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Abstract: Printable electronics based electromagnetic 

absorbers are receiving increasing attention of the 

electromagnetic community because of their unprecedented 

advantages. This paper presents the design of printable 

electromagnetic absorbers for the X band. The design of the 

absorber is optimized using the Genetic Algorithm (GA) to 

enhance the absorptivity and the absorption bandwidth. The 

design involves the placement of several square-shaped 

conductive ink at optimal locations on the paper substrate such 

that desired absorption characteristics are obtained. 

Simulations are carried out using the HFSS simulation 

software. The optimized structure offers an absorptivity of 

more than 90% in the X band thereby proving to be a viable 

solution for stealth applications. 
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I. INTRODUCTION 

Electromagnetic absorbers have multitudinous applications 

in the field of radar engineering, microwave imaging, 

spectroscopy, etc. One of the important application is the 

design of the X-band absorbers [1-2]. Several novel 

contributions have been made to this field over the past few 

decades. It involves the use of dielectric substrates and other 

costly materials for realization of the absorbers. The other 

alternative is the use of printable electronics [3-11]. 

Over recent years, printable electronics has received a lot of 

attention as they provide us with a solution of low cost and 

flexible designs. The use of ecologically friendly material like 

paper gives us all of these advantages in addition to being 

renewable and having an ease of fabrication. They have gained 

wide popularity due to other factors such as the ease of 

modification, rapid production on a large scale, 

conformability, etc.  

Inkjet technology has been used to print wearable antennas 

[10], RFID tags [11] and electromagnetic absorbers [12]. 

Inkjet printed electronic structures for absorbing the 

electromagnetic radiation would provide a fast and cost-

effective means of fabricating the X band absorbers. M. Yoo 

and his colleagues proposed an absorber of with more than 

90% absorbance in the frequency range 8.84-9.58 GHz [12]. 

In this paper an optimized structure is proposed that offers 

peak absorption of 99.29% for the TE polarization at 11.45 

GHz with a 90% absorption bandwidth of 600 MHz. The 

optimization is carried out using the well-known optimization 

technique, the Genetic Algorithm (GA). 

Use of optimization techniques for the design of structures 

is not a new approach. These techniques were employed for 

the design of bandgap structures [13] and dielectric based X 

band absorbers. However, these techniques have not been 

incorporated for designing paper-based X band absorbers. 

This is the unique contribution of the proposed work. 

The organization of the paper is as follows: the next section 

gives an overview of the design of inkjet printed absorbers. In 

this section the procedure for generating the optimized 

structure design using the GA is also described. Simulation 

results are presented in the third section and finally the 

conclusions are presented in the last section. 

II. DESIGN OF THE INKJET PRINTED ABSORBERS 

 Paper is the most widely available, organic material 

which provides us one of the solutions for a low cost, flexible 

substrate which is renewable and environment-friendly in 

addition to being easy to fabricate on using inkjet printing 

technology. Using this technology provides us with an 

alternative to chemically intensive fabrication techniques and 

have an additional advantage of fabricating complex designs 

seldom possible in a regular design laboratory. The dielectric 

constant of paper varies because of the differences in densities, 

texture, manufacturing techniques, etc. and thus each type of 

paper has its own RF characteristics. For simulation and 

analysis, ten layers of paper of thickness 0.25 mm each have 

been considered to achieve a dielectric layer thickness of 2.5 

mm. For the purpose of simulation, we consider a dielectric 

constant of 2.95 and a loss tangent of 0.07. 

 The X-band absorber can be designed using the 

conventional method employed in several works. However, 

this process may become tedious and the resultant structure 

may not offer the desired absorption. The alternative is the use 

of optimization techniques for designing these absorbers [1]. 

The latter is not a new method of designing structures. Several 

researchers have successfully employed the optimization 

techniques for designing the structures. The optimized 

structure is highly unlikely to be symmetric and so cannot be 

used for all polarization states. In order to generate an 

optimized structure that fulfills the criterion of polarization 

insensitivity and angle insensitivity requires tremendous 

computational resources. Hence we limit ourselves to the 

design of absorbers for TE polarization and near normal 






