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High sensitivity liquid analyte filled photonic crystal 
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Abstract A high sensitivity of photonic crystal fiber (PCF) with a tunableliquid core 

refractive index sensor based on surface plasmon resonance (SPR) induced bythe 

symmetric metal films is proposed in this paper. The SPR excitation materials are 

chose as gold and silver. The transmission characteristics and sensing performance of 

the SPR-PCF sensor with different geometrical parameters were analyzed by using 

finite element method (FEM) and Maxwell equation. The final results show that when 

thediameter of the central hole is 1.6μm and the thickness of the gold film is 40nm, 

the SPR occurs at the wavelength of 1400nm, and the confinement loss can reach 

17398dB/m. The average sensitivity of the SPR-PCFsensor can reach 7200nm/RIU, 

and the linear fitting constant is R2=0.99959, which is expected to have important 

applications in the direction of liquid refractive index detection. 
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1. Introduction 

PCFs are generally composed of fiber core, air holes and cladding, which are 

also called microstructure fibers(MFs). Compared with traditional fiber, it has special 

properties such as endlesslysingle-mode operation, extraordinary chromatic dispersion, 

high birefringence and high or low nonlinearity. At present, PCFs have been widely 

developed in the design of optical fiber devices because of their more flexible and 

controllable properties and the diversity of prepared materials. By filling liquid [1], 

liquid crystal [2], semiconductor [3] or metal coating [4-5] into the air hole of the fiber 

core or cladding, the characteristics of the PCF can be changed, and the application 



fields of PCF can be enriched.At present, its applications are mainly concentrated in 

the fields of high sensitivity sensing[6-8], polarization-dependent nonlinearity and 

terahertz band optical transmission. 

The metal film is coated or filled in the air holes of PCF, which can obtain 

properties that ordinary fiber does not have. This has become a hotspot for people to 

study PCF [9-10]. SPR can be excited by coating or filling gold film in the air hole of 

PCF, which is the result of light acting on metal surfaces. Total internal reflection 

occurs when light travels from a denser medium to a less dense medium and the angle 

of incidence is greater than critical angle.The completely reflected light wave does not 

disappear completely, but forms a vanishing wave. When total internal reflection 

occurs, the TM wave in the fading wave of incident light will interact with the metal 

film. It is exciting the free electrons oscillations along the surface of the metal laye in 

the direction of the PCF. Thus, surface plasma waves (SPW) are formed, and this 

phenomenon is called SPR[11]. Applying SPR to PCF as sensor has become a novel 

research topic. 

In recent years, the SPR-PCFsensor has been developed rapidly. It has attracted 

more and more experts' attention in the field of optical fiber sensing. In 2012, Yang P. 

et al. proposed a selectively filled PCF temperature sensor, in which a liquid with a 

large thermal optical coefficient was filled on the second hole, and then a gold film 

was selectively coated on some other air holes, resulting in a final temperature 

sensitivity of 720 PM/°C[12]. In 2014, An G. et al. designed a rectangular lattice 

D-type PCF refractive index sensor based on SPR and deposited gold film on the 

plane, which is greatly simplifying the production process. Moreover, the average 

sensitivity could reach 8129 nm/RIU[13] within the refractive index range of 1.35-1.41. 

In 2015, Ahmmed A. R. proposed a PCF sensor based on graphene-silver. A thin layer 

of Graphene coated on the surface of silver can prevent its oxidation. The average 

sensitivity of the sensor can reach 3000 nm/RIU[14]. In 2019, Fan Z. proposed a wide 

range and high sensitivity SPR-PCF sensor, and the transmission performance of the 

sensor was numerically analyzed and calculated [15]. In our structure, two symmetrical 

gold film are coated on the vertical axis of air holes of the PCF, and then the influence 

of the PCF on the sensing performance of the sensor is analyzed by changing other 



structural parameters of the PCF.Finally, the sensor proposed by us is expected to be 

applied to various aspects such as medical detection[16], chemical detection[17], and 

biological sensing[18]. 

In this paper, A high sensitivity SPR-PCF refractive index sensor based on center 

large liquid core and metal film covering is proposed, Maxwell equation is calculated 

by FEM and the transmission performance of the sensor is analyzed and discussed. 

The metal films are selectively filled in the air holes of the second layer of PCF, and 

liquid are infiltrated into the air holes of the covered metal film and the center hole. 

By changing the type of metal film and the structure parameters of PCF, the sensing 

performance of the SPR-PCF sensor is optimized. Finally, the simulation results show 

that the sensitivity curve follows the linear fitting rule in the measurement range of 

refractive index. The average sensitivity of the SPR-PCF sensor can reach 7200 

nm/RIU, and the high linearity is R2=0.9959, which is expected to obtain important 

applications in the field of optical fiber sensing and refractive index detection. 

 2. Design and theory 

 

(a)                                (b) 

Figure 1. (a) The cross-section of the designed SPR-PCF sensor, (b) the finite element mesh 

and scattering boundary condition in the calculation process 

The cross-section of the high-sensitivity SPR-PCF sensor is shown in Figure. 

1(a).First of all, the cladding air holes arranged in triangular lattice, and the pitch size 

is Λ = 2μm. The diameter of the center large hole is 1.6μm, which is filled with liquid 

analytes used to tune the effective refractive index of the fiber core surrounded by a 

layer of small air hole with the diameter of 0.8μm. As the two air holes in the second 



layer are coated with a gold film, the presence of small holes can increase the 

intensity of SPR, andthe thickness of the gold film is t=40nm. The two air holes 

coated with the gold film are also filled with liquid analytes,which can improve the 

sensitivity of SPR to the liquid refractive index.The radius of ordinary air holes is 0.5 

μm. The refractive index of the liquid analyte varies from 1.420 to 1.440, and the 

refractive index of air is 1. The pure silicon is selected as the background material of 

the PCF.  

Figure.1 (b) shows the linear fitting curve of PCF structurewitch is optimized. 

We chose gold as the coating metal, and the diameter of thecore hole is 1.6μm. The 

refractive index sensitivity of PCF in x- and y-polarization reached 7200 and 

6600nm/RIU,respectively, and the linear fitting constants were 0.9959 and 0.99634, 

respectively. It achieves excellent sensitivity and ultra-high linearity in x- and 

y-polarization.Pure silica is selected as the background material for PCF. Its 

dispersion is expressed by the Sellmeier equation: 
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where λ represents the wavelength of free space, and other fitting constants are 

referred in Ref.[20]. Generally, in the PCF structure, the gold, silver, aluminum, 

copper, etc. can be selected as the coating or filling metal film material. In this paper, 

gold is selected as the material of the metal film. The dielectric constant of gold is 

defined by the Drude–Lorentz equation: 
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εgold is the relative permittivity of gold. Other parameters are introduced in the 

Ref.[21], and we can use them directly. When the dielectric constant of the metal and 

the transmission constant of the PCF meet the phase matching condition, the light 

energy of the fiber core is transmitted to the metal surface to form a surface plasmon 

polariton (SPP) mode, and the resonance coupling for the core mode and the SPP 

moderesults in the SPR phenomenon.In recent years, the SPR effect has been widely 

used in PCF polarization filters [22], biosensors, polarization beam splitters[23] etc., 



and it plays an important role in the development and research of PCF devices. 

 

3. Results and analysis 

In this paper, FEM [24] and Maxwell's equation are used to analyze and discuss 

the transmission performance of SPR-PCF sensor. The refractive index of the analyte 

liquid is in the range of 1.420-1.425 with a step of 0.005.Figure. 2 shows the 

refractive index of the SPP mode and fundamental mode dependance on operation 

wavelength when the analyte refractive index is 1.420 for x and y-polarization. 

According to Figure. 2(a), It can be clearly seen that the refractive index of the PCF 

mode decreases with the increase of incident wavelength in x-polarization. The 

effective refractive index curve of the fundamental mode of the PCF suddenly appears 

an obvious jumping wavelength of 1400 nm, where theconfinement loss reach to a 

peak.According to Figure. 2(b), we can find that the y-polarization is similar to the 

x-polarization, but the SPR of the PCF in the y-polarization occurs at a wavelength of 

1460 nm. The SPR is generated because the core mode of PCF meets the phase 

matching condition with the second-order SPP mode at the resonant wavelength, and 

the energy of the core mode of the PCF is transferred to the metal surface. The SPR is 

very sensitive with the change of the refractive index of the liquid analyte, so we can 

get the refractive index of the liquid analyte by detecting the change of resonance 

wavelength and resonance intensity. 

 
Figure 2. The loss and refractive index of the PCF dependance on the operation wavelength when 

the analyte refractive index na is 1.420 for (a) x- and (b) y- polarization. 

Figure3(a) and (b) show the dependence of the effective refractive index of the x 

and y-polarization directions on the wavelength when the radius d0 is 0.5μm, 0.6μm, 



0.7μm, and 0.8μm, respectively. It can be clearly seen from Figure. 3(a) that the 

effective refractive index decreases as the incident wavelength increases in the 

x-polarization direction. In addition, each effective refractive index curve has a 

jumping point at the resonance wavelength, where the SPR has occurred at this time.  

Furthermore, the effective refractive index decreases regularly as the radius d0 

increases. Figure. 3(b) shows the dependence of the effective refractive index of the 

y-polarization directions on the wavelength when the radius d0 is 0.5μm, 0.6μm, 

0.7μm, and 0.8μm, respectively. From the Figure. 3(b), we can clearly see that the 

relationship between the effective refractive index of the PCF and the incident 

wavelength is similar for the x and y-polarization directions. 

 

Figure 3 the dependences of the effective refractive indexes of the (a) x and (b) y-polarization on 

the wavelength when the radius d0 is 0.5μm, 0.6μm, 0.7μm, and 0.8μm, respectively. 

The confinement loss is an important parameter for the transmission performance 

of the SPR-PCF sensor. However, the strength of the confinement loss must be 

different for filling the different metal in the holes of the PCF. Figure4 shows the 

dependence of confinement loss of this PCF on operation wavelength when theradius 

of airhole d0 is 0.5μm and 0.6μm, respectively and the refractive index of the liquid 

analyte varies between 1.420 and 1.440.Figure. 4(a) and(b) represent the dependence 

of confinement loss on operation wavelength when the air holes of PCF are coated 

with goldfilm in the x-polarization direction. Figure. 4(c) and (d) represent the 

dependence of confinement loss on wavelength forfilling the PCF with silver film in 

the x-polarization direction. 

It is clear from Figure. 4(a) that when the central pore d0 =0.5 μm, the limiting 

loss has a peak at the corresponding resonance wavelength in the x-polarization 



direction.The loss peak is gradually moving toward the short wavelength direction as 

the analyte refractive index increases from 1.42 to 1.44, which has a blue shift. The 

resonance wavelength has moved from the 1180 nm to 1150 nm, and the intensity at 

the resonance wavelength is gradually reduced from the 23412.48 dB/m to 12550.74 

dB/m. As shown in Figure. 4(c), it can be found that when the center air hole 

d0=0.5μm, the resonance wavelength blue shifts as the refractive index of the analyte 

increases.The resonance wavelength moves from the 1200 nm to 1170 nm, and the 

loss peak value gradually decreases.Furthermore, we can clearly see in Figure 4 that 

in the x-polarization direction, all the resonance wavelengthsblue shift as the 

refractive index of the liquid analyte increases.The blue shift is most obvious in 

Figure 4(b), when the center air hole d0 is 0.6 μm and the filling metal is chose as gold. 

The resonance wavelength has moved from the 1200 nm to 1150 nm, and the peak of 

the confinement loss has changed from the 30722.57 dB/m to 13170.35 dB/m.It can 

be found that the resonance wavelength and confinement loss of the PCF with the 

center air hole d0=0.6 μm are very sensitive to the change of the refractive index of 

liquid analyte. 

 

 

Figure 4. the dependence of confinement loss of PCF on wavelength for the radius of d0 is 0.5 μm 

and 0.6 μm when the (a), (b) gold film and (c), (d) silver film are filled PCF respectively. 



Figure 5. shows the dependence of confinement loss of this PCF on wavelength 

when the hole d0 is 0.5μm and 0.6μmrespectively,and the refractive index ofliquid 

analyte varies from 1.420 to1.440.Figure.5(a) and (b) represent the dependence of 

confinement loss on wavelength of the PCF filled with gold film in the y-polarization 

direction. It's similar to the x-polarization direction, according to Figure. 5(a), we can 

clearly see that in the y-polarization direction, and the confinement loss has a peak at 

the corresponding resonance wavelength. The resonant wavelength shifts toward the 

shorter wavelength as the refractive index of the liquid analyte increases.The 

resonance wavelength has moved from 1170nm to 1140nm, and the peak of 

confinement loss is also reduced from 97802.84dB/m to 86316.94dB/m. Figure. 5(c) 

and (d) represent the dependence of confinement loss on wavelength of the PCF filled 

with gold film in the y-polarization direction. According to Figure. 5(c), it can be 

found that in the y-polarization direction, the resonance wavelength blue shifts as the 

refractive index of the analyte increases, and the resonance wavelength shifts from 

1190nm to 1150nm.Further,according to the four pictures in Figure 5, it can be clearly 

seen that in the y polarization direction, all resonance wavelengths are blue-shifted as 

the refractive index of the analyte increases. The blue shift is most obvious in 

Figure.5(b), when the centerhole d0 is 0.6μm and the filled metal material ischose as 

gold, and the resonance wavelength has moved from 1190nm to 1140nm. 

 

 

Figure 5. the dependence of confinement loss of PCF on wavelength for the radius of d0 is 



0.5 μm and 0.6 μm when the (a), (b) gold film and (c), (d) silver film arefilled PCF respectively. 

Figure 6 shows the dependence of confinement loss of this PCF on wavelength 

when the hole d0 is 0.7 μm and 0.8 μm, and the refractive index of the analyte varies 

from1.420 to1.440. Figure6(e) and (f) represent the dependence of confinement loss 

on wavelength of the PCF filled with gold film in the x-polarization direction. Figure 

6(g) and (h) represent the dependence of confinement loss on wavelength of the PCF 

filled with silver film in the x-polarization direction. According to Figure 6(e), we can 

clearly see thatthe resonance wavelength blue shifts as the refractive index of the 

liquid analyte increases, the resonance wavelength has moved from 1400nm to 

1260nm, and the loss peak value has changed from 17398.32dB/m to 

22532dB/m.According to Figure. 6(h), We can observe that the blue shift of the 

resonance wavelength as the refractive index of the liquid analyte increases,the 

resonance wavelength has moved from 1250nm to 1180nm, and the loss peak value 

has changed from 53210.81dB/m to 15458.26dB/m.According to all the graphs in 

Figure 4 and 6, we can know that in the x-polarization direction, the resonant 

wavelengths all shifted to short wavelengths as the refractive index of the analyte 

increases, but the magnitude of the shift is different. In Figure. 4 and 6, the most 

obvious movement is shown in Figure. 6(f). At this time, the filled metal of the PCF is 

gold and the radius of center air hole d0 is 0.8μm. This shows that the resonance 

wavelength is most sensitive to the change of the refractive index of the liquid analyte, 

and it can be used to make a high-sensitivity PCF refractive index sensor. The 

analysis results show that the central hole d0=0.8μm is the most suitable parameter for 

making PCF liquid refractive index sensor. 

 

 

 

 

 



 

 

Figure6  the dependence of confinement loss of PCF on wavelength for the radius of d0 is 

0.7 μm and 0.8 μm when the (e), (f) gold film and (g), (h) silver film are filled PCF respectively. 

Figure 7 shows the dependence of confinement loss of this PCF on wavelength 

when the hole d0 is 0.7 μm and 0.8 μm, and the refractive index of the liquid analyte 

varies from 1.420 to1.440. Figure7(a) and (b) represent the dependence of 

confinement loss on wavelength of the PCF filled with gold film in the y-polarization 

direction. Figure. 7(c) and (d) represent the dependence of confinement loss on 

wavelength of the PCF filled with silver film in the y-polarization direction. 

According to Figure. 7(b), we can clearly see that the resonance wavelength has a 

blue shift as the refractive index of the liquid analyte increases, the resonance 

wavelength has moved from 1460nm to 1330nm, and the loss peak value has changed 

from 36051.54dB/m to 42758.95dB/m. According to Figure. 7(d), we can observe that 

the resonance wavelength of the PCF also has a blue shift as the refractive index of 

the liquid analyte increases, and the resonance wavelength has moved from 1240nm 

to 1170nm. According to Figure. 5 and 7, we can know that in the y-polarization 

direction,the resonant wavelength shifts to short wavelengths as the refractive index 

of the liquid analyte increases, and the magnitude of the shift is different.From Figure. 

5 and 7, the most obvious movement is Figure. 7(b). At this time, the filled metal of 



the PCF is gold and the center air hole d0=0.8μm, which shows that the resonance 

wavelength is most sensitive to the change of the refractive index of the liquid 

analyte. 

 

Figure 7. the dependence of confinement loss of this PCF on wavelength for the radius of d0 is 0.7μm and 0.8 μm 

when the (a), (b) gold film and (c), (d) silver film filled PCF respectively. 

It is well known that the transmission performance of PCF can be affected by 

coated metal on the air hole. Generally, gold, silver, aluminum and copper can be used 

as metal coating materials for the air holes of PCFs. Next, the sensitivity of the 

SPR-PCF sensor is analyzedby filling with gold and silver. Sensitivity represents the 

sensing performance of a sensor. The sensitivity of the SPR-PCF sensor is the 

gradient of the resonance wavelength with the refractive index of the liquid analyte, 

which is the slope of the straight line in the Figure 8.We selected multiple sets of data 

to calculate the average sensitivity of the SPR-PCF sensor in a given refractive index 

measurement range. Sensitivity can be expressed as a formula [25]: 
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where 
peak  represents the change in the resonance wavelength corresponding to 



the loss peak of the PCF, and an  represents the change in the refractive index of the 

liquid analyte.Figure. 8 shows that the fitting curve of the SPR-PCF refractive index 

sensor changes with the increase of the diameter of the center air hole when the 

refractive index of the liquid analyte increases from 1.420 to 1.440, and the coating 

material of the SPR-PCF is selected as gold and silver.  

As shown in Figure. 8, the average sensitivity of the SPR-PCF sensor filled with 

gold and silver also increases with the center air hole increases. According to Figure 

8(a), the gold-coated SPR-PCF sensor has an average sensitivity of 1400 nm/RIUin 

the x-polarization direction, and the silver-coated SPR-PCF sensor has an average 

sensitivity of 1600 nm/RIU when the center hole d0 is 0.5 μm.The sensing 

performance of the SPR-PCF sensor is further optimized with the increase of the 

center air hole. Figure. 8(b) and (c) show the fitting relationship between the 

resonance wavelength and analyte refractive indexfor the PCF with the gold and silver 

film when the radius of center air hole is 0.6μm and 0.7μm, respectively. When the 

gold films are coated in PCF with the radius of the center air hole of 0.6μm and 0.7μm, 

and the linear fitting equations are y=-2600x+4894and y=-3000x+5478 for the 

SPR-PCF, and the linear fitting constants are 0.97674 and 0.98246, respectively. 

When the silver film is coated for the PCF with the radius of center air hole of 0.6μm. 

The linear equation is y=-2400x+4624, and the fitting constant is 0.96396. When the 

radius of center air hole is 0.7μm for the PCF, the linear equation is y=-3000x+5492, 

and the fitting constant is 0.98246. According to Figure. 8(d), the average sensitivity 

of the SPR-PCF sensor filled with gold can reach 7200 nm/RIUwhen the radius of 

center air hole d0 is 0.8 μm for the PCF. The resonance wavelength versus theanlyte 

refractive index is defined as y=-7200x+11626, and the high linearity R2 is 0.9959. 

When the radius of center air hole of PCF d0 is 0.8 μm, the average sensitivity of the 

silver-filled SPR-PCF sensor can reach 3400 nm/RIU.The linear fitting equation can 

be expressed as y=-3400x+6076, and the linear fitting constant is R2=0.9863. 

 



 

 

Figure 8. the resonance wavelength dependance on the liquid analyte refractive index in x- 

polarization when the liquid analyte refractive index increases from 1.420 to 1.440 by a step of 

0.005, and the metal layer is chose as gold and silver. 

We can clearly see in Figure 9 that when the coating materials are selected as 

gold and silver, the fitting curve of the SPR-PCF sensor in the y-polarization direction 

changes as the central pore radius increases. The average sensitivity of the SPR-PCF 

sensor filled with gold and silver also increases as the diameter of center air hole 

increases. According to Figure 9(a), the gold-coated SPR-PCF sensor has an average 

sensitivity of 1400 nm/RIUin the y-polarization direction, when the radius of center 

air hole d0 is 0.5 μm. However, the silver-coated SPR refractive index sensor has an 

average sensitivity of 2000 nm/RIU when theradius of center air hole d0 is 0.5μm.The 

sensing performance of the SPR-PCF sensor is further optimized as the increase of the 

center air hole. From Figure 9(b) and (c), we can clearly see that when a gold film is 

coated in the PCF with the radius of the center air hole of 0.6μm and 0.7μm. The 

linear equations of the SPR-PCF sensor are y=-2600x+4884 and y=-2600x+6894, and 

the linear fitting constants are 0.97674 and 0.97674, respectively. The average 

sensitivity and linear fitting constant of the silver-coated SPR-PCF sensor are lower 

when the center air holes are 0.6μm and 0.7 μm.The linear fitting equations of the 



gold-coated SPR-PCF sensor are y=-2000x+4040 and y=-3000x+5482, respectively, 

and the linear fitting constants are 1 and 0.98246 when the radius of the center air 

hole is 0.6μmand 0.7 μm.  

When the center air hole d0 is 0.8μm, the average sensitivity of the gold-filled 

SPR-PCF sensor can reach 6600 nm/RIU, the linear fitting equation can be expressed 

as y=-6600x+10832, and the linear fitting constant is R2=0.99634.When theradius 

ofthe center air hole d0 is 0.8 μm, the average sensitivity of the silver-filled SPR-PCF 

sensor can reach 3600 nm/RIU. The linear fitting equation can be expressed as 

y=-3600x+6350, and the linear fitting constant is R2=0.98374.Table 1 shows the 

comparison of the sensitivity and linear fitting constant of the SPR-PCF sensor filled 

with gold and silver under different diameters of the center air hole.It can be seen that 

the sensitivity and fitting constant of the gold-coated PCF are greater than those of the 

silver-coated PCF.In addition, the chemical stability of gold is higher than silver. 

Therefore, the coating metal material of the SPR-PCF sensor is selected as gold. 

 

 

Figure 9. The resonance wavelength dependance on the liquid analyte of refractive index in the 

y-polarization,which increases from 1.420 to 1.440 by a step of 0.005 and the metal layer is chose as gold and 

silver. 



Table 1: The sensitivity and linear fitting constant of the SPR-PCF liquid refractive index 

sensor filled with gold and silver under different radius of the center hole. 

 Type of metal d0 (μm) 0.5 0.6 0.7 0.8 

 

 

X-pol 

Gold S(nm/RIU) -1400 -2600 -3000 -7200 

R2 0.92308 0.97674 0.97674 0.9959 

Ag S(nm/RIU) -1600 -2400 -2400 -3400 

R2 0.92157 0.96396 0.98246 0.9863 

 

 

Y-pol 

Gold S(nm/RIU) -1400 -2600 -2600 -6600 

R2 0.92308 0.97674 0.97674 0.99634 

Ag S(nm/RIU) -2000 -2000 -3000 -3600 

R2 1 1 0.98246 0.98374 

As the incident wavelength changes, the reflection and refraction of the PCF for 

light will also change, and the light transmission will also change accordingly. The 

optical power transmittance is related to the output power and input power of the light. 

The light output power is calculated by the following formula [26]: 
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4.343
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Where outP represents the output power of light, and inP  represents the input 

power of light.  represents the limiting loss of the PCF, and L represents the length 

of the PCF. Here, we choose 1mm. The optical power transmittance can be calculated 

by the following formula[26]: 

1010log ( )out
r
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P
T

P
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rT  indicates theoptical power transmittance.According to Figure 10, we can 

know that as the refractive index of the liquid analyte changes from 1.420 to 1.440, 

the optical power transmission of the PCF filled the gold and silver all have a shift in 

the direction of short wavelength.The optical power transmission of the gold-filled 

PCF decreased from -17dB to -22dB, while the optical power transmittance of the 

silver-filled PCF increased from -53 dB to -15 dB. 



 

Figure 10. The optical power transmission dependence on the operation wavelength over a 

refractive index from 1.42 to 1.44 for (a) gold film and (b) silver film. 

The figure of merit (FOM) is also an important index to measure the sensing 

performance of the SPR-PCF sensor. First, the FOM can be calculated with the 

following formula [15]: 

(nm/ )

( )
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FOM

FWHM nm
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Where S represents the average sensitivity of the SPR-PCF sensor filled with 

gold film and silver film, and FWHM represents the full width of the half wave of the 

confinement loss spectrum.According to Figure 11, we can clearly see that as the 

refractive index of the liquid analyte increases, the FOM of the gold-filled 

SPR-PCFsensor also increases steadily. The highest point is the refractive index of the 

liquid analyte at 1.435 , and the value is 194 RIU-1.When the refractive index of the 

liquid analyte is 1.420, the FOM of the SPR-PCF sensor with the gold-coated PCF is 

110 RIU-1. 

The FOM of the silver-filled SPR-PCFsensor first increases and then decreases 

with the increase of the refractive index of liquid analyte. According to Figure 10, we 

can determine that the PCF coated with gold film is more suitable for the sensor. 



 

Figure11. Variation of the FOM and analyte refractive index in the SPR-PCF with gold or 

silver film 

For the SPR-PCF sensor, the coating thickness of the metal film also has a great 

influence on its sensing performance. Figure 12 shows the dependence of confinement 

loss of this SPR-PCF on wavelength under different coating thicknesses of the gold 

film in SPR-PCFwhen the analyte refractive index is 1.420. Figure 12(a) and (b) 

represent the confinement loss dependence on the operation wavelength in x- and 

y-polarization directions, respectively.According to Figure. 12(a), it can be seen in the 

x-polarization direction that the loss peak shifts to the short wavelength direction, and 

then shifts to the long wavelength direction when the metal film thickness is 40nm, 

and it finally moves to the short wavelength direction. The wavelength corresponding 

to the confinement loss peak value first decreases, then increases, and finally 

decreases, in other words, the resonance wavelength first blue-shifted, then 

red-shifted, and finally blue-shifted again. They don’t show a regular movement with 

the increase of the thickness of gold film. However, the confinement loss peak does 

not increase with the increase of the metal film thickness. It can be seen from the 

Figure 12 (a) that the loss peak of dg=40nm is smaller than the dg=20nm, dg=30nm, 

dg=50nm and dg=60nm. Compared with Figure 12(b), it is not difficult to find that the 

x- and y-polarization direction are similar in law.Therefore, it is known that if the 

metal film is too thin or thick, it is not conducive to the production of the SPR-PCF. 

The thickness of the metal film should be selected according to the actual situation. 

The optimal thickness of the gold film in this design is selected as 40nm. 



 

Figure 12. Variations of confinement loss with incident wavelength under different thickness 

of SPR-PCF coated gold film when the analyte refractive index nais 1.420 for (a) x- and (b) 

y-polarization. 

4. Conclusion 

In this paper, we designed and proposeda high sensitivity SPR-PCF refractive 

index sensor based ontunable liquid core and covered with metal film. We selectively 

coated the air holes of the SPR-PCF with a gold nano-film to stimulate the SPR. The 

FEM are used to analyze and discuss the sensor's sensing performance by solving the 

Maxwell's equation. Then the performance of the sensor is optimized by tuning the 

size of the center air hole and the type of filled-metal materials. The detection range 

of the analyte refractive index is 1.420-1.440, and the resonance wavelength was 

fitted linearly with the refractive index data of the analyte. Finally, it isdemonstrated 

that the average sensitivity of the SPR-PCF sensor can reach 7200nm/RIU, and the 

linear fitting constant R2 is 0.9959.Compared with existing sensors, the performance 

of the SPR-PCF sensor proposed in this paper is very competitive, and it has a very 

bright development prospect in the field of liquid refractive index detection. 
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