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Abstract: In order to meet the space application requirements of the low —level infrared detector
assembly in the high reliability field, environmental reliability tests, such as temperature cycling test,
mechanical test and high temperature aging test had been carried out on the space —borne infrared
detector assembly. Meanwhile, the relative spectral responsivity of the infrared detector assembly was
tested based on double integral ball uniform illumination system before and after environmental reliability
tests. By comparing differences of the relative spectral responsivity of the infrared detector assembly

before and after environmental reliability tests, the environmental adaptability of the infrared detector
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assembly was analyzed, while the quality defects and other potential defects of the infrared detector
assembly were revealed with the early eliminated failures. Then, the detectors with optimal performance
were extracted from the participating infrared detector assembly, which were used in the space —borne
polarization scanner for atmospheric polarization detection. The test results show that the tested infrared

detector assembly are in good stability and reliability before and after environmental reliability tests,

which can meet the aerospace load application requirements.
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Fig.2 Optical schematic of a space borne polarimeter
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Fig.3 Simplified reliability block diagram of infrared

detector assembly
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Tab.1 Failure modes and acceleration factors

of infrared detector assembly

Part Failure mode Acceleration factor

Material aging, fatigue

TEC
and structure damage

Temperature cycles

Photosensitive surface
cracks, Photodiode
reverse breakdown

. Temperature cycles,
Photoelectric o
. . random vibration,
conversion unit . .
high temperature aging

Detector Surface contamination Temperature cycles,

window slice and cracks random vibration
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Fig.4 Procedure of temperature cycling test
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Tab.2 Experiment conditions of temperature cycling

Temperature control error/C

Temperature hold time/h

Temperature range Number of
Parameter ~ Temperature/C .
rate/C - min cycles . .
High temperature Low temperature High temperature Low temperature
Value -35-70 >5 50 +2 +3 0.5 0.5

22 h=EAE

B AU 2T S0 % 0 i 21 1F A2 10 B A 52 PR 22 R
& EIREN B b 58 AL AR g 4L T 2 o 21 0h
e UF R R O (Wl B S L ol B R 5]
SERG DR — B0, 8 19 T e B 21 Ah PRI A 21 [
RSN G b, il o RAER 3 & B2
Jr R GE I 3 A T7 1 1 g 2g il g o g e B R k3l Ty
WA 5 pros o Sk A LR 3 s . Hid X
7 Tul 4 fia) £ A0 200 2L 6 8T B A 5 1)L Y 5 1)
$5 18] £ 50 R I g 2H 0F 6 e 1 7 AT 05 18, Z 05 1) 4
] 15 e FL A T2 B U7 1] o a0 AR R 204 A g 2

PR, Sy 22 g 25 G, 8 2 Gl B WL 456 20 A1 4R
) 85 2L D' SO A A R, R X L0 AR R A 41
PEAT AR XS ' 1 w3 A, DA Al £ A0 R0 2 41
il 3 Sy 2 A T RE A AZ A

P 5 20 AR i 28 A g 2 X 38 e HL e O 1) o B
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test fixture and directions
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Tab.3 Experiment conditions of random

vibration
Parameter Value
Frequency/Hz 20-80 80-350 350-2 000
Power spectral density +3 dB/oct  0.04 g*/Hz -3 dB/oct
Total RMS acceleration 6 grms

Direction X, Y, Z axis direction

Time 5 min/direction
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Fig.6 Equipment of high temperature aging test of

infrared detector assembly
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