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In the recent years, researchers have contributed substantially in the field of Surface Plasmon Resonance (SPR)
sensors and its applications. SPR sensors show the salient features, such as label-free detection, real-time moni-
toring, small sample size, furnish accurate outcomes at low cost, and smooth handling. Moreover, the SPR sensors
are also well-known because of its quantitative and qualitative excellent performance in real-time applications,
including drug discovery, environment monitoring, food safety, medical diagnosis, clinical diagnosis, biological
studies, and biomolecule interactions. This paper exhibits a comprehensive review of SPR based sensors, such as

prism-based SPR with the applications (e.g., biomolecule interaction, medical diagnostic, etc.), fiber-based SPR,
and waveguide-based SPR. Furthermore, we summarized the modern designs and techniques with their limita-
tions and challenges in detail. The erudition outlined in this paper can be given an exceptional benefit for the
researchers and industry people in the field of SPR based sensors.

1. Introduction

Surface Plasmon Resonance (SPR) is an efficient mechanism to
retrieve the erudition of optical properties, such as nanomaterial and
biomaterial. The resonant oscillation of the conduction electrons are
formed at the interface of negative-positive permittivity content due to
the incident p-polarized light. SPR sensor depends on several tools for
assessing the absorption of various materials on the metal film (gold
(Au), silver (Ag)). It begets multiple applications, such as food safety,
drug discovery, environment protection, and medical diagnostics.
Therefore, many researchers have been focusing on improving the
sensitivity (S) of the SPR sensors employing novel sensor structures. The
first employment of the SPR procedure as a sensor was published in [1].
In the early 20th century, R. W. Wood had perceived the p-polarized light
incident on the surface of the diffraction grating, and observed the
pattern of irregular light and dark lines that occurred in reflected light
[2]. In 1907, J. Zenneck et al. was introduced the solution of the surface
wave (SW) to Maxwell's equations. Electromagnetic waves (EMW) pre-
vail at the periphery of two mediums of the lossy and loss-free medium
due to plasmons' oscillation. Moreover, the lossy (imaginary) dielectric
function is incumbent for binding the EM wave and interface [3]. A.
Sommerfeld noticed that J. Zenneck's hypothesized magnitudes fields of
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SWs diverse inversely proportional to the square root of the distance from
the dipole source [4]. In addition, it is a high-speed wave and expo-
nentially decomposed with height above the boundary. In 1957, a sig-
nificant development was accomplished toward the SPR hypothesis,
when R. H. Ritchie theoretically confirmed the presence of metal surface
plasma excitations (SPE) [5]. C. H. Powell et al. determined that those
surface plasmons (SPs) were excited by employing electrons at metal
interfaces [6]. Later, E. A. Stern et al. observed that EM waves on a metal
surface contained EM radiation combined with plasmons. They also
extracted the dispersion relationships on metal surfaces for SPWs [7]. In
1968, A. Otto fabricated the Attenuated Total Reflection (ATR) prism
coupled method to permit the coupling of large EM light waves with
EM-SWs [8]. Single crystal surface analyzed by employing the Otto
configuration. This configuration acquires some gap between the prism
and metal surface, and result of that no more metal surface is affected by
the prism. Similarly, the Kretschmann configuration is also the conven-
tional configuration, which had inverted by E. Kretschmann. It utilizes a
10-100 nm thickness of metal coated on the prism surface, and SPs have
subsisted on that surface [9]. X.D. Hoa et al and J. Homola et al. pre-
sented a significant review on the SPR sensor technology [10, 11],
summarizing the essential areas of applications, different techniques
(e.g., interferometry and luminescence) [12] used to analyze the
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performance of chemical and biological sensors. A brief description of the
physical and chemical/morphological characteristics are essential for the
optical sensors, which were incorporated inclusive of the sensor's oper-
ating theory. Another research stressed the condition of various chemical
sensors and biosensors for fiber optics [13]. A. K. Sharma et al. also
presented a comprehensive review on the fiber-based sensors [14].
Considering the aforementioned state of the art, the detailed review of
the SPR-based sensors remains absent. Hence, this article summarizes
SPR-based sensors such as prism-based, fiber-based, and
waveguide-based SPRs for various applications, such as environmental
protection and bio-molecular interaction. The article has been arranged
as follows: sections- 2 demonstrated the principles, methods, evaluation
of the prism-based SPR sensor; section-3 and 4 described the fiber-based
SPR and waveguide-based SPR sensor, respectively. Section-5 exhibits its
future scope and finally, ended with a conclusion of the presentation.

2. Surface Plasmon Resonance (SPR) sensor
2.1. Plasmon oscillation

Chemistry proposed the delocalized electrons that are dissociate to a
covalent bond and incoherence. Metal signifies an excellent conducting
material and a regular array of atoms. An atom preserves at least one
electron and free to impel around and distributed amidst all other par-
ticles in the material. These free electrons can generate an infinitely large
mass that are distinct from positive ions. Consequently, the Jellium
model demonstrated that a constant positive charge background could
replace these ions. Nonetheless, the whole charge density settles at zero
within the conductor. A peripheral field applies on the conductor, and it
transpires the free electron oscillation that degraded the free electrons’
mass. In that case, the negative free electrons are no longer veiled by the
background, and they begin to get attracted by the positive ion. The
covalent of these electrons and positive ions occurred in the background,
and it unfolds with a density higher than necessary to acquire charge
neutrality. At the Coulomb repulsion, a restoring force generates and
executes the longitudinal oscillations among the free electrons, known as
plasma oscillations. Quantum of the plasma oscillation is a plasmon, and
the subsistence of plasma oscillations was describing in an electron en-
ergy loss experiment [15, 16].

2.2. Surface plasmon oscillation

The classic drude conductive model describes some metal's charac-
teristics, but not all of them are successful. The discovery of Bose-Einstein
statistics and the development of quantum mechanics explains the rest of
the story. Light implies an EM wave, and when it strikes the metal as
described in Figure (1a), then the electric field of light interacts with
conducting electrons in the metal. Atoms indicate that the quantum
members are apprehended as fermions, and the oscillation of these
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electrons can transpire a wave pattern spatial distribution of the particles.
This wave pattern is termed a surface plasmon wave (SPW) or surface
plasmon polaritons (SPPs). After transpiring the SPW, it opposes the light
energy, which is bearing in plasmons, as in Fig. (1b); The light absorbs its
energy and converts it into a reflected light is a working principle of the
SPR sensors.

Moreover, plasmon oscillation transpired at the M-D interface. The
charge density of these oscillations with the M-D interface is identified as
surface plasmon oscillation, and the quantum of these oscillations is
known as a surface plasmon. These SPs are escorted by a longitudinal P-
polarized electric field, decaying exponentially in metal and dielectric, as
shown in Figure 2. The consequence is that the field produces maximum
intensity at the metal-dielectric (M-D) interface. These asserts achieve by
unlocking Maxwell's numerical equation for the M-D category of refrac-
tive index (RI) allocation. The SPW propagation constant (PC) (K) is
endless within the M-D interface, and mathematically mentioned in an
Eq. (1).
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Here o is the incident frequency, c is the velocity of light, ¢4 and
e are the dielectric constant of the dielectric medium and the metal film,
respectively. €, < 0 signifies the metal, and g4 > 0 signifies the dielectric
medium at a given wavelength. Eq. (2) represents the more significant PC
of the light wave at the propagation frequency via the dielectric medium.
Figure 3 represented the distribution curves (K, ), and the direct light
incident through the dielectric medium (K;). The SPs’ PC is higher than
the light wave in the dielectric medium, and the consequence that non-
radiative SPs excited at the M-D interface, i.e., direct light cannot
excite the SPs. Therefore, the wave vector of exciting light in the
dielectric medium must be increase for SPs excitation.

K, :g Ve )

2.3. Types of configurations

The reflected photons in total internal reflectance (TIR) procreate an
electrical field on the interface's opposite site. The plasmons develop a
comparable area on either side of the metal film that spread out into the
dielectric medium. This wave designated as evanescent wave (EW)
because the wave magnitude decreases exponentially with sprouting
distance from the surface of the interface, decaying over a range of one
light wavelength. Figure 4 represented the Otto configuration operates
with an ATR principle, which transpired at the prism base coupling. An
incident light applies at an angle higher than the critical angle at the
prism-air (P-A) interface for the coupling of SPW with EW [17]. EW
decays exponentially in the dielectric medium adjacent to the metal layer
since both waves own the PC along with the interface. Therefore, a strong
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Figure 1. (a) Phenomenon of metals (b) Reminiscent of Lenz's law.
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Figure 2. Exponential intensity field for surface plasmon (SP) in metal and
dielectric (M-D) layers (X-axis signifies the metal-dielectric interface and Z-axis
illustrates the field intensity).
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Figure 3. Distribution curves for surface plasmon wave (Kg), and the direct
light incident through the dielectric medium(Kj).

possibility of interface developed amid these waves. Eq. (3) denotes the
x-component of the wave PC of the EW at the P-A boundary.

N

Figure 4. Design of excitation of evanescent wave (EW) on the metal-dielectric
(M-D) interface.
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Furthermore, Figure (5a) represents the Otto configuration that
exposed a gap flanked by the prism and metal film. Exponential decay of
the evanescent field at the P-A interface and this field can excite the SPs
at the air-metal (A-M) boundary. Moreover, the configuration is rigid for
the practical realization, but it's beneficial in analyzing the single-crystal
metal surfaces and adsorption. Fig. (5b) represents the Kretschmann
configuration, where a metal film is coated on the prism instead of air. An
evanescent field spawned at the prism-metal (P-M) interface, diminishing
the attenuation due to the environmental effects. This field can excite the
SPs at the metal-air (M-A) interface. Figure 6 concludes that the PC of the
EW could match with that of the SPW at the M-D interface relying on the
frequency and incidence angle. Moreover, no excitation of SPs at the M-P
interface, because of the PC of SPW lies to the maximum of EW's PC. Eq.
(4) denotes the resonance condition, where minimum reflectance (Rpin)
transpired for the response of SPR phenomenon [14].
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Where ¢, is the dielectric constant of the prism, 0, is the resonance
angle. Figure 7 represents the 6,., is defined as the angle at with reflec-
tance is minimal, and it varies according to the device parameters, such
as the wavelength of light and RI of material. Figure 8 represents the Oy
fluctuation as a function of the RI. The fundamental performance pa-
rameters, such as S, detection accuracy (D.A.), and quality factor (Q.F.)
should be as high as possible for the beneficial sensor, and as well as
numerical measurements inspected from Egs. (5), (6), and (7), respec-
tively. Moreover, higher S represents the sensor's immediate response
capability, detecting the minor change in the RI. High D.A. serves the SPR
sensor's ability to contribute to accurate outcomes, where high Q.F.
represents the sensor's quality. VO,represents the change in the reso-
nance angle shift, and the full-width-half-maximum (FWHM) defined the
full width at half of the maximum reflectance of the sensor. Eq. (5) tes-
tifies the S is proportional to the resonance angle change, and Egs. (6),
(7), and (8) testifies the D.A., Q.F., and figure of merit (FOM) are
inversely proportional to the FWHM.

__ Change in resonance angle (6,.)

Sensitivit y (S) (5)

" Change in refractive index (Vn)

__ Change in resonance angle (8,.;)
" Full width half maxima (FWHM)

Detection Accuracy (D.A.) (6)

. Sensitivit y (S)
Fac F.)=
Quality Factor (Q.F.) Full width half maxima (FWHM) )

(1 — minimmum Reflec tan ce (Ryin))
Full width half maxima (FWHM)

Figure of Merit (FOM) =S X

2.4. Evaluation of prism-based sensor

Figure 9 shows the prism-based SPR sensor that is coated with metal
film (i.e., Au, Ag, aluminum (Al), copper (Cu)). The achievement of the
SPR sensor was enhanced by employing metamaterials on the metal
surface. The numerical analysis of SPR response with metamaterial fur-
nished better performance than the conventional SPR sensor in visible
range wavelength. Y. K. Prajapathi et al. had compared the results with
standard four and five-layered SPR sensors. The metamaterial contrib-
uted a broader dynamic range or efficient range of computable RI rises.
The metamaterial acquires several advantages for increasing the reso-
nance dip of optical SPR sensor, that leads to higher S of the sensing
resolution and dynamic range [18,19]. J. B. Maurya proposed two
different SPR sensors for performance improvement by employing
various types of prisms (BK7, SF11, and 2S2G), and metal materials (Au,
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Figure 5. SPR configurations: (a) Otto configuration (b) Kretschmann configuration.
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Figure 6. Dispersal curves for EW-K,,, K, Ky, at the metal-dielectric (M-D), and
the metal-prism (M-P) interface.

Ag, Cu, and Al) at 632.8 nm wavelength. Initially, the authors optimized
each metal film's thickness and then elected the most desirable SPR
performance content by comparing S, FWHM, and Ry, parameters.
Eventually, the authors concluded the Ag renders high-Q.F., resolution,
and Cu contributed immeasurable S [20]. S. Pal et al. introduced the new
2D material i.e., black phosphorus (BP)-based SPR for enhancing the
performance parameters were estimated at 633 nm wavelength. The BP
furnished the S of 1.42 and 1.40 times greater than the conventional SPR
and the graphene-based SPR, respectively. This vast performance fur-
nishes from the unique optical properties, such as bandgap, higher charge
mobility, and increased binding of molecules on the surface sensor, but it
renders little D.A [21]. M. S. Rahman et al. incorporated the MoS,
monolayer between the standard graphene and Au for enhancing the S.
The sensor S of 89.29°/RIU and 87.8°/RIU for double and monolayer of
the graphene-MoS; hybridization layers, respectively. The proposed SPR
with monolayer MoS; has furnished the S of 10% higher than the without
MoS; [22]. The MoS; proffers more agreeable Q.F. and Rp;, performance
than the graphene with a minor diminished amount of D.A. and S [23,
24]. Furthermore, J. B. Maurya had utilized the dielectric material for
grater enhancement of the SPR sensor performance. The numerical
analysis of the SPR is evaluated at 632.8 nm wavelength and concluded
that all performance parameters alter according to the sensing region's
RI. The Rl real part is directly proportional to the half-width half maxima
(HMHM) and inversely comparable to the Ryj,. The RI imaginary part
dielectric material is inversely proportional to the HMHM and directly
proportional to the Ry, [25]. The Silicon (Si)'s influence in SPR per-
formance improvement employing a hybrid MoS,-Graphene structure
was demonstrated in [23]. The MoS; layers were proportional to the S of
the sensor at uniform graphene thickness. Moreover, Si affords massive
D.A. and Q.F. but degrades the little amount of S [26]. The numerical
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Figure 7. SPR response in terms of reflectance by applying angular interroga-
tion and sharp dip of the curve is a resonance angle (6yes).

analysis of SPR sensor was performed at infrared wavelength, i.e.,
1000nm, employing metamaterials. The metamaterial RI and thickness
of (Mmat = — \/EmatFimaz Hma= -2-4 + 0.001i, &g = -4 + 0.0011), 349 nm,
respectively. The RI of binding (ssDNA) layer n,= 1.462, 1.466, 1.468.
Finally, the sensing medium RI of before and after adsorption of bimo-
lecular are 1.33 and 1.35, respectively. The metamaterial enables
massive S of more than 300°/RIU. The S varied from 326.56°/RIU to
454.36°/RIU at np = 1.46; 327.19°/RIU to 468.11°/RIU at np, = 1.466;
and 341.16°/RIU to 489.88°/RIU at ny, = 1.468 [27]. The S improvement
with decayed D.A. and Q.F. has been presented in [28]. The SPs tran-
spired at THz frequency for one of the prominent applications, such as
biomedical sensing. The sensor affords the S of 147°/RIU for varying the
different RI of gas sensing medium. Y. Xiang et al. exhibited these plas-
monic waves that own the same properties as plasmonic waves in optical
range wave by virtue of SPW's constraints within the boundary at THz
frequency [29]. The angle and wavelength interrogation of the Al-based
SPR sensor performance was performed theoretically and experimentally
with the trapezoidal BK7 prism. The Al performance was compared with
other metal film material, such as Ag, Au, and Cu. The Al improved in
de-ionized water by Al-surface oxide and constrained significant sensor
degradation [30]. The performance analysis of graphene-based SPR was
proposed with a 13% improvement of S compared with existing work at
632.8 nm, where metal film thickness remains constant. The RI (thick-
ness) of the prism SF10, Ag, MoS,, Graphene, single-standard Deoxy-
ribonycic acid (ssDNA), and water are 1.7786, 0.005625 + 4.276i (37
nm), 5.9 + 0.8i (M x 0.65 nm), 3 + 1.149106i (G x 0.34 nm), 1.462 (3.2
nm) and 1.3317, respectively [31]. The summary of the performance
enhancement of the SPR sensor with some configurations has been pre-
sented in Table 1. The maximum S of 237.5°/RIU performance furnishes
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Figure 8. The resonance shift (V&) with respect to the RI change (Vn). (Blue
curve represents the SPR curve at sensing RI (n;), and red curverepresents SPR
curve after sensing RI change (Vny)).

with monolayer tungsten diselenide (WSez) and seven layers of Si
thickness [32]. The S subsists non-linear with the number of graphene
layers and the SPR frequency, i.e., surface resonance frequency (SRF),
whereas linear in the existing work. The SRF and SPW's propagation
velocity are calculated by employing Egs. (9) and (10).

K
SRF — Co SPW ©)
Ngeo 27
Where,
2r .
Kspw = — 1, S Ospr 10)

A
%is the propagation velocity of SPW which is perpendicular to the

confined evanescent EM wave, N, is /Ma,NsNg. Where ny, represents the
gold's RI, ngrepresents the RI of sensing medium, and ng represents
graphene RI [33]. The Otto configuration SPR structure was designed
with various combinations of the nano-composite and metal materials for
the enrichment of S. The sensor results demonstrated the enormous S of
200°/RIU at six layers MoS; and monolayer graphene with TiOo—Au
composite material at 30 nm thickness [34]. M.S. Islam et al. had pre-
sented the study of excitation, nature of SPs, EM field distributions, and
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magnitudes at both conventional and multilayer SPR structures. The
SPWs transpired when the polarized light flows parallel to the interface.
The strong plasmon-induced on the sensing interface and capture less
reflected light at resonance condition and vice-versa [35]. S. Pal was
designed the BP-based SPR sensor with the consolidation of Au, Si, and
Transition Metal Dichalcogenides (TMDC) materials, such as WSy and
WSe;, for the enrichment of sensor S. The performance shown in terms of
S, Rmin, and FWHM. The sensor accomplished preeminent S of
184.6°/RIU with TMDC material and 163.1°/RIU without WS, [36]. R.
Boruah el at. have designed the novel Kretschmann SPR setup with
double prisms for the performance improvement of the sensor. This
structure affords numerous advantages, such as intense output signals,
wide-angular scan-ranges. The high RI of prism yields different sensors,
such as gas sensors and fluid biosensors, to operate with a wide dynamic
range [37]. A. A. Michelson et al. inverted the interferometer and rotator,
which accomplishes the phase and angle interrogation. The sensor was
designed experimentally with the S of 7.2 x 10~/ RIU/0.1°, and FOM of
316 at 1 to 1.4 range [38].

S. K. Raghuwanshi et al. was designed a novel SPR sensor by
employing Teflon and metamaterial surfaces for powerful bio-
recognition to explore the multi-layer sensor structure's dispersion-
customized properties. The author employed this sensor to improve the
S because it deducts side lobes' virtue in a dual-mode, diminishing the S.
Moreover, the importance of SPW excitation methods for the sensors'
design was also revealed in [39]. C. A. De Souza Filho et al. described the
effects of the SPR biosensor, such as documented disturbances, noise, the
incident light's temperature, and wavelength. In additional, this design
permits each component and the entire system to be evaluated individ-
ually. A solution had presented to achieve increased energy-efficiency
and facilitates handheld mobile phone-based sensors [40]. S. Scarano,
et al. and M. Faca et al. were exhibited the analytical instruments as
profitable and flexible diagnostic tools for an assortment of applications
in bioanalytical chemistry, such as SPR and SPR imaging. The
bio-receptor was immobilized on the bio-chip to decide the above sys-
tems' selectivity and ranges from the nucleic acid sequence to proteins,
antibodies, and new synthetic bio-receptors. It enables label-free and
multi-analyte detection. Moreover, a wide range of molecular weight
target analytes can adapt to multiple assay designs, ranging from small
molecules to living cells [41,42].

2.5. SPR biosensor applications
The biosensor technology has been enriching to prevail the bind

enlightenment of the DNA molecular diagnosing over and above 400
diseases, and this enumeration increases further. SPR sensors unfold
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Figure 9. (a) Canonical structure of the Prism-based SPR sensor employing Kretchsmann configuration (b) Resonance/wavelength Shift in reflectance curve according

to the RI changes in a medium [10, Figure 1].
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Table 1. Summary of the state of the art in Performance Enhancement of the SPR Sensor at 633 nm Wavelength.

References Configuration Performance Parameters Conclusion
S (°/RIU) D.A. QF. (RIU™Y)
Y. K. Prajapathi et al. 2013 [19] Prism + Ag + - - - The SPR sensor has the
Metamaterial + Ag + Au advantage of improving
+ Water reflectance dip and S by
employing the
metamaterial layer.
J. B.Muryaet al.2015 [24] Prism + Au + MoS; + 48.82 0.615 5.12 The SPR sensor proposed
Affinity + Water the effect of Si between
Prism + Au + Si + MoS; 48.65 10243 85365 metal and MoS.
+ Affinity + Water
J. B.Murya et al.2016 [23] Prism + Si + Graphene + 49.86 14.54 207.75 The sensor Ag +
Affinity + Sensing Layer Graphene/MoS;)
Prism + Si + MoSy+ 49.29 17.25 246.45 presents the acceptable S,
Affinity + Sensing Layer but the D.A. and Q.F. are
substantially higher than
the existing work.
J. B.Murya et al.2017 [25] Prism + Metal + - - - The purely real part RI of
Dielectric + Water the dielectric layer offers
the contradicted results
between V0 and HWHM.
To mitigate this problem
increase the imaginary
part of the complex RI of
dielectric medium.
J. B.Muryaet al.2016 [20] Prism BK7/SF11/2S2G)+ - - = Ag furnishes the lower
Metal Au/Ag/Cu/Al)+ FWHM, which leads to
MoS,+Graphene + Water high D.A. and Q.F.; Cu
renders high V6., which
leads to higher S.
J. B.Muryaet al. 2018 [54] Prism + AuNPs + MoS,+ 107.29 0.50 7.16 The monolayer and
Affinity + Water bilayer MoS, furnish the
highest S than the
graphene-based sensor.
M. S.Rahmanet al.2017 [22] Prism + Au + MoS,+ PBS 89.29 0.919 13.13 The hybrid structure of
solution MoS,-Grpahene is
appropriated to enhance
the S of the SPR sensor.
S. Palet al.2017 [21] Prism + Au + BP + 180 0.29 - The BP and BP-Si based
Affinity + Sensing Layer structures render the
Prism + Au + Si + BP + 115 119 - highest S and D.A,,

Affinity + Sensing Layer

respectively. These are
almost constant with a
variation of sensing RI.

several sensing applications for biochemical materials because the
reduced pre-processing and can also be measured in real-time. Few au-
thors were established the SPR sensor to detect DNA hybridization at
visible range wavelength. Two desirable parameters are required for the
adequate SPR sensor performance, such as high S and FOM. The con-
centration between of RI before and after hybridization and the shift in
the concentration of phosphate-buffered saline (PBS) solution has been
linked by the subsequent expression presented in Eq. (11).

nn—ns + ¢, an
dc
Where, ny is the sensing medium RI after hybridization, ng is the sensing
medium RI before hybridization, ¢, is the concentration of an adsorbed
molecule, and dn/dc is the increment in RI due to the adsorbed molecule.
After its realization through current manufacturing technology, the
suggested sensor can effectively diagnose complicated diseases, such as
cancer and hepatitis B on DNA hybridization. M. S. Rahman et al. pro-
posed the BP-based SPR sensor to detect the DNA with S of 125° /RIU and
Q.F. of 13.62 RIU~! [43]. He demonstrated the WS, based SPR sensor
achieving the high resolution than the graphene-based SPR sensor for
DNA detection. This SPR sensor owns the capability of distinguishing
between complementary and single based mismatched DNA with S of

95.71°/RIU at the optimal gold film [44]. Two-dimensional (2-D) and
TDMC materials persist attractive for the enrichment of the SPR sensor
performance in terms of S for DNA hybridization. S. Ahmed et al. sug-
gested the WS,-BP-based SPR sensor with a maximum S of 187°/RIU
subsists of 10 layers of BP, and WS, monolayer. The high performance of
sensors can possess prospective applications in medical diagnosis and
detection of biochemical [45]. A novel SPR structure was proposed in
[46] employing Ag, Si, and BP to enhance the performance parameters,
such as S, D.A., Q.F. and FOM. The sensor furnished the highest S of
91.54°/RIU for the Ag-BP based sensor; D.A. of 69, Q.F. of 1061.6 RIU7Y,
and FOM of 554.58 for the Ag-Si-BP based sensor. The review of the state
of the art on SPR sensors for DNA hybridization has been presented in
Table 2.

Furthermore, biomarkers for protein inadequacy can be detected in
body fluids, such as saliva, urine, and blood plasma [47]. W. Wu et al.
was exhibited the protein detection performance at concentrations
ranging between pg/mL to g/mL. For an instant, the levels of the human
chorionic gonadotropin and the activated leukocyte cell adhesion
molecule in the blood plasma of healthy individuals sojourn approxi-
mately 1 ng/mL [48] and 100 ng/mL [47], respectively. The numerical
analysis of the germanium (Ge)-based SPR sensor has been presented
with a maximum S of 132°/RIU at the thickness of 1.5 nm where the RI of
protein, i.e., Bovine serum albumin 1.435. Ge-graphene-based affords an
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Table 2. Review of the state of the art on SPR Sensor for DNA Hybridization at 633 nm Wavelength.

References Configuration Performance Parameters Conclusion
S (°/RIU) D.A. QF. RIU™Y) FOM
M. S. Rahman et al. 2018 [43] Prism + Au + WSy+ 95.71 1.763 25.19 The sensor is capable of
Graphene + Sensing differentiating between
Layer. the complementary and
single-base mismatched
DNA.
S. Pal et al.2018 [44] Prism + Au + BP + 125 0.95 13.62 The sensor can work
Graphene + Sensing efficiently to detect the
Layer hybridization of DNA.
B. Meshgi-nqalamet al.2018 [45] Prism + Chromium + Au 187.22 0.10 - 18.72 Ten layers of SPR
+ BP + TDMC Material + Structure BP/monolayer
Sensing Layer WS, provides aimprovedS
and FOM.
Y. Vasimalla et al. 2020 [46] Prism + Ag + BP + 91.54 3.61 54.81 54.78 The sensor can efficiently
Graphene + Sensing detect the DNA
Layer hybridization with high-
Prism + Ag + Si + BP + 53.08 69 1061.6 554.58 performance parameters

Graphene + Affinity +
Sensing Layer

such as S, D.A., Q.F., and
FOM.

S of 16% more than the only graphene-based SPR biosensor. Therefore,
the authors concluded the Ge exhibited a better option for detecting
protein detection by SPR biosensor [48].

The kidneys play a crucial role in sustaining human health, signifying
environmentally beneficial, and surviving a highly complex waste
disposal arrangement. They are proficient in a continuous sorting method
of non-recyclable scrap from recyclable scrap and cleans the blood via
filtering blood to exclude toxins and wastes. The novel Cu-Gr-based SPR
structure design with BSG prism for urea detection at near-infrared range
wavelength. The FWHM transpires directly proportional to the Cu
thickness at uniform urea RI of 1.49 [49]. The numerical analysis per-
formance of the SPR sensor performed at 670 nm and 785 nm wave-
length. Urea RI fluctuates from 1.335 to 1.347, such as 1.335, 1.337,
1.339, 1.342, and 1.347 with concentration fluctuate at the concentra-
tion of 0.625 ml/dl, 1.25 ml/dl, 2.5 ml/dl, 5 ml/dl, and 10 ml/dl,
respectively [50]. The aluminum oxide-based sensor was proposed in
[52], which demonstrates the 3.58% and 5.24% improvement in S at the
RI of 1.33433 and the concentration of 50nM [51].

Waterborne disease-related bacteria is the world's most significant
health predicament. The advancement of new technology to deliver
sustained drinking water yields tremendous effort into this [53]. Bacteria
survive in almost every aspect of nature that causes pathogenic, a virtue
that is beneficial to humans and essential for the environment. Nearly 76
million ailments, 325000 hospitalizations, and 5000 deaths materialize
in the United States each year due to food borne pathogens [54].
Contamination of bacteria from water supplies is a significant issue in
developing countries and developed countries. The four bacterial path-
ogens, such as Salmonella species (spp.), Listeria monocytogenes,
Campylobacter jejuni, and Escherichia coli (E. coli) 0157:H7, accounted
for roughly 67% of food-related deaths. To date, all these pathogens have
been found in water supplies. Moreover, the main reservoir for entro-
pathogenic E is known as several names of robust human hosts, i.e.,
Enteroinvasive (E. coli), strains of enterotoxigenic E. coli, and enter-
ohemorrhagic E. coli. A novel MoS,-based SPR sensor has been per-
formed with numerical analysis for the identification of pseudomonas,
such as bacteria by an SPR biosensor with very high efficiency. J. P.
Nataro was utilized the three RI of bacteria concentration for tolerating
the result with other structures, such as graphene-based and conven-
tional SPR sensors [55].

The 174- estradiol is one of the Endocrine-disrupting chemicals that is
pretend as a significantly cruel due to the permissible estrogen effect. To
preserve environmental and public health, the detection of these chem-
icals has been necessitated within the natural systems—different types of
investigation instrumental techniques, such as gas chromatography, mass

spectrometry, and high-performance liquid chromatography. These
techniques are susceptible to these toxic chemicals, and very challenging
to handle and commit a long period. This challenge has been leading
many researchers to perform a more straightforward and effective
biosensor system for chemical sensing. The human estrogen receptor has
been ordinarily employing for 17-estradiol ascertainment in biosensor
systems [56,57,58]. The detection process was performed at a linear
dynamic range from 0.01 ng/mL-1000 ng/mL, with the lowest observ-
able concentration at 10 pg/mL, and with shyness ranging from 85% to
15%. IC50signified the analyte absorption 1 ng/mL inducing 50% of the
SPR signal inhibition. The proposed configuration of the immunosensor
signifies extremely specific and selective for the estradiol [59]. Several
harmful effects transpired due to human activity and industrial devel-
opment, such as various potentially dangerous human-made by-products,
chemicals produced in the combustion, and widespread in the environ-
ment. The principles of the SPR, test arrangement, surface amendment
methods, and signal growth were presented as outlined of the paper. The
SPR sensor utilization was also explored in the past decade in the iden-
tification of pesticides, polycyclic aromatic hydrocarbons, heavy metals,
and polychlorinated biphenyls [60]. D. Michel had proposed the SPR
experimental set up for detecting the Xanthan Gum employing the go Au
as a metal film. The performance demonstrated the SPR sensor compe-
tently detecting the polysaccharide molecules, such as Xanthan gum up
to 0.22 g/L. Moreover, the correlation between the reflected optical
power and the dissolved Xanthan gum concentration is linear for the
Concanavalin A, deposited on the metal film [61]. We have presented the
different existing prism-based SPR structures for developing its perfor-
mance and applications. This literature concluded the prism-based SPR
sensor is a beneficial device for effective and label-free processing in a
real-time biomolecule and biomedical field applications. The advance-
ment of prism-based SPR sensors has been discussed in the next section.

3. Fiber optic based SPR sensor

The prism-based SPR operates with the TIR principle that ensues at
the P-M interface when the incident angle is greater than the critical
angle. Thenceforth, SPs excite at the surface, composing the EW on either
side of the P-M medium. The same principle appears in the optical fiber-
based SPR sensor except that the core-cladding interface is replaced
instead of the P-M interface. Guided rays of the incident light pass
through the core of the fiber. The EW propagates along with the core-
cladding interface in the fiber case. The SPR sensor conforms the ATR
principle to the Kretschmann's configuration for the detection mecha-
nism. A fiber optic core-metal film-sensing medium forms the fiber-
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Figure 10. (a) The canonical structure of optical fiber-based SPR. (b) SPR resonance peak of optical fiber based SPR by employing wavelength interrogation.

based SPR sensor for the process is acknowledged, as presented in
Fig. (10a). The middle portion of the cladding is extracted and coated
around with the thin metal films (Au, Ag, Cu, or Al) with the thickness of
d; Fig. (10b) presents the resonance peak of fiber based SPR sensor at
resonance condition employing the wavelength interrogation. The
polychromatic light source drives into one side of the fiber with decent
optics and detects the transferred light at another end. J. Homola et al.
reported the side polished SPR sensor with single-mode optical fiber,
which has a thin metal covering layer, represented in Figure 11 [62].
Figure 12 served the probe fabrication by composing and surfacing the
metallic films over the etched portion of the fiber core.

A circular-shaped high-birefringence (Hi-Bi) photonic crystal fiber-
based SPR sensor was erected with Finite-difference Time-domain
(FDTD), and TiO2 materials. These properties were acquired by FEM
(Finite Element Method), utilizing the COMSOL software. The results are
displayed as follows: maximum wavelength-sensitivity (WS) 25000nm/
RIU, Amplitude-sensitivity (AS) 1411 RIU~! for RI 1.33-1.38 [63]. F.
Wang et al. was proposed the SPR sensor with two parallel photonic
crystal fibers (PCF) and a D-shaped structure. The Au was employed as a
metal material. It used COMSOL software to analyze the performance
parameters at the low RI at near-infrared (NIR) wavelength. The
maximum spectral S of 13,500 nm/RIU, resolution of 7.41 x 10 °RIU at
RI range of 1.27-1.32 [64]. Z. Zhang et al. designed the SPR based on
polymer tipped optical fiber (PTOF) with different metal materials, such
as Au, Ag, Cu, Al, and TiO,. Two various tools, such as the FDTD method
and opti FDTD software, were utilized for the performance analysis at
different analyte RIs. The results proved that S of 3798 nm/RIU at analyte
RI of 1.333, 5708 nm/RIU at 1.383. Therefore, the authors concluded

Sensing Analyte
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Figure 11. Side polished view of the Fiber-based SPR Sensor.

that Ag, Cu, act suitable metals for PTOF-based SPR because it renders
high FOM, S, and minimum reflectivity [65].

N. Polley et al. was designed the optical fiber-based sensor's periodic
hole array for signal transduction, using chemical wet lab techniques,
convenient and low-cost methods. The sensor renders the massive
throughput by adopting this approach and is ideal for commercialization,
utilizing batch processing with S of (420 £83) nm/RIU [66]. H. Qian
et al. defined the convenient and low-cost principles for label-free bio-
sensors, which are exhibited in [67] —externally sensitive protein
detection in human serum samples with potential for further clinical
diagnostics. Acetylcholine has been entrusted with behavioral conditions
such as learning, memory, attention, excitement, and muscle contraction.
Moreover, it plays an integral part in the functioning of the nervous
system. K. Ravi et al. introduced the experimental operation on charac-
terization and fabrication of fiber optic (FO)-SPR to the exposure of
acetylcholine. This sensor designed by employing Ag, Ta205, which are
significantly increasing the electrical field's intensity at the sensing sur-
face. Consequently, an influential generation of SPR signal that enhances
the S of the sensor [68]. V. Semwal et al. was designed the novel FO-SPR
was designed by applying the Ag-rGO-pani as a metal film. Moreover, it
utilized the X-ray diffraction, Fourier transforms infrared spectroscopy
and Raman for acquires its characterization from the scanning and the
transmission electron microscopy. The sensor has furnished the S of
75.09 nm/pH at the pH 11.35 due to the change in the
rGO-Paninano-composite optical band-gap at small and high sample pH
values (i.e., 2.4-11.35). Hence, the sensor unfolds several benefits, such

A
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— Core
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Figure 12. Fiber Optic-based SPR micro-sensor ([14], Figure 3).
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as compact size, low cost, high S, reliability, repeatability, and remote
sensing capability [69]. W. Qi et al. had fabricated a novel FO-SPR with
Au-graphene-staphylococcal protein A and co-modified the tilted fiber
Bragg grating. The proposed sensor was demonstrated a huge S in
detecting human immunoglobulin G. The biosensor offers several ad-
vantages, such as rapid response, small size, high S, label-free, and
manufacturing ease. It implements a new approach to detect the low
amount of the great rendering potential, a biological solution for the
biochemical field applications. The performance exhibited the S and limit
of detection are 0.096 dB/g/mL and 0.5 g/mL, respectively [70]. F. Zha
et al.was presented the PCF-SPR sensor with a D-shaped hole for utilizing
in real-time diagnostic purposes, such as chemistry, biomedicine,
advanced optics, and chemical detection. The sensor can minimize the
coupling effect and capable sensing infiltration. The sensor had enhanced
the WS's performance of 14,600 nm/RIU, and AS of 1475 RIU"Y, FOM of
618 for RI varied from 1.30 to 1.42. Therefore, this sensor contributes to
detecting a wide range of capabilities and broad application prospects in
biomedical fields [71]. Furthermore, a novel Smartphone-based sensor
has been proposed by Q. Liu et al., consisting of the red-green dual color
with diffraction gratings narrow-band filters to accomplish the high S,
spectral data, and less false detections. The S development of SPR per-
formance in an aqueous environment by employing the Ag/Au bi-layer
structure at the central precinct of visible spectrum. The authors have
performed this experimentally, and the consequence was that the
quadratic outcome in the RI range is 1.325-1.344 (R? = 0.992). The
maximum noteworthy S of 18.59/RIU and a resolution of 5.3 x 10~% RIU
at the RI of linear outcome range of 1.325-1.330 [72]. This new structure
confirmed an exceptional potential as the point-of-need and point-of-care
platform for the food protection, healthcare, and erudition of the envi-
ronment, particularly in rural and remote areas. H. Fu et al. was
demonstrated theoretical analysis of graphene-based FO-SPR and it fur-
nished excellent S performance than the conventional sensor. Theoreti-
cally, the sensor's S was amplified by 50% with 20 graphene layers [73].
Z.Fan et al. had proposed the Au coated PCF-SPR sensor for S analysis by
considering FEM software. The performance demonstrated the S is
directly proportional to the RI analysis. For phase-matching conditions,
three types of SPP modes and the primary modes are formed in the
PCF-SPR. These modes exhibit because the photon and electron reso-
nance rise simultaneously as the RI analyte increases. The dispersion
similarities of two lowest-order SP modes have emerged for a structure
comprising a thin silver sheet around a diminished fiber cladding; the
Mode splitting is created by decreasing metal thickness. The
phase-matching condition's fulfillment was tested, adopting an inventory
of the SPs and fiber modes [74]. N. Cennamo et al. also presented the
low-cost computational and experimental reports for the SPR configu-
ration. The sensor relayed on the plasmonic sensor platform and active
higher-order filtering modes in the multimode plastic fiber—moreover,
the sensor utilizing a tapered optical plastic fiber at the sensor network
[76]. A RI and temperature sensor structure is based on hybrid mecha-
nisms in a D-shaped all-solid photonic crystal fiber proposed in [77]. L.
Peng was introduced an innovative FO-SPR sensor with ring core
microstructure and Ag metal film [78]. M. Li et al. had developed the PCF
filter that offers excellent benefits, such as narrow width and single po-
larization. This advantages are transpired through a complete modal
vector solver, relying on SPR theory at the FEM [79]. L. C. C. Coelho et al.
suggested the multiplexing the FO-SPR sensor stationed in the ladder
topology, appraising the intensity analysis, and inscribed in wavelength
with consolidating individual sensor with various FBGs. The highest S of
5000 nm/RIU and RI resolution in the order of 10~% RIU [80]. N.luan
et al. was proposed the exposed-core micro-structured optical fiber-SPR
sensor, which was mounted with a silver cable in the [81]. A hollow
fiber-based SPR sensor has intended the realization of fast analyte RI
detection [82]. In [83], N. Jing et al. was introduced an SPR effect-based
RI sensor. Moreover, S.K. Mishra was developed a commercial POF with a
D-shaped macro-bend structure using heat setting and side polishing
techniques to expose the core and enhance S for the RI. The authors in
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[84] manufactured and characterized the profoundly sensitive FO-SPR
sensor at low concentrations for ammonia gas detection. This literature
confirmed that the FO-SPR sensors are advanced technology of conven-
tional SPR sensors. Moreover, researchers proposed several FO-SPR
biosensors for different applications, which can benefit society and sus-
tain human healthy by detecting several diseases.

4. Waveguide based SPR sensor

For further advancement of the biosensor field, many researchers
have proposed the waveguide based SPR sensors. The Planar optical
waveguides (POW) manifest a great promise in the realization of novel
chemical and biochemical sensors. This sensor utilizes evanescent fields
to analyze specially sensitized films on the waveguide surface. The po-
tential advantages of waveguide-coupled systems are that efficiently
coupling with optical fibers for instrumentation communication. The
single optical 'chip' integrates with the multiple sensors by applying
manufacturing technologies from microelectronics. Several waveguide-
based systems were implemented the biosensors to miniaturize the SPR
[85,86]. Figure (13a) presented the canonical representation of a
waveguide SPR sensor, consolidate a buffer layer. The incident light
passes towards the waveguide core and then searches for the environ-
ment's variations by employing a directed and plasmonic mode coupling.
The phase-matching action must be satisfied between the waveguide and
plasmon modes to trigger the SPs effectively. Figure (13b) represented
numerous precincts of the sensor and the relevant field portraits.
Generally, one should employ a single-phase waveguide to plasmon's
resonant excitation with all power moving in a single core Gaussian. Most
incident light energy is conveyed as plasmon mode at the end of the
waveguide core. J. S. Wilkinson utilized a comparative approach to
incorporate various compact structures of the SPR biosensors based on
planar waveguides [85]. Nevertheless, the SPR coupling has been
delivered for these single-mode, low index contrast waveguides at pri-
marily grazing modal incidence angles on the metal sheet. Coupling at
these grazing incidence angles results, from the SPR theory, in an even-
tual decrease in S.

Furthermore, Figure 14 depicts the waveguide structure with a leaky
mode-dependent device termed a resonance waveguide grating
biosensor. Two-dimensional (2D) gratings have covered the gap amidst
gratings and introduced among the cover and substrate layers. The
waveguide was created in gratings when the active grating index's
refraction is far higher than the substrate. Narrowband wavelengths
propagate through the waveguide, coupled it from either side of the
grating, and reflected towards the detector [86]. Reflected wavelength
varies according to the changes in the sensing layer [86,87]. Corning Inc.
introduced its Epic version, and for the enhancement of S, both com-
panies have provided 96-, 384-, and 1536-well plates, which is more
suitable for delivering huge throughput selection [88,89].

The authors need to perform the theoretical analysis with Resonance
Waveguide Grating (RWG) to optimize the grating structure's design and
fabrication [89]. We need to accept the RWG biosensors and SPR and RM
to determine the small molecules' proteins [91,92,93]. In cell develop-
ment and migration, cell adhesion changes and extracellular changes
were acts a key role. It proved that a variety of diseases also lead to
specific changes in cell adhesion [90]. A new optical inter-connect chip
(OIC) subsisted of a photonic crystal SPR as a biosensor, a Fabry-Perot
(FP) laser as a light source, and a photodetector. The responsivity and
performance of OIC were observed corresponding to the various urea
molarities. To examine the development of the OIC ingests through
simulation utilizing the Lumerical interconnect solver. The laser emits a
wavelength of 800 nm, and the threshold current noted 0.015A at the
output power of 0.0021W, while the PD at 1.0 A/W sensitive. Increasing
the RI value is 1.333-1.335 raises the responsivity of OIC at granted
optical energy of 0.025 pW from 0.4 A/W to 0.8 A/W. This OIC model
operates ideal in medical applications for biosensor chips for disease
detection due to RI changes [93]. It is most outstandingly used to monitor
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the protein mass redistribution and live cell's organelles ahead dealing
with test agents [89,94,95,96]. These changes make in the real-time that
it a gorgeous makes this an essential method for drug discovery. Evalu-
ating cells was of drawback with this biosensor because of the enormous
size of cells, and the penetration depth of an EW was limited (~100 nm).
This effect leads to misleading as annotations are made only to a partial
part of the cell [95].

An angular interrogation-based SOI (Si-on-Insulator) waveguide SPR
sensor is designed, and the metal film thickness is optimized to acquire
enhanced performance parameters. The curve dip can be achieving much
sharper than the silica prism-based SPR sensors due to Si's high RI.
Hence, dip variation can be more easily differentiated [97]. A
high-performance bimetallic-based SPR sensor was performed on peri-
odic multilayer waveguide and SPR active metals, such as Au and Al. The
S and D.A. for bimetallic (Au + Al) configuration attainable adequately
tailored in terms of S (5340 nm—RIU_l) and equal D.A. (~ 130 um™1) by
employing pair-mode theory. The geometry's impressive majority char-
acteristic suggested this design's feasibility in any desired spectral region
[98]. Glycan-based detection helps differentiate within H3N2 and H5N1
viruses, utilizing the application of the waveguide sensor system.

10

Moreover, this topic concerns the waveguide-mode sensor immunosor-
bent assay and SPR [99].

The Gaussian-like leaky core mode of metal-covered 1D photonic
crystal waveguide can attest resonant excitation of a plasmon. Sensing
applications and significant advantages over existing waveguide-based
schemes have been discussed [100]. A graphic novel RI sensor based
on two metal-insulator-metal asymmetric couplings waveguides were
proposed with a ring resonator and investigated [101]. S. K. Mishra et al.
had proposed a RI sensor in a polymer channel waveguide coated with a
Cu film based on the SPR concept. For fabrication, they have utilized the
40 nm Cu film covered with 10 nm Ag. The authors analyzed this sensor
performance was through theoretical and experimental analysis. More-
over, the results were showed in [101] that approximately equal as
demonstrated in [102]. In [103], N. Rezae et al. has suggested that using
a bimetallic structure for a D-shaped optical fiber SPR based on wave-
guide coupled mode. The Finite-Time Domain Difference approach was
applied to analyze the proposed construction and boost its flexibility.
Maximum S leads to about 6140.2 nm/RIU. Finally, R. Komai et al. was
designed a waveguide-based SPR sensor, which has been equipped with a
single waveguide for double analyte detections, and ammonia and water
vapor sensing [104]. Here, the authors have been proposed several
structures for developing the waveguide-based SPR sensor. Therefore,
waveguide-based SPR sensors are potent devices in the field of biosensors
in order to enhance the performance of the sensor, and it opens new
platforms in the biomolecules and biosensing applications.

5. Future scope

For decades, the number of diseases in human beings have been
regularly increasing. We must develop sensing devices that can easily
sense and easily be accessible. From the user aspect, this information can
be purchased from the independent equipment, positive or negative ex-
amination syndrome, or the contaminant's existence in a sample interest.
This information resides in a double problem for developers and
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researchers. On the one hand, any application of biosensors relies upon
the viability of the biomarkers or analytes detected to yield specific
syndrome. The comprehensive list of biomarkers correlating with mul-
tiple cancers and dangerous diseases that can proposes the potential
advantage of robust biosensor technology, but it exhibits significant
challenges. In many situations, the analytes of interest are presenting in a
complex medium at low concentration. Therefore, one of the challenges
are the identification of multiple analytes required for accurate diagnosis
rendered the genetic or host response differences.

The second challenge is that endures in the instrumentation, and the
center is on affording relatively low-cost, robust multiple analyte detec-
tion biosensor platforms. The existed work has been operating on visible
range wavelength for the only S improvement of the prism-based SPR
sensor with few applications by employing MATLAB tool. Hence, the
third challenge is that the new authors need to develop the novel struc-
tures, enhancing all performance parameters, such as S, D.A., Q.F., and
FOM for different applications. Moreover, researchers need to establish
the prism-based SPR for more significant sensing parameters at near-
Infrared and non-visible ranges by numerical methods.

Furthermore, the fourth challenge is that researchers necessitate
developing more applications by SPR sensors for society's benefit because
nowadays, diseases have been increasing a lot. Also, enhancing the
performances of fiber-based SPR and waveguide-based SPR at the high-
frequency range for different applications can be considered as the fifth
challenge. One more significant challenge for new researchers in the
biosensor field is the lack of experimental work development. In addi-
tion, the SPR based sensors beget vast open research in several areas.
Biosensors, nano-sensors, and photonic crystal-assisted sensors are pri-
marily bound to come across more advances in the expectations. The
other challenge is the fabrication of non-specific interactions with un-
wanted molecules amid the sensor's surface and the RI background mu-
tations. Those variations can be due to fluctuations in temperature,
moisture, and composition. The consumer demands the above mentioned
parameters to drive as the future scope of the SPR based biosensors.
Therefore, the sensor must be presented to more consumers graciously.
The challenges helped to the new researchers for developing the bio-
sensors in this field.

6. Conclusion

The comprehensive review of SPR based biosensors, such as prism-
based SPR, fiber-based SPR, waveguide-based SPR sensors and their
applications, have been presented in this paper. The Au-BP structure of
prism-based SPR sensors demonstrated improved S, and the Ag-Si-BP
design furnished the enhanced parameters in terms of D.A., Q.F., and
FOM. Therefore, BP is highly recommended as a dielectric material in
order to improve the performance of prism-based SPR sensors due to the
unique properties, such as high absorption energy and efficient bio-
molecule bonding. It was found in the literature that PTOF-based FO-
SPR sensors using FDTD software demonstrated substantial enhancement
of S and FOM. Also, the existing work based on the FO-SPR sensors has
been studied by considering COMSOL software with different types of
structures. Furthermore, the bi-metallic Au, Al waveguide structures
were shown high D.A and S. In order to increase sensitivity, a D-shaped
FO-SPR based waveguide structure has been used in the literature. In
addition, the chronologically cumulative and systematic evolution of the
recorded SPR based sensors over the past few years are explained in
detail. This paper can be definitely motivated the researchers for future
research and development in the field of SPR based sensors.
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