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Abstract: To address the challenges of complex metallic film coating processes and low integration in single-
parameter detection for existing photonic crystal fiber surface plasmon resonance (PCF-SPR) sensors, a dual-
parameter sensor based on gold nanowire-integrated bias-core PCF-SPR is proposed. Unlike conventional in-
hole coatings or metallic film structures, the gold nanowires are directly attached to the fiber cladding via
chemical vapor deposition (CVD), eliminating uneven coating issues and significantly simplifying fabrica-
tion. By optimizing the asymmetric bias-core fiber structure and leveraging the strong localized field en-
hancement of gold nanowires, the sensor achieves high-sensitivity synchronous detection of temperature
(25—60 °C) and refractive index (1.31—1.40) in dual-polarization modes. The simulation results demonstrate
that the x-polarization mode can achieve 1.31—1.40 refractive index detection with maximum wavelength
sensitivity and amplitude sensitivity of 14800 nm/RIU and —1724.25 RIU !, and maximum refractive index
resolution of 6.75x107° RIU. The y-polarization mode achieves refractive index detection range of 1.34—1.40,
and the maximum wavelength sensitivity and amplitude sensitivity are 28 400 nm/RIU and —1298.93 RIU™,
and the maximum refractive index resolution is 3.52x107° RIU. For temperature sensing, the sensor exhibits a
wavelength sensitivity of 7.8 nm/°C and a high resolution of 1.38x107° °C over the range of 25—60 °C. This
design synergizes gold nanowires and the bias-core architecture to simplify fabrication while enabling multi-
parameter detection. The proposed sensor offers new insights for integrated applications in biochemical mon-

itoring, environmental sensing, and related fields.
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1 Introduction

Surface Plasmon Resonance (SPR) is a physic-
al phenomenon generated by the coupling of incid-
ent light waves with the collective oscillation of free
electrons on the metal surface!!. When a light wave
excites a surface plasmon wave at a metal-dielectric
interface (e.g., a gold or silver thin film), its reson-
ant wavelength or angle is highly sensitive to the
change of refractive index of the surrounding medi-
um, which makes it a core principle of high sen-
sitivity sensing technology™. Among them, gold
nanowires have demonstrated remarkable advant-
ages in the field of SPR sensors due to their unique
geometric properties®!. With high specific surface
area and strong localized field enhancement effects,
gold nanowires can significantly enhance the inter-
action efficiency between light and metal surfaces,
thereby effectively improving sensor sensitivity™?.,

In recent years, optical fibers have gained wide-
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spread application in SPR sensing due to their excel-
lent electromagnetic interference resistance, corro-
sion resistance, and miniaturization characteristi-

csto7,

Among various fiber-optic SPR sensors,
photonic crystal fiber-based surface plasmon reson-
ance (PCF-SPR) sensors have emerged as an ideal
platform for current SPR sensing technology re-
search, owing to their unique advantages in flexible
light-field manipulation and structural design free-
dom™ !,

Since Hassani and Skorobogatiy pioneered the
first PCF-SPR sensor in 2006"", this technology has
achieved remarkable advancements in both sensing
performance and device configuration. In the early
days, the PCF-SPR sensor was mainly prepared
by coating the inner wall of air hole with metal
film!"*"*. In this technology, a metal film structure is
formed on the inner surface of micron-sized air
holes by chemical coating or chemical vapor depos-
ition'"", and then a liquid sample to be measured is

injected to stimulate the surface plasmon resonance
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effect. However, the uniformity control of metal
thin film in micro-scale confined space and the com-
patibility between metallization and liquid filling
process significantly increase the difficulty and pro-
cess complexity of sensor preparation. In comparis-
on with conventional PCF-SPR sensors based on in-

15-17

ternal plasma coating">'” and open-loop channel

coating processest'*2",

nanowire-integrated PCF-
SPR sensors?? fully exploit the unique advant-
ages of nano-plasmonic structural materials. This in-
novative approach directly assembles nanowires on
the outer surface of fiber cladding, effectively ad-
dressing the long-standing uniformity control chal-
lenges associated with traditional planar metal thin-
film deposition techniques. Recent years have wit-
nessed significant breakthroughs in structural innov-
ation and performance enhancement for gold-
nanowire-based PCF-SPR sensors. Various novel
structural designs, particularly D-shaped and eccent-

25-26 substan-

ric-core configurations®°!, demonstrate
tially improved sensing performance in applications
such as temperature sensing and refractive index de-
tection. For example, in 2020, Wang et al.?” de-
veloped a PCF-SPR sensor with double gold
nanowires in series structure, which can realize
wide-range detection of low refractive index range
of 1.13—1.35 in near infrared region. The simula-
tion results show that the sensor can achieve a max-
imum sensitivity of 17500 nm/RIU and a resolution
of 5.71x10°° RIU. In 2023, He et al.® developed a
new type of ring-core PCF-SPR sensor. The
wavelength sensitivity of 40000 nm/RIU and the
amplitude sensitivity of 2141 RIU™ are realized in
the wide refractive index range of 1.13—1.45, and
the resolution reaches 2.5x107° RIU. In 2024, Liu
et al.® developed a gold nanowire integrated ec-
centric PCF-SPR sensor, which can achieve the
highest wavelength sensitivity of 51200 nm/RIU
and amplitude sensitivity of —1248.5 RIU™ in the
refractive index range of 1.34—1.39.

However, most currently available PCF-SPR

sensors capable of temperature and refractive index

detection are limited to single-parameter measure-
ments, which often fail to meet practical application
requirements. With advancements in PCF design
and fabrication technologies, researchers have de-
veloped various PCF-SPR sensor configurations that
enable simultaneous multi-parameter detection of
analyte refractive index, temperature, magnetic
field, and other physical quantities. For example, in
2024, Liu et al.® designed a two-parameter sensor
for SPR of anti-resonance optical fiber to detect
magnetic field and temperature simultaneously. The
simulation results show that the maximum sensi-
tivity is 500 pm/Oe when the magnetic field is
between 50 and 130 Oe. In the temperature range of
20-30 °C, the maximum wavelength sensitivity is
10.8 nm/°C. In 2025, Xu et al.®"! proposed a PCF-
SPR sensor which can be used to detect three para-
meters of magnetic field, temperature and refractive
index. The simulation results show that the temper-
ature detection range of the sensor is 0 to 100 °C,
and the wavelength sensitivity is 6.6 nm/°C. The de-
tection range of magnetic field is 0 to 100 mT, and
the wavelength sensitivity is 0.75 nm/mT. The de-
tection range of refractive index is 1.410 to 1.435,
and the wavelength sensitivity is 29 800 nm/RIU.
Although these sensors provide innovative appro-
aches and insights for realizing multi-parameter
SPR sensing, several technical challenges remain to
be addressed. Notably, the mechanical strength of
D-shaped PCFs is significantly compromised by the
required side-polishing process, while hollow-core
anti-resonant fibers exhibit inherent structural com-
plexity that poses fabrication difficulties.

In order to solve the above problems, a bias-
core PCF sensor based on gold nanowire SPR is
proposed in this paper. On the premise of ensuring
the mechanical strength of optical fiber, the dis-
tance between fiber core and plasma material layer
is shortened by combining the circular eccentric
PCF structure with nanowire plasma material, which
simplifies the preparation process and solves the

problem of uneven coating. Therefore, this sensor
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has practical significance and great application po-
tential in refractive index monitoring and related

physical quantity sensing.
2 Theoretical analysis

The two-dimensional cross-section of the PCF-
SPR sensor with a single gold nanowire core pro-
posed in this paper is shown in Fig. 1(a) (color on-
line). In the PCF of this sensor, air holes are ar-
ranged periodically on the silica. Three large air
holes are used to reduce the average refractive in-
dex in their vicinity, resulting in energy leakage
only through the sensing channel at the top of the
core. Since the average refractive index in the vicin-
ity of the small air holes is closer to the refractive
index of the core, the energy is more likely to be
transferred to the sensing region through the energy
leakage channel formed by the small air holes. The
energy leakage from the core to the sensing region
can be controlled by adjusting the air holes. For op-
timum sensing performance, the radii of the large
and small air holes in the PCF are set to d;=1.2 um
and d,=0.7 um, and the aperture period is set to
A=2xP pum with P=1.7. The role of the perfect
matching layer (PML) is to absorb the radiant en-
ergy. To ensure the practicality of the sensor and a
loss spectrum with narrow loss peaks, the sensor
uses gold nanowires with a radius of d5=0.35 pm as
SPRs. The three-dimensional structure and three-di-
mensional longitudinal perspective view of the
sensor are shown in Figs. 1(b) and 1(c) (color on-
line), respectively.

The manufacturing process of the proposed
PCF-SPR sensor includes the following steps.
Firstly, the PCF without gold wires is fabricated at a
high temperature by using the conventional stack-
ing and fusing of capillary arrays®?. Next, the gold
nanowires are prepared”*! by chemical vapor depos-
ition (CVD), and the prepared gold nanowires only
need to be attached to the outside of the cladding to

realize sensing. Thirdly, the gold nanowires are em-

bedded by the spliced-fiber pressure-filling tech-
nique or the high-pressure chemical deposition tech-
niques®. Finally, the PCF with embedded gold
wires is stretched under the appropriate pressure,
temperature conditions to realize the proposed
sensor.

mm Silica (b)
COAIr

Fig. 1 Gold nanowire biased core PCF-SPR sensor. (a)
Two-dimensional cross-sectional diagram; (b) three-
dimensional structure; (c) three-dimensional per-

spective view

The material of the PCF-SPR sensor is silica,

whose refractive index can be defined by Sellmeier
equation®
AL A 2? Az ?

2
n(H=1+
A-B} A1-B 2-B;

, (D

where 4 is the wavelength of incident light,
A,=0.6961663, A4,=0.4079426, A4;=0.8974794,
B=0.0684043 pm, B,=0.1162414 pm, B;=
9.8961610 pum.

In SPR sensing systems, the interaction bet-
ween gold nanowires and the fiber evanescent field
is fundamentally achieved through phase-matched
coupling between propagating surface plasmon po-
laritons (SPPs) and the fiber guide mode. The high
aspect ratio of the nanowires enhances coupling ef-
ficiency through three key effects: reducing SPP
propagation loss, generating strong longitudinal
field localisation, and increasing evanescent field
overlap. These characteristics are closely related to
the complex permittivity function &(w) = &(w) +

iez(w) of gold, where the imaginary part ¢, determ-
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ines optical loss, and the real part &, dominates the which can be expressed asP”
SPP dispersion characteristics. This highly efficient e Any X Ady .
light-plasmon coupling mechanism forms the phys- Adpea ’

ical foundation for the enhanced sensitivity of
nanowire SPR sensors. Furthermore, the dielectric
constant of gold can be expressed by the Drude-

Lorentz model®”
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where &, = 5.967 3 is the dielectric constant of gold
at high frequencies, wp and yp are the plasma frequ-
ency and damping frequency, with values wp/2n =
2113.6 THz, yp/2n=15.92 THz. Ac is a weight
factor of size 1.09, I'L and Q, are the frequency and
spectral width of the Lorentz oscillator with values
I'n/2=104.86Hz and ©Q/2n=650.07 THz, re-
spectively.

When part of the energy in the fiber leaks into
the sensing region, the fundamental mode gradually
couples with the SPP mode, and as the coupling pro-
gresses, a clear absorption peak appears on the out-
put spectrum. While the loss peak reaches the peak,
the fundamental mode and SPP mode also achieve
the most complete coupling.

Confinement loss is an important parameter
used to evaluate the performance of the PCF-SPR

sensor, which can be calculated by Eq. (3)5”
2n 4
CL =28.686x Tlm(neﬁ-)x 10* (dB/cm) , (3)

where Im(n.4) denotes the imaginary part of the ef-
fective refractive index of the mode.

The wavelength sensitivity of the sensor is re-
lated to the wavelength and refractive index, which

is defined as¥

A/lpeak

S () = (nm/RIU) (4

a

where Al is the offset of the resonance wave-
length, and An, denotes the change in refractive in-
dex of the medium to be measured.

Resolution is an important parameter for evalu-

ating the performance of refractive index sensors,

where Ay, is the highest resolution of the laborat-
ory spectrum, which is typically 0.01 nm.

The quality factor, defined as the ratio of
wavelength sensitivity to full width at half height, is
another key parameter for evaluating the perform-
ance of the PCF-SPR sensor and can be expressed

as!

Sa(d)

FOM = ———
FWHM

(6)

The sensing performance of the PCF-SPR
sensor can also be evaluated in terms of amplitude

sensitivity, which can be defined as™"

1 da(d,n,)

a(d,n,) On, ’ 7

S(RIU Y =-

where a(4,n,) is the total confinement, dn, is the
amount of change in the refractive index of the ob-
ject to be measured, and da(A,n,) is the difference
in resonance intensities of neighboring loss spectra
caused by the change in the refractive index of the

object to be measured.

3 Results and analysis

3.1 Characterization of sensor loss spectra

The confinement loss spectra and the effective
refractive index curves of the fundamental mode
and SPP mode as a function of wavelength are
shown Fig. 2 (color online). The black curve is the
confinement loss of the fundamental mode, and the
blue and red curves indicate the real part of the ef-
fective mode refractive indices of the SPP mode and
the fundamental mode, respectively. It can be seen
from the figure that the real part of the effective re-
fractive index of the fundamental mode and SPP
mode decreases with the increase of wavelength.
However, due to the difference in the rate of de-
crease of the real part of the effective refractive in-

dices of the two modes, there is an intersection of
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the blue and red curves as the wavelength increases.
The real parts of the effective refractive index
curves of the x-polarized and y-polarized fiber fun-
damental mode and the SPP mode intersect at
wavelengths of 1005 nm and 1055 nm, respect-

ively. It can be found that the intersection point of
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the two curves corresponds to the same wavelength
as the confinement peak of the fundamental mode
confinement peak. This wavelength is referred to as
the resonance wavelength and the intersection point

is referred to as the phase matching point.
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Fig. 2 Confinement loss spectral and effective refractive index curves of the fundamental mode and SPP mode as a function

of wavelength for (a) x-polarized fundamental mode and (b) y-polarized fundamental mode

The electric field distributions of the x-polar-
ized fundamental mode and y-polarized fundament-
al mode at three different wavelengths are shown in

Fig. 3 (color online).

(a) o) () :
x-polarized
fundamental mode o ) (
(O (e)ﬁ ((FN

y-polarized P q
fundamental mode ) (

Fig. 3  Electric field distributions of x- and y-polarized fun-
damental modes at different wavelengths. (a) (d)
900 nm; (b) (¢) 1055 nm; (¢) (f) 1200 nm

For the x-polarized fundamental mode, the
electric field distributions at 900 nm, 1005 nm, and
1200 nm are shown in Figs. 3(a), 3(b), and 3(c), re-
spectively. The energy leakage of the fundamental
mode is the largest at the resonant wavelength of
1005 nm, which also corresponds to the maximum
loss of the fundamental mode outside the wave-
length in Fig. 2(a). Similarly, Figs. 3(d), 3(e), and
3(f) show the electric field distributions of the y-po-

larized fundamental mode at 900 nm, 1055 nm, and

1200 nm, respectively. Among them, the energy
leakage of y-polarized fundamental mode with res-
onance wavelength of 1055 nm is the most signific-
ant when the confinement loss reaches the peak. The
effect of air holes on energy leakage can be seen
from the electric field distribution in Fig. 3, due to
the fact that the introduction of air holes reduces the
average refractive index of the medium around
them, thus inhibiting the transfer of energy in the
fiber core.
3.2 Characterization of the sensor sensing

The confinement spectra of the fundamental
mode of the gold nanowire-based PCF-SPR sensor
at different analyte refractive indices is shown in
Fig. 4 (color online). It can be seen from Fig. 4(a)
that the refractive index detection range of the
sensor in the x-polarization mode is 1.31-1.40. As
the refractive index increases, the loss in x-polar-
ized mode gradually increases and the resonance
wavelength is red-shifted. This is because the in-
crease of the refractive index of the measured sub-
stance will reduce the refractive index difference
between the fiber core and the sensing area. At this

time, longer wavelength light is needed to stimulate
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the SPR effect. It can be seen from Fig. 4(b) that the
detection range of refractive index of the sensor in
y-polarization mode is 1.34—1.40. As the refractive
index increases, a gradual decrease in the peak loss

and a red shift of the resonance wavelength also oc-
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—1.31
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1200 1400

curs. It can be seen from Eq. (4) that when the re-
fractive index change is fixed at 0.01, the larger the
resonance wavelength shift, the higher the sensitiv-

ity of the sensor.
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Fig. 4 Confinement spectra of (a) x-polarized fundamental mode and (b) y-polarized fundamental mode for different refract-

ive indices

The variation of amplitude sensitivity with in-
creasing wavelength at different refractive indices
for both polarization modes is shown in Fig. 5 (col-
or online). As the refractive index of the material to
be measured increases, the maximum amplitude
sensitivities of both x-polarization and y-polariza-
tion modes keep increasing. At the same refractive

index of the material to be measured, the amplitude
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sensitivities corresponding to x-polarization and y-
polarization modes firstly decrease and then in-
crease with the increase of wavelength and finally
tend to stabilize. The maximum amplitude sensitiv-
ities corresponding to x-polarization and y-polariza-
tion modes are —1724.3 RIU™! and —1298.9 RIU !,

respectively.
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Fig. 5 Variation of amplitude sensitivity with wavelength for (a) x-polarized fundamental mode and (b) y-polarized funda-

mental mode at different refractive indices

The effect of the variation of the refractive in-
dex of the object to be measured on the resonance
wavelength of the two polarization modes is shown
in Fig. 6 (color online). Polynomials were fitted to

the refractive index of the object to be measured and

its corresponding resonance wavelengths in the x-
polarized and y-polarized fundamental modes, re-
spectively, and the slopes of the points on the fitted
curves indicate the wavelength sensitivity of this

gold nanowire bias-core SPR fiber sensor. The res-
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ults show that the R* of the x-polarized and y-polar-
ized fundamental mode are 0.99748 and 0.99239,

respectively, which indicates that the sensor has a

—~
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Fig. 6 Variation of resonance wavelength with refractive index in (a) x-polarized fundamental mode and (b) y-polarized fun-

damental mode

The wavelength sensitivity, amplitude sensitiv-
ity and resolution of the gold nanowire-based PCF-
SPR refractive index sensor are summarized in
Table 1. Among them, the refractive index detec-
tion range, maximum wavelength sensitivity, amp-
litude sensitivity and refractive index resolution of
the corresponding sensor in x-polarization mode are
1.31-1.40, 14800 nm/RIU, —1724.25RIU" and
6.7<10°° RIU, respectively. The refractive index

detection range, maximum wavelength sensitivity,

amplitude sensitivity and refractive index resolution
of the corresponding sensor in y-polarization mode
are 1.34—1.40, 28400 nm/RIU, —1298.93 RIU ™" and
3.52x10°% RIU, respectively. Compared with the
performance of the sensor in y-polarization mode,
the wavelength sensitivity and resolution of the
sensor in x-polarization mode are lower, but its re-
fractive index detection range is wider, and its amp-

litude sensitivity is higher.

Tab.1 Performance of single gold nanowire bias-core PCF-SPR refractive index sensor

Refractive index of the Polarization tyhe Wavelength sensitivity Amplitude sensitivity Resolution
substance to be measured (RIU) P (nm/RIV) (RIU™Y (RIU)
x-polarization 1600 -192.57 6.25x10°°
1.31
y-polarization - - -
x-polarization 2400 -235.16 4.17x10°°
1.32
y-polarization - - -
x-polarization 2400 —291.80 4.17x10°°
1.33
y-polarization - - -
x-polarization 3200 -362.15 3.13x10°°
1.34
y-polarization 3200 —150.50 3.13x10°°
x-polarization 4000 —459.04 2.50x10°°
1.35
y-polarization 4400 —240.16 2.27x10°°
x-polarization 4800 —586.60 2.08x10°°
1.36
y-polarization 5600 —380.72 1.79x10°°
x-polarization 6400 -778.15 1.56x10°°
1.37
y-polarization 8000 —622.04 1.25x10°°




Mo 2, O ,
390 HEDES (e 519 %
gk
Refractive index of the Polarization type Wavelength sensitivity Amplitude sensitivity Resolution
substance to be measured (RIU) P (nm/RIV) (RIUY) (RIU)
x-polarization 9200 -1176.40 1.09x10°°
1.38
y-polarization 12000 —1202.94 8.33x10°¢
x-polarization 14800 —1724.25 6.75x10°¢
1.39
y-polarization 28400 —1298.93 3.52x10°¢
x-polarization - - -
1.40
y-polarization - - -
3.3 Application of sensor in temperature detection 1.400
In recent years, PCF-SPR sensors have made 1395
significant progress in the fields of temperature, 1.390
< 1.385

stress and biochemical detection. In order to verify
the performance of the gold nanowire bias-core
PCF-SPR sensors designed in this paper for practic-
al applications, the next step is to focus on its char-
acteristics in temperature sensing.

The refractive index of a mixture of alcohol

and chloroform can be expressed as*?

N =X% X [Metanot|[T =

d ethano!
20°C + % (T —20)]+

(100 - .)C)% X [nchlomformlT =

dnchloroform

20°C
T ar

x(T-20] , (&

where n,, is the refractive index of the mixture; x%
and (100—x)% are the proportion of alcohol and
chloroform, respectively; dn/dT indicates the ther-
mo-optic coefficient, which is —3.94x107%/°C and
—6.328x107%/°C for alcohol and chloroform, respect-
ively. At 20 °C, the refractive indices of alcohol and
chloroform are 1.36048 and 1.431 36, respectively.
Since the thermo-optic coefficient of optical fiber is
much smaller than that of alcohol and chloroform,
the effect of temperature on the PCF can be neg-
lected. The ratio of alcohol to chloroform is set to
1:1, and considering the boiling points of alcohol
and chloroform, the upper limit for the sensor to
measure their mixtures is 60 °C. When the ratio of
alcohol to chloroform is 1:1, the refractive index of
the mixture as a function of temperature is shown in
Fig. 7.

1.380

1.375

] .370 1 1 1 1 1 1
25 30 35 40 45 50 55 60

Temperature/°C

Fig. 7 Variation of refractive index of alcohol-chloroform

mixtures with temperature

It can be seen from Fig. 7 that the refractive in-
dex of the alcohol-chloroform mixtures decreases
gradually with an increasing temperature. The loss
spectra of the two polarization modes at different
temperatures are shown in Fig. 8 (color online). As
can be seen from Fig. 8, as the temperature incr-
eases from 25 °C to 60 °C, the loss peak gradually
decreases and the resonance wavelength is blue-shi-
fted. This is because the rising temperature reduces
the refractive index of the alcohol-chloroform mix-
ture, and the decrease of the refractive index affects
the coupling between the fundamental mode and the
SPP mode, which ultimately leads to the decrease of
the peak loss and the blue shift of the resonance
wavelength. Since the sensitivity of the temperature
sensor is related to the resonance wavelength offset
and the temperature change, both of which are 5 °C,
the sensing performance can be calculated by study-
ing the resonance wavelength blueshift. It can also
be noticed from the figure that the FWHM of the
loss profile of the x-polarized sensor is smaller than

that of the sensor in y-polarized mode.
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Fig. 8 Confinement spectra of (a) x-polarized fundamental mode and (b) y-polarized fundamental mode at different temperat-

ures

The polynomial fit of the temperature to its
corresponding resonance wavelength is shown in
Fig. 9 (color online). The resonance wavelength de-
creases as the temperature increases. The slope of
each point in the graph represents the wavelength
sensitivity at that point. When the temperature is in-
creased from 25 °C to 60 °C in steps of 5 °C, the de-

creases of resonance wavelengths are 28 nm, 25 nm,

—_
©
=

Losob ® Resonance wavelength

Polynomial fit Equation | y=Intercept+B1*x"1+B2*x"2|

Intercept 1199.380 957.576 48

Bl ~7.933 33£0.374 42

B2 0.042 86+0.004 37

1000

Residual Sum

>
of Squares 10.04762

0.999 49

-Square(COD)

0.999 28

Adj.R-Square

950 -

900

() 1150
= Resonance wavelength
=) 1100+ — Polynomial Equation |y=Intercept+B1*x*1+B2*x"2.
\E Intercept 1317.541 67+6.107 79
?D Bi —10.972 62+0.301 lf-'l
= 1050 F B2 0.063 57:0.003 53
Q [Residual Sum|
— e 6.529 76
[ of Squares
=>“ 1000 R-Squarc 09998
[ (COD)
i [Adj R-Square] 0.999 72
Q
g 950
=]
2
& 900
&~

Resonance wavelength/nm

27 nm, 18 nm, 19 nm, 18 nm, 16 nm for x-polariza-
tion, and 39 nm, 35nm, 30 nm, 27 nm, 24 nm,
22 nm, 20 nm for y-polarization, respectively. The
fitting results show that the x-polarized mode and y-
polarized mode have R? 0f 0.999 28 and 0.999 72, re-
spectively, which indicates that the sensors of these
two polarization modes have good temperature sens-

ing response.

850, y
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L
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Fig. 9 Variation of resonance wavelength with temperature in (a) x-polarization mode and (b) y-polarization mode

The wavelength sensitivity and resolution of

Tab.2 Temperature sensing performance of single gold

nanowire bias-core PCF-SPR sensors

the gold nanowire bias-core PCF-SPR tempera-
ture sensor are summarized in Table 2. The temper-
ature detection range, maximum wavelength sensit-
ivity and temperature resolution of the sensor in x-
polarized mode are 25—60 °C, 5.6 nm/°C and 1.79x
102 °C, respectively. The temperature detection
range, maximum wavelength sensitivity and temper-
ature resolution of the sensor in y-polarized mode
are 25-60 °C, 7.8 nm/°C and 1.38x107? °C, respect-

ively.

Temperature to

Polarization Wavelength sensitivity Resolution

be measured ( °C) type (nm/°C) (°C)
x-polarization 5.6 1.79x10?
25
y-polarization 7.8 1.28x107?
x-polarization 5 2x107?
30
y-polarization 7 1.43x107?
x-polarization 5.4 1.85x1072
35
y-polarization 6 1.67x107?
x-polarization 3.6 2.78%107?
40
y-polarization 5.4 1.85x107?
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&R2
Temperature to  Polarization Wavelength sensitivity Resolution
be measured ( °C) type (nm/°C) (°C)

x-polarization 3.8 2.63x107?

45
y-polarization 4.8 2.08x107*
x-polarization 3.6 2.78x107?

50
y-polarization 44 2.27x1072
x-polarization 32 3.13x10?

55
y-polarization 4 2.5%10?
x-polarization - -

60

y-polarization - -

As shown in Table 3, the bias-core PCF-SPR
sensor proposed in this study shows remarkable ad-
vantages in two-parameter detection and success-
fully realizes the synchronous detection of temperat-

ure and refractive index, with the temperature detec-

Tab.3 Comparison of sensing perform

tion range of 25—60 °C and the refractive index de-
tection range of 1.31-1.40 RIU. Compared with
similar sensors reported in recent years, this design
has achieved excellent comprehensive performance
while keeping the structure simple. The temperature
sensitivity reaches 7.8 nm/°C, which is superior to
most multi-parameter sensors, and the refractive in-
dex sensitivity is 28400 nm/RIU, which still main-
tains competitiveness in a wider detection range.
The results show that the single gold nanowire
structure design adopted in this study provides a
new solution for multifunctional SPR sensing,
which simplifies the structure and optimizes the per-
formance at the same time, and has important ap-

plication value.

ance of different PCF-SPR sensors

Sensor structure Temperature ( °C) RI (RIU) St (nm/°C) S; (nm/RIU) Year Ref.
Dual symmetrical eccentric-core - 1.13~1.35 - 17500 2020 [27]
PCF - 1.13~1.45 - 40000 2023 [28]
PCF - 1.34-1.39 - 51200 2024 [29]
ARF 20-30 - 10.8 - 2024 [30]
PCF 0-100 1.410~1.435 6.6 29800 2025 [31]
PCF 25-60 1.31~1.40 7.8 28400 2025 This work

4  Conclusion

A biased-core PCF-SPR sensor based on a
single gold nanowire is proposed. The fabrication
process of this sensor is simple, the PCF consists of
only two sizes of air holes arranged periodically,
and the gold nanowire sensing structure is only
formed by directly attaching the gold nanowire
outside the fiber cladding. The sensing performance
of the single gold nanowire bias-core PCF-SPR
sensor is investigated by the finite element method.
The simulation results show that the sensor can
detect the refractive index of 1.31-1.40 in x-polariz-
ation mode, with the highest wavelength sensiti-

vity of 14800 nm/RIU, amplitude sensitivity of

—1724.25RIU™" and resolution of 6.75x107° RIU.
In y-polarization mode, the detection range is
1.34-1.40, the highest wavelength sensitivity is
28400 nm/RIU, the amplitude sensitivity 1is
—1289.93 RIU"!, and the resolution is 3.52x10°°
RIU. In temperature sensing, the maximum wave-
length sensitivity is 7.8 nm/°C and the maximum
temperature resolution is 1.38x107° °C in the range
of 25—60 °C. Finally, the sensing performance of
the sensor is investigated for specific temperature
sensing applications with a maximum wavelength
sensitivity up to 7.8 nm/°C and a maximum temper-
ature resolution of 1.38x10°¢ °C. Due to its simple
structure, wide detection range and high sensitivity,
the sensor has great potential in biochemical detec-

tion, environmental detection and medical detection.
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