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Description

FIELD OF THE INVENTION

[0001] The presentinvention relates tofeeding signals to adaptive antenna arrays and to those adaptive antenna arrays.
BACKGROUND

[0002] Antenna arrays have been widely used in telecommunications, due to their ability to: focus RF signals towards
a specific sector and to utilize MIMO techniques to improve coverage and capacity.

[0003] Inmanybeamforming/MIMO applications, itis advantageous if the antenna/antenna array can be reconfigurable
so that not only can it provide a narrow-beam of RF power to a particular user or a particular set of users, but it also can
provide a wide RF coverage to a larger number of users.

[0004] Adaptive beam configuration/forming can be accomplished either in the RF domain or in the digital domain.
Digital approaches offer full flexibility however at increased cost and energy consumption. Alternatively, adaptive beam
reconfiguration in RF can be achieved by, say switching on or off selected antenna elements depending on the beam
required. In this case by switching elements off an array is provided that operates with reduced elements resulting in a
wider beam at the cost of reduced power along the main beam. This can extend to the case where all but one antenna
element is switched off, resulting in the maximum angular coverage while limiting the range along the radial direction.
One limitation with such an approach is that, turning antenna elements off is usually implemented using an absorptive
switch which reduces energy efficiency since power is dissipated in the feeder network in the form of heat.

[0005] The reason that such absorption mechanisms are generally used is that any RF power reflection significantly
deteriorates the performance of the overall system. For example, RF power reflection is particularly detrimental for an
RF Power Amplifier and may cause it to exhibit unstable behaviour which could lead to a complete system break-down.
[0006] Fig. 1 shows an example of the above concept. In this example, a network comprising power splitters/dividers
is used to distribute the input RF signal to individual antenna elements. Generally these splitters/dividers are not variable
and either provide a signal or are switched off and the signal is absorbed by the resistor.

[0007] Obtaining a large power division ratio at a power splitter is not a simple task and owing to this and problems
that arise in such systems where reflected signals are transmitted back towards the input, a solution has generally been
used that uses an absorptive switch added at the output of the power distribution network with the aim of selectively
disabling the signal feed to a particular antenna element and avoiding reflections of the signal.

[0008] A major drawback of this state-of-the-art approach is that by absorbing RF power rather than reflecting it,
valuable RF power is wasted as heat. It would be desirable to selectively direct a signal to one or more elements of an
antenna array while maintaining energy efficiency and providing flexibility.

SUMMARY

[0009] A first aspect of the present invention provides a feeder device for supplying a radio frequency signal to an
adaptive antenna array comprising a plurality of antenna elements, said feeder device comprising: at least one signal
divider, said signal divider comprising: an input port for receiving said radio frequency signal, an output port, a further
output port and a variable impedance; wherein said signal divider is configured to divide said input signal and direct said
divided signals towards said variable impedance; said divided signals are at least one of reflected to said output port
and transmitted to said further output port, said degree of reflection and transmission depending on a value of said
variable impedance; wherein said signal divider is configured such that phase shifts are introduced to signals travelling
between ports, said phase shifts being such that said divided signals received at said output port and said further output
port constructively interfere and signals received at outer ports of said signal divider other than said output ports are out
of phase and destructively interfere; said output and said further output ports of at least one of said at least one signal
divider are configured to supply signals to respective antenna elements of said antenna array.

[0010] The inventors of the presentinvention recognised that the transmission and reflection of radio frequency signals
are two processes that are dependent on impedance in the circuit and this dependency could be used to selectively
direct a signal to one or more outputs. In general power dividers that might cause reflection of signals in antenna feeder
arrays have been avoided as reflected signals can significantly reduce performance. However, the inventors recognised
that the problems associated with reflection of signals in feeder networks of antenna could be mitigated where signals
are divided and then recombined such that the signals interfere with each other. With a suitable selection of components
and/or path lengths constructive interference between divided signals arriving at the desired outputs could be provided,
while destructive interference between these signals at other outer ports could be achieved, which latter would avoid or
at least reduce undesired reflected signals deteriorating performance.

[0011] In this way, a variable impedance can be used to control the degree of reflection and transmission of a signal
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providing a controllable, effective and low loss way of transmitting a signal to one output port, or reflecting the signal to
another port, or both reflecting and transmitting different portions of the signal as desired.

[0012] Although in some cases the degree of reflection and transmission might be bounded, in some embodiments,
said degree of reflection and transmission is variable between substantially all reflection and substantially all transmission
of said signal.

[0013] With appropriate selection ofimpedance values, one may in some embodiments be able to achieve substantially
complete reflection and substantially complete transmission of the signal. In this way, one or other of the output ports
can be selected and the entire signal transmitted or reflected to that output port. With a choice of impedance somewhere
betweenthese two limitvalues, a portion of the signal can be transmitted and a portion reflected, the degree of transmission
or reflection depending on the impedance value. This allows the amplitude of the signal transmitted to the multiple
antenna elements to be accurately and simply controlled.

[0014] In some embodiments, said feeder device comprises control logic configured to control a value of said variable
impedance to control said degree of reflection and transmission.

[0015] Given the controllable nature of the at least one signal divider, it may be advantageous if the feeder device has
control logic allowing it to control a value of the variable impedance and in this way control the degree of reflection and
transmission. This allows the control logic to control the amplitude of the signal transmitted to each antenna element
and this can be used to provide desired beams and allows the antenna array to be flexible and configurable.

[0016] In some embodiments, said at least one signal divider comprises: a directional device comprising said input
port, said output port and two further ports; a further directional device comprising two ports each in data communication
with arespective one of said two further ports of said directional device, and a further output port, said variable impedance
being between said two further ports and said two ports; wherein said signals received at each of said two further ports
are at least one of reflected to said output port of said directional device and transmitted to said further output port of
said further directional device, said degree of reflection and transmission depending on a value of said variable impedance.
[0017] Although the signal divider may be configured in a number of ways which make use of the reflection and
transmission properties of a radio frequency signal depending on the impedance and on constructive and destructive
interference to control signal amplitude, in some cases directional devices in series with each other are used with the
variable impedance being located between the ports of the two devices. Changes in the variable impedance affect
whetherthe signal is transmitted between the two devices of whether itis reflected back to the output porton the firstdevice.
[0018] In some embodiments, said directional devices comprises quadrature couplers comprising four ports, direct
paths between adjacent ports of said quadrature coupler introducing a phase shift of 90° to signals travelling directly
between said ports.

[0019] One way in which the signal divider could be implemented is by the use of quadrature couplers which have
four ports with direct paths between adjacent ports introducing a phase shift of 90°. This phase shift of 90° can be used
with careful directing of the signals such that signals arriving at ports where a signal should not be output have a phased
difference of 180° and as such destructively interfere, while those arriving at ports where signals are to be output have
substantially no phase difference between them and as such constructively interfere.

[0020] In some embodiments, said directional devices comprise 3-dB couplers.

[0021] 3-dB couplers are particularly appropriate for use as the directional devices providing the desired phase shift
between input and output signals and allowing the user, with careful choice of impedance values, to select whether a
signal or a particular portion of a signal is reflected and/or transmitted.

[0022] Insome embodiments, said at least one signal divider comprises two variable impedances each of said divided
signals being directed to one of said two variable impedances.

[0023] The signal divider may require two variable impedances each of the divided signals being directed to one of
them. Thus, once the signals are divided they are directed each to a separate variable impedance and are reflected
and/or transmitted accordingly.

[0024] In some embodiments, said two variable impedances are varied in a same way to have a same impedance.
[0025] Although it would be possible for the two variable impedances to have different values, it may be advantageous
for them to be varied in the same way such that they have a same value as this enables the signals to be matched and
the destructive interference to substantially cancel out the signal arriving at the outer port where it is not desired to be
output.

[0026] In some embodiments, said at least one signal divider comprises a fourth port, signals received from within
said signal divider at said fourth port and said input port being out of phase and destructively interfering.

[0027] In many implementations of the signal divider there may be a fourth port as these dividers may be symmetrical.
Where this is the case, in order to avoid the requirement of an absorptive resistance to absorb the signal and avoid
reflection of it, it is advantageous if the signals that arrive at the fourth port are out of phase with each other and are
thereby cancelled out by destructive interference. This avoids the need for a absorptive switch and enables the signals
to be recirculated rather than absorbed, increasing the energy efficiency of the device.

[0028] In some embodiments, the feeder device comprises a plurality of said signal dividers arranged in a cascade,
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said cascade comprising: an input signal divider configured to receive said radio frequency input signal and direct said
signal to at least one of said output port and said further output port of said input signal divider; further signal dividers
each configured to receive at an input a signal from one of said output port or said further output port of one of said
signal dividers in a higher level of said cascade; and a plurality of output signal dividers each being configured to direct
a received input signal via at least one of said output port and said further output port to respective antenna elements
of said antenna array.

[0029] Although when feeding just two antenna elements a single signal divider may be used, it may be advantageous
to have a plurality of signal dividers and these may be arranged in a cascade such that a first input signal divider receives
the signal and outputs it to two further signal dividers which in turn output the signal to four outputs which may be
transmitted further to four further signal dividers. In some cases, these signal dividers may be arranged in an array such
that the final row of the signal divider comprises a number of outputs that is a power of 2. However, where a different
number of antenna elements is desired, then the cascade can be formed with some signals output travelling through
one number of signal dividers and other signals output travelling through a different number of signal dividers. In this
way, any number of outputs can be provided. Furthermore, the amplitude of the signal transmitted to each antenna
element can be controlled by controlling the varying impedances of the different signal dividers.

[0030] In some embodiments, said control logic is configured to independently control said variable impedance of
each of said signal dividers to control signal transmitted to each of said antenna elements.

[0031] Where there are multiple signal dividers, advantageously the control logic is configured to independently control
the variable impedance of each of the signal dividers and thereby to control the signals transmitted to each of the
transmitter elements.

[0032] In some embodiments, said control logic is configured to control said signals transmitted to said antenna
elements such that said antenna array outputs selected beam patterns, said control logic being configured to: determine
aweightof each antenna element to generate said selected beam patterns; determine values of said variable impedances
required to provide a signal of a required weight to each of said antenna elements; and control said variable impedances
of each of said signal dividers such that said signals of said required weight are fed by said feeder device to said antenna
elements.

[0033] The feeder network device is especially suited for configuring desired beam forms for an antenna array. In this
regard, when certain beam patterns are required, this information is provided to the control logic which determines the
weight of each antenna element of the antenna array that is required to generate such a beam pattern. Once it has
determined this, it can calculate the values of the variable impedances required to provide the signals of the required
weight for each of the antenna elements and thereafter, control of the variable impedances provides the desired signals
to the antenna elements and the desired beam pattern is formed. Thus, a highly controllable adaptive array that can
produce required beam patterns is provided where the input signal is recirculated about the feeder network with low
dissipation allowing beams to be configured on a dynamic basis in an energy efficient fashion.

[0034] A second aspect to the present invention provides an adaptive antenna array comprising: a plurality of antenna
elements arranged in an array; a transceiver for receiving and transmitting a signal from and to said array; and a feeder
device according to a first aspect of the present invention.

[0035] A third aspect of the present invention provides a method of controlling signals transmitted via a feeder device
to provide selected beam patterns at an adaptive antenna array, the feeder device comprising at least one signal divider,
said signal divider comprising an input port for receiving a radio frequency signal, an output port, a further output port
and a variable impedance, wherein said signal divider is configured to divide said input signal and direct said divided
signals towards said variable impedance, said divided signals are at least one of reflected to said output port and
transmitted to said further output port, said degree of reflection and transmission depending on a value of said variable
impedance, said method comprising: determining a weight of each antenna element within said antenna array required
to generate said selected beam pattern; determining values of said variable impedances within each signal divider
required to provide a signal of a required weight to each of said antenna elements; and generating control signals to
control said variable impedances of each of said signal dividers such that said signals of said required weight are fed
by said feeder device to said antenna elements.

[0036] Aspects of the invention can be used to determine the required signals at each antenna element required to
provide the desired beam pattern and to provide control signals to vary the variable impedances of the signal dividers
of the feeder network to provide the required signals. The feeder device controlled by a method of this sort may be feeder
device according to a first aspect of the present invention.

[0037] A fourth aspect of the present invention provides a computer program operable when executed by a processor
to control said processor to perform a method according to a third aspect of the present invention.

[0038] In some embodiments the computer program may be part of control logic controlling the feeder device of the
first aspect of the present invention.

[0039] Further particular and preferred aspects are set out in the accompanying independent and dependent claims.
Features of the dependent claims may be combined with features of the independent claims as appropriate, and in
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combinations other than those explicitly set out in the claims.
[0040] Where an apparatus feature is described as being operable to provide a function, it will be appreciated that

this includes an apparatus feature which provides that function or which is adapted or configured to provide that function.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] Embodiments of the present invention will now be described further, with reference to the accompanying draw-
ings, in which:

Figure 1 illustrates an array of four switched antenna elements according to the prior art;

Figure 2 shows a feeder circuit for an antenna array according to an embodiment;

Figure 3 shows a signal divider for use in an embodiment;

Figure 4 shows a feeder circuit according to a further embodiment; and

Figure 5 shows an adaptive antenna array, feeder network and control circuitry according to an embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0042] Before discussing the embodiments in any more detail, first an overview will be provided.

[0043] Embodiments seek to use the reflection and/or transmission of a radio frequency signal that may occur due to
changes in impedance within the circuit, to selectively cause reflections and/or allow transmissions of a signal to cause
the signal to be selectively supplied to multiple antenna elements. A plurality of signal dividers that direct input signals
to particular or multiple outputs are used. These signal dividers recirculate the reflected signals towards outputs and
thereby improve energy efficiency. By positioning an output in the reflected path of the signal and a further output in the
transmitted path the signal can be directed towards one or other or both of the output ports, with the choice of amount
of signal and output port being made by varying the impedance and thereby the degree of transmission and reflection.
This is an effective and efficient way of selecting outputs which does not require an absorptive switch.

[0044] Where the impedance is in parallel with the transmission line, then a substantially infinite impedance causes
substantially all of the radio frequency signal to be transmitted and virtually none reflected meaning the signal is output
at the further output. Where a zero impedance is provided, which in effect earths the transmission line, then the signal
is reflected and output at the output. Any impedance value between these two values provides some reflection and some
transmission such that the signal is output at both the output and the further output. Where the output and further output
are connected to antenna elements then the antenna element(s) receiving a signal can be selected.

[0045] Furthermore, the splitting of the signal and the choice of phase shift between ports allows the divided signals
transmitted to the output ports to be in phase providing constructive interference and increasing the energy efficiency
of the device. Other signals transmitted towards other outer ports such as the input port are out of phase due to the
design of the signal divider and destructively interfere reducing any undesired reflected signals in the system.

[0046] In effect by providing paths with different phase shifts between elements and directing divided signals appro-
priately, signals can be directed to an outer port via different paths each path having a particular phase shift, such that
the signals either constructively interfere or destructively interfere. Where the divided signals are matched destructive
interference can effectively eliminate the signal removing the need for an absorptive switch.

[0047] In effect, a lossless or at least reduced loss and cost effective solution for adaptive beam reconfiguration in RF
is proposed.

[0048] In particular, a distributed feeder network for RF power distribution to multiple antenna elements with reduced
energy loss is disclosed. The performance of this network is characterized by large power division ratios, and the absence
of absorptive switches.

[0049] Figure 2 shows a feeder network comprised of a cascade of flexible non-absorptive power dividers 10 (shown
in more detail in Figure 3) that are arranged to feed multiple antenna elements 30. Beam reconfiguration is achieved
using the power dividers 10 by varying the admittance values of the variable impedances 20 in the network. Variation
in the admittance values of the variable impedances 20 varies the amount of the signal that is reflected and the amount
that is transmitted. This amount varies between substantially all or none such that the signal may be sent to a single
selected one of the two outputs (port 3 and port 4 of Figure 3) or it may be split and portions of the signal sent to both
ports. In this way, by varying the values of admittance of the variable impedances, the feeder network arrangement
recirculates signals with varying amplitude and phase and provides them to selected antenna elements 30 of the antenna
array providing the desired beams.

[0050] Recirculation of input signal along the feeder network allows that which might have been dissipated in one part
of the feeder network to be fed to another part of the network. Thus, as the beams are configured on a dynamic basis,
the energy dissipated due to heat will be at a minimum or at least significantly reduced.

[0051] The first step in the design and control of such architecture is to estimate the complex weights associated with
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each antenna element for a specific beam. The second step is to subsequently map these weights as admittance
parameters for the specified architecture.

[0052] Consider Fig. 2 with N = 2*m + 1 antennas, the amplitude and phase weights can be designed to produce a
main lobe along direction & while minimizing or at least reducing the energy radiated across all other directions

wl@® = max |la” (81ul8) | | subject to minu® ()R, u(®) (1.0)
Where

u(#) amplitude and phase weights for a given beam
a(6) array response for given angle
R, is the overall array response

[0053] One approach to obtain the optimal solution for (1.0) is through Lagrange multiplier approach. Proceeding along
the same lines, we can explicitly represent the admittance parameters of the feeder network as a function of u(6) and
solve for these parameters. Such an optimization ensures that the feeder network circuitry is optimized or at least
improved to reduce loss and obtain desired beam pattern performance. One example of such a design is explained below.
[0054] The elementary power divider is shown in more detail in Figure 3. A similar power divider has been disclosed
by Bulja and Grebennikov in "A Novel Variable Power Divider with Continuous Power Division" in Microwave and Optical
Technology Letters vol. 55 no. 7 pp1684 - 1686, July 2013, however, this is in the context of supplying power to Doherty
amplifiers where the problems to be addressed are the feasibility of the use high impedance lines for an asymmetric
power split. In this regard, the use of such a power divider is unique in the context of a feeder network for an antenna
array. The advantages of such a power divider in an antenna feeder array is that no or at least very low RF power is
dissipated in the termination resistor, Rt, and that the input RF power at port 1 can be, varied depending on the value
of admittance Y, and can be either fully reflected towards port 4 of fully transmitted to port 3.

[0055] The principle of operation of the power splitter of Figure 3 is described next. The input RF signal from port 1
gets split into two quadrature components, which are, depending on the value of admittance Y, either fully or partially
reflected/transmitted at intermediate ports 12 and 14 towards ports 3 and 4, respectively. In other words continuous
power division is obtained and RF power is not wasted during the division operation. Of course, some RF power is lost
in the parasitics of the circuit, but no RF power is intentionally burnt in order to perform this operation. Port 2 and port
1, by virtue of a 3-dB coupler remain isolated regardless of the value of admittance Y.

[0056] In this regard the signal arriving at port 12 from the input port has a phase shift of 90° while that arriving at port
14 has a phase shift of 180°, when reflected at ports 12 and 14, the signal reflected from port 12 to the input has an
additional phase shift of 90° while that from port 14 has an additional phase shift of 180°, thus, the signals arriving at
the input from port 12 has a phase shift of 180°, while that from port 14 has a phase shift of 360°, the signals at the input
port are therefore out of phase and the input port is protected from these reflected signals. The signals arriving at port
4 by contrast, experience an additional 90° phase shift from port 14 and an additional 180° phase shift from port 12,
thus, each signal has a phase shift of 270 when it arrives at port 4 and constructive interference occurs and the two
signals combine and are output.

[0057] Similar phase changes occur with signals transmitted through the second 3-dB coupler such that destructive
interference occurs at port 2 and constructive interference at port 3.

[0058] Now, by utilizing the circuit of Fig. 3 as a constitutive, unit power divider cell of the antenna feeder network it
is possible to obtain almost any power division of the input RF signal. In particular, this means:

The input RF signal can be split in almost any power division ratio - the limit case lies with switching some antenna
elements fully off.

[0059] There will be no or minimal loss of RF power in case of switching off desired antenna elements. In this case,
RF power will be re-distributed among the remaining "switched on" antenna elements.

[0060] Figure 4 shows an alternative embodiment of the proposed feeder network, where the power splitter elements
are mirror images of each other. This can be advantageous when the devices are built on silicon this design making
them more compact.

[0061] Figure 5 schematically shows an adaptive antenna array 50, with a feeder network 5 and control logic 40
according to an embodiment. Adaptive antenna array 50 comprises a plurality of antenna elements 30 supplied with
signals from a network feeder array 5 comprising signal dividers 10 arranged in a cascade arrangement. Each signal
divider has two outputs and one input. The outputs of the output signal dividers supply signals to respective antenna



10

15

20

25

30

35

40

45

50

55

EP 3 128 612 A1

elements 30.

[0062] Each signal divider 10 has a controllable variable impedance 20, whose impedance value is controlled by
signals output by control logic 40. Control logic 40 is aware of the architecture of the antenna array and receives signals
indicative of the beam pattern that should be output by the antenna array 50. It then calculates weights for each of the
antenna elements 30 to provide the required beam pattern, from this it calculates the signals that should be supplied to
each antenna element 30 to generate that beam pattern and the corresponding impedance values required at the signal
splitters 10 to provide the appropriate signals to the individual antenna elements 30. It then generates and transmits
control signals to control these impedances and the signals supplied to the antenna elements are appropriately weighted
and the required beam pattern output.

Analysts

Analysis of power divider of Fig. 3

[0063] The S-parameter matrix of the circuit of Fig. 3 are

0 0 S5 S,
0 0 S, S
[8]= S. S 53 (2)4 €Y)
31 32
S4l S42 0 O

where,
J2
1379024 =931 TR T 217.Y (2)
and
7, Y
Sl4 :Sz3 :S32 :S41 :Rs :_ﬁ .(3)

[0064] In (2) and (3), T and R, represent the transmission and reflection coefficients, while Z, is the characteristic
impedance of the interconnecting transmission line. It can be shown that, if the admittance Y of the varactor diode is
purely imaginary, the power conservation condition is satisfied, i.e.

SIS, =[Tf + R [ =1 ¢

n=1

Sni

[0065] The two ultimate cases for T4 and Ry are established when admittance Y is allowed to be either O or infinite.
For the case when Y =0, (2) and (3) become

Ts (Y=0) :j and Rs =0 (5)

While in the case of infinite Y

T.(Y 5> 0)=0and R,(Y > 0)=—j(6)
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(5) and (6) infer that by manipulating admittance Y it is possible to obtain perfect distribution of input RF power among
reflected, R, and transmitted, T, ports. To be specific, admittance Y can be used to control the lossless division of input
power among the two output ports. From (5) and (6) one can see that in order to achieve dynamic and lossless power
division, admittance Y must be imaginary, and variable from -« to +o0. This condition is well known in the design of 360°
reflection type phase shifters and the principles of this design can be readily applied in the present circuit.

Analysis of proposed feeder network of Fig. 2

[0066] The transmission coefficients for the antenna elements, denoted from 0 to 2™-1 are

0: S, :R11R21---Rm,1

1: Sy =R,R,..T,, (7)
m: Sy, =TTy T,
jZOYm n J2
with Rm . =—————— and Tm,n :W . ltcan be seen that the antenna element outputs follow the binary
2+Z0Ym,n + 0 “m,n

numbering system, with R, , being a logical o and T, , being logical 1.

[0067] The system of equations given by (7) contains 2™ equations, while the number of unknown admittances, Y,
is equal to 2M1. However, the system of 2M equations given by (7) is not linearly independent and the antenna outputs
given by (7) need to satisfy a power conservation principle, i.e.

241

2.

i=2

Sﬂ|2 =1-Loss (8)

[0068] The last term in (8) denotes the loss contribution of the overall system, which is usually known. Now, (7) and
(8) form a linearly independent system of 2M-1 equations, which can be uniquely solved for Ymn- The solutions for Y,
will ultimately depend on the required division of power among the antenna ports.

[0069] A person of skill in the art would readily recognize that steps of various above-described methods can be
performed by programmed computers. Herein, some embodiments are also intended to cover program storage devices,
e.g., digital data storage media, which are machine or computer readable and encode machine-executable or computer-
executable programs of instructions, wherein said instructions perform some or all of the steps of said above-described
methods. The program storage devices may be, e.g., digital memories, magnetic storage media such as a magnetic
disks and magnetic tapes, hard drives, or optically readable digital data storage media. The embodiments are also
intended to cover computers programmed to perform said steps of the above-described methods.

[0070] The functions of the various elements shown in the Figures, including any functional blocks labelled as "proc-
essors" or "logic", may be provided through the use of dedicated hardware as well as hardware capable of executing
software in association with appropriate software. When provided by a processor, the functions may be provided by a
single dedicated processor, by a single shared processor, or by a plurality of individual processors, some of which may
be shared. Moreover, explicit use of the term "processor" or "controller" or "logic" should not be construed to refer
exclusively to hardware capable of executing software, and may implicitly include, without limitation, digital signal proc-
essor (DSP) hardware, network processor, application specific integrated circuit (ASIC), field programmable gate array
(FPGA), read only memory (ROM) for storing software, random access memory (RAM), and non-volatile storage. Other
hardware, conventional and/or custom, may also be included. Similarly, any switches shown in the Figures are conceptual
only. Their function may be carried out through the operation of program logic, through dedicated logic, through the
interaction of program control and dedicated logic, or even manually, the particular technique being selectable by the
implementer as more specifically understood from the context.

[0071] It should be appreciated by those skilled in the art that any block diagrams herein represent conceptual views
of illustrative circuitry embodying the principles of the invention. Similarly, it will be appreciated that any flow charts, flow
diagrams, state transition diagrams, pseudo code, and the like represent various processes which may be substantially
represented in computer readable medium and so executed by a computer or processor, whether or not such computer
or processor is explicitly shown.
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[0072] The description and drawings merely illustrate the principles of the invention. It will thus be appreciated that
those skilled in the art will be able to devise various arrangements that, although not explicitly described or shown herein,
embody the principles of the invention and are included within its spirit and scope. Furthermore, all examples recited
herein are principally intended expressly to be only for pedagogical purposes to aid the reader in understanding the
principles of the invention and the concepts contributed by the inventor(s) to furthering the art, and are to be construed
as being without limitation to such specifically recited examples and conditions. Moreover, all statements herein reciting
principles, aspects, and embodiments of the invention, as well as specific examples thereof, are intended to encompass
equivalents thereof.

Claims

1. Afeeder device for supplying a radio frequency signal to an adaptive antenna array comprising a plurality of antenna
elements, said feeder device comprising:

at least one signal divider, said signal divider comprising:

an input port for receiving said radio frequency signal, an output port, a further output port and a variable
impedance; wherein

said signal divider is configured to divide said input signal and direct said divided signals towards said
variable impedance;

said divided signals are at least one of reflected to said output port and transmitted to said further output
port, said degree of reflection and transmission depending on a value of said variable impedance; wherein
said signal divider is configured such that phase shifts are introduced to signals travelling between ports,
said phase shifts being such that said divided signals received at said output port and said further output
port constructively interfere and signals received at outer ports of said signal divider other than said output
ports are out of phase and destructively interfere;

said output and said further output ports of at least one of said at least one signal divider are configured to
supply signals to respective antenna elements of said antenna array.

2. A device according to claim 1, wherein said degree of reflection and transmission is variable between substantially
all reflection and substantially all transmission of said signal.

3. Afeeder device according to any preceding claim, said feeder device comprising control logic configured to control
a value of said variable impedance to control said degree of reflection and transmission.

4. A feeder device according to any preceding claim, wherein said at least one signal divider comprises:

a directional device comprising said input port, said output port and two further ports;

a further directional device comprising two ports each in data communication with a respective one of said two
further ports of said directional device, and a further output port, said variable impedance being between said
two further ports and said two ports; wherein

said signals received at each of said two further ports are at least one of reflected to said output port of said
directional device and transmitted to said further output port of said further directional device, said degree of
reflection and transmission depending on a value of said variable impedance.

5. A feeder device according to claim 4, wherein said directional devices comprises quadrature couplers comprising
four ports, direct paths between adjacent ports of said quadrature coupler introducing a phase shift of 90° to signals
travelling directly between said ports.

6. A feeder device according to claim 4 or 5, wherein said directional devices comprise 3-dB couplers.

7. A feeder device according to any preceding claim, wherein said at least one signal divider comprises two variable
impedances each of said divided signals being directed to one of said two variable impedances.

8. A feeder device according to claim 7, wherein said two variable impedances are varied in a same way to have a
same impedance.
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A feeder device according to any preceding claim, wherein said at least one signal divider comprises a fourth port,
signals received from within said signal divider at said fourth port and said input port being out of phase and
destructively interfering.

Afeeder device according to any preceding claim, comprising a plurality of said signal dividers arranged in a cascade,
said cascade comprising:

an input signal divider configured to receive said radio frequency input signal and direct said signal to at least
one of said output port and said further output port of said input signal divider;

further signal dividers each configured to receive at an input a signal from one of said output port or said further
output port of one of said signal dividers in a higher level of said cascade; and

a plurality of output signal dividers each being configured to direct a received input signal via at at least one of
said output port and said further output port to respective antenna elements of said antenna array.

A feeder device according to claim 10 and claim 3, wherein said control logic is configured to independently control
said variable impedance of each of said signal dividers to control signals transmitted to each of said antenna elements.

A feeder device according to claim 11, wherein said control logic is configured to control an amplitude of said signals
transmitted to each of said multiple antenna elements such that said antenna array outputs selected beam patterns,
said control logic being configured to:

determine a weight of each antenna element to generate said selected beam patterns;

determine values of said variable impedance required to provide a signal of a required weight to each of said
antenna elements; and

control said variable impedances of each of said signal dividers such that said signals of said required weight
are fed by said feeder device to said antenna elements.

An adaptive antenna array comprising:

a plurality of antenna elements arranged in an array;
a transceiver for receiving and transmitting a signal from and to said antenna array; and
a feeder device according to any preceding claim.

A method of controlling signals transmitted via a feeder device to provide selected beam patterns at an adaptive
antenna array, the feeder device comprising at least one signal divider, said signal divider comprising an input port
for receiving a radio frequency signal, an output port, a further output port and a variable impedance, wherein said
signal divider is configured to divide said input signal and direct said divided signals towards said variable impedance,
said divided signals are at least one of reflected to said output port and transmitted to said further output port, said
degree of reflection and transmission depending on a value of said variable impedance, said method comprising:

determining a weight of each antenna element within said antenna array required to generate said selected
beam pattern;

determining values of said variable impedances within each signal divider required to provide a signal of a
required weight to each of said antenna elements; and

generating control signals to control said variable impedances of each of said signal dividers such that said
signals of said required weight are fed by said feeder device to said antenna elements.

A computer program operable when executed by a processor is operable to control said processor to perform a
method according to claim 14.

Amended claims in accordance with Rule 137(2) EPC.

A feeder device for supplying a radio frequency signal to an adaptive antenna array comprising a plurality of antenna
elements, said feeder device comprising:

a plurality of signal dividers (10), each of said signal dividers (10) comprising:

10
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an input port for receiving said radio frequency signal, an output port, a further output port and a variable
impedance; wherein

said signal divider is configured to divide said input signal and direct said divided signals towards said
variable impedance (20);

said divided signals are at least one of reflected to said output port and transmitted to said further output
port, said degree of reflection and transmission depending on a value of said variable impedance (20), said
degree of reflection and transmission being variable between substantially all reflection and substantially
all transmission of said signal; wherein

said signal divider is configured such that phase shifts are introduced to signals travelling between ports,
said phase shifts being such that said divided signals received at said output port and said further output
port constructively interfere and signals received at outer ports of said signal divider other than said output
ports are out of phase and destructively interfere;

said output and said further output ports of at least one of said at least one signal divider are configured to
supply signals to respective antenna elements (30) of said antenna array; wherein

said plurality of said signal dividers (10) are arranged in a cascade, said cascade comprising:

an input signal divider configured to receive said radio frequency input signal and direct said signal to at least
one of said output port and said further output port of said input signal divider;

further signal dividers each configured to receive at an input a signal from one of said output port or said further
output port of one of said signal dividers in a higher level of said cascade; and

a plurality of output signal dividers each being configured to direct a received input signal via at at least one of
said output port and said further output port to respective antenna elements (30) of said antenna array.

A feeder device according to claim 1, said feeder device comprising control logic configured to control a value of
said variable impedance to control said degree of reflection and transmission.

A feeder device according to claim 2, wherein said control logic is configured to independently control said variable
impedance of each of said signal dividers to control signals transmitted to each of said antenna elements.

A feeder device according to claim, wherein said control logic is configured to control an amplitude of said signals
transmitted to each of said multiple antenna elements such that said antenna array outputs selected beam patterns,
said control logic being configured to:

determine a weight of each antenna element to generate said selected beam patterns;

determine values of said variable impedance required to provide a signal of a required weight to each of said
antenna elements; and

control said variable impedances of each of said signal dividers such that said signals of said required weight
are fed by said feeder device to said antenna elements.

A feeder device according to any preceding claim, wherein said at least one signal divider comprises:

a directional device comprising said input port, said output port and two further ports;

a further directional device comprising two ports each in data communication with a respective one of said two
further ports of said directional device, and a further output port, said variable impedance being between said
two further ports and said two ports; wherein

said signals received at each of said two further ports are at least one of reflected to said output port of said
directional device and transmitted to said further output port of said further directional device, said degree of
reflection and transmission depending on a value of said variable impedance.

A feeder device according to claim 5, wherein said directional devices comprises quadrature couplers comprising
four ports, direct paths between adjacent ports of said quadrature coupler introducing a phase shift of 90° to signals
travelling directly between said ports.

A feeder device according to claim, 5 or 6, wherein said directional devices comprise 3-dB couplers.

A feeder device according to any preceding claim, wherein said at least one signal divider comprises two variable
impedances each of said divided signals being directed to one of said two variable impedances.
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A feeder device according to claim 8, wherein said two variable impedances are varied in a same way to have a
same impedance.

A feeder device according to any preceding claim, wherein said at least one signal divider comprises a fourth port,
signals received from within said signal divider at said fourth port and said input port being out of phase and
destructively interfering.

An adaptive antenna array comprising:

a plurality of antenna elements arranged in an array;
a transceiver for receiving and transmitting a signal from and to said antenna array; and
a feeder device according to any preceding claim.

A method of controlling signals transmitted via a feeder device to provide selected beam patterns at an adaptive
antenna array, the feeder device comprising plurality of signal dividers (10) arranged in a cascade, each of said
signal dividers comprising an input port for receiving a radio frequency signal, an output port, a further output port
and a variable impedance (20), wherein said signal dividers are each configured to divide said input signal and
direct said divided signals towards said variable impedance (20), said divided signals are at least one of reflected
to said output port and transmitted to said further output port, said degree of reflection and transmission depending
on a value of said variable impedance, and being variable between substantially all reflection and substantially all
transmission of said signal, wherein said cascade of signal dividers are arranged such that at least one input signal
divider receives an input radio frequency signal and divides and directs said divided signal to at least one output
and from there to further signal dividers, output signal dividers each being configured to direct a received input signal
via at at least one of said output port and said further output port to respective antenna elements (30) of said antenna
array. said method comprising:

determining a weight of each antenna element (30) within said antenna array required to generate said selected
beam pattern;

determining values of said variable impedances (20) within each signal divider required to provide a signal of
a required weight to each of said antenna elements; and

generating control signals to control said variable impedances of each of said signal dividers such that said
signals of said required weight are fed by said feeder device to said antenna elements.

A computer program operable when executed by a processor is operable to control said processor to perform a
method according to claim 12.

12
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