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Nano-electromechanical control of plasmonic optical antennas
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Optical antennas are one of the most exciting frontiers in nanophotonics research owing to their unique optical property to
concentrate light into deep-subwavelength volumes. This unprecedented ability has propelled their use in a wide range of
important fields, including optoelectronic technology, spectroscopy, biomedicine, and sustainable energy. Embarking on these
emerging applications relies heavily on modifying the fundamental properties of optical antennas. In this dissertation, we provide
a powerful framework for dynamically manipulating the properties of optical antennas. By coupling an optical antenna to a
metallic film through an air gap, the optical properties can be flexibly controlled through surface plasmon oscillations in the gap,
while enhancing the unique ability of extreme light concentration. This feature allows manipulating optical antennas via
nano-electromechanics capable of electrically and mechanically tuning the antenna geometry and thus its plasmonic
characteristics. With a new strategy based on nano-electromechanics, we experimentally demonstrate that the resonant properties
of optical antennas can be electrically modulated in the visible wavelength.

This dissertation starts with a discussion on the basic science of optical antennas in Chapter 1. In addition, we provide insight
into the future progress of optical antenna. This is followed by Chapter 2, where we discuss how optical antennas can be designed
with a desired set of optical properties. In Chapter 3, we leverage the developed design rule to modify the optical properties of a
nanodisk-shape optical antenna coupled to a metallic film. Here, we demonstrate that the absorption properties modified by the
antenna length can be encoded into a subwavelength-sized square of saturated reflected colors. The technical promise of this color
generation for subwavelength color printing is illustrated by displaying microscopic letters in color as well as the feasibil ity for
practical use. Besides resonance manipulation using the antenna length, the established intuitive model provides another insight
into resonance tunability; control over the metallic gap would afford control over the resonance properties. These features
generate considerable interest for achieving dynamic plasmonic functionalities via nano-electromechanics. To explore this
possibility, in Chapter 4, we propose and demonstrate a new plasmonic resonator antenna that can be combined with
nano-electromechanics. A suspended plasmonic nanowire (NW) coupled to a metallic film is introduced and a new fabrication
technique: a pick-and-place method is developed to design such nanostructures. The optical resonant properties of the NW are
then explored both experimentally and theoretically. The fundamental electromechanical properties of the suspended NWs are
discussed in Chapter 5. In addition, we provide insight into the possibility of electromechanical control of plasmonic
nanostructures. In Chapter 6, we finally present a detailed discussion of the dynamic resonance modulation of the suspended
plasmonic NW with an electromechanical response. Following the characterization of both electromechanical and optical
properties through numerical calculations, we provide an experimental demonstration of the electrical modulation of the optical
resonant properties.

Overall, the results in this dissertation outline a path for manipulating the resonant properties of optical antennas. The
demonstrated approaches allow modifying optical antennas flexibly and dynamically for a myriad of nanophotonic devices,
including nanoscale optical and optoelectronic devices, color printing, filtering and display elements, and integrated sensors.
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