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1. INTRODUCTION

Strip gratings have been used in many devices.such as refl-
ector antenna,spectrum analyzer,and selective surface for solar
energy.

Several studies have been made on the analysis of plane wave
scattering by planar periodic gratings [Agronovich et al..1962
Neureuther and Zaki.l968 : ltakura.1968 | Luneburg and Westpfahl,
1971).However .most of them are mathematically too complicated
for computer analysis.

We investigated the problem of scattering by the planar per-
jodic gratings.using the point matching method (PMM) [Hinata
and Hosono,.1976:Yamasaki et al..1978].1n our previous papers.it
was shown that (1) PMM gives correct results when it is used in
the convergence domain of modal expansions.and that (2) PMM is
quite efficient and has wide range of applicablity.

In the prsent paper.we propose an improved PMM (MPMM : Modified
Point Matching Method) which reduces the order of the simulta-
neous equation alt least by half under the condition of the same
accuracy as usual PMM.

To check the accuracy of MPMM,the truncation errors of the
transmission coefficients are evaluated for increasing the numb-
er of matching points. Numerical examples are given for the pro-
blems which seem to be quite difficult by other methods.

2. FORMULATION of MODIFIED POINT MATCHING METHOD (MPMM)
Consider a plane wave
incident on the planar
grating.which is uniform
in the 2 direction and
periodic in the x direct-
ion (p: period of the
grating) as shown in Fig-
ure 1.The wave vector of
the incident wave lies on
the x-y plane and the
angle of incidence is @.
The x’-y’plane is perp-
endicular to wave vector.

Let v be the angle betwe- L€, My
en the incident electric
vector and z'-axis. Fig.l Geometry of the problem.
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The z components of scattered waves in the regions y<0 and y>0
can be expanded as follows:

o
y<0 1 EfP=(Eocos 7)) @dV (x,¥)HZ ba® ¢ (x.-y)
P o (1)
Het?=(Hosiny ) @412 (x.y)+Z b ™ @41 (x.-y)
(02}
y>0 ; Ez‘z’f;:E_ogéE’tbéz’(x,y). Hi22 =3 a ™ ¢ 2 (x.y) (2)

where ¢ ™ (x,y)2exp{jkixsinf+jknay+j(2mn/p)x},

k&, 2kZ-{(2nn/p)+(k;sin@)}2, kn2 W pinEw)”%.m=1,2,

Im{kno} 20, Re{knn} 20, Ho2(u, /7€) '72Eq.

The time dependence exp(-jwt) is omitted from the field

components.The other tangential field components Ex and Hy

can be obtained from Maxwell’s equations.

In our MPMM,infinite sum in (1) and (2) are approximated by

a finite sum . Furthermore,the approximate values alE’ (N),.
bR (N) (N:itrancation mode number) for aflE’.,...,b&H are

obtalned from the boundary conditions at (xq,0) ,where xq2

{p/(2N+1)}q,(q=0,1,2,...,2N):

N
‘b(XQ)%nzz_N{PnCn(N)Un(xq)}zoy Xa EC:{XQ I q=j1vj2"'°'.ju} (3)
N —
‘V(Xq)%RN{QnCu(N)'Vn}Un(Xq)zo.XqEc={Xq | Q=iqg,izseee,ivy (4)
,where {xq | q=i1,i2,0+..,iL} lie on the gaps and {xq¢ | 9=ji,j2»
...,in} on the strips (L+M=2N+1).
cn(N),Po(N) and so on in (3),(4) are defined as follows:

Cn(N)é( a,,‘E’(N)/(ZEocosr)) Pné(l )sm 2] m=n

ad® (N)/(2Hpcos 7)) Kon m#n
(kyn/kyod+Cuy/ u2)(kao/kio) Wo2 8o
1+ Ce1/e2)(kan/kyn) N Ua(x)2exp(j2nnx/p)

Using the orthogonality relation ‘3 um(xa)ul(xq)=(2N+1) & ns
(% :complex conjugate),and the bodndiry conditions of (3) and
(4),we obtain the following equations:

i
rRKN(XQ'xr)fr=F(XQ)uq:il9i2‘~---iL (5)

N N
,where KN(X)%RN(Qn/Pn)Un(X);F(X) %E_anun(x)wo(x).

The L-dimensional simultaneous equation (5) is solved to obtain
{f.}.then the expansion coefficients {c.(N)} can be computed
from
iy
cn(N)z{q;‘fqu:(xq)}/Pn ,n= -N,-N+1,....N (8)

In similar manner.we can readily derive the following M-dim-
entional simultaneous equation from (3) and (4):

b __
rRKN(XQ-xr)grzc(xQ)'qzjl'jZa--';jM (7)
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_ N N
.where KN(X)%:E_N(Pn/Qn)Un(X) , G(x)=2 :EN(inn/Qn)Un(X)-
The unknown coefficients {c.,(N)} are determined from
In
Cn(N):{qggqu;(XQ)‘H‘n}/Qn yn=-N,-N+1,... N (8)

using the solutions {g.} of (7).

The normalized total transmitted power p (N) and reflected
power p:(N) are obtained by integrating the y component of
the Poynting vector over a period:

N N
PINZZ [ Ta() |2 o (M=Z | Ra(N) |2 (9)

Here, | Ta(N) | 2 and | R.(N) | 2are the normalized transmitted
power and reflected power of n-th mode.

We can prove mathematically that the energy conservation re-
lation p «(N)+p (N)=1 always holds(therefore energy errora

1- p (N)-p.(N)=0), which is a distinct feature of this method.

3. RESULTS

Figures 2 and 3 show the plots of | Ro(N) | 2 and | T+ (N) | 2
as a function of 1/Dy (Dmithe dimention of simultanous equat-
jons) including the other results.

o—o—o: MPMM +—o—e: MPMM
n_%--X-; PMM [Hinate and Hosono. 1878] ~_ x--x--x: PM{ [Hinata and Hosono, 1976]
Z o O ©O: Agronovich et al. [1962] £ o @ ©: Agronovich et al. [1962]
gA & 2 ; Neureuther and Zaki [1968] TA & &3 Neureuther and Zaki [1968)
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Fig.2 | Ro(N) | 2 vs.1/Dn. Fig.3 | Tay(N) | 2 vs.1/Dy.
r=n/2(H-Polarization), 8 =0° r=n/2(H-Polarization). 8=0°
€2/ 1=/ y=1,p/ A=1.5. g2/ €= 2/ wa=1,p/ A=1.5.

In computing the scattering characteristics,we always estimate
the relative errors from the plots like Figures 2 and 3.
The general results are:
{.The relative errors of | Ro(N) |2 and | T-1(N) | 2 by MPMM
are less than 0.36% and 0.01% for DL 230. While DL,260 is
necessary for PMM to attain the same accuracy .
2.The accuracy of MPMM is comparable to that of the algorithm
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proposed by Agronovich et al.[1962].which is quite complic-

ated to derive.
Figure 4 shows p ((N) versus 1/Dy for the grating with three
strips of width p/8 in a period ,which seems intractahle by Agr-
onovich et al.[1962] method.In this case., the series of N-values
which give less errors are {++.35.31.27.23.-} for 7 =0 (E-
polarization) and {+-.36.32.28.24.}) for r=n/2 (H-polariz-
ation).in Fig-ure 5. numerical evamples of the normalized tr-
ansmitted power (y=n/2 . 0=0. £>/¢,=2) are shown for the
gratings with three stripes in a period, which also seems dif-
ficult to be analyzed by other methods. Wood anomalies occur at
the wave number ky®'=|n|/{Cez/e)'"*—=(n/|n})sind} where
n-th space harmonic begins to appear.Figure 5 shows that the
structure in a period of the grating influnces greatly on the
behavior of Wood anomalies. 7-0(E-Polarization) 5

e .
4. CONCLUSION @sp J?”*““M
We proposed a modified po- | -

: : 78 r---
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