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A simple two-layer refractive index sensor based on surface plasmon resonance
has been proposed in this work, which evinces high sensitivity for detecting
unknown analytes. This sensor design includes hexagonal- and octagonal-
shaped air-hole rings, which have been introduced in the first and second
layers, respectively. By performing this amalgamation of different types of air
holes, this gold-coated plasmonic sensing scheme provides the broad sensing
limit of the analyte, which is 1.32–1.40. The sensing performance has been
examined by applying the finite element method, which is being used for
modeling complex and irregular-shaped geometry. The wavelength
interrogation method has demonstrated a maximal wavelength sensitivity of
9,000 nm/RIU (refractive index unit). The maximal amplitude sensitivity of
1902 RIU−1 has been exhibited in the y-polarized mode using the amplitude
interrogation method. Moreover, the maximal sensor resolution of 1.11 × 10−5

RIU covers the entire sensing range. Furthermore, by adjusting the air-hole
diameter, pitch, and depth of the gold layer coating, many more investigations
have been demonstrated in this design. This highly sensitive sensor is very
convincing to be used in many applications like chemical, biological, and also
in physical sensing analyses.
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Introduction

In the sensing technology, surface plasmon resonance (SPR) has been playing the leading
role nowadays, especially for its label-free and real-time detection technique. In this SPR
sensor, the phase-matching condition is a mandatory fact to ensure a relationship among the
wavevectors of the interacting waves. In the course of the matching condition of frequency
between light photons and surface electrons, SPR can be activated, causing the electrons to
oscillate at a resonant frequency. This oscillation facilitates the resonance or phase-matching
state, where a sharp loss peak forms, and the fluctuation of the loss peak is capable of
detecting an unknown analyte [1–4]. They have been widely utilized in the detection of a
wide range of physical, chemical, and biological components in areas such as food safety,
medicine, biochemical analyte detection, and a variety of other day-to-day applications.

SPR technology, an effective sensing technology, has been developed from the very
beginning of its creation; it is getting polished day by day. It was only theoretical in the 1950s
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and was not being commercially available until the 1990s. The prism
coupling-based SPR sensor was first theoretically presented by
Ritchies [5] in the 1950s using the Otto arrangement. Later, this
has been improved by the Kretschmann setup [6] by reducing the
gap between the metal layer and the prism, which was predominant
in the previous Otto configuration. Later, experimental SPR was
lodged by Liedberg [7] in 1983 for the gas and biosensing
applications. However, this prism coupling-based SPR technique
could not stand as a commercial candidate very long due to its
massive size, which was caused by containing many mechanical and
optical instruments. Moreover, these SPR sensors are not
appropriate for remote sensing applications, and they are also
not amenable to miniaturization or integration with other
systems. To tackle these challenges, an SPR sensor containing
photonic crystal fibers (PCFs) has been developed. PCFs are
miniaturized, and it can be integrated easily. Moreover, the PCF
sensor ensures a broad range of design flexibility, and the sensor’s
sensitivity can be easily increased by altering the structural
characteristics [8, 9]. Of the PCFs, R.C. Jorgenson proffered the
first SPR sensor in 1993 [10], in which a part of the cladding made of
fibers was removed and the fiber core was coated with a gold film to
illustrate the plasmonic response. The PCF-based SPR sensor has
gained much popularity in many applications such as the refractive
index sensor, temperature sensor, gas sensor, and magnetic
biosensor. For the miniscule variation in the RI of the analyte, it
shows a huge shift in its wavelength, so the detection technique is
very robust. The sensitivity also widely depends on the choice of
plasmonic material. Commonly, gold (Au79), silver (Ag47),
platinum (Pt78), etc., are widely utilized as plasmonic materials in
dozens of PCF-based SPR sensors. Although silver proves excellent
accuracy in the detection technique, it is not really nimble. On the
contrary, gold is inert even in hydrated conditions, and at the
resonant wavelength, it shows high wavelength shifts. So this is a
prominent plasmonic material to be used in many applications.

Ying Lu et al. [11] proposed an SPR sensor with the
graphene–Ag bimetallic layer coating to improve the signal-to-
noise (SNR) ratio and to avoid adjacent interference. The
maximum wavelength sensitivity had obtained a wavelength of
up to 2,520 nm/RIU. Meanwhile, V. Kaur et al. [12] introduced a
dual channel Au-coated PCF sensor that offers the utmost sensitivity
of 3,750 nm/RIU. The sensor works inside wavelength spectra
1.30–1.40. However, the authors missed to investigate some
crucial cholesterics such as amplitude sensitivity and sensor
resolution. M. Erdmanis et al. [13] presented and numerically
described a 5,000-nm/RIU H-shaped PCF-based SPR sensor. X.
Yu et al. [14] presented an SPR-based selectively coated PCF, in
which it can attain a high sensitivity of 5500 nm/RIU. Compared to
wavelength sensitivity, amplitude sensitivity is easier and more cost
effective. So it is advantageous to attain large values in terms of
amplitude sensitivity. W. L. Ng et al. [15] presented a diamond ring
fiber (DRF) sensor, where gold layers are being used. This DRF-
based sensor has achieved the wavelength and amplitude sensitivity
of 600 nm/RIU and 508,300 RIU−1. M.R Momota [16] presented a
silver-coating SPR sensor, which attains a maximum wavelength
and amplitude sensitivity of 4,200 nm/RIU and 300 RIU−1.

In this proposed work, a simple two-air hole-ring plasmonic
sensor is being proposed, which shows great results in sensitivity
within the RI sensing span from 1.32 to 1.40, which is tremendous,

and any unknown analytes having these refractive indices can be
determined easily. Plasmonic element gold is used in this sensor,
which exhibits high sensitivity both in the wavelength and amplitude
sensitivity of 9,000 nm/RIU and 1902 RIU−1. Plasmonic materials
have been applied in the outer layer of the sensor; thus it reduces the
fabrication complication. Moreover, different performance and
structural parameters have been studied and investigated to
optimize the fiber sensor. Thus, this straightforward and easily
fabricable SPR sensor can be quite useful in biosensing applications.

Design theory of the proposed sensor

Figure 1A shows the cross-sectional 2D view of the proposed
PCF sensor. This configuration comprises two air-hole rings, in
which the primary layer is built in the shape of hexagon and the
secondary layer is represented by the octagonal shape. In this multi-
coating structure, two of the vertical air holes are omitted from the
second ring of the sensor so that the light will strike the metal surface
effortlessly and amasses the evanescent electromagnetic field at the
direction of the missing air holes, which will amplify the sensitivity.
The diameter of the first layer’s two air holes is kept larger to increase
the imaginary field. In this design, we use a circular perfectly
matched layer (PML), which is utilized to absorb the scattered
light toward the surface and prevents reflection from the
structure. As this boundary absorbs unwanted electromagnetic
waves, it is also known as the absorption boundary condition
(ABC). The thickness of this PML layer is 0.62 µm.

For the practical application, the sensor needs to be fabricated.
There are few very popular fiber techniques such as sol–gel, drilling,
and die-cast. Using the sol–gel technique, the PCF can be easily
fabricated because it offers low material loss during fiber fabrication.
After the successful fabrication of the PCF, the plasmonic layer is
then added. This can be added by using vapor deposition (CVD)
methods. It is known that the pitch is the distance between the two
air holes measured from center to center, which is 2 µm in this
design and is indicated by p. The radius of the two large air holes in
the first layer is chosen at 0.8 µm. The radius of the rest of the air
holes in the first layer is chosen at 0.4 µm. The radius of each second-
layer air hole is chosen as d2, which is 0.6 µm.Moreover, the depth of
the gold layer is considered 30 nm. Outside of the gold layer, the
analyte, which is familiar as a dielectric layer, is placed. The
backdrop material of the proposed sensor is fused silica. By
implementing the Sellmeier equation, the wavelength-dependent
effective refractive index (neff) of fused silica can be obtained. The
Sellmeier equation is denoted as

n2 � 1 +∑3

i�1
Bnλ

2

λ2 − Cn

[ ], (1)

where λ is the wavelength, and depending on wavelength, n is
the refractive index of fused silica. B1, B2, B3 and C1, C2, C3 are the
Sellmeier constants. For fused silica, the empirical values of these
constants are as B1 = 0.69616300, B2 = 0.407942600, B3 =
0.897479400, C1 = 0.00467914826 µm2, C2 = 0.0135120631 µm2,
and C3 = 97.9340025 μm2 at temperature T = 25°C. A thin layer of
gold (Au) on the nanometer scale has been inserted externally
around the PCF structure. Surface plasmon resonance occurred
with the presence of any plasmonic material. As a plasmonic
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material, gold has some extraordinary properties like resistance to
corrosion, commercial availability, and lack of toxicity.Here, gold is
selected. By using the Drude–Lorentz model [17], the dielectric
constant of gold is taken here in Eq. 2).

εAu � ε∞ − ω2
D

ω ω + jγD( ) −
ΔεΩ2

L

ω2 − Ω2
L( ) + jΓLω

, (2)

where εAu denotes the dielectric constant of gold, permittivity at
high frequency ε∞ = 5.9673, and plasma and damping frequencies
are denoted by γD and ωD, respectively. ωD/2π = 2,113.6 THz and
γD/2π = 15.92 THz. ω presents the angular frequency = 2πv, and
v � 3 × 108 ms-1 is the velocity of the electromagnetic wave. Δε =
1.09 is the weighting factor. The oscillator strength is ΩL

2π =
650.07 THz, and the spectral width of the Lorentz oscillator is
ΓL
2π = 104.86 THz. The incident light is provided by a wide-band
light source, and red or blue shift occurs as a result. Optical spectrum
analysis (OSA) is used to obtain the spectra as the refractive index
(RI) of the analyte changes. With the help of computers, the
sensitivity response of any targeted analyte can be easily
observed. Hence, the possible experimental setup is clearly
demonstrated in Figure 1B.

Numerical analysis

Mesh analysis is another important part to evaluate sensor
hysteresis. We have selected here finer mesh techniques, which
divided the complex structure into a small triangular shape and
gives more accurate results. The sensor model has 96 vertex
elements, a total of 2,204 boundary elements, and 25,920 elements
with a minimum quality of 0.5453. When wave guidance is not
completely confined to the central core by the definite number of
layers of holes in PCFs, leakage from the core to the outer matrix
material occurs resulting in the loss of electromagnetic energy to the
cladding. These losses are called confinement losses. The convergence
error of 2.6578 × 10−08 is found in the model during the investigation
time. Furthermore, the coupled-mode theory is the underlying principle
employed for sensing. When the propagation constants of the core-
guidedmode and surface plasmon waves match at the resonant point, a
loss of energy occurs. The quantifiable tool is a change in either the
resonant wavelength or the intensity of two modes. The imaginary part

of the complex refractive index (neff) is used in determining
confinement losses (L) using Eq. 3 in [16] as

Conf inement Loss � 40π
ln 10( )Im neff( ) � 8.686K0Im neff( ) dB/m,

(3)
where Im(neff) is the imaginary part of the effective RI, λ (nm)

is the operating wavelength, and k0 � 2π/λ.
To ensure effective sensor performance, sensitivity of any sensor

must be evaluated. The resonance shift Δλpeak is used to identify RI
variation in this method. Equation 4 mentioned in the following
section is established to demonstrate the sensitivity in [16].

Sλ
nm

RIU
[ ] � Δλpeak/Δna. (4)

Here, na is the refractive index of the corresponding analyte and
Δna is the variance between two conjoint na.

Investigating amplitude sensitivity is an essential feature of this
sensor. Since this offers sensor performance at a lower cost and
without considering spectral changes, it will ensure the performance
in an effective manner. Hence, the amplitude sensitivity is calculated
through the following mathematical expression in [14].

SA λ( ) � − 1
α λ, na( )

zα λ, na( )
zna

, (5)

where the entire propagation loss along the wavelength for a
certain analyte refractive index is α(λ, na) and zα(λ, na) is the
difference between two consecutive loss spectra analyte RI. na is
the refractive index of the analyte.

Sensor resolution is another considerable parameter, which is
computed through the following expression in [14].

R RIU( ) � Δna ×
Δλ min

Δλpeak
. (6)

Now, the results and discussion section is presented stepwise.

Results and discussion

As the y-polarization core-guided mode shows better performance
than the x-polarization mode, in this work, y-polarization fundamental

FIGURE 1
(A)Cross-sectional two-dimensional (2D) end face view of the computational model of the proposed biosensor in the x and y planes. Here, each and
every region of the sensor is uniquely presented by distinct colors. Here, colors are taken here just for appearance. (B) The experimental setup for practical
sensing with a typical SPR-sensing response curve is shown schematically.
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FIGURE 2
(A) Dispersion relation of the core and SPP modes of the introduced sensor when the RI of the analyte is set to na = 1.34. (B)Mode field distributions
of the core and SPP modes at the operating wavelength λ = 0.54 μm when the RI of the analyte is set to na = 1.34.

FIGURE 3
(A) For the increasing analyte refractive index from 1.32 to 1.40, fundamental loss changes. (B) Amplitude sensitivity as a function of operating
wavelength for different analytes for RI 1.32 to 1.39.

FIGURE 4
(A) Confinement loss versus the operating wavelength for the variation of d = 1.5 µm, d = 1.6 µm, and d = 1.7 µm for the targeted analyte na =
1.38 and na = 1.39. (B) Amplitude sensitivity for varying diameters of two large air holes in the first layer of the designed sensor.
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modes are analyzed. The dispersion relation andmode field distribution
of the proposed sensor are presented in Figures 2A, B for na = 1.34. The
real part of the SPP mode will alter due to a slight difference in analyte
RI, which has an impact on the phase matching condition. Figure 2A
also show that the effective refractive index of the y-polarized core-
guided mode (at na = 1.34) intersects the neff of the SPP mode. This is
called the phase-matching condition, and a sharp peak is observed at the
resonance wavelength.

By changing the analyte refractive index from 1.32 to 1.40, phase-
matching changes are shown in Figure 3A. For changing the analyte
refractive index, resonance wavelength shifting also occurs. In this study,
for changing RI from 1.35 to 1.36, 1.36 to 1.37, 1.37 to 1.38, 1.38 to 1.39,
and 1.39 to 1.40, the resonance wavelength shifting values are,
respectively, 0.62 to 0.65, 0.65 to 0.68, 0.68 to 0.72, 0.72 to 0.77, and
0.77 to 0.86. Here, the pitch is selected at 2 µm, and the gold thickness is
30 nm. Since the confinement loss is a critical factor in determining
sensor performance, it is noticeable from Figure 3A that the confinement
loss is being augmented with the increase of the analyte refractive index

along with wavelength shifting. The highest confinement loss is found at
wavelength 0.86 with peak 303.4044 for the analyte refractive index 1.40.

As wavelength interpolation is not required in this procedure,
amplitude sensitivity plays a crucial role in measuring sensitivity
since it is straightforward and affordable. Here, the amplitude
sensitivity for changing the analyte refractive index is shown in
Figure 3B. For the presented sensor, the maximal amplitude
sensitivity recorded is 1902 RIU−1 at the wavelength 0.86 for the
analyte refractive index 1.39.

In this proposed sensor, the effect of changing the diameter of
the two large air holes in the first layer is shown in Figure 4A. In this
figure, the diameter values are varied as 1.5, 1.6, and 1.7 µm,
respectively, for the analyte refractive index of 1.38 and 1.39. By
observing the plot, it is seen that the loss depth has given better
results for the analyte refractive index 1.39 than 1.38. Moreover, by
scaling up the diameter of the two large air holes, loss depth also
increases. This is because the variation between the core and
cladding is decreased.

FIGURE 5
(A) Confinement loss versus operating wavelength for RI 1.38 and 1.39 during the variation (± 2% and ± 4%) of the air-hole diameter d. (B) Amplitude
sensitivity for the varying air-hole diameter d of ±2% and ± 4% in the first layer.

FIGURE 6
(A) Confinement loss versus the wavelength for changing the diameter of the air hole d1 when the RI of na = 1.38 and na = 1.39. (B) Amplitude
sensitivity versus the applied wavelength for varying diameter of air hole d1.
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Moreover, by observing the amplitude sensitivity for varying the
air-hole diameter, as shown in Figure 4B, the obtained values of the
amplitude sensitivity were 720.9414, 779.2115, and 808.7024 RIU−1 for
the values of the diameter 1.5, 1.6, and 1.7 µm, respectively. Thus, the
amplitude sensitivity increases as the diameter is scaled up with higher
values. Here, by considering both the loss depth and amplitude
sensitivity results, and for a fabrication friendly environment, 1.6 μm
is being chosen as the diameter for further application.

After getting the optimum value of the diameter of the two large
air holes in the first layer, which is d = 1.6 μm, the change (increased
by two and four percent and decreased by two and four percent of
the optimum value) of the air-hole diameter compared to the
optimum value is also analyzed, and the loss depth and
amplitude sensitivity are given in Figure 5A and Figure 5B,
respectively. For + 2% and + 4% change in the diameter, the loss
depth is increased, and for −2% and −4% change in the diameter, the
loss depth is decreased from the optimum value, which is shown in

Figure 8. Here, the lowest loss depth is obtained for −4%, which is
56.6096, and the highest loss depth is obtained for + 4%, which is
227.4199.

Figure 5B shows that for +4% and 2% change in the diameter,
the amplitude sensitivity is increased, and for −2% and −4% change
in the diameter, amplitude sensitivity is decreased. In this figure, it
has been observed that the maximum amplitude sensitivity is
recorded for the + 4% change in the diameter, which is 1,050 RIU−1.

After the two large air-hole investigation in the first layer, rest of
the air hole analysis has also been conducted by varying their
diameters and investigated through the loss depth and amplitude
sensitivity. Figure 6A shows that by changing the diameter of the rest
of the air holes in the first air-hole ring, the loss depth varies from the
result of the optimum value. For the 2% and 4% of the optimum
value, the loss depth is increased and vice versa. The highest loss
depth is recorded for + 4% change in the diameter, which is 245 dB/
cm. Figure 6B shows the amplitude sensitivity investigation for the

FIGURE 7
(A) Confinement loss versus the wavelength for changing the diameter of the air hole d2 when the RI of na = 1.38 and na = 1.39. (B) Amplitude
sensitivity for the varying second-ring air-hole diameter of d2; the variation has been carried out at ± 4% and ± 2% over the proposed design.

FIGURE 8
(A) Loss spectra versus the wavelength for RI 1.38 and 1.39 for the varying thickness of the gold layer. (B) Amplitude sensitivity versus the wavelength
for varying gold layer thicknesses.
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FIGURE 9
(A): Loss spectrum versus the controlling wavelength for na = 1.38 and na = 1.39 for varying gold layer thicknesses. (B) Amplitude sensitivity spectrum
versus the controlling wavelength for varying gold layer thicknesses.

FIGURE 10
(A) Loss spectrum versus the wavelength for na = 1.38 and na = 1.39 for p = 1.9, p = 2.0, and p = 2.1, respectively, when other geometric parameters
are kept constant. (B) Amplitude sensitivity versus the wavelength for p = 1.9, p = 2.0, and p = 2.1 when other geometric parameters are kept constant.

FIGURE 11
(A) Loss spectrum versus the wavelength for the varying (± 2% and ± 4%) pitch value when the other geometric parameters are kept constant. (B)
Amplitude sensitivity spectrum versus thewavelength for the varying (± 2% and ±4%) pitch valuewhen the other geometric parameters are kept constant.
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changing value of the diameter by + 2%, +4%, −2%, and −4%.
Amplitude sensitivity has been higher for the increase of the
diameter than the optimum value and lower for the decreased
value of the diameter than the optimum value. The highest value
has been achieved for the + 4% increase, which is 1,070 RIU−1.

In Figures 7A, B, for the change in the second-layer air-hole
diameter, the loss depth and amplitude sensitivity are shown
respectively. Figure 7A shows that for −4% change in the second-
ring air-hole diameter, the loss depth has shown the highest value as
260 dB/cm. It has been shown that the low and high losses are found
in +4% and −4% change in the proposed sensor parameters. From
Figure 7B, the highest amplitude sensitivity is obtained for −4%
change in the diameter, which is 1,100 RIU−1.

In this work, the effect of modifying the gold layer thickness of
the fiber was also studied. The gold layer thickness is varied for the
analyte refractive index values of 1.38 and 1.39. By observing the
wavelength sensitivity in Figure 8A, it is seen that the peak of the loss
heads to the longer wavelength by increasing the analyte refractive
index. Moreover, the change in the loss spectrum for the variation of
the gold layer thicknesses of 25 nm, 30 nm and, 35 nm, respectively,
has also been observed in Figure 8A.

For any SPR-based sensor, there is a clear connection between
the plasmonic material and the amplitude sensitivity. Figure 8B
illustrates how to achieve amplitude sensitivity by adjusting the
thickness of the gold layer that serves as the plasmonic material in
this work. Herein, the gold layer thickness (tg) has been tuned in a
brute force manner. By observing this figure, the amplitude
sensitivity values of 701.4208, 779.2115, and 648.8763 RIU−1 have
been achieved for the corresponding gold layer thicknesses of 25 nm,
30 nm, and 35 nm. Moreover, the sensor obtained the maximum
amplitude sensitivity response of 780 RIU−1 when the gold layer
thickness was kept at 30 nm. Thus, it is convenient to take the gold
thickness about 30 nm in order to achieve the best performance in
regard to respective areas of application.

Furthermore, after selecting the optimum value for the gold
layer thickness (tg), it is further investigated by increasing and
decreasing the optimum value by 2% and 4%, respectively.
Figures 9A, B depict the effect on the loss spectrum and
amplitude sensitivity, respectively. In Figure 9A, for analytes
1.38 and 1.39, the effect of the change in the gold thickness is
given. From Figure 9A, it is analyzed that by increasing the gold layer
thickness, the loss spectrumwill decrease, and by decreasing the gold
layer thickness, the loss depth will increase. The maximum loss
depth is obtained as 164 dB/cm for −4% change in the optimum gold
layer thickness. In Figure 9B, for changing the optimum value of the
gold layer thickness (tg) value, the maximum amplitude sensitivity is
recorded as 850 RIU−1. Hence, it can be concluded that by
changing ± 4% or ± 2% of the gold layer thickness, there is no
significant variation observed in the optimum value.

Figure 10A shows the effect of changing the pitch value. The
sensor properties have been analyzed for pitch values of 1.9, 2, and
2.1 μm for the analyte refractive indexes 1.38 and 1.39. By observing
this figure, it is seen that the loss spectrum is intensified by widening
the pitch value. This is because when the pitch is increased, the
effective refractive index difference between the core and cladding is
also being augmented. Meanwhile, the amplitude sensitivities have
also been strictly investigated, as shown in Figure 10B, which are
obtained as, 704, 780, and 385 RIU−1, respectively, for p = 1.9 μm,

p = 2 μm, and p = 2.1 μm. For ensuring fabrication efficacy, the pitch
value 2 μm is opted for further application.

At this stage of the investigation, the optimum pitch value (p =
2.00 μm) has further been altered by +2%, +4%, −2%, and −4%,
which is shown in Figure 11A. It can be discerned that the pitch
value is being increased for the positive change from the optimum
value and being decreased for the negative change. Thus, the lowest
and highest loss depths are measured for the −4% and +4% change of
the optimum pitch value. The highest loss depth is depicted as
237 db/cm. Apart from the loss of depth, the amplitude sensitivity is
also being varied through the pitch value by a similar measurement,
which is observed in Figure 11B. Here, a satisfying fact is observed
that the varied pitch values are very close to the optimum value of
the pitch, which will lead to the robustness of the sensor.

Finally, the regression line of the resonance wavelength has been
inquired for the proposed design. A linear fitting curve plays a
significant role as it ensures the optimization of the sensor for a
certain range of wavelengths. The linear features between the analyte
RI and the resonance wavelength have guaranteed the sensor’s
accuracy for high RI analytes. The successful calibration rate of a
sensor is increased by augmenting the linear fitting characteristics.
This is due to the fact that improving the linear fitting features will
also improve the model’s average sensitivity and resolution, which
will enhance the sensor’s overall performance. Thus, it is expected
for any sensor to ensure the most linear characteristics and avoid
non-linearity because this will set up a huge distinction between the
sensor resolution and the average sensitivity. From Figure 12, it is
observed that the linear fitting coefficient is R2 = 0.9911 for
y-polarization; this result is very satisfying for a model to be
successfully fabricated, and it also has great prospects in the
sensing area.

Several sensor designs having the amplitude and wavelength
sensitivity along with the sensor resolution are presented in Table 1.
In this comparison table, it is noticeable that this proposed sensor
has exhibited better performance in terms of both sensitivities. The
sensor resolution of the proposed sensor is also satisfactory.
Moreover, this sensor also ensures better linear characteristics
among the sensors that have recently been published.

FIGURE 12
Resonance wavelength’s regression line as a function of
analyte RI.
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TABLE 1 Comparative performance analysis of this plasmonic sensor with existing works.

Prior PCFs Detection range Wavelength sensitivity (nm/RIU) Amplitude sensitivity (RIU−1) Wavelength resolution (RIU) R2

[18] 1.33–1.34 5,000 - - -

[19] 1.30–1.38 10,000 15 2 × 10−05 -

[20] 1.385–1.40 10,000 70 - -

[21] 1.38–1.42 7,500 375 1.33 × 10−05 -

[22] 1.33–1.38 4,300 420.4 2.17 × 10−05 -

[23] 1.423–1.523 12,500 550 - -

[24] 1.395–1.42 36,000 642.53 2.77 × 10−06 0.9871

[25] 1.30–1.40 22,800 947 4.38 × 10−06 -

[26] 1.35–1.40 8,000 1,443 12.5 × 10−06 0.9502

[27] 1.36–1.41 8,000 1,560 1.25 × 10−05 -

[28] 1.22–1.36 21,200 - 4.72 × 10−06 0.9624

[29] 1.33–1.42 21,200 - 4.72 × 10−06 0.9836

This sensor 1.33–1.40 9,000 1902 1.11 × 10−05 0.9911
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Scope of the proposed sensor

This novel SPR sensor has huge utilitarian applications in fields
such as genomics, medical diagnostics, environmental monitoring,
food analysis, and security. Moreover, it has great expectancy for
detecting preservatives in many commercial low-fat milks, which are
available in different countries. Preservatives are widely used in
liquid milk to prevent the spoilage conducted by various
microorganisms. However, some dealers are not aware of the
harmful effects of adding preservatives, so they use various
chemicals such as formaldehyde, hydrogen peroxide, and sodium
carbonate without proper permission from the government. For this
reason, quality control and level detection of these harmful
preservatives are a must. This can be easily performed using SPR
technology, which is a level-free technology. This SPR has additional
advantages such as robustness, compactness, and low cost.
Concentration of preservatives added in milk can vary from 0%
to 14.3%. For this minimum (0%) and maximum (14.3%)
concentration of the preservatives, the refractive index differences
are obtained between 1.34550 and 1.35093. This sensor’s refractive
index range for unknown analytes is 1.33–1.40, and sensor
resolution of this model is 1.11 × 10−5 or 0.00005. This means
that the sensor can have the ability to detect the analyte for refractive
index changes of 0.00005. To conclude, it will detect various
detrimental preservatives added to commercially available milk in
an implicit manner. Nevertheless, it will also be applicable for
detecting preservatives in soft drinks and many more real-life
applications.

Conclusion

Practically, the implantable simple SPR-based refractive index
sensor is proposed to ensure a high level of sensitivity and low-loss
characteristics. The finite element approach is used to investigate the
performance parameters numerically. In the wider refractive index
(RI) sensing range of 1.32–1.40, numerical research is carried out in
the y-polarized mode. Gold, as the plasmonic material, is applied on
the outermost layer of the structure, which declines the fabrication
obstacles. The influence of the air-hole sizes of the PCF and the
thickness of the gold layer on the performance of the designed sensor
using wavelength and amplitude interrogation were analyzed. After
adjusting all structural and functional parameters, sensitivity was
assessed and found to be higher than that of the prevalent bimetallic
structure. With a sensor resolution of 1.11 × 10−5 and a maximum
amplitude sensitivity of 1902 RIU−1, the designed sensor had a

wavelength sensitivity of 9,000 nm/RIU. The flexible design and
distinctive structure of this sensor allow it to be beneficial in the era
of biosensing applications.
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