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Abstract

The terahertz regime has until recently been some what neglected due to the dif-
ficulty of generating and measuring terahertz radiation. Terahertz time domain spec-
troscopy has allowed for affordable and broadband probing of this frequency regime
with phase sensitive measurements (chapter 3). This thesis aims to use this tool to
add to the knowledge of the interactions between electromagnetic radiation and matter
specifically in regard to plasmonics.

This thesis covers several distinct phenomena related to plasmonics at terahertz
frequencies. The generation of terahertz radiation from metal nanoparticles is first
described in chapter 4. It is shown that the field strength of the plasmon appears to
relate to the strength of the generated field. It is also shown that the power dependence
of the generated terahertz radiation is not consistent with the optical rectification
description of this phenomenon. An alternative explanation is developed which appears
more consistent with the observations. A simple model for the power dependence is
derived and compared to the experimental results.

In chapter 5 the parameters that make good plasmonic materials are discussed.
These parameters are used to assess the suitability of semiconductors for terahertz
surface plasmon experiments. The Drude permittivity of InSb is measured here, leading
to a discussion of terahertz particle plasmons in chapter 6. Finite element method
modelling is used to show some merits of these over optical particle plasmons. This
also includes a discussion of fabrication methods for arrays of these particles.

Finally, chapter 7 is a discussion of so called spoof surface plasmons. This includes
some experimental work at microwave frequencies and an in depth analysis of open
ended square hole arrays supported by model matching method modelling. Perfect
endoscope effects are discussed and compared to superlensing. The thesis ends with a

brief conclusions chapter where some of the ideas presented are brought together.
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(a) Scanning electron microscope image of the array of dimples in alu-
minium, with diameter = 50 pm, depth = 90 um, and pitch = 90 um.
The sample array is square with the direction of propagation, shown by
the arrow, at 45° to the lattice vectors. (b) The measured (solid curved
line) and analytical modelled (dashed line) dispersion of the terahertz
hole array sample. (c) 3D schematic of the unit cell used in numerical
modelling. . . . . . ...
Schematic diagrams showing (a) the open hole array sample configura-
tion, (b) the experimental set up, and (c¢) the unit cell of the experimental
sample, with the propagation direction indicated. . . . . . . . . ... ..
Measured dispersion relations for open and closed metallic hole arrays in
the microwave regime, with analytical and finite element method mod-
elling dispersions shown. The field profiles for the symmetric and anti-
symmetric surface modes are shown on open ended hole arrays, found

using the finite element method. . . . . . ... ... ... ... ... ..
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7.4

7.5

7.6

7.7

The transmission measured across the surface of an array of open ended

square holes defined by d = 9.25mm, ¢ = 6.96mm, h = 15mm, and

€n, = 2.29, normalised against the transmission across a flat metal surface.111

Surface wave dispersion from the analytical model for open ended hole
arrays, (a) where the thickness is varied, and (b) where the surrounding
permittivity is asymmetric above and below the sample. . . . . . . . ..
Dispersion relations for an open ended hole array defined by a = 6.96mm,
h = 15mm, and €, = 2.29 when d = 15mm (solid curved line) and
d =9.25mm (dashed curved lines). . . . .. ... ... ... ... ...,
(a) Spoof surface mode dispersion relations in the reduced zone repre-
sentation. For hole arrays defined by w., < wg;fr, a number of modes
associated with each grating vector are observable in the 1% Brillouin
zone. For hole arrays with we, > wgirs (b), only the first two (surface
plasmon) modes are defined below cut-off. (c¢) Transmission as a func-
tion of hole height h for an array with dimensions ¢ = 0.8d. One can
clearly observe the multimodal transmission, with several peaks in the
frequency region between the cut-off frequency (marked by a solid ar-
row) and w = wg;f¢. (d) Transmission as a function of hole height h for
an array with dimensions a = 0.4d, showing the transmission mediated
by the symmetric and antisymmetric surface plasmon modes. The lower
panels show transmission spectra at heights indicated by dotted arrows.

All calculations are for e, =1.. . . . . . . . .. .. ... L.
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Definitions

FEM

FIB

InSb

SEM

SPP

TE
THz—-TDS

™™

Microwave regime
Optical /Visible regime

Terahertz regime

Finite element method

Focussed ion beam

Indium antimonide

Scanning electron microscope
Surface plasmon polariton
Transverse electric (s-polarised)
Terahertz time domain spectroscopy

Transverse magnetic (p-polarised)

1 — 200 GHz

300 — 1000 THz

0.2 — 2 THz
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