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ABSTRACT In this paper, a novel photonic crystal fiber (PCF) refractive index (RI) sensor based on surface plasmon resonance 

(SPR) effect is proposed. With the full vector finite element method, the SPR-PCF RI sensor is designed, and the mode coupling 

effects between the X-polarization (X-pol) and Y-polarization (Y-pol) core modes and second-order surface plasmon polariton modes 

are analyzed. The simulation results show that the structure parameters of the proposed PCF have significant influences on the 

resonance wavelength drift and wavelength sensitivity (WS). Finally, in the RI range of 1.32 ~ 1.48, the average WSs of the X-pol and 

Y-pol core modes can reach -4735.83 nm/RIU and -4525.83 nm/RIU, respectively. Moreover, the maximum resolution (R) and figure 

of merits (FOM) of the X-pol and Y-pol core modes are 4.71×10-6 and 4.65×10-6 RIU, and 134 and 177 RIU-1, respectively. 

Compared with other reported results, the proposed SPR-PCF RI sensor can achieve wide detection range, high average WS, good 

linearity, high R, and large FOM, so it will have important applications in the fields of biochemistry, medicine, and environmental 

science. 

Keywords  photonic crystal fiber; refractive index sensor; surface plasmon resonance; wavelength sensitivity; detection range 

1. Introduction 

In the late 1990s, the first photonic crystal fiber (PCF) was born, which opened a new chapter of optical fiber 

sensors [1-3]. Compared with the traditional optical fiber, the PCF has flexible and adjustable air holes in the 

cladding region [4-6]. With a variety of post-processing technologies the metal, liquid crystal, and other materials 

can be selectively filled into the air holes to achieve the sensing of different physical quantities [7-12]. 

Surface plasmon resonance (SPR) technology has developed rapidly in recent years. Based on this technology, 

many new devices have been developed, such as absorbers, sensors, polarization devices and so on [13-19]. 

Among them, the sensing technology based on SPR has been developed rapidly in the field of optical sensing 

[20-25]. The selective coating of the metal film or filling the metal nanowire in the air hole of the PCF could 

excite the SPR effect [26-27]. In recent years, the refractive index (RI) sensitivity of the liquid analytes using the 

SPR effect has been explored [28-33]. In 2019, Fan et al. reported a SPR-based PCF RI sensor coated with the 

nano-ring gold film. It was observed that an average wavelength sensitivity (WS) of 2150 nm/RIU in the RI range 

from 1.40 to 1.43 [34]. In 2020, Yasli et al. demonstrated a multi-channel PCF RI sensor based on the SPR effect 

comprised of silver and gold doped plasmonic layers. The maximum average WSs of the X-polarization (X-pol) 

and Y-polarization (Y-pol) core modes were 1892 and 2337 nm/RIU in the RI range from 1.33 to 1.366, 

respectively [35]. In 2020, Wang et al. proposed a SPR RI sensor based on a D-shaped Hi-Bi PCF, where the 

average WS of 3500 nm/RIU in the RI range from 1.33 to 1.34 and the figure of merit (FOM) of 39.8 RIU-1 were 

achieved [36]. In 2021, Wu et al. designed a gold film-coated D-shaped PCF RI sensor. For the analyte RI range 

of 1.345 to 1.375, the average WS of the sensor was up to 4494 nm/RIU [37].  

In this paper, a novel PCF RI sensor based on the SPR effect is proposed. The mode coupling characteristics 
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between the X-pol and Y-pol core modes and second-order (2nd-order) surface plasmon polariton (SPP) mode are 

investigated by the full vector finite element method (FV-FEM). By analyzing the influences of the structure 

parameters on the resonance wavelength and WS, a SPR-PCF RI sensor with the average WSs of -4735.83 

nm/RIU and -4525.83 nm/RIU for the X-pol and Y-pol core modes is obtained in the RI range of 1.32 to 1.48. 

Finally, the resolution (R) and FOM of the proposed SPR-PCF RI sensor are compared with other reported results. 

2. Design of the SPR-PCF RI sensor 

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

structure is arranged according to the regular hexagonal lattice. The diameter of the most central air hole is d0, and 

the air hole is filled with liquid analyte with the RI na. The diameter of the left and right air holes adjacent to the 

air hole filled with the liquid analyte is d1, and the diameter of the upper and lower four air holes is d2. The upper 

part of the air hole filled liquid analyte has an air hole with a diameter of d3 and it is coated with a gold nano film 

with a thickness of t. Compared with other metal materials, the gold material has stable chemical property, good 

biomolecular compatibility, and strong corrosion resistance. The other air holes are divided into the upper and 

lower parts and left and right parts, respectively. The diameters of the larger air holes in the upper and lower parts 

and the smaller air holes in the left and right parts are d4 and d5, respectively. The hole spacing between each two 

adjacent air holes is Λ. The backing material is the silica, whose material refractive index can be expressed by the 

Sellmeier equation [38]. In order to absorb the scattering loss, a perfect matching layer (PML) with the thickness 

Ʌ is designed on the outermost part of the proposed PCF and the refractive index of the PML is 0.03 higher than 

that of the silica material [39]. 

 

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

The relative dielectric constant (εm) of the gold can be expressed by the Drude-Lorentz (D-L) model [40] 
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where ω, ωD, and γD are the angle frequency of the guided-wave, plasma frequency, and damping frequency,ε∞ 

and Δε are the high frequency dielectric constant and the weighted coefficient, and ΩL and ΓL are the frequency 

and bandwidth of the Lorentz oscillator, respectively. The detailed parameter values of the D-L model are given in 

Table 1. 

The FV-FEM can be used to simulate the effective refractive index (neff) of the mode field of the proposed PCF, 

and the confinement loss (LC) of each mode of the proposed PCF can be described as following [41] 
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where λ is the wavelength of incident light incident, and Im[neff] is the imaginary parts of neff of each mode. 

Table 1. The detailed parameter values of the D-L model for the gold nano film. 

ε∞ Δε ωD/2π (THz) γD/2π (THz) ΩL/2π (THz) ΓL/2π (THz) 

5.9673 1.09 2113.6 15.92 650.07 104.86 

The FV-FEM can be used to simulate the effective refractive index (neff) of the mode field of the proposed PCF, 

and the confinement loss (LC) of each mode of the proposed PCF can be described as following [41] 
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where λ is the wavelength of incident light incident, and Im[neff] is the imaginary parts of neff of each mode.  

The WS is an important parameter to determine the performance index of the sensor, which can be defined as 

[42] 
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where Δλpeak and Δna represent the change of the resonance wavelength at resonance peak and the change of the RI 

of the analyte measured, respectively. 

In order to further prove the sensing characteristics of the sensor, the R and FOM are described as [43, 44] 
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where Δλmin and FWHM indicate the wavelength resolution of the optical spectrum analyzer and the full-width at 

half-maximum of the resonance peak, respectively. At present, the wavelength resolution of the commonly used 

optical spectrum analyzer can reach 0.02 nm 

3. Simulation Results and Discussion 

  



  

  

Fig. 2. The Re(neff) of the (a) X-pol and (b) Y-pol core mode and 2nd-order SPP mode, and the LC of the X-pol and Y-pol core modes 

when na is 1.36. The Re(neff) of the (c) X-pol and (d) Y-pol core mode and 2nd-order SPP mode, and the LC of the X-pol and Y-pol 

core modes when na is 1.40. The Re(neff) of the (e) X-pol and (f) Y-pol core mode and 2nd-order SPP mode, and the LC of the X-pol 

and Y-pol core modes when na is 1.44. The illustrations in (a), (b), (c), (d), (e), and (f) show the mode field distributions of the X-pol 

and Y-pol core modes and 2nd-order SPP modes at different wavelengths.  

In the simulation, the grid sequence type is physics-controlled mesh, and the grid element size is normal size. 

The complete grid contains 13928 domain elements and 1462 boundary elements, respectively. The initial 

structure parameters are set as following: d0=1.4 μm, d1=2.2 μm, d2=1.2 μm, d3=1.2 μm, d4=1.6 μm, d5=1.1 μm, 

Λ=2.3 μm, and t=50 nm. When na is chosen as 1.36, 1.40, and 1.44, respectively, the real parts of the effective 

refractive indices (Re(neff)) of the X-pol and Y-pol core modes and the 2nd-order SPP modes and the LC of the 

X-pol and Y-pol core modes are shown in Figs. 2(a) and 2(b), 2(c) and 2(d), and 2(e) and 2(f), respectively. From 

Figs. 2(a) and 2(b), at the shorter wavelength side, the Re(neff) of the X-pol and Y-pol core modes is smaller than 

that of the X-pol and Y-pol 2nd-order SPP modes, respectively, when na is 1.36. In contrast, at the longer 

wavelength side, the Re(neff) of the X-pol and Y-pol core modes is greater than that of the X-pol and Y-pol 

2nd-order SPP modes, respectively. The Re(neff) of the X-pol and Y-pol core modes and 2nd-order SPP modes has 

an obvious mutation point at wavelengths 1.658 μm and 1.616 μm, respectively. According to the SPR effect and 

coupled mode theory [45-47], the X-pol and Y-pol core modes and 2nd-order SPP modes are completely coupled 

at wavelengths 1.658 μm and 1.616 μm, respectively, which are called as the resonance wavelengths. The LC of 

the X-pol and Y-pol core modes generates the resonance peaks at resonance wavelengths 1.658 μm and 1.616 μm, 

respectively. It can also be seen from the illustrations in Figs. 2(a) and 2(b) that the mode field energy of the X-pol 

and Y-pol core modes and 2nd-order SPP modes has been strongly transferred at the resonance wavelengths 1.658 



μm and 1.616 μm, while at the shorter and longer wavelength sides, most of the mode field energy of the X-pol 

and Y-pol core modes and 2nd-order SPP modes still remains unchanged. This phenomenon further shows that the 

X-pol and Y-pol core modes and 2nd-order SPP modes are completely coupled at resonance wavelengths 1.658 

μm and 1.616 μm, respectively. From Figs. 2(c) and 2(d), the relationship between the Re(neff) of the X-pol and 

Y-pol core modes and 2nd-order SPP modes is consistent with that in Figs. 2(a) and 2(b), respectively, when na is 

1.40. However, compared with Figs. 2(a) and 2(b), there is a less obvious mutation in the Re(neff) of the X-pol 

core mode and 2nd-order SPP mode at wavelength 1.536 μm, while there is still an obvious mutation at 

wavelength 1.5 μm. This indicates that the mode coupling strength of the X-pol core mode and 2nd-order SPP 

mode has not reached the complete coupling, but the Y-pol core mode and 2nd-order SPP mode are completely 

coupled at resonance wavelength. From the illustrations in Fig. 2(c), the mode field energy of the X-pol core mode 

and 2nd-order SPP mode has been weakly transferred at resonance wavelength 1.536 μm, while at the shorter and 

longer wavelength sides, most of the mode field energy of the X-pol core mode and 2nd-order SPP mode still 

remains unchanged. This phenomenon further indicates that the X-pol core mode and 2nd-order SPP mode are 

weakly coupled at resonance wavelength 1.536 μm. The LC of the X-pol and Y-pol core modes also generates the 

resonance peaks at resonance wavelength 1.536 μm and 1.5 μm, respectively. From Figs. 2(e) and 2(f), at the 

shorter and longer wavelength sides, the relationship between the Re(neff) of the X-pol and Y-pol core modes and 

2nd-order SPP modes is also consistent with that in Figs. 2(a) ~ 2(d), respectively, when na is 1.44. But there is no 

mutation in the Re(neff) of the X-pol and Y-pol core modes and 2nd-order SPP modes at wavelengths 1.393 μm 

and 1.368 μm, respectively. This indicates that the X-pol and Y-pol core modes and 2nd-order SPP modes are 

incompletely coupled at resonance wavelengths 1.393 μm and 1.368 μm, respectively. It is further confirmed from 

the illustrations in Figs. 2(e) and 2(f), that the mode field energy of the X-pol and Y-pol core modes and 2nd-order 

SPP modes still remains unchanged whether at the shorter wavelength, resonant wavelength, or longer wavelength. 

The LC of the X-pol and Y-pol core modes also generates the resonance peaks at resonance wavelengths 1.393 μm 

and 1.368 μm, respectively. 

 

Fig. 3. The linear fitting results of the resonant wavelengths for the X-pol and Y-pol core modes with the analyte RI. 

It can be concluded that when na increases from 1.36 to 1.44, the mode coupling between the X-pol and Y-pol 

core modes and 2nd-order SPP modes gradually changes from the complete coupling to the incomplete coupling, 

but the resonance peaks of the X-pol and Y-pol core modes always exist, and the corresponding resonance 

wavelengths gradually move toward the shorter wavelength. Therefore, the RI sensing can be realized by 

detecting the change of the resonance wavelength. Fig. 3 shows the linear fitting results of the resonant 

wavelengths for the X-pol and Y-pol core modes with the analyte RI. As seen from Fig. 3, the linear fitting results 



of the X-pol and Y-pol core modes with the analyte RI are y= -3312.5x+6166.5 and y= -3100x+5834.7, 

respectively. And the coefficients of determination (R2) are greater than 0.99 for both the X-pol and Y-pol core 

modes. In the RI range of 1.36 to 1.44, the average WSs of the X-pol and Y-pol core modes can achieve -3312.5 

nm/RIU and -3100 nm/RIU, respectively. When the na is selected as 1.36, 1.40, and 1.44, respectively, in order to 

obtain the higher average WSs, it is necessary to analyze the variation of the LC of the X-pol and Y-pol core modes 

with wavelength when the structural parameters of the proposed SPR-PCF are changed. 

When na is selected as 1.36, 1.40, and 1.44, respectively, the variations of the LC of the X-pol and Y-pol core 

modes with wavelength for different d0 are shown in Fig. 4. From Figs. 4(a) and 4(b), when d0 remains unchanged 

and na increases from 1.36 to 1.44, the resonance wavelengths of the X-pol and Y-pol core modes are blue-shifted, 

which is consistent with the previous results. Therefore, we only analyze the change of the resonance wavelengths 

of the X-pol and Y-pol core modes with d0 when na is fixed at 1.36, 1.40, or 1.44. When na is fixed at 1.36 or 1.40, 

the resonance wavelengths of the X-pol and Y-pol core modes obviously occur to red-shift with the increase of d0 

from 1.2 to 1.6 μm. When na is fixed at 1.44, the resonance wavelengths of the X-pol and Y-pol core modes have a 

weak red-shift with the increase of d0 from 1.2 to 1.6 μm. It is also found that the smaller na, the greater the 

red-shift amplitude of the X-pol and Y-pol core modes with the increase of d0. This indicates that d0 has a greater 

influence on the resonance wavelength shift when the complete coupling occurs. Hence, according to Eq. (3), the 

greater d0, the greater the WS.  

  

Fig. 4. The variation of the LC of the (a) X-pol and (b) Y-pol core modes with wavelength for different d0, when na is selected as 

1.36, 1.40, and 1.44, respectively.  

When na is selected as 1.36, 1.40, and 1.44, respectively, the variations of the LC of the X-pol and Y-pol core 

modes with wavelength for different d1 are shown in Fig. 5. From Figs. 5(a) and 5(b), when na is fixed at 1.36, 

1.40, or 1.44, the resonance wavelengths of the X-pol and Y-pol core modes have a small red-shift with the 

increase of d1 from 2.0 to 2.2 μm, and then have a larger red-shift as d1 increases from 2.2 to 2.4 μm. However, 

when na is fixed at 1.36, the red-shift amplitude of the X-pol and Y-pol core modes with the increase of d1 is the 

largest. This indicates that d1 has a greater influence on the resonance wavelength when the complete coupling 

occurs. Hence, the greater d1, the greater the WS.  

When na is selected as 1.36, 1.40, and 1.44, respectively, the variations of the LC of the X-pol and Y-pol core 

modes with wavelength for different d2 are shown in Fig. 6. From Figs. 6(a) and 6(b), when na is fixed at 1.36 or 

1.40, the resonance wavelengths of the X-pol and Y-pol core modes have a significant red-shift with the increase 

of d2 from 1.1 to 1.3 μm. However, the resonance wavelengths of the X-pol and Y-pol core modes only have a 



weak red-shift with the increase of d2 from 1.1 to 1.3 μm when na is fixed at 1.44. In other words, as na increases 

from 1.36 to 1.44, the red-shift amplitude of the X-pol and Y-pol core modes decreases gradually with the increase 

of d2. This also means that d2 has a greater influence on the resonance wavelength when the complete coupling 

occurs. Therefore, a similar conclusion that the greater d2, the greater the WS can be obtained. 

  

Fig. 5. The variation of the LC of the (a) X-pol and (b) Y-pol core modes with wavelength for different d1, when na is selected as 1.36, 

1.40, and 1.44, respectively. 

  

Fig. 6. The variation of the LC of the (a) X-pol and (b) Y-pol core modes with wavelength for different d2, when na is selected as 1.36, 

1.40, and 1.44, respectively. 

When na is selected as 1.36, 1.40, and 1.44, respectively, the variations of the LC of the X-pol and Y-pol core 

modes with wavelength for different d3 are shown in Fig. 7. From Figs. 7(a) and 7(b), when na is fixed at 1.36 1.40, 

or 1.44, the resonance wavelengths of the X-pol and Y-pol core modes have a significant red-shift with the 

increase of d3 from 1.0 to 1.4 μm. At the same time, it is found that for different na, the resonant wavelength shifts 

of the X-pol and Y-pol core modes are basically the same with the increase of d3. Different from the previous case, 

d3 has a greater influence on the resonance wavelength for the complete and incomplete coupling cases. Therefore, 

with the change of d3, the WS remains basically unchanged. That is to say, d3 only affects the resonance 

wavelength shift, and has no influence on the WS. 

When na is selected as 1.36, 1.40, and 1.44, respectively, the variations of the LC of the X-pol and Y-pol core 



modes with wavelength for different d4 are shown in Fig. 8. From Figs. 8(a) and 8(b), when na is fixed at 1.36 or 

1.40, the resonance wavelengths of the X-pol and Y-pol core modes have a significant blue-shift with the increase 

of d4 from 1.5 to 1.7 μm. However, the resonance wavelengths of the X-pol and Y-pol core modes only have a 

weak blue-shift with the increase of d4 from 1.5 to 1.7 μm, when na is fixed at 1.44. In other words, as na increases 

from 1.36 to 1.44, the blue-shift amplitude of the X-pol and Y-pol core modes decreases gradually with the 

increase of d4. This also confirms that d4 has a greater influence on the f resonance wavelength for the complete 

coupling case. Therefore, the smaller d4, the greater the WS.  

  

Fig. 7. The variation of the LC of the (a) X-pol and (b) Y-pol core modes with wavelength for different d3, when na is selected as 1.36, 

1.40, and 1.44, respectively. 

  

Fig. 8. The variation of the LC of the (a) X-pol and (b) Y-pol core modes with wavelength for different d4, when na is selected as 1.36, 

1.40, and 1.44, respectively. 

When na is selected as 1.36, 1.40, and 1.44, respectively, the variations of the LC of the X-pol and Y-pol core 

modes with wavelength for different d5 are shown in Fig. 9. From Figs. 9(a) and 9(b), when na is fixed at 1.36, the 

resonance wavelengths of the X-pol and Y-pol core modes only have a slight blue-shift with the increase of d5 

from 0.9 to 1.3 μm. Whether na is fixed at 1.40 or 1.44, the resonance wavelengths of the X-pol and Y-pol core 

modes have no obvious shift with the increase of d5 from 0.9 to 1.3 μm. This also indicates that d5  has a 

relatively greater influence on the resonance wavelength for the complete coupling case. However, the influence 



of d5 on the resonance wavelength is very small, so the influence of d5 on the WS is negligible. 

When na is selected as 1.36, 1.40, and 1.44, respectively, the variations of the LC of the X-pol and Y-pol core 

modes with wavelength for different Λ are shown in Fig. 10. From Figs. 10(a) and 10(b), when na is fixed at 1.36 

or 1.40, the resonance wavelengths of the X-pol and Y-pol core modes have a significant blue-shift with the 

increase of Λ from 2.1 to 2.5 μm. However, the resonance wavelengths of the X-pol and Y-pol core modes only 

have a small blue-shift with the increase of Λ from 2.1 to 2.5 μm when na is fixed at 1.44. That is to say, as na 

increases from 1.36 to 1.44, the blue-shift amplitude of the X-pol and Y-pol core modes decreases gradually with 

the increase of Λ. This is basically similar to the case of d2. It also shows that Λ has a greater influence on the 

resonance wavelength for the complete coupling case. Thus, the smaller Λ, the greater the WS.  

  

Fig. 9. The variation of the LC of the (a) X-pol and (b) Y-pol core modes with wavelength for different d5, when na is selected as 1.36, 

1.40, and 1.44, respectively. 

  

Fig. 10. The variation of the LC of the (a) X-pol and (b) Y-pol core modes with wavelength for different Λ, when na is selected as 

1.36, 1.40, and 1.44, respectively. 

When na is selected as 1.36, 1.40, and 1.44, respectively, the variations of the LC of the X-pol and Y-pol core 

modes with wavelength for different t are shown in Fig. 11. From Figs. 11(a) and 11(b), whether na is fixed at 1.36 

1.40, or 1.44, as t increases from 45 to 55 nm, the resonance wavelengths of the X-pol and Y-pol core modes have 

a significant blue-shift. Similar to the case of d3, t has a greater influence on the resonance wavelength for the 



complete and incomplete coupling cases. Therefore, with the change of t, the WS basically does not change. In 

other words, t only affects the resonance wavelength, but has no influence on the WS. Finally, it is necessary to 

comprehensively consider the different effects of the above eight structure parameters on the resonance 

wavelength and WS, and then use the genetic algorithm for cyclic iterative optimization to obtain the final 

structure parameters [48, 49].  

  

Fig. 11. The variation of the LC of the (a) X-pol and (b) Y-pol core modes with wavelength for different t, when na is selected as 1.36, 

1.40, and 1.44, respectively. 

  

Fig. 12. The LC of the (a) X-pol and (b) Y-pol core modes with wavelength when na is changed from 1.32 to 1.48. The illustrations in 

(a) and (b) show the local zoom-in results of the LC of the X-pol and Y-pol core modes with wavelength when na is selected as 1.46 

and 1.48, respectively. 

By the genetic optimization iterative calculations, the final structure parameters are selected as follows: 

d0=1.6 μm, d1=2.35 μm, d2=1.25 μm, d3=1.1 μm, d4=1.6 μm, d5=1.22 μm, Λ=2.3 μm, and t=55 nm. When na is 

changed from 1.32 to 1.48, the LC of the X-pol and Y-pol core modes are shown in Fig. 12. From Figs. 12(a) and 

12(b), with the increase of na from 1.32 to 1.48, the resonance wavelengths of the X-pol and Y-pol core modes are 

gradually blue-shifted from 1.893 to 1.138 μm and 1.857 to 1.128 μm, respectively. When na is fixed at 1.40 and 

1.42, respectively, the LC of the X-pol and Y-pol core modes has the maximum resonance peaks at resonance 

wavelengths 1.539 μm and 1.405 μm, respectively. In addition, it can be seen from the illustrations in Figs. 12(a) 



and 12(b) that there are still relatively large resonance peaks of the X-pol and Y-pol core modes when na is 1.46 

and 1.48. When na is 1.48, the LC of the X-pol and Y-pol core modes has the minimum resonance peaks at 

resonance wavelengths 1.138 μm and 1.128 μm, respectively. The difference between the maximum and minimum 

resonance peaks is very large. Therefore, the RI sensing can be realized when the analyte RI is changed from 1.32 

to 1.48. 

    

Fig. 13. (a) The linear fitting results of the resonance wavelengths for the X-pol and Y-pol core modes with the analyte RI and (b) the 

changes of the WS with the analyte RI, when  the analyte RI is changed from 1.32 to 1.48. 

 

Fig. 14. The R and FOM with the analyte RI when the analyte RI is changed from 1.32 to 1.48. 

Fig. 13(a) shows the linear fitting results of the resonance wavelengths for the X-pol and Y-pol core modes 

with the analyte RI. From Fig. 13(a), the linear fitting results of the X-pol and Y-pol core modes with the analyte 

RI are y= -4735.83x+8157.8 and y= -4525.83x+7828.3, respectively. And the R2 of the X-pol and Y-pol core 

modes are 0.99856 and 0.99986, respectively, and the R2 are greater than 0.998 for both the X-pol and Y-pol core 

modes. In the RI range of 1.32 to 1.48, the average WSs of the X-pol and Y-pol core modes can achieve -4735.83 

nm/RIU and -4525.83 nm/RIU, respectively. Fig. 13(b) shows the changes of the WS with the analyte RI when the 

analyte RI is changed from 1.32 to 1.48. From Fig. 13(b), the maximum WSs of the X-pol and Y-pol core modes 

are -5150 nm/RIU and -4700 nm/RIU in the RI ranges of 1.44 to 1.46 and 1.44 to 1.46, respectively. The 

minimum WSs of the X-pol and Y-pol core modes are -4250 nm/RIU and -4300 nm/RIU in the RI ranges of 1.34 



to 1.36 and 1.38 to 1.40, respectively. It can be concluded that the WS has a good linearity with the change of the 

analyte RI. Fig. 14 shows the changes of the R and FOM with the analyte RI when the analyte RI is changed from 

1.32 to 1.48. From Fig. 14, the maximum R of the X-pol and Y-pol core modes are 4.71×10-6 RIU and 4.65×10-6 

RIU in the RI ranges of 1.34 to 1.36 and 1.38 to 1.40, respectively. The maximum FOM of the X-pol and Y-pol 

core modes are 134 RIU-1 and 177 RIU-1 in the RI ranges of 1.40 to 1.42 and 1.40 to 1.42, respectively. In 

summary, the proposed SPR-PCF RI sensor simultaneously achieves the ultra wide detection range, high WS, 

good linearity, high R, and large FOM. 

Table 2. Comparisons of the performance between the proposed SPR-PCF RI sensor and other reported SPR-PCF RI sensors. 

Refs. 
SPR-PCF RI 

sensor structures 
RI range 

WS 

(nm/RIU) 

 R 

(RIU) 

FOM 

(RIU-1) 

[33] 
Coated with silver film on air 

hole and D-shape surface 
1.33 ~ 1.38 3191.43 N/A N/A       

[34] Coated with nano-ring gold film  1.40 ~ 1.43 2150 N/A N/A 

[35] 
Coated with sliver and gold 

films on four analyte channels 

X-pol  1.33 ~ 1.366 

Y-pol  1.33 ~ 1.366 

X-pol  1892 

Y-pol  2337 

X-pol  4×10-5 

 Y-pol  3.2×10-5 
N/A 

[36] 
Coated with gold film on  

one air hole 
1.33 ~ 1.34 3500 N/A 39.8 

[37] 
Coated with gold film on 

D-shape surface 
1.345 ~ 1.375 4494 N/A N/A 

This 

work 

Coated with gold film on  

one air hole 

X-pol  1.32 ~ 1.48 

Y-pol  1.32 ~ 1.48 

X-pol  -4735.83 

Y-pol  -4525.83 

X-pol  4.71×10-6 

Y-pol  4.65×10-6 

X-pol  134 

Y-pol  137 

 

Fig. 15. The fabrication process of the proposed SPR-PCF RI sensor. 



The comparisons of the performance between the proposed SPR-PCF RI sensor and other reported SPR-PCF 

RI sensors are shown in Table 2. From Table 2, compared with reported SPR-PCF RI sensors, the proposed 

SPR-PCF RI sensor has the widest analyte RI detection range of 1.32 to 1.48 and maximum average WS. In 

addition, it also has high R and large FOM. Moreover, it is worth noting that the structure of the proposed 

SPR-PCF RI sensor is relatively simple, which has great engineering advantages in the practical fabrication. 

The fabrication process of the proposed SPR-PCF RI sensor is shown in Fig. 15. It can be seen from Fig. 15 

that the fabrication process of the proposed SPR-PCF RI sensor can be divided into five steps. First, the 

high-purity silica tubes with different sizes are drawn into the silica capillaries with different sizes. Second, the 

high-purity silica capillaries with different sizes are stacked into the preform according to the designed 

cross-sectional structure of the PCF. Third, the PCF preform is drawn into the silica substrate PCF. Fourth, the 

gold nano film is coated on the air hole of the PCF by the chemical vapor deposition method. Fifth, with  the 

capillary effect, the liquid analyte is filled into the central air hole of the PCF coated with the gold nano film. 

Finally, the proposed SPR-PCF RI sensor can be fabricated. 

4. Conclusion 

In summary, a novel SPR-PCF RI sensor coated with gold film is proposed. The different mode coupling 

effects of the X-pol and Y-pol core modes and 2nd-order SPP modes are analyzed when na is 1.36, 1.40, and 1.44, 

respectively. By considering the effects of the structure parameters on the resonance wavelength and WS, the final 

structure parameters are obtained. The average WSs of the X-pol and Y-pol core modes can achieve -4735.83 

nm/RIU and -4525.83 nm/RIU, respectively, in the RI range of 1.32 to 1.48. In addition, the maximum R and 

FOM of the X-pol and Y-pol core modes are 4.71×10-6 RIU and 4.65×10-6 RIU, and 134 RIU-1 and 177 RIU-1, 

respectively. Compared with the previous reported SPR-PCF RI sensors, the proposed SPR-PCF RI sensor has the 

advantages, including ultra wide detection range, high WS, good linearity, high R, and large FOM, so it can find 

important applications in the fields of biochemistry, medicine, and environmental science. 
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