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Fig. 1 TIllustration of the air-slot photonic crystal cavity
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Fig. 2 Band structure of the air-slot photonic crystal cavity

I-even I-odd II-even IT-odd
YOOOCH»OOOCIYOQUOCHY»OOOC

OaCaOaCy CACACACy O COC OO OO
Ieess lemss A4S KaLE
Imawe SOFY 99OV
NOVOVONC NOVOYORC

'0.0.0.0' %D OOOQO6 CCOOC O0OCO
yOOOCHY»OOOCHI»OOOCYOOOC

M3 WAEXW#Y H oF
Fig. 3 Field distributions H. of these four modes

2.2 FHRBEXFRERAZSERIERE D —MEBE
S

B AL 1 T R A AR X AR L i B — B A
A5 ] s H AT 35 v 1 i BT P Q R AN AR R V
PRI AR S T2 B3 BT B0 I P i — B . s A
PR B 38 2% 43 (Finite-difference time-domain, FDTD)
EIHEAA R, Y S MR s=70 nm, 25 TR HOE
I 7 v — B A ABE A it B IR s 38 Q= 10° , BEAR R
N V=0.02G/n)". 5350 AN A, L 5 1) — 4 il B
Al s TOGHE T HA R Dyl EE K A Rt AT
PLSRASAR 5 19 i o2 R Q.



444 T % M 11 %
1620 -
=~ E -
1\3 = 1560
a & .
- E
< 1500 - -
=
1440 . ) . ) . ) N
-1.5 -1.0 -05 0 05 10 15 140 160 180 200
K.(2n/a) Radius/nm
4 AHREERZQEITEN - W EE 8= HEt H7 —HEEEREKBEEZALFENTL
M Fig. 7 Variation of calculated resonant wavelength of the

Fig.4 FDTD simulation and Fourier transform of the

electric field for the first order even cavity mode
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Fig. 5 Variation of first order electric field distribution E,

with air slot widths
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first order even mode with the air slot width

first order even mode with the radius of the air holes
PRI B2 AL R 224, o s =70 nm. 3R
A NSRRI R Ey (U DI NI (2 075 A A 21
S22 r=170 nm W , AT A5 f e B IS it 5T A1 PR
e FE XA AN ARSI BT B R 52

3 #Hit

A SCHIFFE T — Pl Al B S - b A B i A L
U TNESE S )-8 B A T AR R W i B X P YR
Gyplo ZUR BRAE 25 SR b B T4 R i O i 22
P L3775 2R K09 42 [m] B A A R g DR R b B
K. 2 1 3] s A5 1 i I 00 238 o0 X R P o i B — o {1
(7] B 5L A A v ) it JBE PRI R /N R AA B, N AT
B IsF 38 22 3 A5 30 s B 1 o o PR AT DA e ak 10°,
BRBUL Ry 0. 023 /n)° , HLHL Y 32 243 #i 48 55 A
L BESE T — BB IR I K B S AR E R DA s
AL R AR AR, & B 4R I K BE A = S
JE R A AL ARG I /. X A Q/V E W] LA
TEBE ST T SR 5 19 R = 3 ) 5% (Cavity
Quantum Electrodynamics) . B [ 55 [8] B4 4 & 3 40
HAEH AR M DL R B R A
% Xk
[1] YABLONOVITCH E. Inhibited spontaneous emission in solid-

state physics and electronics [ J]. Physical Review Letters,

1987, 58(20): 2059-2062.

[2] JOHN S. Strong localization of photons in certain disordered

dielectric superlattices[J]. Physical Review Letters, 1987, 58
(23): 2486-2489.

[3] SUGIMOTO Y, TANAKA Y. IKEDA N, et al. Low
propagation loss of 0. 76 dB/mm in GaAs-based single-line-
defect two-dimensional photonic crystal slab waveguides up to
1 cm in length[J]. Optics Express, 2004, 12(6): 1090-1096.

[4] LINSY, CHOW E, BUR J, et al. Low-loss, wide-angle Y
splitter at approximately ~ 1. 6-pm wavelengths built with a
two-dimensional photonic crystal[J]. Optics Letters, 2002, 27
(16): 1400-1402.

[5] NODA S, CHUTLNAN A, IMADA M. Trapping and
emission of photons by a single defect in a photonic bandgap
structure[ J|. Nature, 2000, 407(6804) : 608-610.

[6] CAI M., PAINTER O. VAHALA K J, et al. Fiber-coupled



4 4 G+ T R T AR 0 2 R B S AR BRI T AR R s ORI 445

microsphere laser[ J]. Optics Letters, 2000, 25(19);: 1430- Demonstration of an air-slot mode-gap confined photonic
1432. crystal slab nanocavity with ultrasmall mode volumes[]].

[7] NOMURA M, IWAMOTO S, WATANABE K, et al. Room Applied Physics Letters, 2010, 96(5): 051123-1-051123-3.
temperature continuous-wave lasing in photonic crystal [13] VAHALA K J. Optical microcavities J]. Nature, 2003, 424
nanocavity[ J]. Optics Express, 2006, 14(13); 6308-6315. (6950): 839-846.

[8] ASANO T, KUNISHI W, SONG B S, et al. Time-domain [14] GRUDININ I S, MATSKO A B, MALEKI L. On the
response of point-defect cavities in two-dimensional photonic fundamental limits of Q factor of crystalline dielectric
crystal slabs using picosecond light pulse[J]. Applied Physics resonators ] ]. Optics Express, 2007, 15(6): 3390-3395.
Letters, 2006, 88(15). 151102-1-151102-3. [15] SOLTANI M, YEGNANARAYANAN S, ADIBI A. Ultra-

[9] JI Lingling, CHEN Wei, CAO Ying-chun, et al. high Q planar silicon microdisk resonators for chip-scale
Supercontinuum generation based on fission of higher-order silicon photonics[ J]. Optics Express, 2007, 15(8): 4694-
solitons in bi-refringent photonic crystal fibers [ J]. Acta 4704,

Physica Sinica, 2009, 58(8): 5462-5466. [16] ARMANI D K, KIPPENBERG T J, SPILLANE S M, etal.
TRy, B, WlE, & T RO R T IT Ultra-high-Q toroid microcavity on a chip[J]. Nature, 2003,
BB REE LG L], PR, 2009, 58(8): 5462- 421(6926) : 925-928.

5466. [17] NODA S, FUJITA M, ASANO T. Spontaneous-emission

[10] LIU Hai-ying, MENG Zi-ming, DAI Qiao-feng, et al. control by photonic crystals and nanocavities [ J ]. Nature

Experimental investigation of the slow light and superluminal Photonics, 2007, 1(8): 449-458.

effects in high-quality three-dimensional colloidal photonic [18] TANABE T, NOTOMI M, KURAMOCHI E, et al.
crystals[J]. Acta Physica Sinica, 2009, 58(7) . 4702-4707. Trapping and delaying photons for one nanosecond in an
XUHEHE, 52 [ 0, s nd, 25 R = 4ROt ST E ultrasmall high-Q photonic-crystal nanocavity [ J]. Nature
S5Ot A SR AT LT ] W B2 A, 2009, 58(7). Photonics » 2007, 1(1) ; 49-52,

4702-4707. [19] XIE Dong-hua, HE Xiao-dong, TONG Chuan-ping. et al.

[11] YAMAMOTO T, NOTOMI M, TANIYAMA H, er al. Parameter analysis of planer photonic crystal microcavity[]].

Design of a high-Q air-slot cavity based on a width-modulated Acta Photonica Sinica, 2007, 36(3) . 434-438.
line-defect in a photonic crystal slab[J]. Optics Express, WHRAE, TR, ARAGF, 45 ARG 7 S A IR i o 5B 4
2008, 16(18): 13809-13817. i) 6724, 2007, 36(3): 434-438.

[12] GAO Jie, Mc MILLAN F J, WU Ming-Chung, et al.
An Air-slot Cavity Based on Width-modulated Line Defect Photonic Crystal Slab

SHU Jing
(School of Electronic and Optical Engineering ,» Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: An air-slot photonic crystal cavity is studied based on the design of an air-slot in a width-
modulated line-defect in a photonic crystal slab. The electric field of the cavity mode is strongly localized in
free space. Owing to the discontinuity of the dielectric constant, the electric field of the cavity mode is
strongly enhanced inside the slot and the mode volume is strongly compressed. The cavity band structure
and cavity modes of this air-slot photonic crystal cavity are numerical simulated and analyzed. According to
the resonant frequency and the symmetry of the cavity modes, the first order even mode has both high
quality factor and small cavity volumn. Using finite-difference time-domain method, the calculated quality
factor is as high as 10° and the mode volume is as small as 0. 02 of a cubic wavelength in a vacuum.
Additionally, the properties of the first order even cavity mode as a function of the slot width and the
radius of the holes are calculated. The resonant frequency of the first order even mode is decreased with
the solt width and radius of the holes. But when the radius of the holes are 170 nm, the highest quality
factor of the air-slot photonic crystal cavity is obtained.

Key words: Photonic crystal cavity; Optical microcavity; Finite-difference time-domain method; Quality

factor; Mode volume



