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Fig. 1. An optical system containing K thin lenses.
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Table 1.  Optical properties of long wave infrared materials.
d£ Y

Material 1;‘ E@m /(mi‘ oc)/(lo’il(f o a0y @/0°
Ge 4.004 5.7 408 130.137  1.653
ZnSe 2.4 7.1 61 36.471 29.55
ZnS 2.186 6.6 41 27.964  77.392
GaAs 3.273 5.7 149 59.866 16.21
AMTIR1 2.494 12 72 36.191 14.236
TRG201  2.493 12.3 62 29.238  15.208
IRG202 2.4913 164 39 9.755 14.285
TRG203  2.582 16.2 39 8.452 16.877
IRG204  2.765 20.9 18 -10.7 10.88
TRG205 2.6 14 70 29.766  15.631
IRG206  2.775 20.7 32 -2.674  10.478
IRG207  2.607 20.3 17 -9.719  9.399
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Table 2. Design specifications of optical system.

Parameters Values
Wavelength/pm 8—14
Focal length/mm 50
FOV/(°) 15.6
F/# 1.43
Operating temperature/C -40—+60
MTF >0.3@30 lp/mm
Depth of focus/um + 44.99
Housing material (g = 23.6 x 1076) AL
Back focal length/mm 40.53
Total length/mm <100
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Fig. 5. Flow chart of athermal design.
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Fig. 7. Axial aberration: (a) Refraction system; (b) diffract-
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Fig. 9. Structure chart of optical system.
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Fig. 10. MTF chart of refractive/diffractive system: (a) 420 °C; (b) —40 C; (c) 460 C.
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Fig. 11. SF gas imaging by infrared multispectral camera: (a) Prototype; (b) background of the experiment on December 31, 2020;

; (d) 2021 4F 01 A

(c) gas imaging results in 5 C environment; (d) background of the experiment on January 27, 2021; (e) gas imaging results in 20 C

environment; (f) gas imaging results in 40 C environment.
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Analysis of influence of long back focal length on athermal
design based on infrared multispectral camera’
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Abstract

Under different ambient temperatures, the thermal aberration certainly affects the imaging quality of
infrared multi-spectral camera. Therefore, an athermalized model of infrared multi-spectral cameras is
established, and in this model the ambient infrared multispectral camera is equivalent to a separated dual-lens
optical system. In the case of the fixed focal length, the influence of the back focal length on the change of the
focal power of the front lens and back lens is analyzed. Now, the variation range of the front and rear lens
interval is assumed to be restricted. When the back focal length is smaller than the focal length, the ratio of the
absolute value of the focal power of the front lens to the absolute value of the focal power of the back lens
decreases with the back focal length increasing. The material of the front lens and the back lens have a longer
interval on the thermogram. When the back focal length is greater than the focal length, the scenario becomes
exactly opposite. Combined with the judgment method of the positive value and negative value of the focal
power on the thermogram, the selection range of materials is constrained by the positive value, negative value,
and absolute value of focal power, thus realizing the rapid selection of the optical materials. This method is
used to design an athermalized infrared multispectral camera with a waveband of 8-14 pm, a focal length of
50 mm, and an F number of 1.4 in a range from —40 °C to +60 “C. Through the simulation analysis, the value
of the athermalized infrared multispectral camera, at the Nyquist frequency of 30 lp/mm reaches 0.39, which is
close to the diffraction limit; the root mean square radius of the diffuse spot is smaller than the Airy spot radius
of 19.17 pum; the axial aberration is less than 0.02 mm, and the design results show that this method can make
the long back-focus infrared optical system maintain stable imaging quality in a large temperature range. The
SF¢ gas is detected experimentally, and the experimental results demonstrate the excellent optical performance

of the system.

Keywords: infrared multispectral camera, long back focal length, athermal design, hybrid refractive-

diffractive system
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