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Abstract

We report on experimental realization of different metal-dielectric structures that are used as surface
plasmon polariton waveguides and as plasmonic metamaterials. Fabrication approaches based on different
lithographic and deposition techniques are discussed.

Modern nanofabrication techniques opened new possibilities for controlling and preparing profiled
and patterned metal surfaces in order to tailor the properties of surface plasmon polaritons (SPPs) ex-
cited on the metal-dielectric interfaces and nanoparticles. Properties of SPPs (strong localization, sen-
sitivity to surface topology) make plasmonic structures based on different metal-dielectric geometries
very attractive candidates for developing new devices for integrated optics and sensors. A variety of
promising configurations for SPP directional propagation, bending, focusing and localization have
been reported [1]. Metal-dielectric geometries for guiding and manipulation of SPPs range from spe-
cial configurations of nanoscatterers on metal surfaces [2] and metal strips [3] or wires [4] to profiled
metal surfaces [5]. Plasmonic resonance of paired gold nanoparticles (optical nanoantennae) gives rise
to high field confinement that is important for sensing and tagging applications, nanoscale lithography,
and as the basis for nanolasers [6, 7]. Here, we consider fabrication of metal-dielectric configurations
and thin metal layers that require development of nanoscale patterning tools and production-
compatible techniques for structures with real-device applications potential.

Profiled metal surfaces as plasmonic waveguides. Coupling of SPPs on opposite sidewalls of either a
channel or wedge made in metal leads to formation of highly localized plasmonic modes that can be
used for making compact optical components [5]. Since profiling of the metal surfaces requires com-
plex and expensive techniques as focused ion beam milling and can not be done via standard etching
techniques, we developed a wafer-scale fabrication method that is based on standard planar cleanroom
processes and allows integration of plasmonic structures with lab-on-chip devices. The main idea of
the method is to make a metal replica of a profiled silicon structure where any desired geometry can be
obtained via standard patterning and etching techniques. The approach is based on nanoimprint lithog-
raphy (NIL) that is used to transfer structures from a silicon stamp to a NIL polymer and then create a
gold-on-polymer replica of the initial silicon stamp (Fig. 1). In addition to large-scale fabrication using
standard processes offered by the method, using the backside of the metal film deposited on a polymer
layer reduces the surface roughness, similar to the process of template-stripping [8], though the
PMMA film used is not ideally flat.

Nanoantennae / Plasmonic metamaterials. A dipole antenna consisting of paired metal nanoparticles,
like the bow-tie antenna or adjacent metal rods [6] is of particular interest for potential applications in
sensing and imaging. Fabrication of nanoantenna arrays made of paired elliptical gold particles is
reported here for particle sizes down to several tens of nm and gaps between particles down to 15 nm,
and the structural dimensions (size, gap) influence on the resonance is discussed. Antenna arrays were
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fabricated for two different configurations: with particles placed on a transparent (quartz) substrate
and embedded in the substrate for future applications where plasmonic resonators are to be combined
with a flat superlens [9]. Fabrication challenges (surface roughness, sub-15nm gaps) are also
discussed.

200nm
Mag = 70.68 KX I_%

(a) (b) (©)
Fig. 1: SEM images of (a) the V-groove in the silicon stamp and (b) the fabricated V-groove, 200-nm-gold layer
on top of a transparent polymer, white bars are 2 um, (c) antenna array on top of a quartz substrate.

The performance of plasmonic structures as well as possible applications depends greatly on the fabri-
cation methods used. Thus, it is important to investigate different fabrication possibilities and find the
robust, low cost and mass-production compatible method of manufacturing plasmonic components.
The manufacturing procedure suitable for real device applications should offer simplicity of using
only standard cleanroom processes, high reproducibility, and low cost, combined with the possibility
of adapting the process for various designs. Moreover, improving and perfecting the structural quality
of plasmonic structures (roughness) is the key step towards plasmonic applications in compact optical
components and subwavelength imaging.

For profiled metal surfaces, the developed technique based on combined lithography and nanoimprint
offers wafer-scale parallel fabrication of plasmonic components of high quality. Moving one step fur-
ther toward ‘active plasmonics’ with efficient plasmonic-based emitters, controlled fabrication of
metal nanoparticles (plasmonic metamaterials) is discussed for optical nanoantennae realization.
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