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1.

Introduction

The GD32 MCU internal temperature sensor generates a voltage that varies linearly with the
chip junction temperature and is connected to the ADC's internal input channel to convert the
output voltage into a digital quantity. This application note describes how to improve the
accuracy of temperature sensors through calibration and user procedures.

1.1. Theoretical analysis of temperature sensor measurement process

The chip integrated temperature sensor has good linear characteristics, and the temperature
range is equal to the operating temperature range of the device. The uncalibrated temperature
sensor is not suitable for applications requiring high precision. The output of the temperature
sensor is connected to the ADC input channel inside the chip. The ADC channel is used to
sample and convert the output voltage data of the temperature sensor. The temperature value
is obtained by further processing the raw data. Generally, the typical voltage value at room
temperature (Vwoom) in the datasheet and the mean slope of the temperature and temperature
sensor voltage curve (Avg_Slope) can be calculated:

temperature(oc)z{vtempenure - Vroom} / AVg_SIOpe+Troom (1 '1)

Viemperature: T€mperature sensor voltage data obtained and calculated from the ADC data
register.

Troom: Normal temperature Indicates the temperature corresponding to the typical voltage.
Note:

1. Different series of calculation formulas may be slightly different, please refer to the relevant
model user manual;

2. The use of high-precision temperature sensors has requirements for ADC clock frequency,
which should not be greater than 5MHz. The high precision temperature sensor series
includes GD32L23x, GD32A503xx, GD32H759xx, etc.

3. When using ADC to collect temperature, sufficient sampling time should be ensured. The
recommended minimum sampling time is shown in the data manual ts_temp;

4. After the temperature sensor is enabled, wait for at least 3 sampling cycles before the ADC
conversion code value is considered valid, and the first 3 conversion data should be discarded;
5. The sampling accuracy of the temperature sensor can be improved by means of hardware
oversampling or software averaging.

Vieom is a statistical data based on the characteristics of the temperature sensor. Due to
individual differences in the manufacturing process, the voltage sampling value at the same
temperature varies greatly from chip to chip (up to 45°C), so the use of this typical voltage
value will result in poor accuracy. In order to visually see the difference between the
uncalibrated internal temperature sensor and the standard high-precision temperature sensor,
two GD32F103VET6 samples were selected, the VREFP was internally connected to the
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VDDA, the system frequency was 72MHz, and the operating voltage was 3.3V. Several
temperature measuring points given in the sample were randomly measured. After the
temperature of each temperature measuring point was stable, the sample waited for 5
minutes, ADC sampled the voltage value of the internal temperature sensor, and measured
the average temperature value for 100 consecutive times. The standard high precision
temperature sensor used for testing has an accuracy of £0.5°C. From the curve trend in the
Figure 1-1. Test results of GD32F103VET6 sample temperature sensor, it can be seen
that the change trend of the internal temperature sensor is basically consistent with that of
the standard high-precision temperature sensor, but there is a certain offset, so the
uncalibrated temperature sensor is only suitable for measuring the relative temperature
change. It is not suitable for measuring absolute temperature.

Figure 1-1. Test results of GD32F103VET6 sample temperature sensor
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The error value of temperature value is related to the noise of the output signal of temperature
sensor and the sampling error of ADC. The ADC sampling error and methods to improve the
accuracy are shown in AN059. The error of the temperature sensor is related to the change
of the supply voltage and the characteristics of the temperature sensor.

In order to improve the accuracy of the GD32 MCU temperature sensor use, temperature
calibration values are provided in some GD32 MCU series, and factory calibration offsets are
stored in the memory read-only area, which is provided in the datasheet. For example,
GD32F527xx, GD32L23x, GD32H759xx (high precision temperature sensor), provides a
normal temperature calibration point, the normal temperature calibration point is a 12-bit
unsigned number (stored in 2 bytes), which can be substituted for the typical value Vroom into
the formula (1-1) calculation. In GD32A503xx, GD32H759xx (general temperature sensor),
two calibration points are provided. Refer to the datasheet, as shown in Table 1-1. GD32xx
Temperature sensor calibration value example, the current MCU temperature and

temperature sensor voltage curve slope can be calculated according to the two calibration
points, then:
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_ (TS_CAL2-TS_CAL1)*3.3

AVg_Slope= —— 5o+ 105-30) (-1)
TS_CAL1*3.3
{Vroom !Troom}= {]T =30} (1 '2)

Take (1-2) and (1-3) into the formula (1-1) for calculation.

Table 1-1. GD32xx Temperature sensor calibration value example
Symbol Parameter Memory address

Temperature sensor raw data acquired
TS_CAL1 |value at 30 °C (¢ 3 °C), Vop = Vopa = VRerP Ox1FFF F7F8 - Ox1FFF F7F9
=3.3V(1.5mV)

Temperature sensor raw data acquired
TS_CAL1 value at 105 °C (£ 3 °C), Vop = Vopa = Ox1FFF F7FA - OX1FFF F7FB
Vrerp = 3.3V (£ 1.5 mV)

1.2. User calibration

In addition to determining the formula and calculating the temperature according to the factory
calibration value, users can also perform user calibration according to the data collected by
themselves. There is a linear relationship between temperature "f(x)" and ADC sampling value
"X", which is assumed to be:

f(x)=ax+b (1-4)

Users can perform user calibration based on the acquired known ADC sampling values and
corresponding temperature values:

Table 1-2. Data collected by users

ADC code value Actual temperature
Xo Yo
X4 y1
X2 Y2
Xn A

According to the least square method. The minimum sum the squares of the errors €=} (f(x;)-
yi)2=§‘,(axi+b-yi)2 as an "optimization criterion". Based on the knowledge of multivariable
calculus, When € to a or b partial derivatives equal to 0, € to minimum value:

%(-::2 ¥ (axi+b-y,)x;=0

(1-5)
%€=2 Y (axi+b-y,)=0

Obtained:
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_NnX(Y)-Zx 2y,
A X 1-6
bzzyi'zxia ( i )

n

When n=2, The above formula is converted into a two-point calibration formula:
Y1-Yo
X1-Xo
_ Y1tYp-(X1+xo)a
b= —

a=
(1-7)

Users can collect more sets of data and calculate the best fitting line according to formula
(1-6).
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2. Several methods to improve sampling accuracy
2.1. MCU adopts high-precision power supply
The influence of voltage source input with different qualities on ADC sampling results is shown
in the figure below. When sampling 100 times, compared with low noise power supply (x2mV)
and USB power supply (20mV), the latter fluctuates widely. Low noise power supply can
improve the stability and accuracy of sampling.
Figure 2-1. Influence of power supply on ADC sampling
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2.2. Improve accuracy through data processing

Since the temperature sensor is a weak voltage source inside the chip, ADC needs enough
time to make the sampling circuit reach the charging-discharge balance and stabilize. For
example, the operator needs to determine the appropriate sampling period and ADC
frequency according to the relevant model manual. In the code, every two seconds, get 100
sample values from the temperature sensor voltage, the 100 values from the largest to the
smallest order, remove the largest 5 values and the smallest 5 values, get the average value
of 90 values. The ADC sampling value of the current temperature is obtained according to
this average value, and the current temperature is calculated according to the formula.
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Table 3-1. Revision history
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1.0 Initial Release Jan.1, 2023
1.1 Update Partial Description Apr.11,2023
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Important Notice

This document is the property of GigaDevice Semiconductor Inc. and its subsidiaries (the "Company"). This document, including any
product of the Company described in this document (the “Product”), is owned by the Company under the intellectual property laws and
treaties of the People’s Republic of China and other jurisdictions worldwide. The Company reserves all rights under such laws and
treaties and does not grant any license under its patents, copyrights, trademarks, or other intellectual property rights. The names and

brands of third party referred thereto (if any) are the property of their respective owner and referred to for identification purposes only.

The Company makes no warranty of any kind, express or implied, with regard to this document or any Product, including, but not
limited to, the implied warranties of merchantability and fitness for a particular purpose. The Company does not assume any liability
arising out of the application or use of any Product described in this document. Any information provided in this document is provided
only for reference purposes. It is the responsibility of the user of this document to properly design, program, and test the functionality
and safety of any application made of this information and any resulting product. Except for customized products which has been
expressly identified in the applicable agreement, the Products are designed, developed, and/or manufactured for ordinary business,
industrial, personal, and/or household applications only. The Products are not designed, intended, or authorized for use as components
in systems designed or intended for the operation of weapons, weapons systems, nuclear installations, atomic energy control
instruments, combustion control instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments,
life-support devices or systems, other medical devices or systems (including resuscitation equipment and surgical implants), pollution
control or hazardous substances management, or other uses where the failure of the device or Product could cause personal injury,
death, property or environmental damage ("Unintended Uses"). Customers shall take any and all actions to ensure using and selling
the Products in accordance with the applicable laws and regulations. The Company is not liable, in whole or in part, and customers
shall and hereby do release the Company as well as it’s suppliers and/or distributors from any claim, damage, or other liability arising
from or related to all Unintended Uses of the Products. Customers shall indemnify and hold the Company as well as it’s suppliers
and/or distributors harmless from and against all claims, costs, damages, and other liabilities, including claims for personal injury or

death, arising from or related to any Unintended Uses of the Products.

Information in this document is provided solely in connection with the Products. The Company reserves the right to make changes,

corrections, modifications or improvements to this document and Products and services described herein at any time, without notice.

© 2024 GigaDevice — All rights reserved

10



	Table of Contents
	List of Figures
	List of Tables
	1. Introduction
	1.1. Theoretical analysis of temperature sensor measurement process
	1.2. User calibration

	2. Several methods to improve sampling accuracy
	2.1. MCU adopts high-precision power supply
	2.2. Improve accuracy through data processing

	3. Revision history

