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Abstract. The metamaterial absorber’s new conception and simulation are presented in this paper. 
Two peaks of 97% and 99,8% are respectively shown by the absorption spectrum at the resonance 
frequencies 12,5 GHz and 14,5 GHz. Absorptivity is greater than 80% in the 6 GHz – 16 GHz 
frequency band and is sensitive to both polarization and incidence’s angles. Clearly this structure 
provides absorption more than 90% in the range frequency 11,9 GHz -15 GHz. The simulations’ 
results have revealed that the absorption characteristics can be controlled either by adding resistors 
to the metallic pattern or by changing its geometric or physical parameters. The proposed 
structure’s impedance is approximately equal to that of the free space at the resonance frequencies, 
which explains the perfect absorption’s obtention at these frequencies. A numerical comparison of 
our absorber with the four broadband perfect absorbers reported in the literature, leads to 
satisfactory Conclusion. This designed metamaterial absorber can be applied to antennas to 
improve their directivities.

1 Introduction 
 Metamaterial absorbers have attractive features unlike 
conventional wave absorbers [1]. In this study, a perfect 
metamaterial absorber was identified by adjusting its 
effective permittivity and permeability to minimize 
transmittance and reflection at the resonance frequency. 
Both transmission and reflection are minimized by 
achieving a metamaterial absorber’s input impedance 
equal to that of the free space and significant losses due to 
the imaginary parts of its effective parameters. Different 
single, double, triple and multi-band absorbers were then 
designed with features namely insensitivity to 
polarization and incidence’s wide angle [2-7]. Research 
have also been carried out on many absorptions band 
widening methods such as single-layer planar absorber 
[8], broadband absorber based on lumped resistors [9] and 
multi-layer absorber [10]. Compared to conventional 
millimeter wave absorbers that are physically thick and 
have limited frequency performance, metamaterial 
absorbers can be used to suppress microwaves reflected 
by metallic structures due not only to their ultra-high 
nature thin but also to their quasi-unit absorptivity and 
their increased efficiency [11-12]. 
In this work, we have proposed a metamaterial absorber 
which unit cell is composed of a resonator formed by two 

concentric copper ellipses with a rotation of 300, and a 
copper plate located respectively on the surface and at the 
bottom of the FR4 dielectric substrate with loss. The 
structural parameters of our absorber are optimized and 
have a broadband absorption response covering the 
frequencies range 4 GH - 18GHz, with the absorptivity of 
more than 80%. The electric field distribution and the 
impedance adaptation theory have been used to 
understand the absorption mechanism. We have 
demonstrated that the proposed absorber’s impedance is 
almost equal to that of the free space for 12,5 GHz and 
14.5 GHz resonance frequencies, which have respectively 
a greater absorptivity than 97% and 99.8%. In addition, 
the absorber is a single layer structure. 

2 Design of the proposed absorber 
The simulated structure is illustrated in Fig. 1, and optimal 
structural parameters are displayed in table 1. 
As shown in Fig. 1, copper was plated on the upper and 
lower surfaces of the FR4 substrate of thickness az. The 
upper surface consists of two ellipses. Both the large and 
the small axis of the inner ellipse are a and b, respectively. 
The geometric center coincides with the unit cell’s center 
and the rotation’s angle of the width’s two ellipses is 30o. 
The FR4 substrate with a dielectric constant of 4.3, a loss 
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coefficient of 0.025, has length ax, ay width and az 
thickness. The metallic pattern is loaded with four lumped 
resistors. 
 

 
Fig. 1. Structure of metamaterial unit cell 

Table 1. Optimized values of the geometric and the unit cell’s 
physical parameters 

 
Periodic boundary conditions have been used for the x and 
y directions, so that the simulated metamaterial absorber 
extends to infinity on the xy plane. The excitation wave 
propagates in the z-direction. We simulated the proposed 
absorber’s different characteristic parameters using the 
finite element method. The absorption can be calculated 
via equation: 

𝐴𝐴(𝜔𝜔) = 1 − |𝑆𝑆��|�. 

3 Results and discussions  

3.1. Resistors’ effect on the absorptivity  

Fig.2 reveals the proposed structure’s absorption 
responses under normal incidence for both polarization 
TE and TM, without and with load resistances. The metal 
motif’s absorption performance with four resistances is 
significantly much better compared to the one without 
resistances. Motif with lumped resistors covers the entire 
frequency range 7 GHz – 16,25 GHz with an absorptivity 

of more than 80%. As far as the frequency band 11,9 GHz 
– 15 GHz is concerned, the proposed absorber provides an 
absorptivity exceeding 90% corresponding to bandwidth 
of 3,1 GHz. There are two separate absorption peaks at 
12,5 GHz and 14,5 GHz corresponding to a maximum 
absorptivity of 97% and 99,8%, respectively. 

 
Fig. 2. Absorption spectra of the designed MMA structure 

3.2 Polarization and incidence angles’ effects on 
absorptivity. 

The polarization angle’s effect on the proposed structure’s 
absorptivity has also been studied for the value of the 
angle ϕ varying between 0o and 40o under normal 
incidence, as indicated in Fig. 3. Absorption is insensitive 
to the polarization’s angle in the frequency band 4 GHz – 
10 GHz, Fig. 3a, however decreases gradually in the 
frequency ranges 10 GHz – 15 GHz and 16 GHz – 18 GHz 
with increasing angle ϕ.  While the absorptivity increases 
gradually in the frequency band 15 GHz – 16 GHz, in 
polarization TE. In polarization TM, fig. 3b, the 
absorption is very sensitive to the polarization’s angle. 
This sensitivity to the polarization’s angle is solicited in 
the radar imaging field [13]. 
 

 
(a) TE mode  

2

E3S Web of Conferences 351, 01089 (2022) https://doi.org/10.1051/e3sconf/202235101089
ICIES’22



 

coefficient of 0.025, has length ax, ay width and az 
thickness. The metallic pattern is loaded with four lumped 
resistors. 
 

 
Fig. 1. Structure of metamaterial unit cell 

Table 1. Optimized values of the geometric and the unit cell’s 
physical parameters 

 
Periodic boundary conditions have been used for the x and 
y directions, so that the simulated metamaterial absorber 
extends to infinity on the xy plane. The excitation wave 
propagates in the z-direction. We simulated the proposed 
absorber’s different characteristic parameters using the 
finite element method. The absorption can be calculated 
via equation: 

𝐴𝐴(𝜔𝜔) = 1 − |𝑆𝑆��|�. 

3 Results and discussions  

3.1. Resistors’ effect on the absorptivity  

Fig.2 reveals the proposed structure’s absorption 
responses under normal incidence for both polarization 
TE and TM, without and with load resistances. The metal 
motif’s absorption performance with four resistances is 
significantly much better compared to the one without 
resistances. Motif with lumped resistors covers the entire 
frequency range 7 GHz – 16,25 GHz with an absorptivity 

of more than 80%. As far as the frequency band 11,9 GHz 
– 15 GHz is concerned, the proposed absorber provides an 
absorptivity exceeding 90% corresponding to bandwidth 
of 3,1 GHz. There are two separate absorption peaks at 
12,5 GHz and 14,5 GHz corresponding to a maximum 
absorptivity of 97% and 99,8%, respectively. 

 
Fig. 2. Absorption spectra of the designed MMA structure 

3.2 Polarization and incidence angles’ effects on 
absorptivity. 

The polarization angle’s effect on the proposed structure’s 
absorptivity has also been studied for the value of the 
angle ϕ varying between 0o and 40o under normal 
incidence, as indicated in Fig. 3. Absorption is insensitive 
to the polarization’s angle in the frequency band 4 GHz – 
10 GHz, Fig. 3a, however decreases gradually in the 
frequency ranges 10 GHz – 15 GHz and 16 GHz – 18 GHz 
with increasing angle ϕ.  While the absorptivity increases 
gradually in the frequency band 15 GHz – 16 GHz, in 
polarization TE. In polarization TM, fig. 3b, the 
absorption is very sensitive to the polarization’s angle. 
This sensitivity to the polarization’s angle is solicited in 
the radar imaging field [13]. 
 

 
(a) TE mode  

 

 
(b) TM mode 

Fig. 3. Effect of the polarization angle on the 
absorption 

The proposed structure is then studied for different 
oblique incidence angles from 0o to 30o, in polarization 
TE, as displayed in Fig. 4. The sensitivity of the 
structure’s absorptivity to the oblique incidence’s angle is 
observed. The absorptivity is greater than 80% in 
frequency band 6 GHz -16 GHz for 0o < 𝜃𝜃 < 30o. 
 

 
Fig. 4. The incidence angle’s effect on the absorption 

3.3 Absorption’s Mechanism. 

Fig. 5 illuminates the electric field’s distribution of the 
proposed absorber for the two resonance frequencies 12,5 
GHz and 14,5 GHz. The images show an intense electric 
field’s presence at the ellipses’ outer and inner edges. This 
explains why the elliptic resonator is mainly responsible 
for producing absorption peaks at these resonance 
frequencies. 
 

 
                        (a) f = 12,5 GHz 

 
                       (b)  f = 14,5 GHz 

Fig. 5. Electric field’s Distribution at resonance frequencies 

Effective electromagnetic parameters are extracted to 
better understand the absorption’s physical mechanism of 
the proposed metamaterial structure. These parameters 
are calculated from electrical and magnetic susceptibility 
as displayed in the equations [14-15]: 

𝜒𝜒�� = �������
�������

                                          (1) 

𝜒𝜒�� = �������
�������

  (2) 

є��� = 1 + �
���

 (3) 

µ��� = 1 + �
���

 (4) 

𝑍𝑍 = �(�����)�����
�

(�����)�����
� = �����

�����
 (5) 

Where 𝑘𝑘� is the free space’s wave number, and d is the 
distance to be travelled by the incident wave. This method 
does not involve the extraction of the transmission 
coefficient 𝑆𝑆�� and more robust than the S-parameters 
inversion method [16]. 
According to the impedance adaptation’s theory, the 
perfect absorption is achieved when permittivity and 
permeability are equal. The real and imaginary parts of 
the electromagnetic properties are shown in Fig. 6 and 7. 
Permittivity and permeability are close to the resonance 
frequencies 12,5 GHz and 14,5 GHz, indicating that the 
proposed absorber’s impedance is approximately equal to 
the free space. The permittivity and permeability real 
parts are almost equal as well as the imaginary parts, as 
shown in Fig. 6 and 7. The proposed absorber minimizes 
the reflection and with a large electrical loss tangent and 
a large magnetic loss tangent at the same time, permitting 
to have an almost perfect absorption mainly at the 
resonance frequencies 12,5 GHz and 14,5 GHz. 
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Fig. 6. Permittivity and permeability’s imaginary parts 

 
Fig. 7. Permittivity and permeability’s real parts.  

3.3 Comparison 

This section compares, as presented in Fig. 8, the 
proposed absorber with the perfect absorbers reported in 
Ref [17-20]. In the C-band, our absorber has the best 
absorptivity performance except for the perfect absorber 
in Ref [17], unlike in the X-band. In the frequency range 
12 GHz – 15 GHz, the proposed absorber can be 
considered a perfect one. Regarding the different 
absorbers’ designs used in this numerical comparison, 
only our absorber is simple, the others present a 
manufacturing complexity. 

 
 

Fig. 8. Comparison of our simulated model and simulated 
absorption [17-20] 

4 Conclusion 

To wrap up, the idea of having a broadband absorption 
response using the three layers’ combination was adopted. 
The proposed metamaterial absorber is composed of two 
ellipses with four localized resistors, an FR4 material and 
a metallic mass. The thickness metallic mass is designed 
to be greater than its skin thickness in the studied 
frequency ranges, in order not to transmit through any 
electromagnetic radiation. The designed structure’s 
characterization is carried out by a software based on 
Finite Element method (FE). The structure provides an 
absorption value greater than 80% over a frequency wide-
band (C, X and Ku) for commonly used wireless 
communications. Retrieved effective parameters reveals 
that the permittivity and permeability are almost equal at 
the resonance frequencies 12,5 GHz and 14,5 GHz, so that 

the structure behaves as a perfect absorber at these 
resonance frequencies with absorptivity greater than 97% 
and 99,8%, respectively. The absorption mechanism was 
also studied by analyzing the electric field distribution at 
these resonances’ frequencies. 
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