Applied Science and Engineering Journal for Advanced Research
ISSN (Online): 2583-2468
Volume-2 Issue-2 || March 2023 || PP. 35-40 DOI: 10.5281/zenodo.11044286

Ultrathin Polarization Insensitive Dual/Triple Band Reconfigurable
Metamaterial Microwave Absorber for C, X and Ku Band Applications

Deepak Sood
University Institute of Engineering & Technology, Kurukshetra University, Kurukshetra (Haryana), India

Corresponding Author: deepaksood.uiet@gmail.com

Received: 14-2-2023 Revised: 5-03-2023 Accepted: 29-03-2023

ABSTRACT

A polarization independent dual/triple band metamaterial microwave absorber is designed and characterized. The absorber
design comprise two square loop resonators and a circularly slotted square patch resonator designed with 0.03 mm thick
copper plate. These resonators are separated by 1.56 mm thick FR4 dielectric from back annealed 0.03mm thick continuous
copper plate. The simulated responses derived using HFSS shows that the intended absorber exhibits three absorption peaks at
4.75, 8.52 and 14.16 GHz with an absorption of 94.5%, 97.6% and 98.2%, respectively. The electrical dimensions of the unit
cell are 0.1581 x 0.1584 computed at 4.75 GHz. The designed structure is polarization independent due to four-fold symmetric
design configuration and therefore exhibit the same absorption response for both TE and TM polarizations for normal incident
of the EM wave. The absorption response for oblique incidence angles has also been examined for both polarizations and the
absorber exhibit above 80% absorption at oblique angles of incidence. Further, the designed is made frequency reconfigurable
by embedding RF switches at circularly slotted square patch resonator. At off conditions of the switches, the design shows dual
band behavior (for C, X) which makes it a potential candidate for reconfigurable RF applications such as RCS reduction,
energy harvesting, wireless communication and sensors etc.
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l. INTRODUCTION

The first metamaterial absorber was developed in 2008 [1]. Metamaterial absorbers provides perfect absorption with
ultrathin thickness and becomes alternative to their conventional thick absorbers such as Salisbury and Jaumann absorbers [2-
3]. Further, the effective permittivity and permeability can be engineered to control the absorption frequency of the
metamaterial based absorbers. The ease of design, ultrathin thickness and perfect absorption makes the metamaterial absorbers
a better choice to serve applications from microwaves to optical regime [4-6]. Metamaterials based absorbers operates as
periodic array of identical unit cells and can be expanded as per requirement. Despite of these features metamaterial absorbers
suffers from narrow absorption bandwidth. Various efforts has been made to design multiband [7-8], broadband [9], switchable
[10], tunable [11] and reconfigurable absorbers [12-13] to increase the range of applications of metamaterial absorbers.
Frequency reconfigurable absorbers provides flexibility to use absorbers at desired frequencies by use of switches. It is
cumbersome to operate at the multiple frequencies simultaneously, and also finds difficult to achieve wide band characteristics.
Therefore, in metamaterial based absorbers the electronics devices such as PIN diodes, varactor diodes are most commonly
used to change the frequency band [14]. Instantaneous frequency shift is possible through the use of such devices. Here a novel
design of triple band metamaterial absorber is proposed and by using diode switches a flexibility to switch its operations from
triple band to dual band and vice-versa is achieved.

1. DESIGN & SIMULATION

The design of unit cell of proposed absorber is shown in Fig. 1. The dimensions are as: L; =10 mm, L, =9mm, L; =6
mm Ly = 4 mm, W; = 0.5 mm, W, = 0.5 mm and R = 3 mm. The design is simulated using HFSS software. The top and
bottom layers of the design are separated by FR4 substrate of dielectric constant 4.4 and thickness (T) 1.56 mm. The top layer
is patterned with two square loops and a circularly slotted square patch. The absorption A(w) is calculated by using the Eq. 1
where |Sy,[ is reflected power and |S,y[? is transmitted power.
A(w)=1- |511|2 '|321|2 1)
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Figure 1: Unit Cell Design of Proposed Reconfigurable Absorber

As the proposed design is backed with a continuous copper plate therefore, the transmitted power will be zero and

hence the absorption is evaluated as:
A (0)=1-Syf’ @)

The simulated response under normal incidence of EM wave is shown in Fig.2. The three resonator design exhibit
three absorption peaks at 4.75 GHz, 8.52 GHz and 14.16 GHz with absorption of 94.48%, 97.64% and 98.21 % respectively.
The design exhibit absorption peaks in C, X and Ku bands which makes it suitable for respective band applications such RCS

reduction etc.
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Figure 2: Simulated Absorption response of Proposed Absorber under normal incidence of EM wave under ON condition of
switches

Due to the fourfold symmetric configuration of the design the absorber exhibit polarization insensitivity as shown in
Fig. 3. The designed absorber exhibit same absorption for varying angle of polarization under normal incidence of the EM
wave. Further, the absorption performance of the design is also verified for varying angles of oblique incidence of EM wave as
shown in Fig. 4.
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Figure 3: Simulated Absorption response under normal incidence for different polarization angles

100

Absorption(%)
3

0 2 4 6 § 10 12 14 16 18
_ Frequency (GHz)
Figure 4: Simulated Absorption response under Oblique incidence for TE polarization angles

In order to understand the physical mechanism of absorption the electric and magnetic field distributions are studied at
three absorption peaks as shown in Fig.5. It is observed that the fields are highly accumulated around outermost loop at 4.75
GHz as shown in Fig. 5 (a) & (b) which signifies that the outermost square loop contributes this first absorption peak. As
observed from the Fig. 5 (¢) & (d) that fields are highly concentrated near second square loop resonator at 8.52 GHz. Circularly
slotted square patch contributes third absorption peak as electric and magnetic fields are highly accumulated around it at 14.16
GHz.
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Figure 5: Field distribution at (a) (b) 4.75 GHz (c) (d) 8.51 GHz (e)(f) 14.16GHz

In order to make the design frequency reconfigurable a combination of four diode switches D1 to D4 have been
installed symmetrically at the circularly slotted square patch. Under the ON conditions of diode switches the design exhibit
triple band absorption but when switches gets OFF the third absorption peaks goes off and the design exhibit dual band
absorption as shown in Fig.6. This feature enable the proposed absorber to be useful for switchable dual/triple band microwave
absorber applications.
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Figure 6: Simulated Absorption response of Proposed Absorber under normal incidence of EM wave under off condition of

switches

I11.  CONCLUSION

A dual/triple band reconfigurable metamaterial microwave absorber is proposed. The absorber exhibits above 90%

absorption at 4.75GHz, 8.52 GHz and 14.16 GHz at C, X and Ku microwave bands respectively. The designed absorber
exhibits polarization-insensitivity and give above 90% absorption at all three absorption frequencies for varying incidence
angle up to 45°. In order to get physical insight of absorption the electric and magnetic field distributions are studied at all three
absorption frequencies. Frequency re-configurability is achieved by using diode switches at the third resonator thereby the
design can switch its operation between dual/triple band that makes the design useful for switchable RF applications such as
sensors, emitters, RCS reduction etc.
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