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During the last two decades, radar, remote sensing, and imaging applications
have all made use of ultra-wide band (UWB) technology. UWB systems are
susceptible to interference from narrowband signals, hence this work
provides a single-notch antenna for the UWB system. There are two stages
to the design process. After creating the baseband antenna, it is necessary to
create a notched band UWB antenna by carving a slot into patch antenna. In
the UWB range (3.1-10.6) GHz, the UWB antenna has the dimensions of

Keywords: 20x30 mm with substrate thickness 1.6 mm made from FR4 lossy. The
Antenna design relative permittivity was 4.3, a rectangular patch with a portion of the

. ground is used in the design. A typical slot-shaped resonator is connected to
Line feed the patch to reject a frequency band (3.273-3.81) GHz which is a world
Notch band interoperability for microwave access (WiMAX) to solve the problem of the
UwB interference with other bands in UWB system For WiMAX applications.
WiIMAX The suggested UWB filter will achieve notch band response centered at the

resonance frequency of 3,4 GHz. Analysis CSTS v2020 software was used
to carry out the simulation. Priority should be given to what has been learned
rather than what has been accomplished.
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1. INTRODUCTION

Wireless technology has allowed ultra-wide band (UWB) to coexist with nearby communication
systems in its radio environment. The simplicity, compact size, low cost, lightweight, low complexity and
high data rate of UWB technology make it a popular choice [1], [2]. UWB signals often have a large absolute
or relative bandwidth (bandwidth divided by carrier frequency). Use of wide transmission bandwidths, such
as better barrier penetration and covert operation as well as interference rejection and coexistence with
narrow bandwidth (NB) systems may provide several benefits. In fact, there are significant challenges in
UWB signal production, transmission, propagation, processing, and system architecture that need more
research. High data rates (up to 500 mbps) and short-range transmission (G 10 m) are only two of the
numerous uses of UWB technology [3]-[5], low-rate communications with accurate geolocation and
vacillation and systems of radar, which offer extraordinarily high spatial resolution and the ability to
overcome barriers, such as wireless “USB” such as infrastructures between computer components or wireless
links among components of operating systems [6]-[8].

The Federal government has approved the commercial usage of ultrawideband technology in the
frequent range of 3.1 GHz to 10.6 GHz [2] in the United States. Otherwise, neighboring WiMAX
communication systems (which run at frequencies ranging from 3.2 to 3.8 GHz) create interference with the
UWB system since they operate at frequencies higher than the UWB system's designed bandwidth [9], [10].
Because of this, notched features on the UWB antenna are required in order to reduce interference from other
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neighboring communication systems. In order to establish frequency notched band characteristics on a UWB

antenna, an appropriate structure may be etched into the antenna [11]-[13].

The antenna in question rejects just one band of the UWB spectrum, and it is a limited band at that.
WiMAX technology has just been shown to be used by the network. Slot antennas for ultra-wideband
communications may only be capable of functioning in a single notch band [14]-[16]. A rectangular UWB
monopole antenna with a m-shaped slots resonator is installed within it for WiMAX band rejection [16], and
the resonator is tuned to the frequency of the WiMAX band.

UWB range of 3.1 GHz to 10.6 GHz as shown by the simulation's, the antenna is capable of
avoiding the interference caused by the WiMAX. The H-plane of the antenna provides an omnidirectional
patterrn over the whole bandwidth of the antenna [17]-[21]. Some of research which suggest the same
problem is listed as:

a. An individual patch of a radiating patch has dimensions of 11.86 mm (L) x 8.96 mm (W), or
5.43 mm x 7.43 (L2) for the combination of a pair of monopoles lengthwise and widthwise, according to
[22]. The substrate is 16 mm (L) x 20 mm (W) x 1.6 mm thick. This antenna arrangement has been used
to mimic the 10 GHz resonance frequency. Dielectric constant €,=2.2 e was achieved using Duroid as the
substrate material. Two monopoles with a partial ground plane and steps at the bottom of the patch were
employed for the required broad bandwidth. At the same time, to avoid interference with other frequency
bands included inside the passband, the center bottom of the radiating patch was fitted with a strip bar.

b. The proposed antenna for Dhakar's antenna design in 2015 [23] is printed on an FRP substrate
1.6 mm thick and has a 4.4 V permittivity and a 0.25 V loss tangent. The primary structural components
of this proposed antenna are as follows: a square radiating patch with W- and O-shaped slots carved into
it, a 50 Q microstrip feed line printed on the substrate, a partial ground plane with a pair of U-shaped slots
printed on the opposite side of the substrate. For achieving a characteristic impedance of 50 Q over the
whole frequency range of 3.05-14.1 GHz, the square patch has dimensions of 8 mm by 8 mm and the
width WT of the microstrip feed line has been fixed at 2 mm.

¢. While Kumar and Kamatham [24] suggested a coplanar beveled feed in 2019, they advocated dual band-
rejection. Antenna for ultra-wideband FR-4 substrate (permittivity 4.4, tan§=0.02) with overall
dimensions of 20x14x1.6 mm? is used to print the antenna's twin fork radiating element loaded with a pair
of inverted L-shaped stub resonators. A rectangular ground plane symmetrically surrounds the 50 Q CPW
feed. It has a ground plane of 5.5x4.5 mm? and 2 mm in the width feed line. It is possible to acquire dual
notched bands to cover the WiMAX and WLAN operating bands with enhanced impedance matching
(3.4-3.8 GHz and 4.5-5.5 GHz) (2.6 GHz -11.6 GHz).

d. In 2019, Zhong et al. [25] operated in the 2.7 to 10.7 GHz frequency range; its radiating patch is in the
form of a gradient curve, and its ground plane is asymmetrical. In order to construct unwanted bands at
C-band (3.60-4.32) GHz, “WLAN” bands (5.17-5.32) GHz and (5.80-5.93) GHz, and ITU band
(7.8-8.2) GHz, respectively, four different slots, consisting a two meandering slots, cap-shaped slot, and a
split-ring, are working.

In this paper we would propose the antenna design in two sections first is the design of an UWB
antenna and its simulation results, and in the second part we explain the design of antenna with inserting the
pi shaped resonator and its simulated results.

2. DESIGN ULTRA-WIDE BAND ANTENNA

As illustrated in Figures 1(a) and (b), the projected UWB antenna has the dimensions of 20x30 mm.
The design relative permittivity was 4.3, and the thickness was 1.6 mm; loss is equivalent to 0.02, and the
pattern is printed on FR4. Radiating ground and structure, bottom and top patches are printed on the
substrate's surface. Wf (3.137 mm), the microstrip feedline width, serves as a 50 ohm resistor between the
end of the feeding strip and the ground plane. Using the staircase patch construction in Figure 1, we may
increase the antenna's bandwidth to encompass the UWB spectrum, design’s dimensions is shown in Table 1.

2.1. Design of band notched ultra-wide band antenna

This section explains the band-notch characteristics of a UWB antenna. A single notched band may
be executed by etching a m -configuration notch in the radiating patch of another UWB antenna. Details of
the antenna's design may be found in Table 1. It is possible to compute the notched frequency's dimensions
using (1) [10]:

Cc

FNotch - W (1)
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Where C is the speed of light, L is the length of the resonator, and &, is the effective dielectric constant.

Figure 2 represented S;,of the UWB antenna while Figure 3 represented VSWR of the UWB
antenna. Table 1 lists the ideal parameters for simulating the suggested antenna, which is represented in
Figures 4(a)-(c) where (a) is the designed antenna, (b) and (c) are the dimensions of the antenna.
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Figure 1. Antenna design dimensions (a) in front view and (b) in back view

Table 1. Dimensions of the planned antenna (mm)
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Figure 3. Antennas simulated VSWR
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Figure 4. Suggested antenna with n- shaped resonator (a) front view, (b) dimensions in section B, and
(c) dimensions in section C
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3. RESULTS AND DISCUSSION

For the purpose of covering the whole UWB band, this antenna has been developed to have
wideband performance ranging from 3.10 to 10.60 GHz with an S11 of less than 10 dB. An antenna’s abii to
focus radiated power in a given direction, or the antenna's ability to absorb incoming radiation, is referred to
as its gain. "The ratio of highest voltage or current to lowest voltage or current at each site it investigates as a
measure of mismatch between the line and the load" is how VSWR is described in electrical engineering.
Figure 5 displays the simulated reflection coefficients, while Figures 6 and 7 illustrate the voltage standing
wave ratio and the antenna's actual gain. It's clear that things are looking up.

For VSWR<2, the antenna covers the whole UWB range, with single-notch bands of 3.3-3.8 GHz
having VSWR>2. If one looks at Figure 8, one can see that the surface current distributions are more
concentrated in one direction and cancel each other out at the notch frequency. For frequency rejection, the
n-shaped filter structure of the UWB antenna has a considerable impact. In order to generate a frequency
notch band, the antenna does not emit at this particular frequency. Because of this, we may infer from the
present distributions that the frequency-notch functions result from the z-shaped filter structure [11]-[13].
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Figure 5. S;; simulation results of the antenna
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Figure 6. VSWR simulation results of the antenna
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Figure 7. Realized gain simulation results
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Figure 8. Frequency (3.5 Ghz) surface current distribution in notch band resonant

3.1. Surface current distribution

The surface current pattern at 3.5 GHz frequencies is shown in Figure 8. The colors on the scale are
arranged in decreasing order by the scale's current value. Regions in red have better current distribution than
those marked in yellow, green, and so on.

3.2. Radiation pattern

Figures 9(a) and (b) depicts the 3, and 3.5 GHz observed radiation patterns for the UWB antenna.
Single-band UWB antenna's measured radiation pattern at (a) 3 GHz and (b) 3.7 GHz. The E-plane and H-
plane are both represented by antennas that are printed in the x—y plane. It may be considered that the E-
radiation plane's pattern is monopole-related, and the H-radiation plane's pattern is practically Omnidirectional
except in the notched frequency range. The comparison with previous literature is shown in Table 2.

Farfield Directivity Abs (Phi=90)

phi=90 30 30 phi=270

farfield (7=3) [1]

20 Frequency = 3 GHz
N Main lobe magnitude = 2.33 dBi
150 150
180 Main lobe direction = 177.0 deg.
Angular width (3 dB) = 87.3 deg.
Theta / Degree vs. dBi Side lobe level = -0.6 dB
(@)
Farfield Directivity Abs (Phi=90)
0 — farfield (f=3.5) [1]
Phi= 90 30 30 phi=270
60 i 60
90 90
120 % 120 Frequency = 3.5 GHz
Main lobe magnitude = 2.75 dBi
150 180 150 Main lobe direction = 161.0 deg.
Angular width (3 dB) = 86.7 deg.
Theta / Degree vs. dBi Side lobe level = -2.2 dB

Figure 9. Shows radiation patterns at (a) 3 GHz and (b) 3.5 GHz
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Table 2. Comparison with published work

4,

Ref. Antenna size (mm®) Notching structure Notch band (GHz)
[14] 20x20x0.8 radiating patch with two slots cutting & two (PIN) diode embedding 3.15-3.85
[15] 40%x35x 15 CSRR resonators 3.3-3.7
[16] 37.8x27.1x16 inverted pi-slot & double split-ring resonators (DSRRS) 3.67-6.5
This work 20x30x1.6 Pi shaped slot resonator 3.27-3.8
CONCLUSION

This paper detailed planar UWB antennas that are fed by microstrips, which are intended to avoid

interference between the WiMAX and other UWB bands from occurring. An UWB monopole antenna's
radiating patch is embossed with a n-shaped resonator in order to produce the desired notch band. The
suggested antenna has a VSWR of 2 from 3.1 GHz to 10.6 GHz, which covers the whole UWB range, with
the exception of a notch band from 3.3 GHz to 3.7 GHz (WiMAX).
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