Accepted Manuscript

Title: Theoretical investigation of guided modes in planar
waveguides having chiral negative index metamaterial core
layer

Author: Mazen M. Abadla Sofyan A. Taya

PII: S0030-4026(16)31520-0
DOI: http://dx.doi.org/doi:10.1016/j.1jle0.2016.11.184
Reference: IJLEO 58600

To appear in:

Received date: 11-5-2016
Accepted date: 28-11-2016

Please cite this article as: Mazen M.Abadla, Sofyan A.Taya, Theoretical
investigation of guided modes in planar waveguides having chiral negative index
metamaterial core layer, Optik - International Journal for Light and Electron Optics
http://dx.doi.org/10.1016/j.ijle0.2016.11.184

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.


http://dx.doi.org/doi:10.1016/j.ijleo.2016.11.184
http://dx.doi.org/10.1016/j.ijleo.2016.11.184

Theoretical investigation of guided modes in planar waveguides having chiral
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Abstract. In this work, a slab waveguide consisting of a chiral negative index
metamaterial film surrounded by a dielectric medium was considered. The characteristics
of both even and odd guided modes are investigated. The field profile, dispersion curves
and power distribution for these configurations are also studied. A set of novel features
were observed such as negative power in the chiral film and the existence of normalized
frequencies less than the cutoff at which waves can propagate.
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1. Introduction
Optical rotation phenomenon was the main property behind the last century investigation
of chiral materials. It was shown that right- and left-hand circularly polarized waves have
different velocities and hence different indices of refraction in these materials. Different
polarized rotations correspond to different modes. At the boundary of isotropic chiral
material, bi-refraction takes place because of the coexistence of two different modes
caused by the material chirality [1]. Intensive investigations of slab waveguides including
chiral media have been conducted by physicists and engineers due to their potential
applications in many fields [2-7]. The characteristic equation of a chiral planar waveguide
was presented in a very simple form [2]. The results showed the existence of two types of
field distributions which were attributed to the working wavelength and chiral
admittance. An asymmetric slab waveguide with anisotropic chiral guiding layer was
examined [3]. The eigenvalue equation was derived in terms of a pair of parameters
related to the eccentricity of the polarization ellipse. The dispersion equations and field
profile distributions were investigated for a homogeneous chiral slab waveguide [4]. The
energy flow distributions for guided modes of different orders were presented in chiral
nihility, a chiral metamaterial in which the permittivity and permeability are
simultaneously zero [5]. Characteristics of circular waveguides comprising uniaxial
anisotropic chiral material and perfect conducting material were presented [6]. Planar
chiral waveguide was numerically solved using the mixed-finite-element method [7].
Propagation of electromagnetic waves in planar waveguide structures containing
negative refractive index materials (NIMs) has attracted an increasing interest because of
NIMs unusual properties [8-20] and potential applications [21-29] such as absorbers,
filters, couplers, antennas, and super prisms. Many peculiar properties of guided waves in
NIM waveguides were presented. Among these novel properties, the absence of the
fundamental mode, mode double degeneracy and the sign-varying energy flux were
found. Surface waves in which the electromagnetic field exponentially decays on both
sides of the interface between a normal medium and a NIM were found for both
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