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Abstract I

Abstract

The surface Plasmons (SPs) are quantized charge density oscillations
that occur when incident electromagnetic field interacts with the free electrons
in the dispersive metals at the interface between a metal and a dielectric. The
excellent merits of SP allow localized field enhancement that can be utilized
to concentrate light into a confined region achieving more jumps in solar cells
and photodetectors performance. In the past decade, several theoretical and
experimental works of (SPs) have been reported to develop optical devices.

Among all plasmonic photodetectors, the Schottky diode, composed of
nanoantennas with Gallium Arsenide (GaAs) ( metal/semiconductor
interface), has attractive features due to its simple structure and high speed.
For example, the Metal Insulator Metal (MIM) with nanoantenna plasmonic
structure interacts with the incident light wavelength, where the Schottky
plasmonic structure, which depends on the localized surface plasmon,
interacts with subwavelength that allows potentially higher speed than other
plasmonic photodetectors.

Elliptical nanoantennas (ENAs) using Gallium Arsenide (GaAs)
substrate are studied to tune the optical response to match the Near Infrared
(NIR) band. The resonance wavelength, bandwidth of plasmonic resonance,
and normal field enhancement, are tailored by controlling the size and aspect
ratio of the elliptical patches. The obtained results are compared with those
for other shapes such as circular nanodisk and ring nanoparticle antennas. The
use of Silver and gold metals in nanoantennas are also studied aiming to
enhance the electric field, where the Lorentz-Drude model of metals are
considered. The surfaces plasmon is demonstrated by comparing with the case

of perfect electric conductor version of silver and gold nanoantennas. The
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obtained results showed that the designed nanoantennas could offer
good enhancement in the performance of photodetectors and solar cells.

A nanostructure formed of an array whose elements are in the form of a
3X3 cluster of metal rings having the same outer diameter but with various
inner diameters is proposed. Thus, each ring size resonates at a certain
wavelength and the result of the cluster arrangement is staggered responses
that possess larger bandwidth. In addition, different plasmonic metals of gold,
aluminum, and perfect electric conductor (PEC) of ring nanoantennas are
analyzed to investigate the metal type effect on localized field enhancement.
Simulations using the periodic unit cell approach by the CST microwave
studio suite showed that the average absorbed power in an amorphous silicon
layer has been improved compared to that without rings. In addition, the
obtained response covers the wavelength range from 800nm to 1500 nm.

Several new structures of nanoantennas are proposed, where various
forms and sizes of nanoantennas structures are investigated in order to obtain
wide bandwidth and to tailor the structure absorption response to match the
irradiance spectrum of the sun in the region of NIR spectrum. For each type
of the suggested structures, the sizes of nanoantenna elements have been
engineered and the nanoantennas are arranged in order to produce higher
localized field enhancement which results in better harvesting of the incident
power. At the same time, the resonance wavelength of each nanoantenna is
adjusted to control the structure response at the required region of the NIR
spectrum and then the enhancement of the absorbed power in the a-Si
(photoactive layer of the solar cells) is accomplished. Also, the silver and gold
plasmonic metals are investigated to understand which one has the best

performance, especially at the NIR region.
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