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Abstract: Finite-element analyses were conducted to investigate the thermal stress in 3-dimensional stacked wafers

package containing through-silicon-via (TSV), which is being widely used for 3-Dimensional integration. With finite
element method (FEM), thermal stress was analyzed with the variation of TSV diameter, bonding diameter, pitch and
TSV height. It was revealed that the maximum von Mises stresses occurred at the edge of top interface between Cu TSV
and Si and the Si to Si bonding site. As TSV diameter increased, the von Mises stress at the edge of TSV increased.
As bonding diameter increased, the von Mises stress at Si to Si bonding site increased. As pitch increased, the von Mises
stress at Si to Si bonding site increased. The TSV height did not affect the von Mises stress. Therefore, it is expected
that smaller Cu TSV diameter and pitch will ensure mechanical reliability because of the smaller chance of plastic
deformation and crack initiation.
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Fig. 1. Schematic diagram of Cu pillar/Sn bump 3-D packaging
structure in FEM. (a) Schematic of finite element model that

is the stacked wafer on PCB. (b) A finite element mesh in
finite element model.
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Table 1. Material properties used in FEM simulation (a) Ref. [7], (b) Ref. [8], (c) Ref. [9], (d) Ref. [10], (e) Ref. [11], (f) Ref. [12]

Material Young's modulus (GPa) Coefficient of thermal expansion (CTE) (ppm/°C) Poisson's ratio
Si 131.0 (b) 2.61 (a) 0.278 (b)
Cu 111.5 (c) 17.7 (¢) 0.343 (d)

Underfill 9 (e) 26 (e) 0.3 (e)

Sn 49.9 () 23.8 () 035 (H
PCB 16 (e) 16 (e) 0.28 (e)
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Fig. 2. Von Mises stress distribution. (a) The distribution in the whole
structure. (b) The distribution in Cu.(c) The distribution in Si.
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Fig. 3. TSV diameter dependence of stress. (bonding diameter =

30 pm, pitch = 60 um, TSV height = 50 um).
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Fig. 4. Bonding diameter dependence of stress. (TSV diameter =
12 pm, pitch = 60 um, TSV height = 50 pum).
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Fig. 5. Pitch dependence of stress. (TSV diameter = 12 um,
bonding diameter = 30 pm, TSV height = 50 pm).
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Fig. 6. TSV height dependence of stress. (TSV diameter = 12 pum,
bonding diameter = 30 um, pitch = 60 pum).
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