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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) | 2*ADC(TKey) | 4*ADTM 4*ADTM 2*BCTM 3*GPTM
ADTM ADTM 2*DAC 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 |3*GPTM 8*U(S)ART |5*U(S)ART 2*12C 2*SPI
SPI 2*SPI 3*USART 3*SPI(2*12S) |3*SPI(2*12S) |OTG_FS 2*12C
12C 2*12C 2*SPI 2*12C 2*12C USBHS(+PHY) |USBD
USBD USBD 2*12C 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 RTC 2*WDG RTC 4*OPA 2*WDG
2*WDG 2*WDG 2*WDG 4*OPA 2*WDG RNG 2*OPA
2*OPA 2*OPA 4*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

ETR, BIK
AINO ~ AIN15 > L_Tkey
ADC1
(VSSA) Ve - > ADC2

(2.4V~VDDA)Vgee+

PAO~ PA15
PBO ~ PB15
PCO ~ PC15

PDO ~ PD2

MOSI,MISO,SCK, NSS SPI1
RX, TX, CTS, RTS, CK USART1

4 channels
3 complementary Channels TIM1
N

HB to PB2
Bridge

N

ZHAPYT =1 ‘zad

N—

NS

e J—

@VDD Vpp: 2.4V~3.6V
RISC-V (v4B <:—'\ FLASH v
( ) |-code Bus l/ CTRL POR | PDR | PVD ss
PFIC RV32
Vio: 2.4V~3.6V
WBI0 < » SO IMAC D-code Bus @VI033 e 1o
Flash GPIO power
Memory
DMA 8Channels \\;DDA< Vio
SSA
< [—> syscLk
2 ﬁ SRAM Reset & |—>HBCLK
= MUX & DIV [ PB1CLK
—> PB2CLK
sl {me k=) K
i USBF HSI-RC
1
HSE —— OSC_IN
- —> 0SC_ouT
©
~&—] RCC
3 LSI-RC
& RTC_CLK <«—
OPAx_CHP '1 IWDG_CLK €— LSE 0SC32_IN
OPAX_CHN - >
OPA;:OUT OPA1-2 g - 0SC32_0uT
(x=1,2) g
I
N

ZHNDPT =*°%1 :T9d

3:&@4—» TAMPER-RTC

4 channels, ETR
<—> 4 channels, ETR
<—> 4 channels, ETR
<—> 4 channels(CH32V203RBx)
| USART2 Je——> RX, X, CTS, RTS, CK
| USART3 |«——> RX, X, CTS,RTS, CK
| UART4  |e—> Rx, T

SPI12 <€—>» MOSI, MISO, SCK, NSS

12C1 <€<——> SCL, SDA, SMBA
12C2 [«——> sCL, SDA, SMBA

bxCAN1 CAN1_TX,CAN1_RX
USBD  [¢——> USBDM,USBDP

V2.1


https://wch-ic.com

CH32FV2x_V3x Reference Manual

https://wch-ic.com

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: 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.

V2.1
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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 HB 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 HB/APB bridge.

® The HB/PB bridge provides a synchronous connection for the HB bus and 2 PB buses. Different
peripherals are connected to different PB 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.
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Figure 1-7 CH32F203 (Small-and-medium capacity general-purpose) memory image

OX1FFF FFFF

Ox1FFF F880
Ox1FFF F800
Ox1FFF F700

Ox1FFF FOOO

Ox1FFF 8000

0x0800 0000

0x0000 0000

Reserved

Option Bytes

Vendor Bytes

Reserved

System FLASH
(BOOT_28KB)

Reserved

Code FLASH

224KB max
Includes 0 wait and non-0
waiting areas

Aliased to Flash or
system memory
depending on
BOOT pins

OXFFFF FFFFF

0xE010 0000

0xE000 0000

0xC000 0000

0xA000 0000

0x7000 0000

0x6000 0000

0x4000 0000

0x2000 5000

0x2000 0000

0x0000 0000

Reserved

Core Private
Periph I

Reserved

Reserved

Reserved

Reserved

Reserved

Peripherals
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FLASH
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0x4000 7400
0x4000 7000
0x4000 6C00
0x4000 6800
0x4000 6400
0x4000 6000
0x4000 5C00
0x4000 5800
0x4000 5400
0x4000 5000
0x4000 4C00
0x4000 4800
0x4000 4400
0x4000 4000
0x4000 3C00
0x4000 3800
0x4000 3400
0x4000 3000
0x4000 2C00
0x4000 2800

0x4000 0CO0
0x4000 0800
0x4000 0400
0x4000 0000

Reserved

Reserved

USBFS

Reserved

Reserved

EXTEND

Reserved

CRC

Reserved

Flash Interface

Reserved

RCC

Reserved

DMA

Reserved

Reserved

USART1

Reserved

SPI1

TIM1

ADC2/TouchKey

ADC1/TouchKey

Reserved

PortD

Port C

Port B

PortA

EXTI

AFIO

Reserved

PWR

BKP

Reserved

bxCAN1

share 512B SRAM

USBD

12C2

12C1

Reserved

USART4

USART3

USART2

Reserved

SPI2

Reserved

IWDG

WWDG

RTC

Reserved

TiIM4

TIM3

TIM2
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Figure 1-8 CH32F2x (Connected/interconnected/high-capacity general-purpose) memory image

Reserved

0x5005 0400
DVP

0x5005 0000

Reserved
0x5004 0000

USBFS/OTG_FS

0x5000 0000

Reserved
0x4002 A000

Ethernet
0x4002 8000

Reserved
0x4002 4000

TRNG

0x4002 3C00

EXTEND
0x4002 3800
0x4002 3400 UsBHS

X
0x4002 3000 CRC
X
Reserved

0x4002 2400
0x4002 2000

Flash Interface

Reserved
0x4002 1400
RCC
0x4002 1000
Reserved
0x4002 0800
DMA2
0x4002 0400
DMA1
0x4002 0000
Reserved
0x4001 8400
SDIo
0x4001 8000
Reserved
0x4001 5400
TIM10
0x4001 5000
TIM9
0x4001 4C00
0x4001 3C00 Reserved
* USART1
0x4001 3800
TIM8
0x4001 3400
SPI1
0x4001 3000
TIM1
0x4001 2C00
ADC2/TouchKey
0x4001 2800
ADC1/TouchKey
0x4001 2400
Reserved
0x4001 1C00
PortE
0x4001 1800
Port D
0x4001 1400
Port C
0x4001 1000
PortB
0x4001 0C00 PortA
OxFFFF FFFFF 0x4001 0800 or
EXTI
Reserved 0x4001 0400
0x4001 0000 AFI0
0xE0100000 Core Private X Reserved
Peripheral 0x4000 7800
0xE000 0000 DAC
0x4000 7400
0x4000 7000 PWR
Reserved 0X4000 600 BKP
* bXxCAN2
0x4000 6800
0xC000 0000 bxCAN1
0x4000 6400
share 512B SRAM
OXLFFF FFFF Reserved 014089 6000 Reserved
Reserved 0x4000 5C00 2c2
OXLFFF F880 0xA000 1000 FSMC regist 0x4000 5800
Option Bytes 0xA000 0000 register 12C1
Ox1FFF F800 Verndor B 0x4000 5400 UARTS
endor Bytes
OX1FFF F700 i ResarEt 0x4000 5000 UARTZ
Reserved 0x4000 4C00
0x8000 0000 X
Ox1FFF FOOO FSMC bank2 NAND(NAND1) 0x4000 4800 USART3
0x7000 0000 USART2
System FLASH 0x4000 4400 Reserved
(BOOT_28KB) Reserved 0x4000 4000 SPI3/1253
Ox1FFF 8000 0x6400 0000 0x4000 3€00 SPI2/1252
X X
FSMC bank1 NOR/PSRAM 1 0x4000 3800
0x6000 0000 0x4000 3400 Reserved
IWDG
Reserved Reserved 0x4000 3000
WWDG
0x4000 2C00
. RTC
Peripherals 0x4000 2800
0x4000 0000 0x4000 2400 Reserved
UART8
Code FLASH Reserved 0x4000 2000
480KB max UART?
Includes 0 wait and non-0 0x2002 0000 0x4000 1C00 UART6
waiting areas SRAM (128KBmax) 0x4000 1800 ™7
0x0800 0000 0x2000 0000 0x4000 1400 T
Aliased to Flash or 0x4000 1000
system memory FLASH TIM5
depending on 0x4000 0CO0 ——
BOOT pins 0x4000 0800
0x0000 0000 0x0000 0000 0x4000 0400 V3
4G linear address space 0x4000 0000 Tim2
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Figure 1-9 CH32F208 (Wireless) memory image

0x5005 0400 Reserved
0x5005 0000

Reserved
0x5004 0000

USBFS

0x5000 0000

Reserved
0x4002 A00O

Ethernet
0x4002 8000

Reserved
0x4002 6000

BLE 5.3
0x4002 4000

Reserved
0x4002 3C00

EXTEND
0x4002 3800
0x4002 3400 Reserved

X
CRC

0x4002 3000

Reserved

0x4002 2400
0x4002 2000

Flash Interface

Reserved
0x4002 1400
RCC
0x4002 1000
Reserved
0x4002 0400
DMA

0x4002 0000
0x4001 8400 Reserved
0x4001 8000
0x4001 5400

Reserved
0x4001 5000
0x4001 4C00
Reserved
0x4001 3C00
USART1
0x4001 3800
Reserved
0x4001 3400
SPI1
0x4001 3000
TIM1
0x4001 2C00
Reserved
0x4001 2800
ADC1/TouchKey

0x4001 2400
0x4001 1C00 Reserved
0x4001 1800

Port D
0x4001 1400
Port C
0x4001 1000
Port B
0x4001 0CO0 PortA
OxFFFF FFFFF 0x4001 0800 or
EXTI
Reserved 0x4001 0400
AFIO
0xE010 0000 - 0x4001 0000
Core Private
Peripheral 0x4000 7800 Reserved
0xE000 0000
0x4000 7400
PWR
r— 0x4000 7000 BKP
0x4000 6C00
Reserved
0x4000 6800
0xC000 0000 0x4000 6400 bxCAN1
OX4OOO 6000 share 512B SRAM
X
Ox1FFF FFFF USBD
Reserved Hesslied 0x4000 5C00 oY)
Ox1FFF F880 - 0x4000 5800
Option Bytes 0xA000 0000 12C1
Ox1FFF F800 a 0x4000 5400 Reserved
Vendor Bytes
OX1FFF F700 - Reserved 0x4000 5000 UART4
Reserved 0x4000 4C00 USART3
Ox1FFF FOOO 0x4000 4800
0x7000 0000 USART2
System FLASH 0x4000 4400
(BOOT_28KB) Reserved
Reserved
0x4000 3C00
Ox1FFF 8000 SPI2
0x6000 0000 0x1000 3800 Reserved
X 0x4000 3400 WG
Reserved Reserved 0x4000 3000
WWDG
0x4000 2C00
. RTC
Peripherals 0x4000 2800
0x4000 0000
Code FLASH Reserved Reserved
480KB max
Includes 0 wait and non-0 0x2001 0000
waiting areas SRAM (64KBmax) 0x4000 1800
0x0800 0000 0x2000 0000 0x4000 1400 Reserved
Aliased to Flash or 0x4000 1000
system memory FLASH TIM5
depending on 0x4000 0C00 —
BOOT pins 0x4000 0800
0x0000 0000 0x0000 0000 0x4000 0400 TimM3
4G linear address space 0x4000 0000 Tim2
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Figure 1-10 CH32V203 memory image

OXLFFF FFFF

Ox1FFF F880
Ox1FFF F800
Ox1FFF F700

Ox1FFF FOOO

Ox1FFF 8000

0x0800 0000

0x0000 0000

Reserved

Option Bytes

Vendor Bytes

Reserved

System FLASH
(BOOT_28KB)

Reserved

Code FLASH
224KB max

Includes 0 wait and non-0
waiting areas

Aliased to Flash or
system memory
depending on
BOOT pins

OXFFFF FFFFF

0xE010 0000

0xE000 0000

0xC000 0000

0xA000 0000

0x7000 0000

0x6000 0000

0x4000 0000

0x2001 0000
0x2000 0000

0x0000 0000

Reserved

Core Private

Per

Reserved

Reserved

Reserved

Reserved

Reserved

Peripherals

Reserved

SRAM (64KBmax)

FLASH

4G linear address space

0x5005 0400
0x5005 0000
0x5004 0000
0x5000 0000
0x4002 A00O
0x4002 8000
0x4002 6000
0x4002 4000
0x4002 3C00
0x4002 3800
0x4002 3400
0x4002 3000
0x4002 2400
0x4002 2000
0x4002 1400
0x4002 1000
0x4002 0800
0x4002 0400
0x4002 0000
0x4001 8400
0x4001 8000
0x4001 5400
0x4001 5000
0x4001 4C00
0x4001 3C00
0x4001 3800
0x4001 3400
0x4001 3000
0x4001 2C00
0x4001 2800
0x4001 2400
0x4001 1C00
0x4001 1800
0x4001 1400
0x4001 1000
0x4001 0CO0
0x4001 0800
0x4001 0400
0x4001 0000
0x4000 7800
0x4000 7400
0x4000 7000
0x4000 6C00
0x4000 6800
0x4000 6400
0x4000 6000
0x4000 5C00
0x4000 5800
0x4000 5400
0x4000 5000
0x4000 4C00
0x4000 4800
0x4000 4400
0x4000 4000
0x4000 3C00
0x4000 3800
0x4000 3400
0x4000 3000
0x4000 2C00
0x4000 2800

0x4000 1000
0x4000 0C00
0x4000 0800
0x4000 0400
0x4000 0000

Reserved

Reserved

USBFS

Reserved

Ethernet (cH203rBx)

Reserved

EXTEND

Reserved

CRC

Reserved

Flash Interface

Reserved

RCC

Reserved

DMA

Reserved

Reserved

USART1

Reserved

SPI1

TIM1

ADC2/TouchKey

ADC1/TouchKey

Reserved

Port D

Port C

PortB

Port A

EXTI

AFIO

Reserved

PWR

BKP

Reserved

bxCAN1

share 512B SRAM

USBD

12C2

12C1

Reserved

UART4

USART3

USART2

Reserved

SPI2

Reserved

IWDG

WWDG

RTC

Reserved

TIM5 (cH203RBx)

TIM4

TIM3

TIM2
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Figure 1-11 CH32V208 memory image

0x5005 0400

Reserved
0x5005 0000
0x5004 0000

USBFS

0x5000 0000

Reserved
0x4002 A00O

Ethernet
0x4002 8000

Reserved
0x4002 6000

BLE 5.3
0x4002 4000

Reserved
0x4002 3C00

EXTEND
0x4002 3800
0x4002 3400 Reserved

X
CRC

0x4002 3000

Reserved

0x4002 2400
0x4002 2000

Flash Interface

Reserved
0x4002 1400
RCC
0x4002 1000
Reserved
0x4002 0400
DMA

0x4002 0000
0x4001 8400
0x4001 8000
0x4001 5400 Reserved
0x4001 5000
0x4001 4C00
0x4001 3C00

USART1
0x4001 3800
Reserved
0x4001 3400
SPI1
0x4001 3000
TIM1
0x4001 2C00
Reserved
0x4001 2800
ADC1/TouchKey

0x4001 2400
0x4001 1C00 Reserved
0x4001 1800

Port D
0x4001 1400
Port C
0x4001 1000
Port B
0x4001 0CO0 PortA
OxFFFF FFFFF 0x4001 0800 or
EXTI
Reserved 0x4001 0400
AFIO
0xE010 0000 - 0x4001 0000
Core Private
Peripheral 0x4000 7800 Reserved
0xE000 0000
0x4000 7400
PWR
r— 0x4000 7000 BKP
0x4000 6C00
Reserved
0x4000 6800
0xC000 0000 0x4000 6400 bxCAN1
OX4OOO 6000 share 512B SRAM
X
Ox1FFF FFFF Reserved USBD
Reserved 0x4000 5C00 2c2
Ox1FFF F880 - 0x4000 5800
Option Bytes 0xA000 0000 12C1
Ox1FFF F800 a 0x4000 5400 Reserved
Vendor Bytes
Ox1FFF F700 ” Reserved 0x4000 5000 UART4
Reserved 0x4000 4C00 USART3
Ox1FFF FOOO 0x4000 4800
0x7000 0000 USART2
System FLASH 0x4000 4400
(BOOT_28KB) Reserved
Reserved
0x4000 3C00
Ox1FFF 8000 SP12
0x6000 0000 0x1000 3800 Reserved
X 0x4000 3400 DG
Reserved Reserved 0x4000 3000
WWDG
0x4000 2C00
. RTC
Peripherals 0x4000 2800
0x4000 0000
Code FLASH Reserved Reserved
480KB max
Includes 0 wait and non-0 0x2001 0000
walting areas SRAM (64KBmax) 0x4000 1800
0x0800 0000 0x2000 0000 0x4000 1400 Reserved
Aliased to Flash or 0x4000 1000
system memory FLASH TIM5
depending on 0x4000 0C00 Tiva
BOOT pins 0x4000 0800
0x0000 0000 0x0000 0000 0x4000 0400 TimM3
4G linear address space 0x4000 0000 Tim2
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Figure 1-12 CH32V3x memory image

Reserved
0x5005 0400 DVP
0x5005 0000

Reserved
0x5004 0000

USBFS/OTG_FS
0x5000 0000

Reserved
0x4002 A000

Ethernet
0x4002 8000

Reserved
0x4002 4000

TRNG
0x4002 3C00

EXTEND
0x4002 3800
0x4002 3400 UsBHS
0X4002 3000 CRC

X Reserved

0x4002 2400
0x4002 2000

Flash Interface

Reserved
0x4002 1400
RCC
0x4002 1000
Reserved
0x4002 0800
DMA2
0x4002 0400
DMA1
0x4002 0000
Reserved
0x4001 8400
SDIO
0x4001 8000
Reserved
0x4001 5400
TIM10
0x4001 5000
TIM9
0x4001 4C00
0x4001 3C00 Reserved
* USART1
0x4001 3800
TIM8
0x4001 3400
SPI1
0x4001 3000
TIM1
0x4001 2C00
X401 2800 ADC2/TouchKey
X ADC1/TouchKey
0x4001 2400
Reserved
0x4001 1C00
PortE
0x4001 1800
Port D
0x4001 1400
Port C
0x4001 1000
PortB
0x4001 0C00 PortA
OxFFFF FFFFF 0x4001 0800 =
EXTI
Reserved 0x4001 0400
0x4001 0000 AFI0
0xE0100000 Core Private X Reserved
Peripherall 0x4000 7800
0xE000 0000 DAC
0x4000 7400
0x4000 7000 PWR
Reserved 0X4000 600 BKP
* bxCAN2
0x4000 6800
0xC000 0000 bxCAN1
0x4000 6400
share 512B SRAM
OX1FFF FFFF Reserved 0x41000/6990 Reserved
Reserved 0x4000 5C00 2c2
OXLFFF F880 0xA000 1000 FSMC regist 0x4000 5800
Option Bytes 0xA000 0000 register 12C1
Ox1FFF F800 Vendor Byt 0x4000 5400 UARTS
endor Bytes
OX1FFF F700 ResarEt 0x4000 5000 UARTZ
Reserved 0x4000 4C00
Ox70FF FFFF X
Ox1FFF FOOO FSMC bank2 NAND(NAND1) 0x4000 4800 USART3
0x7000 0000 USART2
System FLASH 0x4000 4400 Reserved
BOOT_28KB, 0x4000 4000
(BOOT_28KE) e ) SPI3/1253
Ox1FFF 8000 Ox60FF FFFF 0x4000 3¢90 SPI2/1252
X
FSMC bank1 NOR/PSRAM 1 0x4000 3800
0x6000 0000 0x4000 3400 Reserved
IWDG
Reserved Reserved 0x4000 3000
WWDG
0x4000 2C00
) RTC
Peripherals 0x4000 2800
0x4000 0000 0x4000 2400 Reserved
UART8
Code FLASH Reserved 0x4000 2000
480KB max UART?
Includes 0 wait and non-0 0x2001 0000 0x4000 1C00 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 0C00 T™a
BOOT pins 0x4000 0800
0x0000 0000 0x0000 0000 0x4000 0400 V3
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 CH32V 3x.

2.1 Overview

The system operating voltage (Vpp) ranges from 2.4 to 3.6V, and the built-in voltage regulator provides the
operating 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
V- | DA converter
Temperature
Voba sensor
E[: Reset module
Vssn O PLL
Core
_ Power supply
VDD power supply domain area
I/O circuit CPU cores
Voo O memory
Standby circuit
Wake-up logic, IWDG) Built-in
Vss O digital
eripherals
Voltage regulator I—— perip

Low voltage detector]

Back-up power supply domain

® LSE 32K crystal oscillator
Vear e —] 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 Vpar 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 1Os 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,
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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 Viar pin. If VDD is less than the reset delay
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 Vsar 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 Vpp(a)
Vror
jO-llOmV Hysteresis
y VPDR_ .
Reset lagitime
trsrenvipo
Reset signal 0 1 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.
When the VDD voltage is higher than the threshold set by PLS[2:0], PVDO position 0; when the VDD
voltage is lower than the threshold set by PLS[2:0], PVDO position 1.
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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 I;Irsl(];’ Ie{riSIille)rIajl{J I(J)(I)\\I%']_LEBS;O or
p Clear PDDS to 0 | in the external interrupt register) berip p_ )
WFI or WFE clock OFF LPDS=1
WKUP pin rising edge, RTC alarm
Set SLE)EIPDEEP f;]:;it’ NRST pin reset, IWDG HSE, HSL PLL
Standby Set PDDS to 1 | Note: Any event can also wake up angg)cekrlglll: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

WFTI: 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).
WFE: When a wake-up event triggers the microcontroller, it exits the low-power mode. Wake-up events
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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.

® SILEEPONEXIT

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
WEE.

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 PB domain is ongoing, the Stop mode entry is delayed until
the memory or PB 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.

2.3.4 Standby Mode

The only difference between the standby mode and the stop mode is that the microcontroller will be reset and
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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 is able to wake up the MCU from the Shutdown mode, in order to realize this function,
it is necessary to configure the external interrupt line 17 and set the RTC to generate alarm events. To wake up

the MCU from Standby mode, only the RTC needs to be set 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

Reserved RAML| R30K | R2KV [R30K [R2KS
v |vBaT| BAT |sTY| TY

5 14 13 12 11 10 9 8 7 6 5 4 3 2 10
Reserved DBP | PLS[2:0] |PVDE|CsBE [cwur| PP |LpDS
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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_D&C, 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,
18 ROKVBAT RW CH32V30x_DS§, CH32V30x_DSC, CH32V20x_DS, 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_D6.
30K RAM power enable in Standby mode:
1: Power enabled. 0: Power disabled.
17 R30KSTY RW |Note: Applied for CH32F20x D8, CH32F20x _DS8C, 0
CH32V30x_DS8, CH32V30x_DSC, CH32V20x_DS,
CH32V20x_D8W and CH32F20x_DS8.
Whether the 2K RAM is charged with control bits in Standby
mode:
1: Charged; 0: Not charged.
Note: Applicable to CH32F20x D8, CH32F20x_DSC,
16 ROKSTY RW CH32V30x_DS§, CH32V30x_DSC, CH32V20x_DS, 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_D6.
[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.
PVD level selection. For details, refer to the electrical
[7:5] |PLS[2:0] RW |characteristics of the manual. 0
000: 2.37V at the rising edge/2.29V at the falling edge;
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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.

4 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.

1 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;

0 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 BITI6~BIT20 can only be reset by backup, other BITs are reset when waking 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 0
Reserved EWUP Reserved PVDO | SBF | WUF
Bit Name Access Description Reset
value
[31:9] |Reserved RO |Reserved. 0
WXKUP pin enable bit
1: WKUP is forced in input pull-down configuration, used to
8 EWUP RW |wake up the MCU from standby mode; 0
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. 0
2 PVDO RO |PVD output bit. It is valid only when PVD is enabled by the 0
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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.

Standby flag bit, cleared by setting the CSBF bit to 1.

1 SBF RO |1: MCU enters standby mode; 0
0: MCU is not in standby mode.

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
0 WUF RO ) 0
WKUP pin;

0: No wake-up event occurred.

Note: This register remains unchanged after woken up from Standby mode.
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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 (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 3-1 System reset structure

VD VD DA

NRST [
PowerReset
Software Reset
WWDG Reset
IWDG Reset :>
Low-power Management Reset Z :
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:

+ System
Reset

\§
!

® On the premise that both Vpp and Vgar are powered off, it is caused by power-on of Vpp or Vear
® Set the BDRST bit in the RCC_BDCTLR register to 1
®  Set 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 IWDGCLK )
LSI RC to independent watchdog
0SC32_IN G—| 32.768kHz RTCCLK
osca2_outp— LSEOSC o k¢ _60MHz [ernony
PLL3MUL
3] _D—> to 1252 interface
PLL3CLK
25,4, _D—>t 1253 interf
* * (o] intertace
16,720 PLL3VCO
—D—> to TRNG
PREDIV2 PLLZMUL
| PREDIV1SRC
/1’/2’... *2.5’*4'... PREDIVL
/15,/16 *16,*20 . PLLSRC
XTI to MCO /1,72,
PLL2VCO /15,/16 PLLMUL
0SC_OUT O *16,*%18
8MHz
HSI RC
PLLCLK USBCLK
/1,/2,=
/7,/8 HSPLL OTGFSCLK
|
HSPLLSRC ~ USBHSPREDIV. a 8 OTGFSSRC
MCO[3:0
[3:0] to Flash prog IF
— HSE
— HSI " to HB bus/core/memory/DMA
HB prescaler
/1,/2+++/512 FCLK core free running clock
MCO D — PLLCLK/2 | )
— PLL2CLK to Core System timer
— PLL3CLK/2
— PLL3CLK PB1 prescaler
HCLK P PCLKL to PB1 peripherals
— XTI /1,/2-+/16
144MHz max 4 )
peripheral clock enable
MII/RMIl interface if(PB1 prescaler=1)*1 TIM
h XCLK
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 I pB2 prescaler PCLK2 X
MAC /1,/2++/16 to PB2 peripherals
GTXC .
GTXC RGMII EN peripheral clock enable
ADC prescaler
GRXC —|
GRXC /2,/4./6./8 ADCELK, 16 apC1,2
ETH1G_EN peripheral clock enable
EXT_125M ETH1G_125M
= if(PB2 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_DSC.
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Figure 3-3 CH32FV203/V303 clock tree structure

40kHz
LSI RC IWDGCLK to independent watchdog
0sC32_IN i: 32.768kHz RTCCLK 10 RTC
0SC32_0UT LSE 0SC
USB prescaler
/1,/2,/3 - USBCLK
PLLXTPRE  p||SRC peripheral clock enable
OSC_IN :[: 3-25MHz . PLLMUL
0sc_ouT HSE OSC 1
*3 K/ s — to 1252 interface
' —PLLCLK
* *
SMHz 16,718 — to 12S3 interface
HSI RC SYSCLK—
— to TRNG
MCO[3:0]
HB prescaler
i /1,/2+++/512 to Flash prog IF
MCOL}€&—

HSE F———— to HB bus/core/memory/DMA
PLLCLK/2

FCLK core free running clock

I to Core System timer

PB1 |
—— HcLK N /pzres;iser ’_DM.H, PB1 peripherals
144MHz max 4

peripheral clock enable

if(PB1 prescaler=1)*1
else *s T_DMto TIM2,3,4,5,6,7

peripheral clock enable

| | PB2prescaler PCLK2 ‘
/1,/2---/16 to PB2 peripherals

peripheral clock enable

ADC prescaler

"1/2,/4,/6./8 :Dwm ADC1,2

peripheral clock enable

if(PB2 prescaler=1)*1
el(se *5 ) T‘DMm TIM1,8,9,10

peripheral clock enable

Note: This clock tree structure is applied for CH32F20x_D6, CH32F20x D8, CH32V20x D6 and
CH32V30x_D8. When using the USB function, the CPU frequency must be 48MHz, 96MHz or 144MHz. when
using the USB high speed function, the clock source of USBHSPLL can only be HSE. when the system wakes
up from the stop or standby mode, the system will automatically switch to HSI as the main frequency.
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Figure 3-4 CH32V203RB clock tree structure

32kHz
LSI RC IWDGELK to independent watchdog
0SC32_IN EI’_ 32.768kHz RTCCLK o arc
osc32_outi—  LSE OSC
USB presgraLe_r
1,/2 5l
/L/2.] l’/_ J?DM» USBCLK
0SC_IN E[:: 329MHz - perpheral clock enable

05C_ouT HSE OSC 1 SwW

*3 *4 e

N [——PLLCLK
*16,*18
SYSCLK:
MCO[3:0]
HB prescaler to Flash prog IF
1,/2-++/512
HSI 1 / [——> to HB bus/core/memory/DMA
MCO L€ HSE
[— > FCLK core free running clock
PLLCLK/2
. to Core System timer

— HCLK

144MHz max

60MHz
ETH-PHY

ETH clock enable

PB1 prescaler
/1,/2::/16

PCLK1 )
’_D—> to PB1 peripherals

perpheral clock enable

if(PB1

else *2

prescaler=1)*1

IMXCLK o TIM2,3,4,5

perpheral clock enable

PB2 prescaler
/1,/2=+/16

PCLK2 to PB2 peripherals

perpheral clock enable
ADC prescaler

lasafels [T P i poc

perpheral clock enable

if(PB2

else *2

prescaler=1)*1

\TIMxCLK to TIM1

perpheral clock enable

Note: (1) CH32V203RB (CH32V20x_D8) products have an external crystal or clock (HSE) of 32M, and there
is no need for a load capacitor to have been built in when using an external crystal.
(2) The blue dotted line in Figure 3-4 above applies only to CH32V203RB chips with the penultimate

digit of the lot number greater than zero.
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Figure 3-5 CH32FV208 clock tree structure

USB prescaler
/1,/2,/3,/5

USB clock enable

to Flash prog IF

)

BLEC/S clock enable

/1,/2

32kH
LSI Ré IWDGCLK to independent watchdog
0SC32_IN EI’— 32.768kHz RTCCLK
osc32_outj— LSE OSC
PLLXTPRE USBPRE
OSC_IN EID— 32MHz
osc_outi— HSE OSC
MCO[3:0]
HB prescaler
us| /1,/2=++/512
MCO Cje—]|
HSE
PLLCLK/2
HCLK
144MHz max

ETH clock enable

PB1 prescaler

to HB bus/core/memory/DMA

FCLK core free running clock

to Core System timer

60MHz
ETH-PHY

/1,/2+:/16

else *2

if(PB1 prescaler=1)*1

PB2 prescaler

/1,/2++-/16

48MHz
USBCLK

PCLK1 .
to PB1 peripherals

peripheral clock enable

IMXCLE, 0 TiM2,3,4

peripheral clock enable

PCLK2
,_D—>to PB2 peripherals

peripheral clock enable

ADC prescaler;
/2,/4,/6,/8

else *2

if(PB2 prescaler=1)*1

peripheral clock enable

ADCCLK
to ADC1

peripheral clock enable

to TIM1

Note: This clock tree structure is applied for CH32F20x_D8W 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.
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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.
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 25MHz 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 ;;msible 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.
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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
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
PLLON?2 bit in the RCC_CTLR register. The PLLRDY? 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 PLLRDY3 bit is set to 1 by hardware. If the PLLRDYIE bit, the
PLL2RDYIE bit and the PLL3RDYIE bit in the RCC_INTR register are set, a corresponding interrupt can be
generated.

PLL clock sources:
® HSIclock
® 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 HB/PB1/PB2 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 HB, PB1, and PB2 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,

LSE or LSI clocks. Before modifying this bit, ensure that the DBP bit in the power control register (PWR_CR)
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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.

® The HSE is divided and used as the RTC clock: if the VDD supply is cut off or the internal voltage
regulator is turned off (the supply to the 1.8V domain is cut off), the RTC status is indeterminate. Refer
to the description of the RCC_BDCTLR register RTCSEL[1:0] bits for the dividing factor of the HSE for
the corresponding chip model.

3.3.5.4 Independent Watchdog Clock
If the independent watchdog (IWDG) is started by either hardware option or software access, the LSI oscillator

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_CFGR?2 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_CFGR2 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.
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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_CFGR2 register, [2S2/12S3/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
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 | PB2 peripheral reset register 0x00000000
R32 RCC _APBIPRSTR 0x40021010 | PBI1 peripheral reset register 0x00000000
R32 RCC_AHBPCENR 0x40021014 | HB peripheral clock enable register 0x00000014
R32 RCC_APB2PCENR 0x40021018 | PB2 peripheral clock enable register 0x00000000
R32 RCC _APBIPCENR 0x4002101C | PB1 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 | HB 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 <t 0x09000000
register
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LSI crystal oscillator calibration tune
R16 LSI32K TUNE 0x40022036 . 0x1011
- - register
LSI  crystal oscillator calibration
R8 LSI32K CAL CFG 0x40022049 . . 0x01
- - - configuration register
LSI crystal oscillator calibration status
R16 LSI32K CAL STATR | 0x4002204C . 0x0000
- - - 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_D8W.
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|PLL2|PLL2| PLL | PLL Reserved CSSO| HSE | HSE | HSE
RDY| ON |RDY| ON |RDY| ON N | BYP|RDY| ON
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
. . Reser| HSI |HSIO
HSICAL[7:0] HSITRIM[4:0] ved IRDY] N
Bit Name Access Description Reset value
[31:30] |Reserved RO [Reserved 0
PLL3 clock ready lock flag bit (Set by hardware):
1: PLL3 locked,;
29 PLL3RDY RO 0
0: PLL3 unlocked.
Note: Applied for CH32F20x_D8C and CH32V30x_DSC.
PLL3 clock enable control bit:
1: PLL3 enabled;
0: PLL3 disabled.
28 PLL3ON RW 0
Note: This bit is cleared by hardware when entering stop
or standby low-power mode. Applied for CH32F20x_DS8C
and CH32V30x_DSC.
PLL2 clock ready lock flag bit (Set by hardware):
1: PLL locked;
27 PLL2RDY RO 0
0: PLL unlocked.
Note: Applied for CH32F20x_D8C and CH32V30x_DSC.
PLL2 clock enable control bit:
1: PLL enabled;
0: PLL disabled.
26 PLL20ON RW 0
Note: This bit is cleared by hardware when entering stop
or standby low-power mode. Applied for CH32F20x_DS8C
and CH32V30x_DSC.
PLL clock ready lock flag bit (Set by hardware):
25 PLLRDY RO |1: PLL locked; 0
0: PLL unlocked.
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PLL clock enable control bit:
1: PLL enabled;

24 PLLON RW |0: PLL disabled. 0
Note: This bit is cleared by hardware when entering stop

or standby low-power mode.

[23:20] |Reserved RO [Reserved 0

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
19 CSSON RW |by hardware. When a HSE clock failure is detected, the 0
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
HSICALJ[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 +0.25%; the change in HSICAL is adjusted about

20KHz 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 HSION RW . . 1
0: Disable HSI oscillator.

Note: When the system returns from standby and stop
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modes or when the external oscillator HSE selected as the
system clock fails, this bit will be set by hardware to start
the internal SMHz 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
TY

Reserved

ETH
PRE

PLL
XTP
RE

USBPRE
[1:0]

PLL

MCO[3:0] SRC

PLLMUL[3:0]

15 14

13

12

11

10 9 8 6 5 4 3 2 1 0

ADCPREJ[1:0]

PPRE2[2:0]

PPREI1[2:0] HPRE[3:0] SWS[1:0] | SWI[1:0]

Bit

Name

Access Description Reset value

31

ADCDUTY

ADC clock duty cycle adjustment:
RW |1: ADC clock at low level for longer;

0: ADC clock duty cycle is 50%.

[30:29]

Reserved

RO |Reserved

28

ETHPRE

Ethernet clock source prescaler control:

0: Not divided;

1: Divided by 2.

Note: Applied for CH32V20x_D8W, CH32V20x_D§8 and
CH32F20x_D8W.

RW

[27:24]

MCO[3:0]

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;

1001: PLL3 clock divided by 2;

1010: XT1 external oscillator clock;

1011: PLL3 clock.

Note: This clock output may have some truncated cycles at

RW

startup or during MCO clock source switching. The values
[from 1000 to 1011 are applied for CH32F20x_DS8C and
CH32V30x_DSC.

[23:22]

USBPRE[1:0]

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).

Note:  The

RW

value 11b is only available to
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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):

For CH32F20x D6, CH32F20x_D8, CH32F20x D8W,
CH32V20x_D6, CH32V20x D8, CH32V20x D8W,
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;
[21:18] |PLLMULJ[3:0] RW : i 0
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 the CH32F20x_DS8C, CH32V30x_DS8C series, this bit
is reserved.

1: HSE clock divided by 2;
17 PLLXTPRE RW . 0
0: HSE clock not divided.
For CH32F20x_D8W, CH32V20x_D8W,
CH32V20x_DS.

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):
For CH32F20x D6, CH32F20x D8, CH32V20x D6,
CH32V30x_DS:
16  |PLLSRC RW - . - 0
1: HSE clock not divided or divided by 2;

0: HSI clock not divided or divided by 2.

For CH32F20x_D8C, CH32V30x_D&C:
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1: PREDIV1 output fed to PLL;
0: HSI not divided or divided by 2 fed to PLL.

For CH32F20x_D8W, CH32V20x_D8W,
CH32V20x_DS:

1: HSE divided by 2 or divided by 4 or divided by 8 fed to
PLL;

0: HSI no divided or divided by 2 feed to PLL.

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.

PB2 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.

PB1 clock source prescaler control:
0xx: HCLK not divided;

100: HCLK divided by 2;

[10:8] |PPRE1[2:0] RW . 0
101: HCLK divided by 4;
110: HCLK divided by 8;

111: HCLK divided by 16.

HB clock source prescaler control:
0xxx: SYSCLK not divided;

1000: SYSCLK divided by 2;
1001: SYSCLK divided by 4;
1010: SYSCLK divided by 8;
[7:4] |HPREJ[3:0] RW . 0
1011: SYSCLK divided by 16;
1100: SYSCLK divided by 64;
1101: SYSCLK divided by 128;
1110: SYSCLK divided by 256;

1111: SYSCLK divided by 512.

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

[3:2] |SWSJ[1:0] RO |01: HSE oscillator used as system clock; 0
10: PLL oscillator used as system clock;

11: Not applicable.
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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.

[1:0] [SW[1:0] RW 0
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 CSSC PLL3 | PLL2| PLL | HSE | HSI | LSE | LSI
RDYC|RDYC|RDYC|RDYC|RDYC|RDYC|RDYC
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reser PLL3|PLL2| PLL | HSE | HSI | LSE | LSI PLL3|PLL2| PLL | HSE | HSI | LSE | LSI
ved RDYI|RDYI|RDYI|RDYI|RDYI|RDYI|RDYI|CSSF|RDY | RDY | RDY |RDY | RDY | RDY | RDY
E E E E E E E F F F F F F F
Bit Name Access Description Reset value
[31:24] |Reserved RO |Reserved 0
Clock security system interrupt clear flag bit (CSSF):
23 CSSC WO |1: Clear CSSF interrupt flag; 0
0: No effect.
PLL3 ready interrupt clear flag bit:
1: Clear PLL3RDYF interrupt flag;
22 PLL3RDYC WO |0: No effect. 0
Note:  Applied  for CH32F20x_DSC  and
CH32V30x_DSC.
PLL2 ready interrupt clear flag bit:
1: Clear PLL2RDYF interrupt flag;
21 PLL2RDYC WO |0: No effect. 0
Note: Applied  for CH32F20x_D8C and
CH32V30x_DSC.
PLL ready interrupt clear flag bit:
20 PLLRDYC WO [1: Clear the PLLRDYF interrupt flag; 0
0: No effect.
HSE oscillator ready interrupt clear flag bit:
19 HSERDYC WO [1: Clear HSERDYF interrupt flag; 0
0: No effect.
HSI oscillator ready interrupt clear flag bit:
18 HSIRDYC WO [1: Clear HSIRDYF interrupt flag; 0
0: No effect.
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LSE oscillator ready interrupt clear flag bit:

17 LSERDYC WO [1: Clear LSERDYTF interrupt flag; 0
0: No effect.
LSI oscillator ready interrupt clear flag bit:

16 LSIRDYC WO |1: Clear LSIRDYF interrupt flag; 0
0: No effect.

15 Reserved RO [Reserved 0
PLL3 ready interrupt enable bit:

14 PLL3RDYIE RW |1: Enable PLL3 ready interrupt; 0

0: Disable PLL3 ready interrupt.

PLL2 ready interrupt enable bit:
13 PLL2RDYIE RW |1: Enable PLL2 ready interrupt; 0
0: Disable PLL2 ready interrupt.

PLL ready interrupt enable bit:
12 PLLRDYIE RW |1: Enable PLL ready interrupt; 0
0: Disable PLL ready interrupt.

HSE ready interrupt enable bit:
11 HSERDYIE RW |1: Enable HSE ready interrupt; 0
0: Disable HSE ready interrupt.

HSI ready interrupt enable bit:
10 HSIRDYIE RW |1: Enable HSI ready interrupt; 0
0: Disable HSI ready interrupt.

LSE ready interrupt enable bit:
9 LSERDYIE RW |1: Enable LSE ready interrupt; 0
0: Disable LSE ready interrupt.

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

CH32V30x_DS8C.

for  CH32F20x_D8C

PLLRDYF

RO

PLL clock ready interrupt flag:

1: Clock ready interrupt caused by PLL clock;

0: No clock ready interrupt caused by PLL clock.

Set by hardware. Write 1 to PLLRDYC by software to
clear.

HSERDYF

RO

HSE clock ready interrupt flag:

1: Clock ready interrupt caused by HSE clock;

0: No clock ready interrupt caused by HSE clock.

Set by hardware. Write 1 to HSERDYC bit by software
to clear.

HSIRDYF

RO

HSI clock ready interrupt flag:

1: Clock ready interrupt caused by HSI clock;

0: No clock ready interrupt caused by HSI clock.

Set by hardware. Write 1 to HSIRDYC bit by software
to clear.

LSERDYF

RO

LSE clock ready interrupt flag:

1: Clock ready interrupt caused by LSE clock;

0: No clock ready interrupt caused by LSE clock.

Set by hardware. Write 1 to LSERDYC bit by software
to clear.

LSIRDYF

RO

LSI clock ready interrupt flag:

1: Clock ready interrupt caused by LSI clock;

0: No clock ready interrupt caused by LSI clock.

Set by hardware. Write 1 to LSIRDYC bit by software to
clear.

3.4.4 PB2 Peripheral Reset Register (RCC_APB2PRSTR)

Offset address: 0x0C

31 30

29 28

27 26

25 24 23 22 21 20 19 18

17 16

Reserved

TIM1 TIMO

RST RST

Reserved

15 14

13 12

11 10

Reser]

ved T1

USAR

RST

TIMS
RST

SPI1
RST

TIM1
RST

ADC2
RST

ADC1
RST

IOPE
RST

IOPD
RST

IOPC
RST

IOPB

Reserved RST

RST

IOPA

AFIO
RST

Reser
ved

Bit

Name

Access

Description

Reset value

[31:21]

Reserved

RO

Reserved.

0

20

TIM10RST

RW

TIM10 reset:

1: Reset TIM10; 0: No effect.

0

19

TIMORST

RW

TIMO reset:

1: Reset TIMOY; 0: No effect.

[18:15]

Reserved

RO

Reserved.
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USART]1 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.
TIMI reset:
11 TIMIRST RW 0
1: Reset TIM1,; 0: No effect.
ADC2 reset:
10 ADC2RST RW 0
1: Reset ADC2; 0: No effect.
ADCI reset:
9 ADCIRST RW 0
1: Reset ADCI; 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.
10 port PA reset:
2 IOPARST RW 0
1: Reset PA; 0: No effect.
1 Reserved RO [Reserved 0
Alternate function IO reset:
0 AFIORST RW . 0
1: Reset alternate function; 0: No effect.
3.4.5 PB1 Peripheral Reset Register (RCC_APB1PRSTR)
Offset address: 0x10
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DAC |PWR | BKP | CAN[CAN fRecer| USB | oo | 1ot |USA | USA [USART [USART)p o
Reserved | por [ RST[RST| .2 [ | ved [ 2 | RsT|RST [RID|RI4L 3 2 eved
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 ww USA | USA [USA L ol eivie| Tivis| tivia | vz | T
RST | RST Reserved | DG | Reserved |RT8R|RT7R|RT6R rST | RST | RST | RST | RST 2
RST ST | ST | ST RST
Bit Name Access Description Reset 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.
27 BKPRST RW |Backup interface reset: 0
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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.
12C2 interface reset:
22 I2C2RST RW 0
1: Reset 12C2; 0: No effect.
12C1 interface reset:
21 I2C1RST RW 0
1: Reset 12C1; 0: No effect.
USARTS interface reset:
20 USART5RST RW 0
1: Reset USARTS; 0: No effect.
USARTY4 interface reset:
19 USART4RST RW 0
1: Reset USART4; 0: No effect.
USARTS3 interface reset:
18 USART3RST RW 0
1: Reset USART?3; 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.
SPI2 interface reset:
14 SPI2RST RW 0
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
USARTS interface reset:
8 USART8RST RW 0
1: Reset USARTS; 0: No effect.
USARTY7 interface reset:
7 USART7RST RW 0
1: Reset USART7; 0: No effect.
USARTS6 interface reset:
6 USARTO6RST RW 0
1: Reset USART6; 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 Timer6; 0: No effect.
Timer5 module reset:
3 TIMS5RST RW . 0
1: Reset Timer5; 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.
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TIM2RST

RW

Timer2 module reset:

1: Reset Timer2; 0: No effect.

3.4.6 HB 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

Reserved

ETHMA
CRXEN|
/BLEC

BLES

15

14

13 12

11

10

ACTX|

ETHM|DVPE
ACEN

OTG
_FSE

USBHS
EN

SDIO
EN

RNG
EN

FSM
CEN

CRC
EN

SRAM
EN

Reser
ved

Reser
ved

Reser
ved

Reser
ved

DMA2
EN

DMALI
EN

Bit

Name

Access

Description

Reset value

[31:18]

Reserved

RO

Reserved

0

17

BLES

RW

BLES clock enable:

1: BLES clock enabled;

0: BLES clock disabled.

Note: Applied for CH32V20x_DSW and CH32F20x_DSW.

16

BLEC

RW

BLEC clock enable:

1: BLEC clock enabled;

0: BLEC clock disabled.

Note: Applied for CH32V20x_DSW and CH32F20x_DSW.

16

ETHMACRXEN

RW

Ethernet MAC receive clock enable:

1: Ethernet MAC receive clock enabled;

0: Ethernet MAC receive clock disabled.

Note: Applied for CH32V30x_DS8C 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_DS8C 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:
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1: USBHS clock enabled;
0: USBHS clock disabled.
SDIO module clock enable bit:
10 SDIOEN RW [1: SDIO clock enabled; 0
0: SDIO clock disabled.
RNG module clock enable bit:
9 RNGEN RW |[1: RNG clock enabled; 0
0: RNG clock disabled.
FSMCEN module clock enable bit:
8 FSMCEN RW [1: FSMCEN clock enabled; 0
0: FSMCEN clock disabled.
7 Reserved RO |Reserved 0
CRC module clock enable bit:
6 CRCEN RW [1: CRC clock enabled; 0
0: CRC clock disabled.
5 Reserved RO |[Reserved 0
4 Reserved RO [Reserved 0
3 Reserved RO [Reserved 0
SRAM interface clock enable bit:
2 SRAMEN RW |1: In sleep mode, SRAM interface clock enabled, 1
0: In sleep mode, SRAM interface clock disabled.
DMA2 module clock enable bit:
1 DMA2EN RW |1: DMAZ2 clock enabled; 0
0: DMAZ2 clock disabled.
DMAT1 module clock enable bit:
0 DMAIEN RW |1: DMAI1 clock enabled; 0
0: DMAT clock disabled.
3.4.7 PB2 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 1(;%\/[1\]1 TIEZI\N/B Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reser [USART| TIMS8| SPI1 |TIM1]|ADC2|ADC1 Reserved IOPE |IOPD|IOPC|IOPB | IOPA |Reser | AFIO
ved | IEN | EN | EN | EN | EN | EN EN | EN | EN | EN | EN | ved | EN
Bit Name Access Description Reset value
[31:21] |Reserved RO |Reserved. 0
20 TIML0EN RW TIM10 interface clock enable bit: . 0
1: TIM10 clock enabled,; 0: TIM10 clock disabled.
19 TIMIEN RW TIMO interface clock enable bit: . 0
1: TIM9 clock enabled; 0: TIM9 clock disabled.
[18:15] |Reserved RO |Reserved.
14 USARTI1EN RW |USART!I interface clock enable bit:
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1: USART]I clock enabled; 0: USART1 clock disabled.
TIM8 module clock enable bit:
13 TIMSEN RW . 0
1: TIMS clock enabled; 0: TIMS8 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.
10 port PB clock enable bit:
3 IOPBEN RW . 0
1: PB clock enabled; 0: PB clock disabled.
10 port PA clock enable bit:
2 IOPAEN RW . 0
1: PA clock enabled; 0: PA clock disabled.
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.
3.4.8 PB1 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
DAC|PWR | BKP CAN|[CAN Reser USB 12C2 | 12C1 USAR [USAR | USAR USAR Reser
Reserved N | BN | EN 1 od D EN | EN TS5 T4 T3 T2 od
EN | EN | Y| EN EN [ BN [ BN [ BN |V
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WWwW USA | USA | USA
SPI3 | SPI2 TIM7|TIM6| TIMS | TIM4| TIM3 | TIM2
EN | EN Reserved | DG | Reserved |RT8E|RT7E|RT6E N | En | EN | EN | EN | EN
EN N N N
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.
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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 CANI1EN 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 12C2EN RW . 0
1: I12C2 clock enabled; 0: I12C2 clock disabled.

12C1 interface clock enable bit:
21 I2C1EN RW . 0
1: 12C1 clock enabled; 0: I2C1 clock disabled.

USARTS interface clock enable bit:
20 USART5EN RW . 0
1: USARTS clock enabled;  0: USARTS clock disabled.

USART4 interface clock enable bit:
19 USART4EN RW . 0
1: USART4 clock enabled;  0: USART4 clock disabled.

USARTS3 interface clock enable bit:
18 USART3EN RW . 0
1: USARTS3 clock enabled;  0: USART?3 clock disabled.

USART?2 interface clock enable bit:

17 USART2EN RW . 0
1: USART?2 clock enabled;  0: USART?2 clock disabled.
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
USARTS enable bit:
8 USART8EN RW 0

1: USARTS clock enabled;  0: USARTS clock disabled.

USARTY7 enable bit:
7 USART7EN RW . 0
1: USART7 clock enabled;  0: USART7 clock disabled.

USARTS6 enable bit:
6 USART6EN RW . 0
1: USART6 clock enabled;  0: USART6 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 TIMS5EN RW . . . 0
1: Timer5 clock enabled; 0: Timer5 clock disabled.

2 TIM4EN RW |Timer4 module clock enable bit: 0
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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.

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.

RTC clock enable control:
1: RTC clock enabled;
15 RTCEN RW |0: RTC clock disabled. 0
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;

11: The HSE oscillator is divided and used as the RTC
clock. Among them, CH32F20x D6, CH32V20x_D6
series chips with the penultimate 5th digit of the lot
number less than 1 are 512-division frequency, and vice
[9:8] |RTCSELJ[1:0] RW |versa are 128-division frequency; CH32F20x D8W, 0
CH32V20x_DS8, CH32V20x_D8W series chips are 512-
division frequency; CH32F20x D8, CH32F20x D8C,
CH32V30x_DS8, CH32V30x_DS8C series chips are all 128
divisions.

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:
2 LSEBYP RW 0

1: LSE oscillator bypassed (External clock source is used);
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0: LSE oscillator not bypassed.
Note: This bit can be written only when LSEON is 0.

1 LSERDY

RO

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

1: LSE oscillator ready;

0: LSE oscillator not ready.

Note: After the LSEON bit is cleared, it takes 6 cycles of|
LSE clock to clear this bit.

0 LSEON

External low-speed crystal oscillator enable control bit:

RW [1: LSE oscillator enabled;

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 | WW
RRST| DGR
F | STF

IWD
GRS
TF

SFT
RSTF

POR
RSTF

PIN |Reser| RMV

RSTF| ved | F Reserved

15 14

13

12

11

10 9 8 7 6 5 4 3 2

1 0

Reserved

LSI |LSIO
RDY| N

Bit

Name

Access Description

Reset value

31 LPWRRSTF

RO

Low-power reset flag:

1: Low-power reset occurred;

0: No low-power reset occurred.

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

30 WWDGRSTF

RO

Window watchdog reset flag:

1: Window watchdog reset occurred;

0: No window watchdog reset occurred.

When the window watchdog reset occurs, set by
hardware. Cleared by writing to the RMVF bit by
software.

29 IWDGRSTF

RO

Independent watchdog reset flag:

1: Independent watchdog reset occurred;

0: No independent watchdog reset occurred.

When independent watchdog reset occurs, set by
hardware. Cleared by writing to the RMVF bit by
software.

28 SFTRSTF

RO

Software reset flag:

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

27

PORRSTF

RO

Power-on/power-down reset flag:

1: Power-on/power-down reset occurred,

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.

26

PINRSTF

RO

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

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.

24

RMVF

RW

Remove reset flag control:

1: Clear reset flag; 0

0: No effect.

[23:2]

Reserved

RO

Reserved.

LSIRDY

RO

Internal low-speed clock (LSI) ready flag bit (Set by
hardware):

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

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.

LSION

RW

Internal low-speed clock (LSI) enable control bit:

1:LSI (40KHz) oscillator enabled; 0

0: LSI (40KHz) oscillator disabled.

Note: The Write Clear Reset flag can be cleared except for BIT1 which is cleared by a power-on reset.

3.4.11 HB 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 |MACI 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.
12 OTGFSRST RW |USBOTG_FS module reset control: 0
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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| ETH1 RNG | 12S3 | 12S2
ssrC| spiL| o7 |SPLL| USBHSDIVIZ:O] |00y [(Gan |[ETHIGSRC  gpe | sre | sre [PIV]
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
USBHS 48MHz clock source selection:
31 USBHSSRC RW 0
1: USB PHY; 0: PLL CLK.
USBHS PHY internal PLL control bit:
30 USBHSPLL RW |[1: USB PHY internal PLL enabled; 0
0: USB PHY internal PLL disabled.
USBHS PLL reference clock selection
(USBHS PLL SRC/USBHS PREDIV):
00: 3MHz;
[29:28] |USBHSCLKJ[1:0]| RW 00
01: 4MHz;
10: SMHz;
11: SMHz.
USBHS PLL reference source selection:
27 USBHSPLLSRC | RW 0
1: HSI 0: HSE
USBHS PLL reference source prescaler:
000: Not divided; 001: Divided by 2;
[26:24] |USBHSDIV[2:0] | RW |010: Divided by 3; 011: Divided by 4; 000
100: Divided by 5; 101: Divided by 6;
110: Divided by 7; 111: Divided by 8.
23 Reserved RO |Reserved 0
” ETH1G 125M_E RW Gigabit Ethernet 125M clock enable bit:
N 1: Enabled; 0: Disabled.
Gigabit Ethernet 125M clock selection:
00: PLL2 VCO;
[21:20] |[ETHIGSRC[2:0] | RW
01: PLL3 VCO;
1x: External PB1 pin input.
RNG clock source selection:
19 RNG SRC RW
- 1: PLL3 VCO; 0: System clock.
12S3 clock source:
18 12S3SRC RW [1: PLL3 VCO; 0
0: System clock (SYSCLK).
12S2 clock source:
17 12S2SRC RW 0
1: PLL3 VCO;
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0: System clock (SYSCLK).

PREDIV1 clock source:
16 PREDIV1ISRC RW |1: PLL2; 0
0: HSE.

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 §;

[15:12] |PLL3MULJ[3:0] RW : 0000
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.

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;

0100: PLL2 input clock x 6;

0101: PLL2 input clock x 7;

0110: PLL2 input clock x §;

[11:8] |PLL2MUL[3:0] RW : 0000
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.

PREDIV2 prescaler factor (These bits can be written
only when PLL2 and PLL3 both are disabled).

0000: PREDIV2 not divided,;

[7:4] |PREDIV2[3:0] RW ) . 0000
0001: PREDIV2 input clock divided by 2;
0010: PREDIV2 input clock divided by 3;

0011: PREDIV2 input clock divided by 4;
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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: PREDIV2 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.

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;

[3:0] |PREDIV1[3:0] RW |1000: PREDIV1 input clock divided by 9; 0000
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;
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

AULT| ved [1:0] Reserved

HSEC

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

Reserved

Bit Name Access Description Reset value

[31:28] | HSEC[3:0] RW | HSE internal match capacitor adjustment: 0
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000:
001:
010:
011:
100:
101:

8pF:

10pF;

12pF;

14pF;

16pF;

18pF;

110: 20pF;

111: 22pF,

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

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:
1: Calibration enabled in low-power mode;
[6] |LPEN RW |0: Calibration disabled in low-power mode. 0
Note: It works together with RB_HSE KEEP LP in
EXTEN.
LSI32K wake-up interrupt enable:
[5] |WKUPEN RW |1: LSI32K wake-up interrupt enabled. 0
0: LSI32K wake-up interrupt disabled;
[4] |HALTMD RW |LSI32K calibration count halt duration configuration: 0
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1: Count halts for 3 CK32K cycles.
0: Count halts for 1 CK32K cycle;

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

LSI32K calibration count end interrupt flag:
[15] |IFEND RW1 |1: Sampling count ends, the flag is set; 0
0: During sampling count, no flag.

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

1: Overflow.

Count for several CK32K cycles based on system
clock frequency.

[13:0] |CNT[13:0] RO _ 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]

V2.1 58 WH



https://wch-ic.com

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

Bit Name Access Description Reset value

LSI32K sampling counter overflow count.
[7:0] |OVCNTJ[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 |1: Count halts, and the count value is available; 1
0: During count, and the count value is not available.
[6:2] |Reserved RO |Reserved 0
[1] |CALEN RW  |LSI32K calibration enable:
[0] |CALINTEN RW |LSI32K calibration interrupt enable 0

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 DATAR?2 0x40006C08 Backup data register 2 0x0000
R16 BKP_DATAR3 0x40006C0OC | 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 _DATARG6 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 _DATARI10 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

HB Bus

32-bit read

CRC computation
(polynomial: 0x4C11DB7)

A

32-bit write

A

Data register
(CRC_DATAR)

5.1 Main Features

® (CRC32 polynomial (0x4C11DB7)

- XX 204X 234+ X 24+ X0+ X 2+ X X 0+ X+ X T+ X5+ X H X2+ X+1
® Single input/output 32-bit data register
® (CRC computation done in 4 HB 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 CH32V 3x.

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

| PB1 bus |
PCLK1 2
| Y
PB1 interface not powered in Standby |
A A ﬁu
overeeeeeenp-Backup domain L \
| RTC_PRL | RTCCR
= Second event > [SEEHD
32-bit programmable %._-
Reload ‘:—ITR CLK counter Overflow event —
[ RTC_DIV == »| RTC_CNT | : >_
i I OWIE
Rising edge ~ Alarm event

RTC prescaler

»{ ALRF .
ALRIE

powered in Standby

powered in Standby

Ly | NVIC interrupt
powered in Standby controller
—-
powered in Standby
. “[RTc_Alarm A| T T E——
é’KUP pin WKP STDBY P Standby mode :
powered in Standby E

As shown in Figure 6-1, the RTC module is mainly composed of 3 parts: PB1 bus interface, prescaler and
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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-
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 PB1 buses are independent, and the reading of

RTC by PBI1 is not necessarily real-time. The RTC register reading through PB1 must go through a RTC rising

edge after PB1 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 PB1
interface;

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 0x0000

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
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R16 RTC_ALRML 0x40002824 Alarm clock register low 0xXXXX
6.3.1 RTC Control Register High (RTC_CTLRH)
Offset address: 0x00
15 14 13 12 10 9 8 7 6 5 4 3 1 0
Reserved OWIE|ALRIE|SECIE]
Bit Name Access Description Reset value
[15:3] |Reserved RO |Reserved. 0
2 OWIE RW |Overflow interrupt enable. 0
1 ALRIE RW |Alarm interrupt enable. 0
0 SECIE RW |Second interrupt enable. 0
6.3.2 RTC Control Register Low (RTC_CTLRL)
Offset address: 0x04
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved RIOT] onr | RSk [owr| ALR [sECF
Bit Name Access Description Reset value
[15:6] |Reserved RO |Reserved. 0
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.
5 RTOFF RO . ) 1
1: Last write operation on RTC has been
completed;
0: Last write operation on RTC is still ongoing.
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
4 CNF RW |performed only when this bit is written 1 and 0
cleared by software:
1: Enter the configuration mode;
0: Exit the configuration mode, and start updating
the RTC register.
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
3 RSF RWO i i i 0
registers, or after the PBI1 is reset or PB1 clock is
stopped, the bit should be reset firstly.
1: Register synchronized,
0: Register not synchronized.
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Counter overflow flag. When the 32-bit counter
overflows, this bit is set by hardware. If the OWIE
2 OWF RWO |bit is set, an overflow interrupt is also generated. 0
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 (ALRMXx), 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
input frequency is 32768Hz, then this value can be

[15:0] |PRL[15:0] WO xxxxh

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
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Reserved DIV[19:16]

Bit Name Access Description Reset value
[15:4] |Reserved RO |Reserved. 0
[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 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 10 9 8 7 6 5 4 3 2 1 0
CNT[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 10 9 8 7 6 5 4 3 2 1 0
CNT[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
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ALR[31:16]

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 11 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.
7.3.4 Status Register IWDG_STATR)
Offset address: 0x0C
15 14 13 12 11 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;
0: Update of the reload update completed (5 LSI
1 RVU RO 0
cycles at most).
Note: The reload value register IFDG_RLDR can
only be read /written after the RVU bit is cleared
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to 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|w2|w1|wo]

T[6:0] > W[6:0]

RESET <—C -~
Write WWDG_CTLRI6:0]

Watchdog control register(WWDG_CTLR)
| woa | 16| 15| T4 13| 12| T1] TO|
|

WWDG enable control, software on
WWDG_CLK

PCLK1 /4096 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.
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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.

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 [— Timeout:Trua*4096*2">°™ *(T[5:0]+1])
|
wie:0] —~|— — — —

| ‘

Ox3F I Window area
| | |
I I | »
It T2 3 im
|Eeﬁesh notallowed| Refresh allowed 'i Time
| l

T6 bit i |
I |
| I

RESET ! M
b :
| Refreshv.wll.be | IThe counter will

resP:t within | | reset when CNT
the disallowed | | 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 sofiware 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.
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® 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.

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 O.

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
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EWI

RW1

Early wakeup interrupt:

If it set to 1, interrupt is generated when the
counter reaches 0x40. It can only be cleared by
hardware after reset.

[8:7]

WDGTB[1:0]

RW

Window watchdog time base:

00: not divided, counter time base =PCLK1/4096;
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.

00b

[6:0]

WI[6:0]

RW

Window watchdog 7-bit window value. It is used
to be compared with the counter value. The feed
dog operation can be performed only when the
counter value is less than the window value and is
greater than Ox3F.

7Fh

8.3.3 WWDG Status Register ( WWDG_STATR)
Offset address: 0x08

15

14

13 12

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

EWIF

RWO

Early wakeup interrupt flag.

When the counter reaches 0x40, this bit is set by
hardware, and it must be cleared by software. User
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

Position | 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
) i i 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 EXTI1 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 DMAI1 CHI DMAI channell global interrupt 0x0000006C
12 19 programmable DMA1 CH2 DMAT1 channel2 global interrupt 0x00000070
13 20 programmable DMAI1 CH3 DMA1 channel3 global interrupt 0x00000074
14 21 programmable DMA1 CH4 DMAT1 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 DMAT1 channel7 global interrupt 0x00000084
18 25 programmable ADCI1 2 ADCI1 and ADC2 global interrupt 0x00000088
USB HP or )
19 26 programmable CAI\;I X USB _HP or CAN1 TX global interrupt | 0x0000008C
20 27 | progammable | o= " |USB_ LP or CAN1_RXO global interrupt| 000000090
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 EXTTI 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 TIM2 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 I2C1_ER 12C1 error interrupt 0x000000C0
33 40 programmable 12C2 EV 12C2 event interrupt 0x000000C4
34 41 programmable I2C2_ER 12C2 error interrupt 0x000000C8
35 42 programmable SPI1 SPI1 global interrupt 0x000000CC
36 43 programmable SPI2 SPI2 global interrupt 0x000000D0
37 44 programmable USARTI1 USART]1 global interrupt 0x000000D4
38 45 programmable USART?2 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 TIMS8 _CC TIMS capture compare interrupt 0x000000F8
47 54 programmable RNG RNG global interrupt 0x000000FC
48 55 - - Reserved 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 USART4 USART4 global interrupt 0x00000110
53 60 programmable USARTS USARTS? 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 CH5 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 USART6 USART®6 global interrupt 0x0000015C
72 79 programmable USART7 USARTY7 global interrupt 0x00000160
73 80 programmable USARTS USARTS global interrupt 0x00000164
74 81 programmable TIM9 BRK TIM9 break interrupt 0x00000168
75 82 programmable TIM9 UP TIM9 update interrupt 0x0000016C
76 g3 | POERIIEO |0 TRG con| MO triggerand communication | 000000
- - 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 TRG_CO TIM10 trigger and communication
80 87 ) 0x00000180
M 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 CHI11 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 - - Reserved 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 USART4 USART4 global interrupt 0x00000110
69 55 programmable USARTS USARTS5 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 USART6 USART®6 global interrupt 0x0000015C
88 74 programmable USART7 USART?7 global interrupt 0x00000160
89 75 programmable USARTS USARTS 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
PBbus
A
\
PCLK2—»| Peripheral interface
22 22 22 22 22
INTFR INTENR SWIEVR RTENR FTENR
To NVIC interrupt 122 £ 22 x22 £ 22
controller
- 7
22
, Pulse ( ' , Edge detect [ Input
22 generator | 22 ( 22 circuit 1 Line

]

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 PB2 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:
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® 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
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.

® Enable 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 EXTI 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 : o
. . Mapping event description
interrupt/event line

Px0~Px15 (x=A/B/C/D/E). Any IO port can enable the external

EXTIO~EXTI15 . . .
interrupt/event function, configured by AFIO_EXTICRx register.

EXTI16 PVD event: Exceed the voltage detector threshold
EXTI17 RTC alarm event
USBD/USBFSOTG wakeup event (Applied for CH32F20x DS,
EXTII8 CH32F20x_D8C, CH32V30x_DS8 and CH32V30x_DS8C)
USBD wakeup event (Applied for other product numbers)
EXTI19 ETH wakeup event
EXTI20 USBHS wakeup event (Applied for CH32F20x_DS8C and CH32V30x_DS&C)

USBFS wakeup event (Applied for other product numbers)
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EXTI21

Internal 32K calibration wakeup event (Applied for CH32V20x DS,

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 MR2 | MR2 | MR1 | MR1 | MR1 MR16
1 0 9 8 7
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ML MEEIMEY v (MBTMEU MR MRS | MR7 [ MR6 | MRS | MR4 [ MR3 | MR2 [ MR1 | MRO
Bit Name Access Description Reset value
[31:22] |Reserved RO |Reserved. 0
Interrupt request signal of external interrupt
channelx enable:
[21:0] |[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 MR2 | MR2 | MR1 | MR1 | MR1 MRI16
1 0 9 8 7
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
M?I Mfl M;{ ! MR12 M{U M(I){ ! MR9 | MR8 | MR7 | MR6 | MR5 | MR4 | MR3 | MR2 | MR1 | MRO
Bit Name Access Description Reset value
[31:22] |Reserved RO |Reserved. 0
Event request signal of external interrupt channelx
[21:0] [MRx RW 0
enable:
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1: Event enabled;
0: Event disabled.

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 TR21|TR20|TR19|TR18|TR17|TR16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TR15|TR14 TI;l TR12 |TR11|TR10| TR9 | TR8 | TR7 | TR6 | TRS | TR4 | TR3 | TR2 | TR1 | TRO
Bit Name Access Description Reset value
[31:22] |Reserved RO |Reserved. 0
Rising edge trigger of external interrupt channelx
[21:0] |TRx Ry |cnable: . 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 TR21|TR20|TR19|TR18| TR17|TR16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TR15|TR14 T;{l TR12 [TR11|TR10| TR9 | TR8 | TR7 | TR6 | TRS | TR4 | TR3 | TR2 | TRI | TRO
Bit Name Access Description Reset value
[31:22] |Reserved RO |Reserved 0
Falling edge trigger of external interrupt channelx
enable:
[21:0] |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|SWIE
R21 | R20 | R19 | R18 | R17 | R16

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|R14|RI3 | RI2 | RI1 |R1I0| RO | R8| R7| R6 | RS| R4 | R3| R2|RI1|RO

Reserved

Bit Name Access Description Reset value
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[31:22] |Reserved RO |Reserved. 0
Set a software interrupt on the corresponding
external trigger interrupt channel. With these bits
set, the corresponding bit of the interrupt flag bit
[21:0] |SWIERx RW |(EXTI INTFR) is set. If the interrupt 0
(EXTI_INTENR) 1is enabled or the event
(EXTI_EVENR) is enabled, an interrupt or event
is generated.
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 IF21 | IF20 | IF19 | [F18 | [F17 | IF16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IF15 | IF14 | IF13 | IF12 | IF11 | IF10 | IF9 | IF8 | IF7 | IF6 | IF5 | 1IF4 | IF3 | IF2 | IF1 | IFO
Bit Name Access Description Reset value
[31:22] |Reserved RO |Reserved. 0
Interrupt flag. When these bits are set, the
[21:0] |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 0xEO00E000 | PFIC interrupt enable status registerl 0x0000000C
R32 PFIC ISR2 0xEO00E004 | PFIC interrupt enable status register2 0x00000000
R32 PFIC ISR3 0xEO00E008 | PFIC interrupt enable status register3 0x00000000
R32 PFIC ISR4 0xEO00EOOC | PFIC interrupt enable status register4 0x00000000
R32 PFIC IPR1 0xEO000E020 | PFIC interrupt pending status registerl 0x00000000
R32 PFIC IPR2 0xE000E024 | PFIC interrupt pending status register2 0x00000000
R32 PFIC IPR3 0xEOOOE028 | PFIC interrupt pending status register3 0x00000000
R32 PFIC IPR4 0xEOOOE02C | PFIC interrupt pending status register4 0x00000000
PFIC  interrupt priority  threshold
R32 PFIC ITHRESDR 0xEO00E040 ) ) 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 interrupt0 offset address
R32 PFIC VTFADDRRO 0xE000E060 ) 0x00000000
- n register
PFIC VTF interruptl offset address
R32 PFIC VTFADDRRI1 0xE000E064 st 0x00000000
register
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PFIC VTF interrupt2 offset address
R32 PFIC VTFADDRR?2 0xEO00E068 ) 0x00000000
- - register
PFIC VTF interrupt3 offset address
R32 PFIC VTFADDRR3 0xEO00E06C ) 0x00000000
- - register
R32 PFIC IENRI 0xEOOOE100 | PFIC interrupt enable set register1l 0x00000000
R32 PFIC IENR2 0xEOOOE104 | 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 O0xEOOOE188 | PFIC interrupt enable clear register3 0x00000000
R32 PFIC IRER4 0xEOO00E18C | 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
R32 PFIC IPRRI1 0xEOOOE280 | PFIC interrupt pending clear registerl 0x00000000
R32 PFIC IPRR2 0xEOOOE284 | PFIC interrupt pending clear register2 0x00000000
R32 PFIC IPRR3 0xEO00E288 | PFIC interrupt pending clear register3 0x00000000
R32 PFIC IPRR4 0xEO00E28C | PFIC interrupt pending clear register4 0x00000000
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 TIACTR4 0xEO00E30C | PFIC interrupt activation register4 0x00000000
PFIC interrupt priority configuration
R32 PFIC IPRIORx 0xE000E400 ) 0x00000000
- - register
R32 PFIC_SCTLR 0xEOOOED10 | PFIC system control register 0x00000000

Note: 1. Interrupts of NMI, HardFault, ECALL-M, ECALL-U and BREAKPOINT are always enabled by

default.

2. ECALL-M, ECALL-U and BREAKPOINT each is 1 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 26 25 24 23 22 21 20 19 18 17 16
INTENSTA[31:16]

15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
INTEN|INTEN|INTENJINTEN R d INTEN|INTEN| R d
STAIS| STAI4]| STAI3| STAIR eserve STA3 | sTA2| Teserve

Bit Name Access Description Reset value
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Enable status of 12# to 31# interrupts.
[31:12] |INTENSTA RO | I: Interrupt enabled; 0
0: Interrupt disabled.
[11:4] |Reserved RO |[Reserved 0
Enable status of 2# to 3# interrupts.
[3:2] INTENSTA RO | I: 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]

Bit Name Access Description Reset 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]
Bit Name Access Description Reset 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

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]
Bit Name Access Description Reset value
[31:8] Reserved RO Reserved 0
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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
Bit Name Access Description Reset 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]

Bit Name Access Description Reset value

Pending status of 32# to 63# interrupts:
[31:0] | PENDSTA RO 1: Interrupt pended; 0
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]

Bit Name Access Description Reset value
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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

313029 2827 2625242322212019181716151413121110 9 8 7 6 5 4 3 2 1

0

Reserved THRESHOLDJ[7:0]
Bit Name Access Description Reset value
[31:8] Reserved RO Reserved. 0
Interrupt priority threshold.
Interrupts whose interrupt priority is lower
than the threshold value set do not perform
interrupt service when they hang up; a 0 in
[7:0] THRESHOLD RW | this register indicates that the threshold 0
register function is invalid.
For V4B/C/F:
[7:5]: Priority threshold.
[4:0]: Reserved. Fixed to 0.
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 ngs Reserved
Bit Name Access Description Reset value
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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 = 0xFA05;
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
Bit Name Access Description Reset value
[31:10] | Reserved RO | Reserved. 0
Whether there is pending interrupt currently:
9 GPENDSTA RO 0
1: Yes; 0:No.
Whether the interrupt is executed currently:
8 GACTSTA RO 0
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;

[7:0] NESTSTA RO | 0x7F: Level 7 interrupt; 0
0x3F: Level 6 interrupt;
0x1F: Level 5 interrupt;
0xOF: Level 4 interrupt;
0x07: Level 3 interrupt;
0x03: Level 2 interrupt;
0x01: Level 1 interrupt;

0x00: No interrupt;
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Others: Impossible case.

Note: Applicable to

QingKeV4F core:

CH32V30x_D8, CH32V30x_D8C.

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
CH32V20x_D6, CH32V20x_DS8,
CH32V20x_D8W.

cores.

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
VTFIDI 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] | VTFIDI RW | Configure VTF interruptl ID 0
[7:0] VTFIDO RW | Configure VTF interrupt0 ID 0
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
Bit Name Access Description Reset value
[31:1] | ADDRO RW | VTF interrupt0 service program address. 0
VTF interrupt( enable bit:
0 VTFOEN RW 1: VTF interruptO channel enabled; 0
0: Disabled.
9.5.2.14 PFIC VTF Interruptl Address Register (PFIC_VTFADDRR1)
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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] VITiE
Bit Name Access Description Reset value
[31:1] | ADDRI1 RW | VTF interruptl service program address. 0
VTF interrupt] enable bit:
0 VTF1EN 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] M
Bit Name Access Description Reset value
VTF interrupt2 service program address
[31:1] | ADDR2 RW bit[31:1]. 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 18 17 16
ADDR3[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADDR3[15:1] VTF3EN
Bit Name Access Description Reset value
(31:1] | ADDR3 RW YTF interrupt3 service program address 0
bit[31:1].
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)
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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
INTEN|INTENI1| INTE
15 4 | N3 INTENI12 Reserved
Bit Name Access Description Reset 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]
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INTEN[47:32]

Bit Name Access Description Reset 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]
Bit Name Access Description Reset 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
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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 20 19 18 17 16
INTRSET[31:16]
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
ISI;]S!;"I]{ IN%ZS E II{I\g]g INI%SET Reserved
5 T13
Bit Name Access Description Reset 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 20 19 18 17 16
INTRSET[63:48]
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
INTRSET[47:32]
Bit Name Access Description Reset 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 20 19 18 17 16
INTRSET[95:80]
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0

INTRSET [79:64]
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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
Reserved INTRSET[103:96]
Bit Name Access Description Reset 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
e - ENDIPEND
Bit Name Access Description Reset 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
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PENDSET[47:32]

Bit Name Access Description Reset 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
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]

Bit Name Access Description Reset 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]
Bit Name Access Description Reset 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 It 10 9 8 7 6 5 4 3 2 1 0

RESET| RESET |RESE

15 | 14 |13 [RESETIZ T3

PEND | PEND |PEND PEND
PEND Reserved RESE

PEND
RESE| Reserved
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Bit Name Access Description Reset value
12# to 31# interrupts pending reset. 13#
(31:12] | PENDRST WO and 15# are reser.ved. 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 | 1: Interrupt pending status reset; 0
0: No effect.
[1:0] Reserved RO Reserved 0
9.5.2.30 PFIC Interrupt Pending Clear Register 2 (PFIC_IPRR?2)
Offset address: 0x284
31 30 29 28 27 26 25 24 23 22 21 20 18 17 16
PENDRST/[63:48]
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
PENDRST[47:32]
Bit Name Access Description Reset 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 18 17 16
PENDRST[95:80]
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
PENDRST([79:64]
Bit Name Access Description Reset 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 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
Reserved PENDRST [103:96]
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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.

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| IACTS1 IACTS|IACTS
Reserved Reserved
15 4 13 2 3 2
Bit Name Access Description Reset 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]

Bit Name Access Description Reset 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
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TACTS[79:64]

Bit Name Access Description Reset 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]
Bit Name Access Description Reset 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
Bit Name Access Description Reset 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 O 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

SYS
RST

Reserved

15 14

13 12 11 10

9 8 7 6 5 4 3 2

1 0

Reserved

EVE |ONPE| O P

SET | SEV |WFIT|SLEE|SLEEP

NT | ND | WFE |DEEP| IT

Reser

ONEX ved

Bit

Name

Access Description

Reset value

31

SYSRST

System reset. Cleared automatically. Valid
WO when writing 1, while invalid when
writing 0. It has the same effect as that of

the PFIC_CFGR register.

[30:6]

Reserved

RO Reserved

SETEVENT

WO | Set event. To wake up WFE.

SEVONPEND

When an event or interrupt is pended,
wake up the system via WFE instruction.
RW If WFE instruction is not executed, system
wakes up immediately the next time WFE

instruction is executed.

1: The enabled events and all interrupts
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(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
WEFE 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 . 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
GIHW HWS
PMTSTA Reserved |STKN[TWSTRY pyirepg |INES g
OVEN TEN
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
priority configuration bits, 2 interrupt nested levels;
[15:8] | PMTSTA MRO | 0xCO: The preemption bits are the higher 2 bits of 0
the priority configuration bits, 4 interrupt nested
levels;

0xEQ: The preemption bits are the higher 3 bits of
the priority configuration bits, 8 interrupt nested
levels.
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Note: This bit only applicable to QingKe V4F core:
CH32V30x_D8, CH32V30x_DSC.

[7:6] Reserved MRO | Reserved 0

Global interrupt and hardware stack disable:

Note: This bit is usually used for real-time system

operation. When interrupt switches context, set this

GIHWSTKN

5 EN MRW1 | bit and the global interrupt and hardware stack out 0
can be disabled. When the switch is finished, this bit

is cleared automatically by hardware after the

interrupt is returned.

Interrupt enable after hardware stack overflows:

0: Global interrupt disabled after hardware stack
overflows;

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

4 HWSTKOVEN MRW | Note: This bit only applicable to CH32V30x_D§ 0
and CH32V30x_D8C , its 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.

Preemption bit configuration:

0b00: No nested, no preemption bit;
0b01: 2 nested levels, 1 preemption bit;

PMTCFG[1:0 o

[3:2] | MRW | 0b10: 4 nested levels, 2 preemption bits; 0

Ob11: 8 nested levels, 3 preemption bits.

Note: This bit only applicable to QingKe V4F core:

CH32V30x_DS8, CH32V30x_DSC.

Interrupt nested enable:
| 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 | 0
BASEADDR[1522] MopE! [ MOP
Bit Name Access Description Reset value
[31:2] BASEADDR[31:2] MRW | Base address of interrupt vector table 0
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Interrupt vector table identification mode:
0: Identify by jump instruction. Limited
1 MODEI1 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
selection:

0 MODEO MRW ) 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

Bit Name Access Description Reset value

[31:24] | pmp3cfg MRW | See description of pmpOcfg.

[23:16] | pmp2cfg MRW | See description of pmpOcfg.

[15:8] pmplcfg MRW | See description of pmpOcfg.

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):

V2.1 109 WH



https://wch-ic.com

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

1.IfB_ADDR — A ADDR == 22, it is based on NA4;
2.1fB_ ADDR — A ADDR == 2(¢"2and G>1, and if A ADDR= 2(6"2)_ 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 pmp0cfg, 0< region <pmpaddr0;

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

pmpaddr;=B ADDR >> 2.

Fixed 4-byte region protection.

10b | NA4 | For pmpOcfg~pmp3cfg, pmpaddr0O to pmpaddr3 serve as start address.
pmpaddr;=A ADDR >> 2.

2(6*2) region protection, G>1, in this case, A ADDR is aligned on 2(6*2),
pmpaddri = (A_ADDR | (2(G+2)-1)) & ~(1<<G+1))>> 2.

11b | NAPOT

9.5.4.2 PMP Address 0 Register (PMPADDRO)
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]

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]

Bit Name Access Description Reset 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)
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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]

Bit Name Access Description Reset 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]

Bit Name Access Description Reset value
The [33:2] bits of the PMP set address3, actually the
[31:0] | ADDR3 MRW | . . 0
higher 2 bits are not used.

9.5.5 RISC-V-SysTick Registers

Table 9-6 STK registers

Name Access address Description Reset value
R32 STK CTLR 0xEO000F000 System count control register 0x00000000
R32 STK SR 0xE000F004 System count status register 0x00000000
R32 STK CNTL 0xEO00F008 System counter low register 0x00000000
R32 STK CNTH 0xE000F00C System counter high register 0x00000000
R32 STK CMPLR 0xE000F010 Count/compare low register 0x00000000
R32 STK CMPHR 0xE000F014 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
5 14 13 12 11 10 9 8& 7 6 5 4 3 2 1 0
Reserved INIT MSD STRE STKCL STIE | STE
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Bit

Name

Access

Description

Reset value

31

SWIE

RW

Software interrupt trigger enable (SWI):

1: Software interrupt triggered;

0: Trigger disabled.

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

[30:6]

Reserved

RO

Reserved

INIT

Wi

Counter initial value update:

1: Updated to 0 when upcounting, while updated
to the compare value when downcounting;

0: No effect.

MODE

RW

Count mode:
1: Downcount;
0: Upcount.

STRE

RW

Auto reload count enable bit:

1: After upcounting to the compare value, start
counting from 0 again, and after downcounting to
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.

STCLK

RW

Counter system clock sourse selection bit:
1: HCLK serves as time base;
0: HCLK/S serves as time base.

STIE

RW

Counter interrupt enable control bit:
1: Counter interrupt enabled;
0: Counter interrupt disabled.

STE

RW

System counter enable control bit:
1: STK enabled;
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

CNTIF

RWO

Count value compare flag. Cleared by writing 0,
invalid when writing 1:
1: Upcount to the compare value, downcount to 0;
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’ ‘O: 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

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

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]
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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 0xEO000E010 SysTick control register 0x00000000
R32 STK LOAD 0xEO000E014 SysTick reload register 0x00000000
R32 STK VAL 0xEO000E018 SysTick value register 0x00000000
R32 STK CALIB 0xEO00EO1C | 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
COou
Reserved NTFL
AG
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved (82165 TI%QC%( I]?Eé
RCE
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]
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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
CURRENTJ15:0]
Bit Name Access Description Reset value
[31:24] |Reserved RO [Reserved 0
Read it, and it will return current count value.
(23:0] |CURRENT RW Write to it, and. it will -be cleared, . the 0
COUNTFLAG flag in the SysTick control register
will also be cleared.

9.5.6.4 SysTick Calibration Register (STK_CALIB)
Offset address: 0x0C

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
e Reserved TENMS[23:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TENMS]J15:0]
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 Lo . 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.
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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
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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 PB2 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 PB2 clock, so IO 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

Toon-chip _ Alternate Function Input
peripheral ™
0
Read Input data /DI
«———
register Q-
TTL Schmitt
trigger
Write . |Bit se.t/reset Input driver
registers
Output driver Voo
0 t dat P-MOS
. Utpl_j " A Output
< Read/write > register control
N-MOS
V,
; hi s Push-pull,
rom on-chip . open-drain or
peripheral Alternate Function Output disabled

Protection
diode

1/0 pin

Protection
diode

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 PB2 clock. In the open-drain mode, the current status of the IO 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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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.
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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.)

Note: For CH32V307R, CH32V305R, CH32V305G, CH32V305F, CH32V303C, CH32V303R, CH32F205R,
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CH32F203R, CH32F203C chips with the penultimate digit of the lot number less than 4, the external

interrupt/event function when PD0 and PD1 are used as normal pins are not mapped and cannot be used to

generate external interrupts/events.

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 PA11 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 PA15 PAO PA15
TIM2 CH1 PAO PA15 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
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TIM4_CH2 PB7 PDI3
TIM4_CH3 PB8 PDI14
TIM4_CH4 PBY9 PD15

Note: (1) Only LOFP100 package, support this bit remapping function.

Table 10-19 TIM5 Multiplexed Function Remapping

Multiplexed TIM5CH4 RM=0 | TIM5CH4 RM=1
Function Default Mapping Remapping
TIM5 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
TIMS8 CH1 PC6 PB6
TIM8 _CH2 PC7 PB7
TIM8 CH3 PC8 PB8
TIM8_CH4 PC9 PC13
TIM8 BKIN PA6 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=1x
Function Default Mapping Partial Mapping Complete Mapping (V
TIM9_ETR PA2 PA2 PD9
TIM9 CHI1 PA2 PA2 PD9
TIM9_CH2 PA3 PA3 PD11
TIM9_CH3 PA4 PA4 PD13
TIM9 _CH4 PC4 PC14 PD15
TIM9 BKIN PC5 PA1 PD14
TIM9 CHIN PCO PBO PD8
TIM9_CH2N PC1 PB1 PD10
TIM9_CH3N PC2 PB2 PD12
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_CH1 PBS8 PB3 PD1
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TIM10_CH2 PBY9 PB4 PD3
TIM10_CH3 PC3 PB5 PD5
TIM10_CH4 PCI11 PC15 PD7
TIM10_BKIN PC12 PB10 PE2
TIM10_CHIN PA12 PAS PE3
TIM10_CH2N PA13 PAG6 PE4
TIM10_CH3N PA14 PA7 PES

Note: (1) Only LOFP100 package, support this bit remapping function.

10.2.11.4 USART Alternate Function Remapping

Table 10-23 USART]1 alternate function remapping

USART1 RM1=0® | USART1 RMI=1® | USARTI RMI=0® | USARTI RMI1=1D
Alternate - - - -
S USART1 RM2=0 ® | USART1 RM2=0® | USART1 RM2=1® | USART1 RM2=1®
Default Mapping Remapping Remapping Remapping
USART1_CK PAS PAS PA10 PAS
USART1 TX PA9 PB6 PB15 PA6
USART1 RX PA10 PB7 PA8 PA7
USART1 _CTS PA11 PA11 PAS PC4
USART1 _RTS PA12 PA12 PA9 PC5s

Note: (1) USARTI RM1 is AFIO_PCFRI register bit2, which is the low bit of mapping configuration.
(2) USARTI RM?2 is AFIO _PCFR? 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

| USART3 RM=00 | USART3 RM=01 | USART3 RM=10 | USART3 RM=11
Alternate Function . . . . . .
Default Mapping | Partial Mapping (V' | Partial Mapping ® | Complete Mapping @
USART3 TX PB10 PC10 PA13 PDS
USART3 RX PB11 PCl11 PA14 PD9
USART3 CK PB12 PC12 PDI10 PDI0
USART3_CTS PB13 PB13 PDI11 PDI11
USART3 RTS PB4 PB4 PDI2 PDI2

Note: (1) The bit mapping is not supported for packages below 48 pins.
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(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.

Note:

Table 10-26 USART4 alternate function remapping

. USART4 RM=00 | USART4 RM=01 | USART4 RM=Ix
Alternate Function (" - - -
Default Mapping Remapping Remapping @
USART4 TX PC10 PBO PEO
USART4 RX PCI1 PB1 PE1

(1) Applicable to

CH32V30x_D8C, CH32V30x_DS§,

CH32F20x_D8C, CH32F20x_DS§, CH32F20x_D8W.

(2) Only LOFP100 package supports this bit remapping function.

CH32V30x_D8W, CH32V20x_DS8,

Table 10-27 USART4 alternate function remapping @

: USART4 RM=x0 | USART4 RM=xI
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

. USART5 RM=00 | USARTS RM=01 | USARTS5 RM=1x
Alternate Function - - -
Default Mapping Remapping Remapping (V
USARTS TX PC12 PB4 PES
USARTS5 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 USART6 alternate function remapping @

Alternate USART6_RM=00 | USART6 RM=01 | USART6 RM=Ix

Function Default Mapping @ Remapping Remapping (V
USART6 TX PCO PBS8 PEI10
USART6 RX PC1 PB9 PE11

Note: (1) Only LOFP100 package, support this bit remapping function.
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(2) This function is not supported for products below 64 pins.

Table 10-30 USARTY7 alternate function remapping®

Alternate Function

USART7_RM=00

USART7_RM=01

USART7_RM=1x

Default Mapping Remapping Remapping (V
USART7 TX PC2 PA6 PE12
USART7 RX PC3 PA7 PE13

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®

: USARTS8 RM=00 | USART8 RM=01 | USART8 RM=I1x
Alternate Function - - -
Default Mapping Remapping Remapping (V
USARTS_TX PC4 PA14 PE14
USARTS8 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 PAG6 PB4
SPI1_MOSI PA7 PBS5
Table 10-33 SPI3/12S3 alternate function remapping
: SPI3_ RM=0 SPI3 RM=1
Alternate Function - : -
Default Mapping Remapping
SPI3_NSS PA1S PA4
SPI3_SCK PB3 PC10
SPI3_MISO PB4 PCI11
SPI3_MOSI PBS5 PCI12
. 1283 RM=0 12S3 RM=1
Alternate Function - . - )
Default Mapping Remapping
12S3 WS PA15 PA4
12S3 CK PB3 PC10
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1283 _MCK

PC7

PC7

12S3_SD

PB5

PC12

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 CANI alternate function remapping

. CAN1 RM=00 CAN1 RM=10 CAN1 RM=11
Alternate Function ~ . - -
Default Mapping Remapping (V Remapping @
CAN1 RX PA1l PBS PDO
CANI1 TX PA12 PB9 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 PB12 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

ADCI external trigger ADCI external trigger injection
injection conversion 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

ADCI1 external trigger rule

conversion

ADCI1 external trigger rule
conversion connected to

EXTI11

ADCI1 external trigger rule
conversion connected to
TIM8 TRGO
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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
EXTII1

ADC?2 external trigger rule
conversion connected to
TIM8 TRGO

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_RM:(_) ETH_RM:1
Default Mapping Remapping (V
ETH RX DV PA7 PD8
ETH_CRS DV PA7 PDS
ETH RXDO PC4 PD9
ETH RXD1 PC5 PD10
ETH RXD2 PBO PD11
ETH RXD3 PB1 PD12

Note: (1) Only LOQFP100 package interconnect type supports this bit remapping function.

10.2.11.10 FSMC_NADYV Alternate Function Remapping

Table 10-42 FSMC_NADYV alternate function remapping

. FSMCEN=1 FSMCEN=1&USBHSEN=1
Alternate Function ) i
Default Mapping &RB _UC RST SIE=0
FSMC NADV PB7 PD2

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
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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 PC12 PC12

CMD PD2 PD2
SDO PC8 PBI4
SD1 PC9 PBIS5
SD2 PC10 PC10
SD3 PCI11 PCI11
SD4 PB8 PB8
SDS5 PB9 PB9
SD6 PC6 PC6
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 SPI13/12S3 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) This function is only supported if the fifth digit of the batch number is equal to 2.

(2) SPI3_NSS does not support the hardware function.
(3) 1253 is disabled when SPI3EN=1&ETHMACEN=1.

10.2.11.14 SPI3/12S3 Alternate Function Remapping

Table 10-46 12S3 alternate function remapping

Alternate function SPI3EN=1 12SMOD=1&ETH10M=1?
12S3 WS PA15 PAI15
1283 CK PB3 PB3
12S3 MCK PC7 PAS
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1283_SD PB5 PA9

Note: (1) Only the fifth bit of the lot number greater than 2 supports this function.
(2) 128 mode is selected when 12SMOD position 1 of SPI 12S CFGR register is selected, and 10M
Ethernet function is enabled and clock enabled when ETH10M position 1 of EXTEN _CTR register is selected.

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 10-47 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
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
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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 16
CNF7[1:0] [MODE7[1:0]| CNF6[1:0] [MODE6[1:0]] CNF5[1:0] [MODES5[1:0]] CNF4[1:0] [MODEA4[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] CNFy[1:0] RW 10: Mode with pull-up and pull-down 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]
[25:24] (y=0-7), port x mode selection, configure the
[21:20] corresponding port through these bits.
[17:16] 00: Input mode;
MODEy][1:0] RW ) 0
[13:12] 01: Output mode, maximum speed: 10MHz;
[9:8] 10: Output mode, maximum speed: 2MHz;
[5:4] 11: Output mode, maximum speed: SOMHz;
[1:0]
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] [MODEI2[1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CNF11[1:0] |MODE11[1:0]| CNF10[1:0] [MODEI10[1:0]] CNF9[1:0] | MODE9[1:0]| CNF8[1:0] | MODES[1:0]
Bit Name Access Description Reset value
[31:30] (y=8-15), the configuration bit of port x; configure
[27:26] |CNFy[1:0] RW |the corresponding port through these bits. 01b
[23:22] Input mode (MODE=00b):
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[19:18] 00: Analog input mode;
[15:14] 01: Floating input mode;
[11:10] 10: Mode with pull-up and pull-down
[7:6] 11: Reserved.
[3:2] Output mode (MODE>00b):
00: General push-pull output mode;
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] )
bits.
[17:16]
[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] IDRY | IDRS | IDR7 | IDR6 | IDRS5 | IDR4 | IDR3 | IDR2 | IDR1 | IDRO
Bit Name Access Description Reset value
[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|ODRIJODRIIODRTODRIODRHopRo|0DRS|0DR7|0ODR6[0DRS|0DR4|ODR3[0DR2(ODR1|ODRO
Bit Name Access Description Reset value
[31:16] |Reserved RO [Reserved 0
[150] |ODRy RW (y:O—15),-port output datail. These bits can only be 0
operated in form of 16 bits. The I/O port outputs
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the value of these registers externally.
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.

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 : i 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
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LCKI|LCKI1|LCKI1|LCK1 |LCK1 [LCK1

5 4 3 ) 1 0 LCK9|LCK8|LCK7|LCK6|LCKS5|LCK4|LCK3|LCK2 | LCK1 [ LCKO

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.

10.3.2 AFIO Registers

Unless otherwise specified, the AFIO registers must be operated in words (Operate these registers in 32 bits).

Table 10-48 AFIO registers

Name Access address Description Reset value
R32 AFIO_ECR 0x40010000 Event control register 0x00000000
R32 AFIO_PCFR1 0x40010004 Remap register1 0x00000000
External  interrupt  configuration
R32 AFIO_EXTICR1 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
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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
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADC ADC ADC ADC
Reser| ppc| e ST {Reser| gy crapzop | Raain[CANIETH | |2 BT e | L ET | cygy”
RM | RM _SEL|™— E(li/f R J RM E(li/f R ] RM
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PDOI| CAN RM [TIM4| TIM3 RM [ TIM2 RM | TiM1 RM | UsART3 RM[USMRIUOARInCr |spri
RM [1:0] _RM [1:0] [1:0] [1:0] [1:0] rvi | Ry | KM | RM
Bit Name Access Description Reset value
31 Reserved RO |Reserved 0
Ethernet PTP PPS remap
0: PTP PPS not output to the PBS5 pin;
30 PTP PPS RM RW |1: PTP PPS output to the PB5 pin. 0
Note: This bit applies to CH32V20x_DSC,
CH32V30x_D8C series chips.
TIM2 internal trigger] remap
0: Internally connect TIM2 ITR1 to Ethernet PTP
output;
29 TIM2ITR1 RM RW |1: Internally connect TIM2 ITR1 to SOF output 0
of full-speed USB OTG.
Note: This bit applies to CH32F2x, CH32V2x and|
CH32V3x whole series chips.
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SPI3 remap

0: Default map (NSS/PA15, SCK/PB3,
MSIO/PB4, MOSI/PB5);

1: Remap (NSS/PA4, SCK/PC10, MSIO/PC11,
28 SPI3 RM RW 0
- MOSI/PC12).

Note: This bit applies to CH32V30x DS,
CH32V30x_D8C and CH32F20x_DS§,
CH32F20x_D8C series chips.

27 Reserved RO |[Reserved 0
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.
[26:24] |SW_CFG[2:0] RW |0xx: SWD enabled (SDI); 0
100: SWD disabled (SDI), served as GPIO;
Others: Invalid.

Note: This bit applies to CH32F2x, CH32V2x and
CH32V3x whole series chips.

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);

23 MII_ RMII SEL RW 0
- - 1: Configure the Ethernet MAC to use the external
transceiver with RMII interface (PHY).

Note: This bit applies to CH32F20x_DSC,

CH32V30x_DS8C, CH32F20x_D8W,
CH32V20x_D8, CH32V20x_DS8W series chips.
CAN2 remap bit.

0: Default map (CAN2_RX/PB12, CAN2 TX/PB13);
1: Remap (CAN2_RX/PBS5, CAN2 TX/PBo6).

22 CAN2 RM RW 0
- Note: This bit applies to CH32V30x_DB,
CH32V30x_DBC, CH32F20x_D§8 and
CH32F20x_D8C, CH32V20x_DS series chips.
Ethernet remap bit.

0:  Default map (RX DV-CRS DV/PA7,
RXDO0/PC4, RXD1/PC5, RXD2/PB0, RXD3/PB1);
I: Remap (RX DV-CRS DV/PD8, RXDO0/PD9,
21 ETH RM RW 0
- RXD1/PD10, RXD2/PD11, RXD3/PD12)

Note: The remapping function for Ethernet is only

available for CH32F207VCT6, CH32V307VCT6

chips.
Remap bit of ADC1 external trigger regular
ADC2 ETRGREG conversion.
20 - | RW ) ) 0
RM 0: ADC2 external trigger regular conversion
EXTIL;
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1: ADC2 external trigger regular conversion
TIM8_TRGO.

Note: This bit applies to CH32F20x DS,
CH32F20x_D8C and CH32V3x whole series
chips.

Remap bit of ADC2 external trigger injection
conversion

0: ADC2 external trigger injection conversion to

EXTI1S;
ADC2 _ETRGINJ R . S .
19 M - - RW |1: ADC2 external trigger injection conversion to 0
TIM8 CHA4.

Note: This bit applies to CH32F20x DS,
CH32F20x_D8C and CH32V3x whole series
chips.

Remap bit of ADCI1 external trigger regular
conversion

0: ADC1 external trigger regular conversion to

EXTIN;
ADC1_ETRGREG . .
18 - ~| RW |1: ADCI1 external trigger regular conversion to 0
TIM8 TRGO.

Note: This bit applies to CH32F20x DS,
CH32F20x _D8C and CH32V3x whole series
chips.

Remap bit of ADCI external trigger injection

conversion

0: ADCI1 external trigger injection conversion to

ADCI_ETRGINJ R EXTIL: L ,

17 M - - RW |1: ADCI external trigger injection conversion to 0
TIM8 CHA4.

Note: This bit applies to CH32F20x DS,

CH32F20x _D8C and CH32V3x whole series

chips.

Remapping of timer 5 channel 4.

0: Default mapping, remapping of timer 5 channel

4

16 TIM5CH4 RM RW |1: Remapping, timer 5 channel 4 mapped to the 0

LSI internal clock.

Note: This bit applies to the full series of CH32V2x
and CH32V3x chips.

Pin PDO&PD1 remap bit, which can be read or

written by the user. It controls whether the GPIO

functions of PD0O & PD1 are remapped, i.e. PD0 &

15 PD0O1_RM RW |PD1 are mapped to OSC_IN & OSC_OUT. 0

0: Pin is used as crystal pin;

1: pins are used as GPIO ports;

Note: This bit remapping is only applicable to 20,
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32, 48 and 64-pin packages, but CH32V203RBT6
only has OSC IN and OSC _OUT function pins,
which do not support mapping (For LOFPI100
package, there is no need to set the remapping
setting by the software since PD0 & PDI are

inherent function pins).

CAN alternate function remap bits, which can be
read and written by the user. Control remapping of]
CAN_RX and CAN_TX:

00: CANI1 RX is mapped to PAIll, and
CANI1_TX is mapped to PA12;

10: CAN1_RX is mapped to PB8, and CAN1_TX
is mapped to PB9;

[14:13] |CANI RM[1:0] | Rw | Reserved: - 0
- 11: CAN1_RX is mapped to PD0, and CAN1_TX
is mapped to PD1.

Note:  This bit remapping applies to
CH32F20x_DS8, CH32F20x_D8C, CH32V20x,
and CH32V30x series chips in packages of 48 pins
or more, and the remapping function applies only
on 100-pin packages when PD0 and PD1 are not
remapped to OSC _IN and OSC _OUT.

Remap bit of timer4. This bit can be read and

written by the user. It controls remapping of]
channell to channel4 of timer4:

0: Default map (CH1/PB6, CH2/PB7, CH3/PBS,
CH4/PB9);

12 TIM4 RM RW 0
- 1: Remap (CH1/PD12, CH2/PD13, CH3/PD14,
CHA4/PD15).
Note:  This bit remapping applies to
CH32V303VCTe, CH32V307VCTe6,

CH32F203VCT6, CH32F207VCTG6 chips.

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,;

10: Partly map (CH1/PB4, CH2/PB5, CH3/PBO,
[11:10] |TIM3 RM[1:0] RW 0
- CH4/PB1);

11: Fully map (CH1/PC6, CH2/PC7, CH3/PCS,
CH4/PC9).

Note: (1) The remapping does not affect
TIM3 ETR on PD2.

(2) This bit remapping applies to CH32F2x,
CH32V2x and CH32V3x series 64-pin and above
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\package chips.

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);

01: Partly map (ETR/PA15, H1/PA15, CH2/PB3,
[9:8] |TIM2 RM[1:0] RW 0
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).

Note: This bit applies to the full range off
CH32F2x, CH32V2x and CH32V3x chips.

Remap bit of timer 1. These bits can be written and

read by the user. It controls the mapping of]
channell to channel4 of timerl, 1N to 3N, external
trigger (ETR) and break input (BKIN) on the
GPIO port:

00: Default map (ETR/PA12, CHI1/PAS,
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,
[7:6] |TIM1 RM][1:0] RW 0
CH2N/PB0, CH3N/PB1);

10: Reserved;

11: Fully map (ETR/PE7, CH1/PE9, CH2/PE11,
CH3/PE13, CH4/PE14, BKIN/PE15, CHIN/PES,
CH2N/PE10, CH3N/PE12).

Note: This bit partial mapping applies to the full
series of CH32F2x, CH32V2x and CH32V3x
chips;  full ~mapping applies only to
CH32V303VCT6, CH32V307VCTe,
CH32F203VCT6, CH32F207VCT6 chips.
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,
[5:4] |USART3 RM[1:0] RW |CTS/PB13, RTS/PB14); 0
01: Partly remap (TX/PC10, RX/PC11, CK/PC12,
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,
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CTS/PD11, RTS/PD12).

Note: (1) Packages below 48 pins do not support
(01b) partial remapping.

(2) The (10b) partial remapping function is not
supported for the fifth bit of the lot number less
than 2.

(3) Full remapping is only available for
CH32V303VCT6, CH32V307VCT6,
CH32F203VCT6, CH32F207VCT6 chips in
LOFPI100 package.

(4) Default mapping (00b) only exists for
CH32V20x_D6, CH32F20x_De6.

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 series
chips 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
SDA alternate functions of 12C1 at the GPIO port:
1 12C1_RM RW |0: Default map (SCL/PB6, SDA/PB7); 0
1: Remap (SCL/PB8, SDA/PB9).
Note: This bit applies to the full range off
CH32F2x, CH32V2x and CH32V3x chips.

Remap of SPI1. This bit can be read and written

0 SPI1_RM RW i 0
- by the user. It controls the mapping of NSS, SCK,
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MISO and MOSI alternate functions of SPI1 at the

GPIO port:

0: Default map (NSS/PA4, SCK/PAS, MISO/PAG,
MOSI/PA7);

1: Remap (NSS/PA15, SCK/PB3, MISO/PB4,
MOSI/PBS).

Note: This bit applies to the full range off
CH32F2x, CH32V2x and CH32V3x chips.

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;
0011: Pin x of the PD pin;
0100: Pin x of the PE pin;
Others: Reserved.

[3:0]

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
bits, used to determine which port pin the external

[15:12] . o
[11:8] interrupt pin is mapped to:
[7,'4] EXTIx[3:0] RW  0000: Pin x of the PA pin; 0
' 0001: Pin x of the PB pin;
[3:0]

0010: Pin x of the PC pin;
0011: Pin x of the PD pin;
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0100: Pin x of the PE pin;
Others: Reserved.

10.3.2.5 External Interrupt Configuration Register3 (AFIO_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
USAR| USARTS8 R |USART7 R|USART6 R|USARTS5 R|USART4 R
Reserved T1 R M M M M M
M1 [1:0] [1:0] [1:0] [1:0] [1:0]
15 4 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FSMC
Reserved _N\//XD Reserved H\EIII %—]RM THE/{%I]{M E]}\Rl/\l/? Reserved
Bit Name Access Description Reset value
[31:27] |Reserved RO |Reserved 0
USARTI1 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/PA8, TX/PB6, RX/PB7,
CTS/PA11, RTS/PA12);
26 USART1 RM1 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_D8W exist only in the
default mapping (00b), remapping (01b).
USARTS remap
00: Default map (TX/PC4, RX/PCS);
01: Remap (TX/PA14, RX/PA15);
1x: Remap (TX/PE14, RX/PE15).
[25:24] |USARTS RM[1:0] RW Note: (1) This bit (01b) ijemapping does not 00b
support products below 64 pins.
(2) (Ixb) remapping is only available for
LOFPI00 package chips of CH32V303VCT6,
CH32V307VCTe, CH32F203VCTe6,
CH32F207VCTe6.
USART7 remap
00: Default map (TX/PC2, RX/PC3);
01: Remap (TX/PA6, RX/PA7);
1x: Remap (TX/PE12, RX/PE13).
[23:22] |USART7 RM[1:0] | RW L . 00b
Note: (1) This bit (01b) remapping does not
support products below 64 pins.
(2) (Ixb) remapping is only available for
LOFPI00 package chips of CH32V303VCT6,
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CH32V307VCT6, CH32F203VCT6,
CH32F207VCT6.

USART6 remap

00: Default map (TX/PCO, RX/PC1);

01: Remap (TX/PBS, RX/PB9);

1x: Remap (TX/PE10, RX/PE11).

Note: (1) (Ixb) remapping is only available for

[21:20] |USART6 RM[1:0] | RW . 00b
LOFPI00 package chips of CH32V303VCT6,
CH32V307VCTe, CH32F203VCTe6,
CH32F207VCTe6.

(2) This bit remapping does not support products
below 64 pins.

USARTS remap

00: Default map (TX/PC12, RX/PD2);

01: Remap (TX/PB4, RX/PB5);

1x: Remap (TX/PE8, RX/PE9).

Note: (1) This bit remapping does not support

[19:18] |USART5 RM[1:0] | RW . 00b
products below 64 pins.

(2) (Ixb) remapping is only available for
LOFPI00 package chips of CH32V303VCT6,
CH32V307VCTe, CH32F203VCTe6,
CH32F207VCTe6.

USART4 remap

00: Default map (TX/PC10, RX/PC11);

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

[17:16] |USART4 RM[1:0] RW - - 00b
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: (1) This bit remapping does not support

products below 64 pins.
[15:11] |Reserved RW |Reserved 0
FSMC _NADYV remap

0: FSMC_NADYV is mapped to PB7;

10 FSMC _NADV RW |1: FSMC _NADV output disabled. 0
Note: This feature is not supported for lot numbers
with a fifth digit less than 2.
[9:7] |Reserved RO |Reserved 0
TIM10 remap bits
[6:5] |TIM10 RM[1:0] RW |00: Default map (ETR/PC10, CHI1/PBS, 00b

CH2/PB9, CH3/PC3, CH4/PCl11, BKIN/PC12,
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CHIN/PA12, CH2N/PA13, CH3N/PA14);

01: Partial map (ETR/PB11, CH1/PB3, CH2/PB4,
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).

Note:  This bit is fully mapped for
CH32V303VCTe, CH32V307VCT6 and
CH32F207VCT6, CH32F203VCT6 chips.

TIMO 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,
CH3/PA4, CH4/PC14, BKIN/PA1, CHIN/PBO,

[4:3] |TIM9 RM[1:0] RW |CH2N/PB1, CH3N/PB2); 00b
1x: Full map (ETR/PD9, CH1/PD9, CH2/PD11,
CH3/PD13, CH4/PD15, BKIN/PD14,

CHIN/PD8, CH2N/PD10, CH3N/PD12).

Note:  This bit is fully mapped for
CH32V303VCTe, CH32V307VCT6 and
CH32F207VCT6, CH32F203VCT6 chips.

TIMS remap bit

0: Default map (ETR/PAO, CH1/PC6, CH2/PC7,
CH3/PC8, CH4/PC9, BKIN/PA6, CHIN/PA7,
CH2N/PB0O, CH3N/PB1);

2 TIM8 RM RW |1: Remap (ETR/PAO, CHI1/PB6, CH2/PB7, 0
CH3/PB8, CH4/PC13, BKIN/PB9, CHIN/PA13,
CH2N/PA14, CH3N/PA15);

Note: This bit applies to CH32F20x DS,
CH32F20x_D8C and CH32V3x series chips.
[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 CH32V 3x.

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, PB1, PB2 and HB 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
address specified by the DMA_ PADDRx or DMA_ MADDRX register.
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(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_CCRX register to enable channel x.

Note: The control bits in DMA_PADDRx/DMA_MADDRx/DMA_CNTRx register and DMA_CFGRx 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_CFGRXx 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_ CNTRXx 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 _INTFR 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.

® 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
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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 MADDRKX 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 Source:
bit bit data Target: address/data Transfer operation
R | e | W | R
0x00/B0 0x00/B0
g g 4 0x01/B1 0x01/B1 ® The increment of the source address
0x02/B2 0x02/B2 is aligned with the data bit width set
0x03/B3 0x03/B3 at the source end, and the value is
0x00/B0 0x00/00B0 equal to the source data bit width
g 16 4 0x01/B1 0x02/00B1 ® The increment of the target address
0x02/B2 0x04/00B2 is aligned with the bit width of the
0x03/B3 0x06/00B3 target set data, and the value is
0x00/B0 0x00/000000B0 equal to the bit width of the target
g ~ 4 0x01/B1 0x04/000000B1 data
0x02/B2 0x08/000000B2 ® Principle for transferring the data to
0x03/B3 0x0C/000000B3 the target end by DMA: In case of
0x00/B1B0 0x00/B0 insufficient data size, supplement 0
0x02/B3B2 0x01/B2 at high bit. In case of data size
16 8 4 0x04/B5B4 0x02/B4 overflow, the high bit is removed.
0x06/B7B6 0x03/B6 ®Data storage: Little-endian mode;
0x00/B1B0O 0x00/B1B0 low bytes are stored at the low
0x02/B3B2 0x02/B3B2 address and high bytes are stored at
16 16 4 .
0x04/B5B4 0x04/B5B4 high address
0x06/B7B6 0x06/B7B6
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16

32

0x00/B1B0
0x02/B3B2
0x04/B5B4
0x06/B7B6

0x00/0000B1B0
0x04/0000B3B2
0x08/0000B5B4
0x0C/0000B7B6

32

0x00/B3B2B1B0
0x04/B7B6B5B4
0x08/BBBAB9BS8
0x0C/BFBEBDBC

0x00/B0
0x01/B4
0x02/B8
0x03/BC

32

16

0x00/B3B2B1B0
0x04/B7B6B5B4
0x08/BBBABY9BS8
0x0C/BFBEBDBC

0x00/B1B0
0x02/B5B4
0x04/B9BS§
0x06/BDBC

32

32

0x00/B3B2B1B0
0x04/B7B6B5B4
0x08/BBBAB9BS8
0x0C/BFBEBDBC

0x00/B3B2B1B0
0x04/B7B6B5B4
0x08/BBBABYBS8
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_D8). 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: DMA1 in the use of attention, for the fifth bit of the batch number is less than 3, DMAI1 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 DAM1 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 lot number is equal to 3, DAM1 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 DMAI request mapping

EN bitof channel1
ADCL Hardware requestl
TIM2_CH3
TIM4 CH1 Channel 1
_  ——
Software Trigger .
MEM2MEM bit Arblter
SPI1_RX
EN bitof channel 2
USART3_TX Hardware request2
TIM1_CH1
TIM2 UP Channel 2
_ > .
TIM3_CH3 Software Trigger Software Priority
MEM2MEM bit PL setting
SPI1_TX EN bitof channel 3 value of
USART3 RX Hardware request3 channel
TIM1_CH2 |__Channel3
TIM3_CH4/TIM3_UP Software Trigger
MEM2MEM bit
SPI/IZSZ—RX EN bitof channel 4 Rqu'\:IJ:St
USART1_TX Hardware request4 )
- | |
12C2_TX —lontegpa
Channel 4
TIM1_TRIG/TIM1_COM/TIM1_CH4 . >
TIM4 CH2 Software Tr|gg§r
- MEM2MEM bit
SP1/1252_TX
USART1 RX EN bitof channel 5
12C2_RX Hardware request5 > v
TIM1_UP Channel 5 el o
P Fixed hardware
TIM2_CH1 Software Trigger priority
TIM4_CH3 MEM2MEM bit
USART2 RX EN bitof channel 6 Channel
- No.
12C1_TX Hardware request6 >
TIM1_CH3 Channel 6 |
- >
TIM3_CH1/TIM3_TRIG Software Trigger
MEM2MEM bit
USART2 TX EN bitof channel 7
I2C1:RX Hardware request7
TIM2_CH2/TIM2_CH4 | Channel 7
TIM4_UP Software Trigger
MEM2MEM bit
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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

V2.1

152



https://wch-ic.com

CH32FV2x_V3x Reference Manual

https://wch-ic.com

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 CH1 TIM4 CH2 TIM4 CH3 TIM4 UP
Table 11-3 Peripheral mapping table of each DMA?2 channel (I)
Peripheral | Channel 1 | Channel2 | Channel3 | Channel 4 | Channel 5 | Channel 6 | Channel 7
TIMS5 _CH4 TIMS5 CH3
TIMS TIM5 CH2 | TIMS CH1
TIMS_TRIG TIMS5_UP
TIM6 TIM6_UP
TIM7 TIM7_UP
TIM8_CH4
TIM8 CH3
TIMS TIM8_TRIG | TIM8_CHI TIM8_CH2
TIM8_UP
TIM8_COM
TIM9 TIM9 UP | TIM9 CHI
TIM10_TRIG
TIM10 TIM10_CH4
TIM10_COM
USART4 USART4 RX USART4 TX
USARTS USARTS RX USARTS TX
USART6 USART6 TX | USART6 RX
USART7
USARTS
SPI/12S3 | 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 | TIMI0 UP
USART4
USARTS
USART6
USART7 USART7 TX | USART7 RX
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USARTS8

USARTS_TX

USART8_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 ® 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
ADCI1 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 . i 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.
Global interrupt flag of channel x (x=1/2/3/4/5/6/7/8):
28/24/20/1 GIFx RO 1: TEIFx or HTIFx or TCIFx is generated on channel x; 0
6/12/8/4/0 0: No TEIFx or HTIFx or TCIFx is generated on channel
X.
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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 1 0
CTEIF4|CHTIF4| CTCIF4| CGIF4| CTEIF3| CHTIF3| CTCIF3| CGIF3| CTEIF2 | CHTIF2| CTCIF2| CGIF2| CTEIF1 |CHTIF1| CTCIF1| CGIF1

Bit Name Access Description Reset 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 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 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_CFGRXx) (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
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reser MM PL{1:0] |MSIZE[1:0]| PSIZE[1:0] [MINC|PINC|CIRC| DIR | TEIE |HTIE| TCIE| EN
Bit Name Access Description Reset value
[31:15] |Reserved RO |Reserved. 0
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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_De6.

11.3.4 DM Ay 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

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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NDT[15:0]
g oy Reset
Bit Name Access Description
value
[31:16] |Reserved RO |Reserved. 0

Number of data transfer, range: 0-65535.

Indicating the number of pending transfers remaining (The
contents of the register are decremented after each DMA
[15:0] |NDTJ[15:0] RW |transfer). 0
When the channel is in the cyclic mode, the contents of the
register will be automatically reloaded to the previously

configured value.

Note: 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. Channel8 is applied for CH32V20x DS,
CH32V20x_D8W, CH32F20x_DS8W, CH32F20x_D6 and CH32V20x_DG6.

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

313029 28 27 26252423222120191817161514131211109 8 7 6 5 4 3 2 1 0

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. Channel8 is applied
Jor CH32V20x_D8, CH32V20x_D8W, CH32F20x _D8W, CH32F20x_D6 and CH32V20x_D6.

11.3.6 DM Ay Channelx Memory Address Register (DMAy MADDRYX) (x=1/2/3/4/5/6/7/8)
Offset address: 0x14 + (x-1)*20 + (y-1)*0x400

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

MA[31:0]

Bit Name Access Description Reset value

Memory data address, as the source or target address of]
data transmission.

When MSIZE[1:0]='01' (16 bits), the module
[31:0] |MA[31:0] RW , ) ) ) , 0
automatically ignores bit0, and the operation address is
automatically 2 bytes aligned. When MSIZE[1:0]='10" (32

bits), the module automatically ignores the [1:0] bits, and
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’ ’ ‘the operation address is automatically4 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_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

Reser|MEM?2

vod | MEM | PLLL:0] | MSIZE[1:0] | PSIZE[1:0] [MINC|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: Disable memory to memory mode.

Channel priority level setting:
[13:12] |PL[1:0] RW |00: Low; 01: Medium,;
10: High; 11: Very high.

Memory size setting:
[11:10] |MSIZE[1:0] RW 00: 8 bits; 01: 16 bits;
10: 32 bits; 11: Reserved.

Peripheral size setting:
[9:8] |PSIZE[1:0] RW |00: 8 bits; 01: 16 bits;
10: 32 bits; 11: Reserved.

Memory increment mode enable:
7 MINC RW |1: Enable memory increment mode;

0: Disable memory increment mode.

Peripheral increment mode enable:
6 PINC RW |1: Enable peripheral increment mode;
0: Disable peripheral increment mode.

DMA channel circular mode enable:
5 CIRC RW [1: Enable circular mode;
0: Disable circular mode.

Data transfer direction:
4 DIR RW |1: Read from memory;
0: Read from peripheral.

Transfer error interrupt enable control:
3 TEIE RW |1: Enable transfer error interrupt;
0: Disable transfer error interrupt.

Half transfer interrupt enable control:
2 HTIE RW |1: Enable transmission half interrupt;
0: Disable transmission half interrupt.

1 TCIE RW |Transfer complete interrupt enable control:
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1: Enable transmission completion interrupt;
0: Disable transmission completion interrupt.

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_D8, CH32F20x_DS8C, CH32V30x_D8 and CH32V30x_DSC.

11.3.8 DMA2 Channelx Transferred Data Register (DMA2 CNTRXx) (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 1 0
NDT[15:0]
Bit Name Access Description Reset value
[31:16] |Reserved RO |Reserved. 0

Number of data to transfer, range: 0-65535.

Indicating the number of pending transfers remaining (The
contents of the register are decremented after each DMA
[15:0] |NDT[15:0] RW |transfer). 0
When the channel is in the cyclic mode, the contents of the
register will be automatically reloaded to the previously
configured value.

Note: 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_D8 and CH32V30x_DSC.

11.3.9 DMA2 Channelx Peripheral Address Register (DMA2 PADDRXx) (x=8/9/10/11)
Offset address: 0x498 + (x-8)*16

313029 28 27 26252423222120191817161514131211109 8 7 6 5 4 3 2 1 0

PA[31:0]

Bit Name Access Description Reset 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_D8, CH32F20x_DS8C, CH32V30x_D& and CH32V30x_DSC.

11.3.10 DMA2 Channelx Memory Address Register (DMA2 MADDRX) (x=8/9/10/11)
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Offset address: 0x49C + (x-8)*16
31302928272625242322212019181716151413 1211109 8 7 6 5 4 3 2 1 0

MA[31:0]

Bit Name Access Description Reset value

Memory data address, as the source or target address of]
data transmission.

When MSIZE[1:0]='01' (16 bits), the module
[31:0] |MA[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_D8C, CH32V30x D8 and CH32V30x_DSC.

11.3.11 DMA2 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

Bit Name Access Description Reset 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: No transfer error occurred on channel x. 0
Set by hardware, and write CTEIFx bit by software to clear
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):

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.
Set by hardware, and write CGIFx bit by software to clear
this flag.

Note: Applied for CH32F20x_DS8, CH32F20x_D8C, CH32V30x_D8 and CH32V30x_DS8C.

11.3.12 DMA?2 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 | FI0 10 10 9 F9 9 9 8 8 8 8

Bit Name Access Description Reset 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_INTFR register;

0: No effect.

Clear the global interrupt flag of channel x (x=8/9/10/11):
1: Clear the TEIFX/HTIFx/TCIFx/ GIFx flag in the

12/8/4/0 |CGIFx WO ) 0
DMA _INTEFR register;

0: No effect.

Note: Applied for CH32F20x_D8, CH32F20x_DS8C, CH32V30x_D8 and CH32V30x_DSC.

V2.1 164 WH



https://wch-ic.com

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

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
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12.2 Functional Description

12.2.1 Module Structure

Figure 12-1 ADC module block diagram
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12.2.2 ADC Configuration

1) Module power on

The ADON bit in the ADC_CTLR?2 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 tstap 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 consumes almost
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no power.

2) Sample clock
The register operation of the module is based on the PCLK2 (PB2 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 + 11TapccrLk

The regular channel conversion of ADC supports DMA function. The converted value of the regular channel
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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 [Ds [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 |o [pi|pio[D9 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_CTLR?2 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
010 CC3 event of timer1 Internal signal from on-chip
011 CC2 event of timer2 timers
100 TRGO event of timer3
101 CC4 event of timer4
. From external pin/internal timer
110 EXTI line11/TIM8_TRGO signal
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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 CC1 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 CTLR1 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 L
conversion is performed through a regular
set to 1

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.
setto 1 or | Trigger injected mode: When the regular
0 external | group channel is converted, all
0 trigger | conversions of the injected group channel
mode can be inserted, and then the regular group
channel conversion is continued; but the
1 0 regular group channel conversion is not
inserted when injected group channel is
converted.
Single scan mode: Perform a single
.| conversion on all selected regular group
ADON bit .
channels (ADC_RSQRx) or all injected
setto 1 or - .
group channels (ADC ISQR) in
1 external
) sequence.
trigger L
de Automatic injected mode: After regular
mo
group channel is converted, the injected
group channel will be automatically
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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

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
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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_CTLRI1 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

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
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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

In the continuous conversion mode, another conversion is started as soon as the previous ADC conversion is
completed. The conversion will not stop on the last channel of the selection group, but will continue conversion
from the first channel of the selection group again. The startup events in this mode include external trigger
events and the ADON bit is set to 1. After setting the startup, the CONT bit needs to be set to 1.

If a regular channel is converted, the conversion data is stored in the ADC_RDATAR register, the conversion
end flag EOC is set, and if EOCIE is set, an interrupt is generated.

If an injection channel is converted, the conversion data is stored in the ADC_IDATARX register, the injection

conversion end flag JEOC is set, and if JEOCIE is set, an interrupt is generated.

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:

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
. .. Determine
Single injected channel 1 0 1
channel No.

V2.1 172 WH


https://wch-ic.com

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

. 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
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
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data register.
2. Only ADC1 has DMA function. the ADC?2 converted data only can be transferred by DMA of ADC1
in dual ADC mode.

Figure 12-5 Dual ADC block diagram

- = = = = ——— ————— I
| Endof l
I ADC2 Regularchannel data [ _conversion E0C=1 )
I (slave) registers (16-bit) ]
| End ofinjection ]
| Injected channel data | jconyerdon |
: registers (4x16 bits) |
| /\ '
| -ADC_IOFRx [11:0] |
PGA |
| ADCCLK I
— P Max=14NHz
! Rule channel Analog-to-digital A0C SAIPTR )
- i group converter - * )
1 f Injection |
| channel group —> omarequest |
] A |
| I
| |
L |
e ——— ———— —— —— ———— -
| End of |
| ADCL Regular channel data conversiony, o, |
| registers (16-bit) |
(master) A o |
! Injected channel data End ofinjection )
| i . ——3 conversion
I registers (4x16 bits) JEOC=1 I
! A I
oon | ~ADC_IOFRx [11:0] |
ADC_INO : ADCCLK |
ADC_IN1 Max=14MHz
— GPIO A Rule channel ta-dioi |
port } Analog-to-digital|¢—— A0 SAPTR | |
peA : group converter I
Injection
ADC_IN15QO——> 1 I
- L] channel group [——>DMA request |
Temperature Sensor —— | A )
Veg g —— |
b e ] A
EXTSEL [2: 0]
TIM_CCI—
TIMI_CC2—
TIMI_CC3—
TIM2_CC2—
TIM3_TRGO—|
TIM4_CC4—
SWSTART—
EXTTRI G
EXTI11
TIM8_TRG!
Dual ADC mode
ADCx_ETRG INJ_RM control
¢ JEXTSEL[2:0]
TIMI_TRGO
TIMI_CC4
TIM2_TRGO
TIM2_CC1
TIM3_CC4-
TIM4_TRGO
JSWSTART-
JEXTTRIG
EXTI15
TIM8_CC4
ADGx_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
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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.

Figure 12-6 Injected simultaneous mode on 4 channels

:l 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 ADCI1 and ADC?2 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

:I Sample

conversion

ADC1 CHO CH1 CH2 CH3 | - CHI15
ADC2 CHI15 CHI14 CH13 CHI2| -~ CHO
Trigger ADC1 and ADC2 injection conversion ends

Note: 1. Do not convert the same channel on ADC1 and ADC2;
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.

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_CTLRI1 register, the trigger source can be selected. After a trigger occurs, ADC2 starts conversion
immediately, while ADC1 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

:l Sample

ADC2 conversion ends :| conversion
ADpc2| [cHo| [ | cHO]
ADCI| [ cHo| ~ []cHo]
/"I
|
Trigger : | ADC1 conversion ends

L

l .
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

:l Sample

ADC2 conversion ends conversion

ADC?| | cHo || CHO |
ADC1! [ duo || | cHo |
I
I
|
I

A

Tri !

rigger i ! ADCL1 conversion ends
14:ADCCLK|cycIes :
—

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:l Sample
\ IE})C(ADCI) \ IEO/C(ADCI) \ :l conversion
aver LT - -
EOC, / EOC,
2nd IEOC(ADC2) A4th 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 IE/(‘)C(ADCI) [ conversion
apci[] ] L] L | Ll |
apcz ] | L1 | (1]

[T 1]
/ / / / IE})‘C(ADC2)

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

ADCL 1st trigger

rule
°°“/;’;'CS1'°' [ cHO | | cHI { [ cH2 [ cm2 [ cu3 | [ cH3 | | cH4 |
corverson [T dno |

ADC2

|
conversion | cH3 | cHs | cHe | cHe [ cH7 | [ cH7 | ] cH8 |
_ADC2
conversion | [ cHo |

T ) Sync but not lose
2nd trigger
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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 3rd trigger

ADCL ! !

rule
conversiony [ cHo | [ cH1 { [ cm2 [ co2 | | cH3 | | cHs { | cH4 |
comversion [ [ icHoj | cHo |
ADC2

rule
conversionf | cH3 | | cH5 { | CH6 | cue | | cH7 | | ca7 { | cHs |
_ADC2
sk, t [T oo | )

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 coo T cuo [ ] cHo | (] sample
conversion
apc2 [ | cmo [ ] cuHo [ ] cHo |
L1l chir [ ] cHi |
Tieee" T i [ [ cni |
[ ] cao [ ] cHo |
[T coo [T 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 0x00000FFF
R32 ADC1_WDLTR 0x40012428 |ADC1 watchdog low threshold register 0x00000000
R32 ADC1_RSQRI1 0x4001242C |ADCI regular channel sequence registerl 0x00000000
R32 ADC1_RSQR2 0x40012430 |ADCI 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 | ADC2 status register 0x00000000
R32 ADC2 CTLRI1 0x40012804 | ADC2 control registerl 0x00000000
R32 ADC2 _CTLR2 0x40012808 | ADC2 control register 2 0x00000000
R32 ADC2 SAMPTRI1 0x4001280C | ADC2 sample time configuration register1 0x00000000
R32 ADC2 _SAMPTR2 0x40012810 | ADC2 sample time configuration register2 | 0x00000000
R32 ADC2 IOFR1 0x40012814 | ADC?2 injected channel data offset register] | 0x00000000
R32 ADC2 IOFR2 0x40012818 | ADC?2 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 0x00000FFF
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 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 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 . .
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 . . .
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| 0
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group) interrupt enable bit;
1: Enable the transfer completion bit (EOC flag):
0: Disable the transfer completion interrupt.

[4:0] |AWDCH[4:0] RW

Analog watchdog channel selection bit:
00000: Analog input channel0;
00001: Analog input channell;

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

IS | SW | JSW | EXT
VREFE]| START|START| TRIG

EXTSEL[2:0]

Reser
ved

15 14 13 12

11 10 9 8 7 6 5 4 3 2

1 0

JEXT

TriG| JEXTSEL[2:0]

ALIG
N

Reserved |DMA Reserved

RST

CAL CAL

CON | ADO
T N

Bit Name

Access

Description

Reset value

[31:24] |Reserved

RO

Reserved.

0

23 TSVREFE

RW

Temperature sensor and internal voltage (VrerinT) channel
enable:

1: Enable the temperature sensor and Vrgrint channel;

0: Disable the temperature sensor and Vrgrint channel.
Note: This bit is only applied for ADCI.

22 SWSTART

RW

Start conversion of a regular channel, set by software to
start:

1: Start conversion of a regular channel;

0: Reset status.

This bit is set by software, and cleared by hardware after
the conversion starts.

21 JSWSTART

RW

Start conversion of an injected channel, set by software to
start:

1: Start conversion of an injected channels;

0: Reset status.

This bit is set by software, and cleared by hardware or
software after the conversion starts.

20 EXTTRIG

RW

External trigger conversion mode enable for regular
channels:

1: Enable conversion on external event;

0: Disable conversion on external event.

[19:17] |EXTSEL[2:0]

RW

External trigger event select for regular channel:
000: CC1 event of timer 1;
001: CC2 event of timer 1;
010: CC3 event of timer 1;
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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.

0 ADON RW |A/D converter ON/OFF 0
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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: 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]
Bit Name Access Description Reset
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] SMP0[2:0]
Bit Name Access Description Reset value
[31:30] |Reserved RO |Reserved. 0
SMPx[2:0]: Sample time configuration of channel x:
000: 1.5 cycles; 001: 7.5 cycles;
[29:0] |SMPx[2:0] RW ]010: 13.5 cycles; 011: 28.5 cycles;
100: 41.5 cycles; 101: 55.5 cycles;
110: 71.5 cycles; 111: 239.5 cycles;
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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]
Bit Name Access Description Reset 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 1 0
Reserved HT[11:0]
Bit Name Access Description Reset value
[31:12] |Reserved RO |Reserved. 0
[11:0] |HT[11:0] RW |Analog watchdog high threshold set bits. FFFh

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 1 0
Reserved LT[11:0]
Bit Name Access Description Reset value
[31:12] |Reserved RO |Reserved. 0
[11:0] |LT[11:0] RW |Analog watchdog low threshold set bits. 0
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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.

[19:15] |SQ16[4:0 RW |No. (0to 17) of the 16th converted channel in regular sequence.

[9:5] [SQ14[4:0 RW  |No. (0to 17) of the 14th converted channel in regular sequence.

]

[14:10] |SQ15[4:0] RW  |No. (0to 17) of the 15th converted channel in regular sequence.
]
]

(el Rl N e

[4:0] [SQ13[4:0 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] SQ11[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]
g 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

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]
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Bit Name Access Description Reset 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]
Bit Name Access Description Reset 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.

No. (0 to 17) of the 4th converted channel in injected sequence.

[19:15] |JSQ4[4:0] RW |Note: The software writes and assigns the channel number (0- 0
17) as the 4th in the sequence to be converted.

[14:10] |JSQ3[4:0] RW |No. (0to 17) of the 3rd converted channel in injected sequence. 0

[9:5] |JSQ2[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).

For example, when JL[1:0]=3 (4 injected transitions in the sequencer), the ADC will convert channels in the
following order: JSQ1[4:0], JSQ2[4:0], JSQ3[4:0], and JSQ4[4:0];

When JL[1:0]=2 (3 injected transitions in the sequencer), the ADC will convert the channels in the following
order: JSQ2[4:0], JSQ3[4:0] and JSQ4[4:0];

When JL[1:0]=1 (2 injected conversions in the sequencer), the ADC converts the channels in the following
order: first JSQ3[4:0], then JSQ4[4:0];

When JL[1:0] = 0 (1 injection conversion in the sequencer), the ADC will convert only the JSQ4[4:0] channels.
If ADCx _ISQR[21:0]=10 00111 00011 00111 00010, the ADC will convert channels in the following order:
JSQ2[4:0], JSQ3[4:0], and JSQ4[4:0], indicating that the scan conversions are performed in the following
channel order: 7, 3, 7.

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

V2.1 188 WH



https://wch-ic.com

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

Reserved

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

JDATA[15:0]

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.
ADC?2: 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 DCG).

Note: When the TKEY conversion is disabled, ADC channel configuration function can still be retained.

Figure 13-1 TKEY working timing diagram

TKENABLE :

I<—En‘ci rIe samp ling period——

|-| |
Lb Next conversion

|
First conve}sion
| | |
t
TKDI SCHG w!

TKACT

™

‘<_tCHG:‘ | |

|
TKCHG :
tSTAB"] " |‘|
ADCACT ) L i
|€-ADC conversion perio +|
EOC ADC power up |

LP Software clear interrupt bit

® Programmable sampling time

For TKEY unit conversion, multiple ADCCLK clock cycles (toiscug) 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
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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_CTLRI 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 DCQG, 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
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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]
Bit Name Access Description Reset 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] TKCG5[2:1]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TKCGS| TKCG4[2:0] TKCG3[2:0] TKCG2[2:0] TKCG1[2:0] TKCGO[2:0]
Bit Name Access Description Reset 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.

13.3.3 TKEYx Charge Time Offset Register (TKEYx CHGOFFSET) (x=1/2)
Offset address: 0x3C
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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 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]
Bit Name Access Description Reset value
[31:8] | Reserved RO Reserved 0

Write the discharge time and activate a TKEY
channel detection.
Note: This register maps the regular data register (ADC _RDATAR) of the ADC module.

[7:0] | TKACT DCG[7:0] | WO 0

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
DATA[15:0]
Bit Name Access Description Reset 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 PB 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
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
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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 PB 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.

V2.1 196 WH


https://wch-ic.com

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

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
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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,
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 CC1E 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
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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
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 OCXREF 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
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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
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 