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Abstract

Because of the generation of polaritons, which are quasiparticles possessing
the characteristics of both photonics and electronics, active photonic materials
offer a possible solution to transfer electromagnetic energy below the
diffraction limit and further increase the density of photonic integrated
circuits. A theoretical investigation of these exciting materials is, therefore, very
important for practical applications.

Four different kinds of polaritons have been studied in this thesis, (1)
surface polaritons of negative-index-material cylindric rods, (2) exciton
polaritons of semiconductor quantum dots, (3) localized plasmon polaritons
of metallic nanoshells, and (4) surface plasmon polaritons of subwavelength
hole arrays in thin metal films. All these types of polaritons were found to
strongly affect the optical properties of the studied active photonic materials.
More specifically, (1) for two-dimensional photonic crystals composed of
negative-index-material cylindric rods, the coupling among surface polaritons
localized in the rods results in dispersionless anti-crossing bands; (2) for three-
dimensional diamond-lattice quantum-dot photonic crystals, the exciton
polariton resonances lead to the formation of complete band gaps in the
dispersion relationships; (3) for metallic nanoshells, the thickness of the
metal shell strongly modifies the localized plasmon polaritons, and therefore
influences the degree of localization of the electromagnetic field inside the
metallic nanoshells; (4) for subwavelength hole arrays in thin metal films, high-
order surface-polariton Bloch waves contribute significantly to the efficient
transmission.

To numerically simulate these active photonic materials, we introduced
three approaches, (1) an extended plane-wave-based transfer-matrix
approach for negative- index-material media, (2) a plane-wave method
for semiconductor quantum-dot photonic crystals, and (3) an auxiliary-
differential-equation finite-difference time- domain approach for
semiconductor quantum-dot arrays. A brief perspective is also given at the end
of this thesis.
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