
Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
53

8 
70

2
A

1
*EP001538702A1*
(11) EP 1 538 702 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
08.06.2005 Bulletin 2005/23

(21) Application number: 04105546.8

(22) Date of filing: 05.11.2004

(51) Int Cl.7: H01Q 13/06

(84) Designated Contracting States:
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR
HU IE IS IT LI LU MC NL PL PT RO SE SI SK TR
Designated Extension States:
AL HR LT LV MK YU

(30) Priority: 05.12.2003 FR 0314311

(71) Applicant: Thomson Licensing S.A.
92100 Boulogne Billancourt (FR)

(72) Inventors:
• Minard, Philippe

35250 Saint-Medard-sur-Ille (FR)

• Louzir, Ali
35000 Rennes (FR)

• Chambelin, Philippe
35410 Chateaugiron (FR)

• Pintos, Jean-François
35230 Bourgbarre (FR)

(74) Representative: Ruellan-Lemonnier, Brigitte
Thomson,
European Patent Operations,
46 Quai Alphonse Le Gallo
92648 Boulogne Cedex (FR)

(54) Radiating aperture waveguide feed antenna

(57) The invention proposes a primary feed provid-
ing an asymmetrical illumination compatible with an el-
liptical reflector and having a small space requirement.
The invention uses a short rod to modify the radiation of
an open waveguide section. The invention is an antenna
comprising a radiating feed made up of a waveguide 1,
one end of the waveguide forming a radiating aperture.
The end forming the radiating aperture is fitted with a
rod made of dielectric material, said rod being partly in-
serted 2, 3 in the waveguide 1. The rod is extended out-
side the waveguide over a length L less than twice the
guided wavelength and the section of the rod develops
outside the waveguide differently in each of the planes.
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Description

[0001] The invention relates to a radiating aperture
waveguide feed antenna. This type of feed can be com-
bined with a parabolic reflector.
[0002] For certain types of radio transmission requir-
ing directional antennas, the use of antennas with re-
flectors, in particular parabolic, with a feed and a focus-
ing point, is known. This is the type of antenna that is
used, among other things, for satellite transmissions
that use the C, Ku and Ka bands.
[0003] Reflector antennas are normally concave dish-
es, the surface of which corresponds to an axisymmetric
portion of a parabola. The space requirement of circular
reflectors is normally large. From a commercial point of
view, the use of a reflector with an elliptical aperture may
be more attractive than a reflector with a circular aper-
ture, in particular when the feed is offset relative to the
focusing point of the reflector. In practice, the space re-
quirement of a reflector with an elliptical aperture is vis-
ually more compact than that of a reflector with a circular
aperture. Moreover, for multi-satellite reception using a
single parabola, it is more advantageous, in particular
for minimizing the losses and distortions associated with
defocusing, to use an elliptical aperture reflector.
[0004] To optimize the illumination of these elliptical
reflectors, primary feeds must offer radiation pattern ap-
ertures suited to these elliptical reflectors. In practice,
the maximum effectiveness of a reflector antenna is ob-
tained when the illumination of the reflector by the feed
provides a gain at the rim of the reflector of between -10
and -13 dB. For this, the two mutually perpendicular
planes of the radiation pattern must present quite differ-
ent apertures.
[0005] As an example, to illuminate an elliptical reflec-
tor that is 50 cm high and 90 cm wide and has a focal
length of 52 cm at the 12 GHz frequency, the apertures
of the radiation pattern of the primary feed should be
28° for the lighting in the vertical plane (minor axis of
the ellipse) and 45° for the lighting in the horizontal plane
(major axis of the ellipse) for an illumination level at the
edges of the reflector of -12 dB.
[0006] Techniques that can be used in a general way
to equalize or unbalance the radiation patterns in the E
and H planes of primary antenna feeds are described in
the "Antenna Engineering Handbook" by Henri Jasik,
Chapter 15. One example is the use of horns with a rec-
tangular aperture and multimode horns.
[0007] It would also be possible to obtain unbalanced
lighting effects using printed arrays, for example, a four-
element array disposed on a rectangle.
[0008] All these primary feeds have relatively large
transverse space requirements and cannot be used for
multi-satellite reception from satellites occupying very
near orbital positions. Furthermore, if these terminals
are designed for consumer use, the complex primary
feeds must therefore be excluded.
[0009] If the space requirement of a conventional pri-

mary feed is calculated at 12 GHz, the result is a horn
with a diameter of 40 mm, or a patch array with a diam-
eter of 45-50 mm. From this dimensioning, if two inde-
pendent feeds are used with an angular separation be-
tween satellites of 4°, the focal centres must be approx-
imately 34 mm apart, which cannot be considered given
the dimensions.
[0010] Moreover, a simple open rectangular
waveguide (without horn) that has a less bulky cross
section, even it has two different radiation pattern aper-
tures, will not offer good apertures because it is not di-
rectional enough.
[0011] Also known is the use of travelling wave die-
lectric rods. This type of rod then replaces the horn.
However, such rods cannot be used because, to obtain
an aperture at -12 dB of around 45° would require a
length equal to approximately three times the wave-
length, and to obtain an aperture of approximately 28°
would require a length of approximately ten times the
wavelength. Now it is not possible to have a rod with a
length that is both equal to three times the wavelength
and equal to ten times the wavelength. Moreover, ten
times the wavelength at a frequency of 12 GHz corre-
sponds to approximately 25 cm which, on the one hand,
is relatively large and, on the other hand, raises the risk
of disturbing a nearby feed of the same dimensions.
[0012] Thus, the use of a known feed will not satisfy
the fixed constraints.
[0013] The invention provides a solution to the prob-
lem described above by proposing a primary feed which
provides an asymmetrical illumination compatible with
an elliptical reflector and having a small space require-
ment. The invention uses a short rod to modify the radi-
ation of an open waveguide section.
[0014] The invention is an antenna comprising a radi-
ating feed made up of a waveguide with a section having
at least two planes of symmetry perpendicular to each
other, each plane extending in the axis of propagation
of the waves, one end of the waveguide forming a radi-
ating aperture. The end forming the radiating aperture
is fitted with a rod made of dielectric material, said rod
being partly inserted into the waveguide and filling the
section of the waveguide over a defined length. The rod
is extended beyond the waveguide over a length less
than twice the guided wavelength and the section of the
rod develops outside the waveguide differently in each
of the planes.
[0015] Preferably, the development of the section of
the rod outside the waveguide can be linear but in a dif-
ferent direction in each of the two planes. In one of the
planes, the rod can become larger and in the other plane
the rod can become smaller. The waveguide can be of
square, rectangular or circular section. The end of the
rod located outside the waveguide has a section with a
shape different from the section of the waveguide.
[0016] The waves that circulate in the waveguide can
be polarized waves. When the polarized waves are of
linear polarization perpendicular to the axis of propaga-
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tion of the waves and in two different directions, each
direction is included in one of the two planes, and the
shape of the rod outside the waveguide is symmetrical
in relation to each of the two planes.
[0017] The invention will be better understood, and
other features and advantages will become apparent on
reading the description that follows, the description re-
ferring to the appended drawings in which:

Figure 1 represents an example of a feed according
to the invention in perspective view,
Figure 2 represents an example of a feed according
to the invention in partial cross-section according to
a first cutting plane,
Figure 3 represents an example of a feed according
to the invention in partial cross section according to
a second cutting plane at right angles to the first cut-
ting plane,
Figure 4 represents an example of a feed according
to the invention as seen by the reflector,
Figure 5 shows radiation curves according to a first
dimensioning of the invention,
Figure 6 shows radiation curves according to a sec-
ond dimensioning of the invention.

[0018] The principle applied by the invention consists
in modifying the radiation of a simple waveguide using
a short dielectric rod. Since the radiation of a waveguide
is imposed, for a given frequency, by the cross section
of the waveguide, it cannot be adapted to light an ellip-
tical reflector. The short rod modifies the distribution of
the field in the aperture formed by the waveguide fitted
with the rod. The resulting radiation pattern is modified
without the rod acting as a travelling wave feed. The
fields are distributed in the equivalent aperture in such
a way as to obtain a radiation pattern suited to illuminat-
ing an elliptical area.
[0019] Figures 1 to 4 show an exemplary embodiment
of a feed according to the invention from different views.
In the example described, the feed comprises a
waveguide 1, typically of square section, one end of
which forms a radiating aperture. The waveguide is di-
mensioned according to a known technique to obtain a
guided length roughly equal to the average wavelength
to be received or sent which is, for example, 12 GHz,
the section of the waveguide then being 21 mm 3 21
mm. A dielectric rod is placed in the radiating aperture.
The rod is made of a dielectric material with low losses
and a relative permittivity greater than 1. This material
can be a plastic such as, for example, polystyrene, poly-
propylene or any other compound dielectric material
normally made up of a light plastic material base, filled
with a ceramic type high permittivity material, used to
control the value of the relative permittivity of the result-
ing rod.
[0020] The rod comprises three parts, 2 to 4. A first
part 2 provides impedance matching to pass from the
empty waveguide to the dielectric material with losses

minimized. The first part 2 is dimensioned according to
known rules of wave propagation in a waveguide by
changing the propagation medium. The first part 2 is
normally made up of a conical trunk, the section of which
corresponds to the section of the waveguide 1. A second
part 3 matches the shape of the waveguide 1. The sec-
ond part 3 is used to hold the rod in position at the end
of the waveguide 1, the length of this second part 3 se-
curing the rod mechanically. The third part 4 is used to
collimate the radiation of the radiation aperture of the
waveguide 1. The third part 4 develops differently in
each of the two planes passing on the one hand through
the axis of propagation and on the other hand through
each of the axes of symmetry of the illuminated ellipse.
[0021] The invention lies mainly in the third part 4 of
the rod which determines the radiation pattern of the
feed. The length L of this third part 4 forms an imped-
ance matching length between the section of the
waveguide and a radiating surface 5.
[0022] The radiating surface 5 is calculated according
to a known method of calculating an equivalent radiation
aperture. The radiating apertures can have widely var-
ying shapes, but to simplify the calculations, it is possi-
ble to choose a rectangular radiating surface which pro-
vides a quasi-elliptical radiation pattern. After having di-
mensioned the radiating surface 5, the length L is de-
termined to obtain an impedance matching optimized for
a minimum length, according to a known technique. To
simplify the production of the rod, an optimized linear
impedance matching is used, which develops differently
in each of the two planes. As an example, to obtain an
elliptical radiation pattern having an aperture at -13 dB
of 50° along the major axis of the ellipse and 38° along
the minor axis of the ellipse, the result is a rectangular
radiating surface 5 with a section a X b = 3 mm x 23 mm.
The length is then calculated to pass from the section
of the waveguide 1 to the radiating surface 5 with an
optimized impedance matching resulting in a length L =
35 mm.
[0023] Figure 5 shows the radiation pattern obtained
by simulation for this dimensioning. The vertical scale
represents the gain and the horizontal scale represents
the aperture angle relative to the centre of the beam.
The curve 10 shows the radiation pattern in the plane
corresponding to the major axis of the ellipse which is
defined by the width dimension B of the radiating surface
5. The curve 11 shows the radiation pattern in the plane
corresponding to the minor axis of the ellipse which is
defined by the width dimension a of the radiating surface
5. A person skilled in the art can see that 48° and 37°
are obtained. Given the required radiation pattern, such
a result can be highly appropriate. However, if a pattern
closer to the required pattern is desired, it is still possible
to adjust the dimensions a and b of the radiating surface
5 and to make use of successive simulations to optimize
these dimensions.
[0024] As a complementary example, to demonstrate
the possibilities offered with this type of feed, a dimen-
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sioning of the radiating surface such that a = 6 mm and
b = 36 mm and the length L = 25 mm provides the result
shown in Figure 6. A person skilled in the art can see
that the aperture angles become equal to 110° for the
major axis and 28° for the minor axis of the ellipse. It is
possible with this technique to obtain a very wide range
of options.
[0025] Following on from the two dimensionings, a
person skilled in the art can see that the length L can be
roughly the same as the guided wavelength. This length
L can even be less than the wavelength if the differences
between the section of the waveguide 1 and the radiat-
ing surface 5 allow it. It is also possible to have a shorter
length if an exponential matching profile is used instead
of a linear one, but this adds somewhat to the complexity
for production.
[0026] The preferred example can be used equally
well with non-polarized waves and with polarized
waves. However, when waves with a linear polarization
are used, it is essential to check that the phase differ-
ences introduced by the dielectric rod are the same for
the two orthogonal polarization directions. This condi-
tion is easily satisfied because all that is needed is a
symmetrical rod in the longitudinal planes containing the
direction of propagation of the waves and the polariza-
tion directions.
[0027] In the case of a circular polarization of the
waves, the polarizer must be dimensioned taking into
account the external shape of the rod. The first imped-
ance matching part is no longer conical but acts as a
polarizer by introducing a phase difference between two
mutually perpendicular components of the electrical
field to generate the circular polarization. Any depolari-
zations generated by the external part of the rod must
also be compensated by the polarizer.
[0028] The preferred example shows that the rod be-
comes larger on one side and smaller on the other side.
It is, however, possible for the radiating surface to be
such that the rod becomes larger or smaller simultane-
ously at both ends.
[0029] The preferred example uses a square section
waveguide. Obviously, any waveguide profile, for exam-
ple circular or rectangular, can be used provided that the
waveguide accepts two symmetrical planes perpendic-
ular to each other. One interest of the invention is to ob-
tain a radiating surface of a shape different from the sec-
tion of the waveguide and this independently of the sec-
tion of the waveguide.

Claims

1. Antenna comprising a radiating feed made up of a
waveguide (1) of a section having at least two
planes of symmetry perpendicular to each other,
each plane extending in the axis of propagation of
the waves, one end of the waveguide forming a ra-
diating aperture, the end forming the radiating ap-

erture being fitted with a rod made of dielectric ma-
terial, said rod being partly inserted (2, 3) into the
waveguide (1) and filling the section of the
waveguide (1) over a defined length, characterized
in that a part (4) of the rod is extended beyond the
waveguide over a length (L) less than twice the
guided wavelength and in that the section of the
rod develops outside the waveguide differently in
each of the planes.

2. Antenna according to Claim 1, characterized in
that the development of the section of the rod out-
side the waveguide is linear but in a different direc-
tion in each of the two planes.

3. Antenna according to either of Claims 1 or 2, char-
acterized in that in one of the planes, the rod be-
comes larger and in the other plane the rod be-
comes smaller.

4. Antenna according to one of Claims 1 to 3, charac-
terized in that the waveguide is of square, rectan-
gular or ci rcular section.

5. Antenna according to Claim 4, characterized in
that the end (5) of the rod located outside the
waveguide (1) has a section with a shape different
from the section of the waveguide.

6. Antenna according to Claim 5, characterized in
that the section of the waveguide (1) is square and
the section of the end (5) of the rod located outside
the waveguide is rectangular.

7. Antenna according to one of Claims 1 to 6, charac-
terized in that the part (2, 3) of the rod located in-
side the waveguide ends with an impedance match-
ing area (2) consisting of a conical trunk having the
same section as the waveguide.

8. Antenna according to one of Claims 1 to 7, charac-
terized in that the waves that circulate in the
waveguide are polarized waves.

9. Antenna according to Claim 8, characterized in
that the polarized waves are of linear polarizations
perpendicular to the axis of propagation of the
waves and in two different directions, each direction
being included in one of the two planes, and in that
the shape of the rod outside the waveguide is sym-
metrical in relation to each of the two planes.

10. Antenna according to one of the preceding claims,
characterized in that the rod is extended outside
the guide over a length less than the wavelength.
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