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This paper describes in detail the life prediction models and simulations of

Received 29  March 2013 thermal fatigue under different mold compounds and chip sizes for wafer-level
Revised 7 May 2013 embedded SiP. Three-dimensional finite element models are built to simulate
Accepted 8 May 2013 the viscoplastic behaviors for various mold compounds and chip sizes. In
Kevwords: particular, the bonding parts between a mold and silicon nitride (Si3N4) are
Sielj)/w Wafe.r level carefully modeled, and the strain distributions are studied. Three different
Mo’l d compound chip sizes are used, and the effects of the mold compounds are observed.
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Fati Jl,f lower Young's modulus and higher CTE, has a better fatigue life than the
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Table 1 Crack propagation model constants

Constant Value
K, 22,400 (cycle/psi)
K, -1.52
K, 5.86E-7 (in/cycle/psi)
K, 0.98
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Fig. 1 3D Finite element models

Table 2 Geometric properties of components of the package
model (mm)
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Table 3 Material properties of mold compounds used in finite
element analysis

Material E (Mpa) | olssons CTE (opr/®)
ratio Alphal | Alpha2

Si Chip 131,000 | 0.30 2.8

a :t Zsrill:atglgg b | 4000 0.20 62
Type-A 9,800 0.32 35 93
Type-B 3,400 0.32 53 135
Type-C 1,500 0.32 71 141
Type-D 5,500 0.32 51 127

Table 4 The CTE calculation for temperature ranges

Material Alphal Alpha2

Type-A 50~80C 200~230C
Type-B 0~30C 100~150C
Type-C 20~10T 100~150C
Type-D 0~30C 100~150C

Table 5 Young's modulus and the CTE of solder alloy

Temperature (K) E (MPa) CTE (ppm/C)
298 53,000 21.3
343 47,000 22.1
373 44,000 23.0

Substrate chip Embedded chip
Die dimensions 7.7x7.7x0.7 5.7%4.5%0.07
So(l;:ae;ebt;“rnp 0.250 0.075
PCB thickness 1.000 1.000
UBM thickness 0.12 0.04
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Fig. 3 Strain distribution in the mold joint

Critical silicon nitride

Fig. 4 Strain distribution related to crack location
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Table 6 Comparison of stress distribution under different mold

compounds
Average stress (Pa) Max. stress (Pa)
Mold Type-A 0.243 64,479
Mold Type-B 0.411 51,105
Mold Type-C 0.664 39,417
Mold Type-D 0.435 86,714

Table 7 Comparison of stress distribution under different chip
sizes (mold compound : type-C)

Chip size Average stress (Pa) Max. stress (Pa)
4x4 0.471 138,207
6x6 0.406 62,901
8x8 0.411 51,105
4.2 cikst EE 4o e 33 sl
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