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Evaluation of Warpage and Residual Stress in Semiconductor Chips Caused by the
Combination of Materials in Packages
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In electronic packages such as BGA and LGA packages, it is very important for the reliability of packages to
decrease their warpage during the manufacturing process and reduce the residual stress on the surface of the
semiconductor chip at the service temperature. In this research, the authors proposed a simulation method to predict
both the warpage of packages and the residual stress simultaneously. The developed technique considering initial
warpage of components and the viscoelastic material properties of the die bonding adhesive and substrate made it

possible to predict warpage and the stress after the die bonding process accurately.
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Fig. 1 Schematic of a test package.
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Fig. 2 Temperature dependence of material properties in a package.

Table 1 Components of stiffness matrix of silicon.

Cyy 1657 Ci1 G2 C, 0 0 O
C, 639 G2 G4 Cy, 0 0 O
Cuy 79.6 Gy C2Cy 0 0 O

Unit: GPa 0 0 0 Cyu 0 O

0 0 0 0 Cyu O
0 0 0 0 0 GCyu
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Fig.3 Configuration of gauges on a test chip.
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Table 2 Calibration parameters of a piezoresistive gauge.
S : Stress sensibility -1.30X1074/MPa

o : Thermal dependgn?y'coefflclent 1. 00X 10°8/°C
of stress sensibility

B : Thern}al depe.ndency coefficient 1. 52X 10°%/°C
of piezoresistance

B : Thern?al depe.ndency coefficient 1. 44X 1077 /°C2
of piezoresistance
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Fig. 4 Measured initial warpage of a chip.
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Fig. 5 Measured initial warpage of a substrate.
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(a) Die bonded model. (b) Locations of piezo-gauges on a chip.

Fig. 6 3D FEM model.
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Fig. 7 Schematic of model for the initial warpage.

Table 3 Coefficients of shift factor.

Ci Ca T. (C)
Resin 25 119 140
Substrate 29 98 170
Adhesive 29 162 0
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Fig. 8 Master curves of relaxation moduli for materials in a test package.
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(a) Result of warpage. (b) Result of mechanical stress.

Fig. 9 Comparison between experimental measurements and numerical results.
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