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1. INTRODUCTION

Wireless system usage has exploded in recent years, and it is now used for a variety of purposes.
Mobile technology in the future will combine numerous functions into a single device, such as sharing voice,
image, video, or massive amounts of data. For flawless data transmission and reception, many applications
require a high data rate. To overcome this issue, the literature points to ultrawideband (UWB) systems. The
distinctive properties of UWB technology, notably mobile, radar, and vehicular technologies [1]-[5], have
piqued the interest of academics and industry. The antenna is one of the most important components in a
UWB system, and it has the potential to degrade the overall system's performance. Short-range high-data-rate
communication is possible using the unlicensed 7.5 GHz frequency spectrum, which spans the range of 3.1 to
10.6 GHz. Because effective isotropic power radiation is less than 75 nW/MHz, communication is limited to
small distances [6].

Existing work in the UWB system shows a variety of monopole radiating structures, such as
rectangles and circles, with various shapes carved on the radiating and ground planes [6]-[13]. The most
difficult aspect of designing the UWB system is achieving impedance matching over a broader bandwidth
while maintaining stable radiation characteristics. UWB antennas can be designed using a variety of methods.
Research by Marchais et al. [14] created the UWB slot antenna. Similarly, employing an inverted-A
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monopole, Suriya and Anbazhagan [15] presented a multiple-input-multiple-output (MIMO) antenna that
works in the UWB spectrum. Research by Hossain et al. [16] proposed an UWB antenna with a bird face
monopole. Research by Sanyal et al. [17] presented a monopole UWB antenna that might be shrunk.
Research by Okas et al. [18] an elliptical ground plane with a notch and tapered microstrip feedline is
proposed for wideband application, along with a modification to a traditional rectangular monopole antenna.
Research by Okas et al. [18] proposes a partial monopole antenna with a circular form and an ellipse-shaped
slit that minimises the lower operating frequency. V-shaped and split ring-shaped slits are used to create a
UWB antenna [19]-[23].

This study shows a UWB monopole antenna with a circular structure and a feedline with an
octagonal slot as a radiating plane and a modified trapezoidal like partial ground plane. This configuration
offers a 121.4% impedance bandwidth extending from 3.2 to 13.1 GHz. The predicted design's physical
dimension is 35.5x30 mm?. The effectiveness of antenna design is evaluated using comprehensive frequency
and time-domain metrics.

2. ANTENNA DESIGN
The predicted antenna fundamental frequency can be calculated as (1):
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Where ¢4, fr, ¢ is the effective dielectric constant, resonant frequency, and speed of light.

As a radiating plane and lowered ground plane, the proposed circular-shaped UWB antenna is made
up of a composite structure consisting of anoctagonal slot and a modified trapezoidal ground plane. The
ground and radiating plane dimensions are determined using a comprehensive parametric analysis. The
proposed design calls for a FR-4 substrate with a dimension of 35.5x30 mm?, as well as a microstrip
transmission line for feeding. The proposed antenna is based on a traditional rectangular patch antenna with
the monopole like ground plane. Focusing on impedance bandwidth curves, many iterations are carried out.
The adjustment to the feedline and ground plane perturbs the identical current distribution and generates the
local path, which results in a higher operating frequency.To increase impedance matching at the higher
frequency of the UWB range, a 180-degree flipped trapezoidal ground with a size of
(Z10xZ11xZ12xZ13%xZ14) is carved on the ground plane, as depicted in Figures 1(a) and (b). The
geometrical information is summarised in Table 1.
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Figure 1. Projected UWB antenna (a) radiator and (b) ground plane
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Table 1. Physical dimensions of the projected UWB antenna
Parameter  Dimension (mm)

Z1 30
z2 355
z3 5.2
Z4 9
z5 3
z6 6.7
z7 15.6
W 3
Lg 195
z10 7.8
z11 18.28
712 12
713 12
z14 6
715 4
716 7.15

In Figure 2, the current distribution is simulated and studied in order to realise the proposed UWB
antenna's operation. At the operating frequencies of 3.2, 4.2, 8.5, 10.9, and 13.1 GHz, the resonance properties
are investigated. Distinct portions of the antenna have different resonance routes for different operating modes,
as conveyed in Figure 2. The greatest current is shown in Figure 2(a) in the lower part of the patch feed and
ground, which is very active at 3.2 GHz. The greatest current is depicted in Figure 2(b) in the lower part of the
patch and feed, which is very active at 4.2 GHz. The dense current is depicted in Figure 2(c) in the lower part of
the patch, feedline, upper and middle half of trapezoidal ground part, which is very active at 8.5 GHz. Similarly,
the greatest current is depicted in Figures 2(d) and (e) in the lower part of the patch and throughout the feed and
vertical line of trapezoidal ground plane, which is very active at 10.9 and 13.1 GHz. Thus, it demonstrates that
the antenna operating behavior at frequencies of of 3.2, 4.2, 8.5, 10.9, and 13.1 GHz.
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Figure 2. The current density plot of UWB at (a) 3.2, (b) 4.2, (c) 8.5, (d) 10.9, and (e) 13.1 GHz
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3. PARAMETRIC ANALYSIS
3.1. Analysis of Wf

The variation in Wf was simulated and examined to investigate the effects of Wf on S11 features.
Figure 3 illustrates the S11 features. The impedance matching is bad when the Wf is 4 mm and 2 mm, as can
be shown. When the X4 is 3 mm, though, the effect is ideal. Thus, the chosen value of Wf is 3 mm.

3.2. Ground plane dimension Lg

The variation in Lg was simulated and evaluated in a step of 1 mm, from 15 to 17 mm, to explore
the effect of the dimension Lg on the S11 features. It can be seen in Figure 4 that the Lg=16 mm model

produced superior results. However, when we select Lg=15 and 16 mm the S11 detoriates. Thus, the chosen
value of Lg is 16 mm for optimum result.
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Figure 3. Feed width Wf variations Figure 4. Ground plane dimension Lg variations

3.3. Octagonal segment variations

The variation of octagonal segment was simulated and examined to investigate the effects of it on
S11 features. Figure 5 illustrates the S11 features. The impedance matching is bad when thereare 10 and 6
segments, as can be shown. When the segment is 8, though, the effect is ideal for UWB.
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Figure 5. Octagonal segment variations

4. RESULT AND DISCUSSION

ANSYSS high-frequency structure simulator (HFSS) is used to model the designed antennas. The S11
curve, radiation characteristics, and time-domain analysis are used to assess the design's efficacy. In the
frequency range of 3.2 to 13.1 GHz, the S11 curve of the UWB design is substantially below -10 dB as
depicted in Figure 6, and over this range the impedance curve has a real part of 50 and an imaginary part of

practically zero throughout the operating frequency. Thus, a bandwidth of 9.9 GHz and a fractional
bandwidth of 121.4% is exhibited by the suggested UWB antenna.
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Figure 7 shows co and cross-polarization in two principle planes at operating frequencies of 3.2, 4.2,
8.5, 10.9, and 13.1 GHz for UWB. The bidirectional and omnidirectional features can be seen in the E and H
planes. At 3.2, 4.2, and 8.5 GHz, the H-plane shows an omnidirectional pattern of radiation, while the E-plane
shows a bidirectional pattern. It is little deviated at a frequency of 10.9 and 13.1 GHz. Thus, the the pattern in
Figures 7(a)-(c) have stable pattern. Because of the multimode operation and higher harmonics, the pattern in

Figures 7(d) and 7(e) becomeslittle unstable at higher frequencies.
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Figure 6. The UWB antenna S11 curve
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Furthermore, as depicted in Figure 7, the antenna’s co-polarization level is high, resulting in higher
repeatability of the transmitted input pulse. In addition, cross-polarization in both major planes is less than
-13 dB, allowing the antenna to achieve higher electromagnetic interference performance (EMI). The
maximal 3D gain of the simulated configuration is depicted in Figures 8(a)-(e). Over the range of UWB
frequencies, the antenna gain ranges from 2.88 to 4.15 dB. At 3.2 GHz, there is a minimum gain of 2.88 dB,
while at 13.1 GHz, there is a total gain of 4.15 dB. At a frequencies 3.2, 4.2, 8.5, 10.9, and 13.1 GHz, a total
gain of 2.88, 3.22, 3.04, 4.91, and 4.15 dB is obtained respectively. The gain variation is linear in throughout
the UWB, thus prooving the efficacy of the the design.
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Figure 8. UWB 3D gain patterns at (a) 3.2, (b) 4.2, () 8.5, (d) 10.9, and (e) 13.1 GHz
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5. RESULT AND DISCUSSION

UWB antennas need additional performance parameters beyond those necessary for regular
antennas. For this purpose, UWB uses brief pulses to send and receive signals. Signal distortion and
dispersion are possible during communication due to the obvious transmission link and distance. For the
linear phase between input and output signals, the transfer function, and group latency must be investigated.
Two similarly built antennas are placed side to side at a distance of 100 mm apart to study the
aforementioned parameters as illustrated in Figure 9.

100 mm

Figure 9. Time domain features are studied using a side-by-side UWB arrangement

5.1. Transfer function

Figure 10 shows the transfer function curves for UWB antenna. The amount of correlation between
the elements is described by the transfer function/isolation. A can been studied in side-to-side arrangements,
the UWB antennas have isolation values of less than -20 dB across the antenna's operational frequency.
These figures show that the antenna has a negligible effect on correlation.
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Figure 10. Transfer function of the UWB antenna

5.2. Group delay

The negative derivative of phase variation in accordance with the angular frequency is used to
determine group delay. The signal is subjected to amplitude and phase disturbances as it travels. There could
be multiple frequency components in the input signal. For such signals, group delay denotes the system's
phase linearity and is defined by (3) [24], [25]. A group delay of less than 1 ns is considered acceptable. The
group delay of the projected antennas is less than 1 ns in side to side configurations depicted in Figure 11.
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Figure 11. The UWB antenna's group delay

CONCLUSION
In this study, a compact circular-shaped octagonal slot UWB antenna is presented. The antenna's

dimensions are 35.5x30 mm? The proposed UWB antenna operates at frequencies ranging from

3.2

to 13.1 GHz, allowing for a bandwidth of 9.9 GHz and a fractional bandwidth of 121.4%. The modified

trapezoidal shaped partial ground plane helps in exhibiting broad bandwidth. Throughout the operational
bandwidth, the antenna’'s gain ranges from 2.88 to 4.15 dB. Time-domain measures like as isolation, and
group latency are explored in the predicted designs.The suggested UWB antenna has the advantages of being
small, having superior impedance matching, simple design, and having a high gain. The results of the studies

show that it is suitable for wireless communication applications.
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