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ABSTRACT

In this paper, a sensor with a multi-layered structure based on MXene and GST as an active
plasmonic material is designed. The design is simulated in 2D. The design is a general sensor to
detect refractive index from 1 to 1.14. Here, the design structure is arranged by placing the analyte
on top. The middle metal layer is considered Ag/Au/Al/Cu to identify the effect of the metal layer
on overall absorption and reflector. The GST layer is configured as a state material aGST and
cGST, where the different properties of the states are considered for identification of the tunable
behaviour of the structure. Optimisation and validation for parameters like height, width, and other
metals, such as Ag/Au/Cu/Al processes, were conducted to ensure optimal device performance. The
proposed refractive index sensor offers a high sensitivity variation ranging from 80 deg/RIU to 770
deg/RIU. Overall bandwidth and the resonating region are different for both phases of GST
material. In other words, the proposed refractive index sensor can be used as a lab-on-chip
biosensor.
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INTRODUTION

It recently highlighted the growing significance of plasmonics in various technological applications,
particularly in bridging the gap between electronics and optics (Zeng et al., 2014; Atabaki et al.,
2018; Sun et al., 2015). Plasmonics offers the potential to manipulate electromagnetic fields at
nanoscale levels, enabling faster speeds and broader bandwidth compared to traditional electronic
devices. However, to fully capitalise on the advantages of plasmonics and address the challenges
electronics face, further advancements are needed to create nanoscale devices with tunable and
customisable characteristics (Chauhan et al., 2021). It will enable the complete transformation of
the fundamental properties of photons and enhance reliability and functionality in applications such
as imaging, communication, sensing, and medical technology (Aieta et al., 2017; Thomson et al.,
2016; Rickman, 2014).

The term "metamaterials™ originates from the Greek word "meta,” meaning "beyond,"” indicating
materials that possess properties beyond those of conventional materials. These materials exhibit
unconventional characteristics derived from their structural arrangement rather than the properties
of their components. V. G. Veselago's proposition in 1968 that materials combining metals and
insulators are technically feasible marked a significant milestone in the development of
metamaterials (Veselago, 1968). Since then, numerous researchers have explored the potential
applications of metamaterials across various fields. Metamaterials can be categorised into different
types based on their properties and applications, including electromagnetic metamaterials (Singha et
al., 2015), chiral metamaterials (Jaggard et al., 1979), photonic metamaterials (Encyclopedia, 2022),
tunable metamaterials, nonlinear metamaterials (Kivshar, 2009), and Frequency Selective Surface
(FSS) based metamaterials (Khan and Eibert, 2018). The applications of metamaterials span a wide
range of fields, including WMD (Weapons of Mass Destruction) detectors, invisible submarines,
revolutionary electronics, light and sound filtering, biosensors, metamaterial absorbers, and
metamaterial antennas (Rahmit, 2006; Caloza and Itoh, 2005). These materials offer unprecedented
opportunities for innovation and technological advancement across multiple domains. Active
plasmonic materials represent a cutting-edge class of materials with dynamic optical properties,
offering many applications across various fields (Jiang et al., 2018). Their ability to manipulate
light in real-time through absorption, reflection, and transmission changes makes them highly
desirable for numerous technological advancements. One of the distinguishing features of active
plasmonic materials is their capability to support plasmon resonances (Sbeah et al., 2023). These
resonances, arising from collective electron oscillations within the material, strongly interact with
incident light. The characteristics of these resonances, including their frequency and strength, can
be tailored by adjusting parameters such as size, shape, composition, and the surrounding medium.
For instance, metal nanoparticles can support plasmon resonances in the visible and near-infrared
spectrum, while doped semiconductor nanoparticles can achieve resonances in the mid-infrared
range (Stevenson et al., 2020). This flexibility in tuning plasmon resonances allows for precise
control over the interaction between light and matter, enabling a wide range of applications. Active
plasmonic materials can also serve as platforms for inducing phase transitions in response to
external stimuli. For instance, applying an electric field to align liquid crystal materials can
effectively tune the plasmon resonance of embedded metal nanoparticles. Upon removal of the
electric field, the liquid crystal undergoes a phase transition, leading to alterations in its optical
properties (Dickson et al., 2008). This dynamic behaviour enables the modulation of light-matter
interactions, further expanding the utility of these materials. The potential applications of active
plasmonic materials span diverse fields. In sensing applications, changes in plasmon resonance can
be exploited to detect minute variations in the local environment, facilitating the detection of
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specific molecules or monitoring temperature changes with high sensitivity. Moreover, in data
storage and optical computing, the real-time manipulation of plasmon resonance offers
opportunities for encoding and processing information efficiently (Tokarev et al., 2010). Overall,
active plasmonic materials represent a versatile platform for developing next-generation
technologies, with their dynamic optical properties opening doors to innovative solutions in
sensing, data storage, optical computing, and beyond.

Surface plasmon resonance (SPR) sensors are highly significant inensing technology because they
can detect changes in the refractive index near the sensor surface (Kaushik et al., 2019). Due to
their remarkable sensitivity and high resolution, these sensors are widely utilised in various
applications, including clinical diagnostics, environmental monitoring, and biochemical analysis
(Lerner et al., 2014). SPR-based sensors typically operate on two primary configurations: the
Kretschmann and Otto configurations. In the Kretschmann configuration, a thin metal film is
deposited on a dielectric prism, allowing for the excitation of surface plasmons at the metal-
dielectric interface. In the Otto configuration, the metal film is instead deposited on a glass
substrate, with the sample solution placed directly on top of the metal film. Both configurations
facilitate the detection of molecular binding events by monitoring changes in the SPR signal, which
indicate alterations in the refractive index near the sensor surface (Zheng et al., 2020). One of the
critical advantages of SPR sensors lies in their nanoscale sensitivity, allowing for the detection of
minute changes in molecular interactions. Additionally, SPR sensors offer remote sensing
capabilities, enabling real-time monitoring of biological processes without the need for labelling or
extensive sample preparation. Furthermore, the high resolution of SPR sensors makes them
particularly suitable for applications requiring precise and accurate measurements (Patel et al.,
2020). SPR technology has been widely used in various fields, including clinical diagnostics,
environmental monitoring, and biochemical analysis. SPR sensors can detect biomarkers indicative
of disease states or monitor real-time drug interactions in clinical settings. Similarly, SPR sensors
can detect pollutants or monitor water quality with high sensitivity and specificity in environmental
applications. Beyond biomedical and environmental applications, SPR technology has also been
applied in electronic systems, where it can be integrated into microfluidic platforms for lab-on-a-
chip devices, as well as in studies of optical properties, such as plasmonic enhancement and
surface-enhanced Raman spectroscopy (SERS) (Luan et al., 2018). Overall, SPR sensors represent a
powerful tool for many applications, offering high sensitivity, resolution, and versatility in detecting
molecular interactions. Their continued development and integration into various technologies
promise further advancements in sensing and analytical capabilities.

Surface Plasmon Resonance (SPR) biosensors have become a powerful tool for detecting biological
molecules. However, traditional approaches often rely on expensive and complex fabrication
techniques. This section explores the growing interest in 2D nanomaterials like grapheme (Sbheah et
al., 2022), black phosphorus, and chalcogenides (including GST) (Sheah et al., 2022) for their
potential to revolutionise SPR sensors. The unique electrical and optical properties of 2D
nanomaterials hold immense promise for SPR sensor development (Helny et al., 2020). By
precisely controlling the number of layers in these materials, researchers can tailor their electrical
characteristics for enhanced biosensing capabilities. It translates to improved detection sensitivity
for a wider range of biological molecules. Chemical Vapor Deposition (CVD) (Sheah et al., 2023)
has been the primary method for creating 2D nanomaterials for SPR sensors. However, this
technique suffers from high costs and limitations in achieving desired results (Ji et al., 2021).
Recent studies have explored innovative alternatives like electrospinning for producing 2D
inorganic materials. This method offers advantages like continuous production, lower costs, and
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improved safety. Modern SPR sensor designs often involve stacking multiple layers of 2D
nanomaterials on a metal base. Researchers are actively exploring the development of
heterostructures combining various 2D materials on a single chip (Xia et al., 2019). This approach
aims further to enhance the performance and capabilities of SPR sensors. Over the past decade,
researchers have focused on incorporating silicon (Si) into SPR sensors based on 2D nanomaterials.
Studies have shown that increasing the number of graphene and silicon layers in such structures
improves biomolecule adsorption, leading to better detection sensitivity (Verma et al., 2011;
Ouyang, et al., 2016).

Recent research suggests that combining Si with GST on top of a metal layer can further enhance
SPR sensor sensitivity. GST finds diverse applications ranging from refractive index-sensitive
sensors to anti-radar detectors and tunable absorbers for aircraft invisibility technology applications
(Patel et al., 2021). Moreover, GST plays a crucial role in enhancing the performance of plasmonic
devices (Abdollahramezani et al., 2020). Its unique property of altering phase from amorphous
(aGST) to crystalline (cGST) upon interaction with light makes it a versatile phase-change material
for optical devices (Nejat and Nozhat, 2020). Furthermore, using phase change materials (PCMs),
including GST, in biosensors facilitates the exploration of optimal resonances (Yan et al., 2019). In
the context of surface plasmon resonance (SPR) based sensors, incorporating gold resonators with
GST enhances tunability and improves sensitivity. This integration extends to applications like
optical switches and modulators (Patel et al., 2020). MXenes, a recently discovered class of 2D
transition metal carbides, nitrides, and carbonitrides (Kumar et al., 2022), are attracting significant
attention due to their unique properties and vast application potential (Zhan et al., 2020). Their
intense light absorption in the near-infrared region makes them promising candidates for SPR
sensors (Lim et al., 2022). Among MXenes, Ti3C2Tx is a promising 2D material for biomolecule
detection in SPR sensors (Sinha et al., 2018). Its exceptional properties, such as high mechanical
and chemical stability, large surface area, and tunable plasmonic behaviour, make it a strong
contender. However, achieving optimal performance requires precise control over its surface
termination (Bai et al., 2016). Ti3C2Tx has the potential to be used in surface plasmon resonance
(SPR) sensors for biomolecules; however, this use needs exact control of the material's surface
termination. This study presents a numerical investigation of an SPR sensor design using GST,
MXene, Silica, and Silver. We analyse the reflectance behaviour of this multi-layered structure
across the infrared and visible wavelength spectrum to understand its suitability for various
biosensing applications. By incorporating a diverse range of refractive indices in our simulations,
we aim to assess the sensor's effectiveness for detecting a broad spectrum of biomolecules.

MODELLING AND THOERY

A refractive index sensor with a multi-layered structure has been presented in Figure 1 The
proposed structure has been formed with Si-GST-Metal-MXene-Ag layers. The refractive index
range is between 1 and 1.14, considered from the various material databases. That is why we
consider the design to be a general refractive index sensor in the mentioned range. The middle
metal layer is considered Ag/Au/Al/Cu to identify the effect of the metal layer on overall absorption
and reflectance. The GST layer is configured as a state material aGST and cGST, where the
different properties of the states are considered for identification of the tunable behaviour of the
structure. The refractive indices range of GST changes with the change of temperature, and it has
been taken from the graph given in [43], and it is in eV v/s permittivity that we have converted eV
to wavelength range. The design is 2D and has been simulated using the finite element method

(FEM) with the help of COMSOL Multiphysics software. In this design, a rectangular port
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condition is used, and an infrared light wavelength of the range 0.7 to 2.5 um is incident from the
top of the structure from the first port, a y-polarized wave has been applied, and the second port is
used for calculating the transmittance of the wave. The thickness of all material is chosen as 80 nm.
The width of the GST and metal is considered as (W) 300 nm. The unit cell structure length is
considered as (L) 300 nm.

Incident
Wave

Reflected
Wave

hs

I’Ag

L

Figure 1: Schematic of the refractive index sensor with the multi-layered structure formed with Si-
GST-Metal-MXene-Ag layers. (a) Schematic view of the proposed structure with the possible
extended geometries projected for three-dimensional studies. (b) Two-dimensional front view of the
structure used for the computational verification for the FEM studies. The various material
databases consider the physical properties, such as refractive index/permittivity. The middle metal
layer is considered Ag/Au/Al/Cu to identify the effect of the metal layer on overall absorption and
reflector. The GST layer is configured as a state material aGST and cGST, where the different
properties of the states are considered for identification of the tunable behaviour of the structure.

RESULTS AND DISCUSSION

The light transmitting in the multi-layered structure can be analysed using the Transfer Matrix
Method for several layers. This method analyses how light propagates through layered materials,
which is particularly useful when multiple interfaces exist (Troparevsky et al., 2010). The proposed
design propagates in the Y direction, and for the one-dimensional cases, we have the energy equals:

h? 1
When we use the one-dimension propagation light, the k, = 0and k = /kuz + k% = k, then.
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The electromagnetic components of y-polarized incident light can be represented as follows:
- . \Y
Ey = (B, 0, Byeltkooen || @
— . _ A 3
H, = (0, Ey, 0)eikexten || ®)

By implementing the Maxwell equations with the proper boundary conditions, the resonance
equation can be obtained in the following equation:

21 W | Ené€q
— /&, Sinf = —
ANTP c /em+ea

Where A is the wavelength, g, is the permittivity of the prism, 6 is the light incident angle, w is the
frequency, ¢ the velocity of light, ¢,,e, are the permittivity for the metal and the surrounding

medium, respectively. The previous equation can be rewritten as k,, =i—"np sinf = Re{ksp}.
0

4

Where, k,, is the wave vector in the y direction, n,, is the refractive index of the prism, 4, is the

wavelength in a vacuum, and Re{ksp} it is the real component of the SP wave vector in the y
direction at the metal-dielectric interface.

While Fresnel equations accurately predict light reflection and transmission at a single interface, but
with multiple layers, light undergoes partial reflection and continues propagating as waves at each
interface. The Transfer-Matrix Method (TMM) provides a powerful alternative, employing specific
equations to describe this complex light propagation through layered materials, as we can see in the
following equation:

) 1
t = 2ik, e tkrL , 5
k —Myy + kpk My + i(kgMyy + kM) 2
and
- (Mp; + kgk Myp) +i(k My, — kgMyy) (0)

r= :
(—My; + krk My,) +i(kgMyq + k My,) ]

Where kg is the wavenumber in the rightmost medium, and k;is the wavenumber in the left
medium M, is the matrix elements. The reflectance and transmittance are given by T = ';—R |t]? and
L

R = |r|? respectively. The phase sensitivity detection can determine the sensitivity of the proposed
design, and it can be expressed as:

AB
S = v (7)
The refractive index of the silicon has been reported in (Aligab, 2023). The refractive indices of
aGST and cGST were determined using a frequency field between 100 THz to 800 THz. The aGST
real part is in the range of 2.6 to 4.6, the imaginary part is from 0 to 2.4, the real part of cGST is in
the range of 2.25 to 7.16, and the imaginary part is from 0 to 4.1 (Shpaortko et al., 2008). The
optical properties of gold have been taken from the table reported in (Johnson et al., 1972).
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Figure 2: Calculated variation in the (a) absorption and (b) reflectance for the different values
of the oblique angle incident and wavelength. The results of the cGST phase of the GST
material have been calculated. The metal layer is considered as Au for the simulations.

Absorption and Reflectance for GST Based on Au

We observe the absorption and reflectance responses in Error! Reference source not found. and
Figure 2. The reflectance and transmittance can be calculated using the TMM to study the
performance properties of the proposed structure, as mentioned in equations 5 and 6. Absorption
can be calculated using the equation:

A=1-T+R 9)

We investigated the absorbance spectrum for the proposed design using COMSOL Multiphysics
software. Figure 2(a) shows the absorption and reflectance responses for the aGST phase of the
GST material. The absorption and reflectance changes with different oblique incident angles. The
simulations considered a gold (Au) metal layer and varied the angle of incidence from 0° to 80° in
10° steps. The results showed an absorption sensitivity to both the incident angle and wavelength.

This is because the structure creates multiple resonance conditions across the wavelength spectrum.
23
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Interestingly, absorption increases with a lower oblique incident angle and at two different
wavelength bands. Additionally, the polarisation angle of the incident light affects the overall
behaviour of the structure. Similarly, Figure 2 shows the absorption and reflectance responses for
the cGST phase of the GST material. The resonance values of the individual peak are sensitive to
the phase of the GST material. We can observe that the peak values are shifted to different
wavelength ranges for the cGST phase compared to the aGST phase, which has higher absorbance.

Effect of Oblique Angle Incident

Understanding how oblique angle incidence affects a refractive index sensor is essential in
photonics and optical engineering for various reasons. Refractive index sensors are utilized to
quantify the refractive index of materials, a key optical property that indicates how light travels
through a substance. These sensors are widely used in environmental monitoring, biomedical
diagnostics, chemical analysis, and various other fields. Comprehending the impact of oblique angle
incidence on these sensors can greatly improve their performance and expand their range of
applications. Oblique angle incidence can impact the sensitivity and selectivity of refractive index
sensors. When light enters a medium at an angle, the distance it travels through the sensing region
increases, potentially improving the sensor's ability to interact with the substance being analyzed.
This can result in increased sensitivity as the alteration in the refractive index caused by a particular
analyte becomes more noticeable. Adjusting the angle of incidence can optimize the sensor for
particular applications, improving its ability to detect specific compounds or conditions. Identifying
oblique angle effects is crucial for accurately modeling and designing refractive index sensors.
Optical simulations and designs typically assume light enters at normal incidence, but in real-world
scenarios, light can come in at different angles. Comprehending these impacts enables the creation
of more precise models, resulting in the development of sensors with enhanced performance.
Moreover, the impact of oblique angle incidence can affect the production and incorporation of
refractive index sensors into larger systems. In systems with limited space or specific geometrical
requirements, sensors need to function effectively at non-normal angles. Understanding the impact
of oblique angles on sensor performance is crucial for incorporating these devices into intricate
optical systems or compact instruments. Studying oblique angle incidence on refractive index
sensors is crucial for improving their sensitivity and selectivity, enhancing modeling and design
accuracy, and aiding in their integration into larger systems. This knowledge advances optical
sensor technology and broadens their practical applications in scientific and industrial sectors.The
magnetic field enhancement at the important interfacing points of the proposed design.
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Figure 3: Magnetic field distribution over the entire structure for different incident angles
varies from (a-i) 0° - 80° for the a-GST phase.

Vol. 11. No. Il

www.phdcentre.edu.np

25



ISSN: 2362-1303 (Paper) | elSSN: 2362-1311 (Online)

JOURNAL OF ADVANCED ACADEMIC RESEARCH (JAAR) September 2024
() (b) (©) (@)
200 oo 020 1 [0=30 . 500
100 100 100 250
° 6 100 200
o
-100 -100 66 o] 150
-200 -200 100

-200 -100
-300 -300 50
-300 -200
-400 -400 il o]
-400
- -300
-500 -500 -50
-500
-600 -600 -400 66
-600
-700
-700 , -
-700 500 22
(1)
100
50
o ¢GS1
Pl -50

-100

(€))
0=50

600

600
500

400
400

300

200 200

100

-100 -200

-200

Figure 4: Magnetic field distribution over the entire structure for different incident angles
varies from (a-i) 0° - 80° for the ¢c-GST phase.

The sensitivity of sensors depends on the transverse magnetic field in the different interfaces of the
structure. To analyse the excitation and field distribution, we investigated the Magnetic field
distribution over the entire structure for various angles of incident of the proposed design using
COMSOL Multiphysics software. The magnetic field distribution varies with the change of oblique
angle incident from 0° to 80° in 10° steps for the aGST phase, as shown in Figure 3. The effect of
the oblique angle incident on the proposed structure's overall performance shows that the field
intensity values are higher at the transverse points of the structure. Similarly, Figure 4 shows the
variation of magnetic field intensity with the change of oblique angle incident from 0° to 80° in 10°
steps for the cGST phase. The field intensity values are higher at the lower angles at the transverse
points of the structure in both phases. Based on previously published literature, the refractive
indices of various materials such as water, ethanol, blood plasma, urine, glucose, and haemoglobin
range from 1 to 2.5. um Resonant wavelengths, corresponding to peaks in transmittance, play a
crucial role in sensing applications. Fundamentally, for a refractive index (RI) sensor, any change in
the refractive index will result in a shift in the angle of the resonant wavelength in the wavelength
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regions. These shifts, known as resonance peaks, enable the identification of unknown materials. In
the context of sensing, detecting an unknown analyte through SPR biosensors can be achieved by
monitoring changes in the wavelength of reflected light and observing changes in the angle of
incidence. These different approaches to sensing show us the importance of understanding how
variations in refractive index and other parameters influence resonance phenomena, offering
valuable insights into developing robust sensing technologies for diverse applications.
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Figure 5: Calculated absorption peaks for the different values of the refractive index and

oblique angle incident for (a) aGST and (b) cGST of the phases of the GST material.
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Sensitivity of GST For Different Values of Refractive Index and
Oblique Incident

SPR sensors work by utilising impedance matching to identify alterations in a materials index.
These sensors use the interaction between surface plasmons, which are electron oscillations at the
boundary between a metal film and a dielectric substance. When light hits the sensor at an angle, it
can transfer its energy to the surface plasmons, resulting in a state. This resonance appears as a drop
in the reflected light spectrum called the peak. The position of this peak on the wavelength
spectrum is susceptible to changes in the index of the material to the metal film. As the index of the
detected material shifts, adjustments in how light and surface plasmons interact happen, leading to
movement of the peak on the wavelength spectrum. By tracking this movement, SPR sensors can
detect fluctuations in the index of their environment, making them valuable tools for various
sensing tasks.

The formula for calculating sensor sensitivity based on the oblique incident angle is mentioned in
Equation 7. Where A@ is the difference between the angles of the absorption response peaks, and
An is the difference between the refractive indices at those peaks. Sensitivity will be affected by the
change in refractive index that occurs when GST is at the aGST phase or the cGST phase. From
Figure 5, These absorption values are considered for the 1.5 um of the constant wavelength while
simulating the aGST and cGST phases of the overall structure. we can notice that aGST on the
same wavelength provided is showing three significant responses at the higher oblique incident
angles from 40° to 80°. On the other hand, cGST is showing six primary traces for the same
wavelength of simulation, with a higher density response all over the full range of the incident light
angles with lesser density at the 70° and 80°. SPRs are used to implement the theory of match
impedance due to the detected material's shifting in the refractive index. The resonant peaks of the
absorption spectrum shift when the sensed material refractive indices change because of this change
in refractive index. Table 1 shows the derived equations of the quadric regression for the refractive
index's sensitivity per incident angle of the two phases, aGST and cGST, for the proposed design.
This formula can be a foundation for creating a biosensor to identify substances with refractive
indices, each displaying unique resonance peaks at specific wavelengths. The refractive index of
these molecules typically ranges from 1 to 1.4. Varies based on the concentration of the biomarker.
This study shows the important role of metamaterial plasmonic sensors in elevating the sensing
parameters such as sensitivity (S), figure of merit (FoM), and quality factor (Q-factor). Leveraging
active materials and their inherent properties further enhances these parameters, particularly in
sensing applications. Metamaterials offer significant advantages in the fabrication and simulation of
sensors and absorbers, presenting a more straightforward design process than other topologies. The
advantage of using metamaterials is their ability to enhance the number of reflected waves within
the structure, amplifying sensitivity and enhancing light absorption characteristics. The resonance
peak angles undergo shifts influenced by factors such as the active material's absorption of light
within the operated wavelength range and changes in the material's refractive index during sensing.
In another way, metamaterial plasmonic sensors not only optimise key parameters of the design but
also provide a flexible platform for advancing sensing technologies through the strategic integration
of active materials and precise control over resonance phenomena.
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Table 1: Derived equations for the refractive index's sensitivity per incident angle of the two
phases a-GST and c-GST for the proposed design

) . Maximum | Minimum
Phase | Traces RI Angle Quadratic regression (deg/RIU) | (deg/RIU
D, 110_7 6753;7800§ 6 = —581.4842 n? + 1318.21n — 670.97 159 80
1.08— | 55.99°- | g = —1143.46n? + 2679.67n — 1504.28
aGST D, 112 55 60° 209 130
113 | 46.99°- | p=-1999.62n2 + 4759.16n — 2777.53
Ds 1.15 51.00° 220 180
1- 51.79°- | 9 = —3144.31n? + 6712.36n — 3516.22
Da 1.04 63.79° 399 220
1.02—-| 43.70°- | g = —2498.23n2 + 5530.59n — 2998.21
Ds 1.08 61.00° 439 180
De | 104 | 3710° | g = -2106.94n? + 4817.16n — 2693.43 360 150
1.12 59.10°
cGsT 1.07 36.50° 6 = —1691.35n2 + 3997.96n — 2304.63
M . - = — .35n“ + O6n — .
Dy 1.15 56.40° 409 150
1.09-| 31.79°- | g = —5571.50n2 + 12750.17n — 7245.58
Ds | 114 | 49.39° 770 209
Do 111115 2471'74805 6 = —2498.09n2 + 5985.14n — 3537.79 418 270

Optimisation and Validation

This study explores how optimising device parameters can significantly improve the sensor's
sensitivity for detecting refractive index changes in materials. Parameters like the width and height
of different layers are crucial in achieving this goal. By carefully tailoring these dimensions, we
observe a distinct shift in the absorption response between the amorphous (aGST) and crystalline
(cGST) phases of the GST material. This shift is instrumental in precisely identifying the refractive
index of the sensed material. From Figure 6, we can observe the effect of changing the height of the
metal layer (hn). The variation in the absorption responses for the change in the height of the metal
layer shows that the absorption values are not linearly changing with the wavelength in aGST
phase. However, the cGST phase changes linearly with the wavelength over the full range of the
wavelength spectrum. We can observe a shift between the two phases. The change in the multi-
layered middle resonator (W) (metal-GST) for absorption variation for different phases aGST and
CGST of the phase change material has been shown in Figure 7. The absorption values are linearly
changing with the wavelength in aGST phase over 0.9 to 1.7um of the wavelength. The exact linear
change for the same spectrum is not observed in the cGST phase. From the Figure 8, we calculated
the absorption variations for the different values of the Si height for the different phases of the GST
material aGST and cGST. The values of the hg; is highly sensitive for the effective resonance of the
material. The values of the absorption peak are linearly varied for the different height values over
the wavelength spectrum for both GST phases. The effect of changing the bottom metal layered
height (h,,) for the absorption spectrum has been shown in Figure 9. The values of the absorption
are constant for the any values of the Ag material height over the entire spectrum. Figure 11 shows
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the variations in the absorption responses for the different metals chosen to fort the middle
resonator. Absorption is calculated for Ag/Au/Cu/Al materials. The reaction of the aGST and cGST
phases of the phase change material has also been investigated. It can be noticed that the metal Au
is showing a shift in the wavelength spectrum compared to the other metals.

(a) aGST
100 1
0.8
80
o 0.6
£
E 60
QO
= 10.4
40
0.2
20 0
07 09 11 13 15 17 19 21 23 25
(b) Wavelength(zzm) ¢GST
100 , 1
0.8
80
= 0.6
=
E 60
@]
= 104
40
0.2
20 0
07 09 11 13 15 17 19 21 23 25

Wavelength(pm)
Figure 6: Variation in the absorption for the different heights of the metal layer hy,. The absorption
effect is calculated for the height values of 20-100 nm for (a) aGST and (b) cGST phase of the GST
material.
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Figure 7: Effect of the change in the multi-layered middle resonator (W) (metal-GST) for
absorption variation for different (a) aGST and (b) cGST of the phase change material.
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Figure 8: Calculated absorption variation for the different values of the Si height for the different
phases of the GST material.
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Figure 9: Effect of the bottom metal layered height (h,g4) for the absorption spectrum.
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Figure. 10. Variation in the absorption for the different metals chosen to fort the middle resonator.
Absorption is calculated for Ag/Au/Cu/Al materials. The response for (a) aGST and (b) cGST
phases of the phase change material has also been investigated.

CONCLUSIONS

This paper proposes a general RF sensor design for material detection utilising GST (gratings with a
phase change material) and MXene as active components. This refractive index sensor can work for
a wide infrared and visible frequency range of 0.7 um to 2.5 pm. The sensor exhibits tunability
varying sensitivity depending on the GST phase (amorphous or crystalline). The study investigated
the influence of oblique incident light angles on absorption at different wavelengths. We presented
both phases' absorption and reflectance responses based on the gold (Au) layer. Furthermore, the
magnetic field distribution across the entire structure was analysed for various incident angles (0° to
80°) for both aGST and cGST phases. We derived equations to calculate the refractive index
sensitivity per incident angle for each phase within the proposed design. Additionally, optimisation
and validation for different parameters like height and width and different metals were conducted
for Ag/Au/Cu/Al processes to ensure optimal device performance. Overall bandwidth and the
resonating region are different for both phases. This sensor can offer the minimum and maximum

34
Vol. 11. No. Il www.phdcentre.edu.np



ISSN: 2362-1303 (Paper) | elSSN: 2362-1311 (Online)
JOURNAL OF ADVANCED ACADEMIC RESEARCH (JAAR) September 2024

sensitivity of 80 deg/RIU and 770 deg/RIU, respectively. The proposed design has potential
applications in detecting different refractive index molecules with refractive index varying between
1land 1.14.
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