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ABSTRACT

The latest improvements of feed horn design tools allow
to fit better and better with a wide range of
specifications : wide or multiple frequency bands,
smooth profiles, phase center stability over the band,
etc. With new computational capabilities come
opportunities to create more efficient designs that take
into account both RF performances and manufacturing
constraints.

The aim of the current work is to design spline-profile,
high-efficiency horns, the first application targeted
being for an Array Fed Shaped Reflector (AFSR)
antenna. In order to achieve the highest possible gain,
the section of the horn is chosen so as to overlay as
much as possible the cell of the array lattice. This
congtraint leads to use sguare or hexagonal sections,
combined with triangular or square lattice. As most feed
horn optimization softwares are restricted to circular
sections, the design of such horns has required a specific
tool.

In the frame of this work, a script has been developed
over an existing optimization algorithm to fulfill the
design of non-circular horns. The algorithm is based on
mode-matching technique (Mician Wave Wizard) and
allows to cope with any possible section. The horn
profile is discretized and optimized iteratively to meet
several main constraints : aperture efficiency, return loss
over the frequency band(s), cross-polarization.
Manufacturing constraints can also be taken into
account : for example, a positive dope al along the
profile might be sought depending on the manufacturing
process.

This origina tool has been used for the design of a
spline-profile high-efficiency Ku-band Tx/Rx square
horn. A very compact geometry has been obtained with
very good return-loss and cross-polarization levels.
Moreover the aperture efficiency achieved is similar to
those of traditional circular high-efficiency horns.
Simulated performances have been crosschecked with
ICARE (Method of Moments) and CST Microwave
Studio (Finite Integration Technique). The feed horn is
manufactured, and will be measured in CNES antenna
measurement facilities for validation.

This work has been done by IEEA in the frame of a
CNESR&T study.

1. SPECIFICATIONS

The aim of the presented study is to design a dual
frequency band high efficiency square horn. While the
aperture efficiency is the primary goal, the other
performances must be kept at acceptable levels. Tables
1 and 2 show the required performance levels.

Table 1 : Performance abjectives for the Tx frequency
band (11.7 GHz 12.75 GH2z)

Description Objective
Aperture Efficiency > 85 %
Return Loss <-23dB
Xpo/copomax 8<15° <-33dB
Xpo/copomax 8<20° <-25dB
Ohmic Loss <0.1dB

Table 2 : Performance objectives for the Rx frequency
band (17.3 GHz 18.4 GH2)

Description Objective
Aperture Efficiency >75%
Return Loss <-20dB
Xpo/copomax 8<6° <-33dB
Xpo/copomax 8<20° <-25dB
Ohmic Loss <0.15dB

The following notes apply to tables1 and 2 :

- Aperture efficiency is defined as the ratio of the
maximum gain and the gain of a uniformly
illuminated aperture.

- Cross polarization (Xpo) is normalized by the
maximum gain (copomax). The objective is defined
for a 8 angle range. 6 is the angle between the
observation direction and the axis of the horn.

The size of the sguare aperture is 66.7 mm (about 2.6
wavelength at 11.7 GHz). The length must be below
180 mm, but should be as short as possible, with an
objective of 130 mm. The input waveguide has a square
section of 15.5 mm.

2. DESIGN TOOL

The methodology of the design is based on [1]. The
inner profile of the horn is described by a spline
function. A fixed number of control points are used to
define the spline. These points are the variables of the
design. Actually, there positions along the axis of the



horn are fixed. The variables are their distanoenfthe
axis. A design is evaluated with a cost functiokirtg
into account the difference between the objectmed

the simulated performances. An optimization progsss
used to find the variables leading to the lowesétco

function.

The number of variables may be important to reath a

acceptable level of performance. However, the grdat
this number, the longer is the optimization. Tofpen

this optimization within a reasonable amount ofejm

the simulation of the horn must be very fast. Tastdst
and still very accurate method to simulate a sqhara

seems to be the Mode Matching method. In addition,
there are several commercial and mature software

packages using this method. For this studave
Wizard [2] is used.

In addition to the Mode Matching solver supporting

most of the waveguide section geometries, thisveoé
provides an integrated optimization algorithm. Arest
attractive feature is its macro editor : the usar write
a script to control most of the software functidtied.
For example, a square horn with a spline innerilercf
not a native element of the software. A macro reenb

developed to automatically create and connect the
waveguide sections that are the components ofdhe h

A spline function is coded to define the size ottea
section. Finally, the macro prepares the optimizaby
creating the variables and the cost function.

In order to take into account the user inputs,nta&Ero

displays a graphical

user interface (Fig. 1). The

following comments apply to this user interface :

The explanatory picture presents the available

sections square, hexagon, octagon, circular.
However MVave Wizard is not limited to regular
polygons.

This picture also shows an optional linear output
for the horn. This feature is introduced to taki® in
account manufacturing constraints (see part 4.).
The control points can be regularly placed altirey
axis of the horn, or the user can position thenis Th
feature is introduced to increase or decrease the
points density in some regions.

The slope of the profile can be forced to be
positive. Actually, the decreasing parts of thenspl
are just ignored. This may be required by the
manufacturing process.

By default, natural conditions are applied athbot
ends of the spline. However, it is possible to éorc
its derivative to zero at the input. This may help
achieve a smooth transition from the input
waveguide to the spline horn.

Figure 1 : GUI of the macro steerintVave Wizard in order to prepare the optimizatiom apline profile square horn.



