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Overview

The HC32F420 series is a 32-bit microcontroller with a high-performance ARM® Cortex®-M4 core.
The operating voltage range is 2.0~5.5V and the operating temperature range is -40~105°C. It has
rich peripheral configurations and a variety of Working mode to apply to different application
scenarios.

This product provides a variety of packaging forms, and the peripheral configurations are different
in each packaging form.

Typical Application

m Internet of things application, smart home

m Smart meters, smart transportation, medical equipment, handheld devices
m Motor application, frequency conversion control

B Alarm systems, printers, scanners and other industrial applications

About this manual

This manual mainly introduces the function, operation and usage of the chip. For chip specifications,
please refer to the corresponding "Datasheet".
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1 System Structure

1.1 Overview

This product system consists of the following parts:

m 4 AHB Masters:
Cortex-M4 IBUS
Cortex-M4 DBUS
Cortex-M4 SBUS
DMA controller
m Multiple AHB Slaves:
- FLASH memory

- SRAM memory

- 1 AHB to APB Bridge contains all APB interface peripherals

- 2 AHB to AHB Bridge contains all AHB interface peripherals

The entire system bus structure is realized by multi-level AHB-lite bus interconnection.

1.2 System Architecture Diagram

IBUS =
52
Cortex DBUS @
[Tl

SBUS 1

0x4000 0000 0x4000 8000
0x4000 7FFF 0x4000 FFFF

DMA
DMA @ "
Mx T Mo M1 M4 M6 M7
CACHE
SRAM AHBB AHBP AHBP
Flash 0 R RO R1
0x0000 0000 0x2000 0000 0x4002 0000  0x4002 4000
0x0001 FFFF 0x2000 5FFF 0x4002 3FFF  0x4002 7TFFF
APBO | | APBL

Figure 1-1 System Architecture Diagram
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1.3 Memory and peripheral address allocation

Table 1-1 Address Division Table

Categories Boundary Address Size Memory Area
0x0000 0000 - 0x0001 FFFF 128K Byte FLASH

Memory
0x2000 0000 - 0x2000 5FFF 24K Byte SRAM

APB peripherals 0x4000 0000 - 0x4000 7FFF 32K Byte APBO

AHBBR 0x4000 8000 - 0x4000 FFFF 32K Byte APB1

. 0x4002 0000 - 0x4002 3FFF 16K Byte AHBPRO

AHB peripherals

0x4002 4000 - 0x4002 8FFF 16K Byte AHBPR1

Table 1-2 Peripheral address division table

Categories base address Size Peripheral equipment
0x4000 0000 0x400 USARTO
0x4000 0400 0x400 USART1
0x4000 0800 0x400 USART2
0x4000 0C00 0x400 USART3
0x4000 2800 0x400 12CO
0x4000 2C00 0x400 12C1

APBO 0x4000 3800 0x400 SPIO
0x4000 3C00 0x400 SPI1
0x4000 5000 0x400 CTIMO
0x4000 5400 0x400 CTIM1
0x4000 5800 0x400 CTIM2
0x4000 6000 0x400 ATIMO
0x4000 6C00 0x400 ATIM3
0x4000 8000 0x400 CTRIM
0x4000 8800 0x400 WWDT
0x4000 8C00 0x400 IWDT
0x4000 A000 0x400 ADCO

APB1 0x4000 A400 0x400 ADC1
0x4000 A800 0x400 VvC
0x4000 AC00 0x400 LVD
0x4000 B800 0x400 SYSCTRL
0x4000 BCOO 0x400 Keep
0x4002 0000 0x400 DMAC

AHBPRO 0x4002 0800 0x400 CRC
0x4002 1400 0x400 FLASH
0x4002 4000 0x400 GPIOA

AHBPR1 0x4002 4400 0x400 GPIOB
0x4002 4800 0x400 GPIOC
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Categories

base address

Size

Peripheral equipment

0x4002 4C00

0x400

GPIOD
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2 Operating mode

2.1 Overview of working mode

This product can realize three working modes under the control of the power management module.
The functional modules and power consumption that can work in each working mode are different.

The working mode of this product is as follows:

m Active Mode: CPU running, on-chip peripherals running
m Sleep Mode: CPU stops, on-chip peripherals run
m Deep Sleep Mode:  CPU stops, low-power on-chip peripherals run

2.2 Working mode switching

The product can be freely switched among three working modes when it is working. WFI command
in the running mode can make the product enter the sleep mode or deep sleep mode. Wake-up
from Hibernate or Deep-Sleep mode via an interrupt and return to Run mode.

Active Mode

Execute WFI command Wake up from hardware interrupt
Sleep Mode

Deep Sleep Mode

Figure 2-1 Working Mode State Transition Diagram

For the interrupts that the CPU can respond to in various working modes, see the [Interrupt source]
chapter.

In various working modes, the reset signals that can be responded to are shown in the table below.

Table 2-1 Reset signal in each working mode

reset source Operating mode Sleep mode Deep sleep mode
Power-on reset

POR/ PDR d d d
Hardware reset

NRESET pin d d ’
Hardware reset

LVD v v v
Hardware reset

IWDT d d d
Hardware reset y y

WWDT
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reset source Operating mode Sleep mode Deep sleep mode

Hardware reset
Cortex-M4 LOCKUP

v/

Software reset
Cortex-M4 SYSRESETREQ

v/

2.3 Active Mode

In this working mode, all functional modules of the MCU work normally, and the power consumption

is the largest.

After the system is reset or woken up from an interrupt, the MCU will work in the running state.

In the running mode, certain measures can be taken to reduce the running power consumption:

Select a lower frequency for the system clock (SystemClk), modify SYSCTRL _CR0.CLKSRC
Reduce the frequency of the system's core clock (HCLK), modify SYSCTRL_CR0O.HCLKPRS
Reduce the frequency of the system's on-chip peripheral clock (PCLK), modify
SYSCTRL_CRO.PLCKOPRS/PLCK1PRS

Turn off the clock of unused on-chip peripherals, modify SYSCTRL APBENO/APBEN1 and
SYSCTRL_AHBENO/AHBEN1

2.4 Sleep Mode

In this working mode, the CPU stops running, and other on-chip peripherals work normally, and the

power consumption is slightly lower than that in the running mode.

In running mode, set SCB_SC R.SLEEPDEEP to 0 and execute WFI command to make MCU work in
sleep mode. When the MCU responds to the hardware interrupt, it can exit the sleep mode and

return to the running mode.

In sleep mode, certain measures can be taken to reduce operating power consumption:

Select a lower frequency for the system clock (SystemClk), modify SYSCTRL_CRO0.CLKSRC
Reduce the frequency of the system's core clock (HCLK), modify SYSCTRL_CRO.HCLKPRS
Reduce the frequency of the system's on-chip peripheral clock (PCLKx), modify
SYSCTRL_CRO.PLCKOPRS/PLCK1PRS

Turn off the clock of unused on-chip peripherals, modify SYSCTRL APBENO/APBEN1 and
SYSCTRL_AHBENO/AHBEN1

Set SCB_SCR.SLEEPONEXIT to 1, so that the MCU will automatically enter sleep mode after

executing the interrupt service routine
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2.5 Deep sleep Mode

In this working mode, the CPU stops running, and the high-speed clock (RCH) is automatically
turned off. If the source of HCLK is a high-speed clock, the on-chip high-speed peripherals stop
running, and only the on-chip low-power peripherals work normally; if the source of HCLK is a low-
speed clock (RCL), all on-chip peripherals work normally. The power consumption in this mode is
much lower than that in sleep mode. This system does not support entering this mode when the
system clock is PLL, it is recommended to switch the system clock to RCHCLKD before entering this
mode. RCHCLKD refers to the clock generated by the 24M RCH clock configured by the
SYSCTRL RCHCR.DIV register. For example, if SYSCTRL RCHCR.DIV=1, the RCHCLKD frequency is
6MHz.

If SYSCTRL_CR1.WAKEUPCLK is set to 1, the source of the system clock when the MCU exits the
deep sleep mode is RCH, so as to realize fast wake-up.

In running mode, set SCB_SCR.SLEEPDEEP to 1 and execute WFI command to make MCU work in
deep sleep mode. When the MCU responds to the hardware interrupt, it can exit the deep sleep
mode and return to the running mode.

In sleep mode, certain measures can be taken to reduce operating power consumption:

m  Select HCLK source as high-speed clock, modify SYSCTRL_CR0.CLKSRC

m Turn off the clock of unused on-chip low-power peripherals, modify SYSCTRL_ APBENO/APBEN1
and SYSCTRL AHBENO/AHBEN1

m Set SCB_SCR.SLEEPONEXIT to 1, so that the MCU will automatically enter sleep mode after
executing the interrupt service routine
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2.6 Functional module working status

The comparison of the working status of the functional modules in the three working modes is

shown in the table below:

Table 2-2 Working status of each functional module in different working modes

Functional module

Operating mode

Sleep mode

Deep sleep mode

CM4

v

DMAC

v/

GPIO

v/

VC

LvD

ADC

ATIM

CTIM

SPI

12C

USART

CTRIM

WWDT

IWDT

CRC
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2.7 Register description

2.7.1 register list

Base address: 0xEO00 ED10

Table 2-3 System Control Register List

7 Offset
Register name e Reset value
System Control Register (SCB_SCR) 0x00 0x0000 0000

2.7.2 System Control Register (SCB_SCR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
SEV SLEE | SLEE
Res ONPE Res PDEE | PONE Res
ND P XIT
Read
Bit Marking Place name Function and
write
b31~b5 Res Reserved bit Reserved, must remain at reset value
1: An event is generated every time a new interrupt is pending, which
b4 SEVONPEND can be used to wake up the processor if WFE sleep is used RW
b3 Res Reserved bit Reserved, must remain at reset value
1: Execute WFI to enter deep sleep, and this product enters Deep Sleep
b2 SLEEPDEEP mode RW
0: Execute WFI to enter sleep mode, this product enters Sleep/Idle mode
1: When exiting exception handling and returning to the program thread,
bl SLEEPONEXIT the processor automatically enters sleep mode (WFI) RW
0: the feature is automatically disabled
b0 Res Reserved bit Reserved, must remain at reset value

HC32F420SeriesReferenceManual_Rev1.30

33/403


https://www.xhsc.com.cn/

HSCh#%S
Xl‘l {o%f"’@s www.xhsc.com.cn

3 System Controller (SYSCTRL)

3.1 System Clock Introduction

The clock control module mainly controls the system clock and the peripheral clock. Different clock
sources can be configured as the system clock, different frequency divisions of the system clock
can be configured, and peripheral clocks can be enabled or disabled. To ensure oscillator accuracy,
the internal clocks are calibrated.

This product supports the following four different clock sources as the system clock:

Internal high-speed RC clock RCH (output frequency is 22~24MHz)
Internal low-speed RC clock RCL (38.4K and 32.768K configurable)
External high-speed crystal oscillator clock XTH

Phase-locked loop clock PLL

This product also supports the following two auxiliary clock sources:

m Internal RC10K clock, only used by IWDT
m Internal RC150K clock, only for LVD and VC modules

Note:

1: When switching the clock source of the system clock, please strictly follow the operation steps
to switch, see the chapter [System Clock SwitchingSystem Clock Switching] for details.

2: XTH can not be connected to the crystal oscillator, and the clock signal can be directly input from
the PDOO pin.

The PCL K clock signal can be output through the PCLKx OUT pin; the
RCH/RCL/XTH/PLL/RC150K/RC10K clock signal can be output through the MCO pin.
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3.1.1 Clock Architecture Diagram

The clock architecture of this product is shown below.
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SYSCTRL_CRO.CLKSRC

,,,,,,,,,,,,,,,,

g U |

7\ TowpT
RC10K
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o

i

e = EE B

Low L | PLL SystemCLK

L ! 1,./512
,,,,,,,,,,,,,,

SYSCTRL_CRO.HCLKPRS

HCLK

Cortex M4

SYSCTRL_AHBENO

SYSCTRL_AHBEN1

To CRC
To DMA
To FLASH

To GPIOA
To GPIOB
To GPIOC
To GPIOD

n,.18 ‘7 SYSCTRL_CRO.PCLKO N,./8 ‘7 SYSCTRL_CRO.PCLK1

SYSCTRL_IOAUX0.PCLKODIV
PCLKO PCLKL
PCLKO_OUT .18 To ATIMO 1 ToLVD
To ATIM3 ToVC
SYSCTRL_IOAUX0.PCLK1DIV To CTIMO To ADCO
PCLK1_OUT .18 SYSCTRL_APBENO To CTIML SYSCTRL_APBENL To ADCL
~ To CTIM2 To IWDT
To SPIO TO WWDT
To SPIL To CTRIM

To 12C0O

RCH To 121
——— xTH ETR ——> To USARTO
——— ReL XTH ———1 To USART1
Mco  w L1258 —— P PCLK —|  CTRIM To USART2
——— Rreisok RCL ——| To USART3
RC10K RCH ——

Figure 3-1 Clock Control Module Block Diagram

3.1.2 Internal high speed RC clock RCH

The default clock source after the chip is powered on or reset is RCHCLKD (its frequency is 4MHz);
when the system enters DeepSleep, this high-speed clock will be automatically turned off. It only
takes 5us for the internal high-speed clock to wake up and stabilize. Switch the system clock to
RCHCLKD before entering deep sleep mode, so the system can quickly respond to interrupts.

The oscillation frequency of RCH can be fine-tuned by changing the value of the register
SYSCTRL RCHTRIM.TRIM. Every time the register value increases by 1, the oscillation frequency of
RCH will increase by about 0.2%. RCH oscillation frequency is 22~24MHz. The chip has pre-adjusted
two frequency points 22.12MHz and 24MHz before leaving the factory; if you need other frequencies,
please manually adjust the value of this register. If the RCH real-time calibration function is enabled
in the CTRIM module, the accuracy of the RCH in the entire working range can reach 0.5%. For
details, see the chapter [Clock Trim Module (CTRIM)].

Changing the value of the register SYSCTRL RCHCR.DIV can adjust the frequency division ratio of
RCH oscillation frequency and RCHCLKD, and the adjustable frequency division ratio is
1/2/4/6/8/10/12/14/16.
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3.1.3 Internal low speed RC clock RCL

The output frequency of the internal low-speed clock can be selected through the register
SYSCTRL_RCLTRIM.TRIM, and the selectable frequencies are 38.4KHz and 32.768KHz. When the
system enters DeepSleep, this low-speed clock will not be automatically turned off, and the ultra-
low power peripheral module can choose RCL as its clock.

3.1.4 External crystal oscillator clock XTH
The external crystal oscillator clock needs to be connected with an 8M~32M crystal

XTH can also not be connected to the crystal oscillator, and the clock signal can be directly input
from the PDOO pin. The method of inputting the clock signal from PDOO is: configure the PD0O pin
as GPIO digital input; set SYSCTRL CR2.EXXTH to 1.

3.1.5 Phase-locked loop clock PLL

The built-in PLL supports 15~84MHz clock output, and the reference clock source of PLL can be
selected as RCHCLKD and XTH. This system does not support entering DeepSleep when the system
clock is PLL. It is recommended to switch the system clock to other clocks before entering
DeepSleep.

FIN >
— » Pre-DIV » PFD Charge
Pump LPF
A
DIVN
Lock- LOCK
Detect
Loop Post FOUT
—»
DIV veo DIV
MULM 4
oD

Figure 3-2 PLL System Block Diagram
FIN Input frequency range 4MHz~32MHz
FOUT Output frequency range 15MHz~84MHz

MULM 1
DIVN 0D

FOUT=FIN*

FIN/DIVN frequency range 4MHz~16MHz
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FIN*MULM/DIVN frequency range 120MHz~200MHz

The value range of MULM is 2~63

The value range of DIVN is 1~63

The OD value range is the frequency division value set by the OD position

Note: MULM, DIVN, and OD are the control bits of the SYSCTRL PLLCR register

3.1.6 Clock start process

The above 4 kinds of clock sources all need a start-up stabilization time. The following figure uses

the external XTH as an example to illustrate the start-up stabilization process of the clock.

I
XTH enable

XTH output signal

|
|
I
|
|
|
|
I
I
XTH oscillation Signal: WVW\NW\/\/V\/\
I
I
I

TUTUULULUTUTLY

Clock switching

i
|
|
|
|
|
|
|
|
l
|
|
|
|
|
|
: Start time
|

|

Stable time

|
|

|
I

|
I

|
I

|
|

|
|
| |
1

Figure 3-3 Schematic diagram of crystal oscillator clock startup

3.2 System Clock Switching

The system clock can choose 4 kinds of clock sources: RCHCLKD, RCL, XTH, PLL, controlled by the
register SYSCTRL _CRO.CLKSRC. Any two of the four clock sources RCHCLKD, RCL, PLL, and XTH can
be switched to each other, and it is necessary to ensure that HCLK is not greater than 24MHz during

the switching process.

It is recommended to perform clock switching according to the clock switching process described

below to reduce the probability of clock switching errors.

FLASH WAIT register needs to be configured synchronously when the clock is switched:

m The clock frequency is not greater than 24MHz, set FLASH _WAIT to 0 (1 cycle)
m The clock frequency is between 24~48MHz, set FLASH_WAIT to 1 (2 cycles)
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m The clock frequency is between 48~72MHz, set FLASH_WAIT to 2 (3 cycles)
m The clock frequency is between 72~84MHz, set FLASH WAIT to 3 (4 cycles)

Note:

To set the value of FLASH_WAIT, you need to write 0x5A5A and OxA5A5 to the FLASH BYPASS
register in sequence, and then assign a value to FLASH_WAIT. For details, see the chapter on [FLASH
controller (FLASH)].

3.2.1 Standard Clock Switching Process

The operation process is as follows:

Stepl.

If the new clock source requires an external pin, set the pin to the appropriate mode;

Note: An analog pin is required when connecting to an external crystal oscillator; GPIO digital

Step2.
Step3.

Step4.

Stepb.

Step6.

Step7.

Step8.

input is required to input an external clock signal when connecting to an external clock
input;

Configure the oscillation parameters of the new clock source;
Enable the oscillator for the new clock source;

According to the higher frequency of the current clock source and the new clock source,
configure the FLASH_WAIT register according to the procedures in the Flash controller
chapter;

Wait for the new clock source to output a stable frequency;

Configure SYSCTRL_CRO.CLKSRC to select the source of the system clock as the new

clock source;

According to the frequency of the new clock source, configure the FLASH_WAIT register
according to the procedures in the Flash controller chapter;

Turn off clock sources that are no longer in use.
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The following figure is the clock switching timing diagram:

System Clock: RCHCLKD Toggle XTH
|

XTH enable

|
XTH stable signal

|
XTH oscillation |
|

ATAYAVAYAVAVAVA

|
RCH enable signaI:

RCHCLKD

[
|
|
|
Clock switching signal
I
|
|
|

System clock

I
I
I
I
XTH output clock |
I
I
I

UL

Figure 3-4 Schematic diagram of clock switching
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3.2.2 RCHCLKD switching process between different output frequencies

Configure SYSCTRL _RCHCR.DIV to make RCH output different clock frequencies.

The operation process is as follows:

Stepl.

Step2.

Step3.

According to the higher frequency of the current RCHCLKD and the target RCHCLKD,
configure the FLASH_WAIT register according to the procedures in the Flash chapter;

Configure SYSCTRL RCHCR.DIV to select the frequency division ratio between RCH
oscillation frequency and RCHCLKD frequency;

According to the current frequency of RCHCLKD, configure the FLASH WAIT register
according to the procedures in the Flash chapter.

3.2.3 Switching from other clocks to RCL example

The operation process is as follows:

Stepl.

Step2.

Step3.

Step4.

Step5.

Step6.
Step7.

Step8.

Step9.

Configure SYSCTRL_RCLTRIM.TRIM and SYSCTRL_RCLCR.WAITCYCLE;

Write Ox5A5A and 0xA5AS5 to the SYSCTRL_CR3 register in sequence to enable register
rewriting;

Set SYSCTRL CR2.RCL to 1 to enable the RCL oscillator circuit;

The query waits for the SYSCTRL_STATE.RCL flag to become 1, and the RCL outputs a
stable clock;

Write Ox5A5A and 0xA5AS5 to the SYSCTRL_CR3 register in sequence to enable register
rewriting;

Set SYSCTRL_CRO.CLKSRC to 2, switch the system clock to RCL;
FLASH WAIT to 0 according to the Flash chapter process;

Write Ox5A5A and 0xA5A5 to the SYSCTRL_CR3 register in sequence to enable register
rewriting;

Set SYSCTRL_CR2.xxx to 0 to turn off unused clock sources.

3.2.4 Switching from other clocks to RCHCLKD example

The operation process is as follows:

Stepl.

Step2.

Step3.

Configure SYSCTRL_RCHTRIM.TRIM and SYSCTRL_RCHCR.DIV;

Write Ox5A5A and 0xA5AS5 to the SYSCTRL_CR3 register in sequence to enable register
rewriting;

Set SYSCTRL_CR2.RCH to 1 to enable the RCH oscillator circuit;
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Step4.

Steps.

Step6.

Step7.

Step8.

Step9.

The query waits for the SYSCTRL_STATE.RCH flag to become 1, and the RCH outputs a
stable clock;

According to the higher frequency of the current clock and the target RCHCLKD,
configure the FLASH_WAIT register according to the procedures in the Flash chapter;

Write Ox5A5A and 0xA5AS5 to the SYSCTRL_CR3 register in sequence to enable register
rewriting;

Set SYSCTRL _CRO.CLKSRC to 0, switch the system clock to RCHCLKD;

According to the frequency of RCHCLKD, configure FLASH WAIT according to the
procedures in the Flash chapter;

Write Ox5A5A and 0xA5AS5 to the SYSCTRL_CR3 register in sequence to enable register
rewriting;

Step10.Set SYSCTRL_CR2.xxx to 0 to turn off unused clock sources.

3.2.5 Example of switching between PLL (reference clock is RCHCLKD) and

RCHCLKD

The operation process of switching from RCHCLKD to PLL is as follows:

Stepl.

Step2.

Step3.

Step4.

Step5.

Stepb6.

Step7.

Step8.

Step9.

Set SYSCTRL_PLLCR.SRC to 0, select the PLL clock source as RCHCLKD;

Configure the SYSCTRL_RCHCR.DIV value according to the PLL input frequency range
so that RCHCLKD is between 4MHz~12MHz;

According to the PLL output frequency, configure MULM, DIVN, OD, BYPASS, OEN in
SYSCTRL PLLCR, and configure LKEN according to the power supply noise. Required
FIN/DIVN range: 4M-16MHz, FIN*MULM/DIVN range: 120M-200MHz;

Configure SYSCTRL_PLLCR.WAITCYCLE to select an appropriate PLL stabilization time;

Write Ox5A5A and 0xA5AS5 to the SYSCTRL_CR3 register in sequence to enable register
rewriting;

Set SYSCTRL_CR2.PLL to 1 to enable the PLL oscillation circuit;

According to the PLL output frequency, configure FLASH WAIT according to the
procedures in the Flash chapter;

The query waits for the SYSCTRL_STATE.PLL flag to become 1, and the PLL outputs a
stable clock;

Write Ox5A5A and 0xA5A5 to the SYSCTRL_CR3 register in sequence to enable register
rewriting;

Step10.Set SYSCTRL_CRO.CLKSRC to 4, switch the system clock to PLL;
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Warning: SYSCTRL_RCHCR must not be changed during switchover.
Note: When the input clock of PLL is selected as RCH, the input frequency cannot be 24MHz.

The operation process of switching from PLL to RCHCLKD is as follows:

Stepl. Write Ox5A5A and 0xA5A5 to the SYSCTRL_CR3 register in sequence to enable register
rewriting;

Step2. Set SYSCTRL CRO.CLKSRC to 0, switch the system clock to RCHCLKD;

Step3. According to the frequency of RCHCLKD, configure FLASH WAIT according to the
procedures in the Flash chapter;

Step4. Write 0x5A5A and OxA5AS5 to the SYSCTRL_CR3 register in sequence to enable register
rewriting;

Step5. Set SYSCTRL_CR2.xxx to 0 to turn off unused clock sources;

Warning: SYSCTRL_RCHCR must not be changed during switchover.

3.3 On-chip peripheral clock control

Most on-chip peripherals require a clock to function properly. When the configuration clock (PCLKX)
of the on-chip peripherals is enabled, the user program can read and write the registers of the on-
chip peripherals normally; when the working clock of the on-chip peripherals is enabled, the on-
chip peripherals can work normally. The working clock of some on-chip peripherals is fixed to PCLKx,
and the working clock of some on-chip peripherals can be configured by the user program.

By setting the control bits of SYSCTRL_APBENO/APBEN1 and SYSCTRL AHBENO/AHBEN1 to 1, the
configuration clock of the corresponding on-chip peripherals can be enabled.

3.4 Interrupt Wakeup Control

When the processor executes the WFI instruction to enter the sleep state, it will stop executing
instructions. When an interrupt request (higher priority) occurs during sleep and needs to be
serviced, the processor is woken up.

The behavior of the processor in the sleep state when receiving an interrupt request is shown in
the following table:

Table 3-1 Behavior of processor in sleep state when interrupt request is received

PRIMASK status WFI behavior Wakeup ISR execution
0 IRQ Priority > Current Class Y Y
0 IRQ Priority = Current Level N N
1 IRQ Priority > Current Class Y N
1 IRQ Priority = Current Level N N
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3.4.1 Enable the NVIC corresponding to the module that needs to wake up the
processor

Stepl. Enable the NVIC corresponding to the module that needs to wake up the processor
Step2. Enable the interrupt corresponding to the module that needs to wake up the processor
Step3. Set SCB_SCR.SLEEPDEEP to 1

Step4. Execute WFI instruction to enter deep sleep mode

Step5. The system enters the deep sleep mode and waits for the interrupt to wake up, and
executes the interrupt service program after waking up

Routine:
SCB->SCR |= 0x04;
while(1)
{

__asm("WFI");
}

3.4.2 Method not to execute interrupt service routine after wake-up from deep-
sleep mode

Stepl. Enable the NVIC corresponding to the module that needs to wake up the processor
Step2. Enable the interrupt corresponding to the module that needs to wake up the processor
Step3. Set PRIMASK to 1

Step4. Set SCB SCR.SLEEPDEEP to 1

Step5. Execute WFI instruction to enter deep sleep mode

Step6. The system enters the deep sleep mode and waits for the interrupt to wake up, and
executes the next instruction after waking up

Step7. Clear interrupt flag, clear interrupt pending status
Step8. Execute user-defined actions

Routine:

_asm("CPSID I");  //Set PRIMASK

SCB_SCR |= 0x04;

while(1)

{
__asm("WFI");
M4_TIMx->ICLR = 0x00; /[Clear Int Flag
NVIC_ClearPendingIRQ(TIMx_IRQn); //Clear Pending Flag
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/I Execute user-defined operations

}

3.4.3 Using exit hibernation feature

Sleep-on-exit is ideal for interrupt-driven applications. When this feature is enabled, the processor

enters sleep mode whenever exception handling is complete and returns to thread mode. With the

exit-from-sleep feature, the processor can be in sleep mode as much as possible.

Cortex-M4 uses the exit dormancy feature to enter dormancy. This situation is similar to the effect

of executing WFl immediately after executing an abnormal exit. However, in order to avoid the need

to push the stack when entering an exception next time, the processor will not perform the process

of popping the stack.

Stepl.
Step2.
Step3.
Step4.
Step5.

Step6.

Enable the NVIC corresponding to the module that needs to wake up the processor
Enable the interrupt corresponding to the module that needs to wake up the processor
Set SCB_SCR.SLEEPDEEP to 1

Set SCB_SCR.SLEEPONEXIT to 1

Execute WFI instruction to enter deep sleep mode

The system enters the deep sleep mode and waits for the interrupt to wake up, and

executes the interrupt service subroutine after waking up

Step7.

Routine:

Automatically enters sleep mode when exiting interrupt service

SCB_SCR |= 0x04;
SCB_SCR |= 0x02;

while(1)
{

__asm("WFI");

HC32F420SeriesReferenceManual_Rev1.30 44/403


https://www.xhsc.com.cn/

XRSCL%xsH

www.xhsc.com.cn

3.5 Register description

3.5.1 Register list

Base address: 0x4000 B800

Table 3-2 SYSCTRL register list

Register name

Offset address

Reset value

SYSCTRL_CRO (System Control Register 0) 0x00 0x0000 0000
SYSCTRL_CR1 (System Control Register 1) 0x04 0x0000 0000
SYSCTRL_CR2 (Clock Enable Control Register 2) 0x08 0x0000 0001
SYSCTRL_CR3 (Sequence Control Register) 0x0C 0x0000 0000
SYSCTRL_RCHCR (RCH Control Register) 0x10 0x0000 0002
SYSCTRL_RCLCR (RCL Control Register) 0x18 0x0000 0000
SYSCTRL_XTHCR (XTH Control Register) 0x14 0x0000 0002
SYSCTRL_PLLCR (PLL Control Register) 0x20 0x000C 02CO0
SYSCTRL_RCHTRIM (RCH Trim Value Register) 0x24 24t The callbration value where fhe
The calibration value where the
SYSCTRL_RCLTRIM (RCL Trim Value Register) 0x28 32.768k calibration value address is
located
SYSCTRL_STATE (Clock Status Register) 0x2C 0x0000 0001
FS{\e(ZiCSIErL)_APBENO (APBO Peripheral Clock Control 0x30 0x0000 0000
FS{ZZiCsI(Fe{rIS_APBENl (APBL1 Peripheral Clock Control 0x34 0x0000 8000
FS{ZZiCsISrIS_AHBENO (AHBO Peripheral Clock Control 0x38 0x0000 0020
FS{\e(ZiCSIErL)_AHBENl (AHB1 Peripheral Clock Control 0x3C 0x0000 0000
SYSCTRL_DEBUG (Timer Debug Halt Control Register) | 0x64 0x0000 0000
SYSCTRL_IOAUXO (GPIO Auxiliary Control Register 0) 0x70 0x0000 0000
SYSCTRL_IOAUX1 (GPIO Auxiliary Control Register 1) 0x74 0x0000 0000
SYSCTRL_IOAUX2 (GPIO Auxiliary Control Register 2) 0x78 0x0000 0000
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3.5.2 System Control Register 0 (SYSCTRL_CRO)
Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7 bl6

Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res PCLK1PRS PCLKOPRS HCLKPRS Res CLKSRC
Read
Bit Marking Place name Function and
write
b31~bl2 Res Reserved bit Reserved, must remain at reset value
00: HCLK
. 01: HCLK/2
b11~b10 PCLK1PRS PCLK1 clock source selection 10: HCLK/4 RW
11: HCLK/8
00: HCLK
. 01: HCLK/2
b9~b8 PCLKOPRS PCLKO clock source selection 10: HCLK/4 RW
11: HCLK/8

0000: SystemClk
0001: SystemClk/2
0010: SystemClk/4
0011: SystemClk/8
0100: SystemClk/16
b7~b4 HCLKPRS HCLK clock source selection 0101: SystemClk/32 RW
0110: SystemClk/64
0111: SystemClk/128
1000: SystemClk/256
1001: SystemClk/512
Other values: SystemClk

b3 Res Reserved bit Reserved, must remain at reset value

000: Internal high-speed clock RCHCLKD
(RCHCLKD is the value of RCH divided by

SYSCTRL_RCHCR.DIV)
001: External high-speed clock XTH
010: Internal low-speed clock RCL
011: reserved

SystemClk clock source  100: Internal high-speed clock PLL

CLKSRC selection

b2~b0 RW

Note:

1) Set SYSCTRL_CR1.WAKEUPCLK=1, the clock will
automatically switch to RCHCLKD after wake-up, otherwise
keep the original clock

2) When writing a non-valid value, the value remains
unchanged

Note:

Every time you rewrite the value of SYSCTRL_CRO/ CR1/CR2, you need to write 0x5A5A and OxA5A5
to SYSCTRL_CR3 in sequence. Such steps can effectively prevent misuse of SYSCTRL_CR0O/ CR1/
CR2 registers.
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3.5.3 System Control Register 1 (SYSCTRL_CR1)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7 bl6
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res GTIM2CFG GTIMICFG GTIMOCFG | UbCL | LOCK | FAULT | XTHF | splp Res SW
K UPEN SW LT CTRL DIO
Read
Bit Marking Place name Function and
write
b31~b14 Res Reserved bit Reserved, must remain at reset value
00: GTIM is used as a general-purpose timer GTIM2
b13~b12 GTIM2CFG GTIM2 function selection 01: GTIM as the basic timer BTIM6/7/8 RW
1x: Reserved, prohibit setting
00: GTIM is used as general-purpose timer GTIM1
b11~b10 GTIM1CFG GTIM1 function selection 01: GTIM as the basic timer BTIM3/4/5 RW
1x: Reserved, prohibit setting
00: GTIM is used as a general-purpose timer GTIMO
b9~b8 GTIMOCFG GTIMO function selection 01: GTIM as the basic timer BTIM0/1/2 RW
1x: Reserved, prohibit setting
Configure the source of the 1: Switch the system clock source to RCHCLKD, and keep the
b7 WAKEUPCLK system clock when DeepSleep  original system clock source enabled RW
wakes up 0: Keep the original system clock source.
0: off
1: Enable
Cortex-M  Lockup  function
b6 LOCKUPEN configuration Note: RW
When enabled, the CPU will reset the MCU when it reads an
invalid command, which can enhance system reliability.
0: keep the system clock source unchanged
When the system clock 1: switch the system clock source to RCHCLKD
source is crystal and the Note:
b5 FAULTSW ;\%i?}l tfsgss' asgéinmjgfﬁ”y When using this function, the hardware enables the XTH clock RW
source confiyuration filtering function, and the XTH clock oscillation frequency
9 cannot exceed 10M. When XTH is used as the reference clock
of the PLL, it is forbidden to enable this function.
0: Prohibited
1: Enable
XTH clock filtering enable. Note:
b4 XTHFLT (Only XTH frequency less than 1) When using XTH as the system clock, it is forbidden to RW
12M can be used) change this function
2) When XTH is used as the reference clock of PLL it is
forbidden to enable this function
3) Requires software to turn on the RCH clock
. . 0: SPI module control
b3 SPI_PCTRL SPI port direction control 1 GPIO control RW
b2~bl Res Reserved bit Reserved, must remain at reset value
0: PA13 and PAl4 are used as SWD ports, and the GPIO
bo SWDIO Configure the SWD port function is not available. RW

function 1: PA13 and PA1l4 are used as GPIO ports, and the SWD
function is not available.
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3.5.4 Clock Enable Control Register 2 (SYSCTRL_CR2)

Reset value: 0x0000 0001

b31 b30

b29 b28

b27 b26 b25 b24

b23 b22 b21 b20 b19 b18 b17

bl6

Res

b15 b14

b13 b12

b1l b10 b9 b8

b7 b6 b5 b4 b3 b2 bl

b0

Res

EXXT

PLL Res RCL | XTH

RCH

Bit

Marking

Place name

Function

Read
and
write

b31~b6

Res

Reserved bit

Reserved, must remain at reset value

b5

EXXTH

XTH external input clock enable

0: use internal clock,
1: Use PDO 0 to input external clock

Note:

When using PDOO input clock, PDOO should be set as the
digital input port, and CR2.XTH is 1;When using the
PDOO external input clock, the PD01 pin is forbidden to
be used as a GPIO, and the PD0O1 port needs to be
configured to simulate.

PDO0O has clock input before enabling this control bit.

RW

b4

PLL

Clock PLL Enable Control

0: OFF
1. Enable

Note:

1) When the system enters DeepSleep, the clock will be
automatically turned off

2) When the system clock is selected as the current
clock, the current clock cannot be turned off

RW

b3

Res

Reserved bit

Reserved, must remain at reset value

b2

RCL

Internal low-speed clock RCL
enable control

0: OFF
1. Enable

Note:

1) When the system enters DeepSleep, the clock
remains in the previous state

2) When the system clock is selected as the current
clock, the current clock cannot be turned off

RW

bl

XTH

External high-speed clock XTH
enable control

0: OFF
1. Enable

Note:

1) When the system enters DeepSleep, the clock will be
automatically turned off

2) When the system clock is selected as the current
clock, the current clock cannot be turned off

RW

b0

RCH

Internal high-speed clock RCH
enable control

0: OFF
1. Enable

Note:

1) When the system enters DeepSleep, the clock will be
automatically turned off

2) When the system clock is selected as the current
clock, the current clock cannot be turned off

RW
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3.5.5 Sequence Control Register 3 (SYSCTRL_CR3)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7  blé6
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
CR3
Read
Bit Marking Place name Function and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
The register SYSCTRL_CRO/1/2 protects the series control register, first write
0x5A5A to SYSCTRL_CR3, and then write O0xA5A5 to start the write operation to
b15~b0 CR3 Sequence control  the register SYSCTRL_CRO0/1/2, as long as the register SYSCTRL_CRO0/1/2 is WO
written, this protection bit will automatically restore Protected state, need to
rewrite the sequence to open the protection.
3.5.6 RCH Control Register (SYSCTRL_RCHCR)
Reset value: 0x0000 0002
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7 bl6
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res DIV
Read
Bit Marking Place name Function and
write
b31~b4 Res Reserved bit Reserved, must remain at reset value
0000: 12.00 MHz
0001: 6.00 MHz
0010: 4.00 MHz
0011: 3.00 MHz
_ RCH output frequency  0100: 2.40 MHz
b3~b0 DIV configuration 0101: 2.00 MHz RW
0110: 1.71 MHz
0111: 1.50 MHz
1000: 24.00 MHz
Other values: disabled
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3.5.7 RCL Control Register (SYSCTRL RCLCR)
Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7 bl6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res WAITCYCLE
Read
Bit Marking Place name Function and
write
b31~b2 Res Reserved bit Reserved, must remain at reset value

11: 256 cycles
Internal  low-speed clock RCL 10: 64 cycles
stabilization time selection 01: 16 cycles

00: 4 cycles

b1~b0 WAITCYCLE RW
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3.5.8 XTH Control Register (SYSCTRL_XTHCR)

Reset value: 0x0000 0002

b31 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7 blé6
Res
b15 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res petie | PR | PETE | warmovcte RANGE DRIVER
Read
Bit Marking Place name Function and
write
b31~b9 Res Reserved bit Reserved, must remain at reset value
1: Enable Fault and Fail interrupts
b8 DETIE Interrupt Enable Control 0: Disable Fault and Fail interrupts RW
Crystal failure detection time  0: 2ms detection interval
b7 DETTIME configuration 1: 8ms detection interval RW
1: Enaplg
Oscillation failure detection 0: Prohibited
b6 DETEN and work failure detection . RW
enabling control Note:
Enabling this function requires software to enable the RCL
clock enable
00: 8192 cycles
01: 32768 cycles
10: 131072 cycles
11: 262144 cycles
_ External high-speed clock XTH
b5~b4 WAITCYCLE stabilization time selection Note: RW
It is highly recommended to set the stabilization time of XTH
to 11. If the XTH stabilization time is insufficient, the system
will not work stably when performing clock switching or
waking up from deep sleep.
11: 20M~32M
10: 16M~24M
01: 8M~16M
) 00: 8M~12M
_ External  crystal oscillator
b3~b2 RANGE operating frequency selection Note: RW
The above configurations are recommended configurations,
and users should make appropriate adjustments according
to actual applications.
11: The strongest driving ability
10: Default drive capacity (recommended value)
01: Weak driving ability
00: Weakest drive capability
b1~b0 DRIVER External Crystal Oscillator  Note: RW

Drive Capability Selection

It is necessary to select an appropriate driving capability
according to the characteristics of the crystal oscillator, the
load capacitance and the parasitic parameters of the circuit
board. The greater the driving capability, the greater the
power consumption; the weaker the driving capability, the
smaller the power consumption.
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3.5.9 PLL Control Register (SYSCTRL_PLLCR)

Reset value: 0x000C 02C0

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7 blé6
Res MULM
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
ken | BEPA DIVN OEN WAITCYCLE oD SRC
Read
Bit Marking Place name Function and
write
b31~b22 Res Reserved bit Reserved, must remain at reset value
b21~b16 MULM Loop divider 2<= MULM <=63 RW
bl5 LKEN Lock enable 1: Force LOCK=1 RW
b14 BYPASS Bypass mode 1: FOUT = FIN/DIVN RW
b13~b8 DIVN Pre divider 1<= DIVN <=63 RW
b7 OEN Output enable Output enable RW
000: 128 PLL cycles
001: 256 PLL cycles
010: 512 PLL cycles
_ PLL Stability Time 011: 1024 PLL cycles
b6~b4 WAITCYCLE Selection 100: 2048 PLL cycles RW
101: 4096 PLL cycles
110: 8192 PLL cycles
111: 16384 PLL cycles
Divided by
00:1
b3~b2 oD Output control 01:2 RW
10: 4
11: 8
00: RCH clock
01: XTH clock (determined by SYSCTRL_CR2.EXXTH
input from pin PDOO or internally generated by
crystal oscillator)
_ Input Clock ; ;
b1~b0 SRC Selection 1X: XTH internal clock RW

Note:
When the input clock is selected as the RCH clock,
this input frequency cannot be 24MHz.
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3.5.10 RCH Trim Value Register (SYSCTRL RCHTRIM)

Reset value: the calibration value where the 24M calibration value address is located (power-on

and power-off reset and external reset pin reset will reload the value)

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b1l8 bl7 blé6
Res
b15 b14 bl3 bl2 bll b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res TRIM
Read
Bit Marking Place name Function and
write
b31~b9 Res Reserved bit Reserved, must remain at reset value

Every time the register value increases by 1, the

output frequency of RCH will increase by about
0.2%, and the total adjustment range is 22 - 24 MHz.
The 24MHz calibration value has been saved in

Internal high-speed clock frequency
adjustment, changing the value of
this register can adjust the basic
frequency of RCH.

b8~b0 TRIM
it into RCHTRIM.

0x010011E5

22M calibration value address: 0x010011EOQ

0x010011E1

FLASH, and the precise frequency can be obtained
by reading the calibration value in FLASH and writing RW

24M calibration value address: 0x010011E4

3.5.11 RCL Trim Value Register (SYSCTRL_RCLTRIM)

Reset value: the calibration value where the 32.768k calibration value address is located (power-

on and power-off reset and external reset pin reset will reload the value)

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7 blé6
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res TRIM
Read
Bit Marking Place name Function and
write
b31~b10 Res Reserved bit Reserved, must remain at reset value
Accurate frequency can be obtained by reading out
Internal low-speed clock the calibration value in FLASH and writing it into
frequency adjustment, changing  RCLTRIM.
b9~b0o TRIM the value of this register can 38.4k calibration value address: 0x010011EC - RW
adjust the basic frequency of 0x010011ED
RCL. 32.768k calibration value address: 0x010011E8 -
0x010011E9
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3.5.12 Clock Status Register (SYSCTRL_STATE)
Reset value: 0x0000 0001

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7 blé6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

XTHF | XTHF PLLL
Res AULT AL Res 0CK PLL Res RCL XTH | RCH
Read
Bit Marking Place name Function and
write
b31~bl0 Res Reserved bit Reserved, must remain at reset value
0: works fine
1: Disabled during work, write 0 to clear
b9 XTHFAULT XTH working failure flag Note: o RO
If XTH is used as the system clock and the invalid clock
is automatically switched, use software to switch the
clock to RCH after the invalidation and then clear the
flag.
. 0: normal vibration
b8 XTHFAIL XTH start-up sign 1: Oscillation failure, write 0 to clear RO
b7~b6 Res Reserved bit Reserved, must remain at reset value
b5 PLLLOCK PLL lock status 0: Unlocked RO
1: locked
0: Not stable
b4 PLL PLL steady state 1: Already stable RO
b3 Res Reserved bit Reserved, must remain at reset value
0: Not stable
b2 RCL RCL clock steady state 1: Already stable RO
0: Not stable
bl XTH XTH clock steady state 1: Already stable RO
b0 RCH RCH clock steady state ~ O: Not stable RO

1: Already stable
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Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6
ATIM ATIM CTIM | CTIM | CTIM
Res 3 Res 0 Res 2 1 0 Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
USAR | USAR | USAR | USAR
SPI1 SPIO Res 12C1 12C0 Res b T2 n T0
Read
Bit Marking Place name Function and
write
b31~b28 Res Reserved bit Reserved, must remain at reset value
1: Enable
b27 ATIM3 ATIM3 module clock enable 0: Prohibited RW
b26~b25 Res Reserved bit Reserved, must remain at reset value
1: Enable
b24 ATIMO ATIMO module clock enable 0- Prohibited RW
b23 Res Reserved bit Reserved, must remain at reset value
1: Enable
b22 CTIM2 CTIM2 module clock enable 0: Prohibited RW
1: Enable
b21 CTIM1 CTIM1 module clock enable 0- Prohibited RW
1: Enable
b20 CTIMO CTIMO module clock enable 0: Prohibited RW
b19~b1l6 Res Reserved bit Reserved, must remain at reset value
1: Enable
b15 SPI1 SPI1 module clock enable 0: Prohibited RW
1: Enable
b14 SPIO SPI0 module clock enable 0- Prohibited RW
b13~b12 Res Reserved bit Reserved, must remain at reset value
1: Enable
b1l 12C1 12C1 module clock enable 0: Prohibited RW
1: Enable
b10 12C0 12C0 module clock enable 0- Prohibited RW
b9~b4 Res Reserved bit Reserved, must remain at reset value
1: Enable
b3 USART3 USART 3 module clock enable 0: Prohibited RW
1: Enable
b2 USART2 USART2 module clock enable 0: Prohibited RW
1: Enable
bl USART1 USART1 module clock enable 0- Prohibited RW
1: Enable
b0 USARTO USARTO module clock enable 0: Prohibited RW
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3.5.14 APB1 Peripheral Clock Control Register (SYSCTRL APBEN1)

Reset value: 0x0000 8000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res Wb | vc | Abci | Abco Res wot | WP pes | CIN!
Read
Bit Marking Place name Function and
write
b31~bl2 Res Reserved bit Reserved, must remain at reset value
1: Enable
b1l LvD LVD module clock enable 0: Prohibited RW
1: Enable
b10 VC VC module clock enable 0: Prohibited RW
1: Enable
b9 ADC1 ADC1 module clock enable 0- Prohibited RW
1: Enable
b8 ADCO ADCO module clock enable 0: Prohibited RW
b7~b4 Res Reserved bit Reserved, must remain at reset value
1: Enable
b3 IWDT IWDT module clock enable 0- Prohibited RW
1: Enable
b2 WWDT WWDT module clock enable 0: Prohibited RW
bl Res Reserved bit Reserved, must remain at reset value
1: Enable
b0 CTRIM CTRIM module clock enable 0: Prohibited RW
3.5.15 AHBO Peripheral Clock Control Register (SYSCTRL_AHBENO)
Reset value: 0x0000 0020
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res FLAS Res CRC Res DMA
H C
) ) . Read and
Bit Marking Place name Function write
b31~b6 Res Reserved bit Reserved, must remain at reset value
FLASH control module clock 1:Enable
bS FLASH enable 0: Prohibited RW
b4~b3 Res Reserved bit Reserved, must remain at reset value
1: Enable
b2 CRC CRC module clock enable 0: Prohibited RW
bl Res Reserved bit Reserved, must remain at reset value
1: Enable
b0 DMAC DMAC module clock enable 0: Prohibited RW
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3.5.16 AHB1 Peripheral Clock Control Register (SYSCTRL_AHBEN1)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
GPIO | GPIO | GPIO | GPIO
RS D c B A
Read
Bit Marking Place name Function and
write
b31~b4 Res Reserved bit Reserved, must remain at reset value
1: Enable
b3 GPIOD GPIOD module clock enable 0- Prohibited RW
1: Enable
b2 GPIOC GPIOC module clock enable 0- Prohibited RW
1: Enable
bl GPIOB GPIOB module clock enable 0- Prohibited RW
1: Enable
b0 GPIOA GPIOA module clock enable 0- Prohibited RW
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3.5.17 Timer Debug Halt Control Register (SYSCTRL_DEBUG)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b22 b21 b20 b19 b18 b17 bl6
b15 bl4 b13 b12 b1l b10 b9 b8 b6 b5 b4 b3 b2 bl b0
WWD | IWDT | CTRI CTIM | CTIM | CTIM | ATIM ATIM
Res T M Res 2 1 0 3 Res 0
Read
Bit Marking Place name Function and
write
b31~b13 Res Reserved bit Reserved, must remain at reset value
1: In the SWD debugging interface, the counting
When debugging, the WWDT function is suspended
b12 WwDT counting function configures the 0: In the SWD debugging interface, the normal RW
counting function
1: In the SWD debugging interface, the counting
When debugging, the function is suspended
b1l IWDT . 4 ) . . . . RW
counting function configuration 0: In the SWD debugging interface, the normal
counting function
1: In the SWD debugging interface, the counting
b10 CTRIM When debugging, the CTRIM function is suspended RW
counting function configuration 0: In the SWD debugging interface, the normal
counting function
b9~b7 Res Reserved bit Reserved, must remain at reset value
1: In the SWD debugging interface, the counting
b6 CTIM2 When debugging, the function is suspended RW
counting function is configured 0: In the SWD debugging interface, the normal
counting function
1: In the SWD debugging interface, the counting
b5 CTIM1 When debugging, the function is suspended RW
counting function configures the 0: In the SWD debugging interface, the normal
counting function
1: In the SWD debugging interface, the counting
b4 CTIMO When debugging, the CTIMO count  function is suspended RW
function configures the 0: In the SWD debugging interface, the normal
counting function
1: In the SWD debugging interface, the counting
b3 ATIM3 When debugging, ATIM3 counting  function is suspended RW
function configuration 0: In the SWD debugging interface, the normal
counting function
b2~bl Res Reserved bit Reserved, must remain at reset value
1: In the SWD debugging interface, the counting
b0 ATIMO When debugging, the ATIMO function is suspended RW

counting function configuration

0: In the SWD debugging interface, the normal
counting function
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3.5.18 GPIO Auxiliary Control Register 0 (SYSCTRL _IOAUXO0)

b31

Reset value: 0x0000 0000

b30 b29 b28 b27

b26 b25 b24

b23 b22 b21 b20 b19

b18

b17 bl6

Res

b15

b14 b13 b12 b1l

b10 b9 b8

b7 b6 b5 b4 b3

b2

bl b0

Res

MCOSEL Res

MCODIV

PCLK1DIV Res

Res

PCLKODIV

Bit

Marking

Place name

Function

Read
and
write

b31~b15

Res

Reserved bit

Reserved, must remain at reset value

bl4~b12

MCOSEL

MCO pin clock selection

: RCH analog output

: XTH analog output

: RCL analog output

: reserved

: PLL analog output

: RC150K analog output
: RC10K analog output
: reserved

RW

b1l

Res

Reserved bit

Reserved, must remain at reset value

b10~b8

MCODIV

MCO frequency division
control

000: turn off the output

001: direct output

010: 8 frequency division output

011: 64 frequency division output
Others: 256 frequency division output

RW

b7

Res

Reserved bit

Reserved, must remain at reset value

b6~b4

PCLK1DIV

PCLK1 frequency division
control

000: turn off the output

001: direct output

010: 2 frequency division output
011: 4 frequency division output
Others: 8 frequency division output

RW

b3

Res

Reserved bit

Reserved, must remain at reset value

b2~b0

PCLKODIV

PCLKO frequency division
control

000: turn off the output

001: direct output

010: 2 frequency division output
011: 4 frequency division output
Others: 8 frequency division output

RW
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3.5.19 GPIO Auxiliary Control Register 1 (SYSCTRL I0AUX1)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res CTIM2ETR Res CTIM1ETR Res CTIMOETR Res ATIMOETR
Read
Bit Marking Place name Function anq
write
b31~b15 Res Reserved bit Reserved, must remain at reset value
b14~b12 CTIM2ETR CTIM2 ETR settings See GPIO chapter or timer chapter description RW
b1l Res Reserved bit Reserved, must remain at reset value
b10~b8 CTIM1ETR CTIM1 ETR settings See GPIO chapter or timer chapter description RW
b7 Res Reserved bit Reserved, must remain at reset value
b6~b4 CTIMOETR CTIMO ETR setting See GPIO chapter or timer chapter description RW
b3 Res Reserved bit Reserved, must remain at reset value
b2~b0 ATIMOETR ATIMO ETR settings See GPIO chapter or timer chapter description RW
3.5.20 GPIO Auxiliary Control Register 2 (SYSCTRL I0AUX2)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res CTIM2CAP3 Res CTIM1CAP3 Res CTIMOCAP3 Res ATIMOCAPO
Read
Bit Marking Place name Function anq
write
b31~b15 Res Reserved bit Reserved, must remain at reset value
b14~b12 CTIM2CAP3 CTIM2 CAP settings See GPIO chapter or timer chapter description RW
b1l Res Reserved bit Reserved, must remain at reset value
b10~b8 CTIM1CAP3 CTIM1 CAP settings See GPIO chapter or timer chapter description RW
b7 Res Reserved bit Reserved, must remain at reset value
b6~b4 CTIMOCAP3 CTIMO CAP setting See GPIO chapter or timer chapter description RW
b3 Res Reserved bit Reserved, must remain at reset value
b2~b0 ATIMOCAPO ATIMO CAP settings See GPIO chapter or timer chapter description RW
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4 Reset Controller (RESET)

4.1 Reset Controller Introduction

This product has 7 reset signal sources, each reset signal can make the CPU run again, most of the
registers will be reset to the reset value, and the program will start to execute from the reset vector.

Power-on power-down reset POR PDR

External Reset pin, low level is reset signal

IWDT reset

WWDT reset

LVD low voltage reset

Cortex-M4 SYSRESETREQ software reset

Cortex-M4 LOCKUP hardware reset

Each reset source is indicated by a corresponding reset flag; query the SYSCTRL_RSTFLAG register

to obtain the last reset source when the reset is completed. Whenever the polling of the
SYSCTRL_RSTFLAG register is completed, this register should be cleared so that the register can
normally indicate its reset source at the next reset.

The figure below describes the reset sources for each area.

POR PDR

Reset_pad

IWDT_Reset

WWDT Reset M C U

LVD_Reset

Cortex-M4 SYSRESETREQ Reset

Cortex-M4 LOCKUP Reset

Figure 4-1 Reset Source Schematic
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4.1.1 Power-on and power-off reset POR PDR

This product has two power supply areas: VCC area and VCORE area.
All analog modules and 10 work in the VCC area; other modules work in the VCORE area.

When the VCC area is powered on, when the VCC voltage is lower than the POR threshold voltage,
a VCC power domain reset signal will be generated; when the VCC area is powered off, when the
VCC voltage is lower than the PDR threshold voltage, a VCC power domain reset signal will be
generated.

When the VCORE area is powered on, when the VCORE voltage is lower than the POR threshold
voltage, a VCORE domain reset signal will be generated; when the VCORE area is powered off, when
the VCORE voltage is lower than the PDR threshold voltage, a VCORE domain reset signal will be
generated.

Both the VCC power domain reset signal and the VCORE domain reset signal will reset the registers
of the chip to the initialization state.

4.1.2 External reset pin reset

A system reset is generated when the external reset pin detects a low level. The reset pin has a
built-in pull-up resistor and integrates a glitch filter circuit. The glitch filter circuit will filter the glitch
signal less than 20us (typical value), therefore, the low-level signal added to the reset pin must be
greater than 20us to ensure reliable reset of the chip.

4.1.3 WDT reset
Watchdog reset, please refer to chapter IWDT/WWDT.
4.1.4 LVD low voltage reset
LVD reset, please refer to chapter LVD.
4.1.5 Cortex-M4 SYSRESETREQ reset
Cortex-M4 software reset.
4.1.6 Cortex-M4 LOCKUP reset

When Cortex-M4 encounters a serious exception, it will stop its PC pointer at the current address,
lock itself, and reset the entire CORE area after a few clock cycle delays.
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4.2 Register description

4.2.1 Register list

Base address: 0x4000 B800

Table 4-1 Reset register list

Register name

Offset address

Reset value

SYSCTRL_APBRSTO (APBO Peripheral Reset Control Register)

0x40

0x0970 CCOF

SYSCTRL_APBRST1 (APB1 Peripheral Reset Control Register)

0x44

0x0000 OFOD

SYSCTRL_AHBRSTO (AHBO Peripheral Reset Control Register)

0x48

0x0000 0025

SYSCTRL_AHBRST1 (AHB1 Peripheral Reset Control Register)

0x4C

0x0000 000F

SYSCTRL_RSTFLAG (Reset Flag Register)

0x60

0x0000 0003
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Reset value: 0x0970 CCOF

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6
ATIM ATIM CTIM | CTIM | CTIM
Res 3 Res 0 Res 2 1 0 Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
USAR | USAR | USAR | USAR
SPI1 SPIO Res 12C1 12C0 Res b T2 T To
Read
Bit Marking Place name Function and
write

b31~b28 Res Reserved bit Reserved, must remain at reset value

1: no action
b27 ATIM3 ATIM3 module reset 0: reset RW
b26~b25 Res Reserved bit Reserved, must remain at reset value

1: no action
b24 ATIMO ATIMO module reset 0: reset RW
b23 Res Reserved bit Reserved, must remain at reset value

1: no action
b22 CTIM2 CTIM2 module reset 0: reset RW
b21 CTIM1 CTIM1 module reset 1: no action RW

0: reset

1: no action
b20 CTIMO CTIMO module reset 0: reset RW
b19~b1l6 Res Reserved bit Reserved, must remain at reset value

1: no action
b15 SPI1 SPI1 module reset 0: reset RW

1: no action
b14 SPIO SPI0 module reset 0: reset RW
b13~b12 Res Reserved bit Reserved, must remain at reset value

1: no action
b1l 12C1 12C1 module reset 0: reset RW
b10 12C0 12C0 module reset 1: no action RW

0: reset
b9~b4 Res Reserved bit Reserved, must remain at reset value

1: no action
b3 USART3 USART3 module reset 0: reset RW

1: no action
b2 USART2 USART2 module reset 0: reset RW

1: no action
bl USART1 USART1 module reset 0: reset RW

1: no action
b0 USARTO USARTO module reset 0: reset RW
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4.2.3 APB1 Peripheral Reset Control Register (SYSCTRL_APBRST1)

Reset value: 0x0000 OFOD

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6
Res
b15 b14 b13 b12 b1l b10 b9 b7 b6 b5 b4 b3 b2 bl b0
Res Wb | vc | Abci | Abco Res wot | WP pes | CIN!
Read
Bit Marking Place name Function and
write
b31~bl2 Res Reserved bit Reserved, must remain at reset value
1: no action
b1l LvD LVD module reset 0: reset RW
1: no action
b10 VC VC module reset 0: reset RW
1: no action
b9 ADC1 ADC1 module reset 0: reset RW
1: no action
b8 ADCO ADCO module reset 0: reset RW
b7~b4 Res Reserved bit Reserved, must remain at reset value
b3 IWDT IWDT module reset 1: no action RW
0: reset
1: no action
b2 WWDT WWDT module reset 0: reset RW
bl Res Reserved bit Reserved, must remain at reset value
1: no action
b0 CTRIM CTRIM module reset 0: reset RW
4.2.4 AHBO Peripheral Reset Control Register (SYSCTRL_AHBRSTO)
Reset value: 0x0000 0025
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b7 b6 b5 b4 b3 b2 bl b0
Res FLI_',I'\ S Res CRC Res DE:/IA
) ) . Read and
Bit Marking Place name Function write
b31~b6 Res Reserved bit Reserved, must remain at reset value
1: no action
b5 FLASH FLASH control module reset 0: reset RW
b4~b3 Res Reserved bit Reserved, must remain at reset value
1: no action
b2 CRC CRC module reset 0: reset RW
bl Res Reserved bit Reserved, must remain at reset value
1: no action
b0 DMAC DMAC module reset 0: reset RW

HC32F420SeriesReferenceManual_Rev1.30

65/403


https://www.xhsc.com.cn/

HSCh#2s
Xl‘l L%*J’E www.xhsc.com.cn

4.2.5 AHB1 Peripheral Reset Control Register (SYSCTRL_AHBRST1)

Reset value: 0x0000 000F

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

GPIO | GPIO | GPIO | GPIO
Res D ¢ B A
Read
Bit Marking Place name Function and
write
b31~b4 Res Reserved bit Reserved, must remain at reset value
1: no action
b3 GPIOD GPIOD module reset 0: reset R
1: no action
b2 GPIOC GPIOC module reset 0: reset R
1: no action
bl GPIOB GPIOB module reset 0: reset R
1: no action
b0 GPIOA GPIOA module reset 0: reset R
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4.2.6 Reset Flag Register (SYSCTRL RSTFLAG)

Reset value: 0x0000 0003

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 bl3 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
SYSR | LOCK | WWD
Res NRST EQ up T IWDT LvD CORE | VCC
Read
Bit Marking Place name Function and
write
b31~b8 Res Reserved bit Reserved, must remain at reset value
1: A port reset occurred
0: No port reset occurs
b7 NRST NRESET port reset flag Write O to clear, write 1 to have no effect RW
Note: When powered on, this value is related to the external
reset circuit.
1: Cortex-M4 CPU software reset occurred
b6 SYSREQ Cortex-M4 CPU software reset flag 0: No Cortex-M4 CPU software reset occurs RW
Write 0 to clear, write 1 to have no effect
1: Cortex-M4 CPU Lockup reset occurred
b5 LOCKUP Cortex-M4 CPU Lockup reset flag 0: No Cortex-M4 CPU Lockup reset occurs RW
Write 0 to clear, write 1 to have no effect
1: WWDT reset occurs
b4 WWDT WWDT reset flag 0: No WWDT reset occurs RW
Write 0 to clear, write 1 to have no effect
1: IWDT reset occurs
b3 IWDT IWDT reset flag 0: No IWDT reset occurs RW
Write 0 to clear, write 1 to have no effect
1: LVD reset occurs
b2 LvD LVD reset flag 0: No LVD reset occurs RW
Write 0 to clear, write 1 to have no effect
1: VCORE domain reset occurred
bl CORE VCORE domain reset flag 0: No reset of VCORE domain occurs RW
Write 0 to clear, write 1 to have no effect
1: VCC power domain reset occurred
b0 VCC VCC power domain reset flag 0: No reset occurs in VCC power domain RW

Write 0 to clear, write 1 to have no effect

Note: The reset value is 0x03 at power-on reset. After the program determines the reset source, it

should clear the register so that it can determine the reset source the next time a reset occurs.
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5.1 Overview

The Cortex-M4 processor has a built-in nested vectored interrupt controller (NVIC). This product
supports up to 64 interrupt request (IRQ) inputs and 1 non-maskable interrupt (NMI) input (not used
in this product system.). In addition, the processor supports several internal exceptions.

Each exception source has a separate exception number, each exception type has a corresponding
priority, some exceptions have a fixed priority, while others are programmable. The details are

shown in the following table:

Table 5-1 Cortex-M4 processor interrupt overview

Exception . .. .
Ny Exception type Priority Description
1 Reduction -3 (highest) Reduction
Non-maskable interrupt (not used in
2 NMI -2 this system)
3 Hardware error -1 Error handling exception
4-10 Keep NA
Invoke the hypervisor through the SVC
11 SVC Programmable command
12-13 Keep NA
Suspendable requests for system
14 PendSV Programmable services
15 SysTick Programmable SysTick timer
16 Interrupt #0 Programmable External Interrupt #0
17 Interrupt #1 Programmable External Interrupt #1
79 Interrupt #63 Programmable External interrupt #63

This chapter only introduces the 64 external interrupt requests of the processor (interrupt #0 to
interrupt #63) in detail, and the specific situation of the internal exception of the processor can
refer to other related documents. At the same time, this chapter only discusses the interrupt
handling mechanism of the NVIC in the processor core, and the interrupt generation mechanism of
the peripheral module itself is not discussed here.
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5.2 Interrupt priority

Each external interrupt corresponds to a priority register, each priority is 3 bits wide, and uses the
highest 3 bits of the interrupt priority register, each register occupies 1 byte (8 bits). Under this
setting, the available priorities are 0x00 (highest), 0x20, 0x40, 0x60, 0x80, 0xA0, 0xCO, and OxEOQ

(lowest).

Bit7 | Bit6 | Bit5 Bit4 | Bit3 | Bit2 | Bitl | Bit0
Used Not used, read as 0

Figure 5-1 Only the upper 3 bits of the priority register are used

Preemption occurs when the processor is already running another interrupt handler and the new
interrupt has a higher priority than the one currently being executed. The running interrupt
processing will be suspended and the new interrupt will be executed instead. This process is usually
called interrupt nesting. After the new interrupt is executed, the previous interrupt processing will
continue and return to the program thread after it finishes.

If the processor is running another interrupt handler with the same or higher priority, the new
interrupt will wait and enter the pending state. Pending interrupts will wait until the current interrupt
level changes, for example, after the currently running interrupt handler finishes returning, the
current priority is lowered to be lower than the pending interrupt.

If two interrupts occur at the same time and they have the same priority, the interrupt with the
lower interrupt number will be executed first. For example, if interrupt #0 and interrupt #1 are
enabled and have the same priority, when they are triggered at the same time, interrupt #0 will be
executed first.
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5.3 Interrupt digraph

When the Cortex-M4 processor wants to process an interrupt service request, it needs to first
determine the starting address of the exception handling. The required information is called a
vector table, as shown in the figure below. The vector table is stored at the beginning of the memory
space and contains the exception (interrupt) vectors of the exceptions (interrupts) available in the
system, as well as the initial value of the main stack pointer (MSP).

Memory address Exception number
0x0000/ 004C Interrupt #3 vector 19
0x0000 0048 Interrupt #2 vector 18
0x0000 0044 Interrupt #1 vector 17
0x0000 0040 Interrupt #0 vector 16
0x0000/ 003C SysTick vector 15
0x0000 0038 PendSV vector 14
0x0000 0034 Unused 13
0x0000 0030 Unused 12
0x0000/ 002C SVC vector 11
0x0000 0028 Unused 10
0x0000 0024 Unused 9
0x0000 0020 Unused 8
0x0000/ 001C Unused 7
0x0000 0018 Unused 6
0x0000 0014 Unused 5
0x0000 0010 Unused 4
0x0000/ 000C Hardware error exception 3
0x0000 0008 NMI vector 2
0x0000 0004 Reset vector 1
0x0000 0000 MSP initial value 0

Figure 5-2 Interrupt Vector Table

Among them, the storage order of the interrupt vector is consistent with the interrupt number. Since
each vector is 1 word (4 bytes), the address of the interrupt vector is the interrupt number
multiplied by 4, and each interrupt vector is the starting address of the interrupt processing.
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5.4 Interrupt Input and Suspend Behavior

In the NVIC module of the Cortex-M4 processor, each interrupt input corresponds to a pending
status register, and each register has only 1 bit, which is used to save the interrupt request,
regardless of whether the request has been confirmed. When the processor starts servicing the
interrupt, the hardware will automatically clear the pending status bit.

The peripherals of this system use level-triggered interrupt output. When an interrupt event occurs,
the interrupt signal will be confirmed because the peripheral is connected to the NVIC. This signal
remains high until the processor executes the interrupt service and clears the peripheral's interrupt
signal. Inside the NVIC, when an interrupt is detected, the pending status of the interrupt will be
set, and when the processor receives the interrupt and starts executing the interrupt service routine,
the pending status will be cleared. The process is shown in the figure below:

Acknowledgment of an interrupt request The interrupt service routine clears the
causes the pending status to be set interrupt request from the peripheral

Interrupt request X

Entering an interrupt handler causes

Interrupt pending the pending status to clear
state X i ]
Exception handling

Thread Thread
Processor mode

Thread Interrupt handlingX Thread

Processor operation P 9 Vadd X X
Push the stack Take vector Abnormal return  Outstack

Figure 5-3 Interrupt active and pending states

If the interrupt request is not executed immediately and is cleared by software before being
acknowledged, the processor ignores the request and does not perform interrupt processing. The
interrupt pending status can be cleared by writing the NVIC ICPR register, which is useful when
setting up a peripheral that may have generated an interrupt request before setting it.

If the peripheral is still holding an interrupt request when software clears the pending state, the
pending state is also generated immediately. The process is shown in the figure below:
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Acknowledgment of an interrupt request
causes the pending status to be set

Interrupt request X
Pending status is reaffirmed

/

Interrupt pending /uv/

state X
Software clear pending status

Thread Thread

The thread(interrupt X was not accepted due to being disabled or masked by PRIMASK)

Figure 5-4 Interrupt pending status is cleared and then reasserted

If the interrupt request generated by the peripheral is not cleared when the exception is handled,
the suspended state will be activated again after the exception returns, so that the interrupt service

routine will be executed again. The process is shown in the figure below:

Acknowledgment of an interrupt request
causes the pending status to be set Interrupt request remains high
Interrupt request X Entering an interrupt Re-enter interrupt
handler causes the processing and clear
Interrupt pending pending status to clear ) pending status
state X /
Processor mode Thread Interrupt acknowledgment causes
Exception handling pending state to be activated and
exception returns at the same time Re-enable interrupts
Processor operation Thread Interrupt handlingX  » X Xlnterrupt handlingX
Push the stack Take vector Abnormal return ~ Take vector

Figure 5-5 When the interrupt exits, if the interrupt request remains high, it will cause the interrupt
processing to be executed again
If a peripheral interrupt request is generated during the execution of the interrupt service program,
the request will be regarded as a new interrupt request, and after this interrupt exits, the interrupt

service program will be executed again. The process is shown in the figure below:
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Acknowledgment of an interrupt request
causes the pending status to be set

Interrupt request X

During exception handling execution,
a new interrupt request will cause the
pending state to be reasserted

Interrupt pending state X

Thread Thread
Processor mode Exception handling
Processor operation Thread f X f Interrupt handlingX //y ><__{>< Interrupt handlingX X X Thread
Push the stack Take vector Abnormal return Take vector Outstack

Figure 5-6 Interrupt pending interrupts generated during interrupt processing can also be
acknowledged

5.5 Interrupt wait

Typically, the interrupt latency of the NVIC is 16 cycles. This wait time starts from the processor
clock cycle when the interrupt is acknowledged, and ends when the interrupt handler starts
executing. Computing interrupt waiting requires the following prerequisites:

m The interrupt is enabled and not masked by PRIMASK or other exception handling in progress.

m The memory system does not have any wait states. Bus transfers are used for interrupt
processing, stack push, vector fetches, or instruction fetches at the start of interrupt processing.
If the memory system needs to wait, the wait states generated when bus transfers occur may
delay interrupts.

The following situations may cause different interrupt waits:

m The end of the interrupt is chained. If another interrupt request is generated when the interrupt
returns, the processor will skip the process of popping and pushing the stack, thus reducing
the interrupt waiting time.

m Delayed arrival. If an interrupt occurs, another low-priority interrupt is being pushed to the
stack. Due to the existence of the delayed arrival mechanism, the high-priority interrupt will
be executed first, which will also reduce the waiting time of the high-priority interrupt.
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5.6 Interrupt source

Because the NVIC of the Cortex-M4 processor supports up to 128 external interrupts, and in this

system, 64 external interrupt sources are used, of which NMI (non-maskable interrupt) is not used.

The corresponding relationship between all external interrupt sources of this system and NVIC

interrupt input is shown in the following table:

Table 5-2 Correspondence between external interrupt and NVIC interrupt input

?:g:t I External interrupt source Operating mode Sleep mode De;pozI:ep
Interrupt #0 CTRIM v v v
Interrupt #1 VC v v v
Interrupt #2 LvD v v v
Interrupt #3 GPIOA v v v
Interrupt #4 GPIOB v v v
Interrupt #5 GPIOC v v v
Interrupt #6 GPIOD v v v
Interrupt #7 IWDT v v v
Interrupt #8 WWDT v v -
Interrupt #9 CLK_FAULT v v -
Interrupt #10 ADC v v -
Interrupt #11 FLASHCFG v v -
Interrupt #12 USARTO_RX v v -
Interrupt #13 USARTO_TX v v -
Interrupt #14 USARTO_FLAG v v -
Interrupt #15 USART1_RX v v -
Interrupt #16 USART1_TX v v -
Interrupt #17 USART1_FLAG v v -
Interrupt #18 USART2_RX v v -
Interrupt #19 USART2_TX v v -
Interrupt #20 USART2_FLAG v v -
Interrupt #21 USART3_RX v v -
Interrupt #22 USART3_TX v v -
Interrupt #23 USART3_FLAG v v -
Interrupt #24 12CO v v -
Interrupt #25 12C1 v v -
Interrupt #26 SPI0O_TX v v -
Interrupt #27 SPI0_RX v v -
Interrupt #28 SPIO_SSR v v -
Interrupt #29 SPIO_ERR v v -
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?:gft Interrupt External interrupt source Operating mode Sleep mode De;poséI:ep
Interrupt #30 SPI1_TX v v -

Interrupt #31 SPI1_RX v v -
Interrupt #32 SPI1_SSR v v -
Interrupt #33 SPI1_ERR v v -

Interrupt #34

GTIMO_UEV_ETR_BTIMA

Interrupt #35

GTIMO_CHO1_BTIMB

Interrupt #36

GTIMO_CH23 _BTIMC

Interrupt #37

GTIM1_UEV_ETR_BTIMA

Interrupt #38

GTIM1_CHO1_BTIMB

Interrupt #39

GTIM1_CH23 BTIMC

Interrupt #40

GTIM2_UEV_ETR_BTIMA

Interrupt #41

GTIM2_CHO1_BTIMB

Interrupt #42

GTIM2_CH23_BTIMC

Interrupt #43 ATIMO_UEV v v -
Interrupt #44 ATIMO_CHA v v -
Interrupt #45 ATIMO_CHB v v -
Interrupt #46 ATIMO_BKETR v v -
Interrupt #47 ATIM3_UEV v v -
Interrupt #48 ATIM3_CHYA v v -
Interrupt #49 ATIM3_CHYB v v -
Interrupt #50 ATIM3_BK_ETR_OV_UD_CMP3 v v -
Interrupt #51 DMA_CHO v v -
Interrupt #52 DMA_CH1 v v -
Interrupt #53 DMA_CH2 v v -
Interrupt #54 DMA_CH3 v v -
Interrupt #55 DMA_CH4 v v -
Interrupt #56 DMA_CH5 v v -

Interrupt #57~63 | NC
Note: Since some module interrupts are multiplexed for the same IRQ interrupt source, when the

CPU enters the interrupt operation, it must first determine which module generated the interrupt,
and then perform the corresponding interrupt operation.
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5.7 Interrupt structure

IRQ has more than one peripheral interrupt input multiplexing, and the interrupt flag bits of
these peripherals must be read separately to determine which peripheral interrupt it is.

If the peripheral interrupt source has a high level, regardless of whether the NVIC interrupt
enable setting register NVIC_ISER.SETENA is set or not, the interrupt pending setting register
NVIC_ISPR.SETPEND will be set, indicating that the corresponding peripheral interrupt source
has an interrupt.

Only when the interrupt enable setting register NVIC _ISER.SETENA is set, the corresponding
interrupt IRQ will respond to the processor and execute the corresponding interrupt program.

In the interrupt program, the high-level interrupt signal of the peripheral interrupt source must
be cleared, and the interrupt pending setting register NVIC_ISPR.SETPEND is automatically
cleared by the hardware.

The interrupt priority registers NVIC IPRO-NVIC IPR15 set the priority of 64 interrupt sources,
0x00 has the highest priority, and 0xEO has the lowest priority. When the priority is the same,
the priority is determined by the interrupt number, and the smaller the number, the higher the
priority.

5.8 Basic operation of the software

5.8.1 External interrupt enable

Each peripheral module has its own interrupt enable register. When an interrupt operation is

required, the peripheral's own interrupt enable must be enabled first. The operation of this enable

bit is not discussed in this chapter, please refer to the respective chapter descriptions of the

peripheral modules.

5.8.2 NVIC interrupt enable and clear enable

The Cortex-M4 processor supports up to 128 interrupt sources, and each interrupt source

corresponds to an interrupt enable bit and a clear enable bit.

You can call the CMSIS-Core function or configuration register to enable and disable interrupts

void NVIC_EnablelRQ(IRQn_Type IRQn) enables external interrupt

void NVIC_DisablelRQ(IRQn_Type IRQn) disables external interrupts

5.8.3 NVIC interrupt pending and clear pending

If an interrupt occurs but cannot be handled immediately, the interrupt request will be pending.

The pending state is kept in a register and will remain valid as long as the processor's current

priority has not been lowered enough to handle the pending request and the pending state has not

been cleared manually.
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When the processor starts to enter the interrupt service, the hardware will automatically clear the

pending state.

The interrupt pending status can be accessed or modified by operating the interrupt pending set
NVIC_ISPR and interrupt pending clear NVIC ICPR registers. The Interrupt Pending Setup Register
allows software to trigger interrupts.

You can call the CMSIS-Core function to clear the interrupt pending
void NVIC ClearPendinglRQ(IRQn_Type IRQn);
5.8.4 NVIC interrupt priority

Setting the NVIC_IPRx register determines the priority of IRQx. The programming of the interrupt
priority register should be done before the interrupt is enabled, which is usually done at the
beginning of the program. Changing the interrupt priority after the interrupt is enabled should be
avoided, the results of this situation are unpredictable and are not supported by the Cortex-M4
processor.

You can call the CMSIS-Core function to set the interrupt priority
void NVIC SetPriority (IRQn_Type IRQn,uint32_t priority);
5.8.5 NVIC interrupt mask

Some time-sensitive applications need to disable all interrupts in a short period of time, which can
be realized by using the interrupt mask register NVIC_PRIMASK. The special register NVIC_PRIMASK
has only 1 bit valid and defaults to 0 after reset. When this register is 0, all interrupts and exceptions
are enabled; when set to 1, only NMI (not supported by this system) and hardware error exceptions
are enabled. In fact, when NVIC_PRIMASK is set to 1, the current priority of the processor is reduced
to 0 (the highest priority that can be set).

The NVIC_PRIMASK register can be programmed in a variety of ways. If you use assembly language,
you can refer to [Interrupt Mask Register (PRIMASK)] and use assembly instructions to set and clear
the NVIC_PRIMASK register. If using C language and CMSIS device driver library, users can use the
following functions to set and clear PRIMASK.

void enable_irg(void); // clear PRIMASK

void disable_irg(void); // set PRIMASK
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5.9 Register description

5.9.1 Register list

Base address: 0xEO00Q EOOOQ

Table 5-3 Interrupt Register List
Register name Offset address Reset value
NVIC_ISERO (Interrupt Enable Setting Register 0) 0x100 0x0000 0000
NVIC_ISER1 (Interrupt Enable Setting Register 1) 0x104 0x0000 0000
NVIC_ICERO (Interrupt Enable Clear Register 0) 0x180 0x0000 0000
NVIC_ICERL1 (Interrupt Enable Clear Register 1) 0x184 0x0000 0000
NVIC_ISPRO (Interrupt Pending Setup Register 0) 0x200 0x0000 0000
NVIC_ISPR1 (Interrupt Pending Setup Register 1) 0x204 0x0000 0000
NVIC_ICPRO (Interrupt Pending Clear Register 0) 0x280 0x0000 0000
NVIC_ICPR1 (Interrupt Pending Clear Register 1) 0x284 0x0000 0000
NVIC_IPRx (Interrupt Priority Register) (x=0~15) 0x400~0x43C 0x0000 0000
PRIMASK (Interrupt Mask Register) - 0x0000 0000
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5.9.2 Interrupt Enable Setting Register0 (NVIC_ISERO)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
SETENA[31:16]
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
SETENA[15:0]
Read
Bit Marking Place name Function and
write
Writing "1"is set, writing"0"is invalid
[0]: IRQO
_ Interrupt #0 to Interrupt #31 enable  [1]: IRQ1
b31~b0 SETENA settings 121 IRQ2 RW
[31]: IRQ31
5.9.3 Interrupt Enable Setting Register 1 (NVIC ISER1)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
SETENA[31:16]
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
SETENA[15:0]
Read
Bit Marking Place name Function and
write
Writing "1"is set, writing"0"is invalid
[0]: IRQ32
_ Interrupt #32 to |Interrupt #63 [1]: IRQ33
b31~b0 SETENA enable settings [2]: IRQ34 RW
[31]: IRQ63
79/403
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5.9.4 Interrupt Enable Clear Register 0 (NVIC ICERO)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 bl6
CLRENA[31:16]
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b0
CLRENA[15:0]
Read
Bit Marking Place name Function and
write
Write "1" to clear, write "0" is invalid
[0]: IRQO
_ Interrupt #0 to Interrupt #31 enable [1]: IRQ1
b31~b0 CLRENA clear 2] IRQ2 RW
[31]: IRQ31
5.9.5 Interrupt Enable Clear Register 1 (NVIC ICER1)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b16
CLRENA[31:16]
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b0
CLRENA[15:0]
Read
Bit Marking Place name Function and
write
Write "1" to clear, write "0" is invalid
[0]: IRQ32
_ Interrupt #32 to |Interrupt #63 [1]: IRQ33
b31~b0 CLRENA enable clear [2]: IRQ34 RW
[31]: IRQ63
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5.9.6

Interrupt Pending Setup Register 0 (NVIC ISPRO)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
SETPEND[31:16]
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
SETPEND[15:0]
Read
Bit Marking Place name Function and
write
Writing "1"is set, writing"0"is invalid
[0]: IRQO
_ Interrupt  #0 to Interrupt #31 [1]:IRQl
b31~b0 SETPEND pending setup 2] IRQ2 RW
[31]: IRQ31
5.9.7 Interrupt Pending Setup Register 1 (NVIC ISPR1)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
SETPEND[31:16]
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
SETPEND[15:0]
Read
Bit Marking Place name Function and
write
Writing "1"is set, writing"0"is invalid
[0]: IRQ32
_ Interrupt #32 to |Interrupt #63 [1]: IRQ33
b31~b0 SETPEND pending setup [2]: IRQ34 RW
[31]: IRQ63
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5.9.8 Interrupt Pending Clear Register 0 (NVIC ICPRO)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 bl6
CLRPEND[31:16]
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b0
CLRPENDI[15:0]
Read
Bit Marking Place name Function and
write
Write "1" to clear, write "0" is invalid
[0]: IRQO
_ Interrupt  #0 to Interrupt #31 [1]:IRQ1l
b31~b0 CLRPEND Pending Clear [2]: IRQ2 RW
[31]: IRQ31
5.9.9 Interrupt Pending Clear Register 1 (NVIC ICPR1)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b16
CLRPEND[31:16]
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b0
CLRPENDI[15:0]
Read
Bit Marking Place name Function and
write
Write "1" to clear, write "0" is invalid
[0]: IRQ32
_ Interrupt #32 to |Interrupt #63 [1]: IRQ33
b31~b0 CLRPEND Pending Clear [2]: IRQ34 RW
[31]: IRQ63
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5.9.10 Interrupt Priority Register (NVIC_IPRx) (x=0~15)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6

IPRx[31:16]

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

IPRx[15:0]

Read

Bit Marking Place name Function and
write

Priority of Interrupt #0 to Interrupt #63
[31:29]: priority of interrupt #x*4+3
[23:21]: priority of interrupt #x*4+2
b31~b0 IPRx Interrupt priority [15:13]: priority of interrupt #x*4+1 RW
[7:5]: priority of interrupt #x*4+0
Among them, 000 has the highest priority and 111
has the lowest priority

5.9.11 Interrupt Mask Register (PRIMASK)
Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6

Res

b15 b1l4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

PRIM
Res ASK
Read
Bit Marking Place name Function and
write

b31~bl Res Reserved bit Reserved, must remain at reset value

After setting, all interrupts except NMI and hardware error
exceptions will be masked;

After clearing, all exceptions and interrupts will not be masked;

The special register needs to be accessed through MSR and RW
MRS special register operation instructions, and can also be
accessed by changing the processor state instruction CPS.
When dealing with time-sensitive applications, it is necessary

to manipulate the PRIMASK register.

b0 PRIMASK Interrupt mask
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6 General-Purpose Input-Output Port Controller (GPIO)

6.1 Introduction

GPIO is the most basic input and output channel of MCU. This product contains four sets of input
and output ports, among which PA, PB, PC are 16 bits, and PD is 4 bits. For the actual number of
available GPIO ports, please refer to the corresponding specification sheet for more information.

Each pin has associated control and configuration registers to meet specific application needs. By
configuring the corresponding registers, the pins can be configured as the following three types of
operating modes: analog peripheral input and output, digital peripheral input and output, and GPIO
input and output.

6.2 Main characteristics

Function multiplexing: each pin can be configured as multiple digital or analog functions
Input mode: analog input, high-impedance input, pull-up input, pull-down input
Output mode: analog output, push-pull output, open-drain output (pull-up can be enabled)

Signal input: The input signal arrives at the data input register (GPIO_IN) and on-chip

peripherals

m Signal output: The source of the output signal is the data output register (GPIO_OUT) or on-
chip peripherals

m Atomic operations: bit operation registers (GPIO_BSRR, GPIO_BRR) realize atomic 10 operations

m Interrupt type: rising edge interrupt, falling edge interrupt, high level interrupt, low level

interrupt

m Auxiliary functions: output various internal clocks, redirect input signals of on-chip peripherals
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6.3 Functional description

6.3.1 Port Circuit Block Diagram

Analog function input and output Vcc  Vcc
Peripheral Altenate |  Inputdriver ! H /N Protection diode
< Function Input i :
< Interrupt : i PU
5 ADS |
<« Read H : QDQD -“_}_o E & 10 pin
: Q <4 10 4 1
HCLK : 1 —I S PD

______________________________________

ZS Protection diode

Output driver H
Write o

BSRR

@ —c| PMOS
X Output Ve
; control NMOS S5
. : Push-Pull / Open
Peripheral Alternate : Drain / Inhibit 1

Function Output

<
w
0

______________________________________

Figure 6-1 General port circuit diagram
6.3.2 Port Mode Configuration

Through the control register, the port can be configured in various working modes, and its truth
table is as follows:

Table 6-1 Port function configuration table

Pin mode IN ADS AFRL/AFRH DIR oD ouT PU PD
Simulation 0 1 - - - - - -
High impedance input X 0 0 1 - - 0 0
Pull-up input 1 0 0 1 - - 1 -
Pull down input 0 0 0 1 - - 0 1
Open-Drain Output X 0 0 0 1 1 0 0
Output 0 0 0 0 0 0 0 - -
Output 1 0 0 0 0 0 1 - -
Peripheral output X 0 >0 0 0 - - -
Peripheral pull-up input X 0 >0 1 0 - 1 -
Peripheral pull-down input X 0 >0 1 0 - 0 1

Note: - stands for any value; X stands for indeterminate
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6.3.3 Port Reset Status

During reset and before the GPIO register is not configured after reset, most I/O ports are configured
as analog input without pull-up and pull-down status; the status of other pins is as follows:

m SWCLK(PA14): Digital input + pull-up
m  SWDIO(PA13):  Digital input + pull-up
m PBll: Digital input + pull down

6.3.4 Port emulation function

When you need to use the corresponding functions of the analog peripherals (ADC, LVD......), you
need to configure the port as an analog function. The implementation method is to set the
corresponding bit of the GPIO_ADS register to 1, so that the on-chip analog peripherals are
connected to this port.

Under this configuration, the port has the following characteristics:

B Analog peripherals are connected to ports
m The digital function of the port is closed: the output level cannot be output; the read pin level
is always 0; there is no built-in pull-up and pull-down

Analog function

input and output Ve
, . Inputdriver |
Peripheral Alternate ! )
< Function Input E E ZX Protection diode
| |
1 1
< Interrupt ! '
| | 10 pin
: ADS
< Read = ! Q o—Jq .“_}_} !
| —- _ |
: Q Q < | ZX Protection diode
HCLK : —| —| B |
| |
1 1

Vss

Figure 6-2 HiZ - Analog Configuration Schematic
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6.3.5 Port general-purpose input and output functions

When you need to use the general-purpose input and output functions of the port, you need to
configure the port as a digital function and set the value of the digital multiplexing function register
to 0. The implementation method is to set the corresponding bit of the GPIO_ADS register to 0, and
set the corresponding bit of the GPIO_AFRL and GPIO_AFRH registers to 0. Under this configuration,
the port has the following characteristics:

m Input mode: pull-up or pull-down can be enabled
m Push-pull output: supports bit manipulation
m Open-drain output: pull-up can be enabled; bit manipulation is supported

Each GPIO has 6 control registers, whose functions are described as follows:

m  GPIO_ADS Register configurable ports as digital ports

m  GPIO DIR Register configurable port as input or output

m GPIO_PUPD.PU Register to enable pull-ups on ports

m GPIO PUPD.PD Register to enable the pull-down of the port

m GPIO_OD Register configurable port output type as push-pull or open-drain
m  GPIO DR Register output port drive capability configuration

Each GPIO has 2 data registers, and their functions are described as follows:

m  GPIO_IN Registers store data input via I/0 and are read only
m  GPIO OUT Registers store the data to be output and are read/write accessible
Note:

[read - modify - write] to the GPIO_OUT register is not an atomic operation, and it is not
recommended to use this method to modify the port output level.

Each GPIO has 2 bit manipulation registers, and their functions are described as follows:

m  GPIO_BSRR The BS bit of the register can set the corresponding bit of GPIO_OUT to 1
The BR bit of the register can clear the corresponding bit of GPIO_OUT to 0

m  GPIO_BRR The register bit can clear the corresponding bit of GPIO_OUT to 0

Note:

The process of modifying the value of GPIO_OUT through the bit operation register is an atomic
operation. It is recommended to modify the port output level by bit operation.
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6.3.5.1 Input mode

When GPIO is configured as input mode, its simplified block diagram is as follows:

Analog function input and output

Vce
bbbttt
| Input driver |
I I
Peripheral Alternate Function Input X X
<t T

| |
| |
1 1

7 PU

PD

Vce

Z Protection
diode

< Interrupt

10
pin
\ Q —J Q W 1
! ! Protection
HCLK . ! Z diode

Vss

Vss

Figure 6-3 Schematic diagram of input floating/pull-up/pull-down configuration
Each port can get the port pin level by reading the GPIO_IN register. As shown in

Figure 6-3, each bit of the GPIO_IN register and the latch in front of it form a synchronizer to avoid
signal instability caused by pin level changes in a short period of time when the system clock state
changes, but at the same time Latency is introduced. The synchronization diagram for reading port
pin data is as follows:

PIN voltage
GPIOX_IN } } |
3 Tpd,max 3 3
: : Tpd,min :
|

Figure 6-4 Read port pin data synchronization diagram

During the clock period after the rising edge of the system clock, the pin level signal will be latched
in the internal register, as shown in the shaded part, after the next rising edge of the system clock,
the stable pin level signal can be read. GPIO_IN register on the rising edge of the system clock. The
signal transition delay Tpd is 1-2 system clocks.
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6.3.5.2 Output mode

When GPIO is configured as output mode, its simplified block diagram is as follows:

PR iV 18 (GU R1O1A NN 101N .10 X S g g g g g

Analog function input and output Vcc Vcc
PTTTTTTToTToTooToooooomomomooooooes ! Z Protection
| Input | diode
' driver X
e e }

: ADS
<—Read = : Q D—Q D%}—O/B :
L - el | |
il . -
HCLK ! . |
Z Protection
...................................... diode
. Output
. o i driver
_Write, J & o ! Vss
0 m |
| Output
Read/write : control
E Push-Pull / Open
| Drain / Inhibit
i Vs

10
pin

Figure 6-5 Schematic diagram of output configuration

Each port can control the output level of the 10 port by writing data to GPIO_BRR, GPIO_BSRR or

GPIO_OUT.

GPIO_BRR and GPIO_BSRR are bit operation registers. The number of 10s in the same group of ports

can be modified from 1 to 16 each time and the unmodified 10s in the same group of ports remain

unchanged. Use the above two registers to modify 10s The process is an atomic operation. The

value written to the register GPIO_OUT is the output value of the output PIN corresponding to each

bit.
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6.3.6 Port multiplexing function

When you need to use the corresponding functions of digital peripherals (GPIO, USART, SPI...), you
need to configure the port as a digital function. The operation method is to set the corresponding
bit of GPIO_ADS to 0 and configure GPIO_AFRL or GPIO_AFRH to connect a specific on-chip
peripheral to the port.

Under this configuration, the port has the following characteristics:

m Input mode: pull-up or pull-down can be enabled; external signals are input to on-chip
peripherals; GPIO_IN can read external signals and generate port interrupts

m Output mode: open-drain (pull-up enabled) or push-pull can be selected; on-chip peripherals
output signals to ports; port interrupts cannot be generated

Analog function
input and output Vcc Vcc

______________________________________

Peripheral Alternate
Function Input

H ZX Protection diode

<

< Interrupt

< Read -

% 10 pin

Read/write

Output
control

X Push-Pull / Open
! Drain / Inhibit
1
1

|

[
HCLK . \ PD
ZS Protection diode

1

| Output driver H
1
Write | £ '
e & :
1

+ —_

1
1
1
1

Peripheral Alternate
Function Output

Figure 6-6 Schematic diagram of multiplexing function configuration
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The digital multiplexing function of each port of this chip is shown in the table below.

Table 6-2 PINMUX multiplexing function

Pin Digital function
name | Afo AF1 AF2 AF3 AF4 AF5
PDO3 | GPIO ATIMO_BK CTIMO_CHO CTIM1_TOGP ATIM3_BK USART2_TXD
PC13 | GPIO SPI0_SCK CTIM2_CHO 12C1_SCL ATIM3_CHOA USART3_NCTS
PC14 | GPIO SPIO_MISO CTIM2_CH1 12C1_SDA ATIM3_CH1A USART3_NRTS
PC15 | GPIO SPI0_MOSI CTIM2_ETR ATIM3_CH2A USART3_SCK
PD00 | GPIO SPI0_CS CTIMO_CH2 12C0_SCL ATIM3_CHOB 12C1_SCL
PDO1 | GPIO LvD_ouT CTIMO_CH3 12C0_SDA ATIM3_CH2B 12C1_SDA
PCO0 | GPIO ATIMO_BK CTIM1_TOGP CTRIM_ETRTOG SPI0_MISO

PCO1 | GPIO ATIMO_CHOA CTIM1_TOGN SPI0_MOSI

PCO2 | GPIO ATIMO_CHOB SPI0_CS SPI1_MISO USARTO_NCTS
PCO3 | GPIO ATIMO_GATE SPI0_SCK SPI1_MOSI USARTO_NRTS
PAOO | GPIO ATIMO_ETR CTIMO_CHO CTIMO_ETR VCO_OUT USART1_NCTS
PAO1 | GPIO MCO CTIMO_CH1 SPI1_CS USART2_NCTS USART1_NRTS
PAO2 | GPIO CTIM1_TOGN CTIMO_CH?2 VC1 OuT USART3_NRTS USART1_TXD
PAO3 | GPIO LVD_OuT CTIMO_CH3 SPI1_SCK USART3_TXD USART1_RXD
PAO4 | GPIO ATIM3_CHOA PCLKO_OUT SPIO_CS USART3_RXD USART1_SCK
PAO5 | GPIO ATIM3_CH1A CTIMO_CHO CTIMO_ETR USART3_NCTS SPI0_SCK
PAO6 | GPIO ATIM3_CH2A USART2_RXD CTIM1_CHO ATIM3_BK SPIO_MISO
PAO7 | GPIO ATIM3_CHOB USART3_TXD CTIM1_CH1 USART2_NRTS SPI0_MOSI
PCO4 | GPIO ATIM3_CH1B 12C0_SCL USARTO_SCK
PCO5 | GPIO ATIM3_CH2B CTIMO_TOGP 12C0_SDA ATIMO_ETR

PBOO | GPIO ATIM3_CH1B CTIM2_ETR CTIM1_CH2 ATIMO_CHOA USART3_SCK
PBO1 | GPIO ATIM3_CH2B CTIM2_TOGP CTIM1_CH3 ATIMO_CHOB PCLK1_OUT
PBO2 | GPIO CTIMO_CH3 CTIM2_TOGN ATIM3_GATE ATIMO_GATE USART2_RXD
PB10 | GPIO CTIMO_CH2 12C1_SCL USART2_TXD
PB12 | GPIO 12C0_SCL ATIM3_BK CTRIM_ETRTOG SPI1_CS USART2_SCK
PB13 | GPIO 12C0_SDA ATIM3_CHOB SPI1_SCK USART2_NCTS
PB14 | GPIO ATIM3_CH1B CTIM1_TOGP SPI1_MISO USART2_NRTS
PB15 | GPIO MCO ATIM3_CH2B CTIM1_TOGN SPI1_MOSI

PCO6 | GPIO ATIM3_ETR CTIM2_CHO CTIM1_CHO USART2_NCTS
PCO7 | GPIO CTIM2_CH1 CTIM1_CH1 SPI1_SCK USART2_NRTS
PCO8 | GPIO 12C1_SCL CTIM2_CH2 CTIM1_CH2 USART2_SCK
PCO9 | GPIO 12C1_SDA CTIM2_CH3 CTIM1_CH3

PAO8 | GPIO CTIMO_TOGP ATIM3_CHOA CTRIM_ETRTOG USART3_RXD USARTO_SCK
PAO9 | GPIO CTIMO_TOGN ATIM3_CH1A ATIMO_BK CTIM1_CH2 USARTO_TXD
PA10 | GPIO 12C1_SCL ATIM3_CH2A ATIMO_CHOA CTIM1_CH3 USARTO_RXD
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Pin Digital function
hame | Aro AF1 AF2 AF3 AF4 AF5
PA11 | GPIO VCO_OUT ATIM3_GATE ATIMO_CHOB USART1_NCTS USARTO_NCTS
PA12 | GPIO VC1_OUT ATIM3_ETR ATIMO_GATE USART1_NRTS USARTO_NRTS
PA13 | GPIO ATIM3_BK CTIM2_CH2 ATIMO_ETR USART1_RXD 12C0_SCL
PA14 | GPIO CTIMO_CH1 CTIM2_CH3 USART2_SCK USART1_TXD 12C0_SDA
PA15 | GPIO SPI0_CS CTIM1_CHO CTIM1_ETR USART1_SCK USARTO_TXD
PC10 | GPIO USART3_TXD ATIM3_CHOA ATIMO_CHOA
PC11 | GPIO CTIMO_TOGN USART3_RXD ATIM3_CH1A ATIMO_CHOB
PC12 | GPIO USART3_NCTS CTIM2_ETR ATIM3_CH2A ATIMO_GATE
PD02 | GPIO USART3_NRTS CTIM1_ETR ATIM3_CHOB ATIMO_ETR
PBO3 | GPIO CTIMO_CH1 USARTO_RXD 12C1_SDA ATIM3_CH1B SPI0_SCK
PB04 | GPIO CTIM1_CHO CTIM2_TOGP PCLKO_OUT ATIM3_CH2B SPI0_MISO
PBO5 | GPIO CTIM1_CH1 CTIM2_TOGN USART3_SCK USART2_TXD SPI0_MOSI
PB06 | GPIO USARTO_TXD CTIM2_CHO SPI1_MISO 12C0_SCL USART2_RXD
PBO7 | GPIO USARTO_RXD CTIM2_CH1 SPI1_MOSI 12C0_SDA PCLK1_OUT
PB11 | GPIO
PBO8 | GPIO | CTRIM_ETRTOG CTIM2_CH2 12C0_SCL ATIMO_BK
PBO9 | GPIO SPI1_CS CTIM2_CH3 12C0_SDA 12C1_SDA

Table 6-3 10AUX1/2 multiplexing function
ATIMOCAPO[2:0] ATIMO_CHA | USARTO RXD | VCO OUT | LVD_OUT | VC1 OUT | PAOO | PAO8 | PBOO
CTIMOCAP3[6:4] CTIMO_CH3 | USART1 RXD | VCO OUT | LVD OUT | VC1 OUT | PAO1 | PAO9 | PBO1
CTIM1CAP3[10:8] CTIM1_CH3 | USART2 RXD | VCO OUT | LVD OUT | VC1 OUT | PAO2 | PA10 | PBO2
CTIM2CAP3[14:12] | CTIM2_CH3 | USART3_RXD | VCO OUT | LvD OUT | VC1 OUT | PAO3 | PA1l | PBO3
ATIMOETR[2:0] ATIMO_ETR | USARTO RXD | VCO OUT | LVD_OUT | VC1 OUT | PA04 | PA12 | PBO4
CTIMOETR[6:4] CTIMO_ETR | USART1 RXD | VCO OUT | LVD OUT | VC1_OUT | PAO5 | PA13 | PBO5
CTIM1ETR[10:8] CTIM1_ETR | USART2 RXD | VCO OUT | LVD OUT | VC1 OUT | PAO6 | PA14 | PBO6
CTIM2ETR[14:12] CTIM2_ETR | USART3_RXD | VCO OUT | LVD OUT | VC1_OUT | PAO7 | PA15 | PBO7
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6.3.7 Port clock output
6.3.7.1 Output PCLKO

Configure the GPIO register to output the 2 -frequency output of PCLKO. The following example
outputs PCLKO from PA04:

Stepl. Setthe SYSCTRL_IOAUXO0.PCLKODIV of the system control module to 2, and select the
frequency division by 2;

Step2. Set GPIOA ADS.PIN[4] to 0, and configure PAO4 as a digital port;
Step3. Set GPIOA DIR.PIN[4] to 0, configure PAO4 as output mode;

Step4. Set GPIOA AFRL.AFSEL4 to 2, and configure the multiplexing function of PA04 as
PCLKO OUT.

6.3.7.2 Output MCO

Configure the GPIO register to output RCH/RCL/XTH/PLL/RC10/RC150K, the example below outputs
RCH/8 from PAQ1:

Stepl. Set SYSCTRL _IOAUX0.MCOSEL of the system control module to 0, select RCH;

Step2. Set the SYSCTRL_IOAUX0.MCODIV of the system control module to 2, select 8
frequency division;

Step3. Set GPIOA ADS.PIN[1] to 0, and configure PAO1 as a digital port;
Step4. Set GPIOA DIR.PIN[1] to 0, configure PAO1 as output mode;

Step5. Set GPIOA AFRL.AFSEL1 to 1, and configure the multiplexing function of PAO1 as MCO.
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6.3.8 Port external interrupt

When the port is configured as a digital function (GPIO_ADS is 0) and works in input mode (GPIO_DIR
is 1), each port has an interrupt function. Each port supports 4 types of interrupts: rising edge
interrupt, falling edge interrupt, high level interrupt, low level interrupt; the corresponding interrupt
enable registers are: GPIO_RIE, GPIO_FIE, GPIO_HIE, GPIO_LIE. When an interrupt is triggered, it can
be determined which port triggered the interrupt by querying the interrupt status register
(GPIO_IFR), and the corresponding interrupt status flag bit can be cleared through the interrupt
clear register (GPIO_ICR).

The simplified block diagram related to GPIO external interrupt is as follows:

Vcc

Input driver

ZX Protection diode

< Interrupt
ADS
< Read = Q D_IQ D_<i i_m 10 pin
Q Q
HCLK —1 —‘ ZS Protection diode

} P
EPB

Figure 6-7 Schematic Diagram of Port External Interrupt
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6.4 Register description

6.4.1 Register list

Table 6-4 GPIO base address list

Name base address Description

GPIOA 0x4002 4000 GPIOA base address

GPIOB 0x4002 4400 GPIOB base address

GPIOC 0x4002 4800 GPIOC base address

GPIOD 0x4002 4C00 GPIOD base address
Note:

GPIOA, GPIOB, and GPIOC have 16 effective bits, and GPIOD has 4 effective bits (PD00-PD03). For
non-existing bits, the write operation is invalid, and the read value is always 0.

Table 6-5 GPIO Register List

Register name

Offset address

Reset value

PA)0x0000 9FFF

(
Port  Digital-to-Analog  Configuration Register 0x00 (PB)0x0000 F7FF
(GPIO_ADS) (PC)0x0000 FFFF
(PD)0x0000 000F
(PA)0x0000 FFFF
Port Input Output Direction Configuration Register 0x04 (PB)0x0000 FFFF
(GPIO_DIR) (PC)0x0000 FFFF
(PD)0x0000 000F
Port Output Type Register (GPIO_OD) 0x08 0x0000 0000
Port Output Drive Capability Register (GPIO_DR) 0x10 0x0000 0000
(PA)0x0000 6000
i i . (PB)0x0800 0000
Port pull-up and pull-down register (GPIO_PUPD) 0x18 (PC)0x0000 0000
(PD)0x0000 0000
Port Data Input Register (GPIO_IN) 0x1C 0x0000 xxxx
Port Data Output Register (GPIO_OUT) 0x20 0x0000 xxxx
Port Reset Register (GPIO_BRR) 0x24 0x0000 0000
Port Set Reset Register (GPIO_BSRR) 0x28 0x0000 0000
Port Alternate Function Low Register (GPIO_AFRL) 0x30 0x0000 0000
Port Alternate Function High Register (GPIO_AFRH) 0x34 0x0000 0000
Port High Interrupt Enable Configuration Register
(GPIO HIE) 0x38 0x0000 0000
I(Dggcl(lj_ol\fxllElsevel Interrupt Enable Configuration Register 0x3C 0x0000 0000
Port Rising Edge Interrupt Enable Configuration
Register (GPIO_RIE) 0x40 0x0000 0000
Port Falling Edge Interrupt Enable Configuration
Register (GPIO_FIE) 0x44 0x0000 0000
Port Interrupt Status Register (GPIO_IFR) 0x48 0x0000 0000
(PA)0x0000 FFFF
Port Interrupt Clear Register (GPIO_ICR) 0x4C 0x0000 FFFF

(PB)
(PC)0x0000 FFFF
(PD)0x0000 000F
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6.4.2 Port Digital-to-Analog Configuration Register (GPIO_ADS)

Reset value: (PA) 0x0000 9FFF
(PB) 0x0000 F7FF
(PC) 0x0000 FFFF

(PD) 0x0000 000F

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
PIN
Read
Bit Marking Place name Function and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
b15~b0 PIN Port digital function or analog  0: configure the port as a digital function RW
function control 1: Configure the port as an analog function
6.4.3 Port input and output direction configuration register (GPIO_DIR)
Reset value: (PA)0x0000 FFFF
(PB)0x0000 FFFF
(PC)0x0000 FFFF
(PD)0x0000 O00F
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
PIN
Read
Bit Marking Place name Function and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
_ Port input and output 0: Configure the port as an output
b15~b0 PIN direction control 1: Configure the port as an input RW
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6.4.4 Port Output Type Register (GPIO_OD)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

PIN
Read
Bit Marking Place name Function and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
_ Port output mode control  0: Push-pull output (reset value)
b15~b0 PIN bit 1: Open drain output RW

6.4.5 Port Output Drive Capability Register (GPIO_DR)
Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

PIN
Read
Bit Marking Place name Function and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
_ Port output drive  0: High drive capability (reset value)
b15~b0 PIN capability control bit 1: Low drive capability RW
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6.4.6 Port pull-up and pull-down register (GPIO_PUPD)

Reset value: (PA)0x0400 6000
(PB)0x0000 0000
(PC)0x0000 0000

(PD)0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
PD
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
PU
Read
Bit Marking Place name Function and
write
_ Port  pull-down resistor 0: Disable pull-down resistor
b31~b16 PD enable control 1: Enable pull-down resistor RW
0: Disable pull-up resistor
b15~b0 PU Port pull-up resistor enable 1: Enable pull-up resistor RW
control Note: PDx and PUx are 1 at the same time, then the port status is
to enable the pull-up resistor.
6.4.7 Port Data Input Register (GPIO_IN)
Reset value: 0x0000 XXXX
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 bl4 b13 b12 bll b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
PIN
Read
Bit Marking Place name Function and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
b15~b0 PIN Port input data RO
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6.4.8 Port Data Output Register (GPIO_OUT)

Reset value: 0x0000 XXXX

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

PIN
Read
Bit Marking Place name Function and
write
b31~bl6 Res Reserved bit Reserved, must remain at reset value
b15~b0 PIN Port output data - RW

6.4.9 Port Reset Register (GPIO_BRR)
Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

PIN
Read
Bit Marking Place name Function and
write
b31~bl6 Res Reserved bit Reserved, must remain at reset value

0: Does not affect the corresponding bit of the GPIO_OUT register WO

b15~b0 PIN Port Bit Clear Control 1: Set the corresponding bit of the GPIO OUT register to 0

6.4.10 Port Set Reset Register (GPIO_BSRR)
Reset value: 0x00000000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6

BR
b15 bl4 b13 b12 bll b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
BS
Read
Bit Marking Place name Function and
write

0: Does not affect the corresponding bit of the GPIO_OUT register WO
1: Set the corresponding bit of the GPIO_OUT register to 0

0: Does not affect the corresponding bit of the GPIO_OUT register
b15~b0 BS Port Bit Bit Control 1: Set the corresponding bit of the GPIO_OUT register to 1 WO
Note: When BR and BS occur simultaneously, BS takes precedence.

b31~bl6 BR Port Bit Clear Control
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6.4.11 Port Alternate Function Low Register (GPIO_AFRL)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
AFSEL7 AFSEL6 AFSEL5 AFSEL4
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
AFSEL3 AFSEL?2 AFSEL1 AFSELO
Read
Bit Marking Place name Function and
write
0000: GPIO
0001: AF1
0010: AF2
. . . 0011: AF3
b31~b0 AF_SELy Port multiplexing function 0100: AF4 RW
y =0-7 control 0101: AF5
0110-1111: reserved bits
Note 1: For the specific functions of AF1 - AF5, please refer to the
chapter [Port multiplexing function]
6.4.12 Port Alternate Function High Register (GPIO_AFRH)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
AFSEL15 AFSEL14 AFSEL13 AFSEL12
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
AFSEL11 AFSEL10 AFSEL9 AFSEL8
Read
Bit Marking Place name Function and
write
0000: GPIO
0001: AF1
0010: AF2
. . ) 0011: AF3
b31~b0 AFSELy Port multiplexing function 0100: AF4 RW
y = 8-15 control 0101: AF5
0110-1111: reserved bits
Note 1: For the specific functions of AF1 - AF5, please refer to the
chapter [Port multiplexing function]
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6.4.13 Port High Interrupt Enable Configuration Register (GPIO_HIE)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
PIN
Read
Bit Marking Place name Function and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
b15~b0 PIN Port high level interrupt 0: Disable the high level interrupt of the corresponding port RW
enable control 1: Enable the high-level interrupt of the corresponding port
6.4.14 Port Low Level Interrupt Enable Configuration Register (GPIO_LIE)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
PIN
Read
Bit Marking Place name Function and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
b15~b0 PIN Port low level interrupt 0: Disable the low-level interrupt of the corresponding port RW
enable control 1: Enable the low-level interrupt of the corresponding port
6.4.15 Port Rising Edge Interrupt Enable Configuration Register (GPIO_RIE)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
PIN
Read
Bit Marking Place name Function and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
b15~b0 PIN Port rising edge interrupt 0: Disable the rising edge interrupt of the corresponding port RW
enable control 1: Enable the rising edge interrupt of the corresponding port
101/403
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6.4.16 Port Falling Edge Interrupt Enable Configuration Register (GPIO _FIE)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
PIN
Read
Bit Marking Place name Function and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
b15~b0 PIN Port falling edge interrupt 0: Disable the falling edge interrupt of the corresponding port RW
enable control 1: Enable the falling edge interrupt of the corresponding port
6.4.17 Port Interrupt Status Register (GPIO_IFR)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
PIN
Read
Bit Marking Place name Function and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
_ . 0: No qualifying interrupt occurred
b15~b0 PIN Port interrupt status flag 1: A qualifying interrupt has occurred RO
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6.4.18 Port Interrupt Clear Register (GPIO_ICR)

Reset value: (PA)0x0000 FFFF
(PB)0x0000 FFFF
(PC)0x0000 FFFF
(PD)0x0000 00OF

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
PIN
Read
Bit Marking Place name Function and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
_ . 0: Clear the corresponding interrupt flag bit
b15~b0 PIN Port interrupt flag cleared 1+ no function R1WO0
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7 12C -bus (12C)

7.1 Overview

I2C is a two-wire bidirectional synchronous serial bus, which uses a clock line and a data line to
transmit information between two devices connected to the bus, providing a simple and efficient
method for data exchange between devices. Each device connected to the bus has a unique
address, and any device can be used as both a master and a slave, but only one master is allowed
at the same time. 12C standard is a real multi-master bus with a conflict detection mechanism and
an arbitration mechanism. It can use the arbitration mechanism to avoid data conflicts and protect
data when multiple Masters request control of the bus at the same time.

I2C bus controller can meet various specifications of the 12C bus and support all transmission modes
communicating with the I2C bus. The 12C logic can handle byte transfers autonomously. It can keep
track of the serial transfer, and there is a status register (I2C_STAT) that can reflect the status of
the 12C bus controller and the 12C bus.

7.2 Main characteristics

I2C controller supports the following features:

Support four working modes of master sending/receiving and slave sending/receiving
Support standard (100Kbps) / fast (400Kbps) / high speed (1Mbps) three working rates
The slave supports 7 -bit addressing function

Support noise filtering function

Supports three slave addresses

Support broadcast address

Support interrupt status query function
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7.3 Protocol description

The 12C bus transfers information using the SCL (serial clock bus) and SDA (serial data bus) that
connect devices. The Master computer outputs a serial clock signal on the SCL line, and the data is
transmitted on the SDA line, and each byte is transmitted (the highest bit MSB starts to be
transmitted), followed by an acknowledge bit. One SCL clock pulse transfers one data bit.

7.3.1 Data transmission on the 12C bus

Usually the standard 12C transmission protocol consists of four parts: start (S) or repeated start
signal (Sr), slave address and read and write bits, transmission data, and stop signal (P).

I nl i aliwanti]

9 1-7 8 9
L
S ADDRESS W/R ACK DATA DATA ACK P

SDA

Figure 7-1 12C transfer protocol

m Start signal, repeat start signal, stop signal

When the bus is in an idle state (the SCL and SDA lines are high at the same time), a signal
from high to low appears on the SDA line, indicating that a start signal is generated on the bus.
A repeated start signal occurs when there is no stop signal between two start signals. This
method is used by a master to communicate with another slave or the same slave with a
different transfer direction (for example: from writing to the device to reading from the device)
without releasing the bus.

When the SCL line is high, a low-to-high signal appears on the SDA line, which is defined as a
stop signal. The master sends a stop signal to the bus to end the data transfer.

Repeated
START STOP START START

Figure 7-2 START and STOP conditions
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m Slave address and read/write bits
When the start signal is generated, the host immediately transmits the first byte of data: 7 -
bit slave address + read and write bits, the read and write bits control the data transmission
direction of the slave (0: write; 1: read). A slave addressed by the master will acknowledge by
pulling SDA low on the ninth SCL clock cycle.

m Transfer data
During data transfer, one SCL clock pulse transfers one data bit, and the SDA line can only
change when SCL is low.

SDA ><

Data line stable;

|

| Data line stable;
! data valid

|

data valid

Change of data
allowed

Change of data
allowed

S

Figure 7-3 Bit transfer on the 12C bus
7.3.2 Acknowledgment on the 12C bus

Each byte transferred is followed by an acknowledge bit. After each byte is sent, the sender will
release SDA, and the receiver needs to respond to the sender by pulling down the SDA line. ACK is
a low-level signal. When the clock signal is high, SDA remains low to indicate that the receiving end
has successfully received the data from the sending end.

(NACK) is generated on the slave, the Master can generate a stop signal to exit data transmission,
or generate a repeated start signal to start a new round of data transmission. When the Master is
used as a receiving device, a non-response signal (NACK) occurs, and the slave releases the SDA
line, causing the Master to generate a stop signal or a repeated start signal.

Clock pulse for
acknowledgement

SCL m et (7| [a) o
from master , \
Data output by |/ >< >< >< ””” x x >/
transmitter A

not acknowlegde —

L

acknowlegde —

Data output by
receiver

Figure 7-4 Acknowledgment signal on 12C bus
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7.3.3

Arbitration on the 12C bus

Arbitration on the I2C bus is divided into two parts: synchronization on the SCL line and arbitration
on the SDA line.

Synchronization on the SCL line (clock synchronization)

Since the 12C bus has the logic function of wired and, as long as one node on the SCL line sends
a low level, the bus will show a low level. The bus can only behave as a high level when all
nodes are sending a high level. Therefore, the clock low time is determined by the device with
the longest clock level period, and the clock high time is determined by the device with the
shortest clock high period. Due to the characteristics of I12C, when multiple Masters send clock
signals at the same time, a unified clock signal is represented on the bus. If the slave wants
the master to reduce the transmission speed, it can notify the master by actively pulling SCL
low to extend its low level time. When the master finds that the SCL level is pulled low when
preparing for the next transmission, it will wait until the slave completes. Operates and releases
control of the SCL line.

Arbitration on SDA Online

The arbitration on the SDA line is also because the 12C bus has a logic function of line and.
After the master sends data, it decides whether to exit the competition by comparing the data
on the bus. The master that loses the arbitration immediately switches to the unaddressed
slave state to ensure that it can be addressed by the master that wins the arbitration. A master
that loses arbitration continues to output clock pulses (on SCL) until the current serial byte has
been sent. This principle can ensure that the 12C bus will not lose data when multiple Masters
attempt to control the bus.

SDA (1) G

SCL 1 2 3 4 J 8 9

ACK

Figure 7-5 Arbitration on the 12C bus

Device 1 and Device 2 transmit serial data at the same time;
In the third SCL cycle, device 1 sends a logic 1, device 2 sends a logic 0, and the logic 0 of
device 2 will pull down SDA, so that the logic 1 of device 1 is canceled, which in turn causes
device 1 to lose arbitration and enter the slave receive mode;
After device 1 fails in arbitration and enters the slave receiving mode, it still generates clock
pulses until the current byte is sent, and no longer generates clock pulses for the transmission
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of the next byte. After Device 2 wins arbitration, the data transfer on SDA is initiated by Device

2.

7.4 Functional description

The 12C bus uses two wires to transfer information between devices connected to the bus SCL

(serial clock line) and SDA (serial data line). Filtering logic can filter glitches on the data bus to

protect data integrity. Since there are only non-directional ports, the I12C component requires the

use of open-drain buffers to the pins. Each device connected to the bus can be addressed by a

specific address using software. The 12C standard is a true multi-master bus with a collision

detection mechanism and an arbitration mechanism. It prevents data collisions when two or more

Masters start transmitting data at the same time. I12C bus can be queried in the status register.

7.4.1 Functional block diagram

SDA

SCL

SDAI

SDAO

SCLI

SCLo

12C_ADDR 0-2

4

Input Filter

Address Comparator

I

Output Driver

Input Filter

ACK | 12C_DATA

Output Driver

Arbitration and
Synchronization Logic

Serial Clock Genetator

i

12C_CR

12C_STAT

Figure 7-6
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The serial clock generator uses an 8-bit counter as the baud rate generator. The frequency
relationship between the SCL signal and the PCLK signal is fscL = frcik / 8 / (I2C_BRR+1), where
I2C_BRR should be greater than 0.

The following table lists the output frequency value of SCL signal when PCLK frequency is combined
with 12C_BRR.

Table 7-1 12C clock signal baud rate

PCLK 12C_BRR
(KHz) 1 2 3 4 5 6 7

1000 62 41 31 25 20 17 15
2000 125 83 62 50 41 35 31
4000 250 166 125 100 83 71 62
6000 375 250 187 150 125 107 93
8000 500 333 250 200 166 142 125
10000 625 416 312 250 208 178 156
12000 750 500 375 300 250 214 187
14000 875 583 437 350 291 250 218
16000 1000 666 500 400 333 285 250

7.4.3 Input filter

The input signal is synchronous with PCLK, and the spike pulse signal lower than the period of PCLK
will be filtered out. The intensity of filtering can be changed by adjusting the value of 12C_CR.FLT.

When this module is used as the host, if the value of I2C_BRR is less than or equal to 9, 12C_CR.FLT
should be set to 1; if the value of I2C_BRR is greater than 9, 12C_CR.FLT should be set to 0.

When this module is used as a slave, if the ratio of PCLK to SCL frequency is less than or equal to
40, 12C_CR.FLT should be set to 1; if the ratio of PCLK to SCL frequency is greater than 40, I2C_CR.FLT
should be set to 0.

7.4.4 Address comparator

The 12C address comparator compares the received 7 -bit address with the three slave addresses.
According to the configuration of the GC bit of the I2C_ADDRO register, when the GC configuration
is 0, the first received 8-bit byte is compared with the 7-bit Addr value of the 12C_ADDRX register.
When the GC configuration is 1, the first received 8-bit The high 7 bits of the byte are compared
with the broadcast address (0x00). If any one is the same, the 12C_CR.SI bit will be set and an
interrupt request will be generated. Query the I12C_MATCH register to obtain the matching address

as the serial number.
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7.4.5 Response flag

I2C_CR.AA flag is the response flag. When the AA bit is 1, the 12C module responds with an
acknowledgment bit after receiving the data, and when the AA bit is 0, the 12C module returns a
non-acknowledgement bit after receiving the data.

7.4.6 Interrupt generator

I2C_CR.Slis an interrupt flag. Whenever the value of the status register (12C_STAT) changes (except
for 0xF8), the Sl flag will be set to 1. When an interrupt is generated, the status of the 12C bus can
be obtained by querying the status register (12C_STAT) to determine the actual source of the
interrupt. In order to proceed to the next step, the Sl flag must be cleared by software.

7.4.7 Operating mode

The 12C component can realize 8 -bit bidirectional data transmission, the transmission rate can
reach 100Kbps in standard mode, 400Kbps in high-speed mode, and 1Mbps in ultra-high-speed
mode, and can work in four modes: Master send mode, Master receiving mode, slave receiving
mode, slave sending mode. There is also a special mode, general call mode, which operates in a
similar way to slave receive mode.

m Host send mode

The host sends multiple bytes to the slave, and the host generates a clock, so it is necessary
to fill in the set value in [2C_BRR. I2C_CR.STA needs to be set to 1 in master send mode. When
the bus is free, the master initiates a start bit START. 12C_CR.SI is set to 1 if successful. Next,
write the slave address and write bit (SLA+W) into 12C_DATA, and after clearing the SI bit,
SLA+W is sent on the bus.

After the master sends SLA+W and receives the slave acknowledgment bit ACK, Sl is set to 1.
The data is then sent according to the user-defined format. After all the data is sent, set
I2C_CR.STO to 1, clear the Sl bit and send a STOP signal, or send a repeated start signal for a
new round of data transmission.

scL L - 8L 19 w o W |__
DA [ N e I SN N E—

12C_CR.SI [ L m___ K

Bus status | 0xF8 |0x08 | ,) OxF8 | 0x18 | ) 0xF8 | 0x28 | )0xF8 |

/ / /

Clear the SI bit Clear the SI bit Clear the Sl bit

Figure 7-7 Data synchronization diagram of master sending mode
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after sending slave address A
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208 Entry=MR

Received a non-
Al P acknowledgement after
sending a data byte

Arbitration lost during transfer of

‘A| Continue transfers 2| Continue transfers
AOR A| oo s Vactors AOR A | co er Vactors slave address or data byte

A | Continue transfers . .
from other Masters Arbitration lost and addressed as

@@N@l To the corresponding slave

state in slave mode

Master to slave |:| Slave to master

# data bytes and their This value (in 12C_STAT)
DATA A corresponding corresponds to a defined 12C
m acknowledge bits bus state

17

Figure 7-8 12C master sending state diagram

m Host receiving mode

The master receives the mode, and the data is transmitted by the slave. The initialization
setting is the same as the host sending mode, after the host sends the start bit, 1I2C_DATA
should be written into the slave address and " read bit " (SLA+R). 12C_CR.SI is set to 1 after
receiving the slave acknowledge bit ACK. After Sl is cleared to 0, it starts to receive slave data.
If 2C_CR.AA is 1, the master responds with the acknowledge bit after receiving the data; if it
is 0, the master does not respond (NACK) after receiving the data, and then the master can
send a stop signal or repeat The start signal starts the next round of data transmission.

12C_CRAA [ ‘

ST L 8] [o 1 8] [o 1l 8] [o R
o A [ A B SR N S B _ l L
was T S e

Bus status ’ 0xF8

0x08 ‘ ) OxF8 ‘ 0x40 ‘ /) 0xF8 ‘ 0x50 ‘ ) 0xF8 ‘ 0x58 ‘) OxF8 ‘

/ /
/ / / /

Clear the Sl bit Clear the Sl bit Clear the Sl bit Clear the Sl bit

Figure 7-9 Data synchronization diagram of main receiving mode
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Entry=MT
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A P acknowledgment after
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‘@ the reception of a data byte
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A from other Masters
@@@ To the corresponding Arbitration lost and addressed as
state inslave mode slave
Master toslave Slave to master
A data bytes and their This value (in 12C_STAT) corresponds to a
DATA A corresponding acknowledge @ defined 12C bus state
Ly bits

Figure 7-10 12C master receiving state diagram

m Slave receiving mode

In slave receiving mode, the slave receives data from the master. Before the transmission starts,
I2C_ADDRXx should be written to the slave address, and 12C_CR.AA is set to 1 to respond to the
addressing of the master. After the above initialization, the slave enters idle mode and waits
for a "write" signal (SLA+W). If the master fails to arbitrate, it will also directly enter the slave
receiving mode.

When the slave is addressed by the "write" signal SLA+W, the SI bit needs to be cleared to
receive data from the master. If I2C_CR.AA=0 during the transmission, the slave will return a
non-acknowledgment bit NACK in the next byte, the slave will also turn into an unaddressed
slave, terminate the connection with the master, no longer receive data, and 12C_DATA remains
before received data. Slave address recognition can be restored by setting AA, which means
that the AA bit temporarily detaches the 12C module from the 12C bus.
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SDA —‘l

2C_CRSI ,—&_ I
\ - \

Bus status

0xF8 | 0x60 | ) 0xF8 | 0x80 | ] 0xF8

Clear the Sl bit Clear the Sl bit

Figure 7-11 Slave Receive Mode Data Synchronization Diagram

1

S SLA W A DATA A DATA A PORS Receive own slave address

‘ " l and one or more data bytes

The last data byte received

A PORS was not acknowledged
, C
A

After receiving its own slave address, the

@» master loses arbitration and has returned
an acknowledgment

Master to slave Slave to master
1
DATA A |data bytes and their corresponding@ This value (in 12C_STAT) corresponds
acknowledge bits to a defined 12C bus state

1

Figure 7-12 Slave receiving state diagram

m Slave mode

In the slave sending mode, the data is sent from the slave to the master. After initializing the
I2C_ADDRx and I2C_CR.AA values, the device waits until its own address is addressed by the
"read" signal (SLA+R). If the master fails to arbitrate, it can also enter the slave sending mode.
When the slave is addressed by the "read" signal SLA+R, it needs to clear Sl to send data to
the master. Normally the Master returns an acknowledge bit after each byte of data received.
If I2C_CR.AA is cleared during the transmission, the slave will send the last byte of data, and
send all 1 data in the next transmission, and turn itself into an unaddressed slave.

12C_CRAA
sa Ll Tsl e . AEE il AEE 7
SDA —_—
B I r__ _ [ [
12C_CRSI N - M
\ \
J J
Bus status OxF8 0xA8 OxF8 0xB8 OxF8 0xC0 OxF8
Clear the SI bit Clear the Sl bit Clear the Sl bit

Figure 7-13 Slave mode data synchronization diagram
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Figure 7-14

m  General call mode

12C Slave Transmit State Diagram

The general call mode is a special slave receiving mode, the addressing mode is 0x00, and the
slave address is 0. When both 1I2C_ADDRO0.GC and I2C_CR.AA are set to 1, the general call mode
is enabled. In this mode, the 12C_STAT value is different from the normal slave receiver mode

I2C_STAT value. Arbitration failure may also enter general call mode.

DATA

7

S GENERAL CALL A

11

Master to slave

data bytes and their
A corresponding
acknowledge bits

DATA A

@

DATA A P OR S
&
; P OR S

Slave to master

This value (in 12C_STAT) corresponds

to a defined 12C bus state

Receive broadcast address and
one or more data bytes

The last data byte was not
acknowledged

Master arbitration lost after
receiving broadcast address,
Acknowledgment returned

Figure 7-15
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7.4.8 Status code expression

There are two special states in the I2C status register: F8H and 00H.

F8H: This status code indicates that no relevant information is available, because the serial

interrupt flag "SI" has not been set. This condition occurs between other states and before the 12C

module has started to perform a serial transfer.

00H: This status code indicates that a bus error occurred during I2C serial transmission. A bus error

occurs when a START or STOP condition occurs at an illegal position in a format frame. These illegal

locations refer to address bytes, data bytes, or acknowledge bits during serial transfers. when

external disturbances affect the internal 12C block signals. Sl is set when a bus error occurs.

Table 7-2 12C status code expression

Status code

Description

Master sending mode

08H Start condition sent

10H Repeated start condition sent

18H SLA+W sent, ACK received

20H SLA+W sent, not ACK received

28H Data in [2C_DATA has been sent, ACK has been received
30H Data in 12C_DATA has been sent, non-ACK has been received
38H Loss of Arbitration when SLA+ reads or writes data bytes

Main receiving mode

08H Start condition sent

10H Repeated start condition sent

38H Los; arbitration in npn-ACK (that is, the host finds that SDA has been pulled low by other
devices when replying ACK)

40H SLA+R sent, ACK received

48H SLA+R sent, not ACK received

50H Data byte has been received, ACK has been returned

58H Data bytes received, non- ACK returned

Slave receive mode

60H Has received its own SLA+W and returned ACK

68H When the master is in SLA+ read and write lost arbitration, has received its own
SLA+W, and has returned ACK

80H The previous addressing used its own slave address, received data bytes, and returned
ACK

88H The previous addressing used its own slave address, received data bytes, and returned
non- ACK

AOH After receiving a stop condition or a repeated start condition, it enters a non-addressed

slave state and can still be addressed

Slave send mode

A8H

Received its own SLA+R and returned ACK

BOH

When the Master loses arbitration, has received its own SLA+R, and has returned ACK
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Status code Description
B8H ACK received
COH First data byte sent, not ACK received
C8H Loaded data bytes have been sent, ACK has been received

General call mode

70H Received broadcast address (0x00), returned ACK
When the master is in SLA+ read and write lost arbitration, the broadcast address has

/8H been received, and ACK has been returned

90H The previous addressing used the broadcast address, data bytes have been received,
and ACK has been returned

98H The previous addressing used the broadcast address, the data byte has been received,
and a non- ACK has been returned

AOH After receiving a stop condition or a repeated start condition, it enters a non-addressed

slave state and can still be addressed

Other miscellaneous status

F8H No relevant status information available, SI=0

A bus error occurs during transmission, or external interference causes 12C to enter an
undefined state

00H
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7.5 Programming example

7.5.1 Master sending example

Stepl.

Step2.
Step3.
Step4.
Step5.
Step6.
Step7.

Step8.

Step9.

Stepl0.
Stepll.

Stepl2.

Stepl3.
Stepl4.

Steplb5.

Stepl6.

Stepl7.

SCL and SDA to the required pins according to the relevant description of the pin
digital multiplexing function in the GPIO chapter; and configure the SCL and SDA pins
to open-drain output mode;

Note: SCL and SDA need to be externally connected with pull-up resistors according
to the requirements of the 12C protocol.

Set SysCtrl_PeriCIkENnO.I12C to 1, enable 12C configuration clock and working clock;
Write 0 and 1 to PeriReset0.12C in sequence to reset the 12C module;

Configure 12C_BRR so that the clock rate of SCL meets the application requirements;
Set I2C_BRREN to 1 to enable the SCL clock generator;

Set I2C_CR.EN to 1 to enable the 12C module;

Set 12C_CR.STA to 1, the bus tries to send the Start signal;

Wait for 12C_CR.SI to become 1 the Start signal has been sent to the bus, set
I2C_CR.STA to 0;

Query 12C_STAT, if the register value is 0x08 or 0x10, continue to the next step,
otherwise, perform error handling;

Write SLA+W to 12C_DATA set12C CR.SIto 0 and send SLA+W;
Wait for [2C_CR.SI to become 1, SLA+W has been sent to the bus;

Query 12C_STAT, if the register value is 0x18, proceed to the next step. Otherwise,
perform error handling;

Write the data to be sent to I12C_DATA, set I2C_CR.SI to 0, and send the data;
Wait for I2C_CR.SI to become 1, the data has been sent to the bus;

Query 12C_STAT, if the register value is 0x28, proceed to the next step. Otherwise,
perform error handling;

If the data to be sent is not completed, then jump to Stepl3 to continue execution;

Set I2C_CR.STO to 1, set I2C_CR.SI to 0, and the bus tries to send a Stop signal.
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7.5.2 Master receive example

Stepl.

Step2.
Step3.
Step4.
Step5.
Stepb6.
Step7.

Step8.

Step9.

Stepl0.
Stepll.

Stepl2.

Stepl3.

Stepl4.

Stepl5.

Stepl6.

Stepl7.

Stepl8.

Step19.

SCL and SDA to the required pins according to the relevant description of the pin
digital multiplexing function in the GPIO chapter; and configure the SCL and SDA pins
to open-drain output mode;

Note: SCL and SDA need to be externally connected with pull-up resistors according
to the requirements of the 12C protocol.

Set SysCtrl_PeriCIKEnQ.I2C to 1, enable 12C configuration clock and working clock;
Write 0 and 1 to PeriReset0.12C in sequence to reset the 12C module;

Configure 12C_BRR so that the clock rate of SCL meets the application requirements;
Set 12C_BRREN to 1 to enable the SCL clock generator;

Set I12C_CR.EN to 1 to enable the 12C module;

Set 12C_CR.STA to 1, the bus tries to send the Start signal;

Wait for I2C_CR.SI to become 1 the Start signal has been sent to the bus, set
I2C_CR.STA to 0;

Query 12C_STAT, if the register value is 0x08 or 0x10, continue to the next step,
otherwise, perform error handling;

Write SLA+R to 12C_DATA, set 12C_CR.SI to 0, and send SLA+R;
Wait for I2C_CR.SI to become 1, SLA+R has been sent to the bus;

Query 12C_STAT, if the register value is 0x40, continue to the next step, otherwise,
perform error handling;

Set 12C_CR.AA to 1 to enable the response flag;

Set 12C_CR.SI to 0, the slave sends data, and the host sends ACK or NACK according
to 12C_CR.AA;

Wait for I2C_CR.SI to become 1, read the received data from 12C_DATA;

Query 12C_STAT, if the register value is 0x50 or 0x58, continue to the next step,
otherwise, perform error handling;

If the data to be received is only the last byte, set I2C_CR.AA to 0 and enable the non-
response flag;

If the data to be received is not completed, jump to Stepl4 to continue execution;

Set I2C_CR.STO to 1, set I2C_CR.SI to 0, and the bus tries to send a Stop signal.
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7.5.3 Slave receiving example

Stepl.

Step2.
Step3.
Step4.
Step5.
Stepb6.
Step7.

Step8.

Step9.

Stepl0.

Stepll.

Stepl2.

Stepl3.

SCL and SDA to the required pins according to the relevant description of the pin
digital multiplexing function in the GPIO chapter; and configure the SCL and SDA pins
to open-drain output mode;

Set SysCtrl_PeriCIkEnQ.I2C to 1, enable 12C configuration clock and working clock;
Write 0 and 1 to PeriReset0.12C in sequence to reset the I2C module;

Set I2C_CR.EN to 1 to enable the 12C module;

Configure 12C_ADDRX as the slave address;

Set 12C_CR.AA to 1 to enable the response flag;

Wait for 12C_CR.SI to become 1 and be addressed by SLA+W;

Query 12C_STAT, if the register value is 0x60, continue to the next step, otherwise,
perform error handling;

Set 12C_CR.SI to 0, the host sends data, and the slave returns ACK or NACK according
to 12C_CR.AA;

Wait for I2C_CR.SI to become 1, read the received data from 12C_DATA;

Query 12C_STAT, if the register value is 0x80, continue to the next step, otherwise,
perform error handling;

If the data to be received is not completed, then jump to Step9 to continue execution;

Set 12C_CR.AA to 0 and set I2C_CR.SI to 0.
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7.5.4 Slave sending example

Stepl.

Step2.
Step3.
Step4.
Step5.
Stepb6.
Step7.

Step8.

Step9.

Stepl0.

Stepll.

Stepl2.

Stepl3.

SCL and SDA to the required pins according to the relevant description of the pin
digital multiplexing function in the GPIO chapter; and configure the SCL and SDA pins
to open-drain output mode;

Set SysCtrl_PeriCIkEnQ.I2C to 1, enable 12C configuration clock and working clock;
Write 0 and 1 to PeriReset0.12C in sequence to reset the I2C module;

Set I2C_CR.EN to 1 to enable the 12C module;

Configure 12C_ADDRX as the slave address;

Set 12C_CR.AA to 1 to enable the response flag;

Wait for 12C_CR.SI to become 1 and be addressed by SLA+R;

Query [12C STAT, if the value of this register is 0xA8, continue to the next step,
otherwise, perform error handling;

Write the data to be sent to I2C_DATA, set 12C_CR.SI to 0, and send the data;
Wait for I2C_CR.SI to become 1, the data has been sent to the bus;

Query I2C_STAT, if the value of this register is 0xB8 or 0xCO, continue to the next step,
otherwise, perform error handling;

If the data to be sent is not completed, then jump to Step9 to continue execution;

Set I2C_CR.AA to 0 and set 12C_CR.SI to 0.
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7.6 Register description

7.6.1 Register list

Table 7-3 12C base address list

Name base address Description
12CO 0x4000 2800 12C0 base address
12C1 0x4000 2c00 I12C1 base address

Table 7-4 12C register list

Register name

Offset address

Reset value

I2C Baud Rate Generator Enable Register (I2C_BRREN) 0x00 0x0000 0000
I2C Baud Rate Counter Configuration Register (I2C_BRR) | 0x04 0x0000 0000
I12C Configuration Register (12C_CR) 0x08 0x0000 0000
I12C Data Register (12C_DR) 0x0c 0x0000 0000
I12C Status Register (12C_STAT) 0x14 0x0000 0000
I12C Slave Address 0 Register (I2C_ADDRO) 0x10 0x0000 0000
I2C Slave Address 1 Register (I2C_ADDR1) 0x20 0x0000 0000
I12C Slave Address 2 Register (I2C_ADDR?2) 0x24 0x0000 0000
I12C Slave Address Match Register (12C_MATCH) 0x28 0x0000 0000
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7.6.2 Baud Rate Generator Enable Register (12C_BRREN)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27

b26

b25 b24 b23 b22 b21

b20 b19 b18 b17 bl6
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res EN
Bit Marking Place name Function Regad and
write
b31~bl Res Reserved bit Reserved, must remain at reset value
Baud Rate Generator 1:Enable
b0 EN Enable Control 0: Prohibited RW
7.6.3 Baud Rate Counter Configuration Register (12C_BRR)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res BRR
. ) . Read and
Bit Marking Place name Function write
b31~b8 Res Reserved bit Reserved, must remain at reset value
I12C bus SCL baud rate _
b7~b0 BRR configuration fscL = feck / 8 / (BRR+1) where BRR >0 RW
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7.6.4 Configuration Register (12C_CR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res EN STA STO Sl AA Res FLT
Bit Marking Place name Function Read and write
b31~b7 Res Reserved bit Reserved, must remain at reset value
1: Enable
b6 EN Module Enable Control 0- Prohibited RW
1: send START to the bus
0: no function
b5 STA Bus state control Note: User program should set this bit to 0 after START RW
transmission is completed.
1: Send STOP to the bus
0: no function
b4 sTo Bus state control Note: The hardware automatically sets this bit to 0 after the RW
STOP transmission is completed.
Read 1: 12C interrupt has occurred
Read 0: No I2C interrupt occurred
b3 Sl 12C interrupt flag Write 1: no function RW
Write 0: clear the 12C interrupt flag and make the state
machine execute the next action
1: Send ACK during the answer phase
b2 AA response control 0: Send NAK during the answer phase RW
bl Res Reserved bit Reserved, must remain at reset value
) 1: Simple filtering, faster communication rate
b0 FLT Lzo(r:'nfi fdlrgetrionparameter 0: Advanced filtering, higher anti-interference performance RW
9 Note: See the chapter on input filter for details.
7.6.5 Data Register (12C_DR)
Reset value: 0x00000000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res DR
Bit Marking Place name Function Regad and
write
b31~b8 Res Reserved bit Reserved, must remain at reset value
b7~b0 DR Data register In send mode, write the data to be sent RW

In receive mode, read out received data
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Reset value: 0x00000000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res STAT
Bit Marking Place name Function Regd and
write
b31~b8 Res Reserved bit Reserved, must remain at reset value
_ . For the specific definition of the status value, see the chapter
b7~b0 STAT 12C state register. [Status code expression] RO

7.6.7 Slave Address 0 Register (12C_ADDRO)

Reset value: 0x00000000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res Addr GC

. ) . Read and
Bit Marking Place name Function write
b31~b8 Res Reserved bit Reserved, must remain at reset value
b7~b1 Addr |02C slave mode address RW

Broadcast Address  1: Enable

b0 GC Acknowledgment Enable  0: Prohibited RW

7.6.8 Slave Address 1 Register (12C_ADDR1)

Reset value: 0x00000000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res Addr Res.
. ) . Read and
Bit Marking Place name Function write
b31~b8 Res Reserved bit Reserved, must remain at reset value
b7~b1 Addr I12C slave mode address RW
b0 Res Reserved bit Reserved, must remain at reset value
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7.6.9 Slave Address 2 Register (12C_ADDR2)
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Reset value: 0x00000000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7 b1l6
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res Addr Res.
Bit Marking Place name Function Regad and
write
b31~b8 Res Reserved bit Reserved, must remain at reset value
b7~b1 Addr |22C slave mode address RW
b0 Res Reserved bit Reserved, must remain at reset value
7.6.10 Slave Address Match Register (12C_MATCH)
Reset value: 0x00000000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res AD2F | AD1F | ADOF
. ) . Read and
Bit Marking Place name Function write
b31~b3 Res Reserved bit Reserved, must remain at reset value
1: The device address received from the bus is the same
b2 AD2F I12C slave mode address 2 match  as ADDR2 RO
flag 0: The device address received from the bus is not the
same as ADDR2
1: The device address received from the bus is the same
b1 AD1F 12C slave mode address 1 match  as ADDR1 RO
flag 0: The device address received from the bus is not the
same as ADDR1
1: The device address received from the bus is the same
b0 ADOF 12C slave mode address 0 match  as ADDRO RO

flag

0: The device address received from the bus is not the
same as ADDRO
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8 Serial Peripheral Interface (SPI)

8.1 Overview

The serial peripheral interface (SPI) provides data transmission function conforming to the SPI

communication protocol in the master-slave mode, which can be used for synchronous serial

communication between the MCU and external devices. This module supports full-duplex and

single-line half-duplex and simplex communication.

8.2 Main features

DMA support

8.3 Functional description

8.3.1 Functional block diagram

Various data frame lengths: 4bits~16bits

Configurable serial clock polarity and phase

Two NSS methods: hardware control, software control

Can be configured as master or slave, support multi-machine mode

The maximum frequency division factor of the host mode is PCLK/2

The maximum frequency division factor of the slave mode is PCLK/4

Multiple communication modes: full-duplex, single-wire half-duplex, simplex

Two transmission orders: send and receive MSB first or send and receive LSB first

32 -bit APB bus

!

T

NSS <¢ |

| Send Receive
| buffer buffer
! i
MOSI A B Smﬁ
MISO <——#™ Register
I
scKk <— serial clock .
generator
| 1
Slave selection
<—>

processing

Control
logic

Figure 8-1 SPI Block Diagram
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8.3.2 Communication Format and Timing

SPI serial frame format depends on serial clock polarity CPOL, serial clock phase CPHA and data
frame format. The normal communication of the SPI interface requires that all masters and slaves
must be configured to the same communication format.

The clock polarity CPOL refers to the level state of the serial clock in the idle state where the SPI
does not transmit data. When SPI_CRO.CPOL is 0, the serial clock SCK is low when idle; when
SPI_CRO.CPOL is 1, The serial clock SCK is high when idle.

The clock phase CPHA refers to the sequence in which the master and slave of the SPI sample and
shift according to the serial clock SCK. When SPI_CR0.CPHA is 0, the master and slave sample data
on the front edge and shift data on the rear edge; When CPHA is 1, the master-slave machine shifts
data on the front edge, and samples data on the back edge.

The width of each frame of data can be configured from 4bits to 16bits by setting SPI_CRO.WIDTH.

By setting SPI_CRO.LSBF, the transmission sequence of each frame of data can be configured as
LSB first or MSB first.

(@)
e,
I

A=1

CPOL=1 _|__|_ _I_ _l__
_ L [

M3Bit

[ [
LT LT L
ERERENED x
IDEBERENER (o

L
L
0 56
] F

r

NSs |

(toslave)

"

Sampling

"

CPOL=1

| [
CPOL=0 —|_

MOSI X M§Bit LSBit

MISO —{ wsdi
NSS _\

(toslave)

| [] LT
L L L L
\ k
A k

\
A

| [

JEgE
O
SRR

R

L
LSBitD—
/_

"

Sampling s

Figure 8-2 SPI communication format timing diagram

HC32F420SeriesReferenceManual_Rev1.30 127/403


https://www.xhsc.com.cn/

HSCh#%S
Xl‘l {o%f’:""'@; www.xhsc.com.cn

8.3.3 Slave Select Pin Configuration

This module provides a variety of slave selection methods to adapt to different application scenarios.

| T Chipselection !
| | processing
|
| > .
' Chip select
I input ~
|
|
|
|

ssm register

|
|
| Chip select
| output
|
|

|
|
|
|
|
|
|
|
|
|
|
|
. . |
ssi register |

|
|
|
|
|
Nss [ f—— epologic |,
|
|
|
|
|

Figure 8-3 Slave select NSS pin configuration

When the SPI works in master mode and SPI_CRO0.SSM is 0, the slave selects NSS as an input, and
its state is determined by the level of the NSS pin.

When the SPI works in master mode and SPI_CR0.SSM is 1, the slave selects NSS as an output, and
the output level of the NSS pin is determined by the internal register SPI_SSI.SSI. When SPI_SSI.SSI
is 0, the NSS pin outputs a low level; when SPI_SSI.SSI is 1, the NSS pin outputs a high level.

When SPI works in slave mode and SPI_CR0.SSMis 0, the low level of NSS pin can select this module.

When the SPI works in slave mode and SPI_CR0.SSM is 1, the NSS pin no longer has the chip
selection function. Only when the register SPI_SSI.SSI of this module is configured as 0 can this
module be selected.

8.3.4 Full duplex communication

The full-duplex communication method allows the master and slave to perform two-way
communication of sending and receiving at the same time relying on two unidirectional data lines.
In this mode, the host provides a clock signal through the SCK pin to synchronize data input and
output. The master and slave MOSI pins are connected to each other, and the MISO pins are
connected to each other. The master sends data to the slave through the MOSI pin, and the slave
returns the data through the MISO pin. Whenever the user writes data to the SPI_DR register, the
SPI master will send data to the SPI slave through SCK and MQOSI; and receive data from the slave
through SCK and MISO.
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MISO <: MISO
(] [ Je——
—»/ Shift Register | osi > wos | Shit Register_+—
] (]
Sk [ > ScK
—{ SPI clock generator } ] (]
NSS NSS
ml [~
Host L] L Slave

Figure 8-4 SPI full duplex communication
8.3.5 Single-wire half-duplex communication

The single-wire half-duplex communication method allows the master and slave to perform time-
sharing two-way communication based on a two-way data line. The pin used as a master is MOSI,
and the pin used as a slave is MISO. The direction of data transmission is determined by HDOE.HDOE.
When HDOE.HDOE is 1, the data line is sent. Unused pins do not participate in SPI communication
and can be used by other functions. When the host is in the receiving state, it is necessary to write
any data to the DR register to trigger the SPI host to send SCK for data transmission.

When the master-slave performs single-wire half-duplex communication, since the switching of
sending and receiving may not be synchronized, they may have a driving conflict for the
bidirectional shared data line. In order to avoid possible damage to the device due to such situations,
it is recommended to insert a current-limiting resistor in series on the data line to ensure Protect
chip pins.

—»| Shift Register | | Shift Register |«—

—{ SPI clock generator } ] [ ]
NSS NSS
[] (]
Host Slave

Figure 8-5 SPI single-wire half-duplex communication

8.3.6 Simplex communication

The simplex communication method allows the master and slave to rely on a one-way data line to
perform one-way communication of fixed reception or fixed transmission. By setting SPI_CRO0.CM,
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select the simplex only send or simplex only receive mode. Unused pins do not participate in SPI

communication and can be used by other functions.

When the master works in the sending state and the slave works in the receiving state, the master

writes data to the DR register to trigger the SPI master to send SCK for data transmission.

—»{ Shift Register |

—{ SPI clock generator

Host

MISO MISO
[] []
MOSI [ > Mos| [ Shift Register |«—
] I
_ [ —
SCK [ > sCK
[ |
L [ —
NSS NSS
L L] Slave

Figure 8-6 SPI simplex sending communication diagram

When the master works in the receiving state and the slave works in the sending state, the master

also needs to write arbitrary data to the DR register to trigger the SPI master to send SCK for data

transmission.

—»_Shift Register |

SPI clock generator

Host

MISO <: MISO
[ ] | < |
MoSI MOS | Shift Register
[ ] [ ]
SCK :> SCK
1 1
L L
NSS NSS
L L] Slave

Figure 8-7 SPI Simplex Receive Communication Schematic

Note:

1. NSS pin can be used to provide hardware control flow between master and slave devices.

Peripherals can also choose not to use these pins. After that, the hardware control flow must

be handled internally for the master and slave.
2. In this configuration, two idle pins (MOSI or MISO) can be used as GPIO.
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8.3.7 Multi-machine communication

In @ multi-machine communication system, the slave selection NSS pin of the host is configured as
a hardware input (SPI_CR0.SSM is 0), and the GPIO is responsible for outputting the slave selection
signal, and the NSS input of the host is driven by the GPIO of another host. Once the slave selection
NSS pin of the host is pulled low by the GPIO of other hosts, a mode error MODF will be generated,
which will cause the SPI of this module to be forced to return to the disabled state (that is,
SPI_CRO.EN is cleared), and the master-slave mode The selection register (SPI_CR0.MSTR) will also
be cleared (that is, switched to slave mode). When the system needs to use SPI communication
again, it needs to reset and initialize the module again. Therefore, when the host tries to obtain the
SPI bus control right again, it needs to detect whether the NSS input is high. If it is high and there
is no MODF, the bus control right can be successfully obtained. In a system with multiple slaves,
each slave shares the serial clock and data lines, but requires its own independent slave selection
signal, which requires the host to output the corresponding slave selection signal to each slave
through different GPIOs.

SPI master 0 SPl master 1
MISO MISO
MOSI MOSI

SCK SCK
NSS NSS
GPIOO GPIOO
GPIO1 GPIO1
GPIO2 GPIO2
GPIO3 GPIO3
O X W O XXWw O X W
290R82 290382 20382
SPI slave 0 SPI slave 1 SPI slave 2

Figure 8-8 SPI multi-machine system
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8.3.8 Host Mode Delayed Sampling

In SPI communication, due to the following factors:

m The time required for the slave to send data from the shift edge of the serial clock SCK to MISO
m Propagation time for data from slave data output MISO to master data input MISO

When the host receives valid data, there is a certain delay compared to the shift edge of the serial
clock. In the traditional SPI protocol, the master needs to sample the MISO data at the sampling
edge of half an SCK cycle after the shift edge, which requires that the above-mentioned delay must
be less than half an SCK cycle, and the half SCK cycle is equal to the delay The difference is to meet
the requirement of MISO setup time. Therefore, when the above-mentioned delay is obvious, the
rate of SPI communication will be restricted, and data errors will occur when the rate is high.

This module provides the function of delayed sampling in the host mode, which can effectively
alleviate the communication speed bottleneck problem caused by the above problems. By setting
the register SPI_CR0.SMP to 1, enable the master mode to delay sampling. SPI master, this module
will take the sampling edge of the traditional SPI standard as the reference, and delay half the SCK
cycle for sampling. This not only provides a higher tolerance to delay for the entire system, but also
does not affect the data transmission of the next bit, thereby achieving a higher communication
rate.

Note:

1. This function is only valid in master mode, not in slave mode;

2. SPI_CRO.SMP does not affect the configuration of the communication format of the master and
slave — whether this function is enabled or not, the master and slave must be configured with
the same CPOL and CPHA according to the requirements of conventional SPI.
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8.3.9 Status Flags and Error Flags

SPI provides a variety of status flags to indicate the current working status, including general status
flags and error flags.

Slave Select Input (NSS) state

The slave selection input status indicates the level of the currently input slave selection signal,
which corresponds to the register SPI_SR.SSLVL. When SPI_SR.SSLVL is 0, the slave selection input
is low; when SPI_SR.SSLVL is 1, the slave selection input is high.

Bus busy flag bit

The bus busy flag indicates whether the current SPI interface is busy or idle, corresponding to the
register SPI_SR.BUSY. When SPI_SR.BUSY is 0, the SPI interface is in an idle state, and there is no
data transmission currently; when SPI_SR.BUSY is 1, the SPI interface is in a busy state, and data
transmission is currently being prepared or in progress.

Slave select input rising edge flag

The slave selection input rising edge flag indicates whether the current input slave selection signal
has a rising edge, corresponding to the register SPI_SR.SSR. When SPI_SR.SSR is 0, there is no rising
edge on the slave selection input; when SPI_SR.SSR is 1, there is a rising edge on the slave selection
input.

Slave select input falling edge flag

The slave selection input falling edge flag indicates whether the current input slave selection signal
has a falling edge, corresponding to the register SPI_SR.SSF. When SPI_SR.SSF is 0, there is no falling

edge on the slave select input; when SPI_SR.SSF is 1, there is a falling edge on the slave select
input.

Send buffer empty flag

The send buffer empty flag indicates whether the current SPI send buffer is loaded with data to be
sent, corresponding to the register SPI_SR.TXE. When SPI_SR.TXE is 0, the SPI send buffer has been
loaded with data to be sent; when SPI_SR.TXE is 1, the SPI send buffer is empty, and the next data
to be sent can be written.

Receive buffer not empty flag

The receiving buffer non-empty flag indicates whether there is received data in the receiving buffer
of the current SPI, corresponding to the register SPI_SR.RXNE. When SPI_SR.RXNE is 0, the SPI
receive buffer has not been loaded with valid received data; when SPI_SR.RXNE is 1, the SPI receive
buffer is loaded with received data, which is available for reading.

Slave selection error flag in slave mode
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When the SPI is working in slave mode and valid data transmission is in progress, the input slave
selection signal should remain selected (low level) to ensure normal communication. If the slave
selection is pulled high during this period, it will When a slave selection error occurs, the
corresponding register SPI_SR.SSERR will be set.

If a slave selection error occurs, the corresponding data transmission error will occur, and the SPI
interface will also enter the unselected state due to the slave selection being pulled high. After a
slave selection error occurs, the corresponding error flag is set and does not prevent subsequent
normal data transmission, but the error flag will remain set until the user program clears it or the
SPI is reset by the system control module.

It should be noted that the slave selection error SSERR is an error that only occurs in the slave
mode, and it will only be triggered when the slave selection is pulled high when valid data is still
being transmitted. When there is no valid data transmission between frames A normal slave select
pull high does not trigger this error.

Receive buffer overflow error flag

The size of the SPI receive buffer is one frame. When the data in the receive buffer has not been
read out and the data of the new frame has been received, a receive buffer overflow error occurs,
and the corresponding register SPI_SR.OVF will be set.

When a receive buffer overflow error occurs, the original data in the buffer will be overwritten by
the newly received data, resulting in data loss. After a receive buffer overflow error occurs, the
corresponding error flag bit does not prevent subsequent normal data transmission, but the error
flag bit will remain set until the user program clears it or the SPI is reset by the system control
module.

Transmit buffer underflow error flag in slave mode

SPI send buffer is one frame. When the send buffer is empty in slave mode and the transmission of
a new frame starts, a send buffer underflow error occurs, and the corresponding register SPI_SR.UDF
will be set.

The occurrence of a send buffer underflow error in slave mode means that the send buffer is not
filled with data in time, and the data sent to the master is missed. After a buffer underflow error
occurs in the slave mode, the corresponding error flag bit does not prevent subsequent normal data
transmission, but the error flag bit will remain set until the user program clears it or the SPI is reset
by the system control module.

Mode error flag bit in host mode

When the SPI works in master mode and the slave selection pin is configured as an input, the input
slave selection signal must remain unselected (high level) to ensure normal communication. If the
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slave selection is pulled low, it will A mode error will occur and the corresponding register
SPI_SR.MODF will be set.

A mode error will cause the SPI to be forced to return to the disabled state (that is, SPI_CRO.EN is
cleared), and the master-slave mode selection register (SPI_CR0.MSTR) will also be cleared (that is,
switch to slave mode). After a mode error occurs, setting the corresponding error flag does not
prevent the user program from re-enabling the SPI and performing normal data transmission, but
the error flag will remain set until the user program clears it or the SPI is reset by the system control
module.

It should be noted that the mode error MODF is an error that only appears in the specific
configuration of the host mode. It will only be triggered when the slave selection is configured as
an input and pulled low, and the error will not be triggered in other cases.

Example of master mode
when CPOL=1, CPHA=1

SCK

DATA1 = OxF1 DATA2 = 0xF2 DATA3 = OxF3
b0| b1|b2|b3|ba|b5|b6|b7|b0|b1|b2|b3|b4] 5| 06| 07| 0| b1|b2|b3|b4|bS|bE| D7

MISO/MOSI(out)

Set 1 and cleared

TXE logo L/ by hardware /—\ /
Send buffer
OXF1 OXF2 OXF3
(write SPI_DR) :X AX &
Setlb
BUSY sign hardwarye Reset by hardware \_
DATAL = 0xAl DATA2 = OxA2 DATA3 = 0xA3

MISO/MOSI(in) / bo b1 [b2 [b3 b4 b5 |b6 b7 |bo |bal|b2 |b3 [b4 [b5 |66 [67 [0 [01 | D2]63 |14 | D5 | 6| B7
Set1 by )
RXNE sign hardware /—\ Cleared by software/—\ /—
Receive buffer / /
(read SPI_DR) / [ oxdh \oxz X@B
Soft The §oi’cwa_re The software | [ The software The software The software
_to \c/)vaFrL; ¢ waits until waits until waits until waits until waits until
e DR TXE=1, then | |[RXNE=1, then| | TXE=1, then | |RXNE=1, then RXNE=1, then
- writes OxF2 reads OxAl | |writes OxF3 to reads OxA2 reads OxA3
to SPI DR from SPI_DR SPI_DR from SPI_DR from SPI_DR
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Example of slave mode
when CPOL=1, CPHA=1

SCK

MISO/MOSI(out)

TXE logo

Send buffer
(write SPI_DR)

BUSY sign

MISO/MOSI(in)

RXNE sign

Receive buffer

S uutiiryiivuiiivyiivuyyy

DATAL = 0xF1

DATA2 = 0xF2

DATA3 = 0xF3

bo |b1 |b2 |b3 |b4 |b5 |b6 |b7

bo |bl |b2 |b3 |b4 |b5 |b6 |b7

bo |bl |b2 |b3 |b4 |b5 |b6 |b7

A

Set 1 and cleared by

hardware

[\

/

0XF2

\

OXF3

!

L}

L

Set 1 and cleared by

hardware

DATAL = 0xAl

\J

\J

DATA2 = 0xA2

Reset by hardware

DATA3 = 0xA3

b0|

1|b2|b3|b4|b5|b6|b7

bo |bi |b2 |b3 |b4 |b5 |b6 |b7

bo |b1 |b2 |b3 |b4 |b5 |b6 |b7

Set 1 by [ J [
/ hardware Clgared by software

-

/

/
X OXl{l

x 0XA3

0XA2

(read SPI DR) / X
Software The .softwa're The .softwalre The Isoftwalre waits until
writes OxF1 to waits until waits until waits until RXNE=1,
SPI DR TXE=1, then RXNE=1, then TXE=1, then then reads
- writes OxF2 to reads OxAl writes OxF3 OxA2 from
SPI_.DR from SPI_DR to SPI_DR SPI DR

The software
waits until
RXNE=1,
then reads
OxA3 from
SPI_.DR

Figure 8-10 SPI slave mode general flag bit description diagram
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8.3.10 Interrupt generation and clearing

SPI supports generating interrupt requests from different events, the specific information is as

follows:

Table 8-1 SPI interrupt

Corresponding

Corresponding

Interrupt event flag Ln:ae;::pt How to clear the interrupt flag
EHLER) (SPI_CR1)

Slave select input rising edge | SSR SSRIE Write 0 to SPI_ICR.SSRC

Slave select input falling edge | SSF SSFIE Write 0 to SPI_ICR.SSFC

Send buffer empty TXE TXEIE Write data to the data register DR
. . Read data from data register DR

Receive buffer is not empty RXNE RXNEIE Or write 0 to SPI ICR.RXNEC

f{:g‘éee selection error in slave | ggepp SSERRIE Write 0 to SPI_ICR.SSERRC

receive buffer overflow error OVF OVFIE Write 0 to SPI_ICR.OVFC

Slave mode transmit buffer .

underflow error UDF UDFIE Write 0 to SPI_ICR.UDFC

Mode error in host mode MODF MODFIE Write 0 to SPI_ICR.MODFC

As shown in the above table, each interrupt event has an independent interrupt enable control, and

the interrupt generated by the error event also has an independent interrupt clear register. For the

above interrupt requests, no matter whether the interrupt is enabled or not, the method described

in the table can be used to clear the interrupt flag.
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8.4 Programming example

8.4.1 Example of sending and receiving data in full duplex by the host

Stepl.

Step2.
Step3.
Step4.
Step5.
Step6.
Step7.
Step8.
Step9.

Stepl0.
Stepll.

Stepl2.

Stepl3.

Stepl4.

Stepl5.

Map NSS, SCK, MOSI, and MISO to the required pins according to the relevant
description of the pin digital multiplexing function in the GPIO chapter;

Set SYSCTRL_APBOEN.SPI to 1 to enable SPI configuration clock and working clock;
Set CR0O.MSTR to 1, select the host mode;

Set CR0.BRR to configure the communication baud rate;

Set CR0O.CM to 0, select full-duplex communication mode;

Set CR0.SSM to 1 to configure the slave selection mode;

Set CRO.CPOL, CRO.CPHA, select serial clock polarity and phase;

Set CRO.WIDTH to configure the data width of each frame;

Set CRO.LSBF to configure the data sequence order when sending and receiving
data;

Set CRO.EN to 1 to enable the SPI module;
Set SSI.SSI to 0, select the corresponding slave;

Write the data to be sent into the DR register, and the SPI automatically starts data
transmission;

Query and wait for SR.RXNE to become 1 to complete the sending and receiving of a
frame of data;

Read the received data from the DR register and save it;

If the data to be sent and received has not been completed, jump to Stepl2 to
continue execution.

8.4.2 Example of sending and receiving data in full duplex from the slave

Stepl.

Step2.
Step3.
Step4.
Step5.
Step6.

Map NSS, SCK, MOSI, and MISO to the required pins according to the relevant
description of the pin digital multiplexing function in the GPIO chapter;

Set SYSCTRL_APBOEN.SPI to 1 to enable SPI configuration clock and working clock;
Set CRO.MSTR to 0, select slave mode;

Set CR0.CM to 0, select full-duplex communication mode;

Set CR0.SSM to configure the slave selection mode;

Set CR0O.CPOL, CRO.CPHA, select serial clock polarity and phase;
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Step7.

Step8.

Step9.
Stepl0
Stepll
Stepl2

Stepl3

Stepl4.

Stepl5

Stepl6

Set CRO.WIDTH to configure the data width of each frame;

Set CRO.LSBF to configure the data sequence order when sending and receiving
data;

Set CRO.EN to 1 to enable the SPI module;

Set ICR.TXES to 0 to clear the send buffer;

The query waits for SR.SSLVL to become 0, and the SPI host selects this module;
Write the data to be sent into the DR register, and prepare the data to be sent;

Query and wait for SR.RXNE to become 1 to complete the sending and receiving of a
frame of data;

Read the received data from the DR register and save it;

If the data to be sent and received has not been completed, jump to Stepl2 to
continue execution;

Wait for SR.SSLVL to become 1 to complete this communication.

8.4.3 Single-wire half-duplex sending and receiving data example

Stepl.

Step2.
Step3.
Step4.
Step5.
Stepb6.
Step7.
Step8.

Step9.

Stepl0.

Stepll.

Stepl2.

Map NSS, SCK, MOSI of the host and NSS, SCK, MISO of the slave to the required
pins according to the relevant description of the pin digital multiplexing function in
the GPIO chapter;

Set SYSCTRL _APBOEN.SPI to 1 to enable SPI configuration clock and working clock;
The master sets CR0.MSTR to 1, and the slave sets CR0.MSTR to 0;

The host sets CRO.BRR to configure the communication baud rate;

Set CRO.CM to 11, select single-line half-duplex communication mode;

Configure CR0.SSM to configure the slave selection mode;

Configure CR0O.CPOL, CRO.CPHA, select serial clock polarity and phase;

Configure CRO.WIDTH to configure the data width of each frame;

Configure CRO.LSBF to configure the data sequence order when sending data;

Set CRO.EN to 1 to enable the SPI module;

The master sets SSI.SSI to 0 and selects the corresponding slave; the slave waits for
SR.SSLVL to become 0 to select this module;

The master sets HDOE.HDOE to 1 and switches to the sending mode; the slave sets
HDOE.HDOE to 0 and switches to the receiving mode;
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Stepl3.

Stepl4.

Stepls.

Steplé.

Stepl7.

Stepl8.

Stepl9.

Step20.

Step21.

Step22.

Step23.

Step24.

The host writes the data to be sent into the DR register, and the SPI automatically
starts data transmission;

The host query waits for SR.BUSY to become 0 to complete the transmission of a
frame of data; the slave query waits for SR.RXNE to become 1 to complete the
reception of a frame of data;

The slave reads the received data from the DR register and saves it;

If the data to be sent by the host is not completed, then jump to Stepl3 to continue
execution;

The master sets HDOE.HDOE to 0 and switches to the receiving mode; the slave
sets HDOE.HDOE to 1 and switches to the sending mode;

The slave query waits for SR.TXE to become 1, and the sending buffer is idle;

If the data to be sent by the slave is not completed, write a frame of data to the DR
register;

writes arbitrary data to the DR register, and the SPI host sends SCK for data
transmission;

The host query waits for SR.RXNE to become 1, and completes the reception of a
frame of data;

The host reads the received data from the DR register and saves it;

If the data to be sent by the slave is not completed, then jump to Stepl8 to continue
execution;

The slave waits for SR.SSLVL to become 1, sets HDOE.HDOE to 0, and completes this

communication.
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8.5 Register description

8.5.1 Register list

Table 8-2 SPI base address list

Name base address Description
SPIO 0x4000 3800 SPI0 base address
SPI1 0x4000 3C00 SPI1 base address

Table 8-3 SPI register list

Register (SPI HDOE)

Register name Offset Reset value
SPI Control Register 0 (SPI_CRO) 0x00 0x0000 0700
SPI Control Register 1 (SPI_CR1) 0x04 0x0000 0000
SPI Single-Wire Half-Duplex Output Enable 0x08 0x0000 0000

SPI Internal Slave Select Register (SPI_SSI) 0x0C

0x0000 0001

SPI Status Register (SPI_SR) 0x10 0x0000 0001
SPI Interrupt Clear Register (SPI_ICR) 0x14 0x0000 OOFF
SPI Data Register (SPI_DR) 0x18 0x0000 0000
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8.5.2 SPI Control Register 0 (SPI_CRO)
Reset value: 0x0000 0700

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

SMP CM SSM WIDTH LSBF | MSTR | CPOL | CPHA BRR EN
Bit Marking Place name Function Re.ad and

write
b31~bl6 Res Reserved bit Reserved, must remain at reset value

0: In traditional SPI mode, the data received by the host is
sampled according to the settings of CPOL and CPHA

bl5 SMP Host Mode Delayed Sample Bit 1: Delayed sampling method, the sampling time is delayed by RW
half an SCK cycle compared with the traditional method
00: full duplex bidirectional
_ Communication mode  01: simplex only send
bl4~b13 M configuration 10: simplex only RW
11: Single-wire half-duplex
Host mode
1: SSI register determines slave select output value
. ) ) 0: NSS pin determines slave select input value
b12 SSM Slave selection configuration Slave mode RW
1: SSl register determines slave select input value
0: NSS pin determines slave select input value
0011: 4bit
0100: 5bit
b11~b8 WIDTH Frame data width configuration ... RW
1110: 15bit
1111: 16bit
b7 LSBF Data frame high and low order 1: Transmit and receive the least significant bit LSB first RW
selection 0: Transmit and receive the most significant bit MSB first
b6 MSTR Working mode configuration 1 Host mode RW
0: Slave mode
Serial Clock Polarity  1: High level during standby
b5 CPOL Configuration 0: low level in standby RW
ba CPHA Serial Clock Phase 1: Front edge shift / back edge sampling RW
Configuration 0: sampling on the leading edge / shifting on the trailing edge
000: PCLK/2
001: PCLK/4
010: PCLK/8
Host mode baud rate :
b3~bl BRR configuration 011: PCLK/16 RW
110: PCLK/128
111: reserved
b0 EN enable control 1: Enable SPI module RW

0: disable SPI module
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8.5.3 SPI Control Register 1 (SPI_CR1)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res en | e | N[ SSER | OUF | URF | ssri | ssrie | RXNE | Txee
Bit Marking Place name Function Read and write
b31~b10 Res Reserved bit \F::ISueeNEd' must remain at reset
b9 DMATXEN ~ Transmit DMA enable o Enapee RW
b8 DMARXEN ~ Receive DMA enable bifnable RW
b7 MODFIE Mode Error Interrupt Enable Control (1) gg?aglleed RW
b6 SSERRIE iSr:aSvlgviell;le&tjeError Interrupt Enable Control (1) Egztélleed RW
b5 OVFIE Eﬁgiil\éecoggrfgfr overflow error interrupt (1) Einsi?)lleed RW
e upre Lot bur uerow sror et L Enable w
b3 SSRIE glr]aa\/;escc-.:)lﬁgr’c()llnput rising edge interrupt (1) Einsi?)lleed RW
b2 SSFIE 2|r]aza\/t)e]escec)|§’§rtOIIHDUt faIIlng' edge interrupt (1) ginszglleed RW
b1 RXNEIE Egrifrlglel buffer non-empty. interrupt enable (1) girgtélleed RW
bo TXEIE Iganrlig?lt buffer empty interrupt enable (1) girgtélleed RW
8.5.4 SPI Single-Wire Half-Duplex Output Enable Register (SPI_HDOE)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res HDOE
Read
Bit Marking Place name Function and
write
b31~b1 Res Reserved bit Reserved, must remain at reset value
0: receive only
b0 HDOE MOSI/MISO transceiver switching control ﬁ:oi::nd °:r|]3|/y valid in  single-ine  half-duplex RW

communication
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8.5.5 SPI Internal Slave Select Register (SPI_SSI)
Reset value: 0x0000 0001
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res SSI
Read
Bit Marking Place name Function and
write
b31~bl Res Reserved bit Reserved, must remain at reset value
Internal  Slave Valid when the SPI_CR0.SSM register is 1
b0 SSl Select (The register determines the slave selection output value in the master mode / the RW
register determines the slave selection input value in the slave mode)
8.5.6 SPI Status Register (SPI_SR)
Reset value: 0x0000 0001
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res ssi | Busy | MOP | 53R | ove | UDF | SSR | SSF | RXNE | TXE
Read
Bit Marking Place name Function and
write
b31~b10  Res Reserved bit Reserved, must remain at reset value
1: Slave select input is high
. 0: Slave select input is low
b9 SSvL State of slave select input Note: When the master mode and SPI_CR0.SSM=1 RO
this bit is meaningless.
. 1: Bus busy
b8 BUSY Bus busy flag bit 0: BuS is idle RO
Mode error flag
b7 MODF MODF is triggered when the slave select input 1 Error RO
is low in master mode) 0: Normal
! . 1: Error
b6 SSERR Slave selection error flag in slave mode 0 Normal RO
Receive buffer overflow error flag 1: Error
b5 OVF 0: Normal RO
ba UDF Transmit buffer underflow error flag in slave 1 Error RO
mode 0: Normal
1: A rising edge has occurred
. - 0: No rising edge occurs
b3 SSR slave select input rising edge flag Note: When the master mode and SPI_CRO.SSM=1 RO
this bit is meaningless.
1: A falling edge has occurred
. . 0: No falling edge occurs
b2 SSF Slave select input falling edge flag Note: When the master mode and SPI_ CRO.SSM=1 RO
this bit is meaningless.
. 1: Receive buffer is not empty
bl RXNE Receive buffer not empty flag 0: receive buffer is empty RO
b0 TXE Send buffer empty flag 1: send buffer empty RO

0: send buffer is not empty
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8.5.7 SPI Interrupt Clear Register (SPI_ICR)

Reset value: 0x0000 OOFF

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res MODF | SER | OVF | UDF | SSR | SSF | RXNE | TXE
Bit Marking Place name Function \F/{v?;atg and
b31~b8 Res Reserved bit Reserved, must remain at reset value
b7 MODF ISR.MODF flag clear bit Write 0 to clear the ISR.MODF flag, read as 1. R1WO0
b6 SSERR ISR.SSERR flag clear bit Write 0 to clear the ISR.SSERR flag, read as 1. R1WO0
b5 OVF ISR.OVF flag clear bit Write 0 to clear the ISR.OVF flag, read as 1. R1WO0
b4 UDF ISR.UDF flag clear bit Write 0 to clear the ISR.UDF flag, read as 1. R1WO0
b3 SSR ISR.SSR flag clear bit Write 0 to clear the ISR.SSR flag, read as 1. R1WO0
b2 SSF ISR.SSF flag clear bit Write 0 to clear the ISR.SSF flag, read as 1. R1WO0
bl RXNE ISR.RXNE flag clear bit Write 0 to clear ISR.RXNE flag, read as 1. R1WO0
b0 TXE ISR.TXE clear bit Writing 0 sets the ISR.TXE flag to 1 and reading it to 1. R1IWO

8.5.8 SPI Data Register (SPI_DR)
Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Res

b15 b1l4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

DR
Read
Bit Marking Place name Function and
write
b31~bl6 Res Reserved bit Reserved, must remain at reset value
b15~b0 DR SP| data bits When sending data, write the data to be sent into this register RW

When receiving data, read the received data from this register
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9 Clock Trim Module (CTRIM)

9.1 Overview

When the module works in calibration mode, it can automatically calibrate the output frequency of

RCH/RCL in real time, so that the accuracy of RCH/RCL output frequency is no longer affected by

environmental changes. When the module works in timer mode, it has general timing function and

can still work normally under DeepSleep.

9.2 Main characteristics

Calibration mode: support RCH/RCL automatic real-time calibration / single calibration
Calibration mode: multiple calibration steps, quickly approaching the target

Timing mode: can work in DeepSleep mode

Timing mode: support automatic wake-up, the cycle is about 60us ~ 65536s (at 32.768KHz
frequency)

Timing mode: 5 clock sources to choose from

Timing Mode: Toggle Output

9.3 Functional description

9.3.1 RCH clock calibration mode

When configuring CTRIM.CR1.MD as 0x00, the module works in RCH calibration mode. This mode
can automatically calibrate the output frequency of the RCH in real time, so that the accuracy of

the RCH output frequency is no longer affected by environmental changes.

RCH clock calibration is shown below.

CRO.SRC
CRO.ETRFLT CR1.PRS
Y
< ETR
A S RCLK
%» " /2,..../32768 | GCLK DR
oK
“RCH . SN Y VAR
Calibration E
Logic PS
RCHOSC | TCLK ¢ _END .
———————————————— . ub
Trim Code

Figure 9-1 RCH clock calibration working block diagram

When calibrating RCH, it is necessary to provide an accurate low-frequency clock signal to the

module, and the clock source can be selected through CTRIM_CRO.SRC. Note that the frequency of
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the low-frequency clock signal should be less than 1/2 of the RCH frequency. The low-frequency
clock signal generates GCLK after the frequency division output set by CTRIM_CR1.PRS, and GCLK
is used as the input of the calibration logic unit.

When the automatic calibration starts to work, the error counter counts down the TCLK signal (RCH
oscillation frequency) from CTRIM.ARR in each GCLK cycle, and counts down with the value set by
CTRIM_CRO.STEP as the initial step amount, and counts to 0. Start counting up.

If the count value of the error counter in the GCLK cycle is less than or equal to the value of the
CTRIM_FLIM register, then set CTRIM_ISR.OK to indicate that the RCH output frequency has reached
the expectation, and set CTRIM_ISR.END;

If the count value of the error counter in the GCLK cycle is greater than the value of the CTRIM_FLIM
register, the Trim Code of the RCH will be automatically adjusted and the next round of counting
will be performed. The automatic adjustment rule is: at the end of each GCLK cycle, if the counting
direction is down counting, then increase the step amount for the Trim Code of RCH; if the counting
mode is up counting, then decrease the step amount for the RCH Trim Code.

The calibration logic will automatically adjust the value of the step to achieve the frequency of the
RCH output approaching the target value successively. When the step size is adjusted to 1, set
CTRIM_ISR.END to mark the end of automatic calibration.

When the error counter counts down to zero, generate a UD (underflow) event and set
CTRIM_ISR.UD; when the error counter counts up to CTRIM_ARR, stop counting and generate a MISS
event, set CTRIM_ISR.MISS. Whenever the rising edge of GCLK arrives, the error counter starts
counting again.

After a single calibration is completed, the user needs to write CTRIM TVAL[8:0] to the
SYSCTRL_RCHTRIM register and close the calibration module as required.

9.3.2 RCL clock calibration mode

When configuring CTRIM.CR1.MD as 0x01, the module works in RCL calibration mode. This mode
can automatically calibrate the output frequency of RCL in real time, so that the accuracy of RCL
output frequency will no longer be affected by environmental changes.

RCL clock calibration is shown below.
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CRO.SRC
CRO.ETRFLT
Ny
ETR
N
N FLT |
PCLK TCLK
RCL g DIR
_RCH | oK
CR1.PRS Calibration ov
i MISS
Logic PS
RCL 0SC RCLK, /2,...... 132768 | GeK_ | END |
,,,,,,,,,,,,,,,, ub
Trim Code

Figure 9-2 RCL clock calibration working block diagram

When calibrating RCL, it is necessary to provide an accurate high-frequency clock signal to the
module, and the clock source can be selected through CTRIM_CRO.SRC. This clock source is input
to the calibration logic as TCLK.

When the automatic calibration starts to work, the error counter counts down the TCLK clock signal
starting from CTRIM.ARR in each GCLK (the RCL oscillation frequency after frequency division) and
taking the value set by CTRIM_CRO.STEP as the initial step amount. , start counting up after
counting to 0.

If the count value of the error counter in the GCLK period is less than or equal to the value of the
CTRIM_FLIM register, then set CTRIM_ISR.OK to indicate that the RCL output frequency has reached
the expectation, and set CTRIM_ISR.END;

If the count value of the error counter in the GCLK cycle is greater than the value of the CTRIM_FLIM
register, the Trim Code of the RCL will be automatically adjusted and the next round of counting will
be performed. The automatic adjustment rule is: at the end of each GCLK cycle, if the counting
direction is down counting, the step amount is reduced for the Trim Code of RCL; if the counting
mode is up counting, the step amount is increased for the RCL Trim Code.

The calibration logic will automatically adjust the value of the step to achieve the frequency of the
RCL output approaching the target value successively. When the step size is adjusted to 1, set
CTRIM_ISR.END to mark the end of automatic calibration.

When the error counter counts down to zero, generate a UD (underflow) event and set
CTRIM_ISR.UD; when the error counter counts up to CTRIM_ARR, stop counting and generate a MISS
event, set CTRIM_ISR.MISS. Whenever the rising edge of GCLK arrives, the error counter starts
counting again.

After a single calibration is complete, write CTRIM_TVAL[8:0] to the SYSCTRL_RCLTRIM[8:0] register
and turn off the calibration module as needed.

HC32F420SeriesReferenceManual_Rev1.30 148/403


https://www.xhsc.com.cn/

HSCh#%S
Xl‘l {o%f"’@s www.xhsc.com.cn

Note: SYSCTRL_RCLTRIM[9] is the frequency selection bit and should remain unchanged.
9.3.3 Low Power Timer Mode

When CTRIM.CR1.MD is configured as 0x02 or 0x03, the module works in general low-power timer
mode. In this mode, CTIRM has the timing and interrupt functions of a general-purpose timer. If the
timer clock is selected as RCL, it can work normally in DeepSleep, supports automatic wake-up, and
the cycle is 60us ~ 65536s. The operation block diagram of the general-purpose low-power timer
is shown below.

CRO.SRC
CRO.ETRFLT CR1.PRS ARR

Ny

- ETR
X ] RCLK CNT
_PaK | [LRAK /32768 | TCLK :
“RCL 16bit
RCH

—>

~UD

Figure 9-3 Low Power Timer Working Block Diagram

The timer count value is counted down from ARR. When the count reaches 0, a UD (underflow)
event is generated and CTRIM_ISR.UD is set. If the interrupt (CTRIM_IER.UD) is enabled, a UD
(underflow) interrupt will be generated. The counting cycle is ARR+1.

TOG output level flips once every time the timer overflows; the user can output the TOG signal to
the pin through the port multiplexing function of the GPIO to drive an external circuit. Note: TOG
output is not available when using external ETR input.

9.4 Software operation process

9.4.1 RCH Clock Automatic Calibration Example

Stepl. According to the port multiplexing function, configure the function of the
corresponding port as CTRIM_ETRTOG, and provide it with a 1KHz square wave;

Step2. Set CTRIM_CR1.MD to 0, select RCH clock calibration mode;
Step3. Set CTRIM_CRO.SRC to 0, and the external ETR pin input signal is used as RCLK;
Step4. Set CTRIM _CR1.PRS to 1, divide RCLK by 2, and GCLK frequency is 500Hz;

Step5. Configure CTRIM_ARR to 47999, and the target count value in a GCLK count cycle is
48000;

Note: RCH target calibration value is 24MHz, GCLK frequency is 500Hz,

The theoretical counting value of the error counter to the RCH output frequency within
0.5s (500Hz) = 24M/ 500 = 48000,
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9.4.2

Step6.

Step7.
Step8.
Step9.

Stepl0.

That is, CTRIM_ARR=48000-1=47999;

Set CTRIM_FLIM to 240, select RCH correction accuracy to 0.5%;

Note: 48000 * 0.005=240.

Set CTRIM_CRO.STEP to 4, and select the initial calibration step to be 16;
Set CTRIM_CR1.AUTO to 1 to enable automatic calibration;

Set CTRIM_CRL1.EN to 1 to start clock calibration;

Wait for CTRIM_ISR.END to be 1, and the automatic calibration is completed.

Note: Query CTRIM ISR.OK to determine whether the accuracy meets the setting
requirements when Trim is completed.

RCL Clock Automatic Calibration Example

Stepl.

Step2.
Step3.

Step4.

Stepb.

Step6.

Step7.
Step8.
Step9.

Stepl0.

According to the port multiplexing function, configure the function of the
corresponding port as CTRIM_ETRTOG, and provide it with a 1MHz square wave;

Set CTRIM_CR1.MD to 1, select RCL clock calibration mode;
Set CTRIM_CRO.SRC to 0, and the external ETR pin input signal is TCLK;

Set CTRIM_CR1.PRS to 0x0A, divide RCLK (RCL output frequency 32.768KHz) by 1024,
and GCLK target frequency is 32Hz;

Configure CTRIM_ARR to 31249, and the target count value in a GCLK count cycle is
31250;

Note: RCL target calibration value is 32.768KHz, GCLK frequency is 32Hz,

The theoretical count value of the error counter to TCLK (1MHz) within 31.25ms (32Hz)
= 1M/ 32 = 31250,

That is, CTRIM_ARR=31250-1=31249;

Set CTRIM_FLIM to 156, select RCL correction accuracy to 0.5%;

Note: 31250 * 0.005 = 156.

Set CTRIM_CRO.STEP to 4, and select the initial calibration step to be 16;
Set CTRIM_CR1.AUTO to 1 to enable automatic calibration;

Set CTRIM_CR1.EN to 1 to start clock calibration;

Wait for CTRIM_ISR.END to be 1, and the automatic calibration is completed.

Note: Query CTRIM_ISR.OK to determine whether the accuracy meets the setting
requirements when Trim is completed.
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9.5 Register description

9.5.1 Register list

Base address: 0x4000 8000

Table 9-1 CTRIM register list

Register name Offset address Reset value
Autoload Register (CTRIM_ARR) 0x00 0x0000 FFFF
Error Counter Register (CTRIM_CNT) 0x04 0x0000 0000
Control Register 0 (CTRIM_CRO) 0x0C 0x0000 0000
Control Register 1 (CTRIM_CR1) 0x10 0x0000 0000
Interrupt Enable Register (CTRIM_IER) 0x14 0x0000 0000
Interrupt and Status Register (CTRIM_ISR) 0x18 0x0000 0000
Interrupt Flag Clear Register (CTRIM_ICR) 0x1C 0x0000 003F
Error Result Register (CTRIM_FCAP) 0x20 0x0000 FFFF
TRIM result register (CTRIM_TVAL) 0x24 0x0000 0100
Error Upper Limit Register (CTRIM_FLIM) 0x28 0x0000 0010
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9.5.2 Autoload Register (CTRIM_ARR)

Reset value: 0x0000 FFFF

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

ARR
Read
Bit Marking Place name Function and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
b15~b0 ARR Error counter reload value Error counter reload value RW

9.5.3 Error Counter Register (CTRIM_CNT)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6

Res

b15 b1l4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

CNT
Read
Bit Marking Place name Function and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
b15~b0 CNT Error counter count value Error counter count value RO
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9.5.4 Control Register 0 (CTRIM_CRO)

Reset value: 0x0000 0000

b31

b30 b29

b28 b27 b26 b25

b24 b23 b22 b21 b20

b19

b18 b17 b1l6

Res

b15

b14 b13

b12 b1l b10 b9

b8 b7 b6 b5 b4

b3

b2 bl b0

Res

SRC

Res ETRFLT

Res

STEP

Bit

Marking

Place name

Function

Read
and
write

b31~bll

Res

Reserved bit

Reserved, must remain at reset value

b10~b8

SRC

Clock source selection

000: ETR
001: XTH
010: reserved
011: PCLK
100: RCL
101: RCH
110: reserved
111: reserved

RW

b7

Res

Reserved bit

Reserved, must remain at reset value

b6~b4

ETRFLT

External input pin (ETR) filter
configuration

000: no filtering

001: Fsample = PCLK,
010: Fsample = PCLK,
011: Fsample = PCLK,
100: Fsample = PCLK/4,
101: Fsample = PCLK/4,
110: Fsample = PCLK/8,
111: Fsample = PCLK/8,

2222222
W mwnnn
OO, ORAN

RW

b3

Res

Reserved bit

Reserved, must remain at reset value

b2~b0

STEP

TRIM initial step configuration

000: 0x10 100: 0x10
001: 0x02 101: 0x20
010: 0x04 110: 0x40
011: 0x08 111: 0x80

RW

Note: This register can only be changed when EN is 0.
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9.5.5 Control Register 1 (CTRIM_CR1)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res 0ST PRS AT MD EN
Read
Bit Marking Place name Function and
write
b31~b9 Res Reserved bit Reserved, must remain at reset value
) . ' . 0: real-time calibration mode, the TRIM process continues
b8 OosT Calibration Mode Configuration 1: One-shot calibration mode, end when STEP becomes 1 RW
0000: Reserved, not configurable 1000: 256 frequency division
0001: 2 frequency division 1001: 512 frequency division
0010: 4 frequency division 1010: 1024 frequency division
b7~ba PRS Reference Clock Prescaler 0011: 8 frequency division 1011: 2048 frequency division RW
Configuration 0100: 16 frequency division 1100: 4096 frequency division
0101: 32 frequency division 1101: 8192 frequency division
0110: 64 frequency division 1110: 16384 frequency division
0111: 128 frequency division 1111: 32768 frequency division
RCH/RCL auto- TRIM enable 1: Enable
b3 AUTO configuration 0: Prohibited RW
00: RCH calibration mode, CR0.SRC needs to select a low-speed
precision clock
b2~b1l MD Working mode configuration 01: RCL calibration mode, CR0.SRC needs to select high-speed RW
and precise clock
1x: Timer mode
' 1: Enable
b0 EN Timer Enable Control 0: Prohibited RW
9.5.6 Interrupt Enable Register (CTRIM_IER)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res OK ov MISS PS END ub
Read
Bit Marking Place name Function and
write
b31~b6 Res Reserved bit Reserved, must remain at reset value
Auto Trim results in range interrupt enable 1: Enable
b5 oK configuration 0: Prohibited RW
. . ' . 1: Enable
b4 ov TrimCode overflow interrupt enable configuration 0: Prohibited RW
. . ) . 1: Enable
b3 MISS Count failure interrupt enable configuration 0: Prohibited RW
b2 PS GCLK reference clock rising edge interrupt enable 1: Enable RW
configuration 0: Prohibited
bl END Auto Trim End Interrupt Enable Configuration 1: Enable RW
P 9 0: Prohibited
Error Counter Underflow Interrupt Enable 1: Enable
b0 ub Configuration 0: Prohibited RW
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9.5.7

Interrupt and Status Register (CTRIM_ISR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res DIR OK ov MISS PS END ub
Read
Bit Marking Place name Function and
write
b31~b7 Res Reserved bit Reserved, must remain at reset value
0: Counting up, RCH output frequency is higher than the target
b6 DIR Error counter counting frequency, RCL output frequency is lower than the target frequency RO
direction 1: count down, RCH output frequency is lower than the target frequency,
RCL output frequency is higher than the target frequency
1: When Trim is completed, the accuracy meets the requirements of
b5 oK Trim precision mark FLIM RO
0: Accuracy does not meet FLIM requirements when Trim is completed
. 1: TrimCode of RCH/RCL has been adjusted to 0x000 or Ox1FF
b4 ov TrimCode overflowflag o imcode of RCH/RCL is not 0x000 or OXLFF RO
. 1: The error counter has counted up to ARR during one cycle of GCLK
b3 MISS Count failure flag 0: The error counter does not count up to ARR during one cycle of GCLK RO
b2 PS GCLK reference clock 1: GCLK reference clock rising edge detected RO
rising edge flag 0: GCLK reference clock rising edge not detected
. 1: Auto Trim is over
bl END Auto Trim End Flag 0: Auto Trim is in progress RO
bo ub Error Counter Underflow 1: The error counter has counted to 0 RO
Flag 0: The error counter has not counted to 0
9.5.8 Interrupt Status Clear Register (CTRIM_ICR)
Reset value: 0x0000 003F
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res oK ov MISS PS END ub
Read
Bit Marking Place name Function and
write
b31~b6 Res Reserved bit Reserved, must remain at reset value
b5 OK Clear the OK flag Write 0 to clear the calibration success OK flag R1IWO
b4 ov Clear the OV flag bit Write 0 to clear the TrimCode overflow flag R1IWO
b3 MISS Clear the MISS flag bit Write 0 to clear count failure flag R1IWO
b2 PS Clear the PS flag bit \f/l\larlgte 0 to clear the GCLK reference clock rising edge RIWO
bl END Clear the END flag bit Write 0 to clear auto- trim end flag R1IWO
b0 ub Clear the UD flag bit Write 0 to clear the error counter underflow flag R1IWO
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9.5.9 Error Result Register (CTRIM_FCAP)

Reset value: 0x0000 FFFF

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

FCAP
Read
Bit Marking Place name Function and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
Frequency error capture value
b15~b0 FCAP Frequency error capture Note: RO

value 1) At the end of each GCLK cycle, the count value of the automatic capture

error counter is stored in the FCAP register

9.5.10 TRIM result register (CTRIM_TVAL)

Reset value: 0x0000 0100

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6

Res

b15 b1l4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

TVAL
Read
Bit Marking Place name Function and
write
b31~b16  Res Reserved bit Reserved, must remain at reset value
Auto TRIM results
Note:
b15~b0 TVAL Auto TRIM results 1) After the end of automatic TRIM, the value of TVAL needs to be RO

written into the corresponding TRIM register
2) If the software reads during the TRIM process, it needs to be read
twice to be the same valid
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9.5.11 Error Upper Limit Register (CTRIM_FLIM)

Reset value: 0x0000 0010

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res FLIM
Read
Bit Marking Place name Function anq
write
b31~b8 Res Reserved bit Reserved, must remain at reset value
b7~b0 FLIM Error tolerance Error tolerance RW

HC32F420SeriesReferenceManual_Rev1.30

157/403


https://www.xhsc.com.cn/

HSCh#%S
Xl‘l {o%f"’@s www.xhsc.com.cn

10 FLASH Controller (FLASH)

10.10verview

This system includes a FLASH memory with a capacity of 128K bytes (Byte), which is divided into
256 pages (Sector) in total, and the capacity of each page (Sector) is 512 bytes (Byte).

This controller supports erasing, programming and reading operations on FLASH memory. The read
and write bit widths supported by this controller are half-word (16 bits) and word (32 bits). Note:
The target address of the half-word operation must be half-word aligned (the lowest bit of the
address is 0), and the address of the word operation must be word-aligned (the lowest two bits of
the address are both 0). If the target address is not aligned according to the bit width, the operation
is invalid and the CPU will enter the Hard Fault interrupt.

10.2Capacity division

FLASH capacity supported by this controller is 128KB, and the capacity of each page (Secotr) is 512
bytes (Byte), and its composition is shown below.

Table 10-1 FLASH capacity division

Address Serial number Address Serial number
0x00000 - 0x001FF SectorO | ...l

0x00200 - 0x003FF Sectorl 0x1F000 - Ox1F1FF Sector248
0x00400 - 0x005FF Sector2 0x1F200 - Ox1F3FF Sector249
0x00600 - 0x007FF Sector3 0x1F400 - Ox1F5FF Sector250
0x00800 - 0x009FF Sectord 0x1F600 - Ox1F7FF Sector251
0x00A00 - 0x00BFF Sector5 0x1F800 - Ox1F9FF Sector252
0x00C00 - 0xO0DFF Sectorb O0x1FAOO - Ox1FBFF Sector253
0x00EOQO - Ox00FFF Sector7 0x1FCOO0 - Ox1FDFF Sector254
............ Ox1FEOO - Ox1FFFF Sector255

10.3Read wait period

The fastest instruction fetch frequency supported by the built-in FLASH of this device is 24MHz, so
when the CPU frequency (HCLK) is greater than 24MHz, the CPU must insert a wait cycle (set
FLASH WAIT greater than 0) to fetch instructions from the FLASH. When FLASH WAIT is equal to 1,
every two HCLKs can complete a FLASH fetch operation.
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10.4FLASH operation (read, write, erase)

10.4.1 Page Erase (Sector Erase)

Sector) specified by the user at a time. After the erase operation is completed, the data in the page

(Sector) are all OxFF. If the erase operation is performed from FLASH, the CPU will stop fetching

instructions,

and the hardware will automatically wait for the operation to complete

(FLASH_IFR.BUSY becomes 0); if the erase operation is performed from RAM, the CPU will not stop
fetching means, user software should wait for the operation to complete (FLASH_IFR.BUSY becomes

0).

Sector erase operation steps are as follows:

Stepl.

Step2.
Step3.

Step4.

Step5.

Stepb6.

Step7.

Step8.

Step9.

Stepl0.

Stepll.

Stepl2.

Write Ox5A5A and O0xA5A5 to the FLASH BYPASS register in sequence to enable
register rewriting;

Configure FLASH_CR.OP to 2, and set the Flash operation mode to Sector Erase;
Check if FLASH _CR.OP is 2, if not, jump to Stepl;

Write Ox5A5A and 0xA5A5 to the FLASH_BYPASS register in sequence to enable
register rewriting;

Set the corresponding bit of FLASH_SLOCKx to 1 to remove the erase protection of
the Sector;

Check whether the corresponding bit of FLASH_SLOCKXx is 1, if not 1, jump to Step4;

Write arbitrary data to any address in the Sector to be erased, triggering Sector

erasure;
Example: *((unsigned int *)0x0000 0200) = 0x0000 0000.
Wait for FLASH_IFR.BUSY to become 0, and the Sector erase operation is completed;

To erase other sectors, repeat Step4 - Step8. If the erasure is completed, jump to
Stepl0;

Write 0x5A5A and 0xA5A5 successively to the FLASH BYPASS register to enable
register rewriting;

Configure FLASH_CR.OP to 0 and set the Flash operation mode to read;

Check whether FLASH CR.OP is 0. If it is not O, jump to SteplO; If it is 0, end the
operation.
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10.4.2 Full Chip Erase (Chip Erase)

Full chip erase can erase all pages (Sector) at one time. After the erase operation is completed, the
data in all pages (Sector) are OxFF. If the erase operation is performed from FLASH, the operation
will be prohibited and the corresponding error flag will be set; if the erase operation is performed
from RAM, the CPU will not stop fetching instructions, and the user software should wait The
operation completes (FLASH_IFR.BUSY becomes 0).

Chip erase operation steps are as follows:

Stepl. Write Ox5A5A and O0xA5A5 to the FLASH BYPASS register in sequence to enable
register rewriting;

Step2. Configure FLASH CR.OP to 3, set the Flash operation mode to Chip erase;
Step3. Check whether FLASH_CR.OP is 3, if not, jump to Stepl;

Step4. Write OX5A5A and OxA5A5 to the FLASH BYPASS register in sequence to enable
register rewriting;

Step5. Set FLASH SLOCKx to OxFFFF FFFF to remove the erase protection of all Sectors;
Step6. Check whether FLASH_SLOCKX is OxFFFF FFFF, if not OXFFFF FFFF, jump to Step4;
Step7. Write any address in the Chip to be erased to trigger Chip erasure;

Example: * ((unsigned int *) 0x0000 0000) = 0x00.
Step8. Wait for FLASH_IFR.BUSY to become 0, and the Chip erase operation is completed;

Step9. Write 0x5A5A and OxA5A5 successively to the FLASH BYPASS register to enable
register rewriting;

Stepl0. Configure FLASH_CR.OP to 0 and set the Flash operation mode to read;

Stepll. Check whether FLASH CR.OP is 0. If it is not 0, jump to SteplO0; If it is 0, end the
operation.

10.4.3 Write operation (Program)

The write operation can only change the bit data in FLASH from 1 to 0, so before writing data, make
sure that the data in the address to be written is OxFF. Support writing 2 kinds of data length: Half-
word(16bits), Word(32bits), the written data is stored in FLASH in little endian mode, that is, the
low byte of the data is stored in the low address. If the write operation is executed from FLASH, the
CPU will stop fetching instructions, and the hardware will automatically wait for the operation to
complete (FLASH_IFR. BUSY becomes 0); if the write operation is executed from RAM, the CPU will
not stop fetching instructions, and the user Software should wait for the operation to complete
(FLASH_IFR.BUSY goes to 0).
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Half-word write operation steps are as follows:

Stepl.

Step2.
Step3.

Step4.

Step5.
Stepb6.

Step7.

Step8.

Step9.

Stepl0.

Stepll.

Stepl2.

Write Ox5A5A and OxA5A5 to the FLASH BYPASS register in sequence to enable
register rewriting;

Configure FLASH_CR.OP to 1, set the Flash operation mode to write;
Check if FLASH CR.OP is 1, if it is not 1, jump to Stepl;

Write Ox5A5A and 0xA5A5 to the FLASH BYPASS register in sequence to enable
register rewriting;

Set the corresponding bit of FLASH SLOCKx to 1 to remove the erase protection;
Check whether the corresponding bit of FLASH_SLOCKXx is 1, if not 1, jump to Step4;

Perform a Half-word write operation on the target address to be written to trigger the
write operation;

Example: * ((unsigned short int *) 0x0000 1232) = 0xABCD.
Wait for FLASH_IFR.BUSY to become 0, and the write operation is completed,;

To write Half-word to other addresses, repeat Step7 - Step8. If the writing is completed,
jump to Stepl0;

Write Ox5A5A and 0xA5A5 successively to the FLASH BYPASS register to enable
register rewriting;

Configure FLASH_CR.OP to 0 and set the Flash operation mode to read;

Check whether FLASH CR.OP is 0. If it is not O, jump to SteplO; If it is O, end the
operation.

Word write operation steps are as follows:

Stepl.

Step2.
Step3.

Step4.

Step5.
Step6.

Step7.

Write 0x5A5A and 0xA5A5 to the FLASH BYPASS register in sequence to enable
register rewriting;

Configure FLASH_CR.OP to 1, set the Flash operation mode to write;
Check if FLASH_CR.OP is 1, if it is not 1, jump to Stepl;

Write 0x5A5A and O0xA5A5 to the FLASH BYPASS register in sequence to enable
register rewriting;

Set the corresponding bit of FLASH_SLOCK to 1 to remove the erase protection;
Check whether the corresponding bit of FLASH_SLOCK is 1, if itis not 1, jump to Step4;

Perform a Word write operation on the target address to be written to trigger the write
operation;
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Example: * ((unsigned int *) 0x0000 1234) = 0x5566 7788.

Step8. Wait for FLASH_IFR.BUSY to become 0, and the write operation is completed;

Step9. If you need to write Word to other addresses, repeat Step7 - Step8. If the writing is
completed, jump to SteplO;

Stepl0. Write Ox5A5A and OxA5A5 successively to the FLASH BYPASS register to enable

register rewriting;
Stepll. Configure FLASH CR.OP to 0 and set the Flash operation mode to read;

Stepl2. Check whether FLASH CR.OP is 0. If it is not 0, jump to SteplO; If it is 0, end the

operation.
10.4.4 Read operation (Read)

Support to read 3 kinds of data length: Byte(8bits), Half-word(16bits), Word(32bits), the read data
is little-endian mode, that is, the low byte of the data is stored in the low address. the data in the
FLASH can be read at any time.

example:

Byte read operation: temp = *((unsigned char *)0x0000 1231)
Half-word read operation temp = *((unsigned short int *)0x0000 1232)
Word read operation temp = *((unsigned int *)0x0000 1234)

10.4.5 Cache function

Support the cache function of data and instructions. If the system operating frequency is greater
than 24M and the wait cycle FLASH_WAIT is greater than 0, enabling the cache instruction and data
cache function will improve system performance.

Note: For FLASH erase and write operations, the cache must be turned off.

HC32F420SeriesReferenceManual_Rev1.30 162/403


https://www.xhsc.com.cn/

HSCh#%S
Xl‘l {o%f"’@s www.xhsc.com.cn

10.5FLASH security protection

10.5.1 Page Erase Protection

FLASH memory has a total of 128K bytes, which is divided into 256 pages, and every 4 pages share
an erase and write protection bit. When the page is protected, the erasing and writing operations
on the page are invalid and an alarm flag and interrupt signal are generated. When any page in the
FLASH memory is protected, the whole-chip erasing of the FLASH is invalid, and an alarm flag and
an interrupt signal are generated.

10.5.2 PC address erase and write protection

If the CPU executes the program in FLASH and the current PC pointer just falls within the address
range of the page to be erased, then the erase operation is invalid and an alarm flag and an
interrupt signal are generated. Based on this feature, only when the code is executed from RAM,
can chip erase operation be performed on FLASH.

10.5.3 Register write protection

The important controller of this module shields ordinary write operations, and must be modified by
writing sequence.

Registers that require a write sequence to be changed are as follows:

FLASH CR, FLASH SLOCKx, FLASH WAIT, FLASH CACHE.

Registers that can be changed without a write sequence are as follows:

FLASH ICLR, FLASH BYPASS.

The specific operation steps to modify the register value by writing sequence are as follows:
Stepl. Write Ox5A5A to the FLASH_BYPASS register;
Step2. Write OXA5A5 to the FLASH_BYPASS register;
Step3. Write the target value to the register to be modified;

Step4. Verify whether the current value of the register to be modified is the same as the
target, if not, jump to Stepl;

Step5. Perform other operations.

Note:

— Do not insert any write operation between the two steps of writing 0x5A5A and writing
0xA5A5, otherwise the value of the target register cannot be rewritten. If rewriting fails,
you need to perform these three steps again.
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10.5.4 Data Readout Protection

The chip's built-in FLASH supports 4 -level read protection, and the current protection level can be
read through the FLASH_LOCKSTATE register. When programming the chip with a programmer, the
read protection level of FLASH can be configured.

The functions of the chip under each protection level are shown in the table below.

Table 10-2 Chip Protection Level Table

Protection ] -
level Chip function

Level0 FLASH can be read and written through ISP and SWD
Levell Data cannot be read

be downgraded to LevelO through ISP and SWD. After downgrading, the FLASH content is all FF
Data cannot be read

Level2 be downgraded to LevelO through ISP. After downgrading, the FLASH content is all FF

The SWD interface is disabled and the data cannot be read out

Data cannot be read

the ISP and SWD interfaces are prohibited, that is, the chip can only be programmed once

Level3
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10.6Register description

10.6.1 Register list

Base address: 0x4002 1400

Table 10-3 FLASH register list

Register name

Offset address

Reset value

Register(FLASH SLOCK1)

Control Register(FLASH_CR) 0x00 0x0080 (high 16 bits reserved)
Wait period setting(FLASH_WAIT) 0x04 0x0000 (upper 16 bits reserved)
LOCK status register(FLASH_LOCKSTATE) 0x08 0x0000 (upper 16 bits reserved)
CACHE control register(FLASH_CACHE) 0x0C 0x0000 (upper 16 bits reserved)
Interrupt Enable Register(FLASH_IER) 0x10 0x0000 (upper 16 bits reserved)
Interrupt Flag Register(FLASH_IFR) 0x14 0x000F (upper 16 bits reserved)
Interrupt Flag Clear Register(FLASH_ICR) 0x18 0x0000 (upper 16 bits reserved)
Bypass sequence register(FLASH_BYPASS) 0x1C 0x0000 (upper 16 bits reserved)
Sector Erase and Write Protection 0x34 0x0000 0000
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10.6.2 Control Register (FLASH_CR)

Reset value: 0x0080

b15 b1l4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
DPSTB
Res EN Res OoP
Read
Bit Marking Place name Function and
write
b15~b8 Res Reserved bit Reserved, must remain at reset value
0: When the system enters deepsleep mode, FLASH does not enter low
FLASH dpstb enable Mask  power consumption mode;
b7 DPSTB_EN bit 1: When the system enters deepsleep mode, FLASH enters low power RW
consumption mode;
b6~b2 Res Reserved bit Reserved, must remain at reset value
00: read(read); 01: write(program);
_ . 10: page erase(sector erase); 11: full chip erase(chip erase)
b1~b0 op FLASH operation Note: After the software performs an erase or write operation on the RW
Flash, the control bit of FLASH CR.OP needs to be reset to 0.
10.6.3 Wait period setting (FLASH_WAIT)
Reset value: 0x0000
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res WAIT
Read
Bit Marking ~ Place name Function and
write
b15~b4  Res Reserved bit Reserved, must remain at reset value
0~24MHz: 0000, 1 cycle;
24~48MHz: 0001: 2 cycles;
_ Read FLASH cycle 48~72MHz: 0010: 3 cycles;
b3~b0 WA\ imber 72~96MHz: 0011: 4 cycles; RW
It is forbidden to set other values (The highest clock of this series of products
is 84MHz)
10.6.4 LOCK status register (FLASH_LOCKSTATE)
Reset value: 0x0000
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res STATE
Read
Bit Marking  Place name Function and
write
b15~b2 Res Reserved bit Reserved, must remain at reset value
00: LevelO, ISP can read and write, SWD can read and write
01: Levell, ISP can be downgraded, SWD can be downgraded; data cannot
_ FLASH protection be read out
b1~b0 STATE status 10: Level2, ISP can be downgraded, SWD has no function; data cannot be RO
read out
11: Level3, ISP has no function, SWD has no function; data cannot be read out
166/403
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10.6.5 CACHE control register (FLASH_CACHE)

Reset value: 0x0000

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

INVA
Res LID DEN IEN

Read

Bit Marking Place name Function and
write

b15~b3  Res Reserved bit Reserved, must remain at reset value

b2 INVALID cache reset Write 1 first, then write 0 to realize cache reset RW

1: enable data cache
bl DEN date cache enable 0: close the data cache RW
b0 IEN instruction cache enable 1: enable instruction cache RW

0: Close instruction cache

10.6.6 Interrupt Enable Register (FLASH_IER)
Reset value: 0x0000

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res PROT PC
Read
Bit Marking Place name Function and
write
b15~b2  Res Reserved bit Reserved, must remain at reset value
b1 PROT FLASH erasing protection alarm 1: enable FLASH erasing protection alarm interrupt RW
interrupt enable 0: disable FLASH erasing protection alarm interrupt
bo PC FLASH erase PC address alarm 1:enable FLASH erase PC address alarm interrupt RW
interrupt enable 0: Disable FLASH erasing and writing PC address alarm interrupt

10.6.7 Interrupt Flag Register (FLASH_IFR)
Reset value: 0x0000

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res BUSY Res PROT PC
Read
Bit Marking Place name Function and
write
b15~b5 Res Reserved bit Reserved, must remain at reset value
1: The FLASH bus is currently busy
b4 BUSY FLASH bus busy flag 0: FLASH bus is currently idle RO
b3~b2 Res Reserved bit Reserved, must remain at reset value
b1 PROT FLASH erasing protection alarm 1: FLASH erasing protection alarm interrupt occurs RO
interrupt flag bit 0: FLASH erasing protection alarm interrupt does not occur
b0 PC FLASH erase PC address alarm 1: FLASH erasing and writing PC address alarm interrupt RO
interrupt flag bit 0: No FLASH erasing and writing PC address alarm interrupt
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10.6.8 Interrupt Flag Clear Register (FLASH_ICR)

Reset value: 0x000F

b15 b1l4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res PROT PC
Read
Bit Marking Place name Function and
write
b15~b2 Res Reserved bit Reserved, must remain at reset value
Clear protection alarm interrupt 1:Invalid
bl PROT flag bit 0: clear RIWO
Clear the PC address alarm 1l:Invalid
b0 PC interrupt flag bit 0: clear RIWO

10.6.9 Bypass sequence register (FLASH_BYPASS)

Reset value: 0x0000

b15 b1l4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

BYSEQ

Read

Bit Marking Place name Function and
write

Before modifying the registers of this module, the 0x5a5a-0xa5a5 sequence must
Bypass sequence be written to the BYSEQ[15:0] register. each write to the Bypass sequence, the RW
bit register can only be modified once. If you need to modify the register again, you

must enter the 0x5a5a-0xa5a5 sequence again.

b15~b0  BYSEQ

10.6.10 Sector Erase and Write Protection Register (FLASH_SLOCKO)
Reset value: 0x00000000 (Peripheral reset is invalid)

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6

SLOCK[31:16]

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

SLOCK[15:0]

Read
Bit Marking Place name Function and
write
0: Erase and write not allowed; 1: Erase and write allowed
Bit[0] corresponds to: Sector0~3
Bit [1] corresponds to: Sectord~7
Sector erase  Bit [2] corresponds to: Sector8~11 RW

b31~b0  SLOCK protection bit Bit [3] corresponds to: Sector12~15

B|t[30] corresponds to: Sector120~123
Bit [31] corresponds to: Sectorl24~127
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10.6.11 Sector Erase and Write Protection Register (FLASH_SLOCK1)
Reset value: 0x00000000 (Peripheral reset is invalid)

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

SLOCK[31:16]

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

SLOCK[15:0]

Read
Bit Marking Place name Function and
write
0: Erase and write not allowed; 1: Erase and write allowed
Bit[0] corresponds to: Sector128~131
Bit[1] corresponds to: Sectorl132~135
b31~b0  SLOCK Sector €ra5€ " Bit[2] corresponds to: Sectorl36~139 RW

protection bit

Bit[30] corresponds to: Sector248~251
Bit[31] corresponds to: Sector252~255
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11 RAM Controller (RAM)

11.10verview

This product contains a piece of SRAM with a starting address of 0x0x2000_0000 and a capacity of
up to 24K bytes (Byte), which supports three read and write operations of byte (8 bits), half word
(16 bits), and word (32 bits), zero wait cycle.

11.2Functional description

11.2.1 RAM address range

RAM in the system map is shown in the table below:

Table 11-1 RAM Address Mapping

Address range Size Memory type
0x2000 0000 - 0x2000 1FFF 8KByte
0x2000 0000 - 0x2000 3FFF 16KByte SRAM
0x2000 0000 - 0x2000 5FFF 24KByte
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12 DMA Controller (DMAC)

12.1introduction to DMAC

Direct memory access (DMA) is used to provide high-speed data transmission between peripherals
and memory or between memory and memory. The CPU does not need to participate in the
transmission process, so the CPU can perform other operations synchronously. DMAC has 6
independent DMA channels, each channel is used to manage requests from peripheral hardware or
memory access, and an arbiter is used to coordinate the priority of each DMA request.

12.2DMAC main characteristics

6 independent DMA channels, support priority configuration

3 data transfer widths: 8-bit, 16-bit, 32-bit

4 transmission modes: Software Block, Software Burst, Hardware Block, Hardware Burst
2 source address types: peripheral, memory

2 target address types: peripheral, memory

2 address change modes: fixed, auto-increment

Transmission address addressing range: 0x0000 0000 ~ OxFFFF FFFF

The number of data blocks to be transmitted is configurable: 1~65536

The size of the data block to be transmitted is configurable: 1~16

Support address and transfer number reload function
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12.3DMA functional block diagram
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< AHB Master(CPU) > AHB Slave BUS AH B DeVICe
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|
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\ 4
APB
Devices

Figure 12-1 DMA functional block diagram
m DMAC

DMAC has 6 DMA channels, and when conflicts occur between channels, arbitration is
performed by the priority controller.

m DMA requests
If the peripheral supports hardware DMA request, the DMA channel can be configured as a
hardware trigger; otherwise, it can only be configured as a software trigger.

HC32F420SeriesReferenceManual_Rev1.30 172/403


https://www.xhsc.com.cn/

HSCh#%S
Xl‘l {o%f"’@s www.xhsc.com.cn

12.4Functional description

12.4.1 DMAC transfer modes

The DMA controller supports four transfer modes: software Block transfer mode, software Burst
transfer mode, hardware Block transfer mode, and hardware Burst transfer mode.

The 4 transmission modes is shown in the table below:

Table 12-1 DMA transfer mode table

Software Block Software Burst Hardware Block Hardware Burst
R Transmission Transmission Transmission Transmission
Interrupted by higher
priority DMA channel or Can Can't Can Can't
CPU
Conditions that trigger . . . .
the start of the transfer Write DMAC Register Peripheral interrupt flag
The amount of data that " N
triggers a transfer (BC+1)*(TC+1) BC+1 (BC+1)*(TC+1)

The total amount of data
transferred after (BC+1)*(TC+1)
configuration

*  Memory to * Memory to
peripherals with memory
: P * Memory to memory
Main application |, . . DMA requests * Memory to
scenarios 'r\lewggsto peripherals without DMA * With DMA peripherals
g requests to without DMA
memory requests

12.4.2 DMA software block transfer mode

When configuring DMAC_CONFAX.TRI_SEL=0 and DMAC_CONFBx.MODE=0, DMAC works in software
Block transfer mode.

In this mode, the user writes 1 to DMAC_CONFAX.ST, which triggers the DMAC to start the software
block transmission mode, and stops after transmitting ( BC+1 ) * ( TC+1 ) data. each(BC+1) data
transmission is completed, the DMAC will insert a transmission gap, and the priority arbiter
performs priority arbitration in the gap. The CPU or a higher priority DMA channel requests the bus
during this gap, the bus ownership is transferred to the CPU or a higher priority DMA channel; when
the CPU or a higher priority DMA channel releases the bus, the unfinished data transfer will continue
to be completed.

The software Block transmission diagram is shown below, where SA represents the source address
and DA represents the target address; The size of the data block is 3 (BC=2), the number of data
blocks is 3 (TC=2), the data width is 16bit, and the address increases automatically.

HC32F420SeriesReferenceManual_Rev1.30 173/403


https://www.xhsc.com.cn/

HSCh#%S
Xl‘l {o%f"’@s www.xhsc.com.cn

CONFAX.ST

T ] ] ﬁ
0 I S O
BC 2 >< 1 >< 0 >< 2 >< 1 >< 0 >< 2 >< 1 >< 0
TC 2 >< 1 >< 0

SRCADR SA ><SA+2>< SA+4 ><SA+6>< SA+8>< SA+10 ><SA+12><SA+14>< SA+16

DSTADR DA >< DA+2>< DA+4 >< DA+6>< DA+8>< DA+10 ><DA+12>< DA+14>< DA+16

Figure 12-2 DMA software block transfer

12.4.3 DMA software Burst transfer mode

When configuring DMAC_CONFAxX.TRI_SEL=0 and DMAC_CONFBx.MODE=1, DMAC works in software
Burst transfer mode.

In this mode, the user writes 1 to DMAC_CONFAX.ST, which triggers the DMAC to start the software
Burst transmission mode, and stops after transmitting (BC+1) * (TC+1) data. There is no
transmission gap in this transfer. Before all data transfers are completed, the currently working
DMA channel will always occupy the bus. The CPU or a higher priority DMA channel can only access
the bus after the operation is completed. The CPU may not work completely for a period of time.

The software Burst transmission diagram is as follows, where SA represents the source address, DA
represents the destination address; the data block size is 3 (BC=2), the number of data blocks is 3
(TC=2), the data width is 16bit, and the address is self-incrementing.

CONFAXx.ST

Transmission
gap

oo L L L L
BC 2 >< 1 >< 0 >< 2 >< 1 >< 0 >< 2 >< 1 >< 0
TC 5 >< . >< .

SRCADR SA >< SA+2 ><SA+4 >< SA+6 >< SA+8 ><SA+10 ><SA+12 ><SA+14 >< SA+16

DSTADR DA >< DA+2 >< DA+4 >< DA+6 >< DA+8 ><DA+10 ><DA+12 ><DA+14>< DA+16

Figure 12-3 DMA software Burst transfer
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12.4.4 DMA hardware block transfer mode

When configuring DMAC_CONFAX.TRI_ SEL as the corresponding trigger source and
DMAC_CONFBx.MODE=0, the DMAC works in the hardware Block transfer mode.

In this mode, whenever the peripheral DMA request signal appears once, the DMAC is triggered to
start a hardware block transfer, and (BC+1) data is transferred. It needs (TC+1) peripheral DMA
request signals to complete all DMA data. transmission. each(BC+1) data is completed, the DMAC
will insert a transmission gap, and the priority arbiter performs priority arbitration in the gap. The
CPU or a higher priority DMA channel is also requesting the bus during this gap, the bus ownership
is transferred to the CPU or a higher priority DMA channel; when the CPU or a higher priority DMA
channel releases the bus, the unfinished data transfer will continue Finish.

Note: In this mode, generally set BC to 0 to obtain a data from the peripheral or provide a data to
the peripheral.

Request signals supported by DMA are as follows:

UARTX receiving Buf is not empty, sending Buf is empty
SPIx receiving Buf is not empty, sending Buf is empty
GTIMx capture complete, comparison match

ATIMx capture complete, compare match

ADCx sequential single conversion complete

The hardware block transmission diagram is as follows, where SA represents the source address,
DA represents the target address; the data block size is 2 (BC=1), the number of data blocks is 3
(TC=2), the data width is 8bit, and the target address is self-incrementing, the source address is
fixed, and the transmission is automatically disabled after completion.

ENS | |

DMA Request [ [ [

Transmission —l—l—l—l—l—l
gap

Data transfer

BC 1 X 0 X 1 X 0 X 1 X 0
TC 2 X 1 X 0
SRCADR SA
DSTADR DA X DA+1 XDA+2 X DA+3 X DA+4 X DA+5

Figure 12-4 DMA hardware block transfer
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12.4.5 DMA hardware Burst transfer mode

When configuring DMAC_CONFAX.TRI_SEL= non-zero and DMAC_CONFBx.MODE=1, DMAC works in
hardware Burst transfer mode.

In this mode, once the peripheral DMA request signal appears, the DMAC will be triggered to start
the hardware Burst transmission mode, and the transmission will stop after completing (BC+1) *
(TC+1) data. There is no transmission gap in this transfer. Before all data transfers are completed,
the currently working DMA channel will always occupy the bus. The CPU or a higher priority DMA
channel can only access the bus after the operation is completed. The CPU may not work completely
for a period of time.

Request signals supported by DMAC are as follows:

UARTX receiving Buf is not empty, sending Buf is empty
SPIx receiving Buf is not empty, sending Buf is empty
GTIMx capture complete, comparison match

ATIMx capture complete, compare match

ADC sequential single conversion complete

The hardware Burst transmission diagram is as follows, where SA represents the source address,
DA represents the target address; the data block size is 3 (BC=2), the number of data blocks is 3
(TC=2), the data width is 8bit, and the source address is auto-incremented, the target address is
fixed, and the transfer is automatically disabled after completion.

ENS J \—
Rqul\Ggst I_I
Transmission

gap

tra ns[,)ritizsion I_I I_I I_I I_I I_I I_I I_I I_I I_I

BC 2 A1 ho X2 k1 Koo X1 X o
TC 2 >< 1 >< 0

SRCADR SA >< SA+1>< SA+2>< SA+3>< SA+4>< SA+5>< SA+6>< SA+7>< SA+8

DSTADR DA

Figure 12-5 DMA hardware Burst transfer
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12.4.6 DMA transfer paused

When DMAC works in Block transfer mode, if DMAC CONFHALT is set to a non-zero value, all
channels that are being transferred will enter the pause state during the transfer interval, and no
more data transfer will be performed. When DMAC_CONFAX.PAS is configured as 1, the channel
corresponding to x that is being transmitted will enter a pause state during the transmission interval,
and no data transmission will be performed. DMAC_CONFAX.PAS is configured as 1, the channel
corresponding to x that is being transmitted will enter a pause state during the transmission interval
and no longer transmit data. configuring DMAC_CONFAX.PAS to 0, DMAC needs to receive the next
trigger signal before continuing the unfinished transmission.

When the DMAC works in the Burst transfer mode and no data transfer is performed, configure
DMAC_CONF.HALT to a non-zero value, and the DMA channel enters the pause state and no longer
performs data transfer. After configuring DMAC_CONF.HALT to 0, DMAC will start a new complete
transmission when it receives the next trigger signal. When the DMAC works in the Burst transfer
mode and no data transfer is performed, when DMAC_CONFAX.PAS is set to 1, the DMA channel
enters the pause state and no data transfer is performed. After configuring DMAC_CONFAX.PAS to
0, DMAC will start a new complete transmission when it receives the next trigger signal.

When the DMAC is working in the Burst transfer mode and data transfer is in progress, writing a
non- zero value to DMAC_CONF.HALT or writing 1 to DMAC_CONFAXx.PAS cannot suspend the ongoing
transfer, and the DMA channel currently in data transfer is in the data After the transmission is
completed, it will not enter the pause state.

12.4.7 DMA other configuration
12.4.7.1 Data width

Configure DMAC_CONFBx.WIDTH, you can configure the width of each data to be transmitted as
8bit, 16bit, 32bit, note that the bit width should be completely consistent with the bit width of the
DMA source address and target address.

12.4.7.2 Block size

Configure DMAC_CONFAXx.BC, you can configure the number of data to be transmitted in each data
block as 1~16. Note that the value of BC should match the number of consecutive operations
provided by the source and destination addresses.

If the source address or destination address can only provide or receive one data at a time, then
BC can only be configured as 0. For example, UART/SPI can only provide one data to DMA at a time,
and UART/SPI can only receive one data from DMA at a time, so BC can only be configured as 0.

If both the source address and the destination address can provide or receive multiple data, BC can
be configured to a larger value to speed up the transmission speed. For example, when transferring
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from FLASH to RAM or from FLASH to CRC, the source address and target address can be operated
continuously, so BC can be configured as 15 to achieve fast transfer.

12.4.7.3 Number of data blocks

Configure DMAC_CONFAX.TC, you can configure the number of data blocks to be transferred from 1
to 65536 after each DMA is started.

12.4.7.4 channel priority

When DMAC_CONF.PRIO=0, DMAC works in fixed priority mode. At this time, the priority order is:
CHO>CH1>CH2>CH3>CH4>CH5. Only when the high priority channel does not transmit data, the
low priority channel can transmit data.

When DMAC_CONF.PRIO=1, DMAC works in cycle priority mode. At this time, CHO, CH1, CH2, CH3,
CH4 and CH5 occupy the bus in turn for data transmission.

12.4.7.5 Auto reload

If the automatic reload function is enabled, the data block size, number of data blocks, source
address, and destination address will be automatically loaded to the last configuration value after
the transmission is completed, and there is no need to configure it every time.

12.4.8 DMA Interrupt

DMA supports two types of interrupts: transfer error and transfer complete. When an interrupt is
triggered, the status register DMAC_CONFBx.STAT can be checked to determine what condition
triggered the interrupt, and the built-in interrupt status flag can be cleared by clearing the register
DMAC_CONFBx.STAT.

The five conditions that trigger the DMA interrupt are as follows:

Transport address out of addressing range
Peripheral request to stop DMA

Error accessing the transfer source address
Access transfer destination address error

Transmission completion
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12.5Registerdescription

12.5.1 Register list

Base address: 0x4002 0000

Table 12-2 DMA register list

Register name Offset address Reset value
All Channel Configuration Register(DMAC_CONF) 0x00 0x0000 0000
Channel 0 Configuration A Register(DMAC_CONFAQ) 0x10 0x0000 0000
Channel 0 Configuration B Register(DMAC_CONFBO) 0x14 0x0000 0000
Channel 0 Transfer Source Address Register(DMAC_SRCADRO) 0x18 0x0000 0000
Channel 0 Transfer Destination Address Register(DMAC_DSTADRO) 0x1C 0x0000 0000
Channel 1 Configuration A Register(DMAC_CONFAL1) 0x20 0x0000 0000
Channel 1 Configuration B Register(DMAC_CONFB1) 0x24 0x0000 0000
Channel 1 Transfer Source Address Register(DMAC_SRCADR1) 0x28 0x0000 0000
Channel 1 Transfer Destination Address Register(DMAC_DSTADR1) 0x2C 0x0000 0000
Channel 2 Configuration A Register(DMAC_CONFA2) 0x30 0x0000 0000
Channel 2 Configuration B Register(DMAC_CONFB2) 0x34 0x0000 0000
Channel 2 Transfer Source Address Register(DMAC_SRCADR?2) 0x38 0x0000 0000
Channel 2 Transfer Destination Address Register(DMAC_DSTADR2) 0x3C 0x0000 0000
Channel 3 Configuration A Register(DMAC_CONFA3) 0x40 0x0000 0000
Channel 3 Configuration B Register(DMAC_CONFB3) 0x44 0x0000 0000
Channel 3 Transfer Source Address Register(DMAC_SRCADR3) 0x48 0x0000 0000
Channel 3 Transfer Destination Address Register(DMAC_DSTADR3) 0x4C 0x0000 0000
Channel 4 Configuration A Register(DMAC_CONFA4) 0x50 0x0000 0000
Channel 4 Configuration B Register(DMAC_CONFB4) 0x54 0x0000 0000
Channel 4 Transfer Source Address Register(DMAC_SRCADR4) 0x58 0x0000 0000
Channel 4 Transfer Destination Address Register(DMAC_DSTADR4) 0x5C 0x0000 0000
Channel 5 Configuration A Register(DMAC_CONFA5) 0x60 0x0000 0000
Channel 5 Configuration B Register(DMAC_CONFB5) 0x64 0x0000 0000
Channel 5 Transfer Source Address Register(DMAC_SRCADRS5) 0x68 0x0000 0000
Channel 5 Transfer Destination Address Register(DMAC_DSTADRS5) 0x6C 0x0000 0000
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12.5.2 All Channel Configuration Register (DMAC_CONF)

Reset value: 0x0000 0000

b31 b30  b29 b28 b27  b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
EN Res PRIO HALT Res
b15 bl4  bl3 b12 bll  bl0 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res
. . . Read and
Bit Marking Place name Function write
1: Enable DMA controller
0: disable DMA controller
b31 EN DMA controller enable Note: When the DMA controller is disabled, ongoing transfers RW
will be forcibly stopped, causing unpredictable results.
b30~b29 Res Reserved bit Reserved, must remain at reset value
DMA channel priority configuration
. 1: Cycle priority mode, CHO/CH1/CH2/CH3/CH4/CH5 take turns
b28 PRIO ?gﬂé cSraar;?oer: priority to obtain bus access RW
9 0: Fixed priority mode, CHO>CH1>CH2>CH3>CH4>CH5
priority
DMA all channel transfer pause control
b27~b24 HALT DMA all channel transfer pause 0000: Resume all channel data transmission RW
control . 2
xxxx: suspend all channel data transmission
b23~b0 Res Reserved bit Reserved, must remain at reset value
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12.5.3 Channel x Configuration A Register (DMAC_CONFAX)

Reset value: 0x0000 0000

b31 b30  b29 b28 b27 b26 b25

b24

b23 b22 b21 b20 b19 b18

b17

bl6

ENS

PAS ST TRI_SEL

Res BC

b15 bl4  bl3 bl2 b1l b10 b9

b8 b7 b6 b5 b4 b3 b2

bl b0

TC

Bit Marking Place name

Function

Read and
write

b31 ENS DMA channel enable control

1: Enable the current DMA channel; if CONFBx.MSK is 0, this
bit is automatically cleared when the transfer is completed
0: disable the current DMA channel

Note: When a DMA channel is disabled, ongoing transfers will
be forcibly stopped, resulting in unpredictable results.

RW

DMA channel
pause control

data transfer

b30 PAS

1: Suspend DMA channel data transfer
0: Resume DMA channel data transfer

RW

DMA channel software trigger

b29 ST control

1: Trigger DMA channel to start software Block/Burst transfer,
this bit is automatically cleared when the transfer is
completed

0: Stop DMA channel software Block/Burst transfer

RW

DMA channel
configuration

trigger source

b28~b22 TRI_SEL

0x00: software trigger

0x40: USARTO sends Buf empty

0x41: USARTO receiving Buf is not empty

0x42: USART1 sends Buf empty

0x43: USART1 receiving Buf is not empty

0x44: USART2 sends Buf empty

0x45: USART2 receive Buf is not empty

0x46: USART3 sends Buf empty

0x47: USART3 receiving Buf is not empty

0x48: GTIMO capture event or compare event

0x49: GTIM1 capture event or compare event

0x4A: GTIM2 capture event or compare event

0x4B: Reserved

0x4C: Reserved

0x4D: ADCO sequential single conversion completed

Ox4E: Reserved

0x4F: ADC1 sequential single conversion completed

0x50: SPI0 sends Buf empty

0x51: SPIO receiving Buf is not empty

0x52: SPI1 sends Buf empty

0x53: SPI1 receiving Buf is not empty

0x54: Reserved

0x55: Reserved

0x56: Reserved

0x57: Reserved

0x58: ATIMO channel A, capture event or compare event or
triggered externally occurs

0x59: ATIMO channel B, capture event or compare event or
event update occurs

0x5A: Reserved

0x5B: Reserved

0x5C: Reserved

0x5D: Reserved

Ox5E: ATIM3 channel A, capture event or compare event or
triggered externally occurs

Ox5F: ATIM3 channel B, capture event or compare event or
event update occurs

0x60~0x7F: Reserved

RW

b21~b20 Res Reserved bit

Reserved, must remain at reset value

DMA channel transfer data

b19~b16 BC block size

Configure the size of the data block to be transmitted by the
DMA channel as BC+1

Note: When the source address or destination address can
only provide or receive a data every once in a while, the BC
value can only be set to 0

RW

Number of data blocks

b15~b0 TC transferred by DMA channel

Configure the number of data blocks to be transmitted by the
DMA channel as TC+1

During transmission, every time a data block is transmitted,
the value of this register will be decremented by 1

Note: The total amount of data transferred by DMA is (TC + 1)

RW
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*(BC+1)
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12.5.4 Channel x Configuration B Register (DMAC_CONFBXx)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res MODE WIDTH Fs | F0 | RC | Rs | mD | RS B STAT
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res MSK
; Read
Bit Markin Place name Function and
9 write
b31~b30 Res Reserved bit Reserved, must remain at reset value
00: Block transmission
DMA channel transfer mode 01: Burst transmission
b29~b28  MODE configuration 10: Reserved RW
11: Reserved
00: 8bit
N 01: 16bit
b27~b26 WIDTH  DMA transfer data bit width 10- 32bit RW
11: Reserved
1: The source address remains unchanged during transmission
- s DMA channel source address I0S ;I':ne;;g;;cdg address will be incremented after each data transmission AW
auto-increment enable The auto-increment corresponding to the data width of 8bit / 16bit /
32bitis 1 /2 /4 respectively
1: Destination address remains unchanged during transfer
0: The destination address will be incremented after each data
b24 FD E}?ér%lanqn:rgzlrget address self- transmission is completed; RW
The auto-increment corresponding to the data width of 8bit / 16bit /
32bitis 1 /2 /4 respectively
1: Enable BC/TC reload, and the value of BC/TC will automatically
b23 RC DMA channel BC and TC reload restore to the initial value written after the transmission is completed RW
enable 0: Disable BC/TC reloading, and the values of BC/TC are all 0 after the
transmission is completed
1: Enable the source address to be reloaded, and the value of the
b2 - DMA channel source address zgxgtleeé%dress is the initial value written after the transmission is -
reload enable 0: Disable source address overloading, the value of the source address
is uncertain after the transmission is completed
1: Enable target address reloading, the value of the target address will
b1 0 DMA channel target address 2323?:&?”)/ restore to the initial value written after the transfer is -
reload enable 0: Disable destination address overloading, the value of the destination
address is uncertain after the transfer is completed
1: When a transmission error occurs, an interrupt is generated
b20 ERR IE DMA channel transfer error 0: disable interrupt when transmission error RW
- interrupt enable Note: In the interrupt service routine, you need to write 0x00 to STAT
to clear the interrupt status
1: Generate an interrupt when the transfer is complete
b19 FIS IE DMA channel transfer complete  0: When the transfer is complete, disable the interrupt RW
- interrupt enable Note: In the interrupt service routine, you need to write 0x00 to STAT
to clear the interrupt status
000: initial value
001: Transmission error, the transmission address exceeds the
addressing range
010: Transmission error, peripheral request to stop DMA
b18~b16  STAT DMA channel current transfer 011: Transmission error, error in accessing transmission source address  RW
status I L2 2
100: transmission error, access transmission destination address error
101: Transfer complete
110: reserved
111: Transmission paused
b15~b1 Res Reserved bit Reserved, must remain at reset value
1: CONFAX.ENS remains unchanged when DMA channel transfer is
b0 MSK Auto-disable configuration when  complete RW

DMA channel transfer completes

0: CONFAX.ENS is automatically cleared when the DMA channel transfer
is complete
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12.5.5 Channel x Transfer Source Address Register (DMAC_SRCADRX)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
SRCADR[31:16]
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
SRCADR([15:0]
Bit Marking Place name Function Read and write
DMA channel source Its auto-reload can be configured via CONFBx.RS
b31~b0 SRCADR address configuration Note: The address alignment should match the data width, RW
9 otherwise it will cause address access errors
12.5.6 Channel x Destination Address Register (DMAC_DSTADRX)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
DSTADR[31:16]
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
DSTADR[15:0]
Bit Marking Place name Function Read and write
Its auto-reload can be configured via CONFBx.RD
b31~b0  DSTADR DMAchannel target Note: The address alignment should match the data width, RW

address configuration

otherwise it will cause address access errors
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13 Composite Timer (CTIM)

13.10verview

CTIM is a compound timer, which can be configured as a general-purpose timer GTIM with 4 groups

of comparison capture functions, or as a group (three) of basic timers BTIM with timing functions
only. by SysCtrl_CR1.GTIMxCFG, BTIM is valid when this bit is 1, and GTIM is valid when this bit is 0.
Each CTIMs of this product can be independently and flexibly configured as GTIM or BTIM

BTIM is a group of timing counters with basic timing functions, each group contains three 16 -bit

timers with reload function. This product can be configured with up to 9 basic timers: BTIMO~8.

GTIM is a 16 -bit timer with 4 -way compare capture function. This product can be configured with

up to 3 general-purpose timers: GTIM0O~2.

Table 13-1 Pin function and timer function comparison table

CTIM(x=0,1,2) GTIM(x=0,1,2) BTIM(y=0,3,6)
CTIMx_ETR GTIMx_ETR BTIMy_ETR

CTIMx_TOGP GTIMx_TOGP BTIMy+0_TOGP
CTIMx_TOGN GTIMx_TOGN BTIMy+0_TOGN
CTIMx_CHO GTIMx_CHO BTIMy+1_TOGP
CTIMx_CH1 GTIMx_CH1 BTIMy+1 TOGN
CTIMx_CH2 GTIMx_CH2 BTIMy+2_TOGP
CTIMx_CH3 GTIMx_CH3 BTIMy+2_TOGN

Note:

1. BTIMO0/1/2 share CTIMO_ETR; BTIM3/4/5 share CTIM1_ETR; BTIM6/7/8 share CTIM2_ETR.
2. When x=0, y=0; when x=1, y=3; when x=2, y=6.
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13.1.1 BTIM main characteristics

3 16bit timers _

2 toggle outputs per timer
Single pulse mode

External input count function
Gating function

External trigger function
Cascade function

13.1.2 GTIM main characteristics

16bit timer

2 toggle outputs

Single pulse mode

External input count function

Gating function

External trigger function

4 independent PWM outputs, adjustment range 0% ~ 100%
4- way independent capture

Cascade function
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13.2BTIM function description

13.2.1 Functional block diagram

ARR TOG —X ToGP
iL control Xl ToGN
PCLK A
TCLK L TCLK
TR e B s CNT > oy
TR 132768 16bit
Edge Gate  Trig = |FR.UI
%ETR FLT T
Gate M iR j_> pverflow
interrupt
trigger
[ERTL interrupt
Figure 13-1 BTIM Block Diagram
Note:

1. A group of 3 BTIMs share one ETR.
2. For the source of ITR signal, please refer to the [Timer CascadingTimer Cascading] function
chapter.

13.2.2 Filter unit

ETR signal input by the external pin is filtered, polarity selected, and edge detected, the gate control
signal and edge signal are output for use by the counting unit and the triggering unit. Since the
ETR signal uses PCLK for synchronous filtering, the frequency of the input ETR signal should be
lower than 1/2 of the frequency of PCLK.

PCLK CR.ETP

%7 ETRS
ETRP Edge
@ ETR SYNC detection

Figure 13-2 Schematic diagram of BTIM filter unit
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13.2.3 Counting unit

On each rising edge of the TCLKD signal, the internal counter CNT is automatically incremented by
1. counting to ARR, an overflow signal OV (width of one PCLK) is generated, and the internal count
value is reset to 0 and counting starts again. The counting range of the counter is 0 to ARR, and
the counting period of the counting unit is ARR+1.

The timer supports 2 counting modes, One-Shot mode and continuous counting mode. When
BTIMx_CR.OST is set to 1, the timer works in One-Shot mode; the timer stops counting immediately
after an overflow occurs, and the hardware automatically clears CEN. When BTIMx_CR.OST is set to
0, the timer works in continuous counting mode; as long as BTIMx_CR.CEN is 1, the timer will keep
counting.

Every time there is an overflow, BTIMx_IFR.UI will be set to 1 by hardware. If the corresponding
interrupt is enabled, an overflow interrupt can be generated. The user should clear the overflow
flag in the interrupt service routine.

If BTIMx_CR.TOGEN is 1, the output level of TOGP/TOGN is flipped every time overflow; the user can
output the TOGP/TOGN signal to the pin through the multiplexing function of GPIO to drive the
external circuit.

A
OXFFFF

ARR

INI

0x0000

CR.CEN

ov | | |

TOGP ] | :

TOGN |
IFR.UI B e I

i i !
Write ICR.Ul = 0 Write ICR.Ul = 0 Write ICR.UI = 0

Figure 13-3 BTIM counter waveform
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When setting BTIMx_CR.MD to 0x00, BTIMx works in timer mode. In this mode, the counting clock
is the clock TCLKD after PCLK frequency division. When BTIMx_CR.CEN is set to 1, the timer starts
counting up from the initial value, and overflows after counting to ARR and restarts counting from

0.

control
iL —X TOGN
PCLK A
/1
| TCLK TCLKD,
I T = ov
/32768 16bit
Gate  Trig = IFR.UI
Overflow
AERUL > interrupt

Figure 13-4 BTIM Timing Mode Block Diagram

13.2.5 Counter mode

When setting BTIMx_CR.MD to 0x01, BTIMx works in counter mode. the signal input by the ITR or
ETR pin after frequency division. When BTIMx_CR.CEN is set to 1, the counter starts counting up
from the initial value, and overflows after counting to ARR and starts counting from 0 again.

The counting clock source can be selected as ITR or ETR through BTIMx CR.TRS; through
BTIMx_CR.ETP, the rising edge or falling edge of the ETR pin input signal can be selected to be

counted.
ARR TOG —X Tocp
@ control 1 ToGN
I
TCLK /1 TCLKD
ITR . CNT =
RS /32768 16bit ov
Edg Gate  Trig = |FR.UI
X ETR FLT
Gate M—D_Dpveﬁlow
interrupt
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13.2.6 Trigger start mode

When BTIMx_CR.MD is set to 0x02, BTIMx works in the trigger start mode, and the counting clock
is the clock TCLKD after PCLK frequency division. In this mode, the timer has two start methods:
set BTIMx_CR.CEN to 1 or there is an expected level change on the TRS signal.

After starting, the counter starts counting up from the initial value, overflows after counting to ARR
and restarts counting from 0; set BTIMx_CR.CEN to 0 at any time, you can stop the timer.

Select TRS signal source as ETR or ITR through BTIMx_CR.TRS.

The rising edge or falling edge of the ETR pin input signal can be selected to start the timer through
BTIMx_CR.ETP.

Every time an expected trigger signal is detected, BTIMx_IFR.TI will be set to 1 by hardware. If the
corresponding interrupt is enabled, a trigger interrupt can be generated. The user should clear the
trigger flag in the interrupt service routine.

ARR TOG [—X TOGP
iL control I TOGN
PCLK i\
/1
TR /33768 LN = oV
Edge] Gate Trig = |FR.UI
K—ER | Fi7
Gate \ERTI D_>Qverﬂow
interrupt
Trigger
IER.TI > ™ interrupt

Figure 13-6 BTIM Trigger Initiator Mode Block Diagram

I i
Write CR.CEN = 0 Write CR.CEN = 0

Figure 13-7 Schematic diagram of BTIM trigger start mode counting
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13.2.7 Gating mode

When BTIMx_CR.MD is set to 0x03, BTIMx works in gated mode, and the counting clock is the clock
TCLKD after PCLK frequency division. In this mode, the timer needs to meet two conditions before
it can count: BTIMx_CR.CEN is 1, and the level on the ETR pin meets expectations. When the timer
is running, the counter starts counting up from the initial value, overflows after counting to ARR
and starts counting from 0 again.

The high level or low level of the input signal of the ETR pin can be selected as the counting level
through BTIMx_CR.ETP.

ARR 1706 —IX TOGP
iL control X TOGN
PCLK i\
,
J TCLK| TCLKI_DL ONT
/32768 16bit = OV
Edgd Gate  Trig = |FR.UI
K—ER 7 f

Gat R 13_‘> Qverflow
interrupt

Figure 13-8 BTIM gating mode block diagram

A
OXFFFF

ARR

INI

0x0000 ;
CRCEN [
ETR |

Figure 13-9 Schematic diagram of counting in BTIM gating mode

HC32F420SeriesReferenceManual_Rev1.30 191/403


https://www.xhsc.com.cn/

XRSCL%xsH

www.xhsc.com.cn

13.2.8 Timer Cascading

BTIM can be used in cascade through appropriate configuration, such as combining two 16- bit

timers into a 32 -bit timer. When used in cascade, the count clock of the first stage timer can be

PCLK or the input signal from the ETR pin, and the count clock of the subsequent stage timer is the

overflow signal of the previous stage timer. The signal cascading has been solidified in the chip,

and its cascading method is as follows.

BTIMO

ITR ov

BTIM3

ITR ov

BTIM6

ITR ov

BTIM1 BTIM2

» ITR ov ITR ov
BTIM4 BTIM5

ITR ov » ITR ov
BTIM7 BTIM8

» ITR ov » TR ov

Figure 13-10 Schematic diagram of cascading -BTIM timers

13.2.9 Interrupt

Table 13-2 BTIM timer interrupt

Interrupt

Note

GTIMO_UEV_ETR_BTIMA

BTIMO overflow / trigger interrupt

GTIMO_CHO1_BTIMB

BTIM1 overflow / trigger interrupt

GTIMO_CH23 _BTIMC

BTIM2 overflow / trigger interrupt

GTIM1_UEV_ETR_BTIMA

BTIM3 overflow / trigger interrupt

GTIM1_CHO1_BTIMB

BTIM4 overflow / trigger interrupt

GTIM1_CH23 BTIMC

BTIMS5 overflow / trigger interrupt

GTIM2_UEV_ETR_BTIMA

BTIM6 overflow / trigger interrupt

GTIM2_CHO1_BTIMB

BTIM7 overflow / trigger interrupt

GTIM2_CH23_BTIMC

BTIM8 overflow / trigger interrupt
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13.3GTIM function description

13.3.1 Functional block diagram

PCLK

ITR

TRS

/1,

/32768

GTIM_ETR X}—

Edg

FLT

Gat

GTIM_CHo

GTIM_CH1

GTIM_CH2

GTIM_CH3 X——+

Input synchronization,
edge detection

Input synchronization,
edge detection

Input synchronization,
edge detection

Input synchronization,

edge detection

ARR
TCLKQ
CNT = ov
16bit
= Trig TOG E TOGP
] Gate control —X TOGN
CHO Capture Output GTIM_
Compare control CHO
CH1 capture Output GTIM_
comparison control CH1
CH2 Capture Output GTIM_
Comparison control CH2
CH3 Capture Output IZGTIM—
= Comparison control CH3

Figure 13-11 GTIM Block Diagram

Note: For the source of ITR signal, please refer to the cascading function chapter.

13.3.2 filter unit

After synchronous filtering, polarity selection, and edge detection of the ETR signal input by the
external pin, the gate control signal and edge signal are output for use by the counting unit and
the triggering unit. Since the ETR signal uses a filter clock for synchronous filtering, the frequency
of the input ETR signal should be lower than one-half of the frequency of the filter clock.

CR1.ETRFLT
PCLK
PCLK/4
PCLK/16
K CRO.ETP
EfRS ETRP
Edge
GTIM_ETR detection = Edge
E Filter
[ Gate
Figure 13-12 Schematic diagram of GTIM filter unit
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13.3.3 Counting unit

On each rising edge of the TCLKD signal, the internal counter CNT is automatically incremented by
1. counting to ARR, an overflow signal OV (width of one PCLK) is generated, and the internal count
value is reset to 0 and counting starts again. The counting range of the counter is 0 to ARR, and
the counting period of the counting unit is ARR+1.

The timer supports 2 counting modes, One-Shot mode and continuous counting mode. When
GTIM_CRO.OST is set to 1, the timer works in One-Shot mode; the timer stops counting immediately
after an overflow occurs, and the hardware automatically clears CEN. When setting GTIM_CR0.0ST
to 0, the timer works in continuous counting mode; as long as GTIM_CRO.CEN is 1, the timer will
keep counting.

Every time there is an overflow, GTIM_IFR.UI will be set to 1 by hardware. If the corresponding
interrupt is enabled, an overflow interrupt can be generated. The user should clear the overflow
flag in the interrupt service routine.

If GTIM_CRO.TOGEN is 1, the output level of TOGP/TOGN is flipped every time overflow; the user
can output the TOGP/TOGN signal to the pin through the multiplexing function of GPIO to drive the
external circuit.

A
OXFFFF

ARR

INI

0x0000

CRO.CEN |
ov H | H
OGN [ | |
TOGP ] | :
IFR.UI H W ]

i i !
Write ICR.UI = 0 Write ICR.UI = 0 Write ICR.UI = 0

Figure 13-13 GTIM counter waveform
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GTIM_CRO.MD is set to 0x00, GTIM works in timer mode. In this mode, the count clock is TCLKD
after PCLK frequency division. When GTIM_CRO.CEN is set to 1, the timer starts counting up from
the initial value, and overflows after counting to ARR and restarts counting from 0.

ARR
PCLK \ H
) /1
TCLK B TCLKD - =0V
e 16b1t i
Trig TOG XTOGP
Gate control XTOGN

Figure 13-14 GTIM Timing Mode Block Diagram

13.3.5 Counter mode

GTIM_CRO.MD is set to 0x01, GTIM works in counter mode. the signal input by the ITR or ETR pin
after frequency division. When GTIM_CRO.CEN is set to 1, the counter starts counting up from the
initial value, and overflows after counting to ARR and starts counting from 0 again.

Through GTIM_CRO.TRS, you can select the counting clock source as ITR or ETR; through
GTIM_CRO.ETP, you can choose to count the rising edge or falling edge of the ETR pin input signal.

ARR
e
- Tak| LKD,
RS 132768 CNT = ov
16bit J7

Edg
GTIM_ETRIK—  FLT Trig Toc [ XToGp

Gate| Gate

control XITOGN

Figure 13-15 GTIM Counter Mode Block Diagram
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13.3.6 Trigger start mode

When GTIM_CRO.MD is set to 0x02, GTIM works in trigger start mode, and the count clock is TCLKD
after PCLK frequency division. In this mode, the timer has two start methods: set GTIM_CRO.CEN to
1 or the expected level change on the TRS signal.

After starting, the counter starts counting up from the initial value, overflows after counting to ARR,
and restarts counting from 0; set GTIM_CRO0.CEN to 0 at any time, you can stop the timer.

Select the TRS signal source as ETR or ITR through GTIM_CRO.TRS.
the ETR pin input signal can be selected to start the timer through GTIM_CRO.ETP.

Every time an expected trigger signal is detected, GTIM_IFR.TI will be set to 1 by hardware. If the
corresponding interrupt is enabled, a trigger interrupt can be generated. The user should clear the
trigger flag in the interrupt service routine.

ARR
PCLK JVL T0G “Eﬂ TOGN
n, : control —X ToGp
TCLKD
——
ITR " f
RS, /32768 CNT = ov
16bit
Edge
GTIM )
ETR_[X*—D FLT £ Trig
Gate

IER.TI .
Trigger
i—%nterru pt

Figure 13-16 GTIM Trigger Initiator Mode Block Diagram

A
OXFFFF

ARR

INI

0x0000 ; ;
ETR [ | i
CRO.CEN |

i i
Write CR.CEN = 0 Write CR.CEN = 0

Figure 13-17 Counting diagram of GTIM trigger start mode
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13.3.7 Gating mode

When GTIM_CRO.MD is set to 0x03, GTIM works in gated mode, and the count clock is TCLKD after
PCLK frequency division. In this mode, the timer needs to meet two conditions before it can count:

GTIM_CRO.CEN is 1, and the level on the ETR pin meets expectations. When the timer is running,

the counter starts

counting up from the initial value, overflows after counting to ARR and starts

counting from 0 again.

The high level or low level of the input signal of the ETR pin can be selected as the counting level
through GTIM_CRO.ETP.

PCLK

www.xhsc.com.cn

ARR

Edge|

GTiMER X—  fuT

,
TCLKD

/32768
CNT =ov
16bit J7
Trig —X] Tocp
TOG control
> Gate ]X TOGN

Figure 13-18 GTIM gating mode block diagram

OXFFFF

ARR

INI

0x0000

CRO.CEN

A

|

Figure 13-19 Schematic diagram of counting in GTIM gating mode
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13.3.8 Compare capture function

GTIM has 4 comparison capture channels, CHO ~ CH3.
13.3.8.1 Capture function

When configuring CMMR.CCyM as 1 ~ 3, CHy works in capture mode and supports three capture
methods:

m 001: rising edge capture

m 010: Falling edge capture

m 011: Simultaneous capture of rising and falling edges

When the desired pulse edge appears on the CHy channel, the hardware automatically writes the
current count value into the CCRy register and sets IFR.CCyF; if the interrupt of the corresponding
channel is enabled, a comparison capture interrupt will be generated, and the user should set it in
the interrupt service routine clear the interrupt flag.

The figure below shows the schematic of two channels for input capture. Among them, CHO is
captured on the rising edge; CH1 is captured on the rising and falling edges at the same time.

When using the capture mode, the pre-division CR0.PRS must be less than 4, that is, the pre-division
canonlyusel, 2, 4, and 8. Other pre-frequency division values are prohibited from being configured.
When using external ETR counting, the capture function cannot be used.

A
OXFFFF

ARR

INI

0x0000

CRO.CEN
CHO ] ]
CHL | |

CCRO X § § § X ;
com |
ccoF | ]
cciF L L |

Figure 13-20 Schematic diagram of GTIM capture function
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13.3.8.2 Compare function

CMMR.CCyM is set to 4 ~ 7, CHy works in comparison mode, and four waveforms can be compared:

100: forced output low level

101: Force output high level

110: PWM positive output(CNT >= CCRy output high level)

111: PWM reverse output(CNT < CCRy output high level)

Note: When the ARR value is not OXFFFF, the PWM adjustment range can be 0% ~ 100%.

Example: In forward output mode, when ARR is 99, CCR is 0~100 and the corresponding duty cycle
is 100%~0%.

The figure below shows the schematic diagram of the comparison output of two channels. Among
them, CHO adopts PWM forward output; CH1 adopts PWM reverse output.

A
OXFFFF

ARR
CCRO

CCR1

0x0000

CRO.CENJ

L L
e LTl T L L
CCOF ] 5 ] |

cr | | | 3

Figure 13-21 Schematic diagram of GTIM comparison function

CHO | |

13.3.9 DMA trigger

Compare capture can generate trigger signal to trigger DMA. Enable to use GTIM_IER.DCCx(x=0~3)

control.
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Interrupt

Table 13-3 List of GTIM interrupt sources

Interrupt Note
GTIMO_UEV_ETR_BTIMA
GTIMO_CHO1_BTIMB
GTIMO_CH23_BTIMC
GTIM1_UEV_ETR_BTIMA
GTIM1_CHO1_BTIMB
GTIM1_CH23_BTIMC
GTIM2_UEV_ETR_BTIMA
GTIM2_CHO1_BTIMB

GTIM2_CH23_BTIMC

13.3.11

GTIMO overflow / trigger interrupt

GTIMO channel 01 compare capture interrupt

GTIMO channel 23 compare capture interrupt

GTIM1 overflow / trigger interrupt

GTIM1 channel 01 compare capture interrupt

GTIM1 channel 23 compare capture interrupt

GTIM2 overflow / trigger interrupt

GTIM2 channel 01 compare capture interrupt

GTIM2 channel 23 compare capture interrupt

On-chip peripheral interconnection

Trigger interconnection

Table 13-4 GTIM trigger interconnection list
CRO.TRS 00 01 10 11
GTIMO ETR ATIMO_TRGO ADCO_ExtTrigger0.TRIG. ADCO_ExtTriggerl.TRIG.
GTIM1 ETR ATIM3_TRGO ADC1_ExtTrigger0.TRIG. ADC1_ExtTriggerl.TRIG.
GTIM2 ETR ATIMO_TRGO GTIM1 overflow. ATIM3_TRGO.

When SYSCTRL.IOAUX1.ETRx is 0, the source of GTIM_ETR signal is determined by GPIO_AFRH/
GPIO_AFRL; when SYSCTRL.IOAUX1.ETRx is 1~7, the source of GTIM_ETR signal is determined by
the following table.

Table 13-5 List of GTIM ETR sources

SYSCTRL.IOAUX1 0 1 2 3 4 5 6 7

CTIMOETR[6:4] GTIMO_ETR | USART1_RXD | VCO_OUT | LVD_OUT | VC1_OUT | PAO5 | PA13 | PBO5
CTIM1ETR[10:8] GTIM1_ETR | USART2_RXD | VCO_OUT | LVD_OUT | VC1_OUT | PAO6 | PA14 | PBO6
CTIM2ETR[14:12] GTIM2_ETR | USART3_RXD | VCO_OUT | LVD_OUT | VC1_OUT | PAO7 | PA15 | PBO7

When SYSCTRL.IOAUX2.CAPx is

Table 13-6 List of -GTIM CH3 signal sources

0, the capture signal

source of

GTIM_CH3 is determined by
GPIO_AFRH/ GPIO_AFRL; when SYSCTRL.IOAUX2.CAPx is 1~7, the source of GTIM_CH3 signal is
determined by the following table.

SYSCTRL.IOAUX2 0 1 2 3 4 5 6 7

CTIMOCAP[6:4] GTIMO_CH3 | USART1_RXD | VCO_OUT | LVD_OUT | VC1_OUT | PAO1 | PAO9 | PBO1
CTIM1CAP[10:8] GTIM1_CH3 | USART2_RXD | VCO_OUT | LVD_OUT | VC1_OUT | PAO2 | PA10 | PBO2
CTIM2CAP[14:12] GTIM2_CH3 | USART3_RXD | VCO_OUT | LVD_OUT | VC1_OUT | PAO3 | PAl1l | PBO3
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13.4BTIM register description

13.4.1 Register list

Table 13-7 BTIM base address list

Name base address Description

BTIMO 0x4000 5000 BTIMO base address
BTIM1 0x4000 5100 BTIM1 base address
BTIM2 0x4000 5200 BTIM2 base address
BTIM3 0x4000 5400 BTIM3 base address
BTIM4 0x4000 5500 BTIM4 base address
BTIM5 0x4000 5600 BTIM5 base address
BTIM6 0x4000 5800 BTIM6 base address
BTIM7 0x4000 5900 BTIM7 base address
BTIM8 0x4000 5A00 BTIM8 base address

Note: BTIM is valid only when SysCtrl CR1.GTIMxCFG is 1.

Table 13-8 BTIM register list

(x=0~8)
Register name Offset address Reset value
Reload Register(BTIMx_ARR) 0x00 0x0000 FFFF
Counter Register(BTIMx_CNT) 0x04 0x0000 0000
Control Register(BTIMx_CR) 0x10 0x0000 0000
Interrupt Enable Register(BTIMx_IER) 0x14 0x0000 0000
Interrupt Flag Register(BTIMx_IFR) 0x18 0x0000 0000
Interrupt Clear Register(BTIMx_ICR) 0x1C 0x0000 0003
Composite Interrupt Flag Register(BTIM_AIFR) 0x48 0x0000 0000
Composite Interrupt Clear Register(BTIM_AICR) 0x4C 0x0000 003F
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13.4.2 Reload register (BTIMx_ARR) (x=0~8)

Reset value: 0x0000 FFFF

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

ARR
Read
Bit Marking Place name Function and
write
b31~bl6 Res Reserved bit Reserved, must remain at reset value
b15~b0 ARR Timer reload value - RW

13.4.3 Count register (BTIMx_CNT) (x=0~8)
Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

CNT
Read
Bit Marking Place name Function and
write
b31~bl6 Res Reserved bit Reserved, must remain at reset value
b15~b0 CNT Timer count value - RW
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13.4.4 Control Register (BTIMx_CR) (x=0~8)

Reset value: 0x0000 0000

b31 b30  b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7 bl6
Res
b15 b14  bl3 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res ETP TRS oSsT PRS TOGEN MD CEN
Read
Bit Marking Place name Function and
write
b31~b12 Res Reserved bit Reserved, must remain at reset value
0: ETR positive(trigger mode rising edge is valid, gating mode
b1l ETP ETR signal polarity selection high level is valid) RW
for external pin input 1: ETR reverse(trigger mode falling edge is valid, gating mode is
low level valid)
00: ETR pin input signal
01: ITR, please refer to the chapter of timer cascade function for
b10~b9 TRS Trigger source selection details RW
Note: BTIMO~2 share one ETR pin; BTIM3~5 share another ETR
pin, BTIM6~8 share another ETR pin
bs 0ST Single / continuous count O cqntlnuous counting mode RW
mode control 1: Single count mode
0: DIV1 4:DIV16  8: DIV256 12: DIV4096
b7~b4 PRS Prescaler Frequency Division 1: DIV2 5:DIV32  9: DIV512 13: DIV8192 RW
Configuration 2: DIV4 6: DIV64  10: DIV1024 14: DIV16384
3: DIV8 7: DIV128 11: DIV2048 15: DIV32768
. 0: TOGP, TOGN output levels are both 0
b3 TOGEN TOG pin output enable control 1: TOGP, TOGN output signals with opposite levels RW
00: Timer mode, the count clock is PCLK
01: Counter mode, counting clock is TRS signal
Timer working mode 10: Trigger start mode, the count clock is PCLK, TRS signal triggers
b2~bl MD . ) RW
configuration the counter to start
11: Gating mode, counting clock is PCLK, ETR pin input signal is
used as gating
0: timer stopped
b0 CEN Timer Enable Control 1: Timer enabled RW

Note: After the trigger start mode is triggered, CEN is set to 1 by
hardware
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13.4.5 Interrupt enable (BTIMx_IER) (x=0~8)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7  bl6
Res
bl5 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res Tl ul
Read
Bit Marking Place name Function and
write
b31~b2 Res Reserved bit Reserved, must remain at reset value
b1 T Trigger interrupt enable 0: disable trigger interrupt RW
control 1: enable trigger interrupt
bo ul Overflow interrupt enable 0: disable overflow interrupt RW
control 1: enable overflow interrupt
13.4.6 Interrupt Flag Register (BTIMx_IFR) (x=0~8)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
bl5 bl4 bl3 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res Tl ul
Read
Bit Marking Place name Function and
write
b31~b2 Res Reserved bit Reserved, must remain at reset value
. 0: No trigger event occurred
bl T trigger flag 1: A trigger event has occurred RO
bo ul counter overflow flag 0: The counter has not overflowed RO

1: The counter has overflowed
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13.4.7 Interrupt Flag Clear Register (BTIMx_ICR) (x=0~8)

Reset value: 0x0000 0003

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res Tl ul
Read
Bit Marking Place name Function and
write
b31~b2 Res Reserved bit Reserved, must remain at reset value
. 0: clear trigger flag
1 Tl trigger flag clear 1+ no function R1IWO
0: Clear counter overflow flag
0 ul Counter overflow flag cleared 1+ no function R1IWO
13.4.8 Composite Interrupt Flag Register (BTIM_AIFR)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res TI2 ul2 TI1 uil TIO ulo
Read
Bit Marking Place name Function and
write
b31~b2 Res Reserved bit Reserved, must remain at reset value
. 0: No trigger event occurred
b5 Ti2 BTIM2/5/8 trigger flag 1: A trigger event has occurred RO
0: The counter has not overflowed
b4 ul2 BTIM2/5/8 overflow flag 1: The counter has overflowed RO
. 0: No trigger event occurred
b3 i BTIM1/4/7 trigger flag 1: A trigger event has occurred RO
0: The counter has not overflowed
b2 Uil BTIM1/4/7 overflow flag 1: The counter has overflowed RO
. 0: No trigger event occurred
bl 0 BTIMO/3/6 trigger flag 1: A trigger event has occurred RO
0: The counter has not overflowed
b0 uio BTIMO/3/6 overflow flag 1: The counter has overflowed RO
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13.4.9 Composite Interrupt Flag Clear Register (BTIM_AICR)

Reset value: 0x0000 003F

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 bl3 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res TI2 ul2 TI1 ull TIO ulo
Read
Bit Marking Place name Function anq
write
b31~b2 Res Reserved bit Reserved, must remain at reset value
b5 12 BTIM2/5/8 trigger flag clear " €1ea" trigger flag RIWO
b4 ui BTIM2/5/8 overflow flag clear ' Cléar overflow flag RIWO
b3 I BTIML/4/7 Trigger Flag Clear 3 C1o2" trigger flag RIWO
b2 Ui cBI-Ic;Iz:/Irégw overflow flag ({ ;Igziaﬁcvt(ieggow flag R1IWO
bl TIO BTIMO/3/6 trigger flag clear (f ;E?E;Sﬁgﬁr flag R1WO
bo ulo BTIMO/3/6 overflow flag clear (1) f\f?;:c"t‘fgﬂ"w flag RIWO
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13.5GTIM register description

13.5.1 Register list

Table 13-9 GTIM base address list

Timer base address Description

GTIMO 0x4000 5000 GTIMO base address
GTIM1 0x4000 5400 GTIM1 base address
GTIM2 0x4000 5800 GTIM2 base address

Note: GTIM is valid when SysCtrl CR1.GTIMxCFG is 0, and invalid when it is 1.

Table 13-10 GTIM register list

Register name Offset address Reset value
Reload Register(GTIM_ARR) 0x300 0x0000 FFFF
count register(GTIM_CNT) 0x304 0x0000 0000
Compare Capture Control Register(GTIM_CMMR) 0x308 0x0000 0000
Control Register 1 (GTIM_CR1) 0x30C 0x0000 0000
Control Register 0 (GTIM_CRO) 0x310 0x0000 0000
Interrupt Enable Control Register(GTIM_IER) 0x314 0x0000 0000
Interrupt Flag Register(GTIM_IFR) 0x318 0x0000 0000
Interrupt Flag Clear Register(GTIMx_ICR) 0x31C 0x0000 003F
CHO Compare / Capture Register(GTIM_CCRO) 0x320 0x0000 FFFF
CH1 Compare / Capture Register(GTIM_CCR1) 0x324 0x0000 0000
CH2 Compare / Capture Register(GTIM_CCR2) 0x328 0x0000 FFFF
CH3 Compare / Capture Register(GTIM_CCR3) 0x32C 0x0000 0000
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13.5.2 Reload Register (GTIM_ARR)

Reset value: 0x0000 FFFF

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b1l7 bl6
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
ARR
Read
Bit Marking Place name Function and
write
b31~bl6 Res Reserved bit Reserved, must remain at reset value
b15~b0 ARR timer reload value RW
13.5.3 Count register (GTIM_CNT)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
CNT
Read
Bit Marking Place name Function and
write
b31~bl6 Res Reserved bit Reserved, must remain at reset value
b15~b0 CNT Timer count value RW
208/403
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13.5.4 Control Register 1 (GTIM_CR1)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res ETRFLT Res
Read
Bit Marking Place name Function and
write
b31~b7 Res Reserved bit Reserved, must remain at reset value

The sampling clock is PCLK or PCLK frequency division, and the

number of sampling points is N

000: no filtering

001: Fsample = PCLK,
ETR pin input signal filter 010: Fsample = PCLK,
configuration 011: Fsample = PCLK,

100: Fsample = PCLK/4,

101: Fsample = PCLK/4,

110: Fsample = PCLK/8,

111: Fsample = PCLK/8,

b3~b0 Res Reserved bit Reserved, must remain at reset value

b6~b4 ETRFLT RW

Z2Z2zZ2=Z2=2=22
I n
OO, ORAN
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13.5.5 Control Register 0 (GTIM_CRO)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
Res
bl5 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res ETP TRS 0osT PRS TOGEN MD CEN
Read
Bit Marking Place name Function and
write
b31~b12 Res Reserved bit Reserved, must remain at reset value
0: external input ETR positive(trigger mode rising edge is valid,
. ) gating mode high level is valid)
b1l ETP Eglt:CrEgL'npUt ETR polarity 1: The external input ETR is reversed(the falling edge of the RW
trigger mode is valid, and the low level of the gate control mode is
valid)
00: ETR pin input signal
01: Internal interconnection 1
10: Internal interconnection 2
b10~b9 TRS Trigger source selection 11: Internal interconnection 3 RW
Note: For details on the internal interconnection, see the function
description of the interconnection of internal and external devices
on the chip.
Single / continuous count 0: continuous counting mode
b8 osT mode control 1: Single count mode RW
0: DIV1 4:DIV16  8: DIV256 12: DIV4096
1: DIV2 5:DIV32  9: DIV512 13: DIV8192
b7~b4 PRS Prescaler Frequency Division 2: DIV4 6: DIV6e4  10: DIV1024 14: DIV16384 RW
Configuration 3: DIV8 7: DIV128 11:DIV2048 15: DIV32768
Note: The pre-division coefficients in the capture mode can only
be setto 0,1,2, and 3.
. 0: TOGP, TOGN output levels are both 0
b3 TOGEN TOG pin output enable control 1: TOGP, TOGN output signals with opposite levels RW
00: Timer mode, the count clock is PCLK
01: Counter mode, counting clock is TRS signal
Timer working mode 10: Trigger start mode, the count clock is PCLK, TRS signal triggers
b2~bl MD . ) RW
configuration the counter to start
11: Gating mode, counting clock is PCLK, ETR pin input signal is
used as gating
0: timer stopped
b0 CEN Timer Enable Control 1: Timer enabled RW

Note: After the trigger start mode is triggered, CEN is set to 1 by
hardware
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13.5.6 Interrupt Enable Control Register (GTIM_IER)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7  blé6
Res
b15 bl4  bl3 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res COTRAD | OVTRAD | DCC3 | DCC2 | DCC1 | DCCO | CC3 | CC2 | CC1 | CCo Tl ul
Read
Bit Marking Place name Function anq
write
b31~b12 Res Reserved bit Reserved, must remain at reset value
1 oo ComeSE 0T O pobe w
b10 OVTRAD E)S/rtletrrfcl)c!)w trigger ADC enable ? IEL(;htgltgted RW
bo DCC3 S(I)-In3trt£;ggers DMA enable ({ Egc;ht;gted RW
b8 DCC2 S(I)-Inztrtg;ggers DMA enable ({ Egc;ht;gted RW
b7 DCCl S(I)-Inltrt;;ggers DMA enable ({ EL(;ht:gtEd RW
b6 DCCO E(I)-Ir:)trtor;ggers DMA enable (1) E:\c;hblgted RW
bs cc3 iterrupt enable contro 1. Enable RW
b4 cc2 iterrupt enable contro 1. Enable RW
b3 ce1 iterrupt enable contro 1. Enable W
b2 cco iterrupt enable contro 1. Enable W
b1 T ‘cl'ggggrl m%errupt enable ({ Egc;ht;gted RW
bo ul E)S/r(]etrrfcl)?w interrupt enable ({ EL(;ht:gtEd RW
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13.5.7 Interrupt Flag Register (GTIM_IFR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7  blé
Res
b15 bl4 bl3 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res CC3 cc2 Ccc1 cco Tl ul
Read
Bit Marking Place name Function and
write

b31~b6 Res Reserved bit Reserved, must remain at reset value

b5 cc3 CH3 comparison capture 0: no compare capture event occurs RW
interrupt flag 1: A compare capture event has occurred

b4 cc2 CH2 comparison capture 0: no compare capture event occurs RW
interrupt flag 1: A compare capture event has occurred

b3 cc1 CH1 comparison capture 0: no compare capture event occurs RW
interrupt flag 1: A compare capture event has occurred

b2 cco CHO comparison capture 0: no compare capture event occurs RW
interrupt flag 1: A compare capture event has occurred

. . 0: No trigger event occurred
bl Tl trigger interrupt flag 1: A trigger event has occurred RW
. 0: The counter has not overflowed
b0 ul Overflow interrupt flag 1. The counter has overflowed RW
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13.5.8 Interrupt Flag Clear Register (GTIM_ICR)

Reset value: 0x0000 003F

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7 blé6
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res cec3 cc2 CC1 Cco Tl ul
Read
Bit Marking Place name Function and
write

b31~b6 Res Reserved bit Reserved, must remain at reset value
CH3 compare capture 0: Clear compare capture interrupt flag

b5 ce3 interrupt flag clear 1: no function RIWO
CH2 compare capture 0: Clear compare capture interrupt flag

b4 cc2 interrupt flag clear 1: no function RIWO
CH1 compare capture 0: Clear compare capture interrupt flag

b3 cc1 interrupt flag clear 1: no function RIWO
CHO compare capture 0: Clear compare capture interrupt flag

b2 cco interrupt flag clear 1: no function RIWO

bl T trigger interrupt flag clear O Clear compare capture interrupt flag RIWO

1: no function
. 0: Clear counter overflow flag
b0 ul overflow interrupt flag clear 1+ no function R1WO
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13.5.9 Compare Capture Control Register (GTIM_CMMR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7  bl6
Res
bl5 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res CC3M Res cc2M Res. CC1M Res ccom
Read
Bit Marking Place name Function and
write
b31~b15 Res Reserved bit Reserved, must remain at reset value
_ CH3 capture compare mode ) -
b14~b12 CC3M configuration CCOM for function description RW
b1l Res Reserved bit Reserved, must remain at reset value
_ CH2 capture compare mode ) -
b10~b8 cc2m configuration CCOM for function description RW
b7 Res Reserved bit Reserved, must remain at reset value
_ CH1 capture compare mode . -
b6~b4 CC1M configuration CCOM for function description RW
b3 Res Reserved bit Reserved, must remain at reset value
000: no function
001: rising edge capture
010: Falling edge capture
_ CHO capture compare mode 011: Simultaneous capture of rising and falling edges
b2~b0 ccom configuration 100: forced output low level RW

101: Force output high level

110: PWM positive output(CNT = CCRO output high level)
111: PWM reverse output(CNT < CCR output high level)

13.5.10 Compare Capture Register (GTIM_CCRy) (y=0,1,2,3)
Reset value: 0x0000 FFFF/ 0x0000 0000/ 0x0000 FFFF/ 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19

b18 b17 bl6

Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
CCR
Read
Bit Marking Place name Function and
write
b31~bl6 Res Reserved bit Reserved, must remain at reset value
b15~b0 CCR 16 -bit compare capture RW

register
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14 Advanced Timer (ATIM)

14.10verview

ATIM3 is a timer composed of 1 counting unit and 7 comparing units, and supports 6 independent
PWM outputs or 3 pairs of complementary PWM outputs. Supports 6 capture inputs.

Using timer prescaler, system prescaler and system clock selection, the pulse width and waveform
period can be flexibly adjusted; the pulse width can be measured conveniently.

ATIMO is a timer composed of 1 counting unit and 2 comparing units, and supports 2 independent
PWM outputs or 1 pair of complementary PWM outputs. Supports 2 capture inputs.

Using timer prescaler, system prescaler and system clock selection, the pulse width and waveform
period can be flexibly adjusted; the pulse width can be measured conveniently.

14.2Main characteristics

14.2.1 Main features of ATIM3

6 independent PWM outputs CHOA, CHOB, CH1A, CH1B, CH2A, CH2B

3 complementary PWM outputs(CHxA, CHxB) + 1 independent PWM output(gate)

3- way complementary PWM output(CHxA, CHxB) + 1 -way capture function(gate)

Up to 6 capture inputs

Pulse Width Measurement

Dead zone control

Brake control

Edge alignment, symmetric center alignment and asymmetric center alignment PWM output
Quadrature code counting function

Single pulse mode

External input count function
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CHOB [ Edge L] _L Output | | CHOB
RREOB I u pu
D— flt det Capture /compare OCRREO control
CH1A Edge — I—Output 1| CHIA
OCRRE14 utpu
flt det Capture /compare DTG control
T _L~
CH1B flt Edge Capture /compare [| Output CHiB
det p P ocRRELR control
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CH2A Edge loCRRE24 Output CH2A
flt det Capture /compare DTG control
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Figure 14-1 ATIM3 block diagram
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14.2.2 Main features of ATIMO

m 2 independent PWM outputs CHA, CHB
m 1 channel complementary PWM output(CHA, CHB) + 1 channel independent PWM output(gate)
m 1 channel complementary PWM output(CHA, CHB) + 1 channel capture function(gate)
m Up to 2 capture inputs
m Pulse Width Measurement
m Dead zone control
m Brake control
m Edge alignment, symmetric center alignment and asymmetric center alignment PWM output
m Quadrature code counting function
m Single pulse mode
m External counting function
CR.CT
Period reload
ARR
pelk PRS u
:;l MS hllll trgo
ETR Ft [Edge X cle counter ctr X
pol | det trig
Gate Gate j
ctrl IAEP |
IBFP |
Edge CHA
CHA T _D— EI;{ dgt Capture /compare ~ [*®%4 DTG ?grffrlétl
Xor {} i‘f
Edge CHB
CHB D_ f;';{ dgt Capture /compare |ocases cO:rEFrlcj)tl
J E—
BK
flt — pol Output GATE
control

Figure 14-2 ATIMO block diagram
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14.3.1 Timer clock

The timer uses PCLK as the timer clock, and the timer clock is marked with TCLK below.

14.3.2 Timer counter

The main building blocks of the Advanced Timer are a 16 -bit counter and its associated auto-reload

register. The counter can count up, count down, or alternately count up and down. The counter
clock can be divided by a prescaler.

The counter, auto-reload register and prescaler register can be read and written by software. Read
and write operations can be performed even while the counter is running.

14.3.3 Timer Prescaler

Using TCLK as the timer clock, prescaler can be used. The prescaler settings are as follows:

Table 14-1 ATIM PRS divider ratio list

PRS 0b000 0b 001 0b 010 0b 011 0b 100 0b 101 0b 110 0b 111
Frequency
division 1 2 4 8 16 32 64 256
ratio
The prescaler does not have a preloaded buffer, so any changes to the prescaler will take effect
immediately.
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14.3.4 Mode 0 count timer function

In this mode, the counter counts up. The counter supports two counting modes, free counting mode
and reload mode, and can choose external clock ETR counting or system clock counting. Counting
to the maximum overflow generates an interrupt. Invert the output port CHA, CHB, in this mode,
CHA, CHB are reversed.

The free count mode overflows after counting from the set count value to OxFFFFFFFF, and the
count value restarts counting from 0x0 after overflow.

The counting range of the reload mode is from ARR counting up to OxFFFF overflow, and then
counting from ARR again, and the counting cycle is OXFFFF-ARR+1.

14.3.4.1 Functional block diagram

e ——————————————————————————————————————————————————————————

Prs[2:0]

Telk Pre_cnt

ETR

CNT(32bit)

CR.gate

CR.Gate_p

I
I
t
|
I
I
|
|
|
I
I
|
|
|

CR.CTEN |
t
|
|
I
I
|
|
|
|
|
|
|
]

Dbg_active

Prs[2:0]

Tclk Pre_cnt

ETR

CNT(16bit) o e | imtermuet,

==

CR.CTEN

CR.gate

ARR(16bit) CHB

CR.Gate_p

Dbg_active

Figure 14-4 Heavy Duty Counting Waveform
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14.3.4.2 Count waveform

4 CNT[15:0]
OXFFFF

ARR
0x0000

_|V

CR.CTEN

Figure 14-5 16 -bit heavy load counting waveform

A
CNT32[31:0]
OXFFFFFFFF [ = = = = = = = = m e e -——-

0x00000000

i/

CR.CTEN

Figure 14-6 32 -bit free-counting waveform
14.3.4.3 Counting function

Counting functions are used to determine the number of times an event occurs. In the count
function, the counter increments every falling edge of the corresponding input clock. The input
signal is sampled by the internal TCLK, so the external input clock frequency cannot exceed the
system TCLK clock. Counting to the maximum value will overflow and generate an interrupt. The
interrupt flag needs to be cleared by software.

14.3.4.4 Timing function

The timing function is used to generate interval timing. In the timing function, the timer has a pre-
divided frequency, and the timer accumulates once per clock of each pre-divided frequency. When
counting to the maximum value, it will overflow and generate an interrupt. The interrupt flag needs
to be cleared by software.
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Free counting (max=0xFFFF_FFFF)

szaligigligipiplinisipipininisigipinlinininininlinininin

[comea) [T XXX i o O<md OO O O
OverFlow

UIF [ )—’_ ““““ N

TOG [ |

’ Soft clear ‘

Figure 14-7 Free Count Timing Diagram

Overload count (max=0xFFFF)

G UL UL UL

Al EE00 000 00EN 00000000 E 00080000 0000000
count(1) [ TL >ty e DXmaid iy e S e p<manyd oKy e 5 e <mand m b

[ow ] [ 1 [ 1 [ 1
UIF I e e
TOG | |

’ Soft clear ‘

Figure 14-8 Timing diagram of heavy load counting (prescaler is set to 2)
14.3.4.6 Buzzer function

The Buzzer can be realized through the flipping output function of the timer. To use the toggle
output requires enabling the DTR.MOE control bit. Setting CR.TOGEN to 0 can set port CHA, CHB
output to 0 at the same time. When the counting clock is 4M, the timer reload mode configuration
of Buzzer outputting different frequencies is as follows:

Table 14-2 Correspondence between Buzzer output frequency and reload mode configuration value
under 4MHz clock

Buzzer Counter Counter count | Counter reload | CNTL initial | CNTH reload

frequency period value value value value

1000Hz 0.5ms 2000 63536 0xF830 0xF830

2000Hz 0.25ms 1000 64536 OxFC18 OxFC18

4000Hz 0.125ms 500 65036 OxFEOC OxFEOC
14.3.4.7 Setup example

Reload Timer Settings
1. Settimer mode MOCR.MODE=0
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Set load value ARR
Set the counter initial value CNT
Clear interrupt flag

Enable interrupt MOCR.UIE
Enable reload mode MOCR.MD

7. Start timer MOCR.CTEN
BUZZER output control

Set the appropriate ARR value according to the output frequency

1

2. Set the timer to reload mode, refer to reload timer setting
3. Enable Output Enable DTR.MOE

4. Start another timer to control MOCR.TOGEN to realize frequency interval output

14.3.5 Mode 1 pulse width measurement PWC

In this mode, the high level and low level or period width of the input pulse can be automatically

measured.

The first valid edge counter is initialized to 0x0001, the second valid edge will stop counting, and

the current count value will be stored in CCROA, and a pulse width measurement interrupt flag PWC

will be generated. If the counter overflows, an overflow flag will be generated. Setting overflow

interrupt enable will generate overflow interrupt.

Table 14-3 PWC mode measurement start and end edge configuration table

M1CR.edglst 0 0 1 1

M1CR.edg2nd 0 1 0 1

Pulse width gggsr edge ~ Upper gggsr edge ~ lower Ié(é\ggr edge ~ upper (I;cé\ggredge ~ lower
measurement Cycle width High level width Low level width Cycle width

During period measurement, a period is measured at intervals of one period.

14.3.5.1 PWC functional block diagram

MSCR.TS

Edge counter
—  sel
Edge Edge
det sel
CCR

Figure 14-9 PWC Measurement Block Diagram
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Table 14-4 PWC mode measurement signal source selection

Trigger selection

000: the signal ETFP after the filter phase selection of the port ETR;

001: Internal interconnection signal ITRO

010: internal interconnection signal ITR1;

011: internal interconnection signal ITR2;

MSCR.TS 100: internal interconnection signal ITR3;

101:Invalid

110: Filtered signal IAFP of port CHOA (polarity selection is invalid in pulse width measurement
mode)

111: Filtered signal IBFP of port CHOB (polarity selection is invalid in pulse width measurement
mode)

14.3.5.2 PWC waveform measurement timing diagram

 CNTIL5:0]
OKFFFF | oo S S e
| | | I
| | | |
| | | |
| | '
| ' !
|
I | |
0x0001 ! : |
| [ ! ”
T t t
cEN [ | , :
IN |
UIF [
CAF

Figure 14-10 Rising edge to falling edge high level measurement

A CNT[15:0]
R S — R .
| | | l
| I I !
| | !
| ' !
| ' '
0x0001 | ! : .
i ! ! ! "
cTev [ ! I i
. | | |
IN I | |
UIF 7
CAF

Figure 14-11 Falling edge to falling edge period measurement
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OXFFFF

0x0001

CTEN

IN

UIF
CAF

» CNT[15:0]

\ 4

Figure 14-12 Rising edge to rising edge period measurement

Select the measurement signal source by registering MSCR.TS.

000 ETFP:

ETR external input and input filtered phase selection signal, external filter and input

reverse can be selected

001 ITRO:
010 ITRI:
011 ITR2:
100 ITR3:
101 IAQOED:

110 IAFP:
selected

111 IBFP:
selected

Timer internal interconnection signal 0, TRGO output of other timers
Timer internal interconnection signal 1, TRGO output of other timers
Timer internal interconnection signal 2, TRGO output of other timers
Timer internal interconnection signal 3, TRGO output of other timers
Invalid

CHOA external input and input filtered phase selection signal, external filter can be

CHOB external input and input filtered phase selection signal, external filter can be

14.3.5.3 PWC one-shot mode

Set M1CR.ONESHOT=1 to set PWC single measurement, and CTEN will be cleared after the
measurement is completed.
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a CNT[15:0]
OXFFFF : |
| |
| |
| |
I L
| |
| |
0X0001 [ ! >
| | i
|
CTEN J ! |

N T T

UIF I
CAF [

Figure 14-13 Rising edge-to-rising edge period measurement one-shot mode

14.3.5.4 Setup example

Pulse Low Level Measurement Setup

1.

2.

9.

Set to pulse measurement mode M1CR.MODE=1

Set MSCR.TS to select the signal to measure

Set M1CR.edg2dn=0, M1CR.edglst=1 to choose to measure low level
Clear interrupt flag

Enable overflow interrupt M1CR.UIE

Enable measurement end interrupt CRO.CIEA

Enable timer M1CR.CTEN

interrupt flag

Waiting for next measurement

Pulse high level single measurement setup

1.

2.

Set to pulse measurement mode M1CR.MODE=1

Set MSCR.TS to select the signal to measure

Set pulse single measurement mode M1CR.ONESHOT=1

Set M1CR.edg2dn=1, M1CR.edglst=0 to choose to measure high level
Clear interrupt flag

Enable overflow interrupt M1CR.UIE

Enable measurement end interrupt CR0O.CIEA

Enable timer M1CR.CTEN
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9. Read CCROA and the number of overflows in the interrupt service routine and clear the

interrupt flag
10. End of measurement
14.3.6 Mode 2/3 compare capture mode

14.3.6.1 Counter

RW Period reload .
’ ARR -
TCLK ARR buffer
A Level | | nedg
ETR Sel gen o counter owed | RCR vy g,
FLT.FLTET FLT.ETP

—\| Pedg

ETR ——]

CHoA A = Level gen

CHoB Sel
FLT.FLTET FLT.ETP
FTLFLTAO FTL.CCPAO MSCR.SMS
FTLFLTBO FLT.CCPBO MSCR.TS

Figure 14-14 Counter Block Diagram

The main part of the counter is a 16 -bit counter with associated autoload registers. This counter
can count up (mode 2), count down (mode 2) or count up and down in both directions (mode 3).
The clock of the counter can be divided by the prescaler PRS, or ETR can be selected to input an
external clock or the external input signal and internal interconnection signal selected by MSCR.TS.

Counter basic units include:

Counter Register CNT

Prescaler register CR.PRS

Automatic Reload Register ARR

Repeat Count Register RCR

Clock Selection Control Registers FLT, CRO, MSCR, CR

The automatic reload register ARR has a cache function, and the reload value is updated from the

cache register to the counter after the counter generates an event update. When the counter is
stopped or the cache function is disabled, the auto-reload register is immediately updated to the
cache register. When the timer is running and the cache function is valid, the value written to the
auto-reload register will not be updated to the cache register immediately, and will be updated
from the auto-reload register to the cache register only after the event is updated.

Clock selection and gating function, trigger function, and reset function refer to the [Mode 2/3 Slave
Mode] chapter.
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14.3.6.2 Counter waveform

Mode 2 is a sawtooth counting waveform, and the counting direction can be changed by setting
CR.DIR.

CR.DIR is set to 0, the counter is in up-counting mode. In this mode, the counter counts from 0 to
the auto-reload value(ATIMx_ARR), and then starts counting from 0 again and generates a counter
overflow event. (UEV) is generated when the count-up repeats to the number programmed in the
repeat count register plus one (ATIMx_RCR+1). Otherwise, an update event will be generated every
time the counter overflows.

generated when the UG bit of the ATIMx_CR register is set (by software or using a slave mode
controller).

When an update event occurs, all registers are updated and the update flag(UIF bit in the ATIMx_IFR
register) is set(depending on the URS bit):

m The auto-reload cache value will be updated with the ARR register value
m The compare buffer value will be updated with the compare register CCRxy
The figure below shows the counter waveforms of different counting directions when ARR=0x2C:

< T I s I o
cen |

count 20 X X o Xoc Xo Xo Xo X5 Xa X5 X
overlow [

uev [

UIF |

Figure 14-15 Count Up Without Prescaler

The number of counting overflow cycle clocks is ARR+1,
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TS einininininininininininigisiniin

cten |
count 2A X 2B X 2¢ X 0 X 1 X 2 X 3 X 4

overlow

—
uev [ ]
|

UIF

Figure 14-16 Up Counting with Prescaler

OB e T e T e e e e e e e e M

cen |

count 3 X2 X1 X0 X X X2 X X ) o X
overlow [ ]

Uev [

UIF | L

Figure 14-17 Down counting without prescaler
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clk
cten

count 2 X 1 X 0 X 20 X 2 X 2A X 29 X 28

overlow

UIF

T
uev [
|

Figure 14-18 Down counting with prescaler

clk fyyyyuyyuyyyyyryyyyryyyyryuywyuyyuys

cten
count 2A X 286 X 2C XZBXZAX:“ X 2 X 1 X 0o X 1 X 2 X3
overlow H
underflow H
uev H
UIF | \ | |
Figure 14-19 Up and down counting with prescaler
a CNT[15:0]
FFFFH
ARRL - - —
0000H R
%
CR.CTEN

Figure 14-20 Edge-Aligned Timer Waveform (DIR =1)
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» CNT[15:0]

FFFFH

ARR

0000H

_|V

CR.CTEN

Figure 14-21 Edge-Aligned Timer Waveform (DIR =0)

Mode 3 is a triangular wave counting waveform, the counting direction control bit is read-only, and
the counting direction cannot be changed.

The CR.DIR direction bit is read-only in center-aligned (triangular wave) mode, and the write value
is invalid. Switching from other modes to center-aligned mode DIR is automatically cleared to 0.
DIR is automatically cleared in reset mode by software event update and external trigger in slave
mode.

FFFFH | CNT[15:0]

ARR

0000H

CR.CTEN

Figure 14-22 Center Aligned Counter Waveform

14.3.6.3 Repeat count

A repeating counter uses the counter's overflow to count down. counting to 0, that is, when the
counter overflows once the value set by the repeat register is added. When the cache register is
enabled, the auto-reload register is updated to the auto-reload cache register. In compare mode,
the value of the compare register is updated to the compare buffer register.

The repetition counter is decremented when the following conditions are true (when RCR.UD = 0
and RCR.OV = 0):

m Each time the counter overflows in up counting mode
m Each time the counter underflows in down counting mode
m Every overflow and every underflow in triangle wave mode
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Edge-aligned up
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4444444444
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Edge-aligned count
down
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RO RO RO SRR R
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Figure 14-23 Repeat counter generates update timing (RCR.UD=0 RCR.0V=0)

RCR.QV is the masking function bit for repeat counting control overflow. If RCR.OV is 1, the overflow
event will be ignored when performing repeat counting;

center Edge-aligned up Edge-aligned count
RCR.OV 1:RCR.UD ali%iment counting down
count
RCR=0 /N NN\ ANV NNNNNNNNNNN
e T 7 *T™MtrTrTrT T T T
RCR=1 /NN ANV NNNNNNNNNNN
UEV\— 1\ 0 2 T~ T 7T 17
o B N VA VA VA VA VAVAN ANV NNNNNNNNNNN
U\~ T 0 T " " 2

Figure 14-24 When the overflow is masked, the repetition counter generates an update
timing(RCR.0OV=1, RCR.UD=0)

RCR.UD is the underflow mask function bit for repeat counting control. If RCR.UD is 1, the underflow
event will be ignored when performing repeat counting;
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center Edge-aligned up Edge-aligned count
alignment counting down

RCR.OV = O;RCR.UD =1

count

o\ A VAVAVAVAVAVAN AN NNNNNNNNNNN
>t T 7 SO A M S A R M

. SV AVAVAVAVAVAVAN AN NNNNNNNNNNN
TRV 0 0 (O N R

RCR=2 /NN AN NNNNNNNNNNN
VBN 0 0 Tt

Figure 14-25 When the underflow is masked, the repetition counter generates an update
timing(RCR.OV=0, RCR.UD=1)

In addition to generating events to update UEV through repeated counters on overflow and overflow,

you can also generate software and slave mode reset events to update UEV by writing register

CR.UG; at this time, you need to configure CR.URS.
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14.3.6.4 Data cache

Both the auto-reload register ARR and the comparison register CCRxy can be configured with a
cache function. When the cache function is valid, the written period value ARR and comparison

value CCRxy will only take effect when the UEV event is updated.

The update timing diagram of the auto-reload value in different counting modes is as follows:

A
0XA00

0x800
0x600

CTEN

UV | | | |

ARR ~ 0x800 ¥ 0XA00 X 0x600

ARRBUF  0x800 X 0XAO0 X 0x600

Figure 14-26 Triangular Wave Mode Buffer Enable

0xA00
0x800
0x600

CTEN

UEV | | | |

ARR _ 0x800 Y\ 0xA00 Y 0x600
ARRBUF 0x800 X 0xA00 X 0x600

Figure 14-27 Triangular Wave Mode Buffer Invalidation

HC32F420SeriesReferenceManual_Rev1.30 233/403


https://www.xhsc.com.cn/

INEE S

XIAOHUA SEMICONDUCTOR

XARSC

www.xhsc.com.cn

A
0xA00

0x800
0x600

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

CTEN J

UEV | % | |

0x800

ARR X 0XA00

0x600

ARRBUF 0x800

X

0xA00

0x600

X

Figure 14-28 Count buffer enable on sawtooth mode

A
0XA00
0x800
0x600

CTEN J

UEV | |

ARR  0x800

0xA00

0x600

ARRBUF 0x800

X 0xA00

0x600

Figure 14-29 Count Buffer Invalidation on Sawtooth Mode

A
]
0x800
0x600

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

CTEN J

UEV R | |

0x800

ARR X 0xA00

0x600

ARRBUF 0x800

0xA00

X

X

0x600

Figure 14-30 Count buffer enable in sawtooth
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A
]
1 —
0X600| NN

CTEN

UEV | | |

ARR _ 0x800 Y 0xA00 ¥ 0x600
ARRBUF 0x800 X 0xA00 X 0x600

Figure 14-31 The counter buffer is invalid in sawtooth mode

Note: In triangular wave mode and sawtooth wave counting mode, if the cache is disabled, when
changing ARR, the current counter value should be less than the ARR cycle value to be changed,

otherwise the current cycle will count to OxFFFF.

The update status of the comparison cache is consistent with that of the periodic cache, and the

sequence diagrams are not listed here.

A

7 1010]
0x600 AN

0x400|

CTEN J

UEV
ARR  0x800

CCR  0x600 X 0x400 X 0x600
CCRBUF_0x600 0x400 0X600

] L] I I S N L]

Figure 14-32 Count compare buffer enable in sawtooth mode
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14.3.6.5 Compare output OCREF

The comparison output OCREFA can be configured as a single-point comparison, and the
comparison register CCRA is used to control the output of OCREFA; the comparison output of
OCREFA can also be configured as a two-point comparison, and the comparison registers CCRA and
CCRB are used to control the comparison output of OCREFA.

OCREFB can only use single-point comparison, and the comparison register CCRB is used to control
the comparison output of OCREFB.

CCPA
CR.OCCS ForceA
REF_CLR ]\ Brake CHA
ETFP —‘ ctrl
CNT>CCRA
Comp&
CNT=CCRA ' Output:node OCREFA Dead_gme coMp
t
CNT>CCRB e generate
Brake | CcHB
FLT.OCMA CR.PWM25S ctrl
CR.OCCS
REF_CLR l ForceB ccpB
ETFP _‘
CNT>CCRB
Output mode OCREFB OCMx=000/001, it is forced output (Forcex)
CNT=CCRB ctrl
FLT.OCMB

Figure 14-33 OCREF output block diagram

OCREF output is selected using OCMx

000: forced to 0

001: Forced to 1

010: Forced to 0 when comparing matches

011: Forced to 1 when comparing matches

100: flip when comparison matches

101: Output a high level for one count period when comparing matches
110: PWM mode 1

Single point comparison:

When counting up, CNT<CCRxy outputs high, and when counting down, CNT>CCRxy
outputs low level

Two-point comparison:
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1) Counting CCRXA<CNT=CCRxB output on the sawtooth wave is low level
2) Counting under sawtooth wave CCRXA<CNT=CCRXxB output is high level

3) Triangular wave up count CNT<CCRXA output high, down count CNT>CCRxB is
low level
111: PWM mode 2

Single point comparison:
When counting up, CNT<CCRxy output is low, when counting down, CNT>CCRxy output is
high level
Two-point comparison:
1) Counting CCRXA=CNT<CCRxB output on the sawtooth wave is high level
2) Counting under sawtooth wave CCRXA<CNT<CCRxB output is low level
3) Triangular wave up count CNT<CCRXA output low, down count CNT>CCRXxB is
high level

Note: Forced output has high priority, when forced output is valid, complementary output control
is invalid.

» CNTI15:0]
FFFFH

ARR
CCRB
CCRA

0000H

v

OCREFA

OCREFB

Figure 14-34 Sawtooth counting single point comparison OCREF output waveform(OCMx=111)

FFFFH CNTI[15:0]

Eﬁii//\/\\/\ 7777777 [N

0000H
OCREFA S

_|V

OCREFB

Figure 14-35 Triangular wave counting single point comparison OCREF output waveform (OCMx=111)
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FFFFH 1

ARR
CCRB
CCRA

0000H

Y

OCREFA

OCREFB

Figure 14-36 Sawtooth wave counting double-point comparison OCREF output (OCMx=111)

FFFFH CNT[].S:O]

ARR
CCRB
CCRA

0000H

OCREFA

OCREFB

Figure 14-37 Triangular wave counting double-point comparison OCREF output (OCMx=111)

14.3.6.6 Independent PWM output

CHA is controlled by OCREFA, and the output of CHB is controlled by OCREFB. Through FLTR.CCPA,
FLTR.CCPB can control the reverse of CHA and CHB output.

HC32F420SeriesReferenceManual_Rev1.30

CCPA
CR.0CCS
A CH
REF_CLR Brake |jmmA
ETFP —‘ ctrl
CNT>CCRA ’ jmm
|
CNT=CCRA | Outputmode | QCREFA ! Dgg(’mfﬁe
P trl
CNT>CCRB e : generate
b CH
Brake feB
FLT.OCMA CR.PWM2S ctrl
CR.OCCS
REF_CLR
ETFP —‘
CNT>CCRB
Output mode OCREFB OCMx=000/001, it is forced output (Forcex)
CNT=CCRB ctrl
FLT.OCMB
Figure 14-38 Independent PWM Output Block Diagram
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Relationship between PWM output and OCREF

OCREFx
CHx r— - r [

Figure 14-39 PWM output waveform when CCPx=0

ocrerx | L [ L[ LT [

CHx

Figure 14-40 PWM output waveform when CCPx=1

14.3.6.7 Complementary PWM output

CHA is controlled by OCREFA, and OCREFA controls the output of CHB at the same time. The
compare register CCRxB can be used as a dedicated compare control ADC trigger.

CCPA
CR.OCCS ForceA
] CH
REF_CLR e Brake | — A
! ctrl
ETFP
— Fr——— - ——— L
|
CNT>CCRA | |
Comp&
CNT=CCRA | Output mode OCREFA | ! Dead.fime COM
CNT>CCRB ctr generate
CH
| Brake fee—B
FLT.OCMA FR.PWM25S e ctrl
CR.OCCS L
REF_CLR ForceB
ETFP
CNT>CCRB |
Output mode OCREFB OCMx=000/001, it is forced output (Forcex)
CNT=CCRB ctrl
FLT.OCMB

Figure 14-41 Complementary PWM Output Block Diagram

OCREFA
CHA 1 1 1 -
CHB | L | L1 L1

Figure 14-42 Complementary PWM output waveform
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14.3.6.8 PWM output with dead zone

The dead-time function can be set in complementary PWM output mode.

OCREFA [ ]
ca — |
CHB >‘ T ' ‘ de [< >‘ e ":! dt < >‘ in

Figure 14-43 Complementary PWM output waveform

The dead time is controlled by 8 -bit DTR, and the relationship between the dead time dt and DTR

is as follows

DTR[7] =0 T=DTR[6:0]+2 2-129 step=1
DTR[7:6] =10 T={DTR[5:0]+64}*2 +2 130-256 step=2
DTR[7:5] =110 T={DTR[4:0]+32}*8 +2 258-506 step=8

DTR[7:5] =111 T={DTR[4:0]+32}*16 +2 514-1010  step=16

Time A
period

1010 fFmmm—mmmmmmmmm e

506

256 f————————————————— o

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
129 F——————————-= :
|
|
|

DTR

\/

O0x7F O0xBF OxDF OxFF

100M clock dead time adjusted from 2.56ps to 10.1us

Figure 14-44 Dead time
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14.3.6.9 Single pulse output

Single pulse mode (ONE SHOT) is a special case of the above PWM mode. In this mode, the counter
can be triggered to start by an excitation signal and generate a programmable width pulse, as
shown in the following diagram.

The counter can be started by the slave mode controller. can be generated in output compare mode
or PWM mode. One-shot mode is selected by setting the ONESHOT bit in the ATIMx_M23CR register
to 1. the counter will automatically stop when the next update event UEV occurs.

Because the counter will stop when the next update event UEV occurs, so when the initial value of
the RCR setting is not 0, the timer will stop after the RCR value + 1 overflow event. If the overflow
or underflow mask function of the RCR register is enabled, the corresponding mask overflow event
needs to be ignored when RCR is counted.

Do not set the initial value of the counter in the sawtooth counting mode to 0 in the single pulse
mode, and do not set the counting value in the up counting mode to be greater than or equal to
ARR.

The output pulses are only generated correctly when the comparison value differs from the counter
initial value. Before starting (when the timer is waiting to be triggered), the following configurations
must be made:

m  When counting up: CNT<CCRxy = ARR (special attention, 0<CCRxy)
m  When counting down: CNT>CCRxy

0x800] — — — — — —
0x600| — — — — — — 2 N
CCRxA 0x400 [~ — — — — === N T T T T T T
| | ! _
! | | ' ' ' "
CTEN | | | |
UEV | ! | : Lo
l ! ! l l
RCR | I 1 X | 0
T T
I I |
ARRBUF | T I X | 0x600
|
f

CHxA (PWM1 Mode) l
|
CHxA (PWM2 Mode) | '

TG I |

Figure 14-45 Single pulse counting in triangle wave mode
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0xA00
ox800f ————— — —p —— — — — — —
ox600f— — — — —— A~ — — — — — —
CCRxA 0x400 [— — — —

|
|
|
|
vev | | |
|
|
T
T

|
I
L |
X

ARRBUF 0x800

X 000,
CHXA (PWM1 Mode) L | |

CHXA (PWM2 Mode) [ ] [ 1

TG __| I I

Figure 14-46 Counting Single Pulse Mode on Ramp Waveform

0x800 | — — — — — — — -

0X600 | — — N — — - — — — — | N\~ — — S
CCRXA 0x400 | — — - — — >N — |- — — — — T - ——j\
| | | | | I

|
f f f f — — >
CTEN I I
S | S S SN, -
UEV ! ! I ! ! I [ I L1 I
| | | | L1 L
RCR | | | | 0 L1 L
| | | | L L
ARRBUF , , 0x800 , , X , Qx600 , ,

CHxA (PWM2 Mode)
TG |

CHxA (PWM1 Mode) _:_' |—| I—I I_I
1 o
| I

Figure 14-47 Counting single pulse mode under sawtooth waveform

Note: In up-counting, when configured as PWM2 mode, since the channel initial output is low level,
the first trigger will generate a rising edge and maintain a high level. Upon the second trigger, a
programmable width low level pulse can be output. In down-counting, when configured as PWM1
mode, since the channel initial output is low level, the first trigger will generate a rising edge and
maintain a high level. Upon the second trigger, a programmable width low level pulse can be output.

14.3.6.10 Compare interrupt

The sawtooth comparison match will set the corresponding flag of the IFR register to 1, and if the
interrupt is enabled CRCHx.CIEy (x=0,1,2;y=A,B) will trigger an interrupt.

For triangular wave comparison match, you can select up-count comparison match, down-count
comparison match or both comparison matches separately.

Compare A Compare Match When the count value is equal to CCRxA, use M23CR.CIS control
uniformly.
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When M23CR.CIS=2'b00 compare match no output

When M23CR.CIS=2'b01 compare match when counting up

When M23CR.CIS=2'b10 compare match when counting down

When M23CR.CIS=2'b11 Comparing matches when counting up and down

Compare B Compare Match When the count value is equal to CCRxB, different channels can be

controlled individually using CRCHx.CISB.

When CRCHx.CISB=2'b00 Channel x compare match no output

When CRCHx.CISB=2'b01 compare match while counting on channel x

When CRCHx.CISB=2'b10 Compare match when counting down channel x

When CRCHx.CISB=2'b11 Comparing matches when channel x counts up and down

The B channel comparison match is controlled separately for more flexible triggering of the ADC.

For details, see the [Timer Trigger ADCTimer triggers ADC] chapter.

FFFFH

ARR
CCRB
CCRA

0000H
IFR.CAXF

IFR.CBxF

CNT[15:0]

\4

M23CR.CISA=0b11
CRCHx.CISB=0b01

M23CR.CISA=0b00
CRCHXx.CISB=0b10

Figure 14-48
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14.3.6.11 Capture input

M23CR.MODE=2/3

The capture function can be set in the triangular wave counting or sawtooth wave counting mode,
and the level edge of the capture can be set. When the capture occurs, the captured value is stored
in the comparison capture register and a capture interrupt is generated.

The compare capture function of each channel can be set individually, selected by the register
CRCHx.CSA/CSB.

The capture edge of each channel can be set independently, and the edge of the capture trigger
can be selected through the register CRCHx.CFy/CRy (x=0/1/2;y=A/B).

When the capture action occurs again before the capture flag is cleared after the capture occurs,
the capture data overwrite flag will be generated.

When the timer is not started, if there is a valid capture edge, the capture flag and capture action
will also be generated.

counter

CRx.CR
FLTR.FLT CR.CF

N fit Edge Edge
det sel [T ) >— CCR
CCG
Figure 14-49 Capturing Functional Block Diagram
4 CNT[15:0]
FFFFH
ARR

0000H

v

CR.CTEN
140 ] L] I
IFR.CAOF L . I

IFR.CAOE [+
CCROA N4 X X X

Figure 14-50 Capture Timing Diagram

CHOA selects CHOA input or the XOR input of CHOA, CH1A, and CH2A through MSCR.IAQS.
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Table 14-5 Capture input CHOA signal list

IAOS 0 1
ATIM3 CHOA CHOA CH1A CH2A XOR input
ATIMO CHA CHA ETR GATE XOR input

CHAO
IAO_CAP
Filter
CHA1
CHA2

IAOS

Figure 14-51 ATIM3 CHOA port selection
CHOB selects the CHOB input or the internal trigger signal selected by MSCR.TS through MSCR.IBOS.

Table 14-6 Capture input CHOB signal list

IBOS 0 1
Internal trigger MSCR.TS select signal
MCSCR.TS Channel B capture input
000 ETR filter phase selection output signal, filter phase
selection can be configured
001 Interconnect ITRO
010 Interconnect ITR1
ATIM3 CHBO
011 Interconnect ITR2
100 Interconnect ITR3
101 CHOA edge
110 CHOA filter output signal, filter function can be configured
111 Reserved
CHOB
MSCR.TS
IBO_CAP
P ITR = Fit
GATE
MSCR.IBOS
Gates

Figure 14-52 CHB port selection

The Gates signal is generated for selecting the PWM complementary output function. When PWM
is the single point comparison complementary output, the compare capture register CCROB is
unused, and automatically switches to using GATE as the capture compare output.
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Note: When GATE is configured for compare output, its output mode only supports being set to

force the output to 0 or 1 and having the PWM mode active (that is, the GATE output is valid when
OCMBO is configured as 0/1/6/7).

14.3.6.12 Setup example

Edge-Aligned Independent PWM Output Settings

© L N o Uk WD

Set mode M23CR.MODE=2

Set sawtooth wave counting direction M23CR.DIR

Set PWM period value ARR

Set the initial value of the counter (the initial value must be less than the period value)
Set PWM comparison value CCRxA, CCRxB

Set PWM output comparison mode FLT.OCMA FLT.OCMB to 6 or 7

Clear the associated interrupt flag

Enable the corresponding interrupt

Set output polarity FLT.CCPAX FLT.CCPBx

10. Enable output DTR.MOE
11. Enable timer M23CR.CTEN

Center-Aligned Complementary PWM Output Settings

v & W

6
7.
8.
9

Set mode M23CR.MODE=3

Set complementary output M23CR.COMP

Set PWM period value ARR

Set the initial value of the counter (the initial value must be less than the period value)
Set the PWM comparison value CCRxA (CCRxB does not need to be set, the PWM output
has nothing to do with this register)

Set PWM output comparison mode FLT.OCMA FLT.OCMB to 6 or 7

Clear the associated interrupt flag

Enable the corresponding interrupt

Set output polarity FLT.CCPAx FLT.CCPBx

10. Enable output DTR.MOE
11. Enable timer M23CR.CTEN

Triangular wave non-center alignment with dead zone complementary PWM output

setting

1.
2.
3.

Set mode M23CR.MODE=3
Set complementary output M23CR.COMP
Set two comparison enable M23CR.PWM2S
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4. Set PWM period value ARR
Set the initial value of the counter (the initial value must be less than the period value)
Set the PWM comparison value CCRxA, CCRxB, the upper counting comparison point is
CCRXA, and the lower counting comparison point is CCRxB

7. Set PWM output comparison mode FLT.OCMA FLT.OCMB to 6 or 7
Clear the associated interrupt flag

9. Enable the corresponding interrupt

10. Set output polarity FLT.CCPAX FLT.CCPBx

11. Set dead zone enable DTR.DTEN

12. Set dead time DTR.DT

13. Enable output DTR.MOE

14. Enable timer M23CR.CTEN

Capture function settings
Set CHOB as rising edge capture function

Select the counter counting method, set mode=2
Select CHOB as capture mode CRCHx.CSB=1
FLT.FLTBO as required

Select the captured edge CRCHx.CRB=1

Set ARR to change the period value

Start timer M23CR.CTEN

Clear the associated interrupt flag

© N o vk W=

Clear the capture flag and enable the corresponding interrupt

9. After querying the capture flag, read CCROB to obtain the capture value
Note: If the capture edge is valid when the timer is not started, the capture flag and capture action
will also be generated.
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14.3.7 Mode 2/3 Slave Mode

The timer can be synchronized to an external trigger in several modes: reset mode, gated mode
and triggered mode.

7 Pedg
CEI'I)RA flt — Level gen Slave tG?t/e/
CHoOB Sel ctr ot counter
FLT.FLTET FLT.ETP
FTLFLTAO FLT.CCPAQ _
FTLFLTBO FLT.CCPBO MSCR.TS MSCR.SMS=1/2/7

Figure 14-53 Slave Mode Schematic
Select from mode function by MSCR.SMS;

Table 14-7 MSCR Register Slave Mode and Trigger Source List

Select from mode function

001: Reset function

010: trigger mode

111: Gating function

Trigger selection

000: The signal ETFP after the filter phase selection of port ETR, the filter function can be
configured

001: Internal interconnection signal ITRO

010: Internal interconnection signal ITR1

MSCR.TS 011: Internal interconnection signal ITR2

100: Internal interconnection signal ITR3

101: edge signal of port CHOA;

110: Port CHOA filters the signal IAFP after phase selection, the filter function can be configured
111: The signal IBFP after the filter phase selection of port CHOB, the filter function can be
configured

14.3.7.1 Gated count

MSCR.SMS

Enables the counter according to the selected input level. In the following example, the counter
only counts up when CHOA is low:

m Configure channel CHOA to detect a low level on CHOA. Configure the input filter bandwidth (in
this example, no filtering is required, so keep FLT.FLTAO=000). Set CCPAO=1 in the FLTR register
to determine the polarity (only detect low level).

m Set SMS=111 in the MSCR register to configure the timer as gated mode; set TS=110 in the
MSCR register to select CHOA as the input source.

m Set CTEN=1 in the CR register to start the counter. When CHOA is low, the counter starts
counting according to the internal clock, and stops counting once CHOA becomes high. In gated
mode, if CTEN=0, the counter cannot be started regardless of the trigger input level.

Pedg
CEIERA flt ] Level gen Slave cate
e —__Sel ctr counter
FLTR.FLTET FLTRETP
FTLR.FLTAO FLTR.CCPAO _
FTLR.FLTBO FLTR.CCPBO MSCR.TS MSCR.SMS=7

Figure 14-54 Gating function
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14.3.7.2 Trigger function

Using external triggers (CHOA, CHOB, ETR) can start the timer synchronously, and using the internal
interconnection signal of the timer combined with MSCR.MMS can also configure the timer to start
synchronously. The trigger signal is the rising edge of the input signal. You can also use software to
write CR.TG to start the software trigger function.

A selected event on the input enables the counter. In the example below, the counter starts
counting up on the rising edge of the CHOB input:

m Configure channel CHOB to detect the rising edge of CHOB. Configure the input filter bandwidth
(in this example, no filter is needed, keep FLT.FLTBO=000). Set CCPB0=0 in the FLTR register to
determine polarity (no inversion).

m Set SMS=010 in the MSCR register to configure the timer as trigger mode; set TS=111 in the
MSCR register to select CHOB as the input source. When a rising edge appears on CHOB, the
counter starts counting driven by the internal clock and sets the TIF flag at the same time. The
delay between the rising edge of CHOB and the start of the counter depends on the
synchronization circuit at the CHOB input.

Note: If you use the falling edge trigger, first select the trigger polarity, and then select the mode,

otherwise false triggers will occur.

14.3.7.3 Reset count

When a trigger input event occurs, the counter and its prescaler can be re-initialized; at the same
time, if the URS bit of the CR register is low, an update event UEV is also generated; then all preload
registers (ARR, CCRx) are updated.

ETR ——— :
CHOA flt ] Level gen Slave trig/

cHos | Sel ——1J L _T—————__| ctr reset counter

FLTR.FLTET FLTRETP
FTLR.FLTAO FLTR.CCPAOFL
FTLR.FLTBO TR.CCPBO

MSCR.TS MSCR.SMS=1/2

Figure 14-55 Trigger and reset functions
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14.3.8 Quadrature code counting function

MSCR.SMS=4/5/6, corresponding to the mode 1/2/3 of the orthogonal coding mode. At this time,
the counter encodes and counts according to the phase relationship of IAFP and IBFP. IAFP, IBFP is
the port input CHOA, CHOB filter phase selection signal.

Mode 1 uses the edge count of CHOA. Mode 2 uses the edge count of CHOB. Mode 3 uses both CHOA

and CHOB edges to count.

In order to ensure the correctness of the counting phase, it is necessary to ensure that the phase

difference of the A/B input is greater than the phase difference of one pulse width, and the A/B

input pulse width needs to be greater than two pulse widths.

Quadrature Signal | Quadrature signal IAFP edge | Quadrature signal IBFP edge
Level Conditions condition condition
IBFP IAFP Rising falling Rising falling
High Down Up
MOD1
Low up Down
High up Down
MOD2
Low Down Up
High High Down Up up Down
MOD3
Low Low up Down Down Up

Note: The white bottom in the above table is the CNT counting action

CHAF/CHBEF is the signal filtered by port CHOA/CHOB, and IAFP/IBFP is the signal after port filter

phase selection.

CHOA

filter

CHAF

FLT.FLTAO

CHOB

filter

CRO.CRA

CHBF

FLT.FLTAB

CRO.CRB

Edge

gen

IAFP

IBFP

Edge

gen

CNT

Figure 14-56 Code counting function block diagram
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Figure 14-57 Code count
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14.3.9 Timer triggers ADC

CCROA, CCR1A, CCR2A comparison match can be configured to trigger the ADC, and the center-
aligned PWM can only be selected through the control register M23CR.CIS to trigger on the rising

match or falling match.

CCROB, CCR1B, CCR2B, CCR3 comparison match can be configured to trigger ADC. When center-
aligned PWM, three matching trigger points (rising, falling, rising and falling) can be controlled
respectively through the register CRCHx.CISB.

CMCCBOR
CRO.CISBO
CMPBO
CMCCBOF CMBOE
CRO.CISB1

CMCCB1R
CR1.CISBO

CMCCB1F CMBIE
CR1.CISB1

CMPSO

TRADC
ADTEN

Figure 14-58 ADC trigger

Complementary PWM output B compare as ADC trigger function

1.

Set to PWM complementary output mode, refer to " Center Aligned Complementary PWM

Output Setting "

Set CCRxB to set ADC trigger comparison point

Set CRCHx.CISB to select up-counting and down-counting comparison matching (sawtooth

wave does not need to be selected)

Select the source ADTR for ADC trigger comparison

Enable ADC trigger ADTR.ADTE
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14.3.10 Brake control

The external BK port input can control the brake, and the system fail can control the brake function.
Through CR.BG, the software brake function can be realized, and the output port can be controlled
to the set state.

14.3.11 Interrupt

Table 14-8 ATIM interrupt source and interrupt request list

Interrupt Note

ATIMO_UEV ATIMO event update

ATIMO_CHA ATIMO channel A compare capture interrupt

ATIMO_CHB ATIMO channel B compare capture interrupt
ATIMO_BKETR ATIMO brake / trigger interrupt

ATIM3_UEV ATIM3 Event Update

ATIM3_CHYA ATIM3 channel A compare capture interrupt
ATIM3_CHYB ATIM3 channel B compare capture interrupt
ATIM3_BK_ETR_OV_UD_CMP3 ﬁ-\tlel\;lﬁoevr;iteruj/ef‘rfilgever interrupt / channel 3 compare /

14.3.12 Timer interconnection

The TRGO output signal can be connected to the ITR signal of other timers. The connection
relationship is as follows:

Table 14-9 Timer Interconnect Signal List

ITRO ITR1 ITR2 ITR3
ATIMO GTIMO overflow GTIM1 overflow GTIM2 overflow ATIM3 TRGO
ATIM3 GTIMO overflow GTIM1 overflow GTIM2 overflow ATIMO TRGO

14.3.13 input interconnection

The ETR input of ATIMO can be directly input from the port, and can also be connected to other
modules or ports through the selection of the port function register SYSCTRL->I0AUX1.

When ATIMOETR=0x0, the capture input is the port input selected by AFRH/AFRL. When
ATIMOETR=0x1~0x7, it can also be selected through the port function register SYSCTRL->I0AUX1
to connect to the input or output of other modules.

Table 14-10 ATIMO ETR signal source list

SYSCTRL->I0AUX1 | 0 1 2 3 4 5 6 7

ATIMOETR [2:0] ATIMO_ETR USARTO_RXD | VCO_OUT | LVD_OUT | VC1_OUT | PAO4 | PA12 | PBO4
The input signal of the CHA of ATIMO can be input from the port selected by AFRH/AFRL, or can be
connected to other modules or ports through the port function register SYSCTRL->I0AUX2 selection.
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When CAP0=0x0, the capture input is the port input selected by AFRH/AFRL. When CAP0=0x1~0x7,

it is connected to the input or output of other modules.

Table 14-11 ATIMO CHA input signal source list

SYSCTRL->I0AUX2

0

1

2

3

4

ATIMOCAPO[2:0]

ATIMO_CHA

USARTO_RXD

VCO_OuT

LVD_OUT

VC1_ouT

PAOO

PAO8

PBOO
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14.4Register description

14.4.1 Register list

Table 14-12 ATIM base address list

Name base address Description
ATIMO 0x4000 6000 ATIMO base address
ATIM3 0x4000 6C00 ATIM3 base address

Table 14-13 ATIM register list

Offset

Register name address Reset value
Auto-Reload Register(ATIMx_ARR) 0x000 0x0000 0000
16 -bit Mode Count Register(ATIMx_CNT) 0x004 0x0000 0000
32- bit Mode Count Register(ATIMx_CNT32) 0x008 0x0000 0000
Mode 0 Control Register (described by mode)(ATIMx_MOCR) 0x00C 0x0060 0008
Mode 1 Control Register (described by mode)(ATIMx_M1CR) 0x00C 0x0060 0008
Mode 23 Control Register (described by mode)(ATIMx_M23CR) | 0x00C 0x0060 0008
Interrupt Flag Register(ATIMx_IFR) 0x010 0x0000 0000
Interrupt Clear Register(ATIMx_ICLR) 0x014 0x0000 FFFF
Master-Slave Mode Control Register(ATIMx_MSCR) 0x018 0x0000 0000
Filter Control Register(ATIMx_FLTR) 0x01C 0x0000 0000
ADC Trigger Control Register(ATIMx_ADTR) 0x020 0x0000 0000
Compare Unit 0 Control Register(ATIMx_CRO/ATIMx_CRCHO) 0x024 0x0000 3000
Compare Unit 1 Control Register(ATIM3_CRCH1) 0x028 0x0000 3000
Compare Unit 2 Control Register(ATIM3_CRCH2) 0x02C 0x0000 3000
Dead Time Register(ATIMx_DTR) 0x030 0x0000 0000
Repeat Count Register(ATIMx_RCR) 0x034 0x0000 0000
Timer Reload Register / Cycle Map Address(ATIMx_ARRDM) 0x038 0x0000 0000
Compare OA Register(ATIMx_CCROA) 0x03C 0x0000 0000
Compare 0B Register(ATIMx_CCROB) 0x040 0x0000 0000
Compare 1A Register(ATIM3_CCR1A) 0x044 0x0000 0000
Compare 1B Register(ATIM3_CCR1B) 0x048 0x0000 0000
Compare 2A Register(ATIM3_CCR2A) 0x04C 0x0000 0000
Compare 2B Register(ATIM3_CCR2B) 0x050 0x0000 0000
Compare 3A Register(ATIM3_CCR3) 0x054 0x0000 0000
Compare Unit 3A Control Register(ATIM3 _CRCH3) 0x058 0x0000 0000

(x=0,3)
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14.4.2 Mode 0 Register Description

14.4.2.1 Auto-Reload Register (ATIMx_ARR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24

b23 b22 b21

b18 b17 bl6

Res

b15 b1l4 b13 b12 b1l b10 b9 b8

b7 b6 b5

b2 bl b0

ARR

Bit Marking Place name

Function
b31~b16 Res

Read and write

Reserved bit

Reserved, must remain at reset value

b15~b0 ARR

16 -bit reload timer reload value register

RW

14.4.2.2 16 -bit Mode Count Register (ATIMx_CNT)
Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24

b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
CNT
Bit Marking Place name Function Read and write
b31~b16 Res Reserved bit

Reserved, must remain at reset value

b15~b0 CNT 16 -bit reload timer Count value register - RW
14.4.2.3 32- bit Mode Count Register (ATIMx_CNT32)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
CNT32[31:16]
b15 bl4 b13 b12 bll b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
CNT32[15:0]
. . . Read and
Bit Marking  Place name Function write
_ 32- bit timer Count value valid in mode 0 32 -bit timer free counting mode, other modes prohibit
b31~b0  CNT32 register writing this register RW
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14.4.2.4 Control Register (ATIMx_MOCR)

Reset value: 0x0060 0008

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res MODE Res | Ul | OTF | GATE | Res PRS TOSE | cr | mp | cen
Read
Bit Marking Place name Function and
write
b31~bl4 Res Reserved bit Reserved, must remain at reset value
. 00 timer mode 0; 01 PWC mode
bl3~bl2  MODE Operating mode 10 sawtooth wave mode; 11 triangle wave mode RW
b1l Res Reserved bit Reserved, must remain at reset value
b10 ul Overflow interrupt enable 0: disable overflow interrupt RW
control 1: enable overflow interrupt
. 0: Port GATE active high
b9 GATEP Port GATE polarity control 1. Port GATE active low RW
0: No gate control, timer works when CTEN=1
b8 GATE Timer Gate Enable 1: Gating is enabled, the timer works only when the port GATE is RW
valid and CTEN=1
b7 Res Reserved bit Reserved, must remain at reset value
000: 1, 001: 2; 010: 4, 011: 8;
b6~b4 PRS I(thgrpal clolcktfrequency RW
lvision selection 100:16; 101:32; 110:64; 111:256;
Toggle output enable in mode  0: Inversion output is off, CHA, CHB output is low level
b3 TOGEN 0 1: Toggle output enable RW
. . 0: internal count clock TCLK
b2 CT Counting clock selection 1: External count clock ETR RW
Mode selection 32 timing /16 0: 32 -bit free count
bl MD timing mode selection 1: 16 -bit reload count RW
b0 CEN Timer enable 0: timer stopped; RW

1: Timer enabled
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Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res Ul
Bit Marking Place name Function Read and write
b31~bl Res Reserved bit Reserved, must remain at reset value
bo ul Overflow interrupt flag 0: The counter has not overflowed RO

1: The counter has overflowed

14.4.2.6 Interrupt Flag Clear Register (ATIMx_ICLR)

Reset value: 0x0000 FFFF

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res Ul
Bit Marking Place name Function Read and write
b31~bl Res Reserved bit Reserved, must remain at reset value
. 0: clear overflow flag
b0 ul overflow interrupt clear 1+ no function R1IWO

14.4.2.7 Dead Time Register (ATIMx_DTR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6

Res

b15 b1l4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res MO Res
Bit Marking Place name Function Read and write
b31~bl3 Res Reserved bit Reserved, must remain at reset value
0: flip port to input state
b12 MO Toggle output enable 1: Toggle port output enable RW
b11~b0 Res Reserved bit Reserved, must remain at reset value
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14.4.3 Mode 1 Register Description
14.4.3.1 16 -bit Mode Count Register (ATIMx_CNT)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
CNT
Bit Marking Place name Function Read and write
b31~b16 Res Reserved bit Reserved, must remain at reset value

b15~b0 CNT Register count value

RW
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14.4.3.2 Control Register (ATIMx_M1CR)

Reset value: 0x0060 0008

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Ones Edg2 | Edgl
Res hot Mode Res ul nd st Res PRS Res cT Res CEN
Read
Bit Marking Place name Function and
write
b31~b15 Res Reserved bit Reserved, must remain at reset value
0: Cyclic measurement
b14 Oneshot Single trigger mode selection 1: After completing a pulse measurement, it will end automatically, = RW
and you need to re-enable CTEN for another measurement.
) 00 Timer mode 0; 01 PWC mode
b13~bl2  MODE Operating mode 10 sawtooth wave mode; 11 triangle wave mode RW
b1l Res Reserved bit Reserved, must remain at reset value
0: disable overflow interrupt
b10 ul Overflow interrupt enable 1: enable overflow interrupt RW
control Note: Counting to OxFFFF will overflow and generate an overflow
flag
b9 Edg2nd Pulse W|dth.measurement end
edge selection
edg2nd | 0 0 1 1
Edglst | O 1 0 1
Pulse width measurement Measur | Rising - Low level High level Falling
b8 Edglst start edge selection ement | upperiod width width edge - RW
falling
edge cycle
b7 Res Reserved bit Reserved, must remain at reset value
000: 1, 001: 2; 010: 4, 011: 8;
e ok reuency Rw
100: 16; 101:32; 110:64; 111:256;
b3 Res Reserved bit Reserved, must remain at reset value
. . 0: Internal count clock TCLK
b2 CcT Counting clock selection 1: External count clock ETR: RW
bl Res Reserved bit Reserved, must remain at reset value
Pulse Width Measurement 0: forbidden;
b0 CEN Enable 1: Enable RW
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14.4.3.3 Interrupt Flag Register (ATIMx_IFR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res PWC Res. ul

Bit Marking Place name Function Read and write
b31~b3 Res Reserved bit Reserved, must remain at reset value

b2 PWC Pulse Width Measurement Interrupt Flag O Pulse W?dth measurement not completed RO

1: Pulse width measurement is complete
bl Res Reserved bit Reserved, must remain at reset value
. 0: The counter has not overflowed
b0 Ul Overflow interrupt flag 1: The counter has overflowed RO
14.4.3.4 Interrupt Flag Clear Register (ATIMx_ICLR)
Reset value: 0x0000 FFFF
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res PWC Res. ul

Bit Marking  Place name Function Read and write
b31~b3 Res Reserved bit Reserved, must remain at reset value

b2 PWC Pulse width measurement interrupt flag cleared 0 Clear pu_lse width measurement interrupt flag R1WO0

1: no function
bl Res Reserved bit Reserved, must remain at reset value
b0 ul overflow interrupt clear 0: clear overflow flag R1WO0

1: no function
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14.4.3.5 Master-Slave Mode Control Register (ATIMx_MSCR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res IBOS IA0S Res TS Res
Bit Marking  Place name Function Read and
write
b31~b1l3 Res Reserved bit Reserved, must remain at reset value
CHOB input 0: CHOB;
b12 1BOS selection 1: internal trigger TS selection signal; RW
0: CHOA;
. . 1: CHOA CH1A CH2A XOR(TIM3)
b1l IA0S IAQ input selection Note: After setting to 1, any port change of the port will cause the input to RW
change
b10~b8 Res Reserved bit Reserved, must remain at reset value
000: the signal ETFP after the filter phase selection of the port ETR;
001: Internal interconnection signal ITRO
010: internal interconnection signal ITR1;
_ ; ; 011: internal interconnection signal ITR2;
b7~b5 TS Trigger selection 100: internal interconnection signal ITR3; RW
101:Invalid;
110: Filtered phase-selected signal IAFP of port CHOA
111: signal IBFP after filter phase selection of port CHOB;
b4~b0 Res Reserved bit Reserved, must remain at reset value
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14.4.3.6 Output Control Filtering (ATIMx_FLTR)

Reset value: 0x00000000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6

ETP FLTET Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res FLTBO Res FLTAO

Bit Marking Place name Function Read and write

0: same phase;

1: reverse input;

Oxx: Filter invalid

100: pclk 3 continuous effective;
b30~b28 FLTET ETR filter control 101: pclk/4 3 continuous effective RW
110: pclk/16 3 continuous effective;

111: pclk/64 3 continuous effective

b31 ETP ETR input phase selection RW

b27~b7 Res Reserved bit Reserved, must remain at reset value

Oxx: Filter invalid

100: pclk 3 continuous effective;

101: pclk/4 3 continuous effective

110: pclk/16 3 continuous effective;

111: pclk/64 3 continuous effective

Note: CRCHO.CSB needs to be configured as 1

b3 Res Reserved bit Reserved, must remain at reset value

b6~b4 FLTBO CHB input filter control RW

Oxx: Filter invalid

100: pclk 3 continuous effective;

101: pclk/4 3 continuous effective

110: pclk/16 3 continuous effective;

111: pclk/64 3 continuous effective

Note: CR0.CSA needs to be configured as 1

b2~b0 FLTAO CHA input filter control RW
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14.4.3.7 Control Register (ATIMx_CRO)

Reset value: 0x0000 3000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res CIEA Res CSB CSA Res
Bit Marking  Place name Function Read and write
b31~b9  Res Reserved bit Reserved, must remain at reset value
b8 CIEA Pulse width measurement complete interrupt enable (1) EL%hbiFeitEd RW
b7~b6 Res Reserved bit Reserved, must remain at reset value
) . 0: Compare Mode
b5 CSB B channel capture / compare function selection 1: capture mode RW
) . 0: Compare Mode
b4 CSA A channel capture / compare function selection 1: capture mode RW
b3~b0 Res Reserved bit Reserved, must remain at reset value
14.4.3.8 Compare Capture Register (ATIMx_CCROA)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
Res
b15 bl4 b13 b12 bll b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
CCROA

Bit Marking Place name Function Read and write
b31~b16 Res Reserved bit Reserved, must remain at reset value

b15~b0 CCROA Pulse Width Measurement Results RO
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14.4.4 Mode 2,3 register description

14.4.4.1 Auto-Reload Register (ATIMx_ARR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
Res

b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
ARR

. . . Read and

Bit Marking  Place name Function write

b31~b16 Res Reserved bit Reserved, must remain at reset value

b15~b0 ARR Reload Register / With cache function, when the counter is not enabled or the cache is not RW

Period Register enabled, the cache register can be updated immediately
14.4.4.2 16 -bit Mode Count Register (ATIMx_CNT)
Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res

b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
CNT

Bit Marking Place name Function Read and write

b31~b16 Res Reserved bit Reserved, must remain at reset value

b15~b0 CNT reload timer Count value register - RW

Note: When using PWM comparison output and counting in triangle wave mode or sawtooth

wave mode, the initial CNT value needs to be less than the value of ARR.
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14.4.4.3 Control Register (ATIMx_M23CR)

Reset value: 0x0060 0008

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
Res UND ov DIR BG UG TG 0ocCC CIS BI Tl TD URS | OCCS
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
csG | Ones Mode Ww | u | crG | CRG | BUFP PRS Pum | o | COM | crpy
hot 2s P
Bit Marking Place name Function Re_ad and
write
b31~b30 Res Reserved bit Reserved, must remain at reset value
. 0: interrupt disabled
b29 UND Underflow interrupt enable 1: interrupt enable RW
. 0: interrupt disabled
b28 ov Overflow interrupt enable 1: interrupt enable RW
0: count up
1: count down
Note: It can only be written in sawtooth wave mode. In other
. N modes, read-only, write prohibition.
b27 DIR Counting direction Switching from other modes to center-aligned mode DIR is RW/RO
automatically cleared to 0.
DIR is automatically cleared in reset mode by software event
update and external trigger in slave mode.
Software brake, automatic 0: Writing 0 is invalid
b26 BG reset 1: Write 1 to generate software brake Wi
0: Writing 0 is invalid
. 1: Writing a 1 generates a software update
b25 UG ?é)sf;\;vare update, automatic Note: Initialize the counter and update the cache register to the ~ W1
corresponding register (cache enable), the pre-divider counter
will also be cleared.
. 0: Writing 0 is invalid
b24 TG ;rtlft;ggr:t(ijcall bc)lleare;oftware, 1: Write 1 to generate software trigger w1
Y to be triggered under the trigger mode SMS=2 and mode=2/3
0: OCREF output is not affected by OCREF_CLR
b23 occ OCREF clear enable 1: OCREF CLR signal can clear OCREF output RW
00: no interrupt,
01: rising edge interrupt,
_ Channel A compare interrupt ~ 10: Falling edge interrupt,
b22~b21 cis mode 11: Both the upper and lower edges are interrupted RW
Note: The channel B compare interrupt is individually controlled
in the CRCHXx register CISB
0: interrupt disabled
b20 BI Brake Interrupt Enable 1: interrupt enable RW
. . 0: interrupt disabled
b19 Tl Trigger interrupt enable 1: interrupt enable RW
. 0: trigger DMA disabled
b18 TD Trigger DMA enable 1: trigger DMA enable RW
0: overflow / underflow / software update UG/ slave mode reset;
b17 URS Update source 1: overflow / underflow RW
0: Voltage comparator VC output, VC selection is set in
VCx_OUTCFG register
. 1: ETR port filters the signal after phase selection
b16 oces OCREF Clear Source Selection When OCCE is valid, OC_clr can clear the comparison output RW
signal of OCREF to zero, (valid when OCMx>1), and continue to
compare the output after the next uev event
GATE capture / compare (f Eg;ntﬁze
b15 €s6 igﬁcﬁlgr%enta Irr‘:mde PWM Note: Using CCROB as the compare or capture channel of GATE is RW
P ry only valid for PIWM complementary output.
. ) . 0: loop count
b14 Oneshot Single trigger mode selection 1: Timer stops after an event update occurs. RW
) 00 Timer mode 0; 01 PWC mode
b13~b12 MODE Operating mode 10 sawtooth wave mode; 11 triangle wave mode RW
. 0: disable update trigger DMA
b1l ub Update Trigger DMA Enable 1: Enable update triggered DMA RW
0: Disable update.interrupt
b10 ul update interrupt enable 1: Enable update interrupt RW

Note: Counting to OxFFFF will overflow and generate an
overflow flag
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When GATE is used as a
capture input, the falling edge

0: Falling edge capture is invalid

b9 CFG . - 1: Falling edge capture is valid RW
capture is effectively . ;
controlled Note: only valid when PWM complementary output
When GATE is used as a - L .
X o 0: The rising edge capture is invalid
b8 CRG E:SEEE mpuité the rlesflfr;gct?\?eglfl 1: The upper edge capture is valid RW
controlled Note: only valid when PWM complementary output
0: The period cache is invalid, and the period value will be
b7 BUFP Auto-reload ARR cache affected immediately after writing RW
enable 1: The period cache is enabled, and the period value will not be
affected until the next event is updated after writing.
000: 1, 001: 2; 010: 4; 011: 8;
b6~b4 PRS I(thgmal clolcktfrequency H H ’ H RW
lvision selection 100:16; 101:32; 110:64; 111:256;
0: Dual-point comparison is enabled, use CCRA, CCRB
OCREFA two-point comparison to control OCREFA output
. . 1: Single-point compare enable, only use CCRA compare to
b3 PWM2S icsorlr;panson selection (default control OCREFA output RW
Note: OCREFB is not affected, still use CCRB to control OCREFB
output
b2 CT Counting clock selection (f :En;fc-:rrnnaallccoouunr;ctccli)occkkTIECTLFlk(- RW
PWM complementary output 0: independent PWM output
bl CcoMP mode selection 1: Complementary PWM output RW
0: forbidden;
bo CTEN Timer enable L: Enable RW

It can be enabled by external trigger, and this bit is
automatically cleared at the end of oneshot mode
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14.4.4.4 Interrupt Flag Register (ATIMx_IFR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
Res CA3 Und ov
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Tl BI CB2E | CB1E | CBOE | CA2E | CAlE | CAOE | CB2F | CB1F | CBOF | CA2F | CALF | CAOF Res UIF
Bit Marking Place name Function Read and write
b31~b19 Res Reserved bit Reserved, must remain at reset value RO
b18 CA3 Channel CH3 compare match flag (1) nothing happened RO
: occurs
. 0: nothing happened
b17 UND underflow interrupt flag 1. occurs RO
) 0: nothing happened
b16 ov overflow interrupt flag 1. occurs RO
. . 0: nothing happened
b15 Tl trigger interrupt flag 1. occurs RO
0: nothing happened
b14 BI Brake Interrupt Flag 1. occurs RO
0: no data loss
b13 CB2E Channel CH2B capture data loss flag 1. data loss RO
0: no data loss
b12 CB1E Channel CH1B Capture Data Loss Flag 1. data loss RO
0: no data loss
b1l CBOE Channel CHOB Capture Data Loss Flag 1. data loss RO
b10 CA2E Channel CH2A Capture Data Loss Flag 0: no data loss RO
1: data loss
b9 CALE Channel CH1A Capture Data Loss Flag 0: no data loss RO
1: data loss
0: no data loss
b8 CAOE Channel CHOA Capture Data Loss Flag 1. data loss RO
b7 CB2F Channel CH2B capture / compare match flag (lJ ggznlrr;g happened RO
b6 CB1F Channel CH1B capture / compare match flag (lJ ggznlrr;g happened RO
b5 CBOF Channel CHOB capture / compare match flag (lJ ggznlrr;g happened RO
b4 CA2F Channel CH2A capture / compare match flag (lJ zggnlrr;g happened RO
b3 CALF Channel CH1A capture / compare match flag (1) 222:29 happened RO
b2 CAOF Channel CHOA capture / compare match flag (1) nothing happened RO
: occurs
bl Res Reserved bit Reserved, must remain at reset value
b0 UIF Event Update Interrupt Flag 0: nothing happened RO

1:

OCCurs
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14.4.4.5 Interrupt Flag Clear Register (ATIMx_ICLR)

Reset value: 0x0000 FFFF

b31  b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res CA3 Und ov
bl5 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 bl b0
Tl Bl CB2E | CB1E | CBOE | CA2E | CAlE | CAOE | CB2F | CB1F | CBOF | CA2F | CA1lF | CAOF | Res. UIF
Bit Marking  Place name Function Re;d and
write
b31~b19 Res Reserved bit Reserved, must remain at reset value R1WO0
b18 CA3 Channel CH3 compare match flag clear 0 clear cha_mnel CH3A comparison match flag R1IWO
1: no function
. 0: Clear the underflow interrupt flag
b17 UND Underflow interrupt flag cleared 1+ no function R1IWO
) 0: Clear overflow interrupt flag
b16 ov overflow interrupt flag clear 1+ no function R1WO0
. . 0: Clear trigger interrupt flag
b15 Tl trigger interrupt flag clear 1+ no function R1WO0
0: Clear brake interrupt flag
b14 BI Brake Interrupt Flag Clear 1+ no function R1WO0
0: clear channel CH2B capture data loss flag
b13 CB2E Channel CH2B capture data loss flag cleared 1: no function R1WO0
0: clear channel CH1B capture data loss flag
b12 CB1E Channel CH1B capture data loss flag cleared 1: no function R1WO0
b1l CBOE Channel CHOB capture data loss flag cleared 0 clear chz_annel CHOB capture data loss flag R1IWO
1: no function
b10 CA2E Channel CH2A capture data loss flag cleared 0 clear chz_annel CH2A capture data loss flag R1IWO0
1: no function
0: clear channel CH1A capture data loss flag
b9 CAlE Channel CH1A capture data loss flag cleared 1+ no function R1WO0
0: Clear channel CHOA capture data loss flag
b8 CAOE Channel CHOA capture data loss flag cleared 1+ no function R1IWO
0: clear channel CH2B capture / compare match
b7 CR2F glrézrrmel CH2B capture / compare match flag flag RIWO
1: no function
0: clear channel CH1B capture/compare match
b6 CBIF Slr;z;r:nel CH1B capture / compare match flag flag RIWO
1: no function
0: clear channel CHOB capture/compare match
b5 CROF Slr;aar:nel CHOB capture / compare match flag flag RIWO
1: no function
0: clear channel CH2A capture/compare match
b4 CAZF glrézrrmel CH2A capture / compare match flag flag RIWO
1: no function
0: clear channel CH1A capture/compare match
b3 CATF glr;:r;nel CH1A capture / compare match flag flag RIWO
1: no function
0: Clear channel CHOA capture / compare match
b2 CAOF Slr;z;r:nel CHOA capture / compare match flag flag RIWO
1: no function
bl Res Reserved bit Reserved, must remain at reset value
b0 UIF event update interrupt clear 0: Clear event update interrupt flag R1WO0

1: no function
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14.4.4.6 Master-Slave Mode Control Register (ATIMx_MSCR)

Reset value: 0x0000 0000

b31

b30 b29

b28 b27 b26

b24 b23 b22

b21

b20

b19

b18

b17

b1l6

Res

b15

b14 b13

b12 b1l b10

b8 b7 b6

b5

b4

b3

b2

bl

b0

Res

IBOS IAOS

SMS TS

MSM

CCDS

MMS

Bit

Marking

Place name

Function

Read
and
write

b31~bl3

Res

Reserved bit

Reserved, must remain at reset value

RW

b12

IBOS

CHOB input selection

0: CHOB;

1: internal trigger TS selection signal;

RW

b1l

IAOS

IAQ input selection

0: CHOA; 1:
0: CHA; 1:

CHOA CH1A CH2A XOR(ATIM3)
CHA ETR GATE XOR(ATIMO)

Note: After setting to 1, any port change of the port will cause the input

to change

RW

b10~b8

SMS

Select from mode function

000: use the internal clock;
001: Reset function;

010: Trigger mode;

011: External Clock Mode

100: Orthogonal encoding counting mode 1;
101: Orthogonal encoding counting mode 2;
110: Orthogonal encoding counting mode 3;

111: Gating function

RW

b7~b5

TS

Trigger selection

000: the signal ETFP after the filter phase selection of the port ETR;

001: Internal interconnection signal ITRO
010: internal interconnection signal ITR1;
011: internal interconnection signal ITR2;
100: internal interconnection signal ITR3;

101: edge signal of port CHOA;

110: Filtered phase-selected signal IAFP of port CHOA

111: signal IBFP after filter phase selection of port CHOB;

RW

b4

MSM

master-slave selection

0: no delay

1: Delay enabled, so that the main sending counter starts at the same

time.

Note: When using the trigger mode, the slave mode is set to 0, and the

master mode is set to 1, so that the master and slave counts can be

started at the same time

RW

b3

CCDS

DMA compare trigger
selection in compare mode

0: compare match triggers DMA;

1: Compare match does not trigger DMA, event update instead of

compare match triggers DMA

RW

b2~b0

MMS

Master mode output
selection

For internal interconnection, connected to ITRx of other timers

000: software update UG, write CR.UG

001: Timer enable CTEN

010: Timer event updates UEV;

011: compare match select output CMPSO;
100: Timer comparison parameter output OCREFOA

101:

ATIMO: Timer comparison parameter output OCREFOB
ATIM3: Timer comparison parameter output OCREF1A

110:

ATIMO: Timer comparison parameter output OCREFOB
ATIM3: Timer comparison parameter output OCREF2A

111: Timer comparison parameter output OCREFOB

RW
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14.4.4.7 Output Control/ Input Filtering (ATIMx_FLTR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
ETP FLTET BKP FLTBK CCPB2 OCMB2 CCPA2 OCMA2
- - - FLTB2 FLTA2
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
CccpB1 OCMB1 CCPAl OCMA1 CCPBO OCMBO CCPAO OCMAO
FLTB1 FLTAL CCPBO FLTBO CCPAO FLTAO
Read
Bit Marking  Place name Function and
write
. . 0: same phase;
b31 ETP ETR input phase selection 1: reverse input: RW
Oxx: Filter invalid
100: pclk 3 continuous effective;
b30~b28 FLTET ETR filter control 101: pclk/4 3 continuous effective RW
110: pclk/16 3 continuous effective;
111: pclk/64 3 continuous effective
. . 0: same-phase input
b27 BKP Brake BK input phase selection 1: reverse input; RW
Filter settings
0xx: Filter invalid
_ Brake input filter control 100: pclk 3 continuous effective;
b26~b24  FLTBK 101: pclk/4 3 continuous effective RW
110: pclk/16 3 continuous effective;
111: pclk/64 3 continuous effective
CH2B channel comparison output polarity 0: normal output;
b23 CCPB2 control 1: Reverse output RW
Comparison function: CH2B channel comparison control;
b22~b20 OCMB2  CH2B channel comparison control / refer to OCMBO RW
FLTB2 CH2B channel input filter setting Capture function: CH2B channel input filter setting, refer
to FLTBK
CH2A channel comparison output polarity 0: normal output;
b19 CCPA2 control 1: Reverse output RW
Comparison function: CH2A channel comparison control;
b18~b16 OCMA2  CH2A channel comparison control capture refer to OCMBO RW
FLTA2 function / CH2A channel input filter setting Capture function: CH2A channel input filter setting, refer
to FLTBK
CH1B channel comparison output polarity 0: normal output;
b15 CCPB1 control 1: Reverse output RW
Comparison function: CH1B channel comparison control;
bla~b1z OCMB1  CHIB channel comparison control / refer to OCMBO RW
FLTB1 CH1B channel input filter setting Capture function: CH1B channel input filter setting, refer
to FLTBK
CH1A channel comparison output polarity 0: normal output;
bll CCPAL control 1: Reverse output RW
Comparison function: CH1A channel comparison control;
b10~b8 OCMA1  CH1A channel comparison control capture refer to OCMBO RW
FLTA1 function / CH1A channel input filter setting Capture function: CH1A channel input filter setting, refer
to FLTBK
Compare function: output compare mode
CHOB port comparison output polarity control
0: normal output;
. . 1: Reverse output
CHOB port comparison output polarity control Encode Count and Slave Mode Gating Function: Input
b7 CCPBO / Phase Control RW
CHOB port input phase and polarity control Slave mode gating, reset, external trigger, external clock
using CHOB port input polarity control
0: normal input;
1: reverse input
Comparison function: CHxB channel comparison control:
000: Forced to 0
b6~b4 OCMBO  CHOB channel compare control / 001: Forced to 1 RW
FLTBO CHOB channel input filter setting 010: Forced to 0 when comparing matches

011: Forced to 1 when comparing matches
100: flip when comparison matches
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101: Output a high level for one count period when
comparing matches
110: PWM mode 1
Single point comparison:
When counting up, CNT<CCRxy outputs high, and when
counting down, CNT>CCRXxy outputs low level
Two-point comparison:
1) Counting CCRXA<CNT=CCRXxB output on the sawtooth
wave is low level
2) Counting under sawtooth wave CCRXA<CNT=<CCRxB
output is high level
3) Triangular wave up counting CNT<CCRxA output high,
down counting CNT>CCRXxB is low level
111: PWM mode 2
Single point comparison:
When counting up, CNT<CCRxy output is low, when
counting down, CNT>CCRXxy output is high level
Two-point comparison:
1) Counting CCRXA<CNT<CCRXxB output on the sawtooth
wave is high level
2) Counting under sawtooth wave CCRXA<CNT<CCRxB
output is low level
3) Triangular wave up count CNT<CCRXxA output low,
down count CNT>CCRxB is high level
Capture function: CHOB input channel filter setting, refer
to FLTBK
Compare function: CHOA port comparison output polarity
control:
0: normal output;
. ! 1: Reverse output
b3 CCPAD fHOA port comparison output polarity control Encode Count and Slave Mode Gating Function: Input RW
Phase Control
Slave mode gating, reset, external trigger, external clock
using CHOA port input polarity control:
0: normal input;
1: reverse input
Comparison function: A channel comparison control; refer

CHOB input phase and polarity control

b2~b0 OCMAQ/  CHOA channel compare control / to OCMBO RW
FLTAO CHOA channel input filter setting Capture function: CHOA input channel filter setting, refer
to FLTBK
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14.4.4.8 ADC Trigger Control Register (ATIMx_ADTR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7 b16
Res

bl5 bl4 bl3 bl2 bll  blO b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res ADT | CMB2 CMB1 CMBO CMA2 CMAl CMAO | UEV

Bit Marking  Place name Function Read and write

b31~b8  Res Reserved bit Reserved, must remain at reset value

b7 ADT Enable ADC trigger global control (f Egc;hggted RW

b6 CMB2 Channel CH2B comparison match triggers ADC enable (1) E:\c;hbigted RW

b5 CMB1 Channel CH1B comparison match triggers ADC enable (.i) E:\(;hbilt;ited RW

b4 CMBO Channel CHOB comparison match triggers ADC enable (.i) E:\(;hbilt;ited RW

b3 CMA2 Channel CH2A comparison match triggers ADC enable (.i) E:\(;hbilt;ited RW

b2 CMAl Channel CH1A compare match trigger ADC enable ? E:%ht:ltztw RW

bl CMAO Channel CHOA comparison match triggers ADC enable (:E Egc;hggted RW

b0 UEV Event update triggers ADC enable (:E Egc;hggted RW
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14.4.4.9 Channel 0 Control Register (ATIMx_CRCHO)

Reset value: 0x0000 3000

b31 b30 b29  b28 b27 b26 b25 b24 b23 b22 b21 b20  bl9 b18  bl7 b16
Res
b15 b14 bl3  bl2 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
CCGB | CCGA CIsB CDEB | CDEA | CIEB | CIEA - CSB | CSA | CFB | CRB | CFA | CRA
CCGB | CCGA CIsB CDEB | CDEA | CIEB | CIEA | BUFEB BUFEA | CSB | CSA bksb bksa
Bit Marking  Place name Function Re_ad and
write
b31~b1l6 Res Reserved bit Reserved, must remain at reset value
. Only interrupts are generated in compare mode;
b15 CCGB gﬁfg;raetfcogfé):rre B software trigger, hardware In capture mode an interrupt is generated and the RW
counter value is captured into the capture register.
b14 CCGA Capture comparison A is triggered by software IOnIy ir;terruptz are ge?eratetd_ in compz:r% mo;k:;] RW
; n capture mode an interrupt is generated and the
and automatically cleared by hardware counter value is captured into the capture register.
00 no match
_ ; 01 rising match
b13~b12 CISB B channel compare match setting 10 drop matches RW
11 double matches
. 0: Prohibited
b1l CDEB B capture compare trigger DMA enable 1. Enable RW
. 0: Prohibited
b10 CDEA A capture compare trigger DMA enable 1. Enable RW
. . 0: Prohibited
b9 CIEB B capture compare trigger interrupt enable 1. Enable RW
b8 CIEA A capture compare trigger interrupt enable (lJ E;(;ht;?éted RW
Compare Function: B Compare Cache Enable 0: Prohibited
b7 BUFEB Control 1: Enable RW
Compare Function: A Compare Cache Enable 0: Prohibited
b6 BUFEA Control 1: Enable RW
) . 0: Compare Mode
b5 CSB B channel capture / compare function selection 1: capture mode RW
) . 0: Compare Mode
b4 CSA A channel capture / compare function selection 1: capture mode RW
. 0: Prohibited
b3 CFB B channel falling edge capture enable 1. Enable RW
- 0: Prohibited
b2 CRB B channel rising edge capture enable 1. Enable RW
00: High impedance output
. . 01: keep the previous output
b3~b2  BKSB  Channe comparison function outputbrake -y, forceq output low level RW
11: forced output high level;
Note: no debug stop mode
. 0: Prohibited
bl CFA A channel falling edge capture enable 1. Enable RW
- 0: Prohibited
b0 CRA A channel rising edge capture enable 1. Enable RW
00: High impedance output
01: keep the previous output
b1~b0 BKSA A channel comparison function output brake 10: forced output low level RW

level control

11: Force output high level

Note:(In debug stop mode, the brake level control of

A and B channels are controlled by BKSA)

HC32F420SeriesReferenceManual_Rev1.30

274/403


https://www.xhsc.com.cn/

XRSCL%xsH

www.xhsc.com.cn

14.4.4.10 Channel 1/2 Control Register (ATIM3_CRCH1/2)

Reset value: 0x0000 3000

b31 b30 b29  b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
Res
b15 bl4 b13  bl2 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
CCGB CCGA CISB CDEB CDEA | CIEB | CIEA - CSB | CSA | CFB | CRB | CFA | CRA
CCGB CCGA CISB CDEB CDEA | CIEB | CIEA BUFEB BUFEA | CSB | CSA bksb bksa
Bit Marking  Place name Function Re_ad and
write
b31~b1l6 Res Reserved bit Reserved, must remain at reset value
. Only interrupts are generated in compare mode;
b15 CCGB gjfg;raeticcog?ep:rre B software trigger, hardware In capture mode an interrupt is generated and the RW
counter value is captured into the capture register.
b14 CCGA Capture comparison A is triggered by software IOnIy ir;terruptz are ge?eratetd_ in compatr% mog(:;] RW
; n capture mode an interrupt is generated and the
and automatically cleared by hardware counter value is captured into the capture register.
00 no match
_ : 01 rising match
b13~b12 CISB B channel compare match setting 10 drop matches RW
11 double matches
b1l CDEB Reserved bit Reserved, must remain at reset value
b10 CDEA Reserved bit Reserved, must remain at reset value
. . 0: Prohibited
b9 CIEB B capture compare trigger interrupt enable 1. Enable RW
b8 CIEA A capture compare trigger interrupt enable (lJ E;(;ht;:)éted RW
Compare Function: B Compare Cache Enable 0: Prohibited
b7 BUFEB Control 1: Enable RW
Compare Function: A Compare Cache Enable 0: Prohibited
b6 BUFEA Control 1: Enable RW
) . 0: Compare Mode
b5 CSB B channel capture / compare function selection 1: capture mode RW
) . 0: Compare Mode
b4 CSA A channel capture / compare function selection 1: capture mode RW
. 0: Prohibited
b3 CFB B channel falling edge capture enable 1: Enable RW
- 0: Prohibited
b2 CRB B channel rising edge capture enable 1. Enable RW
00: High impedance output
. ) 01: keep the previous output
b3~b2  BKSB |Be52|a2:netl osmparisart function outputbrake 14" e output low level RW
11: forced output high level;
Note: no debug stop mode
. 0: Prohibited
bl CFA A channel falling edge capture enable 1. Enable RW
- 0: Prohibited
b0 CRA A channel rising edge capture enable 1. Enable RW
00: High impedance output
01: keep the previous output
b1~b0 BKSA A channel comparison function output brake 10: forced output low level RW

level control

11: Force output high level

Note:(In debug stop mode, the brake level control of

A and B channels are controlled by BKSA)

HC32F420SeriesReferenceManual_Rev1.30

275/403


https://www.xhsc.com.cn/

XARSC

INEE S

XIAOHUA SEMICONDUCTOR

www.xhsc.com.cn

14.4.4.11 Dead Time Register (ATIMx_DTR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7 bl6
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res. VCE Safe MO AO BK DT Bksel DTR
Read
Bit Marking Place name Function and
write

b31~bl5 Res Reserved bit Reserved, must remain at reset value
0: Prohibited

b14 VCE VC brake enable 1. Enable RW

Safety brake enable (osc 0: Prohibited

b13 safeen fail,brown down,lockup) 1: Enable RW

b12 MO PWM output enable 0: Prohibited RW
1: Enable

PWM output is 0: Prohibited

bll AO automatically enabled 1: Enable RW
0: Prohibited

b10 BK Port brake enable 1. Enable RW
0: Prohibited

b9 DT Dead zone control enable 1. Enable RW

b8 bksel Reserved bit Reserved, must remain at reset value RW
DTR[7] =0 T=DTR[6:0]+2 2-129 step=1

) ) DTR[7:6] =10 T={DTR[5:0]+64}*2 +2 130-256 step=2

b7~b0 DTR Dead Time Register DTR[7:5] =110 T={DTR[4:0]4+32}*8 +2  258-506 step=8  RW

DTR[7:5] =111 T={DTR[4:0]+32}*16 +2  514-1010 step=16
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14.4.4.12 Repeat Count Register (ATIMx_RCR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res ub ov RCR
Read
Bit Marking Place name Function and
write
b31~b10 Res Reserved bit Reserved, must remain at reset value
bo uD Overflow masking under repeat 0: Down counting overflow enable RW
count control 1: down count overflow mask
b8 ov Overflow masking on repeat count  0: Up counting overflow enable RW
control 1: upper count overflow mask
Set RCR+1 cycle, the overflow controlled by [9:8] generates an
event update, the internal RCR_CNT is decremented by 1 when
b7~b0 RCR Recurrence count value the counter overflows or underflows, when the count reaches RW

zero, RCR_CNT reloads the value of RCR, and generates an event

to update the UEV signal

14.4.4.13 Channel 0 Compare Capture Register (ATIMx_CCROA/B)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
CCROyY
Bit Marking Place name Function Read and write
b31~b16 Res Reserved bit Reserved, must remain at reset value

b15~b0 CCROy

compare capture register

As a comparison, it has a cache function (y=A,B)

RW
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14.4.4.14 Channel 1/2 Compare Capture Register (ATIM3_CCR1/2 A/B)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19

b18 b17 bl6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3

b2 bl b0

CCRxy
Bit Marking Place name Function Read and write
b31~b16 Res Reserved bit Reserved, must remain at reset value
b15~b0 CCROy compare capture register As a comparison, it has a cache function (x=1,2; y=A,B) RW

14.4.4.15 Channel 3 Compare Capture Register (ATIM3_CCR3)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19

b18 b17 b16

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3

b2 bl b0

CCR3
Bit Marking Place name Function Read and write
b31~b16 Res Reserved bit Reserved, must remain at reset value
b15~b0 CCR3 compare capture register As a comparison with a cache function RW
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14.4.4.16 Channel 3 Control Register (ATIM3_CRCH3)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res C3 CIS CcD Cl BUF
Bit Marking Place name Function Read and write
b31~b6 Res Reserved bit Reserved, must remain at reset value
b5 C3 Channel Compare Enable O Prohibited RW
1: Enable
00 no match
_ ) 01 rising match
b4~b3 CIS Channel Compare Match Settings 10 drop matches RW
11 double matches
! 0: Prohibited
b2 cb Compare Trigger DMA Enable 1. Enable RW
! 0: Prohibited
bl Cl Compare Trigger Interrupt Enable 1. Enable RW
0: Prohibited
b0 BUF Compare Cache Enable Control 1: Enable RW
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15 Independent Watchdog (IWDT)

15.10verview

The device features an embedded stand-alone watchdog peripheral for high security and flexibility
of use. This independent watchdog detects and resolves failures caused by software errors,
triggering an interrupt or reset when its count reaches a programmed timeout value. The watchdog
is driven by the internal low-speed clock (RC10K), and it can still work normally even if the main
clock fails.

15.2Main characteristics

Independent RC Oscillator

Overflow period 400us - 209s

Trigger interrupt or reset on overflow

A running watchdog can be stopped by a specific write sequence

Automatically pause counting in DeepSleep mode
15.3Functional description

15.3.1 Functional block diagram

CR[5] CRI[4]

CR[6] CR[3:0] ARR

\l] Reload
CNT IDWT OV
(12bit) 4D—’ IWDT Reset

IWDT Interrupt
DeepSleep

.
RC10K 0

After starting the watchdog, the counter starts counting down from OxFFF. OXAAAA is written to the
IWDT KR register, the value of IWDT_ARR is reloaded to the counter. When the count value is
decremented to 0x000, the watchdog will generate an overflow signal; when the counter is reloaded,

Figure 15-1 WDT functional block diagram

the count value is greater than the value of the IWDT_WINR register and an overflow signal will also
be generated. Configure the corresponding control bit of IWDT_CR to make reset or interrupt after
watchdog overflow. By configuring the corresponding control bit of IWDT CR, the watchdog can
automatically suspend counting during DeepSleep.

15.3.2 Window watchdog mode

When the configured value of IWDT_WINR register is less than IWDT_ARR, IWDT works in window
watchdog mode. In this mode, there are two conditions to trigger the watchdog overflow: the count
value is decremented to 0x000, and the watchdog is reloaded when the count value is greater than
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the window value. When the IWDT_WINR register value is changed, the hardware will automatically
reload the watchdog to reset the down counter value to IWDT_ARR. The user program should reload
the watchdog before the count value is less than or equal to the IWDT_WINR register value and the
count value is decremented to 0x000.

15.3.3 Independent Watchdog Mode

When the value of IWDT _WINR register is greater than or equal to IWDT_ARR, IWDT works in
independent watchdog mode. In this mode, there is only one condition that triggers a watchdog
overflow: the count value decrements to 0x000. The user program should reload the watchdog
before the count value is decremented to 0x000.

15.3.4 Watchdog overflow handling

The overflow signal of the watchdog can trigger an interrupt or a reset. IWDT_CR.ACTION is set to
0, the watchdog overflow signal will reset the MCU; when IWDT_CR.ACTION is set to 1 and
IWDT _CR.IE is 1, the watchdog overflow signal will trigger an interrupt.

15.3.5 Watchdog timeout

If IWDT_CR.PAUSE is set to 1, the watchdog automatically pauses when the MCU enters DeepSleep;
when the MCU exits DeepSleep, the watchdog continues to run. Using this feature, the MCU does
not need to wake up frequently to feed the dog when it is in a low power consumption state, and
can achieve lower standby power consumption.

15.3.6 Watchdog stop and run again

Write 0x1234, 0x5678 to the IWDT KR register in sequence to stop the running watchdog.

Writing OxCCCC to the IWDT _KR register restarts the watchdog with its configuration unchanged.

15.3.7 Register write protection

The IWDT_CR, IWDT_ARR, and IWDT_WINR registers are write-protected. If you need to modify these
three registers, you should write 0x5555 to the IWDT KR register to release the write protection of
these registers; writing other values to the IWDT KR register will enable the write protection of
these registers.
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15.4Programming example

15.4.1 Configure IWDT as window watchdog

Stepl.
Step2.
Step3.
Step4.

Stepb.
Step6.
Step7.
Step8.
Step9.

Stepl0.

Write 0xCCCC to the IWDT_KR register to enable the IWDT.

Delay 500ps.

Write 0x5555 to the IWDT KR register to release the write protection of the register.
Configure IWDT _CR, select the counting clock frequency of the watchdog, the action
after overflow, and the DeepSleep feature.

Wait for IWDT_SR.PRSF to be 0.

Configure IWDT_ARR to select the overflow period of the watchdog.

Wait for IWDT_SR.ARRF to be 0.

Write the required value to IWDT_WINR to configure the window size.

Wait for IWDT_SR.WINRF to become 0, and the auto-refresh counter value is
IWDT_ARR.

Before the count value is less than or equal to the IWDT_WINR register value and the
count value is decremented to 0, send to IWDT KR

OxAAAA to the register to reload the IWDT.

15.4.2 Configure IWDT as an independent watchdog

Stepl.
Step2.
Step3.
Step4.

Stepb.
Step6.
Step7.
Step8.
Step9.

Write 0xCCCC to the IWDT_KR register to enable the IWDT.

Delay 500ps.

Write 0x5555 to the IWDT KR register to release the write protection of the register.
Configure IWDT _CR, select the counting clock frequency of the watchdog, the action
after overflow, and the DeepSleep feature.

Wait for IWDT_SR.PRSF to be 0.

Configure IWDT_ARR to select the overflow period of the watchdog.

Wait for IWDT_SR.ARRF to be 0.

The refresh counter value is the value of IWDT_ARR (IWDT_KR = 0x0000 AAAA).

the count value is decremented to 0, write OXAAAA to the IWDT_KR register to reload
the IWDT.
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15.4.3 Watchdog timeout (10kHZ independent clock)

Table 15-1

IWDT timeout time (10kHz independent clock)

Minimum time (ms) Maximum time (ms)

P'e:fc.a!e’ PRS[2:0] bits
coefficient ARR[11:0]=0x000 ARR[11:0]=0xFFF
4 frequency x4 — x4 %
divisions 000 0.1*4=0.4 0.1*4*4096
8 frequency % *Q%
division 001 0.1*8 0.1*8*4096

16 frequency
division 010 0.1*16 0.1*16*4096
32 frequency * *37%
division 011 0.1*32 0.1*32*4096
64 frequency % *G A%
division 100 0.1*64 0.1*64*4096
3.28 frequency 101 0.1%128 0.1¥128*4096

ivision
256 frequency * *)5 Gk
division 110 0.1*256 0.1*256*4096

512 frequency _
division 111 0.1*512 0.1*512*4096 = 209715.2
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15.5Register description

15.5.1 Register list

IWDT base address: 0x4000 8C80

Table 15-2

IWDT register list

Register name

Offset address

Reset value

Key-value register(IWDT_KR) 0x00 0x0000 0000
Control Register(IWDT_CR) 0x04 0x0000 0000
Reload Register(IWDT_ARR) 0x08 0x0000 OFFF
Status Register(IWDT_SR) 0x0C 0x0000 0000
Window Register(IWDT_WINR) 0x10 0x0000 OFFF
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15.5.2 Key-value register (IWDT_KR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
KR
Read
Bit Marking Place name Function and
write
b31~bl6  Res Reserved bit Reserved, must remain at reset value
Write 0XxCCCC: start IWDT counter
Write OXAAAA: reload IWDT count value
Write 0x1234 - 0x5678 sequentially: stop watchdog
b15~b0 KR IWDT key-value register Write 0x5555: Release the write protection of INDT_ARR, WO
IWDT_WINR, IWDT_CR
Write non- 0x5555: enable write protection of IWDT_ARR,
IWDT WINR, IWDT CR
Note:

1. After starting the IWDT counter, that is, after writing 0OXCCCC to the IWDT KR register to enable

IWDT, a delay of at least 500us should be added to wait for the clock to stabilize before reading

and writing other registers of IWDT.

15.5.3 Control Register (IWDT_CR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7  bl6
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
PAUS | ACTI
Res E ON IE Res PRS
Read
Bit Marking Place name Function and
write
b31~b7 Res Reserved bit Reserved, must remain at reset value
. 0: IWDT continues to run in DeepSleep mode
b6 PAUSE WDT pause control in Deepsleep mode 1: IWDT automatically pauses in DeepSleep mode RW
. ' ) 0: A reset is generated after watchdog time-out
b5 ACTION Action configuration after IWDT overflow 1: Generate interrupt after watchdog overflow RW
. 0: Disable watchdog interrupt
b4 IE IWDT interrupt enable control 1: Enable watchdog interrupt RW
b3 Res Reserved bit Reserved, must remain at reset value
111: 512 frequency division 011: 32 frequency division
b2~b0 PRS the frequency division ratio of watchdog 110: 256 frequency division 010: 16 frequency division RW
count clock and RC10K oscillator 101: 128 frequency division 001: 8 frequency division
100: divide by 64 000: divide by 4

Note:

1. This register can only be modified after writing 0x5555 to the IWDT KR register.

2. This register can only be modified when IWDT SR.PRSF is 0.
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15.5.4 Reload Register (IWDT_ARR)

Reset value: 0x0000 OFFF

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res ARR
Read
Bit Marking Place name Function and
write
b31~b12 Res Reserved bit Reserved, must remain at reset value
b11~b0 ARR IWDT reload value IWDT reload value RW

Note:

1. writing 0x5555 to the IWDT KR register.
2. This register can only be modified when IWDT SR.ARRF is 0.

15.5.5 Status Register (IWDT _SR)
Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
WIN

Res RUN ov RF ARRF | PRSF
Read
Bit Marking Place name Function and
write
b31~b5 Res Reserved bit Reserved, must remain at reset value
b4 RUN WDT running flag Pyl S ning RO
1: WDT overflow, write 0 to clear
b3 ov WDT overflow flag 0: WDT has not overflowed RWO
1: WINR register is being updated
. 0: WINR register update complete
b2 WINRF WINR register update flag Note: The WINR register can only be updated when the WINRF RO
bit is 0.
1: ARR register is being updated
. 0: ARR register update completed
bl ARRF ARR register update flag Note: The ARR register can only be updated when the ARRF RO
bit is 0.
1: CR register is being updated
b0 PRSF CR register update flag 0: CR register update completed RO

Note: The CR register can be updated only when the PRSF is
0.
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15.5.6 Window Register (IWDT_WINR)

Reset value: 0xO0000FFF

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res WINR
Read
Bit Marking Place name Function and
write
b31~b12 Res Reserved bit Reserved, must remain at reset value
b11~b0 WINR window comparator comparison  window comparator comparison value RW

value

Note:

1. writing 0x5555 to the IWDT KR register.

2. IWDT_SR.WINRF is 0.

HC32F420SeriesReferenceManual_Rev1.30

287/403


https://www.xhsc.com.cn/

HSCh#%S
Xl‘l Jm%f""'@ www.xhsc.com.cn

16 Window Watchdog (WWDT)

16.10verview

The window watchdog (WWDT) is often used to monitor software failures triggered by unexpected
errors. An interrupt is generated when the counter value is decremented to 0x40, and a reset is
generated when the counter value is decremented to 0x3F; if the user program updates the counter
value when the counter value is greater than the window value, a reset is generated. WWDT counter
within a limited window (the counter value is less than or equal to the window value and greater
than 0x3F).

16.2Main characteristics

6- bit down counter

PCLK divided clock as count clock

When PCLK is 48MHz, its timeout time is 85us ~ 699ms

An interrupt is generated when the count value decrements to 0x40
A reset is generated when the count value is decremented to 0x3F

When the count value is greater than the window value, update the counter to generate a reset
16.3Functional description

16.3.1 Functional block diagram

WINR
WWDT
CR1[13:11] reset
PCLK_ | /4096,../524288 WWDTCLK W.CNT ng/
(7bit) ’_D—> WWDT Interrupt
CR1[9]

Figure 16-1 WWDT functional block diagram

After starting the watchdog, the value of the counter WCNT is decremented by 1 every rising edge
of WWDTCLK. When the counter is decremented to 0x40, the watchdog will generate a pre-overflow
signal POV, enabling WWDT_CRL1.IE can make the watchdog generate a pre-overflow interrupt;
when the counter is decremented to 0x3F, the watchdog will generate a reset signal. User program
can write WWDT_CRO.WCNT to update WCNT to prevent watchdog from generating reset signal. If
the value of WWDT_CRO.WCNT is greater than the value of WWDT_CR1.WINR when the user
updates WWDT_CRO.WCNT, the watchdog will also generate a reset signal.
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16.3.2 enable watchdog

After the system is reset, the watchdog is turned off. Set WWDT _CRO.EN to 1 to enable the watchdog.
The user program cannot disable the enabled watchdog by writing 0 to WWDT_CRO.EN. writing
OxFF to WWDT_CRO to ensure that the reset will not be triggered when the watchdog is enabled.

16.3.3 Configure watchdog timeout

The required watchdog timeout period can be obtained by properly configuring WWDT_CRO.WCNT
and WWDT_CR1.PRS. When PCLK is 48MHz, the range of its timeout period is 85us ~ 699ms.

The formula for calculating the timeout period is as follows:

Twwor= Tecik X4096 x 2RLPRS 5 (CRO.WCNT-0x3F)
16.3.4 Update down counter

to WWDT_CRO.WCNT updates the WWDT down counter. If the written value is less than or equal to
0x3F, a reset will occur directly; if the current count value is greater than the window value when
the counter is updated, a reset will occur directly. Therefore, the user program can only update the
down counter when the value of the down counter is less than or equal to the window value and
greater than Ox3F.

16.3.5 Pre-flow interrupt

If the decrement counter decrements to 0x40 and WWDT_CRL1.IE is 1, WWDT will generate a pre-
overflow interrupt. The user program can update the decrement counter in the interrupt service
routine to prevent WWDT from being reset; the user program should write 0x00 to the WWDT_SR
register before exiting the interrupt service to clear the WWDT pre-overflow flag.

16.4Programming example

The following example configures the overflow period of the watchdog as 786432 PCLKs, and the
window is 1/3 of the overflow period.

Stepl. Configure WWDT_CR1.PRS to 2, the count clock of WWDT is PCLK/16384;
Step2. Configure WWDT _CR1.WINR as Ox4F, WWDT update window as 0x4F~0x40;

Step3. Configure WWDT_CRO.WCNT as 0x6F, and the overflow period of WWDT is 786432
PCLKs;

Step4. Set WWDT _CRO.EN to 1 to start the watchdog;

Step5. When the down counter value is less than or equal to the window value and greater
than 0x3F, write Ox6F to WWDT_CRO.WCNT to reload the watchdog counter.
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16.5Register description

16.5.1 Register list

WWDT base address: 0x4000 8800

Table 16-1 WWDT register list

Register name

Offset address

Reset value

Control Register 0 (WWDT_CRO) 0x00 0x0000 007F
Control Register 1 (WWDT_CR1) 0x04 0x0000 007F
Status Register(WWDT_SR) 0x08 0x0000 0000

Note: WWDT affects register value after reset.
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16.5.2 Control Register 0 (WWDT _CRO)

Reset value: 0x0000 007F

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res EN WCNT
Read
Bit Marking Place name Function and
write
b31~b8 Res Reserved bit Reserved, must remain at reset value
After this bit is enabled, it cannot be cleared by software
b7 EN WWDT enable control 1: Enable WWDT RW1
0: Disable WWDT (status)
Read: WWDT counter current count value
b6~b0 WCNT WWDT counter Write: Update the current count value of the WWDT RW
counter
16.5.3 Control Register 1 (WWDT _CR1)
Reset value: 0x0000 007F
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res PRS Res IE Res WINR
Read
Bit Marking Place name Function and
write
b31~bl4 Res Reserved bit Reserved, must remain at reset value
000: PCLK / 4096
001: PCLK /8192
010: PCLK /16384
WWDT count clock 011: PCLK /32768
b13~bll  PRS configuration 100: PCLK / 65536 RW
101: PCLK / 131072
110: PCLK / 262144
111: PCLK / 524288
b10 Res Reserved bit Reserved, must remain at reset value
b9 IE WWDT pre-overflow interrupt 1: Enable pre-overflow interrupt RW
enable control 0: Disable pre-overflow interrupt
b8~b7 Res Reserved bit Reserved, must remain at reset value
b6~b0 WINR Watchdog window value Watchdog window value RW
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16.5.4 Status Register(WWDT_SR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res POV
Read
Bit Marking Place name Function and
write
b31~b1 Res Reserved bit Reserved, must remain at reset value
1: WWDT has pre-flown, write 0 to clear this flag
b0 POV WWDT pre-flow flag 0: WWDT pre-flow has not occurred RWO
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17 Universal Synchronous/ Asynchronous Receiver Transmitter
(USART)

17.10verview

This product is equipped with 4 universal serial synchronous asynchronous transceiver modules
(USART), which can flexibly exchange data with external devices.

The module supports general asynchronous serial communication, general synchronous serial
communication, smart card protocol, infrared communication protocol and LIN protocol.

17.2Main characteristics

Two baud rate generation methods: integer frequency division, fractional frequency division
Two data sequence order: MSB first, LSB first

Built-in multi-function timer counter

Support TXD, RXD pin swap

Support TXD, RXD level inversion

Support DMA continuous communication
17.2.1 Asynchronous Serial Port Features

transfer data asynchronously

Two frame lengths: 8 bits, 9 bits

Frame check: odd check, even check, no check
Two kinds of stop bits: 1 bit, 2 bits

Support hardware flow control(CTS/RTS)
Support single-wire half-duplex communication
Support baud rate automatic detection
Support for inter-processor communications

Support sleep mode wake-up function
17.2.2 Synchronous Serial Port Features

transfer data synchronously

The data length is fixed at 8 bits

Support hardware flow control(CTS/RTS)

Two communication clock sources: internal clock source, external clock source

17.2.3 Smart Card Interface Features

m  Communication protocol: ISO/IEC7816-3
m 8 ETU lengths: 16 ~ 512
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m Support hardware error detection and retransmission
m Support 10 signal edge integer
m  Support host interface

17.2.4 Infrared Communication Features

3 .
m  Support - no carrier mode

m Support 38K carrier modulation mode, adjustable duty cycle, configurable modulation level
B Support sleep mode wake-up function

17.2.5 LIN Characteristic

B Support synchronous interval transmission and detection
m Support synchronous segment transmission and baud rate automatic detection
m Support sleep mode wake-up function
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17.3Functional description

This chapter will describe in detail the asynchronous serial mode, synchronous serial mode, smart

card mode, infrared mode and LIN mode.

Asynchronous serial port, synchronous serial port, smart card, infrared and LIN functions can only

activate one of them at a time.

Note: This module supports output signal inversion control(USART CR2.TXINV) and input signal

inversion control(USART _CR2.RXINV). Unless otherwise specified, the figures, tables and texts

involved in this chapter are output inversion control and input inversion control. Phase control is

off.

17.3.1 Communication baud rate programming

This module supports two baud rate generation methods: integer baud rate generation method and

fractional baud rate generation method.

The formulas for the two baud rate generation methods are as follows:

BaUdinteger=

Baudgecimal=

PCLK

PCLKx(128+DIVF)

4P xsample countx (DIVI+1)

4P xsample countX (DIVI+1)x256

Table 17-1 USART each mode sampling count and maximum baud rate

::’:;:'onal Sample count Maximum baud rate (unit: bps)
Asynchronous _
serial port Sample Count =8x(2-OVERS) PCLK/8
When internal clock source: PCLK/8
Synchronous _ When external clock source: PCLK/6
serial port Sample Count =4 (The maximum frequency requirement of the external
input clock is PCLK/6)
smart card —
interface Sample Count =2xBCN PCLK/32
infrared _ . .
communication Sample Count =8x2 Determined by IR modulation mode
LIN Sample Count =8x(2-OVERS) 20K

Baud:
PCLK:
PSC:

OVERS:

BCN:
DIVI:
DIVF:

Baud rate
Timer
USART_BRR.PSC setting value

USART_CR1.0VERS setting value

The number of basic clocks set by USART _CR3.BCN
USART_BRR.DIVI setting value

USART_BRR.DIVF setting value

Note: Communication baud rate programming is applicable to asynchronous serial port mode,

synchronous serial port mode, smart card mode, infrared mode and LIN mode
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Knowing the communication baud rate, the steps to calculate the USART _BRR register value are as

follows:

Stepl.

Step2.

Step3.

Step4.

Configure USART_BRR.PSC so that the calculation result of the following expression is
less than or equal to 256;

PCLK

4P xBaudxSample count
USART_BRR.DIVI according to the formula below, where the INT function represents

rounding down;

PCLK )

DIVI=INT< e -
4P xBaudxSample count
USART _BRR.DIVF according to the formula below, where the INT function represents

rounding down;

BaudxSample countx (DIVI+1)x256x4”**x1.0
DIVF=INT PCLK -128+0.5

When DIVF is less than 127.5, set USART_BRR.FBME to 1 to enable the fractional baud
rate generator; when DIVF is greater than 127.5, set USART_BRR.FBME to 0 to disable
the fractional baud rate generator.

17.3.1.1 Asynchronous serial communication baud rate programming example

Table 17-2 PCLK is 4MHz baud rate programming example

PCLK=4MHz

Target

baud OVER8=1 OVER8=0

rat¢ | psc | pivi | DIVF b ::;“rz'te Error% PSC | DIVI | DIVF | ::;“rz'te Error%

2400 o | 207 | na 2404 0.16% 0o | 103 ] na 2404 0.16%

4800 0o | 103 | Na 4808 0.16% 0 | 51 | NA 4808 0.16%

9600 0o | 51 | Na 9615 0.16% 0o | 25 | NA 9615 0.16%
19200 | 0 | 25 | NA 19231 | 0.16% o | 12 | na 19231 0.16%
76800 | 0 5 | 108 76823 | 0.03% 0 2 | 108 76823 0.03%
115200 | 0 3 | 108 | 115234 | 0.03% 0 1 | 108 | 115234 | 0.03%
230400 | 0 1 | 108 | 230469 | 0.03% 0 0o | 108 | 230469 | 0.03%
250000 | 0 1 NA | 250000 | 0.00% 0 0 NA | 250000 | 0.00%
500000 | 0 0 NA | 500000 | 0.00%
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Table 17-3 PCLK is 8MHz baud rate programming example

PCLK=8MHz
Target OVER8=1 OVER8=0
baud rate Actual Actual
PSC DIVI DIVF baud rate Error% PSC DIVI DIVF l:::: Error%
2400 1 103 NA 2404 0.16% 0 207 NA 2404 0.16%
4800 0 207 NA 4808 0.16% 0 103 NA 4808 0.16%
9600 0 103 NA 9615 0.16% 0 51 NA 9615 0.16%
19200 0 51 NA 19231 0.16% 0 25 NA 19231 0.16%
76800 0 12 NA 76923 0.16% 0 5 108 76823 0.03%
115200 0 7 108 115234 0.03% 0 3 108 115234 0.03%
230400 0 3 108 230469 0.03% 0 1 108 230469 0.03%
250000 0 3 NA 250000 0.00% 0 1 NA 250000 0.00%
500000 0 1 NA 500000 0.00% 0 0 NA 500000 0.00%
750000 0 0 64 750000 0.00%
1000000 0 0 NA 1000000 0.00%
Table 17-4 PCLK is 16MHz baud rate programming example
PCLK=16MHz
Target
baud OVER8=1 OVER8=0
rate | psc | pivi | DIVF pocwal | Error% PSC | DIVI | DIVF | AUl | prrop,
2400 2 51 NA 2404 0.16% 1 103 NA 2404 0.16%
4800 1 103 NA 4808 0.16% 0 207 NA 4808 0.16%
9600 0 207 NA 9615 0.16% 0 103 NA 9615 0.16%
19200 0 103 NA 19231 0.16% 0 51 NA 19231 0.16%
76800 0 25 NA 76923 0.16% 0 12 NA 76923 0.16%
115200 0 16 123 115349 0.13% 0 7 108 115234 0.03%
230400 0 7 108 230469 0.03% 0 3 108 230469 0.03%
250000 0 7 NA 250000 0.00% 0 3 NA 250000 0.00%
500000 0 3 NA 500000 0.00% 0 1 NA 500000 0.00%
750000 0 1 64 750000 0.00% 0 0 64 750000 0.00%
1000000 0 1 NA 1000000 0.00% 0 0 NA 1000000 0.00%
1500000 0 0 64 1500000 0.00%
2000000 0 0 NA 2000000 0.00%
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Table 17-5 PCLK is 24MHz baud rate programming example

PCLK=24MHz
el OVER8=1 OVER8=0
2t | psc | pvi | DIvF b x;“rz't o | Error% PSC | DIVI | DIVF | ::;”rg"t o | Error%
2400 2 | 77 | nNA 2404 0.16% 2 | 38 | NA 2404 0.16%
4800 2 | 38 | nA 4808 0.16% 1 | 77 | Na 4808 0.16%
9600 1 | 77 | NA 9615 0.16% 0 | 155 | NA 9615 0.16%
19200 0 | 155 | NA 19231 0.16% 0 | 77 | NA 19231 | 0.16%
76800 0o | 38 | nA 76923 0.16% o | 18 | 121 76789 | -0.01%
115200 | 0 | 25 | Na 115385 | 0.16% o | 12 | na | 115385 | 0.16%
230400 | 0 | 12 | NA 230769 | 0.16% 0 5 | 108 | 230469 | 0.03%
250000 | 0 | 11 | NA 250000 | 0.00% 0 5 NA | 250000 | 0.00%
500000 | 0 5 NA 500000 | 0.00% 0 2 NA | 500000 | 0.00%
750000 | 0 3 NA 750000 | 0.00% 0 1 NA | 750000 | 0.00%
1000000 | 0 2 NA | 1000000 | 0.00% 0 0 43 | 1001953 | 0.20%
1500000 | 0 1 NA | 1500000 | 0.00% 0 0 NA | 1500000 | 0.00%
2000000 | 0 0 43 | 2003906 | 0.20%
2500000 | 0 0 85 | 2496094 | -0.16%
3000000 | 0 0 NA | 3000000 | 0.00%
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Table 17-6 PCLK is 32MHz baud rate programming example

PCLK=32MHz
el OVER8=1 OVER8=0
2t | psc | pvi | DIVF b x;“rz't o | Error% PSC | DIVI | DIVF | ::;”rg"t o | Error%
2400 2 | 103 | NA 2404 0.16% 2 | 51 | NA 2404 0.16%
4800 2 | 51 | Na 4808 0.16% 1 | 103 | Na 4808 0.16%
9600 1 | 103 | NA 9615 0.16% 0 | 207 | NA 9615 0.16%
19200 0 | 207 | NA 19231 | 0.16% 0 | 103 | NA 19231 0.16%
76800 o | 51 | Na 76923 | 0.16% o | 25 | NA 76923 0.16%
115200 | 0 | 33 | 123 | 115349 | 0.13% 0 | 16 | 123 | 115349 | 0.13%
230400 | 0 | 16 | 123 | 230699 | 0.13% 0 7 | 108 | 230469 | 0.03%
250000 | 0 | 15 | NA | 250000 | 0.00% 0 7 NA | 250000 | 0.00%
500000 | 0 7 NA | 500000 | 0.00% 0 3 NA | 500000 | 0.00%
750000 | 0 4 | 112 | 750000 | 0.00% 0 1 64 750000 | 0.00%
1000000 | 0 3 NA | 1000000 | 0.00% 0 1 NA | 1000000 | 0.00%
1500000 | 0 1 64 | 1500000 | 0.00% 0 0 64 | 1500000 | 0.00%
2000000 | 0 1 NA | 2000000 | 0.00% 0 0 NA | 2000000 | 0.00%
2500000 | 0 0 32 | 2500000 | 0.00%
3000000 | 0 0 64 | 3000000 | 0.00%
4000000 | 0 0 NA | 4000000 | 0.00%
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Table 17-7 PCLK is 48MHz baud rate programming example

PCLK=48MHz
el OVER8=1 OVER8=0
rate | psc | pivi | pIvF ACt“rz't:a“d B PSC | DIVI | DIVF | g ::dt“r?t .| T
2400 2 | 155 | Na 2404 0.16% 2 | 77 | Na 2404 0.16%
4800 2 | 77 | Na 4808 0.16% 2 | 38 | Na 4808 0.16%
9600 2 | 38 | NA 9615 0.16% 1 | 77 | Na 9615 0.16%
19200 | 1 | 77 | NA 19231 0.16% 0 | 155 | NA 19231 | 0.16%
76800 | 0 | 77 | NA 76923 0.16% 0o | 38 | NA 76923 | 0.16%
115200 | 0 | 51 | NA 115385 0.16% o | 25 | NA | 115385 | 0.16%
230400 | 0 | 25 | NA 230769 0.16% o | 12 | NA | 230769 | 0.16%
250000 | 0 | 23 | NA 250000 0.00% o | 11 | NA | 250000 | 0.00%
500000 | 0 | 11 | NA 500000 0.00% 0 5 NA | 500000 | 0.00%
750000 | 0 7 NA 750000 0.00% 0 3 NA | 750000 | 0.00%
1000000 | 0 5 NA 1000000 | 0.00% 0 2 NA | 1000000 | 0.00%
1500000 | 0 3 NA 1500000 | 0.00% 0 1 NA | 1500000 | 0.00%
2000000 | 0 2 NA 2000000 | 0.00% 0 0 43 | 2003906 | 0.20%
2500000 | 0 1 85 2496094 | -0.16% 0 0 85 | 2496004 | -0.16%
3000000 | 0 1 NA 3000000 | 0.00% 0 0 NA | 3000000 | 0.00%
4000000 | 0 0 43 | 40078125 | 0.20%
6000000 | 0 0 NA 6000000 | 0.00%
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17.3.2 Auto baud rate detection

This function needs to be combined with a multi-function timer counter to realize automatic baud
rate detection.

By setting USART_CR1.TOE=5 and USART_CR3.ABRE=1, the USART module enters the automatic
baud rate detection mode. the hardware detects that there is an input data edge on RXD, the
counter starts counting from 0, and the communication baud rate can be detected when the data
frame of 0x55 is received. When the automatic baud rate detection is completed, stop counting,
and the hardware automatically sets USART SR.ABR to 1 and stores the baud rate detection value
in the USART _BDR register. If USART IER.ABR is set to 1, automatic baud rate detection can be
generated interruption.

The communication baud rate can be calculated by the following formula:

fpcik

Baud= ————
4™ % (BDR+1)

frcLk: PCLK frequency
PSC: the value of USART_BRR.PSC
BDR: The value of the USART_BDR register

When it is no longer necessary to detect the baud rate, set USART CR3.ABRE to 0 to exit the
automatic baud rate detection mode.

Note:

1. When the detected baud rate does not match the automatic baud rate detection range, the
value of USART_BDR may overflow.

2. If the counter overflows during the automatic baud rate detection process, the hardware
automatically sets USART SR.TO to 1, and if the corresponding interrupt is enabled, the multi-
function timer counter interrupt can be generated.

3. Communication baud rate detection is applicable to asynchronous serial port mode and LIN
mode.

17.3.3 DMA continuous communication

The USART module supports the hardware handshaking logic of the DMAC.

- Write USART_CR2.TXDMAEN=1 to start the DMAC hardware handshake logic sent by USART.
When the send buffer is empty, the USART will send a data transfer request to the DMAC.
DMAC receives the sending request signal, it transfers the sending data of one frame from
the DMAC source address to the USART _TDR. The above steps are repeated until all the
data lengths configured in the DMAC are transferred.

- Write USART_CR2.RXDMAEN=1 to start the DMAC hardware handshake logic for USART
reception. When a frame is received, the USART will send a data transfer request to the
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DMAC. the DMAC receives the receive request signal, it transfers the received data from
the USART RDR to the target address of the DMAC. The above steps are repeated until all
the data lengths configured in the DMAC are transferred.

Note:

1. DMA continuous communication is applicable to asynchronous serial mode, synchronous serial
mode, smart card mode, infrared mode and LIN mode.
2. DMA mode is not supported when working in single-wire half-duplex.

17.3.4 Hardware flow control

Hardware flow control refers to controlling the serial data flow between two USART devices through
CTS and RTS signals, and the connection method is shown in the figure below.

The hardware flow control function is divided into two types, RTS flow control function and CTS flow
control function.

USART 1 TXD  RXD ~ USART 2
X 7 RX
Circuit | CTS RTS Circuit

A RXD  TXD
RX h X
Circuit RTS CTS _| Circuit

Figure 17-1 Asynchronous serial port mode hardware flow control example

CTS flow control function
When USART CR2.CTSEN is set to 1, this module has CTS flow control function.

—  When the CTS pin input is high level, the TXD pin will not send data out;
— When the CTS pin input is low level, the TXD pin sends out data;
Note:

If the input signal of the CTS pin becomes high level when the data is being sent, the data frame
being sent will not be affected. After the current data frame is sent, the sending of new data will
be suspended.

RTS flow control function
When USART CR2.RTSEN is set to 1, this module has RTS flow control function.

—  When the receive buffer is empty, the RTS pin outputs a low level;
— When the receive buffer is full, the RTS pin outputs a high level;
RTS pin will output low level only when all the following conditions are met.

1) USART _CRL.RE is 1, the receiving circuit is enabled
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2)
3)

USART _SR.RC is 0, the data in the USART_RDR register has been read

USART SR.PE, USART SR.FE and USART SR.OR are 0, no receive data check error, receive

frame error and overflow error

If all the above conditions cannot be met at the same time, the RTS pin will output a high level.

RTS pin will output low level only when all the following conditions are met.

Receive enable(USART CR1.RE=1) and not receiving data
There is no unread data in the USART_RDR register(when USART_CR1.RE=1)
USART TDR update completed(if USART _CR1.TE= 1)

USART SR.OR is 0, no receive data overflow error

If all the above conditions cannot be met at the same time, the RTS pin will output a high level.

Write TDR || ] ]
TXD DO} D1.D6 ) D7 DO { DL.D6 o) DL.
™ ] D
cas [ [ 1

Figure 17-2 CTS hardware flow control signal

RXD

RDR

RC

RTS

DO X DI..D6 D7 / DO \ DL..D6 / DO X DL..D6

.~ Write ICRRC =0 .. Write ICRRC=0
o or Read RDR or Read RDR

Note: Hardware flow control is applicable to asynchronous serial port mode and synchronous serial

Figure 17-3 RTS hardware flow control signal

port mode.
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17.3.5 Multi-function timer counter

This module is embedded with a multi-functional timing counter, which can realize five timing and

counting functions.

Its reqular counting cycle formula is tpc X4P* X (TOR+1).

tecik: Period of PCLK

PSC: the value of USART_BRR.PSC

TOR: the value of the USART TOR register

When the PCLK frequency is 48MHz, the minimum value of its timing counting range is 0.02us, and

the maximum value is about 1.4s.

This timer counter can realize five functions, and the comparison of their functions is as follows:

Table 17-8 Multifunctional timer counter function

Function

Counter start condition

Application Scenario

Universal timing

Start immediately after writing 1 to USART_CR1.TOE

Universal timer

Receive Timeout
Count

Start immediately after writing 2 to USART_CR1.TOE

Wait for another host to reply with a

message within a limited time

Receive inter-frame
timeout count

Write 3 to USART_CR1.TOE and start after receiving
the first frame of data

Wait for variable-length packet

transmission to complete

Synchronous Interval
Measurements

Write 4 to USART_CR1.TOE, after
USART_CR3.LBDE=1, the hardware detects that
there is a falling edge on RXD

LIN mode

Auto baud rate
detection

Write 5 to USART_CR1.TOE, after
USART_CR3.ABRE=1, the hardware detects that
there is an input data edge on RXD

Baud rate detection (asynchronous

serial port mode /LIN mode)

Note:

1. Only when USART CR1.TOE is 0, other values can be written to start the timer counter.
2. When USART SR.TO is 1, the hardware automatically sets USART _CR1.TOE to 0.

17.3.5.1 General purpose timing function

USART _CR1.TOE is 1, it works in general timing function. When 1 is written to USART_CR1.TOE, the
counter starts immediately and starts counting from 0. If the count value is equal to USART TOR,
the hardware automatically sets USART SR.TO to 1. If the corresponding interrupt is enabled, the
multi-function timer counter interrupt can be generated.

17.3.5.2 Receive timeout count function

USART CR1.TOE is 2, it works on receive timeout counting function. When 2 is written to
USART_CR1.TOE, the counter starts immediately and starts counting from 0. If the count value is
equal to USART TOR and RXD has not received new data, it stops counting and the hardware
automatically sets USART SR.TO to 1. If the If the corresponding interrupt can be interrupted, the
multi-function timer counter interrupt can be generated.
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If the count value is less than USART TOR when RXD receives new data(USART _SR.RC=1), the
counter is cleared and the counting function is started again, counting from O.

17.3.5.3 Receive inter-frame timeout counting function

USART_CR1.TOE is 3, it works on the timeout counting function between receiving frames. After
writing 3 to USART CR1.TOE, the counter starts counting from 0 after receiving the stop bit of the
first byte. If the count value is equal to USART TOR and RXD has not received new data, it stops
counting and the hardware automatically Set USART SR.TO to 1, if the corresponding interrupt is
enabled, the multi-function timer counter interrupt can be generated.

If the count value is less than USART TOR when RXD receives new data(USART _SR.RC=1), the
counter is cleared and the counting function is started again, counting from O.

17.3.5.4 Synchronous interval measurement function

USART_CR1.TOE is 4, it works in the synchronization interval measurement function. Write 4 to
USART_CR1.TOE and write 1 to USART_CR2.LBDE, the hardware automatically recognizes the falling
edge of the input signal RXD and counts the low level from 0, if the count value is equal to
USART _TOR, then stop counting, and the hardware automatically sets USART_SR .LBD is 1, if the
corresponding interrupt is enabled, the synchronization interval segment detection interrupt can
be generated.

If the count value of the low-level length count is less than USART _TOR, wait for the next falling
edge of RXD to enter a new round of synchronization interval measurement.

17.3.5.5 Auto baud rate detection function

USART_CR1.TOE is 5, it works in automatic baud rate detection function.

Refer to the Auto-Baud Detection chapter to learn more about the Auto-Baud Detection function.

HC32F420SeriesReferenceManual_Rev1.30 305/403


https://www.xhsc.com.cn/

HSCh#%S
Xl‘l {o%f’:"’{? www.xhsc.com.cn

17.3.6 Interrupt

Refer to the "External Interrupt and NVIC Interrupt Input Correspondence Table" in the chapter
[Interrupt Controller (NVIC)]. The four USARTs in this chapter each provide three types of interrupts:
TX interrupt, RX interrupt, and FLAG interrupt.

1) TXinterrupt corresponds to USART IER.TXE or USART IER.TC interrupt enable
2) RXinterrupt corresponding to USART IER.RC interrupt enable

3) FLAG interrupt corresponds to any one or more interrupt enable in USART IER[14:3]

Table 17-9 Validity of interrupts in each mode of USART

Interrupt
. : Asynchronous | Synchronous | Smart

Functional name ?Sg:::TbII;R) serial port serial port card Infrared | LIN
Send Data Empty Interrupt TXE ° [ [ ° [
Send complete interrupt TC . ° ° ° .
receive complete interrupt RC . ° ° ° .
Receive data verification error
interrupt PE . X . ° X
Receive frame error interrupt FE . X . . .
Beceive data overflow error OR R N N R N
interrupt
Multi-function timing count
interrupt 0 * * * * *
Address match interrupt in
multi-device communication AM . X X X X
mode
CTS interrupt CTS . o X X X
Auto-baud detect interrupt ABR . X X X o
Sync Interval Detection
Interrupt LBD X X X X .
Input data wake-up interrupt DWK . X X . o

Note:

e valid

X: invalid
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17.3.7 Asynchronous serial port mode

Asynchronous serial interface, which provides a flexible full-duplex data exchange interface for
asynchronous transmission, is usually also used as R5232 standard communication.

The interface is connected with other devices through 1 to 4 pins, and usually only two pins are
used in the application: RXD and TXD.

RXD: Receive data input, and distinguish data and noise through oversampling technology.
TXD: send data output, when not sending data, TXD pin keeps high level.
Select asynchronous serial port mode by setting USART_CR2.SYNC=0.

In asynchronous serial mode, the following bits must be cleared

USART_CR3.SCEN. USART_CR3.LINEN #1 USART_CR3.IREN

17.3.7.1 Functional block diagram

NRTS[X]
NCTS[E PCLK
SCK
[E /1,/4,/16, /64
™D [X]
Control |09iC <—‘ Fractional Baud Rate Generator
RXD [X]

Figure 17-4 Functional block diagram of asynchronous serial port

The function description of each pin is as follows:
SCK: USART working clock output

TXD:  USART send data pin

RXD:  USART receive data pin

NRTS: USART hardware flow control RTS output pin

NCTS: USART hardware flow control CTS input pin
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17.3.7.2 Data format

i 1 Frame Data |

Start bit| Data bit | Check bit| Stop bit

Asynchronous serial port mode data format

Figure 17-5 Asynchronous serial port mode data format

The format of the USART serial data frame is: start bit, 8 ~ 9 data bits, parity bit (optional), 1 ~ 2
stop bits.

The polarity of the start bit is opposite to the data line idle state, and the stop bit is the same as
the data line idle state.

Both start bit and stop bit are used for data synchronization during asynchronous data transfer.
The module supports two data bit orders: LSB first or MSB first.

When sending, the USART module reads the data in the sending buffer, and then outputs it from
the TXD pin in the above data frame format.

When receiving, the USART module searches for the start bit on the RXD pin, and receives the data
bit, parity bit, and stop bit according to the above data frame format after finding the start bit. If
no stop bit is found, the USART module considers the transmission of the entire data frame to have
failed.

This module supports two ways to find the start bit: the falling edge on the RXD pin or the low level
on the RXD pin (when USART_CR2.RXINV=0).

17.3.7.3 Transmitter

When setting USART_CRL1.TE to 1, the TXD pin can send data externally. When there is data in the
USART _TDR register, the hardware automatically loads the data into the transmit shift register, and
shifts and outputs it from the TXD pin according to the data frame format configured by the user.
The USART SR.TXE flag is set to 1 by hardware whenever data in the USART _TDR register is loaded
into the shift register. the user finds that the USART_SR.TXE flag is 1, the user can write the next
data to be sent to the USART TDR register. Whenever the TXD pin sends a frame of data, the
USART _SR.TC flag will be set to 1 by hardware to indicate the current sending progress.

The figure below is an example of sending two bytes; the data length is 8 bits, no parity, and one
STOP bit.
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Write TOR || I
T [ eenre=o ’7
™ | \
Figure 17-6 Example of sending data
Note:

1. Before writing data to be sent into USART _TDR, the USART _CR1.TE bit must be set to 1 first.
2. Do not write USART_CR1.TE=0 during data transmission, otherwise the baud rate counter will
be frozen, causing the TXD pin to output unexpected waveforms.

17.3.7.4 Receiver

When setting USART_CR1.RE to 1, this module can receive the data received from the RXD pin.
Whenever a frame of data is received, the USART SR.RC flag will be set to 1 by hardware, and the
received data can be read from the USART_RDR register.

This module supports two start bit detection methods: detecting the level on the RXD pin as the
start bit, and detecting the edge on the RXD pin as the start bit, see USART _CR1.SBS description
for details.

This module supports two sampling methods: 8 times sampling and 16 times sampling. 8 times
sampling means that the signal on the RXD pin is sampled 8 times per baud rate cycle; 16 times
sampling means that the signal on the RXD pin is sampled 16 times per baud rate cycle.

When the module receives data, it can detect three kinds of errors: overflow error, parity error,
frame error. After any kind of error occurs, the module continues to receive data, and the user
program should handle the error as soon as possible, and clear the error flag to restart data
reception.

- Overflow error: When USART_SR.RC is 1(the data in USART_RDR is not read) and a new
frame of data is received, an overflow error occurs. When this error occurs, USART_SR.OR
will be set to 1 by hardware, and the newly received data will overwrite the previous frame
data. Write 0 to USART_ICR.OR to clear this flag. If the data in USART_RDR is not read after
USART SR.RC is 1, but USART SR.RC is cleared to 0 by writing USART ICR.RC = 0, then
USART_SR.OR will not be set to 1.

—  Parity Error: A parity error occurs when an incorrect parity of a data frame is detected.
When this error occurs, USART _SR.PE will be set to 1 by hardware, and the received data
will be sent to USART_RDR. Write 0 to USART_ICR.PE to clear this flag.
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— Framing Error: A framing error occurs when a received data frame does not detect a stop
bit at the expected time. When this frame error occurs, USART SR.FE will be set to 1 by
hardware, and the received data will be sent to USART_RDR. Write 0 to USART ICR.FE to
clear this flag.

The following figure is an example of receiving two bytes: the data length is 8 bits, no parity, and
one STOP bit.

RE |
RDR
RC [ e M

Figure 17-7 Receive data example

17.3.7.5 Single wire half duplex

When setting USART_CR1.COMB and USART _CR1.RE to 1 and USART_CR1.TE to 0, this module works
in single-wire half-duplex mode, and only uses the TXD pin for data transmission and reception.

When no data is sent, the TXD pin is in the input state, waiting for other hosts on the receiving bus
to send data. Whenever the user writes data to the USART _TDR register, the TXD pin automatically
changes to the output state to send the data written by the user to the USART TDR internal register
to the bus.

To prevent collisions on a single bus, the user should take appropriate application-layer protection
measures to ensure that multiple masters do not send data to the bus at the same time.

Note: DMA mode is not supported when single-wire half-duplex works.
17.3.7.6 Multiprocessor communication

When setting USART_CR1.MPE to 1, USART works in multiprocessor communication mode. The
master can send address frames and data frames, and the slave can receive data frames only after
receiving matching address frames.

Data format
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| ST | D [MPB| SP

ST: start bit (1 low level)

D: data bit (can be configured as 8 or 9 bits)
MPB: multiprocessor bit (1: ID, 0: data)

SP: stop bit (1~2 high level can be configured)

Multiprocessor communication data format

Figure 17-8 Multiprocessor communication data format
Host sends address frame and data frame

- If the word length is 8, ie USART_CR1.CHLEN=0
When USART_TDR.MPID is 1, the address frame is sent, and USART_TDR[7:0] is the address of

the target slave.
When USART _TDR.MPID is 0, the data frame is sent, and USART _TDR[7:0] is the data to be sent.

- If the word length is 9, ie USART_CR1.CHLEN=1
When USART TDR.MPID is 1, the address frame is sent, and USART TDR[7:0] is the address of
the target slave.

When USART _TDR.MPID is 0, the data frame is sent, and USART _TDR[8:0] is the data to be sent.
Slave receives address frame and data frame

USART_CR1.SLME is set to 1, the slave only receives address frames that match its own address,
and ignores unmatched address frames and data frames. When the slave receives the address
frame from RXD, the hardware automatically compares the address in the address frame with the
local address; only when the two match, the received address will be stored in the USART _RDR
register and USART_SR.RC and USART_SR.AM will be set.

Slave address configuration

The slave address consists of the AND of the user-configured address(USART ADDR) and the
address mask(USART_ADDMR).

Slave address: USART_ADDR & USART_ADDMR

When the address frame is received, it is detected that the address received from the bus matches
the value of USART_ADDMR and the value is the same as the address configured by the user, then
it is considered that the address frame matching the slave address has been received.

Example: USART_ADDR = 0x55, USART_ADDMR = 0xFO0, then the address that the slave can match
is 0x50 ~ Ox5F(user configuration address).

Note: Multiprocessor communication is only applicable to asynchronous serial port mode.
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17.3.7.7 Send data programming example

Stepl.

Step2.

Step3.

Step4.

Stepb.

Step6.

Step7.

Step8.
Step9.
Stepl0.
Stepll.

Stepl2.

Stepl3.

According to the relevant description of the pin digital multiplexing function in the
GPIO chapter, configure TXD as a digital input with pull-up when USART_CR2.TXINV=0,
configure TXD as a digital input with pull-down when USART CR2.TXINV=1, and set
GPIOx_AFRH/AFRL to map TXD to required pins;

Set APBENO.USARTNn(n=0/1/2/3) to 1 to enable USART configuration clock and working
clock;

Write 0x00 to USART_CR1 to make the USART module return to the initial state;

Configure USART_CR2.SYNC as 0 to make the USART module work in asynchronous
serial port mode;

Configure the USART CR1.0VER8 and USART BRR registers to configure the
communication baud rate;

Configure USART CR1.CHLEN to configure the number of data bits in the frame;

Configure USART_CR1.STOP, USART _CR1.PCE and USART _CRL1.PS, configure stop bit
length and parity check mode;

Configure USART_CR1.MSB to configure the data sequence order when sending data;
Set USART_CR1.TE to 1 to enable TXD sending function;

Write 0x00 to USART_ICR.TC to clear the sending completion flag;

Write a frame of data to be sent to the USART _TDR register;

The query waits for USART_SR.TC to become 1, and the data frame written this time
is sent;

If the data to be sent is not completed, jump to Stepl0 to continue execution.

17.3.7.8 Receive data programming example

Stepl.

Step2.

Step3.

RXD to the required pins according to the relevant description of the pin digital
multiplexing function in the GPIO chapter; configure RXD as a digital input with pull-
up when USART CR2.RXINV=0, and configure RXD as a digital input with pull-down
when USART _CR2.RXINV=1, to prevent false triggering caused by the floating RXD
line when the sending end is not enabled and the receiving end is enabled first;

Set APBENQ.USARTNn(n=0/1/2/3) to 1 to enable USART configuration clock and working
clock;

Write 0x00 to USART_CR1 to make the USART module return to the initial state;
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Step4.

Steps.

Step6.

Step7.

Step8.

Step9.

Stepl0.
Stepll.
Stepl2.

Stepl3.

Stepl4.

Stepl5.

Configure USART_CR2.SYNC as 0 to make the USART module work in asynchronous
serial port mode;

Configure the USART CR1.0VER8 and USART BRR registers to configure the
communication baud rate;

Configure USART CR1.CHLEN to configure the number of data bits in the frame;

Configure USART_CR1.STOP, USART CR1.PCE and USART _CR1.PS, configure stop bit
length and parity check mode;

Configure USART_CR1.MSB to configure the data sequence order when receiving data;
Configure USART_CR1.SBS to select the judgment method of the start bit;

Write 0x00 to the USART ICR register to clear all status flags;

Set USART CR1.RE to 1;

The query waits for USART _SR.RC to become 1, and one frame of data is received;

Query USART SR.PE, USART SR.FE, USART SR.OR to confirm whether the received
data frame is valid. If it is invalid, perform error handling, if it is valid, read the data
from the USART_RDR register and save it;

Write 0x00 to USART _ICR.RC to clear the receiving completion flag;

If the data to be received is not completed, jump to Stepl2 to continue execution.

17.3.8 Synchronous serial port mode

The synchronous serial port mode means that the sending and receiving of data is synchronized
with the SCK clock pin.

Select synchronous serial port mode by setting USART _CR2.SYNC=1.

In synchronous serial port mode, the following bits must be cleared:

- USART_CR1.COMB, USART_CR1.SLME, USART_CR1.MPE, USART_CR1.0VERS,
USART_CR1.STOP, USART_CR1.CHLEN, USART_CR1.PCE
- USART_CR3.SCEN, USART_CR3.LINEN and USART_CR3.IREN

17.3.8.1 Clock

There are two options for the clock source of the synchronous serial port mode, which can be set
by USART _CR2.CLKC:

— Internal clock source: clock generated by internal baud rate generator

The synchronous clock is output from the CK pin, and a frame of data outputs 8 clock pulses.

When neither sending data nor receiving data, the clock output is fixed at high level.
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—  External clock source: CK pin input clock
The external clock source is the clock input from the CK pin as the communication clock.

17.3.8.2 Data format

In the synchronous serial port mode, a frame of data is fixedly composed of 8 bits, and the sending
and receiving of a frame of data requires 8 synchronous clock pulses.

Data is sent at the falling edge of the synchronization clock when data is sent and sampled at the
rising edge of the synchronization clock when data is received.

Except for the continuous transmission mode, the synchronous clock is fixed at high level when
there is no data transmission; when there is data transmission, after the last bit of the sent data is
sent, the data line keeps the value of the last bit.

1 b2 03 1 41 5 1 6 1 7 I 8

i
1 : ' - i i | i | *1
Synchronous clock | i
I e e
Data line | DO [ D1 [ D2 | D3 | D4 [ D5 | D6 | D7 [The value of the last digit

! ! ! ! ! ! ! ! !
*1: Unless in continuous transfer mode, the synchronous clock is fixed at high level

Synchronous serial mode character format legend: LSB

Figure 17-9 Synchronous serial port mode character format legend

17.3.8.3 Transmitter

When the transmit enable bit USART CR1.TE=1, the data in the transmit shift register is output on
the TXD pin, and the corresponding clock is output on the CK pin.

The sending data register USART_TDR and the internal sending shift register form a double buffer
structure, which can send data continuously.

The writing of the sending data register USART _TDR can be completed through an interrupt program
(CPU or DMA), and one interrupt can only write data once.

Send data operation steps
Stepl. Set USART CR1, USART SR registers to reset values;

Step2. Initialize the port, configure TXD as a digital input with pull-up; set GPIOx_AFRH/AFRL
to map TXD to the required pin;

Step3. Select the clock source through the USART_CR2.CLKC bit;

Step4. Set USART CR1 (except TE), USART _CR2, USART CR3 registers;
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Step5. Set USART BRR.PSC to select the prescaler value, and set the USART BRR
communication baud rate;

Step6. Set USART_CR1.TE=1, USART_IER.TXE=1;

Step7. USART _TDR through the interrupt program, the data is transferred to the sending shift
register, and the sending starts (when the CTS function is valid, when the CTS pin
inputs low level, the data is transferred to the sending shift register, and the sending
starts);

Step8. If you need to send data continuously, repeat step 7;

Step9. Write the last sent data through the interrupt program, and write USART IER.TXE=0,
USART _IER.TC=1, after the last data is sent, a send completion interrupt occurs.

Frame 1 Frame 2 Frame3~Frame n-2 Frame n-1 ' Frame n :
N Y Y O
i
TXD DO | Di1~D6 [ D7 DO | Di~D6 [ D7 D0 | D1~D6 D7 DO | D1~D6 [ D7 D0 | Di~D6 | D7
CR1.TE
IER.TXE |
TXE interrupt |_| /
IERTC // / /l /f [
SR.TC ////
Interrupt via T Interrupt via TXE Interrupt via TXE Interrupt via TXE %
Write data1 ~ Write data 2 Write data 3 Write data 4~n-1 Write data n through TXE interrupt Send complete flag set
IER.TXE write 0, IER.TC write 1
Synchronous serial port mode sending data Legend 1: LSB/no CTS function

Figure 17-10 Synchronous serial port mode sending data legend 1

i Frame 1 : : Frame 2 : : Frame 3 :
i i i i i i
TXD [ bo ] bi~b6 [ D7 [ Do | Di~D6 [ D7 [ Do | Di~D6 [ D7
CTS (pin input)
CR1.TE
IER.TXE
TXE interrupt | - |_|
Interrupt via TXE Interrupt via TXE Interrupt via TXE
Write data 1 Write data 2 Write data 3
Send data in synchronous serial port mode Legend 2: LSB/CTS function

Figure 17-11 Synchronous serial port mode sending data legend 2
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Transmitter interrupt

The synchronous serial port mode transmitter supports two interrupts, the transmit data register

empty interrupt and the transmit complete interrupt.

USART _IER.TXE=1, an interrupt occurs when the value of the USART TDR register is transferred to
the transmit shift reqister.

USART _IER.TC=1, when the last bit of data is sent, the USART _TDR register is not updated and an
interrupt occurs.

17.3.8.4 Receiver

Steps to receive data

Stepl.

Step2.

Step3.
Step4.

Step5.

Step6.

Step7.

Set USART _CR1, USART SR registers to reset values;

Initialize the port, configure RXD as a digital input with pull-up; set GPIOx_AFRH/AFRL
to map RXD to the required pin;

Select the clock source through the USART_CR2.CLKC bit;
Set USART_CR1 (except RE), USART _CR2, USART_CR3 registers;

Set USART BRR.PSC to select the prescaler value, and set the USART_BRR
communication baud rate;

Set USART_IER.RC=1, USART_IER.OR=1, USART_CR1.RE=1 (when using the RTS
function, the RTS pin outputs a low level after USART_CR1.RE=1);

When the synchronous clock is input or the internally generated synchronous clock is
working, the data is received, and the data is received into the shift register.

When an overflow error occurs, the data is overwritten and an overflow error interrupt
occurs, and error handling is performed

When no overflow error occurs, the received data is transferred to the USART_RDR
register, and a reception completion interrupt occurs. Through the reception
completion interrupt program, the received data is read before the last bit of the next
frame of data is received, and then step 7 is repeated. Realize the function of
continuously receiving data

(When using the RTS function, the RTS pin outputs a low level after the data is read)
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i Frame 1 : Frame 2 : Frame 3
- | | i
RXD [ Do | D1~D6 | D7 [ DO | D1~D6 | D7 | DO | D1~D6 | D7
CR1.RE
RC interrupt [ T
Interrupt via RC Interrupt via RC Interrupt via RC
Read data 1 Read data 2 Read data 3
Synchronous serial port mode receiving data legend 1: LSB/ no RTS function

Figure 17-12 Synchronous serial port mode receiving data legend 1

! Frame 1 : ! Frame 2 .
. i : .
RXD D0 | D1~D6 | D7 l D0 | D1~D6 | D7 I
CRLRE |
RTS (pin output) l
RC interrupt |_| |T|
RCinterruptoccurred  Interrupt via RC RC interrupt occurred
Read data 1
Synchronous serial port mode receiving data Legend 2: LSB/RTS function

Figure 17-13 Synchronous serial port mode receiving data legend 2
Error handling

When receiving data in synchronous serial port mode, the receiving error is an overflow error
(USART_SR.OR). The overflow error occurs when new data is received when the value of USART_RDR
has not been read. Data not read after an overflow error occurs is overwritten. The data transfer
can be restarted by clearing the error flag to zero by writing the corresponding clear register bit.

In order to avoid overflow errors, the data received in the previous frame should be read before the

last bit of the current frame is received.
Receiver interrupt

In the synchronous serial port mode, the receiver supports two kinds of interrupts, receiving

complete interrupt and overflow error interrupt.
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USART _IER.RC=1, an interrupt occurs when data is transferred from the shift register to USART_RDR.

USART IER.OR=1, the receive data overflow error interrupt occurs.
The above interrupts are all generated after the eighth CK pin rising edge.
17.3.8.5 Send and receive data at the same time

The USART synchronous serial port mode supports full-duplex operation, sending and receiving
data at the same time.

When sending and receiving data at the same time, a command is required to write 1 to
USART _CR1.RE and USART CRL1.TE at the same time, and set the interrupt enable bit. Other setting
procedures are the same as those of the transmitter and receiver.

17.3.8.6 Precautions for synchronous serial port mode

1) When sending data using an external input clock, wait for more than 6 PCLKs before
inputting the clock after USART_TDR is updated. total period of the input clock must be
greater than or equal to 6 PCLKs, and the periods of high and low levels must be greater
than or equal to 2 PCLKs.

2) When data is sent consecutively, the next frame of data needs to be updated before the
last bit of the current frame is sent.

Frame 1

L ¥Y__
A
v_

Synchronous clock

(external input)
I

i i
| DO [ DI [ D2 [ D3 [ D4 [ D5 [ D6 | D7 | DO [ DI |
i |
a a
i i

|

|

!
TXD |/

CRLTE | / |

TDR / iData U[Iodate . iData Update

1. Time interval between data update and external clock inpuzl >= 6PLCK
2. When sending data continuously, the data should be updated before sending the last bit

Figure 17-14 Precautions for synchronous serial port mode
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17.3.9 Smart Card (7816) Mode

ISO7816 is a contact card reading protocol. This module is only used as a smart card host interface,
and the smart card mode can be selected by writing USART _CR3.SCEN=1. In smart card mode, the
following bits must be cleared:

- USART_CR1.COMB, USART_CR1.SLME, USART_CR1.MPE, USART_CR1.SBS,
USART_CR1.0VER8
- USART_CR2.SYNC
—  USART_CR3.LINEN and USART_CR3.IREN
In addition, the USART_CR2.CLKC bit needs to be set to provide the clock for the smart card.

17.3.9.1 Connection Diagram

The smart card interface supports the smart card communication protocol stipulated in ISO/IEC
7816-3, and supports T=0 (character mode) and T=1 (block mode) at the same time. The following
figure is the connection diagram of the smart card mode:

VCC
TXD : I/O
CLK CLK
Common I/0 RST

Figure 17-15 Smart card Pattern connected legend

17.3.9.2 Clock
Internal timer

Only the clock generated by the internal baud rate generator can be used as the clock source in
smart card mode.

The basic clock number for one-bit data transmission is the setting value of USART_CR3.BCN.
Register USART_CR2.CLKC bits and USART_BRR are used to set the clock output in smart card mode.

Sampling and reception tolerance
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After detecting the falling edge of the receiving pin (TXD), the USART will clock the received data
based on the internal basic clock to start data reception.

Each bit of received data is sampled three times for a majority vote and then sent to the shift
register.

0 1 185 371 0 185 371 0
itemalbase cock| [ [ [T [T LT LTI LT LT LA P U U L Uy e e Py e
Receiving pin (TXD) \

|
i ST [ DO [ b1
|

Sync signal N
|
i
i

Sampled signal

1 1

ST: start bit
D: data bit
Internal synchronization timing and sampling timing when CR3.BCN[2:0]=110b (372 clocks during 1-bit data period)

Figure 17-16 Smart Card Pattern synchronization and sampling timing Figure

The following formula is used to calculate the receiving tolerance:

1 |D-0.5]
M[%]= O'S_W -(L-0.5)F- N (14+F)[ x100%

M: Receive tolerance

N: The number of clocks required for one-bit data transmission(BCN[2:0] setting value)
L: the length of the frame(10)

D: Clock duty cycle

F: clock skew

17.3.9.3 Data format

In smart card mode, a frame of data consists of start bit, data bit and parity bit.

! 1 Frame Data

!
| i
Start bit| Data bit | Check biti

Smart Card Mode Data Format

Figure 17-17 Smart Card Mode Data Format

Start bit

The start bit is fixed at a low level.
Data bit

The data bits are fixed to 8-bit data.
Check bit

The parity bit needs to be configured as 1-bit even parity.
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The figure below shows the legend of data 0x3B data format.

0x3B

iSTiDOiDliDZiD3iD4iD5iD6iD7iPi
i ] i i
[ e N A B

Data format(CR1.PCE=1, CR1.PS=0, CR1.MSB=0)

Smart Card Mode Data Format Example

Figure 17-18 Example of smart card mode data format

17.3.9.4 Initial setting procedure of smart card

Stepl.
Step2.
Step3.
Step4.

Step5.

Step6.

Step7.

Set the USART_CR1 register to the reset value;

Initialize ports, all set as digital input with pull-up; set the pins to be used;

The status register is confirmed, and the USART _SR register is set to the reset value;
Set USART_CR1 (except TE, RE), USART_CR2, USART_CR3 registers;

Set USART BRR.PSC to select the prescaler value, and set the USART_BRR
communication baud rate;

Set the clock control of the USART_CR2.CLKC bit;

Set the USART _CR1 register (TE, RE bits), set TE and RE as required, and do not set
TE and RE to 1 at the same time.

When the sending mode is switched to receiving mode, or the receiving mode is switched to sending

mode, step 7 needs to be reset.

When using the smart card function, the word length USART_CR1.CHLEN, the check control bit
USART _CR1.PCE stop bit length USART CR1.STOP can be any value, the parity check bit
USART CR1.PS must be set to odd or even as required, and the reverse control bit
USART_CR2.TXINV=0. Both data reception and transmission are transmitted through TXD,
regardless of the USART_CR1.COMB value.

17.3.9.5 Smart card mode action description

In smart card mode, the interrupt(send data empty interrupt) flag is USART_SR.TXE.
USART _SR.TXE=1 and USART _IER.TXE=1.

Functional Overview

When sending data, there is a protection time of more than 2 etu (Elementary Time Unit) between

two frames of data (from the end of the parity bit to the start bit of the next frame).
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When sending data, if an error signal sent by the receiver is detected, the data will be resent

automatically after 2 etu.

When a verification error occurs in the received data, a low level of 1letu is sent, which is an error
signal. The timing of sending the error signal is 10.5etu after the start of reception.

letu is the number of clocks on the SCK pin determined by the value of USART_CR3.BCN.

Send instructions

1) After a frame of data is sent, if an error signal sent by the receiver is detected, set
USART SR.FE=1 to generate a frame error interrupt (when USART IER.FE=1), the

USART _SR.TC flag is not set to 1, and the data is automatically resent.
bit must be cleared before receiving the next frame parity bit.

The USART_SR.FE

2) A frame of data is sent without error, set USART SR.TC=1, and an interrupt occurs
(USART_IER.TC=1). Data can be sent continuously by writing data through the interrupt

program.
i Send data frame 1 | Protection time | Send data frame 2 | iAutomati iRetransmit data frameiPrctecﬁcnﬁmei
Data Iine ! 10etu ! 2etu or more ! 10etu ! ! cresend ! 10etu !Zetu ormore!
|ST[DO] [D7]P] |ST[DO] [D7[ P ! |ST[DO] [D7]P]
4 X
CRL.TE /|
|
IER.TXE I
RIC ] I ! M
T
IER.FE / / / ,
|
TXE interrupt write data Start sending after 12.5etu Detect error signal, when SRFE is set  pata auto-resend
Send start SR.TC is set, TC interrupts to IER.FE=1, an interrupt occurs
writing data and sending data when SR.FE bit must be cleared
continuously before receiving the next frame
ST: start bit parity bit
D: data bit
P: check digit

Example of sending data in smart card mode

Figure 17-19 Smart card Pattern sending data legend

Receiving Instructions

1) When receiving data, if a parity error is detected, then USART_SR.PE=1, if USART IER.PE=1,
a parity error interrupt occurs. USART_SR.PE needs to be cleared before receiving the next

frame parity bit.

2) When a verification error occurs, a low level of letu will be sent, that is, an error signal,

requiring the sender to resend the data.
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3) To receive data normally, you can read the received data through the interrupt program

and receive continuously.

4) When receiving data, an overflow error is detected.

I Receive data frame 1 | I Receive data frame 2 | IRe-received data framel
Data line | 10etu | | 10etu | | 10etu |
|ST[DO] [D7]P ] |ST[DO] [D7]P | _| |ST[DO] [D7]P ]
f 4 4
CR1.RE / /
RC interrupt [ [

SR.PE / / [ 1 /

.

RC interrupt read data Check error is detected, SR.PE s Re-received data frame

setto send letu errorsignal

ST: start bit
D: data bit
P: check digit
Smart card mode receiving data legend

Figure 17-20 Smart card Pattern Receive data legend

17.3.10 infrared mode

Select infrared mode by writing USART_CR3.IREN=1. In infrared mode, the following bits must be
cleared:

- USART_CR1.COMB, USART_CR1.SLME, USART_CR1.MPE
- USART_CR3.SCEN and USART_CR3.LINEN

This module contains 2 infrared modes: %infrared pulse and 38K modulation output with baud rate

period. 2 modes of the same module cannot work at the same time.

Reasonably configure the word length USART CR1.CHLEN, check control bits USART CR1.PCE,
USART CR1.PS, stop bit length USART CR1.STOP, inversion control bits USART CR2.TXINV,
USART_CR2.RXINV and other register bits to meet the needs of infrared applications.

17.3.10.1 IR mode 1: IR pulse width for baud rate period%

_ istartbit Stop bit
TXD 0 1 [ 0o [ 1 Lo 0 1 1 0 1
infrared outpL;> |_| <_CYC|e |_| |_| T |_|
infrared Input L L] L L L
RxD ] 0 [ 1 ] o [ 1T ] o0 0 1 1 0 1

Figure 17-21 Infrared Data Modulation
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Select % baud rate period mode by writing USART_CR3.IREN=1 and USART_CR3.IRCW=0. In
infrared mode, the USART_CR3.LINEN and USART_CR3.SCEN bits must be cleared.

The infrared protocol physical layer specifies the use of a return-to-zero-inverted (RZI) modulation
scheme, which represents a logic 0 with pulses of infrared light (pictured above).

The infrared output pulse stream of the USART is sent to the infrared LED outside the chip. SIR
ENDEC bit rate supported by USART is up to 115.2Kbps. In normal mode, the transmitted pulse

width is specified as one bit period%.
The infrared receiver decoder outside the chip outputs the received non-return-to-zero (NRZ) serial
bit stream to the USART. In the idle state, the decoder input is normally high (flag state). Send the

encoder output with the opposite polarity to the decoder input. A start bit is detected when the
decoder input is low.

1) Infrared communication is a half-duplex communication protocol. To prevent data
corruption, simultaneous sending and receiving should be avoided.

2) A"0"issentas a high pulse, and a "1" is sent as a "0". In normal mode, the pulse width is

specified for the selected bit period% (see figure above).

3) The specification requires that the pulse width value should be greater than 1.41us.

4) In infrared mode, some bits in the USART _CR1 and USART _CR2 registers are masked as
invalid bits, and writing 1 or 0 by the user will not affect the normal operation of the
infrared, see the notes in the register section for details.

5) In the infrared mode, the input and output signals can be inverted by USART CR2.RXINV
and USART CR2.TXINV and then input to the USART module or output from the USART
module.

Sending data setting procedure
Stepl. Setthe USART CR1 register to the reset value;

Step2. The initialization ports are all set as digital input with pull-up; set the pins that need
to be used by infrared;

Step3. Set values other than TE in USART _CR1, set USART CR2, USART CR3 registers;

Step4. Set USART BRR.PSC to select the prescaler value, and set the USART_BRR
communication baud rate;

Step5. Set  USART CR3.IREN=1(USART _CR2.TXINV is  configured as needed),
USART _CR1.TE=1, set USART IER.TXE=1;
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Step6.

Step7.

Step8.

Step9.

Write the communication data to USART_TDR by sending the interrupt program, and
the sending starts;

If you need to send data continuously, repeat step 6;

Write the last sent data through the sending interrupt program, and write
USART IER.TXE=0, USART IER.TC=1, after the last data is sent, a sending completion
interrupt occurs;

Write USART_CR1.TE=0.

Receiving data setting procedure

Stepl.

Step2.

Step3.
Step4.

Stepb.

Stepb6.

Step7.

Step8.

Set the USART_CR1 register to the reset value;

Initialize ports, all set to input with pull-up; set the pins that need to be used by
infrared;

set USART_IER.RC=1;
Set values other than RE in USART CR1, set USART _CR2, USART _CR3 registers;

Set USART BRR.PSC to select the prescaler value, and set the USART BRR
communication baud rate;

USART_CR3.IREN=1(USART_CR2.RXINV is configured as needed), USART_CR1.RE=1;

When the start bit is detected, the data is received into the shift register after internal
synchronization, and the check bit and stop bit are checked;

When the stop bit is low, a frame error occurs, the received data is transferred to the
USART_RDR register, and a receive frame error interrupt occurs, and the error
interrupt handler is executed

When a data overflow error occurs, the previous frame data is overwritten and a data
overflow error interrupt occurs, and the error interrupt handler is executed

When an error occurs, a parity error occurs, the received data is transferred to
USART_RDR, and a parity error interrupt occurs, and the error interrupt handler is
executed

When no error occurs, the received data is transferred to the USART_RDR register,
and a reception completion interrupt occurs. After reading the received data through
the interrupt program, repeat step 7 to receive data continuously

Write USART_CR1.RE=0.
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17.3.10.2 Infrared mode 2: 38K modulation with adjustable duty cycle

s AT

data to be modulated J 1 0 1 0 01 1 1 0 1 0 0

Modulation output

IRMOD=0

Modulation output
IRMOD=1

Figure 17-22 38K infrared modulation

The way of infrared modulation is: output infrared modulation when sending data 0, and not
modulate when sending data 1. The 38K infrared modulation frequency is determined by the value
of the register USART IR and the current operating frequency of the module, and its calculation
formula is:

F=PCLK/(USART_IR.DCNTH+USART_IR.DCNTL+2)
Where: PCLK is the module operating frequency,
USART _IR.DCNTH determines the high level duration of the 38K modulation frequency,
USART _IR.DCNTL determines the low level duration of the 38K modulation frequency.

Considering the needs of PNP and NPN infrared tubes in application, USART CR2.RXINV and
USART _CR2.TXINV can be set to invert the received and sent data. USART_IR.DCNTH and
USART_IR.DCNTL are the duty cycle settings when not inverting. If the sending data is inverting,
the two data need to be exchanged.
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17.3.11 LIN mode

Select LIN mode by writing USART CR3.LINEN=1. In LIN mode, the following bits must be cleared:

- USART_CR1.COMB and USART_CR1.STOP, USART_CR1.SLME, USART_CR1.MPE,
USART_CR1.PCE

- USART_CR2.SYNC

— USART_CR3.SCEN and USART_CR3.IREN

17.3.11.1 Feature Brief

LIN is the abbreviation of Local Interconnect Network (Local Interconnect Network), which is a low-
speed(1~20Kbps) serial communication protocol for reducing the cost of automotive networks.

LIN communication is a single-master communication, and a master device can connect up to 15

devices.

"wire-AND" relationship between the devices on the bus, and the dominant level plays a leading
role:

— When any node on the bus sends a dominant level (low level), the bus is at a dominant
level;
— Only when all nodes send recessive level (high level) or do not send information (when no
information is sent, the bus defaults to recessive level), the bus will show recessive level.
The LIN bus supports 1S09141; the LIN slave device is connected to the master control device
through LIN, which is mainly used for the control of switches, transmissions and sensors.

The USART in this product integrates a multi-function timer to facilitate the realization of LIN bus
functions, including data transmission, baud rate setting, synchronization interval detection,
synchronization measurement and baud rate calculation, etc. RXD pin edge interrupt
(USART_IER.DWK) and 1/O port external interrupt input function can be used for wake-up signal
detection.

According to the application, when USART is used as LIN, it is RXD/TXD two-wire mode, and the
corresponding chip needs to be configured externally for boosting and bus conversion.

Wake-u
) P . Protected ID Data i Checksum
signal sync interval Sync segment Data 1
f segment (i<=8) segment
rame
L ——

— — . ITTTTTIC rEaTTTT I'I'I‘TTTI'I' ITTTTTrr—
LIN >=13 bits RRRERR NENRRNER ARRRERE NENRENRR
aus TN

space between response interval space between bytes
bytes
LIN mode bus data and frame structure

Figure 17-23 LIN bus data and frame structure
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Note: Wake-up signal frame is only required when the device needs to wake up
17.3.11.2 LIN data format

One frame of LIN data consists of 1 start bit, 8 data bits and 1 stop bit, and sends and receives data
in LSB mode.

17.3.11.3 LIN send
Sending of Wake Signal Frames

Set the appropriate baud rate, and realize the sending of the wake-up signal frame by sending data
0x80.

Synchronous Interval Sent

The synchronization interval segment indicates the beginning of a frame of data, and lasts at least
13 bits (based on the host node speed) of the dominant level (low voltage). This product uses
USART_CR3.BREAK and USART_TDR as the synchronization interval time for sending dominant level,
and the number of "0" s for sending continuous bits is set in the USART_TDR register.

Synchronization segment sending
Sending Synchronous Segment Data by Sending Data 0x55.
LIN master control device software

Stepl. Setthe USART_CR1 register to the reset value;

Step2. According to the relevant description of the pin digital multiplexing function in the
GPIO chapter, configure TXD and RXD as digital input with pull-up, and set
GPIOx_AFRH/AFRL to map TXD and RXD to the required pins;

Step3. Set USART CR1 (except TE), USART_CR2, USART _CR3 (except LINEN) registers;
Step4. Set USART BRR.PSC to select the prescaler value;
Step5. Set the USART_BRR register to set the baud rate of the signal frame;
(Steps 6-8 below are for sending the wake-up signal frame, skipped if not necessary)
Step6. set USART_CR1.TE=1,;

Step7. Write communication data 0x80 to USART TDR, the data is transferred to the shift
register, and the transmission starts;

Step8. Wait for the sending to complete;
(The following steps 9~12 are the sending of the synchronous interval segment)
Step9. Set USART _CR3.BREAK=1, USART CR3.LINEN=1;

Step10. If you skip the above steps 6~8, set USART_CR1.TE=1, otherwise skip this step;
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Stepll.

Stepl2.

Write the length of the synchronization interval to USART _TDR, and send the low level
of the synchronization interval to the bus;

Wait for the sending to complete;

(The following steps 13~14 are the transmission of the synchronous segment, and the process is

the same as that of the asynchronous serial port transmission)

Stepl3.

Stepl4.

Write data 0x55 to USART TDR;

Wait for the sending to complete;

(The following steps 15~17 are the interval between bytes)

Stepls.
Steplé.
Stepl7.
Step1l8.
Stepl9.

Write the length of waiting time between bytes to USART TOR;

Write USART_CR1.TOE=1 to start software timing;

wait for USART_SR.TO=1;

Protected ID segment: write protected ID segment data(ID) to USART TDR;

Wait for the sending to complete;

(The following 20~22 steps are response intervals)

Step20.
Step21.
Step22.
Step23.

Step24.
Step25.
Step26.
Step27.
Step28.
Step29.

Step30.

Step31.

Write the response waiting time length to USART TOR;
Write USART_CR1.TOE=1 to start software timing;
wait for USART_SR.TO=1;

Data segment 1: The data sender may be the master or the slave, depending on the
application and the parameters of the protected ID segment. If the master sends data,
write the data to USART_TDR and wait for the sending to complete(USART_SR.TC= 1);

Inter-byte interval of data segment 1, refer to steps 15~17 to execute;
Data segment 2: refer to the data segment 1 of step 23;

Inter-byte interval of data segment 2, refer to step 24;

Data segment n: refer to the data segment 1 of step 23;

Interbyte interval of data segment n: refer to step 24;

Checksum section(checksum is implemented by software): if the data section is the
data sent by the master, then refer to step 23;

Wait for the transmission to complete, the LIN operation ends, and the control register
is cleared.
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Note: Check bit USART_CR1.PCE=0, stop bit USART_CR1.STOP=0, USART_CR1.COMB=0 must be
set.

17.3.11.4 LIN Receive
Detection of Wake Signal Frames

The detection of the wake-up signal frame is realized by detecting the falling edge through the
external interrupt input function of the 1/0 port or setting USART IER.DWK=1 to generate an
interrupt; if LIN is active, skip this step.

Detection of Synchronous Interval Segments

The detection of the synchronization interval is realized by writing the synchronization interval
detection enable bit USART _CR3.LBDE=1 and writing USART _CR1.TOE=4 to set the synchronization
interval detection function.

Write the desired low-level width in USART_TOR (for example, 11 baud rate bit width, PCLK=48M,
LIN baud rate 20K, USART BRR.PSC=1, then TOR=48M/20K/4*11=6600= 0x19C8). If the falling
edge of RXD is detected after USART_CR3.LBDE=1, the internal timer starts counting:

- If the counter value is equal to the USART_TOR value during RXD=0, the hardware sets
USART SR.LBD=1 and generates an interrupt (if USART IER.LBD=1);

- RXD rising edge is detected when the counter value is less than the USART_TOR value,
stop counting and return to the idle state to continue monitoring the arrival of the next
synchronization interval.

Baud Rate Measurements for Sync Segments

Start the USART internal timer by writing the baud rate automatic detection enable bit
USART_CR3.ABRE=1 (the count clock of the timer is the PCLK of the USART) to measure the baud
rate:

The hardware continuously measures the period between the 5 falling edges of the RXD pin,
accumulates the measured 4 period values and divides it by 8 to obtain the communication baud
rate value. This process is completed by the hardware without software participation.

Baud rate =1/(tPCLK*4PSC*(BDR+1))
tPCLK: module working clock cycle
PSC: USART BRR.PSC value

BDR: USART _BDR value

After the measurement is completed, the hardware writes the baud rate value into USAR_BDR, and
at the same time, the hardware sets the automatic baud rate detection flag USART _SR.ABR; when
USART_SR.ABR=0, it is not recommended to read the value of USART_BDR, and the software can
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set USART _IER .ABR=1, a hardware interrupt is generated when USART SR.ABR=1. The software
can adjust the current USART baud rate according to the USART BDR value for more precise

synchronization. For the setting of the baud rate, refer to [Communication baud rate programming].

LIN slave device software operation steps

Stepl.

Step2.

Step3.

Step4.

Set the USART_CR1 register to the reset value;

According to the relevant description of the pin digital multiplexing function in the
GPIO chapter, configure TXD and RXD as digital input with pull-up, and set
GPIOx_AFRH/AFRL to map TXD and RXD to the required pins;

Set USART CR1 (except RE), USART CR2, USART CR3, USART IER registers and
USART _CR3.LINEN=1 (if there is step 5, then USART CR3.LINEN=0);

Set the prescaler and baud rate initial value of USART BRR;

(The following step 5 is to wait for the wake-up signal to arrive, skip it if it is not necessary)

Step5.

Step6.

Step7.

Step8.

Set the 1/O port external interrupt to falling edge detection or set USART IER.DWK=1,
and wait for the CPU to be woken up;

Set the low-level width of the synchronization interval segment, for example, expect
13 baud rates, then calculate the TOR value according to the formula in the
USART _TOR register and write it into the TOR register (if there is step 5, set
USART_CR3.LINEN=1);

Set USART_CR3.LBDE=1, USART IER.LBD, USART _CR1.TOE=4 (synchronous interval
measurement) and USART_CR1.RE=1. If USART_IER.LBD=0, go to step 8, otherwise
go to step 8 after the interrupt occurs;

The software queries the USART SR.LBD value, if it is 1, it means that the
synchronization interval segment is detected, and then enters the synchronization
segment measurement. Otherwise, continue to query the USART SR.LBD value;

(The following step 9 is the baud rate measurement of the synchronization segment)

Step9.

Stepl0.

Set USART CR3.LBDE=0, set USART IER.ABR value and USART CR3.ABRE=1,
USART CR1.TOE=5. If USART IER.ABR=0, loop through the USART SR.ABR value, if
USART _IER.ABR=1, wait for the interrupt to occur and go to step 10;

Set USART_CR3.ABRE=0, according to the USART BDR value, if you need to adjust
the baud rate, set USART_CR1.RE=0, then reset USART_BRR, the baud rate setting
refers to " communication clock source and baud rate programming “; finally set
USART_CR1 .RE=1; If you do not need to adjust the baud rate, then skip to step 11;
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(The following steps 11~13 are to receive the protected ID segment, data and checksum, the

process is the same as the asynchronous serial port receiving data process; if the slave is required
to send data after parsing the protected ID segment, ignore the following steps 12 and 13, Set
USART_CR1.TE=1 and refer to steps 23~31 of [LIN sendLIN send] for operation)

Stepll. Receive the protected ID segment: query the USART SR.RC value, if it is 1, read the
USART _RDR value and perform the operation specified by this value according to the
agreement; if USART SR.RC=0, continue to query. This step can also be done with an
interrupt;

Stepl2. Receive data: query USART SR.RC value, if it is 1, read USART RDR, otherwise
continue to query;

Step13. Receive checksum: Query USART SR.RC value, if it is 1, read USART RDR, otherwise
continue to query. check the N data received before, then compare with the received
checksum, and perform corresponding operations according to the comparison result;

Stepl4. After the reception is over, it enters the dormant state and waits for the next wake-
up.
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17.4Registerdescription

17.4.1 Register list

Table 17-10 USART base address list

Name Base address Description

USARTO 0x4000 0000 USARTO base address
USART1 0x4000 0400 USART1 base address
USART2 0x4000 0800 USART2 base address
USART3 0x4000 0C00 USART3 base address

Register bit access permission description:

1) USART_CR1.RE=0 and USART CR1.TE=0, software can write all registers.

2) As long as one of USART_CR1.RE and USART_CR1.TE is 1, the only software writable
registers are USART_IER, USART_ICR, USART TDR, USART_TOR, USART BRR and
USART_CR1.TOE, USART_CR1.SLME, USART_CR2.TXDMAEN, USART_CR2.RXDMAEN.

3) As long as one of USART_CR1.RE and USART_CR1.TE is 1, the condition that USART_CR1
can be written into a new value by software is: USART_CR1.TE=0 and USART_CR1.RE=0in

the newly written value.

4) In LIN mode, the value of the USART BRR register can be updated when the value of

USART_CR1.TE is 1.

5) There are no restrictions on reading and writing to the USART_CR3 register.

Table 17-11 USART Register List

Register name

Offset address

Reset value

Control registerl (USART _ CR1) 0x00 0x0000 0000
Control register2 (USART _ CR2) 0x04 0x0000 0000
Control register3 (USART _ CR3) 0x08 0x0000 0000
Baud rate register (USART _ BRR) 0x0C 0x0000 FF7F
Timing counter register(USART _TOR) 0x10 0x0000 0000
Status register (USART _ SR) 0x14 0x0000 0001
Transmit Data Register(USART_TDR) 0x18 0x0000 O1FF
Interrupt Enable Register(USART _IER) 0x1C 0x0000 0000
Interrupt Flag Clear Register(USART_ICR) 0x20 0x0000 7A7E
Receive Data Register(USART_RDR) 0x24 0x0000 0000
Address Register(USART_ADDR) 0x28 0x0000 0000
Address Mask Register(USART_ADDMR) 0x2C 0x0000 0000
Baud rate detection value register(USART BDR) 0x30 0x0000 0000
Infrared Modulation Register(USART IR) OxFO 0x0000 0000
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17.4.2 Control Register 1 (USART CR1)
Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

SLM CoMm OVE CHLE
R8

MPE SBS TOE

Res MSB | STOP PCE PS TE RE

Read
Bit Marking Place name Function and
write

b31~b15 Res Reserved bit Reserved, must remain at reset value

0: Normal mode
1: Silent mode
Note:
1) When SLME=1, the data whose MPB bit is 0 will not be read from
When multiprocessor the receiving shift register to the receiving data register, and the
b14 SLME communication, silent mode error flags PE and FE will not be set. receiving ID data whose MPB is RW
enable bit 1 and the address matches, SLME is automatically cleared and starts
normal data receiving action.
2) The SLME bit is only valid in multiprocessor communication in
asynchronous serial port mode, and this bit must be set to 0 in other
modes
0:Invalid
Multiprocessor communication 1: Valid
function enable bit (only Note:
applicable to asynchronous 1) The non-asynchronous serial port mode must be set to 0.
serial port mode) 2) This bit can only be written when USART_CR1.TE and
USART CRL.RE are both 0
0: TXD and RXD are used separately
1: Asynchronous serial port single-bus mode, TXD and RXD share
In asynchronous serial port TXD port
b12 COMB mode, the composite enable Note: RW
bit of the transceiver port 1) Non-asynchronous serial port mode must be set to 0
2) This bit can only be written when USART_CR1.TE and
USART _CRL.RE are both 0
0: Receive data RXD pin edge(USART_CR2.RXINV=0 is the falling
edge, USART_CR2.RXINV=1 is the rising edge) as the start bit
When receiving data in 1: Receive data RXD pin level(USART_CR2.RXINV=0 is low level,
asynchronous serial port mode,  USART_CR2.RXINV=1 is high level) as the start bit
the start bit detection mode Note:
setting bit 1) Non-asynchronous serial port mode must be set to 0
2) This bit can only be written when USART_CR1.TE and
USART _CRL.RE are both 0
000: stop timer counter
001: General timing function
010: Receive timing function
011: Timing function between data frames
100: In LIN mode, synchronous interval segment counting is enabled
101: In LIN mode or asynchronous serial mode, baud rate automatic
detection is enabled RW
110~111: Reserved, same as 000, counting function off
Note:
1) TOE of all functions are cleared by hardware
2) If switching from one function (such as TOE=010) to another
function (such as TOE=001), the software needs to write TOE=000
first and then write TOE=001
0: 16 times sampling
1: 8x sampling
asynchronous serial port mode  Note:
b7 OVER8 /LIN mode, the sampling mode 1) Synchronous serial port mode and smart card mode must be set RW
setting bit to 0, infrared mode setting is invalid
2) This bit can only be written when USART_CR1.TE and
USART _CRL.RE are both 0
0: LSB mode
1: MSB mode
b6 MSB MSB/LSB mode select bit Note: RW
1) This bit can only be written when USART_CR1.TE and
USART CRL.RE are both 0

b13 MPE RW

b1l SBS RW

Multi-function timer working

b10~b8 TOE mode configuration bit
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b5

STOP

stop bit length setting bit

0: 1 stop bit

1: 2 stop bit

Note:

1) Synchronous serial port mode and LIN mode must be set to 0
2) This bit can only be written when USART_CR1.TE and

USART CR1.RE are both 0

RW

b4

CHLEN

Send / receive data length
setting bit

0: 8 bits

1: 9 bits

Note:

1) Synchronous serial port mode and LIN mode must be set to 0
2) This bit can only be written when USART_CR1.TE and

USART CR1.RE are both 0

RW

b3

PCE

parity valid bit

0: No check

1: Verification

Note:

1) Synchronous serial port mode and LIN mode must be set to 0
2) This bit can only be written when USART_CR1.TE and
USART_CR1.RE are both 0

RW

b2

PS

parity select bit

0: Even check

1: Parity

Note:

1) The PS bit is only valid when PCE=1

2) This bit can only be written when both USART_CR1.TE and
USART _CRL.RE are 0.

RW

bl

TE

send enable bit

0: Send disabled

1: Send enable

Note:

1) In synchronous serial port mode(USART_CR2.SYNC=1), the TE bit
can only be written to 1 when TE=0 and RE=0(send / receive
disabled). If it is full-duplex in synchronous mode, TE and RE must
be at the same time Write 1; when TE=1 or RE=1, this bit can only
write 0 with the RE bit at the same time; when TE=1 and RE=1, this
bit can only write 0 with the RE bit at the same time. Unlimited
when USART_CR2.SYNC=0

2) TE setting is invalid when single-line half-duplex work

RW

b0

RE

receive enable bit

0: Reception disabled

1: Receive enable

Note:

1) In synchronous serial port mode(USART_CR2.SYNC=1), the RE bit
can only be written to 1 when TE=0 and RE=0(send / receive
disabled). If it is full-duplex in synchronous mode, RE and TE must
be at the same time Write 1; when TE=1 or RE=1, this bit can only
write 0 with the TE bit at the same time; when TE=1 and RE=1, this
bit can only write 0 with the TE bit at the same time.

USART CR2.SYNC=0.

RW
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17.4.3 Control Register 2 (USART _CR2)

Reset value: 0x0000 0000

Note: [11:10] are reserved bits, the written data must be the reset value

b31 b30 b29 b28 b27 b26

b25 b24 b23 b22 b21 b20 b19 b18

b17

bl6

Res

b15 b14 b13 b12 b1l b10

b9 b8 b7 b6 b5 b4 b3 b2 bl

b0

Res

SWA SYN TXIN | RXIN | CTSE | RTSE

CLKC

TXD
MAE

RXD
MAE

Bit Marking Place name

Function

Read
and
write

b31~b10 Res Reserved bit

Reserved, must remain at reset value

In asynchronous serial
mode / synchronous
serial mode / smart
card mode, the clock
control bit

b9~b8 CLKC

Asynchronous serial port mode

00: The clock source is the clock generated by the internal baud rate

generator, the clock is not output to the CK pin, and the CK pin can be

used as a normal 10

01: The clock source is the clock generated by the internal baud rate

generator, the clock is output to the CK pin, and the output clock frequency

is the same as the baud rate

Synchronous serial port mode

00, 01: The clock source is the clock generated by the internal baud rate

generator, output to the CK pin

10, 11: The clock source is an external input clock, and the frequency of

the input clock is the same as the baud rate

Smart card mode

00: The clock source is the clock generated by the internal baud rate

generator, the clock is not output to the CK pin, and the CK pin can be

used as a normal 10

01: The clock source is the clock generated by the internal baud rate

generator, and the clock is output to the CK pin

10, 11: Setting prohibited

Note:

1) Infrared mode and LIN mode settings are invalid, neither CK can be
output to CK pin

2) This bit can only be written when USART_CR1.TE and USART_CR1.RE are

both 0

RW

TXD/RXD pin swap

b7 SWAP control bit

0: not interchangeable

1: exchange

Note:

1) This bit can only be written when USART_CR1.TE and USART_CR1.RE are
both 0

RW

Synchronous mode

b6 SYNC select bit

0: asynchronous serial port mode

1: synchronous serial port mode

Note:

1) Asynchronous serial port mode, smart card mode and LIN mode must
write 0

2) Synchronous serial port mode must write 1

3) The infrared mode setting is invalid

4) This bit can only be written when USART_CR1.TE and USART_CR1.RE are
both 0

RW

Output signal inversion

b5 TXINV control bit

0: no inversion

1: TXD output pin signal inversion

Note:

1) This bit can only be written when USART_CR1.TE and USART_CR1.RE are
both 0

RW

Input signal inversion

b4 RXINV control bit

0: no inversion

1: RXD input pin signal inversion

Note:

1) This bit can only be written when USART_CR1.TE and USART_CR1.RE are
both 0

RW

asynchronous serial
port mode /
synchronous serial
port mode, CTS
function enable bit

b3 CTSEN

0: Prohibited

1: Enable

Note:

1) Non-asynchronous serial port mode and non-synchronous serial port
mode must be set to 0

2) This bit can only be written when USART_CR1.TE and USART_CR1.RE are
both 0

RW
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0: Prohibition
asynchronous serial 1: Enable
port mode / Note:
b2 RTSEN synchronous serial 1) Non-asynchronous serial port mode and non-synchronous serial port RW
port mode, the RTS mode must be set to 0
function enable bit 2) This bit can only be written when USART_CR1.TE and USART_CRL1.RE are
both 0
0: Turn off hardware handshake signal
TX DMAC hardware : .
b1 TXDMAEN handshake signal h.o‘tl'g.rn on the hardware handshake signal RW
enable bit 1) DMA mode is not supported when single-line half-duplex operation
0: Turn off hardware handshake signal
RX DMAC hardware : .
b0 RXDMAEN handshake signal 1: Turn on the hardware handshake signal RW
enable bit Note:

1) DMA mode is not supported when single-line half-duplex operation
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17.4.4 Control Register 3 (USART _CR3)

Reset value: 0x0000 0000

Note: [12:10] are reserved bits, the written data must be the reset value

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
IRMO SCE BRE ABR LINE
D IRCW | IREN Res SMCPU BCN N AK E LBDE N
Read
Bit Marking Place name Function and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
0: Output 38K carrier when data is 0
b5 IRMOD In mfrargd mode, 38K 1: OL{tput 38K carrier when data is 1 RW
modulation mode Note:
1) Non-infrared mode settings are invalid
0: %mode
In infrared mode, infrared 1: 38K carrier mode
bl4 IRCW carrier selection Note: RW
1) Non-infrared mode settings are invalid
0: Infrared function module off
In infrared mode, the infrared 1: The infrared function module is turned on
b13 IREN mode enable bit Note: RW
1) Non-infrared mode must be set to 0
b12~10 Res Reserved bit Reserved, must remain at reset value
00: Output without edge shaping when open drain
01: When open-drain, strong output CMOS high level for 1 PCLK
cycle
bo-g SMCPU In smart cqrd mode, output i;):d\éVhen open-drain, strong output CMOS high level for 2 PCLK aw
edge shaping 11: When open-drain, strong output CMOS high level for 4 PCLK
cycle
Note:
1) The non-smart card mode setting is invalid
000: 16
001: 32
010: 64
In smart card mode, sets the 2(1)(1) 1%2
b7~5 BCN numb_er of base clocks during a 101j 256 RW
one-bit data transfer 110: 372
111: 512
Note:
1) The non-smart card mode setting is invalid
0: disable smart card mode
In smart card mode, the mode 1: Enable Smart Card Pattern
b4 SCEN enable bit Note: RW
1) Non-smart card mode must be set to 0
1: The value written into the USART_TDR register represents the
number of dominant levels that need to be sent in the
synchronization interval. The value should not be less than 13,
. and it will be automatically cleared by hardware after the
b3 BREAK Iélri\laggde, send sync interval transmission is completed. RW
0: The value written to the USART_TDR register represents the
data sent normally
Note:
1) Non- LIN mode must be set to 0
0: stop detecting baud rate
asynchronous serial port mode 1: start detecting baud rate
b2 ABRE /LIN mode, automatic baud rate  Note: RW
detection is enabled 1) Non-asynchronous serial port mode and non- LIN mode must be
setto 0
- 0: Disable synchronization interval segment detection
LIN mode, the synchronization : o :
b1 LBDE interval segment detection 1: Enable synchronization interval segment detection RW

enable bit

Note:
1) Non- LIN mode must be set to 0
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0: disable LIN mode

b0 LINEN LIN mode, the mode enable bit hzofgab'e LIN mode RW

1) Non- LIN mode must be set to 0
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17.4.5 Baud rate register (USART _ BRR)

Reset value: 0x0000 FF7F

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6
Res PSC
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
DIVI P DIVF
Read
Bit Marking Place name Function and
write
b31~b18 Res Reserved bit Reserved, must remain at reset value
00: PCLK
_ When the internal clock source  01: PCLK/4
b17~bl6 PSC is used, the prescaler select bit ~ 10: PCLK/16 RW
11: PCLK/64
b15~b8 DIVI Integer frequency division Integer frequency division register RW
Fractional baud rate generation . -
b7 FBME enable bit when intenal baud  J' Prohibited RW
rate generator is selected '
Fractional divider register
_ ; - of DIVF is only valid when FBME=1, it is recommended to enable
b6~b0 DIVF Fractional division the fractional frequency division when the module works at 8M RW
and below.
17.4.6 Timing counter register(USART_TOR)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res TOR[19:16]
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
TOR[15:0]
Read
Bit Marking Place name Function and
write
b31~b20 Res Reserved bit Reserved, must remain at reset value
b19~b0 TOR Timing counting time Timing counting time=tpc *4P>C*(TOR+1) RW
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17.4.7 Status register (USART _ SR)
Reset value: 0x0000 0001

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res DWK LBD ABR CTS CTsvV AM MPB Res TO OR FE PE RC TC TXE

Read
Bit Marking Place name Function and
write
b31~b15 Res Reserved bit Reserved, must remain at reset value
In asynchronous serial port Set by hardware, cleared by software
b14 DWK mode / infrared mode /LIN 0: no wake up RO
mode, RXD line wake-up flag 1: A wakeup has occurred
. Set by hardware, cleared by software
b13 LBD I(-j!\:::gggﬁffggc interval 0: Sync interval not detected RO
1: Sync interval detected
Automatic baud rate detection Set by hardware, cleared by software
b12 ABR flag in asynchronous serial port  0: detection not complete RO
mode /LIN mode 1: detection completed
asynchronous serial port mode /  Set by hardware, cleared by software
b1l CTS synchronous serial port mode, 0: CTS signal does not toggle RO
CTS interrupt flag bit 1: CTS signal flipped
asynchronous serial port mode /
synchronous serial port mode, 0: CTS pin is low
b10 CcTsv the current level value of CTS 1: CTS pin is high level RO
pin
When multiprocessors .
b9 AM communicate, the address (1Jj :gg;gzz ?noaetségot match RO
match flag )
. . 0: receive data as data
During multiprocessor : ;
b8 MPB communication, the hOthcelve data as ID RO
multiprocessor flag bit 1) The MPB bit is only valid for multiprocessor communication
b7 Res Reserved bit Reserved, must remain at reset value
) 0: Timer did not match or overflow
b6 TO Timer match or overflow flag 1. Timer has matched or overflowed RO
Set by hardware, cleared by software
0: no overflow
1: overflow occurs
b5 OR overflow error flag Note: - . . RO
1) OR set condition: When the received data register has a value,
new data is received.
2) RE=0 does not reset the OR bit.
3) The data received after OR=1 will overwrite the previous data.
Set by hardware, cleared by software
0: No received frame error
1: Receive frame error
In asynchronous serial port Note:
b4 FE mode / smart card mode / 1) Setting condition in asynchronous serial port mode / infrared RO
infrared mode /LIN mode, mode /LIN mode: the stop bit of the received data frame is 0.
receive frame error flag 2) Setting condition in smart card mode: low level error signal flag

is sampled.

3) RE=0 does not reset the FE bit.

4) The data received after FE=1 will overwrite the previous data.

Set by hardware, cleared by software

0: no parity error

1: A parity error occurred

Note: RO
1) PE setting condition: a parity error occurs in the received data.
2) RE=0 does not reset the PE bit.

3) The data received after PE=1 will overwrite the previous data.
0: non-receive complete status

1: Receive completed

Note:

1) After receiving the stop bit, it is set to 1 by the hardware, and
the data is automatically cleared after being read by the software.
The software can also write USART ICR.RC=0 to clear.

In asynchronous serial port
mode / smart card mode /
infrared mode, receive data
verification error flag

b3 PE

b2 RC Data receiving complete flag
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Set by hardware, cleared by software
0: Send data
1: Completion of data transmission
Note:
1) Setting conditions in asynchronous mode and clock
synchronous mode: When a frame of data transmission is
completed (including stop bit), the transmit data register is

bl TC Send completion flag bit empty(TXE=1). RO
TC clearing condition: write 0 to USART_ICR.TC.
2) Setting condition in smart card mode: After a certain time has
elapsed after the last 1 byte of data is sent, FE=0 and the sending
data register is empty(TXE=1).
The specific timing of TC setting is: 2.5 digits after the check digit
is sent.
TC clearing condition: write 0 to USART ICR.TC.
0: Data is not transferred to the shift register
1: Data is transferred to the shift register
Note:

b0 TXE Send data register null flag 1) TXE is set to 1 and cleared to 0 by hardware: the hardware sets RO
to 1 after the data is transmitted to the shift register, and the
hardware clears to 0 after the data is written into the transmit
data register.
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17.4.8 Transmit Data Register(USART TDR)

Reset value: 0x0000 O1FF

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res MPID TDR
Read
Bit Marking Place name Function and
write
b31~b10 Res Reserved bit Reserved, must remain at reset value
0: Send data
1: Sending ID
b9 MPID Multiprocessor ID bit Note: RW
1) The MPID bit is only valid in multiprocessor communication, and
must be set to 0 in other modes.
Send data
bs~b0  TDR Send data Note: RW

1) The highest bit TDR[8] is only valid in the asynchronous serial port
mode and the data length is set to 9 bits.
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17.4.9 Interrupt Enable Register(USART IER)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res DWK LBD ABR CTS Res AM Res TO OR FE PE RC TC TXE
Read
Bit Marking Place name Function and
write
b31~b15 Res Reserved bit Reserved, must remain at reset value
RXD pin edge interrupt enable
) . (USART_CR2.RXINV=0 is falling edge,
asynchronous serial port mode / infrared mode /LIN - e
b14 DWK . . USART_CR2.RXINV=1 is rising edge) RW
mode, RXD pin edge interrupt enable 0: intefrupt disabled
1: interrupt enabled
LIN mode, the synchronous interval segment 0: interrupt disabled
b13 LBD interrupt enable 1: interrupt enable RW
b12 ABR Interrupt enable for auto-baud rate detection in 0: interrupt disabled RW
asynchronous serial mode /LIN mode 1: interrupt enable
b1l cTS asynchronous serial port mode / synchronous serial  0: interrupt disabled RW
port mode, CTS signal toggle interrupt enable 1: interrupt enable
b10 Res Reserved bit Reserved, must remain at reset value
b9 AM In the multi-machine communication mode, the 0: interrupt disabled RW
interrupt enable after the address match 1: interrupt enable
b8~b7 Res Reserved bit Reserved, must remain at reset value
) 0: interrupt disabled
b6 TO Timer / Event Counter Overflow Interrupt Enable 1: interrupt enable RW
b5 OR The error interrupt enable when the receive data 0: interrupt disabled RW
register is not read and new data is received 1: interrupt enable
asynchronous serial port mode / smart card mode / r .
b4 FE infrared mode /LIN mode, the interrupt enable of (1): :REEFFEPE g:faatzl:d RW
receiving frame error ) P
asynchronous serial port mode / smart card mode / . .
b3 PE infrared mode, the check error interrupt enable (1Jj :EE:;;ﬂpE g:f:t?lfd RW
after a frame of data is received ) P
b2 RC Interrupt request enable bit after a frame of data is  0: interrupt disabled RW
received and written to the receive data register 1: interrupt enabled
b1 TC Interrupt request enable bit when a frame of data 0: interrupt disabled RW
transmission is completed 1: interrupt enabled
. . 0: interrupt disabled
b0 TXE Transmit buffer empty status interrupt enable 1: interrupt enable RW
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17.4.10 Interrupt Flag Clear Register(USART_ICR)

Reset value: 0x0000 7A7E

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res DWK LBD ABR CTS Res AM Res TO OR FE PE RC TC Res
Read
Bit Marking Place name Function and
write
b31~b15 Res Reserved bit Reserved, must remain at reset value
. 0: Clear DWK
b4 DWK DWK clear bit 1: Does not affect DWK value wo
. 0: Clear LBD
b13 LBD LBD clear bit 1: Does not affect LBD value wo
. 0: Clear ABR
b12 ABR ABR clear bit 1: Does not affect ABR value WO
. 0: Clear CTS
b1l CTs CTS clear bit 1: Does not affect CTS value WO
b10 Res Reserved bit Reserved, must remain at reset value
) 0: Clear AM
b9 AM AM clear bit 1: Does not affect the AM value WO
b8~b7 Res Reserved bit Reserved, must remain at reset value
. 0: Clear TO
b6 10 TO clear bit 1: Does not affect TO value WO
. 0: Clear OR
b5 OR OR clear bit 1: Does not affect the OR value WO
. 0: clear FE
ba FE FE clear bit 1: Does not affect FE value wo
. 0: clear PE
b3 PE PE clear bit 1: Does not affect the PE value wo
. 0: clear RC
b2 RC RC clear bit 1: Does not affect the RC value wo
. 0: clear TC
bl TC TC clear bit 1: Does not affect the TC value WO

b0 Res Reserved bit Reserved, must remain at reset value
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17.4.11 Receive Data Register(USART RDR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res RDR
Read
Bit Marking Place name Function and
write
b31~b9 Res Reserved bit Reserved, must remain at reset value
b8~b0 RDR Receiving data The highest bit RDR[8] is valid only in the asynchronous serial port RO

mode and the data length is set to 9 bits.

17.4.12 Address Register(USART_ADDR)
Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6

Res

b15 b1l4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res ADDR
Read
Bit Marking Place name Function and
write
b31~b8 Res Reserved bit Reserved, must remain at reset value
b7~b0 ADDR Slave configuration address This bit can only be written when both USART_CR1.TE and RW

USART CR1.RE are 0.

17.4.13 Address Mask Register(USART_ADDMR)
Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6

Res

b15 b1l4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res ADDM
Read
Bit Marking Place name Function and
write
b31~b8 Res Reserved bit Reserved, must remain at reset value
0: Corresponding bits do not participate in matching
1: Corresponding bit participates in matching
b7~b0 ADDM Slave address mask Note: RW

1) Slave address = USART_ADDR.ADDR & USART_ADDMR.ADDM.
2) This bit can only be written when both USART_CR1.TE and
USART CR1.RE are 0.
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17.4.14 Baud rate detection value register(USART _BDR)
Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res BDR
Read
Bit Marking Place name Function and
write
b31~b12 Res Reserved bit Reserved, must remain at reset value
The communication baud rate can be calculated by the following
. ) formula
Baud rate detection value in focik
b11~b0 BDR asynchronous serial port mode Baud = (e ——— RO
JLIN mode Not 47" x(BDR+1)
ote:

1) Only applicable to LIN mode or asynchronous serial mode.

17.4.15 Infrared Modulation Register(USART_IR)
Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6

Res DCNTH

b15 b1l4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res DCNTL

Read

Bit Marking Place name Function and
write

b31~b27 Res Reserved bit Reserved, must remain at reset value

_ In infrared mode, high level 38K high level hold time
b26~b16  DCNTH — ount value t=tocu(DONTH+1) RW
b15~bl1l Res Reserved bit Reserved, must remain at reset value
In infrared mode, low level 38K low level maintenance time
b10~b0  DCNTL ¢ value t=tpcuH(DCNTL+1) RW
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18 Cyclic redundancy check (CRC)

18.10verview

A cyclic redundancy check(CRC) calculation unit takes a data stream or block of data as input and
produces an output number under the control of a generator polynomial. This output number is
often used to verify the correctness and integrity of data transmission or storage. This module
supports calculating CRC value and checking CRC value.

18.2Main characteristics

One implementation standard: ISO/IEC13239

Two encoding methods: CRC-16, CRC-32

Three write bit widths: 8bit, 16bit, 32bit

Two working modes: CRC encoding mode, CRC check mode

CRC-16/ CRC-16 polynomial: x16+x12+x5+1

CRC-32 polynomial:x32+x26+4x23+x224+x16 4+ x124 x11 4 104 x84 X7+ x5+ x4+ x2+x+1
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18.3Functional description

18.3.1 Operating mode

This module supports two working modes: CRC encoding mode and CRC checking mode.

The CRC encoding mode is to input a certain amount of raw data to the CRC module and obtain the
output value (CRC_RESULT) generated by the CRC module. The CRC check mode is to point to the
CRC module to input a certain number of encoded data sequences (original data + CRC check
value), and verify whether the original data matches the CRC check value(CRC_CSR.FLAG).

18.3.2 Encoding

This module supports two encoding methods CRC-16 and CRC-32, and the calculation results are
16 bits and 32 bits respectively. Configure the encoding method to be used through CRC_CSR.CODE.

CRC-16 polynomial: x16+x12+x5+1,
CRC-32 polynomial:x324x26+x234x224x164x124x114+x104 x84+ X7 +x5+x*+x2+x+1.
18.3.3 Write bit width

This module supports three write bit widths: 8bit, 16bit, 32bit. The writing of different bit widths
needs to comply with the principle of " consistent bit width, low first and then high ", that is, " every
time data is written, it must be written into a register equal to the effective data bit width of this
time, and the lower bit Data is written before higher bit data ".

The following shows how the same sequence of data is written using three bit widths, and the
output results are the same.

m  8bit bit width write: 0x00, 0x11, 0x22, 0x33, 0x44, 0x55, 0x66, 0x77
m  16bit bit width write: 0x1100, 0x3322, 0x5544, 0x7766
m  32bit bit width write: 0x33221100, 0x77665544
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18.4Programming example

18.4.1 CRC-16 encoding mode

Stepl.
Step2.
Step3.

Step4.
Stepb.

Write 0x00 to CRC_CSR.CODE, select CRC-16;
Write OxFFFF to CRC_RESULT[15:0] to initialize CRC calculation;

Write the original data to be encoded into the CRC_DR register in sequence, and the
write bit width can be selected from 8bit, 16bit, and 32bit;

Query CRC_CSR.BUSY until CRC_CSR.BUSY becomes zero;
Read CRC_RESULT[15:0] to get the CRC-16 calculation result.

18.4.2 CRC-16 check mode

Stepl.
Step2.
Step3.

Step4.
Step5.

Write 0x00 to CRC_CSR.CODE, select CRC-16;
Write OxFFFF to CRC_RESULT[15:0] to initialize CRC calculation;

Write the encoded data sequence (original data + CRC check value) into the CRC_DR
register in sequence, and the write bit width can be selected from 8bit, 16bit, 32bit;

Query CRC_CSR.BUSY until CRC_CSR.BUSY becomes zero;

Determine whether the encoded data sequence has been tampered with according to
the value of CRC_CSR.FLAG.

18.4.3 CRC-32 encoding mode

Stepl.
Step2.
Step3.

Step4.
Step5.

Write 0x01 to CRC_CSR.CODE, select CRC-32;
Write OXFFFFFFFF to CRC_RESULT[31:0] to initialize CRC calculation;

Write the original data to be encoded into the CRC_DR register in sequence, and the
write bit width can be selected from 8bit, 16bit, and 32bit;

Query CRC_CSR.BUSY until CRC_CSR.BUSY becomes zero;
Read CRC_RESULT[31:0] to get the CRC-32 calculation result.

18.4.4 CRC-32 check mode

Stepl.
Step2.
Step3.

Step4.
Step5.

Write 0x01 to CRC_CSR.CODE, select CRC-32;
Write OXFFFFFFFF to CRC_RESULT[31:0] to initialize CRC calculation;

Write the encoded data sequence (original data + CRC check value) into the CRC_DR
register in sequence, and the write bit width can be selected from 8bit, 16bit, 32bit;

Query CRC_CSR.BUSY until CRC_CSR.BUSY becomes zero;

Determine whether the encoded data sequence has been tampered with according to
the value of CRC_CSR.FLAG.
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18.5Registerdescription

18.5.1 Register list

Base address: 0x4002 0800

Table 18-1 CRC register list

Register name

Offset address

Reset value

Control and Status

Register(CRC CSR) 0x00 0x0000 0001
Results register (CRC_RESULT) 0x04 0x0000 0000
Data Register(CRC_DR) 0x80 0x0000 0000
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18.5.2 Control and Status Register (CRC_CSR)

Reset value: 0x0000 0001

b31 b30 b29 b28 b27 b26

b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Res

b15 b14 b13 b12 b1l b10

b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res BUSY | FLaG | 2P
Bit Marking Place name Function Regd and
write

b31~b3 Res Reserved bit Reserved, must remain at reset value

0: The current CRC is idle or the calculation is complete
b2 BUSY CRC busy flag 1: The current CRC is busy or calculating RO

0: The current CRC check error
bl FLAG CRC check result 1: The current CRC check is correct RO
b0 CODE CRC encoding method selection 0: CRC-16 encoding RW

1: CRC-32 encoding

18.5.3 Results register (CRC_RESULT)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26

b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6

RESULT[31:16]

b15 b14 b13 b12 b1l b10

b9 b8 b7 b6 b5 b4 b3 b2 bl b0

RESULT[15:0]

Bit Marking Place name

Function Read and write

b31~b0 RESULT CRC calculation result

Read RESULT[15:0] to get the calculation result of CRC-16

Read RESULT[31:0] to get the calculation result of CRC-32

Write OXFFFF to RESULT[15:0] to initialize CRC-16 calculation
Write OXFFFFFFFF to RESULT[31:0] to initialize CRC-32 calculation

RW

18.5.4 Data Register (CRC_DR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26

b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6

DATA[31:16]

b15 b14 b13 b12 b1l b10

b9 b8 b7 b6 b5 b4 b3 b2 bl b0

DATA[15:0]

Bit Marking Place name Function

Read and write

This register is used to write data that needs to be calculated, and supports 3

CRC write

b31~b0 DATA data

write bit widths
8bit writing method: * ((uint8_t * )0x40020880) = 0xXX WO
16bit writing method: * ((uint16_t *)0x40020880) = 0xXXXX

32bit writing method: * ((uint32 t *)0x40020880) = OXXXXXXXXX

HC32F420SeriesReferenceManual_Rev1.30

352/403



https://www.xhsc.com.cn/

HSCh#%S
Xl‘l {o%f"’@s www.xhsc.com.cn

19 Analog-to-Digital Converters (ADC)

19.1Module Introduction

External analog signals need to be converted into digital signals to be further processed by the

MCU. It integrates two 12 -bit successive approximation analog-to-digital converter (SAR ADC)

modules with high precision and high conversion rate. Has the following properties:

12-bit conversion accuracy

1M SPS conversion speed

18 input channels, including 16 external pin inputs, 1 internal temperature sensor voltage, and
1 1/3 AVCC voltage

4 reference sources: AVCC voltage, ExRef pin, built-in 1.5V reference voltage, built-in 2.5V
reference voltage

ADC voltage input range: 0~Vref

Multiple conversion modes: single conversion, sequential scan single conversion, sequential
scan continuous conversion, sequential scan intermittent conversion, sequential scan single
conversion accumulation

Input channel voltage threshold monitoring

Software can configure ADC conversion rate

Built-in signal follower, which can convert high-impedance signals

Support on-chip peripherals to automatically trigger ADC conversion, effectively reducing chip
power consumption and improving real-time conversion

19.2ADC block diagram

ADC_CRO.EN
ADC_SGLSTART
ADC_CRO.BUF  ADC_CR0.SAM ADC_SQRSTART
AINO |
e Hj
Sample SARADC [——= ADC RESULT
AVCC/3 P — _
Temperature Sensor {}
L.5v ADC_RESULTACC
ADC_CR0.SGLMUX 2.5V ADCREF
ADC_SQR0/1/2 ExRef
AVCC
PCLK —
AD RO.REF
PCLK/4 —| C_CRO
PCLK/6 —
PCLK/8 — ADCCLK
PCLK/10—
PCLK/12—
PCLK/14—
PCLK/16—

ADC_CRO.CKDIV

Figure 19-1 ADC block diagram
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19.3Conversion Timing and Conversion Speed

The ADC conversion timing is shown in the figure below: a complete ADC conversion consists of a
conversion process and a successive comparison process. , the conversion process requires 3~10
ADCCLKSs, which are configured by ADC_CR0.SAM; the successive comparison process requires 15
ADCCLKs. Therefore, an ADC conversion requires a total of 18~ 25 ADCCLKSs.

ADC conversion speed is SPS, that is, how many ADC conversions are performed per second. the
ADC conversion speed is: the frequency of ADCCLK / the number of ADCCLKSs required for one ADC

conversion.
Apcck L UYL YLUY UYL UL LWL L L
ADCEN _| L
START |
Sampling | : \
Successive I \
compare {7 J;
3~10 ADCCLK 15 ADCCLK

Figure 19-2 ADC conversion timing diagram

The ADC conversion speed is related to the ADC reference voltage and AVCC voltage. The maximum
conversion speed is shown in the following table:

Table 19-1 ADC maximum conversion speed

ADC reference voltage AVCC voltage Maximu:):::version Max;:;tarel:‘I:SCLK
Internal 1.5V 1.8~5.5V 200K SPS 5MHz
Internal 2.5V 2.8~5.5V 200K SPS 5MHz
AVCC / ExRef 1.8~2.4V 200K SPS 5MHz
AVCC / ExRef 2.4~2.7V 500K SPS 12.5MHz
AVCC / ExRef 2.7~5.5V 1M SPS 25MHz

19.4Single conversion mode

In the single conversion mode, only one conversion is performed after the ADC starts, and all 19
ADC channels can be converted. This mode can be started either by setting the
ADC_SGLSTART.START bit or by setting the external trigger of ADC EXTTRIGO. Once the ADC
conversion of the selected channel is completed, the ADC_IFR.ESG bit is automatically set to 1, and
the conversion result is saved in the ADC_RESULT register.

Start the ADC single conversion operation process through the ADC_SGLSTART.START
bit:
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Stepl. Configure the corresponding bit of GPIOx_ADS to configure the ADC channel to be

converted as an analog port;

Step2. Set GPIOB_ADS.bitl to 1, and configure the ADC external reference voltage pin(PB01)
as an analog port;

Note: If the ADC reference voltage does not select an external reference voltage pin, this step
can be skipped.

Step3. Set ADC BGR.BGR EN to 1 to enable the BGR module;

Step4. Set ADC CRO.EN to 1 to enable the ADC module;

Step5. Delay 20us, wait for the ADC and BGR module to start up;

Step6. Set ADC CR1.Mode to 0, select single conversion mode;

Step7. Configure ADC _CRO.REF to select the reference voltage of ADC;

Step8. Configure ADC_CR0.SAM and ADC_CRO.CKDIV to set the conversion speed of ADC;
Step9. Configure ADC_CR0.SGLMUX to select the channel to be converted;

Stepl0. Set ADC _ICR.ESG to O, clear the ADC_IFR.ESG flag;

Stepll. Set ADC SGLSTART.START to 1 to start ADC single conversion;

Stepl2. Wait for ADC_IFR. ESG to become 1, read the ADC_RESULT register to get the ADC
conversion result;

Stepl3. If you need to convert other channels, repeat Step9~Stepl2;
Stepl4. Set ADC_CRO.EN and ADC_BGR.BGR_EN to 0, turn off the ADC module and BGR module.
ADC single conversion operation process through an external trigger:

Stepl. Configure the corresponding bit of GPIOx_ADS to configure the ADC channel to be
converted as an analog port;

Step2. Set GPIOB_ADS.bitl to 1, and configure the ADC external reference voltage pin(PB01)
as an analog port;

Note: If the ADC reference voltage does not select an external reference voltage pin, this step
can be skipped.

Step3. Set ADC BGR.BGR EN to 1 to enable the BGR module;
Step4. Set ADC_CRO.EN to 1 to enable the ADC module;

Step5. Delay 20us, wait for the ADC and BGR module to start up;
Step6. Set ADC_CR1.MODE to 0, select single conversion mode;

Step7. Set ADC _IER.ESG to 1 to enable ADC interrupt;
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Step8. Enable the ADC interrupt in the NVIC interrupt vector table;

Step9. Configure ADC CRO.REF to select the reference voltage of ADC;

Step10. Configure ADC_CR0.SAM and ADC CRO.CKDIV to set the conversion speed of ADC;
Stepll. Configure ADC_CR0O.SGLMUX to select the channel to be converted;

Stepl2. Set ADC_ICR to 0x0, clear the ADC interrupt flag;

Step13. Configure ADC_EXTTRIGGERO to select the external trigger condition;

Stepl4. When an external trigger condition triggers the ADC to complete the conversion, the
ADC module will generate an interrupt. The user can read the ADC_RESULT register in
the ADC interrupt service program to obtain the ADC conversion result;

Stepl5. If you need to convert other channels, repeat Stepl1~Stepl4;

Stepl6. Set ADC CRO.EN and ADC BGR.BGR EN to O, turn off the ADC module and BGR
module.

19.5Scan conversion mode

The scan conversion mode is divided into three modes: sequential scan single conversion,
sequential scan continuous conversion and sequential scan intermittent conversion. When the
three modes work independently, they can perform multiple conversions on multiple channels
continuously.

19.5.1 Sequential Scan Single Conversion Mode

The sequential scan single conversion mode can perform up to 16 consecutive conversions, and
the total number of conversions is configured by ADC_SQR2.CNT; all 20 channels can be configured
for conversion, and the channel to be converted is configured by ADC_SQRx.CHxMUX. This mode
can be started either by setting the ADC_SQRSTART.START bit or by setting the external trigger of
ADC _EXTTRIGGERO. After starting the conversion, the ADC module converts the channels
configured in CHOMUX~CHxMUX sequentially until the total conversion times are completed.
ADC_RESULT register after each conversion, and the ADC_IFR.EOC bit is automatically set to 1. The
conversion result needs to be read out in time. The ADC_IFR.EOS bit is automatically set to 1 after
the ADC module completes the total number of conversions. The figure below demonstrates the
sequential scan conversion process with 8 conversions for AINO AIN1 AIN5. Among them, the
sequential scanning conversion channels 7, 4 and 1 are configured as AINO, the conversion
channels 6, 3 and 0 are configured as AIN1, and the conversion channels 5 and 2 are configured as
AIN5. ADC_SQRSTART.START is set to 1, the ADC module will convert sequential scan conversion
channels 0~7 in turn.
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ADC_SQRSTART. START4 I

ADC_CRO.ENJ L

SQR_CNT_00 X011 X 02X 03X 04X05X06X07
SQR _CHx 01 X 00 X 05 X 01 X 00X 05X01X00
ADC_IFR.EOC | | | | |

ADC_RESULT X 01 X 00X05X01X00><05><01><00
ADC_IFR.EOS

Start the

Figure 19-3 ADC sequential scan conversion process example

ADC sequential scan conversion operation process through the

ADC_SQRSTART.START bit:

Stepl.

Step2.

Configure the corresponding bit of GPIOx_ADS to configure the ADC channel to be
converted as an analog port;

Set GPIOB_ADS.bitl to 1, and configure the ADC external reference voltage pin(PB01)

as an analog port;

Note: If the ADC reference voltage does not select an external reference voltage pin, this step

can be skipped.

Step3.
Step4.
Step5.
Stepb6.
Step7.
Step8.
Step9.

Stepl0.

Set ADC_BGR.BGR_EN to 1 to enable the BGR module;

Set ADC_CRO.EN to 1 to enable the ADC module;

Delay 20us, wait for the ADC and BGR module to start up;

Set ADC_CR1.MODE to 1 to select the scan conversion mode;

Configure ADC_CRO.REF to select the reference voltage of ADC;

Configure ADC_CRO0.SAM and ADC_CRO0.CKDIV to set the conversion speed of ADC;
Configure ADC_SQRx.CHXMUX to select sequential scan conversion channels;

Configure ADC_SQR2.CNT to select the total number of conversions for sequential

scan conversions;

Note: The total number of conversions needs to be consistent with the number of conversion

channels configured in Step9.

Stepll.
Stepl2.

Stepl3.

Set ADC_ICR.EOS/EOC to 0, clear the ADC_IFR.EOC/EQS flag;
Set ADC_SQRSTART.START to 1 to start ADC sequential scan conversion;

Wait for ADC_IFR.EOC to become 1, read the ADC_RESULT register to get the
conversion result of the corresponding channel. Wait for ADC_IFR.EOS to become 1 to

end the sequential scan conversion;
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Stepl4.

Stepl5.

If you need to convert other channels, repeat Step9~Stepl3;

Set ADC_CRO.EN and ADC BGR.BGR_EN to 0, turn off the ADC module and BGR
module.

Start the ADC sequential scan conversion operation process through an external trigger:

Stepl.

Step2.

Configure the corresponding bit of GPIOx_ADS to configure the ADC channel to be
converted as an analog port;

Set GPIOB_ADS.bitl to 1, and configure the ADC external reference voltage pin(PB01)
as an analog port;

Note: If the ADC reference voltage does not select an external reference voltage pin, this step

can be skipped.

Step3. Set ADC_BGR.BGR_EN to 1 to enable the BGR module;

Step4. Set ADC _CRO.EN to 1 to enable the ADC module;

Step5. Delay 20us, wait for the ADC and BGR module to start up;

Step6. Set ADC_CR1.MODE to 1 to select the scan conversion mode;

Step7. Set ADC CRO.IE to 1 to enable ADC interrupt;

Step8. Enable the ADC interrupt in the NVIC interrupt vector table;

Step9. Configure ADC_CRO.REF to select the reference voltage of ADC;

Step10. Configure ADC_CRO.SAM and ADC_CRO0.CKDIV to set the conversion speed of ADC;
Stepll. Configure ADC_SQRx.CHxMUX to select sequential scan conversion channels;
Stepl2. Configure ADC_SQR2.CNT to select the total number of conversions for sequential

scan conversions;

Note: The total number of conversions needs to be consistent with the number of conversion

channels configured in Step11.

Stepl3.
Stepl4.

Stepl5.

Stepl6.

Set ADC_IFR to 0x0, clear the ADC interrupt flag;
Configure ADC_EXTTRIGGERO to select the external trigger condition;

When the external trigger condition triggers the ADC to complete the conversion, the
ADC module will generate an EOC interrupt. Users can read the ADC_RESULT register
in the ADC interrupt service routine to get the conversion result of the corresponding
channel. When the EOS is interrupted, the current sequence conversion ends;

If you need to convert other channels, repeat Stepl2~Stepl5;
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Stepl7. Set ADC CRO.EN and ADC BGR.BGR EN to O, turn off the ADC module and BGR
module.

19.5.2 Sequential Scan Continuous Conversion Mode

The sequential scan continuous conversion mode can continuously convert the ADC, and the
number of single conversions is configured by ADC_SQR2.CNT; it can be configured to select any
channel for conversion, and the channel to be converted is configured by ADC_SQRx.CHxMUX. This
mode can be started either by setting the ADC_SQRSTART.START bit or by setting the external
trigger of ADC_EXTTRIGGERO. After starting the conversion, the ADC module converts the channel
conversions configured in CHOMUX~CHxMUX in turn. After a channel conversion is completed, the
ADC_IFR.EOC bit will be automatically set to 1, and the conversion result is saved in the
ADC_RESULT register, and then switch to the next channel. The ADC module completes ADC_SQR2
After the number of conversions configured in .CNT, the ADC_IFR.EOS bit is automatically set to 1.
And automatically start the next conversion until the software writes 0 to ADC_SQRSTART.START,
and stops after converting the channel currently being converted.

19.5.3 Sequential scan discontinuous conversion mode

In the sequential scan discontinuous conversion mode, the channels configured for ADC_SQR2.CNT
and ADC_SQRx.CHxMUX can be converted sequentially. This mode can be started either by setting
the ADC_SQRSTART.START bit or by setting the external trigger of ADC_EXTTRIGGERO. Convert one
channel each time, and then wait for the next channel to be converted, the ADC_IFR.EOC bit will be
automatically set to 1, and the conversion result will be saved in the ADC_RESULT register.

19.5.4 Scan conversion triggers DMA read

After the sequential scan conversion is completed, the DMA can be automatically triggered to read
the conversion result. In sequential scan mode, enable this function by configuring ADC_IER. DEOC
to 1.

19.6Continuous Conversion Accumulation Mode

In the continuous single-conversion accumulation mode, starting an ADC can perform multiple
conversions on multiple channels and accumulate the results of each conversion; all 19 channels
can be configured for conversion. The total number of ADC conversions is configured by
ADC_SQR2.CNT; the channel to be converted is configured by ADC_SQRx.CHxMUX. This mode can
be started either by setting the ADC SQRSTART.START bit or by setting the external trigger of
ADC_EXTTRIGGERO. After starting the continuous conversion, the ADC module converts the
channels configured in CHXMUX~CHOMUX sequentially until the total conversion times are
completed. After the ADC module completes the total number of conversions, the ADC_IFR.EOS bit
is automatically set to 1, and the accumulated value of the conversion result is stored in the
ADC_RESULTACC register.
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The figure below demonstrates the process of accumulating 10 consecutive conversions of AINO,

AIN1, and AIN5. Sequential scan conversion channels 9, 6, 3, 0 are configured as AINO, conversion

channels 8, 5, 2 are configured as AIN5, and conversion channels 7, 4, 1 are configured as AINL.
After ADC_SQRSTART.START is set to 1, the ADC module will convert sequentially according to the
sequential scan conversion channel configuration until the count value of SQR_CNT becomes 0. The

ADC_RESULTACC register is automatically incremented each time a conversion is complete. The
conversion results of AINO, AIN1, and AIN5 given in the figure are 0x010, 0x020, and 0x040 in turn.

ADCEN _| L
ADC_SQRSTART.START __ |
SQR_CNT 00 X 01 X 02 X 03 X 04 X_05 X 06 X 07 X 08 X 09
SQR_CHx 00 X 01 X 05 X 00 X 01 X 05 X 00 X 01 X 05 X 00
ADC_IFR.EOS
ADC_RESULTACC 000 X 010 X 030 X 070 X 080 X_0A0 X OEO0 X OF0 X 110 X 150 X 160

Figure 19-4 ADC Continuous Conversion Accumulation Process Example

Start the ADC continuous conversion and accumulation operation process through the
ADC_SQRSTART.START bit:

Stepl.

Step2.

Configure the corresponding bit of GPIOx_ADS to configure the ADC channel to be
converted as an analog port;

Set GPIOB_ADS.bitl to 1, and configure the ADC external reference voltage pin(PB01)
as an analog port;

Note: If the ADC reference voltage does not select an external reference voltage pin, this step

can be skipped.

Step3.
Step4.
Steps.
Stepb6.

Step7.

Step8.
Step9.
Stepl0.

Stepll.

Set ADC BGR.BGR EN to 1 to enable the BGR module;

Set ADC_CRO.EN to 1 to enable the ADC module;

Delay 20us, wait for the ADC and BGR module to start up;
Set ADC_CR1.MODE to 1 to select the scan conversion mode;

Set ADC_CR1.RACCEN to 1 to enable the automatic accumulation function of ADC

conversion;

Configure ADC_CRO.REF to select the reference voltage of ADC;

Configure ADC_CRO0.SAM and ADC_CRO0.CKDIV to set the conversion speed of ADC;
Configure ADC_SQRx.CHxMUX to select sequential scan conversion channels;

Configure ADC_SQR2.CNT to select the total number of conversions for sequential

scan conversions;
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Note: The total number of conversions needs to be consistent with the number of conversion

channels configured in Step10.

Stepl2.
Stepl3.
Stepl4.

Stepls.

Steplé.

Stepl7.

Set ADC_ICR.EOS to 0, clear the ADC_IFR.EQS flag;
Set ADC_CR1.RACCCLR to 0, clear the ADC_RESULTACC register;
Set ADC_SQRSTART.START to 1 to start ADC sequential scan conversion;

Wait for ADC_IFR.EQOS to become 1, read the ADC_RESULTACC register to obtain the
accumulated value of the conversion result;

If you need to convert other channels, repeat Stepl1~Stepl5;

Set ADC_CRO.EN and ADC BGR.BGR_EN to 0, turn off the ADC module and BGR
module.

Start ADC continuous conversion and accumulation operation process through external

trigger:

Stepl.

Step2.

Configure the corresponding bit of GPIOx_ADS to configure the ADC channel to be
converted as an analog port;

Set GPIOBADS.bitl to 1, and configure the ADC external reference voltage pin(PB01)
as an analog port;

Note: If the ADC reference voltage does not select an external reference voltage pin, this step

can be skipped.

Step3.
Step4.
Steps.
Step6.
Step7.
Steps8.

Step9.

Stepl0.
Stepll.
Stepl2.

Stepl3.

Set ADC BGR.BGR _EN to 1 to enable the BGR module;

Set ADC_CRO.EN to 1 to enable the ADC module;

Delay 20us, wait for the ADC and BGR module to start up;

Set ADC_CR1.MODE to 1, select the scan single conversion mode;
Set ADC_IER.EOS to 1 to enable ADC interrupt;

Enable the ADC interrupt in the NVIC interrupt vector table;

Set ADC_CR1.RACCEN to 1 to enable the automatic accumulation function of ADC

conversion;

Configure ADC_CRO.REF to select the reference voltage of ADC;

Configure ADC_CR0.SAM and ADC_CRO.CKDIV to set the conversion speed of ADC;
Configure ADC_SQRx.CHxXMUX to select sequential scan conversion channels;

Configure ADC_SQR2.CNT to select the total number of conversions for sequential
scan conversions;
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Note: The total number of conversions needs to be consistent with the number of conversion

channels configured in Step12.

Stepl4. Set ADC_IFR to 0x0, clear the ADC interrupt flag;
Stepl5. Set ADC_CR1.RACCCLR to 0, clear the ADC_RESULTACC register;
Stepl6. Configure ADC_EXTTRIGGERO to select the external trigger condition;

Stepl7. When an external trigger condition triggers the ADC to complete the conversion, the
ADC module will generate an interrupt. The user can read the ADC RESULTACC
register in the ADC interrupt service program to obtain the accumulated value of the
conversion result;

Stepl8. If you need to convert other channels, repeat Stepl2~Stepl7;

Stepl9. Set ADC CRO.EN and ADC BGR.BGR EN to 0, turn off the ADC module and BGR
module.

19.7ADC conversion external trigger source

ADC conversions can be initiated either by software configuration or by an external trigger.

Configure the ADC EXTTRIGGERO register to set the external trigger source for ADC single
conversion or sequential scan conversion.

PB15 Interrupt
TRIG=0X11111
PA15 Interrupt

TRIG=0X11110

ATIM3 Signal :D—‘ Trigger ADC
TRIG=0X00010

ATIMO Signal
TRIG=0X00001

GTIM

DELAY

Figure 19-5 Schematic diagram of ADC single conversion or sequential scan conversion external trigger
source

HC32F420SeriesReferenceManual_Rev1.30 362/403


https://www.xhsc.com.cn/

XRSCL%xsH

www.xhsc.com.cn

19.8ADC conversion result comparison

When the ADC conversion is completed, the ADC conversion result can be compared with the

threshold set by the user, supporting upper threshold comparison, lower threshold comparison, and

interval value comparison. This function needs to set the corresponding control bits HTCMP, LTCMP,

REGCMP to 1. This function can realize the automatic monitoring of the analog quantity, until the

ADC conversion result meets the user's expectations, an interrupt is generated to apply for user

program interface entry. The monitoring channel selection is configured through ADC_CR1.THCH.

Upper threshold comparison: When the ADC conversion result is within the range [ADC_HT, 4095],
ADC _IFR.HTI is set to 1; writing 0 to ADC_ICR.HTI clears ADC_IFR.HTI.

Lower threshold comparison: when the ADC conversion result is within the range [0, ADC LT),
ADC_IFR.LTI is set to 1; writing 0 to ADC_ICR.LTI clears ADC_IFR.LTI.

Interval value comparison: When the ADC conversion result is within the [ADC_LT, ADC_HT) interval,
ADC _IFR.RGI is set to 1; writing 0 to ADC_ICR.RGI clears ADC_IFR.RGI.

ADC HT High
Threshold ~ HTIF
ADC_CR1_HtCmp — — Comparison
ADC Result > Interval
= , = REGIF
comparison
ADC CR1 RegCmp —— —
—] low
ADC_LT threshold = LTIF
comparison

ADC CR1 LtCmp —————=

Figure 19-6 ADC conversion result comparison

19.9ADC interrupt

The ADC interrupt request is shown in the table below:

Table 19-2 ADC interrupt

Interrupt source Interrupt logo Interrupt enable

ADC conversion result overflow ADC_IFR.OV ADC_IER.QV

ADC scan single channel conversion completed ADC_IFR.EOC ADC_IER.EOC

ADC sequential scan conversion complete ADC_IFR.EOS ADC_IER.EOS
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Interrupt source

Interrupt logo

Interrupt enable

The ADC conversion result is in the interval value
area

(greater than or equal to the lower threshold and ADC_IFRRGI ADC_IER. RGI
less than the upper threshold)

The ADC conversion result is in the upper threshold

region ADC_IFR.HTI ADC_IER.HTI
(greater than or equal to the upper threshold)

ADC conversion result comparison lower threshold

area ADC_IFR.LTI ADC_IER.LTI
(less than lower threshold)

ADC single conversion completed ADC_IFR.ESG ADC _|ER.ESG

19.10 Measure ambient temperature using a temperature sensor

The output voltage of the temperature sensor will change with the change of the ambient
temperature, so the corresponding ambient temperature can be calculated according to the output
voltage of the temperature sensor. When the measurement channel of the ADC module selects the
output voltage of the temperature sensor, the ambient temperature can be measured.

Calculated as follows:
Ambient Temperature = TS _ENV /2 + 0.09354 x Vref x ( AdcValue - Trim )
Of which:

TS _ENV: The ambient temperature corresponding to the calibration value *2. It needs to be read
from the Flash memory during calculation, and its storage address is 0x0100 1234 to 0x0100 1237.

Vref is the reference voltage of the current ADC module, and the value is 1.5 or 2.5.

AdcValue is the result of measuring the output voltage of the temperature sensor by the ADC

module, and the value is 0~4095.

Trim is a calibration value of 32Bits, which needs to be read from the Flash memory during
calculation, and its storage address is detailed in the table below.

ADC reference voltage Calibration value storage address
Internal 1.5V 0x0100 122C ~ 0x0100 122F
Internal 2.5V 0x0100 1230 ~ 0x0100 1233

An example calculation is as follows:

Condition 1: Vref=2.5, AdcValue=0x7E5, Trim=0x76C, TS_ENV=0x32:
Temperature 1: 0x32/2 + 0.09354 x 2.5 x (Ox7E5 - 0x76C ) = 53.30°C.
Condition 2: Vref=1.5, AdcValue=0x72D, Trim=0x76C, TS_ENV=0x32:
Temperature 2: 0x32/2 + 0.09354 x 1.5 x (0x72D - 0x76C ) = 16.16°C.

Operation process of measuring ambient temperature through ADC:
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Stepl.

Step2.
Step3.

Step4.

Step5.

Step6.

Step7.

Step8.
Step9.
Stepl0.

Stepll.

Stepl2.

Stepl3.

Set ADC BGR to 3, enable BGR module and temperature sensor module;

Set ADC_CRO.EN to 1 to enable the ADC module;

Delay 20us, wait for ADC, BGR module and temperature sensor module to start up;

Set ADC_CR1.MODE to 0, select single conversion mode;

Configure ADC_CRO.REF, select the reference voltage of ADC as internal 1.5V or
internal 2.5V;

Configure ADC_CRO.SAM and ADC_CRO0.CKDIV to set the conversion speed of ADC;

Set ADC_CR0.SGLMUX to 0x11, select the channel to be converted as the output of
the temperature sensor;

Set ADC_CRO.BUF to 1 to enable the input signal amplifier;
Set ADC ICR.ESG to 0, clear the ADC_IFR.ESG flag;
Set ADC_SGLSTART.START to 1 to start ADC single conversion;

Wait for ADC_IFR.ESG to become 1, read the ADC_RESULT register to get the ADC
conversion result;

Set ADC_CRO.EN and ADC BGR to 0, turn off the ADC module, BGR module, and
temperature sensor module;

Read the calibration value of the temperature sensor and calculate the current
ambient temperature according to the formula.
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19.11 Registerdescription

19.11.1 Register list
Table 19-3 ADC base address list
Name base address Description
ADCO 0x4000 A00OO ADCO base address
ADC1 0x4000 A400 ADC1 base address

Table 19-4 ADC register list

Offset

Register name address Reset value
ADC Analog Device Select Register(ADC_BGR) 0x000 0x0000 0000
ADC Basic Configuration Register 0 (ADC_CRO) 0x004 0x0000 27F0
ADC Basic Configuration Register 1 (ADC_CR1) 0x008 0x0000 8000
ADC interrupt and DMA trigger enable(ADC_IER) 0x030 0x0000 0000
ADC Sequential Scan Conversion Channel Configuration Register 0

(ADC_SQRO) 0x040 0x0000 0000
ADC Sequential Scan Conversion Channel Configuration Register 1

(ADC SQR1) 0x044 0x0000 0000
ADC Sequential Scan Conversion Channel Configuration Register 2

(ADC SQR2) 0x048 0x0000 0000
ADC conversion result (ADC_RESULT) 0x0A0 0x0000 0000
ADC conversion result accumulation value (ADC_RESULTACC) 0x0A4 0x0000 0000
ADC Compare Upper Threshold (ADC_HT) 0x0A8 0x0000 OFFF
ADC Compare Lower Threshold (ADC_LT) 0x0AC 0x0000 0000
ADC Interrupt Flag Register (ADC_IFR) 0x0BO 0x0000 0000
ADC Interrupt Clear Register (ADC_ICR) 0x0B4 0x0000 O3FF
ADC External Interrupt Trigger Source Configuration Register

0(ADC EXTTRIGO) 0x0B8 0x0000 0000
ADC Single Conversion Start Control Register(ADC_SGLSTART) 0x0CO0 0x0000 0000
ADC Sequential Scan Conversion Start Control Register(ADC_SQRSTART) 0x0C4 0x0000 0000
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19.11.2 ADC Analog Device Select Register (ADC_BGR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

TS E | BGR_
Res N EN

) . . Read and
Bit Marking Place name Function write
b31~b2 Res Reserved bit Reserved, must remain at reset value

1: TS module is enabled

bl TS_EN TS module enable 0 TS module off RW
b0 BGR_EN BGR module enable 1: BGR module enable RW

0: BGR module off
Note: This register only exists in ADCO, not in ADC1.
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19.11.3 ADC Basic Configuration Register 0(ADC_CRO0)
Reset value: 0x0000 27F0

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res SAM BUF REF SGLMUX CKDIV EN
Bit Marking Place name Function Regd and
write
b31~b1l4 Res Reserved bit Reserved, must remain at reset value

00: 3 sampling periods
) . 01: 6 sampling periods
b13~b12 SAM ADC o omeling - period 10: g sampling periods RW
11: 10 sampling periods,
Note: The ADC conversion period is fixed at 15
0: Disable the follower, and the external input signal is
directly connected to the ADC.
1: Turn on the follower, and the external input signal is
connected to the ADC after passing through the follower to
measure high-impedance signals.
Note 1: When this function is enabled, the maximum rateis RW
200Ksps
Note 2: The following conditions must enable this function
The output impedance of the signal to be converted is high
The signal to be converted is: AVCC/3, built-in temperature
sensor output voltage, DAC output
ADC  reference voltage 00: Internal 1.5V
b10~b9 REF selection (only registers in  01: Internal 2.5V
ADCO are valid, shared by 10: External reference voltage ExRef (PBO1)
ADCO0/1) 11: AVCC voltage

00000: AINO (PAQO)

00001: AIN1 (PAO1)

00010: AIN2 (PA02)

00011: AIN3 (PA03)

00100: AIN4 (PA04)

00101: AIN5 (PAO5)

00110: AIN6 (PA06)

00111: AIN7 (PAO7)

Single Conversion Mode 01000: AIN8 (PB0O)
b8~b4 SGLMUX (Siglr(\e\ﬁirgri]on Channel 01001: AIN9 (PBOL)
01010: AIN10 (PCOO0)

01011: AIN11 (PCO1)

01100: AIN12 (PCO2)

01101: AIN13 (PCO3)

01110: AIN14 (PC04)

01111: AIN15 (PCO5)

10000: AVCC/3 Note: ADC_CRO.Buf must be 1
10001: Built-in temperature sensor output voltage Note:
ADC_CRO.Buf must be 1

10010: Reserved

000: PCLK clock

001: PCLK clock divided by 4

010: PCLK clock divided by 6

011: PCLK clock divided by 8

100: PCLK clock divided by 10

101: PCLK clock divided by 12

110: PCLK clock divided by 14

111: PCLK clock divided by 16

Built-in  follower enable

b1l BUF control

RW

RW

b3~bl CKDIV ADC clock selection RW
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1: enable ADC
b0 EN ADC enable control 0- disable ADC RW
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19.11.4 ADC Basic Configuration Register 1 (ADC _CR1)

Reset value: 0x0000 8000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 bl9 b18 bl7  blé
Res
b15 bl4 b13 b12 bll b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
RACCCLR | REGCMP | HTCMP | LTCMP | RACCEN | OVMD Res THCH ALIGN MODE
Bit Marking Place name Function Regad and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
ADC  conversion  result 1:no effect;
b15 RACCCLR accumulation register is 0: ADC conversion result accumulation register R1WO0
cleared (ADC _ResultAcc) is cleared.
ADC interval comparison 1: enable range comparison
bl4 REGCMP control 0: interval comparison disabled RW
ADC high threshold compare  1: enable high threshold compare
b13 HTCMP control 0: disable high threshold comparison RW
ADC low threshold compare 1: enable low threshold compare
b12 LTCMP control 0: disable low threshold comparison RW
. 1: enable the automatic accumulation function of ADC
ADC conversion re;ult conversion results
b1l RACCEN gg:\(;p;fatm accumulation 0: disable the automatic accumulation function of ADC RW
conversion results
the ADC is over-converted )
' 0: Keep the last data and discard the new data
b10 OVMD the ~Adc Result  storage 1: Overwrite the last data and keep the new data RW
method
b9~b8 Res Reserved bit Reserved, must remain at reset value
00000: select channel 0 for threshold comparison
Threshold comparison 00001: Select channel 1 for threshold compar!son
b7~b3 THCH channel selection 00010: Select channel 2 for threshold comparison RW
10010: Select channel 18 for threshold comparison
b2 ALIGN Conversion result alignment  1: The conversion result is left-aligned and stored in 16Bits RW
control 0: conversion result 16Bits right-aligned storage
00 single
b1~b0 MODE Conversion mode 01 sequential scan single sequence RW

10 Sequential Scan Consecutive Sequences
11 sequential scan intermittent sequence
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19.11.5 ADC Sequential Scan
(ADC_SQRO0)

Reset value: 0x0000 0000

Conversion Channel Configuration Register 0

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res CH5MUX CH4MUX CH3MUX[4:1]
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
CH3MUX[0] CH2MUX CH1IMUX CHOMUX
Bit Marking Place name Function Regad and
write
b31~b30 Res Reserved bit Reserved, must remain at reset value
Sequential scan conversion .
b29~b25 CH5MUX channel 5 selection ADC_CRO0.SGLMUX for setting RW
_ Sequential scan conversion ;
b24~b20 CH4MUX channel 4 selection ADC_CR0.SGLMUKX for setting RW
_ Sequential scan conversion ;
b19~b15 CH3MUX channel 3 selection ADC_CRO.SGLMUKX for setting RW
Sequential scan conversion .
b14~b10 CH2MUX channel 2 selection ADC_CRO.SGLMUKX for setting RW
b9~b5 CHIMUX Sequential scan conversion  \ne cpg SGLMUX for setting RW
channel 1 selection -
Sequential scan conversion .
b4~b0 CHOMUX channel 0 selection ADC_CRO0.SGLMUX for setting RW
19.11.6 ADC Sequential Scan Conversion Channel Configuration Register 1
(ADC_SQR1)

Reset value: 0x0000 0000

b31 b30 b29  b28  b27  b26  b25  b24  b23  b22 b2l  b20 bl9  bl8 bl7  bl6
Res CH11MUX CH10MUX CHIMUX[4:1]

b15 bl4  b13  bl2  bll  bl0 b9 b8 b7 b6 b5 b4 b3 b2 bl bo
CHIMUX[O] CH8MUX CH7MUX CH6MUX
Bit Marking Place name Function aiig and
b31~b30 Res Reserved bit Reserved, must remain at reset value
b29~b25 CH1IMUX E‘ﬁgr‘]‘ﬁgf'ﬂ zgfe”cticg:"ersmn ADC_CRO.SGLMUX for setting RW
b24~b20 CH10MUX fﬁg;‘ﬁglt'f(') :gfe”cticgr’:"e““’” ADC_CRO.SGLMUX for setting RW
b19~b15 CHOMUX Sﬁgr‘:ﬁgfg'seslc:c% ;r?“"e"m” ADC_CRO.SGLMUX for setting RW
b14~b10 CH8MUX Seduential scan Conversion  Anc cro.SGLMUX for setting RW
b9~b5 CH7MUX Scduential scan Conversion  Apc_CRo.SGLMUX for setting RW
b4~b0 CHEMUX sequential scan conversion  nc cpg SGLMUX for setting RW

channel 6 selection
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19.11.7 ADC Sequential Scan Conversion Channel Configuration Register 2

(ADC_SQR2)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res CNT CH15MUX[4:1]
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
CH15MUX[0] CH14MUX CH13MUX CH12MUX
Bit Marking Place name Function Regad and
write
b31~b24 Res Reserved bit Reserved, must remain at reset value
_ Sequential Scan
b23~b20 CNT Conversions RW
_ Sequential scan conversion ;
b19~b15 CH15MUX channel 15 selection ADC_CRO0.SGLMUX for setting RW
_ Sequential scan conversion ;
b14~b10 CH14MUX channel 14 selection ADC_CRO0.SGLMUX for setting RW
Sequential scan conversion )
b9~b5 CH13MUX channel 13 selection ADC_CRO0.SGLMUX for setting RW
b4~b0 CHl12Mux ~ Sequential scan conversion  \pe cpg 5GLMUX for setting RW
channel 12 selection
19.11.8 ADC conversion result (ADC_RESULT)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7  bl6
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
RESULT
Bit Marking Place name Function Re_ad and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value RO
b15~b0 RESULT ADC conversion results RO
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19.11.9 ADC conversion result accumulation value (ADC_RESULTACC)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res RESULTACC[19:16]
b15 bl4 b13 b12 bll b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
RESULTACC[15:0]
Bit Marking Place name Function \F/{v?iatg and
b31~b20 Res Reserved bit Reserved, must remain at reset value
b19~b0 Resuitacc  ADC conversion RO

accumulated value

19.11.10 ADC Compare Upper Threshold (ADC_HT)

Reset value: 0x0000 OFFF

b31 b30 b29 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res HT
Bit Marking Place name Function \F/{v?;atg and
b31~b12 Res Reserved bit Reserved, must remain at reset value
b11~b0 HT ADC  conversion  result RW

comparison upper threshold

19.11.11 ADC Compare Lower Threshold (ADC_LT)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res LT
Bit Marking Place name Function 5\/?;2 and
b31~b12 Res Reserved bit Reserved, must remain at reset value
b11~b0 T ADC conversion result RW

comparison lower threshold
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19.11.12 ADC Interrupt Enable (ADC_IER)
Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6

Res

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Res ov Res DEOC | EOC Res EOS RGI HTI LTI ESG
Bit Marking Place name Function Regd and
write
b31~b10 Res Reserved bit Reserved, must remain at reset value
ADC conversion result overflow . .
b9 ov interrupt enable 0: disable 1: enable RW
b8 Res Reserved bit Reserved, must remain at reset value
Sequential single-channel
b7 DEOC conversion completion triggers  0: disable 1: enable RW
DMA
Sequential single channel
b6 EOC conversion complete interrupt 0: disable 1: enable RW
enable
b5 Res Reserved bit Reserved, must remain at reset value
Sequential Sequential Conversion . .
b4 EOS Complete Interrupt Enable 0: disable 1: enable RW
b3 RGI Range comparison interrupt enable  0: disable 1: enable RW
b2 HTI pigh Threshold Compare Intermupt o gisaple 1: enable RW
bl i Low Threshold Compare INeupt o, gisaple 1: enable RW
One-shot  conversion interrupt . .
b0 ESG enable 0: disable 1: enable RW
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19.11.13 ADC Interrupt Flag Register (ADC_IFR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
bl5 bl4 bl3 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res ov Res EOC Res EOS RGI HTI LTI ESG
Bit Marking Place name Function Regd and
write
b31~b10 Res Reserved bit Reserved, must remain at reset value
b9 ov ADC conversion result overflow flag RO
b8~b7 Res Reserved bit Reserved, must remain at reset value
ADC sequential scan conversion 1: ADC sequential scan single conversion completed
b6 EOC single coqm letion fla 0: ADC sequential scan single conversion not RO
9 P 9 completed
b5 Res Reserved bit Reserved, must remain at reset value
b4 EOS ADC sequential scan conversion 1: ADC sequential scan conversion complete RO
complete flag 0: ADC sequential scan conversion not completed
1: The ADC conversion result is within the range of
b3 RGI ADC conversion result comparison  [ADC_LT, ADC_HT) RO
interval flag 0: The ADC conversion result is outside the [ADC_LT,
ADC HT) range
1: The ADC conversion result is within the range
b2 HTI ADC conversion result comparison  [ADC_HT, 4095] RO
upper threshold flag 0: ADC conversion result is outside [ADC_HT, 4095]
range
1: The ADC conversion result is in the range [0,
bl T ADC conversion result comparison  ADC_LT) RO
lower threshold flag 0: The ADC conversion result is outside the interval [0,
ADC_LT)
b0 ESG ADC single conversion complete 1: ADC single conversion completed RO

flag

0: ADC single conversion not completed
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19.11.14 ADC Interrupt Clear Register (ADC_ICR)

Reset value: 0x0000 03FF

b31 b30 b29 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
Res
b15 b14 b13 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res ov Res EOC Res EOS RGlI HTI LTI ESG
Bit Marking Place name Function Regad and
write
b31~b10 Res Reserved bit Reserved, must remain at reset value
ADC conversion result overflow flag Write 0 to clear data overwrite flag clear
b9 ov clear bit Write 1 has no effect RIWO
b8~b7 Res Reserved bit Reserved, must remain at reset value
ADC sequential scan conversion single Write 0 to clear the ADC sequential scan
b6 EOC completion flag clear bit \c,\(;r?tveegs;‘oar;srlr;gécfefec?tmpletlon flag R1WO0
b5 Res Reserved bit Reserved, must remain at reset value
. . Write 0 to clear the ADC sequential scan
b4 EOS ADC sequential Scan - CONVersion -, nyersion complete flag R1IWO
complete flag clear bit Write 1 has no effect
. ) Write 0 to clear the ADC conversion result
b3 RGI ADC conversion Iresult comparison comparison interval flag R1WO
interval flag clear bit Write 1 has no effect
. ) Write 0 to clear ADC conversion result comparison
b2 HTI ADC conversion result comparison upper threshold RIWO
upper threshold flag clear bit Write 1 has no effect
. ) Write 0 to clear ADC conversion result comparison
bl LTI [DC _ conversion result comparison jouer threshold flag R1WO
9 Write 1 has no effect
ADC single conversion complete fla Write 0 to clear the ADC single conversion
b0 ESG 9 P 9 complete flag R1WO

clear bit

Write 1 has no effect

HC32F420SeriesReferenceManual_Rev1.30

376/403



https://www.xhsc.com.cn/

XRSCL%xsH

www.xhsc.com.cn

19.11.15 ADC External Interrupt
(ADC_EXTTRIGGERO)

Reset value: 0x0000 0000

b31 b30 b29

b27 b26 b25

Trigger Source Configuration Register 0

b24 b23 b22 b21 b20 b19

b18

b17 bl6

Res

b15 b1l4 b13

b1l b10 b9

b8 b7 b6 b5 b4 b3

b2

bl b0

Res

DELAY

TRIG

Bit Marking

Place name

Function

Read and
write

b31~b6 Res

Reserved bit

Reserved, must remain at reset value

b5 DELAY

ADC single conversion or
sequential scan conversion
external interrupt trigger
delay control

1: The trigger signal selected by Trig triggers the GTIM, and

the GTIM signal triggers the ADC
(ADCO triggers GTIMO. ADC1 triggers GTIM1)

0: directly use the TRIG selection signal to trigger the ADC

RW

b4~b0 TRIG

ADC single conversion or
sequential scan conversion
external interrupt trigger
signal selection

11111 PB15 interrupt triggers ADC conversion
11110 PA15 interrupt triggers ADC conversion
11101 PB13 interrupt triggers ADC conversion
11100

GPIO)

11011 PB11 interrupt triggers ADC conversion
11010 PA11 interrupt triggers ADC conversion
11001 PBO9 interrupt triggers ADC conversion
11000 PAQ9 interrupt triggers ADC conversion
10111 PBO7 interrupt triggers ADC conversion
10110 PAQ7 interrupt triggers ADC conversion
10101 PBO5 interrupt triggers ADC conversion
10100 PAOS5 interrupt triggers ADC conversion
10011 PBO3 interrupt triggers ADC conversion
10010 PAO3 interrupt triggers ADC conversion
10001 PBO1 interrupt triggers ADC conversion
10000 PAO1 interrupt triggers ADC conversion
01111 LVD interrupt triggers ADC conversion

01110 VC1 interrupt triggers ADC conversion

01101 VCO interrupt triggers ADC conversion

01100 DMA interrupt triggers ADC conversion
01011 SPI1 interrupt triggers ADC conversion
01010 SPIO interrupt triggers ADC conversion

01001 USART3 interrupt triggers ADC conversion
01000 USART? interrupt triggers ADC conversion
00111 USART1 interrupt triggers ADC conversion
00110 USARTO interrupt triggers ADC conversion

00101 GTIM2 signal triggers ADC conversion
00100 GTIM1 signal triggers ADC conversion
00011 GTIMO signal triggers ADC conversion
00010 ATIM3 signal triggers ADC conversion
00001 ATIMO signal triggers ADC conversion
00000 No peripheral trigger

PA13 interrupt triggers ADC conversion (note:
PA13 is swd by default and needs to be multiplexed as

RW

Note:

1. The timer trigger ADC has a dedicated control signal, which is controlled inside the timer.

2. The ADC is triggered using the rising edge of each interrupt flag bit. If repeated triggering is

required, the interrupt flag needs to be cleared. If you do not need to enter the interrupt service

routine, please do not enable the interrupt enable of the NVIC.

HC32F420SeriesReferenceManual_Rev1.30

377/403


https://www.xhsc.com.cn/

XRSCL%xsH

www.xhsc.com.cn

19.11.16 ADC Single Conversion Start Control Register (ADC_SGLSTART)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res START
Bit Marking Place name Function Regad and
write
b31~bl Res Reserved bit Reserved, must remain at reset value
. . CRO.EN=1 can it be read back correctly
b0 START ?Erirgingle conversion start 1: start ADC single conversion RW
0: stop ADC single conversion
19.11.17 ADC Sequential Scan Conversion Start Control Register
(ADC_SQRSTART)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6
Res
b15 bl4 b13 b12 bll b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res START
Bit Marking Place name Function Re_ad and
write
b31~bl Res Reserved bit Reserved, must remain at reset value
. CR0O.EN=1 can it be read back correctly
b0 START ?(?rfi/ersiosr?(gg:rgtézlntrol S€an 1. start ADC sequential scan conversion RW
0: stop ADC sequential scan conversion
378/403
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20 Analog Voltage Comparator (VC)

20.1Introduction

The analog voltage comparator VC is used to compare the size of two input analog voltages, and
output high / low level according to the comparison result.

m  When the " + " input voltage is higher than the " - " input voltage, the voltage comparator
output is high

m  When the " + " input voltage is lower than the " - " input voltage, the voltage comparator
output is low

20.2Main features

Support 64 -order voltage divider reference

Support 11 external input ports and 4 on-chip input signals
Supports 2 output polarities

Support window compare function

A variety of filter time configurations can effectively enhance the anti-interference ability of
the chip

Support 3 interrupt trigger modes, high level / rising edge / falling edge
m The output of the voltage comparator can be used as the input of the timer
m Support working in DeepSleep mode
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20.3Functional description

20.3.1 Functional block diagram

VCO CR1[7:4]
VCO_INN 0 VCO_CRO[11:9] VCO CR1[14:12] VCO CR1[15]
H VCO0_CR1[16]
N VCO_INN -
VCO_INN10 = VC0 CR2[0] . > VCO Interrupt
Temperature Sensor A V(0 CR2[6] selection
ADC reference voltage VO INPL VCO_INP = VCO_OUTP
Core voltage I Digital |VCQFLTV >
VCO_INPO toring VCO_SR[1]
X VCO_OuT
VCx CRO[7] VCO CR1[11:8]
VCO CR1[3: 0] VCO0 CR1[17]
ADC reference voltage Resistor .
Vo|tage VCX_CR)[G.O]
VCLCRI[3: 0] VCLCR1[11:8]
VCLCR1T] X VC1_ouT
VCL_INPO Digital | VCL FLTV
Corevoltage H VCLINP > VC1_SR[1]
ADC reference voltage VC1_INP1
Temperature Sensor VCL CR2[6]
VCL_INN10 VCL CR2[0] selection > VCL Interrupt
: VC1_CRO[11:9]
VCLINN 0 Vcl CR1[16) VCLCRI[14:12]  VCLCRI[15]
VCL CR1[7:4]

Figure 20-1 VC functional block diagram
20.3.2 Setup / Response Time

When using a voltage comparator, the time from when VC is enabled or when the input voltage at
both ends of VC changes to when the correct result is output is determined by the VCx_CRO.BIAS
control bit. The larger the current, the faster the VC response. The typical value ranges from 200ns
to 20us. adjustable.

If the ADC reference voltage is selected as the comparison reference voltage or CR0.BIAS is 2 or 3,
the BGR module needs to be enabled. The startup time of the BGR module is Tstable(BGR), and the
voltage comparator needs to wait for the BGR module to stabilize before outputting normally.

20.3.3 Hysteresis function

the VC working diagram after the hysteresis function is enabled is as follows:

Negative Terminal
Voltage + Hysteresis |

Negative Terminal
Voltage - Hysteresis

Comparator
output waveform ——

Figure 20-2 VC hysteresis function
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20.3.4 Compare Results Polarity Configuration

VCx_CR2.POL is configured as 0, the level of VCx_OUTA and VCx_OUTP is the same.

When VCx_CR2.POL is configured as 1, the level of VCx_OUTA and VCx_OUTP is opposite.
20.3.5 window compare function

VCx_CR2.Window is configured as 0, the VCx_OUTW signal is the same as the VCx_OUTP signal.

VCx_CR2.Window is configured as 1, the VCx_OUTW signal is the XOR value of VCO_OUTP and
VC1_OUTP.

20.3.6 Filter description

In addition to the inherent settling/response time of the voltage comparator, the user can set a
longer filter time to filter out system noise, such as high current noise when the motor stops.

Digital filter circuit U H
input waveform

Digital filter circuit
output waveform

Figure 20-3 VC Filter Response Time
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20.4Registerdescription

20.4.1 register list

Table 20-1 VC base address list

Name Base address Description
VCO 0x4000 A800 VCO base address
VC1 0x4000 A810 VC1 base address

Table 20-2 VC Register List

Register name Offset address Reset value
VC Control Register 0 (VC_CRO) 0x00 0x0000 0020
VC Control Register 1 (VC_CR1) 0x04 0x0000 0000
VC Control Register 2 (VC_CR2) 0x08 0x0000 0000
VC Status Register(VC_SR) 0x0C 0x0000 0000
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20.4.2 Control Register 0 (VC_CRO)

Reset value: 0x0000 0020

b31 b30 b29 b28 b27 b26

b25

b24

b23 b22 b21 b20 b19 b18

b17

b16

Res

b15 b14 b13 b12 b1l b10

b9

b8

b7 b6 b5 b4 b3 b2

bl

b0

Res HYS

BIAS

Div

REF En

DIV

Bit Marking Place name

Function

Read
and
write

b31~b12 Reserved Reserved bit

Reserved, must keep the default value

b11~b10 HYS

Hysteresis function configuration

11: The hysteresis voltage is about 30mV
10: The hysteresis voltage is about 20mV
01: The hysteresis voltage is about 10mV
00: no hysteresis

RW

b9~b8 BIAS power selection

11: High power consumption mode; BGR needs to be
turned on, please refer to the data sheet for the BGR
startup time

10: Medium power consumption mode; BGR needs to be
turned on, please refer to the data sheet for the BGR
startup time

01: Medium and low power consumption mode

00: low power consumption mode

Note:
The greater the power consumption, the faster the
response

RW

b7 REF

Selection of Reference Voltage for
Resistor Voltage Divider Circuit

1: ADC reference voltage, need to enable ADC, BGR
0: AvCC

Note:
VCO/VC1 shared

RW

b6 DivEn

control

Resistor voltage divider circuit enable

1: Enable
0: Prohibited

Note:
VCO/VC1 shared

RW

b5~b0 DIV

configuration

Resistor divider circuit output voltage

111111: 64/64Vref
111110: 63/64 Vref

000001: 2/64 Vref
000000 1/64 Vref

Note:
VCO/VC1 shared, the source of Vref is determined by the
REF control bit

RW
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20.4.3 Control Register 1 (VC_CR1)
Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6

Res FItClk | EN

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Ri;in Fagin FltTime FI_|;II'E

IE Level NSEL PSEL

Bit Marking Place name Function Read
and
write

b31~b18 Res Keep Reserved, must remain at reset value

0: built-in RC oscillator, frequency about 150KHz
1: PCLK
bl7 FItClk Filter Clock Selection Note: RW
When the filter clock is PCLK,
VC cannot wake up the MCU in DeepSleep mode

bl6 EN enable control 0: disable 1: enable RW

bl5 IE Interrupt Enable Control 0: disable 1: enable RW

Filter signal high level trigger
interrupt enable control
Filter signal rising edge trigger
interrupt enable control
Filter signal falling edge trigger
interrupt enable control

bl4 Level 0: disable 1: enable RW

b13 Rising 0: disable 1: enable RW

0: disable 1: enable RW

000: Filter out signals whose width is less than 1 filter

clock

001: Filter out signals whose width is less than 3 filter

clock

010: Filter out signals whose width is less than 7 filter

clock

011: Filter out signals whose width is less than 15 filter

clock

100: Filter out signals whose width is less than 63 filter

clock

101: Filter out signals whose width is less than 255

filter clock

110: Filter out signals whose width is less than 1023

filter clock

111: Filter out signals whose width is less than 4095

filter clock

1: Enable, the filter width is controlled by FltTime

b8 FLTEN Filter function enable configuration 0: disabled, the filter output waveform is the sameas RW
the input waveform

0000: VCx_INNO (PA0O)
0001: VCx_INN1 (PAO1)
0010: VCx_INN2 (PA02)
0011: VCx_INN3 (PAO3)
0100: VCx_INN4 (PA04)
0101: VCx_INN5 (PAO5)

b12 Falling

b11~b9 FItTime Filter time configuration RW

Vpltage Comlparator Negative Input 0110: VCx_INN6 (PB0O)
Signal Selection 0111: VCx_INN7 (PBO1)

1000: VCx_INN8 (PB12)
1001: VCx_INN9 (PB04)

1010: VCx_INN10 (PBO5)

1011: Built-in resistor divider output voltage

1100: Built-in temperature sensor output voltage
1101: Reserved

1110: The reference voltage configured by the ADC
module (ADC needs to be enabled)

b7~b4 NSEL RW

HC32F420SeriesReferenceManual_Rev1.30 384/403



https://www.xhsc.com.cn/

HSCh#%S
Xl‘l {o%f’:"’{? www.xhsc.com.cn

1111: core voltage

0000: VCx_INPO (PA0O)

0001: VCx_INP1 (PAO1)

0010: VCx_INP2 (PA02)

0011: VCx_INP3 (PA03)

0100: VCx_INP4 (PA04)

b3~b0 PSEL \S/?g;;aaglese(ligcrpigirator Positive Input  0101: VCx_INP5 (PAO5) RW
0110: VCx_INP6 (PB0O)

0111: VCx_INP7 (PBO1)

1000: VCx_INP8 (PB12)
1001: VCx_INP9 (PB04)

1010: VCx_INP10 (PBO5)
Other: reserved
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20.4.4 Control Register 2 (VC_CR2)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Wind | ATIM | ATIM ATIM
Res ow | BK | 3CLR Res oclr | POt
Bit Marking Place name Function Read and write
b31~b7 Res Reserved bit Reserved, must remain at reset
value
b6 Window Window comparison function configuration 1: Enable 0: Disable RW
b5 ATIMBK \Clgrft:(;lltered signal output to ATIMO/3 brake enable 1: Enable 0: Disable RW
ba ATIM3CLR \Clgrftrf(iJlltered signal output to ATIM3 REFCLR enable 1: Enable 0: Disable RW
b3~b2 Res Reserved bit \Ijslsueerved, must remain at reset
b1 ATIMOCLR \c/éi:trfci)lltered signal output to ATIMO REFCLR enable 1: Enable 0: Disable RW
1: VCx_OUTP is low when the
positive terminal is greater than
. ) ' . the negative terminal
b0 POL VCx_OUTP signal polarity configuration 0: VCx OUTP is high when the RW
positive terminal is greater than
the negative terminal
20.4.5 Status Register (VC_SR)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 bl7  bl6
Res
b15 b14 b13 bl12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
FLT | INT
Res v F
Bit Marking Place name Function Read and write
b31~b2 Res Keep Reserved, must remain at reset value
bl FLTV Filtered signal level 1 high level RO
0: low level
1: An interrupt has occurred; write 0 to clear
b0 INTF Interrupt logo the flag RW

0: No interrupt occurred
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21 Low Voltage Detector (LVD)

21.1Introduction to LVD

LVD can be used to monitor the power supply voltage and the voltage of chip pins. When the
comparison result of the monitored voltage and the LVD threshold meets the trigger condition, the
LVD will generate an interrupt or reset signal, and the user can perform some urgent tasks according
to the signal.

21.2Main characteristics

4 -channel monitoring sources, AVCC, PC13, PB08, PB07

16-step threshold voltage, optional

8 trigger conditions, combinations of high level, rising edge and falling edge
2 trigger results, reset and interrupt

8-stage filter configuration to prevent false triggering

With hysteresis function, strong anti-interference

Supports operation in DeepSleep mode

21.3Functional description

21.3.1 Functional block diagram

LVD_CR[3:2] LVD_CR[15]
LVD_CR[0] LVD_CR[11:8]
AVCC ——
PC13 ——
PB8 — o Digital LVD
filtering interrupt
PB7 —— + —0
LVD Trigger condition
threshold selection LVD
|| reset
LVD_CR[1]
LVD_CR[7:4] LVD_CR[14:12]

Figure 21-1 LVD Block Diagram
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21.3.2 Hysteresis function

The built-in voltage comparator of LVD has a hysteresis function, which can enhance the anti-
interference ability of the chip. LVD will not flip until the input signal is higher or lower than the

threshold voltage of 20mV. The input and output signals are as follows:

Threshold
voltage + 20mV

Threshold
voltage -20mV

Hysteretic
comparator
output voltage

Figure 21-2 LVD Hysteresis Response

21.3.3 Digital filtering

If the working environment of the chip is bad, the output of the hysteresis comparator will appear
noise signal. the noise signal whose pulse width is less than LVD_CR.FItTime in the output waveform
of the hysteresis comparator can be filtered out. If the digital filter module is disabled, the input
and output signals of the digital filter module are the same. The filter clock used by the digital filter
module is a built-in RC oscillator with an oscillation frequency of about 150KHz.

When the digital filter module is enabled, the input and output waveforms of the filter are as follows:

Hysteresis U H
comparator output |

waveform

Digital filter circuit
output waveform

Figure 21-3 LVD Filter Output
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21.4Programming example

21.4.1 LVD configured as low voltage reset
In this mode, the MCU is reset when the monitored voltage is lower than the threshold voltage.
The configuration method is as follows:
Stepl. Configure LVD_CR.Source to select the voltage source to be monitored;
Step2. Configure LVD_CR.VTDS to select the threshold voltage of LVD;
Step3. Configure LVD_CR.FItTime to select the LVD filter time;
Step4. Set LVD CR.FItEn to 1 to enable LVD filtering;
Step5. Set LVD CR.HTEN to 1, select high level to trigger LVD action;
Step6. Set LVD_CR.ACT to 1, select LVD action as reset;
Step7. Set LVD CR.EN to 1 to enable LVD.
21.4.2 LVD configured as voltage change interrupt

In this mode, an interrupt is generated when the monitored voltage goes above or below the
threshold voltage.

The configuration method is as follows:
Stepl. Configure LVD_CR.Source to select the voltage source to be monitored;
Step2. Configure LVD_CR.VTDS to select the threshold voltage of LVD;
Step3. Configure LVD_CR.FlItTime to select the LVD filter time;
Step4. Set LVD CR.FItEn to 1 to enable LVD filtering;
Step5. Set LVD CR.RTEN and LVD_CR.FTEN to 1, select level change to trigger LVD action;
Step6. Set LVD _CR.ACT to 0, select LVD action as interrupt;
Step7. Set LVD _CR.IE to 1 to enable LVD interrupt;
Step8. Enable the LVD interrupt in the NVIC interrupt vector table;
Step9. Set LVD CR.EN to 1 to enable LVD;

Stepl0. Execute the operations required by the user in the LVD interrupt service routine; write
0x00 to LVD_SR to clear the interrupt flag before exiting the interrupt service routine.
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21.5Registerdescription

21.5.1 Register list

Base address: 0x4000 AAQO

Table 21-1 LVD Register List

Register name

Offset address

Reset value

LVD Configuration Register(LVD_CR)

0x00

0x0000 0000

LVD Interrupt Flag Register(LVD_SR)

0x04

0x0000 0000
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21.5.2 LVD Configuration Register (LVD CR)

Reset value: 0x0000 0000

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
IE HTEN | RTEN | FTEN FItTime FItEn VTDS Source ACT EN
Read
Bit Marking Place name Function and
write
b31~b16 Res Reserved bit Reserved, must remain at reset value
. 1: Enable;
b15 IE LVD interrupt enable 0: Disabled. RW
High level trigger enable 1: Enable:
bl4 HTEN (The monitored voltage is lower than the O: Disabléd RW
threshold voltage) ' )
Rising edge trigger enable
(The monitored voltage changes from above 1: Enable;
b13 RTEN the threshold voltage to below the threshold 0: Disabled. RW
voltage)
Falling edge trigger enable
b12 ETEN (The monitored voltage changes from below 1: Enable; RW
the threshold voltage to above the threshold 0: Disabled.
voltage)
_ . Digital filter time configuration Filter time data refer to data sheet
b11~b9  FItTime 7o fiter clock is 150K clock) Note: The filter time is only valid when FLTENis 1. "W
1: Enable digital filtering
e ) . 0: disable digital filtering
b8 Fiten Digital filter enable configuration Note: When the digital filter is enabled, the system RW
will automatically enable the RCL clock.
b7~b4 VTDS LVD Threshold Voltage Selection Threshold voltage data refer to the data sheet RW
00: AVCC voltage
_ - ) 01: The voltage of the PC13 port input signal
b3~b2 Source LVD monitoring source selection 10: The voltage of the input signal at the PBO8 port RW
11: Voltage of input signal at PBO7 port
) ) ) 1: system reset
bl ACT LVD trigger action selection 0: NVIC interrupt RW
1: enable LVD
b0 EN LVD enable control 0- disable LVD RW
21.5.3 LVD Interrupt Register (LVD_SR)
Reset value: 0x0000 0000
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Res
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Res FLTV INTF
Bit Marking Place name Function Read and write
b31~b2 Res Reserved bit Reserved, must remain at reset value
- ' 1: digital filter output high level
bl FLTV Level value of digital filter output 0: Digital filter output low level RO
1: LVD interrupt flag has been generated,
b0 INTF LVD interrupt flag write 0 to clear RWO

0: LVD interrupt flag not generated
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22 Debug Controller (DBGC)

This product refers to the following ARM technical documents:

m Cortex™-M4F rOpl Technical Reference Manual (TRM)

m  ARM debug interface V5
m  ARM CoreSight Design Suite Version rOpl Technical Reference Manual

22.1Introduction

The core of this MCU is ARM® Cortex®-M4, which includes hardware for advanced debugging

functions. With these debugging features, you can stop the kernel when fetching fingers (instruction

breakpoints) or accessing data (data breakpoints). When the kernel stops, you can query the

internal state of the kernel and the external state of the system. After the query completes, the

kernel and system are restored and program execution is restored.

Debug interface:

m Serial debug interface SWD

22.2DBGC system block diagram

SWCLK

MCU debugging support

Cortex-M4 debug support

Yy

SWDIO

Cortex-M4
core

Sw-DP |4 )l

AHB-AP

Dcode interface

System interface

NVIC

DWT

Figure 22-1 Commissioning control system

HC32F420SeriesReferenceManual_Rev1.30

392/403


https://www.xhsc.com.cn/

XRSCL%xsH

www.xhsc.com.cn

The ARM Cortex™ -M4F core provides integrated on-chip debugging support. It includes:

SW-DP: SWD debug port
AHP-AP: AHB access port
FPB: Flash instruction breakpoint

DWT: data watchpoint trigger

Note: For more information on the debug features supported by the ARM Cortex™-M4F core, see
the Cortex™ -M4F-rOp1 Technical Reference Manual and the CoreSight Design Suite rOp1 Technical

Reference Manual.

22.3SW-DP Debug Port(SWD)

This MCU core integrates SWD debug port. This port is the ARM standard CoreSight debug port.

22.3.1 SWD port pin

SWD interface of this series requires 2 pins, as shown in the following table:

Table 22-1 SWD port pin

SWD port name

Debug function

Pin assignment

SWCLK

Serial clock

PAl4

SWDIO

Serial data input / output

PA13

22.3.2 SW-DP debug port pin

If the [Encryption Chip] option is enabled when programming the program, the SWD debugging

function will be disabled after power-on. If the [encrypted chip] option is not enabled when

programming the program, the PA13/PA14 pins are initialized as dedicated pins that can be used
by the debugger after power-on. Users can set the SYSCTRL CR1.SWDIO register to disable the
SWD pin debug function, and the SWD pin will be released to be used as a normal GPIO. SWD pins

are summarized in the following table:

Table 22-2 SW-DP debug port pin

[Encryption chip] option

SYSCTRL_CR1.SWDIO
configuration

PA13/PA14 function

Encryption 0 NA
Encryption GPIO
No encryption 0 SWD
No encryption 1 GPIO

22.3.3 Internal pull-ups on SWD pins

user software disables the debug function of the SWD pins, the GPIO controller takes control of

these pins. GPIO control register places the I/O in the following equivalent states:

m  SWDIO: input pull-up
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m  SWCLK: input pull-up
No external resistors need to be added due to built-in pull-up resistors.
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22.4Register description

22.4.1 Register list

Base address: 0x4000 B800

Table 22-3 DBGC register list

Register name

Offset address

Reset value

SYSCTRL_DEBUG (Timer Debug Halt Control Register)

0x64

0x0000 0000

22.4.2 Timer Debug Halt Control Register (SYSCTRL_DEBUG)

For specific register content, please refer to the [Timer Debug Halt Control

(SYSCTRL_DEBUG)] chapter.
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23 Device Electronic Signature

The electronic signature is stored in the system storage area of the flash memory module and can
be read by SWD or CPU. HC32Fxxx / HC32Lxxx microcontrollers with different configurations.

23.1Product Unique Identifier (UID) Register (48 bits)

Typical application scenarios for unique identifiers:

m Used as a serial number

m UID is used as a security key when used in conjunction with software cryptographic primitives
and protocols to increase the security of code in Flash prior to programming the internal Flash

m Activation of the secure bootstrap process, etc.

The 48-bit unique device identifier provides a reference number that is unique to any device and in

any context. The user can never change these bits. The 48-bit UID can also be read in different

ways like single byte/halfword/word and then concatenated using a custom algorithm.

Base address: 0x0100 14EQ

Table 23-1 UID Definition

ggzsf:ss Description l7JID Bits 6(48 buts)5 - . 2 1 -
0 Y Coordinate on the wafer UID[7:0]

1 X Coordinate on the wafer UID[15:8]

2 Wafer Number UID[23:16]

3 UID[31:24]

4 Lot Number UID[39:32]

5 UID[47:40]

23.2Product Model Register

0x0100 1140 to 0x0100 114F store the ASCII codes of the product models. If the product model is
less than 16 bytes, it should be filled with 0x00.

Example: 48433332463432304B41544200000000 models for HC32F420KATB products.

HC32F420SeriesReferenceManual_Rev1.30 396/403


https://www.xhsc.com.cn/

HSCh#%S
Xl‘l {o%f"’@s www.xhsc.com.cn

23.3FLASH capacity register
Base address: 0x0100 1160

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 bl6

FLASHSIZE[31:16]

b15 b1l4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

FLASHSIZE [15:0]

Read

Bit Marking Place name Function and
write

Note: The unit is Byte

0x00008000 represents 32KB

0x00010000 represents 64KB RO
0x00020000 represents 128KB

The capacity of the product's

b31~b0 FLASHSIZE built-in Flash

23.4RAM capacity register

Base address: 0x0100 1164

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b1l6

RAMSIZE[31:16]

b15 b1l4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

RAMSIZE [15:0]

Read

Bit Marking Place name Function and
write

Note: The unit is Byte

0x00000800 represents 2KB

0x00001000 represents 4KB RO
0x00002000 represents 8KB

The capacity of the built-in

b31~b0 RAMSIZE RAM of the product

23.5Pin Count Register

Base address: 0x0100 116A

b15 bl4 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

PINCOUNT [15:0]

Read
Bit Marking Place name Function and
write
0x0020 represents 32 pins
b15~b0 PINCOUNT Number of product pins 0x0030 represents 48 pins RO
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24 Appendix A SysTick Timer

24.1Introduction to SysTick Timers

If the OS wants to support multitasking, it needs to perform context switching periodically, so
hardware resources such as timers are needed to interrupt program execution. When the timer
interrupt is generated, the processor will perform OS task scheduling in exception handling, and
will also perform OS maintenance work at the same time. There is a simple timer called SysTick in
the Cortex-M4 processor, which is used to generate periodic interrupt requests.

SysTick is a 24-bit timer and counts down. After the count of the timer is reduced to 0, a
programmable value will be reloaded, and a SysTick exception (exception number 15) will be
generated at the same time. This abnormal event will cause the execution of SysTick exception
handling, which is a part of the OS.

For systems that do not require an OS, the SysTick timer can also be used for other purposes, such
as timing, timing, or providing an interrupt source for tasks that need to be executed periodically.
The generation of SysTick exception is controllable. If the exception is disabled, the SysTick timer
can still be used by polling, such as checking the current count value or polling the count flag.

24.2Set SysTick

Since the reload value and current value of the SysTick timer are undefined at reset, in order to
prevent abnormal results, the configuration of SysTick needs to follow a certain process:

Stepl. Configure SysTick->CTRL. ENABLE is 0, disable SysTick.

Step2. Configure SysTick->CTRL. CLKSOURCE to select the clock source of SysTick.

Step3. Configure SysTick->LOAD, select the overflow period of SysTick.

Step4. Write any value to SysTick->VAL, clear SysTick->VAL and SysTick->CTRL. COUNTFLAG.
Step5. Configure SysTick->CTRL. TICKINT is 1, enable SysTick interrupt.

Step6. Set Sys Tick->CTRL. ENABLE to 1 to enable SysTick.

Step7. Read SysTick->CTRL in the interrupt service routine to clear the overflow flag.

Note: Systick overflow period is SysTick->LOAD+1, the configuration example is as follows:

Clock source SysTick->LOAD Overflow cycle
HCLK: For example, 4MHz 3999 1ms
XTL: For example, 32.768KHz 327 10.01ms
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24.3SysTick register

Table 24-1 SysTick register

Register name Address CMSIS symbol
SysTick Control and Status Register (SYS _CSR) 0XE000 E010 SysTick->CTRL
SysTick reload register (SYS_RVR) 0XEO000 E014 SysTick->LOAD
SysTick current value register (SYS_CVR) 0XE000 E018 SysTick->VAL

SysTick calibration value register (SYS_CALIR) 0XEO00 EO1C SysTick->CALIB

24.3.1 SysTick Control and Status Register (CTRL)

. . o Reset
Bit Symbol Functional description Types value
31:17 Reserved - - -
SysTick timer overflow flag
1: SysTick timer underflow occurred

16 COUNTFLAG 0: SysTick timer has not overflowed RO 0
Reading this register clears the COUNTFLAG flag

15:3 Reserved - - -
SysTick clock source selection
1: Use the core clock (HCLK)
0: Use the reference clock (XTL)

2 CLKSOURCE Note: When the reference clock is selected as the clock RW 0
source of SysTick, it is necessary to synchronize and enable
the XTL clock source and SysCtrl.PERI_CLKENO.TICK
SysTick interrupt enable

1 TICKINT 1: enable interrupt RW 0
0: disable interrupt
SysTick timer enable

0 ENABLE 1: enable SysTick RW 0
0: disable SysTick

24.3.1 SysTick reload register (LOAD)

. . . Reset
Bit Symbol Functional description Types value
31:24 Reserved - - -

23:0 | RELOAD SysTick timer reload value RW ggdef'“
24.3.2 SysTick current value register (VAL)

. . - Reset
Bit Symbol Functional description Types value
31:24 Reserved - - -

Read this register to get the current count value of the SysTick
. timer Undefin
23:0 CURRENT Write any value to this register, clear this register and RW ed

COUNTFLAG
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24.3.3 SysTick calibration value register (CALIB)

Bit Symbol Functional description Types \I}aelsueet
SysTick current count clock flag
31 NOREF 1: The current count clock is the core clock RO -
0: The current count clock is external reference clock (XTL)
TENMS accuracy Indication
30 SKEW 1: TENMS value represents roughly 10ms RO
0: TENMS value represents exactly 10ms
29:24 Reserved - -
23:0 TENMS 10 millisecond calibration value RO -
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Version Revision History

Version | Revision ]
Number | Date Modify the content

Rev1.00 | 2023/03/31 | First edition release.

1) Reset Controller (RESET): Modified the reset values of
SYSCTRL_APBRST1, SYSCTRL_AHBRSTO, and SYSCTRL _RSTFLAG;
removed the description "requires software initialization and clearing"
from bits b2 to b7 of SYSCTRL_RSTFLAG, and added a note to bit b7.

2) Interrupt Controller (NVIC): Modified the text in “Figure 5-6
Interrupt pending interrupts generated during interrupt processing
can also be acknowledged” to "Interrupt Service Routine".

3) General-Purpose Input-Output Port Controller (GP10): Modified
the description of the number of GPIO control registers in Section
6.3.5 "Port general-purpose input and output functions" to 6.

4) Clock Trim Module (CTRIM): Added the division value for the PRS
bit of CTRIM_CR1 being 0b1000.

5) Flash Controller (FLASH): Added a step to write 0 to OP after erase
and write operations of FLASH; added a note to the OP bit of
FLASH_CR.

6) DMA Controller (DMAC): Added descriptions for the external
trigger and event update of ATIMO and ATIM3 for the TRI_SEL bit of
DMAC_CONFAX.

7) Composite Timer (CTIM): Modified the description of the number
of CTIMs in Section 13.1 "Overview" to "Each CTIM can be
independently and flexibly configured as GTIM or BTIM"; added the
pre-scaler value limit for the capture function of GTIM, and noted that
the capture function cannot be used when counting with an external
ETR; added a note to the PRS bit of GTIM CRO: the pre-scaler

Revl1.10 | 2024/01/17 coefficient for capture mode can only be set to 0, 1, 2, or 3; modified
the division values for the ETRFLT bit of GTIM_CR1 being 0b110 and
Ob111.

8) Advanced Timer (ATIM): Modified the content of Table 14-5
"Capture Input CHOA Signal List"; modified the name of Figure 14-51
to "ATIM3 CHOA Port Selection"; modified the description of the DIR
bit of ATIMx_M23CR to write prohibited; added the signal description
of ATIMO to the IAOS bit of ATIMx_MSCR, and modified TIM3 to ATIM3;
added the description for ATIM3 to the MMS bit.

9) Independent Watchdog (IWDT): Added a 500us delay after writing
0xCCCC to the IWDT KR register in Section 15.4 "Programming
Examples"; added a note to delay 500us for the IWDT_KR register.

10) Universal Synchronous/ Asynchronous Receiver Transmitter
(USART): 17.3.9.2 In the description of clock sampling and receiving
tolerance, the receiving pin in smart card (7816) mode is modified to
TXD ; modified the name of the receive pinin Figure 17-16 Smart Card
Pattern synchronization and sampling timing Figure to "Receive Pin
(TXD)"; modified the protection time in Figure 17-19 Smart card
Pattern sending data legend to be more than 2etu; removed the
description "The data behavior on the LIN bus is as shown in the
following figure" in Section 17.3.11.2 LIN data format.

11) Analog-to-Digital Converters (ADC): Modified the text in Section
19.6 Conversion Accumulation Mode to "conversion channels 8, 5, 2
are configured as AIN5, and conversion channels 7, 4, 1 are
configured as AIN1".
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Version
Number

Revision
Date

Modify the content

12)

13)

Low Voltage Detector (LVD): Added the description that LVD
supports operation in DeepSleep mode.

Added new sections on Device Electronic Signature and SysTick
Timer.

Rev1.20

2024/05/06

1)

System Controller (SYSCTRL): Removed the description "and
enable XTH" from 3.1.4 External crystal oscillator clock XTH; 3.1.5
Phase-locked loop clock PLL: Updated the parameter description
content; 3.2.5 Example of switching between PLL (reference clock is
RCHCLKD) and RCHCLKD: Modified the range from 4 MHz to 24 MHz
in Step 2 to 4 MHz to 12 MHz, and added a note; 3.5.4 Clock enable
control register 2 (SYSCTRL _CR2): Modified the note in the function
description of b5; 3.5.9 PLL control register (SYSCTRL_PLLCR): Added
a note in the function description of b1 to b0.

Analog-to-Digital Converters (ADC): 19.1 Module introduction:
Changed the 19 input channels to 18, and removed the description
"one built-in BGR 1.2V voltage"; 19.2 ADC block diagram: Removed
the description of 1.2V Ref in the diagram; 19.10 Measure ambient
temperature using the temperature sensor: Modified the formula and
corresponding address values, modified the numerical values in the
calculation example, and modified the register names in the
operation process; 19.11.3 ADC basic configuration register 0
(ADC_CRO0): Removed the description "one built-in BGR 1.2V voltage"
in the function description of b11l; Removed the description "10010
internal reference 1.2V output voltage" in the function description of
b8 to b4.

Analog Voltage Comparator (VC): 20.2 Main features: Changed
the 5 on-chip input signals to 4; 20.3.1 Functional block diagram:
Removed the description of 1.2V reference voltage in the diagram;
20.4.3 Control register 1 (VC_CR1): Removed the description "1101
built-in reference voltage 1.2V" in the function description of b7 to
b4.

Revl.21

2025/01/14

System Controller (SYSCTRL): 3.5.4 Clock Enable Control Register
2 (SYSCTRL_CR2): Revise the note in the functional description of the
EXXTH bit.

Revl.22

2025/05/07

Serial Peripheral Interface (SPI): 8.2 Main features: Removed the
description of the maximum communication rate between the master
and slave machines.

Rev1.23

2026/02/11

Reset Controller (RESET): 4.2.6 Reset Flag Register
(SYSCTRL_RSTFLAG): Added a new note "The reset value is 0x03 at
power-on reset. After the program determines the reset source, it
should clear the register so that it can determine the reset source the
next time a reset occurs".

Advanced Timer (ATIM): 14.3.6 Mode 2/3 compare capture mode:
“Single pulse output” section, optimized the details of pulse count
timing diagram, and added relevant instructions; “Capture Input"
section, added a new note "When GATE is configured for compare
output, its output mode only supports being set to force the output to
0 or 1 and having the PWM mode active (that is, the GATE output is
valid when OCMBO is configured as 0/1/6/7).

Independent Watchdog (IWDT): 15.5.3 Control Register
(IWDT_CR): note point 2, revised the description to "This register can
only be modified when IWDT_SR.PRSF is 0"; 15.5.5 Status Register
(IWDT_SR), changed the bit0 name from "IWDT _CR.PRS register
update flag" to "CR register update flag" with corresponding
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Version
Number

Revision
Date

Modify the content

functional descriptions updated to reflect the new naming, and
revised the explanation to "The CR register can be updated only when
the PRSF bit is 0".

4) Analog-to-Digital Converters (ADC): 19.6 Continuous Conversion
Accumulation Mode: changed ADC_IFR.SQRIF to ADC_IFR.EOS, and
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1) DMA Controller (DMAC): In the section "12.4.4 DMA Hardware
Block Transmission Mode", modified the hardware block transmission
schematic.

2) Advanced Timer (ATIM): In the section "14.3.6 Mode 2/3
Comparison Capture Mode - Capture Input", modified the constraint
for selecting the input signal for CHOB.

HC32F420SeriesReferenceManual_Rev1.30 403/403


https://www.xhsc.com.cn/

	Statement
	Contents
	Table Index
	Figure Index
	Overview
	1 System Structure
	1.1 Overview
	1.2 System Architecture Diagram
	1.3 Memory and peripheral address allocation

	2 Operating mode
	2.1 Overview of working mode
	2.2 Working mode switching
	2.3 Active Mode
	2.4 Sleep Mode
	2.5 Deep sleep Mode
	2.6 Functional module working status
	2.7 Register description
	2.7.1 register list
	2.7.2 System Control Register (SCB_SCR)


	3 System Controller (SYSCTRL)
	3.1 System Clock Introduction
	3.1.1 Clock Architecture Diagram
	3.1.2 Internal high speed RC clock RCH
	3.1.3 Internal low speed RC clock RCL
	3.1.4 External crystal oscillator clock XTH
	3.1.5 Phase-locked loop clock PLL
	3.1.6 Clock start process

	3.2 System Clock Switching
	3.2.1 Standard Clock Switching Process
	3.2.2 RCHCLKD switching process between different output frequencies
	3.2.3 Switching from other clocks to RCL example
	3.2.4 Switching from other clocks to RCHCLKD example
	3.2.5 Example of switching between PLL (reference clock is RCHCLKD) and RCHCLKD

	3.3 On-chip peripheral clock control
	3.4 Interrupt Wakeup Control
	3.4.1 Enable the NVIC corresponding to the module that needs to wake up the processor
	3.4.2 Method not to execute interrupt service routine after wake-up from deep-sleep mode
	3.4.3 Using exit hibernation feature

	3.5 Register description
	3.5.1 Register list
	3.5.2 System Control Register 0 (SYSCTRL_CR0)
	3.5.3 System Control Register 1 (SYSCTRL_CR1)
	3.5.4 Clock Enable Control Register 2 (SYSCTRL_CR2)
	3.5.5 Sequence Control Register 3 (SYSCTRL_CR3)
	3.5.6 RCH Control Register (SYSCTRL_RCHCR)
	3.5.7 RCL Control Register (SYSCTRL_RCLCR)
	3.5.8 XTH Control Register (SYSCTRL_XTHCR)
	3.5.9 PLL Control Register (SYSCTRL_PLLCR)
	3.5.10 RCH Trim Value Register (SYSCTRL_RCHTRIM)
	3.5.11 RCL Trim Value Register (SYSCTRL_RCLTRIM)
	3.5.12 Clock Status Register (SYSCTRL_STATE)
	3.5.13 APB0 Peripheral Clock Control Register (SYSCTRL_APBEN0)
	3.5.14 APB1 Peripheral Clock Control Register (SYSCTRL_APBEN1)
	3.5.15 AHB0 Peripheral Clock Control Register (SYSCTRL_AHBEN0)
	3.5.16 AHB1 Peripheral Clock Control Register (SYSCTRL_AHBEN1)
	3.5.17 Timer Debug Halt Control Register (SYSCTRL_DEBUG)
	3.5.18 GPIO Auxiliary Control Register 0 (SYSCTRL_IOAUX0)
	3.5.19 GPIO Auxiliary Control Register 1 (SYSCTRL_IOAUX1)
	3.5.20 GPIO Auxiliary Control Register 2 (SYSCTRL_IOAUX2)


	4 Reset Controller (RESET)
	4.1 Reset Controller Introduction
	4.1.1 Power-on and power-off reset POR PDR
	4.1.2 External reset pin reset
	4.1.3 WDT reset
	4.1.4 LVD low voltage reset
	4.1.5 Cortex-M4 SYSRESETREQ reset
	4.1.6 Cortex-M4 LOCKUP reset

	4.2 Register description
	4.2.1 Register list
	4.2.2 APB0 Peripheral Reset Control Register (SYSCTRL_APBRST0)
	4.2.3 APB1 Peripheral Reset Control Register (SYSCTRL_APBRST1)
	4.2.4 AHB0 Peripheral Reset Control Register (SYSCTRL_AHBRST0)
	4.2.5 AHB1 Peripheral Reset Control Register (SYSCTRL_AHBRST1)
	4.2.6 Reset Flag Register (SYSCTRL_RSTFLAG)


	5 Interrupt Controller (NVIC)
	5.1 Overview
	5.2 Interrupt priority
	5.3 Interrupt digraph
	5.4 Interrupt Input and Suspend Behavior
	5.5 Interrupt wait
	5.6 Interrupt source
	5.7 Interrupt structure
	5.8 Basic operation of the software
	5.8.1 External interrupt enable
	5.8.2 NVIC interrupt enable and clear enable
	5.8.3 NVIC interrupt pending and clear pending
	5.8.4 NVIC interrupt priority
	5.8.5 NVIC interrupt mask

	5.9 Register description
	5.9.1 Register list
	5.9.2 Interrupt Enable Setting Register0 (NVIC_ISER0)
	5.9.3 Interrupt Enable Setting Register 1 (NVIC_ISER1)
	5.9.4 Interrupt Enable Clear Register 0 (NVIC_ICER0)
	5.9.5 Interrupt Enable Clear Register 1 (NVIC_ICER1)
	5.9.6 Interrupt Pending Setup Register 0 (NVIC_ISPR0)
	5.9.7 Interrupt Pending Setup Register 1 (NVIC_ISPR1)
	5.9.8 Interrupt Pending Clear Register 0 (NVIC_ICPR0)
	5.9.9 Interrupt Pending Clear Register 1 (NVIC_ICPR1)
	5.9.10 Interrupt Priority Register (NVIC_IPRx) (x=0~15)
	5.9.11 Interrupt Mask Register (PRIMASK)


	6 General-Purpose Input-Output Port Controller (GPIO)
	6.1 Introduction
	6.2 Main characteristics
	6.3 Functional description
	6.3.1 Port Circuit Block Diagram
	6.3.2 Port Mode Configuration
	6.3.3 Port Reset Status
	6.3.4 Port emulation function
	6.3.5 Port general-purpose input and output functions
	6.3.5.1 Input mode
	6.3.5.2 Output mode

	6.3.6 Port multiplexing function
	6.3.7 Port clock output
	6.3.7.1 Output PCLK0
	6.3.7.2 Output MCO

	6.3.8 Port external interrupt

	6.4 Register description
	6.4.1 Register list
	6.4.2 Port Digital-to-Analog Configuration Register (GPIO_ADS)
	6.4.3 Port input and output direction configuration register (GPIO_DIR)
	6.4.4 Port Output Type Register (GPIO_OD)
	6.4.5 Port Output Drive Capability Register (GPIO_DR)
	6.4.6 Port pull-up and pull-down register (GPIO_PUPD)
	6.4.7 Port Data Input Register (GPIO_IN)
	6.4.8 Port Data Output Register (GPIO_OUT)
	6.4.9 Port Reset Register (GPIO_BRR)
	6.4.10 Port Set Reset Register (GPIO_BSRR)
	6.4.11 Port Alternate Function Low Register (GPIO_AFRL)
	6.4.12 Port Alternate Function High Register (GPIO_AFRH)
	6.4.13 Port High Interrupt Enable Configuration Register (GPIO_HIE)
	6.4.14 Port Low Level Interrupt Enable Configuration Register (GPIO_LIE)
	6.4.15 Port Rising Edge Interrupt Enable Configuration Register (GPIO_RIE)
	6.4.16 Port Falling Edge Interrupt Enable Configuration Register (GPIO_FIE)
	6.4.17 Port Interrupt Status Register (GPIO_IFR)
	6.4.18 Port Interrupt Clear Register (GPIO_ICR)


	7 I2C -bus (I2C)
	7.1 Overview
	7.2 Main characteristics
	7.3 Protocol description
	7.3.1 Data transmission on the I2C bus
	7.3.2 Acknowledgment on the I2C bus
	7.3.3 Arbitration on the I2C bus

	7.4 Functional description
	7.4.1 Functional block diagram
	7.4.2 Serial clock generator
	7.4.3 Input filter
	7.4.4 Address comparator
	7.4.5 Response flag
	7.4.6 Interrupt generator
	7.4.7 Operating mode
	7.4.8 Status code expression

	7.5 Programming example
	7.5.1 Master sending example
	7.5.2 Master receive example
	7.5.3 Slave receiving example
	7.5.4 Slave sending example

	7.6 Register description
	7.6.1 Register list
	7.6.2 Baud Rate Generator Enable Register (I2C_BRREN)
	7.6.3 Baud Rate Counter Configuration Register (I2C_BRR)
	7.6.4 Configuration Register (I2C_CR)
	7.6.5 Data Register (I2C_DR)
	7.6.6 Status Register (I2C_STAT)
	7.6.7 Slave Address 0 Register (I2C_ADDR0)
	7.6.8 Slave Address 1 Register (I2C_ADDR1)
	7.6.9 Slave Address 2 Register (I2C_ADDR2)
	7.6.10 Slave Address Match Register (I2C_MATCH)


	8 Serial Peripheral Interface (SPI)
	8.1 Overview
	8.2 Main features
	8.3 Functional description
	8.3.1 Functional block diagram
	8.3.2 Communication Format and Timing
	8.3.3 Slave Select Pin Configuration
	8.3.4 Full duplex communication
	8.3.5 Single-wire half-duplex communication
	8.3.6 Simplex communication
	8.3.7 Multi-machine communication
	8.3.8 Host Mode Delayed Sampling
	8.3.9 Status Flags and Error Flags
	8.3.10 Interrupt generation and clearing

	8.4 Programming example
	8.4.1 Example of sending and receiving data in full duplex by the host
	8.4.2 Example of sending and receiving data in full duplex from the slave
	8.4.3 Single-wire half-duplex sending and receiving data example

	8.5 Register description
	8.5.1 Register list
	8.5.2 SPI Control Register 0 (SPI_CR0)
	8.5.3 SPI Control Register 1 (SPI_CR1)
	8.5.4 SPI Single-Wire Half-Duplex Output Enable Register (SPI_HDOE)
	8.5.5 SPI Internal Slave Select Register (SPI_SSI)
	8.5.6 SPI Status Register (SPI_SR)
	8.5.7 SPI Interrupt Clear Register (SPI_ICR)
	8.5.8 SPI Data Register (SPI_DR)


	9 Clock Trim Module (CTRIM)
	9.1 Overview
	9.2 Main characteristics
	9.3 Functional description
	9.3.1 RCH clock calibration mode
	9.3.2 RCL clock calibration mode
	9.3.3 Low Power Timer Mode

	9.4 Software operation process
	9.4.1 RCH Clock Automatic Calibration Example
	9.4.2 RCL Clock Automatic Calibration Example

	9.5 Register description
	9.5.1 Register list
	9.5.2 Autoload Register (CTRIM_ARR)
	9.5.3 Error Counter Register (CTRIM_CNT)
	9.5.4 Control Register 0 (CTRIM_CR0)
	9.5.5 Control Register 1 (CTRIM_CR1)
	9.5.6 Interrupt Enable Register (CTRIM_IER)
	9.5.7 Interrupt and Status Register (CTRIM_ISR)
	9.5.8 Interrupt Status Clear Register (CTRIM_ICR)
	9.5.9 Error Result Register (CTRIM_FCAP)
	9.5.10 TRIM result register (CTRIM_TVAL)
	9.5.11 Error Upper Limit Register (CTRIM_FLIM)


	10 FLASH Controller (FLASH)
	10.1 Overview
	10.2 Capacity division
	10.3 Read wait period
	10.4 FLASH operation (read, write, erase)
	10.4.1 Page Erase (Sector Erase)
	10.4.2 Full Chip Erase (Chip Erase)
	10.4.3 Write operation (Program)
	10.4.4 Read operation (Read)
	10.4.5 Cache function

	10.5 FLASH security protection
	10.5.1 Page Erase Protection
	10.5.2 PC address erase and write protection
	10.5.3 Register write protection
	10.5.4 Data Readout Protection

	10.6 Register description
	10.6.1 Register list
	10.6.2 Control Register (FLASH_CR)
	10.6.3 Wait period setting (FLASH_WAIT)
	10.6.4 LOCK status register (FLASH_LOCKSTATE)
	10.6.5 CACHE control register (FLASH_CACHE)
	10.6.6 Interrupt Enable Register (FLASH_IER)
	10.6.7 Interrupt Flag Register (FLASH_IFR)
	10.6.8 Interrupt Flag Clear Register (FLASH_ICR)
	10.6.9 Bypass sequence register (FLASH_BYPASS)
	10.6.10 Sector Erase and Write Protection Register (FLASH_SLOCK0)
	10.6.11 Sector Erase and Write Protection Register (FLASH_SLOCK1)


	11 RAM Controller (RAM)
	11.1 Overview
	11.2 Functional description
	11.2.1 RAM address range


	12 DMA Controller (DMAC)
	12.1 Introduction to DMAC
	12.2 DMAC main characteristics
	12.3 DMA functional block diagram
	12.4 Functional description
	12.4.1 DMAC transfer modes
	12.4.2 DMA software block transfer mode
	12.4.3 DMA software Burst transfer mode
	12.4.4 DMA hardware block transfer mode
	12.4.5 DMA hardware Burst transfer mode
	12.4.6 DMA transfer paused
	12.4.7 DMA other configuration
	12.4.7.1 Data width
	12.4.7.2 Block size
	12.4.7.3 Number of data blocks
	12.4.7.4 channel priority
	12.4.7.5 Auto reload

	12.4.8 DMA Interrupt

	12.5 Registerdescription
	12.5.1 Register list
	12.5.2 All Channel Configuration Register (DMAC_CONF)
	12.5.3 Channel x Configuration A Register (DMAC_CONFAx)
	12.5.4 Channel x Configuration B Register (DMAC_CONFBx)
	12.5.5 Channel x Transfer Source Address Register (DMAC_SRCADRx)
	12.5.6 Channel x Destination Address Register (DMAC_DSTADRx)


	13 Composite Timer (CTIM)
	13.1 Overview
	13.1.1 BTIM main characteristics
	13.1.2 GTIM main characteristics

	13.2 BTIM function description
	13.2.1 Functional block diagram
	13.2.2 Filter unit
	13.2.3 Counting unit
	13.2.4 Timer mode
	13.2.5 Counter mode
	13.2.6 Trigger start mode
	13.2.7 Gating mode
	13.2.8 Timer Cascading
	13.2.9 Interrupt

	13.3 GTIM function description
	13.3.1 Functional block diagram
	13.3.2 filter unit
	13.3.3 Counting unit
	13.3.4 Timer mode
	13.3.5 Counter mode
	13.3.6 Trigger start mode
	13.3.7 Gating mode
	13.3.8 Compare capture function
	13.3.8.1 Capture function
	13.3.8.2 Compare function

	13.3.9 DMA trigger
	13.3.10 Interrupt
	13.3.11 On-chip peripheral interconnection

	13.4 BTIM register description
	13.4.1 Register list
	13.4.2 Reload register (BTIMx_ARR) (x=0~8)
	13.4.3 Count register (BTIMx_CNT) (x=0~8)
	13.4.4 Control Register (BTIMx_CR) (x=0~8)
	13.4.5 Interrupt enable (BTIMx_IER) (x=0~8)
	13.4.6 Interrupt Flag Register (BTIMx_IFR) (x=0~8)
	13.4.7 Interrupt Flag Clear Register (BTIMx_ICR) (x=0~8)
	13.4.8 Composite Interrupt Flag Register (BTIM_AIFR)
	13.4.9 Composite Interrupt Flag Clear Register (BTIM_AICR)

	13.5 GTIM register description
	13.5.1 Register list
	13.5.2 Reload Register (GTIM_ARR)
	13.5.3 Count register (GTIM_CNT)
	13.5.4 Control Register 1 (GTIM_CR1)
	13.5.5 Control Register 0 (GTIM_CR0)
	13.5.6 Interrupt Enable Control Register (GTIM_IER)
	13.5.7 Interrupt Flag Register (GTIM_IFR)
	13.5.8 Interrupt Flag Clear Register (GTIM_ICR)
	13.5.9 Compare Capture Control Register (GTIM_CMMR)
	13.5.10 Compare Capture Register (GTIM_CCRy) (y=0,1,2,3)


	14 Advanced Timer (ATIM)
	14.1 Overview
	14.2 Main characteristics
	14.2.1 Main features of ATIM3
	14.2.2 Main features of ATIM0

	14.3 Functional description
	14.3.1 Timer clock
	14.3.2 Timer counter
	14.3.3 Timer Prescaler
	14.3.4 Mode 0 count timer function
	14.3.4.1 Functional block diagram
	14.3.4.2 Count waveform
	14.3.4.3 Counting function
	14.3.4.4 Timing function
	14.3.4.5 Timing diagram
	14.3.4.6 Buzzer function
	14.3.4.7 Setup example

	14.3.5 Mode 1 pulse width measurement PWC
	14.3.5.1 PWC functional block diagram
	14.3.5.2 PWC waveform measurement timing diagram
	14.3.5.3 PWC one-shot mode
	14.3.5.4 Setup example

	14.3.6 Mode 2/3 compare capture mode
	14.3.6.1 Counter
	14.3.6.2 Counter waveform
	14.3.6.3 Repeat count
	14.3.6.4 Data cache
	14.3.6.5 Compare output OCREF
	14.3.6.6 Independent PWM output
	14.3.6.7 Complementary PWM output
	14.3.6.8 PWM output with dead zone
	14.3.6.9 Single pulse output
	14.3.6.10 Compare interrupt
	14.3.6.11 Capture input
	14.3.6.12 Setup example

	14.3.7 Mode 2/3 Slave Mode
	14.3.7.1 Gated count
	14.3.7.2 Trigger function
	14.3.7.3 Reset count

	14.3.8 Quadrature code counting function
	14.3.9 Timer triggers ADC
	14.3.10 Brake control
	14.3.11 Interrupt
	14.3.12 Timer interconnection
	14.3.13 input interconnection

	14.4 Register description
	14.4.1 Register list
	14.4.2 Mode 0 Register Description
	14.4.2.1 Auto-Reload Register (ATIMx_ARR)
	14.4.2.2 16 -bit Mode Count Register (ATIMx_CNT)
	14.4.2.3 32- bit Mode Count Register (ATIMx_CNT32)
	14.4.2.4 Control Register (ATIMx_M0CR)
	14.4.2.5 Interrupt Flag Register (ATIMx_IFR)
	14.4.2.6 Interrupt Flag Clear Register (ATIMx_ICLR)
	14.4.2.7 Dead Time Register (ATIMx_DTR)

	14.4.3 Mode 1 Register Description
	14.4.3.1 16 -bit Mode Count Register (ATIMx_CNT)
	14.4.3.2 Control Register (ATIMx_M1CR)
	14.4.3.3 Interrupt Flag Register (ATIMx_IFR)
	14.4.3.4 Interrupt Flag Clear Register (ATIMx_ICLR)
	14.4.3.5 Master-Slave Mode Control Register (ATIMx_MSCR)
	14.4.3.6 Output Control Filtering (ATIMx_FLTR)
	14.4.3.7 Control Register (ATIMx_CR0)
	14.4.3.8 Compare Capture Register (ATIMx_CCR0A)

	14.4.4 Mode 2,3 register description
	14.4.4.1 Auto-Reload Register (ATIMx_ARR)
	14.4.4.2 16 -bit Mode Count Register (ATIMx_CNT)
	14.4.4.3 Control Register (ATIMx_M23CR)
	14.4.4.4 Interrupt Flag Register (ATIMx_IFR)
	14.4.4.5 Interrupt Flag Clear Register (ATIMx_ICLR)
	14.4.4.6 Master-Slave Mode Control Register (ATIMx_MSCR)
	14.4.4.7 Output Control/ Input Filtering (ATIMx_FLTR)
	14.4.4.8 ADC Trigger Control Register (ATIMx_ADTR)
	14.4.4.9 Channel 0 Control Register (ATIMx_CRCH0)
	14.4.4.10 Channel 1/2 Control Register (ATIM3_CRCH1/2)
	14.4.4.11 Dead Time Register (ATIMx_DTR)
	14.4.4.12 Repeat Count Register (ATIMx_RCR)
	14.4.4.13 Channel 0 Compare Capture Register (ATIMx_CCR0A/B)
	14.4.4.14 Channel 1/2 Compare Capture Register (ATIM3_CCR1/2 A/B)
	14.4.4.15 Channel 3 Compare Capture Register (ATIM3_CCR3)
	14.4.4.16 Channel 3 Control Register (ATIM3_CRCH3)



	15 Independent Watchdog (IWDT)
	15.1 Overview
	15.2 Main characteristics
	15.3 Functional description
	15.3.1 Functional block diagram
	15.3.2 Window watchdog mode
	15.3.3 Independent Watchdog Mode
	15.3.4 Watchdog overflow handling
	15.3.5 Watchdog timeout
	15.3.6 Watchdog stop and run again
	15.3.7 Register write protection

	15.4 Programming example
	15.4.1 Configure IWDT as window watchdog
	15.4.2 Configure IWDT as an independent watchdog
	15.4.3 Watchdog timeout (10kHZ independent clock)

	15.5 Register description
	15.5.1 Register list
	15.5.2 Key-value register (IWDT_KR)
	15.5.3 Control Register (IWDT_CR)
	15.5.4 Reload Register (IWDT_ARR)
	15.5.5 Status Register (IWDT_SR)
	15.5.6 Window Register (IWDT_WINR)


	16 Window Watchdog (WWDT)
	16.1 Overview
	16.2 Main characteristics
	16.3 Functional description
	16.3.1 Functional block diagram
	16.3.2 enable watchdog
	16.3.3 Configure watchdog timeout
	16.3.4 Update down counter
	16.3.5 Pre-flow interrupt

	16.4 Programming example
	16.5 Register description
	16.5.1 Register list
	16.5.2 Control Register 0 (WWDT_CR0)
	16.5.3 Control Register 1 (WWDT_CR1)
	16.5.4 Status Register(WWDT_SR)


	17 Universal Synchronous/ Asynchronous Receiver Transmitter (USART)
	17.1 Overview
	17.2 Main characteristics
	17.2.1 Asynchronous Serial Port Features
	17.2.2 Synchronous Serial Port Features
	17.2.3 Smart Card Interface Features
	17.2.4 Infrared Communication Features
	17.2.5 LIN Characteristic

	17.3 Functional description
	17.3.1 Communication baud rate programming
	17.3.1.1 Asynchronous serial communication baud rate programming example

	17.3.2 Auto baud rate detection
	17.3.3 DMA continuous communication
	17.3.4 Hardware flow control
	17.3.5 Multi-function timer counter
	17.3.5.1 General purpose timing function
	17.3.5.2 Receive timeout count function
	17.3.5.3 Receive inter-frame timeout counting function
	17.3.5.4 Synchronous interval measurement function
	17.3.5.5 Auto baud rate detection function

	17.3.6 Interrupt
	17.3.7 Asynchronous serial port mode
	17.3.7.1 Functional block diagram
	17.3.7.2 Data format
	17.3.7.3 Transmitter
	17.3.7.4 Receiver
	17.3.7.5 Single wire half duplex
	17.3.7.6 Multiprocessor communication
	17.3.7.7 Send data programming example
	17.3.7.8 Receive data programming example

	17.3.8 Synchronous serial port mode
	17.3.8.1 Clock
	17.3.8.2 Data format
	17.3.8.3 Transmitter
	17.3.8.4 Receiver
	17.3.8.5 Send and receive data at the same time
	17.3.8.6 Precautions for synchronous serial port mode

	17.3.9 Smart Card (7816) Mode
	17.3.9.1 Connection Diagram
	17.3.9.2 Clock
	17.3.9.3 Data format
	17.3.9.4 Initial setting procedure of smart card
	17.3.9.5 Smart card mode action description

	17.3.10 infrared mode
	17.3.10.1 IR mode 1: IR pulse width for baud rate period,3-16.
	17.3.10.2 Infrared mode 2: 38K modulation with adjustable duty cycle

	17.3.11 LIN mode
	17.3.11.1 Feature Brief
	17.3.11.2 LIN data format
	17.3.11.3 LIN send
	17.3.11.4 LIN Receive


	17.4 Registerdescription
	17.4.1 Register list
	17.4.2 Control Register 1 (USART_CR1)
	17.4.3 Control Register 2 (USART_CR2)
	17.4.4 Control Register 3 (USART_CR3)
	17.4.5 Baud rate register (USART _ BRR)
	17.4.6 Timing counter register(USART_TOR)
	17.4.7 Status register (USART _ SR)
	17.4.8 Transmit Data Register(USART_TDR)
	17.4.9 Interrupt Enable Register(USART_IER)
	17.4.10 Interrupt Flag Clear Register(USART_ICR)
	17.4.11 Receive Data Register(USART_RDR)
	17.4.12 Address Register(USART_ADDR)
	17.4.13 Address Mask Register(USART_ADDMR)
	17.4.14 Baud rate detection value register(USART_BDR)
	17.4.15 Infrared Modulation Register(USART_IR)


	18 Cyclic redundancy check (CRC)
	18.1 Overview
	18.2 Main characteristics
	18.3 Functional description
	18.3.1 Operating mode
	18.3.2 Encoding
	18.3.3 Write bit width

	18.4 Programming example
	18.4.1 CRC-16 encoding mode
	18.4.2 CRC-16 check mode
	18.4.3 CRC-32 encoding mode
	18.4.4 CRC-32 check mode

	18.5 Registerdescription
	18.5.1 Register list
	18.5.2 Control and Status Register (CRC_CSR)
	18.5.3 Results register (CRC_RESULT)
	18.5.4 Data Register (CRC_DR)


	19 Analog-to-Digital Converters (ADC)
	19.1 Module Introduction
	19.2 ADC block diagram
	19.3 Conversion Timing and Conversion Speed
	19.4 Single conversion mode
	19.5 Scan conversion mode
	19.5.1 Sequential Scan Single Conversion Mode
	19.5.2 Sequential Scan Continuous Conversion Mode
	19.5.3 Sequential scan discontinuous conversion mode
	19.5.4 Scan conversion triggers DMA read

	19.6 Continuous Conversion Accumulation Mode
	19.7 ADC conversion external trigger source
	19.8 ADC conversion result comparison
	19.9 ADC interrupt
	19.10 Measure ambient temperature using a temperature sensor
	19.11 Registerdescription
	19.11.1 Register list
	19.11.2 ADC Analog Device Select Register (ADC_BGR)
	19.11.3 ADC Basic Configuration Register 0(ADC_CR0)
	19.11.4 ADC Basic Configuration Register 1 (ADC_CR1)
	19.11.5 ADC Sequential Scan Conversion Channel Configuration Register 0 (ADC_SQR0)
	19.11.6 ADC Sequential Scan Conversion Channel Configuration Register 1 (ADC_SQR1)
	19.11.7 ADC Sequential Scan Conversion Channel Configuration Register 2 (ADC_SQR2)
	19.11.8 ADC conversion result (ADC_RESULT)
	19.11.9 ADC conversion result accumulation value (ADC_RESULTACC)
	19.11.10 ADC Compare Upper Threshold (ADC_HT)
	19.11.11 ADC Compare Lower Threshold (ADC_LT)
	19.11.12 ADC Interrupt Enable (ADC_IER)
	19.11.13 ADC Interrupt Flag Register (ADC_IFR)
	19.11.14 ADC Interrupt Clear Register (ADC_ICR)
	19.11.15 ADC External Interrupt Trigger Source Configuration Register 0 (ADC_EXTTRIGGER0)
	19.11.16 ADC Single Conversion Start Control Register (ADC_SGLSTART)
	19.11.17 ADC Sequential Scan Conversion Start Control Register (ADC_SQRSTART)


	20 Analog Voltage Comparator (VC)
	20.1 Introduction
	20.2 Main features
	20.3 Functional description
	20.3.1 Functional block diagram
	20.3.2 Setup / Response Time
	20.3.3 Hysteresis function
	20.3.4 Compare Results Polarity Configuration
	20.3.5 window compare function
	20.3.6 Filter description

	20.4 Registerdescription
	20.4.1 register list
	20.4.2 Control Register 0 (VC_CR0)
	20.4.3 Control Register 1 (VC_CR1)
	20.4.4 Control Register 2 (VC_CR2)
	20.4.5 Status Register (VC_SR)


	21 Low Voltage Detector (LVD)
	21.1 Introduction to LVD
	21.2 Main characteristics
	21.3 Functional description
	21.3.1 Functional block diagram
	21.3.2 Hysteresis function
	21.3.3 Digital filtering

	21.4 Programming example
	21.4.1 LVD configured as low voltage reset
	21.4.2 LVD configured as voltage change interrupt

	21.5 Registerdescription
	21.5.1 Register list
	21.5.2 LVD Configuration Register (LVD_CR)
	21.5.3 LVD Interrupt Register (LVD_SR)


	22 Debug Controller (DBGC)
	22.1 Introduction
	22.2 DBGC system block diagram
	22.3 SW-DP Debug Port(SWD)
	22.3.1 SWD port pin
	22.3.2 SW-DP debug port pin
	22.3.3 Internal pull-ups on SWD pins

	22.4 Register description
	22.4.1 Register list
	22.4.2 Timer Debug Halt Control Register (SYSCTRL_DEBUG)


	23 Device Electronic Signature
	23.1 Product Unique Identifier (UID) Register (48 bits)
	23.2 Product Model Register
	23.3 FLASH capacity register
	23.4 RAM capacity register
	23.5 Pin Count Register

	24 Appendix A SysTick Timer
	24.1 Introduction to SysTick Timers
	24.2 Set SysTick
	24.3 SysTick register
	24.3.1 SysTick Control and Status Register (CTRL)
	24.3.1 SysTick reload register (LOAD)
	24.3.2 SysTick current value register (VAL)
	24.3.3 SysTick calibration value register (CALIB)


	Version Revision History

		2026-08-26T17:02:02+0800
	XHSC




