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Prediction for Thermal Residual Stress between Electric Wires during
Reliability Assessment by Heat Cycle Test with Finite Element Analysis

Kushizaki, Yoshiyuki*'/Nakamura, Shyozo*?/Tada, Kaoru*'/Yamada, Toshiro*'

In recent years, the study of Chip on Board (COB) structures with LSI chips mounted on the
substrate has attracted much attention. One of the main technical problems is that the internal
electrical wires may disconnect during the heat cycle process due to the differences in the ther-
mal expansion coefficients between component materials, In order to prevent thermal expansion
deformation the wires are encased in resin. Until now, the relationship between the physical prop-
erties of the resin and the thermal residual stress in the wires has been seldom reported.

In this work, the influence of resin physical properties on the thermal residual stress generated
during the heat cycle process was theoretically analyzed via finite element analysis. The results
show that the thermal residual stress generated in the wire during the heating process is larger
than that during the cooling process. During heating the thermal residual stress was influenced

by the storage modulus of the rubbery state (Ez).

Key words : Residual stress/COB structure/Heat cycle/Storage modulus of rubbery state/
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Tablel Thermal and mechanical characteristics of materials

Properties Thermal Specific Dt (Clas ettt Thermal expansion Young's Poisson's
conductivity heat ety Tem;’)l?;ature coefficient Modulus ratio
_ W/mK) | (J/kgk) | (ke/m) K) ki (GPa) -)
Material T=Tg | Tg<T
LSI chip 147.7 0.799 2328 == 3.6 192.0 0.30
Au bump 297.0 0.130 19320 — 14.2 81.6 0.30
Resin 18.6x1072 1.424 1220 362 88.0 217.0 *3.4~1.5%X107" 0.35
Substrate 37.2%x107* 1. 256 1810 413 12.9 4.8 18.0 0.28
*shown Fig. 2
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Table 2 Temperature dependence of storage modulus for resin

Uint : GPa
Temperature
(K) | 218~313 333 353 358 363 368 373 383 393 398
Profile
Base 3.4 3.3 3.0 2.65 1.95 1.25 0.78 0.30 0.15 0.15
I 3.4 3.3 3.0 2.65 1.95 1.25 0.75 0.13 0.06 0.05
I 3.4 3.3 3.0 2.65 1.95 1.38 1.15 0.75 0.54 0.50
il 3.4 3.3 3.0 2.65 1.95 1.50 1.25 0.94 0.80 0.75
\'f 3.4 3.3 3.0 2.65 1.95 1.58 1.40 1.12 1.10 1.00
A 3.4 3.3 3.0 2.65 1.95 1.74 1.63 1.40 1.25 1. 25
Vi 3.4 3.3 3.0 2.65 1.95 1.77 1.72 1.60 1.50 1.50
Vi 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4
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