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Design of three-lens athermalized and cooled midwave

infrared objective

Zhang Ying, Ding Xuezhuan, Yang Bo, Zhang Zongcun, Liu Yinnian
(Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: Infrared optical systems usually work at a large temperature range due to complex environment.
Method of designing three-lens athermalized infrared objective has been introduced. The location of three-
lens objective stop was changed to achieve 100% cold stop efficiency. This structure was combined with
athermalization model to deduce distribution of the initial focal power. Method of lens materials selection
was also given. An example of infrared objective with a 88 mm focal length was designed by this
principle. Its wavelength range is 3 -5 wm and F number is 2.0. The objective has a perfect image
quality. The RMS spot diameter is less than 5 wm, while the MTF reach 0.75@17 Ip/mm. The focal
length, focal plane and image quality keep steady at temperature range from —20 C to +70 C which
shows the feasibility of the design method.
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Fig.1 Structure of three-lens objective
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Tab.1 Optical and thermal properties of infrared

material available

Material Si Ge ZnS ZnSe

Refractive index 3.425 4.001 2.253 2.435
Abbe number 238 103 110 177
Temperature coefficient 159 396 44 63
Dilatation coefficient 3.9 6.1 7.2 7.1
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Tab.2 Technology parameters of the midwave
(=3
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Parameter Value N G
Spectral range/pwm 3.0-5.0 BMG:
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Fig.2 Light path diagram of midwave infrared objective
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Fig.3 Disc of confusion of infrared objective
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Tab.3 Defocusing amount variation along with the

temperature changes

Temperature/ C Defocusing amount/um
-20 37
-10 28

0 20
10 11
20 0
30 6
40 14
50 22
60 31
70 39
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Fig.4 MTF under different temperatures
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Fig.5 Real photo of infrared objective
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Fig.6 Exterior image of midwave infrared objective
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