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Performance study on an open photonic crystal cavity
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Abstract: To study the property of an open photonic crystal cavity, the new open cavity, formed by 30° vertex angle of the

photonic crystal and air tank alternately was analyzed based on the plane wave expansion method and finite-difference time-domain
=

method. It was found that the open cavity structure had negative refraction property in both the normalized frequency bands
(0. 3006 ~0. 35 and 0. 6755 ~0. 6851) , and a zero-optical path closed-loop could be formed with the air tank in the frequency

this open photonic crystal cavity whose resonance wavelength varies with the refractive index.

range of negative refraction; and there was a high transmission rate in the photonic crystal and air tank boundaries, so resonance
could happen at a certain wavelength. The results indicate that the refractive index can be measured with high sensitivity using
time-domain method; detection
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Fig. 1 Plan structure of an open photonic crystal cavity
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Fig.2 Band structure of the open photonic crystal cavity for TE mode
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Fig.3 Band of the equi-frequency surface with negative refraction phenom-
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Fig.4 Simulation diagram in the center frequency of the band with the neg-
ative refraction phenomena

a—center frequence is 0. 3253 b—center frequence is 0. 6803
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Fig.5 Frequency spectrum diagram of the open photonic crystal cavity when
the material of dielectric cylinder is EMERY SAND
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Table 1 The change of resonance wavelength with the results of the tested

object’ s refractive index

refractive index

resonance frequancy f/¢

resonance wavelength/ pum

1.0 0.31875 3.154

1.002 0.31867 3.138

1.004 0.32502 3.122

1. 006 0.32537 3. 106

1.008 0.32600 3.090

1.01 0.32621 3.074
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Fig.6 Strength of field of the open photonic crystal cavity al the resonance
frequency of 0. 31875
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Fig.9 Simulation experiment setup
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Fig. 10 Coordinate difference between calculated value and measured by to-

tal station
A Vmrad, B 0] F MR KRB IR ZE K 2. 8mm, B 75 25
/NF Tmm il R BT EDKR
SLRUEB « 2k i R Y B B A RE T IE AR E
J O TCAT S o FE B A8 2R 15 B 0 o T BORS BE,

BEMWHVEERRER AR ZKE, % H LT
FEER,

6 & it

REA SO BTk B B R MU E D7 R A R AL
B B WK, (AR SR AR, B A TAREK
ERKZ PrEScR R EE KBS, RE AT B30
AL A SR ; BT, M CCD ESRBE( B i
{EROCERZS [0 M N 7 P, S 1B P 0 32 AR
BIkHE I, AT — ot

& £ X W
[1] FENGDJ, PANQL, ZHANG F M, et al. On the orientation survey

of the shield in subway construction[ J]. Geotechnical Investigation
and Surveying, 2003,31(5) :57-61(in Chinese).

[2] ZHANG HM, GU L. On the measurement and the method of compu-
tation of the posture parameters of shields{ J]. Modern Tunnelling
Technology ,2004 ,41(2) :14-20(in Chinese).

[3] Z0U W J, ZHU G L, WU X B. Angle measuring system of laser
based on array CCD [ J]. Opto-Electronic Engineering, 2006, 33
(10) :9195{in Chinese).

[4] WUXB, ZHU G L, ZOU W J. Research of a PSD-based electric laser
system{ J]. Machinery & Electronics ,2006,24(7) :38-40(in Chinese).

[5] PAN M H, ZHU G L. Study of measure methods of the automatic
guiding system of shield machine [ J]. Construction Technology,2005,
34(6) :34-36(in Chinese).

[6] LIUD L, HUANG Y K. Guided system VMT of shield machine[J].
Construction Machinery,2003,23(1) :60-61(in Chinese).

[7] ZHOU L P, ZHAO B, LI Zh. Theory and generation of non-diffrac-
ting Bessel beams[ J]. Optics and Precision Engineering, 1997, 5
(4):14-19(in Chinese).

[8] ZHANG B, LU B D. Analyzing the propergation properties of diffraction-
free beams[J]. Laser Technology,1996,20(1) :14-19(in Chinese).

[9] ZHAI Zh Sh, ZHAO B. Study on property of central spot of non-dif-
fracting beams [ J]. Laser Technology, 2008,32 (5) ;480483 (in
Chinese) .

[10] ZHAO B, L1 Zh. The focus diffraction property of axicon illuminated

by inclined plane wave[]]. Acta Optica Sinica,1999,19(3) :299-
305 (in Chinese).

[11] CHEN H, ZHAO B. Global center detection algorithm of non-dif-
fracting beam [} ]. Semiconductor Optoelectronics, 2008,29 (5):
770-773 (in Chinese).

[12] ZHU GL, WU X B, PAN M H. Analysis of errors in shield auto-
matic guide system [ J]. China Municipal Engineering, 2006, 31
(1) :44-47(in Chinese).

(L% 314 )

[7] NOTOMI M. Theory of light propagation in strongly modulated photon-
ic crystals; refractionlike behavior in the vicinity of the photonic band
gap[ J]. Physical Review Letters, 2000, B62(16) : 10697-10705.

[8] HESL, JINY, RUAN Zh Ch, et al. On subwavelength and open re-
sonators involving metamaterials of negative refraction index [J]. New
Journal of Physics, 2005, 7. 210.

[9] HESL, RUAN Zh Ch. A completely open cavity realized with pho-
tonic crystal wedges [ ] ]. Journal of Zhejiang University ( Science

Edition) ,2005, A6(5):355-357.

[10] RUAN Zh Ch, HE S L. Open cavity formed by a photonic crystal
with negative effective index of refraction[ J]. Optics Letters,2005,
30(17) : 2308-2310.

[11] KUANG ]G, JINY, HE S L. An open wedge cavity based on the
negative refraction of a phetonic crystal[ J]. IEEE Microwave and
Wireless Components Letters,2006,16(11) :582-584.

[12] SUN G L, BAKHTAZAD A, JUGESSUR A, et al. Open cavities
using photonic crystals with negative refraction[ J]. SPIE, 2006,
6343 . 63433M/1-63433M/7.



