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Development of an UHF2× 2 Microstrip Antenna
Array for Nano-Satellites

Juner M. Vieira, Marcelo P. Magalhães, Marcos V. T. Heckler, João C. M. Mota and Antonio S. B. Sombra

Abstract—This paper presents the study of a microstrip an-
tenna to be installed onto meteorological nano-satellites. In order
to increase the effective ground plane so as to improve the front-
to-back ratio and the gain, metallic strips were attached tothe
antenna ground plane. The performance was evaluated using
different types and sizes of metallic strips. An improvement in the
front-to-back ratio whilst keeping good axial ratio perfor mance
was observed. For validations, a prototype was manufactured
and the measured results compared to the simulations.

Index Terms—Microstrip antenna, antenna array, meteorolog-
ical nano-satellite, circular polarization.

I. I NTRODUCTION

T HE CONASAT program was created by the National
Institute for Space Research (INPE) and aims at using

nano-satellites as a new solution for the Brazilian System
for Meteorological Data Acquisition (SBCD). The CONASAT
system provides a new and cost effective approach for environ-
mental monitoring. The nano-satellites will work as data relay
of meteorological informations collected by the data collecting
platforms (PCDs) installed in remote areas of Brazil, where
wireless communication is not possible. The size of these
nano-satellites is 8U , whereU is the standard cubesat di-
mension developed by the Space Flight Laboratory of Toronto
University (a cube with20 cm of edge size and a maximum
mass of10 kg)[2]. In order to increase the area for installing
the solar panels, the nano-satellite will be designed with four
articulated flaps. Since this system is planned to operate inthe
Low-Earth Orbit (LEO), the use of a constellation of nano-
satellites is needed to cover the whole Brazilian territoryand
to improve the revisiting time [3].

For aerospace applications, the microstrip antenna technol-
ogy has some advantages, such as light weight, compactness
and design flexibility [4]. In the literature, some techniques to
design microstrip antennas for nano-satellites can be found.
The authors of [5] suggest a microstrip antenna model that
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operates in S-band for applications such as telemetry and
high speed data transmission. In [6], the design of antennas
with triangular patches for hexagonal shaped nano-satellites is
described. In [7] and [8], an analysis of the radiation character-
istics of low-cost and circularly polarized microstrip antennas
is presented. Further geometries of microstrip antennas for
circular polarization are presented in [9]-[10].

The analysis of antenna arrays for nano-satellites using
Thermoset Microwave Materials (TMM) with different dielec-
tric constants has been reported in [11]. The proposed array
was designed to operate in receiving mode at401 MHz, which
is the operating frequency of the uplink channel of the SBCD.

Due to the small electrical dimensions of the nano-sat, in
comparison to the operating wavelength, the radiation pattern
presents low front-to-back ratio. This results in a reduction
of the antenna gain in the direction of interest. In order to
present a possible solution to compensate this limitation,this
paper presents the development of microstrip antennas with
extended effective ground plane. This feature is obtained by
attaching metallic rods or strips to the antenna. The array was
designed and analyzed through electromagnetic simulations in
the Ansys HFSS software [12]. The paper is divided in the
following sections: section II presents the design specifications
of the microstrip antenna, along with a discussion on its
geometry and its main characteristics. Section III describes the
antenna design without GND extensions. Section IV presents
the results after the inclusion of metallic rods or strips into the
antenna structure. Section V presents the simulations results
for the UHF array installed onto the nano-satellite. Finally,
section VI presents the final remarks.

II. D ESIGN SPECIFICATIONS

The operation scenario of the data acquisition system is
shown in Figure 1. The constellation of nano-satellites will
serve as a relay for meteorological data, which are collected
by the PCDs. The uplink is allocated at401 MHz and the
downlink in the S-band.

Due to the large wavelength, UHF antennas for nano-
satellites are implemented normally as monopoles. However,
they do exhibit low gain, hence decreasing the signal-to-noise
ratio at the receiver installed in the nano-satellite. In order to
increase the gain of the UHF antenna, a microstrip antenna
array has been designed and mounted onto the nano-satellite
structure.

The following specifications apply for the UHF antenna:
right-hand circular polarization with axial ratio lower than
6 dB, input impedance matched to 50Ω and bandwidth of
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Fig. 1. Scenario for the meteorological nano-satellite.

4 MHz [13]. The antenna dimensions must be smaller than
19 cm due to the satellite size of20x20x20 cm. Considering
the wavelength of operation, this represents a small electric
dimension, which implies that the main design challenge is
to obtain satisfactory performance with a small electrical
geometry. For this case, in order to reduce the patch, the
use of dielectric substrates with high dielectric constants is
recommended [14].

III. STANDARD ANTENNA DESIGN

Circular polarization can be obtained with the use of a
corners-truncated patch [4], [15]. In order to achieve the
desired bandwidth, the substrate used is thick and the antenna
is fed with a microstrip line with electromagnetic coupling.
The microwave laminate used is Taconic CER-10 [16], which
has dielectric constant ofεr = 10.2 and thickness of3.18 mm.
In order to obtain the desired bandwidth, one of such layer has
been employed between the feed line and the ground plane
(GND) and another layer of the same thickness layer between
the line and the patch. All the layers are glued with the prepeg
Fast Rise 27 (FR27) [17], which has dielectric constant of
εr = 2.61 and thickness of0.162 mm. The cross-sectional
view of the structure is sketched in Figure 2. As shown in
Figure 3, the design parameters for this antenna are the patch
width W , the width of the feed lineWZ0, the length of the
line below the patchL and the size of the truncationA.

Fig. 2. Cross-sectional view of the designed antenna.

After the optimization of axial ratio and impedance match-
ing, the following dimensions were obtained:W = 118.7 mm,
L = 55.9 mm, WZ0 = 0.35 cm and A = 7.063 mm.
The results for axial ratio and radiation pattern are shown in
Figures 4 and 5, respectively. The maximum gain obtained
for this antenna was of1.73 dBi and the front-to-back ratio
obtained was only3.82 dB.

Fig. 3. Schematic top view of the designed antenna.
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Fig. 4. Axial ratio as a function of the frequency for the standard antenna,
in θ = φ = 0 ◦.
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Fig. 5. Gain pattern for the standard antenna.

A. Validation of the antenna design

For validation of the simulations for the standard antenna,
a prototype was manufactured. A photo of the prototype is
shown in Figure 6.

For building the prototype, no special machine for gluing
the laminates was available. By the instrumentation used for
this procedure, the pressure has not been applied uniformly
onto the whole antenna surface. The consequence of this was
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Fig. 6. Top view of the the prototype standard antenna.

that the prepeg did not glued completely both laminates, so
that an air layer remained inside the structure. This is clearly
shown in Figure 7. This makes the effective dielectric constant
to deviate from the nominal value, hence shifting the operating
frequency of the prototype. Thus, a new simulation included
an air layer with thickness of0.045 mm was performed. The
comparison between measured and computedS11 is shown in
Figure 8. As it can be observed, the simulation result including
an air layer reproduces well the measured curve.

Fig. 7. Cross-sectional view of the prototype standard antenna.

IV. A NTENNA DESIGN WITH EXTENDED GROUND PLANE

The previous section presented results for a standard circu-
larly polarized microstrip antenna. Due to the size of the nano-
satellite, the antenna GND has been chosen to be19× 19 cm.
Since this is much smaller than the operating wavelength in
free space, the gain pattern shown in Figure 5 exhibits large
back radiation. Due to this characteristic, the antenna gain
is much lower than it is normally expected for a standard
microstrip antenna, since large amount of power in comparison
to the power level emitted in the antenna boresight is radiated
backwards. The only way to minimize this problem is to
increase the ground plane size. However, this makes the
antenna larger than the specified maximum dimensions and
heavier than it is normally desired for nano-satellites.

One way to minimize the back radiation is to implement
an extended GND by the use of metallic rods, which should
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Fig. 8. Comparison between measured and computed results.

be opened after the nano-satellite is launched. Three types
of metallic structures have been considered: cylindrical rods,
metallic strips and a metallic fence.

A. Extended GND with Cylindrical Rods

Initial simulations were performed considering that tele-
scopic metallic rods could be used to implement the extended
GND. This topology is sketched in Figure 9, where the rods
have been attached to each GND edge. In order to assess the
number and length of the rods that should be used to obtain
acceptable results, the following cases have been simulated: 2
or 4 rods attached to each GND edge with lengths of4 cm,
6 cm and8 cm. The rods have been considered to be1.5 mm
radius.

Fig. 9. Designed antenna with cylindrical rods.

The presence of the metallic rods shifted the operating
frequency of the antenna. After the redesign, the following
dimensions were obtained:W = 118.91 mm,L = 56.15 mm,
WZ0 = 0.35 cm andA = 8.74 mm. reflection coefficient and
axial ratio were plotted and are shown in Figures 10 and 11.
Also, the gain patterns were computed and the best results are
shown in Figures 12 and 13 for two and four rods at each edge
of the GND, respectively. The gain achieved for each case is
presented in Table I. The best performance in terms of gain
has been obtained with four8-cm long rods attached to each
GND edge.
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Fig. 10. Reflection coefficient as a function of the frequencyfor all cases
employing cylindrical rods.

395 396 397 398 399 400 401 402 403 404 405
0

3

6

9

12

15

18

21

24

A
xi

al
 R

at
io

 (d
B

)

Frequency (MHz)

 2 rods (4 cm)
 2 rods (6 cm)
 2 rods (8 cm)
 4 rods (4 cm)
 4 rods (6 cm)
 4 rods (8 cm)

Fig. 11. Axial ratio as a function of the frequency for all cases employing
cylindrical rods.
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Fig. 12. Gain pattern for the antenna with two8-cm cylindrical rods attached
to each GND edge.

B. Extended GND with Metallic Strips

Metallic cylindrical rods can be used only if a telescopic
structure, similar to an FM antenna of a portable radio, is
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Fig. 13. Gain pattern for the antenna with four8-cm cylindrical rods attached
to each GND edge.

TABLE I
MAXIMUM GAIN FOR DIFFERENT LENGTHS AND NUMBERS OF

CYLINDRICAL RODS.

Length
Number

2 Rods 4 Rods

4 cm 2.58 dBi 2.92 dBi

6 cm 3.05 dBi 3.33 dBi

8 cm 3.15 dBi 3.29 dBi

used. This demands the use of machines to open the rods. If we
consider 4 rods for each of the 4 antenna edges, a total of 16
such machines will be needed. This becomes a bulky structure
that is supposed to be used only in the first minutes after the
satellite is launched. Moreover, it results in an increase of the
total weight of the nano-satellite, which is, along with theother
disadvantages, unacceptable.

An alternative approach is to replace the cylindrical rods
by flexible metallic strips, similar to metallic measuring tape.
In this case, the strips can be folded into the satellite before
launching, and are automatically opened when the antenna is
deployed, hence saving space and weight.

The extended GND with metallic strips is sketched in
Figure 14. The strips have been considered to be1.3 cm wide.
Also for this case, two and four strips were attached to each
side of the GND and their length was varied for4 cm, 6 cm
and8 cm. After a new optimization of the antenna dimensions
and the attachment of the strips, the following dimensions were
obtained:W = 118.77 mm, L = 55.9 mm, WZ0 = 0.35 cm
and A = 8.53 mm. The resulting reflection coefficient and
axial ratio are shown in Figures 15 and 16. The gain patterns
for the best cases are shown in Figures 17 and 18 for two and
four strips attached to each side of the antenna, respectively.
The maximum gains for each case are presented in Table II.
The best performance in terms of gain has been obtained for
8-cm long strips and resulted in3.32 dBi.
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Fig. 14. Designed antenna with metallic strips.
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Fig. 15. Reflection coefficient as a function of the frequencyfor all cases of
the metallic strips.
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Fig. 16. Axial ratio as a function of the frequency for all cases of the metallic
strips.

C. Extended GND with a Metallic Fence

The study of metallic strips to increase the effective ground
plane was presented in the previous subsection, showing a
better performance than compared with the standard model
of microstrip antennas (without strips). In order to improve
the antenna array performance, two new antenna models
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Fig. 17. Gain for the antenna with two metallic strips and length of 8 cm.
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Fig. 18. Gain for the antenna with four metallic strips and length of 8 cm.

TABLE II
MAXIMUM GAIN FOR DIFFERENT LENGTHS AND NUMBERS OF STRIPS.

Length
Number

2 Strips 4 Strips

4 cm 2.64 dBi 3.12 dBi

6 cm 2.97 dBi 3.29 dBi

8 cm 3.18 dBi 3.32 dBi

using a metallic fence composed of crossed metallic strips
were designed. Figure 19 shows the structure adopted for the
metallic fence. For this approach, two different sizesLfence

were considered:8 cm and10 cm.
Some additional simulations were done to optimize the

antenna performance after the fence was attached to the GND.
The following dimensions were obtained:W = 119.26 mm,
L = 55.9 mm,WZ0 = 0.35 cm andA = 8.5 mm The resulting
reflection coefficient and axial ratio are presented in Figures 20
and 21, respectively.
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Fig. 19. Antenna structure using metallic fence.
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Fig. 20. Reflection coefficient as a function of the frequencyfor the metallic
fence model.
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Fig. 21. Axial ratio as a function of the frequency for the metallic fence
model, forθ = φ = 0 ◦.

The radiation pattern for the antennas considering the metal-
lic fence with8 cm and10 cm are shown in Figures 22 and
23. The maximum gain forLfence = 8 cm was4.63 dBi and
for Lfence = 10 cm was4.79 dBi. As it can be observed, the
maximum gain for these models increased when compared to
the topologies presented previously. The front-to-back ratio
values forLfence = 8 cm and 10 cm were 8.32 dB and
10.03 dB, respectively.
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Fig. 22. Gain for the antenna with metallic fence with lengthof 8 cm.
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Fig. 23. Gain for the antenna with metallic fence with lengthof 10 cm.

V. A NTENNA ARRAY DESIGN WITH EXTENDED GND
USING METALLIC FENCE

In section IV, three single antenna models considering a
ground plane extension have been designed and described.
The best performance was obtained considering extensions
with metallic fences. In order to increase the gain of the
uplink antenna, an array composed of four antennas can be
employed. The structure of the array installed onto the nano-
satellite is shown in Figure 24. In this geometry, the antennas
are spatially rotated by90 ◦ from each other. In order to
generate circular polarization, the patches must be excited
with 90 ◦ progressive phase shift [15]. Otherwise, the radiated
field would be cancelled out in the boresight. Considering this
procedure, the resulting radiation pattern for the model with
Lfence = 8 cm is shown in Figure 25.

To investigate the antenna performance under the influence
of the fence size, a simulation forLfence = 10 cm was also
carried out. The resulting gain pattern is shown in Figure 26.

The results of active reflection coefficient and axial ratio for
both investigated values ofLfence are presented in Figures 27
and 28, respectively. The gain using metallic fence with8 cm
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Fig. 24. Antenna array with metallic fences installed onto the nano-satellite.
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Fig. 25. Gain pattern for the antenna array with metallic fences and length
of 8 cm.
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Fig. 26. Gain for the antenna array with metallic fences withlength of10 cm.

was of 5.83 dBi and for 10 cm was of 8.46 dBi. As it
can be observed, an increase of2.6 dBi was obtained. This
improvement can be better seen when both traces are in the
same plot, as shown in Figure 29.
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Fig. 27. Active reflection coefficient as a function of the frequency for the
antenna array with metallic fence model.
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Fig. 28. Axial ratio as a function of the frequency for the antenna array with
metallic fence model.
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Fig. 29. Gain for the antenna array with metallic fences considering
Lfence = 8 cm andLfence = 10 cm.

VI. CONCLUSION

This paper presented the design of circularly polarized
microstrip antennas for meteorological nano-satellites.The
main goal was to increase the gain in the boresight by
increasing the front-to-back ratio. This has been achievedby
extending the ground plane using metallic cylindrical rodsor
strips. The front-to-back ratio and the gain of the standard
antenna operating at401 MHz and with GND dimensions of
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19×19 cm was3.82 dB and1.73 dBi, respectively. By adding
metallic fences to each antenna edge, these parameters have
been increased respectively to10.04 dB and4.79 dBi. This
represents a great improvement in the antenna performance
with little increase in the antenna volume and weight. All the
requirements in terms of bandwidth, polarization and axial
ratio have been fulfilled. Finally, it has been demonstrated
that the GND extension technique can be used to compose an
antenna array onto the nano-sat, whereby a gain of8.32 dBi
has been achieved.
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[1] J. M. Vieira, M. P. Magalhães, M. V. T. Heckler, J. C. M. Mota and
A. S. B. Sombra, “Microstrip Antenna with Extended Ground Plane for
Meteorological Nano-Satellites,” inXXXIII Brazilian Telecommun. Symp.
(SBrT’15), Juiz de Fora, MG, Brazil. Set. 2015, pp. 477–481.

[2] J. S. S. Lima, L. S. Jotha, R. B. Biondi.“Constelação de
Nano Satélites para Coleta de Dados Ambientais: Documentode
Descrição da Missão.”. Centro Regional do Nordeste - Instituto Na-
cional de Pesquisas Espaciais (CRN/INPE), Natal-RN, 2011.URL:
http://www.crn2.inpe.br/conasat1/docprojeto.php

[3] M. J. M. de Carvalho, J. S. dos Santos Lima, L. dos Santos Jotha and P.
S. de Aquino “CONASAT-Constelação de Nano Satélites para Coleta de
Dados Ambientais.”XVI Simpósio Brasileiro de Sensoriamento Remoto
- SBSR, INPE, 13-18 April 2013.

[4] C. A. Balanis,Antenna theory: analysis and design. John Wiley and Sons,
2012.

[5] S. T. Imeci, Z. Apaydin, E. Demircioglu and M. H. Sazli, “S-band
TCR patch antenna design for nano satellites.”Signal Processing and
Communications Applications Conference (SIU), 2010 IEEE 18th, vol.,
no., pp.657-660, 22-24 April 2010. DOI: 10.1109/SIU.2010.5648884.

[6] W. N. Saputra, B. Prasetya and Y. Wahyu, “Design and realization of
two array triangle patch of microstrip antenna with gold plat at frequency
2400–2450 MHz for hexagonal nanosatellite.”Information and Communi-
cation Technology (ICoICT), 2013 International Conference of, vol., no.,
pp.322-327, 20-22 March 2013. DOI: 10.1109/ICoICT.2013.6574594.

[7] D. C. Nascimento, E. F. Rodrigues, D.C.M. Maciel and J.C.da S. Lacava,
“Análise das caracterı́sticas de irradiação de antenasde microfita quase
quadrada e de canto truncado.”XI Encontro de Iniciação Cientı́fica e
Pós-Graduação do ITA - ENCITA, 03-06 October 2005.

[8] D. C. Nascimento and JC da S. Lacava. “Projeto de Antenas de Microfita
de Baixo Custo Circularmente Polarizadas.”VII Conferencia Iberoamer-
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