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Intrinsic-stress-induced elastic instability of microscopic patterned materials and
their morphology control
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The intrinsic stress at hetero interface is one of key factors to cause the
structural instability of micropatterning in semiconductor devices and, in the field of engineering, it
is essential to quantitatively predict the instability attributed to the intrinsic stress from the
viewpoints of atomic and continuum scale. In this study, applying the plate theory, we first developed
the prediction model for the lateral undulation buckling of micropatterning during dry etching and showed
the validity of modeling to compare with the measurement data. Using a molecular dynamics method, we next
constructed the atomic model of the dry etching and revealed that the compressive stress inside the
oxidized film exceeds 1 GPa by simulating the oxidized film formation. We thus established the procedure
of estimating buckling of micropatterning in terms of both the continuum and atomistic models.
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Fig. 2 Schematics of the dry etching model.
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Fig. 3 The simulation model of the oxide film formation

for the a-Si surface structure.
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Table 1 Compositions of the two types of gels.
AA 1.624 g 0.498 g
BISAA 0.186 g 0.029 g
SA 0215¢g
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Fig. 4 Comparison of A.-curve and Aggy-curve
with change in x. The filled circles are the

observation points
experimental data.
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Fig. 5 Snapshots of the oxide film formation.

Table 2 Information of the calculated oxide films.

(eV) A (GPa)
20 3000 16 1.2
50 4000 32 1.4
100 8000 48 1.2
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Fig. 6 Top view of the buckling of the bi-layer gel.
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