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The antenna proposed is a new geomantic structure of Ultra-Wideband (UWB) Anti- Podal
Vivaldi antenna (AVA). It remarkably offers an attractive performance over the bands of
cellular networks. However, its benefits are not limited only in particular applications,
whereas radar imaging, mining detection, the biomedical science in the heating of brain
cancer tumor and treatment, and the wireless communication are considered as the main
applications suitable for utilization. Therefore, the focus on this paper is to spot the light
illuminating into the cellular communications network Systems. On the other hands, several
characteristics of Vivaldi antenna have been provided such as the gain, return loss, Voltage
Standing Wave Ratio (VSWR), current distribution and E- fields. Finally, the results
illustrate the capability and feasibility of the designed antenna.

1. Introduction

Vivaldi antenna has been classified from the most attractive
antennas in the fabrication, design and applications[1, 2, 3]. This
is simply because of a wide range of numerous benefits emerged
in the industrial developments. To begin with, it is a small size of
antenna and the dimensions can be controlled from several
parameters to operate over a wider bandwidth [2, 4]. The antenna
also can be capable in optimization from the physical structure
change side as well as the parameter change by using CST
Simulation. Thus, it helps the end users an alternative solution in
the industrial projects. An example of its valuable applications is
that it can contribute in cellular networks Generations [1] as its
compatibility in the technical performance and physical structure
are a place of commercial utilization. It can also offer several
applications in UWB communication systems [2]. Moreover, the
gain obtained from the design provides with an indoor coverage
area suitable in the required cellular networks generations with end
fire characteristics and a strong radiation directivity [5]. For
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instance, the commercial buildings consist of several floors and
offices that need a unique coverage and independent wireless
network access. Therefore, the technical specifications results in a
customer satisfaction, if the operators exploit this kind of antenna
in the business. On the other hands, several numerous steps have
been applied to the physical structure of antenna for the sake of
characteristics improvement such as adding slots or notches on the
patch layer [6]. Thus, Vivaldi antenna confidentially will be able
to deal with more directive gain and higher data rates in the
wireless networks [1, 6] as Bluetooth, wireless cellular networks
supporting the military demands, Wireless Fidelity (WIFI),
Worldwide Interoperability for Microwave Access (WIMAX),
Global System for Mobile (GSM), Universal Mobile for
Telecommunications System (UMTS), Long Term Evolution
(LTE), Long Term Evolution — Advanced (LTE-A) without any
issues from the antenna side. AVA applications, however, are not
limited to the industrial applications, but also expanded to the
medical applications such as in treating brain and neck cancers [7].
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Figure 1: AVA geometric structure of proposed antenna

2. Antenna Geometry and Structure of Design

AVA is a planner antenna with UWB and linear polarizations
[1,4, 7]. The proposed antenna in this paper is illustrated in figure
1 showing a new shape. The power radiation, formation and
creation of pattern radiations are a playground of technology in
which particular operating frequencies offer different behavior
better than others. Several sources can be used to feed the antenna
and satisfy the matching and the transition requirements, whereby
determining maximum bandwidth along with the operational
frequencies. The designed antenna consists of a specific substrate
material RF- 4 (Free Loss) and constant parameters as Epsilon
(4.3) and Mute (1) with an overall dimension which is: 78mm
x43mmx1.6mm. It is fed directly by discrete port. In addition, it
has two exponential tapered layers as conductors with .07mm
thickness and its material is made from Perfect Electric Conductor
(PEC). The first one is stacked on the top of substrate fed via
discrete port and the another one is printed on the bottom of
substrate as a mirror with increased aperture acting as a ground
plane. The parallel lines of the printed curves on the top are called
stripline, where it has a balanced and fixed impedance allowing to
transition process deliver more radiated power to the radiation
curves, which defines the maximum wavelength between the inner
curve edges acting as a horn antenna. The antenna, however, is
notched with parallel slots for the sake of improving the
performance such as the current distributions, radiation pattern,
directivity, the gain and reducing return loss.
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Figure 2: AVA angle and direction of radiation pattern

The formulas shown “(1)” and “(2)” describe how the layers are
designed [1] on the substrate as follow:

Y, urer = A1 X eb1x0uter? 1| (1)
Yinner = A2 X ebZXinneT3+X2 (2)

A1=98.6, A2=100, b1=200x e~®, b2=400% e~°, inner=75mm,

outer=30mm, Height=1.6mm, C1=-99.5mm, C2=-101mm, where:

e Al and A2 represent as the scaling factor which is considered
from the most important parameters to fix the geometric
structure of antenna, so any poor adjustment of this factor
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causes a geometric change of the antenna and distortion issue
as a consequence of the characteristics degradation.

e  The outer and inner values act such as the counter of antenna
heights

e bl and b2 refer to the exponential opening rate.

e Xl and X2 refer to the displacement as an offset.

The dimension of antenna was designed and optimized in order to
operate from the lower frequencies around 1GHz based on this
formula:

F(GHz) = C/(2 * L(mm) X V&) 3)

Where, C is the speed of light, €, is the permittivity of substrate
material and L is the maximum aperture length of antenna.

However, the designed antenna consists from three parts so the
first one is the radiator curves representing the exponential curves
inside the antenna, the second part is the directivity curves which
are the outer curves and the last part is the matching line of
antenna connecting to the source. Consequently, the methodology
adopted of this designed antenna is that the microwave
frequencies propagate directly towards the flare edges with a
proper characteristic of radiation patterns different from each
operating frequency and fixed over a graded physical structure at
the edge, so that it forms a range of wider bandwidth as and the
outer curves are responsible in controlling the antenna beam and
the radiation patterns, whether it provides with a wider range of
coverage and suitable gain or not, whereas the parallel lines are
responsible for matching the impedance and allowing the signals
to pass over the graded inner curve as a results of electromagnetic
frequencies.

3. Results and Discussions

AVA with a new shape modeled has been designed using CST.
The performance illustrates its capability to be strongly utilized in
a closed area such as indoor coverage solutions and in a shorter
distance such as in Bluetooth and WIFI wireless networks or any
kind of cellular networks wireless communications in handing
calls or data like handover. The Return loss (S11) as shown in
figure. 3 clarifies a positive impression which is less than -10dB
with optimum performance over UWB starting from 1GHz to
10GHz. Moreover, the gain showed a significant increase over all
UMTS and GSM between 1-2 GHz, then it slightly decreased with
an acceptable level from 2-5GHz, which is the area offered of
WIFI, WIMAX and Bluetooth technologies as shown in the figure
4. In addition, there was a steady state of VSWR over the
bandwidth, which proves the compatibility of the antenna, about
1.5:1 as illustrated in the figure 5.

The Electric field radiation and the radiation patterns at 1GHz,
2GHz, 2.4GHz, 2.6GHz, and SGHz respectively are presented in
figure. 6 and figure.7. It demonstrates that each frequency has
specific characteristics in coverage, whether it is wider or more
directional at particular beam-width measured in degrees. The
more wider coverage with suitable gain, the best it works in close
or indoor coverage solutions such as commercial buildings, rooms,
offices. However, the carrier frequencies that have a very narrow
beam-width can be resolved by adding a new antenna to get a
reasonable coverage and radio frequency scattered or diffracted
from the edges of closed buildings.
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On comparisons with electric fields radiations modeling, the
structured antenna as shown in figures 6 (a,b,c,d and e) illustrates
that it has a higher current distribution atlGHz rather than the
others frequencies as this phenomenon is referred to
electromagnetic fields penetration impact in the materials, media
with surroundings reducing radio frequencies propagation and the
nature of electromagnetic spectrum wavelength. Thus, the higher
frequencies are susceptible of modular interactions with some
particular materials as a result of energy absorption dependent on
the type of material.

On the other hands, the figure 7 (a,b,c,d and e) provides the
distribution of radiation pattern prediction of the geometric model
at several frequencies. Indeed, the radiation pattern is considered
one of the most important factors in determining the coverage
prediction at any place. In comparison, it seems that |GHz and
5GHz showed a wider coverage, whereas the lowest coverage were
at 2.4GHz and 2.6 GHz.
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Figure 5: VSWR of AVA over frequency
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Figure 6: Electric Field Radiation
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Figure 7: Directivity Pattern
4. Conclusion

AVA has a new shape model with a higher range of UWB
from 1GHz tol0 GHz. The antenna characteristics depict the
performance such as the radiation pattern, the main lobe ,side lobe
and electric fields. The linear improvements of gain illustrated the
ability of antenna in indoor coverage solutions, where the cellular
networks operators and providers for service strongly focus on
this factor. Commercially, it can be utilized, designed and
distributed on the walls and ceiling to produce a solution of indoor
coverage issue in the present time. Moreover, the gain lineally
increased between 5-10GHz is not limited to cellular networks
technology, but also exploited in different applications such as
UWB communications and X- band radar systems. However, the
major drawback of this work is that AVA was not fabricated.
Secondly, it needs further investigation for the gain reduction
from 2GHz to 5GHz about 1.5dB. The reason, perhaps, due to
data collection errors in simulation, since the gain should be
increased linearly over the frequency when it increases. Otherwise,
it may refer to the total losses contributed on the antenna structure
at a specific band, although the comparisons between simulation
and fabrication results lead to the facts on behind these minor
issues. Overall, the abnormality of gain should not impact
negatively on the essential innovation of antenna shape.
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