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Abstract

The nanofabrication of large-area optical metasurfaces with
tunable optoelectronic response is crucial in many fields
ranging from plasmonics to energy conversion. Here the
engineering of self-organized plasmonic nanostripe
antennas will be demonstrated, showing their performances
in photo-degradation of polluting molecules. In parallel, the
capability to strongly couple light to large area (cm? scale)
ultra-thin semiconductor layers will be shown. Thanks to
nanoscale re-shaping of the interface to form flat-optics
nanogratings superior photon harvesting performances can
be achieved with strong impact in photonics and energy
conversion.

1. Introduction

The engineering of metasurfaces based either on plasmonic
nanoantennas or on atomic two-dimensional (2D) materials
is currently a very active field of research with a strong
impact in optoelectronics, sensing, and nanophotonics [1,2].
A recent trend in the field aims to increase the complexity of
lithographically designed metasurfaces for sensing and
optical spectroscopies to photo-conversion. However, in
order to scale-up these promising configurations to real-
world devices and applications, alternative large-area
approaches are attracting an increasing attention. Here we
demonstrate the engineering of large-scale metasurfaces
based on self-organized plasmonic nanoantennas_[3,4]. The
plasmonic response of self-organized arrays of nanoantennas
is tuned in order to boost the photo-degradation of polluting
molecules in solution, with strong impact in photochemistry
[5]. Within a parallel research line, large-scale flat-optics
MoS; nanogratings are developed demonstrating broadband
photon harvesting [6,7] with strong impact in new-
generation photonic and energy conversion devices.

2. Results and discussion

Self-organized plasmonic metasurfaces are fabricated with a
novel large area (cm?) approach exploiting the ion beam
induced wrinkling in glass substrates for the synthesis of
transparent faceted nanopatterns [1]. These templates are
ideal for the maskless confinement of quasi-one

dimensional (1D) arrays of plasmonic nanostripes (Fig. 1).
Controlled tuning of localized plasmon resonances from the
visible to the Near- and Mid-IR can be achieved by tailoring
nanoantennas shape and/or light polarization, thus
demonstrating competitive sensing performances in SEIRA
[2], SERS [3], and plasmonic color routing [4]. Very
recently, the plasmon-enhanced photobleaching of dye
molecules has been shown, thus opening new avenues in
phochemistry and energy storage [5].

Figure 1 Self-organized plasmonic nanostripe arrays
(top-view SEM image).

3. Conclusions

In conclusion, we demonstrated the self-organized
engineering of anisotropic arrays of plasmonic
nanoantennas supporting tunable plasmonic response and
near-field enhancement for sensing. We have shown the
possibility to engineer plasmonic antennas featuring
plasmon enhaced photobleaching, paving the way for color
routing in novel large-scale flat-optics components.
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