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Abstract

With a bulk plasma frequency in the terahertz frequency range, semiconductor nanostructures have
the potential to contribute to the implementation of terahertz devices and circuit elements [1, 2], in a
role similar to that taken by metallic nanoparticles in the optical region [3]. Because of a lower
charge carrier concentration in a semiconductor compared to that of a metal, an electric field applied
to a semiconductor penetrates deeper into the bulk region so that space-charge effects become
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prevalent in the polarization of a semiconductor nanoparticle. To provide a realistic account of
space-charge interactions in semiconductor nanoparticles, a transport formulation for charge
dynamics needs to be employed [4]. By coupling the moments of the Boltzmann equation for the
charge carriers to the quasi-static electric field, manifestations of space-charge effects such as field
screening and plasmonic resonance can be quantitatively accounted for. In this presentation, the
salient polarization phenomena displayed by semiconductor nanoparticles and nanodimers predicted
by charge transport analyses and simulation are reviewed. Beginning with an exposition of charge
distribution in a semiconductor nanoparticle in a static field given by the solution of the Poisson-
Boltzmann equation (PBE) delineating the screening effect of space charge and its role as the low-
frequency limit for the dynamic case, the merits of a charge transport formulation for analysis of
dynamic polarization in a semiconductor nanoparticle is introduced. Symmetry conditions for
solutions of the PBE with reference to doping effect and applied electric field intensity are discussed.
The influence of the Debye length (static) and skin depth on induced current distribution in a heavily
doped semiconductor nanoparticle are studied in light of the quasi-static presumption in the analysis
of charge-field interactions. Evolution of plasmonic excitation as the collective response of
conduction-band electrons (or valence-band holes) from surface to bulk phenomena is explained in
terms of the significance in inertia effect of the charge carriers as the frequency of the polarizing
electric field is increased. Extension of the basic static Debye length to the dynamic case with
frequency dependence can be borne out by consideration of the complex wave number appearing in
the Helmholtz equation for the charge density, which recedes to the linearized PBE in the static
limit. Nanoparticles with a core-shell structure are examined for the shielding properties as well as
the shift in the surface plasmon resonance frequency [5]. Field enhancement in the gap of a
symmetrical semiconductor nanodimer is studied using a numerical electromagnetic simulation tool
based on finite-element method. Representation of the polarizability of nanoparticles and their
aggregates by generalized admittance of electrical networks and the rationale for their synthesis
culminate the presentation.
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