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This paper explains the novel monopole antenna's design and analysis for the sub-6 GHz 5G
applications. / Bu makalede, 6 GHz alti 5G uygulamalart igin yeni bir tek kutuplu antenin tasarimi
ve analizi sunulmaktadur.

Figure A: Proposed antenna / Sekil A: Onerilen anten

Highlights (Onemli noktalar)
»  The presented antenna has a unique geometry. / Sunulan anten ézgiin bir geometriye
sahiptir.
»  The proposed antenna is designed for 5G applications. / Sunulan anten 5G uygulamalar
icin tasarlannugtir,
»  The antenna operates in the 3.4-3.8 GHz 5G band. / Anten 3.4-3.8 GHz 5G bandinda
calismaktadr.

Aim (Amag): Obtaining a unique antenna that operates in the 3.4-3.8 GHz range, which is the sub-
6 GHz 5G band. / 6 GHz alti 5G bandi olan 3.4-3.8 GHz araliginda ¢alisan ézgiin bir anten elde
etmek.

Originality (Ozgiinliik): Antenna is obtained from the reversed-cross-shaped radiator. It is
modified with the help of the stubs and slots to resonate in the 3.4-3.8 GHz band. / Anten ters-
capraz sekilli isyyicidan elde edilmigtir. Saplamalar ve yuvalar yardumiyla 3.4-3.8 GHz bandinda
rezonansa girecek sekilde modifiye edilmigtir.

Results (Bulgular): The antenna has a highest gain of 2.2 dBi and an efficiency of 98% in the
operating bandwidth. / Calisma bant araliginda antenin en yiiksek kazanct 2.2 dBi ve verimi
%98 'dir.

Conclusion (Sonug): The suggested antenna can be utilized for 5G applications at frequencies
below 6 GHz. / Onerilen anten 6 GHz'in altindaki frekanslarda 5G uygulamalari igin kullanilabilir.
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Abstract

This paper explains the novel monopole antenna's design and analysis for the sub-6 GHz 5G
applications. The proposed antenna has a volume of 20 x 20 x 1.6 mm?3, In the antenna design,
the most commonly used classical insulating material, FR4, with a thickness of 1.6 mm, is used,
and the antenna is obtained from the reversed-cross-shaped radiator. It is modified with the help
of the stubs and slots to resonate in the 3.4-3.8 GHz band. The antenna has a highest gain of 2.2
dBi and an efficiency of 98%. The suggested antenna can be utilized for 5G applications at
frequencies below 6 GHz.

6 GHz Alt1 5G Uygulamalan icin Ozgiin Tek Kutuplu Anten
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1. INTRODUCTION (GIRiS)

Bu makalede, 6 GHz alt1 5G uygulamalar1 i¢in yeni bir tek kutuplu antenin tasarimi ve analizi
sunulmaktadir. Onerilen antenin hacmi 20 x 20 x 1.6 mm®tiir. Anten tasariminda en yaygin
kullanilan, klasik yalitkan malzeme olan 1.6 mm kalinligindaki FR4 kullanilmis ve anten ters-
capraz sekilli 1s1yicidan elde edilmistir. Saplamalar ve yuvalar yardimiyla 3.4-3.8 GHz bandinda
rezonansa girecek sekilde modifiye edilmistir. Antenin en yiiksek kazanci 2.2 dBi ve verimliligi
%98°dir. Onerilen anten 6 GHz'in altindaki frekanslarda 5G uygulamalari i¢in kullanilabilir.

connection  latency, cheap cost, minimal
consumption of energy, and support for numerous

Depending on the development of technology, the
number of wireless devices such as tablets,
smartphones, watches, and other wearable
electronic devices is increasing day by day. This
causes existing communication systems to fail to
meet the required demand. At this point, 5G
technology appears as a solution for this increasing
data demand. Fifth generation (5G) is an emerging
mobile broadband service that is being used today
and is planned to be widely used in the near future.
Increasing needs for big data speeds, low

users prepared the path for the birth of 5G service.
It means that it is expected to address the limitations
of 4.5G and substitute it in a short time.

There are two potential bands for the transmission
and reception of data using the 5G wireless
connectivity, which are named sub-6 GHz, and mm-
wave spectrums[1-4]. The sub-6 GHz is now
available in worldwide wireless communication
networks, and it can be used for 5G without
demanding major hardware modifications.
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The antennas designed and found in the literature
for 5G applications at frequencies below 6 GHz are
examined below. Yerlikaya et al. presented a
monopole antenna that has a log-periodic structure
with an impedance bandwidth of 3.1-3.9 GHz [5].
Saxena et al. presented a novel quad-port MIMO
antenna with a circular-shaped ground and stub-
shaped radiator with a bandwidth from 3.4 to 3.8
GHz [6]. Agrawal et al. presented a double-element
MIMO antenna with an octagon-shaped radiator
and T-shaped isolator to improve antenna
effectiveness [7]. Alieldin et al. offered a triple-
band dual-dipole antenna pair with compact size
and stable radiation patterns [8]. Noor et al.
designed a novel patch antenna with a dual-band
property with the help of slots and strips [9].
Tiitiincii and Kosem presented a performance
analysis of four different dielectric materials on a
wide-band antenna [10]. Chowdhury et al.
presented a novel and complex antenna with strips,
slots, and stubs and has a gain of 4.2 dB [11].
Gengoglan and Colak presented an origami-inspired
novel monopole antenna with a fractional
bandwidth of 132% [12]. Askari et al. proposed a
novel artificial magnetic conductor-based antenna
which one covers the n77/n78/n79 bands of 5G [13].
Kapoor et al. proposed a novel wideband
rectangular antenna which one has a circular slot,

and it can operate in n77/n78 bands [14]. Yixin et
al. proposed a novel 12-port antenna array which
one consists of m-shaped and L-shaped antennas
[15]. Jaglan et al. [16] proposed a novel 18-element
MIMO antenna for use in 5G smartphones.

The novel monopole antenna is exhibited for 5G
applications with frequencies lower than 6 GHz in
this communication. In the next part, the concept of
the antenna is explained in detail, and results are
given. The paper is finished with the conclusion.

2. CONCEPT OF THE DESIGNED ANTENNA
(TASARLANAN ANTEN FIKR1)

In the present part of the paper, the novel monopole
antenna designed for the sub-6 GHz 5G applications
is explained in detail. The design steps of the
antenna are given in Fig. 1. The S(1,1) metrics of
the design stages are also given in Fig. 2. The
proposed antenna has a dimension of 20 x 20 x 1.6
mm3. In the antenna design, the most commonly
used classical insulating material, FR4, with a
thickness of 1.6 mm, is used. In the first step, the
Ant-1in Fig 1(a) is designed. At the back side of the
dielectric material, the antenna has a ground plane
with 20 mm x 4 mm. At the front side of the
dielectric material; it has a reversed-cross-shaped
radiator.

TR

(a) Ant-1

(b) Ant-2

(c) Ant-3

ELE

(d) Ant-4

(e) Ant-5

(f) Ant-6

Figure 1. Design stages of the novel structure (Ozgiin yapinin tasarim asamalarr)
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The reversed-cross-shaped radiator constitutes 3-
parts. The first one is feeding, which has a
dimension of 2.5 mm x 5 mm. The second one is
the horizontal stub which has a dimension of 15 mm
x 2 mm. And lastly, it has a vertical stub with a
dimension of 4 mm x 11.4 mm. Ant-1 is placed
symmetrically with respect to the y-axis.

Ant-1 has an impedance bandwidth from 4.44 to
4.86, which is lower than -10 dB. In the second
step, the vertical stub with the red color in Fig.1(b)
is added to the Ant-1 to constitute Ant-2 with the
size of 2 mm x 5.8 mm. This antenna has a
bandwidth from 4.18 to 4.71 GHz, which says that
the vertical stub reduces the minimum operation
range of Ant-1 by nearly 0.26 GHz. In the next step,
the horizontal stub with the size of 2mm x 4 mm
given in Fig. 1(c) with the green color, is added to
Ant-2. The Ant-3 has an operating range from 3.88

to 4.48 GHz. The added red and green stubs reduced
the lower operating frequency of the Ant-1 by 0.56
GHz in total. In step 4, the blue stub with the size of
2 mm x 9.5 mm in Fig. 1(d) is subtracted from the
Ant-3 to boost the overall efficiency of the antenna.
The Ant-4 has a bandwidth from 3.77 GHz to 4.25
GHz. In Step 5, the orange stub with the size of
2mm x 2mm in Fig.1(e) is subtracted from the Ant-
4, and Ant-5 is obtained. The operating frequency
range of the Ant-5 is between 3.5 and 3.9 GHz.
Lastly, the purple stub in Fig. 1(f) is added to Ant-5
for obtaining Ant-6. The operating frequency range
of the Ant-6 is between 3.4 and 3.8 GHz, which
spans the sub-6 GHz 5G spectrum [7, 17, 18].

The proposed antenna is given in Fig 3 separately
for better visualization which covers the 5G
spectrum in the frequency range of 3.4 — 3.8 GHz.
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Figure 2. S(1,1) values of the design phases (Tasarim asamalarmim S(1,1) degerleri)

+&a

(b) 3D-front view

(a) 2D-view

(c) 3D-back view

Figure 3. The proposed novel antenna (Onerilen 6zgiin anten)

581



Celik | GU J Sci, Part C, 12(3): 579-584 (2024)

-30 30 230~

-60 60 60/
90 190 .9o£

-120 120 -120 ¢

150 150 50

-180

(a) X-Z

-180

(b) Y-Z

.60
‘I
90
120

150

(c) X-Y

Figure 4. The normalized radiation patterns of the antenna (Antenin normalize edilmis 1s1ma oriintiileri)

The normalized radiation patterns of the antenna are
depicted in Fig. 4. As the intended antenna is a
modified monopole, the radiation patterns appear to
be slightly different from those of the monopole
patch antenna. In addition to this, 3D gain graph of

dB(GainTotal)

the antenna is given in Figure 5. he gain and
efficiency of the intended novel structure are
depicted in Fig. 6. In the operating bandwidth, it has
nearly stable gain and efficiency values, which are
between 1.5 - 2.2 dBi and 96-98%, respectively.

Phi (deg)
0

Figure 5. The 3D gain graph of the designed antenna (Tasarlanan antenin 3B kazang grafigi)
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Figure 6. The gain and efficiency graph of the novel antenna (Ozgiin antenin kazang ve verimlilik grafikleri)

The current distribution of the antenna at 3.4 GHz is
given in Fig. 7. According to the figure, current
flows upward from the feed and concentrates at the
junction of the two parts. The minimum resonating
frequency of the antenna can be calculated using the
Equ 1. In this equation, L represents the maximum
current path, which one equals nearly 13.4 mm for

3.4 GHz, c is the speed of the light, & is the
effective permittivity of a dielectric material and
explained in Equ. 2 and fmin is the lowest operating
frequency of the antenna. In Equ. 2, W is the width
of the antenna and h is the thickness of the dielectric
material.
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Figure 7. The current distribution of the antenna at 3.4 GHz (Antenin 3.4 GHz'deki akim dagilimi)
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3. CONCLUSIONS (SONUCLAR)

In this paper, the development and evaluation stages
of the novel monopole antenna are explained for the
5G spectrum with a frequency lower than 6 GHz.
The stated antenna has a compact dimension, which
is equal to 20 x 20 x 1.6 mm?. In the antenna design,
the most commonly used classical insulating
material, FR4, is used. The antenna is obtained from
the reversed-cross-shaped radiator and modified
with the help of the stubs and slots to resonate in the
3.4-3.8 GHz band. The design steps of the antenna
are explained in detail, and the effect of the steps on
the S(1,1) are explained, respectively. The antenna
has a maximum gain of 2.2 dBi and an efficiency of
98% in the bandwidth. As a result, the suggested
new structure may be used at frequencies below 6
GHz, such as 5G smartphones and Internet of
Things applications.
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