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In this paper, a new broadband patch antenna design for fifth-generation (5G) sub-6 GHz mobile
systems is presented. The proposed 5G antenna has a very compact size with an overall dimension
of 10.7 x 22.5 mmZ. The 5G antenna consists of a log-periodic patch in the form of an equilateral
triangle with a 50 Q microstrip line feed and a ground plane of rectangular shape. The prototype
of the proposed 5G antenna was made by etching on an FR4 substrate with a 1.6mm thickness,
4.3 dielectric constant and 0.02 tangent loss. The 5G antenna is designed and simulated for the
frequency band range of 3.4-4.2 GHz. According to the measurement results, the 5G antenna
impedance band range is determined as 3.1-3.9 GHz. Besides, the proposed 5G antenna has also
near-omnidirectional radiation patterns both simulation and measurement at the resonance
frequencies of 3.8 GHz and 3.5 GHz, respectively. According to these results, the proposed
antenna is showed similar radiation characteristics in both measured and simulated results. With
all these radiation and physical properties, the proposed log-periodic patch antenna is very suitable

for sub-6 GHz 5G mobile applications.

© 2020, Advanced Researches and Engineering Journal (IAREJ) and the Author(s).

1. Introduction

Fifth-generation (5G) is a new mobile broadband
technology that is in its early stages and is planned to be
widely used after 2020. Mobile communication systems,
which became widespread after the 2000s, are evolved
quite rapidly with different technologies over the last three
decades from the analog transmission-based first
generation (1G) to Internet Protocol (IP) based fourth-
generation (4G) technologies. LTE-A (Long Term
Evolution - Advanced) is an insufficient technology
against the increasing demand for data, owing to smart
devices are also defined as mobile users on the Internet of
Things (10T). Increasing demands for high data rates, low
connection latency, low cost, low energy usage, and
support for more users paved the way for the emergence of
the fifth-generation (5G) technology. After the 5G, which
is called next-generation technology, it is planned to
overcome shortcomings of 4.5G and replace it in the near
future. [1].

5G technology aims to meet the requirements of high
data rates, faster connections and much more versatility
than existing wireless networks. The most important
expectation for the commercialization of 5G technology is
the determination of all required standards, especially
frequency  spectrum  sharing.  Today, cellular
communication is widely used in the sub-6 GHz band,
especially at frequencies below the 3 GHz spectrum. The
frequency spectrum of 5G systems is defined in two ranges
as sub-6 GHz and above-6 GHz in terms of physical
properties [2]. The International Telecommunication
Union (ITU) adopted the IMT-2020 (International Mobile
Telecommunication-2020) standards at the meeting held in
Geneva in 2015. These standards contain the requirements
for 5G networks, devices and services and are published as
a report. According to this report; the frequency bands of
3.4 GHz to 3.6 GHz, 5 GHz to 6 GHz, 24.25 GHz to 27.5
GHz, 37 GHz to 40.5 GHz and 66-76 GHz are allocated
for 5G communication [3]. After this development, the
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frequency band between 3.4 GHz to 3.6 GHz is shared
with mobile services in almost all countries and the
availability of this spectrum for IMT is increasing
worldwide. 3.4-3.8 GHz frequencies, which is the
combination of LTE 42 and LTE 43 bands, is a band that
is common to almost all countries, and this frequency band
has significant potential for 5G researchers. International
regulatory associations defined the different parts of 3.3-
4.2 GHz spectrum for 5G sub-6 GHz as given in Figure 1.

34 35 6 37 3.8 39 40 41 42

GHz

fed different blocks within the range

Figure 1. Worldwide availability and planning of the 3.3-4.2
GHz frequency ranges [4]

As in all wireless communication systems, one of the
most important elements of 5G mobile technologies is the
antenna design appropriate to the system. Lots of antenna
researchers focus on this topic and several sub-6 GHz 5G
antennas are also proposed [5-7].

A hybrid MIMO antenna system with multiple antennas
is presented by Ban et al. [5]. The proposed hybrid MIMO
antenna system consists of two separate antenna modules
for LTE and 5G. The LTE module has a two-element
MIMO antenna system that can cover GSM, UMTS and
LTE operations. n the 5G module, there is an eight-
element MIMO array working with 3.5 GHz band that can
cover 3400-3600 MHz frequencies. The proposed hybrid
MIMO antenna has a 140 mm x 70 mm overall size and
prototyped on an FR4 substrate with 0.8 mm thickness
while each MIMO element has a 16 mm x 3 mm
dimensions.

Parchin et al. [6] also proposed a MIMO antenna
consisting of four elements for 5G mobile terminals. Each
antenna element consists of a double-fed square ring slot
resonator and its dimensions are 30 mm x 30 mm x 1.6
mm. The proposed MIMO antenna system has an overall
dimension of 75 x 150 mm? and is etched on an FR4
substrate with 4.4 relative permittivity. The proposed 5G
MIMO antenna system has a dual-polarized 3.4-3.8 GHz
frequency bandwidth.

Chattha [7] reported a two-element Planar Inverted-F
Antenna (PIFA) antenna system that each element is fed
by dual-port. Both PIFA elements are the same and each
identical element consists of a radiating plate with 16 mm
x 33 mm; while the PIFA antenna has a ground plane with

50 mm x 100 mm overall size. Also, an FR4 substrate with
4.4 relative permittivity and the thickness of 1.5 mm was
used in the prototype of the proposed PIFA antenna.

Patch antennas, also called planar or microstrip
antennas, are the most common types of antennas used in
mobile systems because of their small size and ease of
manufacture. Today's mobile communication systems, low
profile broadband antennas are needed for high mobility
and high-speed data transmission. However, a narrow
bandwidth is one of the main shortcomings of traditional
patch antennas. In the literature, different methods such as
slots [8], defective ground structures (DGS) [9] and log-
periodic arrays [10-12] have been tried to solve the narrow
bandwidth problem of patch antennas.

In this paper, a compact wideband patch antenna for 5G
mobile communication systems is presented. The 5G
antenna geometry consists of a rectangular shaped ground
plane and an equilateral triangle-shaped log-periodic patch
array fed by a microstrip line. The dielectric constant of
the FR4 substrate, 4.3, is used as the relative permittivity
in the design of the proposed antenna, and its total size is
10.7x22.5x1.6 mm?. In this study, the antenna design and
simulations has been carried out by using the Method of
Moments (MoM) based IE3D package program [13]. The
log-periodic array patch antenna has also been prototyped
by printed circuit board (PCB) technology.

2. Antenna Geometry

The detailed two-dimensional (2D) geometry of the
proposed 5G patch antenna is given in Figure 2 and the
dimensions of the antenna are given in Table 1. The
proposed 5G antenna composed of a microstrip-fed log-
periodic patch on the top and a dielectric substrate with a
rectangular ground plane on the bottom. FR4 material with
1.6 mm thickness, 4.3 relative permeability and 0.02 loss
tangency was used as the dielectric substrate of the
antenna.

The proposed antenna has an overall size of 10.7x22.5
mm? while the antenna patch consists of a log-periodic
array with a small in size of 9.3x10.7 mm? The log-
periodic patch of the proposed 5G antenna is fed by a
microstrip line of 3.1 mm width and 10.5 mm length. In
addition, a strip line with a dimension of 1.55x2.7 mm? is
added between the microstrip line and the log-periodic
patch to increase the impedance matching. The antenna
ground plane consists of a rectangular-shaped structure
with a size of 10.7 x 8 mm?.

2.1 Log-Periodic Patch Designing Process

The antenna patch proposed in this study is based on an
equilateral triangle-sized log-periodic array using log-
periodic array design methods [14-15]. To calculate the
length of the longest element (Lmax) of the log-periodic
array, Equation (1) is used:
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Figure 2. The detailed 2D geometry of the log-periodic patch
5G antenna

Table 1. Dimensions of the the log-periodic patch 5G antenna

Dimensions Explanation Size (mm)

w | Total width of the antenna 10.7

L Total length of the antenna 225

Wi | Width of microstrip line 31

Lt Length of microstrip line 10.5

Lg | Length of ground plane 8.0
Wm Width of matching stripline 1.55

Lm | Length of matching stripline 2.7

Wp Length of each log elements 1.0

¢ 1)

b = frun /&

where c is the speed of light in vacuum, & is the relative
permittivity of a dielectric substrate and fuin is the
minimum frequency of the antenna operating band. In this
study, the operating band is determined as a 3.4-4.2 GHz
range to cover whole frequencies for sub-6 GHz 5G
applications [4]. Thus, fmin is given as 3.4 GHz. Also, since
FR4 material is used as the dielectric substrate, the value
of 4.3 is determined as the relative permeability.

Another parameter that needs to be determined in the
log-periodic array design is the number of array elements.
The total number of elements (N) for the log-periodic array
can be calculated by Equation (2):

N =14+ 109(BxBy) @)

log(1l/7)
where B is the bandwidth ratio, Bar is the active region
bandwidth and  is scaling factor. The scaling factor (z) is

given as 0.87 and the bandwidth ratio and active region

bandwidth parameters are determined from Equations (3-
4), respectively:

B — I @A)
fmin
B, =1.1+7.7(1—7)?cot 4

where o is the half-angle of the antenna. Since the
proposed antenna has an equilateral triangle sized patch,
30 ° is used as the half-angle of the antenna.

By using Equations (3) and (4), B and B are calculated
as 1.235 and 1.325, respectively. According to Equations
3and 4, N is calculated as 5 from Equation (2). By using
Equation (1), the length of the longest element is
determined as 10.7 mm.

Finally, the antenna microstrip feed line length of Lsand
microstrip feed line width of W; are given as 10.5 mm and
3.1 mm using the calculation tool of the IE3D package
program.

3. Results and Discussions

The proposed log-periodic patch antenna for sub-6 GHz
5G mobile applications is also printed on a double-sided FR4
dielectric substrate with a thickness of 1.6 mm and 4.3
relative permittivity. The photograph of the prototyped
antenna is shown in Figure 3.

Firstly, the impedance bandwidth was determined for the
analysis of the proposed log-periodic antenna. To
determining the bandwidth, return loss graph was examined
from the IE3D package program. Then, the antenna return
loss measurement was made between the frequency range of
2 GHz to 5 GHz and verified with the simulated results. In
this study, Keysight PNA 5224A vector network analyzer
was used in all measurements. The simulated and measured
Sy results are given comparatively in Figure 4. From the
Figure 4, the -10 dB bandwidth is obtained as 3.4-4.2 GHz
from the simulations, while the range for measurement
results is determined as 3.1-3.9 GHz. Although there are
some differences between the graphs, both measurement and
simulation results are suitable for the frequency bands of sub-
6 GHz 5G mobile systems [4].

After determining the antenna bandwidth, radiation
pattern measurement and simulation studies were carried out.
The 2D radiation pattern of the proposed 5G antenna for the
E-plane (¢ = 0 ° or xz-plane) and H-plane (¢ = 90 ° or yz-
plane) at 3.5 GHz frequency is shown in Figure 5a. In
addition, the simulated three-dimensional (3D) radiation
pattern of the log-periodic patch antenna at 3.5 GHz is also
given in Figure 5b. From Figure 5a, maximum gains are 1.92
dBi and 1.9 dBi for E-plane and H plane, respectively. As
can be seen from the 3D radiation pattern, it is understood
that the maximum gains are in the E and H planes. As seen
in Figure 5, the proposed 5G antenna has a near-
omnidirectional radiation pattern at resonant frequency of
3.5 GHz.
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Figure 3. Photograph of the prototyped the log-periodic patch

5G antenna
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Figure 4. Measured and simulated S11 graph of the log-periodic
patch 5G antenna

Thirdly, simulated maksimum gain and total efficiency
values of the proposed 5G patch antenna are obtained. The
compared maximum gain and total efficiency graphs of the
5G antenna are presented in Figure 6. As can be seen from
the figure, the gain and efficiency curves are similar as it is
expected. The maximum gain value for the antenna is 2.3 dBi
at 3.8 GHz. Likewise, the total efficiency of the proposed
antenna is 73% at 3.8 GHz.

Finally, the proposed 5G antenna simulated surface
current distributions at 3.5 GHz is given in Figure 7.
According to current distributions in Figure 7, the majority
of the radiation concentrated on the antenna patch and
matching line.

According to these results, the proposed antenna stands
out especially in terms of its small size and wide bandwidth
compared to the antennas in the literature [5-7].
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Figure 5. Radiation patterns of the log-periodic patch 5G
antenna at 3.5 GHz: (a) 2D radiation pattern on E and H planes,

(b) 3D radiation pattern
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Figure 6. The maximum gain and total efficiency graph of the

log-periodic patch 5G antenna
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Figure 7. The simulated surface current distributions of the log-
periodic patch 5G antenna at 3.5 GHz

4. Conclusion

In this study, a novel wideband patch antenna with the log-

periodic array is presented for sub-6 GHz 5G mobile systems.

The proposed patch antenna has a very compact structure
with total size of 10.7 x 22.5 mm?. The proposed 5G patch
antenna is designed and manufactured on a double-sided
FR4 substrate which has a relative permittivity of 4.3, a
tangent loss of 0.02 and a thickness of 1.6 mm. The proposed
antenna has a frequency bandwidth of 3.4-4.2 GHz by
simulations, while this operating band is measured in the
range 3.1-3.9 GHz. Besides, the antenna has a near-
omnidirectional radiation pattern and a maximum gain value
of 2.3 dBi.
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