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a  b  s  t r a c t

In  this  paper  dispersion characteristics  of  fundamental  surface plasmon polariton modes

supported  by  ZnO (zinc oxide)  strip  and  slab waveguides  were  studied.  It  is  observed  from

the  dispersion studies that  Ga:ZnO  strip  waveguide supports  four fundamental  modes

which  are non-degenerate  in  nature.  The guiding  properties of waveguide suggest  ZnO

films with  high  carrier  concentration as  a  good  substitute  for  metals in future  integrated

optoelectronic devices.
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1.  Introduction

Surface plasmon polaritons (SPP) propagating through conductor/dielectric interface enriched the  development of  nano

scale  optoelectronic devices in  the past [1,2]. Majority of devices based on SPP chose metal as the  conductor medium. One

of the major problems that  occur in metal based plasmonic devices is  the  high optical losses in the  near-infrared (NIR) and

visible spectral ranges [1]. Another limitation is  that devices based on  metals have limited tuning capabilities. Also metals

were found to be less compatible with advanced device integration technologies. These limitations can be overcome by

using heavily doped semiconductors as a  substitute to metals in plasmonic elements. ZnO (Zinc Oxide) has  been found  to

be  a suitable candidate with  its promising optical and electrical properties [2].

ZnO is  a compound semiconductor with  direct band-gap of 3.2 eV and is  completely transparent in the infrared spectral

range except at  the Reststrahlen band [3]. The benefits of  using ZnO in plasmonics are low intrinsic loss, semiconductor-

based design, tenability, low-cost, etc. [2]. ZnO is  a  versatile material that  develops various properties like piezoelectricity,

ferroelectricity, ferromagnetism upon doping by trivalent dopants such as aluminum and  gallium [4–6].  Gallium doping is

reported to produce Ga:ZnO (gallium  doped ZnO) films with high carrier concentration and mobility. These films also show

metal-like optical properties such as  negative dielectric permittivity and  high reflectivity in the IR region [5].  It is  reported

that heavily doped Ga:ZnO have  losses four times smaller than silver at 1.5 !  m  wavelength (telecommunication wavelength)

and this find application in photonics [7].  In this paper we  analyzed the dispersion characteristics of  slab  waveguide structure

with Ga:ZnO as a layer. Then slab was replaced with  a  strip structure to effectively increase the field confinement of  the
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