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Abstract: Wireless Power Transfer (WPT) and energy harvesting technologies are expected to provide
revolutionary technological changes in important fields such as 5G communications and the Internet of
Things. The short-range coupling WPT has gradually been commercialized, but there are still many
technical bottlenecks in the practical process of microwave power transmission that can realize long-
distance applications, such as the contradiction between the limited aperture of transceiver antennas and the
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WPT efficiency. The developments of electromagnetic metamaterials and metasurfaces have brought new
breakthroughs for solving the above—mentioned problems. In this paper, we will focus on the combination
of the two important technologies, and systematically review the applications of metamaterials in
microwave wireless power transfer and wireless energy harvesting. The results show that the near—field
focusing metasurface can significantly improve the transfer efficiency. We will also introduce the research
progress of optically transparent metasurfaces and reconfigurable metasurfaces for improving WPT
performance and practicability. Based on the periodically close arrangements of subwavelength
metamaterial units, a wireless energy harvester with wide—angle incidence and polarization-insensitive

characteristics is designed, which can replace conventional receiving antennas with higher harvesting
efficiency. Furthermore, coplanar integration with the rectifying diodes makes a new concept of the
rectifying metasurface, which can simplify the overall structure, reduce the size, and improve the
efficiency. Finally, we will discuss the future progress of WPT, and point out the vital role that
programmable and intelligent metamaterial technologies will play very important roles in future
simultaneous wireless information and power transfer systems.

Key words: Wireless power transfer; Wireless energy harvesting; Electromagnetic metamaterials; Near—
field focusing; Rectifying metasurface; Intelligent metamaterials
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Fig. 7 Research context and the significant progress of WEH metasurfaces
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Table 1 Comparison of performances among different WEH metasurfaces
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[55] 0.342, Wideband
5.55 Complementary SRR 92% ) N
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[57] Square ring 0.442, Wideband
6.2~21.4 96 %
2017 resonator 5X5 polarization—insensitive
Tri—band
90% at 0.9 GHz L
[59] 0.9, 2.6, Butterfly—type closed 0.084, miniaturized
83% at 2.6 GHz )
2017 5.7 loop resonator 7TX7 wide—angle
81% at 5.7 GHz
polarization—insensitive
[64] Ring resonator and 0.094, Coding metasurface
2.45, 6 . 90%% _ o
2018 symmetric ELC resonator 9Xx9 algorithm optimization
[65] Modified complementary 0.134, Flexible
5.33 86%
2019 SRR 11X11 ultra—thin
Frequency stability
[63] Centrally symmetrical circular 0.292, )
5.8 ) 91% wide—angle
2020 sectors surrounded by metal vias 5X5

polarization—insensitive
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Fig. 8 Design examples of metamaterial rectifying antennas
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Fig. 10 Recent examples of rectifying metasurface designs
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Table 2 Detailed comparison of microwave WPT and WEH

WPT

WEH

Main requirement

High energy transmission and conversion efficiency

Application scenarios

Transmitting—receiving
Operating frequency

Radiation pattern

Polarization requirement
Required characteristics

of metasurface

Future directions with

metasurface

Mid to high power devices
Point-to—point
Dedicated
narrowband
High gain/directivity
Alignment

Amplitude, phase, and wavefront regulation of

metasurface unit

Adaptive, programmable, intelligent regulation
Simultaneous wireless information and power

transfer

Low power sensors
Space-to—point
Communication bands, ISM bands, etc.
wideband/multi-band
Wide incident angle (omni-directivity)
Polarization insensitive
Harvest wireless energy
Multimode resonance effect of metasurface
array
Rectifying metasurface
Hybrid energy harvesting for energy
Autonomous of WSN
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Fig. 11  Future applications of smart metasurfaces
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