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ABSTRACT In this research, we introduce a metamaterial biosensor designed for the detection of various
viruses. The proposed sensor configuration comprises four square split ring resonators (SRR) coupled with a
central graphene ring. The strong coupling between SRR and graphene ring results in near-perfect absorption
at a frequency of 1.354 THz. To enhance versatility, the sensor’s performance can be tuned and controlled
by adjusting the chemical potential (µc) of the graphene. Additionally, we validate the sensor’s functionality
through an equivalent circuit model. Moreover, the proposed sensor demonstrates outstanding performance
metrics, including a high sensitivity (S) of 1.7 THz/RIU, a Figure of Merit (FOM) of 165.09 RIU−1,
high-quality factor (Q) of 112.5. Despite its reduced structural thickness of 3 µm, it remains suitable
for integration into nanotechnology devices. Furthermore, the absorber exhibits exceptional absorption
properties even at steep incidence angles, expanding its applicability in diverse scenarios. Its potential to
detect a wide range of viruses, including malaria, dengue, herpes simplex virus, influenza, and HIV, and
distinguish various cancerous cells, holds promise for advancing biosensing applications.

INDEX TERMS Metamaterial, graphene, sensitivity, figure of merit, quality factor.

I. INTRODUCTION
In recent years, the field of terahertz (THz) sensing has
experienced a resurgence of interest, driven by notable
advancements in biosensor technology [1], [2]. Researchers
have developed novel sensing techniques that leverage THz
radiation to probe biological samples [3]. Various devices
are employed within the THz frequency range, including
antennas for transmitting and receiving EMwaves, absorbers,
sensors, spectrometry equipment, and imagery systems, each
serving diverse applications [4], [5], [6], [7], [8], [9], [10].
THz waves can penetrate various non-metallic materials,
including biological tissues, without causing harm [11],
[12], [13]. This property makes THz radiation ideal for
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non-invasive and label-free sensing of biomolecules, cells,
and tissues. Various types of absorbers are engineered to
showcase distinct characteristics. Metamaterial absorbers
are engineered to exhibit unique electromagnetic properties,
including the ability to manipulate the absorption spectrum
[9], [12], [14], [15]. This property enables them to selec-
tively interact with specific THz frequencies associated with
biomolecules, offering heightened sensitivity and selectivity
in biosensing. While metals are often considered suitable
materials for THz absorbers, their utility is limited due to
issues related to weak conductivity and stability across spec-
tral regions, particularly at longer wavelengths [16]. Addi-
tionally, metals are susceptible to degradation and rusting,
rendering devices highly sensitive to temperature fluctuations
and imposing constraints on their operational lifespan [17].
To address these challenges, some absorbers are designed
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using metal-free materials, such as graphene, which not only
offers tuning capabilities but also mitigates these shortcom-
ings [7], [18], [19]. Furthermore, certain dielectric-based
absorbers are tailored for biosensing applications, and char-
acterized by relatively greater thickness compared to typical
metamaterial absorbers [12], [20], [21], [22]. However, one
drawback associated with dielectric-based absorbers is their
tendency to necessitate a more substantial thickness and
intricate structure, which can result in increased fabrication
complexity. It is highly advisable to achieve a low or very
low Full Width Half Maximum (FWHM) frequency response
while maintaining a compact structure and simple design.
Additionally, the pursuit of high S, a notably high FOM, and
a substantial Q remains a formidable challenge. Moreover,
the biosensors must possess the capability to detect a diverse
range of diseases, including cancerous blood cells, malaria,
and various chemicals. Various biosensors are employed
for disease detection, encompassing ailments like TB, HIV,
cancer, malaria, dengue and various biomedical applica-
tions [20], [23], [31], [24], [25], [26], [27], [15], [28], [29],
[30]. In [23], an all-metal metamaterial absorber is introduced
for biosensing applications, achieving a S of 0.5 THz/RIU,
and an FOM of 23.5 RIU−1. Furthermore, [24] emphasizes
the potential of terahertz technology in detecting ultra-thin
7-nanometer dielectric films and presents a highly sensitive
metamaterial sensor for ultrasensitive terahertz detection.
Additionally, in [25], a highly sensitive plasmonic sensing
device is developed, employing a fishnet structure based
on a circular hole array, with promising applications in
enhancing refractive index detection for bio-applications.
In [27], the authors proposed a metamaterial absorber com-
prising an array of split ring resonators for THz applications
yielding an S of 0.3 THz/RIU, and FOM of 2.94 RIU−1.
In [15], the authors have demonstrated sensing capabilities
utilizing toroidal resonance in a two-dimensional terahertz
metamaterial, where mirrored asymmetric Fano resonators
possess anti-alignedmagnetic moments at an electromagnetic
resonance, resulting in a toroidal dipole. Furthermore, the
researchers in [28] introduce two distinct perfect metama-
terial absorbers as sensors in the THz regime, achieving a
maximum FOM of 2.3 RIU−1 and S of 0.007 THz/RIU
for an analyte thickness of 16 µm. Moreover, [29], investi-
gates a metamaterial absorber capable of detecting cancerous
cells for biomedical applications, demonstrating a S of
1.47 THz/RIU, FOM of 36.17 RIU−1, and Q of 92.75.
Many of these sensors are either electrochemical or optical
in nature. Despite their accuracy and precision, these sen-
sors come with notable limitations. Some of these sensors
exhibit subpar performance concerning key metrics such as
S, FOM, and Q, which are crucial for biosensing applications.
Additionally, these sensors possess intricate structures that
pose challenges in the fabrication process, while few sensors
require sample purification, others rely heavily on laboratory
research, and a few are characterized by bulkier dimensions.

In outline, the uniqueness of this investigation stems
from the configuration of our proposed sensor, which

encompasses several noteworthy aspects: (i) The develop-
ment of a Metamaterial-based biosensor with the capability
to detect a wide range of viruses, including dengue, malaria,
HIV, cancer, HSV, and Influenza A. (ii) Significantly decreas-
ing the thickness of the absorber to guarantee alignment with
nanotechnology sensors. (iii) Achieving good performance
parameters, including ultra-precise and narrow absorption
characteristics, tailored specifically for biosensing applica-
tions. (iv) Crafting a simple design to alleviate manufacturing
complexities. (v) The introduction of tunability in the sensor’s
response. (vi) Demonstrating high absorption even at steep
incidence angles. These facets collectively contribute to the
uniqueness and innovation of our research in the field of
biosensors.

II. PROPOSED ABSORBER DESIGN
A novel absorber structure is proposed, and its unit cell is
illustrated in Fig. 1(a). At the base of the absorber structure,
a Graphene (Gr) sheet is positioned. This graphene sheet
serves as a perfect reflector, effectively bouncing incident
electromagnetic waves back towards the absorber. The peri-
odicity of this Gr sheet is defined as Wg × Lg(80 × 80)µm.
Positioned on top of the Gr sheet is a substrate composed of
silicon dioxide (SiO2). The substrate material has a permittiv-
ity (εs) value of 2.25. It plays a crucial role in manipulating
the electromagnetic waves. The substrate has a defined thick-
ness (ts) and dimensions in width and length, denoted as
Ws × Ls(80 × 80)µm. On top of the SiO2 layer, four square
split ringsmade of gold (Au) (SGSR) having a conductivity of
σ = 5.8 × 107S/m are strategically placed. These split rings
are designed with inner and outer radii risand ros, respectively
and have a split gap (gs) measuring 4 µm. The gold-based
split rings are key elements for absorbing and dissipating
electromagnetic energy within the desired frequency range.
At the center and top of the substrate, a circular ring made
of graphene is positioned. This circular graphene ring (CGR)
has inner and outer radii of gir and gor, respectively. It plays a
vital role in enhancing the absorber’s performance by further
manipulating the incident electromagnetic waves. Fig. 1(b)
shows the periodic pattern of the proposed structure. The side
view of the proposed structure with and without graphene is
depicted in Fig. 1(c), and 1(d). The ion-gel layer (IGL), with
a permittivity of 1.852, placed over the meta structure, facil-
itates simultaneous biasing of all periodically structured unit
cells, enhancing their collective performance in absorbing
incident electromagnetic waves and achieving adjustability
and controllability in the absorber characteristics. The equiv-
alent circuit (EC) representation of the proposed absorber is
depicted in Fig. 1(e) [20], [32], [33]. The EC is divided into
four parts: (i) Substrate (SiO2), (ii) Ion-gel, (iii) SGSR, and
(iv) CGR. The initial component corresponds to a shorted
wired line featuring a SiO2 with a thickness denoted as ts
strategically positioned on the ground plane. This element
yields the input impedance, as delineated in equation (1).

Za = jZsitanγsts (1)
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FIGURE 1. Proposed absorber (a) with incident THz wave, (b) Periodic
pattern, (c) Without graphene, (d) With Graphene ring and biasing,
(e) equivalent circuit mode, and (f) CST Vcc EC.

where γs = (ω/c) (εs)
1/2 is the propagation constant and

Zsi = Zo
/

(εs)
1/2is the impedance of the silicon dioxide

substrate, and Zo is the free space impedance. In the second
part, the IGL layer is evaluated using equation (2).

Zb = Zigl

[
Za + jZigl tanγihg

][
Zigl + jZatanγihg

] (2)

In the above equation, γi = (ω/c)
(
εigl

)1/2is the propagation
constant, and Zigl = Zo

/ (
εigl

)1/2 is the impedance shown

by the IGL. Next, SGSR exhibits a Zs impedance and can be
modelled using an RLC circuit. The total input impedance of
the EC is Zin = Zgr + Zc.
Here Zgr = (RCGR + jωLCGR) ≈ 1

/
αCGRis the

impedance of CGR, and Zc = Zsr ∥ Zb. The reflection coef-
ficient is determined using 0 = (Zin − Z0)

/
(Zin + Z0).

Finally, the computed reflection coefficient is plotted and
depicted in Fig. 1(f). The results obtained from both CST and
ECD simulations are presented, highlighting a notable level
of concurrence between the two simulation tools. This agree-
ment serves as strong validation for the operational integrity
of the analyzed configuration. The absorption and reflection
plots of the proposed absorber with and without CGR are
depicted in Fig. 2 (a), and Fig. 2(b). The Absorption coef-
ficient (A) is determined using the equation A = 1 - R - T,
where R signifies the Reflection coefficient, and T denotes
the Transmittance.

FIGURE 2. Proposed absorber with and without Gr ring (a) Absorption
plot, (b) reflection plot.

Here, the graphene sheet at the bottom of the design
effectively eliminates Transmittance (T≈0). Consequently,
for absorption to approach unity (A≈1), the Reflectance (R)
must be minimized to the greatest extent possible.

FIGURE 3. Absorption plot for SGSR (1,3), and SGSR (2,4).

The absorber without CGR exhibits an absorption of
99.887% at a frequency of 1.302 THz. With the addition of
CGR, the absorber shifts the resonant frequency (fres) and
exhibits an enhanced absorption of 99.998% at a frequency
of 1.354 THz. The addition of CGR not only enhances the
absorptivity but also tunes the fres. The addition of graphene
enhances absorption because graphene is a highly conductive
material that can efficiently convert incident electromag-
netic energy into heat due to its unique electrical properties.
Furthermore, Graphene’s conductivity leads to a stronger
interaction with incident electromagnetic waves, allowing
for improved absorption of energy from these waves. The
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incorporation of CGR introduces tunability and enhances
the absorber’s frequency response by enabling adjustments
in external electrostatic bias while considering the electrical
properties of CGR sourced from the literature [34], [35],
where an initial chemical potential (µc) of µc = 0 eV at
T = 300 K and a relaxation time (τ ) of τ = 0.1 ps is applied.
The Computer Simulation Technology (CST) Microwave
Studio is employed for the simulation and optimization of the
proposed absorber’s dimensions. Cell boundary conditions
are established in the x and y directions, while open boundary
conditions are defined in the z direction. The absorption
plot in Fig. 3 illustrates the absorber’s performance while
considering two sets of rings: SGSR (1, 3) and SGSR (2, 4),
with each set consisting of two rings. In this configuration,
the plot reveals an absorptivity of 90%. This behavior can be
attributed to the fact that when the absorber structure incor-
porates only two rings at a time, the incident electromagnetic
(EM)waves do not induce a high electromagnetic distribution
as compared to the absorber equipped with four SGSR’s.
In essence, the reduced number of rings results in a lesser
capacity to capture and dissipate the incident EM energy,
leading to a lower absorptivity of 90%.

III. VARIATION IN PHYSICAL PARAMETERS
In this section, we delve into the behavior of the proposed
absorber when subjected to variations in physical parameter
dimensions. This investigation allows us to gauge the effec-
tiveness of the absorber’s performance. Notably, we focus on
altering a single parameter while keeping all other parameters
constant.

A. SUBSTRATE THICKNESS (TS)
Initially, we validate the absorber’s performance concerning
variations in substrate thickness (ts). During this investiga-
tion, we systematically vary ts, ranging from 2 µm to 4 µm in
increments of 0.5 µm as shown in Fig. 4(a). What we observe
is that when ts is at lower values, the absorber tends to exhibit
lower absorptivity, whereas when ts is increased to higher
values, it results in a broader bandwidth of absorption. Par-
ticularly noteworthy is the fact that when ts is set at 3 µm, the
absorber attains a state of perfect absorption, characterized by
a notably narrow absorption spectrum.

B. SPLIT GAP (GS)
The next parameter under investigation is the SGSR split
gap (gs), which we vary within a range from 0 to 4 µm,
incrementing it by 1 µm at each step as depicted in fig. 4(b).
Here ts is set to 3 µm, set from the above investigation.
What we observe is that as gs increases, the fres tends to shift
toward the higher frequency range and fails to achieve perfect
absorption. Notably, when gs is set at 2 µm, the absorber
achieves a near-perfect absorption rate of 99.998%.

C. SPLIT OUTER RADIUS OF SGSR (RSO)
The next parameter under investigation is the outer radius of
SGSR (rso), which is varied within the range of 38 µm to
42 µm, with each step incrementing by 1 µm, as depicted in

Fig. 4(c).What we observe is that when rso is set at 40µm, the
absorber achieves a state of near-perfect absorption character-
ized by a notably narrow bandwidth. However, for both higher
and lower values of rso, the absorber exhibits low absorption
with high bandwidth.

FIGURE 4. Absorption plot for changes in parameters, (a) ts, (b) gs,
(c) rso, (d) rsi, (e) gor, (f) gir, (g) µc, and (h) T.

D. INNER RADIUS OF SGSR (RSI)
In the subsequent investigation, we vary the inner radius
of the SGSR (rsi) within the range of 33 µm to 37 µm,
incrementing it by 1 µm at each step. Our findings indicate
that when rsi is set at 35 µm, the absorber reaches a state
of near-perfect absorption, characterized by a narrow band-
width, as depicted in Fig. 4(d). However, for other values of
rsi, we observe a slight decrease in the level of absorption.

E. OUTER RADIUS OF CGR (GOR)
Next, we explore the impact of varying the outer radius of
CGR (gor) within the range of 8 to 12 µm, with each step
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incrementing by 1 µm. Our observations indicate that as
gorincreases to higher values, the absorber exhibits reduced
absorption. However, at gor equal to 10 µm, we observe a
remarkable absorption rate of 99.998%, accompanied by a
narrow spectral bandwidth.

F. INNER RADIUS OF CGR (GIR)
Next, the inner radius of CGR (gir) is varied from 0 to 8 µm
at a period variation of 1 µm. It is noticed that for gir = 4 µm,
the absorber exhibits near-perfect absorption with a narrow
spectral bandwidth.

G. CHEMICAL POTENTIAL OF CGR (µc)
Next, the impact of changing the chemical potential of
graphene (µc) on the absorber’s performance within a range
spanning from 0.2 eV to 1 eV is investigated, with each
step incrementing by 0.1 eV, as depicted in Fig. 4(g). Our
observations reveal that as µc increases, there is a noticeable
shift in the fres toward lower frequencies. Changing µc of
CGR influences its carrier concentration and, consequently,
its electrical properties, including its ability to support sur-
face plasmon resonances, thereby influencing its interaction
with incident electromagnetic waves and enabling precise
control of the absorption spectra to match the operational
needs.

H. RELAXATION TIME OF CGR (τ )
In the subsequent analysis, we explore the influence of vary-
ing the graphene relaxation time (τ ) across a range from
0 ps to 1 ps in increments of 0.2. What we observe is that,
regardless of the changes in τ , the absorption characteris-
tics of the absorber remain consistent. The introduction of
graphene enhances absorption without altering the number
of resonant peaks. Consequently, for all values of τ , the
absorber’s performance remains unaffected, maintaining a
constant fres and absorption rate throughout the parameter
variations.

IV. FIELD DISTRIBUTION
In Fig. 5, the electric field (E) distribution is depicted across
the proposed absorber in different planes, at Z=0, Z=d, and
Y=0 at the fres of 1.354 THz. This visual representation of the
electric field distribution, obtained through comprehensive
full-wave simulation, serves as compelling evidence, high-
lighting the prominent concentration of a high magnitude
of the electric field within the metallic resonators and the
graphene ring. This observation underscores the absorber’s
exceptional efficacy in capturing and precisely manipulating
electromagnetic energy within these specified regions. The
magnetic field (H) distribution, as illustrated in Fig. 6, pro-
vides us with a comprehensive insight into the absorber’s
EM behavior in different spatial planes, at the Z=0, Z=d,
and Y=0 positions at fres of 1.354 THz. This distribution
elucidates the presence of a substantial H intensity across
all these planes, affirming the absorber’s exceptional abil-
ity to capture, manipulate, and effectively absorb incident

electromagnetic waves. The high H concentration observed
in these planes is a direct consequence of the absorber’s
structural configuration and material properties. The metallic
resonators and CGR within the absorber structure exhibit
strong magnetic responses due to their respective geometric
shapes and electrical conductivity. The interaction of incident
EM waves with these components induces localized currents
andmagnetic fields, which, in turn, contribute to the observed
high magnetic field intensity.

FIGURE 5. ED at different planes of (a) Z = 0, (b) Z= d, (c) Y = 0.

FIGURE 6. H distribution at different planes of (a) Z = 0, (b) Z= d,
(c) Y = 0.

Fig. 7 provides a detailed depiction of the surface cur-
rent distribution, offering insights into the behavior of EM
waves on both the graphene sheet plane (Z=0) and the SGSR
plane (Z=d). This distribution reveals an intriguing phe-
nomenon: the presence of significant charge accumulation on
both the SGSR and the CGR. This observation carries pro-
found implications for the absorber’s strong EM absorption
capabilities.

FIGURE 7. Surface distribution at different planes of (a) Z = 0, (b) Z= d.

The strong charge accumulation on the SGSR is indica-
tive of their role as efficient resonators. These metal-
lic rings are adept at capturing incident electromagnetic
waves and subsequently channeling them into localized cur-
rent loops. This resonance phenomenon not only enhances
the absorber’s absorption efficiency but also demonstrates
its ability to concentrate EM energy within the SGSR
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regions. Simultaneously, the charge accumulation on the
CGR further accentuates the absorber’s exceptional per-
formance. Graphene, renowned for its high electrical con-
ductivity, actively participates in this charge accumulation
process.

V. STABILITY ANALYSIS
The performance of the proposed sensor undergoes stability
analysis, which is crucial for assessing its reliability and
consistent behavior. In Fig 8(a), the absorption characteris-
tics for both TE (Transverse Electric) and TM (Transverse
Magnetic) polarizations are exhibited. Notably, owing to
the inherent symmetry of the absorber structure, it exhibits
identical absorption characteristics with remarkably nar-
row absorption bandwidths for both TE and TM incident
waves. Fig. 8(b), depicts absorption spectra for different
incident angles (θ). A notable shift in fres towards lower
values as θ varies, with the absorber consistently achieving
absorption rates exceeding 85% up to θ = 70o, followed
by a modest reduction to approximately 80% for higher
incident angles. This adaptability to a range of angles
while maintaining high absorption efficiency is advanta-
geous in real-world applications where incident EM waves
may arrive at varying θ , further emphasizing the versatil-
ity and effectiveness of the proposed absorber in EM wave
management.

FIGURE 8. Frequency response for (a) TE and TM polarization, and
(b) Various incident angles.

VI. SENSING PERFORMANCE
A. RI SENSING
The proposed absorber demonstrates exceptionally narrow
absorption spectra, characterized by a FWHM of 0.011 THz,
resulting in an impressively high-quality factor (Q) of 112.5,
attributes that render it exceptionally suitable for applica-
tions in THz virus detection, including but not limited to
malaria, dengue, and influenza viruses. In Fig. 9(a), the
illustration depicts the presence of the analyte (test medium)
positioned atop the proposed absorber. Initially, specific ana-
lyte thickness (ta) and refractive indices (RI) are chosen for
detecting various viruses. As demonstrated in Fig. 9(b), the
frequency response exhibits excellent performance across a
range of RI values, spanning from 1 to 2 in increments
of 0.2, while maintaining a constant ta of 1 µm. The cor-
responding plots in Fig. 9(c) depict the variation in 1f

(Shift in fres) and sensitivity (S), calculated using the formula
S = 1f

/
1n[THz/TU ], where 1n represents the change in

RI. Notably, a maximum sensitivity (S) of 1.595 THz/TU is
achieved at an RI of n=1.6. Fig. 9(d) further showcases the
plots of FWHM and FOM, with FOM calculated using the
equation FOM = S

/
FWHM (RIU−1). Impressively, a peak

FOM of 160 RIU−1 is attained at an RI value of n=1.6.
These findings collectively affirm the proposed absorber’s
exceptional suitability for high-performance RI-based virus
detection applications in the THz spectrum.

FIGURE 9. Sensing performance (a) Analyte on top, (b) RI sensing,
(c) 1f, S, (d) FWHM, FOM, (e) Q.

The sensor performs well for different values of RI as
shown in the plots (Fig. 9(c)) of 1f (Shift in fres), and
sensitivity (S). S is determined using the expression, S =

1f
/
1n[THz/TU ], where 1n is the change in RI. A maxi-

mum S of 1.595 THz/TU is observed for n=1.6. Fig. 9(d)
illustrates the plots of FWHM and FOM. FOM is calculated
using the equation, FOM = S

/
FWHM (RIU−1). A maxi-

mum FOM of 160 RIU−1 is observed for n=1.6. The plot
of Q is depicted in Fig. 9(e). Q is determined by employing
the formula, Q = fres

/
FWHM . The results of S, FOM, and

Q collectively establish the proposed sensor as an exception-
ally promising candidate for biosensing applications, offering
high S, impressive FOM, and a superior Quality factor,
thereby demonstrating its potential for precise and efficient
virus detection and related biomedical applications in the
THz frequency range.

B. TA SENSING
The performance of the proposed sensor showcases its versa-
tility and effectiveness across a range of analyte thicknesses
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FIGURE 10. Sensing parameters (a) Analyte on top, (b) RI sensing, (c) 1f,
S, (d) FWHM, FOM, (e) Q.

(ta), spanning from 0.1 µm to 2 µm, as visually presented in
Fig. 10(a).

Throughout this range, the sensor consistently demon-
strates strong performance, reflected in its commendable
values for S, Full-Width Half Maximum (FWHM), FOM,
and Q, as depicted in Fig. 10. Whether dealing with thin-
ner or thicker analyte layers, the sensor maintains its strong
attributes, making it a robust choice for biosensing and detec-
tion applications where varying analyte conditions may be
encountered.

C. VIRUS SENSING
The absorber has been investigated for its capacity to detect
a diverse range of viruses, encompassing malaria, dengue,
HSV (Herpes Simplex Virus), Influenza A, HIV (Human
Immunodeficiency Virus), coronavirus, various cancer cells,
as detailed in Table 1. In the case of malaria detection, where
infected Red Blood Cell (RBC) specimens exhibit varying
refractive indices (n1 and n2) at different stages of infection,
with values of n1 = 1.373 and n2 = 1.383, the importance
of early detection is paramount due to the potentially life-
threatening consequences [36], [37]. The proposed sensor
exhibits exceptional performance in the detection of malaria-
infected RBCs, manifesting a remarkable S of 0.536 and
0.561 THz/RIU, a high FOM of 49.64 TU1, and a high Q
of 101.851.

For sensing the Dengue virus, a highly dangerous pathogen
with an n of 1.4, the proposed sensor showcases impres-
sive performance in its detection [38], [39]. It delivers
notable values for S, FOM, and Q, underlining its effi-
cacy in swiftly and accurately detecting the presence of
the Dengue virus. This outstanding performance underscores
the sensor’s potential as a critical tool for the early detec-
tion of malaria, a disease that can have life-threatening
consequences [40].

TABLE 1. Virus detection.

Herpes Simplex Virus (HSV) is a common and contagious
virus that can affect humans. There are two main types
of HSV: HSV-1, which primarily causes oral herpes (cold
sores), andHSV-2, which typically causes genital herpes [40].
Alarming statistics reveal that HSV-1 infects up to 90% and
HSV-2 affects approximately 25% of the global population,
imposing a significant burden of morbidity and mortality.
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TABLE 2. Comparison with other research articles.

The transmission of the virus primarily occurs through direct
contact with the host’s mucous membranes. While clinical
presentations offer valuable clues for HSV identification,
diagnostic accuracy may diminish as the disease progresses,
necessitating laboratory confirmation for precision. In this
context, we introduce the proposed sensor designed for the
early detection of HSV, as detailed in Table 1. Notably, this
sensor exhibits robust performance, establishing its potential
utility as a reliable tool for the accurate detection of this
virus, thereby addressing a critical need in the field ofmedical
diagnostics.

Type ‘‘A’’ influenza viruses are the probable prime origin
of the ailment referred to as avian influenza (A), commonly
recognized as bird flu.Wild aquatic birds are the probable ori-
gin and conveyors of numerous viruses, and ailments in these
creatures typically do not display symptoms. This virus is
commonly transferred when an individual is near an infected
or dead bird. Early viral diagnosis can potentially affect
the patient’s treatment [30]. Here, we employ the suggested
sensor to detect this virus. Table 1 indicates that the proposed
sensor can effectively detect the virus, displaying a good S,
a good FOM, and a substantial Q.

The refractive index (n) of coronaviruses (CV) is closely
associated with that of other viruses, particularly murine
leukemia viruses, owing to their shared core/shell struc-
tural characteristics. Notably, this n is intricately linked
to virus size. Given the variability in size observed in
coronaviruses, which can range from smaller to larger con-
figurations, the refractive index can span an approximate
range of 1.47 to 1.53 [41]. For our analysis, we approx-
imate the n of CV as 1.53. Under this assumption, the
proposed sensor yields outstanding results, demonstrating a
remarkably high S of 0.641 THz/RIU, an impressive FOM
of 63.51 TU−1, and a substantial Q of 84.15. These results
position the sensor as an effective tool for the precise detec-
tion of CV, underscoring its potential value in applications
related to virus identification and monitoring. However, it is
essential to recognize that clinical laboratory experiments
remain indispensable for the definitive confirmation of the
CV virus.

The proposed sensor delivers exceptional performance in
detecting the various cancerous viruses such as, Human blood
(healthy) having RI of 1.35, Basal cell (cancerous) having
RI of 1.38, Basal cell (normal) having RI of 1.36, Normal
breast cell (MDAMD-231) having RI of 1.385, Cancer breast
cell (MDAMD-231) having RI of 1.399, Normal cervical
cell having RI of 1.368, Cervical cancer cell having RI of
1.392, Jurkat (cancerous) having RI of 1.39, Jurkat (normal)
having RI of 1.376, Normal breast cell (MCF-7) having RI
of 1.363, PC12 cell having RI of 1.381, Healthy Skin cells
(HSC) having RI of 1.844, Cancerous Skin Cells (CSC)
having RI of 2.049 [42], [43], [44]. The sensor’s exceptional
performance across this diverse range of cancerous viruses
and cells, each characterized by its unique RI, underscores
its potential as a versatile diagnostic tool for detecting and
distinguishing various pathological conditions as depicted
in Table 2.
This capability has significant implications for disease

diagnosis, treatment monitoring, and biomedical research,
ultimately contributing to advancements in healthcare and
medical science. The performance of the proposed sensor
has been systematically evaluated and compared to that of
other similar research articles, as detailed in Table 2. Notably,
the results demonstrate that the proposed sensor outperforms
these previous investigations in terms of S, FOM, and Q.
Thus, the proposed sensor demonstrates outstanding perfor-
mance, showcasing its potential to advance sensor technology
across a range of applications, especially in virus and cell
detection. The enhanced sensitivity, precision, and overall
effectiveness, as indicated by improved S, FOM, and Q
values, position it as a valuable addition to the field of
biomedical and diagnostic sensing. Finally, it is necessary
to report the fabrication steps for the proposed sensor as
there is a significant scope in the present and near future.
Initially, a clean SiO2 substrate is selected as the foundation
for the biosensor. Subsequently, a graphene layer is grown
on one side of the SiO2 substrate using the thermal evap-
oration method or by using the chemical vapor deposition
method. On the top of the SiO2 layer, a graphene layer can be
etched via the thermal evaporation technique. The unwanted
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graphene can be etched away using reactive ion etching (RIE)
to create a circular graphene ring. Following this, a thin
layer of gold (Au) is uniformly deposited across the entire
substrate. This deposition is further refined by employing a
second lithography step, during which the lithography masks
serve the pivotal role of safeguarding the central graphene
ring while revealing the regions where the split rings are
intended to be situated. Continuing the process, the exposed
gold is diligently etched away through an appropriate etching
process, meticulously preserving only the four-square split
rings and the central circular graphene ring. This intricate pro-
cedure aligns with photolithography techniques grounded in
large-scale microfabrication principles. Next, an ion-gel layer
is deposited above the structure of the graphene ring placed
on the substrate. This can be accomplished using the thermal
evaporation method. Concurrently, a metal gate is grown on
the edge of the absorber unit cell. This metal gate is essential
for connecting the bias voltage to the biosensor. A thor-
ough inspection is conducted on the fabricated metamaterial
biosensor to check for defects, ensure proper dimensions,
and assess the quality of the patterns. An initial phase of
electrical testing is employed to verify the functionality of
the biosensor. The biosensor is subsequently integrated into
the broader THz sensing system, where it undergoes exhaus-
tive testing, accommodating THz sources and a plethora
of sample variations. This comprehensive testing protocol
serves to provide an exhaustive characterization of the sen-
sor’s performance across multiple scenarios and applications.
Finally, the sensor is fine-tuned and its parameters and
design are optimized as necessary to achieve the desired
sensitivity and selectivity for virus detection and biosensing
applications.

VII. CONCLUSION
In conclusion, this research presents ametamaterial biosensor
with good performance capabilities for the detection of a
wide range of viruses. The sensor’s innovative design, con-
sisting of four SGSR coupled with a CGR, offers near-perfect
absorption at a frequency of 1.354 THz. What sets this sensor
apart is its adaptability, as it can be finely tuned by adjusting
the µc of the graphene, providing versatility for various
applications. Through rigorous validation using an ECmodel,
we have established the sensor’s reliability and functionality.
The outstanding performance metrics speak volumes about
its potential impact in the field of biosensing. The sensor
exhibits a high S of 1.7 THz/RIU, an impressive FOM of
165.09 RIU−1, and a substantial high Q of 112.5. Moreover,
its compact structural thickness of just 3 µm makes it suit-
able for integration into nanotechnology devices, opening
exciting possibilities for miniaturized and highly efficient
biosensing systems. Furthermore, the sensor’s exceptional
absorption properties even at steep incidence angles broaden
its applicability, making it an asset in diverse scenarios. Its
potential to detect a wide range of viruses, including malaria,
dengue, herpes simplex virus, influenza, HIV, and coron-
aviruses, as well as its ability to distinguish various cancerous

cells, holds promise for advancements in biosensing
applications.
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