
Journal of Information Systems Engineering and Management 
2025, 10(11s) 

e-ISSN: 2468-4376 

 

https://www.jisem-journal.com/ Research Article  

 

Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License which 

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Dual Band Metamaterial Absorber for L and S Band 

Applications 

 

Jigar M. Patel1, Rahul D. Mehta 2,∗ 
1Research Scholar, Electronics & Communication Engineering, Gujarat Technological University, 

Ahmedabad, Gujarat, India. 
2Electronics & Communication Engineering, Government Engineering College, Rajkot, Gujarat 

Technological University, Ahmedabad, Gujarat, India 
*Corresponding Author: Rahul D. Mehta (email: rdmehta@hotmail.com) 

 

ARTICLE INFO ABSTRACT 

Received: 08 Nov 2024 

Revised: 24 Dec 2024 

Accepted: 15 Jan 2025 

Introduction: This paper introduces a novel metamaterial absorber designed for, L-band, and S-

band applications. Methods: The unit cell features a modified square-shaped double slit 

resonator printed on a dielectric substrate and supported by a copper layer. The absorber is 

extremely thin, with a total thickness of just 1.6 mm. It utilizes an FR4 epoxy dielectric substrate 

(εr = 4.4, tanδ = 0.02) with a thickness of 1.6 mm. Results: The absorption characteristics of the 

device are analyzed using Ansys HFSS, showing absorption peaks at 3 GHz, and 6.9 GHz for the 

S and C bands, respectively. The average absorption exceeds 90%, and the MMA structure's 

symmetric design ensures it remains effective across a broad range of incident angles. Design is 

manufactured and tested for different thickness and absorber dimensions. Comparative Analysis 

of simulated and manufactured design is presented in the result part. Conclusions: This makes 

it well-suited for applications such as aircraft surveillance, satellite navigation and radars. 
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1 INTRODUCTION 

Electromagnetic (EM) wave absorbers have diverse applications, including electromagnetic cloaking [1], low-radar-

cross-section materials [2], sensing [3], photovoltaic and thermal photovoltaic systems [4], metal–insulator–metal 

structures [5], and perfect absorbers [6-8]. Among these, the most crucial use of metamaterial (MM) absorbers is in 

stealth technology, which is essential for military operations. The primary goal of stealth technology is to minimize 

signal detection or to send countermeasure signals. Consequently, researchers focus on reducing radar wave 

scattering and reflection from object surfaces to evade radar detection systems. Radar-absorbing surfaces enhance 

stealth technology by improving its performance. Furthermore, EM wave absorbers are valued for their broadband 

absorption capabilities and polarization-angle-insensitivity. Nowadays, achieving polarization independence in MM 

absorbers is relatively straightforward with symmetric structures [9-11]. Additionally, incidence-angle insensitivity 

can be achieved through innovative unit cell geometries such as split-ring-cross resonators [12], circular sectors [13-

14], and surrounding via arrays [15]. Despite these advancements, the bandwidth of MM absorbers often remains 

narrow. To address this, researchers have explored various methods to extend bandwidth, including incorporating 

multiple resonators with different geometries in a single unit cell, combining resonators of the same shape but 

different sizes, using composite materials for high absorption, and adding impedance layers or stacking multiple 

layers. However, most existing broadband MM absorbers are effective only under normal incidence, with their 

performance degrading at wider oblique angles. For practical applications, an MM absorber must offer high 

absorption across a broad frequency range and at various incidence angles. 

In this paper, we present a novel dual band double slit SRR (DSS) cell as an MMA unit cell designed for wide-

incidence-angle absorption. The proposed MM absorber is implemented in a single layer, and its performance under 

both normal and oblique incidences is demonstrated through full-wave simulations. 
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2 DESIGN AND METHODOLOGY 

2.1 Unit cell design  

Our MMA consists of three layers: two metallic layers made of copper and one dielectric layer made of FR-4. The top 

front features a copper patch with a DSS cell and a conductivity of 5.8 × 10−7 S/m, as illustrated in Fig. 1(a). The 

backside also has a copper patch, as shown in Fig. 1(b). The copper layers on the front and back are separated by the 

FR-4 dielectric material, which is ideal for this application, as demonstrated in Fig. 1(c). Top of Form Figures 1(a) 

and 1(b) show the top and perspective views of the proposed MM unit cell, respectively. This unit cell is based on a 

square-loop resonator design. The resonant frequency of the square-loop resonator depends on its effective 

inductance and capacitance. Thus, increasing the effective inductance can lower the resonant frequency. In this 

design, a lumped inductor is incorporated into the square-loop resonator. To maintain symmetrical geometry, four 

inductors are placed on each side of the square loop. This configuration ensures that absorptivity remains constant 

even if the polarization of the incident wave changes. 

Figure 1(c) depicts the equivalent transmission line model of the proposed unit cell. Here, Z0 and Zd represent the 

characteristic impedances of air and the dielectric substrate, respectively. The square-loop resonator is modelled as 

a series combination of resistance (R), inductance (L), and capacitance (C). R denotes the Ohmic resistance in the 

transmission line. The total effective inductance is the sum of the inductance of the lumped element (Lc) and the 

distributed element (Ld), resulting in a total effective inductance of Lc + Ld. The resonant frequency (fr) is determined 

accordingly. And the dimension of the unit cells is: a= 16 mm, b = 8 mm, c = 20 mm, g = 1 mm and h = 1.6 mm. 

 

(a) 

 

(b) 

 

(c) 

Fig. 1 (a) Top view of unit cell (b) Perspective view of unit cell and (c) Equivalent transmission line 

model 
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To verify the performance of the metamaterial-based unit cell, simulated data of the transmission coefficient S21 and 

the reflection coefficient S11 are used to determine the permittivity and permeability. Equations (1) and (2) are applied 

to calculate the relative permittivity and permeability of the MMA, given that the surface thickness is 1.6 mm. The 

wave period is considered as k0 = 2fc, where c represents the speed of light and f is the microwave signal frequency. 

𝑃𝑒𝑟𝑚𝑖𝑡𝑡𝑖𝑣𝑖𝑡𝑦, Ԑ𝑟 =
2

𝑗 𝑘0𝑑 
𝑋

(1 − 𝑆11 − 𝑆21)

(1 + 𝑆11 + 𝑆21)
                                         (1)   

𝑃𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦, 𝜇𝑟 =
2

𝑗 𝑘0𝑑 
𝑋

(1 − 𝑆21 + 𝑆11)

(1 + 𝑆21 − 𝑆11)
                                         (2)   

Understanding the relative permittivity and relative permeability is useful for calculating the normalized impedance, 

Z, as specified by the equation (3) 

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑖𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒, 𝑍 =
𝑍𝑒𝑓𝑓

𝑍0 
=  √

𝜇𝑟

Ԑ𝑟

                                           (3)   

where Zeff is the effective impedance that includes combined effects for different portions of the MMA, and Z0 is the 

free space impedance that is about 377 Ω. 

3 SIMULATED RESULTS AND DISCUSSION 

ANSYS High-Frequency Structure Simulator (HFSS), a full-wave simulation tool, is utilized to model the proposed 

structure. The design featured an array of 2×2 unit cells with overall dimensions of 40 mm × 40 mm × 1.6 mm as 

shown in figure 2 (a). For excitation, a pair of floquet port was integrated into the design. The absorber was 

constructed using an FR-4 substrate with a dielectric constant of 4.4 and a loss tangent of 0.02, while the copper used 

had a conductivity of 5.8 × 10^7 S/m. The simulation return losses are -5.78 dB & -7.89 dB at 3 GHz and 6.9 GHz 

correspondingly as shown in figure 2 (b), while absorption are 73.6 % and 83.7% only as shown in figure 2 (c). In 

order to achieve higher absorption, optimized 2 x 4 absorber is design with the overall size of 80 mm x 40 mm x 1.6 

mm as shown in figure 3 (a). The simulation return losses are -27.27 dB & -21.06 dB at 3 GHz and 6.9 GHz 

correspondingly as shown in figure 3 (b), while absorption are 99.8 % and 99.2 % only as shown in figure 3 (c). 

Furthermore, the designed absorber is compared with the already published work in table 1, which shows that 

proposed absorber has good absorptivity and cost effective.

 

(a) 

 

(b) 
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(c) 

Fig. 2 Simulated result of 2x2 absorber (a) top view of proposed absorber (b) return losses and (c) 

absorption 

 

(a) 

 

(b) 

 

(c) 

Fig. 3 Simulated result of 2x4 absorber (a) top view of proposed absorber (b) return losses and (c) 

absorption 



375  
 

J INFORM SYSTEMS ENG, 10(11s) 

Table 1: Evaluation between this work and the previous published articles 

Reference 
Frequency 

(GHz) 
Absorption 

Reflection 

coefficient 

S11 

Thickness / 

substrate 
Size 

[15] 
9.12 GHz and 

11.34 GHz 

99.35%, and 

97.81% 
NA 0.4 mm / FR-4 

9 mm x 9 

mm 

[16] 
5.95 and 12.25 

GHz 

> 90 % 

and > 90 % 
NA 0.8 mm / FR-4 NA 

[17] 
2.4 GHz and 

4.9 GHz 

95.33% and 

95.99%   

-37 dB and 

 -42 dB 

1.575 mm / 

Rogers RT 

5880 

30 mm x 30 

mm 

[18] 
9.68 to 17.45 

GHz 

90 % and 

95 % 
NA 1.6 mm / FR-4 NA 

This work 
3 GHz 

and.9GHz 

99.8 % and 

99.2 % 

-27.27 dB and 

 -21.06 dB 
1.6 mm / FR-4 

40 mm x 80 

mm 

 

4 HARDWARE IMPLEMENTATION RESULTS AND DISCUSSION 

This section discusses, the Hardware implementation and comparative analysis of practically measured results with 

simulated. Following figures 4, 5 and 6 are actual images of the three different designs of 2x2, 2x4 dimensions of 

thickness of 0.8 and 1.6 mm respectively. 

 

Fig. 4 Design 1 2x2 and 2x4, thickness 0.8 and 1.6 

  

Fig. 5 Design 2 2x2 and 2x4, thickness 0.8 and 1.6 
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Fig. 6 Design 3 2x2 and 2x4, thickness 0.8 and 1.6 

The Figures below indicates the absorptions of the three different design and summarized results in the following 

Table 2. 

 

Fig. 7 Absorption Plot of Design 2x2, thickness 0.8 and 1.6 

 

Fig. 8 Absorption Plot of Design 2x4, thickness 0.8 and 1.6 
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Fig. 9 Absorption Plot of Design 2x2, thickness 0.8 and 1.6 

 

Fig. 10 Absorption Plot of Design 2x4, thickness 0.8 simulated and Practical 

 

Fig. 11 Absorption Plot of Design 2x2, thickness 0.8 simulated and Practical 
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Fig. 12 Absorption Plot of Design 2x4, thickness 0.8 simulated and Practical 

Table 2: Comparative Analysis of Results with different substrate 

Comparative Analysis for thickness of substrate t = 1.6 mm 

 Deign - I Design - II Design - III 

 2x2 Array 2x4 Array 2x2 Array 2x4 Array 2x2 Array 2x4 Array 

 Fre

q. 

(GH

z) 

A 

(%) 

Fre

q. 

(GH

z) 

A 

(%) 

Fre

q. 

(GH

z) 

A 

(%) 

Fre

q. 

(GH

z) 

A 

(%) 

Fre

q. 

(GH

z) 

A 

(%) 

Fre

q. 

(GH

z) 

A 

(%) 

Simulat

ed 

8 

 

95.7

9 

 

1.7 

5.6 

 

92.7

8 

91.1

2 

 

9.5 

9.9 

10.5 

13.3 

13.9 

14.4 

Abov

e 

95 

4.5 

9.4 

9.8 

12.5 

12.9 

Abov

e 

95 

3 

6 

9.5 

9.9 

73.6

3 

83.7

7 

83.1

5 

97.2

3 

3 

6.9 

99.8

1 

99.2

2 

Measure

d 

1.7 

8.2 

82.6

2 

86.8

4 

1.7 

8.1 

84.0

7 

88.2

3 

3.8 

8.5 

14.9 

94.6

2 

90.0

8 

91.39 

9.7 

9.9 

10.4 

14.9 

89.8

7 

89.18 

93.47 

85.5

6 

3 

5.9 

9.5 

9.9 

63.2

2 

72.9

6 

78.9

1 

85.2

6 

3 

6.9 

95.1

7 

87.9

7 

 

Comparative Analysis for thickness of substrate t = 0.8 mm) 

 Deign - I Design - II Design - III 

 2x2 

A

r

r

a
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A

r

r

a

y 

2x2 

A

r

r

a
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A

r
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a
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A

r
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a
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2x4 

A
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a
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A
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a
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2x4 

A
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2x2 

A

r

r

a
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2x

4 

A

r

r

a

y 

2x2 

A

r

r

a

y 

2x4 

A

r

r

a
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 Fre

q

. 

A 

(%) 

Fre

q
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A 

(%) 

Fre

q
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(%) 
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q
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(%) 
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(%) 
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(G

H

z

) 

(G

H

z

) 

(G

H

z) 

(G

H

z) 

(G

H

z) 

(G

H

z) 

Simulat

ed 

6.2 93.4

9 

6.6 99.4

3 

8.9 

10.7 

11.9 

12.5 

13 

13.2 

13.5 

14.5 

Abov

e 

90 

10.5 

10.8 

14.7 

Abov

e 

92 

3.5 

6.3 

6.9 

7.4 

7.7 

68.5

4 

74.3

6 

85.5

4 

71.2

1 

91.9

4 

3.2 

6.4 

6.7 

8.4 

9.9 

61.9

3 

96.6

8 

72.5

3 

62.5

9 

61.4

3 

 

5. CONCLUSION  

In this paper, a novel dual band double slit SRR (DSS) cell as an MMA unit cell designed for wide-incidence-angle 

absorption. The simulated return losses are -27.27 dB & -21.06 dB at 3 GHz and 6.9 GHz likewise. While the simulated 

absorptivity was higher than 90% for both the bands. Design was real time implemented and tested in the laboratory 

and measured the results is tabulated in the table 2. From the results we can conclude that, simulated and practical 

results are nearly same except Design-1 of 2x2 array.  This makes it ideal for applications including aircraft 

surveillance, satellite navigation, and radar systems. Moreover, the material used in the designing of the absorber is 

cost effective. 
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