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Abstract: A symmetric three-core photonic crystal fiber optic sensor based on a gold film is presented,
aiming to accurately measure the refractive index and evaluate its sensing characteristics. This sensor
adopts the design of covering a gold film on a photonic crystal fiber, in which the fiber contains air
holes of three different diameters. The performance of the sensor was analyzed by numerical
simulation through the full vector finite element method. The results show that the sensor
performance can be significantly affected by adjusting the diameter of the air holes and the thickness
of the gold film. The sensor performs particularly well when the refractive index (RI) of the substance
to be measured is in the range of 1.36 to 1.41, especially when the Rl is 1.41. It has a maximum limiting
loss value of 75 dB cm!, a maximum amplitude sensitivity of 421 nm RIU", and a finest resolution of
6.67 x 10 RIU.These characteristics are essential for scientific research and industrial use where a
high degree of accuracy is sought. This study not only provides a novel perspective on the design of
three-core photonic crystal fibers, but also lays a solid foundation for the future development and
optimization of fiber optic sensor technology. This innovation using gold films may inspire the
development of more high-performance sensors and further expand the application areas of photonic
crystal fiber technology. As the performance of sensors continues to improve, the prospects for
commercialization of related technologies will become brighter. High-performance sensors are
expected to be widely used in emerging industries such as smart manufacturing, automated
monitoring systems and the Internet of Things, giving a strong boost to the development of these
fields. The use of gold films demonstrates the possibility of applying new materials in fiber-optic
sensors, and other types of metals or composites may be explored in the future to achieve even higher
performance enhancements. With the advancement of sensor technology, they will be more widely
used in a number of fields, contributing to the technological innovation and growth of related
industries.

Keywords: three-core photonic Crystal fiber; Refractive index measurement; Nonlinear ptics

1. Introduction

Since the 1960s, fiber optic technology has gradually matured along with advances in the
communications industry. Initially, fiber optics was mainly used for data transmission, but its unique
properties soon made researchers realize its great potential in the field of sensing. Fiber optic sensors
have been widely used in many industries due to their excellent resistance to electromagnetic
interference, good corrosion resistance, compact size, economical cost and easy integration with other
systems.1Depending on the principle of operation, fiber optic sensors can be classified into several
categories, such as fiber Bragg grating (FBG) sensors, fiber optic Fabry-Perot interferometers (FPIs),
fiber optic Mach-Zdonder interferometers (MZIs), and fiber optic surface plasmon resonance (SPR)
sensors.2In recent years, the emergence of Photonic Crystal Fiber (PCF) marks a major leap in fiber
optic technology, which not only overcomes some of the limitations of traditional optical fibers, but
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also opens up a new path for further enhancement of optical fiber performance through its unique
microstructural design.The microstructural design of PCF allows for adjusting the geometry of the
air holes inside the fiber, spacing, diameter, and arrangement of the air holes inside the fiber to
customize the fiber device with specific optical properties, which greatly expands the functionality
and application scope of the fiber device. In particular, the SPR effect, as a special optical
phenomenon, occurs at the interface between a transparent medium and a metal. In this process, an
incident electromagnetic wave can generate a swift field on the metal surface, and this swift field
interacts with free or bound electrons on the metal surface, resulting in the transfer of electromagnetic
wave energy of a specific wavelength to the electrons, which triggers the resonance of the electrons.
Since the wavelength of the electromagnetic wave interacting with the electrons is affected by the
optical properties of the external environment, highly sensitive detection of changes in the external
environment can be realized by monitoring the changes in the transmission spectrum of the SPR
sensor. This technology shows great application value in biomedical detection, environmental
monitoring and other fields. In conclusion, fiber optic technology and its applications in the field of
sensing are constantly moving forward, providing strong support for solving various scientific and
engineering problems. With the continuous progress of technology, we have reason to believe that
fiber optic sensors will play its unique advantages in more fields.3

In 2021, YAN et al. designed a high sensitivity SPR refractive index sensor based on PCF, with
an average spectral sensitivity of up to 14771.4 nm/RIU and a maximum spectral sensitivity of 18000.5
nm/RIU in the refractive index range of 1.47-1.52. It is suitable for detecting environments with small
changes in refractive indices, especially for high refractive index mediums (such as certain chemicals
or biological fluids). However, it is only effective in the high refractive index range (1.47-1.52),
limiting its application in low refractive index environments.2022, in the field of sensing, the JAIN
team has innovatively constructed an SPR refractive index sensor, which has achieved a
breakthrough of 10,000 nm/RIU in spectral sensitivity. Unlike conventional SPR sensors, the
sensitivity was improved by the novel design, which pushed the refractive index sensing technology
forward. Compared with the design of YAN et al. the sensitivity is slightly lower, limiting the
application in ultrafine detection. Following closely, a new PCF sensor model corresponding to
transverse magnetic and transverse electric waves with spectral sensitivities of 10,000 nm/RIU and
11,000 nm/RI, respectively, was also proposed by Shakya et al. The ability to detect TM and TE modes
with sensitivity increases the applicability of the sensor in different wave modes. The overall
sensitivity is slightly lower compared to the design of YAN et al.4In 2022, JAO et al. designed a new
PCEF refractive index sensor. The average spectral sensitivity reached 5413.3 nm/RIU in the refractive
index range of 1.330-1.370, and 11400 nm/RI in the refractive index range of 1.365-1.370. In the lower
refractive index range (1.330-1.370), it exhibits moderate sensitivity, which is suitable for medium
refractive index detection. However, compared with high sensitivity designs (e.g., YAN et al.), JAO
has low sensitivity and is not suitable for scenarios requiring ultra-high accuracy.2023 Wang et al.
proposed a seven-core SPR-PCF sensor that combines the advantages of multi-core fiber and SPR,
with a sensitivity of 1644 nm/RIU in an Rl range of 1.34-1.37. Its multi-core structure enhances the
sensitivity Its multi-core structure enhances the sensitivity and stability, which is suitable for a wider
range of scene applications. The seven-core structure enhances the robustness of signal transmission.
Lower sensitivity compared to other designs may not be suitable for fine detection.5Each of these
designs has its own strengths, with the design by YAN et al. excelling in high refractive index and
high sensitivity applications, while the design by Wang et al. focuses more on robustness and multi-
core structure applications; and the designs by JAOQ, JAIN, and SHAKYA showing varying degrees of
innovation in the low to medium refractive index range.

This paper presents an innovative sensor design, a symmetric three-core photonic crystal fiber
(PCF) sensor based on a gold film, aimed at improving the sensitivity and overall performance of the
sensor. This design introduces a new structural configuration that provides a new direction for the
development of photonic crystal fiber sensors. Through numerical simulations using the full vector
finite element method, the study provides a solid theoretical basis for the analysis of the sensor
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performance. This method is able to solve complex optical problems efficiently and ensure the high
reliability and accuracy of the simulation results.

Specifically, the optical characteristics of the sensor are effectively improved by coating the outer
surface of the PCF with a gold film to stimulate surface plasmon resonance (SPR), which is combined
with the optimized tuning of the air hole parameters and the thickness of the gold film. This design
allows the sensor to exhibit higher sensitivity in different refractive index ranges, which can better
meet the needs of specific applications and support the personalized development of sensors. The
study not only examines the spectral sensitivity but also evaluates the amplitude sensitivity, which
comprehensively demonstrates the performance of the sensor under multiple measurement
conditions.6The results show that the sensor has excellent performance in both spectral sensitivity
and amplitude sensitivity, and is not only suitable for refractive index measurement, but also
expected to be extended to a variety of sensing applications, such as temperature, pressure and
chemical composition detection, showing a wide range of application prospects. This achievement
not only provides new ideas for the design of photonic crystal fiber sensors, but also lays the
foundation for the development and application of high-performance sensors in the future.7The
simulation results show that this sensor has high spectral sensitivity and amplitude sensitivity. The
average spectral sensitivity of the sensor was 7100 nm RIU" in the range of analyte refractive index
(RI) of 1.36-1.41, which corresponded to a spectral sensitivity and maximum resolution of 15000 nm
RIU" and 3.34 x 10 RIU, respectively.

2. Structural Design and Theoretical Model

2.1. Internal Structure Overview

Figure 1(a) shows the schematic diagram of a three-core sensor with silica as the cladding
material. Finite element analysis of the model parameters was performed using COMSOL
Multiphysics software. The sensor has three fiber optic cores with an angle of 120 degrees between
adjacent cores, which consists of three air holes with different diameters. The diameters of the air
holes gradually increase from the center to the outside, the diameters of the outermost adjacent air
holes are interlaced with each other, the four air holes in the middle are shared by the three fiber
cores, and all the air holes are distributed in a regular hexagonal shape around the fiber cores. Among
them, the air holes ds have specific effects on the phase matching and coupling between the
fundamental mode and the surface plasmon excitation (SPP) mode. The specific values of the
parameters are di =0.4 um, d2=0.6 pm, and ds =1 um. The lattice spacing of the internal air holes is
A =24 pm, and the diameter of the optical fiber is D1 = 12 um. where small air holes located at the
core position of di = 0.4 um are used to reduce the effective refractive index of the core mode, which
improves the sensor sensitivity. In addition, the thickness of the gold film is tg = 40 nm. by chemical
and physical methods such as sputtering and high pressure chemical vapor deposition techniques, a
metal film can be coated on the polished surface of the PCF and used as a plasma material. Figure
1(b) shows the 3D structure of the PCF-SPR sensor.
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Figure 1. Schematic diagram of the PCF-SPR sensor: (a) two-dimensional structure; (b) three-dimensional

structure.
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2.2. Material Selection and Theoretical Basis

The plasma material is the gold film in this model and the dielectric function of Au is represented
by the Drude model:

2
w

s(w)=¢ +ie,=¢, ———L—— (1)
( ) : : w (a) +1i a)c)
where ¢ is the dielectric constant of Au and e is the high-frequency dielectric constant with a value
of 9.75. The plasma frequency of Auis wp=1.36 x 1016 Hz,w.=1.45 x 10'* Hz is the scattering frequency
of electrons.
The substrate material of the photonic crystal fiber is pure silicon dioxide, and its material

dispersion can be calculated by the Sellmeier equation8:
242
v A1
n= 1+Zi:1 /12 _[2 (2)
Where A is the wavelength of incident light, N = 3, Ai and li are the dispersion coefficients, A1 =

0.6961663,Az2= 0.4079426,A3=0.8974794,11=0.0684043,1>= 0.1162414,15 = 9.896161.The refractive indices
of SiO2 have a nonlinear relationship with the wavelength of incident light. The refractive index of

SiO:2 was calculated by Sellmeier’s equation which is closer to its true refractive index value.

When the phase matching condition for excitation SPR is satisfied, most of the energy leaks from
the fiber core to the metal surface, forming a sharp loss peak in the loss spectrum. Considering the
function of the effective RI imaginary part of the mode, the constrained loss of the core mode is used
to characterize the surface plasma mode, which can be calculated by the following equation9 :

a,,, =8.686x% ZT”Im(neff )x10*(dBem™) (3)

where nett = B/ko is the modal effective RI of the core mode and ko =27/A is the vacuum wave number.
The unit of the incident wavelength A is in nanometers.

Figure 2 illustrates the operational setup of the PCE-SPR sensor. As can be seen, the sensor
operates as incident light is generated by a broadband light source (BBS) and introduced into the
sensor, and a spectrum analyzer (OSA) is utilized to be able to accurately monitor and resolve the
final outgoing light. In order to compare the experimental data with the theoretical predictions,
optical simulations were performed using the finite element method. Specifically, an ideal matching
layer (PML) is introduced at the boundary of the computational region to achieve effective
truncation.10

analyte

===

Figure 2. Schematic diagram of PCF-SPR sensor operation.

3. Simulation Results and Discussion

As shown in Figure 3, the SPP mode, the fundamental mode, and the SPP mode resonating with
the fundamental mode, respectively, the electric field distribution of the supermode is schematically
shown, and the arrows in the figure indicate the direction of the electric field. From Figure 3(a), it can
be seen that the SPP mode is excited by a specific wavelength and the energy is distributed around
the gold film. Figure 3(c) shows the coupling of the fundamental mode to the SPP mode at the
resonance wavelength and the conversion of energy from the fundamental mode to the SPP mode.


https://doi.org/10.20944/preprints202503.0218.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2025 d0i:10.20944/preprints202503.0218.v1

5 of 13

The resonance wavelength occurs when the real part of the fundamental mode and the real part of
the SPP mode are equal. At a wavelength of 760 nm and a na of 1.38, the supermode state is shown
in Figure 3(d), and the supermode does not excite the SPP mode because the energy is concentrated
on the core. The corresponding effective refractive index real parts of the supermode and the
fundamental mode are 1.4383, 1.4385, and 1.4494, respectively. it can be seen that there is a small
difference between the effective refractive index real part of the supermode and the effective
refractive index real part of the fundamental mode, but there is still a big difference between the SPR
resonance modes, as well as the direction of the electric field of the fundamental mode and the
supermode.

(b)

(0) (d)

Figure 3. Mode electric field distributions of the sensor: (a) SPP mode electric field distribution, (b) fundamental
mode electric field distribution, (c) SPP mode resonating with the fundamental mode electric field distribution,

(d) supermode electric field distribution.

As shown in Figure 4, the results of the effective refractive index real part Re(nes) of the
fundamental and surface plasma (SPP) modes as well as the loss in the y-polarization mode under
different incident wavelength conditions are calculated using the COMSOL software and plotted as
a function curve related to the incident wavelength. The figure not only reveals the dispersion
relation between the fundamental mode, SPP mode and the loss spectrum with the electric field
distribution, but also points out in particular that the black and green curves represent the trend of
the real part of RI with wavelength for the fundamental and SPP modes, respectively, for a refractive
index (RI) of 1.38, while the red curve demonstrates the variation of the fundamental mode
confinement loss with wavelength. From the figure, it can be observed that the real part of the
effective refractive index decreases with wavelength for both the fundamental and SPP modes, but
the real part of the SPP mode decreases at a significantly faster rate than that of the fundamental
mode. This indicates that the SPP modes are more susceptible with increasing wavelength, and their
propagation characteristics are changed considerably. In particular, the confinement loss of the
fundamental mode peaks at the resonant wavelength of 770 nm, a phenomenon that coincides with
the fact that the real part of the fundamental mode and the SPP mode satisfy the phase-matching
condition at this wavelength. This implies that effective phase matching and coupling between the
fundamental and SPP modes occurs at 770 nm, which enables most of the energy to be transferred
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from the fundamental mode to the SPP mode, thus enhancing the surface plasmon resonance (SPR)
effect. As a result, a significant confinement loss peak can be observed at this particular wavelength,
which is the result of the efficient energy conversion between the fundamental and SPP modes. This

finding has important implications for optimizing the design of sensors based on surface plasmon
resonance technology.11
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Figure 4. Dispersion relation of fundamental mode, SPP mode and loss spectrum with electric field
distribution.

3.1. Structural Optimization

The performance of the sensor was improved by optimizing the values of air holes, lattice
spacing and gold film at an RI of 1.40, and the calculated results are shown in Figure 5. The variation
of the loss spectrum of the fundamental mode with different periods of the air hole diameter d: is
shown in Figure 5(a), and the resonance wavelength is shifted to shorter wavelengths when the value
of dz is increased from 0.4 um to 0.6 pum. At the wavelength of 720 nm, the corresponding maximum
confinement loss is 57 dB cm!. At this time, the confinement loss gradually decreases, indicating that
the coupling between the fundamental mode and the SPP mode is weakened. The performance of the
sensor is optimized by adjusting the size of the air hole dz. In addition, d2 = 0.6 um is considered to
be the optimal size choice considering the actual fabrication process of the sensor.

45
60 1 ——d2=0.4um ail ——d1=0.2um
———d2=0.5um ——d1=0.3um
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Figure 5. Sensor loss curves for (a) dz, (b) di, (c) A, and (d) tg variations: (a) sensor loss curves with d, (b) sensor

loss curves with di, (c) sensor loss curves with A, and (d) sensor loss curves with gold film thickness variation.

The variation of the loss spectrum of the fundamental mode with different cycles of the center
air hole diameter d: is shown in Figure 5(b), where the resonance wavelength gradually decreases
when the center hole diameter di increases from 0.2 um to 0.4 pm. Meanwhile, the coupling strength
decreases as d1 increases from 0.2 um to 0.4 pm, which is due to the reduced energy transfer from the
fundamental mode to the SPP mode. Therefore, di of 0.2 um is selected as the optimal value by
considering the fabrication difficulty of the sensor and the detection sensitivity. When d2 is set to 0.6
pum and ds is set to 0.2 pm, the coupling between the base mode and the SPP mode reaches an optimal
state. The sensitivity of the sensor can be improved to 421 nm RIU" at the analyte refractive index na
= 1.41, which indicates that the dimensional variations of d2 and ds significantly affect the
performance of the sensor.

The loss spectrum of the fundamental mode with different periods of the lattice spacing A is
shown in Figure 5(c), when the lattice spacing A is between 2.3 pm and 2.5 um, the resonance
wavelength is shifted to shorter wavelengths, and the confinement loss of the fundamental mode
decreases slightly, and both the peak intensity and the resonance wavelength are decreased with the
increase of A. This is due to the fact that the energy confined within the core is weakened when the
value of A increases, and the resonance strength between the core mode and the SPP mode is
weakened. This means that less energy is transferred from the core to the surface of the fiber. This is
due to the suppression of the leakage path in the fiber core as the lattice spacing increases. Therefore,
considering the sensitivity and the confinement loss, we chose A =2.4 um as the optimal spacing of
the air holes.

In view of its chemical stability advantage, Au was chosen as the surface plasmon resonance
excitation material. The thickness of the gold film is a key parameter that affects the performance of
the sensor. As shown in Figure 5(d), the resonance peak is shifted to longer wavelengths with the
increase of the Au film thickness. At the same time, the confinement loss of the fundamental mode
decreases, and the energy transferred from the fundamental mode to the SPP mode decreases. When
the gold film thickness is small, the plasma wave experiences a strong damping effect due to radiation
damping, resulting in a significant decrease in the confinement loss peak. In order to achieve the best
performance of the proposed sensor, we have chosen 40 nm as the optimum thickness of the gold
film.12

3.2. Device Performance Analysis

Based on the discussion of the effects of various structural parameters on the loss spectrum, the
response characteristics and resonance strength of the plasma sensor were evaluated to determine
the optimal structural parameters of the PCF-SPR sensor. 13The optimized plasma sensor
performance can be approximated computationally when the refractive index RI of the analyte is
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varied from 1.36 to 1.41 in steps of 10. As shown in Figure 6, when the refractive index of the external
analyte increases from 1.36 to 1.41, the resonance peaks move to longer wavelengths, and the
coupling strength between the fundamental mode and the SPP mode is gradually enhanced, leading
to an increase in the confinement loss. As the refractive index of the analyte increases, the energy
confined within the fiber core increases, strengthening the interaction between the core and SPP
modes. This is because the effective refractive index of the SPP mode is mainly affected by the
refractive index of the analyte. In addition, the spectral sensitivity can be calculated when na changes
from 1.36 to 1.41, and the maximum change in resonance wavelength AApeak = 150 nm at when the
Rl is 1.40 to 1.41, which corresponds to a maximum spectral sensitivity of 421 nm RIU".. In addition,
the confinement loss decreases slightly when the refractive index of the analyte is 1.41, and there is a
slight secondary peak, while in the refractive index range of 1.36 to 1.40, the constraint loss has only
one main peak. Therefore, the proposed sensor is more suitable for stable detection of analytes. This
is because the SPP mode is affected by the change in the refractive index of the analyte, and as the
refractive index of the analyte increases, the ability of the fiber to bind to the core mode is weakened,
resulting in more energy leakage from the fundamental mode to the SPP mode. At the same time, the
coupling between the fundamental mode and the SPP mode is enhanced with the gradual increase
of the analyte refractive index, which is due to the gradual increase of the peak loss intensity. Spectral

sensitivity is an important parameter to measure the performance of the sensor and can be defined
as:14

AA
S(A)=—=(nm/RIU) @)

where AApeak is the difference between the resonance wavelengths of the refractive indices of
neighboring analytes, with the parameter Ana = 0.01. The RI value of the analyte was increased from
1.36 to 1.41, where the mean and maximum values of AApeak were 35 nm and 150 nm,
respectively.Therefore, the mean and maximum spectral sensitivities were 96 nm RIU- and 421 nm,
respectively RIU. In addition, the resolution of analyte RI is also an important parameter of the
sensor and is expressed by the following equation15 :
R AnaAA 6)
AA

‘peak

where the wavelength resolution AAmin is assumed to be 0.1 nm. When the na change step of the
analyte Rl is 0.01, the maximum sensing resolution of the PCF-SPR triple-core sensor at analyte RI na
of 1.41 is 6.67 x 10-6 RIU, and the minimum sensing resolution at analyte RI na of 1.36 is 2.5 x 10-5
RIU.
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Figure 6. Sensor bound loss with analyte variation from 1.36 to 1.41.
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The linear relationship between the fundamental mode resonance wavelength and the analyte
refractive index (RI) is shown in Figure 7. As the refractive index of the analyte increases, the
resonance wavelength gradually becomes longer and more energy is converted from the
fundamental mode to the SPP mode. This is due to the fact that the increase of the analyte refractive
index reduces the refractive index difference between the fundamental mode and the SPP mode,
which promotes the strong coupling between them. In addition, a third-order fit is performed in the
polynomial fitting method used to optimize the curve fitting. The slope of the fitted curve can be used
to characterize the sensitivity of the sensor. The table in Figure 7 lists the quality metrics of the fits,
i.e., r-squared (COD) and relative values, with r-squared values of 0.98839 and 0.98143, respectively.
these r-squared values indicate that there is a good fit between the resonant wavelength of the sensor
and the refractive index of the analyte, in particular, the sensor achieves a maximum spectral
sensitivity of 421 nm RIU" when the refractive index of the analyte is 1.4. However, when the analyte
refractive index varied in the range of 1.36 to 1.41, the sensitivity response of the PCF sensor showed
a nonlinear characteristic. Nonetheless, this nonlinear fitting curve still allows for effective dynamic
monitoring of the sensor, providing flexibility and accuracy for practical applications. This nonlinear
relationship illustrates that the sensor responds differently to refractive index changes in different
refractive index ranges, which is important for understanding and optimizing the design of the sensor
and its application in real-world inspection.16

900
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— Polynomial fit of polynomial
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(=}
T
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500 L
1.33 1.34 135 1.36 1.37 1.38 1.39 140 141
Refractive index of the analyte (RI)

Figure 7. Variation of resonance wavelength for analyte refractive indices from 1.35 to 1.41.

Amplitude sensitivity is another important parameter for estimating the performance of the
sensor and is defined as follows17:

1 oa(A,na
S(1)= ( )(R]U‘l) (©)
0 (ﬂ,, na) ona
Where a(4,na) is the previous loss,da(4, na) is the difference between the loss of the desired
refractive index and the loss of the previous refractive index, and dna is the difference between the

desired refractive index and the previous refractive index.

The coupling between the fundamental and SPP modes is affected by the change in amplitude
sensitivity. As shown in Figure 8(a), when the analyte refractive index (RI) is in the range of 1.36 to
1.40, the amplitude sensitivity increases and then decreases slightly, and the peak of the amplitude
sensitivity moves toward longer wavelengths. The amplitude sensitivity varied from 231 RIU- to 420
RIU with the maximum amplitude sensitivity of 420 RIU- occurring at analyte refractive indices
between 1.39 and 1.40. This indicates that the sensor is most sensitive to changes in analyte refractive
index in this refractive index range, enabling efficient detection. This trend in amplitude sensitivity
reflects the change in the coupling strength between the fundamental mode and the SPP mode, which
provides an important reference for optimizing the design of the sensor and improving its detection
performance.18
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Figure 8. Distribution of amplitude sensitivity with analyte RI and gold film thickness: (a) amplitude sensitivity
with analyte RI, (b) amplitude sensitivity with gold film thickness.

In addition, the coupling between the base mode and the SPP mode is also affected by the
variation of the gold film thickness. As shown in Figure 8(b), the amplitude sensitivity shows a
decreasing trend when the gold film thickness increases from 35 nm to 45 nm. This is due to the fact
that as the gold film thickness decreases, the confinement loss gradually increases and the interaction
between the abrupt field and the analyte is enhanced, which leads to the decrease of the amplitude
sensitivity. In particular, the amplitude sensitivity reaches a maximum when the gold film thickness
is increased from 35 nm to 40 nm, and a significant peak appears, corresponding to a maximum
amplitude sensitivity of 503 RIU-'. This finding suggests that the performance of the sensor can be
significantly optimized by precisely controlling the thickness of the gold film to achieve higher
sensitivity.19

The performance factor (FOM) plays a crucial role in evaluating the overall performance of a
sensor. A higher FOM value means that the sensor has better performance, especially in terms of
resolution and sensitivity.The FOM can be calculated using the following equation19:

FOM = _5 (7)

FWHM
where S and FWHM denote the slope of the polynomial fit curve and the full width of the resonance
peak at half maximum, respectively. In order to achieve a high performance sensor, the quality factor
(FOM) should be as high as possible, which can be achieved by increasing the slope S and decreasing
the FWHM. As shown in Figure 9, when the analyte refractive index is varied from 1.36 to 1.41, both
FOM and FWHM gradually increase with the analyte refractive index. In particular, the FOM reaches
a maximum value of 3750.7 RIU" when the analyte refractive index is 1.4, which indicates that the
sensor not only has high sensitivity in this refractive index range, but also performs excellently in
terms of resolving ability and detection accuracy, which makes it suitable for high-precision sensing
applications.This optimization result of the FOM is crucial for improving the overall performance of
the sensor, which helps to achieve more accurate and reliable sensing in practical applications. This
optimization of the FOM is essential for improving the overall performance of the sensor, which will
help to achieve more accurate and reliable detection in practical applications.
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Table 1 compares the performance of the sensors proposed in recent years and shows that our
proposed sensor significantly improves the sensing performance and extends the range of analyte
measurement. This illustrates the relevance and development prospects of the sensors proposed in
this paper.

Table 1. Comparison of sensor performance with previously proposed sensors.

Ref RI range Max. AS Max. WS FOM
(RTU) (RTU) (nm/RIV) (RIUY)

Error! Reference = ., , 5 160 11400 250

source not found.

20 1.33-1.40 371 11600

21 1.36-1.401 13,240 14285.71 21.61

20 1.31-1.36 597 7300

20 1.33-1.70 239.6 846.2 155.2

This work 1.36-1.41 421 15000 3750.7

4. Conclusion

The designed three-core PCF-SPR sensor was numerically simulated with the help of COMSOL
software to characterize the performance of the sensor. By optimizing the structural parameters of
the sensor, the effects of the gold film thickness, air aperture size and lattice spacing on the sensor
efficacy are explored in detail. Based on the optimized parameters, the loss curves were plotted to
clearly demonstrate the resonance wavelength of the refractive index. The performance
characteristics of the PCF-SPR sensor were characterized using the finite element method. The results
show that the amplitude sensitivity of the sensor ranges from 231 to 421 RIU-'. The sensor exhibits
excellent performance in the analyte refractive index (RI) interval from 1.36 to 1.40, and reaches the
maximum factor of performance (FOM) especially at an RI of 1.4. This indicates that the sensor has a
promising application in the field of biosensing. For SPR sensors with surface-coated metal films, the
introduction of multi-core technology to enhance their performance opens up a new perspective and
theoretical basis for the study of optical components. The proposed sensor scheme is more easily
realized under the current state of the art.
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