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Abstract

Epoxy resin is usually used as an encapsulation of IC chips for electronic parts. As
for the epoxy resin, a state changes from liquid to solid by the chemical reaction.
Hereby, the residual stresses and the warp deformation occur in the electronic parts.
In this report, the warp deformation for two laminated bodies consisting of epoxy resin
and steel and epoxy resin and printed board, each of which is caused by chemical
reaction and thermal load, was examined by the experiment and the theory. In other
words, the theoretical contents are the thermo-viscoelastic analysis based on the
linear viscoelasticity theory and a simple prediction solution about the laminated
bodies consisting of the above-mentioned materials. As a result, it was clarified that
the warp deformation for the laminated bodies generated by chemical reaction and
thermal load could be predicted by using the combination of thermo-viscoelastic
analysis and simple prediction solution which was derived from the bending theory
of beam, and that the percentage of the warp deformation caused by chemical
reaction was about 15 ~ 20% of the total warp deformation for the laminated bodies.

Key words: viscoelasticity, warp deformation, numerical analysis, chemical reaction,
epoxy resin, laminate
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Fig.1 Shape and dimensions of laminated body.
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Fig.2 Schematic diagram of temperature, warp deformation and
phase change.
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Fig.3 Flow of study.
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Fig.4 Multi-layer laminated body and its coordinates.
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Table 1 Mechanical and thermal properties of materials.
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Fig.5 Master curve of relaxation modulus for epoxy resin and
printed board.
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Fig.6 Time-temperature shift factor a,(T) for epoxy resin and
printed board.
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Fig.7 Shape and dimensions of laminated body for simplified
solution.
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Fig.8 Viscoelastic properties for epoxy resin.
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(73 | (19 | (14) (g | (22 (78) | (23) (14) E:Y) (21}

3th 019 | 200 | 307 35 | 1.87 0.16 160 | 262 180 1.50
{27} (81) | {8se) (B1) (78} (22) {37 (88} (82} (78)

- 0.71 247 | a.56 288 | 253 0.73 194 | 3.04 231 1.96
(100) | (100 | 100y | O00) | (1000 {(100) | {1000 | C100) | {100} | (100)

d ax 0.67 247 3.58 283 241 0.51 1.54 313 245 1.98
Error * 0.05 (.00 01 0.02 0.05 043 (.00 0.03 0.06 0.0
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