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ABSTRACT 

Chiral metasurfaces enable compact manipulation of circularly polarized light; however, most 

designs rely on rigid platforms that limit their adaptability. Here, a mechanically reconfigurable 

single layer dielectric chiral metasurface based on polydimethylsiloxane (PDMS), operating in the 

near infrared region is proposed. The unit cell, comprising two angularly oriented hollow rectangular 

cavities, introduces symmetry breaking that enables strong chiroptical response. Numerical 

simulations show dual band circular dichroism (CD), with peak values of ~0.89 at 911 nm and −0.8 

at 952 nm under oblique incidence. The metasurface exhibits high quality resonances with Q factors 

of 1495 and 4678, which remain largely preserved under mechanical stretching. Electric field 

analysis reveals distinct chiral resonant modes with opposite handedness preference, while 

parametric studies confirm the robustness of the dual band response against geometric variations. 

Owing to the intrinsic flexibility of PDMS, uniaxial deformation enables controlled spectral tuning 

of the CD response while maintaining strong polarization selectivity. The proposed design provides 

a simple and effective platform for flexible and tunable chiral photonic devices.  

Keywords: Chiral metasurface, Circular dichroism, Jones matrix, Polarization control, Tunability, 

Q factor. 
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CHAPTER 1 

INTRODUCTION 

This chapter establishes the scientific and technological context for the research presented in 

this thesis. It begins with a broad background on metasurfaces and chiral optics, narrows to a precise 

problem statement, articulates the motivation for pursuing a flexible dielectric architecture, and 

presents an analytical review of the relevant literature that identifies the gap this work addresses. 

The chapter concludes with a statement of objectives, a delineation of the scope, and an outline of 

the thesis structure. 

1.1 Background 

One of the defining challenges in the field of modern photonics is to control light at 

nanoscale. Almost all of the conventional optical devices such as lenses, wave plates, beam splitters 

and polarizers depend on macroscopic material thickness to accumulate the phase retardation or 

polarization rotation to perform a specific function. These volume-based systems impose practical 

constraints on the miniaturization, integration, and multifunctionality of optical systems. 

Metasurfaces, conceived as two-dimensional arrays of subwavelength scale resonators (meta atoms) 

patterned on a planar substrate, offer an alternative route in which the relevant optical transformation 

is engineered at the interface itself rather than accumulated over propagation distance [1]– [4]. 

An incident wave can be given a precise phase, amplitude, or polarization with the help of a 

meta atom. On arranging these meta atoms in a periodic array, the surface can reproduce and often 

exceed the functionality of bulk optical elements despite being much compact and thinner than the 
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operating wavelength. This makes them capable of having multiple functionalities such as flat lenses 

with diffraction limited focusing [3], holographic beam shapers, quarter and half wave retarders, 

absorbers, nonlinear optical elements, and polarization converters. Cui et al. [2] extended this further 

by introducing programmable metasurfaces where a single reconfigurable surface could realise 

multiple electromagnetic functions when digitally encoded with phase distributions. Such 

developments show the potential of metasurfaces for next generation compact and adaptive photonic 

systems. 

Out of all the types of metasurfaces, chiral metasurfaces hold a unique importance due to 

their innate nature to distinguish and manipulate circularly polarized electromagnetic waves. 

Chirality is the geometric property of an object that cannot be superimposed on its mirror image. 

This gives rise to two different interactions with left circularly polarized (LCP) and right circularly 

polarized (RCP) electromagnetic waves. In naturally occurring chiral materials such as sugars, 

amino acids, and DNA, these optical effects remain weaker at optical frequencies because the 

molecular dimensions are very much smaller in magnitude as compared to the wavelength of light. 

Chiral metasurface overcome this limitation as they can be engineered and amplify chiroptical 

responses by orders of magnitude within subwavelength thicknesses. This enables them to be used 

in applications ranging from compact circular dichroism spectroscopy and chiral molecular sensing 

to optical information encoding and quantum optical state preparation [11]– [14]. 

Increasing attention has been directed towards the development of photonic systems that are 

capable of operating on non-planar and dynamically deformable surfaces along with the need for 

stronger chiroptical responses. The demand for optical functionality on substrates that bend, stretch, 

and deform during operation is increasing in applications such as wearable health monitors, smart 

contact lenses, flexible displays, and bio integrated optical sensors. Polydimethylsiloxane (PDMS) 

has established itself as the elastomeric substrate of choice for such applications: it is optically 

transparent across the visible and near infrared spectrum, chemically inert, biocompatible, and 
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capable of sustaining strains exceeding 100% without mechanical failure [29], [30]. When 

subwavelength features are patterned directly into PDMS—rather than deposited as thin film 

resonators on its surface—the result is a purely dielectric flexible metasurface in which the resonator 

and the substrate are the same material, eliminating delamination failure modes and ohmic losses 

simultaneously. 

1.2 Problem Statement 

Despite rapid progress in both chiral metasurface research and flexible photonics, a persistent 

gap exists at their intersection. Most chiral metasurfaces reported to date are built on rigid, non-

deformable substrates like silicon, glass, or quartz or consist of metallic resonators which result in 

ohmic losses. Designs that utilise flexible substrates have a hybrid structure consisting of metallic 

or high index semiconductor resonators fabricated separately and then transferred or deposited onto 

PDMS or other elastomers [26]– [29]. Such hybrid configurations retain the disadvantages of their 

metallic components. Another shortcoming of existing flexible chiral metasurfaces is that nearly all 

reported designs exhibit a single band CD response. Dual band circular dichroism that is two 

spectrally separated peaks with opposite CD signs is desired for differential sensing and multi-

channel filtering but has been achieved almost exclusively in multilayer stacked geometries whose 

fabrication is complicate. Realizing strong dual band CD in a single layer, dielectric, elastomeric 

structure constitutes a challenge that this thesis directly addresses. 

1.3 Motivation 

The motivation for this work is grounded in two converging practical demands. First, there 

is a need for tunable circular dichroism elements that can be integrated into compact and 

mechanically compatible photonic devices. Emerging applications in wearable circular dichroism 

spectroscopy for continuous health monitoring, in flexible polarimetric imagers for defence and 
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autonomous vehicles, and in conformable optical coatings for augmented reality systems all require 

polarization selective optical elements that combine large CD contrast with mechanical adaptability, 

a combination that existing technology does not provide. 

Second, the near infrared region between 900 nm and 1100 nm is of exceptional 

technological importance. It overlaps with the first and second biological transparency windows 

relevant to tissue penetrating optical biosensors, with the operating wavelengths of silicon photonic 

integrated circuits, and with the short wave infrared bands used in machine vision and LiDAR. 

Achieving strong dual band CD in this spectral range using a purely dielectric, single layer flexible 

structure without recourse to high index crystalline semiconductors such as silicon or titanium 

dioxide, which are mechanically incompatible with large deformation elastomeric processing is both 

scientifically nontrivial and practically consequential. The PDMS based platform examined in this 

study offers a realistic path to implement such devices, particularly through soft lithography or 

nanoimprint techniques compatible with manufacturing. 

1.4 Literature Review 

1.4.1 Metasurfaces: Foundations and Programmability 

Metasurfaces were developed as a counterpart to metamaterials which also showed that their 

periodic arrangements of subwavelength resonators could produce unnatural properties like negative 

refractive indices, zero permittivity, etc. The evolution of metamaterials from microwave to visible 

frequency regimes was given by Soukoulis and Wegener [5] who gave comprehensive analysis while 

also identifying the fabrication challenges in 3d architectures. Their analysis suggested the growing 

transition towards two dimensional metasurface which preserve the resonant behaviour of 

metamaterials while reducing fabrication complexities. 
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The programmable and coding metasurface concept articulated by Cui et al. [2] marked a 

conceptual inflection point. By representing the phase response of meta atoms in a single or multi 

level digital framework, they showed that a single reconfigurable surface could perform beam 

steering, holography, and programmable diffraction through a change of the coding pattern rather 

than a change of the physical structure. Basar et al. [1] subsequently extended this vision to the 

domain of wireless communications, proposing that reconfigurable intelligent surfaces could 

reshape electromagnetic propagation channels in real time. Sharma et al. [3]  showd the design of a 

human eye inspired concentric cylindrical metalens, while Ai et al. [4] reviewed the application of 

metasurfaces in future display technologies, collectively illustrating the application of metasurface 

engineering in a vast space. 

1.4.2 Dielectric Metasurfaces and the Transition Beyond Plasmonics 

The limitations of plasmonic designs at optical and near infrared frequencies, principally the 

ohmic losses that suppress transmission efficiency and broaden resonance linewidths have driven 

extensive interest in all dielectric metasurfaces. Zheludev [6] argued that overcoming material loss 

constraints is a challenge for the advancement of the metamaterial and metasurface. The 

breakthrough came with the study by Kuznetsov et al. [8], that high refractive index dielectric 

nanoparticles support spectrally overlapping electric and magnetic dipole Mie resonances that can 

be engineered to produce constructive or destructive interference in forward and backward scattering 

directions without the ohmic penalties of metals. 

This Mie resonance framework has since been generalized to a wide range of dielectric 

geometries and materials. Xing et al. [7] further demonstrated highly reflective all dielectric 

metasurfaces based on diamond resonators in the near infrared, showing that the Mie approach 
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extends to wide bandgap materials whose transparency windows are relevant for specific spectral 

applications and not restricted to silicon only.  

1.4.3 Chiral Metasurfaces and Circular Dichroism 

Metasurfaces have evolved into a field in itself because of the numerous ongoing studies 

taking place ranging from plasmonic, dielectric and hybrid material systems. Nanostructured chiral 

materials were studied by Petronijevic et al. [12] ranging from individual nanoparticles to extended 

arrays which clarified the geometric conditions required to achieve strong cd and a distinction was 

made between intrinsic chirality which arises from three-dimensional asymmetry of individual meta 

atoms, and extrinsic chirality, which arises from oblique incidence. Kong et al. [13] studied chirality 

in plasmonic systems assembled through biological templates and abiotic fabrication and showed 

that CD responses are significantly greater than those produced by individual particles because of 

the electromagnetic coupling between resonators within a chiral configuration. Zhu et al. [14] also 

observed that a purely planar dielectric nanostructure under oblique illumination could produce giant 

intrinsic chiroptical activity. 

Gorkunov et al. [11] showed that quasi bound states in the continuum (quasi BIC) in 

dielectric metasurfaces can support near lossless maximum chirality. Light can effectively be 

trapped using BIC structures. They allow controlled coupling to external light by slightly breaking 

symmetry while maintaining extremely high Q resonances with lower losses compared to plasmonic 

structures. This insight explains why purely dielectric chiral metasurface can, in principle, achieve 

the same or larger CD magnitudes as their plasmonic counterparts while operating with far lower 

losses. 
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Within the research group of the present authors, Sharma [15] investigated chiral perovskite 

based metasurface exhibiting simultaneous linear and circular dichroism. The structure was designed 

by controlling symmetry and symmetry breaking to obtain chirality. Recent reviews by Hu et al. [16] 

and Deng et al. [17] have fully outlined the state of the art in dielectric chiral metasurfaces, with Hu 

et al. emphasising single layer configurations as an emerging research priority, and Deng et al. 

drawing an important distinction between broadband polarization conversion and resonant high Q 

CD designs, concluding that the latter offers superior performance for sensing applications. Tonkaev 

et al. [18] pushed the frontier further into nonlinear regimes, fabricating chiral metasurfaces from 

van der Waals materials to show chirality selective nonlinear harmonic generation. 

1.4.4 Active and Tunable Metasurfaces 

Most metasurface have a static optical which constitutes a fundamental limitation for 

adaptive photonic applications. Hail et al. [9] and Kang et al. [10] provided complementary surveys 

of active optical metasurfaces, documenting tuning mechanisms that include phase change material 

switching, electro optic modulation, thermo optic effects, micro electromechanical actuation, and 

optical pumping. Badloe et al. [19] gave a roadmap for fully active nanophotonics, identifying 

mechanical deformation as particularly attractive for near infrared applications because it can 

produce large, continuous, and reversible spectral shifts through simple strain control. Practical 

implementations of active metamaterials were surveyed by Fadhil and Al Sahlawi [20], while 

Kowerdziej et al. [21] showed that electrically switchable phase and amplitude responses can be 

produced with soft matter over layers like liquid crystals, when integrated with metasurface. 

Li et al. [23] reviewed active tunable metamaterials based on graphene, phase change 

materials, and semiconductors, and He et al. [24] showed tunable BIC metamaterials incorporating 
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Dirac semimetals as the active medium for terahertz frequencies. Fan et al. [25] argued that the 

transition from static to dynamically reconfigurable metasurfaces is the defining challenge for the 

next generation of flat optical devices. Qin et al. [22] introduced the intriguing concept of 

microfluidic metasurfaces in which on chip fluid flow reconfigures the electromagnetic response in 

real time, though the integration complexity of fluidic channels within a compact photonic platform 

remains a practical obstacle. 

1.4.5 Mechanically Flexible and Stretchable Chiral Metasurfaces 

The intersection of mechanical flexibility and chiroptical response has been explored in a 

growing number of studies, predominantly at terahertz and mid infrared frequencies where 

fabrication tolerances are more relaxed. Han et al. [26] showed that mechanical deformation of 

propeller shaped terahertz metamaterials patterned on flexible substrates can induce and tune circular 

dichroism because the deformation itself breaks the structural symmetry of an otherwise achiral 

design. This deformation induced chirality mechanism is conceptually distinct from the intrinsic 

symmetry breaking strategy employed in the present work, where the meta atom is chirally designed 

from the outset and deformation is used as a spectral tuning tool. 

Li et al. [27] reported a mechanically reconfigurable chiral metasurface exhibiting large 

range switchable CD, showing on/off switching of the chiroptical response through structural 

reconfiguration. However, their design utilised metallic resonators on a flexible substrate, inheriting 

the ohmic losses of the metallic components. Liu et al. [28] achieved Fano enhanced CD in 

deformable stereo metasurfaces, exploiting the spectral asymmetry of Fano resonances to achieve 

exceptionally sharp CD line shapes during mechanical deformation—again in a metallic 

architecture. 
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Guan et al. [29] investigated a stretchable PDMS based metasurface supporting quasi BIC 

modes with tunable CD. Their study showed that a purely dielectric PDMS structure can be used for 

mechanically tuning the optical response of the metasurface as mechanical stretching produced 

controlled spectral shifts of the CD peak in a purely dielectric PDMS structure. However, the CD 

values reported were for a single band only.  

1.4.6 PDMS as a Photonic Platform 

PDMS has been well characterized as an optical material for fabrication of photonic device. 

The complex refractive indices of a variety of polymers including PDMS were measured by Zhang 

et al. [30] measured in the visible and near infrared spectral bands. The results confirmed that PDMS 

is mostly lossless in the NIR region of interest. The material dispersion data has been used directly 

in the present simulations. The ratio of base to curing 10:1 agent used here results in a Young's 

modulus in the range of approximately 1–2 MPa which provides strain tuning while maintaining the 

structural uniformity of the nanoscale cavity geometries over multiple deformations. 

Xu et al. [34] gave a quantitative mechanical framework for stretchable PDMS based 

metamaterials, showing a linear relationship between applied stress and strain and providing the 

constitutive equation that relates the geometric reconfiguration of the meta atom to the applied strain. 

Plum et al. [31] studied the optical response in achiral metasurfaces where it demonstrated how the 

illumination affects the response at oblique incidence in activating or it. Jones calculus was 

developed by Menzel et al. [32] specifically for periodic metamaterial layers establishing the 

theoretical formalism used in the present work to extract circular dichroism from linear polarization 

transmission coefficients. Ardakani and Moradi [33] showed strong CD in a non-chiral metasurface 
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exploiting metallic V shaped nanostructures, providing an instructive contrast case that highlights 

the different physical origins of extrinsic versus intrinsic chirality. 

1.5 Research Gap 

The foregoing review reveals four specific gaps that motivate the present investigation. First, 

while PDMS based flexible metasurfaces have been studied in the context of tunable CD [29], the 

designs reported to date achieve high CD magnitudes and exhibit single band responses. Achieving 

near unity dual band CD in a purely dielectric PDMS single layer configuration has not been showed. 

Second, mechanically tunable chiral metasurfaces that operate in the near infrared range (900–1100 

nm) without any metallic inclusions are essentially absent from the literature, a gap that is significant 

given the technological importance for biosensing and silicon photonics. 

Third, the differential sensitivity of co-existing chiral modes in a single layer metasurface to 

uniaxial stretching along orthogonal axes i.e., the anisotropy of the chiroptical mechanical coupling 

has not been systematically analysed. This anisotropy is potentially exploitable for vector strain 

sensing, but the structural geometrical factors that govern it are not understood. Fourth, the quality 

factor evolution of chiral resonances in a flexible dielectric metasurface under strain, a parameter of 

central importance for spectral resolution in sensing applications, has not been reported. The present 

thesis addresses all four gaps through the design and numerical analysis of a PDMS based single 

layer chiral metasurface in the NIR. 

1.6 Objectives 

The specific objectives of this research are as follows: 
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(1) To design a single layer PDMS based chiral metasurface unit cell that simultaneously 

breaks in plane and out of plane symmetries through an asymmetric hollow cavity geometry and 

achieves strong dual band circular dichroism in the NIR range of 900–1100 nm. 

(2) To develop and apply the Jones matrix analytical framework for extracting and 

interpreting the circular polarization transmission properties of the proposed metasurface from full 

wave numerical simulations. 

(3) To perform a systematic parametric investigation of the cavity dimensions governing 

each chiral mode, characterizing the sensitivity of the CD spectrum to geometric variations and 

deriving design guidelines for spectral positioning and amplitude control. 

(4) To simulate the chiral response under uniaxial stretching along the x and y axes, analysing 

the resultant spectral shifts, CD amplitude changes, and quality factor progression of both modes. 

1.7 Scope of Work 

This thesis proposes the numerical design and theoretical analysis of a PDMS-based chiral 

metasurface. Experimental fabrication and characterization are beyond the present scope, though the 

selected geometric parameters are consistent with features achievable by direct laser writing, 

electron beam lithography, or nanoimprint lithography in PDMS. Electromagnetic simulations were 

performed using CST Microwave Studio which uses finite element method to solve. The spectral 

analysis was done in the NIR range of 900–1100 nm. Mechanical stretching has been modelled 

through geometric scaling of unit cell dimensions according strain definition and explicit finite 

element mechanical simulations are not performed. Only uniaxial stretching conditions (along x and 

y separately) are considered. 
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1.8 Organisation of the Thesis 

The structure of the thesis is as follows. The proposed metasurface design including the 

geometry of the unit cell, the theoretical framework for polarization analysis and the simulation 

methodology has been presented in Chapter 2. Numerical results, the parametric sensitivity study, 

the mechanical tunability characterization and Q factor analysis are shown in Chapter 3. The 

summary of the entire work has been provided in chapter 4 which also gives a direction for 

implementation of the work. A complete list of references is provided at the end of the document. 

The present chapter establishes the scientific context and precise motivation for the work, 

reviewed the state of the art to identify the research gap, and stated the objectives and scope of the 

thesis. The subsequent chapters build systematically upon this foundation. 
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CHAPTER 2 

PROPOSED WORK: DESIGN, METHODOLOGY, AND RESULTS 

This chapter presents the main research contribution of the thesis. It describes the material 

and the geometry of the metasurface, followed by theoretical framework and computation of 

transmission characteristics. It describes the formulation of Jones matrix which is used to describe 

the transmission characteristics of a metasurface in linear basis which can be converted into circular 

basis by unitary transformation. The matrix then gives us complex fields from which circular 

dichroism can be calculated. Further, a simplified stretching behaviour is described to analyse the 

tunability of the metasurface.  

2.1 Material Platform: Polydimethylsiloxane 

The material used here is PDMS (polydimethylsiloxane) having a base to cure agent ration 

of 10:1 [30]. The measurement of refractive index carried out by Zhang et al. [30] have been used 

directly in the simulation to represent the material correctly. 

It is possible to use a single material instead of a metallic resonator or nanorods embedded 

or deposited on a dielectric substrate. It eliminates ohmic losses, reduces the fabrication process to 

a single soft lithographic or nanoimprint patterning step, and ensures that the resonator deforms 

identically with the substrate under mechanical strain, avoiding the stress concentrations and 

delamination failure modes that arise in metal on elastomer hybrid systems. 
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2.2 Unit Cell Geometry and Symmetry Analysis 

The unit cell geometry is shown in Figure 2.1. Each meta atom has a cuboidal geometry with 

periodicity px = py = p = 800 nm; the structure height is h = 500 nm. The top surface of the cuboid 

has two hollow rectangular cavities are engraved to prescribed depths into the PDMS bulk. The use 

of hollow cavities instead of nanopillars inverts the conventional metasurface geometry: the cavities 

define regions of reduced effective refractive index responsible for governing the resonant mode of 

the structure while the dielectric PDMS forms the host structure. 

  
 

Figure 2.1. (a) top view of the proposed unit cell, (b) side view of the unit cell showing depth of 
cavities, (c) Schematic of the proposed PDMS based chiral metasurface subjected to LCP and 
RCP. 

 

The dimensions of the upper cavity are l₁ × t₁ × d₁ = 190 nm × 60 nm × 230 nm where l1, t1 

and d1 are the length, width and depth of the upper cavity. The lower cavity has dimensions l₂ × t₂ × 

d2 = 300 nm × 130 nm × 285 nm. Both cavities are oriented at 45° to the principal in plane axes of 

the unit cell. The combination of lateral translation and vertical separation introduces chirality in the 

structure: the upper cavity is first translated by y₁ = 20 nm along the y axis before rotation, while the 

lower cavity is translated by y₂ = 20 nm along y before its own rotation. This configuration breaks 

three distinct symmetries: (i) the in-plane mirror symmetry along x, because the two cavities are 
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translated by different lengths along y direction; (ii) the in-plane mirror symmetry along y, because 

the rotated cavities are not symmetric about the y axis; and (iii) the rotational symmetry about the 

vertical axis, because the two cavities have different depths. The simultaneous breaking of in plane 

and out of plane symmetries is the necessary and sufficient condition for a planar structure to exhibit 

strong intrinsic chirality under oblique illumination [31]. The chirality of the structure cannot be 

removed by any in plane translation or rotation which differentiates this design from extrinsically 

chiral configurations where the CD arises because of oblique incidence. 

2.3 Theoretical Framework 

2.3.1 Jones Matrix Formalism 

The transmission properties of the metasurface are analysed using the Jones matrix 

formalism following Menzel et al. [32]. When a metasurface is illuminated by a monochromatic 

plane wave, the relationship between the complex amplitudes of the transmitted and incident electric 

fields in the orthogonal linear polarization basis {x̂, ŷ} is described by the 2×2 Jones transmission 

matrix: 

𝑇 = ൬
𝑡௫௫ 𝑡௫௬

𝑡௬௫ 𝑡௬௬
൰ (1) 

where tij (i, j ∈ {x, y}) denotes the complex transmission coefficient for light incident with j 

polarization and transmitted with i polarization. Direct transmission without polarization conversion 

are described by co polarized coefficients txx and tyy, while the conversion between orthogonal states 

is given by cross polarized coefficients, txy and tyx.  
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To evaluate the response under circularly polarized illumination, the linear basis transmission 

matrix is transformed into the circular polarization basis using the standard unitary transformation. 

The resulting circular Jones matrix is [32]: 

𝐽௖௜௥௖ =  ቀ
𝑡ோோ 𝑡ோ௅

𝑡௅ோ 𝑡௅௅
ቁ =

1

2
ቆ

൫𝑡௫௫ + 𝑡௬௬൯ + 𝑖൫𝑡௫௬ − 𝑡௬௫൯ ൫𝑡௫௫ − 𝑡௬௬൯ − 𝑖൫𝑡௫௬ + 𝑡௬௫൯

൫𝑡௫௫ − 𝑡௬௬൯ + 𝑖൫𝑡௫௬ + 𝑡௬௫൯ ൫𝑡௫௫ + 𝑡௬௬൯ − 𝑖൫𝑡௫௬ − 𝑡௬௫൯
ቇ (2) 

The diagonal elements tRR and tLL represent co circular (handedness preserving) transmission, 

while the off-diagonal elements tRL and tLR capture circular polarization conversion. The total 

transmittances for RCP and LCP incident light, summing contributions from both output polarization 

channels, are given by: 

𝑇ோ = |𝑡ோோ|ଶ + |𝑡௅ோ|ଶ (3) 

𝑇௅ = |𝑡௅௅|ଶ + |𝑡ோ௅|ଶ (4) 

2.3.2 Circular Dichroism Definition and Quality Factor 

Circular dichroism, quantifying the handedness selectivity of the metasurface response, is 

defined as the differential transmittance [33]: 

𝐶𝐷 = 𝑇ோ − 𝑇௅ (5) 

A positive CD value implies that RCP light is transmitted while RCP light is suppressed 

whereas negative CD implies preferential transmission of LCP while RCP is suppressed. If a 

structure is symmetric, both LCP and RCP light interact with the system in the same way. They 

excite degenerate resonant modes having the same frequency. As a result, there is no difference in 

how the system responds to left and right polarization and the CD is 0 across the entire spectrum. 

The deliberate breaking of symmetry in the structure makes it as asymmetric because of which it 
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does not treat both polarizations equally and produces spectrally distinct resonant responses for the 

two handedness states and gives non-zero CD at each resonant frequency. The quality factor of each 

resonance mode is defined as Q = λ₀/Δλ, where λ₀ is the resonant wavelength and Δλ is the 

corresponding full width at half maximum. 

2.3.3 Mechanical Strain Model 

The relation between applied stress δᵢ, strain εᵢ along direction i є {x, y} and the Young's 

modulus E is defined as εᵢ = δᵢ/E [34]. Since PDMS is nearly incompressible (Poisson's ratio ν ≈ 

0.5), strain in one direction induces equal and opposite strain in the transverse in plane direction. 

Numerical modelling of the system can be done by scaling the unit cell dimensions along x and y 

directions and the optical response of the modified geometry is recalculated. For mathematical 

simplification, the stretching strain has been defined as the ratio of the change in length after 

stretching to the initial length of the structure [34]: 

𝜀 =
𝑙 − 𝑙଴

𝑙଴

(7) 

where l₀ is the initial length and l is the post deformation length along the stretching direction.  

2.4 Simulation Setup 

All electromagnetic simulations were performed in CST Microwave Studio using the 

frequency domain solver. Periodic boundary conditions were applied along x and y axis to represent 

infinite periodic array in the horizontal plain while open boundary condition was applied along the 

z axis. The structure was excited by a plane wave propagating along the z axis and incident at an 

angle of 55° to the z axis, which was identified through an angular parametric sweep as the angle 

that maximises the CD for the present geometry. This is consistent because oblique incidence is 
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responsible for breaking external symmetry and improving chiroptical response [31]. The 

wavelength sweep covered 900 1100 nm.  
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CHATPER 3 

3.1 Results and Analysis 

3.1.1 Transmission Coefficients and Dual Band CD Response 

To understand the response of the metasurface, particularly its circular dichroism (CD) response, 

transmission of LCP and RCP light was analysed. Figure 3.1 (a) shows the transmission coefficients 

obtained under circular polarized illumination, which were obtained by converting the linear 

polarization Jones matrix components (txx, txy, tyx, tyy) into circular polarization basis. Figure 3.1 (b) 

shows the transmission plot of LCP and RCP light, which is obtained with the help of equations 2 

and 3. At the shorter wavelength resonance, the right circularly polarized light is transmitted more 

than the left circularly polarized light. In contrast, at the longer wavelength resonance, the left 

circularly polarized light is transmitted more than the right circularly polarized light. This behaviour, 

namely the selective transmission of a polarization state, arises from distinct chiral modes with 

opposite handedness preferences. As a result, the observed dual band CD originates from 

polarization dependent interference between the resonant modes.  

 

(a) 

 
(b) 
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Figure 3.1. (a) plot of amplitude of transmission coefficients, (b) transmission of LCP and RCP 
light, (c) CD vs wavelength for different incident angles, (d) CD vs wavelength for optimized 
geometry. 

 

Figure 3.1(c) proves how oblique incidence introduces chirality externally as resonance 

peaks shift and their amplitudes change significantly and shows that the optimized result obtained 

corresponds to 550. A maximum CD of +0.89 near 911 nm (mode 1) implies that RCP light transmits 

through the structure and a negative peak of CD of −0.8 near 953 nm (mode 2) implies LCP light 

transmits more. These values are notably high for a single layer, purely dielectric structure. The 

quality factors Q₁ ≈ 1495 (mode 1) and Q₂ ≈ 4678 (mode 2) indicate spectrally sharp resonances, 

with mode 2 being substantially more confined. 

3.1.2 Electric Field Distributions 

Figure 3.2 shows electric field distribution in the metasurface. The electric field confinement is 

relatively weaker under RCP compared to LCP which leads to stronger resonant scattering under 

LCP at 911 nm resulting in less transmission under LCP whereas the electric field confinement is 

(c) 

 

(d) 
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relatively weaker under LCP compared to RCP at 953 nm which leads to less transmission under 

RCP.  

     

       

Figure 3.2. (a) Electric field distribution for the metasurface structure at 911 nm under RCP light. 
(b) Electric field distribution for the metasurface structure at 952 nm under LCP light. 

3.2 Parametric Study 

To investigate the behaviour of the structure’s chiroptical response on geometry, a parametric 

study was performed by varying the geometry of upper and lower cavities while the other 

parameters were kept fixed. 

3.2.1 Influence of Upper Cavity Dimensions 

The variation of depth of upper cavity d1 shows a gradual spectral shift of both mode 1 and 

mode 2 with increasing depth. This suggests that the chiral resonant modes responsible for such 

(a) 

 
(b) 

 

(c) 

 
(d) 
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behaviour are resilient to changes in the upper cavity depth. Both modes shift towards longer 

wavelengths as d1 rises, which implies a longer effective optical path and modified phase 

accumulation within the cavity. It is to be noted that the magnitude of the CD bands is only slightly 

impacted, but the spectral positions are closely spaced. 

The influence of the upper cavity length l1 was also examined, showing a stable dual band 

response with gradual spectral shifts for both CD bands with small changes in the magnitude for 

mode 1 and moderate changes in mode 2. 

The metasurface maintains its dual band CD response with small spectral shifts for t1. Mode 

1 remains nearly constant whereas the 2nd mode experiences modulation, indicating that variations 

in cavity thickness primarily affect, even though the geometric tuning modifies the confinement and 

leakage, the chirality mechanism remains the same. 

 

 
 

Figure 3.3. CD vs wavelength curve for variation of geometric parameters for upper cavity. (a), (c) 
and (e) show variation of positive band whereas (b), (d) and (f) show variation of negative band. 

(d) 

 (b) 

 
(f) 

 

(a) 

 
(c) 

 
(e) 
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3.2.2 Influence of Lower Cavity Dimensions 

On varying the depth of the lower cavity d2, the metasurface retains a distinct dual band CD 

response, confirming the structural stability of the chiral resonances, like that observed in the 

variations in d1. Contrary to the variations in the upper cavity depth, increasing d2 causes more 

noticeable spectral modulation. At longer wavelength, the mode 2 shows increased sensitivity, as it 

experiences greater wavelength shifts and shows more pronounced changes in the magnitude of CD. 

This suggests that the corresponding chiral mode is more sensitive to the depth induced phase 

changes because it has stronger field confinement within the lower cavity region. Figure 3.4 presents 

the corresponding parametric study for lower cavity parameters (l₂, t₂, d₂). The response of mode 1 

to lower cavity variations is again modest: spectral positions shift slightly but peak CD amplitudes 

are largely preserved. This reinforces the interpretation of mode 1 as a globally determined, 

topologically robust chiral mode whose coupling efficiency is insensitive to the dimensions of either 

individual cavity in isolation. 

The impact of lower cavity length L2 on the CD response is much more noticeable as 

compared to changes in L1. The metasurface maintains the dual CD spectrum over the entire 

parameter range showing significant spectral shifts on increasing L2 for both CD bands, especially 

for the longer wavelength i.e. negative CD resonance. The circular dichroism magnitude remains 

high despite this enhanced tunability because the chiral modes are well defined, which shows that 

spectral control can be achieved without affecting the strength of the chiral response. 

The metasurface maintains its dual band CD response with small spectral shifts for t2. The 

positive CD bands remain nearly constant whereas the negative CD band experiences modulation, 

indicating that variations in cavity thickness primarily affect, even though the geometric tuning 

modifies the confinement and leakage, the chirality mechanism remains the same. 
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Figure 3.4. CD vs wavelength curve for variation of geometric parameters for the lower cavity. (a), 
(c) and (e) show variation of the positive band, whereas (b), (d), and (f) show variation of the 
negative band. 

3.3 Mechanical Tunability 

Since PDMS is flexible, its mechanical properties can be used to regulate the CD 

phenomenon through stretching using the relation given by (34): 

𝜀௜ =
ఋ೔

ா
(6)  

where i ∈ x, y, the Young’s modulus is given by E, ε୧ is the ratio of change in area to initial area 

and δ୧ is the strain force of PDMS. When the structure is subjected to tensile stress along x axis, it 

stretches along the x direction while its y components remain fixed. The same is true when tensile 

stress is along y axis. For mathematical simplification, stretching strain has been defined as the ratio 

of the change in length after stretching to the initial length of the structure (29): 

𝜀 =
𝑙 − 𝑙଴

𝑙଴

(7) 

(a) 

 

(d) 

 
(b) 

 
(f) 

 

(c) 

 
(e) 
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where l is the final length of the structure after stretching, and l0 is the initial length. Its optical 

response is investigated when subjected to stress by applying uniaxial stretching along the X and Y 

axes. When the stretch is along the X axis, the positive and negative CD bands undergo a redshift as 

the strain increases because stretching changes the geometry and optical path of the structure, which 

alters the resonance condition of the modes. This makes the resonant peaks move away from their 

original spectral positions. The magnitude of the negative CD band decreases, while the positive 

band remains nearly unchanged. 

              

                  
 

Figure 3.5. (a) Circular dichroism vs wavelength for stretching along x axis. (b) Circular dichroism 
vs wavelength for stretching along y axis. (c) and (d) show variation of Q factor of modes 1 and 2 
with stretch along x and y direction respectively. 
 

(a) 
 

(b) 
 

(c) 
 

(d) 
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On the other hand, a substantially stronger spectral response is obtained when stretching is applied 

along the y axis. Redshifts are noticeable in both positive and negative CD bands, but the spectral 

displacement of the longer wavelength negative CD resonance is much greater than that of the X 

direction stretching. It can also be seen that the positive CD band has the same magnitude of CD, 

while the magnitude of the negative CD band decreases significantly. This indicates an anisotropic 

chiral response of the structure, as the dominant chiral modes are more aligned with the structural 

features along the y direction according to this behaviour. The variation of Q factor corresponding 

to mode 1 and 2 when the structure is subjected to stretch is also shown in Figure 3.5. With increasing 

stretch, the Q factor consistently decreases in the X direction for both modes whereas the Y direction 

shows a non-monotonic behaviour for both as the Q value initially decreases and then increases at 

higher stretch while in the second mode it fluctuates before declining. 
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CHAPTER 4 

CONCLUSION AND FUTURE PERSPECTIVE 

This chapter concludes the main results of the proposed work, states the original scientific 

contributions, reflects critically on the limitations of the study, discusses the practical implications 

of the results, and identifies the most promising directions for future research. Together, these 

constitute a comprehensive assessment of what has been achieved and what remains to be explored. 

A dual band CD response has been demonstrated using a single layer PDMS based chiral 

metasurface under oblique incidence. By breaking both in plane and out of plane symmetry, 

introduced by the orientation of the cavities, strong chiroptical responses are produced which lead 

to distinct chiral resonant modes. The magnitude of CD is very high, about 0.89 at 911 nm which 

implies that at this wavelength, LCP is suppressed and -0.8 at 952 nm which implies that RCP is 

suppressed. This preferential transmission can be confirmed with the electric field distribution. The 

metasurface provides high Q factors of ~1495 and ~4678 at resonance frequency. Parametric studies 

show that a small change in the geometry of the structure still gives high CD values with some 

spectral shifts and a possible change in the behaviour of mode 2. Furthermore, the flexible nature of 

PDMS allows continuous and anisotropic modulation of the CD response under uniaxial stretching, 

with minimum decline of resonance behaviour. These results show that a simple and efficient 

platform can be designed to achieve mechanical tunability with polarization selective metasurfaces 

with potential applications in sensing, tunable filtering, and compact chiral photonic systems. 

There are limitations to this work that should be addressed. The works is entirely numerical 

based so there are no experimental fabrication or optical measurements performed to support the 
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results. The accuracy depends on the correctness of the material model given by Zhang et al. [30]. 

Real PDMS samples may vary in refractive index depending on curing conditions, ageing, and 

humidity absorption, which could possibly shift the resonant wavelengths relative to the simulated 

values. The mechanical model has been simplified using geometric scaling without accounting for 

the full three-dimensional Poisson contraction. The study also considers uniaxial stretching which 

is not encountered in wearable device scenarios where biaxial and shear deformation takes place. 
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