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A high-polarization dual-core photonic crystal fiber (PCF) with mixing air holes is designed. The full-vector finite 

element method and coupled-mode theory are used to investigate the birefringence, coupling length, dispersion char-

acteristics, normalized power and extinction ratio of this fiber. Numerical investigations demonstrate that by changing 

the structural parameters of the fiber, the birefringence is up to 1.48×10-2 at 1.55 μm, the coupling lengths are 79 μm 

and 94 μm for x-polarized and y-polarized modes, the fiber has two zero dispersion points, and the dispersion is very 

flat at the ultra-wide waveband scope from 0.7 μm to 1.7 μm. 
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The dual-core photonic crystal fibers (PCFs) are com-

posed by introducing two defect states in periodic ar-

rangement of air holes, and have been widely studied for 

their good optical coupling characteristics. K. Saitoh et 

al[1] designed wavelength division multiplexer and de-

multiplexer based on coupling effect of dual-core PCF. N. 

J. Florou et al[2] studied high birefringence dual-core 

PCF beam splitter, and realized the polarization-inde- 

pendent beam splitter. Lou et al[3] designed and opti-

mized the broadband dual-core PCF coupler. Jiang et al[4] 

numerically researched comb-filter based on two-core 

fiber coupler. 

Birefringence and coupling length are two important 

physical parameters in dual-core PCF. Issa et al[5] drawed 

an elliptical-hole PCF with high ellipticity based on air 

hole deformation. Mejia et al[6] fabricated a highly bire-

fringent elliptical-hole PCF by compressing a hexagonal 

structure. In this paper, we propose a new kind of 

dual-core PCF by introducing a row of gradient elliptical 

air holes parallel to the x axis. The full-vector finite ele-

ment method and coupled-mode theory are employed to 

study the birefringence, coupling length, disperseon 

characteristics, normalized power and extinction ratio of 

this PCF. The results show that the designed dual-core 

PCF can realize the high birefringence, shorter coupling 

length and good dispersion characteristics at the same 

time, and the fiber can be produced for micro-coupler 

and polarization splitter with high extinction ratio. 

Fig.1 shows the cross section of the proposed 

dual-core PCF. Removing two elliptical holes around 

center ellipse A0 (long axis a0=0.35 μm, short axis 

b0=0.14 μm) to form double cores, the elliptical air holes 

on both sides of the fiber core are symmetrical. In order 

to facilitate discussion, we only give parameters about 

one side of elliptical air holes. The long axes of elliptic 

air holes A1, A2, A3, A4 are a1=0.3 μm, a2=0.4 μm, a3=0.5 

μm and a4=0.6 μm, respectively, and the short axes are 

b1=0.15 μm, b2=0.2 μm, b3=0.25 μm and b4=0.3 μm, 

respectively. The diameter d of circular air holes is 1.0 

μm, and the pitch Λ is 1.2 μm. From Fig.2, we can see 

that the mode fields of light waves are strictly restricted 

in two cores by air holes, and the energy is coupled be-

tween the two cores.  

 

 

Fig.1 Cross section of the designed dual-core photo- 

nic crystal fiber 

 

We numerically calculate the designed dual-core PCF 

through software COMSOL multiphysics which is based 

on finite element method. Setting the incident wave-

length, the corresponding material parameters and per-
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fectly matched layer (PML) boundary condition, we can 

get the mode field distribution and the corresponding 

effective index, and the changing rules of the physical 

quantity with the structure parameters and the wave-

length can be obtained through Matlab.  

 

 

Fig.2 Transverse field profile of light coupling in two- 

core PCF 

 

The mode birefringence B can be given by[7-9] 
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Transverse coupling phenomenon occurs between two 

optical waveguides which are close and parallel to each 

other, and this phenomenon can use the transverse cou-

pling theory to describe. There are four polarized com-

ponents of the fundamental mode in dual-core fiber, 

which are the odd mode Exo and even mode Exe of 

x-polarized direction, the odd mode Eyo and even mode 

Eye of y-polarized direction. According to the waveguide 

mode coupling theory, the coupling length can be calcu-

lated as[11] 
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where
s

β and
α

β are the propagation constants of odd 

mode and even mode. For each transmission mode of 

optical fiber, effective index is 
eff 0

/n kβ= ,
0
k is free 

space wave number, and
0
=2 /k λπ . Using the effective 

refractive indices of even mode and odd mode, we can 

obtain the coupling length. 

Fig.3 gives the dual-core PCF’s birefringence with 

changing the fiber’s structure parameters and wavelength. 

From Fig.3(a), with the structure parameters of a0=0.35 

μm and b0=0.14 μm, the birefringence can reach 1.48×

10-2 at the wavelength λ=1.55 μm. This value is two or-

ders of magnitude higher than that of traditional fiber, 

and higher than the reported values of 1.24×10-2[11], 

1.225×10-2[12] and 1.09×10-2[13]. In Fig.3(b), the birefrin-

gence decreases with increasing the pitch Λ, because 
when Λ increases, the two cores’ areas increase at the 
same time, and the interaction between inner holes and 

mode fields abates. In Fig.3(c), with increasing the di-

ameter d of the circular holes, the bounding ability of 

cladding strengthens, the influence of inner hole asym-

metry on light fields increases, so the birefringence also 

increases. In Fig.3(d), when the areas of the elliptical 

holes on both sides of the cores increase, the asymme-

tries of two cores along x- and y-direction abate, so the 

birefringence decreases.  

 

 

(a) Different center ellipses with Λ=1.2 μm and d=1.0 μm 

 

(b) Different pitches of holes with a0=0.35 μm, b0=0.14 μm and d=1.0 

μm 

 

(c) Different diameters of circular hole with a0=0.35 μm, b0=0.14 μm 

and Λ=1.5 μm 
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(d) Different ellipses on both sides of fiber core with a0=0.35 μm, 

b0=0.14 μm, Λ=1.5 μm and d=1.0 μm 

Fig.3 Birefringences with different fiber structure pa-

rameters and wavelengths 
 
We can see the coupling length changing with the 

structure parameters and the wavelength in Fig.4. From 

Fig.4(a) and (b), we know the coupling length of 

x-direction is longer than that of y-direction, because in 

this paper we place the two cores parallel to x axis, and 

when the wavelength is certain, with decreasing the el-

lipse A0, the coupling length decreases greatly. As the 

long axis a0=0.35 μm and short axis b0=0.14 μm, the 

coupling lengths of x- and y-polarization at the wave-

length λ=1.55 μm are 79 μm and 94 μm, respectively. 

The values of coupling lengths are one order of magni-

tude smaller than those in Refs.[14,15] and less than 

those in Ref.[13]. But the ellipse A0 can’t infinitely de-

crease, because when A0 is very small, the electric field 

energy of even mode directly infiltrates, and then the two 

cores are no longer independent. Here we only discuss 

the coupling characteristic of x-polarization direction, 

because the changing trends of coupling length in two 

polarization directions are the same. 

When the wavelength is confirmed as shown in 

Fig.4(c), coupling length increases with increasing the 

pitch. When the pitch increases, the wavelength becomes 

shorter, the limitation of light fields in fiber is enhanced, 

the mode fields mainly focus on fiber’s core area, so 

coupling is difficult, and thus the coupling length be-

comes longer. In Fig.4(d), the two cores are longitudi-

nally compressed with the diameter of cladding circular 

holes increasing, leading to the mode fields laterally 

spreading, so the coupling becomes easy, and the cou-

pling length decreases. In Fig.4(e), the coupling length is 

shorter when the elliptical holes on both sides of the 

cores increase. Because as the elliptical holes increase, 

the outward diffusion of the optical fields abates, the 

inward diffusion is enhanced, and then the coupling be-

comes easy.  

The coupling lengths in two polarization directions in 

this paper are different. Using this feature, the designed 

fiber can be fabricated as mini polarization splitter and 

coupler. As long as the length of the fiber satisfies 

L=mLx=nLy, where m and n are positive integers, if the 

parity is identical, the fiber can be made into polarization 

independent coupler; if not, it can be made into polariza-

tion splitter. Fig.5 shows the normalized transmission 

power with distance. From Fig.5, we can use the dual- 

core PCF as the polarization splitter at the wavelength of 

λ=1.55 μm and L=6Lx=5Ly=470 μm, the length of po-

larization splitter is one order of magnitude smaller than 

that reported in Refs.[13] and [15], and we can get a po-

larization independent coupler at the wavelength of 

λ = 1.55 μm and L=13Lx=11Ly=1032 μm. Fig.6 shows 

the extinction ratio by varying wavelength as polariza-

tion splitter. We can see the bandwidth of 20 dB extinc-

tion ratio is almost 19.4 nm from 1.5403 μm to 1.5597 

μm. At wavelength of λ = 1.55 μm, the extinction ratio 

can reach 70.3 dB. 
 

 

(a) x polarization direction with different center ellipses and Λ=1.2 µm, 

d=1.0 µm 

 

(b) y polarization direction with different center ellipses and Λ=1.2 µm, 

d=1.0 µm 

 

(c) x polarization direction with different pitches of holes and a0=0.35 

µm, b0=0.14 µm, d=1.0 µm 
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(d) x polarization direction with different diameters of holes and 

a0=0.35 µm, b0=0.14 µm, Λ=1.5 µm 

 
(e) x polarization direction with different ellipses on both sides of fiber 

core and a0=0.35 µm, b0=0.14 µm, Λ=1.5 µm, d=1.0 µm 

Fig.4 Coupling lengths with different fiber structure 

parameters and wavelengths 

 

 
Fig.5  Normalized power with transmission distance 

 

 

Fig.6  Extinction ratio with wavelength 

Fig.7 shows the change of odd mode dispersion value 

with the wavelength in x polarization direction with dif-

ferent structure parameters, and the trends of even and 

odd mode changes are roughly the same. For a certain 

wavelength, as shown in Fig.7(a), the dispersion value 

increases with the elliptical area increasing, and the 

curve of dispersion is gradually flat, when the long axis 

is a0=0.5 µm and short axis is b0=0.22 µm. And the dis-

tance between the two zero dispersion points gradually 

increases with increasing the ellipse’s area. The anoma-

lous dispersion appears between the two zero dispersion 

points, and if the ultrashort pulse is injected in the area of 

anomalous dispersion, soliton self-frequency shift and four- 

wave mixing effect are produced[11]. So through changing 

ellipse A0, we can get good dispersion characteristics. In 

Fig.7(b), the dispersion value increases with hole’s pitch 

decreasing. The dispersion curve is relatively flat, and 

the change trend of two zero dispersion points is consis-

tent with that in Fig.7(a). In Fig.7(c), the dispersion first 

increases and then decreases, and the second zero disper-

sion point moves to long-wavelength direction with the 

increase of the circular hole’s diameter. In Fig.7(d), the 

change trends of dispersion and the second zero disper-

sion point are the same with those in Fig.7(c) with in-

crease of ellipse’s area on the both sides of the two cores. 

From the above, we know that we can get favorable flat 

dispersion characteristics by using the appropriate pa-

rameters.  

 

 

(a) Different center ellipses with Λ=1.2 µm and d=1.0 µm 

 

(b) Different pitches of holes with a0=0.35 µm, b0=0.14 µm and d=1.0 µm 
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(c) Different diameters of circular hole with a0=0.35 µm, b0=0.14 µm 

and Λ=1.5 µm 

 

 

(d) Different ellipses on both sides of fiber core with a0=0.35 µm, 

b0=0.14 µm, Λ=1.5 µm and d=1.0 µm 

Fig.7 Dispersions with different fiber structure param- 

eters and wavelengths  

 

The full-vector finite element method and cou-

pled-mode theory are employed to research the designed 

dual-core PCF in this paper. The birefringence, coupling 

length, normalized power, extinction ratio and dispersion 

properties of this fiber with wavelength and structure 

parameters are analyzed. By choosing appropriate fiber 

structure, the combination of high birefringence, short 

coupling length and ultra-smooth dispersion characteris- 

tics can be realized. The structure of fiber in this paper 

can be widely used in designing high polarization- main-

taining and dispersion-flatted coupler, and has an impor-

tant potential in the development of new type photonic 

device.  
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