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Designing of a polarization beam splitter for the wavelength of
1310 nm on dual-core photonic crystal fiber with high

birefringence and double-zero dispersion∗
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We have proposed a novel kind of photonic crystal fiber which contains two asymmetric cores. The birefringence
and the dispersion are numerically analyzed based on finite element method when the size of the air holes and the pitch of
two adjacent air holes are changed. It is shown that the proposed photonic crystal fiber has high birefringence up to the
order of 10−2 and double-zero dispersion points are at the wavelengths of 1310 nm and 800 nm, simultaneously. At the
same time, the normalized power and the extinction ratios of the proposed photonic crystal fiber have been simulated. It is
demonstrated that, at the wavelength of 1310 nm, the x-polarized mode and the y-polarized mode are separated when the
propagation distance is 2.481 mm.
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1. Introduction
Since the invention of the first photonic crystal fiber

(PCF) in 1996,[1] PCFs have attracted great attention of the re-
searchers because of their excellent performance. Compared
to the conventional optical fiber, PCF has many unique proper-
ties such as high birefringence,[2–4] adjustable dispersion,[5–8]

single-mode transmission,[9,10] high nonlinear,[11,12] a maxi-
mum or minimum effective mode field area,[13,14] and so on.

The PCFs with high birefringence and zero dispersion
have wide applications in the field of communication and
sensing systems. In 1980s, the invention of polarization
maintaining fiber (PMF) made the birefringent properties of
fibers become a hot research topic. Between 2000 and 2001,
researchers in University of Bath cooperated with the re-
searchers coming from Denmark Crystal Fiber Company and
the Danish Institute of Technology to study PCFs with high
birefringence in different structures[15,16] as well as the re-
searchers of the NNT Company of Japan.[17] Since then, some
new structures have been also proposed.[18–21] Huimei He et
al. designed a high birefringence PCF with mixed air holes
structures of which the birefringence is 8.247× 10−3 at the
wavelength of 1550 nm.[22] Dispersion is one of the most im-
portant parameters in PCFs and the PCFs with two zero disper-
sion wavelengths have important applications in the optimiza-
tion of the supercontinuum and the inhibition of self-frequency
shift of the soliton.[23] At present, the PCFs with characteris-
tics of high birefringence, low-loss, zero dispersion or negative
dispersion which are achieved by adjusting the structure pa-

rameters of the PCFs have already been reported.[24–27] How-
ever, in some of these researches, confinement loss is too high
and some of the research is limited in the negative dispersion
band. Thus, a high birefringence PCF which has the character-
istics of zero dispersion at the same time will play an important
role in polarization-maintaining transmission systems.

In this paper, a novel kind of photonic crystal fiber which
contains two asymmetric cores has been proposed. Simula-
tion results show that the PCF has the characteristics of high
birefringence and double-zero dispersion. Finally, the trans-
mission characteristics of this PCF, such as normalized power
and extinction ratios, are simulated.

2. Design and numerical method

The cross section of the proposed PCF is illustrated in
Fig. 1. The air holes are arranged in hexagons and the sub-
strate material is quartz. In the middle of the cross section,
some air holes have been removed in the horizontal direction
to form the cores of the PCF. The diameter of the outer air
holes (the small white circles in Fig. 1) is d1 = 0.45 µm, the
diameter of the air holes between two cores (the second small-
est white circles in Fig. 1) is d2 = 0.64 µm, the diameter of the
air holes on both the upper and lower sides of the cores (the
gray circles in Fig. 1) is dx, the diameter of the air holes on the
left and right sides of the cores (the black circles in Fig. 1) is
dy, the pitch of two adjacent air holes is Λ .
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Fig. 1. The cross section of the dual-core PCF.

The mode birefringence of the PCFs can be expressed as:

B = |Re(ny
eff)−Re(nx

eff)|, (1)

where Re(nx
eff) and Re(ny

eff) are the real part of the effective re-
fractive indexes in x-polarized and y-polarized modes respec-
tively.

The dispersion of the PCFs D(λ ) contains two parts
which are the material dispersion Dm(λ ) and the waveguide
dispersion Dω(λ ). It can be expressed as:

D(λ ) = Dm(λ )+Dω(λ ). (2)

The material dispersion is generally determined only by the
dielectric material. It is caused by the change with wavelength
of the linear refractive index of the material. It can ben ex-
pressed as:

Dm(λ ) =−
λ

c
∂ 2n1(λ )

∂λ 2 . (3)

However, the waveguide dispersion depends largely on the de-
sign parameters of the PCFs. It corresponds to the change of
the effective refractive index of the fundamental mode with the
wavelength. It can be expressed as:

Dω(λ ) =−
λ

c
∂ 2|Re(neff)|

∂λ 2 . (4)

The material dispersion of the PCF proposed in this paper has
already been considered.

In dual-core PCFs, the general pattern can be seen as the
superposition of four modes. So the normalized power at a
particular wavelength can be expressed as:

Px,y
out = Px,y

in cos2
(

π ·Z
2 ·L

)
, (5)

where L is the transmission distance, and Z is the coupling
length of the PCF at this particular wavelength. Thus, the ex-
tinction ratios can be explicitly derived by using the following
relation:

ER = 10lg
Px

out

Py
out

. (6)

3. Simulation and results analysis
In this paper, the dispersion and the birefringence of the

proposed PCF are adjusted by changing the diameters of the
air holes around the cores and the pitch of two adjacent air
holes. Here, the dispersion is represented by x-polarized even
mode, the birefringence is represented by the odd mode, be-
cause that the changes of the four modes of dispersion and
the two modes of birefringence in the dual-core PCF are al-
most the same. The distributions of the four mode fields at the
wavelength of λ = 1310 nm are shown in Fig. 2.

(a) (b)

(c) (d)

Fig. 2. (color online) Power flow distributions of the four modes in this
PCF at the wavelength of λ = 1310 nm: (a) the x-polarized even mode,
(b) the y-polarized even mode, (c) the x-polarized odd mode, and (d) the
x-polarized odd mode.

The changes of the dispersion and the birefringence with
the diameter of the air holes on both the upper and lower sides
of the cores are shown in Fig. 3 when dy = 0.64 µm and
Λ = 0.7 µm. From Fig. 3(a) we can find that, with the increas-
ing of dx, the separation distance between the two zero dis-
persion points in the dispersion curve increases and the max-
imum of D(λ ) increases, too. The zero dispersion points are
at the wavelengths of λ = 800 nm and λ = 1310 nm when
dx is 0.64 µm. From Fig. 3(b) we can know that the bire-
fringence increases heavily when dx increases. The birefrin-
gences are 1.061×10−2 and 1.543×10−2 at the wavelengths
of λ = 1310 nm and λ = 1550 nm respectively.

Figure 4 shows the changes of the dispersion and the bire-
fringence with the diameter of the air holes on the left and
right sides of the cores when dx = 0.64 µm and Λ = 0.7 µm.
From Fig. 4(a) we can know that, when dy increases, the dis-
persion curve moves upward and the separation distance be-
tween the two zero dispersion points in the dispersion curve
increases. Similarly, the zero dispersion points are at the wave-
lengths of λ = 800 nm and λ = 1310 nm when dy is 0.64 µm.
From Fig. 4(b) we can find that the birefringence is almost
unchanged.
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Fig. 3. Influences of the diameter of the air holes on both the upper and
lower sides of the cores on the proposed PCF: (a) the dispersion and (b)
the birefringence.

Wavelength/mm

D
is
p
e
rs
io
n
/
[(
p
s/
n
m
)/
k
m
]

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

50

0

-50

-100

-150

-200

-250

-300

dy/. mm
dy/. mm
dy/. mm

(a)

Wavelength/mm

B
ir
e
fr
in
g
e
n
c
e

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

0.030

0.025

0.020

0.015

0.010

0.005

0

dy/. mm

dy/. mm

dy/. mm

(b)

Fig. 4. Influences of the diameter of the air holes on the left and right
sides of the cores on the proposed PCF: (a) the dispersion and (b) the
birefringence.

Figure 5 shows the changes of the dispersion and the bire-
fringence with different pitches of two adjacent air holes when
dx = dy = 0.64 µm. From Fig. 5 we can find that, when Λ

increases, the dispersion curve and the zero dispersion points
experience a red shift which leads to the zero dispersion points
out of the communication bands and the maximum of the dis-
persion curve is almost the same, but the birefringence de-
creases significantly.
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Fig. 5. Influences of the pitch of two adjacent air holes on the proposed
PCF: (a) the dispersion and (b) the birefringence.

From the above analyses we can know that the PCF has
the best performance when d1 = 0.45 µm, d2 = 0.64 µm,
dx = dy = 0.64 µm, Λ = 0.7 µm. With these structure pa-
rameters, the dispersions of the even mode at x polarization
direction are zero both at the wavelengths of λ = 800 nm and
λ = 1310 nm. The birefringences are up to the order of 10−2

which are 1.061× 10−2 and 1.543× 10−2 at the wavelengths
of λ = 1310 nm and λ = 1550 nm, respectively, as is shown
in Fig. 6. The changes of the confinement loss with the wave-
length are shown in Fig. 7. The confinement loss is low rela-
tively which are 2.41× 10−9 dB/m and 2.06× 10−3 dB/m at
the wavelengths of λ = 800 nm and λ = 1310 nm, respec-
tively. Therefore, the proposed PCF can be applied in the
Ti:sapphire femtosecond lasers and the distributed feedback
lasers.
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Fig. 6. The dispersion curve (a) and the birefringence curve (b) of the
proposed PCF.
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Fig. 7. The variation of the confinement loss as a function of the wave-
length for the proposed PCF.

4. Analysis of the transmission characteristics
The proposed PCF has different coupling lengths in two

polarization directions. The coupling lengths are 155.08 µm
and 146.20 µm for x-polarized mode and y-polarized mode at
the wavelength of λ = 1310 nm.

Figure 8 shows the relations between the normalized
power and the propagation distance. From Fig. 8 we can find
that two polarized lights are separated when the propagation is
L = 16Lx = 17Ly = 2.481 mm. It means that when a beam of

light launches into the core A of the PCF, the optical waveg-
uide of y polarization direction is coupled to the other core B,
completely, but the optical waveguide of x polarization direc-
tion is still completely confined in the core A at the distance
of 2.481 mm. So the PCF with the length of 2.481 mm can
be used as a polarization beam splitter for the wavelength of
1310 nm.
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Fig. 8. The normalized power as a function of the propagation distance.

Figure 9 shows the relations between the normalized
power and the wavelength of which the propagation distance
is L = 2.481 mm. It can be found that the normalized powers
of x-polarized mode and y-polarized mode both change peri-
odically.
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Fig. 9. The changes of the normalized power with the wavelength.

The relations between the extinction ratios and the wave-
length are shown in Fig. 10. It can be found that, at the wave-
length of λ = 1310 nm, the largest extinction ratio can reach
to −55.3 dB, and the bandwidth where the extinction ratio is
better than−10 dB is about 8 nm (from 1306 nm to 1314 nm).
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Fig. 10. The changes of the extinction ratios with the wavelength.

5. Conclusions
In this paper, we proposed a dual-core PCF with a sim-

ple structure. Then we numerically analyzed the birefrin-
gence and the dispersion based on finite element method when
the size of the air holes and the pitch of two adjacent air
holes are changed. With the parameters of d1 = 0.45 µm,
d2 = 0.64 µm, dx = dy = 0.64 µm, Λ = 0.7 µm, the pro-
posed PCF has the best characteristics: The zero dispersions
points are at the wavelengths of λ = 800 nm and λ = 1310 nm
which means the PCF can be used in the Ti:sapphire fem-
tosecond lasers and the distributed feedback lasers; The bire-
fringence reaches the order of 10−2, so it means the PCF can
be used in polarization-maintaining transmission systems; At
the wavelength of λ = 1310 nm, when the propagation dis-
tance is L = 16Lx = 17Ly = 2.481 mm, x-polarized light and
y-polarized light are separated, so the PCF with the length of
2.481 mm can be used as a polarization beam splitter.

References
[1] Knight J C, Birks T A, Russell P S J and Atkin D M 1996 Opt. Lett. 21

1547
[2] Zhang L, Li S G, Yao Y Y, Fu B, Zhang M Y and ZhengY 2010 Acta

Phys. Sin. 59 1101 (in Chinese)
[3] Li H, Wang T J and Huang D X 2004 Chin. Phys. 13 1033
[4] Lou S Q, Wang Z, Ren G B and Jian S S 2004 Chin. Phys. 13 1493
[5] Li S G, Hou L T and Liu X D 2004 Acta Phys. Sin. 53 1880 (in Chinese)
[6] Li S G, Liu X D and Hou L T 2004 Acta Phys. Sin. 53 1873 (in Chinese)
[7] Dong H, Wu C Q and Fu S N 2004 Chin. Phys. 13 1291
[8] Habib M S, Habib M S, Razzak S M A and Hossain M A 2013 Opt.

Fiber Techinol. 19 461
[9] Nakajima K, Zhou J, Tajima K, Kurokawa K, Fukai C and Sankawa I

2005 J. Lightwave Technol. 23 7
[10] Matsui T, Nakajima K, Goto Y and Kurashima T 2011 Opt. Soc. Am.

50 6261
[11] Yan H F, Yu Z Y, Tian H D, Liu Y M and Han L H 2010 Acta Phys.

Sin. 59 3273 (in Chinese)
[12] Ademgil H and Haxha S 2009 Opt. Commun. 282 2831
[13] Zhang X, Hu M L, Song Y J, Chai L and Wang Q Y 2010 Acta Phys.

Sin. 59 1863 (in Chinese)
[14] Kashiwagi M, Saitoh K, Takenaga K, Tangiawa S, Matsuo S and Fuji-

maki M 2012 Opt. Lett. 37 1292
[15] Guo Y Y and Hou L T 2010 Acta Phys. Sin. 59 4036 (in Chinese)
[16] Hansen T P, Broeng J, Liboriet S E B, Knudsen E, Bjarklev A, Jensen

J R and Simonsen H 2001 Photon. Technol. Lett. 13 588
[17] Kazunori S, Kubota H and Kawanishi S 2001 Opt. Express 9 676
[18] Li S G, Liu X D, Zhou G Y and Hou L T 2005 Chin. Phys. Lett. 22

2855
[19] Lou S Q, Wang Z, Ren G B and Jian S S 2004 Chin. Phys. 13 1052
[20] Lou S Q, Ren G B, Yan F P and Jian S S 2005 Acta Phys. Sin. 54 1229

(in Chinese)
[21] Yan F P, Wang L, Mao X Q, Gong T R, Liu P, Tao P L and Peng W J

2010 Opt. Commun. 283 3658
[22] He H M and Li W 2013 Optik 124 5941
[23] Reeves W H, Skryabin D V, Biancalana F, Knight J C, Russell P St J,

Omenetto F G, Efimov A and Taylor A J 2003 Nature 424 511
[24] Fang H, Lou S Q, Guo T Y and Jian S S 2007 Acta Opt. Sin. 27 202
[25] Tajima K, Zhou J, Nakajima K and Sato K 2004 J. Lightwave Technol.

22 7
[26] Jiang L H and Hou L T 2010 Acta Phys. Sin. 59 1095 (in Chinese)
[27] Kim S E, Kim B H, Lee C G, Lee S J, Oh K and Kee C S 2012 Opt.

Express 20 1385

104218-5

http://dx.doi.org/10.1364/OL.21.001547
http://dx.doi.org/10.1364/OL.21.001547
http://dx.doi.org/10.7498/aps.59.1101
http://dx.doi.org/10.7498/aps.59.1101
http://dx.doi.org/10.1088/1009-1963/13/7/011
http://dx.doi.org/10.1088/1009-1963/13/9/023
http://dx.doi.org/10.3321/j.issn:1000-3290.2004.06.050
http://dx.doi.org/10.1088/1009-1963/13/8/019
http://dx.doi.org/10.1016/j.yofte.2013.05.014
http://dx.doi.org/10.1016/j.yofte.2013.05.014
http://dx.doi.org/10.1109/JLT.2004.840052
http://dx.doi.org/10.7498/aps.59.3273
http://dx.doi.org/10.7498/aps.59.3273
http://dx.doi.org/10.1016/j.optcom.2009.04.018
http://dx.doi.org/10.7498/aps.59.1863
http://dx.doi.org/10.7498/aps.59.1863
http://dx.doi.org/10.1364/OL.37.001292
http://dx.doi.org/10.7498/aps.59.4036
http://dx.doi.org/10.1109/68.924030
http://dx.doi.org/10.1364/OE.9.000676
http://dx.doi.org/10.1088/0256-307X/22/11/036
http://dx.doi.org/10.1088/0256-307X/22/11/036
http://dx.doi.org/10.1088/1009-1963/13/7/015
http://dx.doi.org/10.3321/j.issn:1000-3290.2005.03.040
http://dx.doi.org/10.3321/j.issn:1000-3290.2005.03.040
http://dx.doi.org/10.1016/j.optcom.2010.05.006
http://dx.doi.org/10.1016/j.ijleo.2013.04.124
http://dx.doi.org/10.1038/nature01798
http://dx.doi.org/10.3321/j.issn:0253-2239.2007.02.003
http://dx.doi.org/10.1109/JLT.2003.822143
http://dx.doi.org/10.1109/JLT.2003.822143
http://dx.doi.org/10.7498/aps.59.1095
http://dx.doi.org/10.1364/OE.20.001385
http://dx.doi.org/10.1364/OE.20.001385

	1. Introduction
	2. Design and numerical method
	3. Simulation and results analysis
	4. Analysis of the transmission characteristics
	5. Conclusions
	References

