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Abstract

High-throughput nanoprocessing technology with simple procedures is necessary for the
cutting-edge technology in optics, electro-optics, medical science, biophysics and mechanics. In recent
years, nanoablation processing has been developed by using the enhanced near-field light. The basic
physics of near-field light generation is explained based on the light scattering theory since the late 1800s.
In this research, the author of this dissertation aims at the elucidation of key processing parameters of
near-field nanopatterning by controlling the near-field intensity and its spatial distribution based on the
Mie scattering theory introduced by Gustav Mie in 1908. The author proposed the optimization of a new
incident light parameter and selection of new scatterers generating high intensity near-field for achieving
the goal of the research. As for a new optimization method for incident light parameters, the author
suggested the selection of optimal wavelength for plasmonic processing with a gold sphere by taking into
account the refractive index of the substrate. The author proposed the application of high dielectric
constant spheres as new scatterers instead of metallic sphere. Furthermore, the author brought up an idea
of new nanostructure fabrication at the sub-diffraction-limited scale by applying a nanohole template.

This dissertation consists of six chapters.

Chapter 1 is introduction. It describes the research background of various applications and
nanoprocessing with near-field nanophotonics. The objective of the study is stated in this chapter.

Chapter 2 explains the numerical analysis of near-field light based on the Mie theory and
fundamental physics of femtosecond laser ablation.

Chapter 3 describes the results of selection of optimal excitation wavelength for plasmonic
patterning by taking into account the refractive index of the used substrate material. The comparative
study of near-field enhancement between metallic sphere and dielectric sphere with high refractive index
on the substrate is also presented.

Chapter 4 presents the demonstration of nanohole patterning using dielectric spheres with high
refractive index. A resonant Mie scattering sphere was selected for obtaining the maximal intensity
enhancement factor of the near field and nearly smallest spot diameter. It is revealed that the application
of spheres with high dielectric constants is a smart method for solving the technical constraint imposed by
metallic spheres in the single sphere and sphere array system.

Chapter 5 presents the nanohole template assisted nanopatterning method to fabricate metallic
nanoneedles and nanoprotrusion at the sub-diffraction-limited scale. The proposed method demonstrated
the fabrication of the nanostructures with diameter and periodicity both at the sub-diffraction-limited scale
on the large area surface.

Chapter 6 is the conclusions of the dissertation. It also presents the prospects of this study.




