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Abstract— Great research work has been studied for cancer 

detection due to its high death rate. In this paper, a novel design 

of photonic crystal fiber (PCF) biosensor based on surface 

plasmon resonance (SPR) is introduced and numerically 

analyzed for cancer cell detection. Full vectorial finite element 

method (FVFEM) is used throughout the numerical analysis of 

the reported structure. The reported PCF has a V-shaped surface 

that is coated by ZrN as a plasmonic material. A coupling occurs 

between the core guided mode and surface plasmon mode which 

depends on the studied analyte. The geometrical parameters are 

optimized to achieve high sensor sensitivity. The proposed 

biosensor achieves high optical sensitivity of 5600 nm/RIU, 5700 

nm/RIU for the x- and y-polarized modes, respectively. The 

reported optical sensor can pave the road for efficient and simple 

technique for cancer detection instead of surgical and chemical 

techniques. 

 

Index Terms— Photonic crystal fibers, Refractive index sensor, 

surface plasmon, cancer detection. 

 

Plasmonic effect occurs when maximum loss transfers from 

the core mode to the lossy material at a resonance wavelength 

which depends on the analyte refractive index. The shift in the 

resonance wavelength can be used to detect the analyte 

refractive index (RI) variation. Plasmonics are used in many 

applications, such as cancer therapy1, optical sensors2,3,4, light 

manipulation5, coupler6, imaging7, and polarization handling 

devices8,9. 

Externally coated SPR-PCF based sensors can facilitate 

the fabrication process where no selective infiltration into the 

air hole is needed. Therefore, the D- shape configuration is a 

good choice for SPR-PCF sensor which achieved sensitivity 

of 2900 nm/RIU10. Peng et al.11 proposed a D-shaped PCF-

SPR sensor with rectangular pattern of air hole with 

sensitivity of 7481nm/RIU. Ming et al. 12 reported a silica 

core D-shaped PCF-SPR sensor based on silver coating with 

optical sensitivity of 7300 nm/RIU. However silver has a lot 

of oxidation problems 13. Further,  Jha et al. 14 reported a D-

shaped graphene coated biosensor where sensitivity of 3700 

nm/RIU was achieved in the RI range of 1.330 to 1.370. 

Further, a D-shaped PCF-SPR with ITO and graphene coating 

layers have been designed with sensitivity of 5700 nm/RIU 15. 

Luan et al. 10 also proposed a hollow core D shaped sensor 

based on gold metal coating with sensitivity of 2900 nm/RIU. 

Additionally, Wang et al.16 reported D-shaped PCF-SPR 

based on gold coating inside the core region with sensitivity 

of 6430 nm/RIU. Such a design has an ITO coating with 

graphene layer where the sensitivity was enhanced to 10693 

nm/RIU17. Kaur et al.18 suggested a D-shaped PCF biosensor 

based on indium tin oxide (ITO) and zinc oxide (ZnO) coating 

layers with high sensitivity of 10000 nm/RIU. 

The V-shaped configuration can be used to implement PCF 

for different applications. Qu et al.19 proposed  V-shaped PCF 

polarization filter where the air holes are arranged in the core 

region in V- shaped configuration. Later, they also proposed a 

V-dual core -PCF coated with gold film through dual-core 

PCF polarization beam splitter 20. Wojcik et.al. 21 reported a 

V-type highly birefringent PCF fiber for sensing the 

hydrostatic pressure. 

 

 

Fig. 1 Transverse cross-section of the suggested SPR PCF 

sensor   

 

As shown in Fig. 1, the background of the PCF is silica, and 

the air holes with a radius d are arranged in a hexagonal lattice 

with a hole pitch Λ. Further, smaller air holes are used with 

diameter  �� to control the field confinement through the core 

region. The upper surface is etched at a distance h from the PCF 

center. Further, V-grove is then made with an angle 

θ corresponding to a distance x between the two vertices of the V-

shape. The etched surface is coated with a layer of ZrN with a 

thickness t. Then, the studied analyte will be put over the 

plasmonic layer as shown in Fig.1. The frequency-dependent ZrN  

permittivity is taken from the model of Johnson and Christy22. 

Additionally, silica RI is determined by the wavelength 

dependent Sellmeier equation23. In this study, COMSOL 

Multiphysics software package 24 based on the well-known full 

vectorial finite element method (FVFEM) 25 is utilized to study 

and analyze the proposed PCF structure. The v-shaped structure 

is discretized into small triangular elements with a minimum 

element size and degree of freedom of 1 × 10�� μm and 

1086496, respectively. Further, perfect matched layer (PML)26 

absorbing boundary conditions is employed to shrink the 
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simulation domain from all transverse directions and calculate the 

confinement loss of the studied modes.   

 

 

Fig. 2. Dispersion of n
�� of the core mode and SP mode, and 

confinement losses of the core mode for normal cell analyte. 

 

The dispersion of the core mode and SP mode are plotted in 

Fig. 2. Further, the loss spectrum of the core mode is represented 

in black color, while the real parts of y-polarized core mode and 

SPM effective indices are shown in blue and red colors, 

respectively. It may be seen that maximum loss occurs at 

resonance wavelength where maximum power transfer occurs 

from the core mode to the SP mode. At the maximum loss point, 

a strong coupling between core mode and SPM is achieved as the 

real effective indices of the core mode and SPM are equal. The 

insets (a), (b) and (c) depict the electric field profiles of the phase 

matching point (at λ=612 nm), SPM (at λ=550 nm) and the y-

polarized core mode (at λ=550 nm), respectively.  

  

  

(a) (b) 

Fig. 3 Wavelength dependent confinement losses of the core guided modes for 

normal and cancer cells of the (a) x-polarized and (b) y-polarized core modes 

 

The confinement loss variation for x- and y- polarized core 

modes for two different samples of normal cells (n�= 1.385) and 

cancer cells (n=1.399), respectively, is depicted in Fig. 3. It may 

be seen from Figs. 3 that when the RI increases, the resonance 

loss peaks are shifted to longer wavelengths where RI sensitivity 

of 5600 ��/��� and 5700 ��/��� are obtained for x- and y-

polarized modes, respectively. Moreover, good corresponding 

resolution of 2.5 × 10�� RIU and 2.45 × 10�� RIU are 

obtained. Thus the proposed biosensor is a promising candidate 

device for early detection of cancer cells. 
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