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C. Mobility Variation due to TSV Stress

Due to a mismatch in thermal expansion coefficients of cop-
per and silicon, TSVs cause thermo-mechanical stress in the
surrounding silicon. This stress affects not only the mechanical
device reliability but also material properties such as carrier
mobility [22], which results in timing variations of the devices.
Recent studies have reported up to £10% variations for individual
cells [6].

Since a correct timing model of the circuit is crucial for delay
testing, we need an efficient methodology to take TSV stress into
consideration in the ATPG flow.

In the literature, we can find a simple closed form formula
for the thermo-mechanical stress caused by a TSV, known as the
Lamé stress solution [6]. However, this model is 2D in its nature,
capturing only the information in the x and y directions on the
wafer surface, and it fails to capture the true 3D nature of the
TSV stress field near the wafer surface. Since there is no simple
formula for the 3D stress field available in the literature, we can
apply the methodology outlined in [7] for full chip analysis. The
main idea of this methodology is to perform a finite-element
analysis (FEA) for a single TSV and use linear superposition
to estimate the total stress o, due to multiple TSVs.
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