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Preface

On granting the Doctoral Degree to the individuals mentioned below,
abstracts of their theses and the theses review results are herewith publicly
announced, in according to the provisions provided for in Article 8 of the
Ruling of Degrees (Ministry Of Education Ordinance No.9, enacted on April
1, 1953)

The Chinese character, “F”, at the beginning of the diploma number
represents that an individual has been granted the degree in accordance with
the provisions provided for in Paragraph 4-1 of the Ruling Of Degrees (what

in called “Katei Hakase,” or the Doctoral Degree granted by the University at

which the grantee was enrolled.)
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Modeling of Self-Positioning Nanostructures

Thesis Abstract

The self-positioning is a phenomenon that occurs in structures which are subjected to a
strain/stress imbalance. Multilayer thin films consisting of different materials are rolled-up
and form nanohinges and nanotubes. Complicated three-dimensional nanostructures can be
fabricated by utilizing the self-positioning phenomenon. We perform modeling of
self-positioning structures by the continuum mechanics theory, the finite element method,
and the atomic-scale finite element method.

Continuum mechanics solution has been derived for multi-layer thin film structures
subjected to initial strains under generalized plane strain conditions. Such solution can be
useful for estimating the curvature radius and strains or stresses of self-positioning
structures. The generalized plane strain conditions are more realistic than assumptions in
previously published solutions. Also, we show that the generalized plane strain solution is

identical to previous solutions in some specific cases.

Finite element modeling has been applied for estimation of the curvature radius of
self-positioning hinges. Materials used for the self-positioning structures usually involve
anisotropy depending on their crystal orientations. We developed a finite element procedure
which takes into account the material anisotropy. The finite element procedure has been
employed for modeling bi-layer self-positioning nanostructures consisting of GaAs and
Ino2Gao.sAs layers. Comparison of curvature radii obtained by the finite element modeling
and experimental data shows qualitative agreement.

An atomic-scale finite element procedure has been developed for atomic-scale modeling
of self-positioning nanostructures. We adopted the Tersoff inter-atomic potential function
and its parameters developed by Nordlund. Since self-positioning deformations involve
large displacements, an iteration procedure has been proposed for controlling nonlinear
solution. Bi-layer structures composed of GaAs and InAs layers have been modeled for
varying total thicknesses and crystal orientations. The atomic-scale modeling shows
significant decrease of the curvature radius comparing to the continuum mechanics solution
with decrease of the structure thickness. On the other hand, the curvature radius
asymptotically approaches the continuum mechanics solution with the structure thickness
increase. Also, we found that varying crystallographic axes direction leads to change of the
curvature radius by 35% for the GaAs-InAs bi-layer self-positioning structures. Strains
estimation techniques are incorporated in the atomic-scale finite element procedure based on
mesh free finite element interpolation methods. Contour plots of the strain distributions
show large compressive strains at free surfaces due to absence of atoms. Free surface effects

become more significant for structures with smaller sizes. Decreasing of the curvature



radius can be attributed to the surface effects.

Summaries of the Thesis Review Results

Dissertation of Y. Nishidate is devoted to modeling of self-positioning structures by a
continuum mechanics theory, a finite element procedure, and an atomic-scale finite element
procedure. New continuum mechanics solution under the generalized plane strain conditions
has been derived for multi-layer nanostructures with initial strains. A finite element
procedure for modeling self-positioning structures with material anisotropy has been
developed. Modeling of GaAs and Ino2GaosAs bi-layer self-positioning structures for
varying crystal orientations has been performed. Atomic-scale finite element procedure for
modeling of self-positioning nanostructures has been created. The developed AFEM
procedure has been used for estimation of curvature radius and strain components of
bi-layer self-positioning nanostructures composed of GaAs top and InAs bottom layers.
New results indicating influence of structure size have been obtained.
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