
INTRODUCTION: The possibility of delamination 
along the bottom edge of an open through silicon via 
(TSV) [1] is investigated by simulating the cooling step 
(20 to -65 °C) of the thermal cycling test. 

COMPUTATIONAL METHODS: The first task was the 
determination of the point along Cu-Al interface (see 
Figures 1 and 2) with the highest probability of crack 
nucleation by stress calculation (see Figure 3) using an 
axial symmetric model of the TSV. 
Subsequently, the J-integral of a crack along the Cu-Al 
interface in the TSV axial symmetric model was 
calculated for different Cu thicknesses using Carpenter 
formula [2] : 
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for a crack with axial symmetric geometry = 0

Then, the J-integral of the same crack in a 3D model was
calculated using Rice [3] formula in order to prove the
previous simplification.

CONCLUSIONS:
• Simulation results matched the underlying TCT 

tests, giving a design rule to improve the 
mechanical stability of TSVs with copper 
metallization.

• The J-integral for axial symmetric cracks can be 
calculated through the Rice formula [2], leading to 
a simplified analysis of these type of cracks in 
more complicated 3D models.
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Figure 3. Stress distribution at the Cu-Al interface

Figure 4. J-integral formulas comparison

Figure 1. Cross section of a TSV after 500 cycles of 
TCT at a temperature range of -65 ℃ to 175 ℃. 
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RESULTS: The simulation showed that the crack origin 
is at the TSV edge (see Figure 3) and both Carpenter 
and Rice formulas of J-integral are the same (see 
Figure 4). With both formulas, the J-integral increases 
by one order of magnitude when the copper 
thickness is above 2 µm for the considered TSV 
structure.

Figure 2. Meshed model geometry at the TSV bottom
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