Boag et al.

Vol. 6, No. 4/April 1989/J. Opt. Soc. Am. A

543

Analysis of diffraction from echelette gratings, using a
strip-current model
Amir Boag, Yehuda Leviatan, and Alona Boag
Department of Electrical Engineering, Technion-IsraelInstitute of Technology, Haifa 32000, Israel
Received May 19, 1988; accepted December 20, 1988
A method is presented for analyzing electromagnetic scattering from an echelette grating separating two contrasting
homogeneous media and illuminated by a plane wave. The reduction of the general problem to a consideration of
the fields over a suitably selected period, referred to as the unit cell, is facilitated by the Floquet theorem. The
solution, in the p-polarization case (electric field parallel to the grooves), uses sets of spatially periodic and properly
modulated fictitious electric-current strips to simulate the field scattered by the grating boundary surface and the
field penetrated through the surface. In the s-polarization case (magnetic field parallel to the grooves), which is not
examined in this paper, sets of fictitious magnetic-current strips, instead of electric ones, should be used. The fields
radiated by the current strips are expressed in terms of Floquet modes and are adjusted to fit the continuity
conditions for the tangential components of the electric and magnetic fields at a finite number of points on the
grating surface within the unit cell. Special attention is given to the behavior of the fields at the corners. The
procedure is simple to perform and is applicable to gratings of arbitrary cross section. Perfectly conducting
gratings are treated as reduced cases of the general procedure. Results are given and compared with existing data.
The efficiency of the suggested method is demonstrated.

1.

INTRODUCTION

Two-dimensional electromagnetic scattering of a plane wave
from echelette gratings has been the subject of many studies.
These studies are of great interest because diffraction gratings with relatively deep grooves and small grating periods,
which are now easy to fabricate, have numerous applications
in optics. Some of the previous theoretical and experimental treatments of this subject can be found in Refs. 1-6.
In this paper we extend the results of a previous paper7 in
which we showed how plane-wave scattering from nonplanar
periodic surfaces of arbitrary smooth shape can be analyzed
in a simple and efficient manner by using a strip-current
model. The basic idea in the approach suggested in Ref. 7 is
as follows: Instead of using surface integral equations to
solve for conventional electric and magnetic surface currents, we solve for fictitious strip currents that lie a distance
away from the surface by adjusting the amplitudes of these
sources to fit the continuity conditions at a finite number of
points on the boundary. More specifically, we set up simulated equivalences for the regions on both sides of the periodic interface by using two sets of spatially periodic and
properly modulated strips of electric current. The field
scattered by the surface is simulated by the field of a set of
electric-current strips placed a distance beneath the interface, and the field refracted into the region beneath the
interface is simulated by the field of a set of electric-current
strips placed a distance above the interface. The strips are
characterized by a common Fourier-transformable electriccurrent-density profile, which for each periodic source is
multiplied by a yet-to-be-determined constant complex amplitude. The strips are of infinite extent in the axial direction, parallel to the direction of the periodicity, and are
assumed to radiate in an unbounded homogeneous space
occupied with the same medium as that of the corresponding
region whose fields are simulated. Since the strips are par0740-3232/89/040543-07$02.00

allel to the direction of the periodicity, the field that each
periodic source is radiating can be represented analytically
by means of a discrete spectrum of outgoing and decaying
plane waves known as Floquet modes. Furthermore, as
these current strips lie some distance away from the boundary surface, their fields constitute a set of smooth periodic
field functions on the surface that may potentially span the
actual smooth field on the boundary. The above characteristic, namely, that these currents not only yield smooth
fields on the surface but also enable us to determine these
fields anywhere analytically, is the key advantage of the
proposed approach. This quality is highly appealing, as one
can avoid laborious surface-current integrations when computing the fields at the various stages of the solution. In
addition, since we are actually using a basis of smooth field
functions for representing fields on the boundary, a simple
point-matching procedure can be selected conveniently for
testing.
In this paper we develop further the technique described
in Ref. 7 by extending it to handle echelette gratings. The
analysis proceeds along parallel routes, but special care must
now be given to the edges, where the field can become singular. The modification is effected by locating sources close to
the edges in addition to those that can well represent the
smooth fields on the boundary. These extra sources render
the spanning of the fields near the edges, at least to some
desired accuracy, feasible.
2.

PROBLEM SPECIFICATION

Consider an echelette grating formed by a boundary surface
separating two contrasting media. The grating is periodic
along the x axis, with a period p, and uniform along the y axis
of a rectangular coordinate system. A cross section of the
geometry together with a relevant coordinate system is
shown in Fig. 1. It should be noted that, according to our
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