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Low Frequency TM Plane-wave Scattering From a
Two-layer Double-strip Grating With Equal Gaps

Dragan Filipovi¢ and Tatijana Dlabac

Abstract: This paper treats the low-frequency TM plane-wave scatgefriom a two-

layer double-strip grating with equal gaps. The problenolged by using a simplified
network model which takes into account only the basie=(0) mode. Numerical
results are given for the magnitude of the basic mode reflecdefficient versus the

relative grating period.
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1 Introduction

The problem of plane-wave scattering from different grgdimas always attracted
attention of scientists and remains interesting in thegaresme. One of the most
powerful methods for handling this problem is the Riemarilipéft method [1]
which was developed mainly at the University of Harkov, Ukea The mathemat-
ical basis of this method is the complex function theory.

Guglielmi and Oliner [2] considered the problem of the plaveve scattering
from a single-strip grating (Fig. 1) and derived network ralsd(Fig. 2) for this
problem. The network model on Fig. 2(a) is valid for the stethaperture formu-
lation, when the electric field in the gap is taken as an unkndw the alternative
case, when the current density on the strip is an unknowntiquétine obstacle for-
mulation) then the corresponding network model is the ogvalon Fig. 2(b). The
most important element of these two models is the couplingixahich takes into
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account interaction between the basic{ 0) mode and the higher order harmon-
ics (h==+1, £2, +3,...). This coupling matrix is in the form of an impedance
or admittance matrix, and the elements of these matricedexieed in [3] in the
form of some double integrals which have to be evaluated migaily. Very simple
analytical formulas for the coupling matrix elements, tethto the problem from
Fig. 1, are derived in [4] and [5].
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Fig. 1. Single-strip grating and plane wave incident at dnitcary angle.

More comlex gratings are considered in [6] (double-striptigjlg with equal
strips), in [7] (double-strip grating with equal gaps) andd] (asymmetrical double-
strip grating). In all these cases, simple formulas for thepting matrix elements
are obtained. These formulas are applied in [9] to the aisbfeplane-wave scat-
tering from a two-layer single-strip grating in the low-figency case (grating pe-
riod < A). The network model in this case is extremely simplified siadl the
higher order harmonisc are neglected and the coupling xigtnieduced to one
single element.
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Fig. 2. Network models for the problem shown on Fig. 1.

In [10] the simplified network model is applied to the anadysif the low-
frequency TE plane-wave scattering from a two-layer dowtig grating with
equal strips. In the present paper we consider the dual gmgbi.e. the low-
frequency TM plane-wave scattering from a two-layer dotdttg grating with
equal gaps.
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2 Network Model of The Problem

Geometry of a two-layer double-strip grating with equal g&shown on Fig. 3.

The gratings are identical and their position is such thay twould overlap
when translated along the x-axis. The grating periog,ishe distance between
them —h. The gratings have two strips per period. Their widths@&rand p—d.
All the gaps have the same width(d —d;)/2. A plane TM-polarized wave is
incident perpendicularly. The medium is vacuum. For the-feeguency case
the network model from Fig. 2(a) is extremely simplified,cgronly by the basic
(n = 0) mode is considered (Fig. 4). The coupling matrices redad&o shunt
impedances given by [1].
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Fig. 3. Geometry of the problem

iZo

Z00 = ADi-v—u (l)
28 In4
where d
U= Ccos— 2
0 (2)
V= cos% 3)

andZy = 120 (Q) is the free-space wave impedance.
The reflection coefficient (for the = 0 mode) can be found from Fig. 4. Itis
— (2Zoo+ jtgBh)

== = = = 4
= 273, + 2j 22 taBh+ 2Zoo+ 2j ZootgBh + jtgBh “)

where 2 Z
5 _ 400 _ _Z00
Zoo= 27, ~ 120m (5)
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and

B==" ©)

Fig. 4. Simplified network model of the problem

3 Numerical Results

Figs 5-7 show the magnitude of the basic mode reflection cosfti|S;;| versus
the relative periody/A, for different values ofl; /p, d/p andh/p.

0.4

d1/P=0‘5

0.3

0.2

0.1

Reflection coefficient magnitude

0 0.04 0.08 0.12 0.16 0.2
Relative period (period/wavelength)

Fig. 5. Reflection coefficient magnitude of the basie<(0) mode versus relative
period ford/p=0.7 andh/p= 0.5

We note that if
di=p-—d (7)

the double-strip grating from Fig. 3 becomes a single-girigting, whose period
is one half of the original period. The corresponding resiit this case should
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Fig. 6. Reflection coefficient magnitude of theFig. 7. Reflection coefficient magnitude of the
basic i = 0) mode versus relative period for basic o = 0) mode versus relative period for
di/p=0.1andd/p=0.7 di/p=0.3andh/p=0.7

coincide with those presented in [9]. This can be verifiedditally by comparing
eqn. (1), wherel; is given by (7), with egn. (2) in [9], wherp is replaced byp/2
and the gap width a is given by

a= - :d—g 8)

4 Conclusion

This paper treats the low-frequency TM plane wave scatefiom a two-layer

double-strip grating with equal gaps. The problem is solwedsing the simplified

network model which takes into account only the basie-(0) mode. The numeri-
cal results include magnitude of the reflection coefficidmven versus the relative
periodp/A, for different grating geometries. In the special case, whe double-

strip grating becomes a single strip-grating, the obtairesiilts are identical to
those obtained earlier [9].
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