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1. Introduction

Microstrip antennas have been considered important components of all communication systems. A
microstrip antenna (MSA) is a metallic conductor that transmits and receives radio waves. [1] Due to
their distinctive low-profile microstrip antenna are very popular and widely used in communication
systems [2]. For the increase of the bandwidth of MSA, many methods have been used. [3,4]. such as
inserting multiple slots in its ground plane [5], multiple feed microstrip patch antennas methods [7],
these techniques may be divided into two groups: contacting feed methods and non-contacting feed
methods[24]. Contacting feed techniques, RF power is directly fed into the patch of the MSA.
Examples of this method are microstrip feed and coaxial feed. In a non-contacting feed technique, the
antenna patch receives its RF power indirectly by electromagnetic coupling, which carries the RF
power to the patch [8]-[9]. Usually, achieving a wideband microstrip patch antenna comes at an
increase of either radiation performance or size (thickness/area) [10].

The usage of corporate feeding lines, CPW-fed antenna, and microstrip patch antenna for wideband or
multiband and configurable systems has been explained in several studies [2], [25], [26]. A wideband
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coplanar waveguide (CPW) antenna developed for use with Wi-Fi 5 and Wi-Fi 6. The dimension of
this is 20x8.7x0.4 mm3; it is made of a double T-structure loaded with a J-shaped slot and an oval-
shaped ring radiator with three concentric rings. The main improvement of this work is that only a
single resonance frequency at 6.2 GHz provides a wideband operation of 34.5% (5.15- 7.29 GHz).
satisfying the bandwidth requirement of Wi-F-5 (5.15-5.85 GHz) and Wi-F-6 (5.925-7.125 GHz). Its
gain is around 2.25dBi, a radiation efficiency above 80%, a total efficiency above 70%, and an
omnidirectional radiation pattern with a low magnitude of cross polarization throughout the bands of
interest [26]. A Compact CPW-fed circular patch flexible antenna for super-wideband applications,
the total size of the antenna is 24x35 mm?, with an electrical dimension of 0.18 A x 0.13 X at 1.66 GHz.
The flexible super-wideband antenna shows that the bandwidth ratio is 33.81:1, and the bandwidth
dimension (BDR) is 7462 [6]. The antenna is lightweight, low profile, cheap, and portable. It supports
a broad frequency spectrum for extended wideband communications. It is covered by industrial,
scientific, and medical (ISM) bands, ultra-wideband, wireless local area network (WLAN) band,
worldwide interoperability for microwave access (WiMAX) band, and various frequencies of
upcoming fifth generation (5G) technology [27]. The coplanar waveguide (CPW)-fed antenna operates
at a frequency range 3.04 GHz — 10.70 GHz and 15.18 GHz-18 GHz (upper Ku band) with a return
loss <—10 dB and a VSWR < 2. The dimensions of this CPW-fed antenna are 47 mmx25 mmx0.135
mm; it has an average peak gain of 3.94 dBi, and it is conducive for flexible and wearable Internet of
Things (1oT) applications [28].

The need for low-cost, low-volume, low-profile, planar configuration, and wide-band multifrequency
planar antennas has grown as technology advances annually, with most research efforts on compact
Microstrip Patch Antennas (MSAs), which meet all the requirements because of their printable circuit
technology [1]. Then, various concepts and configurations have been put out to boost bandwidth and
achieve multiband functionality [15]. The IEEE standard for radio waves and radar engineering defines
the microwave frequency bands C, X band, and Ku-Band for use in satellite communications. Due to
the various operating requirements of communication devices, there has been an increase in demand
recently to discover antennas that are capable of cover multiple frequency bands, such as S-band (2—4
GHz), WiMAX (3.3-3.8 GHz), 5G mid bands (3.3-3.8 GHz, 4.4-4.9 GHz), C-band (4-8 GHz),
WLAN (5.15-5.825 GHz), UWB (3.1-10.6 GHz), and X-band (8-12 GHz). It is specifically utilized
for radar communication frequencies, which are approximately 8.29 GHz to 11.4 GHz. Satellite
altimetry and high-resolution mapping both use the Ku band. Ku Band in particular is used to track
satellites in the 12.87 GHz to 14.43 GHz range [16-21].

By 2010, the research provided the 1st set of radio standards for Vehicle to Everything (V2X)
communication, V2X communication based on the IEEE802.11P technology, and is referred to as
Dedicated Short-Range Communication (DSRC). This communication includes Vehicle-to-
Vehicle(V2V), Vehicle-to-Network (V2N) or Vehicle-to-Infrastructure (V2I), Vehicle-to-Road Side
Unit (V2R), and Vehicle-to-Pedestrian (V2P) [13].

Two important communication protocols for V2X systems are cellular-V2X (C-V2X) and dedicated
short-range communications (DSRC). The primary goal of DSRC, which operates in the 5.85 GHz-
5.925 GHz frequency range, is to facilitate direct communication between automobiles and other road
users (or roadside units). Conversely, C-V2X allows automobiles to speak with one another via base
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stations on frequencies that are licensed for use by communication companies, such as 2G, 3 G, LTE,
and 5G. Furthermore, if the vehicles are outside of base-station coverage, the C-VV2X standard permits
direct communication via the PC5 air interface in its frequency range, which is 5.905 GHz-5.925 GHz
[22,23].

Currently, 5G low-earth orbit satellite communication provides improved cellular coverage outside the
5G terrestrial coverage range, which has significant implications, especially for automated and
networked cars. Compact CPW microstrip patch antenna terminals that provide both terrestrial and
non-terrestrial communication are necessary for wireless automobile mass market applications [11].

In the field of automotive wireless systems, 5G and vehicle-to-everything (V2X) communications
using dedicated short-range communications (DSRC) are now the most important standards underway
[14]. 5G technologies provide more capacity, greater coverage, quicker connections, reduced latency,
and increased dependability. Vehicle-to-Everything (V2X) communications are what we want to
accomplish with these technologies. These connections not only improve road safety but also boost
vehicle autonomy and safety while consuming less energy and money [29]. Numerous studies have
been conducted on the integration of 5G with vehicle communication systems. Researchers these days
tackle issues including virtualization, network management, cloud and edge data processing,
interoperability, security, privacy, and automated and intelligent networks [12].

In this paper, the antenna is designed for a wideband frequency, its operating range is from 4 GHz to
13 GHz with a bandwidth of 9 GHz, which is appropriate for use in C, WiMAX, WLAN, 4G LTE, 5G
midband, V2X, sub 6 GHz, UWB, X, and Ku band. This antenna has partial ground, and many slots
are made using the etching technique, due to which the current flows uniformly in the antenna.

2. Antenna Geometry and Design

Figure 1 is the geometry of the anticipated antenna, and its fabricated antenna optical photographs are
shown on the right side of Figure 1(b) and (c), which show the length and width measurements by the
measuring scale.

Table 1. Dimensions of the antenna

Dimension Value(mm) Dimension Value(mm)
Ly 3.25 W, 4
L, 0.75 w, 2
Ls 0.9 W 1
L, 35 W, 4.7

In this antenna ground plane is the partial ground plane with its length and width dimensions
represented in table-1, three slots are inserted in the upper side of patch and two small slots are inserted
in the lower side of patch with connected 50 Q feedline, length and width dimensions of antenna each
slot represented in table-1. The Ansys HFSS 2023 R2 is used for simulation. The antenna with
dimensions of 13 mmx16 mmx 1.6 mm (LxWxH) is simulated with FR-4 epoxy dielectric with
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relative permittivity of 4.4. The anticipated antenna is designed at 8.5 GHz frequency with the
symmetrical structure, this antenna is designed on FR-4, the substrate with thickness (h) of 1.6 mm
and relative permittivity &,=4.4. The coplanar waveguide (CPW) is designed to be 50 ohms in order
to match the characteristic impedance of transmission line.

The dimensions of a single patch element antenna were calculated by using equations (1) to (4) [30].
Here, a radiating patch of a hexagonal shape is used to configure the microstrip patch antenna (MSA);
the structure has been designed to function throughout the 4 GHz to 13 GHz wideband frequency
range. circular microstrip patch antenna's (CMSA) resonance frequency equation may be used to
calculate the resonance frequency of a hexagonal microstrip patch antenna (HMSA) [31].
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Figure 1 (a)Layout diagram, optical photograph of the manufactured version, (b)length
measurement, (c) width measurement by the scale of the anticipated antenna

The The radius of the hexagonal patch (ay) is obtained by

Y]
J{ 1+ ﬂsr [1n +1.7726)}
Where,
8.791 x 10°
G @
The side length of the hexagon patch (1) is given by,
mait =12 3;/_ (3)
The height of the hexagonal patch (L) is given by
L =+3a, (4)
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2.1  Design Evolution

Figure 1 shows the layout diagram of a patch and the layout of the partial ground plane, with
dimensions of the ground plane is 12 mmx3.5 mm; the ground is modified with a slot 2.6 mmx4 mm.
The patch is constructed by introducing several shapes of slots. The patch layout diagram shown in
Figure 2(a), many slots in the patch for modification. It provides perfect impedance matching and
proper radiation for making this slot iteration design technique used. On the upper side, three
rectangular slots are introduced, 4 mmx3.5 mm, 2 mmx0.75 mm, and 0.9 mmx0.75 mm receptively.

Figure 2 illustrates the iterative design technique that was applied to create the antenna. For antenna
designing, four iteration techniques are used to introduce slots in the patch, which helps to provide
better performance. This process is shown in Figure 3. To design this antenna, many shapes and several
rectangular slots have been introduced in the upper side, bottom side, two rectangular strips are
horizontally connected with the dimensions 3.7 mmx0.7 mm and 2.5 mmx0.5 mm with feedline, and
partial ground planes. Figure 3 represents the steps involved in making an anticipated antenna. Several
slots are used for making a slot in the patch iteration-1 to iteration-4 sequence as follows: In iteration-
1, two circles (in this, we used a circle to make hexagons, just put a value n=6) and some rectangles
are used to make a patch and excited with a microstrip line of length L, and width W;. After this, in
iteration 2, a rectangle slot 4 mmx3.25 mm is etched in the upper side of the patch. In iteration 3 with
dimension 2 mm x0.75 mm rectangle slot is etched in upper side of patch and just below the upper
slot introduced by iteration 3 and finally in iteration 4 a small size rectangle with dimension 1
mmx0.75 mm is created by etching of patch it is also in upper side of patch and just below upper two
slot by created iteration 2 and 3 all upper slot are unite to each other they provides good impedance
matching and it helps to convert the antenna as a CPW wideband antenna, we obtain the wideband
frequency 4 GHz to 13 GHz.

Iteration-1 Iteration-2 Iteration -3 Iteration-4(anticipated antenna)

Figure 2. Iteration technique for anticipating the antenna
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The antenna that operates wideband frequencies shown in Table 2 is the outcome of the modification
performed in Iteration 4. In this anticipated CPW microstrip wideband patch antenna ground and patch
are on the same side, and its opposite side metal is not used. FR4-Epoxy dielectric material is used for
the substrate; it's a dielectric constant e, = 4.4 and its thickness is 1.6 mm. Several shapes of slots are
introduced on the patch, and finally the proposed antenna is finalized: simulated return loss parameter
operating frequency from 4 GHz to 13 GHz. This antenna is compact in size, it covers C, WiMAX,
WLAN, 4G LTE, 5G midband, V2X, sub 6GHz, UWB, X, and Ku band.

We can see that in Figure 3; in each iteration bandwidth patterns of the reflection coefficient are very
similar to each other. Overall bandwidth responses are below the 10dB line despite a few minor
variations in frequency location. The simulation result of the final iteration applied in the anticipated
antenna, measured dB (S (1:1)) wide bandwidth curves from 4 GHz to 13 GHz at the operating
frequency 8.5 GHz, it’s a bandwidth is 9 GHz.

m m2

Iteration-1

Iteration-2

Return Loss (dB)

! Iteration-3
40'_
7 Iteration-4
4 6 10 12 13.295
Freq[GHz]
Figure 3. Reflection coefficient of all iterations
Table 2. Operating frequency ranges for four iterations
Iteration Frequency Band Iteration Frequency Band
Number Number
Iteration -1 4 GHz - 12.5 GHz Iteration -3 4 GHz - 12.7 GHz
Iteration -2 3.9 GHz - 13.13 GHz | Iteration -4 3.9 GHz -13.03 GHz
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Figure 4 shows the responses of VSWR of all iteration techniques; each response of VSWR is slightly
different from the others. Finally, at the last iteration, we got the VSWR minimum value is 1.03 and
maximum is 1.88, which ensures good impedance matching.

VSWR of All Iteration

7.41052-
6.25 -
) Iteration-1
5 500 Iteration-2
7] ] eration-3
15
>3 5: Iteration-4

'
125

0.00-
396885 500 625 750 875 1000 H25 1225
Freq [GHz)

Figure 4. VSWR of each iteration

2.2  Surface Current Distribution

Figure 5 shows the current distribution of the designed antenna at operating frequencies 8.5 GHz, 5
GHz, and 6.38 GHz. We can see in the figure maximum current is distributed at the bottom side of the
patch. It can be observed that the current is uniformly distributed at the lower side of the antenna.

Jsurf [A/m]
Max: 188.615

Jsurf [A/m]

Max: 292.065 240,000
300,000 .

. B, 205714
204700 180.000
211765 164.286

190.000
172.727
155.455
138.182
120.909

103.636
. 86.364
69.091

51.818 -
34.545

. 17.273
0.000

Min: 2.281

185.294 128.571

158.824
132.353
105.882

102.857

77.143

51429
25.714
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. 0.000

Min: 1.517

—x

(a) (b)
Figure 5. Surface current distribution. (a) 8.5 GHz (b) 5 GHz (c) 6.38 GHz
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2.3  Parametric Analysis

The proposed antenna consists of three rectangular-shaped slots on the upper side of the patch and two
rectangular strips parallelly connected between the bottom side of the patch and the feedline. HFSS by
ANSY'S software is used for the parametric analysis and optimization of the proposed antenna, which
is a commercial 3D electromagnetic software. In this section, we have changed the value of L, and w;
analyze the effect caused by it and investigated the variation of W, in the ground. It is important to
note that all the dimensions of the antenna are kept fixed during the optimization of a particular
parameter. The parametric analysis of the proposed antenna is as follows:

2.3.1  Variation of Length L,

2.3.2  Variation of Width w;

2.3.3  Variation of Width w,
2.3.1 Variation of Length L,

We can see that in Figure 6(a) L, is equal to 3.25 is the original length of the patch, for the parametric
analysis L, is varies with the dimensions of 1.25, 4.75mm, and 5.5mm. Due to this variation, it
influences the frequency band and return loss, here, it reduces the frequency band slightly. There have
also been changes in return loss due to varying the length L, We can see that the value of return loss is
decreasing in Figure 9(a). Figure 6 represents the layout diagram due to the variation in length L,.

- -
!
(@) (b) (©) (d)

Figure 6. Variation of length , (2)1.25 mm(b) 3.25 mm (c)4.75 mm (d) 5.5 mm

2.3.2Variation of Width w;

In Figure 9(b), we can see the change in frequency due to the variation of width w;in the proposed
antenna. If the width is 4mm (original length of the patch) w,,We obtain the frequency band 4 GHz to
13 GHz and return loss -48 dB, but we change the value of W, 4 mm to 6 mm, causing the return loss
to be reduced to 32 dB. After this, we do more variation in width, take two different values, 3 mm and
1mm, and analyze that there is some change in the frequency band is decreasing. In Figure 7 shows
the layout due to the variation of width w;.
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I i
(a) (b) (©) (d)

Figure 7. Variation of width w, () Imm (b) 3mm (c) 4mm (d) 6mm

2.3.3  Variation of Width w,

Figure 9(c) shows the return loss plot with different dimensions of width W, of ground. From the graph
shown above, it is clear that as the width W, Varying the return loss plot shows poor results.
Consequently,4.4mm is the ideal ground width since anything that changes leads to poor return loss,
and due to W, variation affects the frequency band and reduces it. in this section, we have analyzed
that when the length L,, width W, and W, are varied, and they directly affect the bandwidth.

W W, a 0| o W,
— L — )y
(@) (b) (c)

Figure 8. Variation of width w,(a) 2.2mm(b) 3.525mm (c) 4.7mm
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Figure 9. Variation of (a) length , (b) width w, in the patch and (c) width in the ground w,
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3. Results and Discussions

The prototype is fabricated to validate performance, and the result of the simulated antenna. A 1.6 mm
thick FR-4 substrate with a dielectric constant (g,-) of 4.4 is used. A commercially available 50 Q SMA
connection powers the antenna, which is small. HFSS software is used to test the reflection
coefficients. Antenna performance is investigated and analyzed in terms of like reflection coefficients,
gain, and radiation pattern. Simulated results for reflection coefficients of the fabricated antenna shown
in Figure 9, we have got a wide bandwidth and maximum gain occurred at 4.30dBi from the simulated
results can be observed. The overview of operating frequencies and simulated return loss (S11) values,
and gain is presented in Table 3

Table 3. Summarized result at different frequencies

Operating Frequency (GHz) Return Loss (S11) (dB) Gain(dBi)
7.5GHz -37.38 1.06
8.5GHz -43.67 2.04
12GHz -35.35 3.91
13GHz -35.86 4.30

Observed the impedance bandwidth for S11 <-10dB is 9 GHz, its operating frequency is from 4 GHz
to 13 GHz, and the maximum return loss obtained is -45.42 dB, which is a function of frequency. From
the reflection coefficient values achieved, we can say that the antenna has a better impedance matching
along with all the resonating frequencies. Figure 11 shows the 3D polar plot of the radiating patch.
This diagram represents the gain of the antenna, we can observe that this polar plot shows the total
gain of an antenna in different directions, color-coded to represent the gain values in decibels (dB).
The color bar on the left represents the gain values in decibels, ranging from -25 dB (blue) to +5 dB
(red). Red areas indicate regions of high gain (up to 5 dB), while blue areas represent regions of low
gain (downto -25 dB). In 3D Radiation Pattern at 7.5 GHz is shown in Figure 11(a). The shape depicted
is almost spherical, meaning that the antenna radiates nearly uniformly in all directions, but with
variations in intensity. Green and yellow areas near the center represent regions of moderate gain
(between -5 and -15 dB). The center of the sphere (blue region) shows the lowest gain (about -23 dB),
indicating weaker radiation in this direction. In 11(a) figure top right shows the gain value, the
annotation dB (Gain Total) = 1.05977E+00 shows that the total gain of the antenna is around 1.06 dB,
which is a positive value, suggesting that the antenna radiates more energy than an isotropic radiator
in some directions. The coordinate axes (X, Y, Z) in the lower-left corner indicate the orientation of
the radiation pattern relative to the antenna’s position. This helps in identifying which directions
correspond to the different regions of gain. The radiation pattern is nearly omnidirectional, with most
regions having relatively uniform gain (as suggested by the red outer regions). The gain variation
across the pattern shows that the antenna is not perfectly isotropic but radiates more energy in some
directions compared to others. The central dip (blue region) indicates a direction of low radiation or
null in the gain, where the antenna emits much less energy compared to other directions. This 3D
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radiation plot shows that the antenna radiates energy almost uniformly in most directions, with some
variations in gain. The red areas indicate stronger radiation, while the blue areas correspond to weaker
radiation. This pattern is characteristic of an antenna designed for near-omnidirectional coverage but
with some directionality.
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Figure 10. Return loss (S11) of the proposed antenna

Figure 11(b) represents the gain total of a proposed antenna in decibels (dB) over a spherical surface
at 8.5 GHz. The colors range from red (highest gain, 2.04 dB) to blue (lowest gain, -21.89 dB). This
shows how the gain varies in different directions. The sphere’s colors correspond to the gain values,
with red indicating the highest gain areas and blue the lowest. The value “2.03848E+00” at the top
right indicates a specific gain measurement. This visualization helps in understanding the directional
performance of the antenna, showing where it radiates most effectively.

In Figure 11(c), this image shows a 3D radiation pattern plot for an antenna at 12 GHz, illustrating
how the signal strength varies in different directions. Color-Coded Strength: The colors range from
red (strongest signal, 5 dB) to green (weakest signal, -40 dB). Intermediate strengths are shown in
yellow and light green. This line might indicate a plane of symmetry or a specific measurement
direction. The text in the figure represents the “3.90560E+00 dB (Gain Total)”, a specific gain
measurement at a point on the plot. This visualization helps in understanding the directional
performance of the antenna, showing where it radiates most effectively.

Figure 11(d) represents a 3D radiation pattern plot for an antenna at 13 GHz, showing how the signal
strength varies in different directions. The scale on the left ranges from -41.85 dB (blue) to 4.30 dB
(red). This indicates the signal strength, with red showing the strongest signals and blue the weakest.
The sphere’s colors transition smoothly from red to the highest gain areas to blue at the lowest, passing
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through intermediate colors like yellow and green. The plot is a 3D sphere, which helps visualize how
the antenna radiates signals in all directions. The text “Max: 4.30” and “dBi (Gain Total)
4.30138E+00” at the top right corner indicate the maximum gain measured in decibels. This value
represents the overall effectiveness of the antenna in converting input power into radio waves in a
specific direction. We obtain the simulated gain of the antenna is 1.06 dBi at 7.5 GHz, 2.04 dBi at 8.5
GHz, 3.91 dBi at 12 GHz, and 4.3 dBi at 13 GHz frequency.

Ansys Inc dB(GainTotal)
Ansys Inc

Max: 1.06 dB(GainTotal) Max: 2.04 2.03848E+00
5
1.05977E+00 [ | i

-5
-10
-15
-20
-25

Min: -21.89

)t

(b)

Ansys Inc.

M 3.91 Ansys Inc.

CLAC. dB(GainTotal)
:4.30 /”\

I : Ma:(o = ; 4 30138E+00
i I
-10 -10
-15 20 \

I L
e i | f

I-35 = /
40 Min: -41.85

Min: -36.53

¥ "\ 3.90560E+00
dB(GainTotal)
v * v\/z
X X \Y
(c) (d)

Figure 11. Gain of the antenna (a) 7.5 GHz (b) 8.5 GHz (c) 12 GHz (d) 13 GHz

Figure 12 shows the simulated radiation pattern, which radiates as a ‘figure of eight (also known as a

dipole-like pattern or "bi-lobed" pattern) in both the elevation plane and the azimuth plane. Radiation
pattern at 7.5 GHz.
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This figure 12 (a) is a polar plot showing the antenna gain pattern (in decibels, dB) at a frequency of
7.5 GHz in figure shows two different first one is azimuth angle and other one is elevation angle
orientations of the antenna, right side plot are two different curves (green and red), indicating different
radiation behaviors in this plane. Theta (elevation angle) for two Phi angles. The green plot represents
the antenna’s gain pattern for a constant elevation angle Phi = 90. The shape of the pattern resembles
a "figure of eight"” or a clover-leaf pattern, indicating two major lobes of radiation with nulls (minimal
radiation) between them. The maximum gain is around 4 dB, and there are clear nulls around +90°.
Where strong radiation occurs in two opposite directions (forward and backward lobes), with nulls
orthogonal to the main lobe direction. Red plot (Phi = 0°). The gain is much lower compared to the
green curve. The maximum gain is around -18 dB, which is relatively low. The pattern is irregular,
with multiple lobes, indicating that the antenna has weaker radiation in this plane.
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Figure 12. Radiation pattern of gain (a)7.5 GHz (b)8.5 GHz (¢)13 GHz

Left side plot shows how the antenna radiates in the plane where Phi = 0°, its azimuth figure shows a
typical dipole or bi-directional antenna radiation pattern, where the antenna radiates strongly in two
opposite directions (£90° and £270°) at maximum gain occurs (~30 dB), with no radiation at 0° and
180°.The pattern suggests a broadside radiation behavior, meaning the antenna radiates strongest in
the horizontal plane (perpendicular to its main axis).

Figure 12 (b) shows the radiation pattern at 8.5 GHz, this polar plot displays the radiation pattern of
an antenna at 8.5 GHz, this polar plot represents the gain (dB) vs. Theta (elevation angle) at a frequency
of 8.5 GHz, for two different azimuthal angles (Phi = 0° and Phi = 90°). It helps in understanding how
the antenna radiates energy in different planes. Phi = 0° (Red Plot) and Phi = 90° (Green Plot), the
green curve represents the antenna’'s radiation pattern for Phi = 90°. The shape is a figure-eight or bi-
lobed pattern, with two main lobes that are opposite each other. The gain in the main lobes is around -
4 dB, while the nulls (points where the radiation is weakest) go down to around -46 dB. This indicates
that the antenna radiates strongly in the direction of the lobes but has very weak radiation perpendicular
to these lobes. This pattern is directional, meaning the antenna primarily radiates energy in two
directions. Maximum radiation occurs at 0 and 180°, and minimum radiation occurs at +90°. Red Plot
(Phi = 0°), the red curve represents the antenna’s radiation pattern for Phi = 0°. The pattern is a figure-
eight; in the antenna radiates bidirectional in this plane. The gain is around -48 dB, indicating slightly
reduced radiation in both directions in this plane compared to the Phi =90° pattern. Maximum radiation
occurs in the £90° and minimum radiation occurs at 0 and 180°.

The left red plot indicates a specific Phi-plane measurement, with strong radiation in two opposite
directions and minimal radiation in perpendicular directions. This is typical of antennas that radiate in
a dipole-like manner. Maximum gain occurs ~38 dB at +90° (broadside direction) and minimum gain
(nulls) at 0° and 180° (end fire direction). This means the antenna radiates very little energy along its
axis.
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Figure 12. (c) shows the radiation pattern at 13 GHz, this right polar plot shows the antenna radiation
pattern at 13 GHz for two different elevation angles: Phi = 0° and Phi = 90°. Here's the analysis: Red
Plot (Phi = 0°), the red curve represents the radiation pattern for Phi = 0°. It has a four-lobed pattern,
which is more complex than the typical figure-eight seen in previous plots. This indicates that the
antenna radiates in four distinct directions, rather than two. The gain values in the lobes reach about -
2 dB, meaning that these are the directions where the antenna radiates most strongly. The nulls (points
where the radiation drops significantly) go down to about -38 dB, indicating very weak or no radiation
in certain directions between the lobes. This type of pattern suggests that the antenna is more
directionally complex and radiates in multiple distinct directions for this particular plane. Green Plot
(Phi = 90°), the green curve represents the radiation pattern for Phi = 90°. It shows a more circular or
elliptical pattern, indicating more uniform radiation in this plane. The gain is around -2 dB, and the
pattern does not have deep nulls like the red curve. In the plane at Phi = 90°, the antenna radiates fairly
evenly in all directions, with no significant directional preference. The red plot for Phi = 0° shows a
complex directional pattern with four main lobes, indicating that the antenna radiates strongly in four
specific directions. The deep nulls between the lobes suggest minimal radiation in other directions.
The green plot for Phi = 90° shows a more uniform radiation pattern, meaning the antenna radiates
almost equally in all directions in this plane. Phi = 0° (red curve): A four-lobed pattern, where the
antenna radiates in four distinct directions with deep nulls in between, indicating strong directionality.
Phi = 90° (green curve): A more uniform elliptical radiation pattern, showing that the antenna radiates
evenly in all directions in this plane. This plot illustrates the antenna's varying radiation characteristics
at different azimuthal angles, highlighting a more complex radiation behavior at 13 GHz compared to
previous frequencies. The left plot shows that the bidirectional radiation occurs in the +90° and
minimum radiation (null) occurs at the 0° and 180° means no radiation occurs in these directions.
Maximum gain occurs at this frequency, ~30 dB.

A brief overview of the literature survey on the many types of CPW wideband antennas developed in
recent years is given in Table 4. The wideband antennas are designed to operate at frequencies 4 GHz
to 13 GHz, and their bandwidth is 9 GHz. Its bandwidth is maximum compared to another wideband
antennas. Antenna can achieve better performance with smaller dimensions in terms of bandwidth and
gain. From the comparison, it can be observed that the achieved results of this antenna are designed
much better than the other designed antennas, with the attributes of smaller size, lower cost, and easy
fabrication, providing sufficient bandwidth. The proposed antenna has a suitable gain, other than this.

4, Conclusion

With its ability to operate in the 4 GHz-13.19 GHz range, the proposed compact CPW-fed UWB
antenna (16x13) mm? shows great promise for next-generation wireless communication systems. It is
ideal for sub-6 GHz, 5G, V2X communication, 10T, and biomedical telemetry because of its broad
impedance bandwidth, low-profile design, and planar structure. Gain augmentation using
metamaterials, integration with MIMO systems for enhanced spatial diversity, and frequency
reconfigurability via tenable components like varactors or PIN diodes might be the main areas of future
development. The antenna's suitability for radar sensing (SAR, GPR), mm Wave transition, and
cognitive radio networks can also be investigated. The antenna may get higher spectral efficiency and
dynamic spectrum utilization by utilizing beamforming methods and Al-driven adaptive tuning.

https://internationalpubls.com 2417



Communications on Applied Nonlinear Analysis
ISSN: 1074-133X
Vol 32 No. 10s (2025)

Additional improvement might make this ultra-wideband CPW antenna an essential part of high-data-
rate, low-latency, and energy-efficient communication networks, meeting the demands of future 5G,
6G, and beyond technologies.
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Notation

In this paper, the symbols listed below are employed.

Alphabet
L, = Length of the slot 1 mm
L, = Length of the slot 2 mm
L = Length of the slot 3 mm
L, = Length of the ground mm
Lg = Length of the feedline mm
Wy = width of the feedline mm
w4 = Width of the slot 1 mm
w, = Width of the slot 2 mm
W, = Width of the slot 3 mm
W, = Width of the ground mm
dB = Decibel
S(1:1) = Return loss db
VSWR = Voltage standing wave ratio
h = Thickness mm
CPW = Coplanar Waveguide
MSA = Microstrip Patch Antenna
CMSA = Circular Microstrip Patch Antenna
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HMSA = Hexagonal Microstrip Patch Antenna
VNA = Vector Network Analyzer
f = Frequency GHz
Symbol
& = Relative Permittivity
Q = Ohm
a = Radius of Hexagonal Patch

~ = Approximately
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