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MW 320%x256 IRFPA detector under rapid cooling down

Zhu Yingfeng, Han Fuzhong, Li Dongsheng, Huang Yibin, Mao Jingxiang
(Kunming Institute of Physics, Kunming 650223, China)

Abstract: The rapid cooling down stress deformation is one of the key factors for the reliability of FPA.
Combined with chemical corrosion, a mechanical grinding method was studied in this paper to reduce the
thickness of FPA chip, and therefore improving its flexibility. The amount of bad pixel and crack owing
to pixel damage generated by stress transfer was reduced obviously in the thinned chips. The cold head
expansion matched to decrease the cool down stress of the chip was also optimized, without increasing
the structural components of the Dewar cold head. After verified by reliability testing, the long-term
reliability and stability of the 320 x256 IRFPA detector under a rapid cooling startup was improved
obviously by these optimizations.
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Fig.1 Structure of JT cooling MW 320x256 IRFPA detector assembly
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Fig.2 Interconnection structure of FPA detector chip and silicon

readout circuit connected by indium bumps
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Fig.3 Chip deformation of early developed MW 320x256 FPA

detector assembly
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Fig.4 Chip stress chart of early developed MW 320x256 FPA

detector assembly
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Fig.5 Deformation stress is applied on indium bumps
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Fig.6 Long-term deformation stress applied on chip, bad

pixel of chip increased obviously
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Fig.7 Chip cracked along material cleavage plane
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Fig.8 Chip would deform with ROIC together, when chip

thickness is decreased enough
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Fig.9 Bad pixel has no obvious change for chip after thickness

reducing
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Fig.10 Bad pixel has no obvious change for thickness reducing

chip after 120 times liquid nitrogen cool down shock
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Fig.11 Cold head expansion match of conventional structure
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Fig.12 Chip deformation is reduced significantly, after structure and

material are optimized
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Fig.13 Chip stress is reduced significantly, after parts structure and

material are optimized
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Fig.14 FPA detector bad pixel statistic result after 2 000 times

liquid nitrogen cool down shock
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Fig.15 There is no significant change for FPA detector’s bad pixel,

after 2000 times liquid nitrogen cool down shock
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Tab.1 Performance of FPA detector, after 2 000
times liquid nitrogen cool down shock
(consider 10% tolerance of FPA test

system, test result is reasonable)

Non-
uniformity X
B 1
D & NETD of ad pixe
number
respon-
sively
Before
cool down 6.00E11 7.69 4.94 122
shock
Sample 1#
After cool
down 5.98E11 7.72 4.59 115
shock
Before
cool down 5.81E11 7.97 5.82 72
shock
Sample 2#
After cool
down 5.92E11 7.83 5.59 70
shock
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