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Abstract—A finite difference solution methad is formulated for solving modes propagating on photonic
crysta planar waveguides. The photonic crystal is composed of either air columns or dielectric rods and both
TE and TM modes are obtained.

Photonic crystals and their photonic device applications have been research topics of great interest in
recent years. Photonic crystals with line defects offer a new kind of optical waveguides, which can even guide
light through sharp bends [1], [2]. We consider straight waveguides formed by two-dimensional (2-D) photonic
crystals, called photonic crystal planar waveguides. The photonic crystal is composed of either air colamns or
dielectric rods. Although in real device applications, the waveguide might be in the slab form, with the slab
perpendicular to the axes of the columns or rods, understanding the characteristics of the simpler planar
waveguides is essential. Modal characteristics of the photonic crystal waveguide have been most often studied
by using the plane-wave expansion method [3] or by the finite-difference time-domain (FDTD) method [1], [4].
Recently, Toyama et al. [5] provided an accurate analysis of such structures involving multilayered periodic
arrays of circular dielectric rods based on the lattice sums technique combined with the T-matrix approach for
scattering from a cylindrical object. In this paper we present an efficient finite difference solution method for the
same problem, Electromagnetic mode solvers based on the finite difference method (FDM) have been one of the
popular techniques for analysis of waveguide modes on various optical or dielectric waveguides. For application
to photonic crystal planar waveguides, we modify the mode solver for treating the “supercell” that extends one
period along the wave propagation direction and several periods in the transverse direction. Periodic boundary
conditions are imposed upon the two boundaries separated by one period and absorbing boundaries are
considered for the other two. Propagation constants and the mode fields for both TE and TM modes are
successfully obtained and are compared with prier results [4], [5]. For the photonic crystal waveguide studied in
[4], there is a line defect in the 2-D square lattice of finite air column in GaAs forming the middle slab of the
waveguide. Light can be guided in the middle slab by the Bragg reflection (due to the existence of the photonic
bandgap (PBG)) as well as by the mechanism of total internal reflection. The waveguides investigated in [5],
however, involve 2-D photonic crystals formed by multilayered periodic arrays of circuiar dielectric rods. Light
can be guided in the middle slab, which is air, only by the mechanism of PBG.

We have demonstrated that the finite difference method can be utilized to efficiently analyze photonic

crystal planar waveguides. Our numerical results agree very well with those reported in {4] and [5] based on the
EDTD method and the T-matrix approach, respectively.
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