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Abstract: In this study, a Kretschmann structure with a hybrid layer of graphene-WS; is designed to
develop a sensitive biosensor for deoxyribonucleic acid detection. The biosensor incorporates a 45 nm
gold layer as the active layer and a thin film of chrome as the adhesive layer. Through the optimization
of the graphene and WS; layers, combined with the implementation of a silicon layer, we can enhance
the nano-sensor’s sensitivity. The thin silicon layer acts as a protective barrier for the metal, while
also increasing the volume of interaction. Consequently, by adjusting the thickness of the active metal
and adding a silicon layer, we achieve higher sensitivity and a lower full width at half maximum,
leading to sensitivity of 333.33° /RIU. The designed structure is analyzed using numerical techniques
and the finite difference time domain method, allowing us to obtain the optical characteristics of the
surface plasmon polariton sensor. Various parameters are calculated and evaluated to determine the
optimal conditions for the sensor. Furthermore, the total size of the sensor is 2.228 pm?2.
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1. Introduction

Surface plasmon resonance (SPR) biosensors have garnered significant attention in
cutting-edge research and play a crucial role in biosensing applications. These structures
typically consist of an optical substrate coated with a thin metal layer, creating an ideal
platform for the consideration of the analyte-biomolecule interaction [1-4]. Compared to
traditional methods, these structures offer desirable advantages, including high sensitivity,
versatility, real-time analysis, and label-free detection [5]. The attractive properties of
graphene, such as light confinement at the graphene-dielectric interface, make it a suitable
option to conduct surface plasmons in waveguides and sensors. Based on this, various
devices have been designed, such as switches and decoders, encoders, and adders.

The operating principle of SPR is based on achieving resonance conditions, where
the wave vector of the incident p-polarized light matches the wave vector of the surface
plasmons. This leads to the excitation of surface plasmon waves (SPWs) at the metal—
dielectric interface [6]. Consequently, a sharp dip in the light reflection curve is observed,
indicative of surface plasmon resonance due to the conservation of energy and momentum
from the incident light. To evaluate the sensor’s performance, crucial factors such as
the sensitivity and detection accuracy are assessed. Higher sensitivity implies superior
performance, while the detection accuracy is inversely proportional to the full width at half
maximum (FWHM) of the reflection curve. Therefore, a narrower reflection curve reduces
the errors in calculating the resonance angle, resulting in improved detection accuracy [7].

In the selection of the optimal configuration to excite surface plasmons, the Kretschmann
structure is preferred over the Otto configuration. In the Kretschmann structure, the metal
layer is directly placed on the glass substrate (prism), without any intervening dielectric
layer, unlike the Otto structure [8-11].
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In addition to noble metals like gold and silver, which exhibit good sensitivity in
surface plasmon resonance structures [12], two-dimensional materials such as graphene
and tungsten disulfide (WS,) have been proposed as alternatives to enhance the perfor-
mance of SPR structures. These materials offer better cost-effectiveness and demonstrate
superior performance. Graphene, for instance, can excite surface plasmon waves in the mid-
infrared and terahertz frequency ranges. It also reduces the confinement of surface plasmon
polaritons (SPPs) to a more reasonable level and exhibits a longer lifespan compared to
metals [13]. Similarly, WS,, another two-dimensional material, consists of a single layer of
s-w-s atoms covalently bonded together and stacked with weak van der Waals bonds [14].
This material belongs to the category of 2D transition metal dichalcogenides and shows
notable features, such as high photoresponsivity, a high density of electronic states, a wide
band gap in the visible and mid-infrared range, and strong photoluminescence. WS; holds
promise for the development of new chemical and biological sensors [15].

Numerous studies have been conducted on biosensors in plasmonic regimes, all
aiming to enhance the performance of these biosensors. For example, Moradiani et al.
presented a structure using polysilicon, silicon, gold, and graphene at terahertz wave-
lengths, achieving sensitivity of 45.14° /RIU [16]. Menon et al. employed graphene and
MoS;, along with a prism and a gold metal layer, at a wavelength of 633 nm [17]. Their
biosensor demonstrated sensitivity of 130° /RIU, indicating that the addition of a graphene
layer to the metal layer enhances the sensitivity. Building upon similar works at the same
wavelength, Chabot et al. used WS, and WSe; materials and reported sensitivity of up to
142° /RIU [18]. A structure consisting of BK7-Au-WSe,—PESO,-BP layers was introduced,
achieving sensitivity of 200° /RIU [14]. Moreover, a structure with BK7-MgO-Ag-BP layers
demonstrated sensitivity of 234° /RIU [19].

Researchers have found that incorporating a high-refractive-index layer like silicon
into the Kretschmann structure confines the plasmons between graphene and the ana-
lyte, resulting in an increased optical field and electron mobility on the graphene surface.
These factors contribute to improved sensor performance. Additionally, varying the sil-
icon thickness enables the adjustment of the working wavelength. In reference [20], a
Kretschmann structure achieved sensitivity of 192° /RIU by incorporating silicon, graphene,
and MoS; layers. The proposed work introduces a novel Kretschmann-based biosensor
for biomolecule detection. A 65 nm thick silicon layer separates graphene and gold layers.
By adding a WS, layer, the sensitivity of the designed sensor is increased to 333.33° /RIU,
surpassing that in references [12,16-20]. The value of the FWHM is approximately 2.81°,
making it applicable in sensor-based setups. Comparing the calculated FWHM to that in
works [12,16-20] demonstrates the high performance of the proposed structure. The figure
of merit is equal to 196.07 RIU~!. The designed structure’s area is approximately 2.228 um?.
The obtained sensitivity facilitates biomolecule detection with the same indices for refrac-
tion. Furthermore, the designed structure holds potential for gas detection and biosensors.
In this work, with the help of the silicon layer, which causes the greater confinement of the
surface plasmons of graphene and the greater mobility of electrons in graphene, and also
by using a hybrid layer of graphene and WS, and adjusting the number of layers of both
of them, appropriate sensitivity and FWHM are achieved, offering enhanced capabilities
for optical sensing applications and more accurate diagnosis compared to the reviewed
references. The proposed structure has the potential to aid in the development of low-cost
and efficient SPR-based biosensors, with a substantial shift in the resonance angle of the
SPR curves.

Section 2 provides a detailed description of the proposed sensor. In Section 3, a
comprehensive description of the theory is presented. The obtained results are reported
and compared with those of similar structures in Section 4. Furthermore, the findings and
a summary are presented in Section 4. Finally, Section 5 concludes the entire work.
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2. The Proposed Structure

Figure 1 shows the proposed structure, referred to as a Kretschmann configuration,
where six layers are stacked on a glass substrate. The layer sequence includes a BK7 prism,
an adhesive layer composed of chrome, a silicon layer, a gold layer, graphene, tungsten
disulfide, and a biosample, such as deoxyribonucleic acid. The structure is designed
for light projection at an angle of 8 and detection by a sensor. To achieve the resonance
condition of light in this configuration, we utilize the BK7 prism with a refractive index
(np) of 1.513 at a wavelength of 700 nm. The calculation of the np can be performed using
the following formula [12]:

0.5
KiA2 K32 Ks)\2

n, = |1+
P ( 2K, AM-K; AN-Kg

where A is the wavelength of incident light and it is equal to 700 nm. Coefficients K;, Ky, K3,
K4, K5, and K are equal to 1.03961212, 0.00600069867, 1.01044945, 103.60653, 0.231792344,
and 0.0200179144, respectively. The graphene behaves dielectrically at a wavelength of
700 nm. This is a critical issue for surface plasmon polariton-based waveguides because
the SPPs should be transmitted and controlled by the graphene layer. At a wavelength
of 700 nm, the transmission loss becomes high, so it is not appropriate for the design of
SPP-based devices such as encoders, decoders, and flip-flops. Due to the sensing operation
of the proposed structure being performed in a small area, graphene can be used at the
mentioned wavelength.
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Figure 1. A two-dimensional view of the sensor’s structure, including the Cr-Au-Si-graphene-WS,
layers and the BK7 prism on top of the layers.

The Kretschmann configuration consists of a metal or graphene film deposited on a
dielectric. A laser is coupled to the structure at a specific angle, known as the angle of total
internal reflection. When the incident light hits the critical angle, surface plasmons are
excited at the graphene-dielectric interface. These surface plasmons are sensitive to changes
in the refractive index of the medium in contact with the graphene. When the medium in
contact with the graphene changes—for example, due to the binding of biomolecules on
the surface—the refractive index at the interface changes, leading to a shift in the surface
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plasmon resonance angle. This shift can be detected by monitoring changes in the intensity
of the reflected light or by measuring the angle of minimum reflectivity.

The sensitivity of the plasmonic sensor based on the Kretschmann structure is high
because of the evanescent field interaction with the medium near the metal surface. This
allows for the detection of small changes in the refractive index. Additionally, the specificity
of the sensor can be enhanced by functionalizing the graphene surface with a recognition
layer (such as WS;) that selectively binds to the target analyte. Moreover, the absorption
depth of silicon is approximately 8.3 um for a wavelength of 700 nm, so the evanescent
field in this study affects the light reflection. The absorption depth is the inverse of the
absorption coefficient. The penetration depth of surface plasmon polaritons (8) as a function
of the wave vector (k) is as follows [21].

where &; and g refer to the dielectric constants of silicon and graphene, respectively.
Table 1 provides the values of the refractive index and the thickness of the layers
depicted in Figure 1 for a wavelength of 700 nm.

Table 1. The value of the refractive index and thickness for all layers shown in Figure 1.

Layer Refractive Index Thickness of Layer
Symbol Value (nm) Symbol Value (nm)
Cr Ner 3.6 +4.2i [12] der 05
Au NAu 0.13 + 4.06i [22] day 45
Si ng 3.7 +0.012i [23] dg 65
Graphene nGr 2.78 + 1.43i [24] dgr 0.34
WS, n we 4.05 +0.11i [25] dwso 0.65

The dielectric material, such as silicon, serves to enhance the excitation of SPPs at
the graphene—dielectric interface by providing a medium with different permittivity from
graphene. The permittivity mismatch between graphene and the dielectric can lead to the
confinement and localization of the electromagnetic field at the interface, facilitating the
excitation of SPPs. By choosing different dielectric materials with varying permittivity
values, the properties of the SPPs at the graphene—dielectric interface can be tuned. The
dielectric constant of the material affects the propagation length, dispersion relation, and
energy confinement of the SPPs along the interface. The dielectric material can also help
in reducing losses associated with SPP propagation. The proper selection of dielectric
materials with low absorption in the desired spectral range can lead to the enhancement of
the SPP propagation distances and the overall efficiency of the plasmonic devices.

Figure 2 shows the electric field distribution at the xy-plane for two cases: (a) with
silicon and (b) without silicon. It can be inferred that the silicon layer helps to excite the
surface plasmon polaritons at the graphene-silicon interface. By changing the refractive
index of the analyte, the effective refractive index of the graphene is changed, and this
affects the SPPs’ excitation. Thus, the required incident angle for the excitation of SPPs
changes. This feature determines the suitability of the structure for sensing operations.
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Figure 2. The electric field distribution of the structure for two cases: (a) with silicon, (b) without silicon.

3. The Theory of Resonance

To achieve surface plasmon resonance between the metal and the dielectric interface,
the wave vector of the surface plasmons (ksp), defined by Equation (3), needs to be equal to
the wave vector of the incident light (k;,) mentioned in Equation (4).

2
w EoIN
ksp = — giDz (3)
C €g TN
kin = %npsine 4)

where w and c are the angular frequency and the speed of light, and np and &) represent
the analyte and the gold’s permittivity, respectively. The permittivity of graphene is defined
as in Equation (5).

iog(w)

(5)

go(w) =¢g; +

g( ) Si wWeoA
where og and A represent the conductivity and the effective thickness of graphene, respec-
tively. The permittivity of the free space is shown by €. Considering the resonance condi-
tion, ksp = ki, results in the required incident angle to excite the surface plasmon polaritons:

1 2
Oup = sin”! < _MID_ ) 6)

2
Np |/ &M +1npy

Equation (6) reveals that the refractive index of the analyzed analyte is affected by
the angle of resonance. This means that as the analyte changes, the mentioned angle also
varies. This property enables the sensing operation to be performed effectively [18].

In this study, the finite difference time domain (FDTD) technique is employed to
solve Maxwell’s equations. By utilizing this method, the electric and magnetic fields are
calculated. The spatial cells in the x- and y-directions have a size of Au = 2.5 nm, while the
time cell is At = 8 as. The chosen cells meet Courant’s condition, as stated in reference [26],
ensuring the convergence of the simulations.

Au

At <K
c\/3

(7)
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Moreover, the boundary conditions for the x-direction are implemented using the
perfectly matched layer (PML), while the Bloch boundary condition is employed for the y-
direction. By calculating the components of the magnetic and electric fields for all temporal
and spatial cells, the interdependency among the meshes can be described as follows:

E E
] = ®

where E; and Hj represent the tangential components of the electric and magnetic fields at
the first cell, while En; and Hy; represent the same components at the Nth layer, respectively.
When incident light passes through the depicted layer, as shown in Figure 1, reflection
occurs at each interface. The components of the M matrix correspond to the elements of a
2 x 2 matrix derived from the multiplication of matrices as described in reference [22]:

i=N i=N . .
M _ ] M _ ) COSs p] (—ISII’lpj/ q]) o Mll M12 9
= TIMm = P o ©)
=1 =1 —lquIIl p] cos p] 21 22
where g; and p; are as follows:
& — n%sin2 0
=Y 7 1
9 g (10)
_2ndj ;o2
pj=— /1 —sin 0 (11)

The equations above involve several variables. N represents the number of cells and ¢
represents the permittivity. The index j corresponds to the cell index, while i represents the
imaginary unit. In this context, dj denotes the thickness of the layers, and ng represents the
refractive index of air. From Equation (11), we can deduce that the characteristic matrix is
influenced by both the refractive index and the layer thickness. Assuming that all layers are
optically isotropic and non-magnetic, one can calculate the total reflection for p-polarized
light using the following equation:

2
r — | (Mi1+Migy)q; — (Mar +Maqy) 12)

(Mi1 +Mi2qy)q; + (Ma1 +Maaqy)

4. Results and Discussion

Surface plasmon sensors often struggle in detecting biomolecules (such as deoxyri-
bonucleic acid) at low concentrations and lightweight analytes. Enhancing the sensitivity
to address this issue is a key focus of research in this field. To boost the sensitivity, various
methods and solutions have been proposed. One such approach involves the placement
of a high-index material such as silicon on the metal layer. This modification significantly
improves the sensitivity by increasing 05, as the refractive index of the dielectric layer in-
creases [23]. Consequently, the wave vector of surface plasmons (ksp) increases, enhancing
the sensitivity through an increased penetration depth.

The penetration depth of surface plasmons in the Kretschmann structure is inversely
proportional to the wave vector. As the wave vector increases, the penetration depth
decreases. This means that with higher wave vectors, the surface plasmons are confined
more closely to the graphene-dielectric interface and do not penetrate as deeply into the
dielectric medium. As a result, the interaction volume of the plasmons with the surrounding
medium decreases, leading to enhanced surface sensitivity but a limited interaction depth.
As the wave vector of the surface plasmons increases, the sensitivity of the Kretschmann
structure also tends to increase. This heightened sensitivity is due to the tighter confinement
of the plasmon wave along the interface between the graphene and the dielectric medium.
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The deeper penetration is linked to a reduction in the k transverse component
(kg = (ke? — ksp2)0'5) due to the higher ks, value. For instance, a silicon layer with a thick-
ness of dgi = 65 nm is added onto the gold layer, as depicted in Figure 1. The optimization
of this proposed biosensor involves adjusting the thickness of the silicon and metal layers,
as well as the number of graphene and tungsten disulfide layers.

To study how the silicon layer impacts the sensor’s performance, as depicted in
Figure 3, sensitivity adjustments can be made by varying the thickness of the silicon layer.
Thus, the thickness of the silicon layer was modified for this purpose. In Table 2, four
different silicon thicknesses were tested, and the outcomes were analyzed. The results
suggest that a thickness of dg; = 65 nm is an appropriate value. A laser source emitting light
at a wavelength of 700 nm is directed at the BK7 prism from various angles. Concerning
the refractive index of deoxyribonucleic acid (DNA), the analyte’s index (n) equals either
1.55 or 1.553.

=——n=1.553,dsi=55nm
— ~n=1.55,dsi=55nm \
n=1.553,dsi=60nm
= =n=1.55,dsi=60nm
—n=1.553,dsi=65nm
n=1.55,dsi=65nm
—n=1.553,dsi=100nm
= -n=1.55,dsi=100nm
——n=1.553,dsi=200nm
n=1.55,dsi=200nm
=——n=1.553,dsi=500nm
= “n=1.55,dsi=500pm

70 75 80 85
source angle

Figure 3. Detected light from the structure in terms of the source angles with an analyte refractive
index of 1.55 and 1.553 for dg; = 55, 60, 65, 100, 200, 500 nm.

Table 2. The calculated results for different thicknesses of the silicon layer.

ores (°) S (°/RIU) FWHM (°) Dip
dsi (nm) n=155 n =1.553

55 78.67 79.27 200 0.3 0.06
60 80.47 81.15 226.67 0.7 0.11
65 83.19 84.19 333.33 1.7 0.05
100 61.52 61.8 93.33 1.4 0.01
200 61.81 62.1 96.67 1.6 0.03
500 62.97 632 76.67 1.9 0.13

Figure 3 illustrates a shift in the resonance angle due to the change in refractive
index, enabling the calculation of the sensitivity (S) and full width at half maximum. The
resonance dip is defined as the reflected light for different resonance angles, which typically
occurs at the minimum point of the figure. Additional simulation details are provided in
Table 2.
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In Table 2, it is apparent that for the optimally thick silicon layer in the structure, a
minor variation in the analyte index (An = 0.003) yields S = 333.33° /RIU and FWHM = 1.7°.
It has been shown that a critical factor influencing the SPR sensor’s operation is the thickness
of the metallic layer. In our investigation, we tested three different thicknesses of gold
and compared their sensitivity and full width at half maximum, as detailed in Table 3.
Additionally, Figure 4 displays the resonance angles for two samples with the index values
of 1.553 and 1.55. From the results presented in Table 3, a thickness of 45 nm has been
identified as the appropriate value for the gold layer.

Table 3. The calculated results of the sensor for different thicknesses of the gold layer.

dau (nm) Ores ©) S (°/RIU) FWHM (°) Di
nm © °© i
Au n =155 n =1.553 P
40 79.72 80.32 200 1.37 0.01
45 83.19 84.19 333.33 1.7 0.15
50 83.11 84.01 296.67 1.9 0.3
55 81.91 82.75 280 1.1 0.25
60 81.98 82.80 273.33 1.2 0.35
09~
08+ ==
3Py
06—
Q
205-
8
3 -
% 04 —n=1.553,dAu=40nm
o - =n=1.55dAu=40nm \

n=1.553,dAu=45nm \
0.3 = =-n=1.55dAu=45nm \
——=n=1.553,dAu=50nm 1
n=1.55,dAu=50nm \
0.2 —n=1.553,dAu=55nm 1
= =n=1.55dAu=55nm \
—n=1.553,dAu=60nm \

0.1 n=1.55,dAu=60nm

source angle

Figure 4. Reflectance from the structure versus the source angle for n = 1.55, 1.553 and d s, = 40, 45,
50, 55, 60 nm.

In this research, tungsten disulfide layers are added onto graphene to enhance the
results for the designed sensor. The thickness of a single layer of graphene and WS, is
0.34 nm and 0.8 nm, respectively. Figure 5 illustrates how the resonance angle shifts as
the number of WS, layers changes from one to four for a single graphene layer. All of
the layers considered exhibit nearly the same reflection values with varying 0s,. While
many of these angles could be chosen, the obtained results demonstrate that four graphene
layers and four WS; layers, as well as the subsequent material layer, offer the most suitable
configuration for further investigation and enhance the sensitivity of the structure. This
finding is depicted in Figures 5-8, where the number of graphene layers ranges from one
to four. These figures display the reflectance values concerning the incident angle for
refractive indices of n = 1.55 and n = 1.553.
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0.8
0.7+
0.6
8 05r
=
S
g04f —n=1.55,ws.: 1L
= - -n=1.553, ws,:1L
~0.3 n=1.55, ws,:2L
- -n=1.553, ws2:2L
2 —n=1.55,Ws,:3L
. n=1.553, Ws.:3L
—n=1.55,WS>:4L
0.1 - -n=1.553,WS>:4L
0 L ‘
70 75 80 85

source angle

Figure 5. Reflection of the incident light in terms of the source angle for a single layer of graphene
and 1 to 4 layers of WS, (1 L to 4 L). The refractive index of the analyte is 1.55 and 1.553.

0.8
0.7+
0.6
51
g 0.5 -
3 —n=1.55,ws,:1L
504 - -n=1.553,Ws,:1L
[ n=1.55,Ws,:2L
- -n=1.553,WS2:2L
0.3 —n=1.55,ws,:3L
= -n=1.553,Ws,:3L
—n=1.55, WsS,:4L
021 - -n=1.553, wsyL
0.1
70 75

source angle

Figure 6. Reflection of the structure for different source angles and numbers of WS, layers (one layer
to four layers). The structure includes two layers of graphene and the refractive index of the analyte
is 1.55 and 1.553.

Table 4 displays the sensitivity of the structure as the number of graphene and WS, lay-
ers increases. It is evident that the device exhibits enhanced sensitivity with four graphene
layers, and the sensitivity further improves for a greater number of WS, layers. The sen-
sitivity values corresponding to one to three WS, layers are 276.67° /RIU, 303.33° /RIU,
and 333.33° /RIU, respectively. However, the simulations indicate that adding another
WS, layer (WS,:4 L) decreases the sensitivity to 326.67°/RIU. Based on the aforemen-
tioned analysis, the optimal configuration for the current structure is as follows: prism/Cr
(0.5nm)/Au (45 nm)/Si (65 nm)/graphene (4 x 0.34 nm)/WS; (3 x 0.8 nm)/analyte. When
the refractive index of the biosamples varies by 0.003, the resonance angle changes from
84.19° to 83.19°, as depicted in Figure 7. Therefore, the proposed biosensor can exhibit a
shift of 1° at O5p for An = 0.003. The variation in the refractive index and the shift in 65y are
listed in Table 5.
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0.8
0.7
0.6
8
§ 0.5
E —n=1.55, Ws,:1L
5041 - -n=1.553, WS»:1L
e n=1.55, ws,:2L /
= -n=1.553, ws,:2L U
0.3 —n=1.55,ws, 3L 3
n=1.553, Ws,:3L
02+ —n=1.55, Ws,:4L
’ - -n=1.553, WS»:4L
0.1 ‘
70 75 80 85
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Figure 7. The reflection curve of the structure with three layers of graphene and a change in the
number of WS, layers (1 L to 4 L) for n = 1.55, 1.553.

0.8
0.7
0.6
8
g 0.5
8 —n=1.55,ws,:1L
%G 0.4 - -n=1.553, WS:: 1L
~ n=1.55, ws,:2L
- -n=1.553, Ws,:2L A
0.3 —n=1.55, ws,:3L y
n=1.553, Ws:3L
—n=1.55, WS,:4L
0.2 - -n=1.553, WS2:4L
0.1 ! ‘
70 75 80 85

source angle

Figure 8. The reflectance in terms of the source angle with four layers of graphene and a change in
the number of WS, layers. The analyte’s refractive index is 1.55 and 1.553.

Table 4. The sensitivity of the proposed structure for different numbers of graphene and WS, layers.

Number of Graphene Sensitivity (°/RIU) for Number of WS, Layers
Layers 1 2 3 4
1 253.33 280 303.32 300
2 280 253.33 300 326.67
3 276.67 276.67 303.38 303.33
4 276.67 303.33 333.33 326.67

Figure 9 shows the electric field distribution of the structure for two cases: with
graphene-WS, layers and without these layers. It can be inferred that the resonance in the
graphene-silicon interface occurs at a depth of 0.11 pm and provides the strong confinement
of the surface plasmon polaritons (as shown in Figure 9a). There is weaker resonance than
the previous case at a depth of 0.045 um, as shown in Figure 9b. The strong resonance at the
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graphene-5i0O, interface can help to achieve higher sensitivity. Changes in the refractive
index of the analyte affect the required angle to achieve the resonance phenomenon. The
sensitivity and the FOM for the structure including graphene-WS; layers are 333.33° /RIU
and 196 1/RIU, respectively, while they are 29.7° /RIU and 21.2 1/RIU for the structure
without graphene-WS; layers.

Table 5. The details of the obtained results for different numbers of graphene and WS, layers.

Number of Layers Ores (°)
Graphene WS, n =155 n = 1.553 S C/RID) Pip
1 81.75 82.51 253.33 0.03
2 81.9 82.74 280 0.034
! 3 82.36 83.27 303.33 0.045
4 82.89 83.79 300 0.05
1 81.68 82.52 280 0.11
2 82.13 82.89 253.33 0.12
2 3 82.51 83.41 300 0.14
4 82.96 83.94 326.67 0.16
1 81.83 82.66 276.67 0.12
2 82.28 83.11 276.67 0.13
3 3 82.73 83.64 303.33 0.15
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Figure 9. The electric field profile at the xz-plane (a) with graphene-WS, and (b) without graphene-WS,.
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As shown in Table 6, the obtained results, along with the results of others, are shown to
evaluate the performance of this work. Moradiani et al. [16] and Parkayastha et al. [24] indi-
cate that the structures presented need enhancements in terms of sensitivity. Wu et al. [25]
demonstrate improved sensitivity; however, a sensor with higher sensitivity would outper-
form it, and the figure of merit of this structure could also be enhanced. Pandey et al. [12]
and Jamil et al. [27] show significant improvements in sensitivity; nevertheless, the FOM
remains low, signifying the necessity to enhance these structures. Salehnezhad et al. [20]
introduce silicon, while reference [28] utilizes WS, layers to achieve better results. In
this work, as indicated in Table 6, the obtained sensitivity has reached a suitable value,
and the designed device exhibits a favorable figure of merit compared to other studies.
Therefore, the presented structure can provide more precise detection and demonstrate
higher sensing performance.

Table 6. The calculated results in contrast to other works.

Sensitive

Reference Structure Materials S (°/RIU) FOM (1/RIU) FWHM (°)
[16] Iiéif(’)}l‘:;eer Graphene 45.14 - -
[24] Otto Graphene 34.11 1150 0.03
[25] Kretschmann Graphene 52 26 2
[17] Kretschmann Gold 94.51 15.19 7
[27] Kretschmann Graphene-MoS2 85.25 11.79 7.23
[20] Kretschmann Graphene-MoS2 192 68.32 2.81
[28] Kretschmann Graphene-WS2 288.86 88.89 3.24

This work Kretschmann Graphene-WS2 333.33 196 1.7

The discussion here focuses on the feasibility of fabricating a device structure. Initially,
it is recommended to apply the Cr layer onto the glass substrate through EB evapora-
tion [29]. The substrate undergoes ultrasonic cleaning in heated isopropanol and acetone
before deposition [30]. Subsequently, the structure is layered with Si and Au using the
CVD method [30]. For the deposition of the graphene layer, the chemical vapor deposition
technique can also be utilized [31]. The growth of WS, on graphene may sometimes require
extremely high temperatures. However, the growth of WS; on graphene at lower tempera-
tures is feasible via the sulfurization of a tungsten precursor on graphene or by employing
the plasma-enhanced atomic layer deposition method with W(CO)s and H;S plasma [32].
The sensor structure is currently positioned on a rotating base, with a goniometer being
utilized to adjust the resonance angle. Subsequently, monochromatic p-polarized light is
directed onto one side of the prism, and the reflected light on the opposite side is captured
by a photodetector. The reflection spectra obtained are then analyzed to ascertain the
concentrations of the biomarkers present in the biological sample.

5. Conclusions

In this study, a highly sensitive surface plasmon resonance biosensor for deoxyri-
bonucleic acid detection was developed utilizing a graphene-WS; hybrid layer, which
influenced the field distribution within the sensing area and consequently enhanced the
sensor’s performance. By incorporating a high-refractive-index dielectric layer onto the
metal, we enhanced the sensitivity of the SPR sensor. The high-index dielectric layer ampli-
fied the electric field at the interface between the dielectric and sensing medium, resulting
in increased sensitivity compared to not having the dielectric layer. Moreover, improved
sensitivity and performance were achieved by increasing the number of graphene and
WS, layers. The findings from the calculations illustrated that the proposed structure
significantly increased sensitivity up to 333.33° /RIU. The selected refractive indices for the
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analyte and the structure’s compatibility with fabrication technologies make the designed
sensor promising for biosensor applications.
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