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Abstract Article inf.

In this study, new structures of circular microstrip antennas, which operating in X-band  Received:
frequency using etched slots on the patch radiating, are designed and simulated. These  4/9/2021

slots are rectangular and crescent shapes in different sizes. The proposed structures are Accepted:

fed by a coaxial line feed. The antennas designed are simulated and studied in order to  ;3/10/9/2021
obtain the optimum performance of the proposed antenna using Ansoft High Frequency  pyplished:
Structure Simulator. The simulated results were discussed in terms of reflection  31/12/2021

coefficient, input impedance, gain, radiation patterns and surface currents. It is found Keywords:

that the optimum antenna design has resonance frequency 9.346 GHz with a bandwidth Microstrip

of reflection coefficient of 705 MHz, which is required for X-band applications. Antenna: Circular
Therefore, this optimum designed is helpful for many applications in the system of Patch; x-band;

modern wireless communication. Slot Antenna;
HFSS
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1. Introduction

Microstrip antennas (MSAs) are widely used in wireless communication, satellite
communication and in many fields of electromagnetic application due to their light weight, easy
fabrication, low-profile conformal design, and inexpensive design [1-3]. Therefore, many
researchers are working to increase the performance of these antennas using different types of
dielectric substrate and new modification on conducting patch [4-9]. MSA is one of antenna types
of planar structure which consists of three layers and known as printed antennas [10-11]. These
layers are a radiating patch of conducting layer on one side of a dielectric substrate layer and a
ground plane of conducting layer on the other side of this substrate [12]. The patch layers have
various regular and irregular shapes according to the desired application. The regular patch shapes
are circular, rectangular, annular, elliptic, square and etc. The regular patch antennas are more
common, mainly because ease of fabrication and design. Also, these shapes have been widely
studied and the design procedures are well established [13-14]. Moreover, they are used as
conformal antennas for airplanes, cars, missiles, portable devices and many other applications.
While, the irregular shape of patch antenna is designed to achieve a desire feature of antenna
parameters such as multi-frequency operation and wide bandwidth [15-16]. In MSAs, several
shapes of the conducting patch are using to improve the antenna performance. The directivity and
gain are important features for any antenna design. Therefore, in fixed wireless local area network
(WLAN) application and satellite communications systems, antenna of high directivity and gain
is required [17-22]. Also, can be increased these two characteristics using array of MSAs [23]. In
general, MSAs have low gain and narrow bandwidth. However, to control this weakness in these
antennas, several various methods have been suggested, like using proximity feeding, different
shapes for patch, defected ground structures, metamaterials, stacked patch, fractal, using thick
dielectric substrate with low permittivity and multimode techniques and etched slots on the
conducting patch with various shapes [24-27]. To obtain high antenna performance, the dielectric
substrate should be thick [28]. Also, it is desirable to have a lower dielectric constant for improved
efficiency, increased radiation and bandwidth. But a larger antenna is required for such a
configuration. On the other hand, if we use small size MSA, the efficiency, gain and bandwidth
will be reduced due to minimize the antenna size. Hence, there is always a trade-off between
antenna dimensions and performance. Therefore, the researchers focused on the modification in

the patches using slots, dual patch, dual dielectric layers, and etc. [29].
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Electromagnetic energy in the MSA is directed to the patch antenna from excitation of negative
charges (which are produced at the feed point) and positive charges (which are generated in other
parts of the patch) [30]. Hence, the main radiation in MSAs is caused from the fringing fields

between the ground plane and patch edges [31].

In this work, circular microstrip antennas (CMSA) based on etched slots on the circular patch
radiating are proposed and operating in the X-band frequency, which has the range frequency of
8.0-12.0 GHz. These antennas are designed and simulated using Ansoft High Frequency Structure
Simulator and the optimum antenna design is useful for X-band applications. This band has widely
used in radar applications because its wave characteristics have short wavelengths and high
transmission rates. These two features allow researchers to use X-band frequencies in medical,
military, aerospace, and high-resolution imaging communications for target discrimination and
identification [1].

2. Antenna Design

The performance of MSAs is mainly affected by the choosing of conducting patch design
through changing radiation pattern, surface current distribution, gain, bandwidth and impedance
matching. Therefore, this study aims to obtain more efficient and easy ways to realize the required
results such as gain and bandwidth. A CMSA is used as the first step to design the suggested
antenna. Also, several design steps are used to reach to the optimum performances of the proposed
antenna. Figure 1 shows the geometry design of proposed antenna. The novelty of this antenna is
based on etched slots on the conducting patch of CMSA. Fig. (1A) shows the first step, two
rectangular slots with the same diminutions are etched on the edge of the antenna. In the next step,
one crescent slot is etched on the half of patch (see Fig. (2A)). The third step is added additional
one crescent slot (see Fig. (3A)). In the fourth step, the two crescent slots are modified to become
parts of circle (see Fig. (4A)). In the last two steps, two rectangular slots are etched next to the
curve and straight edges of the two parts of circle slots, as shown in Fig (5A) and (6A),

respectively.

The proposed antenna is constructed on Roger RT (Duroid 5870) as a dielectric substrate with
thickness h=1.5 mm and dielectric constant & = 2.33. The circular patch having a radius a= 5.5

mm. The outer and inner radii of coaxial line are (r,=2.5 mm) and (ri=1 mm), respectively.
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However, Table 1 and Fig. (2) displayed the optimum dimensions and geometrical shape of the

proposed antenna, respectively. Also, this proposed antenna is resonant at x-band.
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Figure 1: Geometry Shapes of etched slots on the proposed patch antenna.
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Figure 2: Geometry dimensions of the optimum antenna design.
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Table 1: Dimensions of the optimum antenna design.

Parameters Dimension
(mm)
asub 10.0
a 5.5
h 15
Il 2.0
Iss 1.0
ly 1.0
Rs 4.3
(X,¥6) (-1.4,0.6)

The initial design of the proposed antenna is obtained by following the basic procedure of
CMSAs. This procedure starts with apply the following equation to specified the resonance

frequency [32]:

Xnm €

fom = Traie (GHz) (1)

Where fam is the resonance frequency, ynm refers to the roots of Bessel function derivatives. The
Subscripts n and m are referred to the order of Bessel function derivatives and its roots,
respectively. Both ¢ and e refer to light speed (in free space) and dielectric constant of dielectric
substrate, respectively. While ae is the effective radius of a circular patch and is given by [32]:

2h an 1/2
- (1.7726 +1In (ﬁ))l (2)

TE,

ae=al1+

3. Results and Discussion
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In this section, the simulation results of the proposed antennas are presented using the software
Ansoft HFSS. These antennas are printed on the Roger RT (Duroid 5870) as a cost efficient, with
radius asub =10 mm and dielectric constant & = 2.33 with a coaxial probe as a feeder, (see Figs.
1&2). Figure 3 displays the simulation results of the reflection coefficient of these antennas. It is
possible to note from this figure that the antenna designed in Fig. (1, 4A) has the best results with
bandwidth 705 MHz. Therefore, this design is the optimum antenna design and has the resonance
frequency 9.346 GHz with return loss value -36.755 dB.

-10 —

— CMSA
— Design 1A
— Design 2A
— Design 3A

dB(S(1,1))

— Design 4A
-30 — — Design 5A

— Design 6A

-40 T T
9 10 11 12
Freq [GHz]

Figure 3: Simulation findings of the reflection coefficient for designed antennas in Fig. 1.

Figure 4 shows the comparison of the simulation VSWR values of the antennas designed in
Fig. (1). From Fig. (4), the antenna designed in Fig. (1, 4A) has the minimum value of VSWR and
its equal to 1.0399 at resonant frequency 9.346 GHz.
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—— Design 1A
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— Design 3A
— Design 4A
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Figure 4: Simulation findings of VSWR for designed antennas in Fig. 1.
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The simulation findings of the input impedance (Zin) for the antennas designed in Fig. (1) are illustrated

in Fig. (5). It can be concluded from this figure, the antenna designed in Fig. (1, 4A) has input impedance

value (50.66, 1.77) Q at the operating frequency 9.346 GHz which is the best value of Zin.

300.00 ] P 0.0 I N | X ¥ ]
;f\ Design 1A /\ T Design 2A T
. mm__ \ @ ":enj-z‘n:; . mm__ @ ":enj-z‘n:;
E 1 / — @it 1]) E q /-\\ — @it 1])
S i / \ Imported E \ Inporied
" i L/ ¥
€ I € I ]
] 1 f 1 T
T i ] |
] ] ] | m
£ e £ - g
i H
1mm- 100m-
200 200 : :
g § 1 n 1 1 1
Freq [GHz]
30000 ] wT ) \ _ e | X Y]
Design 3A | EER 1 \ DeS|gn 4A FRECIEE:]
nb | 080 4513 1 mid | 9380 1T
2000 —a || 0] e
E 14 /‘\ ‘\ ‘—n mr;_z,w 1) E // \\ ‘—n mr;_t,w 1)
] 4 Inpo ] \ Inpo
810000 \ ‘ / \ 810000 \
c q m c 7
f ] \_/\/ § ]
T . ¥ [
£ 0] ‘ £ 0]
. .
3 3
Q a
£ 400 £ 10000
W ‘10"‘F'1[h6;” R g
Teq |Ghz,
300.00 ] ) e e S 11 T \ N | XV |
:\ Design 5A ’\ e 1\ Design 6A ~ e
] \ me |3 Bl ¢ ] / m EX )
RIS / | 200 \ / \ !
£ ] \ — = £ 1 / — 7]
é / \ \r||lmheiZ o é \ / \\ \nnnmejz i
¢ i0m-] \ T
¢ ] ] K £ 1 e k
7 . 7 i 1
g. ] glz g. 1 gu
g 10 g 10
3 ] 3
a ] a
100 100
200 : : 200 : :
g 9 10 N 14 1 1 g [ 10 N 14 1 1

Freq [GHz)

Freq [GHz)

Figure 5: Simulation results of the input impedance for designed antennas in Fig. 1.

This article is an open access article distributed under
the terms and conditions of the Creative Commons Attribution-

NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).

420


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

Basrah Journal of Science

Vol. 39(3),414-431, 2021

The Simulation results of the radiation patterns in the two and three dimensions for the designed antennas

in Fig. 1 are shown in Fig. (6). From this figure the antenna designed in Fig. (1, 4A) has the maximum

gain 7.843 dB at the operating frequency 9.346 GHz.
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Figure 6: Simulation radiation patterns in the two and three dimensions for designed antennas in
Fig. 1. (E-plane red curve and H-plane black curve).
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Table 2 illustrates the comparison of the simulation parameters of designed antennas in Fig. (1) such as
resonant frequency, return loss, VSWR, bandwidth, gain, impedance bandwidth and the feed location.
Form this table, the antenna designed in Fig. (1, 4A) is the optimum designed. Therefore, some parametric
study for Iss, Il, ly and xf is carried out on S11, VSWR, BW, Zin and radiation pattern. Table 3 illustrates
the effect of various value of dimension Iss on the antenna parameters. Hence, the best findings of these

parameters can be obtained at Iss=1.0 mm. Also, Fig. (7) shows the simulation results of radiation pattens

in H- and E-planes for different dimension of Iss.

Table 2 Comparison of the simulation parameters of designed antennas in Fig. (1).

Antenn f; S11 VSWR BW Gain | Zi Feed point
design
(GHz) | (dB) (dB) (dB) Q) (mm)
CMSA | 9.18 -29.66 1.033 499 5.908 | (49.04,-0.9) (-1.35,0.0)
1A 9.346 | -34.162 | 1.029 641 7.158 | (50.24, 1.37) (-1.4,0.6)
2A 9.346 | -37.69 1.026 587 7.605 | (50.42,1.23) (-1.6,0.6)
3A 9.085 | -23.040 | 1.1516 435 7.568 | (55.99,-4.46) | (-1.5,0.6)
4A 9.346 | -36.755 | 1.0399 705 7.843 | (50.66, 1.77) (-1.4,0.6)
5A 9.236 |-33.17 |1.044 633 7.548 | (48.01,-0.83) | (-1.4,0.6)
6A 9.286 | -26.846 | 1.099 652 7.566 | (45.59,1.01) | (-1.4,0.6)

Table 3: Effect of various value of dimension Iss on the optimum designed.

Iss fr S11 | VSWR | BW Zin
(mm) | (GHz) | (dB) (MHz) (@)
06 |8959 |-31.16 |1.056 |620 | (50.07,-2.86)
08 |8628 |-34.04 |1040 |520 |(51.98,0.40)
10 |9.346 |-3416 |1.039 |705 | (50.65,1.77)
12 |8738 |[-2989 |1.066 |552 | (52.62,-2.09)
14 [8517 |-26.26 |1.102 |497 | (52.48,4.25)
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Figure 7: Simulation results of radiation pattern at resonant frequency 9.346 GHz in (a) H-plane
and (b) E-plane.

Similarly, Table 4 illustrates the effect of various value of dimension Il on the antenna
parameters. This table shows that the best findings of these parameters can be obtained at 11=2.0
mm. Also, Fig. (8) shows the simulation results of radiation pattens in H- and E-planes for different

dimension of Il.
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Table 4: Effect of various value of dimension Il on the optimum designed.

i fe S11 | VSWR | BW Zin
(mm) | (GHz) | (dB) (MHz) @)

1.6 9.291 |-33.00 |1.044 628 (48.0,0.75)

1.8 9.346 |-34.32 |1.039 629 (48.1,-0.61)

2.0 9.346 |-34.16 | 1.039 705 (50.65,1.77)

2.2 10.175 | -37.81 | 1.026 1127 | (50.88,1.60)

2.4 9.291 |-30.7 1.060 595 (50.34,-2.95)
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Figure 8: Simulation results of radiation pattern at resonant frequency 9.346 GHz in (a) H-plane

and (b) E-plane.
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The dimension ly has no effect on the antenna parameters. Fig. (9) shows the simulation results of return

loss for different dimension of II.
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Figure 9: Simulation results of return loss for various value of dimension ly.

To study the effect of feed point location X on the antenna parameters. Table 5 displays the effect
of various value of xs on these parameters. This table shows that the best findings of these

parameters can be obtained at xf=-1.4 mm.

Table 5: Effect of various value of feed point location xs on the optimum designed.

Xf fr S11 VSWR BW Zin
(mm) | (GH2) | (dB) (MH2) @)

-20 | 9.67 -10.6 1.83 ---- ==

18 951 |-135 |15

16 |940 |-1874 [126 |552 | (39.68,1.73)

-14 | 9.34 -34.16 | 1.033 705 (50.65,1.77)

-1.2 |1 9.23 --16.00 | 1.33 442 (66.55,-3.3)

-1.0 9.18 -10.65 |1..830 e mmmm

At the resonance frequency 9.346 GHz, the simulation result of the surface current distributions
on optimum patch antenna is shown in Fig. (10). This figure shows that the current distribution on

the optimum patch has one resonance frequency. Moreover, the current distribution has
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symmetrical behavior on the upper and lower half of optimum patch, excluded the feed point. Also,

the density distribution of surface current is strong on the edges of the optimum patch.

Jsurf[A_per_m]
1.6831e+802
L 2772e+002
.0176e+002
. 1675e+001
. 4595e+001
. 1465e+001
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Figure 10: Simulation results of the surface current distributions on optimum antenna design.

4. Conclusions

New patch antenna is designed and simulated based on the circular microstrip antennas using etched slots
on this circular patch. The shapes of these slots are rectangular and crescent and the proposed antenna is
fed by a coaxial line feed. The Ansoft High Frequency Structure Simulator is used to design and simulated
the new patch antenna. This antenna operates in X-band frequency at resonance frequency 9.346 GHz
with bandwidth of return loss of 705 MHz and gain 7.843 dB. It can be concluded that the proposed

antenna useful for many applications that is required for X-band.
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