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A Variable Optical Attenuator Based on the Photonic Crystal Waveguide

YIN Jian-ling, HUANG Xu-guang, LIU Song-hao
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South China Normal University, Guangzhou, Guangdong 510006, China)

Abstract A novel variable optical attenuator (VOA) based on the photonic crystal (PC) waveguide infiltrated with
liquid crystals is demonstrated. The PC waveguide decrement is controlled by adjusting rotation angle of the liquid
cyrstals orientation vector. And the VOA properties are numerically investigated by using the finite difference time
domain (FDTD) method. Numerical simulation shows that the attenuator in the PC waveguide can be changed based
on the orientation of liquid crystals by adjusting the applied field. Furthermore, the attenuator lies in 0. 5~25. 4 dB

with rotation angle of the liquid crystals varying from 0° to 90°, the insertion loss is less than 0. 2 dB, and the size is
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in micron dimension.
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Fig. 1 Schematic diagram of hexagonal lattice PC

waveguide with liquid crystals
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Fig. 2 Partial band gap of photonic crystals with phenylacetylene liquid crystals

(a) ~(c) are at the angle of 0°, 45° and 90°, respectively
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Fig. 3 Attenuation of PC waveguide with phenylacetylene

liquid crystals versus variable rotation angle
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(a) integration structure of the VOA with PC waveguides; (b) ~
(d) are electric field patterns observed in the integration

structure at ¢ =0°, 45° and 90°, respectively

REE R R B  TE 8 BB DL » AR SCAT 3R i Y
SR T R B0 45 4 AT B AR AT R ' 3 el A, RVl
o 2 1 90 s O B A R T R Y HL S e B, T EL R R
FKARGE 2 BA—ZEFF BB E M,
B, — 28 20 A7 T 2 AT 3R O 2 U A 4 A Bl
T RR A 5 2 [ R RE S R R L SR BT 51 A Y



674 i e # P 34 %
ANRFEIL RO, 2 dB, iZ M E AT 5 H 5 & I W15 5 Katsumi Yoshino, Yuki Shimoda, Yoshiaki Kawagishi e al. .

&t A] A ot s vl B 1R B A L AL

4 45 i

R BB J7 ¥ AR 52, M DG T W AR T 1) 7
B 5% AT 3 Y T L 3 A A 9 ) e e R o I
FEW AR BT B A B T B TE T B HEAT A N, AT 52
BT R 6 B I8 AR » FE UYL R T AR 0. 5~25. 4 dB. A%t
TG PR IE AR » 1% AT A SR A% B B e
RGBSR R 0.2 dB)  RH/N SR8 5T
A ' i A 3 2 1 AT SR AR A

5 F X W

1 A. Martinez, F. Cuesta, J. Marti. Ultrashort 2-D photonic
crystal directional couplers [J]. IEEE Photon. Technol. Lett. ,
2003, 15(5):694~696

Chang Yuchun,
Transmission characteristic of photonic crystal waveguide [J].
Chinese J. Lasers, 2002, A29(8):711~713
KRB, W EE, LS & TR IERSERRLT]
& E#k, 2002, A29(8):711~713

3 Zhu Zhihong, Ye Weimin, Yuan Xiaodong e «l.. Photonic
crystal waveguide directional coupler [J]. Acta Optica Sinica ,
2003, 23(10):1237~1240
REZMHTR,ERA % AFRkEeEmBSaRI] &
F 53R, 2003, 23(10):1237~1240

4 Lin Xubin, Liu Yukui, Li Baojun. Theoretical study of silicon-
based two-dimensional photonic crystal coupler [ J]. Acta
Optica Sinica , 2005, 25(9):1157~1160
MM, X £, FEE. BE X TFRHEBSHERUR
[J1. &% %3], 2005, 25(9):1157~1160

2 Song Junfeng, Wang Haisong & al..

10

11

12

13

14

Temperature tuning of the stop band in transmission spectra of
liquid-crystal infiltrated synthetic opal as tunable photonic
crystal [J]. Appl. Phys. Lett. , 1999, 75(7):932~934
Hiroyuki Takeda, Katsumi Yoshino. Tunable photonic band
schemes of opals and inverse opals infiltrated with liquid crystals
[J1. J. Appl. Phys., 2002, 92(10) :5658~5662

Chen-Yang Liu, Lien-Wen Chen.

polarizer using hybrid conventional waveguides and photonic

Tunable field-sensitive

crystal structures with nematic liquid crystals [ J]. Opt.
Commun. , 2005, 256(1-3) ;114~122

S. W. Leonard, J. P. Mondia, H. M.
Tunable two-dimensional photonic crystals using liquid-crystal
infiltration [J]. Phys. Rev. B, 2000, 61(4):R2389~R2392
Hiroyuki Takeda, Katsumi Yoshino. Tunable refraction effects

van Driel et al..

in two-dimensional photonic crystals utilizing liquid crystals
[J]. Phys. Rev. E, 2003, 67(5):056607-1~056607-5
Takeda,
uncoupled modes in two-dimensional photonic crystals due to
anisotropies of liquid crystals [J]. Phys. Rev. E, 2003, 67(5);
056612-1~056612-5

Hiroyuki Takeda, Katsumi Yoshino. Tunable light propagation

Hiroyuki Katsumi Yoshino. Disappearances of

in Y-shaped waveguides in two-dimensional photonic crystals
utilizing liquid crystals as linear defects [J]. Phys. Rev. B,
2003, 67(7):073106-1~073106-4

Wang Xinjiu. Liquid Crystals Optics and Display [ M]. Beijing:
Science Press, 2006. 92~93

FHA. WG A B SR IMI. dt . B2 AL, 2006.
92~93

Zhi-Yuan Li, Jian Wang, Ben-Yuan Gu. Creation of partial
band gaps in anisotropic photonic-band-gap structures [ J .
Phys, Rev. B, 1998, 58(7).:3721~3729

Yin Jianling, Huang Xuguang, Liu Songhao et al.. Photonic
crystal field-sensitive polarizer and switch modulated by nematic
liquid crystals [J]. Acta Physica Sinica, 2006, 55(10) ;5268 ~
5276

B, NG, XM SE S, VR R VA R O R T 4 ROt
FEFFRI]. =, 2006, 55(10):5268~5276



