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Overview

CH32F2x is a general-purpose microcontroller based on the ARM®Cortex™-M3 core, and is compatible with
most ARM tools and software. It provides rich communication interfaces and control units, which are suitable
for most embedded fields such as control, connection, synthesis, etc.

CH32V2x and CH32V3x series are industrial-grade general-purpose microcontrollers based on 32-bit RISC-
V instruction set and architecture. Different core models are matched according to the differences in product
performance and resources. CH32V203x uses QingKe V4B core to support hardware interrupt stack to
improve interrupt response efficiency; CH32V208x uses QingKe V4C core to further accelerate the speed of
hardware division and increases memory protection; CH32V303x/305x/307x uses QingKe V4F core to further
support hardware floating-point operations. This series of products are loaded with a wealth of peripheral
interfaces and functional modules. Its internal organizational structure meets the low-cost and low-power
embedded application scenarios.

For users' application development, this manual provides detailed use information of CH32F2x series,
CH32V2x series and CH32V3x series products. It is suitable for different memory capacity, functional
resources and packaged products in the series. If there are any differences, special instructions will be made
in the corresponding functional chapter.

Please refer to the following datasheet for the device characteristics of this series.
CH32F20x_D6: CH32F203DS0

CH32F20x_D8, CH32F20x_D8C:CH32F207DS0.

CH32F20x_D8W: CH32F208DS0.

CH32V20x_D6, CH32V20x_DS8: CH32V203DS0.
CH32V20x_D8W:CH32V208DS0.

CH32V30x_D8, CH32V30x_D8C: CH32V307DS0.

For information about the ARM® Cortex™-M3 core, please refer to the ARM® Cortex®-M3 Processor
Technical Reference Manual Revision r2p 1, which can be downloaded from the ARM website.
For information about the RISC-V core, please refer to QingKeV4_Processor _Manual.
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CH32F2x serial products overview

Low-and-medium-density . . Connectivity |Interconnectivity| Wireless
High-density general (F203)
general (F203) (F205) (F207) (F208)
32K Flash 64K Flash 128K Flash 256K Flash 128K Flash 256K Flash 128K Flash
10K SRAM | 20K SRAM | 32K SRAM | 64K SRAM 32K SRAM 64K SRAM | 64K SRAM
2*ADC(TKey)
2*DAC
2*ADC(TKey)|2*ADC(TKey) [4*ADTM ADC(TKey)
2*DAC 2*DAC 4*GPTM ADTM
2*ADC(TKey) | 2¥*ADC(TKey) 4*ADTM 4*ADTM 2*BCTM 3*GPTM
2*ADC(TKey)
ADTM ADTM SADAC 4*GPTM 4*GPTM 8*U(S)ART GPTM(32)
2*GPTM 3*GPTM ADTM 2*BCTM 2*BCTM 3*SPI(2*12S) 4*U(S)ART
2*USART 4*U(S)ART I*GPTM 8*U(S)ART |5*U(S)ART 2*12C 2*SPI
SPI 2*SPI A*USART 3*SPI(2*12S) |3*SPI(2*12S) |OTG_FS 2*12C
12C 2*12C S*SP 2*12C 2*12C USBHS(+PHY) |USBD
USBD USBD 2*DC USBD OTG_FS 2*CAN USBFS
USBFS USBFS USBD CAN USBHS(+PHY)|RTC CAN
CAN CAN CAN RTC 2*CAN 2*WDG RTC
RTC RTC RIC 2*WDG RTC 4*OPA 2*WDG
2*WDG 2*WDG IPWDG 4*OPA 2*WDG RNG 2*OPA
2*OPA 2*OPA RNG 4*OPA SDIO ETH-
SDIO RNG FSMC 10M(+PHY)
FSMC SDIO DVP BLES.3
ETH-1000MAC
10M-PHY

Note: Please confirm the product package when selecting, as the number of some peripherals and function of

the same series product may be limited by the package.

CH32V2x and CH32V3x serial products overview

Low- and medium-density . . Connectivity |Interconnectivity| Wireless
High-density general (V303)
general (V203) (V305) (V307) (V208)
: . QingKe
QingKe V4B core QingKe V4F core
V4C core
32K Flash 64K Flash 128K Flash 256K Flash 128K Flash 256K Flash 128K Flash
10K SRAM | 20K SRAM | 32K SRAM | 64K SRAM 32K SRAM 64K SRAM | 64K SRAM
2*ADC(TKey) | 2*ADC(TKey) | 2*ADC(TKey) | 2*ADC(TKey) | 2*ADC(TKey) | 2*ADC(TKey) | ADC(TKey)
ADTM ADTM 2*DAC 2*DAC 2*DAC 2*DAC ADTM
3*GPTM  |3*GPTM ADTM 4*ADTM 4*ADTM 4*ADTM 3*GPTM
2*USART |4*U(S)ART 3*GPTM 4*GPTM 4*GPTM 4*GPTM GPTM(32)
SPI 2*SPI 3*USART 2*BCTM 2*BCTM 2*BCTM 4*U(S)ART
12C 2*12C 2*SPI 8*U(S)ART 5*U(S)ART 8*U(S)ART 2*SPI




USBD
USBFS
CAN
RTC
2*WDG
2*OPA

USBD
USBFS
CAN
RTC
2*WDG
2*OPA

2*12C
USBFS
CAN
RTC
2*WDG
4*OPA

3*SPI(2*12S)
2*¥12C
USBFS
CAN
RTC
2*WDG
4*OPA
RNG
SDIO
FSMC

3*SPI(2*12S)

2*¥12C

OTG_FS

USBHS(+PHY)

2*CAN
RTC

2*WDG

4*OPA
RNG
SDIO

3*SPI(2*12S)
2*¥12C
OTG_FS
USBHS(+PHY)
2*CAN
RTC
2*WDG
4*OPA
RNG
SDIO
FSMC
DVP
ETH-1000MAC
10M-PHY

2412C
USBD
USBFS
CAN
RTC
2*WDG
2*0PA
ETH-
10M(+PHY)
BLES.3

Note: Please confirm the product package when selecting, as the number of some peripherals and function of

the same series product may be limited by the package.

RISC-V cores version comparison overview

Features . Fast | Integer
Instruction|Hardware|Interrupt| - Expand | Memory
set stack | nested interrupt | division) Vector table mode instruction|Protection|
Core channel | cycle
QingKe V4B | IMAC 4 9  |Address/Command|Supported| None
QingKe V4C | IMAC 4 5 |Address/Command|Supported| Standard
QingKe V4F | IMAFC 4 5 |Address/Command|Supported| Standard
Abbreviated description of the bit attribute in the register:
Register bit properties Property Description
RF Read-only property, reads a fixed value.
RO Read-only property, changed by hardware.
RZ Read-only property, auto bit clear 0 after read operation.
WO Write only property (not readable, read value uncertain)
WA Write only property, writable in safe mode.
wZz Write only property, auto bit clear 0 after write operation
RW Readable and writable.
RWA Read only property, writable in safe mode.
RW1 Readable, write 1 is valid, write O is invalid.
RWO Readable, write 0 is valid, write 1 is invalid.
RWIT Readable, write 0 invalid, write 1 flipped.
RWI1Z Readable, write 1 to clear this bit, write 0 is invalid.
SC Auto cleared.




Classification description of CH32 MCUs:

Classification abbreviation Size of FLASH Product type
D6 32KB or 64KB Low-and-medium-density general
DS 128KB or 256KB | High-density general
D8C 128KB or 256KB | Connectivity or interconnectivity
D8W 128KB or 256KB | Wireless

Note: D (Density), 6 (2°6), 8 (2"8)

Specific classification abbreviations:

CH32F20x_D6: CH32F203K8, CH32F203C6 and CH32F203CS.

CH32F20x_D8: CH32F203CB, CH32F203RC, CH32F203VC and CH32F203RB.
CH32F20x_D8C: CH32F205RB and CH32F207VC.
CH32F20x_D8W: CH32F208RB and CH32F208WB.

CH32V20x_D6: CH32V203F6, CH32V203G6, CH32V203K6, CH32V203F8, CH32V203G8, CH32V203KS8,

CH32V203C6 and CH32V203CS8.
CH32V20x_D8: CH32V203RB.

CH32V20x_D8W: CH32V208GB, CH32V208CB, CH32V208RB and CH32V208WB.
CH32V30x_D8: CH32V303CB, CH32V303RB, CH32V303RC and CH32V303VC.

CH32V30x_D8C: CH32V305FB, CH32V305RB, CH32V305GB, CH32V307RC, CH32V307WC and

CH32V307VC.
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Chapter 1 Memory and Bus Architecture

1.1 Bus Architecture

The CH32F2x is a microcontroller designed based on the ARM®Cortex™-M3 core. The core, arbitration unit,
DMA module, and SRAM memory, etc. in the framework interact through multiple sets of buses.

The CH32V2x and CH32V3x are general microcontrollers designed based on the RISC-V instruction set. The
core, arbitration unit, DMA module and SRAM memory, etc. of the architecture interact through multiple sets

of buses.

Figure 1-1 CH32F203 (small-and-medium capacity general-purpose) system architecture
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Figure 1-2 CH32V2x (connection/interconnection/high capacity general-purpose) system architecture
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Figure 1-3 CH32F208 (wireless) system architecture
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Figure 1-4 CH32V203 system architecture
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Figure 1-5 CH32V208 system architecture
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Figure 1-6 CH32V3x system architecture
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The system is equipped with: Flash access prefetch mechanism to speed up code execution; general DMA

controller to reduce CPU burden and improve efficiency; clock tree hierarchical management to reduce the

total operating power consumption of peripherals, while being also provided with actions such as data

protection mechanism and clock security system protection mechanism to increase system stability.

® The command bus (I-Code) connects the core and the FLASH command interface, and the prefetch is

completed on this bus.

.8
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® The data bus (D-Code) connects the core and the FLASH data interface for constant load and debug.

® The system bus connects the core and the bus matrix for coordinating the access of the core, DMA,
SRAM and peripherals.

® The DMA bus connects the DMA AHB master control interface and the bus matrix, and the bus access
objects include FLASH data, SRAM and peripherals.

® The bus matrix is used for the access coordination among the system bus, data bus, DMA bus, SRAM
and AHB/APB bridge.

® The AHB/APB bridge provides a synchronous connection for the AHB bus and 2 APB buses. Different
peripherals are connected to different APB buses, and different bus clocks can be configured according

to actual needs to optimize performance.

1.2 Memory Image

The CH32F2x, CH32V2x and CH32V3x all have program memory, data memory, core register, peripheral
register, etc., all of which are addressed in a 4GB linear space.

The system memory stores data in little-endian format, i.e., the low bytes are stored in the low address, and
the high bytes are stored in the high address.



https://wch-ic.com

CH32FV2x_V3x Reference Manual

https://wch-ic.com

Figure 1-7 CH32F203 (Small-and-medium capacity general-purpose) memory image
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Figure 1-8 CH32F2x (Connected/interconnected/high-capacity general-purpose) memory image
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SDIO
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TIM10
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0x4001 4C00
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) USART1
0x4001 3800
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0x4001 2C00
ADC2/TouchKey
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0x4000 7400
0x4000 7000 PWR
Reserved 0x4000 6C00 BKP
) bXCAN2
0x4000 6800
0xC000 0000 bxCAN1
0x4000 6400
share 512B SRAM
OX1FFF FFFF ResareE 0x4000 6000 Reserved
Reserved 0x4000 5C00 12¢2
Ox1FFF F880 0xA000 1000 FSMC regist 0x4000 5800
Option Bytes 0xA000 0000 register 12C1
Ox1FFF F800 0x4000 5400 UARTS
OX1FFF F700 Vendor Bytes ResEREt 0x4000 5000 UARTZ
Reserved 0x4000 4C00
0x8000 0000 X
Ox1FFF FOOO FSMC bank2 NAND(NAND1) 0x4000 4800 USART3
0x7000 0000 0x4000 4400 USART2
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X!
- eserve SPI3/1253
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X
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X 0x4000 3400 WDG
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WWDG
0x4000 2C00
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Peripherals 0x4000 2800 Reserved
0x4000 0000 0x4000 2400 UARTS
Code FLASH Reserved 0x4000 2000
480KB max UART?7
Includes 0 wait and non-0 0x2002 0000 0x4000 1€00 UART6
waiting areas SRAM (128KBmax) 0x4000 1800 ™7
0x0800 0000 0x2000 0000 0x4000 1400 —r
Aliased to Flash or 0x4000 1000
system memory FLASH TIM5
depending on 0x4000 0CO0 ——
BOOT pins 0x4000 0800 TIM3
0x0000 0000 0x0000 0000 0x4000 0400
4G linear address space 0x4000 0000 Tim2
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Figure 1-9 CH32F208 (Wireless) memory image
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0xE000 0000
0x4000 7400
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0x4000 6C00
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0x4000 6800
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Reserved 0x4000 4C00 USART3
Ox1FFF FOOO 0x4000 4800
0x7000 0000 USART2
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0x4000 3C00
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X600 0000 0x4000 3800 T
X 0x4000 3400 WDG
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WWDG
0x4000 2C00
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Peripherals 0x4000 2800
0x4000 0000
Code FLASH Reserved Reserved
480KB max
Includes 0 wait and non-0 0x2001 0000
Wwaiting areas SRAM (64KBmax) 0x4000 1800
0x0800 0000 0x2000 0000 0x4000 1400 Reserved
Aliased to Flash or 0x4000 1000
system memory FLASH TIM5
N 0x4000 0C00
depending on TIM4
BOOT pins 0x4000 0800
0x0000 0000 0x0000 0000 0x4000 0400 Tim3
4G linear address space 0x4000 0000 Tim2
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Figure 1-10 CH32V203 memory image
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0x4000 7000 PWR
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0x4000 6C00
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0x4000 6800
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0x4000 6400
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Vendor Bytes
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System FLASH 0x4000 4400
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0x4000 3C00
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0x0000 0000 0x0000 0000 0x4000 0400
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V1.8 12 WH


https://wch-ic.com

CH32FV2x_V3x Reference Manual https://wch-ic.com



https://wch-ic.com

CH32FV2x_V3x Reference Manual https://wch-ic.com

Figure 1-11 CH32V208 memory image
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Figure 1-12 CH32V3x memory image
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0x4001 8000
Reserved
0x4001 5400
TIM10
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TIM9
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0x4001 3400
SPI1
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Option Bytes 0xA000 0000 register 12C1
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4G linear address space 0x4000 0000 Tim2
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1.2.1 Bit Segment Access

Bit manipulation means the operation of reading/writing a bit independently. The CH32F2x provides bit

operation read and write to the contents of peripheral register and SRAM area through the mapping processing

method. Specific methods:

1) Read the 32-bit data in the mapped address area, the read value is 0 or non-zero, and the target bit value is
Oorl;

2) Write the 32-bit data in the mapped address area, write 0 or 1, and modify the target bit value to 0 or 1.

Address mapping:
Target bit field: Base address (BEaddr) + offset address (Ofaddr) + bit number (BitN)
Mapping address: Mapaddr
Mapaddr = BEaddr +0x2000000 + (Ofaddrx32) + (BitNx4)
Example 1: Operate the bit3 target bit field in the 0x20000100 address byte of the SRAM area:
Mapaddr= 0x20000000+0x2000000+(0x100*32)+(3*4)= 0x2200200C
Read the 4-byte data content of the 0x2200200C address to know whether bit3 in the 0x20000100 address
byteis 0 or 1; write 0 or 1 to the 0x2200200C address, you can modify the bit3 in the 0x20000100 address
byte to 0 or 1.

Example 2: Operate bit24 in the 0x40021000 address of the peripheral area:
Mapaddr = 0x40000000+0x2000000+(0x21000*32)+(24*4)= 0x42420060
Read the 4-byte data content of the 0x22420060 address to confirm whether the bit24 in the 0x40021000
peripheral address is 0 or 1; write 0 or 1 to the 0x22420060 address; you can modify the bit24 in the
0x40021000 peripheral address to 0 or 1.

Note: The CH32V2x and CH32V3x do not support bit segment mapping access mode.

1.2.2 Memory Allocation
Built-in maximum 128 Kbytes of SRAM, start address 0x20000000, support byte, half word (2 bytes), full

word (4 bytes) access.

Built-in maximum 480 Kbytes of Flash program memory, for storing user applications.

Built-in 28K bytes of system memory (bootloader), is selected as the boot space (manufacturer's solidified
bootloading program).

Built-in 128-byte used to store the manufacturer’s configuration word, which is solidified before delivery out
of the factory and cannot be modified by the user.

Built-in 128-byte space is used for user-selected word storage.

Note: Memory allocation varies by model, refer to the corresponding datasheet of the chip for details.

1.3 Boot Configuration
The system can select 3 different boot modes through the BOOTO0 and BOOT]1 pins.

Table 1-1 Boot modes

BOOTO0 BOOT!1 Boot mode
0 X Boot from program flash memory
1 0 Boot from system memory
1 1 Boot from internal SRAM
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The user selects the startup mode after reset by setting the status value of BOOT pins. After the system is reset
or the power is reset, the value of the BOOT pin will be latched again.

The program flash memory, system memory and internal SRAM have different access methods in different

startup modes:

® When it is started up from the program flash memory, the program flash memory address will be mapped
to the 0x00000000 address area and can also be accessed in the start address area 0x08000000.

® When it is started up from the system memory, the system memory address will be mapped to the address
area 0x00000000 and can also be accessed in the original address area 0x 1 FFF8000.

® When it is started up from the internal SRAM, it can be only accessed from 0x20000000 address area.
When the CH32F2x is started up in this area, it is necessary to set the vector table offset register through
the NVIC controller to remap the vector table to SRAM. For CH32V2x and CH32V3x, such action is not
required.
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Chapter 2 Power Control (PWR)

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V3x.

2.1 Overview

The system operating voltage (Vpp) ranges from 2.4 to 3.6V, and the built-in voltage regulator provides the
1.5V power required by the core. When the main power (Vpp) is off, backup power supply such as battery can
supply power to the real-time clock (RTC) and backup registers through the Vgar pin. If the backup power
supply is not required, it is recommended to connect Vpp directly to the Vgar pin.

The Vppa and Vssa pins are dedicated to supply power to the analog related circuits in the system, including
ADC, DAC, temperature sensors, etc. As reference points of some analog circuits, Vrer+ and Vggr. are equal
to Vppa and Vssa inside the chip. In actual applications, Vppa and Vssa must be connected to Vpp and Vss,

respectively.

Figure 2-1 Power supply overview

VDDA power supply domain

Vier+ AD converter
Veer- | DA converter
Temperature
Vooa sensor
i Reset module
Vs PLL
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Power supply
VDD power supply domain area
1/0 circuit CPU cores
Voo memory
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Wake-up logic, IWDG) Built-in
Vss digital
eripherals
Voltage regulator I—— perip

Low voltage detecto

Back-up power supply domain

LSE 32K crystal oscillator
Vear e N—— Back-up register

RCC BDCR register

RTC

After the main power (Vpp) is off, the analog switch will be turned to Vgar, and the backup area will be
powered by the Vgar pin. At this time, the PC13 to PC15 IOs cannot be used as GPIOs, and only the following
functions are available:

® PC13 can be used as TAMPER pin, RTC alarm or second output.

® PCl14 and PC15 can be only used as LSE pins.

When the main power (Vpp) is stable, the system will automatically switch the backup area powered by Vpp,
and the PC13 to PC15 IOs can be used as GPIOs.

When the PC13 to PC15 pins are used as GPIO output, the speed must be limited below 2MHz, the maximum
load capacitance is 30pF, and it is forbidden to use it in the occasions of continuous output and draw current,
such as LED drive.

Note: During the restoration of the main power supply (Vpp), the internal Vearpower supply is still connected
to the external backup power supply through the corresponding Vpar pin. If VDD is less than the reset delay

V1.8 18 WH
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time trsrrEmpo, it Will be stabilized and be higher than the value of Vsar by more than 0.6V, and the current
may be injected into Vpar through the diode between Vpp and Vpar in a very short moment. Then, the backup
power supply such as the battery will be injected through the Vpar pin. If the backup power supply cannot
withstand such instantaneously injected current, it is then recommended to add a positive on low-dropout
diode between the backup power supply and Vpar pin.

2.2 Power Supply Management

2.2.1 Power-on Reset and Power-down Reset

The power-on reset (POR) and power-down reset (PDR) circuits are integrated inside the system. When
Vbp/Vbpa is below the corresponding threshold, the system will be reset by the relevant circuits, without the
need for an external reset circuit. Please refer to the corresponding data sheet for more details concerning the
power-on threshold (Vpor) and the power-down threshold (Vppr).

Figure 2-2 POR/PDR waveform

A Vpppa)

{0-110mv Hysteresis

B et CEE T

;

1 1
Resiet Iagitime
trstrempo

\

Reset signal 0

2.2.2 Programmable Voltage Detector
The programmable voltage detector (PVD) is mainly used to monitor the main power of the system and

compares it to the threshold selected by the PLS [2:0] bits in the power control register (PWR_CTLR).

Coordinated with the external interrupt register (EXTI) setting, it can generate related interrupt to notify the

system in time to perform operations before power failure such as data storage.

Configuration procedure:

1) Set the PLS [2:0] bits in the PWR_CTLR register and select the voltage threshold to be detected.

2) Optional interrupt processing. The PVD function is internally connected to the linel6 of the EXTI module
to trigger the setting of rising/falling edges. Enable this interrupt (with EXTI configured). When Vpp drops
below the PVD threshold or rises above the PVD threshold, a PVD interrupt can be generated.

3) Set the PVDE bit in the PWR_CTLR register to enable PVD.

4) Read the PVDO bit in the PWR_CSR register to obtain the relationship between the main power supply of
the current system and the threshold set by PLS [2:0] bits, and perform the corresponding soft processing.
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Figure 2-3 PVD thresholds
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2.3 Low-power Modes

After the system reset, the microcontroller is at a normal working status (Run mode). At this time, the system

power can be saved by reducing the system clock frequency or disabling the peripheral clock or reducing the

working peripheral clock. If the system does not need to work, the user can set the system to enter low-power

mode, and let the system jump out of this status through specific events.

The microcontroller currently features 3 low-power modes, which are divided into the following modes

according to the working differences of processors, peripherals and voltage regulators, etc.:

®  Sleep mode: The core stops running, and all peripherals (including the core private peripherals) are still
running.

®  Stop mode: Stop all clocks, and the system will continue to run after awakening.

® Standby mode: Stop all clocks, and reset the microcontroller after awakening (power reset).

Table 2-1 List of low-power modes

Mode Entry Wake-up source Effect on clock | Voltage regulator
WFI Any interrupt Core clock OFF,
Sleep no effect on ON
WFE Wake-up event other clocks
Set SLEEPDEEP ) _
Sto to 1 Any external interrupt/event (set in I;Iri]f’ I:riSIilng;{J I?EW-LEQS;O o
P Clear PDDS to 0 | the external interrupt register) 1p K P p_ ’
WFI or WFE clock OFF LPDS=1
WKUP pin rising edge, RTC alarm
Set SLE)EIPDEEP ::;/Se;t, NRST pin reset, IWDG HSE, HSI, PLL
Standby Set PDDS to 1 | Note: Any event can also wake up angopg(ng};el:ral OFF
WFI or WFE the system, but the system will not
be reset after wake-up.

Note: The SLEEPDEEP bit is the core private peripheral control bit. For CH32F2x, refer to the Cortex-M3
core manual. For CH32V2x and CH32V3x, refer to the PFIC_SCTLR register.

2.3.1 Low-power Configuration

® WFIand WFE
WEFTI: The microcontroller is woken up by an interrupt source that has an interrupt controller response. After
the system wakes up, the interrupt service function is executed firstly (except for the microcontroller reset).

V1.8 20 WH
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WFE: When a wake-up event triggers the microcontroller, it exits the low-power mode. Wake-up events
include:
1) Configure an external or internal EXTI line as event mode. At this time, an interrupt controller does not
need to be configured;
2) Or configure an interrupt source, which is equivalent to WFI wake-up, and the system will execute the
interrupt service function first;
3) Or configure the SLEEPONPEN bit to enable the peripheral interrupt, but do not enable the interrupt in the
interrupt controller, and the interrupt pending bit needs to be cleared after the system is wakened up.
® SLEEPONEXIT
Enable: After executing the WFI or WFE instructions, the microcontroller enters the low-power mode when it
ensures that it exits all interrupt services to be processed.
Disable: After executing the WFI or WFE instructions, the microcontroller immediately enters the low-power
mode.
® SEVONPEND
Enable: All interrupts or wake-up events can wake it up from the low power mode that is entered by executing
WEFE.
Disable: Only the interrupt or wake-up event enabled in the interrupt controller can wake it up from the low
power mode that is entered by executing WFE.

2.3.2 Sleep Mode

In this mode, all I/O pins keep the same state as in the Run mode, and all peripheral clocks are normal, so
disable useless peripheral clocks to reduce power consumption before entering sleep mode. This mode offers
the lowest wake-up time.

Enter: Configure the core register control bit SLEEPDEEP=0, and power control register PDDS=0. LPDS
determines the status of the internal voltage regulator. Execute WFI or WFE, and select SEVONPEND or
SLEEPONEXIT.

Exit: Any interrupt or wakeup events.

2.3.3 Stop Mode
The stop mode is based on the core deep-sleep mode (SLEEPDEEP) combined with peripheral clock gating.

The voltage regulator can be configured in a lower-power mode. In this mode, the high-frequency clocks
(HSE/HSI/PLL) in the domain are stopped, SRAM and register contents are preserved, and the I/O pins keep
the same state. The system can continue to run after being woken up from this mode, and HSI is the default
system clock.

If Flash memory programming or an access to the APB domain is ongoing, the Stop mode entry is delayed
until the memory or APB access has completed.

Modules that can work in stop mode: Independent watchdog (IWDG), real-time clock (RTC), low-frequency
clock (LSI/LSE).

Enter: Configure the core register control bit SLEEPDEEP=1, and power control register PDDS=0. LPDS bit
is optional. Execute WFI or WFE, and SEVONPEND and SLEEPONEXIT are optional.

Exit: Any external interrupt/event (set in the external interrupt register).

In stop mode, the LPDS bit can be configured. The voltage regulator works in normal mode when LPDS=0,
and it is in low-power mode when LPDS=1. In low-power mode, configure RAMLV=I in the PWR CTRL
register, to enable RAM low voltage mode and achieve the lowest power consumption.
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2.3.4 Standby Mode

The only difference between the standby mode and the stop mode is that the microcontroller will be reset and

a power reset will be performed after exiting under certain specified wake-up conditions.

Modules that can work in standby mode: Independent watchdog (IWDG), real-time clock (RTC), low-

frequency clock (LSI/LSE).

Enter: Configure the core register control bit SLEEPDEEP=1, and power control register PDDS=1. Execute

WFI or WFE, and SEVONPEND and SLEEPONEXIT are optional.

Exit: 1) Any events (set in the external interrupt register), and the wake-up equivalent stop mode exits.

2) The rising edge of the WKUP pin, the rising edge of the RTC alarm event, the external reset and the
IWDG reset on the NRST pin. After this wake-up, the microcontroller will perform a power reset.

In standby mode: when it is supplied normally, configure R2ZKSTY=1 in the PWR CTLR register, to keep the

2K-byte RAM on, and configure R30KSTY=1, to keep the 30K-byte RAM on. When it is supplied by VBAT,

configure R2ZKVBAT=1 in the PWR CTLR register, to keep the 2K-byte RAM on, and configure

R32KVBAT=1 to keep the 30K-byte RAM on. On this basis, configure RAMLV=1 in the PWR_CTRL register,

to enable RAM low-voltage mode and achieve the lowest power consumption.

Note: In debug mode, if the microprocessor enters the stop or standby mode, the debug connection is lost.
R2KSTY=1: control 2-Kbyte RAM with addresses ranging from 0x20000000 to 0x20000000+2K.
R30KSTY=1: control 30-Kbyte RAM with addresses ranging from 0x20000000+2K to
0x20000000+2K+30K.

2.3.5 RTC Auto-wakeup

RTC can be used to automatically wake up the MCU without depending on an external interrupt. By
programming the time base, it can wake up from stop or standby mode at regular intervals.

An external low-power 32.768 KHz crystal oscillator (LSE) can be selected as the RTC clock source, or an
internal oscillator (LSI) can be selected as the RTC clock source. The accuracy and power consumption
indicator of LSI are worse than those of LSE.

The RTC alarm event can wake up the MCU from the stop mode. In order to achieve it, the external interrupt
line 17 needs to be configured as a rising edge interrupt, and the RTC can be configured to generate an alarm
event. To wake up from the standby mode, it is only needed to configure the RTC to generate an alarm event.

2.4 Register Description

Table 2-2 PWR registers

Name Access address Description Reset value
R32 PWR _CTLR 0x40007000 | Power control register 0x00000000
R32 PWR CSR 0x40007004 | Power control/status register 0x00000000

2.4.1 Power Control Register (PWR_CTLR)
Offset address: 0x00

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

RAML| R30K | R2KV |R30K|R2KS

Reserved V | VBAT| BAT |STY | TY

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Reserved DBP | PLS[2:0] |PVDE|CsBE [cwur| PP |LpDS
Bit Name Access Description Reset value
[31:21] |[Reserved RO |Reserved 0
RAM low voltage mode enable (lower power consumption):
20 RAMLV RW |1: Enable. 0: Disable. 0
Note: Valid when the LPDS bit of PWR_CTLR register is 1.
30K RAM power enable in Standby mode when Vgar supplies
power:
1: Power enabled. 0: Power disabled.
19 R30KVBAT RW ) 0
Note: Applied for CH32F20x DS, CH32F20x_DSC,
CH32V30x_DS8, CH32V30x_DSC, CH32V20x_DS8,
CH32V20x_D8W and CH32F20x_DS.
When VBAT is powered, whether the 2K RAM is charged in
Standby mode or not:
1: Charged; 0: Not charged.
Note: Applicable to CH32F20x D8, CH32F20x_DSC,
CH32V30x_DS8, CH32V30x_DSC, CH32V20x_DS8,
18 R2KVBAT RW - - - 0
CH32V20x_D8W, CH32F20x_DS8.
When VBAT is powered, whether the 20K RAM in Standby
mode is charged control bit:
1: Charged; 0: Not charged.
Note: Suitable for CH32F20x_D6, CH32V20x_DG6.
30K RAM power enable in Standby mode:
1: Power enabled. 0: Power disabled.
17 R30KSTY RW |Note: Applied for CH32F20x DS, CH32F20x_DSC, 0
CH32V30x_DS8, CH32V30x_DSC, CH32V20x_DS8,
CH32V20x_D8W and CH32F20x_DS.
Whether the 2K RAM is charged with control bits in Standby
mode:
1: Charged; 0: Not charged.
Note: Applicable to CH32F20x D8, CH32F20x_DSC,
CH32V30x_DS8, CH32V30x_DSC, CH32V20x_DS8,
16 R2KSTY RW - - - 0
CH32V20x_D8W, CH32F20x_DS8.
Whether the 20K RAM is charged with control bits in Standby
mode:
1: Charged; 0: Not charged.
Note: Suitable for CH32F20x_D6, CH32V20x_DG6.
[15:9] |Reserved RO |Reserved 0
Backup domain write enable. When the clock of RTC is 128
frequency division of the external clock, this bit must set to 1.
8 DBP RW ) 0
1: Access to RTC and backup registers enabled;
0: Access to RTC and backup registers disabled.
[7:5] |PLS[2:0] RW |PVD level selection. For details, refer to the electrical 0
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characteristics of the manual.

000: 2.37V at the rising edge/2.29V at the falling edge;
001: 2.55V at the rising edge /2.46V at the falling edge;
010: 2.63V at the rising edge /2.55V at the falling edge;
011: 2.76V at the rising edge /2.67V at the falling edge;
100: 2.87V at the rising edge /2.78V at the falling edge;
101: 3.03V at the rising edge /2.93V at the falling edge;
110: 3.18V at the rising edge /3.06V at the falling edge;
111: 3.29V at the rising edge /3.19V at the falling edge.

PVDE

RW

Power voltage detector enable bit
1: Power voltage detector enabled;
0: Power voltage detector disabled.

CSBF

RWI

Clear standby flag bit. This bit is always read as 0.
1: Clear the SBF Standby Flag bit;
0: No effect.

CWUF

RWI

Clear wakeup flag bit. This bit is always read as 0.
1: Clear the WUF after 2 system clock cycles;
0: No effect.

PDDS

RW

Standby/stop mode selection bit when power-down and
deepsleep.

1: Enter standby mode.

0: Enter stop mode. The regulator status depends on the LPDS
bit;

LPDS

RW

Voltage regulator working mode selection bit in stop mode. It
works when PDDS=0.
1: The voltage regulator works in low-power mode;

0: The voltage regulator works in the normal mode.

Note: This register is reset when woken up from Standby mode.

2.4.2 Power Control/Status Register (PWR_CSR)
Offset address: 0x04

31 30 29 28

27

26 25 24 23 22 21 20 19 18

16

Reserved

15 14 13 12

11

10 9 8 7 6 5 4 3 2

Reserved

EWUP Reserved PVDO | SBF | WUF

Bit

Name

Access Description

Reset
value

[31:9]

Reserved

RO

Reserved.

EWUP

RW

WKUP pin enable bit

1: WKUP is forced in input pull-down configuration, used to
wake up the MCU from standby mode;

0: WKUP pin is used for general purpose I/O, and it is not used
to wake up the MCU from standby mode.

[7:3]

Reserved

RO

Reserved.
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PVDO

RO

PVD output bit. It is valid only when PVD is enabled by the
PVDE in the PWR_CTLR register.

1: Vop/Vppa is lower than the PVD threshold set by the
PLS[2:0] bits;

0: Vpp/Vppa is higher than the PVD threshold set by the
PLS[2:0] bits.

SBF

RO

Standby flag bit, cleared by setting the CSBF bit to 1.
1: MCU enters standby mode;
0: MCU is not in standby mode.

WUF

RO

Wake-up flag bit, cleared by setting the CWUF bit to 1.

1: A wake-up event or RTC alarm event is detected on the
WKUP pin;

0: No wake-up event occurred.

Note: This register remains unchanged after woken up from Standby mode.

.8
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Chapter 3 Reset and Clock Control (RCC)

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V3x.

The controller provides different types of reset and a configurable clock tree structure according to the division
of power regions and taking into account the peripheral power consumption management in the application.
This chapter describes the action scope of each clock in the system.

3.1 Main Features

® Several types of reset

® Several clock sources, bus clock management

® Built-in external crystal oscillation monitor and clock security system

® Independent management of each peripheral clock: reset, enable, disable
® Internal clock output

3.2 Reset

There are 3 types of reset: Power Reset, System Reset and Backup Domain Reset.

3.2.1 Power Reset
When power reset occurs, all registers are reset except the Backup domain (the Backup domain is powered by

VBar).

A power reset is generated when one of the following events occurs:
® Power-on/power-down reset (POR/PDR)
®  Wake up from standby mode

3.2.2 System Reset
When a system reset occurs, all registers are reset except the reset flags and backup domain in the control/status

register (RCC_RSTSCKR). Identify the source of the reset event by checking the reset status flag bit in the
RCC_RSTSCKR register.

A system reset is generated when one of the following events occurs:
® [ow level on NRST pin (external reset)

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

Low-power management reset

Window/independent watchdog reset: Triggered by the counting cycle overflow of the peripheral timer of the
window/independent watchdog. For detailed description, please refer to the corresponding chapters.

Software reset: CH32F2x resets the system by setting bit2 in the core register (AIRCR) to 1. For specific
operations, please refer to the Cortex-M3 Core Manual. The CH32V2x and CH32V3x reset the system by
setting the SYSRESET bit in the interrupt configuration register (PFIC_CFGR) to 1, or by setting the
SYSRESET bit in the PFIC_SCTLR register to 1. Refer to the corresponding chapters for details.
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Low-power management reset: By resetting the nRST STDBY bit in the user option bytes, the standby mode
reset is enabled. After the process of entering the standby mode is executed at this time, a system reset will be
performed instead of entering standby mode. By setting the nRST STOP bit in User Option Bytes to 0, the
stop mode reset is enabled. After the process of entering the stop mode is executed, a system reset will be
executed instead of entering stop mode.

Figure 3-1System reset structure

Vip/Vopa

NRST

+ System
/s o t—g> Y

Reset

Power Reset

Software Reset

WWDG Reset

IWDG Reset

Low-power management reset

3.2.3 Backup Domain Reset

When the backup domain reset occurs, only the backup domain register will be reset, including the backup
register, RCC_BDCTLR register (RTC enable and LSE oscillator). A backup domain reset is generated when
one of the following events occurs:

®  On the premise that both Vpp and Vgar are powered off, it is caused by power-on of Vpp or Vear

® Sect the BDRST bit in the RCC_BDCTLR register to 1

® Sect the BKPRST bit in the RCC_APB1PRSTR register to 1
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3.3 Clock

3.3.1 System Clock Structure

Figure 3-2 CH32V305/307 and CH32F205/207 clock tree structure

40kHz
LSI RC MpDGCLK to independent watchdog
0SC32_IN EI: 32.768kHz RTCCLK to RTC
LSE OSC 60MH
0SC32_0UT ~o0M~Az | -ETH-PHY
= PLIMUL _D—> to 1252 interface
¥2.5 %4 . PLL3CLK
*. 4 * 4 to 1253 interface
16,20 PLL3VCO _D_’
to TRNG
PREDIV2 PLLZMUL _D_’
| | PREDIV1SRC
/1,12, *3-5,*;4,'" PREPIV
/15,/16 16,*20 PLLSRC
XTI to MCO /1,72,
PLL2VCO /15,/16 PLLMUL
OSC_IN 3-25MHz 34
HSE OSC 4
ose-ouT *16,°18
8MHz
HSI RC
USB prescaler| 48mHz
PLLCLK ATz,
/1’/2’/3 USBCLK
/1,/2,% usB
/7,/8 HSPLL CLKFLS48MHz [— OTGFSCLK
I
HSPLLSRC ~ USBHSPREDIV a SIWV OTGFSSRC
MCO[3:0
| (0] to Flash prog IF
— HSE
— HSI > to AHB bus/core/memory/DMA
AHB prescaler
/1,/2++/512 FCLK core free running clock
MCO i€ — PLLCLK/2 T ] . -
— PLL2CLK to Core System timer
— PLL3CLK/2
— PLL3CLK APB1 prescaler
HCLK P PCLKL to APB1 peripherals
— XTI /1,/2-++/16
144MHz max ’ )
peripheral clock enable
MII/RMII interface if(APB1 prescaler=1)*1 TIMXCLK
MII_TXC MACTXCLK else *2 to TIM2,3,4,5,6,7
MII_RMII_SEL in AFIO_MAPR peripheral clock enable
MII_RXC ———» MACRXCLK
- to Ethernet ] APB2 prescaler PCLK2 X
MAC /1,/2++/16 to APB2 peripherals
GTXC .
GTXC RGMII EN peripheral clock enable
ADC prescaler
GRXC —
GRXC /2./4,/6,/8 :DM. 10 ADCL2
ETH1G_EN peripheral clock enable
EXT_125M
ETHIG_125M if(APB2 prescaler=1)*1 TIMXCLK
else *2 to TIM1,8,9,10
ETH1G_SRC RGMI!I interface peripheral clock enable

Note: This clock tree structure is applied for CH32F20x_DS8C and CH32V30x_D8C. When the USB interface
is used, the frequency of CPU must be 48MHz or 96MHz or 144MHz. When USBHD high speed function is
used, the clock source of USBHSPLL can only be HSE. When system wakes up from sleep state, HIS is
automatically switched as system clock frequency.
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Figure 3-3 CH32FV203/V303 clock tree structure

to independent watchdog

RTCCLK

to RTC
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/1,/2,/3
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40kHz IWDG CLK
LSI RC
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0SC32_0UT LSE OSC
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0osc_out HSE 0sC
8MHz
HSI RC

. 48MHz seeLk

— to 1252 interface
— to 1253 interface

— to TRNG

MCO[3:0]

HSI
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MCO Lj€—|
HSE

PLLCLK/2

APBL1 prescaler

to Flash prog IF

to AHB bus/core/memory/DMA
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' to Core System timer

—— HCLK

144MHz max /L12-+/16

PCLK1 X
to APB1 peripherals

peripheral clock enable

else *2

APB2 prescaler
/1,/2++/16

if(APB1 prescaler=1)*1 @M
to TIM2,3,4,5,6,7

peripheral clock enable

PCLK2
’_D—> to APB2 peripherals
ADC prescaler

peripheral clock enable
/2,/4,/6,/8 P o mocr

peripheral clock enable

else *2

if(APB2 prescaler=1)*1 @M
to TIM1,8,9,10

peripheral clock enable

Note: This clock tree structure is applied for CH32F20x D6, CH32F20x D8, CH32V20x D6 and
CH32V30x_D8.
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Figure 3-4 CH32V203RB clock tree structure

to TRNG

HCLK
144MHz max

to Flash prog IF
to AHB bus/core/memory/DMA

FCLK core free running clock

Eglkscz MpeeLK to independent watchdog
0sc32_IN j_ 32.768kHz RICOK o erc
osc32_outh— LSE OSC
OSC_IN i: 32MHz
osc_out HSE OSC
8MHz
HSI RC
MCO[3:0]
AHB prescaler
HsI /1,/2+++/512
MCOLl€—| —
HSE
PLLCLK/2

I to Core System timer

12 60MH
- - ETH-PHY

ETH clock enable

APBL1 prescaler §
/1,/2+/16 °

PCLK1

peripheral clock enable

if(APB1 prescaler=1)*1

APB2 prescaler
/1,/2-+/16 ,_D—>to

ETH clock enable

PCLK2

peripheral clock enable

peripheral clock enable

if(APB2 prescaler=1)*1
else *2

\TIMxCL

peripheral clock enable

to 1252 interface

to 1253 interface

ADC prescaler|
/2,/4,/6,/8 ADCCLK to ADC1,2

APB1 peripherals

to TIM2,3,4,5,6,7

60MHz
ETH-PHY

APB2 peripherals

to TIM1,8,9,10

Note: For CH32V203RB, the external crystal or clock (HSE) is 32M. When the external crystal is enabled, no
load capacitor is required as it is built in.
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Figure 3-5 CH32FV208 clock tree structure

32kH
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USB prescaler
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HSI /1,/2-/512 FCLK core free running clock
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BLE
BLEC/S clock enable
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ETH-PHY
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ETH clock enable

APB1 prescaler
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peripheral clock enable
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else *2
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/1,/2++/16
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to APBL1 peripherals
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to TIM2,3,4,5
PCLK2
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ADCCLK t0 ADC1
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Note: This clock tree structure is applied for CH32F20x_D8W, CH32V20x_D8 and CH32V20x_D8W. When
USB and ETH are used simultaneously, set the USBPRE[1:0] bits to 11b. The external crystal or clock (HSE)
is 32M. When the external crystal is enabled, no load capacitor is required as it is built in.

3.3.2 High-speed Clock (HSI/HSE)
HSI is a high-speed clock signal generated by an 8MHz RC oscillator in the system. The HSI RC oscillator

can provide the system clock without depending on any external device. Its startup time is very short but the
clock frequency accuracy is poor. HSI is enabled/disabled by setting the HSION bit in the RCC_CTLR register.

V1.8

31


https://wch-ic.com

CH32FV2x_V3x Reference Manual https://wch-ic.com

The HSIRDY bit indicates whether the HSI RC oscillator is stable. By default, HSION and HSIRDY are set
to 1 (recommended not to disable). If the HSIRDYIE bit in the RCC_INTR register is set, a corresponding
interrupt is generated.

Factory calibration: The difference in manufacturing process may cause the RC oscillation frequency of
each chip to be different, so HSI calibration is performed for each chip before the chip is delivered out of
the factory. After the system is reset, the factory calibration value is loaded into the HSICAL[7:0] bits in
the RCC_CTLR register.

User adjustment: Based on different voltages or ambient temperatures, the application program can adjust
the HSI frequency through the HSITRIM[4:0] bits in the RCC_CTLR register.

Note: If the HSE crystal oscillator fails, HSI clock is used as a backup clock source (clock security system).

HSE is a High-Speed External clock signal, including external crystal/ceramic resonator generation or external

high-speed clock input.

External crystal/ceramic resonator (HSE crystal): An external 3 to 25SMHz oscillator provides a more
accurate clock source for the system. For details, please refer to the electrical characteristics of this
manual. The HSE crystal can be enabled/disabled by setting the HSEON bit in the RCC_CTLR register.
The HSERDY bit indicates whether the HSE crystal oscillation is stable. The clock is not released until
the HSERDY bit is set to 1 by hardware. If the HSERDYIE bit in the RCC_INTR register is set, a
corresponding interrupt can be generated.

Figure 3-6 HSE crystal circuit
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Note: The load capacitor should be placed as close as p_assible to the oscillator pins, and the loading
capacitance values must be adjusted according to the selected oscillator.

External high-speed clock source (HSE bypass): In this mode, an external clock source is directly
provided to the OSC_IN pin, and the OSC_OUT pin is suspended. It can have a frequency of up to 25MHz.
The application program needs to set the HSEBYP bit when the HSEON bit is 0, to enable HSE bypass,
and then set the HSEON bit.

Figure 3-7 High-speed clock source circuit
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3.3.3 Low-speed Clock (LSI/LSE)

LSI is a low-speed clock signal generated by the system's internal RC oscillator. It can keep running in stop
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and standby modes, and provide a clock reference for the RTC clock, independent watchdog, and wake-up
unit. For further information, please refer to the electrical characteristics of this manual. LSI can be
enabled/disabled by setting the LSION bit in the RCC_RSTSCKR register, and then it checks whether the LSI
RC oscillation is stable by querying the LSIRDY bit. The clock is not released until the LSIRDY bit is set to
1 by hardware. If the LSIRDYIE bit in the RCC INTR register is set, a corresponding interrupt can be
generated.

LSE is an external low-speed clock signal, including external crystal/ceramic resonator generation or external
low-speed clock input. It provides a low-power but highly accurate clock source for RTC clock or other timing
functions.

® External crystal/ceramic resonator (LSE crystal): External 32.768 KHz low-speed oscillator. LSE can be
enabled/disabled by setting the LSEON bit in the RCC_BDCTLR register. The LSERDY bit indicates
whether the LSE crystal oscillation is stable. The clock is not released until the LSERDY bit is set to 1
by hardware. If the LSERDYIE bit in the RCC_INTR register is set, a corresponding interrupt can be
generated.

Figure 3-8 LSE crystal circuit
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® External low-speed clock source (LSE bypass): In this mode, an external clock source is directly provided
to the OSC32_IN pin, and the OSC32_OUT pin is suspended. The application program needs to set the
LSEBYP bit when the LSEON bit is 0, to enable the LSE bypass, and then set the LSEON bit.

Figure 3-9 Low-speed clock source circuit
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3.3.4 PLL Clock

By configuring the RCC_CFGRO register and the EXTEND_CTR register, 3 clock sources and multiplication
factors can be selected for the internal PLL clock. These settings must be completed before each PLL is enabled.
Once the PLL is enabled, these parameters cannot be changed. PLL can be enabled/disabled by setting the
PLLON bit in the RCC_CTLR register. The PLLRDY bit indicates whether the PLL clock is stable. The clock
is not released until the PLLRDY bit is set to 1 by hardware. PLL2 can be enabled/disabled by setting the
PLLON2 bit in the RCC_CTLR register. The PLLRDY?2 bit indicates whether the PLL2 clock is stable. The
clock is not released until the PLLRDY?2 bit is set to 1 by hardware. PLL3 can be enabled/disabled by setting
the PLLON3 bit in the RCC_CTLR register. The PLLRDY3 bit indicates whether the PLL3 clock is stable.
The clock is not released until the PLLRDY?3 bit is set to 1 by hardware.If the PLLRDYIE bit, the PLL2RDYIE
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bit and the PLL3RDYIE bit in the RCC_INTR register are set, a corresponding interrupt can be generated.

PLL clock sources:
® HSI clock
® HSI clock divided by 2
® HSE clock or PLL2 clock through a configurable divider
PLL2 and PLL3 are clocked by HSE through a configurable divider (PREDIV2)

3.3.5 Bus/Peripheral Clock

3.3.5.1 System Clock (SYSCLK)

Configure the system clock source by configuring the SW[1:0] bits in the RCC_CFGRO register. The SWS[1:0]
bits indicate the current system clock source status.

® HSI as the system clock
® HSE as the system clock
® PLL clock as the system clock

After the controller reset, HSI clock is selected as the system clock source by default. A switch from one clock
source to another occurs only if the target clock source is ready.

3.3.5.2 AHB/APB1/APB2 Bus Peripheral Clock (HCLK/PCLK1/PCLK2)
By configuring the HPRE[3:0], PPRE1[2:0], and PPRE2[2:0] bits in the RCC_CFGRO register, the clocks of

the AHB, APBI1, and APB2 buses can be configured respectively. These bus clocks determine the access clock
reference of the peripheral interfaces mounted below them. The application program can adjust different values
to reduce the power consumption of some peripherals.

Different peripheral modules can be reset by bits in the RCC_AHBRSTR, RCC APBIPRSTR, and
RCC_APB2PRSTR registers to restore them to the initial state.

By setting bits in the RCC_AHBPCENR, RCC_APBIPCENR and RCC_APB2PCENR registers, the
communication clock interface of different peripheral modules can be enabled or disabled separately. To use
a peripheral, firstly enable the corresponding clock bit to access its register.

3.3.5.3 RTC Clock (RTCCLK)
By setting the RTCSEL[1:0] bits in the RCC_BDCTLR register, the RTCCLK clock source can either be

HSE/128, LSE or LSI clocks. Before modifying this bit, ensure that the DBP bit in the power control register
(PWR_CR) is set to 1, and this bit can be reset only when the backup domain is reset.

® [ SE as the RTC clock: As LSE is at the backup domain and is powered by the Vgar supply, as long as
Vear maintains supplying power, RTC will continuously work even though Vpp power supply is switched
off.

® [ Slasthe RTC clock: If the Vpp power supply is switched off, the Auto-wakeup unit(AWU)clock cannot
be guaranteed.

® HSE/128 as the RTC clock: If the Vpp supply is powered off or if the internal voltage regulator is powered
off (removing power from the 1.8V domain), the RTC state is not guaranteed.

3.3.5.4 Independent Watchdog Clock
If the independent watchdog(IWDGQ) is started by either hardware option or software access, the LSI oscillator
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is forced ON and cannot be switched off. After the LSI oscillator temporization, the clock is provided to IWDG.

3.3.5.5 Microcontroller Clock Output (MCO)
The microcontroller clock output (MCO) capability allows the clock to output onto the MCO pin. Configure

the alternate push-pull output mode in the corresponding GPIO port register. By setting the MCO[3:0] bits in
the RCC_CFGRO register, the following 8 clock signals can be selected as the MCO clock output:

® System clock (SYSCLK)

HSI clock

HSE clock

PLL clock divided by 2

PLL2 clock

PLL3 clock

PLL3 clock divided by 2

XT1 external 3-25MHz oscillator (for Ethernet)

3.3.5.6 USB clock
USBD 48MHz clock source is a PLL clock through a configurable divider, and the PLL supports 3 types of

clock configurations, including 48MHz, 96MHz and 144MHz. By configuring the USBPRE[1:0] bits in the
RCC_CFGRO register, the 48MHz clock is output to USBD.

USBFS/OTG_FS 48MHz clock source is a PLL clock or USBHSPLL clock through a configurable divider,
and it can be selected by configuring the USB_CLK SRC bit in the RCC_CFGR2 register. If a PLL clock
through a configurable divider is selected as the clock source, refer to USBD for configuration steps. If
USBHSPLL clock is selected as the clock source, USBHS PLL reference clock frequency can be selected by
configuring the USBHS CKREFSEL[1:0] bits in the RCC_CFGR?2 register (reference clock frequency must
be consistent with USBHS PLL input clock).

USBHD clock source is originated from USBHSPLL clock. USBHS PLL reference clock frequency can be
selected by configuring the USBHS CKREFSEL[1:0] bits in the RCC_CFGR?2 register (reference clock
frequency must be consistent with USBHS PLL input clock). By setting the USBHS PLLALIVE bit in the
RCC_CFGR2 register, USB PHY internal PLL can be enabled.

3.3.5.7 ETH clock
For details, please refer to Section 27.1.4.5.

3.3.5.8 I2S and RNG clock
12S and RNG clock source are originated from PLL3VCO or system clock (SYSCLK). By configuring the

12S2SRC/I2S3SRC/RNG_SRC bit in the RCC_CFGR?2 register, 12S2/12S3/RNG clock source can be selected

respectively.

3.3.6 Clock Security System

The clock security system is an operation protection mechanism of the controller. It can switch to HSI clock
when a failure is detected on the HSE clock, generate interrupt notification and allow the application software

to perform rescue operations.

By setting the CSSON bit in the RCC_CTLR register to 1, the clock security system can be activated. In this
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case, the clock detector is enabled after the HSE oscillator startup delay (HSERDY=1), and disabled after the
HSE oscillator is stopped. Once a failure is detected on the HSE clock during system operation, the HSE
oscillator will be disabled, and the clock failure event will be sent to the break input of the advanced-control
timers (TIM1 and TIMS). Then a clock security interrupt is generated, the CSSF bit is set to 1, and the
application program enters the non-maskable interrupt (NMI). The CSSF bit can be cleared by setting the
CSSC bit, and the NMI interrupt pending bit can be cancelled.

If the current HSE is selected as the system clock, or the current HSE is selected as the PLL input clock and
the PLL is selected as the system clock, the clock security system will automatically switch the system clock
to the HSI oscillator when the failure occurs, and disable the HSE oscillator and PLL.

3.4 Register description

Table 3-1 RCC registers

Name Access address Description Reset value
R32 RCC CTLR 0x40021000 | Clock control register 0x0000xx83
R32 RCC CFGRO 0x40021004 | Clock configuration register 0 0x00000000
R32 RCC INTR 0x40021008 | Clock interrupt register 0x00000000
R32 RCC_APB2PRSTR 0x4002100C | APB2 peripheral reset register 0x00000000
R32 RCC_APBI1PRSTR 0x40021010 | APBI peripheral reset register 0x00000000
R32 RCC_AHBPCENR 0x40021014 | AHB peripheral clock enable register 0x00000014
R32 RCC_APB2PCENR 0x40021018 | APB2 peripheral clock enable register 0x00000000
R32 RCC_APBI1PCENR 0x4002101C | APBI peripheral clock enable register 0x00000000
R32 RCC_BDCTLR 0x40021020 | Backup domain control register 0x00000000
R32 RCC RSTSCKR 0x40021024 | Control/status register 0x0C000000
R32 RCC _AHBRSTR 0x40021028 | AHB peripheral reset register 0x00000000
R32 RCC CFGR2 0x4002102C | Clock configuration register 2 0x00000000

Table 3-2 OSC registers

Access o
Name Description Reset value
address
HSE crystal oscillator calibration control
R32 HSE CAL CTRL 0x4002202C i 0x09000000
- - - register
LSI crystal oscillator calibration tune
R16 LSI32K TUNE 0x40022036 0x1011

register

LSI  crystal oscillator calibration
R8_LSI32K_CAL _CFG 0x40022049 . . 0x01
- B - configuration register

LSI crystal oscillator calibration status

R16_LSI32K CAL STATR | 0x4002204C ) 0x0000
- B - register
R8 LSI32K CAL OV _CNT | 0x4002204E | LSI crystal oscillator calibration counter 0x00
LSI crystal oscillator calibration control
R8_LSI32K_CAL CTRL 0x4002204F 0x80

register

Note: Applied for CH32V20x_D8W and CH32F20x_DSW.
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3.4.1 Clock Control Register (RCC_CTLR)
Offset address: 0x00

31 30

29 28

27 26

25 24 23 22 21 20 19 18 17 16

Reserved

PLL3|PLL3
RDY| ON

PLL2|PLL2
RDY | ON

PLL | PLL Reserved

RDY | ON

CSSO| HSE | HSE | HSE
N |BYP|RDY| ON

15 14

13 12

11 10

9 8 7 6 5 4 3 2

HSICAL[7:0]

HSITRIM[4:0]

Reser| HSI |HSIO

Bit

Name

Access

Description

Reset
value

[31:30]

Reserved

RO

Reserved

29

PLL3RDY

RO

PLL3 clock ready lock flag bit (set by hardware):

1: PLL3 locked;

0: PLL3 unlocked.

Note: Applied for CH32F20x_DS8C and CH32V30x_DSC.

28

PLL3ON

RW

PLL3 clock enable control bit:

1: PLL3 enabled;

0: PLL3 disabled.

Note: This bit is cleared by hardware when entering stop
or standby low-power mode. Applied for CH32F20x_D8C
and CH32V30x_DSC.

27

PLL2RDY

RO

PLL2 clock ready lock flag bit (set by hardware):

1: PLL locked;

0: PLL unlocked.

Note: Applied for CH32F20x_DS8C and CH32V30x_DSC.

26

PLL20ON

RW

PLL2 clock enable control bit:

1: PLL enabled;

0: PLL disabled.

Note: This bit is cleared by hardware when entering stop
or standby low-power mode. Applied for CH32F20x_D8C
and CH32V30x_DSC.

25

PLLRDY

RO

PLL clock ready lock flag bit (set by hardware):
1: PLL locked;
0: PLL unlocked.

24

PLLON

RW

PLL clock enable control bit:

1: PLL enabled;

0: PLL disabled.

Note: This bit is cleared by hardware when entering stop

or standby low-power mode.

[23:20]

Reserved

RO

Reserved

19

CSSON

RW

Clock security system enable control bit:

1: Enable clock security system. When the HSE is ready
(HSERDY is set to 1), the HSE clock detector is enabled
by hardware. When a HSE clock failure is detected, the
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CSSF flag and NMI interrupt is enabled. When the HSE is
not ready, the HSE clock detector is disabled by hardware.
0: Disable clock security system.

HSE clock bypass control bit:

1: Bypass HSE oscillator (using external clock source);

18 HSEBYP RW . 0
0: Not bypass HSE oscillator.

Note: This bit can be written only when HSEON is 0.
HSE clock ready flag bit (set by hardware):
1: HSE oscillator ready;

17 HSERDY RO |0: HSE oscillator not ready. 0
Note: After the HSEON bit is cleared, it takes 6 cycles of|
the HSE oscillator clock to clear this bit.

HSE clock enable control bit:
1: Enable HSE oscillator;

16 HSEON RW |0: Disable HSE oscillator. 0
Note: After entering the stop or standby low-power mode,
this bit is cleared by hardware.

[15:8] |HSICALJ[7:0] RO |HSI clock calibration, automatically initialized at startup. | xxh
HSI clock trimming;:
The user can input a trimming value that is added to the
HSICAL[7:0] bits, and adjust the frequency of the internal
HSI RC oscillator according to variations in voltage and

[7:3] |HSITRIM[4:0] RW 10000
temperature.
The default value is 16, which allows you to adjust the HSI
to 8MHz £1%; the change in HSICAL is adjusted about
17KHz per step.

2 Reserved RO |Reserved 0
HSI clock (8MHz) ready flag bit (set by hardware):

1: HIS oscillator (§MHz) ready;

1 HSIRDY RO |0: HIS oscillator (§MHz) not ready. 1
Note: After the HSION bit is cleared, it takes 6 cycles of the
HSI oscillator clock to clear this bit.

HSI clock (8MHz) enable control bit:
1: Enable HSI oscillator;
0: Disable HSI oscillator.

0 HSION RW |Note: When the system returns from standby and stop| 1
modes or when the external oscillator HSE selected as the
system clock fails, this bit will be set by hardware to start
the internal 8MHz RC oscillator.

3.4.2 Clock Configuration Register 0 (RCC_CFGRO0)
Offset address: 0x04

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADCDU ETH USBPRE PLL b1y

TY Reserved PRE MCO[3:0] [1:0] PLLMUL[3:0] )§{TEP SRC
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADCPRE[1:0]] PPRE2[2:0] PPRE1[2:0] HPRE[3:0] SWS[1:0] SW[1:0]
Bit Name Access Description Reset value
ADC clock duty cycle adjustment:
31 ADCDUTY RW |1: ADC clock at low level for longer; 0
0: ADC clock duty cycle is 50%.
[30:29] |Reserved RO [Reserved 0
Ethernet clock source prescaler control:
0: Not divided;
28 ETHPRE RW |1: Divided by 2.
Note: Applied for CH32V20x_D8W, CH32V20x_D8 and
CH32F20x_D8W.
Microcontroller clock output (MCO) control:
00xx: No clock;
0100: System clock (SYSCLK);
0101: Internal 8MHz RC oscillator clock (HSI);
0110: External oscillator clock (HSE);
0111: PLL clock divided by 2;
1000: PLL2 clock;
[27:24] MCOI[3:0] RW . 0
1001: PLL3 clock divided by 2;
1010: XT1 external oscillator clock;
1011: PLL3 clock.
Note: This clock output may have some truncated cycles at
startup or during MCO clock source switching. The values
[from 1000 to 1011 are applied for CH32F20x_D8C and
CH32V30x_DSC.
USBFS/USBOTG clock prescaler configuration:
00: Not divided (when PLLCLK=48MHz);
01: Divided by 2 (when PLLCLK=96MHz);
10: Divided by 3 (when PLLCLK=144MHz);
11: Divided by 5, and PLL source is HSE divided by 2
(PLLCLK=240MHz, only applied for CH32V20x_D8W/
CH32F20x_D8W).
[23:22] |USBPRE[1:0] RW . . 0
Note: The value 11b is only available to
CH32V20x_D8W/CH32F20x_D8W, while reserved for
other models.
The USBD/USBHD module clock requires 48 MHz.This
bit must be configured before the USBD and USBHD
clocks are enabled (in RCC AHBPCENR and
RCC _APBIPCENR).
PLL multiplication factor (these bits can be written only
when PLL is disabled):
[21:18] |PLLMULJ[3:0] RW 0
For CH32F20x_ D6, CH32F20x_D8, CH32F20x D8W,
CH32V20x_D6, CH32V20x D8, CH32V20x D8W,
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CH32V30x_DS:

0000: PLL input clock x 2;  0001: PLL input clock x 3;
0010: PLL input clock x 4; 0011: PLL input clock x 5;
0100: PLL input clock x 6; 0101: PLL input clock x 7;
0110: PLL input clock x 8; 0111: PLL input clock x 9;
1000: PLL input clock x 10; 1001: PLL input clock x 11;
1010: PLL input clock x 12; 1011: PLL input clock x 13;
1100: PLL input clock x 14; 1101: PLL input clock x 15;
1110: PLL input clock x 16; 1111: PLL input clock x 18;
For CH32F20x_D8C/CH32V30x_D8C-

0000: PLL input clock x 18;0001: PLL input clock x 3;
0010: PLL input clock x 4; 0011: PLL input clock x 5;
0100: PLL input clock x 6; 0101: PLL input clock x 7;
0110: PLL input clock x 8; 0111: PLL input clock x 9;
1000: PLL input clock x 10; 1001: PLL input clock x 11;
1010: PLL input clock x 12; 1011: PLL input clock x 13;
1100: PLL input clock x 14; 1101: PLL input clock x 6.5;
1110: PLL input clock x 15; 1111: PLL input clock x 16.

HSE divider for PLL entry (it can be written only when
PLL is disabled)

For CH32F20x D6, CH32F20x D8, CH32F20x D8C,
CH32V20x_D6, CH32V30x_DS8, CH32V30x_DS8C.

1: HSE clock divided by 2;

17 PLLXTPRE RW . 0
0: HSE clock not divided.

For CH32F20x_D8W, CH32V20x_DS,
CH32V20x_D8W.

1: HSE clock divided by 8;

0: HSE clock divided by 4;

PLL entry clock source (it can be written only when the
PLL is disabled):

16  |PLLSRC RW . - 0
1: HSE clock not divided or divided by 2;

0: HSI clock not divided or divided by 2.

ADC clock source prescaler control:
00: PCLK2 divided by 2;
01: PCLK2 divided by 4;
[15:14] |ADCPRE[1:0] RW . 0
10: PCLK2 divided by 6;
11: PCLK2 divided by §;

Note: ADC clock shall not exceed 14MHz at most.

APB2 clock source prescaler control:
0xx: HCLK not divided;

100: HCLK divided by 2;

[13:11] |PPRE2[2:0] RW . 0
101: HCLK divided by 4;
110: HCLK divided by 8;

111: HCLK divided by 16.
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[10:8] |PPREI[2:0] RW

APBI1 clock source prescaler control:
0xx: 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] |HPRE[3:0] RW

AHB clock source prescaler control:
SYSCLK not divided;
SYSCLK divided by 2;
SYSCLK divided by 4;
SYSCLK divided by 8;
SYSCLK divided by 16;
SYSCLK divided by 64;
SYSCLK divided by 128;
1110: SYSCLK divided by 256;
1111: SYSCLK divided by 512.

Oxxx:
1000:
1001:
1010:
1011:
1100:
1101:

[3:2] |SWS[1:0] RO

System clock (SYSCLK) switch status (set by hardware):
00: HSI oscillator used as system clock;
01: HSE oscillator used as system clock;
10: PLL oscillator used as system clock;

11: Not applicable.

[1:0] |SW[1:0] RW

System clock source switch:

00: HSI oscillator used as system clock;

01: HSE oscillator used as system clock;

10: PLL oscillator used as system clock;

11: Not applicable.

Note: When the system returns from standby and stop
modes or when the external oscillator HSE used as the
system clock fails after the clock security system is enabled
(CSSON=1), HSI is forced to be selected as the system
clock by hardware.

3.4.3 Clock Interrupt Register (RCC_INTR)

Offset address: 0x08

31 30 29 28 27

26

25 24 23 22 21 20 19 18

17

16

Reserved

PLI2
RDYC

HSI
RDYC

PLL3
RDYC

PLL
RDYC

HSE

CSSC RDYC

LSE
RDYC

LSI

RDYC

15 14 13 12 11

10

9 8

PLL3
RDYI

PLL2
RDYI

PLL
RDYI
E

HSE
RDYI
E

Reser
ved

E

HSI
RDYI

PLL2
RDY

HSI
RDY

LSE
RDYI

LSI
RDYI

PLL3
RDY

PLL
RDY

HSE

CSSF RDY

LSE
RDY

LSI
RDY

Bit Name Access

Description

Reset value

[31:24] |Reserved RO

Reserved

0

23 CSSC WO

Clock security system interrupt clear flag bit (CSSF):

.8
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1: Clear CSSF interrupt flag;
0: No effect.

22

PLL3RDYC

WO

PLL3 ready interrupt clear flag bit:
1: Clear PLL3RDYF interrupt flag;
0: No effect.

Note: Applied  for
CH32V30x_DSC.

CH32F20x_D8C

and

21

PLL2RDYC

WO

PLL2 ready interrupt clear flag bit:
1: Clear PLL2RDYF interrupt flag;
0: No effect.

Note: Applied  for
CH32V30x_DSC.

CH32F20x_D8C

and

20

PLLRDYC

WO

PLL ready interrupt clear flag bit:
1: Clear the PLLRDYF interrupt flag;
0: No effect.

19

HSERDYC

WO

HSE oscillator ready interrupt clear flag bit:
1: Clear HSERDYF interrupt flag;
0: No effect.

18

HSIRDYC

WO

HSI oscillator ready interrupt clear flag bit:
1: Clear HSIRDYF interrupt flag;
0: No effect.

17

LSERDYC

WO

LSE oscillator ready interrupt clear flag bit:
1: Clear LSERDYF interrupt flag;
0: No effect.

16

LSIRDYC

WO

LST oscillator ready interrupt clear flag bit:
1: Clear LSIRDYF interrupt flag;
0: No effect.

15

Reserved

RO

Reserved

14

PLL3RDYIE

RW

PLL3 ready interrupt enable bit:
1: Enable PLL3 ready interrupt;
0: Disable PLL3 ready interrupt.

13

PLL2RDYIE

RW

PLL2 ready interrupt enable bit:
1: Enable PLL2 ready interrupt;
0: Disable PLL2 ready interrupt.

12

PLLRDYIE

RW

PLL ready interrupt enable bit:
1: Enable PLL ready interrupt;
0: Disable PLL ready interrupt.

11

HSERDYIE

RW

HSE ready interrupt enable bit:
1: Enable HSE ready interrupt;
0: Disable HSE ready interrupt.

10

HSIRDYIE

RW

HSI ready interrupt enable bit:
1: Enable HSI ready interrupt;
0: Disable HSI ready interrupt.

LSERDYIE

RW

LSE ready interrupt enable bit:
1: Enable LSE ready interrupt;
0: Disable LSE ready interrupt.

.8
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LSI ready interrupt enable bit:
8 LSIRDYIE RW |1: Enable LSI ready interrupt; 0
0: Disable LSI ready interrupt.

Clock security system interrupt flag bit:

1:Clock security interrupt caused by HSE clock failure;
0:No clock security system interrupt caused by HSE
7 CSSF RO ) 0
clock failure.

Set by hardware. Write 1 to CSSC bit by software to

clear.

PLL3 clock ready interrupt flag:

1: Clock ready interrupt caused by PLL3 clock;

0: No clock ready interrupt caused by PLL3 clock.
6 PLL3RDYF RO |Set by hardware. Write 1 to PLL3RDYC by software to 0
clear.

Note: Applied  for CH32F20x_D8C and
CH32V30x_DSC.

PLL2 clock ready interrupt flag:

1: Clock ready interrupt caused by PLL2 clock;

0: No clock ready interrupt caused by PLL2 clock.
5 PLL2RDYF RO |Set by hardware. Write 1 to PLL2ZRDYC by software to 0
clear.

Note: Applied  for CH32F20x_D8C and
CH32V30x_DSC.

PLL clock ready interrupt flag:

1: Clock ready interrupt caused by PLL clock;
4 PLLRDYF RO |0: No clock ready interrupt caused by PLL clock. 0
Set by hardware. Write 1 to PLLRDYC by software to
clear.

HSE clock ready interrupt flag:

1: Clock ready interrupt caused by HSE clock;
3 HSERDYF RO |0: No clock ready interrupt caused by HSE clock. 0
Set by hardware. Write 1 to HSERDYC bit by software
to clear.

HSI clock ready interrupt flag:

1: Clock ready interrupt caused by HSI clock;
2 HSIRDYF RO |0: No clock ready interrupt caused by HSI clock. 0
Set by hardware. Write 1 to HSIRDYC bit by software

to clear.

LSE clock ready interrupt flag:

1: Clock ready interrupt caused by LSE clock;
1 LSERDYF RO |0: No clock ready interrupt caused by LSE clock. 0
Set by hardware. Write 1 to LSERDYC bit by software

to clear.

LSI clock ready interrupt flag:
0 LSIRDYF RO [1: Clock ready interrupt caused by LSI clock; 0
0: No clock ready interrupt caused by LSI clock.
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Set by hardware. Write 1 to LSIRDYC bit by software to

clear.

3.4.4 APB2 Peripheral Reset Register (RCC_APB2PRSTR)

Offset address: 0x0C

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TIM1
Reserved 0 gg/"[l? Reserved
RST
15 14 13 12 11 10 9 8 6 5 4 3 2 1 0
Reserl V3R T1mg] spit [Tivi|apcafapc| o . |10PE[10PD|10PC[10PB|10PA [Reser| AFIO
ved RST RST| RST | RST | RST | RST RST | RST | RST | RST | RST | ved | RST
Bit Name Access Description Reset value
[31:21] |Reserved RO |Reserved. 0
TIM10 reset:
20 TIM10RST RW 0
1: Reset TIM10; 0: No effect.
TIMO reset:
19 TIM9RST RW 0
1: Reset TIM9Y; 0: No effect.
[18:15] |Reserved RO |Reserved. 0
USART] reset:
14 USARTIRST RW 0
1: Reset USARTI; 0: No effect.
TIMS reset:
13 TIM8RST RW 0
1: Reset TIMS; 0: No effect.
SPI1 reset:
12 SPIIRST RW 0
1: Reset SPI1; 0: No effect.
TIM1 reset:
11 TIMIRST RW 0
1: Reset TIM1,; 0: No effect.
ADC?2 reset:
10 ADC2RST RW 0
1: Reset ADC2; 0: No effect.
ADCI1 reset:
9 ADCIRST RW 0
1: Reset ADC1; 0: No effect.
[8:7] |Reserved RO |Reserved 0
IO port PE reset:
6 IOPERST RW 0
1: Reset PE; 0: No effect.
10 port PD reset:
5 IOPDRST RW 0
1: Reset PD; 0: No effect.
IO port PC reset:
4 IOPCRST RW 0
1: Reset PC; 0: No effect.
IO port PB reset:
3 IOPBRST RW 0
1: Reset PB; 0: No effect.
IO port PA reset:
2 IOPARST RW 0
1: Reset PA; 0: No effect.
1 Reserved RO |Reserved 0
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Alternate function IO reset:

0 AFIORST RW . 0
1: Reset alternate function; 0: No effect.
3.4.5 APB1 Peripheral Reset Register (RCC_APB1PRSTR)
Offset address: 0x10
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
pAC | PWR | BKP | CAN CAN [Reser| USB | 1202 [ 1201 [UAR[UARUSART [USART] p o
Reserved [por | RST [RST| o2 | oL | ved | 2 | RST|RST| 2 | T4 [ 3 2 |tved
RST | RST RST RST|RST| RST RST
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPI3 | SPI2 Reserved WWIDG Reserved UART| UART| UART|TIM7|TIM6| TIM5]| TIM4 | TIM3 |TIM2
RST | RST RST 8RST|7RST|6RST| RST | RST | RST| RST | RST |RST
. _ Reset
Bit Name Access Description
value
[31:30] |Reserved RO |Reserved. 0
DAC module reset:
29 DACRST RW 0
1: Reset DAC; 0: No effect.
Power interface module reset:
28 PWRRST RW . 0
1: Reset Power interface; 0: No effect.
Backup interface reset:
27 BKPRST RW . 0
1: Reset back-up interface;  0: No effect.
CAN2 module reset:
26 CAN2RST RW 0
1: Reset CAN2; 0: No effect.
CAN1 module reset:
25 CANIRST RW 0
1: Reset CAN1; 0: No effect.
24 Reserved RO |Reserved 0
USBD module reset:
23 USBDRST RW 0
1: Reset USBD; 0: No effect.
I?C2 interface reset:
22 I’C2RST RW 0
1: Reset I>C2; 0: No effect.
I?C1 interface reset:
21 I’C1RST RW 0
1: Reset I>C1; 0: No effect.
UARTS interface reset:
20 UART5RST RW 0
1: Reset UARTS; 0: No effect.
UARTY4 interface reset:
19 UART4RST RW 0
1: Reset UART4; 0: No effect.
USARTS3 interface reset:
18 USART3RST RW 0
1: Reset USART3; 0: No effect.
USART? interface reset:
17 USART2RST RW 0
1: Reset USART2; 0: No effect.
16 Reserved RO |Reserved 0
SPI3 interface reset:
15 SPI3RST RW 0
1: Reset SPI3; 0: No effect.
14 SPI2RST RW [SPI2 interface reset: 0
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1: Reset SPI2; 0: No effect.
[13:12] |Reserved RO [Reserved 0
Window watchdog reset:
11 WWDGRST RW . 0
1: Reset window watchdog;  0: No effect.
[10:9] |Reserved RO [Reserved 0
UARTS interface reset:
8 UART8RST RW 0
1: Reset UARTS; 0: No effect.
UARTY7 interface reset:
7 UART7RST RW 0
1: Reset UART7; 0: No effect.
UARTS® interface reset:
6 UART6RST RW 0
1: Reset UART®; 0: No effect.
Timer7 module reset:
5 TIM7RST RW . 0
1: Reset Timer7; 0: No effect.
Timer6 module reset:
4 TIM6RST RW . 0
1: Reset Timero6; 0: No effect.
Timer5 module reset:
3 TIM5RST RW . 0
1: Reset Timers5; 0: No effect.
Timer4 module reset:
2 TIM4RST RW . 0
1: Reset Timer4; 0: No effect.
Timer3 module reset:
1 TIM3RST RW . 0
1: Reset Timer3; 0: No effect.
Timer2 module reset:
0 TIM2RST RW . 0
1: Reset Timer2; 0: No effect.
3.4.6 AHB Peripheral Clock Enable Register (RCC_AHBPCENR)
Offset address: 0x14
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ETHMA
Reserved BLES|CRXEN]|
/BLEC
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
e [ETEM[DVPE| T |USBHS| SDIO| RNG | FSM | Reser| CRC | Reser | Reser | Reser [SRAMIDMA2IDMAL
EN ACEN| N |- N EN | EN| EN |CEN| ved | EN | ved | ved | ved | EN | EN | EN
Bit Name Access Description Reset value
[31:18] |Reserved RO |Reserved 0
BLES clock enable:
1: BLES clock enabled;
17 BLES RW . 1
0: BLES clock disabled.
Note: Applied for CH32V20x_DSW and CH32F20x_DSW.
BLEC clock enable:
1: BLEC clock enabled;
16 BLEC RW . 1
0: BLEC clock disabled.
Note: Applied for CH32V20x_DSW and CH32F20x_DSW.
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16

ETHMACRXEN

RW

Ethernet MAC receive clock enable:

1: Ethernet MAC receive clock enabled;

0: Ethernet MAC receive clock disabled.

Note: Applied for CH32V30x_D8C and CH32F20x_D8C
with 100M/Gigabit external PHY.

15

ETHMACTXEN

RW

Ethernet MAC transmit clock enable:

1: Ethernet MAC transmit clock enabled;

0: Ethernet MAC transmit clock disabled.

Note: Applied for CH32V30x_D8C and CH32F20x_D8C
with 100M/Gigabit external PHY.

14

ETHMACEN

RW

Ethernet MAC clock enable:

1: Ethernet MAC clock enabled,;

0: Ethernet MAC clock disabled.

Note: Applied for CH32V30x_D8C and CH32F20x_D8C
with 100M/Gigabit external PHY.

13

DVPEN

RW

DVP module clock enable bit:
1: DVP clock enabled;
0: DVP clock disabled.

12

OTG_FSEN

RW

USBOTG_FS module clock enable bit:
1: USBOTG_FS clock enabled;
0: USBOTG _FS clock disabled.

11

USBHSEN

RW

USBHS module clock enable bit:
1: USBHS clock enabled;
0: USBHS clock disabled.

10

SDIOEN

RW

SDIO module clock enable bit:
1: SDIO clock enabled;
0: SDIO clock disabled.

RNGEN

RW

RNG module clock enable bit:
1: RNG clock enabled;
0: RNG clock disabled.

FSMCEN

RW

FSMCEN module clock enable bit:
1: FSMCEN clock enabled;
0: FSMCEN clock disabled.

Reserved

RO

Reserved

CRCEN

RW

CRC module clock enable bit:
1: CRC clock enabled;
0: CRC clock disabled.

Reserved

RO

Reserved

Reserved

RO

Reserved

Reserved

RO

Reserved

SRAMEN

RW

SRAM interface clock enable bit:
1: In sleep mode, SRAM interface clock enabled,;
0: In sleep mode, SRAM interface clock disabled.

DMA2EN

RW

DMAZ2 module clock enable bit:
1: DMAZ2 clock enabled;
0: DMA2 clock disabled.
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0 DMAIEN

RW

DMA1 module clock enable bit:
1: DMA1 clock enabled;
0: DMA1 clock disabled.

Note: When the peripheral clock is not enabled, the value of the peripheral register cannot be read by
software, and the returned value is always 0.

3.4.7 APB2 Peripheral Clock Enable Register (RCC_APB2PCENR)

Offset address: 0x18

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved B%l TIEZBI<[I9 Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reser JUSART| TIM8| SPI1 |TIM1|ADC2|ADCI1 R d IOPE [IOPD|IOPC|IOPB | IOPA |Reser | AFIO
ved | IEN [ EN | EN | EN [ EN | EN | ®"V*® | EN | EN | EN | EN | EN | ved | EN
Bit Name Access Description Reset value
[31:21] |Reserved RO |Reserved. 0
TIM10 interface clock enable bit:
20 TIMI0EN RW . 0
1: TIM10 clock enabled; 0: TIM10 clock disabled.
19 TIMOEN RW TIMO interface clock enable bit: . 0
1: TIMO clock enabled; 0: TIMO clock disabled.
[18:15] |Reserved RO |Reserved. 0
USART]1 interface clock enable bit:
14 USARTIEN RW . 0
1: USART]I clock enabled; 0: USART1 clock disabled.
TIM8 module clock enable bit:
13 TIMSEN RW . 0
1: TIMS clock enabled; 0: TIMS clock disabled.
SPI1 interface clock enable bit:
12 SPI1EN RW . 0
1: SPI1 clock enabled,; 0: SPI1 clock disabled.
TIM1 module clock enable bit:
11 TIM1EN RW . 0
1: TIM1 clock enabled; 0: TIM1 clock disabled.
ADC2 module clock enable bit:
10 ADC2EN RW . 0
1: ADC2 clock enabled; 0: ADC2 clock disabled.
ADCI1 module clock enable bit:
9 ADCI1EN RW . 0
1: ADCI1 clock enabled; 0: ADCI1 clock disabled.
[8:7] |Reserved RO |Reserved. 0
1O port PE clock enable bit:
6 IOPEEN RW . 0
1: PE clock enabled; 0: PE clock disabled.
1O port PD clock enable bit:
5 IOPDEN RW . 0
1: PD clock enabled; 0: PD clock disabled.
1O port PC clock enable bit:
4 IOPCEN RW . 0
1: PC clock enabled; 0: PC clock disabled.
1O port PB clock enable bit:
3 IOPBEN RW . 0
1: PB clock enabled; 0: PB clock disabled.
1O port PA clock enable bit:
2 IOPAEN RW . 0
1: PA clock enabled; 0: PA clock disabled.
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1 Reserved RO |Reserved. 0
Alternate function IO clock enable bit:
0 AFIOEN RW [1: Alternate function IO clock enabled; 0
0: Alternate function IO clock disabled.
Note: When the peripheral clock is not enabled, the value of the peripheral register cannot be read by
software, and the returned value is always 0.
3.4.8 APB1 Peripheral Clock Enable Register (RCC_APB1PCENR)
Offset address: 0x1C
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R d DAC|PWR| BKP | CAN | CAN |Reser| USB | I2C2 | I2C1 |UARTS|UART4| USAR | USAR | Reser
CSCIVEE 1 'EN | EN | EN | 2EN | IEN | ved |DEN| EN | EN | EN | EN |T3EN|T2EN| ved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPI3 | SPI2 R d WWDG R d UAR |UAR | UAR |TIM7|TIM6| TIMS | TIM4| TIM3 | TIM2
EN | EN [ ©e5¢Tve N CSCIVEC ITSEN|T7EN|T6EN| EN | EN | EN | EN [ EN | EN
Bit Name Access Description Reset value
[31:30] |Reserved RO |Reserved. 0
DAC module clock enable bit:
29 DACEN RW . 0
1: DAC clock enabled; 0: DAC clock disabled.
Power interface clock enable bit:
28 PWREN RW [1: Power interface clock enabled; 0
0: Power interface clock disabled.
Backup interface clock enable bit:
27 BKPEN RW |1: Backup interface clock enabled, 0
0: Backup interface clock disabled.
CAN2 module clock enable bit:
26 CAN2EN RW . 0
1: CAN2 clock enabled; 0: CAN2 clock disabled.
CANI1 module clock enable bit:
25 CANIEN RW . 0
1: CANI clock enabled; 0: CANI clock disabled.
24 Reserved RO |Reserved 0
USBD module clock enable bit:
23 USBDEN RW . 0
1: USBD clock enabled; 0: USBD clock disabled.
12C2 interface clock enable bit:
22 I12C2EN RW . 0
1: I12C2 clock enabled; 0: I12C2 clock disabled.
12C1 interface clock enable bit:
21 I2C1EN RW . 0
1: I12C1 clock enabled; 0: I12C1 clock disabled.
UARTS interface clock enable bit:
20 UARTS5EN RW . 0
1: UARTS clock enabled;  0: UARTS clock disabled.
UART4 interface clock enable bit:
19 UART4EN RW . 0
1: UART4 clock enabled;  0: UART4 clock disabled.
USARTS3 interface clock enable bit:
18 USART3EN RW . 0
1: USARTS3 clock enabled;  0: USART3 clock disabled.
USART?2 interface clock enable bit:
17 USART2EN RW . 0
1: USART?2 clock enabled;  0: USART?2 clock disabled.
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16 Reserved RO |Reserved 0
SPI3interface clock enable bit:
15 SPI3EN RW . 0
1: SPI3 clock enabled,; 0: SPI3 clock disabled.

SPI2interface clock enable bit:

14 SPI2EN RW . 0
1: SPI2 clock enabled,; 0: SPI2 clock disabled.
[13:12] |Reserved RO [Reserved 0
Window watchdog clock enable bit:
11 WWDGEN RW |1: Window watchdog clock enabled; 0
0: Window watchdog clock disabled.
[10:9] |Reserved RO [Reserved 0
UARTS enable bit:
8 UARTSEN RW . 0
1: UARTS clock enabled;  0: UARTS clock disabled.
UARTY7 enable bit:
7 UART7EN RW . 0
1: UART7 clock enabled;  0: UART?7 clock disabled.
UARTS6 enable bit:
6 UART6EN RW 0

1: UART6 clock enabled;  0: UART®6 clock disabled.

Timer7 module clock enable bit:
5 TIM7EN RW . ) . 0
1: Timer7 clock enabled; 0: Timer7 clock disabled.

Timer6 module clock enable bit:
4 TIM6EN RW , . . 0
1: Timer6 clock enabled; 0: Timer6 clock disabled.

Timer5 module clock enable bit:
3 TIMS5SEN RW . . . 0
1: Timer5 clock enabled; 0: Timer5 clock disabled.

Timer4 module clock enable bit:
2 TIM4EN RW _ . : 0
1: Timer4 clock enabled; 0: Timer4 clock disabled.

Timer3 module clock enable bit:
1 TIM3EN RW . . . 0
1: Timer3 clock enabled; 0: Timer3 clock disabled.

Timer2 module clock enable bit:
0 TIM2EN RW . . . 0
1: Timer2 clock enabled; 0: Timer2 clock disabled.
Note: When the peripheral clock is not enabled, the value of the peripheral register cannot be read by

software, and the returned value is always 0.

3.4.9 Backup Domain Control Register (RCC_BDCTLR)
Offset address: 0x20

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

Reserved BDRST]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RTCE . LSE | LSE |LSEO
N Reserved RTCSELJ[1:0] Reserved BYP IRDY| N
Bit Name Access Description Reset value
[31:17] |Reserved RO |Reserved. 0
Backup domain software reset control:
16 BDRST RW |1: Reset the entire backup domain. 0
0: Reset not activated.
15 RTCEN RW |RTC clock enable control: 0
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1: RTC clock enabled;

0: RTC clock disabled.

Note: The RTC clock can be enabled only when
RTCSEL!=0. Otherwise, it is forced to 0 by hardware.

[14:10] |Reserved RO |Reserved. 0

RTC clock source selection:
00: No clock;

01: LSE oscillator clock;
10: LSI oscillator clock;
[9:8] |RTCSEL[1:0] RW |11: HSE oscillator clock divided by 128. 0
Note: Once the RTC clock source has been selected
(RTCEN=1), it cannot be changed until the next backup
domain is reset. The default can be restored by setting the
BDRST bit.

[7:3] |Reserved RO |Reserved. 0

External low-speed (LSE) oscillator bypass control bit:

1: LSE oscillator bypassed (external clock source is used);
2 LSEBYP RW i 0
0: LSE oscillator not bypassed.

Note: This bit can be written only when LSEON is 0.

External low-speed oscillator ready flag bit (set by
hardware):

1: LSE oscillator ready;

1 LSERDY RO i 0
0: LSE oscillator not ready.
Note: After the LSEON bit is cleared, it takes 6 cycles of|

LSE clock to clear this bit.

External low-speed crystal oscillator enable control bit:
0 LSEON RW [1: LSE oscillator enabled; 0
0: LSE oscillator disabled.

Note: The LSEON, LSEBYP, RTCSEL and RTCEN bits in the backup domain control register

(RCC _BDCTLR) are in the backup domain. Therefore, these bits are in a write-protected status after reset,
and these bits can only be changed after the DBP bit in the power control register (PWR_CR) is set to 1.
These bits can only be cleared by the backup domain reset. Any internal or external reset will not affect these
bits.

3.4.10 Control/Status Register (RCC_RSTSCKR)
Offset address: 0x24

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

LPW | WWIWD | gpr | poR | PIN [Reser|RMV

RRST| DGR | GRS Reserved
F STF | TF RSTF|RSTF|RSTF| ved F
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSI |LSIO
Reserved rRDY| N
Bit Name Access Description Reset value

Low-power reset flag:
31 LPWRRSTF RW 0
1: Low-power reset occurred;
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0: No low-power reset occurred.

When low-power management reset occurs, set by
hardware. Cleared by writing to the RMVF bit by
software.

Window watchdog reset flag:

1: Window watchdog reset occurred;

0: No window watchdog reset occurred.
30 WWDGRSTF RW ) 0
When the window watchdog reset occurs, set by
hardware. Cleared by writing to the RMVF bit by

software.

Independent watchdog reset flag:

1: Independent watchdog reset occurred;

0: No independent watchdog reset occurred.
29 IWDGRSTF RW ) 0
When independent watchdog reset occurs, set by
hardware. Cleared by writing to the RMVF bit by

software.

Software reset flag:

1: Software reset occurred;
28 SFTRSTF RW |0: No software reset occurred. 0
When software reset occurs, set by hardware. Cleared by
writing to the RMVF bit by software.

Power-on/power-down reset flag:
1: Power-on/power-down reset occurred;
27 PORRSTF RW |0: No power-on/power-down reset occurred. 1
When the power-on/power-down reset, set by hardware.
Cleared by writing to the RMVF bit by software.

External manual reset (NRST pin) flag:
1: NRST pin reset occurred;

26  |PINRSTF RW [0: No NRST pin reset occurred. 0
When the NRST pin reset, set by hardware. Cleared by
writing to the RMVF bit by software.

25 Reserved RO |Reserved. 0
Remove reset flag control:

24 RMVF RW |1: Clear reset flag; 0
0: No effect.

[23:2] |Reserved RO |Reserved. 0
Internal low-speed clock (LSI) ready flag bit (set by
hardware):

1: Internal low-speed clock (40 KHz) ready;
1 LSIRDY RO 0

0: Internal low-speed clock (40 KHz) not ready;
Note: After the LSION bit is cleared, it takes 3 cycles of|
LSI clock to clear this bit.

Internal low-speed clock (LSI) enable control bit:
0 LSION RW |1:LSI (40KHz) oscillator enabled; 0
0: LSI (40KHz) oscillator disabled.

Note: Except that the reset flag can only be cleared by power-on reset, others can be cleared by system reset.
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3.4.11 AHB Peripheral Reset Register (RCC_AHBRSTR)
Offset address: 0x28

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ETH
Reser DVP |OTGF
ved MAC RST | SRST Reserved
RST
Bit Name Access Description Reset value
[31:15] |Reserved RO |Reserved 0
Ethernet MAC reset control:
14 ETHMACRST RW 0
1: Reset Ethernet MAC; 0: No effect.
DVP reset control:
13 DVPRST RO 0
1: Reset DVP; 0: No effect.
USBOTG FS module reset control:
12 OTGFSRST RW - 0
1: Reset USBHD; 0: No effect.
[11:0] |Reserved RO [Reserved 0
3.4.12 Clock Configuration Register 2 (RCC_CFGR2)
Offset address: 0x2C
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
USBH PRE
USBH| USBH|USBHSCLK . Reser| ETHI RNG | 12S3 | 1282
ssre| sprL [1:0] SPLL | USBHSDIV[2:0] ved | GEN ETH1GSRC sre | sre | sre DIV1
SRC SRC
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLL3MUL[3:0] PLL2MUL[3:0] PREDIV2[3:0] PREDIV1[3:0]

Bit

Name

Access

Description

Reset value

31

USBHSSRC

RW

USBHS 48MHz clock source selection:
1: USB PHY; 0: PLL CLK.

0

30

USBHSPLL

RW

USBHS PHY internal PLL control bit:
1: USB PHY internal PLL enabled;
0: USB PHY internal PLL disabled.

[29:28]

USBHSCLK]1:0]

RW

USBHS PLL reference clock selection
(USBHS_PLL SRC/USBHS PREDIV):
00: 3MHz;

01: 4MHz;

10: SMHz;

11: SMHz.

00

27

USBHSPLLSRC

RW

USBHS PLL reference source selection:
1: HSI 0: HSE

[26:24]

USBHSDIV[2:0]

RW

USBHS PLL reference source prescaler:

000
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000: Not divided,;

010: Divided by 3;
100: Divided by 5;
110: Divided by 7;

001: Divided by 2;
011: Divided by 4;
101: Divided by 6;
111: Divided by 8.

23 Reserved

RO

Reserved

ETHIG_125M _E
N

22

RW

Gigabit Ethernet 125M clock enable bit:
1: Enabled; 0: Disabled.

[21:20] [ETHIGSRC[2:0]

RW

Gigabit Ethernet 125M clock selection:
00: PLL2 VCO;

01: PLL3 VCO;

1x: External PB1 pin input.

19 |RNG SRC

RW

RNG clock source selection:

1: PLL3 VCO; 0: System clock.

18 12S3SRC

RW

12S3 clock source:
1: PLL3 VCO;
0: System clock (SYSCLK).

17 12S2SRC

RW

12S2 clock source:
1: PLL3 VCO;
0: System clock (SYSCLK).

16 PREDIVISRC

RW

PREDIV1 clock source:
1: PLL2;
0: HSE.

[15:12] [PLL3MUL[3:0]

RW

PLL3 multiplication factor (these bits can be written only
when PLL3 is disabled).

0000: PLL3 input clock x 2.5;
0001: PLL3 input clock x 12.5;
0010: PLL3 input clock x 4;
0011: PLL3 input clock x 5;
0100: PLL3 input clock x 6;
0101: PLL3 input clock x 7;
0110: PLL3 input clock x 8;
0111: PLL3 input clock x 9;
1000: PLL3 input clock x 10;
1001: PLL3 input clock x 11;
1010: PLL3 input clock x 12;
1011: PLL3 input clock x 13;
1100: PLL3 input clock x 14;
1101: PLL3 input clock x 15;
1110: PLL3 input clock x 16;
1111: PLL3 input clock x 20.

0000

[11:8] |[PLL2MUL[3:0]

RW

PLL2 multiplication factor (these bits can be written only
when PLL2 is disabled).

0000: PLL2 input clock x 2.5;

0001: PLL2 input clock x 12.5;

0010: PLL2 input clock x 4;

0011: PLL2 input clock x 5;

0000
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0100: PLL2 input clock x 6;
0101: PLL2 input clock x 7;
0110: PLL2 input clock x §;
0111: PLL2 input clock x 9;
1000: PLL2 input clock x 10;
1001: PLL2 input clock x 11;
1010: PLL2 input clock x 12;
1011: PLL2 input clock x 13;
1100: PLL2 input clock x 14;
1101: PLL2 input clock x 15;
1110: PLL2 input clock x 16;
1111: PLL2 input clock x 20.

[7:4]

PREDIV2[3:0]

RW

PREDIV2 prescaler factor (these bits can be written only

when PLL2 and PLL3 both are disabled).
0000: PREDIV2 not divided,;

0001: PREDIV2 input clock divided by 2;
0010: PREDIV2 input clock divided by 3;
0011: PREDIV2 input clock divided by 4;
0100: PREDIV2 input clock divided by 5;
0101: PREDIV2 input clock divided by 6;
0110: PREDIV2 input clock divided by 7;
0111: PREDIV?2 input clock divided by 8 ;
1000: PREDIV?2 input clock divided by 9;
1001: PREDIV?2 input clock divided by 10;
1010: PREDIV?2 input clock divided by 11;
1011: PREDIV2 input clock divided by 12;
1100: PREDIV?2 input clock divided by 13;
1101: PREDIV2 input clock divided by 14;
1110: PREDIV2 input clock divided by 15;
1111: PREDIV2 input clock divided by 16.

0000

[3:0]

PREDIV1[3:0]

RW

PREDIV1 prescaler factor (these bits can be written only

when PLL is disabled).

0000: PREDIV1 not divided,;

0001: PREDIV1 input clock divided by 2;
0010: PREDIV1 input clock divided by 3;
0011: PREDIV1 input clock divided by 4;
0100: PREDIV1 input clock divided by 5;
0101: PREDIV1 input clock divided by 6;
0110: PREDIV1 input clock divided by 7;
0111: PREDIV1 input clock divided by 8 ;
1000: PREDIV1 input clock divided by 9;
1001: PREDIV1 input clock divided by 10;
1010: PREDIV1 input clock divided by 11;
1011: PREDIV1 input clock divided by 12;
1100: PREDIV1 input clock divided by 13;
1101: PREDIV1 input clock divided by 14;

0000
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1110: PREDIV1 input clock divided by 15;

1111: PREDIV1 input clock divided by 16.

Note: Bit0 is the same as bitl7 in the RCC_CFGR0
register. Bit0 in this register changes when bitl7 in the
RCC CFGRO register is modified.

Note: Applied for CH32F20x_D8C and CH32V30x_DS8C.

3.4.13 HSE Crystal Oscillator Calibration Control Register (HSE_CAL_CTRL)
Offset address: 0x00

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

HSEF|Reser| HSEITRIM

HSEC AULTI ved [1:0] Reserved

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

Reserved

Bit Name Access Description Reset value

HSE internal match capacitor adjustment:
111: 22pF;

110: 20pF;

101: 18pF;

[31:28] | HSEC[3:0] RW | 100: 16pF; 0
011: 14pF;

010: 12pF;

001: 10pF;

000: 8pF.

HSE fault detection disable:

1: Analog input HSE fault detection signal

[27] HSEFAULT RW | disabled,; 0
0: Analog input HSE fault detection signal
enabled.
[26] Reserved RW | Reserved 0
[25:24] | HSEITRIM[1:0] RW | HSE starting current adjustment bit. 01b
[23:0] Reserved RO Reserved 0

3.4.14 LSI Crystal Oscillator Calibration Tune Register (LSI32K TUNE)
Offset address: 0x0A

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

Reserved HTUNE[7:0] LTUNE[4:0]
Bit Name Access Description Reset value
[15:13] |Reserved RO |Reserved 0
[12:5] |HTUNE[7:0] RW |LSI32K fine tune 80h
[4:0] |LTUNE[4:0] RW |LSI32Kcoarse tune 11h
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3.4.15 LSI Crystal Oscillator Calibration Configuration Register (LSI32K_CAL_CFG)
Offset address: 0x1D

7 6 5 4 3 2 1 0
Reserved LPEN WKUPEN | HALTMD CNTVLU[3:0]
Bit Name Access Description Reset value
[71 |Reserved RO |Reserved 0

Calibration enable in low power mode:
0: Calibration disabled in low power mode;

[6] |LPEN RW |1: Calibration enabled in low power mode. 0
Note: It works together with RB_HSE KEEP LP in
EXTEN.
LSI32K wake-up interrupt enable:

[5] |WKUPEN RW |0: LSI32K wake-up interrupt disabled; 0

1: LSI32K wake-up interrupt enabled.

LSI32K calibration count halt duration configuration:
[4] |HALTMD RW |0: Count halts for 1 CK32K cycle; 0
1: Count halts for 3 CK32K cycles.

LSI32K calibration sampling duration configuration:
0000: 2 CK32K cycles;

0001: 4 CK32K cycles;

0010: 32 CK32K cycles;

0011: 64 CK32K cycles;

0100: 128 CK32K cycles;

0101: 256 CK32K cycles;

0110: 512 CK32K cycles;

[3:0] |CNTVLU[3:0] RW 0001b
0111: 1024 CK32K cycles;

1000: 1088 CK32K cycles;

1001: 1152 CK32K cycles;

1010: 1216 CK32K cycles;

1011: 1280 CK32K cycles;

1100: 2000 CK32K cycles.

Note: Other configuration values correspond to 2
CK32K cycles.

3.4.16 LSI Crystal Oscillator Calibration Status Register (LSI32K_CAL_STATR)
Offset address: 0x20

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

IFEND CNTOV CNT[13:0]

Bit Name Access Description Reset value
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LSI32K calibration count end interrupt flag:
[15] |IFEND RWI1 |0: During sampling count, no flag; 0

1: Sampling count ends, the flag is set.

LSI32K sampling counter overflow flag:
[14] |CNTOV RW1 |0: Not overflow; 0
1: Overflow.

Count for several CK32K cycles based on system
lock fi .

[13:0] |CNT[13:0] Ro | oc redueney 0x0000

Note: The specific number of CK32K cycles can be

configured.

3.4.17 LSI Crystal Oscillator Calibration Counter (LSI32K_CAL_OV_CNT)
Offset address: 0x22

7 6 5 4 3 2 1 0
OVCNTJ[7:0]

Bit Name Access Description Reset value

LSI32K sampling counter overflow count.
[7:0] |OVCNT[7:0] RO  |Note: Clear the overflow flag and this counter will be| ~ 0x00
cleared.

3.4.18 LSI Crystal Oscillator Calibration Control Register (LSI32K_CAL_CTRL)
Offset address: 0x23

7 6 5 4 3 2 1 0
HALT Reserved CALEN | CALINTEN
Bit Name Access Description Reset value

LSI32K calibration count halt:
[71 |HALT RO  |0: During count, and the count value is not available; 1
1: Count halts, and the count value is available.
[6:2] |Reserved RO |Reserved
[1] |CALEN RW |LSI32K calibration enable:
[0] |CALINTEN RW |LSI32K calibration interrupt enable

Note: Applied for CH32F20x_DS8C and CH32V30x_DSC.
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Chapter 4 Backup Register (BKP)

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V 3x.

Backup Register (BKP) provides up to 42 16-bit backup data registers, which can be used to store up to 84
bytes of user data. After the main power supply (Vbp) switched off, these data can still be maintained by the
power supply of Vear without being affected by the standby status, system reset or power reset. In addition,
the BKP unit also provides tamper detection management, RTC clock calibration and pulse output functions.

4.1 Main Features

® Tamper detection (TAMPER) function
® RTC clock calibration function
® Output RTC clock divided by 64, alarm pulse or second pulse on PC13 pin

4.2 Backup Data Register

After the microcontroller reset, the access to the backup register and RTC will be disabled, and the access to

the backup register needs to be enabled by the following operations:

1) Set the PWREN bit and BKPEN bit in the RCC_APB1PCENR register to enable the power supply and the
operating clock of the backup interface;

2) Set the DBP bit in the power control register (PWR_CTLR) to enable access to the backup register and RTC
register.

4.2.1 Backup Data Register

The backup data register can be used as a general data buffer. Because of its feature of saving data by Vear
power when Vpp is powered off, it can be used to store some important or sensitive data. But these data will
be completely cleared after the tamper event occurs.

4.2.2 Tamper Detection

When an external signal (rising or falling edge) is provided, a tamper event is generated, and the important
information retained in the current system is cleared automatically by hardware. Tamper detection increases
the security of system information.

A tamper event is generated when a transition edge is detected on the tamper detection pin (depending on the
TPAL bit). If the tamper detection interrupt is enabled, a tamper detection interrupt is also generated at the
same time. As long as a tamper event occurs, all backup data registers are cleared. In addition, the hardware
detection adopts the memory mode. Even if the tamper detection function is not enabled (TPE=0), the system
still samples and checks whether there is a transition edge, and if the TPAL bit selection is met, the tamper
event is locked in advance, and the TPE bit is set to 1 to trigger a tamper event.

For example: When TPAL=0, if it is not enabled (TPE=0) but the TAMPER pin is already high, an additional
tamper event is generated (the system locks the rising edge in advance) once TPE=1. When TPAL=1, if it is
not enabled (TPE=0) but the TAMPER pin is already low, an additional tamper event is generated (the system
locks the falling edge in advance) once TPE=1.

Therefore, in order to avoid unnecessary tamper events from causing the backup registers to be cleared, it is
recommended to set the CTE bit in the BKP_TPCSR register to 1 at the beginning of the hardware detection
of the tamper pin, to firstly clear the tamper events that may have been remembered by hardware, and ensure
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that the current tamper detection pin is invalid.

Note: When the Vpp power supply is disconnected, the tamper detection function is still valid. In order to avoid
unnecessary backup registers of resetting data, the TAMPER pin shall be connected to the correct level

correctly.

4.2.3 RTC Calibration

For this function, the tamper detection pin must be selected as a common IO port. Clear the TPE bit in the
BKP_TPCTLR register.

®  Pulse output

Configure the ASOE bit in the BKP_OCTLR register, enable RTC pulse output, set the ASOS bit, and select
either the second pulse output or the alarm pulse output.

® RTC calibration

After the CCO bit in the BKP_OCTLR register is configured, the internal RTC clock divided by 64 is output
to the tamper detection pin (TAMPER). Through the actual test, adjust the clock and calibrate the RTC by
configuring the CAL[6:0] bits by software.

4.2.4 BKP Interface Reset

The BKP domain can be independently powered-on by Vear when the Vpp power is switched off. The
application code controls the reset of BKP domain register, the BKP_ DATAR1-10, ASOS bit and ASOE bit in
the backup data register are reset by setting the BDRST bit in the RCC_BDCTLR register by software, which
is not affected by the RCC peripheral interface control BKPRST bit.

4.3 Register Description

Table 4-1 BKP registers

Name Access address Description Reset value
R16 BKP DATARI1 0x40006C04 Backup data register 1 0x0000
R16 BKP DATAR2 0x40006C08 | Backup data register 2 0x0000
R16 BKP DATAR3 0x40006C0C | Backup data register 3 0x0000
R16 BKP DATAR4 0x40006C10 Backup data register 4 0x0000
R16 BKP DATARS 0x40006C14 | Backup data register 5 0x0000
R16 BKP DATAR6 0x40006C18 | Backup data register 6 0x0000
R16 BKP DATAR7 0x40006C1C | Backup data register 7 0x0000
R16 BKP DATARS 0x40006C20 Backup data register 8 0x0000
R16 BKP _DATAR9 0x40006C24 Backup data register 9 0x0000
R16_BKP_DATARI0 0x40006C28 | Backup data register 10 0x0000
R16 BKP_OCTLR 0x40006C2C | RTC calibration register 0x0000
R16 BKP TPCTLR 0x40006C30 Tamper detection control register 0x0000
R16 BKP TPCSR 0x40006C34 Tamper detection status register 0x0000
R16 BKP DATARI11 0x40006C40 Backup data register 11 0x0000
R16 BKP DATARI12 0x40006C44 Backup data register 12 0x0000
R16 BKP DATAR13 0x40006C48 | Backup data register 13 0x0000
R16 BKP DATAR14 0x40006C4C | Backup data register 14 0x0000
R16 BKP DATARI15 0x40006C50 | Backup data register 15 0x0000
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R16_BKP_DATARI16 0x40006C54 | Backup data register 16 0x0000
R16_BKP_DATAR17 0x40006C58 | Backup data register 17 0x0000
R16_BKP_DATARIS 0x40006C5C | Backup data register 18 0x0000
R16_BKP_DATARI9 0x40006C60 | Backup data register 19 0x0000
R16 BKP DATAR20 0x40006C64 | Backup data register 20 0x0000
R16 BKP DATAR21 0x40006C68 Backup data register 21 0x0000
R16 BKP DATAR22 0x40006C6C | Backup data register 22 0x0000
R16 BKP DATAR23 0x40006C70 | Backup data register 23 0x0000
R16 BKP DATAR24 0x40006C74 Backup data register 24 0x0000
R16 BKP DATAR25 0x40006C78 | Backup data register 25 0x0000
R16_BKP_DATAR26 0x40006C7C | Backup data register 26 0x0000
R16_BKP_DATAR27 0x40006C80 | Backup data register 27 0x0000
R16_BKP_DATAR2S8 0x40006C84 | Backup data register 28 0x0000
R16_BKP_DATAR29 0x40006C88 | Backup data register 29 0x0000
R16_BKP_DATAR30 0x40006C8C | Backup data register 30 0x0000
R16_BKP_DATAR31 0x40006C90 | Backup data register 31 0x0000
R16 BKP DATAR32 0x40006C94 | Backup data register 32 0x0000
R16 BKP DATAR33 0x40006C98 | Backup data register 33 0x0000
R16 BKP DATAR34 0x40006C9C | Backup data register 34 0x0000
R16 BKP DATAR35 0x40006CA0 | Backup data register 35 0x0000
R16 BKP DATAR36 0x40006CA4 | Backup data register 36 0x0000
R16 BKP DATAR37 0x40006CA8 | Backup data register 37 0x0000
R16_BKP_DATAR3S8 0x40006CAC | Backup data register 38 0x0000
R16_BKP_DATAR39 0x40006CB0 | Backup data register 39 0x0000
R16_BKP_DATAR40 0x40006CB4 | Backup data register 40 0x0000
R16_BKP_DATAR41 0x40006CB8 | Backup data register 41 0x0000
R16_BKP_DATAR42 0x40006CBC | Backup data register 42 0x0000

Note: The BKP DATARx (x=11-42) registers are applied for CH32F20x D8, CH32F20x_DSC,

CH32F20x_D8W, CH32V20x_DS8, CH32V20x_D8W, CH32V30x_D8 and CH32V30x _DSC.

4.3.1 Backup Data Register (BKP_DATARX) (x=1-42)

Offset address: 0x04 to 0x28, 0x40 to 0xBC
15 14 13 12

10 9

D [15:0]

Bit Name

Access

Description

Reset value

Backup data, which can be written with user data.

Note: They are only reset by backup domain reset

[15:0] |D[15:0] RW . ) 0
(BDRST) or by a TAMPER pin event (if the
TAMPER pin function is activated).
4.3.2 RTC Calibration Register (BKP_OCTLR)
Offset address: 0x2C
15 14 13 12 10 9 8 7 6 5 2 1 0
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Reserved A1 48 | cco CAL[6:0]
Bit Name Access Description Reset value
[15:10] |Reserved RO |Reserved. 0

TAMPER pin alarm/second output selection:
1: Second pulse output selected;

9 ASOS RW |0: Alarm pulse output selected. 0
Note: This bit can only be reset by backup domain
reset (BDRST).

TAMPER pin alarm/second output enable:

0: Alarm/second pulse output disabled;

8 ASOE RW |1: Alarm/second pulse output enabled. 0
Note: This bit can only be reset by backup domain
reset (BDRST).

Calibration clock output selection:

1: TEMPER pin output RTC clock divided by 64;
0: No calibration clock output.

7 CCO RW |Note 1: The tamper detection function must be 0
switched off to enable this function.

Note2: This bit is cleared when Vpp power supply
is switched off-

Calibration value register. The value of this

register indicates the number of clock pulses that
[6:0] |CAL RW | will be skipped every 2%° clock pulses. This allows 0
the calibration of the RTC clock. The clock can be
slowed down from 0 to 121ppm.

4.3.3 Tamper Detection Control Register (BKP_TPCTLR)
Offset address: 0x30

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

Reserved TPAL| TPE
Bit Name Access Description Reset value
[15:2] |Reserved RO |Reserved. 0
TEMPER pin active level:

0: High level on the TEMPER pin cause all backup
data registers cleared (hardware lock rising edge);
1 TPAL RW , 0
1: Low level on the TEMPER pin causer all
backup data registers cleared (hardware lock
falling edge);

TEMPER pin enable:

0 TPE RW |0: TEMPER pin used as common IO port; 0
1: TEMPER pin used for the tamper detection.

Note: When the TPAL and TPE bits are cleared at the same time, a false tamper event occurs. It is
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recommended to change the status of the TPAL bit only when TPE is 0.

4.3.4 Tamper Detection Status Register (BKP_TPCSR)
Offset address: 0x34

15 14

13 12

10

9 8 7 6 5 4 3 2

Reserved

TIF | TEF Reserved TPIE| CTI | CTE

Bit

Name

Access Description

Reset value

[15:10]

Reserved

RO

Reserved.

0

TIF

RO

Tamper interrupt flag. When a tamper event is
detected and the TPIE bit is set to 1, this bit is set.
Cleared by writing 1 to the CTI bit. If the TPIE bit
is reset, this bit is reset at the same time.

Note: This bit is reset only when the system is reset

or woken up from standby mode.

TEF

RO

Tamper event flag. When a tamper event is
detected, this bit is set. Cleared by writing 1 to the
CTE bit.

Note: When this bit is 1, all BKP DATARx
registers are cleared, and all write operations to
the BKP_DATARXx register are invalid before this

bit is not reset.

[7:3]

Reserved

RO

Reserved.

TPIE

RW

Tamper interrupt enable:

0: Tamper detection interrupt disabled;

1: Tamper detection interrupt enabled (TPE needs
to be setto 1).

Note 1: The tamper detection interrupt cannot
wake up the core from low-power mode.

Note 2: This bit is reset only when the system is

reset or woken up from standby mode.

CTI

WO

Clear Tamper detection interrupt. Write 1 to clear
it, and the value read out is invalid.

CTE

WO

Clear Tamper detection event. Write 1 to clear it,

and the value read out is invalid.
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Chapter 5 Cyclic Redundancy Check (CRC)

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V3x.

The cyclic redundancy check (CRC) calculation unit is used to get a CRC code from a 32-bit data word and a
fixed generator polynomial. It is generally used to verify data transmission or storage integrity. The hardware
CRC calculation unit provided by the system can greatly save CPU and RAM resources and improve efficiency.

Figure 5-1 CRC structure block diagram

AHB Bus

32-bit read

CRC computation
(polynomial: 0x4C11DB7)

A

32-bit write

Data register
(CRC_DATAR)

5.1 Main Features

® (CRC32 polynomial (0x4C11DB7)

= X2 X264 X 234X 22X 6 X 12X X 04 XX 4N A4 X 24X+ 1
® Single input/output 32-bit data register
® CRC computation done in 4 AHB clock cycles (HCLK)

5.2 Functional Description

® CRC unit reset
To start a new CRC calculation, it is needed to reset the CRC calculation unit. Write 1 to the RST bit in the
CRC_CTLR register, to reset the data register by hardware, and it restores the initial value OXFFFFFFFF.

® CRC calculation

The CRC calculation unit is a combination of the previous CRC calculation value and the new CRC calculation
value. When writing into the CRC_DATAR register, new data is input to the hardware calculation unit. When
reading the register, the latest CRC calculation value can be obtained. The hardware calculation interrupts the
write operation of the system, so new values can be written continuously.

Note: The CRC unit calculates the whole 32-bit data word, rather than byte per byte.

® Independent data buffer
The CRC unit provides an 8-bit independent data register (CRC_IDATAR), which is used to temporarily store
1 byte of data for the application code and is not affected by the reset of the CRC unit.
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5.3 Register Description

Table 5-1 CRC registers

Name Access address Description Reset value
R32 CRC DATAR 0x40023000 Data register OxFFFFFFFF
R8 CRC_IDATAR 0x40023004 Independent data register 0x00
R32 CRC CTLR 0x40023008 Control register 0x00000000

5.3.1 Data Register (CRC_DATAR)
Offset address: 0x00

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

DR[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DR[15:0]
Bit Name Access Description Reset value
(31:0] DR RW Writ:[ the original data; read the calculation 0xFFFFFFFF
result.

5.3.2 Independent Data Register (CRC_IDATAR)
Offset address: 0x04

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

Reserved IDR[7:0]

Bit Name Access Description Reset value

8-bit general register, can be used as data buffer.
[7:0] |IDR[7:0] RW |This register is not affected by RST in 0
CRC_CTLR.

5.3.3 Control Register (CRC_CTLR)
Offset address: 0x08

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved RST
Bit Name Access Description Reset value
[31:1] |Reserved RO |Reserved. 0
CRC calculation unit reset control. Write 1 to set.
0 RST WO |Automatically cleared by hardware. It sets the data 0
register to OXFFFFFFFF.
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Chapter 6 Real-Time Clock (RTC)

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V3x.

The real-time clock (RTC) is an independent timer module. It supports up to 32-bit programmable counter.
With software, the real-time clock function can be implemented, and the counter value can be modified to re-
configure the current time and date of the system. The RTC module is in the backup power supply area, and is
not affected by the system reset and standby mode wake-up.

6.1 Main Features

®  Prescaler factor: up to 220
32-bit programmable counter
Multiple types of clock sources, interrupt

Independent reset

6.2 Functional Description

6.2.1 Overview

Figure 6-1 RTC structure block diagram

| APB1 bus |
PCLK1 "
|—>{ APB1 interface not powered in Standby |
I t
RTCCLK_______ | Backupdomain__ | ______ ,
| |
| | RTC_CTLR
| ! -
RTC_PSCR
| ! -
32-bit programmable
i Reload L\_‘TR CLK Fc)ougnter i Overflow event
_ ;
: RTC_DIV H RTC_CNT i 7
| L |
R p
! Ising edge | Alarm event
| RTC prescaler | TLALRE
| I
| I
: RTC_ALRM : powered in Standby
: powered in Standby :
! i
|
| : NVICint t
: powered in Standby : cor:?r;[g:p
| I
: : powered in Standby
| il oty Mttt — =7
| WKUP pin RTC_Alarm._ 4 it |
] WKP_STDBY Standby mode
: powered in Standby

As shown in Figure 6-1, the RTC module is mainly composed of 3 parts: APB1 bus interface, prescaler and
counter, control and status registers. The prescaler and counter are in the backup area and are powered by Vgar.
After RTCCLK is input to the prescaler (RTC_DIV), it is divided into TR _CLK. It is worth noting that a self-
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decrement counter is located in the prescaler (RTC_DIV). When the self-decrement reaches the overflow, a
TR _CLK is output. Then, take the preset value from the reload value register (RTC _PSCR) and reload it into
the prescaler. Reading the prescaler actually means reading its real-time value (read only). The prescaler factor
should be written to the reload value register (RTC_PSCR). Generally, the cycle of TR _CLK is set to Is,
TR_CLK triggers the second event, and the main counter (RTC_CNT) will be self-incremented by one at the
same time. When the main counter is increased to the same value as the value of the alarm register, the alarm
event is triggered. When the main counter is incremented till overflow, an overflow event is triggered. These
3 events can all trigger the interrupt, which is controlled by the corresponding interrupt enable bit.

6.2.2 Reset

Due to the special purposes of the real-time clock, the 4 sets of registers in the backup domain: prescaler,
prescaler of reloading value, main counter and alarm clock. They can only be reset by the reset signal in the
backup domain. Refer to the chapter of RCC backup domain reset. The control register of the real-time clock

is controlled by system reset or power reset.

6.2.3 Special Read/Write Register Operations

Due to the special purpose of the real-time clock, the RTC and APB1 buses are independent, and the reading

of RTC by APBI is not necessarily real-time. The RTC register reading through APB1 must go through a RTC

rising edge after APB1 is started up. This situation may occur after system reset and power reset, wake-up

from standby or stop mode. It is convenient to wait when the RSF bit of the control register (CTLR) is set high.

For the write operator of RTC, the operation must be made specifically according to the following steps in the

configuration mode when the previous write operation ends:

1) Query RTOFF bit unit it changes to 1;

2) Set CNF bit to enter the configuration mode;

3) Perform write operation to one or more RTC registers;

4) Clear the CNF bit to exit the configuration mode, and the RTC register will start being written on the APB
interfacel;

5) Query the RTOFF bit until it changes to 1. So far, the write is completed;

6.3 Register Description

Table 6-1 RTC Registers

Name Access address Description Reset value

R16 RTC CTLRH 0x40002800 RTC control register high 0x0000

R16 RTC CTLRL 0x40002804 RTC control register low 0x0020

R16 RTC PSCRH 0x40002808 Prescaler reload register high 0xXXXX
R16_RTC PSCRL 0x4000280C Prescaler reload register low 0xXXXX
R16 RTC DIVH 0x40002810 Divider register high 0xXXXX
R16 RTC DIVL 0x40002814 Divider register low 0xXXXX
R16 RTC CNTH 0x40002818 RTC counter register high 0xXXXX
R16 RTC CNTL 0x4000281C RTC counter register low 0xXXXX
R16 RTC ALRMH 0x40002820 Alarm clock register high 0xXXXX
R16 RTC_ALRML 0x40002824 Alarm clock register low 0xXXXX
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6.3.1 RTC Control Register High (RTC_CTLRH)
Offset address: 0x00

15 14

13 12

11 10

9 8 7 6 5 4 3 2

1 0

Reserved

OWIE

ALRIE|SECIE

Bit

Name

Access

Description

Reset value

[15:3]

Reserved

RO

Reserved.

OWIE

RW

Overflow interrupt enable.

ALRIE

RW

Alarm interrupt enable.

SECIE

RW

Second interrupt enable.

S |IO| O

6.3.2 RTC Control Register Low (RTC_CTLRL)
Offset address: 0x04

15 14

13 12

11 10

Reserved

RTOF

CNF | RSF

OWF

ALR [spcp

Bit

Name

Access

Description

Reset value

[15:6]

Reserved

RO

Reserved.

0

RTOFF

RO

RTC operation OFF. It indicates the status of the
last write operation performed on the RTC. To
perform operation on RTC, this bit must be 1.

1: Last write operation on RTC has been
completed;

0: Last write operation on RTC is still ongoing.

CNF

RW

Configuration flag. Write 1 to this bit to enter the
configuration mode, so as to allow to write to
R16 RTC CNTx, R16 RTC ALRMx and
R16 RTC PSCRx. The write operation can be
performed only when this bit is written 1 and
cleared by software:

1: Enter the configuration mode;

0: Exit the configuration mode, and start updating
the RTC register.

RSF

RWO

Registers synchronized flag. Ensure that it is set
by hardware (registers synchronized) before
read/write operation is performed on PSCRX,
ALRMx and CNTx. When reading/ writing these
registers, or after the APBI is reset or APB1 clock
is stopped, the bit should be reset firstly.

1: Register synchronized,;

0: Register not synchronized.

OWF

RWO

Counter overflow flag. When the 32-bit counter
overflows, this bit is set by hardware. If the OWIE
bit is set, an overflow interrupt is also generated.
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This bit can only be cleared by software and
cannot be set by software.

Alarm flag. When the counter value reaches the
value of the alarm register (ALRMX), this bit will
be set by the hardware. If the alarm interrupt
1 ALRF RWO _ . . . 0
enable bit (ALRIE) is set, an alarm interrupt is also
generated. This bit can only be cleared by software

and cannot be set by software.

Second flag. When the clock generates a falling
edge after divided by the prescaler, the counter
will self-increase by 1 and generate a second
event, and the bit will be set. If the second interrupt
0 SECF RWO |, .. . . 0
is enabled (SECIE bit is set), a second interrupt is
also generated at the same time. This bit can only

be cleared by software and cannot be set by

software.

6.3.3 Prescaler Reload Register High (RTC_PSCRH)
Offset address: 0x08

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

Reserved PRL[19:16]

Bit Name Access Description Reset value
[15:4] |Reserved RO |Reserved. 0
[3:0] |PRL[19:16] WO |Prescaler reload register high. X

6.3.4 Prescaler Reload Register Low (RTC_PSCRL)
Offset address: 0x0C

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

PRL[15:0]

Bit Name Access Description Reset value

Prescaler reload register low. The actual division

factor is (PSCR[19:0]+1). For example, if the RTC
[15:0] |PRL[15:0] WO |. . ) xxxxh
input frequency is 32768Hz, then this value can be

set to Ox7ftf to divide the signal with cycle of 1s.

6.3.5 Divider Register High (RTC_DIVH)
Offset address: 0x10

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

Reserved DIV[19:16]

Bit Name Access Description Reset value
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[15:4] |Reserved RO |Reserved.
[3:0] |DIV[19:16] RO |Prescaler divider register high. X

6.3.6 Divider Register Low (RTC_DIVL)
Offset address: 0x14

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

Bit Name Access Description Reset value

Prescaler divider register low. DIV is actually a
self-decrement counter. The DIV counter will
decrease by 1 per incoming clock of RTC CLK.
[15:0] |DIV[15:0] RO |After overflow, it will output a TR CLK and| xxxxh
reload the value from PSCR at the same time. DIV

can only be read, and the remaining value of the

counter of the current prescaler divider is read.

6.3.7 RTC Counter Register High (RTC_CNTH)
Offset address: 0x18

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CNTJ[31:16]

Bit Name Access Description Reset value
[15:0] |CNT[31:16] RW |RTC counter register high xxxxh

6.3.8 RTC Counter Register Low (RTC_CNTL)
Offset address: 0x1C

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

Bit Name Access Description Reset value

RTC counter register low. Core component of the
RTC timer; the clock is provided with TRCLK
[15:0] |CNT[15:0] RW |(the cycle is generally set to 1 second). Calculate| xxxxh
current time by reading CNT[31:0]. Enter the
configuration mode to write this value.

6.3.9 Alarm Register High (RTC_ALRMH)
Offset address: 0x20

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ALRJ[31:16]
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Bit Name Access Description Reset value
[15:0] |ALR[31:16] WO |Alarm register high xxxxh
6.3.10 Alarm Register Low (RTC_ALRML)
Offset address: 0x24
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ALR[15:0]
Bit Name Access Description Reset value
Alarm register low. When the value of the alarm
register ALRM[31:0] is consistent with the value
[15:0] |ALR[15:0] WO |of the counter CNT[31:0], an alarm event is| xxxxh
generated. Enter the configuration mode to modify
this value.
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Chapter 7 Independent Watchdog (IWDG)

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V3x.

The system is equipped with an Independent Watchdog (IWDG) to detect logic errors and software faults
caused by external environmental interference. The IWDG clock source comes from LSI, can run
independently of the main program, and is suited for applications with low precision requirements.

7.1 Main Features

®  ]2-bit free-running downcounter
® Clocked from LSI clock divided, can run in low-power mode
® Reset condition: The downcounter value reaches 0

7.2 Functional Description

7.2.1 Principle and Application
The clock source of the independent watchdog is LSI clock, and its function can still work normally in stop
and standby mode. When the watchdog downcounter value reaches 0, a system reset is generated, so the

timeout period is (reload value + 1) clocks.

Figure 7-1 Structure block diagram of Independent Watchdog

Prescaler register| [Status register Reload register Conctrol register
IWDG_PSCR IWDG_STATR IWDG_RLDR IWDG_CTLR

r@ ......... ] I !

[}

[}

B 12-bit reload value [« !

LSl 8-bit i
(40kHzl prescaler ~% |
12-bit downcounterl—» IWDG reset |

|

' VDD voltagedomain _ ___________________________________________ J

® Enable independent watchdog

After the system reset, the watchdog is OFF. Write 0xCCCC to the IWDG_CR register to enable the watchdog,
and then it can no longer be disabled unless a reset occurs.

If the hardware independent watchdog enable bit IWDG_SW) is enabled in User Option Bytes, the IWDG is
permanently enabled after the microcontroller reset.

®  Watchdog configuration

A 12-bit downcounter is in the watchdog. When the value of downcounter is reduced to 0, the system reset

occurs. To enable IWDG, the following operations are needed:

1) Counter time base: IWDG clock source is LSI. Set the LSI divider factor clock as IWDG counter time base
through IWDG PSCR register. Firstly write 0x5555 to the IWDG_CTLR register, and then modify the
divider factor in the IWDG_PSCR register. The PVU bit in the IWDG_STATR register indicates the update
status of the divider factor. The divider factor can only be modified and read after the update is finished.

2) Reload value: It is used to update the current value of the counter in the independent watchdog, and the
counter counts down from this value. Firstly write 0x5555 to the IWDG_CTLR register, and then modify
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the IWDG RLDR register to set the target reload value. The RVU bit in the IWDG_STATR register
indicates the update status of the reload value. The IWDG_RLDR register can only be modified and read
after the update is finished.

3) Watchdog enable: Write 0OxCCCC to the IWDG_CTLR register to enable the watchdog function.

4) Feed dog: The current counter value is refreshed before the watchdog downcounter reaches 0 to prevent the
system reset. Write 0XAAAA to the IWDG_CTLR register to update the IWDG_RLDR register value to
the watchdog counter by the hardware. This action needs to be executed regularly after the watchdog
function is enabled. Otherwise, the watchdog reset action occurs.

7.2.2 Debug Mode
When the system enters the debug mode, the IWDG counter can be configured by the debug module register
to continue working or stop.

7.3 Register Description

Table 7-1 IWDG registers

Name Access address Description Reset value
R16 IWDG _CTLR 0x40003000 Control register 0x0000
R16 TWDG PSCR 0x40003004 Prescaler register 0x0000
R16 IWDG _RLDR 0x40003008 Reload register 0xOFFF
R16 IWDG_STATR 0x4000300C Status register 0x0000

7.3.1 IWDG Control Register IWDG_CTLR)
Offset address: 0x00

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

Bit Name Access Description Reset value

Operation key value lock.

O0xAAAA: Feed dog. Load the IWDG RLDR
register value to the independent watchdog
counter;

[15:0] |KEY[15:0] WO |0x5555: Allow to modify R16_ IWDG PSCR and 0
R16_ ITWDG_RLDR registers;

0xCCCC: Enable the watchdog. If the hardware
watchdog is enabled (User Option Bytes
configured), there is no such restriction.

7.3.2 Prescaler Register IWDG_PSCR)
Offset address: 0x04

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

Reserved PR[2:0]
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Bit Name Access Description Reset value
[15:3] |Reserved RO |Reserved. 0
IWDG clock divider factor. Write 0x5555 to KEY
before modifying this domain.
000: Divided by 4; 001: Divided by 8;
010: Divided by 16; 011: Divided by 32;
100: Divided by 64; 101: Divided by 128;
[2:0] |PR[2:0] RW . . 000b
110: Divided by 256; 111: Divided by 256.
IWDG count time base = LSI/ division factor.
Note: Before reading the value of this domain,
make sure that the PVU bit in the INDG _STATR
register is . Otherwise, the read value is invalid.
7.3.3 Reload Register IWDG_RLDR)
Offset address: 0x08
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
Reserved RL[11:0]
Bit Name Access Description Reset value
[15:12] |Reserved RO |Reserved. 0
Counter reload value. Write 0x5555 to KEY
before modifying this domain.
After writing 0OXAAAA to KEY, the value of this
field will be loaded into the counter by hardware,
and then the counter will count down from this
[11:0] |RL[11:0] RW FFFh
value.
Note: Before reading/writing the value of this
domain, make sure that the RVU bit in the
IWDG STATR register is 0. Otherwise, read /write
operation on this domain is invalid.
Note: This register is reset in Standby mode.
7.3.4 Status Register IWDG_STATR)
Offset address: 0x0C
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
Reserved RVU | PVU
Bit Name Access Description Reset value
[15:2] |Reserved RO |Reserved. 0
Reload value update. Set and cleared by hardware.
1: Update of the reload value is ongoing;
1 RVU RO |0: Update of the reload update completed (5 LSI 0
cycles at most).
Note: The reload value register IFDG_RLDR can
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only be read /written after the RVU bit is cleared
10 0.

Clock prescaler value update. Set and cleared by
hardware.

1: Update of the clock prescaler value is ongoing;
0: Update of the clock prescaler value completed

0 PVU RO 0
(at most 5 LSI cycles).
Note: The prescaler  factor  register
(IWDG_PSCR) can only be read and written after
the PVU bit is cleared to 0.

Note: After the prescale or reload value is updated, there is no need to wait for the RVU or PVU to reset, the

following code can be continued. (Even in low-power mode, this write operation can still be performed.)
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Chapter 8 Window Watchdog (WWDG)

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V 3x.

The Window Watchdog is generally used to monitor the software fault of the system operation, such as
external interference and unforeseen logic errors. It needs to refresh the counter (feed the dog) within a
specific window time (with upper and lower limits). Otherwise, the watchdog circuit will generate a system

reset before or after this window time.

8.2 Function Description

8.2.1 Principle and Application
The window watchdog runs based on a 7-bit downcounter, which is mounted under the APB1 bus. The counter

time base WWDG_CLK originates from the clock prescaler (PCLK1/4096). The clock prescaler factor is set
by the WDGTBJ1:0] bits in the WWDG_CFGR register. The downcounter is at a free running status. No
matter whether the watchdog function is enabled or not, the counter keeps counting down in a cycle. The

internal structure block diagram of window watchdog is as shown in Figure 8-1.

Figure 8-1 Window Watchdog block diagram

Watchdog configuration register(WWDG_CFGR)

[ - [we|ws]wa|ws|wz|wi]wo]
T[6:0] > W[6:0] | |

T

Watchdog control register( WWDG_CTLR)
[woea [16]| 15| 14| 13| 2] 11| 10|
]

RESET

Write WWDG_CTLR[6:0]

WWDG enable control, software on

PCLK1 WDGTB[1:0]

® Enable window watchdog

After the system reset, the watchdog is disabled. Set the WDGA bit in the WWDG_CTLR register to switch
on the watchdog, and then it can no longer be disabled unless a reset occurs.

Note: WWDG clock source can be disabled by setting the RCC APBIPCENR register to suspend
WWDG _CLK counting and indirectly stop the watchdog function. Or reset the WWDG module by setting the
RCC _APBIPRSTR register, which is equivalent to the function of reset.

®  Watchdog configuration

A 7-bit counter which continues downcounting in a cycle is in the watchdog, and it supports read/write access.

To enable watchdog reset function, the following operations are needed:

1) Counter time base: The WDGTBJ[1:0] bits in the WWDG_CFGR register. Note to switch on the WWDG
module clock of the RCC unit.

2) Window counter: Set the W[6:0] bits in the WWDG_CFGR register. This counter is used to be compared
with the current counter by hardware, the value is configured by the user software and will not change. It

serves as the maximum value of window time.
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3) Watchdog enable: The WDGA bit in the WWDG_CTLR register is set to 1 by software, and the watchdog
function is enabled to reset the system.

4) Feed dog: Refresh the current counter value and configure the T[6:0] bits in the WWDG_CTLR register.
This action needs to be executed in the periodic window time after the watchdog function is enabled.

Otherwise, the watchdog reset action occurs.

® Feed dog window time

As shown in Figure 8-2, the gray area is the detector window area of the window watchdog. Its maximum
timeout (t2) corresponds to the time point when the current counter value reaches the window value W[6:0].
Its minimum timeout (t3) corresponds to the time point when the current counter value reaches 0x3F. Within
this area time (t,<t<t3), the feed dog operation can be performed (write T[6:0]) to refresh the current counter

value.

Figure 8-2 Counting mode of window watchdog

Y[6:0]CNT Current value

A
Max=0x7F |— TimeoutTrua*4096*2">™ *(T[5:0]+1])
|
w[6:0] o — — — —
| ‘
Ox3E | Window area
| | I
e T
T Iz 3 im
[Refreshnot allowed|  Refresh allowed 'i Time
l 1
T6 bit i |
| |
| |
RESET ; M
!
| Refresh V‘Vl“‘be | IThe counter will
reset within | reset when CNT
the disallowed I | value<0x40

| refresh time |

®  Watchdog reset:

1) When the feed dog operation is not performed in time, the value of the T[6:0] counter changes from 0x40
to 0x3F, a "Window Watchdog Reset" occurs, and a system reset occurs. L.e., when T6-bit is detected as 0
by hardware, the system reset occurs.

Note: The application program can write 0 to the T6-bit by software to implement system reset, which is
equivalent to software reset function.

2) When the counter refresh action is executed when the feed dog operation is disabled, i.e., when write
operation is performed on the T[6:0] bits when t;<t<t,, a "window watchdog reset" occurs, and a system

reset occurs.

® FEarly wakeup

In order to avoid system reset caused by not refreshing the counter in time, the watchdog module provides
early wake-up interrupt (EWI) notification. When the downcounter reaches 0x40, an early wake-up signal is
generated and the EWIF flag is set to 1. If the EWI bit is set, the window watchdog interrupt is triggered at the
same time. In this case, it takes single counter clock cycle to the hardware reset (downcounting to 0x3F), and

the application can immediately perform feed dog operation within the time limit.

V1.8 77 WH


https://wch-ic.com

CH32FV2x_V3x Reference Manual https://wch-ic.com

8.2.2 Debug Mode
When the system enters debug mode, the WWDG counter can either continues to work normally or stops,
depending on the debugging module register.

8.3 Register Description

Table 8-1 WWDG registers

Name Access address Description Reset value
R16 WWDG CTLR 0x40002C00 | Control register 0x007F
R16 WWDG_CFGR 0x40002C04 Configuration register 0x007F
R16 WWDG_STATR 0x40002C08 Status register 0x0000

8.3.1 WWDG Control Register ( WWDG_CTLR)
Offset address: 0x00

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

Reserved WDGA T[6:0]
Bit Name Access Description Reset value
[15:8] |Reserved RO [Reserved 0

Window watchdog activation bit.

1: Watchdog enabled (reset signal can be
generated);

7 WDGA RWI ) 0
0: Watchdog disabled.

Set by software, and only cleared by hardware

after reset.

7-bit  downcounter.  Decremented  every

(4096*2WPGTB)Y PCLK1 cycles. When the counter
[6:0] |T[6:0] RW . 7Fh
rolls over from 0x40 to 0x3F, i.e., a watchdog reset

is generated when T6 becomes 0.

8.3.2 WWDG Configuration Register ( WWDG_CFGR)
Offset address: 0x04

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

Reserved EWI |WDGTBJ1:0] W[6:0]
Bit Name Access Description Reset value
[15:10] |Reserved RO [Reserved 0

Early wakeup interrupt:

If it set to 1, interrupt is generated when the
9 EWI RWI 0
counter reaches 0x40. It can only be cleared by

hardware after reset.

Window watchdog time base:
[8:7] |WDGTB[1:0] RW . . 00b
00: not divided, counter time base =PCLK1/4096;
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01: divided by 2, counter time base =PCLK1/4096/2;
10: divided by 4, counter time base = PCLK1/4096/4;
11: divided by 8, counter time base = PCLK1/4096/8.

Window watchdog 7-bit window value. It is used
to be compared with the counter value. The feed

[6:0] [W[6:0] RW |dog operation can be performed only when the 7Fh
counter value is less than the window value and is
greater than Ox3F.
8.3.3 WWDG Status Register ( WWDG_STATR)
Offset address: 0x08
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved EWIF
Bit Name Access Description Reset value
[15:1] |Reserved WO |Reserved. 0
Early wakeup interrupt flag.
When the counter reaches 0x40, this bit is set by
0 EWIF RWO |hardware, and it must be cleared by software. User 0
setting is invalid. Even if the EWI is not set, this
bit is still set as usual when the event occurs.
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Chapter 9 Interrupt and Events (NVIC/PFIC)

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V3x.

TheCH32F2x is based on the Cortex-M3 core. It has a built-in Nested Vectored Interrupt Controller (NVIC)
to manage 88 maskable external interrupt channels and 10 core interrupt channels, and other interrupt sources
are reserved. The interrupt controller is closely connected with the core interface, which provides a flexible
interrupt management function with the minimum interrupt delay. For details about the NVIC controller, please

refer to the related documents of Cortex-M3.

The CH32V2x and CH32V3x both have built-in Programmable Fast Interrupt Controller (PFIC), which
supports up to 255 interrupt vectors. The current system manages 88 peripheral interrupt channels and 8 core

interrupt channels, and others are reserved.

9.1 Main Features

9.1.1 NVIC

® 88 maskable interrupt channels

®  Quick response of non-maskable interrupt

®  Vectorized interrupt, which implements that the vector entry address directly enters the core

® Automatic stack and recovery when the interrupt enters and exits, with no additional command

overhead needed

16 nested levels, priority-level dynamically modified

9.1.2 PFIC

® 88 peripheral interrupts. each interrupt request has an independent trigger bit and a mask control bit,
and has a dedicated status bit

® Programmable multi-level interrupt nested, up to 8 nested levels, 3 hardware stack levels

® Dedicated fast interrupt in/out mechanism, hardware automatic stack and recovery, no command
overhead needed

®  Vector Table Free (VTF) interrupt response mechanism, 4-channel programmable access interrupt

vector address

9.2 SysTick Timer

® (CH32F2x

The Cortex-M3 core is provided with a 24-bit downcounter (SysTick timer). It supports HCLK or HCLK/8
served as the time base and has a very high priority level (6). It is generally used to control time base of the
system. Refer to related documents of Cortex-M3 for details.

® (CH32V3x

The core is provided with a 64-bit downcounter (SysTick) that supports HCLK or HCLK/8 as the time base,
has a higher priority and can be used for time base after calibration.
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9.3 Vector Table of Interrupt and Exception

Table 9-1 CH32F2x vector table

P(:):tl Priority |Priority type Name Description Absolute address
- - - Reserved 0x00000000
-3 fixed Reset Reset 0x00000004
2 fixed NMI Non-maskable interrupt 0x00000008
-1 fixed HardFault All class of fault 0x0000000C
0 settable MemManage Memory management 0x00000010
1 settable BusFault Prefetch fault, memory access fault 0x00000014
2 settable UsageFault Undefined instruction or illegal state 0x00000018
) ) ) Reserved 0x0000001C-
0x0000002B
3 settable SVCall System service call via SWI instruction |  0x0000002C
4 settable Debug Monitor Debug monitor 0x00000030
- - - Reserved 0x00000034
5 settable PendSV Pendable system service 0x00000038
6 settable SysTick System tick timer 0x0000003C
0 7 programmable WWDG Window watchdog timer interrupt 0x00000040
1 8 programmable PVD PVD through EXTI Line detection 0x00000044
2 9 programmable TAMPER Tamper interrupt 0x00000048
3 10 |programmable RTC Real-time clock (RTC) global interrupt | 0x0000004C
4 11 programmable FLASH FLASH global interrupt 0x00000050
5 12 |programmable RCC Reset and clock control (RCC) interrupt |  0x00000054
6 13 |programmable EXTIO EXTTI line0 interrupt 0x00000058
7 14  |programmable EXTII EXTI linel interrupt 0x0000005C
8 15  |programmable EXTI2 EXTTI line2 interrupt 0x00000060
9 16  |programmable EXTI3 EXTI line3 interrupt 0x00000064
10 17 |programmable EXTI4 EXTI line4 interrupt 0x00000068
11 18  |programmable DMA1 CHI DMAI channell global interrupt 0x0000006C
12 19 |programmable DMA1 CH2 DMAT1 channel2 global interrupt 0x00000070
13 20  |programmable DMA1 _CH3 DMA1 channel3 global interrupt 0x00000074
14 21  |programmable DMA1 CH4 DMA1 channel4 global interrupt 0x00000078
15 22 |programmable DMA1 CH5 DMAT1 channel5 global interrupt 0x0000007C
16 23 |programmable DMA1 _CH6 DMAI channel6 global interrupt 0x00000080
17 24 |programmable DMA1 CH7 DMA1 channel7 global interrupt 0x00000084
18 25  |programmable ADCI1 2 ADCI1 and ADC2 global interrupt 0x00000088
USB HP or )
19 26  |programmable CAI\?] = USB _HP or CAN1 TX global interrupt | 0x0000008C
0 | 27 pogammable] oo % |USB_LPor CANI_RXO global interrupt| 0x00000090
CANI1_RXO - -
21 28  |programmable CANI1_RX1 CAN1_RXI1 global interrupt 0x00000094
22 29  |programmable CANI1_SCE CAN1_SCE global interrupt 0x00000098
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23 30  |programmable EXTI9 5 EXTT line[9:5] interrupts 0x0000009C
24 31  |programmable TIM1_BRK TIMI1 break interrupt 0x000000A0
25 32 |programmable TIM1 UP TIM1 update interrupt 0x000000A4
2% 3 programmable TIMI_TRG_COM TIM1 trigge'r and communication 0x000000A8
interrupts
27 34  |programmable TIM1 CC TIM1 capture compare interrupt 0x000000AC
28 35  |programmable TIM2 TIM?2 global interrupt 0x000000B0O
29 36  |programmable TIM3 TIM3 global interrupt 0x000000B4
30 37  |programmable TIM4 TIM4 global interrupt 0x000000B8
31 38  |programmable 12C1_EV 12C1 event interrupt 0x000000BC
32 39  |programmable 12C1_ER 12C1 error interrupt 0x000000C0
33 40  |programmable 12C2 EV 12C2 event interrupt 0x000000C4
34 41  |programmable 12C2_ER 12C2 error interrupt 0x000000C8
35 42 |programmable SPI1 SPI1 global interrupt 0x000000CC
36 43  |programmable SPI2 SPI2 global interrupt 0x000000D0
37 44  |programmable USART1 USART]1 global interrupt 0x000000D4
38 45  |programmable USART2 USART?2 global interrupt 0x000000D8
39 46  |programmable USART3 USARTS3 global interrupt 0x000000DC
40 47  |programmable EXTII5 10 EXTI line[15:10] interrupts 0x000000E0
41 48  |programmable RTCAlarm RTC alarm through EXTI line interrupt | 0x000000E4
42 49  |programmable] = USBWakeUp USB wake-up through EXTI line 0x000000E8
43 50  |programmable TIM8 BRK TIMS break interrupt 0x000000EC
44 51  |programmable TIM8 UP TIMS8 update interrupt 0x000000F0
TIMS trigger and communication
45 52 |programmable| TIM8 TRG COM ) 0x000000F4
nterrupts

46 53  |programmable TIM8 _CC TIMS capture compare interrupt 0x000000F8
47 54  |programmable RNG RNG global interrupt 0x000000FC
48 55  |programmable FSMC FSMC global interrupt 0x00000100
49 56  |programmable SDIO SDIO global interrupt 0x00000104
50 57  |programmable TIMS TIMS global interrupt 0x00000108
51 58  |programmable SPI3 SPI3 global interrupt 0x0000010C
52 59  |programmable UART4 UART4 global interrupt 0x00000110
53 60  |programmable UARTS UARTS global interrupt 0x00000114
54 61  |programmable TIM6 TIM6 global interrupt 0x00000118
55 62  |programmable TIM7 TIM7 global interrupt 0x0000011C
56 63  |programmable DMA2 CHI DMAZ2 channell global interrupt 0x00000120
57 64  |programmable DMA2 CH2 DMAZ2 channel2 global interrupt 0x00000124
58 65  |programmable DMA2 CH3 DMAZ2 channel3 global interrupt 0x00000128
59 66  |programmable DMA2 CH4 DMAZ2 channel4 global interrupt 0x0000012C
60 67  |programmable DMA2 CHS5 DMAZ2 channel5 global interrupt 0x00000130
61 68  |programmable ETH ETH global interrupt 0x00000134
62 69  |programmable ETH_WKUP ETH wakeup interrupt 0x00000138
63 70  |programmable CAN2 TX CAN2_TX global interrupt 0x0000013C
64 71  |programmable CAN2 _RXO0 CAN2_RXO0 global interrupt 0x00000140
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65 72 |programmable CAN2 RX1 CAN2 RX1 global interrupt 0x00000144
66 73  |programmable CAN2 _SCE CAN2_SCE global interrupt 0x00000148
67 74 |programmable OTG_FS Full-speed OTG interrupt 0x0000014C
68 75  |programmable] USBHSWakeUp High-speed USB wakeup interrupt 0x00000150
69 76  |programmable USBHS High-speed USB global interrupt 0x00000154
70 77  |programmable DVP DVP global interrupt 0x00000158
71 78  |programmable UART6 UART®6 global interrupt 0x0000015C
72 79  |programmable UART?7 UART?7 global interrupt 0x00000160
73 80  |programmable UARTS UARTS global interrupt 0x00000164
74 81  |programmable TIM9 BRK TIM9 break interrupt 0x00000168
75 82  |programmable TIM9 UP TIM9 update interrupt 0x0000016C
76 | sy PEEPE o TRG com | TMP trigger and communication | 0000 0
- - nterrupts
77 84  |programmable TIM9 CC TIM9 capture compare interrupt 0x00000174
78 85  |programmable TIM10 BRK TIM10 break interrupt 0x00000178
79 86  |programmable TIM10_UP TIM10 update interrupt 0x0000017C
programmable TIM10 trigger and communication
80 87 TIM10_TRG_COM ) 0x00000180
- - nterrupts
81 88  |programmable TIM10 _CC TIM10 capture compare interrupt 0x00000184
82 89  |programmable DMA2 CH6 DMAZ2 channel6 global interrupt 0x00000188
83 90  |programmable DMA2 CH7 DMAZ2 channel7 global interrupt 0x0000018C
84 91  |programmable DMA2 CHS DMAZ2 channel8 global interrupt 0x00000190
85 92  |programmable DMA2 CH9 DMAZ2 channel9 global interrupt 0x00000194
86 93  |programmable; DMA2 CHI10 DMAZ2 channell0 global interrupt 0x00000198
87 94  |programmable, DMA2 CHII DMAZ2 channelll global interrupt 0x0000019C
Table 9-2 CH32V2x and CH32V3x vector table
No. Priority Type Name Description Entry address
0 - - - - 0x00000000
1 - - - - 0x00000004
2 -5 fixed NMI Non-maskable interrupt 0x00000008
3 -4 fixed HardFault Exception interrupt 0x0000000C
4 - - - Reserved 0x00000010
5 -3 fixed Ecall-M Callback interrupt in machine mode | 0x00000014
6.7 ] ) ] Reserved 0x00000018 to
0x0000001C
8 -2 fixed Ecall-U Callback interrupt in user mode 0x00000020
9 -1 fixed BreakPoint Breakpoint callback interrupt 0x00000024
10-11 ) ) ) Reserved 0x00000028 to
0x0000002C
12 0 programmable SysTick System timer interrupt 0x00000030
13 - - - Reserved 0x00000034
14 1 programmable SwW Software interrupt 0x00000038
15 - - - Reserved 0x0000003C
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16 2 programmable WWDG Window timer interrupt 0x00000040
17 3 programmable PVD Power voltage detector interrupt 0x00000044
(EXTI)
18 4 programmable TAMPER Tamper interrupt 0x00000048
19 5 programmable RTC Real-time clock interrupt 0x0000004C
20 6 programmable FLASH Flash memory global interrupt 0x00000050
21 7 programmable RCC Reset and clock control interrupt 0x00000054
22 8 programmable EXTIO EXTTI line0 interrupt 0x00000058
23 9 programmable EXTI1 EXTI linel interrupt 0x0000005C
24 10 programmable EXTI2 EXTI line2 interrupt 0x00000060
25 11 programmable EXTI3 EXTTI line3 interrupt 0x00000064
26 12 programmable EXTI4 EXTTI line4 interrupt 0x00000068
27 13 programmable DMAI1 CHI DMAI channell global interrupt 0x0000006C
28 14 programmable DMA1 CH2 DMAI channel2 global interrupt 0x00000070
29 15 programmable DMAI1 CH3 DMAI channel3 global interrupt 0x00000074
30 16 programmable DMA1 CH4 DMAI channel4 global interrupt 0x00000078
31 17 programmable DMAI1 _CH5 DMAI channel5 global interrupt 0x0000007C
32 18 programmable | DMA1 CH6 DMAT1 channel6 global interrupt 0x00000080
33 19 programmable | DMA1 CH7 DMAT1 channel7 global interrupt 0x00000084
34 20 programmable ADC1 2 ADC1 and ADC2global interrupt 0x00000088
USB HP or )
35 21 programmable CAI\;I . USB _HP or CAN1 TXglobal interrupt| 0x0000008C
USB LP or USB_LP or CAN1_RXOglobal
36 22 programmable ) 0x00000090
CAN1 RXO0 mterrupt
37 23 programmable CANI1_RX1 CAN1_RXlglobal interrupt 0x00000094
38 24 programmable CANI1_SCE CANI1_SCEglobal interrupt 0x00000098
39 25 programmable EXTI9 5 EXTTI line[9:5] interrupts 0x0000009C
40 26 programmable TIM1_BRK TIM1 break interrupt 0x000000A0
41 27 programmable TIM1_UP TIMI1 update interrupt 0x000000A4
TIMI trigger and communication
42 28 programmable | TIM1 TRG COM . 0x000000A8
nterrupts
43 29 programmable TIM1_CC TIMI1 capture compare interrupt 0x000000AC
44 30 programmable TIM2 TIM2 global interrupt 0x000000B0
45 31 programmable TIM3 TIM3 global interrupt 0x000000B4
46 32 programmable TIM4 TIM4 global interrupt 0x000000B8
47 33 programmable 12C1_ EV I>C1 event interrupt 0x000000BC
48 34 programmable 12C1_ER I>C1 error interrupt 0x000000C0
49 35 programmable 12C2_ EV I>C2 event interrupt 0x000000C4
50 36 programmable 12C2_ER I>C2 error interrupt 0x000000C8
51 37 programmable SPI1 SPI1 global interrupt 0x000000CC
52 38 programmable SPI2 SPI2 global interrupt 0x000000D0
53 39 programmable USARTI1 USART]1 global interrupt 0x000000D4
54 40 programmable USART2 USART?2 global interrupt 0x000000D8
55 41 programmable USART3 USARTS3 global interrupt 0x000000DC
56 42 programmable EXTILIS 10 EXTI line[15:10] interrupts 0x000000E0
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57 43 programmable RTCAlarm RTC alarm interrupt (EXTI) 0x000000E4
58 44 programmable | USBWakeUp USB wakeup interrupt (EXTI) 0x000000E8
59 45 programmable TIM8 BRK TIMS break interrupt 0x000000EC
60 46 programmable TIM8 _UP TIMS update interrupt 0x000000F0
TIMS trigger and communication
61 47 programmable | TIM8 TRG_COM i 0x000000F4
nterrupts
62 48 programmable TIM8 CC TIMS capture compare interrupt 0x000000F8
63 49 programmable RNG RNG global interrupt 0x000000FC
64 50 programmable FSMC FSMC global interrupt 0x00000100
65 51 programmable SDIO SDIO global interrupt 0x00000104
66 52 programmable TIMS TIMS global interrupt 0x00000108
67 53 programmable SPI3 SPI3 global interrupt 0x0000010C
68 54 programmable UART4 UART4 global interrupt 0x00000110
69 55 programmable UARTS UARTS5 global interrupt 0x00000114
70 56 programmable TIM6 TIM6 global interrupt 0x00000118
71 57 programmable TIM7 TIM7 global interrupt 0x0000011C
72 58 programmable DMA2 CHI DMAZ2 channell global interrupt 0x00000120
73 59 programmable | DMA2 CH2 DMAZ2 channel2 global interrupt 0x00000124
74 60 programmable DMA2 CH3 DMAZ2 channel3 global interrupt 0x00000128
75 61 programmable | DMA2 CH4 DMAZ2 channel4 global interrupt 0x0000012C
76 62 programmable DMA2 CHS5 DMAZ2 channel5 global interrupt 0x00000130
77 63 programmable ETH ETH global interrupt 0x00000134
78 64 programmable | ETH WKUP ETH wakeup interrupt 0x00000138
79 65 programmable CAN2 TX CAN2_TX global interrupt 0x0000013C
80 66 programmable CAN2 _RXO0 CAN2_RXO0 global interrupt 0x00000140
81 67 programmable CAN2 RX1 CAN2_RX1 global interrupt 0x00000144
82 68 programmable CAN2 SCE CAN2_SCE global interrupt 0x00000148
83 69 programmable OTG_FS Full-speed OTG interrupt 0x0000014C
84 70 programmable | USBHSWakeUp | High-speed USB wakeup interrupt 0x00000150
85 71 programmable USBHS High-speed USB global interrupt 0x00000154
86 72 programmable DVP DVP global interrupt 0x00000158
87 73 programmable UART6 UART6 global interrupt 0x0000015C
88 74 programmable UART7 UART?7 global interrupt 0x00000160
89 75 programmable UARTS UARTS global interrupt 0x00000164
90 76 programmable TIM9 BRK TIM9 break interrupt 0x00000168
91 77 programmable TIM9 _UP TIMO9 update interrupt 0x0000016C
TIMO trigger and communication
92 78 programmable | TIM9 TRG_COM i 0x00000170
nterrupts
93 79 programmable TIM9 _CC TIMO capture compare interrupt 0x00000174
94 80 programmable | TIM10 BRK TIM10 break interrupt 0x00000178
95 81 programmable TIM10_UP TIM10 update interrupt 0x0000017C
TIM10_ TRG_CO | TIMIO trigger and communication
96 82 programmable . 0x00000180
M interrupts
97 83 programmable TIM10_CC TIM10 capture compare interrupt 0x00000184
98 84 programmable DMA2 CH6 DMAZ? channel6 global interrupt 0x00000188
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99 85 programmable DMA2 CH7 DMAZ2 channel7 global interrupt 0x0000018C
100 86 programmable DMA2 CHS DMAZ2 channel8 global interrupt 0x00000190
101 87 programmable DMA2 CH9 DMAZ2 channel9 global interrupt 0x00000194
102 88 programmable | DMA2 CHI0 DMAZ2 channell0 global interrupt 0x00000198
103 89 programmable | DMA2 CHI1 DMAZ2 channelll global interrupt 0x0000019C

9.4 External Interrupt and Event Controller (EXTI)

9.4.1 Overview

Figure 9-1 External interrupt (EXTI) interface block diagram

[ APBbus |
A
Y
PCLK2—>| Peripheral interface |
A A A A A
A22 A22 422 A 22 A 22
Y \ A \ A Y \ A
INTFR INTENR SWIEVR RTENR FTENR
To NVIC interrupt 122 £ 22 x22 1 22
controller
i ,I
22

( ‘ , Edge detect r Input
22 circuit 1 Line

. Pulse
22 generator | 22 (

A

EVENR

Figure shown in Figure 9-1, the trigger source of an external interrupt can be either a software interrupt
(SWIEVR) or an actual external interrupt channel. The signal of the external interrupt channel is firstly filtered
by the edge detect circuit. As long as either soft interrupt or external interrupt signal is generated, it is output
to dual AND gate circuits of event enable and interrupt enable through the OR circuit in the figure. As long as
the interrupt or the event is enabled, an interrupt or event is generated. 6 registers of EXTI are accessed by the

processer through APB2 interface.

9.4.2 Wakeup Event

The system can wake up from sleep mode caused by WFE command via wake-up event. The wake-up event

is generated through the following 2 types of configuration:

® Enable an interrupt in the peripheral register, but do not enable the interrupt in the NVIC or PEIC of the
core, and enable the SEVONPEND bit in the core at the same time. Reflected in EXTI, EXTI interrupt is
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enabled, but EXTTI interrupt in NVIC or PEIC is not enabled, at the same time, enable the SEVONPEND
bit. When the CPU is woken up from WFE, the EXTI interrupt flag bit and NVIC/PEIC pending bit need
to be cleared.

® FEnable an EXTI channel as an event channel. It is not necessary to clear the interrupt flag bit and
NVIC/PEIC pending bit after the CPU is woken up from WFE.

9.4.3 Description
To use the external interrupt, it is needed to configure the corresponding external interrupt channel, i.e., select

the corresponding trigger edge and enable the interrupt. When the set trigger edge appears on the external
interrupt channel, an interrupt request is generated and the corresponding interrupt flag bit is also set. Write 1
to the flag bit to clear such flag bit.

Steps to use external hardware interrupt:

1) Configure GPIO;

2) Configure the EXTI INTENR bit in the corresponding external interrupt channel;

3) Configure the trigger edge (EXTI_RTENR or EXTI_FTENR), select rising edge trigger, falling edge trigger
or double edges trigger;

4) Configure the EXTTI interrupt in the NVIC/PFIC of the core to ensure that it can respond correctly.

Steps to use external hardware event:

1) Configure GPIO;

2) Configure the EXTI_EVENR bit in the corresponding external interrupt channel;

3) Configure the trigger edge (EXTI_RTENR or EXTI_FTENR), select rising edge trigger, falling edge trigger
or double edges trigger.

Steps to use software interrupt/event:

1) Enable external interrupt (EXTI INTENR) or external event (EXTI_EVENR);

2) To use the interrupt service function, set the EXTI interrupt in the NVIC/PEIC of the core;
3) Set the software interrupt trigger (EXTI_SWIEVR) to generate an interrupt.

9.4.4 External Event Map

Table 9-3 EXTI interrupt map

External . e
: : Mapping event description
interrupt/event line
Px0 ~ Px15 (x=A/B/C/D/E). Any IO port can enable the external
EXTIO~EXTI15 ) i )
interrupt/event function, configured by AFIO EXTICRXx register.
EXTI16 PVD event: Exceed the voltage detector threshold
EXTI17 RTC alarm event
USBD/USBFSOTG wakeup event (applied for CH32F20x DS§,
EXTII8 CH32F20x_DS8C, CH32V30x D8 and CH32V30x_D8C)
USBD wakeup event (applied for other product numbers)
EXTII9 ETH wakeup event
EXTI0 USBHS wakeup event (applied for CH32F20x _D8C and CH32V30x_D&C)
USBFS wakeup event (applied for other product numbers)
EXTI21 Internal 32K calibration wakeup event (applied for CH32V20x_ DS,
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CH32V20x_D8SW and CH32F20x_D8W)

9.5 Register Description

9.5.1 EXTI Registers

Table 9-4 EXTI registers

Name Access address Description Reset value
R32 EXTI INTENR 0x40010400 Interrupt enable register 0x00000000
R32 EXTI EVENR 0x40010404 Event enable register 0x00000000
R32 EXTI RTENR 0x40010408 Rising edge trigger enable register 0x00000000
R32 EXTI FTENR 0x4001040C Falling edge trigger enable register 0x00000000
R32 EXTI SWIEVR 0x40010410 Software interrupt event register 0x00000000
R32 EXTI INTFR 0x40010414 Interrupt flag register 0x0000XXXX
9.5.1.1 Interrupt Enable Register (EXTI_INTENR)
Offset address: 0x00
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved MR20[MR19|MR18|MR17|MR16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MR15|MR 14| MR13 M; 1 MR11|MR 10| MR9 | MR8 | MR7 | MR6 | MRS | MR4 | MR3 | MR2 | MR1 | MRO
Bit Name Access Description Reset value
[31:20] |Reserved RO |Reserved. 0
Interrupt request signal of external interrupt
channelx enable:
[20:0] [MRx RW 0
1: Interrupt enabled;
0: Interrupt disabled.
9.5.1.2 Event Enable Register (EXTI_EVENR)
Offset address: 0x04
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved M(I){2 M;{I Mé(l M;U MR16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MRITIMRE MR MRig |MREMEU VRO | MRS [ MR7 [ MR6 | MRS [ MR4 | MR3 | MR2 | MR1 [ MRO
Bit Name Access Description Reset value
[31:21] |Reserved RO |Reserved. 0
Event request signal of external interrupt channelx
[20:0] |[MRx Ry |cnable: 0
1: Event enabled;
0: Event disabled.
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9.5.1.3 Rising Edge Trigger Enable Register (EXTI _RTENR)
Offset address: 0x08

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

Reserved TR20|TR19|TR18|TR17|TR16

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

TR15|TR14 Tl;l TRI12 |TR11|TR10| TR9 | TR8 | TR7 | TR6 | TRS | TR4 | TR3 | TR2 | TR1 | TRO

Bit Name Access Description Reset value
[31:21] |Reserved RO |Reserved. 0

Rising edge trigger of external interrupt channelx

enable:
[20:0] |TRx RW . . 0
1: Rising edge trigger enabled;

0: Rising edge trigger disabled.

9.5.1.4 Falling Edge Trigger Enable Register (EXTI_FTENR)
Offset address: 0x0C

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved TR20|TR19|TR18|TR17|TR16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TR15|TR14 Tgl TR12 |TR11|TR10| TRY | TR8 | TR7 | TR6 | TRS | TR4 | TR3 | TR2 | TR1 | TRO

Bit Name Access Description Reset value
[31:21] |Reserved RO [Reserved 0
Falling edge trigger of external interrupt channelx
enable:
[20:0] |TRx RW 0

0: Falling edge trigger disabled;
1: Falling edge trigger enabled.

9.5.1.5 Software Interrupt Event Register (EXTI_SWIEVR)
Offset address: 0x10

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

SWIE|SWIE|SWIE|SWIE|SWIE
R20|RI9|RI8|RI17|R 16

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

SWIE|SWIE|SWIE|SWIE|SWIE|SWIE|SWIE|SWIE|SWIE|SWIE|SWIE|SWIE|SWIE|SWIE|SWIE|SWIE
R15|RI4 |RI3 | RI2Z | RIT | RIO| RO | R8 | R7 | R6 | RS | R4 | R3 | R2 | Rl | RO

Reserved

Bit Name Access Description Reset value
[31:21] |Reserved RO |Reserved. 0

Set a software interrupt on the corresponding
[20:0] [SWIERx RW 0

external trigger interrupt channel. With these bits
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set, the corresponding bit of the interrupt flag bit
(EXTI_INTFR) is If the
(EXTI_INTENR) 1is enabled or the event
(EXTI_EVENR) is enabled, an interrupt or event
is generated.

set. interrupt

9.5.1.6 Interrupt Flag Register (EXTI_INTFR)
Offset address: 0x14

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved IF20 | IF19 | IF18 | IF17 | IF16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IF15 | IF14 | IF13 | I[F12 | IF11 | IF10 | IF9 | IF8 | 1IF7 | IF6 | IF5 | IF4 | IF3 | IF2 | IF1 | IFO
Bit Name Access Description Reset value
[31:21] |Reserved RO |Reserved. 0
Interrupt flag. When these bits are set, the
[20:0] |IFx W1 |corresponding external interrupt has occurred. X
Write 1 to clear it.
9.5.2 PFIC Registers
Table 9-5 PFIC registers
Name Access address Description Reset value
R32 PFIC ISR1 0xEOOOE000 | PFIC interrupt enable status registerl 0x0000000C
R32 PFIC ISR2 0xEOOOE004 | PFIC interrupt enable status register2 0x00000000
R32 PFIC ISR3 0xEO00E008 | PFIC interrupt enable status register3 0x00000000
R32 PFIC ISR4 0xEOO00EOOC | PFIC interrupt enable status register4 0x00000000
PFIC interrupt pending status
R32 PFIC IPRI1 0xE000E020 ) 0x00000000
- - registerl
PFIC interrupt pending status
R32 PFIC IPR2 0xE000E024 ) 0x00000000
- - register2
PFIC interrupt pending status
R32 PFIC IPR3 0xE000E028 ) 0x00000000
- - register3
PFIC interrupt pending status
R32 PFIC IPR4 0xE000E02C ) 0x00000000
- - register4
PFIC interrupt priority threshold
R32 PFIC ITHRESDR 0xE000E040 ) ) 0x00000000
- - configuration register
R32 PFIC_CFGR 0xEOOOE048 | PFIC interrupt configuration register 0x00000000
R32 PFIC GISR 0xEOOOE04C | PFIC interrupt global status register 0x00000000
PFIC VTF interrupt ID configuration
R32 PFIC_VTFIDR 0xEO00E050 ) 0x00000000
- - register
PFIC VTF interruptO offset address
R32 PFIC_VTFADDRRO 0xEO00E060 ) 0x00000000
- - register
R32 PFIC VTFADDRRI1 0xE000E064 | PFIC VTF interruptl offset address 0x00000000
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register
PFIC VTF interrupt2 offset address
R32 PFIC VTFADDRR?2 0xEO00E068 ) 0x00000000
- - register
PFIC VTF interrupt3 offset address
R32 PFIC VTFADDRR3 0xE000E06C ) 0x00000000
- - register
R32 PFIC IENRI 0xEOOOE100 | PFIC interrupt enable set registerl 0x00000000
R32 PFIC IENR2 0xEO00E104 | PFIC interrupt enable set register2 0x00000000
R32 PFIC IENR3 0xEOO0E108 | PFIC interrupt enable set register3 0x00000000
R32 PFIC IENR4 0xEOO00E10C | PFIC interrupt enable set register4 0x00000000
R32 PFIC IRERI1 0xEOO0E180 | PFIC interrupt enable clear registerl 0x00000000
R32 PFIC IRER2 0xEOO0E184 | PFIC interrupt enable clear register2 0x00000000
R32 PFIC IRER3 0xEOO0OE188 | PFIC interrupt enable clear register3 0x00000000
R32 PFIC IRER4 0xEOOOE18C | PFIC interrupt enable clear register4 0x00000000
R32 PFIC IPSRI1 0xEOOOE200 | PFIC interrupt pending set registerl 0x00000000
R32 PFIC IPSR2 0xEOOOE204 | PFIC interrupt pending set register2 0x00000000
R32 PFIC IPSR3 0xEOOOE208 | PFIC interrupt pending set register3 0x00000000
R32 PFIC IPSR4 0xEOOOE20C | PFIC interrupt pending set register4 0x00000000
PFIC interrupt pending clear
R32 PFIC IPRRI1 0xEO00E280 ) 0x00000000
- - registerl
PFIC interrupt pending clear
R32 PFIC IPRR2 0xEO00E284 ) 0x00000000
- - register2
PFIC interrupt pending clear
R32 PFIC IPRR3 0xE000E288 ) 0x00000000
- - register3
PFIC interrupt pending clear
R32 PFIC IPRR4 0xE000E28C ) 0x00000000
- - register4
R32 PFIC TACTRI 0xEO00E300 | PFIC interrupt activation registerl 0x00000000
R32 PFIC TACTR2 0xEO00E304 | PFIC interrupt activation register2 0x00000000
R32 PFIC IACTR3 0xEO00E308 | PFIC interrupt activation register3 0x00000000
R32 PFIC TACTR4 0xEOOOE30C | PFIC interrupt activation register4 0x00000000
PFIC interrupt priority configuration
R32 PFIC IPRIORx 0xEO00E400 ) 0x00000000
- - register
R32 PFIC_SCTLR 0xEOOOED10 | PFIC system control register 0x00000000

Note: 1. Interrupts of NMI, EXC, ECALL-M, ECALL-U and BREAKPOINT are always enabled by default.
2. ECALL-M, ECALL-U and BREAKPOINT each is I case of EXC. The status is indicated by bit3 in the

EXC.

3. NMI and EXC both support interrupt pending clear and set operation, but they do not support interrupt

enable clear and set operation.
4. ECALL-M, ECALL-U and BREAKPOINT do not support interrupt pending clear and set operation or

interrupt enable clear and set operation.

9.5.2.1 PFIC Interrupt Enable Status Registerl (PFIC_ISR1)

Offset address: 0x00
31 30 29 28

27

26 25 24 23 22 21 20 19 18 17 16

INTENSTA[31:16]
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

INTENINTENINTEN|INTEN Reserved INTEN{INTEN Reserved
STAI5| STA14| STAI3| STAI2 STA3 | STA2
. . Reset
Bit Name Access Description
value
Enable status of 12# to 31# interrupts.
[31:12] |INTENSTA RO | 1: Interrupt enabled; 0
0: Interrupt disabled.
[11:4] |Reserved RO |Reserved 0
Enable status of 2# to 3# interrupts.
[3:2] |INTENSTA RO | 1: Interrupt enabled; 0
0: Interrupt disabled.
[1:0] Reserved RO |Reserved 0

9.5.2.2 PFIC Interrupt Enable Status Register2 (PFIC_ISR2)
Offset address: 0x04

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

INTENSTA[63:48]

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

INTENSTA[47:32]

Reset

Bit Name Access Description
value

Enable status of 32# to 63# interrupts:
[31:0] INTENSTA RO 1: Interrupt enabled; 0
0: Interrupt disabled.

9.5.2.3 PFIC Interrupt Enable Status Register3 (PFIC_ISR3)
Offset address: 0x08

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

INTENSTA[95:80]

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

INTENSTA[79:64]

Reset

Bit Name Access Description
value

Enable status of 64# to 95# interrupts:
[31:0] | INTENSTA RO 1: Interrupt enabled; 0
0: Interrupt disabled.

9.5.2.4 PFIC Interrupt Enable Status Register4 (PFIC_ISR4)
Offset address: 0x0C
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31 30 29 28 27 26

25 24 23 22 21 20 19 18 17 16

Reserved

15 14 13 12 11 10

9 8 7 6 5 4 3 2 1 0

Reserved INTENSTA[103:96]
g . Reset
Bit Name Access Description
value
[31:8] | Reserved RO Reserved 0
Enable status of 96# to 103# interrupts:
[7:0] INTENSTA RO 1: Interrupt enabled; 0
0: Interrupt disabled.

9.5.2.5 PFIC Interrupt Pending Status Registerl (PFIC_IPR1)

Offset address: 0x20
31 30 29 28 27 26

25 24 23 22 21 20 19 18 17 16

PENDSTA[31:16]

15 14 13 12 11 10

9 8 7 6 5 4 3 2 1 0

PEN | PEN | PEN | PEN PEN | PEN
DST | DST | DST | DST Reserved DST | DST| Reserved
AlS | Al4 | A13 | Al2 A3 | A2
g .. Reset
Bit Name Access Description
value
Pending status of 12# to 31# interrupts:
[31:12] | PENDSTA RO 1: Interrupt pended; 0
0: Interrupt not pended.
[11:4] Reserved RO Reserved 0
Pending status of 2# to 3# interrupts.
[3:2] PENDSTA RO 1: Interrupt pended; 0
0: Interrupt not pended.
[1:0] Reserved RO Reserved 0

9.5.2.6 PFIC Interrupt Pending Status Register2 (PFIC_IPR2)

Offset address: 0x24
31 30 29 28 27 26

25 24 23 22 21 20 19 18 17 16

PENDSTA[63:48]

15 14 13 12 11 10

9 8 7 6 5 4 3 2 1 0

PENDSTA[47:32]

: . Reset
Bit Name Access Description
value
Pending status of 32# to 63# interrupts:
[31:0] | PENDSTA RO 0
1: Interrupt pended;

93 WH



https://wch-ic.com

CH32FV2x_V3x Reference Manual https://wch-ic.com

‘ ‘ 0: Interrupt not pended.

9.5.2.7 PFIC Interrupt Pending Status Register3 (PFIC_IPR3)
Offset address: 0x28

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

PENDSTA[95:80]

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

PENDSTA[79:64]

Reset

Bit Name Access Description
value

Pending status of 64# to 95# interrupts:
[31:0] | PENDSTA RO 1: Interrupt pended; 0
0: Interrupt not pended.

9.5.2.8 PFIC Interrupt Pending Status Register4 (PFIC_IPR4)
Offset address: 0x2C

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved PENDSTA[103:96]
Bit Name Access Description Reset
value
[31:8] | Reserved RO Reserved 0
Pending status of 96# to 103# interrupts:
[7:0] PENDSTA RO 1: Interrupt pended; 0
0: Interrupt not pended.

9.5.2.9 PFIC Interrupt Priority Threshold Configuration Register (PFIC_ITHRESDR)
Offset address: 0x40

31 30 29 28 27 262524 23222120191817161514 13121110 9 8 7 6 5 4 3 2 1 O

Reserved THRESHOLDJ[7:0]
g . Reset
Bit Name Access Description
value
[31:8] | Reserved RO Reserved. 0

Interrupt priority threshold.

If the interrupt priority value is lower than
the current set value, interrupt service is
[7:0] THRESHOLD RW , 0
not performed when pended. When this

register is 0, it means that the threshold

register function is invalid.
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[7:4]: Priority threshold.
[3:0]: Reserved. Fixed to 0. Invalid if

writing.

9.5.2.10 PFIC Interrupt Configuration Register (PFIC_CFGR)
Offset address: 0x48

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
KEYCODE][15:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved Rggs Reserved
; o Reset
Bit Name Access Description
value
Correspond to different target control bits. These bits
can only be modified when the corresponding
security access identification data is written
[31:16] |KEYCODE WO |synchronously, and the read data is fixed to 0. 0
KEY1 = 0xFAO05;
KEY2 = 0xBCAF;
KEY3 = 0xBEEF.
[15:8] Reserved RO |Reserved. 0
System reset (write to KEY3 synchronously).
Cleared automatically.
7 RSTSYS WO | Valid when writing 1, while invalid when writing 0. 0
Note: It has the same function as that of the
SYSRESET bit in the PFIC _SCTLR register.
[6:0] Reserved RO |Reserved. 0
9.5.2.11 PFIC Interrupt Global Status Register (PFIC_GISR)
Offset address: 0x4C
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GPE | GAC
Reserved ND| T NESTSTA[7:0]
STA | STA
: . Reset
Bit Name Access Description
value
[31:10] | Reserved RO | Reserved. 0
Whether there is pending interrupt currently:
9 GPENDSTA RO 0
1: Yes; 0:No.
8 GACTSTA RO | Whether the interrupt is executed currently: 0
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1: Yes; 0:No.

Current interrupt nested status. 8 nested levels

currently supported, up to 3 hardware stack
levels. If the set nested depth is greater than 3,
the lower 3 interrupts should be configured as
hardware stack, and other interrupts are
configured as software stack.

OxFF: Level 8 interrupt;

0x7F: Level 7 interrupt;

0x3F: Level 6 interrupt;

Ox1F: Level 5 interrupt;

0xOF: Level 4 interrupt;

0x07: Level 3 interrupt;

0x03: Level 2 interrupt;

0x01: Level 1 interrupt;

[7:0] NESTSTA RO | 0x00: No interrupt; 0
Others: Impossible case.

Note: Applicable to QingKeV4F core:
CH32V30x_DS8, CH32V30x_DSC.

Current interrupt nesting status, currently
supports a maximum of 2 levels of nesting and
a maximum hardware stack depth of 2 levels.
0x03: Level 2 interrupt.

0x01: Level 1 interrupt.

0x00: No interrupt.

Others: Impossible case.

Note: Applicable to QingKeV4B and V4C
cores:  CH32V20x_D6, CH32V20x_DS§,
CH32V20x_D8W.

9.5.2.12 PFIC VTF Interrupt ID Configuration Register (PFIC_VTFIDR)
Offset address: 0x50

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

VTFID3 VTFID2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VTFID1 VTFIDO
Bit Name Access Description Reset
value
[31:24] | VTFID3 RW | Configure VTF interrupt3 ID 0
[23:16] | VTFID2 RW | Configure VTF interrupt2 ID 0
[15:8] | VTFID1 RW | Configure VTF interruptl ID 0
[7:0] VTFIDO RW | Configure VTF interruptO ID 0
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9.5.2.13 PFIC VTF Interrupt 0 Address Register (PFIC_VTFADDRRO0)
Offset address: 0x60

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADDRO[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADDRO[15:1] VIToE
3 .. Reset
Bit Name Access Description
value
VTF interruptO service program address.
[31:1] | ADDRO RW o 0
Bit0 is 0.
VTF interrupt0 enable bit:
0 VTFOEN RW | 1: VTF interruptO channel enabled; 0
0: Disabled.
9.5.2.14 PFIC VTF Interruptl Address Register (PFIC_VTFADDRRI1)
Offset address: 0x64
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADDRI[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADDRI[15:1] VIR
3 .. Reset
Bit Name Access Description
value
VTF interrupt] service program address.
[31:1] | ADDRI1 RW o 0
Bit0 is 0.
VTF interruptl enable bit:
0 VTFIEN RW 1: VTF interrupt] channel enabled; 0
0: Disabled.
9.5.2.15 PFIC VTF Interrupt2 Address Register (PFIC_VTFADDRR?2)
Offset address: 0x68
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADDR2[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADDR2[15:1] VIEeE
3 .. Reset
Bit Name Access Description
value
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VTF interrupt2 service program address
[31:1] | ADDR2 RW . o 0
bit[31:1]. Bit0 is 0.
VTF interrupt2 enable bit:
0 VTF2EN RW | 1: VTF interrupt2 channel enabled; 0
0: Disabled.
9.5.2.16 PFIC VTF Interrupt3 Address Register (PFIC_VTFADDRR3)
Offset address: 0x6C
31 30 29 28 27 26 25 24 23 22 21 20 19 17 16
ADDR3[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
ADDR3[15:1] VTF3EN
g . Reset
Bit Name Access Description
value
VTF interrupt3 service program address
[31:1] | ADDR3 RW ) o 0
bit[31:1]. Bit0 is 0.
VTF interrupt3 enable bit:
0 VTF3EN RW | 1: VTF interrupt3 channel enabled; 0
0: Disabled.
9.5.2.17 PFIC Interrupt Enable Set Register 1 (PFIC_IENR1)
Offset address: 0x100
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
INTEN[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INTENJINTENI| INTE
15 4 | N3 INTENI12 Reserved
g . Reset
Bit Name Access Description
value
12# to 31# interrupts enable:
[31:12] | INTEN WO | 1: Interrupt enabled; 0
0: No effect.
[11:0] | Reserved RO Reserved 0
9.5.2.18 PFIC Interrupt Enable Set Register 2 (PFIC_IENR2)
Offset address: 0x104
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
INTEN[63:48]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INTEN[47:32]
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: . Reset
Bit Name Access Description
value
32# to 63# interrupts enable:
[31:0] INTEN WO 1: Interrupt enabled; 0
0: No effect.

9.5.2.19 PFIC Interrupt Enable Set Register 3 (PFIC_IENR3)
Offset address: 0x108

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

INTEN[95:80]

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

INTEN[79:64]

: . Reset
Bit Name Access Description
value
64# to 95# interrupts enable:
[31:0] | INTEN WO | 1: Interrupt enabled; 0
0: No effect.

9.5.2.20 PFIC Interrupt Enable Set Register 4 (PFIC_IENR4)
Offset address: 0x10C

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved INTEN[103:96]
Bit Name Access Description Reset
value
[31:8] | Reserved RO Reserved 0
96# to 103# interrupts enable:
[7:0] INTEN WO 1: Interrupt enabled; 0
0: No effect.

9.5.2.21 PFIC Interrupt Enable Clear Register 1 (PFIC_IRER1)
Offset address: 0x180

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

INTR INT
SET1 [INIRSE| o g [INTRSET Reserved
S oma R
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g . Reset
Bit Name Access Description
value
12# to 31# interrupts reset:
[31:12] | INTRSET WO 1: Interrupt reset; 0
0: No effect.
[11:0] | Reserved RO Reserved 0

9.5.2.22 PFIC Interrupt Enable Clear Register 2 (PFIC_IRER?2)
Offset address: 0x184
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

INTRSET[63:48]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INTRSET[47:32]

3 .. Reset
Bit Name Access Description
value
32# to 63# interrupts reset:
[31:0] INTRSET WO 1: Interrupt reset; 0
0: No effect.

9.5.2.23 PFIC Interrupt Enable Clear Register 3 (PFIC_IRER3)
Offset address: 0x188
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

INTRSET[95:80]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INTRSET [79:64]
Bit Name Access Description Reset
value
64# to 95# interrupts reset:
[31:0] INTRSET WO 1: Interrupt reset; 0
0: No effect.

9.5.2.24 PFIC Interrupt Enable Clear Register 4 (PFIC_IRER4)
Offset address: 0x18C
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Reserved

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

INTRSET[103:96]

Reserved
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g . Reset
Bit Name Access Description
value
[31:8] Reserved RO Reserved 0
96# to 103# interrupts reset:
[7:0] INTRSET WO 1: Interrupt reset; 0
0: No effect.

9.5.2.25 PFIC Interrupt Pending Set Register 1 (PFIC_IPSR1)
Offset address: 0x200

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

PENDSET[31:16]

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

PEN
PEND|PEND PEND PEND|PEND,
SETIS|SET14| DOF| SETL2 Reserved SET3[SET2| Reserved
g . Reset
Bit Name Access Description
value
12# to 31# interrupts pending set. 13# and
15# interrupts are reserved.
[31:12] | PENDSET WO 0
1: Interrupt pended;
0: No effect.
[11:4] Reserved RO Reserved 0
2# to 3# interrupts pending set.
[3:2] PENDSET WO | 1: Interrupt pended; 0
0: No effect.
[1:0] Reserved RO Reserved 0

9.5.2.26 PFIC Interrupt Pending Set Register 2 (PFIC_IPSR2)
Offset address: 0x204

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

PENDSET[63:48]

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

PENDSET[47:32]

g .. Reset
Bit Name Access Description
value
32# to 63# interrupts pending set.
[31:0] PENDSET WO | 1: Interrupt pended; 0
0: No effect.

9.5.2.27 PFIC Interrupt Pending Set Register 3 (PFIC IPSR3)
Offset address: 0x208
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PENDSET[95:80]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PENDSET[79:64]
g .. Reset
Bit Name Access Description
value
64# to 95# interrupts pending set.
[31:0] PENDSET WO | 1: Interrupt pended; 0
0: No effect.
9.5.2.28 PFIC Interrupt Pending Set Register 4 (PFIC _IPSR4)
Offset address: 0x20C
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved PENDSET [103:96]
g . Reset
Bit Name Access Description
value
[31:8] Reserved RO Reserved 0
96# to 103# interrupts pending set.
[7:0] PENDSET WO 1: Interrupt pended; 0
0: No effect.
9.5.2.29 PFIC Interrupt Pending Clear Register 1 (PFIC_IPRR1)
Offset address: 0x280
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PENDRST/[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PEND | PEND [PEND PEND PEND | PEND
RESET| RESET |RESE RESETI2 Reserved RESE | RESE| Reserved
15 14 | T13 | T2
. . Reset
Bit Name Access Description
value
12# to 31# interrupts pending reset. 13#
and 15# are reserved.
[31:12] | PENDRST WO ) 0
1: Interrupt pending status reset;
0: No effect.
[11:4] Reserved RO Reserved 0
2# to 3# interrupts pending reset:
[3:2] PENDRST WO ) 0
1: Interrupt pending status reset;
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0: No effect.
[1:0] Reserved RO Reserved 0

9.5.2.30 PFIC Interrupt Pending Clear Register 2 (PFIC_IPRR2)
Offset address: 0x284

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

PENDRST[63:48]

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

PENDRST[47:32]
g . Reset
Bit Name Access Description
value
32# to 63# interrupts pending reset:
[31:0] PENDRST WO 1: Interrupt pending status reset; 0
0: No effect.

9.5.2.31 PFIC Interrupt Pending Clear Register 3 (PFIC_IPRR3)
Offset address: 0x288

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

PENDRST[95:80]

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

PENDRST[79:64]

: . Reset
Bit Name Access Description
value
64# to 95# interrupts pending reset:
[31:0] PENDRESET WO | 1: Interrupt pending status reset; 0
0: No effect.

9.5.2.32 PFIC Interrupt Pending Clear Register 4 (PFIC_IPRR4)
Offset address: 0x28C

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved PENDRST [103:96]
Bit Name Access Description Reset
value
[31:8] Reserved RO Reserved 0
96# to 103# interrupts pending reset:
[7:0] PENDSET WO | 1: Interrupt pending status reset; 0
0: No effect.
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9.5.2.33 PFIC Interrupt Activation Register 1 (PFIC_IACTR1)
Offset address: 0x300

31 30 29 280 27 26 25 24 23 22 21 20 19 18 17 16

IACTS [31:16]

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

IACTS|IACTS1|IACTS| IACTSI IACTS|IACTS
Reserved Reserved
15 4 13 2 3 2
g .. Reset
Bit Name Access Description
value

12# to 31# interrupts activation status. 13#

and 15# are reserved.

[31:12] | IACTS RO . 0
1: Interrupt activating;

0: No interrupt activated.

[11:4] Reserved RO Reserved 0
2# to 3# interrupts activation status:
[3:2] IACTS RO 1: Interrupt activating; 0
0: No interrupt activated.
[1:0] Reserved RO Reserved 0

9.5.2.34 PFIC Interrupt Activation Register 2 (PFIC_IACTR?2)

Offset address: 0x304
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

IACTS[63:48]

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

IACTS[47:32]

Reset

Bit Name Access Description
value

32# to 63# interrupts activation status:
[31:0] IACTS RO 1: Interrupt activating; 0
0: No interrupt activated.

9.5.2.35 PFIC Interrupt Activation Register 3 (PFIC_IACTR3)
Offset address: 0x308
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

TACTS[95:80]

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

IACTS[79:64]
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g . Reset
Bit Name Access Description
value
64# to 95# interrupts activation status:
[31:0] IACTS RO 1: Interrupt activating; 0
0: No interrupt activated.
9.5.2.36 PFIC Interrupt Activation Register 4 (PFIC_IACTR4)
Offset address: 0x30C
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved TIACTS [103:96]
g . Reset
Bit Name Access Description
value
[31:8] Reserved RO Reserved 0
96# to 103# interrupts activation status:
[7:0] IACTS WO | 1: Interrupt activating; 0
0: No interrupt activated.

9.5.2.37 PFIC Interrupt Priority Configuration Register (PFIC_IPRIORXx) (x=0-63)
Offset address: 0x400 to 0x4FF
The controller supports 256 interrupts (0-255), and the priority of each interrupt is controlled by 8bits.

31 | 24 | 23 | 16 | 15 | 8|7 | 0
IPRIOR63 PRIO_255 PRIO 254 PRIO_253 PRIO 252
IPRIORx PRIO_(4x+3) PRIO_(4x+2) PRIO_(4x+1) PRIO_(4x)
IPRIORO PRIO 3 PRIO 2 PRIO 1 PRIO 0
g e Reset
Bit Name Access Description
value
[2047:2040] (IP_255 RW  |See description of IP_0. 0
[31:24] IP 3 RW  |See description of IP_0. 0
[23:16] IP 2 RW  |See description of IP_0. 0
[15:8] IP 1 RW |See description of IP_0. 0
InterruptO priority configuration:
[7:5]: Priority control bits.
[7:0] IP 0 RW i i 0
No nested, no preemption bit;
For 2 nested levels, bit7 is the preemption bit;
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For 4 nested levels, bit7-bit6 are preemption bits;

For 8 nested levels, bit7-bit5 are preemption bits.

The smaller priority value, the higher the priority. If|
interrupts with the same preemption priority are
pended at the same time, execute the interrupt with the
highest priority firstly.

[4:0]: Reserved, fixed to 0, write invalid.

Note:  Applicable to QingKe V4F  core:
CH32V30x_D8, CH32V30x_DSC.

Number 0 interrupt priority configuration.

[7:5]: Priority control bits.

If no nesting is configured, no preemption bit.

If configured with 2 levels of nesting, bit7 is the
preemption bit.

The smaller the priority value, the higher the priority.
If the same preemption priority interrupt hangs at the
same time, the interrupt with the higher priority is
executed first.

[4:0]: Reserved, fixed to 0, write invalid.

Note: Applicable to QingKe V4B and V4C cores:

CH32V20x_D6, CH32V20x_D8, CH32V20x_DS8W.

9.5.2.38 PFIC System Control Register (PFIC_SCTLR)

Offset address: 0xD10

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ISSS{% Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SET | SEV |WFIT|SLEE|SLEEP Reser
Reserved EVE |ONPE| O P |ONEX ved
NT | ND | WFE |DEEP| IT
g . Reset
Bit Name Access Description
value
System reset. Cleared automatically. Valid
when writing 1, while invalid when
31 SYSRST WO . 0
writing 0. It has the same effect as that of
the PFIC_CFGR register.
[30:6] Reserved RO Reserved 0
5 SETEVENT WO | Set event. To wake up WFE. 0
When an event or interrupt is pended,
wake up the system via WFE instruction.
4 SEVONPEND RW | If WFE instruction is not executed, system 0
wakes up immediately the next time WFE
instruction is executed.
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1: The enabled events and all interrupts
(including disabled interrupts) can wake
up the system;

0: Only enabled events and enabled
interrupts can wake up the system.

WEFI instruction serves as WFE

1: Subsequent WFI instruction serves as

3 WFITOWFE RW ) ) 0
WFE instruction;
0: No effect.
System low power mode control:

2 SLEEPDEEP RW 0
1: Deep sleep; 0: Sleep.
System status control after exiting
interrupt service program:

1 SLEEPONEXIT RW i 0
1: System goes into low power mode;
0: System goes into the main program.

0 Reserved RO Reserved. 0

9.5.3 Dedicated CSR Registers
RISC-V defines some Control and Status Control Registers (CSR), which are used to configure, flag or record

run status. CSR register is a register in the cores, with dedicated 12-bit address space. The CH32V20x and

CH32V30x not only have standard registers defined in RISC-V privileged architecture documentation, but

also have some additional vendor-defined registers which need csr instruction to access.

Note: The CSR registers with attribute of MRW/MRO/MRW 1 need to be accessed in machine mode.

9.5.3.1 Interrupt System Control Register INTSYSCR)
CSR address: 0x804

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PMTSTA Reserved [STIN ovin | pvceG | RS TKE
EN N
Bit Name Access Description Reset value
[31:16] | Reserved MRO | Reserved 0
Preemption bit status:
0x00: No preemption bit in priority configuration
bits, and no interrupt nested;
0x80: The preemption bit is the highest bit of the
[15:8] | PMTSTA MRO | priority configuration bits, 2 interrupt nested levels; 0
0xCO: The preemption bits are the higher 2 bits of
the priority configuration bits, 4 interrupt nested
levels;
0xEOQ: The preemption bits are the higher 3 bits of
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the priority configuration bits, 8 interrupt nested
levels.

Note:  Applicable to QingKe V4F core:
CH32V30x_D8, CH32V30x_DSC.

Preemption bit status indication:

0x00: No preempted bits in the priority
configuration bits, no interrupt nesting occurs.
0x80: The highest bit in the priority configuration
bit is a preempt bit, 2-level interrupt nesting.

Note: Applicable to QingKe V4B and V4C cores:
CH32V20x_D6, CH32V20x_D8, CH32V20x_D8W.

[7:6]

Reserved

MRO

Reserved

GIHWSTKN
EN

MRWI1

Global interrupt and hardware stack disable:

Note: This bit is usually used for real-time system
operation. When interrupt switches context, set this
bit and the global interrupt and hardware stack out
can be disabled. When the switch is finished, this bit
is cleared automatically by hardware after the

interrupt is returned.

HWSTKOVEN

MRW

Interrupt enable after hardware stack overflows:

0: Global interrupt disabled after hardware stack
overflows;

1: Interrupt still can be executed after hardware
stack overflow.

Note: CH32V30x D8 and CH32V30x _D8C
hardware stack depth is 3. When the configuration
nesting level is greater than 3, if this bit is set to 1,
the low priority three interrupts need to be
configured as hardware stack and the high priority
as software stack.

CH32V20x_D6, CH32V20x_DS8, CH32V20x_DEW
hardware stack depth is 2 levels.

[3:2]

PMTCFG

MRW

Preemption bit configuration:

0b00: No nested, no preemption bit;

0b01: 2 nested levels, 1 preemption bit;

0b10: 4 nested levels, 2 preemption bits;

Ob11: 8 nested levels, 3 preemption bits.

Note:  Applicable to QingKe V4F core:
CH32V30x_D8, CH32V30x_DSC.

Interrupt nesting depth configuration.

00: no nesting, the number of preemption bits is O.
01: 2 levels of nesting, the number of preemption
bits is 1.

Note: Applicable to QingKe V4B and V4C cores:
CH32V20x_D6, CH32V20x_D8, CH32V20x_D8W.
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Interrupt nested enable:

1 INESTEN MRW | 0: Interrupt nested disabled; 0
1: Interrupt nested enabled.
Hardware stack enable:

0 HWSTKEN MRW | 0: Hardware stack disabled; 0

1: Hardware stack enabled.

9.5.3.2 Machine Trap-vector Base Address Register (MTVEC)

CSR address: 0x305

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BASEADDR([31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BASEADDR([1522] mopE1 | MOP
g . Reset
Bit Name Access Description
value
[31:2] |BASEADDR[31:2] MRW | Base address of interrupt vector table 0
Interrupt vector table identification mode:
0: Identify by jump instruction. Limited
1 MODE1 MRW | range, non-jump instruction supported, 0
1: Identify by absolute address. Full range
supported, but it must jump.
Interrupt or trap-vector address mode
0  |MODEO MRy |Selection 0
0: Unified entry address;
1: Address offset based on Interrupt No. *4.

9.5.4 Physical Memory Protection (PMP)

To improve system security, a set of physical address access restrictions is defined in the RISC-V architecture,

and it allows physical memory access privileges (read, write, execute) to be specified for each physical

memory region, and the minimum region length is 4 bytes for protection. The PMP unit is always effective in

user mode, and optionally effective in machine mode. If the current memory limit is violated, a system

exception interrupt (EXC) is generated.

The PMP unit contains 4 sets of 8-bit configuration registers (32bits) and 4 sets of address registers, which

need to be accessed using the csr instruction and performed in machine mode.

9.5.4.1 PMP Configuration Register (PMPCFGO0)

CSR address: 0x3A0

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
pmp3cfg pmp2cfg
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
pmplcfg pmpOcfg
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g . Reset
Bit Name Access Description
value
[31:24] | pmp3cfg MRW | See description of pmpOcfg. 0
[23:16] | pmp2cfg MRW | See description of pmpOcfg. 0
[15:8] pmplcfg MRW | See description of pmpOcfg. 0
Bit | Name Description

Lock enable. It can be unlocked in
machine mode

0: Not locked;

1: Related registers locked.

[7:0] pmpOcfg MRW [6:5] - | Reserved 0

Address aligned and protection

[4:3] | A . .
region range selection
2 X | Excute Attibute
1 W | Write Attibute
0 R |Read Attibute

For address aligned and protection region range selection, it performs memory protection for the region
between A ADDR and B_ ADDR (A_ADDR and B_ADDR are both required 4-byte aligned):
1.IfB_ADDR — A ADDR == 22 it is based on NA4;
2.1fB_ADDR —A_ADDR ==2 ‘62 and G>1, and if A_ADDR=2 ‘6*? _it is aligned based on NAPOT;
3. Otherwise it is based on TOR.
A | Name Description
00b | OFF | No region to protect.

Top aligned region protection:

For pmp0Ocfg, 0< region <pmpaddr0;

For pmplcfg, pmpaddrO< region <pmpaddrl;
0lb | TOR | For pmp2cfg, pmpaddrl<region <pmpaddr2;
For pmp3cfg, pmpaddr2< region <pmpaddr3;
pmpaddri.i=A_ADDR >> 2;
pmpaddri=B_ADDR >>2.

Fixed 4-byte region protection.

10b | NA4 | For pmpOcfg~pmp3cfg, pmpaddr0 to pmpaddr3 serve as start address.
pmpaddri=A_ADDR >>2.

2 G2 region protection, G>1, in this case, A_ADDR is aligned on 2 ‘G2’ |

11b | NAPOT .
pmpaddri= ((A_ADDR| (2 (G+2) -1) ) & ~(1<<G+1)) >>2.

9.5.4.2 PMP Address 0 Register (PMPADDRO0)
CSR address: 0x3B0

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

ADDRO[33:18]

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

ADDRO[17:2]
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Reset

Bit Name Access Description
value

The [33:2] bits of the PMP set address0, actually the
[31:0] | ADDRO MRW | ) 0
higher 2 bits are not used.

9.5.4.3 PMP Address 1 Register (PMPADDRI1)
CSR address: 0x3B1

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

ADDRI[33:18]

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

ADDRI[17:2]

Reset

Bit Name Access Description
value

The [33:2] bits of the PMP set address1, actually the
[31:0] | ADDRI1 MRW | ) 0
higher 2 bits are not used.

9.5.4.4 PMP Address 2 Register (PMPADDR?2)
CSR address: 0x3B2

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

ADDR2[33:18]

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

ADDR2[17:2]

Reset

Bit Name Access Description
value

The [33:2] bits of the PMP set address2, actually the
[31:0] | ADDR2 MRW | ) 0
higher 2 bits are not used.

9.5.4.5 PMP Address 3 Register (PMPADDR3)
CSR address: 0x3B3

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

ADDR3[33:18]

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

ADDR3[17:2]

Reset

Bit Name Access Description
value

The [33:2] bits of the PMP set address3, actually the
[31:0] | ADDR3 MRW | ) 0
higher 2 bits are not used.



https://wch-ic.com

CH32FV2x_V3x Reference Manual https://wch-ic.com

9.5.5 RISC-V-SysTick Registers

Table 9-6 STK registers

Name Access address Description Reset value
R32 STK CTLR 0xE000F000 System count control register 0x00000000
R32 STK SR 0xEO000F004 System count status register 0x00000000
R32 STK CNTL 0xEO00F008 System counter low register 0x00000000
R32 STK CNTH 0xEO00F00C System counter high register 0x00000000
R32 STK CMPLR 0xEO000F010 Count/compare low register 0x00000000
R32 STK CMPHR 0xEO000F014 Count/compare high register 0x00000000

Note: Applied for general-purpose MCUs designed based on 32-bit RISC-V instruction set and architecture.

9.5.5.1 System Count Control Register (STK _CTLR)
Offset address: 0x00

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

SWIE Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved Nt MOP|sTRE[STEY sTIE | sTE
Bit Name Access Description Reset value

Software interrupt trigger enable (SWI):

1: Software interrupt triggered;

0: Trigger disabled.

31 |SWIE RW o . . 0

After going into software interrupt, it needs to be
cleared by software, otherwise it is constantly
triggered.

[30:6] |Reserved RO [Reserved

Counter initial value update:

1: Updated to 0 when upcounting, while updated
5 INIT Wi .
to the compare value when downcounting;
0: No effect.

Count mode:

4 MODE RW |1: Downcount;

0: Upcount.

Auto reload count enable bit:

1: After upcounting to the compare value, start
counting from 0 again, and after downcounting to
3 STRE RW |0, start counting again from the compare value;

0: Continue to upcount after upcounting to the
compare value, and downcount from the

maximum value after downcounting to 0.

Counter system clock sourse selection bit:
2 STCLK RW )
1: HCLK serves as time base;
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0: HCLK/S8 serves as time base.

Counter interrupt enable control bit:

1 STIE RW |1: Counter interrupt enabled;
0: Counter interrupt disabled.
System counter enable control bit:
0 STE RW |1: STK enabled; 0
0: STK disabled, the counter stops counting.
9.5.5.2 System Count Status Register (STK_SR)
Offset address: 0x04
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved CNTIF
Bit Name Access Description Reset value
[31:1] |Reserved RO [Reserved 0
Count value compare flag. Cleared by writing 0,
0 CNTIF RWO invalid when writing 1: 0
1: Upcount to the compare value, downcount to 0;
0: The compare value not reached.
9.5.5.3 System Counter Low Register (STK_CNTL)
Offset address: 0x08
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CNTJ[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CNTJ[15:0]
Bit Name Access Description Reset value
[31:0] |CNT[31:0] RW |Low 32 bits of the current counter count value. 0
Note: STK _CNTL and STK _CNTH constitute a 64-bit system counter.
9.5.5.4 System Counter High Register (STK_CNTH)
Offset address: 0x0C
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CNT[63:48]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CNT[47:32]
Bit Name Access Description Reset value
[31:0] |CNT[63:32] RW |High 32 bits of the current counter count value. 0
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Note: STK _CNTL and STK _CNTH constitute a 64-bit system counter.

9.5.5.5 Count/Compare Low Register (STK_CMPLR)
Offset address: 0x10

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

CMP[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CMP[15:0]
Bit Name Access Description Reset value
[31:0] |CMP[31:0] RW |Set the low 32 bits of the compare counter value. 0

Note: STK_ CMPLR and STK_CMPHR constitute a 64-bit system counter compare value.

9.5.5.6 Count/Compare High Register (STK_CMPHR)
Offset address: 0x14

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

CMP[63:48]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CMP[47:32]
Bit Name Access Description Reset value
[31:0] |CMP[63:32] RW |Set the high 32 bits of the compare counter value. 0

Note: STK_ CMPLR and STK_CMPHR constitute a 64-bit system counter compare value.

9.5.6 ARM-SysTick Registers
Table 9-7 SysTick registers

Name Access address Description Reset value
R32 STK CTRL 0xEO00E010 | SysTick control register 0x00000000
R32 STK LOAD 0xEOO00E014 SysTick reload register 0x00000000
R32 STK VAL 0xEO00E018 SysTick value register 0x00000000
R32 STK CALIB 0xEOO0OEO1C SysTick calibration register 0x00000000

Note: Applied for general-purpose MCUs designed based on ARM®CortexTM-M3 core.

9.5.6.1 SysTick Control Register (STK _CTRL)
Offset address: 0x00

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

COU
Reserved NTFL
AG
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CLK
Reserved SOU Té\%lf %IES
RCE
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Bit Name Access Description Reset value
[31:17] |Reserved RO [Reserved 0
This bit is 1 if SysTick has counted to zero since
16 COUNTFLAG RO |this register was read last time. Reading this bit 0
will automatically clear it.
[15:3] |Reserved RO |Reserved 0
0: External clock source (STCLK);
2 CLKSOURCE RW 0
1: Internal clock (FCLK).
1: SysTick exception request generated when
1 TICKINT RW |SysTick counts down to zero. 0
0: No action when it counts to zero.
0 ENABLE RW |SysTick enable 0
9.5.6.2 SysTick Reload Register (STK_LOAD)
Offset address: 0x04
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved RELOADI[23:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RELOADJ[15:0]
Bit Name Access Description Reset value
[31:24] |Reserved RO |Reserved 0
[23:0] |RELOAD RW |Reloads value when it counts down to zero. 0
9.5.6.3 SysTick Value Register (STK_VAL)
Offset address: 0x08
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved CURRENT][23:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CURRENT]J15:0]
Bit Name Access Description Reset value
[31:24] |Reserved RO |Reserved 0
Read it, and it will return current count value.
Write to it, and it will be cleared, the
[23:0] |CURRENT RW ) i ) 0
COUNTFLAG flag in the SysTick control register
will also be cleared.
9.5.6.4 SysTick Calibration Register (STK_CALIB)
Offset address: 0x0C
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NOR| SKE

EF | w Reserved TENMS[23:16]

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

TENMS[15:0]

1: No external reference clock (STCLK not available);
31 NOREF RO . 0
0: Available external reference clock.

1: The calibration value is not exactly 10ms;
30 |SKEW RO o . 0
0: The calibration value is exactly 10ms.
[29:24] |Reserved RO [Reserved 0

The number of cells counted down within 10ms.

The chip designer should provide this value
[23:0] |TENMS RW |through the input signal of the Cortex-M3. If the 0

read value is zero, the calibration function cannot

be used.



https://wch-ic.com

CH32FV2x_V3x Reference Manual https://wch-ic.com

Chapter 10 GPIO and Alternate Functions (GPIO/AFIO)

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V 3x.

The GPIO ports can be configured as a variety of input or output modes, with built-in pull-up/pull-down
resistors which can be switched off, and can be configured as push-pull or open-drain functions. GPIO ports

also have some other alternate functions.

10.1 Main Features

Each pin of the port can be configured into one of the following modes:

® Floating input ®  Open-drain output

®  Pull-up input ®  Push-pull output

®  Pull-down input ® Input and output of alternate function
®  Analog input

Many pins have alternate functions, and many other peripherals map their own output and input channels to
these pins. The specific application of these alternate pins needs to be with reference to each peripheral, and

this chapter shall specify whether these pins are alternate and remapped.

10.2 Function Description

10.2.1 Overview

Figure 10-1 Basic structure of GPIO module

. __ Analog Input Voo
Toon-chip <€
peripheral :
< Alternate Function Input on/off
on/off
Read Input data
<« == V
register Q- | Lo
HL 5::‘m'tt Protection
88 on/offl diode
Write . |Bit se_t/reset Input driver Vss < 1/0 pin
registers
Output driver
P Voo Protection
'% diode
Output data P-M0S
. . Output Vss
< Read/write N register control
N-MOS
from on-chip N Push-pull,
peripheral Alternate Function Output 3&2’5}3?'" or

The IO port structure is as shown in Figure 10-1. Each pin has 2 protection diodes inside the chip, and the 10
port can be divided into input and output drive modules internally. The weak pull-up and pull-down resistors
are optional for input drive, and can be connected to analog input peripherals such as AD; if inputted to digital
peripherals, they need to pass through a TTL Schmitt trigger, and then shall be connected to GPIO input register
or other alternate peripherals. The output drive has a pair of MOS transistors. The IO port can be configured

as open-drain or push-pull output by configuring whether the upper and lower MOS transistors are enabled,;
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the output drive can also be internally configured to the output controlled by GPIO or other alternate
peripherals.

10.2.2 GPIO Initialization

Immediately after reset, the GPIO ports are running in the initial status. At this time, most IO ports are running
at the floating input status, but there are also peripheral-related pins such as HSE that is running on peripheral
alternate functions. Please refer to related chapters of pins for the specific initialization function.

10.2.3 External Interrupt

All GPIO ports can be configured with external interrupt input channels, but an external interrupt input channel
can only be mapped to a GPIO pin at most, and the serial number of the external interrupt channel must be
consistent with the bit number of the GPIO port, such as PA1 (or PB1, PC1, PD1 and PE1) can only be mapped
to EXTII, and EXTII can only accept mappings from one of PA1, PB1, PC1, PD1 and PE1. Both ports have

one-to-one relationship.

10.2.4 Alternate Function

Attention shall be paid to the following when the alternate function is used:

® To use the alternate function of the input direction, the port must be configured to alternate input mode,
the pull-up and pull-down settings can be set according to actual needs

® To use the alternate function of the output direction, the port must be configured to alternate output mode,
push-pull or open drain can be set according to the actual situation

® For the bidirectional alternate function, the port must be configured as multiplex output mode, and then
the driver will be configured as float control input mode

The same 1O port may have multiple peripherals alternate to this pin, so in order to give play to the use of each
peripheral as far as possible, the alternate pins of the peripherals can be remapped to other pins in addition to
the default alternate pins, avoiding occupied pins.

10.2.5 Locking Mechanism

The locking mechanism can lock the configuration of 10 port. After a specific write sequence, the selected 10
pin configuration is locked and cannot be changed until the next reset.
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10.2.6 Input Configuration

Figure 10-2 Input configuration structure block diagram of GPIO module

| Bttt S
i _\l/_DD '
§ on/ of E
E on E
Read 1 t dat E )/I :
< npu' ata T N\ [ 0 Vop
register H | % !
: TTL Schmitt : i
E trigger E dlfrc:jtectlon
: on/of H lode
_Write | Bit sef resqt { Inputdriver Ve 9 I/0 pin
registers i .
: : Protection
: : diode
Output data : 1 Vss
Read/write : H H
/ »| register : :
from on-chip peripheral E Output driver E

When the 10 port is configured as input mode, the output driver is disconnected, the input pull-up and pull-
down are optional, and the alternate function and analog input are not connected. The data on each 1O port is
sampled to the input data register at each APB2 clock, and the corresponding bit of the input data register is
read to obtain the level state of the corresponding pin.

10.2.7 Output Configuration

Figure 10-3 Output configuration structure block diagram of GPIO module

on

 Read Input data )/I
< Voo

register J- |

TTL Schmitt Protection

trigger diode

Write |Bit se-t/reset Input driver 1 Vopin
registers

Output driver Vop Protection

P-MOS diode

Output data Output Vss

__Read/write | register control
~ d N-MOS

V.
s Push-pull,

open-drain or
disabled

When the 10 port is configured as output mode, a pair of MOS in the output driver can be configured as push-
pull or open-drain mode as required, without using alternate function. The pull-up and pull-down resistors of
the input drive are disabled, the TTL Schmitt trigger is activated, and the level appearing on the 10 pin will be
sampled to the input data register every APB2 clock, so 10 status will be obtained by reading the input data
register. In the push-pull output mode, the value written last time will be obtained through the access to the
output data register.
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10.2.8 Alternate Function Configuration

Figure 10-4 Structure block diagram when GPIO module is multiplexed by other peripherals
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When the alternate function is enabled, the output driver is enabled and can be configured as open-drain or

push-pull mode as required. Schmitt trigger will be also turned on, the input and output lines of the alternate

function is connected, but the output data register is disconnected, and the level appearing on the IO pin is

sampled to the input data register every APB2 clock. In the open-drain mode, the current status of the 10 port

is obtained by reading the input data register. In the push-pull mode, the last written value is obtained by

reading the output data register.

10.2.9 Analog Input Configuration

Figure 10-5 Configuration structure block diagram of GPIO module as analog input
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< register - |
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trigger
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Protection
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When the analog input is enabled, the output buffer is disconnected and the Schmitt trigger input in the input

driver is disabled to prevent consumption on the IO port. The pull-up and pull-down resistors is disabled, and

the read input data register is always 0.

.8
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10.2.10 Peripheral GPIO Setting

The following table recommends the corresponding GPIO port configuration of each peripheral pin.

Table 10-1 Advanced-control timer (TIM1/8/9/10)

TIM1/8/9/10

Configuration

GPIO configuration

TIM1/8/9/10_CHx

Input capture channel x

Floating input

Output compare channel x

Push-pull alternate output

TIM1/8/9/10_CHxN

Complementary output channel x

Push-pull alternate output

TIM1/8/9/10_ BKIN

Break input

Floating input

TIM1/8/9/10_ETR

External trigger clock input

Floating input

Table 10-2 General-purpose timer (TIM2/3/4/5)

TIM2/3/4/5 pinout

Configuration

GPIO configuration

Input capture channel x

Floating input

TIM2/3/4/5_CHx

Output compare channel x

Push-pull alternate output

TIM2/3/4/5 ETR

External trigger clock input

Floating input

Table 10-3 Universal Synchronous Asynchronous Receiver Transmitter (USART)

USART pinout Configuration GPIO configuration
Full duplex mode Push-pull alternate output
USARTx_TX -
- Half-duplex synchronous mode Open-drain alternate output
Full dupl d Floating input 1l-up input
USARTX RX plex mode oating input or pull-up inpu
- Half-duplex synchronous mode Not used
USARTx CK Synchronous mode Push-pull alternate output
USARTx_RTS Hardware flow control Push-pull alternate output
USARTx_CTS Hardware flow control Floating input or pull-up input
Table 10-4 Serial Peripheral Interface (SPI) module
SPI pinout Configuration GPIO configuration
Master mode Push-pull alternate output
SPIx_SCK —
- Slave mode Floating input
Full duplex master mode Push-pull alternate output
Full duplex slave mode Floating input or pull-up input
Simplex bidirectional data
SPIx MOSI . Push-pull alternate output
line/master mode
Simplex bidirectional data
. Not used
line/slave mode
Full duplex master mode Floating input or pull-up input
Full duplex slave mode Push-pull alternate output
Simplex bidirectional data
SPIx MISO ) Not used
- line/master mode
Simplex bidirectional data
) Push-pull alternate output
line/slave mode
SPIx NSS Hardware master or slave mode | Floating input or pull-up or pull-
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down input
Hardware master mode/NSS
Push-pull alternate output
output enable
Software mode Not used
Table 10-5 Inter IC Sound (I12S) module
128 pinout Configuration GPIO configuration
Master mode Push-pull alternate output
12Sx WS .
- Slave mode Floating input
Master mode Push-pull alternate output
12Sx CK .
- Slave mode Floating input
Transmitter Push-pull alternate output
12Sx_SD ) Floating, pull-up or pull-down
Receiver .
nput
Master mode Push-pull alternate output
12Sx MCK
- Slave mode Not used
Table 10-6 Inter Integrated Circuit (I2C) module
I>C pinout Configuration GPIO configuration
I’C_SCL I>C clock Open-drain alternate output
I)C_SDA I>C data Open-drain alternate output
Table 10-7 Controller LAN (CAN) module
CAN pinout GPIO configuration
CANx_TX Push-pull alternate output
CANx RX Floating input or pull-up input
Table 10-8 USB Full-speed Device (USBD) controller
USBD pinout GPIO configuration

USBD DM/USBD_DP

After the USB is enabled, alternate 1O port connects to the internal

USBD transceiver automatically

Table 10-9 USB Host Device (USBHD) controller

USBHD pinout

GPIO configuration

USBHD_DM/USBHD_DP

After the USB is enabled, alternate IO port connects to the internal

USBHD transceiver automatically

Table 10-10 USB OTG controller

USB OTG pinout GPIO configuration

OTG_FS VBUS Analog input
OTG FS 1D Pull-up input
OTG_FS DM Automatically controlled by USB disconnected
OTG_FS DP Automatically controlled by USB disconnected
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Table 10-11 Security Digital Input and Output (SDIO) module

SDIO pinout Configuration GPIO configuration
SDIO_CK Clock Push-pull alternate output

SDIO_CMD Command Push-pull alternate output

SDIO[D7:D0] Data Push-pull alternate output

Table 10-12 Flexible Static Memory Controller (FSMC)

FSMC pinout GPIO configuration
FSMC_ A[23:16]
FSMC _DJ[15:0]

Push-pull alternate output

FSMC_CK Push-pull alternate output
FSMC NOE

- Push-pull alternate output
FSMC NWE
FSMC NE1

N Push-pull alternate output
FSMC_NCE2

FSMC NWAIT Floating input or pull-up input
FSMC NBL[1:0] Push-pull alternate output

Table 10-13 Analog-to-Digital Converter (ADC) and Digital-to-Analog Converter (DAC)
ADC/DAC pinout GPIO configuration
ADC/DAC Analog input

Table 10-14 Other 10 function settings

Pinout Configuration function GPIO configuration
RTC output ) .
TAMPER RTC - Hardware automatic setting
- Tamper event input
MCO Clock output Push-pull alternate output

Floating input or pull-up or pull-
EXTI External interrupt input & 1P P porp

down input

10.2.11 Remapping GPIO Settings with Alternate Function
10.2.11.1 OSC32_IN/OSC32_OUT as GPIO port PC14/PC15
When LSEON=0, the LSE oscillator pin OSC32 IN/OSC32 OUT can be used as PC14/PC15 of GPIO

respectively.
When LSEON=1, it is used as LSE pin.

10.2.11.2 OSC_IN/OSC_OUT as GPIO port PD0/PD1

OSC_IN/OSC_OUT can be used as PD0/PD1 of GPIO, which is achieved by setting remapping register 1
(AFIO_PCFR1).

This remapping is only available for 20, 32, 48 and 64 pin packages, but CH32V203RBT6 only has OSC_IN
and OSC_OUT function pins and does not support mapping (for LQFP100 package, there is no need for

software remapping since PD0 and PD1 are inherent function pins.)
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10.2.11.3 Timer Alternate Function Remapping

Table 10-15 TIM1 Multiplexed Function Remapping

Multiplexed TIM1_RM=00 TIM1 _RM=01 TIM1 RM=11
Function Default Mapping Partial Mapping Complete Mapping ("
TIM1_ETR PA12 PA12 PE7
TIM1 _CH1 PAS PAS PE9
TIM1 CH2 PA9 PA9 PE11
TIM1 _CH3 PA10 PA10 PE13
TIM1 _CH4 PA1l PA1l PE14
TIM1_BKIN PBI12 PA6 PE15
TIM1_CHIN PB13 PA7 PES8
TIM1_CH2N PB14 PBO PE10
TIM1_CH3N PB15 PB1 PE12
Note: (1) Only LOFP100 package, support this bit remapping function.
Table 10-16 TIM2 Multiplexed Function Remapping
Multiplexed TIM2_RM=00 TIM2 RM=01 TIM2_RM=10 TIM2 RM=11
Function Default Mapping Partial Mapping Partial Mapping Complete Mapping
TIM2 _ETR PAO PA1S PAO PA15
TIM2 CH1 PAO PA1S PAO PA15
TIM2 CH2 PA1 PB3 PA1 PB3
TIM2 CH3 PA2 PA2 PB10 PB10
TIM2 CH4 PA3 PA3 PB11 PB11
Table 10-17 TIM3 Multiplexed Function Remapping
Multiplexed TIM3 RM=00 TIM3 RM=10 TIM3 RM=11
Function Default Mapping Partial Mapping Complete Mapping (V)
TIM3 _CHI1 PA6 PB4 PC6
TIM3_CH2 PA7 PBS5 PC7
TIM3 CH3 PBO PBO PC8
TIM3_CH4 PBI PB1 PC9

Note: (1) The bit mapping is not supported in packages below 64 pins.

Table 10-18 TIM4 Multiplexed Function Remapping

Multiplexed TIM4 RM=0 TIM4 RM=1
Function Default Mapping Remapping (V
TIM4 CH1 PB6 PDI2
TIM4 CH2 PB7 PDI13
TIM4 CH3 PB8 PDI14
TIM4 CH4 PB9 PDI15

Note: (1) Only LOFP100 package, support this bit remapping function.
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Table 10-19 TIMS Multiplexed Function Remapping

Multiplexed TIM5CH4 RM=0 | TIM5CH4 RM=1
Function Default Mapping Remapping
TIMS _CH4 PA3 LSI internal clock

Table 10-20 TIM8 Multiplexed Function Remapping

Multiplexed TIM8 RM=0 TIM8 RM=1

Function Default Mapping Remapping
TIM8 ETR PAO PAO
TIM8 CH1 PC6 PB6
TIM8 CH2 PC7 PB7
TIM8 CH3 PC8 PBS§
TIM8_CH4 PC9 PC13
TIM8_BKIN PAG6 PB9
TIM8_CHIN PA7 PA13
TIM8_CH2N PBO PA14
TIM8_CH3N PB1 PA15

Table 10-21 TIM8 Multiplexed Function Remapping

Multiplexed TIM9_RM=00 TIM9 RM=01 TIM9 RM=I1x
Function Default Mapping Partial Mapping Complete Mapping
TIM9 ETR PA2 PA2 PD9
TIM9_CH1 PA2 PA2 PD9
TIM9_CH2 PA3 PA3 PD11
TIM9 CH3 PA4 PA4 PD13
TIM9 CH4 PC4 PC14 PDI15
TIM9 BKIN PC5 PA1 PD14
TIM9 CHIN PCO PBO PD8
TIM9 CH2N PC1 PB1 PD10
TIM9 CH3N PC2 PB2 PDI12
Note: (1) Only LOFP100 package, support this bit remapping function.
Table 10-22 TIM10 Multiplexed Function Remapping
Multiplexed TIM10_RM=00 TIM10_RM=01 TIM10_RM=1x
Function Default Mapping Partial Mapping Complete Mapping (V)
TIM10_ETR PC10 PBI1 PDO
TIM10_CHI PBS PB3 PD1
TIM10_CH2 PB9 PB4 PD3
TIM10_CH3 PC3 PBS5 PD5
TIM10_CH4 PCI11 PC15 PD7
TIM10_BKIN PCI12 PBI10 PE2
TIM10_CHIN PA12 PAS PE3
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TIM10_CH2N

PAI13

PAG6

PE4

TIM10_CH3N

PA14

PA7

PES

Note: (1) Only LOFP100 package, support this bit remapping function.

10.2.11.4 USART, UART Alternate Function Remapping

Table 10-23 USART]1 alternate function remapping

USART1 RM1=0® | USART1 RMI=1® | USART1 RMI=0® | USARTI RMI=1®
Alternate
Function USART1 RM2=0 ® | USART1 RM2=0® | USART1 RM2=1® | USARTI RM2=1®
Default Mapping Remapping Remapping Remapping
USART1 _CK PAS PAS PA10 PAS
USARTI1_TX PA9 PB6 PB15 PAG6
USART1_RX PA10 PB7 PAS PA7
USARTI1_CTS PA11 PA11 PAS PC4
USART1 _RTS PA12 PA12 PA9 PC5

Note: (1) USARTI _RMI is AFIO _PCFRI register bit2, which is the low bit of mapping configuration.
(2) USARTI RM?2 is AFIO_PCFR?2 register bit26, which is the high bit of mapping configuration.
CH32V20x_D6 and CH32F20x_D6 do not support this bit mapping.

Table 10-24 USART?2 alternate function remapping

. USART2 RM=0 USART2 RM=1
Alternate Function - -
Default Mapping Remapping (V
USART2 _CTS PAO PD3
USART2_RTS PA1 PD4
USART2 TX PA2 PD5
USART2 RX PA3 PD6
USART2 CK PA4 PD7

Table 10-25 USARTS3 alternate function remapping

Al Fhncton USART3_RM.=OO USI.\RT3_R1‘\/I=01 US{XRT?;_RI\./I:IO USART3_RM.=1 1
Default Mapping | Partial Mapping ) | Partial Mapping ® | Complete Mapping )
USART3 TX PB10 PC10 PA13 PDS8
USART3 RX PBI11 PCI11 PA14 PD9
USART3 CK PBI12 PCI12 PD10 PD10
USART3 _CTS PB13 PBI13 PDI11 PDI11
USART3 RTS PB4 PBI14 PDI2 PDI2
Note: (1) The bit mapping is not supported for packages below 48 pins.
(2) The function is not supported for the fifth bit of the lot number less than 2.
(3) Only the LOFP100 package supports this bit remapping function.
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Table 10-26 USART4 alternate function remapping

, UART4 RM=00 | UART4 RM=01 | UART4 RM=Ix
Alternate Function : _ :
Default Mapping Remapping Remapping @
UART4 TX PC10 PBO PEO
UART4 RX PCl11 PB1 PE1

Note: (1) Applicable to CH32V30x DSC, CH32V30x D8, CH32V30x D8W, CH32V20x_DS8,
CH32F20x_DS8C, CH32F20x_DS8, CH32F20x _D8W.
(2) Only LOFP100 package supports this bit remapping function.

Table 10-27 USART4 alternate function remapping )

: USART4 RM=x0 | USART4 RM=x1
Alternate Function - =
Default Mapping Remapping
USART4 _CK PB2 PAG6
USART4 TX PBO PAS
USART4 RX PB1 PB5
USART4 CTS PB3 PA7
USART4 RTS PB4 PA15

Note: (1) Only LOFP100 package, support this bit remapping function.
(2) This function is not supported for products below 64 pins.

Table 10-28 USARTS alternate function remapping

. UART5 RM=00 UART5 RM=01 UARTS5 RM=1x
Alternate Function . . .
Default Mapping Remapping Remapping (V
UARTS5 TX PC12 PB4 PES
UART5 RX PD2 PB5 PE9

Note: (1) Only LOFP100 package, support this bit remapping function.
(2) This function is not supported for products below 64 pins.

Table 10-29 USARTS6 alternate function remapping )

Alternate UART6_RM=00 UART6 RM=01 | UART6 RM=Ix

Function Default Mapping Remapping Remapping (V
UART6 TX PCO PBS PE10
UART6 _RX PC1 PB9 PE11

Note: (1) Only LOFP100 package, support this bit remapping function.
(2) This function is not supported for products below 64 pins.

Table 10-30 USART? alternate function remapping®

UART7 RM=00 | UART7 RM=01 | UART7 RM=Ix
Default Mapping Remapping Remapping (V
UART7 TX PC2 PA6 PE12

Alternate Function
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UART7_RX PC3 PA7 PEI13

Note: (1) Only LOFP100 package, support this bit remapping function.
(2) This function is not supported for products below 64 pins.

Table 10-31 USARTS alternate function remapping®

| UART8 RM=00 | UARTS RM=01 | UARTS RM=Ix
Alternate Function . . .
Default Mapping Remapping Remapping (V
UART8 TX PC4 PA14 PE14
UARTS8 RX PC5 PA15 PE15

Note: (1) Only LOFP100 package, support this bit remapping function.
(2) This function is not supported for products below 64 pins.

10.2.11.5 SPI Alternate Function Remapping

Table 10-32 SPI1 alternate function remapping

: SPI1_RM=0 SPI1_RM=1
Alternate Function - . -
Default Mapping Remapping
SPI1_NSS PA4 PA15
SPI1_SCK PAS PB3
SPI1_MISO PA6 PB4
SPI1_MOSI PA7 PB5

Table 10-33 SPI3 alternate function remapping

_ SPI3 RM=0 SPI3 RM=1
Alternate Function - . -
Default Mapping Remapping
SPI3_NSS PA15 PA4
SPI3_SCK PB3 PC10
SPI3_MISO PB4 PCl11
SPI3_MOSI PB5 PCI12

10.2.11.6 12C Alternate Function Remapping

Table 10-34 12C alternate function remapping

. 12C1 RM=0 12C1 RM=1
Alternate Function - . -
Default Mapping Remapping
12C1_SCL PB6 PB8
12C1_SDA PB7 PB9

10.2.11.7 CAN Alternate Function Remapping

Table 10-35 CANI1 alternate function remapping
CAN1 _RM=00 CAN1 RM=10 CAN1 RM=11
Default Mapping Remapping (V Remapping @

Alternate Function
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CAN1_RX

PAI1l PB8

PDO

CAN1_TX

PA12 PBY9

PD1

Note: (1) Remapping does not apply to chips in packages below 48 pins.

(2) When PD0O and PDI are not remapped to OSC IN and OSC OUT, the remapping

function is only available on 100-pin packages.

Table 10-36 CAN2 alternate function remapping

_ CAN2 RM=0 CAN2 RM=1
Alternate Function - . -
Default Mapping Remapping
CAN2 RX PBI12 PB5
CAN2 TX PBI13 PB6

10.2.11.8 ADC Alternate Function Remapping

Table 10-37 ADC1 external trigger injection conversion alternate function remapping

Alternate Function

ADC1 ETRGINJ RM=0
Default Mapping

ADC1 ETRGINJ RM=1
Remapping

ADCI1 external trigger

injection conversion

ADCI1 external trigger injection
conversion connected to EXTI15

ADCI1 external trigger injection
conversion connected to
TIM8 CH4

Table 10-38 ADC1 external trigger rule conversion alternate function remapping

Alternate Function

ADC1_ETRGREG RM=0
Default Mapping

ADC1_ETRGREG RM=1
Remapping

conversion

ADCI1 external trigger rule

ADCI1 external trigger rule
conversion connected to
EXTII1

ADCI1 external trigger rule
conversion connected to
TIM8 TRGO

Table 10-39 ADC2 external trigger injection conversion alternate function remapping

Alternate Function

ADC2 _ETRGINJ RM=0
Default Mapping

ADC2 ETRGINJ RM=1
Remapping

ADC?2 external trigger
injection conversion

ADC?2 external trigger injection
conversion connected to EXTI15

ADC?2 external trigger injection
conversion connected to
TIM8_CH4

Table 10-40 ADC2 external trigger rule conversion alternate function remapping

Alternate Function

ADC2 ETRGREG RM=0
Default Mapping

ADC2 ETRGREG RM=1
Remapping

conversion

ADC?2 external trigger rule

ADC?2 external trigger rule
conversion connected to
EXTI11

ADC?2 external trigger rule
conversion connected to
TIM8_TRGO
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Note: ADCI remapping is only supported for products where TIMS is present, see the relevant datasheet for
details.

10.2.11.9 ETH Alternate Function Remapping

Table 10-41 ETH alternate function remapping

Alternate Function () ETH—RMZQ ETH—RMZI
Default Mapping Remapping (V
ETH RX DV PA7 PDS8
ETH _CRS DV PA7 PDS8
ETH_RXDO PC4 PD9
ETH_RXDI PC5 PD10
ETH_RXD2 PBO PDI11
ETH _RXD3 PBI1 PDI12

Note: (1) Only LOFP100 package interconnect type supports this bit remapping function.

10.2.11.10 FSMC_NADYV Alternate Function Remapping

Table 10-42 FSMC NADV alternate function remapping

: FSMCEN=1 FSMCEN=1&USBHSEN=1
Alternate Function j
Default Mapping &RB UC RST SIE=0
FSMC NADV PB7 PD?2

Note: (1) FSMC _NADYV output is disabled when FSMC _NADV=1.
(2) The function is not supported if the fifth bit of the lot number is less than 2.

10.2.11.11 DVP Alternate Function Remapping

Table 10-43 DVP alternate function remapping

. DVPEN=1 DVPEN=1&USBHSEN=1
Alternate Function .
Default Mapping &RB UC RST SIE=0
DVP D5 PB6 PB3

Note: (1) The function is not supported if the fifth bit of the lot number is less than 2.

10.2.11.12 SDIO Alternate Function Remapping

Table 10-44 SDIO alternate function remapping

Alternate function SDIOEN=1 SDIOEN=1&ETHMACEN=1
SDCK PCI12 PCI12
CMD PD2 PD2
SDO PC8 PBI4
SD1 PC9 PBI5
SD2 PC10 PC10
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SD3 PC11 PC11
SD4 PB8 PB8
SD5 PBY9 PBY9
SD6 PCo PCo
SD7 PC7 PC7

Note: (1) The function is not supported if the fifth bit of the lot number is less than 2.

10.2.11.13 SPI3/12S3 Alternate Function Remapping

Table 10-45 SPI3 alternate function remapping

Alternate function SPI3EN=1 SPI3EN=1&ETHMACEN=1®
SPI3_NSS PA15 Invaild®
SPI3_SCK PB3 PB3
SPI3_MISO PB4 PB4
SPI3_MOSI PB5 PA15

Note: (1) The function is not supported if the fifth bit of the lot number is less than 2.

(2) SPI3_NSS does not support the hardware function.
(3) 1253 is disabled when SPI3EN=1&ETHMACEN=1.

10.3 Register Description

10.3.1 GPIO Registers

Unless otherwise specified, the GPIO registers must be operated in words (operate these registers in 32 bits).

Table 10-46 GPIO registers

Name Access address Description Reset value
R32 GPIOA CFGLR 0x40010800 PA port configuration register low 0x44444444
R32 _GPIOB_CFGLR 0x40010C00 PB port configuration register low 0x44444444
R32 GPIOC CFGLR 0x40011000 PC port configuration register low 0x44444444
R32 GPIOD_CFGLR 0x40011400 PD port configuration register low 0x44444444
R32 GPIOE_CFGLR 0x40011800 PE port configuration register low 0x44444444
R32 _GPIOA CFGHR 0x40010804 PA port configuration register high 0x44444444
R32 GPIOB_CFGHR 0x40010C04 PB port configuration register high 0x44444444
R32 GPIOC CFGHR 0x40011004 PC port configuration register high 0x44444444
R32_GPIOD_CFGHR 0x40011404 PD port configuration register high 0x44444444
R32 GPIOE CFGHR 0x40011804 PE port configuration register high 0x44444444
R32 GPIOA INDR 0x40010808 PA port input data register 0x0000XXXX
R32 _GPIOB_INDR 0x40010C08 PB port input data register 0x0000XXXX
R32_GPIOC_INDR 0x40011008 PC port input data register 0x0000XXXX
R32 GPIOD INDR 0x40011408 PD port input data register 0x0000XXXX
R32 GPIOE INDR 0x40011808 PE port input data register 0x0000XXXX
R32 GPIOA OUTDR 0x4001080C PA port output data register 0x00000000
R32 GPIOB_OUTDR 0x40010COC | PB port output data register 0x00000000
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R32 GPIOC_OUTDR 0x4001100C | PC port output data register 0x00000000
R32 GPIOD_OUTDR 0x4001140C | PD port output data register 0x00000000
R32 GPIOE OUTDR 0x4001180C | PE port output data register 0x00000000
R32 GPIOA BSHR 0x40010810 PA port set/reset register 0x00000000
R32 GPIOB_BSHR 0x40010C10 | PB port set/reset register 0x00000000
R32 GPIOC _BSHR 0x40011010 PC port set/reset register 0x00000000
R32 GPIOD BSHR 0x40011410 PD port set/reset register 0x00000000
R32 GPIOE BSHR 0x40011810 PE port set/reset register 0x00000000
R32 GPIOA BCR 0x40010814 PA port reset register 0x00000000
R32 GPIOB_BCR 0x40010C14 | PB port reset register 0x00000000
R32 GPIOC_BCR 0x40011014 PC port reset register 0x00000000
R32 GPIOD BCR 0x40011414 PD port reset register 0x00000000
R32 GPIOE BCR 0x40011814 PE port reset register 0x00000000
R32 GPIOA LCKR 0x40010818 PA port configuration lock register 0x00000000
R32 GPIOB_LCKR 0x40010C18 PB port configuration lock register 0x00000000
R32 GPIOC _LCKR 0x40011018 PC port configuration lock register 0x00000000
R32 GPIOD_LCKR 0x40011418 PD port configuration lock register 0x00000000
R32 GPIOE LCKR 0x40011818 PE port configuration lock register 0x00000000
10.3.1.1 GPIO Configuration Register Low (GPIOx_CFGLR) (x=A/B/C/D/E)
Offset address: 0x00
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
CNF7[1:0] [IMODE7[1:0]f CNF6[1:0] [MODE6[1:0]] CNF5[1:0] [MODES5[1:0]] CNF4[1:0] [MODE4[1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CNF3[1:0] [MODE3[1:0]f CNF2[1:0] [MODEZ2[1:0]] CNF1[1:0] [MODEI1[1:0]] CNF0[1:0] [MODEO[1:0]
Bit Name Access Description Reset value
(y=0-7), the configuration bit of port x; configure
the corresponding port through these bits.
[31:30] Input mode (MODE=00b):
[27:26] 00: Analog input mode;
[23:22] 01: Floating input mode;
[19:18] 10: Mode with pull-up and pull-down
CNFy[1:0] RW 01b
[15:14] 11: Reserved.
[11:10] Output mode (MODE>00b):
[7:6] 00: General push-pull output mode;
[3:2] 01: General open-drain output mode;
10: Alternate function push-pull output mode;
11: Alternate function open-drain output mode.
[29:28] (y=0-7), port x mode selection, configure the
[25:24] corresponding port through these bits.
[21:20] |MODEy[1:0] RW |00: Input mode; 0
[17:16] 01: Output mode, maximum speed: 10MHz;
[13:12] 10: Output mode, maximum speed: 2MHz;
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[9:8]
[5:4]
[1:0]

11: Output mode, maximum speed: SOMHz;

10.3.1.2 GPIO Configuration Register High (GP1Ox_ CFGHR) (x=A/B/C/D/E)
Offset address: 0x04

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CNF15[1:0] [MODE15[1:0]| CNF14[1:0] |MODE14[1:0]| CNF13[1:0] [MODE13[1:0]] CNF12[1:0] |MODE12[1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CNF11[1:0] [IMODE!1[1:0]] CNF10[1:0] [MODE10[1:0]| CNF9[1:0] | MODE9[1:0] | CNFS8[1:0] | MODES§[1:0]
Bit Name Access Description Reset value
(y=8-15), the configuration bit of port x; configure
the corresponding port through these bits.
[31:30] Input mode (MODE=00b):
[27:26] 00: Analog input mode;
[23:22] 01: Floating input mode;
[19:18] 10: Mode with pull-up and pull-down
CNFy[1:0] RW 01b
[15:14] 11: Reserved.
[11:10] Output mode (MODE>00b):
[7:6] 00: General push-pull output mode;
[3:2] 01: General open-drain output mode;
10: Alternate function push-pull output mode;
11: Alternate function open-drain output mode.
[29:28] i
[25:24] (y=8-15), the conﬁgurat?on mode of port X;
configure the corresponding port through these
[21:20] )
[17:16] bits.
[13:12] MODEYy[1:0] RW |00: Input mode; ' 0
[9:8] 01: Output mode, maximum speed: 10MHz;
[5:4] 10: Output mode, maximum speed: 2MHz;
[1:0] 11: Output mode, maximum speed: SOMHz;
10.3.1.3 Port Input Register (GPIOx_INDR) (x=A/B/C/D/E)
Offset address: 0x08
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IDR15[IDR14[IDR13|IDR12|IDR11|IDR10| IDR9 | IDR8 | IDR7 | IDR6 | IDRS | IDR4 | IDR3 | IDR2 | IDR1 | IDRO
Bit Name Access Description Reset value
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[31:16] |Reserved RO [Reserved 0
(y=0-15),port input data. These bits are read-only

and can only be read in 16-bit form. The read value
[15:0] |IDRy RO ) X
represents the high/low status of the

corresponding bit.

10.3.1.4 Port Output Register (GPIOx OUTDR) (x=A/B/C/D/E)
Offset address: 0x0C

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

Reserved

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

ODRI{ODRIJODRIJODRIODRIODRI} e ol nprglopr7|0DR6|ODRS|0DR4|ODR3|ODR2|ODR1[ODRO

Bit Name Access Description Reset value
[31:16] |Reserved RO [Reserved 0
(y=0-15), port output data. These bits can only be
operated in form of 16 bits. The I/O port outputs
the value of these registers externally.

[15:0] |ODRy RW ) ) 0
For input modes with pull-up and pull-down.

0: pull-down input.

1: pull-up input.

10.3.1.5 Port Set/Reset Register (GPIOx_BSHR) (x=A/B/C/D/E)
Offset address: 0x10

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

BR15|BR14|BR13|BR12|BR11|BR10[ BR9 | BR8 | BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO

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

BS15|BS14|BS13|BS12|BS11|BS10| BS9 | BS8 | BS7 | BS6 | BS5 | BS4 | BS3 | BS2 | BS1 | BSO

Bit Name Access Description Reset value

(y=0-15), setting these bits will clear the
corresponding OUTDR bits, and writing 0 has no
[31:16] |BRy WO |effect. These bits can only be accessed in form of] 0
16 bits. If the BR and BS bits are set at the same
time, the BS bit takes effect.

(y=0-15), setting these bits will set the
corresponding OUTDR bits, and writing 0 has no
[15:0] |BSy WO |effect. These bits can only be accessed in form of] 0
16 bits. If the BR and BS bits are set at the same
time, the BS bit takes effect.
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10.3.1.6 Port Reset Register (GPIOx_BCR) (x=A/B/C/D/E)
Offset address: 0x14

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

Reserved

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

BR15|BR14|BR13|BR12|BR11|BR10[ BR9 | BR8 | BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO

Bit Name Access Description Reset value
[31:16] |Reserved RO |Reserved 0
(y=0-15), setting these bits will clear the

corresponding OUTDR bits, and writing 0 has no
[15:0] |BRy WO , , 0
effect. These bits can only be accessed in form of|

16 bits.

10.3.1.7 Configuration Lock Register (GPIOx_LCKR) (x=A/B/C/D/E)
Offset address: 0x18

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

Reserved LCKK

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

LCKILCKTLCKT LCKNLCKILCKI Ny o by cxs | Lek7 | Leke | Leks | Leka | Leks [Lexe [ Lok [Leko

Bit Name Access Description Reset value
[31:17] |Reserved RO |Reserved 0
Lock key. It can be locked by writing in a specific

sequence, but it can be read out at any time. When
it is read as 0, it means that it is unlocked. When it
is read as 1, it means that it is locked.

The write sequence of the lock key is: write 1-
write 0-write 1-read O-read 1. The last step is not
16 LCKK RW |necessary, but can be used to check whether the 0
lock key has been activated.

When the sequence is written, any error will not
lock the activation. When the sequence is written,
the value of LCK[15:0] cannot be changed. After
the lock takes effect, the port configuration can be
only changed after the next reset.

(y=0-15), when these bits are 1, it means that the
configuration of the corresponding port is locked.
[15:0] |LCKy RW |These bits can only be changed before the LCKK 0
is unlocked. The locked configuration refers to
GPIOx CFGLR and GPIOx CFGHR.

Note: After the LOCK sequence is performed on the corresponding port bit, the configuration of the port bit
cannot be changed until the next system reset.
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10.3.2 AFIO Registers

Unless otherwise specified, the AFIO registers must be operated in words (operate these registers in 32 bits).

Table 10-47 AFIO registers

Name Access address Description Reset value
R32 AFIO_ECR 0x40010000 Event control register 0x00000000
R32 AFIO_PCFRI 0x40010004 Remap registerl 0x00000000
External  interrupt  configuration
R32 AFIO_EXTICRI1 0x40010008 ) 0x00000000
- - register|
External  interrupt  configuration
R32 AFIO_EXTICR2 0x4001000C ) 0x00000000
- - register2
External  interrupt  configuration
R32 AFIO_EXTICR3 0x40010010 ) 0x00000000
- - register3
External  interrupt  configuration
R32 _AFIO_EXTICR4 0x40010014 ) 0x00000000
- - register4
R32 AFIO_PCFR2 0x4001001C Remap register2 0x00000000
10.3.2.1 Event Control Register (AFIO_ECR)
Offset address: 0x00
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved EVOE PORT[2:0] PIN[3:0]
Bit Name Access Description Reset value
[31:8] |Reserved RO [Reserved 0
Event output enable bit. By setting this bit, the
7 EVOE RW |EVENTOUT of core is connected to the selected 0
10 ports of PORT and PIN.
Used to select the port of core output
EVENTOUT:
[6:4] |PORTJ[2:0] RW |000: PA port; 001: PB port; 0
010: PC port; 011: PD port;
Others: Reserved.
The value of these bits is used to determine the
number of the pin that selects the core
[3:0] |PIN[3:0] RW 0
EVENTOUT to the port. Values 0-15 correspond
to pins 0-15 of the PX selected in PORT.

10.3.2.2 Remap Register 1 (AFIO_PCFR1)
Offset address: 0x04

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PTP |TIM2 MIL ADC|ADC | ADC | ADC | TIMS
Reserlpps—| 1TR1 [ B-ARSET| sw crGp2:0) [Rwii| “ANEIU0 ET(2 ET{1 ET|1_ET|CH4_
Ve& I RM | RM ve _SEL[*- RGR |RGIN| RGR |RGIN| RM
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EG R|J_

15

14

13 12 11

10 9

&} ZIQ

8 7 6 5

PDO1
RM

CAN RM

TIM4

[1:0] | rRm| [1:0]

TIM3_RM

TIM2_RM

TIMI_RM
[1:0]

USART3 RM
[1:0]

c
=7

[1:0]

2C1_
RM

SPI1
RM

Bit

Name

Access

Description

Reset value

31

Reserved

RO

Reserved

0

30

PTP_PPS_RM

RW

Ethernet PTP PPS remap
0: PTP PPS not output to the PBS5 pin;
1: PTP PPS output to the PB5 pin.

29

TIM2ITR1_RM

RW

TIM?2 internal trigger]l remap

0: Internally connect TIM2 ITR1 to Ethernet PTP

output;

1: Internally connect TIM2 _ITR1 to SOF output
of full-speed USB OTG.

28

SPI3_RM

RW

SPI3 remap

0: Default map (NSS/PA15,
MSIO/PB4, MOSI/PB5);

1: Remap (NSS/PA4, SCK/PC10, MSIO/PC11,
MOSI/PC12).

SCK/PB3,

27

Reserved

RO

Reserved

[26:24]

SW_CFG[2:0]

RW

These bits are used to configure the 10 port with
SW function and tracking function. SWD (SDI) is
a debug interface to access the core. After system
reset, it is always used as the SWD port.

0xx: SWD enabled (SDI);

100: SWD disabled (SDI), served as GPIO;
Others: Invalid.

23

MII RMII_SEL

RW

MII or RMII selection. Configure the internal
Ethernet MAC to use the external transceiver with
MII interface or RMII interface (PHY).

0: Configure the Ethernet MAC to use the external
transceiver with MII interface (PHY);

1: Configure the Ethernet MAC to use the external
transceiver with RMII interface (PHY).

22

CAN2_RM

RW

CAN2 remap bit.
0: Default map (CAN2_RX/PB12, CAN2_TX/PB13);
1: Remap (CAN2_RX/PBS, CAN2_TX/PB6).

21

ETH_RM

RW

Ethernet remap bit.

0:  Default map (RX DV-CRS DV/PA7,
RXDO0/PC4, RXD1/PC5, RXD2/PB0, RXD3/PB1);
1: Remap (RX DV-CRS DV/PD8, RXDO0/PD9,
RXD1/PD10, RXD2/PD11, RXD3/PD12)

20

ADC2_ETRGREG _

RW

Remap bit of ADC1 external trigger regular
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RM conversion.

0: ADCI1 external trigger regular conversion

EXTILL;
1: ADCI1 external trigger regular conversion
TIM8_TRGO.
Remap bit of ADC2 external trigger injection
conversion
19 ADC2 _ETRGINJ R RW 0: ADC2 external trigger injection conversion to 0
M EXTIIS;
1: ADC2 external trigger injection conversion to
TIMS8_CHA4.
Remap bit of ADCI1 external trigger regular
conversion
18 ADC1_ETRGREG RW 0: ADC1 external trigger regular conversion to 0
RM EXTILL;
1: ADCI1 external trigger regular conversion to
TIM8_TRGO.
Remap bit of ADCI external trigger injection
conversion
17 ADC1_ETRGINJ R RW 0: ADCI1 external trigger injection conversion to 0
M EXTIIS;
1: ADCI external trigger injection conversion to
TIMS8_CHA4.

Remap of timer5 channel
0: Default map. Remapping of timer5 channel4;
16 TIM5CH4 RM RW ) i 0
- 1: Remap. Map timer5 channel4 to LSI internal
clock.
Remap bit of the PDO&PD]1 pins. This bit can be
read and written by the user. It controls whether
the GPIO functions of PDO and PDI1 are
remapped, i.e., PDO&PDI1 is mapped to
OSC_IN&OSC_OUT. When the main oscillator
HSE is enabled (the system runs in the internal
15 PD01_RM RW i 0
- 8MHz RC oscillator), PDO and PD1 can be
mapped to OSC_IN and OSC_OUT pins.
0: The re-mapping of PDO and PD1 is not
conducted;
1: PDO is mapped to OSC _IN, and PD1 is mapped
to OSC_OUT.

CAN lalternate function remap bits, which can be

read and written by the user. Control remapping of]
CAN_RX and CAN_TX:

[14:13] |CAN1 _RM[1:0] RW 100: CANI RX is mapped to PAll, and 0
CANI1_TX is mapped to PA12;

10: CAN1_RX is mapped to PB8, and CAN1 _TX
is mapped to PB9;
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01: Reserved,;
11: CAN1_RX is mapped to PD0, and CAN1_TX
is mapped to PD1.

Remap bit of timer4. This bit can be read and
written by the user. It controls remapping of]
channell to channel4 of timer4:

12 |TIM4 RM RW |0: Default map (CH1/PB6, CH2/PB7, CH3/PBS, 0
CH4/PBY);
1: Remap (CHI/PD12, CH2/PD13, CH3/PD14,
CH4/PD15).

Remap bits of timer3. These bits can be read and
written by the user. It controls remapping of]
channell to channel4 of timer3:

00: Default map (CH1/PA6, CH2/PA7, CH3/PBO,
CH4/PB1);

01: Reserved,;

[11:10] |TIM3 RM[1:0] RW 0
- 10: Partly map (CH1/PB4, CH2/PB5, CH3/PBO,
CH4/PB1);

11: Fully map (CH1/PC6, CH2/PC7, CH3/PCS,
CH4/PC9).

Note: Remapping does not affect TIM3 _ETR on
PD2.

Remap bits of timer 2. These bits can be written

and read by the user. It controls the mapping of]
channell to channel4 of timer2 and external
trigger (ETR) on the GPIO port:

00: Default map (ETR/PAO, CH1/PAO, CH2/PAL,
CH3/PA2, CH4/PA3);

[9:8] |TIM2 RM[1:0] RW 0
01: Partly map (ETR/PA15, H1/PA15, CH2/PB3,
CH3/PA2, CH4/PA3);

10: Partly map (ETR/PAO, CH1/PAO, CH2/PAL,
CH3/PB10, CH4/PB11);

11: Fully map (ETR/PA1S5, CH1/PA15, CH2/PB3,
CH3/PB10, CH4/PB11).

Remap bit of timer 1. These bits can be written and

read by the user. It controls the mapping of]
channel 1to channel4 of timerl, 1N to 3N, external
trigger (ETR) and break input (BKIN) on the
GPIO port:

00: Default map (ETR/PA12, CHI1/PAS,
[7:6] |TIM1 RM[1:0] RW 0
CH2/PA9, CH3/PA10, CH4/PA11, BKIN/PB12,
CHIN/PB13, CH2N/PB14, CH3N/PB15);

01: Partly map (ETR/PA12, CH1/PAS, CH2/PA9,
CH3/PA10, CH4/PA11, BKIN/PA6, CHIN/PA7,
CH2N/PBO, CH3N/PB1);

10: Reserved;
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11: Fully map (ETR/PE7, CH1/PE9, CH2/PE11,
CH3/PE13, CH4/PE14, BKIN/PE15, CHIN/PES,
CH2N/PE10, CH3N/PE12).

USARTS3 remap bits. These bits can be read and
written by the user. It controls the mapping of
CTS, RTS, CK, TX and RX alternate functions of]
USARTS3 on the GPIO port:

00: Default map (TX/PB10, RX/PB11, CK/PB12,
CTS/PB13, RTS/PB14);

01: Partly remap (TX/PC10, RX/PC11, CK/PC12,
[5:4] |USART3 RMJ[1:0] RW 0
CTS/PB13, RTS/PB14);

10: Partial remapping (TX/PA13, RX/PAl4,
CK/PD10, CTS/PD11, RTS/PD12);

11: Fully remap (TX/PD8, RX/PD9, CK/PDI0,
CTS/PD11, RTS/PD12).

Note: CH32V20x D6 and CH32F20x_D6 support
only default map (00b).

Remap bit of USART?2. This bit can be read and
written by the user. It controls the mapping of
CTS, RTS, CK, TX and RX alternate functions of]
USART?2 on the GPIO port:

0: Default map (CTS/PAO, RTS/PA1, TX/PA2,
3 USART2 RM RW 0
- RX/PA3, CK/PA4);

I: Remap (CTS/PD3, RTS/PD4, TX/PDS,
RX/PD6, CK/PD7).

Note: CH32V20x_D6 and CH32F20x_D6 support
only default map (0b).

USART1 map configuration low bit (used with the
bit26 (USART1RMI1) in the AFIO PCFR2
register).

00: Default map (CK/PAS, TX/PA9, RX/PA10,
CTS/PA11, RTS/PA12);

01: Remap (CK/PA8, TX/PB6, RX/PB7,
CTS/PA11, RTS/PA12);

2 USART1 RM RW |10: Remap (CK/PA10, TX/PB15, RX/PAS, 0
CTS/PAS, RTS/PA9);

11: Remap (CK/PAS, TX/PA6, RX/PA7,
CTS/PC4, RTS/PCS).

Note: CH32F20x_D6, CH32F20x_DS§,
CH32F20x_D8W, CH32V20x_De6,
CH32V20x_D8, CH32V20x_DS8W exist only in the
default mapping (00b), remapping (01b).

Remap of 12C1. This bit can be read and written
by the user. It controls the mapping of the SCL and
1 12C1_RM RW i 0
- SDA alternate functions of 12C1 at the GPIO port:

0: Default map (SCL/PB6, SDA/PB7);
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1: Remap (SCL/PB8, SDA/PB9).

Remap of SPI1. This bit can be read and written
by the user. It controls the mapping of NSS, SCK,
MISO and MOSI alternate functions of SPI1 at the
GPIO port:

0 SPI1 RM RW 0
- 0: Default map (NSS/PA4, SCK/PAS, MISO/PA6,
MOSI/PAT);
1: Remap (NSS/PA15, SCK/PB3, MISO/PB4,
MOSI/PBS).

10.3.2.3 External Interrupt Configuration Registerl (AFIO_EXTICR1)
Offset address: 0x08

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXTI3[3:0] EXTI2[3:0] EXTI1[3:0] EXTIO[3:0]
Bit Name Access Description Reset value
[31:16] |Reserved RO [Reserved 0

(x=0-3), external interrupt input pin configuration
bits. These bits are used to determine which port

pin the external interrupt pin is mapped to:

[15:12] . :
[11:8] 0000: Pin x of the PA pin;
[7,'4] EXTIx[3:0] RW |0001: Pin x of the PB pin; 0
' 0010: Pin x of the PC pin;
[3:0]

0011: Pin x of the PD pin;
0100: Pin x of the PE pin;
Others: Reserved.

10.3.2.4 External Interrupt Configuration Register2 (AFIO_EXTICR2)
Offset address: 0x0C

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXTI7[3:0] EXTI6[3:0] EXTIS[3:0] EXTI4[3:0]
Bit Name Access Description Reset value
[31:16] |Reserved RO [Reserved 0
(x=4-7), external interrupt input pin configuration
[15:12] bits, used to determine which port pin the external
[11:8] EXTIX[3:0] RW interrupj[ pinis mapped.to: 0
[7:4] 0000: Pin x of the PA pin;
[3:0] 0001: Pin x of the PB pin;

0010: Pin x of the PC pin;
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0011: Pin x of the PD pin;
0100: Pin x of the PE pin;
Others: Reserved.

10.3.2.5 External Interrupt Configuration Register3 (AF1IO_EXTICR3)
Offset address: 0x10

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXTI11[3:0] EXTI10[3:0] EXTI9[3:0] EXTI8[3:0]
Bit Name Access Description Reset value
[31:16] |Reserved RO [Reserved 0
(x=8-11), external interrupt input pin
configuration bits. These bits are used to
determine which port pin the external interrupt pin
[15:12] is mapped to:
[11:8] 0000: Pin x of the PA pin;
EXTIx[3:0] RW . . 0
[7:4] 0001: Pin x of the PB pin;
[3:0] 0010: Pin x of the PC pin;
0011: Pin x of the PD pin;
0100: Pin x of the PE pin;
Others: Reserved.
10.3.2.6 External Interrupt Configuration Register4 (AF1IO_EXTICR4)
Offset address: 0x14
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXTI15[3:0] EXTI14[3:0] EXTI13[3:0] EXTI12[3:0]
Bit Name Access Description Reset value
[31:16] |Reserved RO [Reserved 0
(x=12-15), external interrupt input pin
configuration bits. These bits are used to
determine which port pin the external interrupt pin
[15:12] is mapped to:
[11:8] 0000: Pin x of the PA pin;
EXTIx[3:0] RW . . 0
[7:4] 0001: Pin x of the PB pin;
[3:0] 0010: Pin x of the PC pin;
0011: Pin x of the PD pin;
0100: Pin x of the PE pin;
Others: Reserved.
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10.3.2.7 Remap Register 2 (AFIO_PCFR2)
Offset address: 0x1C

31

30

29 28 27

26

25

24 23 22 21 20 19 18

17 16

Reserved

USAR
T1 R

M1

UART8 RM

UART7 RM
[1:0]

UART6 RM
[1:0]

[1:0] [1:0]

UART5 RM

UART4 RM
[1:0]

15

14

13 12 11

10 9

8 7 6 5 4 3 2

Reserved

FSMC
_NAD
\Y%

TIM9 RM

TIM10 RM ) ]
[1:0]

Reserved [1:0]

TIM8

Reserved

Bit

Name

Access

Description

Reset value

[31:27]

Reserved

RO

Reserved

0

26

USART1_RM1

RW

USART1 map configuration high bit (used with
the bit2 (USARTIRM) in the AFIO PCFRI1
register).

00: Default map (CK/PAS, TX/PA9, RX/PA10,
CTS/PA11, RTS/PA12);
01: Remap (CK/PAS,
CTS/PA11, RTS/PA12);
10: Remap (CK/PA10,
CTS/PAS, RTS/PA9);

11: Remap (CK/PAS,
CTS/PC4, RTS/PCY).
Note: CH32F20x_De6, CH32F20x_DS8,
CH32F20x_D8W, CH32V20x_De6,
CH32V20x_D8, CH32V20x_DS8W exist only in the
default mapping (00b), remapping (01b).

TX/PB6, RX/PB7,

TX/PB15, RX/PAS,

TX/PA6, RX/PAT,

[25:24]

UARTS_RM[1:0]

RW

UARTS remap

00: Default map (TX/PC4, RX/PCS);
01: Remap (TX/PA14, RX/PA15);
1x: Remap (TX/PE14, RX/PE15).

00b

[23:22]

UART7 RM[1:0]

RW

UART7 remap

00: Default map (TX/PC2, RX/PC3);
01: Remap (TX/PA6, RX/PA7);

1x: Remap (TX/PE12, RX/PE13).

00b

[21:20]

UART6 RM[1:0]

RW

UART6 remap

00: Default map (TX/PCO, RX/PC1);
01: Remap (TX/PBS, RX/PB9);

1x: Remap (TX/PE10, RX/PE11).

00b

[19:18]

UART5 RM[1:0]

RW

UARTS remap

00: Default map (TX/PC12, RX/PD2);
01: Remap (TX/PB4, RX/PB5);

1x: Remap (TX/PE8, RX/PE9).

00b

[17:16]

UART4 RM[1:0]

RW

UART4 remap
00: Default map (TX/PC10, RX/PC11);

00b

.8
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01: Remap (TX/PB0, RX/PB1);

1x: Remap (TX/PEO, RX/PE1).

Note: Applied for CH32V30x_DSC,
CH32V30x_D8, CH32V30x_D8W, CH32V20x_DS,
CH32F20x_DS8C, CH32F20x_D8 and
CH32F20x_D8W.

x0:Default map (CK/PB2, TX/PBO, RX/PBI,
CTS/PB3, RTS/PB4).

x1:Remap  (CK/PA6, TX/PA5, RX/PBS,
CTS/PA7, RTS/PALS).

Note:  Applied for CH32V20x D6  and
CH32F20x_De6.

[15:11] |Reserved RW |Reserved 0
FSMC _NADYV remap
10 FSMC _NADV RW |0: FSMC NADYV is mapped to PB7; 0
1: FSMC NADYV output disabled.
[9:7] |Reserved RO [Reserved 0
TIM10 remap bits

00:Default map (ETR/PC10, CHI1/PBS,
CH2/PB9, CH3/PC3, CH4/PCl11, BKIN/PC12,
CHIN/PA12, CH2N/PA13, CH3N/PA14);

01: Partial map (ETR/PB11, CH1/PB3, CH2/PB4,
[6:5] |TIM10 RM[1:0] RW 00b
CH3/PB5, CH4/PC15, BKIN/PB10, CHIN/PAS,
CH2N/PA6, CH3N/PAT);

1x: Full map (ETR/PDO, CH1/PD1, CH2/PD3,
CH3/PDS5, CH4/PD7, BKIN/PE2, CHIN/PE3,
CH2N/PE4, CH3N/PES).

TIM9 remap bits

00: Default map (ETR/PA2, CH1/PA2, CH2/PA3,
CH3/PA4, CH4/PC4, BKIN/PCS, CHIN/PCO,
CH2N/PC1, CH3N/PC2);

01: Partial map (ETR/PA2, CH1/PA2, CH2/PA3,
[4:3] |TIM9 RM[1:0] RW 00b
CH3/PA4, CH4/PC14, BKIN/PA1, CHIN/PBO,
CH2N/PB1, CH3N/PB2);

1x: Full map (ETR/PD9, CH1/PD9, CH2/PD11,

CH3/PD13, CH4/PD15, BKIN/PD14,
CHIN/PDS8, CH2N/PD10, CH3N/PD12).
TIMS remap bit

0: Default map (ETR/PAO, CH1/PC6, CH2/PC7,
CH3/PC8, CH4/PC9, BKIN/PA6, CHIN/PA7,
2 TIM8 RM RW |CH2N/PB0O, CH3N/PB1); 0
I:Remap (ETR/PAO, CHI1/PB6, CH2/PB7,
CH3/PB8, CH4/PC13, BKIN/PB9, CHIN/PA13,
CH2N/PA14, CH3N/PA15);

[1:0] |Reserved RW |Reserved 0
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Chapter 11 Direct Memory Access Control (DMA)

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V3x.

Direct memory access controller (DMA) provides a high-speed data transmission method between peripheral
and memory or between memories. Without CPU intervention, data can be moved quickly through DMA to

save CPU resources for other operations.

Each channel of DMA controllers is dedicated to managing memory access requests from one or more
peripherals. There is also an arbiter to coordinate the priority between the channels.

11.1 Main Features

®  Multiple independent configurable channels
Each channel is directly connected to dedicated hardware DMA request, and supports software trigger

Support cyclic buffer management

The priority of requests between multiple channels can be set by software programming (very high, high,
medium and low level). When the priority settings are equal, it is determined by the channel number (the
lower the channel number, the higher the priority)

Support transmission from peripheral to memory, memory to peripheral, and memory to memory

® Flash memory, SRAM, peripheral SRAM, APB1, APB2 and AHB peripherals can all be used as the
sources and targets of access

® Number of programmable data transfer byte: 65535 at most

11.2 Functional Description

11.2.1 DMA Channel Processing

1) Arbitration priority

DMA requests generated by multiple independent channels are inputted to the DMA controller through logic
or structure, and currently only a channel request is responded. The internal arbiter of the module selects the

peripheral/memory access to be started according to the priority of the channel request.

In software management, the application program can independently configure the priority level for each
channel by setting the PL[1:0] bits in the DMA_CFGRx register, including 4 levels: very high, high, medium,
and low level. When the software setting levels between the channels are the same, the priority will be selected
for the module according to the fixed hardware. The lower number of channel shall have the higher priority

than the higher number.

2) DMA configuration

When the DMA controller receives a request signal, it will access the requested peripheral or memory to

establish data transmission between the peripheral or memory and the memory. Mainly including the 3

following operation steps:

(1) Fetch data from the peripheral data register or the memory address indicated by the current
peripheral/memory address register. The start address of the first transmission is the peripheral base
address or memory address specified by the DMA PADDRx or DMA_ MADDRX register.

(2) Save data to the peripheral data register or the memory address indicated by the current peripheral/memory
address register. The initial address during the first transmission is the peripheral base address or memory
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address specified by the DMA PADDRx or DMA_ MADDRX register.
(3) Perform a decrement operation of the value in the DMA_CNTRXx register, which indicates the number of

unfinished transfer operations.

Each channel has 3 DMA data transfer modes:

®  Peripheral to memory (MEM2MEM=0, DIR=0)
® Memory to peripheral (MEM2MEM=0, DIR=1)
® Memory to memory (MEM2MEM=1)

Note: The memory-to-memory mode does not require peripheral request signals. After configuring this mode
(MEM2MEM=1) , the channel will be switched on (EN=1) to start data transmission. This mode does not

support cycle mode.

The configuration process is as follows:

(1) Set the initial address of the peripheral register or the memory data address in the memory-to-memory
mode (MEM2MEM=1) in the DMA_PADDRX register. When a DMA request occurs, this address will be
the source or destination address of the data transmission.

(2) Set the memory data address in the DMA MADDRX register. When a DMA request occurs, the
transmitted data will be read from or written to this address.

(3) Set the number of data to be transmitted in the DMA_ CNTRXx register. After each data transmission, this
value will decrease progressively.

(4) Set the channel priority through the PL[1:0] bits in the DMA CFGRx register.

(5) In the DMA_CFGRx register, set the direction of data transmission, cycle mode, incremental mode of
peripheral and memory, data width of peripheral and memory, DMA Half Transfer, DMA Transfer
complete, and tDMA Transfer Error interrupt enable bit,

(6) Set the ENABLE bit in the DMA_CCRXx register to enable channel x.

Note: The control bits in DMA_PADDRx/DMA_MADDRx/DMA_CNTRx register and DMA_CFGRXx register
such as data transmission direction (DIR), cycle mode (location), peripheral and memory incremental mode
(MINC/PINC) can only be configured and written in when the DMA channel is switched off.

3) Cycle mode

Set the CIRC bit in the DMA CFGRx register to 1, to enable the cyclic mode function of the channel data
transmission. In the cycle mode, when the number of data transmission becomes 0, the content of the
DMA_CNTRx register is automatically reloaded to its initial value, and the internal peripheral and memory
address register is also reloaded to the initial address value set by the DMA PADDRx and DMA MADDRx
registers, DMA operation continues until the channel or DMA mode is switched off.

4) DMA processing status

® DMA Half Transfer: Set the HTIFx bit in the corresponding DMA_INTFR register by the hardware.
When the number of DMA transfer bytes is reduced to less than half of the initial set value, the DMA
transfer half completion flag is generated. If HTIE is set in the DMA_ CCRx register, an interrupt is
generated. The hardware reminds the application program through this flag, and can prepare for a new
round of data transmission.

® DMA Transfer complete: Set the TCIFx bit in the corresponding DMA INTEFR register by the hardware.
When the number of DMA transfer bytes is reduced to 0, a DMA transmission completion flag is
generated. If TCIE is set in the DMA_CCRXx register, an interrupt is generated.
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® DMA Transfer Error: Set the TEIFx bit in the corresponding DMA INTFR register by the hardware.
Reading and writing a reserved address area results in a DMA transmission error. Meanwhile, the module
hardware automatically clears the EN bit in the DMA_CCRXx register corresponding to the channel where
the error is generated, and the channel is switched off. If TEIE is set in the DMA CCRXx register, an

interrupt is generated.

When the application program queries the status of the DMA channel, it firstly accesses the GIFx bit in the
DMA_INTEFR register to determine which channel currently has a DMA event, and then process the specific
DMA event content of the channel.

11.2.2 Programmable Data Transmission Total Size/Data Bit Width/Alignment
The total size of data transmitted in every round of each channel of DMA is programmable, up to 65535 times.

The DMA_CNTRx register indicates the number of transfer bytes. When EN=0, write the setting value. After
the DMA transmission channel is switched on during EN=1, this register becomes read-only, and the value

decreases progressively after each transmission.

The transmission data value of peripherals and memory supports the automatic increment function of the
address pointer, and the pointer increment is programmable. The first transmitted data address accessed by
them is stored in the DMA_ PADDRx and DMA_MADDRX registers. By setting the PINC bit or MINC bit in
the DMA CFGRx register to 1, the peripheral address auto-increment mode or memory address auto-
increment mode can be enabled respectively. PSIZE[1: 0] bits are used to set the peripheral address fetch data
size and address self-increment size. MSIZE[1:0] bits are used to set the memory address fetch data size and
address self-increase size, including 3 options: 8-bit, 16-bit, 32-bit. The specific data transfer method is as

shown in the table below:

Table 11-1 DMA transfer under different data bit width (PINC=MINC=1)

Source | Target |Transferred S
ource:
bit bit data Target: address/data Transfer operation
) ) address/data
width | width | Number

0x00/B0 0x00/BO ® The increment of the source address

g g 4 0x01/B1 0x01/B1 is aligned with the data bit width set
0x02/B2 0x02/B2 at the source end, and the value is
0x03/B3 0x03/B3 equal to the source data bit width
0x00/B0 0x00/00B0 ® The increment of the target address

g 16 4 0x01/B1 0x02/00B1 is aligned with the bit width of the
0x02/B2 0x04/00B2 target set data, and the value is
0x03/B3 0x06/00B3 equal to the bit width of the target
0x00/B0 0x00/000000B0 data

g 3 4 0x01/B1 0x04/000000B1 ® Principle for transferring the data to
0x02/B2 0x08/000000B2 the target end by DMA: In case of
0x03/B3 0x0C/000000B3 insufficient data size, supplement 0
0x00/B1B0 0x00/B0 at high bit. In case of data size
0x02/B3B2 0x01/B2 overflow, the high bit is removed.

16 8 4 . .
0x04/B5B4 0x02/B4 ®Data storage: Little-endian mode;
0x06/B7B6 0x03/B6 low bytes are stored at the low
0x00/B1B0O 0x00/B1B0 address and high bytes are stored at

16 16 4 .
0x02/B3B2 0x02/B3B2 high address
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0x04/B5B4 0x04/B5B4
0x06/B7B6 0x06/B7B6
0x00/B1B0 0x00/0000B1B0

16 1 0x02/B3B2 0x04/0000B3B2
0x04/B5B4 0x08/0000B5B4
0x06/B7B6 0x0C/0000B7B6
0x00/B3B2B1B0 | 0x00/B0
0x04/B7B6B5B4 | 0x01/B4

32 8 0x08/BBBABY9BS | 0x02/B8
0x0C/BFBEBDBC | 0x03/BC
0x00/B3B2B1B0 | 0x00/B1B0

10 16 0x04/B7B6B5B4 | 0x02/B5B4
0x08/BBBAB9BS8 | 0x04/B9B8
0x0C/BFBEBDBC | 0x06/BDBC
0x00/B3B2B1B0 | 0x00/B3B2B1B0
0x04/B7B6B5B4 | 0x04/B7B6B5B4

32 32 0x08/BBBABY9BS8 | 0x08/BBBABIBS
0x0C/BFBEBDBC | 0x0C/BFBEBDBC

11.2.3 DMA Request Mapping
QingKe V4F MCUs (CH32V30x D8C and CH32V30x D8) and ARM ! CortexTM-M3 MCUs

(CH32F20x_D8C and CH32F20x_DS). The DMA controllers provide 18 channels, as DMA1 provides 7
channels and DMA?2 provides 11 channels. Each channel corresponds to multiple peripheral requests. By
setting the corresponding DMA control bit in the corresponding peripheral register, the DMA function of each
peripheral can be switched on or off independently.

Note: DMAL in the use of attention, for the fifth bit of the batch number is less than 3, DMA1 all channels of
the DMA access address must not exceed 64K boundaries, for example - CH32V307VCT6 configuration RAM
for 128K, at this time the configuration of the DAMI1 need to pay attention to the DMA source address + the
number of transmission data, or DMA destination address + the transmission of data can only be in the 0-64K,
or 64K - 128K area, not 63K-65K similar cases. 128K region, not 63K-65K similar cases. For the fifth bit of
the batch number is greater than or equal to 3, DAMI channel 2,3,4,5, DMA access address must not exceed
128K boundary, DMAI1 channel 1,6,7 DMA access address still must not exceed 64K boundary. there is no
restriction on the use of DMA2.
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Figure 11-1 DMAI1 request mapping
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Table 11-2 DMA2 request mapping

TIM9_CH4
TIM10_CH1
UART7_TX

TIM9_CH2
TIM10_CH3
UART7_RX

TIM9_TRIG/TIM9_COM
TIM10_CH2
UART8_TX

TIM9_CH3
TIM10_UP
UART8_RX

)
)

)
)

Hardware request8

EN bitof channel 8

Software Trigger
MEM2MEM bit

Hardware request9

Software Trigger >
MEM2MEM bit

Hardware request10

Software Trigger >
MEM2MEM bit

Hardware request11

Software Trigger
MEM2MEM bit

EN bitof channel 9

EN bitof channel 10

EN bitof channel 11

Channel 8
| E—

Channel 9

Channel 10

Channel 11

Table 11-2 Peripheral mapping table of each DMA1 channel

Peripheral

Channel 1

Channel 2

Channel 3

Channel 4

Channel 5

Channel 6

Channel 7

ADCl1

ADC1

SPI1

SPII_RX

SPII_TX

SP1/12S2

SPI/12S2 RX

SPI/12S2 TX

USART1

USARTI_TX

USART1_RX

USART2

USART2_RX

USART2 TX

USART3

USART3 TX

USART3_RX

12C1

12C1_TX

12C1_RX
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12C2 12C2_TX 12C2_RX
TIM1_CH4
TIM1 TIM1 CHI1 TIM1 _CH2 | TIM1 TRIG TIM1_UP TIM1_CH3
TIM1_COM
TIM2 CH2
TIM2 | TIM2 CH3 | TIM2_UP TIM2_CHI
TIM2 CH4
TIM3 CH4 TIM3_CHI1
TIM3 TIM3 CH3
TIM3_UP TIM3_TRIG
TIM4 | TIM4 _CHI TIM4 CH2 | TIM4 CH3 TIM4_UP
Table 11-3 Peripheral mapping table of each DMA?2 channel (I)
Peripheral | Channel 1 | Channel 2 | Channel 3 | Channel 4 | Channel 5 | Channel 6 | Channel 7
TIMS CH4 TIM5_CH3
TIMS TIM5 CH2 | TIMS5 CHI1
TIMS_TRIG TIMS5_UP
TIM6 TIM6_UP
TIM7 TIM7_UP
TIM8_CH4
TIM8 CH3
TIMS TIM8_TRIG | TIM8 CHI TIM8_CH2
TIMS_UP
TIM8_COM
TIM9 TIM9 UP | TIM9 CHI
TIM10_TRIG
TIM10 TIM10_CH4
TIM10_COM
UART4 USART4 RX UART4 TX
UARTS USARTS RX UARTS TX
UART6 UART6 TX | UART6 RX
UART7
UARTS
SPI/I2S3 | SPI/I2S3_RX | SPI/I2S3_TX
SDIO SDIO
DAC1 DAC1
DAC2 DAC2
Table 11-4 Peripheral mapping table of each DMA?2 channel (II)
Peripheral | Channel 8 | Channel 9 | Channel 10 | Channel 11
TIMS
TIM6
TIM7
TIM8
TIM9_TRIG
TIM9 TIM9_CH4 TIM9_CH2 TIM9_CH3
TIM9_COM
TIM10 TIM10_CHI | TIM10 CH3 | TIMI0 CH2 | TIMI10 UP
UART4
UARTS
UART6
UART7 UART7 TX | UART7 RX
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UARTS

UARTS8_TX

UARTS8_RX

SP1/12S3

SDIO

DAC1

DAC2

QingKe V4B MCUs (CH32V20x_D6) and ARMRCortex™-M3 MCUs (CH32F20x_D6). The DMA controller
provides 8 channels. Each channel corresponds to multiple peripheral requests. By setting the corresponding

DMA control bit in the corresponding peripheral register, the DMA function of each peripheral can be switched

on or off independently.

Peripheral | Channel 1 | Channel 2 | Channel 3 | Channel 4 | Channel 5 | Channel 6 | Channel 7 | Channel 8
ADCI1 ADCI
SPIl SPI1_RX | SPII_TX
SPI2 SPI2 RX | SPI2 TX
USART1 USARTI1 TX|USART1 RX
USART2 USART2 RX|USART2 TX
USART3 USART3 TX |USART3 RX
USART4 |USART4 TX USART4 RX
12C1 12C1_TX I12C1_RX
12C2 12C2_TX 12C2_RX
TIM1_CH4
TIM1 TIM1_CHI | TIM1_CH2 [TIM1_TRIG| TIM1 UP | TIMI_CH3
TIM1_COM
TIM2_CH2
TIM2 TIM2 CH3 | TIM2_UP TIM2 CHI1
TIM2_CH4
TIM3_CH4 TIM3_CHI
TIM3 TIM3_CH3
TIM3_UP TIM3_TRIG
TIM4 | TIM4 CHI TIM4 CH2 | TIM4 CH3 TIM4_UP

QingKe V4C MCUs (CH32V20x D8W and CH32V20x D8) and ARM B Cortex™-M3 MCUs
(CH32F20x_D8W). The DMA controller provides 8 channels. Each channel corresponds to multiple
peripheral requests. By setting the corresponding DMA control bit in the corresponding peripheral register, the
DMA function of each peripheral can be switched on or off independently.

Peripheral | Channel 1 | Channel 2 | Channel 3 | Channel 4 | Channel 5 | Channel 6 | Channel 7 | Channel 8
ADCl1 ADC1
SPI1 SPI1_RX SPI1_TX
SPI2 SPI2_RX SPI2_TX

USART1 USARTI1 TX|USART1 RX

USART2 USART2 RX|USART2 TX

USART3 USART3 TX |USART3 RX

USART4 |USART4 TX USART4 RX
12C1 I2C1_TX | I2C1 _RX
12C2 2C2 TX | 12C2 RX
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TIM1 CH4
TIM1 TIM1 _CHI1 | TIM1 _CH2 |TIM1 TRIG| TIM1 UP | TIM1 CH3
TIM1_COM
TIM2 CH2
TIM2 TIM2 CH3 | TIM2 UP TIM2 CH1 TIM2_CH4
TIM3 TIM3 CH3 TIM3 CH4 TIM3 CHI1
N TIM3 UP TIM3 TRIG
TIM4 TIM4 CH1 TIM4 CH2 | TIM4 CH3 TIM4 UP
TIM5_CHI
TIMS TIMS CH2 TIMS5 _CH3 TIMS CH4 TIMS_TRIG TIMS_UP
11.3 Register Description
Table 11-5 DMAI registers
Name Access address Description Reset value
R32 DMA1 _INTFR 0x40020000 |DMALI interrupt flag register 0x00000000
R32 DMA1 INTFCR 0x40020004 |DMALI interrupt flag clear register 0x00000000
R32 DMA1 CFGR1 0x40020008 |DMA1 channell configuration register 0x00000000
R32 DMA1 CNTRI1 0x4002000C |DMAI1 channell transferred data register 0x00000000
R32 DMA1 PADDRI 0x40020010 |DMAI1 channell peripheral address register| 0x00000000
R32 DMA1 MADDRI1 0x40020014 |DMAI1 channell memory address register | 0x00000000
R32 DMA1 CFGR2 0x4002001C |DMAI1 channel2 configuration register 0x00000000
R32 DMA1 CNTR2 0x40020020 |DMAI1 channel? transferred data register 0x00000000
R32 DMA1 PADDR2 0x40020024 |DMAI1 channel2 peripheral address register| 0x00000000
R32 DMA1 MADDR?2 0x40020028 |DMA1 channel2 memory address register | 0x00000000
R32 DMA1 CFGR3 0x40020030 |DMA1 channel3 configuration register 0x00000000
R32 DMA1 CNTR3 0x40020034 |DMAI channel3 transferred data register 0x00000000
R32 DMA1 PADDR3 0x40020038 |DMAI1 channel3 peripheral address register] 0x00000000
R32 DMA1 MADDR3 0x4002003C |DMA1 channel3 memory address register | 0x00000000
R32 DMA1 CFGR4 0x40020044 |DMA1 channel4 configuration register 0x00000000
R32 DMA1 CNTR4 0x40020048 |DMAI channel4 transferred data register 0x00000000
R32 DMA1 PADDR4 0x4002004C |DMA1 channel4 peripheral address register| 0x00000000
R32 DMA1 MADDR4 0x40020050 |DMAI1 channel4 memory address register | 0x00000000
R32 DMA1 CFGRS5 0x40020058 |DMAI1 channel5 configuration register 0x00000000
R32 DMA1 _CNTRS5 0x4002005C |DMAI1 channel5 transferred data register 0x00000000
R32 DMA1 PADDRS 0x40020060 |DMAI1 channel5 peripheral address register| 0x00000000
R32 DMA1 MADDRS 0x40020064 |DMA1 channel5 memory address register | 0x00000000
R32 DMA1 CFGR6 0x4002006C |DMA1 channel6 configuration register 0x00000000
R32 DMA1 CNTR6 0x40020070 |DMA1 channel6 transferred data register 0x00000000
R32 DMA1 PADDRG6 0x40020074 |DMAI1 channel6 peripheral address register] 0x00000000
R32 DMA1 MADDRG6 0x40020078 |DMA1 channel6 memory address register | 0x00000000
R32 DMA1 CFGR7 0x40020080 |DMA1 channel7 configuration register 0x00000000
R32 DMA1 CNTR7 0x40020084 |DMA1 channel7 transferred data register 0x00000000
R32 DMA1 PADDR7 0x40020088 |DMA1 channel7 peripheral address register| 0x00000000
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R32 DMA1 _MADDRY7 0x4002008C |DMA1 channel7 memory address register | 0x00000000
R32 DMA1 CFGRS 0x40020094 |DMAI1 channel8 configuration register 0x00000000
R32 DMA1 CNTRS 0x40020098 |DMA1 channel8 transferred data register 0x00000000
R32 DMA1 PADDRS 0x4002009C |DMA1 channel8 peripheral address register| 0x00000000
R32 DMA1 MADDRS 0x400200A0 |DMA1 channel8 memory address register | 0x00000000

Table 11-6 DMA2 registers

Name Access address Description Reset value
R32 DMA2 INTFR 0x40020400 |DMAZ? interrupt flag register 0x00000000
R32 DMA2 INTFCR 0x40020404 |DMAZ2 interrupt flag clear register 0x00000000
R32 DMA2 CFGRI 0x40020408 |DMAZ2 channell configuration register 0x00000000
R32 DMA2 CNTRI 0x4002040C |DMAZ2 channell transferred data register | 0x00000000
R32 DMA2 PADDRI1 0x40020410 |DMAZ2 channell peripheral address register| 0x00000000
R32 DMA2 MADDRI 0x40020414 |DMA2 channell memory address register| 0x00000000
R32 DMA2 CFGR2 0x4002041C |DMAZ2 channel2 configuration register 0x00000000
R32 DMA2 CNTR2 0x40020420 |DMA2 channel? transferred data register | 0x00000000
R32 DMA2 PADDR2 0x40020424 |DMA2 channel2 peripheral address register| 0x00000000
R32 DMA2 MADDR2 0x40020428 |DMAZ2 channel2 memory address register| 0x00000000
R32 DMA2 CFGR3 0x40020430 |DMAZ2 channel3 configuration register 0x00000000
R32 DMA2 CNTR3 0x40020434 |DMAZ2 channel3 transferred data register | 0x00000000
R32 DMA2 PADDR3 0x40020438 |DMAZ2 channel3 peripheral address register| 0x00000000
R32 DMA2 MADDR3 0x4002043C |DMAZ2 channel3 memory address register| 0x00000000
R32 DMA2 CFGR4 0x40020444 |DMAZ2 channel4 configuration register 0x00000000
R32 DMA2 CNTR4 0x40020448 |DMA2 channel4 transferred data register | 0x00000000
R32 DMA2 PADDR4 0x4002044C |DMA2 channel4 peripheral address register| 0x00000000
R32 DMA2 MADDR4 0x40020450 |DMA2 channel4 memory address register| 0x00000000
R32 DMA2 CFGRS5 0x40020458 |DMA2 channel5 configuration register 0x00000000
R32 DMA2 CNTRS5 0x4002045C |DMAZ2 channel5 transferred data register | 0x00000000
R32 DMA2 PADDRS 0x40020460 |DMA2 channel5 peripheral address register| 0x00000000
R32 DMA2 MADDRS5 0x40020464 |DMAZ2 channel5 memory address register| 0x00000000
R32 DMA2 CFGR6 0x4002046C |DMAZ2 channel6 configuration register 0x00000000
R32 DMA2 CNTR6 0x40020470 |DMAZ2 channel6 transferred data register | 0x00000000
R32 DMA2 PADDRG6 0x40020474 |DMAZ2 channel6 peripheral address register| 0x00000000
R32 DMA2 MADDR6 0x40020478 |DMAZ2 channel6 memory address register| 0x00000000
R32 DMA2 CFGR7 0x40020480 |DMAZ2 channel7 configuration register 0x00000000
R32 DMA2 CNTR7 0x40020484 |DMA2 channel7 transferred data register | 0x00000000
R32 DMA2 PADDR7 0x40020488 |DMAZ2 channel7 peripheral address register| 0x00000000
R32 DMA2 MADDR?7 0x4002048C |DMAZ2 channel7 memory address register| 0x00000000
R32 DMA2 CFGRS 0x40020490 |DMA2 channel8 configuration register 0x00000000
R32 DMA2 CNTRS 0x40020494 |DMA2 channel8 transferred data register | 0x00000000
R32 DMA2 PADDRS 0x40020498 |DMA2 channel8 peripheral address register| 0x00000000
R32 DMA2 MADDRS 0x4002049C |DMAZ2 channel8 memory address register| 0x00000000
R32 DMA2 CFGR9 0x400204A0 |DMA?2 channel9 configuration register 0x00000000
R32 DMA2 CNTR9 0x400204A4 |DMA?2 channel9 transferred data register | 0x00000000
R32 DMA2 PADDR9 0x400204A8 |DMA2 channel9 peripheral address register| 0x00000000
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R32 DMA2 MADDR9 0x400204AC |DMAZ2 channel9 memory address register| 0x00000000
R32 DMA2 CFGRI10 0x400204B0 |DMAZ2 channell0 configuration register | 0x00000000
R32 DMA2 CNTRI10 0x400204B4 |DMAZ2 channell0 transferred data register| 0x00000000
R32 DMA2 PADDRI10 0x400204B8 |DMA2 channell0 peripheral address register | 0x00000000
R32 DMA2 MADDRI10 0x400204BC |DMA2 channel10 memory address register | 0x00000000
R32 DMA2 CFGRI11 0x400204C0 |DMAZ2 channelll configuration register | 0x00000000
R32 DMA2 CNTRI11 0x400204C4 |DMAZ2 channelll transferred data register| 0x00000000
R32 DMA2 PADDRI11 0x400204C8 |DMA2 channelll peripheral address register | 0x00000000
R32 DMA2 MADDRI1 0x400204CC |DMA2 channelll memory address register | 0x00000000
R32 DMA2 EXTEM INTFR | 0x400204D0 |DMA2 extend interrupt flag register 0x00000000
R32 DMA2 EXTEM INTFCR | 0x400204D4 |[DMA2 extend interrupt flag clear register| 0x00000000

11.3.1 DMAX Interrupt Flag Register (DMAx_ INTFR) (x=1/2)
Offset address: 0x00 + (x-1)*0x400

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

TEIFS|HTIF8| TCIF8| GIFS | TEIF7|HTIF7| TCIF7| GIF7 | TEIF6|HTIF6| TCIF6| GIF6 | TEIFS|HTIFS| TCIFS| GIFS
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TEIF4|HTIF4| TCIF4| GIF4 |TEIF3|HTIF3|TCIF3| GIF3 | TEIF2|HTIF2| TCIF2| GIF2 | TEIF1|HTIF1|TCIF1| GIF1

Bit Name Access Description Reset
value
DMA Transfer Error flag of channel x (x=1/2/3/4/5/6/7/8):
31/27/23/1 1: A transmission error occurred on channel x;
9/15/11/7/ |TEIFx RO |0: No transmission error occurred on channel x. 0
3 Set by hardware, and write CTEIFx bit by software to clear
this flag.
DMA Half Transfer flag of channel x (x=1/2/3/4/5/6/7/8):
1: A transmission half completion event has occurred on
30/26/22/1 channel x;
8/14/10/6/ HTIFx RO |0: No transmission half completion event has occurred on| 0
2 channel x.
Set by hardware, and write CHTIFx bit by software to clear
this flag.
DMA Transfer complete flag of channel x
(x=1/2/3/4/5/6/7/8):
1: A transmission completion event has occurred on
29/25/21/1 channel x;
TCIFx RO . . 0
7/13/9/5/1 0: No transmission completion event has occurred on
channel x.
Set by hardware, and write CTCIFx bit by software to clear
this flag.
28/24/20/1 Global interrupt flag of channel x (x=1/2/3/4/5/6/7/8):
6/12/8/4/0 GIFx RO |1: TEIFx or HTIFx or TCIFx is generated on channel x; 0
0: No TEIFx or HTIFx or TCIFx is generated on channel
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X.
It is set by hardware, and write CGIFx bit by software to
clear this flag.

Note: ChannelS is applied for CH32V20x_DS8, CH32V20x_D8W, CH32F20x_D8W, CH32F20x_D6 and
CH32V20x_D6.

11.3.2 DMAX Interrupt Flag Clear Register (DMAx_ INTFCR) (x=1/2)
Offset address: 0x04 + (x-1)*0x400

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CTEIF8|CHTIF8| CTCIF8| CGIF8| CTEIF7| CHTIF7] CTCIF7| CGIF7| CTEIF6 | CHTIF6| CTCIF6] CGIF6]| CTEIFS | CHTIFS| CTCIFS| CGIFS
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
CTEIF4|CHTIF4| CTCIF4| CGIF4| CTEIF3| CHTIF3| CTCIF3| CGIF3| CTEIF2 | CHTIF2| CTCIF2| CGIF2| CTEIF1 |CHTIF1| CTCIF1| CGIF1

g . Reset
Bit Name Access Description
value
Clear DMA Transfer Error flag of channel x
31/27/23/19 (x=1/2/3/4/5/6/7/8):
CTEIFx WO i ) 0
/15/11/7/3 1: Clear the TEIFx flag in the DMA_INTFR register;
0: No effect.
Clear DMA Half Transfer of channel x
30/26/22/18 (x=1/2/3/4/5/6/7/8):
CHTIFx WO i ) 0
/14/10/6/2 1: Clear the HTIFx flag in the DMA_INTFR register;
0: No effect.
Clear DMA Transfer complete flag of channel x
29/25/21/17 (x=1/2/3/4/5/6/7/8):
CTCIFx wO ) ) 0
/13/9/5/1 1: Clear the TCIFx flag in the DMA_INTFR register;
0: No effect.
Clear the global interrupt flag of channel x
(x=1/2/3/4/5/6/7/8):
28/24/20/16 i
12/8/4/0 CGIFx WO |1: Clear the TEIFx/HTIFx/TCIFx/ GIFx flag in the 0
DMA_INTFR register;
0: No effect.

Note: Channel8 is applied for CH32V20x_D8, CH32V20x_D8W, CH32F20x_D8W, CH32F20x_D6 and
CH32V20x_De6.

11.3.3 DM Ay Channelx Configuration Register (DMAy_CFGRYXx) (x=1/2/3/4/5/6/7/8, y=0/1)
Offset address: 0x08 + (x-1)*20 + (y-1)*0x400

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

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

Reser VA PL{1:0] |MSIZE[1:0] | PSIZE[1:0] [MINC|PINC|CIRC| DIR | TEIE |HTIE| TCIE| EN
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Bit Name Access Description Reset
value
[31:15] |Reserved RO |Reserved. 0
Memory to memory mode enable:
14 MEM2MEM RW |1: Enable memory to memory mode; 0
0: Disable memory to memory mode.
Channel priority level setting:
[13:12] |PL[1:0] RW |00: Low; 01: Medium; 0
10: High; 11: Very high.
Memory size setting:
[11:10] |MSIZE[1:0] RW 00: 8 bits; 01: 16 bits; 0
10: 32 bits; 11: Reserved.
Peripheral size setting:
[9:8] |PSIZE[1:0] RW 00: 8 bits; 01: 16 bits; 0
10: 32 bits; 11: Reserved.
Memory increment mode enable:
7 MINC RW |1: Enable memory increment mode; 0

0: Disable memory increment mode.

Peripheral increment mode enable:
6 PINC RW |1: Enable peripheral increment mode; 0
0: Disable peripheral increment mode.

DMA channel circular mode enable:
5 CIRC RW [1: Enable circular mode; 0
0: Disable circular mode.

Data transfer direction:
4 DIR RW |1: Read from memory; 0
0: Read from peripheral.

Transfer error interrupt enable control:
3 TEIE RW |1: Enable transfer error interrupt; 0
0: Disable transfer error interrupt.

Half transfer interrupt enable control:
2 HTIE RW |1: Enable transmission half interrupt; 0
0: Disable transmission half interrupt.

Transfer complete interrupt enable control:
1 TCIE RW |1: Enable transmission completion interrupt; 0
0: Disable transmission completion interrupt.

Channel enable control:
1: Channel enabled;  0: Channel disabled.

When a DMA transmission error occurs, it will be cleared

to 0 automatically by hardware, and channel is disabled.

Note: Channel8 is applied for CH32V20x D8, CH32V20x D8W, CH32F20x D8W, CH32F20x D6 and
CH32V20x_D6.

11.3.4 DMAy Channelx Transferred Data Register (DMAy CNTRXx) (x=1/2/3/4/5/6/7/8, y=0/1)
Offset address: 0x0C + (x-1)*20 + (y-1)*0x400
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31 30

29 28

27

26

25 24 23 22 21 20 19 18

17

16

Reserved

15 14

13 12

11

10

9 8 7 6 5 4 3 2

NDT[15:0]

Bit

Name

Access

Description

Reset
value

[31:16]

Reserved

RO

Reserved.

[15:0]

NDT[15:0]

RW

Number of data transfer, range: 0-65535.

This register can only be written when the channel is not
working (EN=0 of DMA_CFGRXx). This register becomes
read-only when the channel is turned on, indicating the
number of pending transfers remaining (the contents of the
register are decremented after each DMA transfer).

When the channel is in the cyclic mode, the contents of the
register will be automatically reloaded to the previously
configured value.

Note: This register can only be changed when EN=0; when EN=1, it is a read-only register indicating the
current number of pending transfers. When the register content is 0, no data transmission occurs regardless
of whether the channel is switched on or not. ChannelS8 is applied for CH32V20x_D8, CH32V20x _DS8W,
CH32F20x_D8W, CH32F20x_D6 and CH32V20x_D6.

11.3.5 DM Ay Channelx Peripheral Address Register (DMAy_ PADDRX) (x=1/2/3/4/5/6/7/8)
Offset address: 0x10 + (x-1)*20 + (y-1)*0x400

0

31 3029 2827 2625242322212019181716151413 1211109 8 7 6 5 4 3 2 1
PA[31:0]
: . Reset
Bit Name Access Description

value

Peripheral base address, as the source or destination

address of peripheral data transmission.
When PSIZE[1:0]='01" (16 bits), the module automatically
[31:0] |PA[31:0] RW |ignores bit0, and the operation address is automatically 2| 0

bytes aligned. When PSIZE[1:0]='10' (32 bits), the module
automatically ignores bit[1:0], and the operation address is
automatically 4 bytes aligned.

Note: This register can only be changed when EN=0, and cannot be written when EN=1. Channels is
applied for CH32V20x_DS8, CH32V20x_D8W, CH32F20x_D8W, CH32F20x_D6 and CH32V20x_DG6.

11.3.6 DM Ay Channelx Memory Address Register (DMAy_MADDRX) (x=1/2/3/4/5/6/7/8)

Offset address: 0x14 + (x-1)*20 + (y-1)*0x400

31302928 272625242322212019181716151413 1211109 8 7 6 5 4 3 2 1 0
MA[31:0]
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Reset

Bit Name Access Description
value

Memory data address, as the source or target address of]
data transmission.

When MSIZE[1:0]1='01' (16 bits), the module
[31:0] |[MAJ[31:0] RW |automatically ignores bit0, and the operation address is| 0
automatically 2 bytes aligned. When MSIZE[1:0]='10' (32
bits), the module automatically ignores the [1:0] bits, and

the operation address is automatically4 bytes aligned.

Note: This register can only be changed when EN=0, and cannot be written when EN=1. Channel$ is
applied for CH32V20x_D8, CH32V20x_D8W, CH32F20x_D8W, CH32F20x_D6 and CH32V20x_D6.

11.3.7 DMA2 Channelx Configuration Register (DMA2 CFGRXx) (x=8/9/10/11)
Offset address: 0x490 + (x-8)*16

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

Reserved

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

Rj:gr I\&EEI\&Z PL[1:0] |MSIZE[1:0]| PSIZE[1:0] IMINC]|PINC|CIRC| DIR | TEIE|HTIE|TCIE| EN
Bit Name Access Description Reset
value
[31:15] |Reserved RO |Reserved 0
Memory to memory mode enable:
14 MEM2MEM RW |1: Enable memory to memory mode; 0
0: Disable memory to memory mode.
Channel priority level setting:
[13:12] |PL[1:0] RW |00: Low; 01: Medium; 0
10: High; 11: Very high.
Memory size setting:
[11:10] |MSIZE[1:0] RW |00: 8 bits; 01: 16 bits; 0
10: 32 bits; 11: Reserved.
Peripheral size setting:
[9:8] |PSIZE[1:0] RW |00: 8 bits; 01: 16 bits; 0
10: 32 bits; 11: Reserved.
Memory increment mode enable:
7 MINC RW |1: Enable memory increment mode; 0
0: Disable memory increment mode.
Peripheral increment mode enable:
6 PINC RW |1: Enable peripheral increment mode; 0
0: Disable peripheral increment mode.
DMA channel circular mode enable:
5 CIRC RW [1: Enable circular mode; 0
0: Disable circular mode.
4 DIR RW |Data transfer direction: 0
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1: Read from memory;
0: Read from peripheral.

TEIE

RW

Transfer error interrupt enable control:
1: Enable transfer error interrupt;
0: Disable transfer error interrupt.

HTIE

RW

Half transfer interrupt enable control:
1: Enable transmission half interrupt;
0: Disable transmission half interrupt.

TCIE

RW

Transfer complete interrupt enable control:
1: Enable transmission completion interrupt;
0: Disable transmission completion interrupt.

EN

RW

Channel enable control:
1: Channel enabled;  0: Channel disabled.
When a DMA transmission error occurs, it is cleared to 0

automatically by hardware, and channel is disabled.

Note: Applied for CH32F20x_DS8, CH32F20x_DS8C, CH32V30x_D8 and CH32V30x_DSC.

11.3.8 DMA2 Channelx Transferred Data Register (DMA2_ CNTRx) (x=8/9/10/11)
Offset address: 0x494 + (x-8)*16

31 30

29

28

27

26

25 24 23 22 21 20 19 18 17

16

Reserved

15 14

13

12

11

10

9 8 7 6 5 4 3 2

NDT[15:0]

Bit

Name

Access

Description

Reset
value

[31:16]

Reserved

RO

Reserved.

[15:0]

NDT[15:0]

RW

Number of data to transfer, range: 0-65535.

This register can only be written when the channel is not
working (EN of DMA_CFGRx =0). This register becomes
read-only when the channel is turned on, indicating the
number of pending transfers remaining (the contents of the
register are decremented after each DMA transfer).

When the channel is in the cyclic mode, the contents of the
register will be automatically reloaded to the previously

configured value.

Note: This register can only be changed when EN=0; when EN=1, it is a read-only register indicating the

current number of pending transfers. When the register content is 0, no data transmission occurs regardless
of whether the channel is switched on or not. Applied for CH32F20x_DS8, CH32F20x_D8C, CH32V30x_D§
and CH32V30x_D8C.

11.3.9 DMA2 Channelx Peripheral Address Register (DMA2 PADDRX) (x=8/9/10/11)
Offset address: 0x498 + (x-8)*16

31302928 272625242322212019181716151413 1211109 8 7 6 5 4 3 2 1 0
PA[31:0]
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Reset

Bit Name Access Description
value

Peripheral base address, as the source or target address of]
peripheral data transmission.

When PSIZE[1:0]='01" (16 bits), the module automatically
[31:0] |PA[31:0] RW |ignores bit0, and the operation address is automatically 2| 0
bytes aligned. When PSIZE[1:0]='10' (32 bits), the module
automatically ignores bit[1:0], and the operation address is

automatically 4 bytes aligned.

Note: This register can only be changed when EN=0, and cannot be written when EN=1. Applied for
CH32F20x_D§8, CH32F20x_DS8C, CH32V30x D8 and CH32V30x_DSC.

11.3.10 DMA2 Channelx Memory Address Register (DMA2 MADDRX) (x=8/9/10/11)
Offset address: 0x49C + (x-8)*16

313029 28 27 2625242322212019181716151413121110 9 8 7 6 5 4 3 2 1 0

MA[31:0]

Reset

Bit Name Access Description
value

Memory data address, as the source or target address of]
data transmission.

When MSIZE[1:0]1='01' (16 Dbits), the module
[31:0] |[MAJ[31:0] RW |automatically ignores bit0, and the operation address is| 0
automatically 2 bytes aligned. When MSIZE[1:0]='10' (32
bits), the module automatically ignores bit[1:0], and the

operation address is automatically 4 bytes aligned.

Note: This register can only be changed when EN=0, and cannot be written when EN=1. Applied for
CH32F20x_D8, CH32F20x_DS8C, CH32V30x_D& and CH32V30x_DSC.

11.3.11 DMA?2 Extend Interrupt Status Register (DMA2 _EXTEM_INTFR)
Offset address: 0x4D0

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

Reserved

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

TEIF |HTIF | TCIF | GIF | TEIF |HTIF | TCIF| GIF | TEIF |HTIF|TCIF| GIF | TEIF |HTIF|TCIF| GIF
11 11 11 11 10 10 10 10 9 9 9 9 8 8 8 8

g oy Reset
Bit Name Access Description
value
[31:16] |Reserved RO [Reserved 0

DMA Transfer Error flag of channelx (x=8/9/10/11):
1: A transfer error occurred on channel x;

15/11/7/3 |TEIFx RO 0
0: No transfer error occurred on channel x.

Set by hardware, and write CTEIFx bit by software to clear
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this flag.
DMA Half Transfer flag of channelx (x=8/9/10/11):
1: A transfer half completion event has occurred on channel

X;
14/10/6/2 |HTIFx RO |0: No transfer half completion event has occurred on| 0
channel x.

Set by hardware, and write CHTIFx bit by software to clear
this flag.

DMA Transfer complete of channelx (x=8/9/10/11):

1: A transfer completion event has occurred on channel x;

13/9/5/1 |TCIFx RO |0: No transfer completion event has occurred on channel x.| 0
Set by hardware, and write CTCIFx bit by software to clear
this flag.

Global interrupt flag of channelx (x=8/9/10/11):

1: TEIFx or HTIFx or TCIFx is generated on channel x;

0: No TEIFx or HTIFx or TCIFx is generated on channel

12/8/4/0 |GIFx RO 0
X.

Set by hardware, and write CGIFx bit by software to clear
this flag.

Note: Applied for CH32F20x_D8, CH32F20x_DS8C, CH32V30x_D8 and CH32V30x_DSC.

11.3.12 DMA2 Extend Interrupt Flag Clear Register (DMA2_EXTEM_INTFCR)
Offset address: 0x4D4

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

Reserved

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

CTEIF |CHTIF | CTCIF | CGIF | CTEIF | CHTI | CTCIF | CGIF | CTEIF | CHTI | CTCIF | CGIF | CTEIF | CHTIF | CTCIF | CGIF
11 11 11 11 10 | F10 | 10 10 9 F9 9 9 8 8 8 8
f . Reset
Bit Name Access Description
value
[31:16] |Reserved RO [Reserved 0
Clear DMA Transfer Error flag of channel x
(x=8/9/10/11):
15/11/7/3 |CTEIFx wO i i 0
1: Clear the TEIFx flag in the DMA_INTFR register;
0: No effect.
Clear DMA Half Transfer flag of channel x (x=8/9/10/11):
14/10/6/2 |CHTIFx WO |1: Clear the HTIFx flag in the DMA_INTFR register; 0
0: No effect.
Clear DMA Transfer complete flag of channel x
(x=8/9/10/11):
13/9/5/1 |CTCIFx WO , , 0
1: Clear the TCIFx flag in the DMA_INTEFR register;
0: No effect.
Clear the global interrupt flag of channel x (x=8/9/10/11):
12/8/4/0 |CGIFx WO , 0
1: Clear the TEIFx/HTIFx/TCIFx/ GIFx flag in the
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DMA_INTEFR register;
0: No effect.

Note: Applied for CH32F20x_DS8, CH32F20x_D8C, CH32V30x_D8 and CH32V30x_DS8C.
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Chapter 12 Analog-to-digital Converter (ADC)

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V3x.

The ADC module contains 2 12-bit successive approximation analog-to-digital converters with a maximum

input clock of 14MHz. It supports sampling sources of 16 external channels and 2 internal sources. It can be

performed in single, continuous, automatic scan, discontinuous, external trigger and dual sample modes. The

analog watchdog function can be used to monitor whether the channel voltage is within the threshold range.

12.1 Main Features

12-bit resolution

16 external channels and 2 internal signal sources for sample

Multiple sampling conversion modes for multiple channels: single, continuous, scan, trigger,
discontinuous, etc.

Data alignment mode: Left alignment, right alignment

Sampling time can be programmed separately per channel

Both regular conversion and injected conversion support external trigger

Analog watchdog monitors the channel voltage, and has self-calibration function
Dual mode

ADC channel input range: 0<ViN<Vppa

Adjustable input gain, to implement small signal amplification and sampling

.8
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12.2 Functional Description

12.2.1 Module Structure

Figure 12-1 ADC module block diagram

Rule channel data Conversion ends
EOC=1
xDDA E( register (16 bits)
SSA /\ End of Injection
Injection channel data conversion
Veers : . > JE0c=1
register (4x16 bits)
VRer- A
YVYVY ~ADC_I0FRx [1:0]
ADC_| NOEC: \ | ADCCLK
Analog to =
ADC_IN1 . Rule channel i _8| Max=14MHz
> group igita [€——ADC_SAMPTPx
Port Converters
+ Injection
ADC_IN150O—> > DMA
channel group Request
Temperature sensor _P/ A
VREFINT > —
\/ Y\]
Analog Watchdog
| Low threshold (12-bit) | |CompareRe5uIt5 |
Ly -
EXTSEL[2:0] > AND=1
TIM1_CC1—|
TIM1_CC2—|
TIM_CC3—
TIM2_CC2—
TIM3_TRGO—
TIM4_CC4—
SWSTART—
EXTTRIG
exTi11 G
ADCx_ETRGINJ_RM
JEXTSEL[2:0]
TIM1_TRG!
TIMI_CC4
TIM2_TRGO
TIM2_CC1
TIM3_CC4
TIM4_TRGO
JSWSTART
JEXTTRIG
EXTI5
TIM8_CC4
ADCx_ETRGREG_RM

12.2.2 ADC Configuration

1) Module power on

The ADON bit in the ADC_CTLR2 register is 1, indicating that the ADC module is powered on. When the
ADC module enters the power-on status (ADON=1) from the power-down mode (ADON=0), it needs to
delay a period of time tstas as the module stabilization time. Afterwards, write the ADON bit as 1 again, to

serve as the start signal for software to start ADC conversion. By clearing the ADON bit to 0, you can

terminate the current conversion and place the ADC module in power-down mode. In this status, the ADC
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consumes almost no power.

2) Sample clock
The register operation of the module is based on the PCLK2 (APB2 bus) clock. The clock reference ADCCLK

of the conversion unit is synchronized with PCLK2. The frequency division is configured by ADCPRE[1:0]
in the RCC_CFGRO register, and the maximum cannot exceed 14MHz.

3) Channel configuration
The ADC module provides 18 channels of sampling sources, including 16 external channels and 2 internal

channels. They can be configured into 2 conversion groups: regular group and injected group, in order to

realize the group conversion formed by a series of conversions on any number of channels in any order.

Conversion group:

® Regular group: Composed of up to 16 conversions. The regular channels and their conversion sequence
are set in the ADC_RSQRx register. The total number of conversions in the regular group shall be written
into L[3:0] in the ADC_RSQRI1 register.

® Injected group: Composed of up to 4 conversions. The injected channels and their conversion sequence
are set in the ADC_ISQR register. The total number of conversions in the injected group shall be written
into JL[1:0] in the ADC_ISQR register.

Note: If the ADC _RSQRx or ADC _ISQOR register is changed during the conversion, the current conversion
will be terminated, and a new start signal will be sent to the ADC to convert the newly selected group.

Two internal channels:
® Temperature sensor: Connect ADC_IN16 channel to measure the temperature (TA) around the device.
® Internal reference voltage (Vrerint): Connect the ADC _IN17 channel.

4) Calibration

The ADC is provided with a built-in self-calibration mode. After the calibration link, the accuracy error caused
by the change of the internal capacitor bank can be greatly reduced. During calibration, an error correction
code is calculated on each capacitor to eliminate the error generated on each capacitor in the subsequent

conversion.

Initialize the calibration register by writing the RSTCAL bit of the ADC _CTLR2 register to 1. The initiation
is completed when the RSTCAL hardware is cleared. Set the CAL bit to start the calibration function. Once
the calibration is completed, the hardware will automatically clear the CAL bit and save the calibration code
in ADC_RDATAR. Then, the normal conversion function can be used. It is recommended to perform an ADC
calibration when the ADC module is powered on.

Note: Before starting calibration, you must ensure that the ADC module is in the power-on status (ADON=1)
for more than 2 ADC clock cycles at least.

5) Programmable sample time

Several ADCCLK cycles are used to sample the input voltage. The number of sampling cycles of the channel
can be changed by the SMPx[2:0] bits in the ADC_SAMPTRI1 and ADC_SAMPTR?2 registers. Each channel
can be sampled at a different time.

The total conversion time is calculated as follows:

Tconv = Sampling time + 11Tapccrk

V1.8 167 WH


https://wch-ic.com

CH32FV2x_V3x Reference Manual https://wch-ic.com

The regular channel conversion of ADC supports DMA function. The converted value of the regular channel
is stored in the only data register ADC RDATAR. To prevent continuous conversion of multiple regular
channels, the DMA function of ADC can be enabled for the data not timely removed in the ADC_RDATAR
register. The hardware will generate a DMA request when the conversion of the regular channel is completed
(EOC bit is set), and transmit the converted data from the ADC_RDATAR register to the destination address
specified by the user.

After the channel configuration of the DMA controller module is completed, write the DMA bit of the
ADC_CTLR?2 register to 1 to enable the DMA function of the ADC.

Note: The injected group conversion does not support DMA function.

6) Data alignment
The data storage alignment method after ADC conversion is selected for the ALIGN bit in the ADC_CTLR2
register. 12-bit data supports left alignment and right alignment modes.

The data register ADC_RDATAR of the regular group channel saves the actual converted 12-bit digital value;
while the data register ADC _IDATARx of the injected group channel is the value written after the actual
converted data is subtracted from the defined offset of the ADC_IOFRx register, the value may be positive or
negative, so there will be a sign bit (SIGNB).

Figure 12-2 Data left alignment
Regular group data register

/D11 | D10 D9 [D8 [D7 D6 |D5 [D4 [D3 D2 [DI [DO [0 [0 [0 [0 |
Injected group data register
|SIGNB| D11 | D10 D9 [D8 | D7 |D6 [D5 [D4 [ D3 [D2 [DI [DO [0 [0 [0 |

Figure 12-3 Data right alignment
Regular group data register

o Jo o Jo [pi|plo|/p9 D8 [D7 |D6 [D5 D4 |D3 [ D2 [DI [ DO |
Injected group data register
|SIGNB| SIGNB | SIGNB | SIGNB | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |

12.2.3 External Trigger Source
The ADC conversion start event can be triggered by an external event. If the REXTTRI or IEXTTRIG bit in

the ADC_CTLR2 register is set, the conversion of the regular group or the injected group channel can be
triggered by an external event, respectively. At this time, the configuration of the REXTSEL[2:0] and
IEXTSEL[2:0] bits determines the external event source of the rule group and the injected group.

Note: When an external trigger signal is selected for ADC rule or injection conversion, only its rising edge

can start the conversion.

Table 12-1 External trigger sources of regular group channel

REXTSEL[2:0] Trigger source Type
000 CCl1 event of timerl
001 CC2 event of timerl ) )
5 Internal signal from on-chip
010 CC3 event of timerl .
timers
011 CC2 event of timer2
100 TRGO event of timer3
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101 CC4 event of timer4
. From external pin/internal timer
110 EXTI linel1/TIM8_TRGO .
- signal
111 SWSTART bit set by software Software control bit
Table 12-2 External trigger sources of injected group channel
IEXTSEL[2:0] Trigger source Type
000 TRGO event of timerl
001 CC4 event of timerl
010 TRGO event of timer2 ) o
- Internal signal from on-chip timers
011 CCl1 event of timer2
100 CC4 event of timer3
101 TRGO event of timer4
. From external pin/internal timer
110 EXTI linel5/TIM8 CC4 i
- signal
111 JSWSTART bit set to 1 by software Software control bit

12.2.4 Conversion Mode

Table 12-3 Conversion mode combination

ADC _CTLRI1 and ADC_CTLR?2 register control bits

ADC conversion mode

CONT | SCAN |RDISCEN/IDISCEN| JAUTO | Start event
.| Single single-channel mode: The single
ADON bit .
set to 1 conversion is performed through a regular
channel.

0 0 0 . ; .
External | Single single-channel mode: A single
trigger | conversion is performed through one of

mode the regular channels or injected channels.
Single scan mode: Perform a single
conversion on all selected regular group
channels (ADC_RSQRx) or all injected
group channels (ADC ISQR) in
ADON bit | sequence.
0 setto 1 or | Trigger injected mode: When the regular
0 external | group channel is converted, all
trigger conversions of the injected group channel
: 0 mode can be inserted, and then the regular group
channel conversion is continued; but the
regular group channel conversion is not
inserted when injected group channel is
converted.
ADON bit | Single scan mode: Perform a single
setto 1 or | conversion on all selected regular group
1 external | channels (ADC_RSQRx) or all injected
trigger group channels (ADC ISQR) in
mode sequence.
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Automatic injected mode: After regular
group channel is converted, the injected
group channel will be automatically
converted.

Note: The external trigger signal injected
into the channel is not allowed to appear

during the conversion process.

Single discontinuous mode: Whenever an
event is started, a short sequence (the
number defined by DISCNUM][2:0]) of
channel number conversion will be
performed, and the event will be restarted
until the conversion of all selected

1
External | channels is completed.
(RDISCEN and . )
0 trigger Note: The mode control bits selected for
0 IDISCEN cannot o
mode the regular group and the injected group

be 1 at the same ]
are IDISCEN and RDISCEN respectively.

time) . .
The discontinuous mode cannot be
configured for the regular group and the
injected group at the same time, and the
discontinuous mode can only be used for
single conversion.
1 - Disable such mode.
X - No such mode.
0 0 0 ADON bit . .
Continuous single channel/scan mode:
0 setto 1 or
After each round, a new round of
1 external . . -
1 0 ) conversion will be repeated, and it can be
1 trigger . . .
terminated until CONT is cleared to 0.
mode

Note: The external trigger event of regular group and injected group is different, and the ‘“ACON’ bit can only
start the channel conversion of the regular group, so the start event of the channel conversion of the regular
group and the injected group is independent.

1) Single single-channel conversion mode
In this mode, only one conversion is performed for the current channel. The first channel in the regular group

or injected group is converted in this mode. It can be started up by setting the ADON bit in ADC_CTLR2
register to 1 (only applicable to regular channel), or by an external trigger (applicable to regular channel or
injected channel). Once the conversion of the selected channels is completed:

If a regular group channel is converted, the conversion data is saved in the 16-bit ADC_RDATAR register, and
the EOC flag is set. If the EOCIE bit is set, the ADC interrupt is triggered.

If the injected group channel is converted, the conversion data is stored in the 16-bit ADC _IDATARI register,
and the EOC and IEOC flags is set. If the [EOCIE or EOCIE bit is set, the ADC interrupt is triggered.

2) Single scan mode conversion
Enter the ADC scan mode by setting the SCAN bit in the ADC_CTLRI1 register to 1. This mode is used to
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scan a group of analog channels, and perform a single conversion for all channels selected by ADC_RSQRx
register (for regular channels) or ADC _ISQR (for injected channels) one by one. When the current channel

conversion ends, the next channel in the same group is automatically converted.

In the scan mode, according to the status of the JAUTO bit, it is divided into trigger injected mode and
automatic injected mode.

® Trigger injection

The JAUTO bit is 0. When a trigger event for the channel conversion of the injected group occurs during the
scanning of the regular group channel, the current conversion is reset, and the sequence of the injected channel
is carried out in a single scan mode. After the scanning and conversion of all selected injected group channels
are completed, the previous interrupted regular group channel conversion is restored.

If a regular channel start event occurs currently while scanning the injected group channel sequence, the
injected group conversion is not interrupted, but the regular sequence conversion is executed after the injected
sequence conversion is completed.

Note: When using triggered injected conversion, you must ensure that the interval of the trigger event is longer
than the injected sequence. For example, the total conversion time to complete the injected sequence is 28
ADCCLKSs, so the minimum event interval time for triggering the injected channel is 29 ADCCLKs.

®  Automatic injection

The JAUTO bit is 1. After scanning all the channels selected by the regular group, the conversion of the
channels selected by the injected group is automatically performed. This method can be used to convert up to
20 conversion sequences in the ADC_RSQRx and ADC_ISQR registers.

In this mode, the external trigger of the injected channel must be disabled (IEXTTRIG=0).

Note: For the ADC clock prescale factor(ADCPRE[1:0])of 4 to 8, when switching from regular conversion to
injected sequence or from injected conversion to regular sequence, 1 ADCCLK interval will be inserted
automatically; when the ADC clock prescale factor is 2, there is a delay of 2 ADCCLK intervals.

3) Single interval mode conversion

Enter the discontinuous mode of the regular group or injected group by setting either the RDISCEN or
IDISCEN bit in the ADC_CTLRI register to 1. This mode differs from scanning a complete set of channels in
scan mode, but divides a set of channels into multiple short sequences, and each external trigger event executes

a short sequence of scan conversion.

The length of the short sequence n (n<=8) is defined by the DISCNUM[2:0] bits in the ADC_CTLRI1 register.
When RDISCEN is 1, it is the discontinuous mode of the regular group. The total length to be converted is
defined by the L[3:0] bits in the ADC_RSQRI register. When IDISCEN is 1, it is the discontinuous mode of
the injected group, and the total length to be converted is defined by the JL[1:0] bits in the ADC_ISQR register.
The regular group and injected group cannot be set to discontinuous mode at the same time.

Example of regular group discontinuous mode:
RDISCEN=1, DISCNUM]2:0]=3, L[3:0]=8, channels to be converted=1, 3, 2, 5, 8, 4, 10, 6
For the first external trigger, conversion sequence: 1, 3, 2
For the second external trigger, conversion sequence: 5, 8, 4
For the third external trigger, conversion sequence: 10, 6, and the EOC event is generated in the meantime
For the fourth external trigger, conversion sequence: 1, 3, 2
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Example of injected group discontinuous mode:

IDISCEN=1, JL[1:0]=3, channels to be converted=1, 3, 2

For the first external trigger, conversion sequence: 1

For the second external trigger, conversion sequence: 3

For the third external trigger, conversion sequence: 2, and the EOC and IEOC events are generated in the
meantime

For the fourth external trigger, conversion sequence: 1

Note: 1. When switching a regular group or injected group in the discontinuous mode, it will not automatically
start from the beginning after the conversion sequence ends. When all subgroups are converted, the next
trigger event will start the conversion of the first subgroup.

2. Automatic injection (JAUTO=1) and intermittent mode cannot be used at the same time.

3. The discontinuous mode cannot be set for the regular group and the injected group at the same time,
and the discontinuous mode can only be used for single conversion.

4. In the intermittent mode of the injection group, the number of injection channels to be converted after

the external trigger is 1.

4) Continuous conversion

Enter the ADC continuous conversion mode by setting the CONT bit in the ADC_CTLR?2 register to 1. In this
mode, another conversion is started immediately after the previous ADC conversion is completed. The
conversion will not stop on the last channel of the selected group, but will continue from the first channel of

the selected group again.

Startup events include external trigger events and ADON bit set to 1. Based on several conversion methods in
the previous single mode, it also includes continuous single-channel conversion and continuous scan mode

(trigger injection or automatic injection) conversion.

12.2.5 Analog Watchdog
If the analog voltage converted by the ADC is lower than the low threshold or higher than the high threshold,

the AWD analog watchdog status bit will be set. The threshold setting is located in the low 12 active bits in
the ADC_WDHTR and ADC_WDLTR registers. By setting the AWDIE bit in the ADC_CTLRI register, the

corresponding interrupt is allowed to be generated.
Figure 12-4 Analog watchdog threshold area

Analog voltage

conversion values
Alert High
ADC_WDHTR
Threshold -
Alert Area
Alert Low
Threshold ADC_WDLTR

Configure the AWDSGL, AWDEN, JAWDEN and AWDCH[4:0] bits in the ADC_CTLRI register to select
the channel for analog watchdog vigilance. The specific relationship is shown in the following table:
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Table 12-4 Analog Watchdog Channel Selection

Analog watchdog ADC _ CTLRI1 register control bit
vigilance channel AWDSGL AWDEN JAWDEN AWDCHJ4:0]
Non-vigilance Ignore 0 0 Ignore
All injected channels 0 0 1 Ignore
All regular channels 0 1 0 Ignore
All injected and regular
0 1 1 Ignore
channels
) o Determine
Single injected channel 1 0 1
channel No.
. Determine
Single regular channel 1 1 0
channel No.
Single injected and regular 1 { { Determine
channel channel No.

12.2.6 Temperature Sensor
The chip has a built-in temperature sensor, which is connected to the ADC_INT16 channel. The voltage output

by the sensor is converted into a digital value through the ADC to feed back the internal temperature of the
chip. The recommended sampling time is 17.1us. The output voltage of a temperature sensor varies linearly
with temperature. Due to manufacturing discretization, the slope and offset of the curve of the linear variation
varies, so internal temperature sensors are better suited for detecting changes in temperature rather than
measuring absolute temperature. If you need to measure accurate temperature, you shall use an external
temperature sensor.
By setting the TSVREFE bit in the ADC_CTLR2 register to 1, wake up the ADC internal sampling channel.
The ADC temperature sensor channel conversion is started up by the software or external trigger to read the
data results (mV). The conversion formula of digital value and temperature (°C) is as follows:

Temperature (°C) = ((Vsense-Vas)/Avg_Slope)+25

V25: The voltage value of the temperature sensor at 25°C

Avg_Slope: Average slope of temperature and Vsense curve (mV/°C)
Refer to the actual values of V25 and Avg_Slope in the electrical characteristics chapter of this manual.
Note: A setup time is required for the internal temperature sensor power-on (TSVREFE bit is changed to 1
from 0) and a setup time is also required for ADC module power-on (ADON bit is changed to 1 from 0), so in
order to shorten the waiting time, you can set ADON and TSVREFE bits at the same time.

12.2.7 Dual ADC Mode

In devices with 2 ADC modules, the 2 ADC modules can be used together to implement dual ADC mode. In
dual ADC mode, ADCI is the master ADC, and ADC2 is the slave ADC. The conversion is triggered
alternately or simultaneously, depending on the mode selected by the DAULMODE[3:0] bits in the
ADC1 _CTLRI1 register.

Note: In dual ADC mode, when configuring conversion to be triggered by an external event, the external
triggers must be enabled on both master and slave ADCs and the user must set the corresponding trigger for
the master ADC and set a software trigger for the slave ADC, to prevent spurious triggers to start unwanted

slave conversion.

The following modes can be implemented:
® Independent mode
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Injected simultaneous mode

Regular simultaneous mode

Fast interleaved mode

Slow interleaved mode

Alternate trigger mode

Regular simultaneous mode + Injected simultaneous mode
Regular simultaneous mode + Alternate trigger mode
Injected simultaneous mode + Fast interleaved mode

Injected simultaneous mode + Slow interleaved mode

Note: 1. In dual ADC mode, the DMA bit must be enabled, to read the slave converted data on the master
data register.

2. Only ADC1 has DMA function. the ADC?2 converted data only can be transferred by DMA of ADCI
in dual ADC mode.
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Figure 12-5 Dual ADC block diagram
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L |
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TIM_CC—
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TIM3_TRGO—|
TIMA_CC4—
SWSTART—
EXTTRI G
EXTI11
TIM8_TRG
Dual ADC mode
ADCx_ETRG INJ_RM control
JEXTSEL[2:0]
TIM1_TRGO
TIMI_CC4
TIM2_TRGO
TIM2_CC1
TIM3_CC4
TIM4_TRGO
JSWSTART
JEXTTRIG
EXTI15
TINB_CC4
ADCx_E TRGREG_RM

1) Independent mode

In independent mode, the dual ADC modules do not work synchronously, and each ADC works independently.

2) Injected simultaneous mode

This mode converts an injected channel group. By setting the [IEXTSEL[2:0] bits in the ADC1_CTLRI register,
the trigger source can be selected. And a simultaneous trigger is provided to ADC2. After conversion, the
converted data is stored in the ADC IDATARXx registers of each ADC. If an ADC interrupt is enabled, an

IEOC interrupt is generated after conversion.
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Figure 12-6 Injected simultaneous mode on 4 channels

:‘ Sample

conversion

ADC2 CHO CH1 CH2 CH3
ADCI1 CH3 CH2 CH1 CHO
Trigger ADC1 and ADC2 injection conversion ends

Note: 1. Do not convert the same channel on the 2 ADCs.
2. In simultaneous mode, to ensure that the conversion of the 2 groups can be completed each time, the
conversion groups of ADC1 and ADC2 should have the same time, or the time of the longer conversion group

is less than the trigger time interval.

3) Regular simultaneous mode
This mode is performed on a regular channel group. By setting the REXTSEL[2:0] bits in the ADC1_CTLRI1

register, the trigger source can be selected. And a simultaneous trigger is provided to ADC2. After conversion,
a 32-bit DMA transfer request is generated, which transfers the data in the ADC1_RDATAR register to SRAM,
and the high 16 bits contain the ADC2 converted data, the low 16 bits contain the ADC1 converted data. If an
ADC interrupt is enabled, an EOC interrupt is generated.

Figure 12-7 Regular simultaneous mode on 16 channels

:‘ Sample

conversion

ADCl1 CHO CHI1 CH2 CH3 | - CHI15
ADC2 CHI15 CH14 CH13 CHI2| - CHO
Trigger ADC1 and ADC2 injection conversion ends

Note: 1. Do not convert the same channel on ADCI1 and ADC2;
2. In simultaneous mode, to ensure that the conversion of the 2 groups can be completed each time, the
conversion groups of ADCI1 and ADC?2 should have the same time, or the time of the longer conversion group

is less than the trigger time interval.

4) Fast interleaved mode
This mode only applies to a regular channel (usually only one channel). By setting the REXTSEL[2:0] bits in

the ADC1_CTLRI register, the trigger source can be selected. After a trigger occurs, ADC2 starts conversion
immediately, while ADCI1 starts conversion after a delay of 7 ADC clock cycles. If both ADC1 and ADC2
enable continuous mode (the CONT bit is set), continuous interleaved conversion is performed on regular
channel. If an interrupt is enabled, ADC1 generates an EOC interrupt. If both ADC1 and ADC2 enable DMA,
a 32-bit DMA transfer request is generated, which transfers the data in the ADC1_RDATAR register to SRAM,
and the high 16 bits contain the ADC2 converted data, the low 16 bits contain the ADC1 converted data.
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Figure 12-8 Fast interleaved mode on 1 channel in continuous conversion mode

:| Sample

ADC2 conversion ends )
conversion

apc2[ JcHo| [ JcHo]
ADCI| [CHO| -~ [ [ cHO]
A
Trigger | : ADCI1 conversion ends

I ]
7 ADCCLK cycles

Note: The sampling time should be less than 7 ADC clock cycles, to avoid the overlap between ADCI and
ADC?2 sampling phases in the event that they convert the same channel.

5) Slow interleaved mode

This mode only applies to a regular channel (only one channel). By setting the REXTSEL[2:0] bits in the
ADCI1 _CTLRI1 register, the trigger source can be selected. After a trigger occurs, ADC2 starts conversion
immediately, while ADC1 starts conversion after a delay of 14 ADC clock cycles, and ADC2 starts again after
a second delay of 14 ADC clock cycles, and so on. If an interrupt is enabled, ADC1 generates an EOC interrupt.
If both ADC1 and ADC2 enable DMA, a 32-bit DMA transfer request is generated, which transfers the data
in the ADC1_RDATAR register to SRAM, and the high 16 bits contain the ADC2 converted data, the low 16
bits contain the ADC1 converted data.

Figure 12-9 Slow interleaved mode on 1 channel

:‘ Sample
ADC2 conversion ends conversion
ApCc2[ [ cuo | | CHO ]
ADSJ [ doo | [ [ cuo |
: :
Tri
rigger I | : ADC1 conversion ends
14/ADCCLK[cycles i
le——— >l
| |
| )
28 ADCCLK cycles

Note: 1. The sampling time should be less than 14 ADC clock cycles, to avoid an overlap with the next
conversion,

2. After 28 ADC clock cycles, a new ADC? start is generated automatically,

3.The CONT bit cannot be set.

6) Alternate trigger mode

This mode only applies to an injected channel group. By setting the REXTSEL[2:0] bits in the ADC1_CTLR1
register, the trigger source can be selected. When the first trigger occurs, all injected group channels in ADC1
are converted. When the second trigger occurs, all injected group channels in ADC2 are converted. And so on.
If an interrupt is enabled, an IEOC interrupt is generated after all injected group channels in ADCI1 are
converted. If an interrupt is enabled, an IEOC interrupt is generated after all injected group channels in ADC2
are converted.
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Figure 12-10 Alternate trigger: injected channel group of each ADC

1st 3rd Nth
trigger EOC, trigger EOC, trigger I:' Sample
g8
IE/OC(ADCI) \ IEO/C(ADCI) \ [ 1 conversion
ADCI L1
EOC, / EOC,
2nd IEOC(ADC2) 4th IEOC(ADC2) N+1th
trigger trigger trigger

If the injected discontinuous mode is enabled, when the first trigger occurs, the first injected channel in ADC1
is converted. When the second trigger occurs, the first injected channel in ADC2 is converted. And so on. If
an interrupt is enabled, an IEOC interrupt is generated after all injected group channels in ADC1 are converted.

If an interrupt is enabled, an IEOC interrupt is generated after all injected group channels in ADC2 are
converted.

Figure 12-11 Alternate trigger: injected channel group of each ADC in discontinuous mode

1st 3rd 5th 7th I:l
Sample

trigger trigger trigger trigger
gi gi gi‘ i IEfOC(ADCl) :l conversion
apci[T__] T L1l | LI

apc2 ] | [ ] | (1] D:k
/ / / / IEOC(ADC?2)
2nd 4th 6th 8th
trigger trigger trigger trigger

7) Regular simultaneous mode + Injected simultaneous mode
This mode can interrupt simultaneous conversion of a regular group to start simultaneous conversion of an
injected group. In this mode, the conversion groups of ADC1 and ADC2 should have the same time, or the

time of the longer conversion group is less than the trigger time interval.

8) Regular simultaneous mode + Alternate trigger mode

This mode can interrupt simultaneous conversion of a regular group to start alternate trigger conversion of an
injected group. When an injected event occurs, alternate trigger conversion starts immediately. If the regular
conversion is already running, the regular conversion of both ADCs is stopped, and it is resumed
synchronously at the end of the injected conversion.

Figure 12-12 Alternate trigger conversion in regular simultaneous mode

ADC1 1st trigger
rule
conversior
Aoct
comversion [_dHo
ADC2
conversio] | ©m3 | | cis | | Che [ cre | [ ca7 | [ ca7 | | cos |
_ADC2
canieion ]

2nd trigger

[ cHo §{ [ ca1t { [ cm2 [ cm2 | | cu3 | [ cu3 | | cH4 |

Sync but not lose
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Note: In this mode, the conversion groups of ADCI and ADC?2 should have the same time, or the time of the
longer conversion group is less than the trigger time interval.

If a trigger occurs during an injected conversion that has interrupted a regular conversion, it will be ignored.
The Figure 12-13 shows the behavior in this case (the second trigger is ignored).

Figure 12-13 Trigger event occurring during injected conversion

1st trigger 3rdtrigger
ha ¢ :
conversiont | cuo | | cmi | | cmo [ co2 | ] cH3 ] [ cu3 | | cua |
comersion [ [ ficHo | | cho |
ADC2
|
conversion] | CH3 | | cH5 | | CH6 [ cus [ ] cu7 | | cu7 { | cHs |
_ADC2
s, t [T co | A
2nd trigger 4th trigger

9) Injected simultaneous mode + Interleaved mode
In this mode, an injected conversion can stop the interleaved conversion. When an injected event occurs, the
interleaved conversion is interrupted, and the injected conversion starts. After injected conversion, the

interleaved conversion is resumed.

Figure 12-14 Injected group conversion during interleaved conversion

ADCI [T cio T cmo T cmo ] C1 sompte
conversion
apc2 [ [ chHo [T cuo T T cuo |
[T cun [ [ cHi2 |
Trlgger| [ cuiz [ ] cun |
[T coo T T cno |
[T cuo [ ] cHo |

Note: When the ADC clock prescaler is set to 4, the sampling interval is 8 ADC clock cycles followed by 6
ADC clock cycles, instead of 7 ADC clock cycles followed by 7 ADC clock cycles.

12.3 Register Description

Table 12-5 ADCI1 registers

Name Access address Description Reset value
R32 ADCI1_STATR 0x40012400 |ADCI1 status register 0x00000000
R32 ADCI1_CTLRI1 0x40012404 |ADCI1 control registerl 0x00000000
R32 ADCI1_CTLR2 0x40012408 |ADCI1 control register 2 0x00000000
R32 ADC1_SAMPTRI 0x4001240C |ADCI1 sample time configuration register| 0x00000000
R32 ADC1_SAMPTR2 0x40012410 |ADCI1 sample time configuration register2 0x00000000
R32 _ADCI1_IOFRI1 0x40012414 |ADCI injected channel data offset registerl| 0x00000000
R32 _ADCI1_IOFR2 0x40012418 |ADCI injected channel data offset register2| 0x00000000
R32 ADCI1 _IOFR3 0x4001241C |ADCI injected channel data offset register3| 0x00000000
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R32 ADCI1_IOFR4 0x40012420 |ADCI injected channel data offset register4| 0x00000000
R32 ADC1_WDHTR 0x40012424 |ADCI1 watchdog high threshold register 0x00000000
R32 ADC1_WDLTR 0x40012428 |ADC1 watchdog low threshold register 0x00000000
R32 ADC1_RSQRI1 0x4001242C |ADCI regular channel sequence registerl 0x00000000
R32 ADC1_RSQR2 0x40012430 |ADCI1 regular channel sequence register2 | 0x00000000
R32 ADC1_RSQR3 0x40012434 |ADCI regular channel sequence register3 0x00000000
R32 ADCI1_ISQR 0x40012438 |ADCI injected channel sequence register 0x00000000
R32 ADCI1 _IDATARI1 0x4001243C |ADCI injected data register1l 0x00000000
R32 ADCI1_IDATAR2 0x40012440 |ADCI1 injected data register2 0x00000000
R32 ADCI1_IDATAR3 0x40012444 |ADCI1 injected data register3 0x00000000
R32_ADCI1_IDATAR4 0x40012448 |ADCI injected data register4 0x00000000
R32 ADC1_RDATAR 0x4001244C |ADCI regular data register 0x00000000
Table 12-6 ADC2 registers
Name Access address Description Reset value
R32 ADC2 STATR 0x40012800 | ADC?2 status register 0x00000000
R32 ADC2 CTLRI1 0x40012804 | ADC2 control registerl 0x00000000
R32 ADC2 CTLR2 0x40012808 | ADC?2 control register 2 0x00000000
R32 ADC2 SAMPTRI1 0x4001280C | ADC2 sample time configuration registerl 0x00000000
R32 ADC2 _SAMPTR2 0x40012810 | ADC2 sample time configuration register2 | 0x00000000
R32 ADC2 IOFR1 0x40012814 | ADC2 injected channel data offset register] | 0x00000000
R32 ADC2 IOFR2 0x40012818 | ADC2 injected channel data offset register2 | 0x00000000
R32 ADC2 IOFR3 0x4001281C | ADC?2 injected channel data offset register3 | 0x00000000
R32 ADC2 IOFR4 0x40012820 | ADC?2 injected channel data offset register4 |  0x00000000
R32 ADC2 WDHTR 0x40012824 | ADC2 watchdog high threshold register 0x00000000
R32 ADC2 WDLTR 0x40012828 | ADC2 watchdog low threshold register 0x00000000
R32 ADC2 RSQRI1 0x4001282C | ADC2 regular channel sequence registerl | 0x00000000
R32 ADC2 RSQR2 0x40012830 | ADC2 regular channel sequence register2 | 0x00000000
R32 ADC2 RSQR3 0x40012834 | ADC2 regular channel sequence register3 | 0x00000000
R32 ADC2 ISQR 0x40012838 | ADC2 injected channel sequence register | 0x00000000
R32 ADC2 IDATARI1 0x4001283C | ADC2 injected data registerl 0x00000000
R32 ADC2 IDATAR2 0x40012840 | ADC2 injected data register2 0x00000000
R32 ADC2 IDATAR3 0x40012844 | ADC2 injected data register3 0x00000000
R32 ADC2 IDATAR4 0x40012848 | ADC2 injected data register4 0x00000000
R32 ADC2 RDATAR 0x4001284C | ADC2 regular data register 0x00000000
12.3.1 ADCx Status Register (ADCx_STATR) (x=1/2)
Offset address: 0x00
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved STRT|JSTRT{JEOC| EOC | AWD
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g o Reset
Bit Name Access Description
value
[31:5] |Reserved RO |Reserved. 0

Regular channel conversion start status:

1: The regular channel conversion has started;
4 STRT RWO |0: The regular channel conversion has not started. 0
This bit is set by hardware and cleared by software (invalid
if writing 1).

Injected channel conversion start status:

1: The injected channel conversion has started;
3 JSTRT RWO |0: The injected channel conversion has not started, 0
This bit is set by hardware and cleared by software (invalid
if writing 1).

Injected channel group conversion completion status:
1: The conversion has completed,

0: The conversion has not completed.

2 JEOC RWO N .
This bit is set to 1 by hardware (the conversion of all
injected channels is completed), and cleared by software

(invalid if writing 1).

Conversion completion status:

1: The conversion has completed;

0: The conversion has not completed.

1 EOC RWO |This bit is set to 1 by hardware (the regular or injected
channel group conversion ends), and is cleared by software
(invalid if writing 1) or clearing when ADC RDATAR is

read.

Analog watchdog flag bit:

1: The analog watchdog event occurs;
0: No analog watchdog event occurs.
0 AWD RWO o . .
This bit is set to 1 by hardware (the conversion value is out
of the ADC_WDHTR and ADC_WDLTR register range),

and is cleared by software (invalid if writing 1).

12.3.2 ADCx Control Registerl (ADCx_CTLR1) (x=1/2)
Offset address: 0x04

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

BUF | TKI | TKENAB |[AWDE|[JAWDE

Reserved PGAJ1:0] Reserved DUALMODI3:0]

EN |TUNE] LE N N
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
.n1 [JDISC|DISC|JAUT|AWD, JEOC EO .
DISCNUM]J2:0] EN | en | O IsGL SCAN IE AWDIE CIE AWDCH]J4:0]
; o Reset
Bit Name Access Description
value
[31:29] |Reserved RO |Reserved 0
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ADC channel gain configuration:
00: x1;

01:x4;

10: x16;

[28:27] |PGAJ[1:0] RW 0
11: x64.

Note: The input gain can be configured, for amplifying
small signals and sampling. ADC Buffer needs to be
enabled to use this function.

ADC BUFFER enable:

0: Buffer input disabled;

1: Buffer input enabled.

Note: Cases where buffer needs to be turned on:

1. When TKENABLE bit or TSVREFE position 1, buffer is
on by default and cannot be turned off (so in these two
cases, ADC calibration needs to be before TKENABLE bit
or TSVREFFE position I and buffer needs to be turned off).
26 BUFEN RW |2. When the external input impedance is greater than the| 0
maximum input impedance requirement, the buffer can be
turned on to improve the ADC acquisition data (at this
time, the ADC sampling time is not recommended to be less
than 7.5T), the external input impedance is detailed in
CH32F203DS0/CH32F208DS0/CH32V203DS0/CH32V2

08DS0 data sheet Table 4-28
CH32V307DS0/CH32F207DS0 datasheet Table 4-41.
Refer to EVT related routines for specific operation.

TKEY module charging current configuration:
25 TKITUNE RW |0: Charging current is 35uA; 0
1: Charging current is reduced half.
TKEY module enable control, including TKEY F and
24 |TKENABLE Ry | REY.V units: 0
1: Enable TKEY module;
0: Disable TKEY module.
Analog watchdog enable bit on regular channels:
23 AWDEN RW |1: Enable analog watchdog on regular channels; 0

0: Disable analog watchdog on regular channels;

Analog watchdog enable bit on injected channels:

22 JAWDEN RW |1: Enable analog watchdog on injected channels; 0
0: Disable analog watchdog on injected channels;
[21:20] |Reserved RO |Reserved. 0

Dual mode selection:
0000: Independent mode;

0001: Regular simultaneous mode + Injected simultaneous
DUALMOD
[19:16] 3:0] RW |mode; 0
' 0010: Regular simultaneous mode + Alternate trigger mode;
0011: Injected simultaneous mode + Fast interleaved mode;

0100: Injected simultaneous mode + Slow interleaved mode;
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0101: Injected simultaneous mode

0110: Regular simultaneous mode

0111: Fast interleaved mode;

1000: Slow interleaved mode;

1001: Alternate trigger mode.

Note: These bits in ADC?2 are reserved. Modification of a
configuration bit must be performed when dual mode is
disabled.

In discontinuous mode, the number of regular channels to

be converted after external trigger:
[15:13] |DISCNUM][2:0] | RW |000: 1 channel; 0

111: 8 channels.

Discontinuous mode enable bit on injected channel:
12 JDISCEN RW |1: Enable discontinuous mode on the injected channel; 0
0: Disable discontinuous mode on the injected channel;

Discontinuous mode enable bit on the regular channel:
11 DISCEN RW |1: Enable discontinuous mode on the regular channel, 0
0: Disable discontinuous mode on the regular channel.

After regular channel is enabled, automatically injected
channel group conversion enable bit:

1: Enable automatic injected channel group conversion;
10 [JAUTO RW . L . 0
0: Disable automatic injected channel group conversion;
Note: The external trigger function of the injected channel

needs to be disabled in this mode.

In scan mode, analog watchdog enable bit on a single
channel:

9 AWDSGL RW |1: Enable analog watchdog on single channel] 0
(AWDCH]J4:0] selection);

0: Disable analog watchdog on all channels.

Scan mode enable bit:

1: Enable scan mode (continuous conversion of all
8 SCAN RW 0
channels selected by ADC_IOFRx and ADC_RSQRXx);

0: Disable scan mode.

Injected channel group conversion completion interrupt
enable bit:

1: Enable injected channel group transfer completion
7 JEOCIE RW |, 0
interrupt (IEOC flag);

0: Disable injected channel group transfer completion

interrupt.

Analog watchdog interrupt enable bit:
1: Enable analog watchdog interrupt;

6 AWDIE RW |0: Disable analog watchdog interrupt. 0
Note: In scan mode, if this interrupt occurs, the scan will
be aborted.

5 EOCIE RW |Conversion completion (regular or injected channel group)| 0
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interrupt enable bit;
1: Enable the transfer completion bit (EOC flag):
0: Disable the transfer completion interrupt.

Analog watchdog channel selection bit:
00000: Analog input channel0;
[4:0] |AWDCH[4:0] RW |00001: Analog input channell; 0

10001: Analog input channell7.

12.3.3 ADCx Control Register2 (ADCx_CTLR?2) (x=1/2)
Offset address: 0x08

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

Reserved VR sl oor Tiie|  EXTSEL[2:0] | ReSer
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
el tExTsELR:0) MOl Reserved [DMA Reserved SIL [caL|CON[ARO
; o Reset
Bit Name Access Description
value
[31:24] |Reserved RO |Reserved. 0

Temperature sensor and internal voltage (VrerinT) channel
enable:

23 TSVREFE RW |1: Enable the temperature sensor and Vrerint channel; 0
0: Disable the temperature sensor and Vrgrint channel.
Note: This bit is only applied for ADCI.
Start conversion of a regular channel, set by software to
start:
1: Start conversion of a regular channel;

22 SWSTART RW 0
0: Reset status.
This bit is set by software, and cleared by hardware after
the conversion starts.
Start conversion of an injected channel, set by software to
start:
1: Start conversion of an injected channels;

21 JSWSTART RW 0
0: Reset status.
This bit is set by software, and cleared by hardware or
software after the conversion starts.
External trigger conversion mode enable for regular
channels:

20 EXTTRIG RW i 0
1: Enable conversion on external event;
0: Disable conversion on external event.
External trigger event select for regular channel:

[19:17] |EXTSEL[2:0] RW ]000: CC1 event of timer 1; 0

001: CC2 event of timer 1;
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010: CC3 event of timer 1;

011: CC2 event of timer 2;

100: TRGO event of timer 3;

101: CC4 event of timer 4;

110: EXTI line11/ TRGO event of timer8;

111: SWSTART software trigger.
Note: Only high-density devices have TRGO event in

timers$.

16 Reserved RO |Reserved 0
External trigger conversion mode enable for injected
channels:

15 JEXTTRIG RW 0

1: Enable conversion on external event;

0: Disable conversion on external event.

External trigger event select for injected channels:
000: TRGO event of timer 1;

001: CC4 event of timer 1;

010: TRGO event of timer 2;

011: CC1 event of timer 2;

[14:12] |JEXTSEL[2:0] RW ) 0
100: CC4 event of timer 3;

101: TRGO event of timer 4;

110: EXTI line 15/CC4 event of timer8;
111: JSWSTART software trigger.

Note: Only high-density devices have CC4 event in timer$.

Data alignment:

11 ALIGN RW |1: Left alignment; 0
0: Right alignment.
[10:9] |Reserved RO |Reserved. 0
Direct memory access (DMA) mode enable:
8 DMA RW |1: Enable DMA mode; 0
0: Disable DMA mode.
[7:4] |Reserved RO |Reserved. 0

Reset calibration, this bit is set by software, and cleared by
hardware after reset:

1: Initialize calibration register;

3 |[RSTCAL RW L R 0
0: The calibration register initialized.

Note: If RSTCAL is set while the conversion is in progress,

it takes extra cycles to clear the calibration register:

A/D calibration, set by software and cleared by hardware
when the calibration is completed.

2 CAL RW L 0
1: Enable the calibration:

0: Calibration completed.

Continuous conversion enable:

1: Continuous conversion mode;
1 CONT RW |0: Single conversion mode. 0
If this bit is set, the conversion will continue until the bit is

cleared.
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A/D converter ON/OFF

When this bit is 0, writing 1 will wake up the ADC from
power-down mode; when this bit is 1, writing 1 will start
the conversion.

1: Enable ADC and to start conversion;

0  |ADON RW , . Lo 0
0: Disable ADC conversion/calibration, and go to power
down mode.
Note: When only ADON changes in the register, a
conversion will be started. If any other bits are sent to
change, a new conversion will not be started.
12.3.4 ADCx Sample Time Configuration Register 1 (ADCx_SAMPTR1) (x=1/2)
Offset address: 0x0C
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved SMP17[2:0] SMP16[2:0] SMP15[2:1]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMP15[0]] SMP14[2:0] SMP13[2:0] SMP12[2:0] SMP11[2:0] SMP10[2:0]
g . Reset
Bit Name Access Description
value
[31:24] |Reserved RO |Reserved. 0
SMPx[2:0]: Sample time configuration of channel x:
000: 1.5 cycles; 001: 7.5 cycles;
010: 13.5 cycles; 011: 28.5 cycles;
100: 41.5 cycles; 101: 55.5 cycles;
[23:0] |SMPx[2:0] RW
110: 71.5 cycles; 111: 239.5 cycles;
These bits are used to independently select the sample time
of each channel, and the channel configuration value must
remain unchanged during the sampling period.
12.3.5 ADCx Sample Time Configuration Register 2 (ADCx_SAMPTR?2) (x=1/2)
Offset address: 0x10
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved SMP9[2:0] SMP8[2:0] SMP7[2:0] SMP6[2:0] SMP5[2:1]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMP5[0] SMP4[2:0] SMP3[2:0] SMP2[2:0] SMP1[2:0] SMPO0[2:0]
g . Reset
Bit Name Access Description
value
[31:30] |Reserved RO |Reserved. 0
SMPx[2:0]: Sample time configuration of channel x:
[29:0] [SMPx[2:0] RW
000: 1.5 cycles; 001: 7.5 cycles;
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010: 13.5 cycles;
100: 41.5 cycles;
110: 71.5 cycles;

011: 28.5 cycles;
101: 55.5 cycles;
111: 239.5 cycles;

These bits are used to independently select the sample time
of each channel, and the channel configuration value must

remain unchanged during the sampling period.

12.3.6 ADCy Injected Channel Data Offset Register (ADCy_IOFRXx) (y=1/2; x=1/2/3/4)
Offset address: 0x14 + (x-1)*4

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

Reserved

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

Reserved JOFFSETx[11:0]
g o Reset
Bit Name Access Description
value
[31:12] |Reserved RO |Reserved. 0
Data offset for injected channel x.
When the injected channel is converted, these bits define
[11:0] |JOFFSETx[11:0]| RW [the value to be subtracted from the original conversion| 0
data. The result of the conversion can be read in the
ADC_IDATARX register

12.3.7 ADCx Watchdog High Threshold Register (ADCx_WDHTR) (x=1/2)
Offset address: 0x24

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
Reserved HT[11:0]
g o Reset
Bit Name Access Description

value

[31:12] |Reserved RO |Reserved. 0

[11:0] |HT[11:0] RW |Analog watchdog high threshold set bits. 0

Note: The values of WDHTR and WDLTR can be changed during the conversion, but they will take effect in

the next conversion.

12.3.8 ADCx Watchdog Low Threshold Register (ADCx_WDLTR) (x=1/2)

Offset address: 0x28

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
Reserved LT[11:0]
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g . Reset
Bit Name Access Description
value
[31:12] |Reserved RO |Reserved. 0
[11:0] |LT[11:0] RW |Analog watchdog low threshold set bits. 0

Note: The values of WDHTR and WDLTR can be changed during the conversion, but they will take effect in
the next conversion.

12.3.9 ADCx Regular Channel Sequence Registerl (ADCx_RSQR1) (x=1/2)
Offset address: 0x2C

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

Reserved L[3:0] RSQ16[4:1]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SQ16[0] SQ15[4:0] SQ14[4:0] SQ13[4:0]
Bit Name Access Description Reset
value
[31:24] |Reserved RO |Reserved. 0
The quantity of channels to be converted in the regular
[23:20] |L[3:0] RW |channel conversion sequence: 0

0000-1111: 1 to 16 converted channels.
RW |No. (0to 17) of the 16th converted channel in regular sequence.

[19:15] |SQ16[4:0
[14:10] |SQ15[4:0
[9:5]  |SQ14[4:0
[4:0] |SQI13[4:0

RW  |No. (0to 17) of the 15th converted channel in regular sequence.

RW  |No. (0to 17) of the 14th converted channel in regular sequence.

(el Rl N Ne)

]
]
]
]

RW |No. (0to 17) of the 13th converted channel in regular sequence.

12.3.10 ADCx Regular Channel Sequence Register2 (ADCx_RSQR?2) (x=1/2)
Offset address: 0x30

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

Reserved SQ12[4:0] SQI11[4:0] SQ10[4:1]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SQ10[0] SQI[4:0] SQ8[4:0] SQ7[4:0]
; o Reset
Bit Name Access Description

value

[31:30] |Reserved RO |Reserved. 0

[29:25] [SQI12[4:0] RW |No. (0to 17) of the 12th converted channel in regular sequence. 0

[24:20] [SQI11[4:0] RW |No. (0to 17) of the 11th converted channel in regular sequence. 0

[19:15] |SQ10[4:0] RW |No. (0to 17) of the 10th converted channel in regular sequence. 0

[14:10] |SQ9[4:0] RW |No. (0 to 17) of the 9th converted channel in regular sequence.| 0

[9:5] |SQS8[4:0] RW  |No. (0 to 17) of the 8th converted channel in regular sequence.| 0

[4:0] |SQ7[4:0] RW  |No. (0 to 17) of the 7th converted channel in regular sequence.| 0
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12.3.11 ADCx Regular Channel Sequence Register 3 (ADCx_RSQR3) (x=1/2)
Offset address: 0x34

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

Reserved SQ6[4:0] SQ5[4:0] SQ4[4:1]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SQ4[0] SQ3[4:0] SQ2[4:0] SQI1[4:0]
; o Reset
Bit Name Access Description
value
[31:30] |Reserved RO |Reserved 0
[29:25] |SQ6[4:0] RW |No. (0 to 17) of the 6th converted channel in regular sequence.| 0
[24:20] |SQ5[4:0] RW |No. (0 to 17) of the 5th converted channel in regular sequence.| 0
[19:15] |SQ4[4:0] RW |No. (0 to 17) of the 4th converted channel in regular sequence.| 0
[14:10] |SQ3[4:0] RW |No. (0 to 17) of the 3th converted channel in regular sequence.| 0
[9:5]  |SQ2[4:0] RW |No. (0to 17) of the 2nd converted channel in regular sequence. 0
[4:0] |SQ1[4:0] RW |No. (0 to 17) of the 1st converted channel in regular sequence. 0

12.3.12 ADCx Injected Channel Sequence Register (ADCx_ISQR) (x=1/2)
Offset address: 0x38

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

Reserved JL[1:0] JSQ4[4:1]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
JSQ4[0] JSQ3[4:0] JSQ2[4:0] JSQ1[4:0]
g . Reset
Bit Name Access Description
value
[31:22] |Reserved RO |Reserved. 0
The quantity of channels to be converted in the injected
[21:20] |JL[1:0] RW |channel conversion sequence: 0
00-11: 1 to 4 converted channels.
[19:15] |JSQA4[4:0] RW  |No. (0to 17) of the 4th converted channel in injected sequence. 0
[14:10] |JSQ3[4:0] RW  |No. (0to 17) of the 3rd converted channel in injected sequence. 0
[9:5]  |ISQ2[4:0] RW |No. (0to 17) of the 2nd converted channel in injected sequence.| 0
[4:0] |JSQ1[4:0] RW |No. (0to 17) of the 1st converted channel in injected sequence. 0

Note: Different from regular conversion sequence, if the length of JL[1:0] is less than 4, the sequence of
conversion will start from (4-JL).

12.3.13 ADCy Injected Data Register (ADCy IDATARYX) (y=1/2; x=1/2/3/4)
Offset address: 0x3C + (x-1)*4

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

Reserved

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

JDATA[15:0]
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Bit Name Access Description Reset value
[31:16] |Reserved RO |Reserved. 0
Injected channel converted data (data left alignment or
[15:0] |JIDATA[15:0] RO | . ] 0
right alignment).

12.3.14 ADCx Regular Data Register (ADCx_RDATAR) (x=1/2)
Offset address: 0x4C

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

ADC2DATA[15:0]

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

DATA[15:0]
Bit Name Access Description Reset value
ADC?2 converted data:
ADCI1: These bits store the regular channel data converted
[31:16] |ADC2DATA[15:0] | RO ) 0
by ADC2 in dual mode.

ADC2: These bits are not used.

Regular channel converted data (data left or right
[15:0] |DATA[15:0] RO ) 0
alignment).
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Chapter 13 Touch Key Detection (TKEY)

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V3x.

The Touch Key Detection control (TKEY) unit implements the touch-key detection function by converting the
capacitance to the voltage for sampling, with the help of the voltage conversion function of the ADC module.
The detection channel multiplexes the 16 external channels of the ADC. It implements the touch-key detection

through the single conversion mode of ADC.

13.1 Functional Description

® FEnable TKEY

For TKEY detection, the ADC module is needed. To enable TKEY, ensure that ADC is powered on
(ADON=1), then set the TKENABLE bit in the ADC_CTLRI1 register to 1. The charge current of the TKEY
module can be adjusted by the TKITUNE bit.

TKEY only supports single 1-channel conversion mode, which configures the channel to be converted as the
first channel in the regular sequence of ADC. And software starts conversion (write to TKEY ACT_DCQG).

Note: When the TKEY conversion is disabled, ADC channel configuration function can still be retained.

Figure 13-1 TKEY working timing diagram
TKENABLE
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® Programmable sampling time

For TKEY unit conversion, multiple ADCCLK clock cycles (tpiscug) need to be used for discharge, then
charge and sample voltage on the channel through multiple ADCCLK cycles (tcug). The charge cycle is
the total of the configuration values of the TKCGx[2:0] bits in the TKEY CHARGEIlregister and the
TKEY CHARGE?2 register and the offset value of TKEY CHGOFFSET. For each channel, different charge
cycles can be used to adjust sampling voltage.

13.2 TKEY Operations

TKEY detection is an extended function of ADC module. Its working principle is to change the capacitance
sensed by the hardware channel through "touch" and "non-touch" methods, and then to convert the capacitance

V1.8 191 WH


https://wch-ic.com

CH32FV2x_V3x Reference Manual https://wch-ic.com

change into the voltage change and finally convert into a digital value by the ADC module.

During sample, ADC needs to be configured as a single 1-channel working mode, and a conversion is started

by the "write operation" of the TKEY _ACT register. The specific process is as follows:

1) Initialize the ADC function, configure the ADC module as a single conversion module, set the ACON bit
to 1, and wake up the ADC module. Set the TKENABLE bit in the ADC_CTLRI1 register to 1, and switch
on the TKEY unit.

2) Set the channel to be converted, write the channel serial number into the first conversion position in the
ADC regular group sequence (ADC_RSQR3[4:0]), and set L[3:0] to 1.

3) Set the charge sample time of the channel, write to the TKEY CHARGEX register, to configure different
charge times for each channel.

4) Write to TKEY CHGOFFSET, set the offset charge time of the channel (low 8 bits active), to adjust the
charge time.

5) Write to TKEY ACT DCG, set the discharge time (low 8 bits active), to start a TKEY sample and
conversion.

6) Wait for the EOC conversion end flag bit in the ADC status register to be set to 1, read the ADC_DR register
to obtain the conversion value.

7) To perform next conversion, repeat steps 2-6. If you do not need to modify the channel discharge time or
charge sampling time, you can skip step 3 or 4.

13.3 TKEY Register Description

Table 13-1 TKEY1 registers

Name Access address Description Reset value
R32 TKEY1 CHARGEI 0x4001240C | TKEY charge sample time registerl 0x00000000
R32 TKEY1 CHARGE2 0x40012410 | TKEY charge sample time register2 0x00000000
R32 TKEY1 CHGOFFSET | 0x4001243C | TKEY charge time offset register 0x00000000

TKEY activate and discharge time
R32 TKEY1 ACT DCG 0x4001244C ) X
- - - register

R32 TKEY1 DR 0x4001244C | TKEY data register X

Table 13-2 TKEY?2 registers

Name Access address Description Reset value
R32 TKEY2 CHARGEI1 0x4001280C | TKEY charge sample time registerl 0x00000000
R32 TKEY2 CHARGE2 0x40012810 | TKEY charge sample time register2 0x00000000
R32 TKEY2 CHGOFFSET | 0x4001283C | TKEY charge time offset register 0x00000000

TKEY activate and discharge time
R32_TKEY2 ACT DCG 0x4001284C , X
- - - register

R32 TKEY2 DR 0x4001284C | TKEY data register X

13.3.1 TKEYx Charge Sample Time Register 1 (TKEYx CHARGE1) (x=1/2)
Offset address: 0x0C

V1.8 192 WH


https://wch-ic.com

CH32FV2x_V3x Reference Manual

https://wch-ic.com

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved TKCG17[2:0] TKCG16[2:0] |TKCG15[2:1]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TKCG15] TKCG14[2:0] TKCG13[2:0] TKCG12[2:0] TKCG11[2:0] TKCG10[2:0]
; o Reset
Bit Name Access Description
value
[31:24] | Reserved RO Reserved 0
TKCGx[2:0] (x=10-17): Select the charge sample
time of channelx
These bits are used to independently select the
charge time for each channel.
[23:0] TKCGx[2:0] RW |000: 1.5 cycles 100: 41.5 cycles 0
001: 7.5 cycles 101: 55.5 cycles
010: 13.5 cycles 110: 71.5 cycles
011: 28.5 cycles 111: 239.5 cycles
Time base: ADC clock.

Note: This register maps the sample time registerl (ADC SAMPTRI) of the ADC module. When the ADC
function is configured, it is the channel sample time. When the TKEY F function is configured, it is the channel
charge time.

13.3.2 TKEYx Charge Sample Time Register 2 (TKEYx CHARGE2) (x=1/2)
Offset address: 0x10
31 30 29 28 27 26 25

24 23 22 21 20 19 18 17 16

Reserved TKCG9[2:0] TKCG8[2:0] TKCG7[2:0] TKCG6[2:0] TKCGS5[2:1]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TKCGS5| TKCG4[2:0] TKCG3[2:0] TKCG2[2:0] TKCG1[2:0] TKCGO[2:0]
; o Reset
Bit Name Access Description
value
[31:30] | Reserved RO Reserved 0
TKCGx[2:0] (x=0-9): Select the charge sample
time of channel x
These bits are used to independently select the
charge time for each channel.
[29:0] TKCGx[2:0] RW |000: 1.5 cycles 100: 41.5 cycles 0
001: 7.5 cycles 101: 55.5 cycles
010: 13.5 cycles 110: 71.5 cycles
011: 28.5 cycles 111: 239.5 cycles
Time base: ADC clock.

Note: This register maps the sample time registerl (ADC _SAMPTR2) of the ADC module. When the ADC
function is configured, it is the channel sample time. When the TKEY F function is configured, it is the channel
charge time.
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13.3.3 TKEYx Charge Time Offset Register (TKEYx CHGOFFSET) (x=1/2)

Offset address: 0x3C

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved TKCGOFFSET[7:0]
Bit Name Access Description Reset
value
[31:8] | Reserved RO Reserved 0
TKEY charge time offset configuration value
[7:0] | TKCGOFFSET][7:0] WO | Total charge time: 0
TCHG=TKCGOFFSET+ TKCGx

Note: This register maps the injected data register]l (ADC IDATARI) of the ADC module. So when write
operation is performed on this address register, it serves as TKEY charge time offset (TKEY CHGOFFSET).
When read operation is performed, it serves as the injected data register] (ADC _IDATARI) of the ADC module.

13.3.4 TKEYx Activate and Discharge Time Register (TKEYx ACT_DCQG) (x=1/2)

Offset address: 0x4C
31 30 29 28 27

26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved TKACT _DCG[7:0]
; o Reset
Bit Name Access Description
value
[31:8] | Reserved RO Reserved 0
Write the discharge time and activate a TKEY
[7:0] TKACT DCGJ[7:0] | WO ) 0
channel detection.
Note: This register maps the regular data register (ADC _RDATAR) of the ADC module.
13.3.5 TKEYx Data Register (TKEYx_DR) (x=1/2)
Offset address: 0x4C
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATAJ[15:0]
; o Reset
Bit Name Access Description
value
[31:16] | Reserved RO Reserved 0
[15:0] | DATAJ15:0] RO Converted data. 0

Note: This register maps the regular data register (ADC RDATAR) of the ADC module.
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Chapter 14 Advanced-control Timer (ADTM)

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V3x.

The advanced-control timer module contains a powerful 16-bit auto-reload timer (TIM1, TIMS, TIM9 and
TIM10), which can be used to measure pulse width or generate pulse and PWM wave, etc. It is used for fields

of motor control and power, etc.

14.1 Main Features

Advanced-control timer (TIM1/8/9/10) features include:

® 16-bit auto-reload counter, supports up count, down count and up/down count;
16-bit prescaler; the frequency division factor is dynamically adjustable from 1 to 65536;
Four independent compare/capture channels;

Each compare/capture channel supports multiple working modes, such as: input capture, output
compare, PWM generation and single pulse output;

Complementary outputs with programmable deadband time;

External signal to control timer;

Repetition counter to update the timer after the determination of the cycle;

Break signal input to put the timer’s output signals in reset status or in a known status;

DMA generation in multiple modes;

Incremental encoder;

Cascade connection and synchronization between timers

14.2 Principle and Structure

This section describes the internal structure of the advanced-control timer.

14.2.1 Overview
As shown in Figure 14-1, the structure of the advanced-control timer can be roughly divided into 3 parts: Input

clock part, core counterpart and compare/capture channel part.

The advanced-control timer clock can come from APB bus clock (CK INT), external clock input pin
(TIMx_ETR), other timers with clock output function (ITRx), or the input end of compare capture channel
(TIMx_CHx). These input clock signals will become CK_PSC clocks after various set filtering and frequency
division operations, and will output to the core counterpart. In addition, these complex clock sources can also
be output as TRGO to other peripherals such as timer, ADC and DAC.

The core of the advanced-control timer is a 16-bit counter (CNT). After CK_PSC is divided by the prescaler
(PSC), it becomes CK_CNT and output to CNT. CNT supports up-counting mode, down-counting mode and
up/down counting mode, and there is an automatic reload value register (ATRLR). After each counting cycle
is completed, CNT will be reloaded with the initial value. In addition, there is an auxiliary counter that counts
the number of times that ATRLR reloads the initial value for CNT. When the number of times reaches the
number set in the repeat count register (RPTCR), a specific event can be generated.

The advanced-control timer has 4 groups of compare/capture channels. On each group of compare/capture
channel, pulses can be inputted from its dedicated pins or output waveforms to the pins, i.e., the
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compare/capture channels support input and output modes. The input of each channel of the compare/capture
register supports operations such as filtering, frequency division and edge detection, and supports mutual
triggering between channels, and can also provide a clock for the core counter CNT. Each compare/capture
channel has a set of compare/capture register (CHxCVR), which supports comparison with the main counter

(CNT) so as to output pulse.

Figure 14-1 Structure block diagram of advanced-control timer
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14.2.2 Clock Input

Figure 14-2 CK_PSC source block diagram of advanced-control timer
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There are many clock sources for advanced-control timer CK_PSC, which can be divided into 4 categories:

1) The route of external clock pin (ETR) input clock: ETR—-ETRP—ETREF;

2) Internal APB clock input route: CK_INT;

3) The route from the compare/capture channel pin (TIMx_CHx): TIMx CHx—TIx—TIxFPx; this route is
also used in encoder mode;

4) Input from other internal timers: ITRx;

The actual operation can be divided into 4 categories by determining the input pulse selection of the SMS from
the CK_PSC source:

1) Select the internal clock source (CK_INT);

2) External clock source mode 1;

3) External clock source mode 2;

4) Encoder mode;

The 4 clock sources mentioned above can be selected by these 4 operations.

14.2.2.1 Internal clock source (CK_INT)
If the advanced-control timer is started when the SMS field is kept at 000b, then the internal clock source
(CK_INT) is selected as the clock. At this moment, CK_INT is CK_PSC.

14.2.2.2 External clock source model

If SMS is set to 111b, the external clock source model is enabled. When external clock source 1 is enabled,
TRGl is selected as the source of CK_PSC. It is worth noting that you need to configure TS to select the source
of TRGI. For TS, the following pulses can be used as the clock sources:

1) Internal Trigger (ITRx, x is 0,1,2,3);

2) Signal of compare/capture 1 after passing through the edge detector (TI1F_ED);

3) Signals TI1FP1 and TI2FP2 of compare/capture channel;

4) Signal ETRF from external clock pin.
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14.2.2.3 External clock source mode2

Use external trigger mode2 to count on every rising or falling edge of the external clock pin input. When the
ECE bit is set, the external clock source mode2 is used. When the external clock source mode2 is used, ETRF
is selected as CK_PSC. The ETR pin passes through the optional inverter (ETP) and frequency divider (ETPS)
to become ETRP, and then passes through the filter (ETF) to become ETRF.

When ECE bit is set and the SMS is set to 111b, it means that the TS selects ETRF as the input.

14.2.2.4 Encoder mode

Set SMS as 001b, 010b and 011b to enable the encoder mode. After enabling the encoder mode, you may
choose to use another transition edge as a signal for signal output at a certain level in TI1FP1 and TI2FP2.
This mode is used when the external encoder is used. Refer to Section 14.3.9 for specific functions.

14.2.3 Counter and Periphery
CK_PSC inputs to the prescaler (PSC) for frequency division. PSC is 16 bits, and the actual frequency division

factor is equivalent to the value of R16_TIMx PSC+1. CK_PSC will become CK_INT after PSC. The changed
value of R16_TIM1_PSC will not take effect in real time, but will be updated to the PSC after the update event.
Update events include clearing and resetting the UG bit. The core of the timer is a 16-bit counter (CNT).
CK_CNT will eventually be inputted to CNT. CNT supports up-counting mode, down-counting mode and
up/down counting mode, and there is an automatic reload value register (ATRLR) which re-loads the initial
value for CNT after each counting cycle is completed. In addition, there is an auxiliary counter that records
the number of times that ATRLR reloads the initial value for CNT. When the number of times reaches the
number set in the repeat count register (RPTCR), a specific event can be generated.

14.2.4 Compare/Capture Channel and Periphery

The compare/capture channel is the main component of the timer to achieve complex functions. Its core is the
compare/capture register, supplemented by the digital filtering of the peripheral input part, frequency division
and channel multiplexing, the output part comparator and output control.
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Figure 14-3 Structure block diagram of compare/capture channel
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The block diagram of the compare/capture channel is as shown in Figure 14-3. After the signal is inputted
from the channel x pin, it can be selected as TIx (the source of TI1 may be more than CH1. See the timer
structure block diagram 14-1). TI1 passes through the filter (ICF[3:0]) to generate TI1F, and then is divided
into TI1F_Rising and TI1F _Falling after passing through the edge detector. These 2 signals are selected (CC1P)
to generate TI1FP1, TI1FP1 and TI2FP1 from channel 2 are sent to CC1S together to be selected as IC1, and
then sent to the compare/capture register after going through the ICPS frequency division.

The compare/capture register is composed of a preload register and a shadow register, and only the preload
register is operated during reading and writing. In the capture mode, the capture occurs on the shadow register,
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and then copied to the preload register; in the comparison mode, the content of the preload register is copied
to the shadow register, and then the content of the shadow register is compared with the core counter (CNT).

14.3 Function and Implementation

The advanced-control timer complex functions are implemented by the operation of comparison &capture
channel, clock input circuit, counter and peripheral parts of the timer. The timer's clock input can come from
multiple clock sources including the input of the compare/capture channel. The operation of compare/capture
channel and the clock source selection directly determines its function. The compare/capture channel is

bidirectional and can work in input and output modes.

14.3.1 Input Capture Mode

The input capture mode is one of basic functions of timer. The principle of the input capture mode is that when
a certain edge on the ICxPS signal is detected, a capture event will occur, and the current value of the counter
will be latched into the compare/capture register (R16_TIMx CHCTLRx). When a capture event occurs,
CCXIF (in R16_TIMx_INTFR) bit will be set. If an interrupt or DMA is enabled, a corresponding interrupt or
DMA will be generated. If CCxIF is already set when a capture event occurs, then the CCxOF bit will be set.
CCXIF can be cleared by software or by hardware through reading the compare/capture register. CCxOF is
cleared by the software.

Take an example of channel 1 to illustrate the steps to use the input capture mode, as follows:

1) Configure CCxS and select the source of ICx signal. For example, it is set to 10b, and TI1FP1 is selected
as the source of IC1, and the default setting cannot be used. CCxS defaults to use the compare capture
module as the output channel;

2) Configure ICxF and set the digital filter of the TI signal. The digital filter will output a jump based on the
determined frequency and determined sampling times. The sampling frequency and times are determined
by ICxF;

3) Configure CCxP bit and set the polarity of TIxFPx. For example, maintain CC1P bit to be low and select
the jump of rising edge;

4) Configure ICxPS and set ICx signal as the frequency division factor between ICxPS. For example, maintain
the ICxPS as 00b without frequency division;

5) Configure the CCXE bit to allow to capture the core counter (CNT) value to the compare/capture register.
Set the CCI1E bit;

6) Configure the CCxIE and CCxDE bits as needed to decide whether to enable interrupt or DMA.

After these operations, the compare & capture channel configuration is completed.

When TI1 inputs a captured pulse, the value of the core counter (CNT) will be recorded in the compare/capture
register, and CC1IF will be set. When CC1IF has been set before, the CCIOF bit will also be set. If CC1IE is
set, then an interrupt will be generated; if CC1DE is set, a DMA request will be generated. An input capture
event can be generated by software through writing the event generation register (TIMx SWEVGR).

14.3.2 Compare Output Mode

The compare output mode is one of basic functions of timer. The principle of the compare output mode is to
output a specific change or waveform when the value of the core counter (CNT) is consistent with the value
of the compare/capture register. OCxM (in R16_TIMx CHCTLRx) and the CCxP bit (in R16_TIMx CCER)
determine whether the output is determined high or low level or level inversion. When a comparison consistent
event is generated, the CCxIF bit will be also set. If the CCxIE bit is preset, an interrupt will be generated; if
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the CCxDE bit is preset, a DMA request will be generated.

The procedure of compare output mode configuration is as follows:

1) Configure the clock source and auto-reload value of the core counter (CNT);

2) Set the count value to be compared to the compare/capture register (R16_TIMx CHxCVR);
3) If an interrupt needs to be generated, set the CCXIE bit;

4) Keep OCXPE as 0 and disable the preload register of the compare register;

5) Set the output mode, and set OCxM and CCxP bit;

6) Enable the output and set the CCXE bit;

7) Set the CEN bit to start the timer.

14.3.3 Forced Output Mode

The output mode of the compare/capture channel of the timer can be forced to output a certain level by software,
instead of relying on the shadow register and the core counter of the compare/capture register.

The specific means is to set OCxM to 100b, which means to force OCXREF to be low; or to set OCxM to 101b,
which means setting OCxXREF to a high value by force.

It should be noted that if OCxM is set to 100b or 101b by force, the comparison process between the internal
core counter and the compare/capture register will be still in progress, the corresponding flag bit will be still
set, and interrupts and DMA request will still be generated.

14.3.4 PWM Input Mode
The PWM input mode is used to measure the duty cycle and frequency of the PWM, which is a special case

of the input capture mode. The operation is the same as the input capture mode except for the following
differences: PWM occupies 2 compare/capture channels, and the input polarity of the 2 channels is set to
opposite. One of the signals is set to trigger input, and SMS is set to reset mode.

For example, to measure the cycle and frequency of the PWM wave input from TI1, the following operations
are required:

1) Set TI1 (TI1FP1) as the input of IC1 signal. Set CC1S to 01b;

2) Set TI1FP1 as the rising edge valid. Keep CC1P to 0;

3) Set TI1 (TI1FP2) as the input of IC2 signal. Set CC2S to 10b;

2) Set TI1FP2 as the falling edge valid. Set CC2P to 1;

5) The source of the clock source is TI1FP1. Set TS to 101b;

6) Set SMS to reset mode, i.e., 100b;

7) Enable the input capture. Set CC1E and CC2E bits;

In this way, the value of the compare/capture register 1 is the cycle of PWM, and the value of the
compare/capture register 2 is its duty cycle.

14.3.5 PWM Output Mode

The PWM output mode is one of basic functions of timer. The most common method of PWM output mode is
to use the reload value to determine the PWM frequency, and to use the capture comparison register to
determine the duty cycle. Set 110b or 111b in OCxM to use PWM mode 1 or mode 2, set the OCXPE bit to
enable the preload register, and finally set the ARPE bit. Since the value of the preload register can be sent to
the shadow register when an update event occurs, it is necessary to set the UG bit to initialize all registers
before the core counter starts counting. In the PWM mode, the core counter and the compare/capture register
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are always being compared. According to the CMS bit, the timer can output edge-aligned or center-aligned
PWM signals.

® Edge alignment

When the edge alignment is used, the core counter counts up or down. In the scenario of PWM mode 1, when
the value of the core counter is greater than that of the compare/capture register, OCXREF will be high; when
the value of the core counter is less than the compare capture register (such as When the core counter increases
to the value of R16_TIMx_ATRLR and returns to all 0s), OCXREF drops to low.

®  (Central alignment

When the center-aligned mode is used, the core counter will run in a mode where up counting and down
counting are performed alternately, and OCXREF performs rising and falling jumps when the values of the
core counter and the compare/capture register are consistent. However, in 3 types of central alignment mode
of comparison flag, the bit setting timing is different somewhat. When the center-alignment mode is used, it is
the best to generate a software update flag (setting the UG bit) before starting the core counter.

14.3.6 Complementary Qutput and Deadband

The compare/capture channel generally has 2 output pins (compare/capture channel 4 has only one output pin),
to output 2 complementary signals (OCx and OCxN). OCx and OCxN can be independently set by the CCxP
and CCxNP bits. The output enable is set independently through CCxE and CCxNE, and the deadband and
other controls are performed through the MOE, OIS, OISN, OSSI and OSSR bits. Meanwhile, OCx and OCxN
outputs are enabled to insert into the deadband, each channel has a 10-bit deadband generator. If there is a
break circuit, set the MOE bit. OCx and OCxN are generated by OCXREF in association. If OCx and OCxN
are both high and effective, then OCx will be the same as OCxREF, but the rising edge of OCx is equivalent
to OCxREF with a delay. OCxN is opposite to OCXREEF, and its rising edge has a delay relative to the falling
edge of the reference signal, and if the delay is greater than the effective output width, the corresponding pulse
will not be generated.

Figure 14-4 shows the relationship between OCx, OCxN and OCxREF, and shows the deadband.

Figure 14-4 Complementary output and deadband
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14.3.7 Break Signal

When the break signal is generated, the output enable signal and the invalid level will be modified according
to the MOE, OIS, OISN, OSSI and OSSR bits. But OCx and OCxN will not be at the effective level at any
time. The break event source can come from the break input pin, or it can be a clock failure event, and the
clock failure event will be generated by CSS (Clock Security System).

After the system reset, the break function will be disabled by default (MOE bit is low). Setting the BKE bit
can enable the break function. The polarity of the input break signal can be set by setting BKP. The BKE and
BKP signals can be written at the same time. There will be an APB clock delay before the actual write, so you
need to wait for an APB cycle to read the written value correctly.
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When the selected level appears on the break pin, the system will generate the following actions:

1) The MOE bit is asynchronously cleared, and the output is set to the invalid status, idle status or reset status
according to the setting of the SOOI bit;

2) After MOE is cleared, each output channel will output the level determined by OISx;

3) During the supplementary output: the output will be in an invalid status, depending on the polarity;

4) If BIE is set, an interrupt will be generated when BIF is set; if the BDE bit is set, a DMA request will be
generated;

5) If AOE is set, the MOE bit will be automatically set during the next update of event UEV.

14.3.8 Single Pulse Mode

The single pulse mode can be used to allow the microcontroller to respond to a specific event to generate a
pulse after a delay. The delay and pulse width are programmable. Setting the OPM bit can make the core
counter stop when the next update event UEV is generated (the counter turns over to 0).

As shown in Figure 14-5, it is necessary to detect the beginning of a rising edge on the TI2 input pin. After
delaying Tdelay, a positive pulse of length Tpulse will be generated on OC1:

Figure 14-5 Single pulse generation
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1) Set T12 as trigger. Set CC2S to 01b and map TI2FP2 to TI2; set CC2P bit to 0b and set TI2FP2 to rising
edge detection; set TS to 110b and set TI2FP2 as the trigger source; set SMS to 110b, and TI2FP2 is used
to start the counter;

2) Tdelay is determined by the value of the compare/capture register, and Tpulse is determined by the value
of the auto-reload value register and the value of the compare/capture register.

14.3.9 Encoder Mode

The encoder mode is a typical application of the timer. It can be used to access the dual-phase output of the
encoder. The counting direction of the core counter is synchronized with the rotating shaft of the encoder. Each
pulse outputted by the encoder will increase the core counter by adding one or subtracting one. The steps to
use the encoder are: set the SMS field to 001b (counting only on TI2 edge), 010b (counting only on TI1 edge)
or 011b (counting on both TI1 and TI2 edges), and connect the encoder to compare/capture channel 1, 2 input
terminals, set a value for the reload value register and this value can be set to be greater. In the encoder mode,
the internal compare/capture register of timer, prescaler, repeat count register, etc. all work normally. The
following table shows the relationship between the counting direction and the encoder signal.
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Table 14-1 Relationship between counting direction of timer encoder mode and encoder signal

Relative TI1FP1 signal edge TI2FP2 signal
Counting active edge signal Rising Falling Rising Falling

level edge edge edge edge

High Downcount | Upcount
Only count at TI1 edge Not count

Low Upcount | Downcount

High Upcount | Downcount
Only count at TI2 edge Not count

Low Downcount | Upcount
Count on both edges of High Downcount | Upcount Upcount | Downcount

TI1 and TI2 Low Upcount | Downcount | Downcount | Upcount

14.3.10 Timer Synchronous Mode

The timer can output clock pulses (TRGO) and can also receive input from other timers (ITRx). The sources
of ITRx of different timers (TRGO of other timers) are different. Table 14-2 shows the internal trigger

connection of the timers.

Table 14-2 TIMx internal trigger connection

Slave timer ITRO(TS=000) | ITRI(TS=001) | ITR2(TS=010) | ITR3(TS=011)
TIM1 TIMS TIM2 TIM3 TIM4
TIMS TIMI TIM2 TIM4 TIMS
TIM9 TIM10 TIMS TIM6 TIM7
TIM10 TIMO9 TIM2 TIM4 TIMS

14.3.11 Debug Mode

When the system enters the debug mode, the timer continues to run or stop according to the setting of the DBG

module.

14.4 Register Description

Table 14-3 TIM1 registers

Name Access address Description Reset value
R16 TIM1 CTLR1 0x40012C00 | Control registerl 0x0000
R16_TIM1_CTLR2 0x40012C04 | Control register2 0x0000
R16_TIM1_SMCFGR 0x40012C08 Slave mode configuration register 0x0000
R16_TIM1 _DMAINTENR | 0x40012C0C | DMA/interrupt enable register 0x0000
R16 TIMI1_INTFR 0x40012C10 Interrupt flag register 0x0000
R16 TIMI_SWEVGR 0x40012C14 Event generation register 0x0000
R16_TIM1_CHCTLRI 0x40012C18 Compare/capture control registerl 0x0000
R16 _TIM1 CHCTLR2 0x40012C1C | Compare/capture control register2 0x0000
R16_TIM1_CCER 0x40012C20 | Compare/capture enable register 0x0000
R16 TIMI CNT 0x40012C24 | Counter 0x0000
R16 TIM1 PSC 0x40012C28 | Prescaler 0x0000
R16 TIM1_ ATRLR 0x40012C2C | Auto-reload register 0x0000
R16 TIM1 RPTCR 0x40012C30 | Repeat count register 0x0000
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R16 TIM1_CHICVR 0x40012C34 Compare/capture registerl 0x0000
R16 TIM1_CH2CVR 0x40012C38 Compare/capture register2 0x0000
R16 TIM1_CH3CVR 0x40012C3C | Compare/capture register3 0x0000
R16 TIM1_CH4CVR 0x40012C40 Compare/capture register4 0x0000
R16 TIM1 BDTR 0x40012C44 | Break and deadband register 0x0000
R16 TIM1 DMACFGR 0x40012C48 | DMA configuration register 0x0000
R16 TIM1_DMAADR 0x40012C4C | DMA address register in continuous mode 0x0000

Table 14-4 TIMS registers

Name Access address Description Reset value
R16_TIM8 CTLRI1 0x40013400 Control registerl 0x0000
R16 TIM8 CTLR2 0x40013404 Control register2 0x0000
R16 _TIM8 SMCFGR 0x40013408 Slave mode configuration register 0x0000
R16 TIM8 DMAINTENR | 0x4001340C | DMA/interrupt enable register 0x0000
R16_TIM8 INTFR 0x40013410 Interrupt flag register 0x0000
R16 TIM8 SWEVGR 0x40013414 Event generation register 0x0000
R16 TIM8 CHCTLRI 0x40013418 Compare/capture control registerl 0x0000
R16_TIM8 CHCTLR2 0x4001341C Compare/capture control register2 0x0000
R16_TIM8 CCER 0x40013420 Compare/capture enable register 0x0000
R16_TIM8 CNT 0x40013424 Counter 0x0000
R16_TIM8 PSC 0x40013428 Prescaler 0x0000
R16_TIM8 ATRLR 0x4001342C Auto-reload register 0x0000
R16 _TIM8 RPTCR 0x40013430 Repeat count register 0x0000
R16 TIM8 CHICVR 0x40013434 Compare/capture registerl 0x0000
R16 _TIM8 CH2CVR 0x40013438 Compare/capture register2 0x0000
R16 TIM8 CH3CVR 0x4001343C | Compare/capture register3 0x0000
R16 _TIM8 CH4CVR 0x40013440 Compare/capture register4 0x0000
R16 TIM8 BDTR 0x40013444 | Break and deadband register 0x0000
R16 TIM8 DMACFGR 0x40013448 DMA configuration register 0x0000
R16 TIM8 DMAADR 0x4001344C DMA address register in continuous 0x0000

- - mode
Table 14-5 TIM9 registers

Name Access address Description Reset value
R16 TIM9 CTLR1 0x40014C00 | Control registerl 0x0000
R16 TIM9 CTLR2 0x40014C04 | Control register2 0x0000
R16 TIM9 SMCFGR 0x40014C08 | Slave mode configuration register 0x0000
R16_TIM9 DMAINTENR | 0x40014C0C | DMA/interrupt enable register 0x0000
R16_TIM9 INTFR 0x40014C10 Interrupt flag register 0x0000
R16 TIM9 SWEVGR 0x40014C14 Event generation register 0x0000
R16_TIM9 CHCTLRI 0x40014C18 Compare/capture control registerl 0x0000
R16_TIM9 CHCTLR2 0x40014C1C | Compare/capture control register2 0x0000
R16_TIM9 CCER 0x40014C20 Compare/capture enable register 0x0000
R16 TIM9 CNT 0x40014C24 | Counter 0x0000
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R16_TIM9 PSC 0x40014C28 | Prescaler 0x0000
R16_TIM9 ATRLR 0x40014C2C | Auto-reload register 0x0000
R16 TIM9 RPTCR 0x40014C30 Repeat count register 0x0000
R16 _TIM9 CHICVR 0x40014C34 Compare/capture registerl 0x0000
R16 _TIM9 CH2CVR 0x40014C38 | Compare/capture register2 0x0000
R16 _TIM9 CH3CVR 0x40014C3C | Compare/capture register3 0x0000
R16 _TIM9 CH4CVR 0x40014C40 | Compare/capture register4 0x0000
R16 TIM9 BDTR 0x40014C44 | Break and deadband register 0x0000
R16 TIM9 DMACFGR 0x40014C48 | DMA configuration register 0x0000
R16_TIM9 DMAADR 0x40014C4C DM[z address register in continuous 0x0000
mode

Table 14-6 TIM10 registers

Name Access address Description Reset value
R16 TIM10 CTLR1 0x40015000 | Control registerl 0x0000
R16 _TIM10 CTLR2 0x40015004 | Control register2 0x0000
R16 _TIM10 SMCFGR 0x40015008 | Slave mode configuration register 0x0000
R16 TIM10 DMAINTENR | 0x4001500C | DMA/interrupt enable register 0x0000
R16 TIM10 INTFR 0x40015010 Interrupt flag register 0x0000
R16 TIM10 SWEVGR 0x40015014 Event generation register 0x0000
R16_TIM10 CHCTLRI1 0x40015018 Compare/capture control registerl 0x0000
R16_TIM10 CHCTLR2 0x4001501C | Compare/capture control register2 0x0000
R16_TIM10_CCER 0x40015020 Compare/capture enable register 0x0000
R16_TIM10 CNT 0x40015024 | Counter 0x0000
R16_TIM10 PSC 0x40015028 | Prescaler 0x0000
R16 TIM10 ATRLR 0x4001502C | Auto-reload register 0x0000
R16 TIM10 RPTCR 0x40015030 | Repeat count register 0x0000
R16 _TIM10 CHICVR 0x40015034 | Compare/capture registerl 0x0000
R16_TIM10 CH2CVR 0x40015038 | Compare/capture register2 0x0000
R16 _TIM10 CH3CVR 0x4001503C | Compare/capture register3 0x0000
R16 _TIM10 _CH4CVR 0x40015040 Compare/capture register4 0x0000
R16_TIM10 BDTR 0x40015044 | Break and deadband register 0x0000
R16_TIM10 DMACFGR 0x40015048 DMA configuration register 0x0000
R16_TIM10 DMAADR 0x4001504C | DMA address register in continuous mode 0x0000
14.4.1 Control Register 1 (TIMx_CTLR1) (x=1/8/9/10)
Offset address: 0x00
15 14 13 12 11 10 9 8 7 6 5 4 1 0
Reserved CKDJ[1:0] AEP CMS[1;0] | DIR |OPM | URS |UDIS| CEN
Bit Name Access Description Reset
value
[15:10] |Reserved RO |Reserved. 0
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These 2 bits define the frequency, dead-zone time of]
timer clock (CK_INT) and frequency division ratio of]
sampling clock used for the dead-zone generator and
digital filter (ETR,TIx):

[9:8] |CKDI[1:0] RW i 0
00: Tdts=Tck_int

01: Tdts =2 * Tck_int

10: Tdts =4 * Tck_int

11: Reserved.

Auto reload and preload enable bit:
7 ARPE RW |1: Auto reload register (ATRLR) enabled; 0
0: Auto reload register (ATRLR) disabled.

Central alignment mode selection:

00: Edge alignment mode. The counter counts up or
down according to the direction bit (DIR).

01: Center alignment model. The counter counts up
and down alternately. The output comparison interrupt
flag bit of the channel configured as an output
(CCxS=00 in the CHCTLRx register) is only set when
the counter counts down.

10: Center alignment mode2. The counter counts up
and down alternately. The output comparison interrupt
[6:5] |CMS[1:0] RW |(flag bit of the channel configured as an output] 0
(CCxS=00 in the CHCTLRx register) is only set when
the counter counts up.

11: Center alignment mode3. The counter counts up and
down alternately. The output comparison interrupt flag
bit of the channel configured as an output (CCxS=00 in
the CHCTLRx register) is only set when the counter|
counts up and down.

Note: When the counter is enabled (CEN=1), it is not
allowed to switch from edge alignment mode to center

alignment mode.

Counter direction:
0: Upcount;

4 DIR RW |1: Downcount. 0
Note: When the counter is configured in the center

alignment mode or encoder mode, this bit is invalid.

Single pulse mode:

1: The counter stops when the next update event
3 OPM RW |(clearing the CEN bit) occurs. 0
0: The counter does not stop when the next update event

occurs.

Update request source; the software selects the source

of UEV event through this bit.
2 |URS RW o , 0
1: If the updating interrupt or DMA request is enabled,

only the counter overflow/underflow will generate the
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update interrupt or DMA request;

0: If the update interrupt or DMA request is enabled,
any of the following events will generate an update
interrupt or DMA request.

-Counter overflow/underflow

-Set the UG bit

- Generate update from the mode controller

Update disabled. Software allows/disables the
generation of UEV events through this bit.

1: Disable UEV. No update event is generated, and the
registers (ARR, PSC, CCRx) maintain their values. If]
the UG bit is set or a hardware reset is issued from the

mode controller, the counter and prescaler will be
{ UDIS RW reinitialized; 0
0: Allow UEV. Update (UEV) events are generated by
any of the following events:

- Counter overflow/underflow

-Set the UG bit

- Generate update from the mode controller

Registers with buffers are loaded with their preloaded

values.

Counter enable:

1: Counter enabled;
0: Counter disabled.
0 CEN RW |Note: After CEN bit is set by software, the external) 0
clock, gating mode and encoder mode can only work.
The trigger mode can automatically set the CEN bit by

hardware.

14.4.2 Control Register2 (TIMx_CTLR2) (x=1/8/9/10)
Offset address: 0x04

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

Reserved|OIS4|OIS3N|OIS3|OIS2N|OIS2|OISIN|OISI|TI1S| MMS[2:0] |CCDS|CCUS|Reserved|CCPC
Bit Name Access Description Reset
value
15 Reserved RO |Reserved. 0
Output idle status 4:
1: If the OC4N is implemented for MOE=0, OC4=1
after deadband;
14 OIs4 RW |0: For MOE=0, if the OC4N is implemented, OC4=0| 0
after deadband.
Note: After levels 1, 2 and 3 have been set for LOCK|
(TIMx_BDTR register), such bit cannot be modified.
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13

OIS3N

RW

During the output idle status 3:

1: When MOE=0, OC3N=1 after the deadband;

0: When MOE=0, OC3N=0 after the deadband.

Note: After LOCK (TIMx_BDTR register) levels 1, 2 or

3 have been set, this bit cannot be modified.

12

OIS3

RW

Output idle status 3, refer to OIS4.

11

OIS2N

RW

Output idle status 2, refer to OIS3N.

10

OIS2

RW

Output idle status 2, refer to OIS4.

OISIN

RW

Output idle status 1, refer to OIS3N.

OIS1

RW

Output idle status 1, refer to OIS4.

(=N Rl Nl N N R

TIIS

RW

TI1 selection:

1: TIMx _CHI, TIMx CH2 and TIMx CH3 pins are
connected to TI1 input through XOR;

0: TIMx_CHI pin is directly connected to TI1 input.

[6:4]

MMS[2:0]

RW

Master mode selection: These 3 bits are used to select
the synchronization information (TRGO) sent to the
slave timer in the master mode.

The possible combination is as follows:

000: Reset — The UG bit in the TIMx_EGR register is
used as a trigger output (TRGO). If it is a reset
generated by a trigger input (the slave mode controller
is in reset mode), the signal on TRGO will have a delay
relative to the actual reset;

001: Enable-the counter enables signal CNT_EN to be
used as a trigger output (TRGO). Sometimes, it is
necessary to start multiple timers at the same time or
control to enable slave timers within a period of time.
The counter enable signal is generated by the logical
OR of the CEN control bit and the trigger input signal
in the gating mode. When the counter enable signal is
controlled by the trigger input, there will be a delay on
TRGO, unless the master/slave mode is selected (see
the description of the MSM bit in the TIMx SMCR
register);

010: Update- An update event is selected as the trigger
input (TRGO). For example, the clock of a master timer
can be used as a prescaler for a slave timer;
011:Compare pulse-when a capture occurs or a
comparison is successful, and the CC1IF flag is to be
set (even if it is already high), the trigger output will
send a positive pulse (TRGO);

100: Compare-OC1REF signal is used as trigger output
(TRGO);

101: Compare-OC2REF signal is used as trigger output
(TRGO);

110: Compare-OC3REF signal is used as trigger output
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(TRGO);
111: Compare-OC4REEF signal is used as trigger output
(TRGO).

DMA selection of capture/compare

1: When an update event occurs, a DMA request of]
3 CCDS RW |CHxCVR is transferred; 0
0: When CHxCVR occurs, a DMA request of CHXCVR

is generated.

Compare/capture control update selection bit.

1: If CCPC is set, they can be updated by setting the
COM bit or a rising edge on TRGI;

2 CCUS RW |0: If CCPC is set, they can only be updated by setting| 0
the COM bit.

Note: This bit only works on channels with
complementary outputs.

1 Reserved RO |Reserved. 0
Compare/capture preload control bit.

1: CCxE, CCXNE and OCxM bits are pre-loaded. After
the bits are set, they will only be updated after setting
0 CCPC RW |of the COM bit; 0
0: CCxE, CCxNE and OCxM bits are not preloaded.
Note: This bit only works on channels with

complementary outputs.

14.4.3 Slave Mode Configuration Mode (TIMx_SMCFGR) (x=1/8/9/10)
Offset address: 0x08

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ETP | ECE | ETPS[1:0] ETF[3:0] MSM TS[2:0] Reserved SMSJ[2:0]
; . L Reset
Bit Name Access Description
value

ETR trigger polarity selection; this bit selects whether
to directly input ETR or input inverted ETR.

15 |ETP RO _ . . 0
1: ETR inverted, active at low level or falling edge;

0: ETR, valid at high level or rising edge.

External clock mode 2 enable selection:

1: Enable the external clock mode 2;

2: Disable the external clock mode 2.

Note 1: Slave mode can be used simultaneously with
external clock mode 2: reset mode, gating mode and|
14 ECE RW 0
trigger mode; however, TRGI cannot be connected to
ETRF at this time (TS bit cannot be '111').

Note 2: When both external clock mode 1 and external
clock mode 2 are enabled at the same time, the input of|

the external clock will be ETRF.
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External trigger prescaler (ETRP); the frequency must
be at most 1/4 of TIMxCLK frequency, and the
frequency can be reduced through this domain:

[13:12] |ETPS[1:0] RW |00: Prescale OFF; 0
01: ETRP frequency divided by 2;

10: ETRP frequency divided by 4;

11: ETRP frequency divided by 8.

External trigger filtering. In fact, the digital filter is an

event counter. N events are needed to validate a
transition on the output.

0000: No filter, sampling is done at Fdts;

0001: Fsampling=Fck_int, N=2;

0010: Fsampling=Fck_int,N=4;

0011: Fsampling=Fck _int, N=8;

0100: Fsampling=Fdts/2, N=6;

0101: Fsampling=Fdts/2, N=8;

[11:8] |ETF RW |0110: Fsampling=Fdts/4, N=6; 0
0111: Fsampling=Fdts/4, N=8;
1000: Fsampling=Fdts/8, N=6;
1001: Fsampling=Fdts/8, N=8;
1010: Fsampling=Fdts/16, N=5;
1011: Fsampling=Fdts/16, N=6;
1100: Fsampling=Fdts/16, N=8;
1101: Fsampling=Fdts/32, N=5;
1110: Fsampling=Fdts/32, N=6;
1111: Fsampling=Fdts/32, N=8;

Master/Slave mode selection:

1: The event on the trigger input (TRGI) is delayed to
allow perfect synchronization between the current timer
7 MSM RW |(via TRGO) and its slave timer. This is very useful| 0
when it is required to synchronize several timers to a
single external event;

0: Not effect.

Trigger selection bits. Select the trigger input source

used to synchronize the counter through these 3 bits:
000: Internal trigger0 (ITRO);

001: Internal triggerl (ITR1);

010: Internal trigger2 (ITR2);

011: Internal trigger3 (ITR3);

[6:4] |TS[2:0] RW 0
100: Edge detector of TI1 (TI1F_ED);

101: Timer inputl after filtering (TI1FP1);

110: Timer input2 after filtering (TI2FP2);

111: External trigger input (ETRF).

The values can be changed only when SMS is 0.
Note: See Table 14-2 for details.

3 Reserved RO |Reserved. 0
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[2:0]

SMS[2:0]

RW

Input mode selection. Select the clock and trigger mode
of the core counter.

000: Driven by the internal clock CK_INT;

001: Encoder mode 1; according to the level of TI1FP1,
the core counter counts up or down on the edge of
TI2FP2;

010: Encoder mode 2; according to the level of TI2FP2,
the core counter counts up or down on the edge of
TI1FP1;
011: Encoder mode 3; according to the input level of]
another signal, the core counter counts up and down on
the edge of TI1FP1 and TI2FP2; 100: Reset mode; the
rising edge of the trigger input (TRGI) will initialize the
counter and generate a signal for updating the register;
101: Gating mode; when the trigger input (TRGI) is
high, the clock of the counter will be turned on; when
the trigger input becomes low, the counter will stop, and
the start and stop of the counter will be controlled;

110: Trigger mode; the counter starts on the rising edge
of the trigger input TRGI, and only the start of the
counter is controlled;

111: External clock mode 1; the rising edge of the

selected trigger input (TRGI) drives the counter.

14.4.4 DMA/Interrupt Enable Register (TIMx_DMAINTENR) (x=1/8/9/10)
Offset address: 0x0C

15

14

13

12

11

10

9 & 7 6 5 4 3 2

Reserve
d

TD
E

E

COMD | CC4D

E

CC3D

E

E

E |E|JE|E|] E | E | E | E

CC2D|CCID|UD | BI| TI|COMI| CC4I| CC3I| CC2I| CC1I| Ul

Bit

Name

Access

Description

Reset

value

15

Reserved

RO

Reserved.

14

TDE

RW

Trigger DMA request enable bit.
1: Trigger DMA request enabled;
0: Trigger DMA request disabled.

13

COMDE

RW

DMA request enable bit of COM.
1: DMA request of COM enabled;
0: DMA request of COM disabled.

12

CC4DE

RW

DMA request enable bit of compare/capture4.
1: DMA request of compare/capture4 enabled;
0: DMA request of compare/capture4 disabled.

0b

11

CC3DE

RW

DMA request enable bit of compare/capture3.
1: DMA request of compare/capture3 enabled;

0: DMA request of compare/capture3 disabled.
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DMA request enable bit of compare/capture?2.
10 CC2DE RW |1: DMA request of compare/capture2 enabled; 0
0: DMA request of compare/capture2 disabled.
DMA request enable bit of compare/capturel.
9 CCI1DE RW |1: DMA request of compare/capturel enabled; 0
0: DMA request of compare/capturel disabled.
Update DMA request enable bit.
8 UDE RW |1: Update DMA request enable bit enabled. 0b
0: Update DMA request enable bit disabled.
Break interrupt enable bit.
7 BIE RW |1: Break interrupt enabled; 0
0: Break interrupt disabled.
Trigger interrupt enable bit.
6 TIE RW |1: Trigger interrupt enabled; 0
0: Trigger interrupt disabled.
COM interrupt enable bit.
5 COMIE RW |1: COM interrupt enabled; 0
0: COM interrupt disabled.
Interrupt enable bit of compare/capture4.
4 CC4IE RW |1: Interrupt of compare/capture4 enabled; 0
0: Interrupt of compare/capture4 disabled.
Interrupt enable bit of compare/capture3.
3 CC3IE RW |1: Interrupt of compare/capture3 enabled; 0
0: Interrupt of compare/capture3 disabled.
Interrupt enable bit of compare/capture2.
2 CC2IE RW |1: Interrupt of compare/capture? enabled; 0
0: Interrupt of compare/capture2 disabled.
Interrupt enable bit of compare/capturel.
1 CClIE RW |1: Interrupt of compare/capturel enabled; 0
0: Interrupt of compare/capturel disabled.
Update interrupt enable bit.
0 UIE RW |1: Update interrupt enabled; 0
0: Update interrupt disabled.
14.4.5 Interrupt Flag Register (TIMx_INTFR) (x=1/8/9/10)
Offset address: 0x10
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved |CC4OF|CC3OF|CC20F|CC10F|Reserved|BIF[TIF|COMIF|CCAIF|CC3IF|CC2IF|CCI1IF|UIF
Bit Name Access Description Reset
value
[15:13] |Reserved RO |Reserved. 0
12 CC40F RWO |Overcapture flag bit of compare/capture 4. 0
11 CC30F RWO |Overcapture flag bit of compare/capture 3. 0
10 CC20F RWO |Overcapture flag bit of compare/capture 2. 0
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Overcapture flag bit of compare/capture 1 is only used
when the compare/capture is configured in the input
capture mode. This flag bit is set by hardware, and
9 CCI1OF RWO |cleared by writing 0 by software. 0b
1:When the value of counter is captured into
compare/capture register, status of CC1IF has been set;
0: No overcapture is generated.

8 Reserved RO |Reserved. 0

Break interrupt flag bit, once the break input is valid,

the bit is set by hardware and cleared by software.
7 BIF RWO0 . : . 0
1: The set effective level is detected on break pin input;

0: No break event is generated.

Trigger interrupt flag bit; when a trigger event occurs,
set by hardware and cleared by software. Trigger events
include the detection of a valid edge at the TRGI input
6 TIF RWO |terminal from modes other than gating mode, or any| 0
edge in gating mode.

1: Trigger event occurs;

0: No trigger event occurs.

COM interrupt flag bit; once a COM event occurs, this
bit is set by hardware and cleared by software. COM
interrupt flag bit; once a COM event occurs, this bit is
5 COMIF RWO 0
set by hardware and cleared by software.
1: A COM event occurs;

2. No COM event occurs.

4 CCAIF RWO |Interrupt flag bit of compare/capture 4. 0
CC3IF RWO |Interrupt flag bit of compare/capture 3.
2 CC2IF RWO |Interrupt flag bit of compare/capture 2. 0

Interrupt flag bit of compare/capture 1.

If the compare/capture is configured as output mode:
This bit is set by hardware when the counter value
matches the comparison value, except in the center
symmetric mode. This bit is cleared by software.

1: The value of the core counter matches the value of]
the compare/capture register 1; 0: no match occurs.
1 CCIIF RWO , , 0
If the compare/capture is configured as input mode:
This bit is set by hardware when a capture event occurs,
and it is cleared by software or cleared by reading the
compare/capture register.

1:The counter value has been captured by the
compare/capture register 1;

0: No input capture is generated.

Update interrupt flag bit. When an update event occurs,
this bit is set by hardware and cleared by software.

0 UIF RWO i , 0
1: Update interrupt is generated;

0: No update interrupt is generated.
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The update event occurs in case of the following
circumstances:

For UDIS=0, when the repeated counter value
overflows or underflows;

For URS=0, UDIS=0, when the UG bit is set, or when
the counter core is reinitialized by software;

For URS=0, UDIS=0, when the counter CNT is

reinitialized by a trigger event;

14.4.6 Event Generation Register (TIMx SWEVGR) (x=1/8/9/10)
Offset address: 0x14

15 14

13 12 11

10 9

8 7 6 5 4 3 2 1

Reserved

BG | TG |COMG|CCAG|CC3G|CC2G|CC1G| UG

Bit

Name

Access

Description

Reset
value

[15:8]

Reserved

RO

Reserved.

BG

WO

Break event generation bit; this bit is set and cleared by
software to generate a break event.

1: A break event is generated. At this time, MOE=0,
BIF=1; if the corresponding interrupt and DMA are
enabled, the corresponding interrupt and DMA will be
generated;

0: No effect.

TG

WO

Trigger event generation bit; this bit is set by software
and cleared by hardware to generate a trigger event.

1: Generate a trigger event; if TIF is set and the
corresponding interrupt and DMA are enabled, the
corresponding interrupt and DMA will be generated;

0: No effect.

COMG

WO

Compare/capture  control update generation bit.
Generating compare/capture control update event. This
bit is set by software and cleared automatically by
hardware.

1: When CCPC=1, it is allowed to update the CCxE,
CCxNE and OCxM bits;

0: No effect.

Note: This bit is only valid for channels with
complementary outputs (channels 1, 2 and 3).

CC4AG

WO

Compare/capture event generates bit4. Generating
compare/capture event 4.

CC3G

WO

Compare/capture event generates bit3. Generating the
compare/capture event 3.

CC2G

WO

Compare/capture event generates bit2. Generating
compare/capture event 2.
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Compare/capture event generates bitl. Generating
compare/capture event 1.

This bit is set by software and cleared by hardware. It
is used to generate a compare/capture event.
1:Generating a compare/capture event on the
compare/capture 1:

If the compare/capture 1 is configured as output:
CCI1IF bit is set. If the corresponding interrupt and

1 CCI1G WO |[DMA are enabled, the corresponding interrupt and| 0
DMA is generated;
If the compare/capture is configured as input:
The current core counter value is captured to
compare/capture register 1; set the CCI1IF bit, if the
corresponding interrupt and DMA are enabled, the
corresponding interrupt and DMA is generated. If the
CCI1IF bit has been set, set the CC10OF bit.
0: No effect.
The update event generation bit generates the update
event. This bit is set by software and cleared
automatically by hardware.
1: Initialize the counter and generate an update event;

0 UG WO 0: No effect. 0

Note: The counter of prescaler is also cleared, but the
prescaler factor remains unchanged. In centro
symmetric mode or up-counting mode, the core counter

will be cleared; in the down-counting mode, the core

counter will take the value of the reload value register.

14.4.7 Compare/Capture Control Register 1 (TIMx_CHCTLR1) (x=1/8/9/10)
Offset address: 0x18

The channel can be used for input (capture mode) or output (comparison mode), and the direction of the

channel is defined by the corresponding CCxS bit. The functions of other bits of this register are different in

input and output modes. OCxx describes the function of the channel in output mode, and ICxx describes the

function of the channel in input mode.

15 4 13 12 11 10 9 8 7 6 5 4 3 2 0
OC2CE| OC2M][2:0] |OC2PE|OC2FE OCICE| OC1M[2:0] |OCIPE|OCIFE
CC28[1:0] CCI18[1:0]
IC2F[3:0] IC2PSC[1:0] IC1F[3:0] IC1PSC[1:0]
Compare mode (pin direction is output):
; . Reset
Bit Name Access Description
value
Clear enable bit of compare/capture 2.
1: Once the ETRF input high level is detected, clear the
15 OC2CE RW i 0
OC2REF bit to zero;
0: OC2REF is not affected by the ETRF input.
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[14:12]

0C2M][2:0]

RW

Mode setting of compare/capture 2.

The 3 bits define the action of the output reference
signal OC2REF, and OC2REF determines the value of]
0OC2 and OC2N. OC2REF is active at high level, while
the active level of OC2 and OC2N depends on the
CC2P and CC2NP bits.

000: Frozen. The comparison value between the value
of the compare/capture register and the core counter has
no effect on OC2REF;

001: Forced to be an effective level. When the core
counter and compare/capture register 1 have the same
value, force OC2REF to be high;

010: Set as inactive level by force. When the value of]
the core counter is the same as compare/capture register
1, force OC2REF to be low;

011: Overturn. When the core counter and
compare/capture register 1 have the same value,
overturn the level of OC2REF;

100: Force to be inactive level. Force OC2REF to be
low.

101: Force to be inactive level. Force OC2REF to be
high.

110: PWM mode 1: When counting up, once the core
counter is greater than the value of the compare/capture
register, channel 2 will be at inactive level. Otherwise,
it will be at active level. When counting down, once the
core counter is greater than the value of the
compare/capture register, channel 2 will be at active
level. Otherwise, it will be at inactive level.

111: PWM mode 2: When counting up, once the core
counter is greater than the value of the compare/capture
register, channel 2 will be at active level. Otherwise, it
will be at inactive level. When counting down, once the
core counter is greater than the value of the
compare/capture register, channel 2 will be at inactive
level. Otherwise, it will be at active level (OC2REF=1).
Note: Once the LOCK level is set to 3 and CC1S=00b,
this bit cannot be modified. In PWM mode 1 or PWM|
mode 2, the OC2REF level changes only when compare
result changes or when switching from freezing mode to

PWM mode in the output comparison mode.

11

OC2PE

RW

Preload enable bit of compare/capture register 1.

1: Enable the preload function of the comparison
capture register 1. Read and write operations are only
made on the preload register. The preload value of the

compare/capture register 1 is loaded into the current
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shadow register when the update event arrives;

0: Disable the preload function of capture register 1; it
can be written to compare/capture register 1 at any time,
and the newly written value will take effect
immediately.

Note: Once the LOCK level is set to 3 and CC25=00,
this bit cannot be modified; only in single pulse mode
(OPM=1) you can use PWM mode without confirming

the preload register; otherwise its action is uncertain.

Compare/capture 2 fast enable bit; this bit is used to
speed up the response of the compare/capture output to
the trigger input event.

1: The effect of the valid edge inputted to the trigger is
like a comparison match. Therefore, OC is set to the
comparison level regardless of the comparison result.
The delay between the valid edge of the sampling
trigger and the output of the compare/capture 2 is
10 OC2FE RW |shortened to 3 clock cycles; 0
0: According to the value of counter and
compare/capture register 1, compare/capture 2 operates
normally, even if the trigger is turned on. When the
input of the trigger has a valid edge, the minimum delay
for activating the output of the compare/capture 2 will
be 5 clock cycles.

OC2FE only works when the channel is configured in
PWMI or PWM2 mode.

Input selection of compare/capture 2.

00: Compare/capture 2 is configured as output;

01: Compare/capture 2 is configured as input, and 1C2
is mapped on TI2;

10: Compare/capture 2 is configured as input, and 1C2
[9:8] |CC2S[1:0] RW |is mapped on TI1; 0
11: Compare/capture 2 is configured as an input, and
IC2 is mapped on TRC. This mode only works when
the internal trigger input is selected (selected by TS bit).
Note: Compare/capture 2 is only writable when the
channel is switched off (CC2E is zero).

7 OCICE RW |Compare/capture 1 clear enable bit. 0

[6:4] |OCIM][2:0] RW |Mode setting bits of compare/capture 1. 0

3 OCIPE RW |Preload enable bit of compare/capture register 1. 0

2 OCIFE RW |Fast enable bit of compare/capture 1. 0

[1:0] |CC1S[1:0] RW |Input selection bits of compare/capture 1. 0

Capture mode (pin direction is input):

Bit Name Access Description Reset
value
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Input capture? filter configuration bits; these bits set the
sampling frequency and digital filter length of TII
input. The digital filter is composed of an event counter,
in which N events are needed to validate a transition on
the output.

0000: No filter, sampling is done at Fdts;

1000: Fsampling=Fdts/8, N=6;

0001: Fsampling=Fck_int, N=2;

1001: Fsampling=Fdts/8, N=8;

0010: Fsampling=Fck int, N=4;

[15:12] |IC2F[3:0] RW |1010: Fsampling=Fdts/16, N=5; 0
0011: Fsampling=f=Fck _int, N=8;
1011: Fsampling=Fdts/16, N=6;
0100: Fsampling=Fdts/2, N=6;
1100: Fsampling=Fdts/16, N=8;
0101: Fsampling=Fdts/2, N=8;
1101: Fsampling=Fdts/32, N=5;
0110: Fsampling=Fdts/4, N=6;
1110: Fsampling=Fdts/32, N=6;
0111: Fsampling=Fdts/4, N=8;
1111: Fsampling=Fdts/32, N=8;

Compare/capture 2 prescaler configuration bits; these 2

bits define prescaler factor of compare/capture 2. Once
CC1E=0, the prescaler will be reset.

00: No prescaler, each edge detected on the capture
[11:10] |IC2PSC[1:0] RW |, ) 0
Input port triggers a capture;

01: Trigger a capture every 2 events;
10: Trigger a capture every 4 events;

11: Trigger a capture every 8 events;

Compare/capture 2 input selection bits. These 2 bits
define the direction of the channel (input/output) and
the selection of input pins.

00: Compare/capture 1 is configured as output;

01: Compare/capture 1 is configured as input, and IC1
is mapped on TI1;

10: Compare/capture 1 is configured as input, and IC1
[9:8] |CC28[1:0] RW | 0
is mapped on TI2;

11: Compare/capture 1 is configured as an input, and
IC1 is mapped on TRC. This mode only works when

the internal trigger input is selected (selected by the TS

bit).
Note: CCI1S is writable only when the channel is closed
(CCIE is 0).

[7:4] |ICIF[3:0] RW |Input capturel filter configuration bits.

[3:2] |[IC1PSCJ[1:0] RW |Prescale configuration bits of compare/capture 1.

[1:0] |CC1S[1:0] RW |Input selection bits of compare/capture 1. 0
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14.4.8 Compare/Capture Control Register 2 (TIMx_CHCTLR?2) (x=1/8/9/10)

Offset address: 0x1C

The channel can be used for input (capture mode) or output (compare mode), and the direction of the channel

is defined by the corresponding CCxS bit. The functions of other bits of this register are different in input and

output modes. OCxx describes the function of the channel in output mode, and ICxx describes the function of

the channel in input mode.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OCA4CE| 0C4M[2:0] |OCA4PE|OCA4FE OC3CE| OC3MJ[2:0] |OC3PE|OC3FE
CC4S[1:0] CC38[1:0]
IC4F[3:0] IC4PSC[1:0] IC3F[3:0] IC3PSC[1:0]
Compare mode (pin direction is output):
Bit Name Access Description Reset
value
15 OC4CE RW |Clear enable bit of compare/capture 4. 0
[14:12] |OC4M[2:0] RW  |Mode setting of compare/capture 4. 0
11 OC4PE RW |Preload enable bit of compare/capture register 4. 0
10 OCA4FE RW |Fast enable bit of compare/capture 4. 0
[9:8] |CC4S[1:0] RW |Input selection of compare/capture 4. 0
7 OC3CE RW |Clear enable bit of compare/capture 3. 0
[6:4] |OC3M][2:0] RW |Mode setting of compare/capture 3. 0
OC3PE RW |Preload enable bit of compare/capture register 3. 0
2 OC3FE RW |Fast enable bit of compare/capture 3. 0
[1:0] |CC38[1:0] RW |Input selection of compare/capture 3. 0
Capture mode (pin direction is input):
Bit Name Access Description Reset
value
[15:12] |IC4F[3:0] RW |Input capture 4 filter configuration. 0
[11:10] |IC4PSC[1:0] RW |Prescale configuration of compare/capture 4. 0
[9:8] |CC4S[1:0] RW |Input selection of compare/capture 4. 0
[7:4] |IC3F[3:0] RW |Input capture 3 filter configuration. 0
[3:2] |IC3PSC[1:0] RW |Prescale configuration of compare/capture 3. 0
[1:0] |CC3S[1:0] RW |Input selection of compare/capture 3. 0
14.4.9 Compare/Capture Enable Register (TIMx_CCER) (x=1/8/9/10)
Offset address: 0x20
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserve| CC4 | CC4 | CC3N | CC3N|CC3 | CC3|CC2N| CC2N[CC2 | CC2|CCIN|CCIN|CC1|CC1
d P E P E P E P E P E P E P E
; o Reset
Bit Name Access Description
value
[15:14] |Reserved RO |Reserved. 0
13 CC4pP RW |Output polarity setting bit of compare/capture 4. 0
12 CC4E RW |Output enable bit of compare/capture 4. 0
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11

CC3NP

RW

Complementary output polarity setting bit of
compare/capture 3.

10

CC3NE

RW

Complementary output enable bit of compare/capture 3.

CC3P

RW

Output polarity setting bit of compare/capture 3.

CC3E

RW

Output enable bit of compare/capture 3.

CC2NP

RW

Complementary output polarity setting bit of
compare/capture 2.

CC2NE

RW

Complementary output enable bit of compare/capture 3.

cc2p

RW

Output polarity setting bit of compare/capture 2.

CC2E

RW

Output enable bit of compare/capture 2.

CCINP

RW

Complementary output polarity setting bit of
compare/capture 1.

CCINE

RW

Complementary output enable bit of compare/capture 1.

CC1P

RW

Output polarity setting bit of compare/capture 1.

CCI1 channel configured as output:

1: OC1 active low.

0: OCI active high.

CC1 channel configured as input:

This bit selects whether IC1 or the inverted signal of
IC1 is used as the trigger or capture signal.

1: Inverted: capture occurs on the falling edge of IC1;
when used as an external trigger, IC1 is inverted.

0: Non-inverted: capture occurs on the rising edge of
IC1; when used as an external trigger, IC1 is not
inverted.

Note: Once the LOCK level (LOCK bit in TIMx BDTR

register) is set to 3 or 2, this bit cannot be modified.

CCIE

RW

Output enable bit of compare/capture 1.

The CCl1 channel is configured as output:

1: On. The OC1 signal is output to the corresponding
output pin, and its output level depends on the values of
the MOE, OSSI, OSSR, OIS1, OISIN, and CCINE
bits.

0: off. OC1 disables output, so the output level of OC1
depends on the values of MOE, OSSI, OSSR, OIS1,
OIS1N, and CCINE bits.

The CCI1 channel is configured as an input:

This bit determines whether the counter value can be
captured into the TIMx_CCRI1 register.

1: capture enable.

0: capture disable.

14.4.10 Counter of Advanced-control Timer (TIMx_CNT) (x=1/8/9/10)
Offset address: 0x24

15

14

13 12 11

10

.8
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CNTJ[15:0]
g e Reset
Bit Name Access Description
value
[15:0] |CNT[15:0] RW |Real-time value of timer's counter. 0

14.4.11 Count Clock Prescaler (TIMx_PSC) (x=1/8/9/10)
Offset address: 0x28

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

Reset

Bit Name Access Description
value

The frequency division factor of the timer's prescaler;
[15:0] |PSC[15:0] RW |the clock frequency of the counter is equal to the input] 0
frequency of the divider/(PSC+1).

14.4.12 Auto-reload Register (TIMx_ATRLR) (x=1/8/9/10)
Offset address: 0x2C

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

Reset

Bit Name Access Description
value

The value of these bits is loaded into the counter. Please
[15:0] |ARRJ[15:0] RW |refer to Section 14.2.3 for ATRLR acting and update| 0
time; when ATRLR is empty, the counter will stop.

14.4.13 Repeat Count Register (TIMx_RPTCR) (x=1/8/9/10)
Offset address: 0x30

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

Reserved REP[7:0]
g r Reset
Bit Name Access Description
value
[15:8] |Reserved RO |Reserved. 0
[7:0] |REP[7:0] RW |Repeated counter value. 0

14.4.14 Compare/Capture Register 1 (TIMx_CH1CVR) (x=1/8/9/10)
Offset address: 0x34

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CCR1[15:0]
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g e Reset
Bit Name Access Description
value
[15:0] |CCRI1[15:0] RW |Value of compare/capture register channel 1. 0

14.4.15 Compare/Capture Register 2 (TIMx_CH2CVR) (x=1/8/9/10)
Offset address: 0x38

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

CCR2[15:0]
g r Reset
Bit Name Access Description
value
[15:0] |CCR2[15:0] RW |Value of compare/capture register channel 2. 0

14.4.16 Compare/Capture Register 3 (TIMx_CH3CVR) (x=1/8/9/10)
Offset address: 0x3C

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

CCR3J[15:0]
g r Reset
Bit Name Access Description
value
[15:0] |CCR3[15:0] RW |Value of compare/capture register channel 3. 0

14.4.17 Compare/Capture Register4 (TIMx_CH4CVR) (x=1/8/9/10)
Offset address: 0x40

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

CCRA4[15:0]
g r Reset
Bit Name Access Description
value
[15:0] |CCR4[15:0] RW |Value of compare/capture register channel 4. 0

14.4.18 Break and Deadband Register (TIMx_BDTR) (x=1/8/9/10)
Offset address: 0x44

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

MOE| AOE | BKP | BKE [OSSR| OSSI| LOCK][1:0] DTG[7:0]
; oy Reset
Bit Name Access Description
value
Master output enable bit. Once a break signal is
15  |MOE RW o 0
effective, it will be cleared asynchronously.
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1: Enable to set OCx and OCxN as output;
0: Disable the output of OCx and OCxN or setting it to
idle status by force.

Automatic output enable.

1: MOE can be set by software or set in the next update
14 AOE RW ) 0
event;

0: MOE can only be set by software.

Break input polarity setting bit.

1: Break input active at high level;
0: Break input active at low level.
13 BKP RW 0
Note: When LOCK level 1 is set, this bit cannot be
modified. Writing to this bit requires an APB clock to
take effect.

Break function enable bit.

1: Enable break input;
0: Disable break input.
12 BKE RW 0
Note: When LOCK level 1 is set, this bit cannot be
modified. Writing to this bit requires an APB clock to
take effect.

1: When the timer is not working, once CCxE=1 or|
CCxNE=1, firstly turn on OC/OCN and output an
inactive level, and then set the OCx and OCxN to

enable output signal =1;

11 OSSR RW ) i ) 0
0: Disable OC/OCN output when the timer is not
working.

Note: When LOCK level 1 is set, this bit cannot be
modified.

1: When the timer is not working, once CCxE=1 or|
CCxNE=1, OC/OCN will firstly output its idle level,
and then OCx, OCxN will enable output signal=1;

10 OSSI RW |0: Disable OC/OCN output when the timer is not| 0
working.
Note: When LOCK level 1 is set, this bit cannot be
modified.

Lock function setting.

00: Switching off the lock function;

01: Lock level 1; DTG, BKE, BKP, AOE, OISx and
OISxN bits cannot be written;

10: Lock level 2; you cannot write the bits in lock level
[9:8] |LOCK]1:0] RW |1, nor can you write the CC polarity bit, OSSR and| 0
OSSI bits;

11: Lock level 3; you cannot write each bit in lock level
2, nor can you write the CC control bit.

Note: After the system reset, the LOCK bit can only be

written once, and cannot be modified again until reset.
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Deadband setting bits; these bits define the duration of]
the deadband between complementary outputs.
Assume that DT represents its duration:
DTG[7:5]=0xx=>DT=DTG[7:0]*Tdtg, Tdtg =TDTS;
DTG[7:5]=10x=>DT=(64+DTG[5:0])*Tdtg,

[7:0] |DTG[7:0] RW 0
Tdtg=2*TDTS;
DTG[7:5]=110=>DT=(32+DTG[4:0])*Tdtg,
Tdtg =8 xTDTS;
DTG[7:5]=111=>DT=(32+DTG[4:0])*Tdtg,
Tdtg =16 *TDTS.

14.4.19 DMA Configuration Register (TIMx DMACFGR) (x=1/8/9/10)
Offset address: 0x48

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

Reserved DBL[4:0] Reserved DBAJ4:0]
; o Reset
Bit Name Access Description
value
[15:13] |Reserved RO |Reserved. 0
Length of DMA continuous transfer; the actual value is
[12:8] |DBL[4:0] RW . 0
the value of these bits + 1.
[7:5] |Reserved RO |Reserved. 0
These bits define the offset of DMA from the address
[4:0] |DBAJ4:0] RW . . ) 0
of control register] in continuous mode.

14.4.20 DMA Address Register in Continuous Mode (TIMx_DMAADR) (x=1/8/9/10)
Offset address: 0x4C

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

DMABJ15:0]
g o Reset
Bit Name Access Description
value
[15:0] |DMABJ[15:0] RW |DMA address in continuous mode. 0

V1.8 225 WH


https://wch-ic.com

CH32FV2x_V3x Reference Manual https://wch-ic.com

Chapter 15 General-purpose Timer (GPTM)

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V3x.
The general-purpose timer module contains a 16-bit timer (TIM2, TIM3, TIM4 and TIMS5) that can be
automatically reloaded to measure pulse width or generate specific frequency pulse and PWM wave, etc. It

can be used for automatic control and power.

15.1 Main Features

General purpose timer (TIM1/8/9/10) features include:

® 16-bit automatic reload counter, supports upcount, downcount and up/down-count

® 16-bit prescaler; the frequency division factor is dynamically adjustable from 1 to 65536

® Four independent compare/captures channels

® FEach compare/capture channel supports multiple working modes, such as: input capture, output

comparison, PWM generation and single pulse output

External signal to control timer

DMA generation in multiple modes

15.2 Principle and Structure

Figure 15-1 Structure block diagram of general-purpose timer

CK_TIM from RCC Intemnal clocl{CK_INT) >
TRGO -
»
To other timers
To DACand ADC
Trigger
controller
Reset,
Enable,
Up, Count
/| AutoReload
u Register u
Stop, clear or up Ead
CK PSC psc  [CGK ONT. CNT
"1 (prescaler) d (counter)

15.2.1 Overview
As shown in Figure 15-1, the structure of the general-purpose timer can be roughly divided into 3 parts: Input

clock, core counter and compare/capture channel.
The general-purpose timer clock can come from AHB bus clock (CK INT), external clock input pin
(TIMx_ETR), other timers with clock output function (ITRx), or the input end of compare/capture channel
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(TIMx_CHx). These input clock signals will become CK_PSC clocks after various set filtering and frequency
division operations, and will output to the core counterpart. In addition, these complex clock sources can also
be output as TRGO to other peripherals such as timer, ADC and DAC.

The core of the general-purpose timer is a 16-bit counter (CNT). After CK_PSC is divided by the prescaler
(PSC), it becomes CK_CNT and finally outputs to CNT. CNT supports up-counting mode, down-counting
mode and up/down counting mode, and there is an automatic reload value register (ATRLR). After each
counting cycle is completed, CNT will be reloaded with the initial value.

The general-purpose timer has 4 groups of compare/captures. On each group of compare/capture, pulses can
be inputted from its dedicated pins or output waveforms to the pins, i.e., the compare/captures support input
and output modes. The input of each channel of the compare/capture register supports operations such as
filtering, frequency division and edge detection, and supports mutual triggering between channels, and can
also provide a clock for the core counter CNT. Each compare/capture has a set of compare/capture register
(CHxCVR), which supports comparison with the main counter (CNT) so as to output pulse.

15.2.2 Difference between General-purpose Timer and Advanced-control Timer
Compared with the advanced-control timer, the general-purpose timer is lack of the following functions:

1) The general-purpose timer lacks a repeated counting register that counts the count cycle of core counter.

2) The compare/capture of general-purpose timer lacks deadband generation and has no complementary output.

3) The general-purpose timer has no break signal mechanism.

4) The default clock CK_INT of the general-purpose timer comes from APB1, while the CK_INT of the
advanced-control timer comes from APB2.

15.2.3 Clock Input
This section describes the source of CK_PSC. The clock source part of the general structure block diagram of
the general-purpose timer is abstracted here.

Figure 15-2 Block diagram of general-purpose timer source

TIMx_SMCR

ITRX
Ti1_ED TIFForp
or
TILFP |4 00 TILF £ or'}y |Encoder
mode

TI2F_Rising 0 TI2EP2

Edge
ing | ETRE |1y
11
TRGI £ |External clock
ICF[3:0] ccap mode 1 K PSC
P ="

TIMx_CCMR1 TIMx_CCER

TI2F_Fall

ETRF £ [External clock
mode 2

ETR
ETR pin [] N Divider ETRP Filter CK_INT
Internal clock
}. /1,/2,/4,/8 downcounter

‘ fors—| (internal clock) mode
[erp]  [EeTpsiaol] ETF[3:0]
TIMx_SMCR TIMx_SMCR TIMx_SMCR TIMx_SMCR

The available input clocks can be divided into 4 categories:

1) External clock pin (ETR) input: ETR—ETRP—ETREF;

2) Internal APB clock input: CK_INT;

3) From the compare/capture pin (TIMx CHx): TIMx_CHx—TIx—TIxFPx; it is also used in encoder mode;
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4) Input from other internal timers: ITRx.

The actual operation can be divided into 3 categories by determining the input pulse selection of the SMS from
the CK_PSC source:

1) Select the internal clock source (CK_INT);

2) External clock source mode 1;

3) External clock source mode 2;

4) Encoder code.

The 4 clock sources mentioned above can be selected by these 4 operations.

15.2.3.1 Internal Clock Source (CK_INT)
If the general-purpose timer is started when the SMS domain is kept at 000b, then the internal clock source

(CK_INT) is selected as the clock. At this moment, CK_INT is CK_PSC.

15.2.3.2 External Clock Source Model
If SMS is set to 111b, the external clock source model is enabled. When external clock source model is

enabled, TRGI is selected as the source of CK_PSC. It is worth noting that the user needs to configure TS to
select the source of TRGI. For TS, the following pulses can be used as the clock source:

1) Internal Trigger (ITRx, x is 0,1,2,3);

2) Signal of compare/capturel after passing through the edge detector (TI1F_ED);

3) Signals TI1FP1 and TI2FP2 of compare/capture;

4) Signal ETRF from external clock pin.

15.2.3.3 External Clock Source Mode2
Use external trigger mode2 to count on every rising or falling edge of the external clock pin input. When the

ECE bit is set, the external clock source mode2 is enabled. When the external clock source mode?2 is enabled,
ETREF is selected as CK_PSC. The ETR pin passes through the optional inverter (ETP) and frequency divider
(ETPS) to become ETRP, and then passes through the filter (ETF) to become ETRF.

When the ECE bit is set and the SMS is set to 111b, it means that the TS selects ETRF as the input.

15.2.3.4 Encoder Mode
Set SMS to 001b, 010b and 011b to enable the encoder mode. After enable the encoder mode, you may choose

to use another transition edge as a signal for signal output at a certain level in TI1FP1 and TI2FP2. This mode
is used when the external encoder is used. Refer to Section15.3.7 for the specific functions.

15.2.4 Counter and Periphery
CK _PSC inputs to the prescaler (PSC) for frequency division. PSC has 16 bits, and the actual frequency

division factor is equivalent to the value of R16_TIMx PSC+1. CK PSC becomes CK_INT through PSC.
The changed value of R16_TIM1_ PSC does not take effect in real time, but can be updated to the PSC after
the update event. Update events include clearing and resetting the UG bit.

15.2.5 Compare/capture Channel

The compare/capture is the core of the timer to achieve complex functions. Its core is the compare/capture
register, supplemented by the digital filtering of the peripheral input part, frequency division and channel
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multiplexing, the output part comparator and output control. The block diagram of the compare/capture is as
shown in Figure 15-3.

Figure 15-3 Structure block diagram of compare/capture channel
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After the signal is input from the channel x pin, it can be selected as TIx (the source of TI1 may be more than
CHI1. See Figure 14-1 timer block diagram). TI1 passes through the filter (ICF[3:0]) to generate TI1F, and then
is divided into TI1F_Rising and TI1F_Falling after passing through the edge detector. These 2 signals are
selected (CCI1P) to generate TI1FP1, and TI1FP1 and TI2FP1 from channel 2 are sent to CC1S together to be
selected as IC1, and then sent to the compare/capture register after going through the ICPS frequency division.

The compare/capture register is composed of preload register and shadow register, and only the preload register
is operated during reading and writing. In the capture mode, the capture occurs on the shadow register, and
then copied to the preload register; in the comparison mode, the content of the preload register is copied to the
shadow register, and then the content of the shadow register is compared with the core counter (CNT).
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15.3 Function and Implementation

The general-purpose timer complex functions are implemented by the operation of compare/capture channel,
clock input circuit, counter and peripheral parts of the timer. The timer's clock input can come from multiple
clock sources including the input of the compare/capture. The operation of compare/capture register channel
and the clock source selection directly determines its function. The compare/capture is bidirectional and can
work in input and output modes.

15.3.1 Input Capture Mode

The input capture mode is one of basic functions of timer. The principle of the input capture mode is that when
a certain edge on the ICxPS signal is detected, a capture event will occur, and the current value of the counter
will be latched into the compare/capture register (R16_TIMx CHCTLRx). When a capture event occurs,
CCXIF (in R16_TIMx_INTFR) bit will be set. If an interrupt or DMA is enabled, a corresponding interrupt or
DMA will be generated. If CCxIF is already set when a capture event occurs, then the CCxOF bit will be set.
CCXIF can be cleared by software or by hardware through reading the compare/capture register. CCxOF is
cleared by the software.

Take an example of channel 1 to illustrate the steps to use the input capture mode, as follows:

1) Configure CCxS and select the source of ICx signal. For example, it is set to 10b, and TI1FP1 is selected
as the source of IC1, and the default setting cannot be used. CCxS defaults to use the compare capture
module as the output channel;

2) Configure ICxF and set the digital filter of the TI signal. The digital filter will output a jump based on the
determined frequency and determined sampling times. The sampling frequency and times are determined
by ICxF;

3) Configure the CCxP bit and set the polarity of TIXFPx. For example, maintain CC1P bit to be low and select
the jump of rising edge;

4) Configure ICxPS and set ICx signal as the frequency division factor between ICxPS. For example, maintain
the ICxPS as 00b without frequency division;

5) Configure the CCXE bit to allow to capture the core counter (CNT) value to the compare/capture register.
Set the CCI1E bit;

6) Configure the CCxIE and CCxDE bits as needed to decide whether to enable interrupt or DMA.

After these operations, the compare/capture channel configuration is completed.

When TI1 inputs a captured pulse, the value of the core counter (CNT) is recorded in the compare/capture
register, and CC1IF is set. When CCI1IF has been set before, the CCIOF bit will also be set. If the CC1IE bit
is set, then an interrupt will be generated; if CC1DE is set, a DMA request will be generated. An input capture
event can be generated by software through writing the event generation register (R16_TIMx_SWEVGR).

15.3.2 Compare Output Mode

The compare output mode is one of basic functions of timer. The principle of the compare output mode is to
output a specific change or waveform when the value of the core counter (CNT) is consistent with the value
of the compare/capture register. OCxM (in R16_TIMx CHCTLRx) and the CCxP bit (in R16_TIMx CCER)
determine whether the output is determined high or low level or level inversion. When a compare consistent
event is generated, the CCxIF bit will be also set. If the CCxIE bit is preset, an interrupt will be generated; if
the CCxDE bit is preset, a DMA request will be generated.
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The procedure of compare output mode configuration is as follows:

1) Configure the clock source and auto-reload value of the core counter (CNT);

2) Set the count value to be compared to the compare/capture register (R16_TIMx CHxCVR);
3) If an interrupt needs to be generated, set the CCxIE bit;

4) Keep OCXPE as 0 and disable the preload register of the compare/capture register;

5) Set the output mode, and set OCxM and CCxP bit;

6) Enable the output and set the CCxE bit;

7) Set the CEN bit and start the timer;

15.3.3 Forced Output Mode

The output mode of the compare/capture of the timer can be forced to output a certain level by software,

instead of relying on the shadow register and the core counter of the compare/capture register.

The specific means is to set OCxM to 100b, which means to force OCXREF to be low; or to set OCxM to 101b,
which means setting OCXREF to a high value by force.

It shall be noted that if OCxM is set to 100b or 101b by force, the compare process between the internal main
counter and the compare/capture register will be still in progress, the corresponding flag bit will be still set,
and interrupts and DMA request will still be generated.

15.3.4 PWM Input Mode
The PWM input mode is used to measure the duty cycle and frequency of the PWM, which is a special case

of the input capture mode. The operation is the same as the input capture mode except for the following
differences: PWM occupies 2 compare/captures, and the input polarity of the 2 channels is set to opposite. One

of the signals is set to trigger input, and SMS is set to reset mode.

For example, to measure the cycle and frequency of the PWM wave input from TI1, the following operations
are required:

1) Set TI1 (TI1FP1) as the input of IC1 signal. Set CC1S to 01b;

2) Set TI1FP1 as the rising edge valid. Keep CC1P as 0;

3) Set TI1 (TI1FP2) as the input of IC2 signal. Set CC2S to 10b;

2) Set TI1FP2 as the falling edge valid. Set CC2P to 1;

5) The source of the clock source is TI1FP1. Set TS to 101b;

6) Set SMS to reset mode, i.e., 100b;

7) Enable the input capture. Set CC1E and CC2E bits.

15.3.5 PWM Output Mode

The PWM output mode is one of basic functions of timer. The most common method of PWM output mode is
to use the reload value to determine the PWM frequency, and to use the capture comparison register to
determine the duty cycle. Set 110b or 111b in OCxM to use PWM mode 1 or mode 2, set the OCXPE bit to
enable the preload register, and finally set the ARPE bit. Since the value of the preload register can be sent to
the shadow register when an update event occurs, it is necessary to set the UG bit to initialize all registers
before the core counter starts counting. In the PWM mode, the core counter and the compare/capture register
are always being compared. According to the CMS bit, the timer can output edge-aligned or center-aligned
PWM signals.

® Edge alignment

When the edge alignment is used, the core counter counts up or down. In the scenario of PWM mode 1, when
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the value of the core counter is greater than that of the compare/capture register, OCXREF will rise to be high;
when the value of the core counter is less than the compare/capture register (such as When the core counter
increases to the value of R16_ TIMx_ATRLR and returns to all 0s), OCXxREF drops to low.

®  (Central alignment

When the center-aligned mode is used, the core counter will run in a mode where up counting and down
counting are performed alternately, and OCXREF performs rising and falling jumps when the values of the
core counter and the compare/capture register are consistent. However, in 3 types of central alignment mode,
the bit setting timing of comparison flag is different somewhat. When the center-alignment mode is used, it is
the best to generate a software update flag (set the UG bit) before starting the core counter.

15.3.6 Single Pulse Mode

The single pulse mode can be used to respond to a specific event to generate a pulse after a delay. The delay
and pulse width are programmable. Setting the OPM bit can make the core counter stop when the next update
event UEV is generated (the counter turns over to 0).

Figure 15-4 Event generation and pulse response
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As shown in Figure 15-4, it is necessary to detect the beginning of a rising edge on the TI2 input pin. After

delaying Tdelay, a positive pulse of length Tpulse will be generated on OC1:

1) Set TI2 as trigger. Set the CC2S field to 01b and map TI2FP2 to TI2; set the CC2P bit to Ob and set TI2FP2
to rising edge detection; set the TS field to 110b and set TI2FP2 as the trigger source; set the SMS field to
110b, and TI2FP2 is used to start the counter;

2) Tdelay is defined by the value of the compare/capture register, and Tpulse is determined by the value of the
auto-reload value register and the value of the compare/capture register.

15.3.7 Encoder Mode

The encoder mode is a typical application of the timer. It can be used to access the dual-phase output of the
encoder. The count direction of the core counter is synchronized with the rotating shaft of the encoder. Each
pulse output by the encoder will increase the core counter by adding one or subtracting one. The steps to use
the encoder are: set the SMS field to 001b (count only on TI2 edge), 010b (count only on TI1 edge) or 011b
(count on both TI1 and TI2 edges), and connect the encoder to compare/capture 1, 2 inputs, set a value for the
reload value register and this value can be set to be greater. In the encoder mode, the internal compare/capture
register of timer, prescaler, repeat count register and other registers all work normally. The following table
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shows the relationship between the counting direction and the encoder signal.

Table 15-1 Relationship between count direction of timer in encoder mode and encoder signal

Relative TI1FP1 signal edge TI2FP2 signal edge
Count active edge signal Rising Falling Rising Falling
level edge edge edge edge
High Downcount | Upcount
Only count at TI1 edge Not count
Low Upcount | Downcount
High Upcount | Downcount
Only count at TI2 edge Not count
Low Downcount | Upcount
Count on both edges of High Downcount | Upcount Upcount | Downcount
TI1 and TI2 Low Upcount | Downcount | Downcount | Upcount

15.3.8 Timer Synchronous Mode
The timer can output clock pulses (TRGO) and can also receive input from other timers (ITRx). The sources

of ITRx of different timers (TRGO of other timers) are different. Table 12-2 shows the internal trigger

connection of timers.

Figure 15-2 GTPM internal trigger connection

Slave timer ITRO(TS=000) | ITRI(TS=001) | ITR2(TS=010) | ITR3(TS=011)
TIM2 TIM1 TIMS8/USB/ETH TIM3 TIM4
TIM3 TIM1 TIM2 TIMS5 TIM4
TIM4 TIM1 TIM2 TIM3 TIMS
TIMS TIM2 TIM3 TIM4 TIMS
15.3.9 Debug Mode

When the system enters debug mode, the timer continues to run or stops according to the setting of the DBG

module.

15.4 Register Description

Table 15-3 TIM?2 registers

Name Offset address Description Reset value
R16 TIM2 CTLRI1 0x40000000 TIM2 control registerl 0x0000
R16 TIM2 CTLR2 0x40000004 TIM2 control register2 0x0000
TIM2 slave mode configuration
R16 TIM2 SMCFGR 0x40000008 ) 0x0000
- - register
TIM2  DMA/interrupt  enable
R16 TIM2 DMAINTENR | 0x4000000C ) 0x0000
- - register
R16_TIM2 INTFR 0x40000010 TIM?2 interrupt flag register 0x0000
R16 TIM2 SWEVGR 0x40000014 TIM?2 event generation register 0x0000
TIM2  compare/capture  control
R16 TIM2 CHCTLRI 0x40000018 ) 0x0000
- - register1
R16 _TIM2 CHCTLR2 0x4000001C TIM2  compare/capture  control 0x0000
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register2
R16_TIM2 CCER 0x40000020 TIM2 compare/capture enable register 0x0000
R16_TIM2 CNT 0x40000024 TIM2 counter 0x0000
R16_TIM2 PSC 0x40000028 TIM2 prescaler 0x0000
R16 TIM2 ATRLR 0x4000002C | TIM2 auto-reload register 0x0000
R16 TIM2 CHICVR 0x40000034 TIM2 compare/capture registerl 0x0000
R16 _TIM2 CH2CVR 0x40000038 TIM2 compare/capture register2 0x0000
R16 TIM2 CH3CVR 0x4000003C | TIM2 compare/capture register3 0x0000
R16 TIM2 CH4CVR 0x40000040 TIM2 compare/capture register4 0x0000
R16 TIM2 DMACFGR 0x40000048 TIM2 DMA configuration register 0x0000
TIM2 DMA address register in
R16_TIM2 DMAADR 0x4000004C 0x0000

continuous mode

Table 15-4 TIM3 registers

Name Offset address Description Reset value
R16_TIM3 CTLRI1 0x40000400 TIM3 control registerl 0x0000
R16 TIM3 CTLR2 0x40000404 TIM3 control register2 0x0000

TIM3 slave mode configuration
R16_TIM3 SMCFGR 0x40000408 ) 0x0000
- - register
TIM3  DMA/interrupt  enable
R16_TIM3 DMAINTENR | 0x4000040C ) 0x0000
- - register
R16_TIM3 INTFR 0x40000410 TIM3 interrupt flag register 0x0000
R16 TIM3 SWEVGR 0x40000414 TIM3 event generation register 0x0000
TIM3  compare/capture  control
R16_TIM3 CHCTLRI 0x40000418 ) 0x0000
- - register1
TIM3  compare/capture  control
R16 TIM3 CHCTLR2 0x4000041C ) 0x0000
- - register2
R16_TIM3 CCER 0x40000420 TIM3 compare/capture enable register 0x0000
R16_TIM3 CNT 0x40000424 TIM3 counter 0x0000
R16_TIM3 PSC 0x40000428 TIM3 prescaler 0x0000
R16 TIM3 ATRLR 0x4000042C | TIM3 auto reload register 0x0000
R16 TIM3 CHICVR 0x40000434 TIM3 compare/capture registerl 0x0000
R16 TIM3 CH2CVR 0x40000438 TIM3 compare/capture register2 0x0000
R16 TIM3 CH3CVR 0x4000043C | TIM3 compare/capture register3 0x0000
R16 TIM3 CH4CVR 0x40000440 TIM3 compare/capture register4 0x0000
R16 TIM3 DMACFGR 0x40000448 TIM3 DMA configuration register 0x0000
TIM3 DMA address register in
R16_TIM3 DMAADR 0x4000044C 0x0000

continuous mode

Table 15-5 TIM4 registers

Name Offset address Description Reset value
R16_TIM4 CTLRI1 0x40000800 TIM4 control register! 0x0000
R16 TIM4 CTLR2 0x40000804 TIM4 control register2 0x0000
R16 TIM4 SMCFGR 0x40000808 TIM4 slave mode configuration 0x0000
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register
TIM4  DMA/interrupt  enable
R16 TIM4 DMAINTENR | 0x4000080C ) 0x0000
- - register
R16_TIM4 INTFR 0x40000810 TIM4 interrupt flag register 0x0000
R16 TIM4 SWEVGR 0x40000814 TIM4 event generation register 0x0000
TIM4  compare/capture  control
R16 TIM4 CHCTLRI 0x40000818 ) 0x0000
- - registerl
TIM4  compare/capture  control
R16 TIM4 CHCTLR2 0x4000081C ) 0x0000
- - register2
R16 TIM4 CCER 0x40000820 TIM4 compare/capture enable register 0x0000
R16 TIM4 CNT 0x40000824 TIM4 counter 0x0000
R16 TIM4 PSC 0x40000828 TIM4 prescaler 0x0000
R16 TIM4 ATRLR 0x4000082C | TIM4 auto-reload register 0x0000
R16 TIM4 CHICVR 0x40000834 TIM4 compare/capture register] 0x0000
R16 _TIM4 CH2CVR 0x40000838 TIM4 compare/capture register2 0x0000
R16 _TIM4 CH3CVR 0x4000083C TIM4 compare/capture register3 0x0000
R16 _TIM4 CH4CVR 0x40000840 TIM4 compare/capture register4 0x0000
R16_TIM4 DMACFGR 0x40000848 TIM4 DMA configuration register 0x0000
TIM4 DMA address register in
R16_TIM4 DMAADR 0x4000084C i 0x0000
- - continuous mode

Table 15-6 TIMS registers

Name Offset address Description Reset value
R16_TIMS CTLR1 0x40000C00 | TIMS control register 1 0x0000
R16_TIMS _CTLR2 0x40000C04 | TIMS control register 2 0x0000

TIM5 slave mode configuration
R16_TIMS5 SMCFGR 0x40000C08 ) 0x0000
- - register
R16 TIMS DMAINTENR | 0x40000coC | | 1M> ~ DMA/interrupt — enable 0x0000
- - register
R16_TIMS5 INTFR 0x40000C10 TIMS interrupt flag register 0x0000
R16 TIM5 SWEVGR 0x40000C14 TIMS event generation register 0x0000
R16 TIMS CHCTLRI 0x40000C18 | TIMS compare/capture register 1 0x0000
R16 _TIMS CHCTLR2 0x40000C1C | TIMS compare/capture control register2 0x0000
R16 _TIM5 CCER 0x40000C20 | TIMS compare/capture enable register 0x0000
R16 TIMS CNT 0x40000C24 | TIMS counter 0x0000
R16 TIMS PSC 0x40000C28 | TIMS prescaler 0x0000
R16 TIMS ATRLR 0x40000C2C | TIMS auto-reload register 0x0000
R16 _TIM5 CHICVR 0x40000C34 TIMS5 compare/capture register] 0x0000
R16_TIM5 CH2CVR 0x40000C38 TIMS5 compare/capture register2 0x0000
R16_TIM5 CH3CVR 0x40000C3C | TIMS compare/capture register3 0x0000
R16_TIM5 CH4CVR 0x40000C40 TIMS5 compare/capture register4 0x0000
R16_TIM5 DMACFGR 0x40000C48 TIMS5 DMA configuration register 0x0000
R16 TIM5 DMAADR 0xd0000cac | |TM5 DMA address register i 0x0000
- - continuous mode
V1.8 235 WH


https://wch-ic.com

CH32FV2x_V3x Reference Manual

https://wch-ic.com

15.4.1 Control Register 1 (TIMx_CTLR1) (x=2/3/4)
Offset address: 0x00

15 14

13 12

11

10

9 8 7 6 5 4 3 2

Reserved

CKD[1:0] |ARPE| CMS[1:0] | DIR |OPM | URS |UDIS| CEN

Bit

Name

Access

Description

Reset
value

[15:10]

Reserved

RO

Reserved.

[9:8]

CKDI[1:0]

RW

These 2 bits define the frequency division ratio of timer
clock (CK_INT) frequency and sampling clock used for,
the digital filter:

00: Tdts=Tck _int;

01: Tdts= 2xTck_int;

10: Tdts= 4xTck int;

11: Reserved.

ARPE

RW

Auto-reload and preload enable:
1: Auto-reload value register (ATRLR) enabled;
0: Auto-reload value register (ATRLR) disabled.

[6:5]

CMS[1:0]

RW

Central alignment mode selection:

00: Edge alignment mode. The counter counts up or
down according to the direction bit (DIR).

01: Center alignment mode 1. The counter counts up
and down alternately. The output comparison interrupt
flag bit of the channel configured as an output
(CCxS=00 in the CHCTLRXx register) is only set when
the counter counts down.

10: Center alignment mode 2. The counter counts up
and down alternately. The output comparison interrupt
flag bit of the channel configured as an output
(CCxS=00 in the CHCTLRXx register) is only set when
the counter counts up.

11: Center alignment mode 3. The counter counts up
and down alternately. The output comparison interrupt
flag bit of the channel configured as an output
(CCxS=00 in the CHCTLRXx register) is only set when
the counter counts up and down.

Note: When the counter is enabled (CEN=1), it is not
allowed to switch from edge alignment mode to center
alignment mode.

DIR

RW

Counter direction:
0: Upcount;
1: Downcount.

Note: When the counter is configured in the center

alignment mode or encoder mode, this bit will be
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invalid.

Single pulse mode.

1: The counter stops when the next update event
3 OPM RW |(clearing the CEN bit) occurs; 0
0: The counter does not stop when the next update event

occurs.

Update request source; the software selects the source
of UEV event through this bit.

1: If the update interrupt or DMA request is enabled,
only the counter overflow/underflow will generate the
update interrupt or DMA request;

2 URS RW |0: If the update interrupt or DMA request is enabled,| 0
any of the following events will generate an update
interrupt or DMA request:

-Counter overflow/underflow

-Set the UG bit

- Update generated by the slave mode controller
Update disable. Software allows/disables the
generation of UEV events through this bit.

1: Disable UEV. No update event is generated, and the
registers (ATRLR, PSC and CHCTLRx) maintain their
values. If the UG bit is set or a hardware reset is issued|

from the mode controller, the counter and prescaler will
! UDIS RW be reinitialized. 0
0: Allow UEV. Update (UEV) events are generated by
any of the following events:

— Counter overflow/underflow

-Set the UG bit

- Update generated by the slave mode controller
Registers with buffers are loaded with their preloaded

values.

Counter enable.

1: Counter enabled;
0: Counter disabled.
0 CEN RW |Note: After the CEN bit is set by software, the external| 0
clock, gating mode and encoder mode can only work.
The trigger mode can automatically set the CEN bit by
hardware.

15.4.2 Control Register2 (TIMx_CTLR?2) (x=2/3/4/5)

Offset address: 0x04
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved TI1S MMSJ2:0] CCDS|CCUS|Reserved|CCPC
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g o Reset
Bit Name Access Description
value
[15:8] |Reserved RO |Reserved. 0

TI1 selection:

1: TIMx_CHI, TIMx_CH2 and TIMx_CH3 pins are
7 TI1S RW - . - 0
connected to TI1 input through XOR;

0: TIMx_CHI pin is directly connected to TI1 input.

Master mode selection: These 3 bits are used to select
the synchronization information (TRGO) sent to the
slave timer in the master mode. The possible
combination is as follows:

000: Reset — The UG bit is used as a trigger output
(TRGO). If it is a reset generated by a trigger input (the
slave mode controller is in reset mode), the signal on
TRGO will have a delay relative to the actual reset;
001: Enable-the counter enables signal CNT EN to be
used as a trigger output (TRGO). Sometimes, it is
necessary to start multiple timers at the same time or
control to enable slave timers within a period of time.
The counter enable signal is generated by the logical
OR of the CEN control bit and the trigger input signal
in the gating mode. When the counter enable signal is
[6:4] |MMS[2:0] RW , ) ) 0
controlled by the trigger input, there will be a delay on
TRGO, unless the master/slave mode is selected (see
the description of the MSM bit in the TIMx_SMCFGR
register);

010: An update event is selected as the trigger input
(TRGO). For example, the clock of a master timer can
be used as a prescaler for a slave timer;

011: Comparison pulse, when a capture occurs or a
comparison is successful, and the CC1IF flag is to be
set (even if it is already high), the trigger output will
send a positive pulse (TRGO);

100: OC1REF signal is used as trigger output (TRGO);
101: OC2REF signal is used as trigger output (TRGO);
110: OC3REF signal is used as trigger output (TRGO);
111: OC4AREF signal is used as trigger output (TRGO).
1: When an update event occurs, send a DMA request
of CHXCVR;

3 CCDS RW 0
0: When CHxCVR occurs, a DMA request of CHXCVR
will be generated.

Compare/capture control update selection.

1: If CCPC is set, they can be updated by setting the
2 CCUS RW |COM bit or a rising edge on TRGI; 0
0: If CCPC is set, they can only be updated by setting
the COM bit.
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Note: This bit only works on channels with
complementary outputs.

1 Reserved RO |Reserved. 0
Compare/capture preload control.

1: CCxE, CCXNE and OCxM bits are pre-loaded. After
the bits are set, they will only be updated after setting
0 CCPC RW |of the COM bit; 0
0: CCxE, CCxNE and OCxM bits are not preloaded.

Note: This bit only works on channels with

complementary outputs.

15.4.3 Slave Mode Configuration Register (TIMx_SMCFGR) (x=2/3/4/5)
Offset address: 0x08

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ETP | ECE | ETPS[1:0] ETF[3:0] MSM TS[2:0] Reserved SMSJ[2:0]
; . Reset
Bit Name Access Description
value

ETR trigger polarity selection; this bit selects whether
to directly input ETR or input inverted ETR.

15 |ETP RO _ . . 0
1: ETR inverted, active at low level or falling edge;

0: ETR, active at high level or rising edge.

External clock mode2 enable.

1: External clock mode?2 enabled,;

0: External clock mode2 disabled.

Note 1: Slave mode can be used simultaneously with
external clock mode 2: reset mode, gating mode and|
14 ECE RW 0
trigger mode; however, TRGI cannot be connected to
ETRF at this time (TS bit cannot be 111b).

Note 2: When both external clock mode 1 and external
clock mode 2 are enabled at the same time, the input of|
the external clock will be ETRF.

External trigger prescaler (ETRP); the frequency must
be at most 1/4 of TIMxCLK frequency, and the
frequency can be reduced through this domain.

[13:12] |ETPS[1:0] RW |00: Prescale OFF; 0
01: ETRP frequency divided by 2;

10: ETRP frequency divided by 4;

11: ETRP frequency divided by 8.

External trigger filter. In fact, the digital filter is an

event counter. N events are needed to validate a
transition on the output.

[11:8] |ETF[3:0] RW L 0
0000: No filter, sampling is done at Fdts;
0001: Fsampling=Fck_int, N=2;

0010: Fsampling=Fck_int, N=4;
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0011: Fsampling=Fck _int, N=8;
0100: Fsampling=Fdts/2, N=6;
0101: Fsampling=Fdts/2, N=8;
0110: Fsampling=Fdts/4, N=6;
0111: Fsampling=Fdts/4, N=8;
1000: Fsampling=Fdts/8, N=6;
1001: Fsampling=Fdts/8, N=8;
1010: Fsampling=Fdts/16, N=5;
1011: Fsampling=Fdts/16, N=6;
1100: Fsampling=Fdts/16, N=8;
1101: Fsampling=Fdts/32, N=5;
1110: Fsampling=Fdts/32, N=6;
1111: Fsampling=Fdts/32, N=8;

Master/Slave mode selection:

1: The event on the trigger input (TRGI) is delayed to
allow perfect synchronization between the current timer
7 MSM RW |(via TRGO) and its slave timer. This is very useful| 0
when it is required to synchronize several timers to a
single external event;

0: Not action.

Trigger selection; these 3 bits select the trigger input
source used to synchronize the counter.

000: Internal trigger 0 (ITRO);

100: Edge detector of TI1 (TI1F_ED);

001: Internal trigger 1 (ITR1);

[6:4] TS RW |101: Timer input 1 (TI1FP1) after filtering; 0
010: Internal trigger 2 (ITR2);

110: Timer input 2 (TT12FP2) after filtering;
011: Internal trigger 3 (ITR3);

111: External trigger input (ETRF);

The values can be changed only when SMS is 0.
3 Reserved RO |Reserved. 0

Input mode selection. Select the clock and trigger mode

of the core counter.

000: Driven by the internal clock CK_INT;

001: Encoder model; depending on TI1FP1 level, the
core counter counts up or down on edge of TI2FP2;
010: Encoder mode2; depending on TI2FP2 level, the
core counter counts up or down on edge of TI1FP1;
[2:0] [SMS[2:0] RW ) i 0
011: Encoder mode3; depending on the input level of]
another signal, the core counter counts up and down on
the edge of TI1FP1 and TI2FP2;
100: Reset mode; the rising edge of the trigger input
(TRGI) will initialize the counter and generate a signal

for updating the register;

101: Gating mode; when the trigger input (TRGI) is
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high, the clock of the counter will be turned on; when
the trigger input becomes low, the counter will stop, and
the start and stop of the counter will be controlled;

110: Trigger mode; the counter starts on the rising edge
of the trigger input TRGI, and only the start of the
counter is controlled;

111: External clock model; the rising edge of the
selected trigger input (TRGI) drives the counter.

15.4.4 DMA/Interrupt Enable Register (TIMx_DMAINTENR) (x=2/3/4/5)
Offset address: 0x0C

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserv | TD|COMD|CC4D|CC3D|CC2D|CC1D|UD | Reserv | TI| Reserv | CC4I| CC3I|CC2I|CCI1I| Ul
ed E E E E E E E ed |E| ed E E E E |E
Bit Name Access Description Reset
value
15 Reserved RO |Reserved. 0
Trigger DMA request enable.
14 TDE RW |1: Trigger DMA request enabled, 0
0: Trigger DMA request disabled.
DMA request enable of COM.
13 COMDE RW |1: DMA request of COM enabled; 0
0: DMA request of COM disabled.
DMA request enable of compare/capture4.
12 CC4DE RW |1: DMA request of compare/capture4 enabled; 0
0: DMA request of compare/capture4 disabled.
DMA request enable of compare/capture3.
11 CC3DE RW |1: DMA request of compare/capture3 enabled; 0
0: DMA request of compare/capture3 disabled.
DMA request enable of compare/capture?2.
10 CC2DE RW |1: DMA request of compare/capture2 enabled; 0
0: DMA request of compare/capture2 disabled.
DMA request enable of compare/capturel.
9 CCI1DE RW |1: DMA request of compare/capturel enabled; 0
0: DMA request of compare/capturel disabled.
Update DMA request enable.
8 UDE RW |1: Update DMA request enabled; 0
0: Update DMA request disabled.
7 Reserved RO |Reserved. 0
Trigger interrupt enable.
6 TIE RW |1: Trigger interrupt enabled; 0
0: Trigger interrupt disabled.
5 Reserved RO |Reserved. 0
4 CC4IE RW |Interrupt enable of compare/capture4. 0
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1: Interrupt of compare/capture4 enabled,
0: Interrupt of compare/capture4 disabled.

Interrupt enable of compare/capture3.
3 CC3IE RW |1: Interrupt of compare/capture3 enabled, 0
0: Interrupt of compare/capture3 disabled.

Interrupt enable of compare/capture?2.
2 CC2IE RW |1: Interrupt of compare/capture2 enabled; 0
0: Interrupt of compare/capture2 disabled.

Interrupt enable of compare/capturel.
1 CCIIE RW |1: Interrupt of compare/capturel enabled, 0
0: Interrupt of compare/capturel disabled.

Update interrupt enable.
0 UIE RW |1: Update interrupt enabled; 0
0: Update interrupt disabled.

15.4.5 Interrupt Flag Register (R16_TIMx_INTFR) (x=2/3/4/5)
Offset address: 0x10

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved |CC4OF|CC30OF|CC20F|CC10F|Reserved| TIF |Reserved|CC4IF|CC3IF|CC2IF|CC1IF|UIF

; e Reset
Bit Name Access Description
value
[15:13] |Reserved RO |Reserved. 0
12 CC4O0F WO |Compare/capture4 overcapture flag. 0
11 CC30F WO |Compare/capture3 overcapture flag. 0
10 CC20F WO |Compare/capture2 overcapture flag. 0

Compare/capturel overcapture flag is only used when
the compare/capture is configured in the input capture
mode. This flag bit is set by the hardware, write 0 by
software to clear the bit.

9 CCIOF WO i ) 0
1: When the value of the counter is captured into the
capture comparison register, the status of CC1IF has
been set;

0: No Overcapture is generated.

[8:7] |Reserved RO |Reserved. 0

Trigger interrupt flag. When a trigger event occurs, set

by hardware and cleared by software. Trigger events
include the detection of a valid edge at the TRGI input
6 TIF WO |terminal from modes other than gating mode, or any| 0
edge in gating mode.

1: Trigger event occurs;

0: No trigger event occurs.

5 Reserved RO |Reserved.
4 CCAIF WO |Compare/capture4 interrupt flag.
3 CC3IF WO |Compare/capture3 interrupt flag.
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2 CC2IF WO |Compare/capture? interrupt flag. 0

Compare/capturel interrupt flag.

If the compare/capture is configured as the output
mode, this bit is set by hardware when the counter value
matches the compare value, except in center-aligned
mode. This bit is cleared by software.

1: The value of core counter matches the value of
compare/capture register 1;

1 CCIIF WO |0: No. 0
If the compare/capture is configured as the output
mode, this bit is set by hardware when a capture event
occurs, and it is cleared by software or cleared by
reading the compare/capture register.

1: The counter value has been captured by the
compare/capture register 1;

0: No input capture is generated.

Update interrupt flag. When an update event occurs, it
is set by hardware and cleared by software.

1: Update interrupt generated;

0: No update interrupt generated.

The update event generates in case of the following
0 UIF W0 circumstances: 0
For UDIS=0, when the repeated counter value
overflows or underflows;

For URS=0, UDIS=0, when the UG bit is set, or when
the counter core is reinitialized by software;

For URS=0, UDIS=0, when the counter CNT is

reinitialized by a trigger event;

15.4.6 Event Generation Register (TIMx_SWEVGR) (x=2/3/4/5)
Offset address: 0x14

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

Reserved BG | TG |COMGI|CCAG|CC3G|CC2G|CC1G] UG
; o Reset
Bit Name Access Description
value
[15:8] |Reserved RO |Reserved. 0

Break event generation. Set and cleared by software to
generate a break event.

1: A break event generated. In this case, MOE=0,
7 BG WO |[BIF=1; if the corresponding interrupt and DMA are| 0
enabled, the corresponding interrupt and DMA will be
generated;

0: No effect.

6 TG WO |Trigger event generation. Set by software, and cleared| 0
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by hardware to generate a trigger event.

1: A trigger event generated; if TIF is set and the
corresponding interrupt and DMA are enabled, the
corresponding interrupt and DMA will be generated;

0: No effect.

Compare/capture control update generation bit.

Generating compare/capture control update event. This
bit is set by software and cleared automatically by
hardware.

5 COMG WO |1: When CCPC=1, it is allowed to update the CCxE,| 0
CCxNE and OCxM bits;

0: No effect.

Note: This bit is only valid for channels with
complementary outputs (channels 1, 2 and 3).

4 CC4G WO |Compare/capture 4 generation.
CC3G WO |Compare/capture 3 generation.
2 CC2G WO |Compare/capture 2 generation.

Compare/capturel generation. This bit is set by
software and cleared by hardware. It is used to generate
a compare/capture event.

1: Generate compare/capture event on channel 1:

If compare/capture 1 is configured as output: Set the
CCIIF bit. If the corresponding interrupt and DMA are
enabled, the corresponding interrupt and DMA will be
1 CCI1G WO |generated; 0
If compare/capture 1 is configured as input, the current
core counter value is captured to compare/capture
register 1; set the CCIIF bit, if the corresponding
interrupt and DMA are enabled, the corresponding
interrupt and DMA will be generated. If the CC1IF bit
has been set, set the CC10F bit.

0: No effect.

Update event generation. This bit is set by software and

cleared automatically by hardware.

1: Initialize the counter and generate an update event;
0: No effect.

0 uG WO |Note: The counter of the prescaler is also cleared, but| 0
the prescaler factor remains unchanged. In Centro
symmetric mode or up-counting mode, the core counter
will be cleared; in the down-counting mode, the core
counter will take the value of the reload value register.

15.4.7 Compare/Capture Control Registerl (TIMx_CHCTLR1) (x=2/3/4/5)
Offset address: 0x18

The channel can be used for input (capture mode) or output (comparison mode), and the direction of the

channel is defined by the corresponding CCxS bit. The functions of other bits of this register are different in
input and output modes. OCxx describes the function of the channel in output mode, and ICxx describes the
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function of the channel in input mode.

15 14 13 12 11 0o 9 8 7 6 5 4 3 2 1 0
OC2CE| 0C2M[2:0] |OC2PE|OC2FE OCICE| OCIM[2:0] |OCIPE|OCIFE
CC2S[1:0] CC1S[1:0]
IC2F[3:0] IC2PSCI[1:0] IC1F[3:0] IC1PSCI[1:0]

Compare mode (pin direction is output):

Reset

Bit Name Access Description
value

Compare/capture 2 clear enable.

1: Once the ETRF input high level is detected, clear the
15 OC2CE RW i 0
OC2REEF bit to zero;

0: OC2REF is not affected by the ETRF input.

Compare/capture2 mode setting.

These 3 bits define the action of the output reference
signal OC2REF, and OC2REF determines the value of]
0OC2 and OC2N. OC2REF is active at high level, while
the active level of OC2 and OC2N depends on the
CC2P and CC2NP bits.

000: Frozen. The comparison value between the value
of the compare/capture register and the core counter has
no effect on OC2REF;

001: Active by force. When the core counter and
compare/capture register]l have the same value, force
OC2REF to be high;

010: Set as inactive level by force. When the value of]
the core counter is the same as compare/capture register
1, force OC2REEF to be low;

011: Overturn. When the core counter and
[14:12] |OC2M[2:0] RW |compare/capture registerl have the same value,| 0
overturn the level of OC2REF;

100: Inactive by force. Force OC2REF to be low.

101: Force to be active level. Force OC2REF to be high.
110: PWM mode 1: When up counting, once the core
counter is greater than the value of the compare/capture
register, channel 2 is at inactive level. Otherwise, it is
at active level. When down counting, once the core
counter is greater than the value of the compare/capture
register, channel 2 is at active level. Otherwise, it is at
inactive level.

111: PWM mode 2: When up counting, once the core
counter is greater than the value of the compare/capture
register, channel 2 is at active level. Otherwise, it is at
inactive level. When down counting, once the core
counter is greater than the value of the compare/capture
register, channel 2 is at inactive level. Otherwise, it is
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at active level (OC2REF=1).

Note: Once the LOCK level is set to 3 and CC2S=00b,
this bit cannot be modified. In PWM model or PWM|
mode2, the OC2REF level changes only when the
comparison result changes or when switching from

freezing mode to PWM mode in output compare mode.

Compare/capture register 1 preload enable.

1: Enable the preload function of the compare/capture
register. Read and write operations are only made on
the preload register. The preload value of the
compare/capture registerl is loaded into the current
shadow register when the update event arrives;

0: Disable the pre-loading function of compare/capture
11 OC2PE RW i i i 0
register 1. Compare/capture register 1 can be written at
any time, and the newly written value takes effect
immediately.

Note: Once the LOCK level is set to 3 and CC2S=00b,
this bit cannot be modified; only in single pulse mode
(OPM=1) you can use PWM mode without confirming

the preload register; otherwise its action is uncertain.

Compare/capture? fast enable. It is used to speed up the
response of the compare/capture output to the trigger
input event.

1: The effect of the inactive edge inputted to the trigger
is like a comparison match. Therefore, OC is set to the
comparison level regardless of the comparison result.
The delay between the valid edge of the sampling
trigger and the output of compare/capture 1 is shortened
10 OC2FE RW [to 3 clock cycles; 0
0: According to the value of counter and
compare/capture register2, compare/capture 2 operates
normally, even if the trigger is turned on. When the
input of the trigger has a valid edge, the minimum delay
for activating the output of the compare/capture2 is 5
clock cycles.

OC2FE only works when the channel is configured in
PWMI1 or PWM2 mode;

Compare/capture2 input selection.

00: The compare/capture? is configured as output;

01: Compare/capture2 is configured as input, and IC2
is mapped on TI2;

[9:8] |CC2S[1:0] RW |10: Compare/capture2 is configured as input, and IC2| 0
is mapped on TI1;

11: Compare/capture? is configured as an input, and
IC2 is mapped on TRC. This mode only works when

the internal trigger input is selected (selected by the TS
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bit).
Note: Compare/capture? is only writable when the
channel is switched off (CC2E is zero).
7 OCICE RW |Compare/capturel clear enable. 0
[6:4] |OCIM][2:0] RW |Compare/capture] mode setting. 0
3 OCIPE RW |Compare/capture registerl preload enable. 0
2 OCIFE RW |Compare/capturel fast enable. 0
[1:0] |CC1S[1:0] RW |Compare/capturel input selection. 0
Capture mode (pin direction is input):
Bit Name Access Description Reset
value

Input capture2 filter configuration. These bits set the
sampling frequency and digital filter length of TI1
input. The digital filter is composed of an event counter,
in which N events are needed to validate a transition on
the output.

0000: No filter, sampling is done at Fdts;

1000: Fsampling=Fdts/8, N=6;

0001: Fsampling=Fck_int, N=2;

1001: Fsampling=Fdts/8, N=8;

0010: Fsampling=Fck_int, N=4;

[15:12] |IC2F[3:0] RW [1010: Fsampling=Fdts/16, N=5; 0
0011: Fsampling=f=Fck_int, N=8;
1011: Fsampling=Fdts/16, N=6;
0100: Fsampling=Fdts/2, N=6;
1100: Fsampling=Fdts/16, N=8;
0101: Fsampling=Fdts/2, N=8;
1101: Fsampling=Fdts/32, N=5;
0110: Fsampling=Fdts/4, N=6;
1110: Fsampling=Fdts/32, N=6;
0111: Fsampling=Fdts/4, N=8;
1111: Fsampling=Fdts/32, N=8;

Compare/capture2 prescaler configuration. These 2 bits

define the prescaler factor of compare/capture 2. Once
CCI1E=0, the prescaler will be reset.

00: Prescaler OFF, each edge detected on the capture
[11:10] [IC2PSCJ[1:0] RW |, , 0
nput port triggers a capture;

01: Trigger a capture every 2 events;
10: Trigger a capture every 4 events;

11: Trigger a capture every 8 events;

Compare/capture? input selection. These 2 bits define
the direction of the channel (input/output) and selection
[9:8] |CC2S[1:0] RW |of input pins. 0
00: Compare/capturel is configured as output;

01: Compare/capturel is configured as input, and IC1
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is mapped on TI1;

10: Compare/capturel is configured as input, and IC1
is mapped on TI2;

11: Compare/capturel is configured as an input, and
IC1 is mapped on TRC. This mode only works when
the internal trigger input is selected (selected by the TS
bit).

Note: CCIS can be written only when the channel is
closed (CCIE is 0).

[7:4] |ICIF[3:0] RW |Input capturel filter configuration.
[3:2] |[ICIPSC[1:0] RW |Compare/capturel prescaler configuration.
[1:0] |CC1S[1:0] RW | Xompare/capturel input selection.

15.4.8 Compare/Capture Control Register 2 (TIMx_CHCTLR?2) (x=2/3/4/5)
Offset address: 0x1C
The channel can be used for input (capture mode) or output (comparison mode), and the direction of the

channel is defined by the corresponding CCxS bit. The functions of other bits of this register are different in

input and output modes. OCxx describes the function of the channel in output mode, and ICxx describes the

function of the channel in input mode.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
OC4CE|l 0OC4M[2:0] |OC4PE|OCAFE OC3CE| OC3M[2:0] |OC3PE|OC3FE
CC4S[1:0] CC38[1:0]
IC4F[3:0] IC4PSC[1:0] IC3F[3:0] IC3PSC[1:0]
Compare mode (pin direction is output):
Bit Name Access Description Reset
value
15 OC4CE RW |Compare/capture4 clear enable 0
[14:12] |OC4M[2:0] RW |Compare/capture4 mode setting 0
11 OC4PE RW |Compare/capture4 preload enable 0
10 OC4FE RW |Compare/capture4 fast enable 0
[9:8] |CC4S[1:0] RW |Compare/capture4 input selection 0
7 OC3CE RW |Compare/capture3 clear enable 0
[6:4] |OC3M[2:0] RW |Compare/capture3 mode setting 0
OC3PE RW |Compare/capture3 preload enable 0
2 OC3FE RW |Compare/capture3 fast enable 0
[1:0] |CC3S[1:0] RW |Compare/capture3 input selection 0
Capture mode (pin direction is input):
Bit Name Access Description Reset
value
[15:12] |IC4F[3:0] RW |Input capture4 filter configuration 0
[11:10] |IC4PSCJ[1:0] RW |Compare/capture4 prescale configuration 0
[9:8] |CC4S[1:0] RW |Compare/capture4 input selection 0
[7:4] |IC3F[3:0] RW |Input capture3 filter configuration 0
[3:2] |[IC3PSCJ[1:0] RW |Compare/capture3 prescale configuration 0
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| [1:0] ’CC3S[1 :0] ’ RW ‘Compare/capture3 input selection ’ 0 |
15.4.9 Compare/Capture Enable Register (TIMx_CCER) (x=2/3/4/5)
Offset address: 0x20
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved |CC4P|CC4E| Reserved |CC3P|CC3E| Reserved |CC2P|CC2E| Reserved |CCI1P|CCIE
; o Reset
Bit Name Access Description
value
[15:14] |Reserved RO |Reserved. 0
13 CC4pP RW |Compare/capture4 output polarity 0
12 CC4E RW |Compare/capture4 output enable 0
[11:10] |Reserved RO |Reserved. 0
CC3P RW |Compare/capture3 output polarity 0
CC3E RW |Compare/capture3 output enable 0
[7:6] |CC2NP RO |Reserved. 0
5 CC2P RW |Compare/capture2 output polarity 0
4 CC2E RW |Compare/capture2 output enable 0
[3:2] |Reserved RO |Reserved. 0
Compare/capturel output polarity
CC1 channel configured as output:
1: OCI active low.
0: OC1 active high.
CCI1 channel configured as input:
This bit selects whether IC1 or the inverted signal of]
1 CCIP RW , . . 0
IC1 is used as the trigger or capture signal.
1: Inverted: capture occurs on the falling edge of IC1;
when used as an external trigger, IC1 is inverted.
0: not inverted: capture occurs on the rising edge of
IC1; when used as an external trigger, IC1 is not
inverted.
Compare/capturel output enable
The CC1 channel is configured to output:
1: On: OCI signal is output to the corresponding output
pin.
0: off: OC1 output is disabled.
0 CCIE RW i 0
CCI1 channel configured as input:
This bit determines whether the counter value can be
captured into the TIMx_CCRI register.
1: capture enable.
0: capture disable.
15.4.10 Counter of General-purpose Timer (TIMx_CNT) (x=2/3/4/5)
Offset address: 0x24
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CNT[15:0]
; v Reset
Bit Name Access Description
value
[15:0] |CNT[15:0] RW |Real-time value of timer counter. 0

15.4.11 Prescaler (TIMx_PSC) (x=2/3/4/5)
Offset address: 0x28

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

Reset

Bit Name Access Description
value

The frequency division factor of the timer's prescaler;
[15:0] |PSC[15:0] RW |the clock frequency of the counter is equal to the input] 0
frequency of the frequency divider/(PSC+1).

15.4.12 Auto-reload Register (TIMx_ATRLR) (x=2/3/4/5)
Offset address: 0x2C

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
ARRJ[15:0]

Reset

Bit Name Access Description
value

The value of ATRLR[15:0] is loaded into the counter.
[15:0] |ARRJ[15:0] RW |Please refer to Section 14.2.4 for ATRLR acting and| 0
update time. When ATRLR is empty, the counter stops.

15.4.13 Compare/Capture Registerl (TIMx_CHI1CVR) (x=2/3/4/5)
Offset address: 0x34

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

CCRI1[15:0]
; oy Reset
Bit Name Access Description
value
[15:0] |CCR1[15:0] RW | Value of compare/capture channel 1. 0

15.4.14 Compare/Capture Register2 (TIMx_CH2CVR) (x=2/3/4/5)
Offset address: 0x38

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CCR2[15:0]
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g e Reset
Bit Name Access Description
value
[15:0] |CCR2[15:0] RW |Value of compare/capture channel 2. 0
15.4.15 Compare/Capture Register3 (TIMx_CH3CVR) (x=2/3/4/5)
Offset address: 0x3C
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CCR3J[15:0]
g r Reset
Bit Name Access Description
value
[15:0] |CCR3[15:0] RW |Value of compare/capture channel 3. 0
15.4.16 Compare/Capture Register4 (TIMx_CH4CVR) (x=2/3/4/5)
Offset address: 0x40
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CCRA4[15:0]
g r Reset
Bit Name Access Description
value
[15:0] |CCR4[15:0] RW |Value of compare/capture channel 4. 0

15.4.17 DMA Control Register (TIMx_DMACFGR) (x=2/3/4/5)

Offset address: 0x48

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DBLJ[4:0] Reserved DBA[4:0]
g r Reset
Bit Name Access Description
value
[15:13] |Reserved RO |Reserved. 0
Length of data that DMA continuously transfers; the
[12:8] |DBL[4:0] RW ) . . 0
actual value is the value of this domain + 1.
[7:5] |Reserved RO |Reserved. 0
These bits define the offset of DMA from the address
[4:0] |DBA[4:0] RW . . . 0
of control register] in continuous mode.
15.4.18 DMA Address Register in Continuous Mode (TIMx_DMAADR) (x=2/3/4/5)
Offset address: 0x4C
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DMABJ15:0]
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[15:0] |DMABJ[15:0] RW |DMA address in continuous mode.
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Chapter 16 Basic Timer (BCTM)

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V3x.

The basic timer module contains a 16-bit auto-reload timer (TIM6 and TIM?7), that can be used to count and

generate interrupt/DMA request on the update event.

16.1 Main Features

Basic timer features include:

® 16-bit auto-reload counter, supports upcount

®  16-bit prescaler, the frequency division factor is dynamically adjustable from 1 to 65536
®  Synchronization circuit to trigger the DAC

® Interrupt/DMA request generation on the update event

16.2 Principle and Structure

Figure 16-1 Structure block diagram of basic timer

CK_TIM from RCC Intemal clock{CK INT) >
TRGO -
»
ToDAC
Trigger
controller
Reset,
Enable,
Up, Count
4| AutoReload
u Register U
AN
Stop, clear or up
3
CK PSC PSC CK CNT. ONT
(prescaler) d (counter)

16.2.1 Overview
As shown in Figure 16-1, the structure of the basic timer can be divided into 2 parts: input clock and core

counter.

The clock source of basic timer is AHB bus clock (CK INT). These input clock signals become CK PSC
clock after various set filtering and frequency division operations, and then they are output to the core counter.
In addition, these complex clock sources can also be output to DAC peripheral as TRGO.

The core of the basic timer is a 16-bit counter (CNT). CK_PSC is divided by prescaler (PSC) and becomes
CK_CNT, finally it is output to CNT. CNT supports upcount, and it has an auto-reload register (ATRLR), that
reloads the initial value for the CNT every time a count cycle ends.
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16.2.2 Difference between Basic Timer and General-purpose Timer

Compared with general purpose timer, basic timer is lack of the following functions:

1) The basic timer does not support downcount or up/down count.

2) The basic timer does not have the 4 independent compare/capture channels.

3) The basic timer does not support external signals to control timer.

4) The basic timer does not support incremental code, or cascade connection/synchronization between timers.

16.2.3 Clock Input
The clock of basic timer is provided by the internal clock (CK_INT).

16.2.4 Counter and Periphery
CK _PSC is input to the prescaler (PSC) for frequency division. PSC has 16 bits, and the actual frequency

division factor is equivalent to the value of R16 TIMx_PSC + 1. CK_PSC becomes CK_INT through PSC.
The changed value of R16_TIM1 PSC does not take effect in real time, but can be updated to PSC after the
update event. Update events include clearing the UG bit and resetting the UG bit.

16.3 Debug Mode

When the system enters debug mode, the timer continues to run or stops according to the setting of the DBG

module.

16.4 Register Description

Table 16-1 TIM6 registers

Name Offset address Description Reset value
R16_TIM6 CTLRI1 0x40001000 TIM6 control registerl 0x0000
R16_TIM6_CTLR2 0x40001004 TIM6 control register2 0x0000
R16 TIM6 DMAINTENR | 0x4000100C | | \M0  DMA/interrupt — enable 0x0000

- - register
R16_TIM6 INTFR 0x40001010 TIM6 interrupt flag register 0x0000
R16 TIM6 SWEVGR 0x40001014 TIM6 event generation register 0x0000
R16 TIM6 CNT 0x40001024 TIM6 counter 0x0000
R16 TIM6 PSC 0x40001028 TIM6 prescaler 0x0000
R16 TIM6 ATRLR 0x4000102C | TIM6 auto-reload register 0x0000
Table 16-2 TIM7 registers

Name Offset address Description Reset value
R16_TIM7_CTLRI1 0x40001400 TIM?7 control register! 0x0000
R16 TIM7 CTLR2 0x40001404 TIM7 control register2 0x0000

TIM7  DMA/interrupt  enable
R16_TIM7 DMAINTENR | 0x4000140C ) 0x0000
- - register
R16_TIM7 INTFR 0x40001410 TIM7 interrupt flag register 0x0000
R16 TIM7 CNT 0x40001424 TIM7 counter 0x0000
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R16_TIM7_PSC

0x40001428 TIM7 prescaler 0x0000

R16_TIM7 ATRLR

0x4000142C TIM7 auto-reload register 0x0000

16.4.1 Control Register 1 (TIMx_CTLR1) (x=6/7)

Offset address: 0x00
15 14 13 12 11

10

Reserved

ARPE Reserved OPM| URS |UDIS| CEN

Bit Name

Access

Description

Reset

value

[15:8] |Reserved

RO

Reserved

7 ARPE

RW

Auto reload and preload enable:
1: Auto-reload value register (ATRLR) enabled;
0: Auto-reload value register (ATRLR) disabled.

[6:4] |Reserved

RO

Reserved

3 OPM

RW

Single pulse mode.

1: The counter stops when the next update event (the
CEN bit is cleared) occurs;

0: The counter does not stop when the next update event

occurs.

2 URS

RW

Update request source; the software selects the source
of UEV event through this bit.

1: If the update interrupt or if the DMA request is
enabled, only the counter overflow/underflow will
generate the update interrupt or DMA request;

0: If the update interrupt or if DMA request is enabled,
any of the following events will generate an update
interrupt or DMA request:

-Counter overflow/underflow

-Set the UG bit

- Update generated by the slave mode controller

1 UDIS

RW

Update disable. Software enables/disables the
generation of UEV events through this bit.

1: UEV disabled. No update event is generated, and the
registers (ATRLR, PSC and CHCTLRx) maintain their
values. If the UG bit is set or a hardware reset is sent by
the slave mode controller, the counter and prescaler will
be reinitialized.

0: UEV enabled. Update (UEV) events are generated by
any of the following events:

— Counter overflow/underflow

-Set the UG bit

- Update generated by the slave mode controller
Registers with buffers are loaded with their preloaded

values.
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Counter enable.
0 CEN RW [1: Counter enabled; 0
0: Counter disabled.

16.4.2 Control Register 2 (TIMx_CTLR?2) (x=6/7)
Offset address: 0x04

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved MMS[2:0] Reserved
; o Reset
Bit Name Access Description
value
[15:7] |Reserved RO [Reserved 0

Master mode selection: These 3 bits are used to select
the synchronization information (TRGO) sent to the
slave timer in the master mode. The possible
combination is as follows:

000: Reset — The UG bit is used as a trigger output
(TRGO). If it is a reset generated by a trigger input (the
slave mode controller is in reset mode), the signal on
TRGO will have a delay relative to the actual reset;
001: Enable — the counter enables signal CNT_EN to
be used as a trigger output (TRGO). Sometimes, it is
necessary to start multiple timers at the same time or
[6:4] |MMS[2:0] RW ; . . . 0
control to enable slave timers within a period of time.
The counter enable signal is generated by the logical
OR of the CEN control bit and the trigger input signal
in the gating mode. When the counter enable signal is
controlled by the trigger input, there will be a delay on
TRGO, unless the master/slave mode is selected (see
the description of the MSM bit in the TIMx SMCFGR
register);

010: An update event is selected as the trigger input
(TRGO). For example, the clock of a master timer can
be used as a prescaler for a slave timer.

[3:0] |Reserved RO |Reserved 0

16.4.3 DMA/Interrupt Enable Register (TIMx_DMAINTENR) (x=6/7)
Offset address: 0x0C

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved UDE Reserved UIE
g o Reset
Bit Name Access Description
value
[15:9] |Reserved RO |Reserved 0
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UDE

RW

Update DMA request enable.
1: Update DMA request enabled;
0: Update DMA request disabled.

[7:1]

Reserved

RO

Reserved

UIE

RW

Update interrupt enable.
1: Update interrupt enabled;
0: Update interrupt disabled.

16.4.4 Interrupt Flag Register (R16_TIMx_INTFR) (x=6/7)
Offset address: 0x10

15

14

13 12

11

10

9 & 7 6 5 4 3 2 1

Reserved

UIF

Bit

Name

Access

Description

Reset
value

[15:1]

Reserved

RO

Reserved

UIF

RWO

Update interrupt flag. When an update event occurs,
this bit is set by hardware and cleared by software.

1: Update interrupt generated;

0: No update interrupt generated.

An update event generates in case of the following
circumstances:

UDIS=0, the repeat counter value overflows or
underflows;

URS=0, UDIS=0, the UG bit is set, or the counter core
is reinitialized by software.

16.4.5 Event Generation Register (TIMx_SWEVGR) (x=6/7)
Offset address: 0x14

15 14

13 12

11

10

Reserved

uG

Bit

Name

Access

Description

Reset
value

[15:1]

Reserved

RO

Reserved

uG

WO

Update event generation, to generate an update event.
This bit is set by software and cleared automatically by
hardware.

1: Initialize the counter and generate an update event;
0: No effect.

Note: The counter of the prescaler is also cleared, but
the prescaler factor remains unchanged. In Centro

symmetric mode or up-counting mode, the core counter

will be cleared; in the down-counting mode, the core

.8
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‘counter will take the value of the reload value register. ’

16.4.6 Counter of General-purpose Timer (TIMx_CNT) (x=6/7)

Offset address: 0x24
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
CNTJ[15:0]
; o Reset
Bit Name Access Description
value
[15:0] |CNT[15:0] RW |Real-time value of counter. 0
16.4.7 Prescaler (TIMx_PSC) (x=6/7)
Offset address: 0x28
15 4 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PSC[15:0]
; o Reset
Bit Name Access Description
value
Frequency division factor of the timer's prescaler. The
[15:0] |PSC[15:0] RW |clock frequency of the counter is equal to the input| 0
frequency of the divider/(PSC+1).
16.4.8 Auto-reload Register (TIMx_ATRLR) (x=6/7)
Offset address: 0x2C
15 4 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ARR[15:0]
. _ Reset
Bit Name Access Description
value
The value of ATRLR[15:0] is loaded into the counter.
[15:0] |ARR[15:0] RW |Please refer to Section 14.2.4 for ATRLR acting and| 0
update time. When ATRLR is empty, the counter stops.
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Chapter 17 Digital-to-Analog Converter (DAC)

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V3x.

The digital-to-analog converter (DAC) contains 2 converters that converts 8/12-bit digital input to 2-channel
analog voltage output. The DAC module has built-in triangular-wave generator and noise-wave generator, and
it supports multiple event trigger conversions and supports DMA.

17.1 Main Features

Two DAC converters, and each has single output channel
Triangular-wave generator and noise-wave generator
Configurable 8-bit or 12-bit output

Left or right data alignment in 12-bit mode

Dual DAC channel for independent or simultaneous conversions
DMA capability

Multiple trigger events

17.2 Functional Description
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17.2.1 DAC Structure
Figure 17-1 DAC block diagram

DAC Control Register
(DAC_CTLR)
TSELx[2:0]

TIM5_TRGO

TIM6_TRGO

TIM7_TRGO

TIM8_TRGO

SWTRI G
TIM2_TRGO DMAENx
TIM4_TRGO
EXTI_9 O— Y Y
| 4 TENX
Control logic
Triangular wave M
LTzbit, | generator | WAVEx [2: 0] /MAWPx [3:0]
<—
_> DMA request
DORx
Voo > -
< Digital to Analog
Vssa < Converter
Ve ——
DAC_0UTx 4—?@
EN

17.2.2 DAC channel configuration

17.2.2.1 Enable DAC:

Set the ENx bit in the DAC_CTLR register to 1, to enable the analog power to DAC channel x. After a period
of start-up time, DAC channel x can be enabled. The DAC contains 2 analog output channels which can output
independently or simultaneously.

Note: In order to avoid parasitic interference and additional power consumption, the corresponding pins of

the DAC channel need to be set to analog input (AIN) mode in advance.

17.2.2.2 Enable Output Buffer:
DAC integrates output buffers, which can be used to reduce the output impedance and increase the drive

capacity to directly drive the external loads. Each DAC channel output buffer can be enabled or disabled by
setting the BOFFx bit in the DAC_CTLR register.
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17.2.2.3 Data Format:
In single DAC channel mode, data formats include 8-bit right alignment, 12-bit left alignment and 12-bit right

alignment. Write data to DAC_R8BDHRXx[7:0], and the module loads (after single APB1 clock cycle) the left
shifted data to DAC_DORx[11:0]. Write data to DAC_R12BDHRx[11:0] , and the module loads (after single
APBI clock cycle) the right aligned data to DAC_DORx[11:0]. Write data to DAC_L12BDHRx[15:4] , and
the module loads (after single APB1 clock cycle) the left aligned data to DAC_DORx[11:0]. In dual DAC
channel mode, data formats also include 8-bit right alignment, 12-bit left alignment and 12-bit right alignment.
Write data to DAC_RDSBDHR][7:0] , and the module loads (after single APB1 clock cycle) the shifted [7:0]
bits to DAC DORI1[11:0], and the shifted [15:8] bits to DAC DOR2[11:0]. Write data to
DAC LD12BDHR][31:0], and the module loads (after single APB clock cycle) the shifted [15:4] bits to
DAC DORI[11:4], and the shifted [31:20] bits to DAC_DOR2[11:4]. Write data to DAC_RD12BDHR[31:0],
and the module loads (after single APB clock cycle) the shifted [11:0] bits to DAC_DORI1[11:0], and the
shifted [27:16] bits to DAC_DOR2[11:0].

Figure 17-2 Data formats in single channel mode

31 24 15 7 0

8 Bit right-aligned

12 Bit left-aligned

12 Bit right-aligned

Figure 17-3 Data formats in dual channel mode

31 24 15 7 0

8Bit right-aligned
128Bit left-aligned
12 Bit right-aligned

17.2.2.4 DMA Capability:
DAC channel has the DMA capability. Set the DMAENX bit in the DAC_CTLR register to 1, to enable DMA

of the corresponding channel. When a trigger event occurs (software trigger not included), a DMA request is
generated. And then the data in the DAC_DORX register can be updated.

17.2.2.5 Trigger Event Selection:
DAC conversion can be triggered by the following events. When the TENx bit in the DAC_CTLR register is

set to 1, a trigger event to trigger DAC conversion can be selected by configuring the TSELx[2:0] bits.

Table 17-1 Trigger events

Trigger source Type TSELx[2:0]
Timer 6 TRGO event 000
Timer 8 TRGO event 001
Timer 7 TRGO event ) o 010

- Internal signal from on-chip timer
Timer 5 TRGO event 011
Timer 2 TRGO event 100
Timer 4 TRGO event 101
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EXTTI line9 External pin 110
SWTRIG (software trigger) Software control bit 111

Every time a DAC interface detects a rising edge on the selected timer TRGO output or on the selected external
interrupt line 9, the DAC_DORX register is updated 3 APB1 clock cycles after the trigger occurs.

If the software trigger mode is configured, once the SWTRIG bit is set to 1, a conversion is started. The
DAC_DORXx register is updated single APB1 clock cycle after the trigger occurs, and the SWTRIG bit can be
automatically cleared by hardware.

Note: The TSELx[2:0] bits cannot be changed when ENx is 1.

17.2.3 DAC Conversion
The data of the DAC channel comes from the DAC_DORX register, but data cannot be directly written to the

register DAC_DORx. Any data output to the DAC channel x must be written into the DAC_R12BDHRI,
DAC L12BDHRI1, DAC R12BDHR2, DAC L12BDHR2, DAC RD12BDHR, DAC LDI12BDHR and
DAC RDSBDHR registers. The internal DAC_DHRx register obtains the value of above registers and
transfers it to the DAC_DORX register after the corresponding time.

In the non-trigger mode, the data written into the DAC_xDHRXx register is shifted into the DAC_DORX register
in an APBI1 clock cycle.

In software trigger mode, the DAC_DORX register is automatically updated in an APB1 clock cycle after the
rising edge of the event trigger.

In hardware trigger mode (timer TRGO event or external interrupt line 9 rising edge), the DAC_DORX register
is automatically updated in 3 APBI1 clock cycles after the trigger event.

Load the DAC DORX register data. After the time of tserrLinG , the output can be valid, and the length of this
period of time will vary depending on the supply voltage and the analog output load.

The digital input is linearly converted to analog voltage output by the DAC, and it ranges from 0 to Vppa .
The output voltage on any DAC channel pin shall meet the following relationship:

DAC output voltage = Vppa™® (DAC_DORx/ 4096).

17.2.4 DAC Triangular-wave Generator
The module has a built-in triangular-wave generator, which can add a small amplitude triangle-wave to the

reference signal. Set WAVEX[1:0] bit as '10' and select the triangular-wave generation function of DAC. Set
MAMPx[3:0] bit in the DAC_CTLR register to select the amplitude of triangular-wave.
The system contains a triangular-wave counter starting from 0, which accumulates by 1 in 3 APBI1 clock cycles
after each trigger event. The value of the counter is added to the value of the DAC DHRXx register and the
overflow bit is discarded and then written to the DAC_DORX register. When the value transmitted into the
DAC_DORXx register is smaller than the maximum amplitude defined by the MAMPx[3:0] bits, the triangular-
wave counter will gradually accumulate. Once it reaches the set maximum amplitude, the counter will begin
to decrease progressively, and then start to accumulate after reaching 0. Repeat this cycle. Set WAVEx[1:0]
bits to ‘00’ to reset the generation of triangle-waves.
Note: 1. To generate a triangular-wave, DAC trigger must be enabled, i.e., setting the TENx bit in the
DAC CTLR register to 1.

2. MAMPx/[3:0] bits must be set before enable the DAC. Otherwise, its value cannot be modified.
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Figure 17-4 Triangular wave generation
MAMPx[3:0]
maximum amplitude +_
DAC_DHRXx base value

Cumulétive

DAC_DHRx base value —

0

17.2.5 DAC Noise-wave Generator
The module has a built-in noise-generator that uses the Linear Feedback Shift Register (LFSR) to generate

pseudo noise with varying amplitude. Set WAVE][1:0] bits to ‘01 to select the DAC noise generation function.
Set the MAMPx([3:0] bits in the DAC_CTLR register to select the data of the masked part of the LFSR.

The preload value of the register LFSR is 0OxAAA. According to a specific algorithm, the value of this register
is updated in 3 APBI1 clock cycles after each trigger event. Setting the MAMPx[3:0] bits in the DAC_CR
register can mask part or all of the LFSR data, so that the LSFR value obtained is added to the value of
DAC_DHRx, and the overflow bit is removed and then written into the DAC_DORX register. If the register
LFSR value is 0x000, it will inject ‘1’ (anti-lock mechanism). Set WAVEx[1:0] bit to ‘00’ to reset the
generation algorithm of LFSR waveform.

Note: To generate a noise-wave, DAC trigger must be enabled, i.e., setting the TENx bit in the DAC _CTLR

register to 1.

Figure 17-5 LFSR register algorithm

xorl.
Xor { 1

17.3 Dual DAC Conversion

When the 2 DAC channels are required at the same time, the module integrates 3 data registers in dual DAC
mode (DAC RD8BDHR, DAC LDI12BDHR, DAC RD12BDHR), in order to efficiently operate the DAC
module. The conversion value of the 2 DACs can be updated when only one of the 3 registers is operated.

For dual DAC conversion, other registers of the module can be used to implement 11 types of conversion
modes with different combinations. The value of data to be converted in the 2 channels needs to be written to

one of the 3 data registers.

17.3.1 Independent Trigger with the Same LFSR Generation
Set the TENx bits. TSELx can be set as different values. WAVEX is set to 0b01. MAMPX is set as the same

LFSR mask value. When a channell trigger event occurs, add the counter (LFSR1) with the same mask value
to the channell data register (DAC_DHRI1), and the sum is transferred to DAC_DORI1 after delay of 3 APB1
clocks, for conversion. Then the LFSR1 counter is updated. When a channel2 trigger event occurs, add the
counter (LFSR2) with the same mask value to the channel2 data register (DAC_DHR2), and the sum is
transferred to DAC_DOR?2 for conversion after delay of 3 APBI1 clocks. Then the LFSR2 counter is updated.
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17.3.2 Independent Trigger with Different LFSR Generation
Set the TENx bits. TSELX can be set as different values. WAVEX is set to 0b01. MAMPx can be set as different

mask values of LFSR. When a channell trigger event occurs, add the LFSR1 counter, with the mask value
configured by the MAMP1[3:0] bits, to the channell data register (DAC_DHRI1), and the sum is transferred
to DAC _DORI1 for conversion after delay of 3 APB1 clocks. Then the LFSR1 counter is updated. When a
channel? trigger event occurs, add the LFSR2 counter, with the mask value configured by the MAMP2[3:0]
bits, to the channel2 data register (DAC_DHR?2), and the sum is transferred to DAC_DOR?2 for conversion
after delay of 3 APB1 clocks. Then the LFSR2 counter is updated.

17.3.3 Independent Trigger with the Same Triangle Generation
Set the TENX bits. TSELX can be set as different values. WAVEX is set to Oblx. MAMPX is set as the same

triangle amplitude value. When a channell trigger event occurs, add the channell triangle counter, with the
same triangle amplitude, to the channell data register (DAC DHRI1), and the sum is transferred to
DAC DORI for conversion after delay of 3 APBI1 clocks. Then the channell triangle counter is updated.
When a channel2 trigger event occurs, add the channel2 triangle counter, with the same triangle amplitude, to
the channel2 data register (DAC_DHR?2), and the sum is transferred to DAC_DOR?2 for conversion after delay
of 3 APBI1 clocks. Then the channel?2 triangle counter is updated.

17.3.4 Independent Trigger with Different Triangle Generation
Set the TENx bits. TSELX can be set as different values. WAVEX is set to Ob1x. MAMPx can be set as different

triangle amplitude values. When a channell trigger event occurs, add the channell triangle counter, with a
triangle amplitude configured by MAMPI1, to the channell data register (DAC DHR1), and the sum is
transferred to DAC _DORI1 for conversion after delay of 3 APB1 clocks. Then the channell triangle counter is
updated. When a channel?2 trigger event occurs, add the channel2 triangle counter, with a triangle amplitude
configured by MAMP2, to the channel2 data register (DAC_DHR2), and the sum is transferred to DAC_DOR2
for conversion after delay of 3 APBI1 clocks. Then the channel?2 triangle counter is updated.

17.3.5 Independent Trigger with No Wave Generation
Set the TENx bits. TSELx can be set as different values to select different trigger sources. When a channell

trigger event occurs, the value of the channell data register (DAC_DHR1) delayed 3 APBI1 clocks is
transferred to DAC_DORI for conversion. When a channel?2 trigger event occurs, the value of the channel2
data register (DAC_DHR?2) delayed 3 APB1 clocks is transferred to DAC DOR?2 for conversion.

17.3.6 Simultaneous Software Trigger
In this conversion mode, write the dual DAC channel data to the desired register. An APB1 clock cycle later,

the data in DAC_DHRI1 and DAC DHR?2 is respectively transferred to DAC_DOR1 and DAC _DOR?2 for

conversion.

17.3.7 Simultaneous Trigger with the Same LFSR Generation
Set the TENX bits. TSELX is set as the same value. WAVEX is set to 0b01. MAMPx is set as the same LFSR

mask value. When a trigger event occurs, add the LFDR1 counter, with the same mask value, to the
DAC_DHRI register, and the sum is transferred to DAC_DORI after delay of 3 APB1 clocks for conversion.
Then the LFSR1 counter is updated. At the same time, add the LFDR2 counter, with the same mask value, to
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the DAC DHR?2 register, and the sum is transferred to DAC DOR?2 after delay of 3 APBI clocks for
conversion. Then the LFSR2 counter is updated.

17.3.8 Simultaneous Trigger with Different LFSR Generation
Set the TENx bits. TSELX is set as the same value. WAVEX is set to 0b01. MAMPx can be set as different

LFSR mask values. When a trigger event occurs, add the LFSR1 counter, with different mask values, to the
DAC_DHRI register, and the sum is transferred to DAC_DORI after delay of 3 APB1 clocks for conversion.
Then the LFSR1 counter is updated. At the same time, add the LFSR2 counter, with different mask values, to
the DAC DHR?2 register, and the sum is transferred to DAC DOR?2 after delay of 3 APBI1 clocks for
conversion. Then the LFSR2 counter is updated.

17.3.9 Simultaneous Trigger with the Same Triangle Generation
Set the TENx bits. TSELX is set as the same value. WAVEX is set to Oblx. MAMPX is set as the same triangle

amplitude value. When a trigger event occurs, add the counter, with the same triangle amplitude value, to the
DAC_DHRI register, and the sum is transferred to DAC_DORI after delay of 3 APB1 clocks for conversion.
Then the channell triangle counter is updated. At the same time, add the counter, with the same triangle
amplitude value, to the DAC_DHR?2 register, and the sum is transferred to DAC_DOR?2 after delay of 3 APB1
clocks for conversion. Then the channel2 triangle counter is updated.

17.3.10 Simultaneous Trigger with Different Triangle Generation
Set the TENx bits. TSELX is set as the same value. WAVEX is set to Oblx. MAMPx can be set as different

triangle amplitude values. When a trigger event occurs, add the counter, with a triangle amplitude configured
by MAMP1[3:0], to the DAC_DHRI1 register, and the sum is transferred to DAC_DORI1 after delay of 3 APB1
clocks for conversion. Then the channell triangle counter is updated. At the same time, add the counter, with
a triangle amplitude configured by MAMP2[3:0], to the DAC _DHR?2 register, and the sum is transferred to
DAC_DOR?2 after delay of 3 APBI clocks for conversion. Then the channel2 triangle counter is updated.

17.3.11 Simultaneous Trigger with No Wave Generation
Set the TENx bits. TSELx is set as the same value. In this conversion mode, when a trigger event occurs, the

values of the DAC DHRI register and the DAC DHR?2 register delayed 3 APBI1 clocks are respectively
transferred to DAC_DOR1 and DAC_DOR2 for DAC conversion.

17.4 Register Description

Table 17-2 DAC registers

Name Access address Description Reset value
R32 DAC CTLR 0x40007400 | DAC control register 0x00000000
R32 DAC SWTR 0x40007404 | DAC software trigger register 0x00000000
DAC channell right-aligned 12-bit data
R32 DAC R12BDHRI 0x40007408 ) 0x00000000
- - hold register
DAC channell left-aligned 12-bit data
R32 DAC L12BDHRI1 0x4000740C ) 0x00000000
- - hold register
DAC channell right-aligned 8-bit data
R32 DAC R8BDHRI1 0x40007410 ) 0x00000000
- - hold register
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DAC channel2 right-aligned 12-bit data
R32 DAC R12BDHR2 0x40007414 ) 0x00000000
- - hold register
DAC channel2 left-aligned 12-bit data
R32 DAC L12BDHR2 0x40007418 ) 0x00000000
- - hold register
DAC channel2 right-aligned 8-bit data
R32 DAC _R8BDHR2 0x4000741C ) 0x00000000
hold register
Dual channel right-aligned 12-bit data
R32 DAC RDI12BDHR 0x40007420 ) 0x00000000
- - hold register
Dual channel left-aligned 12-bit data hold
R32 DAC LDI12BDHR 0x40007424 ) 0x00000000
register
Dual channel right-aligned 8-bit data hold
R32 DAC RD8BDHR 0x40007428 ) 0x00000000
- - register
R32 DAC DORI1 0x4000742C | DAC channell data output register 0x00000000
R32 DAC DOR2 0x40007430 | DAC channel2 data output register 0x00000000
17.4.1 DAC Control Register (DAC_CTLR)
Offset address: 0x00
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved  |PMT MAMP2[3:0] wavezp:0)|  TseL2[2:01  [TEN2[BOFF| EN2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
Reserved  |PMMF MAMP1[3:0] waveip:0)|  TseLiz:o;  [TENT[BOFF| Nt
9 e Reset
Bit Name Access Description
value
[31:29] |Reserved RO |Reserved. 0
DMA enable of DAC channel2:
28 DMAEN?2 RW |1: DMA of DAC channel2 enabled; 0
0: DMA of DAC channel2 disabled.
DAC channel2 mask/amplitude setting. The software sets this
area to select the LFSR data mask bit in the noise generation
mode, and select the waveform amplitude in the triangle
waveform generation mode:
0000: Unmask bit0 of LFSR/Triangle amplitude equal to 1;
0001: Unmask bits[1:0] of LFSR / Triangle amplitude equal to 3;
MAMP? 0010: Unmask bits[2:0] of LFSR / Triangle amplitude equal to 7;
[27:24] 3:0] RW |0011: Unmask bits[3:0] of LFSR / Triangle amplitude equal to 15;] 0
) 0100: Unmask bits[4:0] of LFSR / Triangle amplitude equal to 31;
0101: Unmask bits[5:0] of LFSR / Triangle amplitude equal to 63;
0110: Unmask bits[6:0] of LFSR / Triangle amplitude equal to
127,
0111: Unmask bits[7:0] of LFSR / Triangle amplitude equal to
255;
1000: Unmask bits[8:0] of LFSR / Triangle amplitude equal to
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511,

1001: Unmask bits[9:0] of LFSR / Triangle amplitude equal to
1023;

1010: Unmask bits[10:0] of LFSR / Triangle amplitude equal to
2047,

>1011: Unmask bits[11:0] of LFSR / Triangle amplitude equal to
4095.

Noise/triangular wave generation enable of DAC channel2
WAVE2 00: Wave generator disabled;

[23:22] RW . 0
[1:0] 01: Noise-wave generator enabled;

1x: Triangular-wave generator enabled.

Trigger event selection of DAC channel2:
000: TIM6 TRGO event;

001: TIM8 TRGO event;

010: TIM7 TRGO event;

011: TIMS5 TRGO event;

[21:19] |TSEL2[2:0]] RW 0
100: TIM2 TRGO event;
101: TIM4 TRGO event;
110: External interrupt line9;
111: Software trigger;

Others: Reserved.

External trigger mode enable of DAC channel2:

1: Trigger of DAC channel2 enabled. The data written into the
DAC_xDHR register is sent to the DAC_DOR?2 register in 3
APBI clock cycles.

0: Trigger of DAC channel2 disabled. The data written into the
18 |TEN2 RW o o 0
DAC _xDHR register is sent to the DAC_DOR2 register in 1
APBI1 clock cycle.

Note: If software trigger is selected, the data in DAC xDHR
only needs to be sent to the DAC_DOR?2 register in an APBI

clock cycle.

DAC channel2 output buffer disable control (recommended to
be enabled):

17 BOFF2 RW i 0
1: DAC channel2 output buffer disabled;

0: DAC channel2 output buffer enabled.

DAC channel2 enable:
16 EN2 RW |1: DAC channel2 enabled; 0
0: DAC channel2 disabled.
[15:13] |Reserved RO |Reserved. 0
DMA enable of DAC channell:
12 DMAENI RW |1: DMA function of DAC channell enabled; 0

0: DMA function of DAC channell disabled.
DAC channel 1 mask/amplitude setting. The software sets
MAMP1 these bits to select the LFSR data mask bit in the noise

[11:8] RW : . . . 0
[3:0] generation mode, and select the wave amplitude in the triangle

waveform generation mode:
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0000: Unmask bit0 of LFSR / Triangle amplitude equal to 1;

0001: Unmask bits[1:0] of LFSR / Triangle amplitude equal to 3;
0010: Unmask bits[2:0] of LFSR / Triangle amplitude equal to 7;
0011: Unmask bits[3:0] of LFSR / Triangle amplitude equal to

15;
0100: Unmask bits[4:0] of LFSR / Triangle amplitude equal to
31;
0101: Unmask bits[5:0] of LFSR / Triangle amplitude equal to
63;
0110: Unmask bits[6:0] of LFSR / Triangle amplitude equal to
127;
0111: Unmask bits[7:0] of LFSR / Triangle amplitude equal to
255;
1000: Unmask bits[8:0] of LFSR / Triangle amplitude equal to
511;
1001: Unmask bits[9:0] of LFSR / Triangle amplitude equal to
1023;
1010: Unmask bits[10:0] of LFSR / Triangle amplitude equal to
2047,
>1011: Unmask bits[11:0] of LFSR / Triangle amplitude equal to
4095.
Noise/triangular-wave generation enable of DAC channell.
WAVEI1 00: Wave generator disabled;
[7:6] RW i 0
[1:0] 01:Noise wave generator enabled;

1x: Triangular wave generator enabled.

Trigger event selection of DAC channell:
000: TIM6 TRGO event;

001: TIM8 TRGO event;

010: TIM7 TRGO event;

TSEL1 011: TIMS5 TRGO event;

[5:3] RW 0
[2:0] 100: TIM2 TRGO event;
101: TIM4 TRGO event;
110: External interrupt line9;
111: Software trigger;

Others: Reserved.

External trigger mode enable of DAC channell:

1: Trigger of DAC channell enabled. The data written into the
DAC_xDHR register is sent to the DAC_DORI register in 3
APBI clock cycles.

0: Trigger of DAC channell disabled. The data written into the
2 TEN1 RW o o 0
DAC _xDHR register is sent to the DAC_DORI register in 1
APBI1 clock cycle.

Note: If software trigger is selected, the data in DAC xDHR
only needs to be sent to the DAC_DORI register in an APBI
clock cycle.

1 BOFF1 RW |DAC channell output buffer disable control (recommended to] 0
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be enabled):

1: DAC channell output buffer disabled;
0: DAC channell output buffer enabled.
DAC channell enable:

0 EN1 RW |1: DAC channell enabled; 0
0: DAC channell disabled.

Note: The configuration register includes the configuration of channell and channel2. When the outputs of
the 2 channels are enabled at the same time (ENx bit is 'l'), the same wave is output to 2 hardware channels
according to the configuration of channell. When only the output of channell is enabled, the wave is output
to the hardware channell according to the configuration of channell, and channel? does not output. When
only the output of channel2 is enabled, the wave is output to the hardware2 according to the configuration of
channel2, and channel 1 does not output.

17.4.2 DAC Software Trigger Register (DAC_SWTR)
Offset address: 0x04

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SW | SW
Reserved TRIG|TRIG
2 1
; o Reset
Bit Name Access Description
value
[31:2] | Reserved RO Reserved. 0

Software trigger control bit of DAC channel2:
1: Software trigger of DAC channel2 enabled;
0: Software trigger of DAC channel2 disabled.
1 SWTRIG2 WO 0
Note: Once the data in DAC xDHR (after I
APBI clock cycle) is sent to the DAC _DOR?2

register, this bit can be cleared by hardware.

Software trigger control bit of DAC channell:
1: Software trigger of DAC channell enabled;
0: Software trigger of DAC channell disabled.
0 SWTRIGI WO . 0
Note: Once the data in DAC xDHR (after 1
APBI clock cycle) is sent to the DAC DORI

register, this bit can be cleared by hardware.

17.4.3 DAC Channel 1 Right-aligned 12-bit Data Hold Register (DAC_R12BDHR1)
Offset address: 0x08

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

Reserved

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

Reserved DACCIDHR]11:0]
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: - Reset
Bit Name Access Description
value
[31:12] | Reserved RO Reserved. 0
[11:0] | DACCIDHR][11:0] RW 12-bit right-aligned data of DAC channell. 0

17.4.4 DAC Channel 1 Left-aligned 12-bit Data Hold Register (DAC_L12BDHR1)
Offset address: 0x0C

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACCIDHRJ11:0] Reserved

Bit Name Access Description Reset

value
[31:16] | Reserved RO Reserved. 0
[15:4] | DACCIDHRJ11:0] RW 12-bit left-aligned data of DAC channell. 0
[3:0] Reserved RO Reserved. 0

17.4.5 DAC Channel 1 Right-aligned 8-bit Data Hold Register (DAC_R8BDHR1)
Offset address: 0x10

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DACCIDHR][7:0]
Bit Name Access Description Reset value
[31:8] Reserved RO Reserved 0
[7:0] DACCIDHR][7:0] RW | 8-bit right-aligned data of DAC channel 1. 0

17.4.6 DAC Channel 2 Right-aligned 12-bit Data Hold Register (DAC_R12BDHR2)
Offset address: 0x14

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DACC2DHR[11:0]
f o Reset
Bit Name Access Description
value
[31:12] | Reserved RO Reserved 0
[11:0] | DACC2DHRJ11:0] RW 12-bit right-aligned data of DAC channel 2. 0
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17.4.7 DAC Channel 2 Left-aligned 12-bit Data Hold Register (DAC_L12BDHR?2)
Offset address: 0x18

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACC2DHR]11:0] Reserved

Bit Name Access Description Reset

value
[31:16] | Reserved RO Reserved 0
[15:4] | DACC2DHR[11:0] RW 12-bit left-aligned data of DAC channel2. 0
[3:0] | Reserved RO Reserved 0

17.4.8 DAC Channel 2 Right-aligned 8-bit Data Hold Register (DAC_R8BDHR?2)
Offset address: 0x1C

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DACC2DHR][7:0]
g e Reset
Bit Name Access Description

value

[31:8] Reserved RO Reserved 0

[7:0] DACC2DHR[7:0] RW | 8-bit right-aligned data of DAC channel2. 0

17.4.9 DAC Dual Channel Right-aligned 12-bit Data Hold Register (DAC_RD12BDHR)
Offset address: 0x20

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

Reserved DACC2DHR][11:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DACCIDHR]11:0]
Bit Name Access Description Reset
value
[31:28] | Reserved RO Reserved 0
[27:16] | DACC2DHR[11:0] RW 12-bit right-aligned data of DAC channel 2. 0
[15:12] | Reserved RO Reserved 0
[11:0] | DACCIDHR][11:0] RW 12-bit right-aligned data of DAC channel 1. 0

17.4.10 DAC Dual Channel Left-aligned 12-bit Data Hold Register (DAC_LD12BDHR)
Offset address: 0x24
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DACC2DHR]J11:0] Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACCIDHR]11:0] Reserved
Bit Name Access Description Reset
value
[31:20] | DACC2DHR]J11:0] RW 12-bit left-aligned data of DAC channel 2. 0
[19:16] | Reserved RO Reserved 0
[15:4] | DACCIDHR][11:0] RW 12-bit left-aligned data of DAC channel 1. 0
[3:0] Reserved RO Reserved 0

17.4.11 DAC Dual Channel Right-aligned 8-bit Data Hold Register (DAC_RDSBDHR)
Offset address: 0x28

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACC2DHR[7:0] DACCIDHR[7:0]
Bit Name Access Description Reset
value
[31:16] | Reserved RO Reserved 0
[15:8] | DACC2DHR][7:0] RW | 8-bit right-aligned data of DAC channel 2. 0
[7:0] DACCIDHR[7:0] RW | 8-bit right-aligned data of DAC channel 1. 0
17.4.12 DAC Channel 1 Data Output Register (DAC_DOR1)
Offset address: 0x2C
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DACCIDOR[11:0]
Bit Name Access Description Reset value
[31:12] | Reserved RO Reserved. 0
[11:0] | DACCIDORJ11:0] RO Output data of DAC channel 1
17.4.13 DAC Channel 2 Data Output Register (DAC_DOR?2)
Offset address: 0x30
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Reserved DACC2DOR][11:0]
Bit Name Access Description Reset value
[31:12] Reserved RO Reserved. 0
[11:0] DACC2DOR[11:0] | RO Output data of DAC channel 2
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Chapter 18 Universal Synchronous Asynchronous Receiver

Transmitter (USART)

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V3x.

This module contains 3 USARTs (USART1/2/3) and 5 UARTs (UART4/5/6/7/8).

Note: For CH32V20x_D6 and CH32F20x_D6, the serial port 4 is a universal synchronous asynchronous

receiver transmitter (USART4).

18.1 Main Features

NRZ data format

Fractional baud rate generator, up to 9 Mbps
Programmable data word length
Configurable stop bits

Supports LIN, IrDA encoder, smart card
Supports DMA

Multiple interrupt sources

18.2 Overview

Full-duplex or half-duplex synchronous or asynchronous communication

Figure 18-1 USART block diagram
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When TE (transmission enable bit) is set, the data in the transmitter shift register will be outputted on the TX
pin, and the clock will be outputted on the CK pin. During transmission, the lowest significant bit is the first
to be shifted out. Each data frame starts with a low-level start bit, and then the transmitter sends 8-bit data or
9-bit data according to the setting of the M (word length) bit, and finally a configurable number of stop bits.
If there is a parity check bit, the last bit of the data word is the check bit. After TE is set, an idle frame is sent.
The idle frame is 10-bit or 11-bit high level, including the stop bit. The break frame is a 10-bit or 11-bit low
level, followed by a stop bit.

18.3 Baud Rate Generator

The baud rate of the transceiver = Fcrx/(16¥*USARTDIV); Fcik is the clock of APBX, i.e., PCLK1 or PCLK2,
PCLK2 is used for the USART1 module, and PCLK1 shall be used for the rest. The value of USARTDIV is
determined according to the 2 domains: DIV_M and DIV_F in USART BRR. The specific calculation formula
is:

USARTDIV =DIV_M+(DIV_F/16)

It shall be noted that the bit rate generated by the baud rate generator may not be exactly the baud rate required
by the user, which may be biased. In addition to taking the value as close as possible, the method to reduce the
deviation can also be to increase the APBx clock. For example, when the baud rate is set to 115200bps, the
value of USARTDIV will be set to 39.0625, and the baud rate of 115200bps can be obtained at the highest
frequency, but if you need a baud rate of 921600bps, the calculated USARTDIV will be 4.88, but the actual
closest value filled in USART BRR can only be 4.875. The actual baud rate is 923076bps, with an error of
0.16%.

When the serial port waveform sent by the transmitter is transmitted to the receiver, there is a certain error in
the baud rate between the receiver and the sender. The error mainly comes from 3 aspects: the actual baud rate
of the receiver and the sender are inconsistent; the clocks of the receiver and the sender have errors; the
waveform changes in the circuit. The receiver of the peripheral module has a certain tolerance for receiving.
When the sum of the total deviations generated in the above 3 aspects is less than the tolerance limit of the
module, the total deviation will not affect the receiving and sending. The tolerance limit of the module is
affected by the use of fractional baud rate and M bit (data field word length) or not. The use of fractional baud
rate and the use of 9-bit data field length will reduce the tolerance limit, but it shall not be less than 3%.

18.4 Synchronous Mode

The synchronous mode enables the system to output clock signals when the USART module is used. When

the synchronous mode is enabled to send data externally, the CK pin will output clock externally at the same

time.

To enable synchronous mode, set CLKEN bit in the control register2 (R16 USARTx CTLR2), but you need

to switch off the LIN mode, smart card mode, infrared mode and half-duplex mode at the same time, i.e., to

ensure that the SCEN, HDSEL and IREN bits are in the reset status. These 3 bits are in the control register3

(R16_USARTx_CTLR3).

The main point of the synchronous mode is the output control of the clock. Attention shall be paid to the

following:

1) The synchronous mode of the USART module only works in the master mode, i.¢., the CK pin only outputs
the clock and does not receive input;

2) The clock signal is outputted only when TX pin outputs data;
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3) The LBCL bit determines whether the clock is outputted when the last data bit is sent. The CPOL bit
determines the polarity of the clock, and the CPHA determines the phase position of the clock. These 3
bits are in the control register 2 (R16_USARTx CTLR2). These 3 bits need to be set when TE and RE are
not enabled. The specific difference is shown in Figure 18-2.

4) In the synchronous mode, the receiver will only sample when outputting the clock, and the slave needs to
maintain a certain signal setup time and hold time, specifically as shown in Figure 18-3.

Figure 18-2 Example of USART clock timing (M=0)

Idle or preceding . Idle or next
transmission Start M=0 (8 data bits) Stop  transmission

—».—»'—'—b—»—»
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Figure 18-3 Data sample hold time
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tSETUP = tHOLD 1/16 bit time

18.5 1-wire Half-duplex Mode

The half-duplex mode supports the use of a single pin (only TX pin) to receive and transmit, and the TX pin
and RX pin are connected inside the chip.

To enable half-duplex mode, set HDSEL bit in the control register3 (R16 USARTx CTLR3), but you need to
disable LIN mode, smartcard mode, infrared mode and synchronous mode at the same time, i.¢e., to ensure that
the SCEN, CLKEN and IREN bits are in the reset status. These 3 bits are in the control register2 and the
control register3 (R16_ USARTx CTLR2 and R16 USARTx CTLR3).

After setting to half-duplex mode, it is needed to set the TX 1O port to open-drain output high mode. When
TE bit is set, the data will be sent out as long as the data is written to the data register. Special attention shall
be paid to the fact that bus conflicts may occur when multiple devices use a single bus to transmit and
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receive in half-duplex mode. This requires users to avoid it by software.

18.6 Smartcard

The smartcard mode supports [ISO7816-3 protocol to access the smart card controller.

To enable smartcard mode, set the SCEN bit in the control register3 (R16_USARTx_CTLR3), but it is needed
to disable LIN mode, half-duplex mode and infrared mode at the same time, i.e., to ensure that the LINEN,
HDSEL and IREN bits are in the reset status, but CLKEN can be switched on to output the clock. These 3 bits
are in the control register2 and the control register3 (R16 USARTx CTLR2 and R16 USARTx_CTLR3).

In order to support smartcard mode, USART shall be set to 8 data bits plus 1 check bit. It is recommended that
the stop bit be configured to 1.5 bits for both sending and receiving. The smart card mode is a 1-wire half-
duplex protocol, which uses TX line as the data communication and shall be configured as open drain output
plus pull-up. When the receiver receives a frame of data and detects a parity check error, it will send a NACK
signal at the stop bit, i.e., actively reducing a cycle of TX during the stop bit. After the sender detects the
NACK signal, a frame error will be generated, and the application can resend accordingly. Figure 17-4 shows
the waveforms on the TX pin under correct conditions and in the event of parity check errors. The TC flag
(transmission completion flag) of the USART can delay the generation of GT (protection time) clocks, and the
receiver will not recognize the NACK signal set by itself as the start bit.

Figure 18-4 (No) parity check error
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In smartcard mode, the output waveform after the CK pin is enabled has nothing to do with the communication.
It only provides the clock for the smart card. Its value is the APB clock and then the 5-bit settable clock
frequency division (the frequency division value is double of PSC, and the highest is frequency division 62).

18.7 IrDA

USART module supports control IrDA infrared transceiver for physical layer communication. To use IrDA,
the LINEN, STOP, CLKEN, SCEN and HDSEL bits must be cleared. NRZ (non-return-to-zero) coding is used
between the USART module and the SIR physical layer (infrared transceiver), and the maximum support rate
is 115200bps.

IrDA is a half-duplex protocol. If UASRT sends data to the SIR physical layer, the IrDA decoder ignores the
newly sent infrared signal. If the USART receives data from SIR, then SIR does not accept USART signal.
The level logic sent by USART to SIR and SIR to USART is different. In SIR receive logic, ‘1’ represents high
level and ‘0’ represents low level. However, in the SIR transmit logic, ‘0’ represents high level and ‘1’
represents low level.
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18.8 DMA

The USART module supports DMA, and can use DMA to implement fast continuous reception and
transmission. When DMA is enabled and the TXE bit is set, DMA writes data to the transmit buffer from the
set memory space. When DMA is used for reception, DMA transfers the data in the receive buffer to a specific
memory space each time the RXNE bit is set.

18.9 Interrupt

The USART module supports multiple interrupt sources, including transmit data register empty (TXE), CTS,
transmission complete (TC), received data ready (RXNE), data overrun error (ORE), idle line (IDLE), parity
check error (PE), break flag (LBD), noise (NE), multi-buffer communication overrun (ORT) and framing error
(FE).

Table 18-1 Interrupts and the corresponding enable bits

Interrupt source Enable bit
Transmit data register empty (TXE) TXEIE
Transmission allowed (CTS) CTSIE
Transmission complete (TC) TCIE
Received data ready (RXNE)
RXNEIE
Overrun error detected (ORE)
Idle line (IDLE) IDLEIE
Parity error (PE) PEIE
Break flag (LBD) LBDIE
Noise (NE)
Overrun error in multi-buffer
communication (ORT) EIE
Framing error (FE) in multi-buffer
communication

18.10 Register Description

Table 18-2 USART]1 registers

Name Access address Description Reset value

R32 USART1 _STATR 0x40013800 | UASRT]1 status register 0x000000C0
R32 USART1 DATAR | 0x40013804 | UASRT1 data register 0x000000XX
R32 USART1 BRR 0x40013808 | UASRT1 baud rate register 0x00000000
R32 USART1 CTLRI 0x4001380C | UASRT1 control registerl 0x00000000
R32 USART1 CTLR2 0x40013810 | UASRT1 control register2 0x00000000
R32 USART1 CTLR3 0x40013814 | UASRT]1 control register3 0x00000000
R32 USART1 _GPR 0x40013818 | UASRT1 guard time and prescaler register 0x00000000

Table 18-3 USART?2 registers
Name Access address Description Reset value
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register

R32_USART2 _STATR 0x40004400 UASRT?2 status register 0x000000C0
R32_USART2 DATAR 0x40004404 UASRT?2 data register 0x000000XX
R32_USART2 BRR 0x40004408 UASRT?2 baud rate register 0x00000000
R32_USART2 CTLRI 0x4000440C | UASRT?2 control registerl 0x00000000
R32 USART2 CTLR2 0x40004410 UASRT2 control register2 0x00000000
R32 USART2 CTLR3 0x40004414 UASRT2 control register3 0x00000000
UASRT2 guard time and prescaler
R32_USART2_GPR 0x40004418 ) 0x00000000
- - register
Table 18-4 USARTS3 registers
Name Access address Description Reset value
R32 USART3 STATR 0x40004800 UASRTS3 status register 0x000000C0
R32_USART3_DATAR 0x40004804 UASRTS3 data register 0x000000XX
R32_USART3_BRR 0x40004808 UASRTS3 baud rate register 0x00000000
R32_USART3_CTLRI 0x4000480C | UASRTS3 control registerl 0x00000000
R32_USART3_CTLR2 0x40004810 UASRTS3 control register2 0x00000000
R32_USART3_CTLR3 0x40004814 UASRTS3 control register3 0x00000000
UASRT3 guard time and prescaler
R32 USART3 GPR 0x40004818 0x00000000

Table 18-5 UART4 registers

Name Access address Description Reset value
R32 UART4 STATR 0x40004C00 | UART4 status register 0x000000C0
R32 UART4 DATAR 0x40004C04 | UART4 data register 0x000000XX
R32 UART4 BRR 0x40004C08 | UART4 baud rate register 0x00000000
R32 UART4 CTLR1 0x40004C0O0C | UART4 control registerl 0x00000000
R32 UART4 CTLR2 0x40004C10 | UART4 control register2 0x00000000
R32 UART4 CTLR3 0x40004C14 | UART4 control register3 0x00000000
R32 UART4_GPR 0x40004C18 UART4 guard time and prescaler register | 0x00000000

Table 18-6 UARTS registers

Name Access address Description Reset value
R32 UARTS STATR 0x40005000 | UARTS status register 0x000000C0
R32 UARTS DATAR 0x40005004 UARTS data register 0x000000XX
R32 UART5 BRR 0x40005008 UARTS baud rate register 0x00000000
R32 UARTS5 CTLR1 0x4000500C | UARTS control registerl 0x00000000
R32 UARTS5 CTLR2 0x40005010 UARTS control register2 0x00000000
R32 UART5 CTLR3 0x40005014 UARTS control register3 0x00000000
R32 UARTS5 _GPR 0x40005018 UARTS guard time and prescaler register | 0x00000000

Table 18-7 UART6 registers

Name Access address Description Reset value
R32 UART6 STATR 0x40001800 | UART® status register 0x000000C0
R32 UART6 DATAR 0x40001804 | UART®6 data register 0x000000XX
R32 UART6 BRR 0x40001808 UART6 baud rate register 0x00000000
R32 UART6 CTLR1 0x4000180C | UART®6 control registerl 0x00000000
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R32 UART6 CTLR2 0x40001810 UARTS®6 control register2 0x00000000
R32 UART6 CTLR3 0x40001814 UART6 control register3 0x00000000
R32 UART6_GPR 0x40001818 UART®6 guard time and prescaler register | 0x00000000
Table 18-8 UART7 registers
Name Access address Description Reset value
R32 UART7 STATR 0x40001C00 | UARTY status register 0x000000C0
R32 UART7 DATAR 0x40001C04 | UARTY7 data register 0x000000XX
R32 UART7 BRR 0x40001C08 | UART?7 baud rate register 0x00000000
R32 UART7 CTLR1 0x40001COC | UART7 control registerl 0x00000000
R32 UART7 CTLR2 0x40001C10 | UART?7 control register2 0x00000000
R32 UART7 CTLR3 0x40001C14 | UART?7 control register3 0x00000000
R32 UART7_GPR 0x40001C18 UART?7 guard time and prescaler register | 0x00000000
Table 18-9 UARTS registers
Name Access address Description Reset value
R32 UART8 STATR 0x40002000 UARTS status register 0x000000C0
R32 UARTS8 DATAR 0x40002004 UARTS data register 0x000000XX
R32 UART8 BRR 0x40002008 UARTS baud rate register 0x00000000
R32 UART8 CTLRI 0x4000200C | UARTS control registerl 0x00000000
R32 UART8 CTLR2 0x40002010 UARTS control register2 0x00000000
R32 UART8 CTLR3 0x40002014 UARTS control register3 0x00000000
R32 UARTS _GPR 0x40002018 UARTS guard time and prescaler register | 0x00000000
18.10.1 USART Status Register (USARTx_STATR) (x=1/2/3/4/5/6/7/8)
Offset address: 0x00
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved CTS |LBD | TXE| TC |RXNE|IDLE|ORE| NE | FE | PE
Bit Name Access Description Reset value
[31:10] |Reserved RO |Reserved. 0
CTS status change flag. If the CTSE bit is set, this
bit will be set high by hardware when the nCTS
output status changes. It is cleared by the software.
9 CTS RWO |If the CTSIE bit has been set, an interrupt is 0
generated.
1: A change on the nCTS status line;
0: No change on the nCTS status line.
LIN Break detection flag. When LIN Break is
detected, this bit will be set by hardware. It is
8 LBD RWO |cleared by the software. If the LBDIE bit has been 0
set, an interrupt will be generated.
1: LIN Break detected;
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0: No LIN Break detected.

Transmission data register empty flag. When data

in TDR register is transferred to shift register by
hardware, this bit will be set by hardware. If]
TXEIE bit has been set, an interrupt will be
7 TXE RO : . . . 1
generated, the data register will be written and this
bit will be reset.

1: Data is transferred to the shift register;

0: Data is not transferred to the shift register.

Transmission complete flag. When a frame
containing data is sent and TXE bit is set, the
hardware will set this bit. If TCIE is set, a
corresponding interrupt will be generated. The
6 TC RWO |software will read this bit and then write the data 1
register to clear this bit. You can also directly write
0 to clear this bit.

1: Transmission completed;

0: Transmission not completed.

Read data register not empty flag. When the data
in the shift register is transferred to the data
register, this bit will be set by the hardware. If the
RXNEIE bit has been set, the corresponding
5 RXNE RWO |interrupt will be generated. This bit can be cleared 0
by the write operation of the data register. This bit
can be also cleared by directly writing 0.

1: The data is received and can be read;

0: The data is not received.

Idle line flag. When an idle line is detected, the bit
will be set by hardware. If IDLEIE bit has been
set, the corresponding interrupt will be generated.

This bit can be cleared by reading the status
4 IDLE RO |register and then reading the data register. 0
1: The bus is idle now;

0: Idle bus is not detected.

Note: This bit will not be set again until RXNE is

set.

Overrun error flag. When the receiving shift
register has data that needs to be transferred to the
data register, but this bit will be set when there is
still data that has not been read in the receiving
field of the data register. If the RXNEIE bit is set,
the corresponding interrupt will be generated.

1: The overrun error has occurred;

0: No overrun error has occurred.

Note: When an overrun error occurs, the value of|

the data register will not be lost, but the value of|
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the shift register will be overwritten. If the EIE bit
is set, the ORE flag bit will generate an interrupt

in the multi-buffer communication mode.

Noise error flag. When the noise error flag is
detected, it will be set by hardware. This bit can be
reset by reading the status register and then
reading the data register.

1: The noise is detected;

0: No noise is detected.

Note: This bit will not generate the interrupt. If the
EIE bit has been set, the FE flag bit will generate
an interrupt in the multi-buffer communication

mode.

Frame error flag. When a synchronization error,
excessive noise or disconnection is detected, this
bit will be set by hardware. This bit can be reset
by reading the bit and then reading the data
register.

1 FE RO |1: A frame error is detected; 0
0: No frame error is detected.

Note: This bit will not generate interrupt. If the
EIE bit has been set, the FE flag bit will generate
an interrupt in the multi-buffer communication

mode.

Parity error flag. In the receiving mode, if a parity
error occurs, this bit can be set by hardware. This
bit can be reset by reading the bit and then reading
the data register. Before this bit is cleared, the
software must wait for the RXNE flag bit to be set.
If PEIE bit has been set before, then the
corresponding interrupt will be generated when
this bit is set.

1: Parity check error occurs;

0: No parity check error occurs.

18.10.2 USART Data Register (USARTx_DATAR) (x=1/2/3/4/5/6/7/8)
Offset address: 0x04

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DR[8:0]
Bit Name Access Description Reset value
[31:9] |Reserved RO |Reserved. 0
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Data register. This register is actually composed of]
2 registers: receive data register (RDR) and
transmit data register (TDR). The start of the read

[8:0] |DR[8:0] RW . ) ) ) X
and write operations of DR is to read the receive
data register (RDR) and write to the transmit data
register (TDR).
18.10.3 USART Baud Rate Register (USARTx_BRR) (x=1/2/3/4/5/6/7/8)
Offset address: 0x08
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DIV_Mantissa[11:0] DIV _Fraction[3:0]
Bit Name Access Description Reset value
[31:16] |Reserved RO |Reserved. 0
) These 12 bits define the mantissa of the USART
[15:4] |DIV_ Mantissa RW | . 0
- divider.
. These 4 bits define the fraction of the USART
[3:0] |DIV_ Fraction RW | . 0
- divider.
18.10.4 USART Control Registerl (USARTx_CTLR1) (x=1/2/3/4/5/6/7/8)
Offset address: 0x0C
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved | UE | M [WAK|pcE [ ps |pBiE[TXF e[ PE 5 | RE [RWU| SBK
Bit Name Access Description Reset value
[31:14] |Reserved RO  |Reserved. 0
USART enable. When this bit is set, the frequency
13 UE RW  |divider and output of USART both stop working after 0
the current byte transmission is completed.
Word length.
12 M RW |1: 9 data bits; 0
0: 8 data bits.
Wake-up. This bit decides the method to wake up
USART:
11 WAKE RW 0
1: Address flag;
0: Idle line.
Parity control enable. For the receiver, the parity of the
10 PCE RW |data is performed; for the transmitter, the check bit is 0
inserted. Once this bit is set, the parity control enable
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takes effect only after the current byte transmission is
completed.

Parity selection. 0 means even parity, and 1 means odd
parity. After this bit is set, the parity control enable
takes effect only after the current byte transmission is
completed.

Parity check interrupt enable. When this bit is set, the

8  |PEIE RW , ) . 0
parity check error interrupt is allowed to be generated.

Transmit buffer empty interrupt enable. When this bit
7 TXEIE RW |is set, the transmit buffer empty interrupt is allowed to 0
be generated.

Transmission completion interrupt enable. When this
6 TCIE RW |bit is set, the transmission complete interrupt is 0
allowed to be generated.

Receive buffer non-empty interrupt enable. When this
5 RXNEIE RW |bit is set, the receive buffer not empty interrupt is 0
allowed to be generated.

Idle line interrupt enable. When this bit is set, the idle

4  |IDLEIE RW | . 0
line interrupt is allowed to be generated.

Transmitter enable. When this bit is set, the transmitter
3 TE RW | 0
is enabled.

Receiver enable. When this bit is set, the receiver is
2 RE RW |enabled, and the receiver starts detecting the start bit 0
on the RX pin.

Receiver wake-up. This bit decides whether the
USART is in mute mode:

1: The receiver is in mute mode;

0: The receiver is in active mode.

Note 1: Before the RWU bit is set, USART needs to
receive a data byte firstly. Otherwise, it cannot be
woken up by the idle bus in mute mode;

Note 2: When configured to wake up from address
flag, the RWU bit cannot be modified by software
when RXNE is set.

Send break character control. This bit is set to transmit

a frame break character. For the stop bit of break
0 SBK RW |frame, the bit is set by hardware. 0
1: Break character transmitted;

0: No break character transmitted.

18.10.5 USART Control Register2 (USARTx_CTLR?2) (x=1/2/3/4/5/6/7/8)
Offset address: 0x10

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

Reserved

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

V1.8 284 WH



https://wch-ic.com

CH32FV2x_V3x Reference Manual https://wch-ic.com

Reser| LINE CLK | CPO | CPH | LBC |Reser|LBDI| LBD |Reser .
ved | N | STOP JEN| L | A | L [ved| E| L |ved ADD[3:0]
Bit Name Access Description Reset value
[31:15] |Reserved RO Reserved. 0

LIN mode enable. When this bit is set, the LIN mode
is enabled. In LIN mode, you can use the SBK bit to
14 LINEN RW  |send the LIN synchronization disconnection symbol 0
and detect the LIN synchronization disconnection
symbol.

Stop bit setting. These bits are used to set the stop
bits.

00: 1 stop bit;

[13:12] |STOP RW ) 0
01: 0.5 stop bit;

10: 2 stop bits;

11: 1.5 stop bit.

Clock enable. This bit is used to enable CK pin.
11 CLKEN RW 1: Enable; 0
0: Disable.

Clock polarity. In synchronous mode, this bit can be

used to select the polarity of the clock output on the
SLCK pin, and work with CPHA to generate the
required clock/data sampling relationship.

1: High level is maintained on the CK pin when the
10 CPOL RW . 0
bus is idle;

0: Low level is maintained on the CK pin when the
bus is idle.

Note: This bit cannot be modified after enabling

transmission.

Clock phase position setting. In the synchronization
mode, you can use this bit to select the phase
position of the clock output on the SLCK pin, and
work with CPOL bit to generate the required
clock/data sampling relationship.

9 CPHA RW  |1: Data capture is performed on the second edge of] 0
the clock;

0: Data capture is performed on the first edge of the
clock.

Note: This bit cannot be modified after enabling

transmission.

Last bit clock pulse control.

In synchronous mode, it is used to control whether
to output the clock pulse corresponding to the last
8 LBCL RW , 0
data byte sent on the CK pin;

1: The clock pulse of the last bit of data is not output

from CK;
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0: The clock pulse of the last bit of data is output
from CK.

Note: This bit cannot be modified after enabling
transmission.

7 Reserved RW  |Reserved. 0

LIN Break detection interrupt enable. This bit can
6 LBDIE RW . 0
enable the interrupt caused by LBD;

LIN Break detection length, used to select 11-bit or
10-bit break character detection.

5 LBDL RW . . 0
1: 11-bit break detection;
0: 10-bit break detection.
4 Reserved RW  |Reserved. 0
Address of the USART node, used to set the USART

node address of the device. When the data is used

[3:0] |ADD[3:0] RW  |during mute mode in  multi-processor 0
communication, the address flag is used to wake up
a certain USART device.

18.10.6 USART Control Register 3 (USARTx_CTLR3) (x=1/2/3/4/5/6/7/8)
Offset address: 0x14

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CTSI DMA|DMA| SCE | NAC| HDS
Reserved E CTSE|RTSE T R N K EL IRLP |IREN]| EIE

Bit Name Access Description Reset value

[31:11] |Reserved RO Reserved. 0
CTSIE interrupt enable. When this bit is set,

10 CTSIE RW 0

an interrupt is generated when CTS is set.

CTS enable. When this bit is set, the CTS
9 CTSE RW ) 0
flow control is enabled.

RTS enable. When this bit is set, the RTS flow
8 RTSE RW i 0
control is enabled.

DMA transmission enable. When this bit is

7 DMAT RW set, DMA mode 1is enabled for 0
transmission.
DMA reception enable. When this bit is set,

6 DMAR RW 0

DMA mode is enabled for reception.

Smartcard mode enable. When this bit is set,
5 SCEN RW . 0
smartcard mode is enabled.

Smart card NACK enable. When this bit is

4 NACK RW set, NACK is transmitted when the check 0
error occurs.
3 HDSEL RW Half-duplex mode selection. When this bit is 0
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set, half-duplex mode is selected.

Infrared low power selection. When this bit is
2 IRLP RW i 0
set, low power mode is selected.

Infrared enable. When this bit is set, infrared
1 IREN RW i 0
mode is enabled.

Error enable interrupt. When this bit is set,
0 EIE RW and when DMAR is set, an interrupt is 0
generated if the FE or ORE or NE bit is set.

18.10.7 USART Guard Time and Prescaler Register (USARTx_GPR) (x=1/2/3/4/5/6/7/8)
Offset address: 0x18

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GT[7:0] PSC[7:0]
Bit Name Access Description Reset value
[31:16] |Reserved RO |Reserved. 0

Guard time domain. These bits specify the guard
time in unit of baud rate clock. In smartcard mode,
[15:8] |GT[7:0] RW . ) 0
the transmission complete flag is set after the

guard time has passed.

Prescaler domain.

In infrared low-power mode, the source clock is
divided by this value (all 8 bits are valid), and a
value of 0 means reservation;

In infrared normal mode, these bits can only be set
[7:0] |PSC[7:0] RW 0
to 1;

In smartcard mode, the value (the lower 5 bits are
valid) is multiplied by 2 to give the division factor
of the source clock frequency, to provide the clock

to the smart card. A value of 0 means reservation.
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Chapter 19 Inter-integrated Circuit (I2C) Interface

This chapter applies to the whole family of CH32F2x, CH32V2x and CH32V 3x.

The inter-integrated circuit (12C) is widely used in the communication between microcontroller and sensor
and other off-chip modules. It supports multi-master mode and multi-slave mode. The communication can be
carried out at 2 speeds: 100 KHz (standard) and 400 KHz (fast) only through 2 wires (SDA and SCL). The
I2C bus is also compatible with the SMBus protocol. It not only supports 12C timing, but also supports
arbitration, timing and DMA, and has CRC check capability.

19.1 Main Features

Master mode and slave mode

7-bit or 10-bit address

Slave device supports dual 7-bit address.
Two speed modes: 100KHz and 400KHz
Multiple status modes, multiple error flags
Optional clock stretching

2 interrupt vectors

DMA capability

Support PEC

Compatible with SMBus

19.2 Overview

12C is a half-duplex bus, and it can only run in one of the following 4 modes at the same time: master
transmitter, master receiver, slave transmitter and slave receiver. The I2C module works in the slave mode by
default. After the start condition is generated, it automatically switches to master mode. When the arbitration
is lost or the stop signal is generated, it switches to the slave mode. I2C module supports multi-host function.
When working in master mode, the [2C module actively sends out data and addresses. Both data and address
are transferred as 8-bit bytes, and MSB first. One-byte (in 7-bit address mode) or two-byte (in 10-bit address
mode) address is located after the initial event. Every time the master device sends 8-bit data or address, the
slave device needs to reply an ACK, i.e., pulling the SDA bus to be low, as shown in Figure 19-1.

Figure 19-1 12C timing diagram
SDA —] - —
\ MSB X \ A
SCL
! 2 M_/

<
> <>

Start Stop
condition condition
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For normal use, the correct clock must be input to 12C. In the standard mode, the minimum input clock is

2MHz, while the minimum input clock is 4MHz in the fast mode.
Figure 19-2 shows the block diagram of 12C.

Figure 19-2 12C block diagram
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19.3 Master Mode

In master mode, the I2C module leads the data transmission and outputs the clock signal. The data transfer
starts with a Start event and ends with a Stop event. The following is the required operations in master mode:
Set the correct clock in the control register2 (R16 I2Cx CTLR2) and the clock control register
(R16_12Cx_CKCFGR).

Set a proper rising edge in the rising edge register (R16_12Cx_RTR).

Set the PE bit in R16_12Cx_CTLRI1 to start the peripheral.

Set the START bit in the control register (R16_12Cx_CTLR1) to generate a start event.

After the START bit is set, the [2C module automatically switches to master mode, the MSL bit is set, and a
Start event is generated. After the start event is generated, the SB bit is set. If the ITEVTEN bit (in
R16 _12Cx _CTLR?2) is set, an interrupt is generated. In this case, it is needed to read the R16_12Cx_STARI1
register. After the slave address is written to the data register, the SB bit is automatically cleared.

If the 10-bit address mode is enabled, then write the data register to send the header sequence (the header
sequence is 11110xx0b, of which the xx bits are the highest 2 bits of the 10-bit address).

After the header sequence is transmitted, the ADD10 bit in the status register is set. If the ITEVTEN bit is
already set, an interrupt will be generated. At this time, read the R16 12Cx_STARI register and write the
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second address byte to the data register. Then, clear the ADD10 bit.

Then, write the data register to send the second address byte. After sending the second address byte, the ADDR
bit in the status register is set. If the ITEVTEN bit has been set, an interrupt will be generated. Read the
R16 12Cx_STAR?2 register at this time and then read R16_12Cx_STARI1 register again to clear the ADDR bit;
If the 7-bit address mode is enabled, the write data register transmit the address byte. After the address byte is
sent, the ADDR bit in the status register is set. If the ITEVTEN bit has been set, an interrupt will be generated.
Read the R16_I2Cx_STARI register and then read the R16 _12Cx_STAR?2 register again to clear the ADDR
bit.

In the 7-bit address mode, the first byte sent is the address byte, the first 7 bits represent the address of the
target slave device, the 8th bit determines the direction of the subsequent message, and ‘0’ means the master
device writes data to the slave device, ‘1’ means that the master device reads information from the slave device.
In the 10-bit address mode, as shown in Figure 19-3, the first byte is 11110xx0, xx are the highest 2 bits of the
10-bit address, and the second byte is the lower 8 bits of the 10-bit address in the address transmission phase.
If you subsequently enter the master transmitter mode, send data continuously. If the device enters the master
receiver mode subsequently, a start event needs to be re-sent, and a byte of 11110xx1 will be sent together.

Then, enter the master receiver mode.

Figure 19-3 Master receive/transmits data in 10-bit address mode

Transmitter

|S| 11110XX |0|A| Address7-0|A|DATA|A| |DATA|A|P|

(The upper 2 bits (Write) The lower 8 bits of

of the address) the address
Receiver
|S| 11110XX |0|A|Address7-0|A|S| 11110XX |1|A|DATA|A| |DATA|§|P|
(The upper 2 bits (Write) The lower 8 bits of (Read)
of the address) the address

Master transmit mode:

The master device's internal shift register sends data from the data register to the SDA line. When the master
device receives an ACK, TXE in status register 1 (R16_12Cx_STARI1) is set, and an interrupt is also generated
if ITEVTEN and ITBUFEN are set. Writing data to the data register will clear the TXE bit.

If the TxE bit is set and no new data was written to the data register before the last data was sent, then the BTF
bit will be set and SCL will remain low until it is cleared, and writing data to the data register after reading
R16 12Cx STARI will clear the BTF bit.
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Figure 19-4 Master transmitter transmission sequence diagram

7-bit master transmit

| S Address | A Datatl A Data2 | A

EVTS EVTbI EVT8_1 EVT8 EVT8| EVT8| EVT8_2

10-bit master transmit

s F"”"er | A Address | A Datal | A | DataN | A P |

EVT5 EVT9 EVT6| EVT8_1 EVT8 EVT8| EVT8_2

Description: S=Start (start condition), Sr=repeated start condition, P=Stop (stop condition), A=response, NA=non—
response, EVTx=event (interrupt generated when |TEVFEN=1)

EVT5: SB=1, reading SR1 and then writing the address to the DR register will clear the event

EVT6;ADDR=1, reading SR1 then reading SR2 will clear the event

EVT8_1: TxE=1, shift register empty, data register empty, write DR register

EVT8: TxE=1,shift register is not empty, data register is empty,writing DR register will clear

the event

EVT8_2: TxE=1, BTF=1, request to set the stop bit. the TxE and BTF bits are cleared by hardware

when the stop condition is generated

EVT9: ADDR10=1, reading SR1 and then writing to DR register will clear the event

Note: 1: EVT5, EVT6, EVT9, EVT8_1 and EVT8_2 events elongate the SCL low until the end of the
corresponding software sequence.

2: The software sequence of EVT8 must be completed before the end of the current byte transfer

Master receive mode:

The 12C module will receive data from the SDA line and write it into the data register via a shift register. After
each byte, if the ACK bit is set, then the [2C module will send an answer low, and the RxNE bit will be set,
and an interrupt will be generated if ITEVTEN and ITBUFEN are set. If RXNE is set and the original data is
not read before the new data is received, then the BTF bit will be set and SCL will remain low until the BTF
is cleared. Reading R16 _I2Cx_STARI and then reading the data register will clear the BTF bit.

Figure 19-5 Receiver transmission sequence diagram

7-bit master receive

S Address |A Datat |Am Data?2 |A DataN |NA P |

EVT5 EVT6 | EVT6_1 | EVT7| EVT7| EVT7_1 | EVT7

10-bit master receive

Frame |
S header Address A

A
EVT5 EVT9 EVT6
\—4? Frame Dataft |Am Data2 |A DataN |NA P |
header | { \ 1 1 1 [l ...
EVT5 EVT6 EVT671| EVT7| EVT7 EVT7_1 EVT7

Description: S=Start (start condition), Sr=repeated start condition, P=Stop (stop condition), A=response,
EVTx=event (interrupt generated when ITEVFEN=1)

NA=non-response,

EVT5: SB=1, reading SR1 and then writing the address to DR register will clear the event

EVT6: ADDR=1, reading SR1 and then reading SR2 will erase this event. In 10-bit master receive mode, START=1 of CR2 should be
set after this event.

EVT6_1: There is no corresponding event flag and it is only suitable for receiving 1 byte. Exactly after EVT6 (i.e. after ADDR
is cleared), the response and stop condition generation bits should be cleared.

EVT7: RxNE=1, read DR register to clear the event.

EVT7_1: RxNE=1, read the DR register to clear this event. Set ACK=0 and STOP request.

EVT9: ADDR10=1, reading SR1 and then writing to DR register will clear this event

When the master device ends sending data, it will actively send an end event, i.e. set the STOP bit, and the 12C
will switch to slave mode. In receive mode, the master device needs to NAK at the answer position of the last
data bit, and after receiving NACK, the slave device releases control of the SCL and SDA lines; the master

device can then send a stop/restart condition. Note that the I2C module will automatically switch to slave mode
after the stop condition is generated.

19.4 Slave Mode

In the slave mode, the I2C module can identify its own address and the general call address. The software can
control to enable or disable the identification of the broadcast calling address. Once the start event is detected,
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the 12C module will compare the SDA data with its own address (the number of bits depends on ENDUAL
and ADDMODE) or the broadcast address (when ENGC is set) through the shift register. If there is no match,
it will be ignored until a new start event is generated. If it matches the header sequence, it will generate an
ACK signal and wait for the address of the second byte; if the address of the second byte also matches or the
whole-section address matches in the case of a 7-bit address, then:

Firstly generate an ACK response;

The ADDR bit will be set; if the ITEVTEN bit is already set, then the corresponding interrupt will be generated;
If the dual-address mode (the ENDUAL bit is set) is used, you also need to read the DUALF bit to determine
which address is woken up by the master device.

The slave mode is the receiving mode by default. When the last bit of the received header sequence is 1, or the
last bit of the 7-bit address is 1 (depending on whether the header sequence is received for the first time or a
normal 7-bit address), the [2C module will enter the transmitter mode, and the TRA bit will indicate whether

it is currently in receiver or transmitter mode.

Slave transmit mode:

After the ADDR bit is cleared, the I2C module sends bytes from the data register to the SDA line via a shift
register. The slave device holds SCL low until the ADDR bit is cleared and the data to be sent has been written
to the data register. (See EVT1 and EVT3 in the figure below). Upon receipt of an answer ACK, the TXE bit
will be set and an interrupt will be generated if ITEVTEN and ITBUFEN are set. The BTF bit will be set if
TxE is set but no new data is written to the data register before the end of the next data transmission. SCL will
remain low until the BTF is cleared. Reading status register 1 (R16_12Cx_STAR1) and then writing data to
the data register will clear the BTF bit.

Figure 19-6 Slave transmitter transmission sequence diagram

7-bit slave send

S Address A Datal IA Data2 IA DataN NA| P

EVT1| EVT3_1 EVT3| EVT3 EVT3 EVT3_2
10-bit slave send
s F’a"‘er | A| Address | A

rame
header

A Datal IA DataN NA| P
EVT1 | EVT3_1 EVT3| EVT3| EVT3_2

Description: S=Start (start condition), Sr=repeated start condition, P=Stop (stop condition), A=response, NA=non—
response, EVTx=event (interrupt is generated when ITEVFEN=1)

EVT1;ADDR=1, read SR1 then read SR2 will eliminate the event.

EVT3_1: TxE=1, shift register empty, data register empty, write DR.

EVT3: TxE=1, shift register is not empty, data register is empty,writing DR will clear the event.
EVT3_2: AF=1, write '0' in AF bit of SR1 register to clear AF bit.

Note: 1: EVT1 and EVT3_1 events elongate SCL low until the end of the corresponding software sequence.
2: The software sequence of EVT3 must be completed before the end of the current byte transfer.

Slave receive mode:

After ADDR is cleared, the I2C module stores the data on SDA into the data register via a shift register. After

every byte received, the I2C module sets an ACK bit and sets the RxNE bit. If ITEVTEN and ITBUFEN are

set, an interrupt is also generated. If RXxNE is set and the old data is not read before the new data is received,

then BTF is set. SCL will remain low until the BTF bit is cleared. Reading status register 1 (R16_12Cx_STAR1)
and reading the data in the data register will clear the BTF bit.
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Figure 19-7 Receiver transmission sequence diagram

7-bit slave reception

A Datal IA Data2 IA | DataN IA P

EVT1 EVT2 EVT2 EVT2 | EVT4 |

10-bit slave reception

| S I Address

| SI Frame

AI Address | A Datat IA | DataN IA P
header | | —— = | | 1 " | 1 ...

EVT1 EVT2 EVT2 | EVT4 |

Description: S=Start (start condition), Sr=repeated start condition, P=Stop (stop condition), A=response, NA=non—
response, EVTx=event (interrupt generated when |TEVFEN=1)

EVT1;ADDR=1, reading SR1 then SR2 will erase the event.

EVT2: RxNE=1, reading DR will clear the event.

EVT4: STOPF=1, reading SR1 and then writing CR1 register will clear the event.

Note: 1: EVT1 event elongates SCL low until the end of the corresponding software sequence.
2: The software sequence of EVT2 must be completed before the end of the current byte transfer.

The master device will generate a stop condition after the last data byte is transferred. When the 12C module
detects a stop event, it will set the STOPF bit, and if the ITEVFEN bit is set, it will also generate an interrupt.
The user needs to read the status register (R16_12Cx_STAR1) and then write the control register (e.g. reset
control word SWRST) to clear it. (See EVT4 in the figure above).

19.5 Error

19.5.1 Bus error (BERR)

During address or data transmission, when the 12C module detects an external start or stop event, a bus error
will be generated. When a bus error occurs, the BERR bit will be set, and an interrupt will be generated if
ITERREN is set. The data is discarded and the hardware releases the bus in the slave mode. For a start signal,
the hardware will consider it as a restart signal and begin to wait for an address or stop signal; for a stop signal,
it will be operated according to normal stop conditions in advance. In the master mode, the hardware will not
release the bus and will not affect the current transmission. The user code decides whether to abort the

transmission.

19.5.2 Acknowledge failure (AF)
When the I2C module does not respond after detecting a byte, it will generate an acknowledge failure. When

an acknowledge failure occurs, AF is set, and an interrupt is generated if ITERREN is set. If an AF error is
encountered and the I12C module is working in the slave mode, the hardware must release the bus. If it is in

master mode, the software must generate a stop event.

19.5.3 Arbitration lost (ARLO)

When the 12C module detects that the arbitration is lost, an arbitration loss error will be generated. When an
arbitration loss error occurs, the ARLO bit will be set. If ITERREN is set, an interrupt will be generated; the
12C module will switch to the slave mode and no longer respond to the transmission initiated by its slave
address, unless the host initiates a new start event; the hardware will release the bus.

19.5.4 Overrun/ Underrun error (OVR)
®  Overrun error:
In the slave mode, if clock extension is disabled, the I2C module is receiving data. If 1-byte data has been

received, but the data received at the previous time has not been read, an overrun error will occur. When an
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overrun error occurs, the last received byte will be discarded, and the sender shall retransmit the last byte

transmitted.

®  Underrun error:

In the slave mode, if the clock extension is disabled, the I2C module is sending data. If new data has not been
written to the data register before the next byte of the clock arrives, an underrun error will occur. When an
underrun error occurs, the data in the previous data register will be sent twice. If an underrun error occurs, the
receiver shall discard the data received repeatedly. In order not to generate an underrun error, the [2C module
shall write data into the data register before the first rising edge of the next byte.

19.6 Clock extension

If clock extension is disabled, there is a possibility of overrun/underrun errors. But if clock extension is enabled:

® In transmitter mode, if TXE is set and BTF is set, SCL will always be low, until the user reads the status
register and writes the data to be sent to the data register;

® In receiver mode, if RXNE is set and BTF is set, SCL will remain low after receiving data until the user

reads the status register and reads the data register;

It can be seen that enabling clock extension can avoid overrun/underrun errors.

19.7 SMBus

SMBus is also a 2-wire interface, which is generally used between the system and power management. SMBus
and I2C have many similarities. For example, SMBus uses the same 7-bit address mode as 12C.

Similarities between SMBus and 12C:

1) Master-slave communication mode; the host provides the clock and supports multiple masters and multiple
slaves;

2) 2-wire communication structure, of which a warning line can be selected for SMBus;

3) Support 7-bit address format.

Differences between SMBus and 12C:

1) 12C supports the maximum speed of 400 KHz, while SMBus supports the maximum speed of 100 KHz,
and SMBus has the minimum speed limit of 10 KHz;

2) When the SMBus clock is lower than 35mS, it will report a timeout, but 12C has no such limitation;

3) SMBus has a fixed logic level, but I2C does not, depending on VDD;

4) SMBus has a bus protocol, but 12C does not.

SMBus also includes device identification, address resolution protocol, unique device identifier, SMBus
reminder, and various bus protocols. For details, please refer to SMBus specification version 2.0. When
SMBus is used, only the SMBus bit of the control register needs to be set, and the SMBTYPE and ENAARP

bits need to be configured as needed.

19.8 Interrupt

Each 12C module has 2 interrupt vectors: event interrupt and error interrupt. 2 types of interrupts support the

interrupt sources as shown in Figure 19-4.
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Figure 19-4 12C interrupt request
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19.9 DMA

DMA can be used to receive/transmit bulk data. When DMA is used, the ITBUFEN bit of the control register
cannot be set.

® DMA is used for transmission

The DMA mode can be activated by setting the DMAEN bit in the CTLR2 register. As long as the TxE bit is

set, the data can be loaded into the I2C data register from the set memory by DMA. The following settings are

required to allocate channels for 12C.

1) Set the I12Cx_DATAR register address to the DMA PADDRX register, and set the memory address in the
DMA_ MADDRX register, so that the data will be sent from the memory to the [2Cx_DATAR register after
each TxE event.

2) Set the required number of transferred bytes in the DMA_CNTRx register. After each TXE event, this value
will be reduced progressively.

3) The channel priority is configured using the PL[0:1] bits in the DMA_CFGRx register.

4) Set the DIR bit in the DMA CFGRx register, and it can be configured to issue an interrupt request according
to application requirements when the entire transmission is half or wholly completed.

5) Activate the channel by setting the EN bit in the DMA CFGRXx register.

When the number of data transfer bytes set in the DMA controller has been completed, the DMA controller
will send an EOT/EOT 1 signal indicating the end of the transmission to the 12C interface. When the interrupt
is allowed, a DMA interrupt will be generated.

® DMA is used for reception

After the DMAEN bit in the CTLR2 register is set, DMA receiver mode can be started. When DMA is used

for reception, DMA transfers the data in the data register to the preset memory area. The following steps are

required to allocate channels for 12C.

1) Set the [2Cx_DATAR register address to the DMA PADDRX register, and set the memory address in the
DMA_MADDRKX register, so that the data will be written into the memory from the I2Cx_DATAR register
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after each RxNE event.

2) Set the required number of transferred bytes in the DMA CNTRx register. After each RxNE event, this
value will be reduced progressively.

3) The channel priority is configured by the PL[0:1] bits in the DMA CFGRXx register.

4) Clear the DIR bit in the DMA_CFGRx register, and it can be configured to issue an interrupt request
according to application requirements when the data transmission is half or wholly completed.

5) Activate the channel by setting the EN bit in the DMA CFGRXx register.

When the number of data transfer bytes set in the DMA controller has been completed, the DMA controller
will send an EOT/EOT _1 signal indicating the end of the transmission to the I2C interface. When the interrupt
is allowed, a DMA interrupt will be generated.

19.10 Packet error checking

Packet error checking (PEC) is a CRCS check step added to provide the transmission reliability. Each bit of
serial data can be calculated through the following polynomial:
C=X84+X+X+1

PEC calculation is activated by the ENPEC bit in the control register, and all information bytes are calculated,
including address and read/write bits. During transmission, enabling PEC will add a byte of CRC8 calculation
result after the last byte of data. While in receiver mode, the last byte is considered to be the CRC8 check
result. If it does not match the internal calculation result, it will reply with a NAK. For the master receiver, it
will reply with a NAK regardless of whether the check result is correct or not.

19.11 Debug mode

After the system enters the debug mode, the DBG 12Cx_SMBUS TIMEOUT bit in the DEBUG module can
be used to determine whether to continue operating or stop the time-out control of [2CSMBus.

19.12 Register description

Table 19-1 12C1 registers

Name Access address Description Reset value
R16 12C1 _CTLRI1 0x40005400 12C1 control register1 0x0000
R16 12C1_CTLR2 0x40005404 12C1 control register2 0x0000
R16 12C1_OADDRI1 0x40005408 12C1 address registerl 0x0000
R16 _12C1_OADDR2 0x4000540C | I2C1 address register2 0x0000
R16 12C1_DATAR 0x40005410 12C1 data register 0x0000
R16 12C1_STARI 0x40005414 12C1 status registerl 0x0000
R16 12C1_STAR2 0x40005418 12C1 status register2 0x0000
R16 12C1_CKCFGR 0x4000541C 12C1 clock register 0x0000
R16 12C1 RTR 0x40005420 12C1 rise time register 0x0002

Table 19-2 12C2 registers

Name Access address Description Reset value

R16 12C2 CTLRI1 0x40005800 12C2 control register1 0x0000
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R16_12C2 _CTLR2 0x40005804 12C2 control register2 0x0000
R16_12C2_OADDRI1 0x40005808 12C2 address registerl 0x0000
R16_12C2_OADDR2 0x4000580C | I12C2 address register2 0x0000
R16_12C2_DATAR 0x40005810 12C2 data register 0x0000
R16 12C2 STARI1 0x40005814 12C2 status registerl 0x0000
R16 12C2 STAR2 0x40005818 12C2 control register2 0x0000
R16 12C2 CKCFGR 0x4000581C 12C2 clock register 0x0000
R16 12C2 RTR 0x40005820 12C2 rise time register 0x0002

19.12.1 12C Control Register (I2Cx_CTLR1) (x=1/2)
Offset address: 0x00

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

NOS
SWR |Reser| ALE STAR ENG |ENPE| ENA | SMB |Reser| SMB
ST [ ved | RT | PEC | POS [ACKISTOPILHHIRET "1 c | RP [TYPE| ved | US | PP
Bit Name Access Description Reset value

Software reset. Setting this bit by user code will reset
the 12C peripheral. Before reset, make sure that the
15 SWRST RW |pins of the I12C bus are released and the bus is idle. 0
Note: This bit can reset the 12C module when no stop
condition is detected on the bus but the busy bit is 1.

14 Reserved RO |Reserved. 0

SMBus alert. This bit can be set or cleared by the user
code. When PE is set, this bit can be cleared by
hardware.

1: Drive the SMBusALERT pin to make it low, and
13 ALERT RW |the response address header shall closely follow the 0
ACK signal;

0: Release the SMBusALERT pin to make it high,
and the response address header shall closely follow
the NACK signal.

Packet error check enable. Set this bit to enable data
packet error detection. This bit can be set or cleared
by the user code. When the PEC is transmitted, or a
start or end signal is generated, or the PE bit is cleared
12 PEC RW ) 0
to 0, the bit can be cleared by hardware.
1: Provided with PEC;

0: Not provided with PEC.

Note: PEC will fail when the arbitration is lost.

ACK and PEC position setting. This bit can be set and
cleared by user code, and it can be cleared by
11 POS RW |hardware after PE is cleared; 0
1: The ACK bit controls the ACK or NAK of the next
byte received in the shift register. The next byte
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received in the PEC shift register is PEC;

0: The ACK bit controls the ACK or NAK of the byte
currently being received in the shift register. The PEC
bit indicates that the byte of the shift register before
the current bit is PEC.

Note: The usage of POS bit in 2-byte data reception
is as follows: It must be configured before receiving.
For the second byte of NACK, the ACK bit must be
cleared immediately after the ADDR bit is cleared; in
order to detect the PEC of the second byte, the PEC
bit must be set after the ADDR event occurs following
the POS bit.

10

ACK

RW

Acknowledge enable. This bit can be set or cleared
by user code. When PE bit is set, this bit can be
cleared by hardware;

1: Acknowledge returned after a byte is received,

0: No acknowledge is returned.

STOP

RW

Stop event generation. It can be set or cleared by user
code, or cleared by hardware when a stop event is
detected, or set by hardware when a timeout error is
detected.

In master mode:

1: A stop event is generated after the current byte
transfer or the current start condition is issued;

0: No stop event occurs.

In slave mode:

1: Release the SCL and SDA lines after the current
byte transfer;

0: No stop event occurs.

START

RW

Start event generation. This bit can be set or cleared
by the user code. When the start condition is issued
or PE is cleared, it can be cleared by hardware.

In master mode:

1: A start event is generated repeatedly;

0: No start event is generated.

In slave mode:

1: When the bus is idle, a start event is generated;

0: No start event is generated.

NOSTRETCH

RW

Clock stretching disable. This bit is used to disable
clock stretching in slave mode when the ADDB or
BTF flag bit is set until it is cleared by software.

1: Clock stretching disabled;

0: Clock stretching enabled.

ENGC

RW

General call enable. Set this bit to enable the general
call, and respond to general address 00h.

ENPEC

RW

PEC enable. Set this bit to enable PEC calculation.
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ARP enable. Set this bit to enable the ARP.

If SMBTYPE=0, the default address of the SMBus
4 ENARP RW . . 0
device is used. If SMBTYPE=1, the main address of]

the SMBus is used.

SMBus device type:
3 SMBTYPE RW [1: SMBus master device; 0
0: SMBus slave device.

2 Reserved RO |Reserved. 0

SMBus mode selection.
1 SMBUS RW [1: SMBus mode; 0
0: I2C mode.

12C peripheral enable.
0 PE RW [1: I12C module enabled; 0
0: I2C module disabled.

19.12.2 12C Control Register 2 (I2Cx_CTLR2) (x=1/2)
Offset address: 0x04

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

DMAIITBU|ITEV|ITER

Reserved LAST EN | FEN | TEN | REN Reserved FREQ[5:0]
Bit Name Access Description Reset value
[15:13] |Reserved RO |Reserved. 0

Last transfer setting of DMA.

1: Next DMA EOT is the last transfer;

0: Next DMA EOT is not the last transfer.
12 LAST RW 0
Note: This bit is used in master receiver mode and|
can generate a NAK when the data is received at
the last time.

DMA request enable. Set this bit to enable DMA|

11 DMAEN RW . 0
request when TXE or RXEN bit is set.

Buffer interrupt enable.

1: When the TXE bit is set, or when the RXEN bit
10 ITBUFEN RW |is set, an event interrupt is generated; 0
0: When the TxE bit is set, or when the RXEN bit
is set, no interrupt is generated.

Time interrupt enable. Set this bit to enable event
interrupt.

Under the following conditions, the interrupt can
be generated:

9 ITEVTEN RW |SB=1 (master mode); 0
ADDR=1(master and slave modes);
ADDR10=1 (master mode);

STOPF=1 (slave mode);

BTF=1, but no TxE or RXEN event occurs;
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If ITBUFEN=1, TxE event is 1;
If ITBUFEN=1, RXNE event is 1.

Error interrupt enable. When the bit is set, the error

interrupt is enabled.

Under the following conditions, the interrupt can
8 ITERREN RW 0
be generated:

BERR=1; ARLO=1; AF=1; OVR=1; PECERR=1;
TIMEOUT=1; SMBAlert=1.

[7:6] |Reserved RO |Reserved. 0

12C module clock frequency domain. The correct

clock frequency must be input to generate the
[5:0] |FREQ[5:0] RW |correct timing, and the allowable range is between 0
8-60MHz. It must be set between 001000b and
111100b, and the unit is MHz.

19.12.3 12C Address Register 1 (I2Cx_OADDR1) (x=1/2)
Offset address: 0x08

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

Q]I(Z)B Reserved ADD[9:8] ADD[7:1] ADP
Bit Name Access Description Reset value
Addressing mode.
1: 10-bit slave address (7-bit address not
15 ADDMODE RW |acknowledged); 0
0: 7-bit slave address (10-bit address not
acknowledged).
[14:10] |Reserved RO |Reserved. 0
Interface address. The 9th bit and the 8th bit when
[9:8] |ADD[9:8] RW |a 10-bit address is used, while ignored when a 7- 0
bit address is used.
[7:1] |ADD[7:1] RW |Interface address, bit 7-1. 0
Interface address. Bit0 when a 10-bit address is
0 ADDO RW . . . 0
used. It is ignored when a 7-bit address is used.

19.12.4 12C Address Register2 (I2Cx_OADDR?2) (x=1/2)
Offset address: 0x0C

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

Reserved ADD2[7:1] N
Bit Name Access Description Reset value
[15:8] |Reserved RO |Reserved. 0
[7:1] |ADD2[7:1] RW |Interface address. Bit7 to bitl of address in dual- 0
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address mode.

Dual addressing mode enable. When this bit is set,
0 ENDUAL RW ) . 0
the ADD2 can be identified.

19.12.5 I12C Data Register (I2Cx_DATAR) (x=1/2)
Offset address: 0x10

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

Reserved DR][7:0]
Bit Name Access Description Reset value
15:8  |Reserved RO |Reserved. 0
Data register. This domain is used to store received
7:0 DR][7:0] RW i 0
data or store data to be transmitted to the bus.

19.12.6 12C Status Register 1 (I2Cx_STAR1) (x=1/2)
Offset address: 0x14

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

SMB
TIME|Reser |PECE ARL | BER Reser|STOP| ADD ADD
ARLTE oUT| ved | RR |OVR| AF |5 r | TXE |RxNE|" 27 |7 5 10 | BTE["R | SB
Bit Name Access Description Reset value

SMBus alert. It can be reset by user writing 0, or
reset by hardware when PE becomes low.

In master mode of SMBus:

1: SMBus alert is generated on the pin;

15 SMBALERT RWO |0: No SMBus alert. 0
In slave mode of SMBus:

1: SMBAlert response address header to
SMBAlert LOW received;

0: No SMBAIert response address header.

Timeout or Tlow error flag. It can be reset by user

writing 0, or reset by hardware when PE becomes
low.

1: SCL is low and has reached 25mS, or the
accumulated clock expansion time of the master
device low level exceeds 10mS, or the
14 TIMEOUT RWO |accumulated time of the slave device low level 0
exceeds 25mS;

0: No timeout error.

Note: When this bit is set in slave mode, the slave
device resets the communication and the hardware
releases the bus. When this bit is set in master
mode, hardware issues a stop condition.

13 Reserved RO |Reserved. 0
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PEC error flag occurs during reception. This bit
can be reset by user writing 0, or reset by hardware
when PE becomes low.

12 PECERR RWO . ) ) 0
1: PEC error. After PEC is received, NAK is
returned;

0: No PEC error.

Overrun and underrun flag.

1: Overrun or underrun event occurs: In case of]
NOSTRETCH=1, when a new byte is received in
the receiver mode and the content in the data
11 OVR RWO |register has not been read, the newly received byte 0
will be lost. In the transmitter mode, no new data
is written into the data register, and the same byte
will be sent twice;

0: No overrun and underrun event.

Acknowledge failure flag. This bit can be reset by
user writing 0, or reset by hardware when PE
10 AF RWO |becomes low. 0
1: Acknowledge error;

0: Normal acknowledge.

Arbitration lost flag. It can be reset by user writing
0, or reset by hardware when PE becomes low.
9 ARLO RWO |1: Arbitration lost is detected and the module loses 0
control of the bus;
0: Normal arbitration.

Bus error flag. It can be reset by user writing 0, or
reset by hardware when PE becomes low.

8 BERR RWO . 0
1: Start or stop condition error;

0: Normal.

Data register empty flag, which can be cleared by
writing data to the data register, or it is
automatically cleared by hardware after a start or
7 TxE RO |stop bit is generated, or when PE is 0. 0
1: When the data is transmitted, the transmit data
register is empty;

0: The data register is non-empty.

Data register not empty flag. Reading and writing
to the data register will clear this bit, or when PE
6 RxNE RO |is 0, the hardware will clear this bit. 0
1: When data is received, data register not empty;
0: Data register empty.

5 Reserved RO |Reserved. 0
Stop event flag. After the user reads the status

register1, writing to the control register1 will clear
4 STOPF RO | = . . . 0
this bit, or when PE is 0, the hardware will clear

this bit.
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1: After the response, the slave device will detect
a stop event on the bus;

0: No stop event is detected.

10-bit address header sent flag. After the user
reads the status registerl, writing to the control

register] will clear this bit, or when PE is 0, the
3 ADDI10 RO |hardware will clear this bit. 0
1: In 10-bit address mode, the master device has
sent the first address byte;

0: None

Byte transmission end flag. After the user reads

the status registerl, reading and writing to the data
register will clear this bit. During transmission,
after a start or stop event is initiated, or when PE
is 0, this bit will be cleared by hardware.

2 BTF RO |1: Byte transmission completed. In case of] 0
NOSTRETCH=0: when a new data is sent and the
data register has not been written with new data
during transmission; when a new byte is received
but the data register has not been read;

0: None

Address transmitted/matched flag. After the user
reads the status register 1, the read operation of the

status register2 will clear this bit, or when PE is 0,
the hardware will clear this bit.

Master mode:

1: End of address transmission: In 10-bit address
mode, the bit will be changed to be set after the
1 ADDR RWO |ACK of the second byte of the address is received; 0
in 7-bit address mode, the bit will be set after the
ACK of the address is received;

0: The address transmission is not finished.

Slave mode:

1: The received address matches;

0: The address does not match or no address is
received.

Start bit transmission flag. After reading the status
register 1, the operation of writing the data register
will clear this bit, or when PE is 0, the hardware
will clear this bit.

1: The start bit has been transmitted;

0: The start bit has not been transmitted.

19.12.7 12C Status Register 2 (I2Cx_STAR?2) (x=1/2)
Offset address: 0x18
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PEC[7:0] btA FOS DEFA| CAL Reser| tra [ BYS | msL
T JULT| L
Bit Name Access Description Reset value
Packet error checking. When PEC is enabled
[15:8] |PEC[7:0] RO |(ENPEC is set), this domain stores the value of] 0
PEC.
Matched detection flag. When the stop bit or start
bit is generated, or when PE=0, the hardware will

7 DUALF RO |clear this bit. 0
1: The received address matched with OAR2;

0: The received address matched with OARI.
SMBus host header flag. When the stop bit or start
bit is generated, or when PE=0, the hardware will
clear this bit.

6 SMBHOST RO 0
1: When SMBTYPE=1 and ENARP=1, the
SMBus host address will be received;

0: SMBus host address is not received.

SMBus device default address flag. When the stop
bit or start bit is generated, or when PE=0, the
hardware will clear this bit.

5 SMBDEFAULT RO 0
1: When ENARP=1, the default address of the
SMBus device is received;

0: No address is received.

General call address flag. When the stop bit or
start bit is generated, or when PE=0, the hardware
will clear this bit.

4 GENCALL RO ) 0
1: When ENGC=1, the address of general call is
received;

0: No general call address is received.

3 Reserved RO |Reserved. 0
Transmitter/receiver flag, cleared by hardware
when a stop event (STOPF=1) is detected,
repeated start condition or bus arbitration is lost

2 TRA RO |(ARLO=1) or PE=0. 0
1: Data has been sent;

0: Data is received.

This bit is determined by R/W bit of address byte.
Bus busy flag. This bit is cleared when a stop bit
is detected. When the interface is disabled (PE=0),
the information is still updated.

1 BUSY RO 0
1: Busy bus: SDA or SCL has a low level;

0: The bus is idle and does not have
communication.
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Master/slave mode indication. When the interface
is in master mode (SB=1), the hardware will set
0 MSL RO |this bit. When the bus detects a stop bit and the 0
arbitration is lost, or PE=0, the hardware will clear
this bit.

19.12.8 I12C Clock Register (I2Cx_CKCFGR) (x=1/2)
Offset address: 0x1C

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

DUT

F/S v

Reserved CCR[11:0]

Bit Name Access Description Reset value

Master mode selection.
15 F/S RW [1: Fast mode; 0
0: Standard mode.

Duty cycle of the high-level time in the fast mode and

14 DUTY RW [the high-level time. 0
1:36%; 0:33.3%.
[13:12] |Reserved RO |Reserved. 0
Clock frequency division factor. These bits determine
[11:0] |CCR[11:0] RW 0

the frequency waveform of the SCL clock.

19.12.9 12C Rise Time Register (I2Cx_RTR) (x=1/2)
Offset address: 0x20

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

Reserved TRISE[5:0]
Bit Name Access Description Reset value
[15:6] |Reserved RO |Reserved. 0

Maximum rise time domain. The rise time of SCL
in master mode is set at this bit. The maximum
rising edge time is equal to TRISE-1 clock cycle.
This bit can only be set when PE is cleared. For
[5:0] |TRISE[5:0] RW ) ) 000010b
example, if the input clock cycle of the IIC module
is 125nS and the value of TRISE is 9h, then the
maximum rising edge time is (9-1)*125nS, i.e.,
1000nS.
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Chapter 20 Serial Peripheral Interface (SPI/12S)

The module descriptions in this chapter are applicable to the whole series of CH32F2x, CH32V2x and
CH32V3x microcontrollers.

SPI supports data exchange in 3-wire synchronous serial mode, and the chip select line supports hardware

switching between master and slave modes, and supports communication with a single data line.

12S is also a 3-wire synchronous serial interface communication protocol, which supports 4 audio standards,
including Philips 12S standard, MSB alignment standard, LSB alignment standard and PCM standard.

20.1 Main Features

20.1.1 SPI Features

Supports full-duplex synchronous serial mode

Supports 1-wire half-duplex mode

Support master mode and slave mode, multi-slave mode
Supports 8-bit or 16-bit data structures

The highest clock frequency is supported to half of Fpclk
Data ordering supports MSB or LSB first

Supports hardware or software control of the NSS pin
Transceiver supports hardware CRC

Transceiver buffer supports DMA transfer

Supports modifying clock phase and polarity

20.1.2 I2S Features

Support simplex communication

Supports master mode and slave mode

Supports 16-bit, 24-bit and 32-bit data formats

Audio sampling frequency support range 8KHz-562.2KHz
Supports clock polarity programmable

Support common 128 protocols: Philips standard, MSB alignment standard, LSB alignment standard
and PCM standard
Transceiver buffer supports DMA transfer

Support master clock output to external audio equipment
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20.2 SPI functional Description

20.2.1 Overview

Figure 20-1 SPI structure diagram
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As can be seen from Figure 20-1, the 4 pins related to SPI are MISO, MOSI, SCK and NSS. The MISO pin is
the data input pin when the SPI module works in the master mode; it is the data output pin when it works in
the slave mode. When the MOSI pin works in master mode, it is a data output pin; when it works in slave
mode, it is a data input pin. SCK is the clock pin, the clock signal is always output by the master, and the slave
receives the clock signal and synchronizes data transmission and reception. The NSS pin is a chip select pin
and has the following uses:

1) NSSis controlled by software: At this time, SSM is set, and the internal NSS signal is determined by SSI
to output high or low. This situation is generally used in SPI master mode;

2) NSSis controlled by hardware: When the NSS output is enabled, i.e., when SSOE is set, the NSS pin will
be actively pulled down when the SPI host sends the output outward, and a hardware error will be
generated if the NSS pin cannot be successfully pulled down and pulled down, indicating that there are
other host devices on the main line that are communicating; SSOE If it is not set, it can be used in multi-
master mode. If it is pulled low, it will be forced into slave mode, and the MSTR bit will be automatically

cleared.

The working mode of the SPI can be configured through CPHA and CPOL. If CPHA is set, it means that the
module samples the data on the second edge of the clock, and the data is latched. If CPHA is not set, it means
that the SPI module samples on the first edge of the clock, and the data is latched. CPOL indicates whether the
clock remains high or low when there is no data. See Figure 20-2 below for details.
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Figure 20-2 SPI model
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The host and device need to be set to the same SPI mode, and the SPE bit needs to be cleared before configuring
the SPI mode. The DEF bit can decide whether the single data length of SP is 8 bits or 16 bits. LSBFIRST can
control whether a single data word is big-endian or little-endian.

20.2.2 Master Mode

When the SPI module works in master mode, the serial clock is generated by SCK. To configure into master
mode do the following steps:

Configure the BR[2:0] bits in the control register to determine the clock;

Configure the CPOL and CPHA bits to determine the SPI mode;

Configure DEF to determine the data word length;

Configure LSBFIRST to determine the frame format;

Configure the NSS pin, such as setting the SSOE bit to let the hardware reset NSS. You can also set the SSM
bit and set the SSI bit high;

To set the MSTR bit and the SPE bit, it is necessary to ensure that NSS is already high at this time.

When you need to send data, you only need to write the data to be sent to the data register. SPI will send data
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from the transmit buffer to the shift register in parallel, and then send the data from the shift register according
to the setting of LSBFIRST. When the data has reached the shift register, the TXE flag will be set. If it has
been set TXEIE, then an interrupt will be generated. If the TXE flag bit is set, data needs to be filled into the
data register to maintain a complete data flow.

When the receiver receives data, when the last sampling clock edge of the data word arrives, the data is
transferred from the shift register to the receive buffer in parallel, the RXNE bit is set, and if the RXNEIE bit
was previously set, it will also generate interrupt. At this time, the data register should be read as soon as
possible to remove the data.

20.2.3 Slave Mode

When the SPI module works in slave mode, SCK is used to receive the clock sent by the host, and its own
baud rate setting is invalid. The steps to configure into slave mode are as follows:

Configure the DEF bit to set the data bit length;

Configure the CPOL and CPHA bits to match the host mode;

Configure LSBFIRST to match the host data frame format;

In hardware management mode, the NSS pin needs to be kept at a low level. If NSS is set to software
management (SSM is set), then please keep SSI not set;

Clear the MSTR bit and set the SPE bit to enable SPI mode.

When transmitting, when the first slave receive sampling edge occurs on SCK, the slave starts to transmit. The
process of sending is to move the data in the send buffer to the send shift register. When the data in the send
buffer is moved to the shift register, the TXE flag will be set. If the TXEIE bit was previously set, an interrupt
will be generated.

When receiving, after the last clock sampling edge, the RXNE bit is set, the byte received by the shift register
is transferred to the receive buffer, and the read operation of the read data register can obtain the data in the
receive buffer. An interrupt will be generated if RXNEIE is set before RXNE is set.

20.2.4 Simplex Mode

The SPI interface can work in half-duplex mode, that is, the master device uses the MOSI pin, and the slave
device uses the MISO pin for communication. When using half-duplex communication, BIDIMODE needs to
be set, and BIDIOE is used to control the transmission direction.

Setting the RXONLY bit in normal full-duplex mode can set the SPI module to receive-only simplex mode.
After RXONLY is set, a data pin will be released. The pins released in master mode and slave mode are not
the same. It is also possible to ignore the received data and set the SPI to transmit-only mode.

20.2.5 CRC

The SPI module uses CRC to ensure the reliability of full-duplex communication, and separate CRC
calculators are used for data transmission and reception. The polynomial of the CRC calculation is determined
by the polynomial register. For 8-bit data width and 16-bit data width, different calculation methods are used
respectively.

Setting the CRCEN bit enables CRC and resets the CRC calculator. After the last data byte is sent, setting the
CRCNEXT bit will send the calculation result of the TXCRCR calculator after the current byte is sent. At the
same time, if the last received value of the receive shift register is not the same as the locally calculated value
of RXCRCR , then the CRCERR bit will be set. To use the CRC, you need to set the polynomial calculator
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and set the CRCEN bit when configuring the SPI working mode, and set the CRCNEXT bit in the last word
or half word to send the CRC and check the received CRC. Note that the CRC calculation polynomials of the
sender and receiver should be unified.

20.2.6 DMA
The SPI module supports the use of DMA to speed up data communication. You can use DMA to fill in data

into the send buffer, or use DMA to take data from the receive buffer in time. DMA will take or send data in
time with RXNE and TXE as signals. DMA can also work in simplex or CRC mode.

20.2.7 Exror

®  Master mode failure error

When the SPI works in the NSS pin hardware management mode, an external operation of pulling down the
NSS pin occurs; or in the NSS pin software management mode, the SSI bit is cleared; or the SPE bit is cleared,
causing the SPI to be turned off; or the MSTR bit is cleared, the SPI enters slave mode. An interrupt will also
be generated if the ERRIE bit has been set. Clear MODF bit steps: first perform a read or write operation to
R16_SPI1_STATR, and then write to R16_SPI1 CTLRI.

® Overflow error

If the master sends data and there is unread data in the slave's receive buffer, an overrun error occurs, the OVR
bit is set, and an interrupt is generated if ERRIE is set. Sending an overflow error should restart the current
transfer. Reading the data register followed by the status register will clear this bit.

® CRC error
When the received CRC word does not match the value of RXCRCR, a CRC error will occur, and the CRCERR
bit will be set.

20.2.8 Interrupt
The interrupt of the SPI module supports 5 interrupt sources. The 2 events of the send buffer empty and the

receive buffer non-empty will set TXE and RXNE respectively, and an interrupt will be generated when the
TXEIE and RXNEIE bits are set respectively. In addition, the 3 errors mentioned above will also generate
interrupts, namely MODF, OVR and CRCERR. After the ERRIE bit is enabled, these 3 errors will also

generate error interrupts.
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20.3 12S Functional Description

20.3.1 I2S Overview

Figure 20-3 12S structure diagram
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The 12S function is enabled by setting the 2SMOD bit in register 2SCFGR. At this point, the SPI module can
be used as an 12S audio interface. I2S and SPI share 3 pins:
o SD: Serial data (mapped to MOSI pin), used to send and receive 2 time-multiplexed data channels;

o WS: word selection (mapped to NSS pin), output as data control signal in master mode, and input in slave

mode;

e CK: Serial clock (mapped to the SCK pin), output as a clock signal in master mode, and input in slave mode.

When the main clock is required for some external audio devices, there is an additional pin to output the clock:
o MCK: main clock (independent mapping), when the 12S is configured as the main mode and the MCKOE
bit of the register [I2SPR is 1, it is used as an output additional clock signal pin. The frequency of the output

clock signal is preset to 256xFs, where Fs is the sampling frequency of the audio signal.
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When set to master mode, 12S uses its own clock generator to generate the clock signal for communication.
This clock generator is also the clock source for the master clock output. There are 2 additional registers in
I2S mode, one is the clock generator configuration related register I2SPR, the other is the 12S general
configuration register I2SCFGR (can set the audio standard, slave/master mode, data format, packet frame,
clock pole parameters, etc.). Register CTLR1 and all CRCR registers are not used in I12S mode. Similarly, the
SSOE bit in the CTLR2 register, and the MODF bit and the CRCERR bit in the register STATR are not used
in the 12S mode. 12S uses the same register DATAR as SPI for 16-bit wide mode data transfer.

20.3.2 Supported Audio Protocols

The 3-wire bus supports time division multiplexing of audio data on 2 channels: left and right, but only one
16-bit register is used for transmit or receive. Therefore, when writing data to the data register, the software
must write the corresponding data according to the channel currently being transmitted; similarly, when
reading the register data, check the CHSIDE bit of the register STATR to determine which channel the received
data belongs to. The left channel always sends data before the right channel (the CHSIDE bit has no meaning
under the PCM protocol). There are 4 available data and packet frame combinations. Data can be sent in the
following 4 data formats:

e 16-bit data is packed into 16-bit frames

o 16-bit data is packed into 32-bit frames

® 24-bit data is packed into 32-bit frames

® 32-bit data is packed into 32-bit frames

When using 16-bit data to expand to a 32-bit frame, the first 16 bits (MSB) are meaningful data, and the last
16 bits (LSB) are forced to 0. This operation requires no software intervention and no DMA request (only
requires a read or write operation). 24-bit and 32-bit data frames require the CPU to perform 2 read or write
operations on the register DATAR, and 2 DMA transfers are required when using DMA. For 24-bit data, after
expansion to 32 bits, the lowest 8 bits are set to 0 by hardware. For all data formats and communication
standards, the most significant bit (MSB) is always sent first. The 12S interface supports 4 audio standards,
which can be selected by setting the I2SSTD[1:0] bits and PCMSYNC bits in the I2SCFGR register.

20.3.2.1 12S Philips Standard
Under this standard, pin WS is used to indicate which channel the data being sent belongs to. The pin is valid

1 clock cycle before the first data bit (MSB) is sent. The sender changes the data on the falling edge of the
clock signal (CK) and the receiver reads the data on the rising edge. The WS signal also changes on the falling
edge of the clock signal.
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Figure 20-4 Philips protocol waveform (16/32 full precision, CPOL=0)
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Figure 20-5 Philips protocol waveform (24-bit frame, CPOL=0)
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This mode requires 2 read or write operations to the SPI_ DATAR register. In transmit mode: if you need to
send 0x8EAA33 (24 bits):

First write to Data register Second write to Data register

Ox8EAA - 0x33XX

Only the 8 MSB are sent to complete the 24 bits
8 LSB bit have no meaning and could be

anything
In receive mode: if 0Ox8EAA33 is received:
First read from Data register Second read from Data register
Ox8EAA — 0x3300
Only the 8MSB are right
The 8 LSB will always be 00
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Figure 20-6 Philips protocol standard waveforms (16-bit extended to 32-bit packet frame, CPOL=0)
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In the 12S configuration stage, if you choose to extend the 16-bit data to a 32-bit channel frame, you only need
to access the register DATAR once to extend to 32-bit. The lower 16 bits are set to 0x0000 by hardware. If the
data to be transmitted or received is 0x76A3 (extended to 32 bits is 0x76A30000), only one operation of
DATAR is required. When sending, the MSB needs to be written into the register DATAR; if the flag bit TXE
is 1, it means that new data can be written, and if the corresponding interrupt is allowed, an interrupt can be
generated. The transmission is done by hardware, even if the last 16 bits of 0x0000 have not been sent, the
TXE will be set and the corresponding interrupt will be generated. When receiving, each time the upper 16-
bit half-word (MSB) is received, the flag bit RXNE is set to 1, and if the corresponding interrupt is enabled,
an interrupt can be generated. This way, there is more time between the 2 reads and writes, preventing
underflow or overflow conditions.

20.3.2.2 MSB alignment standard
Under this standard, the WS signal and the first data bit, the most significant bit (MSB), are generated

simultaneously.
Figure 20-7 MSB aligned 16-bit or 32-bit full precision (CPOL = 0)
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The sender changes data on the falling edge of the clock signal; the receiver reads data on the rising edge.

V1.8 314 WH


https://wch-ic.com

CH32FV2x_V3x Reference Manual

https://wch-ic.com

Figure 20-8 MSB aligned 24-bit data, CPOL =0
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Figure 20-9 MSB-aligned 16-bit data extended to 32-bit packet frame, CPOL =0
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20.3.2.3 LSB alignment standard

This standard is similar to the MSB alignment standard (no difference in 16-bit or 32-bit full-precision frame

format).

Figure 20-10 LSB-aligned 16- or 32-bit full precision, CPOL =0
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Figure 20-11 LSB-aligned 24-bit data, CPOL = 0
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In transmit mode, if you want to send data 0x3478AE, you need to write the register DATAR twice by software

or DMA.

TEX="1'when the data register is written
for the first time

0xXX34

be set to 0x00

—

TEX="1"'when the data register is written
for the second time

Ox78E

Only the lower 8 bits in the halfword have meaning, the higher 8 bits are forced to

In receive mode, if you want to receive data 0x3478AE, you need to read the register DATAR once when 2

consecutive RXNE events occur.

for the first time
0xXX34

be set to 0x00

RXNE='1' when the data register is read out

e

RXNE='1' when the data register is read out
for the second time

0x78E

Only the lower 8 bits in the halfword have meaning, the higher 8 bits are forced to

Figure 20-12 LSB aligned 16-bit data extended to 32-bit packet frame, CPOL = 0

CKTI_!I_II_II_IWI_II_II_I*RII_II_IFﬁI_IFLI_II_II_II_I=

4
77
Transmission /

WST /;/

|
}\Reception
' >
|

16-bit data Remaining 16-bit data
1 0Oforced > -»> :
SD T [ ., R
| < 77 1 > 1 >
! 1
Channel keft 32-bit Channel right

During the 12S configuration stage, if you choose to extend the 16-bit data to a 32-channel frame, you only
need to access the DATAR register once. At this point, the high half word (16-bit MSB) after extending to 32

bits is set to 0x0000 by hardware.
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If the data to be transmitted or received is 0x76A3 (extended to 32 bits is 0x000076A3), only one operation of
DATAR is required. When sending, if TXE is 1, the user needs to write the data to be sent (i.e. 0x76A3). The
0x0000 part, which is used to extend to 32 bits, is first sent by the hardware, and once the valid data starts to
be sent from the SD pin, the next TXE event occurs. On reception, the RXNE event occurs as soon as valid
data is received (instead of the 0x0000 part). This way, there is more time between the 2 reads and writes,
preventing underflow or overflow conditions.

20.3.2.4 PCM standard
Under the PCM standard, there is no information for channel selection. The PCM standard has 2 available

frame structures, short or long, which can be selected by setting the PCMSYNC bit in register [2SCFGR.

Figure 20-13 PCM standard waveform (16-bit)
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For the long frame, in the main mode, the valid time of the WS signal used for synchronization is fixed to 13
bits. For short frames, the length of the WS signal used for synchronization is only 1 bit.

Figure 20-14 PCM standard waveform (16-bit)
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No matter which mode (master or slave), which synchronization method (short frame or long frame), the time
difference between 2 consecutive frames of data and between 2 synchronization signals, (even in slave mode)
needs to be set by setting the I2SCFGR register determined by the DATLEN bit and the CHLEN bit.

V1.8 317 WH


https://wch-ic.com

CH32FV2x_V3x Reference Manual https://wch-ic.com

20.3.3 Clock Generator
The bit rate of I12S determines the data flow on the 12S data line and the frequency of the 12S clock signal. 12S

bit rate = number of bits per channel X number of channels x audio sampling frequency.

For a signal with left and right channels and 16-bit audio, the 12S bit rate is calculated as follows:
12S bitrate = 16 x 2 x Fs

If the packet length is 32 bits, the I2S bit rate is calculated as follows:
12S bit rate = 32 x 2 x Fs

Figure 20-15 Audio sampling frequency definition
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Figure 20-16 12S clock generator structure
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? MCKOE
[ T T T T T 1 |
}\ACKO4 oDD 12SDIV[7:0] IZSMDI:I | | | | | |CHLEN|

The clock source of 2SxCLK in the figure is the system clock (i.e., the HSI, HSE, or PLL that drives the
AHB clock). 12SxCLK can come from SYSCLK, or the PLL3 VCO (2xPLL3CLK) clock, which can be
selected by the [2S2SRC and I12S3SRC bits in the RCC_CFGR2 register. Audio can be sampled at 96KHz,
48KHz, 44.1KHz, 32KHz, 22.05KHz, 16KHz, 11.025KHz, or 8KHz (or any value within this range). To

obtain the desired frequency, set the linear divider according to the following formula:

When the master clock needs to be generated (the MCKOE bit of the register SPI 12SPR is 1):
When the frame length of the channel is 16 bits, Fs = 2SxCLK / [(16*2) * ((2*I2SDIV) + ODD)*§]
When the frame length of the channel is 32 bits, Fs = 2SxCLK / [(32*2) * ((2*12SDIV) + ODD)*4]
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When the main clock is turned off (MCKOE bit is '0'):
When the frame length of the channel is 16 bits, Fs = 2SxCLK / [(16*2) * ((2*¥12SDIV) + ODD)]
When the frame length of the channel is 32 bits, Fs = 2SxCLK / [(32*2) * ((2*12SDIV) + ODD)]

20.3.4 12S Master Mode

Set I2S to work in master mode, the serial clock is output by pin CK, and the word selection signal is
generated by pin WS. The master clock (MCK) can be selected to be output or not output by setting the
MCKOE bit in register I2SPR.

20.3.4.1 Configuration Process
® Set [2SDIV[7:0] in the I2SPR register to define the serial clock baud rate corresponding to the audio

sampling frequency. Also define the ODD bit of the register [2SPR.

® Set the CKPOL bit to define the level state of the communication clock when it is idle. If the main clock
MCK needs to be provided to the external DAC/ADC audio device, the MCKOE position of the register
I2SPR is required.

®  Set the 2SMOD bit in the I2SCFGR register to 1 to activate the I2S function, set the 2SSTD[1:0] and
PCMSYNC bits to select the I12S standard used, and set CHLEN to select the number of data bits per
channel. Also set the I2SCFG[1:0] in the SPI I2SCFGR register to select the I2S master mode and direction
(transmitter or receiver).

®  [frequired, the required interrupt function and DMA function can be turned on by setting register CR2.
®  The I2SE bit in the I2SCFGR register must be set to 1.

® Pins WS and CK need to be configured for output mode. If the MCKOE bit in the SPI I2SPR register is
1, the pin MCK is also configured to output mode.

20.3.4.2 Transmission Process
The transmission process starts when 1 half word (16 bits) of data is written to the transmit buffer. It is

assumed that the first data written to the transmit buffer corresponds to the left channel data. When the data
is moved from the transmit buffer to the shift register, the flag bit TXE is set to 1. At this time, the data
corresponding to the right channel should be written into the transmit buffer. The flag bit CHSIDE indicates
which channel the data to be transmitted currently corresponds to. The value of the flag bit CHSIDE is
updated when TXE is 1, so it has meaning when TXE is 1. After the data of the left channel and then the
right channel have been transmitted, it can be regarded as a complete data frame. It is not possible to
transmit only part of the data frame, such as data only for the left channel.

When the first bit of data is sent out, the half-word data is transferred to the 16-bit shift register in parallel,
and then the following bits are sent out from pins MOSI/SD in high-order first. Each time data is moved
from the transmit buffer to the shift register, the flag bit TXE is set to 1, and an interrupt is generated if the
TXEIE bit in the CR2 register is 1.

In order to ensure continuous audio data transmission, it is recommended to write the next data to be
transmitted to the register DATAR before the current transmission is completed. It is recommended to wait
for the flag bit TXE=1 and BSY=0 when the 12S function is to be turned off, and then clear the I2SE bit to
'0".

20.3.4.3 Reception Process
Except for point 3, the configuration steps of the reception process are consistent with the transmission

process (see the aforementioned "transmission process"). It is necessary to select the main reception mode by
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configuring I2SCFG[1:0]. Regardless of the data and channel length, audio data is always received in 16-bit
packets. That is, after the receive buffer is filled up each time, the flag bit RXNE is set to 1, and if the
RXNEIE bit of the register CR2 is 1, an interrupt is generated. Depending on the configured data and
channel length, receiving data from the left or right channel will require 1/2 times to transmit the data to the
receive buffer. The RXNE flag is cleared by reading the DATAR register. CHSIDE is updated after each
reception. Its value depends on the WS signal generated by the I2S unit. If the previous received data has not
been read, and new data is received, that is, an overflow occurs, and the flag bit OVR is set to 1. If the
ERRIE bit in the CR2 register is 1, an interrupt is generated, indicating that an error has occurred. To disable
128, special operations need to be performed to ensure that the 12S module can normally complete the
transfer cycle without starting a new data transfer. The operation process is related to the data configuration
and channel length, and the mode of the audio protocol:

® 16-bit data extended to 32-bit channel length (DATLEN=00 and CHLEN=1), using LSB (low bit)
alignment mode (12SSTD=10)

a) Wait for the penultimate (n-1) RXNE=1;

b) Wait for 17 12S clock cycles (using software delay);

¢) Disable 12S (I2SE=0).
® 16-bit data extended to 32-bit channel length (DATLEN=00 and CHLEN=1), using MSB (high bit)
alignment, 12S or PCM mode (I12SSTD=00, I2SSTD=01 or I2SSTD=11 respectively)

a) Wait for the last RXNE=1;

b) Wait for 1 I2S clock cycle (using software delay);

¢) Disable 12S (I2SE=0).
o For all other combinations of DATLEN and CHLEN, any audio mode selected by I2SSTD, use the
following method to turn off I2S:

a) Wait for the penultimate (n-1) RXNE=1;

b) Wait for one I2S clock cycle (using software delay);

¢) Disable 12S (I2SE=0).
Note: The BSY flag is always low during transmission.

20.3.5 I2S Slave Mode

In slave mode, 12S can be set to transmission and reception mode. The configuration method of the slave

mode basically follows the same process as the configuration of the master mode. In slave mode, no clock is

required from the 12S interface. Both the clock signal and the WS signal are provided by an external master

128 device connected to the corresponding pins. So the user does not need to configure the clock.

The configuration steps are as follows:

®  Set the 2SMOD bit in the I2SCFGR register to activate the I2S function; set 2SSTDJ[1:0] to select the
12S standard used; set DATLEN][1:0] to select the number of data bits; set CHLEN to select the number
of data bits per channel. Set the I2SCFG[1:0] in the I2SCFGR register to select the data direction
(transmitter or receiver) of the 12S slave mode.

®  As needed, set register CR2 to turn on the desired interrupt function and DMA function.

® The I2SE bit in the I2SCFGR register must be set to 1.

20.3.5.1 Transmission Process
The transmission process starts when the external master sends a clock signal, and when the NSS_WS signal

requests data transmission. The slave device must be enabled and the 12S data register must be written before
the external master device can start communication. For the MSB-aligned and LSB-aligned modes of 12S,
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the first data item written to the data register corresponds to the data of the left channel. When the
communication starts, the data is transferred from the transmit buffer to the shift register, and then the flag
bit TXE is set to 1; at this time, the data item corresponding to the right channel should be written into the
12S data register. The flag bit CHSIDE indicates which channel the data to be transmitted currently
corresponds to. Compared to the transmit flow in master mode, in slave mode, CHSIDE depends on the WS
signal from the external master I2S. This means that the slave 12S has to prepare the first data to be sent
before receiving the clock signal generated by the master. A WS signal of 1 means that the left channel is
sent first.

20.3.5.2 Reception Process
Except for point 1, the configuration steps are the same as the transmission process. The master reception

mode needs to be selected by configuring I2SCFGJ[1:0]. Regardless of the data and channel length, audio
data is always received in the form of 16-bit packets, that is, every time the receive buffer is filled, the flag
bit RXNE is set to 1, and if the RXNEIE bit in the I2S_CTLR?2 register is 1, an interrupt is generated.
According to different data and channel length settings, receiving left channel or right channel data will
require 1 or 2 times to transmit data to the receive buffer. CHSIDE is updated every time data is received (to
be read out from DATAR), which corresponds to the WS signal generated by the 12S unit. Reading the

SPI DATAR register will clear the RXNE bit. When the previous received data has not been read out and
new data is received, an overflow occurs, and the flag bit OVR is set to 1; if the ERRIE bit in the register
12S _CTLR2 is 1, an interrupt is generated, indicating that an error has occurred. To turn off the 12S function,
it is necessary to clear the I2SE bit to 0 when the last RXNE=1 is received.

20.3.6 Status Flag

There are 3 status flags for the user to monitor the status of the 12S bus.

20.3.6.1 Busy Flag (BSY)
The BSY flag is set and cleared by hardware (writing this bit has no effect). This flag bit indicates the status

of the I2S communication layer. When this bit is 1, it indicates that I2S communication is in progress, with
one exception: in master receive mode (I2SCFG=11), the BSY flag is always low during reception. Before
the software closes the SPI module, the BSY flag can be used to detect whether the transfer is over, so as to
avoid destroying the last transfer, so it is necessary to strictly follow the procedure below. When a transfer
starts, the BSY flag is set to 1, unless the 12S module is in master receive mode. This flag is cleared when the
transfer ends or when the 12S module is turned off. When communication is continuous, in master transmit
mode, the BSY flag is always high during the entire transfer; in slave mode, between each data item
transmission, the BSY flag goes low within 1 128 clock cycle.

20.3.6.2 TX Buffer Empty Flag (TXE)
When the flag bit is 1, it indicates that the sending buffer is empty, and new data to be sent can be written

into the sending buffer. When there is data in the transmit buffer, the flag bit is cleared to 0. When 128 is
turned off (I2SE bit is 0), this flag is also 0.

20.3.6.3 RX Buffer Not Empty Flag (RXNE)
Setting this flag bit indicates that there is valid data received in the receive buffer. This bit is cleared to 0

when the DATAR register is read.
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20.3.6.4 Channel Side Flag (CHSIDE)
In transmit mode, this flag is refreshed when TXE is high, indicating which channel the data is sent from the

SD pin. If an underflow error occurs in the slave sending mode, the value of this flag is invalid, and the 12S
needs to be turned off and on before restarting the communication. In receive mode, this flag bit is refreshed
when the register DATAR receives data, indicating the channel where the received data is located. Note that
if an error occurs, this flag is meaningless, and 12S needs to be turned off and on again. Under the PCM
standard, no matter the short frame format or the long frame format, this flag has no meaning. If the flag bit
OVR or UDR in the STATR register is 1, and the ERRIE bit in the CR2 register is 1, an interrupt will be
generated. (After the interrupt source has been cleared) The interrupt flag can be cleared by reading the
STATR register.

20.3.7 Error Flag

20.3.7.1 Underrun Flag (UDR)

In the slave transmit mode, if the new data has not been written to the DATAR register when the first clock
edge of the data transfer arrives, this flag will be set to 1. This flag is valid only after the 2SMOD bit of the
register 2SCFGR is set. An interrupt will be generated if the ERRIE bit in register CR2 is 1. This flag is
cleared by reading the STATR register.

20.3.7.2 Overrun Flag (OVR)
If the previous received data has not been read, and new data is received, that is, an overflow occurs, and the

flag is set to 1. If the ERRIE bit of the register CTLR2 is 1, an interrupt is generated to indicate that an error
has occurred. At this time, the content of the receiving buffer will not be refreshed with the new data sent
from the sending device. A read of register DATAR returns the last correctly received data. All other 16-bit
data sent by the sending device after the overflow occurs are lost. This flag is cleared by first reading the
DATAR register and then reading the STATR register.

20.3.8 128 Interrupt

128 has 4 interrupt sources, of which the send buffer is empty and the receive buffer is not empty. These 2
events will set TXE and RXNE respectively, and an interrupt will be generated when the TXEIE and
RXNEIE bits are set respectively. If the previous received data has not been read out, new data is received,
that is, an overflow occurs. If ERRIE is set, an overflow interrupt will be generated; in slave transmit mode,
if the first clock of data transmission When the edge arrives, the new data is still not written to the DATAR
register. If ERRIE is set, an underflow interrupt will be generated.

20.3.9 DMA Features
The way DMA works in I2S mode is exactly the same as in SPI mode except that the CRC function is not

available. Because there is no data transmission protection system in 12S mode.

20.4 Register Description

Table 20-1 SPII1 registers

Name Access address Description Reset value
R16_SPI1_CTLR1 0x40013000 SPI1 control registerl 0x0000
R16 SPI1_CTLR2 0x40013004 SPI1 control register2 0x0000
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R16_SPI1_STATR 0x40013008 SPI1 status register 0x0002
R16_SPI1_DATAR 0x4001300C SPI1 data register 0x0000
R16_SPI1_CRCR 0x40013010 SPI1 polynomial register 0x0007
R16_SPI1_RCRCR 0x40013014 SPI1 receive CRC register 0x0000
R16_SPI1_TCRCR 0x40013018 SPI1 transmit CRC register 0x0000
R16 SPI1 12S CFGR 0x4001301C SPI1 I2S configuration register 0x00
R16_SPI1_HSCR 0x40013024 SPI1 high-speed control register 0x00
Table 20-2 SPI2 registers
Name Access address Description Reset value
R16 SPI2 CTLRI1 0x40003800 SPI2 control registerl 0x0000
R16 _SPI2 CTLR2 0x40003804 SPI2 control register2 0x0000
R16 _SPI2 STATR 0x40003808 SPI2 status register 0x0002
R16_SPI2 DATAR 0x4000380C SPI2 data register 0x0000
R16 _SPI2 CRCR 0x40003810 SPI2 polynomial register 0x0007
R16_SPI2 RCRCR 0x40003814 SPI2 receive CRC register 0x0000
R16_SPI2 TCRCR 0x40003818 SPI2 transmit CRC register 0x0000
R16 SPI2 12S CFGR 0x4000381C SPI2 I2S configuration register 0x00
R16 SPI2 12SPR 0x40003820 SPI2 I2S prescaler register 0x00
R16_SPI2 HSCR 0x40003824 SPI2 high-speed control register 0x00
Table 20-3 SPI3 registers
Name Access address Description Reset value
R16 SPI3 CTLRI1 0x40003C00 SPI3 control registerl 0x0000
R16_SPI3 CTLR2 0x40003C04 SPI3 control register2 0x0000
R16 _SPI3_STATR 0x40003C08 SPI3 status register 0x0002
R16_SPI3 DATAR 0x40003C0C | SPI3 data register 0x0000
R16 _SPI3_CRCR 0x40003C10 SPI3 polynomial register 0x0007
R16_SPI3 RCRCR 0x40003C14 SPI3 receive CRC register 0x0000
R16_SPI3_TCRCR 0x40003C18 SPI3 transmit CRC register 0x0000
R16 SPI3 12S CFGR 0x40003C1C | SPI3 I2S configuration register 0x00
R16 SPI3 I2SPR 0x40003C20 SPI3 I2S prescaler register 0x00
R16_SPI3_HSCR 0x40003C24 SPI3 high-speed control register 0x00
20.4.1 SPI Control Register 1 (SPIx_CTLR1) (x=1/2/3)
Offset address: 0x00
15 14 13 12 11 10 9 8 7 6 5 2 1 0
v o T N [Siser] PFF |onay| SSM | sst [orer| SPE Brizo]  |MET[CTO| R
Bit Name Access Description Reset value

15 BIDIMODE

RW

Unidirectional data mode enable.
1: 1-wire bidirectional mode;
0: 2-wire bidirectional mode.
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14

BIDIOE

RW

Single-line output enable, used in conjunction
with BIDIMODE.

1: Enable output, only send;

0: Disable output, only receive.

13

CRCEN

RW

Hardware CRC check enable, this bit can only be
written when SPE is 0, this bit can only be used in
full duplex mode.

1: Enable CRC calculation;

0: Disable CRC calculation.

12

CRCNEXT

RW

Value of the transmit CRC register after next data
transfer. This bit should be set immediately after
writing the last data to the data register.

1: Send the CRC result;

0: Continue to send the data of the data register.

11

DFF

RW

Data frame length, this bit can only be written
when SPE is 0.

1: Use 16-bit data length to send and receive;

0: Use 8-bit data length for transmission and

reception.

10

RXONLY

RW

Rx only in 2-wire mode. It is used in conjunction
with BIDIMODE. Setting this bit allows the
device to only receive and not transmit.

1: Receive only, simplex mode;

0: Full-duplex mode.

SSM

RW

CS pin management, this bit determines whether
the level of the NSS pin is controlled by hardware
or software.

1: Software control NSS pin;

0: Hardware controls NSS pin.

SSI

RW

CS pin control. When SSM is set, this bit
determines the level of the NSS pin.

1: NSS is high level;

0: NSS is low.

LSBFIRST

RW

Frame format control. This bit cannot be modified
during communication.

1: Send LSB first;

0: Send MSB first.

SPE

RW

SPI enable.
1: Enable SPI;
0: Disable SPI.

[5:3]

BR[2:0]

RW

Baud rate setting domain, this domain cannot be

modified during communication.

000: FPCLK/2;
010: FPCLK/S;
100: FPCLK/32;
110: FPCLK/128;

001: FPCLK/4;
011: FPCLK/16;
101: FPCLK/64;

111: FPCLK/256.

.8
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Master/slave setting. It cannot be modified during
communication.

2 MSTR RW i 0b
1: Configure as the master device;

0: Configured as a slave device.

Clock polarity selection. It cannot be modified
during communication.

1 CPOL RW _ o 0
1: In idle state, SCK remains high;

0: In idle state, SCK remains low.

Clock phase setting. It cannot be modified during
communication.

0 CPHA RW |1: Data sampling starts from the second clock 0
edge;

0: Data sampling starts from the first clock edge.

20.4.2 SPI Control Register 2 (SPIx_CTLR?2) (x=1/2/3)
Offset address: 0x04

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

Reserved T>]E:EI Igl%\] EI]{ERI Reserved |SSOE 11“\;[(/1&) Rl\f\)
EN | EN
Control Register 2
Bit Name Access Description Reset value
[15:8] |Reserved RO [Reserved 0
Transmit buffer empty interrupt enable. Setting
7 TXEIE RW |[this bit allows an interrupt to be generated when 0
TXE is set.
Receive buffer not empty interrupt enable. Setting
6 RXNEIE RW |[this bit allows an interrupt to be generated when 0
RXNE is set.
Error interrupt enable. Setting this bit enables an
5 ERRIE RW |interrupt to be generated when an error occurs 0
(CRCERR, OVR, MODF).
[4:3] |Reserved RO [Reserved 0

SS output enable. Disable SS output to work in
multi-master mode.

2 SSOE RW 0
1: Enable SS output;

0: Disable SS output in master mode.

Transmit buffer DMA enable.

1 TXDMAEN RW |1: Enable transmit buffer DMA; 0
0: Disable transmit buffer DMA.
Receive buffer DMA enable.

0 RXDMAEN RW [1: Enable receive buffer DMA; 0

0: Disable receive buffer DMA.
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20.4.3 SPI Status Register (SPIx_STATR) (x=1/2/3)
Offset address: 0x08

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

MOD| CRC CHSI

Reserved BSY | OVR UDR TXE

Bit Name Access Description Reset value
[15:8] |Reserved RO |Reserved 0
Busy flag. Set and reset by hardware.

1: SPI is communicating, or the transmit buffer is
7 BSY RO 0
not empty;

0: SPI is not communicating.

Overflow flag. Set by hardware, and reset by
software.

6 OVR RO 0
1: An overflow error occurred;

0: No overflow error occurred.

Mode error flag. Set by hardware, and reset by
software.

5 MODF RO 0
1: A mode error occurred;

0: No mode error occurred.

CRC error flag. Set by hardware, and reset by
software.

1: The received CRC value is inconsistent with the
4 CRCERR RWO 0
RCRCR value;

0: The received CRC value is the same as the
RCRCR value.

Underflow flag. Set by hardware, and reset by

software.
3 UDR RO 0
1: Underflow occurs;

0: Underflow has not occurred.

Channel. Set by hardware and reset by software.
1: The left channel needs to be transmitted or
2 CHSID RO |received; 0
0: The right channel needs to be transmitted or
received.

Transmit buffer empty flag.
1 TXE RO |1: The transmit buffer is empty; 1

0: The transmit buffer is not empty.

Receive buffer not empty flag.
1: The receive buffer is not empty;
0: The receive buffer is empty.
Note: Read DATAR and auto-zero.

20.4.4 SPI Data Register (SPIx_DATAR) (x=1/2/3)
Offset address: 0x0C
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DR[15:0]

Bit Name Access Description Reset value

Data register. It is used to store the received data
or pre-store the data to be sent, so the read and
write of the data register is actually a different area
for operations, among which the read pair uses the
receive buffer, and the write corresponds to the
send buffer. Data reception and transmission can
[15:0] |DATAR RW |be 8-bit or 16-bit, and it is necessary to determine 0
how many bits of data to use before transmission.
When using 8 bits for data transmission, only the
lower 8 bits of the data register are used, and the
upper 8 bits are forced to 0 when receiving. Using
the 16-bit data structure will cause all 16-bit data
registers to be used.

20.4.5 SPI Polynomial Register (SPIx_CRCR) (x=1/2/3)
Offset address: 0x10

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

CRCPOLY[15:0]

Bit Name Access Description Reset Value

CRC polynomial. This domain defines the
[15:0] |CRCPOLY[15:0] RW , ) 7
polynomial used for the CRC calculation.

20.4.6 SPI Receive CRC Register (SPIx_RCRCR) (x=1/2/3)
Offset address: 0x14

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

RXCRCJ[15:0]

Bit Name Access Description Reset Value

Rx CRC value. Stores the result of the calculated
CRC check of the received bytes. Setting CRCEN
will reset this register. The calculation method
uses the polynomial used by CRCPOLY. In 8-bit

[15:0] |RXCRCJ[15:0] RO . . . 0
mode, only the lower 8 bits participate in the

calculation, and in 16-bit mode, all 16 bits will
participate in the calculation. This register needs
to be read when BSY is 0.

20.4.7 Transmit CRC Register (SPIx_TCRCR) (x=1/2/3)
Offset address: 0x18
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15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
TXCRC[15:0]
Bit Name Access Description Reset value
Tx CRC value. Stores the calculated result of the
CRC check of the bytes that have been sent.
Setting CRCEN will reset this register. The
calculation method uses the polynomial used by
[15:0] |TXCRC[15:0] RO i ) 0
CRCPOLY. In 8-bit mode, only the lower 8 bits
participate in the calculation, and in 16-bit mode,
all 16 bits will participate in the calculation. This
register needs to be read when BSY is 0.
20.4.8 SPI_I2S Configuration Register (SPI_I2S_CFGR) (x=1/2/3)
Offset address: 0x1C
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved viop|125E | 12scFG [ SOML (RS 15T | ckPOL | DATLEN |G
Bit Name Access Description
[15:12] |Reserved RO |Reserved
12S mode selection, this bit can only be set when SPI or|
128 is disabled.
11 12SMOD RW
1: Select 12S mode;
0: Select SPI mode.
I12S enable, not used in SPI mode.
10 12SE RW |1:12S enabled;
0: I2S disabled.
12S mode selection, this bit can only be set when 128 is
disabled:
00: Slave device transmits;
[9:8] 12SCFG[1:0] RW ) i
01: Slave device receives;
10: Master device transmit;
11: Master device receives.
PCM frame synchronization. This bit is only meaningful
when I2SSTD = 11 (using the PCM standard).
7 PCMSYNC RW .
1: Long frame synchronization;
0: Short frame sync.
6 Reserved RO |Reserved
128 standard selection, this bit can only be set when 12S
is disabled.
00: I2S Philips standard;
[5:4] 12SSTD[1:0] RW _ _ ,
01: High byte alignment standard (left alignment);
10: Low byte alignment standard (right justified);
11: PCM standard.

.8
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CKPOL

RW

Quiescent clock polarity, for correct operation, this bit
should only be set when 128 is turned off.

1: 128 clock quiescent state is high level;

0: 12S clock quiescent state is low.

[2:1]

DATLEN

RW

Length of the data to be transmitted. For correct
operation, this bit can only be set when 128 is turned off.
00: 16-bit data length;

01: 24-bit data length;

10: 32-bit data length;

11: Not allowed.

CHLEN

RW

Channel length. Only when DATLEN = 00, the write
operation of this bit is meaningful, otherwise the channel
length is fixed to 32 bits by hardware.

1: 32 bits wide;

0: 16 bits wide.

20.4.9 SPI_12S Prescaler Register (SPIx_I2SPR) (x=2/3)
Offset Address: 0x20

15

14

13 12 11

10

8 7 6 5 4 3 2 1 0

Reserved

MCK
OE

ODD

12SDIV[7:0]

Bit

Name

Access

Description

[15:10]

Reserved

RO

Reserved

MCKOE

RW

Master clock output enable, for proper operation, this bit
can only be set when 12S is turned off. This bit is only
used in I2S master mode.

1: Master device clock output enabled;

0: Master clock output disabled.

I12SCFG

RW

Odd coefficient prescaler, for correct operation, this bit
should only be set when 128 is turned off. This bit is only,
used in I2S master mode.

1: Actual division factor = (I2SDIV * 2)+1;

0: Actual division factor = I2SDIV *2.

[7:0]

12SDIV

RW

128 linear prescaler. For proper operation, this bit should
only be set when 128 is turned off. This bit is only used in
12S master mode. Disable setting 12SDIV[7:0] = 0 or
12SDIV[7:0] =1

See Section 19.3.3.

20.4.10 SPI High-speed Control Register (SPIx_HSCR) (x=1/2/3)
Offset address: 0x24

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HSRX
Reserved EN
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Bit Name Access Description
[15:1] |Reserved RO |Reserved
Read enable in SPI high-speed mode (CLK is more than
or equal to 36MHz). This mode is valid only when clock
0 HSRXEN Wo is divided by 2 (BR in CTLR1 = 000). This bit cannot be

read.
1: High-speed read mode enabled;
0: High-speed read mode disabled.

.8
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Chapter 21 USB Full-speed Device Controller (USBD)

The module descriptions in this chapter are applicable to some products of the CH32F2x, CH32V2x and
CH32V3x microcontroller series.

The USBD module is a USB full-speed and low-speed protocol communication controller based on the
USB2.0 full-speed device technical specification. Built-in hardware automatically handles reverse non-return-
to-zero (NRZI) encoding/decoding, bit stuffing of physical signals. The control can drive various states of the
USB bus, send and receive protocol packets, and provide functions such as automatic response for flow control

to ensure application processing time.

21.1 Main Features

Compliant with USB2.0 full-speed device specification

Support USB full-speed 12Mbps, low-speed 1.5Mbps mode
Support configuration of 16 transmission channels

Supports endpoint address range 0-15

Support control, interrupt, batch, isochronous transfer
Double-buffered mechanism supporting bulk/isochronous endpoints
USB suspend, wake, resume operation

The hardware automatically performs data PID inversion and transmission flow control

Frame locked clock pulse generation

Note: USBD and CAN controller share a dedicated 512-byte SRAM area for data transmission and reception
in the design, so when using USBD and CAN functions at the same time, this shared area needs to be allocated

reasonably to prevent data conflicts.

21.2 Function Description

21.2.1 Features
The USBD module provides a communication connection that conforms to the USB specification for the data

communication between the USB host (usually a PC) and the microcontroller, and is completed by the
application program and the module hardware when used. The module contains a shared 512-byte dedicated
SRAM area as a USB transceiver data buffer. The actual use range is determined by the number of configured
endpoints and the maximum data packet length of each endpoint, for up to 16 unidirectional or 8 bidirectional
endpoints.

USBD module features include:

® Physical signal encoding/decoding: PID detection of token packets, data packets, and handshake packets
is implemented according to USB specifications, including bit stuffing, CRC generation and verification,
frame header synchronization identification, etc.

® Transaction processing: determine correct transmission and error status, and provide respective flag status
and interrupt notification.

® Bus Suspend/Reset/Wakeup status recognition notification.

® Automatic data packet PID: According to the protocol, perform hardware flipping or locking on the
sending and receiving data packet PIDs of asynchronous endpoints and synchronous endpoints to reduce
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application work.

® Automatic response packet PID: According to the protocol, after a USB transaction is completed, the
status of the response packet will be automatically modified for the asynchronous endpoint to provide
enough processing and preparation time for the application, but it will not affect the physical transmission
and reception on the USB bus.

® Management data sending and receiving: locate the endpoint configuration and buffer description area,
and detect the buffer boundary to prevent overflow. Single-buffer/double-buffer area management,
interrupt reporting priority management by endpoint type, etc.

® Provide general class, endpoint class, buffer description class register configuration.

Applications can:

®  Get the frame interval time point based on USB protocol, bus status: suspended, reset.

® Customize the number of endpoints, endpoint type, endpoint size. Customize the transfer data buffer area.

®  Get the current or suspended endpoint's service for processing.

®  Get error status like bit stuffing, format, CRC, protocol, missing ACK, buffer overflow/buffer not full,
etc.

®  The drive module enters a low power consumption mode.

The USBD module maps USB events to 3 different NVIC or PFIC request lines (3 interrupt numbers are used):

1) USB high-priority interrupts: Can only be triggered by correct transfer events for isochronous and double-
buffered bulk transfers, in order to guarantee maximum transfer rates.

2) USB low priority interrupt: Can be triggered by all USB events (proper transfer, USB reset, etc.).
Firmware should first determine the source of the interrupt before handling the interrupt.

3) USB Wakeup Interrupt: Triggered by a wakeup event from USB suspend mode.

21.2.2 Functional Configuration

1) GPIO Port

Once the USBD module is enabled, the GPIO ports for UDP and UPM are automatically connected to the
internal USB transceiver, and the port settings for its GPIO peripherals are disconnected. Therefore, it is
recommended that the GPIO port be configured to output a low level in a push-pull mode to prevent the USB
device from being notified in advance when the port is in an uncertain state or when the PC host is connected
before the USBD function is turned on.

The USBD module has a built-in 1.5K pull-up resistor in USB device mode, and no external pull-up resistor
is required. For specific configuration, please refer to the description of the configuration extension control
register (EXTEND_CTR).

2) Module initialization
First, the analog part related to the USB transceiver requires a standard 48MHz clock as the reference clock,

which is derived from the AHB bus. The application program needs to ensure that the current USB clock is
48MHz by configuring the corresponding control bit of the clock management logic (RCC_CFGRO register),
and then enable the USB interface clock, so that the program can access the registers of the USBD module.

Second, when the module is forced to reset (the FRES bit in the USBD CNTR register is 1 by default), the
application should initialize the required registers and packet buffer description table. Including: packet bufter
description table address register (USBD BTABLE), endpoint configuration register (USBD EPRx) and
packet buffer description table register. Configure the ADD[6:0] bits in the USBD DADDR register to be 0
(the default address of the USB protocol), and set the EF bit to enable the endpoint transfer function.
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Finally, enable the internal 1.5K pull-up resistor and set the speed mode (EXTEND CTR register), then, clear
the FRES bit on the USBD_CNTR register, cancel the forced reset state of the USBD module to enable the
USBD module, and clear the various status flags in the USBD_ISTR register so that Clear unhandled false
interrupt flags before enabling operation of any other unit. Turn on the required interrupt control bits in the
USBD_CNTR register.

3) USB reset
USB reset includes: USBD module forced reset and USB bus reset (protocol reset). Both will generate the

RESET flag in the USBD ISTR register. When a USB reset occurs, all endpoint communications are disabled
(the USBD module will not respond to any packet transfers). After a USB reset, the USBD module is enabled,
and the USB endpoint also needs to be enabled to respond to the USB host (the EF bit in the USBD DADDR
register is 1). During the enumeration phase of the USB device, the host will assign a unique address to the
device, which must be written into the ADD[6:0] bits in the USBD DADDR register.

Note: The RESET flag comes from the state of the forced reset control bit (FRES) of the USBD module and
the start of the USB bus reset signal.

4) Endpoint configuration and buffer description table

Each endpoint configuration register can configure a bidirectional endpoint single-buffered attribute, or a
unidirectional endpoint double-buffered attribute.

For example: configure the bidirectional endpoint single buffer attribute, endpoint configuration register 3
(USBD_EPRXx), EA[3:0] is 2, then there can exist endpoint 2 upload channel and endpoint 2 download channel
on USB transmission (specifically determined by the descriptor information. ); configure the unidirectional
endpoint double buffer properties (only for bulk endpoints and synchronous endpoints), endpoint configuration
register 3 (USBD_EPRx), EA[3:0] is 2, endpoint type (EPTYPE) is synchronous or bulk endpoint, EP_KIND
bit is 1, then there can exist endpoint 2 upload channel or endpoint 2 downlink channel on USB transmission,
choose 1 of 2, the sending and receiving speed is faster than single buffer, the microcontroller processing and
USBD module physical sending and receiving can be performed synchronously, reducing waiting time.

Note: The USBD module has a built-in conflict arbitration mechanism, which makes the access of the
microcontroller and the USBD module to the packet buffer just like the access to a dual-port SRAM. Even if

the microcontroller accesses the buffer continuously, there will be no access conflict.

Each endpoint configuration register corresponds to a set of buffer description class registers (description table)
and the corresponding data sending and receiving buffer area, they are all located in the shared 512-byte
dedicated SRAM area (base address 0x40006000). Among them, the USBD_BTABLE register defines the
starting address of the buffer description table in the SRAM area, and the data transceiver buffer area can be
located anywhere in the entire dedicated SRAM area, because their addresses and lengths are defined in the
corresponding buffer description table, pay attention to the allocation conflict problem.

Note: When using CAN, the CAN filter table uses the high 256-bytes of the shared 512-byte dedicated SRAM
area and the USB uses the low 256-bytes.
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Figure 21-1 Buffer description table structure

Double buffer mode
Endpoint 3 sends buffer 1
3CH Reserved LOUNT3_TX_1 T
38H Reserved | ADD3_TX_1 A3 Double buffer mode
LEAZ3 i
34H | Reserved LOUNT3 TX g Endpoint 3 sends buffer 0
0x4000 6400 :
30H Reserved | ADD3_TX_0 Double buffer mode
2CH Reserved COUNTO_RX_ Endpoint 1 slends buffer 1
i
28H Reserved | ADD2 RX_1 ||———- !
LEA=T Double buffer mode
24H Reserved COUNTO_RX_| / Endpoint 1 sends buffer 0
20H Reserved | ADD2_RX_0 i
1CH Reserved |COUNT1 RX| ~  ,f Single buffer mode
Endpoint 2 receives buffe
18H Reserved ADD1_RX TR T
— = = —| = — = A2 .
14H Reserved |COUNT1 TX|"~ 7~ | Single buffer mode
Endpoint 2 receives buffe
10H Reserved ADD1_TX T
USBD_BTABLE OCH Reserved |COUNTO_RX i
Base address ———3| Single buffer mode
08H Reserved ADDO_RX ‘o Endpoint 0 receives buffe
B iy S50 T
04H Reserved |COUNTO_TX H
— Single buffer mode
(00H) Reserved ADDO_TX Endpoint0 receives buffer]
0x4000 6000

Offset address

Shared dedicated SRAM

(Valid area: 512 bytes) Buffer Description Table Packet buffer

Whether receiving or sending, the packet buffer is used from the bottom. The USBD module does not change
the contents of other buffers beyond the currently allocated buffer area. If the buffer receives a data packet
larger than itself, it will only receive data up to its own size, and the others will be discarded, that is, a so-
called buffer overflow exception occurs.

1) Endpoint initialization

The first step in initializing an endpoint is to write the appropriate values to the USBD ADDRx TX or
USBD ADDRx_RX registers so that the USBD module can find the data to transmit or a buffer that is ready
to receive data. The EPTYPE[1:0] bits in the USBD_EPRx register determine the basic type of the endpoint,
and the EP_KIND bits determine the special characteristics of the endpoint. As a sender, you need to set the
STAT TX bit of the USBD EPRx register to enable the endpoint, and configure the COUNTx_TX bit to
determine the transmission length. As a receiver, you need to set the STAT RX bit to enable the endpoint, and
set the BL_SIZE and NUM_BLOCK bits to determine the size of the receive buffer to detect buffer overflow
exceptions. For unidirectional endpoints with asynchronous non-double-buffered bulk transfers, only one
register in the transfer direction needs to be set. Once the endpoint is enabled, the application can no longer
modify the value of the USBD EPRx register and the location of  the
USBD ADDRx TX/USBD ADDRx RX, USBD COUNTx TX/USBD COUNTx RX registers, because
these values are modified in real time by the hardware. When the data transfer is completed, the CTR interrupt

will be generated, at this time the above registers can be accessed and new transfers can be re-enabled.

2) IN transaction (transmit data)

When receiving an IN token packet, if the received address is consistent with a configured endpoint address,
and the STAT TX bit in the USBD_EPRx register at this time indicates that it can be sent, the USBD module
will be based on the contents of the buffer description table and the DTOG_TX bit performs packet encoding
to send out packets. If the endpoint corresponding to the received token packet is invalid, a NAK or STALL
handshake packet will be sent according to the STAT TX bit in the USBD_EPRx register instead of a data
packet.
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After receiving the ACK handshake packet responded by the host, the value of the USBD EPRx register is
updated as follows: the DTOG TX bit is toggled, the STAT TX bit is '10' (NAK state), invalidating the
endpoint, and the CTR_TX bit is set. The application needs to identify the USB endpoint that generates the
interrupt through the EP_ID and DIR bits of the USBD ISTR register. The interrupt service routine of the
CTR_TX event needs to clear the interrupt flag first. If you want to continue sending data (which can be
executed whenever data needs to be sent), you need to prepare the data buffer to be sent, and update
COUNTx_TX to the number of bytes to be transmitted next time, and finally set the STAT TXbitto'11' (ACK,
the endpoint is valid) to enable data transmission again. When the STAT TX bit is '10' (NAK state), any IN
request sent to the endpoint will be NAKed, and the USB host will resend the IN request until the endpoint
acknowledges that the request is valid.

3) OUT transaction and SETUP transaction (receive data)

The USBD module handles these 2 transactions in basically the same way; when an OUT or SETUP packet is
received, if the received address matches a configured endpoint address, and if the STAT RX bit in the
USBD_ EPRx register at this time indicates that itis ready to receive, the USBD module judges whether the
PID of the received data matches according to the DTOG_RX bit. If it matches, it will access the buffer
description table, find the ADDRx RX and COUNTx_RX registers related to the endpoint, and save the
received data packet (the one received first is the low byte). Go to the address space defined by ADDRx RX
and detect whether the receive overflows the buffer according to the values of BL_SIZE and NUM_BLOCK.
If there are no errors in transmission, send an ACK handshake packet to the host. Even if a CRC error or other
type of error occurs (bit stuffing, framing errors, etc.), the data is saved to the packet buffer, at least until the
data point where the error occurred, it's just that the ACK handshake is not sent, and the USBD_ISTR register
The ERR bit will be set. In this case, the application program usually does not need to intervene in the
processing, and the USBD module will automatically recover from the transfer error and be ready for the next
transfer. If the endpoint corresponding to the received packet is not ready, the USBD module will send a NAK
or STALL handshake packet according to the STAT RX bit in the USBD EPRXx register, and the data will not
be written into the receive buffer.

The value of ADDRx_RX determines the starting address of the receive buffer, and COUNTx_RX determines
the size of the receive buffer (expected effective data length + 2-byte CRC). If the length of the received data
packet exceeds the range of the buffer, the data beyond the range will not be written into the buffer, the USBD
module will report the buffer overflow, send a STALL handshake packet to the host, and set the packet buffer
overflow Logo PMAOVR.

If the transfer is completed correctly, the USBD module will send an ACK handshake packet and write the
number of valid data bytes in the actual received packet into the COUNTx RX register. The values of the
USBD_EPRx registers are updated as follows: the DTOG_RX bit is toggled, the STAT RX bit is '10' (NAK
state) to invalidate the endpoint, and the CTR RX bit is set. The application needs to identify the USB endpoint
that generates the interrupt through the EP_ID and DIR bits of the USBD_ISTR register. The interrupt service
routine of the CTR_RX event must first determine the type of transmission according to the SETUP bit, clear
the interrupt flag bit at the same time, and then read the COUNTx_RX register pointed to by the relevant bufter
description table entry to obtain the total number of bytes transmitted this time, and process the received data.
After processing, the application needs to set the STAT RX bit in USBD EPRx to '11' (ACK state) to enable
the next transmission. When the STAT RX bit is '10' (NAK state), any OUT request sent to the endpoint will
be NAKed, except for the SETUP request (the protocol specifies that the SETUP request must be received
with an ACK handshake). The PC host will continue to resend the NAKed OUT transaction packet until it
receives the endpoint's ACK handshake packet.
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4) Control Transfer

The control (SETUP) transfer must occur on endpoint 0, so it is also called endpoint 0-bit control endpoint.
The control transfer consists of 3 phases, first the SETUP phase in which the host sends a SETUP transaction,
then the data phase in which the host sends zero or more data (IN/OUT transactions), and finally the status
phase, consisting of the data phase in the opposite direction of the data phase.

The SETUP transaction is very similar to the transmission process of the OUT transaction, so the control
endpoint must check the SETUP bit in the USBD_EPRx register every time the CTR_RX interrupt occurs to
identify whether it is a normal OUT transaction or a SETUP transaction. When the host sends a SETUP
transaction, the USBD module will always reply to the ACK handshake packet and receive it, ignoring the
content of STAT RX and DTOG_RX. Then force DTOG_RX and DTOG_TX to be set to DATA1 state, and
set STAT RX and STAT TX to '10' (NAK), to ensure that the application can decide whether the subsequent
transmission is IN or OUT according to the corresponding data in the SETUP transaction. If subsequent data
transmission is rejected or an error occurs, the application can set STAT RX or STAT TX to '01' and respond
to the STALL handshake packet. If the application receives a SETUP transaction and processes it, CTR_RX
remains set at this time, and another SETUP packet is received, the USBD module will discard the SETUP
packet and not give any handshake packet response, in order to simulate a reception error, forcing the host to
send the SETUP packet again, in order to avoid losing another SETUP transaction transmission immediately
following a CTR_RX interrupt.

During the status phase of a control transfer, if an OUT transaction sent by the host to the device is being
performed, then the STATUS OUT bit (EP_KIND in the USBD_EPRXx register) should be set, only then if a
non-zero length of the transfer is received during the status phase data packets, will generate transmission
errors. After completing the status phase transfer, the application should clear the STATUS OUT bit, and set
STAT RX to ACK to indicate that it is ready to receive a new command request, and set STAT TX to NAK
to not accept any data upload requests.

21.2.3 Dual Buffer Mechanism
In the USB protocol standard, the application description of different data transmission methods is carried out.

Among them, bulk transfer is suitable for bulk data transfer between the USB host and the device, and the host
uses as much bandwidth as possible to perform bulk transfer within the frame time. However, this transmission
needs to ensure the correctness and integrity of the data, so the transmission includes the sequence of token
packets, data packets, and handshake packets. Synchronous transmission is suitable for transmitting data at a
constant rate, but has a certain tolerance for errors. It is believed that the transmission can generally be
successful. The host has a fixed bandwidth to perform synchronous transmission in each frame time to ensure
the transmission rate. Therefore, during transmission Contains token packets, data packets in sequence,

without handshake packets to confirm the transmission status and terminate the transmission.

21.2.3.1 One-way Dual-buffered Bulk Endpoint
Bulk transmission, in the single buffer mode, when the application processes the previous data transmission

of the batch endpoint, and receives a new data packet, the USBD module will respond to the NAK handshake
packet, so that the PC host will continue to resend the same data packet until the application resets the ACK
handshake. Such retransmissions take up a lot of bandwidth and affect the rate of bulk transfers. Therefore,
the double buffering mechanism is introduced to the bulk endpoint to improve the data transfer rate. In dual
buffering mode, a one-way bulk endpoint has 2 data buffers, that is, the receive buffer and the transmit buffer.
The data flip bit (DTOG _RX or DTOG_TX) is used to select which one of the 2 buffers is currently used, so
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that the application can operate on the other buffer while the USBD module accesses one of the buffers. For
example, when transferring an OUT transaction to a double-buffered bulk endpoint, the USBD module saves
data from the PC host in a buffer while the application can process data in another buffer (for IN transactions,
the case it's the same). In this way, the data processing of the application program is completed by using the
time of receiving or sending data of the USBD module, and the efficiency of USB transmission and reception
is improved. Because 2 buffers are required for a transmission direction, the bulk endpoint that configures the
bidirectional buffer must be configured as a unidirectional endpoint, and its USBD_EPRx register only needs
to set the STAT RX bit (as a double-buffered bulk receive endpoint) or the STAT TX bit (as a double-buffered
endpoint bulk send endpoint). In order to take advantage of double buffering as much as possible and achieve
a higher transfer rate, the flow control of the USBD module to handle double- buffered bulk endpoints is
slightly different from that of other endpoints. It only sets the endpoint to NAK state when there is an access
violation in the buffer, rather than setting the endpoint to NAK state after every successful transfer.

The DTOG_xx bits in the USBD_EPRx register are used to identify the memory buffers currently used by the
USBD module and the application respectively to avoid access conflicts. When configured as a unidirectional
send double buffer endpoint, DTOG _TX identifies the buffer currently used by the USBD module, and
DTOG_RX identifies the buffer currently used by the application; when configured as a unidirectional receive
double buffer endpoint, DTOG RX identifies the buffer currently used by the USBD module area, and
DTOG TX identifies the buffer currently used by the application. We named the USBD module using the
buffer ID as DTOG and the application using the buffer ID as SW_BUF. So the double buffered unidirectional
bulk endpoint identifier is defined as follows:

Table 21-1 Buffer ID
Bufter Flag Transmission endpoint Reception endpoint
DTOG DTOG _TX (USBD_EPRx register bit6) | DTOG_RX (USBD_EPRx register bit14)
SW_BUF | DTOG RX (USBD_EPRx register bit14) | DTOG_TX (USBD_EPRXx register bit6)

Table21-2 Double-buffered bulk endpoint buffer

Endpoint Buffer used by application
DTOG | SW_BUF | Buffer used by USBD module
Type software
0 1 ADDRx_TX 0/COUNTx_TX 0 | ADDRx_TX 1/COUNTx TX 1
IN 1 0 ADDRx_TX_ 1/COUNTx_TX 1 | ADDRx_TX_ 0/COUNTx_TX 0
Endpoint | 0 0 Set endpoint in NAK state ADDRx TX 0/COUNTx _TX 0
1 1 Set endpoint in NAK state ADDRx TX 1/COUNTx TX 1
0 1 ADDRx_RX 0/COUNTx RX 0 | ADDRx RX 1/COUNTx RX 1
OuUT 1 0 ADDRx RX 1/COUNTx RX 1 | ADDRx RX 0/COUNTx RX 0
Endpoint | 0 0 Set endpoint in NAK state ADDRx RX 0/COUNTx_RX 0
1 1 Set endpoint in NAK state ADDRx RX 1/COUNTx RX 1

To configure a double-buffered bulk endpoint, the application needs to set the EPTYPE[1:0] bits in the
USBD_EPRx register to '00' and the EP_KIND bit to 'l'. The DTOG and SW_BUF bits are initialized
according to the buffer used at the beginning of the transfer. After each successful transfer, the USBD module
will operate according to the flow control of the double-buffered bulk endpoint and will continue until
EP_KIND becomes invalid. At the end of each transfer, either the CTR _RX bit or the CTR _TX bit will be set,
depending on the endpoint's transfer direction. At the same time, the hardware will set the corresponding
DTOG_xx bit (flip) and implement buffer exchange. If there is no buffer access conflict between the USBD
module and the application (i.e. DTOG and SW_BUF are the same value, see Table 154), the status value of
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the STAT xx bit is maintained, otherwise it will be set to '10"' (NAK status). So after the application accesses
the buffer, it needs to flip the SW_BUF bit to notify the USB module that the block buffer has become available.

21.2.3.2 Sync Endpoint
Isochronous transmission is generally used to transmit audio streams, compressed video streams, and other

data that have strict requirements on data transmission rates. The endpoint that performs the isochronous
transfer is the isochronous endpoint. The USB host will allocate a fixed bandwidth to the synchronous endpoint
for IN transaction or OUT transaction transmission in each frame time, and there is no retransmission
mechanism, no handshake protocol, and the PID of the transmitted data packet is fixed as DATAO, and DATAO
and DATA1 data rollover mechanism (appears in control/bulk/interrupt transfers)will not appear.

Because there is no handshake mechanism in synchronous transmission, the STAT RX bit and STAT TX bit
in the USBD_EPRx register can only be set to '00' (transmission disabled) and '11' (running transmission)
respectively. Isochronous transfers use a double buffering mechanism to simplify the software process. It also
uses 2 buffers to ensure that while the USB module is using one of the buffers, the application can access the
other. Different from the double-buffering mechanism of one-way batch endpoints, synchronous endpoints
have fixed time intervals and fault tolerance for transmission in the USB standard, so the USBD module does
not judge the conflict with the application buffer, and only uses the DTOG bit to identify its current status. The
buffer used (DTOG_RX bits in the USBD EPRx register are used to identify the receive sync endpoint, and
DTOG_TX bits are used to identify the transmit sync endpoint).

Table 21-3 Sync endpoint bufter ID

Endpoint .
Type DTOG Buffer used by USBD module Buffer used by application software
IN 0 ADDRx_TX 0/COUNTx_TX 0 ADDRx TX 1/COUNTx_TX 1
endpoint 1 ADDRx_TX_ 1/COUNTx TX 1 ADDRx_TX_0/COUNTx_TX 0
OUT 0 ADDRx_RX_0/COUNTx_RX 0 ADDRx_RX_1/COUNTx RX 1
endpoint 1 ADDRx_RX_1/COUNTx RX 1 ADDRx_RX_0/COUNTx_RX 0

To configure a synchronous endpoint, the application needs to set the EPTYPE[1:0] bits in the USBD EPRx

register to '10". The DTOG bits are initialized according to the buffer used at the beginning of the transfer.

After each successful transfer, either the CTR _RX bit or the CTR_TX bit will be set, depending on the

endpoint's transfer direction. At the same time, the hardware will set the corresponding DTOG_xx bits (flipped)
to implement the buffer swap, but will not change the expected or sent packet PID (fixed to DATAO). The

STAT RX or STAT TX bits do not change. In synchronous transmission, even if a CRC error or buffer

overflow occurs in the OUT transaction, the transmission is still considered correct, and the CTR _RX interrupt

event can be triggered. However, when a CRC error occurs, the hardware will set the ERR bit of the USB_ISTR

register to remind the application Program data may be corrupted.

21.2.4 Suspend/Wake Process
A bus state is defined in the USB standard - SUSPEND. If the USB bus does not have any activity within 3ms,

it enters the suspended state. In this state, the current provided on the USB bus will be reduced (low-speed
devices generally do not exceed 500uA, and high-speed devices or devices that support remote wake-up
function generally do not exceed 2.5mA). This current limit is critical for bus-powered USB devices, while

self-powered devices do not need to strictly adhere to such current consumption limits.

Under normal working conditions, the USB host will send SOF packets at 1ms intervals, so if the USBD
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module detects 3 consecutive SOF packet loss events, it can determine that the host has issued a suspend
request. At this time, it will set the USBD ISTR register. The SUSP bit, if enabled, also triggers pending
interrupts. The USBD module will continuously detect the suspend state of the bus and update the SUSP bit
(clearing the SUSP bit flag will still be set again by hardware when the bus is in the suspend state). So when
the application receives the USB bus suspend event, it needs to perform the following process:

Set the FSUSP bit in the USBD_CNTR register to 1 to shield the hardware suspend state detection and prevent
the suspend event from being triggered continuously.

Eliminate or reduce quiescent current consumption of modules other than the USBD module.

Set the LPMODE bit in the USBD_CNTR register to 1 to put the USBD module in a low-power operating
state, but still detect the bus wake-up signal.

The external oscillator and PLL can optionally be turned off to stop any activity on the device.

A USB device or host in a suspend state will be woken up by a wake-up sequence. The so-called wake-up
sequence can be initiated by the USB host to wake up the suspended USB device, or it can be triggered by the
USB device to wake up the suspended USB host, but the wake-up sequence is finally ended by the USB host.
In addition, as a suspended USB device, it needs to be able to detect the function of the RESET signal (bus
reset) and perform it as a normal reset operation.

After the suspended USBD module receives the wake-up signal, it will trigger a WKUP interrupt event
(channel 42), and set the WKUP bit in the USBD _ISTR register to 1 to automatically clear the LPMODE bit.
When the application receives the USB wakeup event, it needs to perform the following process:

Clear the FSUSP bit in the USBD_CNTR register and restart the suspend state detection function of the USB
bus;

The external oscillator and PLL can be optionally activated.

Query the RXDP and RXDM bits of the USBD_FNR register to determine what triggers the wake-up event
and execute the corresponding software operation.

The USBD module can issue a wake-up sequence to wake up a suspended USB host. In this case, first set the
RESUME bit in the USBD_CNTR register to 1, and then clear it to 0 between 1ms-15ms to start the wake-up
sequence. After the RESUME bit is cleared, the wake-up process will be done by the host PC (this sequence
will continue after the USB host wakes up to wake up other mounted USB devices). The application can query
the RXDP and RXDM bits of the USBD FNR register to determine whether the wake-up is complete.

Note: The RESUME bit can only be set when the USBD module is set to suspend state (set the FSUSP bit in
the USB_CNTR register to 'l').

Table 21-4 USB Bus Status

RXDP | RXDM Condition USB bus status
0 0 >10ms Bus reset
0 : >1ms (full-speed device) Wake-up sequence begins
>3ms (low-speed device) Suspended state
: 0 >3ms (full-speed device) Suspended state
>1ms (low-speed device) Wake-up sequence begins
1 1 - Bus error (or disturbance)

21.3 Register Description

The USBD module has the following 3 types of registers:

® Common registers: USBD module control, interrupt related, base address 0x40005C00.

® Endpoint-specific registers: related to endpoint configuration, transmit/receive status, base address
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0x40005C00.

® Buffer description register: related to the data transmit/receive buffer, the base address is 0x40006000.

Table 21-5 USBD common registers

Name Access address Description Reset value
R16 USBD CNTR 0x40005C40 | USB control register 0x0003
R16 USBD ISTR 0x40005C44 | USB interrupt status register 0x0000
R16 USBD_FNR 0x40005C48 | USB frame number register 0x0XXX
R16_USBD DADDR 0x40005C4C | USB device address register 0x0000
USB packet buffer description table
R16 USBD BTABLE 0x40005C50 0x0000

address register

Table 21-6 USBD endpoint-specific registers

Name Access address Description Reset value
R16 USBD_EPRO 0x40005C00 | USB endpoint configuration registerQ 0x0000
R16 USBD EPRI1 0x40005C04 | USB endpoint configuration register1 0x0000
R16 USBD_EPR2 0x40005C08 | USB endpoint configuration register2 0x0000
R16_USBD_EPR3 0x40005C0O0C | USB endpoint configuration register3 0x0000
R16 USBD_EPR4 0x40005C10 | USB endpoint configuration register4 0x0000
R16_USBD_EPRS5 0x40005C14 | USB endpoint configuration register5S 0x0000
R16_USBD_EPR6 0x40005C18 | USB endpoint configuration register6 0x0000
R16 _USBD_EPR7 0x40005C1C | USB endpoint configuration register7 0x0000
Table 21-7 USBD buffer description registers
. Reset
Name Access address Description
value
Endpoint transmit buffer address
R16 USBD ADDRO TX | 0x40006000+{USBD BTABLE] ) 0x0000
- register 0
Endpoint transmit byte count
R16 USBD COUNTO TX | 0x40006004+[USBD BTABLE] ) 0x0000
register0
Endpoint receive buffer address
R16 USBD ADDRO RX | 0x40006008+[USBD BTABLE] ) 0x0000
register0
Endpoint Received Data Bytes
R16_USBD COUNTO RX | 0x4000600C+[USBD BTABLE] ) 0x0000
- Register 0
Endpoint transmit buffer address
R16 USBD ADDRI TX | 0x40006010+{USBD BTABLE] ) 0x0000
- - - - registerl
Endpoint transmit byte count
R16 USBD COUNTI1 _TX | 0x40006014+{USBD BTABLE] ) 0x0000
registerl
Endpoint receive buffer address
R16 USBD ADDRI RX | 0x40006018+[USBD BTABLE] ) 0x0000
- - - - registerl
Endpoint receive byte count
R16 USBD COUNTI1 RX | 0x4000601C+[USBD BTABLE] ) 0x0000
registerl
Endpoint transmit buffer address
R16 USBD ADDR2 TX | 0x40006020+[USBD BTABLE] ) 0x0000
register2
R16 USBD COUNT2 TX | 0x40006024+[USBD BTABLE] | Endpoint transmit byte count | 0x0000
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register2

Endpoint receive buffer address

R16 USBD ADDR2 RX | 0x40006028+[USBD BTABLE] ) 0x0000
- - - - register2
Endpoint receive byte count
R16 USBD COUNT2 RX | 0x4000602C+[USBD BTABLE] ) 0x0000
register2
Endpoint transmit buffer address
R16 USBD ADDR3 TX | 0x40006030+[USBD BTABLE] ) 0x0000
register3
Endpoint transmit byte count
R16_USBD COUNT3_TX | 0x40006034+USBD BTABLE] ) 0x0000
register3
Endpoint receive buffer address
R16 USBD ADDR3 RX | 0x40006038+{USBD BTABLE] ) 0x0000
register3
Endpoint receive byte count
R16_USBD COUNT3 RX | 0x4000603C+[USBD BTABLE] , 0x0000
- register3
Endpoint transmit buffer address
R16 USBD ADDR4 TX | 0x40006040+[USBD BTABLE] ) 0x0000
- register4
Endpoint transmit byte count
R16 USBD COUNT4 TX | 0x40006044+[USBD _BTABLE] ) 0x0000
register4
Endpoint receive buffer address
R16 USBD ADDR4 RX | 0x40006048+{USBD BTABLE] ) 0x0000
register4
Endpoint receive byte count
R16 USBD COUNT4 RX | 0x4000604C+[USBD BTABLE] ) 0x0000
register4
Endpoint transmit buffer address
R16 USBD ADDRS5 TX | 0x40006050+[USBD BTABLE] ) 0x0000
registerS
Endpoint transmit byte count
R16 USBD COUNTS TX | 0x40006054+[USBD BTABLE] ) 0x0000
register 5
Endpoint receive buffer address
R16 USBD ADDR5 RX | 0x40006058+[USBD BTABLE] ) 0x0000
registerS
Endpoint receive byte count
R16 USBD COUNTS RX | 0x4000605C+USBD BTABLE] ) 0x0000
registerS
Endpoint transmit buffer address
R16 USBD ADDR6 TX | 0x40006060+[USBD BTABLE] ) 0x0000
register6
Endpoint transmit byte count
R16_ USBD COUNT6 TX | 0x40006064+[USBD BTABLE] ) 0x0000
register6
Endpoint receive buffer address
R16_ USBD ADDR6 RX | 0x40006068+USBD BTABLE] ) 0x0000
register6
Endpoint receive byte count
R16_USBD COUNT6 RX | 0x4000606C+[USBD BTABLE] , 0x0000
- register6
Endpoint transmit buffer address
R16 USBD ADDR7 TX | 0x40006070+[USBD BTABLE] ) 0x0000
- register?
Endpoint transmit byte count
R16_USBD COUNT7_TX | 0x40006074+USBD _BTABLE] ) 0x0000
register?
Endpoint receive buffer address
R16 USBD ADDR7 RX | 0x40006078+{USBD BTABLE] ) 0x0000
register?
Endpoint receive byte count
R16 USBD COUNT7 RX | 0x4000607C+[USBD BTABLE] 0x0000

register?

Note: The above buffer description class registers and endpoint configuration registers are used
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correspondingly. For example: USB endpoint configuration register 0 corresponds to endpoint sending buffer
addpress register 0, endpoint sending data byte count register 0, endpoint receiving buffer address register 0,
endpoint receiving data byte count register 0.

21.3.1 USB Control Register (USBD_CNTR)
Offset address: 0x40

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

CTR | PMA | ERR |WKU|SUSP|RESET| SOF |ESOF RESU |FSUS| LP |PDW

M |ovRM M |PM | M | M [ M [ ™M Reserved ME | P [mopH N [FRES
Bit Name Access Description Reset
value

Correct transfer interrupt enable:
1: Enable the correct transfer (CTR) interrupt, and generate

15 CTRM RW |an interrupt when the corresponding bit of the interrupt| 0
register is set to 1;
0: Correct transfer (CTR) interrupt is disabled.
Packet buffer overflow interrupt enable:
1: Enable PMAOVR interrupt and generate an interrupt

14 PMAOVRM RW |when the corresponding bit of the interrupt register is setto| 0

L;
0: Disable PMAOVR interrupt.

Error interrupt enable:

1: Enable error interrupt, and generate an interrupt when
13 |ERRM RW L . o 0
the corresponding bit of the interrupt register is set to 1;

0: Disable error interrupt.

Wake-up interrupt enable:

1: Enable wake-up interrupt and generate an interrupt when
12 |WKUPM RW L . . 0
the corresponding bit of the interrupt register is set to 1;

0: Disable wake-up interrupt.

Pending interrupt enable:

1: Enable suspend (SUSP) interrupt, and generate an
11 SUSPM RW |interrupt when the corresponding bit of the interrupt| 0
register is set to 1;

0: Suspend (SUSP) interrupt disabled.

USB reset (bus reset or forced reset) interrupt enable:

1: Enable the USB reset interrupt, and generate an interrupt
10 RESETM RW |when the corresponding bit of the interrupt register is setto, 0
1;

0: Disable USB reset interrupt.

Start of Frame (SOF) interrupt enable:

1: Enable SOF interrupt and generate an interrupt when the
9  |SOFM RW - . . 0
corresponding bit of the interrupt register is set to 1;
0: Disable SOF interrupt.

Time frame first missing interrupt enable:

8 ESOFM RW ) ) 0
1: Enable the ESOF interrupt, and generate an interrupt
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when the corresponding bit of the interrupt register is set to
1;

0: Disable ESOF interrupt.

[7:5] |Reserved RO [Reserved 0

Wake-up request control:

1: output wake-up signal;
0: idle state.

4 RESUME RW |According to the USB protocol, if this bit remains valid] 0
within 1ms to 15ms, the host will wake up the USBD
module.

Note: This bit can only be set when the FSUSP bit is 1.

Mask suspend detection control:

1: Mask bus suspend state detection. At this time, the clock
and static power consumption of the USB analog
transceiver are still maintained. If you need to enter a low-
power state (bus-powered device), you need to set FSUSP
3 FSUSP RW (first and then set LPMODE. 0
0: Enable bus pending state detection.

Note: When there is no data communication (including
SOF) on the USB bus for 3ms, the SUSP interrupt will be
triggered. At this time, the software must set this bit,
otherwise the SUSP interrupt will always be triggered.

Low-power mode control:

This mode is used to reduce power consumption in USB
suspend state. In this mode, except for the power supply of]
the external pull-up resistor, other static power
consumption is turned off, and the system clock will be
2 LPMODE RW i 0
stopped or reduced to a certain frequency to reduce power
consumption. Activity on the USB bus (wakeup event) will
clear this bit (can also be cleared by software).

1: low-power mode;

0: Not in low-power mode.

Power down mode:

It is used to completely shut down the USB module. The
1 PDWN RO |USB module cannot be used when this bit is set. 1
0: Get out of power down mode;
1: Get into power down mode.

Force USB reset control:

1: Forcibly reset the USBD module. The USBD module
will remain in reset until software clears this bit. If the USB
0 FRES RW ) ) . . 1
reset interrupt is enabled, a reset interrupt will be
generated;

0: Clear USB reset.

21.3.2 USB Interrupt Status Register (USBD_ISTR)
Offset address: 0x44
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

cTR |"NAO| ERR |WEV|SUSP|RESET| SOF |ESOF|  Reserved DIR EP_ID[3:0]
g . Reset
Bit Name Access Description
value

Correct transfer status. This bit is set by hardware after the
endpoint has correctly completed a data transfer. The
15 |CTR RO . - : . 0
application can identify which endpoint completed the
correct data transfer through the DIR and EP_ID bits.

Packet buffer overflow flag.

This bit is set by hardware when the microcontroller has
not responded to a request to access the USB packet buffer
for an extended period of time. The USBD module usually
sets this bit when an ACK handshake packet is not sent
during reception, or a bit stuffing error occurs during
transmission, in both cases the host will require data
retransmission. PMAOVR interrupts are not generated
14 PMAOVR RWO , , , . 0
during normal data transfers. Since the failed transmission
will be retransmitted by the host, the application can
accelerate other operations of the device in this interrupted
service routine and prepare for retransmission. But this
interrupt will not be generated in isochronous transmission
(isochronous  transmission  does  not  support
retransmission) so data may be lost.

This bit is readable, write 0 to clear, write 1 to void.

Error flag, this bit is set by hardware when the following
erTors OCCur:

NANS: No response. The host's reply timed out.

CRC: Checksum error. There is an error in the CRC check
in the USB packet.

BST: Bit stuffing error. A bit stuffing error was detected in
the USB data bits.

FVIO: Frame format error. Received non-standard frame
(like EOP at wrong moment, wrong token, etc.).

13 ERR RWO |USB applications can usually ignore these errors because| 0
both the USBD module and the host initiate a
retransmission mechanism when an error occurs. The
interrupt generated by this bit can be used in the
development phase of the application program, and can be
used to monitor the transmission quality of the USB bus
and identify possible errors that may occur to the user
(loose  connection cable, severe environmental
interference, damaged USB cable, etc.).

This bit is readable, write 0 to clear, write 1 to void.

12 WKUP RWO |Wake-up signal flag: 0
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When the USBD module is in suspend state, this bit will be
set by hardware if a wake-up signal is detected. At this
time, the LP_ MODE bit of the CTLR register will be
cleared to 0, and the FSUSP bit needs to be cleared by
software to enable the suspension detection. At the same
time USB_WAKEUP is activated, notifying other parts of]
the device (such as the wake-up unit) that the wake-up
process will begin.

This bit is readable, write O to clear, write 1 to void.

11

SUSP

RWO

Bus suspend flag:

This bit is set by hardware when there is no signal
transmission on the USB line for more than 3ms.

After the USB reset (bus reset or forced reset) is cancelled,
the hardware immediately enables the detection of the
suspend signal, but in the suspend mode (FSUSP=1) the
hardware will not detect the suspend signal again until the
wake-up process ends.

This bit is readable, write O to clear, write 1 to void.

10

RESET

RWO

USB reset (bus reset or forced reset) flag:

This bit is set by hardware when the USBD module detects
an edge of the USB bus reset signal or a forced reset state.
At this time, the USBD module will reset the internal
protocol state machine and respond by triggering a reset
interrupt when the interrupt is enabled. The transmit and
receive parts of the USBD module will be disabled until
this bit is cleared. All configuration registers are not reset
unless they are cleared by the application. This is used to
ensure that the USB transfer can be performed correctly
immediately after the reset is reversed. However, the
device's address and endpoint registers are reset by a USB
reset.

This bit is readable, write O to clear, write 1 to void.

SOF

RWO

Start of Frame (SOF) flag:

This bit is set by hardware when the USBD module detects
a SOF packet on the bus. The interrupt service routine can
complete the 1ms synchronization with the host by
detecting the SOF event, and correctly read the updated
content of the register when it receives the SOF (this
function is very meaningful during synchronous
transmission).

This bit is readable, write O to clear, write 1 to void.

ESOF

RWO

Expected start of frame (ESOF) flag:

This bit is set by hardware when the USBD module does
not receive the SOF packet on time. The host should send
a SOF packet every millisecond, but if the USBD module
does not receive it, the suspend timer will trigger this
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interrupt. If the ESOF interrupt occurs 3 times in a row, that
is, the SOF packet is not received 3 times in a row, a SUSP
interrupt will be generated.

This bit is readable, write O to clear, write 1 to void.

[7:5]

Reserved

RO

Reserved

DIR

RO

Transaction data transfer direction. This bit is written by
hardware according to the transfer direction after
completing the data transfer and generating an interrupt.
If DIR=0, the CTR _TX bit of the corresponding endpoint
is set, marking the completion of an IN transaction (data
transfer from the USBD module to the PC host).

If DIR=1, the CTR_RX bit of the corresponding endpoint
is set, marking the completion of an OUT transaction (data
transfer from the PC host to the USBD module). If the
CTR_TX bit is also set at the same time, it indicates that
there are both pending OUT and IN transactions.

The application can use this information to access the
operation corresponding to the USBD_EPnR bit, which
indicates the information of the pending interrupt transfer
direction.

[3:0]

EP_ID[3:0]

RO

Endpoint ID.

These bits are written by hardware according to the
endpoint ID requested to be interrupted after the USBD
module completes the data transfer and generates an
interrupt. If there are multiple endpoint request interrupts
at the same time, the hardware writes the endpoint ID with
the highest priority. The priorities of endpoints are defined
as follows: isochronous and double-buffered bulk
endpoints have high priority, other endpoints have low
priority. If multiple endpoints of the same priority request
an interrupt, the priority is determined according to the
endpoint ID, that is, endpoint O has the highest priority, and
the smaller the endpoint ID, the higher the priority.

The application can process the interrupt request of the
endpoint sequentially through the above-mentioned

priority policy.

21.3.3 USB Fame Number Register (USBD_FNR)
Offset address: 0x48

15

14

13 12 11

10

RXD
P

RXD
M

LCK | LSOF[1:0]

Bit

Name

Access

Description

Reset
value
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15 RXDP RO |D+ data line level status. 0
14 RXDM RO |D- data line level status.

SOF packet count stop lock.

The USBD module will detect SOF packets after the reset
or wake-up sequence, if at least 2 SOF packets are detected
13 LCK RO |consecutively, the hardware will set this bit. Once this bit| 0
is locked, the frame counter will stop counting and will not

resume counting until the USBD module is reset or the bus
is suspended.

Frame loss flag.

When an ESOF event occurs, the hardware will write the
[12:11] |LSOF[1:0] RO . X
number of lost SOF packets to this field. If the SOF packet

is received again, this field is cleared.

Frame number.

This field is the 11-bit frame number in the most recently
received SOF packet. Every time the host sends a frame,
[10:0] |FN[10:0] RO ) i ) . X
the frame number will be incremented by itself, which is

very meaningful for synchronous transmission. This field

is updated when a SOF outage occurs.

21.3.4 USB Device Address Register (USBD_DADDR)
Offset Address: 0x4C

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

Reserved EF ADDJ[6:0]
g o Reset
Bit Name Access Description
value
[15:8] |Reserved RO |Reserved 0

USB function enable. This bit is set by the application
when the USB device function needs to be enabled. If this
bit is 0, the USBD module will stop working, ignore the
7 EF RW |settings of all registers, and will not respond to any USB| 0
communication.

1: Enable USB device function;

0: Stop the USB device function.

USB device address.

This field is the address value that the USB host assigns to
the USB device during enumeration. The address value and
[6:0] |ADD[6:0] RW ) i L. 0
the EA bit must match the address information in the USB
token packet in order to perform correct USB transmission

at the specified endpoint.

21.3.5 USB Packet Buffer Description Table Address Register (USBD BTABLE)
Offset address: 0x50
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

BLABLE[15:3] Reserved
g . Reset
Bit Name Access Description
value
Buffer table.

This domain is the base address of the packet buffer
description table. The packet buffer description table is
used to indicate the address and size of the packet buffer of]
[15:3] |BLABLE[15:3] RW |each endpoint, aligned by 8 bytes (i.e. the lowest 3 bits are
000). At the beginning of each transmission, the USBD
module reads the packet buffer description table
corresponding to the corresponding endpoint to obtain the
buffer address and size information.

[2:0] |Reserved RO |Reserved 0

21.3.6 USB Endpoint Configuration Register x(USBD EPRXx) (x=0/1/2/3/4/5/6/7)
Offset address: 0x00 to 0x1C

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

CTR |DTOG| STAT RX |SETU| EPTYPE | EP |CTR |DTOG| STAT TX
RX| RX | [1:0] P [1:00 | KIND| TX| TX | [1:0]

Reset

Bit Name Access Description
value

Correct reception flag (OUT/SETUP).

This bit is set by hardware when an OUT or SETUP
transaction is correctly received (an ACK is sent). If the
CTRM bit is set, the corresponding interrupt will be
generated and the application needs to clear this bit after
handling the event. Whether an OUT transaction or a
15 CTR RX RWO ) ) ) 0
- SETUP transaction was received can be determined by the
SETUP bits below.

This bit is readable, write 0 to clear, write 1 to have no
effect.

Note: This bit is not set for transactions acknowledged with
NAK or STALL or for erroneous transfers.

Expect the next received packet PID (OUT/SETUP),
hardware settings:

1: expect DATAT;

0: expect DATAO.

14 DTOG RX RWIT |For asynchronous endpoints, after receiving the correct] 0
PID packet, the USBD module sends an ACK handshake
packet, and the hardware automatically flips this bit.

For control endpoints, the hardware sets (DATA1) after
receiving the correct SETUP packet.

V1.8 348 WH


https://wch-ic.com

CH32FV2x_V3x Reference Manual https://wch-ic.com

For endpoints with double-buffering attributes, in addition
to automatically flipping this bit to indicate the expected
packet PID, the hardware also supports the exchange of]
double-buffering according to this bit identification (please
refer to the description of the double-buffering
mechanism).

For synchronous endpoints, the hardware does not judge
the PID of the data packet, and only supports the exchange
of double buffers through this bit identification.

This bit is readable, write 0 is invalid, and write 1 flips.
Note: The application can initialize this bit, or toggle this
bit for special purposes.

Status bits indicating data reception (in OUT/SETUP
transactions):

00: DISABLED, the endpoint ignores all receive requests
and does not respond;

01: STALL, the endpoint responds to the request with a
STALL packet;

10: NAK, the endpoint responds to the receive request with
a NAK packet;

11: ACK, the endpoint responds to the receive request with
an ACK packet.

When a correct OUT or SETUP data transfer is completed
(CTR_RX=1), the hardware will automatically set this bit
to the NAK state, so that the application has enough time
[13:12] |STAT RX RWIT ) 0
- to process and respond to the next transaction.

For double-buffered bulk endpoints, due to the use of a
special transfer flow control policy, the transfer state is
controlled according to the buffer state used (see Double-
buffered endpoints).

For isochronous endpoints, hardware will not set this bit
after a proper transfer since the endpoint state can only be
active or disabled.

If this field is set to STALL or NAK, the action that the
USBD module responds to is undefined.

This field is readable, writing O to the bit is invalid, and
writing 1 to flip it.

Note: The application program can initialize the field bits.

SETUP transaction transfer completion flag:

1: It is a SETUP transaction and received correctly (send
11 SETUP RO |ACK response); 0
0: Non-SETUP transaction.

Note: Hardware will only modify this bit when CTR_RX=0.
Transport Endpoint Type:

[10:9] |EPTYPE RW |00: BULK, bulk endpoint; 0
01: CONTROL, control endpoint;
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10: ISO, sync endpoint;

11: INTERRUPT, interrupt endpoint.

Only control endpoints will have SETUP transfers, other
types of endpoints ignore such transfers. SETUP
transmission cannot respond with NAK or STALL packet.
If the control endpoint is in NAK state when receiving the
SETUP packet, the USBD module will not respond to the
request, and a reception error will occur. If the control
endpoint is in the STALL state, the SETUP packet will be
received correctly, the data will be transmitted correctly,
and an interrupt will be generated for the completion of the
correct transmission. The OUT packet of the control
endpoint is handled in the same way as a normal endpoint.
Bulk endpoints and interrupt endpoints are handled in a
very similar way, with the only difference being the
handling of the EP_KIND bit.

Endpoint special type control bits (used with EP_TYPE):

EPTYPE[1:0] EP_KIND

BULK DBL BUF: Enable double buffering.
STATUS OUT: Control the data
CONTROL | packet length judgment in the
transmission status stage.

ISO Unused.
INTERRUTP | Unused.

8 EP_KIND RW DBL BUF: Setting this bit enables double buffering of] 0
bulk endpoints.

STATUS OUT: Setting this bit indicates that the USB
device expects the host to send the status phase transaction
in the control transfer. At this time, the device responds to
the STALL handshake packet for any data packet whose
length is not 0. (This feature is only used for control
endpoints and is useful for providing detection of protocol
layer errors.) If the STATUS OUT bit is cleared, an OUT
transaction in the status phase can contain data of any

length.

Correct transmit flag (IN):

This bit is set by hardware when a correct IN transaction
(ACK received) is complete. If the CTRM bit has been set,
the corresponding interrupt will be generated, and the
7 CTR_TX RWO |application needs to clear this bit after processing the| 0
event. At the end of the IN packet, this bit will not be set if]
the host responds with a NAK or STALL because the data
transfer was unsuccessful.

This bit is readable, write 0 to clear, write 1 to have no
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effect.

Note: This bit is not set if the host responds with a NAK or
STALL.

Packet PID(IN) to send, hardware setting:

1: send DATAT;

0: Send DATAO.

For asynchronous endpoints, after sending the correct PID
packet, if the USBD module receives the ACK handshake
packet from the host, the hardware automatically flips this
bit.

For control endpoints, the hardware sets (DATA1) after
receiving the correct SETUP packet.

For endpoints with double-buffering attributes, in addition
6 DTOG_TX RWIT [to automatically flipping this bit to indicate the PID of the| 0
sent data packet, the hardware also supports the exchange
of double-buffering according to this bit identification
(please refer to the description of the double-buffering
mechanism).

For isochronous endpoints, the hardware forces the
transmission of the data packet DATAO, and this bit
indicates that the exchange of double buffers is supported.
This bit is readable, writing 0 is invalid, and writing 1 flips.
Note: The application can initialize this bit, or toggle this
bit for special purposes.

Status of the transmitted data (in the IN transaction):

00: DISABLED, the endpoint ignores all sending requests

and does not respond;

01: STALL, the endpoint responds to the host IN request
with a STALL packet;

10: NAK, the endpoint responds to the host IN request with
a NAK packet;

11: ACK, the endpoint can send data.

When an IN transaction data transmission is completed
correctly (CTR_TX=1), the hardware will automatically
set this bit to NAK state to ensure that the application has
[5:4] |STAT TX RWIT ) ) 0
- enough time to process and respond to the next transaction
transmission.

For double-buffered bulk endpoints, due to the use of a
special transfer flow control policy, the transfer state is
controlled according to the buffer state used (see Double-
buffered endpoints).

For isochronous endpoints, hardware will not set this bit
after a proper transfer since the endpoint state can only be
active or disabled.

If this field is set to STALL or NAK, the operation that the
USBD module responds to is undefined.
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This field is readable, writing O to the bit is invalid, and
writing 1 to flip it.
Note: The application program can initialize the field bits.

Endpoint address domain (set the endpoint ID):
[3:0] |[EA RW |The application program sets an endpoint address for this| 0
endpoint configuration register.

21.3.7 Endpoint Transmit Buffer Address Register x(USBD ADDRx TX)

(x=0/1/2/3/4/5/6/7)
Offset address: [USBD_BTABLE] + x*16

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

ADDRx_TX[15:1] -

; o Reset
Bit Name Access Description
value
Start address of the data buffer to be sent (in an IN
[15:1] |ADDRx TX RW . 0
- transaction).
0 RZ The address of the buffer must be 2-byte aligned, so this bit 0
must be 0.

21.3.8 Endpoint Transmit Byte Count Register x(USBD COUNTx_TX) (x=0/1/2/3/4/5/6/7)
Offset address: [USBD_BTABLE] + x*16 + 4

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

Reserved COUNTx_TX[9:0]
: o Reset
Bit Name Access Description
value
[15:10] |Reserved RO |Reserved 0
The number of bytes of data length to be sent (in an IN
[9:0] |COUNTx TX[9:0]] RW . 0
transaction).

Note: There are 2 USBD _ADDRx_TX registers and 2 USB_COUNTx_TX registers for double-buffered and
synchronous IN endpoints: USBD ADDRx TX 1 and USBD ADDRx TX 0, USB_COUNTx TX I and
USB_COUNTx_TX 0 respectively, the contents are as follows:

USBD ADDRx_TX is mapped to USBD _ADDRx TX 0

USBD _ADDRx RX is mapped to USBD _ADDRx TX 1

USBD _COUNTx_TX is mapped to USB_COUNTx_TX 0

USBD _COUNTx_RX is mapped to USB_COUNTx_TX 1

21.3.9 Endpoint Receive Buffer Address Register x(USBD_ADDRx_RX) (x=0/1/2/3/4/5/6/7)
Offset address: [USBD BTABLE] +x*16 + 8

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

ADDRx_RX[15:1] -
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g . Reset
Bit Name Access Description
value
Start address of the data buffer to be received (in an OUT
[15:1] |ADDRx RX[15:1] | RW ) 0
- or SETUP transaction).
0 RZ The address of the buffer must be 2-byte aligned, so this bit 0
must be 0.

21.3.10 Endpoint Receive Byte Count Register x(USBD COUNTx_RX) (x=0/1/2/3/4/5/6/7)
Offset address: [USBD BTABLE] +x*16 + 12

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

BLSIZ

. NUM BLOCKJ4:0] COUNTx_RX[9:0]

Reset

Bit Name Access Description
value

Memory block size:

0: The block size is 2 bytes, used with NUM_BLOCK, the
receive buffer range can be allocated 2-62 bytes;

15 BLSIZE RW S i 0
1: The block size is 32 bytes. When used with
NUM_BLOCK, the receive buffer range can be allocated

from 32 to 512 bytes.

NUM_BLOCK
[14:10] [4:0] - RW |The number of memory blocks. 0
[9:0] COUNTx_RX RO The number of bytes of data length actually received by the <
' [9:0] endpoint (in an OUT or SETUP transaction).

Note: There are 2 USBD _ADDRx RX registers and 2 USB_COUNTx_RX registers for double buffer and
synchronous IN endpoints: USBD ADDRx RX 1 and USBD ADDRx RX 0, USB_COUNTx RX 1 and
USB_COUNTx_RX 0 respectively. The contents are as follows:

USBD ADDRx_TX is mapped to USBD _ADDRx RX 0

USBD ADDRx RX is mapped to USBD _ADDRx RX 1

USBD _COUNTx_TX is mapped to USB_COUNTx_RX 0

USBD _COUNTx_RX is mapped to USB_COUNTx_RX 1

The upper 6 bits of the USBD_COUNTx_RX register define the size of the receive packet buffer so that the
USBD module can detect the overflow boundary of the buffer. The size of the buffer can be expressed according
to the parameter maxPacketSize in the endpoint descriptor during the device enumeration process.

Table 20-8 Buffer size definition

Receive Buffer Limit Size
NUM_BLOCK[4:0]
BLSIZE=0 BLSIZE =1
00000 not allowed 32 bytes
00001 2 bytes 64 bytes
00010 4 bytes 96 bytes
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00011 6 bytes 128 bytes
01111 30 bytes 512 bytes
10000 32 bytes Reserved
11110 60 bytes Reserved
11111 62 bytes Reserved
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Chapter 22 USB Host/Device Controller (USBHD)

The module descriptions in this chapter are applicable to some products of the CH32F2x, CH32V2x and
CH32V3x microcontroller series.

22.1 USB Controller Introduction

Embedded USB2.0 controller and USB-PHY, with dual roles of host controller and USB device controller.
When used as a host controller, it supports low-speed, full-speed and high-speed USB devices/rHUBs. When
used as a device controller, it can be flexibly set to low-speed, full-speed or high-speed mode to suit various
applications.

USB Controller features include:

Supports USB Host function and USB Device function.

In the host mode, the downlink port is supported to connect to the high-speed/full-speed HUB.

In device mode, it supports USB2.0 high-speed 480Mbps, full-speed 12Mbps or low-speed 1.5Mbps.
Supports USB control transfer, bulk transfer, interrupt transfer and isochronous/real-time transfer.
Support DMA to directly access the data of each endpoint buffer.

Support suspend, wake-up/remote wake-up.

Endpoint 0 supports data packets with a maximum size of 64 bytes. Except for device endpoint 0, other
endpoints support data packets with a maximum size of 1024 bytes, and all support double buffering.

22.2 Register Description

The USB registers are divided into 3 parts, and some registers are multiplexed in the host and device modes.
® USB global registers

® USB device control registers

®  USB host control registers

22.2.1 Global Register Description

Table 22-1 USBHS registers

Name Access address Description Reset value
R8 USB CTRL 0x40023400 USB control register 0x06
R8 USB_INT _EN 0x40023402 USB interrupt enable register 0
R8 USB DEV_AD 0x40023403 USB device address register 0
R16_USB FRAME NO 0x40023404 USB frame number register 0
R8 USB_SUSPEND 0x40023406 USB suspend register 0
R8 USB_SPPED TYPE 0x40023408 USB current speed type register 0
R8 USB MIS ST 0x40023409 USB miscellaneous status register xx10_1000b
R8 USB INT FG 0x4002340A | USB interrupt flag register 0
R8 USB INT ST 0x4002340B USB interrupt status register 00xx_xxxxb
R16 USB RX LEN 0x4002340C USB receive length register XX
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22.2.1.1 USB Control Register (R§ USB CTRL)

i . Reset
Bit Name Access Description
value
USB operating mode selection:
RB UC HOST
7 -~ - RW 1: Host mode; 0
MODE .
0: Device mode.
USB bus signal transfer rate selection:
RB_UC _SPEED 00: Full-speed;
[6:5] -~ - RW i 0
TYPE 01: High-speed;
10: Low-speed.
USB device enable and internal pull-up resistor
control in device mode:
RB UC DEV P i
4 U gN - - RW 1: Enable USB device transfer and enable 0
- internal pull-up resistor;
0: Not enabled.
Auto suspend enable before USB transfer
completed interrupt flag is not cleared:
1: Automatically suspend before
3 RB UC INT BU RW UIF TRANSFER is cleared, automatically 0
SY respond busy NAK in device mode, and
automatically suspend subsequent transfers in
host mode;
0: Not pause.
USB protocol processor software reset control:
1: Forcibly reset the USB protocol processor
5 RB_UC RESET RW (SIE), which needs to be cleared by software; I
SIE 0: No reset.
After this bit is cleared, PB6/PB7 automatically
switches to USBIO mode.
USB FIFO and interrupt flag clear:
1 RB UC CILR A RW 1: Clear the USB interrupt flag and FIFO, which !
LL needs to be cleared by software;
0: Not clear.
Enable USB DMA, this bit must be set to 1 in
0 RB UC DMA E RW normal transfer mode: 0
N 1: Enable DMA function and DMA interrupt;
0: Disable DMA.
22.2.1.2 USB Interrupt Enable Register (R§ USB INT EN)
g . Reset
Bit Name Access Description
value
USB device mode, receive NAK interrupt:
RB _UIE DEV_NA L.
7 K -7 - RW 1: Enable the corresponding interrupt; 0
0: Disable the corresponding interrupt.
6 RB_UIE ISO_ACT RW | Isochronous transfer starts sending/receiving 0
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data interrupt:
1: Enable the corresponding interrupt;
0: Disable the corresponding interrupt.

SETUP transaction completion interrupt:
RB_UIE SETUP A L
5 CT_ - - RW 1: Enable the corresponding interrupt; 0
0: Disable the corresponding interrupt.

FIFO overflow interrupt:
4 RB_UIE FIFO_OV RW ) i i 0
- - - 1: Enable interrupt;  0: Disable interrupt.

USB host mode, SOF timing interrupt:

1: Enable interrupt;  0: Disable interrupt.
3 RB UIE SOF ACT RW | USB device mode, when enabled, receive SOF 0
packets to generate a transfer completion
interrupt

USB bus suspend or wakeup event interrupt:
2 RB_UIE_SUSPEND RW , , ) 0
-~ 1: Enable interrupt;  0: Disable interrupt.

USB transfer (excluding SETUP transaction)
RB_UIE TRANSFE

1 R RW | complete interrupt: 0

1: Enable interrupt;  0: Disable interrupt.

USB host mode, USB device connect or
RB UIE DETECT RW | disconnect event interrupt: 0
1: Enable interrupt; ~ 0: Disable interrupt.

USB device mode, USB bus reset event
RB_UIE BUS RST RW | interrupt: 0
1: Enable interrupt; ~ 0: Disable interrupt.

22.2.1.3 USB Device Address Register (R16 USB DEV AD)

Bit Name Access Description Reset value
7 Reserved RO Reserved 0
In host mode, it is the address or HUB
RB MASK USB A address of the currently operating USB
[6:0] - - - RW ) 0
DDR device;
In device mode, it is USB own address.

22.2.1.4 USB Frame Number Register (R16 USB FRAME NO)

Reset

Bit Name Access Description
value

Frame number. In host mode, it indicates
the frame number of the SOF packet to be
sent. In device mode, it indicates the frame
number of the currently received SOF
[15:0] | USB_FRAME NO RO . 0
- - packet. Among them, the lower 11 bits are
the effective frame number, and the upper

3 bits are the micro frame number of the

high-speed mode.
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Note: USB_FRAME NO is a 16-bit register, in which the lower 11 bits represent the frame number of the SOF
packet, and the upper 3 bits represent the current micro-frame, which can be used for interrupt,
synchronization/real-time transmission under the operation of high-speed HUB.

22.2.1.5 USB Suspend Register (R§ USB SUSPEND)

g . Reset
Bit Name Access Description
value
[7:6] |Reserved RO |Reserved 0
[5:4] |RB USB LINESTATE RO |PHY Linestate signal X
3 Reserved RO  |Reserved 0
In the suspend state, if a wake-up signal
RB USB_WAKEUP . . o .
2 ST_ - - RO |from the host is received, this bit is set until X
the suspend state is exited.
[1:0] |RB USB SYS MOD RW | Test mode in Host mode 00b

Note: When remote wake-up is required, pull the RB_UH REMOTE _WKUP bit high and then low.

22.2.1.6 USB Speed Type Register (R§ USB SPEED TYPE)

; . Reset
Bit Name Access Description
value
[7:2] Reserved RO Reserved 0

In host mode, it indicates the speed type of
the currently connected device; in device
mode, it indicates the speed type of the
RB_USB_SPEED T ,
[1:0] - - - RO current device; 00b
YPE
00: Full-speed;
01: High-speed;
10: Low-speed.
Note: Different from RB UC SPEED TYPE in the R8 USB CTRL register, RB_ UC SPEED TYPE
represents the expected maximum speed. Assuming that in device mode, set RB_UC SPEED TYPE to high-

speed, when the device is connected to a full-speed host, the actual speed type is full-speed. By querying
R8 USB_SPEED TYPE registers can be known. In host mode, set RB_UC SPEED TYPE to high-speed.
When a full-speed device is connected, the actual communication speed is full-speed, which can be known by
querying the RS USB_SPEED TYPE register.

22.2.1.7 USB Miscellaneous Status Register (R§ USB MIS ST)

Bit Name Access Description Reset
value
SOF packet presage status in USB host
mode:
7 RB_UMS SOF PR RO 1: SOF packet is about to be sent, if there X
ES are other USB packets at this time, it will
be automatically delayed,;
0: No SOF packet is sent.
6 RB _UMS SOF AC RO SOF packet transfer status in USB host X
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mode:
1: SOF packet is being sent;
0: Send complete or idle.

RB_UMS _SIE FRE
E

RO

USB protocol handler free:
1: The protocol device is free;
0: Busy, USB transfer in progress.

RB_UMS R _FIFO
RDY

RO

USB receive FIFO data ready:
1: The receive FIFO is not empty;
0: The receive FIFO is empty.

RB_UMS BUS_RE
SET

RO

USB bus reset:
1: The current USB bus is reset;
0: The current USB bus is not reset.

RB_UMS_SUSPEN
D

RO

USB suspend:

1: The USB bus is in a suspended state, and
there is no USB activity for a period of
time;

0: The USB bus is in a non-suspend state.

RB_UMS_DEV_AT
TACH

RO

USB device attach status for the port in
USB host mode:

1: The port has been connected to a USB
device;

0: The port has no USB device connected.

RB_UMS_SPLIT C
AN

RO

In USB host mode, SPLIT packet transmit
enable:

1: Allow sending SPLIT packets;

0: Disable sending

22.2.1.8 USB Interrupt Flag Register (R§ USB INT FG)

Bit

Name

Access

Description

Reset
value

7

Reserved

RO

Reserved

RB_UIF_ISO_ACT

RO

Synchronous transmission  starts  to
send/receive data interrupt flag, write 1 to
clear:

1: Start sending/receiving data trigger;

0: No event.

Note: For receiving, if the CRCI6 error is
received, UIF TRANSFER will not be
generated, otherwise UIF_TRANSFER will
still be generated after the transaction is

completed.

RB_
UIF_SETUP_ACT

RO

SETUP transaction completion interrupt
flag, write 1 to clear:

1: The SETUP transaction is completed;

0: No event.
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USB FIFO overflow interrupt flag, write 1
4 RB _UIF_FIFO_OV RW to clear: 0
1: FIFO overflow trigger; 0: no event.
SOF timer interrupt flag in USB host mode,
write 1 to clear:
3 RB_UIF_HST SOF RW 1: SOF packet transmission completion 0
trigger;
0: no event.
USB bus suspend or wake-up event
interrupt flag, write 1 to clear:
2 RB_UIF_SUSPEND RW 1: Triggered by USB suspend event or 0
wake-up event;
0: No event.
USB transfer completion interrupt flag,
RB_UIF TRANSFE write 1 to clear:
1 - - RW i i 0
R 1: A USB transfer completion trigger;
0: No event.
In USB host mode, USB device connect or
disconnect event interrupt flag, write 1 to
RB_UIF DETECT RW clear. . ) . 0
-7 1: Detection USB device connection or
disconnection trigger;
0 0: No event.
In USB device mode, USB bus reset event
interrupt flag, write 1 to clear:
RB_UIF BUS RST RW i 0
-~ - 1: USB bus reset event trigger;
0: No event.
22.2.1.9 USB Interrupt Status Register (R§ USB INT ST)
. . Reset
Bit Name Access Description
value
NAK response status in USB device mode,
same as RB U IS NAK:
7 RB _UIS IS NAK RO 1: Respond to NAK during the current USB 0
transfer process;
0: No NAK response.
After the USB transaction is received, the
Toggle of the received data packet and the
set expected value
6 RB_UIS_ TOG_OK RO i 0
- - - Match Status Bits:
1: toggle match;
0: toggle does not match.
In device mode, the token PID identifier of
[5:4] | MASK UIS TOKEN RO ) XXb
- - the current USB transfer transaction.
[3:0] MASK UIS _ENDP RO In device mode, the endpoint number of the | XXXXb
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current USB transfer transaction.

In host mode, the response PID identifier of

the current USB transfer transaction, 0000
MASK UIS H RES RO . ) XXXXb
- T = means the device has no response or timed

out; other values indicate the response PID.

Note: MASK UIS TOKEN is used to identify the token PID of the current USB transfer transaction in USB
device mode: 00 means OUT packet; 01 means SOF packet; 10 means IN packet, 11 means SETUP packet.
MASK UIS H RES is only valid in host mode. In the host mode, if the host sends the OUT/SETUP token
packet, the PID is the handshake packet ACK/NAK/STALL, or the device has no response/timeout. If the host
sends an IN token packet, the PID is the PID of the data packet (DATA0/DATA1) or the PID of the handshake
packet.

22.2.1.10 USB Receive Length Register (R16 USB RX LEN)

Reset

Bit Name Access Description
Value

The current number of data bytes received
[15:0] | R16_ USB RX LEN RO . X
- - - by the USB endpoint

22.2.2 Device Register Description
In USB device mode, the USBHD module provides a total of 16 groups of bidirectional endpoints from

endpoints 0 to 15. The maximum packet length of all endpoints except endpoint 0 is 1024 bytes, and the
maximum packet length of endpoint 0 is 64 bytes.

® Endpoint 0 is the default endpoint, which supports control transmission. Sending and receiving share a
64-byte data buffer.

® Endpoints 1-15 each include a sending endpoint IN and a receiving endpoint OUT, each with an
independent data buffer for sending and receiving, supporting bulk transfer, interrupt transfer and real-
time/synchronous transfer.

® Endpoint 0 has an independent DMA address, which is shared for sending and receiving. Endpoints 1 to
15 each have a DMA address for sending and receiving. By entering the R32 UEPn_ BUF _MOD register, the
mode of the data buffer can be set to double buffer or single buffer. If using double buffer mode, the endpoint
can only use one-way transfers.

® FEach group of endpoints has transceiver control registers R8 UEPn TX CTRL, R8 UEPn RX CTRL
and transmit length registers R16 UEPn T LEN and R32 UEPn_*— DMA (n=0~15), which are used to
configure the synchronization trigger bits of the endpoint, responses to OUT transactions and IN transactions,
and transmit data length, etc.

The USB bus pull-up resistor necessary as a USB device can be set by software at any time to enable or not.
When RB_UC DEV_PU EN in the USB control register R§ USB CTRL is set to 1, the controller is set
according to the speed of RB_UC _SPEED_TYPE, which is the DP/DM pin of the USB bus internally. Connect
a pull-up resistor and enable the USB device function.

When a USB bus reset, USB bus suspend or wake-up event is detected, or when the USB successfully
processes data transmission or data reception, the USB protocol processor will set the corresponding interrupt
flag. If the interrupt enable is turned on, it will also generate corresponding interrupt request. The application
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can query directly or query and analyze the interrupt flag register R8 USB INT FG in the USB interrupt
service routine, and perform corresponding processing according to RB_UIF BUS RST and
RB_UIF SUSPEND; and, if RB_UIF TRANSFER is valid, then it is necessary to continue to analyze the
USB interrupt status register R8 USB INT ST, according to the current endpoint number
MASK UIS ENDP and the current transaction token PID identify MASK UIS TOKEN for corresponding
processing. If the synchronization trigger bit RB_ UEP_R TOG of the OUT transaction of each endpoint is set
in advance, then RB_U TOG _OK or RB_UIS TOG_OK can be used to judge whether the synchronization
trigger bit of the currently received data packet matches the synchronization trigger bit of the endpoint. If the
data is synchronized, the data Valid; if the data is out of sync, the data should be discarded. After each USB
transmission or reception interrupt is processed, the synchronization trigger bit of the corresponding endpoint
should be modified correctly to detect whether the next data packet sent or received next time is synchronously
detected; in addition, setting RB_UEP T TOG AUTO or RB_UEP R TOG AUTO enables automatic
modification of the corresponding synchronization trigger bit (flip or self-decrease) after successful

transmission or successful reception.

The data to be sent by each endpoint is in its own buffer, and the length of the data to be sent is independently
setinR16_UEPn_T LEN; the data received by each endpoint is in its own buffer, but the length of the received
data is in the USB receive length. In the register R16_ USB_RX LEN, it can be distinguished according to the
current endpoint number when the USB receives an interrupt.

Table 22-2 Device registers

Name Access address Description Reset value
R32 UEP_CONFIG 0x40023410 | Endpoint enable configuration register 00000000h
R32 UEP TYPE 0x40023414 | Endpoint type configuration register 00000000h
R32 UEP BUF MOD 0x40023418 | Endpoint buffer mode register 00000000h
R32 UEPO DMA 0x4002341C | Endpoint0 buffer start address xxxxh
R32 UEP1 RX DMA 0x40023420 | Endpointl receive buffer start address xxxxh
R32 UEP2 RX DMA 0x40023424 | Endpoint2 receive buffer start address xxxxh
R32 UEP3 RX DMA 0x40023428 | Endpoint3 receive buffer start address xxxxh
R32 UEP4 RX DMA 0x4002342C | Endpoint4 receive buffer start address xxxxh
R32 UEP5 RX DMA 0x40023430 | Endpoint5 receive buffer start address xxxxh
R32 UEP6 RX DMA 0x40023434 | Endpoint6 receive buffer start address xxxxh
R32 UEP7 RX DMA 0x40023438 | Endpoint7 receive buffer start address xxxxh
R32 UEP8 RX DMA 0x4002343C | Endpoint8 receive buffer start address xxxxh
R32 UEP9 RX DMA 0x40023440 | Endpoint9 receive buffer start address xxxxh
R32 UEP10 RX DMA 0x40023444 | Endpoint10 receive buffer start address xxxxh
R32 UEP11_ RX DMA 0x40023448 | Endpointl1 receive buffer start address xxxxh
R32 UEP12 RX DMA 0x4002344C | Endpointl2 receive buffer start address xxxxh
R32 UEP13 RX DMA 0x40023450 | Endpointl3 receive buffer start address xxxxh
R32 UEP14 RX DMA 0x40023454 | Endpointl4 receive buffer start address xxxxh
R32 UEP15 RX DMA 0x40023458 | Endpointl5 receive buffer start address xxxxh
R32 UEP1 TX DMA 0x4002345C | Endpointl transmit buffer start address xxxxh
R32 UEP2 TX DMA 0x40023460 | Endpoint2 transmit buffer start address xxxxh
R32 UEP3 TX DMA 0x40023464 | Endpoint3 transmit buffer start address xxxxh
R32 UEP4 TX DMA 0x40023468 | Endpoint4 transmit buffer start address xxxxh
R32 UEP5 TX DMA 0x4002346C | Endpoint5 transmit buffer start address xxxxh
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R32 UEP6 TX DMA 0x40023470 | Endpoint6 transmit buffer start address xxxxh
R32 UEP7 TX DMA 0x40023474 | Endpoint7 transmit buffer start address xxxxh
R32 UEP8 TX DMA 0x40023478 | Endpoint8 transmit buffer start address xxxxh
R32 UEP9 TX DMA 0x4002347C | Endpoint9 transmit buffer start address xxxxh
R32 UEP10 TX DMA 0x40023480 | Endpointl0 transmit buffer start address xxxxh
R32 UEP11 TX DMA 0x40023484 | Endpointl1 transmit buffer start address xxxxh
R32 UEP12 TX DMA 0x40023488 | Endpointl?2 transmit buffer start address xxxxh
R32 UEP13 TX DMA 0x4002348C | Endpointl3 transmit buffer start address xxxxh
R32 UEP14 TX DMA 0x40023490 | Endpointl4 transmit buffer start address xxxxh
R32 UEP15 TX DMA 0x40023494 | Endpointl5 transmit buffer start address xxxxh
Endpoint0 maximum length packet
R16 UEPO MAX LEN 0x40023498 ) xxxxh
- - - register
Endpoint] maximum length packet
R16_ UEP1 MAX LEN 0x4002349C ) xxxxh
- - - register
Endpoint2 maximum length packet
R16_UEP2 MAX LEN 0x400234A0 ) xxxxh
- - - register
Endpoint3 maximum length packet
R16_UEP3 MAX LEN 0x400234A4 ) xxxxh
- - - register
Endpoint4 maximum length packet
R16_UEP4 MAX LEN 0x400234A8 ) xxxxh
- - - register
Endpoint5 maximum length packet
R16 UEP5 MAX LEN 0x400234AC . xxxxh
- - - register
Endpoint6 maximum length packet
R16 UEP6 MAX LEN 0x400234B0 ) xxxxh
- - - register
Endpoint7 maximum length packet
R16_UEP7 MAX LEN 0x400234B4 ) xxxxh
- - - register
Endpoint8 maximum length packet
R16_UEP8 MAX LEN 0x400234B8 ) xxxxh
- - - register
Endpoint9 maximum length packet
R16_UEP9 MAX LEN 0x400234BC ) xxxxh
- - - register
Endpointl0 maximum length packet
R16 UEP10 MAX LEN 0x400234C0 ) xxxxh
- - - register
Endpointll] maximum length packet
R16 UEP11 MAX LEN 0x400234C4 ) xxxxh
- - B register
Endpoint]12 maximum length packet
R16 UEP12 MAX LEN 0x400234C8 ) xxxxh
- - - register
Endpointl3 maximum length packet
R16 UEP13 MAX LEN 0x400234CC ) xxxxh
- - - register
Endpointl4 maximum length packet
R16 UEP14 MAX LEN 0x400234D0 ) xxxxh
- - - register
Endpointl5 maximum length packet
R16 UEPI5 MAX LEN 0x400234D4 . xxxxh
- - - register
R16 UEPO T LEN 0x400234D8 | Endpoint0 transmit length register xxxxh
R8 UEPO TX CTRL 0x400234DA | Endpoint0 transmit control register 00h
R8 UEPO RX CTRL 0x400234DB | Endpoint0 receive control register 00h
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R16 UEP1 T LEN 0x400234DC | Endpointl transmit length register xxxxh
R8 UEP1 TX CTRL 0x400234DE | Endpointl transmit control register 00h
R8 UEP1 RX CTRL 0x400234DF | Endpointl receive control register 00h
R16 UEP2 T LEN 0x400234E0 | Endpoint2 transmit length register xxxxh
R8 UEP2 TX CTRL 0x400234E2 | Endpoint2 transmit control register 00h
R8 UEP2 RX CTRL 0x400234E3 | Endpoint2 receive control register 00h
R16 UEP3 T LEN 0x400234E4 | Endpoint3 transmit length register xxxxh
R8 UEP3 TX CTRL 0x400234E6 | Endpoint3 transmit control register 00h
R8 UEP3 RX CTRL 0x400234E7 | Endpoint3 receive control register 00h
R16 UEP4 T LEN 0x400234E8 | Endpoint4 transmit length register xxxxh
R8 UEP4 TX CTRL 0x400234EA | Endpoint4 transmit control register 00h
R8 UEP4 RX CTRL 0x400234EB | Endpoint4 receive control register 00h
R16 UEP5 T LEN 0x400234EC | Endpoint5 transmit length register xxxxh
R8 UEP5 TX CTRL 0x400234EE | Endpoint5 transmit control register 00h
R8 UEP5 RX CTRL 0x400234EF | Endpoint5 receive control register 00h
R16 UEP6 T LEN 0x400234F0 [ Endpoint6 transmit length register xxxxh
R8 UEP6 TX CTRL 0x400234F2 [ Endpoint6 transmit control register 00h
R8 UEP6 RX CTRL 0x400234F3 | Endpoint6 receive control register 00h
R16 UEP7 T LEN 0x400234F4 | Endpoint7 transmit length register xxxxh
R8 UEP7 TX CTRL 0x400234F6 | Endpoint7 transmit control register 00h
R8 UEP7 RX CTRL 0x400234F7 | Endpoint7 receive control register 00h
R16 UEP8 T LEN 0x400234F8 [Endpoint8 transmit length register xxxxh
R8 UEP8 TX CTRL 0x400234FA | Endpoint8 transmit control register 00h
R8 UEP8 RX CTRL 0x400234FB [ Endpoint8 receive control register 00h
R16 UEP9 T LEN 0x400234FC | Endpoint9 transmit length register xxxxh
R8 UEP9 TX CTRL 0x400234FE | Endpoint9 transmit control register 00h
R8 UEP9 RX CTRL 0x400234FF | Endpoint9 receive control register 00h
R16 UEP10 T LEN 0x40023500 | Endpoint10 transmit length register xxxxh
R8 UEP10 TX CTRL 0x40023502 | Endpointl0 transmit control register 00h
R8 UEP10 RX CTRL 0x40023503 | Endpointl10 receive control register 00h
R16 UEP11 T LEN 0x40023504 |Endpointl1 transmit length register xxxxh
R8 UEP11 _TX CTRL 0x40023506 | Endpointl1 transmit control register 00h
R8 UEP11_RX CTRL 0x40023507 | Endpointl1 receive control register 00h
R16 UEP12 T LEN 0x40023508 | Endpoint]2 transmit length register xxxxh
R8 UEP12 TX CTRL 0x4002350A [ Endpoint12 transmit control register 00h
R8 UEP12 RX CTRL 0x4002350B | Endpointl2 receive control register 00h
R16 UEP13 T LEN 0x4002350C  |Endpointl13 transmit length register xxxxh
R8 UEP13 TX CTRL 0x4002350E | Endpointl3 transmit control register 00h
R8 UEP13 RX CTRL 0x4002350F [ Endpointl3 receive control register 00h
R16 UEP14 T LEN 0x40023510 | Endpoint14 transmit length register xxxxh
R8 UEP14 TX CTRL 0x40023512 | Endpointl4 transmit control register 00h
R8 UEP14 RX CTRL 0x40023513 | Endpoint14 receive control register 00h
R16 UEP15 T LEN 0x40023514  |Endpointl5 transmit length register xxxxh
V1.8 364 WH



https://wch-ic.com

CH32FV2x_V3x Reference Manual https://wch-ic.com

R8 UEP15 TX CTRL 0x40023516 | Endpointl5 transmit control register 00h
R8 UEP15 RX CTRL 0x40023517 | Endpoint15 receive control register 00h

22.2.2.1 USB Endpoint Configuration Register (R32 UEP CONFIG)

g .. Reset
Bit Name Access Description
value
[31:17] | RB_UEP_R EN RW | Endpoint 1 to 15 receive enable 0
16 Reserved RO Reserved 0
[15:1] | RB_UEP_T EN RW | Endpoint 1 to 15 transmit enable 0
0 Reserved RO Reserved 0
Note: The transceiver enable signal of endpoint 0 is always valid.
22.2.2.2 USB Endpoint Type Control Register (R32 UEP TYPE)
g .. Reset
Bit Name Access Description
value
Endpoint 1 to 15, OUT direction
[31:17] | RB UEP R TYPE RW | transmission type, 1 means synchronous 0
transmission
16 Reserved RO Reserved 0
Endpoint 1 to 15, IN direction transmission
[15:1] | RB_UEP T TYPE RW . 0
- - type, 1 means synchronous transmission
0 Reserved RO Reserved 0
22.2.2.3 USB Endpoint Buffer Mode Control Register (R32 UEP BUF MOD)
g . Reset
Bit Name Access Description
value
RB UEP_ISO BUF Synchronous endpoint buffer mode control,
[31:16] RW i ) 0
_MOD 1 is valid.
[15:0] | RB UEP BUF MOD RW | Endpoint buffer mode control 0

Note: When RB_UEP_ISO_BUF _MOD is 1, for the synchronous IN endpoint, after receiving the SOF
packet, the hardware will perform the following operations: load the content of EPx_R_TOG into

EPx T TOG; load the value of EPx_MAX LEN into EPx_T LEN;, load the value of UEPn_RX DMA into
UEPn_TX DMA.

When RB_UEP ISO BUF MOD is 1, for the synchronous OUT endpoint, after receiving the SOF packet,
the hardware will perform the following operations: load the content of EPx_T TOG into EPx R_TOG; load
the value of UEPn_TX DMA into UEPn_RX DMA.

Table 21-3 Endpoint n buffer mode (n=1-15)

Description: Arrange from low to high with

UEPn_RX _EN | UEPn_TX EN | UEPn_BUF_MOD i
= = = = UEPn_DMA as the starting address

The endpoint is disabled and the UEPn_* DMA
buffers are not used.

1 0 0 The first address of the receive (OUT) buffer is
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UEPn_RX_DMA

RB_UEPn_RX_TOG[0]=0, use buffer
UEPn_RX_DMA

: 0 : RB_UEPn_RX TOG[0]=1, use buffer
UEPn_TX DMA

0 { 0 The first address of the transmit (IN) buffer is
UEPn_TX DMA.
RB_UEPn_TX TOG[0]=0, use buffer

0 | | UEPn_TX DMA

RB _UEPn _TX TOGJ0]=1, use buffer
UEPn_RX_DMA

22.2.2.4 Endpoint n buffer start address (R32 UEP0 DMA)

. . Reset
Bit Name Access Description
value
[31:17] | Reserved RO Reserved 0
Endpoint 0 buffer start address.
[16:0] | R32 UEPn DMA RW | The lower 16 bits are valid, and the address X
must be 4-byte aligned.

22.2.2.5 USB Endpoint n transmit buffer start address (R32 UEPn TX DMA) (n=1-15)

g . Reset
Bit Name Access Description
value
[31:17] | Reserved RO Reserved 0
Endpoint n send buffer start address.
R32 UEPn_TX DM ) )
[16:0] A - -~ RW | The lower 16 bits are valid, and the address X
must be 4-byte aligned.
22.2.2.6 USB Endpoint n receive buffer start address (R32 UEPn RX DMA) (n=1-15)
g .. Reset
Bit Reserved Access Description
value

Endpoint n receives the buffer start address.
R32 UEPn_RX DM , .
[16:0] A - - - RW | The lower 16 bits are valid, and the address X
must be 4-byte aligned.

22.2.2.7 Endpoint n maximum length packet register (R16 UEPn MAX LEN) (n=0-15)

. . Reset
Bit Reserved Access Description
value
[15:11] | Reserved RO Reserved 0
The maximum packet length of data
[10:0] | UEPn MAX LEN RW i i xxxxh
received by endpoint n.

Note: This maximum packet length determines the maximum length of data that the endpoint can receive.
Data beyond this length will be discarded and will not be written to the buffer.
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22.2.2.8 Endpoint n transmit length register (R16 UEPn T LEN) (n=0-15)

Bit

Reserved

Access

Description

Reset
value

[10:0]

UEPn T _LEN

RW

Set the number of data bytes to be sent by
USB endpoint n. For the control endpoint
(0), the lower 7 bits are valid.

22.2.2.9 Endpoint n transmit control register (R§ UEPn TX CTRL) (n=0-15)

Bit

Name

Access

Description

Reset
value

[7:6]

Reserved

RO

Reserved

RB_UEP T TOG_
AUTO

RW

Synchronization trigger bit auto toggle
enable, which can be modified by software:
1:  For non-synchronous endpoints,
MASK UEP T TOG [0] is automatically
toggled after data transmission is
successful. For synchronous endpoints,
MASK UEP T TOG is automatically
decremented by 1 after data transmission is
successful.

0: No automatic toggle, can be switched
manually.

Note: This bit of endpoint 0 is reserved.

[4:3]

MASK _UEP T T
0G

RW

Synchronization trigger bit prepared by the
transmitter of USB endpoint n (handling IN
transaction):

00: Send DATADO;

01: Send DATALI,;

10: Send DATA2;

11: Send MDATA.

Reserved

RO

Reserved

00b

[1:0]

MASK_UEP T R
ES

RW

Response control by the sender of endpoint
n to IN transaction:

00: data ready and expecting ACK;

10: Answer NAK or busy;

11: Response STALL or error.

00b

22.2.2.10 Endpoint n receive control register (R§ UEPn RX CTRL) (n=0-15)

Bit

Name

Access

Description

Reset
value

[7:6]

Reserved

RO

Reserved

5

RB_UEP R TOG A
UTO

RO

Synchronization trigger bit auto toggle
enable:
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1: Automatically toggle
MASK UEP R TOG [0] after data
reception is successful;

0: No automatic toggle, can be switched
manually.

Note: This bit of endpoint 0 is reserved.

Sync trigger bit prepared by receiver of
USB endpoint n (processing OUT
transaction):

00: Expect DATAO;

[4:3] | MASK UEP R TOG | RW 0
- - 01: Expect DATAL;

10: Expect DATAZ2;

11: Expect MDATA.

Invalid for isochronous transfer.
2 Reserved RO Reserved 00b

Receiver of endpoint n responds to OUT

transaction control:

00: Data ready and expect ACK;
10: Answer NAK or busy;

[1:0] | MASK UEP R RES RW 00b
- - 11: Response STALL or error;

01: Respond to NYET.

Not wvalid for real time/isochronous

transfers.

22.2.3 USB Host Register
In USB host mode, the chip provides a set of bidirectional host endpoints, including a sending endpoint OUT

and a receiving endpoint IN, the maximum length of a data packet is 1024 bytes (synchronous transfer), and
supports control transfer, interrupt transfer, bulk transfer and real-time/simultaneous transmission.

Each USB transaction initiated by the host endpoint always automatically sets the RB_UIF_TRANSFER
interrupt flag after processing. The application can directly query or query and analyze the interrupt flag
register R8 USB INT FG in the USB interrupt service routine, and perform corresponding processing
according to each interrupt flag; and, if RB_UIF _TRANSFER is valid, then continue to analyze the USB
interrupt status register R& USB_INT_ ST, process accordingly according to the response PID identification
MASK UIS H_RES of the current USB transfer transaction.

If the synchronization trigger bit (RB_UH R _TOG) of the IN transaction of the host receiving endpoint is set
in advance, then RB_U TOG _OK or RB_UIS TOG_OK can be used to judge whether the synchronization
trigger bit of the currently received data packet matches the synchronization trigger bit of the host receiving
endpoint. If synchronized, the data is valid; if the data is not synchronized, the data should be discarded. After
each USB send or receive interrupt is processed, the synchronization trigger bit of the corresponding host
endpoint should be modified correctly to synchronize the data packet sent next time and detect whether the
data packet received next time is synchronized; in addition, by setting RB UH T AUTO TOG and
RB UH R AUTO_TOG can automatically flip the corresponding synchronization trigger bit after successful
transmission or successful reception.

The USB host token setting register R8 UH_EP_PID is used to set the endpoint number of the target device
to be operated and the token PID packet identification of this USB transfer transaction. The data corresponding
to the SETUP token and the OUT token is provided by the host sending endpoint, the data to be sent is in the
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R16 UH TX DMA buffer, and the length of the data to be sent is set in R16 UH TX LEN; the data
corresponding to the IN token is returned by the target device to the host for reception Endpoint, the received
data is stored in the R16_ UH_RX DMA buffer, and the received data length is stored in R16_ USB_RX LEN.

Table 22-3 Host registers

Name Access address Description Reset value
R8 UHOST CTRL 0x40023401 USB host control register 00h
USB host endpoint configuration
R32 UH CONFIG 0x40023410 ) 00000000h
- T register
R32 UH _EP TYPE 0x40023414 USB host endpoint type register 00000000h
R32 UH RX DMA 0x40023424 USB host receive buffer start address 16hxxxx
USB host transmit buffer start
R32 UH TX DMA 0x40023464 16hxxxx
- T - address
USB host receive maximum length
R16 UH RX MAX LEN | 0x400234A0 ) 16hxxxx
- -~ - packet register
R8 UH EP_PID 0x400234E0 USB host token setup register 8h00
USB host receive endpoint control
R8 UH RX CTRL 0x400234E3 ) 8h00
- register
R16 UH TX LEN 0x400234E4 USB host transmit length register 16hxxxx
USB host transmit endpoint control
R8 UH TX CTRL 0x400234E6 i 8h00
- Register
USB host transmit data of the SPLIT
R16 UH _SPLIT DATA 0x400234E8 16hxxxx
- - packet
22.2.3.1 USB Host Control Register (R§ UHOST CTRL)
. . Reset
Bit Name Access Description
value
Automatically generate SOF packet enable
control bit:
1: The host automatically generates a SOF
packet;
7 RB_UH _SOF EN RW 0

0: Do not generate SOF packets.

This bit is automatically cleared by
hardware when changing from connected
to disconnected state.

RB_UH_SOF FREE | RO | BusIdle. 0
Reserved RO Reserved. 0
The USB-PHY is in a suspended state, the
RB UH PHY SUS ) . .
4 -~ - RW internal USB-PLL will be turned off, active 0
PENDM
low.
RB UH REMOTE Wake up remotely.
3 -~ - RW 0

WKUP

In host mode, it means that the host wakes
up the device. After the software pulls it 0
high for 50ns, the hardware automatically

RB_UH_TX BUS_
RESUME
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sends a 30ms wake-up signal.

RB_UH_TX_ BUS_

The USB host sends a suspend signal,

RESET

1 RW which needs to be pulled up by software for 0
SUSPEND
10ms.
The USB host sends a bus reset signal,
RB UH_TX BUS .
0 -~ - RW which needs to be pulled up by software for 0

10ms.

Note: The reset time is determined by the high-level duration of RB_ UH TX BUS RESET (recommended at
least 10ms, and the speed type is directly inquired after 10ms). If the host wakes up the device, after
bUH _TX BUS RESUME is pulled high, the hardware automatically sends a wake-up signal (K) for 30ms,
and bBUH TX BUS RESUME needs to be cleared manually so as not to affect the next host suspend
(bUH _TX BUS RESUME remains high for at least 50ns).

22.2.3.2 USB Host Endpoint Configuration Control Register (R32 UH CONFIG)

g .. Reset
Bit Name Access Description
value
[31:19] | Reserved RO Reserved 0
18 RB UH EP RX EN RW Host receive enable 0
[17:4] Reserved RO Reserved 0
3 RB UH EP TX EN RW Host send enable 0
[2:0] Reserved RO Reserved 0
22.2.3.3 USB Host Endpoint Type Register (R32 UH EP TYPE)
g . Reset
Bit Name Access Description
value
[31:19] Reserved RO Reserved 0
RB UH EP RX TY Host Rx endpoint type
[18] RW 0
PE 1: Isochronous transfer.
[17:4] Reserved RO Reserved 0
RB UH EP TX TY Host Tx endpoint type
[3] RW 0
PE 1: Isochronous transfer.
[2:0] Reserved RO Reserved 0
22.2.3.4 USB Host Receive Buffer Start Address (R32 UH RX DMA)
g .. Reset
Bit Name Access Description
value
[31:17] | Reserved RO Reserved 0
Start address of the host endpoint Rx
[16:0] | R16 UH RX DMA RW buffer, the lowest 2 bits are fixed to 0 (4- X
byte alignment).

22.2.3.5 USB Host Transmit Buffer Start Address (R32_UH_TX_DMA)
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9 . Reset
Bit Name Access Description
value
[31:17] | Reserved RO Reserved 0
Host endpoint Tx buffer start address (4-
[16:0] | R16 UH TX DMA RW ) ) ) X
byte alignment is not required).

22.2.3.6 USB Host Receive Maximum Length Packet Register (R16 UH RX MAX LEN)

g . Reset
Bit Name Access Description
value
[15:11] | Reserved RO Reserved 0
The maximum packet length of data
[10:0] | UH RX MAX LEN RW . . xxxxh
- - - received by the host endpoint.

Note: This maximum packet size determines the maximum length of data that the endpoint can receive, and

data beyond this length will be discarded.

22.2.3.7 USB Host Token Setup Register (R§ UH EP PID)

Bit Name

Access

Description

Reset
value

[7:4] | MASK_UH_TOKEN

RW

Set the token PID identifier of this USB
transfer transaction.

[3:0] | MASK_UH_ENDP

RW

Set the endpoint number of the target
device to be operated this time.

22.2.3.8 USB Host Receive Endpoint Control Register (R§ UH RX CTRL)

Bit Name

Access

Description

Reset
value

7 Reserved

RO

Reserved

6 RB_UH R _DATA NO

RW

1: Not expect data packets, used for
operating high-speed HUB in host mode;
0: Expect data packet (IN).

RB_UH _R_AUTO_TO
G

RW

Synchronization trigger bit auto toggle
enable:

1: For asynchronous transfer, the
corresponding MASK UH R TOG[0]
will be automatically toggled after data
reception is successful; for synchronous
transfer, MASK UH R TOG will be
automatically decremented by 1 after
data reception is successful.

0: No automatic toggle, can be switched

manually.

[4:3] | MASK UH R _TOG

RW

Synchronization trigger bit expected by
the master receiver (handling the IN
transaction),

371


https://wch-ic.com

CH32FV2x_V3x Reference Manual

https://wch-ic.com

2 RB UH R RES NO RW ) L 0
- - - = ignored at this time;
0: Send a response after receiving data
successfully.
Master Receiver Response Control Bits
to IN Transactions:

[1:0] | MASK UH R RES RW | 00: reply ACK; 0
Not wvalid for real-time/isochronous
transfers.

22.2.3.9 USB Host Transmit Length Register (R16 UH TX LEN)
g . Reset
Bit Name Access Description
value
[15:11] | Reserved RO Reserved 0
Set the data bytes that the USB host
[10:0] | R16 UH _TX LEN RW . oo ) X
- -~ transmit endpoint is ready to transmit.
22.2.3.10 USB Host Transmit Endpoint Control Register (R§ UH TX CTRL)
g .. Reset
Bit Name Access Description
value
7 Reserved RO Reserved 0
I: Do not send data packets
6 RB UH_T DATA NO RW | (PING/SPLIT); 0
0: Send data packets (OUT/SETUP).
Synchronization trigger bit auto toggle
enable, which can be modified by
software:
5 RB UH T AUTO_TO RW I: For  asynchronous transfer, 0
G MASK UH T TOG[0] is automatically
toggled after data is sent successfully.
0: No automatic toggle, can be switched
manually.
Sync trigger bit prepared by USB host
transmitter  (handling SETUP/OUT
transactions)

[4:3] | MASK UH T TOG RW | 00: Send DATAO; 0
01: Send DATALI,;

10: Send DATA2;
11: Send MDATA.

00: Expect DATAO;
01: Expect DATAI;
10: Expect DATAZ2;
11: Expect MDATA.

1: No acknowledgment, for real-
time/isochronous transfers other than
endpoint 0. MASK UEP R RES is
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RB_UH_T RES NO

RW

1: No acknowledgment, for real-
time/isochronous transfers other than
endpoint0. MASK UEP T RES is
ignored at this time;

0: Expect a response after sending data

successfully.

[1:0]

MASK_UH_T RES

RW

USB Host transmitter response control
bits to SETUP/OUT transactions

00: Expect to reply ACK;

10: expect to answer NAK or busy;

11: Expect to answer STALL or error;
01: Expect to answer NYET.

Invalid for isochronous transfer.

22.2.3.11 USB Host Transmit SPLIT Packet Data (R16 UH SPLIT DATA)

Bit

Name

Access

Description

Reset
value

[15:12]

Reserved

RO

Reserved

[11:0]

UH_SPLIT_DATA

RW

Data content of the SPLIT packet sent by
the host endpoint, the lower 12 bits are
valid, and the upper 4 bits are fixed to 0.

Oxxxh
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Chapter 23 USB Full-speed Host/Device Controller
(USBFS/OTG_FYS)

The module descriptions in this chapter are applicable to some products of the CH32F2x, CH32V2x and
CH32V3x microcontroller series.

23.1 USB Controller Introduction

The chip is embedded with a USB controller and transceiver, and the features include:

® Dual-role device controller, supporting USB Host function and USB Device function.

®  Compliant with the On-The-Go Supplement to the USB2.0 specification, both host and device modes
support USB2.0 full-speed 12Mbps or low-speed 1.5Mbps.

®  Support software HNP and SRP protocols.

®  Support USB control transfer, batch transfer, interrupt transfer, synchronous/real-time transfer.

®  Supports data packets up to 64 bytes, built-in FIFO, supports interrupts and DMA.

23.2 Register Description

The USB registers are divided into 3 parts, and some registers are multiplexed in the host and device modes.
® USB global registers

® USB device control registers

®  USB host control registers

23.2.1 Global Register Description

Table 23-1 USB OTG registers

Name Access address Description Reset value
R8 USB CTRL 0x50000000 USB control register 0x06
R8 USB_INT _EN 0x50000002 USB interrupt enable register 0x00
R8 USB DEV_AD 0x50000003 USB Device address register 0x00
R32 USB_STATUS 0x50000004 USB status register 0xXX20XXXX
R8 USB MIS ST 0x50000005 USB miscellaneous status register 0xXX
R8 USB_INT FG 0x50000006 USB interrupt flag register 0x20
R8 USB _INT ST 0x50000007 USB interrupt status register 0xXX
R16 USB RX LEN 0x50000008 USB receive length register 0xXX
R32 USB OTG CR 0x50000054 USB OTG control register 0x00
R32 USB OTG_SR 0x50000058 USB OTG status register 0x00
23.2.1.1 USB Control Register (R§ USB CTRL)
. . Reset
Bit Name Access Description
value
USB operating mode selection:
RB UC HOST M
7 -~ - RW 1: Host mode; 0
ODE .
0: Device mode.
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RB UC LOW_SPE RW USB bus signal transfer rate selection:
ED 1: 1.5Mbps; 0: 12Mbps.
USB device enable and internal pull-up
RB UC DEV PU RW resistor control in USB device mode:
EN 1: Enable USB device transfer and enable the
internal pull-up resistor.
MASK UC SYS C RW See the table below to configure the USB
TRL system.
Auto pause enable bit before USB transfer
completed interrupt flag is not cleared:
1: Auto pause before UIF_ TRANSFER is
RB UC _INT BUS . .
v - -~ RW cleared, auto respond busy NAK in device
mode, and auto pause subsequent transfers in
host mode;
0: Not pause.
USB protocol processor software reset
control:
RB_UC _RESET SI )
E - - - RW 1: Forcibly reset the USB protocol processor
(SIE), which needs to be cleared by software;
0: No reset.
USB FIFO and interrupt flags clear:
RB UC CLR_ALL RW 1: Forced clearing and clearing;
0: Not clear.
DMA and DMA interrupt control for USB:
RB UC DMA_EN RW 1: Enable DMA function and DMA interrupt;
0: Disable DMA.

The USB system control combination is composed of RB_ UC_HOST _MODE and MASK _UC_SYS CTRL:

Table 23-2 USB System control combination

RB UC HOST MODE | MASK UC SYS CTRL USB system control description
Disable the USB device function, turn off the
0 00 internal pull-up resistor.
Enable the USB device function, close the
0 01 internal pull-up resistor, and need to add an
external pull-up.
Enable USB device function, enable internal
0 Ix 1.5K pull-up resistor. This pull-up resistor takes
precedence over the pull-down resistor and can
also be used in GPIO mode.
1 00 USB host mode, normal working state.
! o1 USB host mode, forcing DP/DM to output SEO
state.
1 10 USB host mode, forces DP/DM to output J state.
! 1" USB host mode, force DP/DM to output K
state/wake up.
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23.2.1.2 USB Interrupt Enable Register (R§ USB INT EN)

Reset

Bit Name Access Description
value

USB device mode, receive SOF packet
7 RB_UIE DEV_SOF RW | interrupt: 0
1: Enable interrupt; 0: Disable interrupt.
USB device mode, receive NAK

6 RB UIE DEV _NAK RW interrupt: 0
1: Enable interrupt; 0: Disable interrupt.

5 Reserved RO Reserved 0
FIFO overflow interrupt:

4 RB _UIE FIFO OV RW 0

1: Enable interrupt; 0: Disable interrupt.

USB host mode, SOF timing interrupt:
3 RB_UIE HST SOF RW , , , 0
- -~ 1: Enable interrupt; 0: Disable interrupt.

USB bus suspend or wakeup event
2 RB_UIE_SUSPEND RW | interrupt: 0
1: Enable interrupt; 0: Disable interrupt.

USB transfer complete interrupt:
1 RB_UIE TRANSFER RW ) ) i 0
-~ 1: Enable interrupt; 0: Disable interrupt.

USB host mode, USB device connect or
RB _UIE DETECT RW disconnect event interrupt: 0
1: Enable interrupt; 0: Disable interrupt.

USB device mode, USB bus reset event
RB_UIE BUS RST RW | interrupt: 0

1: Enable interrupt; 0: Disable interrupt.

23.2.1.3 USB Device Address Register (R§ USB DEV AD)

g o Reset
Bit Name Access Description
value
7 RB UDA_GP_BIT RW | USB general-purpose flag, user-defined. 0
Host mode: current operated USB device
[6:0] | MASK USB ADDR RW address; 0
Device Mode: USB own address.
23.2.1.4 USB Miscellaneous Status Register (R§ USB MIS ST)
9 . Reset
Bit Name Access Description
value
SOF packet presage status in USB host
mode:
1: SOF packet is about to be sent, if there
7 RB_UMS_SOF PRES RO o X
- -~ are other USB packets at this time, it will
be automatically delayed;
0: No SOF packet is sent.
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RB UMS_SOF ACT

RO

SOF packet transfer status in USB host
mode:

1: SOF packet is being sent;

0: Send complete or idle.

RB_UMS_SIE_FREE

RO

USB protocol handler free:
1: The protocol device is free;
0: Busy, USB transfer in progress.

RB_UMS R _FIFO_RD
Y

RO

USB receive FIFO data ready:
1: The receive FIFO is not empty;
0: The receive FIFO is empty.

RB_UMS_BUS RESE
T

RO

USB bus reset:

1: The current USB bus is in reset state;
0: The current USB bus is in a non-reset
state.

RB UMS_SUSPEND

RO

USB suspend:

1: The USB bus is in a suspended state,
and there is no USB activity for a period
of time;

0: The USB bus is in a non-suspend state.

RB_UMS_DM LEVE
L

RO

In USB host mode, level state of the DM
pin when the device is just connected to
the USB port is used to judge the speed:
1: High level/low-speed;

0: Low level/full-speed.

RB_UMS DEV_ATTA
CH

RO

USB device attach status for the port in
USB host mode:

1: The port has been connected to a USB
device;

0: The port has no USB device
connected.

23.2.1.5 USB Interrupt Flag Register (R§ USB INT FG)

Bit

Name

Access

Description

Reset
value

RB U IS NAK

RO

In USB device mode, NAK response
status:

1: Respond to NAK during the current
USB transfer process;

0: No NAK response.

RB U TOG_OK

RO

Current USB transfer DATAO0/1 sync flag
match status:
1: Synchronized; 0: Not synchronized.

RB_U_SIE_FREE

RO

USB Protocol Handler free:
1: USB idle;
0: Busy, USB transfer in progress.
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USB FIFO overflow interrupt flag, write
4 | RB_UIF_FIFO OV Ry | | toclear _ 0
-~ - 1: FIFO overflow trigger;
0: no event.
SOF timer interrupt flag in USB host
mode, write 1 to clear:
3 RB_UIF_HST SOF RW | 1: SOF packet transmission completion 0
trigger;
0: no event.
USB bus suspend or wake-up event
interrupt flag, write 1 to clear:
2 RB_UIF_SUSPEND RW | 1: Triggered by USB suspend event or 0
wake-up event;
0: No event.
USB transfer completion interrupt flag,
write 1 to clear:
1 RB_UIF_TRANSFER RW | 1: Trigger when a USB transfer is 0
completed;
0: No event.
In USB host mode, USB device connect
or disconnect event interrupt flag, write 1
RB_UIF DETECT R | ©clear , , 0
- - 1: Detected USB device connection or
disconnection trigger;
0 0: No event.
In USB device mode, USB bus reset event
interrupt flag bit, write 1 to clear:
RB_UIF BUS RST RW ) 0
- - - 1: USB bus reset event trigger;
0: No event.
23.2.1.6 USB Interrupt Status Register (R§ USB INT ST)
9 . Reset
Bit Name Access Description
value
In USB device mode, NAK response
status, same as RB_U IS NAK:
7 RB _UIS IS NAK RO 1: Respond to NAK during the current 0
USB transfer process;
0: No NAK response.
Current USB transmission DATAO0/1
synchronization flag match status, same
6 RB_UIS TOG_OK RO 0
- - - as RB_ U TOG OK:
1: Synchronized; 0: Not synchronized.
In device mode, the token PID identifier
[5:4] | MASK UIS TOKEN RO ) XXb
of the current USB transfer transaction.
[3:0] MASK UIS _ENDP RO In device mode, the endpoint number of | XXXXb
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the current USB transfer transaction.

MASK_UIS_H RES

RO

In host mode, the response PID identifier
of the USB

transaction, 0000 means the device has

current transmission

no response or timed out; other values
indicate the response PID.

XXXXb

MASK UIS TOKEN is used to identify the token PID of the current USB transfer transaction in the USB
device mode: 00 means OUT packet; 01 means SOF packet; 10 means IN packet; 11 means SETUP packet.

MASK UIS H RES is only valid in host mode. In the host mode, if the host sends the OUT/SETUP token
packet, the PID is the handshake packet ACK/NAK/STALL, or the device has no response/timeout. If the host
sends an IN token packet, the PID is the PID of the data packet (DATAO/DATA1) or the PID of the handshake

packet.

23.2.1.7 USB Receive Length Register (R16 USB RX LEN)

g . Reset
Bit Name Access Description
value
The current number of data bytes
[9:0] | R16 USB RX LEN RO ) ) X
- - - received by the USB endpoint
23.2.1.8 USB OTG Control Register (R32 USB OTG CR)
g .. Reset
Bit Name Access Description
value
[31:6] | Reserved RO Reserved 0
OTG session valid threshold voltage
setting:
5 RB _CR SESS VTH RW ) 0
-~ - 1: SESS_VLD level is 1.4V;
0: SESS VLD level is 0.8V.
OTG VBUS threshold voltage setting:
4 RB_CR_VBUS VTH RW 1: VBUS VLD level is 4.4V; 0
0: VBUS VLD level is 4.8V.
OTG function enable:
3 RB CR_OTG _EN RW ) 0
- - 1: Enable; 0: Disable
USB_OTG_ID pin pull-up enable:
2 RB_CR _IDPU RW ) 0
-~ 1: Enable; 0: Disable
{ RB_CR _CHARGE VB RW OTG VBUS charge enable: 0
US 1: Enable; 0: Disable
0 RB _CR_DISCHAR V RW OTG VBUS discharge enable: 0
BUS 1: Enable; 0: Disable
Note: This register is only applicable to CH32V305, CH32V307, CH32F205 and CH32F207
23.2.1.9 USB OTG Control Register (R32 USB OTG SR)
. . Reset
Bit Name Access Description
value
[31:4] | Reserved RO Reserved 0
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OTG ID flag:
3 RB SR ID DIG RO . . 0
- - - 1: B device; 0: A device.

OTG session end valid flag
2 RB_SR SESS END RO . . 0
- - - 1: Valid; 0: Invalid

OTG session valid flag

1: Valid, the session valid level is greater
1 RB SR SESS VLD RO than the threshold voltage 0
0: Invalid, the session valid level is less
than the threshold voltage

OTG VBUS input level
1: VBUS voltage is greater than the

0 RB SR VBUS VLD RO threshold voltage; X
0: VBUS voltage is less than the
threshold voltage.

Note: This register is only applicable to CH32V305, CH32V307, CH32F205 and CH32F207

23.2.2 Device Register Description

In USB device mode, the USB OTG module provides 8 sets of bidirectional endpoint configuration registers
with endpoint numbers 0-7, which can map the configuration of endpoint numbers 8-15. The maximum packet
length of all endpoints except endpoint 3 is 64 bytes. The maximum packet length of the endpoints is 1023
bytes (synchronous transmission).

® Endpoint 0 is the default endpoint and supports control transmission. Sending and receiving share a 64-
byte data buffer

® Endpoints 1-15 can be configured with independent 64-byte send and receive buffers or dual 64-byte data
buffers, supporting bulk transfers, interrupt transfers, and real-time/synchronous transfers.

Each group of endpoints has a control register R§ UEPn_CTRL and a send length register R16 UEPn T LEN,
which are used to set the synchronization trigger bit of the endpoint, the response to the OUT transaction and
the IN transaction, and the length of the transmitted data.

The roles of the USB OTG module host and device are determined by the state of the OTG_FS_ID pin. When
the OTG_FS 1D pin is floating, its built-in pull-up resistor will make the RB_ SR _ID DIG bit of the USB
OTG status register R32 USB OTG_SR set to 1. At this time, the controller should be initialized as a B device.
When the OTG_FS ID pin is grounded, the RB SR ID DIG bit of the USB OTG status register
R32 USB_OTG_ SR is 0 at this time, and the controller should be initialized as an A device.

When the B device starts a session, it ensures that the level of VBUS is lower than Vsgss vip,min according to
RB_SR_SESS VLD of the OTG status register R32 USB_OTG_SR. If this bit is 0, a new session can be
started. If this bit is 1, the RB_CR_DISCHAR_ VBUS bit of the OTG control register R32 USB_OTG_CR
can be set to 1 to discharge, so that VBUS is less than the session threshold level.

As a Clas