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Abstract: A left-handed circularly polarised (LHCP) triangular patch antenna is developed to
support the next generation of mobile satellite communications using Engineering Test Satellite
VIII (ETS-VIII). The targeted minimum gain of the antenna is set to 5dBic for applications of a
hundred kbps data transfer with an axial ratio less than 3dB for circular polarisation. A dual-
proximity-coupled equilateral triangular patch antenna is proposed and simulated by the method
of moments (MoM) for finite and infinite ground plane models to investigate the ground plane
effect. Then measurements of the fabricated antenna are performed to confirm the simulation
results. The measurement results show that the frequency characteristics of the fabricated antenna
is 0.2% shifted to the higher frequency, and the maximum gain is 0.45dB lower than the result of
the finite ground plane model. Additionally, the simulation results show the ground plane size
influences the antenna characteristics, especially the gain and axial ratio of the developed antenna.
1 Introduction

The Japan Aerospace Exploration Agency ( JAXA) will
launch a geostationary satellite called Engineering Test
Satellite VIII (ETS-VIII) in 2006. ETS-VIII will conduct
orbital experiments on mobile satellite communications at
the S-band frequency, especially to support the development
of a technology for the transmission and reception of
multimedia information, such as voice and images for land
mobile systems [1]. Up to now, various antennas have been
developed for mobile satellite communications purposes
[2, 3], but these antennas have a complex composition.
Therefore, in this research, a simple satellite-tracking
triangular patch antenna is proposed to solve this problem.
The targeted minimum gain of the antenna is set to 5dBic
for applications of a hundred kbit/s data transfer. The
antenna should also be designed as thin, compact and as
small and simple as possible, because it will be mounted on
an aircraft, a small boat or a car roof [4].

The result obtained in this research, in the near future,
would also be assessed for hand-held antenna and a simple
satellite-tracking triangular patch array antenna for ETS-
VIII or mobile satellite communications applications.
Especially, the configuration of the triangular patch array
antenna, by using the developed antenna as shown in Fig. 1,
is proposed as an improvement on previous antennas [5, 6],
where the beam of the antenna to track the satellite is
generated by a simple mechanism that consists in switching
off one of the radiating element of reception (Rx) or
transmission (Tx). By considering the mutual coupling
between fed elements, their phase and distance, the beam
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direction can be varied. Hence, the two fed elements
theoretically generate a beam shift of �901 in the conical-
cut direction from the element which is turned off, in the
case of a left-handed circular polarisation (LHCP) antenna
and a single band with only three elements. For example, as
shown in Fig. 2, when Element 1 of reception (Rx1) is off,
the beam is theoretically directed towards the azimuth angle
Az¼ 01. In the same manner, the other two beams of
reception can be generated by successively switching off
each element (Rx2 and Rx3 in Fig. 1) and the beam will
be directed towards Az¼ 1201 and Az¼ 2401. Then the
three beams of transmission (Tx) can also be switched in the
same way.

2 Specifications and targets

Table 1 shows the specifications and targets of the antenna
for mobile satellite communications aiming at ETS-VIII
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Fig. 1 Configuration of dual-band triangular patch array antenna
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applications that are used in this research, especially the
patch antenna for reception (Rx) only. However, the
transmission (Tx) can be designed similarly. Here, a thin
miniaturised antenna designed for a hundred kbit/s data
transfer (minimum gain 5dBic) is simulated. In this
research, a dual-proximity-coupled equilateral triangular
patch antenna for reception is investigated. The operating
frequency is fixed at 2.5025GHz. In addition, the targeted
axial ratio is less than 3dB in order to obtain good circular
polarisation. Then the comparison of finite and infinite
ground planes of the patch antenna is simulated to
investigate the effect of ground plane size on the
characteristics of the antenna.

3 Configuration of the equilateral triangular patch

Figure 3 shows the configuration of a developed triangular
patch antenna. In order to satisfy the specifications of
ETS-VIII, the antenna is designed and fabricated using
a conventional substrate (relative permittivity er¼ 2.17 and
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Table 1: Specifications and targets of the antenna for
ETS-VIII applications

Specifications

Frequency
bands

Transmission (Tx) 2655.5–2658.0MHz

Reception (Rx) 2500.5–2503.0MHz

Polarisation Left-handed circular polarisation for both
transmission and reception

Targets

Minimum gain 5dBic

Maximum axial
ratio

3dB
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tand¼ 0.00085), where the substrate thicknesses for trian-
gular patch (h1) and microstripline (h2) are both 0.8mm.
Thus, the total thickness of this antenna is 1.6mm. Then the
conductor of the triangular patch, microstripline feed and
ground employed is a perfect conductor (tan d¼ 0). The
length of substrate and ground plane is set to 81.5mm as
shown in Fig. 3. This configuration is used for the sake of
compactness, and most importantly to obtain a satisfactory
gain and axial ratio.

Several types of circularly polarised triangular antennas
were previously developed [5], but they are difficult to
design and optimise because the ratio between ap and bp (see
Fig. 3) sensitively affects the performance of the axial ratio.
Then, the pin feed technique is commonly applied to
generate a circular polarisation for the triangular antenna,
but this technique is more complex than the microstripline
or proximity feed technique in the fabrication process.
Basically, this pin feed technique with a single feed point
will generate an unstable current distribution on each patch
when the patches are composed in array configuration [6, 7].
Thus, we propose here a feeding technique using a
microstripline, as shown in Fig. 3, for equilateral triangular
patches because this configuration is easier to design and
fabricate without any optimisation of the ratio between ap

and bp. With such a technique, a stable current distribution
can be obtained on the triangular patch surface, thus
generating a circular polarisation. Hence, it can improve the
performance of the previously developed antennas [6, 7] and
a compact and small configuration can be obtained.

The triangular patch is fed by proximity coupling with a
microstripline whose width w is 3.0mm. The dual-feed type
is proposed to generate a left-handed circular polarisation
(LHCP), where one branch of the microstripline is l/4
longer than the other one to induce a 901 phase delay. The
detailed parameters of the microstripline are le¼ 14mm,
ls¼ 5mm, ld¼ 11mm, ld1¼ 4mm, lc¼ 5mm, lm¼ 2mm,
lst¼ 11mm and ws¼ 4.7mm.
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Fig. 3 Configuration of the developed triangular patch antenna
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In this research, the method of moments (MoM) of IE3D
(Zeland Software Inc.) and Ensemblet Ver.8 (Ansoft)
were employed to simulate the models with finite and
infinite ground planes, respectively. The size of the finite
substrate and ground plane in the simulation model
matches the fabricated antenna (l¼ 81.5mm). The length
of the microstripline inserted under the patch (le) is 14mm,
and a quarter-wave transformer with a length lst¼ 11mm is
used to obtain a matching impedance of 50O . Then, the
microstripline is fed by an SMA connector on the edge of
the substrate. The fabricated triangular patch antenna is
shown in Fig. 4. The patch length ap is optimised to find the
patch width of the fabricated antenna resonating at
f¼ 2.5025GHz and the size of the patch (ap¼ bp) obtained
is 52.8mm.

As shown in Figs. 3 and 4, plastic screws are used to fix
the two layers (substrate and aluminium plate) that
compose the antenna, to obtain stable measurement results.
The aluminium plate (2mm thick) is used to support the
substrate, for it to be always flat, because it is thin and easily
foldable.

The measurements of the fabricated antenna were done
in the anechoic chamber of the Graduate School of Science
and Technology, Chiba University, Japan. The gain of the
antenna was measured by using a circularly polarised
conical spiral antenna. In the case of the axial ratio
measurement, LHCP and RHCP conical spiral antennas
were employed. Then the field intensity obtained by
measurement was compared with the measurement result
of a standard dipole and shown in dBic. In the following
Section, the measurement results are used to confirm the
simulation results.

4 Measurement results and discussions

Figure 5 shows the relationship between the reflection
coefficient (S11) and the frequency for the simulation model
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Fig. 4 Fabricated triangular patch antenna
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(finite and infinite ground planes) and the fabricated
antenna. From this figure, the centre frequency of
measurement matches well to the simulation models.
However, the �10dB bandwidth of measurement is 0.4%
and 0.3% different from the finite and infinite ground plane
models, respectively. This bandwidth difference is due to
the fabrication error (drilling error about 0.1mm in manu-
facturing) and the influence of the measurement system
(connector, aluminium plate, copper block to support the
connector, holes for plastic screws, etc.). The result also
proves that the ground plane size has an effect on the
antenna characteristics, especially the reflection coefficient.

The relationship between the input impedance Zin and
frequency of simulation model and measurement is shown
in Fig. 6. The same reason as above induces the character-
istic of impedance.

The developed antenna is left-handed circularly polarised.
Therefore, the performance is investigated in terms of axial
ratio Ar characteristics as shown in Fig. 7. This figure
depicts the relationship between Ar and the frequency for
the simulation model as well as the measurement results for
a theta angle y¼ 01 or in the direction to the center O (see
Fig. 3). This figure shows that the frequency characteristics
of the measurement ( f¼ 2.5025GHz) and infinite ground
plane model are shifted 0.2% to the higher frequency
compared to the finite ground plane model. As a result
of this research, it is shown that the fabrication error and
the configuration of the fabricated antenna (connector,
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aluminium plate, copper block, holes for plastic screws, etc.)
also influence the characteristics of a circularly polarised
patch array antenna, as can be seen from the axial ratio
characteristics, where the antenna characteristics of the
simulation model and measurement are considered at each
respective frequency of the minimum axial ratio.

Figure 7 also shows the relationship between the gain G
and the frequency. The maximum gain of measurement is
similarly shifted 0.2% and 0.1% to the higher frequency
compared to the finite and infinite ground plane models,
respectively. Then it is 0.45dB lower compared to the finite
ground plane model, and 0.4dB higher compared to the
infinite ground plane model. When the measurement result
is compared to that of the finite ground plane model,
the reduction of maximum gain is supposed to be due to the
effect of loss in the measurement system. However, the
losses occurring in the coaxial cable were considered.

Figure 8 shows that the developed antenna has efficiency
83%, 84% and 85% for finite, infinite ground plane
models (simulation) and measurement, respectively, at f¼
2.5025GHz. The efficiencies of simulation models were
calculated by the pattern integral method. Then, the
antenna efficiency of measurement was calculated by using
the Q factor method, where the antenna efficiency Zr is
defined as below [8, 9].

Zr ¼
QRL

QR
ð1Þ

The QRL and QR factors are total quality factor and quality
factor due to radiation loss, respectively. The QRL and QR is
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2.40 2.45 2.50 2.55 2.60
0

20

40

60

80

100

frequency f, GHz

an
te

nn
a 

ef
fi

ci
en

cy
, %

 

 Simulation (finite)  Simulation (infinite)
 Measurement

Fig. 8 Efficiency of the developed antenna
IEE Proc.-Microw. Antennas Propag., Vol. 153, No. 3, June 2006

Downloaded 22 Aug 2006 to 193.63.33.191. Redistribution subjec
acquired by measurement and simulation (it is employed as
an ideal or no loss antenna) and are expressed by

QRL ¼
oES

PR þ PL
ð2Þ

QR ¼
oES

PR
ð3Þ

where o is bandwidth of Q when the power reflection
coefficient is half (or �10dB in Fig. 5). Then inner power
ES¼ 7I72X and radiation power PR¼ 7I72Rr. The reactance
X and resistance Rr of simulation and measurement are
acquired by input impedance of simulated models and
measurement, respectively, as shown in Fig. 6. Then PL is
loss power that is consumed by the connector, coaxial
cable, substrate etc. The measurement result shows a
narrow efficiency bandwidth. However, the efficiency at
2.5025GHz reaches 85%. It is considered by the influence
of unmatching input impedance between the measurement
and simulation (finite ground plane model as ideal antenna)
in the frequency domain as shown in Fig. 6.

Previous reports explained that the finite ground plane
induces diffraction effects from the edges of the ground
plane resulting in changes in radiation pattern and
performance of antenna [10, 11]. This effect also changes
the performance of the developed antenna in the theta plane
(e.g. x–z and y–z planes in Fig. 3) in the case of a circularly
polarised patch array antenna, as explained later in detail.

Figures 9 and 10 depict the relationship between G and y
at an azimuth angle Az¼ 01 (x–z plane) and 901 (y–z plane)
First, Fig. 9 shows the relationship between the beam
direction and theta angle y in the theta plane at Az¼ 01 (x–z
plane). The 5-dBic-gain beamwidth by finite, infinite ground
plane models (simulation) and measurement are 601, 631
and 521, respectively. From this figure, the maximum gain
of measurement is 0.45dB lower and 0.7dB higher than the
simulation (finite and infinite ground planes, respectively)
obtained byMoM. The low gain of measurement compared
to the result of the finite ground plane model is due to the
various losses occurring during the measurement. This
result shows that the effect of ground plane sizes strongly
affects the radiation pattern, especially the Ar characteristic.
The configuration of the antenna and the measurement
system, i.e. the coaxial cable, the connector, the hole and the
plastic screws in substrates, etc. are also considered to affect
the current distribution on the surface of the patches,
therefore decreasing the Ar performance.
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Finally, Fig. 10 shows the relationship between G, Ar and
y at Az¼ 901 (y–z plane). The 5-dBic-gain beamwidth of
finite, infinite ground plane models and measurement are
601, 621, and 521, respectively. From the same figure, the
maximum gain of measurement is 0.45dB lower and 0.7dB
higher than the finite and infinite ground plane models,
respectively, obtained by MoM. The same phenomenon as
Az¼ 01 (x–z plane) occurs and the same explanation can be
applied.

5 Conclusions and future developments

JAXA will launch ETS-VIII in 2006 to conduct orbital
experiments on mobile satellite communications at the
S-band frequency. Therefore, a circularly polarised simple
satellite-tracking equilateral triangular patch antenna for
mobile satellite communications aiming at ETS-VIII
applications was developed in this research. The method
of moments (MoM) was employed to design a circularly
polarised equilateral triangular patch antenna and to
investigate the influence of ground plane size on the
performance of the antenna. Then measurements of the
fabricated antenna were performed to confirm the simula-
tion results.

The results show that the frequency characteristics of
measurement are shifted 0.2% to the higher frequency
compared to the finite ground plane model (simulation).
This increasing in frequency is due to the influence of the
antenna configuration used for the simulation model and
the fabricated antenna. The results also show that the
frequency characteristics of the axial ratio are sensitively
influenced by the ground plane size. The reduction of
maximum gain is due to the configuration of the antenna,
i.e. the losses occurring in the coaxial cable, connector,
copper block, aluminium, hole for plastic screw, etc., and
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the effect of ground plane size as infinite ground plane size.
The finite ground plane induces diffraction from the edges
of the ground plane resulting in changes in radiation
patterns, especially the axial ratio performances. The
simulation results show the ground plane size influences
the antenna characteristics, especially the gain and axial
ratio of the developed antenna.

The developed antenna is thinner, smaller, simpler and
more compact compared to the previous antennas [6, 7]. In
the next research, the developed antenna will be employed
in an array configuration to generate a dual-band frequency
as discussed in [6, 7].
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