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Fig.3 Diagram of Dewar structure
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Fig.7 Thermal layer structure design for 40 K temperature zone
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Fig.8 Low temperature stress under different thermal layer structures
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Fig.10 Low temperature stress under different thermal layer structures
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Fig.12 Temperature gradient verification principle and thermal network model. (a) Temperature gradient verification principle; (b) The figure of thermal

network model

VN EE RS E o AT B A A Sk i L o
%10.05, 0.1, 0.2 mm 7EA [FE BT B BERREE, SCrp
HEAT T ANV B0 56 X LG o

SCHIE AR RV HLA YR A8 T ke — A4, nlsl 13
I, FFAERETC N AR B AR 1 T 25 — 2 R 4
FL B, AN () a2 o DA R A [R) T AR T 19 38 6
[F] i) 5 A5 GE i SRV SR HR G O R, LA = 45
o — P A TR A

13 i BEHA B e

Fig.13 Temperature gradient verification test
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Fig.14 Temperature gradient verification test
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Fig.15 Filter holder support structure and low temperature deformation test of filter. (a) Filter holder support structure; (b) Low temperature deformation

testing device for optical filters
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Tab.3 Main performance indexes of IRFPA

Item Value
LW1:50
Temperature/K
LW2:40

LWI1:T2SL(4.93-7.21 um)QWIP(8.97-10.45 pm)

Wave band LW2:T2SL(7.01-9.21 pm)QWIP(10.25-
12.53 um)
Temperature
. +0.4
difference/K
. QWIP:320x64
Pixed number
T2SL:320%64
Pixel size/um 60%60
Packaging Dewar
Operative pixel
perative pixe 99.5%
percent
Response
. . 10%
inhomogeneity
Maximum size/mm D76x131
Adapter .
Special
cooler
Heat load/mW 492
Assembly mass/g 521.1

ﬁlh‘ A'm,lu

Pl 16 AEECALIE A
Fig.16 Photo of Dewar
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Research on packaging technology for 40 K dual-band

long-wave detectors

Wang Xiaokun'?, Chen Junlin'?, Luo Shaobo'?, Zeng Zhijiang'?, Li Xue'?

(1. State Key Laboratories 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  Cryogenic optical technology is a crucial support technology for weak target and multispectral
infrared detection. In order to achieve precise temperature control and prevent contamination in the cryogenic

optical system, it is common to integrate the cryogenic optics with the detectors inside a cryocooler.

Methods

320x64 type II superlattice, co-planarly assembled with dual-band micro-filters to create a long-wave dual-band

A specific hyperspectral camera requires the integration of a 320x64 quantum well detector and a

detection dewar assembly. The required operating temperature for the detector is 40 K, and it is achieved using a
pulse tube cryocooler.The dewar adopts a windowless design and is integrated with the cryogenic optical system

cryocooler using flexible bellows for hermetic sealing and precise alignment adjustments.

Results and Discussions  Addressing the challenges of three-dimensional assembly of the dual-band detector at

2023065410
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40 K, low-stress assembly of the detector and filters, and efficient heat transfer between the cryocooler and
detector, this study investigates the three-dimensional assembly of the detector (Fig.4-6), a heat layer structure for
efficient heat transfer at 40 K with low-stress integration with the detector (Fig.7), low-stress filter support
(Fig.15), and the coupling between the dewar and the cryocooler (Fig.12). Innovative approaches such as a three-
point Z-axis adjustment assembly method, an Al,O; carrier composite molybdenum substrate for the detector, a
molybdenum support structure for the integrated dual-band filters, and a coupling method with stress isolation for

the cryocooler and detector are proposed.

Conclusions Ultimately, this research achieves a detector flatness better than £2.06 pum (RMS) at 40 K (Fig.6),
low-temperature stress of the detector less than 22.06 MPa (Fig.8), low-temperature deformation of the dual-band
filter membrane less than 8.55 pm, and a temperature gradient of 2.6 K (Fig.14) between the detector and the
cryocooler. The dewar assembly with a 40 K long-wave dual-band infrared detector has been verified through
2000 hours of continuous operation and 300-on/off cycles, with no significant change in component performance
before and after testing, meeting the requirements for engineering applications (Fig.16).

Key words: Dewar; cryogenic optical, quantum well infrared detector; type II superlattice infrared

detector; 40 K temperature zone
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