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A computational tool, based on the source-model technique (SMT), for analysis of electromagnetic wave scattering
by surface grooves and slits is presented. The idea is to use a superposition of the solution of the unperturbed
problem and local corrections in the groove/slit region (the grooves and slits are treated as perturbations). In this
manner, the solution is obtained in a much faster way than solving the original problem. The proposed solution is
applied to problems of grooves and slits in otherwise planar or periodic surfaces. Grooves and slits of various
shapes, both smooth ones as well as ones with edges, empty or filled with dielectric material, are considered.
The obtained results are verified against previously published data. © 2011 Optical Society of America
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1. INTRODUCTION
Electromagnetic wave scattering by surface grooves and slits
has been treated numerically by various methods including
the finite element method [1,2], the finite-difference time-
domain [3–6], the method of moments [7,8], and the Fourier
modal method, also called rigorous coupled-wave analysis or
mode-matching method [9–15]. This paper describes a source-
model technique (SMT) [16] solution for this class of pro-
blems. The SMT is a mesh-free, integral-equation method that
is simple to implement and applicable to arbitrary geometrical
shapes. It is closely related to a number of other methods: the
Generalized Multipole Technique [17], the Method of Auxiliary
Sources [18,19], the Method of Fictitious Sources [20,21], and
the Method of Fundamental Solutions [22]. Although the SMT
has been extensively applied to a wide range of scattering pro-
blems [23–30], it has not been applied to analyze scattering by
surface grooves and slits.

This paper presents an SMT-based approach to solve scat-
tering by surface grooves and slits. A similar SMT-based ap-
proach has recently proven its usefulness in the context of
defects in photonic crystals [29]. The idea is to treat the
grooves and slits as perturbations in the structure and use
a superposition of the solution of the unperturbed problem,
and local corrections in the groove/slit region. In this manner,
the solution is obtained in a much faster way than solving the
original problem. It also facilitates fast analysis of a large
number of different perturbations for a given (unperturbed)
geometry.

The proposed solution is applied to problems of grooves
and slits in otherwise planar or periodic, perfectly conducting
metal as well as dielectric surfaces. In the planar surfaces
case, the solution of the unperturbed problem is known
analytically. In the periodic surfaces case, the solution of the
unperturbed problem is obtained numerically using an
efficient SMT solution that employs periodic sources [24].
Grooves and slits of various shapes, both smooth ones as well
as ones with edges, empty or filled with dielectric material,

can be analyzed. In the context of groove problems, the focus
is on the scattered field, while in the context of slit problems,
the focus is mainly on the field transmitted by the slit. This
latter problem has received a lot of attention recently, parti-
cularly in studies of enhanced transmission through subwave-
length slits [4–6,12–14,31,32].

This paper is organized as follows. The SMT is described in
Section 2. The formulation for the two representative cases
being analyzed, namely, that of a dielectric-filled rectangular
groove in a planar perfectly conducting metal surface and that
of a slit in corrugated perfectly conducting metal screen, is
given in Section 3. Numerical results for these two cases
are presented in Section 4. Finally, a summary and conclu-
sions are given in Section 5.

2. SOURCE-MODEL TECHNIQUE
In the SMT, the scattered fields in each of the homogenous
regions of the problem space are approximated by a superpo-
sition of fields of fictitious current sources located outside
that region. Each fictitious current source is assumed to radi-
ate in an unbounded region with the same material properties
as the region that produces the fields. In this way, the approx-
imate field in each region automatically satisfies Maxwell’s
equations. What we do next, is adjust the amplitudes of these
fictitious sources for the continuity condition (in some mini-
mum error sense) at a discrete set of matching points (MPs)
across the interfaces between the various regions. A sche-
matic example of a two-dimensional scattering problem invol-
ving two different dielectric regions that are assumed to be
infinite in the z direction is shown in Fig. 1. If the polarization
of the incident wave is TE (i.e., the electric field is in the z
direction, transverse to the plane of incidence), filamentary
electric sources are used. If the polarization of the incident
wave is TM (i.e., the magnetic field is in the z direction, trans-
verse to the plane of incidence), filamentary magnetic sources
are used. Naturally, the electromagnetic field produced by
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