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Design and Spectral Analysis of Short and Medium-Wave Infrared Filter
for High Resolution Detectors

CHEN Yong, CHEN Xin, ZHANG Yifan, HU Haibo, TAN Ting, LYU Weidong, ZHOU Ji
(Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China)

Abstract: The short- and medium-wave infrared filter is a key device in the acrospace optical remote sensing
camera. The spectral response of the high-resolution detector is determined by the spectral characteristics of
the short- and medium-wave infrared filter. Owing to the gap between the preparation level and theoretical
values, the phenomenon of the spectral angle drift or temperature drift occurs, and the mixed superposition of
high- and low-frequency spectra is formed in the high-resolution detector, resulting in restoration spectral
distortion. This study introduces a design method for a working band of 3.5 um to 4.1 um and the development
of a short- and medium-wave infrared filter for a high resolution detector. To realize the characteristics of dual
band cut-off color separation on the Si substrate (cut-off band wavelength 2.4 um to 3.35 um and 4.25 um to
6.4 um; transmittance of over 98% in passband wavelength 3.5 um to 4.1 pm), the film system structure of the
F-P band-pass filter is used as the initial structure, which effectively reduces the number of film layers
compared with the conventional design concept. The high refractive material of the film is TiO; and the low
refractive material is SiO», to achieve dual band cut-off. The short- and medium-wave infrared filter achieves
the design goal and has the characteristics of dual band cut-off and high band transmittance. In the
environmental test, the short- and medium-wave infrared filter exhibits significant stability, and the matching
degree between the films is appropriate. The short- and medium-wave infrared filter can be applied in some

extreme cases.
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Table 1 Temperature drift test results of cut-off wavelengths

before and after short and medium wave infrared filters

Test Front cutoff Post cutoff
temperature/K  wavelength 1i/um  wavelength Ao/um

293 3.538 4.128
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Table 2 Results of cut-off wavelength angle drift test before and

after short and medium wave infrared filters

Testing Front cutoff Post cutoff
angle/° wavelengthA1/um wavelength A2/um
0 3.535 4.126

6 3.535 4.122

11.9 3.528 4.115
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Table 3  Spectral test results of short and medium wave infrared

T T T T T T T T T T T T
24 27 30 33 36 39 42 45 48 51 54 57 6.0 63

Wavelength/um

filters (b) B surface

Test 2.4~3.5um 35~41pm  4.1~64um Bl 7 FEhkasbEss R A/B T
tempera- Average Average Average Fig.7 Short medium wave infrared filter A/B surface shape
ture/K transmittance/% transmittance/% transmittance/% T4 HABLLAMNEN R T ARSI 25
293 0.63 98.1 0.13 Table 4 Surface shape detection results of short and medium
80 0.63 98.7 0.20 wave infrared filters
3.5 AR LTINESE R RIS B FMEIR IS ST S5I8F Face  Peak valley value/um  Root mean square value/pum

JeLHh e 21 A B ' s TR A B8 X 36 A T R Tl A 0.304 0.035
PRAEIT R AR, FRETS o R RN 2R % 1 B 0.454 0.051

R OUAAE P AR IR BEAT 1™ 5 4% o B8 R 5 A% 5%

RS ETBLLINEN 2 A B IR 45

Table 5 Space environment test results of short and medium wave infrared filters

Pilot project Test condition Test
results
Immersion test Soak in purified water at 45°C for 8 h. Pass
Adhesion test Film adhesion strength is tested by means of a polyester tape, in which the adhesive side of a standard Pass
polyester tape is pasted on the surface of the film to avoid air bubbles, and the peeling area of the film is
tested by pulling up on one end of the tape.
Humidity test In a constant temperature and humidity chamber at a constant temperature of 45°C and a relative Pass
humidity of more than 95% for 72 h. The temperature and humidity of the chamber were determined by
the temperature and humidity of the chamber and the relative humidity of the chamber.
Temperature The temperature was kept at 45°C for 30 min, then cooled down at a rate of 3°C/h to -10°C, then stopped Pass
alternation test cooling down, kept for 30 min, and then warmed up at a rate of 3°C/h to 45°C. Finish into a cycle, a total
of 5 cycles.
Low  temperature Place the filter at room temperature into a container filled with liquid nitrogen and let it stand for 5 min. Pass
impact test remove it and warm it up naturally, and keep it at room temperature for 15 min to complete a cycle, and
carry out a total of 5 cycles.
UV irradiation test The infrared filter is located at the entrance of the optical path, where the UV irradiation is derived from Pass
direct solar irradiation and solar irradiation reflected by the Earth's surface and attenuated by several
optical elements, and is analysed for stray light to obtain a 5200 ESH dose.
Coeo v irradiation Total radiation dose of 40 krad(Si) based on 700 km of track, 8 years of lifetime, with a design margin. Pass

test
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