58 7 2009 7
1000-3290/2009/58 07 /4702-06

ACTA PHYSICA SINICA

Vol.58 No.7 July 2009
(©2009 Chin. Phys. Soc.

20
FDTD

PACC 4270Q 7820P

1987

* 10674051

T E-mail slan@scnu. edu. cn

T
9 3 2008 11 17
PCIHVD
0.43¢ 1.34¢
12
10—13
14—16
17 18
06025082

510006

06CXTD005



7 4703

19

PCIHVD

o PCIHVD n=
1.59 d =360 nm

16 23

80%

.16 23

825 nm
0.8 0.2.
dT/dA 0.07/
nm 17



58

4704
2
Lo 130 fs 1 mm".
[ BBO
Ka)
3 BBO
)
%
At At =
L 1 1
600 700 800 900 1000 L v, ¢
WK °
B/ nm . I
2
76 MHz v,.
BRSO A ’_i
AR j P
o e Lt &l
%
‘ BROM
| #HE \ e [
“ :L — i
r 15 &
L e e
3
3.
. 23
23
4
+ Uy
Dg C
23 4
4
4 b 776 nm
18 fs.

791 nm



4705

IR ORS o R (LR
LOF (a) 2=756nm \ OQE Eﬁjg; LOE (b) 4=776nm e, e g% E;;ﬁ%
¢ © & HRHBFRE & FR+EFRE
0.8F & (EB 0.8F (25%)
2 T HEOET R 2 MR+ T
5 0.6 L) 5 0.6F L (U
£ 5 £
< % <
B 04} N W 0.4
= b o
0.2F 0.2
0.0 N TP SPEPEP BT TP I 0.0 — il 1 1 I
-450 -150 150 450 -450 -150 150 450
FEIRITE] /s FEIRETIE] /s
LOE @ 2=79tnm /2%, °§EE§§§§ LOF (@ 2=801nm °§EE§;§%
£0\E & HEROETFRE B & HERTRK
0.8} LR 0.8 v KK
2 T RROETRE| 2 R TR
5 0.6F L @A) 5 o6f A
) 7 ) o i
= ; \ =
8 0.4F i \ B 0.4
= ;/ \ b
0.2 / 0.2F
0.0 “Mﬁ . . L ! 0.0 e A L
-450 -150 150 450 -450 -150 150 450
FEIR B8]/ fs FEIRFFH] / £
E _ o K (L)
L0 . () 2=83lnm FHK T HE Gﬂé‘l)
C & WERHCTRE
0.8F (SE5)
PR —— R TR
S o06f )
O L
5 [
B 0.4
e r
0.2F
0. 0 Facmmass s
-450 -150 150 450
FEIR T E] / s
4 23 a 756nm b 776 nm
¢ 799nm d 801 nm e 831 nm
37 {s 4 ¢
5
4 e
5
791 nm 16
3 n,=2.04. 23
0.43¢
n,=2.33.
16 0.98¢

0.49¢



4706

58

k=t
%) (
(52
(
2.0_I ||||||||||||||||||||§||l|||||||:||||l||l|||||||||
- 16ZFE M (EH) -
1628 GER)
L6 23R 5 (ER) -
—e-23/Z R (R
m L2f :
pid)
# 0.8F
0.4 F
700 7é0 ' B(I)O 8:’)0 900
WA/ nm
5
791 nm
831 nm
n, =1.02 23
1.34¢ n,
= 0.75. n, =
1.59 fce
B=0.74 T ot
=1.437. 23 Uy
0.62¢/n 4
1.93C/neﬂ‘.
12 13
1000
12
Freyman 0
0.6¢

Galisteo-1opez !

12

Rsoft

FDTD
111

0.43¢

PML .

x y
5
FDTD
5
10—13
PCIHVD

1.34c



7 4707

FDTD
1 Yablonovitch E 1987 Phys. Rev. Lett. 58 2059 11 Galisteo-Lopez ] ' Galli M Patrini M Balestreri A Andreani L
2 John S 1987 Phys. Rev. Lett. 58 2486 C Lépez C 2006 Phys. Rev. B 73 125103
3 Noda S Baba T 2003 Roadmap on Photonic Crystals  London 12 Vlasov Yu A Petit S Klein G Honerlage B Hirlimann Ch 1999
Kluwer Acadamic Publishers Phys. Rev. E 60 1030
4 Joannopoulos J D Villeneuve P R Fan S H 1997 Nature 386 143 13 Imhof A Vos WL Sprik R Lagendijk A 1999 Phys. Rev. Lett.
5 Painter O Lee R K Scherer A Yariv A O’ Brien ] D Dapkus P 83 2942
D Kim I 1999 Science 284 1819 14 Russell P St J 1986 Phys. Rev. A 33 3232
6 Gersen H Karle T J Engelen R J P Bogaerts W Korterik J P 15 Zengerle R 1987 J . Mod. Opt. 34 1589
van Hulst N F' Krauss T F Kuipers L 2005 Phys. Rev. Lett. 94 16  Netti M C Charlton M D B Parker G J Baumberg J J 2000 Appl .
0739030 Phys . Lett. 76 991
7 Sauvan C Lalanne P Hugonin J P 2005 Phys. Rev. B 71 165118 17  ZhengZY LiuXZ LuoYH Cheng BY ZhangDZ Meng Q
8 Lan S Nishikawa S Hiroshi Ishikawa Wada O 2001 J. Appl. B Wang Y R 2007 Appl. Phys. Lett. 90 051910
Phys . 90 4321 18 Norris DJ Vlasov Y A 2001 Adv. Mater. 13 371
9 LuHY LanS WulL]J GuoQ HuW LiuS H 2007 Appl. 19 LiuYH HuXY Zhang D X Cheng BY ZhangDZ Meng Q B
Phys . Lett. 90 213507 2005 Appl. Phys. Lett. 86 151102
10 Freymann GV John S Wong S Kitaev V. Ozin G A 2005 Appl . 20 FengTH DaiQF WuLJ GuoQ HuW Lan S 2008 Chin.
Phys . Lett. 86 053108 Phys B 17 4533

Experimental investigation of the slow light and superluminal effects
in high-quality three-dimensional colloidal photonic crystals ™

Liu Hai-Ying Meng Zi-Ming Dai Qiao-Feng Wu Li-Jun Lan Sheng' Liu Song-Hao
Laboratory of Photonic Information Technology — School for Information and Optoelectronic Science and Technology
South China Normal University — Guangzhou 510006  China
Received 3 September 2008  revised manuscript received 17 November 2008

Abstract
We investigated by time-of-flight technique the slow light and superluminal effects in high-quality three-dimensional 3D
colloidal photonic crystals PCs with opal structure fabricated by pressure controlled isothermal vertical deposition technique.
They produce high transmission in the pass bands and sharp band edges due to low volume density of defects and dislocations.
The variation of the group velocity across the short-wavelength band edge was measured. Group velocity as low as 0.43¢ was
observed near the band edge while group velocity as high as 1.34¢ was found in the band gap. We have also simulated the

transportation of ultrashort pulses through 3D PCs and compared the simulation results with the experimental ones.
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