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1. Introduction

Recently, the refractive index can easily be controlled to make the periodic structures such as optoelectronic
devices, photonic bandgap crystals, frequency selective devices, and other applications by the development of
manufacturing technology of optical devices. Thus, the scattering and guiding problems of the inhomogeneous
gratings have been considerable interest, and many analytical and numerical methods which are applicable to the
dielectric gratings having an arbitrarily periodic structures combination of dielectric and metallic materials™ 1 -

In this paper, we proposed a new method for the scattering of electromagnetic waves by inhomogeneous
dielectric gratings with perfectly conducting strips™ using the combination of improved Fourier series expansion
method™ 1" and point matching method!*.

Numerical results are given for the transmitted scattered characteristics for the case of frequency loaded with three
perfectly conducting strips for TE cases. The effects of the inhomogeneous dielectric gratings comparison with that
of the homogeneous gratingsi*"! on the transmitted power are discussed.

2. Method of Analysis X
-We consider inhomogeneOLfs diele-ctric gratings |08..ded Ss (&3 40) . a g, C,
with three perfectly conducting strips shown in Fig.1. t 52 1 | C,
The grating is uniform in the y-direction and the dl?_ S, T)ﬂ G 7
permittivity &(x,z) is an arbitrary periodic function of o ¢ —
. . - . S (gl,yo) 1 Cl
z with period p. The permeability is assumed to be 4, . 1 b [
The time dependence is exp(-iwt) and suppressed O, | [
E® o p |
throughout. y
In the formulation, the TE wave is discussed. When Fig.1 . Structure of inhomogeneous dielectric
the TE wave (the electric field has only the gratings loaded with three perfectly conducting
y-component) is assumed to be incident from x>0 at strips.
the angle ¢,,
E§i) _ eikl(zsinﬁo—xcoseo) k1 A oty (1)
the electric fields in the regions S, (x<0), S,(0<x<D),and S,(x>D) are expressed™ as
S,(x<0) :
: i e N i —(“x+2ﬂnyp) (2)
E(l) — E(l) + elklzsme0 brgl)e( Kn
y y n;\l
S,(0<x<D) :
2N+1 2N+1 (3)

21) _ 1) Aih®Px 1) o-ih® (x-d) | . 22) _ 2) Aih(2), (x-d) 2) o—ih{? (x-D) 1
ECY =) [ AV BUe O £0() ; EED = 3 [ A +B%e 196

v=l v=1

N
fv(l)(z) A eiklsinﬁoz Z ur(nv,l)eiZﬂmz/p ,I :1, 2
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S;(x=D) :

ik 2sind N i{k(a)(x—D)JrZ;mz/p} ; . -1 ; . (4)

E;3) = glkuzsiny Z Cr(f)e n ;HZ(J) ={Ia),u0} 8E§’)/6X ,(j=1 3
n=-N
where A is the wavelength in free space, he wavelength in free space, b® A® B® A® B® and C® are
unknown coefficients to be determined from boundary conditions. k" (j =1, 3)is propagation constants in the
xdirection, and , h® ,u®" (1 =1.2) ;the propagation constant and eigenvectors, are satisfy the following eigenvalue
equation in regard to h [
U=h?U (5)
where,
T A
UOD £ [ul0 g, gD ] T transpose, A2[al) ], al), k20 — (220 pkysing,)

0 _
&n é%”{gz (Z)}elzﬂ(n—m)Z/PdZ ,mn=(-N,-,0,, N)
0

&

We obtain the matrix form combination of metallic regionC and the dielectric regionC using boundary

condition z, =(j-1)p/[(2N+1)] ; j=1~(2N+1)at the matching points on x= 0, and D. Boundary condition
using Point Matching are as follows:

Z,eC ;[E® =0, E® =0] | , Z,€C[EP =EPY ], [HO =HEY] (6)
Z,eCy;[E®? =0, E® =0] _ . Z,eC,[ERP=E®], o, [HE? =HP] o (7)

In the boundary condition at Eq.(6), and Eq.(7), it is satisfied in all matching points by using the orthogonality
properties of {e'*™'?},we get following equation in regardto A®,B,®,A® and B,®

QA" +Q,BY =F ; Q:A? +Q,B? =0 (8)
— T
where, F£[0(Z, €C)) ,2k{ (Z, C)) |
A(k) =|:A1(k)v Aék)a"'v (|:\1)+1:| ,k:1,2 B(k) =|:Bl(k)v Bék)a"'v Béll(\l)+1:| vk:]-az

Q, = (HY +HP'DY) ,Q, £ (HY ~H{’DY) ,Q, = (H{"D? -H{), Q, = (H’D? +H{?)
n=(-N,---,0 ,--,N),v=1~ (2N, +1)

7iNZl . iOZJ iNZJ Z S 0 0 0 Z
e e e 1 €
HY =" J LU HY = : : : Do =G U®
0O - 0 ) } z, cC, kEI’\)‘efiNzJ k0(|)eiOZJ k,(\‘l)eiNZJ }Zj G
0 0 .. 0 Z.€C FeT
H = : : : - i R Sy 2 [uﬁv")], ph 2 [mewzhi D, '%mmd C1=12
e L Q% L g }zj et
2l ;Z;eC 4]0, 2Z;€C afd:l=1
m= hv(2v|);zjec_:772— l;Zjeé'Tk_ D-d :1=2
Boundary condition on x=d are as follows:
Z,<Cyi[Ef =0, EF7 0], L TG [E =B [HE = HEY ] ©)

In the boundary condition at Eq.(9), it is satisfied in all matching points by using the orthogonality properties of

{eiZnnz/p} we get following equation in P»(l), Bv(l)’A(Z),and BV(Z)
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R,A® + R,BY = R,A® + R,B? (10)
where, R, = UYD'® R, =2 UY, R, 2U® | R, 2 UPD?
We get following matrix form combined for the matching points atz, = (i —1)z/(2N +1) ;i =1,2N +1.

S,A® +8,BY =S§,A® +§,B? (11)
where,
D £ [eN05 ), ], D [V T, S 2 (HPDW L HPD™) S, £ (HY - HPD™?)
S, 2HPD™®, S, 2 -HOD"®) D" 2[nC0eg ), ], D™ 2[0S ]
D) £ [0,C2e5 1,0, ], D™ 2[00 ]
By using matrix relationship between A® ,B® A® B®  we get the following homogeneous matrix equation in
regard to A? (v=1~2N+1).
W-A® =F (12)
where W 2[QP, +Q,P,—(Q,P, +Q,P,)Q,Q, |
P 2 (R;'R;-S;'S)) " (R;'R5=S;'S5) , P, = (R;'R;=S;'S;) "(R,'R,=S,'S,) ,
P, £ (R/'R,-S/'S;) ' (R{'R4=S."S;) P, = (R{'R,-S/'S;) ' (R{'R,~S/’S,)
The mode power transmission coefficients p, is given by

N
p2 Y Re[kP IO F,
where C nénf[A?e"&’(D’d)+B§2’]U§”. (13)

0 n=-N .
3. Numerical Analysis
We consider the following profiles of inhomogeneous dielectric gratings:

82(1) (x2) 252(2) %2) é{«% +(g,—&)z/b: (0<z<b) (14)
g (b<z<p)

The values of parameters chosen are ¢ =¢,=¢,, a/p=0.5,¢5,/5,=2.0 ,6,=30",¢,/¢,=2.0,¢,/¢,=1.0and

D/ p=0.3.The relative error are less than about 0.1% and the energy error is less than about 10~ for TE waves
when we computed with N =15 at a/b=1and p/A1=15.

First, we consider the two strip gratings for the case of d/p=0.Figures 2 shows p, for various values of
normalized frequency (p/4) for &/¢&,=1.0 and 2.0 ata/b=1. From in Figs.2, the maximum of coupling
resonance at p/A<1.5 moves toward smaller (p/A) as & /g, increases, and the effect of the d/p is more
significantat 1.2< p/A>1.7.

Figures 3 shows p, for various values of normalized frequency (p/4) with the case of b/p=0.75 for the
same parameters as in Fig.2. We note that the characteristic tendencies for the effect of theb/ p are approximately
same at p/A<1.0, but for about 1.0< p/A>2.5, the effect of the inhomogeneous dielectric gratings is more
significant comparing with ¢, /¢, =1.

Figures 4 shows p, for the various values of normalized frequency (p/4) with the case of ¢ /¢, =¢,/5,=15
for the same parameters Fig.3. We note that the characteristic tendencies for the effect of the equivalent permittivity
are approximately same.

Next, we consider the three strip gratings for the case of d/p=0.15.

Figures 5 shows p, for various values of normalized frequency (p/1) with the same parameters as in Fig.4. We
note that the characteristic tendencies for the effect of thed/ p are approximately same, but the effect of the
d/pand b/p is more significant for the maximum of coupling resonance at p/A~1.9 comparing with the
homogeneous case.

4. Conclusion
In this paper, we have proposed a new method for the scattering of electromagnetic waves by inhomogeneous
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Figure 2. ;vS. p/ A for the case of b/p=05
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Figure 4. Comparison with homogeneous gratings.
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Figure 3. p; vS. p/ A for the case of b/p=0.75
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Figure5. ;yvs. p/A forthe case of d/p=0.15

dielectric gratings loaded with perfectly conducting strips using the combination of improved Fourier series
expansion method and point matching method.

Numerical results are given for the transmitted scattered characteristics for the case of frequency loaded with the
three perfectly conducting strips for TE cases. The effects of the inhomogeneous dielectric gratings comparison
with that of the homogeneous case on the transmitted power are discussed.

This method also can be applied to the inhomogeneous dielectric gratings having an arbitrarily periodic
structures combination of dielectric and metallic materials.
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