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Introduction
A scattering analysis of two dimensional gratings is presented., Approximated
formula for reflection coefficients are derived by the singular integral
equation method. The numerical results for the normal incident TE wave zre

shown and are checked by the energy error.

Scattering Formula
Consider a thin conductive sheet that is periodically preforated with
rectangular aperture. The periods along x and y axisis are a and b, the
widths of aperture §1 and 62, as shown in Fig.l. An incident wave is the TE
field with the propagation vector k. In Fig.2, 0 is the angle between
z-axis and k, angle ¢ is between x-axis and the projection of k on the x-y

plane. ¥
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Fig.l two dimensional gratings Fig.2 the propagation vector of

the TE field

Since the structure is periodic, the Floquet condition must be satisfied. We
can write the scalar mode function at :=0 plane as follows. (The exp(jwt)
time dependence omitted)

s . . 2mn . . 2nm
gmn =exp{-J(Upx+V,y)} where: U =ksinfcos¢+ == Vp=ksinfsin¢+ =~ (1)

So, the incident TE wave on the surface can be expressed as,

E® = (sin¢ ix- cosd iygmn (2)

Because of symmetry of the structure,if we find the m,n-th mode reflection
coefficients under the condition of the magnetic wall instead of the aperture,
the two dimensional gratings reflection Ry, can be obtained by the following
formula:

Bon = 3(Cmn-6m06n0)%m > Tmn = 2(Can+6m06n0)Nmn for TE mode,
Rmn = Tmn = 2DmnMan for TM mode. (3)
Here,Cmn and Dymn are the reflection coefficients for TE wave and TM wave in

the condition of magnetic wall. Nf,and NMare normalizing constants, If we
write the scattering waves as ETand HY, the boundary condition are written as:
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H =B +u8°=0 , H =H+8H =0 (x,y)€¢C
b'e x X Y Y Y
i r i r
E, = E, =0 , E =E +E =0 x,y)€C (W)
X Ey y Y v (x,y)

Using the scalar mode functions the scattered field can be expressed as

= (VYnWmn Umk
Hy {co:ﬁ:.q.nq‘)(l COO) ose Doo}goo— Lo (Tmnk Con+ Tmnwmn Dmn)gm_n ,
_ sin - (Vnk _ UnWmn
Hx-{cosecos¢(1-coo)+ 3325 Doo}goo- LL (g Dmn- s Cmn)amn , (5)
where 2 2y 2 _ f vk22Tmn? if k 2 Tmn
Tmn<=Um=+Vn VWimn = {j¢$E;E:K2 if k € Tmn .
Con51der he amplitude of Cppand Dmn’ the convergence of

series L & Cm and Z-%f}ﬂﬂbmls poor. We shall transform the infinite series
of (0, n)' and (m,0) modes into the singular integral eguations. By an
appropriate manipulationwe find the simultaneous singular integral equations
for the scattered electric fields:

cosBeost{1-Cyo)+ 2L pyo-{sindsing [F K11(x,E)C,(£,n)aEan
-4 K12(X,€)—‘C’y(§ n)agan}s I°I° s pDmn6mng00”

umw

cos8sin¢(1-Cqq)- C°S¢D0° L= 17 Koy, n) F0x(£,n)akan-cos¢sing [J
K dgdn}- £°5° Vnwmn .
22(y,n)Gy(€,n)akan}- 72 Toge Canfun€oo%- Z'TBm%__ Dmn&mn&00*
. mn*mn (6)

Where: £oaoy’ (YW Jm y_-Jeméa(x-£)
K11(x.8) 11=L (mgm + e

=fie 1
n* 8alx-¢€)

ﬂ ¢ » Um*Wmn mn
Kpo(x,€)= Tip T Tpp=p’(—_ER _gmm
B kaéa(X—E) 2mkTmn?2  kam

Ifx-y,m-n,n-m, £ -n, n-£ in kqy and k 12 » We can get kKoo and k2 .
By the bourdary ‘conditions we assume that the equations (6)have solutions as
follows, !

Gx(x,y)= Tr%ziteo Gy(XaY) ﬂ"%:_ngo (1

Substituting (7) into (6) we obtain the equation about the undetermined
constants Q;p and Qpp .

{ cosfBcos¢(1- Coo)+<———% Dgg *+ F1 Q39 (ka6 = + F2) Qog = O
!
: afa cos ° - ~
singcos8(1-Cggl+ EEE% Doo -(ﬁggg; +F3) Qg + Fy Qog = 0 (8)
where: the series F1~F) can be evaluated by using Bessel functions.
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Using (T}, the Gy and D ,also can be expressed by Qqgand Qpg s0 all
constants can be determined.

If the TE wave is incident normally, the calculation become very simple.
Consequently we get the reflection coefficient of {0,0) mode as following.

na

ka(Sa

Rog = -U( + Fo )/{em?+L(] + Fp )}_l (9)

e
Jkaéa

Numerical Evaluation

The constant series Fo are converged gquickly because of production of Bessel
functions,so the series can be truncated at small number. Fig.3 and Fig.h give
us a comparision with analysis of the mode-matching method (M.M.M) and the
singular integral equation (S.I.E). In the calculation of mode-matching method
we can not take many mode functions for two dimensional problem, because
unknown number would be too many to calculate practically by the computer.
Below figure, the truncated number is 3, the energy error is too large. On the
other hand, by the singular integral equation method we get answer gquickly and
correctly. The CPU time for geting the curve is reduced to 18 second that is
needed 20 minute for the mode-matching method. From this analysis, we can find
the singular phenomenon of scattering, that is called as Wood's anomalies?
Considering the balance of energy , the energy error is defined. By the
energy error ve also can say the analysis of the singular integral eguation is
better for two dimensional scattering problem.

Conclusion
& approach employing the singular integral equation is used to calculate the
reflection coefficients for two dimensional gratings. The numerical examples
were made for normal.incidence. The calculation time was greatly reduced,

M=3 §1/a = 82/b = 0.4 a/b = 1.0

Q
@ ——————— S.I.E
g" —a—a—— M.M.M
(s
Xo xS
S s o8
2 X
- o

We
o Q
:. T S T T I T T T 1
S.oc 4. 00 8. 00 12.00 70.00 4. 00 8. 00 12.00

KA KA

Fig.3 the reflection coefficient R,y Tor example 1.
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Fig.Lb the reflection coefficient Rgg for example 2.
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