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Table 1 The number of elements and nodes for Analysis.

Element Node
Local 39,772 44282
Global 2,474 3,150
All 42,246 47,432
250
200
o
150
£
[="
E 100
=
—
C 5
0
30 50 70 90 110 130 150
Temperature(°C)

B 11 UF £ OB RAR 5L
Fig. 11 CTE of Underfill resin.
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Table 2 Material properties of components.

Young’s CTE Poisson’s
Modulus(GPa)  (ppm/K) ratio
Silicon 131 3 0.28
Copper 65 17 0.3
Solder 40 21 0.3

# 3  Sn3.0Ag0.5Cu DFFRIET] & BHEOT B O BIR
Table 3 Yield stress and plastic strain relationship of
Sn3.0Ag0.5Cu solder alloy.

Temperature(°C) -40 -25 0 20 25 40 50

Plastic strain Stress (MPa)
1] 29 275 25 23 225 21 199
0.004 36.7 34.8 31.6 29 284 265 25.2
0.021 48.4 459 41.7 383 375 35 333
Temperature("C) 60 75 80 85 100 120 125
Plastic strain Stress (MPa)
1] 189 174 17 16,5 152 134 129
0.004 239 22 215 209 19.2 169 164
0.021 3.6 29.1 283 27.6 253 224 21.6
Ex .3 0.7
min -2.93% i min -1.04%|8 0.6
max 1.89% B max 4.11% |H 0.5
H0. 0.4
5 03
H 0.2
H-0.1 0.1
3 %)
L x -0.1
-0.2

min -2.63%
max 2.63%

-0.4

B 12 FEA 2 X5 0T B0
Fig. 12 Strain distributions analyzed by the FEA.
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Fig. 13 SEM-EDX analysis of IMCs between Cu terminals.
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Table 4 Elastic-plastic material properties of Cu and IMCs.
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Table 5 Material properties of components.

Young’s Yield Stress ~ Hardening
Modulus (GPa) (MPa) Exponent
Cu Bump 73.2+18.3 254.1£7.6 0
CusSns 88.2+5.1 1749.6+223 0.0195
CusSn 98.9+3.1 1521.8+192 0.063
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Fig. 15 Strain distributions analyzed by the FEA

considering the material properties of Cu bumps and IMC.
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Abstract

We evaluated the thermal strain in a test chip for a three-
dimensional stacked integrated circuits (3D-SIC) using
both measurement and numerical analyses. First, the
distribution of thermal strain on the cross-section of the test
chip was measured using a scanning electron microscope
and the digital image correlation method (DICM). Then,
the distribution of strain in the test chip was also analyzed
by the finite element method (FEM). We took account of
the visco-elasticity of underfill resin and the elastic-
plasticity of components measured with the nano-
indentation. According to the comparison between the
measurements and the analyses, we evaluated the accuracy

of the analyses.

Key words
Scanning electron microscope, Digital image correlation
method, Nonlinear finite element analysis, Visco-elasticity,

nano-indentation
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