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Fig. 1. Model of absorbing metamaterial with three layer square structure: (a) Model of periodic unit; (b) model size.
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Fig. 2. Complex permittivity and complex permeabil-
ity of MCIN.
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Fig. 3. Equivalent multi-layer structure model (left)
and effective model (right) of the wave absorbing
metamaterials with three layer square matrix struc-

ture.
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Fig. 4. Effective electromagnetic parameters extracted
by S parameters inversion: (a) Effective electromag-
netic parameters of the surface layer; (b) effective elec-

tromagnetic parameters of the intermediate layer.
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Fig. 6. Specimen of three layer square structure ab-

sorbing metamaterial fabricated by SLS.
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Fig. 7. Comparison of reflection loss between theoretical,

simulated, and experimental results.
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Fig. 8. Power loss density distributions at the resonant frequency of (a) 5.3 GHz, (b) 14.1 GHz.
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ment 1, experiment 2, and presented absorbing meta-

material.
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Abstract

In order to verify the feasibility of three-dimensional (3D) printing technology in preparing the metamaterial ab-
sorbers with complex structure, a three-layer broadband absorbing metamaterial is designed and fabricated by 3D
printing technology. The surface layer and middle layer of the metamaterial are composed of periodic arrays with differ-
ent unit dimensions and the bottom layer of a slab structure. The optimized thickness of the metamaterial is 4.7 mm. A
composite absorbent which consists of carbonyl iron powder and nylon is used to fabricate the absorber. In experiment,
the obtained absorber is vertically irradiated by an electromagnetic (EM) wave. Two strong absorption peaks at 5.3 GHz
and 14.1 GHz are achieved, with the reflection losses of —15.1 dB and —12.5 dB, respectively. The superposition of the
two absorption peaks results in a reflection loss below —10 dB in a range from 4 to 18 GHz. The effective EM parameters
of the surface layer and the middle layer are calculated by the S parameter inversion method. An effective model of the
three-layer structure absorber is proposed and its reflectivity is calculated by using a multilayer structure reflectivity
formula. The calculated reflectivity agrees well with the measured one. The absorbing and resonance mechanisms of the
two absorption peaks are investigated by analyzing the dynamic distributions of power density loss, electric field and
magnetic field. It can be clearly confirmed that the reflection losses at 5.3 GHz and 14.1 GHz are primarily concentrated
on the bottom layer and surface layer, and the broadband absorption performance can be derived from the superposi-
tion of broadband absorptions of the three absorbing layers. Meanwhile, the strong electric coupling effect between the
adjacent units in the surface layer is demonstrated by analyzing the electric-field distributions, which indicates that the
strong reflection loss at 14.1 GHz is mainly caused by the electric response. The multiple scattering effects among the
three layers are also considered according to the magnetic field distributions at two resonance frequencies. It is shown
that there are two magnetic responses at 5.3 GHz and 14.1 GHz, respectively, and the multiple scattering contributes
to increasing the EM wave propagation distance and enhancing the power loss. The designed absorbing metamaterials
in this paper achieve good broadband absorption performances, particularly in the low frequency band. Combined with
3D printing rapid technology, a promising route to constructing 3D absorbing metamaterials with complex structures is

proposed, which would be of great significance and broad practical prospect.

Keywords: absorbing metamaterial, three-dimensional printing technology, broadband absorption

PACS: 42.25.Bs, 04.30.Nk DOI: 10.7498/aps.67.20172262

* Project supported by the Science and Technology Plan Project of Hunan Province, China (Grant No. 2015TP1007).

1 Corresponding author. E-mail: wangyan@csu.edu.cn
1 Corresponding author. E-mail: huangxzh@csu.edu.cn

084202-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20172262

	1引    言
	2建模与仿真优化
	Fig 1
	Fig 2
	Fig 3
	Fig 4


	33D打印样品制备与分析
	Fig 5
	Fig 6


	4分析与讨论
	Fig 7
	Fig 8
	Fig 9
	Fig 10
	Fig 11


	5结    论
	References
	Abstract

