B3k BeW + OB ¥ ok Vol. 33, No. 6
2006 4E 6 B CHINESE JOURNAL OF LASERS June, 2006

XBHE . 0258-7025(2006)06-0770-05

I R 75 Tk 4 e 1 It A BB A B i FH 9 5 1
BRK, B8, AFE, HRAL £ B KBA KES

CPERHERFE AR, FEtE FEERERLRE, JLIE 100083)

RE ARAYEEESNTHAEEEY BM1IMFEHN R PWREBEMETRARG =A% LR
e A IE 7 & b » B 0K B8 R T O T et 2 (T BB 43 B P B B R . B ORI S R 0 - T 43 B B, o Bl R
R R R R T B S BB D, B B R R A R ER R X, I B R R &
AR S 5 th BT R AR, A I T SR BB T AR R B 2% BB A T A4k B T e IR B R 190 JB AR 46 X 7 B
5. VR TS A E e SRR TR U B S AT 15 B = A B i R SR B R T B 45 X BR L IE O
B HE T B 4 X BR 5T BB A AN B A B R R ST MR SR 5 = A B R 446 Yot A BR P S R R T VR AR X S M e IR
REER.TU=AREHEEREBESS HERPES.

XER EHRTFEATFREE TR FEEE

RESES 0737 XERARIRE A

Influences of Wave Vector Direction on Energy Bands and
Applications of Two-Dimensional Photonic Crystals
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(State Key Laboratory on Integrated Optoelectronics, Institute of Semiconductors,
The Chinese Academy of Sciences, Beijing 100083, China)

Abstract The influences of the wave vectors off the periodic plane on the distribution of energy bands of triangular,
honeycomb and square lattices are analyzed by plane wave method. The rods and background of these lattices are all
composed of two mediums with dielectric constants equal to 13 and 1. With the increase of wave vectors off periodic
plane, many changes will take place in the dispersion relation of these lattices: the band gaps of wave vectors in the
periodic plane will decrease gradually and even disappear; a region, which does not exist modes, will appear in the
low frequency range and it will be broaden with the increase of wave vectors off periodic plane; new degenerated
energy levels appear and primarily degenerated levels will disappear; the energy bands tend to become flat; the
absolute band gaps can easily form among the lowest energy bands. By the analyses of the band gaps of three
lattices, some conclusions can be obtained: the width of absolute band gaps in triangular and honeycomb lattices are
larger than those of square lattices, which make triangular and honeycomb lattices lower the rate of spontaneous
radiation more effectively than square lattices; the width of band gaps of triangular lattices in the leaky region is
larger than that of honeycomb lattices, which made triangular lattices be more appropriate to be used as reflect
mirror than honeycomb lattices.
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Fig.1 Dispersion relations of two dimensional photonic crystal lattices composed of round rods with

the wave vectors off the periodic plane

(a) triangular lattices; (b) honeycomb lattices; (c) square lattices
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Fig. 2
(a) the changes of band gaps in honeycomb lattices, triangular
lattices and square lattices with the increase of k,. The lines 1, 2
and 3 denote the dispersion relations of light in equivalent
medium of honeycomb lattices, triangular lattices and square
lattices respectively; The lines 4, 5 and 6 are the relations of
frequency of the lowest order mode with the increase of &, in
honeycomb lattices, triangular lattices and square lattices
respectively; (b) the distribution of the lowest five energy bands
in square lattices. The solid lines, dot lines and dash lines are

atk, = 0,0.4 X 2¢t/a and 0. 8 X 2x/a respectively

X k., = 0.8X 2n/a B}, IEJ7 RRISTESE — M =118
A H BT — A3 58 09 48 X 7 B, 46X B 5 B
Awa /27c B wa /27c (HATF0. 37 ~ 0, 42 Z & 4,
HE—-1MEPHEETHE -G ENX LN LR
A, NE—BFH o EMG,, k) AERFE——
Xof B R FR 5 BT LA BB T 3 A0 HE 5] AR 4k AR A B Y
e =Fb k. (RS EWNE 3 PR IR EXMHE:0
= arccosk,./k(k A RWERE) .2 A FRBME T
SRR 206 /6 5 1 AR AR, IR A4
HEERFHESGBE SMBREEMAERRKXR.
Bk, T BAF s B R RS, B8 k. XOEF &
ENER Gk A TP s RS

k,=0.8X2n/a | ‘
‘ A tﬂ
@ L, sy
=0 01 02 03 04 05 06
S |k,=0.4X2n/a |
: |
E , ety o W
50 0.1 0.2 0.3 0.4 0.5 0.6
S =0 ’J
W'MMWWM\‘W H‘r‘
0 0.1 02 03 04 05 06
wallnc
B3 BESSEHABRNETRESEELIN,
H¥ R/a=0.462

Fig. 3 State densities of square lattices composed of
air round rods with R/a = 0. 462
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Fig. 4 Variations of the absolute band gaps with

the increase of &,
(a) triangular lattices (air round rods); 1, 2, 3 and 4 denote the
light lines in equivalent medium of triangular lattices with filling
factors being 0. 9, 0. 8, 0. 65 and 0. 4; (b) honeycomb lattices
(dielectric round rods), 1, 2 and 3 denote the light lines in
equivalent medium of honeycomb lattices with filling factors being

0.2, 0.4 and 0.6
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