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1.  Introduction 

The PY32T09x Series Standard Software Library (PY32T09x_Touch_Library_Vxx) includes system con-

figuration, the touch library, peripheral libraries (HAL library), application examples based on the HAL li-

brary, and commonly used external device drivers. This project uses a visual configuration interface, al-

lowing system configuration, touch, peripherals, and external device initialization and parameter configu-

ration to be completed by selecting options and entering parameters. Based on this project for application 

development, users do not need to focus on the initialization process of the system, peripherals, and TK 

related to the chip level. They only need to call the corresponding module functions and data interfaces to 

use the chip’s functions. This allows users to focus solely on application development related to product 

functions, making the development process more intuitive and efficient. Developers unfamiliar with Puya 

MCUs can also easily get started. 

This document will introduce in detail the definitions and usage methods of each functional module in this 

project, enabling developers to gain a comprehensive understanding of the application development pro-

cess based on the standard project. 
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2.  Software Library Structure  

The basic structure of the software library is shown in the figure below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-1 Software library basic structure 
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The correspondence between the main modules in the above software structure diagram and the soft-

ware project directories is as follows: 

 

Figure 2-2 Project directory and driver layer structure 
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Figure 2-3 HAL driver layer file structure 

 

HAL Driver Library 
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Figure 2-4 Touch library software module structure 
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3.  Introduction and Usage of  the Touch Library  

3.1. Introduction to Touch Function Categories  

The touch library supports the following applications: 

 Conventional buttons (sensing elements: springs, PADs, conductive foam, etc.) 

 Waterproof buttons 

 Wheel/Slider 

 Floating control 

 Touch water detection 

 Low-power applications (floating touch and touch water detection do not support touch wake-up) 

3.2. MCU resource requirements 

3.2.1. MCU hardware resources 

The PY32 touch library requires the following hardware resources: 

 SYSTICK timer (non-exclusive) 

 One GPIO per touch channel  

 The waterproof Shield channel occupies one channel IO  

 RTC is required in low-power mode 

3.2.2. MCU software resources 

FLASH and SRAM resources used by the PY32 touch library are shown in the table below: 

Table 3-1 Touch function and channel configuration 

Touch function Flash SRAM Channels 

Conventional buttons 9.36K 1.83K 8(Key) 

Floating buttons 9.34K 1.77K 6(Key) 

Waterproof buttons 11.1K 2.05K 9(Key)+1(Shield) 

Wheel + Slider + Button 12.3K 1.9K 2(Key)+4(Wheel)+4(Slider) 

Slider + Wheel 11.02K 1.83K 4(Wheel)+4(Slider) 

Touch Water Detection 9.94K 1.72K 1(Ref)+1(Detect) 

Note: 1) SRAM usage in the above table includes a 512 Bytes stack 

2) Each additional channel increases SRAM by about 30 Bytes 
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Table 3-2 Touch function timing test data 

Touch Function 

TK fre-

quency 

Frequency 

(MHz) 

Chan-

nel 

Window 

Setting 

Single-Chan-

nel Scan Time 

(us) 

TK Interrupt Re-

sponse Time (us) 

TK Data Pro-

cessing Time 

(us) 

Spring Button 
24 

8 12000 
1000 545 270 

48 500 390 200 

Floating Button 
24 

6 30000 

2500 405 205 

48 1250 290 150 

Waterproof 

Button 

24 

8+1 12000 

1000 700 502 

48 500 500 405 

Slider/Slide 

Bar 

24 
4 12000 

1000 250 100 

48 500 195 70 

Water Detec-

tion 

24 

2 12000 

500 13 60 

48 250 10 53 

Note: 

1. TK sampling time is directly proportional to the window setting value and inversely proportional to 

the touch clock frequency. 

2. With the main frequency fixed, the TK interrupt time and TK data processing time are basically 

proportional to the number of channels. 

3. Taking conventional key scanning with a 24M main frequency as an example, the total sampling 

time for 8 channels is: 8 * 1000us = 8000us. The interrupt response + data processing time is: 545 + 

270 = 815us. Since TK sampling does not occupy CPU time, the proportion of CPU time used by the 

TK task is: 815/8000 = 10.1%. 
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3.3. Touch Library Interface Description 

3.3.1. Data Interface 

Table 3-3 Touch library data interface 

Application 

Category 
Variable Name 

Variable 

Type 
Description 

Standard 

Keys 

TKCtr.KeyFlags 
unsigned 

int 

TKCtr.KeyFlags is a 32-bit unsigned number. Each bit represents the 

trigger status of a touch key. bit0~bit31 correspond to KEY0~KEY31 

respectively. The user program can check the value of the corre-

sponding bit to obtain the key status and perform the corresponding 

operation. 

Waterproof 

Button 

Floating  

Button 

Slider/Wheel 

TKCtr.SliderOr-

WheelPosi-

tion[n] 

signed 

short int 

TKCtr.SliderOrWheelPosition[n] indicates the position information of 

the nth slider/wheel. When the slider/wheel is triggered, the position 

range is: 0 to the set resolution. When the value of TKCtr.SliderOr-

WheelPosition[n] is -1, it indicates that the slider/wheel is not trig-

gered. 

Touch Wa-

ter Detection 

TKCtr.Detec-

tOut 

unsigned 

char 

TKCtr.DetectOut is an 8-bit unsigned number. Each bit represents the 

water level status of a water detection channel. When it is 1, it indi-

cates that the corresponding channel has water. 

3.3.2. Function Interface 

Table 3-4 Touch library function interface 

Function Name Input Parameters Return Value Descriptions 

TK_Init None None 
Touch function initialization API function, called 

before entering the main loop. 

TK_MainFsm None None 
Touch function main state machine API function, 

called in the main loop. 

TK_Timer-

Handler 

uint8_t ms, 

ms indicates the time inter-

val for calling this function, 

in milliseconds. 

None 

This function is called in the timer interrupt ser-

vice routine to provide the time base for the 

touch function. 
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Figure 3-1 Touch library function call code example 
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3.4. Touch library function options and parameter configura-

tion 

3.4.1. Touch key user configuration 

For touch key applications, the touch channels and key trigger threshold values should first be con-

figured. These two configurations are implemented in tk_cfg_user.h, as shown below: 

 

Figure 3-2 Touch key channel and threshold configuration code example 

CH_KEYn corresponds to KEYn_THD. CH_KEYn is 

the channel definition corresponding to KEYn, and 

KEYn_THD is the trigger threshold value of KEYn. 

When the channel data variation defined by CH_KEYn 

is greater than KEYn_THD, KEYn will be triggered. 
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3.4.2. Slider/Wheel user configuration 

Slider/Wheel applications need to configure the application type, channels, resolution, and trigger 

threshold values. These are defined in tk_cfg_user.h, as shown below: 

 

Figure 3-3 Slider/wheel configuration diagram 

 

 

 

 

 

 

 

Slider/Wheel type definition: the slider is defined as TK_APP_SLIDER, 

the wheel is defined as TK_APP_WHEEL. If defined as TK_APP_NONE, 

it means the current slider/wheel is disabled. This touch software library 

supports up to 4 sliders/wheels. 

Note: Sliders/Wheels must be defined in the order of 0~3. For example, 

if two sliders/wheels are enabled, only SLIDER_OR_WHEEL0/1 can be 

defined, and SLIDER_OR_WHEEL0/2 cannot be defined. 

Slider/Wheel resolution definition. If defined as 360, the output position 

range is: 0 ~ 359 

Slider/Wheel trigger threshold definition. If the sum of the variation of any 

two channels of the slider/wheel exceeds this threshold, the slider/wheel 

will be triggered. 

Slider/Wheel channel definition. Each slider/wheel supports up to 8 chan-

nels and must be filled in order. 
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3.4.3. Touch function and parameter configuration 

Touch parameters and function selection can be defined in tk_cfg.h. In actual applications, it is not 

necessary to directly edit the contents of tk_cfg.h; instead, configuration is done in its configuration 

wizard. The configuration wizard is a graphical configuration menu where settings can be completed 

by checking options, selecting from drop-down menus, or entering parameters. 

 

Figure 3-4 Touch regular function configuration 
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Figure 3-5 Touch special function configuration 
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3.5.  User-modifiable touch library callback functions  

The touch software library exposes some function interfaces to users in the form of callback func-

tions so they can be modified to meet more application requirements. These callback functions are 

stored in the tk_user.c file. Common callback functions are listed in the table below: 

Table 3-5 Touch library user callback functions 

Function Name Input Parameters Return Value Descriptions 

EnterStop_Callback None None 

Called before the touch enters low-power mode. If 

the user program needs to perform operations be-

fore entering low-power mode, the corresponding 

code can be added in this function. 

ExitStop_Callback None None 

Called after the touch exits low-power mode. If the 

user program needs to perform operations after ex-

iting low-power mode, the corresponding code can 

be added in this function. 

LoopStop_Callback None None 

Called after data acquisition wakes up in low-power 

mode. If the user program has tasks that need to 

be processed periodically during low-power mode, 

the corresponding code can be added in this func-

tion. 

TK_RawDataCompen-

sate 

Parameter name: chs 

Data type: uint8_t 

Parameter meaning: 

channel index 

Parameter name: raw 

Data type: uint16_t 

Parameter meaning: 

touch data 

Return value: 

Compen-

sated touch 

data 

Used to compensate touch data. For example, 

when the LED turns on or off, the touch data may 

change accordingly. In this case, the touch data 

can be synchronously compensated in this function 

according to the LED state. 

FilterExDeal 

Parameter name: chs 

Data type: uint8_t 

Parameter meaning: 

channel index 

None 

This function is called back when filtering touch 

data; the filter parameters can be adjusted in this 

function according to actual measurements. 

APP_TouchKeyFlags-

Mask 
None None 

This function is used to determine and handle ab-

normal conditions. For example, after a key event 

is generated, check whether interference exists at 

that moment; if there is interference, discard the 

generated key event. 
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Function Name Input Parameters Return Value Descriptions 

TK_ScanDone None 

Return value: 

Whether it is 

necessary to 

switch the 

touch mode 

and reinitial-

ize 

This function is called after touch data acquisition 

is completed to obtain information on whether the 

touch mode needs to be switched. 

TK_UpdatBase-

LineData 

Parameter name: chs 

Data type: uint8_t 

Parameter meaning: 

channel index 

None 

After calling, the baseline value of this channel 

is forcibly updated, suitable for actively releas-

ing the key state when an abnormal condition 

is detected. 
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3.6. Touch application configuration steps and process  

3.6.1. General key application 

Step 1: Set the TK channel corresponding to the key. There are two methods: 

Method 1: Directly fill in the TK channels in order in tk_cfg_user.h, as follows: 

 

 

 

Method 2: Configure the TK channels in the touch debugging host tool PY Touch - Link.exe, then ex-

port tk_cfg_user.h and overwrite the original file. 

 

Figure 3-6 Touch key channel configuration method 1 

①Select chip model 

②Use the mouse on the selected TK channel pins in 

order 

Double-click to select the channel corresponding to the 

key 

 

③Double-click the threshold value cell of the cor-

responding key to set the initial threshold value 
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Figure 3-7 Touch key channel configuration method 2 

Step 2: Compile the program. After compilation is completed, download it to the target board. There 

are two methods to download the program: 

Method 1: Download directly within the KEIL environment, as shown below: (Note: this download 

method requires the download pins to remain configured as the SWD port function) 

 

Figure 3-8 Program download method - KEIL download 

Method 2: Use PY Touch - Link.exe to download, as shown below: 

④Save tk_cfg_user.h and overwrite the original 

file 

 

①Compile 

 

②Program Down-

load 
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Figure 3-9 Program download method 2 - Host computer download 

Step 3: Connect the host debugging tool PY Touch - Link and enter touch debugging mode. 
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Figure 3-10 Touch host computer debugging example 
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Step 4: Touch the key normally with a finger (or copper post), observe the change in touch data, and 

set 60%–70% of the change amount as the trigger threshold. 

 

Figure 3-11 Touch key delta and threshold calculation example 

Example: As shown above, when a finger normally touches KEY0, the change amount is about 114, 

and the threshold can be set to: 114 * 70% = 80. The setting method is as follows: 

 

Figure 3-12 Host computer threshold setting interface example 

  

①Click “Pause” (the threshold value can only be 

changed after pausing) 

③ After setting the threshold value, click “Run”. 

 

②Double-click the threshold value cell corresponding to KEY0 and 

manually enter the set value. 
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Step5: After setting all keys according to Step4, export tk_cfg_user.h and overwrite the original file. 

        

Figure 3-13 Touch configuration file export interface example 

 

Step6 (Optional): Modify the configuration parameters in tk_cfg.h. As shown in the figure, the param-

eters in the red box can be adjusted appropriately according to actual conditions, while the remaining 

parameters can generally keep the default settings. 



PY32T09x Series Touch Application Development Guide  

 

25/53 

 

 

The filter coefficient range is 5–50. The 

smaller the value, the stronger the filtering ca-

pability, but the key response speed will be-

come slower. In practical applications, the fil-

ter coefficient should be set as small as possi-

ble while ensuring a good key response expe-

rience. 

 If the key parasitic capacitance is large and 

the key sensitivity is low, the frequency divi-

sion factor can be increased appropriately. 

During actual debugging, the parameters can 

be adjusted step by step while observing the 

key variation simultaneously. Select a fre-

quency division factor that makes the varia-

tion reach about 90% of the maximum value. 

 

The larger the window, the longer the 

scan time, and the greater the change in 

touch data when a key is pressed. If the 

key response speed is slow, reducing the 

window size appropriately can improve 

the response speed. 

 

 

 

 
 

Some applications require setting a single 

key or limiting the number of simultane-

ous key presses, which can be config-

ured according to actual needs. 

 

 

The internal reference channel can be 

used to detect power supply interference. 

Enabling the internal reference channel 

and setting an appropriate threshold can 

filter out false key triggers caused by ab-

normal power fluctuations, such as 

walkie-talkie interference scenarios. Note: 

This threshold must have sufficient mar-

gin; otherwise, it may affect normal key 

operation or cause the keys to be 

shielded during EMC certification. 
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Figure 3-14 Touch parameter configuration wizard interface example 

Step7: At this point, the configuration of conventional keys is complete. When a key event occurs, 

the corresponding bit of TKCtr.KeyFlags will be set. The user program can check the corresponding 

key flag bit and perform the appropriate operation. 
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3.6.2. Wheel/Slider Application 

Step1: Configure the wheel/slider channels, type, and resolution. There are two methods to achieve 

this. 

Method 1: Select channels, set the wheel/slider type and resolution in PY Touch - Link. After com-

pleting the settings, export tk_cfg_user.h and overwrite the original file (refer to the key application 

section for the export method), as shown in the figure. 

 

 

Figure 3-15 Slider/wheel configuration interface example 

①Follow the order of the slider/wheel channels and 

right-click on the pin to select. 

 

 

②Double-click with the left mouse button to enter the 

selection menu, then choose slider or wheel. 

 

③Double-click the left mouse button on the resolu-

tion cell to enter the settings interface, then input the 

resolution value. 

 

 

 



PY32T09x Series Touch Application Development Guide  

 

28/53 

Method 2: Directly modify it in tk_cfg_user.h, as shown in the figure below. 

 

Figure 3-16 Header file slider/wheel configuration code example 

Step 2: After completing the basic configuration of the slider/wheel, compile the program and down-

load it to the target board, connect PY Touch - Link for debugging, and set an appropriate trigger 

threshold. 

  

 

 

 

Figure 3-17 Slider/wheel configuration interface example 

Step 3: At this point, the slider/wheel configuration is complete. The generated position information is 

stored in TKCtr.SliderOrWheelPosition[n]. The user program can read this value and perform corre-

sponding operations. 

 

 

 

①Slide your finger normally on the slider/wheel and ob-

serve the variation of each channel. 

 

②Double-click to enter the threshold setting interface, and repeatedly 

modify the threshold value until the best operating experience is 

achieved. 

 

③Fill the final determined threshold value into 

tk_cfg_user.h. 
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Figure 3-18 Slider/wheel position information reading code example 

3.6.3. Touch Library Low-Power Application 

Step 1: Enable the touch low-power mode in tk_cfg.h and configure the basic parameters. 

 

Figure 3-19 Low power configuration interface example 

Since touch low power uses LPTIME1 or LPTIME2 as the time base, LPTIME must also be enabled 

and configured first. LPTIME is configured in app_config.h. 

 

Figure 3-20 LPTIME time base configuration interface example 

Step 2: Set the trigger threshold for low-power mode. 

 

Figure 3-21 Low power threshold setting interface example 

Step 3: Download the TK low-power mode program to the target board. Touch the button or slider 

normally with your finger and observe the data variation to determine the threshold. 

 

 

 

①TK Low-Power Enable 

 

 

 

②In debug mode, a larger 

threshold can be set so that 

the program remains running 

in low-power mode, making it 

easier to observe data 

changes in low-power mode. 

①TK Low-Power Debug 

Enable 

②Select LPTIME1 or 

LPTIME2 as the low-power 

clock source. 

③In most cases, the low-

power mode parameters can 

remain at their default values. 

④ Enable LPTIME1 and config-

ure the clock source and interrupt 

time. 
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Figure 3-22 Low power debugging data interface example 

Step 4: Set the threshold according to the debug data, disable debug mode, and re-download the 

program for testing. Fine-tune the threshold based on the actual test results until the best experience 

is achieved. 

  

Figure 3-23 Low power debugging disable configuration example 

3.6.4. Floating Button Application 

The setup method for the floating button application is similar to that of regular buttons, as shown 

below: 

 

Figure 3-24 Floating button configuration interface 

 

 

 

 

 

Data variation when a finger touches in low-power debug 

mode. The threshold is set based on this variation value, 

typically about 50% of the variation.  

Note: The variation of each key is not exactly the same. 

In practice, the key with the smallest variation should be 

used as the reference. 

 

 

 

 

 

During debugging, adjust the size of 

the scan window according to the ac-

tual variation so that the key variation 

reaches above 50. Set the step to 

2000 

 

 

 

If the spacing between keys is rela-
tively small, crosstalk may occur be-
tween keys. 

1. At this time, the baseline update 
mode should be set to MODE1, mean-
ing that when a key is triggered, all 
keys stop updating the baseline. 

2. It can be set to single-key mode to 
avoid key interference. 

 

erference. 
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3.6.5. Waterproof Button Application (with Shield Channel) 

The setup method for waterproof button applications is similar to that of regular buttons. The differ-

ence is that the output compensation must be set to in-phase mode, as shown below. 

Step 1: Increase the division coefficient, modify the compensation output type, and set the Shield 

channel. 

 

Figure 3-25 Waterproof key configuration interface 

Step 2: Enable PRINTF in app_config.h. 

 

Figure 3-26 PRINTF function enable configuration example 

Step 3: After assembling the enclosure, download the program to the target board and connect PY 

Touch - Link. You can see that an additional channel TK_COM appears in the touch key column, 

which represents the Shield channel data. 

 

Figure 3-27 Waterproof key debugging interface and Shield channel data 

Step 4: Press the touch key when there is no water present. The log panel in the lower-left corner of 

the host software will print the following information. 

 

In waterproof mode, the output compen-

sation type needs to be changed to in-

phase. 

 

In waterproof mode there will be mul-
tiple Shield channels, and the para-
sitic capacitance of the channel will 
be larger, so the division coefficient 
needs to be increased. 

 

 

Select the corresponding Shield 
channel according to the hardware 
configuration 

 

Used to set the minimum slope for a 
valid key trigger. When the key 
changes slowly it will be filtered out, 
such as the sensing value change 
caused by slowly flowing water. 

Enable PRINT. Note: The printed information will 
appear in the PY TOUCH - LINK window. Do not 
select UART. 
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Figure 3-28 Touch key log print example in dry state 

Step 5: Press the touch key when water is present. The log panel in the lower-left corner of the host 

software will print the following information. 

 

Figure 3-29 Touch key log print example in wet state 

Step 6: Modify the program according to the ratio obtained from actual measurements 

 

Figure 3-30 Waterproof key ratio parameter configuration code example 

3.6.6. Waterproof key application (without Shield channel) 

When the hardware does not have a Shield channel, basic waterproof logic processing can be imple-

mented through software. 

Step 1: Set other parameters according to the normal key mode. 

Step 2: Enable wipe detection mode and multi-key detection. 

 

The printed meaning is: Channel 0 triggered, the ratio to 
the Shield channel is 156, the key trigger slope is 92, 
and the key variation at the time of triggering is 191. 

 

 

 

The printed meaning is: When the data is stable, the key 
channel changes 3 scan cycles earlier than the Shield 
channel. For a normal key they change synchronously, 
while wiping with a cloth will show a sequential change. 

 

The printed meaning is: Channel 0 triggered, the ratio to 
the Shield channel is 29, the key trigger slope is 101, 
and the key variation at the time of triggering is 233. 

Set the value to the midpoint based on the ratios printed 
for the wet-key and dry-key tests. After setting, perform 
multiple tests to verify whether the parameters are accu-
rate. If the ratio is set too small, a dry key may be 
treated as a wet key, resulting in slower response or re-
sponse on release. If the ratio is set too large, a wet key 
may be treated as a dry key, causing multiple key trig-

gers or false touches. 
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Figure 3-31 Waterproof key configuration interface without Shield channel 

Step 3: Enable PRINTF in app_config.h. 

 

Figure 3-32 Print function enable configuration example 

Step 4: After assembling the enclosure, download the program to the target board, connect to PY 

Touch - Link, and perform key operations. 

 

Figure 3-33 Waterproof key debugging log print example without Shield 

Step 5: Use a cloth to perform simulation testing and check the printed ratio. 

 

 

Figure 3-34 Cloth test log print example   

Multi-key detection is used to actively mask keys 
when multiple key variation values change simulta-
neously, such as when water covers multiple keys or 
when a large flow of water passes over several keys 
and triggers them. 

 

 

 

The printed meaning is: Channel 0 is triggered, the key 
trigger slope is 12, the key variation value at the moment 
of trigger is 105, the difference value when slope calcu-
lation starts is 22, and the data from 22 to 105 took 66 
scan cycles. Since 12 is less than the set slope of 30, 
this key press is invalid. 

Wipe detection is used to detect wiping actions through 
slope detection. 

Enable PRINT. Note: The printed information 
will appear in the PY TOUCH - LINK window. 
Do not check UART. 

 

The printed meaning is: Channel 0 is triggered, the key 
trigger slope is 115, the key variation value at the mo-
ment of trigger is 139, the difference value when slope 
calculation starts is 24, and the data from 24 to 115 took 
10 scan cycles. 
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3.6.7. Touch water detection application 

Step 1: Enable the water detection function and configure the reference channel, water detection 

channel, and basic parameters. 

  

Figure 3-35 Touch water detection function configuration interface 

Step 2: Enable PRINTF in app_config.h; 

 

Figure 3-36 Water detection print enable configuration 

Step 3: Assemble the enclosure and container. Keep the container without water at this time. Down-

load the program to the target board and connect PY Touch - Link. 

  

 

Figure 3-37 Water detection ratio and parameter setting in dry state 

Enable water detection function 

Select reference channel 

Basic parameters, generally keep the de-

fault values 

Enable water detection channel and se-

lect the channel 

Supports multi-channel water detection. 

If more water detection channels are 

needed, refer to Channel 0 for selection 

and configuration. 

PRINT enable. Note: The printed infor-

mation will appear in the PY TOUCH - 

LINK window. Do not select UART. 

The printed ratio value will be displayed in 

PY Touch -  

the “Log” window at the lower left of LINK. 

Enter this ratio value into the corresponding 

water detection channel “No‑water calibra-

tion per mille value”. 
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Step 4: After filling in the calibration value for the no‑water state, recompile and download the pro-

gram. 

 

Figure 3-38 Water detection threshold calculation 

Step 5: Take about 50% of the water‑present change amount and fill it into the “Water‑present 

threshold”. 

 

Figure 3-39 Water detection threshold setting 

Step 6: Download the program again, repeatedly test and fine‑tune the threshold until the best water 

detection effect is achieved. At this point, the water detection function debugging is complete. The 

user program can perform corresponding operations according to the water detection status. 

 

Figure 3-40 Water detection status reading and user program code example 

Pour water into the container until the water level exceeds 

the position of the water detection PAD. At this time, the 

difference value of the detection channel is the change 

amount when water is present. Generally, about 50% of 

the water‑present change amount is taken as the water 

detection threshold. 

 

Fill in the water‑present threshold: 354*0.5 

= 177 
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4.  System conf igurat ion and peripheral  

appl icat ion analysis  

4.1. System Configuration 

4.1.1. Clock configuration 

Configure in app_config.h as shown in the figure: 

               

Figure 4-1 System clock configuration interface 

4.2. Interfaces and usage of peripheral applications 

4.2.1. UART 

4.2.1.1. UART settings interface 

 

 

 

 

System clock prescaler setting. If the CPU 

needs to run at a lower frequency, a pre-

scaler can be set 

APB clock prescaler, generally does not 

need modification 

The configuration method for UART2 and 

UART3 is the same as UART1 

HSI source clock selection 

①UART master enable switch 

②USART1 

③Select TX and RX pins, set the UART 

baud rate, enable UART interrupts, and set 

interrupt priority 

Configuration required after enabling DMA 
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Figure 4-2 UART configuration interface 

4.2.1.2. UART Function Interface Description 

Table 4-1 UART function interface description 

Function Name 

Input Parameters 
Return 

Value 
Note Parameter 

Name 

Data 

Type 

Parameter 

Description 

USARTx_QueueRead data 
uint8_t 

* 

Receive 

pointer; when 

data is availa-

ble, the re-

ceived data 

will be written 

to this 

memory 

Receive 

Status 

Calling this function 

reads one byte of data 

from USARTx; a return 

value of 1 indicates suc-

cessful reception, and 0 

indicates no data; 

USARTx_QueueSend data 
uint8_t 

* 

Data to be 

sent 

Send Sta-

tus 

Calling this function 

sends one byte of data 

through USARTx; a re-

turn value of 1 indicates 

the send was successful, 

and 0 indicates the send 

failed (queue full); 

UARTx_QueueRead data 
uint8_t 

* 

Receive 

pointer; when 

data is availa-

ble, the re-

ceived data 

will be written 

to this 

memory 

Receive 

Status 

Calling this function 

reads one byte of data 

from USARTx; a return 

value of 1 indicates suc-

cessful reception, and 0 

indicates no data; 

UARTx_QueueSend data 
uint8_t 

* 

Data to be 

sent 

Send sta-

tus 

Calling this function 

sends one byte of data 

through USARTx. A re-

turn value of 1 indicates 

the send was successful, 

while 0 indicates the 

send failed because the 

queue is full. 
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Function Name 

Input Parameters 
Return 

Value 
Note Parameter 

Name 

Data 

Type 

Parameter 

Description 

LPUSARTx_QueueRead data 
uint8_t 

* 

Receive 

pointer; when 

data is availa-

ble, the re-

ceived data 

will be written 

to this 

memory 

Receive 

status 

Calling this function 

reads one byte of data 

from USARTx. A return 

value of 1 indicates the 

receive was successful, 

while 0 indicates that no 

data is available. 

LPUARTx_QueueSend data 
uint8_t 

* 

Data to be 

sent 

Send sta-

tus 

Calling this function 

sends one byte of data 

through USARTx. A re-

turn value of 1 indicates 

the send was successful, 

while 0 indicates the 

send failed because the 

queue is full. 

Note: The above UART function interfaces are located in uart_drivers.c. 

4.2.1.3. UART Application Example

 

Figure 4-3 UART application example code   

UART test enable. After enabling, the chip 

can connect to a PC and communicate with 

a serial port assistant. 

 

 

 

Use a serial port assistant to send data; the 

chip receives 64 bytes of data and stores 

them in the rx1_data array 

 

 Send the received 64 bytes back. If the 

data received by the serial port assistant 

matches the transmitted data, it proves that 

UART transmission and reception are func-

tioning correctly. 
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4.2.2. Timers 

4.2.2.1. SysTick 

 The SYSTICK configuration interface is shown below: 

 

Figure 4-4 SYSTICK configuration interface 

 The SYSTICK interrupt service routine is located in main.c, as shown below: 

  

Figure 4-5 SYSTICK interrupt service routine code example 

4.2.2.2. LPTIME1/LPTIME2 

 The LPTIMEx (x=1, 2) timer configuration interface is as follows: 

 

Figure 4-6 LPTIME configuration interface example 

 The LPTIME interrupt callback function is as follows (lptime_driver.c):  

If the user program needs code to be exe-

cuted in the SYSTICK periodic interrupt 

service, the code can be placed in 

user_timer 

 

 

 

 

 

 

①Set the timer period and interrupt priority 

 

 

 

 

 

 

②To test the timing function, select this option 

and choose a test pin. After enabling it, the se-

lected IO will toggle in the SYSTICK interrupt 

service routine. You can use an external oscillo-

scope or logic analyzer to observe the waveform 

of this IO to verify whether the SYSTICK interrupt 

timing is accurate. 

 

 

 

 

 

LPTIME1 enable 

The clock source can be selected as LSI or LSE 

 LPTIME1 timing period, unit: ms 

 LPTIME1 interrupt enable setting 

LPTIME1 interrupt priority setting 

LPTIME1 timer interrupt test, IO toggling can 

be selected within the interrupt 
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Figure 4-7 LPTIME interrupt callback function code example 

4.2.2.3. TIMx (x=1, 2, 3, 15, 16, 17) 

Function mutual exclusion: The PWM, timer, and input capture functions of TIMx cannot be used 

simultaneously. 

The TIMx (x=1, 2, 3, 15, 16, 17) timer configuration interfaces are the same. TIM1 is used as an ex-

ample below: 

 

Figure 4-8 TIM1 configuration interface 

Note: The TIMx timer configuration is basically the same as SYSTICK. Please refer to the related 

description of SYSTICK. 

The TIMx timer interrupt service routines are located in timx_drivers.c, as shown below: 

 

Figure 4-9 TIM1 interrupt service routine 
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4.2.2.4. TIMx-PWM (x=1, 2, 3, 15, 16, 17) 

Function mutual exclusion: The PWM, timer, and input capture functions of TIMx cannot be used 

simultaneously. 

The TIMx-PWM configuration interface is shown below: 

 

Figure 4-10 TIM1-PWM configuration interface example 

If it is necessary to adjust the TIMx-PWM duty cycle in an application, the TIMx_PWM_Pulse inter-

face function can be called for configuration. For example, the figure below shows the TIM1 duty cy-

cle adjustment function. 

 

Figure 4-11 TIM1-PWM duty cycle adjustment function code example 

 

Output frequency setting 

Output level setting 

Output resolution setting 

Default output duty cycle 

Output IO configuration 
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4.2.2.5. TIMx-CAPTURE (x=1, 2, 3, 15) 

Mutual exclusion: The PWM, timer, and input capture functions of TIMx cannot be used simultane-

ously. 

The configuration interface for TIMx-CAPTURE (x=1, 2, 3, 15) is the same. TIM1 is used as an ex-

ample below: 

  

Figure 4-12 TIM1 input capture configuration interface example 

 Usage: 

 (1) Configure TIMx as input capture mode (for example, select TIM1-CAPTURE, with the signal input 

pin as PC13). 

 (2) Input the signal to be measured. 

 (3) Directly read the variables to obtain the result: 

  Frequency: Read TIMxCaptue.Freq (for example: TIM1Captue.Freq) 

  Duty cycle: Read TIMxCaptue.Duty (for example: TIM1Captue.Duty) 

 In the following function, the duty cycle and frequency of the input capture can be obtained. 

TIM1 cap-

ture ena-

ble set-

ting 

TIM1 cap-

ture input 

pin 

TIM1 capture enable setting 

TIM1 capture input pin 
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Figure 4-13 Input capture frequency and duty cycle reading code example 

4.2.3. PWM 

The PWM configuration interface is shown below: 

 

 

Output frequency setting 

Output level setting 

Output resolution 

Default output duty cycle 

Output IO settings 
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Figure 4-14 PWM configuration interface 

If it is necessary to adjust the PWM duty cycle in the application, you can call the PWM_Pulse_Con-

fig interface function to configure it. 

4.2.4. Watchdogs 

The watchdog configuration interface is shown below: 

 

By default, the program feeds the watchdog in the main loop. 

 

Figure 4-15 Watchdog configuration interface and feed dog code example 
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4.2.5. PVD (Low Voltage Detection) 

The configuration interface is as follows: 

 

The voltage detection service function is shown below. 

 

Figure 4-16 PVD configuration and callback function 

4.2.6. ADC 

The ADC configuration interface is as follows: 

 

ADC Enable 

 

 

 

 

 

ADC Sampling Interval Setting 

 

 

 

 

 

Enable ADC Channel 

 

 

 

 

 

 

 

Detection Voltage Settings 

 

 

 

 

 

Interrupt Settings 

 

 

 

 

 

 

 

 
 

Reference Voltage Settings 
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Figure 4-17 ADC channel configuration interface 

After sampling is completed, the ADC_Callback function will be called. 

 

Figure 4-18 ADC conversion complete callback function example 

                  

4.2.7. DMA 

DMA configuration interface. It cannot be used independently and must be used together with periph-

erals. 

 

Figure 4-19 DMA channel configuration interface 

  

 

 

 

 

 

DMA Channel Enable 

 

 

 

 

 

Peripheral Selection for DMA 

Mapping 

 

 

 

 

 

Source Address Mode Selection 

 

 

 

 

 

Destination Address Mode Se-

lection 

 

 

 

 

 

Transfer Width Setting 
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4.3. Typical Application Drivers 

4.3.1. Digital Tube / LED Driver 

4.3.1.1. Common Cathode Digital Tube / LED Driver 

The typical circuit for a common cathode digital tube / LED is as follows: 

 

Figure 4-20 Common cathode digital tube typical circuit 

The configuration interface is shown below: 

 

Figure 4-21 Common cathode digital tube/LED setting interface 

Application example (smg_task.c) is as follows: 

SMG Enable 

 

 

 

 

 

Time-division scanning between TK and LED can be configured; ena-

ble this mode when LED scanning severely interferes with TK. Note: 

This mode will reduce the duty cycle of LED scanning to some extent, 

thereby affecting LED brightness. 

 

 

 

 

 

COM pin selection; the pins available in the drop-

down menu are all high sink-current pins. 

 

 

 

 

 

SEG pin selection; any GPIO can be selected 
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Figure 4-22 Common cathode digital tube/LED application example 

4.3.1.2. Matrix LED Driver 

A typical circuit for a matrix LED is shown below. For different matrices, the addresses corresponding 

to the LEDs are consistent. 

7X8 matrix, 7X7 matrix, 6X7 matrix, 6X6 matrix, 5X5 matrix, 4X4 matrix 

 

Figure 4-23 Matrix LED typical circuit diagram 

LED display configuration buffer: 

  

 

 

The data in the array smg_data corresponds to the dis-

play content of the seven-segment display/LED. In ap-

plication, simply write data to smg_data. 
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Control whether the LEDs are on by controlling the led_data buffer. 1: On; 0: Off. 

Table 4-2 Matrix LED display configuration buffer 

Buffer BIT0 BIT1 BIT2 BIT3 BIT4 BIT5 BIT6 BIT7 

led_data[0] D0 D1 D2 D3 D4 D5 D6 D7 

led_data[1] D8 D9 D10 D11 D12 D13 D14 D15 

led_data[2] D16 D17 D18 D19 D20 D21 D22 D23 

led_data[3] D24 D25 D26 D27 D28 D29 D30 D31 

led_data[4] D32 D33 D34 D35 D36 D37 D38 D39 

led_data[5] D40 D41 D42 D43 D44 D45 D46 D47 

led_data[6] D48 D49 D50 D51 D52 D53 D54 D55 

 

The configuration interface is as follows: 

 

Figure 4-24 Matrix LED setting interface 

4.3.2. User data storage 

The setup interface and steps are as follows: 

 

Figure 4-25 User data storage configuration and code example 

 

 

 
 

 

Matrix LED driver enable 

 

 

 

 

 

Enable time-division scanning for TK and LED 

 

 

 

 

 

Set the size of the scan matrix 

 

 

 

 

 

Set the number of LEDs lit in each scan; 

the more LEDs, the higher the corre-

sponding duty cycle and the brighter the 

display 

 

 

 

 

 

Any pin can be selected as the drive pin 

 

 

 

 

 

 

Enable data save function 
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Figure 4-26 WS2812B-like LED driver configuration interface 

4.3.3. WS2812B-like LED driver 

This example uses SPI to emulate the communication timing of addressable RGB LEDs. The setup 

interface is as follows. 

 

 

Figure 4-27 SPI_LED data transfer function 

In the application, the program first loads the data to be sent into the buffer array rgb_data through 

the SPI_LED_RgbLoad function, and then calls the SPI_LED_Transmit function to send the data. 

The SPI_LED_Transmit function is shown as follows: 

 

 

After power-up, read the data at address 0 and print 

it out for verification. 

 

 

 

 

 

In this example, power_count indicates the 

number of power losses. Each time power is 

lost the data increments. When the chip volt-

age is detected to be lower than the set volt-

age, power_count will be stored in the OTP 

area (note: OTP is a dedicated FLASH sector 

with a capacity of 128 bytes). In practical use, 

the user data can be substituted instead. 

 

 

 

 

 

Enable SPI-LED driver 

 

 

 

 

 

Select the communication pin. Note: only the SPI-MOSI 

pin can be selected 

 

 

 

 

 

Set the number of LEDs. The program will define the size of 

the data buffer based on this number 

 

 

 

 

 

 

 

Write data to cache 

 

 

 

 

 

Write the cache to FLASH. Since each FLASH write 

requires an erase, to reduce erase/write cycles it is 

recommended to first write all data to the cache and 

then call this function once to write them at once. 

 

 

 

 

 

Enable DMA transmission; after enabling, the corre-

sponding DMA must be configured 
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Figure 4-28 Buzzer control configuration interface 

4.3.4. Buzzer Control 

The buzzer configuration interface is shown below: 

 

Figure 4-29 BEEP_On function code example 

In the application, the BEEP_On function can be called to control the buzzer. The input parameter is 

the buzzer sounding time, as shown below: 

 

Application Example: 

 

Figure 4-30 Key trigger buzzer application code example 
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5.  User Appl icat ion Programming Interface  

The User_code.c file contains the interface functions for the user application. The interface func tions are 

listed in the table below: 

Table 5-1 User application interface functions 

Function Name Functional overview 

user_init User application initialization. Users can place initialization code in this function. 

user_loop 
This function is called in the main loop. Users can place the code that runs in the main loop in this 

function. 

user_timer 
This function is called in the SYS_TICK interrupt. Users can place code that runs in the timer in this 

function. 

ADC_Callback 
This function is called after ADC conversion is complete. Users can read ADC data and add corre-

sponding processing in this function. 
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6.  Revision History  

Version Date Descriptions 

V1.0 2025.03.20 Initial version 

V1.1 2026.05.19 Updated touch library and application-layer interface development description 
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