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Fig. 1. (a) Schematic diagram of the dihedral corner reflector; (b) schematic diagram of the

wide-angle RCS enhancement metasurface.
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Fig. 2. (a) Schematic diagram of the Jerusalem structural unit cell; (b) the reflection phase simulation results of four

different structural parameters; (c) the reflection amplitude simulation results of four different structural parameters.
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Fig. 3. (a)—(d) Simulated mono-static RCS curves of wide-angle RCS enhancement metasurface and equal size metal plate
for y polarized wave incidence at 9, 10, 11 and 12 GHz; (e)—(h) Simulated mono-static RCS curves of wide-angle RCS

enhancement metasurface and equal size metal plate for « polarized wave incidence at 9, 10, 11 and 12 GHz.
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Fig. 4. (a)—(c) Backward far-filed patterns of the designed wide-angle RCS enhancement metasurface for y polarized

wave incidence with the incidence angle § = —43°, 0°, and 43° at 10 GHz.

B5 (a)—(c) y AP HIUING 0 = —43°, 0°, 43° ANGHHF, %A1 RCS BB R/ 10 GHz &b, oz FIH Y I H

BN Ey

Fig. 5. (a)—(c) The simulated distributions of the electric filed components of the designed wide-angle RCS enhance-

ment metasurface for y polarized wave incidence with the incidence angle 6 = —43°, 0°, and 43° at 10 GHz.
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Fig. 6. (a) Environment of anechoic chamber; (b) fixed the wide-angle RCS enhancement metasurface; (c¢) sam-
ple photograph of the designed wide-angle RCS enhancement metasurface, where the inserts are the zoom views

presenting the detail information of different super-cells.
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Abstract

To enhance backscattering, corner reflector and Luneburg lens are usually used. They can operate effectively in
a broad angle range and also in a quite wide band. However, corner reflector as a typical structure of backscattering
enhancement device, has obvious disadvantages in practical application. For example, it is usually made of metal material,
which causes it to be too heavy and bulky. Luneburg lens is generally made of dielectric with strong loss and high cost,
which is unfavorable for applications. Thus, it is necessary to explore a new way to realize wide-angle backscattering
enhancement. In this paper, a phase gradient metasurface with wide-angle radar cross section (RCS) enhancement
property is proposed and demonstrated, which consists of two phase gradients with equal magnitude but in opposite
directions. Through designing a reflective phase profile along the surface, an equivalent wave vector can be generated,
with doubled magnitude but in an opposite direction to the parallel component of the wave vector of the incident wave.
At the incidence angles § = —45° and 45°, electromagnetic (EM) waves are reflected to the directions just opposite to
the directions of incident waves. And at incidence angle § = 0°, the incident EM wave is coupled into spoof surface wave
and then guided to another region to decouple into a free space wave. These guarantee RCS enhancement property in
a related angular domain. The polarization independent Jerusalem cross unit is used to design the phase gradient, and
a wide-angle RCS enhancement metasurface is designed. The simulated results indicate that at the designed incidence
angles, directions of the reflected waves are all opposite to the directions of incidence waves for both zand y polarized
wave. In order to evaluate the RCS enhancement performances, the mono-static RCS of the designed wide-angle RCS
enhancement metasurface is measured. Both the simulations and experiments are in good agreement with each other,
and show that the designed metasurface obtains tremendous RCS enhancement performances in a wide-angle domain

(—45°-45°) for both z and y polarized wave with frequencies ranging from 9 GHz to 12 GHz.

Keywords: metasurface, phase gradient, wide-angle, radar cross section enhancement
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