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Delamination Criterion for Interface Cracks in Plastic Packages
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Delamination along an interface between lead metal and molding resin is one of the main causes
of the failure of electronic packages. Evaluation of mixed mode stress intensity factors (SIFs) of a
crack along the interface is useful for strength evaluation of electronic devices. Large residual stress
is often induced along the interface because of the different coefficients of thermal expansion of metal
and resin. We performed mixed mode delamination tests of joined end notched flexure (ENF)
specimens and measured residual stress along the interface. The mixed mode delamination criterion
including the effect of residual stress was successfully described by the SIFs for an interface crack.
These SIFs were calculated from the test results using the virtual crack extension method together
with the finite element method which we developed for an interface crack under thermal stress. The
effects of the mode mixity of the SIFs and residual stress depend on the combination of materials, and
these effects are sometimes very great.
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Fig. 1 Coordinate system around an interface crack.
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Fig. 2 Definition of y on the K -K,, field.
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Fig. 3 Crack extension for the virtual crack extension method.
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Fig. 4 Superposition of a known problem on an unknown problem.
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Figure 5 Measurement of the difference of expansion between
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Figure 6 A jointed beam under bending moment.
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Table 1 Material Properties

Material Young's Poisson's CTE T,
modulus ratio

(GPa) (X 109/C) (O

Resin A 22 0.25 10 150

Resin B 16 0.25 15 155

Resin C 19 0.25 13 150
Resin C (100C) 158 0.25 13
Fe-42Ni 150 0.25 5
Copper 115 0.3 17

CTE: Coefficient of thermal expansion
T,; Glass transition temperature

Table 2 Released strain and expected difference of thermal

expansion.
Combination  Run No. Ag, A from Ag,
(ustrain) (%)
Resin A/Fe-42Ni 1 447 -0.108
(Room Temp.) 2 460 -0.112
3 497 -0.121
Average 468 -0.114
Resin B/Copper 1 61 -0.015
(Room Temp.) 2 74 -0.018
3 110 -0.027
Average 81.7 -0.020
Resin C/Copper 1 190 -0.047
(Room Temp.) 2 120 -0.030
Average 155 -0.038
Resin C/Copper Expected value -0.071
(1007C)
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(c2) Crack Opening Load

Figure 7 Fracture Specimens.
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Figure 7 Mixed mode delamination criteria for several combinations of resin and metal.
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