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Abstract 
 

A polarization-insensitive absorber operating in a 

microwave frequency regime having a large absorption 

bandwidth is presented in this work. On top of the 

substrate, a Frequency Selective Surface (FSS) pattern is 

printed which constitutes two resistive sheet-

based resonators that produce ohmic loss, which 

significantly increases the absorption bandwidth. The 

absorber is angularly stable up to a maximum of 60 

degrees, both for TE and TM polarizations, however, the 

TM case is more stable. The cross-polarized reflection 

coefficient level clearly shows that the proposed model 

functions as an absorber from (9.68 GHz - 20.72 GHz) 

rather than a polarization converter. 

 

1. Introduction 
 

Artificially-engineered structures known as FSS 

(Frequency selective surface) are capable of passing and 

stopping incoming electromagnetic waves [1]. Filters [2], 

absorbers [3-7], and polarization converters [8-13] are 

among the many devices that can benefit from their use. 

Electromagnetic wave absorbers or Radar absorbing 

structures [14-15] are among the most common uses of 

FSS. Radar cross-section or Radar signature can be reduced 

by using electromagnetic wave absorbers. However, 

traditional absorbers such as Salisbury screen [16], 

Jaumann [17], and ferrite absorbers [18] have practical 

limitations. The air absorber interface is where the 

metamaterial-based absorber or FSS transfers the absorber 

impedance to free space impedance. Compared to 

traditional absorbers metamaterial absorbers have a low 

profile. A metamaterial-based absorber was initially 

created by Landy et al. [19]. When developing an absorber, 

it is vital to consider the polarization aspect. The lack of 

polarization conversion and cross-reflection plots in most 

of the absorbers in [20-22] made it difficult to identify 

whether the structures were absorbers or polarization 

converters. 

 

An absorber that is polarization-insensitive and has a low 

degree of cross-polarized reflection is proposed in this 

study. The top layer of the substrate is composed of 

metallic resonators based on resistive sheets, with a 

substrate thickness of 2 mm. Various metrics, including 

surface current profile, and normalized impedance, are 

plotted to verify the proposed design. 

 

2.  Layout of the Unit Cell 
 

The absorber unit cell that has been presented here has a 

single-layer configuration. At the air absorber interface, a 

FSS pattern with sheet resistance in the top layer converts 

the design impedance to free space impedance. Between 

the upper and lower surfaces, as depicted in Fig. 1 (b), there 

is a FR4 dielectric substrate with a loss tangent of 0.025 

and relative permittivity of 4.4. Copper is used to 

completely laminate the bottommost layer. The geometry 

describing the unit cell dimensions is represented in Fig. 1 

(a). 

 

 
 

                   (a)                                          (b) 

������ 1: Unit cell geometry: a = 9.1 mm, b = 6.5 mm, 
c = 2 mm, r� = 4.2 mm, r! = 0.45 mm , w� = 0.45 mm 

R% = 100 ohm/sq,  h = 2 mm. (a) Front View (b) Side 

view. 

The Absorptivity can be determined by [23] 

 

* = 1 − |-��|! − |-!�|!                 (1). 

 

where  |-11|2 = ./01.
2

+ ./11.
2

 and |-!�|! = .345.
!

+

.355.
!
. Co- and cross-polarized components, respectively, 

are denoted by the subscript 11 and 01 for a TE polarized 

wave. Since the structure is fully laminated on the back 

side, electromagnetic waves cannot pass through it, which 

leads to |-!�|!  becoming zero. Therefore equation (1) 

reduced to 

 

  * = 1 − ./45.
!

+ ./55.
!
            (2)                         



The EM wave impedance at the air absorber contact is 

given by 

 

678 = 69::||6;7<=<>?@7>  

 

where, 69::  denotes the impedance provided by the FSS 

pattern etched on the top of the substrate, and 6;7<=<>?@7>  

represents the impedance provided by the dielectric 

substrate. 

 

The reflection coefficient at the air absorber contact may 

be computed as follows: 

 

Γ78 =  
678 − 6B

678 + 6B
 

 

The input impedance is a real quantity at the resonance 

frequency. In order to have a high absorption reflection 

level, Γ78  has to be at its lowest possible value. This is only 

possible if the input impedance  678  equals the free space 

impedance 6B (377 ohm). 

 

3. Simulated Results 
 

A finite-element-based simulation tool known as HFSS 

(High-Frequency Structure Simulator) is utilized to carry 

out the Full Wave simulation of the proposed design. To 

realize the periodicity in the x and y-axis, periodic 

boundary conditions are utilized. The simulated co (/55) 

and cross-polarized reflection coefficient ( /45)  is 

described in Fig. 2, where the cross-polarization level is 

quite low, indicating that the proposed structure behaves as 

an absorber. 

 

 
 

Figure 2. Simulated co and cross-polarized reflection 

coefficient (dB). 

 

Fig. 3 shows the structure absorptivity response. The 

absorption bandwidth is 11.1 GHz (9.68 GHz - 20.72 

GHz), with 90% as the reference level. 

 

 
 

Figure 3. Simulated absorptivity as a fuction of frequency.  

Figs. 4 and 5 illustrate the surface current density at the 

absorptivity peaks on the absorber front and rear surfaces, 

respectively. The figures show that the surface currents are 

antiparallel, i.e., 180 degrees out of phase with each other, 

resulting in magnetic resonance. 

 

 
(a)                                       (b) 

 

Figure 4. Distribution of surface current at the upper region 

of the substrate at (a) 12.31 GHz and (b) 19.76 GHz. 

 

 
(a)                                           (b) 

 

Figure 5. Distribution of surface current at the lower region 

of the substrate at (a) 12.31 GHz and (b) 19.76 GHz. 

 

Fig. 6 depicts the electric field profile at the upper region 

of the substrate. The plots demonstrate that at both 

resonance peaks, the highest amount of electric field 

couples with the structure contributing to electric 

resonance. The design achieves a high absorption level by 

using both electric and magnetic resonance properties. 

 

 
(a)                                         (b) 

 

Figure 6. Electric field profile at the upper region of the 

substrate. 

 

Fig. 7 presents the normalized impedance plot. Within the 

absorption frequency range, the real portion and imaginary 

component of normalized impedance are equivalent to 

unity and zero, respectively, implying perfect impedance 

matching with free space impedance. 

 



 

Figure 7. Simulated normalized impedance plot. 

Absorption is plotted under the normal incidence of an 

incident electromagnetic wave for various polarization 

angles to determine if the devised structure is polarization-

insensitive., as described in Fig. 8. The absorber is 

unaffected by polarization because of the unit cell fourfold 

symmetry. 

 

 

Figure 8. Simulated absorbance under variation in 

polarization angle. 

Fig. 9 and Fig. 10 illustrate the performance of the absorber 

with varying incidence angles when subjected to TE and 

TM polarization, respectively. The structure maintains its 

absorptivity above 60 percent till 60 degrees under the TE 

polarization case, whereas under TM polarization, 

absorptivity above 80 percent is achieved till 60 degrees. 

So, the proposed structure has good angular stability but 

more in TM polarization. 

 

 

Figure 9. Simulated absorptivity with variation in oblique 

incidence angle under TE polarization. 

 

 

Figure 10. Absorptivity in terms of variation in oblique 

incidence angle under TM polarization. 

4. Conclusion 

 
This work presents a wideband, polarization-insensitive, 

and angularly stable microwave absorber spanning part of 

the X-band, a whole section of the Ku band, and part of the 

K band. In addition, several metrics, such as surface current 

profile and normalized impedance plot, are provided to 

validate the proposed design. For both TE and TM 

polarization, the absorber offers high angular stability up to 

60 degrees. As a result, the proposed absorber has 

applications in stealth technology, electromagnetic 

interference/compatibility, and other fields. 

 

7. References 
 

1. B. A. Munk, Frequency Selective Surfaces: Theory and 

Design. John Wiley & Sons, 2000. 

 

2. T. Chakrabarti, S. Sarkar, S. K. Ghosh, and S. 

Bhattacharyya, “An ultra-thin FSS bandpass filter in 

terahertz region,” 2019 TEQIP III Sponsored International 

Conference on Microwave Integrated Circuits, Photonics 

and Wireless Networks (IMICPW), 2019, doi: 
10.1109/imicpw.2019.8933266. 

 

3. A. Kumar, G. S. Reddy, and S. Narayan, “Flexible em 

wave absorber with high angular stability and low cross 

polarization reflection level,” 2021 XXXIVth General 

Assembly and Scientific Symposium of the International 

Union of Radio Science (URSI GASS), 2021, doi: 
10.23919/ursigass51995.2021.9560377. 

 

4. P. Munaga, S. Ghosh, S. Bhattacharyya, and K. V. 

Srivastava, “A fractal-based compact broadband 

polarization insensitive metamaterial absorber using 

lumped resistors,”Microwave and Optical Technology 

Letters,  58,  2, 2015, pp. 343–347,.  

 

5. S. Ghosh, S. Bhattacharyya, D. Chaurasiya, and K. V. 

Srivastava, “A broadband polarization-insensitive circuit 

analog absorber using lumped resistors,” 2015 IEEE 

Applied Electromagnetics Conference (AEMC), 2015.  

 

6. P. Ranjan, C. Barde, A. Choubey, R. Sinha, and S. K. 

Mahto, “Wide band polarization insensitive metamaterial 

absorber using lumped resistors,” SN Applied Sciences, 2, 

6, 2020, doi:10.1007/s42452-020-2790-4. 

 

7. H. Sheokand, S. Ghosh, G. Singh, M. Saikia, K. V. 

Srivastava, J. Ramkumar, and S. Anantha Ramakrishna, 

“Transparent Broadband metamaterial absorber based on 



Resistive films,” Journal of Applied Physics, 122, 10, 

2017, p. 105105, doi:10.1063/1.5001511. 

 

8. S. Chakravarty and D. Mitra, “A novel Ultra-Wideband 

and multifunctional reflective polarization converter,” 

2020 IEEE 17th India Council International Conference 

(INDICON),2020,doi:10.1109/indicon49873.2020.934218

8. 

 

9. D. Sood and C. C. Tripathi, “A wideband ultrathin low 

profile metamaterial microwave absorber,” Microwave and 

Optical Technology Letters, 57, 12, 2015, pp. 2723–2728, 

doi: 10.1002/mop.29428.  

 

10. S. Bhattacharyya, S. Ghosh, D. Chaurasiya, and K. V. 

Srivastava, “Wide ‐ angle broadband microwave 

metamaterial absorber with octave bandwidth,” IET 

Microwaves, Antennas & Propagation, 9, 11, 2015, pp. 

1160–1166, doi: 10.1049/iet-map.2014.0632. 

 

11. S. Bhattacharyya, S. Ghosh, D. Chaurasiya, and K. V. 

Srivastava, “A broadband wide angle metamaterial 

absorber for defense applications,”2014 IEEE 

International Microwave and RF Conference (IMaRC), 

2014.  

 

12. S. Ur Rahman, H. Ullah, Q. Cao, M. Kabir Khan, and 

N. Ullah, “Comments on “A set square design 

metamaterial absorber for X band applications”,” Journal 

of Electromagnetic Waves and Applications, 35, 8, 2021, 

pp. 1020–1024, doi: 10.1080/09205071.2020.1868352. 

 

13. F. Ahmed, T. Hassan, and N. Shoaib, “Comments on 

“an Ultrawideband ultrathin metamaterial absorber based 

on circular split rings”,” IEEE Antennas and Wireless 

Propagation Letters, 19, 3, 2020, pp. 512–514, 
doi:10.1109/lawp.2020.2968144. 

 

14. R. Kantikar, V. Joy, H. Singh, and R. U. Nair, 

“Resistive FSS based radar absorbing structure for 

broadband applications,” 2020 IEEE International 

Conference on Electronics, Computing and 

CommunicationTechnologies(CONECCT),2020,doi:10.11

09/conecct50063.2020.9198567. 

 

15. R. Kantikar, V. Joy, and H. Singh, “Radar cross section 

analysis of multi-layered resistive material based 

planar/conformal radar absorbing structures,” 2021 IEEE 

International Conference on Electronics, Computing and 

Communication Technologies (CONECCT), 2021.  

 

16. W. W. Salisbury, “Absorbent body for electromagnetic 

waves,” U.S. Patent 2599944, 1952. 

 

17. L. J. Du Toit, “The design of jauman absorbers,” IEEE 

Antennas and Propagation Magazine, 36, 6, 1994, pp. 17–

25, doi: 10.1109/74.370526. 

 

18. J.Shin and J. Oh, “The microwave absorbing 

phenomena of ferrite microwave absorbers,” IEEE 

Transactions on Magnetics,  29,  6, 1993,  pp. 3437–3439, 

doi: 10.1109/20.281188. 

 

19. N. I. Landy, S. Sajuyigbe, J. J. Mock, D. R. Smith, and 

W. J. Padilla, “Perfect metamaterial absorber” Physical 

Review Letters, 100, 20, 2008, pp. 207402-207405, doi: 
10.1103/physrevlett.100.207402. 

 

20. S. Bhattacharyya, S. Ghosh, D. Chaurasiya, and K. V. 

Srivastava, “A broadband wide angle metamaterial 

absorber for defense applications,” 2014 IEEE 

International Microwave and RF Conference (IMaRC), 

2014, doi: 10.1109/imarc.2014.7038964. 

 

21. S. Ghosh, S. Bhattacharyya, and K. V. Srivastava, 

“Design, characterization and fabrication of a broadband 

polarisation‐ insensitive multi‐ layer circuit analogue 

absorber,”IET Microwaves, Antennas & Propagation, 10,  

8, 2016, pp. 850–855, doi: 10.1049/iet-map.2015.0653. 

 

22. S. Bhattacharyya, S. Ghosh, D. Chaurasiya, and K. V. 

Srivastava, “ Wide ‐ angle broadband microwave 

metamaterial absorber with octave bandwidth,” IET 

Microwaves, Antennas & Propagation, 9, 11, 2015, pp. 

1160–1166, doi: 10.1049/iet-map.2014.0632. 

 

23. T. K. Nguyen, T. N. Cao, N. H. Nguyen, L. D. Tuyen, 

X. K. Bui, C. L. Truong, D. L. Vu, and T. Q. Nguyen, 

“Simple design of a wideband and wide-angle insensitive 

metamaterial absorber using lumped resistors for X- and 

Ku-Bands,” IEEE Photonics Journal, 13, 3, 2021, pp. 1–

10, doi: 10.1109/jphot.2021.3085320. 

 

 

 

 


