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Fig. 1.

graphene’s surface impedance corresponding to chem-

(color online) Frequency dependence of

ical potential in microwave band.
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Fig. 2. (color online) Diagram of the proposed ab-

sorber unit using graphene: (a) 3D model; (b) top-
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Table 1. S11 at integer frequency for the absorber with different surface impedances combinations.
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Fig. 5. S11 curves for the absorber resonating at inte-

ger frequency.
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Table 2. Parameters of the equivalent circuit model

by optimization.
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Fig. 7. S11 curves for ECM method and CST simulation.
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Fig. 9. Phase and amplitude of reflection and transmission at interface of the absorber.
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Fig. 11. Absorption curves calculated by CST, ECM
and INF.
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Abstract

Stealth technology is of great importance and significance in reducing the radar cross section and improving the
survivability of the target aircraft. Absorber is one of the most important structures in stealth technology. However, the
present investigations of absorbers mainly focus on the narrow band or multi-band. To extend the operation bandwidth,
a graphene-based absorber structure is proposed in this paper. The proposed absorber has a periodic structure whose
unit cell consists of a square and a circular graphene-based ring. The surface impedance of the periodic structure can
be optimized to match the impedance of the free space in a very wide band by adjusting the electrostatic bias voltage.
Then the operation band is significantly extended. By using the commercial software, CST Microwave Studio 2014, the
performance of the proposed absorber is studied. The simulated results show that the proposed absorber can absorb
electromagnetic (EM) waves in an ultra-wideband from 2.1 to 9.0 GHz, with an absorbing rate of up to 90%. Moreover,
the proposed absorber is insensitive to the polarization of the incident wave due to the symmetry of the structure. We
also find that the absorber can be tuned to work at any frequency in a range from 2.0 to 9.0 GHz for a fixed geometrical
parameter. The equivalent circuit model (ECM) approach and interference theory (INF) are employed to investigate
the physical mechanism of the proposed absorber. According to the ECM, we analyze the resonant characteristics of
the square and circular graphene rings. Owing to the existence of two different graphene rings, two resonant frequencies
are detected. By optimizing the structure parameters of the graphene rings, the two resonant frequencies are brought
closer, resulting in the increase of the operation band. On the other hand, the real part of the input impedance of the
equivalent circuit reaches up to about 300 €2, and the imaginary part is close to 0 2, which provides good matching
to the free space, leading to high absorption rate. According to the interference theory, the amplitudes and phases of
the direct reflection and the multiple reflections of EM waves are studied. It is found that the destructive interference
between the direct reflection and multiple reflection makes the absorber have high performance in an ultra-wideband.

The results obtained from ECM and INF are in good agreement with the simulation ones.

Keywords: ultra-wideband absorber, graphene, equivalent circuit model approach, interference theory

PACS: 41.20.Jb, 52.25.0s, 73.22.Pr DOI: 10.7498/aps.65.054101

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61361005, 61461016, 61161002,
61561013), the Natural Science Foundation of Guangxi, China (Grant Nos. 2014GXNSFAA118283, 2014GXNSFAA118366,
2015GXNSFAA139305), the Program for Innovative Research Team of Guilin University of Electronic Technology
(IRTGUET), and the Director Fund of Key Laboratory of Cognitive Radio and Information Processing (Guilin University
of Electronic Technology), Ministry of Education, China.

t Corresponding author. E-mail: ynjiang@guet.edu.cn

054101-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.054101

	1引 言
	2微波波段石墨烯表面阻抗特性
	Fig 1

	3基于石墨烯的吸波器模型
	Fig 2

	4吸波器吸波性能分析
	4.1 超宽带吸波性能
	Fig 3
	Fig 4

	4.2 谐振频点可控的吸波性能
	Table 1
	Fig 5


	5吸波机理研究与分析
	5.1 等效电路法
	Fig 6
	Table 2
	Fig 7
	Fig 8

	5.2 干涉理论
	Fig 9
	Fig 10
	Fig 11


	6结束语
	References
	Abstract

