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Abstract—In this work, we proposed and performed the
numerical analysis of novel surface plasmon resonance (SPR)
biosensor architecture (Prism-BAK 1/Ag/WS,/NiBFYSM) based
on angular interrogation ai a wavelength of 633 nm. At minimum
reflectance (Ko;,) value, the remarkable sensitivity and figure
of merit (FoM) of 198.15/RIU and 64.7WRIU are attained
al a refractive index (RI) ramge of 1.33-1.41 for the sens-
ing medium (SM). Additionally, the performance parameters
of the SPR biosensor are meticulously measured in relation
to FoM, sensitivity, limit of detection (LoD}, and detection
accuracy (DA) concerning the concentration of complementary
target DNA hybridization in the SM. The maximum sensitivity
is achieved with DNA hybridization. Notably, the probe and
mismatch DNA hybridization demonstrate the maximum sen-
sitivities of 379.69°/RIU and 383.01%RIU, respectively. Thus,
this struciure-based SPR biosensor can distinguish beiween
single nucleotide polymorphism (SNF) and DNA hybridization.
In the realm of biomedicine, this adaptable biosensor holds great
potentiial for the deiection of life-threatening diseases through
DNA hybridization.

Index Terms— Biosensor, black phosphorus, DNA hybridiza-
tion, sensitivity, surface plasmon resonance (SPR).

[. INTRODUCTION

HE field of advanced detection technologies has shown

considerable interest in surface plasmon resonance (SPR)
sensor optical bioinstrumentation due (o ils promising appli-
calfons across various domains. These applications encompass
medical diagnostics, environmental monitoring, as well as
the detection of biomolecules and substances [1]. [2]. [3].
Specifically, in the binding processes involving proleins and
DNA-DNA hybridization, this technology has proven its value
by monitoring a large range of biochemical interactions [4],
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[51. [6], [T]. SPR lechnology investigales binding interactions
between a biomolecule and an analyle in a label-free tech-
nique by acting as an oplical display [8], [9], [10]. Surface
plasmons (SPs) are generated along the inlerface belween
metal-dielectric due lo charge density oscillation [11], [12],
[13]. SPs represent a strong technique for detecting changes
in a sample’s refractive index (RI) dug to binding inter-
actons, Their utility in biosensing applications stems from
their propagation dependence on the effective RI (ERI) of
the sensing medium (SM) adjacent to the melal layer. When
the incident light meets cerfain criteria, particularly when
direcled by a pronounced reflectance dip, SP waves (SPWs)
are excited [14]. Because the complex RI in the metal coal-
ing interface, the nearby sensing dieleciric layer, and their
geometric configurations all affect the SPWs oplical excila-
tion, these factors can significantly aller both the propagalion
constant and this reflectance dip. For generation of the SPs,
melals, such as gold (Au), copper (Cu), and silver (Ag), are
frequently employed [15], [16]. Au and Ag are particularly
effective for creating robusi plasmonics. Nevertheless, these
melals, especially Ag, are prone to oxidalion. To counteract
metal oxidation and improve performance, a 2-D malerial
layer is employed [17], [18], [19], [20]. High reliability and
specificity characterize SPR-based oplical biosensors, making
them widely utilized in biological and biochemical detec-
tion [14]. [21]. [22], [23]. In recent limes, there has been
a growing interest in ulilizing this biosensor archileclure
for medical diagnostic applications. Biochemical processes,
such as (he bond between adenine (A) and thymine (T)
or between guanine (G) and cylosine, are included in ils
hybrid archilectures, effectively merging medical diagnosis
with oplical interactions. The two operaling modes of the
altenuvated total reflection method-based SPR biosensor are
wavelength inguisition, in which the wavelength of the inci-
dent Hght signal is varied while the incident angle is fixed,
and angular inguisition, in which the incident angle is fixed
while the wavelength is varied. Incorporating both MoS;
and graphene into the enhancement layer of a single sensor
design leads to a significant improvement in the performance
of SPR sensors [24], [25], [26]. Protein-DNA interactions,
food safely monitoring, biological sensing, beam polarization
selection, and other sensing applications are just a few of
the many uses for these SPR sensors [27], [28], [29]. [30].
They are also used in inleractions between proteins, enzymes,
substrates, and inhibitors, along with DNA-DNA hybridization
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Fig. 1. Expenmental setup for the proposed DINA hybrdization.

and early cancer cell detection. Being 2-D malerials with
monoatomic thickness, both MoS; and graphene have several
beneficial properties, such as high carrier mobility, high opti-
cal transparency, and tunability in addition to particular low
reluctance. It has been established through both theoretical
and experimental methods that these materials can be used (o
excite SPs.

In this work, an oplimized BAKI1/Ag/WS/Ni/BP-based
SPR biosensor structure is ulilized for DNA-DNA hybridiza-
tion. Because of the electric field that surrounds WS, Ni, and
BP, these materials are highly responsive 1o charged analytes,
such as ions, DNA, and body cells, which makes them perfect
for building high-performance biosensors. This is explained
by the theoretical finding thal charge can be (ransferred via
DMNA bio-foci to BP surfaces when DNA adsorbs onto BE. The
van der Waals bonding (7 stacking) thal forms between DNA
bases and carbon atoms causes an abrupt shifl in the RI close lo
the BP-sensing layer interface. The effects of increasing thick-
ness of Ni layer are investigated, and it is found that at 22 nm
thickness of Ni layer. the biosensor's performance parameters,
such as sensilivity, imil of detection (LoD), and figure of meril
{FoM), are improved. Reflectance curves are plotted for an
increasing number of layers, and a comparison of biosensor's
sensitivity and FoM is conducted with respecl lo slep-by-
step layers {conventional layer) and a previous study. Notably,
the proposed biosensor with enhanced Ni layers demonstrales
remarkable sensitivily along with improved FoM and LoD.

1. PROPOSED BIOSENSOR STRUCTURE

Fig. | shows the six-layered proposed SPR biosensor. The
initiation of SPs requires p-polarized incident light, necessi-
tating the modification of the entrance path with a polarizer.
The selected wavelength for the proposed biosensor is 633 nm
as it exhibits minimal Kerr effect at this wavelength, leading
its excellent overall performance. Based on the existing liter-
ature, the developed biosensor uses an angular interrogation
technique and a Fresnel equation approach based on the
Krmeischmann arrangement.

A. Rl of Constitute Layer

Here, BAK | prism is used as a coupling device and having
RI (ny) 1.5704. The selection of the Rl-based prism is delib-
erate as it shows smaller coupling losses and also suitable for
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biosensing applications. An SPR active silver metal layer is
used on the BAK | prism Lo generate SPs. Moreover, it shows
the enhanced sensing performance in relation lo sensitivily
and FoM. Ii= RI (n2) is estimated by the Drude—1orentz model,
given in (1). Additionally, the RI {n4) of Ni layer is calculated
by the same [31] as

A,
Am = ftm = [l — ———— (h
rov J A +i*A)
where A, = 14541 x 1077 m and 25381 x 1077 m

and 4, = 17614 x 10~ m and 2.84092 x 10— m are
the plasma and collision wavelengths of Ag and Ni layers,
respectively. To achieve better sensitivity, we have optimized
the thickness of Ag and Ni layer. Furthermore, to protect Ag
layer from oxidation, the next layer is used W5; and having RI
of 4.8937 + i#(.3124 [32]. To protect Ni layer from oxidation,
the next layer used is BP and having R1 of 3.5 + i+0.001 with
053 nm thickness [33]. For the detection of molecules,
we employed an SM with an R1 variation ranging from 1.33 lo
1.41 [34]. In this case, the SM is utilized to carry the target
DNA with a specific concentration. The addition of both bare
and probe DNA (pDNA) lo the delecting layer induces a
change in the layer's R1. After absorbing DNA molecules, the
detecting layer's ERI is accurately represented as follows [4],
151, [35], [36]:

al —pt

L o—n +cnx I: )
where n!,. is the detecting layer’s FRI following the absorp-
tion of DNA solutions and n’,, is the detecting layers ERI
prior 1o the absorplion of DNA solulions.

The absorbed DNA concentration is denoted by g, and the
RI progress caused by the DMA molecules is represented by
ﬁ",.fm.. When using water, the ERI development parameler
{5”,{&(_.]: has a value of 0.18 + 0.03 cm’/egm. The changes
in the detecting layers concentration (density) due to DNA
immobilization detect the changes in SM of local RI (n,),
which is related by (2) [5], [37].

B. Mathematical Modeling

In this work, the intensity of reflected p-polarized incident
light is computed through N-layer modeling. The transfer
matrix method (TMM) is used o find the reflection coef-
ficients because il is a precise lechnigue that does not call
for approximations. In the current investigation, there are
many layers (n.) layered stack along the z-axis. Notably,
the proposed biosensor’s thickness layers 4. permeabilily u,,
dielectric constanl e, and RIs of n, are measured along the
z-axis. The following is the relationship between the tangen-
tial component of the electric and magnetic lields between
the first boundary, Z = #; = 0, and the last boundary,
£ = Fy_y [38], [39]. [40], [41]:

U|j| [UH-1
[1"1 V-

The variables [L7 V] and [Uy_y Vy_q] consider the electric
and magnetic fields at the first and last layer boundaries, and
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M is the characteristics matrix, which has the following (3):

N1
_ _ | mu ma2
M_HM*_[JHH mﬂj| @
-~ cos e —isin B /g
— [—qu sinfi,  cosfy ] ®)
/ﬁ ,H."Ei —n?ﬁinzﬂﬁ
g = | —Ccosth = ——— (6)

Y e Ep

n 2md, g
Be= T costhlze — 1) = 1 *u'ﬂk — nisin’ 6y (7)

where g, represents the phase thickness and g, represents as
RI for the kth layer. The symbols of incident light wavelength
and angle are represented by A and &, respectively.

The reflection coefficient (rp) is given as follows:

o (m11 + miaga)gy — (m21 + magn)
P (min + mugn)gi + (mar +magn)

where (6) is used o measure g1 gg] for the relative compo-
nents of the first and nth layer. respectively. Equation (%) is
used (o measure the refleclance curve R for the N-layer model

(2)

(8)

R = |rp|".

C. Performance Parameters

This section describes the mathematical formulas used to
evaluate the sensor's performance parameters. The sensitivily
is defined as the ratio between difference of the two reso-
nance angle (ie., Afp. = & — 6;) to the change in SM
{i.e., An, = n,2 — ng, where ny = 1.33, i,z = 1.41, and
An, = 0.08). The full-width at half-maximum (FWHM) is a
measure of difference between the 50% of the reflection inten-
sity (i.e., Rmn = 0.5). Delection accuracy (DA) is inversely
proportional o the FWHM, and LoD is reciprocal of the
sensilivity and mulliplication of the error angle {(0.001°). All
performance parameters are the following formula [38], [39],
[40], [411, [42]:

Abges.
S = g C/RIU) (10)
|' {u}

DA = mflﬁ ) (L)
FoM = § x DA(1/RIU) (12)
LoD = 2™« 0.001°(RI). (13)

A

III. RESULTS AND ANALYSIS
A. Conventional SPR Biosensor Analysis Approach

Initially, we have discussed the effect of the optimized
thickness of Ag layer on various sensor structures (Ag/SM,
AgfW52/5M, and Ag/WS2/Ni/SM) having basic Kretschmann
confizuration. Ag melal layer is chosen as plasmonics. The
crucial performance parameters, such as sensibivily and Ry,
have been evaluated and graphically represented in Fig. 2.
Fig. 2{a) shows the sensitivily variation al oplimized thick-
ness of Ag layver. For sensitivily measurement, the change
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Fig. 2. Conventional SPR sensor with step-by-step layer. (a) Sensitivity.
(b} Rein 8t my; = 1.33. () Rpip at n; = 1.41. (d) Reflectance curve at Bpig
value at n; = 1.33.

in SM (An,) of 0.08 is considered for conventional sensor.
The measured sensitivity for three different sensors (Ag/SM,
Ag/WS,/5M, and Ag/WS52/MNi/SM) varies from 55.82°/RIU Lo
12.76%RIU, 104.25%/RIU to 122.24%/RIU, and 139.52°/RIU
to 196.75°/RIU. Notably, the addition of the WS; and Ni
layers results in an increase in sensitivity, as depicted in
Fig. 2(a). After the oplimization of Ag layer thickness, the
sensitivities of 111.86%/RIU, 120.08°/RIU, and 185.18%/RIU
are obtained at 51, 48, and 46 nm of Ag thickness al Rpg
valug. The variation in minimum reflectance ( Ry is plotied
at 1.33 and 1.41 RlIs of M, as depicted in Fig. 2(b) and (c).
The Ry value initially decreases at a specific thickness
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TABLE 1
MEAsURED PEREORMANCYE PARAMETERS AT Bmin WiTH CONVENTIONAL SENSOR
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Fig. 3. Change in sensitivity and Amm value vernsus Ag optimized thickness. (a) Sensitivity. (b) Kmin at m; = 1.33. (c) KBmin 2t n; = 1.41. {d) Vanations in

refiectance curve versus incident angle at Kmin value.

and subsequently rises for both SM. Afler adding WS, and
Ni layers (o the conventional biosensor, it is observed that the
Fmin value shifls lower thickness of Ag layer. The reflectance
curve of conventional biosensor with and without WS- and
Ni layers is displayed in Fig. 2(d). The changes in resonance
angle {Af..) of conventional biosensor are §.94°, 9607, and
14.81°, respectively, at 51, 48, and 46 nm of Ag thickness. It is
noted that the resonance angle is more shifted, then adding the
WS, and Ni layer in the conventional biosensor. Additionally,
after adding the WSz and Ni layer, the reflectance curve
widened. The other performance parameters are calculated and
displayed in Table L

B. Proposed Biosensor Analysis Approach

We have numerically investigated the behavior of the
proposed sensor struciure (BAK 1/Ag/WSy/Ni/BP/SM) using
TMM at 633-nm wavelength afier adding the BP layer
Fig. 3{a)—(c) shows the variation in sensitivity and Rq, value
al the optimized (hickness of Ag and Ni layers for both
monolayers of WS; and BP.

In Fig. 3(a), it can be observed that the sensilivily increases
with the thickness of the Ag and Ni layers. The sensitivily

Authorized licensed use fimited to: ABES Engineering College. Downloaded on April 30,2024 at 04:43:33 U

variation is from 110.10°%/RIU o 134.79%RIU, 11937%/RIU
to 153.61°/RIU, 131.26%RIU, I81.67°/RIU, and 147 48°/RIU
to 217.89%RIU at 1, 3, 5, and 7 nm thicknesses of Ni
layer, respectively. Additionally, al Rpyn. the sensitivities of
131.21=/RIU, 148 21=/RIU,172.75°/RIU, and 198.15%/RIU are
achieved with Ag thicknesses of 47, 47, 47, and 40 nm,
respectively, and Ni thicknesses of 1, 3. 5, and 7 nm and also
calculated and displayed the other performance parameters,
shown in Table Il In this case, the Rp, value is plotted,
as shown in Fig. 3(b) and (c). It is noied that the Ry
value is first decrease at particular thickness and then increase
for both SMs. For the SM n, 1.33, the Rupyp value is
obtained al Ag layer thicknesses ranging from 45 to 48 nm,
as depicted in Fig. 3(b), and for the SM of RI 1.41, the Ry
value is observed at Ag layer thicknesses ranging from 35 lo
48 nm, as shown in Fig. 3(b). Fig. 3(d) shows the reflectance
curve, considering Rpg, value at 1, 3, 5, and 7 nm of Ni
thicknesses. Maintaining the same thickness. the changes in
resonance angle are 10.49°, 11.85°, 13.82°, and 15.85° with
47, 4747, and 40 nm of Ag thicknesses. Notably, the change
in resonance angle is observed to increase with an increase in
Ni thickness. Additionally, afler increasing the Ni thickness
layer, the reflectance curve widens, as shown in Fig. 3(d).
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Fig. 4 DNA hybridization events are as follows. {a) Complementary
(C) DNA hybndization between pDMNA and CT-DNA. (b} Mismatch DNA
hybridization between each nucleotide, which is composed of sugar-phosphate
and base (adenine, thymine, guanine, and cytosine).

C. DNA Hybridization Detection Analysis Approach

Two polynucleotide strands in DMNA are joined lo one
another by hydrogen bonds, which result from the structure
of the double strand helix. Adenine. thymine, cylosine, and
guanine are the four distinct repeating nucleotides that make
up this molecule. Each nucleotides base in the DNA sirand
is cross-connected to the base of the nucleotide in the second
strand, creating the ladder structure. Adenine can bond exclu-
sively thymine, cylosine can only pair with guanine, and vice
versa [43].

These combinalions of nucleotide bases form hydrogen
bonds that bind DNA strands together. DNA with two single
strands will hybridize if their bases are complementary to one
another. The detection approach and mathematical equation is
given in [1], [34], and [37]. Fig. 4 illustrates the hybridization
processes of complementary and mismatched DNA. The probe
single strands of DNA (ssDNA) are immobilized on the anti-
monene surface of the sensor to facilitate DNA hybridization.
The complementary target DNA, or CT-DNA, is present in a
separale solution and flows over the sensor surface.

P-ssDMNA hybridizes with homologous CT-ssDNA, while
nonhomologous ssDNA does not bind to either one [36].
Complementary DNA hybridization is the process of attaching
two ssDNA thal are complementary to one another, creating
double stranded DNA (dsDMA). First, we examined the SPR
curves characteristic as a bare sensor or without the addi-
tion of DNA molecules. The SPR angle shifi and Ry are
necessary for the nucleotide bonding that occurs during
dsDMNA hybridization resulting from a shift in the RI of varying
CT-DMNA concentrations.
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Fig. 5. Sensitivity and Ko, versus optimized Ni thickness [structure:
BAK1 posm-Ag (40 nmp-W3; (08} nm}-Ni (znm)-BP (053 nm)-5M].
(a) Sensmrvity at DNA hybrdization concentraton. (b)) R, at DNA
hybridization concentration. {c) Reflectance corve al wanous concentration
of DNA hybridization.

In the detection of DNA hybridization, we have analyzed
the variation in thickness of Ni layer of the proposed stnac-
ture [BAK I/Ag{40 nmy'WS2/NiI/BF/DNA hybridization]. The
reference bare DNA hybridization is considered when com-
puting all the simulation results. The effect of the optimized
Ni layer thickness on the sensor’s performance parameters,
including sensitivity and Ry, value, is evaluated and shown in
Fig. 5(a) and (b). The maximum sensitivity, reaching
379.69°/RIU and 383.01%/RIU, is obtained for p-DNA and
mismalch DNA hybridization. Fig. 5(c) shows the reflectance
curve for all DNA hybridization on the BP surface. There
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MEASURED PERFORMARNCE PARAMETERS AT Emin WiTH DNA-HYBRIDIZATION CONCENTRATION
[SmucTore: BAKT Prism-AG (40 nm)—WE2(0.8 Nm)-Ni {=nm)-BP (0.53 nm}-5M]

DNA-Hybridization with Wi-Thick ] Raia FWHM | Da Fold LoD
congeniration and BRI values (i) {“FRIL [ERTH] {* (1 [YRIL (RIL}
Bare-1000nM (RI-1.334) 16 Ref. 63x10rt 4,29 1.231 Ref. Ref.
Probe- 1 0n M (BI-1.344) 16 22941 4 410 4.81 0.207 4748 435 10"
Mismatch- 1000nM (RI-1.3440) T 230 A2 10t 485 0.206 47.51 4.40: 10k
CT- 1000 (R1-1.3683) 12 21014 3=yt 536 .1 86 39008 163107
CT-1001nM (RI=1.37) 12 211.08 | 514t 549 182 3R41 L Tl=10rT
CT-1010nb (RI-1.372) 1} 21535 3.3=104 565 0176 379 I T 10T
CT-1025nM RI-1.3728) 12 217.19 Tl 5.7 0175 38 LTE= 10’
CT-1050nM (RI-1.3734) 12 21952 =10 3,79 0.172 37.8 1LEE=107
CT-1075nM (RI-1.3740) 12 222,34 3.3x107 5,88 17 3770 | #3107
CT-1100nM (RI-1.3761 12 125,28 SR04 597 0.1&7 3762 | B 0T
TAELE IV
MEasuRED PERFORMANCE PARAMETERS BELOW AT 0.3 (AU} Bpip WiTn DNA-HyBRIDIZATION CONCENTRATION
[FrrucTurr: BAKT Prism-Ac (40 sm)—WS5 (0.8 wsd-N1 (7 ns)-BP (0,53 nm)-5M |
DN A-Hybridization with Mi-Thick 8 R FWHM DA FoM LeD
concentration and Kl valucs {nm} (=/RIL) {muw) *) [} {/RILY} {RIL
Bare-1000nM (RI-1,334) £l Ref, 0.044 2407 . 197 Ref, Ref,
Probe-1000mM (RI-1 344} 21 37464 0.172 545 0183 {443 2.63% 10
Mismatch-1000n (RI-1.54461 2l 383.01 0.191 539 0,185 T0.53 26010
CT-1000mM (RI-1.3683) 15 285,10 0, 105 6.04 (165 47.04 3= 0%
CT-1001nM (RI-1.37) 13 2H8 0K 0.133 579 0172 49.54 34T 108
CT-1010nM {RI-1.372) 15 U] TE 1. 2600 501 0,194 5806 343 10%
CT-1023nM (RI-1,3728) 14 268,67 0,083 603 0,163 43.7% 3.72=10*
CT-1080nM (RI-1.37349) 14 27303 0115 f.01 i1, 14+ts 45.32 b6 10
CT-1075aM (RI-1.3749) 14 276,49 0.152 5.8l 0172 47.55 a2 10*
CT-11000M {RI-1.376) i4 279.01 11,20 544 0,183 51.03 3.58% 1075
is no vast change in the resonance angle on the addition of i
noncomplementary larget DNA Lo immobilized pDNA on the g2
BP surface of the biosensor. =
The resonance curve is plotted as corresponding Table 111 El-“‘ Hli
It is observed that as the DNA concentration increases, the 2 E H
. e : . : = 1 & !
Ir-f]M.dEcrcam«__ hu depicted in Table I.I?,_U':e acquired data : g i i s
highlight the significance of Ry, sensitivity, and resonance iy = N 8 033 FD1T R
- - - i H " ¥
angle as important factors in the detection of DNA-DNA T b=l g
hybridization. The hybridization of CT-DNAs with P-DNAs 2/
modifies these parameters, and the resultant change in res- B e E —.
onance angle and Ry determines the outcome. Table IV i Biet. from prtsm to S8 (nm) 5
displays the sensitivity and other performance parameter val- s m ato=13%
wes for the different concentrated CT-DMNAs. An increased {c) 300 plot Yim

concentralion strongly depends on the resonance angle,
according to the numerical data. When the CT-DNA molecules
reacl with the BP surfaces, they create an n-doping effect,
which causes the resonance angle shift. The sensitivity to the
tarzet DNA molecules hybridization is evident in the data in
Table IV, illustrating how sensitivity and Ry, vary in response
to different concentrated CT-DNA additions.

D. Electric Field Intensity and SPPs Mode Analysis
Approach

Additionally, the field normalize al various layer interfaces
of the proposed biosensor is examined ulilizing the COM-
SOL Multiphysics simulation software. Initially, the transverse
component of the normalized electric field is displayed along
the distance from the BAK| prism o the SM, as depicted
in Fig. 6(a). The penetration depth (PD) is assessed that can

'

BAKE prism

Fg 6. (a) Elecinc ficld normalized at iy = 133 and 141, (b} 2-D, and
(e 3-D plot of SPP mode.

be determined as the distance from the peak value to 37% of
field intensity. At the BP—SM interface, the normalized electric
field amplitade reaches its maximum and then exponentially
decreases into the SM. Consequently, the proposed biosensor's
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TABLE ¥

MEASURED PERFORMARNCE PARAMETERS AT Emin WiTH DNA-HYBRIDIZATION CONCENTRATION
[SrrucTur:: BAKD Prism-A G (40 nm)-W52(0.8 nmI-Ni (sm)-BP(D.53 nm)-SM]

PR ol Mi-Thick (nm)

Max. Electric fichd

P at 37% field intensity | PDvar 10% field intensity

vonsentration and B values Intensity (V/m) {11} {m}
1.33 T 26E162 163,86 JR7.42
L4l T 275489 14248 346,93
Bare-1000nk (RI-1.334) 16 293745 130,16 J16.6y
Probe- 000K (RI-1.344) 16 293634 134.14 3192
CT-1000nk gBI-1.3683) 12 JHS4ES 139,22 32305
CT-100EnM {RI-1.37} 12 2R6225 138,89 322.77
CT-10010mM (RI-1,372) 12 286254 138,533 32098
CT-1025nM (RI-1.3728) 12 280274 138.53 32173
CT-1050nM (B1-1.3739) 12 286221 138.24 3213
CT=1073nM {(RI-1.3749) 12 2R606) 137.03 32091
CT-1100nM (RI-1.376) 12 IB5R05 137.687 320.55
TABLE VI numerically investigated using TMM and Fresnel equation.
Compearison Berwiss e Prorosep Sensor anp Existivg Sevsors The remarkable sensilivity and FoM of 198.15%/RIU and
T il I~ 1 64.79RIU are archived at By, value with RTof SM 1.33-1.41.
Author and ref. | Wavelength S{"RIL) Year The effects of adding Ni layer are examined with a focus
Fal vt 4l [37] T S T on sensitivity, DA, FoM, and LOD. The maximum sensitivi-
Singh et al. [1] £33 20237 2020 ties of 379.69°/RIU, 383.01°%/RIU, 285 10°/RIU, 285.08°/KIU,
El-assar et al. [35] £33 208 2023 2001 .78%RIU, 268.67°/RIU, 273.03*/RIU, 276.49%/RIU, and
P 613 i;‘iﬁ? 11:; ﬁﬂﬁm 2034 E?Q.DI‘UR!U ane obl,ainc:? wilI! var_icrus DNA  hybridization
concentralions. The corresponding FoM and LOD values are

sensitivity is delermined by the magnitude of the electric
field at the BP-SM interface. Enhancing the electric field
intensity at this interface is accountable for the increased
sensitivity of the proposed biosensor. Moreover, to enhance
the electric field, WS5; and BP layers keep the Ag layer away
from oxidation [44]. The maximum electric field intensily of
268 x 10° and 275 = 10° V/m is achieved for the SM’s
Rls of 1.33 and 1.41. Furthermore, the PD comesponding (o
field decay at 105 and 37% field intensity is depicted in
Table V. The plots of 1-D, 2-D, and 3-D for the proposed
biosensor are displayed in Fig. 6(a)-{c), showing the electric
field normalized and variation of the v-component of SPPs
along the layer's interface.

The RI shifi is the resull of the interaction between the
SPPs mode and the SM. The SPP mode essentially consists of
SPW propagating through the proposed sensor’s interface con-
stituent layers. Light interaction with the Ag-WS2/Ni/BF/SM
surface excites the SPP mode, which is distinguished by its
resonance angle and field intensity. The SPP mode is highly
sensitive to the RI of the BP-SM. and this sensitivily is
exploited for DNA-hybridization detection and other applica-
tions.

Finally, a comparison has been conducted between the
sensilivity of the proposed biosensor and an existing DNA
hybridization-based biosensor, as shown in Table VI. The
resulls indicate thal the maximum sensilivity is achieved by
the proposed biosensor.

V. CONCLUSION

This ariicle proposes an SPR  biosensor, employing
AgWSo/NI/BP layers. The proposed biosensor has been

calculated and presented in Tables 11 and 1IT in the resulls
section. This work explores the effect of increasing Ni thick-
ness on performance paramelers, discussing the enhanced
biosensor performance. NMumerical investigations reveal thal
the sensitivity for mismaiched DNA hybridization is max-
imum, providing robust delection across various CT-DNA
strands.
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