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ABSTRACT

In this research, a (1x2) microstrip antenna array operating over a wide frequency
range (3.564 — 8.796 GHz) has been designed, making it suitable for wireless
communication applications such as WiMAX, WLAN, and emerging 5 G systems.
The design was simulated using computer simulation technology (CST) Studio Suite
2021. The antenna employs a microstrip-line feeding technique, a direct feeding
method. This technique is characterized by its ease of fabrication and substrate
etching. Copper was used to design both the ground plane and the radiating patch,
separated by an FR-4 lossy substrate with a dielectric constant of 4.3 and a thickness
of 1.6 mm. The overall dimensions of the antenna are (85 x 38 x 1.6 mm). The results
gained at the first frequency (3.564 GHz) are (4.670664 dB), and at the second
frequency (8.796 GHz), they are (2.4549 dB). The directivity at the first frequency is
(4.242 dB), and at the second frequency is (5.7148 dB). The efficiency at the first
frequency is (86.9077 %), and at the second frequency it is (89.2244 %). The
bandwidth at the first frequency is (0.7209 GHz), and at the second frequency, it is
(0.5071 GHz). The return loss at the first frequency is (- -32.3959 dB), and at the
second frequency, it is (- -32.0718 dB). At the first frequency, the voltage standing
wave ratio is (1.0559), and at the second frequency, it is (1.0530). The current
distribution at the first frequency is (43.2488 A/m), and at the second frequency, it is
(46.8896 A/m). The results show that the design supports the wireless communication

applications targeted in the research and is highly efficient.
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INTRODUCTION

Antennas have become increasingly important to preferred in antenna design. The antenna is a very
our society; they are now indispensable. An thin metallic microstrip, typically made of copper or
electromagnetic transducer, called an antenna, is gold, placed above a ground plane ©). A dielectric
used to convert guided waves in transmission lines layer, the substrate, separates the strip and the
into freely propagating waves, and vice versa. The ground plane (representing the patch). The patch
history of the antenna dates back to James Maxwell, can take various shapes, such as rectangular,
who represented and unified the theories of  circular, and others. These antennas are
magnetism and electricity. Maxwell's equations, characterized by being lightweight, compact, low-
which describe these relationships, were first cost, and capable of efficient mass production.
published in 1873. When the electromagnetic field Because they offer better radiation characteristics,
produced by the source is transmitted to the antenna including gain, directivity, a lower voltage standing
system via a transmission line and subsequently wave ratio (VSWR), and reduced return loss,
radiated into free space, this is known as antenna microstrip antenna arrays stand out among other
radiation ("), The fundamental principle behind all microstrip antenna designs. Applications for them
antennas is that radiation is emitted by electric are  numerous  across  various  wireless
charges that accelerate (either speeding up or communication systems. Figure 1 shows a
slowing down) %, Microstrip antennas are among  microstrip antenna array'®.

the most important types of antennas and are
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Fig. 1: Geometrical scheme of (1x2) Microstrip

antenna array (6).

MATERIALS AND METHODS

The computer simulation software CST 2021 was
used to design a (1x2) array and a printed circuit
board (PCB), an electronic board used in the
manufacturing of electronic circuits, such as
antennas. The PCB consists of three layers,
including two copper layers and an FR-4 substrate
with a dielectric constant of 4.3 and a thickness of
1.6 mm. FR-4 was selected due to its widespread
availability, low cost, ease of fabrication, and
proven suitability for multi-band wireless
communication applications within the specified
frequency range (3.564 - 8.796 GHz). This choice
addresses potential concerns about material
performance and sourcing, especially in local
manufacturing contexts, avoiding the need for
like

R04003C. An antenna array is a set of antennas that

expensive or hard-to-source materials
radiate in all directions, where each antenna sends
the same signal, and the resulting waves experience

destructive and constructive interference. The array
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was properly placed and built, and the elements
were arranged with a distance equal to (lambda over
2) between them. Where A is the wavelength. The
design of a microstrip antenna array (1x2) was
completed using the simulation software CST-2021.
The epoxy material FR-4 Loss was used as the
dielectric substrate with a relative permittivity of
(1.6 mm) and substrate dielectric constant (g, =4.3).
The operating frequency range is between (3.564
and 8.796 GHz), which is suitable for wireless
applications such as (WiMAX — WLAN). Copper
was used as the conductive material for both the
patch and the ground plane, and a microstrip feeding
technique was applied. Several mathematical
formulas were used to calculate the primary
dimensions of the patch to obtain correct values for
the length and width of the rectangular patch as
follows:

The patch's width (W,) was calculated by the

equation (1), and the result was (Wp = 26 mm) 7.

Co 2| 2
Wp == /ETH (D

Whp s the patch’s width, C is the velocity of light, F

is the frequency of resonance, and &, It is the
dielectric constant. The length of the patch (L,,) was
calculated by equation (2), and the result was (Lp =
30.1716 mm)®,

Lp = Lepr —2AL ... (2)

AL is the distinction between electrical and physical
lengths and L, ¢ ¢ Is the effective length of the patch.

Figure 2 shows the transmission line ).

N

(o Patch

Fig. 2. Transmission line (8).

The effective length of the patch (Lgsf) was found
by using equation (3), and the result was (Lgsr=
31.644 mm)®.
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The effective dielectric constant (&rorr) Wwas

calculated using equation (4), and the result was
(‘(:Teff = 3.901)(10).

g+1 | -1 1

Ereff = P + P (\/T%) e (

The Equation was used to determine the difference

4)

between the patch's electrical and physical lengths
(5), and the result was (AL = 0.7362 mm) (1.

A < +0 3) (Wp+0.264)
2= 0412 | (L .. (5
h (eref—0.258)(F+0.8)

The proposed microstrip antenna array (1x2) is

shown in Figure 3, and the details of the proposed
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microstrip antenna array (1x2) are shown in Table
1.

ﬂ H

L I

Fig. 3: The proposed microstrip antenna array
(1x2).

Table (1): Details of the proposed microstrip antenna array (1x2).

Parameter Description Value
Ws width of substrate 85(mm)
Ls Substrate’s length 38 (mm)
Wp width of the patch 26 (mm)
Lp length of the patch 20 (mm)
Wt width of the feed line 1.8 (mm)
Lf Transmission line length 10 (mm)
S Strip feed line width S 6 (mm)
R Feed line display for the first branch in the array antenna 1.1 (mm)
& Dielectric constant 43
T Thickness of the patch 0.035 (mm)
H Substrate thickness 1.6 (mm)
F Resonant frequency 3.564 — 8.796 (GHz)
N The dimensions of the center slot 1.80 (mm)
RESULTS AND DISCUSSION signal strength and coverage. The following

As shown in Figure 4, the microstrip line feeds the
gain of the microstrip antenna array. At a frequency
of (3.564 GHz), it is equal to (4.670664 dB), and at
a frequency of (8.796 GHz), it is (2.45404 dB). The

proposed antenna delivers superior gain, enhancing

69
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G=4n(%) .. (6)

G Is the gain, U(, @) Is the radiation intensity in a
specific direction, and P;, Is the antenna input
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5.5

Gain (IEEE),3D,Max. Value (Solid Angle)

Gain (IEEE),3D,Max. Value (...

@1 { 3.564, 4.670664 )
b ( B.796, 2.454904 )

Frequency Jf GH=z

Fig. 4: Gain as a function of frequency.

Figure 5 shows directivity as a function of
frequency. The simulation results using CST
showed that the directivity at frequency (3.564
GHz) was equal to (5.765766 dB), while at
frequency (8.796 GHz) it was equal to (6.16404
dB), which was calculated using the mathematical
equation (7)!14 19,

D=4n2mex  (7)

Praa
D Is the directivity, U, is the peak radiation

intensity, and P.,4Is the radiant power. The

proposed microstrip antenna array exhibits
exceptional directivity, enabling precise radiation
concentration in a targeted direction. This enhanced
directional  capability

significantly ~ improves

transmission and reception efficiency while
minimizing interference from extraneous signals.
Consequently, the microstrip antenna's performance
is optimized, ensuring superior signal strength and

coverage in the desired areas.

Directivity, 3D, Max. Value (Solid Angle)

7 /’_,_\ vz 9 ( 3.564, 5.765766 )
<, ( 8.796, 6.16404 )
| A Ve — \/Q

—— Directivity,3D,Max. Value (...

Frequency / GHz

Fig. 5: Directivity as a function of frequency

The Efficiency of the microstrip antenna array (1x2)
simulation results from (CST) showed that the
efficiency at frequency (3.564 GHz) was (86.9077
%), while at frequency (8.796 GHz) it was (89.2244
%), by equation (8)"'%. The high radiation efficiency

confirms minimal losses and optimal performance.
n=-x100 ... (8)

n is the efficiency, G is the gain, and D is the
directivity. Figure 6 shows the return loss.

Simulation results from CST showed that the return

loss at a frequency of (3.564 GHz) was (- -32.07171
dB), while at a frequency of (8.796 GHz) it was (- -
32.3959 dB). The lower the return loss, typically
below a specified threshold (-10 dB), the better the
antenna's performance in transmitting
electromagnetic energy into the medium without
significant energy loss. The low return loss signifies
and minimal

excellent impedance matching

reflection. It is given by equation (9) (7-1%),

RL(dB)=10 1og% . (9)
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Frequency f GHz

Fig. 6: Return loss as a function of frequency

Figure 7 shows the voltage standing wave ratio. The VSWR close to unity validates the microstrip
simulation results in CST showed that at a antenna array's near-ideal impedance matching.
frequency of (3.564 GHz), it equals (1.051098). A

Voltage Standing Wave Ratio (VSWR)

9

—— VSWR1
Bl le, (03564, 1.051098 )
S FSSS SR S .\ __..i_._|e (8.796, 1.04918)

Frequency f GHz

Fig. 7: Voltage Standing Wave Ratio as a function of frequency

Figure 8 shows the current distribution. The red as shown in the figure (8-a), while at a frequency of
areas indicate the current distribution zones. The (8.796 GHz) it equals (32.8056 A/m) as shown in
simulation results in CST showed that at a the figure (8-b).

frequency of (3.564 GHz) it equals (35.0659 A/m)

¥ ¥
surface current (f=3.564) [1] & ! @ surface current (f=8.796) [1] & ﬂ
Component Abs — Component  Abs —
Frequency 3564 GHz a Frequency 8796 GHz
Phase 135° Ph: 45° b
Maximum (Plot) 35,0659 A/m Maximum (Plot) 32.8056 A/m

Fig. 8: Current distribution as a function of frequency: (a) Low-frequency range, (b) High-frequency

range.
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Figure 9 illustrates the radiation pattern obtained
from simulations conducted with CST-2021. The
results depict the radiation patterns of both the
electric and magnetic fields for a (1x2) microstrip
antenna array operating within the frequency range
of (3.564 to 8.796 GHz). These patterns are
presented as a function of frequency. The horizontal
plane (X-Z) corresponds to the electric field (E-

IRAROI
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Plane), while the vertical plane (Y-Z) represents the
magnetic field (H-Plane). The E-Plane is calculated
at an azimuthal angle of (Phi = 0°), whereas the H-
Plane is calculated at an azimuthal angle of (Phi =
90°). This analysis provides a comprehensive
understanding of the directional characteristics and
electromagnetic field distribution of the microstrip

antenna array.

Farfield Directivity Abs (Phi=0)

—— farfield (f=3.5) [1]
Phi=180

Frequency = 3.5 GHz
Main lobe magnitude =
Main lobe drection = 180.0 deg.

180

Theta / Degree vs. dBi Side lobe level = 0.8 dB

5.6 dBi

Angular width (3 dB) = 40,6 deg.

Farfield Directivity Abs (Phi=90)

o — farfield (f=8.7) [1]
30 Phi=270

Phi= 90

120

Frequency = 8.7 GHz

Main lobe magntude =  6.25 dBi
Main lobe drection = 38,0 deg.
Angular width (3 dB) = 43.6 deg,
Side lobe level = -2.9.d8B

180

Theta / Degree vs. dBi

Fig. 9: Radiation pattern as a function of frequency.

CONCLUSION
The design process using CST-2021 simulation

software has yielded promising results, indicating
that the proposed microstrip patch antenna array is
well-suited for a variety of wireless communication
applications, including WiMAX and WLAN. The
results demonstrate favorable performance across
key parameters, consistent with the requirements for
efficient and reliable wireless communication
systems. Future proposals for improving this design
include increasing the array size to (2x2) or (4x4),
studying their radiation and optical properties, and
designing a compact, high-efficiency dual-band
microstrip antenna array using the coaxial cable
feeding method.
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