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ABSTRACT

This thesis is a summary of the detailed theoretical studies of several novel plasmonic
nanostructures, and proposes these structures for applications such as optical switching,
plasmonic interconnects and waveguides, thickness sensing, and biological and chemical
sensing. We first performed a numerical study using (finite difference time domain, i.e.
FDTD simulations) of a plasmonic nanoparticle-spacer-plasmonic film structure and then
compared the results of this study with the results of a full-wave analytical solution. Further,
we investigated a plasmonic nanowire array-spacer-plasmonic film structure by carrying out
numerical calculations (using rigorous coupled wave analysis, i.e. RCWA, simulations).
These two nanostructure systems could be employed as highly sensitive plasmonic sensors
for thickness sensing and for chemical and biological molecular detection. Further, we
proposed the plasmonic nanowire array-spacer layer-plasmonic film structure as a tunable
plasmonic switch using a phase-change material as the spacer layer. Moreover, we studied
the different kinds of plasmonic waveguides and calculated the different modes (mode
profiles as well as the effective refractive index associated with the different modes)
supported by these waveguides. The objective of this study was to investigate the trade-off
between propagation lengths are effective mode area for these plasmonic waveguides. Some
of the short- to medium- range plasmonic waveguide structures studied included: A single
plasmonic nanowire — having different geometrical cross-section — over a plasmonic metal
film with a dielectric spacer in between them, a pair of plasmonic nanowires over a
plasmonic metal film with a dielectric spacer in between, a pair of cylindrical plasmonic
nanowires, and a single cylindrical plasmonic nanowire. Some of the long-range plasmonic
waveguide structures studied included: (i) hybrid plasmonic waveguides (HPWSs) consisting
of triangular shaped silicon nanowires on either side of a plasmonic thin film, with a

dielectric spacer between the silicon nanostructures and the plasmonic thin film, and (ii)



HPWs consisting of diamond shaped silicon nanowires on a silica-coated silicon substrate on
one side of a plasmonic thin film a square-shaped silicon nanowires on the other side of a
plasmonic thin film, with a dielectric spacer between the silicon nanostructures and the
plasmonic thin film. Although most of the work described in this thesis is in the area of
plasmonics, we also carried out a study of an actively modulated ring resonator-based power

splitter for photonic interconnects.
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several values of gap 'g' between the Ag film and the Si nanowires, on the: (a) Propagation
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consisting of a pair of triangular shaped silicon nanowires on either side of a plasmonic
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height of the silicon nanowire 'H' = 200 nm, the gap between the Ag film and the Si
nanowires 'g' = 40 nm, the gap between two adjacent Si nanowires 'g;' = 50 nm and
angle '0' = 70.6°. Effect of varying the height 'H' of the silicon nanowire, for different
values gap 'g,' between two adjacent Si nanowires, on the (c) Propagation length ‘L’
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(a) Schematic showing a hybrid plasmonic waveguides (HPW) consisting of four diamond
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XViii

148

150



Propagation length ‘L’ and (b) Effective mode area 'A ¢ of a hybrid plasmonic waveguide
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Error in split ratio
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