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ABSTRACT

Alternating stacks of metal and dielectric films with nano-hole arrays, called fishnet structures, control the propagation
of electromagnetic waves. In such a structure, changing a dimension or a shape, especially the change in shape of nano-
holes, affect propagation constants. In this study, we report the dispersivity of fishnet structures is controllable with
different hole shapes, by measuring the interferometric fringe in various wavelengths. Two structures were fabricated,
which consist of five alternating stacks of aluminum and silicon dioxide with nano-hole arrays. The holes in one of the
structures are circular with diameters of 500nm, and the other are square with 500nm sides. The lattice constant in each
case is 1,000nm. Since fishnet structures are wavelength-dependent structures, the variable-wavelength interferometric
microscope was set up. The phase shift of the circular hole and the square hole fishnet were about 110 degrees and 85
degrees, respectively, within a tunable wavelength from 1,470nm to 1,545nm. These values were equivalent to a
refractive-index-change of 0.8 and 0.6, respectively. From these results, fishnet structures indicate high dispersivity
within target wavelengths. The dispersion of fishnet structure can be controlled by the shape of the hole.
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1. INTRODUCTION

Sub-wavelength periodic structures such as dielectric gratings or metallic sub-wavelength apertures enable control of
wave propagation by changing their structural parameters, such as the periodicity, the width of the slits, or the radii of
the holes [1-3]. Previously, we reported experiments of RGB color filters which consist of periodic arrays of sub-
wavelength holes on optically thick aluminum films [4]. The transmittance band of the filters was controlled only with
slight changes in the periodicity and the shape of the holes. The fabrication process of this structure is relatively simple
since it has only one metallic layer to be etched. Nevertheless, it is difficult to simultaneously control multiple optical
characteristics, e.g. dispersion relationships, with such simple structures.

Recently, thanks to improvement of nano-fabrication techniques, more complex structures with multiple layers can be
fabricated, even with combinations of metals and dielectrics. The fabrication of the fihnet structure, that is, multiple
layers of metal and dielectric with an array of sub-wavelength holes perforated through all layers, is an important
challenge in nano-fabrication to realize optical metamaterials (MM) to control optical characteristics by their
structures[5, 6]. With fishnet structures, slight changes in the structures, especially the shape of the sub-wavelength
holes, give rise to a drastic change of optical properties [7]. Such structures have a potential to improve small optical
elements, such as planar lenses or planar prisms by designing the shape and the layout of the nano-holes or nano-slits [8,
9].

In order to evaluate fishnet structures, transmission phase of light in a small specific area is a point of our interests.
However, up to now, optical metamaterials have been evaluated by measurement of transmittance and reflectance
spectroscopy. The optical properties have been discussed indirectly by comparing numerically calculated spectra and an
experimental one [10, 11].

Here, in order to evaluate fishnet metamaterial structure, an interferometric microscopy is chosen in this study. By using
this, it is possible to obtain an image of interferometric fringes of a specific area, which reveals the distribution of phase
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