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The CH32H417 is an interconnect-oriented general-purpose microcontroller based on a dual-core design of the RISC-V5F and RISC-V3F chipsets. The CH32H417 integrates...
Includes USB 3.2 Genl controller and transceiver, 100Mbps Ethernet MAC and PHY, SerDes high-speed isolated transceiver, Type-C/PD controller.
Controller and PHY, providing SD/EMMC controller, 500MBytes universal high-speed interface UHSIF, DVP digital image interface, single-wire protocol master
Interface SWPMI, Programmable Protocol I/0O Controller PIOC, Flexible Memory Controller FMC, DFSDM, LTDC, GPHA, DMA Controller,
It features multiple timers, 8 serial ports, 13C, 4 12C, 2 QSPI, 4 SPI, 2 12S, 3 CAN, and other peripheral resources.
It features a 5SMHz dual 12-bit ADC unit, a 20MHz 10-bit high-speed HSADC unit, a 16-channel Touchkey, dual DAC units, and 3...
It includes analog resources such as operational amplifiers (OPA) and voltage comparators (CMP), supports 10M/100M Ethernet communication, and supports USB 2.0 and USB 3.0.
It supports USB Host and USB Device functions, Type-C and PDUSB fast charging, and SerDes high-speed isolation and long-distance charging.
Off-line transmission supports dual-core division of labor to improve network protocol processing efficiency and communication response speed.
This manual provides detailed usage information for the CH32H417, H416, and H415 chips, tailored to user application development.

For device characteristics of the CH32H417 series chips, please refer to the CH32H417DSO0 datasheet.

RISC-V kernel version overview

fast
Features hardware Interruption
Interruption Flowing water Extend instruction Memory Interface call
kernel Instruction set stack Nested Vector table pattern
aisle Wire instruction | cache Protect try
Version series series
number
Barley V3F IMABCF-X Barley V5F 2 2 4 3 Addrss or command support - Standard [1] Single/Dual Wire
IMABCF-X 8 8 4 7-9 Addrpss or command support supports standard single/dual lines

Note [1]: Only chips with a non-zero fifth digit in the batch number support memory protection.

For information about the RISC-V core, please refer to Chapter 4, Central Processing Unit (CPU).

Abbreviated descriptions of bit attributes in registers:

Register bit attributes Attribute Description

RF A read-only property that reads a fixed value.

RO The read-only attribute is changed by the hardware.

RZ is aread-only attribute; the bit is automatically cleared to 0 after a read

wo operation. It is a write-only attribute (unreadable; the read value is uncertain).
WA Write-only properties; can be written in safe mode.

wz is a write-only property; after a write operation, the bits are automatically cleared
RW to 0. It is readable and writable.

RWA is readable and writable in safe mode.

RW1 is readable; writing 1 is valid, writing O is invalid. RWO is readable;

writing O is valid, writing 1 is invalid.

RW1T is readable; writing 0 is invalid, and writing 1 flips the value. RW1Z is readable.

Writing 1 clears this bit, and writing 0 has no effect.

sC Automatically clear.
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Chapter 1 Memory and Bus Architecture

1.1 Bus Architecture

The CH32H417 series chip features an internally integrated dual-core architecture, employing the Qingke V3F and V5F designs. Its architecture integrates the core and arbitration unit...

The components, including the memory, DMA module, and SRAM storage, interact through multiple buses. A general-purpose DMA controller is integrated into the design to reduce CPU load and improve performance.

High access efficiency, coupled with data protection and clock pi B system stability. Its system block diagram is shown below.

picture.

Figure 1-1-1 CH32H417 System Block Diagram
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Figure 1-1-2 CH32H416 System Block Diagram
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Figure 1-1-3 CH32H415 System Block Diagram
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The system includes: a Flash access prefetch mechanism to accelerate code execution; a general-purpose DMA controller to reduce CPU

load and improve efficiency; a clock tree hierarchical management system to reduce the overall power consumption of peripherals; and data

protection

mechanisms to increase system stability. The instruction bus (I-Code) connects the kernel and the FLASH instruction

interface, where prefetching is performed . The data bus (D-Code) connects the kernel and the FLASH data

interface, used for constant loading and debugging . The system bus connects the kernel and the bus matrix, coordinating access between the kernel, DMA, SRAM, and
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The DMA bus connects the HB master interface to the bus matrix and is responsible for accessing FLASH data, SRAM,

and peripherals. The bus matrix coordinates access between the system bus, data bus, DMA bus, and SRAM.

1.2 Memory Image

The CH32H417 series chips all include program memory, data memory, core registers, and peripheral registers, etc., all of which are... A 4GB linear addressing space.

The system stores data in little-endian format, meaning the low byte is stored at the low address and the high byte is stored at the high address.

Figure 1-2 Storage Image

0x4001 3800 Reserved
Timg 0x5004 0000
0x4001 3400 S UHSIF
0x4001 3000 — 0x4003 8000 v
044001 2000 [~ 0x4003 4000 ™
ouchKey.
0x4001 2800 (———— 0x4003 0000 p—
ouchKey.
0x4002 A000
0x4001 2400 Reserved o002 5000 ETH
X
0x4001 2000 — Sorbes
0x4002 7C00
0x4001 1C00 PO E ]
0x4001 1800 e 0x4002 6000 P0G
0x4001 1400 0x4002 5C00
Port C DVP
0x4001 1000 0x4002 5800
Port B FMC
0x4002 5400
0x4001 0C00 POt A QsPI2
0x4002 5000
0x4001 0800 v 0sPIL
0x4001 0400 o 0x4002 4C00 e
0x4001. 0000 0x4002 4800 Jsero
OXFFFF FFFF Reserved 0x4002 4400
0x4000 8800 e X SDMMC
Reserved 0X4000 8400 0x4002 4000
Reserved 0x4002 3C00 e
X
OxE010 0000 Core Private 0x40007C00 CAN3 0x4002 3800 (RESENEY
X
OXEQ00 0000 Peripherals 0x4000 7800 DAC USBFS/OTG_FS
: 0x4000 7400 0x4002 3400
SDRAM bank2 PWR CRC
0x4002 3000
0xD000 0000 SORAM Banki 0x4000 7000 R Reserved
0x4002 2400
0XC000 0000 NOR/PSRAM bank 0x4000 6C00 CAN2 Flash Interface
0x4000 6800 0x4002 2000
CAN1 Reserved
0x4002 1400
Ox1FFF FFFF Reserved 0x4000 6400 share 5125 SRAM RCC
Reserved 0x4000 6000 2Ca 0x4002 1000 e
OX1FFF F900 0xA000 0000 0x4000 5C00 0x4002 0C00
Option Bytes MEM(QSPI1) 12C2 DMAMUX
OX1FFF F800 0x9000 0000 0x4000 5800 = 0x4002 0800 e
Vendor Bytes NAND Bank 0x4000 5400 0x4002 0400
OXIFFF F700 USARTS DMAL
0x8000 0000 0x4000 5000 0x4002 0000
Reserved MEM(QSPI2) USART4 Reserved
0x4000 4C00 0x4001 8400
0x7000 0000 USART3 SDIO
OXIFFF E000 FSMCIPSRAM bank 0x4000 4800 0x4001 8000
SDRAM bank1 USART2 Reserved
0x4000 4400 0x4001 7C00
System FLASH 0x6000 0000 Reserved SPI14 OPA+CMP
0x4000 4000
(BOOT_S6KB) 0x5004 1000 x SPI3/1253 0x4001 7800 HSADC
0x4000 3C00
PIOC_RAM (4KB) p— 0x4001 7400 Srsom
Ox1FFF 0000 0x5004 0000 0x4000 3800 0x4001 7000
LPTIM2 ECDC
0x4000 3400
Reserved X WDG 0x4001 6C00 GPHA
Reserved 0x4000 3000 —— 0x4001 6800
0x4000 2C00
Peripherals RTC Reserved
0x4000 0000 0x4000 2800 STV
Reserved 0x4000 2400 0x4001 5C00
0x2018 0000 USARTS sAl
Shared code and 0x4000 2000 USART? 0x4001 5800 T
Code FLASH data area (512KB) 0x4000 1C00 0x4001 5400
0x2010 0000 USART6 TIM10
DTCM (256KB) 0x4000 1800 0x4001 5000
0x200€ 0000 ITCM (128KB 0x4000 1400 ™ Ui
0x0800 0000 e OX200A 000D ( ) X e 0x4001 4C00 s
Reserved 0x4000 1000 0x4001 4800
Flash or system memory 0x2000 0000 TIMS 13C
depending 0x4000 0C00 0x4001 4400
FLASH TIM4 12c4
o ' 0x4000 0800 0x4001 4000
BOOQT pins TIM3 TIM12
0x0000 0000 0X0000 0000 0x4000 0400 0x4001 3C00
TIM2 USART1
0x4000 0000 0x4001 3800
4G linear address space
V15 WH




Machine Translated by Google

CH32H417 Series Application Manual https://wch.cn

1.2.1 The memory allocation
includes a built-in SRAM of 896KB, partly used for the data area and partly for the zero-wait code area. Data is lost upon power failure.
The SRAM is divided into three blocks: a 128KB ITCM core 1 tightly coupled zero-wait code area, a 256KB DTCM core 1 tightly coupled zero-wait data area, and a...
The kernel contains a data area, the remaining 512KB of shared code and data. Additionally, kernel 1 has a 32KB instruction cache.
The 512KB shared area can be configured as the zero-wait code and data area for the RISC-V3F. It is recommended to configure it in 128KB units as needed.
distribute.
As an option, the 128KB ITCM and 256KB DTCM, totaling 384KB, can both be configured as the RISC-V5F code area.
The DTCM, as a code section, will add one clock cycle wait when a jump occurs.
The RISC-V3F can wait to access the ITCM or DTCM by pressing the HCLK clock for 2 seconds.
The RISC-V5F and RISC-V3F can access the 512KB shared area with zero wait time at the HCLK clock.
It has a built-in 256-byte non-volatile configuration information storage area for manufacturer configuration word storage. It is fixed before leaving the factory and cannot be modified by the user.

It has a built-in 256-byte user-defined information storage area for storing user-selected words.

The sizes of the user area and BOOT area are read through the DBMODE bit of the R32_FLASH_CFGRO register:
When DBMODE-=1, the chip has a built-in 960KB non-zero wait time program flash memory area (Code FLASH), i.e., the user area.
For user application and constant data storage, the equivalent frequency is approximately 25MHz. It has a built-in system FLASH memory of up to 56KB.
The BOOT area is used to store the system bootloader and contains a built-in bootloader.
When DBMODE-=0, the chip has a built-in 480KB non-zero wait time program flash memory area (Code FLASH), i.e., the user area.
It stores user applications and constant data at an equivalent frequency of approximately 12.5MHz. It has a built-in system flash memory (BOOT area) of up to 28KB for

storing the system bootloader and includes a built-in bootloader.

V15 3 WH
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2.1 Overview

Chapter 2 Power Control (PWR)

The CH32H417 chip system operates at a voltage VDD33 ranging from 2.4 to 3.6V, and its built-in voltage regulator provides the operating power required by the core.

When the main power supply VDD33 fails, backup power sources such as batteries can power the real-time clock (RTC) via the VBAT pin. If no backup power is required...

For the source, it is recommended to connect VDD33 directly to the VBAT pin.

The VDD33A and VSSA pins are dedicated to powering analog-related circuitry in the system, including ADCs, DACs, temperature sensors, etc. VREFP is used as a...

For analog circuits such as ADCs, the reference point for the upper voltage limit is partially
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Figure 2-1 Power supply structure block diagram
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2.2 Power Management

2.2.1 Power-on reset and power-off reset

The system integrates power-on reset (POR) and power-down reset (PDR) circuits. When the chip supply voltage VDD33 is lower than the corresponding threshold voltage,

The system is reset by the relevant circuitry, requiring no external reset circuitry. Please refer to the parameters for the power-on threshold voltage VPOR and power-down threshold voltage VPDR.

Refer to the corresponding data manual.

V1.5
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Figure 2-2 Schematic diagram of POR and PDR operation
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2.2.2 Programmable Voltage Monitor ( PVD) The
programmable voltage monitor (PVD) is primarily used to monitor changes in the system's main power supply, and interacts with the power control register PWR_CTLR.
By comparing the threshold voltage set by PLS[2:0], a status flag can be generated so that the system can be notified in time to perform operations such as data saving before power failure.
The specific configuration is as follows:
1) Set the PLS[2:0] field of the PWR_CTLR register and select the voltage threshold to be monitored.
2) Set the PVDE bit in the PWR_CTLR register to enable the PVD function.
3) By reading the PVDO bit of the PWR_CSR status register, the relationship between the current system main power supply and the PLS[2:0] setting thresholds can be obtained, and corresponding actions can be performed.
Soft processing. When the VDD33 voltage is higher than the threshold set by PLS[2:0], the PVDO position is 0; when the VDD33 voltage is lower than the threshold set by PLS[2:0],
PVDO bit 1.

Figure 2-3 Schematic diagram of PVD operation
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2.3 Low Power Mode

After the system reset, the microcontroller returns to normal operating mode (running mode). At this point, you can reduce the system clock speed or disable...
Save system power by not using external clocks or reducing the clock speed of operating external devices. If the system is not needed, it can be configured to enter low-power mode.
The system can exit a certain state by triggering a specific event.
Microcontrollers currently offer two low-power modes, distinguished by differences in the operation of the processor, peripherals, voltage regulators, etc.:
Sleep mode: The kernel stops running, but all peripherals (including kernel-private peripherals) continue to run.
Stop Mode: Stop mode only takes effect when both V3F and V5F are in stop mode. It stops all clocks; the system resumes operation after wake-up.

run.
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Table 2-1 Overview of Low Power Modes

model Enter wake-up source Impact on clock voltage regulator
WFI Arbitrary interrupt wake-up Kernel clock off,

sleep normal
WFE wake-up event wake-up Other clocks are unaffected.

Both V3F and V5F are advanced.

Any external interrupt/event, RST Enter Stop Mode: Off
SLEEPDEEP (set to 1) Normal: LPDS=0 or
stop External reset signal, IWDG reset Close HSE, HSI,
WFI or WFE Low power consumption: LPDS=1
Bit. PLL and peripherals
bell.

2.3.1 Low-power configuration options :
WFI and WFE modes
WFI: The microcontroller is woken up by an interrupt source with an interrupt controller response. After the system wakes up, the interrupt service function will be executed first.
(Except for microcontroller reset).
WEFE: A wake-up event triggers the microcontroller to exit low-power mode. Wake-up events include:
1) Configure an external or internal EXTI line to event mode; in this case, there is no need to configure an interrupt controller.
2) Interrupt response and interrupt exit flags are maintained as events in the interrupt controller;
3) Alternatively, configure the SEVONPEND bit to enable peripheral interrupts, but disable interrupts in the interrupt controller. After system wake-up, it will require...
The interrupt pending bit needs to be cleared.
4) Debug request from the debugger.
SLEEPONEXIT
Enabled: After executing the WFI or WFE instruction, the microcontroller ensures that all pending interrupt services exit before entering low-power mode.
Disabled: After executing the WFI or WFE instruction, the microcontroller immediately enters low-power mode.
SEVONPEND
Enabled: All interrupt or wake-up events can wake up the low-power mode entered by executing WFE.

Disabled: Only interrupts or wake-up events enabled in the interrupt controller can wake up the low-power system that has been entered by executing WFE.

2.3.2 Sleep Mode (SLEEP) In this mode, all

10 pins maintain their running state, and all peripheral clocks function normally, thus entering sleep mode.
Before entering sleep mode, try to turn off unnecessary peripheral clocks to reduce power consumption. This mode has the shortest wake-up time.

Enter: Configure the kernel register control bit SLEEPDEEP=0, LPDS determines the internal voltage regulator state, and executes WFI| or WFE (optional).
SEVONPEND and SLEEPONEXIT.

Exit: Any interrupt or wake-up event.

2.3.3 Stop Mode (STOP) Stop mode

combines peripheral clock control with the deep sleep mode (SLEEPDEEP) of both the V3F and V5F kernels.
This mechanism allows the voltage regulator to operate in a lower power consumption state. Both V3F and V5F enter this mode: high-frequency clock (HSE/HSI/PLL).
The domain is closed, but the SRAM and register contents are preserved, and the I/O pin states are maintained. The system can continue operating after waking up in this mode; HSl is the default.
System clock.

If flash programming is in progress, the system will not enter stop mode until memory access is complete; if access to HB is in progress...
The system will not enter stop mode until the access to HB is completed.

Modules that can operate in stop mode: Independent Watchdog Timer (IWDG), Real-Time Clock (RTC), Low-Frequency Clock (LSI/LSE).

Enter: Configure kernel register control bit SLEEPDEEP=1, optional LPDS bit, execute WFI or WFE, optional SEVONPEND and
SLEEPONEXIT.

Exit: Any external interrupt/event, external reset signal on RST, IWDG reset.

In stop mode, the LPDS bit is selectable. LPDS=0, the voltage regulator operates in normal mode; LPDS=1, the voltage regulator operates...

V15 6 WH




Machine Translated by Google

CH32H417 Series Application Manual https://wch.cn

In low power mode.

2.3.4 RTC Automatic Wake-up

The RTC can automatically wake up without external interrupts. By programming the time base, it can periodically wake up from the stop mode.
Wake-up under certain conditons,

A precise external 32.768kHz low-frequency crystal oscillator (LSE) can be selected as the RTC clock source, or an internal LSl oscillator can be selected.
RTC clock source, LS| has worse accuracy and power consumption than LSE.

The RTC alarm event can wake the MCU from stop mode. To achieve this, external interrupt line 17 needs to be configured, and...

RTC is set to generate alarm events.

2.4 Register Description

Table 2-2 List of PWR Related Registers

name Access Address Description: 0x40007000 Power Reset value
R32_PWR_CTLR Control Register; 0x40007004 Power 0x00000000
R32_PWR_CSR Control/Status Register; 0x5003C000 System 0x00000X00
R32_SYS_CFGRO Configuration Register 0 OXXXXXXXXX

2.4.1 Power Control Register (PWR_CTLR)

Offset Address: 0x00

31 3029 28 27 26 252423222120 19 18 17 16
Reserved

15 1413 12 11 10 9 8 7 6 5 4 3 2 1 0

VIO_S
Reserved VSEL_VIO18[2:0] - DBP PLS[2:0] PVDE Reserved LPDS

- W_CR

Bit Name access describe Reset valug

[31:13] Reserved RO is reserved. 0

VIO18 power adjustment position:
000: 1.2V;
001: 1.8V;
010: 2.5V;
[12:10] VSEL_VIO18[2:0] RW 011: 3.3V; 0

100: VIO18 is powered off and is discharging at 10mA;

101: VIO18 is powered off, and the output is floating.
110: VIO18 is powered off, and the output is floating.

111: VIO18 is powered off, and the output is floating.

V1018 power adjustment mode selection bit:

1: Configure via VSEL_VIO18 software;

0: XO External pull-down resistor hardware configuration.
9 VIO_SW_CR RwW Note: The initial power-on values of VIO18 are configured by hardware, i.e., via externgl X0. 0
The pull-down resistor determines:
Float: 1.8V;

Pull-down 330K: 2.5V;
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Pull-down 100K: 1.2V.

Note 1. For chips with externally packaged VIO18, users should 3.3V cocrnat demans or meni
use shortivip i@

VIO18, and after power-onyritoneedsoto bacs gt sedtwsase via VSEL_VIO18=1
2. For chips that do not externally encapsulate VIO18, VDDIO and VIO18 are shorted internally ,
Furthermore, after power-on, it needs to be turned off in the software via VSEL_VIO18=1]

Turn off the LDO to reduce power consumption

11b.

hile

L1lb.

8 DBP

RW

Write enable for the backup area:

In the reset state, all registers in the backup area are write-protected.
This bit must be set to 1 to allow write access to these registers.

1: Enable access to registers in the backup region;

0: Access to registers in the backup region is prohibited.

[7:5] PLS[2:0]

RW

PVD voltage monitoring threshold setting. See the electrical characteristics section of the datasheet for detailed ins|
Sexual aspect.

000: Rising edge 2.54V / Falling edge 2.44V;

001: Rising edge 2.6V / Falling edge 2.49V;

010: Rising edge 2.7V / Falling edge 2.59V;

011: Rising edge 2.8V / Falling edge 2.69V;

100: Rising edge 2.9V / Falling edge 2.79V;

101: Rising edge 3.0V / Falling edge 2.89V;

110: Rising edge 3.1V / Falling edge 2.99V;

111: Rising edge 3.2V / Falling edge 3.09V.

ructions

4 PVDE

RW

Power supply voltage monitoring function enable bit:

1. Enable power supply voltage monitoring function;

0: Disable power supply voltage monitoring function.

[3:1] Reserved

ROisr

2served.

0 LPDS

RW

In stop mode, this is the voltage regulator operating mode selection bit.

1: The voltage regulator operates in low-power mode;

0: The voltage regulator is operating in normal mode.

2.4.2 Power Control/Status Register (PWR_CSR)

Offset Address: 0x04

31 302928

27 262524232221 2019 18 17 16

Reserved

15 14 13

10

Reserved

VIO18_SR
[1:0]

Reserved

PVDO

Bit

Name access

describe

Reset valug

[31:10] Reserved

ROis

eserved.

0

[9:8] VIO18_SR[1:0]

RO

VIO18 power initial status indicator bit:
00: 1.2V;

01: 2.5V;
1x: 1.8V.

V1.5
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Note: The initial power-on value of VIO18 is determined by VIO_SW_CR and VSEL_VIO18[2:0].
Decide.
[7:1] Reserved RO is reserved. 0
PVD output status flag. When PVDE in the PWR_CTLR register is 1...
At that time, this bit is valid.
0 PVDO RO 0
1: VDD33 is lower than the PVD falling edge threshold set by PLS[2:0];
0: VDD33 is higher than the PVD rising edge threshold set by PLS[2:0].
2.4.3 System Configuration Register 0 (SYS_CFGRO0)
Access address: 0x5003C000
31 3029 28 27 26 2524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 2 1
Reserved LDO_VDDK][2:0]
Bit Name access describe Reset value
[31:20] Reserved RW is reserved and must retain its original value X
when written. Adjusting the digital core voltage value, LDO_VDDK voltage adjustment bits:
011: Rated voltage;
101: Improved voltage optimization performance, only applicable to TA § 70y and heat dissipation.
[6:4] LDO_|VDDK[2:0] RW 011b

Excellent for commercial applications;

Other: Reserved.

When an external power supply is used in the application, it is recommended to set 001b or|000b.

[3:0] Resetved

RW is reserved; the original value must be preserved when writing.

V1.5
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Chapter 3 Reset and Clock Control (RCC)

Based on the division of power supply zones and considerations for peripheral power consumption management in the application, the controller provides different reset methods and configurable features.

The clock tree structure. This section describes the scope of each clock in the system.

3.1 Key Features

Multiple reset methods

Multiple clock sources, bus clock management

Built -in external crystal oscillation monitoring and clock safety system

Independent clock management for each peripheral: reset, enable, disable

Supports internal clock output

3.2 Reset

The controller provides three reset methods: power reset, system reset, and backup area reset.

3.2.1 Power Reset When a

power reset occurs, all registers except the backup area (which is powered by VBAT) will be reset.

Its conditions for generation include:

y Power-on/Power-off Reset (POR/PDR Reset)

3.2.2 System Reset When a

system reset occurs, all registers except the reset flag in the control/status register RCC_RSTSCKR and the backup area will be reset.

Registers. Identify the source of the reset event by examining the reset status flags in the RCC_RSTSCKR register.

Its conditions for generation include:

A low-level signal on the RST pin (external reset )

y Window watchdog timer terminated (WWDG reset)

Independent watchdog timer terminated (IWDG reset)

Software reset (SW reset)

USBPD Reset

Window/Standalone Watchdog Reset: Triggered by the overflow of the window/standalone watchdog peripheral timer count cycle. See its description for details.

The corresponding chapter

Software reset: Reset the system by setting the SYSRST bit to 1 in the interrupt configuration register PFIC_CFGR in the programmable interrupt controller (PFIC).

Reset the system by setting the SYSRST bit to 1 in the PFIC_SCTLR register or configuration register. Refer to the corresponding chapter for details.

USBPD Reset: When PD_RST_EN is 1, the CH32H417 supports resets generated by the USB PD signal frame Hard Reset; if

If IE_RX_RESET is also 1, then resets generated by the Cable Reset signal frame are also supported. USB PD does not have a reset flag, but the generated reset...

The effect is the same as software reset.

V1.5
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Figure 3-1 System Reset Structure

VDDIO

RPU

System

A - .
U - Reset

§
!

USBPD Reset
Power Reset

Software Reset
WWDG Reset
IWDG Reset

3.2.3 Backup Region Reset When a backup

region reset occurs, only the backup region registers are reset, including the RCC_BDCTLR register (RTC enable and LSE oscillation).
(Apparatus). Its production conditions include:
¥ Under the premise that both VDD33 and VBAT are powered down, the problem is caused by powering on VDD33 or VBAT.

y The BDRST bit of the RCC_BDCTLR register is set to 1.
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3.3 Clock

3.3.1 System Clock Structure Diagram

3-2 Clock Tree Diagram (Applicable only to chips with the fifth bit of the batch number being 0)
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Figure 3-3 Clock tree diagram (applicable to chips with the fifth digit of the batch number being greater than 0)
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3.3.2 High-speed clock (HSI/HSE)

HSlis a high-speed clock signal generated by an internal 25MHz RC oscillator. The HSI RC oscillator can provide the system clock without any external
components. It has a short startup time but relatively poor clock frequency accuracy. HSI is enabled and disabled by setting the HSION bit in the RCC_CTLR register,
and the HSIRDY bit indicates whether the HSI RC oscillator is stable. HSION and HSIRDY are set to 1 by default (it is recommended not to disable them). Setting the
HSIRDYIE bit in the RCC_INTR register will generate a corresponding interrupt. « Factory calibration: Differences in manufacturing processes
can result in different RC oscillation frequencies for each chip. Therefore, HSI calibration is performed on each chip before it leaves the factory. After system reset, the

factory calibration value is loaded into HSIAL[7:0] in the RCC_CTLR register. « User adjustment: Based on different voltages or ambient temperatures,

the application can adjust the HSI frequency using the HSITRIM[4:0] bits in the RCC_CTLR register.
Note: If HSE |t the crystal oscillator fails, the HSI clock will be used as a backup clock source (clock safety system).

HSE is an external high-speed clock signal, generated by an external crystal/ceramic resonator or fed into the system via an external high-

speed clock. External crystal/ceramic resonator (HSE crystal): An external oscillator provides a more accurate clock source for the system. Further information can be
found in the electrical characteristics section of the datasheet. The HSE crystal can be enabled and disabled by setting the HSEON bit in the RCC_CTLR register.
The HSERDY bit indicates whether the HSE crystal oscillation is stable; the hardware only sends the clock to the system after the HSERDY bit is set to 1. If the
HSERDYIE bit in the RCC_INTR register is set, a corresponding interrupt will be generated. Figure 3-4

High-speed external crystal circuit.

) xi

I

||
7\1 I CL1
Load
Capacilance:
1|

e,

()

) xo

Note: The load capacitor should be placed as close as possible to the oscillator pins, and the capacitance value should be selected according to the crystal manufacturer's specifications

External high-speed clock source (HSE bypass): In this mode, an external clock source is directly fed to the Xl pin, and the XO pin is left floating. A maximum frequency
of 25MHz is supported. The application must enable the HSE bypass function by setting the HSEBYP bit when the HSEON bit is 0, and then setting the HSEON
bit again.

Figure 3-5 High-speed clock source circuit

External
clock source

r\) OSC_IN

fH SE_ext - r

(Suspended) ()

3.3.3 Low-speed clock (LSI/LSE)

LSl is alow-speed clock signal generated by the system's internal RC oscillator. It can continue operating in stop mode, providing a clock reference for the
RTC clock, independent watchdog timer, and wake-up unit. Further information can be found in the electrical characteristics section of the datasheet. LS| can be enabled
and disabled by setting the LSION bit in the RCC_RSTSCKR register, and the stability of the LSI RC oscillation is checked by polling the LSIrdy bit. The hardware only

sends the clock signal after the LSIrdy bit is set to 1. Setting the LSlIrdyie bit in the RCC_INTR register will generate a corresponding interrupt.

LSE is an external low-speed clock signal, generated by an external crystal/ceramic resonator or fed into the system via an external low-speed clock. It is for RTC.
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The clock or other timing function provides a low-power and accurate clock source. External crystal/
ceramic resonator (LSE crystal): An external 32.768kHz low-speed oscillator. The LSE is enabled and disabled by setting the LSEON bit in the RCC_BDCTLR register. The LSERDY
bit indicates whether the LSE crystal oscillation is stable; the hardware sends the clock to the system only after the LSERDY bit is set to 1. If the LSERDYIE bit in the RCC_INTR

register is set, a corresponding interrupt will be generated. Figure 3-6 Low-speed external crystal circuit.

e 0SC32_IN
7\ CL1
Load
Copacitance— 32.768kHz

pY

= I} ® 0SC32_ouT
CL2

External low-speed clock source (LSE bypass): In this mode, an external clock source is directly fed to the OSC32_IN pin, and the OSC32_OUT pin is left floating. The application

needs to set the LSEBYP bit to enable the LSE bypass function when the LSEON bit is 0, and then set the LSEON bit again.

Figure 3-7 Low-speed clock source circuit

External

fLSE_ext
clock source

r() 0SC32_IN

(Suspended) C) OSC32_0uUT

3.3.4 PLL Clock: By configuring
the RCC_CFGRO and RCC_PLLCFGR registers, the internal PLL clock can select from 6 clock sources and frequency multiplications.
These parameters must be set before each PLL is started, and once the PLL is started, they cannot be changed.
The PLLON bit in the RCC_CTLR register is enabled and disabled, and the PLLRDY bit indicates whether the PLL clock is stable. The hardware...
The clock is sent to the system only after PLLRDY is set to position 1.
The USBHS_PLLON bit in the RCC_CTLR register is enabled and disabled, while the USBHS_PLLRDY bit indicates the USBHS_PLL clock.
To determine if the system is stable, the hardware sends the clock signal to the system only after the USBHS_PLLRDY bit is set to 1.
The USBSS_PLLON bit in the RCC_CTLR register is enabled and disabled, while the USBSS_PLLRDY bit indicates the USBSS_PLL clock.
To determine if the system is stable, the hardware sends the clock signal to the system only after setting the USBSS_PLLRDY bit to 1.
The ETH_PLLON bit in the RCC_CTLR register is enabled or disabled, and the ETH_PLLRDY bit indicates whether the ETH_PLL clock is stable. The hardware sends the
clock to the system only after the ETH_PLLRDY bit is set to 1. The SERDES_PLLON bit in the
RCC_CTLR register is enabled or disabled, and the SERDES_PLLRDY bit indicates whether the SERDES_PLL clock is stable.
To determine if the clock is stable, the hardware sends the clock to the system only after setting SERDES_PLLRDY to 1.
If the PLLRDYIE, ETHPLLRDYIE, or SERDESPLLRDYIE bits of the RCC_INTR register are set, the corresponding output will be generated.
It should be interrupted
PLL clock sources: § HSI
clock input § HSE clock input y
USBHS_PLL (480MHz) clock
input § ETH_PLL (500MHz) clock input § USBSS_PLL (125MHz)

clock input y SERDES_PLL clock divided by 2
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3.3.5 Bus/Peripheral
Clocks 3.3.5.1 System Clock (SYSCLK)
Configure the system clock source by configuring the SW[1:0] bits of the RCC_CFGRO register. SWS[1:0] indicates the current system clock source.
HSI as the system clock
HSE as the system clock
¥ PLL clock as system clock
After the controller is reset, the default HSI clock is selected as the system clock source. Switching between clock sources must be done only when the target clock source is ready.

It will happen later.

3.3.5.2 HB Bus Peripheral Clock (HCLK)
By configuring the HPRE[3:0], PPRE1[2:0], and PPRE2[2:0] bits of the RCC_CFGRO register, the timing of the HB bus can be configured.
These bus clocks determine the clock reference for peripheral interfaces connected to them. Applications can adjust different values to...
Reduce the power consumption of some peripherals when they are working.
Different peripheral modules can be reset by using the bits in the RCC_HBRSTR, RCC_HB1PRSTR, and RCC_HB2PRSTR registers.
It returns to its initial state.
Different peripherals can be individually enabled or disabled using individual bits in the RCC_HBPCENR, RCC_HB1PCENR, and RCC_HB2PCENR registers.

Module communication clock interface. When using a peripheral, you must first enable its clock bit before you can access its registers.

3.3.5.3 RTC Clock (RTCCLK) The
RTCCLK clock source can be determined by setting the RTCSEL[1:0] bits of the RCC_BDCTLR register, which can be HSE divided, LSE, or LSI.
Provided by clock. Before modifying this bit, ensure that the DBP bit in the power control register (PWR_CTLR) is set to 1. This is only possible after a backup area reset.
Reset this bit.
¥ LSE as RTC clock: Since the LSE is in the backup domain and powered by VBAT, it can operate even if the VDD33 power supply is cut off , as long as VBAT maintains power .
The RTC continues to operate.
y LSl as RTC clock: If the VDD33 power supply is cut off, automatic RTC wake-up cannot be guaranteed.
¥ The HSE clock, divided by 512, is used as the RTC clock: if the VDD33 power supply is cut off or the internal voltage regulator is turned off (power supply in the 1.8V range).

If the circuit is cut off, the RTC state is uncertain.

3.3.5.4 Independent Watchdog Clock
If the independent watchdog timer has been configured by hardware or started by software, the LS| oscillator will be forced on and cannot be turned off.

After the LSl oscillator stabilizes, the clock is supplied to the IWDG.

3.3.5.5 Clock Output (MCO)
The microcontroller allows outputting a clock signal to the MCO pin. Configure the multiplexed push-pull output mode in the corresponding GPIO port register.
By configuring the MCO[3:0] bits of the RCC_CFGRO register, the following 8 clock signals can be selected as the MCO clock output:
System clock (SYSCLK) output
HSI clock output
HSE clock output
y PLL clock frequency divided by 2 output
¥ UTMI clock output
¥ USBSS_PLL clock divided by 2 output
¥ ETH_PLL clock output after 8-fold frequency division

SERDES_PLL clock output after being divided by 16
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3.3.5.6 USB Clock

The USBHS clock source is derived from the USBHSPLL clock, selected by configuring the USBHSPLLSRC bit in the RCC_PLLCFGR2 register.
USBHS_PLL clock source; if the input clock is selected as the divided SYS_PLL_CLK, the division factor can be obtained through USBHSPLL_IN_DIV[4:0].
Bit selection; the clock frequency is selected by configuring the USBHSPLL_REFSEL[1:0] bits. The clock frequency must match the USBHS_PLL input frequency.
The clock remains consistent; the USBHS_PLL clock is enabled by configuring the USBHS_PLLON bit in the RCC_CTLR register.
The USBFS/OTG_FS 48MHz clock source is either a PLL clock via a configurable divider or a USBFS_PLL clock.
Selectable by configuring the USBFSSRC bit in the RCC_CFGR2 register. Enabled by configuring the OTGFSEN bit in the RCC_HBPCENR register.
Enables USBOTG_FS clock.
The USBSS clock source comes from a USBSS_PLL clock, which outputs a 125MHz clock to USBSS. This is achieved by configuring the RCC_CTLR register.

Set the USBSS_PLLON bit of the device to enable the USBSS_PLL clock.

3.3.5.7 ETH Clock

Refer to section 31.4.3 for ETH clock configuration.

3.3.5.812S and RNG Clock
The clock sources for 12S and RNG are PLL_CLK or the system clock (SYSCLK). 12S2, 12S3, and RNG can be configured separately.

The 12S2SRC, 12S3SRC, and RNGSRC bits of register RCC_CFGR2 select the clock source.

3.3.6 Clock Safety System The clock

safety system is an operational protection mechanism for the controller. It can switch to HSI in the event of an HSE clock transmission failure.
The clock is activated, and an interrupt notification is generated, allowing the application software to complete the rescue operation.

The clock safety system is activated by setting the CSSON bit in the RCC_CTLR register to 1. At this time, the clock monitor will oscillate at HSE.
The device is enabled after a startup delay (HSERDY=1) and disabled after the HSE clock is turned off. If the HSE clock fails during system operation...
If a fault occurs, the HSE oscillator will be shut down, and a clock failure event will be sent to the brake input of the advanced timers (TIM1 and TIM8), generating...
A clock-safe interrupt occurs, CSSF is set to 1, and the application enters an NMI non-maskable interrupt. CSSF can be cleared by setting the CSSC bit.
This bit flag can cancel the NMI interrupt suspension bit.

If the current HSE is used as the system clock, or if the current HSE is used as the PLL input clock and the PLL is used as the system clock, the clock safety system...
The system will automatically switch the system clock to the HSI oscillator and shut down the HSE oscillator and PLL in the event of an HSE failure.

If an HSE failure event occurs while CSSON is enabled, it does not affect HSE and PLL enabling; the software can also resolve this within the NMl interrupt.
Process accordingly. If this is done before activating the clock safety system (CSSON=1), set the CSS_HSE_DIS bit in the RCC_CTLR register to 1.

If an HSE failure event occurs while CSSON is enabled, the hardware will disable HSE and all PLLs that use HSE.

3.3.7 RTC calibration This
function requires the PC13 pin to be configured as a general I/O port.
yPulse output
Configure the ASOE bit of the RCC_BDCTLR register to enable RTC pulse output, and set the ASOS bit to select between second pulse output and alarm output.
Clock pulse output.
Yy RTC calibration
After configuring the CCO bit in the RCC_BDCTLR register, the internal RTC clock will be divided by 64 and output to the PC13 pin.

Through actual testing, the software was used to adjust the clock and calibrate the RTC by modifying the RTCCAL[6:0] bits.

3.3.8 BKP Interface Reset The BKP
area can be independently powered by VBAT even when the VDD33 main power supply is down . During the application code-controlled BKP area register reset, ASOS...
The BDRST bit and ASOE bit are reset under the software configuration of the RCC_BDCTLR register, and are not affected by the RCC peripheral interface control BKPRST bit.

ring.
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3.4 Register Description

Table 3-1 List of RCC-related registers
name Access Address Description: 0x40021000 Clock Reset value
R32_RCC_CTLR Control Register; 0x40021004 Clock 0x0000xx83
R32_RCC_CFGRO Configuration Regijster 0; 0x40021008 PLL 0x00000000
R32_RCC_PLLCFGR Configuration Register; 0x4002100C 0x00000004
R32_RCC_INTR Clock Interrupt Register; 0x40021010 HB2 0x00000000
R32_RCC_HB2PRSTR Peripheral Reset Register; 0x40021014 HB1 0x00000000
R32_RCC_HB1PRSTR Peripheral Reset Register; 040021018 HB 0x00000000
R32_RCC_HBPCENR Peripheral Clock Epable Register; 0x4002101C HB2 0x00000000
R32_RCC_HB2PCENR Peripheral Clock Epable Register; 0x40021020 HB1 0x00000000
R32_RCC_HB1PCENR Peripheral Clock Enable Register; 0x40021024 0x00000000
R32_RCC_BDCTLR Backup Domain Control Register; 0x40021028 0x00000000
R32_RCC_RSTSCKR Control/Status Register; 0x4002102C HB 0x08000000
R32_RCC_HBRSTR Peripheral Reset Register; 040021030 Clock 0x00000000
R32_RCC_CFGR2 Configuration Register 2; 0x40021034 PLL 0x00000000
R32_RCC_PLLCFGR2 Configuration Register 2 0x00080020
3.4.1 Clock Control Register (RCC_CTLR) Offset
Address: 0x00
31 302928 27262524232221 2019 18 17 16
CSS H SERDE |SERDE USBSS|USBSS|USBHS|USBHS
— |Reser ETH_P |ETH_P |PLLRD HSE HSE
SE_DI ved SPLL [S_PLL [ ooy LLON v PLLON| PLLR | PLLO |_PLLR |_PLLO |CSSON ave | rov HSEON
S RDY ON DY N DY N
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reser HSI
HSICAL[7:0] HSITRIM[4:0] ved RDY HSION
Bit Name access Reset valug
Description of the configuration for HSE failure events when the clock safety system is enabled:
1: When an HSE failure event occurs while CSSON is enabled, the hardware is shut down.
HSE and all PLLs that use HSE;
31 CSS_HSE_DIS RW 0
0: When an HSE failure event occurs while CSSON is enabled, it does not affect HSE.
The enabling of the PLL can be handled by the software within the NMI interrupt.
Note: This bit can only be written when CSSON is 0.
30 Reserved RO is reserved. 0
SERDES_PLL lock flag:
29 SERDES_PLLRDY RO |1: SERDES_PLL clock lock; 0
0: SERDES_PLL clock is not locked.
SERDES_PLL clock enable control bit:
28 SERDES_PLLON RW 0
1: Enable SERDES_PLL clock;
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0: Turn off the SERDES_PLL clock.

The hardware is automatically reset after entering deep sleep.

27

ETH_PLLRDY

RO

ETH_PLL lock flag:
1: ETH_PLL clock lock;

0: ETH_PLL clock is not locked.

26

ETH_PLLON

RW

ETH_PLL enable control bit:
1: Enable the ETH_PLL clock;
0: Turn off the ETH_PLL clock.

The hardware is automatically reset after entering deep sleep.

25

PLLRDY

RO

PLL clock ready lock flag (set by hardware):
1: PLL clock lock;

0: PLL clock not locked.

PLLON

RW

PLL clock enable control bit:

1: Enable PLL clock;

0: Turn off the PLL clock.

Note: This bit is cleared to 0 by hardware after entering stop mode.

USBSS_PLLRDY

RO

USBSS_PLL clock ready lock flag:
1: USBSS_PLL clock lock;

0: USBSS_PLL clock is not locked.

USBSS_PLLON

RW

USBSS_PLL clock enable control bit:
1: Enable USBSS_PLL clock;
0: Disable USBSS_PLL clock.

The hardware is automatically reset after entering deep sleep.

USBHS_PLLRDY

RO

USBHS_PLL clock ready lock flag:
1: USBHS_PLL clock lock;

0: USBHS_PLL clock is not locked.

20

USBHS_PLLON

RW

USBHS_PLL clock enable control bit:
1: Enable USBHS_PLL clock;
0: Disable USBHS_PLL clock.

The hardware is automatically reset after entering deep sleep.

19

CSSON

RW

Clock security system enable control bit:

1: Enable clock safety system. When HSE is ready (HSERDY set to 1),

The hardware enabled clock monitoring for HSE and detected an abnormal HSE trigg
CSSF flag and NMl interrupt; hardware shutdown when HSE is not ready.

Clock monitoring function for HSE.

0: Disable the clock security system.

18

HSEBYP

RW

External high-speed crystal bypass control bit:
1: Bypass external high-speed crystal/ceramic resonator (using external clock sourg
0: High-speed external crystal/ceramic resonator without bypass.

Note: This field must be written when HSEON is 0.

e);

17

HSERDY

RO

External high-speed crystal oscillation stable and ready flag (set by hardware):
1: External high-speed crystal oscillation is stable;
0: The external high-speed crystal oscillation is not stable.

Note: After clegaggB®the position, this position needs to be cleared in one cycle: HSEON 0 6

16

HSEON

RW Ext

ernal high-speed crystal oscillation enable control bit:

V1.5
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1: Enable the HSE oscillator;
0: Turn off the HSE oscillator.
Note: This bit is cleared to 0 by hardware after entering the stop low power mode.
[15:8] HSICAL[7:0] RO internal high-speed clock calibration value, automatically initialized during system starftup. x
Internal high-speed clock adjustment value:
The user can input an adjustment value to be added to the HSICAL[7:0] value.
The frequency of the internal HSI RC oscillator is adjusted according to changes in voltage and température.
[7:3] HSITRIM[4:0] RW 10000b

Rate.
The default value is 16, which allows you to adjust the HSI to 25MHz + 0.25%; per step
The HSICAL frequency is adjusted by approximately 50kHz.

2 Reserved RO reserved. 0
Internal high-speed clock (25MHz) stable and ready flag (set by hardware)
0: The internal high-speed clock (25MHz) is not stable;

1 HSIRDY RO 1
1: Stable internal high-speed clock (25MHz).
Note: After adearing the bit, this bit needs to be cleared in one cycle: HSION 0 6 HSI
Internal high-speed clock (25MHz) enable control bit:
1: Enable HSI oscillator;
0: Turn off the HSI oscillator.

0 HSION RW 1
Note: When returning from stop mode or using an external oscillator as the system clock.
HSE 1,2MEzR5GIakOks bit is set by hardware to initiate internal [processing/operation].
RC

3.4.2 Clock Configuration Register 0 (RCC_CFGRO0) Offset

Address: 0x04

31 302928 27262524232221 2019 18 17 16
ADC
- UTMIO [PIPEO |RGMII
ADCSRC | DUTY | Reserved MCO[3:0] Reserved FPRE[1:0]
N N ON
_SEL
15 1413 12 11 10 9 8 7 6 5 4 3 2 1
ADCPRE[1:0] PPREZ2[2:0] PPRE1[2:0] HPRE[3:0] SWS[1:0] SW[1:0]
Bit Name access describe Reset valug
ADC input clock source selection:
31 ADCSRC RW  |1: USBHS_PLL (480MHz); 0
0: HCLK.
ADC clock duty cycle selection:
1: The ADC clock duty cycle is 75%;
30 ADC_DUTY_SEL RW 0
0: The ADC clock duty cycle is 50%.
Note: This bit is only vahiPEHECtE input clock source is selected.
[29:28] Reserved RO is reserved. 0
Microcontroller MCO pin clock output control:
[27:24] MCO([3:0] RW | 00xx: No clock output; 0
0100: System clock (SYSCLK) output;
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0101: Internal 25MHz RC oscillator clock (HSI) output;
0110: External Oscillator Clock (HSE) Output;

0111: Output after PLL clock frequency division by 2;

1000: UTMI clock output;

1001: Output of USBSS_PLL clock after being divided by 2;
1010: Output of ETH_PLL clock after being divided by 8;
1011: SERDES_PLL clock output after being divided by 16;

Other: Reserved.

UTMION

RW

UTMI clock gating enable:
1: Enable;

0: Off.

PIPEON

RW

PIPE clock gating enable:
1: Enable;

0: Off.

RGMIION

RW

Whether the 1000M Ethernet RGMII interface is enabled and clock enabled:

1: Enable the 1000M Ethernet RGMIl interface and enable the clock;

0: Disable and turn off the clock.

[20:18] Reser

ROisr

served.

[17:16] FPRE]

1:0]

RW

HCLK input clock source prescaler control:
00: No frequency division;
01:2 frequency division;

1x: 4 frequency division.

[15:14] ADCPF

RE[1:0]

RW

ADC clock source selection USBHS_PLL prescaler control high 2 bits (in conjunction
RCC_CFGRO register bits [13:11] and PPRE2 [2:0] are used):

00000: 5-fold frequency division;

00001: 6-division frequency;

00010: 7-division frequency;

00011: 8-frequency divider;

11110:35 frequency division;

11111:36 frequency division.

ADC clock source selection HCLK prescaler control:
00:2 frequency division;
01:4 frequency division;
10:6 frequency division;

11:8 frequency division.

Note: The ADC clock should not exceed 80MHz.

ith...)

[13:11] PPREZ

[2:0]

RW

When applied to an ADC, the USBHS_PLL prescaler is selected as the clock source.

Controls the lower 3 bits (in conjunction with RCC_CFGRO register bits [15:14])

ADCPRE[1:0] is used).

When applied to an ADC, the clock source is selected using HCLK prescaler control:

Oxx: No frequency division;

Y
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100:2 frequency division;
101:4 frequency division;
110:8 frequency division;

111:16 frequency division.

When applied to timers TIM1/8/9/10, the clock source prescaler control is as fol
Other: No frequency division;

101:2 frequency division;

110:4 frequency division;

111:8 frequency division.

OWS:

[10:8] PPRE1[2:0]

RW

Operating on TIM2/3/4/5/6/7/11/12 and LPTIM1/2, clock source
Prescaler control:

Other: No frequency division;

101:2 frequency division;

110:4 frequency division;

111:8 frequency division.

[7:4] HPRE[3:0]

RW

HB clock source prescaler control:
Oxxx: SYSCLK is not divided;
1000: SYSCLK 2 divider;

1001: SYSCLK divided by 4;

1010: SYSCLK 8 divider;

1011: SYSCLK divided by 16;
1100: SYSCLK 64 divider;

1101: SYSCLK 128 divider;

1110: SYSCLK 256 divider;

1111: SYSCLK 512 frequency divider.

[3:2] SWS[1:0]

RO

System clock (SYSCLK) status (hardware set):
00: The system clock source is HSI;
01: The system clock source is HSE;
10: The system clock source is a PLL;

11: Unavailable.

[1:0] SW[1:0]

RW

Select system clock source:

00: HSI serves as the system clock;

01: HSE serves as the system clock;

10: The PLL output is used as the system clock;

11: Unavailable.

Note: With clock safety enabled (CSSON=1), when returning from stop mode or using an EkieFral d¥tafibinE tho &y sts

At that time, the hardware forces the selection of HSAS the system clock.

em clock.

3.4.3 PLL Configuration Register (RCC_PLLCFGR) Offset

Address: 0x08

31 3029 28

27 262524232221 2019 18 17 16

SYSPL §YSPLL_SEL[2:0]

Reserved
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00110: PLL 9.5x frequency multiplier output;
00111: PLL 10x frequency multiplier output;
01000: PLL 10.5x frequency multiplier output;
01001: PLL 11x frequency multiplier output;
01010: PLL 11.5x frequency multiplier output;
01011: PLL 12x frequency multiplier output;

01100: PLL 12.5x frequency multiplier output;

L_GAT
E
15 1413 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved PLL_SRC_DIV[5:0] PLLSRC[2:0] PLLMUL[4:0]
Bit Name access describe Reset valud
31 SYSPLL_GATE This bif must be set before the RW system clock switches to the 0
PLL. The system clock switching to PLL selection is only enabled when SYSPLL_GATE is 0.
Allow writing:
Oxx: PLL_CLK;
SYSPLL_SEL[2:0
[30:28] RwW 100: USBHS_PLL (480MHz); 0
] 101: ETH_PLL (500MHz);
110: SERDES_PLL/2;
111: USBSS_PLL (125MHz).
[27:14] Reserfved RO is rleserved. 0
The PLL input clock source divider can only be written to when PLLON is 0
000000: 1 frequency divider;
PLL_SRC_DIV[5: 000001: Frequency division by 2;
[13:8] RW 0
0] 000010: 3 frequency divider;
111111:64 frequency division.
The PLL input clock source can only be written to when PLLON is 0:
000: HSI;
001: HSE;
100: USBHS_PLL (480MHz);
[7:5] PLLSRC[2:0] RW 101: ETH_PLL (500MHz); 0
110: USBSS_PLL (125MHz);
111: SERDES_PLL/2.
Note: The iP@treflehce clock is derived from the clock source mentionedabove.
PLL_SRC_DIV divides the frequency, and PLLMUL multiplies it.
The PLL clock multiplication factor can only be written when PLLON is 0:
00000: PLL 4x frequency multiplier output;
00001: PLL 6x frequency multiplier output;
00010: PLL 7x frequency multiplier output;
00011: PLL 8x frequency multiplier output;
00100: PLL 8.5x frequency multiplier output;
00101: PLL 9x frequency multiplier output;
[4:0] PLLMUL[4:0] RW 00100b
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01101: PLL 13x frequency multiplier output;
01110: PLL 14x frequency multiplier output;
01111: PLL 15x frequency multiplier output;
10000: PLL 16x frequency multiplier output;
10001: PLL 17x frequency multiplier output;
10010: PLL 18x frequency multiplier output;
10011: PLL 19x frequency multiplier output;
10100: PLL 20x frequency multiplier output;
10101: PLL 22x frequency multiplier output;
10110: PLL 24x multiplier output;

10111: PLL 26x frequency multiplier output;
11000: PLL 28x multiplier output;

11001: PLL 30x frequency multiplier output;
11010: PLL 32x frequency multiplier output;
11011: PLL 34x frequency multiplier output;
11100: PLL 36x frequency multiplier output;
11101: PLL 38x frequency multiplier output;

11110: PLL 40x frequency multiplier output;

11111: PLL 59x frequency multiplier output.

3.4.4 Clock Interrupt Register (RCC_INTR) Offset
Address: 0x0C

31 302928 27 262524232221 2019 18 17 16
SERDE
ETHPL| PLL HSE HSI LSE LSI
Reserved CSSC |SPLLR
LRDYC] RDYC | RDYC | RDYC | RDYC | RDYC
DYC
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SERDE|ETHPL SERDE
Reser PLL HSE HSI LSE LSI ETHPL| PLL HSE HSI LSE LSI
SPLLR |LRDYI CSSF |SPLLR
ved RDYIE |RDYIE |RDYIE |RDYIE |RDYIE LRDYF| RDYF | RDYF | RDYF | RDYF | RDYF
DYIE E DYF
Bit Name access describe Reset valug
[31:24] Reserved RO reserved. 0

Clear the Clock Safety System Interrupt Flag (CSSF):
CsscC WO |1: Clear the CSSF break flag; 0

0: No action.

Clear the SERDES_PLL ready interrupt flag:
SERDESPLLRDYC WO | 1: Clear the SERDESRDYF interrupt flag; 0

0: No action.

Clear the ETH_PLL ready interrupt flag:
ETHPLLRDYC WO |1: Clear the ETHRDYF interrupt flag; 0

0: No action.

Clear the PLL ready interrupt flag:
20 PLLRDYC WO 0

1: Clear the PLLRDYF interrupt flag;
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0: No action.

19

HSERDYC

WO

Clear the HSE oscillator ready interrupt flag:
1: Clear the HSERDYF interrupt flag;

0: No action.

18

HSIRDYC

WO

Clear the HSI oscillator ready interrupt flag:
1: Clear the HSIRDYF interrupt flag;

0: No action.

17

LSERDYC

WO

Clear the LSE oscillator ready interrupt flag:
1: Clear the LSERDYF interrupt flag;

0: No action.

16

LSIRDYC

WO

Clear the LSl oscillator ready interrupt flag:
1: Clear the LSIRDYF interrupt flag;

0: No action.

15

Reserved

ROisr

eserved.

14

SERDESPLLRDYIE RW

SERDES_PLL Ready interrupt enable bit:
1: Enable SERDES_PLL ready interrupt;

0: Disable SERDES_PLL ready interrupts.

13

ETHPLLRDYIE

RW

ETH_PLL Ready interrupt enable bit:
1: Enable ETH_PLL ready interrupt;

0: Disable ETH_PLL ready interrupt.

12

PLLRDYIE

RW

PLL ready interrupt enable bit:
1: Enable PLL ready interrupt;

0: Disable PLL ready interrupt.

11

HSERDYIE

RW

HSE Ready Interrupt Enable Bit:
1: Enable HSE ready interrupt;

0: HSE ready interrupt disabled.

10

HSIRDYIE

RW

HSI Ready Interrupt Enable Bit:
1: Enable HSI ready interrupt;

0: Disable HSI ready interrupt.

LSERDYIE

RW

LSE (Ready Interrupt Enable) bit:
1: Enable LSE ready interrupt;

0: Disable LSE ready interrupt.

LSIRDYIE

RW

LSI Ready Interrupt Enable Bit:
1: Enable LSl ready interrupt;

0: Disable LSl ready interrupt.

CSSF

RO

Clock safety system interrupt flag:
1: The HSE clock failed, generating a Clock Safety Interrupt (CSSI).
0: Clockless safety system interrupt.

Hardware sets the bit, software writes CSSC bit 1 and clears it.

SERDESPLLRDYF

RO

SERDES_PLL Clock Ready Lock Interrupt Flag:
1: SERDES_PLL clock lock generates an interrupt;
0: No SERDES_PLL clock lock interrupt.

Hardware sets the bit, software writes SERDESRDYC bit 1 to clear it.

ETHPLLRDYF

RO

ETH_PLL clock ready interrupt flag:

1: An interrupt was generated by ETH_PLL clock locking;
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0: No ETH_PLL clock lock interrupt.
Hardware sets the bit, software writes ETHPLLRDYC bit 1 to clear it.
PLL clock ready to lock interrupt flag:
1: PLL clock lock generates an interrupt;
4 PLLRDYF RO
0: No PLL clock lock interrupt.
Hardware sets the bit, software writes PLLRDYC bit 1 to clear it.
HSE clock ready interrupt flag:
1: An interrupt is generated when the HSE clock is ready;
3 HSERDYF RO
0: No HSE clock ready interrupt.
Hardware sets the bit, software writes HSERDYC bit 1 to clear it.
HSI Clock Ready Interrupt Flag:
1: An interrupt is generated when the HSI clock is ready;
2 HSIRDYF RO
0: No HSI clock ready interrupt.
Hardware sets the bit, software writes HSIRDYC bit 1 to clear it.
LSE clock ready interrupt flag:
1: An interrupt is generated when the LSE clock is ready;
1 LSERDYF RO
0: No LSE clock ready interrupt.
Hardware sets the bit, software writes LSERDYC bit 1 to clear it.
LSI Clock Ready Interrupt Flag:
1: An interrupt is generated when the LSI clock is ready;
0 LSIRDYF RO 0
0: No LSl clock ready interrupt.
Hardware sets the bit, software writes LSIRDYC bit 1 to clear it.
3.4.5 HB2 Peripheral Reset Register (RCC_HB2PRSTR) Offset Address:
0x10
31 30 29 28 27262524232221 2019 18 17 16
I3C  |LTDCR GPHA |ECDCR |DFSDM |Reser |OPCMR|TIM12 |TIM11 [TIM10 TIM9 SDIO |Reser SAI
Reserved
RST ST RST ST RST ved ST RST RST RST RST ved RST
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
12C4 JUSART1 | TIM8 SPI1 TIM1 ADC2 | ADC1 |Reser IOPF IOPE IOPD IOPC 10PB IOPA |HSADC | AFIO
RST RST RST RST RST RST RST ved RST RST RST RST RST RST RST
Bit Name access describe Reset valug
I13C module reset control:
31 I3CRST RW 0
1: Reset module; 0: No effect.
LTDC module reset control:
30 LTDCRST RW 0
1: Reset module; 0: No effect.
[29:28] Resefved RO resérved. 0
GPHA module reset control:
27 GPHARST RW 0
1: Reset module; 0: No effect.
ECDC module reset control:
26 ECDCRST RW 0
1: Reset module; 0: No effect.
25 DFSDMRST RW DFSDM module reset control: 0
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1: Reset module; : No effect.
Reserved RO resprved. 0
OPCM module reset control:
OPCMRST RW 0
1: Reset module; : No effect.
TIM12 module reset control:
,,,,,,,,,, TIM12RST RW 0
1: Reset module; : No effect.
TIM11 module reset control:
TIM11RST RW 0
1: Reset module; : No effect.
TIM10 module reset control:
20 TIM1ORST RW 0
1: Reset module; : No effect.
TIM9 module reset control:
19 TIMIRST RW 0
1: Reset module; : No effect.
SDIO module reset control:
18 SDIORST RW 0
1: Reset module; : No effect.
17 Reserved RO resprved. 0
SAl module reset control:
16 SAIRST RW 0
1: Reset module; : No effect.
12C4 module reset control:
15 12C4RST RW 0
1: Reset module; : No effect.
USART1 module reset control:
14 USART1RST RW 0
1: Reset module; : No effect.
TIM8 module reset control:
13 TIMBRST RW 0
1: Reset module; : No effect.
SPI1 module reset control:
12 SPILRST RW 0
1: Reset module; : No effect.
TIM1 module reset control:
11 TIM1IRST RW 0
1: Reset module; : No effect.
ADC2 module reset control:
10 ADC2RST RW 0
1: Reset module; : No effect.
ADC1 module reset control:
9 ADC1RST RW 0
1: Reset module; : No effect.
8 Reserved RO reserved. 0
PF port module reset control for 10:
7 IOPFRST RW 0
1: Reset module; : No function.
10 PE port module reset control:
6 IOPERST RW 0
1: Reset module; : No effect.
PD port module reset control for 1/O:
5 |IOPDRST RW 0
1: Reset module; 0: No function.
PC port module reset control for 10:
4 IOPCRST RW 0
1: Reset module; : No function.
10 PB port module reset control:
3 IOPBRST RW 0
1: Reset module; 0: No function.
10 PA port module reset control:
2 IOPARST RW 0
1: Reset module; 0: No function.
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HSADC module reset control:
1 HSADCRST RW 0
1: Reset module; 0: No effect.
10 auxiliary function module reset control:
0 AFIORST RW 0
1: Reset module; 0: No effect.
3.4.6 HB1 Peripheral Reset Register (RCC_HB1PRSTR) Offset Address:
0x14
31 30292827 262524232221 2019 18 17 16
SWPMI | 12C3 DAC PWR BKP CAN2 | CAN1 | CAN3 |Reser 12C2 12C1  JUSART5|USART4|USART3|USART2| SP14
RST RST | RST | RST RST RST RST RST ved RST RST RST RST RST RsT | RST
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
QSPI LPTI LPTI USAR | USAR | USAR
SPI3 SPI2 QsPI1 | wwDG TIM7 TIM6 TIM5 TIM4 TIM3 TIM2
2 M2 M1 T8RS | T7TRS | T6RS
RST RST RST RST RST RST RST RST RST RST
RST RST RST T T T
Bit Name access describe Reset valug
SWPMI module reset control:
31 SWPMIRST RW 0
1: Reset module; 0: No effect.
12C3 module reset control:
30 12C3RST RW 0
1: Reset module; 0: No effect.
DAC module reset control:
29 DACRST RW 0
1: Reset module; 0: No effect.
Power interface module reset control:
28 PWRRST RW 0
1: Reset module; 0: No effect.
Backup unit reset control:
27 BKPRST RW 0
1: Reset module; 0: No effect.
CAN2 module reset control:
26 CAN2RST RW 0
1: Reset module; 0: No effect.
CAN1 module reset control:
25 CAN1RST RW 0
1: Reset module; 0: No effect.
CAN3 module reset control:
CAN3RST RW 0
1: Reset module; 0: No effect.
Reserved RO resgrved. 0
12C2 module reset control:
j— 12C2RST RW 0
1: Reset module; 0: No effect.
12C1 module reset control:
12C1RST RW 0
1: Reset module; 0: No effect.
USART5 module reset control:
20 USART5RST RW 0
1: Reset module; 0: No effect.
USART4 module reset control:
19 USART4RST RW 0
1: Reset module; 0: No effect.
USART3 module reset control:
18 USART3RST RW 0
1: Reset module; 0: No effect.
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USART2 module reset control:

17 USART2RST RW 0
1: Reset module; 0: No effect.
SPI4 module reset control:

16 SPI4RST RW 0
1: Reset module; 0: No effect.
SPI3 module reset control:

15 SPI3RST RW 0
1: Reset module; 0: No effect.
SPI2 module reset control:

14 SPI2RST RW 0
1: Reset module; 0: No effect.
QSPI2 module reset control:

13 QSPI2RST RW 0
1: Reset module; 0: No effect.
QSPI1 module reset control:

12 QSPI1IRST RW 0
1: Reset module; 0: No effect.
Window watchdog reset control:

11 WWDGRST RW 0
1: Reset module; 0: No effect.
LPTIM2 module reset control:

10 LPTIM2RST RW 0
1: Reset module; 0: No effect.

LPTIM1 module reset control:
9 LPTIM1RST RW 0

1: Reset module; 0: No effect.

USART8 module reset control:
8 USART8RST RW 0

1: Reset module; 0: No effect.

USART7 module reset control:

7 USART7RST RW 0
1: Reset module; 0: No effect.
USART6 module reset control:

6 USART6RST RW 0
1: Reset module; 0: No effect.

Timer 7 module reset control:
5 TIM7RST RW 0

1: Reset module; 0: No effect.

Timer 6 module reset control:
4 TIM6RST RW 0

1: Reset module; 0: No effect.

Timer 5 module reset control:

3 TIM5RST RW 0
1: Reset module; 0: No effect.
Timer 4 module reset control:

2 TIM4RST RW 0
1: Reset module; 0: No effect.
Timer 3 module reset control:

1 TIM3RST RW 0
1: Reset module; 0: No effect.

Timer 2 module reset control:
0 TIM2RST RW 0

1: Reset module; 0: No effect.

3.4.7 HB Peripheral Clock Enable Register (RCC_HBPCENR) Offset
Address: 0x18

31 3029 28 27 262524232221 2019 18 17 16

PIOC |Reser |SERDE|USBPDJUHSIF | USBO | Reser
EN ved SEN EN EN TGEN | ved

Reserved

15 1413 12 11 10 9 8 7 6 5 4 3 2 1 0
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Reser |ETHMA USBSS |USBHS | SDMMC Reser CRC DMA2 | DMA1
DVPEN RNGEN FMCEN Reserved
ved CEN EN EN EN ved EN EN EN
Bit Name access describe Reset valug
[31:23] Reserved RO is reserved. 0
PIOC module clock enable bit:
PIOCEN RW 0
1: Module clock on; 0: Module clock off.
Reserved RO is rleserved. 0
SERDES module clock enable bit:
20 SERDESEN RW 0
1: Module clock on; 0: Module clock off.
USBPD module clock enable bit:
19 USBPDEN RW 0
1: Module clock on; 0: Module clock off.
HSPP module clock enable bit:
18 UHSIFEN RW 0
1: Module clock on; 0: Module clock off.
USBOTG_FS module clock enable bit:
17 OTGFSEN RW 0
1: Module clock on; 0: Module clock off.
[16:15] Resefved RO reserved. 0
Ethernet MAC clock enabled:
14 ETHMACEN RW [ 1: Ethernet MAC clock enabled:; 0
0: Ethernet MAC clock is off.
DVP module clock enable bit:
13 DVPEN RW 0
1: Module clock on; 0: Module clock off.
USBSS module clock enable bit:
12 USBSSEN RW 0
1: Module clock on; 0: Module clock off.
USBHS module clock enable bit:
11 USBHSEN RW 0
1: Module clock on; 0: Module clock off.
SDMMC module clock enable bit:
10 SDMMCEN RW 0
1: Module clock on; 0: Module clock off.
RNG module clock enable bit:
9 RNGEN RW 0
1: Module clock on; 0: Module clock off.
FMC module clock enable bit:
8 FMCEN RW 0
1: Module clock on; 0: Module clock off.
7 Reserved RO is reserved. 0
CRC module clock enable bit:
6 CRCEN RW 0
1: Module clock on; 0: Module clock off.
[5:2] Reseryed RO is reserved. 0
DMA2 module clock enable bit:
1 DMAZ2EN RW 0
1: Module clock on; 0: Module clock off.
DMA1 module clock enable bit:
0 DMA1EN RW 0
1: Module clock on; 0: Module clock off.
3.4.8 HB2 Peripheral Clock Enable Register (RCC_HB2PCENR) Offset
Address: 0x1C
31 3029 28 27 262524232221 2019 18 17 16
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13C LTDC GPHA | ECDC |DFSDM |Reser OPCM |TIM12 |TIM11 |TIM10 TIM9 SDIO |Reser SAIl
Reserved
EN EN EN EN EN ved EN EN EN EN EN EN ved EN
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

12C4 |USART1] TIM8 SPI1 TIM1 ADC2 | ADC1 |Reser IOPF IOPE IOPD IOPC I0PB IOPA |HSADC| AFIO
EN EN EN EN EN EN EN ved EN EN EN EN EN EN EN EN

Bit Name access describe Reset valug

13C module clock enable bit:
31 I3CEN RW 0

1: Module clock on; 0: Module clock off.

LTDC module clock enable bit:
30 LTDCEN RW 0

1: Module clock on; 0: Module clock off.

[29:28] Reserved RO is rfeserved. 0

GPHA module clock enable bit:
27 GPHAEN RW 0

1: Module clock on; 0: Module clock off.

ECDC module clock enable bit:
26 ECDCEN RW 0

1: Module clock on; 0: Module clock off.

DFSDM module clock enable bit:
25 DFSDMEN RW 0

1: Module clock on; 0: Module clock off.

Reserved RO is reserved. 0

OPCM module clock enable bit:
OPCMEN RW 0

1: Module clock on; 0: Module clock off.

TIM12 module clock enable bit:
,,,,,,,,,, TIM12EN RW 0

1: Module clock on; 0: Module clock off.

TIM11 module clock enable bit:
TIM11EN RW 0

1: Module clock on; 0: Module clock off.

TIM10 module clock enable bit:
20 TIM10EN RW 0

1: Module clock on; 0: Module clock off.

TIM9 module clock enable bit:
19 TIM9EN RW 0

1: Module clock on; 0: Module clock off.

SDIO module clock enable bit:
18 SDIOEN RW 0

1: Module clock on; 0: Module clock off.

17 Reserved RO is rleserved. 0

SAl module clock enable bit:
16 SAIEN RW 0

1: Module clock on; 0: Module clock off.

12C4 module clock enable bit:
15 12C4EN RW 0

1: Module clock on; 0: Module clock off.

USART1 module clock enable bit:
14 USART1EN RW 0

1: Module clock on; 0: Module clock off.

TIM8 module clock enable bit:
13 TIMBEN RW 0

1: Module clock on; 0: Module clock off.

SPI1 module clock enable bit:
12 SPI1EN RW 0

1: Module clock on; 0: Module clock off.

TIM1 module clock enable bit:
11 TIM1EN RW 0

1: Module clock on; 0: Module clock off.
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ADC2 module clock enable bit:
10 ADC2EN RW 0
1: Module clock on; 0: Module clock off.
ADC1 module clock enable bit:
9 ADCI1EN RW 0
1: Module clock on; 0: Module clock off.
8 Reserved RO is neserved. 0
PF port module clock enable bit for 10:
7 IOPFEN RW 0
1: Module clock on; 0: Module clock off.
10 PE port module clock enable bit:
6 IOPEEN RW 0
1: Module clock on; 0: Module clock off.
PD port module clock enable bit for 10:
5 IOPDEN RW 0
1: Module clock on; 0: Module clock off.
PC port module clock enable bit for 10:
4 IOPCEN RW 0
1: Module clock on; 0: Module clock off.
PB port module clock enable bit for 10:
3 IOPBEN RW 0
1: Module clock on; 0: Module clock off.
10 PA port module clock enable bit:
2 IOPAEN RW 0
1: Module clock on; 0: Module clock off.
HSADC module clock enable bit:
1 HSADCEN RW 0
1: Module clock on; 0: Module clock off.
10 Auxiliary Function Module Clock Enable Bit:
0 AFIOEN RW 0
1: Module clock on; 0: Module clock off.
3.4.9 HB1 Peripheral Clock Enable Register (RCC_HB1PCENR) Offset
Address: 0x20
31 302928 27 262524232221 2019 18 17 16
SWPMI | 12C3 DAC PWR BKP CAN2 | CAN1 | CAN3 |Reser 12C2 12C1 | USART5]| USART4 | USART3| USART2| SPI4
EN EN EN EN EN EN EN EN ved EN EN EN EN EN EN EN
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPI3 SPI2 |QSPI2 |QSPI1 | wwDG |LPTIM |LPTIM JUSART JUSART |USART | TIM7 TIM6 TIM5 TIM4 TIM3 TIM2
EN EN EN EN EN 2EN 1EN 8EN 7EN 6EN EN EN EN EN EN EN
Bit Name access describe Reset valug
SWPMI module clock enable bit:
31 SWPMIEN RW 0
1: Module clock on; 0: Module clock off.
12C3 module clock enable bit:
30 12C3EN RW 0
1: Module clock on; 0: Module clock off.
DAC module clock enable bit:
29 DACEN RW 0
1: Module clock on; 0: Module clock off.
Power interface module clock enable bit:
28 PWREN RW 0
1: Module clock on; 0: Module clock off.
Backup unit clock enable bit:
27 BKPEN RW 0
1: Module clock on; 0: Module clock off.
26 CANZEN RW CAN2 module clock enable bit: 0
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1: Module clock on; 0: Module clock off.
CAN1 module clock enable bit:
25 CAN1EN RW 0
1: Module clock on; 0: Module clock off.
CAN3 module clock enable bit:
CAN3EN RW 0
1: Module clock on; 0: Module clock off.
Reserved RO is reserved. 0
12C2 module clock enable bit:
12C2EN RW 0
1: Module clock on; 0: Module clock off.
12C1 module clock enable bit:
12C1EN RW 0
1: Module clock on; 0: Module clock off.
USARTS5 module clock enable bit:
20 USARTS5EN RW 0
1: Module clock on; 0: Module clock off.
USART4 module clock enable bit:
19 USART4EN RW 0
1: Module clock on; 0: Module clock off.
USART3 module clock enable bit:
18 USART3EN RW 0
1: Module clock on; 0: Module clock off.
USART2 module clock enable bit:
17 USART2EN RW 0
1: Module clock on; 0: Module clock off.
SPI4 module clock enable bit:
16 SPI4EN RW 0
1: Module clock on; 0: Module clock off.
SPI3 module clock enable bit:
15 SPI3EN RW 0
1: Module clock on; 0: Module clock off.
SPI2 module clock enable bit:
14 SPI2EN RW 0
1: Module clock on; 0: Module clock off.
QSPI2 module clock enable bit:
13 QSPI2EN RW 0
1: Module clock on; 0: Module clock off.
QSPI1 module clock enable bit:
12 QSPI1EN RW 0
1: Module clock on; 0: Module clock off.
Window watchdog clock enable bit:
11 WWDGEN RW 0
1: Module clock on; 0: Module clock off.
LPTIM2 module clock enable bit:
10 LPTIM2EN RW 0
1: Module clock on; 0: Module clock off.
LPTIM1 module clock enable bit:
9 LPTIM1EN RW 0
1: Module clock on; 0: Module clock off.
USART8 module clock enable bit:
8 USARTS8EN RW 0
1: Module clock on; 0: Module clock off.
USART7 module clock enable bit:
7 USART7EN RW 0
1: Module clock on; 0: Module clock off.
USART6 module clock enable bit:
6 USARTG6EN RW 0
1: Module clock on; 0: Module clock off.
Timer 7 module clock enable bit:
5 TIM7EN RW 0
1: Module clock on; 0: Module clock off.
Timer 6 module clock enable bit:
4 TIM6EN RW 0
1: Module clock on; 0: Module clock off.
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Timer 5 module clock enable bit:
3 TIMSEN RW 0

1: Module clock on; 0: Module clock off.

Timer 4 module clock enable bit:
2 TIM4EN RW 0

1: Module clock on; 0: Module clock off.

Timer 3 module clock enable bit:
1 TIM3EN RW 0

1: Module clock on; 0: Module clock off.

Timer 2 module clock enable bit:
0 TIM2EN RW 0

1: Module clock on; 0: Module clock off.

3.4.10 Backup Domain Control Register (RCC_BDCTLR) Offset

Address: 0x24

31 302928 27 262524232221 2019 18 17 16
Reserved BDRST
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RTCSEL LSEBY |LSERE
RTCCAL[6:0] RTCEN ASOS ASOE cCcp LSEON
[1:0] P DY
Bit Name access describe Reset valug
[31:17] Resefved RO reserved. 0

Backup domain software reset control:
16 BDRST RW 1: Reset the entire backup domain. 0

0: Cancel reset.

20
RTC calibration value register; the value of this register represents the value every &.that time

[15:9] RTCGAL[6:0] RW How many clock pulses are skipped. This function is used to calibrate the|RTCO

Clocks. RTC clocks can be slowed down by 0 to 121 ppm.

RTC clock enable control:
8 RTCEN RW | 1: Enable RTC clock; 0

0: Turn off the RTC clock.

RTC clock source selection:
00: No clock;

[7:6] RTCSEL[1:0] RW  [01: The LSE oscillator is used as the RTC clock; 0
10: LSl oscillator as RTC clock;

11: The HSE oscillator is divided by 512 to serve as the RTC clock.

PC13 pin alarm/second pulse output selection:
1: Output a second pulse;

5 ASOS RW 0
0: Output alarm clock pulse.

Note: This bit will only be reset by the backup domain reset (BDRST).

PC13 pin enable pulse output bit:

1: Enable output of alarm clock pulse or second pulse;
4 ASOE RW 0
0: Disable the output of alarm clock pulse or second pulse.

Note: This bit will only be reset by Backup Domain Reset (BDRST).

Calibration clock output selection bit:
3 CCO RW 0

1: The PC13 pin outputs an RTC clock divided by 64;
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0: Do not output calibration clock.

Note: This bit is cleared when the VDD33 power supply is disconnected.

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

1: Bypass external low-speed crystal/ceramic resonator (using external clock source);
2 LSEBYP RW 0
0: No bypass for low-speed external crystal/ceramic resonators.

Note: This field must be written when LSEON is 0.

External low-speed crystal oscillation stable and ready flag (set by hardware):
1: External low-speed crystal oscillation is stable;
1 LSERDY RO 0

0: The external low-speed crystal oscillation is unstable.

Note: After clesE g in place, this bit needs to be cleared in one cycle: LSEON 0 6

External low-speed crystal oscillation enable control bit:
0 LSEON RW  [1: Enable the LSE oscillator; 0

0: Turn off the LSE oscillator.

Note: The LSEON, LSEBYP, CCO, ASOE, ASOS, RTCSEL, RTCEN and... in the backup domain control register (RCC_BDCTLR)
The RTCCAL bits are in the backup domain. Therefore, these bits are write-protected after reset, and can only be accessed in the power control regi@t%P(PWR_CR).
These bits can only be modified after their location is determined. These bits can be cleared by a backup domain reset. Any internal or external reset will not affect this.

Some positions.

3.4.11 Control/Status Register (RCC_RSTSCKR) Offset Address:

0x28
31 302928 27 262524232221 2019 18 17 16
LKUP | wwDG | IWDG SFT POR PIN Reser
RMVF Reserved
RSTF RSTF RSTF RSTF RSTF RSTF ved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSI
Reserved LSION
RDY
Bit Name access describe Reset valug
LOCKUP reset flag:
1: A LOCKUP event caused the system to reset;
31 LKUPRSTF RO 0

0: Normal.

When a LOCKUP reset occurs, the bit is set to 1 by hardware; it is cleared by writing the RMVF bit in soffware.

Window watchdog reset flag:
1: A window watchdog reset occurred;

30 WWDGRSTF RO [0: No window watchdog reset occurred. 0
When a window watchdog reset occurs, the hardware sets the bit to 1; the software writes the RMVF bit to tlear it.

remove.

Independent watchdog reset flag:

1: An independent watchdog reset occurred;
29 IWDGRSTF RO 0: No independent watchdog reset occurred. 0
When a standalone watchdog reset occurs, the bit is set to 1 by hardware; it is cleared by writing the RMVF bit in spftware.

remove.

Software reset flag:
28 SFTRSTF RO 0

1: A software reset occurred;
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0: No software reset occurred.
When a software reset occurs, the hardware sets the bit to 1; the software writes the RMVF bit to clear it.
Power-on/Power-off reset flag:
1: Power-on/power-off reset occurs;
27 PORRSTF RO [0: No power-on/power-off reset occurred. 1
During power-on/power-off reset, the bit is set to 1 by hardware; the RMVF bit is cleared by software yriting.
remove.
External manual reset (NRST pin) flag:
1: An NRST pin reset occurs;
26 PINRSTF RO 0: No NRST pin reset occurred. 0
The NRST pin is set to 1 by hardware when areset occurs; the RMVF bit is cleared by software.
25 Reserved RO resjerved. 0
Clear reset flag control:
RMVF W0 1: Clear the reset flag; 0
0: No effect.
[23:2] Reserved RO resjerved. 0
Internal low-speed clock (LSI) stable and ready flag (set by hardware):
1: Stable internal low-speed clock (40kHz);
1 LSIRDY RO 0
0: The internal low-speed clock (40kHz) is not stable.
Note: After ofearing the bit, this bit needs to be cleared for one cycle. LSION 0 3 LSI
Internal Low Speed Clock (LSI) Enable Control Bit:
0 LSION RW | 1: Enable LSI (40kHz) oscillator; 0
0: Turn off the LSI (40kHz) oscillator.
Note: Except %HIJre power-on reset which clears the reset flag, other write-clear reset flags can be cleared.
3.4.12 HB Peripheral Reset Register (RCC_HBRSTR) Offset
Address: 0x2C
31 302928 27 262524232221 2019 18 17 16
PIOC |Reser |SERDE JUSBPD |UHSIF |OTGFS |Reser
Reserved
RST ved SRST RST RST RST ved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reser |ETHMA| DVP |USBSS JUSBHS |SDMMC| RNG FMC DMA2 | DMA1
Reserved
ved CRST RST RST RST RST RST RST RST RST
Bit Name access describe Reset valug
[31:22] Reserved RO is reserved. 0
PIOC module reset control:
PIOCRST RW 0
1: Reset module; 0: No effect.
Reserved RO reserved. 0
SERDES module reset control:
20 SERDESRST RW 0
1: Reset module; 0: No effect.
USBPD module reset control:
19 USBPDRST RW 0
1: Reset module; 0: No effect.
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UHSIF module reset control:

18 UHSIFRST RW 0
1: Reset module; 0: No effect.
USBOTG_FS module reset control:

17 OTGFSRST RW 0
1: Reset module; 0: No effect.

[16:15] Reserved RO regerved. 0

Ethernet MAC module reset control:

14 ETHMACRST RW 0
1: Reset module; 0: No effect.
DVP module reset control:

13 DVPRST RO 0
1: Reset module; 0: No effect.

USBSS module reset control:

12 USBSSRST RW 0
1: Reset module; 0: No effect.
USBHS module reset control:

11 USBHSRST RW 0
1: Reset module; 0: No effect.
SDMMC module reset control:

10 SDMMCRST RW 0
1: Reset module; 0: No effect.
RNG module reset control:

9 RNGRST RW 0
1: Reset module; 0: No effect.
FMC module reset control:

8 FMCRST RW 0
1: Reset module; 0: No effect.

[7:2] Reserved RO regerved. 0

DMA2 module reset control:

1 DMA2RST RW 0
1: Reset module; 0: No effect.
DMA1 module reset control:

0 DMA1RST RW 0
1: Reset module; 0: No effect.

3.4.13 Clock Configuration Register 2 (RCC_CFGR2) Offset
Address: 0x30

31 302928 27262524232221 2019 18 17 16
ETH1GSRC HSADCSRC 12S3S ] 12S2S |RNGSR USBFS
Reserved Reserved USBFSDIV[3:0]

[1:0] [1:0] RC RC C SRC
15 1413 12 11 10 9 8 7 6 5 4 3 2 1 0
LTDCSRC UHSIFSRC

LTDCDIV[5:0] UHSIFDIV[5:0]
[1:0] [1:0]
Bit Name access Reset valug

Description of Gigabit Ethernet 125M clock source selection:
00: PLL clock (PLL_CLK);

[31:30] ETH1GSRC[1:0] RW 101: USBSS_PLL clock; 0
10: Output of ETH_PLL clock after being divided by 4;

11: SERDES_PLL is the output after the clock is divided by 8.

HSADC clock source selection:
[29:28] HSADCSRCJ[1:0] RW 100: System clock (SYSCLK); 0

01: PLL clock (PLL_CLK);
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10: USBHS_PLL clock (480MHz);

11: ETH_PLL clock (500MHz).

[27:26] Resel

ved

RO is

eserved.

25

12S3SRC

RW

12S3 clock source:
1: PLL clock (PLL_CLK);

0: System clock (SYSCLK).

12S2SRC

RW

12S2 clock source:
1: PLL clock (PLL_CLK);

0: System clock (SYSCLK).

RNGSRC

RW

RNG clock source selection:
1: PLL clock (PLL_CLK);

0: System clock (SYSCLK).

[22:21] Rese

ved

RO is

eserved.

20

USBFSSRC

RW

USBFS 48M clock source selection:

1: USBHS_PLL clock;

0: PLL clock.

[19:16] USBF

SDIV[3:0]

RW

USBFS 48M clock source prescaler:

0000: No frequency division; 0001: Frequency division by 2;
0010: 3-way divider; 0011: 4-way divider;
0100: 5-way divider; 0101: 6-way divider;

0110: 8-way divider; 0111: 10-way divider;

1000: 1.5 divider; 1001: 2.5 divider;
1010: 3.5 divider; 1011: 4.5 divider;
1100: 5.5 divider; 1101: 6.5 divider;

1110: 7.5 divider; 1111: 9.5 divider.

[15:14] LTDC|

SRC[1:0]

RW

LTDC clock source selection:

00: PLL clock (PLL_CLK);

01: SERDES_PLL clock divided by 2;
10: ETH_PLL clock;

11: USBHS_PLL clock.

[13:8] LTDC

DIV[5:0]

RW

LTDC clock source prescaler control:
000000: No frequency division;

000001: Frequency division by 2;

000010: 3 frequency divider;

000011: 4 frequency dividers;

000100: 5-fold frequency division;

111110:63 frequency division;

111111:64 frequency division.

[7:6] UHSIF

SRC[1:0]

RW

UHSIF clock source selection:

00: System clock (SYSCLK);

01: PLL clock (PLL_CLK);

10: USBHS_PLL clock (480MHz);

11: ETH_PLL clock (500MHz).

[5:0] UHSIF

DIV[5:0]

RWU

HSIF clock source prescaler control:
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000000: No frequency division;
000001: Frequency division by 2;
000010: 3 frequency divider;
000011: 4 frequency dividers;

000100: 5-fold frequency division;

111110:63 frequency division;

111111:64 frequency division.

3.4.14 PLL Configuration Register 2 (RCC_PLLCFGR2) Offset
Address: 0x34

31 302928 27 26 2524 23 22 2019 18 17 16

Reserved SERDESPLL_MUL[3:0]

15 1413 12 11 10 9 8 7 6 5 4 3 2 1 0

Rese | USBSSPLL_REFSEL |USBHSPLL_R |USBHSPLLSR

Reserved USBHSPLL_IN_DIV[4:0]
rved [2:0] EFSEL[1:0] C[1:0]

Bit name access describe Reset valud

[31:20] Reserved RO is reserved. 0

Writes are only allowed when the , Only when
SERDES_PLLON clock multiplier is 0.

0000: 25x multiplier output; 0001: 28x multiplier output;
0010: 30x frequency multiplier output; 0011: 32x frequency multiplier output;
0100: 35x frequency multiplier output; 0101: 38x frequency multiplier outp

ut;
1000b
0110: 40x frequency multiplier output; 0111: 45x frequency multiplier outppt;

[19:16] SERDESPLL_MUL([3:0] RW

1000: 50x multiplier output; 1001: 56x multiplier output;
1010: 60x multiplier output; 1011: 64x multiplier output;
1100: 70x multiplier output; 1101: 76x multiplier output;

1110: 80x frequency multiplier output; 1111: 90x frequency multiplier output.

=

[15:13] Reserved RO is reserved. 0

The frequency division setting for the USBHS_PLL input clock source SYS_PLL.
Writes are only allowed when USBHS_PLLON is 0:

UsB HSPLL_| N_D|V[4Z 00000: No frequency division;
[12:8] RW 0

0] 00001: Frequency division by 2;

11111:32 frequency division.

7 Reserved RO is reserved. 0

USBSS_PLL Reference Clock Frequency Selection Only when
Writes are only allowed when USBSS_PLLON is 0:
USBSSPLL_REFSEL[1: 000: 20MHz;

[6:4] RW 010b
0] 001: 24MHz;
010: 25MHz;

011: 30MHz;
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100:32MHz;
101: 40MHz;

110: 60MHz;
111: 80MHz.

USBHS_PLL Reference Clock Frequency Selection Only wher

Write operations are only allowed when USBHS_PLLON is 0:

USBHSPLL_REFSEL[1: 00: 25MHz;
[3:2] RW 0
0] 01: 20MHz;
10:24MHz;
11:32MHz.

USBHS_PLL clock source selection:
00: HSE;
01: HSI;
[1:0] USBHSPLLSRC[1:0] RW 0
10: ETHCLK_20M;

11: The frequency division coefficients of SYS_PLL_CLK after frequency division are referenced.

RCC_PLLCFGR2[12:8].
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Chapter 4 Central Processing Unit (CPU)

The CH32H417 series integrates a dual-core architecture, with both RISC-V5F and RISC-V3F dual cores supporting 32-bit I, C, M, A, B, F, and...
Extended instruction set.

The RISC-V3F core (CO/core 0) internally employs a sequential single-fetch architecture. The instruction fetch mode is configurable, supporting both pipelining and non-pipelined modes.
Threaded mode reduces core power consumption in non-pipelined mode.

The RISC-V5F core (Cl/core 1) employs an out-of-order dual-issue architecture and integrates multiple branch predictors, supporting instructions...
Caching enables V5 to achieve superior performance. Furthermore, RISC-V5 implements the WCH-X extended instruction set, resulting in improved code density and computational performance.
All of them have improved.

The proprietary peripheral includes system timers, inter-core communication modules, and hardware semaphore modules; it also supports external debuggers, which support single/dual-line connections.

Mode communication, single-line communication speed is adjustable in four levels.

4.1 Main Features

RISC-V3F

Sequential single-shot architecture

y 3-stage production line

Low clock speed, low power consumption, with a focus on control.
Provides a non-maskable interrupt NMI . 4-channel

physical memory protection (PMP).

¥ 4-channel hardware breakpoint

¥ Level 2 interrupt nesting

y Fast Programmable Interrupt Controller (PFIC)

Custom extension instructions

Hardware stack

RISC-V5F

Out -of-order multi-launch architecture

Built -in 32KB instruction cache

High clock speed, high performance, focusing on computation.
Provides a non-maskable interrupt NMI . 4-channel

physical memory protection (PMP).

y 4-channel hardware breakpoint

y 8-level interrupt nesting

y Fast Programmable Interrupt Controller (PFIC)

Custom extension instructions

Hardware stack

4.1.1 V5F Kernel Memory Operation Model

The V5F kernel is an out-of-order superscalar processor that reorders memory accesses.

V5F memory types are divided into two main categories:
y Normal
CPU access to this type of memory is reordered to improve performance.

y Device and Strongly-ordered
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CPU access to this type of memory will be executed strictly in program order.
Table 4-1 lists the default attributes and types of memory regions. A Memory Protection Unit (PMP) can handle read (R), write (W), and execute operations.
The attribute of (X) is turned off.

Table 4-1 Default Attributes and Types of Memory Regions

CODE ITCM DTCM SRAM PERI MEMO MEM1 DEVO DEV1 PPB RSV

genus
RWX RWX RWX RWX RW RWX RWX RW RW RW RW

sex

total
HB TCM_BUS TQM_BUS HB HB HB HB HB HB HB HB

Wire

kind

Normal Normal Normal Normal Device Deyice Device Normal Device Device Device
type

Note: (1) TCM_BUS refers to the custom bus of this chip that is adapted to tH&memory.

(2) PPB area access has a fixed priority, with the V5 kernel having a higher priority than the\égrr\ée. Attention should be paid to the impact of bandwidth limitations on performance.

The address ranges of each memory region are shown in Table 4-2:

Table 4-2 Address Ranges of Memory Regions

memory area Address range
CODE 0x00000000 - OX1FFFFFFF
ITCM 0x200A0000 - Ox200BFFFF
DTCM 0x200C0000 - Ox200FFFFF
SRAM 0x20100000 - OX3FFFFFFF
PERI 0x40000000 - OX5FFFFFFF
MEMO 0X60000000 - OX7FFFFFFF
MEM1 0x80000000 - OX9FFFFFFF
DEVO 0XA0000000 - OXBFFFFFFF
DEV1 0xC0000000 - OXDFFFFFFF
PPB 0XE0000000 - OXEOOFFFFF
RSV Other addresses

In an out-of-order kernel, the actual memory access order is not always consistent with the memory access order in the program. To improve access efficiency, the kernel...
The kernel will employ methods such as reordering, buffering, and multiple bus interfaces to speed up memory access without violating data dependencies.

For two unrelated memory access instructions Al and A2 in the program, assume that instruction Al is executed before instruction A2, and there is no direct instruction between them.
The command/data synchronization instruction determines the actual request order of A1/A2, which depends on the memory type (Normal, Device) accessed by A1/A2 and its...
Instruction type (Load, Store). Possible scenarios are shown in Table 4-3.

Table 4-3 Memory types and instruction types accessed by A1/A2

Al A2 stpre device store normal load device Load normal

store device order re-order order re-order

store normal re-order re-order re-order re-order
load device order order order re-order
Load normal order order re-order re-order

Note: The order and reordering mentioned above are all based &PU The top-level interface bus operation sequence is used as the standard. For all out-of-order accesses, insertion can be used.

fence  command order is forced.
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4.2 Privilege Register (CSR)

Both the RISC-V3F and RISC-V5F cores conform to the RISC-V standard privileged architecture, supporting M and U modes, debug mode, etc.

The kernel defines some standard registers and user-defined registers.

4.2.1 General Privilege Register

The RISC-V architecture defines several control and status registers (CSRs) for configuration.

It can be used to identify or record the running status. The CSR register is an internal kernel register that uses a dedicated 12-bit address space.

Note: Registers with the attributes "MRW, MRO, MRW1" can only be accessed in machine mode.

Table 4-4 General Privilege Register List

name CSR Address Description 0xF11 Chip Reset value
MVENDORID Manufacturer ID |Register 0x00000000
V3F:0xDC68D86D
MARCHID 0xF12 Chip Structure ID Register
V5F:0xDC68DSAE
V3F:0xDC688002
MIMPID 0xF13 Kernel ID Register
V5F:0xDC688001
V3F:0x00000000
MHARTID 0xF14 Kernel ID Register
V5F:0x00000001
MSTATUS 0x300 Machine Status Register; 0x301 0x00000000
MISA Machine Instruction Set Register; 0x305 0x40901027
MTVEC Machine Mode Exception Base Address Register; 0x340 0x00000000
MSCRATCH Machine Mode Temporary Register; 0x341 X
MEPC Machine Exception Program Counter Register; 0x342 X
MCAUSE Machine Exception Register; 0x343 0xX00000XX
MTVAL Machine Trap Value Register; 0x7A4 Trigger X
TINFO Information Register; 0x7B1 Debug PC 0x00000004
DPC Address Registelr; 0x7B2 Debug Mode X
DSCRATCHO Temporary Register 0; 0x7B3 Debug Mode X
DSCRATCH1 Temporary Register 1; 0x7C0 Debug Register 0; X
DBGMCU_O 0x001 Floating-Point Accumulated 0x00000000
FFLAGS Exception Flag Register; 0x002 Floating-Point 0x00000000
FRM Rounding Mode Register; 0x003 Floating-Point 0x00000000
FCSR Control and Status Register; 0x800 User Access 0x00000000
UACCES_MSTATUS Machine Status Register; 0x804 Hardware Stack 0x00000000
HW_POPDM_CTLR Control Register; 0x7A0 Trigger Channel 0x00000004
TSELECT Selection Register; 0x7A1 Trace Trigger Data 0x0000000X
TDATA1 Register; 0x7A2 [Save Trigger Data Register 0x23E00048
TDATA2 X
4.2.1.1 Chip Manufacturer ID Register (MVENDORID)
CSR Address: 0xF11
Bit Name Access description: MRO chip Reset value
[31:0] mvendorid [31:0] manufacturer ID, fixed value is 0. 0
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4.2.1.2 Chip Structure ID Register (MARCHID) CSR
Address: OxF12

Bit name access describe Reset value

V3F: 0xDC68D86D

[31:0] marchid[31:0] MRO chip structure ID, a fixed value that cannot be modifigd.
V5F: 0xDC68DSAE

4.2.1.3 Machine-implemented ID Register
(MIMPID) CSR Address: 0xF13

Bit name access describe Reset value

V3F: 0xDC688002

[31:0] mimpid[31:0] The MRO machine implements an ID, which is a fixed value and cannot be modifigd.
V5F: 0xDC688001

4.2.1.4 Kernel ID Register (MHARTID) CSR
Address: OxF14

Bit name access describe Reset value

Kernel ID indicates the kernel's position within the chip architectur¥3F: 0

[31:0] mhartid[31:0] MRO
Nuclear ID number. V5F: 1
4.2.1.5 Machine Status Register (MSTATUS)
CSR Address: 0x300
Bit name access describe Reset value
31 SD MRO is used to mark whether a floating-point instruction is in a dirty state. 0
[30:15] Reserved MRO resgrved. 0

Floating-point instruction set status; a non-zero value allows single|precision.
Floating-point instruction (F) execution:
[14:13] FS[1:0 MRW 00: OFF: 0
01: Initial;
10: Clean;
11: Dirty.

Save/restore the machine state before the error occurred.
In case of an anomaly, update to the machine state before the anomaly:
00: When an exit error occurs, the machine state is set to U mode;

[12:11] MPP[1{0] MRW 0
01: Reserved;

10: Retained;

11: When an exit exception occurs, the machine state is set to M modle.

[10:8] Reserved MRO reserved. 0

Saves the interrupt enable state when entering an interrupt:

7 MPIE MRW 1: Enable global interrupts after exiting the interrupt; 0
0: Disable global interrupts after exiting the interrupt.
[6:4] Reserved MRO retained. 0
Global interrupt enabled, updated to MPIE upon interrupt exit.
3 MIE MRW 0

value:
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1: Global interrupt enable, allowing the processor to respond to interrupts.
ask;
0: Global interrupts are disabled, disallowing processor responses.

Disconnect the request

[2:0] Reserved MRO retained. 0

4.2.1.6 Machine Instruction Set Register (MISA) CSR

Address: 0x301

Bit name access Reset value
Describe the machine's basic integer bit width and basic instructipn bit width.
[31:30] XLEN[{:0] MRO Ox1
Information, 32-bit wide kernel, fixed value of 1.
[29:24] Reseryed MRO retained. 0
e X MRO This kernel supports the execution of custom instruction sets. 1
[22:21] Reseryed MRO refained. 0
20 u MRO supports user mode operation. 1
[19:13] Reseryed MRO retained. 0
12 M MRO This kernel supports the execution of the multiplication instruction set. 1
[11:9] Reserved MRO refained. 0
8 | MRO This kernel supports the execution of basic integer instruction sets. 1
[7:6] Reserved MRO retained. 0
5 F MRO This kernel supports the execution of single-precision floating-point instruction sets. 1
[4:3] Reserved MRO retained. 0
2 Cc MRO This kernel supports the execution of compression instruction sets. 1
1 B MRO This |kernel supports the execution of bit manipulation instruction sets. 1
0 A MRO This kernel supports the execution of atomic instruction sets. 1

4.2.1.7 Machine Mode Exception Base Address Register (MTVEC)

CSR Address: 0x305

Bit name access describe Reset value

The high-order bits of the base address to jump to when a processor exception occurs{.
[31:10] mtvec| base[21:0] MRW 1kB alignment, actual 32-bit base address BASE = 0

{mtvec_base,10'h0}.

[9:2] Reserved MRO reserved. 0

Vector table pattern 1:
1 model RW 1: The interrupt vector table stores jump addresses; 0

0: The interrupt vector table stores jump instructions.

Vector table mode 0:
1: All interrupts/exceptions have independent entry points and jump addregses.
0 mode0 RW The ID is BASE + 4 * IRQ / EXC. 0
0: All interrupts/exceptions have a unified entry point, which jumpsito...

Abnormal jump base address.

4.2.1.8 Machine Mode Temporary Register (MSCRATCH)

CSR Address: 0x340
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Bit access describe Reset value

Name[31:0] mscratch[31:0] MRW is ja machine-mode temporary register. X

4.2.1.9 Machine Exception Program Counter Register (MEPC)

CSR Address: 0x341

Bit name access Describe Reset value
the PC address that is saved and restored when exiting an interrupt/exception

[31:0] mepc[31:0] MRW X

mepc[0] is fixed to 0.
4.2.1.10 Machine Exception Register (MCAUSE) CSR
Address: 0x342
Bit name access Reset value
Description of interrupt/exception flags:
31 Interrupt RW 1: The exception/interrupt was generated externally; X
0: The exception/interrupt is generated by the kernel.

[30:8] Reserved RO is reserved. 0
[7:0] Exception Code[7:0] RW stores the source information that caused the exception or interruption. X
Interruption exception source code:

Interrupt/Exception Exception Code Interrupt/Exception Source
1 2 Retain NMI

1 3 machine mode software interrupt
1 4 User-mode timer interrupt

1 5 Monitor mode timer interrupt

1 6 reserve

1 7 Machine mode timer interrupt
1 8 User-mode external interrupt

1 11 Machine Mode External Interrupt

1 12 System timer interrupt

1 y16 Reserved platform interrupt

0 0 ID; instruction address not aligned.

0 1 Instruction access error

0 2 illegal command

0 3 breakpoint

0 4 Reading unaligned addresses

0 5 Read access error

0 6 Write/atomic operation address unaligned
0 7 Write/atomic operation access error
0 8 User-mode ecall,

0 11 Machine-mode ecall,

0 y16 Reserved

4.2.1.11 Machine Trap Value Register (MTVAL)

CSR Address: 0x343
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Bit access describe Reset value
Name[31:0] mival[31:0] RW storles additional information about the trap. X
Additional information stored in the ‘mtval” register within the “trap:

Exception types Mcause Save information
Instruction address 0 Instruction PC
unaligned, instruction 1 (Instruction
access failed, 2 PC) - Instruction Machine Code
illegal instruction. 4 Read data address
Read address 5 Read data address
unaligned, read access 6 Write data address
failed, write/atomic access failed, write/atomic addresgunaligned. Write data address
4.2.1.12 Trigger Information Register (TINFO)
CSR Address: 0x7A4
Bit name access describe Reset value
The trigger information register corresponds to the TDATAL register.
[31:0] tinfo[31{0] MRO The type value, where type is 2, is the second bit of tinfo. 0x4
Set to 1.
4.2.1.13 Debug PC Address Register (DPC) CSR Address:
Bit 0x7B1
access describe Reset value
Name[31:0] dac[31:0] RW saves the PC address restored when exiting debug mode. X
The addresses where dpc is saved for jumps to debug mode caused by different debug request sources are shown in the table below:
Triggers Save address
ebreak The instruction address of Ebreak.
Save the address of the next instruction to be executed in non-debug mode
single step
(V5F only).
Trigger module tdatal.timing=0: The address of the instruction that triggers the breakpoint (V5F only).
The address of the next instruction to be executed when the request is paused and entered debug mode.
4.2.1.14 Debug Mode Temporary Register 0 (DSCRATCHO) CSR Address:
0x7B2

Bit name access describe Reset value

[31:0] Dscratch0[31:0] RW Dehug Mode Temporary Register 0. X
4.2.1.15 Debug Mode Temporary Register 1 (DSCRATCH1) CSR Address:
0x7B3

Bit name access describe Reset value
[31:0] Dscratch1[31:0] RW debug mode temporary register 1. X
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4.2.1.16 Debug Register 0 (DBGMCU_0)

CSR Address: 0x7C0

Bit name access The Reset value
registered module stops working when entering debug mode:
1: Registered peripherals stop when the kernel enters debug mogde.
[31:8] dbg_mdde_stop MRW Stop working; 0
0: Registered peripherals are active when the kernel enters debug mogle.
Regular work.
[7:0] Reserved MRO retained. 0
4.2.1.17 Floating-point Accumulated Exception Flag Register (FFLAGS)
CSR Address: 0x001
Bit name access describe Reset value
[31:5] Reserved RO is reserved. 0
Cumulative anomaly flags are used to indicate anomalies since the last resét.
To (reset or software clear) in floating-point instructions
An anomaly occurred.
name bit description
[4:0] FFlags[4:0] RW NV 4 illegal operation 0
Dz 3 Divisor is zero
OF 2 Overflowing upwards
UF 1 Downflow
NX 0 Inaccurate
4.2.1.18 Floating-Point Rounding Mode Register (FRM)
CSR Address: 0x002
Bit name access describe Reset value
[31:3] Reserved RO is rgserved. 0
Floating-point rounding mode register:
000: Round to the nearest value (round to even values when the value is in the middle).
(rounding in the direction of the number).
001: Round to zero;
010: Round down;
[2:0] Frm[2:0] RW 011: Round up; 0
100: Round to the nearest value (when it is the middle value, round to the nearest valfie).
(large-scale rounding)
101, 110: Retained;
111: Dynamic rounding, based on the FRM bit configuration in the instruction.
Select the rounding mode for the value.
4.2.1.19 Floating-Point Control and Status Register (FCSR)
CSR Address: 0x003
Bit name access describe Reset value
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[31:8] Reserved RO is reserved. 0
[7:5] Frm[2:0] RW is the floating-point rounding mode register. 0
[4:0] FFlags[4:0] RW cumulative anomaly marker. 0

4.2.1.20 User access to the machine status register (UACCES_MSTATUS)

CSR address: 0x800

bits name access describe Reset value
31 SD RO is used to mark whether a floating-point instruction is in a dirty state. 0
[30:15] Reseryed RO is reserved. 0
Floating-point instruction set status; single precision is allowed when the value is ot 0.
Floating-point instruction (F) execution:
00: OFF;
[14:13] FS[1:0 RO 0
01: Initial;
10: Clean;
11: Dirty.
Save/restore the machine state before the error occurred.
In case of an anomaly, update to the machine state before the anomaly:
00: When an exit error occurs, the machine state is set to U mode;
[12:11] MPP[1;0] RO 0
01: Reserved;
10: Retained;
11: When an exit exception occurs, the machine state is set to M modle.
[10:8] Reserved RO is reserved. 0
Saves the interrupt enable state when entering an interrupt:
7 MPIE RW 1: Enable global interrupts after exiting the interrupt; 0
0: Disable global interrupts after exiting the interrupt.

[6:4] Reserved RO is reserved. 0
Global interrupts are enabled; when exiting an interrupt, it is updated to MPIE.
value:

1: Global interrupt enable, allowing the processor to respond to interrupts.
3 MIE RW 0
ask;
0: Global interrupts are disabled, disallowing processor responses.
Disconnect the request.
[2:0] Reserved RO is reserved. 0

Note: This register is used by the kernel to configure the MSTATUS register when running in user mode. The CPU_RUN_CTLRegister bit Wrsst torQusta

is enabled, this address becomes available, and its register settings are the same as those of the MSTATUS (0x300) register.

4.2.1.20 Hardware Push Control Register (HW_POPDM_CTLR) CSR

Address: 0x804

Bit

name access Reset value
Describes the user mode lock flag; once locked, user mode is not...
The configuration of this group of registers can be rewritten:
31 lock RW 0

1: Locked, configurable only in machine mode;
0: Unlocked, configurable machine/user mode.

[30:6] Reservied RO is reserved. 0
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One-time hardware pop-off shutdown, automatically after exiting the interrupt.

Reset:
5 hw_pop_off RW 0
1: Disable hardware stack popping the next time the interrupt is exited;

0: Hardware popping is not disabled.

4 Reserved RO is reserved. 0

Preemption priority bit-width configuration register, used to configure
Interrupt priority preemption priority bit width:

00: Preemption bit width is 0, no interrupt of any priority.
Nested laws;

01: Preemption bit width is 1, i.e., interrupt priority register
[3:2] preempt[1:0] RW ox1
Bit [7] represents the preemption priority;

10: Preemption bit width is 2, i.e., interrupt priority register
Bits [7:6] represent preemption priority;

11: Preemption bit width is 3, i.e., interrupt priority register

The [7:5] bits are the preemption priority.

Interrupt nesting enable register:
1 nest_en RW 1: Allow nested interrupts 0

0: Nested interruptions are not allowed.

Hardware stack protection enabled:

0 hw_stk_en RW 1. Hardware stack protection is used when entering or exiting interrupts; 0
0: Hardware stack protection is not used when entering or exiting an interrupt.
4.2.1.22 Trigger Channel Selection Register (TSELECT)
CSR Address: 0x7A0
Bit name access describe Reset value
[31:2] Reserved MRO retained. 0
[1:0] mscratch[1:0] MRW trigger channel selection register. X

Note: (1) Kernel 1 All implement four-channel triggers, configured by selecting the trigger channel through the TSELECT register, and triggered by TSELECT.
The least sjgalifiags 0ot i8. active, and the remaining bits are

(2) The kernel's PIELECT register is only applicable to chips whose fifth bit of the batch number is not equal.

4.2.1.23 Trace Trigger Data Register (TDATA1) CSR Address:

Ox7A1
Bit Name access describe Reset value
[31:28] Type [3:0] MRO trigger type definition. 0x2

Both machine mode and debug mode allow modification of the trigger phase.

27 dmode MRO 0
Turn off the

register. When macth=1, the maximum allowed exponentiation for matthing is...

[26:21] maskmax MRO OX1F
scope.
[20:19] Reserved MRO retained. 0
18 timing MRO is triggered before the execution of instructions/operations. 0
[17:13] ReserVed MRO retained. 0
12 action MRW sets the processing mode to be used when triggered: 0
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1: Upon triggering, enter debug mode, save and exit dpc.
The address of the instruction that needs to be restored during debugging;
0: When triggered, a process is generated that directs the thread to M mode.

The anomaly.

[11:8] Reserved MRO retained. 0

Matching strategy configuration:
7 match MRO Allows comparisons of addresses whose values are equal to the value of tdata2. 0

hair.

Trigger enable in M mode:

6 m MRO | 1:Enable; !
0: Off.
[5:4] Reserved MRO retained. 0

Trigger enable in U mode:

3 u MRO 1: Enable; 1

0: Off.

Triggered based on the virtual address of the executed instruction.
2 execute MRW 1: Address of the trigger comparison instruction; 0

0: The trigger does not compare instruction addresses.

Triggered based on the virtual address of the stored data
1 store MRW 1: Trigger compares and writes data addresses; 0

0: The trigger does not compare the write data address.

Triggered based on the virtual address of the read data
0 load MRW 1: Trigger compares the read data address; 0

0: The trigger does not compare the read data address.

Note: (1) The processor trigger configuration conforms to the RISC-V debugging standard, and the trigger configuration type is 2, based on the lowest virtual address accessed.

Bit matching is perforised@dii ThegEBAGPRiategis J i I bdifihshit crfdh eratrtiwritmban. &) ddeichip.

4.2.1.24 Save the trigger data register (TDATA2) CSR address:

Ox7A2
Bit name access describe Reset value
Used to save trigger data (command PC or data location)
[31:0] tdata2[31:0] MRW X
site).

Note: The kernel fbﬂ*‘mﬁhegismuisamﬁgjtappIicable to chips where the fifth digit of the batch

4.2.2 RISC-V3F Kernel Custom Registers Table 4-5 RISC-

V3F Kernel Custom Register List

name CSR Address Description: 0xBCO Processor Reset value
CPU_RUN_CTLR Execution Control Register; 0xBC1 Interrupt 0x12370000
INEST_CTLR Nesting Control Register; 0XBC8 Machine 0x00000000
MIE Interrupt Register; 0x7B0 Debug Control 0x00000000
DCSR and Status Register 0x40000000
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4.2.2.1 Processor Run Control Register (CPU_RUN_CTLR)
CSR Address: 0xBCO

Bit name access This describes Reset value

[31:28] fadd_tIkdiv[3:0] MRW 1

Let the frequency be 2 times the main frequency.

The frequency divider for floating-point multiplication instrustions, with a default value of 2, .., the frequency divider for floating-point multiplication istructions
[27:24] fmul_glkdiv[3:0] MRW 0x2
Let the frequency be 3 times the main frequency.

The frequency dider fo foating-point multipiction and adiion nstructons has a defaut vl of 3 whic  the frequency dividerfor foating-point mtcation
[23:20] fmac_|clkdiv[3:0] MRW 0x3

The instruction frequency is divided by 4 of the main frequency.

The floating-point division instruction prescaler has a default value of 4, meaning that the floating-point division instruction pregcaler is..
[19:16] fdiv_glkdiv[3:0] MRW ox7

Let the frequency be 8 times the main frequency.

Non-maskable interrupt enable:
7 nmi_ie MRW 1: When an exception causes a nested overflow, an NMI interrupt is entered:; 0

0: When an exception causes a nested overflow, the NMI interrupt is not triggered.

Fence interrupt enable:
6 int_fence MRW 1: Clear interrupt requests when executing the fence instruction; 0

0: Do not clear interrupt requests when executing the fence instruction.

Enable the UACCES_MSTATUS register:

1: Bits 3 and 7 of CSR address 0x800 are mapped to...

Bit MIE of the MSTATUS register and bit MSTATUS register
5 non_usta MRW 0
MPIE;

0: CSR address 0x800 is a read-only register, and the return value is...

The value of MSTATUS.

[4:2] ReserVed MRO resérved. 0

Instruction fetch mode:
00: Prefetching disabled. Instruction prefetching is disabled to avoid invalid commands.
In an instruction fetch operation, at most one valid instruction exists on the CPU pipeline.
This mode consumes the least power, but performance drops by about 2 to 3 times.

01: Prefetch Enabled. Instruction prefetching is enabled, and the CPU will continuoys!

<

Access to the instruction memory continues until the internal instruction buffer is|ready.

[1:0] pipe_gcc[1:0] MRW
The number of instructions to be executed exceeds a certain limit, or the instruction buffer|is full.
When the CPU is full, instruction fetching is paused. This mode has high power consumption but high performance.
Prediction failure will introduce redundant instruction fetch operations, and in some ¢ases,
The execution unit will introduce an additional 0 to 2 cycles of bubbles, most of which
(The performance degradation of the sub-process is not significant),
Other: Reserved.

Kernel fadd_freq(max) fmul_freq(max) fmac_freg(max) fdiv_freg(max)

V3F 80MHz 53MHz 40MHz 20MHz

Floating-point arithmetic instructions are multi-cycle instructions. The maximum operating frequency for different types of floating-point instructions is shown in the table above. (Depending on the processor...)

To determine the operating frequency, users need to configure the floating-point frequency division factor so that the divided frequency does not exceed the maximum operating frequency shown in the table above.

fxxx freq(max) ! kernel clock speed / fxxx clkdiv
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4.2.2.2 Interrupt Nesting Control Register (INEST_CTLR)

CSR Address: 0xBC1

Bit name access describe Reset value
31 Reserved RO is regerved. 0
Interrupt/exception nesting overflow flag; when the nesting depth exceeds the maximum...
When the depth is large, it is set to 1; writing 1 clears it to zero.
30 nest_ovr MRW 0
Note: nterrupt overtiow il onty NI instzbi ing s DMtz senvpe routine
The program entered normally, but a stack c@rﬁouoccmred, s0 it cannot be terminated due to this exception
and NMI interrupt exit.
[29:12] Resefved MRO reserved. 0
Nested status flags:
0000: No interruption;
0001: Level 1 interrupt;
[11:8] nest_pta[3:0] MRO 0
0011: Second-level interrupt nesting;
0111: Three-level interrupt nesting, overflow;
Other: Reserved.
[7:2] Reseryed MRO reserved. 0
Maximum nesting level:
00: Nesting is disabled (nesting functionality is turned off);
01: Second-level nesting (Enable nesting functionality);
10: Unable to write;
[1:0] nest_max[1:0] MRW | 11: Unable to write. 0
Note: (1) Writing 11b to this fiel@BetOthe register.
could be 01b;
(2) Write 11b
At that time, reading this register will give you the highest nesting level of the chip.
4.2.2.3 Machine Interrupt Register (MIE)
CSR Address: 0xBC8
Bit name access describe Reset value
[31:5] Reserved RO is reserved. The 0
machine interrupt register stores each level of interrupts in a multi-level interrupt nesting|system.
Mie information:
[4:0] nest_inie[4:0] RW 0
status.mie = nest_mie[0];
status.mpie=nest_mie[1].
4.2.2.4 Debug Control and Status Register (DCSR)
CSR Address: 0x7B0
Bit access describe Reset value
Name[31:28] exdebug([3:0] MRO hag an external debugger that conforms to the debugger protocol. 0x4
[27:16] Reservied MRO reserved. In 0
machine mode, the ebreak command enters debug mode.
15 ebreakm MRW 0
Enable:
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The device enters debug mode;

The device entered an abnormal state.

1: Run the ebreak instruction in machine mode to process.|.

0: The ebreak instruction is executed in machine mode to process...

[14:13] Reserved

MRO retained.

12

ebreaku

MRW

The “ebreak™ command in user mode enters debug mode.
Enable:
1: Run the ebreak instruction in user mode to process...

The device enters debug mode;

The device entered an abnormal state.

0: The ebreak instruction is executed in user mode to process...

[11:10] Reserved

MRO reserved.

stoptime

MRW

Timer pause enabled:
1: The counter stops counting in debug mode;

0: The counter works normally in debug mode.

[8:6]

dcause[2:0]

MRW

Specific events of the pattern

000: Reset value;

Priority 3);

Level 4 (V5F only);
011: The debugger generates a pause request (priority 1);
100: Pause in single-step mode (priority 0, lowest)
(V5F only);
101: Not achieved;
110: Not achieved;

111: Reserved.

010: The trigger module caused a breakpoint exception (preferred

The debug source register is used to mark the entry point for debuggjng.

001: The “ebreak’ instruction in the program triggers debugging (preferaply)

-

[5:4]

Reserved

MRO retained.

nmip

MRO k

ernel NMl interrupt suspension flag.

Reserved

MRO retained.

[1:0]

prv[1:0]

MRW

Record the machine state before entering debug mode:
00: Enter debug mode from user mode and restore.
The processor reverts to user mode;

01, 10: Reserved;

11: Enter debug mode from machine mode and restore.

The processor reverts to machine mode.

4.2.3 RISC-V5F Kernel Custom Registers Table 4-6 RISC-

V5F Kernel Custom R

egister List

name

CSR Address Desc

iption: 0x320 Counter Mask

Reset value

MCOUNT_INHIBIT

Register; 0x7B0 [0

Debug Control and Status

0x00000000

DCSR

Register; 0xB00

achine Cycle Counter Register 0x40000000

MCYCLE

0x00000000
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MINSTRET 0xB02 Machine Instruction Counter Register; 0xC00 0x00000000
UCYCLE User Mode Cycle Counter Register; 0xC02 User Mode 0x00000000
UINSTRET Instruction Counter Register; 0xBCO Processor Execution 0x00000000
CPU_RUN_CTLR Control Register] 0xBC1 Interrupt Nesting Control 0x12370300
INEST_CTLR Register; 0xBC2 Cache Policy Control Register; 0x00000000
CACHE_STRTG_CTLR 0xBC3 Cache Policy PMP Overwrite Register; 0x0F000003
CACHE_PMP_OVR 0xBC4 Hardware|Stack Address Register; 0xBC5 0x00000000
HW_POPDM_ADDR Memory Configuration Register 0x20060000
MEMARY_CFGR 0x600FOFFF
TCM_RRDUTY_CFGR 0xBC6 TCM Priority Access Duration Configuration Register 0x00000000
MIE 0xBC8 Machine Interrupt Register; 0xBDO 0x00000000
OPCACHE_CTLR Cache Operation|Register; 0xFCO Memory 0x00000000
MEMINFO Information Register 0x12220030
4.2.3.1 Counter Mask Register (MCOUNT_INHIBIT) CSR Address: 0x320
Bit name access describe Reset value
[31:3] Resefved MRO reserved. 0
Instruction counter mask register:
1: Disable instruction counters; stop minstret and unstret.
2 IR MRW count; 0
0: Instruction counters are not masked; minstret and unstret are posjtive.
Constant count.
1 Reserved MRO regerved. 0
Cycle counter mask register:
1: Disable command counters, mcycle and ucycle stop counters.
0 CcYy MRW number: 0
0: The cycle counter is not disabled; mcycle and ucycle are normal.
count.
4.2.3.2 Debug Control and Status Register (DCSR) CSR
Address: 0x7B0
Bit access describe Reset value
Name[31:28] exdebug[3:0] MRO has an external debugger that conforms to the debugger protocol. Oox4
[27:16] Reseryed MRO reserved. In 0
machine mode, the ebreak command enters debug mode.
Enable:
1: Run the ebreak instruction in machine mode to process|...
15 ebreakm MRW 0
The device enters debug mode;
0: The ebreak instruction is executed in machine mode to process...
The device entered an abnormal sate.
[14:13] Reserved MRO reserved. 0
The “ebreak™ command in user mode enters debug mode.
12 ebreaku MRW 0
Enable:
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1: Run the ebreak instruction in user mode to process...
The device enters debug mode;
0: The ebreak instruction is executed in user mode to process...

The device entered an abnormal state.

Single-step mode interrupt enable:
1 stepie MRW 1: Allow interrupt responses in single-step mode; 0

0: Disable interrupt response in single-step mode.

10 Reserved MRO reserved. 0

Timer pause enabled:
9 stoptime MRW 1: The counter stops counting in debug mode; 0

0: The counter works normally in debug mode.

The debug source register is used to mark the entry point for debuggjng.
Specific events of the pattern
000: Reset value;

001: The “ebreak” instruction in the program triggers debugging (preferaply)
Priority 3);

010: The trigger module caused a breakpoint exception (preferred

-

[8:6) dcause[2:0] MRW Level 4 (V5F only); 0
011: The debugger generates a pause request (priority 1);
100: Pause in single-step mode (priority 0, lowest)

(V5F only);
101: Not achieved;
110: Not achieved;

111: Reserved.

[5:4] Reserved MRO retained. 0

3 nmip MRO kefnel NMI interrupt suspension flag. 0

Single-step mode:
2 step MRW 1: Single-step mode; 0

0: Non-single-step mode.

Record the machine state before entering debug mode:
00: Enter debug mode from user mode and restore.
The processor reverts to user mode;

[1:0] prv[1:0] MRW 0
01, 10: Reserved,;

11: Enter debug mode from machine mode and restore.

The processor reverts to machine mode.

4.2.3.3 Machine Cycle Counter Register (MCYCLE) CSR Address:

0xB00 Name
Bit access describe Reset value
A machine cycle counter is used to count the clock cycles of a machipe.
[31:0] mcyle[31:0] MRW During this period, the CY bit of the MCOUNT_INHIBIT register is 0 when counting begins. O
In debug mode, the counter stops counting when it stops.

4.2.3.4 Machine Instruction Counter Register (MINSTRET) CSR

Address: 0xB02
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The counter stops counting when it stops in debug mode.

Bit name access describe Reset value
An instruction counter is used to count the number of instructions that the machine has correctly executed.
[31:0] minstret[31:0] MRW When the IR bit of the MCOUNT_INHIBIT register is 0, the timer is active. 0

4.2.3.5 User Mode Cycle Counter Register (UCYCLE) CSR Address: 0xC00

Bit Name
access Reset value
Describes a user-mode cycle counter used to count the time the machine is working.
[31:0] ucyle[31:0] RO When the clock cycle is complete and the CY bit of the MCOUNT_INHIBIT register js 0. O
The counter stops counting when it stops in debug mode.

Note: User-mode cycle counter, with the same function as the mcycle register, is used to read the number of machine cycles in user mode.

4.2.3.6 User Mode Instruction Counter Register (UINSTRET) CSR Address:

0xC02
Bit name access describe Reset value
An instruction counter is used to count the number of instructions that the machine has correctly executed.
[31:0] uinstret[31:0] RO When the IR bit of the MCOUNT_INHIBIT register is 0, the timer is actiye. 0

The counter stops counting when it stops in debug mode.

Note: User-mode instruction counter, with the same function as the minstret register, is used to read the number of instructions correctly executed by the machine in user mode.

4.2.3.7 Processor Run Control Register (CPU_RUN_CTLR) CSR Address:

0xBCO
Bit name access Describes Reset value
the floating-point instruction prescaler, with a default value of 1, i.e., floating-point instruction prefcaler.
[31:28] fadd_clkdiv[3:0] MRW 0x1
The frequency of the dot-add instruction is divided by 2 of the main frequency.
The floating-point multplication factor is the instruction prescaler, with a default value of 2, ie., floating-point multpi{cation
[27:24] fmul_clkdiv[3:0] MRW 0x2
The frequency of the dot product instruction is 3 times the main frequency.
The frequency divider for floating-point multiply-accumulate instructions, with a default valug of 3.
[23:20] fmac_clkdiv[3:0] MRW 0x3
The frequency of the fl " Itipl! is 4 times the main frequency.
The floating-point divider instruction frequency prescaler has a default value of 4, meaning it is a floating-point djvider.
[19:16] fdiv_clkdiv[3:0] MRW 0x7
The frequency of the division instruction is 8 times the main frequency.
Next-line branch prediction enabled:
15 nlp_en MRW 1: Enable; 0
0: Off.
Global history register function enabled:
14 ghr_en MRW 1: Enable the global history register for branches; 0
0: Branch global history register is disabled.
[13:11] Reserved MRO retained. 0
Parallel issuance of memory access instructions is enabled; setting it to 1 allows issugnce.
10 Isu_dual MRW The emitter unit issues memory access instructions in parallel, improving memory access efficipncy. 0
Set the launch speed.
[9:8] Reserved MRO retained. 0
7 nmi_ie MRW Ngn-Maskable Interrupt Enable: 0
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1: When an exception causes a nested overflow, it enters the Nll/ll.
Break;
0: When an exception causes a nested overflow, NMI is not enteref.

Interrupted.

Fence interrupt enable:
6 int_fence MRW 1: Clear interrupt requests when executing the fence instruction; 0

0: Do not clear interrupt requests when executing the fence instruction.

Enable the UACCES_MSTATUS register:

1: Bits 3 and 7 of CSR address 0x800 respectively map to
The MIE and MSTATUS bits of the MSTATUS register are mapped to the MSTATUS registdr.
5 non_usta MRW 0
The register's MPIE bit;

0: CSR address 0x800 is a read-only register, return.

The value is the value of MSTATUS.

[4:0] Reserved MRO retpined. 0
Kernel fadd_freq(max) fmul_freq(max) fmac_freg(max) fdiv_freg(max)
V5F 128MHz 96MHz 76MHz 38MHz

Floating-point arithmetic instructions are multi-cycle instructions. The maximum operating frequency for different types of floating-point instructions is shown in the table above. (Depending on the processor...)
To determine the operating frequency, users need to configure the floating-point frequency division factor so that the divided frequency does not exceed the maximum operating frequency shown in the table above.

fxxx freq(max) ! kernel clock speed / fxxx clkdiv

4.2.3.8 Interrupt Nesting Control Register (INEST_CTLR) CSR Address:

0xBC1
Bit name access Reset value
Describes the memory access unit generating a non-maskable interrupt flag (usually a Write interrupt).
31 Isu_nmi_sta MRW
(Error returned by line), write 1 to reset.
Interrupt/exception nesting overflow flag, when the nesting depth exceeds...
Itis set to 1 at maximum depth, and cleared to zero when written to 1.
Note: Interrupt overflow will only occur when the maximum number of interrupts allowed by the kernel is eecuted
30 nest_ovr_sta MRW
When the series service function generates an instruction exception and an NMI intefrupt,
The exception and NMI interrupt proceed normally at this point, but the CPU...
Stack overflow. Do not exit from this exception or NMl interrupt.
[29:16] Reserved MRO resefved. 0

Nested status flags:

[0x00]: No interruption;

[0x01]: Level 1 interrupt;

[0x03]: Level 2 interrupt nesting;
[0x07]: Three-level interrupt nesting;
[15:8] nest_sta MRO 0
[0xOF]: Level 4 interrupt nesting;
[0x1F]: Level 5 interrupt nesting;

[0x3F]: Level 6 interrupt nesting;

[0x7F]: Seventh-level interrupt nesting;

[OxFF]: Eight-level interrupt nesting;
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Other: Reserved.
[7:3] Reseryed MRO resdrved. 0
Maximum nesting level:
000: Nesting is prohibited (nesting functionality is disabled);
001: Allows two levels of nesting;
010: Allows three levels of nesting;
[2:0] nest_max MRW 011: Allows four levels of nesting; 0
100: Allows five levels of nesting;
101: Allows six levels of nesting;
110: Allows seven levels of nesting;
111: Allows eight levels of nesting;
4.2.3.9 Cache Policy Control Register (CACHE_STRTG_CTLR) CSR Address:
0xBC2
Bitname access describe Reset value
[31:28] Reserved RO is regerved. 0
Instruction cache for the 0x80000000-0x Sfffffff region is...
able:
27 ic_mem1_strtg MRW 1
1: Allow caching of instructions within this region;
0: Caching of instructions within this region is prohibited.
Instruction cache for the 0x60000000-0x 7fffffff region
26 ic_memO_strtg MRW 1
Yes.
The instruction cache for the 0x20000000-0x 3fffffff region is enabled.
25 ic_sram_strtg MRW 1
Yes.
The instruction cache for the 0x00000000-0x 1fffffff region is enabled.
‘‘‘‘‘‘ ic_code_strtg MRW 1
able.
[23:2] Reserved RO is reserved. 0
1 ic_disable The MRW/|instruction cache disable flag is set to 0 to enable instruction cache functijonality.
0 Reserved lindicatgs RO is reserved. 1
4.2.3.10 Caching Policy PMP Overwrite Register (CACHE_PMP_OVR)
CSR Address: 0xBC3
Bit Name|[31:13] Reserved access describe Reset value
ic_pmp3cache_strtg MRO retajned. 0
12 Instruction cache policy register for MRW PMP channel 3 address area. 0 [11:9] Reserved ic_pmp2cache_strtg Instryiction
cache policy register for MRO retajned. 0
8 MRW PMP channel 2 address afea. 0 [7:5] Regerved ic_pmplcache_strtg Instruction cache policy register for MRW PMP
channel 1 gddress area. MRO retajned. 0
4 0[3:1] Reserved
MRO retajned. 0
Instruction cache policy register in the address region of PMP channel p:
0 ic_pmpOcache_strtg MRW 1: When the instruction address is protected by PMP channel 0, the current instrucfion... O
Make it cacheable;
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0: When the instruction address is protected by PMP channel 0, the current instruction...

Make it uncacheable.

Note: Caching strategyPMP  oyerurite register, when the instruction or data address is different from the received refiYoP

When the address for channel control matches, the policy in the cache policy contrﬁMgginambandlhm eiategyd; instead, the policy in this register is executed.

4.2.3.11 Hardware Push Address Register (HW_POPDM_ADDR) CSR Address:

0xBC4
name Access thelfixed starting address of the MRO DTCM Reset value
Position [31:20] region. 0x200
[19:9] hw_stk_vector MRW DTCM region block address, 512-bit aligned. 0x600
[8:0] MRO is fixed at 0. 0

Note: The hardware stack address register points DTCM  within the region, when the hardware push function is enabled and an interrupt/exception occurs, the stack value is quickly pushed onto the machine.

to the specified area, uSUAY fiftthg to the bottom of the area.

4.2.3.12 Memory Configuration Register (MEMARY_CFGR)

CSR Address: 0xBC5

Bit name access Reset value

Describes the branch predictor address matching register, configured for external memory.
The high 12 bits of the address information are used when the high bits of the external memory address do notmatch.

[31:20] MEMO| addr_hi[11:0] MRW Atthat time, the prediction function of some branches is limited. 0x600

Note: Do not configure it as a high address of internal memory (0x000, 0x200, 0x201]).

DTCM memory access priority mode:

00: Fixed priority, other requests (DMA, CO_lIsu, CO_ifu)

Requests above C1;

01: Fixed priority, C1 request takes precedence over other requests (DMA).
CO0_Isu, CO_ifu);

10: Polling priority, a single channel can only continuously receive polling data for a maximum period pf time.
[19:18] dtcm_fr_mode[1:0] MRW Priority is granted; after a timeout, the system switches to another channel. Priority is then granted when the system gaing| prioritX3
Priority is given when one channel has no operational request while another channel does.
Switch to another channel and re-time; see priority duration configuration.
The TCM_RRDUTY_CFGR register.

11: Forced polling priority, one channel is forced to obtain priority for a certain period gf time.
Operation priority, switching to another channel after timeout, priority duration configuration

See the TCM_RRDUTY_CFGR register.

ITCM memory access priority mode:

00: Fixed priority, other requests (DMA, CO_lIsu, CO_ifu)

Requests above C1

01: Fixed priority, C1 request takes precedence over other requests (DMA).
[17:16] itcm_rr_mode[1:0] MRW 0x3
(CO_lIsu, CO_ifu)
10: Polling priority, a single channel can only continuously receive polling data for a maximum period pf time.

Priority is granted; after a timeout, the system switches to another channel. Priority is then granted when the system gains{ priority.

Priority is given when one channel has no operational request while another channel does.
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Switch to another channel and re-time; see priority duration configuration.
The TCM_RRDUTY_CFGR register.

11: Forced polling priority, one channel is forced to obtain priority for a certain period gf time.
Operation priority, switching to another channel after timeout, priority duration configuration

See the TCM_RRDUTY_CFGR register.

[15:12] Reseryed RO is feserved. 0

CO_IFU configures access permissions for DTCM memory:
CO_ifu_dtcm_mode[1]y

1: Reading enables;

[11:10] CO_ifu_dtcm_mode MRW | o: Reading is prohibited. 0x3
CO_ifu_dtcm_mode[0]y
1: Write the enable function;

0: Writing is prohibited.

CO_IFU configures access permissions for the ITCM memory:
CO_ifu_itcm_mode[1]y

1: Reading enables;

[9:8] CO_ifuitcm_mode MRW | o: Reading is prohibited. 0x3
CO_ifu_itcm_mode[0]y
1: Write the enable function;

0: Writing is prohibited.

CO_LSU configures access permissions for DTCM memory:
CO_Isu_dtcm_mode[1]y

1: Reading enables;

[7:6] CO_lsu|_dtcm_mode MRW | o: Reading is prohibited. 0x3
CO_Isu_dtcm_mode[0]y
1: Write the enable function;

0: Writing is prohibited.

CO0_LSU configures access permissions for the ITCM memory:
CO_Isu_itcm_mode[1]y

1: Reading enables;

[5:4] CO_Isu| _itcm_mode MRW | 0: Reading is prohibited. 0x3
CO_lIsu_itcm_mode[0]y
1: Write the enable function;

0: Writing is prohibited.

DMA access permission configuration for DTCM memory:
DMA_dtcm_mode[1]:

1: Reading enables;

[3:2] DMA_dtcm_mode MRW | o: Reading is prohibited. 0x3
DMA_dtcm_mode[0]:
1: Write the enable function;

0: Writing is prohibited.

DMA access permission configuration for ITCM memory:
DMA_itcm_mode[1]:
[1:0] DMA_itcm_mode MRW 0x3

1: Reading enables;

0: Reading is prohibited.
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DMA_itcm_model[0]:

1: Write the enable function;

0: Writing is prohibited.

4.2.3.13 TCM Preferred Access Duration Configuration Register (TCM_RRDUTY_CFGR) CSR

Address: 0xBC6 Bit

Name access Reset value
C1_dtcm_rr_cycle [7:0] Description of a high-priority continuous clock cycle request from €1 to dtcm.
[31:24] MRW 0
Cx_dtem_rr_cycle [7:0] Configuration. High-priority requests for DTCM from non-C1 (CO, DMA) requests.
[23:16] MRW 0
Persistent clock cycle
C1_itcm_rr_cycle [7:0] configuration. A high-priority persistent clock cycle is requested from C1 for itcm
[15:8] MRW 0
Cx_item_rr_cycle [7:0] Configuration. Prioritize ITC requests from non-C1 (CO, DMA) sourcgs.
[7:0] MRW 0
The continuous clock cycle configuration.
Note: TCM area access priority duration configuration, when TCM_CFGR is configuakdsasffect when 10b itcm_rr_mode and It
11b dtcm_rr_mode are used to control the duration of the high priority of the corresponding channel.
4.2.3.14 Machine Interrupt Register (MIE) CSR
Address: 0xBC8
Bitname access describe Reset value
[31:9] Reserved RO is reseryed. The 0
machine interrupt register stores the interrupts from each level in a multi-level interrupt nestjng system.
Broken MIE information:
[8:0] nest_mie RW 0
MSTATUS register mie bit = nest_mie[0];
The mpie bit of the MSTATUS register is nest_mie[1].
4.2.3.15 Cache Operation Register (OPCACHE_CTLR)
CSR Address: 0xBDO
Bit name access describe Reset value
[31:5] Vaddr[27:0] WO Opetation address or index information. 0
[4:3] Reserved RO is reserved. 0
Index pattern.
1: Perform the operation using the vaddr value as the address information;
2 Idx_mode wo 0
0: Execute the operation starting at the index information in the vaddr value.
do.
00: Icache invalidate;
[1:0] Opcode[1:0] wo 0
Other: Invalid.
4.2.3.16 Memory Information Register (MEMINFO) CSR
Address: 0xXFCO Bit
Name access describe Reset value
[31:30] Reserved RO is regerved. 0
[29:26] DTCM datasize[3:0] MRO data memory capacity information: 0100b
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64KB*2DTCM datasize =256KB

Data memory row length information:

00: 8 bytes;

[25:24] DTGM LineSize[1:0] MRO | 01: 16 bytes; 10b
10:32 bytes;
11:64 bytes.

[23:22] Reserved RO is resgrved. 0

Instruction memory capacity information:

[21:18] ITCM datasize[3:0] MRO 0010b
64KB * 2ITCM datasize = 128KB.

Instruction memory line length information:

00: 8 bytes;

[17:16] ITCM LineSize[1:0] MRO | 01: 16 bytes; 10b
10:32 bytes;
11:64 bytes.

[15:7] Reserved RO is re¢served. 0

Instruction cache path count:
00: 1-way;

[6:5] Icache_way[1:0] MRO 01: 2-way; 01b
10: 4-way;

11:8-way.

Instruction cache capacity information:
000: NONE;

001: 4KB;

010: 8KB;

Icache_datasize [2:0]
[4:2] MRO | 011: 16KB; 100b
100:32KB;
101: 64KB;

110: 128KB;
111: 256KB.

Instruction cache line length information:

. . 00: 8 bytes;
Icache linesize
[1:0] MRO | 01: 16 bytes; 0
[1:0]
10: 32 bytes;
11: 64 bytes.

4.3 Physical Memory Protection Unit (PMP)

To enhance system security, the RISC-V architecture defines a set of physical address access restrictions, which can be set for physical memory within a given region.
Its read, write, and execute attributes are protected by a minimum area length of 4 bytes. The PMP unit remains active in user mode and can be disabled in machine mode.
If the current memory limit is violated, a system exception (EXC) will occur.

The PMP unit of core 1 (RISC-V5F) contains four 8-bit configuration registers (CSR address 0x3A0) and four address registers.
The device (CSR address is 0x3B0y0x3B3) needs to be accessed using the csr instruction and must be done in machine mode.

The PMP unit of kernel 0 (RISC-V3F) contains four 8-bit configuration registers (CSR address 0x3A0) and four address registers.
The device (CSR address is 0x3B0y0x3B3) needs to be accessed using the csr instruction and must be done in machine mode.

Note: The kernel func&raMBon applicable to chips whose fifth digit of the batch number is not a specific number.
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4.3.1 PMP Register

Table 4-7 PMP Register List

name CSR Address describe Reset value
PMPCFGO 0x3A0 PMP Configuration Register 0x00000000
PMPADDRO 0x3B0O PMP Address 0 Register 0x00000000
PMPADDR1 0x3B1 PMP Address 1 Register 0x00000000
PMPADDR2 0x3B2 PMP Address 2 Register 0x00000000
PMPADDR3 0x3B3 PMP Address 3 Register 0x00000000

4.3.1.1 PMP Configuration Register (PMPCFGO)
CSR Address: 0x3A0

Bit Name Access describe Reset value
[31:24] pmpBcfg[7:0] [23:16] See pmpOcfg for MRW. 0
pmp2cfg[7:0] [15:8] pmplcfg[7:0 See pmpOcfg for MRW. 0

See pmp0cfg for MRW. 0
Bitname describe

Lock enabled; can be unlocked in machine mode.
7 L 0: Not locked:;

1: Lock the relevant registers.

6 - reserve.

When an address matches, the instruction caching strategy is executed|
[7:0] pmpQcfg[7:0] MRW IC_S 0
5 Policy value and CACHE_PMP_OVR register
tr

correspond.

[4:3] A. Address|alignment and protection zone range selectign.

2 X is an executable attribute.
1 W is [a writable property.
0 R cah read attributes.

Specifically, address alignment and protection region selection involve memory protection for regions where A_ADDR y region < B_ADDR (requirements).
Both A_ADDR and B_ADDR are 4-byte aligned.

1. 1f B_ADDR — A_ADDR == 22, then use the NA4 method;

2.1f B_ADDR - A_ADDR == 2 (G+2), Gy1, and A_ADDR is 2 (G+2) aligned, then the NAPOT method is used;

3. Otherwise, use the TOR method.

A Value Name describe

00b OFF No area ta protect

Top alignment area protection:

region = BUS_ADDR >> 2;

Under pmpOcfg, 0 y region < pmpaddro;
01b TOR pmpecte. By reg pmp
Under pmplcfg, pmpaddrO y region < pmpaddri;
Under pmp2cfg, pmpaddrl y region < pmpaddr2;

In pmp3cfg, pmpaddr2 y region < pmpaddr3.

V15 64 WH



Machine Translated by Google

CH32H417 Series Application Manual https://wch.cn

pmpaddri-1 = A_ADDR >> 2;

pmpaddri = B_ADDR >> 2.

Fixed 4-byte area protection.
10b NA4 pmpOcfgypmp3cfg correspond to pmpaddrOypmpaddr3 as the starting address.

pmpaddri = A_ADDR >> 2.

Protect 2 (G+2) regions, Gy1, at which point A_ADDR is 2 (G+2) aligned.

11b NAPOT ©1)
pmpaddri = ((A_ADDR >> 2) | (2 -1).
4.3.1.2 PMP Address 0 Register (PMPADDRO) CSR Address:
0x3B0 Name
Bit The MRW PMP access description sets bits Reset value
[31:0] ADDRO[31:0] [33:2] at address 0, but the high 2 bits are actually unused. 0
4.3.1.3 PMP Address 1 Register (PMPADDR1) CSR Address:
0x3B1
Bit name Access description reset value
[31:0] ADDR1[31:0] MRW PMP sets bits [33:2] at address 1, but the high 2 bits are actually unused. 0
4.3.1.4 PMP Address 2 Register (PMPADDR2) CSR Address:
0x3B2 Name
Bit The access description states that MRW PMP sets Reset value
[31:0] ADDR2[31:0] bits [33:2] at address 2, but the high 2 bits are actually unused. 0
4.3.1.5 PMP Address 3 Register (PMPADDR3) CSR Address:
0x3B3
Bit name Access degcription reset value
[31:0] ADDR3[31:0] MRW PMP sets bits [33:2] at address 3, but the high 2 bits are actually unused. 0

4.4 Inter-core communication (IPC)

The inter-core communication function provides four communication channels, each with 8 status bits. The status bits are enabled independently, and there are two interrupt modes. (32 bits * 4)

Communication data register.

Two channel interruption methods: receiver interruption and transmitter interruption.

Each channel has 8 status bits, each status bit is enabled independently, and the enable is automatically updated.
¥ Receive and transmit interrupts are enabled independently, and the interrupt kernel is independently configurable.

y Four sets of inter-core information registers.

4.4.1 IPC Function Description

This module provides two interrupt types:

y Receiver interruption
Transmitter interruption

The IPC channel interrupt is enabled by the interrupt enable bit (RX_IERX/TX_IERX), the status enable bit (IPC_ENAXx[7:0]), and the status bit.
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(IPC_STSx[7:0]) Joint control.

When the
receive interrupt status bit is 1, the corresponding status enable bit is 1, and the corresponding bit in the IPC_ISR register is 1; if the channel receive interrupt is enabled...

When valid (RX_IERx = 1), an interrupt request can be generated to the RX_CID kernel configured for the channel, and the corresponding bit in the IPC_ISM register is set to 1.

When a transmit

interrupt occurs, if the status bit is 0, the corresponding status enable bit is 1, and the corresponding bit in the IPC_ISR register is 1; if the channel transmit interrupt is enabled...
When valid (TX_IERx = 1), an interrupt request can be generated to the TX_CID kernel configured for the channel, and the corresponding bit in the IPC_ISM register is set to 1.

When the AUTOENX bit is configured for automatic update, the IPC_ENA register is updated synchronously when the sending end writes to or sets the IPC_STS register.
The values are the same; if the channel receive interrupt enable is active, a receive interrupt can be immediately generated at the receiver. The message is cleared after the receive interrupt response is completed.
The IPC_STS flag does not affect the IPC_ENA register. If the channel transmit interrupt is valid, a transmit interrupt can be generated immediately at the transmitting end.
The sending end disables IPC_ENA enable and clears the sending end's interrupt flag during the interrupt.

When the AUTOENKX bit is configured to not update automatically, the order in which the sender writes the status enable bit first and then writes IPC_STS may introduce problems.

Additional sender interruption.

4.4.2 IPC Register

Table 4-8 List of IPC-Related Registers

name Access address describe Reset value
R32_IPC_CTLR 0xE000D000 IPC Control Register 0x00000000
R32_IPC_ISR 0xE000D004 IPC Interrupt Status Register 0x00000000
R32_IPC_ISM 0xE000D008 IPC ISM Channel Interrupt Mask Register 0x00000000
R32_IPC_ENA 0xE000D010 IPC status bit interrupt enable register 0x00000000
R32_IPC_STS 0xE000DO14 IPC Channel Status Register OXXXXXXXXX
R32_IPC_SET 0xE000D018 IPC Status Flag Position Register 0x00000000
R32_IPC_CLR 0xE000D01C IPC status flag reset register 0x00000000
R32_IPC_MSGO 0xE000D020 IPC Information Register 0 OXXXXXXXXX
R32_IPC_MSG1 0xE000D024 IPC Information Register 1 OXXXXXXXXX
R32_IPC_MSG2 0xE000D028 IPC Information Register 2 OXXXXXXXXX
R32_IPC_MSG3 0xE000D02C IPC Information Register 3 OXXXXXXXXX

4.4.2.1 IPC Control Register (IPC_CTLR) Offset Address:

0x00 Bit Name

access Reset value

Channel 3 is configured to lock; writing a 1 will only clear the value by fesetting.
The other control registers of the rear channel 3 cannot be modified.
31 LOCK3 RW 0
1: Channel 3 control lock;

0: Channel 3 is unlocked.

Channel 3 status bit enables automatic update; when set to 1, it is active at the sending| end.
When writing IPC_STS, IPC_ENA is automatically updated to the same value|
When the sender writes IPC_SET and sets IPC_STS, the IPC_ENA phase is|..
30 AUTOEN3 RW 0

The position should be in place.

1: The IPC_ENA register is automatically updated;

0: Automatic update of the IPC_ENA register is disabled.




Machine Translated by Google

CH32H417 Series Application Manual https://wch.cn

Channel 3 receiver interrupt enable: when set to 1, channel 3 can generate...
Live reception interrupt:
29 RX_IER3 RW 0
1: Channel 3 receiver interrupt enabled;

0: Channel 3 receiver interrupt shielding.

Channel 3 transmitter interrupt enable: when set to 1, channel 3 can generate...
Data transmission mterrupled:
28 TX_IER3 RW 0
1: Channel 3 transmitter interrupt enabled;

0: Channel 3 transmitter interruption mask.

27 Reserved RO is regerved. 0

Receiver kernel ID, configured to respond to receive interrupts:
26 RX_CID3 RW 1: Generate a receive interrupt request to kernel 1; 0

0: Generate a receive interrupt request to kernel 0.

25 Reserved RO is reserved. The 0

sending kernel ID, which configures the kernel to respond to transmission interrupts.
TX_CID3 RW 1: Send an interrupt request to kernel 1; 0

0: Send an interrupt request to kernel 0.

— LOCK2 RW Charjnel 2 configuration locked. 0

o AUTOEN2 RW Chanhel 2 status bit is enabled for automatic update. 0

Channel 2 receiver interrupt is enabled; setting it to 1 allows Channel 2 to ggnerate...
‘‘‘‘‘‘‘‘ - RX_IER2 RW 0

The live reception was interrupted.

Channel 2 transmitter interrupt enable: when set to 1, channel 2 can genergte...
20 TX_IER2 RW 0

The transmission was interrupted.

19 Reserved RO is regerved. 0
18 RX_CID2 RW: Receiver kernel ID, configures the kernel that responds to receive interrupts{0 RO:
17 Reserved Reserved. 0
16 TX_CID2 RW: Sengder kernel ID, configures the kernel that responds to transmit interrupts.|0 RW:
15 LOCK1 Channel [L, configures locking. 0
14 AUTOEN1 RW Chanhel 1 status bit is enabled for automatic update. 0

Channel 1 receiver interrupt is enabled; setting it to 1 allows Channel 1 to ggnerate...
13 RX_IER1 RW 0

The live reception was interrupted.

Channel 1 transmitter interrupt enable: when set to 1, Channel 1 can genergte...
12 TX_IER1L RW 0

The transmission was interrupted.

11 Reserved RO is regerved. 0
10 RX_CID1 RW: Receiver kernel ID, configures the kernel that responds to receive interrupts{0 RO:
9 Reserved Reserved. 0
8 TX_CID1 RW: Sender kernel ID, configures the kernel that responds to transmit interrupts. [0 RW:
7 LOCKO Channel o, configures locking. 0
6 AUTOENO RW chanhel 0 status bit is enabled for automatic update. 0

Channel O receiver interrupt is enabled; when set to 1, channel 0 can genegrate...
5 RX_IERO RW

The live reception was interrupted.

Channel 0 transmitter interrupt enabled; when set to 1, channel 0 can generate...
4 TX_IERO RW 0

The transmission was interrupted.

3 Reserved RO is regerved. 0

2 RX_CIDO RW is the receiver kernel ID, configured to respond to receive interrupts. 0
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1 Reserved RO is regerved. 0
0 TX_CIDO RW is the sender kernel ID, configuring the kernel that responds to send interrupfs. 0

4.4.2.2 IPC Interrupt Status Register (IPC_ISR) Offset Address:

0x04 Bit Name

access This Reset value

describes the interrupt status register for IPC channel 3. A non-zero value indicates that|the IPC...

Channel 3is interrupted.

[31:24] IPC_ISR3[7:0] RO When IPC_ENA is enabled, the IPC_STS register value is 0. 0
A transmitter interrupt is generated when the IPC_STS register value ig 1.
The receiver was interrupted.
[23:16] IPC_I$R2[7:0] RO IPC Channel 2 Interrupt Status Register. 0
[15:8] IPC_I$R1[7:0] RO IPC Channel 1 Interrupt Status Register. 0
[7:0] IPC_ISRO[7:0] RO IPC Channel 0 Interrupt Status Register. 0
4.4.2.3 IPC ISM Channel Interrupt Mask Register (IPC_ISM) Offset Address: 0x08
Name
Bit access This Reset value

describes the IPC channel 3 interrupt mask register; a non-zero value indicates that IPC...

Channel 3 generates an interrupt request.

When RX_IER is enabled, IPC_STSis 1, and IPC_ENA is 1.
[31:24] IPC_ISM3[7:0] RO 0
A bit with a value of 1 in RX_CID generates a receiver interrupt.

When TX_IER is enabled, IPC_STSis 0 and IPC_ENA is 0.

A bit with a value of 1 in TX_CID generates a transmitter interrupt.

[23:16] IPC_I$M2[7:0] RO IPC Channel 2 Interrupt Mask Register. 0
[15:8] IPC_I$SM1[7:0] RO IPC Channel 1 Interrupt Mask Register. 0
[7:0] IPC_ISMO[7:0] RO IPC Channel 0 Interrupt Mask Register. 0

4.4.2.4 IPC Status Bit Interrupt Enable Register (IPC_ENA) Offset Address:

0x10 Bit Name

access This Reset value

describes the interrupt enable register for IPC channel 3; when its value is 1...

Enable the interrupt function for the corresponding bit.

The bit TX_CID with an IPC_STS value of 0 and an IPC_ENA value of 1
[31:24] IPC_ENA3[7:0] RW 0

An interrupt is generated at the transmitting end

The bit RX_CID with IPC_STS value of 1 and IPC_ENA value of 1.

An interrupt was generated at the receiving end.

[23:16] IPC_BNAZ2[7:0] RW IPC Channel 2 Flag Interrupt Enable Register. 0
[15:8] IPC_ENA1[7:0] RW IPC Channel 1 Flag Interrupt Enable Register. 0
[7:0] IPC_ENAO[7:0] RW IPC Channel 0 Flag Interrupt Enable Register. 0

4.4.2.5 IPC Channel Status Register (IPC_STS) Offset Address:

0x14 Bit Name

access describe Reset value
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IPC Channel 3 Status Register:
[31:24] IPC_STS3[7:0] RW A bit with an IPC_STS value of 1 can generate a receive interrupt; X
A bit with an IPC_STS value of 0 can generate a transmit interrupt.
[23:16] IPC_STS2[7:0] RW IPC Channel 2 Status Register. X
[15:8] IPC_S[TS1[7:0] RW IPC Channel 1 Status Register. X
[7:0] IPC_STS0[7:0] RW IPC Channel 0 Status Register. X
4.4.2.6 IPC Status Flag Set Register (IPC_SET) Offset Address: 0x18
Bit name access describe Reset value
IPC Channel 3 Status Flag Set Register, write 1 and then set to 0.
[31:24] IPC_SET3[7:0] wo The corresponding bit in the IPC_STS register, if the channel's AUTOEN... 0
If the bit is enabled, the corresponding bit in the IPC_ENA register is also get.
[23:16] IPC_SET2[7:0] wo IPC Channel 2 Status Flags Position Register. 0
[15:8] IPC_SET1[7:0] wo IPC Channel 1 Status Flags Position Register. 0
[7:0] IPC_SETO[7:0] wo IPC Channel 0 Status Flags Set Bit Register. 0
4.4.2.7 IPC Status Flag Reset Register (IPC_CLR) Offset Address: 0x1C
Bit name access describe Reset value
Clear the status flag register for IPC channel 3 by writing 1 and then resetting.
[31:24] IPC_GLR3[7:0] wo
The corresponding bit in the IPC_STS register.
Clear the status flag register for IPC channel 2 by writing 1 and then resetting.
[23:16] IPC_QLR2[7:0] wo
The corresponding bit in the IPC_STS register.
Clear the status flag register for IPC channel 1 by writing 1 and then resettipg it.
[15:8] IPC_CLR1[7:0] wo
The corresponding bit in the IPC_STS register.
Clear the IPC channel O status flag register by writing 1, then reset.
[7:0] IPC_CLRO[7:0] wo 0
The corresponding bit in the IPC_STS register.
4.4.2.8 IPC Information Register (IPC_MSGx) (x=0/1/2/3) Offset Address: 0x20+0x4*n
Name
Bit access Describes Reset value
the IPC information register, used to store and transmit information required for inter-core communigation.
[31:0] IPC_MSGx[31:0] RW
The message to be conveyed.

4.5 Hardware Semaphores (HSEM)

The hardware semaphore feature provides 32 hardware semaphore channels. Semaphores can be used to manage communication between different processes running on a multi-core system.
Step-by-step operation, and provides a non-blocking single-instruction locking mode. Features include the following:
An interrupt is generated when the semaphore channel is released .
ySingle -channel semaphore unlocking: Unlocking a channel requires matching the kernel operation with the CID and writing data with the PID value.

y Batch unlocking of semaphore channels: Batch unlocking via key value, CID, and PID matching.

Two semaphore channel locking methods:
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- 2-step locking: By writing the PID lock to the SEM channel, the CID is automatically updated to the kernel ID value that acquired the lock, and then read...
The data was checked.

- 1-step locking: The lock is acquired by reading the SEM channel, and the CID is automatically updated to the kernel ID value of the acquired lock.

4.5.1 HSEM Function Description 4.5.1.1
Locking Methods This module

provides two locking methods:
y 2-step (write) lock
y 1-step (read) lock: A 0 value in the HSEM

channel LOCK register indicates the channel is idle; at this time, the CID and PID values for that channel are also 0. When the channel LOCK register...
When the register value is 1, it indicates that the channel is locked. The CID value is updated to the kernel ID of the locked channel, and the PID register value is the bus write value.
When writing to a locked channel, the CID is updated to the kernel ID of the locked channel, and the PID value is updated to the written data. When reading from a locked channel, the CID is updated...

The new kernel ID is used to lock the channel, and the PID value remains 0. Any PID value can be written when writing to the lock.

2-step (write) lock process
The 2-step locking process locks the channel by writing lock information to the SEM_RX register, and then checks if the returned data read matches the written data.
The lookup was successful.
Write the PID to the SEM_RX register, set LOCK =1, and lock successfully when the channel is idle. Update the PID, CID, and LOCK values.
y Read data check: the read data PID matches the write data, the CID matches the kernel ID, and a LOCK value of 1 indicates that the operation was successful.
Otherwise , repeat the above steps.

The HSEM channel can only be locked when idle.

Re-locking an already locked channel will have no effect.

1-step (read) lock process

The 1-step lock process checks for successful locking by reading the SEM_RLRX register and comparing the return value.

Read the SEM_RLRX register to obtain the return value.

If the read data is 0, the lock was successful; a non-zero value indicates the lock failed, meaning the channel has already been locked by another process.
The SEM_RLRX register value for the operation is updated to LOCK = 1, CID = the kernel ID of the operation, and PID = 0.

Otherwise , repeat the above steps.

yChannel unlocking process:

Write to unlock:

Write the PID to the SEM_RX register corresponding to the locked SEM channel, and set LOCK=0. If the channel is locked by the kernel, write the PID and...

If the channel PIDs are equal, the channel is unlocked, and PID, CID, and LOCK are reset to zero. An interrupt request can be generated when the channel interrupt is enabled.
Match unlock:

Write a key value to the SEM_CLR register to configure the matching rules. Channels matching the rules can be unlocked in batches. When a channel...

When the enable function is disabled, an interrupt request can be generated.

4.5.1.2 HSEM Interruption An

interrupt can occur when the HSEM channel is unlocked. HSEM interrupts have the following characteristics:

Each HSEM channel can be enabled independently.
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Each HSEM channel has an independent interrupt flag.

Each HSEM channel interruption flag can be cleared individually.

Each kernel has its own independent interrupt enable, interrupt flag, and clear bit.

When channel interrupts are enabled (HSEM_IER), an interrupt request can be generated when the channel is unlocked by another kernel, corresponding to the channel interrupt.

Set the flag register (HSEM_ISR) to 1.

Write 1 to the corresponding bit of the channel interrupt flag (HSEM_ISR) to clear the interrupt flag.

The Channel Interrupt Mask Register (HSEM_ISM) can be used to obtain the source channel that generated the interrupt, with channel interrupt enabled and the interrupt flag set to 1.

Only channels that meet certain conditions can generate an interrupt request, and the corresponding HSEM_ISM bit value is 1.

4.5.2 HSEM Register

Table 4-9 List of HSEM-related registers

R32_HSEM_RX30

HSEM Lock Channel Register 30

name Access address descripti Reset value

R32_HSEM_RX0 0xE000C000 HSEM Lock Channel Register 0 0x00000000
R32_HSEM_RX1 0xE000C004 HSEM Lock Channel Register 1 0x00000000
R32_HSEM_RX2 0xE000C008 HSEM Lock Channel Register 2 0x00000000
R32_HSEM_RX3 0xE000C00C HSEM Lock Channel Register 3 0x00000000
R32_HSEM_RX4 0xE000C010 HSEM Lock Channel Register 4 0x00000000
R32_HSEM_RX5 0xE000C014 HSEM Lock Channel Register 5 0x00000000
R32_HSEM_RX6 0xE000C018 HSEM Lock Channel Register 6 0x00000000
R32_HSEM_RX7 0xE000C01C HSEM Lock Channel Register 7 0x00000000
R32_HSEM_RX8 0xE000C020 HSEM Locked Channel Register 8 0x00000000
R32_HSEM_RX9 0xE000C024 HSEM Lock Channel Register 9 0x00000000
R32_HSEM_RX10 0xE000C028 HSEM Lock Channel Register 10 0x00000000
R32_HSEM_RX11 0xE000C02C HSEM Lock Channel Register 11 0x00000000
R32_HSEM_RX12 0xE000C030 HSEM Lock Channel Register 12 0x00000000
R32_HSEM_RX13 0xE000C034 HSEM Lock Channel Register 13 0x00000000
R32_HSEM_RX14 0xE000C038 HSEM Lock Channel Register 14 0x00000000
R32_HSEM_RX15 0xE000C03C HSEM Lock Channel Register 15 0x00000000
R32_HSEM_RX16 0xE000C040 HSEM Lock Channel Register 16 0x00000000
R32_HSEM_RX17 0xE000C044 HSEM Lock Channel Register 17 0x00000000
R32_HSEM_RX18 0xE000C048 HSEM Lock Channel Register 18 0x00000000
R32_HSEM_RX19 0xE000C04C HSEM Lock Channel Register 19 0x00000000
R32_HSEM_RX20 0xE000C050 HSEM Lock Channel Register 20 0x00000000
R32_HSEM_RX21 0xE000C054 HSEM Lock Channel Register 21 0x00000000
R32_HSEM_RX22 0xE000C058 HSEM Lock Channel Register 22 0x00000000
R32_HSEM_RX23 0xE000C05C HSEM Lock Channel Register 23 0x00000000
R32_HSEM_RX24 0xE000C060 HSEM Lock Channel Register 24 0x00000000
R32_HSEM_RX25 0xE000C064 HSEM Lock Channel Register 25 0x00000000
R32_HSEM_RX26 0xE000C068 HSEM Lock Channel Register 26 0x00000000
R32_HSEM_RX27 0xE000C06C HSEM Lock Channel Register 27 0x00000000
R32_HSEM_RX28 0xE000C070 HSEM Locked Channel Register 28 0x00000000
R32_HSEM_RX29 0xE000C074 HSEM Lock Channel Register 29 0x00000000

0xE000C078 0x00000000
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R32_HSEM_LSM

R32_HSEM_RX31 0XE000C07C HSEM Lock Channel Register 31 0x00000000
R32_HSEM_RLRX0 0xE000C100 HSEM Read Lock Register 0 0x00000000
R32_HSEM_RLRX1 0xE000C104 HSEM Read Lock Register 1 0x00000000
R32_HSEM_RLRX2 0xE000C108 HSEM Read Lock Register 2 0x00000000
R32_HSEM_RLRX3 0xE000C10C HSEM Read Lock Register 3 0x00000000
R32_HSEM_RLRX4 0xE000C110 HSEM Read Lock Register 4 0x00000000
R32_HSEM_RLRX5 0xE000C114 HSEM Read Lock Register 5 0x00000000
R32_HSEM_RLRX6 0xE000C118 HSEM Read Lock Register 6 0x00000000
R32_HSEM_RLRX7 0xE000C11C HSEM Read Lock Register 7 0x00000000
R32_HSEM_RLRX8 0xE000C120 HSEM Read Lock Register 8 0x00000000
R32_HSEM_RLRX9 0xE000C124 HSEM Read Lock Register 9 0x00000000
R32_HSEM_RLRX10 0xE000C128 HSEM Read Lock Register 10 0x00000000
R32_HSEM_RLRX11 0xE000C12C HSEM Read Lock Register 11 0x00000000
R32_HSEM_RLRX12 0xE000C130 HSEM Read Lock Register 12 0x00000000
R32_HSEM_RLRX13 0xE000C134 HSEM Read Lock Register 13 0x00000000
R32_HSEM_RLRX14 0xE000C138 HSEM Read Lock Register 14 0x00000000
R32_HSEM_RLRX15 0xE000C13C HSEM Read Lock Register 15 0x00000000
R32_HSEM_RLRX16 0xE000C140 HSEM Read Lock Register 16 0x00000000
R32_HSEM_RLRX17 0xE000C144 HSEM Read Lock Register 17 0x00000000
R32_HSEM_RLRX18 0xE000C148 HSEM Read Lock Register 18 0x00000000
R32_HSEM_RLRX19 0xE000C14C HSEM Read Lock Register 19 0x00000000
R32_HSEM_RLRX20 0xE000C150 HSEM Read Lock Register 20 0x00000000
R32_HSEM_RLRX21 0xE000C154 HSEM Read Lock Register 21 0x00000000
R32_HSEM_RLRX22 0xE000C158 HSEM Read Lock Register 22 0x00000000
R32_HSEM_RLRX23 0xE000C15C HSEM Read Lock Register 23 0x00000000
R32_HSEM_RLRX24 0xE000C160 HSEM Read Lock Register 24 0x00000000
R32_HSEM_RLRX25 OxE000C164 HSEM Read Lock Register 25 0x00000000
R32_HSEM_RLRX26 0xE000C168 HSEM Read Lock Register 26 0x00000000
R32_HSEM_RLRX27 0xE000C16C HSEM Read Lock Register 27 0x00000000
R32_HSEM_RLRX28 0xE000C170 HSEM Read Lock Register 28 0x00000000
R32_HSEM_RLRX29 0xE000C174 HSEM Read Lock Register 29 0x00000000
R32_HSEM_RLRX30 0xE000C178 HSEM Read Lock Register 30 0x00000000
R32_HSEM_RLRX31 0xE000C17C HSEM Read Lock Register 31 0x00000000
R32_HSEM_LSE 0XE000C200 HSEM Lock Status Register 0x00000000
R32_HSEM_CLR 0xE000C208 HSEM unlock register 0x00000000
R32_HSEM_KEY 0xE000C20C HSEM Unlock Key Register 0x5AA50003
R32_HSEM_IER 0xE000C300 HSEM interrupt enable register 0x00000000
R32_HSEM_ISR 0xE000C308 HSEM Interrupt Status Register 0x00000000
R32_HSEM_ISM 0xE000C310 HSEM Interrupt Mask Register 0x00000000

0xE000C318 HSEM Lock State Mask Register 0x00000000

Note: Registers marked "kernel private registers" are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for them.

4.5.2.1 HSEM Lock Channel Register y (HSEM_RXy) (y=0-31)
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Offset address: 0x000 + 4y bit

name access describe Reset value

Channel lock status indicator:
31 Lock RW 1: Channel locked; 0

0: Channel is idle.

[30:10] Reserved RO reserved. 0

Kernel ID for locked channel:
[9:8] CID RW 1: The channel is locked by kernel 1; 0

0: Channel is idle or locked by kernel 0.

Process ID for locking the channel:

[7:0] PID RW The reset value or channel is loaded to 0 after release; write lock is engaged during logking. 0

Updated to the bus data being written.

4.5.2.2 HSEM Read Lock Register y (HSEM_RLRXy) (y=0-31) Offset Address: 0x100 + 4y

Bit Name
access describe Reset value
Channel locked status indicator:
31 LOCK RO 1: Channel locked; 0
0: Channel is idle.
[30:10] Reserved RO reserved. 0
Kernel ID for locked channel:
[9:8] CID RO 1: The channel is locked by kernel 1; 0
0: Channel is idle or locked by kernel 0.
[7:0] PID RO is the|process ID for locking the channel; it is 0 when reading the lock. 0

4.5.2.3 HSEM Lock Status Register (HSEM_LSE) Offset Address:

0x200 Bit Name

access Reset value

Describes the HSEM channel lock status register, used to obtain the status of B2 channels.
Locked status:
[31:0] HSEM_LSE RO 0
1: Channel locked;

0: Channel is idle.

4.5.2.4 HSEM Unlock Register (HSEM_CLR) Offset Address:

0x208 Bit Name

access The Reset value

description unlocks keywords; operations are performed when the written data matches the irjg keywords

[31:16] CLR_KEY wo
If valid, then invalid. The key value is 0x5AAS5.

[15:14] Reserved RO is regerved. 0

CID Matching Masking:

1: Block CID matching; all CID values are unlocked.
13 CID_MASK wo 0
0: Do not block CID matching; lock the channel CID value.

Unlock when the match_CID values are the same.

12 PID_MASK wo PID matching masking: 0
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1: Disable PID matching; all PID values are unlocked.

Unlock when the match_PID value is the same.

0: Do not mask PID matching; the locked channel PID value is matched with...

[11:10] Reserved

Value comparison.

RO is resprved. 0
Used to match the unlocked CID value with the CID of each locked channel |
[9:8] match_|CID wo 0
Value
comparison. The PID value used to match the unlocking value with the PID value of each Idcking channel.
[7:0] match_PID wo

4.5.2.5 HSEM Unlock Key Register (HSEM_KEY)

Offset address: 0x20C Bit

name

Access descfiption reset value

[31:16] KEY_VALUE

RO (Unlogk Keyword) is used for keyword comparison of unlocking methods. 0x5AA5

[15:2] Reserved

RO is reserjved. The

Channel interrupt status bit enabled:

corresponding channel is automatically cleared if locking the channel using the 2-step method fails.

1 auto_2step_clr RW 1
1: Automatically clear the interrupt status bit of the corresponding channel when locking fails;
0: Locking failure does not affect the corresponding channel interrupt status bit.
Automatically clear the corresponding channel when locking the channel using the 1-step methofl fails.
Channel interrupt status bit enabled:
0 auto_1step_clr RW 1
1: Automatically clear the interrupt status bit of the corresponding channel when locking fails;
0: Locking failure does not affect the corresponding channel interrupt status bit.
4.5.2.6 HSEM Interrupt Enable Register (HSEM_IER) Offset Address:
0x300 Bit Name
access Reset value
Describes the HSEM channel interrupt enable register, a kernel-private register.
[31:0] HSEM_|IER RW Setting it to 1 allows the generation of intermediate signals when the corresponding channel is unlocked by other kernels. O
An interrupt can be generated when used in conjunction with the HSEM_ISR register.
4.5.2.7 HSEM Interrupt Status Register (HSEM_ISR) Offset Address: 0x308
Bit Name
access Reset value
Describes the HSEM channel interrupt status register, a kernel-private register.
[31:0] HSEM_|ISR RW1Z

When a locked channel is unlocked by another kernel, the corresponding bit i set. 0

This bit, when used in conjunction with the HSEM_IER register, can generate an interfupt.
4.5.2.8 HSEM Interrupt Mask Register (HSEM_ISM) Offset Address: 0x310
Bit name access describe Reset value
HSEM channel interrupt mask register, a kernel-private register.
The value equals HSEM_ISR & HSEM_IER, and a non-zero value indicates thaj...
[31:0] HSEM_|ISM RO

The value is 1.

This indicates that an SEM interrupt was generated, and the corresponding bit value of the channel that generated the inferrupt.
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4.5.2.9 HSEM Lock State Mask Register (HSEM_LSM)
Offset Address:

Bit 0x318 Name access describe Reset value

HSEM channel lock status register, used to acquire HSEM channel status.
Is it locked by this kernel?
[31:0] HSEM_LSM RO 0
1: The channel is locked by the kernel.

0: The channel is idle or locked by another kernel.

4.6 System Counter (SysTick)

The kernel comes with two 32-bit up/down counters (SysTick), which can independently generate interrupt signals and can be configured to generate interrupt signals for specified kernel nodes.

Disconnect request. The system counter counts at the same frequency as HCLK (V3F kernel frequency), and the RTC count is HCLK/8.

Dual 32-bit timers

y Counting up and down

yThe main frequency clock and RTC clock count can be configured.
Interrupt requests are configurable in the kernel .

Automatic reloading is configurable.

4.6.1 RISC-V-SysTick Register Table 4-10 STK

Related Register List

name Access Address Description: 0xEO00F000 System Reset value
R32_STK_CTLR_O Counter Control Register 0; 0XEO00F004 System Counter 0x00000000
R32_STK_ISR Interrupt Status Register; 0XEOOOF008 System Counter 0 Count 0x00000000
R32_STK_CNT_0 Register; 0xE000F010|System Counter 0 Compare Register; 0x00000000
R32_STK_CMP_0 0xEO00F080 System Counter Control Register 1; 0OXEOOOF088 0x00000000
R32_STK_CTLR_1 System Counter 1 Count Register; 0XEOOOF090 System 0x00000000
R32_STK_CNT_1 Counter 1 Compare Register 0x00000000
R32_STK_CMP_1 0x00000000

4.6.1.1 System Counter Control Register 0 (STK_CTLR_0)
Offset Address:

Bit 0x00 Name access describe Reset value

[31:7] Reserved RO is reserved. 0

Counter 0 is allocated to a kernel register for configuring counter 0.

6 CID_0 RW Generate an interrupt request to the specified kernel, and enable it at counfer 0. 0
When the configuration is valid, it will be ically updated to the kernel ID of the operation
5 Reserved RO is réserved. 0

Counting mode:
4 DOWN_MODE_0 RW | 1: Count down; 0

0: Count upwards.

Automatic reload counter enable bit:
3 AUTO_RELOAD_0 RW 0
1: Automatic reload;
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0: Do not reload automatically.
Counter clock source selection bit:
2 NO_RTC_0 RW 1: Use HCLK as the time base; 0
0: Use HCLK/8 as the time base.
Interrupt enable control bit for counter 0:
1 IE_O RW 1: Enable counter interrupt; 0
0: Disable counter interrupt.
System counter 0 enable control bit:
1: Start the system counter STK, and after setting it to 1, only CID and the operator..
0 EN_O RW 0
When performing kernel matching, the TIM_CTL_O configuration can be modified;
0: Disable system counter STK, and the counter stops counting.
4.6.1.2 System Counter Interrupt Status Register (STK_ISR) Offset Address:
0x04
Bit name access describe Reset value
[31:2] Reservied RO is re¢served. 0
Systickl Interrupt Flag:
1 STK_ISR1 RW 1: There is an unhandled interrupt request for Timer 1; 0
0: Timer 1 has no interrupt request.
SystickO Interrupt Flag:
0 STK_ISRO RW 1: There is an unhandled interrupt request in Timer 0; 0
0: No interrupt request is available for Timer 0.
4.6.1.3 System Counter 0 Count Register (STK_CNT_0) Offset Address: 0x08
Bit name access describe Reset value
Systick0 is a counter register; after counting is enabled, it accumulates according to the configuration.
[31:0] CNT_0[31:0] RW
Add/remove and automatic reload.
4.6.1.4 System Counter 0 Comparator Register (STK_CMP_0) Offset Address:
0x10
Bit name access describe Reset value
SystickO compare register is used for comparison during up-counting.
[31:0] CMP_Q[31:0] RW 0
Automatic reload when counting down.
4.6.1.5 System Counter Control Register 1 (STK_CTLR_1) Offset Address:
0x80 Bit Name [31:7]
Reserved access describe Reset value
RO is re¢served. 0
Counter 1is allocated to a kernel register for configuring counter 1.
6 CID_1 RW An interrupt request is generated to the specified kernel, and the interrupt is enabled by coynter 1. 0
When the is valid, it will be updated to the kernel ID of the operation
5 Reserved RO is reserved. 0
4 DOWN_MODE_1 RW cotjnting mode: 0
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1: Count down;
0: Count upwards.
Automatic reload counter enable bit:
3 AUTO_RELOAD_1 RW 1: Automatic reload; 0
0: Do not reload automatically.
Counter clock source selection bit:
2 NO_RTC_1 RW 1: Use HCLK as the time base; 0
0: Use HCLK/8 as the time base.
Interrupt enable control bit for counter 1:
1 IE_1 RW 1: Enable counter interrupt; 0
0: Disable counter interrupt.
System counter 1 enable control bit:
1: Start the system counter STK, and after setting it to 1, only CID and the operator..
0 EN_1 RW 0
B When performing kernel matching, the TIM_CTL_0 configuration can be modified;
0: Disable system counter STK, and the counter stops counting.
4.6.1.6 System Counter 1 Count Register (STK_CNT_1) Offset Address: 0x88 Name
Bit access describe Reset value
Systick1 is a counter register; once the counter is enabled, it accumulates data according to the configuration.
[31:0] CNT_1[81:0] RW
Add/remove and automatic reload.
4.6.1.7 System Counter 1 Comparator Register (STK_CMP_1) Offset Address: 0x90
Bit name access describe Reset value
Systickl is a compare register used for comparing sums during up-counting.
[31:0] CMP_1[B1:0] RW 0
Automatic reload when counting down.

4.7 Interrupts and Events (PFIC)

Built-in Programmable Fast Interrupt Controller (PFIC), supporting up to 256

There are several interrupt vectors, with each of the RISC-V3F and RISC-V5F cores managing 32 core-private interrupts, and sharing management of other interrupts.

By configuring the interrupt allocation register, interrupts are assigned to one of the kernel responses. Some peripherals, such as IPC and SysTick, in interrupts lower 32 require...

The registers in the configured peripherals are assigned to a specific kernel, and an interrupt can only generate an interrupt request to one kernel at a time.

The interrupt control platform can control the kernel's sleep state and wake-up. When the kernel executes the WFI instruction, the kernel enters a low-power state.
The interrupt control platform will set the kernel sleep flag and monitor interrupts or events. When an interrupt or event occurs, the interrupt control platform will wake up the kernel.

Nuclear execution interrupts and other procedures.

4.7.1 Key Features of the PFIC Controller : §

Supports up to 256 interrupt arbitration channels, with private interrupts in the lower 32 bits.

Shared interrupt allocation

Supports Hardware Interrupt Stack (HPE) without instruction overhead.

Provides 4-channel meter-free interrupt (VTF)

Supports low-power sleep and wake-up management .

The RISC-V3F kernel supports up to 2 levels of configurable interrupt nesting, while the RISC-V5F kernel supports up to 8 levels of configurable interrupt nesting .
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4.7.2 Vector Table for Interrupts and Exceptions

Table 4-11 CH32H417 Series Chip Vector Table

Numbering priority|type - 6 name describe Offset address
0 Fixed RESET Reset interrupt, 0x000
1 - non- 0x004
2 -5 Fixed -4 Fixed NMI maskable interrupt, 0x008
3 HardFault exception 0x00C
4 - 0x010
5 -3 fixed Ecall-M interrupt, machine mode 0x014
6-7 B 0x018-0x01C
8 -2 Fixed -1 Fixed Ecall-U callback interrupt, user mode 0x020
9 Breakpoint callback interrupt, 0x024
10-11 i 0x028-0x02C
12 0 Programmable SysTick0 1 breakpoint callback interrupt, 0x030
13 Programmable SysTick1 2 system timer interrupt 0, 0x034
14 Programmable sw system timer 0x038
15 i 0x03C
16 3 Programmable IPC_CHO interrupt 1, software 0x040
17 4 Programmable IPC_CH1 interrupt, inter-core 0x044
18 5 Programmable IPC_CH2 communication interrupt 0x048
19 6 Programmable IPC_CH3 0, inter-core 0x04C
20-27 B . 0x050-0x06C
28 7 Programmable HSEM communication interrupt 0x070
29-31 ° 1, inter- 0x074-0x07C
32 8 Programmable WWDG core communication interrupt 2, inter-cor¢ commu@8& interrug)
33 9 Programmable EXTI15_8 10 EXTI line [15:8] interrupt 0x084
34 Programmable FLASH flash global 0x088
35 11 Programmable RCC interrupt reset and clock control interrypt 0x08C
36 12 Programmable EXTI7_0 13 EXTI line [7:0] interrupted 0x090
37 Programmable SPI1 SPI1 Global Interrupt 0x094
38 14 Programmable DMA1_CH2 15 DMAL Channel 2 Global Interrupt 0x098
39 Programmable DMA1_CH3 16 DMA1 Channel 3 Global Interrupt 0x09C
40 Programmable DMA1_CH4 17 DMA1 Channel 4 Global Interrupt 0x0A0
41 Programmable DMA1_CH5 18 DMA1 Channel 5 Global Interrupt 0x0A4
42 Programmable DMA1_CH6 19 DMA1 Channel 6 Global Interrupt Ox0A8
43 Programmable DMA1_CH7 20 DMA1 Channel 7 Global Interrupt 0x0AC
44 Programmable DMA1_CHS8 21 DMA1 Channel 8 Global Interrupt 0x0BO
45 Programmable USART2 USART2 Global Interrupt 0x0B4
46 22 Programmable I2C1_EV 1°C1 event interruption 0x0B8
47 23 Programmable I2C1_ER I°C1 error interrupt 0x0BC
48 24 Programmable USART1 USARTL Global Interrupt 0x0CO0
49 25 Programmable SPI12 SPI2 Global Interrupt 0x0C4
50 26 Programmable SPI3 SPI3 Global Interrupt 0x0C8
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51 27 Programmable 28 SPI4 SPI4 Global Interrupt oxocc
52 Programmable 29 12C2_EV 12C2 event interruption 0x0DO0
53 Programmable 30 12C2_ER 12C2 error interruption 0x0D4
54 Programmable 31 USBPD USBPD Global Interrupt 0x0D8
55 Programmable USBPDWakeUP 32 Programmable USBPD wake-up interrupt 0x0DC
56 33 Programmable USBHS USBHS Global Interrupt Ox0EO
57 DMA1_CH1 34 Progranjmable CAN1_SCE 35 DMA1 Channel 1 Global Interrupt Ox0E4
58 Programmable CAN1_TX 36 Programmable CAN1_SCE Global Interrupt 0xO0E8
59 CAN1_RKXO0 37 Programmable CAN1_RX1 38 CAN1_TX Global Interrupt Ox0EC
60 Programmable 39 Programmable USBSS_LINK CAN1_RXO Global Interrupt 0xO0F0
61 40 Programmable USBHSWakeUP 41 CAN1_RX1 Global Interrupt OxO0F4
62 Programmable USBSS USBSS Global Interrupt O0x0F8
63 USBSSWakeUP 42 Programmable RTCAlarm USBSS LINK interrupted OxOFC
64 43 Programmable 44 Plogrammable USBHS wake-up interrupt 0x100
65 USBFSWakeUP 45 Programmable USBSS wake-up interrupt 0x104
66 RTC alarm interruption (EXTI) 0x108
67 USBFS USBFS Global Interrupt 0x10C
68 USBFS wake-up interrupt 0x110
69 ADC1 2 ADC1_2 Global Interrupt 0x114
70 46 Programmable TIM1| BRK 47 Programmable TIM1 Brake Interruption 0x118
71 TIM1_UH 48 Programmable TIM1_TRG_COM TIM1 update interrupted 0x11C
72 49 Programmable TIM1| CC 50 Programmable TIM1 Triggering and Communication Interruption 0x120
73 51 Programmable 52 Plogrammable 53 TIM1 capture comparison interrupt 0x124
74 Programmable 54 TIM2 TIM2 Global Interrupt 0x128
75 Programmable 55 TIM3 TIM3 Global Interrupt 0x12C
76 Programmable 56 TIM4 TIM4 Global Interrupt 0x130
7 Programmable 57 TIM5 TIM5 Global Interrupt 0x134
78 Programmable 58 12C3_EV 12C3 event interruption 0x138
79 Programmable 59 12C3_ER 1%C3 Error Interruption 0x13C
80 Programmable 60 12C4_EV 1%C4 event interruption 0x140
81 Programmable 61 12C4_ER 1%Ca Error Interruption 0x144
82 Programmable 62 QSPI1 QSPI1 Global Interrupt 0x148
83 Programmable SERDES SERDES Global Interrupts 0x14C
84 TIM8_BRK 63 USART3 USART3 Global Interrupt 0x150
85 Programmable USART4 USART4 Global Interrupt 0x154
86 TIM8_UR 64 Programmable TIM8_TRG_COM TIM8 Brake Interruption 0x158
87 65 Programmable TIM8| CC 66 Programmable TIM8 update interrupted 0x15C
88 67 Programmable 68 Pfogrammable 69 TIM8 Triggering and Communication Interruption 0x160
89 Programmable 70 Programmable TIM8 capture comparison interrupt 0x164
90 TIM9 TIM9 Global Interrupt 0x168
91 TIM10 TIM10 Global Interrupt 0x16C
92 TIM11 TIM11 Global Interrupt 0x170
93 TIM12 TIM12 Global Interrupt 0x174
94 FMC FMC Global Interrupt 0x178
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95 71 Programmable SbMMC SDMMC Global Interrupt 0x17C
96 72 Programmable LPTIM1 LPTIM1 Global Interrupt 0x180

97 73 Programmable LPTIM2 LPTIM2 Global Interrupt 0x184

98 74 Programmable USART5 USARTS5 Global Interrupt 0x188

99 75 Programmable USART6 USART6 Global Interrupt 0x18C
100 76 Programmable TIM6 TIM6 Global Interrupt 0x190

101 77 Programmable TIM7 TIM7 Global Interrupt 0x194

102 78 Programmable DMA2_CH1 79 DMA2 Channel 1 Global Interrupt 0x198

103 Programmable DMA2_CH2 80 DMA2 Channel 2 Global Interrupt 0x19C
104 Programmable DMA2_CH3 81 DMA2 Channel 3 Global Interrupt O0x1A0
105 Programmable DMA2_CH4 82 DMA2 Channel 4 Global Interrupt O0x1A4
106 Programmable DMA2_CH5 83 DMA2 Channel 5 Global Interrupt Ox1A8
107 Programmable DMA2_CH6 84 DMA2 Channel 6 Global Interrupt Ox1AC
108 Programmable DMA2_CH?7 85 DMA2 Channel 7 Global Interrupt 0x1BO
109 Programmable DMA2_CHS 86 DMA2 Channel 8 Global Interrupt 0x1B4
110 Programmable 87 ETH ETH Global Interruption 0x1B8
111 Programmable ETH_WKUP 88 ETH wake-up interrupt 0x1BC
112 Programmable CANZ_SCE 89 CAN2_SCE Global Interrupt 0x1CO
113 Programmable CANZ_TX 90 CAN2_TX Global Interrupt 0x1C4
114 Programmable CANZ_RXO0 91 CAN2_RXO0 Global Interrupt 0x1C8
115 Programmable CANZ_RX1 92 CAN2_RX1 Global Interrupt 0x1ccC
116 Programmable 93 USART7 USART? Global Interrupt 0x1D0
117 Programmable 94 USARTS8 USARTS Global Interrupt 0x1D4
118 Programmable 95 I3C_EV 1°C event interruption 0x1D8
119 Programmable 96 I3C_ER 1°C Error Interruption 0x1DC
120 Programmable 97 DvpP DVP Global Interrupt Ox1EO
121 Programmable 98 ECDC ECDC Global Interrupt Ox1E4
122 Programmable 99 PIOC PIOC Global Interrupt Ox1E8
123 Programmable 100 SAI SAl Global Interrupt Ox1EC
124 Programmable 101 LTDC LTDC Global Interrupt 0x1FO0
125 Progranmmable GPHA GPHA Global Interrupt Ox1F4
126 ° . . Retention Ox1F8
127 102 Programmable DFSDMO DFSDMO Global Interrupt O0x1FC
128 103 Programmable DFSDM1 DFSDM1 Global 0x200

129 B . . 0x204

130 ) ) ) Interrupt Reservation 0x208

131 104 Programmable SWPMI SWPMI Global 0x20C
132 N . . 0x210

133 ) ) ) Interrupt Reservation 0x214
134 105 Programmable QSPI2 QSPI2 Global Interrupt 0x218

135 106 Programmable SWPMIWakeUP 107 SWPMI wake-up interrupt 0x21C
136 Programmable CAN3| SCE 108 CANB3_SCE Global Interrupt 0x220

137 Programmable CAN3| TX 109 CANB3_TX Global Interrupt 0x224
138 Programmable CAN3| RX0 CAN3_RXO0 Global Interrupt 0x228
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139 110 Programmable CAN3_RX1 111 Programmable CAN3_RX1 Global Interrupt 0x22C
140 LPTIM2 WakeUP 112 Programmable LPTIM1 LPTIM2 wake-up interrupt 0x230
141 WakeUP 113 Programmable 13C WakeUP 114 LPTIM1 wake-up interrupt 0x234
3
142 Programmable 115 Progfammable 116 I c wake-up interrupt 0x238
143 Programmable 117 RTC RTC Global Interrupt 0x23C
144 Programmable 118 HSADC HSADC Global Interrupt 0x240
145 Programmable 119 UHSIF UHSIF Global Interrupt 0x244
146 Programmable USART RNG RNG Global Interrupt 0x248
147 WakeUP SDIO SDIO Global Interrupt 0x24C
148 USART wake-up interrupt 0x250
4.7.3 External Interrupts and Event Controllers
(EXTI) 4.7.3.1 Overview
Figure 4-1 External Interrupt (EXTI) Interface Block Diagram
I HB bus I
A
Y
HCLK _>] Peripheral interface |
727 27 727 727 /27
INTFR INTENR SWIEVR RTENR FTENR
27 27 27 27
To PFIC interrupt 7 r 3 Vg A
controller
- L
27
Pulse Edge detection Input
-+ — — < — circuit —L Line
27 generator 27 4—| 27
EVENR

As shown in Figure 4-1, the trigger source for an external interrupt can be either a software interrupt (SWIEVR) or an actual external interrupt.
In this case, the signal from the external interrupt channel will first be filtered by the edge detection circuit. This is as long as the signal is generated in the software...
If either an interrupt signal or an external interrupt signal is received, it will be output through the OR gate circuit shown in the diagram to the two AND gate circuits for event enable and interrupt enable. As long as there is an interrupt signal...

An interrupt or event is generated when an interrupt is enabled or an event is enabled. The six registers of EXTI are accessed by the processor through the HB interface.

4.7.3.2 Wake-up Event Description The

system can wake up from sleep mode caused by WFE commands through wake-up events. Wake-up events are generated through the following three configurations:
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Enable an interrupt in the peripheral device's register, but not in the kernel's PFIC, while simultaneously enabling it in the kernel.

The SEVONPEND bit. In EXTI, this means enabling the EXTl interrupt, but not enabling the EXTI interrupt in the PFIC, and simultaneously enabling...

The SEVONPEND bit. When the CPU wakes up from WFE, the EXTI interrupt flag and PFIC pending bit need to be cleared.

y Enabling an EXTI channel as an event channel eliminates the need for the CPU to clear the interrupt flag and PFIC pending bit after waking up from the WFE.

A write event is generated when another running kernel writes to the SENDEVENT register.

4.7.3.3 This section explains
that using external interrupts requires configuring the corresponding external interrupt channel, i.e., selecting the appropriate trigger edge and enabling the corresponding interrupt. When the external interrupt channel...
When the set trigger edge occurs, an interrupt request will be generated, and the corresponding interrupt flag will be set. Writing 1 to the flag will...
Clear this flag.
Steps for using external hardware interrupts:
1) Configure GPIO operations;
2) Configure the interrupt enable bit (EXTI_INTENR) for the corresponding external interrupt channel;
3) Configure the trigger edge (EXTI_RTENR or EXTI_FTENR), selecting rising edge trigger, falling edge trigger, or double edge trigger;

4) Configure the EXTl interrupt in the kernel's PFIC to ensure that it can respond correctly.

Steps for using external hardware events:
1) Configure GPIO operations;
2) Configure the event enable bit (EXTI_EVENR) for the corresponding external interrupt channel;

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

Using software interrupt/event steps:
1) Enable external interrupts (EXTI_INTENR) or external events (EXTI_EVENR);
2) If using interrupt service routines, the EXTI interrupt needs to be configured in the kernel's PFIC;

3) Set the software interrupt trigger (EXTI_SWIEVR) to generate an interrupt.

4.7.3.4 External Event Mapping

Table 4-12 EXTI Interrupt Mapping

External interrupt/event line Mapping event description
Any one of the I/O ports Px0 to Px15 (x = A/B/C/D/E) can be enabled.
EXTIOYEXTI15
External interrupt/event functionality is used, configured via the AFIO_EXTICRXx register.
EXTI16 USBHS Wake-up Event
EXTI17 RTC alarm clock incident
EXTI18 SWPMI wake-up events
EXTI19 USBFSOTG Wake-up Event
EXTI20 USBPD Wake-up Event
EXTI21 ETH wake-up event
EXTI22 USBSS wake-up event
EXTI23 LPTIM1 wake-up event
EXTI24 LPTIM2 wake-up event
EXTI25 13C wake-up event
EXTI26 USART wake-up event
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4.7.4 EXTI Register Description

Table 4-13 List of EXTl-related registers

name Access Address Description: 0x40010400 Reset value
R32_EXTI_INTENR Interrupt Enable Register; 0x40010404 0x00000000
R32_EXTI_EVENR Event Enable Register; 0x40010408 0x00000000
R32_EXTI_RTENR Rising Edge Trigger Enable Register; 0x4001040C 0x00000000
R32_EXTI_FTENR Falling Edge Trigger Enable Register; 0x40010410 0x00000000
R32_EXTI_SWIEVR Soft Interrupt Event Register; 0x40010414 0x00000000
R32_EXTI_INTFR Interrupt Flag Register 0X0000XXXX

4.7.4.1 Interrupt Enable Register (EXTI_INTENR) Offset

Address: 0x00

31 3029 28 27262524232221 20 19 18 17 16
Reserved MR26 MR25 MF|224 MR8 MR22MR21 MR20 MR}9 MR1§ MR17 MR16
151413 12 11 10 9 8 7 6 5 4 3 2 1 0
MR15 MR14 MR13 MH12 MR11 MR10 MR9 MR8|MR7 MR6 MR5 IR4 MR$ MR2 MR1 MRO

Bit

name

access describe Reset value

[31:27] Reserved

RO is rgserved. 0

[26:0] MRx

Enable the interrupt request signal for external interrupt channel x:

RW 1: Enable interruption for this channel; 0

0: Disables interrupts on this channel.

4.7.4.2 Event Enable Register (EXTI_EVENR) Offset

Address: 0x04

31 3029 28 27262524232221 20 19 18 17 16
Reserved MR26 MR25 MF|224 MR8 MR22MR21 MR20 MR}9 MR1§ MR17 MR16
151413 12 11 10 9 8 7 6 5 4 3 2 1 0
MR15 MR14 MR13 MR12 MR11 MR10 MR9 MR8|MR7 MR6 MR5 YIR4 MR$ MR2 MR1 MRO

Bitname

access describe Reset value

[31:27] Reserved

RO is rgserved. 0

[26:0] MRx

Enable the event request signal for external interrupt channel x:
RW 1: Events that enable this channel; 0

0: Block events for this channel.

4.7.4.3 Rising edge triggered enable register (EXTI_RTENR)

offset address: 0x08

31 302928

27 26

2524 2322 20 19 18 17 16

Reserved

TR26 TR25 TR}$4 TR23[TR22 TR21 TR2¢ TR19 T|R18 TR}17 TR16

151413

12

11

10 9 8 7 6 5 4 3 2 1 0
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TR15 1|R14 TR13 TR12 TR11 TR}O TR9O TR8 TR7[TR6 TRY TR4 TRF TR2 Tiill TRO
Bit name access describe Reset value
[31:27] Reserved RO is re¢served. 0
Enable rising edge triggering of external interrupt channel x:
[26:0] TRx RW 1: Enable rising edge triggering for this channel; 0
0: Disable rising edge triggering for this channel.
4.7.4.4 Falling edge triggered enable register (EXTI_FTENR)
offset address: 0xOC
31 3029 28 27 26 2524 232221 20 19 18 17 16
Reserved TR26 Tl?25 TR34 TR23 TR22 TRR1 TR20|TR19 TH18 TR14 TR16
151413 12 11 10 9 8 7 6 5 4 3 2 1 0
TR15 1|R14 TR33 TR13 TR11 TRJLO TR9 TR8 TR7|TR6 TRY TR4 TR3 TR2 TIR1 TRO
Bit name access describe Reset value
[31:27] Reserved RO Retention 0
Enable falling edge triggering of external interrupt channel x:
[26:0] TRx RW 1: Enable falling edge triggering for this channel; 0
0: Disable falling edge triggering for this channel.
4.7.4.5 Offset address of the software interrupt event
register (EXTI_SWIEVR) : 0x10
31 30 2928 2726 2524232221 2019 18 17 16
R d SWIER |SWIER |SWIER |SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER
eserve
26 25 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SWIER |SWIER |SWIER |SWIER | SWIER |SWIER | SWIER | SWIER |SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit name access describe Reset value
[31:27] Reserved RO is reserved. 0
A soft interrupt is set on the corresponding external trigger interrupt dhannel.
The device is interrupted. Setting this bit will cause the interrupt flag to He set.
[26:0] SWIERX RW The corresponding bit (EXTI_INTFR) is set if interrupt is enabled. O
(EXTI_INTENR) or event enable (EXTI_EVENR) on
If it is started, then an interrupt or event will occur.
4.7.4.6 Interrupt Flag Register (EXTI_INTFR)
Offset address: 0x14
31 30 2928 27 262524232221 2019 18 17 16
V1.5 84




Machine Translated by Google

CH32H417 Series Application Manual

https://wch.cn

Reserved IF26 IFP5 IF24 1§23 IF22 IF21 IF20|IF19 IF14 IF17 IF1p
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IF15 IFpL4 IF13 1§12 IF11 ¥11 IF10(IF9 IF8 IR7 IF6 IFHIF5 IF4 IF3 IF2 IF IFO
Bit name access describe Reset value
[31:27] Reserved RO Regerved. 0

[26:0] IFx

RW1z

Interrupt flag, this bit indicates that a corresponding interrupt has oscurred.x

External interrupt. Writing 1 will clear this bit.

4.7.5 PFIC Register

Table 4-14 List of PFIC Related Registers

R32_PFIC_IPSR3

PFIC Interrupt Suspension Setting Register 3

name Access address describe Reset value
R32_PFIC_ISR1 OxEOO0E000 PFIC Interrupt Enable Status Register 1 0x0000032C
R32_PFIC_ISR2 OxE000E004 PFIC Interrupt Enable Status Register 2 0x00000000
R32_PFIC_ISR3 OxEO00E008 PFIC Interrupt Enable Status Register 3 0x00000000
R32_PFIC_ISR4 0xEO00EO0C PFIC Interrupt Enable Status Register 4 0x00000000
R32_PFIC_ISR5 OxE000E010 PFIC Interrupt Enable Status Register 5 0x00000000
R32_PFIC_IPR1 OxE000E020 PFIC Interrupt Suspension Status Register 1 0x00000000
R32_PFIC_IPR2 OxEOO0E024 PFIC Interrupt Suspension Status Register 2 0x00000000
R32_PFIC_IPR3 O0xEOOOE028 PFIC Interrupt Suspension Status Register 3 0x00000000
R32_PFIC_IPR4 OxE000E02C PFIC Interrupt Suspension Status Register 4 0x00000000
R32_PFIC_IPR5 OxEO00E030 PFIC Interrupt Suspension Status Register 5 0x00000000
R32_PFIC_ITHRESDR O0xEOOOE040 PFIC interrupt priority threshold configuration fregister 0x00000000
R32_PFIC_CFGR OxEOOOE048 PFIC Interrupt Configuration Register 0x00000000
R32_PFIC_GISR 0xEO00E04C PFIC Interrupt Global Status Register 0x00000000
R32_PFIC_VTFIDR O0xEOOOE050 PFIC VTF Interrupt ID Configuration Register OkXXXXXXXX
R32_PFIC_VTFADDRRO O0xEOOOEO060 PFIC VTF Interrupt 0 Offset Address Register OxXXXXXXXX
R32_PFIC_VTFADDRR1 OxEOOOE064 PFIC VTF Interrupt 1 Offset Address Register gxXXXXXXXX
R32_PFIC_VTFADDRR2 O0xEOOOE068 PFIC VTF Interrupt 2 Offset Address Register gxXXXXXXXX
R32_PFIC_VTFADDRR3 OXEO0OE06C PFIC VTF Interrupt 3 Offset Address Register gxXXXXXXXX
R32_PFIC_IENR1 OxEO00E100 PFIC Interrupt Enable Setting Register 1 0x00000000
R32_PFIC_IENR2 OxEO00E104 PFIC Interrupt Enable Setting Register 2 0x00000000
R32_PFIC_IENR3 OxEOOOE108 PFIC Interrupt Enable Setting Register 3 0x00000000
R32_PFIC_IENR4 OxEO000E10C PFIC Interrupt Enable Setting Register 4 0x00000000
R32_PFIC_IENR5 OXEOOOE110 PFIC Interrupt Enable Setting Register 5 0x00000000
R32_PFIC_IRER1 OxE000E180 PFIC interrupt enable clear register 1 0x00000000
R32_PFIC_IRER2 OxEOOOE184 PFIC interrupt enable clear register 2 0x00000000
R32_PFIC_IRER3 OXEOOOE188 PFIC interrupt enable clear register 3 0x00000000
R32_PFIC_IRER4 OxEQ00E18C PFIC interrupt enable clear register 4 0x00000000
R32_PFIC_IRER5 OxEOOOE190 PFIC interrupt enable clear register 5 0x00000000
R32_PFIC_IPSR1 O0xEOOO0E200 PFIC Interrupt Suspension Setting Register 1 0x00000000
R32_PFIC_IPSR2 OxEO00E204 PFIC Interrupt Suspension Setting Register 2 0x00000000
O0xEOO0E208 0x00000000
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R32_PFIC_IPSR4 OxE000E20C PFIC Interrupt Suspension Setting Register 4 0x00000000
R32_PFIC_IPSR5 OxEOO00E210 PFIC Interrupt Suspension Setting Register 5 0x00000000
R32_PFIC_IPRR1 OxEOOOE280 PFIC interrupt pending clear register 1 0x00000000
R32_PFIC_IPRR2 OxEOOOE284 PFIC interrupt pending clear register 2 0x00000000
R32_PFIC_IPRR3 OxEOOOE288 PFIC interrupt suspend clear register 3 0x00000000
R32_PFIC_IPRR4 OXEO00E28C PFIC interrupt pending clear register 4 0x00000000
R32_PFIC_IPRR5 O0xEOOO0E290 PFIC interrupt pending clear register 5 0x00000000
R32_PFIC_IACTR1 OxE000E300 PFIC Interrupt Activation Status Register 1 0x00000000
R32_PFIC_IACTR2 OxEO000E304 PFIC Interrupt Activation Status Register 2 0x00000000
R32_PFIC_IACTR3 OxE000E308 PFIC Interrupt Activation Status Register 3 0x00000000
R32_PFIC_IACTR4 OxE000E30C PFIC Interrupt Activation Status Register 4 0x00000000
R32_PFIC_IACTR5 OXEOOOE310 PFIC Interrupt Activation Status Register 5 0x00000000
R32_PFIC_IPRIORX OxEO000E400 PFIC Interrupt Priority Configuration Register 0x00000000
R32_PFIC_IALLOCRx OxEO0OE600 PFIC Interrupt Allocation Register OXXXXXXXXX
R32_PFIC_IAUTR1 OxEO000E700 PFIC Interrupt Handler Register 1 OXFFFFFFFF
R32_PFIC_IAUTR2 OxEO000E704 PFIC Interrupt Handler Register 2 OXXXXXXXXX
R32_PFIC_IAUTR3 OxE000E708 PFIC Interrupt Handler Register 3 OXXXXXXXXX
R32_PFIC_IAUTR4 OxE000E70C PFIC Interrupt Handler Register 4 OXXXXXXXXX
R32_PFIC_IAUTR5 OXEOOOE710 PFIC Interrupt Handler Register 5 OXXXXXXXXX
R32_PFIC_WAKEIPO OxEO000E720 PFIC Wake-up Instruction Pointer Register 0 0x00000001
R32_PFIC_WAKEIP1 OxEO000E724 PFIC Wake-up Instruction Pointer Register 1 0x00000000
R32_PFIC_CSTARO OXEOOOE780 PFIC kernel status register 0 0x00000000
R32_PFIC_CSTAR1 OxEQ00E784 PFIC kernel status register 1 0x00000000
R32_PFIC_EENR OxEO0OEC80 PFIC Event Enable Register OXFFFFFFFF
R32_PFIC_EPR OXEOOOEC84 PFIC Event Suspension Register 0x00000000
R32_PFIC_EWUPR OxE000EC88 PFIC Event Wake-up Register 0x00000000
R32_PFIC_SCTLR OxEO00ED10 PFIC System Control Register 0x00000000

Note: 1. NMI, HardFault, ECALL-M, ECALL-U, and BREAKPOINT interrupts are always enabled by default.
2. ECALL-M, ECALL-U, BREAKPOINT EXC EXC bit3 fhid\i/h JaXCnRetp B dnt 8L B Sine REASIOR faarBg ke Selting.
operations, but do not support interrupt enable clearing and setting operations.

4. ECALL-M, ECALL-U, and BREAKPOINT do not support interruption suspension clearing and setting, or interruption enable clearing and setting operations.

4.7.5.1 PFIC Interrupt Enable Status Register 1 (PFIC_ISR1) Offset

Address: 0x00

31 30 292827 262524232221 2019 18 17 16
INTENSTA[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INTEN | INTEN | INTEN | INTEN INTEN | INTEN INTEN |Reser INTEN | INTEN
Reserved Reserved Reserved
STA15 | STA14 | STA13 | STA12 STA9 STA8 STAS ved STA3 STA2
Bit name access Reset value
Description of the current enabled state of interrupts 12#-31#.
[31:12] INTENSTA RO 0
1: Interruption for the current number is enabled;
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0: The current number is interrupted and not enabled.
[11:10] Reserved RO is reserved. 0
8#-9# interrupt the current enabled state.
[9:8] INTENSTA RO 1: Interruption for the current number is enabled; 0x3
0: The current number is interrupted and not enabled.
[7:6] Reserved RO is reserved. 0
#5 interrupts the current enabled state.
5 INTENSTA RO 1: Interruption for the current number is enabled; 1
0: The current number is interrupted and not enabled.
4 Reserved RO is reserved. 0
2#-3# interrupt the current enabled state.
[3: 2] INTENSTA RO 1: Interruption for the current number is enabled; 0x3
0: The current number is interrupted and not enabled.
[1:0] Reserved RO is reserved. 0

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.2 PFIC Interrupt Enable Status Register 2 (PFIC_ISR2) Offset
Address: 0x04

31 30 292827262524232221 2019 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 Reset value

Description of the current enabled state of interrupts 32#-63#.

[31:0] INTENSTA RO

1: Interruption for the current number is enabled; O

0: The current number is interrupted and not enabled.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.3 PFIC Interrupt Enable Status Register 3 (PFIC_ISR3) Offset
Address: 0x08

31 30 2928 27262524232221 2019 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 Reset value

Description of the current enabled state of interrupts 64#-95#.

[31:0] INTENSTA RO

1: Interruption for the current number is enabled; 0

0: The current number is interrupted and not enabled.
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Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.4 PFIC Interrupt Enable Status Register 4 (PFIC_ISR4) Offset
Address: 0x0C

31 30 2928 27 26 2524232221 2019 18 17 16
INTENSTA[127:112]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INTENSTA[111:96]
Bit name access Reset value
Description of the current enabled state of interrupts 96#-127#.
[31:0] INTENSTA RO 1: Interruption for the current number is enabled; 0
0: The current number is interrupted and not enabled.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.5 PFIC Interrupt Enable Status Register 5 (PFIC_ISR5) Offset
Address: 0x10

31 30 292827262524232221 2019 18 17 16
Reserved INTENSTA[148:144]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INTENSTA[143:128]
Bitname access describe Reset value
[31:21] Reségrved RO is reserved. 0
128#-148# interrupt the current enabled state.
[20:0] INTENSTA RO 1: Interruption for the current number is enabled; 0
0: The current number is interrupted and not enabled.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.6 PFIC Interrupt Suspension Status Register 1 (PFIC_IPR1)

Offset Address: 0x20

31 30 292827 262524232221 2019 18 17 16
PENDSTA [31:16]

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

PENDS|PENDS|PENDS|PENDS PENDS|PENDS PENDS|Reser |PENDS|PENDS
Reserved Reserved Reserved
TA15 | TA14 | TA13 | TA12 TA9 TA8 TAS5 ved TA3 TA2
Bit name access describe Reset value
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12#-31# Interrupt the current suspended state.
[311 12] PENDSTA RO 1: The current number is interrupted and has been suspended; 0

0: The current number is interrupted and not suspended.

[11:10] Reserved RO is reserved. 0

8#-9# interrupt the current suspended state.
[9: 8] PEN DSTA RO 1: The current number is interrupted and has been suspended; 0

0: The current number is interrupted and not suspended.

[7:6] Reserved RO is relserved. 5# 0

Interrupts the current suspended state.

5 PEN DSTA RO 1: The current number is interrupted and has been suspended; 0

0: The current number is interrupted and not suspended.

4 Reserved RO is reserved. 0

2#-3# interrupt the current suspended state.
[3: 2] PEN DSTA RO 1: The current number is interrupted and has been suspended; 0

0: The current number is interrupted and not suspended.

[1:0] Reserved RO is reserved. 0

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.7 PFIC Interrupt Suspension Status Register 2 (PFIC_IPR2)
Offset Address: 0x24

31 30 292827 262524232221 2019 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 describe Reset value

32#-63# interrupt the current suspended state.
[31:0] PENDSTA RO 1 The current number is nterrupted and has been suspended; 0

0: The current number is interrupted and not suspended.

4.7.5.8 PFIC Interrupt Suspension Status Register 3 (PFIC_IPR3)
Offset Address: 0x28

31 30 292827 262524232221 2019 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 Reset value

Description of the current suspended state of interrupts 64#-95#.

[31:0] PENDSTA RO 1: The current number is interrupted and has been suspended; 0

0: The current number is interrupted and not suspended.
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4.7.5.9 PFIC Interrupt Suspension Status Register 4 (PFIC_IPR4)
Offset Address: 0x2C

31 30 292827 262524232221 2019 18 17 16
PENDSTA[127:112]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PENDSTA [111:96]
Bit name access Reset value
Description of the current suspended state of interrupts 96#-127#.
[310] PENL STA RO 1: The current number is interrupted and has been suspended; 0
0: The current number is interrupted and not suspended.
4.7.5.10 PFIC Interrupt Suspension Status Register 5 (PFIC_IPR5)
Offset Address: 0x30
31 30 292827 262524232221 2019 18 17 16
Reserved INTENSTA[148:144]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INTENSTA[143:128]
Bit name access describe Reset value
[31:21] Resdrved RO Retention 0
128#-148# interrupt the current suspended state.
[20 0] PENDSTA RO 1: The current number is interrupted and has been suspended; 0
0: The current number is interrupted and not suspended.

4.7.5.11 PFIC Interrupt Priority Threshold Configuration Register
(PFIC_ITHRESDR) Offset Address: 0x40

313029282726252423222120191817161514131211109876543210

Reserved THRESHOLD[7:0]
Bit name access describe Reset value
[31:8] Resefved RO is reserved. 0
Interrupt priority threshold setting value.
Interrupts with a priority lower than the set threshold are suspended.
Interrupt service is not executed when this register is 0; when this register is 0, it indicates that interrupt service is not exgcuted.
[7:0] THRESHOLD RW 0
The threshold register function is invalid.
[7:4]: Priority threshold;
[3:0]: Reserved, fixed at 0.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it
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4.7.5.12 PFIC Interrupt Configuration Register (PFIC_CFGR)
Offset Address: 0x48

31 3029 28 27 26 252423 e e 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 SYSRST Reserved
Bit name access The Reset value
description key controls the keyword; it is valid when writing to beef, otherwise the operation has no effect.
[31:16] KEYCODE[15:0] WO
effect.
[15:8] Reseryed RO is feserved. 0
The reset register is written to OXBEEF0080 during system reset.
7 SYSRST wo The other values are invalid. 0
Note: This hasRfrd €anB@iRkHRn as the SYSRST bit in the register.
[6:0] Reserved RO is fleserved. 0

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.13 PFIC Interrupt Global Status Register (PFIC_GISR)
Offset Address: 0x4C

31 30 292827 262524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EX STATE LOCK | pBGg | GLOB | Rese | GPEN | GACT
B - NESTSTA [7:0]
[1:0] _UP MODE| | |E rved DSTA | STA
Bit name access describe Reset value
[31:16] Resenved RO (Reserved). 0
Kernel status register, used to obtain the kernel's running status.
state
00: Running;
[15:14] EX_STATE[1:0] RO 0
01: Light sleep;
10: Deep sleep;
11: Deep sleep (locked).
The kernel lock status register is used to query whether the kernel is locked.
Itis in alocked state.
13 LOCK_UP RO 0
1: Lock;
0: Not locked.
The kernel debug mode register is used to check if the kernel is in debug mode.
12 DBG_MODE RO In debug mode 0
1: The kernel is in debug mode;
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0: The kernel is in non-debug mode.

The kernel global interrupt enable register is used to query the kernjel.
Is global interrupt enabled?
11 GLOBL_IE RO 0
1: Enable kernel global interrupts;

0: Kernel global interrupt enable is disabled.

10 Reserved RO is reserved. 0
Is there any interruption currently pending?

9 GPENDSTA RO 0
1: Yes; 0: No.
Are there any interrupts being executed at present?

8 GACTSTA RO 0

1: Yes; 0: No.

The current interrupt nesting state is used to query kernel interrypts.

_‘
o

[7:0] NESTSTA RO Nested state. Same as the INEST_CTLR register in the CSR register.

The register nest_sta is a bit.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.14 PFIC VTF Interrupt ID Configuration Register (PFIC_VTFIDR)

Offset address: 0x50

31 30 29 28 27 26 252423 e — 20 19 18 17 16
VTFID3 VTFID2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VTFID1 VTFIDO
Bit name access describe Reset value
[31:24] VTFID3 RW configures the interrupt number for VTF interrupt 3. X
[23:16] VTFID2 RW configures the interrupt number for VTF interrupt 2. X
[15:8] VTFID1 RW configures the interrupt number for VTF interrupt 1. X
[7:0] VTFIDO RW configures the interrupt number for VTF interrupt 0. X

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.15 PFIC VTF Interrupt 0 Address Register (PFIC_VTFADDRRO)
Offset address: 0x60

31 30 292827262524232221 2019 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] VTFOEN
Bit name access describe Reset value
[31:1] ADDRO RW VTF Interrupt 0 Service Routine Address bits [31:1]. X

VTF Interrupt O Enable Bit:
0 VTFOEN RW 0

1: Enable VTF interrupt channel O;
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| | 0: Off.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.16 PFIC VTF Interrupt 1 Address Register (PFIC_VTFADDRR1) Offset
Address: 0x64

31 30 292827 262524232221 2019 18 17 16
ADDR1[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADDR1[15:1] VTF1EN
name access describe Reset value
Position [31:1] | ADDR1 RW VTF Interrupt 1 Service Routine Address bit[31:1]. X
VTF Interrupt 1 Enable Bit:
0 VTF1EN RW 1: Enable VTF interrupt channel 1; 0
0: Off.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.17 PFIC VTF Interrupt 2 Address Register (PFIC_VTFADDRRZ2) Offset

Address: 0x68

31 30 292827 262524232221 2019 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] VTF2EN
Bit name access describe Reset value
[31:1] ADDR2 RW VTF Interrupt 2 Service Routine Address bit[31:1]. X
VTF Interrupt 2 Enable Bit:
0 VTF2EN RW 1: Enable VTF interrupt channel 2; 0
0: Off.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.18 PFIC VTF Interrupt 3 Address Register (PFIC_VTFADDRR3) Offset

Address: 0x6C

31 30 29 28 27 26 25 24 23 22 21 2019 1817 16
ADDR3[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADDR3[15:1] VTF3EN
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Bit name access describe Reset value
[31:1] ADDR3 RW VTF interrupt 3 service routine address bits[31:1]. X

VTF Interrupt 3 Enable Bit:
0 VTF3EN RW 1: Enable VTF interrupt channel 3; 0
0: Off.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.19 PFIC Interrupt Enable Setting Register 1 (PFIC_IENR1) Offset
Address: 0x100

31 30 29 2827 262524232221 20 19 18 17 16

INTEN[31:16]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INTEN1H INTEN14INTEN13INTEN12 Reserved
Bit name access Describe Reset value

the interrupt enable control for #12-#31.

[31: 12] INTEN wo 1: Interruption enabled for the current number; 0
0: No effect.
[11:0] Resefved RO is reserved. 0

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.20 PFIC interrupt enable setting register 2 (PFIC_IENR2) offset
address: 0x104

31 30 292827 262524232221 2019 18 17 16

INTEN[63:48]

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

INTEN[47:32]

Bit name access Reset value

Describe the interrupt enable control for 32#-63#.

[3150] INTEN wo 1: Interruption enabled for the current number; 0

0: No effect.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.21 PFIC interrupt enable setting register 3 (PFIC_IENRS3) offset
address: 0x108

31 30 292827 262524232221 2019 18 17 16

INTEN[95:80]
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

INTEN[79:64]

Bit name access Reset value

Describe the interrupt enable control for 64#-95#.
[310] INTEN WO 1: Interruption enabled for the current number; 0

0: No effect.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.22 PFIC interrupt enable setting register 4 (PFIC_IENR4) offset
address: 0x10C

31 30 292827262524232221 2019 18 17 16

INTEN[127:112]

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

INTEN[111:96]

Bit name access Reset value

Describe the interrupt enable control for 96#-127#.
[310] INTEN WO 1: Interruption enabled for the current number; O

0: No effect.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.23 PFIC interrupt enable setting register 5 (PFIC_IENRS5) offset
address: 0x110

31 30 292827 262524232221 2019 18 17 16
Reserved INTEN[148:144]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

INTEN[143:128]

Bit name access describe Reset value

[31:21] Reserved RO is reserved. 0

Interrupt enable control for 128#-148#.
[2010] INTEN wo 1: Interruption enabled for the current number; O

0: No effect.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.24 PFIC interrupt enable clear register 1 (PFIC_IRER1) offset
address: 0x180
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31 3029 2827 262524232221 20 19 18 17 16

INTRSET[31:16]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INTRS | INTRS | INTRS | INTRS
Reserved
ET15 ET14 ET13 ET12
Bit name access Reset value

Description of interrupt shutdown control for 12#-31#.
[31: 12] INTH SET wo 1: The current number is interrupted and closed; 0

0: No effect.

[11:0] Reserved RO is reserved. 0

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.25 PFIC interrupt enable clear register 2 (PFIC_IRER?2) offset
address: 0x184

31 30 2928 27262524232221 2019 18 17 16

INTRSET[63:48]

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

INTRSET[47:32]

Bit name access describe Reset value

Interrupt shutdown control for 32#-63#.
[310] INTRSET wo 1: The current number is interrupted and closed; 0

0: No effect.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.26 PFIC interrupt enable clear register 3 (PFIC_IRER3) offset
address: 0x188

31 30 292827262524232221 2019 18 17 16

INTRSET[95:80]

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

INTRSET[79:64]

Bit name access Reset value

Description of interrupt shutdown control for 64#-95#.

[310] INTRSET WO 1: The current number is interrupted and closed; 0
0: No effect.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it
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4.7.5.27 PFIC interrupt enable clear register 4 (PFIC_IRER4) offset

address: 0x18C

31 30 2928 27 26 2524232221 2019 18 17 16

INTRSET[127:112]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INTRSET[111:96]
Bit name access Reset value
Description of interrupt shutdown control for 96#-127#.
[31:0] INTRSET wo 1: The current number is interrupted and closed; 0
0: No effect.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.28 PFIC interrupt enable clear register 5 (PFIC_IRERS5) offset

address: 0x190

31 30 292827 262524232221 2019 18 17 16
Reserved INTRSET[148:144]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INTRSET[143:128]
Bitname access describe Reset value
[31:21] Researved RO is fleserved. 0
Interrupts 128#-148# disable control.
[200] INTRSET wo 1: The current number is interrupted and closed; 0
0: No effect.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.29 PFIC Interrupt Suspension Setting Register 1 (PFIC_IPSR1)
Offset Address: 0x200

31 3029 2827 262524232221 20 19 18 17 16
PENDSET[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PEND | PEND | PEND | PEND PEND | PEND PEND | Rese | PEND | PEND
Reserved Reserved Reserved
SET15 | SET14 | SET13 | SET12 SET9 | SET8 SET5 | rved | SET3 | SET2
Bit name access The Reset value
interrupt suspension settings for 12#-31# are described, while 13# and 15# are reserved.
[31:12] PENDSET WO
1: The current number is interrupted and suspended;
97 WH
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0: No effect.

[11:10] Reserved RO resgrved. 0

8#-9# Interrupt suspension settings.

[98] PENDSET RO 1: The current number is interrupted and suspended; 0
0: No effect.
[7:6] Reserved RO reserved. 5# 0

Interrupt suspension setting.

5 PENDSET RO 1: The current number is interrupted and suspended; 0
0: No effect.
4 Reserved RO is reserved. 0
2#-3# interrupt suspension settings.
[3:2] PENDSET wo 1: The current number is interrupted and suspended; 0
0: No effect.
[1:0] Reserved RO is reserved. 0

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.30 PFIC Interrupt Suspension Setting Register 2 (PFIC_IPSR2)
Offset Address: 0x204

31 30 292827262524232221 2019 18 17 16

PENDSET[63:48]

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

PENDSET[47:32]

Bit name access Describe Reset value

the interrupt suspension settings for 32#-63#.

[310] PENDSET wo 1: The current number is interrupted and suspended; 0

0: No effect.

4.7.5.31 PFIC Interrupt Suspension Setting Register 3 (PFIC_IPSR3)
Offset Address: 0x208

31 30 292827262524232221 2019 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 describe Reset value

64#-95# Interrupt suspension settings.
[310] PENI SET wo 1: The current number is interrupted and suspended; 0

0: No effect.

4.7.5.32 PFIC Interrupt Suspension Setting Register 4 (PFIC_IPSR4)
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Offset address: 0x20C

31 30 292827 262524232221 2019 18 17 16
PENDSET[127:112]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PENDSET[111:96]
Bit name access Describe Reset value
the interrupt suspension settings for 96#-127#.
[310] PEN[ SET WO 1: The current number is interrupted and suspended; 0
0: No effect.
4.7.5.33 PFIC Interrupt Suspension Setting Register 5 (PFIC_IPSR5)
Offset Address: 0x210
31 30 2928 27 26 2524 2322 21 2019 18 17 16
Reserved PENDSET[148:144]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PENDSET[143:128]
Bit name access describe Reset value
[31:21] Reserved RO is reserved. 0
Interrupt suspension settings for 128#-148#.
[200] PEN[ SET wo 1: The current number is interrupted and suspended; 0
0: No effect.
4.7.5.34 PFIC Interrupt Suspension Clear Register 1 (PFIC_IPRR1)
Offset Address: 0x280
31 3029 2827 26 2524232221 20 19 18 17 16
PENDRST[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PEND PEND PEND PEND PEND PEND PEND | Rese PEND PEND
Reserved Reserved Reserved
RST15 RST14 RST13 RST12 RST9 RST8 RST5 rved RST3 RST2
Bit name access Reset value
Description: 12#-31# interrupted and suspended, cleared; 13# and 154 retained.
[3112] PEN DRST WO 1: The current number is interrupted and the suspended status is cleared; 0
0: No effect.
[11:10] Reserved RO is reserved. 8#-9# 0
interrupted and suspended, then cleared.
[9: 8] PENDRST RO 1: The current number is interrupted and the suspended status is cleared; 0
0: No effect.
V15 99 WH




Machine Translated by Google

CH32H417 Series Application Manual httpS :llwch.cn

[7:6] Reserved RO is reserved. 0

5# Interruption suspension cleared.

5 PENDRST RO 1: The current number is interrupted and the suspended status is cleared; 0
0: No effect.
4 Reserved RO is reserved. 2#-3# 0

interrupted and suspended, then cleared.

[3: 2] PENDRST wo 1: The current number is interrupted and the suspended status is cleared; 0
0: No effect.
[1:0] Reserved RO is feserved. 0

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.35 PFIC Interrupt Suspension Clear Register 2 (PFIC_IPRR2)
Offset Address: 0x284

31 30 292827 262524232221 2019 18 17 16

PENDRST[63:48]

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

PENDRST[47:32]

Bit name access Reset value

Description of interruption suspension clearing for 32#-63#.

[31 0] PEN[ RST wo 1: The current number is interrupted and the suspended status is cleared; 0

0: No effect.

4.7.5.36 PFIC Interrupt Suspension Clear Register 3 (PFIC_IPRR3)
Offset Address: 0x288

31 30 2928 27 262524232221 2019 18 17 16

PENDRST[95:80]

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

PENDRST[79:64]

Bit name access Description Reset value

of interruption suspension and clearing for 64#-95#.

[31 0] PEN[ RST wo 1: The current number is interrupted and the suspended status is cleared; 0

0: No effect.

4.7.5.37 PFIC Interrupt Suspension Clear Register 4 (PFIC_IPRR4)
Offset Address: 0x28C

31 30 292827262524232221 2019 18 17 16

PENDRST[127:112]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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PENDRST[111:96]

Bit name access describe Reset value

96#-127# Interruption suspension cleared.
[310] PEN )SET WO 1: The current number is interrupted and the suspended status is cleared; 0

0: No effect.

4.7.5.38 PFIC Interrupt Suspension Clear Register 5 (PFIC_IPRR5)
Offset Address: 0x290

31 30 2928 27 26 2524 2322 21 2019 18 17 16
Reserved PENDRST[148:144]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PENDRST[143:128]

Bitname access describe Reset value

[31:21] Reserved RO is regerved. 0

128#-148# interrupted and suspended, then cleared.
[200] PEN )SET WO 1: The current number is interrupted and the suspended status is cleared; 0

0: No effect.

4.7.5.39 PFIC Interrupt Activation Status Register 1 (PFIC_IACTR1)
Offset address: 0x300

31 30 29 2827262524232221 20 19 18 17 16

IACTS[31:16]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IACTS194 IACTS14 IACTS13 IACTS1] Reserved IACTSB IACTSR Reserved
Bit name access Describe Reset value
the execution status of interrupts 12#-31#, while 13# and 15# are reserved.
[31 12] IACTS RO 1: The current number is currently being interrupted during execution; 0
0: The current number was interrupted and not executed.
[11:4] Reserved RO is reserved. 0
2#-3# are in an interrupted execution state.
[3:2] IACTS RO 1: The current number is currently being interrupted during execution; 0
0: The current number was interrupted and not executed.
[1:0] Reserved RO is reserved. 0

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.40 PFIC Interrupt Activation Status Register 2 (PFIC_IACTR2)
Offset Address: 0x304
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31 30 292827262524232221 2019 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 Describe Reset value
the execution status of interrupts 32#-63#.
[31 O] IACTS RO 1: The current number is currently being interrupted during execution; O
0: The current number was interrupted and not executed.
4.7.5.41 PFIC Interrupt Activation Status Register 3 (PFIC_IACTR3)
Offset Address: 0x308
31 30 292827262524232221 2019 18 17 16
IACTS[95:80]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IACTS[79:64]
Bit name access describe Reset value
64#-95# are in an interrupted execution state.
[31 O] IACTS RO 1: The current number is currently being interrupted during execution; 0
0: The current number was interrupted and not executed.
4.7.5.42 PFIC Interrupt Activation Status Register 4 (PFIC_IACTR4)
Offset Address: 0x30C
31 30 292827262524232221 2019 18 17 16
IACTS[127:112]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IACTS[111:96]
Bit name access Describe Reset value
the execution status of interrupts 96#-127#.
[31 O] IACTS wo 1: The current number is currently being interrupted during execution; 0
0: The current number was interrupted and not executed.
4.7.5.43 PFIC Interrupt Activation Status Register 5 (PFIC_IACTRS5)
Offset Address: 0x310
31 30 292827262524232221 2019 18 17 16
Reserved IACTS[148:144]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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IACTS[143:128]

Bit name access describe Reset value

[31:21] Reseryved RO is reserved. 0

128#-148# are in an interrupted execution state.

[20:0] IACTS wo

1: The current number is currently being interrupted during execution; 0

0: The current number was interrupted and not executed.

4.7.5.44 PFIC Interrupt Priority Configuration Register (PFIC_IPRIORX) (x=0-63) Offset address:

0x400-0x4FF The controller

supports 256 interrupts (0-255), and each interrupt uses 8 bits to set the control priority.

31 242 16 15 87 0
IPRIOR63 PRIO_255 PRIO_254 PRIO_253 PRIO_252
IPRIORx PRIO_§4x+3y PRIO_y4x+2§ PRIO_§4x+1§ PRIO_y4xy
IPRIORO PRIO_3 PRIO_2 PRIO_1 PRIO_0O
Bit name access describe Reset value
[2047:2040] IP_255 RW is the same as IP_0. 0
[31:24] IP_3 RW is the same as IP_0. 0
[23:16] P 2 RW is the same as IP_0. 0
[15:8] IP_1 RW is the same as IP_0. 0

Interrupt priority configuration for number 0:
[7:4]: Priority control bit; the smaller the value, the higher the prigrity.
The higher the level, the more the preemption bit is controlled by the CSR regigter.
preempt (control).

When the preempt register value is 0, there is no preemption.
When the preemept register value is 1, bit 7 is preemptiye.
Bit.
When the preempt register value is 2, bits 7-6 are preemptive.

[7:0] IP_O RW 0
Placeholder.
When the preempt register value is 3, bits 7-5 are preemptiye.

Placeholder.

The V3F kernel supports a maximum of 2 levels of nesting. When the nesting is f

Unable to continue the assault.
The V5F kernel supports a maximum of 8 levels of nestirg.

It can be configured, but cannot preempt when the nesting is full.

The [3:0] bits are fixed at 0.

Note: This register is a kernel-private register, meaning that multiple sets of peripherals may exist with the same function, but their data is independent and cannot be shared with other kernels.
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Registers accessed or modified by the kernel are only accessible at the same address as the kernel.

4.7.5.45 PFIC Interrupt Allocation Register (PFIC_IALLOCRX) (x=0-63) Offset
Address: 0x600-0x6FF

31 2428 16 16 87 0
IALLOCE3 IALLOC_255 IALLOC_254 IALLOC_253 IALLOC_252
IALLOCX IALLOC_(4x+3) IALLOC_(4x+2) IALLOC_(4x+1) IALLOC_(4x)

IALLOCO IALLOC_3 IALLOC_2 IALLOC_1 IALLOC_0
Bit name access describe Reset value

[2047:2040] IALLQC_255 RW is the same as IALLOC_32. X

[263:256] IALLOC_33 RW is described as IALLOC_32. X

Interrupt allocation register number 32 exists in this system.
Two kernels, only bit 0 is configurable; when this interrupt...
When the ENA is enabled by a kernel, this register automatically]..
[255:248] IALLOC_32 RW The kernel ID is dynamically updated to operate on the ENA register. X
value.

1: This interrupt is assigned to C1 for processing;

0: This interrupt is assigned to CO for processing.

[247:240] IALLOC_31 RO is gdescribed as IALLOC_O. X
[31:24] IALLOC_3 RO is the same as IALLOC_O0. X
[23:16] IALLOC_2 RO is described as IALLOC_O. X
[15:8] IALLOC_1 RO is described as IALLOC_O. X

Interrupt allocation number 0:
This system has two kernels, but only the Oth kernel is configurahle.
[7:0] IALLOC_0O RO The CO kernel read value is 0, and the C1 kernel read value is 1 X

1: This interrupt is assigned to C1 for processing;

0: This interrupt is assigned to CO for processing.

4.7.5.46 PFIC Interrupt Handler Register 1 (PFIC_IAUTR1) Offset
Address: 0x700

31 30 29 28 27 26 2524 2322 21 2019 18 17 16
IAUT[31:16]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IAUT[15:0]
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Bit name access describe Reset value
Interrupt 31#-0# allocates all registers for polling.
Whether an interrupt is assigned to a response from this kernel. OxFFFFF
[31:0] IAUT RO
1: Interrupts are assigned to this kernel; FFF
0: Interrupts have not been assigned to this kernel.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.47 PFIC Interrupt Handler Register 2 (PFIC_IAUTR2) Offset
Address: 0x704

31 30 292827 262524232221 2019 18 17 16
IAUT[63:48]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IAUT[47:32]
Bit name access Describe Reset value
the allocation of all registers for interrupts 32#-63#, used for checking...
Check if an interrupt is assigned to a response from this kernel.
[31:0] IAUT RO X
1: Interrupts are assigned to this kernel;
0: Interrupts have not been assigned to this kernel.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.48 PFIC Interrupt Handler Register 3 (PFIC_IAUTR3) Offset
Address: 0x708

31 30 292827 262524232221 2019 18 17 16
IAUT[95:80]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IAUT[79:64]
Bit name access Reset value
Description of interrupts 64#-95#: All registers are allocated for querying.
Check if an interrupt is assigned to a response from this kernel.
[31:0] IAUT RO X
1: Interrupts are assigned to this kernel;
0: Interrupts have not been assigned to this kernel.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.49 PFIC Interrupt Handler Register 4 (PFIC_IAUTR4) Offset
Address: 0x70C

31 30 292827 262524232221 2019 18 17 16
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IAUT[127:112]

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

IAUT[111:96]

Bit name access The Reset value

description describes the allocation of all registers for interrupts 96#-127#, used for querying.
Check if an interrupt is assigned to a response from this kernel.
[31:0] IAUT RO X
1: Interrupts are assigned to this kernel;

0: Interrupts have not been assigned to this kernel.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.50 PFIC Interrupt Handler Register 5 (PFIC_IAUTR5) Offset
Address: 0x710

31 30 292827 262524232221 2019 18 17 16
Reserved I1AUT[148:144]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

IAUT[143:128]

Bit name access describe Reset value

[31:21] Resefved RO is reserved. 0

All registers are allocated for interrupts 128#-148# for use in...
Check if an interrupt is assigned to a response from this kernel.
[20:0] IAUT RO X
1: Interrupts are assigned to this kernel;

0: Interrupts have not been assigned to this kernel.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.51 PFIC Wake-up Instruction Pointer Register 0 (PFIC_WAKEIPO0) Offset
Address: 0x720

31 30 292827262524232221 2019 18 17 16

IP_RELOADO[30:15]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SHUTD
IP_RELOADO[14:0]
OWNO
Bit name access Reset value

Describes the PC address register during kernel CO wake-up, tsed for...
[31:1] IP_RELOADO RW 0

Reloading of PC value after electrical wake-up and reset wake-up.

Kernel CO deep sleep (lock) cancel register, using
0 SHUTDOWNO RW 1

The internal system enters a deep sleep (locked) state after power-gn.
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The core is unlocked, allowing it to be woken up by time:
1: Lock;
0: Unlock.

4.7.5.52 PFIC Wake-up Instruction Pointer Register 1 (PFIC_WAKEIP1)
Offset Address: 0x724

31 30 2928 27 26 2524 2322 21 2019 18 17 16
IP_RELOAD1[30:15]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SHUTD
IP_RELOAD1[14:0]
OWN1
Bit name access describe Reset value
Kernel C1 wake-up PC address register, used for power-on
[31:1] IP_RELOAD1[30:0] RW 0
Wake-up and reset: Reload PC value after wake-up.
Kernel C1 sleep (lock) cancel register, used for
The kernel enters a deep sleep (locked) state after power-on.
0 SHUTDOWN1 RW Cancel the lock and allow wake-up by time: 0
1: Lock;
0: Unlock.
4.7.5.53 PFIC kernel status register 0 (PFIC_CSTARO) offset
address: 0x780
3130 29 28 27 26 25 24232221 2019 18 17 16
Reserved
151413 12 11 10 9 8 76 5 4 3 2 1 0
CPU_ |CPU_d|CPU_g CPU_i | CPU_ir
CPU_ex Reser
~ 7 |lock bg_mo| lobl r e act CPU_nest_sta_0
state_0 - 9 - ved 9P C_L - -
up_0 | de O ie 0 nd_0 ive_0
Bit name access describe Reset value
[31:16] Reserved RO is reserved. The 0
kernel CO status register is used to obtain kernel CO status informatign.
Operating status
00: Running;
[15:14] CPU_ex_state_0 RO 0
01: Light sleep;
10: Deep sleep;
11: Deep sleep (locked).
The kernel CO lock status register is used to query the internal..]
Is core COin alocked state?
13 CPU_lock_up_0 RO 0
1: Lock;
0: Not locked.
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The kernel CO debug mode register is used to query the kernel.
Is core CO in debug mode?

12 CPU_dbg_mode_ 0 RO 0
1: The kernel is in debug mode;

0: The kernel is in non-debug mode.

The kernel CO global interrupt enable register is used to check..
Inquire whether global interrupts are enabled in kernel CO:

11 CPU_globl_ie 0 RO 0
1: Enable kernel global interrupts;

0: Kernel global interrupt enable is disabled.

10 Reserved RO is reserved. 0

The kernel CO interrupt pending flag register is used to check..
Check kernel CO for any unhandled interrupts:

9 CPU_irg_pend_0 RO 0
1. There are unhandled interrupts in the kernel;

0: There are no unhandled interrupts in the kernel.

The kernel CO interrupt active flag register is used to check..
Query kernel CO to see if it is handling an interrupt.
8 CPU_irq_active 0 RO 0

1: The kernel is processing an interrupt;

0: The kernel did not handle the interrupt.

The kernel CO interrupt nesting status register is used for queryirng...

_,
o

[7:0] CPU_nest_sta_0 RO Nested state of kernel CO interrupts. Same as CSR register.

The nest_sta bit of the INEST_CTLR register.

4.7.5.54 PFIC kernel status register 1 (PFIC_CSTAR1) offset address:

0x784

3130 29 28 27 26 25 24232221 2019 18 17 16

Reserved

151413 12 11 10 9 8 7 6 5 4 3 2 1 0

CPU_| |cPu d |CPU g
CPU ex Reser
- ock_ |bg_mo | lobl_
state_1 ved
up_1 de_1 ie 1 nd_1 ve_1

CPU_i |cPuU_ir
rg_pe |qg_acti CPU_nest_sta_1

Bitname access describe Reset value

[31:16] Resefved RO Reserved. 0

Kernel C1 Status Register, used to obtain kernel C1 status information.
Operating status:
00: Running;

[15:14] CPU |ex_state_1 RO 0
01: Light sleep;
10: Deep sleep;

11: Deep sleep (locked).

Kernel C1 Lock Status Register, used to query internal...
Is core C1in alocked state?

13 CPU_lock_up_1 RO 0
1: Lock;

0: Not locked.

The kernel C1 debug mode register is used to query the internal...
12 CPU_dbg_mode_1 RO 0
Is core Clin debug mode?
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1: The kernel is in debug mode;

0: The kernel is in non-debug mode.

The kernel C1 global interrupt enable register is used to check..
Inquire whether global interrupts in kernel C1 are enabled:

1 CPU_globl_ie 1 RO 0
1: Enable kernel global interrupts;

0: Kernel global interrupt enable is disabled.

10 Reserved RO is reserved. 0

The kernel C1 interrupt pending flag register is used to check...
Check kernel C1 for any unhandled interrupts:
9 CPU_irq_pend_1 RO 0

1. There are unhandled interrupts in the kernel;

0: There are no unhandled interrupts in the kernel.

The kernel C1 interrupt active flag register is used to check..
Query kernel C1 to see if it is handling an interrupt.

8 CPU_irq_active_1 RO 0
1: The kernel is processing an interrupt;

0: The kernel did not handle the interrupt.

The kernel C1 interrupt nesting status register is used for querying...

_‘
o

[7:0] CPU_nest_sta_1 RO Nested state of kernel C1 interrupts. Same as CSR register.

The nest_sta bit of the INEST_CTLR register.

4.7.5.55 PFIC Event Enable Register (PFIC_EENR)

Offset address: 0xC80

31 30 292827 262524232221 2019 18 17 16

EVENTEN [31:16]

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

EVENTEN[15:0]

Bit name access describe Reset value

Event wake-up enable (31#-0#):
1: Allow the corresponding event to wake the kernel from sleep;
0: Blocks the corresponding event; this event is not allowed to ogcur.

Wake up the kernel.

w

Supports up to 32 event sources, where 0-7 represent electrical levg
Trigger (active high), 8-31 are pulse triggers:

0#: The kernel pauses requests;

1#: Kernel interrupt request; OXFFFFF
[31:0] EVENTEN RW
7#-2#: Reserved; FFF
#8: Kernel enters interrupt;

9#: Kernel exit interrupt;

10#: New interrupt pending; (For shared interrupts,
(Regardless of whether the interrupt is routed to the local kernel)
#11: Kernel send event; (local kernel send)

event)

#12: Kernel receive event; (send events from other kernel|s)
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event)

—

13#: System received event; (System configured ever
For example, GPIO toggle

events...) 31#-14#: Reserved.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.56 PFIC Event Suspension Register (PFIC_EPR) Offset

Address: 0xC84

31 30 292827262524232221 2019 18 17 16

EVENT_PEND[31:16]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EVENT PEND[15:8] EVENT_PEND[7:0]
Bit name access describe Reset value

Events 31#-8# are in a suspended state; writing 1 will clear the status.
[31:8] EVENT_PEND Rwi1z 1: The corresponding event occurred but was not handled; 0

0: The corresponding event did not occur.

Events 7#-0# are in a suspended state and cannot be cleared:
[7:0] EVENT_PEND RO 1: The corresponding event occurred but was not handled; 0

0: The corresponding event did not occur.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.57 PFIC Event Wake-up Register (PFIC_EWUPR) Offset
Address: 0xC88

31 30 292827 262524232221 2019 18 17 16

EVENT WUP[31:16]

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

EVENT_WUP[15:0]

Bit name access describe Reset value

Event wake-up register 31#-0#:
[31:0] EVENT_WUP RO 1: The corresponding event will wake the kernel from sleep; 0

0: The corresponding event is not the event that wakes up the kernel this tinje.

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it

4.7.5.58 PFIC System Control Register (PFIC_SCTLR) Offset
Address: 0xD10

31 30 2928 27 262524232221 2019 18 17 16
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SYS
Reserved HART ID
RST -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SET SEV |WFITO |SLEEP | SLEEP |Reser
Reserved

EVENT |ONPEND| WFE DEEP JONEXIT | ved

Bit name access This Reset value

describes a system reset that automatically clears the cache to 0. Writing 1 indicates validity, writing 0 indicatps no validity

31 SYSRST RW1
The effect is the same as that of the PFIC_CFGR register.
[30:24] Reserved RO is réserved. 0
The kernel ID register is used to retrieve the read register.
Kernel ID:
[23:16] HART_JD RO 0

1: This kernel is C1;

0: This kernel is CO.

o

[15:6] Reserv RO is réserved. A 0

write event is generated, which can be used to wake up the system.
5 SENDEVENT wo 0

Other kernels.

When an event or interrupt occurs and the system is in a suspended state| it can...
Wake up the system from the WFE command if WFE is not executgd.

The instruction will wake up immediately after the instruction is executed again.

S

system.
4 SEVONPEND RW 0
1: Enabled events and all interrupts (including those not enabled)

Interrupts can wake up the system.

0: Only enabled events and enabled interrupts can be invoked.

Awake.

The WFI command is executed as WFE, where WFE is a custom command.

After this register is set to 1, the kernel executes the WFI instructign.

After the command is given, it enters a low-power state and waits for external events to ocqur.
3 WFITOWFE RW 0
The kernel can be awakened after birth.

1: The WFI command waits for an event to wake up the kernel;

0: The WFl instruction waits for an interrupt to wake up the kernel.

Low-power mode of the control system:
2 SLEEPDEEP RW 0

1: deepsleep 0: sleep Controls the system

state after leaving the interrupt service routine:
1 SLEEPONEXIT RW 1: The system enters low-power mode; 0

0: The system enters the main program.

0 Reserved RO is reserved. 0

Note: This register is a kernel-private register, meaning that there are multiple sets of registers in the peripheral device that have the same function, independent data, and whose data cannot be accessed or modified by other kernels. Only the kernel has the same access address for it
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Chapter 5 Cyclic Redundancy Check (CRC)

The Cyclic Redundancy Check (CRC) calculation unit calculates the CRC result for any 32-bit data based on a fixed generator polynomial.
Generally used in data storage and data communication to verify data integrity. The system provides a hardware CRC calculation unit, which can greatly save costs.
Improve the efficiency of CPU and RAM resources.

Figure 5-1 CRC Structure Diagram

HB Bus

32-bit read

CRC computation
(polynomial: 0x4C11DB7)

A

32-bit write

Data register
(CRC_DATAR)

5.1 Main Features

Using CRC32 polynomial (0x4C11DB7): X 32+X26+X23+X22+X16+X12+X11+X10+X8 +X7 +X5 +X4 +X2 +X+1;
The same 32-bit register is used for both data input and CRC32 calculation output.

ySingle conversion time: 4 HB clock cycles (HCLK)

5.2 Functional Description

¥ CRC cell reset
To begin a CRC calculation for a new data group, the CRC calculation unit needs to be reset. This is done by setting the RST value in the control register CRC_CTLR.

Writing a 1 to the bit will reset the data register, restoring it to its initial value of OXFFFFFFFF.

y CRC calculation

The CRC unit is calculated by combining the result of the previous CRC calculation with the CRC result of the newly added data. The CRC_DATAR data register...
A write operation will send new data to the hardware computing unit; a read operation will obtain the latest CRC calculation value.
The calculation will interrupt the system's write operation, so new values can be written continuously.

Note: The CRC unit is calculated for 8 entire bit data, not byte by byte.

Independent data buffer

The CRC unit provides an 8-bit independent data register, CRC_IDATAR, for application code to temporarily store 1 byte of data.

Affected by CRC unit reset.

5.3 Register Description

Table 5-1 List of CRC-related registers

name Access address describe Reset value
R32_CRC_DATAR 0x40023000 Data Register; 0x40023004 OxFFFFFFFF
R8_CRC_IDATAR Independent Data Buffer 0x00
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R32_CRC_CTLR 0x40023008 Control Register 0x00000000
5.3.1 Data Register (CRC_DATAR) Offset
Address: 0x00
31 30 29 28 27 26 2524 232221 2019 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 RW: Writes raw data; Reset value
[31:0] DR[31:0] reads ¢alculation results. OXFFFFFFFF
5.3.2 Independent data buffer (CRC_IDATAR)
offset address: 0x04
Bit name access describe Reset value
An 8-bit general-purpose register, which can be used as a data buffer, this register.
[7:0] IDR[7:0] RW 0
The register is not affected by the RST field of the control register.
5.3.3 Control Register (CRC_CTLR) Offset
Address: 0x08
31 30 29 28 27 26 25 24 23 22 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved RST
Bitname access describe Reset value
[31:1] Reserved RO is feserved. 0
CRC calculation unit reset control, write 1 to execute, hardware autonpatic.
0 RST o)
After clearing to zero and completing the process, the data register will be OxFFFFFFFF.
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Chapter 6 Real-Time Clock (RTC)

The Real-Time Clock (RTC) is a standalone timer module with a programmable counter up to 32 bits, which can be used in conjunction with software.
It implements a real-time clock function and allows modification of the counter value to reconfigure the system's current time and date. The RTC module is available in backup mode.

The electrical region is unaffected by system reset.

6.1 Main Features

Yy The maximum prescaler coefficient is 220.
¥ 32-bit programmable counter
Multiple clock sources, interrupts

Independent reset

6.2 Functional Description

6.2.1 Overview

Figure 6-1 RTC Structure Diagram

HCLK 1

HB interface Not powered in Standby |

A

RTCCLK Backup domain

Y

RTC_CR
RTC_PRL Second event

»| SECF .

'L| TR_CLK | —— Overflow event
| RTC DIV H—= » RTC_CNT [ owe )_
Rising edge

Alarm event
»| ALRF .
RTC prescaler

RTC_ALRM powered in Standby

powered in Standby

Reload 32-bit programmable counter

A 4

g | PFIC interrupt
powered in Standby controller

{

powered in Standby

RTC_Al
WKUP pin 2

! exit
N WKP_STDBY )——Iv Standby mode

powered in Standby

As shown in Figure 6-1, the RTC module mainly consists of three parts: the HB bus interface, the frequency divider and counter, and the control and status registers.
The frequency divider and counter sections are located in the backup area and can be powered by VBAT. After RTCCLK is input to the frequency divider (RTC_DIV), it is divided into...
TR_CLK. It's worth noting that the frequency divider (RTC_DIV) internally uses a decrementing counter; when it overflows, it outputs TR_CLK.

Then, the preset value is retrieved from the reload value register (RTC_PSCR) and reloaded into the frequency divider. Reading the frequency divider actually reads its real-time value.
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(Read only) The frequency divider should be written to the reload value register (RTC_PSCR). Normally, the period of TR_CLK is set to 1.
Seconds, TR_CLK will trigger a seconds event and simultaneously increment the main counter (RTC_CNT) by 1; when the main counter increments to the alarm register...
When the values match, an alarm event is triggered; when the main counter increments to overflow, an overflow event is triggered. All three events can trigger an alarm.

An interrupt is triggered, and the corresponding interrupt enable bit is controlled.

6.2.2 Reset
Due to the special purpose of real-time clocks, their four registers in the backup domain are: prescaler, prescaler reload value, main counter, and alarm.
The clock can only be reset via the backup domain reset signal; refer to the backup domain reset section of the RCC documentation. The real-time clock control register is subject to system reset.

Position or power reset control.

6.2.3 Special Register Read/Write Operations

Due to the special purpose of the real-time clock, the RTC and HB buses are independent. The HB bus's reading of the RTC is not necessarily real-time.
Reading the RTC registers must be done after HB startup and after one rising edge of the RTC has passed. This can occur during system reset and power-on.
After reset and wake-up from stop mode, a convenient approach is to wait for the RSF bit of the control register (CTLR) to be set high before writing to the RTC.
The operator must wait for the previous write operation to complete and must enter configuration mode. The specific steps are as follows:
1) Check the RTOFF bit until it becomes 1;
2) Set the CNF bit to enter configuration mode;
3) Perform write operations on one or more RTC registers;
4) Clear the CNF bit, exit configuration mode, and the HB interface begins writing to the RTC register;

5) Check the RTOFF bit until it becomes 1, then the writing is complete.

6.3 Register Description

Table 6-1 List of RTC-related registers

name Access address describe Reset value

R16_RTC_CTLRH 0x40002800 RTC control register high bit 0x0000

R16_RTC_CTLRL 0x40002804 RTC control register low byte 0x0020

R16_RTC_PSCRH 0x40002808; prescalerreload value register high byte 0x4000280C; 0x0000

R16_RTC_PSCRL prescaler reload value|register low byte 0x40002810; divider OXXXXX
R16_RTC_DIVH register high byte 0x40002814; divider register low OXXXXX
R16_RTC_DIVL byte OXXXXX
R16_RTC_CNTH 0x40002818 RTC counter high bit OXXXXX
R16_RTC_CNTL 0x4000281C RTC counter low byte OXXXXX
R16_RTC_ALRMH 0x40002820 Alarm regjster high byte 0x40002824 OXXXXX
R16_RTC_ALRML Alarm register low byte OXXXXX

6.3.1 RTC Control Register High Byte (RTC_CTLRH) Offset Address:

0x00 Name
Bit access describe Reset value
[15:3] Reserved RO is reserved. 0
Overflow interrupt enable bit:
2 OWIE RW 1: Enable; 0
0: Off.
1 ALRIE RW alatm interrupt enable bit: 0
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1: Enable;

0: Off.

SECIE

RW

Second interrupt enable bit:

1: Enable;

0: Off.

6.3.2 Offset address of the low byte of the RTC control register

(RTC_CTLRL) : 0x04 Bit

name [15:

] Reserved

access

describe

Reset value

RO is rg

served.

0

RTOFF

RO

The RTC operation status indicator bit indicates the last RTC operation.
The execution status of the operation; operations on the RTC must wait for t
The valueis 1.

1: The last operation on the RTC has been completed;

0: The last operation on the RTC is still in progress.

is bit.

CNF

RW

Configure the flag bit; setting this bit to 1 will enter configuration mode, thg

Allow input to the counter (R16_RTC_CNTx) and alarm register
(R16_RTC_ALRMx) and prescaler reload value register
(R16_RTC_PSCRXx) Write value. Only write 1 to this bit and...

Write operations will only be performed after the data is reset to zero by the software.

1: Enter configuration mode;

0: Exit configuration mode and begin updating the RTC registers.

reby...

RSF

RWO

The register synchronization flag is used in the prescaler of the RTC mqg
(PSCRXx), Alarm Clock (ALRMx), Counter (CNTXx)

Before reading or writing these registers, it must be ensured that this bit is alr

These registers have been set by the hardware to confirm that they have b

Step; when reading or writing these registers, either HB is reset or

After the HB clock stops, the first step should be to reset this bit.

1: The registers have been synchronized;

0: The registers are not synchronized.

dule.

eady...

en...

OWF

RWO

Counter overflow flag: This bit is used when a 32-bit counter overflows.
Set by hardware. If the OWIE bit is set, a...
An overflow interrupt. This bit can only be cleared by software, not by other nj

Item placement.

eans.

ALRF

RWO

The alarm clock indicator appears when the counter value reaches the alarm clock re:
The value of (ALRMx) will be set by the hardware if the alarm clock...
Setting the interrupt enable bit (ALRIE) will also generate an alarm.

Interruption. This bit can only be cleared by software, not set by softwat

ister.

SECF

RWO

Second event flag, which is generated every second after the clock is divided by the pre:
A falling edge will cause the counter to increment by one, and simultaneously geng
When a second event occurs, this bit will be set; if a second interrupt is trigg
Enable (SECIE is set), and a second will also be generated.

Interruption. This bit can only be cleared by software, not set by softwat

scaler.
rate...

bred.. O
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6.3.3 Prescaler Reload Value Register High Bit Offset Address (RTC_PSCRH):

0x08 Bit Name [15:4]

Reserved [3:0] PRL [19:16] access describe Reset value
RO is reserved. 0
WO reinptallation value is high. 0
6.3.4 Offset address of the low byte of the prescaler reload value register
(RTC_PSCRL) : 0x0C
Bit name access describe Reset value
The reload value is the low-order bit. The actual frequency division coefficiept is...
(PRL[19:0]+1), for example, if the RTC input frequency is
[15:0] PRL[15:0] WO X
32768Hz, then setting this value to 0x7fff will allow for frequency division.
Output a signal with a 1-second cycle.
6.3.5 Offset address of the high-order bit (RTC_DIVH) of the
frequency divider
register: 0x10 Bit name access describe Reset value
[15:4] Reserved [3:0] DIV RO is reserved. 0
[19:16] RO divider register high bit. X
6.3.6 Offset address of the low byte (RTC_DIVL) of the
frequency divider
Bit register: 0x14 Name| sccess This Reset value
describes the low-order bits of the divider register. DIV is actually a decrementing counter.
The counter, RTC_CLK, will activate the DIV counter with each clock cycle.
[15:0] DIV[15:0] RO Decrement by 1, and upon overflow, a TR_CLK will be output, along with a value from HSCR. X
Reload value. A DIV can only be read; what is read is the current value.
The remaining value of the frequency counter.
6.3.7 RTC counter high bit (RTC_CNTH) offset address:
0x18 Name
Bit access describe Reset value
[15:0] CNT[31:]16] RW is thie high bit of the counter. X
6.3.8 Offset address of the low byte of the RTC counter
(RTC_CNTL) : 0x1C
Bit name access The Reset value
low-order bit of the counter is the core component of the RTC timer, defined by TRCLK.
(The period is typically set to 1 second) This provides a clock. It is accessed by reafing...
[15:0] CNT[15:0] RW
Use CNT[31:0] to calculate the current time. Writing this value requires...
To enter configuration mode.

6.3.9 Alarm Register High Byte (RTC_ALRMH) Offset
Address: 0x20
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Bit name access describe Reset value
[15:0] ALR[31:16] RW is the high bit of the alarm register. X

6.3.10 Alarm Register Low Byte (RTC_ALRML) Offset Address:

0x24 Name
Bit access Reset value
Describes the low-order bits of the alarm register. When the alarm register ALRM[31:0]...
[15:0] ALR[15:0] RW A value is generated when it matches the value of the counter CNT[31:[]. X
Alarm clock event. Changing this value requires entering configuration mode.

V15 118 WNH



Machine Translated by Google

CH32H417 Series Application Manual

https://wch.cn

The system is equipped with an independent watchdog timer (IWDG) to detect logic errors and software faults caused by external environmental interference. IWDG clock source.

Chapter 7 Independent Watchdog (IWDG)

Derived from LS|, it can run independently of the main program and is suitable for applications with low precision requirements.

7.1 Main Features

¥ 12-bit decrementing counter

The clock source is an LSI divider, which allows it to operate in low-power mode.

Reset condition: The counter value decreases to 0.

7.2 Functional Description

7.2.1 Principle and Usage: The

independent watchdog timer uses an LSl clock as its clock source, and its function continues to operate normally in stop mode. When the watchdog counter decrements to O...

When this happens, a system reset will occur, so the timeout period is (reload value + 1) clock cycles.

Figure 7-1 Structural diagram of an independent watchdog

IWDG_CTLR

IWDG reset

| CORE
|
: Prescaler register Status register Reload register Control register
1 IWDG_PSCR IWDG_STATR IWDG_RLDR
: y Jr
F-=—=—==-=--= [T S— o e e T T
I
|
: 12-bit reload value <
LSl ;
: ; 8-bit | !
I (40kHz) | prescaler
: » 12-bit downcounter —
|
1 vDD33 voltage domain !

yActivate independent watchdog

After a system reset, the watchdog timer is disabled. Writing 0xCCCC to the IWDG_CTLR register enables the watchdog timer; afterwards, it cannot be used again.

Itis turned off unless areset occurs.

If the hardware independent watchdog enable bit (IWDG_SW) is enabled in the user selection word, IWDG will be enabled permanently after the microcontroller is reset.

Watchdog configuration

Internally, the watchdog timer is a decrementing 12-bit counter. When the counter reaches zero, a system reset occurs. Enable IWDG.

This function requires the following steps:

1) Counting Time Base: The IWDG clock source is the LSI. The LSl divider value is set through the IWDG_PSCR register to serve as the counting time for the IWDG.

The basic procedure is to first write 0x5555 to the IWDG_CTLR register, and then modify the divider value in the IWDG_PSCR register. IWDG_STATR

The PVU bit in the register indicates the frequency divider update status. The frequency divider can only be modified and read after the update is complete.

out.

2) Reload Value: Used to update the current value of the counter in the standalone watchdog timer, and the counter is decremented by this value. The operation method is to first...

Write 0x5555 to the IWDG_CTLR register, then modify the IWDG_RLDR register to set the target reload value. IWDG_STATR register.

The RVU bit in the register indicates the reload value update status; the IWDG_RLDR register can only be modified after the update is complete.

And read it aloud.
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3) Enable watchdog: Write 0xCCCC to the IWDG_CTLR register to enable the watchdog function.
4) Feed the watchdog: This involves refreshing the current watchdog counter value before it decrements to 0 to prevent a system reset. This is done by updating the IWDG_CTLR register.
Write OXAAAA to instruct the hardware to update the IWDG_RLDR register value to the watchdog counter. This action must be performed after the watchdog function is enabled.

It must be executed on a scheduled basis; otherwise, a watchdog reset will occur.

7.2.2 Debug Mode When the

system enters debug mode, the IWDG counter can be configured to continue working or stop working through the debug module register.

7.3 Register Description

Table 7-1 List of IWDG Related Registers

name Access address description Reset value
R16_IWDG_CTLR 0x40003000 IWDG Control Register 0x0000
R16_IWDG_PSCR 0x40003004 IWDG Frequency Division Factor Register 0x0000
R16_IWDG_RLDR 0x40003008 IWDG Reload Value Register OXOFFF
R16_IWDG_STATR 0x4000300C IWDG Status Register 0x0000

7.3.1 IWDG Control Register (IWDG_CTLR) Offset Address: 0x00

Name
Bit access describe Reset value
Operate key-value locks.
OxAAAA: Feed the dog. Load the IWDG_RLDR register value into the unigpe...
The watchdog counter is in operation;
[15:0] KEY[15:0] WO 0x5555: Allows modification of R16_IWDG_PSCR and R16_IWDG_ 0

RLDR register;
0xCCCC: Enable watchdog timer if hardware watchdog timer is enabled.

(User-selected word configuration) is not subject to this restriction.

7.3.2 IWDG Divider Register (IWDG_PSCR) Offset Address: 0x04 Name

Bit access describe Reset value

[15:3] Reservied RO is reserved. 0

IWDG is the clock divider factor. Before modifying this field, you must write it to the KEY.

0x5555.
000: 4-division; 001: 8 frequency division;
010: 16-division; 100: 011:32 frequency division;
[2:0] PR[2:0] RW 64-division; 110: 256- 101:128 frequency division; 000b
division; IWDG 111:256 frequency division.

counting time base = LSl / division coefficient.
Note: Before reading this field value, ensure that the IWDG_STATR register is empty.

The bitWiiist be 0; otherwise, the read value is invalid.

7.3.3 IWDG Reload Value Register (IWDG_RLDR) Offset Address: 0x08
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Bit name access describe Reset value
[15:12] Reserved RO Reserved. 0
Counter reload value. Write to KEY before modifying this field.
0x5555.
When 0xAAAA is written to KEY, the value of this field will be hard-coded
[11:0] RL[11:Q] RW

The item is loaded into the counter, and then the counter starts from this yalue.0XFFF

Decreasing count.

Note: Before reading or writing this field value, ensure that the IWDG_STATRegister is emjpty.

The position Y Mate s

0, otherwise reading or writing this field is invalid.

7.3.4 IWDG Status Register (IWDG_STATR) Offset Address: 0x0C Bit

Name [15:2] Reserved

access describe Reset value

RO is rgserved. 0

Reload value update flag. Hardware set or clear to 0.
1: Reload value update is in progress;
1 RVU RO 0: Reload update complete (maximum 5 LSI cycles). 0

Note: The reload value register IWNDG_RLDR is only valid when it is iface.

can only beoead and written after it has been cleared.

Clock divider update flag. Hardware set or clear to 0.
1: Clock divider value update in progress;
0 PVU RO

0: Clock divider value update complete (maximum 5 LSI cycles). 0

Note: The frequency division factor register IWDG_PSCR is only available whenﬁ‘r‘{%ace.

can only be read and written after they are cleared.

Note 0: After the prescaler or reload value update, there is no nEeBRMURNGr reset; you can continue executing the following code. (Even at low power)

mode, this write operation will still be executed and completed.
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Chapter 8 Window Watchdog (WWDG)

A watchdog timer is typically used to monitor software malfunctions in a system, such as external interference or unforeseen logical errors.
The counter needs to be refreshed (fed) within a specific window of time (with upper and lower limits); otherwise, it will refresh earlier or later than this window.

The watchdog circuit will trigger a system reset.

8.1 Main Features

y Programmable 7-bit decrementing counter
y Dual-condition reset: The current counter value is less than 0x40, or the counter value is reloaded outside the window time.

« Early Wake-Up Notification (EWI) function is used to prevent system reset by promptly feeding the dog.

8.2 Functional Description

8.2.1 Principles and Usage The
window watchdog operates based on a 7-bit decrementing counter, which is mounted on the HB bus, with the counting time base WWDG_CLK.
The clock frequency (HCLK/4096) is divided, and the division factor is set in the WDGTB[1:0] fields of the configuration register WWDG_CFGR. Decrement counter.
In free-running mode, the counter continuously decrements regardless of whether the watchdog function is enabled. As shown in Figure 8-1, this is a window-watching operation.
Internal structure diagram of a dog.

Figure 8-1 Window Watchdog Structure Diagram

Watchdog configuration register(WWDG_CFGR)

| -W6*V5V\|4W:iW2}N1Vi’O| I I

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

RESET <—C a—
Write WWDG_CTLR[6:0]

Watchdog control register(WWDG_CTLR)

|WIIDGAIT6T|5T4T3T21T1'I10 | | |

WWDG enable control, software on
WWDG_CLK

HCLK /4096 WDGTBJ[1:0] |

Start the window watchdog
After a system reset, the watchdog timer is off. Setting the WDGA bit in the WWDG_CTLR register enables the watchdog timer.
It can no longer be turned off unless areset occurs.
Note: The gatekeeper can be indirectly stopped by pausing the WWDGicLIIrf!gunt and disabling the clock source by setting the RCC_HB1PCENR register.

WWDG dongle function, or the module reset function by setting the RCEWRS1PRSTR register, is equivalent to a reset.

Watchdog configuration

Internally, the watchdog timer is a continuously decrementing 7-bit counter that supports read and write access. To use the watchdog reset function, you need to...
Perform the following operations:
1) Counting time base: through the WDGTB[1:0] bit fields of the WWDG_CFGR register, note that the WWDG module clock of the RCC unit must be enabled.

2) Window Counter: Sets the W[6:0] bit fields of the WWDG_CFGR register. This counter is used by hardware for comparison with the current counter.
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The value is configured by the user software and will not change. It serves as the upper limit for the window time.
3) Watchdog Enable: Set the WDGA bit of the WWDG_CTLR register to 1 via software to enable the watchdog function, which can reset the system.
4) Feed the watchdog: This refreshes the current counter value and configures the T[6:0] bit fields of the WWDG_CTLR register. This action requires the watchdog function to be enabled.

After activation, it will be executed within a periodic window; otherwise, a watchdog reset will occur.

Dog feeding window time

As shown in Figure 8-2, the gray area represents the monitoring window area of the window watchdog, and its upper limit time t2 corresponds to the current counter value reaching...
The window value W[6:0] is the time point; its lower limit time t3 corresponds to the time point when the current counter value reaches 0x3F. Within this time range, t2 <t <t3.
You can perform a dog-feeding operation (write T[6:0]) to refresh the current counter value.

Figure 8-2 Counting mode of the window watchdog

Y[6:0]CNT Current value
A

— __ WDGTB
Max=0x7F Timeout: THCLK*4096*2 *(T[5:0]+1])

wi6:0] [—]—— — —

Ox3F | _ _ _ _|Window area

y

B > 42 3 Time

T6 bit

RESET

Refresh will
| be reset
within the
disallowed
refresh time

reset when CNT

I

I .
The counter will

|

: value<0x40

Watchdog reset
1) If the watchdog timer is not fed in time, causing the value of the T[6:0] counter to change from 0x40 to 0x3F, a "window watchdog reset" message will appear.
A system reset will occur. That is, when the T6-bit is detected as 0 by the hardware, a system reset will happen.
Note: The application can reset the system by writing T6-bit to 0 via software, which is equivalent to a software reset function.
2) When the counter refresh action is performed within the time during which dog feeding is not allowed, i.e., when writing to the T[6:0] bit field is performed within the time t1ytyt2, the output will be...

The "window watchdog reset" now triggers a system reset.

y Early wake-up
To prevent system reset due to failure to refresh the counter in a timely manner, the watchdog module provides an Early Wake-up Interrupt (EWI) notification.
When the counter decrements to 0x40, an early wake-up signal is generated, and the EWIF flag is set to 1. If the EWI bit is set, a window will be triggered simultaneously.
Watchdog interrupt. At this point, there is one counter clock cycle remaining (decreasing to 0x3F) before the hardware reset. The application can then proceed immediately within this time.

Perform the dog feeding operation

8.2.2 Debug Mode When the

system enters debug mode, the WWDG counter can be configured to continue working or stop working through the debug module register.
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8.3

Register Description

Table 8-1 List of WWDG Related Registers
name Access address describe Reset value
R16_WWDG_CTLR 0x40002C00 WWDG Control Register 0x007F
R16_WWDG_CFGR 0x40002C04 WWDG Configuration Register 0x007F
R16_WWDG_STATR 0x40002C08 WWDG Status Register 0x0000
8.3.1 WWDG Control Register (WWDG_CTLR) Offset Address:
0x00 Name
Bit access describe Reset value
[15:8] Reservied RO is reserved. 0
Window watchdog reset enable bit.
1: Enable watchdog timer (which can generate a reset signal);
7 WDGA RW1 0
0: Disable watchdog functionality.
Software write 1 is enabled, but hardware clearing to 0 is only allowed after a resét.
A 7-bit decrementing counter, decrementing every 4096*2WDGTB HCLK cydles.
[6:0] T[6:0] RW  [pecrement by 1. When the counter decreases from 0x40 to Ox3F, i.e., Tp... OX7F
When the value jumps to 0, a watchdog reset is triggered.
8.3.2 WWDG Configuration Register (WWDG_CFGR) Offset
Address: 0x04 Bit Name
[15:10] Reserved access describe Reset value
RO is reserved. 0
Early wake-up interrupt enable bit.
9 EWI RW1  if this position is 1, then a value of 0x40 will be generated. 0
Interrupt. This bit can only be cleared by hardware after a reset.
Window watchdog clock divider selection:
00:1 frequency division, counting time base = HCLK/4096;
[8:7] WDGTB[1:0] RW  101:2 frequency division, counting time base = HCLK/4096/2; 0
Frequency division by 10:4, counting time base = HCLK/4096/4;
11:8 frequency division, counting time base = HCLK/4096/8.
The window watchdog timer uses a 7-bit window value. This value is used to perform operations with the countgr value.
[6:0] W[6:0] RW Comparison. The dog-feeding operation can only be performed when the counter value is less than the windoys value. OX7F
And it is performed when it is greater than Ox3F.
8.3.3 WWDG Status Register (WWDG_STATR) Offset Address: 0x08
Bit name access describe Reset value
[15:1] Reserved WO is reserved. 0
Early wake-up interrupt flag.
When the counter reaches 0x40, this bit will be set by the hardware.
0 EWIF RWO 0

It must be cleared to 0 via software; user-defined settings are ineffective. Even with

If not set, this bit will still be set when the event occurs.

EWI

V1.5

124




Machine Translated by Google

CH32H417 Series Application Manual https://wch.cn

Bit.

Chapter 9 GPIO and its Multiplexing Functions (GPIO/AFIO)

The chip has 6 built-in GPIO ports (PAOYPA15, PBOyPB15, PCOyPC15, PDOyPD15, PEOYPE15, PFOYPF14), totaling 95 GPIO
pins. Most pins can be configured by software as output (push-pull or open-drain), input (with or without pull-up or pull-down), or

multiplexed peripheral function ports.

Pins PA9-PA12, PC13-PC15, and PE3-PE6 are powered by VDD33, rated at 3.3V. When VDD33 is powered down, pins PC13-
PC15 automatically switch to VBAT power. Pins

PAO-PA8, PB2-PB7, PB15, PC4-PC5, PD8, PE2, and PF6-PF10 are powered by VDDIO, rated at 3.3V.
It supports 1.8V, 2.5V, and 3.3V power supplies.

High-speed pins PA13yPA15, PBOyPB1, PB10yPB14, PCOyPC3, PC6yPC12, PDOyPD7, PD9yPD15.
PEOyPE1, PE7yPE15, PFOYPF5, and PF11yPF14 are powered by VIO18 and have built-in I/O pin voltage regulators, supporting 1.2V.
It supports 1.8V, 2.5V, and 3.3V voltages and dynamic power supply voltage switching. It also supports configuring the default voltage after power-on via the XO pin. For

specific configuration information, please refer to the [12:9] fields of the PWR_CTLR register.

9.1 Main Features

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

y Floating input ¥ Open -drain

Pull-up input y output ; push-pull

Pull-down input y output ; multiplexed inputs and outputs
Analog input

Many pins have multiplexing capabilities; many other peripherals map their output and input channels to these pins.

The specific usage of the pins needs to be referred to the respective peripherals, and whether these pins are multiplexed and remapped is explained in this chapter.
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9.2 Functional Description

9.2.1 Overview

Figure 9-1 Basic structural block diagram of GPIO module
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registers Output driver VDD i
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on diode
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data Output VSs
Read/write ;
< » register control
N-MOS
Vss
. Push-pull,
from on-chip . open-drain or
peripheral Alternate Function Output disabled

Note: VDD is the power supply voltage. The voltage type depends on the specific pin. Please refer to Chapter [Chapter Numl?er] for details.

As shown in Figure 9-1, the I/O port structure has two protection diodes inside the chip for each pin. The I/O port can be internally divided into input and output.
Output driver module. The input driver has optional weak pull-up/pull-down resistors, allowing connection to analog input peripherals such as AD converters; if the input is to a digital...
Peripherals require a TTL Schmitt trigger before being connected to the GPIO input register or other multiplexed peripherals. The output driver...

There is a pair of MOSFETSs; the I/O port can be configured as open-drain or push-pull output by configuring the enable/disable of the upper and lower MOSFETS; the output driver is internal.

It can also be configured to allow the output to be controlled by GPIO or by other multiplexed peripherals.

9.2.2 GPIO Initialization Function: Immediately
after reset, the GPIO ports operate in the initial state. At this time, most IO ports are operating in a floating input state, but some, such as HSE, are not.

The peripheral-related pins operate on peripheral multiplexing functions. For specific initialization functions, please refer to the relevant sections of the pin descriptions.

9.2.3 External Interrupts All

GPIO ports can be configured with external interrupt input channels, but each external interrupt input channel can only be mapped to one device.
On the GPIO pin, the external interrupt channel number must match the GPIO port number, such as PA1 (or PB1, PC1, PD1, ...).
PE1, etc., can only be mapped to EXTI1, and EXTI1 can only accept mappings to one of PA1, PB1, PC1, PD1, or PE1.

All relationships are one-to-one.

9.2.4 Multiplexing Function Multiplexers and Mapping
Multiplexing Functions

The I/O pins are connected to onboard peripherals/modules via a multiplexer that allows only one peripheral to be multiplexed at a time (AF).
Connect to the I/O pin. This ensures that peripherals sharing the same 1/O pin will not conflict.

Each 1/0 pin has a multiplexer with up to 16 multiplexed function inputs (AFO0 to AF15), which can be used via...

The GPIOX_AFLR and GPIOx_AFHR registers configure these inputs:
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After reset, the multiplexer is selected as multiplexing function 0 (AF0). In multiplexing mode, this is achieved through the GPIOx_CFGLR/GPIOx_CFGHR registers.
Configure 1/0.

The CH32H417DS0 datasheet details the specific multiplexing function assignments for each pin.

Multiplexing Function
Configuration : To use the input direction multiplexing function, the port must be configured in multiplexed input mode. The pull-up/down settings can be configured according to actual needs.
¥ To use the output direction multiplexing function, the port must be configured in multiplexed output mode. Push-pull or open-drain can be set according to the actual situation.

For bidirectional multiplexing, the port must be configured in multiplexed output mode, in which case the driver is configured in floating input mode.

Multiple peripherals may reuse the same 1/O pin. Therefore, to ensure that each peripheral has maximum utilization, the peripheral’s...

In addition to the default multiplexed pins, multiplexed pins can also be remapped to other pins to avoid being occupied.

9.2.5 Locking Mechanism The
locking mechanism can lock the configuration of an I/O port. After a specific write sequence, the selected I/0 pin configuration will be locked, and the following...

One cannot be changed before a reset.

9.2.6 Input Configuration

Figure 9-2 GPIO Module Input Configuration Structure Diagram
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Note: VDD is the power supply voltage. The voltage type depends on the specific pin. Please refer to section [link/details] 107 detaiier.

When the I/O port is configured as input mode, the output driver is disconnected, the input pull-up/pull-down sliders are selectable, and the multiplexing function and analog input are not connected.
Data from each I/O port is sampled into the input data register every HB clock cycle. Reading the corresponding bit from the input data register yields the data.

The voltage level of the corresponding pin.
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9.2.7 Output Configuration

Figure 9-3 Block diagram of GPIO module output configuration structure
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Note: VDD is the power supply voltage. The voltage type depends on the specific pin. Please refer to Chapter [Chapter Num@er] for details.

When the I/O port is configured in output mode, a pair of MOSFETS in the output driver can be configured in push-pull or open-drain mode as needed.
Use multiplexing functionality. The pull-up/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...
The input data register is sampled every HB clock cycle, so reading the input data register will provide the I/O status, which is then displayed in the push-pull output.

In this mode, accessing the output data register will retrieve the value of the last write.

9.2.8 Reuse Function Configuration

Figure 9-4 Block diagram of a GPIO module when it is reused by other peripherals

To on-chi i
‘ p < Alternate Function Input
peripheral
on
<« Read Input data )_.“/_I VDD
register I
TTL Schmitt .
. Protecti
trigger on diode
Bit .
Write Input driver L 1/0 pin
———P set/reset
registers Output driver VDD .
Protecti
output P-MOS on diode
data — .| Output Vss
Read/write
< | register control
N-MOS
Vss
Push-pull,
from on-chip . open-drain or
peripheral Alternate Function Qutput disabled

V15 128 WH



Machine Translated by Google

CH32H417 Series Application Manual httpS://WCh .cn

Note: VDD is the power supply voltage. The voltage type depends on the specific pin. Please refer to Chapter [Chapter Num@er] for details.

When multiplexing is enabled, the output driver is activated and can be configured as needed into open-drain or push-pull mode, and the Schmitt trigger also...
When enabled, the input and output lines of the multiplexed function are connected, but the output data register is disconnected, resulting in a voltage level appearing on the 10 pin.
The input data register will be sampled every HB clock cycle. In open-drain mode, reading the input data register will provide the I/O port information.

Previous state; in push-pull mode, reading the output data register will yield the value of the last write.

9.2.9 Analog Input Configuration

Figure 9-5 Configuration block diagram of the GPIO module as an analog input
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Note: VDD is the power supply voltage. The voltage type depends on the specific pin. Please refer to Chapter [Chapter NumI?er] for details.

When analog input is enabled, the output buffer is disconnected, and the input to the Schmitt trigger in the input driver is disabled to prevent I/O.

With the power consumption at the port disabled by pull-up and pull-down resistors, the input data register will always return 0.

9.2.10 Peripheral GPIO Settings

The following table recommends the corresponding GPIO port configurations for the pins of each peripheral.

Table 9-1 Advanced Timers (TIM1/8)

TIMx Configuration GPIO Configuration
Input capture channel x Floating input
TIMx_CHx
Output compare channel Push-pull multiplexed output
TIMx_CHxN x Complementary output Push-pull multiplexed output
TIMx_BKIN channel x Floating input
TIMx_BKIN2 Brake input Floating input
TIMX_ETR Brake input External trigger clock input Floating input
Table 9-2 General Purpose Timers (TIM2/3/4/5/9/10/11/12)
TIMx pin Configuration GPIO Configuration
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Input capture channel x Floating input
TIMx_CHx
Output compare channel Push-pull multiplexed output
TIMXx_ETR x External trigger clock input Floating input
Table 9-3 Low-power timers (LPTIM1/2)
LPTIMx pin Configuration GPIO Configuration
Input capture channel x Floating input
LPTIMx_CHx
Output compare channel Push-pull multiplexed output
LPTIMx_ETR x External trigger clock input Floating input
LPTIMx_OC PWM output Push-pull multiplexed output
Table 9-4 General Purpose Synchronous/Asynchronous Serial Transceivers (USART1/2/3/4/5/6/7/8)
USARTX pin GPIO Configuration
Configure full- Push-pull multiplexed output
USARTX_TX
duplex mode, half-duplex Open-drain multiplexed output
mode, synchronous Floating input or input with pull-up bar
USARTX_RX
mode, hardware flow Unused
USARTx_CK control. Push-pull multiplexed output
USARTX_RTS Push-pull multiplexed output
USARTx_CTS Floating input or input with pull-up bar
Table 9-5 Serial Peripheral Interface (SP11/2/3/4) Modules
SPIx pin Configuration GPIO Configuration
Master Push-pull multiplexed output
SPIx_SCK
mode, Floating input
Slave mode, Full- Push-pull multiplexed output
duplex, Master mode, Floating input or input with pull-up bar
SPIx_MOSI
Full-duplex, Slave mode, Simple bidirectional Push-pull multiplexed output
data cable / Master mode, Simple bidirectional Unused
data cable / Slave Floating input or input with pull-up bar
mode, Full-duplex, Push-pull multiplexed output
SPIx_MISO
Master mode, Full-duplex, Slave mode, Unused
Simple bidirectional data cable / Master Push-pull multiplexed output
mode, Simple bidirectional Floating, pull-up, or pull-down input
SPIX_NSS data cable / Slave mode, Hardware master Push-pull multiplexed output
or slave mode, Hardware master mode / NSS output enabledUSof$@dre mode
Table 9-6 Built-in Audio Bus (12S2/3) Module
12Sx pin Configuration GPIO Configuration
Master Push-pull multiplexed output
12Sx_WS
mode slave Floating input
mode Push-pull multiplexed output
12Sx_CK
master mode slave mode Floating input
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Transmitter Push-pull multiplexed output
12Sx_SD
receiver Floating, pull-up, or pull-down input
master Push-pull multiplexed output
12Sx_MCK
mode slave mode Unused
Table 9-7 Internal Integrated Bus (12C1/2/3/4) Modules
12cx pin Configuration GPIO Configuration
2 2
I“cx_scL I“C clock Open-drain multiplexed output
2 2
I “Cx_SDA I“C data Open-drain multiplexed output
Table 9-8 13 C Bus (I ®c) Module
| 3C pin Configuration GPIO Configuration
18 18 i
C_SCL C clock Push-pull multiplexed output
18 18 i
C_SDA C data Push-pull multiplexed output
Table 9-9 Controller Area Network (CAN1/2/3) Modules
CANX pin GPIO Configuration
CANx_TX Push-pull multiplexed output
CANx_RX Floating input or pull-up input
Table 9-10 USB PD Controller
USBPD pin

USBPD_CC1/USBPD_CC2

GPIO Configuration

Push-pull multiplexed output

Table 9-11 USB 2.0 High-Speed Host Device (USBHS) Controller

USBHS pin

GPIO Configuration

USBHS_DM/USBHS_DP

After enabling the USB module, the multiplexed I/O port will automatically connect to the internal USBHS transc

iver.

USBFS pin

Table 9-12 USB Host Device (USBFS) Controller

GPIO Configuration

USBFS_DM/USBFS_DP

Once the USB module is enabled, the multiplexed I/O port will automatically connect to the internal USBFS transc

Table 9-13 USB OTG_FS Controller

USB OTG_FS pin

GPIO Configuration
OTG_FS_VBUS Analog Input
OTG_FS_ID Pull-up input
OTG_FS_DM Automatic control by USB power failure
OTG_FS_DP Automatic control by USB power failure
Table 9-14 SDIO Controller Module
SDIO pin Configuration

GPIO Configuration

V1.5

131



Machine Translated by Google

CH32H417 Series Application Manual

https://wch.cn

Main mode: Push-pull multiplexed output

CK clock
From mode: Floating input
CMD Push-pull multiplexed output
D[7:0] Command Data Push-pull multiplexed output
Table 9-15 SD/EMMC Controller Module
SD/EMMC pin Configuration GPIO Configuration
Main mode: Push-pull multiplexed output
CK clock
From mode: Push-Pull Multiplexed Output
CMD Push-pull multiplexed output
D[7:0] Push-pull multiplexed output
Command data return clock signal, used by HS40p
STR Push-pull multiplexed output
model
Table 9-16 Digital Filters for yy Modulator (DFSDM) Modules
DFSDM pin Configuration GPIO Configuration

DFSDM_DATINX

Serial data input, serial

Floating input

DFSDM_CKINx

clock input, internal

Floating input

DFSDM_CKOUT

clock output

Push-pull multiplexed output

Table 9-17 Serial-to-Parallel Conversion Controller and Transceiver (SerDes) Module

SerDes pins Configuration GPIO Configuration
SerDes_TXP Floating input
Differential transmission
SerDes_TXN Floating input
SerDes_RXP Floating input
Differential reception
SerDes_RXN Floating input
Table 9-18 Flexible Memory (FMC/SDRAM) Controller
FMC pin GPIO Configuration
FMC_A[25:0]
Push-pull multiplexed output
FMC_D[31:0]
FMC_CK Push-pull multiplexed output
FMC_NOE
Push-pull multiplexed output
FMC_NWE
FMC_NE1
Push-pull multiplexed output
FMC_NCE2
FMC_NWAIT Floating input or input with pull-up bar

FMC_NBL[1:0]

Push-pull multiplexed output

FMC_SDCKE[1:0]

Push-pull multiplexed output

FMC_SDNE[1:0]

Push-pull multiplexed output

FMC_BA[1:0] Push-pull multiplexed output
FMC_NRAS Push-pull multiplexed output
FMC_NCAS

Push-pull multiplexed output
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FMC_SDNWE

Push-pull multiplexed output

FMC_DQM[3:0]

Push-pull multiplexed output

Table 9-19 Analog-to-Digital Converters (ADCs) and Digital-to-Analog Converters (DACs)

ADC/DAC pins

GPIO Configuration

ADC/DAC Analog Input
Table 9-20 High-Speed Analog-to-Digital Converters (HSADCs)
HSADC pin GPIO Configuration
HSADC Analog Input
Table 9-21 Digital Image Interface (DVP) Module
DVP pin GPIO Configuration
PCLK Configure pixel clock Floating input or input with pull-up bar
DATA[11:0] input, pixel data input, Floating input or input with pull-up bar
VSYNC frame synchronization Floating input or input with pull-up bar
HSYNC signal input, and line synchronization signfl input. Floating input or input with pull-up bar
Table 9-22 Serial Audio Interface (SAl) Module
SAl pin Configuration GPIO Configuration
SAI_SD SD data line input/output bit Multiplexed push-pull output
SAI_SCK clock input/output Multiplexed push-pull output
SAI_FS FS signal input/output; Multiplexed push-pull output
SAI_MCLK external decoder master clock output Multiplexed push-pull output
Table 9-23 QSPI Interface (QSPI) Module
QSPI pin GPIO Configuration
QSPI_SCK Multiplexed push-pull output
QSPI_SCSN Multiplexed push-pull output
QSPI_SIO[3:0] Multiplexed push-pull output
QSPI_SCSXN Multiplexed push-pull output

QSPI_SIOX[3:0]

Multiplexed push-pull output

Table 9-24 Single-Wire Protocol Main Interface (SWPMI) Module

SWPMI pin GPIO Configuration
SWP_RX Configuration (Non-single-wire mode) Receive Floating input
SWP_TX signal input (Non-single-wire mode) Transmit Multiplexed push-pull output

SWP_SUP signal output (Non-single-wire mode) Multiplexed push-pull output
SWPMI_IO Suspend signal output (single-wire mode) Input/Output Multiplexed push-pull output
Table 9-25 LCD-TFT Display Controller (LTDC) Module
LTDC pin GPIO Configuration
LCD_CLK Configure clock output Multiplexed push-pull output
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LCD_VSYNC Vertical synchronization Multiplexed push-pull output
LCD_HSYNC output, horizontal Multiplexed push-pull output

LCD_DE synchronization output, Multiplexed push-pull output
LCD_R[7:0] non-data enabled output data: 8-bit red Multiplexed push-pull output
LCD_GJ[7:0] data, 8-bit green data, 8-bit blue data. Multiplexed push-pull output
LCD_B[7:0] Multiplexed push-pull output

Note: LCD-TFT controller pins must be configured via user program. Unused pins can be used for other functions.

For high-bit (RGEAAd) T8 B PHRGBHGE Hald cabiedwSBuskanexample,

the LCD-TFT output bit or bit display, then cdiefblldhealigplay data cable must be connected to

RGB

When the LCD-TFT controller is connected to an Q@B 565-bit display, the R[4:0], G[5:0], and B[4:0] data line pins of the LCD display...

Must g0 LCD_R[7:3],LCD_GJ[7:2], and LCD_B[7:3] of the LCD-TFT controller.

Table 9-26 Other I/0O Function Settings

pin Configuration Function GPIO Configuration
(PC13) RTC RTC output Automatic hardware setup

Mco Clock output Push-pull multiplexed output

EXTI external interrupt input Floating, pull-up, or pull-down input

9.2.11 Multiplexing Function Remapping GPIO Settings
9.2.11.1 OSC32_IN/OSC32_O0OUT as GPIO ports PC14/PC15

When LSEON=0, the LSE oscillator pins OSC32_IN/OSC32_OUT can be used as GPIOs PC14/PC15 respectively.

When LSEON=1, it is used as the LSE pin.

9.2.11.2 XI/XO pins as GPIO ports PD0/PD1

XI/XO can be used as PD0O/PD1 of GPIO, which can be achieved by setting remapping register 1 (AFIO_PCFR1).

9.2.11.3 ADC Multiplexing Function Remapping

Table 9-27 ADC1 External Trigger Injection Conversion Multiplexing Function Remapping

Reuse function

ADC1_ETRGINJ_RM=0 Default

mapping

ADC1_ETRGINJ_RM=1 remapping

ADC1 External Trigger Injection Conversion

ADC1 external trigger injection conversion and

EXTI15 connected

ADC1 external trigger injection conversion and

TIM8_CH4 connected

Table 9-28 ADCL1 External Trigger Rule Conversion Multiplexing Function Remapping

Reuse function

ADC1_ETRGREG_RM=0 Default

mapping

ADC1_ETRGREG_RM=1

remapping

ADC1 External Trigger Rule Conversion

ADCI1 external trigger rule conversion and

EXTI11 connected

ADC1 external trigger rule conversion and

TIM8_TRGO connected

Table 9-29 ADC2 External Trigger Injection Conversion Multiplexing Function Remapping

Reuse function

ADC2_ETRGINJ_RM=0 Default

mapping

ADC2_ETRGINJ_RM=1 remapping
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ADC2 external trigger injection conversion

ADC?2 external trigger injection conversion and

EXTI15 connected

ADC2 external trigger injection conversion and

TIM8_CH4 connected

Table 9-30 ADC2 External Trigger Rule Conversion Multiplexing Function Remapping

Reuse function

ADC2_ETRGREG_RM=0

Default mapping

ADC2_ETRGREG_RM=1

remapping

ADC2 External Trigger Rule Conversion

ADC?2 external trigger rule conversion and

EXTI11 connected

ADC?2 external trigger rule conversion and

TIM8_TRGO connected

9.2.11.4 TIM2 Internal Trigger 1 Multiplexing Function Remapping

Table 9-31 TIM2 ITR1 Multiplexing Function Remapping

Reuse function

TIM2ITR1_RM=0

TIM2ITR1_RM=1

TIM2 Internal Trigger 1

Internally connect RIM2_ITR1

PTP output to Ethernet

internally connects RIM2_ITR1
SOF to full-speed USB OTG

Output

9.2.11.5 SDMMC Multiplexing Function Remapping

Table 9-32 SDMMC Multiplexing Function Remapping

SDMMC_RM=00 SDMMC_RM=01 SDMMC_RM=1x
Reuse function

Default Mapping remapping remapping

STS/CMD PD2 PD12 PC10

SDCK/SLVCK PC12 PD11 PC12

STR PD3 PD10 PC11

DO PC8 PB13 PDO

D1 PC9 PC9 PD1

D2 PC10 PB10 PD2

D3 PC11 PB11 PD3

D4 PA14 PA14 PD4

D5 PA15 PA15 PD5

D6 PC6 PC6 PD6

D7 PC7 PC7 PD7

9.2.11.6 UHSIF Multiplexing Function Remapping

Table 9-33 UHSIF PORT Multiplexing Function Remapping

UHSIF_PORT_RM=00 UHSIF_PORT_RM=01 UHSIF_PORT_RM=1x
Reuse function
Default mapping Remapping Remapping
PORTO PF12 PF12 PC1
PORT1 PF13 PF13 PC2
PORT2 PE7 PE7 PC3
PORT3 PE8 PC1 PBO
PORT4 PE9 PC2 PB1
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PORT5 PE10 PC3 PE10
PORT6 PE11 PBO PE11
PORT7 PE12 PB1 PE12
PORT8 PE13
PORT9 PE14
PORT10 PE15
PORT11 PB10
PORT12 PB11
PORT13 PB12
PORT14 PB13
PORT15 PB14
PORT16 PD10
PORT17 PD11
PORT18 PD12
PORT19 PD13
PORT20 PD14
PORT21 PD15
PORT22 PFO
PORT23 PF1
PORT24 PF2
PORT25 PC6
PORT26 PC7
PORT27 PC8
PORT28 PC9
PORT29 PA13
PORT30 PA14
PORT31 PA15
PORT32 PC10
PORT33 PC11
PORT34 PC12
PORT35 PDO
PORT36 PD1
PORT37 PD2
PORT38 PD3
PORT39 PD4
PORT40 PD5
PORTA41 PD6
PORT42 PD7
PORTA43 PF3
PORT44 PF4
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PORT45 PF5
PORT46 PEO
PORTA47 PE1

Table 9-34 UHSIF CLK Multiplexing Function Remapping

Reuse function

UHSIF_CLK_RM=00

Default mapping

UHSIF_CLK_RM=01

Remapping

UHSIF_CLK_RM=10

Remapping

UHSIF_CLK_RM=11

Remapping

UHSIF_CLK

PF11

PCO

PF14

PD9

9.3 Register Description

9.3.1 GPIO Register Description

Unless otherwise specified, GPIO registers must be operated in word mode (32-bit operation of these registers).

Table 10-35 List of GPIO Related Registers

name Access address describe Reset value
R32_GPIOA_CFGLR 0x40010800 PA Port Configuration Register Low Bit 0x44444444
R32_GPIOB_CFGLR 0x40010C00 PB port configuration register low bits 0x44444444
R32_GPIOC_CFGLR 0x40011000 PC Port Configuration Register Low Bit 0x44444444
R32_GPIOD_CFGLR 0x40011400 PD Port Configuration Register Low Bit 0x44444444
R32_GPIOE_CFGLR 0x40011800 PE port configuration register low bit 0x44444444
R32_GPIOF_CFGLR 0x40011C00 PF Port Configuration Register Low Bit 0x44444444
R32_GPIOA_CFGHR 0x40010804 PA Port Configuration Register High Bit 0x44444444
R32_GPIOB_CFGHR 0x40010C04 PB port configuration register high bit 0x44444444
R32_GPIOC_CFGHR 0x40011004 PC Port Configuration Register High Bit 0x44444444
R32_GPIOD_CFGHR 0x40011404 PD Port Configuration Register High Bit 0x44444444
R32_GPIOE_CFGHR 0x40011804 PE port configuration register high bit 0x44444444
R32_GPIOF_CFGHR 0x40011C04 PF Port Configuration Register High Bit 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 0Xx0000XXXX
R32_GPIOD_INDR 0x40011408 PD port input data register 0X0000XXXX
R32_GPIOE_INDR 0x40011808 PE port input data register 0x0000XXXX
R32_GPIOF_INDR 0x40011C08 PF Port Input Data Register 0X0000XXXX
R32_GPIOA_OUTDR 0x4001080C PA Port Output Data Register 0x00000000
R32_GPIOB_OUTDR 0x40010C0C 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_GPIOF_OUTDR 0x40011C0C PF 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
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R32_GPIOE_BSHR 0x40011810 PE Port Set/Reset Register 0x00000000
R32_GPIOF_BSHR 0x40011C10 PF 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_GPIOF_BCR 0x40011C14 PF Port Reset Register 0x00000000
R32_GPIOA_LCKR 0x40010818 PA Port Lockout Configuration Register 0x00000000
R32_GPIOB_LCKR 0x40010C18 PB Port Lockout Configuration Register 0x00000000
R32_GPIOC_LCKR 0x40011018 PC Port Lockout Configuration Register 0x00000000
R32_GPIOD_LCKR 0x40011418 PD Port Lockout Configuration Register 0x00000000
R32_GPIOE_LCKR 0x40011818 PE Port Lockout Configuration Register 0x00000000
R32_GPIOF_LCKR 0x40011C18 PF Port Lockout Configuration Register 0x00000000
R32_GPIOA_SPEED 0x4001081C PA Port Speed Register 0x00000000
R32_GPIOB_SPEED 0x40010C1C PB port speed register 0x00000000
R32_GPIOC_SPEED 0x4001101C PC Port Speed Register 0x00000000
R32_GPIOD_SPEED 0x4001141C PD Port Speed Register 0x00000000
R32_GPIOE_SPEED 0x4001181C PE port speed register 0x00000000
R32_GPIOF_SPEED 0x40011C1C PF Port Speed Register 0x00000000
9.3.1.1 GPIO Configuration Register Low Bit (GPIOx_CFGLR) (x=A/B/C/D/E/F) Offset
Address: 0x00
31302928 27 262524232221 2019 18 17 16
CNF7[1:0] MOPE7[1:0] CNF6[1:p] MODE6[1:0] ¢NF5[1:0] MODE$[1:0] CNF4[1:0] MODEA4[1:0]
15 1413 12 11 10 9 8 7 6 5 4 3 2 1 0
CNF3[1:0] MOPE3[1:0] CNF2[1:p] MODE2[1:0] ¢NF1[1:0] MODE}[1:0] CNFO[1:0] MODEO[1:0]
Bit name access describe Reset value
(y=0-7), the configuration bits for port x, configured through thesg bits.
The corresponding port.
[31:30] In input mode (MODE=00b):
[27:26] 00: Analog input mode;
[23:22] 01: Floating input mode;
[19:18] 10: Includes pull-up and drop-down modes.
CNFy[1:0] RW 01b
[15:14] 11: Retained.
[11:10] In output mode (MODE>00b):
[7:6] 00: General push-pull output mode;
[3:2] 01: General open-drain output mode;
10: Multiplexing function push-pull output mode;
11: Open-drain output mode for multiplexing function.
[29:28] (y=0-7), port x mode selection, configured through these pits.
MODEy([1:0] RW 00b
[25:24] The corresponding port.
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[21:20]

[17:16]

[13:12]
[9:8]
[5:4]
[1:0]

00: Input mode;

01: Output mode;
10: Output Mode;
11: Output mode.

9.3.1.2 GPIO Configuration Register High Bit (GPIOx_CFGHR) (x=A/B/C/D/E/F) Offset

Address: 0x04
31 30 29 28 27 26 25 e 20 19 18 17 16
CNF15[1:0] MQDE15[1:0] CNF1§[1:0] MODE14[}:0] CNF13[1:0] MODE13[1:0] CNH12[1:0] MODE121:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CNF11[1:0] MQDE11[1:0] CNF1p[1:0] MODE10[]:0] CNF9[1:0] MODE9[1:0] CNF8[JL:0] MODES[1:0]
Bit name access Reset value
Description (y=8-15), configuration bits for port x, configured through these bits.
Configure the corresponding port
[31:30] In input mode (MODE=00b):
[27:26] 00: Analog input mode;
[23:22] 01: Floating input mode;
[19118] 10: Includes pull-up and drop-down modes.
CNFy[1:0] RW 01b
[15:14] 11: Retained.
[11:10] In output mode (MODE>00b):
[7:6] 00: General push-pull output mode;
[3:2] 01: General open-drain output mode;
10: Multiplexing function push-pull output mode;
11: Open-drain output mode for multiplexing function.
[29:28]
[25:24] (y=8-15), the mode bits of port x, configured through these |bits.
[2120] Configure the corresponding port.
[17:16] 00: Input mode;
MODEy[1:0] RW 00b
[13:12] 01: Output mode;
[9:8] 10: Output Mode;
[5:4] 11: Output mode.
[1:0]
9.3.1.3 Port Input Register (GPIOx_INDR) (x=A/B/C/D/E/F)
Offset address: 0x08
31 30 292827 262524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IDR1% IDR14 IDR1} IDR1? IDR1] IDR1D IDRYIDRS8 IDR7 Ilj R6 IDR5 IDRE IDR3IDR2 IDR1 IDRO
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Bit name access describe Reset value
[31:16] Reserved RO is 0

eserved. (y=0-15), port input data. These bits are read-only gnd only...
[15:0] IDRy RO It can be read in 16-bit format. The read value is the corresponding bit. ~ X

High and low status.

9.3.1.4 Port Output Register (GPIOx_OUTDR) (x=A/B/C/D/E/F) Offset Address: 0x0C

31 30 292827262524232221 2019 18 17 16

Reserved

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

ODR1% ODR14 ODR[L3 ODH12 ODR11 OQR10 OPR9 OOR8 ODR7 ODR6 ODH5 ODR{ ODR$ ODR2ODR1|ODRO

Bit name access describe Reset value

[31:16] Reserved RO is 0

eserved. For output modes:
(y=0-15), the data output from the port. This data can only.|.
Operate in 16-bit format. The I/O ports output these registers externally.
[15:0] ODR RW The vlue of thenstrument 0
For input modes with drop-down menus:

1: Pull up the input bar;

0: Drop-down input.

9.3.1.5 Port Reset/Set Register (GPIOx_BSHR) (x=A/B/C/D/E/F) Offset Address: 0x10

31 3029 28 27 26 2524232221 2019 18 17 16

BR15 E|R14 BR]3 BR12|BR11 BlIZlO BR9|BR8 BRf BR6 BIR5 BR4 EIRS BR2|BR1 BRp

151413 12 11 10 9 8 7 6 5 4 3 2 1 0

BS15 §S14 BS}3 BS12 BS11 BY10 BS9 l)SS BS7|BS6 BSp BS4 B$3 BS2 BS1 BSO

Bit name access Reset value

Description (y=0-15), these bit positions will clear the correspondjng OUTDR.
Writing O to these bits has no effect. These bits can only be in 16-bit form.
[31:16] BRy wo 0
Access method. If both the BR and BS bits are set, then the BS bit...

kick in.

(y=0-15), these bit positions will cause the corresponding OU[TDR
These bits are set; writing 0 has no effect. These bits can only be used in 16-bit increments.
[15:0] BSy wo
Access is in the form of [format]. If both the BR and BS bits are set, then...

The BS bit comes into play.

9.3.1.6 Port Reset Register (GPIOx_BCR) (x=A/B/C/D/E/F)
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Offset address: 0x14

31 30292827 26 2524232221 2019 18 17 16
151413 12 11 10 9 8 7 6 5 4 3 2 1 0
BR15 §R14 BR}3 BR12 BR11 BR10 BR9 4)R8 BR7|BR6 BRp BR4 843 BR2 BR1 BRO
Bit name access describe Reset value
[31:16] Reserved RO is feserved. 0
(y=0-15), these bit positions will clear the corresponding OUTDR.
[15:0] BRy Wo Writing 0 to these bits has no effect. These bits can only be in 16-bit form. 0
Access in this manner.
9.3.1.7 Configure the lock register (GPIOx_LCKR) (x=A/B/C/D/E/F) offset address:
0x18
31 30 29 28 27 26 25 20 19 18 17 16
Reserved LCKK
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LCK15 L CK14 L FKlS LCK12 LCKJL11 LCK19 LCK9 LICK8 LCH7 LCK6 | CK5 LCK4 LCK3JLCK2 LK1 LCKP
Bit name access describe Reset value
[31:17] Reserved RO Retention 0
A lock key can be implemented by writing a specific sequence of keys.
It is fixed, but it can be read at any time. A reading of 0 indicates that it is|not...
The lock is active; reading 1 indicates that the lock is active.
The write sequence for the lock key is: write 1 - write 0 - write 1 - read O - ead
1. The last step is not necessary, but it can be used to confirm the lock key.
16 LCKK RW 0
It has been activated.
No error during sequence writing will cause the activation to lock, and
The value of LCK[15:0] cannot be changed while writing to the sequence. (lLock)
Once the setting takes effect, the port can only be changed after the next reset.
Configuration.
(y=0-15), when these bits are 1, it indicates that the corresponding port is logked.
The configuration. These bits can only be changed before LCKK is locked.|Lock
[15:0] LCK RW 0
The specified configuration refers to the configuration registers GPIOx_CFGLR and
GPIOx_CFGHR.
Note: Once a sequence has been executed o#@@'ﬁorresponding port, the port configuration cannot be changed until the next system reset.
9.3.1.8 GPIO Port Speed Register (GPIOx_SPEED) (x=A/B/C/D/E/F) Offset Address: 0x1C
313029 28 27 262524232221 2019 18 17 16
SPEED15 SPEED14 SPEED13 SPEED12 SPEED11 SPEED10 SPEED9 SPEEDS8
[1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0]
V1.5 141 WH




Machine Translated by Google

CH32H417 Series Application Manual httpS :/lwch.cn

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

SPEED7 SPEED6 SPEED5 SPEED4 SPEED3 SPEED2 SPEED1 SPEEDO
[1:0] [1:0] [21:0] [1:0] [1:0] [1:0] [1:0] [2:0]
Bit name access describe Reset value

(y=0-15), port x speed selection, through these bit configurations

Configure the corresponding port
00: 10MHz;
[31:0] SPEEDy[L:0] RW 00b
01: 50MHz;
10:100MHz;
11: 180MHz.
9.3.2 AFIO Registers Unless
otherwise specified, AFIO registers must be operated in word mode (operate these registers in 32-bit mode).
Table 10-36 List of AFIO Related Registers
name Access address describe Reset value
R32_AFIO_PCFR1 0x40010000 Remapping Register 1 0x00000000
R32_AFIO_GPIOA_AFLR 0x40010004 PA Port Multiplexing Function Register Low Bit 0x00000000
R32_AFIO_GPIOA_AFHR 0x40010008 PA Port Multiplexing Function Register High Bit 0x00000000
R32_AFIO_GPIOB_AFLR 0x4001000C PB Port Multiplexing Function Register Low Byte 0x00000000
R32_AFIO_GPIOB_AFHR 0x40010010 PB Port Multiplexing Function Register High Byte 0x00000000
R32_AFIO_GPIOC_AFLR 0x40010014 PC Port Multiplexing Function Register Low Bit 0x00000000
R32_AFIO_GPIOC_AFHR 0x40010018 PC Port Multiplexing Function Register High Bit 0x00000000
R32_AFIO_GPIOD_AFLR 0x4001001C PD Port Multiplexing Function Register Low Bit 0x00000000
R32_AFIO_GPIOD_AFHR 0x40010020 PD Port Multiplexing Function Register High Bit 0x00000000
R32_AFIO_GPIOE_AFLR 0x40010024 PE Port Multiplexing Function Register Low Bit 0x00000000
R32_AFIO_GPIOE_AFHR 0x40010028 PE Port Multiplexing Function Register High Bit 0x00000000
R32_AFIO_GPIOF_AFLR 0x4001002C PF Port Multiplexing Function Register Low Byte 0x00000000
R32_AFIO_GPIOF_AFHR 0x40010030 PF Port Multiplexing Function Register 0x00000000
R32_AFIO_EXTICR1 High Byte 0x4001003C External Interrupt Configuration 0x00000000
R32_AFIO_EXTICR2 Register 1 0x40010040 External Interrupt Configuration Register 2 0x00000000
9.3.2.1 Remapping Register 1 (AFIO_PCFR1) Offset
Address: 0x00
31 30 29 28 27 26 25 e e e 20 19 18 17 16
USBPD VvDD33 |VvDDIO |VIO18
Reser
Reserved SW_CFG[2:0] Reserved _CC_H ved _10_H |1lo_H |LIo_H
VT SLV SLV SLV
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
apc2_|apc2_ |abci |abci
Reserved R SDMMC_RM | UHSIF_PORT UHSIF_CLK_ A ETRGI |ETRGR|ETRGI |ETRGR i
R1_RM [1:0] _RM[L:0] RM[1:0] ved 1. RM
NJ_RM |EG_RM|NJ_RM |EG_RM
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Bit

name

access

describe

Reset value

[31:27] Res

erved

ROisr

eserved.

0

[26:24] SW |CFG[2:0]

RW

These bits are used to configure the I/O ports for SW and tracing functions|.

(SDI) is the debug interface for accessing the kernel. It always appears after a system
As an SWD port.
Oxx: Enable SWD (SDI);
100: Disable SWD (SDI) and use it as a GPIO function;

Other: Invalid.

SWD

eset.

000b

[23:21] Res

erved

ROis

eserved.

20

USBPD_CC_HVT

RW

CC pin input channel threshold adjustment.
USBPD CC pin high threshold input mode enabled:

1: High threshold input can reduce power consumption during PD communication;

0: Normal GPIO threshold input.

19

Reserved

ROis

eserved.

18

VDD33_I0_HSLV

RW

VDD33 10 speed configuration at low voltage:
1: When the I/O voltage is less than 2.7V, the I/O speed can be enhanced;

0: When |0 operates at low voltage, the speed will not be enhanced.

17

VDDIO_IO_HSLV

RW

VDDIO IO speed configuration at low voltage:
1: When the I/O voltage is less than 2.7V, the I/O speed can be enhanced;

0: When |0 operates at low voltage, the speed will not be enhanced.

16

VIO18_10_HSLV

RW

VIO18 10 speed configuration at low voltage:
1: When the I/O voltage is less than 2.7V, the I/O speed can be enhanced;

0: When 10 operates at low voltage, the speed will not be enhanced.

[15:13] Res

erved

RO s

eserved.

[12] TIM2

TR1_RM

RW

TIM2 internally triggers 1 remapping.
1: Internally connect TIM2_ITR1 to the SOF of full-speed USB O
Output;

0: Internally connects TIM2_ITR1 to the PTP output of Ethernet.

rG.

[11:10] SDMMC_RM[1:0]

RW

SDMMC remapping:

00: Default mapping (STS/CMD/PD2, SDCK/SLVCK/PC12,
STR/PD3, DO/PC8, D1/PC9, D2/PC10, D3/PC11,

D4/PA14, D5/PA15, D6/PC6, D7/PC7);

01: Remapping (STS/CMD/PD12, SDCK/SLVCK/PD11,
STR/PD10, D0/PB13, D1/PC9, D2/PB10, D3/PB11,
D4/PA14, D5/PA15, D6/PC6, D7/PC7);

1x: Remapping (STS/CMD/PC10, SDCK/SLVCK/PC12,
STR/PCL11, DO/PDO, D1/PD1, D2/PD2, D3/PD3,

D4/PD4, D5/PPD5, D6/PD6, D7/PD7).

00b

[9:8]

UHSIF_PORT_RM[1:0

RW

UHSIF PORT remapping:

00: Default mapping (PORTO/PF12, PORT1/PF13

PORT2/PE7, PORT3/PES8, PORT4/PEY, PORT5/PE1DO, ...)
PORT6/PE11 PORTS/HEORT7/PE12

PORTY9/PE14 PORT10/PE15 PORT11/PB10

PORT12/PB11 PORT13/PB12 PORT14/PB13

PORT15/PB14 PORT16/PD10 PORT17/PD11

00b
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PORT18/PD12 , PORT19/PD13 , PORT20/PD14
PORT21/PPD15 , PORT22/PFO , PORT23/PF1
PORT24/PF2 PORT25/PC6 PORT26/PC7
PORT27/PC8 PORT28/PC9 PORT29/PA13
PORT30/PA14 A PORT31/PA15 | PORT32/PC10
PORT33/PC11 | PORT34/PC12 , PORT35/PDO
PORT36/PD1 PORT37/PD2 PORT38/PD3
PORT39/PD4 PORT40/PD5 PORT41/PD6
PORT42/PD7 PORT43/PF3 PORT44/PF4

PORT45/PF5, PORT46/PEO, PORT47/PEL);

01: Remapping (PORTO/PF12, PORT1/PF13, PORT2/PE7
PORT3/PC1, PORT4/PC2, PORT5/PC3, PORT6/PBO,

PORT7/PB1 PORTS8/PE13 PORTY9/PE14
PORT10/PE15 , PORTI11/PB10 , PORT12/PB11 |,
PORT13/PB12 A PORT14/PB13 , PORT15/PB14 |
PORT16/PD10 , PORT17/PD11 , PORT18/PD12
PORT19/PD13 | PORT20/PD14 , PORT21/PPD15
PORT22/PFO PORT23/PF1 PORT24/PF2
PORT25/PC6 PORT26/PC7 , PORT27/PC8
PORT28/PC9 | PORT29/PA13 | PORT30/PA14 |
PORT31/PA15 , PORT32/PC10 , PORT33/PC11 |
PORT34/PC12 PORT35/PD0O PORT36/PD1 |
PORT37/PD2 PORT38/PD3 PORT39/PD4 |
PORT40/PD5 PORT41/PD6 PORT42/PD7 |
PORT43/PF3 PORT44/PF4 PORT45/PF5

PORT46/PEO, PORT47/PEL).
1x: Remapping (PORTO/PC1, PORT1/PC2, PORT2/PC3,
PORT3/PBO, PORT4/PB1, PORT5/PE10, PORT6/PE11,

PORT7/PE12 PORTS8/PE13 PORT9/PE14
PORT10/PE15 , PORT11/PB10 , PORT12/PB11 |,
PORT13/PB12 A PORT14/PB13 | PORT15/PB14 |
PORT16/PD10 , PORT17/PD11 | PORTI18/PD12 |
PORT19/PD13 | PORT20/PD14 , PORT21/PPD15 |
PORT22/PFO PORT23/PF1 | PORT24/PF2 |
PORT25/PC6 PORT26/PC7 PORT27/PC8
PORT28/PC9 | PORT29/PA13 | PORT30/PA14 |
PORT31/PA15 | PORT32/PC10 , PORT33/PCl11 |
PORT34/PC12 PORT35/PD0O PORT36/PD1 |
PORT37/PD2 PORT38/PD3 PORT39/PD4 |
PORT40/PD5 PORT41/PD6 PORT42/PD7 |
PORT43/PF3 PORT44/PF4 PORT45/PF5 |
PORT46/PEO, PORT47/PEL).
Note: For chips BABPiALbISect ] €/ g6 ot sapfet

88 22X Dummense pin coniuraion o th cips misin nfrmation]

configuration.
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UHSIF CLK remapping:
00: Default mapping (CLK/PF11);
[7:6] UHSIF_CLK_RM[1:0] RW 01: Remapping (CLK/PCO); 00b
10: Remapping (CLK/PF14);
11: Remapping (CLK/PD?9).
5 Reserved RO is neserved. 0
ADC?2 externally triggered injection of the remapped bit of the conversion.
4 ADC2_ETRGINJ_RM RW 1: The ADC2 external trigger injection conversion is connected to TIM8_CH4; 0
0: ADC2 external trigger injection conversion is connected to EXTI15.
ADC2 external trigger rule conversion remapping bit.
3 ADC2_ETRGREG_RM RW 1: The ADC2 external trigger rule conversion is connected to TIM8_TRGO; 0
0: ADC2 external trigger rule conversion is connected to EXTI11.
ADC1 externally triggered injection of the remapped bit of the conversion.
2 ADC1_ETRGINJ_RM RW 1: The ADC1 external trigger injection conversion is connected to TIM8_CH4; 0
0: ADC1 external trigger injection conversion is connected to EXTI15.
ADC1 is the remapping bit for external trigger rule conversion.
1 ADC1_ETRGREG_RM RwW 1: The ADC1 external trigger rule conversion is connected to TIM8_TRGO; 0
0: ADC1 external trigger rule conversion is connected to EXTI11.
Pin PDO & PD1 remapping bit, which can be read and written by the user. It ¢ontrols...
Whether the GPIO functions of PDO and PD1 are remapped, i.e.
0 PDOPD1_RM RW | PDO & PD1 are mapped to XI & XO. 0
1: The pin is used as a GPIO port;
0: The pin is used as a crystal oscillator pin.
9.3.3.2 Offset address of the low byte of the port multiplexing function register (GPIOX_AFLR) (x=A/
B/C/D/E/F) : 0x04, 0x0C, 0x14, 0x1C, 0x24, 0x2C
31 30 29 28 27 26 25 .. 20 19 18 17 16
AFR7[3:0] AFR6[3:0] AFR5[3:0] AFRA4[3:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AFR3[3:0] AFR2[3:0] AFR1[3:0] AFRO[3:0]
Bit name access describe Reset value
(y=0-7), selection of multiplexing function for port x and pin y:
[31:28]
0000:AFO; 0001: AF1;
[27:24]
0010: AF2; 0011: AF3;
[23:20]
0100: AF4, 0101: AF5;
[19:16]
AFRy[3:0] RwW 0110: AF6; 0111: AF7; 0
[15:12]
1000: AFS; 1001:AF9;
[11:8]
1010: AF10; 1011: AF11;
[7:4]
1100: AF12; 1101: AF13;
[3:0]
1110:AF14; 1111:AF15.

9.3.3.3 High-order bits of the port multiplexing function register (GPIOx_AFHR) (x=A/B/C/D/E/F)
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Offset addresses: 0x08,

0x10, 0x18, 0x20, 0x28, 0x30

31 30 29 28 27 26 25 20 19 18 17 16
AFR15[3:0] AFR14[3:0] AFR13[3:0] AFR12[3:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AFR11[3:0] AFR10[3:0] AFR9[3:0] AFR8[3:0]
Bit name access describe Reset value
=8-15), selection of multiplexing function for port x and pin y:
[31:28] v ) p g p p
0000:AFO; 0001: AF1;
[27:24]
0010: AF2; 0011: AFS3;
[23:20]
0100: AF4; 0101: AF5;
[19:16]
AFRy[3:0] RW 10110: AF6; 0111: AF7; 0
[15:12]
1000: AFS; 1001:AF9;
[11:8]
1010: AF10; 1011: AF11,
[7:4]
[3:0] 1100: AF12; 1101: AF13;
. 1110:AF14; 1111:AF15.
9.3.2.4 External Interrupt Configuration Register 1 (AFIO_EXTICR1)
Offset Address: 0x3C
31 3029 28 27 26 2524 2322 21 2019 18 17 16
EXTI7[3:0] EXTI6[3:0] EXTI5[3:0] EXTI4[3:0]
1514 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 Reset value
Description (x=0-7), External Interrupt Input Pin Configuration Bits. Used tp determine...
[31:28] Determine which port pin the external interrupt pin is mapped to:
[27:24] 0000: The xth pin of the PA pin;
[23:20] 0001: The xth pin of the PB pin;
[19:16] 0010: The xth pin of the PC pin;
EXTIx[3:0] RW 0000b
[15:12] 0011: The xth pin of the PD pin;
[11:8] 0100: The xth pin of the PE pin;
[7:4] 0101: The xth pin of the PF pin;
[3:0] 0110: CMP output;
Other: Reserved.
9.3.2.5 External Interrupt Configuration Register 2
(AFIO_EXTICR?2) Offset Address: 0x40
31 3029 28 27 26 2524 23 22 21 2019 18 17 16
EXTI15 [3:0] EXTI14[3:0] EXTI13[3:0] EXTI12[3:0]
151413 12 11 10 9 8 7 6 5 4 3 2 1 0
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EXTI11[3:0] EXTI10[3:0] EXTI9[3:0] EXTI8[3:0]
Bit name access describe Reset value
(x=8-15), External interrupt input pin configuration bits. Used |for...
[31:28] Determine which port pin the external interrupt pin is mapped|to:
[27:24] 0000: The xth pin of the PA pin;
[23:20] 0001: The xth pin of the PB pin;
[19:16] 0010: The xth pin of the PC pin;
EXTIx[3:0] RW 0000b
[15:12] 0011: The xth pin of the PD pin;
[11:8] 0100: The xth pin of the PE pin;
[7:4] 0101: The xth pin of the PF pin;
[3:0] 0110: CMP output;
Other: Reserved.
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Chapter 10 Direct Memory Access Control (DMA)

Direct Memory Access (DMA) controllers provide high-speed data transfer between peripherals and memory, or between memory devices.

In this way, without CPU intervention, data can be moved quickly via DMA to save CPU resources for other operations.

The DMA controller supports reconfiguration of DMA request lines between peripherals and the DMA. An arbitrator is also included to coordinate priority among channels.

class.

10.1 Key Features

Multiple independent configurable channels

Supports reconfiguration of DMA request lines between peripherals and DMA, and supports software triggering.

¥ Supports cyclic buffer management

The request priority among multiple channels can be set via software programming (highest, high, medium, and low). When the priority settings are equal ...

The priority is determined by the channel number (the lower the channel number, the higher the priority)

Supports data transfer between peripherals and memory, memory and peripherals, and memory and memory.

Flash memory, SRAM, peripheral SRAM, and HB peripherals can all be used as sources and destinations for access.

Programmable data transfer bytes: Maximum 65535

10.2 Functional Description

Figure 10-1 Schematic diagram of DMA channel operation
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10.2.1 DMA Channel Processing 1)
Arbitration Priority
Multiple independent DMA requests from multiple channels are input to the DMA controller via a logic OR structure. Only one channel's request will be processed at any given time
A response is received. The arbitrator inside the module selects which peripheral/memory access to initiate based on the priority of the channel request.
In software management, the application can independently configure the priority level for each channel by setting the PL[1:0] bits of the DMA_CFGRx
register, including four levels: highest, high, medium, and low. When the software settings of the channels are consistent, the module will select according to a

fixed hardware priority, with the channel number being lower having higher priority than the channel number being higher.

2) DMA Configuration:
When the DMA controller receives a request signal, it accesses the requesting peripheral or memory, and establishes the connection between the peripheral or memory and the storage.
Data transfer between devices. This mainly includes the following three steps:
1) Retrieving data from the peripheral data register or the memory address indicated by the current peripheral/memory address register; the initial transfer...
The starting address is the peripheral base address or memory address specified by the DMA_PADDRx or DMA_MADDRX register.
2) Store data in the peripheral data register or the memory address indicated by the current peripheral/memory address register, during the first transfer.
The starting address is the peripheral base address or memory address specified by the DMA_PADDRx or DMA_MADDRX

register. 3) Perform a decrement operation on the value in the DMA_CNTRX register, which indicates the number of operations that have not yet been completed.

Each channel includes 3 DMA data transfer methods:
Peripheral to memory (MEM2MEM=0, DIR=0) Memory to
peripheral (MEM2MEM=0, DIR=1) Memory to memory

(MEM2MEM=1)

Note: Memory-to-memory mode does not require an external request signal. After configuring this mode (MEM2MEM=1), data transmission can be started by opening the channel (EN=1). This mode does not support loop mode.

The configuration process is as follows:
1) Set the starting address of the peripheral register or the memory-to-memory mode (MEM2MEM=1) in the DMA_PADDRX register.
Data address. This address will be the source or destination address for data transfer when a DMA request occurs.
2) Select the memory address using the FLAG_CUR_MEM bit and set the memory data address in the DMA_MADDRKX register. DMA occurs.
When arequest is made, the data to be transmitted will be read from or written to this address.
3) Set the amount of data to be transferred in the DMA_CNTRX register. This value is decremented after each data transfer. 4) Set the channel
priority in the PL[1:0] bits of the DMA_CFGRX register. 5) Set the data transfer direction, loop
mode, incremental mode for peripherals and memory, data width for peripherals and memory, halfway through transfer, transfer complete, and transfer error
interrupt enable bits in the DMA_CFGRX register. 6) Set the EN bit of the DMA_CFGRX register to
start channel x.
Note: The data transfer direction (DIR), loop mode (position), and incremental mode (MINC/PINC) of peripherals and memory in
the DMA_PADDRx/DMA_MADDRX/DMA_CNTRX registers and the DMA_CFGRX register can only be configured for DMA writing

when the channel is closed.

3) Loop mode

Setting the CIRC bit of the DMA_CFGRX register to 1 enables the cyclic mode function for channel data transfer. In cyclic mode, when the number of data
transfers becomes 0, the contents of the DMA_CNTRX register are automatically reloaded to their initial value, and the internal peripheral and memory address
registers are also reloaded to the initial address values set by the DMA_PADDRx and DMA_MADDRX registers. DMA operations will continue until the channel is

closed or DMA mode is disabled.

4) DMA processing status
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¥ Halfway through transfer: The HTIFx bit in the corresponding DMA_INTFR register is set by hardware. This occurs when the number of bytes transferred by the DMA is reduced to the initial setting.

A value below half will trigger a DMA transfer completion flag. If HTIE is set in the DMA_CFGRX register, a partial transfer will occur.
Disconnect. This flag indicates to the application that the hardware is preparing for a new round of data transfer.

« Transfer complete: The TCIFx bit in the corresponding DMA_INTFR register is set by hardware. A completion message will appear when the number of bytes transferred by the DMA reaches 0.

The DMA transfer completion flag is generated. If TCIE is set in the DMA_CFGRX register, an interrupt will be generated.
« Transfer error: The TEIFx bit in the corresponding DMA_INTFR register is set by hardware. Reading or writing to a reserved address area will result in a transfer error.
DMA transfer error. The module hardware will automatically clear the EN bit of the DMA_CFGRX register corresponding to the channel where the error occurred.
The channel is closed. An interrupt will be generated if TEIE is set in the DMA_CFGRX register.
When an application queries the DMA channel status, it can first access the GIFx bit of the DMA_INTFR register to determine which channel is currently active.

A DMA event occurred on the channel, and then the specific DMA event content of that channel was processed.

10.2.2 Programmable total data transfer size/data bit width/alignment

The total amount of data transferred per channel in a round of DMA is programmable, with a maximum of 65535 transfers. The DMA_CNTRXx register indicates the data to be transferred.
Number of bytes. When EN=0, the setting value is written; when EN=1 and the DMA transfer channel is enabled, this register becomes read-only.
The value decreases after transmission.

The data transfer values between peripherals and memory support automatic address pointer increment, with programmable pointer increments. The first address they access...
The data address to be transferred is stored in the DMA_PADDRx and DMA_MADDRKX registers, which is determined by setting the PINC bit of the DMA_CFGRXx register.
Alternatively, setting MINC to position 1 allows you to enable either the peripheral address auto-increment mode or the memory address auto-increment mode, respectively. PSIZE[1:0] sets the peripheral address.
The data size and address increment/decrement are set by MSIZE[1:0], which sets the memory address and allows you to retrieve the data size and address increment/decrement. There are four options:
8-bit, 16-bit, 32-bit, and 256-bit. The specific data transfer methods are shown in the table below:

Table 10-1 DMA Transfer under Different Data Bit Widths (PINC=MINC=1)

Source Target transmission L
Source: address/data Destination: address/data Transmission operation
Bit width Bit width number
0x00/B0 0x00/B0O
0x01/B1 0x01/B1
8 8 4
0x02/B2 0x02/B2
0x03/B3 0x03/B3
0x00/B0O 0x00/00B0
Source address increment and source setting
0x01/B1 0x02/00B1
8 16 4 Set data bit width alignment, value retrieval
0x02/B2 0x04/00B2
Size equal to the source data bit width
0x03/B3 0x06/00B3
y Target address increment and target setting
0x00/B0O 0x00/000000B0
Set data bit width alignment and retrieve values.
0x01/B1 0x04/000000B1
8 32 4 Size equal to target data bit width
0x02/B2 0x08/000000B2
Y DMA transfer of data sent to the target end
0x03/B3 0x0C/000000B3
Based on the principle: Insufficient data size
0x00/BO 0x00/00...0000B0
High-order bits are padded with Os; data size overflow§.
0x01/B1 0x20/00...0000B1
8 256 4 Remove the position
0x02/B2 0x40/00...0000B2
Data storage method: Little-endian
0x03/B3 0x60/00...0000B3
In this format, the low address stores the low byte.
0x00/B1B0 0x00/B0
The high address stores the high byte.
0x02/B3B2 0x01/B2
16 8 4
0x04/B5B4 0x02/B4
0x06/B7B6 0x03/B6
0x00/B1B0O 0x00/B1B0
16 16 4
0x02/B3B2 0x02/B3B2
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0x04/B5B4 0x04/B5B4
0x06/B7B6 0x06/B7B6
0x00/B1B0O 0x00/0000B1B0O
0x02/B3B2 0x04/0000B3B2

16 32 4
0x04/B5B4 0x08/0000B5B4
0x06/B7B6 0x0C/0000B7B6
0x00/B1BO 0x00/00...00B1B0O
0x02/B3B2 0x20/00...00B3B2
16 256 4
0x04/B5B4 0x40/00...00B5B4
0x06/B7B6 0x60/00...00B7B6
0x00/B3B2B1B0 0x00/B0O
0x04/B7B6B5B4 0x01/B4
32 8 4
0x08/BBBAB9B8 0x02/B8
0xO0C/BFBEBDBC 0x03/BC
0x00/B3B2B1B0O 0x00/B1B0O
0x04/B7B6B5B4 0x02/B5B4
32 16 4
0x08/BBBAB9B8 0x04/B9B8
0xOC/BFBEBDBC 0x06/BDBC
0x00/B3B2B1B0O 0x00/B3B2B1B0O
0x04/B7B6B5B4 0x04/B7B6B5B4
32 32 4
0x08/BBBAB9B8 0x08/BBBAB9B8
0xOC/BFBEBDBC 0xO0C/BFBEBDBC
0x00/B3B2B1B0O 0x00/00...B3B2B1B0O
0x04/B7B6B5B4 0x20/00...B7B6B5B4
32 256 4
0x08/BBBAB9B8 0x40/00...BBBAB9B8
0xOC/BFBEBDBC 0x60/00...BFBEBDBC
0x00/2F...13121110 0x00/10
0x20/4F...33323130 0x01/30
256 8 4
0x40/6F...53525150 0x02/50
0x60/8F...73727170 0x03/70
0x00/2F...13121110 0x00/1110
0x20/4F...33323130 0x02/3130
256 16 4
0x40/6F...53525150 0x04/5150
0x60/8F...73727170 0x06/7170
0x00/2F...13121110 0x00/13121110
0x20/4F...33323130 0x04/33323130
256 32 4
0x40/6F...53525150 0x08/53525150
0x60/8F...73727170 0x0C/73727170
0x00/2F...13121110 0x00/2F...13121110
0x20/4F...33323130 0x20/4F...33323130
256 256 4
0x40/6F...53525150 0x40/6F...53525150
0x60/8F...73727170 0x60/8F...73727170

10.2.3 DMA Request Multiplexer

The DMAMUX request multiplexer can reconfigure (route) DMA request lines between the chip's peripherals and the DMA controller. This routing function...
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This is ensured by a programmable multi-channel DMA request line multiplexer. Each channel can select one DMA request line without restriction, or...
The device selects a DMA request line in a manner synchronized with events from its DMAMUX synchronization input.

The DMA controller provides 16 channels, of which DMAMUX channels 1 to 8 are connected to DMA1 channels 1 to 8, and DMAMUX channels 9 to...
16 is connected to DMA2 channels 1 to 8.

Table 10-2 DMA Multiplexer Input to Resource Allocation Table

DMA request for input peripheral DMA rgquest for input peripheral DMA request fdr input peripheral

1 TIM1_CH1 42 TIM9_CH4 83 I3C_TX

2 TIM1_CH2 43 TIM9_UP 84 I3X_RX

3 TIM1_CH3 44 TIM9_TRIG 85 USART1_TX
4 TIM1_CH4 45 TIM10_CH1 86 USART1_RX
5 TIM1_UP 46 TIM10_CH2 87 USART2_TX
6 TIM1_COM 47 TIM10_CH3 88 USART2_RX
7 TIM1_TRIG 48 TIM10_CH4 89 USART3_TX
8 TIM2_CH1 49 TIM10_UP 90 USART3_RX
9 TIM2_CH2 50 TIM10_TRIG 91 USART4_TX
10 TIM2_CH3 51 TIM11_CH1 92 USART4_RX
11 TIM2_CH4 52 TIM11_CH2 93 USARTS5_TX
12 TIM2_UP 53 TIM11_CH3 94 USART5_RX
13 TIM2_TRIG 54 TIM11_CH4 95 USART6_TX
14 TIM3_CH1 55 TIM11_UP 96 USART6_RX
15 TIM3_CH2 56 TIM11_TRIG 97 USART7_TX
16 TIM3_CH3 57 TIM12_CH1 98 USART7_RX
17 TIM3_CH4 58 TIM12_CH2 99 USARTS8_TX
18 TIM3_UP 59 TIM12_CH3 100 USART8_RX
19 TIM3_TRIG 60 TIM12_CH4 101 SWPMI_TX
20 TIM4_CH1 61 TIM12_UP 102 SWPMI_RX
~~~~~~~~ TIM4_CH2 62 TIM12_TRIG 103 DAC1
,,,,,,,,, TIM4_CH3 63 SPI1_TX 104 DAC2

TIM4_CH4 64 SPI1_RX 105 reserve

,,,,,,,,,, TIM4_UP 65 SPI2_TX 106 reserve
25 TIM4_TRIG 66 SPI2_RX 107 DFSDM_DMAO
26 TIM5_CH1 67 SPI3_TX 108 DFSDM_DMA1
27 TIM5_CH2 68 SPI3_RX 109 Reserved
28 TIM5_CH3 69 SPI4_TX 110 reserve
29 TIM5_CH4 70 SP14_RX 111 SDIO
30 TIM5_UP 71 QSPI1_DMA 112 SAI_A_TX
3 TIM5_TRIG 72 QSPI2_DMA 113 SAI_A_RX
32 TIM8_CH1 73 12C1_TX 114 SAI_B_TX
33 TIM8_CH2 74 12C1_RX 115 SAI_B_RX
34 TIM8_CH3 75 12C2_TX 116 Reserved
35 TIM8_CH4 76 12C2_RX 117 reserve
36 TIM8_UP 7 12C3_TX 118 reserve
37 TIM8_COM 78 12C3_RX 119 reserve
38 TIM8_TRIG 79 12C4_TX 120 ADC1
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39 TIM9_CH1 80 12C4_RX 121 ADC2
40 TIM9_CH2 81 13C_RS 122 TIM6_UP
41 TIM9_CH3 82 13C_TC 123 TIM7_UP

10.2.4 Double-Buffered Mode

Double-buffered mode is used for DMA1 and DMA2 channels. Besides having two memory pointers, the channel operation in double-buffered mode...
The formula remains the same as that of the single-buffered mode.

By setting the DOUBLE_MODE bit in the DMA_CFGRX register to 1, double-buffered mode is enabled, automatically entering loop mode, and...
After completing one cycle, the memory address is automatically switched (alternating between DMA_MADDRx and DMA_M1ADDRX).

At the end of each loop, the DMA controller swaps the memory target from one memory target to another, thus allowing the software to process...
While using one memory region, DMA transfers can also fill or use a second memory region. Dual-buffered channels can operate bidirectionally, such as...
As shown in the table below.

Table 10-3 Source and Destination Address Registers in Double-Buffered Mode

DMA_CFGRx.DIR direction Source address Target address
0 Read from peripherals DMA_PADDRXx DMA_MADDRx/DMA_M1ADDRXx
1 Read DMA_MADDRx/DMA_M1ADDRx from memory DMA_PADDRX

Note: When double buffering mode is enabled, memory to memory mode is disabled.

10.3 Register Description

Table 10-4 List of DMA1 Related Registers

name Access Address Description: 0x40020000 DMA1 Reset value
R32_DMA1_INTFR Interrupt Status Register; 0x40020004 DMA1 Interrupt 0x00000000
R32_DMA1_INTFCR Flag Clear Register;|0x40020008 DMA1 Channel 1 0x00000000
R32_DMA1_CFGR1 Configuration Register; 0x4002000C DMA1 Channel 1 0x00000000
R32_DMA1_CNTR1 Data Transfer Count Register; 0x40020010 DMA1 Channel 1 Peripheral 0x00000000
R32_DMA1_PADDR1 Address Register; 0x40020014 DMA1 Channel 1 Memory 0x00000000
R32_DMA1_MADDR1 Address Register; 0x40020018 DMA1 Channel 1 Memory Address 0x00000000
R32_DMA1_M1ADDR1 Register 1; 0x4002001C DMA1 Channel 2 Configuration Register; 0x00000000
R32_DMA1_CFGR2 0x40020020 DMA1 Ghannel 2 Data Transfer Count 0x00000000
R32_DMA1_CNTR2 Register; 0x40020024 DMA1 Channel 2 Peripheral Address Register; 0x00000000
R32_DMA1_PADDR2 0x40020028 DMA1 Channel 2 Memory Address Register; 0x00000000
R32_DMA1_MADDR2 0x4002002C DMA1 Channel 2 Memory Address Register 1. 0x00000000
R32_DMA1_M1ADDR?2 0x40020030 DMA1 Channel 3 Configuration Register; 0x40020034 0x00000000
R32_DMA1_CFGR3 DMA1 Channel 3 Data Transfer Count Register; 0x00000000
R32_DMA1_CNTR3 0x40020038 DMA1 Channel 3 Peripheral Address Register; 0x00000000
R32_DMA1_PADDR3 0x4002003C DMA1 Channel 3 Memory Address Register; 0x00000000
R32_DMA1_MADDR3 0x40020040 DMA1 Channel 3 Memory Address Register 1; 0x00000000
R32_DMA1_M1ADDR3 0x40020044 DMA1 Channel 4 Configuration Register; 0x40020048 0x00000000
R32_DMA1_CFGR4 DMAL1 Channel 4 Data Transfer Count Register; 0x00000000
R32_DMA1_CNTR4 0x4002004C DMA1 Channel 4 Peripheral Address Register; 0x00000000
R32_DMA1_PADDR4 0x40020050 DMA1 Channel 4 Memory Address Register; 0x00000000
R32_DMA1_MADDR4 0x40020054 DMA1 Channel 4 Memory Address Register 1 0x00000000
R32_DMA1_M1ADDR4 0x00000000
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R32_DMA2_MADDR4

R32_DMA1_CFGR5 0x40020058 DMA1 Channel 5 Configuration Register; 0x00000000
R32_DMA1_CNTR5 0x4002005C DMA1|Channel 5 Data Transfer Count Register; 0x00000000
R32_DMA1_PADDR5 0x40020060 DMA1 Channel 5 Peripheral Address Register; 0x00000000
R32_DMA1_MADDRS5 0x40020064 DMA1 Channel 5 Memory Address Register; 0x00000000
R32_DMA1_M1ADDRS5 0x40020068 DMA1 Channel 5 Memory Address Register 1; 0x00000000
R32_DMA1_CFGR6 0x4002006C DMA1|Channel 6 Configuration Register; 0x00000000
R32_DMA1_CNTR6 0x40020070 DMA1 Channel 6 Data Transfer Count Register; 0x00000000
R32_DMA1_PADDR6 0x40020074 DMAL1 Channel 6 Peripheral Address Register; 0x00000000
R32_DMA1_MADDRG6 0x40020078 DMA1 Channel 6 Memory Address Register; 0x00000000
R32_DMA1_M1ADDR6 0x4002007C DMA1|Channel 6 Memory Address Register 1; 0x00000000
R32_DMA1_CFGR7 0x40020080 DMA1 Channel 7 Configuration Register; 0x00000000
R32_DMA1_CNTR7 0x40020084 DMA1 Channel 7 Data Transfer Count Register 0x00000000
R32_DMA1_PADDR7? 0x40020088 DMA1 Channel 7 Peripheral Address Register 0x00000000
R32_DMA1_MADDR7 0x4002008C DMA1|Channel 7 Memory Address Register 0x00000000
R32_DMA1_M1ADDR7 0x40020090 DMA1 Channel 7 Memory Address Register 1 0x00000000
R32_DMA1_CFGRS8 0x40020094 DMA1 Channel 8 Configuration Register 0x00000000
R32_DMA1_CNTRS8 0x40020098 DMA1 Channel 8 Data Transfer Count Register 0x00000000
R32_DMA1_PADDRS 0x4002009C DMA1|Channel 8 Peripheral Address Register 0x00000000
R32_DMA1_MADDRS8 0x400200A0 DMA1|Channel 8 Memory Address Register 0x00000000
R32_DMA1_M1ADDRS8 0x400200A4 DMA1|Channel 8 Memory Address Register 1 0x00000000
Table 10-5 List of DMA2 Related Registers
name Access address description Reset value

R32_DMA2_INTFR 0x40020400 DMAZ2 |Interrupt Status Register; 0x00000000
R32_DMAZ2_INTFCR 0x40020404 DMAZ2 nterrupt Flag Clear Register; 0x00000000
R32_DMA2_CFGR1 0x40020408 DMA2 Channel 1 Configuration Register; 0x00000000
R32_DMA2_CNTR1 0x4002040C DMA2|Channel 1 Data Transfer Count Register; 0x00000000
R32_DMA2_PADDR1 0x40020410 DMA2 Channel 1 Peripheral Address Register; 0x00000000
R32_DMA2_MADDR1 0x40020414 DMA2 Channel 1 Memory Address Register; 0x00000000
R32_DMA2_M1ADDR1 0x40020418 DMA2 Channel 1 Memory Address Register 1; 0x00000000
R32_DMA2_CFGR2 0x4002041C DMA2|Channel 2 Configuration Register; 0x00000000
R32_DMA2_CNTR2 0x40020420 DMA2 Channel 2 Data Transfer Count Register; 0x00000000
R32_DMA2_PADDR2 0x40020424 DMA2 Channel 2 Peripheral Address Register; 0x00000000
R32_DMA2_MADDR?2 0x40020428 DMA2 Channel 2 Memory Address Register; 0x00000000
R32_DMA2_M1ADDR2 0x4002042C DMA2|Channel 2 Memory Address Register 1. 0x00000000
R32_DMA2_CFGR3 0x40020430 DMA2 Channel 3 Configuration Register; 0x00000000
R32_DMA2_CNTR3 0x40020434 DMA2 Channel 3 Data Transfer Count Register; 0x00000000
R32_DMA2_PADDR3 0x40020438 DMA2 Channel 3 Peripheral Address Register; 0x00000000
R32_DMA2_MADDR3 0x4002043C DMA2|Channel 3 Memory Address Register; 0x00000000
R32_DMA2_M1ADDR3 0x40020440 DMA2 Channel 3 Memory Address Register 1; 0x00000000
R32_DMA2_CFGR4 0x40020444 DMA2 Channel 4 Configuration Register; 0x00000000
R32_DMA2_CNTR4 0x40020448 DMA2 Channel 4 Data Transfer Count Register; 0x00000000
R32_DMA2_PADDR4 0x4002044C DMA2|Channel 4 Peripheral Address Register; 0x00000000

0x40020450 DMA2 Channel 4 Memory Address Register 0x00000000
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R32_DMA2_M1ADDR4 0x40020454 DMA2 Channel 4 Memory Address Register 1 0x00000000
R32_DMA2_CFGR5 0x40020458 DMA2 Channel 5 Configuration 0x00000000
R32_DMA2_CNTR5 Register 0x4002045C DMA2 Channel 5 Transfer Count 0x00000000
R32_DMA2_PADDR5 Register 0x40020460 DMA2 Channel 5 Peripheral 0x00000000
R32_DMA2_MADDRS5 Address Register|0x40020464 DMA2 Channel 5 Memory 0x00000000
R32_DMA2_M1ADDR5 Address Register|0x40020468 DMA2 Channel 5 Memory 0x00000000
R32_DMA2_CFGR6 Address Register|1 0x4002046C DMA2 Channel 0x00000000
R32_DMA2_CNTR6 6 Configuration Register 0x40020470 DMA2 Channel 6 0x00000000
R32_DMA2_PADDRG6 Transfer Count Register 0x40020474 DMA2 Channel 6 0x00000000
R32_DMA2_MADDRG6 Peripheral Address Register 0x40020478 DMA2 Channel 0x00000000
R32_DMA2_M1ADDR6 6 Memory Address Register 0x4002047C DMA2 Channel 6 0x00000000
R32_DMA2_CFGR7 Memory Address Register 1 0x40020480 DMA2 0x00000000
R32_DMA2_CNTR7 Channel 7 Configuration register 0x40020484 DMA2 Channel 0x00000000
R32_DMA2_PADDR7 7 Data Transfer Count Register 0x40020488 DMA2 0x00000000
R32_DMA2_MADDR7 Channel 7 Peripheral Address Register 0x4002048C DMA2 0x00000000
R32_DMA2_M1ADDR7 Channel 7 Memory Address Register 0x40020490 DMA?2 0x00000000
R32_DMA2_CFGRS8 Channel 7 Memory Address Register 1 0x40020494 0x00000000
R32_DMA2_CNTRS8 DMAZ2 Channel 8 Configuration register 0x40020498 DMA2 0x00000000
R32_DMA2_PADDRS8 Channel 8 Data Transfer Count Register 0x4002049C 0x00000000
R32_DMA2_MADDRS DMA2 Channel 8 Peripheral Address Register 0x400204A0 0x00000000
R32_DMA2_M1ADDRS DMA2 Channel 8 Memory Address Register 0x400204A4 DMA2 Chanrjel @AMR90Rddres
Table 10-6 DMAMUX Register List
name Access address describe Reset value

R32_DMAMUX1_4 CFGR

0x40020800 DMA

request multiplexer channel 1-4 configuration regis

er 0x00000000

R32_DMAMUX5_8_CFGR

0x40020804 DMA

request multiplexer channel 5-8 configuration regis

er 0x00000000

R32_DMAMUX9_12_CFGR

0x40020808 DMA

request multiplexer channel 9-12 configuration regi

ster 0x00000000

R32_DMAMUX13_16_CFGR

0x4002080C DMA

request multiplexer channel 13-16 configuration reg

ister 0x00000000

10.3.1 DMAX Interrupt Status Register (DMAX_INTFR) (x=1/2)

Offset address: 0x00 + (x-1)*0x400

s Register 1

31 302928 27262524232221 2019 18 17 16
TEIF8 HTIF8 TC}F8 GIFq TEIF7 HTIF7 TQQF7 GIF] TEIF6 HTIF6 TAIF6 GIFg TEIF5 HTIF5 TQIF5 GIF]
15 14 13 11 10 9 8 7 6 5 4 3 2 1 0
TEIF4 HTIF4 TC{F4 GIF4 TEIF3 HTIF3 TQF3 GIFJ TEIF2 HTIF2 TIF2 GIF4 TEIF1 HTIF1 TJQIF1 GIF]
Bit Name access Reset valug
Description of transmission error flags for channel x (x=1/2/3/4/5/6/7/8):
31/27/23/
1: A transmission error occurred on channel x;
19/15/11/ TEIFX RO 0
23 0: No transmission errors on channel x.
The hardware sets the flag, and the software writes the CTEIFx bit to clear this flag.
30/26/22/ The transmission halfway mark for channel x (x=1/2/3/4/5/6/7/8):
HTIFx RO 0
18/14/10/ 1: A half-transmission event occurred on channel x;
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6/2 0: No more than half of the data has been transmitted on channel x.
The hardware sets this flag, while the software writes the CHTIFx bit to clear it.
Transmission completion flags for channel x (x=1/2/3/4/5/6/7/8):
29/25/21/
1: A transmission completion event was generated on channel x;
17/13/9/5 TCIFX RO 0
n 0: No transmission completion event occurred on channel x.
The hardware sets the flag, while the software writes the CTCIFx bit to clear it.
Global interrupt flags for channel x (x=1/2/3/4/5/6/718):
28/24/20/
1: TEIFX, HTIFX, or TCIFX were generated on channel x;
16/12/8/4 GIFx RO 0
0 0: No TEIFX, HTIFX, or TCIFx occurred on channel x.
The hardware sets the flag, while the software writes the CGIFx bit to clear it.
10.3.2 DMAX Interrupt Flag Clear Register (DMAX_INTFCR) (x=1/2)
Offset address: 0x04 + (x-1)*0x400
31 302928 27 262524232221 2019 18 17 16
CTEIF4 CHTIF{ CTCIF§ CGIF8|CTEIF7|CHTIF7|CTCIF7|CGIF7 €TEIF6 CHTIF6 CTCIF6 [CGIF6 ¢TEIF5 GHTIF5 GTCIF5 CGIF5
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CTEIF4 CHTIF4 CTCIF4 CGIF4|CTEIF3|CHTIF3|CTCIF3|CGIF3 €TEIF2 CHTIF2 CTCIF2 CGIF2 4TEIF1 GHTIF1 ¢TCIF1 ¢GIF1
Bit Name access Reset valug
31/27/123/ Describe clearing the transmission error flags for channel x (x=1/2/3/4/5/6/7/8):
19/15/11/  |CTEIFX WO  |1: Clear the TEIFx flag in the DMA_INTFR register; 0
713 0: No effect.
30/26/22/ Clear the transmission halfway flag for channel x (x=1/2/3/4/5/6/7/8):
18/14/10/  |CHTIFx WO | 1: Clear the HTIFx flag in the DMA_INTFR register; 0
6/2 0: No effect.
29/25/21/ Clear the transmission completion flag for channel x (x=1/2/3/4/5/6/7/8):
17/13/9/5  |CTCIFx WO | 1: Clear the TCIFx flag in the DMA_INTFR register; 0
11 0: No effect.
Clear the global interrupt flag for channel x (x=1/2/3/4/5/6/7/8):
28/24/20/
1: Clear the TEIFX/HTIFX/TCIFX/GIFx flags in the DMA_INTFR
16/12/8/4 CGIFx WO 0
register;
/0
0: No effect.
10.3.3 DMAYy Channel x Configuration Register (DMAy_CFGRX) (x=1/2/3/4/5/6/7/8, y=1/2)
Offset address: 0x08 + (x-1)*20 + (y-1)*0x400
31 302928 27 262524232221 2019 1817 16
Reserved FLAG_C
UR_MEM
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DOUBLHMEM2 TCI
PL[1:0] MSIZE[1:0] PSIZE[1:P] MINC PINC CJRC DIR|TEIE HTIE EN
_MODE | MEM E
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Bit Name access describe Reset valud

[31:17] Reserved RO is reerved. 0

Memory address selection settings; the hardware will automatically switch in double-buffefed mode.
1: M1ADDR (addressed using the DMA_M1ADDRKX pointer);
0: MADDR (addressed using DMA_MADDRX pointer).

16 FLAG_CUR_MEM RW 0
Note: This bit is only used in double-buffered mode. After the channel is enabled, this bit acts as a status flag to indicate the current target storage.

district.

Double buffering mode enabled:

1: Enabling double buffering mode will automatically enter loop mode, completing one cycle.
15 DOUBLE_MODE RW 0
It will switch memory addresses;

0: Disable double buffering mode.

Memory-to-memory mode enabled:
14 MEM2MEM RW 1: Enable memory-to-memory data transfer mode; 0

0: Non-memory to memory data transfer.

Channel priority settings:
[13:12] PL[1:0 RW  |00: Low; 01: Medium; 00b

10: high; 11: highest.

Memory address data width settings:
[11:10] MSIZE[1:0] RW | 00: 8 bits; 01: 16 bits; 00b

10: 32 bits; 11: 256 bits.

Peripheral address data width settings:
[9:8] PSIZE[1:0] RW  |00: 8 bits; 01: 16 bits; 00b

10: 32 bits; 11: 256 bits.

Memory address increment mode enabled:
7 MINC RwW 1: Enable memory address increment operation; 0

0: Operation where the memory address remains unchanged.

Peripheral address increment mode enabled:
6 PINC RwW 1: Enable peripheral address increment operation; 0

0: Operation where the peripheral address remains unchanged.

DMA channel loop mode enabled:
5 CIRC RW | 1: Enable loop operation; 0

0: Perform a single operation.

Data transmission direction:
4 DIR RW 1: Read from memory; 0

0: Read from peripheral device.

Transmission error interrupt enable control:
3 TEIE RW 1: Enable transmission error interruption; 0

0: Prevent errors from the

Transmission halfway interrupt enable control:
2 HTIE RW

1: Enable interrupt when half of the transmission has occurred;

0: Do not interrupt transmission when half of the transmission has occurred

Transmission completion interrupt enable control:
1 TCIE RW 1: Enable transmission completion interrupt; 0

0: Disallow interruption upon completion of transmission.
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Channel enable control:

1: Channel enabled; 0: Channel closed.
0 EN RW 0

When a DMA transfer error occurs, the hardware automatically clears this bit to 0, disabling the channel.

road.

10.3.4 DMAy Channel x Data Transfer Count Register (DMAy_CNTRXx) (x=1/2/3/4/5/6/7/8,
Offset
address: 0x0C + (x-1)*20 + (y-1)*0x400 (y=1/2)

31 3029 28 27 26 2524 2322 21 2019 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 describe Reset valug
[31:16] Reserved RO is reserved. 0

Number of data transfers, ranging from 0 to 65535.
Indicates the remaining number of data points to be transferred (register contents in each DMA transfer).
[15:0] NDT[15:0] RW (Then decreasing). 0
When the channel is in loop mode, the register contents will be automatically incremented.

The value is set to the previously configured value.

Note: Indicates the current number of data to be transferred. This register can ENy®8 Nodia WABSBAESIOAWI AEEWFiTER! diah of avReI bR tun e ehisty, there is no...

open or not.

10.3.5 DMAy Channel x Peripheral Address Register (DMAy_PADDRX) (x=1/2/3/4/5/6/7/8, y=1/2) Offset Address: 0x10 +
(x-1)*20 + (y-1)*0x400

313029282726252423222120191817161514131211109876543210

PA[31:0]

Bit Name access Describes Reset valud

the peripheral base address, which serves as the source or destination address for peripheral data transmission

When PSIZE[1:0]='01" (16 bits), the module automatically ignores bit 0.
The operation address is automatically aligned to 2 bytes; when PSIZE[1:0]="10" (32
[31:0] PA[31:0] RW

(bits), the module automatically ignores bits [1:0], and the operation address is automatically 4 bytes.

Alignment. When PSIZE[1:0]="11' (256-bit), the module automatically ignores...

Omitted bits[4:0], the operation address is automatically aligned to 32 bytes.

10.3.6 DMAy Channel x Memory Address Register (DMAy_MADDRKX) (x=1/2/3/4/5/6/7/8, y=1/2) Offset Address: 0x14 + (x-1)*20 +
(y-1)*0x400

313029282726252423222120191817161514131211109876543210

MA[31:0]

Bit Name access describe Reset valud
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[31:0] MA[31:0]

RW

The memory data address serves as the source or destination address for data transfer.

(bits), the module automatically ignores bits [1:0], and the operation address is automatically
Alignment. When MSIZE[1:0]="11" (256 bits), the module automatically igno

Omitted bits[4:0], the operation address is automatically aligned to 32 bytes.

When MSIZE[1:0]='01" (16 bits), the module automatically ignores bjt 0.

The operation address is automatically aligned to 2 bytes; when MSIZE[1:0]='10' (32 bytes), the address is automatically aligned to|2 bytes

4 bytes.

es...

10.3.7 DMAy Channel x Memory Address Register 1 (DMAy_M1ADDRX) (x=1/2/3/4/5/6/7/8, y=1/2) Offset Address: 0x18 +
(x-1)*20 + (y-1)*0x400

313029282726252423222120191817161514131211109876543210

M1A[31:0]

Bit

Name access

Reset valug

[31:0] M1A[31:0]

RW

When MSIZE[1:0]='01' (16 bits), the module automatically ignores b

Alignment. When MSIZE[1:0]="11" (256 bits), the module automatically igno

Omitted bits[4:0], the operation address is automatically aligned to 32 bytes.

Describes the memory data address, serving as the source or destination address for data transfer.

The operation address is automatically aligned to 2 bytes; when MSIZE[1:0='10" (32 bytes), the address is automatically aligned to|2 bytes.

(bits), the module automatically ignores bits [1:0], and the operation address is automatically 4 bytes.

tO.

es...

10.3.8 DMA Request Multiplexer Channels 1-4 Configuration Registers (DMAMUX1_4 CFGR)

Offset address: 0x00

31 302928 27 262524232221 2019 18 17 16
Reser Reser
CHANNEL4_MUX[6:0] CHANNEL3_MUX][6:0]
ved ved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reser Reser
CHANNEL2_MUX[6:0] CHANNEL1_MUX][6:0]
ved ved
Bit name access describe Reset valud
31 Reserved RO is reserved. 0
[30:24] CHANNEL4_MUX[6:0] RW DMAMUX|[Multiplexer channel 4 Input to resource allocation. 0
23 Reserved RO is feserved. 0
[22:16] CHANNEL3_MUX[6:0] RW DMAMUX|[Multiplexer channel 3 Input to resource allocation. 0
15 Resgrved RO is reserved. 0
[14:8] CHANNEL2_MUX[6:0] RW DMAMUX Multiplexer channel 2 input to resource allocation. 0
7 Reserved RO is reserved. 0
DMAMUX multiplexer channel 1 input to resource allocation:
0000000: DMA request input 1;
0000001: DMA request input 2;
[6:0] CHANNEL1_MUX[6:0] RW 0
0000010: DMA request input 3;
1111010: DMA request input 123;
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‘Other: Reserved.

10.3.9 DMA Request Multiplexer Channels 5-8 Configuration Registers (DMAMUX5_8 CFGR)

Offset address: 0x04

31 3029 28 27 262524232221 2019 18 17 16
Reser Reser
CHANNEL8_MUX][6:0] CHANNEL7_MUX][6:0]
ved ved
15 1413 12 11 10 9 8 7 6 5 4 3 2 1 0
Reser Reser
CHANNEL6_MUX][6:0] CHANNEL5_MUX][6:0]
ved ved
Bit name access describe Reset valud
31 Reserved RO is reserved. 0
[30:24] CHANNEL8_MUX[6:0] RW DPMAMUKX Multiplexer channel 8 Input to resource allocation. 0
23 Resgrved RO is feserved. 0
[22:16] CHANNEL7_MUX[6:0] RW DPMAMUKX Multiplexer channel 7 Input to resource allocation. 0
15 Reserved RO is reserved. 0
[14:8] CHANNEL6_MUX][6:0] RW DMAMUX Multiplexer channel 6 Input to resource allocation. 0
7 Reserved RO is reserved. 0
DMAMUX multiplexer channel 5 input to resource allocation:
0000000: DMA request input 1;
0000001: DMA request input 2;
[6:0] CHANNEL5_MUX[6:0] RW 0000010: DMA request input 3; 0
1111010: DMA request input 123;
Other: Reserved.
10.3.10 DMA Request Multiplexer Channels 9-12 Configuration Register (DMAMUX9_12_CFGR)
Offset Address: 0x08
31 3029 28 27 262524232221 2019 18 17 16
Reser Reser
CHANNEL12_MUX[6:0] CHANNEL11_MUX[6:0]
ved ved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reser Reser
CHANNEL10_MUX[6:0] CHANNEL9_MUX][6:0]
ved ved
Bit name access describe Reset valud
31 Reserved RO is freserved. 0
[30:24] CHANNEL12_MUX[6:0] RW DMAMUX Multiplexer channel 12 input to resource allocation. 0
23 Reserved RO is reserved. 0
[22:16] CHANNEL11_MUX[6:0] RW DMAMUX Multiplexer channel 11 Input to resource allocation. 0
15 Reserved RO is [reserved. 0
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[14:8] CHANNEL10_MUX[6:0] RW DMAMUX Multiplexer channel 10 Input to resource allocation. 0
7 Reserved RO is|reserved. 0
DMAMUX multiplexer channel 9 input to resource allocation:
0000000: DMA request input 1;
0000001: DMA request input 2;
[6:0] CHANNEL9_MUX[6:0] RW 0000010: DMA request input 3; 0
1111010: DMA request input 123;
Other: Reserved.
10.3.11 DMA Request Multiplexer Channels 13-16 Configuration Register (DMAMUX13_16_CFGR)
Offset Address: 0x0C
31 302928 2726 2524232221 2019 18 17 16
Reser Reser
ved CHANNEL16_MUX[6:0] ved CHANNEL15_MUX[6:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reser Reser
ved CHANNEL14_MUX[6:0] ved CHANNEL13_MUX[6:0]
Bit name access describe Reset valug
31 Reserved RO is reserved. 0
[30:24] CHANNEL16_MUX[6:0] RW DMAMUX Multiplexer channel 16 Input to resource allocation. 0
23 Reserved RO is reserved. 0
[22:16] CHANNEL15 MUX[6:0] RW DMAMUX Multiplexer channel 15 Input to resource allocation. 0
15 Reserved RO is reserved. 0
[14:8] CHANNEL14_MUX[6:0] RW DMAMUX Multiplexer channel 14 Input to resource allocation. 0
7 Reserved RO is reserved. 0
DMAMUX multiplexer channel 13 input to resource allocation:
0000000: DMA request input 1;
0000001: DMA request input 2;
[6:0] CHANNEL13_MUX[6:0] RW 0000010: DMA request input 3; 0
1111010: DMA request input 123;
Other: Reserved.
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Chapter 11 Analog-to-Digital Conversion (ADC)

The ADC module contains two 12-bit analog-to-digital converters with a maximum input clock speed of 80MHz. It supports 16 external channels and two...
Internal signal source sampling source. Capable of single-channel and continuous channel conversion, automatic channel scanning mode, intermittent mode, and external triggering.

Features include mode selection and dual sampling. A simulated watchdog function can be used to monitor whether the channel voltage is within the threshold range.

11.1 Key Features

¥ 12-bit resolution

Supports sampling from 16 external channels and 2 internal signal sources.

Multiple sampling conversion modes for multiple channels: single, continuous, scan, trigger, intermittent, etc.
Data alignment modes: left alignment, right alignment

Sampling time can be programmed separately for each channel .

Both rule transformation and injection transformation support external triggering.

ySimulated watchdog monitoring channel voltage

Dual Mode

y ADC channel input range: VSSyVINyVDDIO

¥ The input gain is adjustable, enabling small signal amplification and sampling.
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11.2 Functional Description

11.2.1 Module Structure

Figure 11-1 ADC Module Block Diagram
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11.2.2 ADC Configuration
1) Module Power-On
A 1value in the ADON bit of the ADCx_CTLR2 register indicates that the ADC module is powered on. This occurs when the ADC module transitions from power-off mode (ADON=0) to power-on mode.
After power-on (ADON=1), a delay of tSTAB is required for module stabilization. Then, the ADON bit is written back to 1 for...
This serves as the start signal for software-initiated ADC conversion. Clearing the ADON bit to 0 terminates the current conversion and puts the ADC module into a stop state.

In electric mode, the ADC consumes almost no power.

2) Sampling clock
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The module's register operations are based on the HCLK (HB bus) clock, and its conversion unit's clock reference ADCCLK is synchronized with HCLK.

The ADCPRE[1:0] field of the RCC_CFGRO register is configured with a frequency divider, which cannot exceed 80MHz.

3) Channel Configuration
The ADC module provides 18 sampling channels, including 16 external channels and 2 internal channels. They can be configured to two conversion modes.
Within the group switching mechanism: rule groups and injection groups. This allows for group switching that involves performing a series of transformations in any order across any number of channels.
Conversion group:
¥ Rule group: Consists of up to 16 conversions. The rule channels and their conversion order are set in the ADCx_RSQRX register.
The total number of conversions in the rule group should be written into L[3:0] of the ADCx_RSQR1 register.
Injection group: Consists of up to 4 conversions. The injection channels and their conversion order are set in the ADCx_ISQR register. Note
The total number of conversions in the input group should be written into JL[1:0] of the ADCx_ISQR register.
Note: If the ADCx_RSQRx or ADCx_ISQRregister is modified during conversion, the current conversion is terminated, and a new conversion is initiated.

The number will be sent &Rke newly selected group for conversion.

2 internal passages:
Temperature sensor: Connected to the ADC_IN16 channel, used to measure the temperature (TA) around the device.

¥ VREFINT internal reference voltage: Connect to ADC_IN17 channel.

4) Calibration
is achieved by writing the RSTCAL bit of the ADCx_CTLR2 register to 1 to initialize the calibration register, waiting for the RSTCAL bit to be cleared to 0 by the hardware to indicate initialization.
Calibration complete. Set the CAL bit to initiate the calibration function. Once calibration is complete, the hardware will automatically clear the CAL bit and store the calibration code.
In ADCx_RDATAR. After that, normal conversion functions can begin. It is recommended to perform an ADC calibration once when the ADC module is powered on.
The calibration voltage value can be configured by writing to the CAL_VOL[1:0] bits of the ADCx_CTLR2 register; setting the CAL_AUTO bit to 1 enables the hardware.
Automatic calibration function.
Note: Before starting calibration, it must ADPC ABe module has been powered on (ADON=1) for at least two clock cycles.

be ensured that the ADC sampling time is at least 1us during calibration.

5) Programmable sampling time

The ADC samples the input voltage using a number of ADCCLK cycles. The number of sampling cycles for a channel can be determined by ADCx_SAMPTR1 and...
Change the SMPx[2:0] bits in the ADCx_SAMPTR2 register. Each channel can be sampled at a different time.
The total conversion time is calculated as follows:

TCONV = Sampling time + 12.5TADCCLK

The ADC's regular channel conversion supports DMA functionality. The value of the regular channel conversion is stored in a single data register, ADCx_RDATAR.
In order to prevent the data in the ADCx_RDATAR register from not being retrieved in time when switching between multiple rule channels consecutively, the ADC's...
DMA functionality. The hardware generates a DMA request at the end of the conversion of a regular channel (EOC set) and transfers the converted data from ADCx_RDATAR.
The register is transferred to the user-specified destination address.

After configuring the channels of the DMA controller module, write the DMA bit in the ADCx_CTLR2 register to 1 to enable the ADC's DMA function.
able.

Note: Injection group conversion is not supfiffed.

6) Data alignment
The ALIGN bit in the ADCx_CTLR?2 register selects the alignment of the data stored after ADC conversion. 12-bit data supports left alignment and...
Right alignment mode.
The data register ADCx_RDATAR of the regular group channel stores the actual 12-bit digital value of the conversion; while the data of the injected group channel...

The ADCx_IDATARX register contains the actual converted data minus the offset defined in the ADCx_IOFRx register, and this value will persist.
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There are positive and negative cases, so there is a sign bit (SIGNB).
Figure 11-2 Data left aligned
Rule Group Data Register

‘DllD*OD9D8‘D7D645D4D3\ | ‘ ‘ ‘ ‘ D2 ‘ D1 ‘ DO ‘ 0 ‘ 0 | 0 | 0 I

Injection group data register

‘SIGNB[}11D104}9D8D%D6D5E}4D3D2‘ ‘ ‘ I \ \ ‘ D1 ‘ DO ] 0 I 0 \ 0 l

Figure 11-3 Data right alignment
Rule Group Data Register

‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘DllD*lODQ ‘ ‘ D8D%D6D5[‘)4D3D4 I 1 ‘ ‘ D1 ‘ DO ’

Injection group data register

\ SIGNB 4IGNB SIGI‘#B SIGNB E‘)ll D10 DQ‘ D8 D7 46 D5 D4| D3 D2 431 DO ‘ | l ‘ ‘ \ ‘ ‘ ‘

11.2.3 External Trigger Source

The ADC conversion start event can be triggered by an external event. This is if the EXTTRIG or JEXTTRIG setting of the ADCx_CTLR2 register is configured.
The bits can be used to trigger the conversion of the rule group or injection group channels through external events. At this time, the EXTSEL[2:0] and JEXTSEL[2:0] bits...
The configuration determines the external event sources for rule groups and injection groups.
Note: When the external trigger signal is selectedl%pc When arule or injection transformation occurs, only its rising edge can initiate the transformation.

Table 11-1 External Trigger Sources for Rule Group Channels

EXTSEL[2:0] Trigger source type
000 CC1 event of Timer 1
001 CC2 event of Timer 1
010 CC3 event of Timer 1
Internal signals from on-chip timers
011 CC2 event of Timer 2
100 TRGO event of Timer 3
101 CC4 event of Timer 4
110 EXTI line 11/TIM8_TRGO from exterrjal pin/internal timer signal
111 SWSTART Position 1 Software Trigger Software control bit

Table 11-2 External Trigger Sources for Injection Group Channels

JEXTSEL[2:0] Trigger source type
000 TRGO event of Timer 1
001 CC4 event of Timer 1
010 TRGO event of Timer 2
Internal signals from on-chip timers
011 CC1 event of Timer 2
100 CC4 event of Timer 3
101 TRGO event of Timer 4
110 EXTI line 15/TIM8_CC4 from external pin/internal timer signal
111 JSWSTART Location 1 Software Trigger Software control bit

11.2.4 Switching Mode

Table 11-3 Conversion Mode Combinations

ADCx_CTLR1 and ADCx_CTLR2 register control bits

ADC conversion mode

CONT SCAN DISCEN/JDISCEN JAUTO Startup Event
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ADON Location Single-transfer single-channel mode: A single transfer is performed on a specific chapnel.
1 Change.
0 0 0
External trigger Single-time single-channel mode: a specific rule channel or injection chanfel.
Way One channel performs a single conversion.
Single scan mode: sequentially scans all selected rule groups.
Channel (ADCx_RSQRXx) or all injected group channels
ADON Location (ADCx_ISQR) performs a single conversion one by one.
0 1 or external Trigger injection method: During the channel conversion process of the rule group, it is possibfe to...
Triggering method Insert all transformations into the injection group channel, and then continue with the regularifation.
Then the group channel is converted; however, no insertion will occur when the conversion is injected into the group cjannel.
Enter the rule group channel conversion.
1 0
Single scan mode: sequentially scans all selected rule groups.
Channel (ADCx_RSQRXx) or all injected group channels
ADON Location (ADCx_ISQR) performs a single conversion one by one.
0
1 1 or external Automatic injection method: After the channel conversion of the rule group is completdd,
Triggering method The injection group channel is automatically switched.
Note: External trigger signals for the injection channel are not allowed during the conversion pfocess.
Single-interrupted mode: Each time an event is initiated, a short interrupt is execfted.
Number of channels in the sequence (DISCNUM[2:0] defines the number of channgls)
The conversion will continue until all selected channels have been converted before starting pver.
1
External trigger start.
(DISCEN and) 0
0 Way Note: When this mode control bit is selected in the rule group and injection group, respectgely...
JDISCEN cannot be the same
for DISCEN  and
(Time is 1)
JDISCEN cannot configure interrupt mode for both rule groups and injection groups at the same time; interrupt mode can only be used for one set of transfdimations.
1 - Disable this mode.
1 1 X - This modeis not available.
0 0 0 ADON Location
Continuous single-channel/scan mode: Repeats a new cycle after each roynd.
1 0 1 or external
1 0 The conversion cycle continues until CONT is cleared to 0.
1 Triggering method

Note: The external triggering events for rule groups and injection groups are different, and the 'ACON' bit can only initiate channel conversion for rule groups, so the initiation events for channel conversion for rule groups and injection groups are independent

1) Single-channel conversion mode

In this mode, the transformation is performed only once for the current channel. This mode performs the transformation on the first-ranked channel in the rule group or injection group.
The switch can be initiated by setting the ADON bit of the ADCx_CTLR2 register to 1 (only applicable to regular channels) or by external triggering.
Dynamic (applicable to regular channels or injection channels). Once the selected channel's conversion is complete, it will:

If the channel being converted is a regular group, the converted data is stored in the 16-bit ADCx_RDATAR register, and the EOC flag is set.
If the EOCIE bit is set, an ADC interrupt will be triggered.

If the conversion is applied to an injected group channel, the conversion data is stored in the 16-bit ADCx_IDATARL1 register, and the EOC and JEOC labels are displayed.

If the JEOCIE or EOCIE bit is set, an ADC interrupt will be triggered.

2) Single scan mode switching is

achieved by setting the SCAN bit of the ADCx_CTLR1 register to 1 to enter ADC scan mode. This mode is used to scan a group of analog channels.
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Perform a single turn on each of the channels selected by the ADCx_RSQRXx register (for regular channels) or ADCx_ISQR (for injected channels).
When the current channel transition ends, the next channel in the same group is automatically transitioned.

In scanning mode, depending on the state of the JAUTO bit, it is further divided into triggered injection mode and automatic injection mode.
Triggered Injection

When the JAUTO bit is 0, if a trigger event for injecting a channel transformation occurs during the scanning of a rule group channel, the current transformation is reset.
The injection channel sequence is performed in a single scan manner. After all selected injection group channels have been scanned and converted, the last scan is restored.
Interrupted rule group channel conversion.

If aregular channel initiation event occurs while the injection group channel sequence is being scanned, the injection group conversion will not be interrupted, but...
The conversion of the regular sequence is performed after the conversion of the injected sequence is completed.

Note: When using triggeredi 8 28|§ 0 FRIRE@BBK O AR ABCOLE st ityersténe mist i b fi i i ble i i ¥ fe the transformation of the injection sequence should be [time required].

Y 9

Automatic injection

When the JAUTO bit is 1, the injection of the selected channel's transformation is automatically performed after all channel transformations selected in the rule group have been completed.
This method can be used to convert up to 20 conversion sequences in the ADCx_RSQRx and ADCx_ISQR registers.

In this mode, external triggering of the injection channel must be disabled (JEXTTRIG=0).
Note: When the cI¥¥Re5t S baeTeARRDIOREE2:8]588 0 an RN YRIEHiAG AEIRElKgimterahwition to an injection sequence or from an injection sequence...

be automatically inserted; the delay of the ADCCLK interval will belconsidered. ADC Ziock prescaler coefficient is At that time, there is2  indivual

3) Single-transition interrupt mode
switching is achieved by setting the DISCEN or JDISCEN bit of the ADCx_CTLR1 register to 1 to enter the interrupt mode of the rule group or injection group.
In contrast to the scanning mode that scans a complete set of channels, this mode divides a set of channels into multiple short sequences, which are executed each time an external event is triggered.
A scan transformation of a short sequence.
The length n (n<=8) of the short sequence is defined in DISCNUM[2:0] of the ADCx_CTLR1 register. When DISCEN is 1, it is a regular sequence.
The discontinuous mode of the group, the total length to be converted is defined in L[3:0] of the ADCx_RSQR1 register; when JDISCEN is 1, it is injected.
The discontinuous mode of the group, the total length to be converted is defined in JL[1:0] of the ADCx_ISQR register. The rule group and the injection group cannot be set simultaneously.
Set to intermittent mode.
Example of a discontinuous pattern in a rule group:
DISCEN=1, DISCNUM[2:0]=3, L[3:0]=8, Channels to be converted=1, 3, 2, 5, 8, 4, 10, 6 First external trigger: Conversion sequence: 1, 3, 2 Second
external trigger: Conversion sequence: 5, 8, 4 Third external trigger:

Conversion sequence: 10, 6, simultaneously generating an EOC event.

Fourth external trigger: The conversion sequence is: 1, 3, 2. Example of
intermittent injection group pattern:

JDISCEN=1, JL[1:0]=3, Channels to be converted=1,3,2 First external trigger:

Conversion sequence: 1 Second external trigger: Conversion

sequence: 3 Third external trigger: Conversion sequence: 2,

simultaneously generating EOC and JEOC events.

Fourth external trigger: The conversion sequence is: 1

4. In the intermittent mode of the injection group, the number of injection channels to be switched after an external thigger is:
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4) Continuous conversion

In continuous conversion mode, another conversion starts immediately after the previous ADC conversion ends; the conversion will not occur at the end of the selection group.
Instead of stopping on one channel, the transition continues from the first channel of the selection group. The start events for this mode include external trigger events and...
ADON position 1, after setting to start, CONT position 1 must be set.

If aregular channel is converted, the converted data is stored in the ADCx_RDATAR register, and the conversion end flag EOC is set.

If the EOCIE bit is set, an interrupt will be generated.

If an injection channel is converted, the conversion data is stored in the ADCx_IDATARX register, and the injection conversion end flag JEOC is displayed.

If set, an interrupt is generated if JEOCIE is enabled.

11.2.5 Analog Watchdog: If the

analog voltage converted by the ADC is below a low threshold or above a high threshold, the AWD analog watchdog status bit is set. Threshold Setting
Located in the lowest 12 significant bits of the ADCx_WDHTR and ADCx_WDLTR registers. This is achieved by setting the AWDIE of the ADCx_CTLR1 register.

The bit is used to allow the corresponding interrupt to be generated

Figure 11-4 Simulated watchdog threshold region

Analog voltage
‘ k conversion values
Alert High
Threshold ADC_WDHTR
Alert Area
Alert Low
Threshold ADC_WDLTR

Configure the AWDSGL, AWDEN, JAWDEN , and AWDCH][4:0] bits of the ADCx_CTLR1 register to select the analog watchdog alert.

The specific relationships are shown in the table below:

Table 11-4 Simulated Watchdog Channel Selection

ADCx_CTLR1 register control bits
Simulated watchdog guard lane

AWDSGL AWDEN JAWDEN AWDCH][4:0] Ignore
Not alerting neglect 0 0

all injection channels, 0 0 1 neglect

all rule channels, all 0 1 0 neglect
injections and rule channels, 0 1 1 neglect

single injection 1 0 1 Determine the channel number

channel, single rule 1 1 0 Determine the channel number
channel, single injection and rule chanrfel 1 1 1 Determine the channel number

11.2.6 The temperature sensor chip
has a built-in temperature sensor connected to the ADC_INT16 channel. The ADC converts the voltage output by the sensor into a digital value for feedback.
For the chip's internal temperature, a sampling time of 17.1 us is recommended. The voltage output by the temperature sensor changes linearly with temperature, but this is due to manufacturing discrepancies.
The slope and offset of the linear change curve differ, so internal temperature sensors are more suitable for detecting temperature changes than external sensors.
Measure the absolute temperature. If precise temperature measurement is required, an external temperature sensor should be used.
The ADC's internal sampling channel can be woken up by setting the TSVREFE bit in the ADCx_CTLR?2 register to 1, either through software startup or external triggering.

Initiate the temperature sensor channel conversion of the ADC and read the data result (mV). The conversion formula between the digital value and temperature (°C) is as follows:

Temperature (°C) = ((VSENSE - V25) / Avg_Slope) + 25
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V25: Voltage value of the temperature sensor at 25y
Avg_Slope: The average slope (mV/y) of the temperature versus VSENSE curve.
Refer to the actual values of V25 and Avg_Slope in the Electrical Characteristics section of the datasheet .
Note: Powering on the internal temperature sensor (changing the TSVREFE bit from 1) requires a setup time, and powering on the rﬁo@&e also requires a setup time.

setup time (ADON 1), oo shorten the waiting time, you can simultaneously set the bit from 0 ADON TS\REE&ion

11.2.7 Dual ADC Mode In a chip with
two ADC modules, the two ADCs can be used together to achieve dual ADC mode. In dual ADC mode,
ADC1 is the master ADC, and ADC2 is the slave ADC. The mode is selected by configuring DUALMOD[3:0] in ADC1_CTLR1, thus enabling the operation of ADC1 and ADC2.

Alternate triggering or synchronous triggering switching.

Note: In dual-fBfe, when selecting external event triggering, the user must enable external triggering for both master dhE slave, and the master must be enabled.
ADC  set as the corresponding trigger, froMPC  ADC s set to software triggering to prevent unnecessary triggering from affecting HhRSiaveerform the conversion.
The following possible modes can be achieved through configuration:

Independent mode

ySynchronous injection mode

Synchronization rule mode

y Rapid Alternation Mode

Slow Alternating Mode

Alternating trigger mode

ySynchronous rule mode + synchronous injection mode

Synchronization rule mode + alternating trigger mode

ySynchronous injection mode + fast alternation mode

ySynchronous injection mode + slow alternation mode

Note: 1. In dual nfdR& dAMABIBRI% hafutiag LenriiaRe TRSEPMHSTEA IR 00 1% P REREEIREEOMERISkal modes, utilizing

the functioADC1 DMA ADC2 ADC ADC1 DMA transfer.
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Figure 11-5 Block diagram of dual ADCs

.
l End of
| ADC2 |
Regular channel data EOC=1 |
| (slave) ) )
I registers (16-bit) I
End of injection I
: Injected channel data Ny |
| registers (4x16 bits) |
i I
| -ADC_IOFRx[11:0] I
PGA I
: §———  ADCCLK |
Rule channel Analog-to-digital |
= > ‘ — ADC_SAMPTRx
converter I
pea || group
] Injection :
| channel group |———> DMA request I
] A |
: !
L |
i.__________________a;_____________l
| ADC1 Regular channel data Soqversion EOC=1 |
registers (16-bit |
| (master) 9 ( ) |
] ] End of injection
| Injected channel data conversion ]
| registers (4x16 bits) Jeoc=1 |
l N '
| -ADC_IOFRX[11:0] :
PGA
o l — v |
i GPIo Rule channel i |
'l -tO-
port } B Analog-to-digital g ¢ sawprs |
on | | group converter |
| Injection
ADC_IN15Q——> 3 |
- ! channel group oM request |
Temperature Sensor  ——— I y I
VREFINT e ] I
e cccccml rccccth e ccccc e m -
EXTSEL[2:0]
TIM1_CC1 =]
TIM1_CC2 ——|
TIM1_CC3 —|
TIM2_CC2 ==—|
TIM3_TRGO =
TIM4_CC4 =]
SWSTART ——|
EXTTRIG
EXTILL
TIM8_TRGO
Dual ADC mode
ADCx_ETRGINJ_RM control
JEXTSEL[2:0]
TIM1_TRGO
TIM1_CC4
TIM2_TRGO
TIM2_CC1
TIM3_CC4
TIM4_TRGO
JSWSTART-
JEXTTRIG
EXTI1S
TIM8_CC4
ADCx_ETRGREG_RM

1) Independent Mode

In this mode, the two ADCs work as

2) Synchronous Injection Mode :

ynchronously and independently of each other.

This mode is used to switch an injection channel group, setting JEXTSEL[2:0] in ADC1_CTLR2 to select the trigger source, while it...

It will also be used to synchronously trigger ADC2. Upon completion of the conversion, the converted data is stored in ADCx_IDATARXx of ADCx, and if enabled...

Any ADC interrupt will generate a JEOC interrupt after the conversion is completed.
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Figure 11-6 4-channel synchronous injection conversion

:| Sample
]

conversion
ADC2 CHO CH1 CH2 CH3
ADC1 CH3 CH2 CH1 CHO
Trigger ADC1 and ADC2 conversion injection ends

Note: 1. At the same time ADC1 and ADC2
The conversion channels should not ovea?BG# syrdteenshusuisobie trRDSfbrmation sequences of the same duration or the longer of the two transformation sequences.

The time interval is less than the trigger time interval to ensure that both sequences can be converted completely each time a trigger is triggered.

3) Synchronization Rule Mode :
This mode is used to convert rule channel sequences. It sets EXTSEL[2:0] in ADC1_CTLR2 to select the trigger source, and it also...
Used to synchronously trigger ADC2. Upon completion of the conversion, a 32-bit DMA transfer request will be generated, transferring the contents of the data register ADC1_RDATAR.
The data is transferred to SRAM, with the high 16 bits containing ADC2 conversion data and the low 16 bits containing ADC1 conversion data. If any ADC interrupt is enabled,
This will generate an EOC interrupt.

Figure 11-7 16-Channel Synchronization Rule Conversion

I:l Sample
[ ]

conversion
ADC1 CHO CH1 CH2 CH3 CH15
ADC2 CH15 CH14 €H13 CH12 CHO
Trigger ADC1 and ADC2 conversion injection ends

Note: 1. At the same time ADC1 4ng ADC2
1. The conversion channels should notiwian%aoz In Sharershouls! e dgnsbmation sequences of the same duration or the longer of the two transformation sequences.

The time interval is less than the trigger time interval to ensure that both sequences can be converted completely each time a trigger is triggered.

4) Fast Alternating Mode: This

mode is only applicable to regular channels (often only one channel). Set EXTSEL[2:0] in ADC1_CTLR2 to select the trigger.
When the source is triggered, ADC2 will immediately start conversion, while ADC1 will start conversion after a delay of 7 ADC clock cycles. If both are enabled...
In continuous mode (CONT set), the two ADCs will continuously alternate switching on the regular channel. If interrupts are enabled, ADC1 will generate an EOC.
If DMA is enabled at the same time, a 32-bit DMA transfer request will be generated, transferring the contents of the data register ADC1_RDATAR to...

In the SRAM, the high 16 bits contain ADC2 conversion data, and the low 16 bits contain ADC1 conversion data.
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Figure 11-8 Single-channel fast alternating continuous conversion

ADC2 conversion ends

|:| Sample
[ ]

conversion

Apc2pHo | [ | cHo|
aoci} [ [ cho] - []cro]

| ]
TH : : ADC1 conversion ends
rigger 1

l L]

7 ADéCLK cycles

Note: The sampling time should be less than ohE 8186 BIEI BfGBIM BN PG Bfcle@VErAP®Ren sampling the same channel.

5) Slow Alternating Mode: This
mode is only applicable to regular channels and can only be used on one channel at a time. Set EXTSEL[2:0] in ADC1_CTLR2 to select the trigger source.
After the trigger is generated, ADC2 will start conversion immediately, while ADC1 will start conversion after a delay of 14 ADC clock cycles, followed by another 14 ADC clock cycles.
After one clock cycle, ADC2 restarts, and this cycle repeats. If interrupts are enabled, ADC1 will generate an EOC interrupt; if DMA is enabled simultaneously, ...
This will generate a 32-bit DMA transfer request, transferring the contents of the data register ADC1_RDATAR to SRAM, with the high 16 bits...
Contains ADC2 conversion data; the lower 16 bits contain ADC1 conversion data.

Figure 11-9 Single-channel slow alternation conversion

:I Sample
[ ]

/ ADC2 conversion ends conversion
ADC2 cHo | | CHO |
ADc/l'} [ dro ]| | cHo |
[ | 1
. | 1
Trigger | ADC1 conversion ends
14IﬁDCCLK:cycles :
| ¢———p|
| |

1 1
28 ADCCLK cycles

Note: 1. The sampling time should be less thah@He clock cycle to avoid overlapping with the next sampling cycle;

2.28 ADC v s N eRf dasinitieally begin after 14 ADC clock cycles;

CONT

6) Alternating Trigger Mode:
This mode is only applicable to the injection channel group. Set JEXTSEL[2:0] in ADC1_CTLR2 to select the trigger source. When the first trigger occurs...
When the event occurs, all injection channels on ADC1 are switched; when the second event occurs, all injection channels on ADC2 are switched.
The conversion process repeats sequentially. If interrupts are enabled, a JEOC interrupt will be generated when all injection channels of ADC1 have completed their conversions, and all injection channels of ADC2 will be converted.

A JEOC interrupt is generated after the input channel conversion is completed.
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Figure 11-10 Each ADC injection channel group alternately triggers the conversion

1st 3rd Nth :l
trigger EOC, trigge r EOC, trigge r Sample
IEOC(ADC1) IEOC(ADC1) conversion
EOC, EOC,
2nd IEOC(ADC2) 4th IEOC(ADC2) N+ith
trigge r trigge r

trigge r

If the injection discontinuity mode is used simultaneously, the first injection channel on ADC1 will be converted when the first trigger event occurs, and the second injection channel will be converted when the first event occurs.
When the secondary trigger event occurs, the first injection channel on ADC2 is converted. This process continues in a loop. Simultaneously, if interrupts are enabled, then when...
A JEOC interrupt is generated when all injected channels of ADC1 have been converted, and a JEOC interrupt is generated when all injected channels of ADC2 have been converted.

Figure 11-11 Intermittent mode: Each ADC injection channel alternately triggers conversion.

1st 3rd 5th 7th
trigger trigger trigge r trigge r D Sample
IEOC(ADC1) conversion
wa [T 1 O O3 O
sz [ ] (1] 11 [T ]
/ / IEOC(ADC2)
2nd 4th 6th 8th
trigge r trigger trigger trigger

7) Synchronous rule mode + synchronous injection mode
In this mode, the synchronous transformation of the rule group can be interrupted to initiate the synchronous transformation of the injection group. However, this mode requires ensuring the accuracy of the transformation tool.

There are sequences with the same duration, or the trigger interval is guaranteed to be longer than the duration of the longer sequence of the two sequences.

8) Synchronous rule mode + alternating trigger mode

In this mode, the synchronous transition of the rule group can be interrupted to initiate the alternating triggering transition of the injection group. When an injection event occurs, the transition...

The trigger conversion starts y. If asynchr rule is being converted, all ADC rule conversions are stopped, and the conversion is resumed after the injection conversion is complete.
Step-by-step recovery
Figure 11-12 Alternating Trigger Injection Channel Switching in Synchronous Rule Mode
1st trigger
ADC1 e
rule.
conversion
CHO CH1 [ cHe | cHe CH3 CH3 | cha
ADC1
injection
con{/erslon | | GHO |
ADC2
rule
conversion| | CH3 [ chs [ cHe [ cre [ ch7r ] CHY [ chs
ADC2
injection
conversion T
. Sync but not lose
2nd trigger

Note: In this mode, it is necessary to ensure that the sequences have the same duration, or that the trigger interval is longer than the duration of the longer sequence of the two sequences.

If the injection trigger event occurs during an injection transformation that interrupts the rule transformation, then this trigger event will be ignored, for example, as follows:
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The diagram illustrates the second triggering scenario.

Figure 11-13 The triggering event occurs during the injection conversion.
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!
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[ cH2

[ cH2

| cH3 |
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ADC2
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conversion | |

ADC2

inje ction
conversion

2nd trigger

CH3 | cHs | cHe CH7 cH7 | | cHs |

T

4th trigge r

| cHs

9) Synchronous Injection Mode + Alternating
Mode: In this mode, injection transitions can interrupt alternating transitions. When an injection event occurs, alternating transitions are interrupted, and injection transitions begin.
After the injection conversion is completed, the alternation conversion is resumed.

Figure 11-14 Trigger injection group switching under alternating switching

[]

ADC1 CHO CHO CHO Sample
conversion
apc2 [ [ cro [ ] cHo [ ] cHo | ]
/ (] crir [ ] chiz |
Trigger [] chiz [ | cHu |

Note: When the pR&rAREnBItEIAMR S Jafi bl RCK

When the alternating conversion is restored, the sampling interval is no longer unffof@ne ag&gchanged to one sum

6 cycles.

11.2.8 DFSDM Conversion The ADC
conversion result can be directly transmitted to a digital filter (DFSDM) with a yy modulator. In this case, ADCx_AUX[31]
The bit must be set to 1, and the DMA bit must be cleared to 0. The ADC will transfer the 12 least significant bits of the regular data register data to the DFSDM.

Once the transfer is complete, DFSDM will reset the EOC flag.

11.2.9 ADC Low Power Mode
The ADC operating mode can be configured via the ADC_LP bit in the ADCx_CTLR2 register. The default value of 0 results in higher power consumption and is unsuitable for certain applications.
It supports sampling rates of 6 MHz and above, and is only applicable to VDD33A above 3V; when set to 1, it is a low-power mode with lower power consumption, suitable for 2 MHz.

The following sampling rates.

11.3 Register Description

Table 11-5 List of ADC1 Related Registers

name Access address describe Reset value
R32_ADC1_STATR 0x40012400 ADC1 Status Register; 0x40012404 ADC1 0x00000000
R32_ADC1_CTLR1 Control Register 1; 0x40012408 ADC1 Control Register 0x00000000
R32_ADC1_CTLR2 2; 0x4001240C ADC1 Sampling Time Configuration 0x000000D0
R32_ADC1_SAMPTR1 Register 1 0x00000000
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R32_ADC2_DRV

R32_ADC1_SAMPTR2 0x40012410 ADC1 Sampling Time Configuration Register 0x00000000
R32_ADC1_IOFR1 2 0x40012414 ADCL Injection Channel Data Offset Register 1 0x00000000
R32_ADC1_IOFR2 0x40012418 ADCL1 Injection Channel Data Offset Register 2 0x00000000
R32_ADC1_IOFR3 0x4001241C ADC1|Injection Channel Data Offset Register 3 0x00000000
R32_ADC1_IOFR4 0x40012420 ADC1 Injection Channel Data Offset Register 4 0x00000000
R32_ADC1_WDHTR 0x40012424 ADC1 Watchdog High Threshold Register 0x00000FFF
R32_ADC1_WDLTR 0x40012428 ADC1 Watchdog Low Threshold Register 0x00000000
R32_ADC1_RSQR1 0x4001242C ADC1|Regular Channel Sequence Register 0x00000000
R32_ADC1_RSQR2 1 0x40012430 ADC1 Regular Channel Sequence Register 0x00000000
R32_ADC1_RSQR3 2 0x40012434 ADCL Regular Channel Sequence Register 0x00000000
R32_ADC1_ISQR 3 0x40012438 ADCIL Injection Channel Sequence 0x00000000
R32_ADC1_IDATAR1 Register 0x4001243C ADCL1 Injection Data Register 0x00000000
R32_ADC1_IDATAR2 1 0x40012440 ADCH Injected Data Register 2 0x00000000
R32_ADC1_IDATAR3 0x40012444 ADC1 |njected Data Register 3 0x00000000
R32_ADC1_IDATAR4 0x40012448 ADC1 |njected Data Register 4 0x00000000
R32_ADC1_RDATAR 0x4001244C ADC1|Regular Data Register 0x00000000
R32_ADC1_AUX 0x40012454 ADC1 Sampling Time Register 0x00000000
Table 11-6 List of ADC2 Related Registers
name Access Address Description: 0x40012800 ADC2 Reset value
R32_ADC2_STATR Status Register; 040012804 ADC2 Control 0x00000000
R32_ADC2_CTLR1 Register 1; 0x40012808 ADC2 Control 0x00000000
R32_ADC2_CTLR2 Register 2; 0x4001280C ADC2 Sampling 0x000000D0
R32_ADC2_SAMPTR1 Time Configuration Register 1; 0x40012810 ADC2 0x00000000
R32_ADC2_SAMPTR2 Sampling Time Configuration Register 2; 0x40012814 0x00000000
R32_ADC2_IOFR1 ADC2 Injection Channel Data Offset Register 1; 0x40012818 0x00000000
R32_ADC2_IOFR2 ADC?2 Injection Channel Data Offset Register 2; 0x4001281C 0x00000000
R32_ADC2_IOFR3 ADC2 Injection Channel Data Offset Register 3; 0x40012820 0x00000000
R32_ADC2_IOFR4 ADC?2 Injection Channel Data Offset Register 4; 0x40012824 0x00000000
R32_ADC2_WDHTR ADC2 Watchdog Hjgh Threshold Register; 0x40012828 0x00000FFF
R32_ADC2_WDLTR ADC2 Watchdog Low Threshold Register; 0x4001282C 0x00000000
R32_ADC2_RSQR1 ADC2 Regular Channel Sequence Register 1 0x40012830 0x00000000
R32_ADC2_RSQR2 ADC2 Regular Channel Sequence Register 2 0x40012834 0x00000000
R32_ADC2_RSQR3 ADC2 Regular Channel Sequence Register 3 0x40012838 0x00000000
R32_ADC2_ISQR ADC2 Injection Channel Sequence Register 0x4001283C 0x00000000
R32_ADC2_IDATAR1 ADC2 Injection Daqa Register 1 0x40012840 ADC2 0x00000000
R32_ADC2_IDATAR2 Injection Data Regi‘ster 2 0x40012844 ADC2 0x00000000
R32_ADC2_IDATAR3 Injection Data Register 3 0x40012848 ADC2 0x00000000
R32_ADC2_IDATAR4 Injection Data Register 4 0x4001284C ADC2 Regular 0x00000000
R32_ADC2_RDATAR Data Register 0x40012854 ADC2 Sampling Time 0x00000000
R32_ADC2_AUX Register 0x40012858 ADC2_TOUCHKEY 0x00000000
Multiplexer Mask Register 0x00000000

11.3.1 ADCx Status Register (ADCx_STATR) (x=1/2)
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Offset address: 0x00

31 3029 28 27262524232221 2019 18 17 16

Reserved

15 1413 12 11 10 9 8 7 6 5 4 3 2

ADCRS

Reserved STRT JETRT JEPC EOC AW
TF

D

Bit Name access describe

Reset valug

[31:16] Reserved RO is feserved.

0

ADC reset status indication:

15 ADCRSTF RO 1: Reset complete;

0: Resetting.

[14:5] Reserved RO reserved.

Rule channel conversion start status:
1: The rule channel conversion has begun;
4 STRT RWO
0: Rule channel conversion has not started.

This bit is set to 1 by hardware and cleared to 0 by software (writing 1 is invalid).

Injection channel conversion start state:
1: Injection channel conversion has begun;
3 JSTRT RWO

0: Injection channel conversion has not started.

This bit is set to 1 by hardware and cleared to 0 by software (writing 1 is invalid).

Injection channel group conversion completion status:

1: Conversion complete;

2 JEOC RWO  |0: Conversion incomplete.

This bit is set to 1 by hardware (after all injected channels have been converted) and cleared to 0 by so|

(Writing 1 is invalid).

0

ftware.

Transition completion status:

1: Conversion complete;

1 EOC RWO  |0: Conversion incomplete.

This bit is set to 1 by hardware (when rule or injection channel group conversion ends), and by s

Clear the value to 0 (writing 1 is invalid) or clear it when reading ADCx_RDATAR.

0

ftware.

Simulated watchdog marker position:

1: A simulated watchdog event occurs;

0 AWD RWO |0: No simulated watchdog event occurred.

This bit is set to 1 by hardware (conversion value exceeds ADCx_WDHTR

The ADCx_WDLTR register range is cleared to 0 by software (writing 1 is inv

and

lid).

11.3.2 ADCx Control Register 1 (ADCx_CTLR1) (x=1/2)

Offset address: 0x04

31 3029 28 27 26 25 212019 18

17 16

Sw_P | ANA_ | Rese BUF TKI
RE RST | rved EN | TUNE

PGA[L:0] TKENABLE PWDEN JAWDEN Referved DUALMODI[3:0]

15 1413 12 11 10 9 8 7 6 54 3 2
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DISCNUM[2:0]

JDIsC DISC

EN EN

JAUTO

AWD JEOC EOC

SCAN AWDIE AWDCH][4:0]

SGL IE

Bit

Name access

describe

Reset valug

31

SW_PRE

RW

Channel pre-switching off:
1: Channel pre-switching is disabled;

0: Channel pre-switching enabled.

30

ANA_RST

RW

Analog module reset enable:
1: Enable;

0: Off.

29

Reserved

RO is rg

served.

[28:27] PGA[1

2

RW

ADC channel gain configuration:
00: x1;

01: x4;

10: x16;

11:x64.

Note: The input gain is adjustable, enabling small signal amplification and sampling. ADC_Buffer must be enabled to use thi

00b

function.

26

BUFEN

RW

ADC BUFFER Enable:
1: Enable input buffer;

0: Turn off the input buffer.

25

TKITUNE

RW

TKEY module charging current configuration:
1: Charging current halved;

0: The charging current is 35uA.

TKENABLE

RW

TKEY module enable control, including TKEY_F and TKEY_V units:
1: Enable the TKEY module;

0: Disable the TKEY module.

AWDEN

RW

Simulate the watchdog function enable bit on the rule channel:
1: Enable simulated watchdog on the rule channel;

0: Disable simulated watchdog on the rules channel.

JAWDEN

RW

Simulate the watchdog function enable bit on the injection channel:
1: Enable the simulated watchdog on the injection channel;

0: Disable the simulated watchdog on the injection channel.

[21:20] Reser

RO is rg

served.

[19:16] DUAL

0D[3:0]

RW

Dual mode selection:
0000: Standalone mode;

0001: Synchronization rules + synchronous injection mode;

0000b
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0010: Synchronization rules + alternating trigger mode;
0011: Synchronous injection + fast alternation mode;
0100: Synchronous injection + slow alternating mode;
0101: Synchronous injection mode;

0110: Synchronization rule mode;

0111: Rapid Alternation Mode;

1000: Slow alternation mode;

1001: Alternating trigger mode.

Note: These bits are reserved in ADC2. Any modification to these configuration bits should be made with dual mode|disabled

In intermittent mode, the number of rule channels to be converted after an external trigger:

000: 1 channel;
[15:13] DISCNUM[2:0] RW 000b

111: 8 channels.

Discontinuous mode enable bit on the injection channel:
12 JDISCEN RW 1: Enable discontinuous mode on the injection channel; Y

0: Disables the intermittent mode on the injection channel.

Discontinuous mode enable bit on the regular channel:
11 DISCEN RW 1: Enable discontinuous mode on the rule channel; 0

0: Disable intermittent mode on the rule channel.

After the rule channel is enabled, the injection channel group enable bit will be automatically switched:
1: Enable automatic injection channel group switching;
10 JAUTO RW 0
0: Disable automatic injection channel group switching.

Note: This mode requires disabling external triggering of the injection channel.

In scan mode, use an analog watchdog enable bit on a single channel:
9 AWDSGL RW 1: Use an analog watchdog on a single channel (AWDCH[4:0] selected); 0

0: Use a simulated watchdog on all channels.

Scan mode enable bit:

1: Enable scan mode (continuous conversion ADCx_IOFRx and ADCx_RSQRX)
8 SCAN RW 0
(Select all channels);

0: Turn off scan mode.

Injection channel group conversion end interrupt enable bit:
7 JEOCIE RW 1: Enable the interrupt for injection channel group conversion completion (JEOC flag); 0

0: The injection channel group conversion is interrupted.

Simulated watchdog interrupt enable bit:
1: Enable simulated watchdog interrupt;
6 AWDIE RW 0
0: Disable simulated watchdog interrupt.

Note: In scan mode, this interruption will abort the scan.

End of conversion (rule or injection channel group) interrupt enable bit:
5 EOCIE RW 1: Enable End of Conversion Interrupt (EOC Flag); 0

0: Disable conversion end interrupt.

Simulated watchdog channel selection position:

00000: Analog input channel 0;
[4:0] AWDCHI4:0] RW 00000b

00001: Analog input channel 1;
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10000: Analog input channel 16;
10001: Analog input channel 17.
11.3.3 ADCx Control Register 2 (ADCx_CTLR2) (x=1/2)
Offset address: 0x08
31 302928 27262524232221 2019 18 17 16
TS SW JSW EXT Reser
Reserved EXTSEL[2:0]
VREFE |START |START | TRIG ved
15 1413 12 11 10 9 8 7 6 5 4 3 2 1 0
JEXT ADC L |CAL_A CAL_VOL RST
TRIG JEXTSEL[2:0] ALIGN Reserved PMA P UTo (w01 CAL CAL CPNT ADQN
Bit Name access describe Reset valud
[31:24] Reserved RO resgrved. 0
Temperature sensor and internal voltage (VREFINT) channel enable bit:
TSVREFE RW 1: Enable the temperature sensor and VREFINT channel; 0
0: Disable temperature sensor and VREFINT channel.
Note: This bit applies only to ADC1.
To initiate a rule-based channel conversion, software triggering needs to be configured:
~ Sy aw 1: Initiate rule channel conversion; 0
0: Reset state.
This bit is set by software and cleared to 0 by hardware after the conversion begins.
Initiating an injection channel conversion requires configuring software triggering:
JSWSTART RW 1: Initiate injection channel conversion; o
0: Reset state.
This bit is set by software and cleared to 0 by hardware or software after the conversion begins.
External trigger conversion mode enabled for rule channels:
20 EXTTRIG RW 1: Use an external event to initiate the conversion; 0
0: Disable external event startup functionality.
External trigger event selection for initiating rule channel conversion:
000: CC1 event of Timer 1,
001: CC2 event of Timer 1,
010: CC3 event of Timer 1;
[19:17] EXTSEL[2:0] RW  |011: CC2 event of Timer 2; 000b
100: TRGO event of Timer 3;
101: CC4 event of Timer 4;
110: TRGO event of EXTl line 11/timer 8;
111: SWSTART software trigger.
16 Reserved RO resérved. 0
External trigger switching mode enabled for injection channel:
15 JEXTTRIG RW 1: Use an external event to initiate the conversion; 0
0: Disable external event startup functionality.
External trigger event selection to initiate injection channel conversion:
[14:12] JEXTSEL[2:0] RW 000b
000: TRGO event for Timer 1;
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001: CC4 event of Timer 1;

010: TRGO event of Timer 2;

011: CC1 event of Timer 2;

100: CC4 event of Timer 3;

101: TRGO event of Timer 4;

110: CC4 event on EXTI line 15/Timer 8;

111: JSWSTART software trigger.

Data alignment:
11 ALIGN RW 0

1: Left alignment; 0: Right alignment.

[10:9] Reservied RO reserved. 0

Direct Memory Access (DMA) mode enabled:
8 DMA RwW 1: Enable DMA mode; 0

0: DMA mode is off.

ADC low-power mode control bit:
1: Low power mode, with lower power consumption, suitable for sampling rates below 2MHz;
7 ADC_LP RW 1

0: High power consumption, suitable for sampling rates of 6MHz and above, and only applicahle to...

VDD33A is higher than 3V.

Hardware automatic calibration function enabled:
6 CAL_AUTO RW 1: The ADC result will be automatically subtracted from the offset value; 1

0: The ADC result will not be subtracted from the offset value.

Calibration voltage configuration:
00: 0.3*Vref (recommended);
[5:4] CAL_VOL[1:0] RW  |o1: 0.5%vref; 01lb
10: 0.75*Vref;

11: Suspended.

Reset calibration: This bit is set by software and cleared to 0 by hardware after the reset is complete.
1: Initialize the calibration register;
3 RSTCAL RW 0: The calibration register has been initialized. 0
Note: If RSTCAL is set during conversion, clear the calibration register.

The device requires additional cycles.

A/D calibration: This bit is set by software and cleared to 0 by hardware when calibration is complete.
2 CAL RW | 1: Begin calibration; 0

0: Calibration complete.

Continuous conversion enable:

1: Continuous conversion mode;
1 CONT RW 0
0: Single conversion mode.

If this bit is set, the conversion will continue until the bit is cleared.

On/Off A/ID Converter

When this bit is 0, writing 1 will wake up the ADC from power-off mode;
When this bit is 1, writing 1 will initiate the conversion; if there are other...
0 ADON RW 0
If the intended position changes, a new conversion will not be initiated.

1: Enable ADC and start conversion;

0: Turn off ADC conversion/calibration and enter power-off mode.

11.3.4 ADCx Sampling Time Configuration Register 1 (ADCx_SAMPTR1) (x=1/2)
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Offset address: 0x0C

31 3029 28 27 26 2524 2322 21 2019 18 17 16
Reserved SMP17[2:0] SMP16[2:0] SMP15[2:1]
15 14 13 12 1110 9 7 6 5 4 3 2 1 0
SMP15[0] PMP14[2:0] SMP13[2:0] SMP12[2:0] SMP11[2:0] SMP10[2:0]
Bit Name access describe Reset valud
[31:24] Resferved RO is feserved. 0
SMPx[2:0]: Sampling time configuration for 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;
110: 71.5 cycles; 111: 239.5 cycles;
SMPx[2:0]: When the ADC_SMP_SELX bit is set, the sampling time of channel X is..
Room configuration
[23:0] SMPx[2:0] RW 000b
000: 1.5 cycles; 001: 7.5 cycles;
010: 13.5 cycles; 011: 28.5 cycles;
100: 2.5 cycles; 101: 3.5 cycles;
110: 4.5 cycles; 111: 5.5 cycles;
These bits are used to independently select the sampling time for each channel during sampling.
The channel configuration value must remain unchanged during the cycle.
Note: When the sampling rate is higher than aLMHé..ﬁ;.ﬁsR&?[JQ%mn that the sampling time be less than one week.
11.3.5 ADCx Sampling Time Configuration Register 2 (ADCx_SAMPTR2) (x=1/2)
Offset address: 0x10
31 3029 28 27 26 2524 23 22 21 2019 18 17 16
Reserved SMP9[2:0] SMP8[2:0] SMP7[2:0] SMP6[2:0] SMP5[2:1]
15 1413 12 1110 9 7 6 5 4 3 2 1 0
SMP5[0] SMP4[2:0] SMP3[2:0] SMP2[2:0] SMP1[2:0] SMPO[2:0]
Bit Name access describe Reset valug
[31:30] Reserved RO is feserved. 0
SMPx[2:0]: Sampling time configuration for 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;
[29:0] SMPx[2:0] RW 000b
110: 71.5 cycles; 111: 239.5 cycles;
SMPx[2:0]: When the ADC_SMP_SELX bit is set, the sampling time of channel X is..
Room configuration
000: 1.5 cycles; 001: 7.5 cycles;
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010: 13.5 cycles; 011: 28.5 cycles;
100: 2.5 cycles; 101: 3.5 cycles;
110: 4.5 cycles; 111: 5.5 cycles;
These bits are used to independently select the sampling time for each channel during sampling.

The channel configuration value must remain unchanged during the cycle.

Note: When the sampling rate s higher than a U Zo3: PR QM Bnded that the sampling time be less than one week.

11.3.6 ADCy Injection Channel Data Offset Register x (ADCy_IOFRXx) (y=1/2, x=1/2/3/4)
Offset address: 0x14 + (x-1)*4

31 30 29 28 27 26 2524 23 22 21 2019 18 17 16
Reserved
15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
Reserved JOFFSETX[11:0]
Bit Name access describe Reset valug
[31:12] Reserved RO is reserved. 0

The data offset value of the injected channel x.

When converting the injection channel, this value defines the parameters used to convert the original data,

[11:0] JORFSETX[11:0] RW

The value subtracted from the input. The result of the conversion can be stored in the ADCx_IDATARX register.

Read from the device.

11.3.7 ADCx Watchdog High Threshold Register (ADCx_WDHTR) (x=1/2) Offset
address: 0x24

31 3029 28 27 26 2524 2322 21 2019 18 17 16
Reserved
15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
Reserved HT[11:0]
Bit Name access describe Reset valug
[31:12] Reserved RO is feserved. 0
[11:0] HT[1L1:0] RW similates a high threshold setting for a watchdog. OxFFF

Note: You can change the values of WDHTR and WDLTR during the conversion process, but they will take effect on the next conversion.

11.3.8 ADCx Watchdog Low Threshold Register (ADCx_WDLTR) (x=1/2) Offset
address: 0x28

31 30 29 28 27262524232221 2019 18 17 16
Reserved
15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
Reserved LT[11:0]
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Bit Name access describe Reset valug
[31:12] Reserved RO is reserved. 0
[11:0] LT[11:0] RW simulates a watchdog low threshold setting. 0

Note: You can change the values of WDHTR and WDLTR during the conversion process, but they will take effect on the next conversion.

11.3.9 ADCx Regular Channel Sequence Register 1 (ADCx_RSQR1) (x=1/2) Offset
Address: 0x2C

31 3029 28 27262524232221 2019 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 describe Reset valug
[31:24] Reserved RO is regerved. 0

The number of channels to be converted in the regular channel conversion sequence:
[23:20] L[3:0] RW 0
0000-1111: 1-16 transformations.

[19:15] SQL6[4:0] The nymber (0-17) of the 16th conversion channel in the RW rule sequence. 0
[14:10] SQL5[4:0] The nymber (0-17) of the 15th conversion channel in the RW rule sequence. 0
[9:5] SQ14[4:0] The nymber (0-17) of the 14th conversion channel in the RW rule sequence. 0
[4:0] SQ13[4:0] The nymber (0-17) of the 13th conversion channel in the RW rule sequence. 0
11.3.10 ADCx Regular Channel Sequence Register 2 (ADCx_RSQR2) (x=1/2) Offset
address: 0x30
31 302928 27 262524232221 2019 18 17 16
Reserved SQ12[4:0] SQ11[4:0] SQ10[4:1]
15 1413 12 11 10 9 8 7 6 5 4 3 2 1 0
SQ10[0] SQ9[4:0] SQ8[4:0] SQ7[4:0]

Bit Name access describe Reset valud
[31:30] Reserved RO is feserved. 0
[29:25] SQL2[4:0] The nymber (0-17) of the 12th conversion channel in the RW rule sequence. 0
[24:20] SQL1[4:0] The nymber (0-17) of the 11th conversion channel in the RW rule sequence. 0
[19:15] SQLO[4:0] The nymber (0-17) of the 10th conversion channel in the RW rule sequence. 0
[14:10] SQP[4:0] The nymber (0-17) of the 9th conversion channel in the RW rule sequence. 0

[9:5] SQ8[4:0] The nymber (0-17) of the 8th conversion channel in the RW rule sequence. 0
[4:0] SQ7[4:0] The nymber (0-17) of the 7th conversion channel in the RW rule sequence. 0
11.3.11 ADCx Regular Channel Sequence Register 3 (ADCx_RSQR3) (x=1/2) Offset
address: 0x34
31 302928 27 262524232221 2019 18 17 16

Reserved SQ6[4:0] SQ5[4:0] SQ4[4:1]
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SQ4[0] SQ3[4:0] SQ2[4:0] SQ1[4:0]

Bit Name access describe Reset valug
[31:30] Reserved RO is feserved. 0
[29:25] SQB[4:0] The nymber (0-17) of the 6th conversion channel in the RW rule sequence. 0
[24:20] SQB[4:0] The nymber (0-17) of the 5th conversion channel in the RW rule sequence. 0
[19:15] SQ4[4:0] The nymber (0-17) of the 4th conversion channel in the RW rule sequence. 0
[14:10] SQB[4:0] The nymber (0-17) of the 3rd conversion channel in the RW rule sequence. 0

[9:5] SQ2[4:0] The number (0-17) of the second conversion channel in the RW rule sequence. 0
[4:0] SQ1[4:0] The nuymber (0-17) of the first conversion channel in the RW rule sequence. 0

11.3.12 ADCx Injection Channel Sequence Register (ADCx_ISQR) (x=1/2)
Offset Address: 0x38

31 302928 27 262524232221 2019 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 describe Reset valud
[31:22] Reserved RO s reserved. 0

Number of channels to be converted in the injection channel conversion sequence:
[21:20] JL[1:0] RW _ 0
00-11: 1-4 conversions.

The number of the 4th conversion channel in the injection sequence (0-17).

[19:15] JSQ4[4:0] RW 0
Note: The software vﬂ'inemvad assigns channel numbers (0-17) to the sequence to be conyerted.

[14:10] JSQ3[4:0] The number (0-17) of the third conversion channel in the RW injection sequence. 0

[9:5] JSQ2[4:0] The number (0-17) of the second conversion channel in the RW injection sequence. 0

[4:0] 3SQL[4:0] The number (0-17) of the first conversion channel in the RW injection sequence. 0

Note: Unlike the regular transformation sequence, if the length of JL[1:0] is less than 4, the transformation sequence order starts from (4-JL).

For example, when JL[1:0]=3 (the sequencer During the second injection conversion, the ADC will convert channels in the following order: JSQ1[4:0], JSQ2[4:0], ...
contains 4 JSQ3[4:0] and JSQA4[4:0]);

condaifis (4 =d (TheG4ue))cer During the second injection conversion, the ADC will convert channels in the following order: JSQ2[4:0], JSQ3[4:0]

When JL[1:0]=1 (there is a second injé’ction conversion in the sequencer), the order of the ADC conversion channels is: first JSQ3[4:0], then JSQ4[4:0];
When JL[1:0]=0 (there is 1 in the During the second injection conversion, the ADC will only convert the JSQ4[4:0] channel.
sequencer) If ADCx_ISQR[21:0]=10 00111 00011 00111 00010, the ADC will switch channels in the following order: JSQ2[4:0],

JSQ3[4:0] and JSQ4[4:0], it means that the scan conversion is performed in the following channel order: 7, 3, 7.

11.3.13 Inject ADCy into data register x (ADCy_IDATARX) (y=1/2, x=1/2/3/4)
Offset address: 0x3C + (x-1)*4

31 3029 28 27262524232221 2019 18 17 16

Reserved
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
JDATA[15:0]
Bit Name access describe Reset valud
[31:16] Reserved RO is feserved. 0
[15:0] JIDATA[15:0] RO injection channel transforms data (data left-aligned or right-aligned). 0
11.3.14 ADCx Regular Data Register (ADCx_RDATAR) (x=1/2) Offset Address: 0x4C
31 3029 28 27262524232221 2019 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 describe Reset valug
Data converted by ADC2:
In ADC1: In dual mode, these bits contain the rules for ADC2 conversion.
[31:16] ADG2DATA[15:0] RO 0
Then the channel data.
In ADC2: These bits are not used.
[15:0] DATA[15:0] RO rule channel transformation data (data left-aligned or right-aligned). 0
11.3.15 ADCx Sampling Time Register (ADCx_AUX) (x=1/2) Offset Address:
0x54
31 3029 28 27262524232221 2019 18 17 16
ADC_T ADC_SJADC_S
O_DFS Reserved MP_SE|MP_SE
DM L17 L16
151413 12 11 10 9 8 7 6 5 4 3 2 1 0
ADC_S|ADC_S|ADC_SJ|ADC_S|ADC_S|ADC_S|ADC_S|ADC_S|ADC_S|ADC_S|ADC_S|ADC_S|ADC_S|ADC_S|ADC_S|ADC_S
MP_SE|MP_SE|MP_SE|MP_SE|MP_SE|MP_SE|MP_SE|MP_SE|MP_SE|MP_SE|MP_SE|MP_SE|MP_SE|MP_SE|MP_SE|MP_SE
L15 L14 L13 L12 L11 L10 L9 L8 L7 L6 L5 L4 L3 L2 L1 LO
Bit Name access describe Reset valug
Enable the function of sending ADC module sampled data to DFSDM module:
31 ADC_TO_DFSDM RW  [1: Enable; 0
0: Off.
[30:18] Reserved RO is reserved. 0
x = 0-17, the sampling time of channel x can be enabled (only when SMPx is 0).
100-111):
[17:0] ADC| SMP_SELx RW 0
1: SMPx=100: Sampling time 2.5 cycles;
SMPx=101: Sampling time 3.5 cycles;
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SMPx=110: Sampling time 4.5 cycles;
SMPx=111: Sampling time 5.5 cycles.

0: The sampling time is the corresponding SMPx configuration period.

11.3.16 ADCx_TOUCHKEY Multiplexer Register (ADCx_DRV) (x=2) Offset address:

0x58
31 3029 28 27 26 2524232221 2019 18 17 16
TKEY_
Reserved DRV_E
N
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TKEY_DRV_OUTEN
Bit Name access describe Reset valug
[31:17] Reserved RO is rleserved. 0
TOUCHKEY Multi-channel Masking Enable:
16 TKEY_DRV_EN RW | 1: Enable; 0
0: Prohibited.
TOUCHKEY Multi-channel masking and enabling:
[15:0] TKEY_DRV_OUTEN RW 1: Enable; 0
0: Prohibited.

V15

186



Machine Translated by Google

CH32H417 Series Application Manual https://wch.cn

Chapter 12 High-Speed Analog-to-Digital Conversion (HSADC)

The chip integrates a 10-bit high-speed analog-to-digital converter (HSADC) and provides 7 external sampling channels with a sampling rate of

With a capacity of up to 20 Msps, it can perform continuous conversions and supports DMA operations.

12.1 Main Features

Supports sampling of 7 external channels .

Supports receiving FIFO ;

Supports burst mode.

Supports DMA functionality

Supports Ping -Pong Storage Mode

Supports continuous conversion mode

Provides various transmission interruption flags and statuses .

Provides 1 interrupt vector

12.2 Functional Description

12.2.1 Powering on the HSADC module

A EN bit of the R32_HSADC_CFGR register being 1 indicates that the ADC module is powered on. When the ADC module enters power-on mode from power-off mode (EN=0), it indicates that the module is powered on.
After the electrical state (EN=1), a delay of tSTAB is required for the module to stabilize. Afterwards, the START bit is written to 1 for use as a soft state.
The EN bit is the start signal that initiates the ADC conversion. Clearing the EN bit to 0 will terminate the current conversion and put the ADC module into power-down mode.

In this state, the ADC consumes almost no power.

12.2.2 HSADC Clock

The HSADC clock source can be from the system clock (SYSCLK), PLL clock, USBHS_PLL clock, or ETH_PLL clock, and can be accessed via...
The RCC_CFGR2 register HSADCSRC[1:0] bits are selected, and the R32_HSADC_CFGR register CLKDIV[5:0] bits are also selected.
The HSADC clock is divided.

The total conversion time for the sampling period is calculated as follows:

TCONV = Sampling time + 4THSADCCLK ;

The sampling time is fixed at 1 THSADCCLK,

12.2.3 HSADC Channel Configuration

The HSADC module provides 7 external channel sampling sources.

12.2.4 HSADC DMA Function
HSADC channel conversion supports DMA functionality. The channel conversion value is stored in a single data register, R32_HSADC_DATAR.
If the data in the R32_HSADC_DATAR register is not retrieved in time, the ADC's DMA function can be enabled (if ping-pong transfer is not enabled).
Output (DMAO can only be set). The hardware will generate a DMA request at the end of the channel conversion (EOC set) and transfer the converted data from...
The R32_HSADC_DATAR register is transferred to the user-specified destination address.
Supports burst transfer mode. During a burst transfer, the PPMODE bit is set to enable ping-pong storage mode. DMA transfers will terminate after reaching the transfer length.
Alternate between destination address ADDRO/1; enable abort of a burst transmission by setting BURST_END bit to 1 in the R32_HSADC_CTLR register.
The transmission will stop once the set burst length is reached. The DMA transmission length of the final burst can be adjusted as needed in R32_HSADC_CTLR2.
Set the BURST_DMA_LEN bit in the register.

The following diagram illustrates the burst transfer function using BURST_DMA_LEN=2 as an example:
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When BURST_DMA_LEN=2

DMAIF
DMA_LEN
- : 4
DMAO ADDRO ADDRO
N
\Nh

DMA1 / ADDR1 'y ADDR1 BURSTIF

DMAIF DMAIF

< >

BURST_DMA_LEN

12.2.5 HSADC Conversion Mode

HSADC only supports continuous conversion. In continuous conversion mode, the next conversion starts immediately after the previous ADC conversion ends.

The mode start event is initiated by setting the START bit to 1 in the R32_HSADC_CTLR1 register. Once the selected channel's conversion is complete, the mode will switch to the next active mode.

The swapped data is stored in the 10-bit R32_HSADC_DATAR register, and the EOC flag is set. If the EOCIE bit is set, it will trigger...

ADC interrupt.

12.3 Register Description

Table 12-1 List

of HSADC Channel-Related Registers

name Access Address Description: 0x40017400 Reset value
R32_HSADC_CFGR HSADC Configuration Register; 0x40017404 0x00002400
R32_HSADC_CTLR1 HSADC Control Register 1; 0x40017408 0x00000000
R32_HSADC_CTLR2 HSADC Control Register 2; 0x4001740C 0x00000000
R32_HSADC_STATR HSADC Status Register; 0x40017410 HSADC 0x00000000
R32_HSADC_DATAR Data Register; 0x40017414 HSADC DMA 0x00000000
R32_HSADC_ADDRO Receive Address Register 0; 0x40017418 HSADC DMA 0x00000000
R32_HSADC_ADDR1 Receive Address Register 1 0x00000000
12.3.1 HSADC Configuration Register (R32_HSADC_CFGR)
Offset Address: 0x00
31 30 292827262524 232221 2019 18 17 16
DMA_LEN[15:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BURST| PPM WID SETUP DMA
CLKDIV[5:0] CHSEL[2:0] EN
_EN | ODE TH [1:0] EN
Bit name access describe Reset valug
[31:16] DMA_LEN[15:0] RW DMA transfer length configuration 0
bits. Burst transfer enabled:
15 BURST_EN RW | 1: Enable; 0
0: Off.
Ping-Pong Storage Mode Enabled:
14 PPMODE RW 0
1: Enable;
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0: Off.

[13:8] CLKDIV[5:0]

RW

High-speed ADC clock divider configuration bit:
000000: No frequency division;
000001: Frequency division by 2;

000010: 3 frequency divider;

111111:64 frequency division.

0x9

7 WIDTH

RW

Storage bit width configuration:
1: 8 bits;
0: 16 bits.

[6:5] SETUP[1:0]

RW

Initial conversion setup time configuration bits:
00: 8 cycles;

01: 9 cycles;

10: 10 cycles;

11: 11 cycles.

[4:2] CHSEL[2:0]

RW

Channel selection bit:

000: Input channel O;

110: Input channel 6;
111: Reserved.

1 DMAEN

RW

Direct Memory Access (DMA) mode enabled:
1: Enable DMA mode;
0: DMA mode is off.

RW

High-speed ADC Enable:

1: Enable;
0: Off.

12.3.2 HSADC Control Register 1 (R32_HSADC_CTLR1) Offset

Address: 0x04

31 30 29 28 27 26

25

24232221 2019 18

17 16

Reserved

15 14 13 1211

10

Reserved

BURS
TIE

DMA

EOC
Reserved

BUR
STA

ST | gy

END

Bit name

access

describe

Reset valug

[31:11] Reserved

RO res:

erved.

0

10 BURSTIE

RW

Burst transmission completion interrupt enabled:
1: Enable;
0: Off.

9 DMAIE

RW

DMA transfer completion interrupt enabled:

1: Enable;
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0: Off.

Interrupt enable upon completion of conversion:

8 EOCIE RW 11: Enable; 0
0: Off.

[7:2] Resg¢rved RO is|reserved. 0

1 BURST_END RW aborts a burst transmission. 0

Initiates high-speed ADC conversion:

0 START WO | 1: Turn on; 0

0: Off.

12.3.3 HSADC Control Register 2 (R32_HSADC_CTLR?2) Offset Address:

0x08
31 30 292827 26 25 24 232221 2019 18 17 16
BURST_LEN[15:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BURST_DMA_LEN[15:0]
Bit name access describe Reset valug
[31:16] BURST_LEN[15:0] RW butst transmission length configuration. 0
Burst transfer final DMA transfer length configuration bits.
[150] BUH ST_DMA_LEN[].EO] RW When the amount of data to be transmitted is not aligned with the DMA transfer length, the DMA tra Sfer...o
Input length configuration bits.

12.3.4 HSADC Status Register (R32_HSADC_STATR) Offset Address:

0x0C
31 30 292827262524 232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FIF FIF FIF PP_ RXN |BURST| DMA EOC
Reserved FIFQ_CNT[2:0] oo| oF | oR Reserved ADD £ I I i
\% ULL DY R
Bit name access describe Reset valud
[31:14] Regerved RO is|reserved. 0
[13:11] FIFO_CNT[2:0] RO regeives the current FIFO count value. 0
10 FIFQ_OV RO receives the FIFO overflow status flag. 0
9 FIFO_FULL RO receives the FIFO full status flag. 0
8 FIFO_RDY RO receives the FIFO non-empty status flag. 0
[7:5] Res¢rved RO regerved. 0
Ping-pong storage mode cache address indicator bits:
4 PP_ADDR RO 11: Data is stored in DMA receive address 1; 0
0: Data is stored in DMA receive address 0.
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The data register is not empty when the conversion is complete and the data is sfored.

3 RXNE RO |n the register, this bit is set; a read operation on the data register ¢an..0
This bit is cleared.
2 BURSTIF RW1 Burst transmission completion interruption flag. 0
1 DMAIF RW1 DMA transfer completed interrupt flag. 0
0 EOCIF RWa1 canversion complete interrupt flag. 0
12.3.5 HSADC Data Register (R32_HSADC_DATAR) Offset Address:
0x10
31 30 292827262524 232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
Reserved DR[9:0]
Bit name access describe Reset valud
[31:10] Reserved RO is reserved. 0
[9:0] DR[P:0] RW is the conversion data register. 0
12.3.6 HSADC DMA Receive Address Register 0 (R32_HSADC_ADDRO) Offset
Address: 0x14
31 30 292827262524 232221 2019 18 17 16
DMA_ADDRO[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
DMA_ADDRO[15:0]
Bit name access describe Reset valud
[31:0] DMA_ADDRO[31:0] RW DMA transfer address 0 configuration bit. 0
12.3.7 HSADC DMA Receive Address Register 1 (R32_HSADC_ADDR1) Offset
Address: 0x18
31 30 292827262524 232221 2019 18 17 16
DMA_ADDR1[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
DMA_ADDRI1[15:0]
Bit name access describe Reset valug
31:0 DMA_ADDR1[31:0] RW DMA transfer address 1 configuration bit. 0
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Chapter 13 Touch Key Detection (TKEY)

The touch detection control (TKEY) unit, utilizing the voltage conversion function of the ADC module, converts capacitance into voltage for sampling.
This achieves touch button detection functionality. The detection channel reuses 16 external channels of the ADC, and is implemented through the single-conversion mode of the ADC module.

Touch button detection is now in progress

13.1 TKEY Function Description

Yy TKEY enabled
The TKEY detection process requires the cooperation of the ADC module, so the ADC module must be powered on when using the TKEY function.
(ADON=1), then set the TKENABLE bit in the ADC_CTLR1 register to 1 to enable the TKEY unit function, and it can be accessed via TKITUNE.
The charging current of the TKEY module is adjusted.
TKEY only supports single-channel conversion mode. Configure the channel to be converted as the first channel in the ADC module's rule group sequence.
Initiate the conversion (write to the TKEY_ACT_DCG register).
Note: Channel configurgmc%'a(;ersion functionality can still be retained even if no conversion is performed.

Figure 13-1 TKEY Timing Diagram

k} Next conversion

T
TKENABLE : |
| |
TKCLK l
| |
| I<—Entire Isampllng period —>|
| | |'|
TKACT 1 I
|
|

IL} First conveILsion
| | |
tDISCH! \

TKDISCHG

I

Xl

|
|
TKCHG :
1ST Al |
C 11 " H
ADCACT
J 1 | F
| f‘_ADC conversion period >
coc ADC power up | 1

L’ Software clear interrupt bit

Programmable sampling time
The TKEY cell transition requires first discharging using several HCLK clock cycles (tDISCHG), and then discharging using several HCLK cycles.
The channel is charged and voltage is sampled during the period (tCHG). The number of charging cycles is the value of TKEY_CHGOFFSET. Each channel can be charged separately.

The sampling voltage is adjusted according to the same charging cycle.

13.2 TKEY Operation Steps

TKEY detection is an extended function under the ADC module. Its working principle is to enable hardware channel detection through "touch" and "non-touch" methods.
The sensed capacitance changes, and then the capacitance change is converted into a voltage change through a settable number of charge/discharge cycles. Finally, the voltage is...
The ADC module converts the data into digital values.
During sampling, the ADC needs to be configured to operate in single-pass, single-channel mode, and a single pass is initiated by the "write operation" of the TKEY_ACT register.
The specific process for replacement 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 ADC_CTLRL...
Set the TKENABLE bit in the register to 1 to enable the TKEY cell.

2) Set the channel to be converted, and write the channel number into the first conversion position in the ADC rule group sequence (ADC_RSQR3[4:0]).
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L[3:0] is 1.
3) Write to the TKEY_CHGOFFSET register to set the channel's charging time (valid for the lower 16 bits) to adjust the charging time.
4) Write to the TKEY_ACT_DCG register, set the discharge time (lower 16 bits are valid), and start a sampling and conversion of TKEY.
5) Wait for the EOC conversion end flag in the ADC status register to be set to 1, and read the ADC_DR register to obtain the conversion value.

6) If a next conversion is required, repeat steps 2-5. If the channel charging sampling time does not need to be modified, steps 3 or 4 can be omitted.

13.3 TKEY Register Description

Table 13-1 List of TKEY1 Related Registers

name Access address describe Reset value
R32_TKEY1 CHGOFFSET 0x4001243C TKEY Charging Time Register 0x00000000
R32_TKEY1_ACT_DCG 0x4001244C TKEY Startup and Discharge Time Register 0x00000000
R32_TKEY1 DR 0x4001244C TKEY Data Register 0x00000000
Table 13-2 List of TKEY2 Related Registers
name Access address describe Reset value
R32_TKEY2_CHGOFFSET 0x4001283C TKEY Charging Time Register 0x00000000
R32_TKEY2_ACT_DCG 0x4001284C TKEY Startup and Discharge Time Register 0x00000000
R32_TKEY2_DR 0x4001284C TKEY Data Register 0x00000000
13.3.1 TKEYx Charging Time Register (TKEYx_CHGOFFSET) (x=1/2) Offset Address: 0x3C
31 30 292827262524232221 2019 18 17 16
Reserved
15 14 13 12 10 9 8 7 6 5 4 2 1
TKCGOFFSET[15:0]
Bit name access describe Reset value
[31:16] Reserved RO is feserved. 0
TKEY Charging time configuration value.
[15:0] TKCGOFFSET[15:0] wo 0
Total charging time TCHG = TKCGOFFSET

Note: This register mappitiamodule’s injected data register 1 (ADC_IDATARL). Therefore, when this address register is "written",...
the ADC is in "operation” 1 iis 6Bl e £XEHYIERRARTPEANGIHLY RFISERFSEARMIPNATARMY a "read operation”, it is executed as the module's injection time.

13.3.2 TKEYx Start-up and Discharge Time Register (TKEYx_ACT_DCG) (x=1/2)

Offset address: 0x4C

31 30 292827262524232221 2019 18 17 16
Reserved
15 14 13 12 10 9 8 7 6 5 4 2 1
TKACT_DCGJ[15:0]
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Bit name access describe Reset value
[31:16] Reserved RO is reserved. 0
[15:0] TKACT_DCG[15:0] Write the discharge time and initiate a TKEY channel check. 0
Note: This register maps ®Qke regular data register (ADC_RDATAR) of the module.
13.3.3 TKEYx Data Register (TKEYx_DR) (x=1/2)
Offset address: 0x4C
31 30 29282726 2524232221 2019 18 17 16
Reserved
15 14 13 12 9 8 7 6 5 4 3 2 1 0
DATA[15:0]
Bit name access describe Reset value
[31:16] Reserved RO is reserved. 0
[15:0] DATA[15:0] RO-cdnverted data. 0

Note: This register maps ®Qke regular data register (ADC_RDATAR) of the module.
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Chapter 14 Advanced Timers (ADTM)

The advanced timer module includes two 16-bit auto-reload increment/decrement counters (TIM1 and TIM8) with a 16-bit programmable prescaler. In addition to full general-
purpose timer functions, it can be viewed as a three-phase PWM generator with six channels, featuring complementary PWM output with dead-time insertion, allowing the timer to
be updated after a specified number of counter cycles for repeated counting, braking functions, etc. It can be used to measure pulse width or generate pulses, PWM waves, etc.,
and is applicable to motor control, power supply, and other fields.
Many functions of advanced timers are the same as those of general-purpose timers, and their internal structure is also the same. Therefore, advanced timers can be used with timers...

The linking function works in conjunction with other TIM timers, providing synchronization or event linking capabilities.

14.1 Main Features

Key features of the advanced timer (TIM1/8) include:
¥ 16-bit auto-reload counter, supporting up-counting, down-counting, and up-down-counting modes. y 16-bit prescaler, dynamically
adjustable division factor from 1 to 65536. ¥ Supports four independent compare-capture channels .
y Each compare-capture channel supports multiple operating
modes, such as input capture, output compare, PWM generation, and single-pulse output. ¥ Supports complementary output with programmable dead time. § Supports
external signal control of the timer . § Supports updating the
timer after a defined period using a repeating
counter . ¥ Supports resetting or setting the timer to a defined state using a brake signal.
¥ Supports DMA in multiple modes . ¥ Supports incremental encoders . § Supports cascading and

synchronization between timers.

14.2 Principles and Structure

This section mainly discusses the internal structure of advanced timers.

14.2.1 Overview As

shown in Figure 14-1, the structure of an advanced timer can be roughly divided into three parts: the input clock section, the core counter section, and the comparison catcher.
Access to the channel section.

The advanced timer's clock can originate from the HB bus clock (CK_INT), an external clock input pin (TIMx_ETR), other timers with clock output capabilities (ITRx), or
the input of the compare/capture channel (TIMx_CHx). These input clock signals undergo various filtering and frequency division operations to become the CK_PSC clock, which

is then output to the core counter section. Furthermore, these complex clock sources can also be used as TRGO outputs to other peripherals such as timers, ADCs, and DACs.

At the core of the advanced timer is a 16-bit counter (CNT). CK_PSC is divided by the prescaler (PSC) to become CK_CNT and output to CNT. CNT supports up-counting,
down-counting, and up-down-counting modes, and has an automatic reload register (ATRLR) that reloads the initial value of CNT at the end of each counting cycle. An auxiliary
counter also counts the number of times the ATRLR reloads the initial value of CNT; when this count reaches the number set in the repeat count register (RPTCR), a specific event
is generated.

The advanced timer has four compare-capture channels, each capable of inputting pulses from a dedicated pin and outputting waveforms to the pin, meaning the compare-
capture channels support both input and output modes. The inputs of each compare-capture register channel support filtering, frequency division, and edge detection, and also
support inter-channel triggering, while providing a clock for the core counter (CNT). Each compare-capture channel has its own compare-capture register (CHXCVR), supporting

comparison with the main counter (CNT) to output pulses.
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Figure 14-1 Block diagram of advanced timer
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14.2.2 Clock Input

Figure 14-2 Block diagram of CK_PSC source for advanced timers

TIMx_SMCR

ITRx Ox

TILED 450 or TIZFFor}
THFP1 |0, TIFfor} |Encoder
== T |mode

TI2FP2

TI2F Rising
= 110

—

TI2 . Edge
[ Filter [ getector

TIMx_CCHMR1 TiMx_CCER — -
ETRF_f  |Exterpal clock
mode 2

TI2F Falling

TRGI ¥ |External clock
mode 1

ETR
; Divid
ETR pin[}— /1.};:/::-/8 ETRP 4 Filter CK_INT ¥ '!S‘F‘:rnal clog
>. fors— ounter (internal clock
[erp |  [Esii:al ETF[3:0]
TIMx_SMCR TIMx_SHCR TIMx_SHCR

The clock source for the advanced timer CK_PSC is diverse and can be categorized into four types:
1) The path of the external clock pin (ETR) input clock: ETRYETRPYETRF;
2) Internal HB clock input path: CK_INT;
3) Route from the compare capture channel pin (TIMx_CHx): TIMx_CHxyTIxyTIxFPx. This route is also used for the encoder module.
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 source from CK_PSC:
1) Select the internal clock source (CK_INT);
2) External clock source mode 1;
3) External clock source mode 2;
4) Encoder mode;

All four clock sources mentioned above can be selected through these four operations.

14.2.2.1 Internal Clock Source (CK_INT)
If the advanced timer is started while the SMS field is kept at 000b, then the internal clock source (CK_INT) is selected as the clock.

CK_INT is the same as CK_PSC.

14.2.2.2 External Clock Source Mode 1
External clock source mode 1 is enabled when the SMS field is set to 111b. When external clock source mode 1 is enabled, TRGI is selected.
As the source of CK_PSC, it's worth noting that the source of TRGI also needs to be selected through the TS field configuration. The TS field can select the following pulse types.
As a source of clocks:
1) Internal trigger (ITRx, x is 0, 1, 2, 3);
2) Compare the signal (TILF_ED) after passing through the edge detector in capture channel 1;
3) Compare the signals TI1FP1 and TI2FP2 of the capture channel;

4) The signal ETRF from the external clock pin input.

14.2.2.3 External Clock Source Mode 2
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Using external trigger mode 2, it can count on each rising or falling edge of the external clock pin input. Setting the ECE bit will...
External clock source mode 2 is used. When using external clock source mode 2, ETRF is selected as CK_PSC. The ETR pin is optionally inverted.
After passing through an ETP (Electronic Frequency Converte), an ETP (Elecronic Frequency Divider), and an ETP (Elctronic Frequency Divder), it becomes an ETP (Electronic Frequency Divider), and afte passing through an ETF (Electronic Frequency File) it becomes an ETP (Electronic Frequency Filer)

When the ECE position is set and SMS is set to 111b, it is equivalent to TS selecting ETRF as the input.

14.2.2.4 Encoder Mode: Setting SMS to
001b, 010b, or 011b will enable encoder mode. Enabling encoder mode can be selected on TI1FP1 and TI2FP2.
This mode outputs a signal at a specific voltage level using another transition edge as the signal. This mode is used when an external encoder is connected.

For specific functions, please refer to section 14.3.9.

14.2.3 Counters and Peripherals

The CK_PSC input is fed to the prescaler (PSC) for frequency division. The PSC is 16-bit, and the actual division factor is equivalent to R16_TIMx_PSC.
The value is incremented by 1. CK_PSC becomes CK_CNT after passing through PSC. Changing the value of R16_TIM1_PSC does not take effect immediately, but will occur during the update event.
The update is then sent to the PSC. Update events include clearing the UG bit and resetting. The core of the timer is a 16-bit counter (CNT), CK_CNT being the most...
The final input will be given to CNT, which supports increment, decrement, and increment/decrement counting modes, and has an auto-reload value register.
(ATRLR) reloads the initial value of CNT at the end of each counting cycle. An auxiliary counter also records the ATRLR value.
The number of times the initial value of CNT is reloaded, when the number set in the Repetition Count Register (RPTCR) is reached, can trigger a specific event.

Item.

14.2.4 Compare the capture channel and surrounding area

The compare-capture channel is a key component for timers to implement complex functions. Its core is the compare-capture register, supplemented by external input sections.

It consists of digital filtering, frequency division and channel multiplexing, comparators in the output section and output control.
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Figure 14-3 Block diagram of the comparison capture channel
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The block diagram of the comparison capture channel is shown in Figure 14-3. The signal input from the channel x pin can be selected as TIx (the source of TI1).

The source can be more than just CH1 (see the timer block diagram 14-1). Taking TI1 as an example: TI1 is filtered (ICF[3:0]) to generate TI1F, and then divided into

TI1F_Rising and TI1F_Falling by the edge detector. These two signals are selected (CC1P) to generate TI1FP1. TIIFP1 and TI2FP1 from channel 2 are sent to CC1S to be

selected as IC1. After being divided by ICPS, they are sent to the compare capture register.
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The compare-capture register consists of a preload register and a shadow register. Read and write operations only manipulate the preload register. In
capture mode, the capture occurs in the shadow register and is then copied to the preload register. In compare mode, the contents of the preload register are

copied to the shadow register, and then the contents of the shadow register are compared with the core counter (CNT).

14.3 Functions and Implementation

The implementation of complex functions in advanced timers involves operations on the timer's compare-capture channel, clock input circuitry, counter,
and peripheral components. The timer's clock input can come from multiple clock sources, including the compare-capture channel input. The operation of

selecting the compare-capture channel and clock source directly determines its functionality. The compare-capture channel is bidirectional and can operate in both input and output mod

14.3.1 Input Capture Mode
Input capture mode is one of the basic functions of a timer. The principle of input capture mode is that when a defined edge is detected on the ICxPS

signal, a capture event occurs, and the current value of the counter is latched into the compare-capture register (R16_TIMx_CHCTLRx). When a capture event

occurs, CCxIF (in R16_TIMx_INTFR) is set. If interrupts or DMA are enabled, corresponding interrupts or DMA will also 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 by reading the compare-capture register. CCxOF is

cleared by software. The steps for using input capture mode are illustrated below using channel 1 as an
example:

1) Configure the CC1S domain and select the source of the IC1 signal. For example, set it to 10b and select TILFP1 as the source of IC1. (Note: This option cannot be used.)
By default, the CC1S domain uses the compare capture module as the output channel.

2) Configure the IC1F field; these bits set the sampling frequency of the TI1 input and the length of the digital filter. The digital filter is controlled by an event counter.
The system consists of a counter that records N events before generating an output

transition. 3) Configure the CC1P bit to set the polarity of TILFP1. For example, keeping the CC1P bit low allows for arising edge

transition. 4) Configure the IC1PS field to set the IC1 signal as the division factor between IC1PS. For example, keeping IC1PS at 00b allows for no division.

5) Configure the CCL1E bit to allow capturing the core counter (CNT) value into the compare capture register. 6) Configure

the CC1IE and CC1DE bits depending on whether an interrupt or DMA is needed. When a
captured pulse is input to TI1, the core counter (CNT) value is recorded in the compare capture register, and CC1IF is set. If CC1IF was previously set,

CC10F will also be set. If CC1IE is set, an interrupt will be generated; if CC1DE is set, a DMA request will be generated. An input capture event can be generated

by software by writing to the event generation register (TIMx_SWEVGR).

14.3.2 Comparison Output Mode
Compare-to-output mode is one of the fundamental functions of a timer. The principle of compare-to-output mode is to output a specific change or
waveform when the value of the core counter (CNT) matches the value of the compare-to-capture register. The OCxM field (in R16_TIMx_CHCTLRx) and the CCxP
bit (in R16_TIMx_CCER) determine whether the output is a defined high/low level or a level toggle. A compare-to-capture event will also set...
The CCxIF bit, if the CCxIE bit is preset, will generate an interrupt; if the CCxDE bit is preset, it will generate a DMA request. The steps to configure for compare
output
mode are as follows: 1) Configure the clock source
and auto-reload value for the core counter (CNT); 2) Set the count value to be
compared to the compare capture register (R16_TIMx_CHxCVR); 3) If an interrupt is needed, set the CCXIE bit; 4)
Keep OCxPE at 0 and disable the preload register of the
compare register; 5) Set the output mode by setting the OCxM field and the CCxP bit; 6)
Enable output by setting the CCxE bit; 7) Set the CEN bit to start the

timer.
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14.3.3 Forced Output Mode

The output mode of the timer's compare-capture channel can be forced to a predetermined level by software, without depending on the compare-capture register.
Comparison of shadow registers and core counters.

The specific method is to set OCxM to 100b, which forces OCXREF to low; or to set OCxM to 101b, which forces OCXREF to high. It's important to note that
forcing OCxM to 100b or 101b

will cause issues with the comparison between the internal core counter and the compare-capture register.

The process is still in progress, the corresponding flags are still being set, and interrupts and DMA requests are still being generated.

14.3.4 PWM Input Mode The PWM

input mode is used to measure the duty cycle and frequency of the PWM signal and is a special case of the input capture mode. Except for the
following differences, the operation is the same as the input capture mode: PWM occupies two compare capture channels, and the input polarities of
the two channels are set to opposite, one signal is set as the trigger input, and SMS is set to reset mode.

For example, to measure the period and frequency of a PWM wave input from a TI1, the following operations are required:
1) Set TI1 (TILFP1) as the input to the IC1 signal. Set CC1S to 01b; 2) Set TI1FP1 to rising edge valid. Keep
CC1P at 0; 3) Set TI1 (TI1FP2) as the input to the IC2 signal. Set CC2S to 10b; 4) Set
TI1FP2 to falling edge valid. Set CC2P to 1; 5) Select TI1FP1 as the clock source. Set TS to 101b; 6) Set

SMS to reset mode, i.e., 100b; 7) Enable input capture. Set CC1E and CC2E;

The value of capture register 1 is the PWM period, and the value of capture register 2 is the duty cycle.

14.3.5 PWM Output Mode

PWM output mode is one of the basic functions of a timer. The most common method for PWM output mode is to use a reload value to determine the PWM
frequency and a capture-compare register to determine the duty cycle. Setting 110b or 111b in the OCxM field enables PWM mode 1 or mode 2.
The OCxPE bit enables the preload register, and finally, the ARPE bit enables automatic reloading of the preload register. Since the value of the preload register is only
sent to the shadow register when an update event occurs, the UG bit needs to be set to initialize all registers before the core counter starts counting. In PWM mode, the
core counter and the compare-capture register are constantly compared; depending on the CMS bit, the timer can output edge-aligned or center-aligned PWM signals.

Edge Alignment

When using edge alignment, the core counter increments or decrements. In PWM mode 1, OCXREF is high when the core counter value is greater than the
compare capture register value; it is low when the core counter value is less than the compare capture register value (e.g., when the core counter increments to the
value of R16_TIMx_ATRLR and then returns to all zeros). In center alignment mode, the core
counter operates in

alternating increment and decrement mode. OCXREF rises and falls when the core counter and compare capture register values are the same. However, the
timing of the compare flag setting differs across the three center alignment modes. When using center alignment mode, it is best to generate a software update flag (set

the UG bit) before starting the core counter.

14.3.6 Complementary Output and Dead-
Time Comparison Capture Channels typically have two output pins (comparison capture channel 4 has only one output pin), capable of
outputting two complementary signals (OCx and OCxN). The polarity of OCx and OCxN can be independently set via the CCxP and CCxNP bits, and the
output enable can be independently set via the CCxE and CCxNE bits. Dead-time and other controls are performed via the MOE, OIS, OISN, OSSI, and
OSSR bits. Enabling both OCx and OCxN outputs simultaneously inserts a dead timer; each channel has a 10-bit dead-time generator. If a braking circuit is present, the MOE &

OCx and OCxN are generated in association with OCxREF. If both OCx and OCxN are highly active, then OCx is the same as OCxREF, except that OCx...

V15 201 WH



Machine Translated by Google

CH32H417 Series Application Manual https://wch.cn

The rising edge of OCXREF has a delay relative to the falling edge of the reference signal. OCxN is the opposite of OCXREF; its rising edge has a delay relative to the
falling edge of the reference signal. If the delay is greater than the effective output width, no corresponding pulse will be generated.
Figure 14-4 shows the relationship between OCx and OCxN and OCXREF, and also shows the dead zone.

Figure 14-4 Complementary Output and Dead Zone

OCxREF

OCx

—=idelay

OCxN

=—delay

14.3.7 Braking Signal When a

braking signal is generated, the output enable and disable levels are modified according to the MOE, OIS, OISN, OSSI, and OSSR bits. However, OCx and OCxN
will not be active at all times. The braking event source can originate from the braking input pin or a clock failure event, which is generated by the CSS (Clock Safety
System). After system reset, the braking function is disabled by default (MOE bit low). Setting the BKE bit enables the

braking function. The polarity of the input braking signal can be set by setting BKP. The BKE and BKP signals can be written simultaneously. There is an HB
clock delay before the actual writing, so it takes one HB cycle to correctly read the written value. When the selected level appears on the braking pin, the system will

perform the following actions:

1) The MOE bit is asynchronously cleared, setting the output to an invalid, idle, or reset state based on the OSSI bit setting; 2) After MOE is cleared,
each output channel outputs a level determined by OISx; 3) When using complementary outputs: the
output is set to an invalid state, depending on the polarity; 4) If BIE is set, an interrupt is generated when BIF

is set; if the BDE bit is set, a DMA request is generated; 5) If AOE is set, the MOE bit is automatically set at the next update event UEV.

14.3.8 Single-Pulse Mode Single-
pulse mode allows the microcontroller to respond to a specific event by generating a pulse after a delay. The delay and pulse width are programmable. Setting
the OPM bit stops the core counter when the next update event UEV (the counter toggles to 0) is generated. As shown in Figure 14-5, arising edge needs to be detected
on the
TI2 input pin, and after a delay of Tdelay, a pulse needs to be generated on OC1.

A positive pulse of length Tpulse:
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Figure 14-5 Generation of a single pulse
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1) Set TI2 as the trigger. Set the CC2S field to 01b, mapping TI2FP2 to TI2; set the CC2P bit to Ob, and set TI2FP2 to rising.
Edge detection; set the TS field to 110b, and set TI2FP2 as the trigger source; set the SMS field to 110b, and use TI2FP2 to start the counter;
2) Tdelay is determined by the value of the compare-capture register, and Tpulse is determined by the value of the auto-reload value register and the value of the compare-capture register.

Sure.

14.3.9 Encoder Mode Encoder
mode is atypical application of timers. It can be used to connect to the two-phase output of an encoder and to control the counting direction of the core counter.
Synchronized with the encoder's shaft direction, each pulse output by the encoder increments or decrements the core counter by one. Steps for using the encoder.
To: Set the SMS field to 001b (counting only on TI2 edges), 010b (counting only on TI1 edges), or 011b (counting on both TI1 and TI2 edges).
(Edge counting), connect the encoder to the input terminals of compare capture channels 1 and 2, and set a value for the reload value register. This value can be set...
It's a bit larger. In encoder mode, the timer's internal compare-capture register, prescaler, repeat count register, etc., all function normally.
The following table shows the relationship between the counting direction and the encoder signal.

Table 14-1 Relationship between counting direction and encoder signal in timer encoder mode

relative signal TI1FP1 signal edge TI2FP2 signal

Counting effective edge

level Rising edge Falling edge Rising edge Falling edge

High down|count up count Low up count
Counting only on the TI1 edge Not counted
down count

high Count up Count/down
Counting only on TI2 edges Not counted
Low down fount, up count

High down|count Up count Up count Down count

Counting on both sides of TI1 and TI2
Low up codint down count down count up count

14.3.10 Timer Synchronization Mode: The
timer can output a clock pulse (TRGO) and also receive inputs from other timers (ITRx). Different timers have different ITRx values.
The source (TRGO of other timers) is different. The internal trigger connection of the timer is shown in Table 14-2.

Table 14-2 TIMx Internal Trigger Connections

From timer ITRO ITR1 ITR2 ITR3
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(TS=000) (TS=001) (TS=010) (TS=011)
TIM1 TIM5S TIM2 TIM3 TIM4
TIM8 TIM1 TIM2 TIM4 TIM5

14.3.11 Bilateral Edge Capture Mode

The pulse measurement can be enabled by enabling dual-edge capture on the corresponding channel through the CAP_ED_CHx bit of the TIMx_AUX register.

For example: to capture the pulse width via channel 2, in the capture function configuration, select the source of the IC2 signal (TIMx_CHCTLR1).
The CC2S bit of the register is 11b), enabling the double-edge capture function of channel 2 (the CAP_ED_CH2 bit of the TIMx_AUX register is 1).
The dual-edge capture configuration is now complete.

The high and low level width values of the captured pulse can be read through the CH2CVR bit of the TIMx_CH2CVR register. Enabling the CAPLVL bit allows...

The level corresponding to the captured value is indicated by bit[16] of the TIMx_CH2CVR register.

14.3.12 Dead-time asymmetry is addressed by
configuring the DT_VLU2 bits (the configuration value must be greater than 0 and less than TIMx_BDTR) based on complementary output configuration and dead-time control.
The number of Tdtg values set in registers DTG[7:0]), configuring the DTP_MODE bit or DTN_MODE bit to select the dead value configured by DT_VLU2.

The dead time occurs at the rising or falling edge of OCXREF. This method achieves dead time asymmetry.

14.3.13 Debug Mode When

the system enters debug mode, the timer continues to run or stops according to the settings of the DBG module.

14.4 Register Description

Table 14-3 List of TIM1 Related Registers

name Access address describe Reset value
R16_TIM1_CTLR1 0x40012C00 Control Register 1 0x0000
R16_TIM1_CTLR2 0x40012C04 Control Register 2 0x0000
R16_TIM1_SMCFGR 0x40012C08 Slave Mode Control Register 0x0000
R16_TIM1_DMAINTENR 0x40012C0OC DMA/Interrupt Enable Register 0x0000
R16_TIM1_INTFR 0x40012C10 Interrupt Status Register 0x0000
R16_TIM1_SWEVGR 0x40012C14 Event Generation Register 0x0000
R16_TIM1_CHCTLR1 0x40012C18 Compare/Capture Control Register 1 0x0000
R16_TIM1_CHCTLR2 0x40012C1C Compadre/Capture Control Register 2 0x0000
R16_TIM1_CCER 0x40012C20 Compare/Capture Enable Register 0x0000
R16_TIM1_CNT 0x40012C24 Counter 0x0000
R16_TIM1_PSC 0x40012C28 Count Clock Prescaler 0x40012C2C 0x0000
R16_TIM1_ATRLR Auto Reload Value Register 0x40012C30 OxFFFF
R16_TIM1_RPTCR Repeat Count Value|Register 0x40012C34 0x0000
R32_TIM1_CH1CVR Compare/Capture Register 1 0x40012C38 0x0000
R32_TIM1_CH2CVR Compare/Capture Register 2 0x40012C3C 0x0000
R32_TIM1_CH3CVR Compare/Capture Register 3 0x40012C40 0x0000
R32_TIM1_CH4CVR Compare/Capture Register 4 0x40012C44 Brake 0x0000
R16_TIM1_BDTR and Dead Zone Register 0x0000
R16_TIM1_DMACFGR 0x40012C48 DMA Control Register 0x0000
R16_TIM1_DMAADR 0x40012C4C: DMA Address Register in Continuous Mode 0x0000
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R16_TIM1_AUX 0x40012C50 Dual —edL;e capture register 0x0000

Table 14-4 List of TIM8 Related Registers

name Access address describe Reset value
R16_TIM8_CTLR1 0x40013400 Control Register 1 0x0000
R16_TIM8_CTLR2 0x40013404 Control Register 2 0x0000
R16_TIM8_SMCFGR 0x40013408 Slave Mpde Control Register 0x0000
R16_TIM8 DMAINTENR 0x4001340C DMA/Interrupt Enable Register 0x0000
R16_TIM8_INTFR 0x40013410 Interrupt Status Register 0x0000
R16_TIM8_SWEVGR 0x40013414 Event Generation Register 0x0000
R16_TIM8_CHCTLR1 0x40013418 Comparg/Capture Control Register 1 0x0000
R16_TIM8_CHCTLR2 0x4001341C Compare/Capture Control Register 2 0x0000
R16_TIM8_CCER 0x40013420 Comparg/Capture Enable Register 0x0000
R16_TIM8_CNT 0x40013424 Counter|0x40013428 0x0000
R16_TIM8_PSC Count Clock Prescaler 0x4001342C Auto Reload 0x0000
R16_TIM8_ATRLR Value Register 0x40013430 Repeat Count Value OxFFFF
R16_TIM8_RPTCR Register 0x40013434 Compare/Capture Register 0x0000
R32_TIM8_CHI1CVR 1 0x40013438 Compare/Capture Register 2 0x0000
R32_TIM8_CH2CVR 0x4001343C Compare/Capture Register 3 0x0000
R32_TIM8_CH3CVR 0x40013440 Comparg/Capture Register 4 0x0000
R32_TIM8_CH4CVR 0x40013444 Brake and Dead Zone Register 0x0000
R16_TIM8_BDTR 0x0000
R16_TIM8_DMACFGR 0x40013448 DMA Control Register 0x0000
R16_TIM8_DMAADR 0x4001344C DMA Address Register 0x40013450 Double 0x0000
R16_TIM8_AUX Edge Capture Register 0x0000

14.4.1 Control Register 1 (TIMx_CTLR1) (x=1/8) Offset Address: 0x00 Name

Bit access Reset valug

Describes the capture level indicator enable in dual-edge capture mode.
1: Enable indicator function;

15 CAPLVL RW 0
0: Disable indicator function.

Note: When enabled, CHXCVR’s [16] indicates the level corresponding to the captured yalue.

Capture value mode configuration.

1: When a counter overflows before capture, the CHXxCVR value is...
14 CAPOV RW 0
OxFFFF;

0: The captured value is the actual counter value.

[13:10] Resefved RO is reserved. 0

These two bits are defined in the timer clock (CK_INT) frequency and dead|time.
The interval is used by the dead-time generator and digital filter (ETR, TIx).
The frequency division ratio between sampling clocks:
[9:8] CKD[1:0] RW 00b
00: Tdts = Tck_int;
01: Tdts =2 x Tck_int;

10: Tdts =4 x Tck_int;
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11: Retained.

Automatic reinstallation pre-installation enable bit:
7 ARPE RW 1: Enable the Automatic Reload Value Register (ATRLR); 0

0: Disable automatic reload of value register (ATRLR).

Center alignment mode selection:
00: Edge-aligned mode. The counter moves upwards based on the direction bit (DIR).
Or count downwards.
01: Center Alignment Mode 1. The counter alternates between counting up and down.
Number. The channel configured for output (CCxS=00 in the CHCTLRX register).
The output compare interrupt flag is only triggered when the counter counts down.
set up.

10: Center Alignment Mode 2. The counter alternates between counting up and dowp.
[6:5] CMS[1:0] RW Number. The channel configured for output (CCxS=00 in the CHCTLRx register). 00b
The output compare interrupt flag is only triggered when the counter is counting up|.
set up.
11: Center Alignment Mode 3. The counter alternates between counting up and dowp.
Number. The channel configured for output (CCxS=00 in the CHCTLRX register).
The output compares the interrupt flag bit, and the counter counts up and down.

The time is set.

Note: When the counter is enabled (CEN=1), switching from edge-aligned mode to center-aligned mode is not allowed.

Counter direction:

1: The counter's counting mode is down;

4 DIR RW 0: The counter is in increment mode. 0

Note: This bit is invalid when the counter is configured in center-aligned mode or encoder|mode.

Single pulse mode:

1: The counter stops when the next update event occurs (CEN is cleared).
3 OPM RW 0
Bit);

0: The counter does not stop when the next update event occurs.

Update request source; the software selects the source of the UEV event using this bit.
1: If update interrupts or DMA requests are enabled, only the counter will be active.
An update interrupt or DMA request is only generated when there is an overflow or underflow.

0: If update interrupts or DMA requests are enabled, then either of the following will joccur:

2 URS RW
The device generates an update interrupt or a DMA request.
- Counter overflow/underflow
-Set UG position
- Updates generated from mode control.
Disabling updates allows/disallows the generation of UEV events via this bit.
born.
1: Disable UEV. No update events are generated, and all registers (ARR, ...) are updated.
1 ubis RW PSC and CHXCVR retain their values. If the UG bit is set or 0

A hardware reset is issued from the mode controller, then the counter and pre-...
The frequency divider was reinitialized;

0: UEV enabled. The update (UEV) event is generated by any of the following events
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born.

- Counter overflow/underflow

-Set UG position

-Updates generated from mode control

The cached registers are loaded with their preloaded values.

Enable counter:
1: Enable counter.

Note: This is in the software seningg.EN

0 CEN RW 0
After this step, the extenQEL\Jk, g mode, and encoder mode can operate. The trigger mode can be automatically set via hardware.
0: Counter disabled.
14.4.2 Control Register 2 (TIMx_CTLR2) (x=1/8) Offset Address: 0x04
Bit name access describe Reset valug
15 Reserved RO is reserved. 0
Output idle state 4:
1: When MOE=0, if OC4N is implemented, then OC4=1 after the dead zone;
14 ois4 RW 10: when MOE=0, if OC4N is implemented, then OC4=0 after the dead zone. 0
Note: LOCK (TIMx_BDTR register) level 1 has been set.
~vykfter that, this bit cannot be modified.
Output idle state 3:
1: When MOE=0, OC3N=1 after the dead zone;
13 OIS3N RW " 10: when MOE=0, OC3N=0 after the dead zone. 0
Note: LOCK (TIMx_BDTR register) level 1 has been set.
~ifter that, this bit cannot be modified.
12 oIs3 RW outputs idle state 3, see OIS4. 0
1 OIS2N RW outputs idle state 2, see OIS3N. 0
10 01s2 RW outputs idle state 2, see OIS4. 0
9 OISIN RW outputs idle state 1, see OIS3N. 0
8 oIs1 RW outputs idle state 1, see OIS4. 0
TI1 Selection:
1: The TIMx_CH1, TIMx_CH2, and TIMx_CH3 pins are XORed together.
7 TI1S RW 0
Connect to TI1 input;
0: The TIMx_CH1 pin is directly connected to the TI1 input.
Master mode selection: These 3 bits are used to select whether to send to the slave in master mode.
Timer synchronization information (TRGO).
Possible combinations are as follows:
000: Reset — The UG bit of the TIMx_EGR register is used as a trigger.
[6:4] MMS[2}0] RW | Output (TRGO). If it is a reset generated by a trigger input (from... 000b
(When the mode controller is in reset mode), the signal on TRGO is relative tp...
There will be a delay in the actual reset;
001: Enable — The counter enable signal CNT_EN is used as a trigger.
Output (TRGO). Sometimes it is necessary to start multiple scheduled commands at the same time.
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A timer or counter enables a function to run for a specified period of time.

The power signal is triggered by the CEN control bit and the gated mode trigger finput.

The logical OR of the signal is generated. When the counter enable signal is triggered...

There will be a delay on TRGO during input unless master/slave is selected.

Mode (see description of the MSM bit in the TIMx_SMCR register);

010: Update — The update event is selected as the trigger output (TRGO). Example

For example, the clock of a master timer can be used as a slave timer.

Prescaler;

011: Comparison Pulse — Announced upon successful capture or comparison.

When you want to set the CC1IF flag (even if it is already high).

The trigger output sends out a positive pulse (TRGO);

100: Compare — The OC1REF signal is used as a trigger output.
(TRGO);

101: Comparison — The OC2REF signal is used as a trigger output.
(TRGO);

110: Compare — The OC3REF signal is used as a trigger output.
(TRGO);

111: Comparison — The OC4REF signal is used as a trigger output.

(TRGO).

DMA selection for capture comparison:
3 CCDs RwW 1: When an update event occurs, send a DMA request for CHXCVR; 0

0: When CHXCVR occurs, a DMA request for CHXCVR is generated.

Compare capture control update selection bit:
1. If the CCPC bit is set, you can adjust the settings by setting the COM bit or the TRGI bit.

2 CCcus RW Update them on arising edge; 0
0: If CCPC is set, they can only be updated by setting the COM bit.

Note: This bit only applies to channels with complementary outputs.

1 Reserved RO reserved. 0

Compare captured preload control bits:

1: The CCxE, CCxNE, and OCxM bits are preloaded; setting this bit...
0 CCcpPC RW | After that, they are only updated after the COM bit is set; 0
0: The CCxE, CCxNE, and OCxM bits are not preloaded.

Note: This bit only applies to channels with complementary outputs.

14.4.3 From the Mode Control Register (TIMx_SMCFGR) (x=1/8) Offset Address: 0x08 Name

Bit access The Reset valug

description of ETR triggers polarity selection; this bit selects whether to directly inpyt ETR or...

Invert the input ETR.
15 ETP RO 0

1: Invert ETR; it is active low or on the falling edge.

0: ETR, high level or rising edge valid.

External clock mode 2 enabled:

1: Enable external clock mode 2;
14 ECE RW 0
0: Disable external clock mode 2.

Note 1: Slave mode can be used simultaneously withZexternal clock mode:
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Bit mode, gated mode, and trigger mode; however, at this time.TRGI
can be connected to ETRF (TS bit cannot be '111").
Note 2: External clock mode and e¥Mghalcotveiabitethed isd@simultaneously.

the external clock is ETRF.

External trigger signal (ETRP) frequency division, the maximum frequency of this signal is not
It can exceed 1/4 of the TIMxCLK frequency, and this domain can be used to reduce [frequency].

frequency
[13:12] ETPS[1:0] RW " |00: Disable prescaler; 00b
01: ETRP frequency divided by 2;
10: ETRP frequency divided by 4;

11: ETRP frequency divided by 8.

Externally triggered filtering, in fact, a digital filter is an event meter.
A counter that records N events using a certain sampling frequency.
This will then result in an output jump.

0000: No filter, sampled in Fdts;

0001: Sampling frequency Fsampling=Fck_int, N=2;

0010: Sampling frequency Fsampling=Fck_int, N=4;

0011: Sampling frequency Fsampling=Fck_int, N=8;

0100: Sampling frequency Fsampling = Fdts/2, N = 6;

0101: Sampling frequency Fsampling = Fdts/2, N = 8;

[11:8] ETF [3:0

RW  10110: Sampling frequency Fsampling = Fdts/4, N = 6; 0000b
0111: Sampling frequency Fsampling = Fdts/4, N = 8;
1000: Sampling frequency Fsampling = Fdts/8, N = 6;
1001: Sampling frequency Fsampling = Fdts/8, N = 8;
1010: Sampling frequency Fsampling = Fdts/16, N = 5;
1011: Sampling frequency Fsampling = Fdts/16, N = 6;
1100: Sampling frequency Fsampling = Fdts/16, N = 8;
1101: Sampling frequency Fsampling = Fdts/32, N = 5;
1110: Sampling frequency Fsampling = Fdts/32, N = 6;

1111: Sampling frequency Fsampling=Fdts/32, N=8.

Master/Slave Mode Selection:

1: Events on the trigger input (TRGI) are delayed to allow for...
Perfect connection between the current timer (via TRGO) and its slave timer
7 MSM RW 0
Synchronization. This requires synchronizing several timers to a single external timer.

It is very useful in departmental events;

0: Not effective.

Trigger selection field: These 3 bits are used to select the trigger input of the synchronization gounter.
Source:

000: Internal Trigger O (ITRO);
001: Internal Trigger 1 (ITR1);
[6:4] TS[2:0 RW 1010 Internal Trigger 2 (ITR2); 000b
011: Internal Trigger 3 (ITR3);

100: TI1 edge detector (TILF_ED);
101: Filtered timer input 1 (TI1FP1);

110: Filtered timer input 2 (TI2FP2);
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111: External Trigger Input (ETRF);
The above only changes when SMS is 0.

Note: See Table 14-2 for details.

Reserved

RO Resegrved.

[2:0] SMS[2:

RW

Input mode selection field. Selects the clock and trigger mode of the core countey.

Mode.

000: Driven by the internal clock CK_INT;

001: Encoder Mode 1, based on the TI1FP1 level, core calculation...
The counter increments or decrements on the edge of the TI2FP2;

010: Encoder mode 2, based on the TI2FP2 level, core calculation...
The counter increments or decrements on the edge of TI1FP1;

011: Encoder mode 3, based on the input level of another signal,

The core counter increments and decrements on the edges of TI1FP1 and TI2FPZ;

100: Reset mode, the rising edge of the trigger input (TRGI) will initialize

The counter is updated, and a signal to update the register is generated;

101: Gated mode, counting occurs when the trigger input (TRGI) is high.

The counter's clock is on; when the trigger input goes low, the counter stops.
The start and stop of the counter are controlled;

110: Trigger mode, the counter is triggered on the rising edge of the trigger input
Only the start-up of the counter is controlled;

111: External clock mode 1, selected trigger input (TRGI)

The rising edge drives the counter.

000b

TRGI.

14.4.4 DMA/Interrupt Enable Register (TIMx_DMAINTENR) (x=1/8) Offset Address: 0x0C

Bit

name

access

describe

Reset valug

15

Reserved

RO resg

rved.

14

TDE

RW

Trigger DMA request enable bit:
1: Allow DMA requests to be triggered;

0: Disable DMA requests.

13

COMDE

RW

COM DMA request enable bit:
1: Allow COM DMA requests;

0: Disable DMA requests for COM.

12

CC4DE

RW

Compare the DMA request enable bits of capture channel 4:
1: Allow comparison of DMA requests for capturing channel 4;

0: Disable comparison of DMA requests for capture channel 4.

11

CC3DE

RW

Compare the DMA request enable bits of capture channel 3:
1: Allow comparison of DMA requests for capturing channel 3;

0: Disable comparison of DMA requests for capture channel 3.

10

CC2DE

RW

Compare the DMA request enable bits of capture channel 2:
1: Allow comparison of DMA requests for capturing channel 2;

0: Disable comparison of DMA requests for capture channel 2.

CC1DE

RW

Compare the DMA request enable bits of capture channel 1:
1: Allow comparison of DMA requests for capturing channel 1;

0: Disable comparison of DMA requests for capturing channel 1.
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Updated DMA request enable bit:
8 UDE RW 1: Allow DMA requests for updates; 0
0: DMA requests for updates are prohibited.
Brake interruption enable bit:
7 BIE RW 1: Allow braking interruption; 0
0: Braking interruption is prohibited.
Trigger interrupt enable bit:
6 TIE RwW 1: Enable interrupt triggering; 0
0: Interrupt triggering is disabled.
COM interrupt enable bit:
5 COMIE RW | 1: Enable COM interrupts; 0
0: Disable COM interrupts.
Compare the interrupt enable bit of capture channel 4:
4 CC4IE RwW 1: Enable comparison capture channel 4 interrupt; 0
0: Disable comparison capture channel 4 interruption.
Compare the interrupt enable bit of capture channel 3:
3 CC3IE RwW 1: Enable comparison capture channel 3 interrupt; 0
0: Disable comparison capture channel 3 interruption.
Compare the interrupt enable bit of capture channel 2:
2 CC2IE RW 1: Enable comparison capture channel 2 interrupt; 0
0: Disable comparison capture channel 2 interruption.
Compare the interrupt enable bit of capture channel 1:
1 CC1IE RW 1: Enable comparison capture channel 1 interrupt; 0
0: Disable comparison capture channel 1 interruption.
Update the interrupt enable bit:
0 UIE RW 1: Allow update interruptions; Y
0: Prevent update interruption.
14.4.5 Interrupt Status Register (TIMx_INTFR) (x=1/8)
Offset address: 0x10
Bit name access describe Reset valug
[15:13] Reserved RO is rgserved. 0
12 CC40F RWO compares the capture channel 4 duplicate capture flag. 0
11 CC30F RWO compares the capture channel 3 duplicate capture flag. 0
10 CC20F RWO comfpares the capture channel 2 duplicate capture flag. It 0
also compares the capture channel 1 duplicate capture flag; this is only used for comparing capturgs.
When the channel is configured for input capture mode. This flag is set by hardware.
Writing 0 to the software will clear this bit.
9 CC10F RWO 0
1: When the counter value is captured into the capture compare register, CC1IF
The status has been set;
0: No duplicate captures were generated.
8 Reserved RO is regerved. 0
This is the brake interruption flag, which is activated by hardware once the brake input is valid.
7 BIF RWO 0
The position can be cleared by the software.
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1: A set valid level was detected on the brake pin input;
0: No braking event occurs.
The trigger interrupt flag is set by hardware when a trigger event occurs.
The position bit is cleared by software. Triggering events include those from gating/mode.
In other modes, a valid edge is detected at the TRGI input.
6 TIF RWO 0
Or any edge in gating mode.
1: Trigger event generated;
0: No trigger event is generated.
The COM interrupt flag is set by the hardware once a COM event occurs.
Set, cleared by software. COM events include CCxE, CCxNE, and OCxM.
5 COMIF RWO Updated. 0
1: A COM event is generated;
0: No COM event was generated.
4 CC4IF RWO compares the interrupt flag of capture channel 4. 0
3 CC3IF RWO compares the interrupt flag of capture channel 3. 0
2 CC2IF RWO compares the interrupt flag of capture channel 2. 0
Compares the interrupt flag of capture channel 1.
If the compare capture channel is configured for output mode:
This bit is set by hardware when the counter value matches the comparison value, but...
Except in centrally symmetric mode. This bit is cleared by software.
1: The value of the core counter matches the value of Compare-Capture Register|1;
0: No match occurred.
1 CCl1IF RWO 0
If the comparison capture channel 1 is configured as input mode:
This bit is set by hardware when a capture event occurs, and it is cleared by software.
Alternatively, the capture register can be cleared by reading the compare register.
1: The counter value has been captured by comparing capture register 1;
0: No input capture was generated.
Update interrupt flag; this bit is set by hardware when an update event occurs.
The bit is cleared by the software.
1: An update interruption occurred;
0: No update event occurred.
The following situations will trigger an update event:
0 UIF RWO 0
If UDIS=0, when the repeat counter value overflows or underflows;
If URS=0 and UDIS=0, when the UG bit is set, or when the software is used to...
When the counter core is reinitialized;
If URS=0 and UDIS=0, the event is retried when the counter CNT is triggered.
During initialization.
14.4.6 Event Generation Register (TIMx_SWEVGR) (x=1/8)
Offset address: 0x14 bit
name access describe Reset valug
[15:8] Reserved RO Resgrved. 0
This is the brake event generation bit, set and cleared by software to generate...
7 BG wo 0

A braking incident occurred.
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1: A braking event is generated. At this time, MOE=0 and BIF=1. If enabled...
The corresponding interrupts and DMA will then generate the corresponding interrupts and DMA.

0: No action.

The event trigger bit is set by software and cleared by hardware.
This generates a triggering event.

6 TG wo 1: A trigger event is generated, and the TIF bit is set. If the corresponding bit is enabled..0
Interrupts and DMA will generate corresponding interrupts and DMA operations;

0: No action.

Compare capture control update generation bits. Generate compare capture control update.
Event. This bit is set by software and automatically cleared by hardware.

1: When CCPC=1, updating the CCxE, CCxNE, and OCxM bits is allowed;
5 COMG wo 0

0: No action.

Note: This bit only applies to channels with complementary outputs (channels 1, 2, and 3).

efficient.
4 CC4G WO Compare capture event generates bit 4. Compare capture event 4 is generated. 0
3 CC3G WO Compare capture event generates bit 3. A comparison capture event 3 is generated. 0
2 CcC2G6 WO Compare capture event generation bit 2. Generates comparison capture event 0

2. Compare capture event generation bit 1, generates comparison capture event
This bit is set by software and cleared by hardware. It is used to generate a compafison.
Capture events.

1: Generate a compare capture event on compare capture channel 1:
If the comparison capture channel 1 is configured as output:

Set the CC1IF bit. If the corresponding interrupt and DMA are enabled, a corresponding interrupt will be generated.
1 CCiG wo Corresponding interrupts and DMA; 0
If the comparison capture channel 1 is configured as the input:

The current core counter value is captured in compare capture register 1;
Setting the CCL1IF bit will generate an interrupt if the corresponding interrupt and DMA are enabled.
The corresponding interrupts and DMA. If CC1IF is already set, then CC10F ig set.
Bit.

0: No action.

Update event generation bit: This bit is set by the software to generate an update event.
Automatically reset by hardware.
1: Initialize the counter and generate an update event;

0: No action.

14.4.7 Compare/Capture Control Register 1 (TIMx_CHCTLR1) (x=1/8) Offset Address: 0x18. The channel
can be used for input
(capture mode) or output (compare mode), and the channel direction is defined by the corresponding CCxS bits. This register...
The functions of other bits differ between input and output modes. OCxx describes the channel's function in output mode, and ICxx describes the channel's function in output mode.

Functionality in input mode.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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OC2CE gc2M[2:0]

OC2PE Of2FE

IC2F[3:0]

IC2PSC[1:0]

CC2s[1:0]

OCI1CE QC1M[2:0] OC1PE OF1FE

IC1F[3:0] IC1PSC[1:0]

CC1S[1:0]

Comparison mode (pin direction is output):

Bitname

access

describe

Reset valug

15

OC2CE

RW

Compare capture channel 2 to clear enable bit:
1. Clear the OC2REF bit once an ETRF input high level is detected.
zero;

0: OC2REF is not affected by ETRF input.

[14:12]

0C2M[2:0]

RW

Compare capture channel 2 mode setting field:
These 3 bits define the action of the output reference signal OC2REF, and

OC2REF determines the values of OC2 and OC2N. OC2REF is a high-level signal

The effective levels of OC2 and OC2N depend on CC2P and CC2NP, respectively|

Bit.
000: Freeze. Compare the value of the capture register with the core counter.

The comparison value has no effect on OC2REF;

001: Forced to active level. When the core counter is compared with the capture |evel.

If the value of register 2 is the same, force OC2REF to go high;

010: Forced to invalid level. When the value of the core counter is compared with...

If the capture register 2 is the same, force OC2REF to go low;

011: Toggle. When the core counter is compared with the value of compare capture register 2.

When they are the same, toggle the level of OC2REF;

100: Force to invalid level. Force OC2REF to low;

101: Force to active level. Force OC2REF to high;

110: PWM Mode 1: When counting up, once the core counter...

Channel 2 is active when the value is less than the value in the compare-capture regis

Otherwise, it is an invalid level; during down-counting, once the core counter...

Channel 2 is at an invalid level when the value is greater than that of the comparison capture re
(OC2REF=0), otherwise it is an active level (OC2REF=1);

111: PWM Mode 2: When counting up, once the core counter...

Channel 2 is at an invalid level when the value is less than the value in the compare capture regis|

Otherwise, it is an active level; during down-counting, once the core counter...

Channel 2 is active when the value is greater than the value in the compare-capture re
(OC2REF=1), otherwise it is an invalid level (OC2REF=0);

Note: Once the 98K s3seamhg mogdiarbb, this bit will not...

In PWM mode. lor PWM Znodel

In this case, only when the comparison result changes or the output comparison mode is switched from frozen mode will the comparison be allowe

The oC2REMevel only changes when switching modes.

ter.

000b

[

gister.

ister.

to proceed

11

OC2PE

RW

Compare capture register 2 preload enable bit:
1: Enable the preload function of Compare-Capture Register 2 for read and write operd
Operate only on the preload register, compare the preload of capture register 2.
The value is loaded into the current shadow register when the update event arri
middle;

0: Disables the preload function of compare capture register 2, allowing writing at an

tions.

time.
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Enter the comparison capture register 2, and the newly written value takes effect immediately.
use.

Note: Once the lQ8s set... And 3

If CC25=00, this bit cannot be modified; it can only be used in single-pulda ¥iYk iseits

The answer is uncertain

Compare-capture channel 2 fast enable bit, this bit is used to speed up the comparison c
Obtain the channel output in response to the triggered input event.

1: The effective edge of the input to the flip-flop acts as if a time difference has occ
A better match. Therefore, OC is set to the comparison level and compared with the comparison
Irrelevant. The valid edge of the sampling trigger and the comparison capture channel 2 g

The delay between clock cycles is reduced to 3 clock cycles;

pture.

urred.

result.

utput.

10 OC2FE RW 0
0: Compare the capture value with the counter and the value of the comparison capture register 1.
Channel 2 operates normally, even if the trigger is on. When the trigger...
When the input has a valid edge, the compare capture channel 2 is activated and the output is captured.
The minimum delay is 5 clock cycles.
Note: OC2FE only applies when the channel is confRYMdanddR\ivecRse
working.
Compare capture channel 2 input selection field:
00: Compare capture channel 2 is configured as output;
01: Compare capture channel 2 is configured as an input, IC2 is mapped to TI2.
superior;
10: Compare capture channel 2 is configured as an input, IC2 is mapped to TI1.
[9:8] CC2S[110] RW | peron 00b
11: Compare capture channel 2 is configured as an input, IC2 is mapped to TRC.
Above. This mode only works when the internal trigger input is selected (by...).
TS bit selection).
Note: Comparison capture channels only occurs when the channel is off (CC2E is zer).
Only number 2 is writable.
7 OCI1CE RW compares and captures channel 1 to clear the enable bit. 0
[6:4] OC1M[2;0] RW compares the capture channel 1 mode setting field. 0
3 OC1PE RW compares the capture register 1 preload enable bit. 0
2 OC1FE RW compares and captures the channel 1 fast enable bit. 0
[1:0] CC1S[110] RW compares the capture channel 1 input selection field. 0
Capture mode (pin direction is input):
Bitname access The Reset valug
description of the input capture filter 2 configuration field shows how these bits set the TI1 input.
The sampling frequency and digital filter length. A digital filter consists of a...
The event counter consists of events that record N events and then generate a new one.
The output jump.
[15:12] IC2F([3:0] RW 0000b

0000: No filter, sampled in fDTS;
1000: Sampling frequency Fsampling = Fdts/8, N = 6;
0001: Sampling frequency Fsampling=Fck_int, N=2;

1001: Sampling frequency Fsampling = Fdts/8, N = 8;
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0010: Sampling frequency Fsampling=Fck_int, N=4;
1010: Sampling frequency Fsampling = Fdts/16, N = 5;
0011: Sampling frequency Fsampling=f=Fck_int, N=8;
1011: Sampling frequency Fsampling = Fdts/16, N = 6;
0100: Sampling frequency Fsampling = Fdts/2, N = 6;
1100: Sampling frequency Fsampling = Fdts/16, N = 8;
0101: Sampling frequency Fsampling = Fdts/2, N = 8;
1101: Sampling frequency Fsampling = Fdts/32, N = 5;
0110: Sampling frequency Fsampling = Fdts/4, N = 6;
1110: Sampling frequency Fsampling = Fdts/32, N = 6;
0111: Sampling frequency Fsampling = Fdts/4, N = 8;

1111: Sampling frequency Fsampling=Fdts/32, N=8.

Compare the prescaler configuration field of capture channel 2; these 2 bits define the comparison...
Capture the prescaler coefficients for channel 2. Once CC1E=0, the prescaler...
Device reset.

00: No prescaler, captures every edge detected on the input port.
[11:10] IC2P$SC[1:0] RW 00b
Each step triggers a capture;

01: A capture is triggered every 2 events;

10: A capture is triggered every 4 events;

11: A capture is triggered once every 8 events.

Compare the capture channel 2 input selection field; these two bits define the channel's...
Input/output, and selection of input pins.

00: Compare capture channel 2. Channel is configured as output.
01: Compare and capture channel 2. Channel is configured as input, IC1 mapping.
At TI1;
[9:8] CC2S[1:0] RW | 10: Compare and capture channel 2. Channel is configured as input, IC1 mappin@Ob
At TI2;
11: Compare and capture channel 2. Channel is configured as input, IC1 mapping.
On TRC. This mode only works when the internal trigger input is selected.
Time (selected by the TS bit).

Note: CC2S is only writable when the channel is closed (CC2E is 0).

[7:4] IC1F[3:0] RW Inpgut Capture Filter 1 Configuration Domain. 0
[3:2] IC1PSCI[1:0] RW compares the capture channel 1 prescaler configuration field. 0
[1:0] CC1S[1:0] RW compares the capture channel 1 input selection field. 0

14.4.8 Compare/Capture Control Register 2 (TIMx_CHCTLR2) (x=1/8) Offset Address: 0x1C.

The channel can be

used for input (capture mode) or output (compare mode), and the channel direction is defined by the corresponding CCxS bits. This register...
The functions of other bits differ between input and output modes. OCxx describes the channel's function in output mode, and ICxx describes the channel's function in output mode.

Functionality in input mode.

151413 12 11 10 9 8 7 6 5 4 3 2 1 0
OCACE pcam[2:0] OC4PE PCAFE OC3CE pC3Mm[2:0] OC3PE pC3FE
CC4s[1:0] CC3S[1:0]
IC4F[3:0] IC4PSC[1:0] IC3F[3:0] IC3PSC[1:0]
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Comparison mode (pin direction is output):

Bitname access describe Reset valug

15 OC4CE RW comjpares and captures channel 4, clearing the enable bit. 0
[14:12] OC4M[2:0] RW compares the capture channel 4 mode setting field. 0

11 OC4PE RW compares the capture register 4 preload enable bit. 0

10 OC4FE RW compares the capture channel 4 fast enable bit. 0

[9:8] CC4S[1:0] RW compares the capture channel 4 input selection field. 0

7 OC3CE RW compares and captures channel 3 to clear the enable bit. 0

[6:4] OC3M[2:0] RW compares the capture channel 3 mode setting field. 0

3 OC3PE RW compares capture register 3 preload enable bit. 0

2 OC3FE RW compares the capture channel 3 fast enable bit. 0

[1:0] CC3S[1:0] RW compares the capture channel 3 input selection field. 0
Capture mode (pin direction is input):

Bitname Access description RW Input Capture Filter 4 Reset valug
[15:12] IC4F[3:0] Configuration field. 0
[11:10] IC4PSC[1:0] RW compares and captures the prescaler configuration field of channel 4. 0

[9:8] CC4S[1:0] RW compares the capture channel 4 input selection field. 0

[7:4] IC3F[3}0] RW Inplut Capture Filter 3 Configuration Domain. 0

[3:2] IC3PSC[1:0] RW comjpares the capture channel 3 prescaler configuration field. 0

[1:0] CC3S[1:0] RW compares the capture channel 3 input selection field. 0
14.4.9 Compare/Capture Enable Register (TIMx_CCER) (x=1/8) Offset Address: 0x20 Name

Bit access describe Reset valug
[15:14] Reseryed RO is reserved. 0

13 Ccc4p RW compares the capture channel 4 output polarity setting bit. 0

12 CC4E RW compares and captures the output enable bit of channel 4. 0

11 CC3NP RW compares the complementary output polarity setting bit of capture channel 3. 0

10 CC3NE RW Compare capture channel 3 complementary output enable bit. 0

9 Ccc3p RW compares the capture channel 3 output polarity setting bit. 0
8 CC3E RW compares and captures the output enable bit of channel 3. 0
7 CC2NP RW compares the complementary output polarity setting bit of capture channel 2. 0
6 CC2NE RW Compare capture channel 2 complementary output enable bit. 0
5 ccap RW compares the capture channel 2 output polarity setting bit. 0
4 CC2E RW comjpares and captures the channel 2 output enable bit. 0
3 CCINP RW compares the complementary output polarity setting bit of capture channel 1. 0
2 CCINE RW Compare-capture channel 1 complementary output 0

enable bit. Compare-capture channel 1 output polarity setting bit.

Channel CCl1 is configured as an output:

1: OCl s active low;
1 CC1P RW 0

0: OCl1 is active high.

CC1 channel configured as input:

This bit selects whether IC1 or its inverted signal is used as the trigger or catch.
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Signal received.

1: Inverting: Capture occurs at the falling edge of IC1; when used as an external cq
When the transmitter is activated, IC1 is inverted;

0: Non-inverting: Capture occurs on the rising edge of IC1; when used as an extern
When the trigger is activated, IC1 is not inverted.

Note: Once thereacidQCK LOCK in the TIMXx_BDTR register) is

If a bit is set to 3 or 2, then that bit cannot be modified.

ntact.

=X

Compare the capture channel 1 output enable bit.

Channel CC1 is configured as an output:

1: Enable. The OC1 signal is output to the corresponding output pin, and its output...

The voltage level depends on MOE, OSSI, OSSR, OIS1, OIS1N, and CC1NE.
The value of the bit;

0: Off. OC1 disables output; therefore, the output level of OC1 depends on...

0 CC1E RW At the MOE, OSSI, OSSR, OIS1, OISIN and CC1NE bits 0
value.
CC1 channel configured as input:
This bit determines whether the counter value can be captured into TIMx_CH1CVR
register.
1: Capture Enable;
0: Capture prohibited.
14.4.10 Advanced Timer Counter (TIMx_CNT) (x=1/8) Offset Address: 0x24 Bit Name [15:0] CNT[15:0]
Access thle real-time value of the counter that describes Reset valug
the RW fimer. 0
14.4.11 Counting Clock Prescaler (TIMx_PSC) (x=1/8)
Offset address: 0x28 Name
Bit access describe Reset valug
The division factor of the timer's prescaler; the clock frequency of the counter.
[15:0] PSC[15]0] RW 0
It equals the input frequency of the frequency divider / (PSC+1).
14.4.12 Automatic Reload Value Register (TIMx_ATRLR) (x=1/8) Offset Address: 0x2C
Bit name access describe Reset valug
The value of this field will be loaded into a counter, indicating when the ATRLR will act and ypdate.
[15:0] ARR[15}0] RW FFFFh
See section 14.2.3; the counter stops when ATRLR is empty.
14.4.13 Repeat Count Register (TIMx_RPTCR) (x=1/8)
Offset address: 0x30
Bit name access describe Reset valug
[15:8] Reserved RO is reserved. 0
[7:0] REP[7:Q RW is the value of the repeat counter. 0
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14.4.14 Compare/Capture Register 1 (TIMx_CH1CVR) (x=1/8)

Offset Address: 0x34
2019181716

31 30292827 26 2524232221
Reserved LEVEL1
15 14131211 109 8 7 6 5 4 3 2 0
CH1CVR[15:0]
Bithame access describe Reset valug
[31:17] Reserved RO is reserved. 0
16 LEVEL1 RO is the level indicator bit corresponding to the captured value. 0
[15:0] CH1CVR[15:0] RW compares the value of capture register channel 1. 0
14.4.15 Compare/Capture Register 2 (TIMx_CH2CVR) (x=1/8)
Offset Address: 0x38
31 3029 28 27 26 25 24 23 22 21 2019181716
Reserved LEVEL2
15 14131211 109 8 7 6 5 4 3 2 0
CH2CVR[15:0]
Bitname access describe Reset valug
[31:17] Reserved RO is feserved. 0
16 LEVEL2 RO is the level indicator bit corresponding to the captured value. 0
[15:0] CH2CVR[15:0] RW corhpares the value of capture register channel 2. 0
14.4.16 Compare/Capture Register 3 (TIMx_CH3CVR) (x=1/8)
Offset Address: 0x3C
31 30292827 26 2524232221 20191817 16
Reserved LEVEL3
15 14131211 109 8 7 6 5 4 3 2 1 0
CH3CVR[15:0]
Bit name access describe Reset valug
[31:17] Reserved RO is reserved. 0
16 LEVEL3 RO is the level indicator bit corresponding to the captured value. 0
[15:0] CH3CVR[15:0] RW compares the value of capture register channel 3. 0
14.4.17 Compare/Capture Register 4 (TIMx_CHA4CVR) (x=1/8)
Offset Address: 0x40
31 30292827 262524232221 20191817 16
WH
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Reserved LEVEL4
15 14131211 109 8 7 6 5 4 3 2 1 0
CH4CVR[15:0]
Bit name access describe Reset valud
[31:17] Reserved RO is reserved. 0
16 LEVEL4 RO is the level indicator bit corresponding to the captured value. 0
[15:0] CH4CVR[15:0] RW compares the value of capture register channel 4. 0
14.4.18 Brake and Dead Zone Register (TIMx_BDTR) (x=1/8)
Offset address: 0x44
Bit Name access This Reset valug
describes the main output enable bit. It will be asynchronously cleared once the brake signgl is active.
15 MOE RW 11: Allow OCx and OCxN to be set as outputs; 0
0: Disable the output of OCx and OCxN or force them to idle.
Automatic output enable:
1: MOE can be set by software or in the next update event.
14 AOE RW 0
Set;
0: MOE can only be set by software.
Brake input polarity setting position:
1: Brake input is active high;
13 BKP RW  |0: Brake input is active low. 0
Note: When a level is@eK 1
Afterwards, this bit cannotd8 miedifoed wlritilygale Hiscbidteequires a...
Brake function enable position:
1: Activate brake input;
12 BKE RW  [0: Brake input is prohibited. 0
Note: When a level is@eK 1
Afterwards, this bit cannot#8 miodifoed Wwrtilygae thiecbidteequires a...
1: When the timer is not working, once CCxE=1 or CCxNE=1,
First, enable OC/OCN and output an invalid level, then set OCx,
11 OSSR RW  |OCxN enable output signal = 1; 0
0: When the timer is not working, OC/OCN output is disabled.
Note: This bit cannot@&Hddified once a level is set.
1: When the timer is not working, once CCxE=1 or CCxNE=1,
OC/OCN first outputs its idle level, then OCx and OCxN are enabled.
10 ossl RW | output signal = 1; 0
0: When the timer is not working, OC/OCN output is disabled.
Note: When a level i$ &K 1 After that, this position cannot be modified.
Lock function settings field:
00: Disable the lock function;
[9:8] LOCK]1:0] RW 00b
01: Lock level 1, DTG, BKE, BKP, AOE, and OISx cannot be written.
and OISxN bits;
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10: Lock level 2, cannot write to any bits in lock level 1.
It is also not possible to write the CC polarity bit, OSSR, or OSSI bits;
11: Locking level 3, cannot write to any bits in locking level 2.
It also cannot be written to the CC control bit.
Note: After a system reset, the bit can only be written onck-8&annot be written again.
modifies until reset.
Dead-time setting bits, these bits define the dead-time duration between complementary outputs.
Continued time.
Assume DT represents its duration:
DTG[7:5]=0xx=>DT=DTG[7:0]*Tdtg, Tdtg =TDTS;
DTG[7:5]=10x=>DT=(64+DTG[5:0])*Tdtg, Tdtg= 2*TDTS;

[7:0] DTG[7:0] RwW DTG[7:5]=110=>DT=(32+DTG[4:0])*Tdtg, Tdtg =8 xTDTS; 0
DTG[7:5]=111=>DT=(32+DTG[4:0])*Tdtg, Tdtg =16
*TDTS.
Note: Dan level (HOBE register)  If the
TIMx_BDTR LOCK]1:0] bits are set to 01b, 10b, or 11b, then it cannot be modifiefl.

These positions.

14.4.19 DMA Control Register (TIMx_DMACFGR) (x=1/8) Offset Address: 0x48

Name

Bit

access

describe

Reset valug

[15:13] Rese

rved

RO is 1

eserved.

0

[12:8] DBL[4:0]

RW

The length of a continuous DMA transfer; the actual value is the value of this field + 1.

When reading or writing to the TIMx_DMAADR register, the timer ther...

(Perform a single continuous transmission), that is: define the number of transmissions, trang
It can be a half-word (two-byte) or a byte:

00000: 1 transmission;

00001: 2 transmissions;

00010: 3 transmissions;

10001: 18 transmissions.

Suppose we perform the following transmission: DBL=7
DBA=TIM2_CTLR1.

If DBL=7, DBA=TIM2_CTLR1 indicates the location of the data to be transmi
The address for transmission is given by the following formula: (TIMx_CT|
(address) + DBA + (DMA index), where DMA index = DBL,

The value of (TIMx_CTLR1 address) + DBA plus 7 gives the result.
The address where data will be written or read, so that data transmissio
It occurred in 7 days starting from address (TIMx_CR1 address) + DB
Registers. Depending on the DMA data length setting, the following may g
Condition:

1. If the data is set to half-word (16 bits), then the data will be transmi

mission

tted.

LR1)

n will
A,

ccur:

ted.
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The output is sent to all 7 registers.

2. If the data is set to bytes, the data will still be transmitted to all 7 bytes.
Registers: The first register contains the first MSB byte, the second...
The two registers contain the first LSB byte, and so on. Therefore

For timers, the user must specify the data width to be transferred by DMA

[7:5] Reserved RO is reserved. 0
These bits define the DMA's access from control register 1 in continuous mode.
Offset at the address.
00000: TIMx_CTLR1;

[4:0] DBA[40] RW 0
00001: TIMx_CTLR2;
00010: TIMXx_SMCFGR;

14.4.20 DMA Address Register in Continuous Mode (TIMx_DMAADR) (x=1/8)
Offset address: 0x4C
Bit name access describe Reset valug

In continuous mode, the address of the DMA.
Reading or writing to the TIMx_DMAADR register will result in access to the following addresses
Access operations to the register: TIMx_CTLR1 address + DBA + DMA
The index, where "TIMx_CTLR1 address" is the control register 1

[15:0] DMAB[15:0] RW 0

The address where (TIMx_CTLR1) is located; "DBA" is the base address
defined in the TIMx_DMACFGR register; "DMA index" is determined by...
The offset for DMA auto-control depends on the TIMx_DMACFGR register
The DBL defined in the register.
14.4.21 Dual-edge capture register (TIMx_AUX) (x=1/8)
Offset address: 0x50
Bit Name access When Reset value

describing the implementation of dead-time asymmetry functionality, the time should be set to be |ess than...
The dead time duration of DTG needs to be determined in conjunction with DTP_MODE and
Use the DTN_MODE bit.

[15:8] DT_VLU2 RW 0
Note: The dead time duration is set by multiplying the set value by theldi&le value.
settingsTdtg, which needs to be great@r than or led3 [ifan the set dead zone
The dead time duration set by enabling DT_VLU2 occurs during
The falling edge of OCXREF.
1: The dead time duration set by DT_VLU2 occurs in OCXREF.

7 DTN_MODE RW 0
The falling edge;
0: Functionality disabled, OCXREF falling edge dead time duration
Set the time for the existing DTG.
The dead time duration set by enabling DT_VLU2 occurs during
The rising edge of OCXREF.
6 DTP_MODE RW 0

1: The dead time duration set by DT_VLU2 occurs in OCXREF.

The rising edge;
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0: Functionality disabled, OCXREF rising edge dead time duration
Set the time for the existing DTG.
Brake source selection position:
000: BKIN;
001: BKIN2;
[5:3] BK_SEL RW  01x: BKIN or BKIN2; 0

100: DFSDM_BK([O];
101: DFSDM_BK([1];
Other: Reserved.
Double-edge capture enable for channel 4:

2 CAP_ED_CH4 RW | 1: Enable double-edge capture of channel 4; 0
0: Disable double-edge capture enable for channel 4.
Double-edge capture enable for channel 3:

1 CAP_ED_CH3 RW | 1: Enable double-edge capture of channel 3; 0
0: Disable double-edge capture enable for channel 3.
Double-edge capture enable for channel 2:

0 CAP_ED_CH2 RW 1: Enable double-edge capture of channel 2; 0
0: Disable double-edge capture enable for channel 2.
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Chapter 15 General Purpose Timer (GPTM)

The general-purpose timer module includes four 16-bit auto-reload timers (TIM2, TIM3, TIM4, and TIM5) and four 32-bit timers.
Automatically reloadable timers (TIM9, TIM10, TIM11, and TIM12) are used to measure pulse width or generate pulses of a specific frequency.

PWM waves, etc. These can be used in fields such as automation control and power supplies.

15.1 Main Features

The main features of a 16-bit general-purpose timer include:

¥ 16-bit auto-reload counter, supporting increment, decrement, and increment/decrement modes.

y 16-bit prescaler, with a dynamically adjustable division factor from 1 to 65536.

Supports four independent compare-capture channels .

Each compare-capture channel supports multiple operating modes, such as: input capture, output compare, PWM generation, and single-pulse output.
Supports external signal control of timers

« Supports DMA use in multiple modes. « Supports

incremental encoding, cascading and synchronization between timers.

The main features of a 32-bit general-purpose timer include:

y 32-bit auto-reload counter, supporting increment, decrement, and increment/decrement modes.

y 16-bit prescaler, with a dynamically adjustable division factor from 1 to 65536.

Supports four independent compare-capture channels .

Each compare-capture channel supports multiple operating modes, such as: input capture, output compare, PWM generation, and single-pulse output.
Supports external signal control of timers

« Supports DMA use in multiple modes. « Supports

incremental encoding, cascading and synchronization between timers.
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15.2 Principles and Structure

Figure 15-1 Block diagram of a general-purpose timer
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15.2.1 Overview As
shown in Figure 15-1, the structure of a general-purpose timer can be roughly divided into three parts: the input clock section, the core counter section, and...
Compare the captured channel portions.
The clock for the general-purpose timer can be derived from the HB bus clock (CK_INT) or from an external clock input pin (TIMx_ETR).
It can come from other timers with clock output function (ITRx), or from the input of the compare capture channel (TIMx_CHx).
These input clock signals, after undergoing various filtering and frequency division operations, become the CK_PSC clock, which is then output to the core counter section.
In addition, these complex clock sources can also be used as TRGO outputs to other peripherals such as timers, ADCs, and DACs.
At the core of a general-purpose timer is a 16-bit or 32-bit counter (CNT). After being divided by a prescaler (PSC), CK_PSC...
It becomes CK_CNT and then ultimately loses to CNT. CNT supports incrementing, decrementing, and increment/decrementing modes, and has an automatic reload function.
The value register (ATRLR) reloads the initial value for CNT at the end of each counting cycle.

The general-purpose timer has four compare-capture channels, each of which can receive pulses from its dedicated pin.
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The waveform is output to the pin, meaning the compare capture channel supports both input and output modes. Each channel's input to the compare capture register
supports filtering, frequency division, edge detection, and other operations, as well as inter-channel triggering. It also provides a clock for the core counter CNT. Each

compare capture channel has a set of compare capture registers (CHxCVR) that support comparison with the main counter (CNT) to output pulses.

15.2.2 Difference between General Purpose Timers and Advanced Timers

Compared to advanced timers, general-purpose timers lack the following features:
1) The general-purpose timer lacks a repeat counter register to count the count cycles of the core counter. 2) The general-
purpose timer's compare-capture channel lacks dead-time generation and complementary output. 3) The

general-purpose timer lacks a braking signal mechanism.

15.2.3 Clock Input This section
discusses the source of CK_PSC. The clock source portion of the overall block diagram of the general-purpose timer is shown here.

Figure 15-2 Source block diagram of general-purpose timer CK_PSC
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TIMx_SMCR

The optional input clocks can be categorized into
four types: 1) External clock pin (ETR) input route: ETRYETRPYETRF; 2) Internal HB clock input
route: CK_INT; 3) Route from the compare capture channel pin
(TIMx_CHXx): TIMx_CHxyTIXyTIXFPx, this route is also used for encoder modules.
Mode;
4) Inputs from other internal timers: ITRx. The actual operation can
be categorized into three types by determining the input pulse selection of the SMS from which CK_PSC originates:
1) Select internal clock source (CK_INT); 2) External
clock source mode 1; 3) External clock
source mode 2; 4) Encoder mode. All
four clock source options

mentioned above can be selected through these four operations.

15.2.3.1 Internal Clock Source (CK_INT)
If the general-purpose timer is started while the SMS field is kept at 000b, then the internal clock source (CK_INT) is selected as the clock. In this case, CK_INT is

CK_PSC.

15.2.3.2 External Clock Source Mode 1

V15 226 WH



Machine Translated by Google

CH32H417 Series Application Manual httpSZ//WCh .cn

Setting the SMS field to 111b enables External Clock Source Mode 1. When External Clock Source 1 is enabled, TRGI is selected.
For the source of CK_PSC, it's worth noting that users also need to select the TRGI source by configuring the TS field. The TS field can be selected from the following:
This pulse serves as a clock source:
1) Internal trigger (ITRx, x is 0, 1, 2, 3);
2) Compare the signal (TI1LF_ED) after passing through the edge detector in capture channel 1;
3) Compare the signals TI1IFP1 and TI2FP2 of the capture channel;

4) The signal ETRF from the external clock pin input.

15.2.3.3 External Clock Source Mode 2 uses External
Trigger Mode 2 to count on each rising or falling edge of the external clock pin input. Setting the ECE bit will...
External clock source mode 2 is used. When using external clock source mode 2, ETRF is selected as CK_PSC. The ETR pin is optionally inverted.
After passing through an ETP (Electronic Frequency Convertsr), an ETP (Elscranic Frequency Dividen), and an ETP (Electronic Frequency Divder), it becomes an ETP (Elctronic Frequency Divider), and afte passing through an ETF (Eletronic Frequency File) it bscomes an ETP (Electronic Frequency Filer)

When the ECE position is set and SMS is set to 111b, it is equivalent to TS selecting ETRF as the input.

15.2.3.4 Encoder Mode: Setting SMS to
001b, 010b, or 011b will enable encoder mode. Enabling encoder mode can be selected on TI1FP1 and TI2FP2.
This mode outputs a signal at a specific voltage level using another transition edge as the signal. This mode is used when an external encoder is connected.

For specific functions, please refer to section 15.3.7.

15.2.4 Counters and Peripherals

The CK_PSC input is fed to the prescaler (PSC) for frequency division. The PSC is 16-bit, and the actual division factor is equivalent to R16_TIMx_PSC.
The value is incremented by 1. CK_PSC becomes CK_CNT after passing through PSC. Changing the value of R16_TIM1_PSC does not take effect immediately, but will occur during the update event.
The update is then sent to the PSC. Update events include clearing and resetting the UG bit. There is also an Automatic Reload Value Register (ATRLR) that can be used to set the count.

The counter threshold is set in the Automatic Reload Value Register (ATRLR). When the CNT count value reaches the counter threshold set in the ATRLR, the CNT will be cleared to zero.

15.2.5 Compare capture channels
The compare-capture channel is the core of the timer's ability to implement complex functions. Its core is the compare-capture register, supplemented by external input sections.
The system consists of digital filtering, frequency division, channel multiplexing, a comparator in the output section, and output control. The block diagram of the comparison capture channel is shown in Figure 15.

As shown in Figure 3.
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Figure 15-3 Block diagram of the comparison capture channel
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After the signal is input from the channel x pin, it can be selected as TIx (the source of TI1 can be more than just CH1, see the timer block diagram 15-1). Taking TI1
as an example: TI1 s filtered (ICF[3:0]) to generate TI1F, and then divided into TILF_Rising and TI1F_Falling by the edge detector. These two signals are selected (CC1P) to
generate TI1FP1. TI1IFP1 and TI2FP1 from channel 2 are sent to CC1S to be selected as IC1. After being divided by ICPS, they are sent to the compare capture register. The
compare capture register consists of a preload register and a shadow register. The read and write

process only operates on the preload register. In capture mode, the capture occurs on the shadow register and is then copied to the preload register; in compare

mode, the contents of the preload register are copied to the shadow register, and then the contents of the shadow register are compared with the core counter (CNT).

15.3 Functions and Implementation

The implementation of complex functions in general-purpose timers involves operating the timer's compare-capture channel, clock input circuit, counter, and

peripheral components. The timer's clock input can come from multiple clock sources, including the input to the compare-capture channel. For the compare-capture channel...
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The operation of acquiring the register channel and clock source selection directly determines its function. The compare-capture channel is bidirectional and can operate in both

input and output modes.

15.3.1 Input Capture Mode

Input capture mode is one of the basic functions of a timer. The principle of input capture mode is that when a defined edge is detected on the ICXxPS signal, a capture event
is generated, and the current value of the counter is latched into the compare-capture register (R16_TIMx_CHCTLRx). When a capture event occurs, CCxIF (in R16_TIMx_INTFR) is
set. If interrupts or DMA are enabled, corresponding interrupts or DMA will also 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 by reading the compare-capture register. CCxOF is cleared by software. The steps for using input capture mode are illustrated

below using channel 1 as an example:

1) Configure the CC1S domain and select the source of the IC1 signal. For example, set it to 10b and select TI1FP1 as the source of IC1. (Note: This option cannot be used.)
By default, the CC1S domain uses the compare capture module as the output channel.
2) Configure the IC1F field; these bits set the sampling frequency of the TI1 input and the length of the digital filter. The digital filter is controlled by an event counter.
The system consists of a counter that records N events before generating an output transition. 3)
Configure the CC1P bit to set the polarity of TI1IFP1. For example, keeping the CC1P bit low allows for arising edge transition. 4) Configure the
IC1PS field to set the IC1 signal as the division factor between IC1PS. For example, keeping IC1PS at 00b allows for no division. 5) Configure the CC1E bit to allow capturing
the core counter (CNT) value into the compare capture register. 6) Configure the CC1IE and CC1DE bits depending on whether an
interrupt or DMA is needed. When a captured pulse is input to TI1, the core counter (CNT) value is
recorded in the compare capture register, and CC1IF is set. If CC1IF was previously set, CC10F will also be set. If CCLIE is set, an interrupt will be generated; if CC1DE is

set, a DMA request will be generated. An input capture event can be generated by software by writing to the event generation register (R16_TIMx_SWEVGR).

15.3.2 Comparison Output Mode
Compare-to-output mode is one of the fundamental functions of a timer. The principle of compare-to-output mode is to output a specific change or waveform when the value
of the core counter (CNT) matches the value of the compare-to-capture register. The OCxM field (in R16_TIMx_CHCTLRXx) and the CCxP bit (in R16_TIMx_CCER) determine whether
the output is a defined high/low level or a level toggle. A compare-to-capture event will also set...
The CCxIF bit, if the CCxIE bit is preset, will generate an interrupt; if the CCxDE bit is preset, it will generate a DMA request. The steps to configure for compare-output mode are as
follows:
1) Configure the clock source and auto-reload value for the
core counter (CNT); 2) Set the count value to be compared to the compare-capture register
(R16_TIMx_CHxCVR); 3) If an interrupt is needed, set the CCxIE bit; 4) Keep OCxPE at 0 and disable the preload register of the
compare-capture register; 5) Set the output mode by setting the

OCxM field and the CCxP bit; 6) Enable output by setting the CCXE bit; 7) Set the CEN bit to start the timer;

15.3.3 Forced Output Mode

The output mode of the timer's compare-capture channel can be forced to a predetermined level by software, without depending on the compare-capture register.
Comparison of shadow registers and core counters.

Specifically, setting OCxM to 100b forces OCxREF low; or setting OCxM to 101b forces OCxREF high. It's important to note that forcing OCxM to 100b or 101b alters the
comparison process between

the internal main counter and the compare-capture register.

The process is still ongoing; the corresponding flags are still being set, and interrupts and DMA requests are still being generated.
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15.3.4 PWM Input Mode
PWM input mode is used to measure the duty cycle and frequency of PWM signals and is a special case of input capture mode.
Except for the following differences, the operation is the same as input capture mode: PWM uses two compare-capture channels with
opposite input polarities, one signal is set as the trigger input, and SMS is set to reset mode.
For example, to measure the period and frequency of a PWM wave input from a TI1, the following operations are required:
1) Set TI1 (TI1LFP1) as the input to the IC1 signal. Set CC1S to 01b; 2) Set TI1FP1 to
rising edge valid. Keep CC1P at 0; 3) Set TI1 (TILFP2) as the input to
the IC2 signal. Set CC2S to 10b; 4) Set TI1FP2 to falling edge valid. Set CC2P to 1; 5)
Select TILFP1 as the clock source. Set TS to 101b; 6) Set SMS to

reset mode, i.e., 100b; 7) Enable input capture. Set CC1E and CC2E.

15.3.5 PWM Output Mode PWM

output mode is one of the basic functions of a timer. The most common method for PWM output mode is to determine the PWM
frequency using the reload value and the duty cycle using the capture-compare register. Set the OCxM field to 110b or 111b, use PWM
mode 1 or mode 2, set the OCXPE bit to enable the preload register, and finally set the ARPE bit to enable automatic reloading of the
preload register. The value of the preload register is only sent to the shadow register when an update event occurs, so the UG bit needs
to be set to initialize all registers before the core counter starts counting. In PWM mode, the core counter and the capture-compare
register are constantly compared. Depending on the CMS bit, the
timer can output edge-aligned or center-aligned PWM signals. y Edge Alignment

When using edge alignment, the core counter increments or decrements. In PWM mode 1, OCxREF rises high when the core
counter value is greater than the compare-capture register value; and falls low when the core counter value is less than the compare-
capture register value (e.g., when the core counter increments to the value of
R16_TIMx_ATRLR and then returns to all zeros). y Center alignment

When using center-aligned mode, the core counter operates in an alternating up and down counting mode, with OCxREF rising
and falling when the core counter and compare capture register values match. However, the timing of setting the compare flag differs
across the three center-aligned modes. When using center-aligned mode, it is best to generate a software update flag (set the UG bit)

before starting the core counter.

15.3.6 Single Pulse Mode
Single pulse mode can respond to a specific event by generating a pulse after a delay. The delay and pulse width are programmable.

Setting the OPM bit will stop the core counter when the next update event UEV is generated (the counter flips to 0).
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Figure 15-4 Event Generation and Impulse Response
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As shown in Figure 15-4, arising edge needs to be detected on the TI2 input pin, and after a delay of Tdelay, a signal needs to be generated on OC1.
Generate a positive pulse of length Tpulse:
1) Set TI2 as the trigger. Set the CC2S field to 01b, mapping TI2FP2 to TI2; set the CC2P bit to Ob, and set TI2FP2 to rising.

Edge detection; set the TS field to 110b, and set TI2FP2 as the trigger source; set the SMS field to 110b, and use TI2FP2 to start the counter;

2) Tdelay is defined by the compare capture register, and Tpulse is determined by the value of the auto-reload value register and the value of the compare capture register.

15.3.7 Encoder Mode Encoder

mode is a typical application of timers. It can be used to connect the two-phase output of an encoder and control the counting direction of the core counter.
Synchronized with the encoder's shaft direction, each pulse output by the encoder increments or decrements the core counter by one. Steps for using the encoder.
To: Set the SMS field to 001b (counting only on the TI2 edge), 010b (counting only on the TI1 edge), or 011b (counting on both TI1 and TI2 edges).
(Dual-edge counting), connect the encoder to the input terminals of compare capture channels 1 and 2, and set a reload value counter value. This value can...
Set it to a larger value. In encoder mode, the timer's internal compare-capture register, prescaler, and repeat count register all function normally.
The following table shows the relationship between the counting direction and the encoder signal.

Table 15-1 Relationship between counting direction and encoder signal in timer encoder mode

relative signal TI1FP1 signal edge TI2FP2 signal

Counting effective edge
level Rising edge Filling edge Rising edge Falling edge

High down|count up count Loy up count down
Counting only on the TI1 edge Not counted

count

high Count up Count|{down
Counting only on TI2 edges Not counted
Low down ¢ount, up count

High down|count Up count Up|count Down count
Counting on both sides of TI1 and TI2

Low up coynt down count down count up count

15.3.8 Timer Synchronization Mode A

timer can output a clock pulse (TRGO) and also receive inputs from other timers (ITRx). Different timers have different ITRx values.

The source (TRGO of other timers) is different. The internal trigger connection of the timer is shown in Table 15-2.
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Table 15-2 GTPM Internal Trigger Connections

ITRO ITR1 ITR2 ITR3
From timer

(TS=000) (TS=001) (TS=010) (TS=011)

TIM2 TIM1 TIM8/USB/ETH TIM3 TIM4
TIM3 TIM1 TIM2 TIM5 TIM4
TIM4 TIM1 TIM2 TIM3 TIM8
TIM5 TIM2 TIM3 TIM4 TIM8
TIM9 TIM1 TIM2 TIM10 TIM11
TIM10 TIM1 TIM8 TIM2 TIM9
TIM11 TIM1 TIM2 TIM9 TIM12
TIM12 TIM1 TIM2 TIM9 TIM11

15.3.9 Bilateral Edge Capture Mode

The pulse measurement can be enabled by enabling dual-edge capture on the corresponding channel through the CAP_ED_CHx bit of the TIMx_AUX register.

For example: to capture the pulse width via channel 2, in the capture function configuration, select the source of the IC2 signal (TIMx_CHCTLR1).

The CC2S bit of the register is 11b), enabling the double-edge capture function of channel 2 (the CAP_ED_CH2 bit of the TIMx_AUX register is 1).

The dual-edge capture configuration is now complete.

The high and low level width values of the captured pulse can be read through the CH2CVR bit of the TIMx_CH2CVR register. Enabling the CAPLVL bit allows...

The level corresponding to the captured value is indicated by bit[16] of the TIMx_CH2CVR register.

Note: This function is only available for TIM2/TIM3/TIM4/TIM5.

15.3.10 Debug Mode When

the system enters debug mode, the timer can be controlled to continue running or stop according to the DBG module settings.

15.4 Register Description

Table 15-3 List of TIM2 Related Registers

on

R32_TIM2_CH4CVR

name Offset address descripti Reset value

R16_TIM2_CTLR1 0x40000000 TIM2 Control Register 1 0x0000
R16_TIM2_CTLR2 0x40000004 TIM2 Control Register 2 0x0000
R16_TIM2_SMCFGR 0x40000008 TIM2 from Mode Control Register 0x0000
R16_TIM2_DMAINTENR 0x4000000C TIM2 DMA/Interrupt Enable Register 0x0000
R16_TIM2_INTFR 0x40000010 TIM2 Interrupt Status Register 0x0000
R16_TIM2_SWEVGR 0x40000014 TIM2 Event Generation Register 0x0000
R16_TIM2_CHCTLR1 0x40000018 TIM2 Compare/Capture Control Register 1 0x0000
R16_TIM2_CHCTLR2 0x4000001C TIM2 Compare/Capture Control Register 2 0x0000
R16_TIM2_CCER 0x40000020 TIM2 Compare/Capture Enable Register 0x0000
R16_TIM2_CNT 0x40000024 TIM2 counter 0x0000
R16_TIM2_PSC 0x40000028 TIM2 Counting Clock Prescaler 0x0000
R16_TIM2_ATRLR 0x4000002C TIM2 Auto Reload Value Register OXFFFF
R32_TIM2_CHICVR 0x40000034 TIM2 Compare/Capture Register 1 0x0000
R32_TIM2_CH2CVR 0x40000038 TIM2 Compare/Capture Register 2 0x0000
R32_TIM2_CH3CVR 0x4000003C TIM2 Compare/Capture Register 3 0x0000

0x40000040 TIM2 Compare/Capture Register 4 0x0000
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R32_TIM4_CH4CVR

R16_TIM2_DMACFGR 0x40000048 TIM2 DMA Control Register 0x0000
R16_TIM2_DMAADR 0x4000004C TIM2 Continuous Mode DMA Address Register 0x0000
R16_TIM2_AUX 0x40000050 TIM2 Dual Edge Capture Register 0x0000
Table 15-4 List of TIM3 Related Registers
name Offset address describe Reset value
R16_TIM3_CTLR1 0x40000400 TIM3 Control Register 1 0x0000
R16_TIM3_CTLR2 0x40000404 TIM3 Control Register 2 0x0000
R16_TIM3_SMCFGR 0x40000408 TIM3 from Mode Control Register 0x0000
R16_TIM3_DMAINTENR 0x4000040C TIM3 DMA/Interrupt Enable Register 0x0000
R16_TIM3_INTFR 0x40000410 TIM3 Interrupt Status Register 0x0000
R16_TIM3_SWEVGR 0x40000414 TIM3 Event Generation Register 0x0000
R16_TIM3_CHCTLR1 0x40000418 TIM3 Compare/Capture Control Register 1 0x0000
R16_TIM3_CHCTLR2 0x4000041C TIM3 Compare/Capture Control Register 2 0x0000
R16_TIM3_CCER 0x40000420 TIM3 Compare/Capture Enable Register 0x0000
R16_TIM3_CNT 0x40000424 TIM3 counter 0x0000
R16_TIM3_PSC 0x40000428 TIM3 Counting Clock Prescaler 0x0000
R16_TIM3_ATRLR 0x4000042C TIM3 Auto Reload Value Register OXFFFF
R32_TIM3_CH1CVR 0x40000434 TIM3 Compare/Capture Register 1 0x0000
R32_TIM3_CH2CVR 0x40000438 TIM3 Compare/Capture Register 2 0x0000
R32_TIM3_CH3CVR 0x4000043C TIM3 Compare/Capture Register 3 0x0000
R32_TIM3_CH4CVR 0x40000440 TIM3 Compare/Capture Register 4 0x0000
R16_TIM3_DMACFGR 0x40000448 TIM3 DMA Control Register 0x0000
R16_TIM3_DMAADR 0x4000044C TIM3 Continuous Mode DMA Address Register 0x0000
R16_TIM3_AUX 0x40000450 TIM3 Dual Edge Capture Register 0x0000
Table 15-5 List of TIM4 Related Registers
name Offset address description Reset value
R16_TIM4_CTLR1 0x40000800 TIM4 Control Register 1 0x0000
R16_TIM4_CTLR2 0x40000804 TIM4 Control Register 2 0x0000
R16_TIM4_SMCFGR 0x40000808 TIM4 from Mode Control Register 0x0000
R16_TIM4_DMAINTENR 0x4000080C TIM4 DMA/Interrupt Enable Register 0x0000
R16_TIM4_INTFR 0x40000810 TIM4 Interrupt Status Register 0x0000
R16_TIM4_SWEVGR 0x40000814 TIM4 Event Generation Register 0x0000
R16_TIM4_CHCTLR1 0x40000818 TIM4 Compare/Capture Control Register 1 0x0000
R16_TIM4_CHCTLR2 0x4000081C TIM4 Compare/Capture Control Register 2 0x0000
R16_TIM4_CCER 0x40000820 TIM4 Compare/Capture Enable Register 0x0000
R16_TIM4_CNT 0x40000824 TIM4 counter 0x0000
R16_TIM4_PSC 0x40000828 TIM4 Counting Clock Prescaler 0x0000
R16_TIM4_ATRLR 0x4000082C TIM4 Auto Reload Value Register OXFFFF
R32_TIM4_CH1CVR 0x40000834 TIM4 Compare/Capture Register 1 0x0000
R32_TIM4_CH2CVR 0x40000838 TIM4 Compare/Capture Register 2 0x0000
R32_TIM4_CH3CVR 0x4000083C TIM4 Compare/Capture Register 3 0x0000
0x40000840 TIM4 Compare/Capture Register 4 0x0000
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R32_TIM9_CH3CVR

R16_TIM4_DMACFGR 0x40000848 TIM4 DMA Control Register 0x0000
R16_TIM4_DMAADR 0x4000084C TIM4 Continuous Mode DMA Address Register 0x0000
R16_TIM4_AUX 0x40000850 TIM4 Dual-Edge Capture Register 0x0000
Table 15-6 List of TIM5 Related Registers

name Offset address describe Reset value
R16_TIM5_CTLR1 0x40000C00 TIMS Control Register 1 0x0000
R16_TIM5_CTLR2 0x40000C04 TIM5 Control Register 2 0x0000
R16_TIM5_SMCFGR 0x40000C08 TIM5 from Mode Control Register 0x0000
R16_TIM5_DMAINTENR 0x40000C0C TIM5 DMA/Interrupt Enable Register 0x0000
R16_TIM5_INTFR 0x40000C10 TIM5 Interrupt Status Register 0x0000
R16_TIM5_SWEVGR 0x40000C14 TIM5 Event Generation Register 0x0000
R16_TIM5_CHCTLR1 0x40000C18 TIM5 Compare/Capture Control Register 1 0x0000
R16_TIM5_CHCTLR2 0x40000C1C TIM5 Compare/Capture Control Register 2 0x0000
R16_TIM5_CCER 0x40000C20 TIM5 Compare/Capture Enable Register 0x0000
R16_TIM5_CNT 0x40000C24 TIM5 counter 0x0000
R16_TIM5_PSC 0x40000C28 TIM5 Counting Clock Prescaler 0x0000
R16_TIM5_ATRLR 0x40000C2C TIM5 Auto Reload Value Register OxFFFF
R32_TIM5_CH1CVR 0x40000C34 TIM5 Compare/Capture Register 1 0x0000
R32_TIM5_CH2CVR 0x40000C38 TIM5 Compare/Capture Register 2 0x0000
R32_TIM5_CH3CVR 0x40000C3C TIM5 Compare/Capture Register 3 0x0000
R32_TIM5_CH4CVR 0x40000C40 TIM5 Compare/Capture Register 4 0x0000
R16_TIM5_DMACFGR 0x40000C48 TIM5 DMA Control Register 0x0000
R16_TIM5_DMAADR 0x40000C4C TIM5 Continuous Mode DMA Address Register 0x0000
R16_TIM5_AUX 0x40000C50 TIM5 Dual-Edge Capture Register 0x0000

Table 15-7 List of TIM9 Related Registers

name Offset address description Reset value
R16_TIM9_CTLR1 0x40014C00 TIM9 Control Register 1 0x0000
R16_TIM9_CTLR2 0x40014C04 TIM9 Control Register 2 0x0000
R16_TIM9_SMCFGR 0x40014C08 TIM9 from Mode Control Register 0x0000
R16_TIM9_DMAINTENR 0x40014C0C TIM9 DMA/Interrupt Enable Register 0x0000
R16_TIM9_INTFR 0x40014C10 TIM9 Interrupt Status Register 0x0000
R16_TIM9_SWEVGR 0x40014C14 TIM9 Event Generation Register 0x0000
R16_TIM9_CHCTLR1 0x40014C18 TIM9 Compare/Capture Control Register 1 0x0000
R16_TIM9_CHCTLR2 0x40014C1C TIM9 Compare/Capture Control Register 2 0x0000
R16_TIM9_CCER 0x40014C20 TIM9 Compare/Capture Enable Register 0x0000
R32_TIM9_CNT 0x40014C24 TIM9 counter 0x0000
R16_TIM9_PSC 0x40014C28 TIM9 Counting Clock Prescaler 0x0000
R32_TIM9_ATRLR 0x40014C2C TIM9 Auto Reload Value Register 0X0000FFFF
R32_TIM9_CH1CVR 0x40014C34 TIM9 Compare/Capture Register 1 0x00000000
R32_TIM9_CH2CVR 0x40014C38 TIM9 Compare/Capture Register 2 0x00000000

0x40014C3C TIM9 Compare/Capture Register 3 0x00000000
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R32_TIM11_CH4CVR

R32_TIM9_CH4CVR 0x40014C40 TIM9 Compare/Capture Register 4 0x00000000
R16_TIM9_DMACFGR 0x40014C48 TIM9 DMA Control Register 0x0000
R16_TIM9_DMAADR 0x40014C4C TIM9 Continuous Mode DMA Address Register 0x0000
Table 15-8 List of TIM10 Related Registers
name Offset address describe Reset value
R16_TIM10_CTLR1 0x40015000 TIM10 Control Register 1 0x0000
R16_TIM10_CTLR2 0x40015004 TIM10 Control Register 2 0x0000
R16_TIM10_SMCFGR 0x40015008 TIM10 from Mode Control Register 0x0000
R16_TIM10_DMAINTENR 0x4001500C TIM10 DMA/Interrupt Enable Register 0x0000
R16_TIM10_INTFR 0x40015010 TIM10 Interrupt Status Register 0x0000
R16_TIM10_SWEVGR 0x40015014 TIM10 Event Generation Register 0x0000
R16_TIM10_CHCTLR1 0x40015018 TIM10 Compare/Capture Control Register 1 0x0000
R16_TIM10_CHCTLR2 0x4001501C TIM10 Compare/Capture Control Register 2 0x0000
R16_TIM10_CCER 0x40015020 TIM10 Compare/Capture Enable Register 0x0000
R32_TIM10_CNT 0x40015024 TIM10 counter 0x0000
R16_TIM10_PSC 0x40015028 TIM10 Counting Clock Prescaler 0x0000
R32_TIM10_ATRLR 0x4001502C TIM10 Auto Reload Value Register 0x0000FFFF
R32_TIM10_CHI1CVR 0x40015034 TIM10 Compare/Capture Register 1 0x00000000
R32_TIM10_CH2CVR 0x40015038 TIM10 Compare/Capture Register 2 0x00000000
R32_TIM10_CH3CVR 0x4001503C TIM10 Compare/Capture Register 3 0x00000000
R32_TIM10_CHA4CVR 0x40015040 TIM10 Compare/Capture Register 4 0x00000000
R16_TIM10_DMACFGR 0x40015048 TIM10 DMA Control Register 0x0000
R16_TIM10_DMAADR 0x4001504C TIM10 Continuous Mode DMA Address Register Dx0000
Table 15-9 List of TIM11 Related Registers
name Offset address describe Reset value

R16_TIM11_CTLR1 0x40015400 TIM11 Control Register 1 0x0000
R16_TIM11_CTLR2 0x40015404 TIM11 Control Register 2 0x0000
R16_TIM11_SMCFGR 0x40015408 TIM11 from Mode Control Register 0x0000
R16_TIM11_DMAINTENR 0x4001540C TIM11 DMA/Interrupt Enable Register 0x0000
R16_TIM11_INTFR 0x40015410 TIM11 Interrupt Status Register 0x0000
R16_TIM11_SWEVGR 0x40015414 TIM11 Event Generation Register 0x0000
R16_TIM11_CHCTLR1 0x40015418 TIM11 Compare/Capture Control Register 1 0x0000
R16_TIM11_CHCTLR2 0x4001541C TIM11 Compare/Capture Control Register 2 0x0000
R16_TIM11_CCER 0x40015420 TIM11 Compare/Capture Enable Register 0x0000
R32_TIM11_CNT 0x40015424 TIM11 Counter 0x0000
R16_TIM11_PSC 0x40015428 TIM11 Counting Clock Prescaler 0x0000
R32_TIM11_ATRLR 0x4001542C TIM11 Auto Reload Value Register 0X0000FFFF
R32_TIM11_CHICVR 0x40015434 TIM11 Compare/Capture Register 1 0x00000000
R32_TIM11_CH2CVR 0x40015438 TIM11 Compare/Capture Register 2 0x00000000
R32_TIM11_CH3CVR 0x4001543C TIM11 Compare/Capture Register 3 0x00000000

0x40015440 TIM11 Compare/Capture Register 4 0x00000000
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R16_TIM11_DMACFGR 0x40015448 TIM11 DMA Control Register 0x0000
R16_TIM11_DMAADR 0x4001544C TIM11 Continuous Mode DMA Address Register 0x0000
Table 15-10 List of TIM12 Related Registers
name Offset address describe Reset value
R16_TIM12_CTLR1 0x40013C00 TIM12 Control Register 1 0x0000
R16_TIM12_CTLR2 0x40013C04 TIM12 Control Register 2 0x0000
R16_TIM12_SMCFGR 0x40013C08 TIM12 Slave Mode Control Register 0x0000
R16_TIM12_DMAINTENR 0x40013C0C TIM12 DMA/Interrupt Enable Register 0x0000
R16_TIM12_INTFR 0x40013C10 TIM12 Interrupt Status Register 0x0000
R16_TIM12_SWEVGR 0x40013C14 TIM12 Event Generation Register 0x0000
R16_TIM12_CHCTLR1 0x40013C18 TIM12 Compare/Capture Control Register 1 0x0000
R16_TIM12_CHCTLR2 0x40013C1C TIM12 Compare/Capture Control Register 2 0x0000
R16_TIM12_CCER 0x40013C20 TIM12 Compare/Capture Enable Register 0x0000
R32_TIM12_CNT 0x40013C24 TIM12 counter 0x0000
R16_TIM12_PSC 0x40013C28 TIM12 Counting Clock Prescaler 0x0000
R32_TIM12_ATRLR 0x40013C2C TIM12 Auto Reload Value Register O0x0000FFFF
R32_TIM12_CH1CVR 0x40013C34 TIM12 Compare/Capture Register 1 0x00000000
R32_TIM12_CH2CVR 0x40013C38 TIM12 Compare/Capture Register 2 0x00000000
R32_TIM12_CH3CVR 0x40013C3C TIM12 Compare/Capture Register 3 0x00000000
R32_TIM12_CH4CVR 0x40013C40 TIM12 Compare/Capture Register 4 0x00000000
R16_TIM12_DMACFGR 0x40013C48 TIM12 DMA Control Register 0x0000
R16_TIM12_DMAADR 0x40013C4C TIM12 Continuous Mode DMA Address Register 0x0000
15.4.1 Control Register 1 (TIMx_CTLR1) (x=2/3/4/5/9/10/11/12)
Offset address: 0x00
Bit name access describe Reset valug
In dual-edge capture mode, the capture level indicator is enabled.
1: Enable indicator function;
15 CAPLVL RW 0
0: Disable indicator function.
Note: When enabled, CHXCVR's [16] indicates the level corresponding to the captured yalue.
Capture value mode configuration.
14 . aw 1: When a counter overflows before capture, the CHXCVR value is... 0
OXFFFF;
0: The captured value is the actual counter value.
[13:10] Reserved RO is reserved. 0
These two bits are defined in the timer clock (CK_INT) frequency and digital filter.
The frequency division ratio between the sampling clocks used by the oscilloscope:
00: Tdts = Tck_int;
[9:8] CKD[1;0] RW 00b
01: Tdts = 2xTck_int;
10: Tdts = 4xTck_int;
11: Retained.
Automatic reinstallation pre-installation enable bit:
7 ARPE RW 0
0: Disable automatic reload of value register (ATRLR);
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1: Enable the Automatic Reload Value Register (ATRLR).

Center alignment mode selection:

00: Edge-aligned mode. The counter moves upwards based on the direction bit (DIR).
Or count downwards.

01: Center Alignment Mode 1. The counter alternates between counting up and down.
Number. The channel configured for output (CCxS=00 in the CHCTLRX register).

The output compare interrupt flag is only triggered when the counter counts down.
set up.

10: Center Alignment Mode 2. The counter alternates between counting up and down.
[6:5] CMS[1:0 RW Number. The channel configured for output (CCxS=00 in the CHCTLRX register). 00b
The output compare interrupt flag is only triggered when the counter is counting up.
set up.

11: Center Alignment Mode 3. The counter alternates between counting up and down.
Number. The channel configured for output (CCxS=00 in the CHCTLRX register).

The output compares the interrupt flag bit, and the counter counts up and down.

The time is set.

Note: When the counter is enabled (CEN=1), switching from edge-aligned mode to center-aligned mode is not allowed.

Counter direction:
1: The counter's counting mode is down;

4 DIR RW 0: The counter is in increment mode. 0

Note: This bit is invalid when the counter is configured in center-aligned mode or encoder mode.

Single pulse mode.
1: The count is updated when the next update event (clearing the CEN bit) occurs.
3 OPM RW 0

The device stopped;

0: The counter does not stop when the next update event occurs.

Update request source; the software selects the source of the UEV event using this bit.
1: If update interrupts or DMA requests are enabled, only the counter will be active.

An update interrupt or DMA request is only generated when there is an overflow or underflow.

0: If update interrupts or DMA requests are enabled, then either of the following will occur:

2 URS RW 0
The device generates an update interrupt or DMA request:
- Counter overflow/underflow

-Set UG position

-Updates generated from the mode controller

Disabling updates allows/disallows the generation of UEV events via this bit.
born.

1: Disable UEV. No update events are generated, and all registers (ATRLR, ...) are updated.
PSC and CHCTLRX retain their values. If the UG bit is set or

A hardware reset is issued from the mode controller, then the counter and pre-...
1 uDIS RW 0
The frequency divider was reinitialized;

0: UEV enabled. The update (UEV) event is generated by any of the following events.
born:

- Counter overflow/underflow

-Set UG position
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- Updates generated from the mode controller have cached registers loaded.

Enter their preloaded values.

CEN

RW

Enable the counter:
1: Enable counter;
0: Counter disabled.

Note: This is in the software settingg.EN

After this step, the exterrat 1Bk, Bitbg mode, and encoder mode can operate. The trigger mode can be automatically set via

ardware.

15.4.2 Control Register 2 (TIMx_CTLR?2) (x=2/3/4/5/9/10/11/12)

Offset address: 0x04

Bit

Name

access

describe

Reset valug

[15:8] Reser

ed

ROisr

served.

0

TIiS

RW

TI1 Selection:
1: The TIMx_CH1, TIMx_CH2, and TIMx_CH3 pins are XORed together.
Connect to TI1 input;

0: The TIMx_CH1 pin is directly connected to the TI1 input.

[6:4] MMS[2

2

RW

Master mode selection: These 3 bits are used to select whether to send to the slave in master
Timer synchronization information (TRGO). Possible combinations are as follows:
000: Reset — The UG bit is used as a trigger output (TRGO). For example...
The result is areset triggered by the input (from the mode controller being in reset
In this mode, the signal on TRGO will have a relative reset time to the actual re
Delay;

001: Enable — The counter enable signal CNT_EN is used as a trigger.

Output (TRGO). Sometimes it is necessary to start multiple scheduled commands at the sam
A timer or counter enables a function to run for a specified period of time.
The power signal is triggered by the CEN control bit and the gated mode trigger
The logical OR of the signal is generated. When the counter enable signal is trigge
There will be a delay on TRGO during input unless master/slave is selected.
Mode (see description of the MSM bit in the TIMx_SMCFGR register);

010: The update event is selected as the trigger output (TRGO). For example,
The clock of a master timer can be used as a prescaler for a slave timer.

011: Comparison pulse, occurring upon a successful capture or comparison.
When the CCL1IF flag is set (even if it is already high), triggering...

The output sends out a positive pulse (TRGO);

100: The OC1REF signal is used as a trigger output (TRGO;

101: The OC2REF signal is used as a trigger output (TRGO);

110: The OC3REF signal is used as a trigger output (TRGO);

111: The OC4REF signal is used as a trigger output (TRGO).

mode.

state).

set.

time.

input.

red...

000b

CCDS

RW

1: When an update event occurs, send a DMA request for CHXCVR,;

0: When CHxCVR occurs, a DMA request for CHXCVR is generated.

[2:1] Reserv

e

o

RO res

rved.

CCPC

RW

Compare captured preload control bits:

1: The CCxE, CCxNE, and OCxM bits are preloaded; setting this bit...
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After that, they are only updated after the COM bit is set;
0: The CCxE, CCxNE, and OCxM bits are not preloaded.

Note: This bit only applies to channels with complementary outputs.

15.4.3 From the Mode Control Register (TIMx_SMCFGR) (x=2/3/4/5/9/10/11/12) Offset address: 0x08 Name

Bit access The Reset valug
description of ETR triggers polarity selection; this bit selects whether to directly input ETR or...
Invert the input ETR.

15 ETP RO 0
1: Invert ETR; it is active low or on the falling edge.
0: ETR, high level or rising edge valid.
External clock mode 2 enabled:
1: Enable external clock mode 2;
0: Disable external clock mode 2.
Note 1: The slave mode can be used with an external clock mode 2.

14 ECE RW 0
Simultaneous use of: reset mode, gating mode, and trigger mode; howm! at thos|time...
It can connect to ETRF (TS bit cannot be 111b).
Note 2: External clock mode and e¥Mghalcotveisbttetied i @simultaneously.
the external clock is ETRF.
External trigger signal (ETRP) frequency division, the maximum frequency of this signal is not
It can exceed 1/4 of the TIMXCLK frequency, and this domain can be used to..|
Reduce frequency.

[13:12] ETPS[1:0] RW 00: Disable prescaler; 00b
01: ETRP frequency divided by 2;
10: ETRP frequency divided by 4;
11: ETRP frequency divided by 8.
Externally triggered filtering, in fact, a digital filter is an event meter.
A counter that records N events using a certain sampling frequency.
This will then result in an output jump.
0000: No filter, sampled in Fdts;
0001: Sampling frequency Fsampling=Fck_int, N=2;
0010: Sampling frequency Fsampling=Fck_int, N=4;
0011: Sampling frequency Fsampling=Fck_int, N=8;
0100: Sampling frequency Fsampling = Fdts/2, N = 6;
0101: Sampling frequency Fsampling = Fdts/2, N = 8;
[11:8] ETF [310] RW 0000b

0110: Sampling frequency Fsampling = Fdts/4, N = 6;
0111: Sampling frequency Fsampling = Fdts/4, N = 8;
1000: Sampling frequency Fsampling = Fdts/8, N = 6;
1001: Sampling frequency Fsampling = Fdts/8, N = 8;
1010: Sampling frequency Fsampling = Fdts/16, N = 5;
1011: Sampling frequency Fsampling = Fdts/16, N = 6;
1100: Sampling frequency Fsampling = Fdts/16, N = 8;
1101: Sampling frequency Fsampling = Fdts/32, N = 5;
1110: Sampling frequency Fsampling = Fdts/32, N = 6;

1111: Sampling frequency Fsampling=Fdts/32, N=8.
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MSM

RW

Master/Slave Mode Selection:

1: Events on the trigger input (TRGI) are delayed to allow for...

Perfect connection between the current timer (via TRGO) and its slave timer
Synchronization. This requires synchronizing several timers to a single external
It is very useful in departmental events;

0: Not effective.

0
timer.

[6:4] TS[2:0]

RW

Trigger selection field: These 3 bits are used to select the trigger input of the synchronization
Entering the source

000: Internal Trigger O (ITRO);

100: TI1 edge detector (TI1LF_ED);

001: Internal Trigger 1 (ITR1);

101: Filtered timer input 1 (TI1FP1);

010: Internal Trigger 2 (ITR2);

110: Filtered timer input 2 (TI2FP2);

011: Internal Trigger 3 (ITR3);

111: External Trigger Input (ETRF);

The above only changes when SMS is 0.

ounter.

000b

Reserved

RO Reg

erved.

[2:0] SMS[2:

ol

RW

Input mode selection field. Selects the clock and trigger mode of the core co
Mode.

000: Driven by the internal clock CK_INT;

001: Encoder Mode 1, based on the TI1FP1 level, core calculation...

The counter increments or decrements on the edge of the TI2FP2;

010: Encoder mode 2, based on the TI2FP2 level, core calculation...

The counter increments or decrements on the edge of TI1LFP1;

011: Encoder mode 3, based on the input level of another signal,

The core counter increments and decrements on the edges of TILFP1 and TI2FP|
100: Reset mode, the rising edge of the trigger input (TRGI) will initialize
The counter is updated, and a signal to update the register is generated;

101: Gated mode, counting occurs when the trigger input (TRGI) is high.

The start and stop of the counter are controlled;

110: Trigger mode, the counter is triggered on the rising edge of the trigger input
Only the start-up of the counter is controlled;

111: External clock mode 1, selected trigger input (TRGI)

The rising edge drives the counter.

™

The counter's clock is on; when the trigger input goes low, the counter stops.

nter.

000b

TRGI.

15.4.4 DMA/Interrupt Enable Register (TIMx_DMAINTENR) (x=2/3/4/5/9/10/11/12) Offset Address: 0x0C

Bit

name

access

describe

Reset valug

15

Reserved

RO res

erved.

0

14

TDE

RW

Trigger DMA request enable bit:
1: Allow DMA requests to be triggered;

0: Disable DMA requests.

13

Reserved

ROis r

eserved.
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Compare the DMA request enable bits of capture channel 4:
12 CC4DE RW 1: Allow comparison of DMA requests for capturing channel 4; 0
0: Disable comparison of DMA requests for capture channel 4.
Compare the DMA request enable bits of capture channel 3:
1 CC3DE RwW 1: Allow comparison of DMA requests for capturing channel 3; 0
0: Disable comparison of DMA requests for capture channel 3.
Compare the DMA request enable bits of capture channel 2:
10 CC2DE RwW 1: Allow comparison of DMA requests for capturing channel 2; 0
0: Disable comparison of DMA requests for capture channel 2.
Compare the DMA request enable bits of capture channel 1:
9 CC1DE RW 1: Allow comparison of DMA requests for capturing channel 1; 0
0: Disable comparison of DMA requests for capturing channel 1.
Updated DMA request enable bit:
8 UDE Rw 1: Allow DMA requests for updates; 0
0: DMA requests for updates are prohibited.
7 Reserved RO reserved. 0
Interrupt enable bit triggered:
6 TIE RW 1: Enable interrupt triggering; 0
0: Interrupt triggering is disabled.
5 Reserved RO reserved. 0
Compare the interrupt enable bit of capture channel 4:
4 CC4IE RW 1: Enable comparison capture channel 4 interrupt; 0
0: Disable comparison capture channel 4 interruption.
Compare the interrupt enable bit of capture channel 3:
3 CC3IE RW 1: Enable comparison capture channel 3 interrupt; 0
0: Disable comparison capture channel 3 interruption.
Compare the interrupt enable bit of capture channel 2:
2 CC2IE RW 1: Enable comparison capture channel 2 interrupt; 0
0: Disable comparison capture channel 2 interruption.
Compare the interrupt enable bit of capture channel 1:
1 CC1IE RwW 1: Enable comparison capture channel 1 interrupt; 0
0: Disable comparison capture channel 1 interruption.
Update the interrupt enable bit:
0 UIE Rw 1: Allow update interruptions; 0
0: Prevent update interruption.
15.4.5 Interrupt Status Register (R16_TIMx_INTFR) (x=2/3/4/5/9/10/11/12) Offset Address: 0x10 Name
Bit access describe Reset valug
[15:13] Reserved RO is rgserved. 0
12 CC4OF RWO compares the capture channel 4 duplicate capture flag. 0
11 CC30F RWO compares the capture channel 3 duplicate capture flag. 0
10 CC20F RWO compares the capture channel 2 duplicate capture flag. 0
9 CC10F RWO compares the capture channel 1 duplicate capture flag; this is only used to compard capture 0.
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When the channel is configured for input capture mode. This flag is set by hardware.

This bit can be cleared by writing 0 to it in the software.
1: When the counter value is captured into the capture compare register, CC1IR
The status has been set;

0: No duplicate captures were generated.

[8:7] Reserv

o

o

RO Res;|

erved.

TIF

RWO

Trigger interrupt flag, configured by hardware when a trigger event occurs.
The position bit is cleared by software. Triggering events include those from gating
In other modes, a valid edge is detected at the TRGI input.

Or any edge in gating mode.

1: Trigger event generated;

0: No trigger event is generated.

mode.

Reserved

RO is re

served.

CC4alF

RWO cor

npares the interrupt flag of capture channel 4.

CC3IF

RWO cor

npares the interrupt flag of capture channel 3.

CC2IF

RWO co

npares the interrupt flag of capture channel

CC1IF

RWO

2. Compares the interrupt flag of capture channel 1.

If the comparison capture channel is configured in output mode, when the counter value is compare

d with...

This bit is set by hardware when the comparison values match, but in center-symmetric mode...

Except for the one below. This bit is cleared by the software.
1: The value of the core counter matches the value of the compare capture regis|

0: No match occurred.

ter 1.

If the comparison capture channel 1 is configured as input mode, when a capture event ogcurs...

When this occurs, the bit is set by hardware; it is cleared by software or by reading th
Clear the capture register.
1: The counter value has been captured by comparing capture register 1.

0: No input capture occurred;

e ratio.

UIF

RWO

Update interrupt flag; this bit is set by hardware when an update event occurs.
The bit is cleared by the software.

1: An update interruption occurred;

0: No update event occurred.

The following situations will trigger an update event:

If UDIS=0, when the repeat counter value overflows or underflows;

If URS=0 and UDIS=0, when the UG bit is set, or when the software is used to...
When the counter core is reinitialized;

If URS=0 and UDIS=0, the event is retried when the counter CNT is triggered.

During initialization;

15.4.6 Event Generation Register (TIMx_SWEVGR) (x=2/3/4/5/9/10/11/12) Offset Address: 0x14 Name

Bit

access

describe

Reset valug

[15:7] Resery|

ed

RO is rg

served.

0

TG

WO

This is the trigger event generation bit, set by software and cleared by hardwar

This generates a triggering event.

e
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1: A trigger event is generated, and the TIF bit is set. If the corresponding bit is enapled...

Interrupts and DMA will generate corresponding interrupts and DMA operations;

0: No action.
5 Reserved RO is reserved. 0
4 CC4G WO Compare capture event generates bit 4. Compare capture event 4 is generated. 0
3 CC3G WO Compare capture event generates bit 3. A comparison capture event 3 is generated. 0
2 CC2G WO Cothpare capture event generates bit 2. Compare capture event 2 is generated. 0

The compare capture event generates bit 1, thus generating compare capture event 1. This bit...
Set by software, cleared by hardware. Used to generate a compare capture.
event.

1: Generate a compare capture event on compare capture channel 1:
If the comparison capture channel 1 is configured as an output: set the CC1IF hjt. If...

1 CC1G wo If a corresponding interrupt and DMA are available, then the corresponding interrupt and DMA will be generated; |p
Compare capture channel 1 is configured as input: the current core counter yalue.
Captured to Compare-Capture Register 1; Set CCL1IF bit, if enabled
If the corresponding interrupt and DMA are triggered, then the corresponding interrupt and DMA will be geperated.
If CC1IF is already set, then set the CC10F bit.

0: No action;

Update event generation bit: This bit is set by the software to generate an update event.
Automatically reset by hardware.
1: Initialize the counter and generate an update event;

0: No action.

15.4.7 Compare/Capture Control Register 1 (TIMx_CHCTLR1) (x=2/3/4/5/9/10/11/12) Offset Address: 0x18 The channel can
be used for input
(capture mode) or output (compare mode), and the direction of the channel is defined by the corresponding CCxS bits. This register...
The functions of other bits differ between input and output modes. OCxx describes the channel's function in output mode, and ICxx describes the channel's function in output mode.

Functionality in input mode.

151413 12 11 10 9 8 7 6 5 4 3 2 1 0
OC2CE pC2M[2:0] OC2PE <i>C2FE OCI1CE $C1M[2:0] OC1PE @CI1FE
CC2S[1:0] CC1S[1:0]
IC2F[3:0] IC2PSC[1:0] IC1F[3:0] IC1PSC[1:0]

Comparison mode (pin direction is output):

Bitname access describe Reset valug

Compare capture channel 2 to clear enable bit:
15 OC2CE RW | 1. Once ahigh level is detected at the ETRF input, clear the OC2REF bif; 0

0: OC2REF is not affected by ETRF input.

[14:12] OC2M[2:0] RW compares the capture channel 2 mode setting field. 000b
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These 3 bits define the action of the output reference signal OC2REF, and
OC2REF determines the values of OC2 and OC2N. OC2REF is a high-level signal.
The effective levels of OC2 and OC2N depend on CC2P and CC2NP, respectively.
Bit.

000: Freeze. Compare the value of the capture register with the core counter.
The comparison value has no effect on OC2REF;

001: Forced to active level. When the core counter is compared with the capture level.
If the value of register 2 is the same, force OC2REF to go high;

010: Forced to invalid level. When the value of the core counter is compared with...
If the capture register 2 is the same, force OC2REF to go low;

011: Toggle. When the core counter is compared with the value of compare capture register 2.
When they are the same, toggle the level of OC2REF;

100: Force to invalid level. Force OC2REF to low;

101: Force to active level. Force OC2REF to high;

110: PWM Mode 1: When counting up, once the core counter...

Channel 2 is active when the value is less than the value in the compare-capture register.

Otherwise, it is an invalid level; during down-counting, once the core counter...
Channel 2 is at an invalid level when the value is greater than that of the comparison capture register.
(OC2REF=0), otherwise it is an active level (OC2REF=1);
111: PWM Mode 2: When counting up, once the core counter...
Channel 2 is at an invalid level when the value is less than the value in the compare capture register.
Otherwise, it is an active level; during down-counting, once the core counter...
Channel 2 is active when the value is greater than the value in the compare-capture register.
(OC2REF=1), otherwise it is an invalid level (OC2REF=0).
Note: Once the I&/QGHs& &ANJZOS=00b, this bit will not...
modified. In PWM mode. lor PWM2Zmodel
In this case, only when the comparison result changes or the output comparison mode is switched from frozen mode will the comparison be alloweq to proceed.

The oc2REfMevel only changes when switching modes.

Compare capture register 2 preload enable bit:
1: Enable the preload function of Compare-Capture Register 2 for read and write opergtions.
Operate only on the preload register, compare the preload of capture register 2.
The value is loaded into the current shadow register when the update event arrives.
middle;

0: Disables the preload function of compare capture register 2, allowing writing at any time.
11 OC2PE RW
Enter the comparison capture register 2, and the newly written value takes effect immediately.

use.

Note: Once the [e@&HKs set... And 3

If CC25=00, this bit cannot be modified. It can only be used in single-puls® ¥iF¥k

The answer is uncertain

Compare-capture channel 2 fast enable bit, this bit is used to speed up the comparison capture.
Obtain the channel output in response to the triggered input event.
10 OC2FE RW 1: The effective edge of the input to the flip-flop acts as if a time difference has occurred. 0
A better match. Therefore, OC is set to the comparison level and compared with the comparison|result.

Irrelevant. The valid edge of the sampling trigger and the comparison capture channel 2 qutput.
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The delay between clock cycles is reduced to 3 clock cycles;

0: Compare the capture value with the counter and the value of the comparison capture register 1.

Channel 2 operates normally, even if the trigger is on. When the trigger...
When the input has a valid edge, the compare capture channel 2 is activated and the output is cap
The minimum delay is 5 clock cycles.

Note: OC2FE only applies when the channel is conRYViMddandd\ivecrse

working.

tured.

[9:8] CC2S[1t0

RW

Compare capture channel 2 input selection field:

00: Compare capture channel 2 is configured as output;

01: Compare capture channel 2 is configured as an input, IC2 is mapped to TI2.

superior;

10: Compare capture channel 2 is configured as an input, IC2 is mapped to TI1.

superior;

11: Compare capture channel 2 is configured as an input, IC2 is mapped to TRC.
Above. This mode only works when the internal trigger input is selected (by...).

TS bit selection).

Note: Comparison capture channels only occurs when the channel is off (CC2E is zer|

Only number 2 is writable.

00b

7 OCi1CE

RW co

pares and captures channel 1 to clear the enable bit.

[6:4] OCIM[2:0]

RW co

pares the capture channel 1 mode setting field.

3 OC1PE

RW con|

pares the capture register 1 preload enable bit.

2 OC1FE

RW con|

pares and captures the channel 1 fast enable bit.

[1:0] CC1S[1{0;

RW conj

pares the capture channel 1 input selection field.

Capture mode (pin direction is input):

Bit

name

access

describe

Reset valug

[15:12] IC2F[3:0]

RW

Input capture filter 2 configuration field, these bits set the TI1 input

The sampling frequency and digital filter length. A digital filter consists of a...
The event counter consists of events that record N events and then generate a ne
The output jump.

0000: No filter, sampled in fDTS;

1000: Sampling frequency Fsampling = Fdts/8, N = 6;

0001: Sampling frequency Fsampling=Fck_int, N=2;

1001: Sampling frequency Fsampling = Fdts/8, N = 8;

0010: Sampling frequency Fsampling=Fck_int, N=4;

1010: Sampling frequency Fsampling = Fdts/16, N = 5;

0011: Sampling frequency Fsampling=f=Fck_int, N=8;

1011: Sampling frequency Fsampling = Fdts/16, N = 6;

0100: Sampling frequency Fsampling = Fdts/2, N = 6;

1100: Sampling frequency Fsampling = Fdts/16, N = 8;

0101: Sampling frequency Fsampling = Fdts/2, N = 8;

1101: Sampling frequency Fsampling = Fdts/32, N = 5;

0110: Sampling frequency Fsampling = Fdts/4, N = 6;

1110: Sampling frequency Fsampling = Fdts/32, N = 6;

0111: Sampling frequency Fsampling = Fdts/4, N = §;

one.

0000b
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1111: Sampling frequency Fsampling=Fdts/32, N=8.
Compare the prescaler configuration field of capture channel 2; these 2 bits define the comparison...
Capture the prescaler coefficients for channel 2. Once CC1E=0, the prescaler...
Device reset.
00: No prescaler, captures every edge detected on the input port.
[11:10] IC2P$SC[1:0] RW 00b
Each step triggers a capture;
01: A capture is triggered every 2 events;
10: A capture is triggered every 4 events;
11: A capture is triggered once every 8 events.
Compare the capture channel 2 input selection field; these two bits define the channpel's...
Input/output, and selection of input pins.
00: Compare capture channel 1. Channel is configured as output.
01: Compare and capture channel 1. Channel is configured as input, IC1 mapping.
At TI1;
[9:8] CC2S[1:0] RwW 10: Compare and capture channel 1. Channel is configured as input, IC1 mappin§0b
At TI2;
11: Compare and capture channel 1. Channel is configured as input, IC1 mapping.
On TRC. This mode only works when the internal trigger input is selected.
Time (selected by the TS bit).
Note: CC1S is only writable when the channel is closed (CC1E is 0).
[7:4] IC1F[3:0] RW Input Capture Filter 1 Configuration Domain. 0
[3:2] IC1PSCI[1:0] RW compares the capture channel 1 prescaler configuration field. 0
[1:0] CC1S[1:0] RW compares the capture channel 1 input selection field. 0

15.4.8 Compare/Capture Control Register 2 (TIMx_CHCTLR2) (x=2/3/4/5/9/10/11/12) Offset Address: 0x1C The channel
can be used for input
(capture mode) or output (compare mode), and the direction of the channel is defined by the corresponding CCxS bits. This register...
The functions of other bits differ between input and output modes. OCxx describes the channel's function in output mode, and ICxx describes the channel's function in output mode.

Functionality in input mode.

1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OCA4CE pC4M[2:0] OCA4PE PCAFE OC3CE pC3M[2:0] OC3PE PC3FE
CC4S8J[1:0] CC3S[1:0]
IC4F[3:0] IC4PSCJ[1:0] IC3F[3:0] IC3PSCJ[1:0]
Comparison mode (pin direction is output):
Bitname access describe Reset valug
15 OC4CE RW compares and captures channel 4, clearing the enable bit.

[14:12] OCA4N

[2:0]

RW compares the capture channel 4 mode setting field.

11 OC4PE RW compares the capture register 4 preload enable bit.
10 OCA4FE RW compares the capture channel 4 fast enable bit.

[9:8] CC4S[1:0] RW compares the capture channel 4 input selection field.
7 OC3CE RW compares and captures channel 3 to clear the enable bit.

[6:4] OC3M[2:0]

RW compares the capture channel 3 mode setting field.

3

OC3PE

RW co

mpares capture register 3 preload enable bit.
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2 OC3FE RW compares the capture channel 3 fast enable bit. 0
[1:0] CC3S[1:0] RW compares the capture channel 3 input selection field. 0
Capture mode (pin direction is input):

Bit name access describe Reset valud
[15:12] IC4F([3:0] RW Input Capture Filter 4 Configuration Domain. 0
[11:10] IC4PSC[1:0] RW compares and captures the prescaler configuration field of channel 4. 0

[9:8] CC4SJ[1:0] RW compares the capture channel 4 input selection field. 0

[7:4] IC3F[30] RW Inplut Capture Filter 3 Configuration Domain. 0

[3:2] IC3PSC[1:0] RW comjpares the capture channel 3 prescaler configuration field. 0

[1:0] CC3S[1:0] RW compares the capture channel 3 input selection field. 0
15.4.9 Compare/Capture Enable Register (TIMx_CCER) (x=2/3/4/5/9/10/11/12) Offset Address: 0x20

Bit name access describe Reset valug
[15:14] Reseryed RO is reserved. 0

13 cc4p RW compares the capture channel 4 output polarity setting bit. 0

12 CC4E RW compares and captures the output enable bit of channel 4. 0
[11:10] Reseryed RO is reserved. 0

9 CC3P RW compares the capture channel 3 output polarity setting bit. 0

8 CC3E RW compares and captures the output enable bit of channel 3. 0
[7:6] Reserved RO is reserved. 0
5 cczp RW compares the capture channel 2 output polarity setting bit. 0
4 CC2E RW conpares and captures the channel 2 output enable bit. 0
[3:2] Reserved RO is rgserved. 0
Compare the capture channel 1 output polarity setting bit.
Channel CC1 is configured as an output:
1: OClis active low;
0: OC1 is active high.
CC1 channel configured as input:
1 ccipP RW | This bit selects whether IC1 or its inverted signal is used as the trigger or catch®
Signal received.
1: Inverting: Capture occurs at the falling edge of IC1; when used as an external cantact.
When the transmitter is activated, IC1 is inverted;
0: Non-inverting: Capture occurs on the rising edge of IC1; when used as an extefnal...
When the trigger is activated, IC1 is not inverted.
Compare the capture channel 1 output enable bit.
Channel CC1 is configured as an output:
1: Enable: The OC1 signal is output to the corresponding output pin;
0: Off: OC1 disables output.
0 CC1E RW 0
CC1 channel configured as input:
This bit determines whether the counter value can be captured into TIMx_CH1CVR.
register.
1: Capture Enable;
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‘ ‘O: Capture prohibited. ‘

15.4.10 General Purpose Timer Counter (TIMx_CNT) (x=2/3/4/5) Offset
Address: 0x24

Bit Name Access the real-time value of the counter that describes Reset valug
[15:0] CNT[15:0] the RW limer. 0
15.4.11 General Purpose Timer Counter (TIMx_CNT) (x=9/10/11/12) Offset
Address: 0x24
31 30 292827 262524232221 2019 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 the real-time value of the counter that describes Reset valug
[31:0] CNT[31:0] the RW limer. 0
15.4.12 Counter Clock Prescaler (TIMx_PSC) (x=2/3/4/5/9/10/11/12) Offset Address: 0x28
Bit name access Reset valud
Describes the division factor of the timer's prescaler; the clock frequency af the countgr.
[15:0] PSC[15:0] RW 0
It equals the input frequency of the frequency divider / (PSC+1).

15.4.13 Automatic Reload Value Register (TIMx_ATRLR) (x=2/3/4/5) Offset
Address: 0x2C

Bit Name access For a Reset value
description of the counter threshold, when ATRLR acts, and its updates, please read sectign 15.2.4.
[15:0] ARR[15:0] RW OXEEFF
Section; the counter stops when ATRLR is empty.
15.4.14 Automatic Reload Value Register (TIMx_ATRLR) (x=9/10/11/12) Offset
address: 0x2C
31 30 292827262524232221 2019 18 17 16
ARR[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ARR[15:0]
Bit name access describe Reset valug
For counter thresholds, ATRLR activation and update information, please refer to section 1@¥EFFF
[31:0] ARR[31:0] RW
Section; the counter stops when ATRLR is empty. FFFF
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15.4.15 Compare/Capture Register 1 (TIMx_CH1CVR) (x=2/3/4/5)
Offset address: 0x34

31 30 29 28 27 26 25 24 23 22 21 20191817 16
Reserved LEVEL1
15 14131211 109 8 7 6 5 4 3 2 1 0
CH1CVRJ[15:0]

Bitname access describe Reset valud
[31:17] Reserved RO is feserved. 0

16 LEVEL1 RO is the level indicator bit corresponding to the captured value. 0
[15:0] CH1CVR[15:0] RW compares the value of capture register channel 1. 0

15.4.16 Compare/Capture Register 1 (TIMx_CH1CVR) (x=9/10/11/12)
Offset address: 0x34
31 30 29 28 27 26 25 24 23 22 21 2019 18 17 16

CH1CVR[31:16]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CH1CVR[15:0]
Bit name access describe Reset valug
[31:0] CH1CVR[31:0] RW compares the value of capture register channel 1. 0

15.4.17 Compare/Capture Register 2 (TIMx_CH2CVR) (x=2/3/4/5)
Offset address: 0x38

31 30292827 26252423222120191817 16
Reserved LEVEL2
15 14131211 109 8 7 6 5 4 3 2 1 0

CH2CVR[15:0]

Bitname access describe Reset valug
[31:17] Reserved RO is feserved. 0
16 LEVEL2 RO is the level indicator bit corresponding to the captured value. 0
[15:0] CH2CVR[15:0] RW compares the value of capture register channel 2. 0

15.4.18 Compare/Capture Register 2 (TIMx_CH2CVR) (x=9/10/11/12)
Offset address: 0x38

31 30 292827262524232221 2019 18 17 16

CH2CVR[31:16]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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CH2CVR[15:0]

Bit name access describe Reset valug
[31:0] CH2CVR[31:0] RW compares the value of capture register channel 2. 0
15.4.19 Compare/Capture Register 3 (TIMx_CH3CVR) (x=2/3/4/5) Offset Address:
0x3C
31 30 29 2827262524 232221201918 17 16
Reserved LEVEL3
1514 13 1211 109 8 7 6 5 0
CH3CVR[15:0]
Bit name access describe Reset valud
[31:17] Reserved RO is feserved. 0
16 LEVEL3 RO is the level indicator bit corresponding to the captured value. 0
[15:0] CH3CVR[15:0] RW cormpares the value of capture register channel 3. 0
15.4.20 Compare/Capture Register 3 (TIMx_CH3CVR) (x=9/10/11/12)
Offset address: 0x3C
31 30 292827 26 2524232221 17 16
CH3CVR[31:16]
15 14 13 12 10 9 8 7 6 5 1 0
CH3CVR[15:0]
Bit name access describe Reset valud
[31:0] CH3CVR[31:0] RW corpares the value of capture register channel 3. 0
15.4.21 Compare/Capture Register 4 (TIMx_CH4CVR) (x=2/3/4/5) Offset address:
0x40
31 30 2928 27 26 2524 2322212019 18 17 16
Reserved LEVEL4
15 14 131211 109 8 7 6 5 0
CH4CVR[15:0]
Bit name access describe Reset valug
[31:17] Reserved RO is feserved. 0
16 LEVEL4 RO is the level indicator bit corresponding to the captured value. 0
[15:0] CH4CVR[15:0] RW compares the value of capture register channel 4. 0
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15.4.22 Compare/Capture Register 4 (TIMx_CH4CVR) (x=9/10/11/12)

Offset address: 0x40

31 30 292827262524232221 2019 18 17 16
CH4CVR[31:16]
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
CH4CVR[15:0]
Bit name access describe Reset valug
[31:0] CH4QVR[31:0] RW corppares the value of capture register channel 4. 0
15.4.23 DMA Control Register (TIMx_DMACFGR) (x=2/3/4/5/9/10/11/12)
Offset address: 0x48
Bit name [15:13] Reserved access describe Reset valud
[12:8] DBL [#:0] RO is feserved. 0
The length of continuous transmission in RW DMA, the actual value is the value of this field + 1. 0
[7:5] Resenved RO is reserved. 0
These bits define the DMA's access from control register 1 in continuous mode.
[4:0] DBA[4:0] RW 0
Offset at the address.

15.4.24 DMA Address Register in Continuous Mode (TIMx_DMAADR) (x=2/3/4/5/9/10/11/12)

Offset address: 0x4C

Bit Name access describe Reset valug
[15:0] DMAB[15:0] In RW [continuous mode, the DMA address. 0
15.4.25 Double-edge capture register (TIMx_AUX) (x=2/3/4/5)
offset address:
0x50 bjit name access describe Reset value
[15:3] Reserved RO is reserved. 0
Double-edge capture enabled for channel 4:
2 CAP_ED_CH4 RW  |1: Enable double-edge capture of channel 4; 0
0: Disable double-edge capture enable for channel 4.
Double-edge capture enable for channel 3:
1 CAP_ED_CH3 RwW 1: Enable double-edge capture of channel 3; 0
0: Disable double-edge capture enable for channel 3.
Double-edge capture enable for channel 2:
0 CAP_ED_CH?2 RwW 1: Enable double-edge capture of channel 2; 0

0: Disable double-edge capture enable for channel 2.
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Chapter 16 Basic Timers (BCTM)

The basic timer module contains two 16-bit auto-reloadable timers (TIM6 and TIM7) for counting and updating events.

Generates interrupts or DMA requests. TIM6 and TIM7 support a 16-bit programmable prescaler. It can provide clocking for digital-to-analog converters (DACs), triggering interrupts or DMA requests.

The DAC's synchronization circuit. The basic timers are independent of each other and do not share any resources.

16.1 Main Features

The main features of a basic timer include:

¥ 16-bit auto-reload counter, supports incrementing count mode

y 16-bit prescaler, with a dynamically adjustable division factor from 1 to 65536.
Triggering DAC Synchronization Circuit

Y An interrupt or DMA request is generated during an update event .

16.2 Principles and Structure

Figure 16-1 Block diagram of a basic timer

Internal clock (CK_INT) »
CK_TIM from RCC >
TRGO e
>
To DAC
Trigger
controller
Reset
Enable,
Up, Count
A
U
Stop, clear, or up
u
CK_PSC PSC CK_CNT, CNT
(prescaler) (counter)

16.2.1 Overview As
shown in Figure 16-1, the basic timer can be roughly divided into two parts: the input clock part and the core counter part.

The basic timer's clock comes from the HB bus clock (CK_INT). These input clock signals undergo various filtering settings.

After frequency equalization, it becomes the CK_PSC clock, which is output to the core counter section. Additionally, these complex clock sources can also be used as TRGO.

Output to DAC peripheral.

The core of the basic timer is a 16-bit counter (CNT). CK_PSC is divided by the prescaler (PSC) to become CK_CNT.

Finally, the value is sent to the CNT, which supports increment counting mode and has an automatic reload register (ATRLR) that returns a value at the end of each counting cycle.

Reload the initial values for CNT.

16.2.2 Difference between basic timers and general-purpose timers
Compared to general-purpose timers, basic timers lack the following features:

1) The basic timer lacks both count down and count up/down modes.
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2) The basic timer lacks four independent compare-capture channels.
3) The basic timer does not support external signal control of the timer.

4) The basic timer does not support incremental encoding, cascading, or synchronization between timers.

16.2.3 Clock Input The

clock for the basic timer is provided by the internal clock CK_INT.

16.2.4 Counters and Peripherals

The CK_PSC input is fed to the prescaler (PSC) for frequency division. The PSC is 16-bit, and the actual division factor is equivalent to R16_TIMx_PSC.
The value is incremented by 1. CK_PSC becomes CK_CNT after passing through PSC. Changing the value of R16_TIM1_PSC does not take effect immediately, but will occur during the update event.
The update is then sent to the PSC. Update events include clearing and resetting the UG bit. There is also an Automatic Reload Value Register (ATRLR) that can be used to set the count.

The counter threshold is set in the Automatic Reload Value Register (ATRLR). When the CNT count value reaches the counter threshold set in the ATRLR, the CNT will be cleared to zero.

16.3 Debug Mode

When the system enters debug mode, the timer can be controlled to continue running or stop, depending on the settings of the DBG module.

16.4 Register Description

Table 16-1 List of TIM6 Related Registers

name Offset address describe Reset value
R16_TIM6_CTLR1 0x40001000 TIM6 Control Register 1 0x0000
R16_TIM6_CTLR2 0x40001004 TIM6 Control Register 2 0x0000
R16_TIM6_DMAINTENR 0x4000100C TIM6 DMA/Interrupt Enable Register 0x0000
R16_TIM6_INTFR 0x40001010 TIM6 Interrupt Status Register 0x0000
R16_TIM6_SWEVGR 0x40001014 TIM6 Event Generation Register 0x0000
R16_TIM6_CNT 0x40001024 TIM6 Counter 0x0000
R16_TIM6_PSC 0x40001028 TIM6 Counting Clock Prescaler 0x0000
R16_TIM6_ATRLR 0x4000102C TIM6 Auto Reload Value Register OXFFFF

Table 16-2 List of TIM7 Related Registers

name Offset address description Reset value
R16_TIM7_CTLR1 0x40001400 TIM7 Control Register 1 0x0000
R16_TIM7_CTLR2 0x40001404 TIM7 Control Register 2 0x0000
R16_TIM7_DMAINTENR 0x4000140C TIM7 DMA/Interrupt Enable Register 0x0000
R16_TIM7_INTFR 0x40001410 TIM7 Interrupt Status Register 0x0000
R16_TIM7_CNT 0x40001424 TIM7 Counter 0x0000
R16_TIM7_PSC 0x40001428 TIM7 Counting Clock Prescaler 0x0000
R16_TIM7_ATRLR 0x4000142C TIM7 Auto Reload Value Register OXFFFF

16.4.1 Control Register 1 (TIMx_CTLR1) (x=6/7) Offset Address: 0x00

Name
Bit access describe Reset valug
[15:8] Resenved RO is reserved. 0
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Automatic reinstallation pre-installation enable bit:
7 ARPE RW 1: Enable the Automatic Reload Value Register (ATRLR); 0
0: Disable automatic reload of value register (ATRLR).
[6:4] Reserved RO is rgserved. 0
Single-pulse mode.
1: The count is updated when the next update event (clearing the CEN bit) occurs.
3 OPM RW 0
The device stopped;
0: The counter does not stop when the next update event occurs.
Update request source; the software selects the source of the UEV event using this bit.
1: If update interrupts or DMA requests are enabled, only the counter will be active.
An update interrupt or DMA request is only generated when there is an overflow or underflow.
0: If update interrupts or DMA requests are enabled, then either of the following will joccur:
2 URS RW
The device generates an update interrupt or a DMA request.
- Counter overflow/underflow
-Set UG position
- Updates generated from the mode controller.
Disabling updates allows/disallows the generation of UEV events via this bit.
born.
1: Disable UEV. No update events are generated, and all registers (ATRLR, ...) are updated.
PSC and CHCTLRx retain their values. If the UG bit is set or
A hardware reset is issued from the mode controller, then the counter and pre-..
1 ubis RW The frequency divider was reinitialized. 0
0: UEV enabled. The update (UEV) event is generated by any of the following events.
Student: - Counter overflow/underflow
-Set UG position
- Updates generated from the mode controller have cached registers loaded.
Enter their preloaded values.
Enable the counter:
0 CEN RW 1: Enable counter; 0
0: Counter disabled.
16.4.2 Control Register 2 (TIMx_CTLR2) (x=6/7) Offset Address: 0x04 Name
Bit access describe Reset valug
[15:7] Reserved RO resefved. 0
Master mode selection: These 3 bits are used to select whether to send to the slave in master mode.
Timer synchronization information (TRGO). Possible combinations are as follows:
000: Reset — The UG bit is used as a trigger output (TRGO). For example...
Theresult is areset triggered by the input (from the mode controller being in reset [state).
In this mode, the signal on TRGO will have a relative reset time to the actual reset.
[6:4] MMS[2:0] RW 0
Delay;
001: Enable — The counter enable signal CNT_EN is used as a trigger.
Output (TRGO). Sometimes it is necessary to start multiple scheduled commands at the same time.
A timer or counter enables a function to run for a specified period of time.
The power signal is triggered by the CEN control bit and the gated mode trigger finput.
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The logical OR of the signal is generated. When the counter enable signal is trigge
There will be a delay on TRGO during input unless master/slave is selected.

Mode (see description of the MSM bit in the TIMx_SMCFGR register);

red...

010: The update event is selected as the trigger output (TRGO). For example, one
The clock of a master timer can be used as a prescaler for a slave timer.
[3:0] Reserved RO is re¢served. 0
16.4.3 DMA/Interrupt Enable Register (TIMx_DMAINTENR) (x=6/7) Offset Address: 0xOC Name
Bit access describe Reset value
[15:9] Reservied RO resgrved. 0
Updated DMA request enable bit:
8 UDE RW 1: Allow DMA requests for updates; 0
0: DMA requests for updates are prohibited.
[7:1] Reserved RO is rgserved. 0
Update the interrupt enable bit:
0 UIE RW 1: Allow update interruptions; 0
0: Prevent update interruption.
16.4.4 Interrupt Status Register (R16_TIMx_INTFR) (x=6/7) Offset Address: 0x10
Bit name access describe Reset valug
[15:1] Reserved RO is reserved. 0
The update interrupt flag is set by hardware when an update event occurs.
The bit is cleared by the software.
1: An update interruption occurred;
The following situations will trigger an update event:
0 UIF RWO 0
If UDIS=0, when the repeat counter value overflows or underflows;
If URS=0 and UDIS=0, when the UG bit is set, or when the software is used to.|.
When the counter core is reinitialized;
0: No update event occurred.
16.4.5 Event Generation Register (TIMx_SWEVGR) (x=6/7)
Offset address: 0x14
Bit name access describe Reset valud
[15:1] Reservied RO Resgrved. 0
Update event generation bit, used to generate an update event. This bit is set by software.
Automatically reset by hardware.
1: Initialize the counter and generate an update event;
0 UG wWo 0

0: No action.

Note: The prescaler counter is also cleared, but the prescaler coefficient remains unchanged. In increment mode, the core counter |s cleared

V1.5
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16.4.6 General Purpose Timer Counter (TIMx_CNT) (x=6/7)
Offset address: 0x24
Bit name access describe Reset valud
[15: 0] CNT[15Z 0] The regl-time value of the RW timer's counter. 0
16.4.7 Counting Clock Prescaler (TIMx_PSC) (x=6/7)
Offset address: 0x28
Bit name access Reset valug
§ Describes the division factor of the timer's prescaler; the clock frequency af the6ount r.
[15:0] P$C[15:0] RW
It equals the input frequency of the frequency divider / (PSC+1).
16.4.8 Automatic Reload Value Register (TIMx_ATRLR) (x=6/7)
Offset address: 0x2C
Bit name access describe Reset valud
For counter thresholds, ATRLR activation and update information, please refer to section [16.2.
[15:0] ARR[15:0] RW OxEFFF

Section; the counter stops when ATRLR is empty.
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Chapter 17 Low-Power Timers (LPTIM)

The low-power timer module contains two 16-bit uplink counting timers. LPTIM has multiple selectable clock sources, enabling it to
operate in all power modes. LPTIM can also operate without an internal clock source, allowing it to be used as a "pulse counter.” Furthermore, LPTIM

can wake the system from low-power mode, making it ideal for implementing "timeout functions" with extremely low power consumption.

17.1 Main Features

y 16-bit uplink counter y 3-bit
prescaler, supporting 8 division ratios (1, 2, 4, 8, 16, 32, 64, 128) y Selectable clock sources Internal clock
source: LSE, LSI, HSI,
or HB clock External clock source: External clock on the
LPTIM input y 16-bit ARR auto-reload register y 16-bit
compare register ¥ Continuous/single trigger
mode y Selectable software/
hardware input triggers y
Programmable digital interference filter y Configurable
output PWM waveform y Configurable I/

O polarity y Encoder mode

17.2 LPTIM Function Description

17.2.1 LPTIM Block Diagram

Figure 17-1 Low-power timer block diagram
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17.3 LPTIM Trigger Mapping

The information regarding the LPTIM external trigger connection is shown below:

Table 17-1 LPTIMx External Trigger Connections

LPTIMx_TRG_00 LPTIMx_ETR

LPTIMx_TRG_01 RTC_ALARM

17.3.1 LPTIM Reset and Clock
The LPTIM module reset is controlled by the LPTIMRST bit of the RCC_HB1PRSTR register. Setting it to 0 has no effect, while setting it to 1 resets the module.
The LPTIM module clock enable is controlled by the LPTIMEN bit in the RCC_HB1PCENR register. Setting it to 0 disables the module clock, and setting it to 1 disables it.
Module clock is on.
LPTIM's counting clock is provided by multiple selectable clock sources, which can be categorized as internal clock sources and external clock sources.
When using an internal clock source for counting, the internal clock source can be used to control HB via the CLKMX_SEL bit in the LPTIMx_CFGR register.
Four clock sources can be selected: LSI, LSE, and HSI. Additionally, LPTIM can use an external clock injected via the external input LPTIMx_CH1.
The signal is used for timing.

Table 17-2 LPTIM Internal Clock Sources

00 TIM_CLK (derived from HB_CLK)
01 HSI_CLK

10 LSE_CLK

11 LSI_CLK

When using an external clock source for counting, LPTIM may operate in one of the following two configurations:

The first configuration involves an external signal providing the clock to the LPTIM, while the internal clock signal is simultaneously supplied by a configurable internal clock source (HB, LSI).
Provided by LSE, HSI, etc.

The second configuration is that LPTIM is powered only by an external clock source through its external input channel 1. This configuration, upon entering low-power mode, allows all internal clock signals to be transmitted via an external clock source.
When the local clock source is off, it implements a pulse counter function or a timeout function.

Programming the CKSEL and COUNTMODE bits controls whether the LPTIM clock uses an external or internal clock source. When paired with...
When set to select an external clock source, the CKPOL bit is used to select the valid edge of the external clock signal. If the valid edge is set to rising edge and falling edge...
For afalling edge (double-edge), an internal clock signal must also be provided. In this case, the internal clock signal frequency should be higher than the external clock signal frequency.

The frequency is four times higher.

17.3.2 Filter LPTIM Input:
Whether external or internal, the LPTIM input is protected by a digital filter to prevent interference from any glitches and noise.
Disturbances propagate within LPTIM, thereby preventing accidental counts or triggers.
Before activating the digital filter, an internal clock source should be provided to LPTIM to ensure the filter operates normally.
The digital filters are divided into two groups:
One set of digital filters protects the LPTIM external input, with the sensitivity of the digital filters controlled by the CKFLT bit; the other set of digital filters...
The device protects the internal trigger input of the LPTIM, and the sensitivity of the digital filter is controlled by the TRGFLT bit.
The sensitivity of the filter affects the number of consecutive samples detected on one of the LPTIM inputs.

Only when a signal level change is considered a valid switch can it be considered valid. The figure below shows an example of the interference filter behavior when programmed for two consecutive samples.
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Figure 17-2 Timing block diagram of interference filter
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Note: When the internal clock signal is not in use, the digital filter must be deactivated by clearing the CKFLT and TRGFLT bits.

Currently, an external analog filter is used to avoid interference from external LPTIM inputs.

17.3.3 A configurable 2n

prescaler must precede the LPTIM 16-bit counter. The prescaler is controlled by the PRESC[2:0] 3-bit field.

Frequency division ratios, Table 17-3 lists all possible frequency division ratios.

Table 17-3 Division Ratio of Prescalers

000 1
001 1/2
010 1/4
011 1/8
100 1/16
101 1/32
110 1/64
111 1/128

17.3.4 LPTIM Counter, a trigger multiplexer,

has two startup methods: one is software startup, and the other is startup upon detecting more than one valid edge in the trigger input.

Start after the trailing edge. The LPTIM trigger mode is controlled by TRIGEN[1:0], and the trigger source is controlled by the TRIGEL[1:0] bits.

Table 17-4 Triggering Methods

00 invalid

01 rising edge

10 Falling edge

11 bilateral
Table 17-5 Trigger Sources

00 LPTIMx_ETR

&
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01 RTC_ALARM is
10 invalid.
1 invalid

17.3.5 Operating Modes LPTIM
has two operating modes:
Continuous mode: The timer runs freely, starting from the trigger event and stopping only when the timer is disabled.
Single-trigger mode: The timer starts when a trigger event is triggered and stops when the ARR value is reached.
In single-trigger mode, to enable single-counting, the SNGSTRT bit must be set to 1, and a new trigger event will restart the timer.
Any triggering events that occur after the counter starts but before the counter reaches its ARR will be lost.
When using external triggers, each external trigger event that occurs after the SNGSTRT bit is set and after the counter register stops will trigger.
The device will start the counter for a new counting cycle.

Figure 17-3 LPTIM output waveform in single-count mode configuration
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m External trigger event

When activating single-trigger configuration mode, it should be noted that in single-trigger mode, when the WAVE bit in the LPTIMx_CFGR register...

When a segment is set, the one-time setting mode is activated. In this case, the counter only starts once after the first trigger, and any subsequent triggers will not start.

All triggered events were discarded.

Figure 17-4 LPTIM output waveform when single-count mode is configured and single-set mode is activated.
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Discarded trigger

R

PWM

ﬁ External trigger event

In continuous mode, to enable continuous counting, the CNTSTRT bit must be set. If an external trigger is selected, then the CNTSTRT bit must be set.
Subsequent external trigger events will start a counter for continuous counting. Any subsequent external trigger events will be discarded in the software.

When the device is running (TRIGEN=00), setting CNTSTRT will cause the startup counter to count continuously.
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Figure 17-5 LPTIM output waveform in continuous counting mode configuration
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The SNGSTRT and CNTSTRT bits can only be set when the timer is enabled (ENABLE bit set to 1). This changes the LPTIM counter mode. If continuous mode was previously
selected, setting SNGSTRT will switch LPTIM to single-trigger mode, stopping the counter when it reaches the ARR value. If single-trigger mode was previously selected, setting

CNTSTRT will switch LPTIM to continuous mode. The counter restarts immediately when it reaches the ARR value.

17.3.6 Timeout Function: Detecting

avalid edge on a selected trigger input can reset the counter. This function is controlled by the TIMOUT bit. The first trigger event starts the counter; any subsequent

trigger events will reset the counter and restart the timer, enabling a low-power timeout function. If no trigger event occurs, the MCU is woken up by a compare-match event.

17.3.7 Waveform Generation Two
16-bit registers, LPTIMx_ARR and LPTIMx_CMP, are used to generate several different waveforms on the LPTIM output. The timer can generate the following
waveforms: (1) PWM mode: The LPTIM output
is set once the counter value in LPTIMx_CNT exceeds the comparison value in LPTIMx_CMP. The LPTIM output is reset once the values in the LPTIMx_ARR and LPTIMx_CNT
registers are equal. (2) Single pulse mode: The output waveform is similar to the PWM mode of the first pulse, and then
permanently resets. (3) One-time setting mode: The output waveform is similar to the single pulse mode, except that the output remains at
the last signal level (depending on the output).
(Configuration polarity).
The above mode requires that the value of the LPTIMX_ARR register be strictly greater than the value of the LPTIMx_CMP register.
The LPTIM output waveform can be configured via the WAVE bit as follows:
(1) Resetting the WAVE bit to 0 will force LPTIM to generate a PWM waveform or a single pulse waveform, depending on the bit set: CNTSTRT
Or SNGSTRT. (2)
Setting the WAVE bit to 1 will force LPTIM to generate a setup mode once.
The WAVPOL bit controls the output polarity of LPTIM. Changes take effect immediately, so even after reconfiguring the polarity, or after enabling the timer, changes will not take effect.
Before that, the output default value will also be changed immediately.
The generated signal has a frequency up to twice the LPTIM clock frequency. Figure 17-6 shows three possible frequencies that can be generated on the LPTIM output.

Waveform. Furthermore, this figure also shows the effect of changing the polarity via the WAVPOL bit.
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Figure 17-6 Generated Waveform
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17.3.8 Register Updates The
LPTIMX_ARR and LPTIMx_CMP registers are updated immediately after an HB bus write operation, or if the timer has been updated.
Once started, it will be updated at the end of the current cycle.
The PRELOAD bit controls how the LPTIMx_ARR and LPTIMx_CMP registers are updated:
When the PRELOAD bit is set to 0, the LPTIMx_ARR and LPTIMx_CMP registers are updated immediately after any write access. When the PRELOAD bit

is set to 1, the LPTIMX_ARR and LPTIMx_CMP registers are updated at the end of the current cycle if the timer has already started.

The LPTIM HB interface and LPTIM logic use different clocks, therefore there is a time lag between HB writes and the availability of these values to the counter comparator.
There is adelay, during which any additional writes to these registers must be avoided.

The ARROK and CMPOK flags in the LPTIMx_ISR register indicate when the operation of the LPTIMx_ARR register is complete.
Write operations to the LPTIMx_CMP register.

After writing to the LPTIMX_ARR register or the LPTIMX_CMP register, the status will only be updated after the previous write operation is completed.
It can perform a new write operation on the same register.

Any consecutive writes before setting the ARROK or CMPOK flags will result in unpredictable results.

17.3.9 Counter Mode LPTIM The

counter can be used to count external events on LPTIM_CHL1 or to count internal clock cycles.
The CKSEL and COUNTMODE bits control which source will be used to update the

counter. If LPTIM is configured to count external events on LPTIM_CHL, the count can be updated after arising edge, falling edge, or both edges, depending on
the value written to the CKPOL[1:0] bits. The following counting

modes can be selected based on the CKSEL and COUNTMODE values:
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(1) CKSEL=0: LPTIM clock is counted by internal clock source.
When COUNTMODE=0, LPTIM is configured to be counted by an internal clock source, and the LPTIM counter is configured to follow each internal clock pulse.
Updated after the initial rush.
COUNTMODE-=1 uses the internal clock provided to LPTIM to sample the data on LPTIM_CHL1. Therefore, to ensure no data is missed...
Events: The frequency of signal changes on LPTIM_CH1 should not exceed the frequency of the LPTIM internal clock.
(2) CKSEL=1: When LPTIM is counted by an external clock source, the value of COUNTMODE is unaffected.
In this configuration, LPTIM does not require an internal clock source (unless the digital filter is enabled), and the signal injected on LPTIM_CHL1 is used as LPTIM.
The system clock. This configuration applies to operating modes where the built-in oscillator is not enabled.
For this configuration, the LPTIM counter can be updated on either the rising or falling edge of the LPTIM_CHL1 clock signal, but not on both edges.
Since the signal injected in LPTIM_CHL1 is also used for LPTIM counting, there will be some initial delay before the counter increments (at startup).

(After enabling LPTIM). To be precise, after enabling LPTIM, the first five valid edges of LPTIM_CH1 outside LPTIM will be lost.

17.3.10 Timer Enable The ENABLE
bit in the LPTIMx_CR register is used to enable/disable the LPTIM logic. After setting the ENABLE bit, in the actual...

Two counter clock delays are required before LPTIM can be enabled.

17.3.11 Encoder Mode This mode
allows processing of signals from a quadrature encoder used to detect the position of rotating elements. The encoder interface mode is simply a...
An external clock with direction selection. This means the counter only counts continuously between 0 and the auto-reload value in the LPTIMX_ARR register.
Therefore, LPTIMx_ARR must be configured before startup to generate data based on two external input signals, LPTIMx_CH1 and LPTIMx_CH2.
The clock signal is used to time the LPTIM counter. The phase between these two signals determines the counting direction.
Encoder mode is only available when LPTIM is counted by an internal clock source. The signal frequencies on LPTIMx_CH1 and LPTIMx_CH2...
The frequency must not exceed 4 times the frequency of the LPTIM's internal clock. Meeting these conditions is essential to ensure the LPTIM operates normally.
Direction changes are signaled by two up and down flags in the LPTIMx_ISR register. Additionally, if enabled via the DOWNIE bit,
This allows for the generation of interrupts for events that change direction in both directions.
To activate encoder mode, the ENC bit must be set to 1, and LPTIM must first be configured to continuous mode.
When encoder mode is active, the LPTIM counter automatically modifies based on the speed and direction of the incremental encoder. Therefore, it...
The content always represents the encoder's position. The counting direction is indicated by up and down indicators, corresponding to the direction of rotation of the encoder rotor.
Based on the edge sensitivity configured in CKPOL[1:0] bits, the following possible combinations were obtained, where LPTIMx_CH1 and LPTIMx_CH2 are different.

Switching betueen time periods.

Table 17-6 Configuration of Edge Sensitivity Combinations

Decreasing count not counted; increasing count not counted.

Rising edge (00)

High Increasing count not counted, decreasing count not counted.

low Uncounted incrementing, uncounted decrementing
Falling edge (01)

high Uncounted decreasing Uncounted increasing

low D ing Increasing D ing
Double edge (10)

high low ing Di ing D ing
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11 invalid

17.3.12 Debug Mode When the

MCU enters debug mode (kernel stops), LPTIM continues to work normally.

17.3.13 LPTIM Low Power Mode

Table 17-7 Impact of Low Power Mode on LPTIM

Sleep describe

mode No impact; an LPTIM interrupt will cause the device to exit sleep mode.

LPTIM peripherals are active when timed by LSE or LSI.
Stop mode
The interruption caused the device to exit stop mode.

17.4 LPTIM Interruption

An interrupt/wake-up will occur if the following events are enabled via the LPTIMx_IER register:
Comparison and matching

Automatic reload matching

External trigger events

Automatic reload register write complete

Comparison register write complete

y Direction change (encoder mode)

Table 17-8 Interruption Events

Interruption event describe

When the value of the counter register LPTIMx_CNT is compared with the value of the compare register LPTIMx_ICMP
Comparison Matching

An interrupt flag will be generated when the values are equal.

When the value of the counter register LPTIMx_CNT is different from that of the auto-reload regist
Automatic reload matching
An interrupt flag is generated when the values of LPTIMx_ARR are equal.

External trigger events An interrupt flag is generated when an external trigger event is detected.

An interrupt flag is generated when the autgmatic reload register write operation to the LPTIMX_ARR register is complete.

An interrupt flag is generated when the write operation to the LPTIMx_CMP register is complete.

When used in encoder mode, two interrupt flags are embedded in the signal direction change.
Change:
Counting direction changed

Upward indicator: indicates a change in the counting direction;

Downward indicator: Indicates a change in the counting direction.

17.5 Register Description

Table 17-9 List of LPTIM1 Related Registers

name Access address describe Reset value
R32_LPTIM1_ISR 0x40002400 LPTIM1 Interrupt Status Register 0x00000000
R32_LPTIM1_ICR 0x40002404 LPTIM1 Interrupt Clear Register 0x00000000
R32_LPTIM1_IER 0x40002408 LPTIM1 Interrupt Enable Register 0x00000000
R32_LPTIM1_CFGR 0x4000240C LPTIM1 Configuration Register 0x00000000
R32_LPTIM1_CR 0x40002410 LPTIM1 Control Register 0x00000000
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R16_LPTIM1_CMR 0x40002414 LPTIM1 Comparator Register 0x00000000
R16_LPTIM1_ARR 0x40002418 LPTIM1 Automatic Reload Register 0x00000001
R16_LPTIM1_CNT 0x4000241C LPTIM1 Count Register 0x00000000
Table 17-10 List of LPTIM2 Related Registers
name Access address describe Reset value
R32_LPTIM2_ISR 0x40003400 LPTIM2 Interrupt Status Register 0x00000000
R32_LPTIM2_ICR 0x40003404 LPTIM2 Interrupt Clear Register 0x00000000
R32_LPTIM2_IER 0x40003408 LPTIM2 Interrupt Enable Register 0x00000000
R32_LPTIM2_CFGR 0x4000340C LPTIM2 Configuration Register 0x00000000
R32_LPTIM2_CR 0x40003410 LPTIM2 control register 0x00000000
R16_LPTIM2_CMR 0x40003414 LPTIM2 Comparator Register 0x00000000
R16_LPTIM2_ARR 0x40003418 LPTIM2 Auto Reload Register 0x00000001
R16_LPTIM2_CNT 0x4000341C LPTIM2 Count Register 0x00000000
17.5.1 Interrupt Status Register (LPTIMx_ISR) (x=1/2)
Offset address: 0x00
31 30 2928 27 26 25 24 23 2221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DIR S DOW ARR CMP |EXTTR | ARR CMP
Reserved - UP
YNC N OK OK IG M M
Bit Name access describe Reset valug
[31:8] Reserved RO is reserved. 0
In encoder mode, the counter counting direction is:
1: Count down;
7 DIR_SYNC RO |0: Count upwards. 0
This bit is only valid in encoder mode, i.e., ENC bit is set to 1. It must be set before use.
The counting direction function needs to be enabled by setting DIR_EXTEN to 1.
Count down:
1: The counting direction is from top to bottom;
0: Invalid.
6 DOWN RO 0
In encoder mode, this bit is set by hardware to notify the application.
The direction of the counter changes from top to bottom. After reaching 1, it can be useéd to...
Write 1 to the LPTIMx_ICR[6] bit to clear it.
Counting upwards:
1: The counting direction is from bottom to top;
0: Invalid.
5 UP RO 0
In encoder mode, this bit is set by hardware to notify the application.
The direction of the counter changes from bottom to top. After reaching 1, it can be adjusted by mpving...
Write 1 to the LPTIMx_ICR[5] bit to clear it.
4 ARROK RO automatic reload register data update successful: 0
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1: Data update successful;
0: Invalid.
This bit is set by the hardware to notify the application of the HB bus pair.
The write operation to LPTIMx_ARR has completed successfully, and the value is now 1. After that, you can proceed...
Clear by writing 1 to the LPTIMx_ICR[4] bit.
Compare register data update successful:
1: Data update successful;
0: Invalid.
3 CMPOK RO 0
This bit is set by the hardware to notify the application of the HB bus pair.
The write operation to LPTIMx_CMR has completed successfully, and the value is now 1. You can then progeed...
Clear by writing 1 to the LPTIMx_ICR[3] bit.
Externally triggered edge events:
1: Valid edge input has occurred;
0: Invalid.
2 EXTTRIG RO | This bit is set by the hardware to notify the application on the selected external tfiggeP
A valid edge input has occurred, if due to the timer already started...
If the trigger is ignored, this flag is not set. Setting it to 1 allows subsequent actions to proceed.
Write 1 to the LPTIMx_ICR[2] bit to clear it.
Automatic reload register data matches the data in the LPTIMX_CNT register.
match:
1: Match successful;
1 ARRM RO 0: Invalid. 0
This bit is set by hardware to notify the application of the LPTIMx_CNT register.
After the value reaches the value of the LPTIMx_ARR register, which is 1, it can be used...
Write 1 to the LPTIMx_ICR[1] bit to clear it.
Compare the data in the comparison register with the data in the LPTIMx_CNT register:
1: Match successful;
0: Invalid.
0 CMPM RO 0
This bit is set by hardware to notify the application of the LPTIMx_CNT register.
After the value reaches the value of the LPTIMx_CMR register, which is 1, it can be used...
Write 1 to bit LPTIMx_ICR[O] to clear it.
17.5.2 Interrupt Clear Register (LPTIMx_ICR) (x=1/2)
Offset address: 0x04
31 30 292827 262524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CMP EXTT ARR
DOW | UPN ARRO CMPM
Reserved OKN RIGN MNC
NCF CF KNCF NCF
CF CF F
Bit Name access describe Reset valug
[31:7] Reseryed RO is reserved. 0
6 DOWNCF RW1 clears the down flag. X
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Note: Writing Q invalid; writing 1 clears the corresponding bit in the status register.
Clear the up flag.
5 UPCF RW1 X
Note: Write O Invalid. Write the cbricdg@h@ing bit to the status register.
Clear the automatic reload data update flag.
4 ARROKCF RW1 X
Note: Writing Q invalid; writing 1 clears the corresponding bit in the status register.
Clear the comparator data update flag.
3 CMPOKCF RW1 X
Note: Writing Q invalid; writing 1 clears the corresponding bit in the status register.
Clear the edge event flag of the external trigger.
2 EXTTRIGCF RW1 X
Note: Write O Invalid. Write the cbredg@h@ing bit to the status register.
Clear the auto-reload register match flag.
1 ARRMCF RW1 X
Note: Writing Q invalid; writing 1 clears the corresponding bit in the status register.
Clear the match flag in the compare register.
0 CMPMCF RW1 X
Note: Writing Q invalid; writing 1 clears the corresponding bit in the status register.
17.5.3 Interrupt Enable Register (LPTIMx_IER) (x=1/2)
Offset address: 0x08
31302928272625242322 e 20 19 18 17 16
Reserved
151413121110987 6 5 4 3 2 1 0
Reserved DOWNIE IIIPIE ARROKIE CMPOKIE EXTTRIGIE ARRMIE CMPIMIE
Bit Name access describe Reset valud
[31:7] Reserved RO reserved. 0
Downward interrupt enabled:
6 DOWNIE RW 1: Turn on; 0
0: Off.
Upward interrupt enable:
5 UPIE RW  |1: Turn on; 0
0: Off.
Automatic reload register data update successful interrupt enabled:
4 ARROKIE RW 1: Turn on; 0
0: Off.
Compare register data update successful interrupt enabled:
3 CMPOKIE RW 1: Turn on: 0
0: Off.
External trigger edge event input interrupt enable:
2 EXTTRIGIE RW 1: Turn on; 0
0: Off.
Automatic reload register data matching successful interrupt enabled:
1 ARRMIE RW 1: Turn on; 0
0: Off.
Compare register data match successful interrupt enabled:
0 CMPMIE RW 0
1: Turn on;
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‘0: Off. ‘

17.5.4 Configuration Register (LPTIMx_CFGR) (x=1/2) Offset Address:

0x0C

31 3029 28 27262524232221 2019 18 17 16

FORCE
Reserved

_PWM

COUNT |PRELO |[WAVPO TIMOU

CLKMX_SEL ENC WAVE TRIGEN

MODE AD L T

Reser

ved

15 1413 12 11

10

Reser Reser
TRIGSEL
ved ved

PRESC

Reser Reser
TRGFLT CKFLT CKPOL
ved ved

CKSEL

Bit Name access

describe

Reset valug

[31:28] Reserved

RO res

erved.

0

27 FORCE_PWM

RW

Forced PWM output:
1: Force PWM output to high level;

0: Invalid.

[26:25] CLKMX_SEL[1:0] RW

LPTIM counter internal clock source selection:
00: TIM_CLK (derived from HB_CLK);

01: HSI_CLK;

10: LSE_CLK;

11: LSI_CLK.

ENC

RW

Encoder mode enabled:
1: Turn on;

0: Off.

COUNTMODE

RW

Counter mode, select LPTIM to use which clock source for the counter.
hour:
1: The counter increments after each valid pulse is input to the LPTIM external in

0: The counter increments after each internal clock pulse.

put;

PRELOAD

RW

Register update mode controls LPTIMX_ARR and LPTIMx_CMP registers.
Memory update mode:
1: The register is updated at the end of the current LPTIM cycle;

0: Update the register after each HB bus write access.

WAVPOL

RW

PWM waveform polarity:

1: The output reflects the ratio between the LPTIMx_ARR and LPTIMx_CMP regis|
Invert the result;

0: The output reflects the ratio between the LPTIMX_ARR and LPTIMx_CMP regis
Compare the results.

Note: If the counter value is greater than the comparator value, the comparison result is 1; otherwis

0.

ers. 0

e, itis 1.

20 WAVE

RW

PWM waveform:
1: Set to single-pulse mode (one pulse waveform);

0: Turn off single-use mode.

19 TIMOUT

RW

Enables timeout function:

1: Trigger events that arrive when the timer has already started will be reset and rest

0
arted.
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counter;

0: Trigger events that arrive when the timer has already started are ignored.

Trigger enable and polarity, controls whether the LPTIM counter is triggered externally.

When the device starts, if the external trigger option is selected, the trigger active edge...
There are three configurations for the relationship,
[18:17] TRIGEN[1:0] RW 00: Software triggered (counter startup is initiated by software); 0
01: Triggered by rising edge;
10: Triggered by falling edge;

11: Double-edge triggering.

[16:15] Reservied RO resgrved. 0

Trigger source selection:

00: LPTIM_ETR;
[14:13] TRIGSEL[1:0] RW 01: RTC_ALARM; 0
10: Invalid;
11: Invalid.
12 Reserved RO Reténtion 0

Clock prescaler, configure the prescaler coefficient:
000:1 frequency division;
001: 2 frequency division;
010: 4 frequency division;
[11:9] PRESC][2:0] RW 011: 8 frequency division; 0
100:16 frequency division;
101:32 frequency division;
110:64 frequency division;

111:128 frequency division.

8 Reserved RO is regserved. 0

Configurable digital filter for the trigger:
The TRGFLT value is set to be detected when a change occurs on the internal trigger.
The number of consecutive equal samples is then considered as a valid level transitipn.
An internal clock source is required to use this feature.
00: Any change to the trigger is considered a valid trigger;
[7:6] TRGFLT[1:0] RW 01: The trigger activation level change must be stable for at least 2 clock cycles. 0
Only then is it considered a valid trigger;

10: The trigger activation level change must be stable for at least 4 clock cycles.
Only then is it considered a valid trigger;

11: The trigger activation level change must be stable for at least 8 clock cycles.

Only then is it considered a valid trigger.

5 Reserved RO reserved. 0

Configurable digital filter for external clock:
The CKFLT value is used to set the number of consecutive equal samples. When the external clock s|gnal...

When a signal level changes, such continuous samples should be detected before this signal is considered.
[4:3] CKFLT[1:0] RW Level changes are considered valid level transitions. An internal clock source is required.0
Use this feature.
00: Any change in the level of an external clock signal is considered a valid transition;

01: The external clock signal level must remain stable for at least two clock cycles.
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It is only considered valid after a certain period;
10: The external clock signal level must remain stable for at least 4 clock ¢
Itis only considered valid after a certain period;
11: The external clock signal level must remain stable for at least 8 clock ¢

Itis only considered valid after a certain period.

cles.

cles.

[2:1] CKPOL[1:0]

If LPTIM selects an external clock source for counting, the CKPOL bit is used to confi
Effective edge:

00: Rising edge used for counting;

01: Falling edge is used for counting;

10: Double-edge counting is used when both edges of the external clock signal are
At the same time, LPTIM must also be powered by a frequency at least four times that of the external clock fre

The timing is done using an internal clock source;

RW
11: Invalid.

If LPTIM is configured in encoder mode (ENC position 1), CKPOL
The bit is used to select the encoder mode:

00: Encoder mode 1 activated;

01: Encoder Mode 2 activated;

10: Encoder Mode 3 activated;

11: Invalid.

gure...

active.

uency.

0 CKSEL

Clock selector, used to select the clock used by LPTIM:
RW 11: LPTIM uses an external clock;

0: LPTIM uses an internal clock.

17.5.5 Control Register (LPTIMx_CR) (x=1/2) Offset Address: 0x10

313029 28

27 262524232221

2019 18

17

16

Reserved

15 1413 12

11

10 9 8 7 6 5 4 3 2

CNTST |SN

DIR_E
XTEN

Reserved OUTEN

RT

GST |ENABL

Bit Name access

describe

Reset valug

[31:5] Resenved

RO resgrved.

0

4 DIR_EXTEN

External trigger count direction enabled:

1: Turn on;
RW

0: Off.

Note: Use after encoder mode is enabled.

3 OUTEN

PWM output enable:

1: Turn on;
RW 0: Off.
Note: In non-encoder mode, this bit enables the output f&Meform.

ENABLE is only effective when both are enabled.

2 CNTSTRT

Start in continuous mode:
RW

This bit is set by software and cleared by hardware, when the software is st

0
arted.
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(TRIGEN==00), setting this bit enables LPTIM to start in continuous mode, such as...

If the software startup is disabled (TRIGEN!=00), setting this bit will be used during detection.

LPTIM starts in continuous mode immediately after the external trigger is reached. If
Setting this bit when LPTIM is in single-pulse counting mode will cause LPTIM to...
The counter will not stop counting when it reaches the ARR value.

Note: You can only write when ENABLE=1.

n

LPTIM starts in single-trigger mode:
This bit is set by software and cleared by hardware, when the software is started.
(TRIGEN==00) This bit sets LPTIM to start in single-pulse mode.

If software startup is disabled (TRIGEN != 00), setting this bit will be checked.

1 SNGSTRT RW 0
Upon detection of the external trigger, LPTIM is immediately started in single-pulse mpde. If
Setting this bit when LPTIM is in continuous counting mode will cause LPTIM to...
Stop when the counter reaches the ARR value.
Note: You can only write when ENABLE=1.
Timer enabled; when the timer enable bit is cleared to 0, the internal timer will be reset.
The logic is limited, and the LPT_CR[2:1] bits cannot be manipulated.
0 ENABLE RW 0
1: Enable low-power timer;
0: Low-power timer is disabled and internal logic is reset.
17.6.6 Comparison Register (LPTIMx_CMP) (x=1/2) Offset Address: 0x14
Bit Name access The Reset valud
timer describes the comparison value; when the counter value equals the value in the compare register, the timer...
[15:0] CMP RwW The comparison flag will be set to 1 if the corresponding enable signal is enabled before it is set to 10

The signal will generate an interrupt source and a low-power wake-up signal.

17.5.7 Automatic Reload Register (LPTIMXx_ARR) (x=1/2)

Offset address: 0x18

Bit Name access The Reset valud
count value described by the reloaded count register, when counting upwards if the count...
If the value equals the reloaded count value, the counter starts counting from 0;
[15:0] ARR RW 1

If the counter value is 0 when counting down, then start counting from the reloaded cpunter.

The count begins.

17.5.8 Counter Register (LPTIMx_CNT) (x=1/2) Offset Address: 0x1C

Bit

Name access

Reset valug

[15:0] COUNT

RO

Describes the current count value of the timer counter register:

When LPTIM is running using an asynchronous clock, read the LPTIMx_CNT registe!l

The instrument may return unreliable values, therefore, in such cases, it is necessary to...

0

Perform two consecutive read accesses and verify that the two return values are the same.

Same. It should be noted that for reliable LPTIMx_CNT register reads...

For a single read operation, two consecutive reads must be performed and compared.
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Chapter 18 Digital-to-Analog Conversion (DAC)

The digital-to-analog converter (DAC) module contains two 12-bit voltage-output digital-to-analog converters (DACs), converting two digital signals.
The signal is a two-channel analog voltage signal output, supporting independent or synchronous conversion of dual DAC channels, and supporting 12-bit data left-aligned or right-aligned.

Supports 12-bit or 8-bit data and external event-triggered conversion. Can generate triangular waves and noise. Supports DMA functionality.

18.1 Key Features

Two DAC converters, each with one output channel.
Triangular wave and noise waveform generator
yConfigurable 8-bit or 12-bit output

y 12-bit data left-aligned or right-aligned

Dual DACs converting simultaneously or separately
Supports DMA functionality

Multiple triggering events

18.2 Functional Description

18.2.1 DAC Module Structure

Figure 18-1 DAC Module Block Diagram

DAC Control Register
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18.2.2 DAC Channel
Configuration 18.2.2.1 Enabling DAC Function:

Setting the ENx bit in the DAC_CTLR register to 1 enables analog power to DAC channel x. After a startup period, the DAC...
Channel x is now enabled. The DAC contains two analog output channels, which can output simultaneously or independently.

Note: To avoid parasitic interference and additional power consumption, the pins corresponding to the DAC channels should be set to analog input (AIN) mode in advance.

18.2.2.2 Enable output buffering:

The DAC integrates an output buffer, which can be used to reduce output impedance and increase drive capability to directly drive external loads. Each DAC channel...

The output buffer can be enabled or disabled by setting the BOFFx bit of the DAC_CTLR register.

18.2.2.3 Data format: In single
DAC channel mode, it includes 8-bit data right-aligned, 12-bit data left-aligned, and 12-bit data right-aligned.
When 8-bit data is right-aligned, writing data to DAC_R8BDHRXx[7:0] will load the left-shifted number (after 1 HB clock cycle).
According to the data output register DAC_DORx[11:4].
When 12-bit data is right-aligned, writing data to DAC_R12BDHRx[11:0] will load the right alignment (after 1 HB clock cycle).
All data is fed into the data output register DAC_DORx[11:0].
12. When the data is left-aligned, write the data to DAC_L12BDHRx[15:4]. After the module performs the corresponding shift, it will load (1 HB).
After clock cycle, left-align the data to the data output register DAC_DORXx[11:0].

Figure 18-2 Single-channel data format

31

8-bit right-aligned

12-bit left-aligned

12-bit right-aligned

In dual DAC channel mode, there are also three modes: 8-bit data right alignment, 12-bit data left alignment, and 12-bit data right alignment.
When 8 bits of data are right-aligned, data is written to DAC_RD8BDHR[7:0], and the module will load bits [7:0] (after 1 HB clock cycle).
After shifting, bits [15:8] are moved to DAC_DOR1[11:4], and bits [15:8] are moved to DAC_DORZ2[11:4].
When data is left-aligned (12), write data to DAC_LD12BDHR[31:0], and the module will load bits [15:4] (after 1 HB clock cycle).
After the data is shifted to DAC_DOR1[11:0], the data in bits [31:20] is shifted to DAC_DOR2[11:0].
The 12-bit data is right-aligned and written to DAC_RD12BDHR[31:0]. The module will then load bits [11:0] (after 1 HB clock cycle).

Data is sent to DAC_DOR1[11:0], and bits [27:16] are sent to DAC_DOR2[11:0].

Figure 18-3 Dual-channel data format

31 j—

8-bit right-aligned

12-bit left-aligned

12-bit right-aligned

18.2.2.4 DMA Function: The
DAC channel has DMA functionality. Setting the DMAENX bit of the DAC_CTLR register to 1 enables the DMA function for the corresponding channel. When

If atriggering event (excluding software triggers) occurs, a DMA request is generated, and the data in the DAC_DORX register will be updated.

18.2.2.5 Trigger Event Selection:
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DAC conversion can be triggered by the following events: when the TENx bit of the DAC_CTLR register is set to 1, and TSELx[2:0] is configured.
The control bit selects a trigger event to trigger DAC conversion.

Table 18-1 Triggering Events

Trigger type TSELX[2:0]

source: Timer 6 TRGO event 000

Timer 8 TRGO Event Timer 7 001

TRGO Event Timer 5 TRGO 010
Signals from the on-chip timer

Event Timer 2 TRGO Event 011

Timer 4 TRGO Event 100

101

EXTI Line 9 External pin 110

SWTRIG (Software Trigger) software control bit 111

The DAC interface will detect the rising edge from the selected timer TRGO output or external interrupt line 9, 3 HB after triggering.
After a clock cycle, the DAC_DORX register is updated to the new value.

If software triggering is configured, once the SWTRIG bit is set to 1, a transition will be initiated, occurring one HB clock cycle after the trigger.
After the cycle, the DAC_DORX register is updated to the new value, and the hardware automatically clears the SWTRIG bit to 0.

Note: The TSELx[2:6Mkts cannot be changed when they are 1.

18.2.3 DAC Conversion: Data
for the DAC channel comes from the DAC_DORX register, but data cannot be directly written to the DAC_DORX register. Any output to the DAC...
Data for channel x must be written to DAC_R12BDHR1, DAC_L12BDHR1, DAC_R12BDHR2, DAC_L12BDHRZ2, and DAC_RD12BDHR.
The values are stored in the DAC_LD12BDHR and DAC_RD8BDHR registers. The system's internal holding register DAC_DHRX retrieves these register values and stores them...
After a certain period of time, the data is sent to the DAC_DORX register.
In non-trigger mode, data written to register DAC_xDHRx will be moved into register DAC_DORX after 1 HB clock cycle.
When triggered by software, the DAC_DORX register is automatically updated one HB clock cycle after the rising edge of the event trigger.
Under hardware triggering (timer TRGO event or rising edge of external interrupt line 9), automatically after 3 HB clock cycles following the trigger event.
Update the DAC_DORX register.
After loading data into the DAC_DORX register, the output becomes valid after a time interval tSETTLING , the length of which depends on the power supply voltage.
The output load will vary depending on the analog output load.
The digital input is linearly converted to an analog voltage output by the DAC, ranging from 0 to VDD33A. The input on any DAC channel pin...
The output voltage satisfies the following relationship:

DAC output voltage = VDD33A * (DAC_DORXx/4096).

18.2.4 DAC Triangle Wave Generator

The module has a built-in triangular wave generator that can add a small-amplitude triangular wave to a reference signal. Set the WAVEXx[1:0] bits.
Set the value to 10b to select the triangular wave generation function of the DAC. Set the MAMPXx[3:0] bits of the DAC_CTLR register to select the amplitude of the triangular wave.
The system internally includes a triangular wave counter that starts at 0 and increments by 1 after 3 HB clock cycles following each triggered event.
The value of the counter is added to the value in the DAC_DHRX register, and after discarding the overflow bit, it is written to the DAC_DORX register. This is done before the value is passed to the DAC_DORKX register.
When the value of the register is less than the maximum amplitude defined by bits MAMPx[3:0], the triangular wave counter increments gradually. Once the set maximum amplitude is reached...
When the value reaches 0, the counter starts to decrement, and after reaching 0, it starts to increment again, repeating this cycle. Setting WAVEXx[1:0] to '00" will reset the triangle.
Wave generation.
Note: 1. To generate a triangular wave, it is necessary to enable [the function/equipnidAC Trigger, i.e., set the DAC_CTLR register. TENX 1. position

2. The MAMPXx[3:0] bits must be set before enaBfifg; otherwise, their values cannot be modified.
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Figure 18-4 Generation of Triangular Waves
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18.2.5 DAC Noise Generator
The module has a built-in noise generator that uses a linear feedback shift register (LFSR) to produce pseudo-noise with varying amplitude. Setting the
WAVE[1:0] bits to 01b selects the DAC noise generation function. Setting the DAC_CTLR register...
Use the MAMPX[3:0] bits of the register to select the data of the LFSR that is masked.
The LFSR register is preloaded with a value of OXAAA. It is updated according to a specific algorithm 3 HB clock cycles after each triggered event.
The value of this register. Setting the MAMPx[3:0] bits of the DAC_CR register can mask some or all of the LFSR data, thus obtaining...
The obtained LSFR value is added to the value of DAC_DHRX, and after removing the overflow bit, it is written to the DAC_DORX register. If the LFSR register...
A value of 0x000 will inject 1 (anti-lock mechanism). Setting WAVEX[1:0] to 00b will reset the LFSR waveform generation algorithm.
Note: To generate noise, triggering must be enablddAGeTEN Bit in the DAC_CTLR register must be set to 0.

Figure 18-5 LFSR Register Algorithm

e

X12 X6 X 4 X X0

12

18.3 Dual DAC Conversion

When simultaneous conversion by two DACs is required, the module integrates three dual DACs for more convenient and efficient operation.
The data registers DAC_RD8BDHR, DAC_LD12BDHR, and DAC_RD12BDHR are used in this mode. Only one of these registers needs to be manipulated for further information.
The conversion values of the two new DACs.

For dual-DAC conversion, in conjunction with other registers in the module, 11 different conversion modes can be achieved, with two channels to be converted.

The value needs to be written to one of the three dual-channel data registers mentioned above.

18.3.1 Under different triggers, use the same LFSR setting:
TENX is set, TSELx has different values, WAVEXx is 0b01, and MAMPX is the same LFSR mask value. When channel 1 is triggered...
When the event occurs, add the LFSR1 counter value with the same mask to the Channel 1 data register DAC_DHRL1 value, and delay for 3 HB clock cycles.
The data is sent to DAC_DORL1 for conversion and LFSR1 is updated; when the channel 2 trigger event occurs, the channel 2 data register DAC_DHR?2 is updated.

The value is added to the LFSR2 count value with the same shielding, and after a delay of 3 HB clock cycles, it is sent to DAC_DOR2 for conversion and to update LFSR2.

18.3.2 Under different triggering conditions, use different LFSR
settings: TENx is set, TSELx has different values, WAVEXx is 0b01, and MAMPx has different LFSR masking values. When channel 1 is triggered...

When the event occurs, add the value of DAC_DHR1 in the channel 1 data register to the LFSR1 counter value set by MAMP1[3:0], and delay for 3 seconds.
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After one HB clock cycle, the data is sent to DAC_DOR1 for conversion and to update LFSR1; when the channel 2 trigger event occurs, the channel 2 data is sent to...

The value of register DAC_DHR2 is added to the LFSR2 count value set by MAMP2[3:0], and after a delay of 3 HB clock cycles, it is sent to DAC_DOR2.

Used for conversion and updating LFSR2.

18.3.3 Generating the same triangular wave under different triggers

Set TENX to set, TSELx to different values, WAVEX to Ob1x, and MAMPX to the same triangular amplitude value. When channel 1 triggers an event...

When the event occurs, add the value of the Channel 1 data register DAC_DHR1 to the value of the triangular wave counter of the same amplitude set by MAMPXx, and delay for 3 seconds.

After one HB clock cycle, the signal is sent to DAC_DOR1 for conversion and to update the channel 1 triangular wave counter; when the channel 2 trigger event occurs, it will...

The value of channel 2 data register DAC_DHR?2 is added to the value of the triangular wave counter of the same amplitude set by MAMPX, and then sent after a delay of 3 HB clock cycles.

Give DAC_DOR?2 for conversion and update the channel 2 triangular wave counter.

18.3.4 Different triangular waves are generated under different triggering conditions

Set TENX to set, TSELx to different values, WAVEXx to Ob1x, and MAMPX to different triangular wave amplitude values. When channel 1 is triggered...

When the event occurs, add the value of the triangular wave counter set by MAMP1 to the value of the channel 1 data register DAC_DHR1, and delay for 3 HB.

The clock signal is sent to DAC_DOR1 for conversion and to update the channel 1 triangular wave counter; when the channel 2 trigger event occurs, channel 2...

The value of the data register DAC_DHR2 is added to the triangular wave counter value set by MAMP2, and after a delay of 3 HB clock cycles, it is sent to DAC_DOR2.

Used for conversion and updating the channel 2 triangular wave counter.

18.3.5 Waveform generator not used under different trigger conditions

Set TENX to the set position, and select different trigger sources for different TSELx values. When a trigger event occurs on channel 1, the channel 1 data register will be accessed.

The value of DAC_DHR1 is delayed by 3 HB clock cycles and then sent to DAC_DORI for conversion; when the channel 2 trigger event occurs, the channel 2 number is...

The value of register DAC_DHR2 is delayed by 3 HB clock cycles and then sent to DAC_DOR?2 for conversion.

18.3.6 Both configurations use software triggering.

When writing the required conversion value to the dual-channel data registers, after one HB clock cycle, the values in DAC_DHR1 and DAC_DHR2 will be converted.

The data is sent to DAC_DOR1 and DAC_DOR2 respectively for conversion.

18.3.7 Under the same trigger, use the same LFSR settings: TENX is set,

TSELx has the same value, WAVEXx is 0b01, and MAMPx has the same LFSR masking value. When the trigger event occurs...

After generation, the value of register DAC_DHRL1 is added to the LFSR1 counter value with the same mask, and then sent to DAC_DOR1 after a delay of 3 HB clock cycles.

Used for conversion and updating LFSR1, while the value of register DAC_DHR?2 is added to the LFSR2 count value with the same mask, delayed by 3 HB.

The clock signal is then sent to DAC_DOR2 for conversion and to update LFSR2.

18.3.8 Under the same trigger, use different LFSR settings: TENx is set,

TSELx has the same value, WAVEX is 0b01, and MAMPXx has different LFSR masking values. When the trigger event occurs...

After generation, the value of register DAC_DHRL1 is added to the LFSR1 counter value with different masking values, and then sent to DAC_DOR1 after a delay of 3 HB clock cycles.

Used for conversion and updating LFSR1, while adding the LFSR2 counter value with different mask values to the value of register DAC_DHR2, delayed by 3 seconds.

The HB clock signal is then sent to DAC_DOR?2 for conversion and to update LFSR2.

18.3.9 The same triangular wave is generated under the same trigger.

Set TENX to the set value, TSELx to the same value, WAVEX to Ob1x, and MAMPXx to the same triangular wave amplitude value. When the trigger event occurs...

Then, the value of register DAC_DHR1 is incremented by a counter value of the same triangular wave amplitude, and after a delay of 3 HB clock cycles, it is sent to DAC_DOR1 for use.

The converter converts and updates the channel 1 triangular wave counter, while simultaneously adding the same triangular wave amplitude value to the counter value in register DAC_DHRZ2, and delays...

The signal is sent to DAC_DOR?2 after a delay of 3 HB clock cycles for conversion and to update the channel 2 triangular wave counter value.
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18.3.10 Different triangular waves generated under the same trigger

Set TENX to the set bit, TSELx to the same value, WAVEX to Ob1x, and MAMPX to different triangular wave amplitude values. When a trigger event occurs...
Then, the value of register DAC_DHRL1 is added to the triangular wave amplitude counter value set by MAMP1[3:0], and sent to the register after a delay of 3 HB clock cycles.
DAC_DORL is used for conversion and to update the channel 1 triangular wave counter. Simultaneously, the value of register DAC_DHR2 is incremented by the value set by MAMP2[3:0].

The triangular wave amplitude counter value is sent to DAC_DOR?2 after a 3-HB clock delay for conversion and to update the triangular wave counter of channel 2.

value.
18.3.11 Waveform generator not used under the same trigger condition

Set TENX to the set bit, and set TSELx to the same value. With this configuration, when a trigger event occurs, registers DAC_DHR1 and DAC_DHR2...

The values are sent to DAC_DOR1 and DAC_DOR?2 respectively after a delay of 3 HB clock cycles for DAC conversion.

18.4 Register Description

Table 18-2 List of DAC-related registers

name Access describe Reset value
R32_DAC_CTLR address 0x40007400 DAC configuration 0x00000000
R32_DAC_SWTR register, 0x40007404 DAC software trigger register 0x00000000
DAC Channel 1 Right-aligned 12-bit data storage register
R32_DAC_R12BDHR1 0x40007408 0x00000000
DAC Channel 1 Left-aligned 12-bit data storage register
R32_DAC_L12BDHR1 0x4000740C 0x00000000
R32_DAC_R8BDHR1 0x40007410 DAC Channel 1 Right-aligned 8-bit data storage register 0x00000000
DAC Channel 2 Right-aligned 12-bit data storage register
R32_DAC_R12BDHR2 0x40007414 0x00000000
DAC Channel 2 Left-aligned 12-bit data storage register
R32_DAC_L12BDHR2 0x40007418 0x00000000

R32_DAC_R8BDHR2

0x4000741C DAC G

hannel 2 Right-aligned 8-bit data storage register 0x00q00000 0x40007420

R32_DAC_RD12BDHR

Dual-channel Right-aligned 12-bit data storage register 0x00000000 0x400(7424 Dual-channel

R32_DAC_LD12BDHR

Left-aligned 12-bit

ata storage register 0x00000000 0x40007428 Dual-channel Right-aligned

R32_DAC_RD8BDHR

8-bit data storage register 0x00000000 0x4000742C DAC Channel 1 Data Output Register

R32_DAC_DOR1 0x40007430 DAC Channel 2 Data Output Register 0x00000000
R32_DAC_DOR2 0x00000000
18.4.1 DAC Configuration Register (DAC_CTLR) Offset
Address: 0x00
31 3029 28 27262524232221 2019 18 17 16
Reserved DMAEN2 MAMP2[3:0] WAVE2[2:0] TSEL2[2:0] TEN2 BOFF2 EN2
15 1413 12 11 10 9 8 7 6 5 4 2 1 0
Reserved DMAEN1 MAMP1[3:0] WAVE1[2:0] TSEL1[2:0] TEN1 HOFF1 EN1
Bit Name access describe Reset valud
[31:29] Reserved RO is neserved. 0
28 DMAEN2 DMA enable for RW DAC channel 2: 0
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1: Enable DMA function for DAC channel 2;

0: Disable DMA function for DAC channel 2.

DAC Channel 2 Masking/Amplitude Settings: This software setting area is used to...
In noise generation mode, select the LFSR data mask bit, and generate a triangular waveform.
Select the waveform amplitude in the forming mode:

0000: LFSR not shielded, bit 0/ triangular wave amplitude value is 1;
0001: LFSR bit [1:0] not masked / triangular wave amplitude value is 3;
0010: LFSR bit [2:0] not masked / triangular wave amplitude value is 7;
0011: LFSR bit [3:0] not masked / triangular wave amplitude value is 15;
[27:24] MAMP2[3:0] RW'10100: LFSR bit [4:0] not masked / triangle wave amplitude value is 31; 0000b
0101: LFSR bit [5:0] not masked / triangular wave amplitude value is 63;
0110: LFSR bits [6:0] not masked / triangular wave amplitude value is 127;
0111: LFSR bits [7:0] are not masked / the triangular wave amplitude is 255;
1000: Unmasked LFSR bits [8:0] / Triangle wave amplitude value is 511;
1001: Unmasked LFSR bits [9:0] / Triangle wave amplitude value is 1023;
1010: Unmasked LFSR bits [10:0] / Triangle wave amplitude value is 2047;

y1011: LFSR bit [11:0] is not masked / the triangular wave amplitude is 4095.

Noise/triangle wave generation enable for DAC channel 2:
00: Turn off the waveform generator;

[23:22] WAVE2[1:0] RW 00b
01: Enable noise waveform generator;

1x: Enables the triangular wave generator.

DAC Channel 2 Trigger Event Selection Settings:
000: TIM6 TRGO incident;

001: TIM8 TRGO Incident;

010: TIM7 TRGO Incident

011: TIM5 TRGO Incident

[21:19] TSEL2[2:0] RW 000b
100: TIM2 TRGO incident;
101: The TIM4 TRGO Incident;
110: External interrupt line 9;
111: Software triggered;

Other: Reserved.

DAC Channel 2 External Trigger Mode Enable:
1: Enable the trigger function of DAC channel 2 and write it to the DAC_xDHR register.
The data is sent to the DAC_DOR?2 register after 3 HB clock cycles.
18 TEN2 RW 0: Disable DAC channel 2 trigger function, write to DAC_xDHR register. 0
The data is sent to the DAC_DOR?2 register after 1 HB clock cycle.
Note: If software triggering is selected, the data in DAC_xDHR will be sent to 1 indivd

HB the DAC_DOR2 register after one clock cycle.

DAC Channel 2 Output Buffer Off Control (Recommended to Enable):
17 BOFF2 RW 1: Disable the output buffer of DAC channel 2; 0

0: Enable the output buffer of DAC channel 2.

DAC Channel 2 Enable:
16 EN2 RW 1: Enable DAC channel 2; 0

0: Disable DAC channel 2.

[15:13] Reserved RO is reserved. 0
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DMA enable for DAC channel 1:
12 DMAEN1 RW 1: Enable DMA function for DAC channel 1; 0

0: Disable DMA function for DAC channel 1.

DAC Channel 1 Masking/Amplitude Settings: This software setting area is used to...
In noise generation mode, select the LFSR data mask bit, and generate a triangular waveform.
Select the waveform amplitude in the forming mode:

0000: LFSR not shielded, bit 0/ triangular wave amplitude value is 1;
0001: LFSR bit [1:0] not masked / triangular wave amplitude value is 3;
0010: LFSR bit [2:0] not masked / triangular wave amplitude value is 7;
0011: LFSR bit [3:0] not masked / triangular wave amplitude value is 15;
[11:8] MAMP1{[3:0] RW  10100: LFSR bit [4:0] not masked / triangle wave amplitude value is 31; 0000b
0101: LFSR bit [5:0] not masked / triangular wave amplitude value is 63;
0110: LFSR bits [6:0] not masked / triangular wave amplitude value is 127;
0111: LFSR bits [7:0] are not masked / the triangular wave amplitude is 255;
1000: Unmasked LFSR bits [8:0] / Triangle wave amplitude value is 511;
1001: Unmasked LFSR bits [9:0] / Triangle wave amplitude value is 1023;
1010: Unmasked LFSR bits [10:0] / Triangle wave amplitude value is 2047;

y1011: LFSR bit [11:0] is not masked / the triangular wave amplitude is 4095.

Noise/triangle wave generation enabled for DAC channel 1.
00: Turn off the waveform generator;
[7:6] WAVEL[1:0] RW 00b

01: Enable noise waveform generator;

1x: Enables the triangular wave generator.

DAC Channel 1 Trigger Event Selection Settings:
000: TIM6 TRGO incident;

001: TIM8 TRGO Incident;

010: TIM7 TRGO Incident

011: TIM5 TRGO Incident

[5:3] TSEL1[2:0] RW 000b
100: TIM2 TRGO incident;
101: The TIM4 TRGO incident;
110: External interrupt line 9;
111: Software triggered;

Other: Reserved.

DAC Channel 1 External Trigger Mode Enable:

1: Enable DAC channel 1 trigger function and write to the DAC_xDHR register.
The data is sent to the DAC_DORL1 register after 3 HB clock cycles;

2 TEN1 RW 0: Disable DAC channel 1 trigger function, write to DAC_XDHR register. 0
The data is sent to the DAC_DOR1 register after 1 HB clock cycle.

Note: If software triggering is selected, only one data point is needed in DAC_xDHR.

HB 1 The data s sent to the DAC_DOR1 register after one clock cycle.

DAC Channel 1 Output Buffer Off Control (Recommended to Enable):
1 BOFF1 RwW 1: Disable the output buffer of DAC channel 1; 0

0: Enable DAC channel 1 output buffer.

DAC Channel 1 Enable:
0 EN1 RW 1: Enable DAC channel 1; 0

0: Disable DAC channel 1.
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18.4.2 DAC Software Trigger Register (DAC_SWTR)
Offset Address: 0x04

31 30 29 28 27 26 25 24 23 22 21 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
sw sw
Reserved
TRIG2 | TRIG1
Bit name access describe Reset value
[31:2] Reserved RO is reserved. 0

DAC Channel 2 Software Trigger Control Bit:

1: Enable DAC channel 2 software trigger;
0: Disable DAC channel 2 (software triggered).
1 SWTRIG2 o) 0
Note: Once the data in DAC_XDHR (1 clock cycle) is released...

After the HB period, the bit is sent to the DAC_DOR2 register, which will clear the hardware.

0.

DAC Channel 1 Software Trigger Control Bit:

1: Enable DAC channel 1 software trigger;
0: Disable DAC channel 1 (software triggered).
0 SWTRIG1 wo 0
Note: Once the data in DAC_XDHR (1 clock cycle) is released...

After the HB period, the bit is sent to the DAC_DOR1 register, which will clear the hardware.

0.

18.4.3 Right-aligned 12-bit data storage register for DAC channel 1 (DAC_R12BDHR1)
Offset address: 0x08

31 30 292827 262524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DACC1DHR[11:0]
Bit name access describe Reset value
[31:12] Reserved RO is feserved. 0
[11:0] DAGC1DHR[11:0] 12-bitright-aligned data for RW DAC channel 1. 0

18.4.4 DAC Channel 1 Left-Aligned 12-Bit Data Storage Register (DAC_L12BDHR1)

Offset address: 0x0C

31 30 292827 262524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACC1DHR[11:0] Reserved
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Bit name access describe Reset value
[31:16] Reserved RO is reserved. 0
[15:4] DACC1DHR[11:0] 12-bit |eft-aligned data for RW DAC channel 1. 0
[3:0] Reserved RO is reserved. 0

18.4.5 Right-aligned 8-bit data storage register for DAC channel 1 (DAC_R8BDHR1)

Offset address: 0x10

31 30 292827 262524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DACC1DHR][7:0]
Bit name access describe Reset value
[31:8] Reserved RO is reserved. 0
[7:0] DACC1DHR[7:0] 8-bit right-aligned data from RW DAC channel 1. 0

18.4.6 DAC Channel 2 Right-Aligned 12-Bit Data Storage Register (DAC_R12BDHR?2)

Offset address: 0x14

31 30 292827 26 2524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DACC2DHR[11:0]
Bitname access describe Reset value
[31:12] Reserved RO is reserved. 0
[11:0] DAGC2DHR[11:0] 12-bitjright-aligned data from RW DAC channel 2. 0

18.4.7 DAC Channel 2 Left-Aligned 12-Bit Data Storage Register (DAC_L12BDHR2)

Offset address: 0x18

31 30 2928 27 26 2524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACC2DHR[11:0] Reserved
Bit name access describe Reset value
[31:16] Reserved RO is reserved. 0
[15:4] DACC2DHR[11:0] 12-bit|left-aligned data from RW DAC channel 2. 0
[3:0] Reserved RO is reserved. 0
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18.4.8 DAC Channel 2 Right-Aligned 8-Bit Data Storage Register (DAC_R8BDHR2)

Offset address: 0x1C

31 30 292827262524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
Reserved DACC2DHR[7:0]
Bit name access describe Reset value
[31:8] Reserved RO is reserved. 0
[7:0] DACC2DHR[7:0] 8-bit right-aligned data from RW DAC channel 2. 0
18.4.9 DAC Dual-Channel Right-Aligned 12-Bit Data Storage Register (DAC_RD12BDHR)
Offset address: 0x20
31 30 292827 262524232221 2019 18 17 16
Reserved DACC2DHR[11:0]
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
Reserved DACC1DHR[11:0]

Bit name access describe Reset value
[31:28] Reserved RO is reserved. 0
[27:16] DACC2DHR[11:0] 12-bitright-aligned data from RW DAC channel 2. 0
[15:12] Reserved RO is reserved. 0
[11:0] DACC1DHR[11:0] 12-bitright-aligned data for RW DAC channel 1. 0

18.4.10 DAC Dual-Channel Left-Aligned 12-Bit Data Storage Register (DAC_LD12BDHR)
Offset address: 0x24
31 30 292827262524232221 2019 18 17 16
DACC2DHR[11:0] Reserved
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
DACC1DHR[11:0] Reserved

Bit name access describe Reset value
[31:20] DACC2DHR[11:0] 12-bit|left-aligned data from RW DAC channel 2. 0
[19:16] Reserved RO is reserved. 0
[15:4] DACC1DHR[11:0] 12-bit |eft-aligned data for RW DAC channel 1. 0

[3:0] Reserved RO is reserved. 0

18.4.11 DAC Dual-Channel Right-Aligned 8-Bit Data Storage Register (DAC_RD8BDHR)

Offset address: 0x28
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31 30 292827 262524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
DACC2DHR[7:0] DACC1DHR[7:0]
Bit name access describe Reset value
[31:16] Reserved RO isreserved. 0
[15:8] DAGC2DHR][7:0] 8-bit rjght-aligned data from RW DAC channel 2. 0
[7:0] DACC1DHRJ[7:0] 8-bit right-aligned data from RW DAC channel 1. 0
18.4.12 DAC Channel 1 Data Output Register (DAC_DOR1)
Offset address: 0x2C
31 30 292827 262524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
Reserved DACC1DORJ[11:0]
Bit name access describe Reset value
[31:12] Reserved RO is reserved. 0
[11:0] DAGC1DORJ[11:0] RO DAC Channel 1 output data. 0
18.4.13 DAC Channel 2 Data Output Register (DAC_DOR?2)
Offset address: 0x30
31 30 29 28 27 26 25 24 2322 21 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
Reserved DACC2DOR[11:0]
Bitname Access Description Reset value
[31:12] Reserved [11:0] RO is freserved. 0
DACC2DOR[11:0] RO DAC Channel 2 Output Data. 0
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Chapter 19 Universal Synchronous Asynchronous Receiver/Transmitter (USART)

This module contains 8 general-purpose synchronous and asynchronous transceivers (USART1/2/3/4/5/6/7/8).

19.1 Main Features

Full - duplex or half-duplex synchronous or asynchronous communication

¥ NRZ data format

Fractional baud rate generator, up to 9 Mbps ;
Programmable data length.

y Configurable stop bits

Supports LIN, IrDA encoders, and smart cards.
Supports DMA §

Multiple interrupt sources

Supports wake-up function in low power mode

19.2 Overview

Figure 19-1 Block diagram of a general synchronous/asynchronous transceiver
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When TE (Transmit Enable) is set, the data in the transmit shift register is output on the TX pin, and the clock is output on the CK pin. During transmission, the least
significant bit is shifted out first. Each data frame begins with a low start bit, then the transmitter sends an eight- or nine-bit data word depending on the setting in the M (word
length) bit, followed by a configurable number of stop bits. If a parity bit is included, the last bit of the data word is a parity bit. After TE is set, an idle frame is sent, which is 10

or 11 bits high and includes the stop bit. The break frame is 10 or 11 bits low, followed by the stop bit.

19.3 Baud Rate Generator

The transceiver's baud rate = HCLK / (16 * USARTDIV). The value of USARTDIV is based on DIV_M and DIV_F in USARTX_BRR.
The specific calculation formula, determined by the two domains, is as follows:

USARTDIV = DIV_M + (DIV_F/16) It's important to note

that the bit rate generated by the baud rate generator may not perfectly match the user's desired baud rate; there might be a discrepancy. Besides using a value as
close as possible, another way to reduce this discrepancy is to increase the clock speed of HB. For example, if the baud rate is set to 9600bps, and USARTDIV is set to 78.125,
a baud rate of 9600bps can be obtained at 12MHz. However, if you need a baud rate of 115200bps, the calculated USARTDIV is 6.51, but the closest value entered in USART_BRR
can beis 6.5, resulting in an actual baud rate of 115384bps, an error of 0.16%. When the serial waveform sent by the sender reaches the receiver, there is a certain error
between the baud rates of the receiver and the sender. This error mainly comes from three aspects:

the actual baud rates of the receiver and the sender are inconsistent; there are clock errors between the receiver and the sender; and changes in the waveform during
transmission. The receiver of the peripheral module has a certain reception tolerance. When the sum of the deviations caused by the above three aspects is less than the
module's tolerance limit, this total deviation will not affect transmission and reception. The module's tolerance limit is affected by whether fractional baud rate and M bits (data

field word length) are used. Using fractional baud rate and a 9-bit data field length will reduce the tolerance limit, but not less than 3%.

19.4 Synchronization Mode

Synchronous mode allows the system to output a clock signal when using the USART module. When transmitting data in synchronous mode, CK...
The pin will simultaneously output a clock signal.

To enable synchronous mode, set the CLKEN bit in control register 2 (R16_USARTx_CTLR2). However, LIN mode, smart card mode, infrared mode, and half-duplex
mode must be disabled simultaneously, meaning the SCEN, HDSEL, and IREN bits must be in the reset state. These three bits are located in control register 3
(R16_USARTx_CTLR3). The key to using synchronous mode lies in clock

output control. The following points should be noted: The USART module's synchronous mode only operates in

master mode, meaning the CK pin only outputs the clock and does not receive input; the clock signal is only output when data is

output on the TX pin; the LBCL bit determines whether a clock is

output when sending the last data bit, the CPOL bit determines the clock polarity, and the CPHA bit determines the clock phase. These three bits are in control register
2 (R16_USARTx_CTLR2), and they must be set when TE and RE are not enabled. See Figure 19-2 for specific differences. In synchronous mode, the receiver only samples
when the clock is output, and the device needs to

maintain a certain signal setup time and hold time, as shown in Figure 19-3.
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Figure 19-2 USART clock timing example (M=0)
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19.5 Single-line half-duplex mode

Half-duplex mode supports using a single pin (TX pin only) for both receiving and transmitting. The TX and RX pins are internally connected.
catch.

To enable half-duplex mode, set the HDSEL bit in control register 3 (R16_USARTx_CTLR3), but you also need to disable it.
Disable LIN mode, smart card mode, infrared mode, and synchronization mode, ensuring that the SCEN, CLKEN, and IREN bits are in the reset state.
The three bits are in control registers 2 and 3 (R16_USARTx_CTLR2 and R16_USARTx_CTLR3).

After setting to half-duplex mode, the TX I/O port needs to be set to open-drain high output mode. With TE set, as long as...
Data is sent after it is written to the data register. It's important to note that in half-duplex mode, multiple devices may use a single data transfer register.

Bus conflicts during wired transmission and reception need to be avoided by the user through software.

19.6 Smart Card

The smart card mode supports access to the smart card controller via the 1ISO7816-3 protocol.

V1.5 286 WH



Machine Translated by Google

CH32H417 Series Application Manual httpSZ//WCh .cn

To enable smart card mode, set the SCEN bit in control register 3 (R16_USARTx_CTLR3), but you also need to disable it at the same time.
LIN mode, half-duplex mode, and infrared mode ensure that the LINEN, HDSEL, and IREN bits are in the reset state, but can be enabled.
CLKEN is used to output the clock, and these bits are in control registers 2 and 3 (R16_USARTx_CTLR2 and R16_USARTx_CTLR3).
To support smart card mode, the USART should be set to 8 data bits plus 1 parity bit, and its stop bit should ideally be configured to transmit.
Both sending and receiving are 1.5 bits. Smart card mode is a single-wire half-duplex protocol that uses the TX line for data communication and should be configured...
Set to open-drain output with pull-up. When the receiver receives a data frame and detects a parity error, it will send a NACK at the stop bit.
The signal, specifically the NACK signal, involves actively pulling TX low for one cycle during the stop bit period. When the sender detects the NACK signal, a frame error occurs, and the application...
This allows for retransmission. Figure 17-4 shows the waveforms on the TX pin under correct conditions and in the case of a parity error. USART
The TC flag (transmission complete flag) can be generated with a delay of GT (guard time) clock cycles, and the receiver will not set its own NACK signal.
The sign s recognized as the starting position.

Figure 19-4 Schematic diagram of (not) parity check error
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In smart card mode, the waveform output after the CK pin is enabled is unrelated to communication; it merely provides the clock signal to the smart card.

It is the HB clock, which is then divided by a five-bit configurable clock (the division value is twice that of the PSC, with a maximum division of 62).

19.7 IrDA

The USART module supports controlling the IrDA infrared transceiver for physical layer communication. When using IrDA, LINEN, STOP, CLKEN, and CLKEN must be cleared.
SCEN and HDSEL bits. NRZ (Non-Return-to-Zero) encoding is used between the USART module and the SIR physical layer (infrared transceiver), supporting up to...
Up to 115200bps speed.
IrDA is a half-duplex protocol. If the UASRT is sending data to the SIR physical layer, the IrDA decoder will ignore new data.
If the USART is receiving data from the SIR, then the SIR will not receive the signal from the USART.
The logic levels used by the USART to send data to the SIR and by the SIR to send data to the USART are different. In the SIR's receiving logic, a high level is represented by 1, and a low level by 0.

0, but in the SIR transmission logic, a high level is 0 and a low level is 1.

19.8 DMA

The USART module supports DMA functionality, enabling fast continuous transmission and reception. When DMA is enabled, TXE is set, and DMA...
It will then write data from the designated memory space to the transmit buffer. When using DMA for reception, the DMA will write the receive data each time RXNE is set.

Data in the buffer is transferred to a specific memory space.

19.9 Interruption

The USART module supports multiple interrupt sources, including Transmit Data Register Empty (TXE), CTS, Transmit Complete (TC), and Receive Data.

Ready (RXNE), Data Overflow (ORE), Line Idle (IDLE), Parity Error (PE), Disconnect Flag (LBD), Noise
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Sound (NE), overflow (ORE) in multibuffered communication, and frame error (FE), etc.

Table 19-1 Relationship between interrupts and their corresponding enable bits

Interruption source Enable bit

Data register empty (TXE) TXEIE
Transmit enabled CTSIE

(CTS) Transmission TCIE

complete (TC) Ready to receive data (RXNE)
RXNEIE
Data overflow (ORE)

Line Idle (IDLE) Parity IDLEIE

Error (PE) Disconnect Flag PEIE
(LBD) Noise (NE) LBDIE

Overflow (ORE) in multibuffered EIE

communication; Frame error (FE) in multibuffered communication.

19.10 Low-Power Wake-Up

Low-power wake-up is enabled by the LPWKUP_EN bit in the USARTx_CTLR3 register, and is controlled by the USARTx_STATR register.
The LPWKUP_ACT_FLAG bit reads the indicator flag for the start of low-power wake-up; the clock source for low-power wake-up is stored via the USARTx_CTLR3 register.
The LPWKUP_CK_SRC bit is used to select either LSE or LSI, and the LPWKUP_DLY_CFG bit can be used to configure the clock for low-power wake-up receive delay.

Source cycle.

19.11 Register Description

Table 19-2 List of USART1 Related Registers

name Access address describe Reset value

R32_USART1_STATR 0x40013800 UASRT1 Status Register 0x000000CO
R32_USARTL DATAR 0x40013804 UASRT1 Data Register 0x00000000
R32_USARTL BRR 0x40013808 UASRT1 Baud Rate Register 0x00000000
R32_USART1_CTLR1 0x4001380C UASRTL Control Register 1 0x00000000
R32_USART1_CTLR2 0x40013810 UASRTL Control Register 2 0x00000000
R32_USARTL_CTLR3 0x40013814 UASRTL Control Register 3 0x00000000
R32_USART1_GPR 0x40013818 UASRT1 protection time and prescaler register 0x00000000

R32_USARTL_CTLR4 0x4001381C UASRT1 Control Register 4 0x00000000

Table 19-3 List of USART2 Related Registers

name Access address describe Reset value

R32_USART2_STATR 0x40004400 UASRT2 Status Register 0x000000C0
R32_USART2_DATAR 0x40004404 UASRT2 Data Register 0x00000000
R32_USART2_BRR 0x40004408 UASRT2 Baud Rate Register 0x00000000
R32_USART2_CTLR1 0x4000440C UASRT2 Control Register 1 0x00000000
R32_USART2_CTLR2 0x40004410 UASRT2 Control Register 2 0x00000000
R32_USART2_CTLR3 0x40004414 UASRT2 Control Register 3 0x00000000
R32_USART2_GPR 0x40004418 UASRT2 protection time and prescaler register 0x00000000
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R32_USART2_CTLR4 0x4000441C UASRT2 Control Register 4 0x00000000

Table 19-4 List of USART3 Related Registers

name Access address describe Reset value
R32_USART3_STATR 0x40004800 UASRTS3 Status Register 0x000000C0
R32_USART3_DATAR 0x40004804 UASRT3 Data Register 0x00000000
R32_USART3_BRR 0x40004808 UASRT3 Baud Rate Register 0x00000000
R32_USART3_CTLR1 0x4000480C UASRT3 Control Register 1 0x00000000
R32_USART3_CTLR2 0x40004810 UASRT3 Control Register 2 0x00000000
R32_USART3_CTLR3 0x40004814 UASRT3 Control Register 3 0x00000000
R32_USART3_GPR 0x40004818 UASRTS3 protection time and prescaler registef 0x00000000
R32_USART3_CTLR4 0x4000481C UASRT3 Control Register 4 0x00000000

Table 19-5 List of USART4 Related Registers

name Access address describe Reset value
R32_USART4_STATR 0x40004C00 USART4 Status Register 0x000000CO
R32_USART4_DATAR 0x40004C04 USART4 Data Register 0x00000000
R32_USART4_BRR 0x40004C08 USART4 Baud Rate Register 0x00000000
R32_USART4_CTLR1 0x40004C0C USART4 Control Register 1 0x00000000
R32_USART4_CTLR2 0x40004C10 USART4 Control Register 2 0x00000000
R32_USART4_CTLR3 0x40004C14 USART4 Control Register 3 0x00000000
R32_USART4_GPR 0x40004C18 USART4 Guard Time and Prescaler Register 000000000
R32_USART4_CTLR4 0x40004C1C UASRT4 Control Register 4 0x00000000

Table 19-6 List of USART5 Related Registers

name Access address describe Reset value
R32_USART5_STATR 0x40005000 USARTS Status Register 0x000000C0
R32_USART5_DATAR 0x40005004 USARTS Data Register 0x00000000
R32_USART5_BRR 0x40005008 USARTS5 Baud Rate Register 0x00000000
R32_USARTS5_CTLR1 0x4000500C USARTS5 Control Register 1 0x00000000
R32_USART5_CTLR2 0x40005010 USARTS5 Control Register 2 0x00000000
R32_USART5_CTLR3 0x40005014 USARTS Control Register 3 0x00000000
R32_USART5_GPR 0x40005018 USARTS5 Guard Time and Prescaler Register 000000000
R32_USARTS5_CTLR4 0x4000501C UASRTS5 Control Register 4 0x00000000

Table 19-7 List of USART6 Related Registers

name Access address describe Reset value
R32_USART6_STATR 0x40001800 USARTG6 Status Register 0x000000C0O
R32_USART6_DATAR 0x40001804 USARTG6 Data Register 0x00000000
R32_USART6_BRR 0x40001808 USARTG6 Baud Rate Register 0x00000000
R32_USART6_CTLR1 0x4000180C USART®6 Control Register 1 0x00000000
R32_USART6_CTLR2 0x40001810 USART®6 Control Register 2 0x00000000
R32_USART6_CTLR3 0x40001814 USART®6 Control Register 3 0x00000000
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R32_USART6_GPR 0x40001818 USART6 Guard Time and Prescaler Register 0xQ0000000
R32_USART6_CTLR4 0x4000181C UASRT6 Control Register 4 0x00000000
Table 19-8 List of USART7 Related Registers
name Access address describe Reset value
R32_USART7_STATR 0x40001C00 USART7 Status Register 0x000000C0
R32_USART7_DATAR 0x40001C04 USART?7 Data Register 0x00000000
R32_USART7_BRR 0x40001C08 USART7 Baud Rate Register 0x00000000
R32_USART7_CTLR1 0x40001C0C USARTT7 Control Register 1 0x00000000
R32_USART7_CTLR2 0x40001C10 USART7 Control Register 2 0x00000000
R32_USART7_CTLR3 0x40001C14 USART?7 Control Register 3 0x00000000
R32_USART7_GPR 0x40001C18 USART7 Guard Time and Prescaler Register 0xQ0000000
R32_USART7_CTLR4 0x40001C1C UASRT?7 Control Register 4 0x00000000
Table 19-9 List of USART8 Related Registers
name Access address describe Reset value
R32_USART8_STATR 0x40002000 USARTS Status Register 0x000000C0O
R32_USART8_DATAR 0x40002004 USARTS Data Register 0x00000000
R32_USART8_BRR 0x40002008 USARTS8 Baud Rate Register 0x00000000
R32_USART8_CTLR1 0x4000200C USARTS Control Register 1 0x00000000
R32_USART8_CTLR2 0x40002010 USARTS Control Register 2 0x00000000
R32_USART8_CTLR3 0x40002014 USARTS Control Register 3 0x00000000
R32_USART8_GPR 0x40002018 USARTS Guard Time and Prescaler Register 0xQ0000000
R32_USART8_CTLR4 0x4000201C UASRTS Control Register 4 0x00000000
19.11.1 USART Status Register (USARTx_STATR) (x=1/2/3/4/5/6/7/8) Offset Address: 0x00
31 3029 28 27 26 25 24 23 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LPWKU
P_ACT Reserved MS_RER Rxs_ju CTS LBD TXE TIC RXNE |DLE ORE NE FE PE
_FLAG
Bit name access describe Reset value
[31:16] Resefved RO is fleserved. 0
15 LPWKUP_ACT_FLAG RW1Z Low-powgr wake-up start indicator bit, write 1 to clear. 0
[14:12] Resefved RO is fleserved. 0

11

MS_ERR

RO

MARK or SPACE checksum error flag. In receive mode,
If a MARK or SPACE checksum error occurs, the hardware will set afflag.

This bit. Reading this bit and then reading the data register will reset thjis bit. 0
This bit is set if MS_ERRIE was previously set.

The bit will generate a corresponding interrupt.

V1.5

290




Machine Translated by Google

CH32H417 Series Application Manual

https://wch.cn

Receive status indicator bit:

10 RX_BUSY RO 1: This bit is set when the device is in receive mode; 0
0: In non-receiving state.
CTS status change flag. If the CTSE bit is set, when
When the nCTS output state changes, this bit will be set high by hardwarg.
Software reset. If the CTSIE bit is already set, it will generate...
9 CTS RWO 0
Life was interrupted
1: There are changes on the nCTS state line;
0: There is no change on the nCTS status line.
LIN Break Detection Flag. When a LIN Break is detected,
This bit is set by hardware. It is cleared by software. If LBDIE has already begen..
8 LBD RwWO If the bit is set, an interrupt will be generated. 0
1: LIN Break detected;
0: No LIN Break detected.
Send data register null flag. When the data in the TDR register...
When the data is transferred to the shift register by the hardware, the bit i$...
Component set. If TXEIE is already set, it will generate...
7 TXE RO An interrupt occurs when a write operation is performed on the data register; this bit will be... 1
Reset.
1: The data has been transferred to the shift register;
0: The data has not yet been transferred to the shift register.
Transmission completion flag. This indicates that a frame containing data has been transmitted.
Then, and if TXE is set, the hardware will set this bit.
If TCIE is set, a corresponding interrupt will be generated, and the software will fead...
6 TC RWO Writing to the data register after clearing this bit will clear it. Alternatively|.. 1
Write 0 directly to clear this bit.
1: Sending complete;
0: Sending is not yet complete.
The read data register is not empty when the number in the shift register is not gmpty.
The data is transferred to the data register, and this bit is set by the hardware.
If RXNEIE is already set, a corresponding bit will also be generated.
5 RXNE RWO The interrupt. A read operation on the data register can clear that bit. 0
Alternatively, you can write 0 to clear the bit.
1: Data received and can be read;
0: Data not received yet.
Bus idle flag. This bit will be hard-coded when the bus is idle.
Set the IDLEIE bit. If IDLEIE is already set, a new value will be generated.
The corresponding interrupt. The operation of reading the status register and then reading the data register.
4 IDLE RO This position will be cleared. 0
1: The bus is currently idle;
0: No bus idle was detected.
Note: This bit will not be set again until it is set. RXNE
Overload error flag. This flag is triggered when the receive shift register containg data.
3 ORE RO 0

When it's time to switch to the data register, but the data register's receivg...

This bit will be set if there is still data to be read from the field.
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Setting RXNEIE will also generate a corresponding interrupt.
1: An overload error occurred;
0: No overload error.
Note: In the event of an overload error, the value of the data register will not be lost, but the value of the shift register will be overwritfen. If set.
However, In multi-buffered communication mode, the ORE flag is a bit.
setting the EIE bit will generate an interrupt.
Noise error flag. When a noise error flag is detected, it is...
Hardware set. After reading the status register, read the data register.
The operation will reset this bit.

) - RO 1: Noise detected; 0
0: No noise detected.
Note: This bit will not generate an interrupt. If EIE is setin  Bit,
multi-buffered communication mode, the FE flag bit will generate an interrupt.
Interrupted.
Frame error flag. This is triggered when a synchronization error or excessive noise is defected.
Or, if a break character is encountered, this bit will be set by the hardware. Read this bitjagain.
Reading the data register will reset this bit.

N . RO 1: Frame error detected; 0
0: No frame error detected.
Note: This bit will not generate an interrupt. If the bit 19 set...
EIE multi-buffered communication mode, the FE flag set will generate
Interrupted.
Check error flag. In receive mode, if a parity error occurs...
Error detected; hardware sets this bit. Read this bit and then read the data register.
Operations on the register will reset this bit. The software must clear this bit bgfore...
The RXNE flag must be set before PEIE is enabled.

0 PE RO 0
If a bit is set, then setting this bit will produce the corresponding fesult.
Break.
1: A parity check error occurred;
0: No verification error.

19.11.2 USART Data Register (USARTX_DATAR) (x=1/2/3/4/5/6/7/8) Offset Address: 0x04
313029 28 27 262524232221 2019 18 17 16
Reserved
15 1413 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DR[8:0]
Bit name access describe Reset value
[31:9] Reseryved RO is reserved. 0
This is the data register. It is actually used to receive data.
[8:0] DR[8:0] RW 0

The two registers are the Read Data Register (RDR) and the Transmit Data Register (TDR).
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The registers are composed of registers. The read and write operations of the DR start by reading the register and receiving the register, respectively.

The Read-to-Date Register (RDR) and the Write-to-Send Register (TDR).

19.11.3 USART Baud Rate Register (USARTX_BRR) (x=1/2/3/4/5/6/7/8) Offset Address: 0x08

313029 28 27 26 2524232221 2019 18 17 16
Reserved
15 1413 12 11 10 9 8 7 6 5 4 3 2 1 0
DIV_Mantissa[11:0] DIV_Fraction[3:0]
Bit name access describe Reset value
[31:16] Reserved RO is reserved. 0
DIV_Mantissa
[15:4] The 12 bits RW define the integer part of the divider's division factor. 0
[11:0]
[3:0] DIV_Fraction[3:0] RW These 4 bits define the fractional part of the divider's division factor. 0

19.11.4 USART Control Register 1 (USARTx_CTLR1) (x=1/2/3/4/5/6/7/8) Offset address: 0x0C

313029 28 27 26 2524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
M_EXT UE M WRKE PCE PS PHE TXEIf TCIE RXNEIE IPLEIE TE RE RWU SBK
Bit name access describe Reset value
[31:16] Reserved RO resefved. 0

Word length extension bits:

00: Invalid. The M bits determine the data length.
[15:14] M_BXT RW  [01: 7 data bits; 0
10: 6 data bits;
11: 5 data bits.

USART enable bit.
1: Enable USART,
13 UE RW |0: USART disabled. 0

When this bit is cleared, after the current byte transmission is complete,

The USART divider and output will stop working.

The character length position

12 M RW  |1: 9 data bits; 0
0: 8 data bits.

Wake-up bit. This bit determines how the USART is woken up:

11 WAKE RW | 1: Address tag; 0
0: Bus idle.
10 PCE RW parity bit enabled. 0
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1: Enable parity bit;

0: Check bit off.

For the receiver, this involves performing parity checks on the data;

For the sender, this involves inserting a checksum bit. Once this bit is se
The checksum is enabled only after the current byte transmission is com

effect.

plete.

Parity check selection:

1: Odd parity;

PS RW 0: Even parity. 0
After this bit is set, the calibration will only be performed after the current byte has been trangmitted.
Verification is required for the changes to take effect.

Parity check interrupt enable bit.

PEIE RwW 1: Allow parity check errors to cause interruptions; 0
0: Prevents parity check error interruption.

Send buffer empty interrupt enabled:

TXEIE RW 1: Allow the generation of a transmit buffer empty interrupt; 0
0: Disables the generation of a send buffer empty interrupt.

Send completion interrupt enabled:

TCIE RW 1: Allow transmission completion interruption; 0
0: Disables the transmission completion interrupt.

Receive buffer not empty interrupt enabled:

RXNEIE RW 1: Allow interrupts that prevent the receive buffer from being empty; 0
0: Disables the generation of non-empty receive buffer interrupts.

Bus idle interrupt enabled:

IDLEIE RW 1: Allow bus idle interrupts to be generated; 0
0: Disable bus idle interrupt generation.
Send enable.

TE RW 1: Enable transmitter; 0
0: Turn off the transmitter.

Receive enable.
1: Enable the receiver; the receiver begins detecting signals on the RX pip.

RE RW 0
Start bit;

0: Turn off the receiver.

Receive wake-up. This bit determines whether to put the USART into silent mode.
Mode:

1: The receiver is in silent mode;

0: The receiver is in normal working mode.

RWU RW Note 1: Place RWU 0
Before a bit is received, the USART needs to receive a data byte; otherwise, it cannot be idled by the bus in silefit mode.
wake;

Note 2: When configured for address tag wake-up, in the case SYI58iHtf set
RXNE bit is active, the bit cannot be modified by@WWare‘
Send frame disconnect character control bit. Set this bit to send a frame.
SBK RW Disconnect character. Reset by hardware when the stop bit of the disconnect frame is regched. 0

1: Send;

294




Machine Translated by Google

CH32H417 Series Application Manual

https://wch.cn

0: Do not send.

19.11.5 USART Control Register 2 (USARTx_CTLR2) (x=1/2/3/4/5/6/7/8) Offset address: 0x10

31 3029

28

27 262524232221 2019 18

17 16

Reserved

15 1413

12

11

Reser

ved

LINEN §TOP[1:0] CLKEN

CPOL CH

HA LBC

Reser Reser

ved ved

LBDIE LBDL ADDI[3:0]

Bit

name

access

describe

Reset value

[31:15] Rese

rved

RO s 1

eserved.

0

14

LINEN

RW

This is the LIN mode enable bit; setting it enables LIN mode. In L]
In this mode, the SBK bit can be used to send the LIN synchronization disconnect s

The symbol, and the LIN synchronization disconnection symbol.

IN...

mbol. 0

[13:12] STOR

[1:0]

RW

Stop bit setting field. These two bits are used to set the stop bit.
00: 1 stop bit;

01: 0.5 stop bits;

10: 2 stop bits;

11: 1.5 stop bits.

00b

11

CLKEN

RW

Clock enable, enable the CK pin.
1: Enable;

0: Prohibited.

10

CPOL

RW

Clock polarity setting bit. This bit is used in synchronization m

Select the polarity of the clock output on the SLCK pin, and the CPHA

They work together to generate the required clock/data sampling relationship.

1: The CK pin remains high when the bus is idle;
0: The CK pin remains low when the bus is idle.

Note: This bit cannot be modified after sending is enabled.

pin.

CPHA

RW

Clock phase setting bit. This bit is used in synchronization mod
Select the phase of the clock output on the SLCK pin, and CPO
The bits work together to generate the required clock/data sampling
Tie.

1: Data capture is performed on the second edge of the clock;

0: Data capture is performed on the first edge of the clock.

Note: This bit cannot be modified after sending is enabled.

gate.

LBCL

RW

Last clock pulse control bit:

In synchronization mode, this bit is used to control whether to trigge
The foot output corresponds to the last data byte sent.

Clock pulse;

1: The clock pulse for the last bit of data is not output from CK;
0: The clock pulse for the last bit of data will be output from CK.

Note: This bit cannot be modified after sending is enabled.

r CK.
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7 Reserved RW reserved. 0
LIN Break detects interrupt enable:
6 LBDIE RW | 1: Enable interrupts caused by LBD; 0
0: Disable interrupts caused by LBD.
LIN Break detection length; this bit is used to select whether it is 11 bits or...
It is a 10-bit breakpoint detection.
5 LBDL RW 0
1: 11-bit break character detection;
0: 10-bit break character detection.
4 Reserved RW Reperved. 0
Address field, used to set the USART node address of this device.
[3:0] ADD[3:0] RW  |Used in silent mode under multiprocessor communication. 0
Address markers are used to wake up a USART device.
19.11.6 USART Control Register 3 (USARTX_CTLR3) (x=1/2/3/4/5/6/7/8) Offset address: 0x14
313029 28 27262524 23 20 19 18 17 16
Reserved
15 1413 12 11 10 9 8 7 6 5 4 3 2 1 0
LPWKU
LPWKUP_DLY_CFG LPWKU |
P CK_ CTSIE CJTSE RTSE DMAT DMAR SCEN NACH HDSEL |RLP IREN EIE
[2:0] SRC P_EN
Bit name access describe Reset value
[31:16] Reserved RO resdrved. 0
Low-power wake-up receive delay configuration:
000: No delay;
LPWKUP_DLY_CFG
[15:13] (2:0] RW 001: Delay by 1 low-power wake-up clock source cycle; 0
111: Delayed by 7 low-power wake-up clock cycles.
Low-power wake-up clock source selection:
12 LPWKUP_CK_SRC RW  |1:LSE; 0
0: LS.
Low-power wake-up enable:
11 LPWKUP_EN RW | 1: Enable low-power wake-up; 0
0: Disable low-power wake-up.
CTSIE interrupt enable bit:
10 CTSIE RW 1 1: An interrupt will be generated when CTS is set; 0
0: No interrupt is generated when CTS is set.
CTS Enable Bit:
9 CTSE RW | 1: Enable CTS flow control; 0
0: Disable CTS flow control.
RTS enable bit:
8 RTSE RW 0
1: Enable RTS flow control;
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0: Turn off RTS flow control.

DMAT

RW

DMA transmit enable bit:
1: Use DMA when sending;

0: DMA is not used during transmission.

DMAR

RW

DMA receive enable bit:
1: Use DMA during reception;

0: DMA is not used during reception.

SCEN

RW

Smart card mode enable bit:
1: Enable smart card mode;

0: Disable smart card mode.

NACK

RW

Smart card NACK enable bit:
1: When a verification error occurs, send a NACK;

0: Do not send NACK when a checksum error occurs.

HDSEL

RW

Half-duplex mode selection bit:
1: Enable half-duplex mode;

0: Disable half-duplex mode.

IRLP

RW

Infrared low power selection bit:
1: When selecting infrared, enable low power mode;

0: When selecting infrared, turn off low power mode.

IREN

RW

Infrared enable bit:
1: Enable infrared mode;

0: Infrared mode off.

EIE

RW

Error interrupt bit enable:

1: Enable error interrupt;

0: Disable error interruption.

After setting this bit, provided that DMAR is set, if FE,

An interrupt will be generated when ORE or NE is set.

19.11.7 USART Guard Time and Prescaler Register (USARTx_GPR) (x=1/2/3/4/5/6/7/8)

Offset address: 0x18

313029 28 27 26 2524 232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GT[7:0] PSCI[7:0]
Bit name access describe Reset value
[31:16] Reserved RO Reserved. 0
Protects the time value range. This field specifies the time range in baud rate clocks.
[15:8] GT[7:0] RW The protection time of the bit. In smart card mode, when the protection time... 0
Only after the sending is completed will a sending completion flag be set.
Prescaler value range.
[7:0] PSC[7;0] RW In infrared low-power mode, the source clock is controlled by this value (all 8). 0
(Number valid) frequency division, a value of 0 indicates reservation;
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In normal infrared mode, this bit can only be set to 1;
In smart card mode, the source clock is determined by this value (lower 5 bits are yalid).

The frequency is divided by twice to provide a clock for the smart card, with a value of 0.

This is reserved.

19.11.8 USART Control Register 4 (USARTx_CTLRA4) (x=1/2/3/4/5/6/7/8) Offset address: 0x1C

313029 28 27 262524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CHECK_SEL |MS_ER|Reser
Reserved
[1:0] RIE ved
Bit name access describe Reset value
[31:4] Reserved RO resgrved. 0

Verification function selection bit:

Ox: Disable MARK and SPACE verification;
[3:2] CHECK_SEL[1:0] RW 0
10: Enable MARK verification;

11: Enable SPACE verification.

SPACE or MARK check enable bit:

1 MS_ERRIE RW 1: Allow SPACE or MARK checksum errors to occur and cause an interrupt; 0
0: Prevent SPACE or MARK checksum error interrupts.
0 Reserved RO is feserved. 0
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Chapter 20 Serial-to-Parallel Conversion Controller and Transceiver (SerDes)

The module descriptions in this chapter apply only to the CH32H417 microcontroller product.

The system incorporates a set of SerDes modules that support signal isolation and long-distance transmission. These modules include two independent SerDes controllers.
The device supports 1.5Gbps high-speed differential signals (SERDES_RXP, SERDES_RXN, SERDES_TXP, SERDES_TXN pins) and can...
Long-distance data transmission is achieved through a differential peer-to-peer transmission medium in a fiber optic module or network cable.

The base address configurations for the two controllers are as follows:

SerDes Controller 1 Base Address: 0x40027C00

SerDes controller 2 base address: 0x40027C40

20.1 Main Features

Programmable data transmission and reception rates, supporting up to 1.5Gbps .

Supports both high-voltage signal isolation via network transformers and low-voltage isolation via capacitors.
Built -in 8-bit/10-bit encoding/decoding and CRC checksum, supporting serial number matching.

Built- in FIFO, supports double-buffered transmit and receive modes.

Supports DMA functionality; access addresses support byte alignment.

Provides various transmission interruption flags and statuses to promptly feed back information to the application layer .

Differential transceiver can directly drive fiber optic modules.

20.2 Functional Description

20.2.1 Sending Mode (Query Mode) 1. Set the
SERDESx_CTRL register

ALIGN_EN/PWR_UP/TX_PWR_UP/LINK_RESET/ALL_CLR is 1;

N

. Wait for PLL lock (PLL_LOCK=1);

w

. Configure the SERDESx_CTRL register

ALIGN_EN/PWR_UP/TX_PWR_UP/INT_BUSY/DMA_EN/TX_EN is 1;

IN

. Set LINK_INIT to 1, start sending the initialization packet, delay for 100ms (software delay), and then clear LINK_INIT;

(&

. Set the send DMA address (single-buffer configuration DMAO is sufficient);

o

. Configure SERDESx_DATAO (single-buffered mode);

~

. Configure SERDESx_TX_LEN;

0o

. Query if LINK_FREE is 1 (optional);

©o

. Set TX_VLD to 1 and start sending (the order of steps 5, 6, and 7 can be arbitrary);
10. If the interrupt flag for transmission completion is 1, stop transmission; if TX_VLD is 0, clear the interrupt flag.

Note: The softwére delay time in the steps is sufficient to ensure the receiver is ready to receive.

20.2.2 Receive Mode (Interrupt Mode) 1. Set the
SERDESx_CTRL register
PWR_UP/RX_PWR_UP/LINK_RESET/ALL_CLRis 1;
2. Wait for PLL lock (PLL_LOCK=1);
3. Configure the SERDESx_CTRL register
PWR_UP/TX_PWR_UP/DMA_EN/RX_EN is 1;
4. Set the receive DMA address (double buffering mode is recommended);

5. Enable interrupts RECV_DONE_IE/COMINIT_IE/FIFO_OV_IE;
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6. After receiving data, query RECV_CRC_OK/RX_SEQ_MATCH. If double-buffered mode is used, query RX_SEQ_NUM for the lowest value.
The bit indicates whether the register used by the currently received packet is DATAO/DMAO/RX_LENO or DATA1/DMA1/RX_LEN1;
RX_SEQ_NUMI[0] being 1 indicates that the current received packet uses DATAO/DMAO/RX_LENO;

RX_SEQ_NUMIO0] is 0, indicating that the current received packet uses DATA1/DMA1/RX_LENL1.

Note: RX_SEQ_NUM is automatically incremented by 1 after reception is complete, so the RX_SEQ_NUM value obtained after reception is completed is decremented by 1 to represent the current received packet.

of SEQ_NUM

20.2.3 Software Notes: 1. The internal

clock frequency SERDES_CLK of the controller is the PLL frequency divided by 40. For example, SERDES_CLK is 30MHz when the frequency is 1.2GHz.

2. The return values of LINK_RESET, RX_EN, and TX_VLD are synchronized via SERDES_CLK, so there will be a delay in reading them.

3. The length of the data packets sent or received does not include the 4-byte length of DATAO/DATAL;

4. After sending is complete, TX_VLD should be cleared first. Only after the return value of this bit is 0 can the sending completion interrupt flag be cleared; otherwise, asynchronous interruptions will occur.

question.

20.3 Register Description

Table 20-1 List of SERDESL related registers

name Access address describe Reset value
R32_SERDES1_CTRL 0x40027C00 SERDESL control register 0x00041207
R32_SERDES1_INT_EN 0x40027C04 SERDESI Interrupt Enable Register 0x00000000
R32_SERDES1_INT_FS 0x40027C08 SERDESL Interrupt Flag/Status Register 0x00000000
R32_SERDES1_RTX_CTRL 0x40027C0C SERDES1 Transceiver Controller 0x00000000
R32_SERDES1_RX_LENO 0x40027C10 SERDESI Receive Length 0 Register 0x00000000
R32_SERDES1_DATAO 0x40027C14 SERDESLI Data 0 Buffer Register OXXXXXXXXX
R32_SERDES1_DMAO 0x40027C18 The starting address register of DMAO buffer is OxXXXXXXXX.
R32_SERDES1_RX_LEN1 0x40027C1C SERDESL1 Receive Length 1 Register 0x00000000
R32_SERDES1_DATA1 0x40027C20 SERDES1 Data 1 Buffer Register OXXXXXXXXX
R32_SERDES1_DMA1 0x40027C24 The starting address register of DMAL buffer is OxKXXXXXXX.

Table 20-2 List of SERDES2 related registers

name Access address describe Reset value
R32_SERDES2_CTRL 0x40027C40 SERDES?2 control register 0x00041207
R32_SERDES2_INT_EN 0x40027C44 SERDES? Interrupt Enable Register 0x00000000
R32_SERDES2_INT_FS 0x40027C48 SERDES? Interrupt Flag/Status Register 0x00000000
R32_SERDES2_RTX_CTRL 0x40027C4C SERDES?2 transceiver controller 0x00000000
R32_SERDES2_RX_LENO 0x40027C50 SERDES? Receive Length 0 Register 0x00000000
R32_SERDES2_DATAOQ 0x40027C54 SERDES? Data 0 Buffer Register OXXXXXXXXX
R32_SERDES2_DMAO 0x40027C58 The starting address register of DMAO buffer is OxXXXXXXXX.
R32_SERDES2_RX_LEN1 0x40027C5C SERDES?2 Receive Length 1 Register 0x00000000
R32_SERDES2_DATA1 0x40027C60 SERDES?2 Data 1 Buffer Register OXXXXXXXXX
R32_SERDES2_DMA1 0x40027C64 The starting address register of DMAL buffer is OxXXXXXXXX.
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Table 20-3 List of SERDES Related Registers
name Access address description 0x5003C010 System Reset value
R32_SYS_CFGR Configuration Register 0x0054422B

20.3.1 SERDESx Control Register (R32_SERDESx_CTRL) (x=1/2) Offset Address: 0x00

31 30 29 28 27 26 25 . - , 20 19 18 17 16
ALIGN |coNT [Reser
Reserved B
_EN EN ved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RX_PO | INT_B
TX_PW |RX_PW DMA_E RESET |RESET |CcLR_A
Reserved TX_EN BX_EN LARIT lusy_E
R UP | R UP N _PHY |_LINK LL
Y N
Bit name access describe Reset value
[31:19] Resetved RO is reserved. 0
An ALIGN signal is inserted during transmission to address frequency offset.
18 ALIGN_EN RW
efficient.
The SYNC message sent during idle periods will be replaced with CONT and scrambling dpta.
17 CONT_EN RW 0
Replace it to reduce EMI.
16 Reserved RO reserved. 0
Transmitter module power-on enable bit:
15 TX_PWR_UP RW 1: Enable; 0
0: Off.
Receiver module power-on enable bit:
14 RX_PWR_UP RW 1: Enable; 0
0: Off.
[13:8] Reseryed RO is reserved. 0x12
DMA Enable:
7 DMA_EN RW 1: Enable; 0
0: Off.
Send Enable:
6 TX_EN RW 1: Enable; 0
0: Off.
Receive Enable:
5 RX_EN RW 1: Enable; 0
0: Off.
4 RX_POLARITY RW RXN/RXP signal switching. 0
SERDES will automatically pause until the interruption flag for transmission completion is cleared.
Send enable bit:
3 INT_BUSY_EN RW 0
1: Enable;
0: Off.
SERDES Physical Layer Software Reset Control Bits:
2 RESET_PHY RW 1
1: Enable;
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0: Off.
SERDES Link Layer Software Reset Control Bits:
1 RESET_LINK RW | 1:Enable; 1
0: Off.
Clear the SERDES interrupt flag and FIFO:
0 CLR_ALL RW | 1:Enable; 1
0: Off.
20.3.2 SERDESKX Interrupt Enable Register (R32_SERDESx_INT_EN) (x=1/2)
Offset address: 0x04
31 30 29 28 27 26 25 .. 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TRAN_
DONE_
COMIN |Reser |riFO RECV_ IE PHYRD|
Reserved IT_IE | ved Jov |E o Y_IE
- - e |RrRecv_| Y-
ERR_|
E
Bitname access describe Reset value
[31:6] Reserved RO is feserved. 0
COMINIT receive interrupt enabled:
5 COMINIT_IE RW 1: Enable; 0
0: Off.
4 Reserved RO is reserved. 0
FIFO overflow interrupt enable:
3 FIFO_OV_IE RW 1: Enable; 0
0: Off.
Receive completion interrupt enable:
2 RECV_DONE_IE RW 1: Enable; 0
0: Off.
Sending mode: Send completion interrupt enable:
1: Enable;
L TRAN_DONE_IE . 0: Off. o
RECV_ERR_IE Receive mode: Receive CRC error interrupt enabled:
1: Enable;
0: Off.
Physical layer READY interrupt enable:
0 PHYRDY_IE RW | 1: Enable; 0
0: Off.

20.3.3 SERDESX Interrupt Flag/Status Register (R32_SERDESx_INT_FS) (x=1/2) Offset Address: 0x08

V1.5

302




Machine Translated by Google

CH32H417 Series Application Manual

https://wch.cn

31 30 29 28 27 26 25 e 20 19 18 17 16
RECV_ |RX_SE
R_FIF JLINK_ |PLL_L PHYRD
TX_SEQ_NUMI3:0] RX_SEQ_NUM[3:0] Reserved CRC_O |Q_MAT
O RDY | FREE OCK Y
- K CH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TRAN_
DONE_
RECV.
COMIN |Reser |FIFO | PHYRD
Reserved ~ |DONE_
IT_IF ved Jov_IF e |recv_ | YF
ERR_|
F
Bit name Access description RO LINK_INIT is automatically Reset value
[31:28] TX_SEQ_NUM[3:0] cleared when it is valid. 0
[27:24] RX_SEQ_NUM[3:0] In RO receive mode, COMINT is automatically cleared upon receipt. 0
[23:22] Reserved RO is reserved. 0
SERDES receive FIFO data ready status:
‘‘‘‘‘‘‘‘ R_FIFO_RDY RO 1: The receive FIFO is not empty; 0
0: Receive FIFO empty.
20 LINK_FREE RO SERDES: Link layer sends idle status bits. 0
19 PLL_LOCK RO is the PLL lock status bit. Transmission and reception will begin when this bit is 1. 0
Receive data frame check status bit, RECV_DONE interrupt check
18 RECV_CRC_OK RO 0
Measure this bit and update it after packet reception is complete.
17 RX_SEQ_MATCH RO receives the SEQ_NUM match status bit. 0
16 PHYRDY RO Physical layer READY status bit. 0
[15:6] Reserved RO is reserved. 0
5 COMINIT_IF RW1Z COMINIT receive interrupt flag. 0
4 Reserved RO is reserved. 0
3 FIFO_OV_IF RW1Z FIFO overflow interrupt flag. 0
2 RECV_DONE_IF RW1Z receive complete interrupt flag. 0
TRAN_DONE_IF Transmit mode: transmit complete interrupt flag.
1 RW1Z 0
RECV_ERR_IF Receive mode: Receive CRC error interrupt flag.
0 PHYRDY_IF RW1Z Physical layer READY interrupt flag. 0
20.3.4 SERDESXx Transceiver Controller (R32_SERDESx_RTX_CTRL) (x=1/2)
Offset address: 0x0C
31 30 29 28 27 26 25 e 20 19 18 17 16
BUF_M | TX_VL |JLINK_
Reserved
ODE D INIT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SERDES_TX_LEN[15:0]
Bit name access describe Reset value
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[31:19] Reseryved RO is reserved. 0
Double-buffered control bits:
18 BUF_MODE RW 1: Enable; 0
0: Off.
If the data packet is valid, it will be cleared by the software, and this bit will return a sum.
17 TX_VLD RW 0
PHY_CLK synchronization.
16 LINK_INIT When the RW bit is 1, a LINK initialization packet is 0
SERDES_TX_LEN sent. The number of data bytes sent is fixed at O for the lower 2 bits (4 bytes).
[15:0] RW X
[15Z0] (Alignment)
20.3.5 SERDESX Receive Length 0 Register (R32_SERDESx_RX_LENO) (x=1/2) Offset Address: 0x10
31 30 29 28 27 26 25 e 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SERDES_RX_LENO[15:0]
Bitname access describe Reset value
[31:16] Reserved RO is reserved. 0
The length of the last received data packet, with the lowest 2 bits fixed.
SERDES_RX_LENO 0.
[15:0] RO 0
[15:01 In non-double buffered mode, this indicates the length of the currently received packet;
In double-buffered mode, RX_SEQ_NUM is an even number of packet lengths.
20.3.6 SERDESx Data 0 Buffer Register (R32_SERDESx_DATADO) (x=1/2) Offset Address: 0x14
31 30 29 28 27 26 25 - 20 19 18 17 16
SERDES_DATAO0[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SERDES_DATAO0[15:0]
Bit name access describe Reset value
SERDES Data Buffer 0 Send
Mode: LINK First 4 Bytes of Data Buffer for Sending and Receivin
The high 4 bits of this register are replaced with
SERDES_DATAO
[31:0] RW TX_SEQ_NUM, the user can use the lower 28 bits as the default value. X
[31:0]
Define information.
Receive mode: The first 4 bytes of the data packet are stored in the register.
The data is stored in the register, and the subsequent data is stored in the DMA.

20.3.7 The starting address register of DMAO buffer (R32_SERDESx_DMAO) (x=1/2) offset address: 0x18
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31 30 29 28 27 26 25 — e 20 19 18 17 16
SERDES_DMAO0[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SERDES_DMAO0[15:0]
Bit name access Reset value
Describe the starting address of buffer 0. In receive mode, the software needs...
Fix the lower 4 bits to 0 (16-byte aligned), and send the mode.
The formula does not require 16-byte alignment.
SERDES_DMAO Note:
[31:0] RW X
[31:0] 1. In single-buffer mode, only DMAO is used;
2. In double buffer mode
Use this method when TX_SEQ_NUM/RX_SEQ_NUMre even numbers.
DMAO.
20.3.8 SERDESx Receive Length 1 Register (R32_SERDESx_RX_LEN1) (x=1/2) Offset Address: 0x1C
31 30 29 28 27 26 25 - 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SERDES_RX_LEN1[15:0]
Bit name access describe Reset value
[31:16] Reseryed RO is reserved. 0
The length of the last received data packet, with the lowest 2 bits fixed.
SERDES_RX_LEN1
[15:0] RO 0. RX_LEN1 is only valid in double-buffered mode. 0
[15:0]
This indicates that RX_SEQ_NUM is an odd number of packet lengths.
20.3.9 SERDESx Data 1 Buffer Register (R32_SERDESx_DATAL) (x=1/2) Offset address: 0x20
31 30 29 28 27 26 25 e e 20 19 18 17 16
SERDES_DATA1[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SERDES_DATA1[15:0]
Bit name access describe Reset value
SERDES Data Buffer 1 Sending
Mode: LINK Storage of the first 4 bytes of data for transmission and reception.
SERDES_DATA1
[31:0] RW In this register, the high 4 bits are replaced with TX_SEQ_NUM. X
[31:0]
Users can use the lower 28 bits as custom information.
Receive mode: The first 4 bytes of the data packet are stored in the register.
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The data is stored in the register, and the subsequent data is stored in the DMA.

Note: In double-buffered mode, and RX_SEQ_NUM is odd.

Use this buffer when counting.

20.3.10 DMA1 buffer start address register (R32_SERDESx_DMA1) (x=1/2) offset address: 0x24

31 30 29 28 27 26 25 e e 20 19 18 17 16
SERDES_DMA1[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SERDES_DMA1[15:0]
Bit name access describe Reset value
Buffer O starting address:
In receive mode, the software needs to fix the lower 4 bits as 0 (16
Byte alignment);
[31:0] SERDES_DMA1 RW The sending mode does not require 16-byte alignment. X
Note buffer erizdepair
TX_SEQ_NUM/RX_SEQ_NUM Use when it is odd
DMA.
20.3.11 System Configuration Register (R32_SYS_CFGR)
Access address: 0x5003C010
31 30 29 28 27 26 25 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RX_FBCAP_ADJ RX_FBRES_A TX_DE_EMPH TX_OUTPUT_
Reserved Reserved Reserved
[1:0] DJ[1:0] ASIS[1:0] SWING [1:0]
Bit name access describe Reset value
[31:14] Reserved RW is reserved and must retain its original value when written. 0x151
RX_FBCAP_ADJ Receiver feedback capacitor adjustment bit; refer to [reference needed] for detailed parameters.
[13:11] RW 000
[1:0] CH32H417DSO0.
RX_FBRES_ADJ Receiver feedback resistor adjustment bit; see detailed parameters.
[10:9] RW 01b
[1:0] CH32H417DSO0.
[8:7] Reseryed RW is reserved and must retain its original value when writing. 00b
TX_DE_EMPHASIS Send the pre-emphasis adjustment bit; refer to the documentation for detailed parameters.
[6:5] RW 0
[1:0] CH32H417DSO0.
TX_OUTPUT_SWING Send amplitude adjustment bit , Detailed parameter reference|
[4:3] RW 0lb
[1:0] CH32H417DS0.
[2:0] Reseryed RW is reserved; the original value must be preserved when writing. 011b

Note: For long-term use, it is recommended to adjust the value of this register to 0x542E7B.

306



Machine Translated by Google

CH32H417 Series Application Manual httpS://WCh .ch

V15 307 WH



Machine Translated by Google

CH32H417 Series Application Manual httpS://WCh .cn

Chapter 21 Two-Wire Communication Bus (12C)

Internal integrated circuit bus (12C) is widely used for communication between microcontrollers and sensors and other off-chip modules. It supports multiple...
In master-slave mode, communication can be achieved at two speeds: 100kHz (standard) and 400kHz (fast) using only two wires (SDA and SCL).

The 12C bus is also compatible with the SMBus protocol, supporting not only 12C timing but also arbitration, timing and DMA, and has CRC check functionality.

21.1 Main Features

Supports both master and slave modes .

Supports 7-bit or 10-bit addresses

y The device supports dual 7-bit addresses

Supports two speed modes: 100kHz and 400kHz. Multiple status modes
and error flags are also included .

Supports extended clock functionality

¥ 2 interrupt vectors

Supports DMA ;

Supports PEC;

Compatible with SMBus

21.2 Overview

12C is a half-duplex bus, meaning it can only operate in one of four modes at a time: master transmit mode, master receive mode, master transmit ...
The 12C module operates in slave mode by default, and will automatically switch to slave mode after the start condition is generated.
It switches to master mode, and switches to slave mode upon loss of arbitration or the generation of a stop signal. The 12C module supports multi-master functionality. It operates in...
In master mode, the 12C module actively sends data and address. Both data and address are transmitted in 8-bit units, with the most significant bit first and the least significant bit last.
Following the start event, the address is either one byte (in 7-bit address mode) or two bytes (in 10-bit address mode), and the host...
When sending 8 bits of data or address, the slave device needs to reply with an ACK, which involves pulling the SDA bus low, as shown in Figure 21-1.

Figure 21-1 12C Timing Diagram

SDA — —_———— |
MSB ACK
SCL
1 2 8 9
Start Stop
condition condition

For proper operation, the 12C input must be supplied with the correct clock. In standard mode, the minimum input clock is 2MHz, and in fast mode...
The minimum input clock frequency is 4MHz.

Figure 21-2 is a functional block diagram of the 12C module.
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Figure 21-2 12C Functional Block Diagram

Data register

I

Noise Data . {}
SDA  [le—= fiter [* ™1 control 4—| Data shift register l——

Comparator PEC calculation

Own address register

Dual address register

Noise Clock PEC register
SCL [l fiiter [*™| control

!

Clock control
Register (CKCFGR)

Control registers
(CTLR1 & CTLR2)

Control

Status registers _ .
(STAR1 & STAR2) logic

l 3

Interrupts DMA requests & ACK

SMBA [ J= *

21.3 Main Mode

In master mode, the 12C module dominates data transmission and outputs a clock signal. Data transmission begins with a start event and ends with an end event.
The steps for using master mode communication are as follows
Set the correct clock in Control Register 2 (R16_I2Cx_CTLR2) and Clock Control Register (R16_I2Cx_CKCFGR); Set the appropriate rising edge in Rising Edge Register
(R16_12Cx_RTR); Set the PE bit in Control Register (R16_I2Cx_CTLR1) to start the peripheral; Set
the START bit in Control Register (R16_I2Cx_CTLR1) to generate a start event. After setting the
START bit, the 12C module will automatically switch to master mode, the MSL bit will be set, and a start event will be
generated. After the start event is generated, the SB bit will be set. If the ITEVTEN bit (in R16_I2Cx_CTLR2) is set, an interrupt will be generated. At this time, the Status

Register 1 (R16_I2Cx_STARL) should be read. After writing the slave address to the data register, the SB bit will be automatically cleared.

If using 10-bit address mode, then write the data register to send the header sequence (the header sequence is 11110xx0b, where xx bits are...).
(These are the two highest bits of a 10-bit address).
After the header sequence is sent, the ADD10 bit of the status register will be set. If the ITEVTEN bit is already set, a middle...
If the connection is broken, you should read the R16_I2Cx_STARL register, write the second address byte to the data register, and then clear the ADD10 bit.
Then, write to the data register and send the second address byte. After sending the second address byte, the ADDR bit of the status register will be set. If the ITEVTEN bit is
already set, an interrupt will be generated. At this point, the R16_I2Cx_STAR1 register should be read again.
The R16_12Cx_STAR2 register is used to clear the ADDR bit; if 7-bit

address mode is used, the data register is written to send the address byte, and the status register is checked after sending the address byte.
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The ADDR bit of the device will be set. If the ITEVTEN bit is already set, an interrupt will be generated, and the R16_I2Cx_STAR1 register should be read.

Read the R16_I2Cx_STAR2 register again to clear the ADDR bit;

In 7-bit address mode, the first byte sent is the address byte. The first 7 bits represent the address of the target slave device, and the 8th bit determines the address.

The direction of subsequent messages is determined: 0 indicates that the master device is writing data to the slave device, and 1 indicates that the master device is reading information from the slave device.

In 10-bit address mode, as shown in Figure 21-3, during the address transmission phase, the first byte is 11110xx0, where xx represents the 10-bit address.

The first byte is the highest 2 bits of the address, and the second byte is the lower 8 bits of the 10-bit address. If the device subsequently enters master transmit mode, it will continue to send data.

If you are preparing to enter master device receive mode, you need to resend a start condition, followed by sending a byte of 11110xx1.

Then it enters the master device receiving mode.

Figure 21-3 Schematic diagram of host data transmission and reception with 10-bit address

Transmitter
| s’ 11110XX l 04 I Address 7-0 | A[})ataA I [ I DataAIA [ I
(The upper 2 bits (write) (The |°W£ 8 of
of the address) The address)
Receiver
| sl 11110XX | OA} | Address 7-0 | As‘ | 11110XX | lA}DatFA | E | DataAID
(The upper 2 bits (write) (The lower 8 of (Read)
of the address) The address)

Master sending mode:

The master device's internal shift register sends data from the data register to the SDA line. When the master device receives an ACK, the status register...
TxE of register 1 (R16_I2Cx_STAR1) is set. An interrupt will also be generated if ITEVTEN and ITBUFEN are set. Data is then transferred.
Writing data to the register will clear the TxE bit.

If the TXE bit is set and no new data has been written to the data register since the last data transmission, then the BTF bit will be set.
SCL will remain low until it is cleared. After reading R16_I2Cx_STAR1, writing data to the data register will clear the BTF bit.

Figure 21-4 Master Transmitter Transmission Sequence Diagram

7-bit master transmit

Address AI Datal A Data2 I A | DataN | A P

EVT5 EVT6 kVT871 EVT8 EVT8 I EVT8 |

EVT8_2

10-bit master transmit

Frame I A AddressAl Datal A | DataN | A P |

EVT5 EVT9 EVT6 I;V'rg_l EVT8 EVT8 |

S

EVT8_2

Description: S=Start (start condition), Sr=repeated start condition, P=Stop (stop condition), A=response, NA=non-response, EVTx=event (interrupt
generated when ITEVFEN=1)

EVT5: SB=1, reading SR1 and then writing the address to the DR register will clear the event.
EVT6;ADDR=1,reading SR1 then reading SR2 will clear the event.

EVT8_1: TXE=1, shift register empty, data register empty, write DR register.

EVT8: TxE=1,shift register is not empty,data register is empty,writing DR register will clear the event.

EVT8_2: TxE=1, BTF=1, request to set the stop bit. the TXE and BTF bits are cleared by hardware when the stop condition is
generated.

EVT9: ADDR10=1, reading SR1 and then writing to DR register will clear the event.

Note: EVTY; EVEY/ Torr&p86ding software sequence. and  EVT8_2 events elongate the SCL low until the end ofthe

2! The software sequence of EVT8 be completed before the end of the must current byte transfer.

Master Receive Mode:

The 12C module receives data from the SDA line and writes it into the data register via a shift register. After each byte, if the ACK bit...

If set, the 12C module will send an acknowledge low level, and the RxNE bit will be set. If ITEVTEN and ITBUFEN are also set...

V1.5 310



Machine Translated by Google

CH32H417 Series Application Manual https://wch.cn

Setting this bit will also generate an interrupt. If RXNE is set and the existing data has not been read before new data is received, the BTF bit will be set.

This will be set; SCL will remain low until BTF is cleared. After reading R16_I2Cx_STAR1, reading the data register again will clear it.

Except for the BTF bit.

Figure 21-5 Receiver transmission sequence diagram

7-bit master reception

s Address A | Da|a1A(+ Data2 | A DataN I NA |

EVT? | EVT7_1 | EVT7

EVTS EVT6 §VT6_1 | EVT7

10-bit master reception

Frame
S | A Address A I

header

EVTS EVT9 EVT6 |—|
Frame
Sr A Datal A1) Data2 A DataN NA
header

EVTS EVT6 §VT6_1 | EVT7 | EVT7 EVT

Description: S=Start (start condition), Sr=repeated start condition, P=Stop (stop condition), A=response, NA=non-response,
EVTx=event (interrupt generated when ITEVFEN=1)

EVTS5: SB=1, reading SR1 and then writing the address to DR register will clear the event.
EVT6: ADDR=1, reading SR1 and then reading SR2 will erase this event. In 10-bit master receive mode, START=1 of CR2 should be set after this event.

EVT6_1: There is no corresponding event flag and it is only suitable for receiving 1 byte. Exactly after EVTS (ie after ADDR is cleared), the response and stop condition generation
bits should be cleared.

EVT7: RXxNE=1, read DR register to clear the event.
EVT7_1: RXNE=1, read the DR register to clear this event. Set ACK=0 and STOP request.
EVT9: ADDR10=1, reading SR1 and then writing to DR register will clear this event.

When the master device finishes transmitting data, it will proactively send a termination event, i.e., set the STOP bit, and the 12C will switch to slave mode. During reception...
In this mode, the master device needs to NAK at the acknowledgment position of the last data bit. After receiving NACK, the slave device releases the connection to the SCL and SDA lines.

The master device can then send a stop/restart condition. Note that after a stop condition is generated, the 12C module will automatically switch to [control/control].

From the pattern.

21.4 From the pattern

In slave mode, the I2C module can recognize its own address and the broadcast call address. Software can control whether the broadcast call address is enabled or disabled.
The 12C module identifies the SDA data and, once a start event is detected, moves the data through a shift register along with its own address (the number of bits depends on the address of the shift register).
The address is compared with either ENDUAL or ADDMODE, or the broadcast address (when ENGC is set). If they do not match, they will be ignored until a new start event is generated.
If the address matches the header sequence, an ACK signal is generated and the system waits for the address of the second byte; if the address of the second byte also matches...
If the entire address segment matches in the case of a match or a 7-bit address, then:

First, generate an ACK response;

If the ADDR bit is set, and the ITEVTEN bit is already set, a corresponding interrupt will be generated.

If dual-address mode is used (ENDUAL bit is set), the DUALF bit also needs to be read to determine which one the host is waking up.
address.

The default mode is receive mode, which is indicated by setting the last bit of the received header sequence to 1, or the last bit of the 7-bit address to 1 (depending on the context).
Upon receiving the header sequence (or a standard 7-bit address) for the first time, and upon receiving a repeated start condition, the 12C module will enter the sending phase.

In receiver mode, the TRA bit will indicate whether the current mode is receiver or transmitter.

From sending mode:

After clearing the ADDR bit, the 12C module sends bytes from the data register to the SDA line via a shift register. The slave device holds...
SCL is low until the ADDR bit is cleared and the data to be sent has been written to the data register. (See EVT1 and EVT3 in the diagram below).
Upon receiving an ACK, the TxE bit will be set. If ITEVTEN and ITBUFEN are set, an interrupt will also be generated.
If TXE is set but no new data is written to the data register before the next data transmission ends, the BTF bit will be set.

Before BTF, SCL will remain low. After reading status register 1 (R16_I2Cx_STAR1), data will be written to the data register.
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This will clear the BTF bit.

Figure 21-6 Transmission sequence diagram from the transmitter

7-bit slave send
|SIddressA | Datal |A Data2 |A | DataN |NAP
EVT1|EVT3_1E T3 | EVT3 EVT3| EVT3_2
10-bit slave send

Frame I F |
S Address A
| | header

Datal | A | DataN Nq P |
EVT1|EVT3_1 §vVT3 | EVTSI EVT3_2

Description: S=Start (start condition), Sr=repeated start condition, P=Stop (stop condition), A=response, NA=non-response, EVTx=event
(interrupt is generated when ITEVFEN=1)

EVT1;ADDR=1,read SR1 then read SR2 will eliminate the event.
EVT3_1: TXE=1, shift register empty, data register empty, write DR.

EVT3: TxE=1,shift register is not empty,data register is empty,writing DR will clear the event.
EVT3_2: AF=1, write '0" in AF bit of SR1 register to clear AF bit.

Note: EVIL and EVT3_1 events elongate SCL low until the end of the corresponding software sequence.
2: The software sequence of EVT3 be completed BEiseGhe ERQtof the byte transfer.

From receive mode:

After ADDR is cleared, the 12C module stores the data on SDA into the data register via a shift register, upon receiving each data input
After each byte, the 12C module sets an ACK bit and the RxNE bit. If ITEVTEN and ITBUFEN are set, an additional ACK bit will be generated.
Interruption. If RXNE is set and the old data has not been read before new data is received, then BTF will be set. (In clearing...)
SCL will remain low until the BTF bit is reached. Reading status register 1 (R16_I2Cx_STARL1) and the data in the data register will...

Clear the BTF bit.

Figure 21-7 Transmission sequence diagram from the receiver

7-bit slave reception
|S4ddressA | Datal |A Data2 |A | DataN |A P
10-bit slave reception

EVT1 EVT2 | EVT2 I EVTZI EVT4|
| | Frame

|/-\d|jressA I Datal |A | DataN [A P
header

EVT1 EVT2 I EVT2|E T4 |

Description: S=Start (start condition), Sr=repeated start condition, P=Stop (stop condition), A=response, NA=non-response, EVTx=event
(interrupt generated when ITEVFEN=1)

EVT1;ADDR=1reading SR1 then SR2 will erase the event.

EVT2: RxNE=1, reading DR will clear the event.

EVT4: STOPF=1, reading SR1 and then writing CR1 register will clear the event.
Note: 1: EVT1 event elongates SCL low until the end of the corresponding software sequence.

2: The software sequence of EVT2 be completed before the end of the must current  pyte transfer.

After transmitting the last data byte, the master device will generate a stop condition. When the 12C module detects the stop event, it will...
Setting the STOPF bit will also generate an interrupt if the ITEVFEN bit is set. The user needs to read the status register (R16_I2Cx_STARL1).

Write to the control register (e.g., reset control word SWRST) to clear it. (See EVT4 in the diagram above).
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Error 21.5

21.5.1 Bus Error BERR
During address or data transmission, if the 12C module detects an external start or stop event, a bus error will be generated.
In the event of a bus error, the BERR bit is set, and if ITERREN is set, an interrupt will also be generated. In slave mode, data is discarded, and hard disk access is interrupted.
The device releases the bus. If it's a start signal, the hardware interprets it as a reset signal and begins waiting for an address or stop signal; if it's a stop signal,
Then, proceed according to the normal stop conditions. In main mode, the hardware will not release the bus, nor will it affect the current transmission; this is handled by the user code.

Decide whether to suspend the transmission.

21.5.2 Acknowledgment Error (AF)
An acknowledgment error will occur when the I12C module detects a byte but fails to acknowledge it. When an acknowledgment error occurs: AF will be set, such as...
Setting ITERREN will also generate an interrupt; if an AF error occurs and the 12C module is operating in slave mode, the hardware must release the master block.

If the line is in main mode, the software must generate a stop event.

21.5.3 Arbitration lost ARLO
When the 12C module detects a lost arbitration, it generates a lost arbitration error. When a lost arbitration error occurs: the ARLO bit is set, if...
Setting ITERREN will also generate an interrupt; the 12C module switches to slave mode and no longer responds to transfers initiated for its slave address.

Unless a new start event is initiated by the host, the hardware will release the bus.

21.5.4 Overload/Underload Error
OVR y Overload Error:
In slave mode, if clock extension is disabled, the 12C module is receiving data. If it has already received one byte of data,
However, if the previously received data has not yet been read, an overload error will occur. When an overload error occurs, the last received byte will be lost.

If the request is rejected, the sender should retransmit the last byte sent.

Underload error:

In slave mode, if clock extension is disabled, the 12C module is sending data, and if a new byte's clock signal arrives before the next byte's clock signal arrives...
If the data has not yet been written to the data register, an underload error will occur. When an underload error occurs, the data in the previous data register...
The data will be sent twice, and if an underrun error occurs, the receiver should discard the duplicate data. To prevent underrun errors...

Incorrect. The 12C module should write data to the data register before the first rising edge of the next byte.

21.6 Clock Extension

If clock extension is disabled, there is a possibility of overload/underload errors. However, if clock extension is enabled:
In transmit mode, if TXE and BTF are both set, SCL will remain low, waiting for the user to read the status register .
Write the data to be sent into the data register;
In receive mode, if RXNE and BTF are both set, SCL will remain low after receiving data until the user reads it.
Check the status register and read the data register;

Therefore, extending the enable clock can prevent overload/underload errors.

21.7 SMBus

SMBus is also a two-wire interface, typically used between the system and power management interfaces. SMBus and 12C share many similarities.
For example, SMBus uses the same 7-bit address mode as 12C. The following are the similarities between SMBus and 12C:

1) Master-slave communication mode, where the master provides the clock and supports multiple masters and multiple slaves;
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2) Two-wire communication structure, where SMBus can optionally have one warning line;
3) Both support 7-bit address format.
SMBus and 12C also have differences:
1) 12C supports a maximum speed of 400kHz, while SMBus supports a maximum of 100kHz, and SMBus has a minimum speed limit of 10kHz.
system;
2) SMBus will report a timeout if its clock value is lower than 35ms, but 12C has no such limitation;
3) SMBus has a fixed logic level, while I12C does not, and depends on VDD33;
4) SMBus has a bus protocol, while 12C does not.
SMBus also includes device identification, address resolution protocol, unique device identifier, SMBus alerts, and various bus protocols, specifically...
Please refer to SMBus specification version 2.0. When using SMBus, simply set the SMBus bit in the control register and configure SMBTYPE as needed.

Bit and ENAARP bit.

21.8 Interruption

Each 12C module has two interrupt vectors: event interrupt and error interrupt. These two interrupts support the interrupts shown in Figure 21-8.

source.

Figure 21-8 12C Interrupt Request

ITEVFEN

SB
ADDR
ADD10

STOPF
BTF
ITBUFEN

| —

» it_event

:

ITERREN

BERR
ARLO
AF
OVR
PECERR

» it_error

21.9 DMA

DMA can be used for sending and receiving bulk data. When using DMA, the ITBUFEN bit in the control register cannot be set.
« DMA transfer can be activated

by setting the DMAEN bit in the CTLR2 register. As long as the TXE bit is set, data will be transferred from the device via DMA.
The allocated memory is loaded into the 12C data register. The following settings are required to allocate a channel for 12C.
1) Set the 12Cx_DATAR register address in the DMA_PADDRX register and the memory address in the DMA_MADDRX register.

Thus, after each TxE event, data will be transferred from memory to the 12Cx_DATAR register.
2) Set the desired number of bytes to transfer in the DMA_CNTRKX register. This value will be decremented after each TxE event.
3) Configure the channel priority using the PL[0:1] bits in the DMA_CFGRX register.

4) Set the DIR bit in the DMA_CFGRXx register, and configure it to be set when half or all of the transfer is completed, depending on application requirements.

V15 314 WH



Machine Translated by Google

CH32H417 Series Application Manual https://wch.cn

Issue an interrupt request.
5) Activate the channel by setting the EN bit on the DMA_CFGRX register.
When the number of bytes of data transfer set in the DMA controller has been completed, the DMA controller sends a transfer completion notification to the 12C interface.

The EOT/EOT_1 signal. If interrupts are enabled, a DMA interrupt will be generated.

To use DMA receive mode,
set the DMAEN flag in the CTLR2 register. When using DMA receive, the DMA will transfer the data from the data register...
Data is transferred to a predefined memory area. The following steps are required to allocate a channel for 12C.
1) Set the 12Cx_DATAR register address in the DMA_PADDRX register and the memory address in the DMA_MADDRKX register.
Thus, after each RxNE event, data will be written from the 12Cx_DATAR register to memory.
2) Set the desired number of bytes to transfer in the DMA_CNTRX register. This value will be decremented after each RxNE event.
3) Configure the channel priority using PL[0:1] in the DMA_CFGRX register.

4) Clear the DIR bit in the DMA_CFGRXx register. Depending on application requirements, this can be set to clear the DIR bit when data transfer is halfway or fully completed.

An interrupt request is issued
5) Set the EN bit in the DMA_CFGRX register to activate the channel.
When the number of bytes of data transfer set in the DMA controller has been completed, the DMA controller sends a transfer completion notification to the 12C interface.

The EOT/EOT_1 signal. If interrupts are enabled, a DMA interrupt will be generated.

21.10 Packet verification error

Packet Error Checking (PEC) is a step that adds a CRC8 checksum to provide reliability for transmission. It uses the following polynomial to check each packet error.

Calculations are performed using a single serial data bit:

The PEC

calculation, C = X8 + X2 + X+1, is activated by the ENPEC bit in the control register and is performed on all information bytes, including address and read/write bits.
When transmitting, enabling PEC will append a CRC8 hash to the last byte of data; while in receive mode, it will append a CRC8 hash to the last byte of data.
The next byte is considered the CRC8 checksum result. If it does not match the internal calculation result, a NAK will be returned. If it is the main receiver...

The device will respond with a NAK regardless of whether the verification result is correct or not.

21.11 Debug Mode

Once the system enters debug mode, the I2CSMBus can be determined using the DBG_I2Cx_SMBUS_TIMEOUT bit of the DEBUG module.

The timeout control determines whether to continue working or stop.

21.12 Register Description

Table 21-1 List of 12C1 Related Registers

name Access address description Reset value
R16_I2C1_CTLR1 0x40005400 12C1 Control Register 1 0x0000
R16_I2C1_CTLR2 0x40005404 12C1 Control Register 2 0x0000
R16_I2C1_OADDR1 0x40005408 12C1 Address Register 1 0x0000
R16_I2C1_OADDR2 0x4000540C 12C1 Address Register 2 0x0000
R16_I2C1_DATAR 0x40005410 12C1 Data Register 0x0000
R16_I2C1_STAR1 0x40005414 12C1 Status Register 1 0x0000
R16_I2C1_STAR2 0x40005418 12C1 Status Register 2 0x0000
R16_12C1_CKCFGR 0x4000541C 12C1 Clock Register 0x0000
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R16_12C1_RTR 0x40005420 I2C1 Rise Time Register 0x0002
Table 21-2 List of 12C2 Related Registers
name Access address describe Reset value
R16_12C2_CTLR1 0x40005800 12C2 Control Register 1 0x0000
R16_12C2_CTLR2 0x40005804 12C2 Control Register 2 0x0000
R16_12C2_OADDR1 0x40005808 12C2 Address Register 1 0x0000
R16_I2C2_OADDR2 0x4000580C 12C2 Address Register 2 0x0000
R16_I2C2_DATAR 0x40005810 12C2 Data Register 0x0000
R16_I2C2_STAR1 0x40005814 12C2 Status Register 1 0x0000
R16_12C2_STAR2 0x40005818 12C2 Status Register 2 0x0000
R16_12C2_CKCFGR 0x4000581C 12C2 Clock Register 0x0000
R16_I2C2_RTR 0x40005820 12C2 Rise Time Register 0x0002
Table 21-3 List of 12C3 Related Registers
name Access address description Reset value
R16_12C3 CTLR1 0x40005C00 12C3 Control Register 1 0x0000
R16_12C3 CTLR2 0x40005C04 12C3 Control Register 2 0x0000
R16_12C3_OADDR1 0x40005C08 12C3 Address Register 1 0x0000
R16_12C3_OADDR2 0x40005C0C 12C3 Address Register 2 0x0000
R16_12C3 _DATAR 0x40005C10 12C3 Data Register 0x0000
R16_12C3_STAR1 0x40005C14 12C3 Status Register 1 0x0000
R16_12C3 STAR2 0x40005C18 12C3 Status Register 2 0x0000
R16_I2C3_CKCFGR 0x40005C1C 12C3 Clock Register 0x0000
R16_I2C3_RTR 0x40005C20 12C3 Rise Time Register 0x0002
Table 21-4 List of 12C4 Relevant Registers
name Access address description Reset value
R16_12C4_CTLR1 0x40014000 12C4 Control Register 1 0x0000
R16_12C4_CTLR2 0x40014004 12C4 Control Register 2 0x0000
R16_I2C4_OADDR1 0x40014008 12C4 Address Register 1 0x0000
R16_12C4_OADDR2 0x4001400C 12C4 Address Register 2 0x0000
R16_I2C4_DATAR 0x40014010 12C4 Data Register 0x0000
R16_I2C4_STAR1 0x40014014 12C4 Status Register 1 0x0000
R16_I2C4_STAR2 0x40014018 12C4 Status Register 2 0x0000
R16_I2C4_CKCFGR 0x4001401C 12C4 Clock Register 0x0000
R16_I2C4_RTR 0x40014020 12C4 Rise Time Register 0x0002
21.12.1 12C Control Register (12Cx_CTLR1) (x=1/2/3/4) Offset Address: 0x00 Name
Bit access This Reset value
15 SWRST RW describes a software reset; setting this bit in user code will reset the 12C pefipheral.
Before resetting, ensure that the 12C bus pins are released, at the bus location.
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In idle state.
Note: This bit can be used even if no stop condition is detected on the bus.

Whebths Bilid2€, reset the module.

14

Reserved

RO is re]

served.

13

ALERT

RW

SMBus alert bit; user codes can set or clear this bit.

This bit; when PE is set, this bit can be cleared by hardware.

1: Drive the SMBuUsSALERT pin low to respond to the address.

The header should immediately follow the ACK signal;

0: Release the SMBUSALERT pin to make it high, responding to the address.

The head should immediately follow the NACK signal.

12

PEC

RW

Packet error detection enable bit; setting this bit enables packet error detecti
Error detection. User code can set this position to bit or clear it; when

After the PEC is transmitted, a start or stop signal, or a PE bit, is generated.
When clearing to 0, the hardware clears that bit;

1: Includes PEC;

0: Without PEC.

Note: The PEC becomes invalid if the arbitration is lost.

pn.

=

11

POS

RW

The ACK and PEC position settings are configured so that they can be set by user
Set or clear; after PE is cleared, it can be cleared by hardware.

remove;

1: The ACK bit controls the next word received in the shift register.

The ACK or NAK of the next segment. The PEC shift register receives the next segr

One byte is PEC;

The ACK or NAK of the section. The PEC bit indicates the current bit shift reg
The bytes of the device are PEC.

Note: The POS bit is uséd in byte data reception as follows:

It must be configured before receiving. For the fiNAGKaratuet be
cleared. ADDR ACK| i 8¢ bt dieheridRRa9eatd it is used;
After

byte of PEC; this must be done at the event occurrence.

ADDR is generated, tlﬁ-:‘:?:%m:g‘ﬁration bits are set.

0: The ACK bit controls the word currently being received in the shift register.

code.

pent.

ister.

10

ACK

RW

The acknowledge enable bit can be set or cleared by user code.
Zero; when the PE bit is set, this bit can be cleared by hardware.
1: Return an acknowledgment after receiving a byte;

0: No response is required.

STOP

RW

Stop event generation bit, which can be set or disabled by user code.
Reset, or cleared by hardware when a stop event is detected.

Or, if atimeout error is detected, the hardware will set it.

In main mode:

1: Produced after the current byte transmission or the current start condition is
Life-stopping event;

0: No stopping events are generated.

From mode:

1: Release the SCL and SDA lines after the current byte is transferred;

0: No stopping events are generated.

ssued.
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START

RW

The start event generation bit can be set or disabled by user code.
Zeroing occurs when the initial conditions are issued or when PE is zeroed, by the har
Clear all items.

In main mode:

1: Repeatedly generate the initial event;

0: No initiating event was generated.

From mode:

1: A start event is generated when the bus is idle;

0: No initiating event was generated.

drive.

NOSTRETCH

RW

Clock extension disabled bit; this bit is used in ADDB or BTF settings.
When the flag is set, clock delay from mode is disabled.

It grows until it is cleared by the software.

1. Clock extension is prohibited;

0: Allows clock extension.

ENGC

RW

Broadcast call enable bit. Setting this bit enables broadcast calls and respq

Broadcast address 00h.

nses.

ENPEC

RW

PEC enable bit:

1: Enable PEC calculation;

0: Disable PEC calculation.

ENARP

RW

ARP enable bit:
1: Enable ARP;
0: Disable ARP.
If SMBTYPE=0, the default location of the SMBus device is used.

Address; if SMBTYPE=1, then the main address of SMBus is used.

SMBTYPE

RW

SMBus device type:
1: SMBus master device;

0: SMBus from the device.

Reserved

RO is rg

served.

SMBUS

RW

SMBus mode selection bit:

1: Use SMBus mode;

0: Use 12C mode.

PE

RW

12C peripheral enable bit.
1: Enable the 12C module;

0: Disable the 12C module.

21.12.2 12C Control Register 2 (12Cx_CTLR2) (x=1/2/3/4) Offset Address: 0x04 Bit Name [15:13]

Reserved

access

describe

Reset value

RO is rg

served.

12

LAST

RW

DMA Last Transfer Setting Bit.
1: The next DMA EOT is the final transfer;

0: The next DMA EOT is not the final transfer.

Note: This bit is used in master receive md¥&Mnd can be generated during the last data rec

leption.
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11

DMAEN

RW

DMA request enable bit:
1: Allow DMA requests when TXE or RxNE is set;

0: DMA requests are disabled when TXE or RxNE is set.

10

ITBUFEN

RW

Buffer interrupt enable bit.
1: An event interrupt is generated when TXE or RxNE is set;

0: No interrupt is generated when TXE or RxNE is set.

ITEVTEN

RW

Event interrupt enable bit:

1: Enable event interruption;

0: Disable event interruption.

This interrupt will occur under the following conditions:
SB=1 (Main Mode);

ADDR=1 (Master-Slave Mode);

ADDR10=1 (Main Mode);

STOPF=1 (from mode);

BTF=1, but there are no TXE or RXNE events;

If ITBUFEN=1, the TXE eventis 1;

If ITBUFEN=1, the RxNE event is 1.

ITERREN

RW

Error interrupt enable bit:

1: Allow error interruption;

0: Disable error interruption;

This interrupt will occur under the following conditions;
BERR=1; ARLO=1; AF=1; OVR=1; PECERR=1;

TIMEOUT=1; SMBAlert=1.

[7:6] Reser

ed

ROisr

eserved.

[5:0] FREQ[

5:0]

RW

It must be set between 000100b and 111100b.

The unit is MHz.

The 12C module clock frequency domain must be entered correctly |

The rate is sufficient to produce correct timing, with an allowable range of 4-6l

21.12.3 12C Address Register 1 (12Cx_OADDR1) (x=1/2/3/4) Offset Address: 0x08

Bit

name

access

describe

Reset value

15

ADDMODE

RW

Address pattern.
1: 10-bit slave address (does not respond to 7-bit address);

0: 7-bit slave address (does not respond to 10-bit address).

[14:10] Reser

RO (Re|

served).

[9:8] ADD[9

K]

RW

Interface address, bits 9-8 when using a 10-bit address.

Ignore when using a 7-bit address.

[7:1] ADD[7

B

RW int

prface address, bits 7-1. The

ADDO

RW

interface address, when using a 10-bit address, is bit 0.

Ignore 7-bit addresses.

21.12.4 12C Address Register 2 (12Cx_OADDR?2) (x=1/2/3/4) Offset Address: 0x0C
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Bit name access describe Reset value
[15:8] Reservied RO is re¢served. 0
[7:1] ADD2[7:1] RW interface address, bits 7-1 of the address in dual-address mode. 0
Dual address mode enable bit; setting this bit allows ADD2 to also...
0 ENDUAL RW 0
It was identified.
21.12.5 12C Data Register (12Cx_DATAR) (x=1/2/3/4) Offset Address: 0x10 Bit Name [15:8]
Reserved
access describe Reset value
RO Reserved. 0
This field is used to store received data or stored data.
[7:0] DR[7:0 RW 0
This is used to send data to the bus.
21.12.6 12C Status Register 1 (I12Cx_STARL1) (x=1/2/3/4) Offset Address: 0x14 Name
Bit access This Reset value
describes the SMBus warning bit, which can be reset by the user writing O, or...
It is reset by hardware when PE goes low.
In SMBus host mode:
1: An SMBus warning was generated on the pin;
15 SMBALERT RWO  [0: No SMBus warning. 0
In SMBus slave mode:
1: Receive the SMBAlert response header sequence until...
SMBAlert decreases;
0: No SMBAlert response header sequence was received.
Timeout or Tlow error flag, this bit can be written to 0 by the user.
Reset, or hardware reset when PE goes low.
1: SCL has been low for 25ms, or the host has accumulated a low level.
The clock expansion time exceeds 10ms, or the accumulation time from the device low leyel is...
14 TIMEOUT RWO | The time exceeded 25ms; 0
0: No timeout error.
13 Reserved RO is regerved. The 0
PEC error flag bit is set when a PEC error occurs during reception; this bit can be usgd by...
Write 0 to reset, or be reset by hardware when PE goes low.
12 PECERR RWO 0
1: A PEC error has occurred. Upon receiving the PEC, a NAK response is returned.
0: No PEC error.
Overload and underload indicator:
1: Overload or underload events occur: When NOSTRETCH=1,
11 OVR RWO  [when anew byte is received in receive mode, the data register... 0
If the contents of the receiver have not yet been read, newly received bytes will be lost.
Loss; in send mode, no new data is written to the data repository.
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The same byte will be sent twice;

0: No overload or underload events.

The response failure flag can be reset by the user writing 0.

Or it can be reset by hardware when PE goes low.

10 AF RWO 0
1: Response error;
0: Normal response.
The arbitration loss flag can be reset by writing 0 to it.
Or it can be reset by hardware when PE goes low.
9 ARLO RWO 0
1: Arbitration loss was detected, and the module lost control of the bus
0: Arbitration is normal.
Bus error flag, this bit can be reset by writing 0 to it.
Or it can be reset by hardware when PE goes low.
8 BERR RWO 0
1: An error occurred with the start or stop conditions;
0: Normal.
When the data register is empty, write data to the data register.
It can be cleared, or a start or stop bit can be generated, or when
7 TxE RO Once PE is 0, it will be automatically cleared by the hardware. 0
1: When sending data, the data transmission register is empty;
0: The data register is not empty.
The data register's not-empty flag is used for reading and writing data regipters.
This bit will be cleared by the operation, or by hardware when PE is 0.
6 RXNE RO | 1nis position. 0
1: When receiving data, the data register is not empty;
0: Normal.
5 Reserved RO is reserved. 0
The stop event flag is set after the user reads status register 1.
A write operation to control register 1 will clear this bit, or when
Once PE is 0, this bit is cleared by hardware.
4 STOPF RO 0
1: After responding, the slave device detects a stop event on the bus.
Item;
0: No stop event was detected.
The 10-bit address header sequence sends the flag bits, and the user reads the status register.
After register 1is accessed, any write operation to control register 1 will clear it.
This bit is removed, or it is cleared by hardware when PE is 0.
3 ADD10 RO 0
1: In 10-bit address mode, the master device has already assigned the first...
The address bytes are sent out;
0: None.
End-of-byte transmission flag bit, user reads status register 1
Afterwards, reading or writing to the data register will clear this bit; during transmission
In the middle, after initiating a start or stop event, or when PE is
After 0, this bit is cleared by hardware.
2 BTF RO 0

1: End of byte transmission. When NOSTRETCH=0: During transmissio
When new data is sent and the data register has not yet been written...
When receiving new data, but...

The data register has not yet been read;
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0: None.

ADDR

RWO

Address sent/address match flag, user reads status.

After register 1 is accessed, a read operation on status register 2 will cl
This bit is cleared by hardware, except when PE is 0.

Main mode:

1: Address transmission complete: In 10-bit address mode, when recei
After the ACK bit in the second byte of the address, it is set;

In 7-bit address mode, the bit is set upon receiving an ACK for the add

0: Address transmission has not ended.

From the pattern:
1: The received address matches;

0: Address mismatch or address not received.

par it.

ing...

€ss;

SB

RO

Start bit sent flag, read status register 1 and then write data.
The operation on the register will clear this bit, or when PE is 0.
The hardware will clear this bit.

1: Start bit has been sent;

0: No start bit sent.

21.12.7 12C Status Register 2 (I2Cx_STAR?2) (x=1/2/3/4) Offset Address: 0x18 Name

Bit

access

Reset value

[15:8] PEC[7:

ol

RO

Description packet error checking field, when PEC is enabled (ENPEC

This field stores the value of PEC.

s set).

DUALF

RO

Match the detection flag bit when a stop bit or start bit is generated.
Alternatively, when PE=0, the hardware will clear this bit to zero.
1: The received address matches the content in OAR2;

0: The received address matches the content in OAR1.

SMBHOST

RO

SMBus host header flag bit, used to generate stop or start bits.
When PE=0, the hardware will clear this bit.

1: When SMBTYPE=1 and ENARP=1, SMBus was received.
Host address;

0: No SMBus host address received.

SMBDEFAULT

RO

The SMBus device defaults to the address flag, which is triggered when a stop bit is generat
When the start bit is active, or when PE=0, the hardware will clear this bit to
1: When ENARP=1, the default address of the SMBus device is receive

0: Address not received.

d or...

gero.

GENCALL

RO

Broadcast call address flag bit, when generating stop bit or start bit
When PE=0, the hardware will clear this bit to zero.
1: When ENGC-=1, the address where the broadcast call is received;

0: No broadcast call address received.

Reserved

RO Res|

erved.

TRA

RO

Transmit/Receive Flags When a stop event is detected

(STOPF=1), repeated start condition, bus arbitration lost.

When ARLO=1 or PE=0, the hardware will clear it to zero.
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1: Data has been sent;
0: Data received.

This bit is determined by the R/W bits of the address byte.

Bus busy flag, this bit will be activated when a stop bit is detectad.
Cleared. This information is still available when the interface is disabled (PE=0).

1 BUSY RO |Updated. 0
1: Bus busy: SDA or SCL is low;

0: Bus is idle and there is no communication.

Master-slave mode indicator bit When the interface is in main mode

(SB=1), the hardware sets this bit; when the bus detects a...
0 MSL RO 0

If a stop bit is lost during arbitration, or if PE=0, the hardware will clear the dache.

Except for this position.

21.12.8 12C Clock Register (12Cx_CKCFGR) (x=1/2/3/4) Offset Address: 0x1C

Bit name access describe Reset value

Main mode selection bit.
15 FIS RW 1: Quick Mode; 0

0: Standard mode.

Duty cycle in fast mode:

14 DUTY RW 1: T low level / T high level = 16/9; 0

0: T low level / T high level = 2,

[13:12] Reserved RO is reserved. 0

[11:0] CCR[11:0] The RW clock divider field determines the frequency waveform of the SCL clock. 0

21.12.9 12C Rise Time Register (12Cx_RTR) (x=1/2/3/4) Offset Address: 0x20 Bit Name [15:6]

Reserved

access describe Reset value

RO Reserved. 0

Maximum rise time domain. This bit sets the SCL in master mode.
Rise time. The maximum rise time is equal to TRISE-1.

Clock cycle. This bit can only be set when the PE (Pre-Execution Environment) is cleared. For examp|

le...
[5:0] TRISE[5:0] RW 000010b

The input clock period of the IF 12C module is 125ns, while TRISIE
If the value is 9, then the maximum rise time is (9-1).

*125ns, which is 1000ns.
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Chapter 22 13C Bus (I3C)

The I3C bus is a two-wire serial, single-ended, multi-branch bus designed to improve upon the traditional 12C bus. The I3C interface is responsible for...
This device enables communication between itself and other devices connected to the I3C bus. It supports both master and slave modes.

When in use, it can enhance the functionality of the 12C interface while maintaining a certain degree of backward compatibility.

22.1 Main Features

Supports master and slave devices .

Supports MIPI I3C specification v1.1

Supports multi-host functionality

Supports DMA ¥ In-

band interrupt (IBI) function

Built - in error detection and recovery

«13C SCL bus clock up to 12.5MHz « Supports dynamic

address allocation, direct and broadcast Common Command Code (CCC) and private read/write transfers

22.2 Overview

Figure 22-1 Block diagram of 13C

13C

HB bus <‘::>

HB interf:
intertace mRE I3G bus
DMA request: TX-FIFQ Data & control interface
13C_RX_DMA serial ization /
_RX_ » &PI0 [
13C_TX_DMA RX-FIFQ deserialization = logic ] 13c.50A
13C_TG_DMA il
o o |
S— G 1F Bus protocol
management
S—FIFO Bus
130 ist — input &
maron 4| (Lt e ]| [omoiy o] || e
control | GPIO
= . {1 13c_scL
Autonomous mode Target finite < logic
clocks management state machine
13G_HGLK ——» | Events generation | Clock & timings
management
‘ Interrupt generation

22.3 Functional Description

22.3.1 13C Peripheral Status

13C peripherals can be used as either I3C masters or I3C slaves. In either case, the peripheral is in the following state:

Prohibited status
Operating conditions: After the I3C peripheral is reset (13C reset is performed by setting I3CRST bit 1 in the RCC module), the peripheral is in a disabled state.

Transition from disabled to idle state: When the software sets the EN bit of the R32_I3C_CFGR register to 1, the peripheral completes the internal configuration parameters.
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After verification, the state switches from prohibited to idle.

yldle state: In the
idle state, the software can perform partial updates to the I3C peripheral configuration.
Transition from idle to active state: 1)
Software control trigger: In
master mode, triggered when software starts frame transmission by setting the TSFSET bit of the R32_I3C_CFGR register to 1 via a write operation;
In slave mode, triggered when software issues an IBI/CR/HJ request; 2)
Hardware event trigger:
Triggered by the master device after receiving a start request from the slave device and the maximum TCAS time during

bus arbitration; Triggered by the slave device detecting a broadcast/direct CCC or private read/write via the SDA/SCL lines.

y Operating State: In

operating state, the peripheral performs transfers on the bus.

When a requested transfer is completed in operating state, the software is notified via an event in the R32_I3C_EVR register, and the corresponding
interrupt is enabled via the R32_I3C_INTENR register. After switching from operating state to idle state, the peripheral can still communicate on the bus and
can undergo partial reconfiguration. 1) As a Master
Device: In operating state, the event/flag generated upon completion of a requested transfer can be Frame Complete (FCF), IBI/

Master device role/hot join request completed (IBIF/CRF/HJF) or transmission error (ERRF);
2) As a slave device: In the working state, the event/flag generated after the requested transmission is completed can be Dynamic Address Allocation
Complete (DAUPDF), IBI Complete (IBIENDF), Master Role Acquisition Complete (CRUPDF), Broadcast/Direct CCC Complete (xxtUPDF/RSTF/GETF/

STAF), Private Read/Write Complete (FCF), or Transmission Error (ERRF).

22.3.2 13C Master Device States and Programming Sequences
In this section, we provide the complete programming sequence for an I13C peripheral when it is used as a master device, covering state transitions,

main subtasks, and conditions.

Master device initialization
When the master device is disabled (EN bit of R32_I3C_CFGR register is 0), the software must follow these steps for initialization.
change:
« Configure the R32_I3C_CFGR register, setting CRINIT to 1 to mark the master device role . « Clear
the HST_SIE_RST bit in the R32_I3C_RESET register . » Configure the 13C bus
timing: 1) Configure the
R32_I3C_TIMINGRO register to set the SCL clock high-level time for the traditional 12C and I3C open-drain/push-pull phases.
Period and low-level time period
2) Configure the R32_I3C_TIMINGR1 register to set the SDA hold time (tHD_PP) and bus idle condition time during the push-pull phase.
(I3C tCAS, traditional 12C tBUF), I3C repeat start bit timing (tCASr, tCBSr), I3C stop timing (tCBP), SCL clock low-level maximum pause time
(for ENTDAA CCC (tSTALLDAA), traditional 12C ACK/NACK, I3C transmission address phase, parity bit for write data transmission, traditional
12C write transmission ACK/NACK data phase, I3C read transmission transition bit, or traditional 12C write transmission ACK/NACK phase
(tSTALL)). Peripherals used as master devices can adjust the SCL clock low-level pause time and tNEWCRLock according to their own needs

to adapt to the master device role switching process (after the GETACCCR CCC command).

3) Configure the R32_I3C_TIMINGR2 register to set the pause time of the SCL clock low level (each stage can be individually enabled or disabled to
adjust the pause time of the SCL clock low level (to meet the requirements of the addressed 13C slave device or traditional 12C slave device

during SDA switching)
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Configure the R32_I3C_DEVRO register DA[6:0] bits to set its own dynamic

address . Configure the R32_I3C_DEVRX register to set the management of any slave device x (x =
1/2/3/4) . Configure the R32_I3C_CFGR register to set the execution mode for frame transmission
or target request transmission . Configure the R32_I3C_INTENR register to set the interrupt

generation or polling mode for any event . Set the EN bit to 1 after initialization to enable the I3C peripheral.

To initiate frame transmission initiated

by the master device, when the master device is enabled (EN bit of R32_I3C_CFGR register is 1), the software can initiate frame transmission
using any of the
following configuration methods: 1. Software trigger: Set the TSFSET bit of R32_I3C_CFGR register to 1 by performing a write operation;

— This operation will cause the hardware to set the CFNFF flag in the R32_I3C_EVR register to request the writing of the first control word to the
R32_I3C_CTLR register. 2. No

trigger: The first control word is written directly to the R32_I3C_CTLR register via software.

Regardless of the startup method, the 13C peripheral will then switch to working state. When the control word is not the last message of the I3C
frame (i.e., the MEND bit of the R32_I3C_CTLR register is not set), and no transmission error occurs (i.e., the ERRF bit of the R32_I3C_EVR register is
set to 1), the hardware will continuously request the next control word and continue frame transmission:

1) If the C-FIFO is in non-DMA mode (the CDMAEN bit of the R32_I3C_CFGR register is 0), the software will write the next control word after the

CFNFF flag of the R32_I3C_EVR register is set or the corresponding interrupt is triggered (the CFNFIE bit of the R32_I3C_INTENR register
is set to 1);
2) If the C-FIFO is in DMA mode (the CDMAEN bit of the R32_I3C_CFGR register is 1), then the corresponding 13C DMA...

The request will be automatically processed by the allocated DMA channel and written to the next control word.

Initiating and receiving transmissions

initiated by slave devices: When the master device is enabled (EN bit of R32_I3C_CFGR register is 1), the master device can initiate a
transmission, and the slave device can also initiate a transmission by issuing a start request (driving SDA low), provided that the master device has
allowed hot-join requests, IBI requests, or master role requests through the

R32_I3C_DEVRO register. In this case, even if the master device software does not plan to initiate a frame transmission, the hardware will
automatically enter the working state (activating the SCL clock before the maximum tCAS time (which can be defined as 1ys, 100ys, 2ms, or 50ms,

corresponding to bus working states 0, 1, 2, or 3, respectively)) to receive hot-join/in-band interrupt/master role requests from slave devices.

Perform frame transmission initiated by the master device

On the bus, the master device continuously performs frame transmissions until the last message transmission is complete (the FCF bit in the
R32_I3C_EVR register is 1), or an error occurs during transmission (the ERRF bit in the R32_I3C_EVR register is 1), triggering the corresponding
interrupt (if enabled). This process relies on the R32_I3C_CTLR and R32_I3C_TDW/TDR registers (written explicitly by software or automatically pushed
by the allocated DMA channel) and the R32_I3C_RDW/RDR registers (read explicitly by software or by the allocated DMA channel). After the transmission
is complete, the I3C

master device returns to the idle state. When the S-FIFO is disabled (the SMODE bit in the R32_I3C_CFGR register is 0), the hardware updates
the I3C status register (R32_I3C_STATR) for each message that completes without transmission errors, indicating that a message exchange has been
completed on the I13C bus. The software

can choose to read or ignore this register. When the S-FIFO of the R32_I3C_STATR register is disabled (the SMODE bit of the R32_I3C_CFGR
register is 0), in addition to the completion of the last message transfer (the FCF bit of the R32_I3C_EVR register is 1) or a transfer error occurring (the
ERRF bit of the R32_I3C_EVR register is 1) and generating a corresponding interrupt (if enabled), during direct CCC read or private read transfers, if
the slave device prematurely terminates the read transfer, it will also notify the software by setting the R32_I3C_EVR register RXTGTENDF bit to 1 and

generating a corresponding interrupt (if enabled). The software can then read the R32_I3C_STATR register to obtain more information about the transferred data.
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If S-FIFO is enabled (R32_I3C_CFGR register SMODE bit set to 1), the status register R32_I3C_STATR must be read once after each
message transmission, regardless of whether the slave device ends the read transmission early. This can be read by software (notified by
R32_I3C_EVR register SFNEF bit being 1 and the corresponding interrupt (if enabled)) or via DMA (if R32_I3C_CFGR register SDMAEN bit set
to 1). A frame transmission completion report is only submitted after reading the status of the last message (S-FIFO empty) (R32_I3C_EVR

register FCF bit set to 1).

After returning to idle state, the
master device's transmission configuration software can update the configuration of I3C peripherals before the next transmission.

- Configure the R32_I3C_TIMINGR2 register to modify the SCL clock pause; -

Configure the R32_I3C_INTENR register to modify the interrupt/polling mode

strategy; - Configure the R32_I3C_CFGR registers TXTHRES, RXTHRES, TMODE, SMODE, TXDMAEN, CDMAEN, RXDMAEN, ...
The SDMAEN, EXITPTRN, RSTPTRN, and NOARBH bits are
used to modify/prepare the control word, status word, and read/write data for the next frame transmission via software
and/or DMA. Typically, after a broadcast/direct DISEC/ENEC CCC is sent

and completed: — The hot-join acknowledgment policy is modified via the HIACK bit

in the R32_I3C_CFGR register; — The IBI/CR acknowledgment policy for any slave device x is modified via the R32_I3C_DEVRX register.

22.3.313C Slave State and Programming Sequence In
this section, we provide a complete programming sequence for an 13C peripheral used as a slave device, covering state transitions, main

subtasks, and conditions.

Device initialization

When the slave device is disabled (EN bit of R32_I3C_CFGR register is 0), the software must be initialized as follows: ¥ Configure the
R32_I3C_CFGR register, setting CRINIT to 0 to set the I3C peripheral as a slave device. y Clear the
DEV_SIE_RST bit in the R32_I3C_RESET register . § Set the I13C bus
timing through 13C timing register 1 (R32_I3C_TIMINGR1): Write to AVAL[7:0] to set:

— Bus availability condition time (tAVAL), for IBI or master role requests — Bus idle

condition time (tIDLE), for hot-join requests — tNEWCRLock, for

master role switching processes (after GETACCCRCCC) y Configure slave-
initiated requests: Write the following bits to the I3C's own device characteristic register (R32_I3C_DEVRO):

—IBIEN: In-band interrupt (also known as IBI) request enable/disable

— CREN: Master role request enable/disable

—HJEN: Enable/disable hot-join request ;
Initialize slave device characteristics and
functions ; Configure transfer execution mode:

In the R32_I3C_CFGR register, TXDMAEN and RXDMAEN enable/disable DMA modes for TX-FIFO and RX-FIFO, respectively.

TXTHRES and RXTHRES are the byte/word thresholds for TX-FIFO and RX-FIFO, respectively; setting SMODE to 0 disables S-
FIFO ; configure the R32_I3C_INTENR register to modify the interrupt generation or polling mode for

any event ; set EN to 1 after initialization to enable I13C peripherals.

Receive messages from the master device (broadcast CCC, direct read/write CCC, or private read/write).

When a slave device is in an idle state (EN bit of the R32_I3C_CFGR register is 1), it indicates that it is ready to receive communication
messages from the master device on the I3C bus and is ready to switch to active

state. In active state, the slave device will first receive the broadcast ENTDAA CCC (possibly after receiving the optional broadcast

ENEC/DISEC CCC), and then be assigned a dynamic address. The event DAUPF in the R32_I3C_EVR register is set to 1, and a relevant interrupt is generated (if enab
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The device then returns to an idle state.

Afterwards, the idle slave device is ready to receive any other broadcast CCC messages, direct read/write CCC messages, or private read/write messages

from the master device.

For each message received
without errors, the hardware reports the completion of a message exchange on the I3C bus by updating the 13C status register (R32_I3C_STATR). The
software receives this notification through the corresponding flag in the I3C event register (R32_I3C_EVR) or the corresponding interrupt (if enabled) in the I3C

interrupt enable register (R32_I3C_INTENR). The software must read the I3C status register (R32_I3C_STATR) if the following messages occur:

Private read: Get the number of bytes of data exchanged, because the master device may finish the transfer earlier than the slave device expects (if the
R32_I3C_STATR register XDCNT[15:0] is less than the R32_I3C_TGTTDR register TGTTDCNT[15:0]).
At this point, the software must set TXFLUSH in the R32_I3C_CFGR register to 1 to clear the TX-FIFO. y DEFTGTS CCC

or DEFGRPA CCC: Get the number of data bytes received in the RX-FIFO.

A transmission initiated by the slave
device is started when the slave device transitions from a disabled state to an idle state (the software writes 1 to the EN bit of the R32_I3C_CFGR register) and is simultaneously able to receive data.
When the master device broadcasts a CCC, the software can issue a hot-join request (by writing 1000b to bits MTYPE[3:0] in the R32_I3C_CTLR register) to
apply for eligibility to join the next ENTDAACCC, provided that hot-join requests are enabled (bit HIEN in the R32_I3C_DEVRO register is set to 1). After allocating
a dynamic address (bit DAUPF in the R32_I3C_EVR register is set to 1) (more commonly done simultaneously with frame transmissions from the master
device), the software can issue an IBI (In-Band Interrupt Request) or a master role request to the master device by writing the relevant control word to the

R32_I3C_CTLR register.

After the I3C peripheral (as a slave device) returns to an
idle state after updating its configuration, the software can update the 13C slave device's configuration before the next transfer.
- Configure the R32_I3C_INTENR register to modify the interrupt/polling mode policy. -
Configure the TXTHRES, RXTHRES, TXDMAEN, and RXDMAEN bits of the R32_I3C_CFGR register. - Modify/prepare
the 13CIBI payload data register (R32_I3C_IBIDR). If there is any payload (when bit BCR2 of the R32_I3C_BCR register is 1), it should be written to the I3C
message control register [multiplexed] (R32_I3C_CTLR) when starting IBI transmission.
Perform this operation before MTYPE[3:0] bits are 1010b -
Modify/prepare the I3C slave device send configuration register (R32_I3C_TGTTDR), before receiving a private read or direct CCC from the master device.

Before reading (except GETSTATUS CCC) messages, disable or enable the TX-FIFO to preload a specified number of data bytes to be sent.

22.3.4 13C Bus Transfer and Programming 22.3.4.1

13C Command Sets (CCC) (As Master/Slave Device) Table 22-1 provides a list of
supported I13C command sets (e.g., CCC list, general command codes), and an overview of how the command set is handled when the peripheral is acting
as a master or slave device. Table 22-1 List of Supported 13C

CCCs (As Master/Slave Device)

use
Used as a
read Yes/No definition byte do
Yes/No optional data bytes device to generate| When acting as a slave
CCC Name CCC Value / Yes/No subcommand host
I3C_EVR event device: Specific operations
Write byte
equipment
There is one data byte Update and enable
Undefined byte/
ENEC 0x00 Write (enabled slave device event XX, INTUPDF R32_I3C_DEVRO
subcommand byte
byte). Registers: HIEN
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DISEC 0x01

ENTASX 0x02
(x=0...3)

) 0x05

RSTDAA 0x06

ENTDAA 0x07

DEFTGTS 0x08

SETMWL 0x09

SETMRL O0x0A

ENTTM 0x0B

CREN, IBIEN

(If any)

There is one data byte
(Disabled from device events)

byte)

XX,

INTUPDF

Update and disable
R32_I3C_DEVRO
Registers: HIEN

CREN, IBIEN

(If any)

No data bytes XX, A

SUPDF

renew
R32_I3C_DEVRO
Registers AS[1:0]

Bit

XX,

DAUPDF

will
R32_I3C_DEVRO
Register DAVAL bit

Clear

XX,

DAUPDF

renew

R32_13C_DEVRO

Registers DA[6:0]

Bit and DAVAL bit
Set 1

There is [1+4x(1+n)]
] data bytes (

n - Number of devices

)

X, DEFF

renew
R32_I3C_RDR/R
32_I3C_RDWR

Register

There are two data byte

s X X,

MWLUPDF

renew
R32_I3C_MAXWLR

register

There are two or three data

byte

XX

MRLUPDF

renew
R32_13C_MAXRLR

register

There is a data byte X

RSTACT O0x2A

Defining bytes (
0x00, 0x01 or
0x02)

No data byte X

X was detected.

Reset timing

Post position
RSTF

renew
R32_13C_DEVRO
register
RSTACT[1:0] bits
and RSTVAL bit

Setto 1

DEFGRPA 0x2B

RSTGRPA 0x2C

Undefined bytes/sub|

command bytes

There are multiple data b

tes X

X, GRPF

and update

R32_13C_RDR/RD

WR register

No data byte X

Direct CCC

Execute operation upon ACK
(If I3C from the design)
Backup address and
R32_I3C_DEVRO

Registers DA[6:0]
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Match and
R32_I3C_DEVRO

register
DAVAL=1) (No)

Then it is NACK)

ENEC

0x80

DISEC

0x81

ENTASX
(x=0...3)

)

0x82

0x85

SETDASA

0x87

SETNEWDA

0x88

SETMWL

0x89

SETMRL

O0x8A

Write

GETMWL

0x8B

GETMRL

0x8C

read

Undefined bytes/sub

command bytes

There is one data byte
(Enable device events)

byte)

XX, INTUPDF

Update and enable
R32_I3C_DEVR
Register 0:
HJEN, CREN,
IBIEN (if)

have)

There is one data byte
(Disabled from device events)

byte)

XX, INTUPDF

Update and disable
R32_I3C_DEVR
Register 0:
HJEN, CREN,
IBIEN (if)

have)

No data bytes XX, ASUPDF

renew
R32_I3C_DEVRO
Registers AS[1:0]

Bit

No data byte X

There is a data byte XX, DAUPDF

renew
R32_I3C_DEVRO
Registers DA[6:0]
Bit, and DAVAL
Set 1

There are two data byteg X X, MWLUPDF

renew
R32_13C_MAXWLR

register

There are two or three data

byte

X X{MRLUPDF

renew
R32_I3C_MAXRLR

register

There are two data byteg X

X, GETF

from
R32_13C_MAXWL
register
RMWL[15:0] return

Data bytes

There are two or three data

byte

X X, GETF

from
R32_13C_MAXRL

R register
MRL[15:0] returns
Data bytes, such as
R32_I3C_BCR
Register BCR2=1
Then from
R32_13C_MAXRL

R register

IBIP[2:0] return
The third byte
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from
R32_I3C_EPIDR
GETPID 0x8D There are six data bytes X X, GETF
Register returns data
byte
From R32_I3C_BCR
GETBCR OX8E X X, GETF register
BCR[7:0] return
There is one data byte Data bytes
return
GETDCR Ox8F X X, GETF R32_13C_DCR
Register BCR[7:0]
X, STAF (in
There are two data bytes format 1)
GETSTATUS 0x80 Words with/without definitions (Format 1 or Format 2) X ) Return two data points
Section (TGTSTAT, )
(With PRECR) X GETE byte
PRECR) ) '
(Format 2)
)
from
R32_I3C_DEVRO
Undefined bytes/sub ; .
Registers DA[6:0
GETACCCR 0x91 There is a data byte XX, CRUPDFR 9 [6:0]
command bytes Return with odd/even
Number of check bits
According to ByteDance
There are two data bytes
(Format 1) Five
With/Without Semantic Bytes Data bytes (format) from
i R32_I3C_GETM
GETMXDS 0x94 (WRRDTURN, Zor format 3 (available) X X, GETF -
When WRRDTURN) XDSR register return
CRHDLY)
Or a data byte Return data bytes
(Format 3 (with)
CRHDLY
from
There are three data words R32_13C_GETCA
Section (Format 1 or Format 2) The PR register returned 3
With/Without Semantic Bytes " .
Equation 2 (with TGTSTAT) Number of GETCAPx
GETCAPS 0x95 Read (TGTSTAT, (time) or two numbers X X, GETF According to ByteDance or from
CRCAPS According to bytes (format 2) R32_I3C_CRCAP
(When CRCAPS is present) Register R returns 2
) CRCAPx data
byte
Read: From
R32_I3C_DEVR
Register 0
RSTACT[1:0]
read » . X was detected.
Defining bytes ( Defining bytes ( Reset timing Returned data bytes
RSTACT Ox9A / 0x00, 0x01 or 0x00, 0x01 or X
Post position
0x02) 0x02)
Write RSTF
Write: Update
R32_I3C_DEVR
Register 0
RSTACT[1:0]
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and RSTVAL bit
Set 1

SETGRPA 0x9B Undefined bytes/sub| Undefined bytes/sub-names | X
Write

RSTGRPA 0x9C command bytes Let byte X

22.3.4.2 13C Broadcast/Direct CCC Transmission (except ENTDAA and RSTACT) (as master device)

Figure 22-2 13C CCC Message
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“ If CCC dafining byts/sub-command byte/data byte(s) —

13C direct CCC write,

tstpart
{excepted RSTACT)

[ mox onroarlsow | | w2130 ok Ew |

- If 0GC defining byte/sub-command byte/data byte(s) —

13C direct CCC write, n x

| roz_rac ong sngs0] | | moz 1o ok e | l:z._m_mn.n-(u o4 | raz_130_onr e

13C direct CCC read,

Tetart
(excepted RSTACT)

[ m®oixonroals:0N | | 2136 ok W

If 0BG defining byte/sub-command byte/data byte(s)

I13C direct CCC read, n x

2ndpart
(excepted RSTACT)

Master (& sieve) drive(s) SOA lowhigh Z in opan—drain (arbitrable header)

Bastar drives SDA in opan drain

Mastar drives SIA in push-pul |

slave drives SDA in pusbrpul |

Acknowledge frem the addressed & lave(s) fehich drive(z) SDA low in opan drain) with hand-off (ie switch back SDA control to Mastar)

Acknowledgs from the eddressed s lave(s) fehich drive(s) SDA low in openrdrain) without hand-off (ie continues driving DA

Transition bit (parity bit for write data) from Master (drives SDA in pshpull)

Transition bit (and of data for reed data) from Master and/ or fram slave {drive S0A lowhighZ in spen-drain)

B (mf ] | |
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22.3.4.3 13C Broadcast ENTDAA CCC Transmission (as Master Device)
Figure 22-3 I3C Broadcast ENTDAA CCC Transmission (as Master Device)

ENTDAA(13C broadcast GCC
write when IP is acting as

Master ) |

R32_13C_CTLR, CCCL7 :0]=0x07 ] R32_13C_CTLR. DCNT[15:01=0

:. ...... Jo] vy | - hi:fm?t

‘ [ re_13c_ror/mom |

wnee- Repeat for each slave to be assigned until there is no ACK from any slave -t
R32_13C_STATR (MID[7:0], DIR=0, XDCNT[15:0]=# of assigned slaves)

Master (& slave) drives SDA low/high Z in open—drain (arbitrable header)
Master drives SDA in open drain

MWaster drives SDA in push—pull

slave(s) drive SDA low/highZ in open—drain (and Master in open—drain highZ)

Acknowledge from the addressed slave(s) (which drive(s) SDA low in open drain) with hand-off (i.e. switch back SDA control to Master)

Acknowledge from the addressed slave(s) (which drive(s) SDA low in open-drain) without hand-off (i.e. continues driving SDA) low/highZ
in open—drain

Transition bit (parity bit for COC) from Master (drives SDA in push—pull)

CEEC NN

48-bit unique/provisioned ID is subject to arbitration. The slave which wins arbitration continues to provide its BCR and D(R.

z

22.3.4.413C Broadcast/Direct RSTACT CCC Transmission (as Master Device)

V1.5 334



Machine Translated by Google

CH32H417 Series Application Manual

https://wch.cn

Figure 22-4 13C Broadcast, Direct Read/Write RSTACT CCC (as Master Device)

RETHT (130 Peet % [ e o wveaiari |
write)

RSTACT (13C direct CCC
oy s

R 130 OTLR WO(7-01=09A | | Ra2 130 OTLR DOWTLS5:0]=1 | [ R3213C OTLR MEM=0

b s
P S R R e e
[ Rz ammnise | [ rmix omee | R22_130_CTLR MEMD=1

RSTACT (13¢C direct CCC
read), first part

RSTACT (13€ direst CCC read): -
A Aot 8 e ]

[ mmixonwmoiso) | [ R2imonmmma |

Mastar (& slne) drivels) SDA lowhigh Z in cpendrain (arbitrable header)

Waster drives A in @ drain

Westar drives SDA in mushpull

slave drives SDA in push-pul |

Jehouledge from the sidressed slave(s} (shich drive(s) SDA low in open drain) with hand of f (ie swilch back SDA cortrol o Mester)

Jetroulodgs from the aldressed slwe(s) (shich drive(s) SDA low in opemrdrain) without hand-off (in continums driving S0

Trammition bit (parity bit for write data) from ster (drives SBA in push-pull)

Trawition bit (end of dats for resd dits) from Bestsr and/ or from slave (drive SOA lowhigh? in openrsin}

% is follows by 7'h7E¥R browdoast address ut the end of a direct COC mssage

P ENECOEEE
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22.3.4.5 13C Broadcast/Direct CCC Transmission (excluding ENTDAA, DEFTGTS, and DEFGRPA) (as a slave device)
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Figure 22-5 13C CCC Message (as a slave device)

13C broadcast CCC write

(except ENTDAA, DEFTGTS,

DEFGRPA) (when IP acts as
slave)

_ [ R2_13C STATR IR0, XCHT[15:0)=mmber of COC duta bytes) |

[ 0ne Flag of R32 130 EVR oxPDF/RS TF=1 with o= INT/AS/DAAMILARL |

13C direct CCC write
(when IP acts as slave)

4—— If &CC defining byte/sub-conmand byte/datn byte (s) —»

o —
I
!
|
|
|
|

If 13C slsve acress =
R32_13C DEVRD. DA [6:0] end
R32_13C_DEVRD. DAVAL=1

ittt e et s |

Speci fic sssocisted sction to the CCC, if any

| R32_13¢_ STATR MIR-0, XDONT [15-0])

13C direct CCC read
(when IP acts as slave)

«——— IF CCC defining byte/mbcomend byte/dota byte(s) —p

If 130 slave address =

R 13 0 3]

R3Z_13C_DEVRO. DAVAL=1

| N
o= =L

I
I
|
|
i Rotur ned catn are provided from o registor | no F lag of |
depend ing upon the direct OCC read | R32_13C EVIL soulPDF/RSTF=1 :

1

|

[[Rez_13c STATR ®IR-1, 00N [15:00) i th s INT/KS/DAAML AR

Master (& slove) drive(s) SDA low/high Z in opn—drain (arbitreble header)

Master drives SIA in apen drain

Mester drives SIA in push—pull

wlave drives SDA in pushoull

Acknowledge from the addressed slave(s) (shich drive(s) SDA low in open drain) with hed-off (ie switch back SDA cantrol to Master)

Ackowledge frow the addressed slave(s) Ghich drive(s) SOA low in gmendrain} without hand—off (ie contimes driving SDA

Tranaition bit (parity bit for write datn) from Master (drives SDA in mshpull)

Tranaition bit (end of data for reed dats) from Master and/ or frow slave (drive SDA lowhigh? in cpendrain)

Sr is followed by 7°h7EH¥ broadoast address st the end of a direot COC message

: CEGIECNER

V1.5
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22.3.4.6 13C Broadcast ENTDAA CCC Transmission (as a Slave Device)

Figure 22-6 I3C Broadcast ENTDAA CCC Transmission (as a Slave Device)

ENTDAA (13C broadcast GGG
write when IP is acting as
slave)

R32_13¢_GTLR. ¢CC[7:0]

[ Ra2_13c_pEVR0. DAL7:0] and DAVAL=1 |

| Raz_13c Bor || Raz_tac_oor |

e Repeat for each to be assigned slave until there is no ACK from any slave

R3Z2_13C STATR (DIR=0, XDCNT[15:0]=8)

Master (& slave) drives SDA low/high Z in open-drain (arbitrable header)
Master drives SDA in open drain

Master drives SDA in push—pul |

slave(s) drive SDA low/highZ in open-drain (and Master in open-drain highZ}

Acknowledge from the addressed slave(s) (which drive(s) SDA low in cpen drain) with hand—eff (i.e. switch back SDA control te Master)

Acknowledge from the addressed slave(s) (which drive(s) SDA low in cpen—drain) without hand—off {i.e. continues driving SDA) low/highZ
in open—drain

Transition bit (parity bit for CCC) from Master {drives SDA in push-pull)

:EEC NN

48-bit unique/provisioned ID is subject to arbitration. The slave which wins arbitration continues to provide its BCR and DCR.

22.3.4.7 13C Broadcast DEFTGTS CCC Transmission (as a Slave Device)

V1.5
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Figure 22-7 13C Broadcast DEFTGTS CCC Transmission (as a Slave Device)

DEFTGTS (13C broadcast COC write)
(when IP is acting as Slave}

+———  Slave or Group

wevrresereene Bapsated for wah slave/grow (i.e. for vt to (Gount-1)) B2 130 STATR (DIR=0. MDONT[15:0]=1 tdxCount) I

Master (& slave) drives SDA lowhigh Z in opendrain {arbitrable header)
Master drives SDA in open drain
Master drives SDA in push-pul |

Acknowledge from the addressed slave{s) {which drive(s) SDA low in open drain) with hand—off (i.e. switch back SDA control to Master)

Transition bit (parity bit for CCC) from Master (drives SDA in push-pul I)

22.3.4.8 I13C Broadcast DEFGRPA CCC Transmission (as a Slave Device)
Figure 22-8 13C Broadcast DEFGRPA CCC Transmission (as a Slave Device)

DEFGRPA (13C broadcast £CC write)
(when IP is acting as Slave)

RI2_150 STATR (D R0, 00T [15:0)) ) |a—{ K136 BWR. GRAF=1

Master (% slave) drives SDA low/high Z in opendrain (arbitrable header)

Master drives SDA in open drain

Master drives SDA in push—pul |

Aoknow|edge from the addressed slave(s) (which drive(s) SDA low in open drain) with hand—off (i.e. switoh back SDA control to Master)

Transition bit (parity bit for CCC) from Master (drives SDA in push—pull)

Bl ]

22.3.4.9 I13C Direct GETSTATUS CCC Transmission (as a Slave Device) When
the I3C is used as a slave device, the hardware will return two data bytes upon receiving GETSTATUS CCC, either in format 1 (no explanatory
byte or explanatory byte TGTSTAT = 0x00) or format 2 (explanatory byte PRECR = 0x91).
On the I13C bus, the 2-byte STATUS[15:0] returned in format 1 is as follows:
STATUS[15:14] = 00 (Unused);

STATUS[13] = 1 (if a lost start bit is detected since the previous GETSTATUS CCC was received) or 0 (otherwise)

condition);
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STATUS[12] = 1 (if an overflow/underflow error is detected since the previous GETSTATUS CCC was received) or 0 (otherwise);

STATUS[11] = 1 (if the settling time of SCL detected during SDR read transfer exceeds 125ys since the previous GETSTATUS CCC was
received) or O (otherwise).

STATUS[10:8] = 000 to 110 (if a protocol error is detected since the previous GETSTATUS CCC was received (provided that...)
STATUS[5] = 1), encoded value x =0 to 6, corresponding to device error TEx) or 000 (other cases);

STATUSJ[7:6] = 00 (Ready to perform the handover procedure);

STATUSI5] = 1 (If a protocol error is detected since the previous GETSTATUS CCC was received) or 0 (Other); STATUS[4] =0

(Reserved); STATUS[3:1] = 000

(Unused); STATUS[0] = 1 (If a pending

interrupt exists (provided that IBl is configured in the R32_I3C_CTLR register, IBIEN = 1 and DAVAL =1 in the R32_I3C_DEVRO

register, and IBl has not been acknowledged by the master device or disabled by DISEC) or 0 (Other).

On the I13C bus, the 2-byte STATUS[15:0] returned in format 2 is as follows:

STATUS[15:8] = 00000000 (Unused);

STATUS[7:2] = 00000 (unused);

STATUSI[1] = 1 (if the software is still processing the received DEFTGTS or received DEFGRPACCC and has not cleared the relevant
events (DEFF = 1 or GRPF =1 in the R32_I3C_EVR register)); the master device must wait for the software to complete the above operations
before issuing GETACCR CCC (otherwise it will not be acknowledged).

STATUSI[0] = 1 (if DEFTGTS or DEFGRPA CCC may be missing). If a missing start bit is detected (WKPF =1 in the R32_I3C_EVR

register), this bit will be set to 1; if DEFF = 1 or GRPF =1 in the R32_I3C_EVR register, this bit will be cleared to zero.

Once GETSTATUS CCC in format 1 completes, it will trigger a STAF = 1 in the R32_I3C_EVR register and a corresponding interrupt (such as...).
If enabled, i.e., STAIE = 1 in the R32_I3C_INTENR register, a report will be generated.
When GETSTATUS CCC in format 2 completes, it will be detected by GETF=1 in the R32_I3C_EVR register and the corresponding interrupt (such as...).

If enabled, i.e., GETIE =1 in the R32_I3C_INTENR register, a report will be made.

22.3.4.10 13C Private Read/Write Transfer (as Master Device)
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Figure 22-9 13C Private Read/Write Messages (as Master Device)

13C private write :
(when IP acts as Master) __m“mm WTYPE [3:0]=0010

R2_13C_CTLR. DENT[15:0]=N J

[

R3Z_13C CTLR. ADD[6:0)] R3Z_13C_CTLR. RNW=0

Previas
private or 12C
transfer

R32_13C_ TOR/TOAR

| Roz_1ac_emir.avole:0l | [ Raz_tac_cmr R0

kbl (oo |
(when IP acts as Master) Heom .0

[ meo_1sc cTiR pewT[is:0)N |

[ rm_iac cnr EwD

RE2_13G CILR. ADD[6:0,

If R32_13C_CFGR NDARBH=1:

R22_136_TOR/THR

[ ma2_tac_enm apole:0) | [ Raz_tac cmR et |

136_STATR. (WID[7:0),
IR, XDONT[15:0])

Master (& slave) drive(s) SDA low/high Z in open—drain (arbitrable header)

Master drives S in open drain

Baster drives SDA in pushpull

slave drives SDA in pushpul |

Aekiowledgs from the addressed s lave(s) (which drive(s) SDA low in open drain) with hand—off (ie switch back SDA cantrol to Master)

Aekiowledgs from the addressed s lave(s) (which driwe(s) SDA low in opendrain) without hand-of f (ie comtinues driving DA

Transition bit (arity bit for write data) from Master (drives SDA in pushrpull)

Transition bit (end of data for read data) from Master and/ or from slave (drive SDA lowhighZ in cpen—drain)

H-EEC N
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22.3.4.11 I13C Private Read/Write Transfer (as a Slave Device)

Figure 22-10 I3C Private Read/Write Transfer (as a Slave Device)

13C private write
{when IP is acting as Slave)

If 13C Slave Address =

R32_I3C_DEVRO. DA[6:0] and
R32_13C_DEVRO. DAVAL=1

Previous
— — — —| private or 12¢
transfer

R32_13C_EVR. FCF=1
R32_13C_TDR/TDWR Rl

R32_13C_STATR (DIR=0, XDCNT[15:0]) i-‘—‘

13C private read

{when IP is acting as Slave) If R32_130_TGTTDR. FRELOAD=1

If 13C Slave Address =
R32_I3C_DEVRO. DA[6:0] and

RI2_13C_DEVRO. DAVAL=1 R32_13C_CTLR. DCNT[15:01-N |

| ] = || i | | - ' :
o[

Previous
- = ——| private or 12
transfer

R32_13C_TDR/TOWR

[ roz_13c_stAm IR0, Yoo [5:0)

Master (& slave) drive(s) SDA lowhigh Z in open—drain (arbitrable header)
Master drives SDA in open drain
Master drives SDA in pushpull

slave drives SDA in pushpull

Ackrowledge from the d slave(s) (which drive(s) SDA low in open drain) with hand-off (ie switch back DA control to Master)

Ack ledge from the addr d slave(s) (which drive(s) SDA low in operdrain) without hand-off (ie contimues driving SDA)

Tramsition bit (parity bit for write data) from Mester (drives SDA in pushpull)

FEEEDONNN

Tramsition bit (end of data for read data) from Master and/ or from slave (drive SDA low/high? in openrdrain)

(*¥): Target is not able to acknowledge an addressed private read/write if it is emitted without arbitrable header (i.e. after a start) and if it ocours at the same SO clock cycle
as an Bl reguest from this slave. In order to avoid such an address—based arbitration collision the Master should emit a private read/write with arbitrable header when the IBI
request is enabled.
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22.3.4.12 Traditional 12C Read/Write Transfer (as Master Device)

Figure 22-11 Traditional 12C read/write transfer (as master device)

Legacy 12C write (when IP :
is acting as Master) __m_lac_mmb.o]mm

—If R3Z_I3C_CFGR ND

15:010 | R2_136 CTLR EW |

R32_13C_STATR. (MID[7:0],
DIR=0, MDONT[15:0])

| maz_tac_enm apole:0l | [ Raz_1ac_cnk rmeo

Logacy 120 read (ahen 1P is [ oo e crwmnwersoromn |
13¢_CTLR MIYPE[3:01=0100
acting as Master) el

[ Rm_1xc o ooNt[is:0lN | [ raz_13c onr Ew

R32_130_TOR/THR

R32_13¢_STATR. (MID[7:0],
DIR. XDCNT[15:00)

[ Pez_tzc_crim aols:0] | [ Ra_13c CTLR Rt

Master (& slave) drive(s) SDA lowhigh Z in open-drain (arbitrable header)

Baster drives SDA in cpen drain

Bacter drives SDA in cpen drain

slave drives SDA in apen drain

Achnowledge from slave (drives SDA low in operdrain) (accept write data)

Hot acknowl edge from slave (does mot drive DA low in open—drain) (don' t accept write data)

Ackowledge from master (drives SDA low in opemdrain) {contimue read data)

Mot acknowl edge from master {does not drive SDA low in open- drain) (end of read data)

MEEEC NN
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22.3.4.1313C IBI Transmission (as Master/Slave Device)

Figure 22-12 13C IBI Transmission (as Master/Slave Device)

1 ( [Ceimowers | i mma oo
Wlpoid Yeoiomr b =
IP acts as slave) e T Ri2_13C EVRD. DAVAL=) |t GETAGOOR GGG

32130 pEVRO. 1B1EN=0 | T DISEC O0C
_____ Wile [ ro (DISEG GGG with DISINT=1) or no (RSTDAA GGOY with DISINT=1
or no (ETACCIR (CO)] [i.e while R32_I3C_EVRO IBIEN=1
and R32_136_DEVRD. AVAL=1]

R2_13C_EVRA AS[1:0]

1 Bus avai lable b
____condition (t ... Elapsed time (t < toASea
1 ,._ ol = 11 8/1001 &/2m/50ne)
R32_136 DEVRO. DAYAL=1 r—ry

Bus free condition (t > toMsminiFein =
oo 38.406/1.3 us for pure/mixed bus and -
t < token = 14 5/100 1 s/2ms/50ms)

RX2_13C_CTLR. DCNT [15:01-0.. 3

Wandatory Data T Optional Payload
Byt

If won arbitration (+)

T Optional Payload T Optional Payload T
Data Byte—! Data Byte-2 Data Byte-3

‘ R32_13C_IBIDR. 1B10Bx x=0..3

|

L 1 RE2130 BOR "Wb
e ' N

13C imband interrupt from
Slave i (when IP acts as
master)

If R32 13C EVR IBIF1 (if a former 1Bl from any Slave
is not yat handled by S ie IBI flag not yet clsared)

or if RI2_I3CEVR (RF=1 (if & mstar—rola requast i
not conpleted and clesred) or ((RZ2_13C_DEWRI. IBIAGK=0
Bus awai lsble and R2_13C DEWi. USP=0))
condi tion (t >....| Elspeed time (t < titdem o i
.. prasfylpfey = 11 8/100} ¢/20/500e) ! .

Bus free condition (t > tiaminBifain =
oo 3B 408/1.3 ys for pure/mixed bus and
< tosmm = 18/ 100p 8/3ms/50ms)

and won arbitration

If R22_13C_EVR IBIF=0 and

RE2_136_RIR RAID[6:0] R2_13¢_EVR. CRF=0 and
(R32_13C_DEVRi. IBIACK=1 or
RE2_13C_DEVRI. SUSP=1]

.| lendatoryData | | Optional Payload | . | Gptioml Payload | | Optional Payioad |
L Byte Deta Byte-1 Data Byte-2 Data Byte-3

R32_13C_FMR. 1B IRDCHT [2:0]
I R32_136_EWi. USP=1:
flush C-FIF0 end TX-FIFD

4-7-" R32_13G_DEVRi . SUSP=1: flush C-FIFD and l'l-ﬂm—ﬁ

. Master drives SDA in push—pull

Slave drives SDA low/highZ in open—drain (and Master in open—drain high Z)

it

Slave initiates a start by driving SDA low in open—drain while SCL is high and waits for master to pull SCL low

Slave drives SDA in push—pul|

. Master drives SDA in open—drain (start condition)

Master provides SCL clocking after tus

B Transition bit (end of data for read data) from master and/or from slave (drive SDA low/high Z in open—drain)

(® - Slave is not able to acknowledge an addressed private read/write if it is emitted without arbitrable header (i_e. after a start), and if

it occurs at the same SCL clock cycle as an IBl request from this Slave. To avoid such an address—based arbitration collision, the master
should emit a private read/write with arbitrable header when the IBl request is enabled.

(#*) : Repeated start (Sr) if there is a pending transfer to execute and if 13C DEVRi.SUSP = 0, else stop (P) in push—pull
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When the peripheral is used as the master device, the R32_I3C_IBIDR register is used to receive the IBI data payload. Therefore, data from the slave device...

IBI requests must not exceed a 4-byte data payload. If more information needs to be exchanged within the context of this in-band interrupt, the master...

Backup software must issue a private read control word.

22.3.4.14 13C Hot-Join Request Transmission (as Master/Slave Device)

Figure 22-13 I3C Hot-Join Request Transmission (as Master/Slave Device)

136 hot-join_roauest

(when IP is acting as slave)

[ e ] +————————

IF DISER 00C with
-
R22_13C_IEVRD. RIBE0 B i

e While no OISEG 0CC with DISK=) [i.e. while oo
RAZ_13C DEVRD. HJBN=1]

Bus idle wpsed
Start | Elmscd tineGmnaged by
:::l;im ("t"),_ reqest. Mester ) (t < toasen =
200/ 11.5/100 4 5/2u./50ms)

Bus free cordition(enaged by Master )
(> tosainmFan = B.40e/1.3 us for
pure/mixed bus and
t < todsmm = 1 8/100 1 5/2ns/500s)

[ Raz_130_DEwR0.DALS-0] updetent and RIZ_13G PEVRD. DAVAL=1 |4——— After BNTDAA GOC com loted

13C hot—join request from

Slave i (when IP is acting as
|

If R32_13C_OFER. HIAK=0

Start Elapscd time (€ < s

romest [ = 1 s/100U s/ Zm/S0m) 1
i Rever ved Address "
|

Bus free condition (t > tosseiniFein =
. 3B.4n8/1.3 5 for pure/mined bus snd - !
t < toses = 118/100 1 5/2n6/500s)

If RI2_13C_(FGR HINK=1

R _13C BYR. HJF=1

. Master drives SDA in push—pull

Slave drives SDA low/highZ in open—drain (and Master in open—drain high 2)

Slave initiates a start by driving SDA low in open—drain while SCL is high and waits for master to pull SCL low

Start
requst
. Master drives SDA in open—drain (start/stop condition)
s

Master provides SCL clocking after tas

(*%) : Repeated start (Sr) if there is a pending transfer to execute, else stop (P)
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22.3.4.15 13C Master Role Request Transmission (as Master/Slave)

Figure 22-14 13C Master Role Request Transmission (As Master/Slave Device)

T DR

by P
(when IP is acting as slave) 47

R32_13C VR INTIPOF=1

If DISEC OCC.
R3Z_13C [EVRD. REN-D | ———
While [ no (DISEC OCC with DISINT=1) or no (RSTDAA _ with DISR=1

€0 1 [i.c. while R32_13C DEVRD. (REN=1 and
REZ_13C_DEVRD. AVAL=1]

' R2_136 DEWD AS[1:0] |
R3Z_13C. DEVRO. DA[6:0]

Bus avai lable .

condition (t 3. SEEE | Elspsed time (t < totem

e = 1us) remuest [ = 112/100 4 o/Zus/50us)

4ns/1.3 us for pure/mixed bus end -
< toasms = 1 105/100 i 5/2s/50u)

‘ Bus free condition (t > toAein@uein =
t

After GETACOCR OCC com leted

v

R32_13C EVR. GRUFDF=1

13C master-role request from
Slave i (when IP is acting as
master)

If R 13C EVR CRF=1 or RZ 13C EVR IBIF=1 (if @
formor master—role or 1B roquest is not yet

Bus avai lsble handled by ¥ ie OF and IBIF flags not vet
condition @ >....| Start Elapscd time (t < toktem cleared) or R32_I3C [EWRI. CRACK=0
-.,. v = 1) remest [ = 111a/100 4/ Z/50m) i

| Bus free condition (t > toisainBbain =
i . 38 4n8/1.3 ps for pure/mized bus and
£ < tomsen = 115/100 1 5/205/500s)

i

130 YR (RF=1

. Master drives SDA in push—pull

Slave drives SDA low/highZ in open—drain (and Master in open—drain high 2)

Slave initiates a start by driving SDA low in open—drain while SCL is high and waits for master to pull SCL low

Slave drives SDA in push—pull

. Master drives SDA in open—drain (start condition)

Master provides SCL clocking after tas

(%) : Slave is not able to acknowledge an addressed private read/write if it is emitted without arbitrable header (i.e. after a start), and if
it occurs at the same SCL clock cycle as an IBl request from this Slave. To avoid such an address—based arbitration collision, the master
should emit a private read/write with arbitrable header when the IBl request is enabled.

(**) : Repeated start (Sr) if there is a pending transfer to execute, else stop (P)

22.3.513C FIFO Management

Table 22-2 13C FIFO Implementation

| | | | |

The master device (a frame can be based on multiple control words; while)

C-FIFO 32-bit control word
(This is not the case when used as a slave device)
2 charpcters
Master device (slave device: register-only mode status)
S-FIFO 32-bit status word
state)
Data sent by|TX-FIFO
8 bytes Master and slave devices

Data received by RX-FIFO
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22.3.5.1 C-FIFO Management (as Master Device) When used as a

master device, CCC broadcasting, direct reading/writing, private reading/writing, traditional 12C reading/writing, and software-based reading/writing are all possible within the C-FIFO.
Used during error recovery.

Figure 22-15 illustrates how the C-FIFO is managed to queue control words on the I3C bus when an I13C peripheral is used as a master device.

Figure 22-15 C-FIFO Management (as Master Device)

13C state = DISABLED

Initialization
Enable/disable DMA mode for C-FIFO: R32_I3C_CFGR. COMAEN
Configure interrupt/polling mde for any event: R32_I3C_INTENR

|

| Enable 13C: write and set R32_|3C_CFGR.EN = 1
|

o i 1

Initiate a frame transfer, by software: Initiate a triggered frame transfer, by:
3) Mo triggering: write a (first) control word 1) SW—triggered: write and set R32_I3C_OFGR. TSFSET = 1
(R32_13C_CTLR) into C-FIFO 2) Hi—triggered: on a detected H¥ trigger hit

13C state = ACTIVE

Update {or not): DMA
mode for CFIFD: Initiate a triggered frame transfer, by:
R32_13C_CFGR. COMAEN i) SW—triggered: write and set R32_I3C_CFGR. TSFSET = 1

ii) HN—triggered: on a detected HN trigger hit
o transfer
—N
error ?
Y
@ N
Y

Setting ERRF = 1

Transfer error

First, the software must initialize C-FIFO management through the R32_I3C_CFGR register COMAEN. The specific steps are as follows:
y The software writes directly according to the control word (when CDMAEN=0):

— By polling mode (setting CFNFIE=0 in the R32_I3C_INTENR register): Explicitly writing to the R32_I3C_CTLR register
Before entering, wait for the hardware to request the next control word (CFNFF=1 in the R32_I3C_INTENR register).

— By enabling interrupt notification (when CFNFIE=1):

Write via the allocated DMA channel (when CDMAEN=1) to enable the corresponding I3C peripheral DMA request:

Depending on the module-level configuration, the DMA will automatically push/write control words from its memory source buffer to the R32_I3C_CTLR register.
This continues until the frame is complete (a stop bit is issued on the I13C bus after the last message of the frame), except in case of a transmission error.
«In any case where the C-FIFO is empty and a repeat start bit of a new control word must be issued, a C-FIFO underflow will be reported.

(ERRF in the R32_I3C_EVR register = 1 and COVR in the R32_I3C_STATER register = 1). If enabled.
If the ERRIE bit of the R32_I3C_INTENR register is checked, an interrupt will be generated.
When the I3C peripheral is not in operation, the DMA mode configuration managed by C-FIFO can be modified.

When used as a master device, if a transmission error occurs (ERRF=1 in the R32_I3C_EVR register), the hardware will automatically clear C-...

FIFO.

22.3.5.2 TX-FIFO Management (as Master Device)
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When used as a master device, it can be broadcast or directly CCC (including ENTDAA and RSTACT) if a parsing byte/subcommand word exists.
Bytes or data bytes, private writes, traditional 12C writes using TX-FIFO
Figure 22-16 illustrates how the TX-FIFO is managed to queue data bytes or words to be sent on the I3C bus when an I13C peripheral is used as a

master device.

Figure 22-16 TX-FIFO Management (as Master Device)

13C state = DISABLED

Initialization
Enable/disable DMA mode for TX-FIFO: R32_13C_CFGR. TXDMAEN
Configure TX-FIF0 byte/word threshold: R32_|13C_CFCR. TXTHRES
Enable/disable TX-FIFO and G-FIF0 preload: R32_13C_CFGR. THODE
Configure interrupt/polling mode for any event: R32_I3C_INTENR

!

Enable 13C: write and set R32_I3C_GFGR.EN = 1

|

(30 state - IME Initiate a frame transfer, by any following method:
1) SW—triggered: write and set R32_|3C_CFGR. TSFSET=1
2) HWi—triggered: on a detected HN trigger hit
3) Mo triggering, write (first) R32_13C_CTLR: write first
R32_I3C_CTLR control word by software
13C state = ACTIVE
Soiete for neth sonflamatien Push—on a data byte/word into TXFIFO:
TXOMAEN, TXTHRES, THODE - write a R32_I3C_TDR/TDWR depending on TXTHRES. Either:
' 1) directly by software (via polling or interrupt)
2) automatical ly by hardware in DMA mode

First, TX-FIFO management must be initialized using the following bit fields in the R32_I3C_CFGR register: §

TXDMAEN: Enables/disables DMA mode for the TX-FIFO § TXTHRES:
Pushes data bytes or words into the TX-FIFO y TMODE: Enables/
disables TX-FIFO and C-FIFO preloading Then, based on the TXDMAEN bit
in the R32_I3C_CFGR register, there are two methods to write data to the TX-FIFO: y Software writes directly byte/word (when
TXDMAEN=0):

— By polling mode (R32_I3C_INTENR register TXFNFIE=0): Before explicitly writing to the R32_I3C_TDR or R32_I3C_TDWR register, wait for the
hardware to request the next data byte/word (R32_I3C_INTENR register TXFNFF = 1), depending on the specific circumstances.
The TXTHRES bit in the R32_I3C_CGFR register

— provides interrupt notification via an enabled interrupt (when TXFNFIE = 1).
Write via the allocated DMA channel (when TXDMAEN = 1) to enable the corresponding 13C peripheral DMA request:

Depending on the DMA module-level configuration, the DMA will automatically push/write data bytes/words from its memory source buffer.
The R32_I3C_TDR or R32_I3C_TDWR register (depending on the TXTHRES bit of the R32_I3C_CGFR register) remains in the register until the frame is complete.

(A stop bit is sent on the I13C bus after the last message of the frame), except in the event of a transmission error.

13C messages begin with a start bit or repeat start bit and end with a stop bit or repeat start bit. At the message level, the last data byte/word to be sent is indicated by the

R32_I3C_EVR register TXLASTF = 1. When an 13C frame contains multiple messages (starting with a repeat start bit...), the last data byte/word to be sent is indicated by the R32_I3C_EVR register TXLASTF = 1.
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When the start-of-bit (NOT) is used, the software can use this event to update the corresponding pointer so that it points to the byte/word used to store the next message.
Buffer.

When areport frame is completed (R32_I3C_EVR register FCF = 1, and the corresponding interrupt is enabled), the TX-FIFO is empty. If
If the TX-FIFO is empty and a data byte must be sent on the I3C bus, an underflow of the TX-FIFO (in the R32_I3C_EVR register) will be reported.
ERRF=1 and R32_I3C_STATER register DOVR = 1. If the corresponding interrupt is enabled (R32_I3C_INTENR register ERRIE = 1), an interrupt will be generated. When
the 13C peripheral is not in operation, the configuration managed by TX-FIFO can be modified.

When used as a master device, the hardware will automatically clear the TX-FIFO if a transmission error (ERRF = 1) occurs.

No C-FIFO/TX-FIFO pre-loaded
The C-FIFO is 2 words in size, and the TX-FIFO is 8 bytes in size.
Without enabling the C-FIFO/TX-FIFO preloading function, i.e., with R32_I3C_CFGR register TMODE=0, once the C-FIFO...
Upon receiving the first control word, the I3C peripheral will immediately issue a start bit on the I13C bus. Subsequently, the peripheral will register R32_I3C_CTLR.
The device decodes the data and writes the next data byte or word as needed. Once a hardware request is detected, the next control signal is sent on the 13C bus.
When a repeat start bit needs to be issued on the 13C bus or a C-FIFO needs to acquire available space, the peripheral will immediately request that the repeat start bit be issued.
The control word is written to the C-FIFO until the last message (i.e., R32_I3C_CTLR register MEND = 1). Similarly, once detected...
The hardware requires sending another data byte or word on the 13C bus (e.g., issuing a repeat start bit on the I13C bus, TX-FIFO).

If the I3C message is not full, or if a data byte or word must be sent during the message, then the data byte/word must be written to the TX-FIFO immediately.

C-FIFO and TX-FIFO pre-loaded

When C-FIFO/TX-FIFO preloading is configured (R32_I3C_CFGR register TMODE = 1), a start bit is issued on the bus.
Previously, I3C peripherals needed to wait as long as possible for the C-FIFO and TX-FIFO to load, as follows:

Waiting for the first control word to be written to the C-FIFO; waiting for data bytes/words to be written to the TX-FIFO (if any), as indicated by the first control word.
Defined (if RNW=0 in the R32_I3C_CTLR register and DCNT[15:0]=0), the maximum write size of the TX-FIFO is: ¢ If the TX-FIFO is not full and the first control word is not
the last message of the frame (MEND=0 in the R32_I3C_CTLR register):

-Wait for the second control word to be written to the C-FIFO, after which the C-FIFO will be full.
—If the TX-FIFO is not full, wait for data bytes/words to be written to the TX-FIFO (if any), as defined in the second control word.
(RNW=0 and DCNT[15:0] in the R32_I3C_CTLR register), the maximum write size is TX-FIFO.

Then, whenever a hardware requirement is detected to send the next control word on the I13C bus (if a repeating command must be sent on the I3C bus), the command will resume operation.
If the start bit is reached, a request will be made to write the control word to the C-FIFO immediately, until the last message (MEND=1 in the R32_I3C_CTLR register).

Similarly, as soon as a hardware requirement is detected to send the next data byte/word on the 13C bus (if it must be sent on the I13C bus),

If the start bit is repeated, the TX-FIFO is not full, or a data byte/word will be sent during this I3C message, the data byte/word must be immediately...

Words are written to the TX-FIFO.

22.3.5.3 RX-FIFO Management (as Master Device) When used as
a master device, it can perform broadcast ENTDAA CCC, direct CCC read (including direct RSTACT CCC read), private read, and traditional read.
RX-FIFO is used during I12C reads.
Figure 22-17 illustrates how the RX-FIFO is managed when an 13C peripheral is used as a master device to manage the data words to be received on the I3C bus.

Sections or words are queued and popped up.
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Figure 22-17 RX-FIFO Management (as Master Device)

13C state = DISABLED

Initialization
Enable/disable DMA mode for RX-FIF0: R32_13C_CFGR. RXDMAEN
Configure RX-FIFO byte/word threshold: R32_|13C_CFGR. RXTHRES
Configure interrupt/polling mode for any event: R32_I3C_INTENR

!

Enable 13C: write and set R3Z_I3C_CFGR.EN = 1

Initiate a frame transfer, by any following method:

1) SW—triggered: write and set R32_|3C CFGR. TSFSET=1

2) HWi—triggered: on a detected HN trigger hit

3) Mo triggering. write (first) R32_I3C_CTLR: write first
R32_13C_CTLR control word by software

13¢ state = IDLE

13C state = ACTIVE

:;d;tx:n(:o no:}ng;r(;;m Pop—out a data byte/word from RX—FIF0:
" m;llnes St read a R32_13C_ROR/RDWR depend ing on RXTHRES. Either:
7 1} directly by software (via polling or interrupt)
2) automatical ly by hardware in DMA mode

Is transferred mossage
the last of the frame ?

Transfar
N rror 7

Setting EBRRF = 1

Transfer error Softing FOE = 1

Frame conpleted

First, the software must initialize RX-FIFO management via the following bit fields of the R32_I3C_CFGR

register: y RXDMAEN: Enables/disables DMA mode for the RX-

FIFO y RXTHRES: Pops a data byte or word from the RX-FIFO
Then, the RX-FIFO is read according to the

RXDMAEN bit: ¥ Software reads directly byte/word

(RXDMAEN=0): — By polling mode (RXFNEIE=0 in the R32_I3C_INTENR register): Waits for hardware to request the next data byte/
word before explicitly reading the R32_I3C_RDR or R32_I3C_RDWR register (RXFNEF=1 in the R32_I3C_INTENR register), depending on
the RXTHRES bit in the R32_I3C_CGFR register — By enabled

interrupt notification (if RXFNEIE=1 in the R32_I3C_INTENR register) y By allocated DMA

Channel read (if RXDMAEN=1) to enable the corresponding I3C peripheral DMA request: — Depending on the DMA

module-level configuration, the DMA will automatically pop/read data bytes/words from the R32_I3C_RDR or R32_I3C_RDWR
register (depending on the RXTHRES bit) and write them to its memory from the device buffer until the frame is complete (a stop bit is

issued on the I13C bus after the last message of the frame), except in case of a transfer error.

1I3C messages begin with a start bit or repeat start bit and end with a stop bit or repeat start bit. At the message level, the last data
byte/word received from the I13C bus is indicated by IRXLASTF=1 in the I3C_EVR register. When an I13C frame contains multiple messages
(separated by repeat start bits), the software can use this event to update the corresponding pointer to point to the location used to store the next message.
A buffer for data bytes/words.
If the RX-FIFO is full and a data byte is received on the I3C bus, an RX-FIFO overflow is reported (ERRF=1 in the R32_I3C_EVR
register and DOVR=1 in the R32_I3C_STATER register). An interrupt is generated if the corresponding interrupt is enabled (ERRIE=1 in the

R32_I3C_INTENR register).
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When the 13C peripheral is not in operation, the configuration managed by RX-FIFO can be modified.
Early termination of read transfers

from the device disables the S-FIFO (SMODE=0 in the R32_I3C_CFGR register), and will use the R32_I3C_EVR register...
RXTGTENDF=1 and the corresponding interrupt (if enabled) notify the software of an early termination of the read transfer. The software can then read the status register.
The register R32_I3C_STATR is used to check information related to the last message and to retrieve the data words received during an early-ended read transfer.
Number of sections (XDCNT[15:0] in the R32_I3C_STATR register).

In any case, if S-FIFO is enabled (SMODE=1 in the R32_I3C_CFGR register), software or DMA (specifically...)
The status register R32_I3C_STATR must be read once for each message, depending on the SDMAEN value in the R32_I3C_CFGR register.
The number of valid data bytes received in a read message that ends prematurely is determined by XDCNT[15:0] in the R32_I3C_STATR register (followed by ABT=1).

Report.

22.3.5.4 S-FIFO Management (as Master Device) When used

as a master device, the software can use the S-FIFO to read the 13C status register (R32_I3C_STATR) for each transmitted message.

Reading the status register when S-FIFO is disabled
When the SMODE bit of the R32_I3C_CFGR register is set to 0, the S-FIFO is disabled, and the status register is read in the same way as a normal register.
Same memory:
When transmitting new messages, the contents of the registers are overwritten by hardware.
R32_I3C_STATR contains the status of the last transmitted message .
The SCL clock will not stop if the status register is not read .
When SMODE=0, that is, when the slave device prematurely terminates the private read transfer under specific circumstances:
The software is notified by setting the R32_I3C_EVR register RXTGTENDF bit to 1 and the corresponding interrupt (if enabled).
Then , the software sets the CRXTGTENDF bit in the R32_I3C_CEVR register to 1 via a write operation to clear the event flag.
forward.
- No more data bytes are received on the I13C bus; instead, they are written to the R32_I3C_RDR/R32_I3C_RDWR registers by hardware.
— Cannot update R32_I3C_STATR - Pause
the SCL clock (if necessary)
Normally, when the FCF=1, ERRF=1, or RXTGTENDF=1 of the R32_I3C_EVR register, the R32_I3C_STATR register can be read.
Registers. After the slave device prematurely terminates the read transfer, the XDCNT[15:0] in the R32_I3C_STATR register can be read to obtain the private...

The number of valid data bytes received during read transmission.

When S-FIFO is enabled, read the status register.
If the SMODE bit of the R32_I3C_CFGR register is set to 1, then S-FIFO is enabled.
Figure 22-18 illustrates how the S-FIFO is managed to process each message executed on the I3C bus when an I3C peripheral is used as a master device.

Status words are queued and popped up.
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Figure 22-18 S-FIFO Management (as Master Device)

13C state = DISABLED

Initialization
Enable S-FIF0: R32_|3C_CFGR. SMODE=1
Enable/disable DMA mode for SFIF0: R32_I13C_CFGR. SDMAEN
Configure interrupt/polling mode for any evenrt: R32_I3C_INTENR

!

Enable 13C: write and set R3Z_I3C_CFGR.EN = 1

13¢ state = IDLE -
Initiate a frame transfer, by any following method:
1) SW—triggered: write and set R32_|3C CFGR. TSFSET=1
2) HWi—triggered: on a detected HN trigger hit
3) Mo triggering. write (first) R32_I3C_CTLR: write first
R32_13C_CTLR control word by software
13C state = ACTIVE
Update (or not) configuration =
of S-FIFD via R32_130_OFER: mt a status word from SFIF0: read R32_|3C_STATR.
SOIEN y 1} directly by software (via polling or interrupt)
2) automatical ly by hardware in DMA mode
v Y
N Transfar 12 transferred message N
rror 7 the last of the frame ?
Y Y

Setting EBRRF = 1

Transfer error Softing FOE = 1

Frame conpleted

First, the software must initialize the SDMAEN bit field (enable/disable DMA mode of S-FIFO) in the R32_I3C_CFGR register.
Initialize S-FIFO management. Then, read the S-FIFO based on the SDMAEN
bit: y Directly by software (if SDMAEN=0): — By polling

mode (SFNEIE=0 in the R32_I3C_INTENR register): before explicitly reading the I3C_STATR register.
Waiting for hardware to request the next status word (SFNEF=1 in the R32_I3C_INTENR register).

—By enabling interrupt notification (SFNEIE=1)

Read from the allocated DMA channel (if SDMAEN=1) to enable the corresponding I13C peripheral DMA request (i3c_rs_dma):

Depending on the DMA module-level configuration, the DMA automatically pops/reads status words from the R32_I3C_STATR register
and writes them to its memory from the device buffer until the frame is complete (a stop bit is issued on the I3C bus after the last message of
the frame), except in case

of a transfer error. Every message status must be read; otherwise, when the S-FIFO is full and the next message status must be written,
the hardware sets the overflow error flag to 1 (ERRF in the R32_I3C_EVR register = 1 and COVR in the R32_I3C_STATER register = 1). If the
corresponding interrupt is enabled (ERRIE in the R32_I3C_INTENR register = 1), an interrupt is generated.

A frame completion will only be reported when the S-FIFO is empty (FCF=1 in the R32_I3C_EVR register).

The configuration managed by the S-FIFO can be modified when the I3C peripheral is not in operation.

22.3.5.5 TX-FIFO Management (as a Slave Device) When
used as a slave device, the TX-FIFO can only be used during private read
transfers. Figure 22-19 illustrates how the TX-FIFO is managed to queue and push data bytes or words to be sent on the I13C bus when an

13C peripheral is used as a slave device.
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Figure 22-19 TX-FIFO Management (as a slave device)

13C state = DISABLED

Initialization
Enable/disable DMA mode for TX-FIFO: R32_I3C_CFGR. TXDMAEN
Configure TX-FIFO byte/word threshold: R32_I13C_CFGR. TXTHRES

|

Enable 13C: write and set R32_I3C_CFGR.EN = 1

13G state = IDLE A 4
Configure R32_I3C_TGTIDR

13C state = ACTIVE Y
Receiving and acknowledging a private read on the 13C
bus

Update (or not) configuration v N
of TX-FIFO via R22_13C CF&R: ||
TXDMAEN, TXTHRES, TMODE

h

R32_13C_EVR. TXFNFF = 1 ?

Y

v

Push-on a data byte/word into TX-FIFO:

write a R32_I3C _TDR/TDWR depending on TXTHRES. Either:
1) directly by software (via polling or interrupt)

2) automatical ly by hardware in DNA mode

v |
Setting BRRF = 1
Transfer error

Setting FCF = 1
Frame completed

First, the software must initialize TX-FIFO management and write the following bits into R32_I3C_CFGR:
y TXDMAEN: Enables/disables DMA mode for TX-FIFO
y TXTHRES: Pushes data bytes or words into the TX-FIFO
Then, before receiving private read transfers on the I3C bus, the software must configure the I3C slave device to send configuration registers.
(R32_I3C_TGTTDR) preloads a certain number of data bytes into the TX-FIFO (written in a single access to TGTTDCNT[15:0] and...
PRELOAD=1), thus preparing to send data bytes from the slave device on the I3C bus:
If PRELOAD=1 and TGTTDCNT[15:0]>TX-FIFO size, then TX-FIFO will be preloaded to the FIFO size.

If PRELOAD=1 and TGTTDCNT[15:0]y TX-FIFO size, then TX-FIFO will be preloaded into TGTTDCNT[15:0].

Preload TX-FIFO according to TXDMAEN bit:
« Preloaded directly by software by byte/word (TXDMAEN=0):

— By polling mode (R32_I3C_INTENR register TXFNFIE=0): Explicitly write R32_I3C_TDR or R32_I3C_TDWR
The register is waiting for a hardware request for the next data byte/word (R32_I3C_INTENR register TXFNFF=1), specifically whether it is a byte or...
The word depends on TXTHRES in the R32_I3C_CGFR register.

— By enabling interrupt notification (if TXFNFIE=1)
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« Preload the allocated DMA channel (TXDMAEN=1) to enable the corresponding I13C peripheral DMA request (i3c_tx_dma):

— Depending on the DMA module-level configuration, the DMA will automatically push/write data bytes/words from its memory source
buffer into or into the R32_I3C_TDR or R32_I3C_TDWR register (depending on TXTHRES) until the transfer is complete (R32_I3C_EVR register
FCF=1), except in the event of a transfer error.

Then, when there is still data to be loaded into the TX-FIFO in TGTTDCNT[15:0] of the R32_I3C_TGTTDR register to continue the private
read transfer (PRELOAD set to 1 and TGTTDCNT[15:0] > TX-FIFO size), if the master device has not yet completed the private read transfer,
preloading is performed in the same way (directly through software or through the allocated DMA

channel): — If TXTHRES=0: When one byte is sent on the I13C bus, the next byte is preloaded into the TX-FIFO. — If
TXTHRES=1: When four bytes are sent on the I13C bus, the next word is preloaded into the TX-FIFO. The private read

transfer is complete when either the slave or master device terminates the data byte transfer first (FCF in the R32_I3C_EVR
register=1). After the transmission

is complete, the software can: y Read XDCNT[15:0] from the R32_I3C_STATR register: the number of

valid data bytes sent . y Read TGTTDCNT[15:0] from the R32_I3C_TGTTDR register: the number of remaining bytes to be loaded and

sent on the I13C bus. y Clear the TX-FIFO: whether to set TXFLUSH in the R32_I3C_CFGR register to 1 via a write operation and continue to the next step.

Secondary private read transfers depend on the user application.

If the TX-FIFO is empty and a data byte must be sent on the 13C bus, an underflow of the TX-FIFO will be reported (R32_I3C_EVR
register ERRF=1 and R32_I3C_STATER register DOVR=1). If the corresponding interrupt is enabled (R32_I3C_EVR register ERRIE=1), an
interrupt will be generated. The

configuration for managing the TX-FIFO can be modified when the I3C peripheral is not in operation.

If the number of bytes is less than the TX-FIFO size, you can choose not to use R32_I3C_TGTTDR.

In addition to using the R32_I3C_TGTTDR register, as shown in Figure 22-20, when DMA is not used (TDMAEN=0), if the number of
data bytes to be read on the I13C bus is less than the TX-FIFO size, the software can directly use the number of bytes it reads to prepare and
fill the TX-FIFO by continuously writing to R32_I3C_TDR or R32_I3C_TDWR (depending on TXTHRES).

Figure 22-20 If the number of bytes read is less than the TX-FIFO size, then I3C_TGTTDR is not used, and the TX-FIFO is managed by

software (as a slave device).

13C state = DISABLED

Initialization
Enable/disable DMA mode for TX-FIFO: R32_13C_CFGR. TXDMAEN-O
Configure TX-FIFO byte/word threshold: R32_I3C_CFGR. TXTHRES

|

Enable 13C: write and set R32_I3C_CFE&R.EN = 1

13C state = IDLE A 4
Fill TX-FIFO: successive writes to 13C_TD(WR

13C state = ACTIVE y
Receiving and acknowledging on the 13C bus a private
read of data bytes less than TX-FIF0 size

Update (or not) configuration
of TX-FIF0 via R32_13C_CFGR:

TXTHRES |

c [ l
Setting ERRF = 1 Setting FOF = 1
Transfer error Frame completed

NV
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22.3.5.6 RX-FIFO Management (as a Slave Device) When

used as a slave device, it can broadcast DEFTGTS CCC, broadcast DEFGRPA CCC, and privately write received and acknowledged transmission periods.
Using RX-FIFO:

Figure 22-21 illustrates how the RX-FIFO is managed when an 13C peripheral is used as a slave device to manage data bytes received from the I3C bus.
The / character is used for queuing and popping

Figure 22-21 RX-FIFO Management (as a slave device)

13C state = DISABLED

Initialization
Enable/disable DMA mode for RX-FIF0: R32_I13C_CFGR. RXDMAEN
Configure RX-FIFO byte/word threshold: R32_I3C_CFGR. RXTHRES

I

Enable 13C: write and set R32 13C CFGR.EN = 1

13C state = IDLE

13C state = ACTIVE 4
Receiving and acknowledging a private write or a
broadcast DEFGRPA/DEFTGTS CCC on the 13C bus

Update (or not) configuration 4 N
of RX-FIF0 via R32_I3C_CFGR:
RXDMAEN, RXTHRES

A

Popout a data byte/word from RX-FIF0: read a
R32_13C_ROR/RDWR depending on RXTHRES. Either:

1) directly by software (via polling or interrupt)
i 2) automatical ly by hardware in DNA mode

Y |

Setting EBRRF = 1
Transfer error

y

Setting FOF = 1 or DEFF=1 or
DEFGRPF=1 Transfer completed

First, the software must initialize RX-FIFO management through the following R32_I3C_CFGR register bit fields:
y RXDMAEN: Enables/disables DMA mode for the RX-FIFO;
¥ RXTHRES: Pop data bytes or words from the RX-FIFO;
Then, read the RX-FIFO based on the RXDMAEN bit:
* Read directly by software byte/word (if RXDMAEN=0):
— By polling mode (RXFNEIE=0 in the R32_I3C_INTENR register): Explicitly read R32_I3C_RDR or
The R32_I3C_RDWR register waits for a hardware request for the next data byte/word (RXFNEF=1 in the R32_I3C_INTENR register).
Whether it's a byte or a word depends on RXTHRES in the R32_I3C_CGFR register —
notified via an enabled interrupt (if RXFNEIE=1).
Read from the allocated DMA channel (if RXDMAEN=1) to enable the corresponding I3C peripheral DMA request (I3C_RX_DMA):

Depending on the DMA module-level configuration, the DMA will automatically pop/read data from the R32_I3C_RDR or R32_I3C_RDWR registers.
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Bytes/words (depending on RXTHRES) are written to their memory from the device buffer until the transfer is complete (R32_I3C_EVR).
The register has FCF=1 (private write), GRPF=1 (DEFGRPA CCC), or DEFF=1 (DEFTGTS CCC) in it, but a transmission error occurs.
Except for delays.
If the RX-FIFQ is full and a new data byte is received on the I3C bus, an RX-FIFO overflow (R32_I3C_EVR register) will be reported.
If ERRF in the register is 1 and DOVR in the R32_I3C_STATER register is 1, then generate the corresponding interrupt (if enabled).
When the transfer is complete (FCF=1, GRPF=1, or DEFF=1 in the R32_I3C_EVR register):
y RX-FIFO is empty
y Before the software has finished processing the RX data buffer corresponding to the completed private write/DEFTGTS/DEFGRPA transfer (i.e., ...
The software has not yet cleared the corresponding flags by setting CFCF/CDEFF/CGRPF to 1 in the R32_I3C_CEVR register via a write operation.
Before (the next private write/ DEFTGTS CCC/DEFGRPA CCC) is received, the hardware must transfer the data bytes.
Writing to the RX-FIFO will report an RX-FIFO overflow error (ERRF in the R32_I3C_EVR register =1 and...).
Set the R32_I3C_STATER register DOVR=1 and generate the corresponding interrupt (if enabled).

When the 13C peripheral is not in operation, the configuration managed by RX-FIFO can be modified.

22.3.6 I13C Error Management

22.3.6.1 Master Device Error Management

Table 22-3 Main Equipment Error Management

Error Type illustrate Error detection Main equipment operation Report error
lllegal formatting of CCC | pjrect CCC read transfer
(e.g., return) ) ERRF=1, PERR=1 and
CEO Reading from the device prematurely ended Hardware sends stop bit
Data bytes CODERR([3:0]=0000b
Retrieve data
few)
Hardware keeps SCL running
The state lasted for nine hours.
In traditional 12C read transmission
Clock cycles can be intersected
Incorrect result detected at the end
Replace with another byte, then
ACK
Then another NACK was sent.
Followed by stop position
13C SDR Read Transfer Node X .
SCL remains running. ERRF=1, PERR=1 and
CE1l Monitoring errors
Unable to generate duplicates during the bundle The software can be used to... CODERR[3:0]=0001b
Start bit or stop bit R32_I3C_CTLR register
Device writes control word
MTYPE[3:0]=0000
CE1 error detected (News headline) Stop
After that, it was unable to generate a starter. Stop SCL, then usually
. Must wait at least
Bit
It takes 150ps to emit another
A message
During message sending
(Upgrade fault or reset)
No broadcast address
(excluding time-series messages) Hardware issues HDR exit ERRF=1, PERR=1 and
CE2 response
Header detected Timing, followed by stop bit CODERR[3:0]=0010b
(1111110b)
(1111110b+RnW=0)
The new
master device was NACKed in SDA. X
) Hardware sends start bit
Master equipment switching failure ERRF=1, PERR=1 and
CE3 After being low (through) +1111110b+RnW=0 '
deteat n ! CODERR([3:0]=0011b
Test header or from Followed by the slave device
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Device startup request
(after the action) and in its work
Delay for state definition
The time has ended but has not yet been completed.

SCL drive is low level

ACK/NACK, the last one is
Stop bit

In GETACCCR

Returned in CCC
With parity check
The 7 bits are set from the design

Incorrect backup address

Incorrect movement detected
State address and/or parity correctio

Verification

Hardware can cancel
GETACCCR CCC by issuing
Restart
+1111110b+RnW=0
Followed by a slave device
ACK/NACK, finally

It is a stop bit

ERRF=1 and DERR=1

Addressed from
The equipment was used for the first time In irect|

Connect to CCC for read transmission

NACK

NACK detected

Hardware execution single re-
The method is to issue a heavy
The start bit + 7 bits are the same

From device address

+RnW=1.

Addressed from the device
Preparing for the second time in direct
Connect to CCC write transmission
13C private read/
Write transmission, traditional
12C transmission or direct

Connect to CCC read transfer

NACK

NACK detected

The hardware issues a stop

pbit. ERRF=1 and ANACK=1.

Distributed/sent bands
Parity bit

Dynamic address first time
In ENTDAA CCC

NACK

NACK detected

To configure a loop, the method is to issue.]
Repeat start position
+1111110b+RnW=1,
Followed by (highest priority)
(Level) from device ACK and
Read 8 bytes of data, then...
It is the allocated address + parity.

Check digit.

Hardware performs a single retry.

Distributed/sent bands

Parity bit

Dynamic address second
Next in ENTDAA

In CCC, data written

by NACK is traditional

During 12C write transmission|

NACK

NACK detected

The hardware issues a stop bit. ERRF=1 and DNACK=1

Compared to the I13C bus
Time sequence, not in time

Write/Read Controller
Production character, status character

Sending data or

Read data

SCL pause timeout, hardware issues stop bit. ERRF=1 an

d (COVR=1)

(or DOVR=1)
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22.3.6.2 From Device Error Management

Table 22-4 From Device Error Management

Error Type illustrate Error detection master device operation Report error
DAA-assigned broadcast
address( At the start position or repeat
. ERRF=1, PERR=1 and
TEO 1111110b+RnW=0) Detected after the start bit
ODERR[3:0]=1000b
Invalid or 7-bit dynamic Prohibited address hardware awaits HDR exit
Address + RnW = 1 is invalid
Time series
CCC code detected
. . ERRF=1, PERR=1
TE1 CCC code There is a parity check error. and
ODERR[3:0]=1001b
error
Write messages privately in 13C
Data words were detected in the middle. _ _
TE2 Write data ERRF=1, PERR=1 and
Parity check error in section ODERR([3:0]=1010b
error
In ENTDAA CCC
3 During dynamic address arbitration Dynamic allocation detected ERRF=1, PERR=1 and
Allocated address Parity check in the address ODERR([3:0]=1011b
mistake
Hardware waiting for stop bit
Dynamic address interference detected
During dynamic address arbitration Or repeat the start position
Sr position missing during the layoff period _ _
TE4 Sr position missing ERRF=1, PERR=1 and
few ODERR[3:0]=1100b
1111110b+RnW=1
{1111110b+RnW=1}
Direct read/write in CCC
During transmission, no error was detected
What happens after CCC is detected
. . . ERRF=1, PERR=1 and
TES Effective CCC direction (phase)
Senvice ODERR[3:0]=1101b
For address phase provided
(direction)
In SDR data read transfer
During the period (in direct CCC)
TE6 Monitoring errors Read, private read, or IBI ERRF=1, PERR=1 and
ODERR[3:0]=1110b
Detected during transmission
The SDA is released by hardware using an outlier.
In SDR data read transfer Wait for the stop bit or
During the period (in direct CCC) Repeat start position
_ SDR data read transfer period Read, private read, or IBI
ERRF=1 and STALL=1
SCL monitoring Detected during transmission
SCL's settling time exceeds
125us
The data to be sent has not yet been sent.
In private read transfers,
_ Write/Unavailable
Software or DMA not in time
(Compared to I13C) Hardware detected stop bit
Write the data to be sent ERRE=1 and DOVR=1
(Line timing) Or repeat the start position
- Unable to read the connection in time In private writing,
Received data (phase) DEFTGTS or
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For 13C bus timing
)

In DEFGRPA CCC,
Software or DMA not in time

Read the received data

22.3.7 13C Low Power Mode

In low-power mode, I13C is unaffected when the device is in sleep mode, and an 13C interrupt can bring the device out of sleep mode.

When in low-power mode, changes on the SCL and SDA buses will wake up the system and exit low-power mode.

22.3.8 13C Interrupts

Table 22-5 I13C Interrupt Requests

Request control word x . CENFIE CFNFF -
Status word x . SFNEIE SFNEF -
available. Requesting x x TXFNFIE TXFNFF )
data to be sent. Master x x RXFNEIE RXFNEF )
device: Frame transmission complete. " " FCIE FCF CFCF
From device: Private transfer completed
The device prematurely terminates private read/transfer.
Input (and R32_I3C_CFGR sent) x ) RXTGTENDIE RXTGTENDF CRXTGTENDF
(The SMODE bit of the register is 0)
Received IBI request, X . IBIIE IBIF CIBIF
received master device role x ) CRIE CRF CCRF
request, received hot-join request. x . HJIE HJIF CHJF
IBI request completed . x IBIENDIE IBIENDF CIBIENDF
I3C bus start bit lost ) x WKPIE WKPF CWKPF
Received direct GETACCR ) X CRUPDIE CRUPDF CCRUPDF
CCC Received direct ask ) x STAIE STAF CSTAF
GETSTATUS CCC Received any direct GETxxx
x GETIE GETF CGETF

CCC (except GETSTATUS)
Dynamic address update (received broadcast)
ENTDAA, RSTDAA (broadcast) or direc ) x DAUPDIE DAUPDF CDAUPDF
(followed by SETNEWDA)
Received direct SETMWL B X MWLUPDIE MWLUPDF CMWLUPDF
CCC Received direct ) x MRLUPDIE MRLUPDF CMRLUPDF
SETMRL CCC . x RSTIE RSTF CRSTF
Detected reset timing bus status update (received) « RSTIE ASUPDE CASUPDE
Direct/Broadcast ENTASx CCC)
Received broadcast/direct

) x INTUPDIE INTUPDF CINTUPDF
ENEC/DISEC CCC
Received broadcast DEFTGTS CCC . x DEFIE DEFF CDEFF
Received broadcast DEFGRPA ) x GRPIE GRPF CGRPF
CCC Error Occurred Error x X ERRIE ERRF CERRF
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22.4 Register Description

Table 22-6 List of I3C Relevant Registers

R32_I3C_TDWR

name Access Address Description: Reset value
R32_13C_CTLR 0x40014400 13C Control Register; 0x00000000
R32_I13C_CFGR 0x40014404 13C Configuration 0x00000000
R32_I13C_RDR Register; 0x40014410 13C Receive Data Byte 0x00000000
R32_I3C_RDWR Register; 0x40014414 13C Receive Data Word Register 0x00000000
R32_I3C_TDR 0x40014418 I3C Transmit Data Byte 0x00000000
Register 0x4001441C I13C Transmit Data Word 0x00000000

R32_I3C_IBIDR Register 0x40014420 I13C IBI Payload Data Register 0x00000000 0x40014424
R32_I3C_TGTTDR I3C Slave Device|Transmit Configuration Register 0x00000000
R32_I3C_RESET 0x4001442C 13C Reset Register 0x03000000
R32_I3C_STATR 0x40014430 13C Status Register 0x00000000
R32_I3C_STATER 0x40014434 13C Status Error Register 0x00000000
R32_I3C_RMR 0x40014440 13C Receive Message Register 0x00000000
R32_13C_EVR 0x40014450 13C BEvent Register 0x00000003
R32_I3C_INTENR 0x40014454 13C Interrupt Enable Register 0x00000000
R32_13C_CEVR 0x40014458 I3C Clear Event Register 0x00000000
R32_13C_DEVRO 0x40014460 13C Device Register 0 0x00000000
R32_I3C_DEVR1 0x40014464 13C Device Register 1 0x00000000
R32_I13C_DEVR2 0x40014468 13C Device Register 0x00000000
R32_I3C_DEVR3 2 0x4001446C 13C Device Register 3 0x00000000
R32_I13C_DEVR4 0x40014470 13C Device Register 4 0x00000000
R32_13C_MAXRLR 0x40014490 13C Maximum Read Length Register 0x00000000
R32_13C_MAXWLR 0x40014494 13C Maximum Write Length Register 0x00000000
R32_I3C_TIMINGRO 0x400144A0 I13C Timing Register 0 0x00000000
R32_I3C_TIMINGR1 0x400144A4 13C Timing Register 1 0x00000000
R32_I3C_TIMINGR2 0x400144A8 13C Timing Register 2 0x00000000
R32_I13C_BCR 0x400144CO0 I13C Bus Feature Register; 0x00000000
R32_13C_DCR 0x400144C4 13C Device Feature Register 0x00000000
R32_13C_GETCAPR 0x400144C8 13C Get Function 0x00000000
R32_13C_CRCAPR Register 0x400144CC; I3C Master Role Function 0x00000000
R32_I3C_GETMDSR Register 0x400144D0; 13C Get Maximum Data Rate Register 0x00000000
R32_13C_EPIDR 0x400144D4; 13C [Extended Configuration ID Register 0x00000000

22.4.113C Control Register (R32_I3C_CTLR) Offset
Address: 0x00

31 30 292827 262524232221 2019 18 17 16
MEND MTYPE[3:0] Reserved ADD[6:0] RNW
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
DCNT[15:0]
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Bit

name

access

Reset valug

31

MEND

WO

Description of message end type/last message of frame:

1: This message from the master device ends with a stop bit and is the last bit of the
Next message;

0: This message from the master device is followed by a repeat start bit, and t
It can send another message.

Note: This position applies only to the master device.

rame.

nen...

[30:27] MTY|

PE(3:0]

WO

Message type.

When the 13C is used as the master device:

0000: The SCL clock is forcibly stopped until the next control word is exec|
0001: Header message;

0010: Private message;

0011: Direct Message (Part 2 of I3C SDR Direct CCC Command)

point);

0100: Traditional 12C message;

Other: Reserved.

When 13C is used as a slave device:
1000: Hot-join request;

1001: Master role request;

1010: IBI (In-Band Interrupt) request;

Other: Reserved.

uted;

[26:24] Rese

rved

RO is

reserved.

[23:17] ADD

6:0]

WO

7-bit I13C dynamic/12C static slave address.

Note: when Tisbit When used as a master device, if MTYPE[3:0] is

0010b, 0011b QOO using 5c or otner metnos.

16 RNW

WO

Read/non-write messages.
1: Read messages;
0: Write a message.

Note: when misbit When used as a master device, if MTYPE[3:0] is

0010b, 00110 ;@dLOKen using isc or otner methods.

[15:0] DCNT

15:0]

wo

The number of data to be transferred during a read/write message, in by
Bit:

0x0000: No data to transmit;

0x0001: 1 byte;

0x0002: 2 bytes;

OxFFFF: 64KB - 1 byte.

Whemsed as a master device, if MTYPE[3:0] is 0010b,

0011b 010¢h ypmber this bit field to set the crossover on the bus.
data bytes swapped. This applies to private or traditional read/wfite operations.

12C information is used, then this bit field must be non-empty.

If  13C  Wwhen used as a slave device, if MTYPE[3:0] is the ~ 1010b

and only any Bl data payload (I3C_BCR register)
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BCR2 Jf$BtShit is the data to be sent, then use that bit field.

the numiBér of bytes in the data payload (1, 2, 3 or 4).

22.4.2 13C Control Register [Multiplexed] (R32_I3C_CTLR) Offset Address:

0x00
31 30 292827 262524232221 2019 18 17 16
MEND MTYPE[3:0] Reserved CCCJ[7:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DCNT[15:0]
Bit name access Reset valud

Description of message end type/last message of the frame:
1: This message from the master device ends with a stop bit and is the last bit of the frame.
Next message;
31 MEND WO 0
0: This message from the master device is followed by a repeat start bit, and then...

It can send another message.

Note: This position applies only to the master device.

Message type.

When the 13C is used as the master device:

0110: Broadcast/Direct CCC command;

Bits [23:16] (CCC[7:0]) are the 8-bit CCC codes issued;

Bits [15:0] (DCNT[15:0]) are CCC definition bytes, CCC subbytes.
The number of command bytes or CCC data bytes.

If bit[23] = CCC[7] = 1: the message is I3C SDR direct

The first part of the CCC command transmits the direct CCC command (part pne).
The message (in minutes) is:

—{S/S +0b111_1110 +RnW = 0/Sr+*} + (straight)
(CCC +T) + (8-bit data + T) * + Sr;

— After S (start bit), register R32_I3C_CFGR
[30:27] MTYPE[3:0] WO  |The NOARBH bit determines whether to insert an arbitrable header 0
(0b111_1110 + RnW = 0).

— Sr+*: After Sr (start of repeat), the hardware will automatically...
Insert (Ob111 1110 + R/W).

If bit[23] = CCC[7] = 0: the message is an I13C SDR broadcast.
CCC command; the transmitted broadcast CCC command message is:

—{S/S +0b111 1110 + RnW = 0/Sr + *} + (Broadcast CCC + T) + (8-

bit data + T)* + Sr/P

— After S (start bit), determine whether to use based on the NOARBH bit.
Insert arbitrable header (Ob111_1110 + RnW = 0).

— Sr+*: After Sr (start of repeat), the hardware will automatically...
Insert (Ob111_1110 + R/W).

Other values: Reserved.

[26:24] Resprved RO is|reserved. 0
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8-bit CCC code:
If bit[23] = CCC[7] = 1, then the message is I3C SDR.
The first part of the CCC command.
[23:16] CC([7:0] Wo 0
If bit[23] = CCC[7] = 0, then the message is I3C SDR.
Broadcast CCC commands (including ENTDAA).
Note: This position applies only to the master device.
To be used as a CCC interpretation byte, CCC subcommand byte, or CCC data.
Count of CCC command-related data transmitted in bytes (in bytes)
unit):
Linear encoding can be up to 64KB - 1.
0x0000: No data to transmit;
[15:0] DCNJ[[15:0] WO |Note: This is a value that must be uséd@fen broadcasting ENTDAA. 0
0x0001: 1 byte;
Note: This is the value that must be used when sendfa§&STACT directly or broadcasting.
0x0002: 2 bytes;
OxFFFF: 64KB - 1 byte.
22.4.313C Configuration Register (R32_I3C_CFGR) Offset
Address: 0x04
31 30 292827262524232221 2019 18 17 16
Reser TSF CFL CDM TMO SMO SFL SDM
Reserved
ved SET USH AEN DE DE USH AEN
15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
txt TXF TXD Res RXT RXF RXD EXI RST
Reser HJA NOA CRI
HRE LUS MAE erv HRE LUS MAE Reserved TPT PTR EN
ved CK RBH NIT
S H N ed S N RN N
Bit name access describe Reset valug
31 Reserved RO reserved. 0
Frame transmission settings:
1: Set the CFNFF bit in hardware to start frame transmission;
0: No operation is performed.
Note: (1) This bit applies only to the master device. (2) If this bit is not set to 1, frame transmission can be initiated via softyvare.
30 TSFSET WO [exist C-FIFO is empty (R32_I3C_EVR registerbit is emptyFEF 0
Controdéerstep write directly to the word register 1)
(R32_13C_CTLR). Then, if the first control word written is not marked as the ef€/iGé@age (AENE c1Lr)
If the bit is 0, the hardware will set CFNFF to 1.
Note: This position applies only to the master device.
[29:22] Resé¢rved RO is|reserved. 0
C-FIFO cleared:
CFLUSH W0 0
1: Clear C-FIFOO;
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0: No operation is performed.

Note: This position applies only to the master device.

C-FIFO DMA Request Enable:

1: Enable DMA mode for C-FIFO;
20 CDMAEN RW 0
0: Disable DMA mode for C-FIFO.

Note: This position applies only to the master device.

Frames sent on the I3C bus are used to manage the C-FIFO and TX-FIFO:
1. Before initiating frame transmission, preload the C-FIFO and...
TX-FIFO.

19 TMODE RW  |0: Do not preload C-FIFO and before initiating frame transmission. 0
TX-FIFO. The frame begins when the first control word appears in the C-F|FO.
The transfer will begin immediately.

Note: This position applies only to the master device.

S-FIFO Enable/Status Receive Mode:
When the I3C is used as the master device:
1: Enable S-FIFO;

18 SMODE RW 0
0: Disable S-FIFO.

This bit must be cleared when the I3C is used as a slave device.

S-FIFO cleared:

1: Clear the S-FIFO;
17 SFLUSH WO 0
0: No operation is performed.

Note: This position applies only to the master device.

S-FIFO DMA request to enable:

1: Enable reading the status register via DMA mode
R32_I3C_STATER;

16 SDMAEN RW 0
0: Disable reading the status register via DMA mode.

R32_13C_STATER.

Note: This position applies only to the master device.

15 Resefved RO is|reserved. 0

TX-FIFO threshold:
14 TXTHRES RW | 1:1 word/4 bytes threshold; 0

0:1 byte threshold.

Clear TX-FIFO:

13 TXFLUSH WO |1: Clear TX-FIFO; 0

0: No operation is performed.

TX-FIFO DMA request enable:
12 TXDMAEN RW | 1: Enable DMA mode for TX-FIFO; 0

0: Disable DMA mode for TX-FIFO.

11 Reserved RO is|reserved. 0

RX-FIFO threshold:
10 RXTHRES RW' 11:1 word/4 bytes threshold; 0

0:1 byte threshold.

Clear RX-FIFO:
9 RXFLUSH WO 0

1: Clear RX-FIFO;
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0: No operation is performed.

RX-FIFO DMA request enable:
8 RXDMAEN RW | 1: Enable DMA mode for RX-FIFO; 0

0: Disable DMA mode for RX-FIFO.

Hot-join request confirmation:

1: The hot-addition request has been confirmed;
7 HJACK RW 0
0: Hot-join request not confirmed.

Note: This position applies only to the master device.

[6:5] Reseryed RO is feserved. 0

HDR exit timing enable:

1: Send message header (R32_I3C_CTLR register)

After MTYPE[3:0] bits are 0001b), HDR exit timing is sent.
Used to perform actions when the slave device does not respond to private messages or directly reads CCC.
Perform main device error detection and upgrade processing.
0: Send message header (R32_I3C_CTLR register)

4 EXITPTRN RW 0
After MTYPE[3:0] bits are set to 0001b, no HDR exit timing is sent.
This is used to send headers, in case of suspicion after a master device role switch.
Problem exists (when the new master device is not in the working state defined delay)
Within a given timeframe, the host device is enabled by accessing the previous host device.
(Color), which can be used to test ownership of the bus.

Note: This position applies only to the master device.

HDR reset timing enable:

1: In any frame sent (containing the RSTACT CCC command)
3 RSTPTRN RW | HDR reset timing is inserted before each stop bit; 0
0: A standard stop bit is emitted at the end of the frame.

Note: This position applies only to the master device.

No arbitrator head after the start position:

1: No Arbitration Head

- For traditional 12C messages or I3C SDR private read/write messages,

The slave device address is sent directly after the start bit.

- This is a more efficient option (when a Ox7E arbitrable header is issued).

(When not in use), but can only be determined by the master device when the addressed slave device is Ipcated.

This is only possible when the device cannot simultaneously issue an IBl or master role request.

2 NOARBH RW 0

Use (to ensure that for IBl or MR, the master device is in open-drain mode)

The address sent by the slave device can be sent after the start bit.

There will be no misresolution or potential conflicts between the same address.

0: After the start bit, in a traditional 12C message or I3C SDR private message.

Before reading/writing messages (by default), send an arbitrable header.
(0b111_1110 + RnW = 0).

Note: This position applies only to the master device.

Label the master/slave device role:
1 CRINIT RW 1 1: Main device role; 0

0: From the device role.

13C Enable:

1: Enable 13C;
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0: I3C is prohibited.

22.4.4 13C Receive Data Byte Register (R32_I3C_RDR) Offset
Address: 0x10

31 30 292827262524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved RDBO[7:0]
Bit name access describe Reset valug
[31:8] Reperved RO is|reserved. 0
[7:0] RDBO[7:0] 8-bit|receive data on the RO I3C bus. 0

22.4.5 13C Receive Data Word Register (R32_I3C_RDWR) Offset
Address: 0x14

31 30 292827 262524232221 2019 18 17 16
RDB3[7:0] RDB2[7:0]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RDB1[7:0] RDBO[7:0]

Bit name access describe Reset valud
[31:24] RDB3[7:0] RO 8-bit receive data (latest byte on the I3C bus). 0
[23:16] RDB2[7:0] RO 8-bit received data (byte following RDB1 on the I13C bus). 0RO
[15:8] ROB1[7:0] 8-bit|received data (byte following RDBO on the I3C bus). 0 RO|8-bit

[7:0] RDBO[7:0] received data (earliest byte on the I13C bus). 0

22.4.6 13C Transmit Data Byte Register (R32_I3C_TDR) Offset
Address: 0x18

31 30 292827 26 2524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved TDBO[7:0]
Bit name access describe Reset valug
[31:8] Repserved RO is [reserved. 0
[7:0] TDBO[7:0] 8-bit data transmission on the RO I3C bus. 0

22.4.7 13C Transmit Data Word Register (R32_I3C_TDWR) Offset
Address: 0x1C

31 30 292827262524232221 2019 18 17 16
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TDB3[7:0] TDB2[7:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TDB1[7:0] TDBO[7:0]

Bit name access describe Reset valud
[31:24] TDB3[7:0] WO 8-bit data transmission (latest byte on the I13C bus). 0
[23:16] TDB2[7:0] WO 8-bit data transmission (byte following TDB1 on the I3C bus). WO
[15:8] TDB1[7:0] 8-bit data transmission (byte following TDBO on the I13C bus). 0 WO 8-bit

[7:0] TDBO[7:0] data transmission (earliest byte on the 13C bus). 0

22.4.8 13C IBI Payload Data Register (R32_I3C_IBIDR) Offset Address: 0x20

31 30 292827 262524232221 2019 18 17 16
IBIDB3[7:0] IBIDB2[7:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IBIDB1[7:0] IBIDBO[7:0]
Bit name access describe Reset valud
[31:24] IBIDB3[7:0] RW 8-bit IBI payload data (latest byte on the I3C bus). 0 8-bit IBI payload

data (following the latest byte on the I3C bus).
[23:16] IBIPB2[7:0] RW 0

(bytes after IBIDB1[7:0]).

8-bit IBI payload data (followed by the I3C bus)
[15:8] I1BIDB1[7:0] RW 0

(bytes after IBIDBO[7:0]).

8-bit IBI payload data (the earliest byte on the I13C bus,
[7:0] IBIDBO[7:0] RW 0

MDBJ[7:0] Forced data bytes).

22.4.9 13C Slave Device Send Configuration Register (R32_I3C_TGTTDR)
Offset Address: 0x24

31 30 29 2827 26 2524 232221 2019 18 17 16
PRELO
Reserved
AD
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TGTTDCNT[15:0]

Bit name access describe Reset valud
[31:17] Reserved RO is|reserved. 0
TX-FIFO pre-loaded:
1: Perform TX-FIFO preloading;
16 PRHLOAD RW 0
0: Do not perform TX-FIFO preloading.
Note: This bit applies only to slave devices.
[15:0] TGTTDCNTI[15:0] RW data transmission counter, in bytes. 0
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When PRELOAD is set to 1, this bit field must be accessed by software in the same locftion.
Write this in the question to define the number of bytes to preload and send.
This bit field is updated by hardware; reading this bit field will report what needs to be lpaded.
The number of bytes remaining in the TX-FIFO.
Note: This bit applies only to slave devices.
22.4.10 I13C Reset Register (R32_I3C_RESET) Offset Address:
0x2C
31 30 292827262524 232221 2019 18 17 16
TGT HST
_Sl _Sl
Reserved Reserved
E R E R
ST ST
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved
Bit name access describe Reset valudg
[31:26] Regerved RO reserved. 0
Reset register from device:
25 TGT|SIE_RST RW 11: The device's protocol layer is in a reset state; 1
0: The device's protocol layer is in an active state;
Master device reset register:
24 HST|SIE_RST RW " 11: The protocol layer of the master device is in a reset state; 1
0: The protocol layer of the master device is in working condition;
[23:0] Resprved RO is reserved and must be kept at 0x1000 during initialization. 0
22.4.11 13C Status Register (R32_I3C_STATR) Offset Address:
0x30
31 30 2928 27 26 25242322 21 2019 18 17 16
Res
MID[7:0] Reserved DIR ABT erv
ed
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
XDCNT[15:0]
Bit name access describe Reset valug
Message identifier/counter for a given frame:
This bit field is used for identification when the I13C is used as the master device.
The control word message referenced by the R32_I3C_STATR status register.
[31:24] MIQ[7:0] RO (R32_I3C_CTLR). The first message of the frame is identified 0
by MID[7:0] = 0.
When a new message control word (R32_I3C_CTLR) appears on the I13C bus.
Upon completion, this bit field is incremented (by hardware). This increments each time a new frame pegins.
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All

This will reset the bit field.

Note: This position applies only to the master device.

[23:19] Resg¢rved

ROre

erved.

18

DIR

RO

Message direction:
1: Read;
0: Write.

Note: ENTDAA is con&iiéred a write command.

17

ABT

RO

Early termination of private read messages from the device:
1: Complete the equipment in advance;
0: The equipment was not completed in advance.

Note: This position applies only to the master device.

16 Resefved

RO reserved.

[15:0] XDCNT[15:0]

RO

Data counter:

Condition: During dynamic address allocation (ENTDAA CCC)
number;
- When I3C is used as a slave device: Number of bytes sent.

Condition: For other transmissions during the message period

The number of bytes of data read from or sent on the I13C bus.

- When the I3C is used as the master device: Slave devices detected on thelbus

- Regardless of whether the I3C is used as a master or slave device: during the message...

22.4.12 13C Status Error Register (R32_I3C_STATER) Offset Address: 0x34

31 30

292827262524232221

2019 18 17 16

Reserved

15 14

13

12

11

10

Reserved

DER

CK

DNA ANA cov DOV STA PER

CODERRI3:0]
CK R R LL R

Bit

name

access

describe Reset valug

[31:11] Res

erved

RO reserved.

0

10 DERR

RO

Data error:

1: When the received slave device address and/or parity bit do not match

During the timing process, the master device detected a data error during

the master device role switchover (GETACCCR CCC, formerly known as GETACCQIST).

The main device retains its main device role.
0: No error detected.

Note: This position applies only to the master device.

DNACK

RO

Data unconfirmed:

1: The master device detects unacknowledged data from the slave device during the following pfocess.

byte:
i) Traditional 12C write transfer;

ii) A second attempt to send a dynamic address during the ENTDAA process.

0
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0: No error detected.

Note: This position applies only to the master device.

Address not confirmed:
1: The master device detects that the slave device has not acknowledged static status during the following process.
/Dynamic address:

i) Traditional 12C read/write transfer;
8 ANACK RO | i) Direct CCC write transfer; 0
iii) Second attempt at direct CCC read transfer;
iv) Private read/write transfer;

0: No error detected.

Note: This position applies only to the master device.

C-FIFO underflow or S-FIFO overflow:
1: The main device detected:

i) C-FIFO underflow: When the control FIFO is empty, a repeating command must be issued.

7 COVR RO Start bit; 0
i) S-FIFO overflow: S-FIFO is full, new messages have ended;
0: No error detected.

Note: This position applies only to the master device.

RX-FIFO overflow or TX-FIFO underflow:
1: Regardless of whether it is used as a master or slave device, the hardware detects:

i) TX-FIFO underflow: The TX-FIFO is empty and a write operation must be performed.

6 DOVR RO Data bytes; 0
ii) RX-FIFO Overflow: The RX-FIFO is full and a new one has been received.
Data bytes;

0: No error detected.

SCL pause error:

1: When the device detects stable SCL during 13C SDR data read transfers
(during direct CCC reads, proprietary reads, or IB transfers).

5 STALL RO 0
The interval exceeds 125ys;

0: No error detected.

Note: This bit applies only to slave devices.

Protocol error:

1: Regardless of whether it is used as a master or slave device, the hardware detects the coopefation.
4 PERR RO

The proposal is incorrect;

0: No error detected.

0000: CEO error (transaction after CCC sent): Master device

lllegal CCC formatting detected;

0001: CE1 Error (Monitoring Error): The master device detected a total...
The data sent online did not match expectations;

0010: CE2 Error (No response to broadcast address): Master device
[3:0] CODERR[3:0] RO 0
An unacknowledged broadcast address (0b111_1110) was detected.
0011: CE3 Error (Master device role switching failed): Master device

The system detected that the new master device did not drive the main system after the master device role syitch.

Wire;

1000: TEO Error (Invalid Broadcast Address)
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0b111_1110+W): An invalid broadcast address was detected from the dev
0b111 1110+W;

1001: TE1 Error (CCC Code): Device fails due to parity error.

The check detected a parity error in the CCC code (relative to...).

T position);

1010: TE2 Error (Write Data): Data loss due to parity error from devi
The test detected a parity error in the written data (relative to T).
Bit);

1011: TE3 Error (Land allocated during dynamic address arbitration)
Address): Parity check performed by the device during dynamic address arbitra
A parity error was detected in the allocated address (relative to...).
PAR position);

1100: TE4 Error (Missing Sr bit after dynamic address arbitration)

After detecting the Sr bit, 0b111_1110 + R is missing;
1101: TES5 error (transaction after CCC detection): From the set

The system detected an illegal formatting of the CCC.

0b111_1110+R): From the device during dynamic address arbitratior).

tion.

1110: TE6 Error (Monitoring Error): Total errors detected from the device.
The data sent online did not match expectations;
Other values: Reserved.
22.4.13 13C Receive Message Register (R32_I3C_RMR) Offset Address:
0x40
31 30 292827262524232221 2019 18 17 16
Res
Reserved RADD[6:0] erv
ed
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RCODE[7:0] Reserved IBIRDCNT[2:0]
Bit name access describe Reset valug
[31:24] Reserved RO reserved. 0
Received slave device address:
When the 13C is configured as a master device, this bit field is used to record the established...
[23:17] RADD[6:0] RO |Received from the device during the recognized IBI or master device role requestO
Dynamic URL.
Note: This position applies only to the master device.
16 Reserved RO reserved. 0
Received CCC code:
When the 13C is configured as a slave device, this bit field is used to record received data.
[15:8] RCODE[7:0] RO
The CCC code.
Note: This bit applies only to slave devices.
[7:3] Reserved RO is|reserved. 0
[2:0] IBIRDCNT[2:0] RO IB| received payload data count: 0
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When the I3C is configured as a master device, this bit field is used to record...
Valid received data bytes in the R32_I3C_IBIDR register
number.

Note: This position applies only to the master device.

22.4.14 13C Event Register (R32_I3C_EVR) Offset Address: 0x50

31 30 292827262524232221 2019 18 17 16
INT MRL MWL Res 1BI
DEF ASU RST DAU STA GET WKP CRU
GRPF UPD UPD UPD erv HJIF CRF END
F PDF F PDF F F F PDF
F F F ed F
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RXT Res RXL TXL
ERR RXF TXF SFN CFN TXF CFE
IBIF Reserved GTE FCF erv AST AST
F NEF NFF EF FF EF F
NDF ed F F
Bit name access describe Reset valug
Group addressing flags:
When the 13C is used as a slave device (typically supporting the master role), this
The flag is set to 1 by hardware to indicate that a broadcast DEFGRPA CCC
(Define Group Address List) has been received. The software can then store the connection|
31 GRPF RO 0
The received data is used when obtaining the master device role.
This flag is cleared by sending a message to R32_I3C_CTLR via software.
Write 1 to the CGRPF register.
Note: This bit applies only to slave devices.
DEFTGTS logo:
When the I13C is used as a slave device (typically supporting the master role), this
The flag is set to 1 by hardware to indicate that a broadcast DEFTGTS CCC
(defining alist of slave devices) has been received. The software can then store the connectig¢n.
30 DEFH RO 0
The received data is used when obtaining the master device role.
This flag is cleared by writing 1 to the CDEFF bit of the R32_I3C_CEVR
register via software.
Note: This bit applies only to slave devices.
Interrupt/Master Device Role/Hot Join Update Flags:
When the I3C is used as a slave device, this flag is set to 1 by hardware to indicfate...
This indicates that ENEC/DISEC CCC (enable/disable) has been received directly or via broadcast.
(Stop slave device events), where slave device events are interrupts/IBl requests.
Request, master device role request, or hot-join request.
29 INTUPDF RO
Then, the software must read the R32_I3C_DEVRO register respectively
The IBIEN, CREN, or HIJEN in the text.
This flag is cleared by writing 1 to the CINTUPDF bit of the
R32_I3C_CEVR register via software.
Note: This bit applies only to slave devices.
28 ASURDF RO operating status update indicator:
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When the I3C is used as a slave device, this flag is set to 1 by hardware to indicate...
This indicates that ENTASx CCC (where x = 0...3) has been received directly or
via broadcast. The software must then read the R32_I3C_DEVRO register.
Register AS[1:0].

This flag is cleared by writing 1 to the CASUPDF bit of the R32_I3C_CEVR
register via software.

Note: This bit applies only to slave devices.

Reset timing flags:
When the I3C is used as a slave device, this flag is set to 1 by hardware to indicjate...
The reset timing has been detected (occurring 14 times while SCL is low).
SDA transition, followed by repeating start and stop bits.

Then, when not in stop mode, the software must read

The RSTACT[1:0] and RSTVAL in the I3C_DEVRO register,

Obtain the required reset level.

—If RSTVAL = 1: When RSTF is set to 1 (and/or a phase is generated)
When the corresponding interrupt (if enabled) occurs, register R32_I3C_DEVRO is accepsed.
The RSTACT[1:0] field in the device indicates the reset operation to be performed by the software.
27 RSTF RO

(If any).

—If RSTVAL =0: When RSTF is set to 1 (and/or a phase is generated)

When an interrupt occurs (if enabled), the software must be in the first check.
After the detected reset timing, an I13C reset is issued, and in the second detectipn...
After the reset timing is detected, a system reset is issued.

When in stop mode, a corresponding interrupt can be used to wake it up.
Device.

The flag is cleared by sending a message to R32_I3C_CEVR via software.
Write 1 to the corresponding CRSTF bit in the register.

Note: This bit applies only to slave devices.

Maximum read length update flag:
When the I3C is used as a slave device, this flag is set to 1 by hardware to indicjate...
This indicates that a direct SETMRL CCC (set maximum read length) has been recejved.
(degree). Then, the software must read the R32_I3C_MAXRLR register.
26 MRLUIPDF RO 0
Use the MRL[15:0] bits to obtain the maximum read length value.

This flag is cleared by writing 1 to the CMRLUPDF bit of the R32_I3C_CEVR

register via software.

Note: This bit applies only to slave devices.

Maximum write length update flag:
When the I3C is used as a slave device, this flag is set to 1 by hardware to indicjate...
It indicates that a direct SETMWL CCC (set maximum write length) has been recejved.
(degree). Then, the software must read the R32_I3C_MAXRLR register.
25 MWLUPDF RO 0
Use the MWL[15:0] bits to get the maximum write length value.

The flag is cleared by sending a message to R32_I3C_CEVR via software.

Write 1 to the CMWLUPDF register.

Note: This bit applies only to slave devices.

Dynamic address update flag:
24 DAUPDF RO 0

When the I3C is used as a slave device, this flag is set to 1 by hardware to indicjate...
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This indicates that a dynamic address update has been received via broadcast
ENTDAA, RSTDAA, and direct SETNEWDA CCC. Then,

The software must read the R32_I3C_DEVRO registers DA[6:0] and

DAVAL is used to obtain dynamic address updates.

The flag is cleared by sending a message to R32_I3C_CEVR via software.
Write 1 to the CDAUPDF register.

Note: This bit applies only to slave devices.

Get status flags:
When the I3C is used as a slave device, this flag is set to 1 by hardware to indicfate...
This indicates that a direct GETSTATUS CCC (without definition) of format 1 has been received.
23 STAF RO | (Byte or byte with interpretation TGTSTAT). 0
The flag is cleared by sending a message to R32_I3C_CEVR via software.
Write 1 to the CSTAF bit of the register.

Note: This bit applies only to slave devices.

Acquire Flag:

When the I3C is used as a slave device, this flag is set to 1 by hardware to indicate...

It indicates that GETSTATUS has been received in addition to format 1 (but includes)

Format 2 (GETSTATUS) allows direct CCC for any type of retrieval.

22 GETF RO 0
(GET*** CCC).

This flag is cleared by writing 1 to the CGETF bit of the R32_I3C_CEVR register

via software.

Note: This bit applies only to slave devices.

Wake-up/Loss Start Flag:
When the I3C is used as a slave device, this flag is set to 1 by hardware to indicate...
This indicates that a start bit has been detected (falling edge of SDA followed by falling edge of|SCL).
But on the next falling edge of SCL, the I3C core clock (still) is

Gating. Therefore, the slave device may have lost I3C bus transactions.
WKPF RO 0
The corresponding interrupt can be used to bring the device from low power (sleep or|stop).
Mode wake-up.

This flag is cleared by writing 1 to the CWKPF bit of the R32_I3C_CEVR register|

via software.

Note: This bit applies only to slave devices.

20 Reseryed RO is retained. 0

Hot-addition marking:

When the I13C is used as the master device, this flag is set to 1 by hardware to indigate...

This indicates that the heat application request has been received.
19 HIF RO 0
This flag is cleared by writing 1 to the CHJF bit of the R32_I3C_CEVR register

via software.

Note: This position applies only to the master device.

Main device role update flag:
When the I3C is used as a slave device, this flag is set to 1 by hardware to indicjate...
The 13C has now acquired the master device role after completing the master device role switchover process.
18 CRUPDF RO
Equipment role.

This flag is cleared by writing 1 to the CCRUPDF bit of the R32_I3C_CEVR

register via software.

V1.5 374 WH



Machine Translated by Google

CH32H417 Series Application Manual https://wch.cn

Note: This bit applies only to slave devices.

Master device role request flag:

When the I3C is used as the master device, this flag is set to 1 by hardware to indidat

e..

The hardware has been confirmed and the master device role request has been completed. Then, the softyvare...

The master device role switching process must issue GETACCCR CCC.

17 CRF RO 0
(Acquire the host device role).

This flag is cleared by writing 1 to the CCRF bit of the R32_I3C_CEVR

register via software.

Note: This position applies only to the master device.

IBI End Marker:
When the I3C is used as a slave device, this flag is set to 1 by hardware to indicjate...
The system has received and completed the IBI transmission (the master device confirms the IBl and...).
16 IBIENDF RO |Read IBI data bytes (if any). 0
The flag is cleared by sending a message to R32_I3C_CEVR via software.
Write 1 to the CIBIENDF register.

Note: This bit applies only to slave devices.

IBI logo:

When the I3C is used as the master device, this flag is set to 1 by hardware to indidat

e..
This indicates that the IBI request has been received.
The flag is cleared by sending a message to R32_I3C_CEVR via software.

15 IBIF RO |write 1 to the CIBIF bit of the register. 0

Note: (1) This bit applies only to the master device; (2) This bit is not effective 1B
when receiving requests without data from the slave device. For details on handling such packets, plEa¥eFeferaadtid official website

Procedure.

[14:12] Resefved RO reserved. 0

Symbol:
This flag is set to 1 by the hardware to indicate that an error has occurred. Then, the softyare...

1 ERRF RO |The device must read R32_I3C_STATER to obtain the error type. 0
The flag is cleared by sending a message to R32_I3C_CEVR via software.

Write 1 to the CERRF bit of the register.

End-of-read flag initiated by the device:

When the I13C is used as the master device, and only when S-FIFO is disabled.
When the SMODE bit of the R32_I3C_CFGR register is 0,

This flag will then be set to 1 by the hardware to indicate that the slave device has terminated in advance.

The data is then read from the register.

R32_I3C_STATR is used to check the information related to the last message.

10 RXTGTENDF RO 0

Information, and obtain the data words received during the prematurely terminated read transfer.
(R32_I3C_STATR register XDCNT).

The flag is cleared by sending a message to R32_I3C_CEVR via software.

Write 1 to the CRXTGTENDF register.

Note: This position applies only to the master device.

Frame completion flag:
9 FCF RO 0

When the I3C is used as the master device, this flag is set to 1 by hardware to indigat

e...
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This indicates that a frame on the 13C bus has been completed (normally), for example, when a stop signal is Jssued.
When stopped.
When the I3C is used as a slave device, this flag is set to 1 by hardware to indicate...
This is shown as a message sent on the I3C bus to or retrieved by the slave device.
The address message has been completed (normally), for example, when the master device sends the pext...
When there is a stop bit or a repeat start bit.

This flag is cleared by writing 1 to the CFCF bit of the R32_I3C_CEVR registe

via software.

8 Reserved RO is reserved. 0

Last read data byte/word flag:

When the I3C is used as the master device, this flag is set to 1 by hardware to indigate...
This indicates the last data word of the message that must be read from the RX-FIFO.

7 RXLASTF RO |Byte/word (depending on the RXTHRES bit of the I3C_CFGR register). 0
This flag is set when the last data byte/word of the message is read.

Reset hardware.

Note: This position applies only to the master device.

Last written data byte/word flag:
This flag is set to 1 by hardware to indicate that data must be written to the TX-FIFO.

6 TXLASTF RO |The last data byte/word of the message (depending on the specific data) 0
The R32_I3C_CFGR register TXTHRES bit). When writing a message.

The flag is cleared by hardware when the last data byte/word is received.

RX-FIFO Not Empty Flag:
This flag is set to 1 or cleared by hardware to indicate whether it must/must be obtained ffrom...
RX-FIFO reads data bytes.
5 RXFNEF RO |Note: Before RX-FIFO Read data bytes (read and retrieve) 0
R32_I3C_RDRisiNB32_I3C_RDWR (RXTHRES), the ,  Specifically depends on
software must wait for RXFNEF to poll or via an enabled T (through)

interrupt.

TX-FIFO not full indicator:
This flag is set to 1 or cleared by hardware to indicate whether it must be or must not be submitted to the relevant authority.
Write data bytes to TX-FIFO.

Note: (1) When writing to TX-FIFO (writing to R32_I3C_TDR or
R32_I3C_TDWR, specifically depending on TXTHRES) before the software
4 TXFNFF RO |Must wait for TXFNFF 1 (either by polling or by enabling). 0
(Broken).

(2) When 13C

When used as a slave device, i the software needs to writ to R32_I3C_TDRIR32_I3C_TOWR using the TXFNEF flag, then TX-FIFO preloading mul@GHhSKEN 1ac_rgro)

PRELOAD  position1).

S-FIFO Not Empty Flag:

When the I3C is used as the master device, if the S-FIFO is enabled...
(If the SMODE bit of the R32_I3C_CFGR register is 1), then the label

3 SFNEF RO 0

The flag is set to 1 by hardware to indicate that the status must be read from the S-FIFO.

This flag, which is cleared by hardware, indicates that no reading is being made from the $FIFO.

Retrieve the status word.
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Note: This position applies only to the master device.

C-FIFO Not Full Indicator:

When the I3C is used as the master device, this flag is set to 1 by hardware to indiqate...

This indicates that a control word must be written to the C-FIFO. This flag is cleared by hard|

Used to indicate that no control word should be written to the C-FIFO.

ware.

2 CFNFF RO
Note: Before writing to the C-FIFO (writing to R32_I3C_CTLR),
The software must wait for the 1 (via polling or by enabling)
CFNFF interrupt.
Note: This position applies only to the master device.
TX-FIFO is empty:
1 TXFEF RO | This flag is set to 1 by hardware to indicate that the TX-FIFO is empty;
This flag is cleared by hardware to indicate that the TX-FIFO is not empty.
C-FIFO is empty:
When used as a master device:
This flag is set to 1 by hardware to indicate that the C-FIFO is empty;
This flag is cleared by hardware to indicate that the C-FIFO is not empty.
When used as a slave device:
This flag is set to 1 by hardware and is used in the R32_I3C_CTLR register.
0 CFEF RO

TXFEF before it can begin transmitting a new frame.

No control words included (no IBI/CR/HJ requests);
This flag is cleared by hardware in the R32_I3C_CTLR register.

It contains a control word (IBI/CR/HJ request to be processed).

Note: Whehdfsed as the master device, if C-FIFO and
TX-FIFO preload (R32_I13C_CFGR register bits)  If

TMODE is 1, the software must wait for 1and CFEF =1,

22.4.15 13C Interrupt Enable Register (R32_I3C_INTENR) Offset Address: 0x54

31 30 292827262524232221 2019 18 17 16
INT ASU MRL MWL DAU Res CRU IBI
DEF RST STA GET WKP HJI CRI
GRPIE UPD PDI UPD UPD PDI erv PDI END
IE IE IE IE IE E E
IE E IE IE E ed E IE
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
RXT
RXF TXF
ERR GTE FCI SFN CFN
IBIIE Reserved Reserved NEI NEI Reserved
IE NDI E EIE FIE
E E
E
Bit name access Reset valug
Description of DEFGRPA CCC interrupt enable:
31 GRPIE RW | 1: Enable;
0: Prohibited.
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Note: This bit applies only to slave devices.
DEFTGTS CCC Interrupt Enable:
1: Enable;

30 DEFIH RW 0
0: Prohibited.
Note: This bit applies only to slave devices.
ENEC/DISEC CCC Interrupt Enable:
1: Enable;

29 INTUPDIE RW 0
0: Prohibited.
Note: This bit applies only to slave devices.
ENTASx CCC Interrupt Enable:
1: Enable;

28 ASUPDIE RW 0
0: Prohibited.
Note: This bit applies only to slave devices.
Reset timing interrupt enable:
1: Enable;

27 RSTIH RW 0
0: Prohibited.
Note: This bit applies only to slave devices.
SETMRL CCC Interrupt Enable:
1: Enable;

26 MRLYPDIE RW 0
0: Prohibited.
Note: This bit applies only to slave devices.
SETMWL CCC Interrupt Enable:
1: Enable;

25 MWLUPDIE RW 0
0: Prohibited.
Note: This bit applies only to slave devices.
Interrupt enable for ENTDAA/RSTDAA/SETNEWDA CCC:
1: Enable;

24 DAURDIE RW 0
0: Prohibited.
Note: This bit applies only to slave devices.
Format 1 GETSTATUS CCC Interrupt Enable:
1: Enable;

23 STAIH RW 0
0: Prohibited.
Note: This bit applies only to slave devices.
GETxxx CCC interrupt enable (except for GETSTATUS in format 1)
outside):

22 GETIH RW 1: Enable; 0
0: Prohibited.
Note: This bit applies only to slave devices.
Wake-up interrupt enable:
1: Enable;

WKPIE RW 0

0: Prohibited.
Note: This bit applies only to slave devices.

20 Reserved RO retained. 0
Thermal interruption enable:

19 HJIE RW 0
1: Enable;
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0: Prohibited.

Note: This position applies only to the master device.

18 CRUH

DIE

RW

Master device role update interrupt enable:
1: Enable;
0: Prohibited.

Note: This bit applies only to slave devices.

17 CRIE

RW

Master device role requests interrupt enable:
1: Enable;
0: Prohibited.

Note: This position applies only to the master device.

16

IBIENDIE

RW

IBI interrupt enable termination:
1: Enable;
0: Prohibited.

Note: This bit applies only to slave devices.

15

IBIIE

RW

IBI Request Interrupt Enable:
1: Enable;
0: Prohibited.

Note: This position applies only to the master device.

[14:12] Rese

rved

RO re

served.

11

ERRIE

RW

Error interrupt enabled:
1: Enable;

0: Prohibited.

10 RXTQ

TENDIE

RW

Enable read completion interrupt initiated by the device:
1: Enable;
0: Prohibited.

Note: This position applies only to the master device.

FCIE

RW

Frame completion interrupt enabled:
1: Enable;

0: Prohibited.

[8:6] Reser

ved

RO is

reserved.

RXFNEIE

RW

RX-FIFO Non-Null Interrupt Enable:
1: Enable;

0: Prohibited.

RXFNEIE

RW

TX-FIFO not full interrupt enable:
1: Enable;

0: Prohibited.

SENEIE

RW

S-FIFO Non-Null Interrupt Enable:
1: Enable;
0: Prohibited.

Note: This position applies only to the master device.

CFENFIE

RW

C-FIFO not full interrupt enable:
1: Enable;
0: Prohibited.

Note: This position applies only to the master device.

[1:0] Rese

ved

RO is

eserved.
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22.4.16 13C Clear Event Register (R32_I3C_CEVR)

Offset Address: 0x58

31 30 292827262524232221 2019 18 17 16
CIN CAS CMR CcMW CDA Res CCR CiB
CDE CRS CST CGE CWK CHJ CCR
CGRPF TUP UPD LUP LUP UPD erv UPD IEN
FF TF AF TF PF F F
DF F DF DF F ed F DF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CRX
CER TGT CFC
CIBIF Reserved Reserved
RF END F
F
Bit name access Reset valug
Description of clearing DEFGRPA CCC flag:
1: Clear GRPF;
31 CGRPF WO 0
0: No effect.
Note: This bit applies only to slave devices.
Clear DEFTGTS CCC mark:
1: Clear the DEFF value;
30 CDEKF \\Ye} 0
0: No effect.
Note: This bit applies only to slave devices.
Clear ENEC/DISEC CCC mark:
1: Clear INTUPDF;
29 CINTUPDF \WYe} 0
0: No effect.
Note: This bit applies only to slave devices.
Clear ENTASx CCC indicator:
1: Clear ASUPDF;
28 CASYUPDF \WYe} 0
0: No effect.
Note: This bit applies only to slave devices.
Clear reset timing flags:
1: Clear RSTF;
27 CRSTF \We} 0
0: No effect.
Note: This bit applies only to slave devices.
Clear SETMRL CCC flag:
1: Clear MRLUPDF;
26 CMRLUPDF (W6} 0
0: No effect.
Note: This bit applies only to slave devices.
Clear SETMWL CCC indicator:
1: Clear MWLUPDF;
25 CMWLUPDF \\Ye} 0
0: No effect.
Note: This bit applies only to slave devices.
Clear ENTDAA/RSTDAA/SETNEWDA CCC indicator:
24 CDAUPDF \WYe} 0
1: Clear DAUPDF;
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0: No effect.

Note: This bit applies only to slave devices.

Clear format 1 GETSTATUS CCC flag:
1: Reset STAF;

23 CSTAF WO 0
0: No effect.

Note: This bit applies only to slave devices.

Clear the GETxxx CCC flag (in Format 1, excluding GETSTATUS).
outside):

22 CGETF WO | 1: Clear GETF to zero; 0
0: No effect.

Note: This bit applies only to slave devices.

Reset wake-up flag:
1: Clear WKPF;

CWKPF WO 0
0: No effect.

Note: This bit applies only to slave devices.

20 Resefved RO is fetained. 0

Zeroing hot-addition indicator:
1: Reset HJF to zero;

19 CHJH WO 0
0: No effect.

Note: This position applies only to the master device.

Clear the main device role update flag:
1: Clear CRUPDF,;

18 CCRUPDF WO 0
0: No effect.

Note: This bit applies only to slave devices.

Clear the master device role request flag:
1: Clear the CRF;

17 CCRF WO 0
0: No effect.

Note: This position applies only to the master device.

Clear IBI End Marker:
1: Clear IBIENDF;

16 CIBIENDF WO 0
0: No effect.

Note: This bit applies only to slave devices.

Clear IBI request flags:
1: Clear IBIF;

15 CIBIR WO 0
0: No effect.

Note: This position applies only to the master device.

[14:12] Resgrved RO reserved. 0

Zeroing error flag:

11 CERRF WO | 1: Clear ERRF; 0

0: No effect.

Clear the read end flag initiated by the device:
1: Clear RXTGTENDF;

10 CRXTGTENDF WO 0
0: No effect.

Note: This position applies only to the master device.

9 CFCF WO Reset Frame Completed: 0
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1: Reset FCF to zero;

0: No effect.
[8:0] Resefrved RO is[reserved. 0
22.4.17 13C Device Register 0 (R32_I3C_DEVRO0) Offset Address: 0x60
31 30 292827262524232221 2019 18 17 16
Res
RST RSTACT[1: HJE CRE IBI
Reserved AS[1:0] erv
VAL 0] N N EN
ed
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
DAV
Reserved DA[6:0]
AL
Bit name access describe Reset valug
[31:25] Resgrved RO is feserved. 0
Reset operation is valid:
This bit is set to 1 by hardware to indicate that the RSTACT[1:0] bit fields are already i
Receive broadcast or directly write RSTACT CCC (from device reset operation)
Update and take effect when (does).
This bit is cleared by hardware when the device receives the start of a frame.
When the device is not in stop mode:
—If RSTVAL = 1: When the RSTF register in R32_I3C_EVR is set.
When position 1 (and/or when generating the corresponding interrupt (if enabled)),
24 RSTVAL RO The R32_I3C_DEVRO register RSTACT[1:0] indicates that the software needs to execyte... 0
Reset operation for the row (if any).
— If RSTVAL = 0: When RSTF is set to 1 (and/or a phase is generated)
When an interrupt occurs (if enabled), the software must be in the first check.
After the detected reset timing, an I3C reset is issued, and in the second detection...
After the reset timing is detected, a system reset is issued.
When in stop mode, a corresponding interrupt can be used to wake it up.
Device.
Note: This bit applies only to slave devices.
Reset operation/level upon receiving reset timing:
00: No reset operation performed.
01: First-level reset: Application software must:
a) By clearing the enable bit of the I3C configuration register (writing to...)
EN = 0) performs a partial reset of the peripherals. This will reset the I3C main| unit.
[23:22] RSTACT[1:0] RO 0

It is part of the wire interface and I3C core, but does not modify the
contents of the I3C HB register (except for the EN bit).

b) Register the RCC (Reset and Clock Master) via a write operation

The device's 13C reset control position 1 is used for peripherals (including all their regjsters).

The register is completely reset.

10: Second-level reset: The application software must issue a warm reset, also knowp as...
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This is a system reset. This is similar to the function of a pin reset (NRST|= 0).
same:
11: No reset operation is performed.
Note: This bit applies only to slave devices.
Work status:
00: Working status 0;
01: Working status 1;
[21:20] AS[1:0] RO

10: Working status 2;
11: Working status 3.
Note: This bit applies only to slave devices.
Hot-join request enabled:

19 HJEN RW 1 Enable;
0: Prohibited.
Note: This bit applies only to slave devices.

18 Reserved RO reserved.
Master role request to be enabled:

17 CRE _w 1: Enable;
0: Prohibited.
Note: This bit applies only to slave devices.
IBI Request Enablement:

16 IBIEN RW 1: Enable:
0: Prohibited.
Note: This bit applies only to slave devices.

[15:8] Resgrved RO is reserved.
7-bit dynamic address:
When the I3C is used as the master device, this bit field can be written by softyare.
[7:1] DA[6}0] RW It defines its own dynamic address.

When the 13C i used as a slave device, this bit field is determined by the hardware upon receiving a wide|signal.
Update when playing ENTDAA CCC or directly SETNEWDA CCC.
Dynamic address valid:
When the I3C is used as the master device, this bit can be written by software for use wijth...
Verify its own dynamic address, for example, during master device role switching.

0 DAVAL RW | Before.
When the 13C is used as a slave device, this bit is determined by hardware in the acknowledgment broadcast,
When setting ENTDAA CCC or directly SETNEWDA CCC to 1, ensure...
Reset to zero when the broadcast RSTDAA CCC is recognized.

22.4.18 13C Device Register x (R32_I3C_DEVRX) (x=1/2/3/4)

Offset address: 0x64, 0x68, 0x6C, 0x70

31 30 292827 262524232221 2019 18 17 16
SUS IBI CRA 1BI
DIS Reserved
P DEN CK ACK
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DA[6:0] Res
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ed

Bit name access describe Reset valug

DA[6:0] write forbidden:

1: Disable/lock write operations to DA[7:0] and IBIDEN;
31 DIS RO |0: Allows access to R32_I3C_DEVRX registers DA[7:0] and 0
Write operations for IBIDEN.

Note: This position applies only to the master device.

[30:20] Resetfved RO reserved. 0

Suspend/stop 13C transmission upon receiving IBI:

1: Upon receiving an IBI request from slave device x, stop I13C transmission
and clear C-FIFO and TX-FIFO;

19 SUSP) RW 0: After confirming and completing the IBI request from slave device x, the status remains unclear®
Empty C-FIFO and TX-FIFO, and determine whether a next one exists.
Control word, sends out repeat start bit or stop bit.

Note: This position applies only to the master device.

IBI Data Enablement:

1: Acknowledged IBI from slave device x followed by forced data bytes
18 IBIDEN RW | MDB[7:0]; 0
0: No data bytes following the acknowledged IBI from slave device x.

Note: This position applies only to the master device.

Master device role request confirmation:
1: The master device role request from slave device x must be acknowledged (via ACK).
(over 7-bit dynamic address DA[6:0])
The -DIS bit field is set to 1 by hardware to protect DA[6:0] from software interference.
Modifications can be made, and the hardware can internally store the current DA[6:0].
To the kernel clock domain.
After -ACK, the message continues to be transmitted as initially programmed.
The device requests the master role flag (R32_I3C_EVR register).
CREF position 1) and/or the corresponding interrupt (if enabled) obtains access.
Know; in order to effectively grant the primary device role to the requesting secondary primary|device.
17 CRAGK RW | The devige software must issue a GETACCCR (formerly known as...) 0
GETACCMST), and then send the stop bit.
-Regardless of the CRACK configuration of this device or other devices, its
His primary device role requests will all be NACKed until the I3C_EVR is sent.
Master Role Request Flag (CRF) and IBI Flag in the register

All (IBIF) values are reset to zero.
0: A NACK request from the master device role of slave device x is required
Afterwards, the message continues to be transmitted according to the initial programming (from the fevice).
NACK received; another master role request can be sent later.
beg).

Note: This position applies only to the master device.

IBI requests confirmation:
16 IBIACK RW 0

1: The IBl request from slave device x must be acknowledged (via 7 bits).
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Dynamic address DA[6:0])
The -DIS bit field is set to 1 by hardware to protect DA[6:0] from software interference.
Modifications can be made, and the hardware can internally store the current DA[6:0].
To the kernel clock domain.
After -ACK, the master device records the IBl according to I3C_DEVRXx.IBIDEN.
Payload data (if any).
- The software communicates via the IBI flag (IBIF=1) and/or the corresponding interrupt.
(If enabled) Receive notification;
- Regardless of the IBIACK configuration of this device or other devices.
All other IBI requests will be NACKed until the IBI request flag is cleared.
Both the IBIF and the Master Role Request Flag (CRF) are cleared.
0: A NACK must be sent after an IBI request from slave device x.
The message continues to be transmitted as initially programmed (from the device already recgived).
(Upon receiving the NACK, another IBI request can be sent later.)

Note: This position applies only to the master device.

[15:8] Resgrved RO reserved. 0

I13C dynamic address allocated to slave device x:
When the 13C is used as the master device, this bit field must be written by software.

[7:1] DA[6[.0] RW | ENTDAA is used to store broadcasts acknowledged by the master device via slave deyice x.0
Or directly send the 7-bit dynamic address via SETNEWDA CCC.

Note: This position applies only to the master device.

0 Reserved RO is|reserved. 0

22.4.19 13C Maximum Read Length Register (R32_I3C_MAXRLR) Offset Address:

0x90
31 30 292827 262524232221 2019 18 17 16
Reserved IBIP[2:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MRL[15:0]
Bit name access describe Reset valug
[31:19] Reserved RO is[reserved. 0

Maximum size of IBl payload data, in bytes:

000: No-load data size (only when R32_IC3_BCR register is active)
(Allowed when BCR2 bit is 0)

001: 1 byte (forced data byte MDB[7:0]);

[18:16] IBIP[2:0] RW 0
010: 2 bytes (including the first MDB[7:0]);
011: 3 bytes (including the first MDB[7:0]);
Other: 4 bytes (including the first MDB[7:0]).

Note: This bit applies only to slave devices.

Maximum data read length:

[15:0] MRL|[15:0] RW  |Send to the software via MRLUPF and the corresponding interrupt (if enable

o

Notify MRL of an update.

V15 385 WNH



Machine Translated by Google

CH32H417 Series Application Manual

https://wch.cn

When the device receives GETMRL CCC, the hardware uses this bit.

The field returns a value on the I3C bus.

Note: This bit applies only to slave devices.

22.4.20 13C Maximum Write Length Register (R32_I3C_MAXWLR) Offset Address:

0x94
31 30 292827262524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MWL[15:0]
Bit name access describe Reset valud
[31:16] Reserved RO reserved. 0
Maximum data write length:
This bit field is initially written by the software when EN = 0, and upon receiving...
The SETMWL command is used for hardware updates.
Through the R32_I3C_EVR register MWLUPF and the corresponding interrupgt
[15:0] MWL[15:0] RW 0
(If enabled) Notify the software of MWL updates.
When a GETMWL CCC is received from the device, the hardware uses this bit.
The field returns a value on the I3C bus.
Note: This bit applies only to slave devices.
22.4.21 13C Timing Register 0 (R32_I13C_TIMINGRO)
Offset address: OxAO
31 30 292827262524232221 2019 18 17 16
SCLH_I2C[7:0] SCLL_ODI[7:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCLH_I3C[7:0] SCLL_PP[7:0]
Bit name access describe Reset valud
SCL high level duration, used for traditional 12C messages, within...
[31:24] SCUH_I2C[7:0] RW | The number of core clock cycles is in units: 0
tSCLH_I2C = (SCLH_I2C + 1) x tHCLK , the duration
of the low level of SCL during the open-drain phase, used for traditional
12C messages and the I3C open-drain phase (address phase after the start bit, main..J.
The ACK phase during a device-initiated message and direct/private
[23:16] SCLL_ODI[7:0] RwW
/1BI (T-bit phase during the payload), in kernel clock cycles.
The number of periods is the unit;
tSCLL_OD = (SCLL_OD + 1) x tHCLK
SCL high level duration, used for I3C messages (in push-pull and open).
[15:8] SCUH_I3C[7:0] RW | (Drain phase), measured in kernel clock cycles:
tSCLH_I3C = (SCLH_I3C + 1) x tHCLK

386




Machine Translated by Google

CH32H417 Series Application Manual

https:/

/wch.cn

[7:0] SCL

L_PP[7:0]

RW The number of cycles is the unit:

tSCLL_PP = (SCLL_PP + 1) x tHCLK

The duration of the SCL low level during the I3C push-pull phase, in relation to the core clock...

22.4.22 13C Timing Register 1 (R32_I3C_TIMINGR1) Offset Address: 0xA4

31 30 292827262524232221 2019 18 17 16
Reserved SDA Reserved FREE[6:0]
_HD
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ASNCR AVAL[7:0]
[1:0]
Bit name access describe Reset valud
[31:29] Resprved RO is [reserved. 0
SDA hold time, in kernel clock cycles.
28 SDA|HD RW |SDA hold time = (SDA_HD + 0.5) x tHCLK 0
[27:23] Resgrved RO is 0
reserved. Used to set certain MIPI timings (e.g., bus idle condition time).
[22:16] FRHE[6:0] RW | The number of kernel clock cycles. 0
Note: This position applies only to the master device.
[15:10] Resprved RO is retained. 0
Operating status of the new main equipment:
The waiting time required before accessing the device as a new slave device.
[9:8] ASNCR[1:0] RW 0
Please see AVAL[7:0].
Note: This position applies only to the master device.
Used to set the number of kernel clock cycles in 1ys time units:
The hardware then uses this time unit to build some internal timers.
Corresponding to the following MIPI I3C timings:
When 13C is used as a slave device:
1. For bus availability condition timing: after the stop bit and after the oytput.
Before an IBI startup request or a master role request can be made, you must walt...
A period of time (bus availability condition) (bus idle condition at least)
(Continuous tAVAL). Please refer to the MIPI timing documentation for tAVAL = 1ys.
[7:0] AVAL[7:0] RW | The timing is defined as: tAVAL = (AVAL[7:0] + 2) x tHCLK 0
2. For bus idle condition time: when both SDA and SCL are high.
After the level stabilizes and before a heat-injection event is issued, it is necessary| to...
A certain period of time (bus idle condition) must be waited for.
Please refer to the MIPI v1.1 timing tIDLE = 200ys. This timing is defined as: tIDLH
(AVAL[7:0] + 2) x 200 x tHCLK
When the I13C is used as a master device, its pause time must not exceed [a certain limit].
After the maximum pause time (pause the SCL clock to low level).
Specifically as follows:
V15 387 WH




Machine Translated by Google

CH32H417 Series Application Manual

https:

/lwch.cn

1. For the first bit of an address allocated during dynamic address allocatig
The pause time must not exceed the MIPI timing tSTALLDAA
=15ms. This timing is defined as: tSTALLDAAmax =
(AVAL[7:0] + 1) x 15000 x tHCLK

Parity bits during transmission, I3C read transmission conversion bits: pg
The clock time must not exceed MIPI timing tSTALL = 100ys.
The timing sequence is defined as: tSTALLmax = (AVAL[7:0] + 1)
100 x tHCLK

During the switch from primary to secondary device role:
1. The new master device must wait for tNEWCRLock before it can complete|

After GETACCR CCC, pull SDA low (send start bit). Then...

Subsequently, the new master device can pull SCL low within tCAS to activate.

Before gaining bus control, the active master must wait for the s4d

It depends on the value of ANSCR[1:0] in the I3C_TIMINGRL register:

— ASNCR([1:0] = 00: tNEWCRLock = (AVAL[7:0] + 1) x tHCLK

— ASNCR[1:0] = 01: tNEWCRLock = (AVAL[7:0] +

1) x 100 x tHCLK

— ASNCR[1:0] = 10: tNEWCRLock = (AVAL[7:0] +

1) x 2000 x tHCLK

— ASNCR[1:0] = 11: tNEWCRLock = (AVAL[7:0] + 1) x 50000 x
tHCLK

2. For the ACK/NACK phase of I3C/I2C transmission, and writing datdg...

X

Whether the 13C is used as a master device or (supports the master device rol¢)

SCL clock. This is used to test whether the new master device has been pulled low via SDA.

The tNEWCRLock time, or at least 100 ys. The waiting time is taken as.).

me

22.4.23 13C Timing Register 2 (R32_I3C_TIMINGR2) Offset Address: 0xA8

31 30 29282726 2524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
STA STA STA STA
STALL[7:0] Reserved
LLA LLC LLD LLT
Bit name access describe Reset valud
[31:16] Reserved RO Reserved. 0
Master device clock pause time, in kernel clock cycles:
[15:8] STALL[7:0] RW 0
tSCLL_STALL = STALL x tHCLK
[7:4] Resgrved RO is|reserved. 0
Master clock pause enable during the ACK phase:
3 STALLA RW | 1: Enable pause; 0
0: No pauses allowed.
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Master clock pause enable during CCC PAR phase:

2 STALLC RW | 1: Enable pause; 0
0: No pauses allowed.
Master clock pause enable during the data PAR phase:

1 STALLD RW |1: Enable pause; 0

0: No pauses allowed.

Data T-bit stage (and traditional 12C message reading data bytes)
Master clock pause enable (ACK/NACK phase):

0 STALLT RW 0
1: Enable pause;

0: No pauses allowed.

22.4.24 13C Bus Feature Register (R32_I3C_BCR) Offset Address:

0xCO
31 30 2928 27 26 2524 2322 21 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res
BCR BCR BCR
Reserved Reserved erv
6 2 0
ed
Bit name access describe Reset valug
[31:7] Resgrved RO is feserved. 0
Master device role supported:
6 BCR6 RW |1, Supports I3C master device role; 0
0: 13C Slave device (Master role not supported).
[5:3] Resérved RO regserved. 0
In-band interrupt (IBI) payload:
1: The accepted IBI must be followed by at least one mandatory data byte (maximum).
2 BCR2 RW 0
4 data bytes);
0: No data bytes were received after the IBI.
1 Reserved RO reserved. 0
Maximum data rate limit:
0 BCRO RW | 1: Restrictions; 0
0: No restrictions.
22.4.25 13C Device Feature Register (R32_I3C_DCR) Offset Address:
0xC4
31 30 292827 262524232221 2019 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DCRJ[7:0]
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Bit name access describe Reset valug
[31:8] Res¢rved RO reserved.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>