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Fig. 1. Polarization rotation metasurface: (a) Perspective view; (b) top view of unit cell; (¢) top view of proposed surface.
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Fig. 2. Performance of proposed polarization conversion metasurface: (a) Reflection amplitude of uint cell; (b) reflection perform-
ance analysis of unit cell; (¢) surface current analysis; (d) RCS of proposed surface.
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Fig. 3. Shared aperture of metasurface and antenna: (a) Metasurface; (b) conventional antenna; (c) shared-aperture antenna 1;

(d) shared-aperture antenna 2.
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Fig. 4. Radiation performance comparison of shared-aperture antenna 1 with conventional antenna: (a) Reflection coefficient;

(b) gain.
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Fig. 5. Surface current analysis: (a), (d) Conventional antenna; (b), (e) shared-aperture antenna 1; (c), (f) shared-aperture antenna 2.
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Fig. 7. RCS comparison of the antennas: (a) z polarization; (b) y polarization.
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Fig. 8. Scattering patterns comparison of the antennas: (a)—(d) Conventional antenna; (e)—(h) shared-aperture antenna 2.
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Fig. 9. Bistatic RCS under different polarized oblique incidences: (a) 6;,. = 30°, ¢ine = 0°, O = 30°, @ = 180°%; (b) O = 30°, @i =
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Table 1.  Comparison of shared-aperture antenna 2 in this work and antennas in previous work.
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Fig. 10. Picture of fabricated antennas: (a) Conventional

antenna; (b) shared-aperture antenna 2.
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Abstract

In this paper, a novel shared-aperture method of electromagnetic metasurface and antenna is proposed to
obtain low radar-cross-section (RCS) performance. In this method, the low-RCS metasurface is first designed,
then this metasurface is combined with traditional antenna to obtain novel low-RCS antenna based on shared-
aperture technique. Besides, the analysis and corresponding local structure modification are also conducted to
ensure that the antenna has good radiation performance while reducing broadband RCS. Using this method, a
dual-layer polarization rotation unit cell is first proposed and its broadband working principle is investigated by
both theoretical analysis and numerical comparison. Based on this unit cell, a broadband low-RCS metasurface
is constructed. Then an initial shared-aperture metasurface antenna is obtained by substituting the middle cells
in the metasurface with traditional patch antenna directly. Through careful analysis of surface current in
radiation mode, the gain decrease of this metasurface antenna is revealed. On this basis, a finite removal
strategy is put forward and some metasurface cells in the antenna are removed by using the electric current
analysis. Consequently, an improved shared-aperture metasurface antenna is proposed. This improved antenna
works in a frequency range from 6.3 to 7.48 GHz, which is slightly wider than the traditional patch antenna. Its
gain is also higher than that of traditional antenna, with a maximum improvement of 1 dB. Meanwhile, the
apparent RCS decreases from 6 to 16 GHz for any polarized incident wave, and the reduction peak is larger
than 20 dB. Finally, fabrications and measurements are conducted. The measurement results and numerical
calculations are in good agreement. The well-behaved radiation performance and broadband low-RCS property
of this metasurface antenna verify the effectiveness of the proposed method. Unlike most of reported design
methods of low-RCS antennas directly from traditional antennas, the proposed method adopts reverse thinking
to transform scattering optimization into radiation optimization, realizing the integration between metasurface

and antenna, thus making low-RCS antenna design easier and faster.
Keywords: electromagnetic metasurface, antenna, shared-aperture technique, low radar cross section

PACS: 41.20.Jb, 78.67.Pt, 73.20.Mf DOI: 10.7498/aps.73.20240142

* Project supported by the National Natural Science Foundation of China (Grant Nos. 62371466, 62171460, 62203464), the
Natural Science Basic Research Program of Shaanxi Province, China (Grant Nos. 2024JC-ZDXM-39, 20220104, 2020022),
and the Foundation of National Key Laboratory of Science and Technology on Space Microwave (Grant No. HTKJ
2022KL504004).

1 Corresponding author. E-mail: jianye8901@126.com

124101-11


http://doi.org/10.7498/aps.73.20240142
mailto:jianye8901@126.com
mailto:jianye8901@126.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

ETHEFLEHARKKRCS HRGBARE R &L Bt
FR MR FF B R T GHE
Low—-RCS electromagnetic metasurface antenna based on shared—aperture technique

LiTong Yang Huan-Huan LiQi LiaoJia-Wei Gao Kun JiKe-Feng Cao Xiang-Yu

5] Fi{5 B Citation: Acta Physica Sinica, 73, 124101 (2024) DOI: 10.7498/aps.73.20240142
TEZE[R]1 View online: https:/doi.org/10.7498/aps.73.20240142
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

HL G BEAL 2R THT-5 R 4 M — AL O IRRCS 457

A novel low—RCS antenna array based on integration of electromagnetic metasurface and conventional antenna

WIFEAEA. 2021, 70(19): 194101 https://doi.org/10.7498/aps.70.20210746

7 2 B AR o RIS A e e i R A et

A coding metasurface antenna array with low radar cross section

WIFIE4. 2020, 69(24): 244101 https://doi.org/10.7498/aps.69.20200978

— A TR A A T B LA R A S B 94 R 1

Composite polarization conversion metasurface and its application in integrated regulation radiation and scattering of antenna

PyFEEEAR. 2020, 69(23): 234102 hitps:/doi.ore/10.7498/aps.69.20200797

A VRE R A A ) A R ST ] A TR A A

Ultra—thin ultra—wideband tunable radar absorber based on hybrid incorporation of active devices

PFEEEAR. 2022, 71(3): 034101 https:/doi.org/10.7498/aps.71.20211254

RETT 0] F ) — R R s 7 vk
A class of approximate computation method for antenna directivity

WIFRZEAR. 2020, 69(2): 028401  https://doi.ore/10.7498/aps.69.20191268

M R I 1T ) PR — X1 o 32k WIS A el v e 2 T s+

Absorption and cancellation radar cross—section reduction metasurface design based on phase— and amplitude—control

PyF2EAR. 2022, 71(8): 084102  hitps://doi.org/10.7498/aps.71.20212174


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20240142
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210746
https://doi.org/10.7498/aps.69.20200978
https://doi.org/10.7498/aps.69.20200797
https://doi.org/10.7498/aps.71.20211254
https://doi.org/10.7498/aps.69.20191268
https://doi.org/10.7498/aps.71.20212174

	1 引　言
	2 基于极化旋转机理的低RCS超构表面
	3 低RCS超构表面与天线孔径共享的低RCS天线设计与分析
	3.1 传统天线与低RCS超构表面孔径共享设计与电流分析
	3.2 低RCS天线性能分析

	4 实验验证
	5 结　论
	参考文献

