Liquid crystal based tunable metasurfaces for beam steering at terahertz frequencies
B. Vasić1, G. Isić,1,2 R. Gajić,1 R. Beccherelli,3 and D. C. Zografopoulos3
1Graphene Laboratory of Center for Solid State Physics and New Materials, Institute of Physics Belgrade, University of Belgrade, Belgrade, Serbia

2Texas A&M University at Qatar, Doha, Qatar
3Consiglio Nazionale delle Ricerche, Istituto per la Microelettronica e Microsistemi, Rome, Italy
e-mail: bvasic@ipb.ac.rs 
Metasurfaces are artificial, planar, and periodic electromagnetic structures consisting of subwavelength resonators which strongly enhance light-matter interaction. Therefore, metasurfaces are an excellent choice for making compact and fast tunable photonic devices in a broad window of the electromagnetic spectrum, including terahertz (THz) frequencies as well [1]. Gradient metasurfaces belong to a special class characterized by a spatially inhomogeneous phase response providing novel opportunities for beam steering and wavefront shaping [2]. Here we examine tunable metasurfaces with inhomogeneous phase profiles as efficient beam steering devices at THz frequencies. The considered structures are based on metal-insulator-metal (MIM) cavities, where the top layer consists of a metallic ribbon array separated from the bottom ground plane by a thin layer of a highly-birefringent nematic liquid crystal (LC) [3, 4], which serves as an electrically tunable element. The resulting change of the LC refractive index provides spectral shifting of the metasurface resonance and large phase shift of the reflected field at the desired frequency. 
In order to achieve tunable beam steering, we designed metasurfaces based on periodic arrays of MIM cavities taken as building blocks, where the spatially varying phase profile, either binary or linear, is provided by spatially inhomogeneous and tunable LC refractive index. The metasurface with the binary phase profile consists of spatial zones with a phase shift either 0° or 180° and it operates as a beam splitter. The reflection angle of the first diffraction order is adjusted by changing the period of the supercell composed of individually-controlled MIM cavities, which provide the binary phase profile of the grating. At the same time, by suitably selecting the binary phase-shift values, the tunable grating enables the equal redistribution of the reflected power between the first diffraction order and the back-scattered zeroth order. Finally, we demonstrate that a gradient metasurface consisting of subunit cells with a discretized linear phase profile ranging from 0° to 270° behaves as a blazed grating. Tunable beam steering is then achieved by modifying the period of the linear phase spatial profile, which determines accordingly the reflection angle of the diffracted terahertz beam.
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