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Fig. 1. (color online) Schematic diagram of the

annual photonic crystal.
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Fig. 2. (color online) The band structure of TM modes for the annular photonic crystal with a outer radius
Ro = 0.42a, and with a inner radius Ry of (a) 0.17a, (b) 0.245a, (c) 0.305a, (d) 0.345a, respectively. The

insets are the first Brillouin zone.
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Fig. 3. (color online) The inner radius Ry and the nor-
malized photonic frequency at the Dirac point vary

with the outer radius Rq.
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Fig. 4. (color online) (a) The inner radius Ry varies
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frequency at the Dirac point varies with the outer ra-

dius Rg, for different refractive index.
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(c) (0.49a, 0.14a), respectively.
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The insets are the electric field Ey for different band.
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Abstract

The Dirac cones in photonic crystals have aroused much interest in the last few years. Annular photonic crystals
have also been well studied for designing and controlling the band gap because they have more parameters than usual
photonic crystal. In this paper, we study a two-dimensional square lattice dielectric annular photonic crystal to explore
the formation of the photonic Dirac cone by the accidental degeneracy method. The theoretical tool is the plane wave
expansion method. The results show that this system can provide a Dirac point in the center of the Brillouin-zone in the
photonic band if both the outer radius and the inner radius of each scatterer are chosen to be appreciate values when
the dielectric refractive index of the annular rod is fixed. For example, there is a Dirac point at the photonic normalized
frequency f = 0.438(c/a) when n = 3.4, Ro = 0.42a, Rr = 0.305a, where f is the frequency, ¢ is the light speed in
vacuum, a is the lattice constant, n is the refractive index, Ro is the outer radius, and Rj is the inner radius.

It is also found that within a confined region of outer radius Ro(0.37a < Ro < 0.5a), when a Dirac point is
realized in the annular photonic crystal (n > 1.4), the inner radius Rr and the outer radius Ro obey a relation of
Ry = —1.104 + 8.167TRo + (—11.439) R3, which is unrelated to the refractive index n of the dielectric annular rod. If n
is less than 1.4, this rule is not valid. At the same time, the normalized frequency at which the Dirac point is realized,
decreases with increasing both refractive index n and outer radius Ro. Especially, the curves of the relation between
photonic frequency f and outer radius Ro almost do not change their profiles but only be shifted up and down with
changing the refractive index n. Based on this, we also design and predict the annular photonic crystal which provides
a Dirac point. The goal is to obtain the other relative parameters (frequency f, outer radius Ro and the inner radius
Ry) of the photonic crystal system if the refractive index n is fixed. The values of the prediction agree very well with

the values obtained by the rigid theoretical calculation within a relative error of only 4%.

Keywords: annular photonic crystals, the Dirac point, plane wave expansion method, accidental

degeneracy
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