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Compact Isoflux Xband Payload Telemetry
Antenna with Simultaneous Dual Circular
Polarization for LEO Satellite Applications

E. ARNAUD, J. DUGENET, K. ELIS, A. GIRARDOT, D. GBIARD, C. MENUDIER,
T. MONEDIERE, F. ROZIERE, M. THEVENOT

Abstract— This paper describes a compact isoflux Xand
payload telemetry and data handling antenna with snultaneous
dual circular polarization for Low Earth Orbits (LE O) satellite
applications. The main objective of this antenna isto use
polarization diversity to improve the efficiency of the payload
telemetry link. Some solutions have already been pposed to that
end, but the studied antenna combines both good eteomagnetic
performances and compactness. This high power capdity
waveguide antenna presents an axial ratio (AR) lowehan 2.5 dB
over the 8.025-8.4 GHz frequency band at the limif coverage, i.e.
65°, for any azimuth angle (). It has been designed, realized and
successfully measured.

Index Terms— Compact isoflux antenna, simultaneous dual
circular polarization, high power capability

. INTRODUCTION

candidates to meet demands for either circularrizalgon,
isoflux pattern or both criteria. The first onetli® quadrifilar
helix [1]-[2] which is capable of having an edge of coverage
(EOC) angle up to 70° but it often requires a cdersible height
and a complicated feeding system. The other mest astenna

is the choke horn. This one has been employed famgtime

for satellite communications. This kind of anterwmas firstly
used to feed a parabolic antenna with a focal ketgtiameter
ratio (F/D) lower than 0.3 [3]. Geyer [4] and La@eo[5]
introduced a corrugated flange on the circular \gaicke
aperture in 1966. Wohlleben [6] and Shafai [7] have
respectively improved in 1972 and 1977 this methaatder to
increase the radiating aperture angle. Brachat sgiae
approximate synthesis design process for this &ingntenna

in 1994 [8]. He shows the need to reduce the augdiof the
feed aperture field at the center. Jeon and Kim nigge
structures, but it probably causes a deterioradibradiation

he studied antenna is intended to be mounted d&Cx L pattern symmetry [9]-[10]. Ravanelli uses an opeveguide

microsatellite platform. To achieve its payloaceteetry

link, two families of antennas are usually considerthe
first is based on isoflux pattern antennas andstmond on
high-gain directional antennas with beam steerifge use of
directional antennas increases the data rate fuires a beam
alignment by orienting the satellite or by equigpithese
antennas with beam steering devices, which makes¢icond
solution expensive and unsuitable for most missiGasnpared
to beam steering solutions, the advantage of is@fiuennas is
that they are low cost. The counterpart is the lewel of
accessible gain which constitutes a factor limitihg link
speed. It is therefore relevant to look for newusohs, based
on isoflux antennas, which would increase the spafethe
payload telemetry link. Increasing the bandwidth tioéses
antennas and generating polarization diversitywaoepossible
approaches. In this paper, the second solutionchvasen. The
antenna must then guarantee simultaneously a Ragit and
Left Hand Circular Polarization (RHCP and LHCP)wét low
Axial Ratio (AR) over the whole bandwidth and owewide
angular range. Moreover, the power handling cajpaluf the
proposed antenna must be quite high (2 X 50 W) r @heelast

loaded with quartz and a series of slots acrossdheigation
walls [11]. Kilian use a small horn input diamef{&®]. The

antenna size of these last two designs is largéortumately,

an isoflux pattern with a high EOC angle (> 50°% arcompact
antenna are often incompatible. In [13], Caminiés found a
solution to obtain good performances while havinmgasonable
antenna size feeding his antenna by a sub refleststem
located at the center. On the other hand, the nateright was
high.

In this study, a tradeoff between good electromtgne
performances, reasonable antenna dimensions, a edyiveh
radiation pattern, high power handling, low sewmgiti with
respect to the platform and a light weight has bmaade to get
the best design [14]. Consequently, this work setie a choke
horn, a conventional septum polarizer [15] andededtric cone
with a particular shape at an open-ended wavedaideet the
desired antenna specifications provided by the dfreSpatial
Agency (CNES) and presented in Table I. The optimal
footprints for radiation patterns and AR are giverrig. 1. In
this contribution, a conical shape is used at tlaveguide
output, to help generate the isoflux radiation euatt by

few years, many antennas have been identified asl godrawing the energy from the vertical towards theizomtal
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direction [16]. This paper is organized as follovs. antenna
description is given in section Il. Then, the dasig presented
with two different dielectrics for the cone. Thesfione allows
reaching the performance in EOC with no considenatf

space environment. The second is proposed to comilhy

space constrains. A simulation of the first casal an
comparison of the measured and theoretical resattshe

second case are presented in section Ill. Firalbgnclusion is
given.

TABLE |
ANTENNA REQUIREMENTS

Parameter Specification
Frequency band (GHz) 8.025 - 8.4 (4.6%)
|Sii| parameter <-20dB
|Sij| parameter <-20dB
Polarization RHCP and LHCP
Realized Gain See Fig. 1
AR (dB) See Fig. 1
Total losses (dB) <1.0dB
Power Handling (Average Power) 2*50 W
Mass < 20009
Diameter <320 mm
Overall Height <200 mm

RF Interface WR 112 - UBR 84
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Il. ANTENNA DESCRIPTION

The detailed structure of the simulated antennagu€iST
Microwave Studio is presented in Fig. 2. In ordegtiarantee
the power handling, a waveguide fed antenna has deesen.
It consists of four main parts:
- equal depth and width corrugated rings for thepléode
roll-off from antenna boresight to horizon and caskgs to
have the peak gain at an EOC angle of 60°,
- a dielectric cone and circular waveguide=(24.7 mm) to
draw energy from the vertical direction towardshibeizontal
which reduces the antenna size (Fig. 3),
- a septum polarizer built in a square waveguideatee the
desired AR and a good isolation between the ports,
- a quarter-wave impedance transformer and two gude
bends to adapt half of the square waveguide optharizer
to the WR 112 waveguide.
Notice that the higher the corrugated ring numties,greater
the amplitude roll-off. There is a trade-off betwdbe antenna
size and this roll-off. The choice of the dielectbnstant value

is important: if too weak, then the cone has notedenagnetic
effect, if too strong, then it is no longer possiltdb have a
mechanically suitable cone.

d
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Fig. 2. Simulated antenna design
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Fig. 3. Circular waveguide radiation pattern withouwith the cone
This value must be between 2 and 4. The bottom qfaitte
cone has been optimized to minimize the discortyrhetween
air and dielectric, consequently minimizing the lasion
between the ports. It has been gradually taperekl pato the
circular waveguide diameter. The top part of theecbas been
optimized to draw most of the energy towards thezbatal
direction. In between, a part of the cone compjefitls the
circular waveguide. The advantage of this coneh# {t is
perfectly circular symmetric, which means that thediation
patterns are also symmetrical. Two cases have diadred. A
first design has been made by taking a Polytewedlethylene
dielectric (P.T.F.E) and a second one by taking
polyetheretherketone (P.E.E.K).

IIl. MEASUREMENT AND SIMULATION

A. Simulation with a P.T.F.E cone4(= 2.1)

The design results of the antenna with the P.Tdake are
presented in Fig.4. Simulations of the stand-akortenna were
performed by XLIM. All simulated results meet the
requirements of Table |, especially in terms of ssro
polarization discrimination (XPD < 16.9 dB, i.e. AR2.5 dB
up to 65°) and EOC angle (Fig. 4). Only the realigain at 90°
is not achieved. In order to improve this parameteher
corrugated rings should be added. However, it ésgpable to
avoid using this type of material in a space emrnent. The
new material must have a more stable and loweffic@aft of
thermal expansion than P.T.F.E in order to limé impact of
temperature deformations. The P.E.E.K GF30 (30%sdiber
reinforced) has therefore been chosen for suchitonst

B. Simulation - Measurement with a P.E.E.K cong= 3.7)

Using a resonant cavity method at 4.5 GHz and 1@,@Hd a
reflection/reflection method in waveguide at 4,7GHhe



average dielectric constant,j of the P.E.E.K is 3.7 + 0.04 and conductivity), allowing a low weight antenna (92 §ig. 6
its dissipation factor (tanis 0.004 £ 0.0002. A simple scalingshows the realized antenna photography before diedt a

of the cone by — is not possible to completely design the

antenna based on the previous one.
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Fig. 4. Simulated radiation pattern with the P.T.Edge ( = 0°)

The circular waveguide diameter must allow the wave

propagation over the entire frequency band. ltsndier must
be similar or close to the previous case. In agldjtin order to
have a mechanically suitable cone, this paramstircreased
to 27.9 mm. Six holes have been drilled to redheedielectric
constant on this part and its shape has been Igligitdified
(Fig. 5). The cone has been fixed by three M3 sekws. It
was therefore necessary to increase the thickrighe central
waveguide to 5 mm. The thickness of the other riugg the
septum is 1 mm. Finally, it is compact (238 X 18B)nlt is
difficult to reduce this height significantly withib degrading
antenna performances. The polarizer height guarargegood
AR. The cone height contributes both to the radiefattern
and to the good isolation. The lengths of the ¢tancwaveguide
and the circular-to-square waveguide transitiomaessary to
get a good isolation.
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Fig. 5. Realizéd antenna design
The antenna was manufactured by ArianeGroup wiBDa
metal printing process using Additive Layer Mantdaing
(ALM), based on Electron Beam Melting (EBM) techogy.
The used material is titanium Ta6V (5.9°1%Ym of electric

sandblasting, machining and electro-erosion ofcalitareas
Cnside the waveguide. The simulated total efficieatantenna
is higher than 91% (< 0.4 dB of total losses).
Si and $ parameters

Fig. 7 shows a comparison between the simulated and
measured results of the [S] parameters. In bothscdse curves
show the [S] parameters lower than the expecte@tB2 value
on the whole bandwidth even if a difference appbatsieen
simulation and measurement.

(a)

ig. 6. Manufactured antenna photography: (a) before thehaméca
treatment (b) after the mechanical treatment amé @msitioning.
0

I I I

-=-Simulated Sii

Fi

s11
Measured S22

sji
Measured $21

=
(=]

N
=]

Amplitude (dB)

'\“‘ﬁ ]

[
o

N\

8.4

-40

8 8.1 8.3

Freqs-ezncy (GHz)
Fig. 7. Comparison of Simulated and measured [&]rpaters
Measured RHCP radiation patterns

Fig. 8 shows realized RHCP gain radiation pattdragvn in
the 0° cut-plane in simulation and measurement
(measurements performed by ArianeGroup). The medsur
directivity and the realized gain are close. Ih@ possible to
give the total losses because of the gain uncéytain
measurements of the antenna test range which fsdi). An
isoflux shape over the entire frequency band iaiobt but the
EOC angle is at the = 50° angle instead of= 65° whatever
the frequency. The high value of the P.E.E.K dileconstant
and a mechanically feasible cone prevent this &pation.
However, this angle is considered sufficient foe thtended
applications.
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Moreover, this antenna offers strong advantagebk aschigh
stability of the boresight gains versus frequeney0(7 dB in
simulation and + 1.0 dB in measurement) for theckieof the
mission link budget. The amplitude roll-off from tanna
boresight to horizon is about 10 dB for low ser#iti with

respect to the platform as shown only in the examplFig. 9
on the realized and AR radiation patterns in thestwoase ( =

0°). Simulations on platform were done by Ariane@ro

Fig. 10 shows the simulated and measured RHCPti@uia

patterns (8.2 GHz), obtained in different azimuttat planes
which are quite similar. The radiation patternssmmmetrical
as expected. The results are the same for the ptine(port 2)
except the polarizz{tzion sense (LHCP).
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Fig. 9. Comparison of simulated realized and ARatoh patterns ( = 0°)

with and without platform.
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Axial Ratio Radiation pattern
Another strong advantage of this design is the kamaous
dual circular polarization capability due to a vdoy axial
ratio. Fig. 11 and Fig. 12 present the simulatedi measured
AR for the port 1. The same results are obtainedh® port 2.
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Fig. 11. Simulated and measured AR radiation patér= 0°)

Fig. 12. Simulated and measured AR radiation padtésr cut-planes

IV. CONCLUSION

This paper presents a compact isoflux X-band palyloa
telemetry and data handling antenna with simultasedual
circular polarization for LEO Satellite Applicatisnand
materials for space missions. It combines goodreemgnetic
performances, compactness and low weight validdigd
experimental results, especially on axial ratio eeadized gain.
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