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Abstract - In this work, a multiband frequency metamaterial absorber is designed. The structure is made of a several of 

frequency selective metasurfaces, each one consists of a periodic arrangement identical unit cells. These layers have two 

different behaviors that depends on an external control system (ON/OFF ) state, this latter represented by a switches integrated 

in each unit cell, where the open switch state (OFF) for the disconnected cross type metamaterial that behaves as an absorbent 

medium, and an closed switch state (ON ) for the connected cross type metamateral that behaves as a conducting medium, 

based on these agile layers we can control the frequency band of the absorber structure. 
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I. INTRODUCTION  

In recent years, metamaterial absorber has 

attracted the attention of many researchers in many 

areas of applications, including renewable energy [1], 

sensor [2, 3], stealth technology [4-7], reduction of 

radar cross section [8, 9]. 

In this work, we use a cross type metamaterial unit 

cell controllable through the switch installed at the 

end of the cross branches as depicted in Fig. 1[10]  

According to the switches stats (ON/OFF) the unit 

cell have two behaviors as shown in Fig 2. If the 

switches are open (OFF-stat) each cross is 

disconnected with his four neighbors (disconnected 

cross type metamaterial) and the metamaterial 

behaves as a resonance absorber medium. Otherwise, 

the switches are closed (ON-stat) and each cross is 

connected to four neighbors (connected cross type 

metamaterial) and the metamaterial behaves as 

conducting medium. The addition of a ground plane 

in the first substrate will improve the absorption of 

the cell and the characteristic impedance increasing, 

by stacking the layers one above each other every 

time the absorption value enhanced and the 

characteristic impedance, by stacking the layers one 

above each other, in every time the absorption value 

enhanced and the characteristic impedance 

decreasing. In the first time we set just the first layer 

in the connected type, and we keep the rest of the 

disconnected type without changing the state of the 

bottom ground plan, in the second time we set the two 

first layers in the connected type, and we keep the rest 

of the disconnected type until we arrive to the sixth 

layer, and so we have got six cases in each case we 

have a different frequency absorption band. 

II. CROSS TYPE METAMATERIAL ABSORBER 

STRUCTURE  

The proposed metamaterial unit cell is designed to 

operate at 40 GHz. This latter is a metal cross 

connected or disconnected deposited at the top of a 

dielectric substrate type (FR4 epoxy) with a 

permittivity constant       . The dimensioning of 

the unit cell is dictated by the homogenization 

hypotheses that there dimensions must be much 

smaller than the working wavelength for the 

homogenization conditions to be verified. The 

geometry and dimensions of the unit cell structure are 

shown in Fig. 1.  

 

Fig. 1. Metamaterial structure geometry of one metamaterial layer 

(P = 2, d = 2.4, w = 0.7, t = 0.035, g = 0.5 (all dimensions in mm). 
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To extract the effective parameters unit cell from 

the S parameters, when the Master and slave walls are 

applied along the X and Y axes using HFSS software, 

while the incident wave is oriented along the Z axis. 

Figure 2-(a) shows negative permeability of -6.5 at 

36.85 GHz.The negative value of the real part starts at 

the frequency of 36.1GHz , where also appears the 

plasma frequency of the permittivity real part shows 

in figure 2-(b), while the magnetic loss at its highest 

value, which reaches to 11 then decreases until it 

close to zero. The effective refractive index real part 

is negative and begins closing to zero from 38 GHz, 

whereas its imaginary part is positive which varies 

between 2 and 6 as the figure 2-(c) shows. 

 

 
          (a) 

 
          (b) 

    
        (c) 

Fig. 2. Metamaterial unit cell disconnected type effective 

constitutive parameters : (a) effective permeability, (b) effective 

permittivity, and (c) effective refractive index 

 

 
               (a) 

 
              (b) 

 
              (c) 

Fig. 3. Metamaterial unit cell connected type effective 

constitutive parameters : (a) effective permeability, (b) effective 

permittivity, and (c) effective refractive index 

According the effective constitutive parameters 

represented in Fig. 3, the connected unit cell type 

exhibit a negative permittivity and a near to zero 

refractive index, for that this type can behave as a 

conducting medium 

III. MULTIBAND METAMATERIAL ABSORBER 

DESIGN 

The absorber structure is obtained by stacking 

several metasurfaces layers and adding a ground plan 

in the bottom of a structure to prevent the passage of 

the incident waves. The connected cross type 

30 32 34 36 38 40 42 44 46 48 50
-8

-6

-4

-2

0

2

4

6

8

10

12

 

 

P
er

m
ea

bi
lit

y 
ef

fe
ct

iv
e

Frequency ( GHz )

 Re ( 
eff

 )

 Im ( 
eff

 )

30 32 34 36 38 40 42 44 46 48 50
-60

-50

-40

-30

-20

-10

0

10

20

 

 

P
er

m
itt

iv
ity

 e
ffe

ct
iv

e 

Frequency ( GHz )

 Re ( 
eff

 )

 Im ( 
eff

 )

30 32 34 36 38 40 42 44 46 48 50
-2

-1

0

1

2

3

4

5

6

 Re ( n
eff

 )

 Im (  n
eff

 )

 

 

R
ef

ra
ct

iv
e 

in
de

x 
ef

fe
ct

iv
e

Frequency ( GHz )

30 32 34 36 38 40 42 44 46 48 50
-0,30

-0,15

0,00

0,15

0,30

0,45

0,60

0,75

0,90

 Re ( 
eff

 )

 Im ( 
eff

 )

 

 

P
e
rm

e
a
b
ili

ty
 e

ff
e
ct

iv
e

Frequency ( GHz )

30 32 34 36 38 40 42 44 46 48 50
-100

-80

-60

-40

-20

0

20

  

 

 Re ( 
eff

 )

 Im ( 
eff

 )P
e
rm

itt
iv

ity
 e

ff
e
ct

iv
e

Frequency ( GHz )

30 32 34 36 38 40 42 44 46 48 50
-1

0

1

2

3

4

5

6

 

 

R
e
fr

a
ct

iv
e
 in

d
e
x 

e
ff

e
ct

iv
e

Frequency ( GHz )

 Re ( n
eff

 )

 Im ( n
eff

 )



MULTIBAND METAMATERIAL ABSORBER WITH A  NEGATIVE PERMEABILITY 9  

metamaterial behaving as conducting medium can 

play the role of a controllable ground plane. Finally, 

we can see the absorber structure as an arbitrary 

stacking of several connected or disconnected 

metamaterial layers where the bottom one is 

obligatory a connected type metamaterial as shown in 

Fig. 3. 

Once incident electromagnetic waves arrive at the 

air-absorber interface, there will be a concentration of 

energy between two metamaterial layers and the 

waves are trapped inside the metamaterial layers and 

remain resonating until disappearing in the form of 

heat. 

In order to achieve a perfect absorption, the 

transmission and the reflection energies should be 

close to zero as the equation (3) shows, where      

the absorption energy is,           
  is the 

reflection energy, and           
  is the 

transmission energy. 

  
     

     
                                                                   (1) 

      
       

 

       
                                                       (2) 

                                                       (3) 

The presence of the ground plan at the bottom of 

the absorber ensure transmission coefficient close to 

zero. According to equations (1) and (2) which show 

the relationship between the coefficient of reflection 

and the characteristic impedance of the material, it is 

necessary to look for metamaterial impedance close to 

that of the free space               , to 

minimize the reflection energy. 

 

 

Fig. 4. Multilayer absorber (seven stacked of metamaterial                       

unit cells) 

In order to increase the absorption value and 

bandwidth of the structure, several identical unit cells 

are stacked until the characteristic impedance reaches 

the free space value. 

 

 

Fig. 5. Absorption, reflection, and transmission parameters                     

of unit cell 

Fig. 5 shows that the absorption of the incident 

waves in one metamaterial layer is very low, of the 

order of 40%. From Fig. 6, it appears that the 

metamaterial characteristic impedance is very great 

compared to that of the free space which leads to a 

great reflectivity at the interface. From Fig. 7 it 

appear clearly that the metamaterial impedance 

characteristic goes close to the free space impedance 

(Z0) when the number of layers forming the absorber 

increases. Not that with seven layers of metamterial 

the absorber characteristic impedance reaches the 

value of      . Fortunately this increase of the layers 

number leads also to an increase in the absorption 

frequency bandwidth according to Dallanbach layer 

approach [11] Fig. 8. 

 

 

Fig. 6. The characteristic impedance of one unit cell 

 

The absorber structure that allows reaching 

characteristic impedance close to that of the free 
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space is obtained by stacking seven layers of 

metamaterial where the bottom one is made of 

connected cross type and the seven others are made of 

disconnected cross type. As shown in Fig. 4, this 

structure presents four absorption bands: B1 = [32.06 

- 33.05], B2 = [34.82 - 36.2], B3 = [37.5 - 39.3], and 

B4 = [39.92 - 44.74]. The absorption ratio of the 

metamaterial multiband absorber increases with the 

frequency. It starts from 84.75% at 32.6 GHz 

(frequency band B1) and reaches value of 97.58 % at 

43 GHz (B4). For the bands B2 and B3 the absorption 

is 90.52% and 93.41% at respectively 35.4 GHz and 

38.4 GHz. 

 

Fig. 7. The characteristic impedance of metamaterial structure 

from one cell until seven unit cross. 

 

Fig. 8. Absorption of the multilayer metamaterial absorber 

IV.  POLARIZATION AND INCIDENCE WAVES 

In order to obtain the angle variation phi, the 

antennas are turned around the z-axis. Due to 

symmetry in XY plan, to obtain the theta angle of the 

incident wave, the antennas can be turned around the 

y-axis, for example, as shown in Fig. 9. The behavior 

of structure doesn’t change with phi due to geometric 

symmetry of the structure in XY plan. The absorber 

absorption changes with theta.  

The absorption is maximal for     , where the 

propagation direction is normal to the metamaterial 

motif (the cross), and null for      , where the 

direction of propagation of incident wave is parallel to 

the metamaterial motif. In the layer case the incident 

waves don’t see the conducting crosses and face only 

the absorber medium. The operating frequencies are 

slightly the same and don’t change with the 

polarization angle of the incident wave. 

 

Fig. 9. Axes and angles representation of variation for                    

incidence waves 

(a) 

 

(b) 

Fig. 10. Absorption variation with the incident wave polarization: 

(a) Phi =0 and different values of theta, (b) Theta = 0 and 

different values of phi. 
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Fig. 11. Presentation of bandwidth of absorption in each case. 

  

V. ABSORPTION FREQUENCY BAND CONTROL 

The absorption frequency band control is 

obtained by controlling the behavior 

(connected/disconnected cross type metamateial) 

of each of the seven layers constituting the 

absorber. We have six different configurations. 

In each one the N
th
 first layers are based on 

the connected cross type metamaterials and the 

remaining ones based on the disconnected cross 

type metamaterials, where N varies from 1 to 6. 

Fig. 11 summarizes the absorption frequency 

band of the multiband metamterial absorber.  

The first frequency absorption band (B1) can be 

controlled by increasing the number of the 

connected type layers (  ). Indeed, when    

increases the band B1 shifts to high frequencies 

from 32.5 to 38GHz and his width increases from 

1 GHz to 2 GHz. We not also that last absorption 

frequency band (B4) has large width greater than 

4 GHz except for the case where     . B1 

appear cutoff frequency is constant and equal to 

44.5 GHz while the lower cutoff frequency varies 

slightly from 39 to 42 GHz. 

VI. CONCLUSION 

We are interested by designing of unit cell 

controlled by an external switching system and 

which exhibits two different behaviors depending 

on the switches states (ON or OFF). If the 

switches are open (OFF) so the unit cell behaves 

like a absorbent material which is the 

disconnected cross type metamaterial and if the 

switches are close (ON) then the unit cell 

behaves like a conductor material which is the 

connected cross type metamaterial. The 

multiband frequency metamaterial absorber 

structure proposed composed of several layers of 

controllable metasurfaces. Absorber multilayer 

designs present wide bandwidths and an 

appropriate impedance matching with the free 

space. The width of the absorption bands depends 

on the number of the meta-material layers. The 

position of a certain absorption frequency bands 

can be controlled by the number of connected 

cross type layers from the bottom to the top layer 

without change the state of the ground plan. 

Using a structure of seven layers the first band 

B1 is shifted from 32.5 to 38GHz with increasing 

in the bandwidth frequency estimated by 1 GHz 

by controlling the number of connected cross 

layers type. 
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