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Abstract. In this paper, we have presented a simple model for making thin, angle-insensitive, 
broadband metamaterial absorber in microwave frequency. The proposed structure consists of a 
square loop imprinted on a aluminum-backed dielectric substrate. Numerical results show that a 
-10dB absorption bandwidth from 4.77 to 9.52GHz has been realized under normal incidence. The  
distributions of electromagnetic field have been illustrated at the low-frequency peak of 5.4GHz and 
high-frequency peak of 8.0GHz to analyze the absorption mechanism of the proposed structure. And 
we find that the absorption dependent on the thickness of substrate and the length of square loop 
hugely. Moreover, the magnitude distributions of electric field along the direction of y-axis on 
proposed absorber has been presented with incident angles ranging from 00 to 600. Because rotational 
symmetric properties of the structure, the performance of the absorber is insensitive to the angle of 
the incident waves, which indicated the prospect of future application in the field of microwave 
absorber based on metamaterials. 

Introduction 
In recent years, metamaterials(MMs) [1-5]have triggered a notable scientific investigation with an 
expanding impact on modern optical device due to its unnatural electromagnetic properties, MMs has 
many applications like perfect filter [6], lens [7], cloaking [8], antenna system [9]etc. It is well known 
that most of the MMs are periodically arranged with metallic structure that is much smaller than the 
operating wavelength in size. The electromagnetic responses of MMs can be characterized as 
homogeneous media, and the effective optical parameters such as permittivity and permeability can 
be calculated by tailing the configuration of  MMs. Recently, absorbers based on metamaterial have 
been developed ranging from microwave frequency to THz [10], MIR [11], and the visible realm [12] 
due to its near perfect absorption, ultrathin thickness, wide bandwidth properties, easier 
manufacturing and increasing application [13-16]. 

However, most of the metamaterial absorbers(MAs) reported in the literature are generally 
composed of a metallic patch and ground metal plane parted by dielectric substrate. Meanwhile, MAs 
suffer from narrow operating bandwidth as they designed with characteristic of ultrathin and near 
perfect absorption [13], although some broadband MMs [2-5,12]have already been presented, it is 
only limited to absorb microwave with higher frequency or the pattern is too complicated to be 
produced, and some absorber designs also comprise multiple vertically stacked metallic layers, but 
the thickness is also a major limitation in those designs, Thus it is a challenge to design a MMs with 
lower frequency absorption and simpler construction.  

5th International Conference on Environment, Materials, Chemistry and Power Electronics (EMCPE 2016) 

© 2016. The authors - Published by Atlantis Press 464



 

In this paper, a square loop structure in a single unit cell have been proposed which operates 
around the middle of the microwave C-band(4.77-9.52GHz), exhibits remarkable ultrathin properties, 
broadband absorption and independence on the angle of incident radiation. Meanwhile, by regulating 
the thickness of dielectric layer and the length of square loop can tuning the absorption of this 
structure. The merits of the optimized absorber are thoroughly validated via different length and thick 
setups, The distributions of electromagnetic field at the absorption peaks have been illustrated to 
analyze the absorption mechanism of the broadband absorber. In addition, the designed structure has 
been studied for different angles of incident radiation, while some possible future extensions are also 
discussed finally. 

Design of the Structure.  

 
Fig. 1. single-square loop absorber (a) front view (b) side view 
(unit mm: d1=4.0，w1=0.33，a=12，t=0.01，d=2，d_Al=2) 

The front view of the proposed structure is shown in Fig. 1(a), where the directions of electric, 
magnetic field are also shown, the structure of square loop made with copper printed on a dielectric 
substrate. The substrate has a thickness of 2mm and a conductivity of 0. the thickness of copper films 
are 0.01mm with conductivity mS /108.5 7

1 ×=σ  [5]and other dimensions are as shown in Fig. 1(a). 
The ground plane is consisted of aluminum (Fig.1(b)) with conductivity mS /108.3 7

2 ×=σ , whereas 
the opposite face of the dielectric spacer is covered with a aluminum layer in order to ensure zero 
transmission when the incident electromagnetic through the structure. Additionally, periodic 
boundary conditions are applied along the x- and z-axis in order to model an infinite array of unit 
cells. 

Numerical Calculations and Discussion 
For our analysis, all simulations are carried out through High Frequency Structure Simulator 

(HFSS) [14]by considering a single unit cell. A three-dimensional simulation model is shown in Fig. 
2(a). Two-dimensional periodic boundary condition was imposed on the unit cell, and the incident 
wave was modeled as a Wave Port above the unit cell along y-axis.  

 
Fig. 2. (a) Unit-cell model in HFSS. (b)Reflection coefficient. (c)Absorbility 
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Starting with arbitrary dimensions and considering a normally incident plane wave propagating 
along the y-axis direction with its component of electric-field polarized along x-axis and 
magnetic-field  polarized along z-axis, a genetic algorithm is employed to reach the optimal unit cell 
parameters for maximum absorption near the middle of the C-band. The absorption of the structure is 
calculated from the values of the simulated scattering parameters through its definition as 

)()(1)( ωωω TRA −−= , with  2
11 ||)( SR =ω  and 2

21 ||)( ST =ω  being the reflectance and transmittance, 
respectively. Since 0)( =ωT   due to the aluminum plane,  the absorption at frequency of ω  can be 
maximized. 

As illustrated in Fig.2(b), the reflection coefficient of unit cell under normal incidence with 
electric field polarized along x-axis. We clearly see that the proposed absorber has wide bandwidth 
ranging from 4.77 to 9.52GHz, and the bottom of reflection coefficient distributed at both sides of 
6.5GHz. At the frequency of 5.4GHz, the reflection coefficient is as low as -17dB, while at 8.0GHz, 
the reflection coefficient is -15.8dB, it means that at the frequency of 5.4 and 8.0GHz there will 
appears absorption peak, as Fig.2(c) shown above. 

From the simulations of our designed absorber, the absorption are greater than 99% at point of 5.4 
and 8.0GHz, the bandwidth of absorption above 90% almost reach 4.75GHz. and then, it also reveals 
that the electric and magnetic are strongly in resonance around 5.4 and 8.0GHz, due to near-perfect 
impedance-matched to the free space, which lead to near-zero reflection. In order to understand the 
physical mechanism of the absorption mechanism better, the distributions of electromagnetic field in 
the sides of the proposed MAs has been plotted at the two absorption peaks point of 5.4 and 8.0GHz 
(Fig. 3). 

     
   Fig.3 Simulated electric field distribution at (a) 5.4 and (c) 8.0 GHz and magnetic field  

                       distribution at (b) 5.4 and (d) 8.0 GHz of the proposed absorber structure.                                                                                                                                                                                                                                                                                                                                                  
By analyzing the field distribution, it is not hard to observe that at the lower resonance of 5.4 GHz, 

The electric field in the absorber is mainly focused on the two edge parallel to z-axis of the square 
loop. On the contrary, the magnetic field is primary localized on the two edge perpendicular to z-axis. 
At the electromagnetic resonance of higher frequency, the distribution of electromagnetic field is 
mostly the same as the one at lower frequency.  

Due to the thickness of dielectric substrate will influence the couple of square-loop and ground 
metal plane, regulating the thickness of substrate can achieve different absorption effects, as shown in 
Fig.4. 
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    Fig.4 Absorbility for different d 

    From Fig.4, we can see that as d increasing, the whole curve of absorption moves toward the 
direction of lower frequency, especially in the vicinity of absorption peak. At the same time, the 
absorption peak at lower frequency become bigger with d increasing, while the peak of absorption at 
higher frequency is not monotonic as d changes. In addition, with d get longer , the bandwidth of 
absorption above 90% is decreased. Therefore, the absorption peak and the bandwidth of absorption 
can be adjusted by tuning the thickness of dielectric substrate.  

Another critical parameter discussed here is the length of the square-loop influence on absorption. 
In this simulation, we presented different length with d1=4.2mm, d1=4.4mm and d1=4.6mm respect 
to absorption, as shown in Fig.5. 

 
  Fig.5 Absorbility for different d1 

From the analysis of Fig.5, it is easy to get the conclusion that when the length of square-loop 
changes, the absorption peak at higher frequency remains almost consistent, well the absorption peak 
at lower frequency starts damping and move to the direction of lower frequency.  

In the section above, we have just simulated the absorption under the condition of normal 
incidence. In practical application, electromagnetic waves are usually incident onto absorbers with 
any angle, so it is necessary to obtain the distribution of electromagnetic field with oblique incidence. 
The distribution for TE with incident angle ranging from 00 (Fig.3(a)) to 600 with 150 changes interval 
are shown in Fig.6. 
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Fig.6 Electric field-location for different incidence angles 

Surprisingly, our findings indicated that the field-localization almost maintain invariant as the 
angle of incident wave changing from 00 to 600, which means the absorber is complete with a fully 
functional of angle insensitive. As a result, no matter how the angle of incident wave changes, the 
electric field is mainly focused on the parallel side of the square loop.  

Summary 
In this paper, a thin, angle-insensitive, broadband metamaterial absorber in the microwave regime 

has been presented with a square loop. The simulation shows that the absorption above 90% for 
frequency range from 4.77 to 9.52GHz, which means the absorber had an excellent broadband 
property. Tuning parameters of the optimized model, the bandwidth of absorption as well as 
absorption peak can be regulated. With the help of numerical simulation, the electromagnetic field 
distribution at the resonance frequency was studied, which strengthen us to understand the field 
distribution of square loop at the point of absorption peak. Therefore, the proposed model is a good 
alternative for field-localization and broadband microwave absorption, we believe that the proposed 
structure may have a bright future in the field of controlling microwave absorption and radar 
elimination.   
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