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Abstract: The reliability problems of flip chip packages subjected to temperature change during the packaging process
mainly occur due to mismatches in the coefficients of thermal expansion as well as features with time-dependent
material properties. Resin molding compounds like glass fiber reinforced epoxy composites used as the dielectric layer in
printed circuit boards (PCB) strongly exhibit viscoelastic behavior, which causes their Young’s moduli to not only be
temperature-dependent but also time-dependent. In this study, the stress relaxation and creep tests were used to
characterize the viscoelastic properties of the glass fiber reinforced epoxy composite. Using the viscoelastic properties,
finite element analysis (FEA) was employed to simulate thermal loading in the pre-baking process and predict thermal
warpage. Furthermore, the effect of viscoelastic features for the major polymeric material on the dielectric layer in the
PCB (the glass fiber reinforced epoxy composite) was investigated using FEA.
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Fig. 3 Stress relaxation master curve obtained at
10% strain level for 7;,=120T
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Table 1 Parameters of WLF equation in stress
relaxation test

01 02
Whole Temperature Range 7 186E07 | 964E09
Model
Combined  |before Tg 1L117E15 | 4.198E16
Model after Tg 1.033E15 2.666E16
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log o, Combined fitted data
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Fig. 5 Stress input and strain output during a creep
test
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Table 2 Parameters of WLF equation in creep test

Gi

Gy

Whole Temperature Range

4.242E07 1.055E09

Model
. before Tg 2.261E14 7.179E15
Combined
Model
after Tg 2.238E15 5.319E16
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Fig. 7 Creep compliance master curve obtained at
20MPa stress level for 7,=120TC
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Fig. 11 Configuration of finite element model for
printed circuit board
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Table 4 Comparison of thermal warpages in the
numerical analyses

Assignment of Material Final Discrepancy
Property Warpage [um] [%]
Elastic Property 4.58 -
Vi lasti i

iscoelastic Property with 736 716
Creep Test
Vi lastic P Tt ith

iscoelastic Property wi 735 60.5

Stress Relaxation Test

Thermal warpage [mm]

Consider elastic property
— & - Consider viscoelastic property from creep test
- -0 - Consider viscoelastic property from relaxation test

0 1000 2000 3000 4000 5000
Time [sec]

Fig. 15 Thermal warpages in the numerical analyses
with respect to assignment of material
property
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Fig. 16 Thermal warpages at final temperature (2
5C) with respect to assignment of material
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