Analysis performance of triangle microstrip
antenna for basic construction of circularly
polarized-synthetic aperture radar application
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Graphical abstract

Determine the SAR, CP-SAR,
and geostationary satellite with
variety of platforms, which can
generate processed data with
high quality resolution image.

&

Consideration of generating
data need transmitter and
receiver antenna which is
compact, small, and simple
configuration i.e. model cl1, c2,
c3, c3s and equilateral triangle
antenna using MoM.

L

The performance characteristic
of those antennas are CP and
appropriate with the desired
technical specification. The
whole result of performance
characteristic of c3s antenna is
the smallest antenna size,
although the axial ratio
bandwidth decreases compared
with the other. But, the good
result for complete simulation
and measurement of the
equilateral triangle antenna
using microstrip-line feed are
similar values of gain and axial
ratio at 2.5 GHz with the other
antennas.

Abstract

The development of radar technology, Synthetic Aperture Radar (SAR), Circularly
Polarized-Synthetic Aperture Radar (CP-SAR) and geostationary satellite, are demanding
needs of communication facilities and infrastructures that have variety platforms, which
can generate processed data with high resolution and better image quality for all types
of explored terrain. Owing to the antenna embedded on the body of geostationary
satellite, its shape should be compact, small, and simple configuration, i.e. the equilateral
friangle with and without truncated-tip c1, c2, ¢3, and ¢3s antennas using probe and
microstrip-line feed with low-power at S-band (2.5 GHz - 2.9 GHz). The Method of Moments
(MoM) is chosen in the numerical analysis for fast calculation. The performance results for
c2 and c3 antennas are almost same, for instance the values of gain and axial ratfio (Ar)
for each antenna are consecutive of 6.8 dBic and 0.42 dB. Moreover, the performance
results for c1, c3, and c3s antennas at the each resonant frequency are relatively different,
as follows: c1 antenna operates atf the frequency 2.76 GHz, gain RHCP = 6.66 dBic, Ar =
2.91 dB, the operation frequency of c3 antennais 2.9 GHz, gain LHCP = 6.98 dBic, Ar = 3.02
dB, and for c3s antfenna has the operation frequency of 2.5 GHz, gain LHCP = 6.08 dBic, Ar
= 1.75 dB. The results for both simulation and measurement of equilateral triangle antenna,
especially for Ar bandwidth below 3-dB are about 0.02 GHz and 0.015 GHz, respectively.
Furthermore, the results of the 3 dB-Ar beamwidth for simulation and measurement in
elevation plane are consecutively about 120° and 80°.

Keywords: CP-SAR, geostationary satellite, equilateral friangle, fruncated-tip, MoM

Abstrak

Perkembangan teknologi radar, SAR, CP-SAR, dan satelit geopegun, menuntut keperluan
kemudahan perhubungan dan infrastruktur yang mempunyai pelbagai platform, yang
boleh menjana proses data dengan resolusi tinggi dan kualiti imej yang lebih baik untuk
semua jenis kawasan terokai. Kerana antena terfanam pada badan satelit geopegun,
bentuknya harus padat, kecil, dan konfigurasi mudah, iaitu segi tiga sama sisi dengan ¢l
dipenggal-fip, c2, c3 dan c3s, dan tanpa dipenggal-tip antena dengan siasatan dan
suapan mikrostrip talian menggunakan kuasa rendah dalam S-band (2.5 GHz - 2.9 GHz).
Kaedah Moments, MoM dipilih dalam analisis berangka banyak cepat. Hasil daripada
prestasi bagi antena c2 dan ¢3 adalah hampir sama icitu misalnya nilai gain dan Ar untuk
setiap antena kali berturut-turut 6.8 dBic dan 0.42 dB. Selain itu, hasil daripada prestasi
untuk cl1, ¢3 dan c3s antena di setiap frekuensi salunan agak berbeda, seperti berikut: cl
antena beroperasi di kekerapan 2.76 GHz, mendapat RHCP = 6.66 dBic, Ar = 2.91 dB,
operasi frekuensi c3 antena adalah 2.9 GHz, mendapat LHCP = 6.98 dBic, Ar=3.02 dB, dan
untuk antenna c3s mempunyai operasi frekuensi 2.5 GHz, mendapat LHCP = 6.08 dBic, Ar
= 1.75 dB. Hasil daripada simulasi dan pengukuran antena segi figa sama sisi, ferutama
bagi Ar jalur lebar di bawah 3 dB adalah masing-masing sekitar 0.02 GHz dan 0.015 GHz.
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Tambahan pula, hasil daripada 3 dB-Ar beamwidth unfuk simulasi dan pengukuran
berturut-turut adalah kira-kira 120° dan 80°.

Kata kunci: CP-SAR, satelit geopegun, segi tiga samai sisi, terpenggal-tip, MoM

© 2018 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

Microstrip antenna has several characteristics that are
small shape, lightweight, relatively low manufacturing
cost, and large area working frequency between 400
MHz to 60 GHz. Also, it can be integrated with the
Microwave Integrated Circuit (MIC). Moreover,
microstrip antenna is widely used in Personal
Communication System (PCS), mobile satellite
communication, Direct Broadcast Satellite (DBS),
Wireless Local Area Networks (WLAN), and radar [1].

Synthetic Aperture Radar (SAR) in the microwave
band is an acftive sensor that can produce high-
resolution image in the microwave band. The use of
microwave frequency allows the penetration through
clouds or forest canopy for lower frequency bands.
Moreover, there are some limitations of the SAR sensor
due to the phenomenon of propagation such as the
geometrical variation between the radar system and
the earth, the phase shift when the microwave touch
the earth smoothly, and the reflective surfaces. This
phenomenon causes the unwanted backscatter
modulation signal and redistribution random back
signal-energy, also makes the formed image seem
blurring and defocusing spatial variants, ambiguous
identification, and low different features of
backscatter [2]. Especially for the propagation space,
electromagnetic waves propagated through the
ionosphere interact with electrons and magnetic
fields.

The full characteristic of backscattered SAR signal
from random object only can be passed by using
circular polarization. If it is compared with the linear
SAR sensor, then a large amount of information about
the scene and the image target will be provided by a
Circularly Polarized-Synthetic Aperture Radar (CP-
SAR) sensor [3].

The synthesis result of circularly-polarized data are
better than the conventional linearly-polarized data.
The CP-SAR sensor can detect the presence of object
from long distance, the speed of object, the specific
inferest map of object, such as monitoring the
condition of hazards (earthquake, flood, fsunami,
volcanic eruption, forest fire), monitoring the oceans
(ocean wave, offshore oil drlling), mapping the
surface contour (the area classification of forest and
non-forest, the height approximation of free, the

extraction of the wet area and agricultural area, the
map of mangrove areaq, the detection of snow and
glacier), determining floristic composition (content
and type of substance on flora)[4]. To realize the high
quality and efficiency in these applications, the CP-
SAR parameters including size, weight, power
consumption, and type of substrate material should
be thoroughly considered [2]. One of the solutions
related to CP-SAR parameters is microstrip antenna
that can be infegrated with CP-SAR system.

Therefore, in this paper we will design a basic
construction of radar microstrip antenna at the S-
band frequency with low power on geostationary
satellite. The substrate material of this radar antenna is
made from microstrip material whose relative
permittivity, & = 2.17 and loss tangent, § = 0.0009 for
obtaining high resolution and good image for any
explored terrain. As compared with conventional
microwave antennas, a microstrip antenna has
additional advantages such as a compact size,
lightweight, conformability of the substrate surface,
low cost, easier to integrate with other circuits, flexible,
and well established. Hence, it is suitable for the
aftached radar antenna on the body of
geostationary satellite or the other aircraft in which be
able to achieve the need of communication
infrastructure that has variety platform and capable
to produce the processed data with high quality and
good efficiency.

This paper discuss only three types of microstrip
antenna i.e. fruncated-tip without and with slot, and
equilateral triangle antennas as a basic for array
antenna that are needed for CP-SAR application with
low-power and located on the body of geostationary
satellite. The performance of these antennas is circular
polarization. This condition make them easier to
capture image of object on earth when applying the
array configuration. These antennas are compared
and analyzed together according to the unique
structure of one another.

In this investigation, only the numerical simulation
related to the microstrip antennas are performed,
then the results of them are discussed. In particular,
the analysis focuses on the study of the comparison of
three types of antenna, namely truncated-tip without
and with slof, and equilateral friangle antenna.
Truncated-tip without slot antennas are cl1, scope
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(c2), and hexagonal (c3), while truncated-tip with slot
antenna is c3s. All of them can be applied for remote
sensing application embedded on geostationary
satellite after optimized and configured to array
antenna [5, 6, 7, 8].

The Method of Moments (MoM) is chosen in the
numerical analysis for fast calculation. The software
used is Ensemble™ version 8 from Ansoft [?]. The
numerical simulation (c1, c2, c3, c3s, and equilateral
triangle antennas) and the measurement results (only
equilateral triangle antenna) of the antenna
configuration are shown, especially at the frequency
around 2.5 GHz - 2.9 GHz as a basic consfruction of
array antenna embedded on geostationary satellite
for CP-SAR application. Table 1 shows the
specification and the desired target for the CP-SAR
system, which in turn influence the specification of the
S-Band CP-SAR geostatfionary satellite antenna [2].
Each antenna can generate wave that yield a
Circular Polarization (CP). The technique to achieve
CP can be easily obtained i.e. by properly adjusting
the element parameters, determining locus feed, and
designing stub-fed [6, 10, 11]. Therefore, in the
simulation of equilateral friongle antenna, the
significant variation performances are also affected
by stub-fed, especially S-parameter, frequency
characteristic, input impedance, and radiation
pattern. The performances are compared with the
realized measurements using a network analyzer HP
8510C in the radio anechoic chamber.

Table 1 Technical Specification of CP-SAR System

No Antenna Parameter

Specification CP-SAR System

0 oo N oA wWN =

Frequency (f) (GHz)

Pulse Band Wide (MHz) 10-233.31
Axial Ratio (dB) <3
Antenna Efficiency (%) >80

Gain Antenna (dBic) 14.32 -36.6
Azimuth Beamwidth (°) >1.08
Elevation Beamwidth (°) 2>2.16

Antenna Size (m)

Polarization (Tx/Rx) RHCP + LHCP

L-band: 1.25-1.27; S-band: 2.5-2.9

2 (azimuth) x 4 (range/elevation)

2.0 METHODOLOGY

The conducting patch can be formed into several
shapes, but rectangular and circular configurations
are the most commonly used. The shape that the
much attracting lately is the triangle shape of patch
antenna. It is due fo its small size compared with other
shapes like the rectangular and circular patch
anfennas. Moreover, the triangle shape is chosen
since it can easily be arranged and fabricated fo
produce CP radiation. The single element patches
which have been optimized are then spafially
arranged to form a planar array [11]. The planar array
configuration is widely employed in radar systems

where a narrow pencil beam is needed. A befter
control of the beam shape and position in space can
be achieved by correctly arranging the elements
along a rectangular grid to form a planar array (see
Figure 1) [3, 11].

Figure 1 Miniature of a CP-SAR friangle array antenna
consisting of microstrip elements

For the ease discussion in this paper, we separate
the explanation into three parts namely (i) the model
c2 and c3 antennas, (i) the model cl1, ¢3, and c3s
antennas, (i) the model equilateral friangle antenna.
Actually the c3 antennas in the part (i) and (ii) are
similar but not same, especially in parameter sizes of
antenna that affect the difference of resonant
frequency of antenna ie. 2.5 GHz and 2.9 GHz,
respectively.

In section 2.0, we discuss about the characteristic
configuration of each part. Then in section 3.0, we
explain about the comparison of each part. In this
section, we focus on the design of a friangle patch
antenna as the basic construction to form a planar
array that uses probe feed and microstrip-line feed.
Among these models, the model of equilateral
friangle antenna using dual feed type one is more
appropriate fo conduct a multi-polarization (LHCP =
Left Hand Circular Polarization and RHCP = Right Hand
Circular Polarization) array because it is loaded with
isolation parameter compared to probe feed. Then,
we select the model of equilateral tfriangle with
microstrip-line dual feed type one to discuss more
detail (including simulation, fabrication, and
measurement) rather than the model c1, ¢2, ¢3, and
c3s (only simulation). A microstrip-line dual feed
equilateral friangle microstrip element antenna has
superior properties and would be a good element for
the CP-SAR implementation.

2.1 Model c2 and c3 Antennas

Figure 2 and Figure 3 show the configuration of model
c2 and c3 antennas, respectively. The equilateral
friangle patch antenna has a side length, a =b and a
conventional substrate (relative permittivity, & = 2.17
and loss fangent, 6§ = 0.0009) [12]. The configuration of
these antennas involve the cutting from each of the
fip of an equilateral triangle patch antenna. We call
these cutting as Ip and Is. The function of Ip is to make
a perturbation for achieve the CP. Furthermore, the
function of fruncated-tips Is is to create a new
phenomenon relatively for each antenna, for
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example in the c2 antenna if Is < Ip or in the c3
antenna ifIs > Ip, that are LHCP and RHCP occur when
probe feed are located on the right and the left side
of the equilateral ftriangle patch antenna,
respectively. In addition, LHCP can be obtained as
follow: the effective current distribution that arise from
the patch surface on the y direction is slightly shorter
than in the x direction, which gives the y-directed
resonant frequency slightly larger than the x-directed
resonant frequency with equal amplitudes and 90°
phase differences in the right side of the antenna. In
the other hand, RHCP can be achieved in the
opposite manner. Further, the function of two
fruncated-fips with length Is role as switching fo
change the variation of polarization, if the probe feed
exist on the same place (for example probe-fed take
place in the right side, if Is > lp and Is < Ip for c2 and c3
anfennas, respectively, then RHCP occur on that
place). If Is = Ip, then both of c2 and ¢3 antennas do
not have circular polarization, only linear polarization
can be obtained [6].

Moreover, the function of Is can also affect the
impedance and the axial ratio bandwidth. It makes
the impedance bandwidth become narrow but the
axial ratio bandwidth become wider and smoother
than without Is (seen in Figure 7).

The Method of Moments in this paper is employed
to simulate the model antennas with infinite ground
plane. The consideration of the efficient thickness of
the antennas (seen in Figure 2 and Figure 3) allow the
substrate thickness for equilateral friangle patch to be
defined, that are called as single layer (h = 1.6 mm) [5,
6]. The results for both ¢c2 and c3 anfennas are
compared to know the improvement performance of
each antenna.

(top view)
a= b=5800 mm
substrate =82 mm
Is=7 mm
Ag=2911 mm?
RHCP Ab=4242 mm?
p=6.56 mm
Is hA=18 mm
. /=80 mm
<
Ab /3
patch
probe feed

2 QF (side view)
substrate olEl ground—‘ /71 x

Aluminium plate—! If

Figure 2 Configuration of c2 antenna

A
(top view) ¥
a=5b=5575 mm
substrate b=5mm
fs=7 mm
Aa= 1083 mm?
Ab=2121 mm2
RHCP X p =64 mm
Is £=16 mm
=80 mm
AN - o ¥
46 f b e If
H I
patch
probe feed

substrate

A (side view)
0 Ell groundj h X

Aluminium plate—I Va

Figure 3 Configuration of c3 anfenna

2.2 Model c1, c3, and c3s Antennas

Figure 4 shows the configuration of c1, ¢3, and c3s
antennas design. The equilateral friangle patch has a
length, a = b and a conventional substrate (& = 2.17
and 6 = 0.0009). The antenna is fed by single probe
located on right side for CP. The side length
construction of model c1, ¢3, and c3s antennas are
the same size, a = b. In this case, c1 antenna is without
slot on the ground plane and Is, while ¢3 antenna use
Is but no slot on the ground plane, and the last one,
c3s has both Is and slot on the ground plane. Hence,
to show all of these antenna configurations, we make
their in one figure as seen in Figure 4. The function of Ip
is to make a perturbation for achieve the CP.
Furthermore, the function of fruncated-tips Is are fo
create a new phenomenon relatively for each
antenna, for example in the ¢3 and c3s antennas if Is
>Ip, then LHCP and RHCP are obtained as probe feed
located on the right and the left side of the equilateral
friangle patch antenna, respectively. Otherwise, in the
cl antennaif Is = 0 < Ip, then LHCP and RHCP occur
when probe feed is located on the left and the right
side, respectively. As well, the function of Is serve as
switching to change the variation of polarization, if the
probe feed is located on the same place (for example
probe feed locus in the right side, if Is < Ip for both c3
and c3s antennas, then RHCP will be achieved on that
place). If Is = Ip, then both of ¢3 and c¢3s antennas do
not have circular polarization and only obtain a linear
polarization [6].

In addition, LHCP and RHCP for ¢c3 and c3s
antennas can be obtained in the same manner with
section 2.1. However, in case cl antenna, the
effective current distribution that rise from the patch
surface in the y-direction is slightly longer than in the x-
direction, which gives the y-directed resonant mode
slightly smaller than the x-directed resonant mode [7].
Hence, the dominant mode (TMio mode) of the cl
antenna can be split info two near-orthogonal
resonant modes with equal amplitudes and 90° phase
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difference for LHCP operation in the left side of the
antenna. Also, RHCP can be attained in the opposite
manner of c1 antenna [8].

The slot of c3s antenna embedded on the ground
plane (seen in Figure 4) causes the decrease of
bandwidth antenna, but the advantage of this
technique is to make the antenna become smaller
than other [13]. Furthermore, the function of slot is fo
decrease the frequency operation where the current
path or guide wavelength, Ag of the TMi1o mode with
slot is longer than the current path without slot. Hence,
the purpose of c3s antenna is to yield the opfimal
result including the small antenna and the slightly wide
bandwidth.

Moreover, the annular sector slot is embedded on
the ground plane with the width of radial, w = 1 mm.
This is meant that the operation frequency decreases,
so the antenna can be designed smaller than the
previous antennas, c2 and c3 in the section 2.1[14]. In
addition, the annular sector slot can appear in the
other modes (TM20 and TMso) at the higher operation
frequency. Placing of this slot on around of the ground
plane can affect the current path surface and the
performance of antenna. The result of c3s anfenna is
compared with the otherresult of c1 and c3 antennas
to know the improvement performance of each
anfenna.

One of the most common techniques for
calculating the unknown current of the patch
anfenna is the Method of Moments. This method
discretizes the integral info a matrix equation which
can then be solved. This discretization can be
considered as dividing the antenna surface into a
number of small elements. From the current
distribution, the S-parameter, radiation pattern and
any other parameters of interest can be obtained.

(top view)

Jp=4 mm
Is=6 mm
Aa=6.93 mm?
Ab=1559 mm?

Ty a=b=481mm

w=1mm
{ EHCP r=10 mm
( bl » X r7=10 mm
! Pl r2=11 mm
il ! (e ¥ = 90°
: "“-‘A.’Zb p=901 mm
2 ] h=16 mm

slot  probe feed 0 W BT

= (side view)
substrate olE ground—| h X
— ¥

Aluminium plate

Figure 4 Configuration of c1, c3 and c3s antennas

2.3 Model Equilateral Triangle Antenna

Figure 5 depicts the configuration of an optimized
single equilateral triangle paftch anfenna with its
parameters. The patch antenna is fed by microstrip-

line to obtain a thin configuration. The purpose of dual
feed type one is to generate LHCP by using equilateral
friangle patch antenna without tfruncated-tips, which
one of the microstrip-line feed is longer than the other
to infroduce a 90° phase delay. In the same manner,
RHCP can be readlized by swapping the microstrip-line
fo y-axis. The design of feeding technique is o obtain
an ideal and stable current distribution on the friangle
patch surface that improve the previous developed
antennas such as cl1, c2, c3, and ¢c3s antennas [15,
16].

The antenna is made of a thin conducting patch
that the radiating patch and microstrip-line feed are
located on the same layer which has thickness, h = 1.6
mm and uses a conventional substrate (e; = 2.17 and
5 = 0.0009) [5, 6, 12, 16, 17]. The quarter-wave
fransformer is used to obtain a matching impedance
of 50 Q for Transmitter/Receiver (Tx/Rx). The fabricated
anfenna also can be seen at Figure 6. The height and
width of ground plane are about 80 x 80 mm. Then, we
compare the simulation and measurement results of
equilateral triangle antenna, in order to prove the
consistency of these results.

The antenna analysis using the Method of
Moments is based on the calculation of the magnetic
vector potential A and the electric scalar potential @,
assuming the electric current on the antenna, or the
density of current, to be an unknown variable. Let
assume from here that the dependence in time is
sinusoidal. Hence, A and ® can be calculated from
the following equations by assuming that current flows
on the antenna and the sources are electric charges
[6]:

A=uf[Iodv (1)
\%

(D:%!;[’D(de (2)

Here, u is the magnetic permeability, ¢ is the
permittivity, ¢ is the elementary solution, and V is the
region of the antenna. In three dimensional problems,
the elementary solution is given by

1 .
Q@ ) rEXp( J r) (3)

Considering J and p not being independent, from
the Gauss'’s Law, we have

V-D=p (4)

And from the time differential of the density of
magnetic flux B, i.e. from the equation that expresses
the divergence of Ampere’s Law and ignoring the
current charges, we get

V-J+V-@:O (5)
ot

which p is connected. From the equation of the
electric continuity, the following equation can be
obtained
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pP=——"" (6)

When J and p conform to the upper equation, the
obtained expressions of A and ® safisfy Lorenz’s
gauge. The strength of electric field E is derived from
A and @:

E=—joA-VOD (7)

Finally, at the surface of the antenna, i.e. the surface
of a perfect conductor where the tangential
component of E tends to zero, the following equation
needs to be used in order to create the system of
equations:

-nxE=nxE, 8)

where n is the normal direction, Eo the outer electric
field. By substituting (7) intfo (8), the next equation is
obtained

JoA+VO =nxE, (9)
3.0 RESULTS AND DISCUSSIONS

In general, the discussion of single element antenna is
limited only in electric field. Especially for far-field or
called as radiation characteristic, the elevation plane
is mostly described rather than azimuth plane. As we
know that the angle ¢ denote X-Y or azimuth or
magnetic field plane (move from 0°in positive X-axes
and rotates 360°) and 6 indicate elevation or electric
field plane (stir from 0° or elevation angle, El = 90° in
positive Z-axes to negative Z-axes exactly 180° or El = -
90°). There are two types electric field plane i.e. (i)
electric field vertical correlate to ¢ = 0° and 6 varies (X-
Z plane) (i) electric field horizontal correlate with ¢ =
90° and 6 varies (Y-Z plane). Because the model
equilateral triangle antenna using dual feed type one
be a good element for the CP-SAR implementation, so
this model is examined both simulafion and
measurement including azimuth plane with 6 =0° and
# varies (the maximum beam for single element in X-Z
and Y-Z plane). But the other antennas are adequate
discussed until elevation plane both for X-Z and Y-Z
plane. All of the graphs use Cartesian coordinate that
is better than Polar coordinate, especially for
describing CP that represent the values of axial ratio
below 3 dB. Also, the azimuth plane which reflects the
direction of wave propagation is described easier in
Cartesian coordinate. In this section, we discuss all of
the model antennas related with frequency
characteristic,  S-parameter, input impedance
characteristic, and radiation characteristic (elevation
plane).

3.1 Comparison of Model c2 and c3 Antenna

Figure 7 to Figure 9 show the simulation result of the
fruncated-tip of ¢c2 and ¢3 anfennas, in case of
frequency characteristic, S-parameter, and input
impedance. Figure 7 shows that the values of gain
and axial ratio (Ar) for simulation of the truncated-tip

of c2 and c3 antennas at the resonant frequency 2.5
GHz are almost same around 6.8 dBic and 0.42 dB,
respectively. In addition, the bandwidth (aW) of axial
ratio and gain both of c2 and c¢3 antennas are also
slightly same about 0.0143 GHz or 0.572% and 0.08 GHz
or 3.2%, respectively.

(top view) 2= 5264 mm
fd=11 mm
4 Wi=2mm
W2=3 mm
fc = 3.5 mm
fd7=3.5 mm
fs=5 mm
fm=3.5 mm
fsr=4 mm
fss =7 mm
fst=14 mm
Wa=5 mm
Ws=7mm
h=16 mm
/f= 80 mm

If

A

fd|

patch+feed_li

substrate

iAluminium plate— ground—
y 7

Figure 5 Configuration of equilateral triangle antenna
top view
L

substrate

L}

Figure 6 Fabricated of equilateral triangle antenna
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Figure 7 Frequency characteristic of c2 and c3 antennas

Figure 8 shows the relafionship between the
reflection coefficient (S-parameter) and frequency for
the Tx/Rx antenna simulation. From this figure, it can
be seen that the S-parameter of the tfruncated-tip c2
antenna at the resonant frequency is better than the
fruncated-tip ¢3 antfenna, namely about -23.7 dB and
-17.9 dB, respectively. But the bandwidth impedance
below -10 dB for both c2 and ¢3 antennas are little bit
different, around 0.05 GHz or 2%. This case is caused
by loci of each feeding antenna (c2 and c3) that
already optimized on the properly place. Furthermore,
it is also affected by perturbation area on the both
sides of each antenna (Is) which can reduce the §-
parameter bandwidth.

0 L
—— S-parameter c.
) -~ -~ S-parameter c,
— ‘
2]
S-10 b N _
S
Q
=
7]
S
o
© - - -
g 20
2]
_30....|...|‘\...|....

2.4 2.45 2.5 2.55 2.6
Frequency [GHZz]

Figure 8 S-parameter of c2 and c3 antennas

Figure 9 depicts the input impedance
characteristic of Tx/Rx. This figure shows the real part
of each anftenna simulation that slightly same for each
antenna, that is approximately 50 Q at the operation
frequency. Moreover, the reactance part of the
truncated-tip c2 and c¢3 antennas are also little bit
same, around 0 Q at the resonant frequency.

For probe feed antenna, the input impedance
depend on the feed position. The variation of input
impedance at the resonant frequency with feeding
position follow the cavity field. In the lowest mode, it is
usually large when the feeding is near the edge of the

patch and decreases as the feeding moves into the
patch. Its magnitude can be varies from tens to
hundreds ohms. By choosing the feeding position
properly, an effective matching between the
antenna and the transmission-line can be obtained
[17,18].
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Figure 9 Input impedance of c2 and ¢3 antennas

Figure 10 and Figure 11 depict the relationship
between gain-axial ratio and elevation angle at Az =
0° and Az = 90°. At the elevation, El = 90° the maximum
gain of ¢c2 and c3 antennas are about 6.68 dBic in
both of azimuth angles. But, they are little bit different
for axial ratio, both in X-Z and Y-Z planes, about 0.83
dB and 0.29 dB for each c2 and c3 antenna at El = 900,
From this results, we can note that the effect of the use
of fruncated-fip for both ¢2 and ¢3 antennas related
to the performances result are similar. But, only the
axial ratio results are little bit different each other.
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Figure 10 Radiation characteristics (X-Z) of c2 and c3
antennas at f = 2.5 GHz
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Figure 11 Radiation characteristics (Y-Z) of c¢2 and c3
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3.2 Comparison of Model c1, ¢3, and c3s Antennas

Figure 12 to Figure 14 show the simulation results
among cl, ¢3 and c3s antennas, in the case of
frequency characteristic, S-parameter, and input
impedance. The bandwidth of ¢c3 antenna is the
widest. The bandwidth of c3s antenna is almost same
with ¢l antenna. It is caused by using double
fruncated-tips Is on the side of the patch antenna,
thus the total of vector current distributions increase
only around this area. For c3s antenna, the bandwidth
decreases due to the use of annular sector slot
embedded on the ground plane. Moreover, the
bandwidth of c1 antenna also decreases, because of
the truncated-tip without Is, but this is slightly wider
than c3s antenna.

Figure 12 shows the value of gain and axial ratio
(Ar) for simulation of c1, c3, and c3s antennas at the
resonant frequency. The values are as follow: cl
anfenna operates at the frequency 2.76 GHz, gain
RHCP = 6.66 dBic, Ar = 2.91 dB, the operation
frequency of c3 antenna is 2.9 GHz, gain LHCP = 6.98
dBic, Ar = 3.02 dB, and for c3s antenna has the
operation frequency equal 2.505 GHz, gain LHCP =
6.08 dBic, Ar = 1.75 dB. In addition, each antenna is
fed by probe feed at the same loci on the patch
antenna and the same size in which only appropriate
for c3s antenna. It is clear that ¢1 and ¢3 anfennas do
not safisfy the target yet, especially the axial ratio. It is
because the loci of feeding sfill not maximize yet on
the surrounding of patch antenna. Moreover, the gain
c3s antenna af the resonant frequency is the lowest,
because the annular sector slot embedded on the
ground plane can decrease it. In addition, the gain-
bandwidth of c3 antennais the widest compared with
the other. This matter is owing to the use of fruncated-
fip Is and without annular sector slot.
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Figure 12 Frequency characteristic of c1, c3 and c3s antenna

Figure 13 shows the relationship between the
reflection coefficient (S-parameter) and frequency for
the simulation Tx/Rx antenna. From this figure, it can
be seen that the S-parameter of c3s antenna at the
resonant frequency compared to the other (Si1-c1 =-
13.55dB and S11-c3=-13.81 dB) is the best about -21.07
dB. It is caused by the use of annular sector slot and
the location of this slot on the ground plane which is
seem as the hyperbolic position respect to null
potential or origin coordinate of antenna (seen in
Figure 4). The S-parameter bandwidth of c3s antenna
is the widest compared with the other. It is caused by
the well-place of the optimized feeding loci of the
patch antenna compared to the other [17]. In
addition, itis also affected by the perturbation area at
the both side of patch antenna (Is) that can enhance
the S-parameter bandwidth.

Figure 14 depicts the input impedance
characteristic of Tx/Rx antenna. This figure shows that
both of the real and reactance parts of impedance
are different each other. In case of c3s antenna, the
real part approximate 50 Q aft the frequency
operation. Moreover, the reactance part of this
antenna is the best compared to the other around 0
Q at the resonant frequency.
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Figure 13 S-parameter of c1, ¢3 and c3s antennas
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Figure 14 Input impedance of c1, c3 and c¢3s antennas

Figure 15 and Figure 16 depict the relatfionship
between gain-axial ratio and elevation angle at Az =
0° and Az = 90°. At the elevation, El = 90° the maximum
gain of c1, ¢3 and c3s antennas are consecutive of
6.66 dBic, 6.98 dBic, and 6.08 dBic in both of azimuth
angles. While, the axial ratio of cl, ¢3 and c3s
antennas are relatively different each other at the El =
90°, in X-Z plane about 2.85 dB, 3.12 dB and 1.82 dB,
respectively. In the same case, the values of axial rafio
at Y-Z plane are consecutively 2.25 dB, 2.53 dB, and
1.82 dB. Moreover, the axial ratio-beamwidth of cl,
c3, and c3s antennas below 3 dB are different, in X-Z
plane around 10°, 50°, and 90°, respectively. While, in
Y-Z plane they are consecutive of 60°, 67°, and 80°.
From this results, we can notify that the effect of the
use of fruncated-tip and annular sector slot
embedded on the ground plane of c3s antenna at
the resonant frequency and El = 90° make the axial
ratio become better than the other, although its gain
is relatively lower than the other.
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Figure 15 Elevation plane (X-Z) of c1, c3 and c3s antennas at
f=2.76 GHz, f = 2.9 GHz and at f = 2.505 GHz, respectively

in

X. [Q]

-=--Gain-RHCP _ ---- Ar_ -—--Gain__-—--Ar_—— Gain___----Ar
1 1 3 3 35 3
8 T 8
A i
'\\\,
L ™ ] —
'_|6 \ 6m
L 2
m o
=) =
—q 414
C LS
'3 s
o 3
2+ 42 <
0 0

P & B [ B I\ VI
0 30 60 90 60 30 0
Az=270° «—EI-Elevation angle [deg]— Az=90°
Figure 16 Elevation plane (Y-Z) of c1, ¢3 and c3s antennas at
f=276 GHz, f = 2.9 GHz and at f = 2.505 GHz, respectively

3.3 Comparison of Model Equilateral Triangle Antenna

Figure 17 to Figure 21 show the result for both
simulation and measurement in the case of frequency
characteristic, S-parameter, input impedance and
radiation characteristics. The difference between
simulation and measurement that appears in the
results is due to the effect of finite ground used in
measurement while it is infinite by simulation.

Figure 17 shows that the value of axial ratio (Ar)
measurement increases of about 18% compared to
the simulation (0.27 dB to 1.49 dB), also the frequency
is shifted about 0.9% (2.5 GHz shifts to 2.53 GHz). This
difference is due to the effect of the ground plane
size, the antenna setting, the hole in the substrate, the
connector, and the coaxial cables. Moreover, the
bandwidth of axial ratio both simulation and
measurement below 3-dB consecutive of about 0.02
GHz or 20 MHz and 0.015 GHz or 15 GHz meet for CP-
SAR geostationary satellite application.

Figure 18 shows the relationship between the
reflection coefficient (S-parameter) and frequency for
simulation and measurement of Tx/Rx antenna. From
this figure, it can be seen that by comparison of the
measurement with the simulation there is a frequency
shiffing about 1.5%. In addition, the degree of
agreement in the centre frequency is slightly different
for the -10 dB bandwidth. This difference is due to the
fabrication error (e.g. driling error about 0.1 mm) and
the influence of measurement system (connector,
aluminium plate) [12]. In this case, utilization of the stub
antenna strongly affects to influence a smoothly S-
parameter, then satisfies the target.
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Figure 19 Input impedance of equilateral triangle antenna

Figure 19 depicts the input impedance
characteristic of Tx/Rx. This figure also shows that the
measurement result is shifted fo the higher frequency
from the simulation result by 0.7%. In this case, the real
part of measurement is 50 Q.

Figure 20 and Figure 21 depict the relationship
between gain-axial rafio and El in the Az = 0° and 90°
planes, respectively. In the Az = 0°, the maximum gain
of simulation and measurement results are
consecutively are 6.604 dBic and 6.696 dBic at the
elevation, El = 90°. These values are little bit different in
the Az = 90°, especially for measurement result of gain
i.e. 6.398 dBic. While, the axial ratio of simulation and
measurement results are relatively different each
other at the El = 90°, in X-Z plane about 0.05 dB and
2.068 dB, respectively. In the same case, at Y-Z plane
the axial ratio of simulation and measurement results

are consecutively are about 0.049 dB and 1.71 dB.
Moreover, the 3 dB-Ar beamwidth for simulation and
measurement are consecutively are about 120° and
80°. These values satisfy the targeted elevation
beamwidth of = 2.16° ot Table 1 (technical
specification of CP-SAR system) for better resolution of
CP-SAR geostationary satellite antenna.

The maximum gain  obtained from the
measurement result is similar with the simulafion result,
just a litfle bit different about 0.01 dB. This is due to
ufilization of single layer antenna to reduce the various
losses that occur during the measurement. In the case
of axial ratio, there is no effect for the use of the single
layer. It is caused by the use of a finite ground plane
that strongly affects the radiafion pattern, especially
the axial ratio characteristics. The configuration of
antenna and the measurement system, i.e. the
coaxial cable, the connector, the hole, and the
plastic screws in the substrates, are also considered to
effect the current distribution on the patch surface, so
that decrease the axial ratio performance [12, 17].
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Figure 20 The X-Z plane of equilateral triangle antenna at f =
2.5 GHz for simulation and at f = 2.53 GHz for measurement

0

Figure 22 describes the characteristic of azimuth
plane radiation generated by the equilateral triangle
patch antenna using microstrip-line feed in the area
of El = 90° or 6 = 0° atresonant frequency of f = 2.5 GHz
for simulation and at f = 2.53 GHz for measurement.
From this figure, we can see that the peaks of the gain
and the aoxial ratio both for simulation and
measurement are the same for all of the azimuth
angle or ¢ values i.e. 6.604 dBic and 0.049 dB, 6.398
dBic and 1.71 dB, respectively. In addifion, the values
of the 3 dB-Ar beamwidth cover perfectly the whole
of 360°. This result exhibit that the targeted azimuth
beamwidth of 2 1.08° obtain the resolution of CP-SAR
using geostationary satellite.
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4.0 CONCLUSION

The analysis performances of friangle microstrip
anfenna at the S-band frequency with low power
have been studied. In order to obtain a basic
construction for CP-SAR geostationary satellite with
compact, small, and simple configuration, the
fruncated-tip c1, ¢2, ¢3 and ¢3s antennas have been
discussed. The performance results for c2 and c3
anfennas are almost same. But, S-parameter and axial
rafio in radiation pattern are different. Besides that,
the fruncated-tip of c2 antenna is smoother than c3
anfenna. The performance results for c1, ¢3, and c3s
antennas at the each resonant frequency are
relatively different. The whole result of performance
characteristic of ¢3s antenna at operation frequency
2.5 GHz is the smallest antenna size, although the axial
rafio bandwidth decreases compared with the other.
This matter is due to the annular sector slot of c3s
antenna embedded on the ground plane. The results
of simulation and measurement of equilateral triangle
antenna, especially for axial ratio bandwidth below 3-
dB are about 0.02 GHz or 20 MHz and 0.015 GHz or 15
MHz, respectively. Furthermore, the 3 dB-Ar

360

beamwidth in elevatfion plane for simulation and
measurement are consecutively about 120° and 80°.
Then, the 3 dB-Ar beamwidth in azimuth plane cover
perfectly the whole of 360°. These results temporarily
meet the application of CP-SAR geostationary
satellite.
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