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New Concept of Telemetry-Band Circularly
Polarized Antenna Payload for CubeSat

Jamil Fouany, Marc Thevenot, Eric Arna Francgois Torre Cyrille Menudier, Thierry Monedier
and Kevin Elis.

Abstract— This article presents a new concept of compact
circularly polarized X-Band [8-8.4GHz] antenna for the 3U-
CubeSat platforms. Despite the integration constraits on the top
face of the CubeSat, the design aims at an isoflwadiation
pattern. This antenna associates a driving patch daenna and
twelve parasitic crossed dipoles, both to minimizéhe axial ratio
in the opening angle@=+65° and to shape the radiation pattern.
The patch excitation is carried out by a compact spiential-phase
feed microstrip circuit. This antenna is manufactued and
measured.

Index Terms— nano-satellite, circularly polarized X-band
antenna, isoflux, parasitic dipoles, sequential-ptee feed circuit.

I. INTRODUCTION

antenna for sat-to-sat or sat-to-earth communiegtidout
VHF links have moderate capability (low data rateg to the
narrow bandwidth. To enhance the data rate comratioit
for future missions, it appears useful to invesghigher
frequencies offering larger bandwidths.

Our work focuses on the X band to establish a Hagh rate
downlink with Earth. For this purpose, a high-ghase station
beam-steering antenna should be used for the LE®sah
tracking. Therefore, an antenna payload having deally
isoflux radiation pattern will offer the longer ibdity time
from the base station. In the context of the Cubdfia EIRP
is limited by the low available RF power (< 2Wath U
CubeSat platforms) and the large radiation coveragaired
by this future mission (isoflux antenna). For thémson, the
antenna must offer both good radiation efficienagl good

THIS paper aims to propose a solution for a circula1rl§'rcUIar polarization over all directions.

polarized X-band antenna with a radiation pattericlase

as possible to an isoflux coverage. The complexitthe
challenge is to integrate the antenna on the ugpee
(10cm*10cm) of a “3U” CubeSat platform. This stubtigs
been carried out within the framework of a CNESe(ih
space agency) Research and Technology (R&T) pragrai
development led to a prototype, thus achieving ehiielogy
Readiness Level (TRL) of 3.

The particularity of the CubeSats is the shape siaé
standardization that make them today the most pomfl all
nanosats [1]. These platforms are composed of ek st&
elementary volumes (10cm*10cm*10cm), named “1U"3W
CubeSat looks like a parallelepiped of 10cm*10cntr80
which allows it to be launched with a P-Pod deptdié. The
CubeSats and their payloads benefit of low cost simoit
development, making them very attractive as teagyoltest
and demonstration platforms in order to limit risksfuture
missions. These platforms mainly interest the acacke
(training), the industry (Technical demonstratiomda
technology) and the government space agencies.idgtiphs
of Nanosats include high data rate telemetry, olagien,
scientific payloads, high-resolution still imagingiaritime
applications such as ship tracking [2]... Most of sthe
missions require an on-board VHF or S-band quadrdpic
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The antenna proposed in this paper is desigmedet
integrated on the 10cm*10cm square face of 3U Cabd3e
antenna is compact and thin enough to be compaiiitkeP-

Pod launcher. The French space agency (CNES) mdvid

specifications presented in table I.

TABLE |
ANTENNA SPECIFICATIONS

Parameters Specifications

Frequency Band (GHz) X-band [8.0 - 8.4 GHZ]

Return Loss (dB) <-20dB
Polarization RHCP
Limit of Coverage 0=65°
Minimum Gain 0 dBi

Radiation Pattern
Axial Ratio (dB)
Antenna Dimensions

Isoflux (if possible)

< 3dBin the opening angl6=+65°
Footprint= 9cm*9cm

Thickness < 9mm outside the Satellite

Admissible RF Power 2Watt

A recent paper about the antenna developments
CubeSats [3] shows that most of antennas are dasbifpr
VHF or S bands, and only a few antenna conceptsteeded
for X band. Among these developments, a directiatchp
antenna array is proposed in [4], a reflectarray5ihand a
large deployable antenna for SAR systems in [6]. tAése
antennas are high-gain ones and cannot meet
specifications. In the context of our project, timberesting
new developments for CubeSat have explored a mitiad
helix [7] and an EBG Matrix antenna [8] to radiéite isoflux
diagram, and our work proposes an alternative teseh
designs.

for

our
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The main challenge of this project is to integratéigh
quality circularly polarized isoflux X-band antenoa top of
the 10cm*10cm square earth-face of 3U CubeSatahtenna
families known to meet these requirements are tteeldfilar

resonances (the ground plane which is set belowupper
face of the nanosat forms an open cylindrical gaviThe
antenna assembly thickness is 15mm and only 7.5rueed
the upper face of the platform. The radiation penfances

helix antenna [9] and the choke horn antenna [10%imulated in [14] are recalled: for theta varyimgni 0° to

Unfortunately, the former is more than one wavellerggh
[11], and the aperture diameter of the latter @aggr than ten
wavelengths, which is incompatible with our intdgma
requirements. Two other original solutions ableproduce
isoflux radiation patterns have been studied in lifegature:
one uses metasurfaces [12] and the other is aaslatg fed by
the radial mode of a planar waveguide [13]. Agdioth
solutions are too large for CubeSats.

This letter presents the complete design, reatimaand
measurements of a new antenna which uses parasitieents
for complying with the radiation specifications artte
integration requirements.

Il. SUMMARY OF THE ANTENNA PREVIOUSDESIGN

This work refers to the previous general design we v

published in [14]. We give readers a brief remindérthe
antenna conception and
properties. The principle of this antenna is tooasge a
sequential rotation phase shift driving a patcteana with a
set of parasitic crossed dipoles. These dipolesuaesl for
maximizing the gain and the axial ratio in the dpgnangle
+65° [14]. The antenna architecture shown in Figwds

optimized to comply with an integration footprint ¢op the
10cm x 10cm upper face of the 3U CubeSats. It impmsed
of a circularly polarized patch antenna conneabea tompact
sequential-phase feed microstrip circuit. This wirés made
up of one oversized 180° hybrid ring coupler ana 90°

hybrid couplers, which are folded to fit inside th80° ring

coupler. The patch and the circuit are printedvon stacked
RO4003c substrates, creating a buried ground phetween
the patch and the couplers’ board. The patch aatdsn
connected to the couplers through four via holessing the
buried ground plane. The resulting microstrip adsgnis

placed on a metal cylinder (13mm high and 33mm i

diameter), which is surrounded by twelve parasitiossed
dipoles placed on a 45mm—diameter circle, printadboth

sides of a second RO4003c 1.524mm-thick substrat

Interactions with the set of crossed dipoles wepénazed
using the method published in [15] and [16] whicks tbeen
improved to deal with circular polarization. Thethmed solves
reactive loads that must be connected to the dgolerder to
meet the radiation objectives (both diagram shapamgl
polarization). For right-handed circular polaripatj the
optimization leads to reactive functions differefar the
dipoles printed on the upper face and the ones@back face
(crossed dipoles). These reactive functions caen@ated by
adjusting the lengths and the gaps of the dipdiegrefore,
the six dipoles that are printed on the upper fatehe
substrate are 0.8mm wide, 11.7mm long, with a 0.5gam.
The other six dipoles printed on the back are stiottiited
(gap=0), they are 12.3mm long and 0.8mm wide. $kiond
substrate (printed parasitic dipoles) lies 1.5mmval®.5mm-

deepconcentric corrugation@=ig. 1). These corrugations both

weaken the surface currents and forbid the possiblaty

the simulated electromagneti

+60° the radiation pattern is not isoflux but trengis always
greater than 0.4dBi; on the other hand the axitb rstays
below 2.5dB whatever the radiation direction. Teiim loss
simulated with numerical waveguide ports used atcimea
terminations is lower than -19dB. This antenna iprelary
design fulfills the needs over the entire frequelnagdwidth.

Fig. 2 illustrates the contribution of the parasdipoles to
the radiation optimization: the dipoles increase tain by
more than 1dB at theta 60° and the axial ratieduced over
a wide aperture angle.

‘ 33mm /

Patch antenna

Parasitic dipbles
(RO4003)

A b}

. 7,5mm

.IE]ig. 1. Antenna design with parasitic crossed dipoles

Realized Gain (RHCP) and Axial Ratio - @=20° - 8.2GHz

9

—~ . : : : 6
L2 —e— Gain with parasitic dipoles

e@ = Gain without parasitic dipoles||s
o —S-AR w?th parasitic.d.ipo!es o
O ~ == AR without parasitic dipoles 14T,
I i | | 7 o
x | | A= Ner” | k=1
k= T 7 T T 3&
8 I V4 I I I =

- -t @R e L - — 2. ©
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Fig. 2. Demonstration of the parasitic dipoles effectdt@nradiation pattern
and axial ratio (simulations) — plage20° - freq=8.2GHz

The design method used for the antenna conceptam w
presented in [14], and will not be recalled herewidver the
circuit is now completed by realistic termination$he
numerical waveguide ports used for the simulatioe a
changed into lumped %D resistors and a coaxial cable is

DESIGNFINALIZATION
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connected at the input of the circuit. Two différeoplanar-
to-microstrip transitions are optimized to receithe 5@

0402-SMD resistors [17] and the “UT-047" semi-rigidaxial
cable (1.19mm in diameter). The circuit drawingdliling the
coaxial cable and the SMD resistors is presentdeign3. A
simulation of this whole circuit confirmed the pamhances
simulated without the physical terminations (in J)J14The

magnitude balance is less than 0.2dB between tinepfatch
feeding probes and the maximum phase error betwwen
adjacent feeding probes (via holes 0.5mm in diaphdte
about 2° over the frequency bandwidth.

The return loss of the antenna is shown in Fig/Vé. can
see that the return loss of circuit alone [14] kpourve) is
slightly degraded by the coaxial transition (blackve). The
return loss of the whole circuit with the SMD résis and the
coaxial cable is higher than -13dB over [8 — 8.4GWwbAereas

The circuit losses are analyzed in Fig. 5. The uirc
dielectric losses are around 0.3dB (dissipated pdwdess
than -11dB). By design, powers reflected by theclpadre
dissipated in the %0 resistors, and the total lost power is
lower than -10dB (-9dB at 8.4GHz). Finally, we exatke the
total efficiency of the simulated sequential-phafeed
microstrip circuit to be around -1dB.

IV. REALIZATION AND MEASUREMENTS

The different parts of the antenna have been maturtzd
and put together. The patch antenna and the séaluehése
feed circuit are printed on two RO4003c substrétes3.55,
tgdo=2.7E-3). The 1.524mm-thick patch substrate is ketdc
with the 0.406mm-thick feeding circuit. Connectidretween
circuit and patch are four 0.5mm metallized viadsolThe
upper and lower sides of this circularly polariziiving patch

it was -19dB for the circuit terminated by numeficaantenna are shown in Fig. 6 (right). Fig. 7 progoseriew of

waveguide ports (from [14]). The patch active retloss
(sequential-phase feed) reaches -11dB at 8GHz 2aid at

the coaxial cable connecting the circuit and theDSidsistors
[17] that are soldered on the optimized terminaiomhe

8.4GHz (Fig. 4), these values will degrade the ramde parasitic crossed dipoles are printed on both sifi@ssecond
1.524mm thick RO4003c substrate (Fig. 6, left). Foe
measurements, the assembled antenna is finallysen a
3U-CubeSat platform (Fig. 8).

radiation efficiency.

Fig. 3. The sequential-phase feed circuit with th€38MD resistors and the

coaxial connector.

Return loss

**********

_| ===patch(simultaneous sequentiel-phasefed) | 1 _ |
_| —v—circuit alone(waveguide numerical ports )
—— circuit alone(realistic terminations ) |

&
T
|
|

10—~ 1
F~._ | —final antenna design
12F == A !

Fig. 4. Return loss at different steps in the antenna desighulations)

Powers and losses in the circuit

e e e e e e e e e e

=== Power accepted by the patch antenna

= Power dissipated in the dielectrics (tg5=2.7E-3) | |
b~ =~ Power dissipated in the 50Q resistors
8- - - -1 —— Power reflected in the input of circuit (S

w T !

Fig. 5. Power and losses in the circuit (simulation)

Fig. 6. Parasitic dipoles are printed on both sides of RiB4Gubstrate (left)
- The patch antenna is printed on the 2 layersnalsg and the sequential-
phase feed circuit is printed backside (right)

Fig. 8. The manufactured antenna is integrated on to3af platform
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The measured realized gain is plotted at 8.2GHzpff)>  difference is explained by a possible mismatchietyvieen the
and @=45°, and these plots are compared with simulatio®atch and the circuit. In such a case the reflepder is
(Fig. 9 and Fig. 10). The gain is -0.4dBi@at 60°, which is dissipated in the 3D resistors.
0.8dB lower than the simulation and indicates highsses in Axial Ratio - @=45°

PCBs. The cross-polarization discrimination is tgeahan iy ittt ettt
15dB for © varying between -60° and +60°. The measured T x oz messenent -
axial ratio (plotted in Fig. 11 and Fig. 12) medtse | ——t=8.2GHz measurement |
specifications (<3dB) from 8 to 8.4GHz and agreéth whe Atgjg:z ;i::;i‘::gent
simulation. Due to the symmetries in the antenna design, theS gl -~ | O =84 GHz simulation

radiation patterns are assumed to remain unchafayedny

cutting plane over the entire frequency bamdis expected

omni-directivity is assessed in Fig. 13: the gaid axial ratio

plotted in azimuth planes at three elevation an@e80°, 50°

and 60°) confirm the omnidirectionality of the méaxiured 8 (zenith angle)
antenna. Fig. 12.Measured and simulated axial ratio — plgrd5°
PO ,Be,al,l,z,eci ?Eﬂn, - f(l - 82CHz Gain and Axial Ratio at different elevation angles - 8.2GHz
| | | =+='LHCP measurement ~6 T T T T T T T T T T T 6
! I et e A —— LHCP simulation % : : : : : : : : ‘ : :
0”"”"”’: ””””””” =*='RHCP measurement CE o VADO A T ””HBA
e - —RHCP simulation 5 o | ®CanE=30)|°T"¥ | || |-O-AR ©=30| |8
[ T z -®-Gain(®=50)| | | 1 1 . |-O-AR(6=50) S
Sl oA N S gmemnesel o i EaREe) g
[ ']
-16 o 8
20 3 %
) N <
-24 < el
2 134 il H Q
%850 150 120 90 60 -30 O 30 60 90 120 150 180 o

1 | | T |
O0 30 60 90 120 150 180 210 240 270 300 330 36%

¢°(azimuth angle)

6° (zenith angle)

Fig. 9. Measured and simulated realized gain — ptp( Fig. 13.Measured gain and axial ratio at 3 elevation angles

Realized Gain - @=45° - 8.2GHz

S T S Sy i petes LHCP measurement - 100
7| O s neasur ——measured retum loss .
‘ ‘ ‘ —LHCP simulation -©-simulated radiation efficiency X
o=~ ~77~~ Y =*=RHCP measurement & ~ | " measured radiation efficiency {90 3
e i 1= = RHCP simulation ) 8

|
o BT T o A 3
a o b=
Sar--F-- - - = 5
-6 — =] | g
20§ & } ._gﬁ
24N L FT TN ety ) | | I ]
) \ 1§ : H H | | | o
g0 150 -120 90 60 30 O 30 60 90 120 150 180 15 a1 a2 a3 5.0
6°(zenith angle) ’ freinHz A
Fig. 10.Measured and simulated realized gain — ptprds Fig. 14. Measured return loss and radiation efficiency

Axial Ratio - 0°
¥ S V. CONCLUSION

— — 4——f=8.0 GHz measurement - - - — — — | . . .
777777 X 180 GHz simuaion | _ _1_ _ & This paper demonstrates the performances of amatij-
__ |—rt=82GHzmeasurement | | [ band circularly polarized antenna developed foegration on
‘ ———Aifiiiﬁiill‘a“éi?;’;em I the top face of a 3U-CubeSat. The antenna is 15thick
G O r=8a4Ghzsimuaion |~ —+ AN with only 7.5mm outside the satellite. The exaabflisc

radiation objective could not be achieved due t fitatform
size yet the maximum gain is at theta 30° andsitihes 0dB at
60°. The minimization of the axial ratio in the op®g angle

AN
15 0 +65° was carried out by introducing parasitic crdsdpoles.
8" (zenith angle) The measured radiation efficiency is about 70%. thié
Fig. 11.Measured and simulated axial ratio — plgre° measurements agree with the simulations excephéoreturn

loss, which suffer from a defective connector. Triesv design
The measured antenna return loss (Fig. 14) is Idh@n s a laboratory prototype, and can still be upgdade more
-10dB. The antenna is well matched even if thera @mall efficient connector and a wider bandwidth patch Mou
difference between measurement and simulation (B)g. improve the antenna efficiency.
which can be explained by the coaxial cable tramsit
assembly. From Fig. 14, the measured radiatiowieffcy is ~ The authors would like to thank the French Spacenky
about 70% whereas the simulated one is over 80%s THCNES) which funded this study.



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATIONNUMBER (DOUBLE-CLICK HERE TO EDIT) < 5

REFERENCES

[1] ARC Mission Design Division Staff, “Small spacecrafchnology state
of the art,” NASA Ames Research Center, Moffet &elA, Tech. Rep.
NASA/TP-2014-216648/REV1, 2014.

[2] Rainee N. Simons, “Applications of Nano-Satellitesmd Cube-
Satellites,” Microwave Symposium (IMS), 2015 IEEE TMS
International, Phoenix, AZ, USA, July 2015

[3] Yahya Rahmat-Samii, Vignesh Manohar, and Joshu&d#itz, “For
Satellites, Think Small, Dream BigJEEE Antennas & Propagation
Magazine, Volume: 59, Issue: 2, April 2017.

[4] Thomas J. Mizuno, Justin D. Roque, Blaine T. MunakaLance K.
Yoneshige, Grant S. Shiroma, Ryan Y. Miyamoto, aNidyne A.
Shiroma, “Antennas for Distributed Nanosatellite,Wireless
Communications and Applied Computational Electronsigs,
IEEE/ACES, International Conference on 3-7 ApriD3QUSA

[5] Richard E. Hodges, Daniel J Hoppe, Matthew J RadwWacer E.
Chahat, “Novel Deployable Reflectarray Antennas f@ubeSat
Communications,” Microwave Symposium (IMS), 201FEE MTT-S
International, Phoenix, AZ, USA, July 2015

[6] Prilando Rizki Akbar, Hirobumi Saito Miao Zang, diHirokawa,
Makoto Ando, “X-Band Parallel-Plate Slot Array Antea for SAR
Sensor onboard 100 kg Small Satellite,” Antennas Rropagation &
USNC/URSI National Radio Science Meeting, 2015 IBEtErnational
Symposium on 19-24 July 2015 Vancouver, BC, Canada

[7] J Rodrigo Manrique, Gwenn Le Fur, Nicolas Adnet; Duchesne, Jean
Marc Baracco, Kevin Elis, “Telemetry X-band AntenRayload for
Nano-satellites,” Antennas and Propagation (EUCAP)L7 11th
European Conference on 19-24 March 2017, Pariséran

[8] Ali Siblini , Hussein Abou Taam , Bernard Jecko, Mmed Rammal,
Anthony Bellion, “New Agile EBG Matrix Antenna forSpace
Applications,” Microwave Conference (EuMC), 2016 European, 4-
6 Oct. 2016, london

[9] Dante Colantonio, Claus Rosito, A Spaceborne, ‘feley Loaded
Bifilar Helical Antenna for LEO Satellites,” Antean Group -
Technology Transfer Division. Villa Elisa, Buenosirds, 1894,
Argentina.

[10] Ravanelli R., lannicelli C., Baldecchi N., Franahim, “Multi-objective
optimization of an isoflux antenna for LEO satellilown-handling
link,” Microwave Radar and Wireless Communications (MIKON), 2010
18th International Conference on, vol., no., pg,114-16 June 2010.

[11] C. Kilgus Johns Hopkins, “Shaped-Conical RadiatidPattern
Performance of the Backfire Quadrifilar HeliXEEE Transactions on
Antennas and Propagation, Volume: 23, Issue: 3, May 1975

[12] Gabriele Minatti, Stefano Maci, Fellow, Paolo DetaiAngelo Freni
and Marco Sabbadini, “A Circularly-Polarized lsoflAntenna Based
on Anisotropic Metasurface,IEEE Transactions on Antenna and
Propagation, VOL. 60, NO. 11, November 2012.

[13] Matteo Albani, Agnese Mazzinghi, and Angelo Frefutomatic
Design of CP-RLSA approachJEEE Transactions on Antenna and
Propagation, VOL. 60, NO. 12, December 2012.

[14] J.Fouany, M.Thevenot , E. Arnaud, F.Torres , T.Mbee, N.Adnet, R.
Manrique, L. Duchesne, J.M. Baracco K. Elis, “Cilaly polarized
isoflux compact X band antenna for nano-satelteglications,” Radar
Conference (EuRAD), 2015 European 9-11 Sept. 2Pa#s, France.

[15] M. Thevenot, C. Menudier, A. El Sayed Ahmad, G.ZaEl Nashef, F.
Fezai, Y. Abdallah, E. Arnaud, F. Torres, and T.nddiere, “Synthesis
of Antenna Arrays and Parasitic Antenna Arrays withutual
Couplings,”Int. J. Antennas Propag., vol. 2012, Article ID 309728.

[16] Faycel.Fezai, Cyrille.Menudier, Marc Thevenot ardefry. Monédiere,
“Systematic Design of Parasitic Element Antennagliéption to a
WLAN Yagi Design,” |IEEE Antennas And Wirless Propag Letters,
VOL. 12, 2013.

[17] http://www.atceramics.com/UserFiles/504L_ubr_resigdf



