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Abstract

The capacitive slit is a method of making the impedance value to be resistive. To achieve this
goal is a challenge in addition to the slit antenna and gives impact to gain as one of the important
parameters in antenna design. The antenna gain in a particular direction is defined as 41 times the ratio of
radiation intensity in that direction to the power received by the transmitter antenna. In this research, the
proposed capacitive slit method was tested on the hexacula omnidirectional broadband antenna operating
on frequency 0.85-3 GHz and gain 4.8 dBi. The testing was conducted to obtain the gain improvement of
the hexacula omnidirectional broadband antenna. The placement of the capacitive slit was implemented on
a double strip antenna with 4 times experiments. The best experiment result was obtained when three
capacitive slits were placed on different strips. The capacitive slit was designed by analyzing the average
value of input impedance before calculating the dimension of the capacitive slit that applied to the antenna.
The experiment result shows that the best value of the antenna gain is 7.196 dBi. The gain increment is
linear to the number of capacitive slits applied to the antenna.
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1. Introduction

Today, the use of technology and wireless applications shows tremendous growth.
Various wireless technologies are available on the market and offer ease of use and installation.
To connect between wireless communication devices, this role is handled by a part called an
antenna. The antenna is a transition structure of free space structure and a waveguide device
that transmit and receive the electromagnetic wave at radio frequency [1]. Generally, one
antenna is being used for only one application [2]. This type of antenna has narrow bandwidth
and usually called as a narrowband antenna. Narrowband antennas are often based on
resonant configurations. Because of resonance, the electromagnetic field in a narrowband
antenna decays very slowly in time and varies drastically as a function of frequency [3].
Narrowband antenna can be used for several applications, but the antenna has to be added
according to the number of applications. This type of antenna is called a broadband antenna.
The broadband antenna is required in miniaturizing the radio communication, cognitive radio,
and decreasing the handover in mobile radio [2]. This antenna can be used also as Radar Cross
Section antenna [4].

One of the broadband antennas that is being used for many applications is binomial
double strip hexacula omnidirectional antenna. Unlike other antennas, this antenna has
dielectric with different materials and all the materials are household waste. The utilization of the
household waste as the antenna dielectric reduces the production cost of the antenna and
contributes to the recycling waste utilization for technology. This antenna works in the range of
ultrahigh-frequency (UHF) and has a bandwidth of 2.67 GHz working frequency, in the UHF
range (0.85 GHz - 3 GHz) [5] and a gain of 4.8 dBi. Availability of bandwidth must be considered
in channeling information to the destination. Bandwidth must be provided so that transmission
quality is not reduced. In terms of bandwidth, for example, one of the studies conducted by [6]
the application of microstrip-to-coplanar stripline balun transitions is intended to achieve wide
bandwidth and its performance. Another result in bandwidth perspective, a coupled shorting
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strip for compact patch antenna has the stable performance for wideband satellite navigation
applications [7].

Antenna performance improvement is a challenge and encourages investigation to
produce optimal power improvements on the receiving antenna side. One approach to improve
antenna performance is by improving antenna gain. Antenna gain is the ratio of maximum
radiation intensity of an antenna to the radiation intensity of the comparison antenna with the
maximum power equal to the efficiency factor. The antenna gain is related to the directivity and
efficiency of the antenna where the antenna gain is equal to the antenna directivity if the
antenna has efficiency factor, n, equal to one (isotropic) [1]. There are many ways that can be
done to make an antenna that suits our needs by using the technique of slit, strip, and loop
loading. A study involving a combination of the three techniques is applied to the antenna slot to
reduce the resonant frequency [8]. A measurement of a modified circular ring slot that was
adopted to enhance cross-polarization performance has improved gain, cross-polarization level,
and bandwidth[ [9]. Another investigation of the addition of gaps in the microstrip triangle
antenna was proposed for the implementation of C band communication and the results
obtained gave a better performance impact [10]. Another research in satellite communication for
Ka-band has implemented a log-periodic dipole arrays bands to achieve high gain result [11]. A
study of a modified circular ring slot that was adopted to enhance cross-polarization
performance has improved gain, cross polarization level, and bandwidth. The use of certain
materials and techniques has been carried out such as the proposed addition of slabs of split-
ring resonator unit cells into the orthogonal plane of the antenna substrate [12], the application
of a dielectric partial loading technique uses a small lens into the aperture on horn antenna type
that works in the range 1-18 GHz [13].

One of the methods to increase the antenna gain is by applying capacitive slit. The
capacitive slit is a method for making reactive impedance to be resistive. Resistive impedance
will have an impact on antenna parameters, one of them is antenna gain. The hexacula
omnidirectional antenna of the binomial double strip to be designed here is an antenna that has
a transmit pattern in all directions (omnidirectional) and a broadband one. This binomial double
strip Hexacula omnidirectional broadband antenna is principally a multilevel adapter of
impedance characteristic in the air toward the terminal impedance [14]. One way to get a large
antenna gain and a transmitting pattern that spreads in all directions are by radially coupling
some antennas.

Many methods to improve antenna gain and mostly these methods make the new
model of the antenna not adding a component to exist antenna form to improve antenna gain.
These methods such as cylindrical shell-shaped superstrate [15] and cylindrical ring dielectric
resonator [16]. In this paper, we discuss the impact of adding the slit antenna on the antenna
gain of binomial double strip hexacula omnidirectional broadband antenna. The goal is to
analyze the gain increase when the capacitive slit is applied to the binomial double strip
hexacula omnidirectional broadband antenna. The implementation of the capacitive slit is done
only up to three double strip antennas because the initial strip is the input impedance of the
antenna.

2. Research Method
2.1. The Objective and Flowchart

The research method here is an experiment using antenna software simulation. The
study objective is to analyse the addition of capacitive slit based on gain improvement for the
hexacula omnidirectional broadband antenna of the binomial double strip. Then the process of
this research is desribed into some stages as shown in Figure 1.

The minimum limit of antenna gain value is required to achieve the optimum result. The
specification of the designed antenna as follows: operating frequency range of the antenna: 0.3-
3 GHz, VSWR < 1.5, antenna gain = 7 dBi, omnidirectional radiation pattern. UHF frequency is
chosen because of many applications in telecommunication work at this frequency range. The
VSWR < 1.5 will enable power transmission more than 90%. The gain value has to be more
than 7 dBi to make the radiation pattern reaches further compared to binomial hexacula
omnidirectional without the capacitive slit.

As shown in Figure 1, the first step is to study antenna gain and efficiency. Then, it
follows by determining the specification and dimension of the antenna. Based on the proposed
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antenna specification, the simulation process is run to get the expected result. In order to get
the dimension of the capacitive slit, the average value of input impedance of the antenna has to
be analyzed first. Every applied capacitive slit is being observed to figure out the increasing
value of the antenna gain. This step is repeated by increasing the second and third capacitive

slits on the antenna strip.

Antenna Proposed

'

Antenna Model, Type
and Dimension

v

Antenna Simulation

v
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Figure 1. Flowchart of capacitive slit design

2.2. Design Method

In designing the capacitive slit, the method using here is collecting the data of antenna
gain and reactive impedance of the simulation result. After the binomial double strip hexacula,
the omnidirectional broadband antenna is designed, the simulation is conducted to obtain the
value of antenna gain and the reactive impedance. If the antenna gain never reaches the
expected value, then the average value of input impedance is considered as the standard to
determine the capacitive slit dimension. The capacitive slit is placed at the beginning of the
antenna strip. The simulation is repeated. If the expected antenna gain value is not achieved
after this step, then another slit will be added to the other strip. This process is repeated until the
antenna gain = 7dBi. After the expected value of the antenna gain is obtained, then a graphic of
antenna gain that shows the relation to the number of applied capacitive slits is drawn. This
result is analyzed to find the trend of the increased gain value to the number of applied
capacitive slits on the antenna.

2.3. Physical Dimension of the Antenna

The binomial double strip hexacula omnidirectional broadband antenna has physical
dimension consisting of six branches of double strip arranged radially to get the omnidirectional
radiation pattern. The processes of designing the antenna physical dimension are as follow:
determining the level of the antenna using the binomial method, figuring out the impedance of
each level, defining the antenna dielectric for each level, setting the length of each level,
adjusting the distance between the strip, calculating the monochronic dimension. The design
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process of the antenna physical dimension aims to achieve the expected specification that
previously defined. All of this physical dimension design processes are calculated manually.
Figure 2 shows the structure of a broadband antenna with six branches of the line using

the binomial method of the single capacitive slit. This antenna consists of six double strips and
six binomial levels. The objective of using the binomial method is to minimize the deviation of
the air impedance and the input impedance so that the input or output signal will not be
reflected.

Figure 2. Antenna structure

The first step is determining the antenna level using the following equation [1]:

BW=%=2—- %cos'1 [l (F—m)%] (1)

fo 2 \|4]

The equation (1) is used to calculate the number of the binomial levels applied to the antenna
that enables the impedance transition reducing the return loss. The impedance of each antenna
is found using equation (2) [2].

o

This equation shows that there are changes in impedance value for each level. The
changing value of the impedance will give influence to the return loss and power transfer of the
antenna which finally will improve the antenna performance. After the impedance of each level
is determined, then the average input impedance of the antenna is analyzed. The impedance of
each level is set to be different to reduce the transition value at each impedance level. The more
binomial level (N), the smaller the antenna impedance displacement value which minimizing the
return loss and finally indicates the improvement of the antenna bandwidth. Each level of the
binomial antenna has different lengths according to its dielectric value and its binomial level of
wavelength. Equation (3) is used to determine the length of each antenna level 1/4.

The antenna dielectric is defined using the following equation [1].

Ay

Aoy = feron 3)

Because of the different value of the impedance of each level, the dielectric of the
antenna for each level is not the same. Based on this dielectric value, this result becomes a
reference in specifying the antenna material to be used.

The Design of Capacitive Slit on Improving the Antenna Gain of Binomial.. (Syahrial)



2036 = ISSN: 1693-6930

The capacitive slit is determined by counting the antenna impedance (Za) that consists
of resistive (R) and a reactive component (Xc/XI) as written in equation (4). The reactive
component is expressed by capacitive reactance (Xc) and inductive reactance (XI). The width of
the capacitive slit is calculating using the equation as follows [1].

Z, = R+iX /X, 4)
1

¢= 21f X (5

C = £0.Er.A (6)

d

The result of antenna dimension calculation based on the literature study is presented
in Table 1. This antenna is constructed of chopper plate as the conductor and household waste
as the dielectric material, which can be plastics, carton, or other household waste. In Table 2,
the value of antenna dielectric, impedance, and the length of each binomial level are desribed.
The antenna is designed based on the specification provided in Table 2. Figure 3 is the result of
the antenna design using the parameter value from Table 2. After the design process, the
simulation using antenna software is executed to figure out the expected antenna gain.

Table 1. Antenna Dimension

Dimensional of antenna Size
Length of copper plate 24,404 cm
Width of copper plate 0,551 cm
The distance between 2 plate 3,132 cm
High of monophonic 2,911 cm

Table 2.The Calculation Result of Antenna Dielectric, Impedance, and Length

N ZON Eron if%(cm)

1 301,07 Q €rop =107 A‘Z’l = 3,633cm
2 307,564 Q Erop = 1002 )\2’2 = 3,708cm
3 324,42 Q ro3 =1.3504 }\j’g =3,911cm
4 348340 €0, =117132 Aot _ 4 212em
5 367430 €05 =105277 }\j’s = 4,431cm
6 375,356 €06 = 100878 )\2’6 = 4,525cm

Figure 3. The binomial double strip hexacula omnidirectional antenna
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3. Results and Analysis

As the design process is completed, then software simulation for the antenna design is
executed in four phases which are applying none capacitive slit to the antenna, one capacitive
slit to the antenna, two capacitive slits to the antenna, and three capacitive slits to the antenna
respectively. The purpose of these phases is to collect data for finding out the correlation of
antenna gain with the number of capacitive slits applied to the antenna.

The first phase of the simulation is simulating the antenna gain for double strip binomial
hexacula omnidirectional antenna without the capacitive slit. The result of the simulation is
shown in Figure 4.

Figure 4 illustrates the graph of antenna gain and the radiation pattern. The distinct in
color shows the value of the antenna gain, the highest antenna gain value is represented by red
while the lowest gain value in blue. The highest gain is 2.762 dB + 2.41 dBi = 5.172 dBi which is
not in the expected range that is = 7 dBi. Figure 4 also presents the radiation pattern of the first
phase antenna design simulation that is omnidirectional.

The second phase of simulation is applying one capacitive slit to the antenna of
binomial double strip hexacula omnidirectional. The result simulation displayed in Figure 5
shows the graph of antenna gain and the radiation pattern of the antenna with one capacitive
slit. The red area represents the highest gain. The value of the highest gain is 4.144 dB + 2.41
dBi = 6.554 dBi which means that the result is not satisfied with the expected value yet (= 7
dBi). The radiation pattern shown in Figure 5 is omnidirectional.
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Figure 4. The Gain of binomial double strip hexacula omnidirectional antenna without a
capacitive slit
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Figure 5. The gain of binomial double strip hexacula omnidirectional antenna with one
capacitive slit

The third phase is executing the simulation for the antenna with three capacitive slits.
The result simulation of the binomial double strip hexacula omnidirectional antenna with two
capacitive slits is presented in Figure 6. This image shows the antenna gain and the radiation
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pattern of the simulation on the antenna with two slits. The highest antenna gain here is 4.217
dB + 2.41 dBi = 6.657 dBi. This result is still under the expected gain value which is = 7 dBi.
While the radiation pattern is omnidirectional.

dB(GainTotal)

4. 2174e 200
3.1979¢+200
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Figure 6. The gain of binomial double strip hexacula omnidirectional antenna with two capacitive
slits

-

The last phase is doing the simulation on the binomial double strip hexacula
omnidirectional antenna with three slits. The result simulation is depicted in Figure 7. Figure 7
shows the graph of the antenna gain and the radiation pattern of the antenna simulation. The
highest gain obtain is 4.786 dB + 2.41 dBi = 7.196 dBi. This is exactly the gain that is stated in
the antenna specification which is = 7 dBi. Figure 7 also sketches the radiation pattern of the
antenna that is omnidirectional. The graph shown in Figure 7 is the best result of antenna
simulation with three capacitive slits which is antenna gain = 7dBi with omnidirectional radiation

attern.

P Figure 8 shows the graph of antenna gain correlation with the number of capacitive slits
applied to binomial double strip hexacula omnidirectional antenna. The highest gain is 7.196 dBi
achieved when three capacitive slits are applied to the antenna with the highest antenna
efficiency 99.03%. The threshold line drawn in Figure 8 represents the gain threshold specified
to the designed antenna. It can be analyzed that antenna gain is linearly related to the number
of capacitive slits applied to binomial double strip hexacula omnidirectional antenna. The
radiation pattern resulted from all simulation phases is omnidirectional.
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Figure 7. The gain of binomial double strip Figure 8. The correlation of antenna gain and
hexacula omnidirectional antenna with three  the number of capacitive slits applied to double
capacitive slits strip binomial hexacula omnidirectional antenna
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4. Conclusion

The design and simulation of antenna binomial double strip hexacula omnidirectional
antenna have successfully conducted. The simulation is done in four phases with the best result
given by the antenna designed with three capacitive slits. The increment of the gain is linear to
the number of capacitive slits applied to the antenna. The antenna with three capacitive slits has
gain 7.196 dBi which corresponds to the specification of an expected gain of the antenna. While
the uniformly distributed gain is given by the antenna of binomial hexacula omnidirectional
without capacitive slits.

For further research, the antenna simulation can be done by adding more capacitive
slits according to the strip of the antenna, adjusting the slit size, and lengthening the antenna
strip.
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