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Abstract: In this paper, a novel photonic crystal fiber (PCF) refractive index (RI) sensor with an 

ultra-wide detection range based on the surface plasmon resonance (SPR) effect is proposed. By 

selectively filling the air hole with the analyte and introducing the gold-coated air hole, the high 

performance RI sensing can be achieved. The simulation results show that the asymmetric structure 

of the PCF makes the x-polarization (x-pol) and y-polarization (y-pol) core modes have different 

sensing characteristics. The average wavelength sensitivity of the proposed SPR-PCF RI sensor can 

reach -4523 nm/RIU in the RI range from 1.25 to 1.45 for the x-pol core mode as well as -4851 

nm/RIU in the RI range from 1.25 to 1.49 for the y-pol core mode. The maximum amplitude 

sensitivities of -1239.19 RIU-1 and -1633.54 RIU-1 for the x-pol and y-pol core modes are also 

achieved. Moreover, the proposed SPR-PCF RI sensor can obtain the maximum resolutions of 

1.603×10-5 and 1.695×10-5 RIU and figure of merits of 226.92 and 105.76 RIU-1 for the x-pol and 

y-pol core modes, respectively. It is believed that the proposed SPR-PCF RI sensor has potential 

applications in the chemistry, biology, and environment monitoring. 

 

Keywords: Photonic crystal fiber, surface plasmon resonance, refractive index sensor, ultra-wide 

detection range. 

1. Introduction 

Surface plasmon resonance (SPR)-based sensors have attracted more attentions in recent years due to 

their excellent sensing performances and wide range of application scenarios [1-6]. The SPR effect 

refers to a phenomenon caused by the collective electronic vibration. When the phase-matching 

conditions are satisfied, the energy of the incident light is coupled with the surface plasmon wave 

(SPW), resulting in a sharp increase in the confinement loss of the light field at the resonant 

wavelength [7-9]. The excellent structural controllability and optical characteristics of the photonic 

crystal fibers (PCFs) make the SPR based PCFs have great potential in the biomedical and chemical 

sensing, especially in the refractive index (RI) sensing [10-13]. In 2006, Hassani et al firstly 

proposed highly sensitive SPR-PCF sensor [14]. Since then, the SPR-PCF RI sensor has gradually 

become a research hotspot. 

As the PCF design and fabrication technologies develop, some SPR-PCF RI sensors have been 

proposed. In 2015, Rifat et al. reported a SPR-PCF sensor with selective analyte channels and 
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graphene-silver deposited core for RI sensing [15]. In 2018, Hasan et al. proposed a SPR RI sensor 

based on dual-polarized spiral PCF coated with the gold in the RI range of 1.33-1.38, and the 

proposed SPR-PCF sensor could realize different sensitivities for the x-pol and y-pol modes [16]. In 

2019, Pathak et al. designed a concave-shaped SPR-PCF RI sensor covered with the multiple gold 

nanowires, where the wavelength sensitivity (WS) of 4471 nm/RIU and amplitude sensitivity (AS) of 

214 RIU-1 in the RI range from 1.33 to 1.38 were achieved [17]. In 2019, Chen et al. designed a dual 

optofluidic channel SPR-PCF RI sensor, where the WS of 5500 nm/RIU and AS of 150 RIU-1 in the 

RI range of 1.33 to 1.38 were achieved [18]. In 2021, Yang et al. reported a graphene-Au coated 

SPR-PCF RI sensor, and the simulation results showed that the maximum WS and AS were 4200 

nm/RIU and 450 RIU-1 in the RI range of 1.32 to1.41, respectively [19]. From the previous works, it 

is possible to design a SPR-PCF RI sensor with high sensitivity and wide detection range. 

In this paper, we propose a novel SPR-PCF RI sensor with an ultra-wide detection range. The 

propagation characteristics and effects of the structure parameters of the proposed SPR-PCF RI 

sensor are investigated by using the finite element method (FEM). By coating the gold film on an air 

hole and introducing the birefringence in the cladding structure, the excellent sensing performances 

of the proposed SPR-PCF RI sensor can be achieved. It is demonstrated that for the proposed 

SPR-PCF RI sensor, the average WS can reach -4523 nm/RIU in the RI range from 1.25 to 1.45 for 

the x-pol core mode as well as -4851 nm/RIU in the RI range from 1.25 to 1.49 for the y-pol core 

mode, and the maximum ASs of -1239.19 RIU-1 and -1633.54 RIU-1 for the x-pol and y-pol core 

modes can be also achieved, alone with the maximum resolutions of 1.603×10-5 RIU and 1.695×10-5 

RIU and figure of merits of 226.92 RIU-1 and 105.76 RIU-1 for the x-pol and y-pol core modes, 

respectively. 

 

Fig. 1. The cross-sectional structure of the proposed SPR-PCF RI sensor. 

Fig. 1 shows the cross-sectional structure of the proposed SPR-PCF RI sensor, From Fig. 1, the 

structure has five layers of air holes arranged in a triangular lattice with the lattice spacing of Λ. The 

central hole is used to fill the measured analyte, and the other holes are filled with air. The 

birefringence is introduced by changing the air hole sizes in the first layer [20-22]. The diameter of 

the central air hole is d1, the diameters of the air holes in the first layer alone the x-axis and y-axis 

directions are d2 and d3, respectively, and the diameter of the other air holes is d4. The thickness of 

the gold film coated on the central air hole is τ. The initial structural parameters of the SPR-PCF RI 

sensor are set as following: d1=d2=d3=d4=1.4 μm, τ =50 nm, and Λ =2 μm. In the simulation, the 

FEM is employed, and the fused silica is used as the background material, whose refractive index is 



nsilica. In order to absorb the radiation energy, we place a perfectly matched layer (PML) around the 

outer wall of the PCF, and its thickness and refractive index are set as 5 μm and nsilica+0.03, 

respectively [23]. 

nsilica can be obtained by the following Sellmeier equation[24] 
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where λ is the free-space wavelength. 

The dielectric constant of the gold material can be calculated by the following Drude-Lorentz 

model [25,26] 
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where ε∞=5.9673 represents for the permittivity of high frequency and ∆ε=1.09 represents for the 

weighting factor. ω is the angular frequency of the guided light, ωD and γD are the plasmon 

frequency and damping frequency, and ΩL and ΓL represent for the frequency and spectral width of 

the Lorentz oscillator (ΩL/2π = 650.07 THz, ΓL/2π = 104.86 THz), respectively. 

The propagation loss can be characterized by the confinement loss (CL), which can be obtained 

by following equation [27-30] 
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where k0 is the free space wave number and neff is the complex effective refractive index of the core 

mode. 

Generally, the WS and AS are usually considered as the two important parameters to measure the 

sensing performances. The WS and AS can be expressed as following [31-33] 

 WS (nm/RIU)=
∆λpeak

∆na

, (4) 

 AS (RIU-1)=
1

CL(λ,na)

∂CL(λ,na)

∂na

, (5) 

where ∆λpeak and ∆na denotes the variations of the resonant wavelength and the analyte RI, 

respectively. CL(λ,na) is the confinement loss at the particular value of the analyte RI, and ∂CL(λ,na) 

is the loss difference between the two consecutive RIs. 

The resolution (R) and figure of merits (FOM) are used to comprehensively evaluate the sensing 

performance of the proposed SPR-PCF RI, and can be described as [34-36] 

 R(RIU)=
∆na∙∆λmin

∆λpeak
, (6) 

 FOM(RIU-1)=
WS

FWHM 
, (7) 

where ∆λmin denotes the wavelength resolution of the detector which is set as 0.1 nm, and FWHM is 

the full-width at half-maximum of the CL peak. 



2. Influences of the structure parameters of the SPR-PCF on the propagation characteristics 

   

Fig. 2. (a) The effective RI real parts of the x-pol core mode and second-order SPP mode, and the CL spectra of the 

x-pol core mode when the analyte RI is chosen as 1.35. (b) The effective RI real parts of the y-pol core mode and 

second-order SPP mode, and the CL spectra of the y-pol core mode when the analyte RI is chosen as 1.35. The 

inserts 1, 2, and 3 in (a) and (b) show the electric field distributions of the x-pol and y-pol core modes and 

second-order SPP modes of the proposed SPR-PCF calculated at wavelengths 1.57, 1.615, and 1.66 μm, 

respectively. 

Figs. 2(a) and 2(b) show the effective RI real parts of the x-pol and y-pol core modes and 

second-order SPP modes, and the CL spectra of the x-pol and y-pol core modes when the initial 

structural parameters of the SPR-PCF are used and the analyte RI is chosen as 1.35. From Fig. 2(a) 

when the phase-matching condition is satisfied at wavelength 1.615 μm, the effective RI real part of 

the x-pol core mode is equal to that of the x-pol second-order surface plasmon polariton (SPP) mode, 

and the corresponding CL spectrum of the x-pol core mode reaches the peak value. Similarly, it can 

also be seen from Fig. 2(b) that the effective RI real part of the y-pol core mode is equal to that of the 

y-pol second-order SPP mode, and the corresponding CL spectrum of the y-pol core mode reaches 

the peak value at resonant wavelength 1.615 μm. The insets 1, 2, and 3 in Figs. 2(a) and 2(b) show 

the electric field distributions of the x-pol and y-pol core modes and second-order SPP modes 

calculated at wavelengths 1.57, 1.615, and 1.66 μm, respectively. It can be seen from the insets 1, 2, 

and 3 in Figs. 2(a) and 2(b) that for the x-pol and y-pol core modes and second-order SPP modes, the 

mutual energy coupling between them emerges at the considered three wavelengths, and the 

complete energy coupling occurs at resonant wavelength 1.615 μm. When the analyte RI changes, 

the effective RI real part of the x-pol and y-pol second-order SPP modes are obviously affected, so 

the resonant wavelength occurs to shift. Thus, the RI sensing can be achieved by detecting the 

change of the resonant wavelength.  

In the following, we will investigate the influences of the structure parameters (d1, d2, d3, d4, and 

τ ) of the proposed SPR-PCF on the propagation characteristics when the analyte RI is chosen as 1.30, 

1.35, and 1.40, respectively. For the proposed SPR-PCF, the structure parameters have great 

influences on the propagation characteristics, especially the central analyte-filled hole size and the 

first layer of air hole sizes [37-39]. Figs. 3(a) and 3(b) show the CL spectra of the x-pol and y-pol 

core modes of the SPR-PCF when d1 and the analyte RI are changed. The insert in Fig. 3(a) shows 



the zoom-in spectra of the x-pol core mode when d1 is increased from 1.4 to 1.8 μm and the analyte 

RI is chosen as 1.40. From Fig. 3(a) and the insert, when d1 is increased from 1.4 to 1.6, and to 1.8 

μm and the analyte RI is chosen as 1.30, 1.35, or 1.40, the resonant wavelengths of the x-pol core 

mode are located at 1757, 1875, and 1992 nm, 1615, 1697, and 1778 nm, and 1449, 1493, and 1572 

nm respectively. From Fig. 3(b), when d1 is increased from 1.4 to 1.6, and 1.8 μm and the analyte RI 

is chosen as 1.30, 1.35, or 1.40, the resonant wavelengths of the y-pol core mode are located at 1760, 

1881, and 2003 nm, 1614, 1698, and 1780 nm, and 1447, 1488, and 1528 nm, respectively. It is 

found from Figs. 3(a) and 3(b) that with the increase of d1, the resonant wavelengths of the x-pol and 

y-pol core modes occur to red-shift. According to Eq. (4), for the same analyte RI interval, the 

sensing sensitivity increases with the increase of d1 both in the x-pol and y-pol core modes. The CL 

peak value increases for the analyte RI lower than 1.35 but decreases for the analyte RI higher than 

1.35. The main reason is considered that with the increase of the analyte RI, it is close to the RI of 

the silica material, so the coupling strengths between the x-pol and y-pol core modes and 

second-order SPP mode becomes weaker. 

      

Fig. 3. The CL spectra of the x-pol (a) and y-pol (b) core modes when d1 is increased from 1.4 to 1.6, and to 1.8 μm 

and the analyte RI is chosen as 1.30, 1.35, or 1.40, respectively. The insert in (a) shows the zoom-in-spectra of the 

x-pol core mode when d1 is increased from 1.4 to 1.8 μm and the analyte RI is chosen as 1.40. 



       

Fig. 4. The CL spectra of the x-pol (a) and y-pol (b) core modes when d2 is increased from 1.4 to 1.6, and to 1.8 μm 

and the analyte RI is chosen as 1.30, 1.35, or 1.40, respectively. The insert in (a) shows the zoom-in-spectra of the 

x-pol core mode when d2 is increased from 1.4 to 1.8 μm and the analyte RI is chosen as 1.40. 

Figs. 4(a) and 4(b) show the CL spectra of the x-pol and y-pol core modes of the SPR-PCF when 

d2 and the analyte RI are changed. The insert in Fig. 4(a) show the zoom-in-spectra of the x-pol core 

mode when d2 is increased from 1.4 to 1.8 μm and the analyte RI is chosen as 1.40. From Fig. 4(a) 

and the insert, when d2 is increased from 1.4 to 1.6, and to 1.8 μm and the analyte RI is chosen as 

1.30, 1.35, or 1.40, the resonant wavelengths of the x-pol core mode are located at 1757, 1836, and 

1929 nm, 1615, 1672, and 1739 nm, and 1449, 1489, and 1529 nm, respectively. From Fig. 4(b), 

when d2 is increased from 1.4 to 1.6, and to 1.8 μm and the analyte RI is chosen as 1.30, 1.35, or 

1.40, the resonant wavelengths of the y-pol core mode are located at 1760, 1881, and 2003 nm, 1614, 

1661, and 1714 nm, and 1447, 1476, and 1510 nm, respectively. From Figs. 4(a) and 4(b), as d2 is 

increased, the resonant wavelengths of the x-pol and y-pol core modes occur to red-shift, and the 

corresponding sensing sensitivities are enhanced. The main reason is that with the increase of d2, the 

two larger air holes break the symmetry of the SPR-PCF and introduce the birefringence in the x-axis 

direction, thus resulting in different sensitivities of the x-pol and y-pol core modes. In addition, the 

CL peak value for the analyte RI lower than 1.35 can be obviously increased as d2 is increased. This 

may be because the energy leakage in the x-axis direction is prevented with the increase of d2, which 

promotes the energy coupling between the y-pol core mode and second-order SPP mode. 

Figs. 5(a) and 5(b) show the CL spectra of the x-pol and y-pol core modes of the SPR-PCFwhen 

d3 and the analyte RI are changed. The insert in Fig. 5(a) shows the zoom-in-spectra of the x-pol core 

mode when d3 is increased from 1.2 to 1.6 μm and the analyte RI is chosen as 1.40. From Fig. 5(a) 

and the insert, when d3 is increased from 1.2 to 1.4, and to 1.6 μm and the ananlyte RI is chosen as 

1.30, 1.35, or 1.40, the resonant wavelengths of the x-pol core mode are located at 1709, 1757, and 

1787 nm, 1565, 1615, and 1654 nm, and 1441, 1449, and 1446 nm, respectively. From Fig. 5(b), 

when d3 is increased from 1.2 to 1.4, and to 1.6 μm and the ananlyte RI is chosen as 1.30, 1.35, or 

1.40, the resonant wavelengths of the y-pol core mode are located at 1690, 1760, and 1821 nm, 1587, 

1614, and 1626 nm, and 1419, 1447, and 1467 nm, respectively. It can be seen from Figs. 5(a) and 

5(b) that with the increase of d3, the red-shift ranges of the resonant wavelengths are smaller than 

those shown in Figs. 3 and 4, so the changes of the sensing sensitivity are not obvious. In addition, 



the CL peak value decreases with the increase of d3, especially for the analyte RI lower than 1.35. 

The main reason is considered that the larger d3 will narrow the leakage channel between the core 

region and gold film, resulting in the weaker energy coupling from the x-pol and y-pol core modes to 

the corresponding second-order SPP modes. 

      

Fig. 5. The CL spectra of the x-pol (a) and y-pol (b) core modes when d3 is increased from 1.2 to 1.4, and to 1.6 μm 

and the analyte RI is chosen as 1.30, 1.35, or 1.40, respectively. The insert in (a) shows the zoom-in-spectra of the 

x-pol core mode when d3 is increased from 1.2 to 1.6 μm and the analyte RI is chosen as 1.40. 

Figs. 6(a) and 6(b) show the CL spectra of the x-pol and y-pol core modes of the SPR-PCF when 

d4 and the analyte RI are changed. The insert in Fig. 6(a) shows the zoom-in-spectra of the x-pol core 

mode when d4 is increased from 1.3 to 1.5 μm and the analyte RI is chosen as 1.40. From Fig. 6(a) 

and the insert, when d4 is increased from 1.3 to 1.4, and to 1.5 μm and the analyte RI is chosen as 

1.30, 1.35, or 1.40, the resonant wavelengths of the x-pol core mode are located at 1826, 1757, and 

1675 nm, 1659, 1615, and 1552 nm, and 1472, 1449, and 1404 nm, respectively. From Fig. 6(b), 

when d4 is increased from 1.3 to 1.4, and to 1.5 μm and the analyte RI is chosen as 1.30, 1.35, or 

1.40, the resonant wavelengths of the y-pol core mode are located at 1843, 1760, and 1666 nm, 1668, 

1614, and 1540 nm, and 1478, 1447, and 1395 nm, respectively. It can be seen from Figs. 6(a) and 

6(b) that with the increase of d4, the resonant wavelengths of the x-pol and y-pol core modes occur to 

blue-shift, and the corresponding sensing sensitivities decrease. In addition for the x-pol core mode, 

the CL peak value increases first and then decreases with d4 for the analyte RI higher than 1.35, 

while decreases with d4 for the analyte RI lower than 1.35. For the y-pol core mode, the CL peak 

value increases with d4 for the analyte RI higher than 1.35, while decreases with d4 for the analyte RI 

lower than 1.35. The main reason may be that as d4 is decreased, more energy transfers from the 

x-pol and y-pol core modes to the second-order SPP modes and leaks into the cladding region. 



     

Fig. 6. The CL spectra of the x-pol (a) and y-pol (b) core modes when d4 is increased from 1.3 to 1.4, and to 1.5 μm 

and the analyte RI is chosen as 1.30, 1.35, or 1.40, respectively. The insert in (a) shows the zoom-in-spectra of the 

x-pol core mode when d4 is increased from 1.3 to 1.5 μm and the analyte RI is chosen as 1.40. 

     

Fig. 7. The CL spectra of the x-pol (a) and y-pol (b) core modes when τ is increased from 40 to 50, and to 60 nm 

and the analyte RI is chosen as 1.30, 1.35, or 1.40, respectively. The insert in (a) shows the zoom-in-spectra of the 

x-pol core mode when τ  is increased from 40 to 60 nm and the analyte RI is chosen as 1.40.  

Finally the effect of the gold film thickness τ will be analyzed. Figs. 7(a) and 7(b) show the CL 

spectra of the x-pol and y-pol core modes of the SPR-PCF when τ and the analyte RI are changed. 

The insert in Fig. 7(a) shows the zoom-in-spectra of the x-pol core mode when τ is increased from 40 

to 60 μm and the analyte RI is chosen as 1.40. From Fig. 7(a) and the insert , when τ is increased 

from 40 to 50, and to 60 nm and the analyte RI is chosen as 1.30, 1.35, or 1.40, the resonant 

wavelengths of the x-pol core mode are located at 1773, 1757, and 1749 nm, 1633, 1615, and 1605 

nm, and 1469, 1449, and 1438 nm, respectively. From Fig. 7(b), when τ is increased from 40 to 50, 

and to 60 nm and the analyte RI is chosen as 1.30, 1.35, or 1.40, the resonant wavelengths of the 

y-pol core mode are located at 1775, 1760, and 1751 nm, 1632, 1614, and 1604 nm, and 1459, 1447, 

and 1436 nm, respectively. It can be seen from Fig. 7(a) and 7(b) that the resonant wavelengths of 



the x-pol and y-pol core modes slightly occur to blue-shift as τ is increased. Thus, τ has little effect 

on the sensing sensitivities of the x-pol and y-pol core modes. The main reason is due to the slight 

effect of τ on the SPR effect within the considered wavelength range. In summary the influences of 

the structure parameter of the proposed SPR-PCF on the propagation characteristics are 

demonstrated in Table 1. 

Table 1. Influences of the structure parameter of the proposed SPR-PCF on the propagation characteristics 

Increase of the  

Structure 

Parameters 

Resonant Wavelength Wavelength Sensitivity 

x-pol y-pol x-pol y-pol 

d1 Red-shift Red-shift ↑ ↑ 

d2 Red-shift Red-shift ↑ ↑ 

d3 Red-shift Red-shift ↓ ↓ 

d4 Blue-shift Blue-shift ↓  ↓  

τ Blue-shift Blue-shift Unchanged Unchanged 

3. Sensing performances of the proposed SPR-PCF RI sensor 

Based on the above analysis, the optimized structure parameters of the proposed SPR-PCF are 

chosen as following: d1=1.8 μm, d2=1.8 μm, d3=1.2 μm, d4=1.4 μm, τ =50 nm, and Λ =2 μm. In the 

following, we will investigate the sensing performances of the SPR-PCF RI sensor. Figs. 8(a) and 

8(b) show the CL spectra of the x-pol and y-pol core modes when the analyte RI is changed from 

1.25 to 1.49. It can be seen from Figs. 8(a) and 8(b) that with the increase of the analyte RI, the CL 

spectra of the x-pol and y-pol core modes occur to blue-shift, and the corresponding CL peak values 

increase first and then decrease with the increasing wavelength. The detection boundary is chosen 

when the CL peak values of the x-pol and y-pol core modes are larger than 1000 dB/m. For the 

proposed SPR-PCF RI sensor, the ultra-wide RI detection ranges are from 1.25 to 1.45 and from 1.25 

to 1.49 for the x-pol and y-pol core modes, respectively. 

      



Fig. 8. The CL spectra of the x-pol core mode (a) and y-pol core mode (b). 

 

 

Fig. 9. The linear fitting results of the resonant wavelengths for the x-pol and y-pol core modes. 

Fig. 9 shows the linear fitting results of the resonant wavelengths for the x-pol and y-pol core 

modes. As shown in Fig. 9, the linear fitting results of the x-pol and y-pol core modes are y= 

-4.476x+7.8478 and y= -4.85113x+8.31288, respectively. And the corresponding R2 are greater than 

0.95 for both x-pol and y-pol core modes. The RI average sensitivities of the x-pol and y-pol core 

modes can achieve -4476.0 nm/RIU and -4851.13 nm/RIU, respectively. Figs. 10(a) and 10(b) show 

the ASs of the x-pol and y-pol core modes as functions of wavelength. It can be seen from Figs. 10(a) 

and 10(b) that the blue-shifts of the resonant wavelengths are noticeable with the increasing RI. The 

maximum ASs of the x-pol and y-pol core modes are up to -1239.19 RIU-1 and -1633.54 RIU-1, 

respectively.  

     

Fig. 10. The ASs of the x-pol core mode (a) and y-pol core mode (b) as functions of wavelength. 



 

Fig. 11. The changes of the R and FOM with the analyte RI 

Fig. 11 shows the changes of the R and FOM with the analyte RI. According to Eqs. (6) and (7), 

the maximum R values of the x-pol and y-pol core modes are calculated as 1.603×10-5 RIU and 

1.695×10-5 RIU, and the corresponding maximum FOM values are 226.92 RIU-1 and 105.76 RIU-1, 

respectively. The comparison results of the sensing performances of the proposed SPR-PCF RI 

sensor with other works are demonstrated in Table 2. It can be seen from the Table 2 that compared 

with other works, the proposed SPR-PCF RI sensor has the better sensing performances and wider 

detection range.  

Table 2. Comparison results of the RI sensing performances of the proposed SPR-PCF RI sensor with other works. 

Refs. 
SPR-PCF 

sensor structures 
RI range 

WS 

(nm/RIU) 

AS 

(RIU-1) 

R 

(RIU) 

FOM 

（RIU-1） 

[15] 
Graphene-Silver 

coated 
1.46-1.49 3000 418 2.4×10-5 NA 

[16] Gold-coated spiral  

1.33-1.38 

(x-pol) 
4300 371.5 2.69×10-5 

NA 
1.33-1.38 

(y-pol) 
4600 420.4 2.37×10-5 

[17] 
Au nanowires 

covered  
1.33-1.38 4471 214 NA NA 

[18] 
Dual optofluidic 

channel 
1.32-1.38 5500 150 1.82×10-5 NA 

[19] 

Hollow-core 

graded index 

optical fiber  

1.38-1.49 4350 NA NA 149 

[40] 
Graphene-Au 

coated 
1.32-1.41 4200 450 2.3×10-5 NA 

This 

work 
Gold-coated  

1.25-1.45 

(x-pol) 
-4476.0 -1239.19 1.603×10-5 226.92 

1.25-1.49 

(y-pol) 
-4851.13 -1633.54 1.695×10-5 105.76 



4. Fabrication and filling processes of the SPR-PCF RI sensor 

 

Fig. 12. The schematic diagram of the SPR-PCF fabrication with the stack and draw method. 

 

Fig. 13. The schematic diagram of the SPR-PCF coating and filling with the chemical reduction method and  

selectively filling technique. 

It is worth noting that the proposed SPR-PCF RI sensor can be fabricated by using the improved 

stack and draw method, chemical reduction method and selectively filling technique [41, 42]. Fig. 12 

shows the schematic diagram of the SPR-PCF fabrication with the stack and draw method. First, the 

capillaries with different diameters are stacked in a silica glass tube according to the designed 

structure. Second, the PCF cane is obtained by drawing the preform under the drawing tower. Finally, 

the jacket tube is added to the surface of the PCF to obtain the desired PCF. 

Fig. 13 shows the schematic diagram of the SPR-PCF coating and filling with the chemical 

reduction method and selectively filling technique. The gold film of the SPR-PCF coated inside of 

the air hole can be achieved by the chemical reduction method [43, 44]. First, the air holes which do 

not need to be coated with the gold film are blocked by the UV glue and illuminated by the UV lamp 

until the UV glue is solidified. Second, we connect one end of the PCF to a vacuum pump with a 

silicone tube, and connect the solution containing metal ions to the appropriate reducing agent with a 



mixer at the other end. Third, by adjusting the extraction rate of the vacuum chestnut, the gold ions 

and reducing agent are fully mixed in the mixer, and then pass through the coated air hole of the PCF. 

The gold particles will be deposited on the air hole and gradually form a gold film. The analyte 

filling into the air holes can be achieved by the filling technique [45]. Similarly, we use the UV glue 

to seal the unfilled air hole, insert a section of PCF into analyte, and use a gas pump to fill the 

analyte into the centre air hole. Finally, the desired length can be obtained by cutting off the 

SPR-PCF. 

5. Conclusion 

In conclusion, a novel SPR-PCF RI sensor with ultra-wide detection range is proposed. By 

introducing the birefringence, the SPR effect is enhanced, and the sensing performances are 

obviously improved. It is demonstrated that for the x-pol and y-pol core modes, the average WSs of 

the SPR-PCF RI sensor are -4476.0 nm/RIU and -4851.13 nm/RIU in the RI range from 1.25 to 1.45 

and from 1.25 to 1.49, respectively. The maximum ASs of the SPR-PCF RI sensor can reach 

-1239.19 RIU-1 and -1633.54 RIU-1 for the x-pol and y-pol core modes, respectively. Moreover the 

maximum R of 1.603×10-5 and 1.695×10-5 RIU and FOM of 226.92 RIU-1 and 105.76 RIU-1 for x-pol 

and y-pol core modes are achieved, respectively. The proposed SPR-PCF RI sensor has potential 

applications in the chemistry, biology, and environment monitoring. 
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