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Background and Objectives: The design of the circuit analog absorbers including 
resistive and conductive patterns on a dielectric substrate placed above the 
ground plane with a free spacer is interesting for researchers in the microwave 
regime. Broad absorption band can be achieved by appropriately designing the 
structure parameters that lead to matching the input impedance of the structure 
with the impedance of free space over a wide operating band. In this study, a 
wideband circuit analogue absorber including double-layer of resistive frequency 
selective surfaces (FSS) is proposed.  
Methods: The proposed structure is composed of two layers of periodic arrays of 
strips loaded with lumped resistors deposited on dielectric substrates and 
separated by an air spacer. Strips of each layer are orthogonal to each other. The 
structure is placed on a metallic back reflector with an air spacer. The bottom 
resistive FSS including resistor-loaded strips directed in the x-direction plays the 
effective role of producing the resonant frequencies with exciting TM polarization 
waves and leads to a wide high-frequency absorption band, while the top resistive 
FSS, including resistor-loaded strips directed in the y-direction plays the effective 
role in exciting the resonances for TE polarization that can produce a broad low 
frequency absorption band. Indeed, in each polarization, one of the resistive FSS 
acts as a resonator while the other resistive FSS acts as a transparent layer and 
transmits the wave. A circuit model for characterizing the proposed structure is 
presented for both TE and TM polarizations in the subwavelength regime, which 
shows good agreement with the full-wave simulations. 
Results: The results demonstrate that the reflectivity below −10 dB (absorption 
above 90%) obtains from 3.55 to 9.82 GHz (fractional bandwidth of 93%) under 
normal incidence for TE polarization while with TM incident wave excitation, the 
absorption above 90% from 9.44 to 20.85 GHz (fractional bandwidth of 75%) can 
be achieved.  
Conclusion: The proposed structure leads to a wideband absorber with various 
bandwidths corresponding to exciting TE and TM incident waves.  Most of the 
proposed structures in the literature produce similar bandwidths for both 
polarizations. Therefore, a polarization-controlled wideband absorber is designed 
in this task. 
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Introduction 
Electromagnetic absorbers have found many potential 

applications in different systems. The wide bandwidth 

over the operating band, and smaller thickness are the 

essential parameters, in the design of microwave 

absorbers. A resistive sheet placed a quarter-wavelength 

distance above the conducting plate [1]-[2] known as the 

Salisbury screen, was presented decades ago to reduce 

the reflection and result in absorbing the incident 

electromagnetic wave. Despite its structural simplicity, 
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due to the conforming of quarter-wavelength conditions 

at a single specified frequency, the absorption bandwidth 

of the Salisbury screen was relatively narrow. Jaumann 

absorber utilizing additional resistive layers and spacers 

was introduced [3]-[4] to improve  the bandwidth of the 

Salisbury screen. However, increasing the resistive layers 

and spacers enhances the total thickness and it limits its 

scope of application. The circuit analog (CA) absorbers 

were proposed for achieving electromagnetic absorbers 

with wide bandwidth and small thickness [5]-[30]. The 

circuit analog absorbers are made by depositing 

conductive/resistive patterns or resistor-loaded patterns 

on a dielectric layer placed above a metallic back reflector 

with a free spacer. By appropriately designing the 

structure parameters and choosing the chip resistors, the 

input impedance of the structure could be matched with 

free space impedance over a wide operating band, and 

the broad absorption band occurs. 

In [5]-[9], the structures based on the conductive 

patterns and dielectric layers have been proposed to 

achieve the narrow and wide absorption bands. For 

example, in [6], a single layer of copper FSS as swastika-

like patterns has been employed to design a narrow band 

absorber. The multilayered structures of metallic loops 

and closed ring resonators have been proposed in [7] 

and [8], respectively, for achieving broadband and dual-

band absorbers. In [9], a multilayered structure of crossed 

dipoles has been proposed to realize triple absorption 

bands. In [10]-[14], the frequency selective surfaces 

including resistive patterns are employed to realize the 

broad absorption bands. The resistive treble-square 

loops, resistive crisscross and fractal square patches and 

resistive quadruple hexagonal loops have been 

respectively utilized to realize broadband absorbers 

in [11], [12], and [13]. In [15]-[30], resistor-loaded 

patterns have been applied to achieve broadband 

absorbers. In [16] and [21]-[22], broadband absorbers 

based on square loops loaded by lumped-resistors have 

been presented. Lumped resistor loaded double 

octagonal rings have been employed to realize wideband 

absorber in [17]. In [23], a single layer of a modified 

circular ring and in [24], a single layer of double patterns 

of rectangular and ring split ring resonators loaded by 

lumped resistors have been applied to achieve wideband 

absorbers. In recent tasks, the researchers have designed 

absorbers consisting of multiple vertically stacked FSS 

layers to increase the bandwidth. In [28], a structure using 

a dual layer of resistor-loaded metallic strips has been 

proposed to achieve a wide absorption band for both TE 

and TM modes. The structure includes the lossy layer 

consisting of two orthogonal layers of dual-resistor-

loaded metallic strips printed on both sides of a dielectric 

substrate. In [29], a polarization-insensitive wideband 

absorber has been proposed based on a multi-layer of 

square loops loaded with lumped resistors printed on the 

dielectric layers separated by an air spacer. In this task, 

the bottom resistive surface in combination with the top 

resistive surface, enhances the bandwidth by creating 

another resonance.  A polarization-insensitive circuit 

analog absorber containing two lossy layers of a single 

square-loop and double-square-loop loaded with lumped 

resistors has been designed in [30] to obtain an ultra-wide 

absorption band. All of these aforementioned absorber 

designs are polarization-insensitive and capable of 

absorbing waves for both polarizations in the same 

absorption band. Therefore, the design of an absorber 

with selectivity bandwidth according to the polarization is 

interesting. In [31]-[34], the polarization-controlled 

structures that display the various absorption bands 

according to the selection of the polarization have been 

presented.  However, the proposed structures present 

narrow absorption bands with exciting TE and TM 

incident waves.  

In this paper, a wideband absorber is designed with 

various bandwidth range according to exciting each 

polarization. The proposed structure is composed of 

double layers of resistor-loaded metallic strips array 

printed on a dielectric substrate. The strips of one layer 

are orthogonal to the other layer. Two layers are 
separated by an air spacer, and then the bottom layer is 

placed above a metallic film with another air spacer. The 

various wide absorption bands can be achieved with the 

selection of polarization. The strips of the top resistive 

layer are arranged in y-direction while the strips of the 

bottom resistive layer are arranged in x-directions.  
Therefore, by properly designing the geometrical 

parameters and choosing the chip resistors of the 

structure, the structure can absorb the incident waves for 

TE polarization at low frequencies between ranges of 3.55 

to 9.82 GHz, while it can absorb the incident waves for TM 

polarization at higher frequency between ranges of 9.44 
to 20.85 GHz. An equivalent circuit model is introduced 

for both polarizations. Therefore, by changing the 

polarization, the absorption bandwidth would change.   

The following paper is organized as follow: the structure 

and analysis are presented in section 2. The proposed 

structure leads to various absorption bands with exciting 

TE and TM incident waves. The equivalent circuit model is 
presented for both polarizations. It’s demonstrated that 

the top resistive layer plays the resonator role modeled 

as two series R-L-C branches by exciting TE mode while 

the situation is vice versa for TM mode. For TM 

polarization, the bottom resistive layer is modeled as two 

series R-L-C branches. Finally, Section 3 presents the main 
conclusions. 

Structure and Design 

A single unit cell of the proposed structure, which 

comprises two resistive frequency selective surfaces 

printed on dielectric layers is displayed in Fig. 1. The 

thickness of dielectric spacers is defined as 
1dh  and 

2dh . 
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These layers are separated by an air spacer with a 

thickness of 
1sh  and 

2sh . The overall structure has been 

terminated by a metal film acting as a back reflector.  

 
(a) 

 

(b) 

 

(c) 

Fig. 1: (a) Perspective view of the structure including a double 
layer of the resistive frequency selective surfaces deposited on 

a dielectric substrate placed on a spacer and a metallic 
reflector at the bottom. (b)Top view of the top resistive FSS 

including three resistor-loaded strips directed in y-direction (c) 
Top view of the bottom resistive FSS including four cells of 

three resistor-loaded strips directed in x-direction. 

The unit cell of the top resistive frequency selective 
surface (TRFSS) is built of three resistor-loaded strips 
directed in the y-direction. The length and width of the 
central strip is 

1 1,d w  and two neighbor strips with the 

length and width of 
2 2,d w  are placed at the right and the 

left of the central strip with space of g1. Lumped resistors 
are placed at the center of each strip with values of 

aR  

and
bR .  The bottom resistive frequency selective surface 

(BRFSS) is composed of four sub unit cells of three 

resistor-loaded strips directed in x-direction. The length 

and width of the central strip is 
3 3,d w , and two neighbor 

strips with the length and width of 
4 4,d w  are placed at 

the right and the left of the central strip with space of g2. 
Lumped resistors are placed at the center of each strip 

with values of 
cR  and

dR . RT/Duroid5880 with a relative 

permittivity of 2.2 has been used as dielectric. Copper 
with conductivity σ = 5.8 × 107 S/m and a thickness of 0.02 
mm is considered for the metal strips and the bottom 
metallic film. The period of the structure is supposed to 
be P in x- and y-directions.  
 

The proposed structure leads to wideband absorption 

bands by exciting TE and TM incident waves. By exciting 

the TE incident wave where the electric field is in the y-

direction and the magnetic field is in the x-direction, the 

top resistive frequency selective surface plays an essential 

role in exciting the resonant frequencies. It leads to a low-

frequency wide absorption band. In this case, the bottom 

resistive FSS acts as a transparent layer and transmits the 

wave.  At the same time, a high-frequency absorption 

band can be achieved by exciting TM incident waves. In 

this case, the bottom frequency selective surface plays an 

essential role in exciting the resonant frequencies, and 

the top resistive FSS transmits the wave. In Table. 1, the 

Description of Parameter Symbol Value 

Period length P 26 mm 

Thickness of top dielectric layer hd1 0.45 mm 

Thickness of bottom dielectric layer hd2 0.2 mm 

Thickness of top free spacer hs1 5 mm 

Thickness of bottom free spacer hs2 5 mm 

Central strip length of the TRFSS d1 25mm 

Central strip width of the TRFSS w1 0.5 mm 

smaller strip length of the TRFSS  d2 15 mm 

smaller strip width of the TRFSS w2 0.5 mm 

Central strip length of the BRFSS d3 11 mm 

Central strip width of the  BRFSS w3 0.4 mm 

smaller strip length of the  BRFSS d4 5 mm 

smaller strip width of the  BRFSS w4 0.4 mm 

gap between strips of the TRFSS g1 3.5 mm 

gap between strips of the  BRFSS g2 1.5 mm 

Lumped resistor at the center of 
longer strips of the TRFSS 

Ra 125 Ω 

Lumped resistor at the center of 
smaller strips of the TRFSS 

Rb 100 Ω 

Lumped resistor at the center of 
longer strips of the  BRFSS 

Rc 75 Ω 

Lumped resistor at the center of 
smaller strips of the  BRFSS 

Rd 50 Ω 

 

Table 1: Detailed unit cell parameters of the proposed structure 
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parameters of a single unit cell of the proposed structure 

are presented. Fig. 2(a) and (b) show the simulated 

reflectivity and absorption of the proposed absorber 

under the normal incidence for TE polarization. The 

simulated results display the reflectivity below −10 dB 

(equal to absorption above 90%) from 3.55 to 9.82 GHz 

with a fractional bandwidth of 93%. Fig. 2(c) and (d) 

demonstrate the simulated reflectivity and absorption of 

the resistive absorber under the normal incidence for TM 

polarization. The simulated results show that the 

reflectivity below −10 dB (equal to absorption above 90%) 

occurs from 9.44 to 20.85 GHz with fractional bandwidth 

of 75%.  

 

(a) 

 

(b) 

 
(c) 

 

(d) 

Fig. 2: Simulated (a) reflectivity (b) absorption spectra of the 
structure of Fig.1 for TE polarization (c) reflectivity (d) 

absorption spectra for TM polarization. 

In Fig. 3, the variations of the lumped resistors loaded 

on strips are surveyed on the absorption spectra. Fig. 3(a) 

shows the absorption spectra of the proposed structure 
for TE polarization, when the lumped resistors of the top 

resistive layer are varied. As observed, with the selection 

of Ra= 100 Ω, Rb=75 Ω and values more than them, high 

absorption can be achieved. The variations of the lumped 

resistors of the bottom resistive layer on absorption 

spectra for TM polarization are demonstrated in Fig. 3(b). 

 

(a) 

 (b) 

Fig. 3: Simulated absorption spectra of the structure with 
various lumped resistors (a) for TE polarization (b) for TM 

polarization. 

Furthermore, to better understand the absorber 

behavior, the equivalent circuit models are presented for 

both TE and TM modes in the subwavelength regime. The 

circuit model corresponding to the proposed absorber is 
illustrated in Fig. 4(a) for the TE polarization wave and (b) 

for the TM polarization wave, respectively. In the TE case, 

the top frequency selective surface plays an essential role 

in exciting the resonant frequencies modeled as two 

branches of series resistor-inductor-capacitor (RLC) 

circuits connected in parallel. R1, L1, and C1 show the 
resistance, inductance, and capacitance corresponding to 

the central metallic strip, respectively, while R2, L2, and C2 

represent those of smaller metallic strips. The values of 

the lumped elements corresponding to the resistor-

loaded strips of top frequency selective surfaces for TE 

polarization are defined as: C1=0.06 pF, L1=19 nH, 

1 230R    , C2=0.027 pF, L2=16.5 nH and 
2 300R    . In 

this case, the bottom resistive FSS of the resistor-loaded 

strips acts as a transparent layer and transmits the wave. 

In TM case, the situation is vice versa. In this case, the 
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bottom frequency selective surface plays an essential role 

in exciting the resonant frequencies which are modeled 

as two branches of series resistor-inductor-capacitor 
(RLC) circuits connected in parallel. R3, L3, and C3 show the 

resistance, inductance, and capacitance equivalent to the 

central metallic strip, respectively, while R4, L4, and C4 

specify those of smaller metallic strips. The values of the 

lumped elements [21] corresponding to the resistor-

loaded strips of the bottom frequency selective surfaces 
for TM polarization are defined as: C3=0.02 pF, L3=10.5 nH, 

3 230R    , C4=0.008 pF, L4=9.7 nH and 
4 300R    . In 

this case, the top resistive FSS of the resistor-loaded strips 

acts as a transparent layer and transmits the wave. To 

demonstrate the role of the top resistive FSS as a 

transparent layer for TM polarization, the S-parameters 

of a single layer of top resistive FSS are plotted in Fig. 5 for 

TM polarization. Two ports are considered at the top and 

bottom of this layer for computing the S-parameters. The 
transmission and reflection coefficients are plotted in Fig. 

5.  As observed, this layer transmits the waves for TM 

polarization (S12 is 0 dB) and acts as a transparent layer. 

The dielectric layers are modelled by the transmission 

lines of the characteristic admittance of 
0d rY Y   and 

the propagation constant of 
0d r     with lengths of 

hd1 and hd2. The air spacers are modelled by the 

transmission lines of the characteristic admittance of 0Y  

and the propagation constant of 
0   with lengths hs1 and 

hs2. The bottom metallic film is modelled by the short 
circuit in the equivalent circuit model.  

In TE case, the input admittance of the structure is 

computed as: 

,1 ,2 ,in sur sur slabY Y Y Y                                                  (1)
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where ,sur iY  (i=1,2) is the admittance of the strips loaded 

with lumped resistors and  slabY  is the equivalent 

admittances of the conductor-backed dielectric slabs and 
air spacers. 

Finally, the values of the absorption can be computed 

as: 
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In which, 
1

in inZ Y   and 0Z  is the free-space 

impedance.  When the impedance matching conditions 

over a specified frequency range occur, the maximum 

absorption can be obtained on this frequency range.  

 

 

(a) 

 

(b) 
Fig. 4: The equivalent circuit model of the proposed structure 
for (a) TE and (b) TM polarizations in subwavelength regime. 

 

Fig. 5: The S-parameters of a single layer of top resistive FSS for 
TM polarization. 

 

The comparison between the result extracted by the 

circuit model analysis and the results obtained by HFSS 

simulations are displayed in Fig. 6(a) for the proposed 

structure with parameters presented in Fig. 2 for TE 

polarization. As demonstrated, the result obtained by the 

circuit model is in good agreement with the full-wave 

simulation results.  

In the TM case, the input admittance is computed as: 
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The result extracted by the circuit model is compared 

to the HFSS simulation result for TM polarization in Fig. 

6(b). 

 
(a) 

 
(b) 

Fig. 6: the results extracted by the circuit model are compared 
to the HFSS simulations for the proposed structure for (a) TE 

polarization (b) TM polarization. 

However, it is clear that without each of the resistive 

layers and its underlying dielectric, the absorption occurs 

for one of the polarizations. For example, if one puts up 

the top resistive layer and its underlying dielectric above 

the metallic film with an air spacer of thickness of hs1 + 

hs2= 10 mm, the new structure absorbs the incident waves 

for just TE polarization.  Suppose the bottom resistive 

layer and its underlying dielectric have been placed above 

the metallic film with an air spacer of thickness of hs2= 5 

mm. In that case, the structure absorbs the incident 

waves for just TM polarization. Fig. 7 shows the 

absorption spectra for structures without one of the 

resistive FSS for TE and TM polarizations. 

 
(a) 

 
(b) 

Fig.7:  Simulated absorption spectra of the structure without 
considering (a) the bottom resistive layer and its underlying 

dielectric (b) the top resistive layer and its underlying dielectric 
and top air spacer under the normal incidence. 

In the following, the performance of the structure with 
respect to the incident angle is investigated. As 
mentioned, the performance depends on polarization. 
For each polarization, the structure leads to a specified 
absorption spectra.  Here, the structure’s performance 
concerning the angle of incidence for each polarization is 
evaluated.  Fig. 8 illustrates the absorption spectra as a 
function of the frequency and the incident angle up to 50o 

for TE and TM polarizations, respectively. For both TE and 
TM polarizations, absorption above 80% can be achieved 
for the incident angles up to 30◦. For TE polarization, the 
bandwidth decrease with increasing the angle of 
incidence. For TM polarization, the absorption values are 
reduced in the middle of the bandwidth.  

 
(a) 

 
(b) 

Fig. 8 The Absorption spectra of the proposed structure as a 
function of different incident angles of (a) TE polarization, and 

(b) TM polarization. 
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Finally, comparisons between the designed absorber 

and the other absorbers are performed in the Table. 2. 

The comparisons are performed in terms of structure and 

performance. As observed, the structures proposed 

in [28]-[30] are symmetric and produce a wide absorption 

band for both TE and TM polarizations. In the present 

task, the proposed structure causes the absorption 

performance depending on the polarization. The 

proposed structure leads to various bandwidths with 

exciting polarization. Although, the structures proposed 

in [31]-[34] present the polarization-controlled absorbers. 

However, the proposed structures are narrowband 

absorbers, while this task presents a wideband absorber. 
 
Table 2: Performance comparison of proposed absorber to 
other task 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Conclusion 

In this paper, a wideband absorber with various 

bandwidths associated with exciting TE and TM incident 

waves has been designed. The proposed structure is 

composed of two stacked resistive layers printed on a 

dielectric substrate. A single unit cell of the top resistive 

layer includes three resistor-loaded strips directed in the 

y-direction that lead to excite the resonances for TE 

polarization. In contrast, the bottom resistive layer is 

composed of four unit cells of three resistor-loaded-strips 

in the x-direction that leads to excite the resonances for 

TM polarization. In each polarization, other resistive layer 

transmitted the wave. The structure led to absorption 

above 90% from 3.55 to 9.82 GHz for TE polarization, 

while with TM incident wave excitation, the absorption 

above 90% from 9.44 to 20.85 GHz has been achieved. 

Hence, in this task, a polarization-controlled wideband 

circuit analog absorber has been proposed.  
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