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Structural color generation with Silicon-based Mie resonators
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Structural color is produced by light scaitering or interference in micro- and nanostructures even in the absence of specific
colored materials; this phenomenaon is widely observed in nature. As nanofabrication technology has developed, structural color
has been controlled using artificially created nanostructures such as dieleetric multilayers and gralings. In the past several years,
the variety of colors that can be produced has been extended by metallic (i.c., plasmonic) nanostructures. However, improving
their color purity is challenging because of their low quality factor {Q-factor) resonance properties, which arise from the high
inherent losses of metals in the visible wavelength region. In this dissertation, structural color generation using silicon (Si) Mie
resonators was proposed. As the spectral change of Mie resonators appears in the visible wavelength region, producing color, Mie
resonators wete able to be used as color clements. The relatively small loss of Si as compared with metals enabled higher Q-lactor
resonance characteristics, resulting in improved color printing propertics. The high refractive index of $i allowed incident light 1o
be confined inside the structure and suppressed light leakage to the outside. Thereby, color pixels without color mixing were able
to be realized, even at pixel sizes comparable to the diffraction lmit.

First, the guidelines for the design of a Mie resonator were described from an engineering viewpoint using analytical and
numerical calculations. These calculation methods were used to explain the Mie scatlering phenomenen of an experimentally
fabricated Si nanostructure in the visible wavelength region. By using the developed method, the structural color characteristics of
periodically arranged Mie resonators were investigated and applied to fabricate color pixels. The simple Si nanostruclures were
able to be made to exhibit various reflection colors by tuning their physical dimensions. The designed nanostructures exhibited
polarization-dependent properties thal made it possible to create overlaid images. An individual pixel generated an individual
color, thereby achieving subwavelength-resolution encoding without color mixing. Next, in order to extend the variety of pixel
colors and their applications, a color modification approach involving 8i oxidation was demonstrated. The reflection colors of the
oxidized Si nanostruciures were able to be tuned over a wider range of reflection colors based on the oxidation reaction. The
different color change properties of each nanostructure enabled the construction of an “invisible ink™ that was able to hide color
inlormation. Moreover, the use of a metal-masked Mie resonator to further improve the pixel color properties was proposed, By
adding a Cr mask to a Si nanostructure, the excited states of the multipoles were able to be controlled, resulting in the generation
of a sharper reflection peak and the suppression of undesirable peak shifts. These color properties supported the development of
full-color images with a subwavelength resolution exceeding 100,000 dpi. Finally, the signal modulation of a §i Mie resonator by
laser irradiation was demonstrated. A calculation model with a photothermal cffect was developed, and allowed the underlying
mechanism of this modulation to be revealed, suggesting the potential of active tuning of structural colors,

This approach to generating subwavelength structural colors using Si-based Mie resonators could be utilized for the
construction of not only functional color printing for anti-counterfeiting and security certification, but alse for fundamental

clements of other polential applications, including flat lenses, holograms, optical data storage, filters, and deflectors.
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