
o14n [MFIO-EXTLCFG Reserved [3:0] [3:0] [3:0] [3:0]
Reset Value oJoJoJoJoJoJoJoJoJoJoJoloJoJoTo
5.4.2  AFIO Configuration Register (AFIO_CFG)
Offset address : 0x00
Reset value : 0x0000 0000
31 24 23 2 21 20 19 13 16
. . . . . . . .
. ADC ADC .
. . . Rcsclrvcd . . SPI2_NSS|SPI1_NSS| Reserved | ‘Er; | ETRR EXITIfETRI[3IAO]
™ ™ ™ ™
15 14 11 10 0
Ele T T T T T T T T T T T T T
ETRI[3:0] EXTI_ETRR[3:0] Reserved
1 1 1 1 1 1 1 1 1 1 1 1 1
™w ™w
Bit Field Name Description
31:24 Reserved Reserved,the reset value must be maintained
23 SPI2 NSS NSS mode selection bit of SPI2 (NSS is configured in AFIO push-pull
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Bit Field

Name

Description

mode).
0: NSS is high impedance when idle
1: NSS is high level when idle

22

SPI1_NSS

NSS mode selection bit of SPI1 (NSS is configured in AFIO push-pull
mode).

0: NSS is high impedance when idle

1: NSS is high level when idle

21

Reserved

Reserved,the reset value must be maintained

20

ADC_ETRI

ADC injection conversion external trigger remapping

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

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

1: ADC injection conversion external trigger is connected to TIM8 CH4.

19

ADC_ETRR

ADC rugular conversion external trigger remapping

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

0: ADC rugular conversion external trigger is connected to EXTI (0-15)
1: The ADC rugular conversion external trigger is connected to

TIMS8_TRGO.

18:15

EXTI ETRI[3:0]

Select EXTI Line injection to convert external trigger remapping
0000: select EXTIO injection conversion external trigger

0001: Select EXTI1 injection to convert external trigger

1111: Select EXTI15 injection conversion external trigger

14:11

EXTI ETRR[3:0]

Select EXTI Line rugular to convert external trigger remapping
0000: Select EXTIO rugular to convert external trigger
0001: Select EXTI1 rugular to convert external trigger

1111: Select EXTI15 rugular to convert external trigger

10:0

Reserved

Reserved,the reset value must be maintained

54.3

Offset address : 0x08

AFIO External Interrupt Configuration Register 1 (AFIO_EXTI_CFG1)

Reset value : 0x0000 0000

31

Reserved
1 1 1 1 1 1 1 1

EXTI3_CFG[3:0]

EXTI2_CFG[3:0]

T T T T T T
EXTIL_CFG[3:0] EXTIO_CFG[3:0]

™

™

™w ™
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Bit Field Name Description
31:30 Reserved Reserved,the reset value must be maintained
15:0 EXTIx CFG[3:0] | EXTIx configuration (x =0...3)

These bits are readable and writable by software and are used to select the
input source for the EXTIx external interrupt.
EXTIO configuration:

0000: PAO pin  0001: PBO pin ~ 0010: reserved
0101: PFO pin  Other: reserved

EXTII configuration:

0000: PA1 pin ~ 0001: PB1 pin  0010: reserved
0101: PF1 pin  Other: reserved

EXTI2 configuration:

0000: PA2 pin  0001: PB2 pin  0010: reserved
0101: PF2 pin  Other: reserved

EXTI3 configuration:

0000: PA3 pin ~ 0001: PB3 pin ~ 0010: reserved

0101: reserved Other: reserved

5.4.4 AFIO External Interrupt Configuration Register 2 (AFIO_EXTI_CFG2)

Offset address : 0x0C

Reset value : 0x0000 0000

31

Reserved
15 12 11 8 7 4 3 0
EXTI7_CFG[3:0] EXTI6_CFG[3:0] EXTIS_CFG[3:0] EXTI4_CFG[3:0]
™ ™ ™ ™w
Bit Field Name Description
31:30 Reserved Reserved,the reset value must be maintained
15:0 EXTIx_CFG[3:0] | EXTIx configuration (x = 4...7)

These bits are readable and writable by software and are used to select the

input source for the EXTIx external interrupt.

EXTI4 configuration:
0000: PA4 pin 0001: PB4 pin 0010: reserved
0101: reserved Other: reserved

EXTI5 configuration:

0000: PAS pin 0001: PBS5 pin 0010: reserved
0101: reserved Other: reserved

EXTI6 configuration:

0000: PAG6 pin 0001: PB6 pin 0010: reserved
0101: PF6 pin Other: reserved
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Bit Field Name Description

EXTI7 configuration:
0000: PA7 pin 0001: PB7 pin 0010: reserved
0101: PF7 pin Other: reserved

5.4.5 AFIO External Interrupt Configuration Register 3 (AFIO_EXTI CFG3)
Offset address : 0x10

Reset value : 0x0000 0000

31 16
Reserved
15 12 11 8 7 4 3 0
EXTII1_CFG[3:0] EXTI10_CFG[3:0] EXTI9_CFG[3:0] EXTIS_CFG[3:0]
™ ™ ™w ™

Bit Field Name Description
31:30 Reserved Reserved,the reset value must be maintained
15:0 EXTIx CFG[3:0] | EXTIx configuration (x = 8...11)

These bits are readable and writable by software and are used to select the
input source for the EXTIx external interrupt.

EXTIS8 configuration:

0000: PA8 pin 0001: PB8 pin 0010: reserved

0101: reserved Other: reserved

EXTI9 configuration:

0000: PA9 pin 0001: PB9 pin 0010: reserved
0101: reserved Other: reserved

EXTI10 configuration:

0000: PA10 pin ~ 0001: PB10 pin ~ 0010: reserved
0101: reserved Other: reserved

EXTI11 configuration:
0000: PA11 pin ~ 0001: PB11 pin  0010: reserved

0101: reserved Other: reserved

5.4.6 AFIO External Interrupt Configuration Register 4 (AFIO_EXTI_CFG4)
Offset address : 0x14

Reset value : 0x0000 0000

31 16

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

EXTI15_CFG[3:0] EXTI14_CFG[3:0] EXTI13_CFG[3:0] EXTI12_CFGI[3:0]

™w ™ ™ ™w
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Bit Field Name Description
31:30 Reserved Reserved,the reset value must be maintained
15:0 EXTIx_CFG[3:0] | EXTIx configuration (x = 12...15)

These bits are readable and writable by software and are used to select the
input source for the EXTIx external interrupt.

EXTI12 configuration:

0000: PA12 pin  0001: PBI2 pin  0010: reserved

0101: reserved Other: reserved

EXTI13 configuration:

0000: PA13 pin  0001: PB13 pin  0010: PC13 pin

0101: reserved Other: reserved

EXTI14 configuration:

0000: PA14 pin  0001: PB14 pin  0010: PC14 pin
0101: reserved Other: reserved

EXTI1S5 configuration:
0000: PA15S pin ~ 0001: PB15pin  0010: PC15 pin

0101: reserved Other: reserved

6 Interrupts and Events

6.1 Nested Vectored Interrupt Controller

Features

e 32 maskable interrupt channels (not including 16 Cortex®-MO neutral line);
e 4 programmable priorities (using 2 interrupt priorities);

e  Low latency exception and interrupt handling;

e  Power management control;

e  The realization of system control register;

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 6000. When the system tick clock is set to 6MHz (the maximum value of
HCLK/8), 1ms time base is generated.

6.1.2  Interrupt and Exception Vectors.

Table 6-1 Vector Table

Position | Priority | Priority Type Name Description Address
- - - - Reserved 0x0000 0000
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Position | Priority | Priority Type Name Description Address

- -3 Fixed Reset Reset 0x0000 0004
Non-maskable interrupt.RCC clock

- -2 Fixed NMI security system (CSS) is connected to 0x0000 0008
the NMI vector.

- -1 Fixed HardFault All types of errors (fault) 0x0000 000C
System services invoked by SWI

- 3 Settable SVCall o 0x0000 002C
directives
System service requests that can be

- 5 Settable PendSV ) 0x0000 0038
pending

- 6 Settable SysTick System tick timer 0x0000 003C

0 7 Settable WWDG Window watchdog interrupt 0x0000 0040
PVD interrupt connected to EXTTI line

1 8 Settable PVD 16 0x0000 0044
RTC interrupt connected to EXTI lines

2 9 Settable RTC 0x0000 0048
17,19 and 20

3 10 Settable MMU MMU global interrupt 0x0000 004C

4 11 Settable Flash Flash global interrupt 0x0000 0050

5 12 Settable RCC RCC global interrupt 0x0000 0054

6 13 Settable EXTIO 1 The EXTI line [1:0] interrupt 0x0000 0058

7 14 Settable EXTI2 3 The EXTI line [3:2] interrupt 0x0000 005C

8 15 Settable EXTI4 15 The EXTI line [15:4] interrupt 0x0000 0060

9 16 - - Reserved 0x0000 0064

10 17 Settable DMA CHI1 2 DMA channel 1/2 interrupt 0x0000 0068

11 18 Settable DMA CHI1 2 3 4 DMA channel 1/2/3/4 interrupt 0x0000 006C

12 19 Settable DMA_CH5 DMA channel 5 interrupt 0x0000 0070
TIM1 brakes, updates, triggers and

13 20 Settable TIM1 BRK UP_TRG COM 0x0000 0074
communication interrupt

14 21 Settable TIM1_CC TIM1 capture comparison interrupt 0x0000 0078

15 22 Settable DMA CHS3 4 DMA channel /3/4 interrupt 0x0000 007C

16 23 Settable TIM3 TIM3 global interrupt 0x0000 0080

17 24 Settable USART2 USART?2 global interrupt 0x0000 0084
TIMS brakes, updates, triggers and

18 25 Settable TIM8 BRK UP_TRG COM o 0x0000 0088
communication interrupt

19 26 Settable TIM8 CC TIMS capture comparison interrupt 0x0000 008C
LPTIM (connected to EXTI line 23)

20 27 Settable LPTIM/TIM6 0x0000 0090
/TIM6 global interrupt

21 28 Settable ADC ADC global interrupt 0x0000 0094

22 29 Settable SPI2 SPI2 global interrupt 0x0000 0098

23 30 Settable I’C1 I2C1 global interruption 0x0000 009C

24 31 Settable ’C2 I2C2 global interrupt 0x0000 00A0
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Position | Priority | Priority Type Name Description Address

25 32 Settable SPI1 SPI1 global interrupt 0x0000 00A4
Divider/square operator global

26 33 Settable HDIV/SQRT ) 0x0000 00A8
interrupt

27 34 Settable RAMC_ERR RAMC ERR global interrupt 0x0000 00AC

28 35 Settable USARTI/USART2 USART1/USART?2 global interrupt 0x0000 00BO
LPUART global interrupt (connected

29 36 Settable LPUART 0x0000 00B4
to EXTI line 22)

30 37 Settable USARTI1 USART]1 global interrupt 0x0000 00B8

31 38 Settable COMP COMP (connected to EXTI line 18) 0x0000 00BC

DMA and USART1/2 in the interrupt vector scale have several pairs of vectors with repeated functions. The repeated

vectors are divided into two groups below:

DMA interrupt vector grouping 1

| DMA_CHI 2 |

| DMA_CHS |

| DMA _CH3 4 |

USARTI/2 interrupt vector grouping 1

DMA interrupt vector grouping 2

| DMA _CHI 2 3 4 |

| DMA_CHS |

USART!I/2 interrupt vector grouping 2

USART2 |

USARTI |

USARTI_2

When using DMA and USART1/2 interrupts, you can choose either group arbitrarily, but only one group at a time.
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6.2 Extended Interrupt/Event Controller (EXTI)

6.2.1 Introduction

The extended interrupt/event controller contains 24 edge detection circuits that generate interrupt/event triggers. Each input
line can be independently configured with pulse or pending input types, and three trigger event types including rising edge,
falling edge or double edge, which can also be independently shielded. Interrupt requests that hold the state line in the

pending register can be cleared by writing '1' in the corresponding bit of the pending register.

6.2.2  Main Features

The main features of EXTI controller are as follows:

e  Supports 24 software interrupt/event requests

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

e  Supports for pulse or pending input types

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

e  Can wake up MCU to exit low power mode
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Figure 6-1 Extenal Interrupt/Event Controller Block Diagram
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Line
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Event
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register

6.2.3  Functional Description

The EXTI contains 24 interrupts lines, 16 lines from I/O pins and 8 lines from internal modules. To generate interrupts, the
NVIC interrupt channel of the extended interrupt controller must be configured to enable the appropriate interrupt line.
Select rising edge, falling edge, or double edge trigger event types by edge trigger configuration registers EXTI RT CFG
and EXTI FT CFG, and write 'l' to the corresponding bit of interrupt masking register EXTI IMASK to allow interrupt
requests. When a preset edge trigger polarity is detected on the external interrupt line, an interrupt request is generated and
the corresponding pending bit is set to '1'. Writing 'l' 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 'l' 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.
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Hardware interrupt configuration, select and configure 24 lines as interrupt sources as required:
—  Configure the mask bit (EXTI IMASK) for 24 interrupt lines.
—  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 24 interrupt lines can be correctly responded to.
Hardware event configuration: Select 24 lines as event sources as required:
—  Configure the mask bit (EXTI EMASK) for 24 event lines.
—  Configure the Trigger Selection bits for the selected event line (EXTI RT CFG and EXTI FT CFG).
Software interrupt/event configuration, select 24 lines as software interrupt/event lines as required:
—  Configure 24 interrupt/event line mask bits (EXTI IMASK and EXTI EMASK).

—  Configure the request bit of the software interrupt event register (EXTI SWIE).

140 / 548

NSING Technologies Pre. Lid.

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

Tel: +65 69268090

Email: sales@nsing com.sg



NSING nsing.com.sg

6.2.4 EXTI Line Mapping

Figure 6-2 External Interrupt Generic I/O Mapping

EXTIO_CFG[3:0] Control EXTI1_CFG[3:0] Control EXTI2_CFG[3:0] Control EXTI3_CFG[3:0] Control
PAO | H PAl | H PA2 | H
PA3 | |—’

AFIO_EXTI CFG1 EXTIO EXTI
= - EXTI2 EXTI3
Register PBO | H PB1 | H PB2 | H —> —>

pB3 [J—M
PO [J— pF1 [ }— P2 [—h
EXTI4_CFG[3:0] Control EXTI5_CFG[3:0] Control EXTI6_CFG[3:0] Control EXTI7_CFG[3:0] Control
pas [ J— pA7 [J—N
TV j S— pas [—

AFIO EXTI CFG2 EXTI4 EXTIS EXTI6 EXTI7
-0 — — pBs [—HW — 31 [}— —
Register

PB4 [J—h epes  [—»
pr6 [ }— pF7 [(—>
EXTI8_CFG[3:0] Control EXTI9_CFG[3:0] Control EXTI10_CFG[3:0] Control EXTI11_CFG[3:0] Control
pas [ J— pao  [1— ral0 [1— pall [ J—

AFIO_EXTI CFG3 EXTIS EXTI9 EXTII0 EXTIL1

Register —

res [ }— rBo  [(J—H pBl0 [(J— pBil [ }—

EXTI12_CFG[3:0] Control EXTI13_CFG[3:0] Control EXTI14_CFG[3:0] Control EXTI15_CFG[3:0] Control

y

ONEN I pals [ J1—h PAIS
raiz [ J—

O—
AFIO_EXTI_CFG4 Y s [— b e — 2 pis [—

EXTI1S5

Register
pBi2 [ J—

PC13 PCl4 PCI5

To configure external interrupts/events on the GPIO line using AFIO_EXTI CFG1~4, 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
8 EXTI lines is as follows:

e  EXTI line 16 is connected to the PVD output
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EXTI line 17 is connected to the RTC alarm

EXTI line 18 is connected to the COMP wake up event

EXTI line 19 is connected to the RTC tamper for detection or timestamp wake up event
EXTI line 20 is connected to the RTC wake up event

EXTI line 21 is reserved

EXTI line 22 is connected to the LPUART wake up event

EXTI line 23 is connected to the LPTIM wake up event
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NSING

6.3 EXTI Registers

EXTI base address: 0x40010400

EXTI Register Overview

6.3.1

Table 6-2 EXTI Register Overview

0 [OMSYII| o |OMSYWH | © | 0040 L¥ | o | 004D 1d | o | 04IMS | o | 0ANHEd | o o
I [ IISVAL| © [ ISV | © [ 1040 1¥ | © | IDAD Ld | o [ 19IMS | o [ 1aNdd | © M o]
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Interrupt Mask Register(EXTI_IMASK)

6.3.2

Address offset : 0x00

Reset value : 0x00000000
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Description

Reserved, the reset value must be maintained.

Name

Reserved

Bit Field
31:24
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23:22 IMASKx Interrupt mask on line x. (x is 22,23)
0: Mask the interrupt request from line x;
1: open the interrupt request from line x
21 Reserved Reserved, the reset value must be maintained.
20:0 IMASKx Interrupt mask on line x. (xis0,1,2...19,20)
0: Mask the interrupt request from line x;
1: open the interrupt request from line x
6.3.3 Event Mask Register(EXTI_EMASK)
Address offset : 0x04
Reset value : 0x00000000
31 24 23 22 21 20 19 18 17 16
Reserved IEMASK23[EMASK22| Reserved [EMASK2! EMASK19EMASK18|EMASK17EMASK16
™w ™ ™w ™ ™w ™w ™
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EMASK 15EMASK I4EMASK 13EMASK 12EMASK 1 1[IEMASK 10 EMASK9 | EMASKS | EMASK7 | EMASK6 | EMASKS | EMASK4| EMASK3 | EMASK2 | EMASK 1 | EMASKO
™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™w ™ ™
Bit Field Name Description
31:24 Reserved Reserved, the reset value must be maintained.
23:22 EMASKx Event masking on line x. (x is 22,23)
0: Masking the event request from line x;
1: open the event request from line x
21 Reserved Reserved, the reset value must be maintained.
20:0 EMASKx Event masking on line x. (xis 0,1,2...19,20)
0: Masking the event request from line x;
1: open the event request from line x
6.3.4 Rising Edge Trigger Selection Register(EXTI_RT_CFG)
Address offset : 0x08
Reset value : 0x00000000
31 24 23 2 21 20 19 18 17 16
Reserved RT RT Reserved RT RT RT RT RT
. . . . . . . _CFG23 | _CFG22 _CFG20 | _CFG19 | _CFGI8 | _CFG17 | _CFGl16
™w ™ ™ ™ ™w ™w ™
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RT RT RT RT RT RT RT RT RT RT RT RT RT RT RT RT
_CFG15 | _CFG14 | _CFG13 | _CFG12 | _CFG1l | _CFG10 | _CFGY | _CFG8 | _CFG7 | _CFG6 | _CFG5 | _CFG4 | _CFG3 | _CFG2 | _CFGl | _CFGO
™ ™w ™w ™ ™w ™w ™ ™w ™w ™ ™w ™w ™ ™w ™w ™
Bit Field Name Description
31:24 Reserved Reserved, the reset value must be maintained.
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23:22 RT_CFGx The rising edge on line x triggers the configuration bit. (x is 22,23)
0: Disables rising edge trigger (interrupts and events) on input line x.

1: Enable rising edge trigger (interrupts and events) on input line x.

21 Reserved Reserved, the reset value must be maintained.

20:0 RT_CFGx The rising edge on line x triggers the configuration bit. (x is 0,1,2...19,20)
0: Disables rising edge trigger (interrupts and events) on input line x.

1: Enable rising edge trigger (interrupts and events) on input line x.

6.3.5 Falling Edge Trigger Selection Register(EXTI_FT_CFG)

Address offset : 0x0C

Reset value : 0x00000000

31 24 23 22 21 20 19 18 17 16
T T T T T T T
Reserved FT_CFG23FT_CFG22 Reserved FT_CFG20FT _CFGI9FT_CFGI8FT CFG17FT_CFGl§
1 1 1 1 1 1 1
™w ™ ™w ™ ™w ™w ™
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FT_CFGISFT_CFGI4FT_CFGI13FT_CFGI2FT_CFGIIFT_CFGIQFT_CFG9|FT_CFGS8|FT_CFG7|FT_CFG6|FT_CFG5|FT_CFG4|FT_CFG3|FT_CFG2|FT_CFG1|FT_CFGO0

™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™w ™ ™
Bit Field Name Description
31:24 Reserved Reserved, the reset value must be maintained.
23:22 FT CFGx The falling edge on line x triggers the configuration bit. (x is 22,23)

0: Disables falling edge trigger (interrupts and events) on input line x.

1: Enable falling edge trigger (interrupts and events) on input line x is allowed.

21 Reserved Reserved, the reset value must be maintained.

20:0 FT CFGx The falling edge on line x triggers the configuration bit. (x is 0,1,2...19,20)

0: Disables falling edge trigger (interrupts and events) on input line X.

1: Enable falling edge trigger (interrupts and events) on input line x is allowed.

6.3.6  Software Interrupt Enable Register(EXTI_SWIE)

Address offset : 0x10

Reset value : 0x00000000

31 24 23 22 21 20 19 18 17 16
T T T T T T T
Reserved SWIE23 | SWIE22 | Reserved | SWIE20 | SWIE19 | SWIEIS | SWIE17 | SWIEI6
1 1 1 1 1 1 1
™ ™w ™w ™w ™w ™w ™w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SWIEIS | SWIE14 | SWIE13 | SWIEI2 | SWIEI1 | SWIEI0 | SWIE9 | SWIES | SWIE7 | SWIE6 | SWIES | SWIE4 | SWIE3 | SWIE2 | SWIEl | SWIE0
™w ™w ™w ™w I'w ™w ™w I™w ™w ™w I™w ™w ™w ™w ™w ™w
Bit Field Name Description
31:24 Reserved Reserved, the reset value must be maintained.
145 / 548

NSING Technologies Pte. Lid.

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

Tel: +65 69268090

Email: sales@nsing com.sg




NSING

nsing.com.sg

23:22

SWIEx

Software interrupt on line x. (x is 22,23)

When the bit is' 0 ', writing '1" sets the corresponding pending bit in EXTI PEND. If
this interrupt is allowed in EXTI IMASK and EXTI _EMASK, an interrupt will be
generated.

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

EXTI PEND.

21

Reserved

Reserved, the reset value must be maintained.

20:0

SWIEx

Software interrupt on line x. (x is 0,1,2...19,20)

When the bit is' 0 ', writing '1" sets the corresponding pending bit in EXTI PEND. If
this interrupt is allowed in EXTI IMASK and EXTI_EMASK, an interrupt will be
generated.

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

EXTI PEND.

6.3.7

Address offset : 0x14

Reset value : 0x00000000

Interrupt Request Pending Register(EXTI_PEND)

31 24 23 22 21 20 19 18 17 16
I I Reselrved I I PEND23 | PEND22 | Reserved | PEND20 | PEND19 | PENDI8 | PEND17 | PEND16
I I I I I rewl e wl rewl  rewl  rewl  rewl e wl
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PENDI5 | PEND14 | PENDI13 | PENDI12 | PENDI! | PEND10 | PEND9 | PENDS | PEND7 | PEND6 | PEND5 | PEND4 | PEND3 | PEND2 | PENDI | PENDO
rcwl  rewl  rewl rewl rewl rewl rewl rewl rewl rewl rewl rewl  rewl  rewl  rewl e wl
Bit Field Name Description
31:24 Reserved Reserved, the reset value must be maintained.
23:22 PENDx Hang bit on line x. (x is 22,23)
0: No pending request occurred.
1: A pending trigger request has 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.
21 Reserved Reserved, the reset value must be maintained.
20:0 PENDx Hang bit on line x. (x1is0,1,2...19,20)
0: No pending request occurred.
1: A pending trigger request has 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.

146 / 548

NSING Technologies Pre. Lid.

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

Tel: +65 69268090

Email: sales@nsing com.sg




NSING

nsing.com.sg

6.3.8 RTC Timestamp Trigger Source Selection Register (EXTI_TS SEL)

Address offset : 0x18

Reset value : 0x00000000

31 16
Reserved
15 4 3 0
Reserved TSSEL[3:0]
™w

Bit Field Name Description
31:4 Reserved Reserved, the reset value must be maintained.
3:0 TSSEL[3:0] Select external interrupt input as trigger source of timestamp event.

0: Select EXTIO as the trigger source of timestamp event;
1: select EXTI1 as the trigger source of timestamp event;

15: Select EXTI1S as the trigger source of timestamp events.
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7 DMA Controller

7.1 Introduction

The DMA controller can access totally 5 AHB slaves: Flash, SRAM, ADC, ABP1 and APB2. DMA Controller is controlled
by CPU to perform fast data transfer from source to destination. After configuration, data can be transferred without CPU

intervention. Thus, CPU can be released for other computation/control tasks or save overall system power consumption.

The main architecture of the MCU is a multi-layer AHB-Lite bus structure with round-robin arbitration scheme. DMA and

CPU core can access different slaves in parallel or same slaves sequentially.

DMA controller has 5 logic channels. Each logic channel is to serve memory access requests from single or multiple

peripherals. Internal arbiter controls the priority of different DMA channels.

7.2 Main Features

DMA main features:
e 5 DMA channels which can be configured independently.
e  Each DMA channel supports hardware requests and software triggers to initiate transfer, and is configured by software.

e  Each DMA channel has dedicated software priority level (DMA_CHCFGx.PRIOLVL [1:0] bits, corresponding to 4
levels of priority) which can be configured individually. Channels with the same software priority level will further
compare hardware index (channel number) to decide final priority (lower index number channel will has higher

priority).
e  Configurable source and destination size. Address setting should correspond to data size.
e  Configurable circular transfer mode for each channel.

e  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).
e  Supports three transfer types which are Memory-to-Memory, Memory-to-Peripheral and Peripheral-to-Memory.
e  Access totally 5 AHB slaves: Flash, SRAM, ADC, APB1 and APB2.

e  Configurable data transmit number (0~65535).
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7.3 Block Diagram

Figure 7-1 DMA Block Diagram
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7.4 Function Description

DMA controller and Cortex®-MO 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. The data is read from the source address according to the configured transfer
address and bit width, and then the read data is stored in the destination address space. After one operation, the controller

calculates the number of remaining transfers and updates the source address and the destination address of the next transfer.
Each DMA data transfer consists of three operations:

e  Data access: determine the source address (DMA_ PADDRx or DMA_MADDRX) according to the transfer direction

and read data from the source address.

e  Data memory: determine the destination address (DMA_PADDRx or DMA MADDRX) according to the transfer

direction and store the read data into the destination address space.

e  (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.
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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:

e  Very high priority

e  High priority

e Medium priority

e  Low priority

By default, channel with lower index has higher priority if the programmed priority is the same.

For memory to memory transfer, re-arbitration is carried on after 4 transfer operations.

For transfer related to periphery, re-arbitration is carried on after each transfer operation.

7.4.3 DMA Channels and Number Of Transfers

Each channel can perform DMA transfer between the peripheral register at the specified address and the memory address.
The number of data transferred by DMA is programmable, and the maximum supported value is 65535. The
DMA TXNUM register is decremented after each transfer.

7.4.4  Programmable Data Bit Width, Alignment and Endians

Peripheral and memory transfer data bit width supports byte, half-word and word, which can be programmed through
DMA_CHCFGx.PSIZE and DMA_CHCFGx.MSIZE.

When DMA CHCFGx.PSIZE and DMA_CHCFGx.MSIZE are different, the DMA module aligns the data according to
the below.

Table 7-1 Programmable Data Width and Endian Operation (When PINC = MINC =1)

Destina- | Number
Source
Width tion of Source: Transfer Operations Destination:
. Width |Transfer|] Address/Data (R: Read, W: Write) Address / Data
®io (bit) (bit)
0x0 /B0 1: R BO [7:0] @0x0, W BO [7:0] @0x0 0x0 /B0
. . A 0x1/Bl 2: R Bl [7:0] @0x1, W B1 [7:0] @0x1 0x1/BI
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
. 6 A 0x1 /Bl 2: R Bl [7:0] @0x1, W 00B1 [15:0] @0x2 0x2 / 00B1
0x2 /B2 3: R B2 [7:0] @0x2, W 00B2 [15:0] @0x4 0x4 / 00B2
0x3 /B3 4: R B3 [7:0] @0x3, W 00B3 [15:0] @0x6 0x6 / 00B3
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Source Destina- Number
. tion of Source: Transfer Operations Destination:
Wl(.ith Width |Transfer| Address/Data (R: Read, W: Write) Address / Data
®io (bit) (bit)
0x0 /B0 1: R BO [7:0] @0x0, W 000000B0 [31:0] @0x0 0x0 / 000000B0O
. 1 A 0x1 /Bl 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 B0 [7:0] @0x0 0x0 /B0
0x2 /B3B2 2: R B3B2 [15:0] @0x2, W B2 [7:0] @0x1 0x1/B2
o s ! 0x4 / B5B4 3: R B5B4 [15:0] @0x4, W B4 [7:0] @0x2 0x2 /B4
0x6 / B7B6 4: R B7B6 [15:0] @0x6, W B6 [7:0] @0x3 0x3/B6
0x0/BIBO 1: R B1BO [15:0] @0x0, W B1BO0 [15:0] @0x0 0x0/BIBO0
6 16 A 0x2 / B3B2 2: R B3B2 [15:0] @0x2, W B3B2 [15:0] @0x2 0x2 /B3B2
0x4 / B5B4 3: R B5B4 [15:0] @0x4, W B5B4 [15:0] @0x4 0x4 /B5B4
0x6 / B7B6 4: R B7B6 [15:0] @0x6, W B7B6 [15:0] @0x6 0x6 / B7B6
0x0/BIBO 1: R B1BO [15:0] @0x0, W 0000B1B0 [31:0] @0x0 0x0 / 0000B1B0
6 1 A 0x2 / B3B2 2: R B3B2 [15:0] @0x2, W 0000B3B2 [31:0] @0x4 0x4 / 0000B3B2
0x4 / B5B4 3: R B5B4 [15:0] @0x4, W 0000B5B4 [31:0] @0x8 0x8 / 0000B5B4
0x6 / B7B6 4: R B7B6 [15:0] @0x6, W 0000B7B6 [31:0] @0xC 0xC / 0000B7B6
0x0/B3B2B1B0 |I: R B3B2B1BO0 [31:0] @0x0, W B0 [7:0] @0x0 0x0 /B0
1 . A 0x4 /B7B6B5B4 2: R B7B6B5B4 [31:0] @0x4, W B4 [7:0] @0x1 0x1/B4
0x8 / BBBAB9BS [3: R BBBAB9BS [31:0] @0x8, W B8 [7:0] @0x2 0x2 /B8
0xC / BFBEBDBC #: R BFBEBDBC [31:0] @0xC, W BC [7:0] @0x3 0x3/BC
0x0/B3B2B1B0 |I: R B3B2B1BO0 [31:0] @0x0, W B1BO0 [15:0] @0x0 0x0/BIBO
1 16 A 0x4 /B7B6B5B4 2: R B7B6B5B4 [31:0] @0x4, W B5B4 [15:0] @0x2 0x2 /B5B4
0x8 / BBBAB9BS [3: R BBBAB9BS [31:0] @0x8, W BI9B8 [15:0] @0x4 0x4 / B9BS
0xC / BFBEBDBC @: R BFBEBDBC [31:0] @0xC, W BDBC [15:0] @0x6 0x6 / BDBC
0x0/B3B2B1B0 |I: R B3B2B1BO0 [31:0] @0x0, W B3B2B1B0 [31:0] @0x0 0x0/B3B2B1B0
1 1 A 0x4 /B7B6B5B4 2: R B7B6B5B4 [31:0] @0x4, W B7B6B5B4 [31:0] @0x4 0x4 / B7B6B5B4
0x8 / BBBAB9BS [3: R BBBAB9BS [31:0] @0x8, W BBBAB9BS [31:0] @0x8 0x8 / BBBAB9BS
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:

e When source size is smaller than destination size, DMA pads the MSB with 0 until their sizes match and duplicates it

to be 32 bits. E.g., source is 8 bits data 0x55 and destination size is 16 bits. DMA fills the source data with 0 to make

it 16 bits and become 0x0055, then duplicate it to 32-bit data 0x0055 0055 and provide to HWDATA[31:0]; (if

destination size is 32-bit then DMA will only pad source data with 0).
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e  When source size is larger or equal to destination size and smaller than 32 bits, DMA duplicates source data to 32 bits
data. E.g., source data is 8 bits data Ox1F, HWDATA[31:0] =0x1F1F_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 write (can read) the address register during transfer.

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

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

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

current operate is under circular mode or not.

e 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 TXNUMXx register with the DMA channel disabled.

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

7.4.6 Channel Configuration Process

The detail configuration process is as below:

1. Configure interrupt mask bits, 1: enable interrupts, 0 disable interrupts.

2.  Configure channel peripheral address and memory address and transfer direction.
3. Configure channel priority, 0: lowest, 3: highest.

4.  Configure peripheral and memory address increment.

5. Configure channel transfer block size.

6. Ifnecessary, configure circular mode.

7. If it is memory to memory, configure MEM2MEM mode (Note: to configure DMA to operate in M2M mode, user

needs to set corresponding channel select value to reserved value, e.g., 47).
8.  Repeat step 1~8 on channel 1~8 and finally.
9. Enable corresponding channel.

If software is used to serve interrupt, software must enquire interrupt status register to check which interrupt occurred
(software needs to write 1 to interrupt flag clear bit to clear the corresponding interrupt). Before enable channel, all
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interrupts corresponding to the channel should be cleared.

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

transformation is done.

Note: DMA user privilege management only supports that the user of the DMA configuration register is the same user as

the DMA-enabled user, otherwise it will cause DMA transfer errors to occur.
7.4.7  Flow Control

Three major flow controls are supported:

e Memory to memory

e  Memory to peripheral

e  Peripheral to memory

Flow control is controlled by two register bits in each DMA channel configuration register. Flow control is used to

control source/destination and direction of DMA channel.

Table 7-2 Flow Control Table

DMA_CHCFGx.MEM2MEM DMA_CHCFGx.DIR Source Destination Transfer
AHB read to AHB write, can do
1 X Memory Memory
back2back 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
. APB read to AHB write, single transfer
Peripheral

7.4.8 Circular Mode

The circular mode is used to process circular buffers and continuous data transmission (such as ADC scan mode). The
DMA CHCFGx.CIRC is used to enable this function. When the 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).
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7.4.9  Error Management

DMA access to a reserved address space will cause DMA transmission errors. When an error occurs, the transfer error flag
is set, and the hardware automatically clears the current DM A channel enable bit (DMA_ CHCFGx.CHEN), and the channel
operation is stopped. If the transfer error interrupt enable bit is set in the DMA_ CHCFGx register, an interrupt will be

generated.
7.4.10 Interrupt
e  Transfer complete interrupt:

An interrupt is generated when channel data transfer is complete. Interrupt is a level signal. Each channel has its
dedicated interrupt, interrupt mask control and interrupt status bit. Interrupt status bit is cleared when interrupt flag

clear bit is set.
e  Half transfer interrupt:

An interrupt is generated when half of the channel data is transferred. Interrupt is a level signal. Each channel has its
dedicated interrupt, interrupt mask control and interrupt status bit. Interrupt status bit is cleared when interrupt flag

clear bit is set.
e  Transfer error interrupt:

An interrupt is generated when bus returned error. Interrupt is a level signal. Each channel has its dedicated interrupt,

interrupt mask control and interrupt status bit. Interrupt status bit is cleared when interrupt flag clear bit is set.

Table 7-3 DMA Interrupt Request

Interrupt Event Event Flag Bit Enable Control Bit
Half transfer HTXF HTXIE
Transfer complete TXCF TXCIE
Transfer error ERRF ERRIE

7.4.11 DMA Request Mapping

Totally there are 35 DMA requests from all the peripherals. To have better support with full flexibility, register bits can be
used to select which DMA request is mapped to which DMA channel. The table blow show the mapping scheme of
peripherals’ DMA request to DMA controller’s DMA channels.
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Table 7-4 DMA Request Mapping

DMA Channel Select Peripheral DMA Request DMA Channel Select Peripheral DMA Request
sel=0 adc_dma sel =24 Timl ch2
sel=1 Usartl tx sel =25 Timl ch3
sel=2 Usartl rx sel =26 Timl ch4
sel=3 Usart2 tx sel =27 Timl com
sel=4 Usart2 rx sel =28 Timl up
sel=5 Lpuart_tx sel =29 Tim1 _trig
sel=6 Lpuart_rx sel =30 Tim8 chl
sel=7 Reserved sel =31 Tim8 ch2
sel =8 Reserved sel =32 Tim8 ch3
sel=9 Reserved sel =33 Tim8 ch4

sel=10 Reserved sel =34 Tim8 com
sel =11 Reserved sel =35 Tim8 up
sel =12 Reserved sel =36 Tim8 trig
sel=13 Spil tx sel =37 Tim3_chl
sel =14 Spil rx sel =38 Tim3 ch3
sel =15 Spi2_tx sel =39 Tim3 ch4
sel =16 Spi2_rx sel =40 Tim3 up
sel=17 Reserved sel =41 Tim3_trig
sel =18 Reserved sel =42 Reserved
sel =19 I’cl tx sel =43 Reserved
sel =20 IPcl rx sel = 44 Reserved
sel =21 I’c2_tx sel =45 Reserved
sel =22 1%c2_rx sel =46 TIM6
sel =23 Timl chl

7.5 DMA Registers

7.5.1 DMA Register Overview

Table 7-5 DMA Register Overview

Offset Register HERHEEREERERAEREEHEEREEEREHEEEEEE R R ERDEE
vy vy vy wvy <+ < < = o o [22] [22] o o o o — — — —
25 < RS R A S A A O S S 48 | e =
DMA_INTSTS AHEIEHHEEHEHHEHEEHEHEEEEEE
000h Reserved dlz|Ee|o|a|Z|F|o|a|z|E|o|d|lZ|E|G|a|Z]|E]|0
Reset Value oJoJoJoJoJoJoflofoloJoJoJoJoJo o olo]o]o
vy vy vy wvy <+ < < = o o [22] [22] o o o o — — — —
z|lk|Cla|e|%|Cla|z|%|clalz|%|c|la|lz|%|8|5
DMA_INTCLR | = | =} =}
004h - Reserved ﬁ E i>—4< 0 5 E E O 5 E i>—<< 0 % E E Q % E ﬁ 6}
QO] ]|]OD]JO|[O|lO|lO[O[O]O
Reset Value oJoJoJoloJoJoflofolololololoJolofolo]o]o
= = = =
g 5‘ = S Q10| Q| x HlH| Bz
DMA_CHCFGI S| 2= ) T | Z|z||5 XIS |E
008h - Reserved =2~ | & S |E|E|5|5|% =
m I~ 2] %]
S| & = =
Reset Value o{oJoJoJoloJoJolololoJololo]o
DMA_TXNUMI [ NDTX[15:0]
00Ch Reserved
Reset Value [oJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
010h DMA_PADDRI ADDR[31:0]
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Offset Register HERHBEBHEREEREREHEBEEREEEREEHEEEEEEHE R R DR RN E
Reset Value ofoJoloJoJoJoloJoJofoJoJoJololoJoJolofloJoloJofJoJolofoloJoJo]o]
ol4h | —DMA_MADDRI ADDR[31:0]
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
o18h DMA_CHSELI Reserved CH_SEL[5:0]
Reset Value 0[0]0]JO]O]|O
=| = = =
s| g = = |9]ele 2lE8|z
01Ch DMA_CHCFG2 Reserved %‘ gg § E E E g g g E E %J
S| 2 s 2
Reset Value o [oJoJoJoJloJoJolofofloJoJo]oTJo
020h DMA_TXNUM2 Reserved [ NDTX[15:0]
Reset Value [oJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
DMA_PADDR2 ADDR[31:0]
024h
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
o2sh | —DMA_MADDR2 ADDR[31:0]
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
02Ch DMA_CHSEL2 Reserved CH_SEL[5:0]
Reset Value 0[0]0O]JO]O]|O
= = = =
ol I = = R o m | om
S| 5 5 S 12lelelzl2l%18|5
o3on | DMA-CHCFGS Reserved % 8° | © E E £\8|a % E E z
= = A
Reset Value o [oJoJoJoJloJoJolofoloJoJoloTJo
034 DMA_TXNUM3 Reserved [ NDTX[15:0]
Reset Value eserve [oJoTJoJoJoJoJoJoJoJoJoJoJoJoJo]o
DMA_PADDR3 ADDR[31:0]
038h —
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
03Ch | —DMA_MADDR3 ADDR[31:0]
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
040h DMA_CHSEL3 Reserved CH_SEL[5:0]
Reset Value 0]0]0])]0]0{O
=| = = =
ol I = = R o m | om
= > = = Olo|Q «|2|%|8 E
044h DMA_CHCFG4 Reserved % §O ;) S E E f__‘) A % E E 6
= = A
Reset Value o [oJoJoJoJloJoJolofoloJoJoloTJo
04h DMA_TXNUM4 Reserved [ NDTX[15:0]
Reset Value [oJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
DMA_PADDR4 ADDR[31:0]
04Ch —
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
050h DMA_MADDR4 ADDR[31:0]
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
0sdh DMA_CHSEL4 Reserved CH_SEL[5:0]
Reset Value 0]1]0]0])]0]0{O
=| = = =
ol I = = . o E | m
S| 5 5 = Olou| o 2|2z E
058h DMA_CHCFGS Reserved % §O a E E E % a g E E 5
= = A
Reset Value o [oJoJoJoJloJoJolololoJoJoloTJo
. DMA_TXNUMS [ NDTX[15:0]
03Ch Reset Value N [oJoTJoJoJoJoJoJoJoJoJoJoJoJoJoTo
DMA_PADDRS ADDR[31:0]
060h —
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
06dh DMA_MADDRS ADDR[31:0]
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
DMA_CHSELS CH_SEL[5:0]
068h Reserved
Reset Value oJoJoJoTJoTo
7.5.2 DMA Interrupt Status Register (DMA_INTSTS)
Address offset: 0x00
Reset value: 0x0000 0000
3L 30 29 o8 27 26 25 24 23 om0 2 20 19 18 17 16
Reserved ERRF5 | HTXF5 | TXCF5 | GLBFS
1 1 1 1 1 1 1 1 1 1 1
r r r r r r r T r r r T T T T r
13 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ERRF4 | HTXF4 | TXCF4 | GLBF4 | ERRF3 | HTXF3 | TXCF3 | GLBF3 | ERRF2 | HTXF2 | TXCF2 | GLBF2 | ERRF1 | HTXFI | TXCFl | GLBFI
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Bit Field

Name

Description

19/15/11/7/3

ERRFx

Transfer error flag for channel x (x=1...5).

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.

18/14/10/6/2

HTXFx

Half transfer flag for channel x (x=1...5).

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.

17/13/9/5/1

TXCFx

Transfer complete flag for channel x (x=1...5).

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.

16/12/8/4/0

GLBFx

Global flag for channel x (x=1...5).
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.

7.5.3

DMA Interrupt Flag Clear Register (DMA_INTCLR)

Address offset: 0x04

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
Reserved CERRF5 | CHTXFS | CTXCFS | CGLBFS
(R VA SR SR VS N W M SN SN S W S S M
CERRF4 | CHTXF4 | CTXCF4 | CGLBF4 | CERRF3 | CHTXF3 | CTXCF3 | CGLBF3 | CERRF2 | CHTXF2 | CTXCF2 | CGLBF2 | CERRF! | CHTXF! | CTXCF! | CGLBF!
rw W w w w w w w w w w w w w w w
Bit Field Name Description
19/15/11/7/3 CERRFx Clear transfer error flag for channel x (x=1...5).
Software can set this bit to clear ERRF of corresponding channel.
0: No action.
1: Reset DMA_INTSTS.ERREF bit of corresponding channel.
18/14/10/6/2 CHTXFx Clear half transfer flag for channel x (x=1...5).
Software can set this bit to clear HTXF of corresponding channel.
0: No action.
1: Reset DMA_INTSTS.HTXF bit of corresponding channel.
17/13/9/5/1 CTXCFx Clear transfer complete flag for channel x (x=1...5).
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Bit Field Name Description

Software can set this bit to clear TXCF of corresponding channel.

0: No action.
1: Reset DMA_INTSTS.TXCEF bit of corresponding channel.
16/12/8/4/0 CGLBFx Clear global event flag for channel x (x=1...5).

Software can set this bit to clear GLBF of corresponding channel.
0: No action.
1: Reset DMA_INTSTS.GLBEF bit of corresponding channel.

7.5.4 DMA Channel x Configuration Register (DMA_CHCFGx)
Note: The x is channel number, x = 1...5
Address offset: 0x08+20 * (x—1)

Reset value: 0x0000 0000

31 16
T T T T T T T T T T T T T T T
Reserved
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T
Reserved b&%@f PRIOLVL[1:0] MSIZE[1:0] PSIZE[1:0] MINC | PINC | CIRC DIR | ERRIE | HTXIE | TXCIE | CHEN
1 1 1
™w ™ ™ ™w ™ ™w ™ ™ ™ ™w ™ ™
Bit Field Name Description
31:15 Reserved Reserved, the reset value must be maintained.
14 MEM2MEM Memory to memory mode.

Software can configure this channel to memory to memory transfer when
it is not yet enabled.

0: Channel transfer between memory and peripheral.

1: Channel set to memory to memory transfer.

13:12 PRIOLVL[1:0] Channel priority.

Software can program channel priority when channel is not enable.
00: Low

01: Medium

10: High

11: Very high

11:10 MSIZE[1:0] Memory data size.

Software can configure data size read/write from/to memory address.
00: 8-bits

01: 16-bits

10: 32-bits

11: Reserved

9:8 PSIZE[1:0] Peripheral data size.
Software can configure data size read/write from/to peripheral address.

00: 8-bits
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Bit Field Name

Description

01: 16-bits
10: 32-bits
11: Reserved

7 MINC

Memory increment mode.
Software can enable/disable memory address increment mode.
0: Memory address won't increase with each transfer.

1: Memory address increase with each transfer.

6 PINC

Peripheral increment mode.
Software can enable/disable peripheral address increment mode.
0: Peripheral address won't increase with each transfer.

1: Peripheral address increase with each transfer.

5 CIRC

Circular mode.
Software can set/clear this bit.
0: Channel will stop after one round of transfer.

1: Channel configure as circular mode.

4 DIR

Data transfer direction
Software can set/clear this bit.
0: Data transfer from Peripheral to Memory

1: Data transfer from Memory to Peripheral.

3 ERRIE

Transfer error interrupt enable.
Software can enable/disable transfer error interrupt.
0: Disable transfer error interrupt of channel x.

1: Enable transfer error interrupt of channel x.

2 HTXIE

Half transfer interrupt enable.
Software can enable/disable half transfer interrupt.
0: Disable half transfer interrupt of channel x.

1: Enable half transfer interrupt of channel x.

1 TXCIE

Transfer complete interrupt enable.
Software can enable/disable transfer complete interrupt.
0: Disable transfer complete interrupt of channel x.

1: Enable transfer complete interrupt of channel x.

0 CHEN

Channel enable.
Software can set/reset this bit.
0: Disable channel.

1: Enable channel.

7.5.5 DMA Channel x Transfer Number Register (DMA_TXNUMXx)

Note: The x is channel number, x = 1...5
Address offset: 0x0C+20 * (x—1)

Reset value: 0x0000 0000
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31 16
Reserved
15 0
NDTX[15:0]
™w

Bit Field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15:0 NDTX Number of data to transfer.

Number of data to be transferred (0~65535). Software can read/write the number of
transfers when channel is disable and it will be read only after channel enable. Every
successful transfer of corresponding DMA channel will decrease this register by 1. If
circular mode is enable, it will automatically reload pre-set value when it reach zero.

Otherwise it will keep at zero and reset channel enable.

7.5.6 DMA Channel x Peripheral Address Register (DMA_ PADDRYX)
Note: The x is channel number, x = 1...5

Address offset: 0x10+20 * (x—1)

Reset value: 0x0000 0000

This register can only be written if the channel is disabled (DMA_CHCFGx.CHEN = 0).

31 16
ADDR[31:0]
™
15 0
ADDR[31:0]
™
Bit Field Name Description
31:0 ADDR Peripheral address.

Peripheral starting address for DMA to read/write from/to.
Increment of address will be decided by DMA CHCFGx.PSIZE. With
DMA_CHCFGx.PSIZE equal to 01, DMA ignores bit 0 of PADDR and if
DMA_CHCFGx.PSIZE equal to 10 DMA will ignore bit [1:0] of PADDR.

7.5.7 DMA Channel x Memory Address Register (DMA_MADDRYX)
Note: The x is channel number, x = 1...5

Address offset: 0x14+20 * (x—1)

Reset value: 0x0000 0000

This register can only be written if the channel is disabled (DMA_CHCFGx.CHEN = 0).
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31 16
ADDR[31:0]
™
15 0
ADDR([31:0]
Bit Field Name Description
31:0 ADDR ADDR Memory address.
Memory starting address for DMA to read/write from/to.
Increment of address will be decided by DMA CHCFGx.MSIZE. With
DMA_CHCFGx.MSIZE equal to 01, DMA ignores bit 0 of MADDR and if
DMA_ CHCFGx.MSIZE equal to 10 DMA will ignore bit [1:0] of MADDR.
7.5.8 DMA Channel x Channel Request Select Register (DMA_CHSELX)
Note: The x is channel number, x = 1...5
Address offset: 0x18+20 * (x—1)
Reset value: 0x0000 0000
31 16
Reserved
15 6 5 0
Reserved CH_SEL[5:0]
™
Bit Field Name Description
31:6 Reserved Reserved, the reset value must be maintained.
5:0 CH_SEL[5:0] DMA channel request selection

0x00: adc_dma

0x2E: TIM6
For the mapping of peripheral DMA requests to DMA input request channel numbers,

please refer to Table 7-4
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8 CRC Calculation Unit

8.1 CRC Introduction

This module integrates the functions of CRC32 and CRCI16, and the cyclic redundancy check (CRC) calculation unit
obtains any CRC calculation result according to a fixed generator polynomial. In other applications, CRC technology is
mainly used to verify the correctness and integrity of data transmission or data memory. EN/IEC 60335-1 provides a method
to verify the integrity of Flash memory. CRC calculation unit can calculate the signature of the software when the program
is running, then compare it with the reference signature generated during connection, and then store it in the specified

memory space.

8.2 CRC Main Features

8.2.1 CRC(C32 Module

° CRC3 2(X32+X26+X23+X22+X 1 6+X 1 2+X1 I+X 1 O+X8+X7+X5+X4+X2+X+ 1 )
e 32 bits of data to be checked and 32 bits of output check code.
e CRC calculation time: 1 AHB clock cycles (HCLK)

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

8.2.2 CRC16 Module

e CRCI6(X'+X5+X%+1)

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

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

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

e  Supports 8bit LRC check value generation

The following figure is the block diagram of CRC unit.
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Figure 8-1 CRC Calculation Unit Block Diagram
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8.3 CRC Function Description

83.1 CRC(C32

CRC alculation unit contains one 32-bit data register:

e  Writing this register to input CRC data.

e  Reading this register to get the calculated CRC result.

Every writing operation to this data register triggers the calculation of this new data with the previous calculation result

(CRC calculation is performed on the whole 32-bit word rather than byte by byte).
Supports back-to-back writes or sequential write-read operations.

CRC_CRC32DAT can be re-initialized to OXFFFFFFFF by setting CRC_CRC32CTRL.RESET. This operation does not
affect the data in register CRC_CRC32IDAT.

83.2 CRCI16
CRC_CRCI16CTRL.ENDHL controls Little Endian format or Big Endian format.
To clear the result of the last CRC operation, set CRC_CRCI16CTRL.CLR to 1 or CRC_CRC16D to 0.

The initial value of CRC calculation can be configured by writing the CRC_CRC16D register. By default, the initial value

is the result of the last calculation.

LRC calculation is the same as CRC calculation. Both are carried out at the same time. CRC or LRC can be read out

depending on needs. If the initial value needs to be set, the LRC register should be configured first.
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8.4 CRC Registers

8.4.1 CRC Register Overview
The following table lists the registers and reset values of CRC.

Table 8-1 CRC Register Overview

Offset Register Z‘%‘glﬁlgl3|3|§|m|ﬁ|§|3|2|2|:|.‘9Ifll’lﬁlﬁl:lelo\lWII\IOIMI*‘M‘N‘-—IO
CRC32DAT CRC32DAT([31:0]
000h
Reset Value l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘1‘1‘1‘1‘1‘1‘1‘1 l‘l‘l‘l‘l‘l‘l‘l
CRC32IDAT CRC32IDAT[7:0]
004h Reserved
Reset Value 0 ‘ 0 I 0 I 0 ‘ 0 ‘ 0 ‘ 0fo0
=
m
CRC32CTRL 2
008h Reserved &~
Reset Value 0
2
| Z| =
CRCI16CTRL 3 % 3
00Ch Reserved bl g
-2
Reset Value 0l
CRC16DAT CRC16DAT[7:0]
010h Reserved
Reset Value 0‘0‘0‘0‘0‘0‘0‘0
CRC16D CRC16D[15:0]
014h Reserved
Reset Value 0‘0‘0‘0‘0‘0‘0‘0 O‘OIOIO‘O‘O‘OIO
LRC LRCDAT([7:0]
018h Reserved
Reset Value 0‘0’0’0‘0‘0‘0’0

8.4.2 CRC32 Data Register (CRC_CRC32DAT)
Address offset: 0x00

Reset value: OxFFFF FFFF

31 16
CRC32DAT[31:0]
™
15 0
CRC32DAT[31:0]
™
Bit Field [Name Description
31:0 ICRC32DAT[31:0]|CRC32 Data register.

bit operations are supported.

[The written data is the CRC value to be checked. The read data is the CRC calculation result. Only 32-

8.4.3 CRC32 Independent Data Register (CRC_CRC32IDAT)
Address offset: 0x04

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

Bit Field [Name Description
31:8 Reserved IReserved,the reset value must be maintained
7:0 CRC32IDAT[7:0][[ndependent 8-bit data register.

General 8 bits data register. It is for temporary stored 1-byte data. CRC_ CRC32CTRL.RESET bit 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.
8.44 CRC32 Control Register (CRC_CRC32CTRL)
Address offset: 0x08

Reset value: 0x0000 0000

31 16
Reserved
15 1 0
Reserved RESET
w
Bit Field  [Name Description
31:1 Reserved Reserved,the reset value must be maintained
0 RESET RESET signal.

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

hardware will clear to 0 automatically.

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

Reset value: 0x0000 0000

31 16
Reserved
15 3 2 1 0
Reserved CLR ENDHL | Reserved
w ™w
Bit Field Name IDescription
31:3 Reserved IReserved,the reset value must be maintained
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Bit Field Name IDescription
2 ICLR IClear 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.
0: From MSB to LSB

1: From LSB to MSB

[This bit is only for data to be verified.

0 Reserved Reserved,the reset value must be maintained

Note: 8-bits, 16-bits and 32-bits operations are supported.
8.4.6 CRCI16 Input Data Register (CRC_CRC16DAT)
Address offset: 0x10

Reset value: 0x0000 0000

31 16
Reserved
15 8 7 0
Reserved CRCI16DAT[7:0]
™

Bit Field Name IDescription
31:8 Reserved IReserved,the reset value must be maintained
7:0 ICRC16DAT][7:0] IData to be verified.

Note: 8-bits, 16-bits and 32-bits operations are supported.
8.4.7 CRC Cyclic Redundancy Check Code Register (CRC_CRC16D)
Address offset: 0x14

Reset value: 0x0000 0000

31 16
Reserved
15 0
CRC16D[15:0]
™
Bit Field Name Description
31:16 Reserved Reserved,the reset value must be maintained
15:0 ICRC16D[15:0] 16-bit value of cyclic redundancy result data.
Every time the software writes the CRC16DAT register, the 16-bit calculated data from
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Bit Field Name Description

ICRC16 is updated in this register.

Note: 8-bits, 16-bits and 32-bits operations are supported (8-bit operations must be performed twice in a row to ensure

that 16-bit initial values are configured properly)
8.4.8 LRC Result Register (CRC_LRC)
Address offset: 0x18

Reset value: 0x0000 0000

31 16
Reserved
15 8 7 0
Reserved LRCDAT[7:0]
™

Bit Field Name IDescription
31:8 Reserved IReserved,the reset value must be maintained
7:0 LRCDAT[7:0] [LRC check value register.

Software need to write initial value before use. And then each writing data to CRCDR will be
IXOR with LCR register value. The result will be stored in LRC. Software read the result. It

should be cleared before next use.

167 / 548

NSING Technologies Pte. Lid.

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

Tel: +65 69268090

Email: sales@nsing com.sg



NSING nsing.com.sg

9 Advanced Control Timers (TIM1 and TIMS)

9.1 TIM1 and TIMS Introduction

The advanced control timers (TIM1 and TIM8) are mainly used for counting the input signal, measuring the pulse width

of the input signal and generating the output waveforms, etc.

Advanced control timers have functions such as complementary output functions, dead-time insertion and break functions,

which are suitable for motor control.

9.2 Main Features of TIM1 and TIMS

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

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

e  TIMI and TIMS up to 6 channels

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

capture
e  Timer can be controlled by external signal
e  Timers can be linked together internally for timer synchronization or chaining
e TIM1 OCS and TIM8 OCS5 for COMP blanking
e  TIMI1_OC6 for switch the master and slave channels of OPAMP
e  The events that generate the interrupt/DMA are as follows:
—  Update event
—  Trigger event
—  Input capture
—  Output compare
—  Break signal input
e  Complementary outputs with programmable dead-time
—  For TIM1 and TIMS, channel 1,2,3 support this feature
e Incremental (quadrature) encoder interface: it is used for tracking motion and resolving rotation direction and position

e  Hall sensor interface: it is used to do three-phase motor control
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Figure 9-1 Block Diagram of TIM1 and TIMS8
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9.3 TIM1 and TIMS8 Function Description

9.3.1 Time-base Unit

The advanced-controltimer’s time-base unit mainly includes: prescaler, counter, auto-reload and repetition counter. When
the timebase unit is operating, user can read and write the corresponding registers (TIMx PSC, TIMx_CNT, TIMx AR
and TIMx_REPCNT) at any time by the software.

Depending on the setting of the auto-reload preload enable bit (TIMx_CTRL1.ARPEN), the value of the preload register
is transferred to the shadow register immediately or at each update event UEV. When TIMx_CTRL1.UPDIS=0, a counter
overflow/underflow or software setting TIMx EVTGEN.UDGN will generate an update event. The counter CK_CNT is
valid only when the TIMx CTRLI.CNTEN bit is set. The counter starts counting one clock cycle after the

TIMx CTRL1.CNTEN bit is set.
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9.3.1.1 Prescaler description

The TIMx_PSC register consists of a 16-bit counter that can be used to divide the counter clock frequency by any factor
between 1 and 65536. Because this controller has a buffer, it can be dynamically changed at runtime. The new prescaler

value will only be adopted during the next update event.

Figure 9-2 Counter Timing Diagram with Prescaler Division Change from 1 to 4

CNTEN

e JUUUUUTUUUIUUTUUUT
Timer Clock = CK_CNT M H H

Counter register 87 @@@ 00 X 01 X:

Update event (UEV) H

Prescaler controller register 0 ‘X 3

Write a new value in T@V_PSC

Presalercounter 00008006860
Prescaler buffer 0 >< 3

9.3.2  Counter Mode
9.3.2.1  Up-counting mode

In up-counting mode, the counter will count from 0 to the value of the register TIMx_AR, then it resets to 0. And a counter

overflow event is generated.

If the TIMx_CTRL1.UPRS bit (selecting update request) and the TIMx EVTGEN.UDGN bit are set, an update event
(UEV) will be generated. And TIMx_ STS.UDITF will not be set by hardware, therefore, no update interrupts or update

DMA requests will be generated. This is to avoid generating an update interrupt when clearing the counter.

Depending on the configuration of TIMx CTRLI1.UPRS, When an update event occurs, all registers are updated and the
TIMx_ STS.UDITF is set:

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

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

setting TIMx_CTRL1.UPDIS=1.

When an update event is generated, the counter will still be cleared and the prescaler counter will also be set to 0 (but the

prescaler value will remain unchanged).

The figures below show some examples of the counter behavior and the update flags for different prescaler factors in the

up-counting mode.

nsing.com.sg

Figure 9-3 Timing Diagram of Up-counting. The Internal Clock Divider Factor = 2/N
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Figure 9-4 Timing Diagram of The Up-counting, Update Event When ARPEN = (/1
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9.3.2.2 Down-counting mode

In down-counting mode, the counter will decrement from the value of the register TIMx_AR to 0, then restart from the

auto-reload value and generate a counter underflow event.

The process of configuring update events and updating registers in down-counting mode is the same as in up-counting

mode, refer toSection 9.3.2.1.

The figure below shows some examples of the counter behavior and the update flags for different division factors in the

down-counting mode.

Figure 9-5 Timing Diagram of The Down-counting, Internal Clock Divided Factor = 2/N
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9.3.2.3  Center-aligned mode

In center-aligned mode, the counter increments from 0 to the value (TIMx_AR) — 1, a counter overflow event is generated.
It then counts down from the auto-reload value (TIMx_AR) to 1 and generates a counter underflow event. Then the counter

resets to 0 and starts counting up again.

In this mode, the TIMx_CTRL1.DIR direction bits have no effect and the count direction is updated and specified by
hardware. Center-aligned mode is active when the TIMx_ CTRL1. CAMSEL bit is not equal to "00".
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The update events can be generated each time the counter overflows and each time the counter underflows. Alternatively,
an update event can also be generated by setting the TIMx_EVTGEN. UDGN bit (either by software or using a slave mode

controller). In this case, the counter restarts from 0, and the prescaler counter also restarts from 0.

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

reloaded.

Figure 9-6 Timing Diagram of The Center-aligned, Internal Clock Divided Factor =2/N

memaldock e 11| 1ML AULUULIULT
divided by 2
CNTEN
Timer clock = CK_CNT —I I—I —I I—I |—| |—| H
Counter register 0003 0002 >< 0001 )} 0000 X 0001 >< 0002 >< 0003 Xi
Counter underflow B

Update event (UEV)

Update interrupt flag(UDITF)

Internal clock divided

by N CK_PSC /]
Timer clock = CK_CNT —I / |/ —I
[/
/[
Counter register 20 1F / / / / 01 00
.
Counter underflow

Update event (UEV)

Update interrupt flag(UDITF)

174 / 548

NSING Technologies Pre. Lid.

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

Tel: +65 69268090

Email: sales@nsing com.sg



NSING nsing.com.sg

Figure 9-7 A Center-aligned Sequence Diagram That Includes Counter Overflows and Underflows (ARPEN =1)

Counter
[
underflow CNTEN
CK_PSC —L
Timer clock = CK_CNT
conerens. Yo EEORROEEE
Counter underflow h
Update event (UEV)
Update interrupt flag(UDITF)
Auto-reload preload register FD % 36
Write a new value in TIMx_AR
Auto-reload active register FD X 36
Counter CNTEN
overflow

CK_PSC
comesns. 7 ) BBEEEEEEEEE

Counter overflow

Update event (UEV)

Update interrupt flag(UDITF)

Auto-reload preload register FD /'X 36

Write a new value in TIMx AR

Auto-reload active register FD X 36

9.3.3  Repetition Counter

The basic unit of Section 9.3.1 describes the conditions for generating an update event (UEV). An update event (UEV) is

actually only generated when the repeatition counter reaches zero, which is valuable for generating PWM signals.

This means that data is transferred from the preload registers to the shadow registers every N+1 counter overflow or

175 / 548

NSING Technologies Pre. Lid.

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

Singapore 117674
Tel: +65 69268090
Email: sales@nsing com.sg



NSING nsing.com.sg

underflow, where N is the value in the TIMx REPCNT.

The repetition counter is decremented:

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

e In down-counting mode, each time the counter decrements to the minimum value, an underflow occurs.
e In center-aligned mode, each time the counter overflows or underflows.

Its repetition rate is set by the value of the TIMx REPCNT register.

The repetition counters have an automatic reloading function. The wupdate event ( generated by setting
TIMx_EVTGEN.UDGN or hardware through slave mode controller) occurs immediately, regardless of the value of the

repeation counter.

Figure 9-8 Repeat Count Sequence Diagram in Down-counting Mode
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Figure 9-9 Repeat Count Sequence Diagram in Up-counting Mode
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Figure 9-10 Repeat Count Sequence Diagram in Center-aligned Mode
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9.3.4  Clock Selection
e  The internal clock of advanced-control timers : CK_INT
e  Two kinds of external clock mode :
— external input pin
— external trigger input ETR
e Internal trigger input (ITRx): one timer is used as a prescaler for another timer.
9.3.4.1 Internal clock source (CK_INT)

When the TIMx SMCTRL.SMSEL is equal to “000”, the slave mode controller is disabled. The three control bits
(TIMx_CTRL1.CNTEN. TIMx_CTRLI1. DIR. TIMx EVTGEN. UDGN) can only be changed by software (except
TIMx_EVTGEN. UDGN, which remains cleared automatically ). Assuming the TIMx_CTRL1.CNTEN bit is written as' 1 '
by software, the clock source of the prescaler is provided by the internal clock CK_INT.

Figure 9-11 Control Circuit in Normal Mode, Internal Clock Divided By 1
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9.3.4.2  External clock source mode 1

Figure 9-12 TI2 External Clock Connection Example
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This mode is selected by configuring TIMx_SMCTRL.SMSEL=111. The counter can be configured to count on the rising
or falling edge of the clock at the selected input.

For example, to configure up-counting mode to count on the rising edge of the clock at the TI2 input, the configuration

steps are as follows:
e  Configure TIMx CCMODI1.CC2SEL equal to ‘01°, CC2 channel is configured as input, IC2 is mapped to TI2
o  Configure TIMx_ CCEN.CC2P equal to ‘0’, select clock rising edge polarity

e  To select input filter bandwidth by configuring TIMx CCMODI1.IC2F[3:0] (if filter is not needed, keep IC2F bit at
‘0000”)

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

e  Configure TIMx SMCTRL.TSEL equal to ‘110’, select TI2 as the trigger input source

e  Configure TIMx CTRL1.CNTEN equal to ‘1’ to start the counter

Note: The capture prescaler is not used for triggering, so it does not need to be configured

When the rising edge of the timer clock occurs at TI2=1, the counter counts once and the TIMx STS .TITF flag is set.

The delay between the rising edge of TI2 and the actual clock of the counter depends on the resynchronization circuit at
the input of TI2.
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Figure 9-13 Control Circuit in External Clock Mode 1
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9.3.4.3 External clock source mode 2

This mode is selected by TIMx_SMCTRL .EXCEN equal to 1. The counter can count on every rising or falling edge of the
external trigger input ETR.

The following figure is a schematic diagram of the external trigger input module of the external clock source mode 2

Figure 9-14 External Trigger Input Block Diagram
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For example, use the following configuration steps to make the up counter count every 2 rising edges on ETR.
e  Since no filter is required in this case, set TIMx SMCTRL .EXTF[3:0] equal to ‘0000’
o  Configure the prescaler by setting TIMx_SMCTRL.EXTPS[1:0] equal to ‘01’

e  Select the polarity on ETR pin by setting TIMx_SMCTRL.EXTP equal to ‘0, the rising edge of ETR is valid
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e  External clock mode 2 is selected by setting TIMx_SMCTRL .EXCEN equal to ‘1’
e  Turn on the counter by setting TIMx CTRL1. CNTEN equal to ‘1’

The counter counts every 2 rising edges of ETR. The delay between the rising edge of ETR and the actual clock to the

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

Figure 9-15 Control Circuit in External Clock Mode 2
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9.3.5 Capture/Compare Channels

The capture/compare channels include capture/compare registers and shadow registers. The input stage consists of digital

filters, multiplexers and prescalers. The output section includes comparators and output controls.

The input signal TIx is sampled and filtered to generate the signal TIXF. Then, the edge detector of the polarity selection
function generates signals (TIXF_rising or TIXF_falling), whose polarity is selected by the TIMx CCEN.CCxP bit. This
signal can be used as a trigger input for the slave mode controller. At the same time, the signal ICx is sent to the capture

register after frequency division. The following figure shows a block diagram of a capture/compare channel.
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Figure 9-16 Capture/Compare Channel (Example: Channel 1 Input Stage)
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The output stage generates an intermediate waveform OCxRef (high level active) as reference. The polarity acts at the end

of the chain.
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Figure 9-17 Capture/Compare Channel 1 Main Circuit
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Figure 9-18 Output Part of Channelx (x=1,2,3, Take Channel 1 As Example)
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Figure 9-19 Output Part of Channelx (x=4)
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Reads and writes always access the preload registers when capturing/comparing. The two specific operating processes are

as follows:

In capture mode, the capture is actually done in the shadow register, and then the value in the shadow register is copied

into the preload register.

In compare mode, the value of the preload register is copied into the shadow register, which is compared with the counter.
9.3.6  Input Capture Mode

In input capture mode, the TIMx CCDATX registers are used to latch the counter value after the ICx signal detects.

There is a capture interrupt flag TIMx STS.CCxITF, which can trigger an interrupt or DMA request if the corresponding
interrupt enable is pulled high.

The TIMx_STS. CCXITF bit is set by hardware when a capture event occurs and is cleared by software or by reading the
TIMx_ CCDATX register.
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The overcapture flag TIMx_STS.CCxOCF is set equal to 1 when the counter value is captured in the TIMx CCDATx
register and TIMx_STS.CCI1ITF is already pulled high. Unlike the former, TIMx STS.CCxOCEF is cleared by writing 0.

To capture the counter value at the rising edge of the TII input into the TIMx CCDAT1 register, the configuration flow is

as follows:
o  To select a valid input:

Configure TIMx CCMODI.CCI1SEL to ‘01°. At this time, the input is the CC1 channel, and IC1 is mapped to TII.
e  Define the input filter duration required for programming:

Set the sampling frequency of the TIl input and the length of the digital filter by configuring the
TIMx_CCMODx.ICXF bits. Example: if the input signal has jitter of up to 5 internal clock cycles, we must choose a
filter duration longer than these 5 clock cycles. When 8 consecutive samples (sampled at fprs frequency) with the new
level are detected, we can validate the transition on TI1. Then configure TIMx CCMODI. ICIF to ‘0011°.

e  Seclect the rising edge as the valid transition polarity on the TI1 channel by configuring TIMx CCEN .CC1P=0.

o  Configure the input prescaler. In this example, configure TIMx CCMODI1.IC1PSC= ‘00’ to disable the prescaler

because we want to capture every valid transition.
e  Enable capture by configuring TIMx CCEN. CC1EN = ‘1".

If you want to enable DMA request, you can configure TIMx DINTEN.CCIDEN=I. If you want enable related interrupt
request, you can configureTIMx DINTEN.CCI1IEN bit=1

9.3.7 PWM Input Mode

There are some differences between PWM input mode and normal input capture mode, including:
e  Two ICx signals are mapped to the same TIx input.

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

o  Seclect one of two TIXFP signals as trigger input.

e  The slave mode controller is configured in reset mode.

For example, the following configuration flow can be used to get the period and duty cycle of the PWM signal on TI1 (It
depends on the frequency of CK_INT and the value of the prescaler).

e  Configure TIMx CCMODI1.CCISEL equal to ‘01’ to select TI1 as valid input for TIMx_CCDAT]1.

e  Configure TIMx CCEN.CCIP equal to ‘0’ to select thepolarity of filtered timer input 1(TT1FP1), active at the rising
edge.

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

e  Configure TIMx CCEN.CC2P equal to 1 to select the valid polarity of filtered timer input 2(TI1FP2), active at the
falling edge.

e  Configure TIMx SMCTRL.TSEL=101 to select Filtered timer input 1 (TI1FP1) as valid trigger input.
e  Configure TIMx SMCTRL.SMSEL=100 to configure the slave mode controller to reset mode.

e  Configure TIMx CCEN. CC1EN=I and TIMx_ CCEN.CC2EN=1 to enable capture.
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Figure 9-20 PWM Input Mode Timing
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Because of only filter timer input 1 (TI1FP1) and filter timer input 2 (TI2FP2) are connected to the slave mode controller,
the PWM input mode can only be used with the TIMx_CH1/TIMx_CH2 signals.

9.3.8  Forced Output Mode

User can force output compare signals to active or inactive level directly in output mode (TIMx_CCMODx.CCxSEL=00)

by software.

User can set TIMx_CCMODx. OCxMD=101 to force the output compare signal to active level. And the OCXREF will be
forced high, OCx get opposite value to CCxP polarity bit. On the other hand, user can set TIMx CCMODx. OCxMD=100

to force the output compare signal to low level.
The values of the TIMx_CCDATx shadow register and the counter still comparing with each other in this mode.

The comparison between the output compare register TIMx CCDATx and the counter TIMx CNT has no effect on
OCxREF. And the flag still can be set. Therefore, the interrupt and DMA requests still can be sent.

9.3.9  Output Compare Mode
User can use this mode to control the output waveform, or to indicate that a period of time has elapsed.

When the capture/compare register and the counter have the same value, the output compare function’s operations are as

follow:

e TIMx CCMODx.0OCxMD is for output compare mode, and TIMx CCEN.CCxP is for output polarity. When the
compare matches, if set TIMx CCMODx.OCxMD=000, the output pin will keep its level; if set
TIMx_ CCMODx.0CxMD=001, the output pin will be set active; if set TIMx CCMODx.OCxMD=010, the output
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pin will be set inactive; if set TIMx CCMODx.0OCxMD=011, the output pin will be set to toggle.
Set TIMx_STS.CCxITF.
If user set TIMx_DINTEN.CCXIEN, a corresponding interrupt will be generated.

If user set TIMx DINTEN.CCxDEN and set TIMx CTRL2.CCDSEL to select DMA request, and DMA request will

be sent.

User can set TIMx CCMODx.OCXPEN to choose capture/compare shawdow regisete using capture/compare preload
registers(TIMx_CCDATX) or not.

The time resolution is one count of the counter.

In one-pulse mode, the output compare mode can also be used to output a single pulse.

Here are the configuration steps for output compare mode:

First of all, user should select the counter clock.

Secondly, set TIMx AR and TIMx_CCDATx with desired data.

If user need to generate an interrupt, set TIMx_DINTEN.CCXIEN.

Then select the output mode by set TIMx CCEN.CCxP, TIMx CCMODx.OCxMD, TIMx_ CCEN.CCxEN, etc.

At last, set TIMx_CTRLI1.CNTEN to enable the counter.

User can update the output waveform by setting TIMx_CCDATX at any time, as long as the preload register is not enabled.
Otherwise the TIMx_CCDATx shadow register will be updated at the next update event.

Here is an example.
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Figure 9-21 Output Compare Mode, Toggle on OC1
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9.3.10 PWM Mode

User can get a signal whose duty cycle is determined by the value of the TIMx CCDATX register and whose frequency is
determined by the value of the TIMx_AR register in PWM mode. And depends on the value of TIMx CTRL1.CAMSEL,

the TIM can generate PWM signal in edge-aligned mode or center-aligned mode.

User can set PWM mode 1 or PWM mode 2 by setting TIMx CCMODx. OCxMD=110 or setting TIMx_CCMODx.
OCxMD=111. To enable preload register, user must set corresponding TIMx CCMODx.OCXPEN. And then set
TIMx_CTRL1.ARPEN to auto-reload preload register eventually.

User can set polarity of OCx by setting TIMx CCEN.CCxP. On the other hand, to enable the output of OCx, user need to
set the combination of the value of OSSI and OSSR, CCxEN, CCxNEN, and MOEN in TIMx_CCEN and TIMx_BKDT.

The values of TIMx_ CNT and TIMx_CCDATX are always compared with each other when the TIM is under PWM mode.

Only when an update event occurs, the preload register will be transferred to the shadow register. Therefore user must reset
all the registers by setting TIMx EVTGEN.UDGN before the counter starts counting..

9.3.10.1 PWM center-aligned mode

If user set TIMx CTRL1.CAMSEL equal 01, 10 or 11, the PWM center-aligned mode will be active. The setting of the
compare flag depends on the value of TIMx CTRL1.CAMSEL. There are three kinds of situation that the compare flag is
set, only when the counter counts up, only when the counter counts down, or both when the counter counts up and counts
down. User should not modified TIMx_ CTRLI1.DIR by software, it is updated by hardware.

Examples of center-aligned PWM waveforms is as follow, and the setting of the waveform are: TIMx_AR=8, PWM mode
1, the compare flag is set when the counter counts down corresponding to TIMx_CTRL1. CAMSEL=01.
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Figure 9-22 Center-aligned PWM Waveform (AR=8)
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When using center-aligned mode, users should pay attention to the following considrations:

It depends on the value of TIMx_CTRL1.DIR that the counter counts up or down. Cautions that the DIR and CAMSEL

bits should not be changed at the same time.

User should not write the counter while running in center-aligned mode, otherwise it will cause unexpected results.

Here are some example:

— If the value written into the counter is 0 or is the value of TIMx AR, the direction will be updated but the update

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

For safety reasons, it is recommended that users setTIMx_EVTGEN.UDGN to generate an update by software before

starting the counter, and not writing the counter while it is running.

9.3.10.2 PWM edge-aligned mode

There are two kinds of configuration in edge-aligned mode, up-counting and down-counting.
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e  Up-counting
User can set TIMx_CTRL1.DIR=0 to make counter counts up.
Example for PWM model.

When TIMx_CNT < TIMx_ CCDATX, the OCXREF is high level, otherwise it will be low level. If the compare value in
TIMx_CCDATX is greater than the auto-reload value, the OCXREF will remains 1. Conversely, if the compare value is 0,
the OCXREF will remains 0.

When TIMx AR=8, the PWM waveforms are as follow.

Figure 9-23 Edge-aligned PWM Waveform (APR=8)
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e  Down-counting
User can set TIMx_CTRL1.DIR=1 to make counter counts down.
Example for PWM model.

When TIMx_CNT > TIMx_CCDATX, the OCxREF is low level, otherwise it will be high level. If the compare value in
TIMx CCDATX is greater than the auto-reload value, the OCXxREF will remains 1.

Note: If the nth PWM cycle CCDATx shadow register >= AR value, the shadow register value of CCDATXx in the (n+1)th
PWM cycle is 0. At the moment when the counter is 0 in the (n+1)th PWM cycle, although the value of the counter =
CCDATx shadow register = 0 and OCxREF = '0', no compare event will be generated.
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9.3.11 One-pulse Mode

In the one-pulse mode (ONEPM), a trigger signal is received, and a pulse tpurLse with a controllable pulse width is generated
after a controllable delay tpeLay. The output mode needs to be configured as output compare mode or PWM mode. After

selecting one-pulse mode, the counter will stop counting after the update event UEV is generated.

Figure 9-24 Example of One-pulse Mode
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OCxREF —J—L
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The following is an example of a one-pulse mode:

A rising edge trigger is detected from the TI2 input, and a pulse with a width of tpurse is generated on OCI1 after a delay of

tDELAY.

1. Counter configuration: count up, counter TIMx CNT < TIMx CCDATI1 < TIMx_AR;

2. TI2FP2 is mapped to TI2, TIMx CCMODI1.CC2SEL= ‘01’; TI2FP2 is configured for rising edge detection,
TIMx_CCEN.CC2P= “0’;

3. TI2FP2 acts as the trigger (TRGI) of the slave mode controller and starts the counter, TIMx_SMCTRL.TSEL= ‘110’,
TIMx_SMCTRL.SMSEL= ‘110’ (trigger mode);

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

pulse width tpursg;

5. Configure TIMx_CTRL1.ONEPM=1 to enable single pulse mode, configure TIMx CCMODI1.0C1MD = ‘111 to select
PWM2 mode;
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6. Wait for an external trigger event on T2, and a one pulse waveform will be output on OCl;
9.3.11.1 Special case: OCx fast enable:

In one-pulse mode, an edge is detected through the TIx input, and triggers the start of the counter to count to the comparison

value and then output a pulse. These operations limit the minimum delay tperay.

You can set TIMx_CCMODx.OCxFEN=1 to turn on OCx fast enable, after triggering the rising edge, the OCxREF signal
will be forced to be converted to the same level as the comparison match occurs immediately, regardless of the comparison
result. OCXFEN fast enable only takes effect when the channel mode is configured as PWM1 and PWM2 modes.

9.3.11.2 Clearing The Ocxref Signal on An External Event

If the user sets TIMx_CCMODx.OCxCEN=1, high level of ETRF input can be used to driven the OCxREF signal to low,
and the OCXREEF signal will remains low, until the next UEV happens. Only in output compare mode and PWM modes

this function can be used. This cannot be used when it is in forced mode.

For example: to control the current, user can connect the ETR signal to the output of a comparator, and the operation for
ETR should be as follow:

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

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

filter according to the need.

For example: when ETRF input becomes high, the behavior of OCXREF signal for different value of OCxCEN. Timer is
set to be in PWM mode in this case.

Figure 9-25 Clearing The OCxREF of TIMx
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9.3.12 Complementary Outputs and Dead-time Insertion

Advanced-control timer can output two complementary signals with dead time in between, User should adjust dead-time

depending on the devices connected to the outputs and their characteristics.

User can select the polarity of outputs by setting TIMx CCEN.CCxP and TIMx_ CCEN.CCxNP. And this selection is

independently for each output.

User can control the complementary signals OCx and OCxN by setting the combination of several control bits, which are
TIMx_CCEN.CCxEN, TIMx CCEN.CCxNEN, TIMx BKDT.MOEN, TIMx CTRL2.0Ix, TIMx CTRL2.OIxN,
TIMx_BKDT.OSSI, and TIMx BKDT.OSSR. When switching to the IDLE state, the dead-time will be activated.

If user set TIMx CCEN.CCxEN and TIMx_CCEN.CCxNEN at the same time, a dead-time will be insert. If there is a
break circuit, the TIMx_BKDT.MOEN should be set too. There are 10-bit dead-time generators for each channel.

Reference waveform OCXREF can generate 2 outputs OCx and OCxN. And if OCx and OCxN are active high level, the
OCx ouput signal is the same as the reference signal and the OCxN output signal is the opposite of the reference signal.
However, OCx will be delayed relative to the reference rising edge and the OCxN will be delayed relative to the reference

falling edge. If the delay is greater than the width of the active OCx or OCxN, the corresponding pulse will not generated.
The relationships between the output signals of the dead-time generator and the reference signal OCXREEF are as follow.

Assume that TIMx CCEN.CCxP=0, TIMx CCEN.CCxNP=0, TIMx BKDT.MOEN=I, TIMx CCEN.CCxEN=1,
TIMx_CCEN.CCxNEN=1.
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Figure 9-26 Complementary Output with Dead-time Insertion
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User can set TIMx_BKDT.DTGN to programme the dead-time delay for each of the channels.
9.3.12.1 Redirecting OCXREF to OCx or OCxN

User can set TIMx_ CCEN.CCxEN and TIMx_CCEN.CCxNEN to re-directed OCXREF to the OCx or to OCxN in output

mode.

Here are two ways to use this function. When the complementary remains at its inactive level, user can use this function to
send a specific waveform, such as PWM or static active level. User can also use this function to set both outputs in their

inactive level or both outputs active and complementary with dead-time.

If user set TIMx CCEN.CCxEN=0 and TIMx_ CCEN.CCxNEN=1, it will not complemented, and OCxN will become
active when OCxREF is high level. On the other hand, if user set TIMx CCEN.CCxEN=1 and TIMx_ CCEN.CCxNEN=1,
OCx will become active when OCXREF is high level. On the contrary, OCxN will become active when OCxREF is low

level.
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9.3.13 Break Function

The output enable signals and inactive levels will be modified when setting the corresponding control bits when using the
break function. However, at any time, the output of OCx and OCxN cannot at the active level at the same time, meaning it
must satisfy (CCxP"OIx) ~(CCxNP*OIxN)!=0.

When multiple break signals are enabled, each break signal constitutes an OR logic. Here are some signal which can be

the source of breaking.

e The break input pin

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

e  APVD failure event.

e  Core Hardfault event.

e  The output signal of the comparator (configured in the comparator module, high level break).
e By software through the TIMx EVTGEN.BGN.

The break circuit will be disable after reset. And the MOEN bit will be low. User can set TIMx BKDT.BKEN to enable
the break function. The polarity of break input signal can be selected by setting TIMx BKDT.BKP. User can modify the
TIMx_BKDT.BKEN and TIMx BKDT.BKP at the same time. After user set the TIMx BKDT.BKEN and
TIMx_BKDT.BKP, there is 1 APB clock cycle delay before the configuration take effect. Therefore, user need to wait 1
APB clock cycle to read back the written bit value.

The falling edge of MOEN can be asynchronous, so a resynchronization circuit has been inserted between the actual signal
and the synchronous control bit. This circuit will cause a delay between the asynchronous and the synchronous signal.
When TIMx_BKDT.MOEN is set to ‘0°, user need to insert a delay before reading the value. Because an asynchronous

signal was written but user read the synchronous signal.
The behaviors that after a break occurs are as follow:

e TIMx BKDT.MOEN will be cleared asynchronously, and then the output will be put in inactive state, idle state or
reset state. The state of output is selected by setting TIMx BKDT.OSSI. This will take effect even if the MCU

oscillator is off.

e  Once TIMx_ BKDT.MOEN=0, the output of each output channel will be driven with the level programmed in
TIMx_ CTRL2.0Ix. Timer will release the enable outputs(taken over by GPIO controller) if TIMx BKDT.OSSI=0,

otherwise it will remains high.
e Ifuser choose to use complementary outputs, the behaviors of TIM are as follow

— Depends on the polarity, the outputs will be set in reset state first. It is an asynchronous option so it still operates

even if there is no clock provided to the timer.

— The dead-time generator will be reactivated if the timer clock is still provided, and drive the outputs according to
the value of TIMx CTRL2.0OIx and TIMx CTRL2.OIxN after the dead-time when (CCxP * OIx) "
(CCxNP"OIxN)! = 0, meaning the OCx and OCxN still cannot be driven to active level at the same time. Note
that the dead-time will be longer than usual because of the resynchronization on MOEN (almost 2 cycles of
ck tim).
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—  Timer will release the output control if TIMx BKDT.OSSI=0. Otherwise, if the enable output was high, it will
remain high. If it was low, it will become high when TIMx_CCEN.CCxEN or TIMx_CCEN.CCxNEN is high.

e If TIMx DINTEN.BIEN=I1, when TIMx STS.BITF=1, an interrupt will be generated.

o  Ifuser set TIMx BKDT.AOEN, the TIMx BKDT.MOEN will be set automatically when the next UEV happened.
User can use this to regulate. If user did not set TIMx BKDT.AOEN, the TIMx BKDT.MOEN will remain low until
been set 1 again. At this situation, user can use this for security. User can connect the break input to thermal sensors,

alarm for power drivers, or other security components.

e  When the break input is active, TIMx BKDT.MOEN cannot be set automatically or by software at the same time,

and the TIMx_STS.BITF cannot be cleared. Because the break inputs are active on level.

To insure the security of application, the break circuit has the write protection function, and there is break input and output
management too. It allow user to freeze some parameters, such as dead-time duration, OCx/OCxN polarities and state when
disabled, OCxMD configurations, break enable and polarity. User can choose one of the 3 levels of protection to use by
setting TIMx BKDT.LCKCFG. However, the TIMx BKDT.LCKCFG can only be written once after an MCU reset.

An example for output behavior in response to a break is as follow

Figure 9-27 Output Behavior in Response to A Break
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9.3.14 Debug Mode

When the microcontroller is in debug mode (the Cortex®-MO core halted), depending on the DBG_CTRL.TIMx_STOP

configuration in the PWR module, the TIMx counter can either continue to operate normally or stop. For more details, refer
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to 3.3.2.

9.3.15 TIMx and External Trigger Synchronization

TIMx can be synchronized by a trigger in slave modes (reset, trigger and gated).
9.3.15.1 Slave mode: reset mode

In reset mode, the trigger event can reset the counter and the prescaler, updates the preload registers TIMx AR,
TIMx_CCDATX, and generates the update event UEV (TIMx_CTRL1.UPRS=0).

The following is an example of a reset mode:
1. Channel 1 is configured as input to detect the rising edge of TI1 (TIMx_CCMOD1.CCI1SEL=01, TIMx CCEN.CC1P=0);

2. The slave mode is selected as reset mode (TIMx SMCTRL.SMSEL=100), and the trigger input is selected as TI1
(TIMx_SMCTRL.TSEL=101);

3. Start counter(TIMx_CTRL1.CNTEN = 1).

After starting the timer, when TI1 detects a rising edge, the counter resets and restarts counting, and the trigger flag is set
(TIMx_STS.TITF=1);

The delay between the rising edge of TI1 and the actual reset of the counter is caused by the resynchronization circuit at

the TI1 input.

Figure 9-28 Control Circuit in Reset Mode
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9.3.15.2 Slave mode: trigger mode

In trigger mode, the trigger event (rising edge/falling edge) of the input port can trigger the counter to start counting.

The following is an example of a trigger pattern:

1. Channel 2 is configured as input to detect the rising edge of TI2 (TIMx CCMOD1.CC2SEL=01, TIMx_CCEN.CC2P=0);
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2. Select from mode to trigger mode (TIMx SMCTRL.SMSEL=110), select TI2 for trigger input
(TIMx_SMCTRL.TSEL=110);

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

The delay between the rising edge of TI2 and the actual start of the counter is caused by the resynchronization circuit at
the TI2 input.

Figure 9-29 Control Circuit in Trigger Mode
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9.3.15.3 Slave mode: gated mode

In gate control mode, the level polarity of the input port can control whether the counter counts.

The following is an example of a gated pattern:

1. Channel 1 is configured as input detection active low on TI1 (TIMx_CCMODI1.CCISEL=01, TIMx_CCEN.CC1P=1);

2. Select the slave mode as the gated mode (TIMx SMCTRL.SMSEL=101), and select TI1 as the trigger input
(TIMx_SMCTRL.TSEL=101);

3. Start counter(TIMx_CTRL1.CNTEN=1).

When TI1 detects that the level changes from low to high, the counter stops counting, and when TI1 detects that the level
changes from high to low, the counter starts counting, and the trigger flag will be set (TIMx_STS.TITF=1) when it starts

or stops counting ;

The delay between the rising edge of TI1 and the actual stop of the counter is caused by the resynchronization circuit at
the TI1 input.
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Figure 9-30 Control Circuit in Gated Mode

Counter clock=CK_CNT=CK_ PSC ﬂ_|_|_|_|_|_|_ﬂ
Counter register @@E 3 3>< 34 a@@@

CNTEN

TI1

TITF

Clear TITF

9.3.15.4 Slave mode: trigger mode + external clock mode 2

In reset mode, trigger mode and gate control mode, the counter clock can be selected as external clock mode 2, and the
ETR signal is used as the external clock source input. At this time, the trigger selection needs to select non-ETRF
(TIMx_SMCTRL.TSEL=111).

Here is an example:
1. Channel 1 is configured as input to detect the rising edge of TI1 (TIMx_CCMOD1.CCISEL=01, TIMx_CCEN.CC1P=0);

2. Enable external clock mode 2 (TIMx SMCTRL.EXCEN=1), select rising edge for external trigger polarity
(TIMx_SMCTRL.EXTP=0), select slave mode as trigger mode (TIMx_SMCTRL.SMSEL=110), select TI1 for trigger
input (TIMx_SMCTRL.TSEL=101);

When TI1 detects a rising edge, the counter starts counting on the rising edge of ETR, and the trigger flag is set
(TIMx_STS.TITF=1);
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Figure 9-31 Control Circuit in Trigger Mode + External Clock Mode2

ETR

Counter clock=CK_CNT=CK_PSC —‘ —‘
Counter register 64 X 65 X 66
CNTEN
TI1
TITF

9.3.16 Timer Synchronization
All TIM are internally connected for timer synchronization or chaining. For more details, refer to 10.3.14.
9.3.17 Generating Six-step PWM Output

In order to modify the configuration of all channels at the same time, the configuration of the next step can be set in advance
(the preloaded bits are OCxMD, CCXEN and CCxNEN). When a COM commutation event occurs, the OCxMD, CCxEN,
and CCxNEN preload bits are transferred to the shadow register bits.

Methods to generate a COM commutation event:
1. Set TIMx_EVTGEN.CCUDGN by software;
2. Generated by hardware on the rising edge of TRGI;

When a COM commutation event occurs, the TIMx STS.COMITF flag will be set, enabling interrupts
(TIMx_DINTEN.COMIEN) will generate interrupts, and enabling DMA requests (TIMx DINTEN.COMDEN) will
generate DMA requests.

The following figure shows the output timing diagram of OCx and OCxN when a COM commutation event occurs in three

different configurations:
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Figure 9-32 6-step PWM Generation, COM Example (OSSR=1)

(CCRx)
Counter (CNT)
OCxREF
write COM=1
COM event
CCxEN=1 write OCxMD=100 _
CCxXNEN=0 gg"gﬁ;fo
0CxMD=100(forced inactive) \ XN
0OCx l | | OCxMD=100
OCxN
write CCXNEN=0
CCxEN=1 FIOCXMD=100
CCxNEN=0 CCxEN=1
OCxMD=100(forced inactive) CCxXNEN=0
OCx l | ] OCxMD=100
OCxN | | | |
write CCXNEN=1
CCxEN=1 F1OCxMD=101 CCxEN=0
CCxNEN=0 CCxNEN=1
OCxMD=100(forced inactive) \ OCxMD=101
Ocx
OCxN

9.3.18 Encoder Interface Mode

The encoder uses two inputs TI1 and TI2 as the interface and the counter counts on every edge change on TI1FP1 or
TI2FP2. The counting direction is automatically controlled by hardware TIMx CTRL1.DIR. There are three types of

encoder counting modes:

1. The counter only counts on the edge of TI1, TIMx_SMCTRL.SMSEL = ‘001’;

2. The counter only counts on the edge of TI2, TIMx_SMCTRL.SMSEL =‘010’;

3. The counter counts on the edges of TI1 and TI12 at the same time, TIMx_SMCTRL.SMSEL = ‘011°;

The encoder interface is equivalent to using an external clock with direction selection, and the counter only counts
continuously between 0 and the auto-reload value (TIMx_AR.AR [15:0]). Therefore, it is necessary to configure the auto-

reload register TIMx_AR in advance.
Note: Encoder mode and external clock mode 2 are not compatible and must not be selected together.

The relationship between the counting direction and the encoder signals is shown in Table 9-1 Counting Direction Versus

Encoder Signals:
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Table 9-1 Counting Direction Versus Encoder Signals

Level On Opposite TI1FP1 Signal TI2FP2 Signal
Active Edge Signals Rising Falling Rising Falling
(TI1FP1 For TI2,
TI2FP2 For TI1)
Counting only at TI1 High Counting down| Counting up Don't count Don't count
Low Counting up |Counting down| Don't count Don't count
Counting only at T12 High Don't count Don't count Counting up |Counting down
Low Don't count Don't count |Counting down| Counting up
Counting on High Counting down| Countingup | Countingup |Counting down
TI1 and TI2 Low Counting up |Counting down | Counting down| Counting up

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

1. IC1FP1 is mapped to TI1 (TIMx_CCMODI1.CC1SEL= ‘01’), ICI1FP1 is not inverted (TIMx CCEN.CC1P= ‘0’);
2. IC1FP2 is mapped to TI2 (TIMx_CCMOD2.CC2SEL= ‘01’), IC2FP2 is not inverted (TIMx_CCEN.CC2P= ‘0’);
3. The input is valid on both rising and falling edges (TIMx SMCTRL.SMSEL = ‘011");

4. Enable counter TIMx CTRL1.CNTEN= ‘1;

Figure 9-33 Example of Counter Operation in Encoder Interface Mode

Forward

Jitter Backward Jitter
TI1 || I
HEREEREN
TI2
R
Counter

L

J_ Up Down _|_|1_
N

The following figure shows the example of counter behavior when IC1FPI polarity is inverted (CC1P= 'l', other

configurations are the same as above)
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Figure 9-34 Encoder Interface Mode Example with IC1FP1 Polarity Inverted
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9.3.19 Interfacing with Hall Sensor

Connect the Hall sensor to the three input pins (CC1, CC2 and CC3) of the timer, and then select the XOR function to route
the inputs of TIMx_CHI1, TIMx_CH2 and TIMx_CH3 through the XOR gate as the output of TI1 tochannel 1 for capturing

signal.

The timer needs to be configured as the reset mode in slave mode (TIMx_SMCTRL.SMSEL= ‘100’); select the edge-
trigger TI1 as TI1F_ED (TIMx_SMCTRL.TSEL= ‘100’), any change in the Hall 3 inputs will trigger the counter to recount,
so it is used as a time reference; the capture/compare channel 1 is configured to capture the TRC signal in capture mode
(TIMx_CCMODI.CCISEL= ‘11’), which is used to calculate the two input time intervals, thereby reflecting the motor
speed.

Select timer channel 2 to generate a pulse to the advanced timer, trigger the COM event of the advanced timer, and update
the control bits for the PWM output. The trigger selection of the advanced timer needs to select the corresponding internal
trigger signal (TIMx_SMCTRL.TSEL="ITRx"), the capture/compare preload control bit needs to be configured to support
preload (TIMx_CTRL2.CCPCTL=1) and support the rising edge of TRGI Trigger an update (TIMx_ CTRL2.CCUSEL=1).

This example is shown in the following figure.
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Figure 9-35 Example of Hall Sensor Interface
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9.4 TIMx Register Description(x

For abbreviations used in registers, refer to section 1.1

These peripheral registers can be operated as half word (16-bits) or one word (32-bits).

Register Overview

9.4.1

Table 9-2 Register Overview
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Offsetl  Register slelalg[sl&]e[a]aa]s]sg[e]z2[ele]e]=a]a]=]2]o]e[rc]e]w][~][~][a]~-]=
Reset Value 0]o] oo [oJoJofloJoloJoloJololoJoloTJo
o2an| TIMXONT Reserved CNT[15:0]
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
TIMx_PSC PSC15:0]
028h Reserved
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
02Ch| TIMx_AR Reserved AR[15:0]
Reset Value cJao o T oo o oo oo Tu
o305 | TIMx_REPCNT Reserved REPCNT[7:0]
Reset Value oJoJoJoJoJoJoTo
o345 [TIMx_CCDATI Reserved CCDATI[15:0]
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoT]o
o35 | TIMx_CCDAT2 Reserved CCDAT2[15:0]
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoT]o
o3 [TIMx_CCDAT3 Reserved CCDAT3[15:0]
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoTo
TIMx_CCDAT4 CCDATA4[15:0]
040h Reserved
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
2
z | z z | x| = 5
D)oyl @alenl|@ I .
04dh TIMx_BKDT N E % X 2|3 2 é DTGN[7:0]
ot
Reset Value oJoJlofloJofloJoJoJoJoJoJoJoJoJoTJo
= =
TIMx_DCTRL : DBLEN[4:0] 2 DBADDR[4:0]
048h g o}
2 4
Reset Value oJoJoJoTJo 0oJoJoJoTo
04| TIMX_DADDR Reserved BURSTY15:0]
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJo]o
z 3 z |z z 2 7|z
[TIMx_CCMOD3 ¢ g slEl 2 |G 2 sl 2
054h - Reserved 3 % SERS] % 8 E S8 %
3 S 5o g |3 9] 5le g
o ~ o] &
Reset Value oJoJoJoJoTo oJoJoJoJo]o
TIMx_CCDATS CCDATS[15:0]
058h Reserved
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
TIMx_CCDAT6 CCDATG6[15:0]
05Ch Reserved
Reset Value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJo
9.4.2  Control Register 1 (TIMx_CTRL1)
Offset address: 0x00
Reset value: 0x0000 0000
31 18 17 16
T T T T T T T T T T T T
Reserved PBKPEN LOEII\(IUP
1 1 1 1 1 1 1 1 1 1 1 1
™ ™
15 14 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T
CLRSEL Reserved CISEL Big,l\élN CLKDI[1:0] ARPEN | CAMSEL[1:0] DIR | ONEPM | UPRS | UPDIS | CNTEN
1 1 1 1
™w ™w ™ ™ ™w ™w ™ ™ ™ ™ ™w
Bit Field | Name Description
31:18 Reserved Reserved, the reset value must be maintained
17 PBKPEN PVD as BKP enable
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Bit Field

Name

Description

0: Disable
1: Enable

16

LBKPEN

LockUp as BKP enable
0: Disable
1: Enable

15

CLRSEL

OCxREF clear selection
0: Select the external OCXREF clear from ETR

1: Select the internal OCXREF clear from comparator

14:12

Reserved

Reserved, the reset value must be maintained

11

CISEL

Channel 1 selection
0: Select external CH1 signal from IOM
1: Select internal CH1 signal from COMP

10

IOMBKPEN

Enabling IOM as BKP
0: Enable
1: Disable

9:8

CLKD[1:0]

Clock division

CLKD[1:0] indicates the division ratio between CK_INT (timer clock) and DTS
(clock used for dead-time generator and digital filters (ETR, TIx))

00: tprs = tck INT

01: tprs =2 X tck INT

10: tprs =4 X tck INT

11: Reserved, do not use this configuration

ARPEN

ARPEN: Auto-reload preload enable
0: Shadow register disable for TIMx_AR register
1: Shadow register enable for TIMx AR register

6:5

CAMSEL[1:0]

Center-aligned mode selection

00: Edge-aligned mode. TIMx_CTRL1.DIR specifies up-counting or down-counting.
01: Center-aligned mode 1. The counter counts in center-aligned mode, and the
output compare interrupt flag bit is set to 1 when down-counting.

10: Center-aligned mode 2. The counter counts in center-aligned mode, and the
output compare interrupt flag bit is set to 1 when up-counting.

11: Center-aligned mode 3. The counter counts in center-aligned mode, and the
output compare interrupt flag bit is set to 1 when up-counting or down-counting.
Note: Switching from edge-aligned mode to center-aligned mode is not allowed when
the counter is still enabled (TIMx CTRLI.CNTEN = 1).

DIR

Direction

0: Up-counting

1: Down-counting

Note: This bit is read-only when the counter is configured in center-aligned mode or

encoder mode.

ONEPM

One-pulse mode
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Bit Field

Name

Description

0: Disable one-pulse mode, the counter counts are not affected when an update event
occurs.
1: Enable one-pulse mode, the counter stops counting when the next update event occurs

(clearing TIMx_CTRL1.CNTEN bit)

UPRS

Update request source

This bit is used to select the UEV event sources by software.

0: If update interrupt or DMA request is enabled, any of the following events will
generate an update interrupt or DMA request:

—  Counter overflow/underflow

—  The TIMx EVTGEN.UDGN bit is set

—  Update generation from the slave mode controller

1: If update interrupt or DMA request is enabled, only counter overflow/underflow will

generate update interrupt or DMA request

UPDIS

Update disable

This bit is used to enable/disable the Update event (UEV) events generation by
software.

0: Enable UEV. UEV will be generated if one of following condition been fulfilled:
—  Counter overflow/underflow

The TIMx_EVTGEN.UDGN bit is set

Update generation from the slave mode controller

Shadow registers will update with preload value.
1: UEV disabled. No update event is generated, and the shadow registers (AR, PSC, and
CCDATX) keep their values. If the TIMx EVTGEN.UDGN bit is set or a hardware reset is

issued by the slave mode controller, the counter and prescaler are reinitialized.

CNTEN

Counter Enable

0: Disable counter

1: Enable counter

Note: external clock, gating mode and encoder mode can only operate after

TIMx CTRLI1.CNTEN bit is set in the software. Trigger mode can automatically set
TIMx CTRLI1.CNTEN bit by hardware.

9.4.3

Control Register 2 (TIMx_CTRL2)

Offset address: 0x04

Reset value: 0x0000 0000

31 19 18 17 16
T T T T T T T T T T T
Reserved Ol6 Reserved oI5
L L L L L L L L L L L
™w ™w
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
T T
Reserved O14 OI3N 013 OI2N O12 OIIN OI1 TIISEL MMSEL[2:0] CCDSEL | CCUSEL | Reserved | CCPCTL
1 1
™w ™w ™w ™w ™w ™w ™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 Ol6 Output idle state 6 (OC6 output). See TIMx_CTRL2.0I1 bit.
17 Reserved Reserved, the reset value must be maintained
16 OI5 Output idle state 5 (OC5 output). See TIMx_CTRL2.0I1 bit.
15 Reserved Reserved, the reset value must be maintained
14 Ol4 Output idle state 4 (OC4 output). See TIMx_CTRL2.0I1 bit.
13 OI3N Output idle state 3 (OC3N output). See TIMx CTRL2.OI1N bits.
12 OI3 Output idle state 3 (OC3 output). See TIMx_CTRL2.0I1 bit.
11 OI2N Output idle state 2 (OC2N output). See TIMx_CTRL2.OI1N bits.
10 (0)¥) Output idle state 2 (OC2 output). See TIMx_CTRL2.0I1 bit.
9 OIIN Output Idle state 1 (OCIN Output)
0: When TIMx_BKDT.MOEN = 0, after dead-time OCIN =0
1: When TIMx BKDT.MOEN = 0, after dead-time OCIN =1
8 ()81 Output Idle state 1
0: When TIMx BKDT.MOEN = 0, if OCIN is implemented, after dead-time OC1 =0
1: When TIMx BKDT.MOEN = 0, if OCIN is implemented, after dead-time OC1 =1
7 TIISEL TI1 selection
0: TIMx_CHLI pin connected to TII input.
1: TIMx_CHI, TIMx CH2, and TIMx_CH3 pins are XOR connected to the TI1 input.
6:4 MMSEL[2:0] Master Mode Selection

These 3 bits (TIMx_CTRL2. MMSEL [2:0]) are used to select the synchronization
information (TRGO) sent to the slave timer in the master mode. Possible combinations
are as follows:

000: Reset —-When the TIMx_EVTGEN.UDGN is set or a reset is generated by the
slave mode controller, a TRGO pulse occurs. And in the latter case, the signal on
TRGO is delayed compared to the actual reset.

001: Enable - The TIMx_CTRL1.CNTEN bit is used as the trigger output (TRGO).
Sometimes you need to start multiple timers at the same time or enable slave timer for
a period of time.

The counter enable signal is set when TIMx_CTRLI1.CNTEN bit is set or the trigger
input in gated mode is high.

When the counter enable signal is controlled by the trigger input, there is a delay on
TRGO except if the master/slave mode is selected (see the description of the

TIMx SMCTRL.MSMD bit).

010: Update - The update event is selected as the trigger output (TRGO). For example,
a master timer clock can be used as a slave timer prescaler.

011: Compare pulse - Triggers the output to send a positive pulse (TRGO) when the
TIMx_STS.CCIITF is to be set (even if it is already high), when a capture or a
comparison succeeds.

100: Compare - OC1REF signal is used as the trigger output (TRGO).

101: Compare - OC2REF signal is used as the trigger output (TRGO).
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Bit Field | Name Description

110: Compare - OC3REF signal is used as the trigger output (TRGO).
111: Compare - OC4REF signal is used as the trigger output (TRGO).

3 CCDSEL Capture/compare DMA selection
0: When a CCx event occurs, a DMA request for CCx is sent.

1: When an update event occurs, a DMA request for CCx is sent.

2 CCUSEL Capture/compare control update selection
0: If TIMx_CTRL2.CCPCTL = 1, they can only be updated by setting CCUDGN bits
1: If TIMx_CTRL2.CCPCTL = 1, they can be updated by setting CCUDGN bits or a

rising edge on TRGI.

Note: This bit only applied to channels with complementary outputs.
1 Reserved Reserved, the reset value must be maintained
0 CCPCTL Capture/ Compare preloaded control

0: No preloading of CCXEN, CCxNEN and OCxMD bits occurs.

1: Preloading of CCXEN, CCxNEN and OCxMD bits occurs. they are updated only
when a commutation event COM occurs (TIMx_EVTGEN.CCUDGN bit set or rising
edge on TRGI depending on CCUSEL bit)

Note: This bit only applied to channels with complementary outputs.

9.4.4  Slave Mode Control Register (TIMx_SMCTRL)
Offset address: 0x08

Reset value: 0x0000

15 14 13 12 1 8 7 6 4 3 2 0
EXTP | EXCEN EXTPIS[I:O] I EXTIIT[3:O] I MSMD ITSEL[Z:O]I Reserved éMSEL[Z:OI]
N n'v T a ~ T T

Bit Name Description

Field

15 EXTP External trigger polarity

This bit is used to select whether the trigger operation is to use ETR or the inversion of
ETR.

0: ETR active at high level or rising edge.

1: ETR active at low level or falling edge.

14 EXCEN External clock enable

This bit is used to enable external clock mode 2, and the counter is driven by any
effective edge on the ETRF signal in this mode.

0: External clock mode 2 disable.

1: External clock mode 2 enable.

Note 1: When external clock mode 1 and external clock mode 2 are enabled at the same

time, the input of the external clock is ETRF.
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Bit Name Description
Field

Note 2: The following slave modes can be used simultaneously with external clock mode
2: reset mode, gated mode and trigger mode; However, TRGI cannot connect to ETRF
(TIMx SMCTRL.TSEL #'111)).

Note 3: Setting the TIMx_SMCTRL.EXCEN bit has the same effect as selecting external
clock mode 1 and connecting TRGI to ETRF (TIMx_SMCTRL.SMSEL = 111 and

TIMx SMCTRL.TSEL = 111).

13:12 EXTPS[1:0] External trigger prescaler

The frequency of the external trigger signal ETRP must be at most 1/4 of TIMxCLK
frequency. When a faster external clock is input, a prescaler can be used to reduce the
frequency of ETRP.

00: Prescaler disable

01: ETRP frequency divided by 2

10: ETRP frequency divided by 4

11: ETRP frequency divided by 8

11:8 EXTF[3:0] External trigger filter

These bits are used to define the frequency at which the ETRP signal is sampled and the
bandwidth of the ETRP digital filtering. In effect, the digital filter is an event counter
that generates a validate output after consecutive N events are recorded.

0000: No filter, sampling at fprs

0001: fsampLing = fex t, N =2

0010: fsampLing = fok_ivt, N =4

0011: fsampLing = fex int, N =8

0100: fsampLing = fors/2, N=6

0101: fsampLing = fors/2, N =8

0110: fsampLing = fors/4, N=6

0111: fsampLing = fors/4, N =8

1000: fsampLing = fo1s/8, N =6

1001: fsampLing = fors/8, N =8

1010: fsampring = fors/16, N=5

1011: fsampring = fors/16, N =6

1100: fsampring = fors/16, N =8

1101: fsampring = fors/32, N =5

1110: fsampring = fors/32, N =6

1111: fsampLinG = fp1s/32, N =8

7 MSMD Master/ Slave mode
0: No action
1: Events on the trigger input (TRGI) are delayed to allow a perfect synchronization between the

current timer (via TRGO) and its slaves. This is useful when several timers are required to be

synchronized to a single external event.
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Bit
Field

Name

Description

6:4

TSEL[2:0]

Trigger selection

These 3 bits are used to select the trigger input of the synchronous counter.
000: Internal trigger 0 (ITRO) 100: TI1 edge detector (TI1F_ED)

001: Internal trigger 1 (ITR1) 101: Filtered timer input 1 (TT1FP1)

010: Internal trigger 2 (ITR2) 110: Filtered timer input 2 (TI2FP2)

011: Internal trigger 3 (ITR3) 111: External triggered Input (ETRF)

For more details on ITRx, see Table 9-3 below.

Note: These bits must be changed only when not in use (e. g.
TIMx_SMCTRL.SMSEL=000) to avoid false edge detection at the transition.

Reserved

Reserved, the reset value must be maintained

SMSEL[2:0]

Slave mode selection

When an external signal is selected, the effective edge of the trigger signal (TRGI) is
linked to the selected external input polarity (see input control register and control
register description)

000: Disable slave mode. If TIMx CTRL1.CNTEN = 1, the prescaler is driven directly
by the internal clock.

001: Encoder mode 1. According to the level of TI2FP2, the counter up-counting or
down-counting on the edge of TI1FP1.

010: Encoder mode 2. According to the level of TI1FP1, the counter up-counting or
down-counting on the edge of TI2FP2.

011: Encoder mode 3. According to the input level of another signal, the counter up-
counting or down-counting on the edges of TI2FP1 and TI2FP2.

100: Reset mode. On the rising edge of the selected trigger input (TRGI), the counter is
reinitialized and the shadow register is updated.

101: Gated mode. When the trigger input (TRGI) is high, the clock of the counter is
enabled. Once the trigger input becomes low, the counter stops counting, but is not
reset. In this mode, the start and stop of the counter are controlled.

110: Trigger mode. When a rising edge occurs on the trigger input (TRGI), the counter
is started but not reset. In this mode, only the start of the counter is controlled.

111: External clock mode 1. The counter is clocked by the rising edge of the selected
trigger input (TRGI).

Note: Do not use gated mode if TIIF_ED is selected as the trigger input
(TIMx_SMCTRL.TSEL=100). This is because TI1F_ED outputs a pulse for each TIIF

transition, whereas gated mode checks the level of the triggered input.

Table 9-3 TIMx Internal Trigger Connection

Slave Timer

ITRO (TSEL = 000)

ITR1 (TSEL = 001)

ITR2 (TSEL = 010)

ITR3 (TSEL = 011)

TIM1 NA NA TIM3 NA
TIMS TIM1 NA NA NA
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9.4.5 DMA/Interrupt Enable Registers (TIMx_DINTEN)

Offset address: 0x0C
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6

nsing.com.sg

5 4 3 2 1 0

Reserved | TDEN [COMDEN| CC4DEN | CC3DEN | CC2DEN [ CCIDEN | UDEN BIEN TIEN

COMIEN | CC4IEN | CC3IEN | CC2IEN | CCIIEN | UIEN

™ ™ ™w ™ ™ ™ ™

™ ™w ™ ™ ™

Bit Field Name Description

15 Reserved Reserved, the reset value must be maintained

14 TDEN Trigger DMA request enable

0: Disable trigger DMA request
1: Enable trigger DMA request

13 COMDEN COM DMA request enable
0: Disable COM DMA request

1: Enable COM DMA request

12 CC4DEN Capture/Compare 4 DMA request enable
0: Disable capture/compare 4 DMA request

1: Enable capture/compare 4 DMA request

11 CC3DEN Capture/Compare 3 DMA request enable
0: Disable capture/compare 3 DMA request

1: Enable capture/compare 3 DMA request

10 CC2DEN Capture/Compare 2 DMA request enable
0: Disable capture/compare 2 DMA request

1: Enable capture/compare 2 DMA request

9 CCI1DEN Capture/Compare 1 DMA request enable
0: Disable capture/compare 1 DMA request

1: Enable capture/compare 1 DMA request

8 UDEN Update DMA request enable
0: Disable update DMA request

1: Enable update DMA request

7 BIEN Break interrupt enable
0: Disable break interrupt

1: Enable break interrupt

6 TIEN Trigger interrupt enable
0: Disable trigger interrupt

1: Enable trigger interrupt

5 COMIEN COM interrupt enable
0: Disable COM interrupt

1: Enable COM interrupt
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Bit Field

Name

Description

4

CC4IEN

Capture/Compare 4 interrupt enable
0: Disable capture/compare 4 interrupt

1: Enable capture/compare 4 interrupt

CC3IEN

Capture/Compare 3 interrupt enable
0: Disable capture/compare 3 interrupt

1: Enable capture/compare 3 interrupts

CC2IEN

Capture/Compare 2 interrupt enable
0: Disable capture/compare 2 interrupt

1: Enables capture/compare 2 interrupts

CCIIEN

Capture/Compare 1 interrupt enable
0: Disable capture/compare 1 interrupt

1: Enables capture/comparing 1 interrupt

UIEN

Update interrupt enable
0: Disable update interrupt

1: Enables update interrupt

9.4.6

Status Registers (TIMx_STS)
Offset address: 0x10

Reset value: 0x0000 0000

31

17

16

I I I I Reselrved I I I I I I CCS6ITF | CCSITF
I I I I I I I I I I I rcw0  rc_w0
15 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I Reserved I CC40CF | CC30CF | CC20CF | CC1OCF | Reserved | BITF | TITF | COMITF | CCAITF | CC3ITF | CC2ITF | CCIITF | UDITF
I I cw0  rcw0 rcw0 rc_w0 w0 rcwd rewd rew0 rew0 rcw0 rcw0 o rc_wO
Bit Field | Name Description
31: 18 Reserved Reserved, the reset value must be maintained
17 CCOITF Capture/Compare 6 interrupt flag
See TIMx_STS.CCI1ITF description.
16 CCSITF Capture/Compare 5 interrupt flag
See TIMx_STS.CCI1ITF description.
15: 13 Reserved Reserved, the reset value must be maintained
12 CC40CF Capture/Compare 4 overcapture flag
See TIMx_STS.CC1OCF description.
11 CC30CF Capture/Compare 3 overcapture flag
See TIMx_STS.CC1OCF description.
10 CC20CF Capture/Compare 2 overcapture flags
See TIMx_STS.CC1OCF description.

215 / 548

NSING Technologies Pre. Lid.

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

Singapore 117674
Tel: +65 69268090
Email: sales@nsing com.sg




NSING

nsing.com.sg

Bit Field

Name

Description

9

CCIOCF

Capture/Compare 1 overcapture flag

This bit is set by hardware only when the corresponding channel is configured in input
capture mode. Cleared by software writing 0.

0: No overcapture occurred

1: TIMx_STS.CCIITF was already set when the value of the counter has been captured in the
TIMx_CCDATI register.

Reserved

Reserved, the reset value must be maintained

BITF

Break interrupt flag

This bit is set by hardware once the brake input is active. This bit is cleared by
software when the brake input becomes inactive.

0: No break event occurred

1: An active level has been detected

TITF

Trigger interrupt flag

This bit is set by hardware when an effective edge is detected on the TRGI input when
the slave mode controller is in a mode other than gated. This bit is set by hardware
when any edge in gated mode is detected. This bit is cleared by software.

0: No trigger event occurred

1: Trigger interrupt occurred

COMITF

COM interrupt flag

This bit is set by hardware once a COM event is generated (when

TIMx_ CCEN.CCxEN, TIMx CCEN.CCxNEN, TIMx CCMODI1.0CxMD have been
updated). This bit is cleared by software.

0: No COM event occurred

1: COM interrupt pending

CCAITF

Capture/Compare 4 interrupt flag
See TIMx_STS.CCIITF description.

CC3ITF

Capture/Compare 3 interrupt flag
See TIMx_STS.CCI1ITF description.

CC2ITF

Capture/Compare 2 interrupt flag
See TIMx_STS.CCI1ITF description.

CCIITF

Capture/Compare 1 interrupt flag

When the corresponding channel of CC1 is in output mode:

Except in center-aligned mode, this bit is set by hardware when the counter value is
the same as the compare value (see TIMx CTRL1.CAMSEL bit description). This bit
is cleared by software.

0: No match occurred.

1: The value of TIMx_CNT is the same as the value of TIMx_CCDAT]1.

When the value of TIMx CCDATI is greater than the value of TIMx_AR, the
TIMx_STS.CCIITF bit will go high if the counter overflows (in up-counting and
up/down-counting modes) and underflows in down-counting mode.

When the corresponding channel of CC1 is in input mode:
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Bit Field Name Description

This bit is set by hardware when the capture event occurs. This bit is cleared by
software or by reading TIMx CCDAT]1.

0: No input capture occurred.

1: Input capture occurred. Counter value has captured in the TIMx_CCDAT]1. An edge with the

same polarity as selected has been detected on IC1.

0 UDITF Update interrupt flag

This bit is set by hardware when an update event occurs under the following

conditions:

—  When TIMx_CTRLI1.UPDIS = 0, and repeat counter value overflow or
underflow (An update event is generated when the repeat counter equals 0).

—  When TIMx_CTRL1.UPRS =0, TIMx_CTRL1.UPDIS = 0, and set the
TIMx EVTGEN.UDGN bit by software to reinitialize the CNT.

—  When TIMx_CTRLI1.UPRS =0, TIMx_CTRL1.UPDIS = 0, and the counter
CNT is reinitialized by the trigger event. (See TIMx SMCTRL Register
description)

This bit is cleared by software.

0: No update event occurred

1: Update interrupt occurred

9.4.7  Event Generation Registers (TIMx_EVTGEN)
Offset address: 0x14

Reset values: 0x0000

15 . . . . . 8 7 6 5 4 3 2 1 0
Reserved BGN TGN |CCUDGN| CC4GN | CC3GN | CC2GN | CCIGN | UDGN
. . . . . . .
w w w w w w w w
Bit Field | Name Description
15: 8 Reserved Reserved, the reset value must be maintained
7 BGN Break generation

This bit can generate a brake event when set by software. And at this time TIMx BKDT.MOEN
=0, TIMx_STS.BITF = 1, if the corresponding interrupt and DMA are enabled, the
corresponding interrupt and DMA will be generated. This bit is automatically cleared by
hardware.

0: No action

1: Generated a break event

6 TGN Trigger generation

This bit can generate a trigger event when set by software. And at this time TIMx_STS.TITF =
1, if the corresponding interrupt and DMA are enabled, the corresponding interrupt and DMA
will be generated. This bit is automatically cleared by hardware.

0: No action

1: Generated a trigger event
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Bit Field Name Description

5 CCUDGN Capture/Compare control update generation

This bit is set by software. And if TIMx_CTRL2.CCPCTL =1 at this time, the CCXEN,
CCxNEN and OCxMD bits are allowed to be updated. This bit is automatically cleared by
hardware.

0: No action

1: Generated a COM event

Note: This bit is only valid for channels with complementary outputs.

4 CC4GN Capture/Compare 4 generation

See TIMx_EVTGEN.CC1GN description.
3 CC3GN Capture/Compare 3 generation

See TIMx EVTGEN.CCI1GN description.
2 CC2GN Capture/Compare 2 generation

See TIMx_EVTGEN.CC1GN description.

1 CCIGN Capture/Compare 1 generation

This bit can generate a capture/compare event when set by software. This bit is automatically
cleared by hardware.

When the corresponding channel of CC1 is in output mode:

The TIMx_STS.CCIITF flag will be pulled high, if the corresponding interrupt and DMA are
enabled, the corresponding interrupt and DMA will be generated.

When the corresponding channel of CC1 is in input mode:

TIMx_CCDAT]1 will capture the current counter value, and the TIMx_STS.CCIITF flag will be
pulled high, if the corresponding interrupt and DMA are enabled, the corresponding interrupt
and DMA will be generated. If The TIMx_STS.CCI1ITF is already pulled high, pull
TIMx_STS.CC1OCF high.

0: No action

1: Generated a CC1 capture/compare event

0 UDGN Update generation

This bit can generate an update event when set by software. And at this time the counter will be
reinitialized, the prescaler counter will be cleared, the counter will be cleared in center-aligned or up-
counting mode, but take TIMx_AR in down-counting mode the value of the register. This bit is
automatically cleared by hardware.

0: No action

1: Generated an update event

9.4.8 Capture/Compare Mode Register 1 (TIMx_CCMOD1)
Offset address: 0x18
Reset value: 0x0000

Channels can be used for input (capture mode) or output (compare mode), and the direction of the channel is defined by
the corresponding CCxSEL bit. The other bits of the register act differently in input and output modes. OCx describes the
function of a channel in output mode, ICx describes the function of a channel in input mode. Hence, please note that the

same bit can have different meanings for output mode and for input mode.
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Output compare mode:

15 14 12 11 10 9 8 7 6 4 3 2 1 0
OC2CEN I0C2M[2:O]I OC2PEN | OC2FEN CC2S];L[1:0] OCICEN IOCIM[2:O]I OCIPEN | OCIFEN CClS];L[l:O]
~ T o v ~ T o v
Bit Field | Name Description
15 OC2CEN Output Compare 2 clear enable
14:12 OC2MD[2:0] Output Compare 2 mode
11 OC2PEN Output Compare 2 preload enable
10 OC2FEN Output Compare 2 fast enable
9:8 CC2SEL[1:0] Capture/compare 2 selection

These bits are used to select the input/output and input mapping of the channel

00: CC2 channel is configured as output

01: CC2 channel is configured as input, IC2 is mapped on TI2

10: CC2 channel is configured as input, IC2 is mapped on TI1

11: CC2 channel is configured as input, IC2 is mapped on TRC. This mode is only active
when the internal trigger input is selected by TIMx SMCTRL.TSEL.

Note: CC2SEL is writable only when the channel is off (TIMx_CCEN.CC2EN = 0).

7 OCICEN Output Compare 1 clear enable
0: OCIREF is not affected by ETRF input level
1: OCIREF is cleared immediately when the ETRF input level is detected as high

6:4 OCIMD[2:0] Output Compare 1 mode

These bits are used to manage the output reference signal OC1REF, which determines the
values of OC1 and OCI1N, and is valid at high levels, while the active levels of OC1 and
OCIN depend on the TIMx_ CCEN.CC1P and TIMx_CCEN.CCI1NP bits.

000: Frozen. Comparison between TIMx_CCDATT1 register and counter TIMx_CNT has no
effect on OC1REF signal.

001: Set channel 1 to the active level on match. When TIMx_CCDAT1 = TIMx_CNT,
OCI1REEF signal will be forced high.

010: Set channel 1 as inactive level on match. When TIMx CCDATI1 = TIMx_CNT,
OCI1REEF signal will be forced low.

011: Toggle. When TIMx_CCDAT1 = TIMx_CNT, OC1REEF signal will be toggled.

100: Force to inactive level. OC1REF signal is forced low.

101: Force to active level. OCIREEF signal is forced high.

110: PWM mode 1 - In up-counting mode, if TIMx_CNT < TIMx_CCDAT1, OC1REF signal
of channel 1 is high, otherwise it is low. In down-counting mode, if TIMx_CNT >
TIMx_CCDATI1, OCIREEF signal of channel 1 is low, otherwise it is high.

111: PWM mode 2 - In up-counting mode, if TIMx_CNT < TIMx_CCDAT1, OC1REF signal
of channel 1 is low, otherwise it is high. In down-counting mode, if TIMx_CNT >
TIMx_CCDATI1, OCIREEF signal of channel 1 is high, otherwise it is low.

Note: In PWM mode 1 or PWM mode 2, the OCIREF level changes only when the

comparison result changes or when the output compare mode is switched from frozen mode to

219 / 548

NSING Technologies Pre. Lid.

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

Tel: +65 9268090

Email: sales@nsing com.sg



NSING nsing.com.sg

Bit Field | Name Description
PWM mode.
3 OCIPEN Output Compare 1 preload enable

0: Disable preload function of TIMx_CCDAT] register. Supports write operations to
TIMx_CCDAT]1 register at any time, and the written value is effective immediately.

1: Enable preload function of TIMx_CCDAT]1 register. Only read and write operations to
preload registers. When an update event occurs, the value of TIMx CCDAT!1 is loaded into
the active register.

Note: Only when TIMx_CTRLI1.ONEPM = 1(In one-pulse mode), PWM mode can be used

without verifying the preload register, otherwise no other behavior can be predicted.

2 OCIFEN Output Compare 1 fast enable

This bit is used to speed up the response of the CC output to the trigger input event.

0: CC1 behaves normally depending on the counter and CCDAT1 values, even if the trigger is
ON. The minimum delay for activating CC1 output when an edge occurs on the trigger input
is 5 clock cycles.

1: An effective edge of the trigger input acts like a comparison match on CC1 output.
Therefore, OC is set to the comparison level regardless of the comparison result. The delay
time for sampling the trigger input and activating the CC1 output is reduced to 3 clock cycles.

OCXFEN only operates if the channel is configured in PWM1 or PWM2 mode.

1: 0 CCI1SEL[1:0] Capture/compare 1 selection

These bits are used to select the input/output and input mapping of the channel

00: CC1 channel is configured as output

01: CC1 channel is configured as input, IC1 is mapped on TI1

10: CC1 channel is configured as input, IC1 is mapped on TI2

11: CC1 channels are configured as inputs and IC1 is mapped to TRC. This mode is only
active when the internal trigger input is selected by TIMx_SMCTRL.TSEL.

Note: CCISEL is writable only when the channel is off (TIMx_CCEN.CCIEN = 0).

Input capture mode:

15 12 11 10 9 8 7 4 3 2 1 0
IC2F[3:0] IC2PSC[1:0] CC2SEL[1:0] ICIF[3:0] ICIPSC[1:0] CCISEL[1:0]
™w ™ ™w ™ ™ ™
Bit Field (Name Description
15:12 [C2F[3:0] [nput Capture 2 Filter
11:10 [C2PSC[1:0] [nput Capture 2 Prescaler
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Bit Field

Name

IDescription

9:8

CC2SEL([1:0]

Capture/Compare 2 selection

These bits are used to select the input/output and input mapping of the channel

00: CC2 channel is configured as output

01: CC2 channel is configured as input, IC2 is mapped on TI2

10: CC2 channel is configured as input, IC2 is mapped on TI1

11: CC2 channel is configured as input, IC2 is mapped on TRC. This mode is only active when the
internal trigger input is selected by TIMx_SMCTRL.TSEL.

INote: CC2SEL is writable only when the channel is off (TIMx_CCEN.CC2EN = ().

7:4

IC1F[3:0]

Input Capture 1 filter

These bits are used to define sampling frequency of TI1 input and the length of digital filter. The
digital filter is an event counter that generates an output transition after N events are recorded.
0000: No filter, sampling at fbrs frequency

0001: fsampLing = fek int, N =2

0010: fsampLing = fck InT, N =4

0011: fsampLing = fck InT, N =8

0100: fsampLing = fb1s/2, N =6

0101: fsampLing = fbrs/2, N=8

0110: fsampLing = fbrs/4, N =6

0111: fsampLing = fbrs/4, N =8

1000: fsampLing = fb1s/8, N =6

1001: fsampLing = fbrs/8, N =8

1010: fsampLing = fbrs/16, N=5

1011: fsampLing = fbrs/16, N=6

1100: fsampLing = fbrs/16, N =8

1101: fsampLing = fbrs/32, N=5

1110: fsampLing = fbrs/32, N=6

1111: fsampLing = fbrs/32, N=8

3:2

IC1PSC[1:0]

Input Capture 1 prescaler

These bits are used to select the ratio of the prescaler for IC1 (CCl input).

When TIMx_CCEN.CC1EN = 0, the prescaler will be reset.

00: No prescaler, capture is done each time an edge is detected on the capture input
01: Capture is done once every 2 events

10: Capture is done once every 4 events

11: Capture is done once every 8 events

1:0

CCISEL[1:0]

Capture/Compare 1 selection

These bits are used to select the input/output and input mapping of the channel

00: CC1 channel is configured as output

01: CCI channel is configured as input, IC1 is mapped on TI1

10: CC1 channel is configured as input, IC1 is mapped on TI2

11: CCl1 channel is configured as input, IC1 is mapped to TRC. This mode is only active when the

internal trigger input is selected by TIMx_SMCTRL.TSEL.
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Bit Field |[Name IDescription
INote: CCISEL is writable only when the channel is off (TIMx_CCEN.CCIEN = ().
9.4.9 Capture/Compare Mode Register 2 (TIMx_CCMOD?2)

Offset address: 0x1C

Reset value: 0x0000

See the description of the CCMODI1 register above

Output comparison mode:

15 14 11 10 9 8 7 6 4 3 2 1 0
OCA4CEN (I)C4MD[2:(;] OC4PEN | OC4FEN CC4S}£L[1 0] |OC3CEN (;C3MD[2:OI] OC3PEN | OC3FEN CC3SéL[1 0]
~ T N ~ ~ T SR ~
Bit Field | Name Description
15 OC4CEN Output compare 4 clear enable
14:12 0OC4MD[2:0] Output compare 4 mode
11 OC4PEN Output compare 4 preload enable
10 OCA4FEN Output compare 4 fast enable
9:8 CC4SEL[1:0] Capture/Compare 4 selection
These bits are used to select the input/output and input mapping of the channel
00: CC4 channel is configured as output
01: CC4 channel is configured as input, IC4 is mapped on TI4
10: CC4 channel is configured as input, IC4 is mapped on TI3
11: CC4 channel is configured as input, IC4 is mapped on TRC. This mode is only active when
the internal trigger input is selected by TIMx SMCTRL.TSEL.
Note: CC4SEL is writable only when the channel is off (TIMx_CCEN.CC4EN = 0).
7 OC3CEN Output compare 3 clear enable
6:4 OC3MD[2:0] Output compare 3 mode
3 OC3PEN Output compare 3 preload enable
2 OC3FEN Output compare 3 fast enable
1:0 CC3SEL[1:0] Capture/Compare 3 selection

These bits are used to select the input/output and input mapping of the channel

00: CC3 channel is configured as output

01: CC3 channel is configured as input, IC3 is mapped to TI3

10: CC3 channel is configured as input, IC3 is mapped on TI4

11: CC3 channel is configured as input, IC3 is mapped to TRC. This mode is only active when
the internal trigger input is selected by TIMx_SMCTRL.TSEL.

Note: CC3SEL is writable only when the channel is off (TIMx_CCEN.CC3EN = 0).

Input capture mode:
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3 2

1 0

T T
IC4F[3:0]

IC4PSC[1:0]

CC4SEL[1:0]

IC3F[3:0]

IC3PSC[1:0]

CC3SEL[1:0]

™w

™

™w

™w

™

™

Bit Field

Name

IDescription

15:12

1C4F[3:0]

Input Capture 4 filter

11:10

1C4PSCI1:0]

Input Capture 4 Prescaler

9:8

CCA4SEL[1:0]

Capture/Compare 4 selection

These bits are used to select the input/output and input mapping of the channel

00: CC4 channel is configured as output

01: CC4 channel is configured as input, IC4 is mapped on TI4

10: CC4 channel is configured as input, IC4 is mapped on TI3

11: CC4 channel is configured as input, IC4 is mapped on TRC. This mode is only active when the
internal trigger input is selected by TIMx SMCTRL.TSEL.

Note: CC4SEL is writable only when the channel is off (TIMx_CCEN.CC4EN = ().

7:4

[C3F[3:0]

Input Capture 3 filter

3:2

IC3PSC[1:0]

Input Capture 3 Prescaler

1:0

CC3SEL[1:0]

Capture/compare 3 selection

These bits are used to select the input/output and input mapping of the channel

00: CC3 channel is configured as output

01: CC3 channel is configured as input, IC3 is mapped to TI3

10: CC3 channel is configured as input, IC3 is mapped on T4

11: CC3 channel is configured as input, IC3 is mapped to TRC. This mode is only active when the
internal trigger input is selected by TIMx SMCTRL.TSEL.

INote: CC3SEL is writable only when the channel is off (TIMx_CCEN.CC3EN = ().

9.4.10

Offset address: 0x20

Reset value: 0x0000 0000

Capture/Compare Enable Registers (TIMx_CCEN)

31 22 21 20 19 18 17 16
T T T T T T T T T
Reserved CCep CC6EN Reserved CCsp CCSEN
. . . . . .
™w ™w ™ ™
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T
Reserved CC4P | CC4EN | CC3NP |CC3NEN| CC3P | CC3EN | CC2NP |CC2NEN| CC2P | CC2EN | CCINP [CCINEN| CCIP | CCIEN
.
™w ™ ™w ™w ™ ™w ™w ™ ™w ™w ™ ™w ™w ™
Bit Field | Name Description
31:22 Reserved Reserved, the reset value must be maintained
21 CC6P Capture/Compare 6 output polarity
See TIMx_CCEN.CC1P description.
20 CC6EN Capture/Compare 6 output enable

223 / 548

NSING Technologies Pre. Lid.

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

Tel: +65 69268090

Email: sales@nsing com.sg




NSING

nsing.com.sg

Bit Field Name Description
See TIMx_CCEN.CC1EN description.

19: 18 Reserved Reserved, the reset value must be maintained

17 CCsp Capture/Compare 5 output polarity
See TIMx CCEN.CCI1P description.

16 CCSEN Capture/Compare 5 output enable
See TIMx CCEN.CCI1EN description.

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

13 CC4p Capture/Compare 4 output polarity
See TIMx CCEN.CCI1P description.

12 CC4EN Capture/Compare 4 output enable
See TIMx_ CCEN.CC1EN description.

11 CC3NP Capture/Compare 3 Complementary output polarity
See TIMx_CCEN.CCI1NP description.

10 CC3NEN Capture/Compare 3 complementary output enable
See TIMx_CCEN.CCINEN description.

9 CC3Pp Capture/Compare 3 output polarity
See TIMx_CCEN.CCI1P description.

8 CC3EN Capture/Compare 3 output enable
See TIMx_CCEN.CCI1EN description.

7 CC2NP Capture/Compare 2 complementary output polarity
See TIMx_ CCEN.CCINP description.

6 CC2NEN Capture/Compare 2 complementary output enable
See TIMx CCEN.CCINEN description.

5 cc2p Capture/Compare 2 output polarity
See TIMx_CCEN.CCI1P description.

4 CC2EN Capture/Compare 2 output enable
See TIMx_CCEN.CC1EN description.

3 CCINP Capture/Compare 1 complementary output polarity
0: OCIN active high
1: OCIN active low

2 CCINEN Capture/Compare 1 complementary output enable

0: Disable - Disable output OCIN signal. The level of OCIN depends on the value of these bits

TIMx BKDT.MOEN, TIMx BKDT.OSSI, TIMx BKDT.OSSR, TIMx CTRL2.0I1,
TIMx_CTRL2.0OI1N and TIMx CCEN.CC1EN.

1: Enable - Enable output OCIN signal. The level of OCIN depends on the value of these bits

TIMx BKDT.MOEN, TIMx BKDT.OSSI, TIMx BKDT.OSSR, TIMx CTRL2.0I1,
TIMx_CTRL2.0OI1N and TIMx CCEN.CC1EN.
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Bit Field Name Description
1 CC1P Capture/Compare 1 output polarity
When the corresponding channel of CC1 is in output mode:
0: OC1 active high
1: OC1 active low
When the corresponding channel of CC1 is in input mode:
At this time, this bit is used to select whether IC1 or the inverse signal of IC1 is used as the trigger
or capture signal.
0: non-inverted: Capture action occurs when IC1 generates a rising edge. When used as external
trigger, IC1 is non-inverted.
1: inverted: Capture action occurs when IC1 generates a falling edge. When used as external
trigger, IC1 is inverted.
Note: If TIMx BKDT.LCKCFG = 3 or 2, these bits cannot be modified.
0 CCI1EN Capture/Compare 1 output enable
When the corresponding channel of CC1 is in output mode:
0: Disable - Disable output OC1 signal. The level of OC1 depends on the value of these bits
TIMx_BKDT.MOEN, TIMx_BKDT.OSSI, TIMx_ BKDT.OSSR, TIMx CTRL2.0I1,
TIMx_CTRL2.0OI1N and TIMx CCEN.CCINEN.
1: Enable - Enable output OC1 signal. The level of OCIN depends on the value of these
bits TIMx BKDT.MOEN, TIMx_BKDT.OSSI, TIMx_BKDT.OSSR,
TIMx_CTRL2.0I1, TIMx_CTRL2.0OI1N and TIMx CCEN.CCINEN.
When the corresponding channel of CC1 is in input mode:
At this time, this bit is used to disable/enable the capture function.
0: Disable capture
1: Enable capture
Table 9-4 Output Control Bits of Complementary OCx and OCxN Channels with Break Function
Control Bits Output State)
IMOEN|OSSI [OSSR |[CCxEN [CCxNEN|OCx Output State OCxN Output State
Output disabled (not driven by timer)  [Output disabled (not driven by timer)
K 0 0Cx=0,0Cx_EN=0 OCxN=0,0CxN_EN=0
Output disabled (not driven by timer)  |[OCXREF + polarity,
K 0 0Cx=0,0Cx_EN=0 OCxN= OCxREF xor CCxNP,OCxN_EN=1
b | OCxREF + polarity, Output disabled (not driven by timer)
| I OCx= OCxREF xor CCxP,0Cx_EN=1 OCxN=0,0CxN_EN=0
b | (OCxREF + polarity + dead- Complementary to OCXREF + polarity + dead-
time,0Cx_EN=1 time,OCxN_EN=1
. o Output disabled (not driven by timer)  [Output disabled (not driven by timer)
OCx=CCxP,0Cx_EN=0 OCxN=CCxNP,OCxN EN=0
1 0 Off-state (Output enabled with inactive ~ |[OCxREF + polarity,
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Control Bits Output State®
IMOEN|OSSI |OSSR |[CCxEN |[CCxNEN/OCx Output State OCxN Output State
state) OCxN= OCxREF xor CCxNP,OCxN_EN=1
OCx=CCxP,0Cx_EN=1
. ) o IOCxREF + polarity, Off-state (Output enabled with inactive state)
OCx= OCXREF xor CCxP, OCx EN=1 |OCxN=CCxNP,OCxN_ EN=1
Complementary to OCxXREF + polarity + dead-
. | | OCxREF + polarity + dead-time, fime.
OO EN= OCxN_EN=1
0 0 0 Output disabled (not driven by timer)
0 0 1 IAsynchronously: OCx=CCxP, OCx_EN=0, OCxXN=CCxNP,OCxN_EN=0;
0 1 0 Then if the clock is present: OCx=0Ix and OCxN=OIxN after a dead-time, when (CCxP *
0 1 1 OIx) * (CCxNP OIxN)! = 0.
K 1 x 0 0 Off-state (Output enabled with inactive state)
1 0 1 IAsynchronously: OCx=CCxP, OCx_EN=1, OCxXN=CCxNP,OCxN_EN=1;
1 1 0 Then if the clock is present: OCx=0Ix and OCxN=OIxN after a dead-time, when (CCxP *
1 1 1 OIx) ~ (CCxNP*OIxN)! =0
Note:

M- If both outputs of a channel are not used (CCXEN = CCxNEN = 0), OIx, OIxN, CCxP and CCxNP must all be cleared.

Note: The status of external 1/0 pins connected to complementary OCx and OCxN channels depends on the OCx and OCxN
channel states and GPIO and AFIO registers.

9.4.11 Counters (TIMx_CNT)
Offset address: 0x24

Reset value: 0x0000

T T T T T T T CNTEISO] T T T T T T
™w
Bit Field Name Description
15:0 CNT[15:0] Counter value
9.4.12 Prescaler (TIMx_PSC)
Offset address: 0x28
Reset value: 0x0000
15 0
PSC[15:0]
™
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Bit Field Name Description

15:0 PSC[15:0] Prescaler value
Counter clock fck ont = fek psc/ (PSC [15:0] +1).

Each time an update event occurs, the PSC value is loaded into the active prescaler register.

9.4.13 Auto-reload Register (TIMx_AR)
Offset address: 0x2C

Reset values: OxFFFF

15 0
AR[15:0]
™w
Bit Field Name Description
15:0 AR[15:0] Auto-reload value

These bits define the value that will be loaded into the actual auto-reload register.

See Section 9.3.1 for more details.

When the TIMx_AR.AR [15:0] value is null, the counter does not operate.

9.4.14 Repeat Count Registers (TIMx_REPCNT)
Offset address: 0x30

Reset value: 0x0000

15 8 7 0
I I I Rese:rved I I I I I I REPCT:IT[7:0] I I I
Bit Field | Name Description
15:8 Reserved Reserved, the reset value must be maintained
7:0 REPCNT[7:0] Repetition counter value

Repetition counter is used to generate the update event or update the timer registers only after a
given number (N+1) cycles of the counter, where N is the value of TIMx_ REPCNT.REPCNT .
The repetition counter is decremented at each counter overflow in up-counting mode, at each
counter underflow in down-counting mode or at each counter overflow and at each counter
underflow in center-aligned mode. Setting the TIMx_EVTGEN.UDGN bit will reload the content
of TIMx_REPCNT.REPCNT and generate an update event.

9.4.15 Capture/Compare Register 1 (TIMx_CCDAT1)
Offset address: 0x34

Reset value: 0x0000
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CCDATI[15:0]

™w/r

Bit Name Description
Field
15:0 CCDATI[15:0] Capture/Compare 1 value

e CClI channel is configured as output:

CCDATI contains the value to be compared to the counter TIMx_CNT, signaling on the
OCl output.

If the preload feature is not selected in TIMx CCMOD1.0OC1PEN bit, the written value
is immediately transferred to the active register. Otherwise, this preloaded value is
transferred to the active register only when an update event occurs.

e  CCI channel is configured as input:

CCDATI contains the counter value transferred by the last input capture 1 event (IC1).
When configured as input mode, register CCDAT1 and CCDDAT]1 are only readable.
When configured as output mode, register CCDAT1 and CCDDAT!]1 are readable and writable.

9.4.16 Capture/Compare Register 2 (TIMx_CCDAT?2)

Offset address: 0x38

Reset value: 0x0000

CCDAT2[15:0]

™w/r

Bit Name Description
Field
15:0 CCDAT2[15:0] Capture/Compare 2 values

e  CC2 channel is configured as output:

CCDAT?2 contains the value to be compared to the counter TIMx_CNT, signaling on the
OC2 output.

If the preload feature is not selected in TIMx CCMOD1.OC2PEN bit, the written value
is immediately transferred to the active register. Otherwise, this preloaded value is
transferred to the active register only when an update event occurs.

e  CC2 channel is configured as input:

CCDAT?2 contains the counter value transferred by the last input capture 2 event (IC2).
When configured as input mode, register CCDAT2 and CCDDAT?2 are only readable.
When configured as output mode, register CCDAT2 and CCDDAT?2 are readable and writable.

9.4.17 Capture/Compare Register 3 (TIMx_CCDAT3)

Offset address: 0x3C

Reset value: 0x0000

228 / 548

NSING Technologies Pre. Lid.

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

Tel: +65 9268090

Email: sales@nsing com.sg




nsing.com.sg

T T T T T T T T T T T
CCDAT3[15:0]

™w/r

Bit Name Description
Field
15:0 CCDAT3[15:0] Capture/Compare 3 value

e CC3 channel is configured as output:

CCDATS3 contains the value to be compared to the counter TIMx_CNT, signaling on
the OC3 output.

If the preload feature is not selected in TIMx CCMOD2.0OC3PEN bit, the written
value is immediately transferred to the active register. Otherwise, this preloaded value
is transferred to the active register only when an update event occurs.

e  CC3 channel is configured as input:

CCDATS3 contains the counter value transferred by the last input capture 3 event
1c3).

When configured as input mode, register CCDAT3 and CCDDAT3 are only readable.
When configured as output mode, register CCDAT3 and CCDDATS3 are readable and writable.

9.4.18 Capture/Compare Register 4 (TIMx_CCDAT4)

Offset address: 0x40

Reset value: 0x0000

T T T T T T T T T T T
CCDATA4[15:0]

™w/r

Bit Name Description
Field
15:0 CCDATA4[15:0] Capture/Compare 4 value

e CC4 channel is configured as output:

CCDAT4 contains the value to be compared to the counter TIMx_CNT, signaling on
the OC4 output.

If the preload feature is not selected in TIMx CCMOD2.0C4PEN bit, the written
value is immediately transferred to the active register. Otherwise, this preloaded value
is transferred to the active register only when an update event occurs.

e CC4 channel is configured as input:

CCDAT4 contains the counter value transferred by the last input capture 4 event
(IC4).

When configured as input mode, register CCDAT4 and CCDDAT4 are only readable.
When configured as output mode, register CCDAT4 and CCDDAT#4 are readable and writable.
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9.4.19 Break and Dead-time Registers (TIMx_BKDT)
Offset address: 0x44

Reset value: 0x0000

15 14 13 12 11 10 9 8 7 0
T T T T T T T T
MOEN | AOEN | BKP | BKEN | OSSR | OSSI LCKCFG(1:0] DTGN([7:0]
1 1 1 1 1 1 1 1
™ ™ ™ ™w ™w ™w ™ ™w

Note: AOEN, BKP, BKEN, OSSI, OSSR, and DTGN [7:0] bits can all be write protection depending on the LOCK configuration,
and it is necessary to configure all of them on the first write to the TIMx_BKDT register.

Bit Field | Name Description

15 MOEN Main Output enable

This bit can be set by software or hardware depending on the TIMx BKDT.AOEN bit, and is
asynchronously cleared to '0' by hardware once the brake input is active. It is only valid for
channels configured as outputs.

0: OC and OCN outputs are disabled or forced to idle state.

1: OC and OCN outputs are enabled if TIMx_CCEN.CCxEN or TIMx_CCEN.CCxNEN bits are
set. For more details, see Section 9.4.10 Capture/Compare enable registers (TIMx_CCEN).

14 AOEN Automatic output enable

0: Only software can set TIMx BKDT.MOEN;

1: Software sets TIMx BKDT.MOEN; or if the break input is not active, when the next update
event occurs, hardware automatically sets TIMx BKDT.MOEN.

13 BKP Break input polarity

0: Low level of the brake input is valid

1: High level of the brake input is valid

Note: Any write to this bit requires an APB clock delay to take effect.

12 BKEN Break enable
0: Disable brake input (BRK and CCS clock failure events)
1: Enable brake input (BRK and CCS clock failure events)
Note: Any write to this bit requires an APB clock delay to take effect.

11 OSSR Off-state Selection for Run Mode

This bit is used when TIMx_BKDT.MOEN=1 and the channel is a complementary output.

The OSSR bit does not exist in timer without complementary outputs.

0: When inactive, OCx/OCxN outputs are disabled (OCx/OCxN enable output signal = 0)

1: When inactive, OCx/OCxN outputs are enabled with their inactive level as soon as CCXxEN = 1
or CCxNEN = 1. Then, OCx/OCxN enable output signal = 1

For more details, See Section 9.4.10, capture/compare enablement registers (TIMx_CCEN).

10 OSSI Off-state Selection for Idle Mode
This bit is used when TIMx_BKDT.MOEN=0 and the channels configured as outputs.
0: When inactive, OCx/OCxN outputs are disabled (OCx/OCxN enable output signal = 0)
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Bit Field | Name Description

1: When inactive, OCx/OCxN outputs are enabled with their idle level as soon as CCXEN =1 or
CCxNEN = 1. Then, OCx/OCxN enable output signal = 1

For more details, See Section 9.4.10, capture/compare enablement registers (TIMx_CCEN).

9:8 LCKCFG[1:0] Lock Configuration

These bits offer a write protection against software errors.

00:

—  No write protected.

01:

- LOCK Level 1

TIMx_BKDT.DTGN, TIMx_BKDT.BKEN, TIMx BKDT.BKP, TIMx BKDT.AOEN,
TIMx_CTRL2.0Ix, TIMx_CTRL2.0OIxN bits enable write protection.

10:

- LOCK Level 2

Except for register write protection in LOCK Level 1 mode, TIMx CCEN.CCxP and
TIMx_CCEN.CCxNP (If the corresponding channel is configured in output mode),
TIMx_BKDT.OSSR and TIMx_BKDT.OSSI bits also enable write protection.

11:

— LOCK Level 3

Except for register write protection in LOCK Level 2, TIMx CCMODx.OCxMD and
TIMx_CCMODx.OCxXPEN bits (If the corresponding channel is configured in output mode) also
enable write protection.

Note: After the system reset, the LCKCFG bit can only be written once. Once written to the
TIMx_BKDT register, LCKCFG will be protected until the next reset.

7:0 DTGN [7:0] Dead-time Generator

These bits define the dead-time duration between inserted complementary outputs. The
relationship between the DTGN value and the dead time is as follows::
DTGN][7:5] = Oxx:

dead time = DTGN[7:0] x (tpts)

DTGN[7:5] = 10x:

dead time =(64+DTGN[5:0]) x (2 X tprs)

DTGN[7:5]=110:

dead time =(32+DTGN[4:0]) x (8 X tprs)

DTGN [then] =111:

dead time = (32 + DTGN [4:0]) x (16 X tpTs)

tors value see TIMx CTRL1.CLKD [1:0].

9.4.20 DMA Control Register (TIMx_DCTRL)
Offset address: 0x48

Reset value: 0x0000
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15 13 12 8 7 5 4 0
I Reserved I [I)BLEN[4:0I] I I Reserved I I DIBADDR[4:I0] I
. . : — : : : : : . — A :
Bit Field | Name Description
15:9 Reserved Reserved, the reset value must be maintained, kept at 0.
12:8 DBLEN[4:0] DMA Burst Length
This bit field defines the number DMA will accesses (write/read) TIMx_DADDR register.
00000:1 time transfer
00001: 2 times transfers
00010: 3 times transfers
10001: 18 times transfers
7:5 Reserved Reserved, the reset value must be maintained.
4:0 DBADDR[4:0] DMA Base Address

This bit field defines the first address where the DMA accesses the TIMx_DADDR register.
When access is done through the TIMx _DADDR first time, this bit-field specifies the address
you just access. And then the second access to the TIMx_DADDR, you will access the address
of “DMA Base Address +4”

00000: TIMx_CTRLI1,
00001: TIMx CTRL2,
00010: TIMx_SMCTRL,

10001: TIMx BKDT
10010: TIMx DCTRL

9.4.21 DMA Transfer Buffer Register (TIMx_DADDR)
Offset address: 0x4C

Reset value: 0x0000

BURST[15:0]

™w

Bit Field

Name

Description

15:0

BURST[15:0]

DMA access buffer.

When a read or write operation is assigned to this register, the register located at the address
range (DMA base address + DMA burst length x 4) will be accessed.

DMA base address = The address of TIM_CTRL1 + TIMx_DCTRL. DBADDR * 4;

DMA burst len = TIMx_DCTRL.DBLEN + 1.

Example:

If TIMx_DCTRL.DBLEN = 0x3(4 transfers), TIMx_DCTRL.DBADDR = 0xD
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Bit Field

Name

Description

(TIMx_CCDAT1), DMA data length = half word, DMA memory address = buffer address in
SRAM, DMA peripheral address = TIMx_DADDR address.

When an event occurs, TIMx will send requests to the DMA, and transfer data 4 times.

For the first time, DMA access to the TIMx_ DADDR register will be mapped to access
TIMx_CCDAT]1 register;

For the second time, DMA access to the TIMx _DADDR register will be mapped to access
TIMx_CCDAT?2 register;

For the fourth time, DMA access to the TIMx _ DADDR register will be mapped to access
TIMx_CCDATH4 register;

9.4.22 Capture/Compare Mode Registers 3(TIMx_CCMOD3)

Offset address: 0x54

Reset value: 0x0000

15 14 12 11 10 9 8 7 4 3 2 1 0
OC6CEN (I)ceMD[zzol] OC6PEN | OC6FEN Rese:rved OC5CEN (I)CSMD[Z:OI] OCSPEN | OCSFEN Rese:rved
— . — . — — . — . — . — — .

Bit Field | Name Description

15 OC6CEN Output compare 6 clear enable

14:12 OC6MDJ2:0] Output compare 6 mode

11 OC6PEN Output compare 6 preload enable

10 OC6FEN Output compare 6 fast enable

9:8 Reserved Reserved, the reset value must be maintained
7 OCS5CEN Output compare 5 clear enable

6:4 OC5MDJ2:0] Output compare 5 mode

3 OCSPEN Output compare 5 Preload enable

2 OCS5FEN Output compare 5 fast enable

1: 0 Reserved Reserved, the reset value must be maintained

9.4.23 Capture/Compare Register S (TIMx_CCDATS)

Offset address: 0x58

Reset value: 0x0000

CCDATS5[15:0]

™
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Bit Name Description
Field
15:0 CCDAT5[15:0] Capture/Compare 5 value

e  CCS channel can only configured as output:

CCDATS contains the value to be compared to the counter TIMx_CNT, signaling on
the OCS output.

If the preload feature is not selected in TIMx CCMOD3.0OCS5PEN bit, the written
value is immediately transferred to the active register. Otherwise, this preloaded value
is transferred to the active register only when an update event occurs.

TIM1_CCS5 and TIMS8_CCS is used for comparator blanking.

9.4.24 Capture/Compare Register 6 (TIMx_CCDAT6)
Offset address: 0x5C

Reset value: 0x0000

15 0
I I I I I I I CCDA1I'6[15:0] I I I I I I I

Bit Name Description

Field

15:0 CCDAT6[15:0] Capture/Compare 6 value

e (CC6 channel can only configured as output:

CCDAT®6 contains the value to be compared to the counter TIMx_CNT, signaling on
the OC6 output.

If the preload feature is not selected in TIMx CCMOD3.0OC6PEN bit, the written
value is immediately transferred to the active register. Otherwise, this preloaded value
is transferred to