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ITO-Based Active Metasurfaces with Phase Tunability

Gao Feng, Zhu Chenyue, Li Jingyue, Wu Chunyan’, Luo Linbao
School of Electronic Science and Applied Physics, Hefei University of Technology, Hefei, Anhui 230601, China
Abstract Transparent conductive oxides have been widely used in optoelectronic devices owing to their special
optical property. In near-infrared wavelength region, the real part of the dielectric constant will decrease from
positive to negative. Within epsilon-near-zero (ENZ) region, strong interaction will occur between light and matter,
and wide phase modulation will be achieved. Herein, using a bias voltage of 0-5 V, the carrier concentration within
a region (thickness: 1 nm) near the interface of an I'TO-based MOS structure was adjusted, and a phase modulation
close to 265° in a 1470-nm wavelength was achieved. Based on this modulation, the practical applications of the
proposed structure in the fields of beam deflection and focusing have been explored. Furthermore, a dual-gated

MOS structure, which further expanded the phase coverage region, was designed.
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Fig. 1 Electrical simulation results. (a) Schematic of electrically tunable ITO metasurface, the MOS structure consists of a gold

back plane, a thin ITO film, a thin ALLO, film, and gold stripe nanoantenna array; (b) spatial distribution of the carrier

concentration under different applied voltages; (c)(d) distribution diagrams of the permittivity of ITO at different voltages

and depths at a wavelength of 1470 nm
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Fig. 2 MOS structure with charge accumulation (dash) and charge depletion (solid). (a) Schematic of MOS structure; (b) energy-

band diagram; (c) carrier density curve; (d) as the carrier density increases or decreases at the interface, the real part of the

permittivity changes from positive to negative
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Fig. 3 Optical simulation results of adjustable metasurface. (a) Reflection phase as a function of voltage and wavelength;

(b) reflectance as a function of voltage and wavelength; (c)—(e) spatial distribution of the electric field E, at 1470-nm

wavelength under applied bias of 0, 2.5, 5V, respectively
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Fig. 4 Practical applications of deflection and focusing.

(a) Schematic of the electrically tunable reflectarray antenna;

(b) simulated electric field distribution with the bending angle of — 18%; (c) simulated relationship between the reflection

amplitude and the angle; (d) electric field distribution at focal length of 64
F 1 e O T Hp A Rk R A R T

Table 1 Phase and voltage values of each antenna in deflection applications

Number 1 2 3 4 5 6 7 8 9 10
Phase /(°) —52 —23 6 35 64 93 122 151 180 209
Voltage /V 0 0.8 1.35 1.76 2.12 2.46 2.82 3.21 3.72 4.55
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Fig. 5 Double-gated metasurface. (a) Schematic of the unit cell of the double-gated metasurface, the thicknesses of the antenna

array, the gate dielectrics, the ITO layer, and the back reflector are 4= 50 nm, #,=9.5 nm, #=>5 nm, and z,= 80 nm,

respectively, and the electrode width is w,=170 nm; (b) simulated result of charge carrier distribution; (c) real part of the

dielectric permittivity of the ITO as a function of the applied voltage and position; (d) maximum phase achieved under

different voltages at A=1500 nm
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