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A B S T R A C T

This paper studies a novel surface plasmon resonance (SPR) biosensor using a BK7 glass prism, a copper (Cu)
metal plasmonic layer, which combine a halide perovskite (FASnI3) with two-dimensional (2D) materials such as
phosphorus black, graphene and TMDC (MoS2, MoSe2, WS2, WSe2) for the detection of breast cancer cells. We
have optimized the thickness of each layer in order to obtain maximum sensitivity. A numerical study mainly
uses the transfer matrix principle, while the attenuation total reflection method involves examining the reflection
properties. The evaluation of SPR biosensor configurations serves to obtain optimal performance. The simulation
results indicate that the integration of halide perovskite (FASnI3) and 2D materials into the BK7/Cu/medium
sensing structure significantly improves the sensitivity and figure of merit (ZT). The outstanding results in terms
of sensor performance characteristics are observed in the BK7/Cu (48 nm)/FASnI3 (5 nm)/BP (0.53 nm)
configuration. The figure of merit and sensitivity estimated at 123.11 RIU− 1 and 459.28◦/RIU, with a notable
improvement of 338.45 %.

Introduction

Surface Plasmon Resonance (SPR) sensors, in particular, have
emerged as pivotal tools due to their unique characteristics such as fast
detection ability in real time, quick response and high sensitivity to
changes in the refractive index near the sensor surface [1]. SPR bio-
sensors hold significant potential in biomedical research, such as med-
ical detection of human blood [2], bacteria detection [3] and SPRs are
extensively utilized in designed for cancer cell [4]. The rapid advance-
ment in biosensor technology has significantly enhanced the early
detection capabilities for various diseases, including cancer. A note-
worthy study demonstrated the potential of a multi-layered Kretsch-
mann configuration-based on refractive index sensor for cancer
detection, illustrating the substantial impact of such configurations on

diagnostic capabilities [5]. In the same context, high-performance bio-
sensors based on angular plasmonic effects in multilayer designs show
remarkable improvements in sensitivity, for a part of new materials to
improve one-dimensional designs [6]. SPR sensors typically use two
coupling configurations in a prism, the Otto [7] and Kretschmann con-
figurations [8]. The Kretschmann configuration is preferred when plane-
polarized light in the visible range incident on a metal surface couples
with the prism using an angle interrogation technique [9]. This
configuration, combined with attenuated total reflection spectroscopy,
excites a larger number of surfaces plasmons at the prism-dielectric
interface [10]. Utilizing the Kretschmann configuration with angular
interrogation and a single laser light source yields the highest signal-to-
noise ratio (SNR), thereby enhancing SPR sensor performance [11–13].
Generally, common metals used in SPR sensors include Silver (Ag),
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Aluminum (Al), Gold (Au), Copper (Cu), and Indium (In). While gold is
favored for its stability and bioactivity, it produces a broader SPR curve,
which impacts sensor sensitivity [14,15]. Silver offers better perfor-
mance due to its narrower resonance peak, enhancing accuracy and
sensitivity [16,17]. However, silver’s propensity for oxidation and
corrosion necessitates the use of bimetallic layers to protect it and
enhance sensitivity [18]. As the second most conductive substance after
silver, copper (Cu) is significantly less expensive than gold and silver.
Cu’s easy and quick oxidizing metal nature has prevented it from
receiving much attention as a plasmonic material [19,20]. According to
recent research by Singh et al., appropriate oxide coatings can prevent
the oxidation of copper [21]. Sharma et al. proposed that, in addition to
keeping copper from oxidizing, using a thin layer of Pt over copper can
improve the sensitivity of the SPR sensor [22]. Recently, it was proposed
by Rifat et al. that a graphene covering over Cu prevents the Cu from
oxidation, increasing the sensor’s durability and plasmonic performance
stability [23]. Myilsamy et al. proposed an SPR sensor for 2D materials
using Cu and Pt layer produces sensitivity up to 502◦/RIU with figure of
merit (ZT) as 128.7RIU− 1 [24]. According to Karki et al., Cu/BaTiO3/BP
structure exhibits extraordinarily high sensitivity of 378◦/RIU [25].
Many materials have been developed recently to limit oxidation. Gra-
phene, BP, MXene, and transition metal dichalcogenide (TMDC) are
examples of 2D materials with significant interest in SPR sensors and
have unique optical and electrical properties [26–28]. Graphene has
emerged as a novel avenue for increasing the sensitivity of several types
of optical sensors. It has been shown that the sensitivity of the detector
can be increased by covering a metal with a monolayer of graphene
[29]. Graphene has garnered a lot of attention due to its highly fasci-
nating optical, mechanical, and high electron mobility capabilities. Its
tunable bandgap, lowest resistivity, and superior biomolecule adsor-
bent, which all lead to higher SPR sensitivity, and have demonstrated
potential [30,31]. As a result, graphene is a superior material for
biomolecule adsorption and has the potential to greatly increase the SPR
biosensor’s efficiency. For instance, a graphene-based SPR biosensor has
been successfully used for hemoglobin detection in blood samples, show
casing significant sensitivity and precision [32]. SPR phenomena are
utilized in the graphene layer to identify gasses [33]. Pal et al. report on
investigating an SPR sensor designed structure of BK7, silver, platinum,
graphene, and magnesium difluoride with an impressive sensitivity of
430 degree/RIU [34]. Verma et al. proposed in SPR sensor basic
graphene-based design attained high sensitivity of SPR biosensor and
achieved as high as 2.35 times in the absence of air gap [35]. Otto
comparison was used by Maharana et al. to conceptually examine an
SPR sensor design, with graphene film serving as the fundamental
recognition element (BRE) [36]. Bijalwan et al. employedmetal layers of
Au and Al with graphene (2D-material) Nano layers to find sensitivity as
high as 160◦/RIU. They also obtained sensitivity of 163◦/RIU using a
different combination of WSe2 with Au and Al (bi-metal films) [37].
Karki et al. employed graphene and zinc sulfide with Ag in the visible
region, reaching a sensitivity of 292◦/RIU [38]. Pandey et al. analyzed a
design SPR sensor using blue phosphorus/MoS2 heterostructure,
attaining a sensitivity of 458◦/RIU at the visible wavelength of 662 nm
[39]. Similarly, the integration of a bimetallic Cu–Ni structure in 2D
material-based SPR sensors enhances sensitivity considerably of about
426◦/RIU [40]. Maheswarie et al. also reported that addition of BP/
Graphene over the bimetallic (Cu–Co) layer, enhances the sensitivity to
504◦/RIU [41]. Wang uses black phosphorus and ZnO in an SPR
biosensor. It is discovered that the maximum sensitivity is 400◦/RIU for
the suggested sensing structure [42]. More recently, black phosphorus
(BP) has gained attention for its low absorption, faster biomolecular
adsorption energy, direct band gap, high mobility, low extinction and its
larger molar response factor. Another material causes minimal oxidation
even though BP oxidizes quickly because molecule binding works well
inside the sensing layer [43,44], combining BP with bilayer WSe2 on a
BK7 prism improves sensitivity up to 279◦/RIU [45]. Wu et al. used few-
layer black phosphorus-graphene/TMDCs heterostructures with Ag,

achieving a sensitivity of 279◦/RIU [46]. The other plasmonic material
using in our work is halide perovskite (FASnI3). Its optical and electrical
properties are remarkable, exhibiting a small band gap and high optical
absorption in the visible spectrum with better optoelectronic properties
[47]. Roy et al reported that the SPR heterogenous structure based on
WS2, halide perovskite (FASnI3) and BP improved sensitivity and ZT for
402◦/RIU and 48.2/RIU, respectively [48]. Malek et al use hybrid
organic–inorganic halide perovskites and graphene layers over as
reached the sensitivity 298.5◦/RIU [49]. Rajeev et al propose as sensor
incorporates the BAF10/Cu/perovskite materials/Si/sensing medium
(SM) layers, where the sensitivity and figure of merit (ZT) are 348.75◦/
RIU and 108.11/RIU [50]. On the other hand, the FASnI3 halide
perovskite (HP) and 2D black phosphorous (BP) sensor heterostructures
demonstrate that covering the Ag layer with MoO3 can increase the
detection accuracy of our primary HP-based SPR biosensor up to 55.6 %
[51]. Our schematic diagram-based halide perovskite (FASnI3) and 2D
materials like (black phosphorus (BP, MoS2, MoSe2, WS2, WSe2, and
graphene) are designed for the detection of normal and cancer breast
cells. As parts of the biomolecular recognition system, halide perovskite
(FASnI3) and BP cooperate. In this work, the performance of such a
device is examined using the transfer matrix technique (TMM). All layer
thicknesses are tuned in order to improve sensor performance. The
sensitivity of the sensor is greatly increased by incorporating halide
perovskite (FASnI3) and 2D materials into the BK7/Cu/sensing medium
structure, as shown by the results of our simulation. The suggested SPR
biosensor, configured as BK7/Cu (48 nm)/FASnI3 (5 nm)/BP (0.53 nm),
demonstrated an impressive sensitivity of 338.45 %, higher than the
conventional copper-based sensor.

Theoretical model

Structure of proposed biosensor

The most widely accepted TM-polarized He-Ne laser light with a
wavelength of 633 nm coupling method for SPR nanostructures employs
a BK7 glass prism with high refractive index and high efficiency. The
schematic structure based on the Kretschmann configuration consists of
five layers such as BK7 prism, Cu, FASnI3 (halide perovskite), 2D ma-
terials layer, and breast cell (normal or cancerous). The thicknesses of
the Cu, FASnI3, and 2D materials layers are denoted as dcu, dFASnI3, and
dBP, respectively, while the refractive indices are represented by nCu,
nFASnI3, and nBP. Our proposed SPR biosensor is depicted in Fig. 1. The RI
of the BK7 glass prism can be calculated using the dispersion equation
[52]:

Fig. 1. SPR diagram based on FASnI3-BP layers.
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+

0.231792344λ2

λ2 − 0.0200179144
+
1.03961212λ2

λ2 − 103.560653
+1

√

(1)

where λ is the wavelength (µm).
The second layer, is the metal plasmonic copper Cu, which is used in

this designed SPR biosensor. The Drude model is used to calculate the
dielectric constant of copper, it can be expressed as follows [53]:

εCu = 1 −
λ2λc

λ2p(λc + i λ)
(2)

where λc = 4.0852 × 10− 5m and λp = 1.3617 × 10− 7 m represent the
wavelength of collusion and the plasma of copper, respectively. The
third layer is halide perovskite (FASnI3), followed by a fourth layer of
BP. The thickness and refractive index of the materials used are shown in
Table 1. The last layer contains normal (Healthy MDA-MB-231 cell) and
cancer breast cells (Cancerous MDA-MB-231 cell) with refractive indices
(nSM) of 1.385 and 1.399 in visible range, respectively [54].

Reflectance

The proposed multi-layer SPR biosensor model’s light reflection was
calculated using the Fresnel equations technique and the transfer matrix
method (TMM); the wave parameters for the N-layer architecture that
describes the relationship between the tangential field items of each
layer from the first in (Z = Z1=0) to the last layer (Z = ZN_1) can be
symbolized as:” [61].
[
E1
H1

]

= [M] ×

[
EN− 1
HN− 1

]

(3)

(E1), (H1), (EN− 1) and (HN− 1) represent tangential electromagnetic
fields at the first and last layer boundaries, respectively. The charac-
teristic matrix (M) of an N-layer SPR system is given as:

M =
∏N− 1

k=1

Mk =

[
M11 M12
M21 M22

]

(4)

Mk =

⎡

⎢
⎣

cos δk
− sin δk
qk

− i qk sin δk cos δk

⎤

⎥
⎦ (5)

where δk and qk are the phase factor and the admittance of a specific
phase respectively, and both can be determinate by:

qG =

(
n2k − k2k − n2p sin2θi − 2 i nk kk

)1/2

εk
(6)

δk =
(
2π
λ

)

dk
(
n2k − k2k − n2p sin

2θi − 2 i nk kk
)1/2

(7)

θi is the incidence angle and np is the refractive index of prism, nk and

kk are the real and imaginary parts part of the dielectric function of N-
layer. The equation of reflection coefficient (rp) and the expression for
reflectance (R) are as follows:

rp =
(M11 +M12qN)q1 − (M21 +M22qN)
(M11 +M12qN)q1 + (M21 +M22qN)

(8)

Rp = |rp|2 (9)

Performance parameters

SPR sensor performance is evaluated based on parameters such as
angular sensitivity (S), detection accuracy (DA), and figure of merit (ZT)
to ensure optimal performance [62]. The angular sensitivity (S) is
defined as the change in the resonance angle (dθSPR) caused by the
minimum variation in the refractive index of the last layer (dn biosample).
It is given by [63]:

S =
dθSPR

dnbiosample
(10)

The full width at half maximum (FWHM) of the SPR dip in the
reflectance curve indicates how sharp the resonance is:

FWHM = θ2 − θ1 (11)

where θ1 and θ2 are resonance angles at half of the reflectivity SPR
curve.

Another important key parameter is detection accuracy (DA), which
refers to a sensor’s ability to detect small changes in an analyte’s
refractive index. It is given in the following relationship:

DA =
1

FWHM
(12)

Another parameter to consider is the figure of merit (ZT), which is a
measure of the sensor’s performance defined as the ratio of sensitivity
(S) to the FWHM of the SPR curve [64].

FOM =
S

FWHM
ZT =

S
FWHM

(13)

Results and discussion

Effect of prism material on design of SPR biosensor

In this numerical model, we have taken CsF, BK7, BAK1, BAF10 and
2S2G glass prism with refractive index 1.4768, 1.515, 1.570, 1.667,
2.358, respectively [48].

Fig. 2 (a) depicts the resonance curves for all prism materials CsF,
BK7, BAK1, BAF10 and 2S2G with samples breast cell. Copper film
thickness is kept at 48 nm throughout the simulations. The sensitivity as
given by equation (10) can be theoretically evaluated using the simu-
lated plots. The sensitivity calculation, Δns of 0.014 is assumed. The
effect of CsF, BK7, BAK1, BAF10 and 2S2G prisms on structure 1 is
illustrated in Fig. 2, along with the typical performance parameters.
From Fig. 2 (a) and 2 (b), it can be realized that BK7 prism outcomes
with the best performance among all of the selected prisms having best
sensitivity (S) of 459.28◦/RIU and minimum reflectance (Rmin) of
0.0714 (θRmin = 81.77◦). The resonance curves for samples of breast
cells for all prismmaterials CsF, BK7, BAK1, BAF10, and 2S2G are shown
in Fig. 2 (a). The thickness of the copper coating is maintained at 48 nm
during the simulations. Using the simulated plots, it is theoretically
possible to evaluate the sensitivity as provided by equation (10).

A sensitivity computation withΔns of 0.014 is made. Fig. 2 shows the
normal performance metrics as well as the impact of CsF, BK7, BAK1,
BAF10, and 2S2G prisms on structure 1. The highest performance of all
the selected prisms can be found in Fig. 2 (a) and 2 (b), where the BK7
prism has the best sensitivity (S) of 459.28◦/RIU and the lowest

Table 1
The ideal material thickness and refractive index for the current biosensor are
633 nm.

Material Thickness of Monolayer (nm) Refraction Index Ref

Prism BK7 − 1.5151 [6]
Cu 48 0.0369 + 4.5393i [53]
FASnI3 5 2.782 [55]
BP 0.53 3.5 + 0.01i [56]
MoS2 0.65 5.08 + 1.723i [57]
MoSe2 0.70 4.62 + 1.0063i [58]
WS2 0.80 4.9 + 0.3124i [59]
WSe2 0.70 4.55 + 0.4332i [25]
Graphene 0.34 3 + 1.1491i [60]
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reflectance (Rmin) of 0.0714 (θRmin = 81.77◦). The optimal values for
DA and ZT for the BK7 prism are determined to be 0.227/◦ and 127.57
RIU− 1, respectively, based on Fig. 2 (c). It is appropriate for SPR sensors
because it provides high transmission, a wide range of optical devices
that require low dispersion, and a stable and high refractive index.

Effects of BP and FASnI3 on biosensor performance

The effectiveness of the suggested FASnI3 structure when combined
with 2D materials at various SPR biosensor architectures are compared
and examined in relation to BP. Table 2 demonstrates the comparison
with three conventional sensors, it can be observed that the optimum
highest sensitivity and ZT are 459.28◦/RIU and 127.57/RIU by using the
schematic structure with thickness BK7/Cu(48 nm)/FASnI3(5 nm) /BP
(0.53 nm)/sensing mediumwith RI of normal and cancer breast cell. The
proposed construction utilizes the FASnI3 along with the high biomol-
ecule adsorption of BP for sensing performance improvement. Adding
the FASnI3 layer to the Kretchmann configuration without the BP layer
increases the sensitivity by 329.28◦/RIU, indicating that the FASnI3
layer incorporated into the Kretchmann model contributes to achieve
the sensitivity enhancement; however, the addition of Black phosphor
(BP) in the structure BK7/Cu (48 nm)/FASnI3(5 nm)/sensing medium
improves sensitivity and ZT due to the BP’s robust interaction with
biological sensing medium.

Effect of Cu layer thickness on sensitivity and their optimization

The sensor’s sensitivity and ZT were improved as a result of adjusting
the Cu layer thickness to obtain the ideal structure parameters for the
biosensor. Table 3 demonstrates that as the Cu layer thickness increases
in the conventional structure of the SPR biosensor BK7/Cu/FASnI3/BP/
sensing medium, the performance parameters also increase. Specifically,
the sensitivity rises from 233.57◦/RIU to 459.28◦/RIU when the Cu
thickness goes from 30 nm to 48 nm. It is clear that the optimal Cu layer
thickness is 48 nm, which is associated with the maximum S = 459.28◦/
RIU, ZT = 123.11/RIU, and DA = 0.2732◦-1. The difference in sensi-
tivity, ZT, and DA for various Cu thicknesses are reported in Table 3.

Analysis of performance for various 2D materials

Fig. 3 (a-f) depict the reflectivity curves for various SPR models for
change in sensing mediums RI between 1.385 and 1.399. The change of
resonance angle for divers conventional SPR biosensor with 2D mate-
rials is 6.43◦, 4.51◦, 4.59◦, 5.57◦, 5.25◦, and 5.65◦ with various
structure:

BK7/Cu(48 nm)/FASnI3(5 nm)/BP(0.53 nm); BK7/Cu(35 nm)/
FASnI3(5 nm)/MoS2(0.65 nm);

BK7/Cu(35 nm)/FASnI3(5 nm)/MoSe2(0.7 nm); BK7/Cu(35 nm)/
FASnI3(5 nm)/WS2(0.8 nm);

BK7/Cu(48 nm)/FASnI3(5 nm)/WSe2(0.7 nm) and BK7/Cu(48 nm)/
FASnI3(5 nm)/Graphene (0.34 nm); the sensitivity values for each
structure are 459.28◦/RIU, 322.14◦/RIU, 327.85◦/RIU, 397.85◦/RIU,
375◦/RIU, and 403.57◦/RIU, respectively.

The performance parameters of various conventional SPR models for
different thicknesses range of copper Cu (30–60 nm) by changing the RI
0.014. The sensitivity, ZT, and DA values for each structure are shown in
Fig. 4. Initially, in an effort to maximize FoM and increase optimal
sensitivity, we looked into adding 2Dmaterials to copper and optimizing
copper thickness. For the convective structure BK7/Cu/FASnI3/Gra-
phene/SM, the values of the sensitivity, ZT, and DA at 60 nm thickness of

Fig. 2. Reflectance curve with incident angle (a), Angular sensitivity, SPR
angle low reflectance (θRmin) and minimum reflectance (Rmin) (b), and sensi-
tivity, DA, ZT for CsF, BK7, BAK1, BAF10 and 2S2G prisms, assuming sensing
medium RI 1.385 (c).

Table 2
SPR sensor reflectance curve performance characteristics for various structures.

Sensor structure Rmin Sensitivity
(◦RIU− 1)

FWHM
(◦)

DA
(◦− 1)

FoM
(RIU− 1)

BK7/Cu/sensing
medium

0.1578 162.85 1.2 0.8333 135.7

BK7/Cu/FASnI3/
sensing medium

0.0109 329.28 2.79 0.3584 118.02

BK7/Cu/FASnI3/
BP/sensing
medium

0.2814 459.28 3.6 0.2777 127.57
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Cu are 403.57◦/RIU, 49.29/RIU, and 0.2336, respectively. It is noticed
that these values rise with the Cu layer. On the other hand, with the
outher suggested conventional construction, performance rises until Cu
thickness reaches its maximum and then falls. The highest sensitivity
and ZT of the conventional structure BK7/Cu/FASnI3/BP/SM optimal
performance sensor, with a thickness of 48 nm, are 459.28◦/RIU and
127.57/RIU, respectively.

We investigated the usual structures BK7/Cu/FASnI3/MoS2/SM,
BK7/Cu/FASnI3/MoSe2/SM, and BK7/Cu/FASnI3/WS2/SM. At 35 nm
thickness of Cu layer, we found the best ZT of approximately 46.61/RIU,
48.78/RIU, and 79.09/RIU, respectively, and the greatest sensitivity of
approximately 322.14◦/RIU, 327.85◦/RIU, and 397.85◦/RIU, respec-
tively. Lastly, for the standard multilayer BK7/Cu/FASnI3/WSe2/SM,
the optimal sensitivity and ZT values are 375◦/RIU and 73.24/RIU,
respectively, at 40 nm of Cu layer.

As a result, the optimized thicknesses of 2D materials BP, MoS2,
MoSe2, WS2, WSe2, and graphene provide the best performance. Table 4

Table 3
Performance factors for optimized combination of copper Cu thickness of pre-
sent SPR.

Cu Thickness
(nm)

FASnI3
(nm)

BP
(nm)

Rmin S
(◦/RIU)

ZT (1/
RIU)

DA
(◦− 1)

30 5 0.53 0.6794 233.57 37.25 0.1594
30 7 0.53 0.1136 390.71 139.04 0.3355
30 5 0.53 0.618 280.7 45.12 0.160
40 5 0.53 0.8653 267.85 51.31 0.191
35 5 0.53 0.4423 290 57.31 0.1976
40 5 0.53 0.1365 358.57 84.56 0.2358
45 5 0.53 0.0215 437.85 115.83 0.2645
47 5 0.53 0.1677 457.85 126.12 0.2784
48 5 0.53 0.2814 459.28 127.57 0.2777
50 5 0.53 0.506 450.71 123.14 0.2732

Fig. 3. The reflectance as function of resonance angle incident, BK7/Cu/FASnI3/BP (a), BK7/Cu/FASnI3/MoS2 (b), BK7/Cu/FASnI3/MoSe2(c), BK7/Cu/FASnI3/WS2
(d), BK7/Cu/FASnI3/WSe2 (e) and BK7/Cu/FASnI3/Graphene (f), respectively.
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shows that the different SPR biosensor structures have good perfor-
mance parameters.

Enhancement factor for electric field intensity

The electric field distribution displays for the prism BK7/Cu/
FASnI3/BP/sensing medium (breast cells) construction as shown in

Fig. 5. The probing field intensity is found to be significantly more
intense in the sensing medium, and it is seen that the electric field in-
tensity at the interface Cu/FASnI3/BP is amplified and reaches its
highest value at the interface of BP and sensing medium. This explains
why the SP waves are stronger and appear to be more sensitive. The
sensing output of this suggested structure is larger than that of the other
structures when compared to previously published studies on SPR sensor
construction (see Table 5).

Finally, Table 5 compares some of the current SPR sensors with
previously suggested works. The analysis demonstrates that the work
being done now improves performance in terms of ZT and sensitivity.

Conclusion

This paper investigates a novel SPR biosensor that uses the BK7 glass
prism, metal plasmonic copper Cu, halide perovskite (FASnI3), and 2D
materials for the detection of cancerous breast cells. The setup is based
on the Kretschmann configuration, and Fresnel equations and the
transfer matrix method are used to theoretically analyze it. The atten-
uation total reflection method was used for the examination of the

Fig. 4. The variation of S, FoM and DA at optimized thickness of Cu layer at 30 nm-60 nm of BK7/Cu/FASnI3/BP (a), BK7/Cu/FASnI3/MoS2 (b), BK7/Cu/FASnI3/
MoSe2 (c), BK7/Cu/FASnI3/WS2 (d) BK7/Cu/FASnI3/WSe2 (e) and BK7/Cu/FASnI3/Graphene (f), respectively.

Table 4
The performance parameters of the SPR biosensor reflectance spectrum for
various architectures.

Material Optimized
layers (L)

Thickness of Cu
(nm)

S
(◦/RIU)

ZT(1/
RIU)

DA
(◦− 1)

BP 1 48 459.28 127.57 0.2777
MoS2 1 35 322.14 46.61 0.1447
MoSe2 1 35 327.85 48.78 0.1488
WS2 1 35 397.85 79.09 0.1988
WSe2 1 40 375 73.24 0.1953
Graphene 1 60 403.57 94.29 0.2336
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reflection. We evaluated the various configurations of the SPR biosensor
to achieve the best performance. It has also been used to optimize the
angular sensitivity and other sensor parameters, such as layer thickness
and number. We optimized the thickness of FASnI3 and 2D materials
(BP, MoS2, MoSe2, WS2, WSe2, and graphene) in the current SPR
biosensor to distinguish between normal and cancerous breast cells. Our
simulation results show that incorporating 2D materials into the struc-
ture BK7/Cu/FASnI3 improves sensitivity. Our proposed SPR’s primary
performance parameter is its sensitivity of 459.28◦/RIU, which we
achieved with an achievement of 338.45 % and ZT as high as 123.11/
RIU using a configuration structured by BK7/Cu (48 nm)/FASnI3 (5
nm)/BP (0.53 nm). According to the obtained results, the suggested
biosensor produces results that are more sensitive than those of previous
reports. Our results show that incorporate FASnI3 and 2D material in
SPR biosensors significantly achieved sensitivity and ZT for various
sensing applications in diagnostics and biosensing.
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