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Determination of Residual Stresses in Nanometer-scale Heterostructures

Using Near-field Photoacoustic Microscopy
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ABSTRACT

The semiconductor-based heterostructures provides great opportunities to fabricate
new optoelectronic and microelectronic devices. Due to lattice mismatch and differences
of the coefficients of thermal expansion between quantum dots and substrate materials,
residual strains and stresses are usually generated at the interfaces and inside the
heterostructures. The detection of residual strains and stresses in the heterostructures is an
important research area in recent years. A research program coordinated theories of
photoacoustics and an emerging technique of scanning near-field photoacoustic
microscopy is proposed to determine the residual strains and stresses in nanometer scale
heterostructures. This research will be performed in three years. During the second-year
period, a theoretical formulation based on lattice dynamics and finite deformation theory
with the third-order elastic constants are developed to study the photoacoustic effects due
to misfit in the heterostructures made of germanium film on silicon substrate. The effects
of heat diffusion, influence of thermal stresses are temporarily ignored in the formulation.
The prototyped scanning near-filed photoacoustic microscope developed in the first year
was also promoted to be a feedback control system with higher position accuracy.

Keywords: Residual Stresses, Photoacoustic effects, Lattice dynamics, Scanning Probe
Microscopy
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