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Abstract: The band structure and the optical transmission properties of the two-dimensional
photonic crystal with complex dielectric constant, especially discussing on the case of negative
imaginary part, are analyzed numerically with the plane-wave expansion method. The results show
that the spontaneous emission of special light frequency that is in the range of photonic band gap is
effectively restrained. A large enhancement of stimulated emission appears at the photonic band
edges where the group velocity is small if the photonic crystal is with a little impurity atoms that
have population inversion. This phenomenon will happen even if the dielectric constant difference
between two dielectrics is very small. Generally, there is a small group velocity near the photonic
band gap. Because the threshold of emitting laser is proportional to the square of group velocity,
the lasing threshold decreases with a decrease in the group velocity. This might be used either to
realize lasing operation near zero thresholds, or to supply a beneficial reference for fabricating
optical amplification device.
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Fig.1 The structure of photonic crystal made up
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Fig. 2 The transmission properties of photonic crystal. (a) The band structure, (b) transmittance spectrum
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Fig. 3 The transmission properties of photonic crystal with a negative imaginary part dielectric constant.

(a) Transmittance spectrum, (b) reflectance spectrum
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Fig. 4 The sum of reflectance and transmittance spectrum versus the layer of photonic crystal.
(a) 32 layers, (b) 16 layers, (c) 8 layers, (d) 4 layers
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Fig.5 Gain versus the negative imaginary part of

dielectric constant
BRI , B 5 Rt A 55 5 B I BUE R Y
AR R WAL 25 g & SCH A IR 5 T TR B 57
RHBENEMZW, B

(R + T) active
(R + T) passive (dB)

B 5 2B, L4l o B TR AUE LB R
S B R BRI 3 25 SV B T 3 4 0 ok
Beb s (H 4 el B FRACE I A E 0. 01 B, B
WA R BT, EAEERE. Haths
BB, RR 2 — R FEE A R RO R A
FAT A B 2 S A AR A » 2R A S5 AR A JOT 3 B 9
T B R R BB A 7 A, DT 4 2 B B
HEAEZ. XEAFBRE—AERE b TIiHE
7 B RS LAY BR A BT A SR BT IR Z I
EXT RAEPHFELERE, LK R A
T V6 SR SO 1 SO RS i, TR A
JE B BRI T B 5 o 0 B 2 B, 55 RO
Xt G B TTRRAR /N . B 240 5 0 3 25 AR R ff
AR 55 B9 TR o AR 38 908 T HL T 6 7 o i o
Z 2 EE A — SO RY R T BRR K, AT He
BB B . L, T3 LAY B3R 2 0 A R
AR 15 R RAR K

g = 10lg

i A SOR A TR T ikl ad BUE AR AT 5T
YEA IR T A B REHT G5 4 AL AL B e L BT R
B, SENRPBABMERFEN AR EERA R
HE FR B 5 e B R ) 52 SRR S IR T L 32 S O
MR BRA S MBERETHRIL%. FERHEZ
TEF BRI AL » 6T 5 140 B T 2 /N A
S EE S MR B TR A AR R T XA . BT
FRUL LT MBI EZ R 16 |2 (17. 92 pm) i,
RIVBE P AR A B A B B B AR ZAR /N B AL BRI
R ATLAR B BRI Z W SR . BEE LY

HHE R R R, AR TR B R Wi e B4
REMBILT RIABCON T RE. KPR B RS SR
JR 2 [8] 9 HE AR P R i 77 7R Y ELIX Al e B AR
RATLLER . B E T RS R, AT
A S5l 1 W 48 5 3 5 0 PR MR EL AR R i A BE G
ZREN ARG R . B TEOCHEREL TH&EE
907 » R BEAR /N, BOE BRE K RN . (7]
i, WO B A0 Y8/ B AT LA B 52 Y0 4 5 ST
AE B 22 08 52 B F (30452 B BOL 8% N 7T
E. [RIAT, A B 5T 00 AR G R B F SR T — A
AHRBEBESE,

2 % X ®

1 Yablonovitch Eli. Inhibited spontaneous emission in solid-
state physics and electronics. Phys. Rev. Lett. , 1987, 58
(20) :2059~2062

2 Sajeev John. Strong localization of photons in certain
disordered dielectric superlattices. Phys. Rev. Lett. ,
1987, 58(23):2486~2489

3 Hirayama H, Hamano T, Aoyagi Y. Novel surface
emitting laser diode using photonic band-gap crystal
cavity. Appl. Phys. Lett. , 1996, 69(5):791~793

4 Tmada M, Noda S, Chutinan A e al.. Coherent two-
dimensional lasing action in surface-emitting laser with
triangular-lattice photonic crystal structure. Appl. Phys.
Lett. , 1999, 75(2):316~318

5 Meier M, Mekis A, Dodabalapur A et al.. Laser action
from two-dimensional distributed feedback in photonic
crystals. Appl. Phys. Lett., 1999, 74(1).7~9

6 Notomi M, Suzuki H, Tamamura T. Directional lasing
oscillation of two-dimensional organic photonic crystal
laser at several photonic band gap. Appl. Phys. Lett.,
2001, 78(10):1325~1327

7 Kafesaki M, Sigalas M M, Garcia N. The finite difference
time domain method for the study of two dimensional
acoustic and elastic band gap material. 2001, Photonic
Crystals and Light Localization in the 21% Century,
Costas M. Soukoulis Ed. Boston: Kluwer Academic
Publishers, 69~82

8 Masanori Koshiba, Yasuhide Tsuji, Masafumi Hikari.
Time-domain beam propagation method and its application
to photonic crystal circuits. J. Lightwawve Techol. , 2000,
18(1):102~110

9 Jun Yonekura, Mitsutaka lkeda, Toshihiko Baba.
Analysis of finite 2D photonic crystals of columns and
lightwave devices using the scattering matrix method. J.
Lightwave Technol. , 1999, 17(8):1500~1508

10 Silvestre E, Russell P SJ, Birks T A et al.. Analysis and

design of an endlessly single-mode finned dielectric
waveguide. J. Opt. Soc. Am. (A), 1998, 15(12).3067
~3075

11 Kerbage C E, Eggleton B J, Westbrook P S e al..

Exprimental and scalar beam propagation analysis of an



318 )t 2 =3 i 24 %

air-silica microstructure fiber., Optics Express, 2000, 7 Fundamental mode in photonic crystal fiber. Acta Optica
(3):113~122 Sinica (&% FR), 2002, 22(9):1032~1034 (in Chines)
12 Chigrin D N, Lavrinenko A V, Yarotsky D A et al.. All- 16 Gu Guochang, Li Hongqiang et al.. Properties of light
dielectric one-dimensional periodic structures for total propagation in 1-D periodic dielectric structure. Acta
omnidirectional reflection and partial spontaneous Optica Sinica (&5 F3), 2000, 20(6):728~734 (in
emission control. J. Lightwave Technol., 1999, 17 Chinese)
(11):2018~2024 17 Wang Zhi, Ren Guobin, Pei Li e al.. Investigating the
13 Pendry J B, Mackinnon A. Calculation of photon fiber Bragg grate in the scope of photonic crystal. Acta
dispersion relation. Phys. Rev. Lett., 1992, 69 (13): Optica Sinica (& % % &), 2003, 23(11):1~4 (in
2772~2775 Chinese)
14 Joannopoulos J] D, Meade R D, Winn J N. Photonic 18 Ho K M, Chen C T, Kurland I. Existence of a photonic
Crystals: Molding the Flow of Light. New York: gap in periodic structure. Phys. Rev. Lett., 1990, 65
Princeton University Press, 1995 (25):3152~3155

15 Song Junfeng, Wan Haihong e al.. Analysis

(EZEFMIE T

JE R 2R
4 ZFRHE
B B B R AR AL, 16 FF, 1541 T, @4 100 JC

AFMEREHENE —ARLRMERE N FM., 2HF 2700 AR, 1400 RIEHHE F 400 ZMBEFEK 230 7
Fo FMEE 25 MESRL ME TR LML FE R AR E T ITH RS EROEF BT e R GE.
ML OEIEF  RAE% B E B L% R EBEE AT ¥ B EETH G LR IER LRI
WA JEEW R IRE 5 MHR2ARS . BHFEE REFTAEREY, R AR THEEMIELENRTEENS
ZER’EIBERHELAEABHERD , BEREERENEALE THRETEESANEEAST  ERAX BIEEANA
He

FHih 20 BUAFERGETR . EREIRFBRH TERMER. . ERH.E B . BEEUREEZAFLTRNESME L,
PRIE T ZF M 40 B R & AL E

MEWE,ESEYTRAS REB MBI A, Bi5:021-69918428,021-69918011, 74 M HE /5 IC 2k, #udik . b ¥ 7 800-
211 {548, e HA RIBR G G 4B ¥R BB 4 - 201800

23 TR A G 3R T
2004 4F 2 A



