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Abstract: In this research article, design of a beam steerable and frequency reconfigurable antenna for 5G
communication system using three 1x8 element antenna arrays with defected ground structure has been
presented. Frequency reconfigurability has been achieved by placing two switches inside an etched slot on
patch antenna, which resulted in a matched bandwidth of 5.29 GHz (24.13 to 29.42 GHz). Beam steering
has been achieved by placing the proposed antenna array along three different edges of a mobile phone and
energizing only one array at a given time. The proposed antenna array has increased maximum directivity up
to 14 dB and maximum gain up to 13 dB. Furthermore, by incorporating a defected ground structure (DGS),
mutual coupling between the two adjacent elements has also been reduced up to 15%. The proposed antenna
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array can be a prospective candidate for 5G mobile handsets.
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Introduction

he era of mobile communication has been

divided into different generations each adding
extra functionalities to our mobile phones; the first
generation (1G) was based on voice communication,
second generation (2G) added the feature of text
messaging, third generation (3G) introduced
data communication and fourth generation (4G)
improved the data rates (Ezhilarasan and Dinakaran,
2017). Nowadays, research is being carried out in the
area of Internet of things (IoT) as we are progressing
towards the automation of domestic, commercial and
industrial appliances and systems. IoT will enable us
to remotely access and control them (Agiwal ez al.,

2019; Sirinivasan ef a/., 2019).

In the near future, it is being planned to provide
fast Internet connection to large number of devices

per square kilometer of area. Due to high data rate
requirement of users, fifth generation (5G) technology
isnowunder development. Using 5G technology, users
will be given higher bandwidth in order to increase
the speed of communication (Hossain and Hasan,
2015). 5G provides a higher level of performance as
compared to the previous generations by offering high
speed connectivity, enormous data handling capacity,
low latency and much more. 5% generation system
taces problems relating to small cell sizes and higher
propagation loss. In order to solve these problems a
huge number of base stations will be needed. Further,
antenna should have the capability of steering its main
beam towards the user in order to avoid interference.

5G technology will use millimeter wave band because
the bands (under 6 GHz) which are so far utilized
tor 2G, 3G, and 4G are not enough to provide such
high data rates (Agiwal ez al., 2016; Niu ez al., 2015).
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In millimeter wave band, frequency is very high as
compared to the previously used frequency bands.
The path loss in free space can be expressed as follows

(Aragon and Alejandro, 2008).

Lraz) = 324 + 20 logR +20logfym, - (1)

In Equation 1 L, represents path loss in dB, R
represents the distance between sender and receiver
andf, ,represents frequency in MHz. From Equation
1, it is clear that by increasing frequency, there will
be an increase in path loss. In this research study, we
have considered 26 GHz for communication, so free
space path loss will be very high which means that the
signal strength will rapidly decrease as signal moves
from transmitter towards receiver (Rappaport ez al.,
2013). In order to overcome such high attenuation,
large number of base stations will be installed and
there will be very small distance between them, i.e.,
the cell size will be small (Hur e7 a/., 2013). Because
of small cell size, mobile phone antenna will be doing
frequent handovers towards the best base station
while moving. In order to make it possible, antenna
installed in mobile phone should be capable to steer
its main beam towards any required direction (Han
et al., 2015). Mobile phone antenna should also be
capable to have high gain in the desired direction of
radiation to overcome high attenuation (Agiwal ez a/.,
2019). Furthermore, the antenna should be capable to
cover larger bandwidth for providing high data rates
to the users (Agiwal ez a/., 2019; Abirami, 2017).

There are a number of methods so far utilized
for achieving beam steering. One of the beam
steerable antennas is presented in (Zhang e al.,
2017). This antenna has four L-shaped microstrips.
A vertical probe is provided to energize each of
L-shaped mictrostrip. Between these microstrips,
Electromagnetic Band Gap (EBG) is also used for
increasing the gain. Beam steering can be achieved
by turning ON different ports. Bandwidth and gain

of this antenna ware not suitable for 5G application.

A simple beam steerable antenna is also presented
in (Nayak ez al, 2012). This antenna consists of
five patches and switches. One of these patches is
the main patch and other four surround it which
are connected with the main patch using switches.
Different radiation patterns can be achieved by
different combinations of switches. Further, the gain
obtained was good, but bandwidth was very low.

A beam steerable antenna which is energized using
capacitive coupled feeding is given in (Pal ez al,
2014). Their proposed antenna has a shape of square
and a port is connected to each side of that square. By
exciting one of these ports and keeping other OFF,
we can have main beam in different directions. It was

a good option for sub 6 GHz band.

For obtaining frequency reconfiguration different
methods are proposed in literature. Use of PIN
diodes along with parasitic elements is proposed in
(Baruah and Bhattacharyya, 2017; Varsha and Sumi,
2016). In (Zadehparizi and Jam, 2018) and (Ikram
et al., 2019) reconfigurable antennas are presented.
‘These antennas have slots in ground plane in which
switches were installed. By turning these switches

ON and OFF resonance frequency can be changed.

A frequency reconfigurable antenna having Z shape
slot and switches installed in the ground plane is
proposed in (Jenath and Nagarajan, 2017). Different
resonance frequencies can be achieved by having
different switch combinations. Most of these existing
methods require large print area, which is usually not

available in typical mobile phone.

In this research work, we propose a novel three arrays
configuration. Each array having a width of 3.8 mm,
is composed of eight radiating elements. Due to small
width, array can be adjusted at mobile phone’s edge.
'The use of eight elements has increased the directivity
up to 14 dB. Each antenna array is installed at different
locations inside a mobile phone. At a given time, only
one array is energized and thus a particular direction is
covered using beam steering. For overcoming mutual
coupling between antenna elements, we have used
defected ground structure (DGS) (Wei ez al., 2016;
Salgare ez al., 2015).

For covering large bandwidth, we have used the
concept of frequency reconfigurability. We have
inserted a slot in each element. In that slot we have
used two switches. By turning these switches ON
and OFF, electrical length of the element changes
and thus the resonance frequency varies. Using this
technique, we have covered a band of 24.11 GHz to
29.30 GHz containing 3 resonant frequencies that
can be selected at difterent switch combinations.

Antenna design
Antenna element: The proposed antenna element is
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shown in Figure 1. It consists of a metallic patch with
T shaped slot. Inside T slot there is a narrow metallic
strip. Coaxial cable is connected to this inner strip to
feed the antenna element. Such a capacitive feeding
provides a large reduction in the size of the antenna.
In order to cover the entire surface area of the patch
charges will flow through the edges, so the electrical
size of the antenna is greater whereas the physical size
is smaller. FR-4 dielectric material with er = 4.3 and
0.8 mm thickness was used as substrate. Complete
dimensions of the proposed antenna element are
given below:

Lg = 3.8 mm, Wg = 6 mm, Lpl = 1 mm, Wpl = 0.3
mm, fv = 0.2 mm, Lp2 = 1.75 mm, Wp2 = 2.5 mm,
Lslotl = 2.4 mm, Wslotl = 0.3 mm, Lslot2 = 1 mm,
Wslot2 = 0.5 mm, t = 0.01 mm, h = 0.8 mm.

Wg

(b)

Patch\'

Dielectric Coaxial Ground
Substrate Connector
(c)

Figure 1: Proposed Antenna element. (a) Front view of antenna
element (b) Inner patch of antenna element (c) Side view of antenna
element.

In order to cover a larger bandwidth, two switches
(e.g., RF MEMS switches) are placed within T slot
as shown in Figure 2. Turning these switches ON,
will provide shorter path for the flow of charges to
cover the whole surface and thus electrical size of
the element will reduce and resonance frequency will
increase. In this way we can cover a larger band.

Antenna array: The single element was then used to

model 1x8 element array as shown in Figure 3. Three
such arrays were then positioned perpendicular to
each other as shown in Figure 4. One of the arrays
can be energized at a given time, resulting in radiation
patterns in three different directions.

Figure 2: Antenna element with switches.

TRTRTRTR TR T TR

Figure 3: 1x8 element array

Figure 4: Proposed beam steering antenna array.

'The proposed antenna array can be fabricated along
the edges of a typical mobile set due to its small width
of 3.8 mm as shown in Figure 5.

Array-2

Figure 5: Prospective position of proposed array in typical mobile
phone.
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Defected ground structure: In order to minimize
the mutual coupling issues of typical antenna array
different techniques were used in the recent work
(Ojaroudi-Parchin ez al, 2020). Here defected
ground structure (DGS) was employed in the ground
plane as surface wave filter to reduce mutual coupling
(Khandelwal ez al., 2017). In Figure 6, portion of
DGS is shown with Lgslot = 3.79 mm and Wgslot
= 0.1 mm. These values have been selected after
parameterization and optimization in CST MWS.

Wegsiot
> ke

Lgslot

@
\\ v

\

Coaxial
Connector

Ground
Plane

Figure 6: DGS at the ground plane between two elements.

Results and Discussion

The single element was simulated in CST MWS
tor different switch combinations and its combined
return loss is given in Figure 7. It shows that using
frequency reconfigurability, bandwidth of 5.1 GHz
(24.3 t0 29.49 GHz) can be achieved using this single

element.

e Both Switches OFF
-5 | == = = One Switch ON
Both Switches ON
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Figure 7: Return loss of single element.

'The simulated return loss of 1x8 element array is shown
in Figure 8, for three different switch combinations

(i-e., both switches OFF, only one switch ON, both

switches ON). It is clear that a total bandwidth of
5.29 GHz (i.e., 24.13 to 29.42 GHz) can be obtained
with the help of frequency reconfiguration.
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Figure 8: Return loss for the proposed antenna.

In order to reduce mutual coupling between adjacent
array elements, we have used DGS between each two
elements. It acts as a filter and suppresses surface
waves. For comparing the performance of DGS, we
simulated two element array with and without DGS.
An improvement of 6.45 % in S12 is obtained at
resonant frequency of 25.2 GHz when both switches
are OFF as shown in Figure 9. Figure 10 shows an
improvement of 8.89 % in S12 at a resonant frequency
of 26.8 GHz when one switch is ON and other switch
is OFF. Similarly, Figure 11 shows an improvement
of 15.45 % in S12 at a resonant frequency of 28.2
GHz when both switches are ON.
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Figure 9: Mutual coupling between two elements by turning OFF
both switches.
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Figure 10: Mutual coupling between two elements by turning one
switch OFF and one ON.
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Figure 11: Murual coupling between two elements by turning ON
both switches.

'The simulated radiation patterns of proposed antenna
array when different portions of array are excited
are shown in Figure 12. The main beam is shifted
depending on which direction array is excited. In
this way, main beam can be steered in any required
direction for the best reception of the signal.

The use of eight elements in each array has increased
the gain up to 13 dB and directivity up to 14 dB.
Maximum gain versus frequency and maximum
directivity versus frequency plots for different number
of array elements are given in Figures 13 and 14
respectively. We have shown results for the case when
both switches are ON. For other switch combinations
these results are almost same.

Journal of Engineering and Applied Sciences
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Figure 12: Simulated Radiation pattern; (a) Only Array-1 excited;
(&) Only Array-2 excited; (c) Only Array-3 excited.
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Figure 13: Maximum Gain vs Frequency.
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Figure 14: Maximum Directivity vs Frequency.

Conclusions and Recommendations

In our study, we proposed a beam steerable and
frequency reconfigurable antenna for 5G technology
using antenna arrays. The antenna operated at 26 GHz
band. The requirements of a 5G system was fulfilled
by using three arrays, each having 8 elements, located
at three different locations in a mobile phone. One
array was energized at a time in order to direct the
main beam in the required direction. By energizing
the second array, main beam was shifted to the other
direction. In this way, the main beam was steered in any
required direction achieving a directivity of 14 dB and
gain of 13 dB. In addition, in each antenna element of
the array, there was a slot consisting of two switches.
By using different combinations of these switches,
resonance frequency was shifted. These switches were
adjusted so as to cover an overall bandwidth of 5.19

GHz (i.e.,24.11 t0 29.30 GHz). An overall reduction

of 15.45% was achieved in mutual coupling by using a
DGS. In order to adjust the antenna array at the edges
of the mobile phone, each element was fed using a
capacitive feeding method which reduced its length.

Novelty Statement

'The novelty lies in the design and location/placement
of the antenna array inside the cell phone for increased
coverage using beam steering method. The proposed

technique of frequency reconfigurability has improved
bandwidth up to 5.29 GHz.
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