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Abstract. In current times, there is a growing need for compact antennas that
can function in multiple bands, specifically for wireless communication systems
such as GSM, UMTS, and WIFI. Researchers are exploring the use of fractal
geometry antennas to address this requirement. Several recent investigations have
revealed that these structures possess distinct features that enhance certain prop-
erties of low-profile antennas. To attain the desired performance characteristics, a
thorough examination, analysis, design, and description of the Meander-like frac-
tal structure is conducted. The proposed antenna was created through a series of
iterations ranging from the first to fourth. The imperfect ground plane was intro-
duced in the last iteration to achieve wideband characteristics. In order to opti-
mize performance, various aspects of the antenna including its properties, input
impedance, VSWR, reflection coefficient, and radiation patterns are analyzed. The
CST Design Environment was utilized for both simulation and implementation
purposes. After designing the antenna, the Proposed antenna final iteration has a
lower control band of (2–4.63) GHz and the bandwidth is 2.63GHz this can be
considered as wideband, mid control band of proposed fractal antenna is (5.15–
6.05) GHz close to the resonant frequency 5.82 GHz and upper control band of
(8.15–8.66) GHz around close to the resonant frequency of 8.45 GHz [1]. There is
a variety of applications in which these bands can be utilized wirelessly, including
IEEE 802.11a, Wi-MAX, WI-FI, HiperLAN/2, Digital Cellular System, Personal
Communications Services, UMTS, Bluetooth, IEEE 802.11 b/g/n WLAN, GSM,
and GPS.

Keywords: CST Design Environment · Fractal · Gain · GSM · return loss ·
UMTS · WIFI

1 Introduction

Wireless communication has revolutionized human life and has become an indispens-
able part of daily activities. An important component of wireless communication is the
antenna, which plays a crucial role in transmitting and receiving signals. The develop-
ment of antenna theory can be traced back to Maxwell, who merged the concepts of
magnetism and electricity and formulated Maxwell’s equations in 1873. Antennas can
be either directional or non-directional, and they serve as both transmitters and receivers
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[2]. Microstrip patch antennas (MPAs) and fractal antennas are two types of antennas
that are widely used in wireless applications. MPAs consist of a substrate, a patch, a
ground plane, and a power line. However, they have some limitations such as low effi-
ciency, limited bandwidth, and limited resilience. Fractal antennas, on the other hand,
are characterized by complex self-similar structures that can be created using recur-
sive techniques. The proposed paper focuses on the optimal design of a fractal ground
antenna that meets the criteria for small and lightweight antennas with high performance
and economical cost. The proposed antenna has wide-band characteristics and achieves
a bandwidth of 2.63 GHz for S11 ≤-10 dB in the frequency range from 0 to 9 GHz.
The design parameters of the antenna are presented and discussed in detail using both
theoretical and experimental results [3].

In addition to their advantages, fractal antennas have some challenges that need to be
addressed. One of the main challenges is the complexity of their design and analysis, as
they often involve intricate geometries that require specialized techniques and tools for
their development. Another challenge is their susceptibility to interference and noise,
which can affect their performance in crowded or noisy environments. Nevertheless,
the potential benefits of fractal antennas make them a promising area of research and
development for wireless communication systems. The unique properties of fractals
offer the potential for significant improvements in antenna performance, especially in
terms of miniaturization, bandwidth, and multi-band operation. As research continues
to advance in this field, it is likely that new applications for fractal antennas will be
discovered and their performance will continue to improve. Ultimately, fractal antennas
have the potential to revolutionize wireless communication by enabling more efficient
and effective communication systems that can meet the growing demands of modern
technology.

Wireless communication has become an integral part of modern life, and the antenna
plays a crucial role in its functioning.MPAs and fractal antennas are two types of antennas
that are widely used in wireless applications. Fractal antennas offer several advantages
over MPAs, including miniaturization, broadband properties, multi-band properties, and
better efficiency [1, 7, 9, 10].

2 Related Work

The related work of the paper “Design and Analysis of Fractal Antenna Geometry for
Wideband Applications” includes several studies that have explored the use of altered
ground structures and in fractal antennas for different applications. One such study
proposed a fractal antenna with an electromagnetic bandgap (EBG) ground plane for
WLAN applications. The EBG structure was found to enhance the antenna’s radiation
characteristics by suppressing surface waves. Another study proposed a fractal antenna
with a high-impedance surface ground plane for ultra-wideband (UWB) applications.
The high-impedance surface structure provided a stopband for unwanted frequencies,
thus enhancing the antenna’s bandwidth. Several other studies have also explored dif-
ferent types of fractal antennas, such as Sierpinski gasket and Koch curve antennas, for
various applications. Many of these studies have focused on improving the performance
of fractal antennas by employing various techniques, such as adding parasitic elements,
modifying the feeding structure, and altering the shape of the radiating element.
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Overall, the related work of the paper highlights the importance of altered ground
structures and patch in enhancing the performance of fractal antennas. It also pro-
vides valuable insights into different design techniques that can be used for various
applications.

3 Antenna Design

The paper states an ideal design for a fractal antenna that utilizes a defective ground
structure. To create the hexagonal patch, the design process involved using an equation
that incorporated parameters such as resonant frequency and the substrate material’s
dielectric constant. The proposed antenna was developed using a low-cost FR4 lossless
substratewith specific characteristics, including a thickness of 1.6mm, dielectric constant
of 4.3, loss tangent of 0.02, and resonant frequency of 3.2 GHz [4]. Based on the design
process, the patch’s side length and radius were determined to be 12.6mm. Figure 1a in
the paper displays the initial iteration of the hexagonal patch antenna design.

Equations:

F = 8.791 × 109
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The suggested fractal antenna has been updated in its second iteration, with the
addition of the six sides of the hexagonal patch have a meander-like fractal form, as
shown in Fig. 1b [5]. This new design modification has been carefully crafted to be at
a side scale of 1/3, with the goal of improving the antenna’s overall performance. The
primary benefits of this design include an increase in bandwidth and radiation efficiency.
It is important to note that this design represents a significant improvement over the
previous iteration, highlighting the potential advantages of incorporating fractal shapes
into antenna design. The hexagonal patch length of the proposed fractal antenna’s third
iteration is displayed in Fig. 1c, with slots of the same scale introduced at the meander
like fractal structure as shown in Fig. 1.

The proposed fractal patch antenna underwent several geometry adjustments to
improve its return loss and bandwidth at frequencies ranging from 0 to 9 GHz. This
was achieved by inserting ‘T’ shaped slots beneath each Meander element, and adding
‘+’ and ‘circle’ shapes inside the patch structure with a diameter of 2mm. The placement
of the patch slots followed a specific coordinate system. The antenna’s radiating patch
was fed using a 50� microstrip feed line, and the ground plane dimensions were 45 mm
× 44.92 mm, which was the same as the substrate dimensions (Fig. 2).

As shown in Fig. 3d, this part of the ground plane has been further modified by incor-
porating vertical and horizontal extensions. The redesigned ground plane has been care-
fully developed to ensure resonant characteristics in the required frequency range, as
evidenced by return-loss, VSWR and gain studies. Section 3 discussed the impact of
the adjustments made as well as the final shape of the planned fractal antenna with a
modified ground plane (Table 1).
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Fig. 1. Design of proposed antenna. a) 1st iteration b) 2nd iteration c) 3rd iteration d) 4th iteration

Fig. 2. a) final geometry for the proposed fractal antenna patch, b) dimensions of plus ‘+’ shaped
slots and circle with diameter of 2mm.

4 Results and Discussion

In this section, all components of the wideband fractal antenna design are presented and
analyzed across the entire ground plane [6]. The performance measures are evaluated
using low and high frequencies of 0 and 9 GHz, respectively, in reference to the antenna
design. The suggested fractal antenna has several iterations, including the first, second,
third, and fourth. Figure 5 displays the return loss versus frequency simulation charts
for each iteration (1, 2, 3, and 4) of the suggested fractal antenna with ground plane
dimensions of 45mm× 44.92mm. The impedance of the suggested antenna is developed
by developing iterations 3 and 4 as shown in Figs. 4, 5, 6, 7.

VSWR is a measure of how effectively RF power is transmitted from a source to
a load through a transmission line. VSWR values range from 1 to ∞, with values less
than 2 considered satisfactory for most antenna applications (Tables 2 and 3).

The radiation pattern of a fractal antenna describes how the antenna radiates energy
into space. In this case, the antenna’s radiation pattern has been measured and found to
have gains of 2.82dB at 3GHz, 7.16dB at 4.5GHz, and 5.05dB at 6GHz, indicating the
antenna’s ability to radiate energy across a range of frequencies. This wideband radiation
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Fig. 3. The provided images include a bird’s-eye view, a profile view, a rear view with a partially
visible ground plane, and a view of the back of the ground plane, which has extensions.

Table 1. Measurements of designed antenna

Antenna design parameters Description Values (mm)

M1 = M3 Meander-like construction 4.2

M2 Meander element 1.4

MSlot1 = MSlot2 Meander slot 1.4

Pradius = PRadius Patch radius 12.6

FW Width of feed 2.4

FL Length of feed 10.15

SW Width of the substrate 45.0

SL Length of substrate 44.92

h Height of substrate 1.6

Wg Width of ground plane 45

Lg Length of ground plane 10

We vertical extension width 4

Le vertical extension length 30.92

We1 horizontal extension width 10

Le1 horizontal extension length 4

pattern is a desirable characteristic for many applications, making the proposed fractal
antenna a promising candidate for wideband communication systems.
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Fig. 4. VSWR plot for 4th iteration with ground plane

Fig. 5. A plot depicting the return loss as a function of frequency is shown for various iterations
of the suggested fractal antenna design.

Fig. 6. Return loss plot for without ground plane versus with ground plane of fractal antenna.
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Table 2. Comparison of iterations with 1,2,3,4 and reference work

Iterations FL (GHz) FC (GHz) FH (GHz) Bandwidth (%) Bandwidth (MHz)

1st iteration 6.75 6.84 6.91 2.33 160

2nd iteration 5.20
6.94

5.25
6.96

5.30
6.98

1.90
0.57

100
40

3rd iteration 5.30 5.34 5.38 1.49 80

4th iteration
(Proposed
work)

2
5.15
8.15

3.31
5.82
8.45

4.63
6.05
8.66

79.45
15.46
6.03

2630
900
510

[2] Reference
work

3 4.24 5.48 58.50 2480

Table 3. Comparison of proposed work with previous works

References Dimensions
(mm2)

Operating frequency
(GHz)

Bandwidth
(MHz)

Gain (dB)

[11] 8100 1.49–1.51 113 5.41

[12] 1114 2.3/2.5/3.0/3.5 209/105/167/
1054

5.8

[13] 900 1.76/2.55/3.85 25/32/100 2.11/- 3.9/ 2.5

[14] 3120 0.72–0.95/1.74–2.25 230.4/522.2 2.58

[15] 4900 2.4 45 2.5

[16] 1000 2.4–2.52 120 2.35

Proposed work 2021.4 3.31/5.82/8.45 2630/900/510 2.82/5.05/7.15

5 Conclusion

A novel fractal antenna design has been introduced for wideband applications, incor-
porating a modified patch and ground structure that spans an area of 44.92 × 45 mm2.
In order to increase the bandwidth, a defected ground plane was incorporated into the
final version of the design [8] Simulation results indicate that the suggested antenna
has a bandwidth of 2.63 GHz, rendering it suitable for a variety of wireless stan-
dards, including Wi-Fi (2.4–5 GHz), radio altimeter applications, WLAN (5.15–5.35
and 5.72–5.82 GHz), and X band (8–12 GHz). The antenna design has been optimized
for maximum performance and is expected to facilitate reliable and efficient wireless
communication for a wide range of applications.
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Fig. 7. 2D Radiation patterns of suggested fractal antenna at A )3 GHz B) 4.5 GHz C) 6 GHz.
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