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ABSTRACT

This paper clarifies significant bandwidth and optimum gain for a split ring resonator slot based fabricated
microstrip patch antenna for ultra wide band (UWB) wireless telecommunication system applications. The antenna has a
circular slot partially cut into a circular patch and radiates in the UWB frequency range. The design system features a
steady radiation pattern and an impedance bandwidth of 3.3 to 10.96 GHz. The proposed UWB notch antenna is at 4.6
GHz, 7.29 GHz, and 9.36 GHz, with an impedance bandwidth of 3.3 to 10.96 GHz. The UWB notch antenna offers linear
phase response and a group delay of fewer than 1 ns. It is practical for UWB applications due to less group delay and stable
radiation patterns. FR4 material with a 4.4 relative permittivity. The reported antenna is measured following the
manufacturing of the prototype design using HFSS simulations. The suggested fabricated antenna minimizes return loss.
The findings demonstrate that when combined with VSWR 2, the reflection coefficient covers the band ranges from 3.3-

10.96 GHz.
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1. INTRODUCTION

Microstrip antennas offer a wide range of uses in
wireless communications because of their cost-
effectiveness, portability, flexibility in design, and ease of
production. Compact systems with multifunctionality are
sought due to the rapid advancement of communication
technology. The problem is to build multi-band antennas
that do not require several antennas for various operating
frequencies because antennas are an essential part of
wireless systems and take up a lot of space. According to
the literature, there are several multi-band configurations,
each of which has a unique resonance frequency. These
configurations include stacked patches, integrated patch
antenna topologies, and combinations of metallic strips.
Other standard structures incorporate various slots in the
patch radiator, ground, and fractal geometry, which creates
many resonant routes. This modern era of communication
devices demands antennas that provide distinctive
radiation characteristics with compact size [1]. Microstrip
antennas promote ease of fabrication process. However,
they need a dimension of half the size of the guided
wavelength. Such larger dimension antennas make them
accountable for getting better than other antennas, which
could not be the solution for miniaturization. However, a
few smaller antennas are available but suffer from the
drawbacks of high cross-polarization and lower bandwidth
[2]. A specification for a device is that it must attain multi-
band with good far-field characteristics. Multiband devices
promote a variety of applications at a time, removing the
necessity for the large number of antennas that need huge

areas and directing to compactness. Numerous designs
have been outlined which produce a single band or multi
bands [3]. However, these days there is a necessity for
multiple bands that can be used for different applications.
Moreover, metamaterials can be utilized to
accomplish the top tasks. They are productive
homogeneous electromagnetic structures with remarkable
properties like propagation constant less than 0 for  and €.
When p < 0 can now be defined as a mu-negative
metamaterial. One of the finest examples of metamaterial
is the Split ring resonator [4]. Antagonistic properties of
SRR can be utilized to design a metamaterial model. Some
literature works have demonstrated dual resonant band
design. In [5], a metamaterial design is obtained with
double bands. In [6], significant work is presented on the
composite right- and left-handed resonant method that
relies on boundary conditions and resonators according to
order modes. In [7], an excellent dual-band metamaterial
design with three-unit cells depending on zeroth order is
reported. The invention's novelty is that its flipped stub is
responsible for reducing the optimized area. Additionally,
when the stub size increases, the operating frequency
switches to a lower level, and virtual ground resonates at
higher frequencies. A rectangular partial ground plane is
reported to achieve one additional band, and the
characteristic of the antenna provides good gain,
bandwidth, and efficiency when compared with other
designs. Multi-service wireless communication has seen
significant growth in usage recently. Multi-band antennas
are used in these modern multi-service wireless
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communication systems [8]. Due to its intrinsic qualities,
including its tiny size, lightweight, low cost, ease of
manufacture, and integration with other RF components,
the multi-band microstrip patch antenna is a perfect choice
for wireless communication [8-10]. The typical microstrip
patch antenna operates in a narrow frequency band. Its
single resonance makes it capable of transmitting and
receiving electromagnetic radiation for a single wireless
communication application. The main drawbacks of
traditional microstrip antennae are their narrow bandwidth
and poor strength suitable for various wireless
applications. For creating several operational frequency
bands, a variety of approaches have been documented in
the literature, including the use of slots/slits of various
forms [11-14], multilayer stacks [15-18], and the folding
of major radiating patches [19]. The development of
communication systems has increased the demand for low-
cost, lightweight antennas [20-23]. These antennas are
anticipated to function well across a wide frequency band.
The development of microstrip antennas is the result of
this. Due to their accessibility, accessibility reduced
geometrical design and other characteristics, microstrip
antennas have a wide range of uses in wireless
communication [24-27]. Since it is utilized for
transmitting and receiving electromagnetic radiation, the
antenna is an essential communication system component.
The majority of applications for microstrip antennas
include radar, GPS, GNSS, WLAN, WiMAX, UWB, etc.
[28-31]. A radiation-emitting device is etched on a
dielectric substrate to form the geometry of a microstrip
antenna. On the back, the ground plane is visible. This
work presents an enhanced gain triple-band inset-fed
circular patch antenna in the current study for UWB (3.1-
10.5 GHz) applications. A parasitic strip, one split ring
resonator slot, and a circular patch construct this antenna.
The frequency at which the common patch antenna
operates is 3.3.to 10.96GHz. The recommended antenna's
center frequencies of 4.6 GHz, 7.29 GHz, and 9.36 GHz,
are obtained by adding three circular patches onto the
radiating edges of the antenna. In this study, we provide
three smaller circular patches mounted on the split ring
resonator for a miniaturized circular microstrip patch
antenna for triple-band applications.

2. ANTENNA DESIGN

The main ways that a radiating patch influences
an antenna's performance are by changing its patterns,
patterns, and surface current fields. The antenna's variety
typically improves the performance of the patch in size
and shape. But our goal is to understand how to get the
desired outcomes. A straightforward circular patch was
first explored. Figure-1 depicts the proposed circular
slotted ring antenna's iterative stages.
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Figure-1. Steps to construct the crescent moon-shaped
patch antenna.
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Figure-2. Geometry of the proposed antenna (a) top view
(b) back view.

Table-1. Dimensions of the proposed crescent antenna.

Parameters Dimension (mm)
L 38
Wi 38
L; 2
Wi 12
W, 34
W3 13
I 5.8
rn 5.8
I3 5.8

r 12

The larger circular ring is then loaded with five
circular annular rings. ANSYS HFSS, a program used to
analyze mathematical equations based on engineering and
mathematical expressions through finite element
modelling, is used to simulate the antenna. The antenna's
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geometry is shown in Figure-2. The suggested antenna's
footprint measures 38 x 38 x 1.6 mm?>. The primary ring is
initially loaded onto one inner circular ring. They are
embedded together, two of them. The inner circular ring is
then loaded with a set of three circular rings. The
dimensions are optimized by analysis using the ANSYS
program. The FR-4 substrate is used to manufacture the
suggested antenna. The ground plane has dimensions of 38
x13 mm?, while the inner radius of the giant circular ring
is 8mm. Here, microstrip feeding is considered for the
suggested design, and effective impedance matching is
produced by selecting the ideal size. In Table-1, the
parameters are listed.

3. RESULTS AND DISCUSSIONS

The circular patch antenna's  optimum
arrangement consists of three smaller circular rings
encased in one another, as shown in Figure-2. The
standard feed line was injected externally into the
conducting patch. The simulations are carried out using
the commercially available tool and the settings listed in
Table-1. There are a total of five iterative phases
recommended for this antenna. In Figure-1, the standard
circular patch antenna represents the initial progression
(a). A high reflection loss frequency was attained. It
operates with impossible impedance. There are five steps
in this iteration process. However, the desired frequency is
achieved in the fifth iteration. Two circular patches of
compact size are included in the larger outer ring in the
fourth stage of Figure-1(d). In the final iteration, the
frequency is achieved at the desired band, i.e., 10.96 GHz
with a return loss of -33dB and -32 dB. Figure-3 illustrates
the Iterative steps of the proposed geometry.

Figure-4 clarifies an analysis of the parameter W
in the proposed geometry. Figure-5 shows an analysis of
the parameter W3 in the proposed geometry. The created
model is assessed using an analyzer, and the resulting
figures are shown in Figure-6. Analysis of the parameter r
in the proposed geometry is clarified in Figure-7.

S, (dB)

2 4 6 8 10 12

Frequency (GHz)

Figure-3. Iterative steps of proposed geometry.
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3 6 9 12

Frequency (GHz)
Figure-4. Analysis of the parameter W in the
proposed geometry.

Table-2. Values of the dual-band designed antenna.

Proposed Frequency .
antenna (GHz2) Gain

4.63 4.8

Simulated 7.29 5.1
9.36 6.2

4.8 5.4

Measured 6.9 5.2
9.31 4.6

S,,(dB)

s,,(dB)

2 4 6 8 10 12

Frequency (GHz)

Figure-5. Analysis of the parameter W3 in the
proposed geometry.

r,=5.6mm

r3=5,8mm-

2 4 6 8 10 12
Frequency (GHz)

Figure-6. Analysis of the parameter r3 in the
proposed geometry.
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Figure-7. Analysis of the parameter r in the
proposed geometry.

Gain of the proposed antenna
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Frequency(GHz)

Figure-8. Gain the value of the suggested UWB antenna.

Figure-8 clarifies the analytical Gain of the
suggested UWB antenna. The proposed antenna states the
gain value of 6.51 across the operating frequency. An
impedance of 50 ohms is achieved using the proposed
device. The parametric study is also observed for the
compact inner circular patch radius, and the distance is
varied between the inner circular ring and the outer ring.
The parameter W is studied for different case studies. The
length of the feed line is tuned to achieve the desired band
and reflection loss in the final iterative step. When Ws3=
2.5 mm, the design accomplishes a good return loss. The
case studies of parameters like r and r3 are displayed in
Figure-6 and Figure-7. The obtained results of the device
are tabulated in Table-2.

4. MODEL FABRICATION

Figure-9 shows the crescent patch antenna model
that was created. The figure showed the simulated model,
the fabricated model in the front view, and the fabricated
model in the back picture with half the ground. The half
ground is taken into consideration in this study to improve
the antenna's properties. There is, nevertheless, a minimal
difference between the simulated and measured values.
Figure-10 compares the simulation and experimental data,
showing that the variance is microscopic. The suggested
device minimizes return loss. The crescent antenna is

miniaturized and suitable for a variety of applications. In
the picture below, photographs of the crescent antenna are
also included.

Figure-9. Proposed antenna fabricated model.

0 — Simulated| |
—— Measured

-40

-50
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Frequency (GHz)

Figure-10. Measured results of the UWB antenna.
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Figure-11. Patterns of the proposed annular ring crescent antenna.
(a) 3.1 GHz (b) 9.3 GHz.

Figure-12. Measurement of VSWR and Fabrication setup of the proposed antenna.
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In-depth studies are carried out on the suggested
UWRB antenna's performance. The slot lengths (L1 and L2)
are systematically changed and tuned to achieve a notched
band over WiIMAX and WLAN. The traditional UWB
circular patch antenna was first simulated, and over the
whole design frequency range, a VSWR of less than 2 and
values of S11 less than -10 dB were found. Figure-8
compares the last iteration's simulated and measured
VSWR performance. Figure-9 depicts the impedance's
imaginary and real parts. Figure-10 shows the antenna's
current fields at 3.1 GHz and 9.3 GHz. The figure also
depicts electric fields and surface currents.

The patterns are also observed in Figure-11. The
E-plane in Figure-11(a) resembles an omnidirectional

plane. At the same time, the second one produces
bidirectional patterns. The E- and H-plane patterns are
visible in the semi-omnidirectional, according to Figure-
11(b). The device's input impedance matching is also
noted. The obtained VSWR findings are above 2, as
observed from the outcome, and the antenna has
demonstrated a notched band across WLAN. Figure-12
clarifies the fabrication setup of the proposed antenna. In
addition, frequency shift away from the intended notched
band is caused by increasing the split ring resonator's
circular radius. The performance of the surface current of
the antenna in different frequency variations is also given
in Figure-13.
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Figure-13. Surface currents at (a, b) 4.8 GHz Surface currents and E-fields (c, d) 7.29 GHz
Surface currents and E-fields (e, f) 9.3 GHz Surface currents and E-fields.
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Table-3. Comparison of the features of the proposed antenna.

l;l;:)tléz;e;l Frequency (GHz) Return loss (dB) Bandwidth (GHz)
4.6 -19.9
Simulated 7.29 -26 7.3
9.36 -22.1
4.8 -40.01
Measured 6.9 -44.6 7.1
9.31 -16.4

The device's existing simulated areas are also
provided at two operating bands. The experimental
findings show the fewest discrepancies. The antenna's
bandwidth is shown in Table-3, although the simulation
does not account for mismatch losses Dbecause
manufacturing defects are minor. The second band obtains
good bandwidth when compared to the two bandwidth
values. The intriguing aspect of this work is greater

bandwidth. The antenna delivers 500 MHz bandwidth
when it operates at 3.1 GHz. The measured bandwidth is
7.1 GHz from 3.3 to 10.96 GHz frequency. The antenna
acquires a greater bandwidth when operating at 10.96 GHz
frequency. The circular patches make it possible to get
good gain and a wider impedance. The bandwidth
obtained by the circular rings, which have suitable
impedance, is used in various applications.

Table-4. Comparison of the proposed work with the existing literature survey.

Ref. No Size (mm) Freq (GHz) Gain (dB)
1.81,
3.7,
[31] 50x30x1.6 5.9, 6.5 dBi
8.94,
12.7,
3.32-3.65 5.12
[32] 45%30~1.6 4.67-5.15 5.02
[33] 70x70%0.8 1.66-2.71 9.5
[34] 48%35x%0.8 1.6-3 6.8
This work 38x38x1.6 4.8,6.9,9.31 6.51

5. CONCLUSIONS

In this article, a circular patch antenna is
introduced for UWB applications. The reported antenna is
compact, measuring 38 mm x 38 mm. The proposed
antenna consists of a split ring resonator slot and, three
smaller circles are united together finally mounted on the
split ring resonator. The proposed antenna is fabricated
with FR4 material with a 1.60 mm depth and a 4.4 relative
permittivity. The reported antenna is measured following
the manufacturing of the prototype design using both
HFSS simulations. The findings demonstrate that when
combined with VSWR 2, the reflection coefficient covers
the band ranging from 3.3 to 10.96 GHz. The reported
antenna has significant bandwidth and a maximum gain of
6.5 dBi. The outcome demonstrates the consistent
radiation pattern across the whole UWB frequency range.
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