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Abstract. This study proposes a novel penta-band metamaterial absorber (PMA) that consists of an asym-

metric dual split square metal resonator (DSSR), a dielectric substrate, and a copper metal-based ground plane.

The design of the PMA unit cell is relatively compact and ultrathin for various penta-band applications. This

work asserts a unit cell of 595 mm2 area and 1 mm thick substrate. The EM properties of the proposed

metamaterial absorber were simulated in ANSYS HFSS software and compared with the experimental results

obtained from Vector Network Analyzer post-fabrication of unit cell PMA. The relative error attained between

simulated and experimental findings was less than 2%. The pentamerous absorption peaks of nearly perfect

absorption were found specifically at 10.40, 12.80, 21.05, 24.29, and 30.41 GHz frequencies with the absorp-

tivity ratios of almost 99.99%, 98.44%, 86.78%, 92.74%, and 93.65%, respectively.

Keywords. Multi-band absorber; penta-band; metamaterial absorber; HFSS; dual split square metal resonator

(DSSR).

1. Introduction

The introduction of a metamaterial into the communication

systems is a potential solution to reduce the impact of EM

waves [1]. Metamaterial is a specific kind of material that is

designed to efficiently absorb EM radiation and shows

uncommon properties, which also permits their use in

different applications such as Specific Absorption Rate

(SAR) reduction [2], superconductor [3], superlens imaging

[4], tunable metamaterial [5], antenna [6], and absorber [7],

etc.
Metamaterial absorbers (MA) could be designed to

effectively absorb EM radiations at infrared, visible, and

microwave frequencies [8, 9]. In the microwave domain,

various resonator structures have been proposed for multi-

band applications. A Summarised review of the proposed

MA with different multi-band metamaterial absorbers is

shown in table 4. Multi-band MAs are able to show perfect

absorption at various discrete frequency peaks, whereas

single-band MAs stick only a single frequency band; that is

why multi-band MAs are preferable to single-band MAs.

There are very limited pieces of literature available that

present pentaband metamaterial absorbers with high

absorptivity. Recently, a pentaband metamaterial absorber

has been designed with four fold resonator having absorp-

tion peaks of 99.59, 95.49, 97.5, 99.25, and 93.29%,

respectively, at 3.35, 5.1, 9.5, 11.55, and 16.9 GHz by Garg

et al [10]. This design consists of a 1 mm substrate thick-

ness and 10 mm910 mm unit cell area. This motivates the

presented research work to investigate the design of the

metamaterial absorber structure so that it can be efficiently

applied for multi-resonance bands while maintaining a

compact size.

The proposed work has been carefully designed with a

compact size of 5 mm 9 5 mm and substrate thickness of

1 mm for a pentaband metamaterial absorber with good

absorptivity. Considering various applications such as

sensors, military radar, stealth devices, etc.

This research work proposes a novel, cost-effective,

simply-structured, compact, and ultrathin metamaterial

absorber for pentaband applications in the microwave

region. The design of the proposed metamaterial absorber

consists of an asymmetric dual-split square metal resonator

(DSSR), a dielectric substrate, and a copper metal-based

ground plane. Five bands are formed by combining

two compact geometries onto a single structure. The sim-

ulation results showed that the pentamerous absorption

peaks of nearly perfect absorption were explicitly found at

10.40, 12.80, 21.05, 24.29, and 30.41 GHz frequencies with

ratios of almost 99.99%, 98.44%, 86.78%, 92.74%, and

93.65% absorptivity, respectively. Summarized results for

the proposed MA are also presented in table 4. The pro-

totype with 50 mm 9 50 mm was also fabricated in the

laboratory, and metamaterial absorber properties were*For correspondence
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experimentally investigated using a Vector network

analyzer.

2. Design and Modelling

The unit cell structure of the absorber is shown in figure 1.

The top layer of the absorber is an asymmetric dual-split

square metal resonator (DSSR) made of copper (conduc-

tivity, r ¼ 5:8� 108 S/m), which is the main design

component of the presented absorber. The proposed DSSR

layer configuration is a combination of two geometries, i.e.,
inner split square (SSR)i, and outer split square ring (SSR)o,
shown as Design I and II, respectively, in figure 2. Both

SSRs have two splits of length 0.4 mm and width 0.2 mm.

The top view of the proposed unit cell configuration is also

shown in Design III of figure 2. The second layer, above

which DSSR is centered, is an FR4 dielectric substrate of

unit area 5 mm 9 5 mm, having a permittivity (er) of 4.3
and loss tangent (tan d) of 0.025. FR4 substrate has been

used due to its low cost, great mechanical strength, and

higher electrical insulation [11]. Both the top and bottom

layers are 0.035 mm thin, whereas the substrate layer is

1 mm thick, allowing the absorber to be ultrathin. The

proposed design works on the principle of resonance.

The absorption rate (A) of an absorber can be defined as:

A ¼ 1� S11j j2 � S21j j2 ð1Þ

where S11j j and S21j j is defined as reflection and transmis-

sion coefficients, respectively. In a perfect scenario of

100% absorption, S21 and S11 should be equal to zero

(table 1).

In the proposed absorber, transmission coefficient S21* 0

and absorptivity depends only on the reflected electromag-

netic wave. The absorption rate is represented as:

A ¼ 1� S11j j2 ð2Þ

Therefore, in order to get near unity absorption, the

power reflected from the unit cell needs to be lowered as

much as possible.

3. Results and discussion

All three geometries (SSR)i, (SSR)o, and DSSR are simu-

lated, and results are obtained in figure 3, figure 4 and

figure 5, respectively. These figures show the absorption

peaks with different resonance frequencies and the effect of

each geometry in terms of absorptivity. Table 2 represents

the effectiveness of (SSR)i, and (SSR)o on unit cell design.

In contrast, table 3 shows the five resonant bands and the

absorptivity at these bands.

3.1 Simulation studies

This proposed design implemented in 0-35 GHz works on

the principle of Maxwell’s equation. This design consists of

a floquet port which is related to a wave port in the set of

modes. Boundary condition plays a very important role

here.
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Figure 1. Illustration of (a) Simulation set up of unit cell in HFSS, (b) front view, and (c) side view of unit cell’s structure layout.
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Calculating the electromagnetic field surface current

distribution of the MA is the first step in determining the

absorption process. Figure 6 designates the current density

distribution on top of the surface at resonant frequencies. At

10.40 GHz, the concentration of current is exposed more on

the (SSR)i, whereas at 12.80 GHz, the concentration of

current is more on the (SSR)o (figure 7).

3.2 Experimental studies

A prototype of the proposed PMA was fabricated in the

laboratory with a 10910-unit cell structure array with an

overall dimension of 50 x 50 mm2
, as shown in figure 8,

whereas a single-unit cell structure is 5 9 5 mm2. An

experimental setup for the proposed prototype measure-

ment is shown in figure 9. In this setup; two horn antennas
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Figure 2. Top view of unit cell geometry (a) Design I – (SSR)i, (b) Design II – (SSR)o, and (c) Design III - proposed DSSR.

Table 1. Unit cell structure geometry.

Parameters Q P R X Y g1 g2 t1 t2 t3

Value (mm) 5 4 4.2 3.2 3.4 0.2 0.4 0.035 1 0.035

Figure 3. Absorption ratio vs. frequency of inner SSR.
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have been used, from which one is used for the transmis-

sion of EM waves and the other one is used for receiving

the same.

The obtained experimental results for the PMA are pre-

sented in figure 10 and compared with the simulated result.

Table 3 shows the measured and simulated resonance peak

frequency of the designed PMA. It contains a listing of the

relative error that resulted from the simulation and mea-

surement, which is less than 2%.

Figure 4. Absorption ratio vs. frequency of outer SSR.

Figure 5. Absorption ratio vs. frequency graph of DSSR.

Table 2. Absorptioneffectivenessover adifferentgeometry structure.

Geometry Peak 1 Peak 2 Peak 3 Peak 4

Inner SSR (SSR)i
Frequency (GHz) 10.19 18.92 28.16 –

Absorption ratio (%) 93.04 99.58 99.99 –

Outer SSR(SSR)o
Frequency (GHz) 7.64 13.60 21.89 31.57

Absorption ratio (%) 93.30 98.11 99.54 74.66
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Table 3. Relative error between measured and simulated frequency.

Peaks Measured frequency FM (GHZ) Simulated frequency FS (GHZ) Relative error Ei ¼ Fm�Fs

Fm
� 100%

1 10.386 10.273 1.0880%

2 13.000 12.800 1.5384%

3 20.880 21.050 -0.8141%

4 23.873 24.290 -1.7467%

5 30.030 30.410 -1.2654%

(a) 10.40 GHz 12.80 GHz 21.05 GHz

24.29 GHz 30.41 GHZ

(b) (c)

(d) (e)

Figure 6. Current density plot of the proposed unit cell at (a) 10.40 GHz (b) 12.80 GHz (c) 21.05 GHz (d) 24.29 GHz (e) 30.41GHz.

Figure 7. Absorption and reflection vs frequency graph of novel DSSR absorber.
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3.3 Comparison of novel absorber with existing
absorbers

Table 4 demonstrates how the proposed work compares

against existing MAs. It is found that when the mechanism

analysis and simulation results are compared, the absorp-

tion performance is quite good, with a very compact size

unit cell.

Figure 8. Fabricated prototype of 10910 array unit cell

structure.

Transmitting Horn Antenna

Absorber Specimen

Receiving Horn Antenna

Microwave Anechoic Chamber

Coaxial Cable

Vector Network Analyzer 

E8364B Agilent

Personal Computer

Figure 9. Block diagram of anechoic chamber testing setup.

Figure 10. The simulated and measured result of the novel DSSR absorber.
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4. Conclusion

In this paper, a novel DSSR penta-band metamaterial

absorber operating in the microwave spectrum was pro-

posed in the microwave range. The proposed work has been

carefully designed with a compact size of 5 mm95 mm and

substrate thickness of 1 mm for a pentaband metamaterial

absorber with good absorptivity. According to the results,

the novel DSSR MA has five resonance peaks, and the

absorption peaks may be found at the resonance frequencies

of 10.40 GHz, 12.80 GHz, 21.05 GHz, 24.29 GHz, and

30.41 GHz with absorption peaks of 99.99%, 98.44%,

86.78%, 92.74%, and 93.65% respectively between simu-

lated and measured findings is less than 2%.
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