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Abstract— An antenna which has been conceived as a portable
system for satellite communications based on the
recommendations ITU-R S.580-6 [1] and ITU-R S.465-5 [2]for
small antennas, i.e., with a diameter lower than 50 wavelengths,
is introduced. It is a planar and a compact structure with a size
of 40x40x2 cm. The antenna is formed by an array of 256 printed
elements covering a large bandwidth (14.7%) at X-Band with a
VSWR of 1.4:1. The specification includes transmission (Tx) and
reception (Rx) bands simultaneously. The printed antenna has a
radiation pattern with a 3dB beamwidth of 5°, over a 31dBi gain,
and a dual and an interchangeable circular polarization.

I. INTRODUCTION

This antenna has been conceived as a portable system for
satellite communications based on the recommendations
ITUR-S 580-1 and ITUR-S 465-5 for small antennas, i.e.,
with a diameter lower than 50 wavelengths. The main idea is
to have a lightweight antenna that is easy to carry and deploy,
very suitable for personal communications.

TABLE I
ANTENNA SPECIFICATIONS

Parameter Specification Units
Working bands
Tx: 79t084 GHz
Rx: 7.25t07.75 GHz
Polarization Dual circular
polarization for Tx
and Rx bands
G/T 7 dB/K
3dB beamwidth 5 degrees
Maximum gain 31 dBi
Efficiency >50 %
Isolation
between Tx and >17 dB
Rx
VSWR 1.4:1
SLL -16 dB
Size 40x40x2 cm

The antenna has a dual circular polarization in TX and
Rx bands simultaneously. Thus, all the elements in the
antenna have to work in both bands so they have to be
designed as wide-band elements.

The antenna has been divided in subarrays that can be
fabricated separately. Each subarray is connected to a global
power distribution network.

II. ANTENNA STRUCTURE

The antenna is formed by array of 16x16 printed elements
and covers a large band. The antenna has been divided into
4x4 subarrays, therefore each subarray has 4x4 radiating
elements. Subarrays are composed of several layers. The
bottom layer is a microstrip network that contains the
distribution network for RHCP and LHCP and hybrid circuits
to get circular polarization. The upper layers of the subarray
contain the double stacked patches.

To distribute the power among the subarrays a low losses
stripline distribution network is used. In order to get a low
side lobes level the subarrays of the corners receive less power
that the ones in the center as it can be shown in Fig. 1.

The subarrays are connected to the stripline through SMP-
type coaxial connectors. In the power distribution network
there are two inputs/outputs in SMA-type connector, one for
each polarization.

Fig. 2 shows a general scheme of the antenna.

Fig. 1 Subarray feeding distribution
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Fig. 2 Antenna structure

1923


https://core.ac.uk/display/148662118?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

IIT. RADIATING ELEMENT

The radiating element is a double stacked circular patch.
In order to get a circular polarization the patch is excited by
two coaxial probes with orthogonal signals. To provide the
antenna with dual polarization in transmission and in
reception a hybrid circuit is used. This hybrid circuit is placed
in the microstrip layer as is shown in Fig. 3.

upper patch

coaxial probes

PTFE-Glass

Fig. 3 Radiating element schema

Patches are printed in a PTFE Glass substrate with a
permittivity of 2.17. The actives patches are separated from
the parasites patches by a thick sheet of foam.

The comparison between the simulated S-parameters and
the measured S-parameters at the lower band can be shown in
Fig. 5.

(@)

Fig. 4 Test board of the radiating element. (a) Two stacked microstrip patches
separated. (b) Feeding network with the SMP-type connectors.

It is important to stress out that due to the behaviour of
the hybrid circuit the measured S11 represents the coupling
between coaxial probes of each polarization and S21
represents mainly the adaptation of the patch.

The adaptation of the patches is similar to the simulation
and the reflection coefficient is lower than -15 dB. We can
see that the coupling between polarizations is high in the
measures and in the simulation. This is caused by the height of
the substrate of the active patches and the coupling between
the coaxial probes. This coupling between polarizations can
lead to high side lobes level and worse CP/XP ratio. To reduce

the influence of this coupling Willkinson power dividers are
used in subarray microstrip network.
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Fig. 5 S-Parameter simulated and measured of the radiating element

Fig. 6 shows the measured and simulated radiation pattern.
The measured CP/XP ratio is about 21 dB.
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Fig. 6 Radiation pattern of the radiating element for LHCP at 7.25 GHz

IV.HYBRID CIRCUIT

There is a hybrid circuit for each element to provide the
quadrature signal toward the coaxial probes. The hybrid is the
element that enables the antenna to work with a right-handed
or a left-handed circular polarization in transmission or in
reception. A 3dB branch-line coupler has been chosen as
hybrid circuit and, specifically, a periodic branch-line coupler
of three branches to get a wide band [2]. But this structure
occupies a big volume in the subarray feeding network,
therefore it has been necessary to miniaturize the branch-line
coupler. A size reduction between 20 to 80% is possible doing
the equivalence of a A/4 transmission line to a fractal-shaped
line [3], an interdigitally-coupled line [4] or a transmission
line with one or more parallel open-ended stubs [5].

Therefore it has been developed a miniaturized branch-line
coupler of three branches using the equivalence of a A/4
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transmission line to a transmission line with one parallel open-  excited by a 90° phase-shifted signal compared to the previous

ended stub in order to get the desired bandwidth. This hybrid one.

circuit is shown in Fig. 7. The volume reduction achieved has
been of 35%, keeping the behaviour of a conventiona
periodic 3dB branch-line coupler of three branches.

Fig. 7 miniaturized branch line circuit

The measures of the miniaturized hybrid circuit are shown
in Fig. 8. The results are quite good.

(@) (b)

Fig. 9 Test board of the array unit cell formed by 2x2 radiating elements with
sequential rotation. (a) Stacked patches separated. (b) Feeding network for

RHCP and LHCP with SMP-type connectors.

The results of a unit cell (2x2 elements) are shown in Fig.

10 and Fig. 11. As we can see the axial ratio is bellow 1.3 dB

in X-band.
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Fig. 8 Simulation and measures of the miniaturized branch line

V. SUBARRAY SYSTEM

Each subarray has 4x4 radiating elements separated by 25
mm. The distribution network among the radiating elements is
done in microstrip technology. RHCP and LHCP network are
implemented in the same layer. The size of the subarrays in
the first prototypes is 99x99 mm.

To improve the purity of the polarization the sequential
rotation technique is implemented among each 4 elements as
it is shown in Fig. 9. Thus, each element is rotated 90° and
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VIL.POWER DISTRIBUTION NETWORK

A stripline has been used to distribute the power among
the subarrays in order to get a low loss network. The stripline
is formed by a metalized line in a thin substrate located
between two foam sheets and two plates, which are the ground
plane. A quasi-TEM mode is propagated due to the presence
of two different dielectrics (PTFE and foam). In order to have
a low loss distribution network the height of the foam sheets
must be high. The losses in this structure are around 0.6 dB/m
which means 0.3 dB of losses in the line.

The transitions between stripline and each subarray are
done through SMP type coaxial connectors. The two inputs of
the antenna, one for each polarization, are done through SMA
type coaxial connectors. To avoid the generation of a TE
mode in vertical transitions it is necessary to place a short-
ended pseudo-waveguide thereby the TE mode stays as a cut-
off mode. The losses for each transition are around 0.3 dB.

The SMP connectors have to be mounted onto a microstrip
line. Therefore, a transition between stripline and microstrip
line has been designed. The relation between the line width of
the stipline and the line width of the microstip line is very big.
For this reason the transition has to change gradually the line
width as it can be shown in Fig. 12 (a).

(b)

Fig. 12 Transitions from stripline to SMA-type coaxial connector (a) and to
SMP-type coaxial connector.

The S-parameters of the transition between the stripline
and microstrip are shown in Fig. 13. In the S21 parameter the
losses in the two SMP connectors are included.
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Fig. 13 S-Parameters of a stripline with SMP transitions

The first prototype of the power distribution network is
shown in Fig. 14.

Fig. 14 First prototype of the power distribution network

We have detected some unexpected problems in the
prototype of the Fig. 14. The main problem is that a TE
resonant mode is excited not only in the vertical transitions
but also in other parts of the line. This makes that peaks in the
transmission to each subarray appear in some frequencies as
we can see in Fig. 15.

GHz

Fig. 15 : Measured transmissions of the first prototype of the power
distribution network.

To solve this problem a protected stripline network is
chosen. This means that the stripline is surrounded by metallic
walls. This is easily achieved extending the walls in the
transitions. The distance between the walls that shield the line
has to be small enough to avoid the propagation of TE modes
and large enough to not interfere with the Quasi-TEM mode
of the line. A distance of 16 mm is chosen. This distance
allows the propagation of TE modes at frequencies above 9
GHz.

The construction of this line can be shown en Fig. 16.
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Fig. 16 : Protected stripline global distribution network

The results of the transmissions of the power distribution
network to the corner subarrays are shown in Fig. 17. The
peaks in the transmission have disappeared in the X-band and
they only appear in frequencies above 9 GHz (as it has been
commented before).
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Fig. 17 Measured transmissions of the protected stripline global distribution
network

VIL RESULTS

The radiation pattern for the first prototype is shown in Fig.

18. The total losses in the whole antenna are about 4 dB at the

lower band.
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Fig. 18 Radiation pattern at 7.4 GHz

In the first prototype we have also detected that there are
couplings between the polarizations due to the small distance
between some lines in the subarray network. For this reason in
the second prototype a 3x3 subarray antenna will be
implemented, making bigger the size of each subarray.

VIII.  CONCLUSIONS

The complete design of a portable printed antenna for
satellite communications at X-Band has been introduced. This
antenna has been conceived as a planar, compact, modular,
low losses and dual circular polarized antenna for Tx and Rx
bands simultaneously. First prototype was designed and built
successfully. In order to solve some problems detected in the
first prototype a second prototype has been designed, the
results of this second prototype will be presented at the
EuCAP 2011 meating.
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