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Testing system and modeling simulation based on
high-precision digital temperature sensor

Chen Xianghong Shi Fanping Yang Peng Peng Wei Yang Xiaoqiang Yan Junshan

(The 24th Research Institute of China Electronics Technology Group Corporation, Chongqing 400060, China)

Abstract: This article proposes a high-precision batch temperature measurement system and testing method for low temperature
measurement efficiency of high-precision temperature sensors, the system with the ability testing multiple cores. This article proposes
classification method, binary scanning method, and successive approximation method to calibrate the platinum resistance PT100 for the
low testing accuracy of platinum resistance PT100. After calibration, the maximum temperature measurement error value in the
temperature range of =65 °C to 145 °C is changed from 0. 412 °C to 0. 021 °C, and the temperature measurement accuracy is improved
by 94.9%. Simultaneously, the stability, temperature measurement time, and temperature measurement accuracy of the system are
modeled and simulated. Firstly, Heat transfer modeling is conducted for the outer wall to the inner wall and convective heat transfer of
cold fluid in internal cavity of the thermostatic device respectively. The simulation result shows that the thermostatic device can achieve
heat balance in only 75.2 seconds. Then, the tested circuit heating up, the base heating up, and the calibrated platinum resistance is
modeled by comprehensive thermal simulation. The simulation result shows that the temperature measurement accuracy of the system can
reach to 0. 016 °C. Finally, the external and internal temperatures of several classic high-precision temperature sensors are tested and
verified, and the result shows that the system can test temperature sensors with a temperature measurement accuracy of 0. 031 °C, which
can well meet the temperature measurement requirements.
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Fig. 1 Test schematic diagram
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Table 1 Advantages of temperature measurement system
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Fig. 6 Upper computer control interface of

temperature measurement system
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Fig. 12 Structural diagram of heat dissipating base
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Fig. 14 Thermal simulation diagram of convection heat

transfer time of cold fluid in internal cavity
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Fig. 16  Thermal simulation diagram of

circuit and platinum resistance at 35 C
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Table 2 External temperature test index of foreign

digital temperature sensor (°C)
S DRGSR RORE MEME Wl
MAX1989 60~ 100 — +3.0 — +1.4
MAX6699 0~125 1.0 +3.0 — +1.2
MAX6636 0~125 1.0 +3.0 — +1.2
LTC2991 -40~85 0. 06 +1.5 +0.7 +0.3
TMP461 0~100 0.062 5 +0.75 +0.125 +0. 125

x3 ESMFIREERSENRMKIER

Table 3 Internal temperature test index of foreign

digital temperature sensor (°C)
RS RS REERTE SRR MU KM
MAX6636  0~125 — 6.1~-0.1 — -3.0~-0.1
MAX1989 60~ 100 — +2.0 — +1.0
MAX6699  0~125 — +3.0 — +0.7
ADT7301 -40~125 0.031 25 +3.0 — +0.7
LTC2991 -40~85 0. 06 +3.5 +0.7 +0.7
TMP461 -10~100 0.062 5 +1 +0. 125 +0. 125
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