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Abstract of Thesis

A perfect absorber is a device that can completely absorb incident electromagnetic waves at operating
wavelengths. Perfect absorbers can be used in applications, such as bolometers in thermal cameras, thermal
emitters in gas sensing, imaging pixels, thermophotovoltaics, and passive radiative cooling. A metasurface
is a subwavelength—thick film composed of artificial periodic nanostructures, so the optical properties of
the metasurface can be engineered. However, if a free—standing subwavelength-thick metasurface supports only
one resonant mode, the maximum absorption of that metasurface is only 50%. A few years ago, it is found that
the absorption limit of metasurfaces can be overcome and perfect absorption is achieved by using a dielectric
metasurface based on degenerate critical coupling (DCC).

In this dissertation, we mainly study all-dielectric perfect absorbers based on the DCC. Dielectric
resonators can support Mie-type multipole modes. We can obtain the collective response of the resonators by
arranging them into an array. Perfect absorption based on the DCC requires that the resonators support both
an even mode and an odd mode at a wavelength and each mode is critically coupled. We propose narrowband perfect
absorption can be achieved by a combination of different resonant modes, such as electric and magnetic dipole
modes, electric and magnetic quadrupole modes, toroidal electric dipole and magnetic dipole modes, and toroidal
electric dipole and electric quadrupole modes.

We also propose DCC-based broadband perfect absorbers. The DCC-based perfect absorption rapidly attenuates
the incident light, which leads to strong field confinement and suppressed interaction between the resonators.
Thus, we can stack nanopillar Mie resonators made of different materials or include multi-size resonators
in a unit cell to achieve broadband perfect absorption.

In addition to dielectric materials, lossy metallic materials, such as graphene and vanadium dioxide, can
be combined with resonators made of lossless crystalline silicon (c—Si) to achieve perfect absorbers. The
incident light is completely absorbed by graphene or vanadium dioxide. Thus, the DCC-based perfect absorbers
provide an excellent platform to enhance light-matter interactions.

Finally, in addition to achieving perfect absorption, ¢—Si Mie resonators can also be used for refractometric
sensing. We control the geometry of the Mie resonators so that the enhanced field extends outside the Mie
resonator to improve sensitivity. The sensitivity of the Mie resonators can be as high as 440 nm/RIU. The
lossless material properties of c-Si allow us to obtain a figure of merit of up to 1100 RIU™.

Our proposed perfect absorbers can achieve narrowband or broadband absorption with different materials
Our ultra-thin perfect absorbers have great potential to be used in thermal emitters, imaging pixels,
photodetection and photovoltaic applications to improve efficiency, reduce material costs, and eventually
contribute to solving the global warming problem. In addition, our study on metasurface-based sensors helps

to realize highly sensitive and inexpensive biosensors for personal healthcare and medical diagnosis.
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