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Abstract: We theoretically design a multilayer structure of hyperbolic meta-material based on
plasma photonic crystal which is composed of traditional dielectric and plasma materials. The
reflection, transmission and absorption spectra of the multilayer ternary periodic structure at
normal incidence have been investigated using transfer matrix method. We have analyzed that
the reflection, the transmission and the absorption are highly affected with the variable
parameters of optical constants. Such a structure shows a similar good absorptive nature up to
normalized frequency 2.25, while above this frequency, it exhibits multiple broadband
electromagnetic wave tunneling. The calculated results reveal an innovative idea in designing
some optical devices using such hyperbolic meta-material based photonic crystal with wideband
tunneling.
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Introduction

As we know that photonic crystals (PCs) are artificial dielectric, metallic or plasma
nanostructures composed of two or more media in which the dielectric constant varies
periodically in space. The novel idea of the periodic nano-structure of photonic band gap
material was theoretically proposed by Yablonovitch, and was experimentally observed by John
in the same year. The photonic band gaps (PBGs) are the unique features of the PCs, where
electromagnetic wave doesn’t propagate in the periodic structure [1-7]. Hyperbolic meta-
materials (HMM), an anisotropic medium, exhibit a hyperbolic shape of the dispersion relation,
which has been investigated in terahertz (THz), visible and near infrared frequency regions.
Hyperbolic meta-materials have a variety of potential applications including negative refractive
index, optical waveguide, and imaging hyper lens. The absorption of hyperbolic meta-materials
has been studied in the last several years.

A novel implementation of hyperbolic meta-materials at the far infrared frequency is
composed of stacked grapheme sheets separated by thin dielectric layers, which shows that the
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graphene based hyperbolic meta-material can be worked as a super absorber for near fields.
Hyperbolic meta-materials have clear potentials of enhancing the decay rate of emitters near its
surface and also for designing efficient and innovative absorbers. The wideband transmission
feature of the hyperbolic meta-material structure can be employed in designing various optical
devices [8-12].

Theoretical Model and Methodology

We analyze the optical wave propagation in a stacked structure of hyperbolic meta-material
photonic crystal (HMMPC) as shown in Fig.1 by well known transfer matrix method (TMM)
[13]. The incident angle of electromagnetic wave is ©,; A and B are the normal dielectric
materials, and C is hyperbolic meta-material consisting of plasma and dielectric. For our
multilayer design, we use effective medium theory to study the electromagnetic wave
propagation in hyperbolic meta-material, which is an anisotropic medium with uniaxial dielectric
tensor components and all other characteristics are as given in ref. [14].
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Fig.1: A one-dimensional ternary periodic structure.
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which ng is the refractive index of air where the incident wave tends to enter the layered media. The
reflection, transmission and absorption properties of the one-dimensional hyperbolic meta-material
photonic crystal are investigated with the help of total matrix given as

M(Nd):(i{lMiJN =(Mlyl Ml,zj

M 21 M 2,2 (2)
Hence, the reflection and transmission coefficients of the 1D HMM PC is calculated by
t= 2P,
(My1+Mu2/ Po + Ma1Po + M22) (3a)
_ (|\/|11+ M2/ Po — M21Po — Mzz)
(M11+ M2/ Po + M21Po + M22) (3b)

The reflectance R, transmittance T and absorbance spectra of the one-dimensional meta-photonic PC is
given by [13]
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and A=1-R-T (4c)

Results and Discussion
First, we study the reflection, transmission and absorption of the conventional plasma photonic
crystal. We consider the composition parameters for these: ea=40, da=1.3 mm, e=2.2,
dz=2.9mm, pa=ps=1, ©0=0°, N=10, respectively. We introduce the hyperbolic meta-material as
the third layer with ep=1,up=1,dp=1.8 , dum =2mm, =0.9, dc=0.2mm, , wp= 28.4 GHz, pc=1,
. _ . . . . . dpém +dpe,
respectively; and ec, is given in [14], using the relation: & =——F——;

dp +d,

Emép (dm +d )

emdp +&,dpy

g = , Where d,,d , are the thicknesses of meta-material and plasma. We have
theoretically studied the reflection, transmission and absorption spectra of the ternary periodic
structure of dielectric material and plasma photonic crystal at a normal incident angle for
transverse magnetic (TM) polarization.
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Fig. 2: The reflection, transmission and absorption spectra of the one-dimensional ternary
periodic structure.

We investigate the reflection, transmission and absorption against normalized frequency in the
frequency range O to 1.0 with variable parameters of dielectric and plasma materials. The
reflection, transmission and absorption spectra analyzed and obtained structure shows multiband
formation of complete transmittance for the electromagnetic wave propagation through the
considered periodic structure.

Comparing our result with those obtained by others [15, 16], the ternary structure is
found with similar behavior of good absorptive nature up to normalized frequency 2.25. Above
this normalized frequency, we obtain two broadbands with high transmission with negligible
reflectance and absorbance in the normalized frequency ranges 2.25 to 5.15 and 6.9 to 9.65,
respectively. Such kind of broadband electromagnetic wave tunneling are the new insights of this
particular structure. These calculated results propose an innovative idea to design the tunable
filter, optical window, optical logic gate, and high transmission-based devices.
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