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ABSTRACT 
In this paper, an ultra-wideband compact flexible 

polarization-insensitive metamaterial microwave absorber is 

proposed. Transparent PET (polyethylene terephthalate) was 

used as the dielectric substrate and ITO (indium tin oxide) is 

used as the conductor for the air and metamaterial structure. 

The intended absorber provides above 90% absorption in the 

range of 8.28 GHz to 17.18 GHz under normal incidence. The 

designed absorber exhibit 80% absorption at oblique angles 

of incidence. The unit cell size of designed absorber is 0.51λ × 

0.51λ w.r.t the center frequency of absorption band. In 

addition, the designed structure is polarization insensitive 

absorber as it exhibit the same absorption performance in 

both TE and TM polarization under the normal incidence of 

the electromagnetic wave. The study was carried out as a 

simulation in the HFSS simulator. The results obtained were 

compared with other reference studies. 
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I. INTRODUCTION 
 

In recent years, importance of 

metamaterials/metasurfaces increased in device design 

from microwave to optical regime due their superior 

properties like negative permittivity and permeability [1]. 

The metamaterial absorber has attracted common attention 

due to its promising applications, such as sensors [2], 

energy harvesting [3–6], thermal emitters [7], modulators 

[8] and antennas[ ] etc. The sandwich like structure having 
periodically arrayed metal pattern layer, a dielectric spacer, 

and a flat metal plate, is one of the traditional design for 

metamaterial absorbers. There are various absorber 

applications to use in civil and military radars. In these 

applications, aim is to reduce the radar cross sectional 

(RCS) in order to prevent the detection of the target. The 

first metamaterial absorber designed by Landy inspired the 

use of metamaterials as absorber [9]. Moreover, various 

metamaterial absorbers ranging from microwave [9], 

terahertz [10], infrared and visible bands [11], are 

proposed and investigated. Different absorbers with single 

band [12], dual band [13], or multi-band [14] have been 

designed and studied till date. Further, various 

metamaterial designs exhibiting broadband absorption are 

designed so far [15] such as by assembling multi-shaped 

resonators on the same layer [16-17], by stacking layers 

[18-19] which makes the device bulky or complex to 
fabricate. Therefore, the broadband metamaterial absorbers 

using resistive films have been realized. The indium tin 

oxide (ITO) based metamaterial absorbers are used as 

promising alternative with the advantage mechanically 

flexible, optically transparent, and conductive properties 

[20-21]. The PET coated ITO based metamaterial absorber 

simultaneously achieve strong microwave absorption and 

shielding performance over an ultra-wide microwave 

region with thinner thicknesses, lighter weights, optically 

transparent, and wider bandwidths. 

In this paper, a design of polarization insensitive 
flexible ultra-wideband metamaterial absorber based on 

multilayer ITO resistive patterns films is proposed. A 

wideband absorption of more than 90% from 8.28 to 17.18 

GHz is obtained. The designed absorber is polarization-

insensitive with high absorption of above 90% over a wide 

incidence angle of 30° for both TE and TM polarizations. 

Optimized parameters corresponding to high-performance 

absorption are achieved by adjusting ITO coated PET 

layers and pattern resonances. In comparison to previous 

reports, our structure exhibit wideband-absorption, 

polarization-insensitivity in compact size. 

 

II.  THEORY AND DESIGN 
 

The schematic of the unit cell of the designed 

transparent ITO coated PET based metamaterial absorber 

is shown in Fig. 1. In overall, the design consists of five 

layers. The top and bottom layers are of ITO with 0.18 μm 
thickness. The design is patterned on the top ITO resistive 

layer coated on 0.175mm thick PET substrate layer. The 

bottom continuous ITO plate is backed by PET. The 
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dielectric constant of PET is εr = 3:2 and the loss tangent is 

σ = 0.003. The middle part in between the two PET layers 

consists of an air gap of thickness of 5.83 mm. The bottom 

continuous ITO layer blocks electromagnetic wave 

transmission thereby supports better absorption 

characteristics. The other geometric parameters of the unit 

cell are as follows: L = 12mm, R1 = 5.5 mm, R2 = 4 mm, 

W = 0.5 mm, g = 1mm. 

Figure 1: (a) Front view and (b) cross-sectional view of the proposed design 

 

HFSS is used to simulate and optimize the 

absorption performance of the proposed absorber. The 

periodic boundary conditions are applied along with the X 

and Y directions in TE mode. The absorption is evaluated 
using  

A = 1- |S11|2 - |S21|2                 (1) 

In Eq. 1 S11 and S21 represents the reflection 

coefficient and the transmission coefficient respectively, 

both of which are obtained through simulation. The 

simulated absorption, reflection, and transmission 

responses of the designed absorber are shown in Fig. 2. 

The transmission coefficient S21 is nearly zero as the 

bottom ITO layer acts as a perfect reflecting surface. 
Therefore, the above equation can be reformulated as A = 

1- |S11|2. The proposed absorber exhibit more than 90% 

absorption from 8.28 GHz to 17.18 GHz under normal 

incidence. The bandwidth reaches 8.9 GHz, and the 

corresponding relative bandwidth is 70%. 

Figure 2: The simulated S11, S21 and absorption response for normal incidence of TE-polarization. 
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III. RESULTS AND DISCUSSION 
 

The design configuration of the structure is 

fourfold symmetric. For the verification of polarization 

insensitive behavior, the designed absorber is studied for 
different angles of polarizations (φ) at regular intervals of 

150 up to 450 as shown in Fig. 3. The absorption response 

is observed as same for angles and exhibit above 90% 

absorption from 8.28 to 17.18GHz. For both TE and TM 

polarizations the absorption performance of the design is 

studied at different angles of incident wave. For both the 

polarizations i.e. TE and TM the absorption is same as 

shown in Fig. 4 and Fig.5. The structure exhibit high 

absorption over the large frequency range up to 300 which 

proves its angular insensitivity up to 300 i.e. the absorber 

provides wideband absorption for variations in incidence 

angles of the wave. To explore the physical mechanism of 

absorption the electric and magnetic field distribution at 

center frequency i.e. 12.73 GHz is studied. High electric 

field at the split ends of the structure is noticed and 

magnetic field is high near the joint parts of the two 

structures of the design. This shows strong electromagnetic 

field distribution across the design and thereby results 
strong absorption. 

 

 
Figure 3: Absorption response of the designed structure at different polarization angles. 

 
Figure 4: Absorption response for oblique incident angles for TE Polarization. 
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Figure 5: Absorption response at oblique angles of Incidence for TM Polarization. 

 
Figure 6: Field distribution of the designed absorber at 12.73GHz. 

IV. CONCLUSIONS 

In conclusion, an ITO coated PET based ultra-

wideband polarization insensitive flexible metamaterial 
absorber is proposed. The absorber exhibits above 90% 

absorption range of 8.28 to 17.18 GHz, X and Ku 

microwave bands. The absorber is polarization-insensitive 

and exhibits high absorption over a wide incidence angle 

of 30° in both TE and TM polarization. The physics 

mechanism of absorption is discussed by analyzing the 

electric and magnetic field distribution. This study 

proposes a general way to achieve a wide-band flexible 

metamaterial absorber which further opens new paradigms 

in the area of RF engineering. 
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