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Fig. 6 The refractive index moulation and the gap to midgap ratio versus the volume fraction of the atoms \data

from the literature )

(a}ea= 1, &y = 13, —— The refractve Index modulation v5 . g d;6vs £, The SC structure; spherical atums (afer

H. 5. Steller gnd J. W. Haus [18_), & 13 vs 8. The duamond stucture; spherical awoms {after K. M. He &t al. ,

14701, . Azavs £ The diamond structure; nen-spherical atoms; ball and stick tafter C. T, Chanetal. [17]). g Jdas

vs A. The diamond siructure; non-spherical atoms exlindrical rod (after C. T. Chanet.al. "17]): (bt aa= 13, &=

1., —— The refractive index modulation vs £, g A:1vs A The diamend structure ; spherical atoms {gefter K. M. Ho et

al. . [14]). a Asavs f. The diamend stucture; non-spherical gtoms ; ball and stick ¢after C. T. Chan et al. _17]),

® -2z vs §. The diamend siructure; non-spherical atoms; eyhindrical rod \after C. T. Chan et.al. [17])

7 H BaTiOs /NER¥ A A9 T 57 4544

VA H-5735 A0 AT B & R R R e B . AR T R F .

ﬁ_l === E{. Tz €XD (EG -

r) {111

K, AN EIKBMEIKE ., EMRUEF R BRAKE. [ HME#HEESM

THE:



330 ¥ & =2 it 16 4

2

— To (4 G) X {no-o + [k + G') X Hol} =55 Ho (12)
BOXA TR EFRS BB, NFE:
Ec' za'ﬂfca. coHoa = Z}—j Hea (13)
xXH,
Mow, oo = a2y 2y 208 (kg 4 Gp) (Mo-o dw ke + Gp dey e P14
WX,
ﬁ*ﬁ% Lapy %ii’g i fapv ™ — Bpap ™= T oy T T Epgar £123 = 1 'r' - L- =
1. WTFEMEBER, Yo fB, () = 0. EILKH s
H-FPET 3T BaTiO /NSRAEELL 37 4448 THIE FHE e
#. BT 113 BT A s EEFITEE 7
AT 1%, BaTiO: R EFE M PR, B EKEHR . y z
B(~1CHODRFRAXEAEHER(ELTHESL T =0 o @
= 2920, & = 168), fNR A BaTi0, /BRI R . 5 & ol . X w,

A _.I L A A -
gL r XIWIKI UsXKa WiKs

m' #‘E BaTiO, ﬁ@i%zﬂ%ﬁibiﬁﬁﬁﬂ‘][ﬂﬂl] Fig. 7 The photonic band: of the FCC

ﬁﬁﬁ%? ﬂﬂﬂﬁfﬁﬂﬂ#ﬁﬁﬂ‘ﬁxﬁ*iﬁ%ﬁé@fﬁ?ﬁé structure (BaTiO.spheres; &= 1; §
. X P A BN 5 B 2 ] TR R bt e 48 AR A T U = 13.4% 1 da= 5% )

UHEWHRFHLEETRARA: SHEET BRI TEN, 8T W S8
TN R MR REAERNROELILTEN, B THREBER, WS
BBER (R BIHIR. B A~ 13 AM BIER T, =8 Z IRy s (9 BERF (RE 7).,

O FXHEUTHe=1, =16 HERLIFAANRAELEEHORF/EHT Z AT 6
FPEEY. XPEET AN RSN HRENENETEREERRORTFEHRSET
RBIEK, MHY AR B FEN X MR EN R FERTHREANIXH. &0t
BT F& 0 REST A8 BaTiOy AN N O M TRET. HERTEW, X5
B 2 [/ R AT /3R A B O o S AR A ] .

£ ¥ X ®

[1] D. Kossel, Analogies between thin-films optics and electronband theory of solids., J. Opi. Sce. Am. , 1966, 56
(102 « 14341437

[2] A-FHE%, P. HE, TES, 8%, AKTHER——REAERS 2. 103, B2, 1901
t 130~147

[3] G. Gabrielse, H. Dehmelt, Observation of inhibited spontanecs emission. Phys. Rev. Lett. , 1985, B5(1) v 67~
70

[4] R. G. Hulet, E. S, Hilfer, D, Kleppner, Inhibited spontaneous emission by a Rydberg atom. Phys. Rer. Let!. ,
1985, 550207 - 2137~2140

[5] E. Yablonovitch, Inhibited spontaneous emission in solid-state physics and electronics. Phys. Rev. Lei?, , 1987, 58
207 = 2009~2062

(6] H. O. Everitt, Applications of photonic band gap structures, Upt, & Phot. News, 1992, 4(11) t 20~23

[?’] E. Yablonovitch, T. l. Gmitter, Photonic bgnd struciure; the face-centered-cubic case, Phys. Rev. Leil. , 19389,
83{18) « 1960~10563



330 MRk % iy BRI T 1 A B 2 TR R M O SR R B T RE I 331

[8] S. Satpathy, Theory of photon bands In three-dimensional periodic dielectric structures. Phys. Rew. Lett. , 1994,
64(11) 1+ , 1239~1242
[9] K. M. Leung, Y.F.Liu. Photon band structures; the plane-wave method. Phgs. Res. B, 1990, 410143 : 1D18B8
~ 101940

[10] S. John, R. Rangarajan, Optical structures for classical wave localization: an alternative te the loife- Ragel
criterion. Phys. Rev. 5. 1938, 38(14) ¢ 10101 ~10104

[11] E. N. Economou. A.Zdetsis, Classical wave propagation In periodic structures. Phys. Res. B, 1989, 40(2) 1
1334~1337

[12] K.M. Leung, ¥.F.Llu, Full vector wave calculion of photonic band structures in face-centered-cubic dielectric
media. Phys. Rev. Lett. , 1990, 85(21) 1 2646~ 2549

[13] Z. Zhang, S. Satpathy. Electromagnetic wave propagation in periodic structures; Blech wave solution of
Maxwell’s equations. Phys. Rev, Lett, , 1990, 65(21) : 2650~ 2653

[14] K. M. Ho, C.T. Chan. C. M. Soukoulis, Existance of a photonic gap in periodic dielectric structures. Pkys. Rev.
Let, , 19940, 65(25) v 3152~ 3155

[15] E. Yablonovitch, T. ). Gmitter, K. M. Leung, Photonic band structure; the face-centered-cubic case employing
nonspherical atoms. Phys. Rev. Leit. , 1991, T{17) + 2285~ 2298

{167 H. S. Sozter, J. W, Haus. R.lnguva, Plotonic Eﬁ, P TeTgan ‘ R plane-wave method.
Phys. Rev. B, 1992, 45(24) v 13962~13972

[17] C. T. Chan, K. M. Ho, C. M. Scukoulis, Photonic band gaps in expg
structures. Euwrophys. Lefz. , 1991, 18(6) : 563~568

[18] H.S. Soziler, J. W. Haus, Photonic bands. simple-cubic lattice. J. Upt. Soc. Am. B, 1993, 10¢2} : 296~ 302

y relizable periodic dielectric

Calculation of Photonic Bands of Multiple Periodic
Dielectric Structures Consisting of Spherical Atoms
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Abstract In this paper, the photonic bands of the body- centered- cubic and the
hexagonal-close-packed structures consisting of spherical air atoms are calculated using
vector plane wave method. The results show that complete band gaps (covering the entire
Brillouin zone) open up for both structures. It is revealed that the maximum refractive
index modulation coincides with the widest band gaps and the optimum wvolume fraction of
the atoms is structure-independent. The photonic bands of the face-centered-cubic (FCC)
structure consisting of spherical anisotropic dielectric atoms are also calculated. The
results show that a complete band gap opens up, which is quite different from the FCC
structure consisting of spherical isotropic dielectric atoms.

Key words photonic crystal forbidden gap, spherical atoms, refractive index

modulation, anisotropic dielectric spheres.



