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We introduce a solution based on the source-model technique for periodic structures for the problem of elec-
tromagnetic scattering by a two-dimensional photonic bandgap crystal slab illuminated by a transverse-
magnetic plane wave. The proposed technique takes advantage of the periodicity of the slab by solving the
problem within the unit cell of the periodic structure. The results imply the existence of a frequency bandgap
and provide a valuable insight into the relationship between the dimensions of a finite periodic structure and
its frequency bandgap characteristics. A comparison shows a discrepancy between the frequency bandgap
obtained for a very thick slab and the bandgap obtained by solving the corresponding two-dimensionally infi-
nite periodic structure. The final part of the paper is devoted to explaining in detail this apparent discrep-
ancy. © 2003 Optical Society of America
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1. INTRODUCTION
Photonic bandgap crystals (PBCs) have been the subject
of considerable interest in recent years. One of the aims
of the extensive research of those periodic structures is
the analysis of the photonic bandgaps that they exhibit.1,2

A photonic bandgap is a frequency range for which elec-
tromagnetic fields cannot propagate inside the structure
in any direction. The existence of a bandgap can provide
complete control of light propagation in those materials
and offer many potential technological applications.

Understanding the bandgap characteristics of finite-
size PBCs, previously explained by studying Bloch mode
propagation in infinite crystals, has been a subject of ex-
tensive investigations in recent years. Toward this end,
several numerical methods based on rigorous integral for-
mulations, such as the Rayleigh expansion and the
S-matrix method, have been applied to the problem of
electromagnetic scattering by finite-size PBCs.3–6 This
paper proceeds along the same line to develop a solution
based on the source-model technique7 for the problem of a
transverse-magnetic (TM) plane-wave scattering by a
two-dimensional PBC slab, composed of a finite number of
identical layers, each comprising a linear periodic array of
dielectric cylinders. The objective of the paper is to gain
a valuable insight into the effect of varying the number of
layers of the finite periodic structure on its frequency
bandgap characteristics. Of particular interest is the
comparison between the frequency bandgap obtained for
a large number of layers and the bandgap obtained by
solving the eigenvalue problem for the corresponding two-
dimensionally infinite periodic structure.

A detailed specification of the scattering problem is
given in Section 2. In Section 3 a formulation of the
source-model technique is given and adapted to the prob-
lem at hand. The proposed solution uses fictitious cur-
rent sources of yet-to-be-determined amplitudes to simu-

late the fields in each of the different dielectric regions of
which the PBC slab is composed. These amplitudes are,
in turn, adjusted to fit the continuity conditions for the
tangential components of the electric and magnetic fields
at a selected set of points on the boundary between the
different dielectric regions, within the unit cell of the pe-
riodic structure. In Section 4 the calculated reflected
power density for different frequencies and for various
angles of incidence of the implied incident wave demon-
strate the existence of a frequency bandgap. Further re-
ported in this section is a study of the reflected power den-
sity as function of frequency for increasing number of
layers. Results of a comparison between the frequency
bandgap obtained for a large number of layers and the
bandgap obtained by solving the eigenvalue problem for
the corresponding two-dimensionally infinite periodic
structure are also presented and discussed in Section 4.
Finally, a short summary of the main points and key con-
clusions is given in Section 5.

2. PROBLEM SPECIFICATION
Consider a two-dimensional photonic crystal slab com-
posed of N identical layers superimposed along the z axis.
Each layer of the slab is of width dz , and it consists of an
infinite array of dielectric cylinders of arbitrary cross sec-
tion. The array is periodic along the x axis, with a period
dx , and uniform along the y axis of a rectangular coordi-
nate system. A cross section of the geometry is shown in
Fig. 1. The medium surrounding the cylinders is of per-
meability mI and permittivity «I . The medium compos-
ing the cylinders is of permeability mII and permittivity
«II . A TM (relative to the cylinder axis) plane wave
given by

Einc 5 ey exp@2j~kx
incx 1 kz

incz !#, (1)
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