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Abstract

The low frequency behavior of spoof surface plasmon (SSP) is usually modeled by
means of a close analogy with conventional surface plasmon polariton (SPP). In this
limit, the SSP dispersion relation is derived based on an effective medium approach and
is valid only when the operating wavelength A is large as compared to the feature-size
b and lattice constant a of the structure. However, experimental realization of SSP falls
in a regime where the feature size of the structure is comparable to the wavelength and
in this limit, the analogy between SPP and SSP breaks down.

In this dissertation, through finite difference time domain (FDTD) simulations, we
show that in contrast to SPP propagation, SSP involves both TM and TE modes. Us-
ing a combination of angular spectrum representation and vector nature of the electro-
magnetic fields, we show that the near-field of SSP is described by multiple exponen-
tial decays instead of the single exponential which characterizes SPP. Further, we also
show that existence of multiple modes is closely related to the anisotropic propagation
which prominently manifests in the phenomenon of self-collimation (SC). In order to
describe SC, we first describe the dispersion relation of SSP by the tight-binding model
(TBM). With the help of this semi-analytical model, we propose a computationally ef-
ficient scheme for band-diagram calculation of SSP. This model is general enough to
be applied to both metallic and dielectric photonic crystals and is valid even when the
master equation of the photonic crystal is non-hermitian. The proposed method relies
on calculation of eigenfrequencies only at the 3 high-symmetry points (in case of a 2D
lattice) while rest of the band surface over the entire Brillouin zone and EFC are ob-
tained analytically. Using this analytical expression of the band-structure, we are able
to predict the SC frequency of SSP and centimeter-scale super collimation frequency in
dielectric structure with an accuracy of 0.36% and 0.04%, respectively, as compared to
numerical and experimental observations. In addition, we investigate the extraordinary
transmission of microwaves and propose a structure which has a Q value 35 times better
than that existing in the literature. This structure can be extremely useful for designing

microwave notch filters.
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