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Abstract—Electromagnetic absorbing materials can be 

classified into: conventional absorbers, metamaterial 

absorbers, and reconfigurable absorbers. This paper 

includes a short survey on these types and there applications. 

It also includes the design of a thin electromagnetic absorber. 

The absorber is based on mushroom-like electromagnetic 

band gap structure with square patches. A simple procedure 

is developed to design the absorber. The design is checked by 

simulation using HFSS package. The effect of changing 

dimensions of the structure on absorption is evaluated. The 

results of the parametric study were used to trim the design 
and get more accurate dimensions of the structure. 

Keywords—Absorbing materials, Metamaterial absorbers, 

Reconfigurable absorbers, Mushroom-like absorbers. 

I. INTRODUCTION  

Absorbing materials are found in different areas of 
applications. In this paper a survey of types of 
electromagnetic absorbers and applications is given in 
section II. 

 The design of absorbers made of metamaterials in the 
literature gives the dimensions of their structures without 
referring to the method they obtained them. If it is required 
to design the same structure at a different frequency or 
with different characteristics there is no way to get the 
required dimensions. 

In section III, a simple procedure is developed to 
design EBG absorbers based on mushroom square patches. 
The condition for zero reflection is derived, and the 
procedure to design  absorbers is developed.  The effect of 
changing the dimensions of the structure upon absorbing 
properties is evaluated. Results and discussions are 
presented. Section IV includes conclusions. 

II. TYPES OF ELECTROMAGNETIC ABSORBERS 

The energy in an electromagnetic wave can be 
attenuated by passing the wave through an absorbing 
material. Absorbers are used to create a region of uniform 
plane wave in anechoic chambers. When an EM wave 
strikes  an absorbing material, the electromagnetic energy 
is transformed into thermal energy [1]. 

The major types of absorbers are: (1) Conventional 
absorbers, (2) Metamaterials absorbers, and (3) 
Reconfigurable absorbers. 

A. Conventional absorbers 

Conventional absorbers include Jaumann, Salisbury, 
and Dallenbach [2,3].  Salisbury absorbers use a ground 
plane over which resistive sheets are located at a distance 
of λ/4 to attenuate the incident field. Jaumann absorbers 
use stacked resistive sheets and have band width wider 
than Salisbury absorber.  Dallenbach absorbers do not use 
resistive sheets but lossy homogenous dielectric materials 
over a ground plane.  

The absorption and bandwidth  can be enhanced by 
including chiral inclusions [4], or using complex fractal 
geometries [5]. The bandwidth can also be increased by 
using frequency selective surfaces [6,7]. But the absorbers 
still have large thickness.  

B. Metamaterials absorbers 

Metamaterials have interesting properties, ordinary 
materials do not have. In this sub section we review some 
papers about the use of metamaterials electromagnetic 
absorbers. Billotti [8] designed a metamaterial resonator 
using split ring resonator. This was of limited practical 
application because the incident wave had to travel through 
the bulk of the resonator. Wen [9], Tao [10], 
Bhattacharyya [11], and Li [12], designed electric-field 
driven LC resonator-based metamaterial absorbers. But 
those absorbers suffer from polarization sensitivity due to 
their asymmetric design. Bhattacharyya [13] designed 
polarization insensitive triple band absorber. Due to its 
complicated design, it required rigorous parametric 
optimization to control the absorption frequencies. Zheng 
[14] and Soheilifar [15] designed polarization insensitive 
absorber.  But those suffer from large unit cell size and 
thicker design configuration. Ren [16] designed a quad 
band wide angle absorber, but it was polarization sensitive. 
Huang, et. al. [17] used a planar lossy material over a 
ground plane covered by periodic microstrip lines to create 
absorbing materials. 

The black hole in the microwave frequencies was 
realized by Cheng et. al., [18]. They used non-resonant and 
resonant metamaterial structures. The EM black hole can 
absorb EM waves efficiently with an absorption rate of 
99% independent of the incident angle. An absorber with 
fan-shaped slotted ring resonator and modified mushroom-
like EBG with horizontal and vertical slots in the 
rectangular patches was reported, [19]. The structure 
worked in dual bands. 
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Sood and Tripath, [20], demonstrated an absorber 
which worked in the C, X and Ku bands. The structure 
worked well for incident angles up to 60o. Jha et.al. [21] 
designed an absorber to work in the frequency band 1.8 – 
2.1 GHz to isolate among various components of MIMO 
and massive MIMO antennas. Deng et.al.[22] reported an 
absorber to work in the millimeter wave range. It resonates 
at three frequencies 92.5, 94.9, and 129 GHz. 

C. Reconfigurable absorbers. 

The tunable metamaterial is a structure whose 
electromagnetic properties are modified as part of the 
ordinary operation of the device [23]. This can be done 
through the change of the unit cell structure, material 
properties, or geometry, using chemically, thermally, or 
optically sensitive materials. Zheng et.al. [24] designed a 
tunable dual-band perfect absorber. The structure can 
switch the absorber from single-band to  dual-band. Zhao 
et.al. [25] used varactor diodes to control the absorption 
frequency. 

III. DEVELOPMENT OF A SIMPLE DESIGN PROCEDURE 

A. Condition for zero reflection 

Figure (1) shows the absorbing structure.  The 
dimensions of the structure relative to wavelength must be 
small (less than 0.2λ). 

To derive the condition for zero reflection, the input 
impedance of the structure should be considered first. The 
input impedance is given by, [26]: 
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The substrate is a dielectric material with losses, the 
dielectric constant given by:   

)6......(..........rrr j   

 

Fig. 1. The thin absorber (a), Top view (b), Side view (c). 

 

Fig. 2. 𝜃 is the incident angle. 

The incident wave. If the dielectric constant εr is 
chosen to be large, the impedance of Eqs. (1) and (2) will 
be independent of 𝜃. This is an advantage for the absorbing 
material. The input impedance becomes: 
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Equation (7) can be put in the form: 
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If εr in Eq. (10) is replaced by its value in (6), after 

some manipulation we have: 
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The susceptance of the capacitance of Eq. (11) 
becomes: 
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Eq. (12) represents an admittance with real part 
conductance (g) given by: 
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The rest of Eq. (12) represents a capacitance C given 
by: 
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The model of the structure is shown in Fig.(3).  

The components of the resonant circuit of Figure 3 are 
given by Eqs. (9), (13) and (14). The impedance of the 
parallel resonant circuit is given by: 

)15.....(
11

1
2 gLjLC

Lj

Lj
gCj

Z














 
The reflection coefficient is given by: 
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where η is equal to 120 π. 

For the structure to work as an absorbing material R 
must be zero. From Eq. (16) , omitting details we get: 
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The impedance of the circuit at resonance is:          

Z=η………… (19) 

The bandwidth is obtained from: 
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From which the bandwidth is given by: 

)21...(..........
1

C

L
bw




 

B. design procedure 

The data available is the operating frequency and 
bandwidth. The dimensions of the structure can be found 
by: 

(a) From Eqs. (17), (18) and (21) the components of the 
resonant circuit L, C, and g are obtained 

 

Fig. 3. Equivalent circuit. 
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(b) Using the values of g, L, and C together with Eqns. 
(9), (13), and (14) we get the dimensions of the structure d, 
D, w, εr', and εr''.  

Simplifying assumptions are made: w/D was taken to 
be 0.1, and εr' to be large, 10.  

(c) There are three unknowns: d, D, and εr'' and three 
equations (9), (13) and (14). Thus, all the dimensions can 
be found. 

C. Parametric Study 

Effect of Periodicity D 

The reflectivity was calculated for the following 
dimensions: 

TABLE I.  DIMENSIONS OF THE STRUCTURE 

Parameter D W D 

mm 3.672 0.3672 0.9549 

The parameter D was given another two values (3 and 
4 mm) keeping (w) and (d) fixed. The reflectivity for the 
three cases is plotted in Figure 4. It is clear from the figure 
that, as D increases the curves shift to the left. This means 
that the frequency of operation decreases. 

 

Fig. 4. Effect of changing periodicity D. 
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Fig. 5. Effect of changing gap between patches w 

Effect of Gap Between Patches w 

Keeping (D) and (d) fixed and changing w to take the 
values 0.3, 0.3672, and 0.4 mm, the reflectivity is plotted 
in Figure 5. As (w) increases, the curves shift right. 
Increasing separation between patches (w) causes the 
equivalent capacitance to decrease. Thus, the frequency of 
operation is increased.  

Effect of Substrate Thickness d 

Keeping (D) and (w) fixed and changing (d) to take the 
values 0.7, 0.5949, and 1.1 mm, the reflectivity is plotted 
in Figure 6. As (d) increases, the curves shift left. 
Increasing substrate thickness (d) causes the equivalent 
inductance (Eqn.9) increase which means decreasing the 
frequency of operation. 

 

Fig. 6. Effect of changing substrate thickness d 

 

Fig. 7. Reflectivity of the designed structure 

D. Results 

An absorbing structure was designed to work at 10 
GHz and 20% bandwidth. The dimensions of the structure 
are shown in table (1) above. The permittivity has real part 
(εr' = 10) and  imaginary part (εr"=2.2). The reflectivity 
was calculated using HFSS and shown in Figure 7, (blue 
curve). There is a difference between this curve and the 
required one (dotted red). According to the parametric 
study conducted above, the periodicity of the structure (D) 
was increased to be 4 mm. All other dimensions were kept 
constant. The reflectivity new dimensions of the structure 
was computed using HFSS and shown in Figure 7, (green 
curve). Excellent agreement can be observed between 
desired and computed reflectivity. 

IV. CONCLUSIONS 

A brief survey of types of electromagnetic absorbers is 
presented. A simple procedure to design an absorber based 
on EBG  was developed.  The condition for zero reflection 
(perfect absorption) was derived. A parametric study to see 
the effect of changing the dimensions of the structure upon 
reflectivity was conducted. An absorbing structure was 
designed to work at 10 GHz and 20% bandwidth. The rules 
derived from the parametric study were used to trim the 
design. HFSS was used for the computations. 
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