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Short Length Polarization Splitter Based on Dual Elliptical-Core
Photonic Crystal Fiber

Li Rongmin Cao Ye Tong Zhengrong
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Computing and Novel Software Technology . Tianjin University of Technology. Tianjin 300384, China)

Abstract Based on the birefringence effect, a novel polarization splitter based on dual elliptical-core photonic crystal
fiber (PCF) is proposed. the elliptical-core through introducing a pair of big air holes and a pair of small air holes in
every core. The full-vector finite element method (FEM) and the semi-vector beam propagation method (BPM) are
employed to analyze the performance of the splitter. Numerical simulations demonstrate that it is possible to obtain a
544 pm long polarization splitter, and the polarized light extinction ratio is — 43. 75 dB at the wavelength of
1.55 pm. Besides, the bandwith is over 80 nm when the extinction ratio is less than —10 dB. Such design provides a
new approach to get highly extinction ratio and short length polarization splitter based on dual-core photonic crystal fiber.
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Fig. 1 Cross section of the dual-core PCF
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Fig. 2 Transverse magnetic-filed vector distributions of the PCF. (a) E. (x,y); (b) E,, (x,y);
(c) E(x,y); (D E,,(x,y)
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Table 1 Confinement loss of the orthogonal polarization
modes for the PCF at the wavelength of 1. 55 pm

and the loss after transmission 544 pm

Polarization Confinement  Loss after transmission
(A=1.55 pm) loss /(dB/mm) 544 pm /dB
E..(z+) 0. 0205 0.011152
E,. (x,y) 0.0221 0.0120224
E.(x.y) 0.0213 0.0115872
E,, (x,y) 0. 0257 0.0139808

3.4 HEtt
T 't FU R 1 30 i Uk 20 A A8 P RE G TE 2248 b5 .
235 A P AT Pl H T

Py = P;i;'ycos(% 13>, (6)
NeF s A XY G i iE G e
E, = 10lg( 1), @

Bl 6 J&7EBGEOE T i Ot 2F K 544 pm
WL AR (DA LR A TR ARy 15~
L6 pmiu FNAIEOL L. EP K A=1.55 ym 4.
WG TR 3] —43.75 dB, & T2 % Cik[11~13],
X FAS G AE 1.51~1.59 pm B, HA % Heo 2
/NTF =10 dB, B B B I XU G T 4O 2T i 4
AR AE P K A= 1. 55 um BT WG AN T
—10 dBEI’Jlgﬂ‘Zt@EE%I%J 80 nm,

[1]3

|
—
(=]

Extinction ratio /dB
Lok
(=) (=]

|
'S
(=]
T

1 1L L 1 1

1.50 152 1564 156 158 1.60
Wavelength /um

6 B 6T db A B £ R R 43 A A 6 L
it i 4 1) 7 Ak il 8
Fig. 6 Dependence of the extinction ratio with

wavelength in PCF polarization splitter

4 45 i

AR LR 5 H AR AN R 1 2 AL B Ok
T ARG ER £ S0 6 AR L AT DSR2 A R
ProppaioR o BT T S RN BTt 1 — R B A XA
] 21 38 06 1 Al A ' 2 i i 70 o 2% 5 R 4k A R
TCE N Rt O A% 1 v BRI AR 40032 D A1 7 o 44 1Y)
PERE. MR RS 544 pm BB LS. X
PR TE 2R G B 5 — AR, SEEL T A 4R
I B s TE D I A= 1. 55 pum Ab, Y6 EF i BR il 5 A AR
%, 9 BARIE &0 544 pm BF 8515 5 2 J5 AR (L
10 BRSPS A=1. 55 pm 4b, G A F)
—43.75 dB. Ht K M 1. 51~1. 59 pm G H/NT
— 10 dB. 4 553 [l 2 80 nm., X Hi i HA &G
PO IR 6 A< B2 8 B8 D' - Al A G 2T B I 53 o s 2 £t
TR R S5 .

& & X #

1 Li Wei, Chen Hui, Chen Ming. High symmetry of the mode field
distribution photonic crystal fiber with high birefringence[ ] ].
Chinese J. Lasers, 2012, 39(2): 0205002
B, BkOME, BR WL @B XEARMERES A A Y BUT 8 OE T R
RG] P @k, 2012, 39(2): 0205002

2 Zhou Qinling, Lu Xinggiang, Zhang Guang e« al.. Mode
characteristics of a large mode area flattened-mode photonic
crystal fiber[J]. Acta Optica Sinica, 2010, 30(5): 1497~1500
JAZRWE, AR, K O AL R TE FRT DU 0t (R 6 £ A
AL 4R, 2010, 30(5) . 1497~1500

3 Wang Dan, Zheng Yi. Numerical simulation and analysis of
double cladding photonic crystal fiber[ J]. Acta Optica Sinica ,
2011, 31(8): 0806010
R S B2 G EOT L R AR A I BUE LS 4y
BrlI]. &5 4R, 2011, 31(8): 0806010

4 D. J. Juan Hu, P. P. Shumb, C. Luet al.. Dispersion-flattened
polarization-maintaining photonic crystal fiber for nonlinear
applications[ J]. Opt. Commun. , 2009, 282(20): 4072~4076

5 Wang Yanbin, Hou Jing, Liang Dongming e al.. Study of
supercontinuum generation in the normal-dispersion regime of
photonic crystal fiber [J]. Chinese J. Lasers, 2010, 37 (4):
1073~1077
FE, & W RA . BT RGBS
FEAERESEL]]. P Esk, 2010, 37(4); 1073~1077

6 Z. Wang, T. Taru, T. A. Birks et al.. Coupling in dual-core
photonic bandgap fibers: theory and experiment [ J]. Opt.
Express, 2007, 15(8): 4795~4803

7 Zhang Xuan, Liao Qinghua, Chen Shuwen et al.. Proposal of
novel and efficient polarization beam splitter[ J]. Acta Physica
Sinica , 2011, 60(10) . 104215
gk e, B Ae . PRIUC AL R IR IR OG A R AR BT .
W IR, 2011, 60(10); 104215

8 Mingyang Chen, Bing Sun., Yongkang Zhang et al.. Design of
broadband polarization splitter based on partial coupling in square-
lattice photonic-crystal fiber[J]. Appl. Opt., 2010, 49 (16):
3042~3048

9 Dong Mao, Chunying Guan, Libo Yuan. Polarization splitter
based on interference effects in all-solid photonic crystal fibers
[11. Appl. Opt. . 2010, 49(19) . 3748~3752

10 Li Dan, Liu Min, Jian Duo et al.. Characteristics of highly

1005004-4



AR

JEL K B U 189 T 585 006 7 it 14 ' 2T i i 23 TR

birefringent dual-core photonic crystal fiber [ J]. Chinese J.
Lasers, 2012, 39(4) . 0405005
£ T I OO =1 A = V& 70 DY O e i R e o & o
[J). ¥ HE#k, 2012, 39(4): 0405005

11 Shuo Liu, Shuguang Li, Ying Du. Analysis of the characteristics
of the polarization splitter based on tellurite glass dual-core
photonic crystal fiber[J]. Opr. & Laser Technol. , 2012, 44(6) .
1813~1817

12 Wen Ke, Wang Jingyuan, Wang Rong. Polarization splitter
based on two-core rectangular-lattice photonic crystal fibers[ J].
Chinese Jowrnal of Quantum Electronics, 2008, 25 (4):.
505~508
3R IR, SR HETE AR XGE S A A i PR 4 R
WHIBEELT]. FF & F F4k, 2008, 25(4): 505~508

13 Zhang Bin, Tan Xiaoling, Xue Ruiqiu et al.. Polarization splitter
based on double rectangular-core photonic crystal fibers [ ] ].
Infrared and Laser Engineering , 2012, 41(3) . 745~749
gk ouk, ELER, AR . SUETE LSO T R LT iR 4 R
)] ashH e A2, 2012, 41(3); 745~749

14 Jianhua Li, Jingyuan Wang, Rong Wang et al.. A novel
polarization splitter based on dual-core hybrid photonic crystal
fibers[J]. Opt. & Laser Technol. , 2011, 43(4): 795~800

15 Bing Sun, Mingyang Chen, Rongjin Yu et al.. Design of a fiber
polarizer based on an asymmetric dual-core photonic crystal fiber
[J]. Optoelectron. Lett., 2011, 7(4): 0253~0255

16 S. Selleri, L. Vincetti, A. Cucinotta e al.. Complex FEM
modal solver of optical waveguides with PML boundary conditions
[J]. Opt. Quantum Electron. , 2001, 33(4,5); 359~371

17 Bo Fu, Shuguang Li, Yangyan Yao et al.. Design of two kinds of
dual-core high birefringence and high coupling degree photonic
crystal fibers[J]. Opt. Commun. , 2010, 282(20); 4064~4068

18 Liu Shuo, Li Shuguang, Fu Bo e al.. Analysis of coupling
characteristics of midinfrared high polarization chalcogenide glass
dual-core photonic crystal fiber[ J]. Acta Physica Sinica, 2011,
60(3): 034217
XA, ZERESG, AT M . 2D Ah R R R R BB SUI G T
LA R tERF e )], S F 40, 2011, 60(3): 034217

19 N. J.  Florous, K. Saitoh, M. Koshiba.

polarization-independent splitters based on highly birefringent

Synthesis  of

dual-core photonic crystal fiber platforms[]J]. IEEE Photon.
Technol. Lett., 2006, 18(11); 1231~1233

20 J. S. Chiang, N. H. Sun, S. C. Lin e al.. Analysis of an
ultrashort PCF-based polarization splitter [ J]. J. Lightwave
Technol. , 2010, 28(5): 707~713

21 K. Saitoh, S. Member, M. Koshiba. Full-vectorial finite
element beam propagation method with perfectly matched layers
for anisotropic optical waveguides[J]. J. Lightwave Technol. ,
2001, 19(3): 405~413

ZERE: Ersk

1005004-5



