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Development of cold optical infrared imaging terminal

with multiband

Huang Zhiguo'?, Wang Jianli', Yin Limei', Li Hongzhuang', Liu Junchi', Liu Xiangyi'

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In view of the requirements of high sensitivity, high detection ability and high signal-to-noise
ratio of ground-based space exploration infrared imaging system,cold optical infrared imaging technique
was studied. It included infrared Dewar cooling system, internal radiation suppression, rapid cooling of
terminal system, development of low temperature infrared detector, room temperature adjustment, low
temperature application and other key technologies. Based on the technical breakthrough of various
systems, a cold optical infrared terminal with a relative aperture of 1:10, resolution of 320 %256,
compatible with medium wave 3 -5 pm and long wave 8 —-10 wm band was developed. The system
terminal works in 42 K temperature, 10~ Pa vacuum environment. Docking with 1.23 m ground-based
telescopes, a good observation result of moon and infrared stars was achieved. It lays an important
foundation for ground-based infrared optical detection technology.
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Fig.1 Cold optical infrared terminal layout
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Fig.2 Radiation shield for packing aluminium foil
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Tab.1 Internal heat of Dewar

Heat Residual Total

Radia- Steeve  Lead wire otor .
leak . . . gas calorific
tion conduction conduction . 8
mode conduction value
Heat ) 65 2 0.04 0.234 0.5 3.424
leak/W ’ ’ ' ’
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Fig.3 Vacuum Dewar cooling system
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Tab.2 Performance parameters of infrared focal

plane array

Parameter Mid-wave Long-wave
Bandpass/pm 3-5 8-10
Resolution 320256 320x256
Pixel size/pm 30 30
Detection rate =4.0e+11 =1.2e+11
Quantum efficiency =70.4% =45%
Blind pixel rate <1% =2%
Dark current/pA <10 =<1
Workin
tempzraturi/ K <80 <1
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Fig.4 Response rate of mid and long wave infrared detector
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Fig.5 Cold optical infrared detector
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Fig.6 Schematic diagram of system optics design
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Tab.3 Parameters of optical system

Parameter Mid-wave Long-wave
Primary mirror/mm 1200 1200
Bandpass/pm 3-5 8-10
Pixel size/pm 30 30
F number 10 10
Focal length/mm 12 000 12 000

System form Total reflection Total reflection

Pixel size/pm 30 30
320%256

Pixel number 320%256
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Fig.7 MTF curves of imaging system
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Fig.9 Aluminum mirror deformation at low temperature ((a), (b)

plane mirror; (c), (d) off-axis mirror)
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Tab.4 Defocus amount of plane mirror and off-axis

mirror under the action of gravity

Normal temperature Low temperature

Mirror type
RMS/nm  PV/nm RMS/nm PV/nm
Plane mirror 0.016 0.072 7.315 41.074
Off-axis mirror 0.089 0.508 26.555 141.646
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Tab.5 Effect of supporting function on plane mirror and off-axis mirror
Mirror type Normal temperature Low temperature
Displacement Supporting/nm Optical axis/nm  Mirror change/(") Supporting/nm Optical axis/nm  Mirror change/(")
Plane mirror -6.965 -5.72 0.055 -0.106 -0.045 20.171
Off-axis mirror -20.128 -15.88 -229.4 -1.539 —-0.055 1.408
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Fig.11 Docking cold optical terminal and large aperture telescope
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Fig.12 Lunar images observed by long wave detectors
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