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Abstract
As developed countries’ ability to control infectious diseases increases, it has become clear that genetic diseases are a major 
cause of disability, death, and human tragedy. Coronavirus has recently spread throughout the world, and the capacity to 
detect low concentrations and virus changes can help to prevent the sickness from spreading further. In this paper, a sur-
face plasmon resonance sensor based on nanostructured thin films and graphene as a 2D material has been designed with 
high sensitivity and accuracy to identify DNA-based infectious diseases such as SARS-CoV-2. The transfer matrix method 
assesses the effects of different structural factors, including nanolayer thickness on the sensor’s performance. The results 
demonstrated that the sensor with the Kretschmann configuration has ultra-high sensitivity (192.19 deg/RIU) and a high 
figure of merit (634.68  RIU−1).
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Introduction

The sensors based on arrays of immobilized single-stranded 
DNA (ss-DNA) are known as quick, sensitive, and stable 
methods for the detection of sequencing of the human 
genome and the diagnosis of genetic disease. The perfor-
mance of these sensors is based on the hybridization of 
active sites of ss-DNA molecules (probe) with the liquid 
sample containing the DNA target. Hybridization detection 
can be obtained through electrochemical or optical prop-
erties changes due to nonspecifically adsorbed target mol-
ecules. The physical absorption of DNA target molecules 
can be monitored with the surface plasmon resonance (SPR) 
method [1–4].

The SPR is related to the quantum of massive oscil-
lations of free electrons in a metal–dielectric interface. 
The presence of a surface or interface between materials 

with different dielectric constants can lead to specific sur-
face excitations, and these waves are enclosed near the 
interface [5–7]. Plasmon excitation necessitates a suit-
able structural layout, which can be accomplished via 
techniques such as the attenuated total reflection (ATR) 
configuration. ATR uses infrared (IR) spectroscopy as 
a transmission method for chemical or biological pro-
cesses. In contrast to transmission techniques, which 
require light to pass through the sample, IR ATR does not 
require a sample thickness (liquid or solid samples can be 
10 microns thick or 10 cm thick) [8]. One of the practi-
cal uses of this approach is the detection of breast cancer 
in saliva [9]. For sensor applications, the ATR technique 
can be employed in two well-known geometries: Otto and 
Kretschmann. The Kretschmann structure is used in the 
SPR sensor applications such as biochemical sensors, gas 
sensing, and diagnostics of medical issues. These struc-
tures include a prism, a metal, a dielectric, and a sensitive 
medium [10–12]. Many other plasmonic nanostructures, 
such as gratings, have been reported to detect changes in 
RI, although careful consideration of geometrical factors 
is required [13, 14]. The sensitivity of the SPR method can 
be enhanced by using alternative materials for the metal 
[15] and dielectric layers, as well as variations in layered 
topologies. Graphene is one of the 2D materials that can 
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significantly enhance localized surface plasmons due to its 
adjustable electrical properties [16].

Furthermore, quasi-photonic crystals as a new kind of 
photonic crystal have emerged [17] that are used for a 
variety of applications, such as waveguides [18], filters 
[19–21], and optical sensors [22]. Quasi-photonic crystals 
as the new class of stack layers give an extra degree of 
freedom for tailoring photonics and photonic bandgaps 
based on their spectral gaps in the frequency domain. The 
Fibonacci structure is one of the quasi-photonic crystals 
composed of dielectric layers [23] and is expected to 
improve the SPR method sensitivity.

In recent years, given the increasing need for humans 
to control the COVID-19 pandemic, it is necessary to use 
a precise tool to identify and control these respiratory 
infection hazards. This novel coronavirus was first dis-
covered through viral metagenomic analyses conducted 
on three bronchoalveolar-lavage specimens from patients 
with severe pneumonia symptoms. Both coronavirus and 
the common cold cause respiratory disease and using the 
precise diagnosis method is still challenging [24, 25]. As 
the virus spreads worldwide, applying accurate technol-
ogy to detect COVID-19 is a crucial issue. Detecting the 
low concentration and mutation of coronavirus in fluid 
body samples such as nasal mucus membrane and human 
blood has been tested by an available method including 
nasopharyngeal swabs and serologic tests. Recent stud-
ies have reported errors in COVID-19 diagnostic tests. 
For patients with heart problems or weakened immune 
systems, using non-invasive and accurate technology to 
test their body samples is necessary, which is possible by 
optical sensing [26–29].

This paper proposes a novel DNA hybridization SPR sen-
sor based on nanostructured thin films with real-time detec-
tion. The hybridization changes in the interface between the 
thiol-tethered DNA film and the DNA target (i.e., the human 
nasopharyngeal swabs including SARS-CoV-2) were moni-
tored with a series of SPR spectra. The introduction of the 
Fibonacci quasi-photonic crystal contributes to improving 
detection and sensitivity in the sensor.

Design and Theoretical Model

Proposed Structure

Quasi-photonic crystals can be grown by juxtaposing the 
two building blocks H and L where H and L correspond to 
the high and low refractive indexes materials with refrac-
tive indices nH and nL, respectively. The Fibonacci sequence 
can be used in the quasi-photonic crystals. These structures 
can be produced by irregular repeating the substitution rules 
H → HL and L → HH. The first few generations of  Sm in 
the Fibonacci sequence are as follows: S0 = {H} , S1 = {L} , 
S2 = {HL} , S3 = {LHL}, and S4 = {HLLHL} [29].

The SPR angle and the minimum reflection energy were 
studied for monitoring SARS-CoV-2. The configuration and 
the design of the proposed sensor are shown in Fig. 1. The 
gold metallic nanolayer (plasmonic metal) is coated on an 
SF10 prism, and then the Fibonacci quasi-photonic crystal 
is composed of graphene (as a 2D material) and  Bi4Ti3O12 
thin films are deposited, respectively. We developed the 
Fibonacci quasi-photonic structure functionalized with the 
excellent receptor of SARS-CoV-2 as one of the applications 

Fig. 1  Schematic of the pro-
posed SPR sensor configuration, 
including the gold nanolayer 
and nanostructured thin films
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of the thiol-tethered DNA. Here, the antigen is the SARS-
CoV-2 virus and is taken as the sensing medium in serum/
nasopharyngeal swab samples.

Computational Method

The transfer matrix method performs the reflectivity analy-
sis in multilayer scheme sensors, which is an accurate and 
efficient method to calculate the reflection coefficient. This 
method links the magnetic and the electric fields’ tangential 
components of the first and outer layers.

Here, the transfer matrix and Fresnel’s equations investi-
gate the incident light propagation in the sensor layers. The 
interface matrix will be considered as M which can link the 
electric field of the layer i to the layer i + 1 [30]:

where the admittance bi and the phase shift qi parameters 
are defined as follows:

The ni and di are the refractive index and thickness of layer ith, 
respectively, λ is the incident light wavelength, θ is the angle of 
the incident light, and n1 is the refractive index of the prism glass.

(1)Mi =

[
cos (bi) −i sin (bi)∕qi

−iqi sin (bi) cos (bi)

]

(2)bi =
2�di

�
√
ni − (n1 sin �)2

(3)qi =

√
ni − (n1 sin �)2

n2
i

Fig. 2  The reflectivity in SPR curve as a function of the graphene chemical potential with various thicknesses of the gold thin film a �c = 0.3 eV

, b �c = 0.5 eV , c �c = 0.7 eV , and d �c = 0.9 eV  ; with dg = 4 × 0.34 nm and dBi4Ti3O12
= 19.5 nm
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For the sensor structure in Fig. 1, the entire matrix U is 
obtained by the following equation:

The total reflection for the p-polarized (TM) incident light 
wave  (rp) can be finally obtained from the elements of the 
matrix U as follows [30]:

The following equation can give the reflectivity for the 
defined multilayer configuration:

The principle of the SPR sensors is based on SPs interact-
ing with the incident p-polarized light. Because the surface 
plasmons are not directly excited at the metallic area, the 
phase-matching conditions to provide the necessary momen-
tum to excite surface plasmons are achieved by the incident 
of the p-polarized light on the glass prism [7].

The crucial parameters for an SPR sensor can be char-
acterized by mainly parameters, i.e., sensitivity and figure 
of merit (FOM). These parameters should be high as pos-
sible for an excellent SPR-based sensor and calculated by 
resonance angle and reflectance curve changes in different 
incident angles. The sensitivity (S) parameter is defined as 
a change in the resonance angle (ΔθSPR) to a change in the 
refractive index of the sensing medium (Δns). It shows the 
ability of the SPR-based sensor to identify the change in the 

(4)U =

N−1∏

n=2

Mn

(5)rp =
(U(1, 1) + U(1, 2)qi)q1 − (U(2, 1) + U(2, 2)qi)

(U(1, 1) + U(1, 2)qi)q1 + (U(2, 1) + U(2, 2)qi)

(6)R =
|
|
|
rp
|
|
|

2

refractive index (RI) of the sensing medium and is given 
by [31]:

The FoM is an intelligent and essential scale that is 
defined as the resonance angle shift due to a change in the 
sensing medium divided by the FWHM:

where FWHM is full width at half maximum of the reflec-
tance curve.

Results and Discussion

This configuration is stimulated by a He–Ne laser as a light 
excitation source with a wavelength of 632.8 nm. The refrac-
tive index of the bismuth titanate thin film in the proposed 
structure is considered nb = 2.6477  (Bi4Ti3O12) [32], with a 
thickness of dBi4Ti3O12

 which acts as the material with a higher 
refractive index (nH) in the Fibonacci structure. On the other 
hand, the refractive index of graphene varies according to its 
chemical potential (its conductivity) which the relationship 
is defined as follows [33]:

(7)S =
Δ�SPR

Δns

(8)FoM =
Δ�SPR∕Δns

FWHM.Rmin

=
S

FWHM.Rmin

(9)ng(�) =

√
1 + �g

i��0

Table 1  Conclusion information 
from Fig. 2

Chemical potential 
(eV)

Au thickness 
(nm)

Minimum 
reflectivity

Sensitivity 
(deg/RIU)

FWHM (deg) FoM (1/RIU)

0.3 40 0.007 204.20 6.66 396.68
50 0.007 204.20 6.67 429.48
60 0.006 204.20 6.67 454.52
70 0.006 204.20 6.68 474.15

0.5 40 0.070 192.19 4.39 618.66
50 0.072 192.19 4.39 607.02
60 0.072 186.18 4.39 580.23
70 0.073 192.19 4.40 593.55

0.7 40 0.317 186.18 3.48 168.30
50 0.318 186.18 3.48 167.35
60 0.320 186.18 3.48 166.68
70 0.321 186.18 3.48 166.19

0.9 40 0.570 186.18 3.20 100.66
50 0.570 186.18 3.20 100.41
60 0.570 186.18 3.21 100.23
70 0.570 186.18 3.21 100.11
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Also, the isotropic surface conductivity σg of graphene 
can be expressed as follows [34]:

where ℏ is the reduced Planck constant, e is the electron 
charge, μc is the chemical potential of graphene, and τ is the 
relaxation time of charge carriers. The value of this refrac-
tive index is always less than the refractive index of bismuth 
titanate (even with the change in chemical potential). There-
fore, it appears as a material with a lower refractive index 
(nL) in the Fibonacci structure.

The thickness of graphene thin film is defined as dg that 
was selected according to the number of graphene layers (L): 
dg = L × 0.34(nm) . The glass prism in the proposed sensor 
is selected SF10 and its refractive index is dependent on the 
source wavelength and is given as follows [35]:

(10)𝜎g =
ie2𝜇c

𝜋ℏ2(𝜔 + i𝜏−1) The refractive index of thiol-tethered DNA has also been 
determined 1.35 according to the experimental results at a 
wavelength of 632.8 nm [36]. The resonance angle of the 
SPR curve changes with the sample attachment [37]. The 
effect of the graphene,  Bi4Ti3O12, metal nanolayer thick-
nesses, and also graphene chemical potential on the SPR 
curve and performance parameters of the sensor was ana-
lyzed and compared with other novel structures.

The graphene chemical potential is one of the most criti-
cal factors directly related to the graphene refractive index 
and thus reflectance coefficient. Figure 2a–d shows the 
reflectance variation with the incident angle curve at differ-
ent values μc. To study the changes in chemical potential, 
the number of graphene layers and the thickness of bismuth 

(11)
n(�) = (

1.62153902�2

�2−0.0122241457
+

0.256287842�2

�2−0.0595736775

+
1.64447552�2

�2−147.468793
+ 1)

1

2

Fig. 3  The reflectivity in the SPR curve as a function of the number of graphene layers (L) with various thicknesses of the gold thin film a L = 1, 
b L = 2, c L = 3, and d L = 4; with �c = 0.3 eV  and dBi4Ti3O12

= 19.5 nm
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titanate were considered fixed, and the thickness of gold thin 
film also varied from 40 to 70 nm.

As shown in Fig. 2a–d, it is found that the resonance angle 
remains almost constant, and reflectance minima also increase 
from 0.006 to 0.570 (a.u.) as the chemical potential changes 
from 0.3 to 0.9 eV. Therefore, increasing the chemical poten-
tial can increase the reflectance and decrease absorption. 
Table 1 provides concluding information in Fig. 2.

The increasing chemical potential of graphene leads to 
a decrease in the sensitivity of the proposed structure. In 
addition, FWHM decreases from 6.68 to 3.20 (deg), which 
increases the sensor resolution. The best value for the FoM 
parameter is 618.66 (1/RIU), obtained at a chemical poten-
tial of 0.5 eV and a thickness of a 40-nm gold thin film.

To optimize the number of graphene layers, the changes 
of minimum reflectivity are plotted with various thicknesses 
of the gold thin film (i.e., 40 nm, 50 nm, 60 nm, 70 nm) at 
a constant thickness of bismuth titanate. Figure 3a–d shows 
the reflectance versus incident angle curve for the number 
of different graphene layers in the proposed configuration. 
When the number of graphene layers is fixed, the resonance 
angle shifts to smaller angles as the gold thickness increases. 
The lowest reflection is obtained for single-layer graphene 
at a gold thickness of 40 nm. As shown in SPR curves in 
Fig. 3a–d, the reflectance minima decrease, and therefore, 
the absorption increases with an increasing number of gra-
phene layers.

The performance parameters of the sensor for the num-
ber of graphene layers are listed in Table 2. As shown in 
Table 2, with the increasing number of graphene layers, the 
minimum reflectivity has occurred in larger quantities, and 
FWHM is also reduced. As the number of graphene layers 
increases to L = 3, the sensitivity first decreases and then 

remains constant. It seems that the few-layer graphene has 
a high energy barrier and high absorption efficiency. In an 
SPR sensor, the resolution depends on the FWHM of the 
reflectivity curve. The high resolution and sensing accuracy 
are the results of lower FWHM. As can be seen in Table 2, 
with the increasing number of graphene layers, the FWHM 
parameter has decreased from 6.67 (deg) (for L = 1) to 3.20 
(deg) (for L = 4).

Similarly, the reflectance curve was plotted for different 
thicknesses of  Bi4Ti3O12. The resonance angles are shifted to 
higher angles as the  Bi4Ti3O12 thickness has increased from 
6.5 to 26 nm and reflectance minima increase from 0.008 to 
0.585 (a.u.) as shown in Fig. 4a–d.

The  Bi4Ti3O12 thickness analysis showed that for the 
thickness of 6.5 nm in this configuration, the sensitivity 
would be 258.25 (deg/RIU). A comparison between the per-
formance parameters of the sensor with different thicknesses 
of  Bi4Ti3O12 is listed in Table 3. As Table 3 shows, at a con-
stant thickness of bismuth titanate, the sensitivity has been 
dramatically improved with the increasing thickness of the 
gold thin film, but the FWHM has also increased, which is 
undesirable. In addition, the results show that the sensitivity 
in this configuration is more affected by the gold thickness 
changes while the changes of sensitivity were less than the 
changes in gold thickness (in the case of investigation of 
the chemical potential of graphene and the number of gra-
phene layers). From the comparison between the results of 
graphene layer thickness changes and changes in  Bi4Ti3O12 
layer thickness, it can be seen that the performance of the 
sensor strongly depends on the geometry of the structure 
because the number of layers with a lower refractive index 
in the Fibonacci structure is less than the number of layers 
with the higher refractive index.

Table 2  Conclusion information 
from Fig. 3

Number of graphene 
layers

Au thickness 
(nm)

Minimum 
reflectivity

Sensitivity 
(deg/RIU)

FWHM (deg) FoM (1/RIU)

L = 1 40 0.006 198.19 6.64 476.16
50 0.006 204.20 6.65 441.28
60 0.007 204.20 6.66 396.68
70 0.008 204.20 6.67 359.83

L = 2 40 0.074 192.19 4.38 588.27
50 0.072 192.19 4.38 603.20
60 0.070 192.19 4.39 618.66
70 0.068 192.19 4.39 634.68

L = 3 40 0.322 186.18 3.48 165.75
50 0.320 186.18 3.48 167.02
60 0.317 186.18 3.48 168.30
70 0.314 186.18 3.48 169.61

L = 4 40 0.580 186.18 3.20 100.01
50 0.578 186.18 3.20 100.33
60 0.576 186.18 3.20 100.66
70 0.574 186.18 3.21 100.99
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The thickness of the layers was optimized in a layer-wise 
procedure to achieve maximum sensor performance. Ini-
tially, the effect of the thickness of each layer on the reflec-
tivity as a function of incident angle and sensitivity was 
investigated and the thickness of the other layers was kept 
constant. After optimizing the thickness of each layer, this 
process was repeated for the other layers. The goal was to 
get the lowest Rmin (minimum value of the reflectivity curve) 
at the same time the most sensitivity. This process was per-
formed for gold, graphene, and bismuth titanate layers. Fig-
ure 5 shows the 3D diagrams depicting the sensitivity as a 
function of the chemical potential of graphene, the number 
of graphene layers, and bismuth titanate thickness simulta-
neously. From Fig. 5a, the highest sensitivity value seemed 

attainable with lower thicknesses of bismuth titanate and a 
large number of graphene layers.

According to the above results, the optimal thickness 
of the gold thin film was considered 50 nm. Although the 
sensitivity can increase in a specific range according to 
the results, increasing sensitivity can be accompanied by a 
decrease in the FoM parameter. Therefore, a compromise 
will be made to obtain the optimal value of sensitivity and 
the FoM parameter simultaneously. To meet this demand, 
the optimum thickness for bismuth titanate and the number 
of graphene layers should be 19.5 nm and L = 4, respec-
tively. Figure 5b also shows the sensitivity changes for the 
chemical potential of graphene (graphene refractive index) 
at different thicknesses of graphene. It is clear that the 

Fig. 4  The reflectivity in the SPR curve as a function of the  Bi4Ti3O12 
thicknesses with various thicknesses of the gold thin film a  Bi4Ti3O12 
thicknesses = 6.5 nm, b  Bi4Ti3O12 thicknesses = 13 nm, c  Bi4Ti3O12 

thicknesses = 19.5 nm, and d  Bi4Ti3O12 thicknesses = 26 nm; with 
values of �c = 0.3 eV  and dg = 4 × 0.34 nm
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sensitivity at L = 2 suddenly decreases for all chemical 
potential values. The high real part refractive index of gra-
phene layers and the high dielectric constant of  Bi4Ti3O12 
can enhance the evanescent field at the metal interface and 
serve the absorption medium. In the Fibonacci structure, 
the refractive index effect of the bismuth titanate layer can 
be more effective because, in this structure, the number 
of layers with a higher refractive index (bismuth titanate) 
is more than the number of layers with a lower refractive 
index (graphene).

Figure 6 shows the reflectance curves for analyte refrac-
tive index changes from 1.33 to 1.35 in steps of 0.005. Any 

change in the refractive index of the sensing medium causes 
a change in the resonance angle of the surface plasmon, and 
consequently the sensor sensitivity changes. After the dis-
cussions described above, the configuration of SF10 prism-
gold thin film-Fibonacci structure-thiol-tethered DNA-
sensing medium was optimized and the reflection curve 
is plotted. The number of graphene layers and  Bi4Ti3O12 
thickness determined L = 4 and 19.5 nm, respectively. In 
addition, the optimal refractive index of graphene was cal-
culated by chemical potential and found as a material with a 
lower refractive index in the Fibonacci structure. In Fig. 6, 
the reflectance minima of the sensors are reduced with the 

Table 3  Conclusion information 
from Fig. 4

Bi4Ti3O12 thickness 
(nm)

Au thickness 
(nm)

Minimum 
reflectivity

Sensitivity 
(deg/RIU)

FWHM (deg) FoM (1/RIU)

6.5 40 0.074 162.16 5.54 392.18
50 0.016 180.18 5.51 198.66
60 0.008 204.20 6.67 359.83
70 0.032 258.25 10.73 744.09

13 40 0.017 174.17 3.98 247.94
50 0.066 180.18 3.93 691.02
60 0.068 192.19 4.39 634.68
70 0.019 210.21 5.85 179.63

19.5 40 0.023 174.17 3.30 225.64
50 0.322 180.18 3.27 170.82
60 0.314 186.18 3.48 169.61
70 0.020 192.19 4.11 223.04

26 40 0.511 180.18 3.12 112.80
50 0.585 186.18 3.09 102.81
60 0.574 186.18 3.21 100.99
70 0.473 186.18 3.55 110.59

Fig. 5  The variation of the sensitivity as a function of the chemical 
potential of graphene, number of graphene layers, and bismuth titan-
ate thickness with 50 nm gold thin film (a) The effect of graphene and 

bismuth titanate thickness changes on sensitivity; (b) The effect of gra-
phene chemical potential and bismuth titanate thickness changes on 
sensitivity
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increment of the sensing medium refractive index while the 
SPR curve is shifting from the left to the right direction.

As Fig. 6 shows, the resonance angles of the SPR curves 
for SF10/Au (50 nm)/Fibonacci structure (including gra-
phene and  Bi4Ti3O12 layers) are obtained at 74.83°, 75.79°, 
76.78°, 77.89°, and 79.09° for analyte coronavirus of 1.330, 
1.335, 1.340, 1.345, and 1.350, respectively. With a slight 
increase in refractive index, there is a noticeable variation in 
sensitivity as high as 264.26 (deg/RIU) related to the refrac-
tive index of 1.350.

Finally, the performance parameters of the proposed 
configuration with other structures in the field of detec-
tion are compared. The sensitivity, FWHM, and FoM were 
taken into account for comparison. However, sensitivity is 
the most crucial performance parameter under considera-
tion; FWHM and FoM are also vital for sensing accuracy. 
The findings of this comparison are presented in Table 4. 
The proposed design shows higher sensitivity than other 

structures. The proposed structure simultaneously dem-
onstrated high sensitivity and lower FWHM while some 
designs have relatively good sensitivity but suffer from 
higher FWHM.

To reach the intended degree of performance, the sen-
sor arrangement must be correct, as well as the materials 
employed. Although waveguide-based surface plasmon reso-
nance has a high sensitivity [42], it faces several obstacles. 
Some of the obstacles that can pose problems in construct-
ing these biosensors are the operating wavelength, proper 
substrate material selection, and creating sensor surfaces 
(picking up exact metal) for phase matching. Furthermore, 
arrangements in which the terminal layer is in direct touch 
with the sensing medium [40, 41] might generate problems 
and measurement mistakes. Not only are biomolecules not 
confined well in this direct contact, but they can also cause a 
chemical interaction between the detecting medium and the 
final layer. Silver (Ag) is another metal that is employed in 

Fig. 6  Variation of reflectivity 
in terms of the incident angle of 
light for analyte coronavirus (as 
sensing medium) ranging from 
1.33 to 1.35 with an interval of 
0.005 for SPR sensor with the 
configuration of SF10 prism-
gold layer-Fibonacci structure- 
thiol tethered DNA-sensing 
medium

Table 4  Sensing performance 
comparison with other 
structures

Sensor configuration Sensitivity (deg/
RIU)

FWHM (deg) FoM  (RIU−1)

This work (proposed structure) 192.19 4.39 634.68
Ag-Si-BaTiO3 [38] 130.30 11.86 692.28
Gold nanosheet is functionalized with SARS-

CoV-2 spike (S) protein antibody [39]
111.11 Not reported Not reported

Mirrored bilayer of Au-MoS2-Graphene [40] 75.2 17 44.23
TiO2−SiO2-Ag-MoS2-Graphene [41] 98 Not reported Not reported
Au-Graphene [42] 53.71 5 85.79
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biosensor configurations [38, 41]. Unlike gold (Au), it is not 
inert, and the ion migration phenomena have been observed 
in this metal, resulting in unfavorable chemical interactions. 
The suggested biosensor, which uses a prism-based struc-
ture and quasi-photonic crystals as well as receptors to trap 
DNA and biomolecules, is expected to have great sensitivity 
in practical applications and remove issues like phase mis-
matching and undesired chemicals.

Conclusion

In this paper, we provide a sensitivity and accuracy SPR 
sensor based on a novel configuration for detecting and 
studying DNA hybridization. A Fibonacci structure made 
of nanostructured thin films and graphene as a 2D material 
with localized surface plasmon properties was found to be 
the best configuration for this sensor. The influence of nano-
film thickness on sensor performance, such as the number of 
graphene layers and  Bi4Ti3O12 thickness, was investigated. 
The sensitivity value of 192.19 (deg/RIU) was obtained from 
this analysis. Because of its excellent sensing capability, the 
suggested design can be employed in a wide range of high-
sensitivity applications, including biomedical applications 
that detect low quantities of DNA and RNA-based viruses 
and prevent the occurrence of infectious diseases spread.
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