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Abstract

This study presents a novel surface plasmon resonance (SPR) biosensor
composed of silver (Ag), bismuth ferrite (BiFeO3), nickel (Ni), and perovskite
nanomaterial (MAPbBr3). Different ethanol concentrations (ECs) could be
detected thanks to the hybrid structure. The transfer matrix technique (TMM)
is used to assess the suggested surface plasmon resonance (SPR) structure.
To compare the angular sensitivity of the EC=0% sample with the EC=10%
to 40% sample, a comparative analysis was carried out. The BiFeO3, Ni, and
MAPDBr3 layer thicknesses must be changed in order to maximize the surface
plasmon resonance (SPR) structure's performance. Additionally, precise
measurements of the resonance angle (0 res), minimum reflectance (Rmin),
full width at half maximum (FWHM), and figure of merits (FOM) have been
made. In comparison to the conventional structure (BK7/Ag/SM) with a
matching FOM of 149.12 RIU-1, the ideal angular sensitivity was found to be
55 nm for Ag, 5 nm for BiFeO3, 20 nm for Ni, and 3 nm of MAPbBr3 with a
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sensitivity of 428 Degree RIU-1, which improved by 268.96%. Furthermore,
the impacts of four sensor structures—conventional (BK7/Ag/SM), with
BiFeO3 (BK7/Ag/BiFeO3/SM), with Ni (BK7/Ag/BiFeO3/Ni/SM), and our
suggested sensor structure (BK7/Ag/BiFeO3/Ni/MAPbBr3/ SM) on sensitivity
were examined in this work. The proposed structure shows better angular
sensitivity compared to the existing surface plasmon resonance (SPR)
biosensor. The biosensor in question shows promise for identifying a
broad variety of chemical molecules and biological analytes because of
its increased sensitivity.
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SPR, ethanol, BiFeO3 Sensitivity, biosensor, perovskite.

Introduction

Ethanol is an essential material for biosensing systems that measure
the amount of alcohol in food, beverages, and wine. Foods and
beverages are preserved for a long time by the addition of ethanol. As
a result, identifying excessive ethanol content in meals, beverages, and
even medications is crucial. When 1easured optically, a liquid's
refractive index (RI) is affected by the amount of ethanol present. A
liquid's RI value is altered in relation to a liquid's RI at zero
concentration when the amount of ethanol in the liquid changes. As a
result, RI sensing can be useful in determining the amount of ethanol
present in different bioliquids. Surface plasmon resonance (SPR)-based
biosensors have recently demonstrated impressive uses [1] in organic
and biochemical recognition [5], food protection [3], medicinal
detection [4], and environmental monitoring [2]. Transverse
electromagnetic (TM) waves produced at the border of two substances
with conflicting permittivity rates metal (such as Ag, Au, Cu,... ) and
dielectric cooperate with the free electrons within to materially create
surface plasmon (SP) [6,7]. Two-dimensional nano-materials have been
crucial in the development of nanophotonic and SPR sensors in recent
decades [8,9]. Our goal is to investigate structures for sensitive SPR
sensors that be able to identify chemical and organic components with
less variation in the sensing medium's RI [5, 10] and that can be
experimentally implemented using straightforward manufacturing
techniques. We selected the Kretschmann design, which works on the
basis of Attenuated Total Reflection (ATR) [11]. In order to augment the
performance of these SPR sensors—specifically, the sensitivity of
detection—a number of studies on SPR structures have been
conducted. SPR structures using an amalgamation of FeO3, Ag, Ni, and



2D nano-materials were proposed recently [12-14]. They got the
highest sensitivity as 395 degree/RIU. Here, we propose a hybrid SPR
structure comprising Ag formed on a prism of BK7 utilizing nickel (Ni)
and bismuth ferrite (BiFeO3) coated by a perovskite material
(MAPDbBr3) to improve the SPR biosensing performance (see Fig. 1). In
our SPR design, Ag is selected as plasmonic material. Ag provides
suitable sensitivity, accurate recognition quality with low costs, while
having worse chemical stability than other metals like copper and gold
[15]. We positioned the Ag metal layer between dielectric materials to
improve sensor performance and shield it from oxidation. BiFeO3 is a
hopeful material that has drawn interest from investigators because of
its tiny optical band gap, increased electric field absorption, and wide
range of applications [16-18]. Ni film deposition on Ag/BiFeO3 has two
benefits: first, it can shield it from oxidation; second, using a bimetallic
amalgamation with Ag raised the efficiency to an extremely high point
[12,19]. According to [20], these BiFeO3 and Ni substances produce a
superior nanoplasmonic response by penetrating deeply into the
sensing medium. Furthermore, we covered the SPR structure with a
sheet of organic-inorganic perovskite material, which can be stated as
MAPDbBr3 with A = NH3 and M = CH3, in order to improve the analytes
absorption and create more sensitive SPR sensors. Researchers are
becoming more interested in these perovskite materials because they
are less expensive, solution-processed nano-materials with potential
uses [21]. The sensitivity of MAPbBr3 to heat, oxygen, moisture, and
UV radiation causes phase breakdown and disintegration into PbBr:
and volatile components, making it unstable.
Encapsulation, surface passivation, compositional engineering
(cation/anion mixing), and the use of more resilient inorganic or quasi-
2D perovskite structures can increase operational stability. A superior
option for SPR biosensor applications, MAPbBr3 is a novel kind of
plasmonic nanomaterial [14]. Because of its stronger Pb-Br
interactions, MAPbBrs (methylammonium lead bromide) exhibits more
stability than iodide perovskites. It is still susceptible to light, heat, and
moisture, though, which can lead to slow deterioration. Its operational
stability is greatly increased by appropriate encapsulation and a
regulated atmosphere. Because of its tiny band gap, high optical
absorption, and outstanding stability, it possesses excellent electrical
and optical properties [22, 23]. Presenting an SPR sensor with
extremely high efficiency and good resolution in comparison to
previous plasmonic designs and the standard SPR structure is the
primary driving force behind this work. The optimized biosensor with
the perovskite layer (BK7/Ag/BiFeO3/Ni/MAPbBr3/SM) has a sensitivity
of 428 deg/RIU, which is 268.96% higher than that of the traditional



SPR sensor. Furthermore, we use the perovskite layer to achieve an
excellent FOM of 149.12 RIU-1. These findings are derived using a
wavelength excitation at 633 nm and a sensing medium with an ethanol
content (EC) of 10%.The novelty of our work is as follow: we have
detected ethanol concentrations using SPR structure for the first time.
Furthermore, our proposed sensor have attained ultra-high sensitivity
which is not in a lot of the similar structures. Finally, the suggested
sensor is low cost, label-free detecting, and tiny time spending. With
these crucial advantages, it is envisioned that the considered SPR
structure can be strongly progressed for ethanol levels detection and
bio-medical analyses.

Materials and Methods

Many researchers use the crucial features of Kretschmann's structures in
their theoretical model for the development of surface plasmon resonance
(SPR) detectors. The SPR method uses the attenuated total reflection
methodology to optically induce surface plasmon waves (SPWs). Figure 1
shows the five main layers that make up the suggested biosensor. The
operational wavelength is chosen to be 633 nm, which is the wavelength of a
light source. The surface plasmon wave's propagation length in SPR sensors
is the distance it travels along the metal surface before decaying.
The evanescent field's penetration depth is the extent to which it penetrates

the detecting medium.
The interaction area and signal stability are impacted by the propagation
length.

Surface binding sensitivity and sensing depth are determined by penetration
depth.




Figure. 1. The projected BK7/Ag/BiFeO3/Ni/MAPbBr3;/SM hybrid structure-
based SPR biosensor for ethanol concentration (EC) detection.

Mathematical Modeling

The first sheet is built of BK7 prism. This substrate's RI (nBK7 = 1.5151) shifts
the reflectance curve in comparison to another prism and significantly
increases the biosensor's angular sensitivity. The BK7 prism's refractive index
can be calculated as [24] .

Ngk7(A) =

d 1.03961212A2 0.231792344A2 1.01046945A2
A2-0.0060069867 A2-0.0200179144 = A2-103.560653

+1 (1)

In order to activate surface plasmon polaritons (SPPs), Ag with a complicated
RI of 0.05626+4.2776i and a constant thickness of 55 nm is utilized after the
prism [25]. The Drude-Lorentz model can be used to express the refractive
index of Ag film [26]:

A _)‘?
Ap2{Ac +iM)

Nag(A) = dl ‘
(2)

where Ac = 1.7614 X 10°m and A, = 1.4541 x 10’m are the collision and
plasma wavelengths of Ag. i is the complex number.

Bismuth ferrite (BiFeO3), the third layer, has a refractive index that is highly
sensitive to changes in wavelength in the visible spectrum [27]. The refractive
index of BiFeO3 for the current study at a wavelength of 633 nm is n[JJJ003
= 2.9680 [28]. The BiFeO3 layer's thickness has been fluctuating between 0
and 10 nm.

A layer of BiFeO3 has been covered with a nickel (Ni) nanofilm. Eq. (2)
calculates the refractive index of Ni in the same manner as it does for the Ag
metal layer. For Ni, the appropriate collision and plasma wavelengths are [
= 2.8409 x 10—5 m and 2.5381 x 10—7 m, respectively [20, 29]. Its complex
RI at[] = 633 nm is n[J[] = 0.031957+2.963i [12].

Furthermore, our suggested nanostructure's fifth layer, MAPbBr3, which is
placed between the sensing medium and the Ni metal film, can improve sensor
performance. Its complicated RI is nJJ0J003 = 2.008 + 0.0013i [14,30]. With
a 0.5 nm step, the MAPbBr3 layer's thickness (QJ000003) ranges from 0 to 3.5
nm. The sensing medium, which is the final layer, uses EC=0% as the
reference material and various ethanol concentrations as analytes.

Table 1 Refractive index and material thickness for the proposed biosensor
at 633 nm.



Material layers Refractive index (RI) | Reference

Prism BK7 1.5151 [31]
Silver (Ag) 0.05626+4.2776i [26]
Bismuth ferrite

(BiFeOs) 2.9680 [28]
Nickel (Ni) 0.031957+2.963i [12]
Perovskite

nanomaterial 2.008 + 0.0013i [14,30]
(MAPDbBr3)

EC (0%) = 1.332
EC (10%) = 1.337

Ethanol concentration EC (20%) = 1.34

(EC) [32]

EC (30%) = 1.344
EC (40%) = 1.349

Using the transfer matrix method (TMM) with help of Maple software, the
light reflection of the suggested multi-layer SPR biosensor model was
calculated; the wave parameters for the N-layer configuration, which specify
the connection among the tangential field components of each sheet from
the first sheet (Z = Z1=0) to the last sheet (Z = Zy 1), can be expressed as
[33]:

Yi] _ YN-l]

[Dl] - G[DN—l

(3)

Whereas D1 and DN-1 denote the magnetic field components parallel or
tangential to the interface at the same locations, Y1 and YN-1 stand for the
electric field components parallel or tangential to the border at the

boundaries of the first and last sheets, respectively. The TM of the fused N-
layer structure is defined as follows for light with plane polarization [34]:

i G G
Gy = (MLad) = @ 82
(4)
Where

cos(oy) - 'S”;((:(k)

-iXsin(ay)  cos(ay)

(5)



The light wave's phase variation as it passes through the jth layer is denoted
by ay.

o = ey - (nysin(8:))2
(6)

where €, and dy are the dielectric permittivity and width of the ki, layer. A,
0; and n; are the wavelength, the angle of incidence and the RI of prism.

Since the SPR waves cannot be stimulated in a different mode without a
material that has both negative permittivity and permeability, we limit the
investigation to TM polarization. Regarding transverse magnetic waves (TM)

_ i 2
Xy = A\ (nlss'ln(el))

(7)

Basic mathematical processes, Eq (8) can be used to calculate the reflection
coefficient.

ro= (G11 +G12Xn) X1 -(G21 +G22Xn)

(8)

The reflection coefficient is thus represented by rp , while the characteristic
matrices are represented by G1;, Gy, G271, and G,,. The reflectivity Rp of a
certain multilayer structure is exactly proportional to the reflection
coefficient, as shown in Eq (9). The intensity of reflection is computed as [34]:

Rp = |rpl?

9)

For optical surface wave patterns, it is frequently referred to as Surface
Plasmon Resonance (SPR), and it is mostly impacted by the neighboring
dielectric's RI. By tracking the resonant angle, we may identify the
environmental dielectric by analyzing the shift in the resonant peak brought
about by a change in the environmental dielectric's refractive index. The
incidence angle, 0.¢5, can then be written as [35]

2 2 2 2 2
1| 1 NagNBiFeo3 MNINMAPbBr; Nsm

Bres = sin 2 2 2 2 2
NBK7 Nag +NBiFeos+ NNit NMAPbBry +Nsm

(10)



Where n,, Nag: NBiFeos+ NNi» NMAPDLBr and ng,, are the refractive
indices of the prism, Ag, BiFeO3s, Ni, MAPbBr3; and sensing medium,
respectively.

Simulation Parameters

Sensitivity and FOM are the two main factors that determine how well SPR-
based sensors operate. It is better to maximize all parameters while limiting
the full width at half maximum (FWHM) so as to improve the functioning of
an SPR biosensor [36]. The effect is used to produce various kinds of sensors,
many of which have sensitivity as a defining characteristic.

— Aeres
S = An

(11)

where the refractive index and resonant angle variances are denoted by A

Bres and An, respectively. This disparity between an analyte and a reference
substance is computed.

The breadth of the confinement loss peak is measured by FWHM, which
stands for full width at half maximum [37]. A lower FWHM could lead to less
spectral noise in the SPR response [38]. The ratio of reflectance sensitivity
to full width at half maximum (FWHM) is kihown as the figure of merit
(FOM). The quality element is assessed in RIU-1[39]

S

FOM = FWHM

(12)
Feasibility and Process of Fabrication

By employing physical vapour deposition (PVD) systems such thermal
evaporation, a suitable thickness of silver metal layer can be produced on the
base of a BK7 prism. The sol-gel method or the chemical vapour deposition
(CVD) technique can be used to create a thin layer of BiFeO3 on the metal
surface, followed by a nanofilm of Ni. The MAPbBr3 layer can be placed on
top of the framework using CVD techniques. Because of its low operating
temperature and excellent fabrication quality, atomic layer deposition (ALD)
technology can deposit any nanoscale layer.

Results and discussions

As for the outcome, we have examined and refined the impact of three
materials on the traditional structure (BK7/Ag/SM): BiFeO3, Ni, and MAPbBr;.
First, we examined the plasmonic response of the three SPR biosensor
arrangements: Ag/BiFeO;, Ag/BiFeO3/Ni/MAPbBr; and Ag/BiFeOs/Ni that
were suggested in this work. The impact of these arrangements on the
efficiency was then examined and contrasted. For SPR biosensors utilized in
the biofield, the outcomes of these designs are really encouraging.



Thicknesses optimization of BiFeO3

First, we investigate the impact of the BiFeOj3; layer thickness in order to
adjust the scheme of the suggested structure. Ag's thickness of 55 nm is
maintained under observation. The ideal thickness is one that achieves a
reflection dip (ROJ) that goes to zero, boosts the FOM, focusses the intensity
of radiation to the detecting surface, and improves sensitivity. The impact of
varying BiFeOs; layer thicknesses (dgire03 = 0 to 10 nm) is depicted in Figures
2 and 3. For varying BiFeO3 thicknesses (dgire03), Figure 2(a) and (b) illustrate
how the reflection changes with the angle of incidence. Figure 2(a) and Figure
2(b) display the curves for two ethanol concentrations in the detection
medium: 0% and 10%, respectively. The evolution of the SPR resonance's
incidence angle with respect to BiFeO3 thickness is depicted in Figure 3(a).
The graphic illustrates how the incidence angle rises as BiFeO3 thickness
increases. The sensitivity is best (228 degree/RIU) at a thickness of BiFeO3 of
7.5 nm with FOM = 93.06 1/RIU. The FOM decreased by 38.22% and the
sensitivity was enhanced by 96.55% in comparison to the traditional structure
(BK7/Ag/SM). The progression of FWHM and FOM against dBiFeO3 is
depicted in Figure 3(b). We find that FOM drops nearly linearly with dBiFeO3,
reaching 93.06 RIU—-1 at dBiFeO3 = 7.5 nm before experiencing a sharp
decline at dBiFeO3 = 10 nm. In addition to improved sensitivity, the minimum
reflectance need be saved at zero for the best biosensor design. The minimum
reflectance Rmin against dBiFeO3 is drawn in Figure 3(c). At dBiFeO3 = 5
nm (corresponding to Rmin = 0.001%), we observe that the reflectance is at
its lowest, corresponding to sensitivity and FOM values of 160 deg/RIU and
104.57 RIU-1, respectively. The sensitivity boost of these BiFeO3 is shown as
a function of thickness in Figure 3(d). This enhancement is more considerable
than that of the convenfional sensor and includes 96.55% at dBiFeO3 =
7.5nm. In addition to protecting Ag film from oxidation, BiFeO3 is a suitable
nanomaterial that can enhance SPR biosensor performance. It does have
several drawbacks, though, like ineffective charge transfer and analyte
adsorption rates. The Ni deposition on the BiFeO3 sheet is one way to solve
this issue. A bilayer of BiFeO3/Ni that steadies the SPR structure and lowers
its production cost is made possible by nickel's exceptional magneto-optical
qualities and reduced optical losses [17, 40]. It should be noted that in order
to guarantee stable SPR biosensor performance, S. Singh et al. employed an
analogous construction with Fe203/Ni as protective layers [12].
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enhancement as a function of the BiFeOj; layer thickness for proposed SPR
biosensor.

Impact of Ni layer deposition

We investigate how the suggested structure is affected by Ni thickness. Five
nanometers is the fixed thickness of BiFeO3. The reflectance vs the incident
angle for various Ni nanofilm thicknesses (d[J] = 0 to 30 nm) is displayed in
Figure 4. It should be noted that the dips moves to upper angles of incidence
as the Ni thickness increases. The ethanol concentration (EC) (EC = 0% in
Figure 4(a) and EC = 10% in Figure 4(b)) has no bearing on this
characteristic. Let's also observe that as the Ni thickness increases, the
resonant dip's quality factor rises. The development of sensitivity, FOM, and
FWHM against d[J] will be examined in the sections that follow. The
development of the angle of resonant dip against d[J[] for two values of the
detecting medium's EC is displayed in Figure 5(a). We plotted the sensitivity
against d[J] in the same figure. We observe that for dyy = 30 nm with Rmin =
60.54%, the sensitivity rises with Ni width to touch 272 deg/RIU, indicating a
weak optical response that is unsuitable for an SPR biosensor for dypy > 20 nm.
The development of FOM and FWHM against dp is depicted in Figure 5(b). In
order to obtain 188.88 RIU-1 at dyy = 30 nm, we find that FOM increases
roughly linearly with dy. It should be noted that the FOM is improved by
25.38% when contrasted to the traditionel siructure and by 80.62% when
contrasted to the BK7/Ag/BiFeO3 structure when the Ni sheet with d[J[] = 30
nm is added to the nanostructure. The sensitivity augmentation against Ni
layer thickness is displayed in Fig. 5(c); at dJJ = 30, this enhancement is
134.48% and more substantia! than that of the conventional sensor.
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Effect of the MAPDbBrj3 layer

When the RI of the sensing medium is altered from EC= 0% to 10% at dBiFeO3
= 5 nm and dNi = 20 nm, a value of 240 deg/RIU is obtained. As we saw in
the previous section, the inclusion of BiFeO3 and Ni sheets rallies the
efficiency of the suggested structure. We will now incorporate MAPbBr3,
another material from the perovskite family, into the suggested SPR
nanostructure in order to observe an improved biosensor design [41-43]. With
the optimal thicknesses for the SPR nanostructure (BK7/Ag(55 nm)/BiFeO3(5
nm)/Ni(20 nm)/SM) without the MAPbBr3 film remaining constant, the
thickness of the MAPbBr3 sheet is adjusted. We have examined the impact of
the MAPbLBr3 sheet on the performance parameters with the perovskite
thickness (dJJ00003) in order to examine how it affects the performance of
the suggested SPR biosensor. First, as seen in Figure 6(a) and (b), we
examined the impact of a few MAPbBr3 sheets (0 - 3.5 nm) on the reflectivity
spectrum while the analyte's EC is amended at EC = 0% and EC = 10%. As
d0J000003 rises, both data demonstrate a decline in the resonant dip and its
efficiency. Figure 7(a) presents the development of the resonant angle against
dO0000003 to demonstrate the benefit of including the MAPbBr3 layer within



the nanostructure. As d grows from 0 to 3.5 nm, we get a quasi-linear increase
of the SPR angle. The sensitivity variation as a function of dJJ0003 is
depicted by the red curve in Figure 7(a). When the thickness of dJ000003 = 3
nm, we can see a high sensitivity of 428 deg/RIU, where there is no discernible
optical response for dyyyyppz > 3. Figure. 7(b) displays the development of
FOM and FWHM with dygggggz . The FWHM rises from 1.47 deg to 3.37 deg
when d[J00003 is increased from 0 to 3.5 nm, demonstrating a decline in the
SPR biosensor's detection accuracy. Figure 7(b)'s yellow brown curve
illustrates how changing d from 0O to 3.5 causes the FOM to drop from 163.26
RIU-1 to 149.12 RIU-1. Figure 7(c) illustrates how our researched design
outperforms the typical sensor in terms of sensitivity compared to d(J0J0003.
Observe that the SPR biosensor suggested in this paper has a significant
increase in sensitivity of 268.96%. This is the ideal value for dJJ00003 = 3
nm. The perovskite sheet of MAPbBr3 is found to be crucial in enhancing the
SPR biosensor's detection capabilities.

In order to obtain acceptable resonance and great sensitivity, the sensing
medium's range of ethanol concentrations is a crucial design parameter for
the SPR sensor. We were able to identify the proper EC variation scope for a
sensitive sensor by examining the effects of various EC of the sensing medium
[44,45]. The development of resonant dip with the sensing medium's EC is
depicted in Figure 8. We utilized the best values found in the preceding
sections for the remaining parameters (d[J{]J0J3 = 5 nm, d[J[] = 20 nm, and

di000003 = 3 nm).

The SPR resonance angle fluctuation with EC is displayed in Figure 8(a). The
four SPR nanostructures' sensitivilty changes with ethanol concentration (EC)
are depicted in Fig. 8(b). With the exception of the Ag/BiFeO3/Ni/MAPbBr3
design, where the sensitivity decreases for EC > 20%, the sensitivity of the
four designs under study only increases for EC between 10% and 40%. The
MAPDbLBr3 perovskite layer allows the suggested biosensor to achieve its
maximum sensitivity between EC = 10% and EC = 20%.

Table 2 compares the superior performance achieved by the suggested SPR
schemes with various layer combinations of nanomaterials examined in this
work, based on the research and analysis mentioned above. We demonstrate
that the suggested SPR biosensor based on the perovskite layer may be
applied to numerous sensing nanotechnology domains by comparing the
tabular performance of our proposed work with that of a standard SPR sensor.

Lastly, to contrast our suggested SPR structure with the most recent SPR
structures that have been published by various research teams. Table 3 is
where the findings are grouped. Take note of Table 3, which unequivocally
demonstrates that our work's efficiency are greater than those of any other
finding that has been published in the literature. Consequently, the most
efficient sensor for organic and chemical detection is still our SPR sensor.
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Table 2. Performance characteristics of the suggested SPR schemes for the

biosensor are compared.

Proposed Ocrr Ruin Sensitivi | FWHM | FOM Sensitivit
SPR (Degree) (%) ty (Degree | (RIUY) |y
designs of EC= (Degree |) of of enhancem
0% RIU1Y) of | EC= EC= ent (%)

EC= 10% 10%

10%
BK7/Ag/SM | 67.74 0.024 | 116 0.77 150.64 -

7

BK7/Ag/ 72.79 0.001 | 160 1.53 104.57 | 37.93
BiFeO3/SM
BK7/Ag/ 77.22 33.35 | 240 1.47 163.26 | 106.89
BiFeO3/Ni/
SM
BK7/Ag/ 82.34 46.55 | 428 2.87 149.12 | 268.96
BiFeO3/Ni/
MAPDbBr;
/SM




Table 3. Comparative analysis of the suggested work at 633 nm wavelength
with the majority of recent related work.

Techniques/structures Sensitivi | FOM | Year | Referen
ty (RIU- ce
(Degree 1)
RIU-D
BK7/Ag/TiO2/MAPbX3/graphen 255.8 126 2021 [14]
e/SM
BK7 304.47 | 57.85 | 2021 [13]
prism/Cu/Ni/BP/TizC,Tr/SM
BK7/Ag/BiFeOgz/graphene/SM 303 43.06 | 2021 [16]
BK7/Ni/BlueP /SM 270 27.73 | 2021 [20]
BK7/Ag/BaTiO3/Ag/BP/SM 360 72.6 2022 [46]
CaF;/Ag/Fe;03/Ni/BlueP- 395 90 2022 [12]
MoSe;,/SM
BK7/Ag/Si/Ag/WSe,/SM 373 - 2024 [47]
BK7/Ni/Al,O3/BlueP-WSe,/SM 298.55 - 2025 [48]
BK7/Ag/TiO2/Ni/ BP /SM 299.42 - 2025 [49]
BK7/Ag/BiFeO3/Ni/MAPbBr3/S 428 149.1 | Curre | Current
M 2 nt work
work
Conclusion

In this work, an SPR biosensor aided by the
BK7/Ag/BiFeO3/Ni/MAPLBr3/SM structure detects ethanol at a
wavelength of 633 nm. The transfer matrix approach is used to analyze
the sensor's performance in terms of resonance angle, minimum
reflectance, FWHM, sensitivity, and FOM. In order to achieve optimal
performance, the thickness of the BiFeO3, Ni, and MAPbBr3 layers was
adjusted, while the silver (Ag) layer was fixed at 55 nm. According to
the analyzed results, for a 10% EC variation between EC = 0% and 10%,
the suggested sensor with the perovskite sheet (MAPbBr3) achieves a
very high sensitivity of 428 Degree RIU-1 with a matching FOM of
149.12 RIU-1. Comparing the suggested sensor construction to the
traditional configuration (BK7/Ag/SM), a notable sensitivity
improvement of 268.96% is demonstrated. Four distinct sensor
structures: conventional (BK7/Ag/SM), with BiFeO3
(BK7/Ag/BiFe0O3/SM), with Ni (BK7/Ag/BiFeO3/ Ni/SM), and our
suggested sensor structure (BK7/Ag/BiFeO3/Ni/ MAPbBr3/ SM) were
examined and their performances compared.
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