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Introduction

Metamaterials are structural materials with extraordinary electromagnetic and optical properties obtained by artificial
synthesis [1,2]. They have extremely important research values in the fields of physics such as material science,
electromagnetism, optics [3] and also have extensive applications in engineering fields [4]. With the electromagnetic
radiation pollution being more and more serious, the research on the metamaterial absorber that can suppress the
electromagnetic radiation pollution has become a hot topic at home and abroad.

Yang proposed an absorber composed of metamaterial and magnetic material [5]. Though it realized the ultra-thin design of
the absorber through electromagnetic coupling technology, two problems still existed that the absorption peak was low and
the bandwidth was narrow. Li proposed a multi-frequency metamaterial absorber that can realize perfect absorptions at four
frequencies [6], but it had low electromagnetic wave absorptions for other frequencies.

In this paper, a multi-dielectric-layer metamaterial absorber based on dendritic resistive film is proposed. The absorber can
realize a perfect absorption of electromagnetic waves on a specific frequency band, and has absorption performances of wide-

angle, broadband and polarization insensitivity.
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Material and Methods

Design of the metamaterial absorber

In general, electromagnetic wave absorption is a process of waves being converted into heat energy, which requires the
reflectivity and transmissivity of electromagnetic waves as small as possible. The ideal wave-absorbing material must satisfy
two conditions: (1) the impedance of the material’s surface matches with the free space to reduce the reflection of the
electromagnetic wave; (2) the energy of electromagnetic wave entering the material is consumed as much as possible. To a
large extent, the performance of metamaterial absorbers depends on its geometry, size, arrangement, etc. Therefore, by
designing the above parameters, flexible control of the metamaterial's equivalent electromagnetic parameters can be realized,
which can satisfy the needs for high and broadband absorption in applications [7-9].

In this paper, a multi-dielectric-layer metamaterial absorber based on dendirtic resistive film is proposed, having the
characteristics of a high absorption rate, broad working bandwidth, and an absorption stability to incident electromagnetic
wave. The structural unit consists a dendritic resistance film structure, a dielectric substrate and a bottom resistive film
backplane. The dielectric substrate is composed of four layers, including two PET layers, one PMMA layer and one porous

foam layer. The unit structure is shown in FIG. 1.
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FIG. 1. (a) Schematic structure of the designed metamaterial absorber (b) The front and (c) oblique view of the unit

cell.

The unit structure sizes are as follows: the unit length is p = 8 mm p=8mm), the thickness of resistance film is
h;=0.2 mm, the square resistance value is R= 100Q. The dielectric constant of the PET layer is &, =3.0, the loss angle
tangent is
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ts= 0.06, and the thickness is h,=0.175 mm. The dielectric constant of the PMMA layer is &, = 2.25, the loss angle tangent
is ty= 0.001, and the thickness is hy= 1.3 mm. The dielectric constant of the PET layer is &, = 3.0, the loss angle tangent is

ts= 0.06, and the thickness is h,= 0.175 mm. The dielectric constant of the porous foam layer is & =1.05, the loss angle
tangent is t;= 0.005, and the thickness is h,= 0.5 mm. The trunk length of the dendritic resistance film structure is r;= 7 mm,
its width is w;= 0.6 mm, the longest side of the lateral branch is r,= 1.65 mm, its width is w,= 0.4 mm. The distance

between the adjacent branches is d;= 2.4 mm, the angle between the lateral branch and the vertical direction is deg= 60°, the

shortest distance between the lateral branch and the top of the trunk is d,= 0.67 mm.

Simulation and analysis of the proposed absorber
Using CST Microwave Studio's frequency-domain solver, we can obtain the S parameters to calculate the absorption of this

absorber. The absorption rate of this unit is shown in FIG. 2 as the electromagnetic wave is incident vertically.
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FIG. 2. The absorption properties of the vertical incident electromagnetic wave.

It can be seen in FIG. 2 that when the electromagnetic wave is incident vertically, the absorption rate of this absorber
reaches a peak of 99.3% at 20.04 GHz , the frequency band with the absorption rate higher than 99% is 18.56 GHz-21.56
GHz, the relative bandwidth is about 10.0%; the frequency band with the absorption rate higher than 90% is 12.21 GHz-
29.32 GHz, the relative bandwidth is about 84.8%.

On the basis of vertical incidence, we further study the absorption of oblique incident electromagnetic waves. For TE wave

and TM wave with different incident angles, the absorption curves are shown in FIG. 3 and FIG. 4.



www.tsijournals.com | January-2018

-

= =

= o = w

o o w o
T T T T

absorption
(=]
o
o

7 ra ! .
o e '."-' '_4" TE Odeg ‘\.‘
0.65 i - ’ e ======== TE 15deg by
;?‘-. ’{ PR —— ‘I'E 30deg
osf =+=v=em=-- TE 45deg ]
o
£
0.55f B
u 5 1 | A ' L L L 1 1
0 4 8 12 16 20 24 28 32 36 40
frequency fiGHz

FIG. 3. The absorption properties for transverse electric(TE) polarization.
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FIG 4. The absorption properties for transverse magnetic (TM) polarization.

It can be seen from FIG. 3 and FIG. 4 that the proposed absorber has the characteristic of polarization insensitivity, and in
the range of the incident angle from 0° to 45°, the peak of the absorption rate to TE wave and TM wave can exceed 99% .
When the incident angles are 0°, 15°, 30°and 45°, the bandwidths of the absorption rate exceeding 99% are 3.04 GHz, 3.80
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GHz, 5.04 GHz and 5.14 GHz; The relative bandwidths of the absorption rate exceeding 90% are 84.8%, 83.0%, 78.2% and
70.0%.

Conclusion

In this paper, by using the scattering characteristics of different dielectric layers, a multi-dielectric-layer metamaterial
absorber based on dendritic resistance film structure is proposed. The simulation results show that when the incident angles
do not exceed 45, the bandwidths of the absorption rate over 99% are all more than 3GHz, and the bandwidths of absorption
rate over 90% are more than 70.0%. Therefore, the proposed metamaterial absorber has the characteristics of wide-angle,

broadband, polarization insensitivity, and perfect wave absorption.
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