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Abstract: According to the structure of gas cavity and the properties of optical components, an accurate
circuit control method of constant temperature and stability control box is designed, and the high—precision
stability control of multi-temperature state inside the box is realized. The temperature control system can be
used to study the variation of gas temperature and gas absorption spectrum parameters, and improve the
detection accuracy of gas concentration. The hardware circuit system including high—precision constant—
current source, two—channel temperature sampling module and conditioning circuit, A/D analog-digital
conversion circuit and semiconductor refrigerator control module is designed. The corresponding system
software is developed to ensure the uniformity of the temperature of the optical cavity. According to the
actual temperature control box parameters, with the proportional integral differential control algorithm as
the core, the temperature change inside the optical cavity is precisely controlled, realizing the optimal
temperature change control fluctuation inside the temperature control box is +0.009 °C and the standard
deviation is lower than 0.006 “C. Temperature control experiments are carried out under seven temperature
states of 16 °C, 20 °C, 24 °C, 28 °C, 32 °C, 36 C and 40 °C respectively using CO, standard gas with a
concentration of 2.00%. The stability of the temperature control system is verified through the
measurement results.

Key words: Tunable diode laser absorption spectroscopy; Temperature control; Current source;
Concentration measurement; Temperature sensor
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Table 1 Selected temperature parameters in the stable period

Time/h Mean Range Minimum Maximum Std. deviation Median absolute deviation

1.0~2.0 15.999 0.020 15.988 16.008 0.003 0.002

3.3~4.3 20.000 0.017 19.991 20.008 0.003 0.002

5.3~6.3 23.999 0.023 23.988 24.011 0.004 0.003

7.5~8.5 27.927 0.024 27.916 27.940 0.004 0.003
9.5~10.5 31.995 0.027 31.981 32.008 0.004 0.003
11.5~12.5 35.917 0.029 35.903 35.932 0.005 0.004
13.5~14.5 39.993 0.035 39.977 40.012 0.006 0.004
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