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Abstract: Local delamination failure phenomena of indium antimonide infrared focal plane detectors (InSb
IRFPAS) in their mass production have become a bottleneck restricting the improvement of their final yield. In
order to determine the inducement of local delamination in InSb IRFPAs, the interface between the InSb chip and
the underlying underfill with cohesion units was covered, and the specified parameters in cohesion model were
optimized, finally the two-dimensional model of local delamination failure analysis of InSb IRFPAs was
established. Simulation results are verified by the measured distribution characteristics of local delaminations, that
is, (1) Most local delamination appears in the surrounding edges of InSb chip, and occupies a certain width; (2)
Once the InSb chip is separated from the underlying underfill in the normal direction, the local delamination will

expand gradually toward its both sides of the plane. In order to clarify the inducement of the local delamination,
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the evolution rule of the local delamination with different mixed-mode ratios is systematically analyzed under the

jointed action of both the opening mode and sliding mode. The simulation results are highly consistent with the

measured results when the mixed-mode ratio between the opening mode and the sliding mode is set to 4: 6. The

local delamination of the InSb IRFPAs are ascribed to the jointed action of both the interfacial normal stress and

the in-plane shear stress, is the typical mixed-mode local delamination mode, furthermore, the sliding local

delamination mode is dominant.
Key words: InSb IRFPAs;
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Fig.1 Schematic diagram of three typical crack expanding mode. (a) Mode I crack(opening mode); (b) Mode II crack(sliding mode); (c) Mode III

crack(tearing type)
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Fig.2 Diagram of bilinear traction-separation rule of cohesive zone modeling
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Tab.1 Parameter setting of cohesive zone modeling under different mixed-mode ratios

Normal cohesive traction Normal displacement jump

Mixed-mode

Tangential cohesive traction Tangential displacement jump

ratios, @ o"/kPa 6;’/mm 7*/kPa Oy’/mm
9:1 116.7 1 1050 1
8:2 2572 1 1029 1
7:3 414 1 975 1
6:4 583.5 1 882.6 1
5:5 750 1 750 1
4:6 882.6 1 583.5 1
3:7 975 1 414 1
2:8 1029 1 2572 1
1:9 1050 1 116.7 1
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Tab.2 Related material parameters of InSb IRFPAs

Materials Elastic modulus, £/GPa Poison’s ratio, u Temperatures, 7/K

InSb chip 409(in plane)123(out of plane) 0.35 77-300

Underfill 0.0002/a 0.30 77-300
Silicon ROIC 163 0.28 77-300
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InSb chip
[ 3 InSb £IAME- i KEFI R DI 25 9 — 4 BRI

Fig.3 Two-dimensional finite element model for InSb IRFPAs
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Fig.4 Simulated results for displacement vector sum vs. the measured photograph of InSb IRFPAs detector after the liquid nitrogen shock
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Fig.5 Local delamination position under different mixed-mode ratios
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