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Abstract—By taking into account the real modal content
coming from the connected stage, instead of the fdamental
waveguide mode only, a horn antenna can be designéal cope
with the imperfections at its input. Unwanted highe order
modes are often responsible for performance degratian and
hence bandwidth limitation. The design procedure ispplied for
two types of horns, dedicated to different applicabns, but both
with a wideband objective.

Index Terms—horn antenna, multiband, wideband, modal
content.

. INTRODUCTION

A major constraint for onboard satellite antensaweéight
and accommodation. To increase the number of fomalities
without additional apertures, more and more paydadiude

concurrently designed to produce a field distributas near as
possible from the fundamental mode. The final stephe
simulation of the entire feed chain to validate #gssembly.
While this is common for regular narrow band operatit can
be challenging for wideband applications. In thase; higher
order modes are transmitted to the horn and atfecadiation
characteristics. The entire assembly may requirag lo
transitions or extra parts to reduce the levehoké unwanted
modes.

The approach proposed here is to consider the hagder
modes as an input of the horn design procedure.mddal
content at the output of the feeding circuit mayrsasured or
simulated with another tool. However, in order tmw the
benefits of the method without the implementaticetads

multi-frequency horn antennas. The lowest and Highe (different mode definitions, different file formaesxperimental

operating frequencies may be separated by more ¢han
octave. The input waveguide diameter of such ari®is set
to allow the propagation of the fundamental modiatiowest
frequency. At the higher frequencies, higher ondedes of
this waveguide tend to move from evanescent to ggative.
While the horn antenna is classically designed $suming
that the part connected at its input (transitioojapzer,
diplexer, OMT, ...) generates only the fundamentatleyahe
higher order modes are practically unavoidable.ypical
effect is a cross polarization level higher thapexted at those
frequencies due to higher order modes propagdtimgigh the
input waveguide.

A literature review was performed to identify pdssi
ways to suppress the unwanted modes in the inpugguade.
Solutions like [1] may be used, but they are liohiteo
particular modes and aren’t suited for circularapiaation.

setup, ...), the softwargiWave Wizard ([5]) is used to
simulate the entire feed chain. This mode matchinmlation
tool is well suited for the optimization of wavedaistructures
and horn antennas. In addition, the solving teamnidirectly
provides a valuable insight into the modal content.

Since yWave Wizard is able to simulate the entire feed
chain, it is possible to optimize the horn antemmde the
system, without any assumptions. However, takingp in
account all the modes is time consuming, when@atkve
Wizard can use the symmetry properties of the Tibtle to
significantly reduce the computation resourceshds been
observed that a preliminary design assuming a Tie#ding
leads to a good starting point for an optimizatidrthe horn
within the entire feed chain. In that case, veny feerations
are required to improve the performances. Thislresight be
limited to cases with a realistic level of higheder modes

The bibliography study has also shown that widebandaround —20 dB below the fundamental mode).

operation can be achieved with horns classicalbg der space
applications, like the profiled smooth wall hormpl{se in [2]

or piecewise linear in [3]) or the corrugated h¢f#l). Both

horn technologies will be used in the applicati@ntf this
paper. The work presented is applied to circulangobut it
might easily be extended to any horn section shape.

. WORKFLOW DESCRIPTION

A horn antenna is classically designed with theiaggion
that it is fed with the fundamental mode. The fegdiircuit is

This study was funded by the CNES, in the framevadithe project R-
S12/TG-0001-027.

These comments lead to a straightforward workflow,
summarized as following:

e Optimize the horn assuming a TE11 mode in the input
waveguide.

* Get the S-parameters file describing the RF circuit
connected to the horn (all the modes propagating in
every access of the circuit are the ports of this
multiport element).



» Evaluate the horn performances when connecteceto tt °

RF circuit, simulated as a black box multiport.

» If the horn radiation is affected too much, optiethe
horn when connected to the RF circuit.

Ill.  APPLICATION EXAMPLES

A. Telecommunication Mission

The antenna described in this part is designeceta part
of a communication system. TABLE |. shows thatr¢his a
2.9 ratio between the lower and the higher freqgigsnd he RF
circuit intended to feed this horn wasn't availaateéhe time of
the study. The alternative chosen to illustrate pheposed
method is a coaxial to circular transition (visibite Fig. 2).
Such an element simplifies the input into a sinbtEM mode
and allows to realistically reflect higher order des coming
from the horn. It can be designed withiwWave Wizard to
produce typical levels of higher order modes. Thmedes are
mainly TM11, TE31 and TE12 (Fig. 1).

The spline profiled smooth wall horn has been regzbin
the literature ([2]) as a design able to operateseweral

frequency bands distant by more than one octavee Tt

variables of the geometry are the positions otthrol points
of the spline function. Fig. 2 shows that very feadifications
were required to improve the preliminary designirafed
with a pure TE11 mode in order to cope with theialcsource
imperfections. However, without these minor modgifions,
the XPD would be unacceptably high in the V frequeband
(Fig. 3). The improved design brings the XPD ldwvelow the
specifications. The tradeoff leads to a lower aperefficiency
at the higher frequency (Fig. 3).

TABLE I. ANTENNA SPECIFICATIONS
Band User Tx User Rx | Gateway Tx | Gateway Rx
Ka Ka Q \%

Freq. min 17.30 GHz | 28.40 GHz | 37.50 GHz | 47.20 GHz
Freq. max 18.75 GHz | 28.90 GHz | 38.50 GHz | 50.10 GHz
Return loss <-23dB <-23dB <-23dB < -23 dE
Aperture > 88 % >75% > 65 % > 60 %
efficiency

XPD? <-7dB <-7dB <-12dB <-12dB

% XPD is defined as the maximal value of the ratinssrpolarization over co polarization, for the dagu
sector illuminating the reflector (19°)
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Fig. 1. S-parameters of the coaxial to circulansion (only the parameters
with a significant level). The frequency bandsyetow. Port 1 is the coaxial
waveguide. Port 2 is the circular waveguide. Mod@enimg conventions
in yWave Wizard : h for TE mode, e for TM, ¢ and sgofarizations.
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Fig. 2. Horn A has been optimized for a pure TElddenfeed. Horn B was
connected to the real feed during the optimizatidre grey part between the
transition and the horn is an ideal polarizer usedsimulate a circular

polarization.
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Fig. 3. Aperture efficiency and cross polarizatiohthe horns optimized
with a pure TE11 feed (Horn A) or with a real féetbrn B).



B. Radiometer Mission

A dual band corrugated horn antenna has been agbkign

during another study. Details are available in [G]he
operating frequency bands and the main objectireesported
in TABLE II. . This antenna is fed by a diplexer @n
rectangular waveguide followed by a long rectanguta
circular transition. This long RF circuit producesear perfect

TE11l mode even at the higher frequencies. For thekw

presented in this paper, this transition was sherdédo reduce
bulkiness, leading to an increased higher orderenddvel.

Fig. 4 shows that mainly the TM11 and TE31 modes ar

transmitted to the horn input. It is visible on Fgthat these
modes affect significantly the cross polarizatiendl in the
second frequency band. However, the optimizatioth@thorn
within the feed chain was able to greatly reduce thoss
polarization degradation.

TABLE II. ANTENNA SPECIFICATIONS
Band 1 2
Freq. min - Freq. max 49.5-55.5 GHz 109-128 GHz
Return loss <-28 dB <-28dB
.- Constant Constant
Aperture efficiency (around 60 %) (around 60 %)
Cross polarization <-30dB <-30dB
(xpo max / copo max)
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Fig. 4. S-parameters of the diplexer (only the pemi@rs with a significant
level, only computed within the operating band)rtPL is the common
circular wave guide. Port 2 is the low frequencgess (standard WR-15
rectangular waveguide). Port 3 is the high frqueacgess (standard WR-8
rectangular waveguide).
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Fig. 5. Corrugated horn C has been optimized fpuie TE11 mode feed.
Horn D was connected to the diplexer during thenoigition. The grey part
between the rectangular inputs and the rectangolacircular transition

simulates the diplexer described with a S-pararaéiier
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Fig. 6. Aperture efficiency and cross polarizatiohthe horns optimized
with a pure TE11 feed (Horn C) or with the dipledorn D).

IV. CONCLUSION

The need for compactness and multi-functionalitydpices
more and more wideband horn antennas for satellite
applications. The advent of tools able to quickiyidate and
optimize horns, connected to actual feed networkdenit
possible to overcome the negative effects of tighdr order
modes at the horn input.

The next step is to check the performance of thaltiag
horn in front of the reflector (special attentiomshbe paid to



phase center location and displacement versusdreyy, and
possibly to account for the reflector in the hoptimization

(1]

process. Indeed, the rules applied to derive then ho (2l

specifications from the entire antenna system dibvjes are
usually well suited for a narrow frequency band finaly create
unnecessary constraints on wideband designs.
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