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Abstract

Highly sensitive photonic crystal fiber (PCF) sensors based on the spectacle of surface plasmonic resonance (SPR) are ana-
lyzed numerically and demonstrated. The finite element method (FEM) technique is used to examine detection performance.
This study, an SPR-based PCF structure, has been proposed which achieved a maximum amplitude sensitivity of 573.83
RIU~! and wavelength sensitivity of 6000 nm/RIU at refractive index (RI) of 1.39. Plasmonic materials such as gold (Au)
and titanium dioxide (TiO,) have been implied inside the open channels of the PCF as a thin layer. The study explores dif-
ferent types of effects of detecting variation of gold thickness. The work also uses the simple appearance of air holes and
pitch variation to achieve the best level detection performance. Moreover, a simplified geometry of SPR-based PCF has been
proposed to trim the complexity of the manufacturing process. With an improved sensitivity performance, the benefit of the
sensor will also make promising progress towards the detection of unknown biological analyte.
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Introduction and unlabelled monitoring potentiality [1, 2]. Wide range of
applications of SPR sensor has already been experienced in

SPR is a technique that is characterized as the excitation of  real life, including bio-detection, environmental monitoring,

free electron density oscillations within the metallic dielectric
interface. SPR sensors are used extensively because of their
high sensitivity, real-time biochemical detection capabilities,
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food safety, medical diagnostics, temperature sensing, strain
sensing, detection of gases, and water testing [3—6]. Typi-
cally, a prism is used to excite surface plasmon. However,
detection technology based on traditional prism has some
drawback as enormous in area and cost in price [7]. In addi-
tion, prism-based SPR detection technology is not suitable
for miniaturization and bio-sensing applications [8]. Such
disadvantages can be overcome by using a lens as a prism
substitute.
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In 1993, Jorgenson and Yee [9] highlighted a first opti-
cal fiber technology-based SPR sensor. The invention of the
PCF opened a new window by removing the limitations of
conventional optical fiber. PCFs are also known as micro-
structured fiber optics which have attracted the attention
of researchers for its diversity of real-world applications.
In comparison to conventional fiber optics, PCF embraces
more flexible design structures. It also exhibits high sen-
sitivity, lower electromagnetic interference, configurable
birefringence, single mode propagation, and high confine-
ment loss [10]. In 2006, the first SPR sensor based on PCFs
was developed by Hassani and Skorobogatiy [11]. There are
many PCF structures that were introduced with gold (Au)
and silver (Ag) as plasmonic metal due to their stability and
resonance change [12]. However, it has also been reported
that plasmonic materials titanium dioxide (TiO,) layer out-
side the gold (Au) or silver (Ag) film can enhance the per-
formance of SPR sensor significantly [13].

There are two kinds of PCF sensor detection approaches
based on SPR which are internally and externally detected.
In the internal detection method, the detection channels are
formed inside the PCF by filling the air outlets with analyte.
On the contrary, in the external sensing mechanism, ana-
lyte directly contracts the outer layer of the fiber. There has
been extensive research on different structural parameters of
SPR-based sensor PCF. The research [14] shows a double
SPR-PCF core coated with gold and air holes are located
hexagonaly. This study found the highest amplitude sensitiv-
ity (AS) of 1770 RIU™! and wavelength sensitivity (WS) of
10,700 nm/RIU within refractive index (RI) between 1.39
and 1.40. According to [15], the authors used plasmonic
material, for example, gold, where the hightest wavelength
sensitivity of 21,200 nm/RIU and resolution of 4.72 X 107
RIU~!. This work could be performed in biochemical sens-
ing applications.

In addition, the work [16] proposed an SPR-based
PCF employing gold (Au) that was analyzed and studied
numerically. The authors observed a maximum WS of
10,000 nm/RIU and an AS of 1250 RIU™!. The sensor pro-
vides enhanced performance for various biochemical and
RI between 1.33 and 1.39. As well, in another paper [17], a
highly sensitive state of being calibrated based on SPR was
suggested. Two polarized modes have been used to find high
sensitivity where structural parameters are optimized. As
well, the sensor detected a WS of 6700 nm/RIU as well as
resolution of 10,000 nm/RIU. The self-calibrated sensor is
highly accurate and linear. The research [19] highlighted a
numerical analysis of a hollow ring-shaped SPR-PCF. The
sensor uses silver as the plasmonic material for external
sensing and more practical application. It also obtained a
WS of 21,000 nm/RIU and an AS of 2456 RIU™'. As well,
the wavelength resolution achieved 4.76 x 107% RIU and the
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amplitude resolution was 4.07 x 107® RIU within RI range
is between 1.33 and 1.42.

Moreover, in the work [20], a double-core PCF was pro-
posed with a hexagonal lattice frame. The numerical study
demonstrates that the structure reached a WS of 21,679 nm/
RIU and 22,983 nm/RIU for RI value of 1.33 and 1.43
reported correspondingly. Another work [21] proposed
a hexagonal geometric structure of SPR-based PCF sen-
sor with gold coating which obtains the top-notch WS of
3000 nm/RIU and the spectral resolution of 13,000 nm/RIU
within RI is from 1.33 to 1.37. Furthermore, the authors
[22] introduce a square mesh shape to increase the signifi-
cant performance of the SPR which has two active layers of
plasmonic materials gold is legible on the interior surface
of both channel. Here, the maximum WS of 6300 nm/RIU
is reported; the RI value is 1-1.43.

The proposed work is designed with an SPR-based PCF
with gold (Au) coating and titanium dioxide (TiO,) with
two open channels and follows the external sensing method.
The appropriate optimization and structural parameters, for
example, air hole diameters, ellipticity, layer thickness of
Au and TiO,, and the radius of open channels, have been
discussed in detail. The efficiency of the proposed sensor has
also been analyzed for the optimized structural parameters.
It is further noted that as required by the analyte, the open
channel radius can be adapted.

Structural Design and Theory

The proposed design aims to enable the optical signal to
escape from the core to the metallic dielectric layer. The
escaped signal creates a surface plasma wave (SPW) which
speeds up the oscillation of electrons in the metal. The inci-
dent light of the frequency is aligned to the oscillatory fre-
quency of the associated electrons. The maximum energy
is coupled to the free electrons, which is known as surface
plasmon polarizations (SPP). For certain wavelengths, the
central guided mode is SPP mode.

There are three air holes that are defined as large air holes
(d,), middle air holes (d,), and small air holes (d;). Gold
layer thickness is denoted by t,, titanium dioxide (TiO,)
thickness is presented by z,, elliptic air holes is symbolized
by e, and open channel radius is defined as r. The structure
of the PCF is simulated several times at different values
where other parameters are constant using this process to
optimize the value of the parameters. After optimization,
the values of the parameters are A=2.05 um, r=2.4 um,
d; =55 um, d, =42 ym, and d;=30 pm. The thicknesses
of gold (Au) and TiO2 are t, =40 nm and #,=40 nm, as a
consequence. The eccentricity between the two elliptic air
holes is e=0.44.
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The cross-section view of the proposed PCF is illustrated
in Fig. 1. The structure has three sections. The internal part
of the structure is silica, which is arranged with 16 circular air
holes and 2 elliptical. The remaining two layers of the grid are
the sheet metal and the analyte layer. Typically, gold, copper,
silver, and aluminum are practiced as plasmonic materials
in existing research. However, among plasmonics, gold (Au)
has a chemically stable behavior. As well, gold (Au) responds
with a higher resonant peak. Thus, in this work, the gold layer
(Au) is used to enclose the coating section of the sensor struc-
ture. A narrow coating of titanium dioxide (TiO,) is utilized in
the middle of the fiber. This TiO, layer improves the interplay
of analysts and plasmons. The outermost part of the structure
has a perfectly matched layer (PML) that is included to reduce
unwanted non-physical emission to the surface.

Fused silica (Si0O,) is practiced as a fundamental material
and RI (n) for silica is acquired in the Sellmeier dispersion
calculation below [23].

B\ B,
}\42 - C2

B;)\?

=1+
) 2 -G,

(0

7\2—C1

Fig. 1 Slice view of the proposed SPR-PCF probe

where n symbolizes pure silica of RI, which depends on dif-
ferent wavelengths A. Additionally, B, B,, B;, C,, C,, and
C; represent the values of Sellmeier constants. The constant
value is B;=0.69616300, B,=0.407942600, B,=0.89779400,
C,=0.00467914826 pm?, C,=0.0135120631 pum?, and C,
=97.9340025, pm? accordingly.

The permittivity of gold (Au) can be found from the fol-
lowing relation [24].

3 w%) Ae.Qi
u = oo o(o+jyp) (0?—QF)+ilLo @

Here, gold (Au) permittivity is presented by ¢4,, and the
high frequency of permittivity denotes £,=5.9673. And
w =2zxc/A indicates angular frequency, c is the velocity
of light in a vacuum, y,, denotes the frequency of damp-
ing (15.92 THz). Similarly, o), represents the frequency of
plasma (2113.6 THz). The Lorentz oscillators weighting fac-
tor Ae=1.09. The spectral width and oscillator strength of
the Lorentz oscillators are expressed by I';/27=104.86 THz
and £2,/2=650.07 THz, accordingly.

I:I Silica (Fused)

Analyte

Gold Layer
Titanium Dioxide

Air hole

PML Layer
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The RI of TiO, is calculated using the formula [25].

7
n = [5913 4 =1 x 10 (3)
2= 0.803 % 10

Here, n, denotes titanium dioxide RI and 4 represents
wavelength.

The proposed sensor was configured in the approach such
that the stack and pull method could be used to assemble
the fiber structure. The guiding cores could be created by
replacing capillaries with solid rods. However, depositing a
uniform Au and TiO, layer is a challenging task inside the
open channels of the PCF. In this case, high-pressure micro-
fluidic chemical deposition, wheel polishing, and atomic
layer deposition (ALD) techniques are suitable to cover the
surface with a decorative layer, the PCF with narrow gold
(Au) and titanium dioxide (TiO,) layers [26].

The COMSOL Multiphysics version 5.3a tool makes it
possible to study the propagation mode of the sensor using
the finite element method (FEM). Appropriate boundary
conditions are provided to confine backscatter with a PML,
which was taken 0.85 um thick following the convergence
test. The thickness of the layer to be analyzed is 0.45 um
when the simulation is performed. The results showed
that the mesh components deviated considerably from the
respective guided modes. A greater mesh size produces a
decreasing number of triangular components that consume
comparatively less time and can produce inappropriate out-
comes. According to the theory, a suitable mesh size is used
to obtain reliable results.

Result and Numerical Analysis
Coupling Properties

The basic mode of the x- and y-polarized distribution of
electric field is shown in Fig. 2a, b accordingly. It can also
be seen from the figures that the central mode is almost lim-
ited in the central area. Figure 2c presents the electric field
distribution in SPP mode. Furthermore, the plasmonic mode
is allocated between the metallic layers (Au, TiO,) and the

Fig. 2 Distribution of electric
field: a x-polarized core mode,
b y-polarized core mode, and
¢ y-polarized plasmonic mode
atA =0.74 pm, RI=1.39, and
other parameters remained

the same at A = 2.05 pm,
d;=55pum, d,=42 pm,
d;=20 pm, t,= 40 nm,

t,=40 nm, r=2.4 um, and
e=0.44 um
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analyte layer. Additionally, coupling improved the signal
simply propagated at the resonant wavelength between SPP
mode and core mode.

Figure 3 illustrates the resonance condition for loss spec-
trum, SPP mode, and core mode according to wavelength.
The figure clearly shows that the actual portion of the RI for
core mode and SPP mode is identical to the wavelength of
0.74 pm. At this stage, the wavelength is referred to as the
resonating wavelength. At the same point, confinement loss
reaches its peak. More confinement loss leads to a more
evanescent field within the coating area, which enhances
sensitivity.

Confinement loss can be defined as [27].

155 = 8.686kyIm(n ;) X 10%(dB/cm)

Here, Im(n,z) indicates RI imaginary part and wave num-
ber is represented by k, = 27 /4, whereas A symbolizes the
input light wavelength. A high-sensitivity PCF sensor should
be able to detect very little variation of RI. A small variation
in the R is easily detectable. /m(n,;) may be affected by the
RI analyte (n,). It is displayed in Fig. 4a, which contains the
analyte (n,) between 1.33 and 1.40. From Fig. 4a, it is found
a minimum confinement loss (CL) of 47.08 (dB/cm) at A=
0.61 pm and n,=1.33. Besides, the maximum loss occurs at
A=0.80 um and the value is 377.21 (dB/cm) for n,=1.40.

Wavelength and Amplitude Sensitivities

Sensitivity is the key indicator for estimating sensor perfor-
mance. In order to measure the values of wavelength sen-
sitivity, generally, the wavelength interrogation approach is
used. The wavelength interrogation equation is defined as
[28].

S, = Akpeak/Ana (nm/RIU)

Here, Al indicates displacement of resonant wave-
length. The symbol An, indicates changes of RI. However,
the wavelength sensitivity is expensive and difficult to
implement since the technique of interrogating the wave-
lengths is associated with the spectral manipulation. On
the contrary, in the amplitude interrogation approach,
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spectral manipulation is not needed. Consequently, the
amplitude interrogation technique becomes cost-efficient
and simple. The amplitude sensitivity can be expressed as
per the following relationship [29].

oa(A,n,)/on

— a -1
L N (RIU™')

where a(4,n,) indicates the overall loss of propagation at
any wavelength and da(4, n,) signifies the loss differently.
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Figure 4b distinctly demonstrates that using the optimum
design parameter, the highest peak amplitude sensitivity is
found 573.83 RIU™! at a wavelength of 0.74 um for the value
of n,=1.39. Figure 4b illustrates the amplitude sensitivity
spectrum for the variation of n, between 1.33 and 1.39.
For further details, n, of 1.33, 1.34, 1.35, 1.36, 1.37,
1.38, and 1.39 have corresponding maximum amplitude
sensitivities 71.71, 93.57, 108.26, 131.99, 195.35, 311.04,
and 573.83 RIU™! correspondingly. Besides, a maximum
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Fig.4 Changes in a loss spectrum and b AS within analyte RI vary between 1.33 and 1.39. Another parameters are fixed at A=2.05 pm,
=55 pm, d,=42 pm, d3=20 pm, 7,=40 nm, r=2.4 um, and e=0.44 pm
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Table 1 Sensor performance

comparison of wavelength n, An,  Peakloss (dB/cm) 4, (nm) Al (nm) S, (am/RIU) R (RIU) S, (RIU™Y

sensitivity, sensor resolution, 133 001  47.08 610 10 1000 1x107 7171

xgnaglir;pgh:ﬁgevzi‘itvflz 134 001 6043 620 10 1000 X107 9357

133 10 1.40 135 001 7472 630 20 2000 5x107°  108.26
136 001 101.44 650 20 2000 5%x107°  131.99
137 001 12835 670 30 3000 333x107° 19535
138 001 166.99 700 40 4000 25%107  311.04
139 001 233.13 740 60 6000 1.6x1075  573.83
140 001 377.21 800 - - - -

resolution of 1.6 x 107 RIU is reached at the RI about
1.39. The scenario of WS, resolution, and AS has been

displayed in Table 1 for different analyte RI from 1.33 to
1.40.

Effect of Gold (t;) and TiO2 (t,) Thicknesses
on Sensor Performance

Figure 5 shows the effect on the detection performance for
the variation of the thickness of gold (Au). Here, gold (Au)
thickness values go from 35 to 45 nm with a range of 5 nm
for n, of 1.39 and 1.40. In Fig. 5, the CL decreases with a
thick gold film (Au) whereas CL rises with thinner gold
(Au). From Fig. 5a, the sensor is observed to have a maxi-
mum confinement loss of 475.43 dB/cm approximately for
t, of 35 nm with the RI analyte of (n,=1.40). The larger
the thickness of the gold film, the greater the reduction
in peak loss. The variation in AS is given in Fig. 5b, for

500 - ——n = 1.39, tg=35nm . ‘ ' .
. ———n = 1.40, tg=35nm k
g ===, =139, t =40nm i \
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© EimeZior=t eSS raravas
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Wavelength (zm)

()

Fig.5 Variation of a curves of CL with RI of n,=1.39 and 1.40
for different values of gold (Au) thickness (7,=35 nm, 40 nm,
and 45 nm) and b AS for tg=35 nm, 40 nm, and 45 nm at analyte
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different gold (Au) layer thicknesses. It is found that an AS
of approximately 611.68 RIU™!, 573.83 RIU™!, and 413.59
RIU~! for Iy value are 35 nm, 40 nm, and 45 nm respectively.
A thin TiO, layer after gold layer has been added. The analy-
sis of the TiO, film thickness () is presented in Fig. 6.

Figure 6a demonstrates that confinement loss as a wave-
length function with varying thicknesses of titanium dioxide
(t,=35 nm, 40 nm, and 45 nm). With #,=35 nm thickness
of the titanium dioxide coating (TiO,), the confinement loss
proved greater than the 40 nm thickness. Furthermore, a
thickness of 40 nm results in a loss exceeding a thickness of
45 nm. The thickness #,=35 nm indicates a maximum loss
of 151.4 dB/cm at a wavelength of 0.82 um. The thickness
t,=40 nm shows a confinement loss of 87.54 dB/cm with
wavelength of 0.81 um. The thickness #,=45 nm shows the
lowest peak that produces confinement loss of 56.48 dB/cm
with wavelength of 0.82 um. Figure 6b shows the highest AS
for n,=1.39 with #,=35 nm.
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RI of n,=1.39; other parameters remain the same at A=2.05 pm,
d;=55pum, d,=42 pm, d3=20 pm, r=2.4 um, and e=0.44 um
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Fig.6 Changes of a loss spectrum at analyte RI of n,=1.39 and 1.40 for different TiO, layer thicknesses of #,=35 nm, 40 nm, and 45 nm, and b
amplitude sensitivity curves for of #,=35 nm, 40 nm, and 45 nm at analyte RI of n,=1.39

Effect of Larger Air Hole Diameter (d,) on Sensor
Performance

The size of the air hole impacts the core mode’s refractive
index (RI), which also matches the SPP mode. It demon-
strates the effect of the change in the diameter (d,) of the
air holes near the central area on the confinement loss and
sensor’s amplitude sensitivity. Besides, it is observed from
Fig. 7a that the value of d; increases, and the confinement
loss is increased. The spectrum of confinement loss (CL)
and the scenario of amplitude sensitivity for d; of 45 um,
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Fig.7 Changes of a confinement loss (CL) spectrum for d; =45 pm,
50 pm, and 55 pm at RI of n,=1.39 and 1.40, and b AS values
dy=45 pm, 50 pm, and 55 pm at RI of n,=1.39; other parameters

50 pum, and 55 pm are shown in Fig. 7b. Also, it can be seen
that there are no significant changes for the change in d,.

Effect of Middle Air Hole Diameter (d,) on Sensor
Performance

The effects of variation in the diameter of average air holes
(d,) away from the central area were also analyzed. Figure 8a
shows that lower value of d, results in increased confinement
loss. In Fig. 8b, there is no significant effect to change the
values of d, in terms of sensitivity. However, it is seen that
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remained the same at A=2.05, d,=42 pm, d;=20 pm, r=2.4 um,
tg=40 nm, f,=40 nm, and ¢=0.44 ym

@ Springer



2082

Plasmonics (2022) 17:2075-2087

450 T T T T

—~ ———n = 1.39, d2=38um

é 400 | —-— n_=1.40,d,=38um 'l.

E 350 === 1.39,d,=40um 'I[‘

== e n_=1.40,d.=40um I3

-’ a 2

7 300 H — o n =139, d =42um !

& 140,042 i

- iy f

= 200 - L | 7
) # .

£ 150} § ¥ -
= ¢
= 100 “$ /¢=¢$ A\, i
= ¢

S st et .
@ et

_-—‘g‘/
0 L 1 1 1 1 1 1
0.6 0.65 0.7 0.75 0.8 0.85 0.9
Wavelength (p1m)

()

Fig.8 Variation of a confinement loss for d,=38 pm, 40 pm, and
42 pm with RI value between 1.39 and 1.40, and b AS values for
d,=38 pm, 40 pm, and 42 pm at RI of n,=1.39; another parame-

higher values of d, show slightly higher sensitivity. Hence,
d, =42 pm is optimized for the proposed structure.

Effect of Small Air Hole Diameter (d;) on Sensor
Performance

Figure 9 shows the effects of changing the smaller size (d5)
of the air holes. It is found that lower values of d; indicate
a lower loss of confinement and a comparatively higher
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ters are remaining constant at A=2.05 pm, d;=55 um, d;=20 pm,
r=2.4 um, t,=40 nm, 7,=40 nm, and ¢=0.44 pm

sensitivity. As a result, d; =20 um was selected as the opti-
mized value of the designed PCF structure.

Effect of Pitch (p) and Eccentricity (e) on Sensor
Performance

The effect of changing the pitch values is illustrated in Fig. 10.
It is noted that there is no significant change in height values
for loss of confinement and sensitivity. However, it seems
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Fig.9 Variation of a confinement loss for d; =20 pm, 25 pm, and 30 pm with RI between 1.39 and 1.40, and b AS values for d;=20 pm, 25 pm,
and 30 pm at n,=1.39; other parameters are fixed at A=2.05 pm, d; =55 ym, d,=42 pm, r=2.4 um, tg:40 nm, £,=40 nm, and ¢=0.44 ym
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Fig. 10 Changes of a loss curves for different pitches of A =2.05 pm,
A=2.10 pm, and A=2.15 pm at different values of RI (n,=1.39
and 1.40), and b AS for A=2.05 pm, A=2.10 pm, and A=2.15 pm

lower values of pitch shows a lower confinement loss. Hence,
A =2.05 pm has been selected as optimum value of pitch.
Figure 11a shows changes in the wavelength loss spec-
trum for different values of elliptical air hole eccentricity. It
seems that the variation in eccentricity does not affect signif-
icantly on the CL curves of the PCF. However, it is observed
that a higher value of eccentricity reduces the CL slightly.
According to Fig. 11b, there appears to be no significant
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Fig. 11 Variation of a confinement loss (CL) for the change of eccen-
tricity of (a,b)=(0.70,1), (0.80,1), and (0.90,1) and b amplitude sen-
sitivity with n,=1.39, and other parameters remains the same at A =

(b)

at RI of n,=1.39; constant values are d;=0.45 ym, d,=0.25 pm,
d;=0.5 pm, t,= 40 nm, t,=40 nm, r=2.4 um, and e=0.6 um

effect of the variation in eccentricity on the performance of
the PCF in terms of amplitude sensitivity.

Effect of Open-Channel on Sensor Performance
Figure 12a illustrates the effect of varying the open chan-

nel radius (r). Figure 12a indicates that the diameter of
the open channel is increasing from 2.35 to 2.45 um; the
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Fig. 12 a Loss spectrum for enlarging the radius of the open channel 2.35 um to 2.45 um and b amplitude sensitivity to changing the radius of

the open channel with an analyte RI at 1.39

confinement loss is also increasing rapidly from 206.53 dB/
cm to 265.23 dB/cm and 257.96 dB/cm to 408.91 dB/cm
for n,=1.39 and n,=1.40 respectively. Moreover, the mod-
ification of the radius of the open channel does not have
a significant impact on the amplitude sensitivity is shown
in Fig. 12b. There is a slight change in the sensitivity of
the amplitude of change of the radius of the open channel.
Also, the amplitude sensitivity is 548, 573, and 581 RIU™!
for the radius of the open channel 2.35, 2.40, and 2.45 pym
respectively.
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This study is regarded as the 5% and 10% fabrication tolerance
at its optimum values. The effects of a 5% and 10% variation of
the 7, and pitch values on sensitivity are shown in Fig. 13a, where
optimum value is £, =40 nm. As can be plainly seen in Fig. 13a,
the difference in the thickness of the gold layer of 5% and 10%
leads to a significant change in the sensitivity of the amplitude.
Consequently, special attention needs to be given when deposit-
ing the gold (Au) layer on the inner surface of the open channels.
Also, a variance of 5% and 10% from the pitch value has no
significant effect on amplitude sensitivities as shown in Fig. 13b.
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Fig. 13 a Fabrication tolerance due to the deviation of gold layer thickness by +5% and + 10% of their optimum value and b fabrication toler-
ance due to the deviation of pitch value by +5% and + 10% of their optimum value
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Fig. 14 Linear adjustment of . . . _ N
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Linear Curve Fitting Characteristics
of the Resonance Wavelength

High linear features are a significant factor for a good sen-
sor. Proper linear adjustment indicates the high performance
accuracy of the PCF sensor. Figure 14 shows a high linearity
of the suggested PCF. Moreover, it is followed that resonance
wavelengths increase with increasing the analyte RI. The lin-
ear adjustment of the resonance wavelength is responsible
for the equation below, while the resultant value of the linear
regression of the fitted line is R*=0.9045.

y =2.5833x—-2.85

Refractive Index (RIU)

Here, x and y represent the RI analyte and the corre-
sponding resonant wavelength, accordingly. Consider-
ing the entire RI range, R* is observed at approximately
0.90453, indicating enhanced linearity. These high lin-
ear properties are expected to be used in bio-sensing
applications.

Table 2 presents a comparison to existing plasmonic
sensors in terms of wavelength sensitivity, amplitude sen-
sitivity, and resolution for different RI ranges. It is notice-
ably observed that the proposed PCF has an increased effi-
ciency compared to the existing plasmonic sensors shown
in Table 2.

Table2 Comparing the

) . Reference Analyte RI Wavelength sensitivity Amplitude sensitivity Resolution (RIU)
efﬁc1ency between existing range (nm/RIU) (RIU-Y)
plasmonic sensors and the
proposed sensor Paper work 1 [18]  1.33-1.38 5000 396 2.5%107°
Paper work 2 [30]  1.33-1.36 4000 478 25%107°
Paper work 3 [31]  1.33-1.37 4200 300 2.38x1073
Paper work 4 [32]  1.33-1.38 4600 371.5 2.17x1073
Paper work 5 [33] 1.44-1.46 4900 - -
Paper work 6 [34]  1.33-1.364 3450 _ -
Proposed work 1.33-1.39 6000 573.83 1.6x107°
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Conclusion

The paper proposed an SPR-based PCF and a compre-
hensive numerical analysis was conducted using the FEM
method to detect biological analyte. This sensor is studied
with many structural parameters, for example, diameter
of air holes; gold and titanium dioxide (TiO2) thickness
was varied and investigated. The proposed probe ampli-
tude sensitivity is attained, 573.83 RIU™!, and wavelength
sensitivities are acquired 6000 (nm/RIU) with RI of 1.39.
The SPP mode and the main y-polarization mode produce
a complete coupling. The maximum peak loss in y axis
is 377.21 (dB/cm) because of the open channel in the y
direction with RI between 1.33 and 1.40. The proposed
PCEF structure is a highly sensitive biosensor with an easy-
to-build structure. Additionally, due to the increased sen-
sitivity performance, it is expected that the sensor results
may potentially be applied to bio-detection applications.
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