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1. INTRODUCTION

Communications and information technology
have advanced at an amazing pace. So, it does
not require the device size and performance to
be compatible. Antennas are the most
important communication devices and play an
effective role in  modern  wireless
communication systems. Antennas are
electromagnetic wave transmitting or receiving
transducers. In other terms, antennas modify
electrical signals from electromagnetic waves
and vice versa [1]. The simplest and most
fundamental form of antennas is the
"microstrip patch antenna." It is widely used
due to its special characteristics, such as ease of
manufacture, low profile, low weight, low cost,
and supporting linear and circular polarization
[2]. The performance of the microstrip
antennas is affected by fundamental factors,
including patch geometry, feeding methods,
and properties of the dielectric material
(substrate) [3]. Several methods for feeding
antennas, microstrip lines, coaxial probes, and
aperture coupling are the most frequently
employed types [4]. The radiation patch
surface's edge was directly coupled to the
microstrip line feeding [5]. Even though
microstrip patch antennas are widely utilized in
many wireless communication systems, there is
an immediate need for an antenna that can
transmit signals at high data rates, high
directivity, low return loss, and wide
bandwidth. Low gain, restricted frequency
bandwidth, relatively large size at low
frequencies, and low processing capacity are,
however, disadvantages of patch antennas [6].
In recent years, researchers have made intense
efforts to suppress deficiencies and limitations
faced by patch antennas. Various designs have
been proposed to improve its performance,
including wusing a triangular patch [7],
rectangular patch [8], elliptical patch [9],
irregular Diamond Shape patch [10], circular
patch [11], and hexagonal patch [12].
Broadband properties can be achieved with a
flexible antenna that uses a traditional circular

or elliptical patch. On the other hand, the
radiating surface may crack if the flexible
antenna is bent. Compared to standard circular
or elliptical patches, the ring-type patch has the
advantage of not cracking even when bent.
Broadband features are also present in ring-
type monopoles [13]. Shorting pin loading and
patch stacking are two strategies for expanding
the bandwidth of microstrip antennas [14,15].
Various slot-loading shapes, such as circular
with rectangular fractal slots and H-slot
apertures, also enhance the antenna bandwidth
in a patch-fed antenna. These slot-loading
techniques not only widen the bandwidth but
also impact the radiation aspect of the antenna
[16,17]. Artificial neural network (ANN)
technology is also employed to precisely
calculate resonant frequencies in microstrip
antennas. Its goal is to decrease computational
complexity and time while simultaneously
improving rectangular microstrip patch
antenna efficiency, gain, and directivity [18].
These days, research interest in creating target-
oriented microstrip antennas is high. A
thorough analysis of the most recent research
on the design and optimization of the slotted
circular microstrip patch antenna operating in
the C band, conducted by several authors, is
provided in [19-22]. Applications using the C
Band, such as WLAN, WiMAX, Wi-Fi, and
satellite communication, employ slotted
antennas. It was concluded that adding distinct
slots to the antenna improved performance
metrics, including gain, bandwidth, and return
loss. The present work proposed a circular
microstrip patch antenna design (CMPA)
operating at a single resonator frequency of
5.509GHz with a low return loss and wide
bandwidth. The MCPA is constructed from two
leaves of the plant with a perforated Flower in
the middle of these two leaves to symmetrize
the shape and obtain optimal performance. A
rectangular slot was drilled into the partial
ground with different-sized, shaped, and
positioned holes added to the patch's radiating

jTikrit Journal of Engineering Sciences | Volume 32 | No. 1! 2025

Ty -



https://tj-es.com/

? Surur Hassan Ali, Ali Khalid Jassim / Tikrit Journal of Engineering Sciences 2025; 32(1): 1861.

surface to enhance the proposed antenna's
efficacy while decreasing its size to (35 x 23)
mm?2.
2. ANTENNA DESIGN
The CST. Studio 2020 simulation program
creates the suggested circular microstrip patch
antenna. The height of the substrate (h) (in
mm), the resonant frequency (fr in GHz), and
the substrate's dielectric constant (&,) were
assumed to be known. Next, the design
parameters of the circular microstrip patch
antenna (CMPA) were calculated using a set of
simplified formulas [23], and the outcomes
were satisfactory:
e To calculate the radius of the circular
patch(R,), use the following equations:
F

R. =
a [1+1;.’;_(Ln{%+1.7726})]0-5 @
8.791 x10°
also, F= fTT (2)

where
F = Circular patch antenna's logarithmic
function (F),
&= Dielectric constant of the substrate,
f» = Resonant frequency, and
h = Height of substrate.
e To calculate the substrate dimensions,
use the following equations:
Ls=2 x patch Diameter (3)
Ws=2 x patch Diameter ()
where L, is the length of the substrate, and W, is
the width of the substrate. Once Eq. (1) gave the
calculated value for the proposed antenna's
radius (Ra), a method of trial and error was
used to improve the antenna's performance
while simultaneously making it smaller. The
iterative procedure known as "sweeping the
parameters" involves running simulations
repeatedly with various parameter values until
the desired outcomes are achieved. This
iterative process led to determining the optimal
radius value, with Ra being set at 17mm,
achieving resonance at a frequency of 5.599
GHz. The fundamental antenna's geometry is
illustrated in Fig. 1. Dielectric material
(substrate) separated the two conductive layers
(a patch and ground plane). The antenna was
built with the low-cost FR-4 substrate material,
with a loss tangent of 0.025 and a relative
permittivity of 4.4. Ra was the radius of the
disc-shaped metal cover with the dimensions of
(3.1 x 8.22) mm?. A microstrip feed line was
utilized to accomplish an impedance matching
of 50 Q between the conducting patch antenna
and the transmission line. Alongside the
microstrip line, the patch was printed on the
upper surface of the substrate. The ground
plane's dimensions, inscribed on the underside
of the substrate, were (35 x 23) mm?.
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(a) top view
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L

(b) bottom view.

Antenna 1

Fig. 1 Conventional Antenna Configurations.

It is widely known that selecting a radiating
patch shape, in addition to the dimensions of
the designed antenna, significantly impacts the
efficiency of MSA performance. As a result, the
radiation pattern, gain, bandwidth, input
impedance, and surface current distribution
will change. Table 1 shows the optimal
parameters for the proposed antenna.

Table 1 The optimal parameters of the circular
microstrip patch antenna.

No. Description

Parameter Value

1 Resonate frequency f. 5.599
2 Patchradius R, 17

3  Feed line width W; 3.1

4  Feed line length Ly 8.22

5  Ground plane length Ly 23

6  Partial ground length Ly 13

7 Ground plane width w, 35

8  Substrate width W, 35

9  Substrate length Ly 53

10 Substrate height H 1.6

11 New substrate length Ly 23

12 Circular holes radius R, 0.2

13 Rectangular slot W, Ly (4.6,2)
14 Flower leg w;, L; (0.25,6.7)

15 Main elliptical slots Xraa1 s Yraq1 (0.111,7.5)

16  Right Sub elliptical slot ~ X,.,4, v,,.,, (0-35,1.5)

17  Left Sub elliptical slot A, B,and C (3.57,4.57,1.0
79)
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To clarify the antenna’s performance behavior,
the design is presented in the form of steps: -
2.1.Design Step I

The original antenna patch is modified to take
on the form illustrated in Fig. 2. The shape of a
patch's leaf was created by intersecting two
discs. The other plant leaf was obtained by
copying this leaf along the x-axis corresponding
to it. The radius of these discs in the original
antenna was identical. This modification was
intended to accomplish a reasonable bandwidth

and size reduction.
W

Antenna 2

Fig. 2 The Leaf Shape of the Proposed Plant.

2.2.Design Step 11

To make the Dbiological shape more
symmetrical, increase the radiation power, and
ensure that part of the current passes through
the area lacking it between the two leaves of the
plant, a perforated flower was placed in the
middle of the proposed design, as it achieved a
better reflection coefficient from -13dB to -27
dB, indicating a good matching impedance, as

“
%
5,

. Y
I A
]
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[

3
/i

Fig. 3 Antenna Configuration with a
Perforated Flower in the Middle.

2.3.Design Step I11

A pair of identically sized elliptical openings (in
the form of plant veins) were engraved on both
plant leaves' surfaces to enhance the proposed
antenna's performance. In addition, six circular
holes with the same radius Rb of 0.2mm were
sliced into the patch surface: four in the upper
section and two in the lower section. The
etching process was conducted according to the
simulation's dimensions. The ultimate form of
the proposed CPMA will resemble Fig. 4 (a) and
(b).

2.4.Design Step II11

The antenna was adjusted to 5.599 GHz by
removing a portion of the ground length (L)
and adjusting the parameter of the variable
(Lg1)- The ground plane was also engraved with

a rectangular slot measuring (4.6x2) mm? to
enhance the antenna's bandwidth and
efficiency, as shown in Fig. 5.

Antenna 4

Antenna 5

(b)

Fig. 4 (a) Elliptical Slots for the Proposed
Antenna, (b) The Three Circular Holes are
Distributed on Each Side of the Two Leaves of
the Plant.

Lg1

Lg Wl ;u

Wi

v

Fig. 5 Partial Ground Structure for the
Proposed Antenna.

3.SIMULATION RESULTS AND
DISCUSSION
CST simulation software is used to design and
model the circular microstrip patch antenna.
The present work focuses on performance
enhancement and size reduction until the
desired outcomes are achieved. The simulation
results for (CMPA) are summarized in Table 2.
The study looks at how well the suggested
antenna works regarding its radiation pattern,
gain, directivity, bandwidth, VSWR, return
loss, and overall efficiency.
3.1.Return Loss
Due to an interruption in the transmission path
or an impedance mismatch, return loss (s-
parameter) is the amount of electromagnetic
power reflected or returned. The following
equations describe the correlation between
return loss and the reflection coefficient:

Return loss (RL)= 101log (%) (5)
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where P, = Reflected power
P; = Incident power.

RL(dB) = —20.log(y) (6)
ZR-Z0
wherey = —— @)

where y refers to the reflection coefficient.

Zp = Reflected impedance

Z, = characteristic impedance in ohms.

Figure 6 (a) depicts the simulation return loss
for each design step. Return loss must be below
(-10 dB) to obtain a successful radiation mode.
The suggested antenna had a return loss of -
61.38 dB at 5.599 GHz, indicating that the
impedance match was improved, resulting in
less energy loss. A parametric study was also
performed using a parameter sweep when the
R,'s circular hole radius differed. Thus, the
value of R, was chosen to be 0.2 mm to yield
near-optimal impedance matching. The results
of the return losses are shown in Fig. 6 (b).
3.2.Bandwidth

An antenna bandwidth is the frequency
spectrum within which it can operate
effectively. The designed antenna's bandwidth
can be computed, as shown in Fig. 7. The
proposed antenna was compatible with the
5.15-5.825 GHz WLAN frequency, as indicated
by the estimated -10 dB impedance bandwidth
of 724 MHz (from 5.2109 GHz to 5.9351 GHz).

S-Parameters [Magnitude in dB]
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Fig. 6 (a) S-Parameter Simulation for Each
Design Step, (b) S-Parameter According to the
Radius Circular Holes Rb.
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Fig. 7 Bandwidth of the Antenna.
3.3.Standing Wave Ratio (VSWR) of
Voltage
The VSWR can be viewed as a measurement of
the transmission line's disparity with the load.
It is defined as "the maximum voltage to the
minimum voltage at any given point." The
VSWR is calculated using this equation.

VSWR = Ymax _ 1Y 3)

Vinin 1-y
(VSWR« 2) is a permissible value for a properly
designed antenna. Figure 8 displays VSWR vs.,
at a resonance frequency of 5.509 GHz, the
frequency plot of the proposed antenna
manifests. VSWR had a value of 1.00017.

Voltage Standing Wave Ratio (VSWR)

q (5599,1.0017) VswR1

80
60 1---f---

50 - foo i

40 -
30
20

[ RS SN e, W N

° H '
1 2 3 4 5 6 7 8 9 10

Frequency / GHz
Fig. 8 The Proposed Antenna's VSWR Versus
Frequency Plot.

3.4.Gain

Gain is the ability of an antenna to efficiently
absorb incident power from a particular
direction or, in the opposite case, to concentrate
radiated power in that direction. Figure 9
depicts a 3D plot of the designed antenna's far-
field gain, whose maximal value was estimated
to be 2.031dB for an operating frequency of
5.599 GHz. Certainly, the proposed antenna
was explicitly crafted for efficient performance
in indoor areas like buildings, homes, offices,
and similar environments. Indoor
environments usually have less need for high
gain, given that the distances to be covered are
relatively short and within narrow spaces. Low
gain helps reduce the possibility of signal
overshoot and interference, especially in close
proximity to other networks. Indoor antennas
are often designed to be compact and
inconspicuous to fit seamlessly into the indoor
environment without being obtrusive.
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farfield (f=5.599) [1]
Type Farfield
Approximation enabled (kR >> 1)

Component Abs

dBi
2.03
5.24
-12.5
-19.8
-27.1

Fig. 9 3D plot of Far-Field Gain at 5.599 GHz.

3.5.Directivity

The directivity of an antenna measures the
frequency at which it emits electricity in its
preferred direction and is a numerical
indication of an antenna's ability to focus
energy in a specific direction as opposed to

farfield (f=5.599) [1]

Type Farfield
Approximation enabled (kR >> 1)
Component
Qutput
Frequency
Rad. Effic.
Tot. Effic.
Dir

dispersing it over a wide angle range. Figure 10
depicts the 3D plot of the designed antenna's
far-field directivity at its resonant frequency of
5.599 GHz. It was indicated that the maximal
value of the antenna's directivity was 3.102 dB.

dBi
31
-4.17
=154
-18.7

-36.9

Fig. 10 3D Plot of Far-Field Directivity at 5.599 GHz.

It is clear from above that the proposed antenna
has an excellent matching impedance, a low
reflection coefficient, and a wide bandwidth.
Therefore, the intended antenna sacrifices gain
and directivity to achieve these other
performance characteristics. The lack of gain
and directivity in the proposed antenna can be
attributed to several factors, including the small
size of the antenna. Small single-patch
antennas have fundamental limitations on their
gain and directivity and are valuable in
improving the efficiency of the antenna design.
In addition, the structure of the antenna plays a
role in its performance, and antenna
improvement methods such as using a tool can
help simulate the shape and arrangement of the
radiation unit, the grounding unit, and the
reflection unit, affecting the gain and direction
of the antenna. The materials used in building
the antenna can affect its performance.
Considering these factors and using
appropriate design techniques can improve the
antenna's gain and directionality.
3.6.0verall Efficiency

The proportion of the antenna's provided
energy to its radiated energy is known as
antenna efficiency. Figure 11 depicts the total

efficiency of the employed antenna versus
frequency. At a resonance frequency of 5.599
GHz, the antenna efficiency peaked at around
78%.

Total Efficency [Real Part]

Y

08

0.7 1
0.6 1--}-
0.5
0.4
034§

0.2 4---

1 2 3 4 5 6 7 8 9 10
Frequency / GHz

Fig. 11 Total Efficiency vs. Frequency Curve of
the Proposed Antenna.

Antenna efficiency = Gain / Directivityx100% (10)

3.7.Surface Current Distribution

The distribution of surface current at an
operating frequency of 5.599 GHz is shown in
Fig. 12. According to the current value, the scale
depicts the various hues arranged in
descending order. The current distribution is
more compatible in the regions highlighted in
red than those highlighted in green, yellow, and
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shortly. Additionally, It can be seen that the
highlight is centered in the area between the
suggested form and the microstrip line.

Fig. 12 The Surface Current Distributions of
the Optimum Antenna Design.

3.8.Radiation Pattern
The antenna pattern, also known as the
radiation pattern, represents the radiation's
varying spatial characteristics. In other words,
the antenna's pattern denotes how it transmits
or receives energy into space and serves as a
guide for the antenna's operation. The H-field
and E-field designs are presented for
consideration.
3.8.1.E-field Pattern
Figure 13 depicts the polar diagram of the
proposed antenna's E-field pattern in the far-
field at 5.599 GHz. The magnitude of the
primary lobe was observed to be 16.8dB V/m,
and its direction was 171 degrees.

Farfield E-Field(r=1m) Abs (Phi=90)

0 e farfield (f=5.599) [1]
30 phi=270

phi=90 30

Frequency = 5.599 GHz
180 Main lobe magnitude =  16.8 dB(V/m)
Main lobe direction = 171.0 deg.
Theta / Degree vs. dB(V/m) Angular width (3 dB) = 79.7 deg.

Fig. 13 The Far-field E-field Pattern in the
Polar Plot at 5.599 GHz.

3.8.2.H-field Pattern

The polar diagram of the far-field H-field
pattern of the suggested antenna at 5.59 GHz is
shown in Figure 14. It was noticed that the

significant lobe had a magnitude of -34.7 dB
A/m and a direction of 171 degrees.

Farfield H-Field(r=1m) Abs (Phi=90)

0 = farfield (f=5.599) [1]
phi=g90 30 30 phi=270

Frequency = 5.599 GHz
180 Main lobe magnitude = -34.7 dB(A/m)
Main lobe direction = 171.0 deg.
Theta | Degree vs. dB(A/m) Angular width (3 dB) = 79.7 deg.

Fig. 14 The Far-field H-Field Pattern in the
Polar Plot at 5.599 GHz.

As radiation is the primary function of any
antenna, the radiation performances of the
suggested antenna are a crucial metric to
determine an antenna's performance. Proving
that the antenna transmits over a sizable
frequency range is the primary goal of the
radiation pattern analysis. At the operating
frequency of 5.599 GHz, the radiation pattern
for the suggested antenna is displayed in Figs.
13 and 14. The E-plane, which includes the
electric field, and the H-plane, which contains
the magnetic field, are the two planes in which
the radiation pattern is simulated. As depicted
in the figures, the acquired results demonstrate
that the suggested antenna exhibited a nearly
bidirectional radiation pattern. Also, by
examining the results obtained for the far-field
directivity, it can be found that the proposed
antenna showed similar results to the well-
known 1/2 dipole antenna.

Finally, the simulation parameters for the
suggested circular microstrip patch antenna
with a compact construction are summarized in
Table 2.

Table 2 Simulation Results of the Parameters
of the Suggested Circular Microstrip Patch
Antenna.

Parameter Value
Resonance 5.599 GHz
frequency
Return loss -61.3845dB
Bandwidth 724MHz (from5.2109GHz to
5.9351GHz).
Gain 2.0307dBi
Directivity 3.1023 dBi
VSWR 1.0017
Realized gain 2.031dB
Total efficiency about 78%
Impedance 50.83 Q

The performance of the proposed antenna
operating on a single frequency band was
compared with some existing literature in
WLAN  applications. = Table 3 presents
a comparison of the proposed antenna with
recent research works.
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Table 3 Comparing the Proposed Work with Previously Published Works.

References Overall Dimension Operating Frequency  Return Loss Bandwidth VSWR
(nm?) (GHz) (dB) (MHz)
[24] 38 x 28 x1 5.38 -53.189 200.6 1.0044
[25] 45 x35 x1.6 3.5 -29.77 233.2 1.0671
[26] 30 x 30 X 1.4 5.5 -31.57 701.9 1.054
[27] 60 x 60 x 1.6 2.4 -24.5996 90 1.188
[28] 80 x 80 x 1.59 2.36 -25.72 48 1.1092
The present work 35 x 23 x 1.6 5.599 -61.38 724 1.0017
4.CONCLUSIONS Band Applications. IOSR Journal of

A small circular microstrip patch antenna for
WLAN applications that operates in the
frequency range of (5.2109 GHz to 5.9351 GHz)
is shown in this article. To decrease the size of
the original antenna and increase the
bandwidth, the patch shape was chosen to
consist of two plant leaves with a perforated
flower placed between these two leaves. To
provide a perfect matching impedance, a
rectangular slot measuring (4.6x2) mm? was
etched on the partial ground plane, and six tiny
circular holes with a radius of 0.2 mm were
placed on the radiant patch. It results in a
decreased reflection coefficient. The suggested
antenna worked well at 5.599 GHz and has a
broader frequency range (724 MHz), a low
return loss of -61.384 dB, a gain of 2.03 dBi for
a single patch, 3.1 dBi of directivity, and a high
overall efficiency of nearly 78%. These
parametric results indicated that the small-
sized, well-performing circular microstrip
patch antenna recommended for WLAN
applications is suitable.
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