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Fig.2 (a) Opto-mechanical structure; (b) Radiated spurious ratio and percentage of critical surfaces
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Tab.1 Low temperature test data of integrated detector Dewar assembly

Cryocooler working Temperature of  Dewar leakage

Temperature of

Temperature of Insulation effect Cooler power

condition detector/K heat/mW cold end bellow/K  hot end bellows/K of bellow/K consumption/W
. 60 762 230.49 267.71 37.22 52.08
High temperature
conditions (pluse 263 K, 55 776 222.47 263.4 40.93 61.6
window cap 228 K) 60 544 215.52 253.16 37.64 46.84
Low temperature 55 557 194.25 24231 48.06 56.52
conditions (pulse 228 K,
window cap 193 K) 50 575 194.41 241.04 46.63 65.72
®2 XEEAESTRELL
0.058 —s—OQuter surface
Tab.2 Radiated spurious ratios for critical surfaces c —e—Inner surface
Critical surface 8-10.5/um  10.3-11.3/um  11.5-12.5/pm g 0.056 '\W
2
Lens cone 0.067 64 0.13011 0.19285 =
E 0.054
Lens 0.008 62 0.04255 0.004 18 g
<
Dewar window 0.02119 0.05974 0.09256 5
= 0.052
Dewar window cap 0.01391 0.03866 0.05213 3
Total 0.11136 0.27106 0.34172 0.050 |
7 8 9 10 11 12
2.2 MESEHZEBIEIT Thickness/mm
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Fig.5 Window center deformation under different thicknesses
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Fig.7 Dewar temperature field distribution under 77 K liquid nitrogen
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Fig.10 Design of cold screen baffle for cold screen diffuse emission
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Fig.11 PST of cold screen
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Fig.12 Color map of on-orbit imaging
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Stray light analysis and suppression of long-wave infrared Dewar

component for cold optics

Zhu Haiyong'?, Chen Junlin'?, Zeng Zhijiang"*", Wang Xiaokun'?, Li Yaran’, Wang Xi’, Li Xue'?

(1. State Key Laboratory of Transducer Technology, Shanghai Institute of Technical Physics,
Chinese Academy of Sciences, Shanghai 200083, China;
2. .Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract:
Objective

As the main detection spectrum of infrared earth optical payload, infrared spectrum (8-12.5 um)

plays an important role in earth remote sensing. With the development of space imaging optical technology, the

requirements for the detection performance of imaging satellites are constantly improving, and the imaging
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satellites are developing towards high resolution, high spatial resolution and wide radiation. For example,
Venezuela’s Remote Sensing Satellite (VRSS) infrared camera, NASA's Advanced Spaceborne Thermal Emission
and Reflection Radiometer (ASTER) infrared camera, etc. The infrared imager achieves a spatial resolution of
30 m and a width of 300 km by whiskbroom, which ensures high resolution and improves the imaging width. The
influence of stray light on it is particularly prominent when the infrared remote sensing instrument with high
resolution and large field of view extracts the remote sensing information of weak targets. If the suppression of
stray light is insufficient, the energy distribution on the image plane is uneven, which leads to the decrease of
signal-to-noise ratio and modulation transfer function (MTF), and the nonuniformity becomes worse. In severe
cases, the detection signal of the detector is annihilated by stray light of background radiation, which results in the
failure of the detector. Therefore, the design of stray light suppression for infrared imager is the premise to ensure
its on-orbit imaging quality. The long-wave infrared Dewar module is an important part of the imager. Because
the optical structure of the Dewar module is close to the detector, the detector is more sensitive to the optical

structure, so the design of stray light suppression of the Dewar module is particularly important.

Methods In view of the above requirements, this research analyzed four key surfaces of spurious radiation in
opto-mechanical system, including lens, lens barrel, Dewar window and window cap, among which lens barrel
was the main source of spurious radiation (Fig.2). Cryogenic optical design was adopted to reduce stray radiation,
including 195 K lens, 180 K lens barrel, 200 K Dewar window cap and window design (Tab.2). In order to realize
the low-temperature Dewar design, flexible bellows were introduced into the Dewar package structure to increase
the thermal resistance between the refrigerator coupling surface and the window cap, and realize the thermal
isolation between the 200 K low-temperature window cap and the 240 K expander (Fig.1). The effects of window,
window shell, cold screen structure and surface treatment technology of Dewar module on stray light in Dewar
were studied (Fig.6, Fig.8, Fig.9).

Results and Discussions Based on the analysis above, the innovative results are as follows. (1) The flexible
bellows were introduced into the Dewar package structure to increase the thermal resistance between the coupling
surface of the refrigerator and the window cap, and the design of 200 K low temperature window and window cap
was realized, and the radiation suppression in the optical machine was at a good level (Tab.2). After the
measurement, the temperature gradient of cold end and hot end of bellows reached 37-48 K (Tab.1). (2) The cold
screen adopted three-stage baffle design, and the filter was integrated in three bands. Considering the assembly
and machining accuracy, the cold screen and the filter bracket were separated. The radiation suppression in the

optical-mechanical system was at a good level (Fig.10-12, Tab.3).

Conclusions The main objective is to reduce the radiation stray light of infrared remote sensing instrument with
high resolution and large field of view. Reasonable low temperature design is beneficial to restrain the stray
radiation of the module, and the flexible bellows shell insulation structure with 0.1 mm wall thickness is an
effective means to realize the design of 200 K low temperature window and window cap. As the main source of
optical-mechanical stray internal radiation, the influence of lens barrel on it should be considered when
considering the processing and design of cold screen and window. This research provides theoretical and technical

reference for the design and processing of low-temperature Dewar.
Key words: infrared detection;  bellows insulation design;  stray light;  Dewar components
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