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Fig. 1. Schematic diagram of the working principle of the
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absorption-cancellation RCS reduction metasurface with the
phase- and amplitude-control.
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Fig. 2. Equivalent transmission line model of the reflected

unit cell.
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Fig. 3. The relationship among the reflection phase ¢, the
reflection amplitude A, the impedance of the upper-layer
topology R and X at different frequencies: (a) 8 GHz; (b)
10 GHz; (c) 12 GHz.
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Fig. 4. The relationship among the RCS reduction, the
parameter « and the phase difference ¢q, as neither unit A

nor B having absorption.
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sorption of both units A and B .
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Fig. 9. (a) The schematic diagram of the absorption-cancellation metasurface composed of units A and B; (b) simulated RCS reduc-

tion curves of designed metasurface compared to the metal plate of the same size.
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Fig. 11. Comparison of 3D far-field patterns of metasurface and metal plate of the same size.
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Fig. 13. The compared 3D far-field patterns of metasurface loaded on metal cylinder and equal-sized metal cylinder.
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Abstract

Wider band and deeper radar cross section (RCS) reduction by lower profile is always a very noticeable
subject in stealth material researches. Most of researchers have designed and measured the RCS reduction
bandwidth with 10 dB standard, that is, the return energy is reduced by 90%. In this paper we present a dual-
mechanism method to design a single-layer absorptive metasurface with wideband 20-dB RCS reduction by
simultaneously combining the absorption mechanism and the phase cancellation mechanism. Firstly, the
impedance condition for 20-dB RCS reduction is theoretically analyzed considering both the absorption and the
phase cancellation based on the two unit cells, and the relationship between the surface impedance and the
reflection phase/amplitude is revealed. According to these analyses, two unit cells with absorption performance
and different reflection phases are designed and utilized to realize the absorptive metasurface. Then, we
simulate the plane case and the cylinder case with the designed flexible metasurface and compare them with the
counterparts with equal-sized metal. Finally, the sample is fabricated and characterized experimentally to verify
the simulated results. Both numerical and experimental results show that the 7-mm-thick single-layer
absorptive metasurface features a wideband 20-dB RCS within 6.10-12.15 GHz (66%). Our designed metasurface
features wideband, 20-dB reduction, polarization insensitivity, light weight and flexible, promising great

potential in real-world low-scattering stealth applications.

Keywords: radar cross section reduction, phase- and amplitude-control, absorption, cancellation

PACS: 41.20.Jb, 71.20.-b, 42.25.Bs DOI: 10.7498 /aps.71.20212174

* Project supported by the Young Scientists Fund of the National Natural Science Foundation of China (Grant Nos. 61801485,
61901492, 61901493).
1 Corresponding author. E-mail: 13379260913@163.com

1 Corresponding author. E-mail: yunqifu@nudt.edu.cn

084102-10


http://doi.org/10.1063/1.4960802
http://doi.org/10.1063/1.4960802
http://doi.org/10.1063/1.4960802
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1109/TMAG.2008.2002472
http://doi.org/10.1109/TMAG.2008.2002472
http://doi.org/10.1109/TMAG.2008.2002472
http://doi.org/10.1109/TMAG.2008.2002472
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1016/j.physleta.2021.127345
http://doi.org/10.1016/j.physleta.2021.127345
http://doi.org/10.1016/j.physleta.2021.127345
http://doi.org/10.1016/j.physleta.2021.127345
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1364/OE.440785
http://doi.org/10.1364/OE.440785
http://doi.org/10.1364/OE.440785
http://doi.org/10.1364/OE.440785
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1007/s11468-020-01118-6
http://doi.org/10.1007/s11468-020-01118-6
http://doi.org/10.1007/s11468-020-01118-6
http://doi.org/10.1007/s11468-020-01118-6
http://doi.org/10.1063/1.4960802
http://doi.org/10.1063/1.4960802
http://doi.org/10.1063/1.4960802
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1109/TMAG.2008.2002472
http://doi.org/10.1109/TMAG.2008.2002472
http://doi.org/10.1109/TMAG.2008.2002472
http://doi.org/10.1109/TMAG.2008.2002472
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1016/j.physleta.2021.127345
http://doi.org/10.1016/j.physleta.2021.127345
http://doi.org/10.1016/j.physleta.2021.127345
http://doi.org/10.1016/j.physleta.2021.127345
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1364/OE.440785
http://doi.org/10.1364/OE.440785
http://doi.org/10.1364/OE.440785
http://doi.org/10.1364/OE.440785
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1007/s11468-020-01118-6
http://doi.org/10.1007/s11468-020-01118-6
http://doi.org/10.1007/s11468-020-01118-6
http://doi.org/10.1007/s11468-020-01118-6
http://doi.org/10.1063/1.4960802
http://doi.org/10.1063/1.4960802
http://doi.org/10.1063/1.4960802
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1109/TMAG.2008.2002472
http://doi.org/10.1109/TMAG.2008.2002472
http://doi.org/10.1109/TMAG.2008.2002472
http://doi.org/10.1109/TMAG.2008.2002472
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1016/j.physleta.2021.127345
http://doi.org/10.1016/j.physleta.2021.127345
http://doi.org/10.1016/j.physleta.2021.127345
http://doi.org/10.1016/j.physleta.2021.127345
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1364/OE.440785
http://doi.org/10.1364/OE.440785
http://doi.org/10.1364/OE.440785
http://doi.org/10.1364/OE.440785
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1007/s11468-020-01118-6
http://doi.org/10.1007/s11468-020-01118-6
http://doi.org/10.1007/s11468-020-01118-6
http://doi.org/10.1007/s11468-020-01118-6
http://doi.org/10.1063/1.4960802
http://doi.org/10.1063/1.4960802
http://doi.org/10.1063/1.4960802
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1103/PhysRevLett.100.207402
http://doi.org/10.1109/TMAG.2008.2002472
http://doi.org/10.1109/TMAG.2008.2002472
http://doi.org/10.1109/TMAG.2008.2002472
http://doi.org/10.1109/TMAG.2008.2002472
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevB.65.195104
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.70.016608
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1103/PhysRevE.71.036617
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1186/s11671-021-03474-6
http://doi.org/10.1016/j.physleta.2021.127345
http://doi.org/10.1016/j.physleta.2021.127345
http://doi.org/10.1016/j.physleta.2021.127345
http://doi.org/10.1016/j.physleta.2021.127345
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1109/LAWP.2017.2735483
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1364/OE.27.023368
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1109/LAWP.2020.2995206
http://doi.org/10.1364/OE.440785
http://doi.org/10.1364/OE.440785
http://doi.org/10.1364/OE.440785
http://doi.org/10.1364/OE.440785
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1088/1361-6463/aa8de1
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1109/LAWP.2018.2789906
http://doi.org/10.1007/s11468-020-01118-6
http://doi.org/10.1007/s11468-020-01118-6
http://doi.org/10.1007/s11468-020-01118-6
http://doi.org/10.1007/s11468-020-01118-6
http://doi.org/10.7498/aps.71.20212174
http://doi.org/10.7498/aps.71.20212174
mailto:13379260913@163.com
mailto:13379260913@163.com
mailto:yunqifu@nudt.edu.cn
mailto:yunqifu@nudt.edu.cn
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

	1 引　言
	2 幅相同调的吸波-对消超表面设计
	2.1 RCS减缩20 dB以上的条件
	2.2 具有宽带反射相位差的吸波单元设计
	2.3 吸波-对消超表面设计与仿真

	3 吸波-对消超表面加工与测试
	4 结果讨论
	5 结　论

