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Abstract

A metasurface is composed of patterned periodic, aperiodic or random
distributed flat subwavelength-scale building blocks in two-dimensional
(2D) array, which is supported by dielectric substrate. The thickness of
such metasurface is ultra-thin by comparing to the wavelength of incident
light. The planar metasurface is expected to facilitate the full control of
light, including phase, amplitude, polarization and angular momentum.
The major issues hampering the development of bulk three-dimensional
(3D) metamaterials technology, such as high loss, cost-ineffective nano-
fabrication and challenging integration can be conquered by reducing the
dimensionality to the 2D “surface”. This dissertation studies a novel class
of metasurface composed of nanorods, whose phase modulation presents
interesting features. Such metasurface is capable of generating dispersion-
less interfactial phase discontinuities and controlling the light
propagation. Several applications are proposed and demonstrated.

The interaction of circularly polarized (CP) light with a nanorods
antenna at the interface to generate spatially varying abrupt phase
discontinuities is thoroughly investigated. By using dipole radiation theory
approach and full-wave simulations, three characters of such metasurface
are summarized: the phase and amplitude can be tuned independently; the
phase modulation is dispersion-less; the sign of the phase discontinuities is
helicity-dependent with respect to the incident light field. Importantly,
the phase discontinuity solely depends on the orientation of dipole
antennas, but not the spectral response. Such phase is geometry in
nature, which is referred to as Berry phase. By arranging the antennas in
an array with a constant phase gradient along the interface, the
phenomenon of broadband anomalous refraction, even negative refraction

are observed in experiment with oblique incidence ranging from visible to
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near-infrared wavelengths.

Based on helicity dependent phase discontinuities for CP light, a
counter-intuitive dual-polarity flat lens is demonstrated. Specifically, by
controlling the helicity of the input and output light, the positive and
negative polarity is switchable in one identical flat lens, that is, the
convergence ( divergence) wave-front will be reversed to divergence
(convergence) one. The switchable focusing properties and magnified/
demagnified imaging are observed on the same lens experimentally. With
well-designed 2D distributions of nanorods, a broadband optical vortex
beam is generated without extra burden on nanofabrication. Similarly, by
manipulating the helicity of incident light, the sign of topological charge of
a vortex beam will change as well.

Based on the asymmetry momentum matching condition resulting
from interfacial phase gradient for anomalous refraction, light can be
coupled to the oscillation of free electron and photons, known as surface
plasmon polariton(SPP). Unidirectional excitation of SPP in one direction
for anomalous diffractions and equally excitation of SPP in both directions
for ordinary diffractions are observed at three different wavelengths with
the same metasurface. The device works upon normal incidence. By
tuning the ellipticity, the extinction ratio can be tuned continuously.

On-axis 3D phase holography using metasurfaces is investigated. The
metasurface encodes the object phase information into the azimuthal
orientation angle of the subwavelength nanorods based on computer
generated hologram (CGH) method. The whole size of hologram is only
400pm X 400pm, with subwavelength pixel size of 500nmX500nm, which
exceed the ability of traditional spatial light modulator and diffractive
optical devices for holography. In addition, the undesired effect of
multiple diffraction orders and twin images usually accompanying hologram
are eliminated. In experiment, a 3D air plane model and a helix model are
demonstrated, and large field of view (FOV) range from [ — 40°, 40°] is

achieved.

Key words: metamaterials; metasurface; metallic micro-nano-structures;

surface plasmon polariton; 3D holography
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