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Abstract
The coronavirus (COVID-19) pandemic has put the entire world at risk and caused an economic downturn in most
countries. This work provided theoretical insight into a novel �ber optic based plasmonic biosensor that can be
used for sensitive detection of SARS-CoV-2. The aim was always to achieve reliable, sensitive and reproducible
detection. The proposed con�guration is based on Ag–Au alloy nanoparticles �lms covered with a layer of
graphene which promotes the molecular adsorption and a thiol-tethered DNA layer as a ligand. Here the
combination of two recent approaches in a single con�guration is very promising and can only lead to
considerable improvement. We have theoretically analyzed the sensor performance in terms of sensitivity and
resolution. To highlight the importance of the new con�guration, a comparison was made with two other sensors.
One is based on gold nanoparticles incorporated into a host medium, the other is composed of a bimetallic Ag-Au
layer in the massive state. The numerical results obtained has been validated and show that the proposed
con�guration offers better sensitivity (7100 nm\RIU) and good resolution (�gure of merit; FOM=38.88Tand signal-
to-noise ratio; SNR=0.388). In addition, a parametric study was performed such as the graphene layers number and
the size of the nanoparticles.

1. Introduction
The new coronavirus illness 2019 (COVID-19) is induced by hard acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection and continues to be a grave threat to global human health and the global economy. This virus can
be quickly transmitted from human to human via different media, such as nearby interpersonal contacts, airborne
droplets, and fomites [1, 2]. The development of a sensitive, speci�c, and rapid diagnostic tool for SARS-CoV-2
infection is certainly supportive of the control the infection transmission. For this reason, important research efforts
have focused on early management and the development of several diagnostic methods such us serological
immunological assays (ELISA, CGIA, enzyme-linked immunosorbent assay, colloid gold-based
immunochromatographic assay) [3, 4], chest computed tomography (CT) [5], and reverse transcription polymerase
chain reaction (RT-PCR) [6, 7]. Nevertheless, RT-qPCR needs at least 3 h and demands sophisticated testing setups
[8] in additional to suffering from false positives. To this end, one potential area is the use of biosensors [9, 10].

In the near future, miniaturized real-time molecular detection devices will be at the center of the revolution in
methods of medical diagnostics and identi�cation of biological processes, both at the clinical level and at the
research level. Fiber optic biosensors based on the surface plasmon resonance (SPR) phenomenon have become
indispensable tools for sensitive, unmarked and real-time detection of biological and biochemical interactions [11,
12] especially for the detection of SARS-CoV-2 [ 13,14].

These sensors are extremely powerful detection tools, useful for a large variety of applications in several �elds
such as biomedical research, healthcare system, pharmaceutical industry and many others [15–17]. Despite their
contributions in several �elds, conventional plasmonic sensors based on the use of a �at metal surface of gold, are
limited in terms of sensitivity, especially when it comes to detecting molecules of low molar masses. It is in this
problematic context that this work is situated. This work mainly consists of a numerical study of nanostructured
plasmonic metal surfaces in order to study their potential application as optical biosensors. Indeed, these
structures have new properties in their interaction with light and can more e�ciently excite surface plasmons.

Metallic nanoparticles (NPs) have received great attention in recent years [18–20], due to their unique properties.
These properties depend on the size and shape and are markedly different from those of massive material [21–23].
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A nanoparticle is a set of polyatomic structures varying in size between 1 and 100 nm [18]. For several decades,
gold has been considered as an inert material in a massive state, but at the nanoscale it has very unusual
properties: optical, electronic, photonic, magnetic and catalytic. These intrinsic properties of nanoparticles are due
to a quantum con�nement effect, the high reactivity of surface electrons, to their small sizes, their geometric
architecture and also to their surface structures [24, 25]. This is the reason why the research in this work aims to
improve conventional sensors by using metallic NPs instead of massive metallic �lm.

Different metallic nanostructures have been used in the SPR biosensor. Gold is the preferred metal in most
commercial SPR sensors due to its chemical stability and its high biocompatibility despite having a relatively wide
resonance peak [26]. While silver offers the best resolution and a narrow resonance peak, it however degrades
rapidly by oxidation. Thus, a new structure of the metallic layer has been the subject of different studies in order to
couple the advantages of both noble metals [27]. This is the Ag-Au bimetallic structure.

The concept of bimetallic has attracted considerable attention as an effective approach in the development of SPR
sensors. However, an alloy-based con�guration of the Ag-Au bimetallic nanoparticles is capable to demonstrate
more effective optical characteristics than pure gold or pure silver. To take advantage of the bene�ts of NPs, the
sensitivity of gold and its stability over time as well as the higher SNR value obtained with silver NPs, we have
proposed in this article to study a biosensor �ber optic SPR based on the alloy of Ag-Au bimetallic NPs. To
highlight the importance of the proposed new structure, we compared it with two different con�gurations. One is
based on gold nanoparticles incorporated into a host medium, the other is composed of a bimetallic layer in the
uniform state.

It is known that the functionalization of the surface is a key step for the production of the biosensor and therefore
for obtaining good analytical performance. Indeed, improving the performance of biosensor characteristics requires
improving the absorption of biomolecules. Hence, the nature of the surface on which biological molecules are
adsorbed plays a key role. The drawback of metals is that they are poor biomolecular adsorbents [28] which
decreases the sensitivity and selectivity of the biosensor. Furthermore, direct ligands immobilization on a metal
surface could distort them, which would lead to a negative effect on molecular interactions [29]. To overcome these
limitations, various strategies in the literature have been investigated using additional �at �lm layers such as
dielectric layers, thiol acid [30], ITO [31] TiO2 [32] layer.

Recently graphene has attracted the attention of researchers as another approach to improve the sensitivity of
several categories of sensors [33]. Indeed, graphene has very interesting optical characteristics. The graphene
monoatomic thickness in addition to broadband absorption and optical transparency afford a good platform for
electro-optical devices. Interband and inband electronic transitions are the principal mechanisms behind the
broadband optical absorption of graphene [34, 35]. Thus, graphene can be used as a biomolecular immobilizing
layer allowing the increase of the absorption e�ciency of the bio-recognition molecules on the surface of the
biosensor because of π-stacking type interactions [36] between the cycles of graphene and those of biological
molecules. This is why the graphene has received a great deal of attention. In our previous work, we used a
graphene layer as a protective layer, which also serves to improve the sensitivity of the SPR sensor to reach a
maximum equal to 7000 nm\RIU [33]. In addition, Ahmmed A Rifat et al. [37] has also studied a con�guration
based on graphene coated on a silver �lm to protect it against oxidation and improve molecular adsorption. This
has resulted in improving sensor performance, allowing reaching a sensitivity equal to 3000 nm / RIU.
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In the current study, in order to raise the performance of �ber optical SPR sensor in terms of sensitivity and
resolution, a layer of graphene has been applied to the spherical Ag-Au NPs alloy �lm. To our knowledge, such a
con�guration has never been carried out. Here, graphene is considered as an element of biorecognition thanks to
its various and multiple properties. We then compared this new con�guration to the other two sensors. One is
based on gold NPs incorporated in a host medium; the other is based on a bimetallic layer in the massive and
uniform state. This comparison re�ects the importance and utility of the alloy which serves to couple the
advantages of two metals in nanoscale state in a single con�guration better than using pure gold or pure silver. We
obtained as a result an increase in the sensitivity and the resolution (�gure of merit and SNR) of the sensor. A
parametric study was subsequently performed such as the effect of nanoparticle size and the graphene layer
number effect. Motivated by such excellent characteristics of this biosensor design, we proposed to apply it on
SARS-CoV-2 detection. We think that the suggested biosensor has a great potential to recognize SARS-CoV-2
accurately and rapidly in practical clinical applications.

2. Design Consideration And Theoretical Model
The principle of an SPR sensor is to couple the incident light with the surface plasmons. Remember that these
plasmons are quanti�ed and collective oscillations of free electrons at the interface of a metal and a dielectric.
This coupling can be caused by total re�ection of an optical wave injected on the opposite interface. The
evanescent �eld crossing the metal layer permits the surface plasmon excitation at the metal / dielectric interface.
The so-called ATR (Attenuated Total Re�exion) process is the most widely used for the excitation of surface
plasmons. It was put into practice for the �rst time by A. Otto then by E. Kretshmann who used a prism as a coupler
[38]. During the last decade, the use of optical �bers as a coupler has emerged in different forms thanks to the
advantages they have offered. In this study, we were interested in the �ber optical SPR sensor in a new
con�guration. As shown in Fig. 1, the suggested biosensor is founded on a �lm made from an alloy of spherical Ag
/ Au nanoparticles topped with a layer of graphene (Fig.a). This plasmonic biosensor can be used for the SARS-
CoV-2 detection. Thiol-attached DNA is employed as a ligand layer for the detection medium because it has
displayed great properties as a receptor for SARS-Cov-2 as shown in (Fig.c) [39, 40]. Fig.b shows gold nanoparticles
embedded in a host material.

The equations having been implemented using Matlab software, we then had to de�ne the numerical values for the
simulation.

2.1. The silica core of the optical �ber.
We considered the core of the multimode �ber to be molten silica. The expression of the Refraction index is written
in the following form according to the Sellmeier relation [41]:

n(λ) = 1 +
A1λ2

λ2 − B2
1

+
A2λ2

λ2 − B2
2

+
A3λ2

λ2 − B2
3

1
λ is the wavelength expressed in micrometers. 
A1 = 0.6961663; A2 = 0.8774794; A3 = 0.4079426; B1 = 0.0684043; B2 = 9.896161; B3 = 0.1162414

2.2. Au- Ag alloy nanoparticle �lm

√
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The metallic medium dielectric function has been adjusted by the classic Drude function:

ϵ(ω) = ϵ∞ −
ω2

p
ω(ω + iωd)

2
ϵ∞is the dielectric constant at in�nite frequency and ωp; ωd are the plasma and damping pulses respectively.
These pulsations are expressed in the following form:

ω2
p =

Ne2

mϵ0

3
And

ωd =
vf

Rbulk

4
where m, e, and N are the effective mass, concentration and charge of free electrons, respectively; Rbulk de�nes the
conduction electrons average free path in bulk metal, and vf de�nes the electrons speed at the Fermi energy.

The conduction electrons are dispersed by the surface when the particle size, R, is less than the average free path in
the bulk metal. Therefore, the mean free path, Reff, of the electrons becomes dependent on the particle size
following this relationship:

1
Reff

=
1
R +

1
Rbulk

5
This equation has been experimentally justi�ed for gold and silver particles as small as 2 nm [42].Thus, the
damping pulsation is expressed by :

ωd(R) = ωd(bulk) +
ϑf
R

6
Equation (2) + (3), (4) and (6) illustrate the dielectric function which depends on the size of a metal particle. Silver
and gold NPs are assumed to be spherical in shape. For the AgyAu1−y alloy, the dielectric constant can be
supposed to depend on the composition-weighted average of the dielectric constants Ag and Au and is de�ned by
[43] :

ϵA(y, ω) = yϵAg(ω) + (1 − y)ϵAu(ω)

7
Here y is the silver NPs volume fraction. The parameters of gold and silver nanoparticles are summarized in Table
1.
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Table1 : Parameters of gold and silver nanoparticles

Parameter Gold Silver

Plasma frequency,ωp(rad. s −1) 1.40 × 1016 1.35 × 1016

Damping frequency,ωd(bulk)(rad. s −1) 3.78 × 1013 7.62 × 1013

High frequency dielectric constant,ϵ∞ 7.0 2.48

Fermi velocity,vf(m. s −1) 1.40 × 106 1.40 × 106

The manufacture of the bimetallic alloy of nanoparticles exists and has been investigated in detail. In fact, there
are two manufacturing methods. The �rst is the multi-layer method i.e the alloy �lm is composed of several thin
layers of two metals [43]. The second method consists of mixing the NPs of two metals in the required proportions.
In fact, such an Ag-Au alloy is made with sequential spraying and co-reduction of chloroauric acid (HAuCl4) and
silver nitrate (AgNO3) with sodium citrate [44]. Nevertheless, in both techniques the dielectric constant of the
bimetallic alloy �lm varies with the composition-weighted average of the dielectric constants as shown in equation
(7).

2.3. Nanoparticles incorporated in a host medium
Based on Maxwell-Garnett theory, the effective dielectric function (ϵeff) of a material composed of great volume
fraction metal nanoparticles incorporated isotropically in a non-absorbent medium is expressed by the following
equation

ϵeff = ϵm(1 +
3∅β

1 − ∅β)

8
Where

β =
ϵ − ϵm
ϵ + 2ϵm

9
ϵm is the dielectric function of the host medium in which the gold NPs are incorporated. is the volume ratio of the
embedded particles.

The metal particles volume ratio can be provided by Ung et al. [45]

∅ =
0.74R3

(R + Rhost)3

10
where Rhost is the thickness of the silica shell. The �lm thickness depends on the cycles number deposited. Each
cycle can be represented by the deposition of a monolayer of particles.

2.4. Graphene layer :
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The refractive index of graphene is expressed by the following expression [46]:

ng = 3 + i
cλ
3

11
with λ is the wavelength in µm andc ≈ 5.446μm −1

2.5. SARS-CoV-2 biosensing: sensing layer
The last layer before the sensing medium is the thiol-tethered DNA. The data for refractive index versus thickness
are taken from experimental results [47]. To expand an exact estimate of the mechanism of COVID-19 biosensing
operation, a simulation model must �rst be conceived. Here, in a suggested model, COVID-19 is estimated to be a
solid sphere core that contains RNA coated by a membrane protein with radiuses of r1 and r2, respectively [48].
Therefore, the virus effective R.I is determined by considering the two refractive indices volume-weighted sum:

neff =
n1V1

V1 + V2
+

n2V2
V1 + V2

=
n1 + n2( 3 − 1)

3 ; r2 = r1

12

where n1 V1  and n2 V2  are the RNA total R.I and the volume of the membrane protein, respectively. As the

virus R.I is governed principally by material composition instead of its geometrical size, η is a constant value for
the virions same kind η = 1.25 [48]. The RNAs R.I average is 1.54 [49] and the refractive index of membrane proteins
ranges from 1.46 +/- 0.006 [50]. The average viral load is 7 ∗ 106 per ml, whereas the maximum is 2.35 ∗ 109 per
ml [51]. When the sample is passed through the detection channel, Covid 19 RNA is bound to thiol-attached DNA. It
needs some time to accumulate from the surface density of the virus. The standard waiting time is 10 seconds.

Note that the SARS-CoV-2 can be solved in a run buffer consisting of 10 mM HEPES and 120 mM NaCl solution.
Indeed, the running buffer R.I can be measured experimentally by an optical sensor. When different concentrations
of HEPES solution were mixed with 120 mM NaCl solution, there exists a good linear relationship between the
running buffer refractive index and the HEPES concentration ranging from 0 to 120 mM, which can be expressed as
: [52]

y = 0.00004x + 1.3341

13
Where y and x are the R.I of the running buffer and HEPES solution (mM), respectively. In this work, the HEPES
solution concentration is 10 mM, so the sensing medium refractive index (R.I) was supposed to be 1.3345 [13].

2.6. The power transmitted by the optical �ber
The principle of calculation followed in this work is founded on a multilayer system. The re�ection coe�cients
were determined based on the matrix method adapted to a multilayer structure [53]. This method allows us
studying the electromagnetic wave interaction for a precise number of layers and to determine the magnetic �eld 
Hk and the electric �eld Ek in the N layers.

When a light ray is focused on the entry face of an optical �ber, it undergoes refraction or re�ection in the plane of
incidence. The refracted ray then comes to re�ect or refract at the core / cladding interface. A light ray must

( ) ( )
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undergo total re�ection on the core / metal separation surface in order to excite a surface plasmon. There is
therefore a total re�ection if the incidence angle is greater than the critical angle θcr [33].

The calculation of the power transmitted by the optical �ber is linked by the re�ectance Rref of the ray re�ected at
the core / metal interface and the re�ections number that the light ray will undergo:

T = (R)Nref ( θ)

14

Where Nref(θ) =
L

Dtanθ  (15)

(θ) is the angle of propagation, D is the core diameter and L is the length of the sensitive layer

The power, dP, exiting the �ber between the angles θ0 and θ0 + dθ0 and using Snell's law, is proportional to:

dPα
n2

csinθcosθ

(1 − n2
ccos2θ)2dθ

16
The light source used is unpolarized and collimated, so the transmitted and normalized light power is written in the
following form:

T =
∫ π / 2

θcr
RNref ( θ) P(θ)dθ

∫ π / 2
θcr

P(θ)dθ

17
The SPR excitation is done with the intervention of, only, half of the injected power. So the expression of the
transmission is written as follows:

T =
1
2(

∫ π / 2
θcr

RNref ( θ) P(θ)dθ

∫ π / 2
θcr

P(θ)dθ
+ 1)

18

3. Results And Discussions
To highlight the importance of the use of Au-Ag alloy nanoparticles in the SPR sensor, we compared its plasmon
response with that of two SPR sensors. One is based on gold nanoparticles embedded in a host medium, the other
is based on a massive Ag-Au bimetallic layer. The responses are simulated for a sensor with a sensitive length of
20 mm, a �ber core diameter of 600 µm, a metal layer of thickness equal to 55 nm, and the fraction volume of
silver y = 0.75. The sensitive medium refractive index (RI) is equal to 1.34. Fig. 2 presents the variation in
transmission with wavelength for the three sensors respectively. It is clearly remarkable that the depth,
transmission (94.7; 91.2; 95.9), Full Width at Half Maximum FWHM (55nm; 39nm; 58nm) and resonant wavelength
(555nm; 571nm; 602nm) vary with the variation of the con�guration involved. It appears that the proposed
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con�guration has the narrowest curve also offering better resolution (curve in red). We can conclude that the best
compromise between the Full Width at Half Maximum (FWHM), amplitude and position of the resonance can be
obtained for this con�guration.

The curve obtained in this work coincides well with that found by Sharma et al.[41] for a con�guration based on the
alloy of metallic nanoparticles. The appearance and general shape of the curves are comparable especially at the
level of the minimum absorption (λres = 555nm). A slight difference can be explained by the difference between
the parameters used. This justi�es the validity of our numerical work.

Thanks to its interesting optical properties and especially its good absorption of molecules, a layer of graphene
was added to the alloy �lm of Ag-Au nanoparticles in this work. This allows us to improve the performance of the
SPR biosensor in terms of sensitivity and resolution.

The sensitivity shows the displacement of the plasmon resonance peak (augular or spectral) per unit of refractive
index (RIU). it is de�ned by the following expression :[31]

S =
δλres

δn (nm/RIU)

19
To better assess the sensitivity of detection, it is necessary to consider another parameter; the full width at half
maximum of the SPR signal denotes FWHM. This increases with the value of the refractive index of the dielectric,
inducing a larger SPR signal. By dividing the value of S by the FWHM, we introduce the notion of « Figure of Merit
(FOM) »

FOM =
S

FWHM

20
The SPR sensor resolution can be described as the smallest change in refractive index that can be detected by a
visible shift in the plasmon signal resonance wavelength. This parameter can be determined by measurement of
the limit of detection (LOD) or via the signal-to-noise ratio (SNR). The latter is strongly dependent on the resonance
peak width. It is de�ned in the following form [31]:

  (21)
Figure 3 presents a comparison of the sensitivity obtained for each con�guration. The R.I of sensitive medium
covers the range of indices between 1.32 and 1.40. The thickness of a graphene layer is 0.34 nm. It is noted from
this �g. that the sensitivity rises according to the R.I of the medium to be detected for the three con�gurations but it
is not in the same way. In fact, the sensitivity obtained with an SPR biosensor based on an Ag-Au / graphene
nanoparticle alloy is higher than the other two. It went from 1900 nm / RIU to 7100 nm / RIU while the sensitivity of
the massive bimetallic con�guration reaches a maximum equal to 6700 nm / RIU and the maximum sensitivity
obtained by the con�guration based on nanoparticles incorporated in a host medium is equal to 3300 nm / RIU.
This improvement in the sensitivity of the proposed sensor is due to the improvement in molecular adsorption to
the surface of the sensor and to the alloy, which makes it possible to take advantage of the sensitivity of silver,
while maintaining the sensor chemical stability of in the �eld using a gold surface layer.
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Such a sensor represents the combination of the advantages of metallic nanoparticles and graphene could only be
the basis for the birth of an effective early detection system. therefore Fig. 4 illustrates the FOM variation with the
sensitive medium refractive index. This parameter is used to analyze the overall SPR sensor performance. Thus, for
the same variation of index, if the FOM is high it indicates a large spectral shift of the signal or a narrower
plasmonic signal i.e less error in the determination of the resonance wavelength. In both cases this translates into
better sensor performance. According to the Fig. 4, the con�guration based on an alloy �lm of the Ag-Au NPs has
the highest FOM values when compared with the other two con�gurations. The maximum value of FOM reached by
this con�guration is equal to 38.88RIU−1.

Figure 5 illustrates the evolution of SNR according to the RI of the medium to be detected for the three sensors.
SNR increases with increasing refractive index. The best SNR is obtained with the proposed con�guration based on
an alloy of Ag-Au nanoparticles /graphene. The curve increases until it reaches a maximum value equal to 0.388,
while the maximum SNR obtained with the sensor based on gold nanoparticles incorporated in a host medium and
the sensor based on a bimetallic layer are 0.369 and 0.385 respectively. Therefore the studied sensor offers the
best resolution, in fact the greater the SNR value is, the more precise the detection will be.

Table 2
Comparison of the proposed sensor sensitivity with other research study

References SPR Sensor Sensitivity
(nm\RIU)

Detection range
(RIU)

Shukla et al.[54 ] (2016) ITO/ZnO/Analyte 2202 1.30-1.37

Nayak and Jha [55] (2017) Ag/Graphene/Analyte 6800 1.33-1.37

Sharma and Gupta [56]
(2005)

NPs Au/analyte 1900 1.342

Hongyan et al.[46] (2015) Au/graphene/analyte 3400 1.33-1.37

Shukla et al. [57](2015) Au/ZnO/Analyte 3161 1.30-1.37

Kapoor et al. [58] (2019) ITO/Ag/Analyte 1830 1.33-1.37

Sharma et al.[ 59] (2017) Au/Pt/Analyte 3571 1.30-1.35

Proposed work Ag–Au alloy
NPs/graphene/Analyte

7100 1.30-1.40

By comparing it with other works in the literature as shown in Table 2, we found that the obtained value of the
sensitivity (7100 nm\RIU) is greater than those obtained with the previous con�gurations of the SPR sensors. It is
evident that the proposed con�guration could be used in a wide range of great sensitivity applications such as
biological and biochemical detection.

The control of the graphene layers number transferred to the metallic interface makes it possible to control the SPR
response and the sensitivity of the SPR measurements. This should lead to improve performance and sensitivity of
the SPR sensors.

Figure 6 shows the plasmonic response variation as a function of the number of graphene layers. This graph
shows that the increase of the graphene layers number L leads to a modi�cation and a change of the width of the
resonance peaks, which respectively becomes broader, a variation of its amplitude, and a displacement of the
resonance peak. For six layers of graphene, the resonance wavelengths go from 536 nm to 551 nm for a refractive
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index equal to 1.33. This is justi�ed by Fig. 7 which re�ects the variation of the resonance wavelength ranging from
1 to 6 layers of graphene. It is clearly noticeable from this �g. that the resonance wavelength λres changes with
the number of added graphene layers and with the sensitive medium refractive index following an increasing curve.
Therefore, sensor sensitivity rises with increasing graphene layers number. But on the other hand, the resonance
peak becomes less selective and the resolution of the biosensor decreases due to the broadening of the resonance
peak.

Note that the increase in the width at mid-height of the resonance peak as a function of the graphene layers
number can be explained by the damping by absorption of the surface plasmons at the interface of the Au-Ag alloy
nanoparticle �lms /graphene, thanks to the optical properties of graphene, especially to the imaginary large part of
its refractive index.

Thus, It is necessary to make the best choice for the maximum graphene layers number, which must be set for the
good performance of the biosensor. This �xed number should be chosen in order to provide a signi�cant
improvement in sensitivity and high detection accuracy. From the two �gures, the best performance is obtained for
a single layer of graphene, which can be extended up to three layers.

Our �ndings results are similar to those found by Hongyan et al. [37] for a con�guration based on a metallic layer
of gold. They are in good agreement with the same evolution of the resonance wavelength and the plasmonic
response as a function of the graphene layers number for the same detection range (RIU).

Figure 8 shows the effect of the radius of Ag-Au spherical nanoparticles on the plasmon response of the sensor.
The curves presented in this �g. are obtained by varying the radius of the nanoparticles from 5 nm to 25 nm and
keeping the other parameters constant. According to the �g., the variation in the radius of the nanoparticles leads
to a variation in the transmission, the shape of the resonance peak, the Full Width at Half Maximum (FWHM) and
the resonance wavelength which decreases from 540 nm to 536 nm passing from a radius of 5 nm to 25 nm. It can
be observed that from a radius of 15 nm λres stabilizes at 536 nm and the resonance peaks follow the same
evolution. In addition, an increase in the nanoparticles size leads to a decrease in the broadening of the SPR curve
(FWHM). This is illustrated by Fig. 9 which shows a decreasing curve. This can be explained by eq. 6 since the
damping frequency ωd and the radius of nanoparticles are inversely proportional. In fact, when the nanoparticles
size increases, ωd decreases. Thus, the imaginary part which is responsible for the absorption of the metallic
dielectric function decreases. Therefore, this causes a decrease in the transmitted power and the SPR curve should
shift downward, when the size of the nanoparticles decreases, which leads to a widening of the curve.

Consequently, the size of the nanoparticles (R) must be taken into account, which is an important parameter acting
on the sensor performance. The two �gures 8 and 9 guide us towards an optimal choice of radius. It must be
greater than 10 nm. We have chosen 15 nm as the optimal value for this studied con�guration.

Let us now move on to study the SPR response of our construct for SARS-COV-2 detection. We employ thiol-
attached DNA as a ligand layer because it has been shown to be a good receptor for SARS-COV-2. We gather SARS-
COV-2 related data from the literature [13, 14, 49]. Fig. 10 presents the transmission variation as a function of the
incident wavelength which varies from 400 nm to 800 nm. The curves are obtained following the numerical
simulation without and with SARS-CoV-2 i.e. before and after bonding. it is clearly observed a change of resonance
peak (wider) with a displacement towards a higher resonance wavelength which passes from 517 nm to 543 nm.



Page 12/26

The resulting curves re�ect the surface plasmons excitation of the metal layer. This can be interpreted by the
detection of SARS-CoV-2. Indeed, In the suggested sensing setup, samples taken from human nasopharyngeal
swabs are piped in a liquid solution across the sensing channel. When hybridization occurs between SARS-CoV-2
RNA (RdRp-COVID sequence) from a sample with the thiol-attached DNA of receptor molecules, it leads to an
important resonance wavelength shift (up to 26 nm). Moreover, the transmission dip is accompanied by a small
change in FWHM. This proves the prowess of our conception as a potential plasmonic sensor for the highly
sensitive detection of SARS-COV-2.

Figure 11 presents the variation of the resonance wavelength for a series of SARS-CoV-2 solutions having different
refractive indices corresponding to the different concentrations. In fact the refractive index of the sample increases
with the increase of the concentration or the surface density [14] of SARS-CoV-2 according to eq. (13). The curve
reveals that, the increase in the concentration of SARS-CoV-2 leads to an increase in the resonance wavelength, due
to the successful recognition and identi�cation of the virus.

4. Conclusions
To take advantage of the bene�ts of Au-Ag nanoparticles and the interests of graphene, we have combined the two
approaches in a single con�guration. In this work an optical �ber SPR sensor based on an Au-Ag alloy nanoparticle
�lms covered by a layer of graphene was theoretically studied. We have successfully shown that the proposed
con�guration offers better sensitivity and good resolution. A parametric study was subsequently carried out. We
have found that the number of graphene layers has a signi�cant in�uence on the sensitivity and precision of
sensor detection. Thus, this number of layers should not exceed three layers to give good performance. Moreover,
we have proved that the size of the nanoparticles has an important effect on the transmission spectra and the
resolution of the sensor. Hence, the nanoparticle radius should be greater than 10 nm. Finally, the proposed design
was tested on the detection of SARS-CoV-2 using the thiol-tethered DNA as a suitable receptor.
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Figure 1

Structural sensor design; (Fig.a) con�guration based on an alloy �lm of Ag-Au spherical nanoparticles covered with
a layer of graphene, (Fig.b) Con�guration based on gold nanoparticles incorporated into a host medium, (Fig.c)
SARS-CoV-2 detection principle.
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Figure 2

Variation of the transmitted power as a function of the wavelength for the three con�gurations.
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Figure 3

Variation of sensitivity depending on the sensing medium refractive index 

Figure 4

Variation of FOM with the sensing medium refractive index 
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Figure 5

SNR variation according to the refractive index of the medium to be detected.
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Figure 6

Effect of the graphene layer number on the SPR response of the sensor
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Figure 7

variation of λres with the graphene layers number
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Figure 8

Radius effect of Ag-Au spherical nanoparticles on the SPR response of the sensor
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Figure 9

Variation of the width at mid-height as a function of the nanoparticle radius. 
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Figure 10

SPR curve for SARS-CoV-2 detection 
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Figure 11

variation of λres as a function of the refractive index of the sample containing SARS-CoV-2


