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This paper presents a novel compact circular shaped fractal monopole patch antenna (FMPA) with de-
fected ground structure (DGS). The suggested fractal geometry has been created by using an iterated func-
tion system (IFS). The primary aim behind the inclusion of this fractal geometry is used to achieve minia-
turization and wideband performance. The complete geometry of the prescribed FMPA for 5G applications
is constructed by incorporating fractals with square and star with eight segments; in each segment we cre-
ate a square with a rotation of 45° from one segment to another. The dimension of proposed fractal geome-
try is 14 x 6 mm2. The bottom plane of the antenna consists of defected ground structures (DGS) to acquire
better isolation and miniaturization. The proposed structure provides a good performance metrics such as
gain, and reflection coefficient. The substrate used in this work is Rogers RO4003C, which has a dielectric
constant of 3.55, a high of 0.2 mm, and loss tangent of 0.025. Computer Simulation Technology-Microwave
Studio (CST) is used to evaluate this antenna. The suggested antenna operates at 26 GHz with an imped-
ance bandwidth of 0.357 GHz along with maximum reflection coefficient of — 24.426 dB. The prescribed an-
tenna attains a peak gain of 3.83 dB, maximum radiation efficiency of 95.78 % and desired radiation pat-

terns by maintaining its compact size.
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1. INTRODUCTION

The Greek word "Frangere," which means "broken
or uneven bits," is the source of the English word "frac-
tal." Benoit Man-delbrot, a mathematician, invented it
for the first time in 1975. This phrase was used to de-
scribe a new class of more complex objects than the
clearly defined squares, circles, and triangles that were
created by Euclidean geometry. However, was unable
to depict other common place phenomena like clouds,
blood vessels, and irregular patterns like the seashore
[1]. Due to their capabilities and competencies, fractal
antennas may operate in multiple bands, have a high
gain, and have a low profile. Conventional antennas
require a larger space for antenna coupling because
they operate on a single frequency band. Fractal geom-
etry has been used successfully in a number of fields
[2]. Today, small antennas are used in communication
systems. Furthermore, it's necessary to develop new
multi-band operating standards. Fractal enables the
construction of compact and wideband antennas in
restricted spaces because of its space-filling, self-affine,
and self-similar properties. The electrical channel
length is lengthened when the fractal shape is con-
structed in a specific tiny area [3-5]. The essential
downsizing and wideband phenomena are made possi-
ble by the use of fractal geometry in antenna design
because of its self-similar and space-filling properties.
The space filling property aids in extending the anten-
na's effective electrical route length in a constrained
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smaller space. In 5G applications, antenna is designed
using a variety of fractal geometries, including the
Koch snowflake, Sierpinski triangle, hexagonal form [4-
6], Minkowski curve [7-8], Koch curve [9], and a Hilbert
curve slot based on fractals [10]. The space filling prop-
erty contributes to increasing the antenna's effective
electrical path length in a given small region.

In this article, the novel fractal geometry is con-
structed by using a square and star with eight seg-
ments; in each segment we create a square of side with
a rotation of 45° from one segment to another. This
method of fractal structure generation is iterated func-
tion system (IFS). The structure of the antenna is
shown in Fig. 1. The suggested antenna has excellent
gain and bandwidth due to the usage of a defective
ground structure (DGS). The major goal is to produce a
very small device with broad bandwidth, standard
gain, and good efficiency at 26 GHz for 5G applications
band. The proposed structure has been created on a
substrate with physical dimensions of 14 x 6 x 0.2 mm3.
Each antenna structure is designed, simulated, and
evaluated using the electromagnetic 3D simulator
software: CST Microwave Studio™. The fractal patch
antenna is a good contender for upcoming 5G applica-
tions due to its sufficient impedance bandwidth, de-
sired unidirectional steady radiation patterns, excel-
lent gain, radiation efficiency, and its minimized size.
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2. FRACTAL ANTENNA DESIGN

This section discusses about the single fractal struc-
ture. The substrate being employed is Rogers
RO4003C, which has a dielectric constant of 3.55, a
high of 0.2 mm, and loss tangent of 0.025. Figure 1
depicts the geometry of the proposed fractal antenna,
the partial ground plane with 7-shaped defect, as
shown in Figure 1(a). The structures of basic element
antenna, patch antenna with a slot in the form of an
eight-segment star and the proposed antenna with self-
similar fractal geometry are shown in Figures 1 (b), (c)
and (d), respectively. The radiating monopole patch is
fed by a microstrip line of 50 Ohm and the intended
geometry is analyzed using CST EM simulator.

A list of the suggested antenna's optimum design
parameters in shown in Table 1.

Table 1 — The fractal antenna's proposed design characteristics

Parameters Values (mm)
Lg 12.5
We = Wsus 6
Lsus 14
Xsc 6.4
Tsus 0.2
Lr 7.8
Wr 0.54
Lopgs = Wings 0.5
Lipcs 5.5
Wapas 4
R 1.75
Wstar = Lstar 15

W,

Lst,
R
Lsus
Ysus
@ (b) © (G)]

Fig. 1-The planned antenna's dimensions (a) partial ground
plane with DGS, (b) basic element, (c) suggested slotted
antenna and (d) the suggested antenna with fractal geometry

3. EVALUATION OF ANTENNA PARAMETERS

Before the suggested antenna is built, it is essential
to look into how certain design elements will affect its
function in terms of resonance. From the discussion
presented in this section, it can be evident that the
performance of the suggested antenna is significantly
influenced by the size of the slots, ground plane length,
DGS, and fractal geometry.

3.1Impact of Ground Plane Length on the Pro-
posed Antenna's Performance with and with-
out DGS
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The effect of the ground plane length on the reso-
nant properties of the proposed antenna with and
without DGS has been investigated using a parametric
analysis. For a range of ground plane lengths
(Le=6 mm to L¢=12.5 mm), the simulation results
(reflection coefficient) are shown in Figure 2.
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Fig. 2 — The effects of changes in ground plane length on the
S11 parameter both with and without DGS

There is a decent change in the resonance response
of the suggested antenna in terms of impedance match-
ing and operating band-width when the ground plane
length is changed from Lg=6 mm to L¢=12.5 mm.
Figure 2 demonstrates that the reflection coefficient
lowers to —24.426 dB at 26 GHz with an approximate
— 10 dB impedance bandwidth (25.904 GHz to 26.262
GHz) when the ground structure is defective and the
recommended ground plane length Lg is 12.5 mm.

3.2 Impact of Defected Ground Structure (DGS)
Size

The results obtained (reflection coefficient) based on
changes in the size of the DGS are shown in Figure 3.
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Fig. 3 — Impact of DGS size variations on the S11 parameter

The simulation findings show that the variations in
DGS's dimensions (Lzpes = Wings = 0.5 mm,
Lipgs=5.5 mm, and Wapses =4 mm) produce a reflec-
tion coefficient of —24.426 dB at 26 GHz with an ap-
proximate — 10 dB impedance bandwidth of 0.357 GHz
from 25.904 GHz to 26.262 GHz.
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4. RESULTS AND DISCUSSION

Figure 4 examines the variations in the reflection
coefficient as a function of frequency for the basic
structural patch antenna with and without a slot
shaped like an eight-segment star and with a DGS. The
results prove that the suggested antenna's reflection
coefficients (Fig. 1(d), red line) present a return loss
value of 24.426 dB at 26 GHz and an impedance band-
width of around 0.357 GHz between 25.904 GHz and
26.262 GHz. In contrast, the patch antenna with slot
[Fig. 1(c), blue line] shows a single resonance peak but
it’s not properly impedance matched and its reflection
coefficient is at around — 8 dB and also a poor value is
noticed when the patch antenna is utilized without slot
[Fig. 1(b), green line]. Figure 5 shows how the proposed
fractal antenna's gain varies with frequency (green line)

$11, (dB)
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.25 4
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Fig. 4 — Comparison of the proposed antenna's reflection
coefficient vs frequencies for different design cases
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Fig. 5 — Gain and Radiation Efficiency vs frequencies of fractal
antenna
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(green line). It is clear from the patch antenna with slot
that the proposed work has an average gain of 3.83 dB
around 26 GHz. The radiation efficiency of the suggest-
ed antenna is shown in also indicated in Figure 5 (blue
line); at a frequency of 26 GHz, the maximum radiation
efficiency is 95.78 %.

The proposed antenna's radiation pattern is shown
in Figure 6. The E-Plane (XZ-plane) pattern shown in
Figure 6(a) and H-Plane (YZ-plane) pattern as shown
in Figure 6(b) show that the developed antenna exhib-
its a bidirectional radiation pattern for both 26 GHz
frequencies. A key requirement for 5G wireless com-
munication applications is that the planned antenna
demonstrate stable radiation patterns over the opera-
tional band. This requirement is fulfilled by the pro-
posed antenna.

Gain, bandwidth, and return loss parameters for
the suggested antenna exhibit good stability at 26 GHz.
The suggested antenna has a unique geometry, is less
in size, and performs better than current antennas.
The proposed antenna's geometrical configuration is
distinct when compared to other structures [11-12] for
next-generation 5G applications. The performance
parameters of the proposed antenna are compared with
other referred structures and presented in Table 2. The
summarized results in Table 2 suggests the superior
performance of the antenna in terms of broader operat-
ing bandwidth, high radiation efficiency along with
most compact antenna size.
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Fig. 6 — The suggested antenna's radiation patterns at 26 GHz
(a) E-plane (b) H-plane

Table 2 — Performance evaluation of developed antenna in comparison to other antenna designs

Performance evaluation
.. . Impedance Level of Re- .
References Size in (mm?) Center Fre- Patch Gain . . Radiation
Leus x Wsun quency (dB) bandwidth flection coeffi- efficiency
SUB (GHz) cient (S11)
[11] 25 x 30 25.2 3 _ _ _
[12] 45 x 40 26.68 7.76 0.12 —14.5 —
Proposed 6 x 14 26 3.83 0.357 — 24.426 95.78 %
work
CONCLUSION acteristics parameters of the proposed antenna have

A fractal patch antenna with defected ground plane
structure has been designed and simulated. The char-

been investigated for 26 GHz 5G communication sys-
tems. The proposed antenna geometry has been at-
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tained by introducing a few slots in the form of an
eight-segment star and with self-similar fractal geome-
try. The suggested geometry has been constructed us-
ing Rogers RO4003C substrate, which has a dielectric
constant of 3.55, and loss tangent of 0.025. The pre-
scribed T-shaped defect enhances the operating band-
width of the antenna and the fractal geometry leads to
miniaturized dimension of the antenna with improved
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Hosa ¢ppakranpHa maty-aHTEHA, 0 BUKOPUCTOBYE AedekTHy cTpykTypy 3emii (DGS) 3
BHUCOKOIO 130oianiero aia nogarkie 5G
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V 1boMy JOKYyMEHTI IIpe/ICTABJIEHO HOBY KOMIAKTHY (QPAKTAJILHY MOHOITOJIBHY ITaT4-aHTEHY KPYIJIol
dopmu (FMPA) 3 nederrnomo crpykrypomo demut (DGS). 3amporornoBana gpakrasbHa reoMeTpis 0yJia CTBO-
peHa 3a momomorom cucremu itepoBauux Qyuki (IFS). OcHoBHOIO MeTOH0 BKIOUEHHS ITi€l (pparTabHOL
reoMeTpii € JOCATHEHHs MIHIATIOpPHU3aliil Ta MUPOKocMyToBoI IrpoayKTuBHOCTI. [ToBHA reomerpist BcraHOBIIE-
moro FMPA s nomarkis 5G moOyaoBaHa IIIJISXOM BKJIOUYEHHS (PPAKTAIB 13 KBAIPATOM 1 31PKOIO 3 BOCBMH
CErMeHTIB; y KOMKHOMY CEICMEHTI CTBOPIOEMO KBAJpaT 3 MOBOPOTOM Ha 45° Biji 0JTHOTO CerMeHTa J0 iHIIIOTO.
Poamip sampomnonoBanoi gpakranbHol reomMeTpii cTaHoBUTE 14 X 6 Mm2. HuskHs IUIOIIMHA aHTEHN CKJIafa-
€ThCA 3 MOMKOMKeHnX cTpyKTyp 3emutl (DGS) mia oTpuMaHHsa Kpalrol 130J41Iil Ta MiHiaTOpuaalii. 3ampo-
IOHOBAHA CTPYKTypa 3abealledye XOpOIll MOKASHUKN IIPOAYKTHBHOCTI, TAKl AK MOCHJICHHS Ta KoedilieHT
BigOuTTA. Y 11iit poboTi BUKOpHCTOBYeThesa minkiaanka Rogers RO4003C, saxka mae [ieJeKTpUYHY TIPOHUK-
HicThb 3,55, Bucory 0,2 MM i Tanrerc srpatu 0,025. [{yia ominky Iiel aHTeHN BUKOPUCTOBYeThes TexHoorisa
KOMITIOTEPHOT0 MOJIeTIOBaHHS — MikpoxBuiiboBa cTyais (CST). BamponoHoBana aHTeHa Iparfioe Ha 4acTOTl
26 I'Tm i3 cmyromo mpomyckamus omopy 0,357 I'Tip pasom i3 MakcMMaJIbBHUM KOeiI[IEHTOM BIIOUTTS —
24,426 nBb. 3asHaueHa aHTeHa J0csrae MIKOBOro mocuiaeHHsd 3,83 1B, MakcuMabHOI e)eKTUBHOCTI BHUIIPO-
miHoBaHHS 95,78% 1 6askaHOI TiarpamMu CIIPSMOBAHOCT] 3aBISKHA 30€pesKeHHIO 11 KOMITAKTHOTO PO3MIpY.

Kmiouogi cnosa: 5G, Fractal, [Tatu-anrena, Isomsamisa, DGS, IFS.
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