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Abstract A high sensitivity near-infrared photonic crystal fiber (PCF) refractive index 

sensor based on surface plasmon resonance (SPR) is proposed in this paper. The 

sensing performance of the PCF refractive index sensor is calculated and analyzed by 

using the finite element method (FEM). The coated metal material selects for 

chemically stable gold, which is used to induce SPR. The resonant coupling will 

occurs when the phase matching condition is met between the surface plasmon 

polariton (SPP) mode and the fundamental mode. The influence of the diameter of the 

central hole and the thickness of the gold film on the resonance wavelength and the 

confinement loss was studied. Numerical results demonstrate that the average 

sensitivity of the sensor can reach to 3200nm/RIU, which can be used in the field of 

refractive index detecting. 

Key words: Photonic crystal fiber；Surface plasmon resonance；Sensor 

Corresponding author. 

Email address:zhkfan@hebust.edu.cn (Zhenkai Fan*) 

1. Introduction 

PCF has a large number of significant advantages compared with conventional fiber[1]. 

It is not only small in size and light in weight, but also has a high degree of freedom 

in design, liquid filling holes, highly birefringence, large mode area and adjustable 

dispersion[2]. In recent years, SPR [3] technology has been developed rapidly and is 

widely used in the field of sensor detection. Due to the characteristics of high 

sensitivity, wide detection range, and high detection quality, it has attracted the 

attention of researchers. Therefore, the introduction of SPR technology into PCF will 

produce more outstanding sensing properties by the metal coating technology, 

especially in the field of liquid refractive index sensing. The samples of liquid 



refractive index can be flexibly filled in the air holes of PCF to realize the highly 

sensitive detection of liquid refractive index by SPR in PCF. Thus, SPR-PCF will be 

successfully designed as a liquid refractive index sensor, which has the characteristics 

of easy to integrate, portable and high sensitivity.  

Since the discovery of SPR-PCF, a large number of research results in the field 

of PCF sensing have been reported. In order to promote the advancement of SPR-PCF 

detection technology, various types of SPR-PCF refractive index sensors have been 

proposed and investigated[5-7]. It proves that the SPR-PCF will be very promising in 

the field of refractive index sensing. In 2006, Hassani A.[8] proposed microstructured 

optical fiber-based surface plasmon resonance sensors with enhanced microfluidics. 

By introducing air microstructure into the fiber core, the phase matching between core 

mode and surface plasmon mode is realized. In 2009, Yu X.[9] et al. proposed a SPR 

sensor based on PCF, which consisted of metal-coated air holes, and analyte channels, 

and the sensitivity of refractive index can reach 5500nm/RIU. In 2016, Rifat. A. A.[10] 

et al. reported a PCF-SPR sensor with graphene-copper coating deposited on the 

outside of PCF, and the wavelength sensitivity can reach 2000nm/RIU. In 2017, Chen 

X.[11]et al. proposed a new D-shaped hole PCF-SPR sensor. The SPR is excited by 

using an open-loop channel parallel to the fiber axis and coated with a gold film in 

PCF. This spectral sensitivity is as high as 11055nm/RIU from 1.20 to1.29. In 2019, 

Bing P. [12] et al. reported a kind of PCF sensor with D-shaped structure based on 

SPR technology. Its wavelength sensitivity can reach 10100nm/RIU and the 

resolution can reach 9.9×10-6 RIU. In 2020, Liu Q.[13]et al. investigated a biochemical 

sensor based on SPR. When the holes are coated with gold, silver and aluminum, the 

sensitivity of the sensor can reach −8383.9 nm/RIU, −8428.6 nm/RIU and −8776.8 

nm/RIU, respectively. The rapidly developing SPR-PCF sensing technology has been 

widely used on the fields of medicine, chemical, and environmental testing[14-15]. In 

addition to important applications in the field of optical fiber refractive index 

detection, SPR-PCF also has outstanding applications in the field of magnetic 

detection and temperature detection[16-18]. Therefore, it will greatly promote the 

development of optical fiber sensing technology for the combination of SPR and PCF 

to design SPR-PCF sensors. 



In this paper, we design a novel kind of high sensitivity SPR-PCF refractive 

index sensor with the liquid core. The sensing performance of the SPR-PCF is studied 

and analyzed by using the FEM[19] and coupled-mode theory [20]. Four metal ring films 

are covered in the four air holes of the PCF to generate SPR, and its thickness is set to 

40nm. The liquid is respectively filled into the coating air holes and central air hole in 

order to facilitate the mutual induction between the liquid refractive index and SPR. 

The generation of phase matching and the characteristics of SPR-PCF transmission is 

obtained by optimization of the diameter of the central hole and the thickness of the 

metal film. Only when the phase matching condition is met, the fundamental mode 

and the surface plasmon mode in SPR-PCF can resonate. As the refractive index of 

the filled liquid sample changes, the loss spectrum of the SPR-PCF exhibits a high 

sensitivity. When the diameter of the central air hole is 0.8µm, the SPR- PCF has the 

best sensing performance, and its sensitivity is obtained as high as 3200nm/RIU. 

2. Design and theory 

The cross section of the SPR-PCF refractive index sensor is shown in Fig.1(a). During 

the simulation, the scattering boundary condition (SBC) and the finite element mesh 

(FEM) is set. Fig.1 (b) represents the divided FEM for the PCF. The central air hole is 

filled with the liquid refractive index sample, and its diameter is d1=0.8µm. The metal 

film is covered in the four air holes of the PCF cladding, their diameter is d3=0.54µm. 

The diameter of the small air holes around the central liquid core is d2 =0.4µm, and 

the diameter of a common air hole is d4=0.5µm. All the air holes of the SPR-PCF are 

arranged in a hexagonal lattice with a lattice constant of 1.5µm. The refractive index of 

the air hole is set as 1.The background material of the SPR-PCF is pure silica. The 

liquid refractive index analyte is filled into four air holes of the gold-plated film with 

the thickness of 40nm and the central air hole, which can vary from 1.42 to 1.44 with 

a change step of 0.005. The material dispersion can be calculated by the Sellmeier 

equation [21]: 
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where, B1=0.696166300, B2=0.407942600, B3=0.897479400, C1=0.00467914826, 



C2=0.0135120631, and C3=97.9340025. For the fitting contants of B1, B2, B3, C1, C2, 

and C3, their values can also be obtained by consulting the literature.   is the 

wavelength of free space, and n( )  represents the refractive index of silicon.  

As shown in Fig. 1, the structure of SPR-PCF is symmetric, and it has three 

layers of cladding air holes. The outermost layer of the SPR-PCF is set as the 

perfectly matched layer (PML) [22], which is used to absorb the energy scattered in the 

PCF. Therefore, this incident light can be efficiently confined to the fiber core for 

transmission. The central core of the fiber is surrounded by six small air holes, which 

is more conducive to the generation of SPR between the core mode and surface 

plasmon mode. The dielectric constant of the gold can be approximated by using the 

Drude-Lorentz model, such as [23]: 
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the Drude-Lorentz model is one of the most successful metal models, and these 

parameters and explanations have been provided to us in the Ref.[24]. So we can use 

it to accurately calculate SPR in the PCF. 

  

 

  Fig.1. (a) the cross-section of the designed PCF, (b) the numerical simulation of finite element 

mesh for the designed PCF. 

Fig.2 shows the electric field distributions of the core modes, 2nd order SPP 

modes, and SPR modes for the x and y-polarization directions when the diameter of 

the liquid core d1=0.8µm. As shown in Fig. 2 (a), (b), and (c), the energy of the core 

mode and the 2nd order SPP mode are mutually converted to balance at the phase 



matching point, and the resonance coupling mode is formed. For the y-polarizaton 

direction, the energy of core mode and 2nd SPP mode are mutually converted to form 

the SPR mode when the phase matching of two modes is satisfied [25], Which is shown 

in Fig.2 (d), (f), and (e). When this resonant coupling of the core mode and 2nd SPP 

mode occurs, the energy of the core mode of the PCF is transferred to the metal 

surface to form the SPR mode, which causes the loss of the core mode to reach the 

peak at the phase matching point. By changing the refractive index of the filled liquid, 

the sensitive shift of the loss peak can be detected, which can be applied to the field of 

optical fiber refractive index detection. 

 

(a)         (b)         (c) 

 

  (d)       (f)          (e) 

Fig.2. Electric field distributions of the x-polarized core-guided mode(a)，x-polarized 2nd order 

SPP mode(b), x-polarized SPR mode (c), y-polarized core-guided mode(a), y-polarized 2nd order 

SPP mode(b) and y-polarized SPR mode (d), respectively. 

3. Results and analysis 

Fig.3 (a) and (b) show the relationships between the effective refractive index 

and the confinement loss in the direction of x-and y-polarization with wavelength 

variation from 1.0 to 2.0 µm when the center air hole diameter d1=0.8μm, respectively. 

The refractive index of this filled liquid for the PCF is chosen to be 1.42. As shown in 

Fig. 3. we can see that there is a jump on the refractive index curve, and this confine 

loss reaches the peak at the jumping wavelength 1.21 µm and 1.22 µm. This shows 



that the fundamental mode and the SPP mode meet the conditions of phase matching 

at this wavelength, so resonance coupling occurs, and the energy of the two modes is 

converted into each other. At this time, the confinement loss also reached the 

maximum.  

 
(a)                                 (b) 

Fig.3. the relationships of the effective refractive index and confinement loss for x- (a) and y- (b) 

polarizations with the wavelength from 1.0 µm to 2.0 µm.  

Fig.4. (a)、(b)、(c) and (d) represent the relationship in the direction of 

x-polarization between the confinement loss and the wavelength when the diameter of 

central hole is 0.5μm、0.6μm、0.7μm and 0.8μm, and the refractive index of the 

filling liquid analyte is 1.42、1.425、1.43、1.435 and 1.44, respectively. It can be 

clearly seen from Fig. 5. (a)、(b)、(c) and (d) that with the change of the refractive 

index of the filling liquid analyte, the position of resonance wavelength also changes. 

When the diameter of central hole is 0.5μm、0.6μm、0.7μm and 0.8μm, the resonance 

wavelength occurs blue shifted, and the loss intensity decreased with the increase of 

the refractive index of the analyte. The relationship of the confinement loss with the 

wavelength for the central air hole diameter of 0.8μm is shown in Fig. 4 (d). The 

peaks of confinement loss are 25513dB/m、17099dB/m、13179dB/m、9390dB/m and 

6626dB/m at the wavelength of 1.21μm、1.2 μm、1.18 μm、1.16 μm and 1.15 μm, 

when the analyte refractive index is chosen as 1.420、1.425、 1.430、1.435 and 1.440, 

respectively. As the increase of the analyte refractive index, there is a significant blue 

shift for the loss peaks, and the loss intensity also decreases with the wavelength 

shift.The peak loss reaches the maximum value of 25513dB/m,when the diameter of 

the central hole d1 is 0.8μm and the refractive index of the analyte is 1.420. 



 

 

Fig.4.The dependence of the confinement loss of this PCF on wavelength in the direction of 

x-polarization when the diameter of central hole is 0.5μm、0.6μm、0.7μm and 0.8μm，and the 

effective refractive index of the liquid analytes vary from 1.42 to 1.44. 

Fig.5 (a)、(b)、(c) and (d) represent the dependence of the confinement loss on the 

wavelength for the y- polarization direction when the diameter of central air hole is 

0.5μm、0.6μm、0.7μm and 0.8μm, and the refractive index of the filling liquid is 1.42、

1.425、1.43、1.435 and 1.44，respectively. It is very obvious that this resonance 

wavelength is gradually blue-shifted as the refractive index increases, and the loss 

peak gradually decreases. As shown in Figure 5, the blue shift of this loss spectrum is 

the most significant as the refractive index increases from 1.420 to 1.440 when the 

diameter of the central air hole is 0.8μm, and the loss peak decreases most 

significantly. The confinement loss peaks are 29911dB/m、23146dB/m、16826dB/m、

11825dB/m and 8856dB/m at the wavelength of 1.21μm、1.2μm、1.18μm、1.17 

μm and 1.15μm respectively. Table 1 and Table 2 represent the resonance wavelength 

and loss peak values for the direction of x- and the y-polarization respectively, when 

the diameter of the central hole is 0.8μm and the refractive index of the analyte is 1.42、

1.425、1.43、1.435 and 1.44. It is very obvious that the loss intensity of y polarization 



is higher than that of x polarization by comparing Table 1 and 2. 

 

 

Fig.5. The dependence of the confinement loss of this PCF on wavelength in the direction of 

y-polarization when the diameter of central hole is 0.5μm、0.6μm、0.7μm and 0.8μm，and the 

effective refractive index of the liquid analytes vary from 1.42 to 1.44. 

Table. 1.  

Resonance wavelength and peak values for different analyte in the direction of x-polarization 

when the diameter of central hole is 0.8μm 

Analyte/RIU       1.42        1.425        1.43        1.435         1.44 

RW/μm           1.21         1.2          1.18        1.16         1.15 

Loss/dB/m        25513      17099         13179       9390         6626     

Table. 2.  

Resonance wavelength and peak values for different analyte in the direction of y-polarization 

when the diameter of central hole is 0.8μm 

Analyte/RIU      1.42       1.425        1.43        1.435           1.44 

RW/μm          1.21        1.2         1.18        1.17            1.15 

Loss/dB/m       29911      23146       16826       11825           8856     



The sensitivity of PCF sensor to the refractive index is discussed by fitting the law of 

resonant wavelength change with refractive index, which is defined by the unit 

refractive index corresponds to the change of resonance wavelength. It is an important 

performance parameter of the PCF sensor. Fig.6 (a) and (b) represent the variation of 

resonant wavelength with the refractive index of analyte varying from 1.42 to 1.44 in 

the direction of x- (a) and y- (b) polarizations when the diameter of the central air hole 

of the PCF is 0.5μm、0.6μm、0.7μm and 0.8μm respectively. According to Fig.7 (a), 

we can see that the linear fitting results are y=-2000x+4010, y=-2000x+4020, 

y=-2800x+5174, y=-3200x+5756, and the linear fitting degrees are R2=1, R2=1, R2= 

0.97333, R2=0.97949, when the diameter of the central hole is 0.5μm、0.6μm、0.7μm 

and 0.8μm in the direction of x-polarization. The slope of the fitted line is the largest 

for the central air hole diameter of 0.8μm. It can be obtained that the sensitivity of the 

PCF sensor reaches its maximum value,and the maximum value is 3200nm/RIU. 

According to Fig.7 (b), we can see that the linear fitting results are y=-1400x+3156, 

y=-2000x+4020, y=-2600x+4892, y=-3000x+5472, and the linear fitting degrees are 

R2=0.92308, R2=1, R2= 0.97674, R2=0.98246, when the diameter of the central air 

hole is 0.5μm、0.6μm、0.7μm and 0.8μm for the direction of y-polarization. We found 

that the sensitivity of the designed PCF sensor reaches the maximum when the 

diameter of the central air hole is 0.8μm, and the average sensitivity value is 

3000nm/RIU. 

 

(a)                                   (b) 

Fig.6. variation of resonant wavelength with the analyte refractive index from 1.42 to 1.44 in the 

direction of x- (a) and y- (b) polarizations 

Fig.7 (a) and (b) represent variation of resonant wavelength with the refractive index 



of analyte from 1.42 to 1.44 in the direction of x- and y- polarizations. From Fig.7(a), 

we can clearly see the linear fitting relationship between the resonance wavelength 

and the analyte refractive index in the direction of x-polarization，which is expressed 

as y=-3200x+5756, and the linear fitting degree is R2=0.97949. The average 

sensitivity can reach 3200nm/RIU. As shown in Fig.4 (b), the linear fitting 

relationship between the resonance wavelength and the effective refractive index of 

the analyte in the direction of y-polarization,which is defined as y=-3000x+5472, and 

the linear fitting degree is R2=0.98246. The average sensitivity of 3000 nm/RIU can 

be obtained when the range of the refractive index of the analyte is from 1.42 to1.44. 

 

(a)                              (b) 

Fig.7. variation of resonant wavelength with the refractive index of analyte from 1.42 to 1.44 in 

the direction of x- (a) and y- (b) polarizations 

Fig.8 shows the influence of the central air hole diameter and the thickness of the 

gold film on the loss spectrum. Fig.8(a) shows the dependence of the confinement 

loss on wavelength as the diameter of the central air hole d1 increases from 0.5μm to 

0.8 μm when the refractive index of analyte is 1.420. The resonance wavelength 

shows a significant red-shift with the increase of the central hole diameter d1, and the 

resonance intensity significantly enhanced. As shown in Fig 8(a), the confinement 

loss peaks are 10458dB/m、 14833dB/m、 18850dB/m and 25513dB/m at the 

wavelength of 1.16μm、1.18μm、1.2μm and 1.21μm,  when the diameter of the 

central hole d1 is 0.5μm、0.6μm、0.7μm and 0.8μm, respectively. With the increase of 

central hole diameter d1, the ability of optical fiber core to transmit light is gradually 

weakened, which leads to more energy leakage to the gold film surface forming 

surface plasmon mode. Fig.8(b) shows the variation of the confinement loss as a 



function of the wavelength when the thickness of the gold film is 20nm、30nm、40nm、

50nm and 60nm, and the confinement loss peaks are as high as 20352 dB/m、21259 

dB/m、25513 dB/m、27439 dB/m and 34130 dB/m, respectively. The loss peak value 

has a significant blue-shift with the increase of gold film thickness. However,  the 

blue-shift is slowing down gradually, and this loss peak increases gradually. It is 

shown that the resonant coupling between the fundamental mode and the surface 

plasmon mode is gradually enhanced. The energy of the fiber core is strongly 

transferred to the gold film surface forming the surface plasmon mode. The half wave 

width of the spectrum decreases with the increase of gold film thickness increasing 

from 20nm to 60nm. The spectral intensity and half wave width are appropriate when 

the gold film thickness is selected as 40 nm, which is the most suitable for the PCF 

sensor. 

 

                (a)                                  (b) 

Fig.8.(a) the dependence of the confinement loss on the wavelength as the diameter of the central 

air hole d1 of 0.5μm, 0.6μm, 0.7μm and 0.8μm, and (b) variation of the confinement loss as a 

function of the wavelength with changing the gold film thickness tAu from 20nm to 60 nm 

4. Conclusion 

A high sensitivity near-infrared PCF refractive index sensor based on SPR is proposed 

In this paper. The PCF has three cladding layers, and four gold films are covered in 

four air holes of the second cladding layer. This chemically stable gold material is 

chosen to excite SPR. The transmission performance of the designed fiber is analyzed 

by using finite element method and mode coupling theory. When the phase matching 

is satisfied, the resonant coupling occurs between the fiber fundamental mode and the 

surface plasmon mode. The influence of the diameter of the central liquid core on the 



sensing performance of designed PCF of calculated and analyzed, and the loss 

spectrum of the fiber is the most sensitive to the refractive index of the analyte at the 

central liquid core diameter of 0.8μm.The linear fitting of the resonance wavelength 

and analyte refractive index is y=-3200x+5756, and the linear fitting degree of R2 is 

as high as 0.97949. The average of sensitivity of 3200nm/RIU can be achieved, when 

the refractive index of the analyte is between 1.42 and 1.44. 

Acknowledgment 

This work was by the Natural Science Foundation of Hebei Province, China (Grant 

No. A2020208005), the College Young Talents Program of Hebei Province (Grant No. 

BJ2018040) and Hebei University of Science and Technology Talent Introduction 

Project(Grant No. PYB2018016). 

Compliance with ethical standards 

Conflict of interest：All the authors have read the manuscript and approved this for 

submission as well as no competing interests. 

Reference： 

1. Ahmed, K., AlZain, M. A., Abdullah, H., Luo, Y., Vigneswaran, D.,  Faragallah, O. 

S., Eid, M. M. A.,  Rashed, A.N.Z.: Highly sensitive twin resonance coupling 

refractive index sensor based on gold-and MgF2-coated nano metal films. Biosensors, 

11(4), 104(2021). 

2. Rifat, A. A., Mahdiraji, G. A., Chow, D. M., Shee, Y. G., Ahmed, R., Adikan, F. R. 

M.: Photonic Crystal Fiber-Based Surface Plasmon ResonanceSensor with Selective 

Analyte Channels and Graphene-Silver Deposited Core. Sensors 15(5), 11499-11510  

(2015). 

3. Liu, Q., Sun, J., Sun, Y., Ren, Z., Liu, C., Lv, J., Wang, F., Wang, L., Liu, W., Sun, 

T., Chu, P. K.: Surface plasmon resonance sensor based on photonic crystal fiber with 

indium tin oxide film. Opt. Mater. 102, 109800(2020). 

4. Shuai, B., Xia, L., Zhang, Y., Liu, D.: A multi-core holey fiber based plasmonic 

sensor with large detection range and high linearity. Opt. Express 20(6), 5974-5986 

(2012). 

5. Li, X., Li, S., Yan, X., Sun, D., Liu, Z., Cheng, T.: High Sensitivity Photonic 

Crystal Fiber Refractive Index Sensor with Gold Coated Externally Based on Surface 

Plasmon Resonance. Micromachines 9(12), 640 (2018). 

6. Huang, H., Zhang, Z., Yu, Y., Zhou, L., Tao, Y., Li, G., Yang, J.: A Highly Magnetic 

https://sciprofiles.com/profile/233928
https://sciprofiles.com/profile/author/ZHVha3RzTVZ1M1FneTJENHhjaTl1VUdBdzVhU3JZb0hPUlNTZklFcHhTaz0=
https://sciprofiles.com/profile/1399017
https://sciprofiles.com/profile/1549673
https://sciprofiles.com/profile/author/WU9JU3FXODJ0TDhPVXR1cW9CMFVRay96K0daUG1uTkVIOU5zZERKT0lDcUZyTW4vWVNQblEzTUFQYUhaOVhsaQ==


Field Sensitive Photonic Crystal Fiber Based on Surface Plasmon Resonance. Sensors, 

20(18) , 5193(2020). 

7. Yang, Z., Xia, L., Li, C., Chen, X., Liu, D.: A surface plasmon resonance sensor 

based on concave-shaped photonic crystal fiber for low refractive index detection. Opt. 

Commun.430, 195-203(2019). 

8. Hassani, A., Skorobogatiy, M.: Design of the Microstructured Optical Fiber-based 

Surface Plasmon Resonance sensors with enhanced microfluidics. Opt. Express 

14(24) :11616-11621 (2006). 

9. Yu, X., Zhang, Y., Pan, S., Shum, P.,Yan, M., Leviatan, Y., Li, C.: A selectively 

coated photonic crystal fiberbased surface plasmon resonance sensor. J. Opt. 12(1), 

015005(2009). 

10. Rifat, A. A., Mahdiraji, G. A., Ahmed, R., Chow, D. M., Sua, Y. M., Shee, Y. G., 

Adikan, F. R. M.: Copper-Graphene-Based Photonic Crystal Fiber Plasmonic 

Biosensor. IEEE Photon. J 8(1), 1-8(2015). 

11. Chen, X., Xia, L., Li, C.: Surface Plasmon Resonance Sensor Based on a Novel 

D-Shaped Photonic Crystal Fiber for Low Refractive Index Detection. IEEE Photon. J 

10(1), 1-9(2018). 

12. Bing, P., Sui, J., Huang, S., Guo, X., Li, Z., Tan, L., Yao, J.: A Novel Photonic 

Crystal Fiber Sensor with Three D-shaped Holes Based on Surface Plasmon 

Resonance. Curr. Opt. Photonics 3(6), 541-547(2019). 

13. Liu, Q., Ma, Z., Wu, Q., Wang, W.: The biochemical sensor based on liquid-core 

photonic crystal fiber filled with gold, silver and aluminum. Opt. Laser Technol. 130, 

106363(2020). 

14. Maier, S. A.: Plasmonic field enhancement and SERS in the effective mode 

volume picture. Opt. Express 14(5), 1957-1964(2006). 

15. Qazi, H. H., Mohammad, A.B., Akram, M.: Recent Progress in Optical Chemical 

Sensors . Sensors 12(2), 16522-16556(2012). 

16. Liu, Q., Li, S., Dou, C., Wang, X.: Defected‑core photonic crystal fiber magnetic 

field sensor based on Sagnac interferometer. Appl. Phys. B 123(3), 65(2017). 

17. Weng, S., Pei, L., Wang, J. , Ning, T., Li, J.: High sensitivity D-shaped hole fiber 

temperature sensor based on surface plasmon resonance with liquid filling. Photon. 

Res. 5(2), 103-107(2017). 

18. Lu, X., Zhang, X., Chen, N., Chang, M., Li, B.: A High Linearity Refractive Index 

Sensor Based on D-Shaped Photonic-crystal Fiber with Built-in Metal Wires. Optik 

220, 165021(2020). 

19. Meng, X., Li, J., Guo, Y., Li, S., Wang, Y., Bi, W., Lu, H.: An optical-fiber 

sensor with double loss peaks based on surface plasmon resonance. Optik 

216 , 164938(2020).  

https://www.osapublishing.org/abstract.cfm?uri=prj-5-2-103
https://www.osapublishing.org/abstract.cfm?uri=prj-5-2-103


20. Huang, W., Mu, J.: Complex coupled-mode theory for optical waveguides. Opt. 

Express 17(21) , 19134-19152(2009).  

21. He, Z., Tian, F., Zhu, Y., Lavlinskaia, N., Du, H.: Long-period gratings 

in photonic crystal fiber as an optofluidic label-free biosensor. Biosens. 

Bioelectron. 26(12), 4774-4778(2011). 

22. Islam, M. R., Iftekher, A. N. M., Hasan, K. R., Md. Julkar Nayen, M.J., Islam,S.B. 

Hossain, A., Mustafa, Z., and Tahsin, T. Design and numerical analysis of a 

gold-coated photonic crystal fiber based refractive index sensor. Opt. Quant. Electron. 

53(2), 1-18(2021). 

23. Shuai, B., Xia, L., Liu, D.: Coexistence of positive and negative refractive 

index sensitivity in the liquid-core photonic crystal fiber based plasmonic 

sensor. Opt. Express 20(23), 25858-25866 (2012). 

24. Guo, Z., Fan, Z., Kong, X., Meng, Z.: Photonic crystal fiber based wide-range of 

refractive index sensor with phase matching between core mode and metal defect 

mode. Opt. Commun. 461, 125233(2020). 

25. Wang, H., Rao, W., Luo, J., Fu, H. A Dual-Channel Surface Plasmon Resonance 

Sensor Based on Dual-Polarized Photonic Crystal Fiber for Ultra-Wide Range and 

High Sensitivity of Refractive Index Detection. IEEE Photon. J. 13(1), 1-11(2021). 

 

 

https://link.springer.com/article/10.1007/s11082-021-02748-8#auth-Md__Julkar-Nayen
https://link.springer.com/article/10.1007/s11082-021-02748-8#auth-Saimon_Bin-Islam
https://link.springer.com/article/10.1007/s11082-021-02748-8#auth-Aadreeta-Hossain
https://link.springer.com/article/10.1007/s11082-021-02748-8#auth-Zareen-Mustafa
https://link.springer.com/article/10.1007/s11082-021-02748-8#auth-Tahia-Tahsin

