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Influence of Temperature on the Coupling Efficiency of Spatial
Light into Single Model Fiber
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Abstract Environmental temperature is an important factor which influences the optical antenna system in orbit.
When the temperature changes, the curvatures of the mirrors and the distances between lenses can vary, leading to
the reducing of the coupling efficiency of spatial light into single model fiber. Assuming that temperature cannot
change the imaging quality except for defocus. the model of influence of temperature on coupling efficiency is
established for reflection-type antenna. Based on the model, the numerical simulation of the coupling efficiency is
delivered. In order to verify the model, the related experiment is done. The results show that the calculated value is
in agreement with the experimental results. When the temperature difference increases to 2 ‘C, defocus value
enhances to about 52 pm and the coupling efficiency reduces to about 10%. The results have an important
contribution to the design of the optical receiving antenna of space optical communication.
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Fig. 1 Sketch of the space optical antenna
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Fig. 2 Sketch of receiving antenna after temperature changes
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Table 1 Material and CTE of the element

Element Material CTE /C
M, Fused silica a1 =0.55X10"°
M, Zerodur a=0.1X10"°
Frame 4]32 a; =6.0X10"°
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Table 2 Primary aberrations versus temperature

T /C Defocus /A Astigmatism-x /A Astigmatism-y /A Coma-x /A Coma-y /A Spherical
22.0 —0.041 —0.078 —0.026 0. 180 0. 004 —0.110
22.2 —0.072 —0. 068 —0.045 0. 181 0.003 —0.095
22.4 —0.109 —0.083 —0.041 0.165 0.003 —0. 085
22.6 —0.134 —0.075 —0. 045 0.161 0.004 —0.075
22.8 —0.157 —0.073 —0.038 0.169 0.015 —0.074
23.0 —0.182 —0.081 —0.055 0. 159 0.012 —0. 065
23.2 —0. 211 —0.078 —0.043 0.158 0.014 —0. 049
23.4 —0.238 —0. 085 —0.030 0.139 0.010 —0.056
23.6 —0. 266 —0.079 —0.030 0. 148 0.006 —0. 056
23.8 —0. 286 —0.032 —0.027 0. 140 0.013 —0.054
24.0 —0.311 —0.069 —0.051 0.148 0.019 —0.079
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Table 3 Zernike coefficients of Af

T/C 22.0 22.2 22.4 22.6 22.8 23.0 23.2 23.4 23.6 23.8 24.0
P /A —0.082 —0.141 —0.218 —0.267 —0.314 —0.364 —0.41 —0.475 —0.532 —0.572 —0.621
Af /pm 10.54 16.36  21.48 26.31 30.94  35.87 40.40 46.80 52.412 56.36  61.19
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