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A B S T R A C T

In this work by using the transfer matrix method we calculate the transmittance spectrum in a
dielectric one-dimensional photonic crystal, composed of alternating layers of Bi4Ge3O12 and
SiO2, with one and two superconducting defects of high critical temperature HgBa2Ca2Cu3 O8+δ.
We found the presence of defective modes within the photonic band gap, where the position of
the modes changes to shorter frequencies as the temperature and thickness of the super-
conducting layer increase. In addition, we found that the number of defects within the PBG
depends on the thickness of the superconducting layer, and by increasing the separation of the
defects the coupling decreases.

1. Introduction

Photonic crystals (PC) were first described simultaneous and independently in 1987 by Yablonovitch E. [1] and John S. [2], with
works on the inhibition of spontaneous emission and localization of light, respectively. The PCs are artificial structures with spatial
periodicity of the dielectric constant, with defined ranges of frequency for which the propagation of light is forbidden or allowed [3].
The frequency bands where the propagation of light is not allowed are called photonic band gaps (PBG) [4], and the main tech-
nological applications of PCs are based on the existence of PBG [5–10]. The tuning of the PBG opens a new perspective in scientific
research and technological applications. In essence, to obtain a tunable PBG, the dielectric constant or the magnetic permeability of
one of the constituent materials must depend on some external parameters, such as the applied electric or magnetic field, the
temperature and the hydrostatic pressure, applying mechanical force and stress, etc., which can modify the structure of these systems
and, consequently, the optical response function of the PC [11–15]. Among the constituent materials of the PCs used to tune the PBG
we have the semiconductors, metals, superconductors, metamaterials, ferrites and liquid crystals. However, superconducting ma-
terials have an advantage over other materials. For frequencies smaller than the superconductor gap, the scattering of the incident
light due to the imaginary part of the dielectric function is much smaller than for the metallic particles [16].

The insertion of defects (geometric or compositional) in the PC that break the spatial periodicity of the crystal, gives rise to the
presence of electromagnetic modes within the PBG. These modes are similar to the impurity states in the electronic band gap of a
doped semiconductor [17]. PCs with defects allow the confinement of light of great interest in solid state and quantum optics, the
construction of waveguides with quality factors greater than those of fiber optic, optical filters, optical switches, resonant cavities and
Fabry Perot resonators [18–21]. The interaction between the constituents of the PCs like the coupling of the electromagnetic modes
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associated with the defects in the structure, attracts attention because it provides some important functionalities which cannot be
reached with a single defect, as in the waveguides made of coupled defects which are referred to as coupled cavity waveguides and in
optical-switches [22,23].

In the present work, we considered a one-dimensional (1DPC) dielectric PC consisting of alternating layers of Bi4Ge3O12 and SiO2,
which contains one and two coupled defects of high critical temperature superconductors. For the superconducting material in the
context of the phenomenological model of the two fluids, the effects of dissipation are neglected, and the electromagnetic response
can be considered assuming that they are non-magnetic materials with frequency-dependent dielectric constant. For this structure, we
are interested in studying the dependence on temperature and the thickness of the superconductor on the transmittance spectrum for
the case of normal incidence. We considered the simultaneous thermo-optic and thermal expansion effects for Bi4Ge3O12 and SiO2.
This paper is organized as follows: Section 2, we present the 1DPC structure and the basic equations used for our analysis. In Section
3, the numerical results and we discussed the transmittance spectra of the 1DPC with one and two defects. The conclusions are
presented in Section 4.

2. Theoretical model

In this work we studied the propagation of electromagnetic waves with normal incidence, over a finite dielectric 1DPC surrounded
by air and with an homogeneous pattern in the xy plane and direction of periodicity in z, as shown in Fig. 1. The crystal is composed
of alternating layers of non-magnetic and isotropic A and B materials, with refractive indices nA, nA and thicknesses dA, dB, re-
spectively. The defect is given by D with refractive index nD and thickness ds, the number of periods of layers AB is N.

The monochromatic electric field of frequency ω, linearly polarized and propagating in the plane (x, z) is given by 0D
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2 2 the z component of the wave vector, ϵj the dielectric constant in the jth layer and q the wave vector along the

x-axis. The values of jA and jB are determined through the conditions of continuity of the tangential components of the electric and
magnetic fields. In the TMM each layer A, B and D of the 1DPC is represented by the matrix [24]:
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where the phase φj is given by:
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In Eq. (4) dj and =n ϵj j , are the thickness and the refractive index of the jth layer, respectively. The dynamic matrix is given by,
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The total transfer matrix for the 1DPC Air/(AB)ND(BA)N/Air, is defined as

Fig. 1. Structure of 1DPC Air/(AB)ND(BA)N/Air.
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