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1- Introduction 
At the end of the last century's nineties, 

photonic crystal fibers ( PCF ) appeared for use 
in some optical applications, as these fibers 
differ according to their composition. There are 
three main types of these fibers, depending on 
the core type: solid core, hollow core, and 
porous core. Due to its composition's 
complexity and unique advantages, this fiber 

can be used in many applications, one of which 
is its use as a sensor. Researchers have designed 
hundreds of models to maximize the sensor's 
sensitivity by adding noble elements or some 
crystalline compounds to form the PCF  [1]. 

PCFs  Have high cross-section design 
flexibility, and these fibers have attracted great 
interest from researchers due to their unique 
properties in refraction, dispersion, and 
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In this work, a plasmonic optical fiber sensor is designed to sense liquid materials 
depending on the imaginary part of the effective refractive index responsible for the loss 
of these materials. 

This sensor consists of two groups of circles, the first group contains six holes 
filled for air, and the second group outer is alternately filled with the analyte and air, and 
this arrangement is covered with a layer of a noble metal, which is nickel, to increase the 
efficiency of the sensor as it produces surface plasmon resonance ( SPR ), The proposed 
sensor was also surrounded by a layer ( PML )to prohibit reflections in the middle of the 
sensor. The druid-Lorentz model was used to calculate the electrical permittivity of 
metals, and the Sellemier model was used to calculate the permittivity of silica. 

The refractive indices of the analyzed material were chosen (

1.37,  1.38, 1.39, 1.4an =  ). The results of confinement loss and wavelength 

sensitivity showed that the first peaks appearing are when ( 1.37an =  ), and the highest 

peaks and the best spacing are in the case of ( 1.4an =  ). Where the best case obtained 

for the confinement loss, resonance wavelength, and wavelength sensitivity are in the 

case of nickel layer thickness ( 140 d nm=  ), radius of air holes ( 1 0.40 R m=  ), the 

radius of analyte holes ( 2 1.9 R m=  ), and radius of core  ) 1 2.4 r m=  (. 

Keywords: PCF, Nobel Metals, propagation constant, plasmonic fiber 
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nonlinearity and their excellent performance in 
applications for fiber laser sensors and 
nonlinear optics [2]. PCF  The cladding 
consists of many air holes embedded within the 
silica material background [3]. This is a 
breakthrough in optical fiber technology with 
conventional optical fibers, composed of one 
material with many engineering parameters 
that can be changed to achieve greater design 
flexibility [4]. 

PCF  It is a fiber that is made of silica 
and contains microscopic holes. The guidance 
properties of the fibers are determined by 
parameters related to the air holes. With the 
variety of new or improved features of PCF  
fibers, their use is increasing in science and 
technology, unlike traditional fibers [5]. 

The property of plasmons and surface 
waves is generated through noble metals. The 
noble metal exhibits optical conductivity from 
the visible to the infrared region frequency 
because of interband transmission. Its high 
surface for volume proportion and optical 

plasmonic properties make it a proper filter for 
use as a sensor. Graphite or noble metals have 
sensor advantages based on increased particle 
absorption. Also, the electronic density of the 
hexagonal graphene rings prevents small atoms 
from passing through the ring structure, where 
the advantages of using graphene or noble 
metals are the SPR-based sensors [6]. 

SPR  It is a collective vibration caused 
by the conjugation of electromagnetic waves 
and free electrons. This interaction binds to the 
interface between the metal and the insulator 
and leads to important field boost phenomena, 
thus SPW  being especially sensitive to 
dielectric properties near the metal surface. In 
turn, changing RI  at the interface modulates 
the highly concentrated electromagnetic fields 
generated by the SPR . This appearance leads 
to a direct wherewithal of monitoring surface 
events that can induce dielectric changes for 
plasmonic applications. Figure (1) represents 
plasmonic-based on SPP  [7]. 

 

 
Fig.(1): Plasmonic PCF based on the SPP [8]. 

 

 

2
- design of the sensor  

Figure (1) shows a diagram of the 
proposed sensor. This sensor consists of two 
groups of holes. The first group, the inner one, 

contains six small circular holes of radius 1R . It 

is filled with air, and the dimension between the 

center of any circle and the sensor's center is 1r

. The dimension between the centers of any 

adjacent holes is 1 , while the second group, 

the outer one, contains eight circular holes. Of 
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these eight holes, four of which are half-large 

holes in diameter, 2R , filled with the analyte an

, the dimension between the center of any of 

them and the center of the sensor 2r , the second 

four are small. The radius is 1R , filled with air, 

and the dimension between the centers of any 
adjacent holes (a large round hole and a small 

round hole) is 2 . This arrangement is covered 

with a layer of noble metal, nickel, with a 
thickness of d , and the distance between this 

layer and the center of the sensor is 3r . This 

sensor also has a layer called PML  a layer, 
which is meant to absorb the scattered light. 
Table (1) contains the value of the parameter for 
this sensor.      

 

 
Fig.(2): Proposed sensor installation design 

 
 
 
 

Table (1): parameters of proposed sensor installation design. 
 
 
 
 
 
 
 
 
 
3- paper concepts 
 The PCF  sensor is mainly made from silica. Therefore, RI  Selmer's equation can 
calculate the silica material [9].  

( ) ( )
2 2 2

2 1 2 3

2 2 2

1 2 3

1                            1sil

A A A
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B B B

  


  
= + + +

− − −
 

Where siln  is the RI  silica,   is the wavelength, and 1 2 3,  ,  A A A  1 2 3,  ,  B B B  are constants for the 

coefficient of  Sellmeier and taken from the source [10]. 
 The electrical permittivity can be calculated according to the Drude-Lorentz model in the 
following form [11] 

parameter Simulation values parameter Tested values 

1r  2.3, 2.4 m  h  9,  9.5 m  

1  10.6 r  1R  0.39, 0.40 m  

2r  0.6 h  
2R  1.8, 1.9 m  

2  0.7 h  d  140, 160 nm  

3r  8,  8.5 m  
an  1.37,  1.38, 1.39, 1.40 m  
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2 2

2 2 2
( ) 1 +                          (2)
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= −

+ − −
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Where ( iw ) is the resonance of frequencies, ( i ) represents the resonant modes, ( i ) represents the 

impact damping, and ( if ) refers to the weighting parameter. The ideal parameters for nickel metal for 

the Drude – Lorentz model are shown in Table (2). 

Table (2): The ideal parameters of the Drude-Lorentz model [12]. 

Parameters Ni 
𝑓𝑜 0.096 
𝛾𝑑 0.048 
𝑓1 0.100 

𝛾1  (𝑒𝑉) 4.511 
𝜔1  (𝑒𝑉) 0.174 

𝑓2 0.135 
𝛾2 1.334 
𝜔2 0.582 
𝑓3 0.106 
𝛾3 2.178 
𝜔3 1.597 
𝑓4 0.729 
𝛾4 6.292 
𝜔4 6.089 
𝑓5 ــ   ــــــ

𝜏5 ــ   ــــــ
𝜔5 ــ   ــــــ

 

 Optical mode leakage from the core of the optical fiber results in confinement loss.  The air 
holes in the casing region are arranged so that the RI  contrast is appropriately maintained so that the 
visual field remains in the core region. Insufficient RI  contrast causes the light to travel away from the 
core into the envelope region, thus increasing the confinement loss. Hence, effective casing design with 
appropriate air-hole pitch and air-hole will help reduce confinement loss [13]. The loss of confinement 
( Lc ) can be calculated from the imaginary part of the effective modal index as [14] 

( )   ( )78.686 10                                   3o effLc dB cm k Im n  

Where  effIm n  is the imaginary part from the effective refractive index, and 2ok  =  is the 

wavenumber and the free-space wave vector. The wavelength sensitivity can be calculated as follows 
[15] 

( ) ( )                                                       4
peak

a

nm
S

n RIU




  
=  

  
 

 

4. Results and Discussion 
  The COMSOL environment 
represents the relationship between ( ) and 
the effective refractive index. This program 
works on the finite element method ( ), which 

divides the medium into tiny parts and forms a 
mesh.            
 
4.1 Nickel Metal Thickness  
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Figure (3) shows the relationship 
between the Lc  ( ) of the different (

1.37,  1.38, 1.39, 1.40an = ) using different 

thicknesses of the nickel metal (
140,  160 d nm= ). Where it was observed 

from Figure (1) that the highest and best 
divergence of the resonance peaks were 
obtained,  It was observed when ( 140 d nm= ) 
we obtained the highest amount of peaks and 
the first peak that appeared for (

1.37,  1.38, 1.39, 1.40 an m= ), 

respectively. 
As noted, when increasing ( d ), the 

peaks will shift to the left. This proposed 
sensor's results and sensitivity differ from 
designer to designer [16, 17, 18].  Table (3) 
shows the best wavelength sensitivity achieved 
at ( 140 d nm= ) and decreases with increasing 
values of ( d ). 

 
Table (1): wavelength sensitivity for metal thickness Ni . 

( ) d nm  Wavelength sensitivity ( )nm RIU  for Ni 

140 2500, 2000, 2500 
160 2000, 2500, 2000 
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Figure (3): Represents the transient loss of nickel at ( 1.37,  1.38, 1.39, 1.40an = ), 

Where (a) represents ( 140 d nm= ) and (b) represents ( 160 d nm= ). 
 

Figure (4) represents the relationship between the wavelength of resonance with the ( an ) for the 

thickness of nickel metal ( d ). It is noted from the figure that the resonance wavelength in both cases 
is approximately linear and can be passable to realized ideal design, as the linear relationship is what 

realizes the best sensor as long as the range can be developed to other values. 

 
Figure (4): Resonance wavelength with the ( an  ) when ( 140,  160 d nm=  ). 

4.2 Effects of Air Holes Radius (R1) 
 Figure 5: represents the relationship 
between the Lc  as a function of   when the (

1.37,  1.38, 1.39, 1.40an = ) and the radius of 

the air holes is ( 1 0.39, 0.40 R m= ). The 

figure indicates that all the values of ( 1R ) realize 

distinct values and a good divergence between 
the peaks, and this spacing increases with the 

increased values ( 1R ). As it was observed, when 

increasing the amount of ( an ), the height of the 

peaks will increase, also when increasing the 

values of ( 1R ), the curves will creep to the right 
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Table (4): indicates the best wavelength 

sensitivity values at ( 1 0.40 R m= ). 

 

Table(4): wavelength sensitivity for different radii 1R  . 

 
 

 

 
a 

 
b 

Figure (5): represents the confinement loss of nickel metal with   when ( 1.37,  1.38, 1.39, 1.40an = ), 

Where (a) represents ( 1 0.39 R m=  ) and (b) represents  ) 1 0.40 R m=   ( 
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Figure 6: represents the relationship between the resonance wavelength with )
an ( when (

1 0.39,  0.40R =  ). From the figure, the relationships are almost linear, as the approaching linear 

relationship achieves the best sensor as long as the range (
an ) can be expanded to other values. We 

observe when the (
1 0.40 R m= ) relationship is very approaching linear and can be passable to fulfill 

the ideal design. 
 

 
Figure (6): Resonance wavelength as a function of ( 1.37,  1.38, 1.39, 1.40an =  ) when (

1 0.39,  0.40 R nm=  ). 

 
4.3 Effects of Analyte Holes Radius (R2) 
 Figure (7): represents the 
relationship between Lc  the   refractive index 

of the ( 1.37,  1.38, 1.39, 1.40an =  ) when the 

analyte holes radius ( 2 1.8,  1.9 R m=  ). It is 

noted from the figure that the highest and best 

divergence between the peaks is in the case of (

2 1.9 R m= ), and this case will be the best in 

terms of wavelength sensitivity and amplitude. 
Table (5) indicates the best wavelength 

sensitivity values at ( 2 1.9 R m= ). 

Table(5): wavelength sensitivity for different radii 2R  . 
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a 

 

 
 

b 

 

Figure (7): represents the confinement loss for nickel metal with the wavelength when (

1.37,  1.38, 1.39, 1.40an =  ), Where (a) represents ( 2 1.8 R m=  ) and (b) represents  

( 2 1.9 R m= ). 

 

 
 Figure (8) represents the relationship between the resonance wavelength with the (

1.37,  1.38, 1.39, 1.40an =  ) when ( 2 1.8,  1.9 R m= ). It can be seen from the figure that the 
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relationships are almost linear, but they can be accepted to achieve ideal sensor conditions, and the best 

case is (
2 1.9 R m= ). 

 

 
Figure (8): represent the resonance wavelength is represented with the ( 1.37,  1.38, 1.39, 1.40an = ) 

when ( 2 1.8,  1.9 R nm= ). 

 
4.4 Effects of Core Radius (r1)  
 Figure (9): represents the relationship 
between the Lc    of the (

1.37,  1.38, 1.39, 1.40an = ) and the radius of 

the core (
1 2.3,  2.4 r m=  ). From the figure, 

we notice that the highest peak appears in case 

(
1 2.4 r m= ), which is when ( 1.37an = ), then 

the peaks begin to decrease with the increase in 

the values of (
an ), and this case is similar to the 

case when (
1 2.3 r m=  ). Table (3) 

summarizes the wavelength sensitivity 

achieved at different distances ( 1r ).  

 

Table (6): Wavelength sensitivity at different distances 1r . 
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a 
 

 
b 

Figure (9): represents the confinement loss for nickel metal with the wavelength when (

1.37,  1.38, 1.39, 1.40an =  ), Where (a) represents ( 
1 2.3 r m= ) and (b) represents (

1 2.4 r m= ). 

 Figure (10) shows the resonance wavelength with the, an  using the radii of the cores 

( 1 2.3,  2.4 r m= ). The relationships are approximately linear for all values of ( 1r  ), but the best case 

is achieved when ( 1 2.3 r m=  ) and then ( 1 2.4 r m=  ).  
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Figure 10: Resonance wavelength with the ( 1.37,  1.38, 1.39, 1.40an =  ) when ( 1 2.3,  2.4 r nm=  ). 

 

4.5 Effects of the distance of Analyte Holes 
from Center (h) 

 Figure (11) shows the Lc  with of the 
wavelength of different (

1.37,  1.38, 1.39, 1.40an =  ) using the analyte 

gap distance ( 9, 9.5 h m=  ). It is observed 

from the figure that the highest value appears in 

the case of ( 9 h m= ) when ( 1.37an = ) and 

then begins to decrease with an increase ( an ), 

and this is the opposite case to case (
9.5 h m=  ). Table (7) summarizes the 

wavelength sensitivity achieved at different 
distances ( h ). 

 
Table (7): Wavelength sensitivity at different distances h . 
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a 

 
b 

 
Figure (11): represents the confinement loss of nickel metal as a function of wavelength  
when ( 1.37,  1.38, 1.39, 1.40an =  ), Where (a) represents ( 9 h m= ) and (b) represents ( 9.5 h m=  

). 
  

Figure (12) represents the resonance wavelength an  at the hole distance ( 9,  9.5 h m=  ). It is 

observed from the figure that in all cases of ( h ), the relationship is mostly linear, as we note that the 
best linear case is ( 9 h m=  ) and then ( 9.5 h m=  ). 

 
Figure (12): The resonance wavelength with the ( 1.37,  1.38, 1.39, 1.40an =  ) when ( 1 9,  9.5 r m= ). 

 
5. Conclusions 

The proposed high-sensitivity SPR-
based PCF sensor is described and analyzed. 
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figures were when ( 1.4an = ) because it is 

closer to the refractive index of silica. It was also 
observed that the wavelength sensitivity 
increases significantly with decreasing h values. 
The capacitance sensitivity and the confinement 

loss are also affected by the value of ( an ), 

especially when it is slightly off the refractive 
index of silica. The designed sensor always has 
good linearity and all-state performance. 
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