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Abstract

This paper describes a Method of Moments technique for the simulation of in-
finitely periodic structures involving dielectric objects whose unit cell can be connected
or not. A numerical approach, based on the Method of Moments was developped, us-
ing the surface equivalence principle and the PMCHWT formulation of the integral
equations. The use of periodic Green’s functions for both inside and outside prob-
lems enables the analysis of structures where the dielectric volumes of successive cells
are connected. A fast algorithm for the computation of the doubly periodic Green’s
function and its gradient is also implemented. The accuracy of the MoM approach is
assessed in several cases.

1 Introduction

Periodic dielectric structures are now intensively considered for traditional applications,
like phased arrays, as well as for novel structures, like metamaterials. For instance, a
dielectric EBG superstrate made of stacked arrays of cylindrical rods was proposed in [1] to
strongly increase the directivity of patch antennas. In a first instance, the design process
can be dramatically accelerated by resorting to infinite-array simulations [2]. In order
to simulate infinitely periodic dielectric structures, we developped an efficient approach
based on the Method of Moments and the PMCHWT [3]-[4] formulation of the surface
integral equations. The orginality of this approach mainly relies on the use of doubly
periodic Green’s function outside, as well as singly or doubly periodic Green’s function
inside the dielectric medium. Overlapping basis functions allow equivalent currents to
flow between successive unit cells. For reasons of computational efficiency, the Green’s
functions as well as their gradients are tabulated before filling the MoM impedance matrix
and this tabulation relies on an efficient algorithm [5], based on series accelerators to
further reduce the computation time. This paper is organized as follows: Section 2 recalls
the basics of the PMCHWT formulation and describes how it can be used in conjunction
with periodic Green’s functions to analyze periodic dielectric objects. In Section 3, this
method is applied to compute the transmission properties of an EBG structure made of
infinite dielectric rods (i.e. the unit cell is connected along only one direction). Section 4
demonstrates the accuracy of this method in the case where the unit cell of the structure
is connected along two directions. Finally, conclusions are drawn in Section 5.

2 Integral equation formulation

When analyzing the scattering by dielectric bodies, these bodies are removed and re-
placed by fictitious equivalent currents on the interface [6]. These equivalent currents are

expressed respectively as ~J = ~n× ~H and ~M = −~n× ~E, where ~n is the unit normal pointing

outward the object and ~E and ~H are the electric and magnetic fields. The knowledge of
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Figure 1: Dielectric EBG structure

Figure 2: Unit cell for the single layer
EBG. Small arrows represent the basis
functions.

these currents is sufficient to compute the fields scattered by the object. They can be de-
termined by ensuring the continuity of tangential electromagnetic fields along the surface
of the dielectric object (PMCHWT approach).

Assuming incident fields ~Einc and ~Hinc, the integral equations for the electric and magnetic
fields read:
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Where −
∫

stands for principal value integration, ~J and ~M are the unknown equivalent
electric and magnetic currents, S is the interface between the dielectric body and the
outside medium, Gout is the free-space Green’s function for the outside medium, and Gin

for the inside medium.
These equations are then solved by the Method of Moments, with RWG [7] and Roof-Top
basis functions and Galerkin testing. More details about how these equations are obtained
can be found in [5] and [8].
In order to reduce the computational cost, the Green’s functions and their gradients
are tabulated before filling the impedance matrix, and this tabulation relies on efficient
algorithms [5] and on the use of series convergence accelerators.

3 Periodic dielectric structures connected in one direction

In order to simulate an infinitely periodic dielectric structure whose unit cell is connected
in only one direction, such as the EBG structure presented in Fig. 1, the unit cell is made
of thin slices of dielectric rods (Fig. 2). As seen from the exterior medium, these slices are
periodized in both directions and the doubly periodic Green’s function is used. However,
as seen from inside the rods, the unit cell must be periodized in only one direction, along
the rods. Hence, for interior integrals, the singly periodic Green’s function is used. The
rods are discretized using roof-top basis functions defined on rectangular domains, as
shown in Fig. 2 and overlapping basis functions are added along one edge of the unit cell
to allow the current to flow from one cell to the next. The transmission and reflection
coefficients of a plane wave through 6 layers of rods are presented in Fig. 3 where the
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Figure 3: Transmission and reflection coefficients of a plane wave through the 6-layers
EBG with and without a defect.

typical band-gap exhibited by these structures is shown. This figure also compares those
coefficients for a 6 layers EBG with and without a defect. The defect introduced consists
of an increased distance between the 3rd and 4th layers of rods. When this distance
is increased to 26.1mm, a transmission peak is observed in the middle of the band-gap.
These results are in excellent agreement with those presented in [1], which were obtained
with the help of the FDTD method.

4 Periodic dielectric structures connected in two directions

In order to simulate an infinitely periodic dielectric structure whose unit cell is connected
in two directions, the doubly periodic Green’s function is used for both inside and outside
problems. This approach is validated in the trivial case of an infinite dielectric slab. The
simulated transmission and reflection coefficients at normal incidence of a plane wave
through a slab of thickness 0.33 cm and ǫr = 8 is compared in Fig. 5 with analytical
results. An excellent agreement is obtained. Fig. 5 also shows the simulated coefficients
for a periodicaly perforated slab, whose unit cell is depicted in Fig. 4, for ǫr = 8 and ǫr = 1.
It is worth noting that, as expected, the magnitude of the reflection coefficient obtained
for ǫr = 1 is constant at 0 dB over the whole frequency range. In both cases, energy
conservation, although not explicitely imposed by the Method of Moments, is fufilled with
an excellent accuracy: the error does not exceed 0.05 dB and is even smaller than 0.01 dB
most of the time.

5 Conclusion

A Method of Moments approach has been proposed for the simulation of infinitely periodic
structures made of dielectric objects whose unit cells can be connected. This approach is
based on the surface equivalence principle and the PMCHWT formulation of the integral
equations. These equations are discretized and solved with the Method of Moments,
using the Galerkin testing procedure. To this end, a fast computation method for the
singly and doubly periodic Green’s functions and for their gradient is used. Unit cells
connected with each other through the dielectric material could be treated through the use
of periodic Green’s functions for both regions inside and outside the dielectric material;
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Figure 4: Unit cell of a perforated dielec-
tric slab.
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Figure 5: Transmission coefficient through
dielectric slabs and perforated slabs (unit
cell in Fig. 4) for normal plane-wave inci-
dence. Slab height : d=0.33cm.

singly periodic functions for connection in one direction, doubly periodic functions for
connection in two directions. Basis functions overlapping consecutive cells, were used to
properly implement the method for connected structures. This connection method was
demonstrated on several examples and the accuracy of this approach was assessed through
energy conservation checks.
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