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Abstract. — By solving Maxwell’s equations for the propagation of electromagnetic waves in
periodic dielectric structures (with dielectric constant ¢ in a uniform background e,), we found
that several classes of periodic dielectric structures possess full photonic gaps, as in the case of
dielectric spheres arranged in the diamond structure. These new structures have the additional
advantage that they can be easily fabricated experimentally.

)

Recently, there has been growing interest in the studies of the propagation of
electromagnetic (e.m.) waves in three-dimensional (3D) disordered and/or periodic,
dielectric structures (photonic band structures) [1]. The reasons for this interest are both
fundamental and practical. The possibility of the observation of Anderson localization of
e.m. waves in disordered dielectric structures and the possible existence of photonic band
gaps in 3D periodic structures have been raised. The potential applications of such photonic
band gaps are very interesting. It has been suggested [2] that the inhibition of spontaneous
emission in such gaps can be utilized to substantially enhance the performance of
semiconductor lasers and other quantum electronic devices. It has also been speculated that
the absence of e.m. modes in the photonic gap will lead to new physical phenomena in many
atomic, molecular, and excitonic systems [3,4]. In addition, John[5] has proposed that
Anderson localization of light near a photonic band gap might be achieved by weak
disordering of a periodic arrangement of spheres.

It is, therefore, very important to obtain structures with a frequency gap where the
propagation of e.m. waves is forbidden for all wave vectors. Yablonovitch and Gmitter [6]
have demonstrated the soundness of the basic idea of photonic bands in 3D periodic
structures in an experiment using microwave frequencies, where the periodic structures can
be fabricated by conventional machine tools. In addition, a photonic gap in a face-centered-
cubic (f.c.c.) dielectric structure was reported. During the same period, theoretical studies
of the propagation of e.m. waves in 3D periodic structures began. At first, the photonic band
structures have been examined theoretically only in the scalar-wave approximation [5, 7-10]
in which the vector nature of the e.m. field is ignored. It soon became apparent [8, 9] that
this approximation gives qualitatively incorrect results for the existence of photonic gaps.


















