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Introduction 

This application note describes general guidelines about the usage and characteristics evaluation 

method of the temperature sensor in the AT32 products, and presents test data for user reference. 

 

Applicable products: 

Part number  AT32 series family  
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1 Overview 

AT32 microcontroller contains a temperature sensor, which generates a voltage that changes 

linearly with temperature and is internally connected to the ADC1_IN16 input channel to convert the 

sensor output voltage into to a digital value. 

 

2 Hints on usage 

The characteristics and specifications of the temperature sensor are available in the datasheet for 

user reference. For example, AT32F413: 

Table 1. Temperature sensor characteristics 

Symbol  Parameters Min. Typ. Max. Unit 

TL Linearity of VTS relative to temperature - ±2 ±5 ºC 

Avg_Slope Average slope -4.13 -4.20 -4.35 mV/ºC 

V25 Voltage at 25 ºC 1.18 1.28 1.38 V 

tSTART Startup time - - 100 μs 

TS_TEMP ADC sampling time when reading the temperature - 8.6 17.1 μs 

Obtain the temperature using the following formula 

Temperature (°C) = {(V25 - VTS) / Avg_Slope} + 25 

Where, 

V25 = VTS value at 25 °C  

Avg_Slope = Average slope for curve between temperature and VTS (unit: mV/°C) 

Where, VTS means that the sensor output voltage through ADC is converted into mV. Then, replace 

V25 with a typical value of 1280 mV, and Avg_Slope with -4.20 mV/°C, then the result can be 

obtained. 

Figure 1 below shows the characteristic curve of the temperature and sensor output voltage (VTS) 

calculated based on typical values. 

Figure 1. Ideal curve between VTS and temperature 
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It should be noted that the offset of temperature sensor V25 varies from one chip to another due to 

process variation. From the above table, there is an error of up to 200 mV between the minimum 

and maximum values, which is equivalent to 47.6 °C if calculated based on the typical value of 

Avg_Slope. Therefore, the internal temperature sensor is most suited to detect temperature 

variations instead of absolute temperatures. If accurate temperature measurements are needed, an 

external temperature sensor should be used.  

In addition, the temperature sensor is a weak voltage source inside the chip. Enough time is 

required for ADC sampling to make the VTS output to achieve the balance of charge and discharge. 

Therefore, the user should refer to the TS_TEMP parameters in the datasheet to set enough sampling 

time for internal temperature sensor in order to obtain a correct conversion value.  

 

3 How to evaluate the characteristics of temperature 
sensor 

The characteristics evaluation of the temperature sensor is done in a special measuring 

environment. To do this test, 10 chips are randomly selected and soldered on a special test board, 

and put in the high-low temperature chamber for operating voltage and temperature tests. Such test 

board uses the ADT7410 precision temperature sensor as the measurement reference source, 

which is an appropriate component for evaluating the temperature sensor characteristics due to its 

0.5 °C accuracy and high resolution. 

Before measuring, first set the high-low temperature chamber to the minimum operating 

temperature of AT32 chip, wait for the temperature to be stable, and then instruct the chamber to 

heat up slowly at a very slow speed. At this time, start the measurement at an interval of 1 °C, and 

sample the results of ADT7410 and AT32 chip temperature sensor several times, average their 

respective sampling values and upload to the host computer. Then, wait for the temperature to rise 

1 °C to repeat the above sampling actions until the temperature reaches to the maximum operating 

temperature of AT32 chip, and then the test stops immediately. The host computer collects the 

values under different temperatures and keep them for the evaluation of Avg_Slope and V25 and 

analysis of the linearity TL. 

 

4 Test data 

Figure 2 below is the performance test result of the temperature sensors of 10 chips under 3.6 V, 

3.3 V and 2.6 V, and it indicates that the Avg_Slope is almost the same for each chip under various 

conditions, but V25 is different among chips, which is the main reason of the offset between the 

measured temperature sensor readings and actual temperature.  

https://www.analog.com/media/en/technical-documentation/data-sheets/ADT7410.pdf


AT32 Temperature Sensor Application 

2022.2.17 7 Ver 2.0.0 

Figure 2. Actual curve between VTS and temperature 
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If the software is used to calibrate the offset or when it is only used as a relative temperature 

measurement, the temperature error (linearity) can reach ±2 °C within the operating temperature of 

-40~105 °C. 

Figure 3. Actual curve of temperature sensor linear characteristics (offset corrected)  

 

If the offset is not corrected or it is used to measure the absolute temperature, the offset of the 

temperature variations curve will vary from one chip to another due to process variation. Based on 

the test result of 10pcs AT32F413 products, the maximum error of V25 can be close to ±10 °C, or 

greater than ±20 °C if taking into account the overall design simulation result. Therefore, it is 

recommended to use the internal temperature sensor for detecting temperature instead of absolute 

temperature measurement.   

This is greatly true to internal temperature sensors of all MCUs. 

Figure 4. Actual curve of temperature sensor linear characteristics (offset not corrected) 
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5 Revision history 

Table 2. Document revision history 

Date  Version  Revision note 

2019.6.6 1.0.0 Initial release 

2020.11.23 1.0.1 Added detailed description and actual test data. 

2022.2.17 2.0.0 Modified VSENSE to VTS. 
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