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Abstract Article inf.

In this paper, a novel structure of a circular patch microstrip antenna based on external  Received:
corrugations is designed, simulated, and measured to operate in S and C-bands  13/8/2021

applications. The parameters of this antenna structure, such as input impedance, Accepted:

bandwidth, gain, surface currents, and radiation patterns were studied and improved.  14/9/9901
This antenna design includes modifying the shape of the radiating patch by cutting o pjished:
seven parts of the tip patch as semi-oval with a diameter and depth of 2 mm between  31/19/2021

each part, 45° angles. The antenna ground plane was reduced to the size of 40x13 mm?. ;
. . . . . Keywords:
The insulating substrate has dimensions of 50x40x1.6 mm?3. The obtained results

: ) _ circular,
showed a good improvement of the antenna performance with resonant frequencies of

] ) ) . ) microstrip
3.1 GHz, 7.1 GHz, and fractional bandwidth of 40.8%, 12.4% respectively. This design

. . . . .. antenna, HFFS,
is simulated using Ansoft High-Frequency Structure Simulator (HFSS), and it is

. . . . bandwidth.
compared with the obtained measurement data. Interestingly, the comparison results

are in good agreement. The antenna design is helpful for many services operations at

these bands of frequencies and their applications.
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1. Introduction

Communication systems are rapidly growing due to the engineering revolution in the field of
antennas and materials technology [1], The microstrip antenna (MSA) is considered the most
common type of antenna due to its specifications commensurate with the spread of wireless
communication technology in terms of lightweight, low cost, and ease of manufacture [2]. The
concept of a microstrip patch antenna was first proposed by Deschamps in 1953 [3]. Gutton and
Baissinot presented a patent in the microstrip in 1955[4]. No commercially available printed
circuit boards with controlled dielectric constants were developed during this period of time. So
this antenna didn't become practical till 1970 when it was developed by Robert E. Munson [5].
MSAs are used in applications of broadly and increasingly in a wide range of microwave systems
from navigation, telemetry, radars, mobile, satellite communications, global positioning systems
for remote sensing, biomedical systems, missile systems, etc. [6].

The performance requirements may dictate the use of substrate materials whose dielectric
constants can be greater than four. For example, various types of substrates have been developed
that have an extensive range of dielectric constant and loss tangent values[7-8], there are two types
of excitation for the antenna, either directly through direct contact with the patch and the base, and
it is in two ways, the coaxial transmission method or the strip transmission method, or the feeding
is indirectly through electrical induction, despite the widespread use of This type Because of its
small size, it suffers from some weaknesses such as narrow bandwidth and reduced gain[9]. Many
researchers focused on improving the antenna's efficiency, the most important of which is the
change in the shape of the patch, which is what happened. To work on it in the current study. To
improve the bandwidth of the ribbon antenna, there are several ways, including increasing the
thickness of the insulating layer, but it did not work because the thick dielectric layer helps the
presence of surface waves that lead to distortion of the radiation pattern, which leads to a decrease
in the efficiency of the antenna [10-11], or by making slots in the shape of the patch. In recent
years, dual-band or multi-band antennas with wireless communication capabilities have received
widespread attention. Early researches on multi-band antennas are focused on wireless
applications WLAN/WIMAX [12]. Such multi-band antennas represent the facility to integrate
various communication standards within a one antenna design. To meet the objective of high gain
operation within a single antenna design without affecting the other antenna parameters [13].

Adopting any of the techniques or hybrid of these techniques can construct the base of the design
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evolution of multi-band antennas for covering wireless communication applications [14].
Implementation of etching slot techniques in antenna design obtains additional resonating bands
since slots are responsible for creating electric current perturbation; presently, multi-resonance
antennas with frequency band configurability characteristics have gained more attention for
wireless communication systems [16]. Among various protocols, wireless local area network
(WLAN) and worldwide interoperability for microwave access (Wi-MAX) are current and
potential future candidates for this application [17]. Compact mobile devices are popular in the
market and therefore produce demands for miniaturized antennas. By using meandered metal strip
structure, it can offer WLAN connectivity in a compact footprint [18], For Wi-MAX, the most
common licensed bands are 2.5 ~ 2.7 GHz and 3.4 ~ 3.7 GHz [19]. This paper proposes microstrip
antenna designs that covers WLAN and Wi-MAX at 2.5 ~ 5.1 GHz and at 6.6 ~7.5 GHz [20].

Grounq pp, ne

Fig. 1: The Basic Structure of Microstrip Antenna

2. Design of Antenna

HFSS software was used to simulate the proposed antenna Pattern [21]. a circular microstrip
antenna was designed with dimensions of 50x40x1.6mm? and using the direct microstrip feed
technique (microstrip line) and the insulating material used is epoxy with dielectric constant (&- =

4.4), substrate thickness # = 1.6 mm. to obtain a radius (R=12mm) value of
Xmn C

T wmfvE @
Where , C is light speed (C =3 x108 m/s ), ymn is function’s Bessel at TMu1 (ymn = 1.84118), f is
frequency (1~8 GHz) , After substituting the values into a function (1). we get:

8
R = 0.419;( 10 (2)

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 434
NonCommercial 4.0 International (CC BY-NC 4.0 license)

(

hi

ttp://creativecommons.org/licenses/by-nc/4.0/).



http://creativecommons.org/licenses/by-nc/4.0/

Basrah Journal of Science Vol. 39(3), 432-445, 2021

Radiating patch is the main part of the antenna affecting antenna performance through changing
impedance matching bandwidth, and radiation pattern, as well as surface current distribution.
Different shapes of patch antennas are used to improve the conducting patch performance in
antennas. However, we attempted to find more effective and simple ways to achieve desired
results. Next, we have modified the shape of the patch by cutting seven parts of the tip patch as
semi-oval with the same previous diameter and depth, but with a 45-degree angle. The ground
plane of the antenna was reduced to be 40x13mm?. While the insulating substrate was fixed with
the same dimensions during the two experiments. After testing some dimensions by changing their
values, as we will show in the results, we got the final shape shown in Figure .2. , and Table (1)
show the optimized proposed antenna parameters. Then the microstrip antenna was manufactured
using the chemical method, by imprinting the shape of the radioactive after design on a copper
layer and then placing it inside a chlorine solution so that the copper material is corroded outside
the print. The SJF (VNA) (PLANAR 804/1) is used to measure the reflection coefficient of the

fabricated antenna, as shown in Fig .3.
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Fig. 2: Geometrical of the designed antenna: HFSS
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Table: Dimensions of the designed antenna

Parameters | Values (mm)

w 50

L 40

R 12.3

M 2

N 2

F 12.7

T 2

E 2

G 13

= -
Fig. 3: Geometrical of the designed antenna: manufacturer

3. Parametric study of the designed antenna

Since a novel design of feeding is utilized, a parametric analysis becomes important to provide
information to antenna designers about the different components and dimensions of the antenna
and how they affect the antenna results. Here, we have analyzed mainly the effect of R, M and G
using the HFSS simulation. The variation of the return loss curve for different values of R is shown
in Fig. 4. It is noted that M plays a significant role to improve the antenna bandwidth is shown in
Figs. 5&6.
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Fig. 4. Variation of return loss against frequency for different values of ‘R’

0
E -10
€

-20
8
c
S 30
E 0 ___Mm=2

——— M=25
-50
2 3 4 5 6 7 8

frequency (GHz)

Fig. 5: Variation of return loss against frequency for different values of ‘M’
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Fig. 6: Variation of return loss against frequency for different values of ‘G’
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4. Results and Discussion

Return loss (S11) represents the decrease in the amplitude of the reflected energy from the
energy emitted, the value of the resonance frequency within which the antenna operates is
determined in front of the value of (-10 dB). Fig. 7. illustrates the comparison of simulated and
measured results. the measured —10 dB bandwidth is 78.1% from 2.3 GHz to 5.25 GHz, 16.5%
from 6.6 GHz to 7.8 GHz, which is in good agreement with the simulation result. Slight
discrepancies between measurement and simulation results may be caused by fabrication

precision, interface error, and test environment.
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Fig. 7: The comparison of simulated and measured S11

The voltage standing wave ratio (VSWR) is a designation of the quantum of mismatch between an
antenna and the feed line connecting to it. The values for VSWR start from 1 as an ideal case to oo.
A VSWR value under 2 is deemed suitable for most antenna applications. Consequently, the
antenna can be described as having a good match [23] was 1.14 at 3.1 GHz and 1.11 at 7.1GHz, is

shown in figure (8)
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Fig. 8. Measured and simulated VSWR of the proposed antenna

The value of the input impedance of the circular band antenna after the second adjustment by (50.8Q) at

the frequency (3.16 GHz) and (42.4Q) at the frequency (7.11GHz), as shown in Fig.6.
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Fig. 9: Input impedance plot for the proposed antenna

The gain factor is defined as the ratio between the power produced by the antenna source (far-

field) towards the target. The final results of the final design showed that the amount of gain ( 2.54
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dB) and ( 5.54 dB) at the resonant frequencies (3.1GHz ) and (7.1GHz), respectively. The gain
versus frequency graph for antenna 1 is shown in Fig. 10.
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Fig. 10: Gain versus Frequency Graph.

After the final change, In contrast, Figures (11, 12) represent the radial structure of the ribbon

antenna after the final modification. Fig. (10) shows that the radiation pattern is an omnidirectional.
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Fig. 11: Radiation patterns (3D) and (2D) at the first resonant frequency 3.1GHz. H-plane (red

line) and E-plane (black line)
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Fig. 12: Radiation patterns (3D) and (2D) at the second resonant frequency 7.1GHz. H-plane (red
line) and E-plane (black line)

In contrast, Figs 13&14 represent the distributions of the electric field and surface currents
around the patch. These figures illustrate that the surface currents are concentrated at the edges of
the proposed antenna.
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Fig.13. Surface currents and electric fields on the patch of proposed antenna. (3.1 GHz)
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Fig.14: Surface currents and electric fields on the patch of proposed antenna (7.1 GHz)

5. Conclusions

The influence of the dielectric thickness change during the processing on the performance of
the antenna cannot be ignored. The connection method of SMA between the feeder and the signal
is solder connection. The solder increases the thickness of the dielectric board, which has a certain
impact on the test results. The error is within the allowable range. At all frequency bands, the
proposed antenna features stable radiation performance indicating that it can be a good candidate
for LTE 42/43, WiMAX , and WLAN (802.11a/n) applications.
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