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ANTENNA ARCHITECTURE FOR DYNAMIC
BEAM-FORMING AND BEAM
RECONFIGURABILITY WITH SPACE FEED

FIELD OF THE INVENTION

This invention relates generally to the field of antennas
and, more particularly, to an antenna architecture for
dynamic beam-forming and beam reconfigurability.

BACKGROUND OF THE INVENTION

Earth orbiting high gain antenna architectures operate to
provide, among other things, signal communication over one
or more selected earth coverage areas. To cover the entire
earth generally requires a large number of communication
beams. In any given antenna architecture, a plurality of
beam forming networks normally operate together to receive
and transmit communication signals in the form of beams, at
least one of the beam forming networks having N beam ports
to transmit beams and another having M beam ports to
receive and direct the beams to other communication ele-
ments in a communication system. In this regard, N is
normally substantially less in number than M, M beam ports
having to be relatively large in number to accommodate a
large number of beams originating from N beam ports.
However, only a selected number of M beam ports are
needed at any given time during normal operation. Notwith-
standing the foregoing, the prior art has failed to provide an
antenna architecture operative to provide dynamic beam
switching between corresponding beam forming networks
that is compact, efficient and easy to implement.

Therefore, what is needed is an antenna architecture for
facilitating dynamic beam-forming and beam reconfig-
urability between corresponding beam forming networks.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is pointed out with particularity in the
appended claims. However, a more complete understanding
of the present invention may be derived by referring to the
detailed description and claims when considered in connec-
tion with the figures, wherein like reference numbers refer to
similar items throughout the figures, and:

FIG. 1 illustrates a simplified diagram of an antenna
architecture for facilitating dynamic beam-forming and
beam reconfigurability, in accordance with a first preferred
embodiment of the present invention;

FIG. 2 illustrates a simplified diagram of an antenna
architecture for facilitating dynamic beam-forming and
beam reconfigurability, in accordance with a second pre-
ferred embodiment of the present invention; and

FIG. 3 illustrates a simplified diagram of an antenna
architecture for facilitating dynamic beam-forming and
beam reconfigurability, in accordance with a third preferred
embodiment of the present invention;

DETAILED DESCRIPTION OF THE DRAWINGS

The present invention provides, among other things, an
antenna architecture for facilitating dynamic beam-forming
and beam reconfigurability. In a further and more specific
aspect, the present invention utilizes a wireless switching
architecture operative for allowing the efficient switching of
beams between a plurality of beam-forming networks. In a
spaced-based multiple-beam antenna or phased array
antenna in which the field-of-view is large, the ensuing
disclosure proposes, in a preferred embodiment, a space feed
system.
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With attention directed to FIGS. 1, 2, and 3, illustrated is
a schematic diagram of an antenna architecture 10 for
facilitating dynamic beam-forming and beam
reconfigurability, in accordance with the preferred embodi-
ments of the present invention. Antenna architecture 10 is
generally comprised of first beam forming network 12 and
second beam forming network 13. First beam forming
network 12 is preferably, but not essentially, comprised of a
large aperture N-beam phased array antenna or array feed
reflector/lens antenna, or laser diode array with N indepen-
dent beam forming elements 14 operative to generate inde-
pendently steerable beams, wherein N defines a predeter-
mined plurality.

Second beam-forming network 13 is preferably, but not
essentially, comprised of an M beam multiple beam antenna
with M discrete beam elements 17, wherein M defines a
predetermined plurality such as, for example, 1000 or more.
In a first embodiment, each element 17 is coupled with a port
18 which terminate with a radiating element 19 similar to
space feed. In this embodiment, beam-forming network 13
is comprised of feeder array 11. In a second embodiment,
each of the M ports 18 provides signals to a beam former
matrix 9 (FIG. 2) which provides the signal to ¢lements 17,
for example. In the second embodiment, beam former matrix
9 may be comprised of Butler Matrices, Rotman Lenses or
similar hardware, for example.

First beam forming network 12 and second beam forming
network 13 are preferably separated by a chamber or space
25 in spaced-apart relation. In operation, first beam forming
network 12 is operative as a beam selector switch operative
to illuminate selected and desired ones of ports 18. In this
regard, each signal from elements 14 may each focus
independently and continuously on an appropriate Mth beam
port 18. Although the number of elements 14 in first beam
forming network 12 is preferably chosen for achieving
adequate beam isolation, the present invention anticipates
that the number N of elements 14 required will be signifi-
cantly less than M because, at any given time, only a fraction
or subset of elements 17 are typically envisioned to be
accessed at any given moment. As a result, first beam
forming network 12 is simple and the dimensionality com-
pact.

Furthermore, and consistent with a preferred
embodiment, space 25 is preferably comprised of an
anechoic chamber 27 operative to prevent beam reflections,
and preferably lined with absorbing material. In one
embodiment of the present invention, chamber 27 may be
comprised of free-space (e.g., a vacuum), air, gasses or a
dielectric material or other transmission medium suitable for
the transmission of signals from elements 14 to ports 18.

In one embodiment of the present invention, first beam
forming network 12 includes means 8 for proving proper
phase and amplitude characteristics of to allow for the
generation of the steerable beams 26 by elements 14. Means
8 may be implemented in an analog or digital circuitry, and
may include digital beam forming technology.

In one embodiment of the present invention, second beam
former matrix 9 is implemented using digital beam former
technology. In this regard, each signal from elements 14 may
be converted and encoded at element 17 level and separately
routed to a digital processor. In this embodiment, the digital
processors may be adapted to essentially couple to the
desired original beam and null out all others, the digital
processor being operative to digitalize each Nth beam 26 of
the Nth beam matrix. This identical implementation may
also be applied to first beam forming network 12 in the beam
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transmit environment. In this regard, first beam forming
network 12 may be provided with a digital processor,
although analog methods may, as an alternative, be other-
wise employed as with second beam forming network 13.
In one embodiment, each element 14 provides a signal in
the form of a radio-frequency beam. In another embodiment,
each element 14 provides a signal in the form of a optical
beam. In the later embodiment, each port 18 may be pro-
vided with a transducer 30 or conversion point to convert
optical signals to radio-frequency signals if desired.

In some applications, amplifiers or amplifier layers are
included in architecture 10 for increasing beam signal
strength. In this regard, an amplifier layer of amplifiers 28
may be introduced at each element 17 of second beam
forming network 13 and/or each element 14 of first beam
forming network 12.

In one embodiment of the present invention, (not shown)
ports 18 are arranged on a substantially flat and planar
surface. In a preferred embodiment, ports 18 are arranged in
a substantially circular (two-dimensional) manner, and
desirably, arranged in a substantially a spherical (three-
dimensional) surface. In this embodiment, ports 18 may be
considered approximately equi-distant from the plurality of
elements 14, at least for far-field antenna considerations.

Although the present invention is described for signals
being introduced at ports 15 and transmitted from elements
14 to ports 18 for receipt at elements 17, and possible
subsequent transmission by radiating elements 19, the
present invention is equally suitable for the reverse situation.
Ports 18 may also radiate signals provided by elements 19
through matrix 9. Beams 26 may receive selected ones of
signals transmitted from ports 18 and provide signals to
ports 15 through means 8.

In one embodiment, the present invention includes an
antenna for providing multiple antenna beams. The antenna
includes a feeder array having a first plurality of radiating
elements and having a first plurality of ports, and a second
plurality of radiating elements for providing internal antenna
beams directed to selected ones of the ports of the first
plurality. The antenna also includes a beam-forming network
for providing signals to each of the radiating elements of the
second plurality for generation and direction of the internal
antenna beams. The radiating elements of the first plurality
provide the multiple antenna beams of the antenna based on
the selected ports of the first plurality.

In another embodiment, each radiating element of the first
plurality provides one antenna beam of the multiple antenna
beams. In another embodiment, the feeder array further
comprises a second beam-forming network for providing the
multiple antenna beams based on the first plurality of
radiating elements, each radiating element contributing to
each antenna beam of the multiple antenna beams.
Preferably, the ports of the first plurality are arranged in a
plane. In another embodiment, the ports of the first plurality
are substantially arranged in a spherical configuration, and
wherein at least some of the radiating elements of the second
plurality are positioned near substantially near a center of
the spherical configuration. Preferably, wherein the internal
antenna beams, the second plurality of radiating elements
and the first plurality of ports are within an anechoic
chamber.

In another embodiment, the second plurality of radiating
elements generate optical signals that comprised the internal
antenna beams, and wherein each port of the first plurality
of ports has an optical transducer associated therewith for
converting optical signals to RF signals.
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In summary, the present invention provides a system and
method which utilizes a phased array antenna as a switch in
an antenna architecture for facilitating dynamic beam-
forming and beam reconfigurability. The present invention
utilizes a plurality of beam-forming networks having beam
transmit and receive elements, respectively, the number of
elements being driven primarily by beam isolation require-
ments. Because the transmit beam-forming network is pref-
erably comprised of a phased array antenna having N
steerable beams to operate as a switch relative a receive
beam-forming network preferably comprised of a multiple
beam antenna, the number of elements of the transmit
beam-forming network is substantially less than the number
of elements of the receive beam-forming network that not
only contributes to the efficiency of antenna architecture 10,
but also its small and relatively compact physical size.

The present invention has been described above with
reference to a preferred embodiment. However, those skilled
in the art will recognize that changes and modifications may
be made in the described embodiments without departing
from the nature and scope of the present invention. Various
changes and modifications to the embodiment herein chosen
for purposes of illustration will readily occur to those skilled
in the art. To the extent that such modifications and varia-
tions do not depart from the spirit of the invention, they are
intended to be included within the scope thereof which is
assessed only by a fair interpretation of the following claims.

What is claimed is:

1. A phased array antenna comprising:

a plurality of external radiating elements;

a first beam-forming network coupled to the plurality of
external radiating elements, said first beam forming
network configured to generate a first plurality of
independently steerable beams external to said antenna,
the first beam-forming network having M internal beam
ports, each of the M beam ports having an internal
radiating element of a first set of M internal radiating
elements associated therewith; and

a second beam-forming network having a second set of
internal radiating elements, said second beam forming
network configured to generate a second plurality of
independently steerable beams internal to said antenna,
one or more of the plurality of independently steerable
beams internal to said antenna configured to couple in
radiating communication with selected ones of the
internal radiating elements of said first set associated
with the M beam ports,

wherein the M internal beam ports and M associated
radiating elements of said first set, and the internal
radiating elements of said second set are internal to said
antenna.

2. The phased array antenna of claim 1, wherein the first
plurality of independently steerable beams external to said
antenna are less than M.

3. The phased array antenna of claim 2, further compris-
ing a cavity separating the first and second sets of internal
radiating elements.

4. The phased array antenna of claim 3, wherein the cavity
comprises an anechoic chamber.

5. The phased array antenna of claim 4, further compris-
ing an RF amplifier layer coupled between each of the M
internal beam ports and the external radiating elements.

6. The phased array antenna of c¢laim §, further compris-
ing an amplifier coupled with each radiating element of the
second set of internal radiating elements.

7. Abeam selector for a multi-beam phased array antenna
comprising:
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a first beam-forming network coupled to the plurality of
external radiating elements, said first beam forming
network configured to generate at least one indepen-
dently steerable beam external to said antenna, the first
beam-forming network having M internal beam ports,
each of the M beam ports having an internal radiating
element of a first set of M internal radiating elements
associated therewith, each of the M beam ports being
associated with one of said independently steerable
beams external to said antenna; and

a second beam-forming network having a second set of
internal radiating elements, said second beam forming
network configured to generate a plurality of indepen-
dently steerable beams internal to said antenna, one or
more of the plurality of independently steerable beams
internal to said antenna configured to couple in radiat-
ing communication with selected ones of the internal
radiating elements of said first set associated with the
M beam ports thereby selecting one of said indepen-
dently steerable beams external to said antenna,
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wherein the M internal beam ports and M associated
radiating elements of said first set, and the internal
radiating elements of said second set are internal to said
antenna.

8. A phased array antenna as claimed in claim 3 wherein
the first set of M internal radiating elements are arranged in
a plane.

9. A phased array antenna as claimed in claim 3 wherein
the first set of M internal radiating elements are substantially
arranged in a spherical configuration, and wherein at least
some of the internal radiating elements of the second set are
positioned near substantially near a center of the spherical
configuration.

10. A phased array antenna as claimed in claim 3 wherein
the second set of internal radiating elements generate optical
signals comprising the independently steerable beams inter-
nal to said antenna, and wherein each of the M internal
radiating elements comprises an optical transducer associ-
ated therewith for converting optical signals to RF signals.

* * * * *



