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ABSTRACT 
We propose a square latticed photonic crystal fiber polarization filter biased by surface plasmon resonance. The core modes in y-

polarized direction are influenced greatly by the plasmons generated at gold surface while the x-polarized modes remain 

unaffected. This filter efficiently filters out only y-polarized modes beyond the wavelength 1.1 μm. The numerical analysis on the 

strength of resonance of surface plasmon modes is performed using the finite element method. The extinction ratio of the filter is 

maintained well above the 60 dB level from 1.1 μm wavelength onwards thus demonstrating an efficient band stop filtering 

operation. 
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INTRODUCTION 

 
In the past few decades, plasmonics is setting a new trend in the field of optics and has attracted lot of 

researchers. The free electrons present in the surface of plasmonic materials such as gold, silver, etc. get 
excited by the travelling electromagnetic wave and generate surface plasmons which tend to propagate along 
the metal-dielectric interface. The absorption of energy causes surface plasmon resonance (SPR) [1]. With the 
rapid development of photonic crystal fibers (PCF) due to advanced manufacturing techniques and their merits 
over conventional fibers [2,3] they have evolved as ideal candidates for designing various optical components 
like optical sensors, splitters, polarizers, wavelength division multiplexers etc. [4-6]. The polarization filters 
have potential applications in optical communication systems. The PCF, having periodic arrangement of air 
holes in dielectric material, is filled with metal in order to induce SPR and thereby their transmission 
characteristics can be controlled. The light propagating in the fiber core gets coupled to the plasmon modes 
and it reaches maximum at resonance condition. The core mode undergoes greater attenuation at this particular 
resonance wavelength. In polarization filters, only one of the two orthogonally polarized modes undergo 
maximum resonance while the other mode does not undergo any change thus performing a filtering function. 
Kuhlmey et al. have conducted a theoretical analysis on metal-coated PCFs [7]. Hameed et al. [8] put forth a 
nematic liquid crystal infiltrated ultra- high tunable PCF polarization filter at the communication wavelength 
1300 nm. A polarization filter was designed using gold-filled PCF by An [9] with loss of 407 dB/cm for y-pol 
mode at 1550 nm. Zi et al. [10] proposed a PCF based polarization filter which filtered out y-pol mode at 1310 
nm and x-pol mode1550 nm using the same structure. Hui Li et al. [11], presented the SPR based PCF 
polarization filter with a asymmetric structure achieving absorption losses of 873 and 771.5 dB/cm for 1050 
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and 1310 respectively for x-polarization. Jiang et al. [12] demonstrated a gold-coated PCF filter with a high 
confinement loss of 536.25 dB/cm and 412.91 dB/cm at 1.55 μm and 1.31μm. Further a PCF based 
polarization filter which filtered out y-pol mode at 1310 nm and x-pol mode1550 nm using the same structure 
was designed. In this paper, the square latticed photonic crystal fiber is designed to realize a band stop 
polarization filter using Surface Plasmon Resonance.   

This paper is organized as follows. Section 2 explains the structure and theory. Section 3 details the 
analysis on filter performance. And finally the conclusion is given in Section 4. 
 
Structure and Theory: 

The proposed PCF is composed of regularly arranged air holes in a hexagonal shape with square lattice 
in silica as in Fig. 1. The air hole is of 1.6 μm in diameter whereas the pitch constant, distance between the 
centres of neighbouring air holes, is 5 μm. Surface plasmon resonance takes place through the two gold 
nanowires embedded symmetrically           

 
Fig. 1: Schematic diagram of PCF Polarization filter (the coloured circles represent gold wires) 

 
across the core. The light wave propagating in the square shaped core induces plasmons on the gold 

surface. These plasmons absorb maximum energy from core guided light at the peak resonance wavelength 
when their phase matches with that of the photons in light wave. When this resonance selectively affects 
either x or y polarized light propagating in core, that type of polarized light gets attenuated while the other 
one passes through the fiber. This enables the PCF to function as a polarization filter. The simulations are 
executed using the finite element method. Apart from setting the boundary condition to avoid scattering 
losses, a perfectly matched layer of 10 μm is also additionally used.  

The refractive index of PCF material silica is computed using Sellmeier equation [5] and that of gold is 
obtained by the dispersion relation for permittivity illustrated by Lorentz-Drude model [10]. 

The effective mode indices values for the proposed fiber at different wavelengths are obtained using the 
simulation results and the absorption loss values are calculated [13] using the expression,  α = 8.686 x (2π/λ) 
x Im (neff), where α is the absorption loss, λ is wavelength of operation and Im (neff) is the imaginary part of 
effective mode index. 

 
Performance Analysis: 

Fig. 2 shows the simulation output of the designed polarization filter at different wavelengths for x and y 
polarizations. From Fig. 2a it can be observed that at the wavelength of 1.08 μm y-polarized light starts getting 
coupled to the gold wires and this reaches a maximum at 1.18 μm as depicted in Fig. 2b. The confinement loss 
factors are 13.75dB/cm and 52.03 dB/cm at 1.08 μm and 1.18 μm respectively. Further at 1.3 μm wavelength 
the coupling of core guided light with y-polarization is maintained with a confinement loss of 26.28 dB/cm as 
in Fig. 2c and continues to retain considerable loss value thereafter for the longer wavelengths.  

But over this entire wavelength range confinement loss for x-polarized light is zero indicating that it 
passes through the fiber without any attenuation. This is illustrated by the simulation outputs for x polarized 
light at 1.08 μm, 1.18 μm and 1.3 μm shown in Fig. 2d, 2e and 2f respectively. 

 

   
(a)                          (b)                         (c) 
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(d)                            (e)                          (f) 

Fig. 2: Simulation outputs for y-polarized light at a) 1.08μm – minimum resonance b) 1.18μm – maximum 
resonance c)1.3μm – decreased resonance,  x-polarized light showing zero resonance at d) 1.08μm e) 
1.18μm f)1.3μm 

 
Fig.3a. depicts the real and imaginary part of effective mode indices of both x and y polarized light as a 

function of wavelength. The real values of effective mode index of y-polarized light constantly decrease as 
wavelength increases except that it experiences a sharp increase at the resonance wavelength after which it again 
keeps decreasing. However the x-pol light real values undergo a continuous decrement. The dispersion 
characteristics of the fiber can be determined using the real values of effective mode indices. It is quite 
interesting to note that the imaginary part of the effective mode index curve for y-pol initially increases reaching 
a maximum value at the wavelength of 1.18 μm and thereafter faintly decreases till 1.3 μm. Further, after 1.3 μm 
wavelength the curve continues to increase and it almost resembles a bell shaped curve near the resonance 
wavelength region. But for x-pol, it remains a straight line at zero value for the entire wavelength range 1.1 μm 
to1.8 μm. 
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Fig. 3: a) Variation of real and imaginary parts of effective mode indices for x and y polarized lights b) 

Absorption loss as a function of wavelength for x and y polarized lights 
 
One can arrive at the transmission properties of the fiber through the measured absorption loss values. The 

absorption losses for various wavelengths are plotted as shown in Fig. 3b. It shows that y-polarized light 
undergoes attenuation beyond the wavelength of 1.1 μm and contrarily the x-polarized light remains completely 
unaffected. The confinement loss reaches as high as 52 dB/cm for y-polarized light at the wavelength of 1.18 
μm but is zero for x-pol light. The variation of effective mode indices imaginary value for y-pol light with 
wavelength is similar to its confinement loss curve as they both are linearly dependent. The PCF thus propagates 
only the x-pol light and prevents y-pol light from passing through it. The polarization filters reported so far 
perform filtering action only over a small bandwidth but this proposed fiber can completely attenuate y-pol light 
after 1.1 μm. Hence the proposed filter can be categorised as a band stop polarization filter completely 
attenuating the y-pol light after the 1.1 μm wavelength. 

The efficiency of filtering action performed by the proposed polarization filter is analyzed using the 
Extinction Ratio (ER) factor [14]. Fig. 4 shows the ER variation of designed filter across different wavelengths, 
ranging from 1 μm to 1.8 μm, for different fiber lengths. In general, an ER above 30 dB is considered as an 
optimal value for effective filtering but the proposed filter gives an even greater ER value of 60 dB for the entire 
wavelength beyond 1.1 μm and hence exhibits a superior performance. 

This typical parameter is dependent on fiber length. While the ER value starts exceeding the 60 dB level at 
1.1 μm for all specified fiber lengths, its value at peak resonance wavelength of 1.18 μm for 5 μm, 8 μm and 10 
μm long fibers are 225.96 dB, 361.51 dB and 451.99 dB respectively. Thus an increase in the ER value is 
observed with increasing fiber length. 
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Fig. 4: Wavelength dependence of Extinction Ratio for different fiber lengths 
 
Conclusions: 

. In this paper, we have demonstrated a PCF with square lattice having two gold wires which can act as a 
polarization filter. This filter causes entire attenuation of the y-pol light beyond the wavelength of 1.1 μm while 
allows x-pol light to penetrate it thus acting as a band stop polarization filter entirely filtering out y-pol light 
after 1.1 μm. The x-pol light has no confinement loss while y-pol light attains a maximum value of 52 dB/cm at 
the peak resonance wavelength of 1.18 μm. A higher degree of filtering operation is achieved at the second 
communication window since an ER value greater than 60 dB is obtained from 1.1 μm wavelength onwards. 
The excellent filtering characteristics of this PCF polarization filter enable its deployment in wide bandwidth 
optical communication systems. 
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