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Prediction of Thermal Deformation of Multi-Layered Substrate,
and Its Application to Warpage Analysis of Package
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Sony Semiconductor Kyushu Corporation Oita Technology Center,
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In electronic packages such as a BGA package, decrease of package warpage in the temperature
range where the package is used is a key issue in order to enhance the reliability of solder connection
and to reduce the number of defective packages. If we can predict the package warpage accurately
in the design stage of electronic packaging by using a simulation method, we can make use of such
a prediction to enhance the reliability of electronic packaging. We need the material properties of
silicon chip, molding resin and printed circuit board (PCB) used as a substrate to predict the package
warpage. Among them, PCBs have multi-layered structures, and each layer has a complicated
structure such as fine and high density wiring pattern. In the present study, we propose a method for
predicting the thermal deformation of PCB using a finite element viscoelastic analysis, in which the
complicated structure of each layer in PCB is taken into account. The apparent coefficient of thermal
expansion (CTE) for PCB calculated from the proposed method is compared with the experimental
results to show the effectiveness of the proposed method. Furthermore, it is shown that the warpage
of a package consisting of a silicon chip and a substrate (PCB) can be predicted using the apparent
CTE of PCB.

Key Words: Finite Element Method, Viscoelastic Analysis, Printed Circuit Board, Warpage,
Coefficient of Thermal
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Fig.1 Structure of the PCB used in the present study
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Fig.2 Material properties of components in the PCB
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Table 3 Material properties of Si chip

CTE (x 10°%/°C) [Young' s modulus (GPa)|Poisson’ s Ratio

Si_chip 3.5 197 0. 36
5 25 1 . Young's Modulus Poisson's Ratio:0.3 | 160
& o | ——CTE o
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e 2
: 1 18 %
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2 -

0 - 0
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Temperature(°C)

Fig. 12 Material properties of epoxy for adhesive
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Fig.13 Comparison of package warpage between
experimental measurements and calculated
results
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