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Design and test-result of re-imaging athermal infrared

optical system

Yu Yang, Jian Yi, Pan Zhaoxin, Jin Yaping, Tang Xinyi
(Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai, 200083, China)

Abstract: The image quality of re-imaging infrared optical system is quite sensitive to temperature,
compared with common optical system,its characteristics and effect was discussesed in the paper. And
the optical-passive design theory of athermalization was described. An instance of a cooled re-imaging
infrared optical system was given, the heating contrast experiment was carried out and the test result was
shown. The athermal ability of the designed optical system and the common non-athermal optical system
were tested by experiment with the same optical parameters such as focal length, field of views etc. The
design result shows that the system is athermalized because the image quality of the system is close to
the diffraction limit in the temperature range —40 C~+80 C without focusing mechanism, and the shift
rate of the focal length is relatively low. The test result shows the athermal ability of this system can
remain its image quality in high temperature environment without refocusing.
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Waveband/pm 7.7-10.3 N
2 >
D/mm 90 o4 T
S -
f//mm 145 =02 (©80°C
Full FOV/(*) 3.2 % 66 132 198 254 330
Working temperature Spatial frequency/cycles-mm
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Tab.2 MTF value & descend ratio

20C -40C 80T
FOV
Value Value Ratio Value Ratio
0 0.603 0.600 0.5% 0.568 5.8%
0.5 0.587 0.577 1.7% 0.572 2.5%
BT &R g0 %
0.7 0.574 0.559 2.6% 0.562 2.1%

Fig.1 Optical system configuration
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Fig.3 Encircled energy curves of different temperature
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Tab.3 Focal length change ratio

Temperature/C Focal length/mm Change ratio

-40 142.008 -2.06%
-20 142.97 -1.4%

0 143.968 -0.71%
20 145.000 0%

40 146.065 0.73%
60 147.162 1.49%
80 148.292 2.27%
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Tab.4 Back focal length adjustive distance

Temperature/C Old BFL New BFL Adjust
—-40 9.012 22 9.022 12 0.0099
-20 9.011 95 9.012 79 0.000 84
0 9.011 67 9.007 06 —-0.004 61
20 9.011 40 9.011 40 0
40 9.01113 9.005 80 —-0.005 33
60 9.010 85 9.010 04 —-0.000 81
80 9.010 58 9.017 41 0.006 83
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Fig.4 Imaging of athermal and non-athermal infrared lenses

at normal temperature
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Fig.5 Imaging of anthermal and non-anthermal infrared lenses

at high temperature
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