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ABSTRACT

’

Metamaterials, defined as artificially engineered structures with subwavelength
dimensions, exhibit unique properties not observed in natural materials. These properties
arise from the precise design and arrangement of their subwavelength-scale resonators.
Metasurfaces, the two-dimensional counterparts of metamaterials, are composed of planar,
subwavelength patterns that enable control over radiations across the electromagnetic
spectrum. This unique characteristic allows metasurfaces to replace bulky optical
components with thin, flat alternatives. The versatility of metamaterials has led to their
application in a wide range of fields, including acoustics, mechanics, optics, and photonics.
A key property of metamaterials is their scalability and the way their response is influenced
by the shapes and geometry of the resonators. These features enable their utilization across
the entire electromagnetic spectrum, from radio waves to visible light. The ability to tune
the response of metasurfaces by manipulating their geometric configurations offers
significant flexibility in their design and application, with potential implications in various
industries and technologies. However, metamaterials face a notable challenge: radiative
losses. These losses lead to broad line-shaped bright resonances with low Q-factors,
limiting their efficiency and performance. To address this issue, researchers have utilized
dark resonances, which occur through indirect excitation and are characterized by narrow
line shapes with high Q-factors. Dark resonances can be excited by near-field coupling
with a bright resonator or by introducing asymmetry into the structure. The introduction of
asymmetry into metastructures results in properties that are not accessible in symmetric

configurations, making the study of asymmetry in metasurfaces critically important. This
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thesis investigates the influence of asymmetry and near-field coupling on the transmission
and reflection characteristics of metasurfaces, specifically focusing on the role of
behavioural, geometrical, and optical asymmetry in shaping resonances in plasmonic
terahertz (THz) metamaterials.

Our study begins by demonstrating that introducing behavioural asymmetry into
metasurfaces significantly enhances their sensitivity. This sensitivity enhancement results
from an increased interaction volume facilitated by behavioural asymmetry, rendering
these metasurfaces highly promising for applications in biosensing and material
characterization, where high sensitivity is crucial for accurate detection and analysis. The
investigation then extends to the effects of geometrical asymmetry on resonance
characteristics, such as frequency, intensity, and Q-factor, as well as on the manipulation
of electromagnetic fields at subwavelength scales. It is shown that incorporating
asymmetry into the structure leads to the excitation of Fano (dark) resonances. Further
coupling of these asymmetric structures results in the excitation of hybridized dark
resonance states and toroidal resonances, contingent on the polarization of incident light.
Additional studies on geometrical asymmetry focus on the near-field coupling between
symmetric (dipole cavities) and asymmetric (split-ring resonators) structures, leading to
strong coupling and enhanced transmission capabilities at new resonance frequencies.
Additional investigations revealed that the position of the split ring resonator within the
dipole cavity significantly affects the transmission characteristics of the structures. This
positional adjustment leads to the manifestation of multi-mode surface plasmons. It is noted
that geometrical asymmetry substantially influences the transmission properties of

designed metasurfaces, leading to the excitation of various dark resonances such as Fano,



toroidal, multi-mode surface plasmon resonances, and hybridized dark states. These
resonances have applications in biomedical sensing, filtering, and optical switching, among
others.

Finally, this thesis explores optical asymmetry in metasurfaces by investigating non-
Hermitian metasurface configurations, a promising approach to achieve exceptional points
(EPs) and unidirectional reflectionlessness (UR). The role of near-field coupling in
achieving UR is explored, highlighting the potential of this research on non-Hermitian
plasmonic metasurfaces to implement futuristic THz technologies, including unidirectional
cloaking and unidirectional perfect absorbers. The findings of the present thesis suggest
that asymmetry and near-field coupling can significantly enhance the performance of

metamaterial structures tailored specifically for THz photonics.
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