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Abstract: During satellites working, HgCdTe mid or long wavelength infrared (IR) detectors cooled by the stirling cooler
are subjected to thousands of repeated thermal cycles from below —173°C to room temperature. Due to the mismaich of
thermal expansion coefficients( TEC) of different materials, thermal cycles can cause the bonding’ s fatigue and failure,
even cause the disfunction of satellites. By using the thermal cycle equipment ( TCE-a) developed by SITP, the vaccum en-

vironment and stirling coolers intermittent working modes were simulated, and two failure modes of indium solder-bump

were discovered. And the finite elements method (FEM) was used to analyze the mechanism of bumps’ failure.
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Fig. 1 Sketch map of IR detector and Indium bumps
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Fig.2 Temperature cycles of IR detector
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Fig.3 Shape of Indium bumps after 1825 cycles
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Fig.4 Number of connected Indium solder-bumps varied with
number of cycles
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Fig.5 3D geometrical model of detector’ s electrodes system
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Fig. 6 Grids of In bumps and a gold plated electrode
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Table 1 Material physical parameters

# EH &
FRERHBF(kg/m®) 7286 3980 19320
EL#A (17kgT) 233 753 129
#ER(W/mK) 81.8 34 317.9
LI ER(10°5/C) 32.1 5.6 14. 1
HEL/N A 0.3 0.3 0.3
B (R4 (GPa) 10.8 440 78.6
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Fig.7 Temperature distribution of detector’ s electrode system
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Fig.8 Von-mises Stress distribution of In bumps at low tem-
perature
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Fig. 9 Horizontal shear stress distribution of In bumps at low
temperature
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