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Abstract— In this paper, a broadband circuit analog absorber 
has been presented based on lumped resistors, which exhibits 10 
dB absorption bandwidth from 3.96 GHz to 8.16 GHz, covering 
entire C-band. The designed structure is polarization-insensitive 
and wide-angle absorptive. The effect of the lumped resistors has 
been studied to examine the absorption mechanism of the 
wideband absorber. The structure has also been fabricated, 
whose measured results are in good agreement with the 
simulated responses. 

Keywords— Circuit analog absorber; boradband absorber; 
lumped resistors; frequency selective surface. 

I.  INTRODUCTION 
Radar absorbing materials are widely used in many 

applications such as radar cross section (RCS) reduction, 
electromagnetic interference (EMI), electromagnetic 
compatibility (EMC), wireless communication and so forth [1]. 
Salisbury screen, one of the oldest radar absorbers, is very 
simple in nature, but has limited absorption bandwidth [2]. 
Jaumann absorber has an extended bandwidth at the expense of 
large thickness [3]. Circuit analog (CA) absorbers are a perfect 
solution to this narrow bandwidth problem, where resistive 
components have been implemented on high impedance 
surfaces (HIS) [4-5]. 

In this paper, a metamaterial based CA absorber has been 
proposed, which is composed of a single square loop (SSL) 
loaded with chip resistors. The structure exhibits reflectivity 
below -10 dB in the frequency range from 3.96 GHz to 8.16 
GHz under normal incidence. The proposed absorber is 
polarization-insensitive and wide-angle absorptive for TE 
polarization. In addition, the structure has also been fabricated 
and measured in anechoic chamber, which shows good 
agreement with the simulated results. 

II. DESIGN OF THE STRUCTURE 
Fig. 1 illustrates the unit cell of the proposed broadband 

absorber, where the top view and side view are shown in Fig. 
1(a) and 1(b), respectively. The proposed structure comprises a 
periodic arrangement of a single square loop imprinted on a 
grounded dielectric substrate, where four chip resistors are 
soldered in each arm of the square loop. The top and bottom 
metallic patches are made of copper (thickness of 0.035 mm, 
conductivity of 5.8 x 107 S/m) and the dielectric substrate is 
FR-4 with relative permittivity of 4.4 and dielectric loss 

tangent of 0.02. The dimensions of the unit cell along with the 
field vector directions are also shown in Fig. 1. 

 
Fig. 1. Unit cell geometry of the proposed broadband absorber: (a) top view, 
and (b) side view. Geometrical dimensions are: p = 20 mm, d = 12 mm, w = 
1.25 mm, g = 1.2 mm, td = 6 mm, tc = 0.035 mm, and RC = 150 Ω. 

When the structure is simulated with HFSS by ANSYS 
using periodic boundary conditions, it is observed that the 
reflection coefficient is less than -10 dB over the frequency 
range of 3.96 GHz to 8.16 GHz as observed from Fig. 2(a). 
Since the transmission is zero due to complete metal backing, 
the absorptivity of the structure therefore can be calculated as: 
A = 1- |S11|2, and observed as above 90% for the above 
frequency range as shown in Fig. 2(b). 

 
Fig. 2. Simulated (a) reflection coefficient, and (b) absorptivity of the proposed 
broadband absorber. 

The proposed structure is polarization-insensitive due to 
four-fold symmetry as depicted in Fig. 3(a). The structure has 
also studied for different oblique incidence under TE 
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polarization, where it sustains its broadband nature upto 45o 
angle of incidence as shown in Fig. 3(b).  

Fig. 3. Simulated reflection coefficients of the proposed structure for (a) 
different polarization angles under normal incidence, and (b) different incident 
angles under TE polarization. 

In order to explain the mechanism behind broadband 
absorption, the reflection coefficient of the structure has been 
compared under two different conditions. When the chip 
resistors are absent, the simulation shows a single narrow 
reflection dip at 9.42 GHz with reflectivity of -21.94 dB as 
observed from Fig. 4(a). This clearly validates that the narrow 
absorption peak of the proposed absorber is due to dielectric 
loss of the substrate, whereas the broadband absorption occurs 
owing to presence of lumped resistors. 

The values of the chip resistors are also varied in order to 
further elucidate the absorption mechanism. It is observed from 
Fig. 4(b) that the 10 dB bandwidth gradually decreases while 
increasing value of resistance from 100 Ω to 200 Ω.  

Fig. 4. Reflection coefficients of the proposed broadband structure (a) with and 
without lumped resistors, and (b) for different resistor values (RC). 

III. EXPERIMENTAL VERIFICATION 
In order to experimentally demonstrate the proposed 

absorber, the structure has been fabricated using printed circuit 
board (PCB) technique. The chip resistors are then soldered on 
the fabricated sample in a surface-mounting technology. The 
overall sample contains 10 × 10 unit cells, on which 400 
resistors are soldered as shown in Fig. 5(a).  

The fabricated sample is measured in an anechoic chamber 
using free space measurement technique [6]. It is observed 
from Fig. 5(b) that the measured reflection coefficient is less 
than -10 dB from 4.02 GHz to 8.37 GHz under normal 
incidence. A slight deviation between the simulated and 
measured results is observed, which may be due to small error 
in resistor values and fabrication tolerance. 

  

Fig. 5. (a) Fabricated structure, and (b) comparison of measured and simulated 
reflection coefficients of the proposed broadband structure. 

The fabricated prototype has also examined for different 
angles of polarization as shown in Fig. 6(a), where it maintains 
10 dB absorption bandwidth for all the angles. Fig. 6(b) shows 
the measured response for different incident angles under TE 
polarization, which also matches with the simulated response. 

Fig. 6. Measured reflection coefficients of the fabricated structure for (a) 
different polarization angles under normal incidence, and (b) different incident 
angles under TE polarization. 

IV. CONCLUSION 
In this paper, a broadband polarization-insensitive 

metamaterial absorber using lumped resistors has been 
presented. The proposed structure has reflection coefficient less 
than -10 dB from 3.96 GHz to 8.16 GHz, having bandwidth of 
69.31% at 6.06 GHz. The absorption mechanism of the 
designed absorber has been explained using some parametric 
studies. Finally, the proposed absorber has also been fabricated, 
whose experimental results are validated with the simulated 
responses. 

REFERENCES 
[1] A. Fallahi, A. Yahaghi, H.-R. Benedickter, H. Abiri, M. Shahabadi, and 

C. Hafner, “Thin wideband radar absorbers,” IEEE Trans. Antennas 
Propag., vol. 58, no. 12, pp. 4051-4058, Dec. 2010. 

[2] W. W. Salisbury, “Absorbent Body of Electromagnetic Waves,” U. S. 
patent 2,599,944, Jun. 10, 1952. 

[3] E. F. Knott, J. F. Shaeffer, and M. T. Tuley, Radar Cross Section, 2nd 
ed. Raleigh, NC, USA: SciTech, 2004. 

[4] J. Yang and Z. Shen, “A thin and broadband absorber using double-
square loops,” IEEE Antennas Wireless Propag. Lett., vol. 6, pp. 388–
391, Dec. 2007. 

[5] Y. Shang, Z. Shen, and S. Xiao, “On the design of single-layer circuit 
analog absorber using double-square-loop array,” IEEE Trans. Antennas 
Propag., vol. 61, no. 12, pp. 6022-6029, Dec. 2013. 

[6] S. Ghosh, S. Bhattacharyya, Y. Kaiprath, and K. V. Srivastava, 
“Bandwidth-enhanced polarization insensitive microwave metamaterial 
absorber and its equivalent circuit,” J. Appl. Phys., vol. 115, no. 10, p. 
104503, Mar. 2014. 




