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output port corresponding to the input port and to two
output ports adjacent to the output port corresponding to
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quasi-periodic multi-port coupler. The antenna array is
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tromagnetic wave having a same polarization. A combi-
nation of electromagnetic waves transmitted or received
by a subset of the plurality of antennas forms one of the
at least two beams. Exactly one antenna, for example
per quasi-periodic multi-port coupler, of the subset is
used as a common antenna with respect to two beams
of the at least two beams to be transmitted or received
by the antenna array.
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Description

[0001] The invention relates to a multiple feeds per
beam antenna array feed system using a quasi-periodic
multi-port coupler, for example for use in satellite com-
munication.

[0002] In feed systems using the multiple feeds per
beam principle antenna beams, herein referred to as
beams, are excited by a plurality of single antennas. Ad-
jacent beams use at least one shared antenna of the
single antennas which provides an overlap of the adja-
cent beams. In order to prevent mutual influence on the
signals of adjacent beams, these beams must be orthog-
onal to each other. This mutual influence can be prevent-
ed by using orthogonal polarization. If a same polariza-
tion is used, it is necessary that a single antenna com-
monly used for adjacentbeams has acoupler or coupling-
network. A usage of usual 4-port couplers or 6-port cou-
plers enforces orthogonality of excitation coefficient sets
of commonly used antennas. This limits an optimal
choice of the excitation coefficients and leads to degra-
dation in antenna gain of typically 1 dB. This is typically
called dual-mode or triple mode loss depending on a
number of commonly used antennas.

[0003] Until now, feed systems are subject to disad-
vantages, such as multimode losses, excitation coeffi-
cients being either not freely and optimally selectable,
beams not being practical for illuminating big areas with-
out a gap, or a down-/upstream antenna array needing
another reflector.

[0004] It is an object of the present invention to solve
the technical problem of determining an optimal set of
excitation coefficients for each beam and using a maxi-
mum power capability of the antenna array.

[0005] According to a first aspect, a multiple feeds per
beam antenna array feed system using a quasi-periodic
multi-port coupler comprises a quasi-periodic multi-port
coupler and an antenna array. The quasi-periodic multi-
port coupler is adapted and arranged to distribute power
from an input port of at least two input ports to an output
port corresponding to the input port and to two output
ports adjacent to the output port corresponding to the
input port. The antenna array is connected to the quasi-
periodic multi-port coupler. The antenna array is further
adapted and arranged to be fed by or to feed the quasi-
periodic multi-port coupler. The antenna array is further
adapted and arranged to transmit or receive at least two
beams. The antenna array comprises a plurality of an-
tennas. Each antenna of the plurality of antennas is
adapted and arranged to transmit or receive an electro-
magnetic wave having a same polarization or orthogonal
polarizations. A combination of electromagnetic waves
transmitted or received by a subset of the plurality of an-
tennas forms one of the at least two beams. Exactly one
antenna of the subset is used as a common antenna with
respect to two beams of the at least two beams to be
transmitted or to be received by the antenna array. Ex-
actly one antenna of the subset for each quasi-periodic
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coupler may be used as the common/shared antenna
with respect to two beams of the at least two beams to
be transmitted or to be received by the antenna array.
[0006] The output ports of the quasi-periodic multi-port
coupler may further be arranged, such that each of the
output ports can feed one of the plurality of antennas of
the antenna array. Further, the output ports may be fur-
ther arranged and adapted to distribute the power. A part
of the power may be outputted by two output ports of the
plurality of output ports of the quasi-periodic multi-port
coupler. The two output ports may be adapted and ar-
ranged to combine the part of the power up-/downstream
the common antenna and to feed the antenna with the
part of the power.

[0007] The antenna array may further be adapted and
arranged to be fed by or to feed the quasi-periodic multi-
port coupler, such that only one common antenna be-
tween adjacent beams exists, for example for each quasi
periodic coupler.

[0008] The two output ports adjacent to the input port’s
corresponding output port may be directly adjacent to the
input port’s corresponding output port.

[0009] The advantage of the quasi-periodic multi-port
coupler is that a signal fed to one of the input ports can
be directly received/transmitted to its corresponding out-
put port and the directly adjacent output ports. The cou-
pling effect on all other output ports beside the two directly
adjacent output ports as well as unused input ports is
negligible. Simultaneously the quasi-periodic multi-port
coupler is able to isolate input signals fed to the at least
two input ports.

[0010] The term "multi-port" can be understood as a
port having at least 2 or more ports. The term "quasi-
periodic" can be understood as periodic in a rough esti-
mation, such that the coupling values of the quasi-peri-
odic multi-port coupler have nearly the same values for
each beam to be transmitted/received. Since the cou-
pling values may differ from the exact same values for
each coupling value, the term "quasi-periodic" may fur-
ther be understood as an expression commonly used by
a skilled person in the field of high frequency technology.
[0011] The term "common antenna" or "commonly
used antenna" may be understood as the antenna being
part of two beams. Further, the terms "common antenna"
and "commonly used antenna" may also be referred to
as "shared antenna". The term "beam" may be under-
stood as an electromagnetic wave formed by more than
one antenna. The term "multi-port" may be understood
as having more than one port as an input port and/or
output port. The term "multiple feeds" may be understood
as having a number of waveguides being combined by
apartthe antenna array to a beam. The term "two beams
of the at least two beams" may be understood that the
exactly/only one antenna, for example per quasi-periodic
multi-port coupler, of the subset is used as a common
antenna with respect to exactly/only two beams of more
than two beams, when more than two beams are to be
transmitted or received by the antenna array.
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[0012] The common antenna may only form part of two
adjacent beams. The term "adjacent beams" may be un-
derstood as two beams spatially adjacent. The "plurality
of antennas" may be understood as a number of anten-
nas higher than three. The antennas can be horn anten-
nas.

[0013] The quasi-periodic multi-port coupler may fur-
ther be adapted and arranged to distribute power in a
predetermined ratio from the input port of the at least two
input ports to the output port corresponding to the input
port and to the two output ports adjacent to the output
port corresponding to the input port. The number of input
ports of the quasi-periodic multi-port coupler may deter-
mine the number of beams of the quasi-periodic multi-
port coupler.

[0014] The output port corresponding to the input port
and the two output ports adjacent to the output port cor-
responding to the input port may form at least part of the
multiple feeds.

[0015] The common antenna may be adapted and ar-
ranged to transmit electromagnetic waves corresponding
to two different beams. The common antenna may be
adapted and arranged to receive electromagnetic waves
corresponding to two different beams.

[0016] Thesubsetcanhave anothercommon antenna.
The other common antenna may not form part of more
than two adjacent beams.

[0017] The other common antenna may be adapted
and arranged to transmit electromagnetic waves corre-
sponding to two different beams, when there are more
than two beams to be transmitted. The other common
antenna may be adapted and arranged to receive elec-
tromagnetic waves corresponding to two different
beams, when there are more than two beams to be re-
ceived.

[0018] The multiple feeds perbeam antenna array feed
system may further comprise at least two input sources.
Each input source of the at least two input sources is
connected to the at least two input ports. Each of the at
least two input sources may be adapted and arranged to
feed a different one of the at least two input ports.
[0019] The quasi-periodic multi-port coupler may have
a negligible coupling effect on output ports different to
the output port corresponding to the input port and to the
two adjacent output ports as well as to the unused input
ports.

[0020] The quasi-periodic multi-port coupler may be
further adapted and arranged to isolate each of the at
least two input ports.

[0021] The commonly used antenna may be adapted
and arranged to transmit or receive an electromagnetic
wave having a single polarization. The single polarization
may be the same polarization as of the other antennas
of the plurality of antennas.

[0022] The commonly used antenna may be adapted
and arranged to transmit or receive a part of a first and
second beam. The firstand the second beam correspond
to electromagnetic waves having the same polarization.
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[0023] An advantage of the foregoing claims is that a
gap between adjacent areas to be illuminated by the an-
tenna array is closed, while maintaining a high gain with
respect to commonly known horn antenna arrays with
multiple feeds per beam.

[0024] The multiple feeds perbeam antenna array feed
system may be for use on a satellite. The term "use on
a satellite" may be understood as being mounted on a
satellite or being partly arranged within or at the satellite.
[0025] The satellite can be a Very High Throughput
Satellite, VHTS.

[0026] The multiple feeds perbeam antenna array feed
system can further comprise another quasi-periodic mul-
ti-port coupler. The other quasi-periodic multi-port cou-
pler can be connected to the antenna array. The other
quasi-periodic multi-port coupler may further be adapted
and arranged to be fed or to feed the antenna array. Also,
the antenna array may further be adapted and arranged
to be fed or to feed the other quasi-periodic multi-port
coupler. Exactly two antennas of the subset can be used
as common antennas with respect to three beams of the
beams to be transmitted or to be received by the antenna
array.

[0027] According to a second aspect, a satellite com-
prises the multiple feeds per beam antenna array feed
system according to the first aspect.

[0028] Other objects, features, advantages and appli-
cations will become apparent from the following descrip-
tion of non-limiting embodiments with reference to the
accompanying drawings. In the drawings, all described
and/or illustrated features, alone or in any combination
form the subject matter disclosed therein, irrespective of
their grouping in the claims or their relations/references.
The dimensions and proportions of components or parts
shown in the figures are not necessarily to scale; these
dimensions and proportions may differ from illustrations
in the figures and implemented embodiments.

Figure 1 schematically illustrates an antenna array
with an exemplary antenna arrangement;

Figure 2A  schematically illustrates an excitation of 3
antennas per beam;

Figure 2B schematically illustrates an excitation of 3
antennas per beam with corresponding
output ports;

Figure 3A  schematically illustrates an excitation of 4
antennas per beam;

Figure 3B schematically illustrates an excitation of 4
antennas per beam with corresponding
output ports;

Figure 4A  schematically illustrates an excitation of 7

antennas per beam and one quasi periodic
coupler;
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Figure 4B schematically illustrates an excitation of 7
antennas per beam and one quasi periodic
coupler with corresponding output ports;
and

Figure 5 schematically illustrates an excitation of 7
antennas per beam and two quasi periodic

couplers with corresponding output ports.

[0029] The variants of the functional and operational
aspects as well as their functional and operational as-
pects described herein are only for a better understand-
ing of its structure, its functions and properties; they do
not limit the disclosure to the embodiments. The figures
are partially schematic, said essential properties and ef-
fects are clearly shown enlarged in part in order to clarify
the functions, active principles, embodiments and tech-
nical characteristics. Every operation, every principle,
every technical aspect and every feature that/which is
disclosed in the figures or in the text is/are able to be
combined with all claims, each feature in the text and the
other figures, other modes of operation, principles, tech-
nical refinements and features that are included in this
disclosure, or result from it, so that all possible combina-
tions are assigned to the devices and methods described.
They also include combinations of all individual com-
mentsinthetext, thatis, in each section of the description,
in the claims and combinations between different varia-
tions in the text, in the claims and in the figures, and can
be made to subject-matter of further claims. The claims
donotlimit the disclosure and therefore the possible com-
binations of all identified characteristics among them-
selves. All features disclosed are explicitly also individ-
ually and in combination with all other features disclosed
herein.

[0030] In the Figures herein, corresponding or func-
tionally similar components are provided with the same
or similar reference numerals.

[0031] Inthefollowing, withoutbeing restricted thereto,
specific details are set forth to provide a thorough under-
standing of the present disclosure. However, it is clear
to the skilled person that the present disclosure may be
used in other embodiments, which may differ from the
details set out below.

[0032] Figure 1 schematically illustrates a principal an-
tenna allocation, herein below exemplified as horn allo-
cation. There are 15 different allocations from A, B,..., O.
A, B,..., 0 may also be referred to as the antenna element
in this example. It can be even more than those 15 dif-
ferent allocations or less than 15 allocations. This prin-
ciple illustration with these 15 different allocations has 3
different bullet possibilities of exciting a beam. There are
beam clusters of 3, 4 or 7 elements. That means that a
cluster of 3, 4 or 7 elements can excite a beam. That
means that in this example beams can be generated from
a cluster of 3, 4 or 7 horn antennas. In the example of a
3 elements cluster, the clusters referred to the illustration
can be C34 = (A, B, F); C3, = (B, C, G); C33 = (C, D, H);
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Cs4=(D,E, I); C35 = (K, F,L); C35 = (L, G, M); C37 = (M,
H, N); C35 = (N, I, 0). B is a common element/antenna of
C3z1and C3,, and C is a common element/antenna of C3,
and Cg3, and D is a common element/antenna of C33 and
Cs4, and F is acommon element/antenna of C54 and Cg,
and G is acommon element/antenna of C5, and C44, and
H is a common element/antenna of C55 and C3,, and |
is a common element/antenna of Cz4 and Cgg. In the
example of a 4 elements cluster, the clusters referred to
the illustration can be C44= (F, B, G, L); C4» = (G, C, H,
M); C43=(H, D, I, M); C44 = (I, E, J, O) with G being a
common element/antenna of C,4 and Cy,, and H being
a common element/antenna of C4, and C43, and | being
a common element/antenna of C43 and Cy4. In the ex-
ample of a 7 elements cluster, the clusters referred to
the illustration can be C;4 = (F, B, C, H, M, L, G); C4, =
(H, D, E, J, 0, N, I) with H being a common element/an-
tenna of C4 and C,. "Common" may be understood as
being shared by adjacent clusters generating/exciting an
adjacent beam, wherein the common element is part of
the generating of both adjacent beams.

[0033] Those antennas/elements of the illustration in
figure 1 are part of the multiple feeds per beam antenna
array feed system comprising a quasi-periodic multi-port
coupler. The quasi-periodic multi-port coupler is adapted
and arranged to distribute power from an input port of at
least two input ports to the input port’s corresponding
output port and to two output ports adjacent to the input
port’s corresponding output port. The antenna array is
connected to the quasi-periodic multi-port coupler based
on the number of clusters. The antenna array is further
adapted and arranged to be fed by or to feed the quasi-
periodic multi-port coupler, such that only one common
antenna between adjacent beams exist and that a beam
is generated with a number of cluster elements according
to a cluster prerequisite, for example a usage of a 3 el-
ements cluster, 4-elements or 7-elements cluster. Other
constellations of clusters are possible. The antenna array
is further adapted and arranged to transmit at least two
beams. These two beams might be referred to as elec-
tromagnetic beams haven a specific polarization, such
as linear, circular or elliptical polarization. The antenna
array comprises a plurality of antennas. Each antenna
of the plurality of antennas is adapted and arranged to
transmit an electromagnetic wave having a same polar-
ization, for example fed by the same quasi periodic cou-
pler. This same polarization may be a linear, circular or
elliptical polarization being the same for all antenna/horn
elements, such as for A, B,..., 0 shown in figure 1. A
combination of electromagnetic waves transmitted or re-
ceived by a subset of the plurality of antennas forms one
of the at least two beams. The subset might be referred
to as the clusters and further illustrated in the following
figures 2A, 3A and 4A for example. Exactly one antenna
of the subset is used as a common antenna with respect
to two beams of the at least two beams to be transmitted
or received by the antenna array. In the example of a 3
elements cluster, the atleast two beams to be transmitted



7 EP 3 282 517 A1 8

or received by the antenna array are 8 beams being ex-
cited by C3q, C3p, C33, C34, C35 Csq, Ca7, Cag. In the
example of a 4 elements cluster, the at least two beams
to be transmitted or received by the antenna array are
four beams being excited by C44, Cyp, Cy3, Cyy. In the
example of a 7 elements cluster, the at least two beams
to be transmitted or received by the antenna array are
two beams being excited by C;4 and C,.

[0034] Figure 2A schematically illustrates an example
of a 3 elements cluster. A power is divided within the
quasi-periodic multi-port coupler and provided/fed to the
antenna elements illustrated in figure 2A. Multi-port
means that there are multiple input and multiple output
ports, wherein the number of the input ports and the
number of the output ports can be different. It can even
be one input port and multiple output ports.

[0035] An output port corresponding to the input port
of the quasi-periodic multi-port coupler receives power
from one of the input ports as well as two adjacent output
ports referred to as adjacent output ports to the input
ports corresponding output port. As an example, two
clusters of elements with corresponding beams are illus-
trated in figure 2A. The clusters are C54 = (A, B, F); C3,
= (B, C, G) in this example. The two excited beams share
the common element B, wherein the cluster C54 gener-
ates/excites a first beam and C3, generates/excites a
second beam. In figure 2A, there can be eight 3 elements
clusters generating eight beams. This array is not limited
to the 15 elements A, B,..., O. There can be less or even
more elements/antennas. The same applies to the fol-
lowing figures below. In this example the element J does
not play a role and could be omitted.

[0036] Figure 2B schematically illustrates the principle
in a planar line diagram illustrating two beams B1 and
B2. B1 is divided onto the antenna elements A, F and B;
and B2 is divided onto the antenna elements B, G and
C. A possible third beam would share the element C in
this example.

[0037] Figure 3A schematically illustrates an example
of a 4 elements cluster. A power is divided within the
quasi-periodic multi-port coupler and provided/fed to the
antenna elementsiillustrated in figure 3A. As an example,
two clusters of elements with corresponding beams are
illustrated in figure 3A. The clusters are C44 = (F, B, G,
L)and C4, = (G, C, H, M) in this example. The two excited
beams share the common element G, wherein the cluster
C,41 generates/excites afirstbeamand C,, generates/ex-
cites a second beam. In figure 3A, there can be four 4
elements clusters generating four beams. This array is
not limited to the 15 elements A, B,..., O. There can be
less or even more elements/antennas. The same applies
to the following figures below. In this example the two
elements A and K do not play a role and could be omitted.
[0038] Figure 3B schematically illustrates the principle
in a planar line diagram illustrating two beams B1 and
B2. B1 is divided onto the antenna elements F, B, G and
L (illustrated in figure 3A); and B2 is divided onto the
antenna elements G, C, H and M (illustrated in figure 3A).
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A possible third beam would share the element H in this
example. Antenna elements L and M respectively are fed
by another coupler, in particular a four-port coupler. The
four-port coupler can be upstream or downstream with
respect to the quasi-periodic multi-port coupler.

[0039] Figure 4A schematically illustrates an example
of a 7 elements cluster. A power is divided within the
quasi-periodic multi-port coupler and provided/fed to the
antenna elementsiillustrated in figure 4A. As an example,
two clusters of elements with corresponding beams are
illustrated in figure 4A. The clusters are C,4 = (F, B, C,
H, M, L, G); C;5 = (H, D, E, J, 0, N, I) in this example.
The two excited beams share the common element H,
wherein the cluster C;, generates/excites a first beam
and C, generates/excites a second beam. In figure 4A,
there can be two 7 elements clusters generating two
beams. This array is not limited to the 15 elements A,
B,..., O. There can be less or even more elements/an-
tennas. In this example the two elements A and K do not
play a role and could be omitted.

[0040] Figure 4B schematically illustrates the principle
in a planar line diagram illustrating two beams B1 and
B2. B1 is divided onto the antenna elements F, G and H;
and B2 is divided onto the antenna elements H, |, J. A
possible third beam would share the element J in this
example, when there are more elements on the right side
as of figure 4A. Antenna elements B, C, L and M, and D,
E, N and 0 respectively are fed by standard power divid-
ers, in particular a four-port coupler, such as for example
a 90° hybrid, a symmetrical power divider or a directional
coupler. The power divider can be upstream or down-
stream with respect to the quasi-periodic multi-port cou-
pler.

[0041] Figure 5 schematically illustrates an excitation
of 7 antennas per beam and two quasi periodic couplers
with corresponding output ports. Figure 5 shows the
case, wherein two adjacent beams can be shared by two
single antennas. The two shared single antennas can be
fed by two different quasi-periodic multi-port couplers. In
the case of figure 5, two 6-port couplers would be nec-
essary to feed the antenna array. In the case of a first
beam, a signal fed to the antenna array would be split
onto ports P1, P4 and antenna D, which is illustrated as
a horn, which may be a preferred antenna type in this
scenarip. In the case of a second beam, a signal fed to
the antenna array would be split onto ports P2, P5 and
antenna I. In the case of a third beam, a signal fed to the
antenna array would be split onto ports P3, P6 and an-
tenna N. Thereby, the first and second beams share two
antennas, namely the antennas F and G. Further, the
second and third beams share two antennas, namely the
antennas K and L.

[0042] The invention is not limited in any way to the
embodiments described above. On the contrary, there
are many possibilities for modifications thereof, which
are apparent to an average skilled person without de-
parting from the underlying idea of the invention as de-
fined in the appended claims.
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Claims

Multiple feeds per beam antenna array feed system
using a quasi-periodic multi-port coupler comprising:

a quasi-periodic multi-port coupler adapted and
arranged to distribute power from an input port
of at least two input ports to an output port cor-
responding to the input port and to two output
ports adjacent to the output port corresponding
to the input port; and

an antenna array connected to and adapted and
arranged to be fed by or to feed the quasi-peri-
odic multi-port coupler, and further adapted and
arranged to transmit or to receive at least two
beams, wherein the antenna array comprises a
plurality of antennas, each antenna of the plu-
rality of antennas being adapted and arranged
to transmit or to receive an electromagnetic
wave having a same polarization, wherein a
combination of electromagnetic waves transmit-
ted or received by a subset of the plurality of
antennas forms one of the at least two beams,
and wherein exactly one antenna of the subset
is used as a common antenna with respect to
two beams of the at least two beams to be trans-
mitted or to be received by the antenna array.

Multiple feeds per beam antenna array feed system
according to claim 1, wherein the power is distributed
in a predetermined ratio.

Multiple feeds per beam antenna array feed system
according to claims 1 or 2, wherein the output port
corresponding to the input port and the two output
ports adjacent to the output port corresponding to
the input port form at least part of the multiple feeds.

Multiple feeds per beam antenna array feed system
according to any one of the foregoing claims, where-
in the common antenna is adapted and arranged to
transmit or to receive electromagnetic waves corre-
sponding to two different beams

Multiple feeds per beam antenna array feed system
according to any one of the foregoing claims, where-
inthe subset has another common antenna, wherein
the other common antenna does not form part of
more than two adjacent beams.

Multiple feeds per beam antenna array feed system
according to claim 6, wherein the other common an-
tenna is adapted and arranged to transmit or to re-
ceive electromagnetic waves corresponding to two
different beams, when there are more than two
beams to be transmitted or to be received.

Multiple feeds per beam antenna array feed system
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10.

1.

12.

13.

according to any one of the foregoing claims, further
comprising:

atleast two input sources each connected to the
at least two input ports, wherein each of the at
least two input sources is adapted and arranged
to feed a different one of the at least two input
ports.

Multiple feeds per beam antenna array feed system
according to any one of the foregoing claims, where-
in the commonly used antenna is adapted and ar-
ranged to transmit or to receive an electromagnetic
wave having a single polarization.

Multiple feeds per beam antenna array feed system
according to any one of the foregoing claims, where-
in the commonly used antenna is adapted and ar-
ranged to transmit or to receive a part of a first and
second beam each corresponding to electromagnet-
ic waves having the same polarization.

Multiple feeds per beam antenna array feed system
according to any of the foregoing claims for use in a
satellite.

Multiple feeds per beam antenna array feed system
according to claim 10, wherein the satellite is a Very
High Throughput Satellite, VHTS.

Multiple feeds per beam antenna array feed system
according to any of the foregoing claims, further com-
prising:

another quasi-periodic multi-port coupler con-
nected to the antenna array, wherein the other
quasi-periodic multi-port coupler is adapted and
arranged to be fed or to feed the antenna array,
wherein exactly two antennas of the subset are
used as acommon antenna with respectto three
beams of the beams to be transmitted or to be
received by the antenna array.

Satellite with the multiple feeds per beam antenna
array feed system according to any one of claims 1
to 12.
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