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Abstract
In this contribution we review the application of circuit modeling techniques to the characterization of
extraordinary transmission through metal screens perforated with periodic arrays of subwavelength
apertures . A number of practical situations are analyzed using quasi-analytical and fully analytical
models. The method provides an in-depth understanding of the underlying physics as well as accurate
values of the transmissivity, reflectivity, and absorptivity of this kind of structures. Free-standing and
dielectric loaded metal screens are considered.

1. Introduction

The study of the extraordinary transmission (ET) of electromagnetic waves through periodically dis-
tributed sub-wavelength apertures has been a hot topic during the last fourteen years (since the discovery
of the phenomenon by T. W. Ebbesen and coworkers [1]). Presently, the phenomenon is well under-
stood and a number of comprehensive and valuable reviews on the topic are available [2, 3, 4]. Surface
plasmon-polaritons (SPP) are considered key in the explanation of the presence of exotic transmission
peaks in the transmission and reflection spectra of opaque screens periodically perforated with subwave-
length apertures. Thus, from the knowledge of the dispersion curves of those surface waves linked to
the structured metal surfaces (sometimes called spoof plasmons [5]), it is possible to understand the
frequency behavior of the observed transmission/reflection spectra. Nevertheless, an alternative point of
view has arisen in the last few years that leads to a very simple and systematic modeling of the kind of pe-
riodic structures under consideration. A quasi-analytical circuit model based on a microwave engineering
approach was first proposed by some of the authors in [6]. This model accounts for ET through peri-
odic arrays of sub-wavelength holes made in thin/thick perfectly conducting plates. Even the most fine
details of numerically obtained spectra are reproduced by the analytical circuit model. This is possible
using a reduced set of circuit parameters that are known in closed form or extracted from data numeri-
cally generated for a few frequency points. These parameters are independent of the selected frequency
samples. This methodology was soon extended to deal with simple/compound one-dimensional metallic
gratings [7], and it was used to predict ET in non-periodic systems without surface plasmons (such as
small diaphragms inside hollow-pipe waveguides [8]). The influence of the presence of dielectric slabs
(first studied in [9]) has recently been incorporated to the circuit model approach [10, 11] as well as the
effects of non-perfect conductors [12]. This modeling technique has also been used by other authors to
solve electromagnetic problems of similar features (see, for instance [13, 14, 15, 16]). The purpose of
this work is to provide an overview of the state of the art of the application of circuit modeling methods
to the analysis of ET and related structures. Advantages and limitations of this modeling strategy will be
highlighted in the presentation.
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Fig. 1: (a) A typical ET perforated metal screen, (b) its equivalent circuit model, and (c) typical set of
results showing the comparison between numerical and analytical data (solid and dashed lines). This
analysis was first reported in [6].
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Fig. 2: (a) A subwavelength-slits periodic structure loaded with dielectric slabs, (b) its circuit model, and
(c) typical set of results. The analytical data (solid lines) perfectly accounts for numerical data (circles)
generated using a very accurate mode matching solution. This type of models are described in [11].

2. Circuit models for periodic structures

As mentioned above, a number of ET structures have been characterized by means of simple circuit-like
analytical models with a high degree of success. In Fig. 1 and Fig. 2 we show a couple of examples of
the type of structures and models here considered. Figure 1 shows an example of a free-standing metal
structure. In particular, it is shown the periodic structure and the basic unit cell as well as a suitable circuit
model and a set of typical results. The circuit model results are compared with full-wave numerical
calculations. After determining the circuit parameters, extremely accurate analytical results are obtained
accounting for very fine details of the transmission spectra, as it can be seen in Fig. 1(c). In Fig. 2 an
array of subwavelength slits sandwiched between dielectric slabs is considered. The circuit model and an
example of transmission spectrum are also shown. In this case, all the parameters of the circuit models
can be obtained in closed form. This is possible for parallel and perpendicular polarizations, and for
narrow slits (as in the example) or narrow strips, both for normal and oblique incidence. The influence
of the dielectric slabs, which drastically modify the spectra, is incorporated in the model in a very simple
manner. Moreover, the circuit model provides a very convenient physical insight to understand all the
details of the computed complicated spectra. This methodology can also be extended to 2D arrays of
simple planar scatterers (such as dipoles or patches), but in this case some of the parameters have to be
extracted from a few numerically generated scattering parameter samples. Several other cases will be
considered in the presentation.
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3. Conclusion

Circuit models are proposed to explain the behavior of the transmission spectra through metal screens
perforated with periodical distributions of subwavelength slits or holes. Excellent qualitative and quanti-
tative agreement is observed between analytical (or quasi-analytical) models and numerical calculations.
The models have been successfully applied to explain a wide variety of physical situations, which are
expected to be extended in forthcoming works. These models do not only provide useful practical tools
to design devices based on periodic structures but an in-depth physical insight on the behavior of such
electromagnetic systems.
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