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1.  Introduction 

The PY32 standard software library (PY32_Touch_Library_Vxx) integrates system configuration, touch li-

brary, peripheral library (LL Library), application examples based on the LL Library, and drivers for com-

monly used external components. This project employs a visual configuration interface, allowing initializa-

tion and parameter configuration for the system, touch, peripherals, and external devices by checking op-

tions and filling in parameters. Based on this project for application development, users do not need to 

concern themselves with the initialization processes at the chip level for the system, peripherals, and TK 

(Touch Keys). They only need to call the function and data interfaces of the corresponding modules to 

utilize the chip's functionalities. This enables developers to focus solely on product feature development, 

making the application development process more intuitive and efficient. Even developers unfamiliar with 

Puya MCUs can easily get started and become proficient. 

 

This document will provide a detailed introduction to the definitions and usage methods of each functional 

module in this project, giving developers a comprehensive understanding of the application development 

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

The basic structure of the software library is shown in the following figure:  
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The correspondence between the main modules in the above software structure diagram and the software 

project directory is as follows: 

 

   

  

 

System Configuration 

Peripheral Drivers 

Common Device Drivers 

User Application Program 

Code can be added in the associ-

ated file. 

Peripheral and Common Device 

Driver Examples 

Application Option Configura-

tion 
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3.  Touch Library Introduct ion and Usage  

3.1. Introduction to Touch Function Categories  

The touch library supports the following applications: 

 Conventional Keys (Sensing components: springs, pads, conductive foam, etc.) 

 Waterproof Keys 

 Slider/Wheel  

 Floating Keys 

 Touch Water Detection 

 Low-Power Applications 

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 general-purpose IO per touch channel 

 Waterproof Shield channel requires one channel IO 

 RTC required in low-power mode 

 

 

3.2.2. MCU Software Resources 

The FLASH and SRAM resources occupied by the PY32 touch library are shown in the table 

below: 

 

 

Note: The SRAM usage in the above table includes a 512-byte stack. 

The time required for PY32 touch library sampling and processing is shown in the table below: 

Touch Function FLASH SRAM Channels Remarks 

Conventional Keys 5.83K 1.15K 8(Key) 
SRAM increases by approx. 30 

bytes per additional key 

Floating Keys 6.47K 1.27K 6(Key)  

Waterproof Keys 7.08K 1.38K 9(Key)+1(Shield)  

Wheel + Slider + 

Keys 
8.00K 1.29K 2(Key)+4(Wheel)+4(Slider)  

Slider + Wheel 6.96K 1.23K 4(Wheel)+4(Slider)  

Touch Water De-

tection 
5.79K 1.06K 1(Ref)+1(Detect)  
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Touch Function Scan Mode 

Main 

Fre-

quency 

(MHz) 

Chan-

nels 

Window 

Setting 

Single 

Channel 

Scan 

Time 

(us) 

TK Inter-

rupt Re-

sponse 

Time (us) 

TK Data 

Pro-

cessing 

Time (us) 

Conventional Keys 

Conventional Scan 
24 

8 12000 
1000 195 150 

48 1000 135 105 

Synchronous Scan 
24 

6 2400*20 
4000 3148 143 

48 4000 2245 85 

Waterproof Keys Conventional Scan 
24 

8+1 6000 750 
395 295 

48 277 205 

Slider/Wheel Conventional Scan 
24 

4 6000 500 
92 102 

48 63 71 

Water Detection Conventional Scan 
24 

2 12000 500 
15 73 

48 10 52 

 

Explanation: 

1. TK sampling time is proportional to the window setting value and independent of other factors. 

2. With a determined main frequency, the TK interrupt time and TK data processing time are 

basically proportional to the number of channels. 

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

sampling time for 8 channels is: 8 * 1000us = 8000us. The total interrupt response + data pro-

cessing time is: 195 + 150 = 345us. Since TK sampling does not occupy CPU time, the proportion 

of CPU time occupied by the TK task is: 345 / 8000 = 4.3%. 
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3.3. Touch Library Interface Analysis 

3.3.1. Data Interface 

Application 

Category 
Variable Name Variable Type Description 

Conventional 

Keys 

TKCtr.KeyFlags unsigned int 

TKCtr.KeyFlags is a 32-bit unsigned integer. Each 

bit represents the trigger status of a touch key. Bits 

0 to 25 correspond to KEY0 to KEY25, respec-

tively. The user program can check the value of the 

corresponding bit to obtain the key status and exe-

cute the corresponding operation. 

Waterproof 

Keys 

Floating 

 Keys 

Slider/Wheel 
TKCtr.SliderOr-

WheelPosition[n] 

signed short 

int 

TKCtr.SliderOrWheelPosition[n] represents the po-

sition information of the n-th Slider/Wheel. When 

the Slider/Wheel is triggered, the position range is 

from 0 to the set resolution. A value of -1 for 

TKCtr.SliderOrWheelPosition[n]  indicates no trig-

ger for the Slider/Wheel. 

Touch Water 

Detection 
TKCtr.DetectOut unsigned char 

TKCtr.DetectOut is an 8-bit unsigned integer. Each 

bit represents the water status of a water detection 

channel. A value of 1 indicates the presence of wa-

ter in the corresponding channel. 
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3.3.2. Function Interface 

Function Name Input Parameters 
Return 

Value 
Description 

TK_Init None None 
Touch function initialization API function. Must be called 

before entering the main loop. 

TK_MainFsm None None 
Touch function main state machine API function. Should 

be called within the main loop. 

TK_Timer-

Handler 

uint8_t ms 

ms indicates the time 

interval for calling this 

function, in millisec-

onds. 

None 

This function is called within the timer interrupt service 

routine (ISR) to provide a time base for the touch func-

tionality. 
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3.4. Touch Library Function Options and Parameter Configura-

tion 

3.4.1. Touch Keys User Configuration 

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

figured first. These two configurations are implemented in tk_cfg_user.h, as shown in the following 

figure: 
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3.4.2. Slider/Wheel User Configuration 

Slider/Wheel applications require configuration of application type, channels, resolution, and trig-

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

CH_KEYn corresponds to KEYn_THD. CH_KEYn de-

fines the channel assignment for KEYn, while 

KEYn_THD represents the trigger threshold value for 

KEYn. When the data variation of the channel defined by 

CH_KEYn exceeds KEYn_THD, KEYn will be trig-

gered. 
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Slider/Wheel Channel Definition, 
Each slider/wheel supports a maximum of  8 channels. The 
channels must be defined sequentially in the configuration. 

Slider/Wheel Type Definition, 
The slider is defined as TK_APP_SLIDER, and the wheel is 
defined as TK_APP_WHEEL. If defined as TK_APP_NONE, 
it indicates that the current slider/wheel is disabled. This touch 
software library supports up to 4 sliders/wheels. 
Note:Sliders/wheels must be defined sequentially from 0 to 
3. For example, if two sliders/wheels are enabled, only 
SLIDER_OR_WHEEL0and SLIDER_OR_WHEEL1can be 
defined, whereas defining SLIDER_OR_WHEEL0and 
SLIDER_OR_WHEEL2(skipping index 1) is not allowed. 

Slider/Wheel Resolution Definition, 
If the resolution is defined as 360, the output position range 
will be: 0 to 359. 

Slider/Wheel Trigger Threshold Definition, 
The slider/wheel will be triggered if the sum of the data vari-
ations from any two of its channels exceeds this configured 
threshold value. 
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3.4.3. Touch Function and Parameter Configuration 

Touch parameters and function selections can be defined in tk_cfg.h. In practice, it is not neces-

sary to edit tk_cfg.h directly. Instead, configuration is done through its Configuration Wizard. The 

Configuration Wizard is a graphical configuration menu that allows for configuration by checking 

boxes, selecting from dropdown menus, or entering parameters. 
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3.5. User-Modifiable Touch Library Callback Functions  

The touch software library exposes some function interfaces in the form of callback functions for 

users to modify to meet more application requirements. These callback functions are stored in 

the tk_user.c file. Commonly used callback functions are listed in the table below: 

Function Name Input Parameters Return Value Description 

EnterStop_Callback None None 

This function is called before the touch 

system enters low-power mode. Users 

can add custom code here for any nec-

essary operations required prior to en-

tering the low-power state. 

ExitStop_Callback None None 

This function is called after the touch 

system exits low-power mode. Users 

can add custom code here for any nec-

essary operations required after waking 

up from the low-power state. 

LoopStop_Callback None None 

This function is called after data acquisi-

tion completes and the system wakes 

up within the low-power mode. Users 

can add code for periodic processing 

tasks that need to be executed during 

the low-power mode. 

TK_RawDataCompen-

sate 

Parameter Name:  chs 

Data Type:    uint8_t  

Parameter Meaning: 

Channel Index Compen-

sated touch 

data 

Used to compensate raw touch data. 

For example, if touch data fluctuates 

synchronously with LED state changes 

(on/off), users can implement compen-

sation logic within this function based on 

the current LED status. 

Parameter Name:   

raw 

Data Type:   uint16_t  

Parameter Meaning: 

Touch Data 

FilterExDeal 

Parameter Name:   chs 

Data Type:    uint8_t  

Parameter Meaning: 

Channel Index 

None 

This function is called as callback during 

the touch data filtering process. Users 

can adjust filtering parameters inside 

this function based on real-world meas-

urements and conditions. 

APP_TouchKeyFlags-

Mask 
None None 

This function is used for judging and 

handling abnormal states. For instance, 

after a key press is detected, it can 

check for the presence of interference. If 
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interference is detected, it can discard 

(mask) the generated key press flag. 

TK_ScanDone None 

Indicates 

whether a 

touch mode 

switch and 

re-initializa-

tion is re-

quired. 

This function is called after touch data 

acquisition is complete. It is used to de-

termine if the system needs to switch its 

touch detection mode and perform a re-

initialization. 

PrintfTask None None 

Print interface function. This function is 

called after touch data acquisition and 

subsequent data processing are com-

plete. Users can add relevant code in-

side this function to output touch data 

and status information via UART if print-

ing is required. 

 

  

3.6. Touch Application Configuration Steps and Process  

3.6.1. Conventional Keys Application 

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

Method 1: Fill in the TK channels sequentially directly in tk_cfg_user.h, as shown below: 

   

 

Method 2:Configure the TK channels in the upper computer debugging tool PY Touch-Link.exe, 

then export tk_cfg_user.h to overwrite the original file. 
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Step2:Compile the program. After compilation, download it to the target board. There are two 

methods for downloading the program: 

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

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

 

 

 

① Select the Chip Model 

②Double-click the correspond-
ing TK channel pin in sequence 
to assign the channel to the spe-
cific key. 

③  Double-click the threshold value cell 
corresponding to the target key to set its ini-
tial threshold value. 

④ 保存 tk_cfg_user.h，覆盖原
文件 
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Method 2: Use PY Touch-Link.exe to download, as shown below: 

 

Step3:Connect to the upper computer debugging tool PY Touch-Link and enter touch debugging 

mode. 
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Step4: Normally touch the key with a finger (or copper pillar), observe the change in touch data, 

and set the trigger threshold to 60%–70% of the change value. 

  

 

Example: As shown in the figure above, when a finger normally touches KEY0, the change value 

is about 184. The threshold can be set to: 148 * 70% = 103. The setting method is as follows: 

 

 

Step5: After setting all keys according to Step4, export tk_cfg_user.h to overwrite the original file. 

 ①Click Pause (Threshold values can 
only be modified after pausing.) 

② Double-click the threshold value cell for 
KEY0 to manually enter the set value. 

③  After setting the threshold values, click Run. 
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Step6 (Optional): Modify configuration parameters in tk_cfg.h. As shown in the figure, the param-

eters within the red box can be appropriately adjusted according to the actual situation. Other 

parameters can generally remain at their default settings. 

 

 

 

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

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

corresponding to the key and execute the corresponding operation. 

 

 

  

  

Filter Coefficient Value Range: 5 to 50. 
A smaller value results in stronger filtering capability but 
slower key response speed. In practical applications, while en-
suring satisfactory key operation feel, the filter coefficient 
should be set as small as possible. 

In scenarios where the touch keys exhibits large parasitic 
capacitance and consequently low sensitivity, the frequency 
division coefficient can be appropriately increased. During 
practical debugging, adjust this parameter incrementally 
while simultaneously monitoring the key's response varia-
tion. The optimal value is typically the coefficient that 
achieves approximately 90% of the maximum variation 
value. 

A larger window size results in a longer scan time and a 
larger touch data variation when a key is pressed. If the 
key response speed is slow, appropriately reducing the 
window size can improve the response speed. 

For specific application scenarios, it may be necessary to 
enable single-key mode or set a maximum limit for sim-
ultaneous multi-key detections. These parameters should 
be configured based on practical implementation needs. 

The internal reference channel can be utilized to detect 
power supply interference. Enabling this channel and con-
figuring an appropriate threshold value allows filtering of 
falsely triggered keys caused by abnormal power fluctua-
tions, such as in scenarios involving walkie-talkie inter-
ference. Important: A substantial margin must be reserved 
for this threshold value; otherwise, it may impair normal 
key operation or cause key masking during EMC certifi-
cation. 
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3.6.2. Slider/Wheel Application 

Step1:Configure the Slider/Wheel channels, type, and resolution. There are two methods to 

achieve this: 

Method 1:In PY Touch-Link, select channels, set the Slider/Wheel type and resolution. After con-

figuration, export tk_cfg_user.h to overwrite the original file (export method refers to the key ap-

plication section), as shown below: 

  

               

 

                   

  

① Follow the sequential order of the 
slider/wheel channels, and right-click on 
the pin terminals to assign them. 

 

② Activate the selection menu by double-clicking with the 
left mouse button, and choose either "Slider" or "Wheel" 
from the available options. 

 

③ Double-click the resolution cell with the 
left mouse button to enter the setup inter-
face, then input the resolution value. 
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Method 2:Modify directly in tk_cfg_user.h, as shown below: 

 

           

Step2:After completing the basic Slider/Wheel configuration, compile the program, download it to 

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

old. 

 

   

 

  

Step3:At this point, the Slider/Wheel configuration is complete. The generated position infor-

mation is stored in TKCtr.SliderOrWheelPosition[n]. The user program can read this value and 

execute the corresponding operation. 

 

  

 

① Slide your finger normally on the 
slider/wheel and observe the variation of 
each channel. 

 

② Access the threshold configuration interface 
by double-clicking, then iteratively refine the 
threshold value through testing to achieve the 
best user interaction quality. 

 

③The determined final threshold value 
should be entered into the tk_cfg_user.h 
configuration file. 
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3.6.3. Touch Low-Power Application 

 

Step1: Enable touch low-power mode in tk_cfg.h and configure the basic parameters. 

 

   

Since touch low-power uses RTC as the time base, RTC must also be configured and enabled 

first. RTC is configured in app_config.h. 

 

   

Step2:Set the low-power mode trigger threshold. 

   

 

 

Step3: Download the TK low-power mode program to the target board. Normally touch the key or 

slider with a finger and observe the data change to determine the threshold. 

  

①  Enable TK Low-Power Mode 

②  Generally, the low-power mode parameters can be 
kept at their default values. 

③  Enable the RTC and configure its clock source and inter-
rupt interval. 

①  Enable TK Low-Power Mode 

② In debug mode, a larger threshold value 
can be set to keep the program running in 
low-power mode, facilitating observation of 
data changes under low-power conditions. 
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Step4:Set the threshold based on the debug data, turn off debug mode, re-download the program 

for testing, and fine-tune the threshold based on the actual measured effect until the best experi-

ence is achieved. 

 

  

 

 

 

3.6.4. Floating Keys Application 

The setup method for floating keys applications is similar to conventional keys. The difference is 

that floating keys need to use synchronous scan mode, as shown below: 

 

 

   

 

  

In low-power debug mode, the threshold value 
should be set based on the data variation ob-
served during finger touches. Typically, the 
threshold is set at approximately 50% of the 
variation value. 
 
Note: The variation value may differ across 
keys. In practice, always reference the key with 
the smallest variation to ensure reliable trigger-
ing under low-power conditions. 

Enable synchronous scan mode and config-
ure appropriate window values and scan 
counts. During debugging, adjust the scan 
count based on the actual key data variation, 
ensuring the variation reaches at least 50. 

If the key spacing is relatively close, crosstalk may occur 
between adjacent keys. 
 
1、In this case, set the baseline update mode to MODE1, 
where all keys stop updating their baselines when any key 
is triggered. 
2、Alternatively, enable single-key mode to prevent key 
crosstalk. 
 

The baseline update speed can be appropriately slowed 
down. 
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3.6.5. Waterproof Keys Application 

The setup method for waterproof keys applications is similar to conventional keys. The difference 

is that waterproof keys need to set the output compensation to in-phase mode, as shown below: 

Step1:Increase the frequency division coefficient and modify the compensation output type. 

   

Step 2: Enable waterproofing and set the water detection button response mode. 

   

 

Step3:Enable PRINTF in app_config.h.  

   

Step4:After assembling the housing, download the program to the target board and connect to 

PY Touch-Link. You can see an additional TK_COM channel in the touch keys column; this chan-

nel represents the Shield channel data. When the wet cloth wiping prevention function is needed, 

observe the delta value of this channel during the wet cloth wiping action, enable the wet cloth 

wiping prevention, and fill the value into the wet cloth judgment threshold. 

 

  

 

In waterproof mode, multiple Shield 
channels are utilized, resulting in 
larger parasitic capacitance. There-
fore, it is necessary to increase the 
frequency division coefficient 

Waterproof mode requires 
changing the compensation out-
put type to in-phase mode. 

Select the corresponding Shield chan-
nel based on the hardware design. 
When no dedicated Shield pin is 
available in the hardware, choose 
TK_NONE. 

Set the trigger mode when a key is 
identified as a water-affected key. 
Options include normal triggering or 
key masking. 

Enable the wet cloth protection function. 
This works by monitoring the variation of 
the Shield channel. When the variation 
exceeds the threshold, key triggering is 
masked. This function takes priority over 
normal triggering of water-affected keys. 

Enable PRINT function. Note: Printed infor-
mation will be displayed in the  PY Touch-
Link window. Do not check the UART op-
tion. 
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Step5: Press the touch keys, and the log bar in the lower left corner of the upper computer will 

print information as follows: 

  

  

 

Step6: Modify the program according to the ratio obtained from actual measurement. 

  

 

  

Trigger Type 0: Key 0 triggered with a trigger ratio of 
68. 

After pouring water on the panel and pressing 
the key again: Trigger Type 1: Key 0 triggered 
with a trigger ratio of 18. 

During a water pouring test (continuously 
pouring water onto the panel): Trigger Type 2: 
Key 6 triggered with a trigger ratio of 110. 

In a dry state, the printed ratio when the key is pressed is 
approximately 68. Normally, subtract 20 from this value to 
set the lower threshold, which serves as the demarcation 
point for water-affected keys. Then, add 20 to this value to 
set the upper threshold, which serves as the detection point 
for water splashing. After setting these values, perform mul-
tiple tests to verify the accuracy of the settings. 
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3.6.6. Water Detection Application Using Touch 

Step1: Enable the water detection function, configure the reference channel, water detection 

channel, and basic parameters. 

   

Step2: Enable PRINTF in app_config.h. 

  

Step3: Assemble the housing and container, keeping the container in a waterless state. Download 

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

   

 

Step4: After filling in the reference value for the waterless state, recompile and download the 

program. 

Water Detection Function Enable 

Reference Channel Selection 

Basic Parameters (Generally keep default) 

Water Detection Channel Enable and 
Selection 

Multi-channel water detection is sup-
ported. If more water detection chan-
nels are needed, they can be selected 
and configured by referring to Chan-
nel 0. 

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

The ratio value output by the printing function 
appears in the Log window located in the 
lower-left section of the PY Touch-Link inter-
face. This value should be recorded and input 
into the Dry Calibration Permillage parameter 
for the associated water detection channel. 



Application Development Guide  

 

30/48 

 

  

Step5: Fill in about 50% of the water-present change value into the "Water Present Threshold". 

 

  

 

 

Step6: Re-download the program, test repeatedly 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 execute corresponding operations based on the water detection status. 

 

  

 

  

Pour water into the container until the water level 
exceeds the position of the water detection PAD. At 
this point, the variation detected by the water detec-
tion channel is the water-present variation. Gener-
ally, approximately 50% of this water-present vari-
ation is taken as the water detection threshold value. 

Fill in the water threshold value: 354 × 0.5 
= 177 
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4.  System Configurat 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: 

                                                  

 

 

 

 

4.1.2. Option Bytes 

 

   

  

4.2. Peripheral Application Interfaces and Usage 

4.2.1. UART 

4.2.1.1. UART Setup Interface 

  

 

HSI Source Clock Selection:24 MHz or 48 
MHz options available. 

System Clock Prescaler Configuration: A prescaler 
can be set if the CPU needs to run at a lower fre-
quency. 

APB Clock Prescaler: Generally, no modifica-
tion is required. 

Reset Pin Initial Function Selection (GPIO or 
RST options available) 

Low-Voltage Reset Function Configuration 

Watchdog Function Configuration 

① UART Master Enable 

②UART1 Enable 

③ Select TX/RX pins, set UART 
baud rate, enable UART interrupt and 
configure interrupt priority. 

The configuration method for UART2 
and UART3 is the same as that for 
UART1. 
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4.2.1.2. UART Function Interface Description 

Function Name 

Input Parameters 

Return 

Value 
Description 

Pa-

rame-

ter 

Name 

Data Type Parameter Description 

UART_QueueS-

end 

*UAR

Tx 

UART_Typ

eDef 

Pointer to the UARTx 

register bank Trans-

mission 

Result 

Flag 

Call this function to imple-

ment transmission of a 

single byte of data via 

UARTx. 

*Queu

e 
SqQueue 

Pointer to the transmit 

data queue 

data uint8_t 
Single byte of data to 

be transmitted 

UART_QueueRea

d 

*Queu

e 
SqQueue 

UART receive data 

queue pointer 
Receive 

Queue 

Empty 

Flag 

If the receive queue is not 

empty, calling this function 

reads one byte of data 

from the receive queue. 
*data uint8_t 

Data pointer; the byte 

read from the receive 

queue is assigned to 

the variable pointed to 

by this pointer 

 

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

 

4.2.1.3. UART Application Example 

   

 

  

 

UART Test Enable: After enabling, the chip 
can connect to a PC and communicate with a 
serial port assistant. 

Data can be sent using a serial port assistant. The chip receives 
64 bytes of data and stores it in the rx1_data array. 

The received 64-byte data is then sent 
back. If the data received by the serial port 
assistant matches the sent data, it confirms 
that UART transmission and reception are 
functioning normally. 
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4.2.2. Timer 

4.2.2.1. SysTick 

The SYSTICK setup interface is as follows: 

   

 

 

 

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

 

  

 

  

③To test the timing functionality, 
check this option and select a test pin.  
When checked, the selected IO will 
toggle within the SYSTICK interrupt 
service routine. 
An external oscilloscope or logic an-
alyzer can monitor this IO waveform 
to verify SYSTICK interrupt timing 
accuracy. 

② Set Timing Interval and Interrupt Pri-
ority 
Note: The timing interval must not ex-
ceed 5ms 

①SYSTICK Enable 

If the user program requires code ex-
ecution within the SYSTICK timer 
interrupt service routine, such pro-
grams can be placed in user_timer 
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4.2.2.2. TIM1, TIM14 

The TIMx (x=1, 14) timer setup interface is as follows: 

   

Note: TIMx timer setup is basically the same as SYSTICK, refer to the relevant description of SYSTICK. 

 

 

The TIMx timer interrupt service routines are located in tim1_drivers.c and tim14_drivers.c respectively, as 

shown below: 
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4.2.3. PWM 

The PWM function is integrated into TIMx and is an application mode of TIMx. Note: For TIMx, 

the PWM function and timer function cannot be used simultaneously. 

 

The PWM setup interface is shown below: 

   

 

 

When adjustment of the PWM duty cycle is needed in the application, the following interface func-

tions can be called to set it. 

 

 

  

TIM1 supports a total 
of four PWM channels. 

TIM14 supports only 
one PWM channel. 
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4.2.4. ADC 

The ADC setup interface is as follows: 

   

 

After the ADC initialization is set, the program will perform ADC conversions on the enabled ADC 

channels sequentially at the set time intervals. The collected ADC data is stored in the array 

ADCxConvertedData. The user program can directly obtain ADC data from the ADCxConverted-

Data array and perform corresponding operations. 

                                       

             

  

ADC Enable 

ADC Sampling Interval Setting 

Enable ADC Channels 

ADC channels have a one-to-one corre-
spondence with the data in the ADCxCon-
vertedData array. 
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4.2.5. I2C（Slave Mode） 

The I2C slave mode setup interface is shown below: 

 

 

 

In slave mode, the master can read and write data to the slave. The slave's data is stored in the 

I2C_SRAMarray. I2C master communication should follow the timing below:： 

 

Master Write Operation：  

 

 

Master Read Operation: 

 

 

Note: The "Register Address" is the index of the I2C_SRAMarray, e.g., the address of 

I2C_SRAM[0]is 0.   

  

I2C Slave Mode Enable 

Select I2C Communication Pins 

Set I2C Slave Address 

I2C_start 
Write Slave 
Address + 
Write Bit 

Write 
Register 
Address 

Write 8-bit 
Data 

I2C_stop ... 

I2C_start 

Write 
Slave Ad-
dress + 
Write Bit 

Write 
Register 
Address 

I2C_start I2C_stop 

Write 
Slave Ad-
dress + 
Read Bit ... 

Read 8-bit 
Data 

... 

... 
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4.2.6. RTC 

The RTC setup interface is as follows:  

   

The RTC interrupt callback functions are as follows (driver.c): 

 

  

RTC Enable 

Second interrupt generation time, unit is milliseconds (ms) 

Clock source can be selected as LSI or LSE 

RTC global interrupt enable: both second interrupt 
and alarm interrupt must first enable the RTC global 
interrupt 

RTC alarm interrupt generation time is: second 
interrupt time multiplied by count value 

RTC second interrupt test: can select an IO to tog-
gle within the interrupt 
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4.2.7. Watchdog 

The watchdog setup interface is as follows:  

 

The program defaults to feeds the watchdog within the main loop. 
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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: 

 

The setup interface is as shown below: 

  

 

Application example (smg_task.c) is as follows: 

SMG Enable 

Time-sharing scanning between TK and LED can be configured. 
Enable this mode when LED scanning causes severe interference 
to TK.  
 
Note: This mode may reduce the duty cycle of LED scanning to 
some extent, thereby affecting LED brightness. 

COM Pin Selection: The pins available in the 
dropdown menu are all high sink-current pins. 

SEG Pin Selection: Any GPIO can be selected. 
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4.3.1.2. Matrix LED Driver 

The typical circuit for a matrix LED is as follows; the address corresponding to the LED is consistent for 

different matrices: 

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

  

  

The data in the array smg_data corresponds to 
the display content of the digital tube/LED. In 
application, you only need to write data to 
smg_data. 
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LED Display Configuration Buffer: 

 Control whether the light is on or off by controlling the led_data cache. 1: ON, 0: OFF. 

缓存 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 setup interface is as follows: 

   

 

  

4.3.2. Dedicated Driver IC for Digital Tubes/LEDs 

TM1624 and TM1640 are commonly used digital tubes/LEDs driver ICs. When using a driver IC 

to drive digital tubes/LEDs, it is only necessary to implement communication between the MCU 

and the driver IC and set the corresponding configuration commands and transmission data. Their 

setup interface is as follows: 

   

Matrix LED Driver Enable 

Any pin can be selected as a 
drive pin. 

Set Scanning Matrix Size 

Set the number of LEDs lit per scan. 
The higher the number, the higher the 
corresponding duty cycle and the 
brighter the LEDs. 

TK and LED Time-Sharing Scanning Enable 

Communication Pin 
Selection 
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In application, you only need to call the function TM1624_Display_Update/ TM1640_Display_Up-

dateto update the display content, as shown below: 

 

 

 

 

4.3.3. Infrared Remote Control Reception 

The infrared remote control reception function uses a timer to scan the IO port status for infrared 

signal decoding. The setup interface is as follows: 

 

 

The application can call the function IR_Press to read the received infrared data, as shown below: 

 

4.3.4. User Data Power-Down Storage 

This function uses the ADC to periodically detect the chip's supply voltage. When the supply volt-

age falls below the set threshold, the program stores the user data that needs to be saved into 

FLASH. 

The setup interface and steps are as follows: 

 

  

Remote Control Receiver Pin Selection 

Timer Selection. Note: The timing interval 
must be set to 125μs. 

STEP1: Enable power-off data preservation 
function 

STEP2: Set low-voltage threshold. When the voltage 
falls below this threshold, the data preservation func-
tion will be triggered. 
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Application example: 

  

  

 

  

 

  

STEP3: Enable ADC and set the sampling in-
terval time.  
 
Note: The sampling time should be config-
ured based on the actual power-down dura-
tion, ensuring that data storage is completed 
during the power-down process. 

STEP4: Enable the ADC function to monitor 
the chip's power supply voltage. 

In this routine, power_count represents the 
number of power-down events. Each time a 
power-down occurs, the value increments. 
When the chip voltage is detected to be below 
the set threshold, power_count will be stored in 
the OTP area (Note: OTP is a dedicated FLASH 
sector with a capacity of 128 bytes). In practical 
applications, users can replace this with their 
own data as needed. 

After power-on, read the power_count value 
and print it out for verification. 
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4.3.5. W2812B-like LED Driver 

This example uses SPI to simulate the communication timing of the magic color LED beads. The 

setup interface is as follows: 

   

 

 

In the application, the application program first loads the data to be sent into the cache array 

rgb_data, and then calls the function SPI_LED_Transmit to send the data. The function 

SPI_LED_Transmit is shown below: 

 

  

  

  

Set the number of LED beads. The program will 
define the size of the data buffer based on this 
number. 

Select communication pins. 
Note: Only SPI-MOSI pins can be selected. 

Enable SPI-LED driver 
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4.3.6. Buzzer Control 

The buzzer setup interface is as follows: 

  

 

In the application, the function BEEP_On can be invoked to control the buzzer, with the input 

parameter specifying the buzzer's activation duration, as shown below: 

 

应用实例： 
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5.  User Appl icat ion Program Interface  

The user_code.c file contains the interface functions for the user application program. The interface func-

tions are listed in the table below: 

 

Function Name Functional Description 

user_init 

User application initialization function. Users can place their initialization 

programs within this function. It is typically called once during system 

startup before the main loop begins. 

user_loop 

Main loop task function. This function is called cyclically within the main 

loop. Users can place programs that need to run continuously inside this 

function. 

user_timer 

System tick timer interrupt callback function. This function is called within 

the SYS_TICK interrupt service routine. Users can place time-sensitive 

programs that require precise timing inside this function. 

ADC_Callback 

ADC conversion completion callback function.This function is called after 

the ADC conversion is finished. Users can read the ADC data and add 

corresponding processing programs inside this function. 
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6.  Version history  

Version Date Description 

V1.0 2024.03.20 1. Initial version release 
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