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Scattering and Guiding Characteristics of the Electromagnetic Waves on the Photonic Crystal Structure
Ol HAt ", Rl 7en !
Tsuneki Yamasaki' , Ryosuke Ozaki'

Abstract: We analyzed the Scattering and guiding problem for the dielectric waveguides composed of dielectric circular
cylinders and loaded with inhomogeneous dielectric structure in the middle layer, and investigated the switching effect and
the distribution of energy flow for the defective region by using a combination of improved Fourier series expansion
method and multilayer method for both TE, and TM, modes.
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(a)Coordinate system (b)Approximated multilayer
Fig.1 Structure of photonic crystals waveguides

& {W} & FNITHT B EAE N wv{ ‘”}%ﬂ%b\f,
A TR TE 5.

1O Z [A(” D {x+(1-1)d, LB 1) } 10z ()

v=l

E(z’l) {la)g(’)(z)} H(“)/ﬁx (6)

f(l)(Z) A Lklzsmﬁo Z u(l) i27nz/p ,

ﬁL,AWBTiFﬁx#ﬂ%%iéiﬁ%ﬁTWm
WO BA R HRE 5.

dy=d/M, I=1~M

AEI)U(I) — {h(l)}zA(zl)U(l) (7)
A2, AEIEN], 1SISM ,N2>15N,
(L, U2 [0 o], T 2 5,
G BKED ~ 7,4y, +27(n—m)] piary),, @®)
2(n m)ﬂ 2 2(” W’)”
e (2] 5
pJ, & rJ, &

Vo 27+ 2n7/p, ¥, =kysing,, mn=(-N,-,0,--,N).

HL2EHEUEORED, 1EHEFETHLEITIEL
J& B oK% E AV, BY & & E O R R K
AU B L BRI TERDE D P

A (S, S, A0 ST (A

[Bm):(sl SZ][“”J h ] [B“MJ )
B IR o

fB.L, S~S, DITHNE SR 73 %U‘Kﬁﬁﬁ%“lmm

(2N, SCik[6]1 & B R,

RANFRE AT, BY & [ E O R A& g O R FHR 2K

A B L DEIRITIHRA L 72 % .

1: ARETL - #E - ER

1039



Fpk 24 FE HAKRFETIZE ZFMRARES

EDYE S

0.92 R T —
7 TM Wave ‘Il;(TM)‘“ ==
0 091592 7/ TM Wave
. 0.8L==1 \< 0, - 30[dee]
o0 © ° M a @ | ¢/p=05
5500 0 o o 0.6F, S bd=05
BEC0 0 4 ° 0660662 0,664 4 /d=1
o [e] 1
o 0.4 &, /e, =3
° © L \5’9 ) £,/6,=3
N=9 €,/6,=3 o O—=/6 =1
o/p=05 &/e=1 0 = 30ldeg] 0'27} T8 039 0 @---/6 =2 N
bjd=05 &/6=3 plA=12 I @— /e =3 « piA=0454
0.91 ‘ ‘ ‘ ‘ ———gr : | |
0 0.02 004 006 0.08 0.1 0.5 1 1.5 0 i
/M — — p/a y z
(a) TM wave (a)TM wave (a)TM, mode
0. 1
N=10 ¢/&=3 mm‘-
\IZ)(TE) P ledp=05 g/g=1 . 0.8- »
bld=05 &/ =3
0.4- o TE Wave
0.29883 0 ° o 0.6,
o y
0.4+ i
03 o o O 12 lo—se-
° ° Pt @ & /8, =2
6, =30[deg] 0.2¢ B— - —&,/5,=3 .
p/i=12 TE Wave 1] 0, -300deg] |
n 1 n 1 n 1 n 1 n n n n n 1 n n n n 1 n n n n
0. 0.02 004 006 0.08 0.1 0.5 1 1.5
M — — p/A

(b) TE wave
Fig.2.Convergence of | T, | for 1/M

[A(l)] :[S}ZM) S(ZZM)J£S}2M+1) S(22M+1)][G1 G2]£A(3M)]
B® S(}zM) S:ZM) S(32M+1) ngMn) G3 G4 BEM)
S(U) S(U) A(3M)
_[ :U) (ZU) 3M) (10)
sV s¥ B
RS, THEEORMRE AR B L L —F v
DEAEE O AREUEH AT B L o BRI R L 7251,
[AGM)] _ [Simn) S(23M+1)J£S{2M) S(zzM)J[A(SM)]. (11)
B(3M) S(33M+1) SE:MH) S(SZM) SE‘ZM) B(sM)
x=0,—D TOBREMRX
QA" +Q,B"=F, QA +QB =0 (12)

12X (10), AIDOBEFRENRAT S L, FREORKEETOE
RS AP T o T oEST FRANE BB

W.ACY) —F (13)
L BEIOD n IR ZE R = A O FE ) B AR T
P g, Re[ { K717 P /(a4")] (14)
mbRE DM,

2.2 kRS

g RE O ek, R0 AELEF=0& LT,
det(W)=0 (16)

D> DARHER 1, (= B +ia) %R 5 AT Muller k% AV C

fiEMT 9 5.

3. EERR

WAL B Tk EOE g(xz) 1,

&, :8(x,0) =¢(x, p)

& PUR O LA B 17

&; H B O ST B (T b x o)

L, Jv—TFT 4T OENRT A —XTd=2a,

L=5, ¢/e, =1, ¢, /c,=¢,/¢,=3,d=d, =1, D/ p=5/6,

bld = 1/2 c/p 1/2 L L7

Wk [7] o

e(x,z) =

(b)TE wave
Fig3 p/A vs. |7:)(TM)’(TE) &

(b)TE, mode
Fig.4 Distribution of energy flow

Fig2iZ, 6, =30",p/A=12,¢,/¢, =1 & Li=MDENFEH
I | T T P OUUHT, Fig3(a)IC M, Fig.3(b)ICTER %
R Fig.2(a)(b)75>6, PUF OfRHT T, BAH & OFFERREN 1 %
LT &7 BN, MEHW-.

Fig X RBOHAESR & [e, # & [, =1,2,3 LAk
L7 IRp D JEl e ket (6, = =30) Cos. Fig.37> 5 6‘3/6‘0 DR
ST LD, TMIEAM CIE0.58 < p/A<0.664, TEH AR T
0.53 < p/A <055 T|T™ P2 A o F o PHRIRE S
LENDND.

Fig MTEWERET Y + b= 7 #E MG K MafE & 3%
T, HEBRNIZIZO LEFHERE M LTS E 0= x L —55
i T 5. Figd(a)XTMy mode T p/A = 0.454 , Fig4(b)iXTE mode
T p/A=0.407 iHE LGATHD. Figdnnh, KIEER~DTF
W= LIADRBE LN EHERN DI T2
4. HLh

ARICTH, 74 b=y 7 fEaAEE OWELRIE & El K e 2
AT L, BELRIEO R & A0 v F o 7R %,
KRB D T 3L X — 300 03 6 T F L F—F UIAD R A TMIE
KOTERIZOWTHE LT,

BEIR
[P RIESE, 15%6R(C), Vol.J85-C, No.9, pp.793-802, 2002.

[2]K. Sakoda, Optical Properties of Photonic Crystals, Second
Edition, Springer-Verlag, Berlin, 2005.
[3]IK. Yasumoto Ed. Electromagnetlc Theory and Applications
for Photonic Crystals CRC Press, 2
[4]Yamasaki, T., Hosono, T. and Kong I, A., IEICE Trans.,
Vol.E74, No. 9er 2839-2847, (1991).
[S]Yamasakl naka, T, Hlnata . and Hosono, T., Radio
Science, Vol. 31 No.6, pp. 1931- 1939(1996)
[6]Ozak1R T.Yamasaki and T.Hinata, IEICE Trans., Vol.90-C,
No.2, pp 295-303 (2007).
[7]O§ak1 , T.Yamasaki and T.Hinata, IEEJ Trans., FM, Vol.129,
pp. 718: 72482009)
[8]R. Ozaki and T. Yamasaki, IEICE Trans. Electron., vol.E95-C,
no.1, pp.53-62, 2012.
[9]R. Ozaki and T. Yamasaki, [EICE Electron. Express, vol.9,
no.7, pp.698-705, 2012.

1040



