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Abstract: In this work, we carried out a numerical investigation of the PCF-SPR biosensor
for the early detection of infected skin cancer cells and healthy cells. The study was
conducted using the COMSOL Multiphysics-based FEM method. The dielectric material
used in this PCF design is fused silica, while the plasmonic material is gold. The study was
conducted to test the effect of the thickness of the plasmonic layer and the size of the air
hole diameter on the PCF-SPR. It was found that the larger the diameter of the air hole in
the proposed sensor gives a smaller confinement loss value, while the thicker the plasmonic
material used also gives a small confinement loss value. The proposed PCF-SPR has a
wavelength sensitivity in detecting skin cancer-infected cells of 7000 nm/RIU. These results
indicate that the proposed sensor has a good performance in detecting cells infected with
skin cancer.
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Introduction

Optical components continue to be of interest to
many industries and researchers to be used as sensor
components in the fields of medical, defense and
security, food security, agriculture, aircraft industry,
and sensing in disaster. optical components utilize light
to transmit information so that they work in the
wavelength domain, some of the optical components
have been sold commercially and some are still
undergoing development (Irawan D, 2014) Some optical
components that are often used as sensors are SMF
optical fiber (Saktioto et al., 2021b; Irawan, Azhar, et al.,
2022; Ramadhan & Saktioto, 2021), Multi-mode fiber
(MMF), Fiber Bragg Grating (FBG) (Saktioto et al., 2021a)
and photonic crystal fibers (Irawan et al., 2022a; Irawan
et al., 2022b), (Ramadhan, 2020). Photonic crystal fiber
technology combined with the phenomenon of surface
plasmon resonance continues to experience significant
developments in the sensor world. PCF-SPR advantages
such as wide detection range, ultra-sensitivity (Ramola
et al, 2021), high birefringence (Dash & Jha, 2016),
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simple structure, and label-less sensing (Irawan et al.,
2022).

The current research trend in developing PCF-SPR
is to find PCF-SPR sensor components that have a simple
geometric structure and choose dielectric and plasmonic
materials that have high performance, high sensitivity,
and a wide detection range. PCF-SPR has air holes
around the core and cladding, air holes will cause
confinement loss in sensor components. This event is
also utilized in sensing temperature, magnetic field,
refractive index, strain, and detecting cancer cells (Yasli,
2021; (Rahman et al., 2021). Several researchers have
reported PCF-SPR geometric structures that have d-
shaped, hexagonal (Rahman et al., 2021), ring-fiber,
octagonal (Abdullah-Al-Shafi & Sen, 2020), and twin-
core (Mollah et al., 2020). PCF-SPR also has a layer of
plasmonic material to bring up the phenomenon of
electron oscillations, electron oscillation events are very
sensitive to environmental changes. Some of the
plasmonic materials that can be used in PCF-SPR are
gold, silver, copper, titanium oxide, etc. Each of these
plasmonic materials has its own advantages and
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disadvantages (Yan et al.,, 2021; Mahfuz et al., 2019;
Danlard et al., 2022).

In determining the effect of each parameter on the
PCF-SPR, several researchers have reported their
findings, Yasli reported the effect of the PCF-SPR
geometric structure on sensor performance, the domain
observed was a circular, square, and oval-shaped
geometric structure, and it was found that PCF-SPR with
a hole size of the circle has high performance compared
to other types, in 2022 Yasli also reported the effect of the
metal layer and analyte channel on PCF-SPR, it was
found that metal plating directly affects sensor
sensitivity, it was also found that high sensitivity is
obtained when the metal layer and analyte are located
well outside as well as in the PCF structure while low
sensitivity is obtained when the metal and analyte layers
are located only in the cladding. In 2019, Yasli et al
reported that related to the effect of plasmonic materials
on the performance of the PCF-SPR sensor, the
plasmonic materials used were gold, bimetallic silver-
gold, and silver-graphene. It was found that graphene
and silver materials have a high sensitivity of 4000
nm/RIU (Yasli & Ademgil, 2019). In this study, we
examine the effect of air hole diameter size on our
proposed sensor to detect skin cancer-infected cells, then
we also examine the effect of plasmonic material
thickness on the performance of the proposed sensor.

Method

The finite element method (FEM) was used in this
study, the first thing to do is to construct the geometrical
structure of the PCF, to arrange the air holes around the
core and the PCF cladding, after that to arrange the
analyte location, the thickness of the layer of plasmonic
material and the thickness of the PML. The diameter of
the sensor core is 5.875 um. The size of the air hole
contained in the core is distinguished in size, where the
air hole closest to the gold layer has the largest size,
namely d3, while the hole size at the next level is d2,
while the air hole closest to the core has a diameter of d1
with their respective values are d1 = 0.3 um, d2 = 0.48
um, d3 = 0.6 pm. The small size of the hole in the middle
is intended to facilitate the excitation of surface plasmon
polariton (SPP). In addition, this hole size will also cause
lateral leakage. So that in the sensor design, the
polarization can be adjusted in the middle and as desired
(Liu et al., 2020).

The distance between air holes d1 and d2 is 3.57 um,
while the distance between air holes d2 and d3 is 5.1 um.
This distance is based on the center of the hole to the
center of the hole. This sensor design is also coated with
gold plasmonic material with a thickness of 45 nm as
shown in Figure 1, then in this paper will also be carried
out variations of the effect of gold thickness to optimize
sensor performance. The thickness of the analyte section
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is set to 0.5 pm, the gold layer is right after the core layer,
followed by the analyte layer and the last layer of this
sensor is PML to concentrate electromagnetic waves at
the center of the sensor and there is no wave leakage,
PML has a thickness of 1 pm.

C_JAir
I PML
Analyte

mm Gold
I Fused Silica

Figure 1. Geometry structure of the PCF-SPR sensor

In this paper, we investigate the PCF-SPR design
using the finite element method (FEM) using COMSOL
Multiphysics. In this investigation, PCF uses fused silica
which can be defined by the sellmeier equation as in
equation 1. Fused silica is the most commonly used PCF
material, and is reported to have the best performance
when compared to other materials such as TOPAS,
Zeonex, etc. The sellmeier equation can be used in
defining the fused silica material in the S-PCF-SPR
design. The distribution of the refractive index for silica
materials can be seen in Equation 1 (Rifat et al., 2016).

0.6961° 0.40841% 0.8971°
n(l)z 0 T T ¢
A°=0.0047 A°-0.014 A°-97934

Where n is the refractive index of silica for each
particular wavelength, A is the wavelength that
illuminates the surface of the S-PCF-SPR. Plasmonic
material is used to elicit the SPR effect on PCF, the
plasmonic material used in this study is gold, gold is
chemically more stable than the environment but shows
a wide resonance peak and this will harm the
components. The drude-Lorentz model is used in
calculating the dielectric constant of gold which can be
shown in Equation 2.
2 2
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With Au being the gold permittivity value, and high-
frequency permittivity with a value of 5.9673, then is the
plasma frequency, where D is the dumping frequency
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and D is the plasmon frequency which numerically has
a value of 31.8411 THz and 4227.2n1 THz and the oscillator
power with symbol L = 1300.141 THz, and the spectral
width is L = 209.72r1 THz. PCF that has air holes around
the surface will cause loss when I pass through the
surface. This confinement loss can be defined as
Equation 3.

Lc(dB/cm)=(4”fjlm(ngﬂ.)x104 (3)

C

Where Lc is the material confinement loss, with a value
of 3.14, f = frequency, neff is the effective refractive
index, and c is the speed of light. Meanwhile, PCF-SPR
performance factors such as wavelength sensitivity can
be defined in Equation 4.

Sl(nm/RIU):Aﬂ, / An 4)

‘peak

Wavelength sensitivity shows how big the shift in
the wavelength of the peak loss is for each change in the
analyte's refractive index. A large shift for a small
change in the refractive index of the analyte will show
components that are ultra-sensitive and have high
performance in distinguishing changes in the refractive
index of the analyte. Wavelength sensitivity also shows
the difference in peak loss at a certain wavelength
divided by the difference in the sensing refractive index.

Table 1: Refractive index of infected cells and healthy
cells causing cancer

Cancer RI RI Ref.
(Healthy) (Infected)

Skin 1.36 1.38 (Tsai,

2012)(Yaroslavsk

y etal.,, 2012)

Result and Discussion

The investigation carried out on the design of the
PCF-SPR sensor is the FEM method. This method is
effective and accurate in characterizing sensor
performance, with the help of COMSOL simulation time
will be faster. The sensor design that we propose has a
real part relationship between refractive index and
confinement loss which is shown in Figure 2. The sensor
loss confinement is obtained from the imaginary value
of the sensor's effective refractive index. to calculate the
confinement loss follow equation 3. Each sensor
geometry structure has various confinement loss values,
this value depends on hole size, hole shape, the distance
between holes, plasmonic material, and PCF dielectric
material. In this proposed sensor design, we use a fused
silica dielectric material which can be defined based on
the Sellmeier equation in equation 1. Furthermore, gold

November 2022, Volume 8, Issue 5, 2293-2298

is used as a plasmonic material whose dielectric constant
can be defined following the Drude-Lorentz equation in
equation 2.
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Figure 2. Real relation of refractive index vs confinement loss

According to Figure 2, we can see the relationship
between the confinement loss and the real refractive
index of the proposed sensor. The peak of the
confinement loss is called the resonant wavelength of the
PCF-SPR sensor. Resonance wavelengths arise due to
plasmon resonance events around the gold surface.
When light strikes a plasmonic material, an electron
oscillation event will occur and this event is used to
detect changes in the environment. Because it is very
sensitive to environmental changes. When light passes
through the fiber surface, there will be polarization
around the 2D PCF surface. Polarization on the x and y
axes can be seen in Figure 3(a) and Figure 3(b).

In this section, the effect of the size of the air hole in
the form of a circle is tested on the performance of the
PCF-SPR sensor. Figure 4. Figure 4(a) shows the
confinement loss relationship obtained from vy
polarization with different hole sizes. The hole
variations performed in this section are 1.1 um, 1.2 um,
1.3 pm, and 1.4 um. It is found that the large air hole size
has a small confinement loss value. At air holes with
diameters of.1 m, 1.2 m, 1.3 m, and 1.4 m, respectively,
the confinement loss peaks are 2017.21 dB/cm, 439
dB/cm, 72.9 dB/cm, 8.41 dB/cm. It is found that the
larger the diameter of the air hole, the smaller the
confinement loss on the proposed sensor. Meanwhile,
the resonance wavelength of each air hole size shows the
same value at 660 nm. There is no effect of hole size on
the resonance wavelength in the proposed sensor (Wu et
al., 2017).

Furthermore, in Figure 4(b) the confinement loss
relationship obtained from the x polarization to the size
of the air hole diameter in the proposed sensor geometry
structure is obtained. The polarization of x also shows
the same relationship between the size of the air hole
diameter and the confinement loss sensor. In variations
in diameter of 1.1 m, 1.2 m, 1.3 m, and 1.4 m, the
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confinement loss peaks for each air hole diameter are
866.54 dB/cm, 182.41 dB/cm, 29.48 dB/cm, and 3.34
dB/cm. resonance wavelength has been found to be at
660 nm. The difference between the x and y polarizations
is the peak value of the confinement loss. Polarization x
has a confinement loss value that is smaller than the
confinement loss on y (Rakibul Islam et al., 2020).
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Figure 3. Polarization on PCF surface (a) x polarization, (b) y
polarization
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Figure 4. Effect of confinement loss on PCF-SPR air hole size
(a) y polarization, (b) x polarization

Effect of the thickness of the plasmonic material on the
performance of the proposed sensor

In this section, we discuss the effect of the thickness
of the plasmonic material on the confinement loss
sensor. in figure 5 we show the relationship obtained
from our proposed sensor. Au thickness ranges from 40
nm, 45 nm and 50 nm. It was found that the proposed
sensor has y polarization and x polarization. the
polarization value is obtained that the y-axis has a
greater value than the x-axis polarization. In the
proposed sensor design, it is found that the confinement
loss peaks on the sensor with gold kettle are 40 nm, 45
nm and 50 nm. They were obtained at 3.91 dB/cm, 3.34
dB/cm and 2.63 dB/cm in the x-axis polarization, with
resonance wavelengths at 650 nm, 660 nm and 670 nm,
respectively. There is a shift in the resonance wavelength
as the thickness of the proposed sensor increases. The
resonance wavelength shows the same value for the y-
polarization, but what is significantly different is the
confinement loss value (Mo et al., 2021).

In this design, it was found that the confinement
loss of each thickness of gold on the y-axis polarization
with variations in thickness of 40 nm, 45 nm, and 50 nm.
They are 9.85 dB/cm, 84 dB/cm and 6.62 dB/cm,
respectively. The thicker the gold layer indicates that the
design confinement loss value is getting smaller, this
happens because light cannot penetrate the thick gold
layer on the PCF-SPR. This was also confirmed by many
researchers in their study as reported by Sakib et al, they
varied the thickness of the gold layer in the range of 30
nm, 40 nm and 50 nm. Confinement loss at 50 nm gold
thickness has a small confinement loss value (Sakib et al.,
2021), the same results have also been reported by
Rahman et al, with variations in gold thickness of 25 nm,
30 nm, 40 nm, and 50 nm. that the thicker the gold layer
the smaller the confinement loss value (M. T. Rahman et
al., 2021).
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Figure 5. Effect of gold thickness on the performance of the
proposed sensor

PCF-SPR sensitivity in detecting skin cancer cells

In this section, we carry out a sensitivity test on the
proposed sensor design, using equation 4. We report
that the proposed sensor has a wavelength sensitivity of
7000 nm/RIU in detecting skin cancer-infected cells and
healthy cells. The resonance wavelength shift is shown
in Figure 6.
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Figure 6. Resonance wave length shift in the proposed sensor

The resonance wavelength in detecting healthy
cells is at 680 nm with a confinement loss value of 339.83
dB/cm, while in cells infected with skin cancer it is at
820 nm with a confinement loss value of 871.16 dB/cm,
this result is better than previously reported by Yasli, his
sensor proposed only has a wavelength sensitivity of
3150 nm/RIU (Yasli, 2021).

Conclusion

A numerical investigation has been carried out on
the design of the PCF-SPR sensor using the COMSOL
Multiphysics-based FEM method. PCF is defined as a
fused silica material with the plasmonic material used in
this investigation is gold. It was found that PCF-SPR has
a wavelength sensitivity in detecting skin cancer-
infected cells and healthy cells of 7000 nm/RIU, it is also
found that the large hole diameter relationship results in
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a small confinement loss of the proposed PCF-SPR
sensor. While the size of the thickness of the large
plasmonic material gives a small confinement loss value.
From the results of this numerical investment, it is
recommended that the PCF-SPR sensor has good
performance in detecting skin cancer cells.
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