Print ISSN: 2008-5893

Journal of Information Technology Management

Online ISSN: 2423-5059

Design, Realization and Measurements of Printed Patch Antenna with
Circular Slots for UWB and loT Applications

Abdelhakim Moutaouakil * ©

*Corresponding Author, Modelisation of Complex Systems Laboratory, Cadi Ayyad University,
Marrakech, Morocco. E-mail: moutaouakilabdo@gmail.com

Younes Jabrane ©

Modelisation of Complex Systems Laboratory, Cadi Ayyad University, Marrakech, Morocco. E-mail:
y.jabrane@uca.ma

Abdelati Reha @

Laboratory of Innovation in Management and Engineering for the Enterprise, ISGAM, Morocco.
E-mail: Abdelati.reha@isga.ma

Abdelaziz Koumina @

LIRBEM, Cadi Ayyad University, Ecole Normale Supérieure, Marrakech, Morocco. E-mail:
Koumina@uca.ac.ma

Abstract

This paper presents the design, simulation and realization of a patch antenna for 10T
applications. The patch antenna consists of a radiating element printed on one face of a
dielectric substrate, when the ground plane is placed on the other face. In this work, two
techniques are used to design a miniaturized patch antenna: the set-up of slots on the radiating
element and the use of defective ground plane. Also, the slot’s radius and Length of inset
point effects on the performances of the antenna is illustrated. All the simulated results are
performed with FEKO, a solver based on a Moments Method and measurement is made using
Vector Network Analyzer Anritsu MS2026C. The propose antenna resonates in three
frequency bands 3.91, 4.86 and 5.16GHz for different characteristics such as radiation pattern,
gain, return loss, which makes it suitable for many wireless communication applications such
as loT applications.
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Introduction

Many mobile units are growing and attracting more and more users, such as laptops, PDA,
mobile phones and 10T applications with Bluetooth and Wi-Fi standards to connect, (Balanis,
C. A, 2016) with the Internet of Things, web-enabled devices connect to each other and
leverage the data they exchange. The devices communicate via the cloud and connect to the
Internet through a Wi-Fi network, a cellular connection (3G or 4G) or Bluetooth. Very soon,
5G will lead us straight into the future: a future of driverless cars, fully connected cities,
remote surgery and technological miracles that now seem like something out of a science
fiction movie.

The Internet of Things, consists of ordinary devices that can connect to the Internet and
communicate with each other via the cloud. This means that it is usually necessary to add
special sensors to ordinary objects such as washing machines, heaters, watches and almost
anything else. Some devices use these sensors to collect and retransmit information. The very
first connected device discussed above, a vending machine, used sensors to monitor its
inventory and transmit that information to its owner. Other devices can receive information
and then perform an action. For example, smart door locks receive a signal that you want to
open them and then perform the operation.

So, the sub-6Ghz spectrum’s appeal is as an ideal middle ground between existing
network (Barrou, O. et al., 2017). Nowadays, this technologies generalization has become
very popular because it offers the connection to Internet services for users at home or in a
public place because of its ease of installation, freedom of location and high speed (Consolif,
F, et al., 2006). Access to these services from a single terminal requires the use of compact
antennas (Darmireddy, N. K., et al., 2015).

The frequencies used by these different applications are spread over the frequency range
[LGHz- 5.8GHz] (Gautam, A, et al., 2016). So to get all these devices connected to each other
it is necessary to use compact and easy to integrate antennas into the objects. The patch
antenna is one of the best solutions used by many engineers because it gives good results in
terms of parameters such as directivity, gain, return loss, VSWR (Moltage Standing Wave
Ratio), bandwidth, etc (Gupta, N., et al., 2016). In order to improve it further, we need to


https://doi.org/10.22059/jitm.2022.88135
https://creativecommons.org/licenses/by-nc/4.0/

59 Journal of Information Technology Management, 2022, Vol. 14, No.4,

make some changes to traditional antennas to make them multi-band and broadband with high
performance (Huang, Y., et al., 2008).

According to the literature review, one of these techniques is the set-up of slots on the
radiating elements. In this paper, we will study the behavior of a rectangular patch antenna
modified with the set-up of circular slots on his radiating element and rectangular slot on his
ground plane.

All the results are performed with FEKO, a Solver Based on Moments Method (MoM).
The remainder of this paper is organized as follows: the patch antenna geometry is presented
in Section II. In Section 11, the R and Y effect study is described. Current distributions and
radiation patterns are shown in section IV. Experimental results are discussed in Section V.
Finally, conclusions are drawn in Section VI.

Theory and design

The concept of patch antenna appeared in 1950, but the real development has been involved
in 1970. It can be used alone or as part of a network (Jmes, J. R., et al., 1989). Similarly, it can
be integrated closer to the electronic circuits by occupying a reduced volume and conforming
to different types of surfaces (Kaur, N. et al., 2017). For the microstrip line shown in Fig. 2
(@), the field lines are inside, and some of them are extended to outer space. For this, an
effective dielectric constant (reff) is introduced to account for fringing and the wave
propagation in the line. When an antenna is energized by a microstrip line or other power
mode, this generates negative charges around the feed point and positive charges of the other
part of the radiator. This charge difference creates electric fields in the antenna; these electric
fields are the main cause of the radiation in the printed antenna (Fig 1).

Radiant element Transmitting circuit A Antenna
Current distibution
L —— t++# Iy
. Electnc field
Substrat H’( *——}"'_'_:-__""’:f
4 Z,
Ground plane

A

Figure 1. Radiation mechanism and Equivalent diagram of a printed antenna
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By applying the theory of transmission lines (Moutaouakil, A., et al., 2022), the printed
antenna can be modelled by the electric circuit shown in figure 1 (b). The antenna has a
complex input impedance (Moutaouakil, A., et al., 2021) :

Ze =R, +jX, (1)

The input impedance Ze, whose reference plane is indicated in Fig. 2, is obtained from
Eg, le and Zg the internal impedance of the generator:

Ze=z_zg (2)

The knowledge of this electrical pattern is crucial to determine how the antenna will
convert the incident electrical power into radiated power. In order to optimize the power
transfer and to avoid any loss due to mismatch between the electrical source and the antenna,
it is necessary to ensure an impedance matching condition. The efficiency of an antenna is the
ratio of the radiated power to the total dissipated power. It depends on the ratio between the
radiation resistance of the antenna and its losses.

n= Wr _ RRad (3)
W Rrag + R

a

Los

Following is the application we did in order to achieve our patch antenna Fig 2:

Ws

Ls

(a) (b)
Figure 2. The geometry of a rectangular patch antenna with nick. (a) Top view (b) Bottom view

Several feeding techniques are available such as coaxial feed, proximity coupled feed,
microstrip inset feed etc, (Nornikman, H., et al., 2012), (Nornikman, H., et al., 2018), (Orik,
N., 2008). to excite the patch. Here, the feed is applied through a microstrip inset feed having
the width Wf. The patch antenna is completely designed using FEKO Slover. Here, FR4
epoxy is the substrate as discussed earlier (LIr=4.4), and the parameters characterize our patch
antenna (Figure 2) are presented in the following table:
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Table 1. Antenna dimensions

Dimension Value (mm)

Length of substrat Ls 56.02

Width of substrat Ws 72.44

Length of patch Lp 28.01

Width of patch Wp 36.22
Thickness of the substrat h 1.6
Width of supply line Wf 2.8

Length of inset point y 2

However, the most critical limitation of a patch antenna is. Its narrow bandwidth
intrinsically linked to its resonant nature, and for improving the bandwidth of a patch antenna,
there are several techniques like thickening the substrate, decreasing the dielectric constant or
using slits, this last technique (using slits) is our technique that we use to improve our patch
antenna (Patnaik, S., 2016), (Rahayu, Y., 2008).

The previous rectangular patch antenna (figure 2) will be modified based on the addition
of a circular slot. The Radius of the circular slot is R = 2 mm after optimization which is
detailed in the next section.

Figure 3. The geometry of the modified antenna 3D view

The simulated S11 shows that by adding a circular slot to the rectangular patch antenna
show that the antenna resonates in several frequencies (Fig. 4), and the bandwidth of the
second band increases.
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Figure 4. Reflection coefficient S11 of the rectangular patch antenna and the modified antenna, as a
function of frequency

Figure 4 shows the variation of the reflection coefficient S11 at the input of the modified
antenna as a function of the frequency in the frequency band [3 GHz -6 GHz], and we note an
adaptation of -21 dB of the first band and -38.5dB of the second then -19dB of the third band.

Results and Discussion
R effect study

Figure 5 shows the reflection coefficient S11 variation at the input of the modified antenna in
terms of the frequency in the band [3 GHz -6GHz], for different radius of the circular slot.

$11[dB]

3.0 35 4.0 4.5 5.0 5.5

Frequency [GHZ]

Figure 5. The S11 of the modified antenna, as a function of frequency for different radii of the circular
slot.
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We note that when we increase the radius of the slots the second band becomes very wide
(872MHz), which makes it possible to use our antenna for ultra-wide band applications since
the band is greater than 500MHz (Reha, A., et al., 2016).

Y effect study

Figure 6 shows the effect of Y on reflection coefficient S11 variation at the input of the
modified antenna in terms of the frequency in the band [3 GHz -6GHz]. We note that when Y
decreases the second band becomes larger with good adaptation.
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—&— ¥0=05mm J—
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$11 [dB]
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Frequency [GHz]
Figure 6. The S11 of the modified antenna, as a function of frequency for different Y
The table below summarizes some results on the antenna performance.

Table 2. Summary results

Bandwidth . -
Resonance frequency Maximum gain in the
Antenna (GH2) (MHz2) resonance frequency (dB)
At -10dB

3.92 194 4.96
Y=1mm 4.78 701 3.92
5.14 701 421
3.93 313 45
Y=0.5mm 4.81 880 3.51
5.14 880 4.15
3.91 286 4.1
Y=0mm 4.86 873 3.2
5.16 873 3.9
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Current distributions and radiation patterns

In order to better understand the antenna behavior, the current distributions at the three-
resonance frequency 3.91 GHz, 4.86 GHz, and 4.16 GHz are simulated and shown
respectively in figures 7 (a), (b) and (c).
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Figure 7. Simulated surface current distributions of the modified antenna

Fig.8 Show the 3D gain for the three resonant frequencies of the modified patch antenna with
R=2mm.
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Figure 8. Simulated 3D gain at the three resonant frequencies.

From the 3D gain simulations, we observe that we have a gain of 5.7 dB in the first
resonance frequency 1.9 GHz, 6 dB for F = 3.91 GHz and 4.86 dB for the third frequency
5.16 GHz.

Fig 9 Show the 2D Electric fire filed for the three resonant frequencies of the modified
patch antenna with R=2mm: 3.91GHz, 4.86GHz, 5.16GHz.
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Figure 9. Simulated 2D Electric fire filed at the three resonant frequencies.

The following table represents a comparison between the performances of the antennas
found in indexed works and our antenna, we note that our work has an improvement in
performances Compared to existing works.

Table 3. Comparison results

Dimensions of antenna | Resonance frequency o L
References (mm?) (GH2) Gainin dB Applications
(Rooyen, M, et 55x35.5%1.6 2.8/5.8/7.8 1.07/2.53/5.94 S,C,X Band
al., 2017)
(Roy'zaé)et al., 92.6x62.6x3 3.9/7.4/10.04 6.1/5.9/5.1 S,C,X Band
(Selveraj, D.,
et al.. 2018) 56x50.2x1.6 2.39/2.54 5.035/4.814 WLAN
(Song, S., et 54.36x46.72x1.52 1.86/2.93/3.02/4.50 44 s,C Band
al., 2014)
(Volakis, J. L.,
2007) 50x40x1.6 2.4/5.5 3 S,C Band
Our work 72.44x56.02%1.6 3.91/4.86/5.16 4.1/3.2/3.9 UWB and IOT

Measurement results

The modified antenna is than fabricated and tested using Vector Network Analyzer (VNA
Master, Anritsu MS2026C) to validate the simulated results with the experimental results. We
confirm with measurements that for the higher frequencies, the bandwidth becomes bigger
with good adaptation.
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Figure 10. Experimental test set up of antenna

Conclusion

From the simulation work with FEKO, the location of the added circular slots has an effect of
improvement on the parameters of the antenna. The modified antenna gain has shown an
increase compared to the regular rectangular antenna. The effect of the slot radius is the
increase of the bandwidth, resonance in multiple frequencies and also the gain adaptation. The
proposed antenna is physically realized. The simple structure, compact size, multi-band
frequency, good radiation characteristics, and excellent gain make this antenna suitable for the
UWAB and IoT applications.

In the future works, the antenna design can be improved by adding the N-number circular slot
or define the other new slot into the microstrip patch design, also we can study the effect of
the ground plane.
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