
ADVANCES in NATURAL and APPLIED SCIENCES 
 

ISSN: 1995-0772   Published BYAENSI  Publication 
EISSN: 1998-1090             http://www.aensiweb.com/ANAS 

2017 May 11(7):pages 80-84            Open Access Journal 

 

ToCite ThisArticle: D. Rajeswari, A. Sivanantha Raja, S. Selvendran.,Numerical analysis of polarization filter using photonic 
crystal fiber with gold metal. Advances in Natural and Applied Sciences. 11(7);Pages: 80-84 

 

Numerical analysis of polarization filter 
using photonic crystal fiber with gold metal 

 
1D.Rajeswari,2A.Sivanantha Raja,3S. Selvendran 
 

1,2,A.C. College of Engineering and Technology, Karaikudi, Tamil Nadu, India -630 003. 
3KL University, Green Fields, Vaddeswaram, Guntur, A.P,India-522 502 
 
Received 28 February 2017; Accepted 29 April 2017; Available online 2 May 2017 
 

Address For Correspondence: 
D. Rajeswari, A.C. College of Engineering and Technology, Karaikudi, Tamil Nadu, India -630 003. 
E-mail: drajeswari1992@gmail.com 

 
Copyright © 2017 by authors and American-Eurasian Network for Scientific Information (AENSI Publication). 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

 
 

 

ABSTRACT 
A modified structure of photonic crystal fiber filter based on surface plasmon resonance. The polarization characteristics of 
photonic crystal fibers with nano-scale gold is investigated using the finite element method. The proposed design has advantages 
in terms of polarization dependent coupling between x-polarized and y-polarized core modes and surface plasmon polariton 
modes. The change in the performance of the proposed filter is investigated by filling of gold in air holes. Filtering of any 
polarization can be attained by suitably filling the air hole with gold metal. Numerical values show that the confinement loss of x-
polarized core mode is higher 329.28 dB/cmat 1.72 µm, meanwhile the loss of y-polarized core mode is higher 425.47 dB/cm at 
1.6 µm. 
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INTRODUCTION 

 

The most essential channel for contemporary telecommunications is the optical fiber, a long filament of 

glass/plastic that guides light, often for a distance of several kilometers. Photonic crystal fibers (PCFs), also 

called as holey fiber, consist of periodic arrangement of air holes [1]. The light is confined in the defects of the 

periodic structure. PCFs can be divided into a two broad classes according to whether they use index guiding 

(guides light by total internal reflection (TIR) between a high refractive index core and a low refractive index 

cladding region) or band-gaps (guides light by the photonic band-gap in a low refractive index core-region) for 

optical confinement. PCFs express many advantages, such as high-birefringence, compact, large mode area, and 

so on.  

The appearances of PCF could be expanded by filling the cladding air holes with liquid [2], polymer [3], 

liquid crystal [4], metal [5], oil [6], and so on. Surface Plasmon (SPs) is coherent delocalized electron 

oscillations that exist at the interface between any two materials where the real part of the dielectric function 

changes sign across the interface (e.g. a metal-dielectric interface, such as a metal sheet in air). The quantum of 

collective oscillations at metaldielectric interface is called surface Plasmon.  

The plasmon can be considered a quasi particle since it arises from the quantization of plasma oscillations, 

just like phonons are quantization of mechanical vibrations. Thus, plasmon is collective (a discrete number) 

oscillations of the free electron gas density, for example, at optical frequencies. Surface plasmon resonance 

(SPR) is a developing field verdict a wide-ranging variation of applications particularly in optical 

communication systems.  

SPs are generated at the metal dielectric interface due to collective oscillations of conduction electrons 

when plasmonic materials are evident to electromagnetic waves. If the momentum of photons of light wave and 
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that of SPs are equal then maximum light coupling occurs at resonance [7]. PCFs based SPR, have been 

proposed for use as sensors [8], polarizers [9], and filters [10]. By designing the core with high birefringence, x-

polarization and y-polarization modes are divided at resonance. A polarization characteristic of the PCF is 

dependent on the parameters of the structure, such as diameter of the air holes, place of gold filled air holes and 

thickness of gold metal film. 

Zhang et al[11] demonstrated coated the air holes selectively to identify the polarizer characteristics. Tiagi 

H.Ket al [12] fabricated the PCF with high quality of gold nano-wires by using method of drawing fiber. Li et al 

[13] illustrated DC-PCF based on coupling theory. Chen et al [14] constructed a polarization splitter based on 

single-polarization PCF with surface plasmon resonance. Xue et al [15] investigated the features of liquid filled 

photonic crystal fiber with gold coated. Liu et al [16] studied a broadband polarization fiber filter with gold 

coated film, the extinction ratio (ER) better than -20dB was more than 400 nm. 

In the proposed fiber the light propagating in the core stimulates SPP on a metal surface and mode coupling 

occurs between a core mode and SPP modes at the phase matching condition. Finally at a particular wavelength 

the confinement loss of y-polarization light is maximum and thus it gets blocked and only x-polarization light 

passes through the PCF. At an altered wavelength x-polarization light gets attenuated largely and y-polarized 

light propagates. 

 It makes the PCF appropriate for filtering different polarizations and thus the PCF can be a perfect 

applicant for a miniaturized polarization filter. The fiber enterprises stated earlier for polarization filtering 

involved complex structures and filtering was passed out either for x-polarization or y-polarization light. In the 

proposed PCF, the same structure can be used to filter out either of the polarizations by only changing the 

position of gold metals. By using single gold nanowire both x and y polarized lights can be filtered out at 

different wavelengths. 

 

Structure and Principle of Filter: 

The schematic diagram of the cross section of the designed PCF asymmetric structure with air holes and 

gold nanowire in silica is shown in figure 1.Shaded air hole is filled with gold nano-wire. The lattice constant ʌ 

is 2 μm. The diameter of smaller air holes d1  = 1 μm while larger holes d2  =  2 μm. Surrounding elliptical air 

holes has the ratio ri/rj =0.8 where ri is the radius of semi-minor axis and rj is the radius of semi-major axis . The 

phenomenon of plasmon generation occurs at the silica (background) –gold interface and SP modes are 

fashioned due the coupling of light from the silica core to the gold nano-wire. Thus attenuation of the 

fundamental core mode takes place which reaches a maximum at the resonance wavelength due to the phase 

matching condition so making loss peaks [14]. The coupling equations for the core and SPP mode given by the 

coupled mode theory are [13] 
𝑑𝐸1

𝑑𝑧
= 𝑖𝛽1𝐸1 + 𝑖𝜅𝐸2          (1) 

𝑑𝐸2

𝑑𝑧
=𝑖𝜅𝐸1 + 𝑖𝛽2𝐸2          (2) 

where E1, β1 and E2, β2 are mode fields and propagation constants of the core guided mode and plasmon 

mode respectively, k is coupling strength and z is the direction of propagation.  At the phase matching condition, 

Δβ  =  β1  −  β2  =  0. The β2 rest on the dielectric constants of both gold and silica. The perfectly matched layer 

(PML) and scattering boundary conditions are fixed to minimize the energy losses. 

The background material is pure silica and Sellmeier equation of the material is [15] 

𝑛(𝜆)2= 1 +
𝐴1𝜆2

𝜆2−𝜆1
2+

𝐴2𝜆2

𝜆2−𝜆2
2+

𝐴3𝜆2

𝜆2−𝜆3
2         (3) 

Here, A1  =  0.696 1663, A2  =  0.407 9426, A3  =  0.897 479, λ1  =  0.068 404, λ2  =  0.116 2414, λ3  =  

9.896 161 are the Sellmeier coefficients for the material and  λ  being the operating wavelength. It is wavelength 

dependent equation. 

Similarly, the material dispersion of gold is also categorized by the Drude-Lorentz model [14] and could be 

stated as:  

Ꜫ = Ꜫ∾ −
ѡp

2

ѡ2+іҐpѡ
−

f1ѡ1
2

ѡ2−ѡ1
2−іҐ1ѡ

        (4) 

where ε∞ to be permittivity of gold at high frequency, wp and  Γp to be plasma and damping frequencies 

while w1 and  Γ1are the frequency and spectral width of the Lorentz oscillator. The term f1 corresponds to the 

weighting factor with w being the operating angular frequency Table 1 lists the various parameters and values 

used in the dispersion equation. 
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Table 1:Optimized parameters for gold  in the Lorentz–Drude model.  

ε∞wp /2π Γp/2π f1w1/2π Γ1/ 2π  

5.9673 2113.615.921.09650.07 104.86 

 
Fig. 1: Schematic diagram of the cross section of the designed PCF with a gold filled air hole 

 

The confinement loss (CL) of the fiber depends on the operating wavelength (λ) and effective index of the 

fundamental mode (neff) and is calculated using the following expression [14], 

CL(dB/cm) = 8 .686 x k0x Im(neff) x 106 

where, k0 (=2π/λ) denote the wave number and Im(neff) is  imaginary part of the neff respectively. 

The finite element method (FEM) is employed to investigate the mode characters and find the propagation 

constants of the core modes and plasmonic modes. Perfectly matched layer (PML) is used to absorb radiant 

energy incident at various angles and not reflect energy. In the simulation, cylindrical coordinates are used for 

PML to absorb the radiant energy from fiber axis. 

 

Result and analysis: 

The homework of coupling characteristics is done for the wavelength range of 1.3 to 1.9 μm for the 

designed structure and it is witnessed that SP modes are generated for both x and y polarizations. The coupling 

of light is maximum for the highest value of the effective index as the phase matching condition is fulfilled at 

this value. 

The peak effective mode indices for x-polarization and y-polarization occur at different wavelengths and 

classically denote two different resonance wavelengths for these two polarizations. These are advance used to 

evaluate the confinement losses. 

Fig2. show maximum light coupling for polarized light from the core to the gold filled air hole. Fig 3. 

shows variation of real parts of the effective index as a function of wavelength.The loss ranges of the x and y 

polarized modes is shown in fig4.  

At a wavelength of 1.6μm, the CL for y-polarization is higher 425.47 dB cm−1 compared to the x-

polarization value. Thus at this wavelength only x-polarization propagates and y-polarization gets attenuated. 

Whereas at 1.72 μm, x-polarization has a greater loss factor 329.28 dB cm−1 while that of y-polarization has 

low loss. Thus at this wavelength only y-polarization propagates and x-polarization gets attenuated. A 

substantial increase in the absorption loss of y-pol light twice that of x-polarization, is attained. 
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Fig.2: Simulation output for single gold wire 

 
Fig. 3: Variation of real parts of the effective index as a function of wavelength 

 
 

Fig. 4: Absorption loss variation in x and y polarized lights for single gold. 

 

Conclusion: 

We have proposed a PCF filter based on the principle of SP resonance and numerical investigations are 

carried out using the finite element method. The confinement of y-polarization  is high with 425.47 dB cm−1 at 

1.6μm, the resonant peaks occurring at two different wavelengths thus enable a high degree of polarization 

based transmission. Thus by suitable placing of gold wires, the proposed structure can be used for filtering x-

polarization or y-polarization light. This polarization filter can be used in optical communication systems.  
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