2020 FORTEI-International Conference on Electrical Engineering (FORTEI-ICEE)

High Gain 4x4 Microstrip Rectangular Patch Array
Antenna for C-Band Satellite Applications

B. Pratiknyo Adi Mahatmanto
Department of Electrical Engineering,
Faculty of Engineering
Universitas Indonesiu
Depok, West Java, Indonesia
b.pratiknyo/@ui.ac.id

Abstract—C-band satellite recciving antenna requires a high
gain to reach the long-distance wireless transmission between
ground station and satellite. Among varicus antenna types, the
advantages of microstrip antennas are low profile, easy to
fabricate, easy to feed, easy to incorporate with other microstrip
circuit elements and integrate into systems, and easy to use in an
array to increase the directivity. This paper proposes a
microstrip array antenna consist of a 4x4 rectangular-shaped
pateh radiating element with a microstrip line feeding technique
using a quarter-wavelength transformer impedance matching.
The array antenna fechaigue has the purpose of obtaining high
gain and achieving greater directivities. This research considers
an FR-4 Epoxy substrate in which the thickness and dielectric
constant are 1.6 mm and 4.3, respectively, to deploy the antenna
structure. The antenna design is simulated and parameterized
by using CST Microwave Studio to ebtain the most gplimum
performance, The result shows that the 4x4 microstrip
rectangular patch array antenna has an overall gain of 13,7 dB,
and from the return-loss graph shows, the working bandwidth
is 734 MHz ranges from 3.794-4.528 GHz. 'T'hese results indicate
that the proposcd antenna design is suitable and promising for
C-band satellite applications.

Keywords—C-band, microstrip, rectangular patch, array
antenna, gain, return loss, bandwidth

I INTRODUCTION

For such a large area country of Indonesia consists of' more
than 17.000 islands spread from Sabang to Merauke. this
condition forces the archipelago country to utilize space by
using satellites to be able to communicate between islands
effectively. Satellite systems ofter a wide area coverage by
utilizing the altitude of the satellite. Howcver. there arc a lot
of issues and challenges in developing a satcllite system for
communication and other purposes. In designing the point of
view. it takes many parameters that must meet the parameters
expected to communicate using satellite lines with many
factors. High rainfall rate is one of the determining factors.
Compared with other types of satellites. communications
satellites that work on C-band channels are fairly reliable in
the face of weather conditions to cope with high rainfall
conditions [1] [2]. The development of this satellite typc will
be useful for such a country that has to dcal with high rain
intensity.

Among the components 1o devclop a satellitc system. the
antenna is an important component for  satellite
communications as part of a transmitter and receiver for
transmitting and capturing electromaguetic wave radiation,
For a satellite application. the system requires a high-gain
antenna to provide a communication link between the satellite
and the ground station to provide high power radiation
intensity and convey signals in that long-distance wireless
transmission. The type of microstrip antenna  has
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characteristics that match the satellite commumnication [3] {4]
[5). The advantages of microstrip antennas are slimmer.
simple to fabricate, convenient to feed. easy to incorporate
with another microstrip circuit. and it can easily integrate into
the systems. It can combine to an array configuration to -
upgrade the directivity [6]. :

The microstrip array antenna technique with single or
multiple feeds is necessary 10 get high gain and to achieve
greater directivities, which is important in a satellite systcm
[7] [8] [9]. The type of feeding method. which is usually
connecting microstrip patch clement antenna to ports that
connect (o another transmission line. is proximity-coupled
feed or electromagnetically-coupled feed [10] [11]. The
advantages of this feeding method are possible in the planar-
feeding, less line radiation compared to microstrip feed
because the line is closer to the ground plane. and allows for
higher bandwidth because no probe inductance so the.
substrate can be thicker.

This paper proposes a design of microstrip antenna for C--
band satellite applications with a rectangular-shaped patch
radiating element modified into rectangular array antenna
configuration up to 4x4 elements to obtain high gain. The
frequency work of the C-band antenna from a range of 3.794-
4.528 GHz with its expected bandwidth of 734 MHz and!
linear polarization. This research considers the dielectric!
substrate of FR~4 epoxy material. 4x4 Microstrip rectangular:
patch array antenna feed uses proximity coupled feed
technique to increase the gain and bandwidth valucs of the
antenna design.

1. ANTENNA DESIGN

In a microstrip antenna design. the dielectric component’
affects the dimension of the patch clement. From (1) and (2)!
show the analytical dimension of patch width () ard length
(L) dcpend on the speed of light (c). expected resonant
frequency (f7). substrate dielectric constant (&.). effective
telative permittivity (&..¢5). vacuum permittivity (). and
vacuum permeability (j15). Table 1 shows the detail of the
substrates material and conductor material considered in this
paper. The substratc types. the dielectric constant (s,.), the
substrate thickness. and the copper thickness are FR-4
substrate. 4.3. 1.6 mm, und 0.035 mm. respectivelv. After
determining the resonance frequency (f) and substrate
dielectric constant (&, ). using (1) and (2). the next step is to
find the initial estimate of the width and lcngth of the
rectangular patch. The obtaincd calculated width and length
are the initial information to design a single element patch of
microstrip antenna. A parametric study will be the next step to
obtain thc most optimum performance by using CST
Microwave Studio sofiware. ‘
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I'ABLE L. DIELECTRIC SUBSTRATE PARAMETER

Parameter [ Dimension
Inelectric substrate } FR~4
Dieleetric constant 4.3
Substrate thickness 1.6 mm
'l Copper thickness 0.035 mm
e Z
= e (n
2f. e, +1
(2)

1
L=————"—=-2al
2frv‘ Erefry Hofo

A. Microstrip Anmenna for Single Flement

ig. 1 shows the structure of a single element microstrip
paich antenna. From (1) and (2). the patch width (J) and
length (L) are 15.78 mm and 14.51 mm, respectively. The
width and length of the FR-4 substrate are 31.56 mm and
29.02 mm, respectively. The length of the microstrip line (L)
is 11.35 mm. These estimated values are simulated and
characterized to achieve the most optimum parameters.

Fig. 1. ¥ront view of single element microstrip patch antenna

The feeding system for the single element microstrip
antenna is the proximity-coupling technique. The advantages
of the proximity-coupling are simple to model. wide
bandwidth. and low spurious radiation. Fig. 2 shows the
Proximity-coupled Feed technique from the top view and side
view. A microstrip line feeding is inside the diclectric
substrate and between patch and ground plane.
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Fig. 2. Proximity-coupled feed technique {a) top view, and (b) side view

B. ix2 Microstrip Array Antenna

From a single clement to array configuration is the next
step to improve gain performance. Fig. 3 shows the antenna
array designed with two rectangular patches arranged in a 1x2
array configuration, The feeding technique is the quarter
wavelength matching network to keep matching between the
feeding system and the patch elements. Aficr parameterization
to enhance the gain. the effective separation between patches
i5 0.525 of wavelength. The overall antenna dimension is 70 x
50 mm.

Fig. 3. Top view of 1x2 microstrip array antenna

C. 2x2 Microstrip Array Antenna

Fig. 4 shows the 2x2 microstrip array antenna designed
with four rectangular patches clements arranged in a 2x2
configuration. The improvement in a rectangular
configuration is to obtain gain improvement and also
beamwidth reduction in both planes of E-plane and H-plane.
The effective separation between patches is 0.512 j. The 2x2
overall antenna dimension. including the diclectric substrate.
is 100 x 100 mm.

Fig 4. Top view of 2x2 microstrip array antenna

D. Ax4 Microstrip Array Antenna

Fig. 5 shows the top layer of array improvement into a 4x4
patch array configuration. Fig. 6 shows the maiching network
for those patch clements. This design shows the power
distribution system for every patch element of the microstrip
antenna uses the proximity-coupled feeding technique to
improve the antenna robustness due to the enlarging size. The
array antenna feeding connector is SMA coaxial type
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Fig. 10. H-plane radiation pattem at frequency 4.148 GHz

C. Gain

Fig. 11 and Fig. 12 show the simulation result of antenna
gain comparison and far-field 3D of the 4x4 antenna.
respectively. The maximum gain obtained for 4.148 GHz for
single element microstrip patch antenna is 4.94 dB. The
antenna gain for a 1x2 microstrip array antenna is 6.55 dB.
The antenna gain value for the 2x2 microstrip array antenna is
9.6 dB. The antenna gain for 4x4 Microstrip Array Antenna is
13.7 dB. There is an improvement gain between single
clement microstrip antenna, 1x2. 2x2. and 4x4 Microstrip
Array Antenna. Fig. 12 shows the Farficld 3D Result for 4x4
Microstrip Patch Array Antenna. and the radiation pattern
shows the directional pattern.
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Fig 11. Antenna Gain for a single element. 1x2, 2x2, and 4x2 microstrip
patch array antenna

Fig. 12. Far-field 3D result for 4x4 microstrip amay antenma

Radiation efficiency for a 4x4 microstrip array antenna
in this design is -3.386 dB, influenced by the loss of material
and loss of metal. Loss material obtained from the substrate
material. in this case. is coming from the FR-4 material. oss
metal influenced by microstrip patch and microstrip line
made by copper.

D. Polarization

Fig. 13 shows the axial ratio of the 4x4 microstrip array
antenna. The value of the axial ratio from 3 GHz until 5 GHz
indicates that the 4x4 microstrip array antenna produces
linear polarization because the axial ratio value is more than
10 dB. which is 40 dB from 3 Gllz until 5 GHz. Fig. 14 shows
polarization for 4x4 microstrip array antenna from the top
view and side view.
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Fig 14. Polarization for x4 microstrip ammay antenna () top view, and (b)
side view
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TABLE IL PARAMETERS RESULT IN COMPARISON

Antenna Bandwidth Gain E-plane | H-Plane
Frequeney |\ 118 cHz
Single | 3.7974.205GHz | 4.94dB 96.6° 96°
element
Ix2 3.734-4385GHz | 6.55dB 515° 81.5°
2x2 4066-£.152GHz | 964B 46.9° 0.7
x4 3.794-4.528 GHz | 13.7dB H4.5° 25.4°

T'able II shows comparison results of the most optimum
design in cach configuration in terms of frequency bandwidth,
antenna gain, E-plane radiation pattern. H-plane radiation
pattern for microstrip antenna for single element, 1x2, 2x2.
and 4x4 microstrip array antenna. It shows the performances
become better as the number of clements increascs. cspecially
in the gain parameter. For the rectangular configuration of 2x2
and 4x4. it shows that the heamwidth is becoming close
between E-planc and Heplanc. The results showed that the
rectangular array technique hud succeeded in improving the
gain and balancing the beam bandwidth.

1V. CONCLUSIONS

The design of high gain 4x4 microstrip rectangular patch
array antenna on FR-4 substrate with dieleciric constant (&)
of 4.3 und thickness of 1.6 mm for the C-band satellite have
been calculated. simulated. and parameterized for the
expected C-band satellite applications. Microstrip array
antennas perform better than single microstrip antennas in
terms of bandwidth and gain. The characterization result
shows that the 4x4 microstrip array antenna has an antenna
gain ot 13.7 dB at 4.148 GHz, while the working bandwidth
is 734 MHz ranges from 3.794-4.528 GHz. The simulation
results between single element microstrip antenna. microstrip
array antenna 1x2. 2x2. and 4x4 show that the array method
can improve antenna performance in terms of increasing gain
and increasing the frequency of opcrational bandwidth. These
results indicate that the proposed array design antenna can
contribute as an antenna for C-band satellite applications.
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