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Passive athermal design of dual-band infrared optical system
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Abstract: In order to improve the target detection and recognition ability and enhance the environment
adaptability of infrared optical system, thermal and chromatic properties of infrared optical materials in
MLIR and LWIR were analyzed, acoording to the requirements of optical power distribution, axial
achromatic aberration and athermal aberration in the dual infrared band, properly lens materials were
choosed based on the infrared chromatic diagram. And a dual-band infrared athermal optical system was
designed. The system based on no cooled staring detector, the wavelength spectrum was 3—5 pwm and 8—
12 pwm, The system consisted of four lenses, the effective focal length was 50 mm, the relative aperture
was 1:1.25, the field view was 14° and the total optical focal length was just 67.9 mm. The result shows
that between —50-60 ‘C and at the modulation transform function of 17 Ip/mm is greater than 0.4 both in
MWIR and LWIR, which prove that the system can work correctly at a large temperature range.
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Tab.1 Optical design parameters

Parameter Value
Wavelength/pm 3-5, 8-12
FOV/(°) 14
Effective length/mm 50
F/No. F/1.25
Entrance pupil diameter/mm 40

Temperature range/C -50-60
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Tab.2 Chromatic and thermal properties of infrared

o,[0,1] (6)

materials at 3—5 pm and 8-12 pm

3=5um 8-12 pm
Material Chromatic Thermal Chromatic Thermal
coefficient  coefficient/C  coefficient coefficient/C

Ge 9.11x107%  1.26x10™*  1.16x107°  1.27x10™"
ZnSe 5.65x107* 3.62x107° 1.73x1072 3.63%x107°
ZnS 8.79x107 2.77x107° 4.41x107? 2.76x107°
GaAs 6.9x107* 7.16x107° 9.31x107* 6.78x107°
AMTIR-1  4.75x107* 3.89%x10™ 8.95%x107* 3.61x10™
CdTe 6.13x107 5.28x107 5.78x107 5.34x107
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Fig.1 Chromatic diagram of usual IR materials
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Tab.3 Parameters of dual-band infrared optical

system
Parameter Value
Wavelength/pm 3-5,8-12
FOV/(°) 14
Effective length/mm 50
Image size/mm 12.3
F/No. F/1.25
Overall length/mm 67.9
Backfocal length/mm 23.15
Temperature range/C -50-60
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Fig.5 MTF curves in MWIR at different temperatures
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Fig.6 MTF curves in LWIR at different temperatures
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