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Resonant modes in one-dimensional photonic crystal

hetero-structures with metamaterials
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Abstract : The photonic crystal (PC) hetero-structure is a multilayer system formed by a series of multiple one-dimen-

sional PCs. Each PC is composed of a metamaterial and conventional material. Transmission spectra of two different

structures were simulated numerically with transfer matrix. In the frequency region from 1.0 to 10. 0 GHz, there are

three photonic band-gaps( PBG) for the structure of (AB)®(CD)*
ey range , resonant modes exist in each PBG for the structure of ((AB)®(CD)*)?

,but there is no resonant mode,in the same frequen-

. For the frequency regime of first

PBG, as the incident angle increases, the number of TE wave and TM wave resonant modes decrease and the frequency

shift of resonant modes happens. The omnidirectional resonant mode is found at 2. 40 GHz for TE wave but not TM

wave.
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Fig. 1  one-dimensional photonic crystal hetero-structure
LG L 6 FA NS e 1) A A5 4% , L OB i TG )
75 S T DA S A S T AR B AR
o d; B G Z R B FR S I e ) A R
Af L‘l%‘zﬁﬁ“” :

cosd; ;lsinSJ.
(1)

M;(d,) _{ P,
—ip;sind;  cosd;
Hrpj=a,b,c M d,8 = (w/v)dcost ;o HFMH;
v REAPEE, X TE 3, p; = (e/u;) " cost;
Xt TM I ,p; = (/) " costy e, Rl w; 535K 40 (1)
I HUH RO 5%

FHNBZ LRSS A 0, 55T AL 6 1
KAEN:

n’sin’@
cosf, = |1 - . 3 (2)
n;

Hodr ng = 1.0 HEFREEA BT 5 .

= o ©

XA R A T (e T g IRV 670) B =7
SN + 75

FIE A, C AR A BUA RO L H ORI 5
FAEROE X BA A F ) B RUEER , RaR T
5T A WA RN FUE BRI R A IR R

25 100
=1+ +
eulf) 0.9°—f2 11.5° —f>

i =1+

MBS A B C (WA 8500 L H BOR R
R Drude! " AR AR A «

100
&.(f) —1-0_f2
100

. (f) =1-0—f—2
Hrr, f oM, i GHz, XA JiE A, 2 f <
3.13 GHz i, e, <0 H pm, <0, g SUG7UEE B4 R
3.13<f<3.78 GHz,e, <0 H w, >0, A H H 7555
Ao AR C, %4 £<10.0 GHz, e, <0 Flu, <0,
WA A T/ >10. 0 GHz, e, Fl u, ¥R IE, B3
AT

HRAE DA 1 OGRS A P, ol 5 iy
S BT AR 35 5
3 HEREMERMITS

SRR BEH R BT B AT D A A [F 9T 4 3
(n,=n;=1.0,8,=¢,=1.0,u, =, =1.0) ,{HJEJE
AN ,d, =12 mm, i d, =6 mm, [FF4d, =d, =
12 mm, N, =6,N, =4, {4, WMNFZEN=1 81
ST RS R
3.1 N=1 miE e

N =18, 6T fi A4 49  (AB)° (CD)* TE
FTM A £R 6 435118 0°,30°F11 60° A S, A K
BB SHENE 2(a) ~ K 2(c) iR, 4 0 =0°0f(iE
NS, 7£ 1.0 ~10.0 GHz 4, TE P F1 TM i (1935 5
TEHEAAA ] A = AR DG A B, BEE A
SRR (0 =30° 1 0 = 60°) , 15 S %k 2% A8

(4)

(5)



Bt 5 44 No.6 2013 i

B AT A PO T S A S S 1 R 665

&, B TE JF1 T™ BB STE AL A . 55
Sh, MBS ik al & L, JCI8 2 I AST s 2R A
St AR AL T i R BE 1A B P B B
TEPRARE , S A A K I I A R AT IX (8.0 ~
9.5 GHz) Hi BLIERAR .

//GHz

10

(¢)6=60°
&2 TE J TV A RS B 5%
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incident angle for TE and TM wave
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Fig.4 dependence of resonant modes on the incident
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