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Design of Three Vortex Photonic Crystal Fibers

Wei Wei, Zhang Lingxiang, Zhang Zhiming, Tang Liqin, Ding Lei, Li Yigang”
School of Physics, Nankai University, Tianjin 300071, China

Abstract In order to study the transmission characteristics of vortex beams in a photonic crystal fiber (PCF), we
propose three different vortex PCFs, i.e., triangular lattice ring photonic crystal fiber (TLPCF), inverse-parabolic
graded-index profile photonic crystal fiber (IPGIF), and sixfold photonic quasi-crystal fiber (SPQCF). By using the
vector finite element method, we analyze the transmission characteristics of vortex modes in three PCFs. The
results indicate that the effective refractive index difference between adjacent vector modes is larger than 107",
which is conducive to the transmission of vortex beams. The dispersion coefficient of TLPCF is the smallest, and
that of SPQCF is the largest. Both of TLPCF and SPQCF can maintain the flat dispersion over a wide wavelength
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range (1400-1700 nm). The confinement losses of these three fibers are below 1 X107 dB-m ™', so that light can

be confined in f{iber core well. The nonlinear coefficients of the three different PCFs are in the order of 107 %, and the

stable transmission distances of the three different PCFs are longer than 1 km.
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different vortex photonic crystal fibers
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Fig. 4 Dispersion coefficient in three different vortex photonic crystal fibers. (a) Dispersion coefficient of HE;, mode versus

wavelength; (b) dispersion coefficients of different supporting vector modes at 1550 nm
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Fig. 5 Confinement loss in three different vortex photonic crystal fibers. (a) Confinement loss of HE;, mode versus

wavelength; (b) confinement losses of different supporting vector modes at 1550 nm
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5 4 1w

A OE T R AOL LT 45 0 R0 AT 45 B AL 3, it
T 3 B[RS 80 T S AROE 2R, JF XX 3 Fok 1
it G 2744 Hi B4 B E AT B R 2 B . BIFEAS
AW, 3 IR RE L O T R EOL AT A R B R 2
BIRT 101, REAE S5 AN [A] SCEE A9 T JE DTG 19 1% il
TLPCF B9 HCR BO7E G 15 5 1 7 Rl 9 AR X de /)
SPQCF #Y {0 i 2 B K, P 2 0 RE A D' i 15 0 BL
FRAR 4 0 (8P 3 B 45 3 RO 27 250 v il e Ot iy
B il 1k 5 RE AR BE AR FFAE 10 T LA L A R i
T AL A R R B B BRI R E s TLPCF A9
PR KR /N AR 3 TP S5 A O £ Lt R Ko
R PR B AR BE PR F7 12 10 ° 5 45 3 M i oLt
T AL 27 b e O A SRR E A% A B B R T
1 km, Eid—RFHIBETE R Y - 85O T & ROt
21 RS 2 B e 't 19 A5 5 F% i 3l 5o IR 1O 4T A5
St , AT LUK G ET o 4 2% T A% i R A 0 A 5 3 X e
P v e 21 3 45 2 e 5 B AR KA R A A

2 % x #

[1] Baranova N, Zel Dovich B Y, Mamaev A, et al.

Dislocations of the wavefront of a speckle-

inhomogeneous field (theory and experiment) [J].

JETP Letters, 1981, 33(4): 195-199.

[2] Swartzlander G A, Jr, Law C T. Optical vortex
solitons observed in Kerr nonlinear media [ ] ].
Physical Review Letters, 1992, 69(17): 2503-2506.

[3] Beijersbergen M W, Coerwinkel R P C, Kristensen
M, et al. Helical-wavefront laser beams produced
with a spiral phaseplate[J]. Optics Communications,
1994, 112(5/6): 321-327.

[4] Mirhosseini M, Magana-Loaiza O S, Chen C C,
et al. Rapid generation of light beams carrying
orbital angular momentum [J]. Optics Express,
2013, 21(25): 30196-30203.

[5] Yu N, Genevet P, Kats M A, et al. Light
propagation with phase discontinuities: generalized
laws of reflection and refraction[J]. Science, 2011,
334(6054): 333-337.

[6] Marrucci L, Karimi E, Slussarenko S, et al. Spin-
to-orbital conversion of the angular momentum of
light and its classical and quantum applications []J].
Journal of Optics, 2011, 13(6): 064001.

[7] Bozinovic N, Golowich S, Kristensen P, ez al.
Control of orbital angular momentum of light with
optical fibers [J]. Optics Letters, 2012, 37 (13):
2451-2453.

[8] Willner A E, Huang H, Yan Y, et al. Optical
communications using orbital angular momentum

beams[]J]. Advances in Optics and Photonics, 2015,

0906006-6



ot &2 # 2

7(1): 66-106. ring photonic crystal fiber[J]. Optics Letters, 2012,
[9] Bozinovic N, Yue Y, Ren Y, et al. Terabit-scale 37(11): 1889-1891.

orbital angular momentum mode division [18] Knight J C. Photonic crystal fibres [J]. Nature,

multiplexing in fibers[J]. Science, 2013, 340(6140): 2003, 424(6950): 847-851.

1545-1548. [19] Russell P. Photonic crystal fibers[J]. Science, 2003,
[10] Brunet C, Vaity P, Messaddeq Y, et al. Design, 299(5605): 358-362.

fabrication and validation of an OAM fiber supporting [20] Li H, Zhang H, Zhang X G, et al. Design tool for

36 states[J]. Optics Express, 2014, 22(21): 26117- circular photonic crystal fibers supporting orbital

26127. angular momentum modes [ J]. Applied Optics,
[11] Li S H, Wang J. Multi-orbital-angular-momentum 2018, 57(10): 2474-2481.

multi-ring fiber for high-density space-division [21] Zhang H, Zhang X G, Li H, et al. A design strategy

multiplexing [J]. IEEE Photonics Journal, 2013, 5 of the circular photonic crystal fiber supporting good

(5): 7101007. quality orbital angular momentum mode transmission
[12] Xia C, Bai N, Ozdur I, et al. Supermodes for optical [J1. Optics Communications, 2017, 397: 59-66.

transmission [ J]. Optics Express, 2011, 19 (17): [22] Ramachandran S, Kristensen P. Optical vortices in

16653-16664. fiber[J]. Nanophotonics, 2013, 2(5/6): 455-474.
[13] Li S H, Wang J. Supermode fiber for orbital angular [23] Zhang L. X, Wei W, Zhang Z M, et al. Propagation

momentum ( OAM ) transmission [ J]. Optics properties of vortex beams in a ring photonic crystal

Express, 2015, 23(14): 18736-18745. fiber[J]. Acta Physica Sinica, 2017, 66(1): 014205.
[14] Ung B, Vaity P, Wang L, et al. Few-mode fiber WA, Ak, KEM, F. BB TREEOLT IR

with inverse-parabolic graded-index profile for BECRERAE e [J]. W24k, 2017, 66(1):

transmission of OAM-carrying modes [J]. Optics 014205.

Express, 2014, 22(15): 18044-18055. [24] Liao K, Liao J F, Xie Y M, et al. A defect photonic
[15] Zhang Z S, Gan ] L, Heng X B, et al. Optical fiber crystal fiber with high birefringence and negative

design with orbital angular momentum light purity dispersion [J]. Laser & Optoelectronics Progress,

higher than 99. 9% [J]. Optics Express, 2015, 23 2018, 55(7): 070604.

(23): 29331-29341. BE, B, Wk, . — e i s e
[16] Zhao CY, Gan X T, Li P, et al. Design of multicore Bepa S T RO (1], ok 506 h T kR,

photonic crystal fibers to generate cylindrical vector 2018, 55(7): 070604 .

beams[]J]. Journal of Lightwave Technology, 2016, [25] Yue Y, Yan Y, Ahmed N, et al. Mode properties

34(4): 1206-1211. and propagation effects of optical orbital angular
[17] Yue Y, Zhang L, Yan Y, et al. Octave-spanning momentum (OAM) modes in a ring fiber[J]. IEEE

supercontinuum generation of vortices in an As,S;

0906006-7

Photonics Journal, 2012, 4(2): 535-543.



