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ABSTRACT: The purpose of this study is to design a multiband antenna using metamaterial for efficient satellite communication. The
majority of the antennae described in the available research suffer from a variety of limitations, including intricate designs, great footprints,
and erratic radiation patterns. Therefore, there is a significant demand for antennae that are of a smaller size but nevertheless perform
well. This paper proposes a quad-band stub-incorporated split octagonal ring antenna for satellite communication-dependent wireless
applications. The suggested antenna is built on an FR4 substrate that measures 22 × 39 × 1.6mm3. CST EM studio software is used
for the entire simulation. The proposed antenna resonates at four different bands, with operating frequencies ranging from 2.15GHz to
2.30GHz, 2.86GHz to 3.76GHz (due to stub 1), 4.47GHz to 5.24GHz (due to stub 2), and 5.67GHz to 6.35GHz (due to stub 3). (due to
gap between the stub). The proposed antenna has resonant frequencies of 2.23GHz, 3.28GHz, 4.77GHz, and 5.89GHz, and bandwidths
of 153MHz, 9011MHz, 7692MHz, and 6813MHz. Parametric analysis is used to select the best values. The designed antenna is built
and tested. The measured and simulated values for return loss, gain, E-plane, andH-plane are compared, and they agree. Its dual-band
operation, compact size, steady radiation pattern, and gain above 1 dBi across the whole resonating band make it suited for ISM, WIFI,
WLAN, WIMAX, 5G, and C band satellite applications.

1. INTRODUCTION

With the development of plenty of Satellite Communication
dependent wireless applications, there is a high demand

for multiband antenna design. Multiband refers to an antenna
that can operate across several frequency bands [1–4]. Satellite
communication dependent handheld mobile devices serve mul-
tiple applications simultaneously, and the modern mobile de-
vice’s main requirement is compactness. These mobile devices
have very little room for installing antennas. The aforemen-
tioned requirementmotivates the pursuit of amultiband antenna
with a small size. The multiband antenna has drawn the atten-
tion of researchers due to its importance in mobile devices. The
main benefit of utilizing a multiband antenna is that it reduces
the number of antennas required for each application and elim-
inates the need for the filter present in multiband systems, all
of which lower fabrication, installation, and cost requirements.
Dual-band antennas appeal to researchers in wireless communi-
cation, Radio Frequency Identification (RFID) technology, and
microwave energy production because they take up less room
and require fewer antennas than using individual antenna for
each application [5, 6].
Compact multiband antennas made excellent use of elements

inspired by metamaterials [7]. [8] discussed the use of a vari-
ety of metamaterials by a metamaterial-based antenna to en-
hance performance. [9] looked into the possibility of improv-
ing antenna performance using ametamaterial-inspired antenna
made up of one or more unit cells. Metamaterial-inspired an-
tennas have been used to study impedancematching, bandwidth
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enhancement, gain improvement, compactness, and multiband
antenna design [10–15].
The combination of resonant structures such as a Split-Ring

Resonator (SRR) and a Closed-Ring Resonator (CRR) resulted
in the production of a dual-band Coplanar Waveguide (CPW)-
fed antenna. A compact circular disc and a circular spiral
ring resonator were utilised in the creation of a portable ultra-
wideband (UWB) antenna [9–16]. Because of the SRR’s very
small size, the CPW feed was integrated with a quarter wave
transformer in order to provide good impedance matching [17].
In order to facilitate multiband operation, a microstrip patch
in the form of a rectangle loaded with Complementary Split-
Ring Resonators (CSRR) and fed from the left offset was de-
veloped [18]. For operating on all three bands, it was sug-
gested that a CSRR-filled conductor-backed CPW antenna be
used [19]. Different techniques of designing a multiband an-
tenna have been discussed in [20–27]. The majority of the an-
tennae described in the available research suffer from a vari-
ety of limitations, including intricate designs, greater footprints,
and erratic radiation patterns. Therefore, there is a significant
demand for antennae that are of a smaller size but nevertheless
perform well. In this manuscript, we propose a straightforward
multiband antenna composed of an octagonal stub and a split
ring. These techniques thus result in improved return loss and
gain parameters over existing solutions. The aforementioned
improvements are also achievable in a smaller package hence
offering improved space efficiency, portability, and reduced in-
terference with neighbouring components. In addition, the as-
sessment stages of the antenna are described in Section 2, fol-
lowed by the parametric analysis of the proposed antenna in
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FIGURE 1. Stub incorporated split octagonal ring antenna — Antenna evolution. (a) Ant A, (b) Ant B, (c) Ant C.

(a) (b)

FIGURE 2. Stub incorporated split octagonal ring antenna — Antenna parameters.

Section 3, a discussion of the results indicated by the antenna
in Section 4, and the conclusion is presented in Section 5.

2. EVOLUTION OF STUB INCORPORATED OCTAGO-
NAL SRR
Using CST EM software, the suggested antenna consists of a
split octagonal ring and is included into a Stub. The evolution
of the antenna can be broken down into three stages: Ant A,
Ant B, and Ant C. The suggested stub-incorporated octagonal
SRR is shown in Figure 1. The suggested antenna is planned
to be constructed on a substrate made of FR4 that has a dielec-
tric constant of 4.4. The whole footprint of the antenna has di-

mensions of width equal to 22 millimetres and length equal to
29millimetres. The proposed antenna, as well as its dimensions
and other characteristics, is shown in Figure 2. The parameters,
in addition to the values they correspond to, are tabulated in Ta-
ble 1. Ant A is a straightforward octagonal ring structure that
has a shallow ground plane. This antenna can operate in two
different frequency ranges: between 2.43 and 3.25GHz and
between 6.65 and 7.91GHz. The bandwidth of Ant A ranges
between 825 and 1269MHz, depending on which operational
band it is in. The seed Ant A has a resonating antenna that op-
erates at 2.82 and 7.30GHz.
Ant B is designed by converting the closed ring resonator

into a split ring resonator, and a stub of length l2 is connected
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L w lg lf wf l1 l2
29 22 7.81 7.81 1.5 9.85 16.38
w1 w2 a b s h t
0.5 0.25 8.04 6.52 1.5 1.6 0.035

TABLE 1. Paramater values of stub incorporated split octagonal ring
antenna (in mm).

FIGURE 3. Stub incorporated split octagonal ring antenna — Antenna di-
mensions.

FIGURE 4. Return loss comparison of the stub incorporated split octagonal ring antenna.

across the split ring at the center. Because of the addition of
the split and the stub, the current direction changes, increas-
ing the inductance and capacitance. This leads to a reduc-
tion in the operating frequency bands. The resonating fre-
quencies of Ant B are 2.37GHz and 5GHz. Its operating fre-
quencies are from 2.21GHz to 2.53GHz and from 4.00GHz
to 5.83GHz. The bandwidths of the antenna are 317MHz and
1831MHz. The final step in the design process for the proposed
antenna, Ant C, involves adding two more stubs. This shifts
the direction of the current and extends the electrical length
of the antenna. This results in an additional resonance pro-
duced by the suggested structure. The antenna design under
consideration is capable of resonating at four distinct frequency
bands, with an operational frequency ranging from 2.15GHz to
2.30GHz, 2.86GHz to 3.76GHz, 4.47GHz to 5.24GHz, and
5.67GHz to 6.35GHz, respectively. The antenna design under
consideration has a resonant frequency of 2.23GHz, 3.28GHz,
4.77GHz, and 5.89GHz, respectively. The suggested antenna
has a bandwidth that corresponds to 153megahertz, 9011mega-
hertz, 7692 megahertz, and 6813 megahertz, respectively. The

critical dimension of the proposed antenna is illustrated in Fig-
ure 3.
Figure 4 presents the return loss plot of all three stages of the

evolution, showing that with the split octagonal ring antenna
and stub introduction, the proposed antenna resonates at four
different resonating bands. Figures 5 and 6 plot the proposed
antenna S11 and voltage standing wave ratio (VSWR) against
the frequency. At 2.23GHz, the proposed antenna has a return
loss of −13.52 dB; at 3.28GHz, the antenna has a return loss
of−25.12 dB; at 4.77GHz, it has−34.14 dB, and at 5.89GHz,
it has −24.83 dB as its return loss. At the resonating bands,
the VSWR value is less than 2, which shows that the proposed
structure has good impedance matching.

3. PARAMETRIC ANALYSIS
The antenna performance is purely based on the dimension of
the critical parameters. To have good performance, the antenna
dimensions should be critically analyzed to achieve the opti-
mum measurements. This can be done with the help of para-
metric analysis.
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FIGURE 5. Return loss — Ant C. FIGURE 6. VSWR— Ant C.

FIGURE 7. Effect of stub — Parametric analysis.

FIGURE 8. Ground length parametric analysis.

In Figure 7, the return loss performance for various num-
bers of stubs is presented, which shows that the stub leads to
an increase in the number of operating bands. The split octago-
nal antenna with a single stub has three operating frequencies;
with an additional stub, the same antenna works at quad-bands.
Therefore, the stub is responsible for the additional resonating

band. The single stub-split octagonal ring antenna operates at
2.3GHz, 2.9GHz, and 5.1GHz. The two stub split octago-
nal antenna is running at 2.23GHz, 3.28GHz, 4.77GHz, and
5.89GHz.
After that, incremental changes are made to the ground

length, and the results of such changes, as shown in Figure 8,
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FIGURE 9. Ring width parametric analysis.

FIGURE 10. Distance between stubs — Parametric analysis.

(a) (b) (c) (d)

FIGURE 11. Stub incorporated split octagonal ring antenna — Surface current. (a) 2.4GHz, (b) 3.2GHz, (c) 4.7GHz, (d) 5.9GHz.

are analysed. The impedancematching at each of the resonating
bands is satisfactory thanks to the ground length’s 7.8 millime-
tres. As a result, we use this value as the ground length for the
calculation of the overall ground length value. The width of

the outer ring is also investigated, with the ring width increas-
ing from 1mm to 2mm in increments of 0.5mm throughout
the study. Figure 9 illustrates the effect of ring width on the
plot of return loss. The figure demonstrates that a ring width of
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FIGURE 12. Stub incorporated split octagonal ring antenna — Radiation pattern. (a) 2.4GHz, (b) 3.2GHz, (c) 4.7GHz, (d) 5.9GHz.

1.5mm has good impedance-matching bandwidth in all of the
resonating bands. As a result, we have decided to use it as the
final value in the fabrication.
The effect of the distance between the stubs is evaluated in

Figure 10, which may be found below. Starting at 0.25mm and
going all the way up to 1mm, the distance between the stubs is
increased by n steps of 0.25mm. According to the findings, the
impedance matching is significantly improved at a distance of
1mm across all of the resonating bands. Therefore, it is applied
to the completion of the fabrications.

4. RESULTS AND DISCUSSION
Figure 11 illustrates the surface current distribution that would
be experienced by the proposed antenna. At a frequency of
2.4GHz, the surface current is at its highest possible level
throughout the entirety of the proposed structure. The surface
current is at its highest point near stub one when operating at
3.2GHz, and it is at its highest point near stub two when oper-
ating at 4.7GHz; hence, the antenna is in charge of the 4.7GHz
band. The maximum surface current at 5.9GHz is available
between the gaps of the stub. The surface current depicted in
Figure 11 proves that with the introduction of the stubs, the cur-
rent direction is changed, which leads to the new resonating
bands. Figure 12 depicts a three-dimensional radiation pattern

at various resonating frequencies. This pattern demonstrates
that the antenna possesses a good omnidirectional radiation pat-
tern throughout the whole spectrum of resonating bands.
The photolithographic process is used to create a microstrip

patch antenna. The photolithographic method is a chemical
etching process that removes undesirable metal portions of the
metallic layer. The photolithographic process yields an exact
etched pattern for the microstrip patch. Because microstrip
patch antennas are narrow-band resonant structures typically
operating in microwave bands, fabrication accuracy is critical.
Errors in the patch dimensions during fabrication will induce a
shift in the resonance frequency. To begin, a Mask that con-
tains the negative of the planned design is made for the fabri-
cation process. Before having a negative photoresist coating
laminated on top of it, a double-sided copper-clad FR4 sub-
strate is cleaned using acetone. After the mask has been made,
it is laminated onto the copper-clad FR4 substrate, and then UV
light is shone on it. After that, it is dissolved in a solution con-
taining developer sodium carbonate before being etched with
a solution containing ferric chloride. It is possible to dissolve
the hardened photoresist by using sodium hydroxide. The sug-
gested antenna is fabricated by the process of photolithography
chemical etching. Figure 13 demonstrates the proposed manu-
factured antenna that was developed.
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(a) (b)

FIGURE 13. Fabricated antenna. (a) Front view. (b) Back view.

(a) (b)

(c) (d)

FIGURE 14. Stub incorporated split octagonal ring antenna—E plane andH plane at various resonating band. (a) 2.4GHz, (b) 3.2GHz, (c) 4.7GHz,
(d) 5.9GHz.

Radiation patterns for the E-plane and H-plane are shown
in Figure 14, which depicts a split ring octagonal antenna. The
figure illustrates very clearly that the radiation pattern of the
E plane is that of an eight-shaped dipole, whereas the radia-
tion pattern of theH plane is that of an omnidirectional pattern.
Gain and directivity of the split octagonal ring antenna are given
in Figures 15 and 16, respectively. The gain is greater than one
dBi across all of the active bands, and the directivity is greater
than two dBi across all of the operational bands. Figure 17 is

a comparison plot showing the measured return loss versus the
return loss that was simulated.
A suitable boundary condition is established to extract the

transmission and reflection coefficients. The SRR is excited by
an electromagnetic wave through the input port. The transmis-
sion and reflection coefficients are obtained at the output port.
The Nicolson-Ross-Weir (NRW)method is employed to extract
the negative permeability of SRR, shown in Figure 18.
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FIGURE 15. Stub incorporated split octagonal ring antenna — Gain vs. frequency.

FIGURE 16. Stub incorporated split octagonal ring antenna — Directivity vs. frequency.

TABLE 2. Comparison of the proposed antenna with existing work.

Reference Number Technique used Dimensions (mm∗mm) No. of Bands Resonant Frequency (GHz)

[20] slot + different shaped patch 9000 2
3.3–3.6
5.1–6.0

[21] slotting 5936 2
5.0–6.1
7.7–8.51

[22] Triangular patch + SRR 9390 2
2.5–2.6
3.3–3.6

[23] parasitic patches in ground 10800 2
0.6–0.7
3.2–3.7

[24] CSRR 4100 2
3.9–4.9
6.7–11.2

[25] SRR 528 2
2.4–2.7
3.2–3.6

Proposed SRR 638 4

2.15–2.30,
2.86–3.76,
4.47–5.24,
5.67–6.35
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FIGURE 17. Simulated vs measured S11 plot. FIGURE 18. Waveguide extraction method for retrieving S11 and S21.
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FIGURE 19. Permeability of SRR. (a) µ-Re, (b) µ-Img.

Figure 19 illustrates the permeability of the SRR, derived
from the transmission and reflection coefficients of SRR. Nega-
tive permeability is observed at various resonating frequencies.
Table 2 shows a detailed comparison between existing designs
and proposed design. Hence, it can be concluded that the an-
tenna outperforms the existing designs while presenting in a
smaller package.

5. CONCLUSION

A Split Octagonal Stub based antenna is presented for quad-
band satellite communication applications. The proposed an-
tenna can also operate for the following wireless applica-
tions ISM, WLAN/WiMAX/5G Sub-6GHz band. The pro-
posed antenna operates in 2.23GHz, 3.28GHz, 4.77GHz, and
5.89GHz. The multiband operation is achieved by incorporat-
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ing the stubs, which are proven using simulated surface cur-
rent distribution. The optimum values of critical parameters
stub position, ground length, and ring width are determined us-
ing parametric analysis and reported in the paper. The effect
of stubs is also analysed and presented, which proves that the
multiband operation is due to the stub introduction. The sim-
ulated results for S11, gain, E-plane and H-plane patterns are
consistent with the measured ones. The suggested antenna has
a simple design, small size, substantial gain, impedance match-
ing, and uniform radiation pattern.
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