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Overview of orbital angular momentum antenna technology

based on artificial metasurface

YANG Kaigiao, DENG Li

(School of Information and Communication Engineering, Beijing University of Posts and Telecommunications, Beijing
100876, China)

Abstract: Artificial metasurface is a planar array structure composed of periodic or aperiodic
arrangement of sub wavelength electromagnetic metamaterial units. This structure has a very
strong ability to regulate spatial electromagnetic waves, regarded as a new direction of antenna
design. In recent years, increasing attention is paid to the application of orbital angular momentum
(OAM) in wireless communication technology to alleviate the pressure caused by growth of
demand. OAM wireless communication system based on metasurface has the characteristics of
simple design, dexterity and portability, for which at present, it has become a research hotspot in
this field. This paper summarizes the recent research progress of metasurface OAM wireless
communication antenna technology according to three parts. The first is a brief introduction to the
development of OAM wireless communication and metasurface. The second is about the research
progress of key technologies of OAM wireless communication antenna based on metasurface,
including vortex wave antenna technology based on passive and active metasurface. Finally, this
paper discusses the direction of its future development.
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	1  OAM无线通信与电磁超表面概述0F
	图1 微波段OAM无线通信有关研究；(a)“威尼斯”实验场地[17]；(b)西安电子科技大学研究团队设计的OAM通信系统示意图[18]；(c)根据(b)系统计算得到的不同近场通信方案信道容量对比图[18]；(d)NTT报道的实验装置[20]。
	尽管OAM无线通信领域已经出现了很多重要的系统级成果，但这一技术仍然面临着许多实际挑战，其中就包括携带高质量、高纯度OAM电磁波（或称为涡旋电磁波）的产生。传统的涡旋电磁波发生装置主要包括环形天线阵、螺旋相位板天线等。这些装置或是体积庞大，或是效率低下，或是馈电网络设计复杂[21]，难以做到精准、灵活地产生涡旋电磁波。幸运的是，电磁超材料的出现为解决该问题提供了一种可行的思路。
	2  基于超表面的OAM天线设计技术
	关于OAM无线通信的研究主要集中于波束的产生、大容量高速率传输以及高效准确接收三个方面[5]。由于和底层硬件的高度相关性，基于超表面的OAM通信技术研究大多出现在高效高质量波束的产生环节。接下来，本文将围绕涡旋波束的产生详细介绍近年来出现的若干技术进展。
	2.1  无源窄带超表面涡旋波天线
	2.2  无源宽带超表面涡旋波天线

	(9)
	无源超表面的一个重大缺陷是灵活度不高，不能随意改变其相位分布，这使得无源超表面难以用于具有移动性要求的通信场景中，且功能单一，不能实现重构。一些研究者注意到了这一点，提出可以将有源器件，例如二极管、场效应管等，加入单元设计,如图7(a)所示，形成数字超材料或可编程超材料[70-71]。基于数字超材料单元构筑的超表面可以通过控制输入电压，切换单元的相位响应曲线，实现超表面相位分布的灵活可调。近年来，这项技术已经开始被逐渐应用于Bessel、涡旋波束等超表面天线的设计中了。例如，电子科技大学研究人员利...
	3  未来展望
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