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Abstract

In this research work an analysis has been caoigdon symmetric dual core hexagonal PCF-based
polarization beam splitter by using finite elemergthod (FEM). The splitter designs are carriedwaitt
hexagonal PCFs with simple symmetric design byingrgnly air holes diameter. The results of nunadric
calculation show that coupling lengths are higloerpblarization splitters with larger air hole dierers and
with the increase of operating wavelength couplergth decreases. Furthermore it is possible taiotzn

8.4 mm-long polarization beam splitter with higtiegtion ratio (250dB). This study will be very péll

to design and manufacture simple PCF based splitti¢gh better performance.

Keywords: photonic crystal fiber (PCF), finite element meth@EM), polarization beam splitter,
birefringence, extinction ratio, coupling length

1. Introduction

Optical fiber communication system as well as @tievices is a subject of growing interest duéso
extremely attractive features. Moreover, the rgmde of advances in technology has surpassed the mo
optimistic predictions, creating additional advaygs [1]. This has led researchers to put more teffior
improving the various characteristics of differeptical fibers by continuous study and researclotétic
crystal fibers (PCFs) are micro-structured optifibér, which are constructed by single materialhwit
multiple air holes periodically arranged around tlege [2]. Microstructured fibers guide light due t
modified total internal reflection. Unlike convemtial fibers, PCFs can be made entirely from a singl
material, typically undoped silica. The holes axtldwer the effective refractive index in the clady
region and so that light is confined to the solide; which has a relatively higher index. In a P&ig
number of holes and their sizes, shapes, orientgmd placements can provide degrees of freeddm an
hence unique properties, which are not availab®mventional optical fibers [3-4]. The strong wigvegth
dependency of the effective refractive index araittherently large design flexibility of the PCHpwa for

a whole new range of novel properties. Such pragihclude endlessly single-mode fibers, extremely
nonlinear fibers and fibers with anomalous disersn the visible wavelength region [5-6]. They lwbu
serve as a fiber host for developing a wide ranfjéber devices for high power fiber laser, second
harmonic generation, polarization beam splittepesicontinuum generation, radiation detection, RFs
may be divided into two categories [Ajgh index guiding fibers and low index guidingdils. Similar to
conventional fibers, high index guiding fibers {datore) are guiding light in a solid core by thedified
total internal reflection (M-TIR) principle. Thett internal reflection is caused by the lower efffiee
index in the microstructured air-filled region. PCére of great interest for optical communicatiod &r
new optical devices.

Polarization beam splitters (PBSs) are a specal ki coupler. They can split incoming light fronsiagle
fiber into two orthogonally polarized beams [8].€Tkey features of good polarization beam spligdrigh
extinction ratio, highly modular and flexible desjgwide bandwidth, bi-directional, broadband
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performance and mode independent behavior in madtemfiber applications [9]. The most popular
applications of polarization beam splitter are ED&#plifier, Raman amplifier combiner, polarization
mode dispersion compensation, polarization extimctiatio measurements, fiber optic sensors, coheren
communication systems and quantum cryptographyymébss measuremeett.

The PCF-based polarization splitter can achievel godinction ratios and coupling lengths in corttraish
conventional dual-core fiber or waveguide-basedanmdtion splitters [10-11]. Highly birefringent
dual-core PCF can be used as polarization splittez.high birefringence gives rise to very smalifing
length and adequate difference in the couplingtlenépr the two orthogonal polarizations [12-133vEral
research works have been done to find out the pedoce of dual-core PCF based PBS. \&fead. (2008)
proposed three-core PBSs based on resonant tugndtinthis paper they have found PBS with the
coupling length 1.039 mm and the extinction raso—i 36.98 dB at wavelength 1550 nm. A novel
broadband PBS based on asymmetric dual core stptice- PCFs has been designed by Ming et al. in
[15]. The numerical results demonstrate that aateléngth of 5.9 mm show extinction ratio -20dBhwit
bandwidth 101. Jung et al. proposed a new PCF tsditbr with 0.33 mm-long and extinction ratio28

dB [16]. In [7] numerical simulations demonstratattit is possible to obtain a 4.72 mm-long PBShwi
splitting ratio better than -20 dB and bandwidtlal®ut 190 nm.

However, almost all of the splitters employed two tbree highly birefringent cores formed by a
combination of large and small air holes, which rbaymore likely to cause deformation and collapgse o
the air holes. Currently, designing the splitteithva simple air-hole pattern, high extinction oatshort
coupling length and wide bandwidth is a key issumake them practical. It will be more feasiblel&sign
simplified PCF-based polarization splitter thatwka@ood polarization splitter behavior and possesssy
fabrication process. So that we have analyzed ttezeproperties of very simple designed dual core
hexagonal PCF-based polarization splitters whicbwslvery high extinction ratio and short coupling
length.

2. Analysisand Design

The effective indices of the two orthogonal modagenbeen calculated with a finite element methdM)-
[6]. FEM is a numerical method for solving a diffetial or integral equation. In FEM the intricat®ss
section of a PCF can be represented by using miamgtes of different shapes and sizes. The tetllt is
found by integrating all adjacent triangles restlie effective indexy; is a number quantifying the phase
delay per unit length in a waveguide, relativeh® phase delay in vacuum. The modal effective iadexe
solved from Maxwell's equations and given by, =8/k, where B is the propagation constant,
ko =271/ Ais the free-space wave number. First, the effedtidex ng of the fundamental mode of the
PCF is computed as a function of wavelength [2].

There are four nearly degenerate supermodes inat@haal-core optical fibers. According to the theof
mode coupling, the coupling of a dual-core fiben b& described by use of the even and odd supesmode
which formed by modes of the individual cores aagéhsymmetric and antisymmetric field distribution,
respectively. In dual-core PCFs the coupling lengttiefined as [17].

_ T A

A i o iy’
. . Be—-PBo 2ng —Nng) ‘
Where ,13('e and ,8(') are the propagation constants igfolarized even and odd supermodes, and
n, are the effective refractive indices of i-poladzeven and odd supermodes, respectively.

Li

=Xy )

If we assume that input powel, = Py + Py, is launched into one input port of the device, dogput
powerP at the through port with device length L is thewegi by [18].

P=P +P, =P, cos’C,L+P, cos’C,L )
where the coupling coefficients for x- and y- paded light C, and C, are derived as
Cy=(B-B5)2 , Cy=(Bd-p)I2 3
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respectively. ,Bé and ,Bci, are the propagation constants of even and odd moedsgectively and is a
polarization state indexX x and y).

Normally the performance of the polarization splittan be described by using the splitting ratio or
extinction ratio (ER). It is defined as [17].

Px— polarized

ER =10lg (4)

Py— polarized

where P, .

for x—polé(rifgtljarrr%%je.
Hexagonal PCFs cladding region is designed by gimgnair holes in hexagonal lattice. Here polarorat
beam splitters have been designed with symmetlid daal core hexagonal PCFs. In this case thegdesi
parameters: R is cross sectional radius, d isitheoke diameteN is pitch (distance between two air holes)
and Nr is the number of air hole rings. We havesaered splitters are made by only single mat¢8&D,),
where refractive indexsnl.45 and all air holes are circular shaped withesdiameter. The total area of air
in the splitter cross section changes with the ghaof air holes diameter. We have designed the clral
hexagonal PCFs with different amount of air areavénying air holes diameter (0.8 um, 1.0 pm, 1.2 um
1.4 um and 1.6 um), where other design paraméteaad Nr have been considered constant. Figure 1
shows the cross-section of dual core hexagonal Wa¢te R=12um, A=2.5um, d=1.2um and Nr=4.

is the output power foy-polarized mode an(Py_ polarized is the output power

3. Resultsand Discussion

Job-shop production refers to a manufacturing enwirent that produces goods in small batches acaprdi
to customer specifications. We have carried outettgeriment by using COMSOL Multiphysics modeling
and simulation toglwhere electromagnetic module has been used tg oat the optical mode
analysis of the PCF3he experiment has been carried out on very siim@kagonal air hole arrangement
dual core PCF based splitter. We have got the meffiattive index as the output of optical analy3ike
modal solution approach in COMSOL is based on tklFwhere the intricate cross section of a
PCF can be represented by using many trianglegffefaht shapes and sizes. The total result is
found by integrating all adjacent triangles resaltcording to normal mode coupled theory four
lowest order modes are found as modal solutionurBig2 shows transverse magnetic field vector
distributions of dual core hexagonal PCF, where Rgfh, d=1.2um andA=2.5 um. Here Figure 2(a)
symmetric (even) and Figure 2(b) anti-symmetricdjoghow modes of-polarized state and the Figure 2(c)
symmetric (even) and Figure 2(d) anti-symmetricdjoshows modes of y-polarized state. Again Figure 3
shows 2 dimensional and 3D dimensional views ofpitneer flow time average component though both
cores.

Effective refractive index is a number quantifyitng phase delay per unit length in a waveguideureig
shows that effective index decreases with the aszeof air hole diameter, where Rand Nr have been
considered unchanged. It also shows ¥haolarized effective index is higher than x-poladzor lower air
hole diameter but they remain almost same with drigtir hole diameter. Difference between x-polatize
and y-polarized effective index (birefringence)higher for the PBSs with smaller air hole diameter.
order to analysis the performance of the designadrigation beam splitter, we have investigated the
coupling characteristics also. Coupling lengths Xguolarized and y-polarized as a function of adteh
diameter is shown in Figure 5. This figure desa@itieat coupling length of both polarized light ieases
with the increase of PCF air hole diameter. Itasnfd that thex- and y-polarized light have different
coupling lengths. Here it is also found that défeces betweexrpolarized ang-polarized coupling length
is higher for the PBSs with larger air hole diametde results indicates that PBS with d=1 showQ.g=
mm and Ly=0.7 mm, PBS with A£1.2 show Lx=1 mm and Ly=1.2 mm and PBS witiA=ll.4 show
Lx=1.9 mm and Ly=2.3 mm.

The normalized power which transfers along therfieagth is illustrated in Figure 6(a), (b), (c)da(d)
with the air holes diameter d=1n, d=1.2um, d=1.4um and d=1.6um respectively. The figures display

3
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the normalized output power of two polarizationtetaas a function of fiber length, where other dixe
parameters R=1pm, A=1.55 um andA=2.5 um. The dashed vertical lines indicate the spliteegth.
Again it can be seen that the normalized powey-pblarized light has the maximum value while the
normalized power of-polarized light has the minimum value at the pggieon length of 8.3 mm, 8.4 mm,
11.8 mm and 21 mm from the Figure 4(a), (b), (&) &) respectively. Now it is clear to understahal tat
this length two polarizations are separated frorcheather and the length of the polarization splitte
realized as 8.3 mm, 8.4 mm, 11.8 mm and 21 mmherRBS with d=1.Qum, d=1.2um, d=1.4pm and
d=1.6um respectively.

The extinction ratio, defined as the power ratiowaen the undesired and desired polarization siates
each output core. The performance of the poladragplitter can be described by using the extinctatio.
By numerical calculation we have found that PBShvdt1.2um shows comparatively higher extinction
ratio 188.8 dB, where operating wavelenti.55um. The variation of extinction ratio with the changf
wavelength is shown in Figure 7. It depicts thdirestion ratio is very high in a large wavelengtdnge
1.3-1.7um and it shows highest extinction ratio 205 dB vafierating wavelength 1p6n.

4. Conclusion

In this paper, we have investigated a very simplghed dual-core hexagonal PCF-based splittee tter
observed the properties of splitter by varying diveholes diameter only. From the simulation resitlhas
been found that coupling length increases withitlogease of air hole diameter. It is also obsenred
difference of coupling lengths for ttkxe andy-polarized light is significant for the PBSs witirdier air hole
diameter. The results show that high extinctiorior&05 dB can be achieved with 8.4 mm splitter.
Furthermore it operates in a large wavelength ravigehigh extinction ratio.
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Figure 1. Cross Sections of Dual Core Hexagonal, R@Ere R=12um, d=1.2um, A=2.5um and Nr=4
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Figure 2. The Transverse Magnetic-Field Vector iihstions of (a) Even, (b) Odd Modes foPolarized
and (c) Even, (d) Odd Modes fpiPolarized States
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Figure 3. Surface Power Flow Time Averaggéomponent for Dual Core Hexagonal PCF, (a)
2-Dimensional View (b) 3-Dimensional View
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Figure 4. Effective Index fax-Polarized ang-Polarized Light as a Function of Air Hole Diametghere
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Figure 6. Normalized Output Power of Two PolariaatStatesx-Polarized ang-Polarized) versus Fiber
Length at through Port for the Splitter with Air lddDiameter (a) d=1.Am, (b) d=1.2um, (c) d=1.4um
and (d) d=1.6um, where R=121m, Nr=4, d=1.2um, A=2.5um. The re colored dashed vertical line
indicates the splitter length of the polarizatifiteer
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