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Circularly Polarized Aperture-Coupled Microstrip
Antenna for Nano-Satellites
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Abstract—In this paper, the design of an aperture-coupled mi-
crostrip antenna to be installed onto a nano-satellite is described.
The proposed antenna has been optimized to operate at 2.26 GHz
(S-Band), which is the operating frequency of the downlink chan-
nel of the Brazilian System for Meteorological Data Acquisition.
The electromagnetic analysis is done by using HFSS software.
For the design validation, prototypes were manufactured and
the comparison between simulations and measurements indicates
good performance of the proposed antenna.
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I. INTRODUCTION

The satellites of the Brazilian Meteorological Data Col-
lecting System (in Portuguese, Sistema Brasileiro de Coleta
de Dados - SBCD) are in operation over more than fifteen
years, which is beyond their expected lifetime. In order to
replace these satellites, the National Institute for Space Re-
search (INPE) started the CONASAT program, which aims at
providing a new and much cheaper solution for the SBCD by
using a constellation of nano-satellites. The ground section of
the SBCD is composed of data collecting platforms (PCDs),
which have been deployed over the whole Brazilian territory
including the Atlantic coast, and the Data Collection and
Mission Control Center (in Portuguese, Centro de Missdo
e Coleta de Dados - CMCD) [1], [2]. Since some of the
PCDs have been deployed in remote areas, such as in the
Amazon region or even in the Atlantic ocean, where no
internet access is available, the nano-sats will serve as data
relay for retransmitting the meteorological data collected by
the PCDs to the CMCD. The size of the CONASAT nano-
satellite is 8U, according to the cubesat standards developed
by the Space Flight Laboratory of Toronto University. This is
equivalent to a cube with 20 cm of edge size and a maximum
mass of 10 kg. Since energy in space is a critical issue, the
nano-sat will be equipped with four articulated flaps, so as to
increase the area for installing solar panels [3].

The uplink channel for transmitting the data from the
ground to the satellites works at 401 MHz (UHF) and a four-
element microstrip antenna array with extended ground plane
has been designed for this purpose [4]. For the downlink
channel, another microstrip array will be needed, since this
link operates at 2.26 GHz (S-band). In this paper, the design
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and the performance of an antenna for the downlink installed
onto the nano-satellite is described. For this study, all elec-
tromagnetic analysis are done using commercial software and
the performance is validated with measured results.

For aerospace applications, the communication system is
very important. In this context, the antennas play an important
role. Along with other important components of a satellite,
the antenna must exhibit low weight and low volume. These
are characteristics intrinsic to microtrip antenna technology,
which, among other advantages, present design flexibility [5].
The authors in [6] proposed an active microstrip antenna array
for navigation application. In [7], an antenna array in S-band
for data downlink for nano-satellite applications is presented.
In [8], the integration of two antenna arrays on thin substrate
simultaneously operating in S-Band and X-Band is discussed.

The antenna proposed in this paper has been designed to
be compatible for installation onto a nano-satellite of the
CONASAT Program. The following specifications apply for
the antenna: operating frequency at 2.26 GHz, right-hand
circular polarization (RHCP) with axial ratio lower than 3 dB,
gain around 6 dBi, input impedance matched to 50 €2 and
bandwidth of 50 MHz [3].

The paper is organized in the following sections: in sec-
tion II, the details regarding the design of the single ele-
ment with two linear orthogonal polarizations is discussed;
sections III and IV present the design and construction of the
prototypes; the final remarks are presented in section V.

II. STRUCTURE OF THE SINGLE ELEMENT

Energy is an important issue when designing a satellite. For
this reason, optimum antenna operation is required. For the
proposed design, the microstrip antenna is fed by employing
aperture coupling. By doing so, the feeding lines can be easily
implemented in stripline technology, hence the pattern is not
disturbed by spurious radiation. Moreover, the use of this
technique results in circular polarization with high purity [9],
[10].

The proposed single element is composed of three dielectric
layers. Figure 1 shows the cross-sectional view of the designed
structure. The material used for the top and bottom layers is
R04003C with ¢,, = 3.49 and thickness of 1.524 mm. The
intermediate laminate is RO4360G2 with ¢, = 6.15 and
thickness of 0.610 mm. The prepeg Fast Rise 27 (FR27) was
used to glue the three layers. The electrical characteristics of
FR27 are: dielectric constant £, = 2.75 and thickness of
0.105 mm.

In a standard aperture-coupled microstrip antenna, the patch
length, feed line width and slot length are the physical pa-
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Fig. 1. Cross-sectional view of the designed antenna.

rameters for optimization in terms of frequency of operation
and impedance matching [5]. In the proposed design, a square
patch is used due to the need of circular polarization. The
coupling level is determined by the slot length: the larger
the slot, the stronger the coupling between the patch and
the feed line. However, increasing the slot length results in
power loss by excitation of surface waves [6], [11]. Therefore,
the slots used in this design are small (non-resonating) and
the impedance matching is ensured by employing the double-
stub technique [12]. The patch length is chosen so as to tune
the antenna to the maximum possible gain in the operating
frequency. Once the lengths for patch and slots have been
defined, impedance matching is achieved only by varying the
lengths of both stubs.

Circular polarization can be obtained exciting two orthog-
onal modes (I'M7, and T'M{ ) in the patch. These two
orthogonal modes are excited by using two slots and by
introducing a £90° phase shift between them, whereby the
+ sign governs whether the sense of rotation of the electric
field is to the right (right-hand circular polarization) or to the
left (left-hand circular polarization).

III. PRELIMINARY ANTENNA DESIGN

The antenna design procedure started with the impedance
matching for the antenna with two feeding lines. Since circular
polarization is required, Ports 1 and 2 were fed with signals
presenting 90° phase shift between them. This generates a
radiation pattern with RHCP as principal polarization. The
geometry of the element is shown in Figure 2. As commented
before, impedance matching is done mostly by adjusting the
lengths of the stubs. The distance between the slots and the
patch center governs the coupling between the two feeding
lines and has direct influence on the axial ratio (AR): the larger
the coupling, the poorer the axial ratio. After the optimization
process, the physical dimensions obtained are presented in
Table I.

The variation of impedance as a function of frequency in
the Smith Chart can be observed in Figure 3. The simulated
AR as a function of the frequency and as a function of the
elevation angle (6) is shown in Figures 4 and 5, respectively.
At 2.26 GHz, the axial ratio is below 1.2 dB in the boresight
direction. By considering values of AR below 3 dB, the field
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Fig. 2. Schematic top view of the designed antenna.
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TABLE I
DIMENSIONS OF THE DESIGNED ANTENNA.

| Parameter I Dimension (in mm)

Substrate size 80.80

Patch size 34.64

Distance between stubs (d) 10.66

Length stub 1 (I1) 11.20

Length stub 2 (l2) 6.60

Length slot 9.00

Width slot 1.80

Slot displacement from 9.40
the center of the patch ’

Width feeding stripline 0.66

of view with acceptable AR is 130° at the center operation
frequency.

Fig. 3. Input impedance as a function of frequency in the impedance Smith
chart.

In order to validate the design, a prototype was manu-
factured and a photo of it is presented in Figure 6. The
comparison between simulated and measured S-parameters is
shown in Figure 7. The parameters Sio and Ss; were the
same in both simulated and measured results; hence only Ss;
is plotted. High isolation between the ports was obtained.
Frequency shift of 14 MHz for the S7; parameter and 21 MHz
for S9o were verified.
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Fig. 4. Simulated axial ratio as a function of the frequency for the designed
antenna.
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Fig. 5. Simulated axial ratio as a function of the elevation angle for the
designed antenna.

To investigate this discrepancies, a parametric study of the
dielectric constant of the laminate RO4003C was done by
keeping the original antenna dimensions. In this new simu-
lation, the use of ¢, = 3.43 instead of 3.49 for the RO4003C
laminate resulted in good agreement with the measured curves.
The comparison between simulation results using €, = 3.43
and the experimental data is shown in Figure 8.

The radiation pattern measurements have been carried out
using a spherical near-field scanner (NFS), which calculates
the far fields from the sampled near field. For introducing a
90° phase shift between the input ports, an external 90°-hybrid
was connected to the antenna inputs. A photo showing the
measurement setup is presented in Figure 9. Figure 10 presents
the comparison between simulated and measured normalized
radiation patterns. The simulated maximum gain obtained
for this antenna is 6.01 dBi and the Half-Power Beamwidth
(HPBW) obtained is 84°. One can observe that very good
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Fig. 7. Comparison between simulated and measured S-parameters for the
designed antenna.

agreement for the principal polarization was obtained, and
high cross-polarization decoupling in the boresight, more than
25 dB, is verified.

IV. ANTENNA WITH AN INTEGRATED 90° HYBRID
COUPLER

The proposed antenna has two feeding points for exciting
two orthogonal modes. Also, a 90° phase shift between the
signals is necessary so that circularly polarized (CP) waves
can be transmitted. So, a design of the of 90° hybrid was
realized in stripline technology. After optimizations for the
90° phase difference at the outputs at the operation frequency,
the physical dimensions of the hybrid are listed in Table II
according to the convention sketched in Figure 11.

Thus, using the dimensions given in Tables I and II, simu-
lations with an integrated 90° hybrid were done. In this case,
the dielectric constant of the laminate RO4003C used was
€, = 3.43. The resulting geometry can be seen in Figure 11.

The simulated S-parameters with the frequency are pre-
sented in Figure 12. The simulated AR as a function of
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Fig. 8. Comparison between simulated (using €, = 3.43) and measured

S-parameters for the designed antenna.

(b)

Fig. 9. Prototype with an external 90° Hhybrid mounted in spherical near-
field scanner.
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Fig. 10. Comparison between simulated and measured radiation patterns.

TABLE 11
DIMENSIONS OF THE 90° HYBRID.

Parameter I Dimension (in mm) |
Too0 4.62
Waon 0.66

L35.350 14.54

Wss.350 1.30

the frequency and of the elevation angle (#) are shown in
Figures 13 and 14, respectively. It is observed that the AR is
below 3 dB for an angular region of approximately 130°. The
simulated gain pattern was plotted and is shown in Figure 15.
Large cross-polarization decoupling can be observed. The
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Fig. 11. Schematic top view of the designed antenna with an integrated 90°
Hybrid.

maximum gain obtained for this antenna was 5.97 dBi.
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Fig. 12. Variation of the S-parameters with the frequency for the antenna
with an integrated 90° Hybrid.

V. CONCLUSIONS

In this paper, the design of an RHCP microstrip antenna op-
erating in the S-band for nano-satellite has been described. The
design started with impedance matching between the patch
and two feeding lines. This model exhibits two orthogonal
linear polarizations and was manufactured and measured. The
simulated gain of the antenna operating at 2.26 GHz was
6.01 dBi. Although the measured S-parameters presented a
frequency deviation, which has been attributed to the dielectric
constant value used in the simulations, the measured gain
pattern showed good agreement with the simulations and large
cross-polarization decoupling was obtained. The second design
step was to develop and to integrate a 90° hybrid into the
antenna structure. In terms of axial ratio and gain, the results
obtained were similar to the linearly polarized geometry with
an external 90° hybrid. The next steps of this work are the
construction of a prototype with an integrated hybrid and the
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Fig. 13. Simulated axial ratio as a function of the frequency for the antenna
with an integrated 90° Hybrid.
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Fig. 14. Simulated axial ratio as a function of the elevation angle for the
antenna with an integrated 90° Hybrid.

study of the feasibility to compose an array with the proposed
antenna.
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