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Research on stress adaptability of InAs/GaSb type II superlattice
long-wave focal plane infrared detectors

XUE Yong"?, XU Qing’, HUANG Min’, WANG Zhen’, LIANG Zhao-Ming’, XU Qing-Qing’,
BAI Zhi-Zhong”, CHEN Jian-Xin®
(1. School of Microelectronics, Shanghai University, Shanghai 201800, China;

2. Key Laboratory of Infrared Imaging Materials and Detectors, Shanghai Institute of Technical Physics, Chinese
Academy of Sciences, Shanghai 200083, China)

Abstract: The superlattice long-wavelength infrared focal plane detectors operate at low temperatures. The differences
in the thermal expansion coefficients among the various material layers of the detectors can lead to deformation and gen-
erate thermal stress, which in turn affects the optoelectrical performance of the detector. This study designed two struc-
tural modules to achieve the regulation of stress in the superlattice detectors. The changes in the dark current and spec-
tral response of InAs/GaSb type II superlattice long-wave infrared focal plane detectors under different stress conditions
were explored. The research indicates that within the stress range of -10. 7 MPa to 131. 9 MPa, the variation in the opto-
electrical performance of the detector is small. The detector was subjected to a temperature shock test, and it demon-
strated high reliability. The research results provide guidance for the structural design of InAs/GaSb type II superlattice
long-wave infrared focal plane detectors and offer a basis for their performance and reliability assessment.
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L% 50 3.63 0. 96
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Fig. 4 Thermal stress calculation based on Module I: (a) temperature cloud map; (b) deformation profile; (c) curve of equiva-

lent stress variation with GaSb substrate thickness
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Fig. 6 Variations in the optoelectronic characteristics of module I: (a) dark current under different stresses of the same pixel; (b) lo-

cal map of dark current under different stresses of the same pixel; (c) changes of dark current with low temperature stress at -0.05 V

bias voltage; (d) spectral response of the same pixel under different stresses
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Table 3 Comparison of performance before and after

temperature shock in the long—wavelength
T2SL IRFPA
28 R T Y R o =
SRR (VW) 8. 4x10’ 8. 4x107
I E M (emHz"" W) 4.9x10" 4.9x10"

We AR 51 (%) 5.2 5.1

NETD (mK) 22.0 21.7
HILR (%) 0.85 0.83

Total Blind Pixels

Total Blind Pixels

PRl
K8 i bl E HoT A
Fig. 8 Distribution of blind pixels before and after tempera-

pEE

ture shock
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