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Short Abstract

A reconfigurable plasmonic metasurface lens using TiO; thin film is designed and simulated. Such a planar lens consists of an array with gold nano-
antennas mounted on an uniaxial anisotropic substrate. The element of this array is a class of VV-shaped nano-antenna with two freedom degrees for
extracting phase diagram needed for plasmonic lens design. Two different parameters of this element are the length V arms and its angle. The used
Titanium dioxide (TiO,) as a substrate of this metasurface leads to adding another freedom degree into the unit cell due to its anisotropy property at
optical regime. Such a unit cell is analyzed using Method of Moments (MoM) in which its dyadic Green's function is evaluated by means of the
Equivalent Transmission Line Model (ETLM). Using MoM/ETLM, the cross-polar phase diagram of unit cell is extracted once the optical axis of
anisotropic thin film is aligned in x-direction. Then, the elements' dimensions of the lens's array is selected by means of the obtained phase diagram and
the equal optical length principle to fulfill the required phase discontinuities of each cell and produce double focus points. Finally, the entire of structure
is simulated using a Finite Element Method (FEM) based simulator. It is numerically shown that a double focus planar lens is achieved once lens surface
is illuminated by a plane wave and the intensity of lens focuses can be controlled by rotation of TiO, optic axis. Such a controllable behavior can also
be achieved by changing the incident polarization.
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1-  Short Introduction (4-5 lines)

Nano-antenna gratings on anisotropic thin films are analyzed by authors in [1, 2] and it has been shown that changing the anisotropy degree of anisotropic
thin films used in these periodic structures leads to tunability in their reflection characteristics. In the literature, the frequency behavior of planar optical
lens composed of plasmonic metasurfaces can be engineered by changing the shape of used nano-antennas [3] and the type of used thin films are not
main role in the design of such lenses. However, it is desired to investigate the efects of thin films on performance of such structures. Since the natural
anisotropic materials in optical frequencies have prominent anisotropy properties unlike microwave frequencies, utilizing such materials in the
plasmonic lens design can demonstrate interesting and flexible behaviors.

2-  Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)

Since changing the optic axis direction of uniaxial anisotropic medium can change its permittivity tensor, using anisotropic material as a substrate of
plasmonic lens leads to reconfigurable structure. In this work, a quasi-periodic array composed of V-shaped nano-antennas mounted on Titanium dioxide
(TiOy) thin film as an anisotropic substrate is proposed as a reconfigurable plasmonic lens. It is shown the proposed planar structure is a double-focus
lens and its intensity of focuses points is varied by changing the optic axis direction of anisotropic thin film without changing the dimensions of nano-
antennas.

3-  Conclusion (4-5 lines)

A reconfigurable plasmonic metasurface lens on TiO, was proposed. Analysis of its unit cell was carried out using MOM/ETLM described in [2], to
facilitate the analysis of anisotropic medium. Using this technique, the phase and amplitude diagrams of cross-polarized component of the scattered
field was calculated. By this information, the appropriate V-shaped elements were selected for designing a planar plasmonic lens with focal spots in its
front and back sides. The focusing intensity distribution of the cross-polarized scattered wave from the designed lens with iso/-anisotropic thin films
was calculated for various incident light polarization angle with respect to the optic axis direction in the transverse plane. Due to anisotropy property of
TiO,, it was shown that the focusing intensities in focal spots can be tuned by the optic axis direction rotation without changing the nano-antennas'
dimensions. In addition, the focal distances, numerical aperture (NA), full width at half maximum (FWHM) and the depth of focuses (DOFs) were
examined. It is concluded that using TiO2 thin film would increase the design flexibility of double-focus lens.
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