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Abstract: - This paper investigates the influence of incorporating slots above the antenna structure on the radiation pattern of the
antenna. The addition of slots alters the electromagnetic properties and radiation characteristics of the antenna, resulting in a tilted
radiation pattern by 30 degrees. Through careful analysis, it is demonstrated that slots introduce changes in the distribution of
electromagnetic fields and currents within the antenna, affecting both amplitude and phase. The observed maximum gain at a 30-
degree angle suggests that the slots enhance radiation in that specific direction, leading to the tilt in the radiation pattern. This study
highlights the importance of considering slot design and placement for achieving desired radiation characteristics in antenna systems.
Further optimization of slot configurations could pave the way for advancements in antenna design across various applications in
wireless communication and radar systems.
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. INTRODUCTION

With advancements in communication technology, reconfigurable antennas have garnered significant interest,
particularly for their use in various wireless communication systems. These antennas can be adjusted to achieve
the desired frequency band, radiation direction, or polarization. Compared to wideband antennas, tunable antennas
offer several benefits, such as smaller size, consistent radiation patterns across multiple frequency bands, efficient
use of the electromagnetic spectrum, and the ability to reduce co-channel interference and jamming [1-2].

Most research has focused on tuning a single property of the antenna rather than multiple properties
simultaneously. For instance, microfluidic-controlled polypropylene tubes placed between the main radiators
and the ground plane have been used for frequency reconfigurability. PIN diodes have been used to vary the
antenna’s bandwidth from narrow to wide, and varactor diodes have been employed to continuously change the
resonant frequency within a narrow band, making them suitable for cognitive radio applications. A multiband
reconfigurable

printed monopole antenna for WLAN/WiIMAX applications using a PIN diode was reported [3-8].

Voltage-controlled varactor diodes have achieved a wide range of frequency tunability in a probe-feed patch
antenna. Additionally, a hooked-shaped, stub- loaded printed antenna with reconfigurable frequency for multiple
applications has been developed. Various studies have achieved frequency tunability using lumped switches, PIN
and varactor diodes, and different configurations in Vivaldi antennas. Beam direction reshaping has been explored
using high impedance surfaces, loops with diodes, multiple lumped switches, and irregularly placed diodes.
Furthermore, a dual-polarized antenna with different frequency options using metamaterial and a dual-band
antenna with independently controllable bands using varactor diodes have been presented [8-17].

The rapid advancement of communication systems requires antennas that can independently tune both
frequency and pattern, which is challenging to achieve in a single design. Recent progress includes several designs
with both frequency and pattern tunability. For instance, a slot antenna using PIN diodes for frequency and pattern
reconfigurability has been reported. It features multiple resonant bands and pattern reconfigurability through
switches on the slot and additional slits. However, this antenna doesn't cover the entire elevation or azimuth plane
and is complex due to the numerous RF PIN diodes, which increase insertion losses. Another design uses multiple
PIN diodes for reconfigurability but is too large for

modern applications. A different approach involves matching stubs to shift resonant frequency and PIN diodes
in the annular slot for directing the main lobe and null. Liquid crystal technology and slits connected via PIN diodes
have also been utilized for reconfigurability, though with limited pattern tilt capabilities. A flexible antenna for 1.9
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GHz and 2.4 GHz features frequency tuning and beam switching but is not suitable for modern systems due to its
complexity and size. An array antenna with stub and varactor diodes achieves beam steering and frequency shifting
but has limited beam shifting capability and large size. High gain antennas based on High Impedance Structures
(HIS) and frequency switchable antennas with beam choices have also been developed, though these designs also
face limitations in beam shifting and size [18-26].

Il. DEVELOPMENT STAGES OF THE DESIGNED ANTENNA-ANTENNA DESIGN

The antenna shown in Fig. 1 is a 1x2 Circular Patch Array designed to operate at 2.4 GHz with a gain of 5.74
dB. This means the antenna consists of one row and two columns of circular patch elements. At

GHz, the antenna is efficient at transmitting or receiving electromagnetic waves. The gain of 5.74 dB indicates
that the antenna'’s radiation pattern is more focused in a specific direction compared to an isotropic radiator, leading
to a higher power density in that direction. This gain suggests that the antenna can achieve better signal strength or
coverage in its intended radiation direction, making it suitable for applications such as wireless communication
systems, radar systems, and satellite communication terminals.

115.7 mm |

wuw £0s

07 m 63.2 mm (100 ohm)
Fig. 1. Antenna Array Design

The antenna setup shown in Fig. 1 features a substrate made of FR4 epoxy material, measuring 115.7 x 50mm.
This substrate hosts two circular patches, each with a radius of 17mm, which act as the radiating elements. The
antennas are powered using microstrip line feed, a method where power is delivered through microstrip
transmission lines. A power divider ensures equal power distribution between the two antennas. This arrangement
enables efficient transmission or reception of electromagnetic waves, making it ideal for various wireless
communication applications.

The proposed array structure in Fig 3 includes two semi-spherical slots etched into the surface of one antenna.
These slots

modify the antenna’s overall resonant frequency. To counteract any frequency shift caused by the slots, their
thickness is optimized; ensuring minimal deviation from the antennas intended operating frequency. Additionally,
a horizontal slot is etched onto the same surface during the design phase. The length of this slot is adjusted to
achieve the desired reconfiguration of the antenna's radiation pattern. By precisely controlling the dimensions and
placement of these slots, the antenna's performance, including frequency response and radiation characteristics,
can be tailored to meet specific requirements. This highlights the importance of meticulous design adjustments to
optimize antenna performance for various applications.

e
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Fig. 2. Feeding Method
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I1l.  SIMULATION RESULTS AND DISCUSSIONS

Fig.3. Proposed Patch Antenna Array

The S11 plots shown in Fig 4, which graphically represents the scattering parameter S11, shows that the antenna
operates at two distinct frequencies: 2.4 GHz and 4 GHz. At these frequencies, the return loss values are -15 dB
and -8 dB, respectively. Return loss measures the power reflected by the antenna due to impedance mismatch, with
more negative

values indicating better matching. Thus, the antenna demonstrates strong resonance at both 2.4 GHz and 4 GHz,
reflecting minimal power back into the system at these frequencies. This information is vital for evaluating the
antenna's performance and ensuring it meets the specifications required for applications such as wireless
communication or radar systems operating within these frequency bands.
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Fig. 4. Return Loss Plot of CMPA array

The return loss plot of the proposed Circular Microstrip Patch Array (CMPA) shown in Fig 5 provides valuable
insights into the antenna'’s frequency response. The graph indicates that the antenna operates over a wide frequency
range from 0.5 GHz to 5 GHz. This broadening of the operating frequency range is due to the addition of slots on
one side of the antenna, which alter its electromagnetic properties. These slots introduce extra capacitance and

inductance, impacting the antenna's impedance and resonance.

Specifically, the semi-spherical slots etched onto the antenna's surface cause changes in the electromagnetic
field distribution, modifying the resonant frequency. By optimizing the thickness of these slots, the antenna's
resonant frequency can be controlled to stay close to the desired operating frequency.
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Fig.5. S11 Plot of the Proposed Array
Adding slots above the antenna can tilt the radiation pattern by 30 degrees due to changes in the antenna's
electromagnetic properties and radiation characteristics as shown in Fig. 6. These slots alter the distribution of
electromagnetic fields and currents within the antenna, affecting both the amplitude and phase of the radiation
pattern. Specifically, slots can act as

7887



J. Electrical Systems 20-10s (2024): 7885-7890

additional radiating or parasitic elements, influencing the phase relationship across the antenna. This phase shift
can tilt or skew the radiation pattern in a particular direction. The observed maximum gain at a 30-degree angle
indicates that the slots enhance radiation in that specific direction, causing the tilt in the radiation pattern. The 3D
plot is shown in Fig. 7.
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Fig. 6. Radiation Plot of the Proposed Array

db(GainTotal) d8(GainTotal)
5. 772500 5. 772500
3.8755¢ 00 3. 075500
1. 978600 1. 970800
0.1591e-002 8.1591e-002
1. 915904000 1. 815ve s 000
3. 7129000 3. 7129¢+000
=5. 6053 20 =5, 05 e 00

7. S0630 4000
~9. %0336 4000
-1, 1300 4001
1. 91974001
P -1 S09ve 001
L -1 699104001
-1, 888804001
+2.0785¢ 4001

-2, 2682¢+001
~2.%579¢001

=7. 506 3¢ 0
=9, 233000
=1, 1500001
=1, 3197001
~1. 507 e 001
~1. 6991001

ds(GainTotal)

5.7725¢.000
3.8755¢ 000

1. 978600
8.1591e-002

=1. 815000

=3, 7129¢+00

L =5 03000

L -7, 06304000
~9. 4033000
“1. 1300¢+001
~1. 3197002
~1.50%e 001
~1.6991e+001
1.8888¢+004

2.0785e-0018
2.2682¢+001
=2.84579¢+001

Fig. 7. 3D radiation Pattern of the Proposed Antenna Array

IV. CONCLUSION

The research presented in this paper has explored the effects of incorporating slots above the antenna structure
on the antenna's radiation pattern. Through careful analysis, it has been demonstrated that these slots can
significantly influence the electromagnetic properties and radiation characteristics of the antenna. The observed
tilting of the radiation pattern by 30 degrees highlights the impact of the slots on the antenna's performance. By
introducing changes in the distribution of electromagnetic fields and currents, the slots effectively modify the phase
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relationship across the antenna, resulting in a directional radiation pattern. This study underscores the importance
of considering slot design and placement to achieve desired radiation characteristics in antenna systems. Moving
forward, further investigation into optimizing slot configurations could lead to advancements in antenna design for
various applications in wireless communication, radar systems, and beyond.
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