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Fig. 2. (color online) Unit cell for linear-polarized con-
version metasuface and optimized geometrical parame-
ter: a =5 mm, d =3 mm, r; = 2.1 mm, ro = 2.3 mm,

=141 mm, w = 0.1 mm.
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Fig. 3. The simulated reflectivities under z-polarized

and y-polarized waves normal incidence.
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Fig. 4. (color online) Schematic of multiple reflection

in the “Fabry-Pérot-like” cavity.
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Fig. 5. Front view of “super unit” of the phase gradient metasurface.
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reflection phase of six polarized conversion unit cells.
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Fig. 7. (color online) The simulated cross-polarization

reflectivities of six polarized conversion unit cells.
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9 (MTIRM) o- R TR BN S IR T 53
S

Fig. 9. (color online) Anomalous reflection spectrum

under z-polarized wave normal incidence.
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Table 1. Comparison of anomalous angle in theoretical

calculation and simulation.

LS 12GHz 14 GHz 16 GHz 18 GHz
THEEE R 56.44° 45.58° 38.68° 33.74°
%R 54.02° 44.42° 38.1° 33°
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Fig. 10. (color online) Distribution of the y-component of the electric field: (a) f = 12 GHz; (b) f = 14 GHz;

(¢) f =16 GHz; (d) f = 18 GHz.
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Fig. 11. (a) PGM sample (300 mm x 300 mm);

(b) schematic diagram of the experiment setup.
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mirror reflectivities of PGM.
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Abstract

Phase gradient meatsurface (PGM) is a new way to control reflective beam and refractive beam. By means of PGM,
wave-fronts can be controlled in a more freedom way. The generalized Snell’s law was put forward first by Nanfang Yu
et al. [Yu N F, Genevet P, Kats M A, Aieta F, Tetienne J P, Capasso F, Gaburro Z 2011 Science 333 334] to describe
the anomalous refraction on PGM. Anomalous refraction and out-of-plane reflection were then demonstrated using
PGM composed of V-shaped nanoantennas. As deeper research about PGM, many reflective PGMs are also proposed.
Typical examples are the reflective PGM using H-shaped resonators by Lei Zhou’s group and using split-ring resonators
by Shaobo Qu’s group, both acting as high-efficiency surface wave couplers. However phase gradient of most PGMs
above are achieved in a narrow-band and cannot change the polarizations. Anomalous reflection can only be realized
in a certain narrow-band, and anomalous reflective angles cannot be precisely predicted. In this paper, a polarized
conversion metasurface based on double-circular metallic resonator is first designed. The conversion successfully achieves
ultra-wideband cross-polarization for linearly-polarized waves within a broadband of 12.2 GHz (from 7.9-20.1 GHz)
with more than 99% cross-polarized reflectance. On the premise of high efficiency, reflective phase can be regulated
by changing geometrical parameter of double-circular metallic structure. Then a broadband one-dimensional dispersive
phase gradient metasurface comprised of six unit cells periodically arrayed above substrate is designed and fabricated.
The PGM can perfectly achieve anomalous reflection. Measured result about its specular reflectivity is in good agreement
with simulated result. Moreover, the measurement results of E-field distribution and anomalous reflective angle nearly
accord with simulation results. Anomalous reflective angle is precisely predicted based on the generalized Snell’s law.
Both simulation and experiment verify that the PGM can make incident waves efficiently coupled as surface waves from
8.9-10 GHz and anomalously reflected in a range from 10 GHz to 18.1 GHz.

Keywords: metasurface, polarization conversion, phase gradient, anomalous reflection

PACS: 41.20.Jb, 73.20.Mf, 77.22.-d, 84.90.+a DOTI: 10.7498/aps.64.184101

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61331005, 11274389, 61471388), the
China Postdoctoral Science Foundation (Grant Nos. 2013M532131, 2013M532221), and the Fundamental Research Project
of Shanxi Province, China (Grant Nos. 2011JQ8031, 2013JM6005).

1 Corresponding author. E-mail: qushaobo@mail.xjtu.edu.cn

1 Corresponding author. E-mail: wangjiaful981@Q126.com

184101-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.184101

	1引 言
	2相位梯度超表面设计
	2.1 设计原理
	Fig 1

	2.2 反射型极化旋转超表面单元结构设计
	Fig 2
	Fig 3
	Fig 4

	2.3 反射型交叉极化旋转相位梯度超表面结构设计
	Fig 5
	Fig 6
	Fig 7


	3仿真与实验验证
	3.1 仿 真
	Fig 8
	Fig 9
	Table 1
	Fig 10

	3.2 实验验证
	Fig 11
	Fig 12


	4结 论
	References
	Abstract

