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Surface plasmon resonance (SPR) is widely used in photonic crystal fiber sensors. In this work, a photonic crys-
tal fiber sensor based on HE; ; mode excited SPR is designed and analyzed by the finite element method. The
maximum wavelength sensitivity, optimal resolution, and amplitude sensitivity of the optical fiber sensor are
24,600 nm/RIU, 4.07 x 10~° RIU, and 1164.13 RIU, respectively, for the refractive index range between 1.29
and 1.39. The sensor has excellent properties and wide application prospects in bimolecular and biochemical
sensing, environmental monitoring, food safety, and other fields. ©2022 Optica Publishing Group
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1. INTRODUCTION

Optical sensing is a technology in which changes of external
physical parameters are converted into optical signals and then
deciphered with demodulation equipment. Common optical
sensing techniques include Bragg grating sensing [1], air bubble
microcavity sensing [2], optical fiber sensing [3-6], and so
on. The principle of optical fiber sensing is total reflection of
light. Total reflection occurs when the beam impinges from a
light dense medium to light sparse medium and the incident
wave angle exceeds the critical angle of total reflection [7]. The
single-mode fiber [8] transmits by only one mode. Although the
few-mode fiber [9] supports multiple modes of transmission,
the transmission distance is short due to intermode dispersion.
Therefore, it is imperative to develop more suitable optical
fibers. The photonic crystal fiber (PCF) [10-14] has been
widely studied because of the high nonlinearity, no cutoff wave-
length single-mode transmission, and tunable dispersion. In
addition, the shape, size, quantity, spacing, and other param-
eters of cladding pores can be adjusted flexibly to optimize the
characteristics [15].

Different types of PCF sensors have been proposed [16-21],
especially the PCF sensor based on surface plasmon resonance
(SPR) [22-25] which has attracted extensive attention because
of its ability to detect weak signal changes. SPR is a physical
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and optical phenomenon that occurs at the interface between
metals and dielectrics [26]. Free electrons on the surface of the
metal vibrate collectively resulting in energy transfer when the
incident light meets certain conditions. In different analytes,
the photon shift is different and can be used for sensing. For
example, Zhang et al. [27] proposed a fiber interface waveguide
SPR sensor and combined the femtosecond laser writing wave-
guide technology with SPR effect. Wang ez a/. [28] proposed
a new complementary grating structure for plasma refractive
index sensing, which has strong resonance in the near-infrared
region. In the early stage, SPR was mainly implemented on the
prism structure [29], but it is bulky and real-time measurement
is difficult. However, real-time detection in a complicated envi-
ronment can be realized if SPR is adopted by the PCE Many
PCE-SPR sensors have been proposed so far [30-34]. For exam-
ple, Jiao ez al. [35] prepared a dual-core photonic crystal fiber by
depositing a segmented silver film in the microfluidic channels
and Zeng et al. [36] described a surface SPR sensor based on the
D-shape photonic crystal fiber for a wide refractive index range
from 1.15 to 1.36. Shakya ez a/. [37] demonstrated a sensitive
bimetallic anisotropic PCF-SPR biosensor with a maximum
wavelength sensitivity of 20,000 nm/RIU for x polarization and
18,000 nm/RIU for y polarization.

SPR in these PCF sensors are mostly excited by the Lp, ,
mode with the aid of linearly polarized light. However, SPR is
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rarely stimulated by the orbital angular momentum (OAM)
[38—40] mode based on vortex optical rotation. The beam car-
rying OAM has a spiral phase structure. Tan ez al. [41] proved
experimentally that the vortex beam can excite the plasmon
polaritons on the metal surface. In theory, the topological charge
¢ in the spiral phase factor carried by the OAM mode propa-
gating in the optical fiber can take an unlimited value, so the
OAM optical fiber supports an unlimited number of OAM
modes and faster mode transmission and has low energy loss
and less intermode cross talk [42]. Liu ez a/. [43] proposed a
photonic quasi-crystal fiber to excite SPR by the OAM; ; mode
but the sensitivity is only about 4000. There is still much room
to improve the performance of PCF sensors that are activated by
OAM. The HE; ; mode is the basic mode of the OAM mode.
Using this mode to excite SPR not only improves the stability of
mode transmission in the optical fiber, but also reduces loss and
achieves long-distance detection [43]. Other OAM modes can
also excite SPR, but the electron movement direction of higher-
order OAM mode is inconsistent, which is not conducive to
the excitation of SPR. Consequently, it is necessary to develop
a high-sensitivity PCF sensor with SPR excited by the OAM
mode fundamental mode.

Herein, a PCF-SPR sensor which can detect the refractive
index of the analyte in the range of 1.29-1.39 excited by the
HE; ; mode is designed and analyzed. In the process of finite
element calculation, triangular meshes are used to divide the
calculation area. The smaller the mesh, the more accurate
the calculation results, but the longer the calculation time.
Therefore, a more refined grid is selected according to the
complexity of the structure and the operation capability of the
equipment. The effects of different structural parameters of
the optical fiber on the sensing performance of the PCF-SPR
sensor are investigated. Results obtained by the finite element
method (FEM) [44,45] show that the average sensitivity of the
PCEF sensor is as high as 22,430 nm/RIU, the optimal resolution
is 4.07 x 107¢ RIU, and the maximum amplitude sensitivity
is 1164.13 RTU™'. The proposed sensor can detect a variety of
solutions, such as glycerin with a mass fraction of 0.1%-0.2%,
sucrose solution with a concentration of 5%-25%, glucose solu-
tion with a concentration of 2%—-30%, ethanol solution with
a concentration of 5%-75%, etc. In addition, the sensor with
excellent properties has large potential in oil logging, biosensors,
food safety, environmental detection, and other fields.

2. BASIC THEORY AND STRUCTURAL DESIGN

When light travels from an optically dense medium to an opti-
cally sparse medium, total reflection can occur. The strength of
the evanescent wave decays exponentially with increasing skin
depth [46] and the evanescent wave makes the electrons in the
metal unevenly distributed. Under the action of Coulombic
force, the free electrons on the metal surface vibrate to form
surface plasma wave (SPW). Surface plasmon resonance occurs
when the propagation constant gy, of the wave and propaga-
tion constant , of the evanescent wave meet the phase matching
conditions shown in Eq. (1), so that the energy of evanescent
wave is transferred to SPW [47,48]:

k=2 JEosin0 = k. (1)
c
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where o represents the angular frequency of the incident light, ¢
is the speed of light in vacuum, & is the dielectric constant of the
optical fiber cladding, and 6 is the angle of incidence. Most of
the energy in the fiber core is coupled to the metal film when the
transmission of incident light in the optical fiber meets the phase
matching condition, thus stimulating SPR on the metal surface.
SPR is very sensitive to the change of refractive indices in the
surroundings [49]. The intensity of the formant of the loss spec-
trum changes when the refractive index of the analyte changes
slightly and the resonance wavelength corresponding to the
formant redshifts or blueshifts. Therefore, the refractive index of
the analyte can be detected by analyzing the change of resonance
intensity and the shift of resonance wavelength caused by the
change of the refractive index of the analyte. The sensitivity of
the PCF-SPR sensor can be calculated from the displacement of
the resonance wavelength and change of the refractive index, as
shown in Eq. (2) [50]:

§,[nmy/RIU] = ~2petk. (2)
An,
where AApey is the displacement of the resonance wavelength
and An, represents the change of refractive index.

SPR of the PCF sensor is excited by the fundamental mode of
the OAM mode. OAM describes the characteristics of electrons
rotating around the transmission axis of electromagnetic waves,
which exists in vortex beams with spiral phase. The eigenvec-
tor modes in the fiber can be obtained by solving the Maxwell
equations. There are four eigenmodes in the fiber: TE mode,
TM mode, EH mode, and HE mode. The OAM mode can
be regarded as superposition of the odd and even modules of
the HE or EH modules of the same order, as shown in Eq. (3)
[51,52]:

even . odd
OAM;,m =HEY, £ /HES .

OAME =EH{® + EHM (3)

where HE}Y',, and HE]"] | represent the even modes of HE

and EH, respectively; HE‘[’i‘im and HE?EC}J” represent the odd
modes of HE and EH; / is the number of topological charges;
m stands for the radial order; the superscript “+” represents
the left and right directions of circular polarization; and the
subscript “+” is the rotation direction of helical phase. Since the
topological charge / of the OAM beam can take an infinite value
in theory, OAM fiber supports an unlimited number of OAM
modes and faster mode transmission, and more importantly, it
haslow energy loss.

The optical fiber is more suitable for OAM mode transmis-
sion when the optical fiber structure is similar to the OAM mode
field phase distribution, so the OAM optical fiber should have a
ring structure in design. In addition, the ring PCF fiber helps to
support more high-qualitcy OAM modes [52], and the annular
arrangement of air holes in the fiber reduces the refractive index
of the cladding, making it easier for light to gather in the fiber
core for transmission. Therefore, we choose PCF fiber with ring
structure for OAM mode transmission.

Figure 1 shows the cross section of the PCF sensor. There are
two layers of small air holes with the same radius and one layer of
large air holes in the cladding. The center is the solution channel
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Fig.1. Crosssection of the PCF sensor.

to be measured. We coat the second layer of air holes in the
direction of the positive half axis of the X axis with a metal film.
The materials commonly used in optical fiber sensors are gold
and silver. Although silver reacts with oxygen, water, sulfur, and
other substances in air more easily, optical fiber sensors used for
underground measurement cannot reach oxidation conditions
because of the lack of underground oxygen. Moreover, silver is
more active than gold, which is easier to excite SPR [53], and
the price is relatively lower. Therefore, silver is chosen as the
film material. If the silver film is plated on the first layer of the
air holes, it is close to the basic mode, which leads to greater loss
and shorter detection distance. The silver film is far away from
the fundamental mode, if the silver film is coated on the third
air hole, and there are weak resonance effects and measurement
difficulties. Therefore, in our sensor, a silver film with a thick-
ness of #,, = 40 nm is deposited on the second air holes in the
positive half-axis direction of the x axis. The dielectric constant

is determined by the Drude model [Eq. (4)] [54]:

w2

£ (4)

e =Epo — ——,
2g(@) © w(w+iw)

where g0 = 9.84, @, = 1.36 x 10'°, and w, = 1.018 x 10'%.
The green area in the figure is the solution channel to be tested
and the surrounding white area is the air hole. The pink region is
the perfectly matched layer which can absorb radiation energy
and provide the ideal boundary conditions. The blue area is the
optical fiber cladding composed of SiO; and the refractive index
n is determined by Sellmeier equation [55,50]:

S 0.696166312
n-— 1=
22 — (0.0684043)*

0.89747912
22 —(9.896161)%"

0.4079426)*

5
A2 — (0.1162414)° ©)

where A is the wavelength of incident light. The initial struc-
tural parameters of the PCF are set as follows: R =3 pum,
Ay =24um, Ay =2.7 um,» = 1.3 um,and 7y = 0.8 um.

In this work, the FEM is utilized to optimize the structural
parameters of the sensor. The difficulty of injecting the analyte
increases when the channel radius of the solution to be measured
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Fig.2. Loss spectra of the fundamental mode for different channel
radii.

is less than 3.0 um. The annular area between the air holes in
the first layer and solution channel is small, when the channel
radius of the solution is greater than 3.6 pm. It is not conducive
to the generation of orbital angular momentum. Hence, the
radius of the channel is set to be between 3.0 and 3.6 pum.
Figure 2 presents the loss spectra of the fundamental mode of
the sensor when the refractive index of the solution 7, = 1.36.
The structural parameters are A;=2.4um, A, =2.7 um,
r = 1.3 um, and the channel radii R of the solution are 3.0, 3.2,
3.4, 0r 3.6 um. The loss of the guided mode can be calculated by
Eq. (6) [57]:

2
L= 8.68677[Im(neff), (6)

where Im(n.¢) is the imaginary part of the effective refractive
index. As the channel diameter of the solution increases, the
resonant wavelength moves toward the long wave direction, and
the resonance intensity gradually increases. The value of wear
and tear of the optical fiber reaches the maximum and the SPR
effect is the strongest when R = 3.6 um. Consequently, the
radius of the analyte is chosen to be R = 3.6 pm.

The spacing of the air holes also affects the sensor. As the
spacing between adjacent air holes becomes larger, light is hard
to gather in the fiber core when the air hole interval between
the first layer and second layer is greater than 2.6 pm. When
the air hole spacing between two layers is less than 2.2 um, the
exchange energy between the core mode and surface plasma
mode is less, and phase matching is difficult to take place. As
a result, we optimize the distance between the two air holes in
the range of 2.2 to 2.6 pm. Figure 3 exhibits the fundamental
mode loss spectra for structural parameters of R =3.6 um,
Ay =27 um, r =1.3 um, and the distance between the air
holes of the first layer and second layer changes between 2.2
and 2.6 um. The results show that the resonance peak moves to
the long wavelength direction as the air hole spacing between
the two layers increases. Afterwards, the loss increases and the
resonance wavelength redshifts gradually. The resonance inten-
sity is the largest when A; = 2.5 um. Subsequently, the loss
is reduced. This is because the augment of the air hole interval
between the two layers causes the energy to gather in the fiber
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Fig. 3. Loss spectra of the fundamental mode for different air hole
spacing between the first layer and second layer.
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Fig.4. Loss spectra of the fundamental mode for different air hole

spacing between the third layer and second layer.

core and so coupling between the core mode and plasma mode
is enhanced. The difference between the resonance peaks of
Ay =25um and Ay =2.4 um is small, and the resonance
wavelength of A} =2.4 um is small. Therefore, the air hole
gap between the first layer and second layer is chosen to be

The exchange energy between the core mode and surface
plasma mode is less and phase matching is difficult when the
distance between the third layer air hole and second layer air hole
isbelow 2.5 pm. The beam cannot concentrate easily in the fiber
core when the air hole spacing between the two layers is more
than 2.9 pm. Figure 4 shows the loss spectra of the fundamental
mode, when the interval between the two layers of air holes is
varied from 2.5 to 2.9 pm. As the space between the two layers
of air holes expands, the resonance intensity decreases, and the
resonance wavelength redshifts. For A; =2.5 um, the reso-
nance intensity is the maximum. When A is less than 2.7 pm,
the air hole spacing between the second layer and the third layer
is too small, which is difficult to make in practice, so the spacing
ischosen as A, = 2.7 pum. Based on these structural parameters,
the resonance wavelength is shorter and the loss is smaller.

The size of the air holes impacts the properties of the sensor.
When the air hole radius is increased, the distance between
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Fig.5. Lossspectra of the fundamental mode for large air holes with
different radii.

adjacent air holes in the same layer becomes smaller, thereby
making it easier to concentrate the light in the fiber core. An
air hole radius above 1.4 wm or below 1.2 wm will affect the
energy exchange between the core mode and surface plasma
mode. Here, the semidiameter of the large air holes is chosen
to be 1.2, 1.25, 1.3, 1.35, or 1.4 um for optimization. Figure 5
represents the loss spectra of the fundamental mode when other
structural parameters remain unchanged and only the radius of
the large air holes is varied. With increasing air hole radius, the
resonance wavelength blueshifts and the resonance intensity
increases. This is because the large air hole in the third layer has
strong restriction on light. The mode field is hard to leak, and
more light energy is coupled to the metal film to enhance SPR.
Therefore, for ease of manufacture, the air hole radius is chosen
tober = 1.3 pm.

The choice of the metal film also affects the resonance
strength. Figure 6 presents the loss spectra when the thickness
of the silver film is 35, 40, 45, 50, and 55 nm. The resonance
intensity increases first and then diminishes and the resonance
wavelength blueshifts, with increasing silver film thickness. The
SPR strength is not strong when the silver film thickness is less
than 40 nm, and the SPR strength gradually decreases when
the silver film thickness is greater than 45 nm, so we choose the
silver film thickness between 35 and 55 nm for optimization.
A silver film that is either too thin or too thick influences the
SPR effect, but there is little difference in the resonance intensity
when the thickness of the silver film is 45 nm and 50 nm. Hence,
tg is chosen to be 50 nm so that the resonance wavelength is the
shortestand the loss is not large.

The change of the radius of the small air hole will also affect
the performance of the sensor, but the effect is not significant.
The small air radius is too small, which is not conducive to the
concentration of light in the fiber core, so we choose to optimize
the radius of the small air hole at 0.78 to 0.82 um. It can be
seen from Fig. 7 that the resonance peak has almost no change
at the radius of 0.78 to 0.81 pum, so we choose 0.8 wm as the
small air hole radius, which is conducive to production and
manufacturing.

According to the aforementioned analysis, the optimal
structural parameters of the proposed sensor are R = 3.6 pm,
Ay =24pum, Ay =2.7um, r =13 um, and £z =50 nm.
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resonance peak.

In practical production, the solgel method can be used to
prepare the optical fibers [15]. First, we make PCF preforms,
arrange the metal bars in the mold according to the proposed
structure, and then fill the mold with silica gel particles with
high PH value, and transform the sol into gel by reducing the
PH value. At this time, the gel with microcylindrical air holes
can be obtained by removing the metal bar, and then the gel
is burned into glass by the thermochemical method. Finally,
the PCF preform is drawn into the optical fiber with a certain
diameter by the wire drawing process. The reason why the solgel
method is more suitable is that this method can freely adjust
the size, shape, and position of the air holes [40]. Compared
with the stacking method [58], the optical fiber produced by the
solgel method using the chemical treatment process to remove
impurities is cleaner.

In practical application, the solution detection system based
on HE, ; mode excited photonic crystal fiber SPR includes the
vortex light source, single-mode fiber, PCF sensor, spectrom-
eter, and computer. In the apparatus, the vortex light source is
connected to the single-mode optical fiber and then the single-
mode optical fiber is connected to the PCF-SPR sensor by an
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OAM Optical Source

Optical Spectrum Analyzer (D5A)

Fig. 8. Schematic of the solution detection system based on HE,; ;
mode excited photonic crystal fiber SPR.

optical fiber fusion machine. The single-mode optical fiber is
connected to the spectrometer (OSA) at the other end of the
PCE When the light source is turned on, the loss spectra will
appear on the OSA and is exported to the computer for analysis.
The apparatus and process are illustrated in Fig. 8.

3. RESULTS AND DISCUSSION
A. Coupling Properties

Figures 9(a)-9(c) show the mode field distributions of the sensor
in the x-polarization mode, y-polarization mode, and SPP
mode, respectively. The small red arrows indicate the direction
of the electric field. The mode field energy of the x-polarization
mode and y-polarization mode is mainly concentrated in
the fiber core and the mode field energy of the SPP mode is
mainly focused on the metal surface. In the x-polarization
mode, a small amount of energy is coupled to the metal surface,
whereas in the y-polarization mode, the light only gathers in
the fiber core and there is no light on the metal surface. In the
x-polarization mode, the OAM mode excites SPR, whereas
in the y-polarization mode, no SPR is generated. Therefore,
the characteristics of the sensor in the x-polarization mode are
evaluated.

Figure 10 shows the dispersion and resonance curves of the
PCEF-SPR optical fiber sensor based on the HE; ; mode at

Dlictwaeh T ]
Fig.9. Mode field distribution of the PCF sensor: (a) x-polarization
mode, (b) y-polarization mode, and (c) SPP mode.
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different wavelengths when the refractive index of the liquid is
1.36. The orange dotted line represents the dispersion curve of
the plasma mode, the orange solid line is the dispersion curve of
the base mode, and the blue curve indicates the resonance curve
of the base mode. The intersection of the dispersion curves of
the base mode and plasma mode coincides with the resonance
loss peak. Hence, the base mode and surface plasma mode satisfy
the phase matching conditions, and energy coupling between
the base mode and plasma mode is the strongest resulting in SPR
when the resonance wavelength is 3.68 pm.

B. Wavelength Sensitivity

Figure 11 shows the fundamental mode loss spectra when the
refractive index of the fluid changes from 1.29 to 1.39 after
the structural parameters of the sensor are optimized. When
the refractivity of the liquid increases, the resonance wavelength
blueshifts and the loss peak intensity increases first and then
declines. Resonance is strongest when the refractive index of the
liquid is 1.36 and the resonance wavelength is 3.68 pm. Here,
the energy coupling effect between the fundamental mode of the
PCEF sensor and surface plasma mode is better.

Sensitivity is one of the important parameters [59] and there
are two detection methods. The primary method is to monitor
the wavelength sensitivity. The resonance wavelength in the
spectra will redshift or blueshift when the refractive index of the
solution changes. The sensor has high sensitivity, if the refrac-
tivity of the liquid changes slightly and the resonant wavelength
shifts extensively. The wavelength sensitivity is calculated by
Eq. (2).

Figure 12 shows the relationship between the resonant
wavelength and loss peak when the refractive index changes
from 1.29 to 1.39. The blue solid line indicates the relation-
ship between the resonant wavelength and refractive index,
and the orange curve shows that the loss peak varies with the
refractive index. The resonance wavelength blueshifts with
the refractive index of the solution and the variation between
the resonance wavelength and refractive index exhibits a linear
relationship. The loss peak increases first and decreases with
increasing refractive index grow. When the refractive index
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Fig. 12.  Resonance wavelength (blue solid line) and loss peak

(orange solid line) in different solutions.

of the liquid is 1.36 pm, the resonance intensity reaches the
maximum. According to Eq. (2), the average sensitivity of
the sensor is 22,430 nm/RIU and the maximum sensitivity is
24,600 nm/RIU.

C. Amplitude Sensitivity

In addition to the shift of the resonant wavelength, the loss peak
will also change when the refractive index of the analyte alters.
Therefore, the refractive index of the analyte can be detected by
the change of the resonant intensity. Amplitude sensitivity is one
of the important performances of sensors based on resonance
intensity modulation, which is calculated by Eq. (7) [60]:

1 Aa(r, n,)
a(r,n,)  An,

Sa= , (7)
where (X, 7,) presents the confinement loss. Figure 13 shows
the amplitude sensitivity versus refractive index. When the
refractive index of the liquid changes from 1.29 to 1.38, the
resonance wavelength blueshifts and the amplitude sensitivity
increases initially and then declines. The amplitude sensitivity
is 1164.13RIU", and the amplitude sensitivity reaches the
maximum when the refractive index is 1.35.
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D. Resolution

Resolution is one of the important parameters as it indicates the
ability of the sensor to detect the smallest change. Assuming that
aspectral change AL, = 0.1 nm can be detected, the refractive
index resolution can be calculated by Eq. (8) [61]:

AnaA)\-min
R=—t—Tmn

8
A)"peak ( )

Figure 14 exhibits the relationship between the resolution
and refractive index. The orange solid line shows the sensitiv-
ity change with refractive index and the blue solid line is the
variation of resolution for different refractive indices. When
the refractive index of the solution is varied from 1.29 to 1.38,
the sensitivity of the sensor declines. The sensitivity changes
slowly as the refractive index of the liquid changes from 1.31 to
1.33. The trend of resolution is opposite to that of the sensitiv-
ity. The resolution ascends slowly when the refractive index of
the fluid is changed from 1.31 to 1.33. The resolution goes up
rapidly when the refractive index of the liquid is varied in the
range of 1.29-1.30 and 1.34-1.38. The resolution of the PCF
sensor is the smallest when the refractive index of the solution is
1.29 and the resolution is calculated to be 4.07 x 107¢ RIU by
Eq. (8).

E. Figure of Merit

The figure of merit (FOM) describes the overall performance of
the PCF sensor and a larger FOM denotes better properties. It is
calculated by Eq. (9) [62]:

Sensitivity(S),) ©)
FWHM

where the full width at half-maximum (FWHM) refers to the
width of the loss peak when the height of the loss peak in the
spectrum is half. The FWHM represents the working range
of the sensor for different refractive indices. Figure 15 shows
the relationship between the FOM and FWHM for different
refractive indices. The blue curve represents the change of
FWHM with refractive indices, and the orange curve indicates
the FOM of the PCF sensor. When the refractive index of the

FOM =
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Fig. 156. Curves of FOM (orange) and FWHM (blue) in different
solutions.

solution increases, the FWHM declines first and goes up later.
The largest FWHM is 0.359 pm when the refractive index of
the liquid is 1.29. The minimum value is 0.064 pm when the
refractive index of the liquid is 1.36. Therefore, the wavelength
range of the resonance curve diminishes as the resonance inten-
sity increases. The trend of the FOM is opposite to that of the
FWHM. The FOM increases first and then decreases when
the refractivity of the solution is varied from 1.29 to 1.38. The
FOM value reaches the maximum of 336.49 RIU™! when the
refractive index of the liquid is 1.36.

F. Sensor Length

The sensor length is one of the important parameters to assess
the sensor performance and is calculated by Eq. (10) [62]:

1

L:aum»’ (10)

where a (), n,) indicates the loss value of the PCF sensor at
a certain wavelength and the refractive index of the liquid.
Figure 16 shows the curve of sensor lengths for different refrac-
tive indices. The length of the sensor decreases slowly and then
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Table 1. Performance Comparison of the Sensing
Performance of Different Sensors

‘Wavelength Amplitude
Detection  Sensitivity ~ Sensitivity Resolution =~ FOM

Ref. Range (nm/RIU) (RIUY) (RIU) (RIUTY)
[63] 1.33-1.41 12,600 - 7.94 x 10~¢ -
[60] 1.33-1.44 11,200 505.037 8.92x107° 275
[64] 1.27-1.37 22,400 192 - 127
[65] 1.30-1.38 10000 - 2.0 x 1070 -
[66] 1.27-1.32 13500 - 7.41 x 107 -
Our 1.29-1.39 24,600 1164.13  4.07 x 107°  336.49

work

increases significantly as the refractive index of the liquid goes
up. The length of the sensor is the smallest when the refractivity
is 1.36. The maximum sensor length is 0.039 cm when the
refractive indexis 1.39.

G. Comparison of Sensing Properties

Table 1 compares the main characteristics of PCF sensors in
the literature with those of our PCF sensor in terms of the
wavelength sensitivity, amplitude sensitivity, resolution, and
detection range. Our sensor shows the best wavelength, sensitiv-
ity, amplitude sensitivity, and resolution in the refractive index
range of 1.29-1.39. The excellent properties illustrate strong
energy coupling effect between the core mode and plasma mode
in our sensor.

4. CONCLUSION

A high-sensitivity PCF sensor using OAM’s fundamental mode
to excite SPR is designed and analyzed by the finite element
method. The influence of different parameters on the SPR
strength of the PCF sensor is discussed. The influence of the
size of the solution channel to be measured on the resonance
strength is more notable than that of the air hole and the thick-
ness of the silver film. Numerical analysis shows that in the range
of refractive index 1.29-1.39, the HE; ; mode can effectively
excite SPR and obtain a strong resonant peak at the resonant
wavelength. The maximum wavelength sensitivity of the sensor

Research Article

is 24,600 nm/RIU, the optimal resolution is 4.07 x 10~° RIU,
and the amplitude sensitivity is 1164.13 RIU™'. The pro-
posed PCF sensor has excellent sensing performance and has
many potential applications in biosensors, environmental
monitoring, and food safety.
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