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Small Group Velocity of Line Defect in Two-dimensional Photonic Crystal
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Abstract

Photonic crystal is dielectric materials or a set of different dielectric materials with periodic

structure. Line defect is obtained by leaving out a row of rods along the I'-X direction. We showed

the change of group velocity in waveguide mode and found resultant small group velocity.

Characteristics of the small group velocity were described by electric field distribution. Investigating

the phase shift, it is confirmed if small group velocity is positive or negative.

Key Words : Photonic crystal, Line defect, Waveguide mode, Group velocity, Supercell

.M E

H, Fls AT BokdA 5 F 5SS
Ho]= 34 A (photonic crystals; PC)oll o3k A
b &dbe] s n 12l AR uE FHE
e=N)S Zte B4 1, 2, 334 F714¢ g
A BAEAALE HAAVIEE ArE W =R
(photonic bandgap; PBG)o] &4 ¥ t}3]. Fan=7)
2 HAA7Ise] wg FAARe] FE Abolol G
HAAE wrEeth FAA e M=o Ak Fai
2L AAle] eatE EY & AL ol A
FAe] Faze &89 91‘:}[4*6]

FMER ool FAA] T3 5 F I

A3l R E(defect mode)olth. AR g Ol i<

3} 2 (optical waveguide), % 2 1(opt1cal ﬁlter)
o] Fofel $8= ATH9,10].

1. =def sty ™MAt=e| &tnt
(B2 ofttA|l Al Sz 646)
2. TME ety MAYE FZetnt
a. Corresponding Author : Imr8104@sch.ac.kr
4R 2009. 9. 11
AAbetZ 1 2009. 12. 16

2 =%dAes Hug A WH(plane wave
expansion method; PWEM)[11]S A& 71X

Mathematica® FQ3tH ). o]& o] g3t Fgt
a719 239 FAAHERD PC) Azhs ZAxte] AA
e FRE P F NERS A8 W A
AZt AR FRE HAS P 44T 29
waveguide modeoll A & IFEHEEE HAHrES
A2 e A FeEA 1S sk g
I waveguide mode®] 7| (Ez) W3S 535}
TEETE o] FholA S FeE W W 5
S FRAstATh
2.2 B

2.1 Supercell

aAEE st AT HAA(crysta) FERE
718t 1w supercell& 7] (primitive cel)S 3
stet= 249 HHEEE @9 A (unit cell)olt). %
AR Ag nro A mde FrH AA %
9] A8 supercell o] Ewtdoz A8H
hH12].

Supercellol A 2 & ZH(real space)¥ &A= &3+
(reciprocal lattice)o| A= F&]o W3k AA7 A Y
"o aees w3 AR Aee 959 B
A o e Hom A Azl A A

S e e 5 v,



&N,

a8 1. (a) 243d ARl 1x7 supercell®] 2
F3t(real space) (b) A7t¥ Axleo] o7
2} & 7Hreciprocal space)oll A 2] unit cell
I} 1x7 supercelld first Brillouin zone.
Fig. 1. 1X7 supercell of triangular lattice in
real space (b) Unit cell and 1X7 supercell
of first Brillouin

zone In triangular

lattice reciprocal space.

—

{a;: (2N, +1)(4, 0,0)

@
= (2N, +1)4, (cos60° ,sin60 " )

P 2m B .
b= ON + 1A (1,—cot60 ) o
e 2m .
b= (2%+1)Ay (0,cosec60° )

A (DI A @A 2N, +1)3 2N, +1)2
2 GAR Frol A unit cellS F3F3 supercell
MNeE HERAT o8& E0] Nx=1, Ny=1°¢] ¥4 3
x3 supercell & o] F & Aot}

a7 1@AH dE FxolA

-
A

° = o
THE S

= Sex|iG,, - 7]

A7) AR A 7S] =5, A23d A2E, 2010 29

2 Yehd & 9tk o714 ﬁ:mEJr’nbto]i 94
219 ¥ (reciprocal lattice vector)@}t &t}

a9 1b)E 944 Fel A9 unit cell(B57+
)7} supercell & YERHATE 1712] unit cellell 779
supercelle] E3tE o] glom 7719 supercell A%
o & unit celle] WA 2}, 29 1(b)olA G,

X, M unitcell?] FAQARA o] A 3tz
Brillouin zone?] oY= A" EHS 3 & F gl
o a2y m2 o] Al #NkS FHeke V)& PCTHR9
FMENE i o5 AAT BEo HE A7t
2] a supercellol 4 YA HEEL supercell?

first Brillouin zone®]t}.
A717e] 29 1(a)e] ¥71F ol HaysA dAp
7197} YAbstA E-Hgolg st

S oA Gl = At
= G0 G| A6 0= T A

G

(4)

o]
1

9} 2 FHFAE derh A (DA A?k’;, =
ZHeigenvalue) ]t} 2]

THEHE A A

El(eigenvector) o™ wy/ e g
WDE FE=2 oA 1739

Al om0 =—p—p+1,.p—1p= 242z 2p+1
A Z AA m' .0 MNEE (2p+1)%0lt) E3F supercell

A 7= (2N, +1)(2N,+1)] Ao
Aiste] Al (2p+1)*(2N, +1) (2N, +

nz A
1)o] et

22 MEE #=

a8 (@9 2ol xF(Ir—-xwd)e e A7)
W7} 1x7 supercellfr_ g g A Az B=7t
vebdth 7719 9% S ke Aoz FHol gl

= Y59 7%?%% et B =RdAe 2
959 H] &S DefectRatioZ} 3}9 T} DefectRatio
v dFd dig Ao =@V HE&=EA

DefectRatio= D, xr/a ©]t}. PWEMS.2 4-7}3 2D
PC A A& HArrmAl sk7] 918 308770e HH

32 AgE T ARAFN(A, =4, =a, =a, =a)E 500
nm, E-8% 281 959 2EEN)S 348 A
ek A AF B d5o] 9ds AAd

e (Dr=0)o| A W=
g Fastark
aEal Ao A8H

70 el A 2] waveguide mode

MEANS 718 PCT=

oA A& Huy wWME=ENS 2839 cHarRatio=0.2
o o)., 1% 2% arRatio=0.2, DefectRatio=0¥ uj

RoF. of7]A arRatio(=r/a)=
M2 LhehaT,

42457



J. of KIEEME(in Korean), Vol. 23, No. 2, February 2010.

Normalized Frequency(wal2nc)

Rod type
. E-polarization
" Light line £=11.56
00 % T T T ] T ¥ T 2 T L) T
0.0 01 0.2 03 0.4 05 0.6

EDensity OfStates(DOS)

Normalized WaveNumber(ka/2n)

a3 2. 239 FAA AAFeA ME=EF2(r-X
wak), 3 HA W= dldd waveguide
mode(band?)EA]. 2t E 7t FHIFE
27} wa/2mest ka/2n 2 TFA 3} SFA T

Fig. 2. Band structure in 2D PC line defect(I'-X
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