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Thermal frequency stabilization system of He-Ne laser
based on temperature closed-loop feedback
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Abstract: In order to improve the performance of the He-Ne laser in the laser feedback measurement system, and solve the
technical problem that the frequency cannot be stabilized by traditional methods when the laser feedback mirror is constantly
moving, a closed-loop passive frequency stabilization system method based on temperature feedback was adopted to control the
temperature of the laser tube, and the theoretical analysis and experimental verification was conducted. The stability of the system
under different stabilization temperature and ambient temperature difference was studied. The experimental results show that the
best temperature difference of the system is 25. 6°C. After frequency stabilization under this temperature difference, the He-Ne
laser’ s wavelength fluctuation range is 107, that is, the frequency stability reaches 1. 61x 1077, and power drift is less that
3.20%. The system can adjust the frequency stabilization temperature point according to the change of the ambient temperature,
and the frequency stabilization structure is simple, meet the requirements of laser feedback for general application system
stability.
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Fig. 1 Frequency stabilization system laser red copper housing
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Fig.2 Structure diagram of He-Ne laser frequency stabilization system and

the measurement setup
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Fig.3 Temperature curves of the laser tube at 12 PT100
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Fig.4 Temperature diagram of the resonant cavity of a TEC stabilized laser

driven by a thermostat
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Fig.5 Power curve of He-Ne laser after adding frequency stabilization sys-

tem
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Table 1  Analysis of He-Ne laser output optical power after thermal balance

experiment times range/mV
1 148
2 109
3 145
4 107
5 148
6 122
average 130
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Table 2 Comparison of frequency stability of laser frequency stabilization

under 8 times different temperature differences

experiment temperature frequency
limes difference/C range/nm stability
1 25.2 3.83x107* 6.05x1077
2 25.6 1.20x107* 1.90x107’
3 26.0 4.23x107* 6.68x1077
4 26. 4 4.65%107* 7.35%x1077
5 26.8 5.54x107* 8.75%1077
6 27.2 6.88x107* 9.29x1077
7 27.6 3.10x107* 4.90x1077
8 28.0 3.07x107* 4.85%x1077
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Fig.6 Wavelength of the laser after frequency stabilization with a tempera-

ture difference of 25. 6°C

Table 3 Frequency stability repeatability test under a temperature difference

of 25.6C
experiment frequency the maximum amount
times range/nm stability of wavelength drift
1 1.53x107 2.42x1077 2.59x107¢
2 1.03x107 1.61x1077 3.40x107°
3 2.72x107* 4.30x1077 3.10x107¢
4 1.92x10™ 3.03x1077 2.65x107°
5 2.56x107 4.04x1077 3.76x107°
6 3.40x107 5.37x1077 3.08x107°
average 2.19x10™ 3.46x1077 3.10x107°
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