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ABSTRACT

Microstrip antenna is one type of antenna that has been widely used in laboratories in universities because it is
practical and easy to produce. The author uses different amount of clover-shaped patch on two different microstrip
antennas with 3x3 and 5x5 asymetrical format to analyze the parameters on 2.4 GHz operation frequency. The results of
the simulation of VSWR values were consecutively 1.5 and 1.204. The results of simulation for bandwidth were
consecutively 368 MHz and 435 MHz. The results of simulation for gain value were consecutively 8.071 dB, and 8.873

dB.
Keywords: microstripantenna, array antenna, asymmetrical.

INTRODUCTION

The development of wireless data communication
technology continues to increase along with the use of
internet access. One of the standards of Wireless LAN
technology is the IEEE 802.11b standard (2.4 GHz-2.5
GHz). Wireless Fidelity (Wi-Fi) is a WLAN technology
with IEEE 802.11b standard with an operation frequency
of 2.4 GHz.

Microstrip technology is a medium (substrate)
that has dielectric characteristics that can be used for
propagation of electromagnetic waves with MIC
(Microstrip Integrated Circuit) technology for microwave
frequencies. The structure of the microstrip antenna in the
form of a conductor on the surface of the substrate is
called as patch. The part of the conductor under the
substrate that functions as an unwanted signal reflector is
called as ground.

The microstrip antenna is designed to be an
antenna array in order to get better antenna performance
parameters, accordingly, it is expected that the
performance parameters obtained are better than a single
antenna.

To design and simulate microstrip antennas to fit
the intended purpose, the microstrip antenna components
are resized using the CST Studio Suite application so that
the simulation results match the expected results in the
form of VSWR values between 1 and 2. Other parameters
to be discussed include return loss, bandwidth, radiation
pattern, and gain.

ANTENNA ANALYSIS
Antenna analysis includes antenna performance
parameter analysis and antenna dimension analysis.

A. Voltage Standing Wave Ratio (VSWR)

Voltage Standing Wave Ratio (VSWR) is the
ratio between the maximum and minimum voltage on a
standing wave due to the reflection of a wave caused by
the mismatch of impedance of the antenna input with the
feeder line. In practice, the value of VSWR which

becomes the threshold of an antenna that works well is 1
<VSWR<2. The value of VSWR can be calculated
through equation (1):

Vmax _ Vot+Vo~ 14T
vmin ~ Vot-vo~  1-|I|

VSWR =

ey

B. Return Loss

Return loss is one of the parameters used to find
out how much power is lost in the load and returned as a
reflection. Return loss occurs due to a mixture of
information wave (source) and reflection wave. The return
loss value defines the reduction in the amplitude of the
reflected power compared to the transmit power. The
return loss value can be determined by the following
equation:

VSWR-1

Where RL = return loss (dB)

C. Bandwidth

An antenna’s bandwidth is defined as the
frequency range at which the antenna can work optimally
according to the characteristics (such as input impedance,
radiation  pattern, beamwidth, polarization, gain,
efficiency, VSWR, return loss, and axial ratio) that are
determined. In a microstrip antenna, the bandwidth is the
size of the bandwidth when the VSWR response of
antenna is < 2.

D. Radiation Pattern

The radiation pattern of an antenna is a graphical
statement that describes the radiation properties of an
antenna in a remote field as a function of direction. In the
radiation pattern, you can see the main lobe and minor
lobe. Main lobe is the maximum radiation direction of the
antenna. While the minor lobe consists of back lobe and
side lobe which is radiation in other directions which is
actually not desired.
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E. Gain

Gain (directive gain) is the antenna character
associated with the ability of the antenna to direct its
signal radiation, or receive signals from a particular
direction. Gain is not a quantity that can be measured in
physical units in general such as watt, ohm, or other units,
but rather a form of comparison. Therefore, the unit used
for gain is decibel. The gain can be determined by
equation (2) below:

G0, 8) = 4n (522) 3)
Where G is Gain.

F. Antenna dimension analysis

Before determining the dimensions of the
radiating element, the wavelength of the transmission line
is determined at 2.4 GHz resonance frequency with the
following equation:

Ao =+ @)

T e
Then the dimension of the circle irradiation

element is determined with the equation [1], [2], [4], [5],
(71, [11]:

F
[in(3F)+1.7726]3/2

&)

2h
TierF

Rp =
P {1+

By calculating logarithmic functions F through
the equation:

8.791x10°
F= frver ©)

The dimensions of the transmission line with
different impedances namely 100 ohms, 70.7 ohms, and 50
ohms are known by the equation [1], [2], [5], [6], [7]:

2h er—1
wt=2(B-1-In(2B-1) + = [ln(B— 1)+

0,61
0.39 - 2 ]) )

B is obtained by the equation:

6012

B :ZO\/E

3 Zy = 500,70.70,100Q 8)

The length of the transmission line is obtained by
the equation:

Lt =2 9)

4

The dimensions of the clover antenna can be seen
in Table-1 below.

Figure-1. Clover Single Patch Microstrip Antenna.

Table-1. Antenna dimensions.

Dimension parameter Value
Rp 10.6 mm
Wt 3.11 mm
Lt 15 mm

G. Antenna Design

Microstrip antennas are not only designed and
produced with a single element, but are also designed as
arrays in general [3], [8], [9], [10]. Array antennas are
designed by combining several radiating elements with a
transmission line connecting each element [12]. The size
of the transmission line 1is adjusted wusing the
transformation method %A, for impedance adjustments,
with line impedances of 50 ohms, 70.7 ohms and 100
ohms.

In this study, the authors made two antennas with
3x3 and 5x5 asymetrical format, with a focus on achieving
the target value of VSWR of <2 and Return Loss of <-10
dB. The asymmetrical array antenna design that will be
simulated in the CST Studio Suite application can be seen
in Figure-2 and Figure-3 below.
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Figure-2.3x3 asymmetrical clover array
microstripantenna.

& D PP

Figure-3.5x5 asymmetrical clover array
microstripantenna.

H. Simulation Results

Simulation results in the form of VSWR, Return
Loss, Bandwidth, Radiation Pattern, and Gain will be
discussed in this section. Simulations were carried out
using CST Studio Suite 2014 with a frequency range of
1.4 GHz - 3.4 GHz with a middle frequency of 2.4 GHz.
Microstrip antenna substrate used FR-4 material with a
thickness of 1.6 mm and patch used cooper (annealed)
material.

Figure-4 shows the VSWR simulation results of
the two antennas. The 3x3 and 5x5 antennas, respectively,
showed VSWR results of 1.5 and 1.204 at 2.4 GHz
frequency.
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Figure-4. VSWR simulation of the antennas.

Return value allowed on antenna production was
< -10 dB. Figure-5 shows the simulation results of the
return loss of the two antennas. At the 2.4 GHz frequency,
the 3x3 and 5x5 antennas got a return loss value of -
13,974 dB and -20,669 dB, respectively.
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Figure-5. Simulation of return loss of the antennas

Bandwidth is one of the parameters determining
the antenna performance, where the antenna specifications
are expected to be achieved when operated at frequencies
included in the antenna’s bandwidth. Respectively, the 3x3
and 5x5 antennas had a bandwidth range of 386.5 MHz
and 429.65 MHz and it can be seen in Figure-6 below.
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Figure-6. Bandwidth simulation of theantennas.
The radiation pattern of the two antennas can be
seen in Figure-7. The 3x3 antenna had a directional

radiation pattern and the 5x5 antenna had a bidirectional
radiation pattern.
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Radiation Pattern

Figure-7. Radiation pattern simulation of the antennas.

e important parameter in the antenna is gain. Gain
describes the ratio of antenna radiation intensity in a
particular direction to antenna radiation intensity when
working with isotropic radiation patterns. A good gain
value is > 3 dB. The gain pattern can be seen in Figure-8.
In the simulation, the 3x3 and 5x5 antennas respectively
achieved a gain value of 8.071 dB and 8.873 dB.

Gain Pattern

Figure-8. Gain simulation of the antennas.

CONCLUSIONS AND SUGGESTION

Based on the simulation results and analysis of
the 3x3 and 5x5 asymmetrical array antennas, several
conclusions can be drawn, namely:

a) The arrangement of antenna arrays with more
radiating elements can improve antenna performance
on performance parameters, with a smaller value of
VSWR and Return loss.

b) The arrangement of antenna arrays with more
radiating elements makes the bandwidth value of the
antenna even greater.

c¢) The arrangement of antenna arrays with more
radiation elements can increase antenna gain.
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