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Abstract

At present, absorber is one of the most important applications of metamaterials, which is a kind
of functional structure or device that can absorb the energy of electromagnetic wave incident
on its surface with good effect. In the field of absorber research, researchers have found many
deficiencies of the absorber materials that are used currently, such as narrow frequency band,
low absorption efficiency, large geometric size, etc., which limit its application scope. Therefore,
finding compatible absorbing materials is one of the directions for research and development
in this field. A multilayer metamaterial absorbing structure suitable for microwave broadband
is put forward in this paper, and absorbing mechanism and band widening technology of
multilayer metamaterial absorber are further studied.
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1. Introduction

As a basis on which human society relies for existing and developing, the discovery and application
of materials are changing people's lives. In recent years, electromagnetic metamaterials, as a emerging
subject, have attracted wide attention of many scientific research institutions at home and abroad.
Since "Metamaterials” is the English name of electromagnetic metamaterials, and the word "Meta”
itself also expresses the meaning of "alternative” and "supernormal”, so they are called metamaterials.
Generally speaking, metamaterials refer to a kind of artificial-prepared sub-wavelength periodic
structure, which have supernormal physical properties that natural materials do not have, such as
negative magnetic conductivity, magnetic conductivity, double negative dielectric constant, negative
refraction, sub-wavelength super-transmission, etc!l. Since Landy and other researchers first
designed a resonant absorber based on electromagnetic metamaterials in 2008 that can absorb
electromagnetic waves at specific wavelengths "perfectly”?l, metamaterial absorber has begun to
enter people’s mind and developed rapidly.

At present, the design and development of absorber based on metamaterials in the fields of
electromagnetic stealth, bolometer and thermal emission is developing vigorously®4, especially in
aviation, the surface of aircraft can be coated with metamaterial absorbers to reduce their scattering
cross sections, thus avoiding tracking and detection. Moreover, metamaterial absorber can reduce
sidelobe radiation of antenna, enhance directional radiation and improve performance of antenna. In
addition, metamaterial absorber can also reduce the electromagnetic leakage of various electronic
devices and reduce the impact of electromagnetic waves on human body and environment. Thus,
metamaterial absorber has a wide range of practical applications and good application prospectst™®l,

Compared with traditional absorbing materials, metamaterial absorbing structure has obvious
advantages in the following aspects: first of all, the thickness of many traditional electromagnetic
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metamaterials is required to be Ao/4 (Ao is central frequency of incident wave), but the appearance of
metamaterials has greatly reduced this thickness. According to the recent report, the thickness of
absorber made of metamaterial is Ao/75, which is much thinner than that of traditional absorbers.
Secondly, the absorption frequency of a metamaterial absorber can be easily adjusted by changing
the structure and size of the resonant element or the substrate material. The absorption frequency of
traditional absorbing materials is very difficult to change. Recently, as more and more electronic
equipment choose metamaterials to achieve their high-performance electromagnetic stealth, we have
reason to believe that the electromagnetic absorber based on metamaterials is a kind of high-
performance electromagnetic stealth materials with good development prospects(®4.

In this paper, a multilayer metamaterial absorbing structure suitable for microwave broadband is put
forward, and absorbing mechanism and band widening technology of multilayer metamaterial
absorber are further studied, including the following two aspects of specific research contents.

2. Design of multilayer metamaterial absorbing structure

For multilayer metamaterials absorbing structure, according to the propagation principle of
electromagnetic wave in the medium and the corresponding boundary conditions, the total reflection
coefficient of electromagnetic wave can be described as:
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Among them, roz,ro2,...In are the reflection coefficient from the first to the nth interface respectively,
d1,dz,...,dn are the thickness of the dielectric layer from the first to the nth interface respectively.

The electromagnetic absorbility of absorbing materials can be expressed as:

A=1-r? 2)
The absorbing characteristics of multilayer metamaterial absorbing structure can be obtained from
the above.

It can be seen from the formula (1) that the absorbing properties of the multilayer metamaterial
absorbing structure are directly related to the resonant element structure, the thickness of the dielectric
layer and the dielectric constant, so it is difficult to solve the formula (1) directly. Therefore, the
project team intends to establish a simplified equivalent model by introducing resonant elements and
equivalent factors of dielectric property on this basis, thereby studying the geometric parameters of
the structure and the influence of the dielectric material on the absorption performance and providing
optimization measures of absorbing structure performance.

3. Planarization of multilayer metamaterial absorber

The absorbing principle of multilayer metamaterial absorbing structure is the reflection cancellation
of electromagnetic wave propagation in dielectric layers, so the key to reduce the thickness of
multilayer metamaterial absorbing structure is to ensure that the phase difference between the
reflected wave and the incident wave is (2n+1)x under the circumstance that all dielectric layers are
as thin as possible. In consideration of the limitation of dielectric material selection, the project team
will focus on the effect of the resonant element topological structure on the interface reflection, and
further analyze the correlation between the size parameters of the resonant structure and the reflection
coefficient. Based on the topological structure of resonant elements with four-directional symmetry
or rotational symmetry, absorption band widening technology focuses on the influence of topological
structure unit on absorption peak bandwidth and the arrangement of resonant elements in different
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layers so as to meet the requirements of broadband absorption of multilayer metamaterial absorbing
structure. Since resonant element itself will produce absorption peak with fixed frequency through
electromagnetic resonance, the project team intends to further increase the absorption bandwidth by
optimizing the size of resonant structure, so that the resonant absorption frequency is close to the
absorption band obtained by the principle of reflection cancellation.

The planarization technique of multilayer metamaterial absorbing structure and the technology of
absorption band widening can be further analyzed by means of electromagnetic simulation software
(CST MWS, HFSS, etc.). By studying the internal electric field, surface current and loss distribution
of multilayer metamaterial absorbing structure at the corresponding absorption frequency, the
resonant mode distribution and optimization scheme of electromagnetic wave absorbility can be
obtained, which lays a foundation for the performance optimization of multilayer metamaterial
absorbing structure.

4. Conclusion

On the basis of the theoretical study of multilayer metamaterial absorber, the multilayer metamaterial
absorbing structure for Ka band is designed and the multilayer metamaterial absorbing structure with
absorbility greater than 90%, total thickness less than 5mm and absorption bandwidth larger than
5GHz is obtained.
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